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METHODS OF COLOR CORRECTION FOR
MINIMIZATION OF COLOR SHIFTS

Gubnytska luliia, Gurieva Natalia
Department of the Engineering and Computer Graphics , KhNURE, Ukraine

Pe3ume

Y caspemeHoj epaghuykoj uHOycmpuju ce nosehasajy 3axmesu y noeanedy Keasumema
penpodyKyuje opuauHana. Kopekyuja 6oja je cacmasHu 0eo moa npouyeca penpodykyuje. Y
mom noznedy je HeonxoOHO demarbHuje ucmpaxcumu npoyec penpodyKyuje b6oja Kao yenuHe
y oK8upy npoueca obpade opuzuHana. JedaH 00 Hajeehux npobaema y npouecy penpodyKyuje
je yaumarme y 063up 4YurbeHuyy 0a je OUHAMUYKU MOHCKU orfcez2 u3nasHoz ypehaja unau
cybcmpama maru 00 opuzuHana. Y yusy udbezasara nomewkoha npu penpooyKyuju
nompebHo je uzbehu npobaeme Koju 0osode 0o Nomepara y penpodyKyuju 6oja.

KroyyHe peyu: ynpasmarbe 60jom, Kopekyuja
Summary

For today in graphic arts industry increased requirements to reproduction of graphic originals.
Color correction is an integral part the process of the reproduction. In this connection, it is
necessary to examine process of color reproduction as a whole. The major problem of the
color reproduction process is to account the fact that the dynamic range of an output device
or medium usually is substantially less than that of an original scene. It is necessary to avoid
difficulties connected to distortion of colors.

Key words: color management correction

1. INTRODUCTION

There is a concept about kinds of conformity of the image to the original which match with
physiological, psychological, colorimetric accuracy of reproduction [1]. For the decision of
problems of accuracy in color reproduction it is necessary to allocate group of colors of the
natural objects representing vital importance to reproduction. We investigate reproduction
some memorable colors such as skin color, color of vegetative greens and the sky blue. And
depending on that what task we solve, when printing of firm colors or color photos develop
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Methods of color correction for minimization of color shifts

various strategy of color correction. All successful color imaging systems employ some form of
color management. Further in work some methods of prepress preparations for minimization
of color shifts and achievement of necessary accuracy of color reproduction is investigated.

Color management of digital imaging provides communication of the associated data required
forunambiguous interpretation of color content data, and application of color data conversions,
as required, to produce the intended reproductions.

2. GAMUT MAPPING AND RENDERING INTENTS IN COLOR MANAGEMENT

Color management is a useful method of controlling and standardizing the reproduction of
colors from the original input (a scan or digital capture) to the eventual output (a printed page
or website), via the intermediate devices (designers monitors, and proof prints). In an ideal
world that purple car in your photo would look the same shade of purple on all these devices,
and those lime green boots would appear the same all the way from photography to page.
Color management is meant to make it easier for this ideal world to be a reality.

The measured scene color is known as Scene-Referred. Since we need to view this image on
something like a display and then to print it. It’s usually necessary to make the image appear
more pleasing on the output device and to produce the desired color appearance the image
creator wishes to express and reproduce. These image colors are known as Output-Referred.
The need to fit the color gamut and dynamic range of the scene-referred data to output
referred data is called rendering.

The gamut mapping intents for various kinds of original images are considered below:

e Perceptual. All out-of-gamut colors are compressed to fill the printer gamut. Gray balance
should be preserved but colorimetric accuracy might not be preserved. It is useful for
general reproduction of pictorial images, typically includes tone scale adjustments to map
the dynamic range of one medium to that of another, and gamut warping to deal with gamut
mismatches. Commonly used for natural images such as portraits and scenery.

e Saturation. The saturation of the pixels in the image is preserved. Accuracy in tone and
lightness might be lowered. It is useful for images which contain objects such as charts or
diagrams, usually involves compromises such as trading off preservation of hue in order to
preserve the vividness of pure colors. It is used for business graphics.

e Colorimetric (absolute and relative). In-gamut colors are not moved, and out-of gamut colors
are mapped to the closest color. Colorimetric intent is used for company logos (because the
correct color is important) and for contract digital proof.

So, we chose aim of reproduction process and scheme of color transformation (gamut mapping
intent) and we choose method of color correction.

10
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3. COLOR CORRECTION ACCORDING TO ACCURACY OF COLOR REPRODUCTION

Despite of sufficient validity to research the questions of psychological accuracy of color reproduction
now quality of color reproduction estimate on degree of physiological matching of the reproduction
image to the originalimage. Owing to uncertainty of concept psychological accuracy and the conditions
necessary for its achievement, in practice use physiological accuracy at an estimation of quality
of color reproduction. To receive physiologically exact reproductions in certain cases it is possible,
applying technologies with number of paints of synthesis more than four. But, despite development
and expansion of sphere of application Hi Fi of the technologies using from 6 to 8 paints of synthesis,
all of them still are at a stage of working out and are accessible not to all printeries.

Colorimetrical accuracy of color reproduction creates the numerical model, allowing to predict effect
of metamerism. Successful colorimetrical model should carry out the following: Colorimetrical model
should designate both samples identical numerical values, when the typical person-observer sees
coincidence of two samples of color. And when the typical person-observer sees differences in two
samples of color, colorimetrical model should not only designate these samples different numerical
values, but also provide calculation of numerical value of the color distinction, allowing to predict,
how much different the given samples will appear for the observer. Modern colorimetrical models
are imperfect, but thanks to the advanced researches of CIE, they have appeared reliable enough to
form the basis for creation of the majority of modern color control systems. Without going into details
colorimetrical CIE models, it is necessary to notice that they allow to present color which perceives
the majority of people with normal color sight in a numerical kind. In comparison with it all the rest —
details without which, it is impossible to understand an action principle, and sometimes and inactivity
of management by color.

Physical and physiological accuracy, provide coincidence on color in each point of the original and
its image which it is possible to be set only in cases when the reproduction is reproduced the same
paints and in the same conditions, as the original image (for example, reproduction of scales of
color coverage). In all other cases as there are big or smaller distortions of the color information, it is
expedient to approach to an estimation of quality of reproductions from positions of psychological
accuracy color reproduction.

In certain cases physiologically exact reproduction can seem excessively contrast on color. By visual
consideration of a reproduction with the lowered saturation of all colors reproductions with the
separate colors reproduced too bright and sated are perceived more satisfactory, rather than. Concept
of physical and physiological accuracy usually apply to the characteristic of images in the assumption
that they are looked through under the same conditions, as the original. The concept of psychological
accuracy can be applied both for identical, and to various conditions of illumination and survey. Such
image which in each small enough site has the radiation visually identical to corresponding site of the
original is called as physically exact. Such image which in each small enough site has the same spectral
distribution of energy, as in a corresponding site of the original is called as physiologically exact. As
visual identity understand the established conformity which consists in equality of their coordinates
of color.

Physical accuracy is simultaneously and physiological. In cases when conditions of illumination and
original and print survey are identical, physiologically exact reproduction can be considered as ideal
reproduction of the original. For an estimation of that, really received reproduction to physiologically
exact is how much close, apply essentially excellent two methods.
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The first of them is based on an estimation of accuracy of reproduction of each separate color of a
reproduction by certain color with the further addition of colors which answer the major color elements
of object. In the second method this estimation is carried out on parameters which characterize all set
of colors of object without the characteristic of accuracy of reproduction of each separate color of a
reproduction. This technique is based on an establishment of conformity of the given reproduction
to one of psychologically exact images which are placed as gradual approach to physiological to the
exact image of the original.

Both methods follow from the laws of visual perception of color distinction established in practice.
The first method is based on definition of sizes of admissible distortions in reproduction of color
tone, a saturation and lightness for each taken color. The second - on construction of formulas which
define admissible transformations of colors of the original to colors of a reproduction which at a visual
estimation is satisfactory images of the original.

4. CONCLUSION

In this paper, the color image workflow is investigated. The role of gamut mapping in color
management is considered. It was also proposed some methods for color correction. Our
methods implements color transformation according for aim of reproduction process to
predict colors with given accuracy. Accurate is in quotes since nearly every user has a different
definition of what they mean or want when they say accurate but in our work we clearly define
strategy of correction according to aim of reproduction.

12
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CORRESPONDING COLOR IN ICC-BASED COLOR
MANAGEMENT

PhD student Gurieva Natalia,
Department of the Engineering and Computer Graphics , KhNURE, Ukraine

Pe3ume

Lum os02 pada je ucmpaxcusare padHo2 MOKa pernpodyKkuuje boje padu nocmusarba
o0zosapajyhe penpodykyuje 6oja y opmu “penpodyKyuje b6oja He3asucCHUX 00 ycao8a
nocmamparba”. HakoH npemeaparba 6oje 3asucHe 00 ypehaja y 6oje HezasucHe 00 ypehaja
nomohy npoghunaypehaja, 6oje HezasucHe 00 ypehaja he bumu npemsopeHey “6oje HezasucHe
00 ycnosa nocmamparba” Kopuwherwem modesna ocehaja 6oja (CAMosa) ca napamempuma
MocMamparba oo Kojum ce U38OPHA C/AUKA nocmampa. HakoH moaa Kopuwherbem Kopekyuje
60ja ca napamempuma NocMampar-a perpodyKosaHe c/uKe he ce uzspwumu npemeaparbe y
boje He3asucHe 00 u3na3sHoe ypehaja u y 6oje 3asucHe 00 usnasHoe ypehaja.

KroyuHe peyu: ICC ynpasrearbe 6ojom

Summary

In the work, the color reproduction workflow which allows to achieve corresponding color
reproduction as “viewing condition independent color reproduction” is investigated. After
conversion the device dependent colors to device independent colors using device profile,
device independent colors will be converted to “viewing condition independent color” using
color appearance models (CAMs) with the viewing condition parameters under which the
original image are viewed. Then, after color correction using viewing condition parameters of
the reproduction image it will be transformed into device independent colors of output device
and then to device dependent colors of the output device.

Key words: ICC color management
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Corresponding color in ICC-based color management

1. INTRODUCTION

Color reproduction is a complex process. Hunt [1] has defined following six types of color
reproduction: spectral color reproduction, colorimetric color reproduction, exact color
reproduction, equivalent color reproduction, corresponding color reproduction, preferred
color reproduction. Depending on what task is solved during the prepress whether to print
some firm colors or to match the input image as closely as possible, or print some photos with
memorable colors, some ways of colors transformation during the prepress are developed.

To realize “corresponding color reproduction” we have to obtain color appearance match
across different media and devices. First, color device must accurately be characterized so its
color could be clearly defined. Second, gamut difference between the input device and the
output device should be compensated so the reproduced image looked similar to the original
image. Third, human visual system’s chromatic adaptation to the various viewing conditions
should be compensated. All these phenomenas should be considered together to achieve
“corresponding color reproduction.”

2. COLOR TRANSFORMATION

Corresponding device independent color reproduction allows to capture, display, and print color
images which look the same across different devices. Mathematically, color transformation was
previously introduced to ICC-based color management scheme in color management systems
(CMS’s). These CMS’s consist of: intermediate (connection) color space; transformation method
between color spaces, and transformation tables (transformation tables for each device are
often called “device profiles”) from device-dependent color to device-independent color for
each device.

However, present CMS’s hold some technical problems. We discussed two of them: color
reproduction accuracy through the image transformation and color appearance under different
viewing conditions.

Digital image data is transformed to hard-copy image data as follows (fig.1): device dependent
signals (RGB) are transformed into device-independent color space (XYZ) through the source
profile; tristimulus values (XYZ) are transformed to cone signals (LMS); and then, the simple
von Kries adaptation model is used to get the corresponding cone signals for the output image
using viewing condition parameters.
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Fig. 1 The scheme of image transformation

In general, actual device color gamuts will fail to match each other. Because of this mismatch,
and because of the needs of different applications, four rendering intents of profiles (color
rendering styles) are defined in specification [2,3]. Each one represents a different color
reproduction compromise. The colorimetric rendering intents operate directly on measured
colorimetric values, though possibly with correction for chromatic adaptation when the
measured values were not calculated for the D50 PCS illuminant. The other rendering intents
(perceptual and saturation) operate on colorimetric values which are corrected to account for
any differences between devices.

In our experiment, original digital images are reproduced to the hard-copy by the printer. For
the output device, ink jet printer (RGB-output) Epson Stilys Pro 4880 was used. The printer
was characterized by composing multidimensional Look-up-table (LUT) by mathematical
transformation from 1728 color patches measurement.

Under fixed viewing conditions, a color can be described by three numbers. The CIE system
of colorimetry provides a mechanism for the standardized measurement and description of
color. Given the spectral reflectance of an object and the spectral radiance of the illuminant
it is viewed under, CIE colorimetry allows the color of the object to be specified as a set of
tristimulus values.

The colorimetry of a document region can be expressed in terms of its spectral reflectance and
the power spectral distribution of the illuminant it is viewed under []:

Amax
f = fa,-(/l)-zm)-r(md/l, i=1.2.3 )

A«min
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where A is a wavelength, al(A), a2(A), a3(A) are the CIE XYZ color matching functions (CMFs),
r(A) represents the spectral reflectance of the original, I(A) represents the spectral power
distribution for the viewing illuminant (we used real viewing conditions for modeling), and
[Amin, Amax], represents the interval of wavelengths with non-zero CMFs. Three values [t1, t2,
13] represent the colorimetry of the document region in consideration and are referred to as
the CIE XYZ tristimulus values. The reflectance spectrum produced by the color output system
in a response to a specific set of three dimensional color control values can be converted to
colorimetry using (1).

The result of colorimetric measurements was analyzed to make a colorimetric LUT for direct
transformation. It was generated by the following method:

e Produce 12x12x12 color chart sampled in input color space (RGB).
e Measure the tristimulus values (XYZ) of the color chart under illuminant D50.

e Interpolateinside the 12x12x12 color mesh to make 33x33x33x3 RGB-to-Lab CLUT by standard
software (GretagMacbeth ProfileMaker 5.0.7) and using the radial basis neural network.

3. USING NEURAL NETWORK FOR COMPOSING LUT

To compose a colorimetric LUT for direct transformation RGB-to-Lab we used radial basis neural
network with two hidden layers. The parameters of the neural network are following:

* The input layer uses one neuron for each color value, in other words, 3 neurons are used.
The output layer also uses 3 layers as each of these will give a different color value for:
(L"a%b").

¢ In order to choose the optimum number of neurons for the hidden layers, training starts with

5 neurons and goes increasing. The best performance, without overtraining, is achieved with
30 neurons.

e During the training of the neural network, Early Stopping of Neural Network toolbox of
Matlab was used in order to be able to exhaustively examine the behavior of error in the
training, and stop it optimally.

For evaluation CLUT’s creating by standard software (GretagMacbeth ProfileMaker 5.0.7) —
LUT1 and by using radial basis neural network — LUT2 we used testchart with primary CMYK
and RGB colors and some memorable colors (table 1). This testchart is Fogra Mediawedge V3.0
— uses for checking digital contract proof.
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Ne patch | Lab coordinates Lab coordinates AE1 | Lab coordinates AE2
printed colors predicted by LUT1 predicted by LUT2
Al 54.1,-38.5,-51.1 56,7 -37,5| -49,2 | 3,37 555| -379| 49,1 | 2,51
Ad 47.5,74.4,-2.7 47,9 72,4 41| 2,47 486 | 73,1 -3,9 | 2,08
A7 89.6, -4.9,94.9 88,1 -7,1| 943 2,73 8| -69| 955| 2,17
B1 24.3,20.1,-47.1 23 23,5 | -47,5| 3,66 24,7 | 22,7 | -47,9 | 2,75
B4 47.3,70.2,45.1 45,4 71,2 | 43,1| 2,93 473 | 72,2 | 42,1 3,61
B7 48.5,-67.7, 26.4 51,9 | -649| 23,1| 5,50 48,9 | -65,1 | 24,4| 3,30
A9 93.9, -3.5, 32.2 90,9 -6,9 | 30,8 | 4,75 92,2 4,11 31,1 211
Al6 36.4,-30.9,-20.4 34,4 -32,6 | -23,8| 4,30 351 | -329| -224 | 3,11
B12 47.4,72.3,16.3 46,6 70,9 | 20,9 | 4,87 46,1 | 70,1 | 18,3 | 3,24
B16 455 -20.5, -48.9 47,5 -17,5| -50,7 | 4,03 46,5 | -19,7 | -52,9 | 4,20
Mean AE 3,86 2,91

Table 1: Errors in calculating L”, a”, b~

Table 1 presents the errors for LUTs. We calculating Euclidian distance between predicted Lab
coordinates by CLUT’s and Lab coordinates real printed patches. As you can see, CLUT formed
with our algorithm gives lower error then by standard software so we can accurately predict
memorable and scene-important colors.

4. CONCLUSION

In this paper, the colorimage workflow is examined in details. The role of ICC color management
in color imaging is considered. It was also proposed improvement to standard ICC-based color
management scheme by using neural network to create look-up tables of ICC profiles. Mean
errors was reduced by 18% as compared to standard software. Our algorithm implements
corresponding color reproduction to accurately predict memorable and scene-important
colors of hard-copy color images under various real world illuminants.
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INFULENCE OF HARSH ENVIROMENT ON UHF RFID
ANTENNAS

Dorotea Agoston, M.Sc.Vladimir Bis¢an
Faculty of Technical Sciences , Novi Sad
Graphical engineering and design

Pe3ume

Osaj pad ucnumyje no8pwuHCcKy omnopHocm wmamnaHux UHF RFID aHmeHa, nocmasrearem
Y pa37U4UMQa OKPYIKEH A KOja CUMYAUPAjy peasHe ycaose y Kojuma RFID emukema 6u mpebana
0a padu. Peaynmamu noKasyjy noseharse y nep@opmaHcama aHmMeHda.

KroyuHe peyu: RFID, aHmeHe, nospwuHCKa omrnopHocm

Summary

This paper examines surface resistivity of the printed UHF RFID antennas, by exposing it to
different environments, thus simulating real conditions in which a RFID tag should work. Results
showed an increase in performance of the antenna.

Keywords: RFID, antennas, surface resistivity.

1. INTRODUCTION TO RFID

The object of any RFID system is to carry data in suitable transponders, generally known as
tags, and to retrieve data, by machine-readable means, at a suitable time and place to satisfy
particular application needs.

Data within a tag may provide identification for an item in manufacture, goods in transit,
a location, or the identity of a vehicle, an animal, or an individual. By including additional
data, the prospect is provided for supporting applications through item-specific information
or instructions immediately available on reading the tag. For example, the color of paint for
a car body entering a paint spray area on the production line, the setup instructions for a
flexible manufacturing cell, or the manifest to accompany a shipment of goods. A system
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requires, in addition to tags, a means of reading or interrogating the tags and some means of
communicating the data to a host computer or information management system. A system will
also include a facility for entering or programming data into the tags, if this is not undertaken
at the source by the manufacturer.(1)

Quite often an antennais distinguished as if it were a separate part of an RFID system. Although
its importance justifies the attention, it must be seen as a feature that is present in both readers
and tags, essential for the communication between the two. (1)

In a nutshell, RFID involves detecting and identifying a tagged object through the data it
transmits. This requires a tag (a.k.a. transponder), a reader (a.k.a. interrogator) and antennae
(a.k.a. coupling devices) located at each end of the system. The reader is typically connected
to a host computer or other device that has the necessary intelligence to further process the
tag data and take action. The host computer is often a part of a larger network of computers in
a business enterprise and, in some cases, is connected to the Internet.(3)

The coupling in most RFID systems is either electromagnetic (backscatter) or magnetic (inductive).
The method used in a particular implementation depends on the application requirements, such
as the cost, size, speed, and read range and accuracy. For example, inductively coupled RFID
systems typically have a short range, measured in inches. These types of systems are used mostly
in applications, such as access control, where short range is advantageous. In this case a tag only
unlocks an RFID-enabled door lock when it is moved within close range of the reader, not when
people who may be carrying a tag in their wallet or purse are walking past the reader in a hallway in
front of the door.(3)

2. RFID ANTENNAS

The element that enables the tag and reader communication is the antenna. The tag and the reader
each has its own antenna.There are three main methods of manufacturing a passive tag antenna:
etching, stamping, and printing.

The etching process starts with a sheet made of three layers: a substrate, metal film (usually
copper), and a photopolymer layer. A special mask “burns” an image of a future antenna into the
photopolymer layer. The sheet is then washed by a chemical solution that dissolves all metal around
the burned image. The burned photopolymer is removed from the image by another chemical
solution to expose the etched metal antenna. The antenna then goes through a special process to
prevent oxidation of the metal.(4)

This method produces high-quality metal antennas with great conductivity. However, it has a
main disadvantage: producing chemical waste. Etching uses chemical solutions for dissolving the
remaining metal as well as the photopolymer layer, and these require special handling.

The stamping method uses a metal foil (usually aluminum) and a “cookie cutter” in the shape of
an antenna, which is attached to a roller. When the roller stamps out the antenna in the foil, the
unused foil is removed and potentially reused. This method produces high-quality antennas that
are also relatively cheap (because of the reused aluminum), and also eliminates the need for any
chemicals and reduces waste.(4)

Antennas also can be printed using conductive inks. This is a very fast method and does not require
sheet metal. Conductive inks are made of liquid containing solvents, binders, and very fine metal
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particles. Ink is applied through a mesh screen with a cut-out opening in the shape of an antenna.
The rest of the mesh is sealed off. This method produces an antenna of comparable conductivity to
pure metal antennas via a high-speed manufacturing process. (4)

3. SURFACE RESISTANCE AND SURFACE RESISTIVITY

Concepts of surface resistance and surface resistivity can be sometimes confusing. Definitions
of both terms can be found in many books and standards. Surface resistance, Rs, is defined
in all of the aforementioned literature sources as the ratio of a DC voltage U to the current, Is
flowing between two electrodes of specified configuration that are in contact with the same
side of a material under test (Figure 1).

Rs =U/Is (1)

Surface resistivity ps, on the other hand, is determined by the ratio of DC voltage U drop per
unit length L to the surface current Is per unit width D.

ps =(U/L)/ (1s/D) (2)

O,

electrodes material

Figure 1: Basic setup for surface resistance and surface resistivity measurement.

Surface resistivity is a property of a material. Theoretically it should remain constant
regardless of the method and configuration of the electrodes used for the surface resistivity
measurement. A result of the surface resistance measurement depends on both the material
and the geometry of the electrodes used in the measurement. The physical unit of surface
resistivity is Ohm (Q). The legitimate unit of the surface resistance is also Ohm. Because of
that surface resistivity and the surface resistance are often mixed up. In order to differentiate
between the two, surface resistivity is often expressed also in Ohm/square (Q/ sg.) which is
not a valid unit from the dimensional analysis point of view. (2)
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4. THE COURSE OF THE EXPERIMENT

The aim of this experiment was to examine behavior of the surface resistivity of UHF RFID
antenna when they are exposed to the possible real temperatures during normal exploitation
of the tag. The UHF dipole antenna model was used in the experiment, as a standard

design the use between 860 and 960 MHz. Antennas were obtained by the courtesy of the
“Allami Nyomda Plc. “ Budapest, as a sample boxes. Screen printing technique was used to
manufacture the antennas, using a conductive ink, shown on figure 2.

Figure 2. Antenna design for UHF RFID
A smaller free space between two parts of the antenna is a place for the chip.

One approximation was needed, as the measurement of the surface resistivity derives from
the two dimensions, with and length. With the same area, but with the mean value of the
height, two rectangular (Figure 3.) were used in calculations.

Figure 3. An approximation of the antennas

Resistance measuring was conducted using “American Reliance AR-160H” multi-meter. A
resistance of the probe was also considered. Probes were positioned as far as possible at the
ends of the one part antenna. Every part of the antenna was considered as a separate test
piece. Initial measurement showed a slight variations in values, which were expected. This is
explained by common variations in screen printing, in which isn’t possible to precisely control
the thickness of the printed ink. These variations are acceptable.

The experiment continued by exposing the antennas to the temperature of -20°C with the
humidity of approximately 80% for 11 hours. Samples were left to settle down on room
temperature of 21°C for 5 hours. After conditioning, samples were exposed to the temperature
of 55°Cin oven for 1 hour.

The surface resistivity was measured after the exposure to the possible low and high
temperature, simulating the environment in which the whole RFID tag can be in.
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5. RESULTS AND CONCLUSION

Results were an opposite of what was expected. Resistance and surface resistivity decreased
after the tests for 6.94% as shown on figure 4. . This directly leads to increase in conductivity
of the antenna and better performance of whole RFID tag.

1,2

\ M inititial surface resistivity

surface resisitivity after

0,4 tests

0,2

1 3 5 7 9 11131517 19 21 23 25 27 29

Figure 4. Comparison of resistivity before and after tests

Expected increase in resistance and surface resistivity was due the expectation of oxidation by
exposing antennas to the high humidity and afterwards to the high temperature, which didn’t
occurred.

Some explanation of the unexpected results may be found the similar research by Rudie
Oldenzijl from “Acheson Colloids” (5), in which in more detail a UV ink is examined and the
results showed an increase in conductivity after a heat treatment.

Authors wish to express a gratitude to Mrs. Erzsébet Novotny and Mr. Laszlé Racz form “Allami
Nyomda Plc.” Budapest for the help and advices and provided materials for this research.
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DESIGN, PREPRESS AND PRINTING OF THE LENTICULAR
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Pe3sume

Osaj pad onucyje neHMUKyaAapHy wmammy u npoyeodype 0usajHa . JIeHmMuKyAapHa wmamna
je epcma ymemHuYKoe npuka3ueaHa MmMpoOUMEH3UOHAAHUX CAUKA HA OMUCKY KOO HOCUOUY
0800UMEH3UOHAsHE CuKe. JleHMUKysapHe Cauke ce Hajbosbe moay onucamu Kao usay3uoHa
ymemHocm. 00 jeOHOCMABHUX peulera ca 08e C/IUKe HA OKpemare 00 KOMaeKcHux 3/
CAUKA IBHMUKYAAPHU OU3ajH Kopucmu KombuHayujy odabup cauxke M 6oja, dusajHa coyusa,
MexHUKa npenaumara ¥ wmamnapckux mexHos102uja 3a cmeaparbe oopeheHe unysuje. Cau
osu enemeHmu mpebajy 6umu yKaonseeHU padu nocmusara ycrewHoa AeHMUKYAapHo2
npou3eodoa.

KroyyHe peyu: neHmukynapHo, 3D 0usajH, wmamna, npunpema

Summary

This work is based on the lenticular printing and design. Lenticular print is a kind of art or a way
to show / represent a 3D image on a sheet what is actually the carrier for a 2D image.
Lenticular images can best be described as illusionary art. From simple two-image flips to
complex 3D images, lenticular designs utilize a combination of image/color selection, lens
design, interlacing techniques, and printing technologies to create the desired illusion. All these
elements need to work together to achieve a successful piece.

Key words: lenticular, 3D, design, print, prepress

1. INTRODUCTION

Lenticular print is the print of future. It is an interesting way of printing, especialy for some
comercials, logos and reproduction of the originals. It can represent the third dimension on
a paper ( actually plastic / PVC material ). It is an expensive way of printing, but it’s becoming
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more popular. The procedure of the prepress is not so complicated, it can be done easily with
some softwares. The printing procedure can be carried out with UV colors, or colors that dries
really fast because of the ink repeling base. The details of preprees, printing and explanations
are written in the paragraphs below.

2. LENTICULAR DESIGN

One of the most important aspects of designing lenticular is the concept. If we have a strong
concept, lenticular designing becomes a much easier task. A variety of effects can be used —
and some even combined — yet, many times the best ideas use the least amount of effects. It
might be a good idea to consult with the printer when selecting the optimal lenticular effect
for the desired job. We should consult about 3D depth, typography, flip, etc.

3D Depth

Asfarasachievingthe optimum “3D Lenticular “ effectis concerned, color choice and placement
play a large role. The most successful effect will often be achieved by usage of bright and light
imagery. More precisely neutral colors in the background and brighter colors in the foreground
work best. Moreover, it is best to use soft, less-detailed imagery for the extreme foreground
and background layers, while logos and typography should be near, or on, the middle keyplane
where they will appear the sharpest and most readable.

Lanny Background

Desk
Sm. Monay Lenny's Hand E

Lg. Moneay

u
[/
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Type and Fonts

As for typography, we should stay away from “serif” and “italic” type styles. The font point-size
will vary according to the lens LPI. For example, the larger LPI ( fewer lines-per-inch ) will require
a larger font point-size, and smaller LPIs ( more lines-per-inch ) will allow a smaller font point-size.
Also, we should avoid very fine type as the lenticular screen will reduce readability.

A simple test to determine font readability is to print out a proof of the planned font size at
100% and place the planned lens over it to see how it will appear. In this process it’s important
to remember to make sure the lens is going in the correct direction. To enhance font readability,
we should try outlining the type and applying various stroke sizes. Color is also a huge factor, so
it would be best to change the color until we find a satisfying result.

If there would be trouble placing the type at, or near, the keyplane during interlacing, we should
try layering the text on the interlaced art. In doing this, we should take care that the type is the
same resolution as the interlaced art. By doing this, the copy will become static and there will
be no parallax shifting. However, this might cause the type to appear as though it’s pushing into
some of the 3D objects — depending on the depth and layout. Logos may also benefit from this
technique.

Flip ( 2-3 Images )

In “Flip” animation, less is definitely more. The most dramatic visual presentation will result
with fewer frames. Color usage plays a large role in a successful lenticular effect. Bright and
light imagery will often work best. Areas of extreme contrast should be avoided in the main
subject, logo, and/or product. Elements that are not similar enough can cause one image to
appear faintly over the other ( known as “ghosting” ) when only one image should be seen.
Overlapping typography that flips to other typography should be also avoided.

We sholud stay away from very fine type as the lenticular screen will reduce readability.

To maintain sharp contrast between the elements, the flip should be limited to only two images.
As for type and font information the samo cautions apply as mentioned under 3D depth.

Morph

Elements similar in shape and color density work best for a clean “Morph” effect.

Two images will need to be created and those are the beginning and ending frames of the
morph, which can be easily carried out with a good morphing software. Elements that are not
similar enough can cause one image to appear faintly over the other ( unwanted effect known
as “ghosting” ) when only one image should be seen. Very fine type should be avoided as the
lenticular screen will reduce readability.
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Zoom

As with other lenticular effects, color choice and placement are very important when creating
the best “Zoom” effect. Cool, darker colors in the background and warmer, lighter tones for
the element in motion tends to produce the best lenticular zoom effect. Also, bright and light
imagery will often be the most successful. If a specific section of the image, for example logo,
product, or type, is intended to be a separate zoom area, it should be included as a separate
layer or file.

3. LENTICULAR PRINTING

Lenticular printing is a technology in which a lenticular lens is used to produce images with an
illusion of depth, or the ability to change or move as the image is viewed from different angles.
Examples of lenticular printing include prizes given in Cracker Jack snack boxes that showed
flip and animation effects such as winking eyes, and modern airport advertising graphics that
change their message depending on the viewing angle. This technology was created in the
1940s but has evolved in recent years to show more motion and increased depth. Originally
used mostly in novelty items, lenticular prints are now being used as a marketing tool to show
products in motion. Recent advances in large - format presses have allowed for oversized
lenses to be used in lithographic lenticular printing.

Creation of lenticular images in volume requires printing presses that are adapted to print on
sensitive thermoplastic materials. Lithographic offset printing is typically used, to ensure the
images are good quality. Printing presses for lenticulars must be capable of adjusting image
placement in 10 um steps, to allow good alignment of the image to the lens array.

Typically, ultraviolet-cured inks are used. These dry very quickly by direct conversion of the
liquid ink to a solid form, rather than by evaporation of liquid solvents from a mixture. Powerful
(400W per sq. in) ultraviolet (UV) lamps are used to rapidly cure the ink. This allows lenticular
images to be printed at high speed.

In some cases, electron beam lithography is used instead. The curing of the ink is then initiated
directly by an electron beam scanned across the surface.Typically three different types of
lenticular prints are used: transforming prints, motion - capturing prints and stereoscopic
effects.

In transforming prints, two or more very different pictures are used, and the lenses are
designed to require a relatively large change in angle of view to switch from one image to
another. This allows viewers to easily see the original images, since small movements cause no
change. Larger movement of the viewers or the print causes the image to flip from one image
to another.

In motion-capturing prints, the distance between different angles of view is “medium”, so
that while both eyes usually see the same picture, moving a little bit switches to the next
picture in the series, creating a motion effect. Usually many sequential images would be used,
with only small differences between each image and the next.
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In stereoscopic effects, the change in viewing angle that is needed to change images is small:
6—7 centimeters (2—2.5 inches). This causes each eye to see a slightly different view, creating a
3D effect without the use of special glasses.

Lenticular print in all three types works the same way. Each image is sliced into strips, which
are then interlaced with one or more other images. These are printed on the back of a piece
of plastic, with a series of long, thin lenses molded into the other side. The lenses are lined
up with each image interlace, so that light reflected off each strip is refracted in a slightly
different direction, but the light from all strips of a given image are sent in the same direction
(parallel).

The end result is that a single eye or camera looking at the print sees a single whole image, but
an eye or camera with a different angle of view will see a different image.

So, to create a lenticular image, we need a lenticular lens and at least two different frames.

The lenticular plastic sheet has one side
that is smooth ( this side is printed ) while
the other side is made of the “lenticules”,
optical devices that will allow to visualize
the effects.

Each lenticule acts as a magnifying glass to
enlarge and display the portion of the image
below, depending of the viewing angle.
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There are different lens designs. The thickness and
viewing angle of the lenticule are different.
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A narrow angle will give an optimal
3D effect, and a wide angle will
work best for an animation effect.
The lenticules for animation
effects may run vertically or
horizontally. However, results are
better, meaning cleaneractionand
far less chances of ghosting, when
the lenticules are in the horizontal
direction.

For larger, more stationary pieces
such as a poster, the vertical

Wide Angle

Marrow An g| a

direction should be used since it requires the viewer to move rather than the piece.

The process of creating a lenticular image

Interlacing images that are divided into strips together into one graphic. This can be made
using Photoshop or a specific lenticular sofwtare. The interlaced graphic is printed directly on
the back of an extruded plastic lens. The lenticule isolates and magnifies the interlaced image
beneath it which is determined by the angle of observation. If the lenticules run vertically, a
diffrent image can be delevered to each eye to create a 3D image.

30 BEanoculer Despanty

1 rputapes as ivkled 1
AT e imnerhiced
Tgether bnt oo quiagdei;

1 Tha intastaced graphic
ereded deeclly on1he bk
gl an exinied plaet berd

__,.J‘ y
£ Extruded Plastic
Lemticula Lens

Interksced Image
Printed Divectly
L W e i e a4, il Cirites Lisna
sugrdion B earilicrd

Mt BERET I deTe 1

by e gl ol ol
&L T i sl s b i 3l

adilyrem! g can b delweel
Eirae by gl b dnniite a A0 macye

31




Design, prepress and printing of the lenticular products

After printing the lenticular image looks like the picture bellow. It can be seen that each
lenticule contains information from both images A and B isolated in function of the viewing
angle of the printed lenticular picture:

4. PREPRESS PROCESS

A prepress process inculdes determination of the exact pitch of the lenticular sheet before
interlacing. Two pitches can be distinguished - the visual and the mechanical (or absolute)
pitch.

To determine the visual pitch of the lenticular sheet, it is necessary to carry out a pitch test.

It is possible to determine the pitch by placing a lenticular clear sheet on the plate ( or the film
) and look at the viewing distance of the final image. One line will be totally black or invisible,
it will be the visual pitch. The result will be more precise if the pitch test is printed on the
lenticular sheets. The mechanical pitch will be determined using a magnifying glass.

In order to create a lenticular image we need a computer and a CTP or CTF.

Software that can be used to create lenticular images are: Adobe Photoshop, Quark, Adobe
After Effects, Adobe InDesign, ArtPro, Lenticular Softwares, etc.

The CTP (or CTF) must have a resolution of at least 2400 DPI, a higher resolution will give a
better result. The majority of the current CTP have a capacity between 2400 to 4000 DPI, some
can achieve higher resolution, they are mainly designed for safety printing.
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5. CONCLUSION

This work represents the processes of design, prepress and printing. Although the technique
is relativly simple, the usage of lenticular materials can make printing more diverse and
interesting. This way of printing is convenient for printing logos, posters, photos, commercials
that tend to be different and noticeable. Before starting the prepress we should thoroughly
inquire about the capability of the printing machines. As lenticular is a high resolution process,
it would need to be printed on offset presses.

We should continue with the exploring of the lenticular materials to make more precise,
smooth and cleaner and cheaper print.

It is the the technique of the future for the commercials, still expensive but attractive and
more popular.
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Pe3sume

Y osom pady ce ucnumyjy pakmopu Koju ymudy Ha degpopmayujy nanupa moKom wmamrie.
Tu pakmopu cy Hajyewhe: pacmeop, ycmepeHU 8a30yWHU MOK, MUKPOCMPYKMYypa nanupa.
[nasHa udeja je 0a ce ycnocmasu pezynayuja cmerneHa degopmayuje y ycke uHmepsan
00380sbEHUX BPEOHOCMU €A onucaHum ypehajuma.

KreyyHe peyu: deghopmayuja nanupa

Summary

In the article are explored factors which influence on the paper deformation during printing.
There are: solution, directed air stream, microstructure of paper sheet. The main idea is desire
to regulate the level of deformation in the narrow intervals of allowable values with use up the
described device.

Key words: the paper deformation

1. INTRODUCTION

Setting the objective

During the last decades in Ukraine, there were a lot of changes in printing industry — a rapid
increase of printing production, a boost in polychromatic printing, the palette of design decisions
in polygraphic registration and advertising manufacturing diversified, geography of supplier’s
firms of the printing equipment and working material became wider. It became a logic reaction
of the industry on consumer’s requirements of the polygraphic production [1].

Flat offset printing with usage of a humidifying solution takes the main place among other
ways of the press in our country. By statistical estimations 2/3 of the domestic book and journal
productions and to the half of the volumes of paper and cardboard packing are made today by
way of flat offset [4].

Especially for the offset-sheet press in comparison with the other ways there is a possibility of
the press of wide production assortment, rather low cost at high quality and a wide spectrum
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of circulations. Possibilities of colour (colour range) in offset printing is kept within an interval
from one (including the quadricolour press) to twenty colours. Sheet offset is used for printing
materials of different formats and density. Preparation for printing of the printing equipment
occupies a very short period of time.

Today air cushion usage (Ventury effect) is a high technology in transportation, transmission,
stopping, straightening and quire fixing in the system of printing machines (a flat sheet offset
way of the press). The effect mentioned earlier is reached through the usage of the directed
stream of air and it is used in the printing equipment of such manufacturers as Heidelberg, KBA,
ManRoland, Komorietc[2].Use of a humidifying solution and pressure in a zone of printing contact
are major problems for an offset printing in practical application. During air passage through the
pores of the paper and action of a humidifying solution, the temperature and humidity of a
paper changes, which directly influences deformation properties of a paper in a zone of printing
contact. The printing sheet under the influence of deformation, changes the geometrical sizes
that can negatively influence further post-printing processes (folding, cutting, die-cutting...) [3].

2. RESEARCH

The experiment description, object of research.

The paper is made of hydrophilic cellulose fibre, easily absorbs humidity from air. Also, the
paper is capillary-porous body; therefore, mechanically keeps a moisture in its pores, which
gets inside as a result of capillary condensation during the contact of a paper to water.

Properties of a paper to absorb humidity from air depends on structure, treaty, glue paste,
maintenance of the filling . At humidifying the sizes of sheet change. One of the reasons for
size change — fibre swelling. The moisture gets into fibres, moistens and expands cellulose
macromolecules, as a result of this fibre thickens.

Since the sheet structure is not homogeneous and most parts of fibres are along the direction
of a grid movement of paper-making machine, paper deformation will be different divergently.
The greatest deformation of the paper during humidifying is observed in a cross-sectional
direction, since at swelling each separate fibre widens in cross-sectional rather than in a
longitudinal direction [5].

In practice deformation of a standard sheet as a result of humidifying, rapid change of

temperature and blowing, can reach 0.5 %, and this number with the big formats can equal up

to 5 mm of linear sizes, which is inadmissible [6].

The task of experimentation researches:

e elaboration of devices for creation and regulation of an air stream on standard sheets

e creation of a technique for definition of geometrical parametres of deformation at a bend
of standard sheets

¢ realisation of research for wide assortment of papers which are used at offset printing

Technique of experimental researches:

e first of all the analysis of investigated papers has been carried out, kinds of papers were
picked in order to display all set of a printing material which is used for the press by the
sheet offset machine (in table 1 the short description of investigated papers);
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e samples of papers which are investigated are cut in two directions (up and down), the size of
a strip of a paper 20x100 mm;

e clips are fixed with different distances: 90,80,70,60,50 mm;

e in operation the offset way of the press is considered, therefore samples are humidified with
different weight of humidifying solution 0,850 g, 0,500 g, Ta 0,250 g.;

e it is carried out having blown in each sample, taking turn, with observance of distances
and taking into account directions of fibres (a corner of a stream of air and distance of the
generator of a stream respectfully 45 degrees and 100 mm);

e measurements of the results of deformation are performed on the received photos;

 the obtained data is put in statistical tables and graphs are constructed.

Methods and materials of experimental researche.

In experiment fan made by CoolerMaster (DC 12V 0,21A) is used as well as universal power
supply unit (DC2-15V 1.2A). Objects of the researches, 9 samples of a printing material, display a
wide spectrum of usage of the flat sheet offset equipment (table1l). Fixation of the deformation
of paper at a console bend is achieved by the digital camera (Olympus SP-500UZ).

Picture 1. Experimental device
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Gramatura, Thickness, L .
Name of paper Producer g/m2 mkm Descriptions of application
Simcastor Plus UPM (Finland) 80 70 Classical label paper
Interflex Interrmlls 80 58 Structural label paper
(Belgium)
Sinarlux APP (Indonesia) 80 78 Label cast-coated paper
Coated paper M-real (Finland) 100 100 Coated paper
Bindakote Favini group (ltaly) 80 90 Special impregnating paper
Maximus Favini group (ltaly) 100 105 Paper with special structure
Alukett Spezial B&B (Austria) 73 60 Paper with metalized relief
Fashion
Amber Graphic 200 ,(L\Przlbaird?raphlc 200 287 Cardboard with one side coated
Amber Graphic Amber Graphic
Munken Polar 400 | (Poland) 400 450 Heavy cardboard

Table 1: Properties of papers

3. CONCLUSIONS

By analyzing graphs 1and 2, it becomes apparent that with an increase of humidity and intensity
of the directed air stream, it is possible to accomplish an increase of paper deformation. It is
quite logical to admit that by using certain devices, for example at the outlet of the typewriter,
it is achievable to regulate the level of deformation in narrow intervals of admissible sizes.
The following device should be based on a system of movable and operated fans; besides,
humidity level, temperature and intensity of fans should be supervised.

Therefore, there are a lot of characteristics influencing paper deformation, such as thickness,
npoknenka, density and architecture of the structure, temperature and humidity in the volume
of the paper, etc. Characteristics, which have an influence on properties of the paper, include
pressure of the printing stream, ingestion of the humidifying solution, directed air stream,
indicators (temperature, humidity) of environment. Nowadays, when variety of colors of the
production increases, and requirements for the denotation of the quality criteria indicators
arises, accomplishment of the best printing result can be achieved only if all technological
instructions are being severely followed.
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THE INFLUENCE OF THE LACK OF THE DAMPENING
SYSTEM ON THE QUALITY OF THE REPRODUCTION IN
WATERLESS OFFSET

Bsc. Gabor Mokus
Faculty of Technical Sciences , Novi Sad
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Pe3ume

TexHUKka 6e3800H02 oghcema omoayhyje HoO8U Ha4UH KeasnumemHde pernpooyKyuje y ogpcemHoj
mexHosozuju. lMowmo y 080j mexHonozuju Hema nompebe 3a ypehajem 3a enaxcere, 08aj
rnocmynak uma ceoje npedHocmu u Hedocmameke. bes ypehaja 3a enaxceHe CAUKA UMA 8EAUKU
KoHmMpacm u He rnocmoje npobaem ca emynzuparbem usmehy wmamnapcke b6oje u cpedocmsa
30 enaxcere- nowmo nanup (cybcmpam) je Hajyewhe MoKpuseH ca pUHOM MANUPHOM
MPAWUHOM, KOja MOKOM wmammne Moxe 0a ce 3aaenu 3a wmamnapcKy ¢opmy. lMowmo
Hema cpedcmea 3a snaxere 0a uUx crepe ca wmamnapcke gpopme 0ohu he do cmarbusara
Keanumema penpodyKyuje. lpezpesarse yenoe cucmema je jow jedaH o0 npobnema Koju je
denumu4Ho npucymaH 3602 Hedocmameka cpedcmaa 3a 8/axere.

KrbyuHe peyu: cucmem 3a enaxcerbe, 6€3800HU oghghcem, pacmep 8as/baK
Summary

The technique of the waterless offset gives a new way of making quality reproductions in the
offset technology. Since there is no need for a dampening system, it brings benefits and down
sides as well. Without the dampening solution, the printed picture has great contrast and there
is no problem with the emulgation between the ink and the dampening (fountain) solution.
Since the paper (substrate) is mostly covered with fine paper dust, during the printing proces
they can stick to the printing form. Since there is no dampening solution to clean them off the
plate, the quality of the reproduction will decrease. The over-heating of the entire system is
also a problem, partially due to the lack of the fountain solution.

Key-words: dampening system, waterless offset, anilox roller
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1. INTRODUCTION

The technology of waterless offset has several differences in comparison with the conventional
offset technology. This makes this printing technique a unique one, since there is no need for the
use of a dampening solution, whereas the printing and non-printing elements are at the same
plane. The dividing of the printing and non-printing elements is based upon the physical intollerance
between the silicone layer (on the surface of the printing plate) and the silicone oil, that can be found
in the special ink for waterless offset. Thanks to this there is no need for a dampening solution,
which results in the simplicity of these units and the posibility of a printing with theoratically no
makulature. This is possible with the use of an anilox roller instead of a duktor blade and a set of
rollers (this construction can be found on the most of the conventional printing units) and with
the use of a single inking roller. Using this method there can be no problem with the adjustion of
the inking unit, because the thickness of the ink is 100% equal in every single point at the printing
plate.

However, this system has several disadvantages, which can negatively influence the quality of
the reproduction. The first disadvantage is the inability of making a correction in the inking
unit by zones. This urges for a perfect prepress in order to achieve a perfect reproduction.

The second problem is the thicknes of the ink on the printed surface. Small corrections can be
made by altering the temperature of the system, thus changing the viscosity of the ink. These
changes result in a different optical density of the printed picture.

The lack of a dampening unit also represents a disadvantage. This unit, in conventional printing
units, cleans the printing plate, and thus removes any dirt or residue from the surface of the
plate. The dampening unit (the dampening solution, actually) is also lowering the temperature
of the entire system in a conventional printing unit.

2. THE FUNCTIONING OF THE GRAVUFLOW™ ROLLER

In this work, the functioning of the anilox roller is going to be presented through the functioning
of the Gravuflow™ roller. The Gravuflow™ roller is constructed by KBA, and it is used on
waterless presses. The reason for choosing this unit for the presentation of this technique is
not just because of the amount of information that is avaliable from KBA, but the fact that this
company is the pioneer in modern waterless printing with an anilox roller.

The silikone ink is pumped into a separate unit, the inking unit, which has two duktor blades.
The fluent ink is constantly circulated during the printing proces, so the viscosity of the ink
is always at the same level. The Gravuflow™ roller is made from ceramic. It has microscopic
dents on it’s surface, which alows the transportation of the ink.

By rotating the anilox roller, the dents come into contact with the inking unit. Since the ink is
under pressure in the unit, it penetrates into the small dents. By further rotation of the anilox
roller, the second duktor blade vipes-off the extra ink on the surface of the roller, thus the ink
remains only in the dents of the roller.

The colored anilox roller then comes into contact with the inking roller, which has the same
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perimeter as the printing cylinder. The
coloris transported to the inking roller with
vacuum efect. This principle is taken frome
the gravure printing technology. After this,
the inking roller transports the ink to the
printing plate. A plate, colored using this
technique, has 100% the same amount of
ink on every single point of it’s surface, on
the priniting elements.

This characteristic can be very useful, if the
prepress is done perfectly. Since there are
no simple ways to alter the quantity of the
ink aplied, and it is impossible to alter the
quanitity of the ink aplied by zones, the
quality of the reproduction is based upon
the quality of the prepress process. In other
words, if during the prepress process the
color management is not made correctly,
there is no way to correct the color during
the printing process. [2]

Picture 1: The Gravuflow™ (anilox) roller (1)
with the inking roller (2) and the inking unit
with two duktor blades, above the anilox roller

(1).

3. THE TEMPERATURE OF THE SYSTEM

As mentioned before, the waterless systems have no dampening units, because the separation of
the printing and the non-printing elements is based upon the physical intollerance between the
silicone layer (on the surface of the printing plate) and the silicone oil, that can be found in the
special ink for waterless offset.

Thelack of dampening unit (where the dampening solutionis usually tempered), causes the problem,
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the temperature of the entire printing system begins to rise. The friction and pressure between
the elements inside a printing machine, the heat from the electrical, hidraulical and pneumatical
components, all release heat. This heat has a great influence on the quality of the reproduction.
Because of the risen temperature inside the printing unit, the viscosity of the ink is changed and thus
the optical density of the printed ink is changed.

In the conventional offset technology, the problem with the overheating of the system causes that
the evaporation of the dampening unit from the surface of the printing plate becomes more intense.
This results that the amount of dampening solution that is beening transported to the printing plate
needs to be enhanced. This thus results in a greater emulgation of the ink and dampening solution,
and with a low quality of reproduciton. With waterless offset this has no effect on the quality of
the reproduction. However, with the evaporation of the dampening soultion from the surface of the
printing plate, it’s temperature has become lower. Since there is no dampening system in the waterless
offset, there is no dampening solution to evaporate and thus lower the temperature of the system.

The inks that are used in waterless offset, using the anilox roller, are fluent. Even the smallest change
in their viscosity causes extream changes in the optical density of the printed ink.

To eliminate this problem, these machines are always equiped with high-end temperature controlling
system. These systems are monitoring the temperature of the entire system and by circulating cold
fluids through the cylinders and rollers, effectively lowering the temperature of the system. Using
these units, the temperature of the system is held between 28°C and 30°C. At the conventional offset
technology, this margin is wider, between 20°C and 30°C, since the usage of stiffer inks. [1]

4. THE PROBLEM OF INPURITIES ON THE SURFACE OF THE PRINTING PLATE

The substrates that are used in printing industry often have small inpurities, eg. dust, fibres, etc. These
small inpurities can cause big problems during the printing process and thus lowering the quality of
the reproduction.

Since the non-printing element on the printing plate for waterless offset is a silicone layer, which
rejects the special ink with silicone oil, every inpurity on this surface is a huge problem. If any other
supstance is found on the silicone layer, it becomes a printing element. So if a small particle sticks onto
the silicone layer, the particle will attract the ink. This brings to a printed image which has small dots
or fibres printed where it should be white, withouth printed ink.

The dampening unit in the conventional offset removes these inpurities from the surface constantly.
Since there is no dampening unit in the waterless technology, these small particles remain on the
surface of the printing plate.

Eventually, the inpurities will stick onto printing elements as well. This brings to another problem,
backing of the ink (the inpurities, actually). This results in contaminating the inking unit with inpurities
from the printing plate. Since the usage of an anilox roller request the use of a closed inking unit, the
inpurities can not be removed from the ink. If the contamination of the ink in the inking unit becomes
too heavy, the entire inking system has to be cleaned, which is a time and money consuming action.

If this is not made, the contaminated ink will result in a low quality reproduction. This is one of the
main problem of the waterless offset technology, and there are no simple and effective sollutions to
this problem! [2]
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5. THE CONTRAST OF THE REPRODUCTION

The quality of a reproduction can be determined based on several criteria. One of the most
important is the contrast of the reproduction. It is greatly affected by the optical density and
the sharpness of the printed dot. The optical density is determined by the viscosity and the
thickness of the ink, that is printed on the substrate.

The dot sharpness, however, is greatly influenced by the amount of the dampening unit that
can be found on the printing plate, and the emulgation of the ink and the dampening solution.
Since there is no dampening unit nor solution in the waterless offset technology, it has a huge
advantage compared to the conventional offset technology.

The contrast of the image is the highest possible, and the problem with the tone value increase can
be also controlled, since there are no variables - the balance between the ink and the dampening
unit, that has a negative effect on the image contrast in the conventional offset technology.

This system, withouth the dampening unit, also brings to a more constant quality of the
reproduction, and brings to a great resetability of any job, since there are virtualy no variables
which can influence on the quality of the reproduciton.

With no dampening unit, there is no time needed to achieve the balance between the ink and
the dampening solution, which results shorter make-ready times, less (almost zero) waste and
great productivity. [3]

Yore e s
Yerete e
O

Picture 2: Halfscreen dots, that are printed Picture 3: Halfscreen dots, that are printed
with conventionall offset technology. [4] with waterless offset technology. [4]
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6. CONCLUSION

With the use of waterless offset, the quality of the reproduction can be high-end, if all the
variables, parameters are according to the regulations. In that case, the waterless offset has
an edge over the conventional offset in every point. The quality of the reproduction is greater,
the amount of waste is significantly smaller and the productivity is greater.

However, this work represents that the system with an anilox roller and the technology of
waterless offset is still far behind the conventional offset, in terms of mass production of
printed materials. Certain time is needed for this technology to correct some of the problems,
the biggest one of them, the inpurities on the printing plate.

The lack of the dampening unit represents, in the same time, an advantage and a disadvantage
considering the quality of the reproduciton.
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THE EFFECT OF THE THERMODYNAMIC QUALITY OF
SOLVENT ON THE KINETICS OF
SCREEN PRINTING SQUEEGEES SWELLING

Akakiy Dzhvarsheishvili, Moscow state university of printing arts, Russia

Pe3ume

Mocneduya mepmoOUHAMUYKO2 K8asaumema pacmeapaya Ha KUHEMUYKOM OMOKY Yy cumo
WMamnu ca paxkesom je ekcrepumeHmasaHo npoy4yasaH y3 nomoh mamemamuykux mooena
omoka. OmokK ce cmampa KombuHauujom mehycobHo noee3aHux npoueca Oucgpysuje u
dehopmayuje mamepujana. [ToKazaHo je 0a je keanumem pacmeapaya oopedjeH y3 nomoy,
spedHocmu ®aopu-Xaz2uHCoBUX NApaMemapa 3HAYAjHO ymu4e HaA Camy KUHemuKy OmoKa
mpexce. Koepuuujem ougpysuje pacmeapaya je odpeheH KUHEMUYKOM KPUBOM OMOKA U
HAPABHO MePMOOUHAMUYKUM K8A/AUmMemom pacmeapaya.

KroyyHe peyu: omok

Summary

The effect of thermodynamic quality of a solvent on the swelling kinetics of screen printing
squeegees was experimentally studied applying the mathematical model of swelling. Swelling
is considered as a combination of interrelated processes of diffusion and deformation of
the material. It was shown that the solvent quality assessed by the value parameter Flory-
Huggins essentially affects the kinetics of network swelling. Diffusion coefficient of a solvent
is determined by the swelling kinetic curve taking into account the thermodynamic quality of
a solvent.

Key words: swelling diffusion squeegees
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1. INTRODUCTION

In one extent or another, practically all polymeric materials are permeable for gases, liquids, or
their vapors. Permeability and capability to absorb low-molecular substances to a great extent
determines field of application of polymeric materials. For example, low rate of permeability
of certain kinds of polymers enables using them as packing materials and protective coatings,
and the high degree of their permeability in respect of some substances of other polymeric
materials enables using them in membranous technology in the capacity of separating
diaphragms.

Mechanism of permeability of polymeric materials is based on phenomenon of molecular
diffusion, which is of great significance in many processes, concerned with production,
processing and exploitation of polymeric materials. For example, a lot of manufactured articles
and materials produced on the basis of polymers are destined for exploitation in aggressive
mediums. Absorption by polymeric material of such substances canresultin considerable change
of its physical-and-mechanical properties and destruction of the article of manufacture.

To realize successful exploitation of polymeric materials and manufactured articles under
conditions when diffusion phenomena are of significant importance, it is necessary to
comprehend the principal regularities of their passing, and to secure possibility of their
prognostication. It is one of the reasons due to which diffusion investigations constitute one of
the most important sections of physical chemistry of polymers .

Another reason of unrelenting interest to study diffusion phenomena relating to polymers
consists in the fact that they have very close connection to thermodynamic properties of
polymeric systems. Owing to this circumstance with the help of diffusion measurements
it is possible to obtain information on supra-molecular and phase structure of polymers,
on thermodynamic parameters of interaction of components of solutions and mixtures of
polymers, on kinetic stability of polymeric systems, and so on [1-5].

In physics and chemistry of polymers swelling processes represent one of powerful
“instruments” of studying physical and chemical properties and structure of polymeric grids.
It is obvious that solution of problem with respect to particular liquids in which the polymer
in question is swelling (or dissolving), and relative to which liquid it is resistant, is of actual
importance for the present time, and not only in the field of printing art, but in other branches
of industry as well.

Screen printing squeegees in the process of their exploitation are coming into contact with
low-molecular liquids, such as: cleaning solutions, components of printing inks, and so on. As
a result of such a contact, squeegees being swelled to one extent or another, that is, they are
absorbing solvents.

Swelling changes elastic properties of squeegee blade, ink starts to non-uniformly forcing
through the stencil, and as a result there are being originated such defects as streaking, dot
gaining of screen point, star-lighting, and so on. In this connection it is of interest carrying out
integrated study of the process of interaction of squeegees, having different hardness, with
various low-molecular liquids.
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2. MATHEMATICAL MODEL OF A SWELLING PROCESS

The swelling of a material in a liquid is a superposition of two simultaneous processes. These
are, on the one hand, diffusion of the liquid and, on the other hand, deformation of the
polymer matrix induced by absorption of the liquid. These processes are interrelated because
a nonuniform distribution of the liquid arising in the course of diffusion induces heterogeneous
strain and stress fields, which can affect the diffusion kinetics of the material swelling. This
effect increases with increasing deformation of a material, being most pronounced in strongly
swollen materials. The mathematical model constructed in [6] describes the nonequilibrium
process of swelling that takes place with finite strains for a plane elastomer sample or a polymer
gel. Let us use this model to analyze the kinetics of swelling for screen printing squeegee in
solvents of various thermodynamic qualities.

3. RESULTS AND DISCUSSION

At first, let us introduce some definitions:

(DE is a volume fraction of polymer in an equilibrium swelling state;
X is the Flory-Huggins parameter;

G is a compression modulus;

g (t) is a kinetic swelling curve;

D, - diffusion coefficient at the initial stage of swelling;

D, - diffusion coefficient at the final stage of swelling.

Ne Solvent 65 shA

A ety | F o0 oo

( cm ) ( cm )
s

1 Ethyl acetate 0,498 | 434,954 0,081 36,07 5,28
2 Butyl acetate 0,695 | 538,673 0,416 19,27 2,57
3 Ethyl cellosolve 0,629 | 400,011 0,514 20,54 2,05
4 Decane 0,881 | 866,786 0,716 30,1 0,91
5 Heptane 0,889 | 969,814 0,923 0,45 1,82
6 Butanol 0,845 | 709,941 1,057 30,33 1,4
7 Isopropanol 0,918 | 890,847 1,552 16,3 2,8
8 Water 0,965 | 1070,05 2,473 81,22 1,32
9 Ethanol 0,97 876,114 2,476 51,8 0,893
10 Hexane 0,981 | 717,366 2,713 45,4 0,866

Table 1: Parameters of kinetic curves of swelling of single-layered squeegee having hardness
of 65 shA, in solvents of various thermodynamic quality.
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Determination of diffusion coefficient and of Flory-Huggins parameter has been carried out
according to methodology, offered in the study [7]. As the study object there served screen
printing squeegees of different hardness — 65, 75 and 85 shA. There was studied kinetics of
swelling of screen printing squeegees in solvents of different thermodynamic quality: ethyl
acetate, butyl acetate, ethyl cellosolve, heptane, hexane, decane, butanol, ethanol, isopropanol
and water. Results of the experiments are represented below.

Ne Solvent 75 shA
& LR X D, x10” | D, x10’
cm’ 2 2
( cm ) ( cm )
S
1 Ethyl acetate 0,593 499,88 0,313 10,77 1,01
2 Ethyl cellosolve 0,553 391,35 | 0,318 20,29 1,85
3 Butyl acetate 0,664 | 424,17 | 0,447 14,13 1,71
4 Hexane 0,938 | 1100,35 | 1,426 11,6 0,596
5 Butanol 0,908 | 432,71 1,596 14,16 0,506
6 Heptane 0,933 564,6 1,644 26,16 1,14
7 Decane 0,964 | 565,74 | 2,062 12,8 0,571
8 Ethanol 0,972 | 473,63 2,642 26 0,734
9 Isopropanol 0,982 421,75 3,026 21,49 1,39
10 Water 0,988 | 873,38 | 3,455 51,53 1,3

Table 2: Parameters of kinetic curves of swelling of single-layered squeegee having hardness
of 75 shA, in solvents of various thermodynamic quality.

On the basis of experimental data on kinetics of swelling of screen printing squeegees of
different hardness there were calculated Flory-Huggins parameters x of interaction of polymers
with solvents having various thermodynamic quality and coefficients of molecular diffusion D
of studied solvents on the polymer-phase. Tables 1-3 demonstrate that the order of value of
diffusion coefficients of all studied substances in squeegees comes to 10-7 cm2/s. This result fits
to similar measurements carried out for flexographic plates [7] and to results of studies [8-9]. At
the same time it is not difficult to notice that increasing of results in increasing of Flory-Huggins
parameter ¥. Indeed, from theoretic point of view, the regularity in question is justified, and
this fact once more confirms trustworthiness of the obtained results. From tables 1-3 it is also
possible to reveal the following regularity: in the process of increasing of hardness of squeegee
there is observed deterioration of thermodynamic quality of solvent, and this fact is expressed by
increase of Flory-Huggins parameter. Probably, increase of Flory-Huggins parameter takes place
owing to increasing of grid frequency, preventing from penetration of solvent deep into phase,
and in that way reducing interaction of molecules. In such a way it is possible to suppose that
such values as hardness and Floury-Huggins parameter are proportional values (but not inversely
proportional ones). The circumstance in question is visually demonstrated in figure 1.
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Ne Solvent 85 shA
& G X D, x10" | D, x10’
n 2 2
( cm? ) ( it ) (ﬂ )
S S
1 Ethyl acetate 0,752 | 894,38 | 0,516 18,5 1,42
2 Ethyl cellosolve 0,823 | 769,65 | 0,892 13,8 0,952
3 Butyl acetate 0,891 | 508,14 | 1,321 19,8 1,1
4 Ethanol 0,949 | 1050,3 | 1,969 12,3 1,36
5 Decane 0,971 | 889,88 | 1,975 12,9 0,358
6 Butanol 0,956 | 682,83 | 2,083 11 0,815
7 Heptane 0,978 | 702,61 | 2,512 31,4 1,08
8 Isopropanol 0,987 | 1286,4 | 3,048 26,6 1,11
9 Water 0,99 | 674,84 | 3,608 86,6 21,2
10 Hexane 0,994 | 1064,4 | 3,628 18,7 0,718

Table 3: Parameters of kinetic curves of swelling of single-layered squeegee having hardness
of 85 shA, in solvents of various thermodynamic quality.

1,2

e

0,8
* 65sha

= 75sha

06 ¢ 85 sha

g(t)

‘om

0,4

0,2

6000 8000 10000

O FAawIy

2000 4000 t (min)

Figure 1: Kinetic curves of swelling of screen printing squeegees of various hardness in ethyl
acetate

On the basis of experimental data it is possible to conclude that the following compounds have
the most rate of affinity (at that, Flory-Huggins parameter takes the least values) with respect
to squeegees: ethyl acetate, butyl acetate and ethyl cellosolve. At that, for all the three kinds
of doctoring webs the most aggressive solvent is ethyl acetate. In the process of exploitation of
screen printing squeegees it is necessary to avoid using these solvents. For the rest of solvents
Flory-Huggins parameter considerably exceeded value equal to 0.5, and this fact testifies that
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the rest of solvents (ethanol, heptane, isopropanol, hexane, decane, butanol and water) are
“bad” ones for the squeegees in question from the point of view of thermodynamics, that is,
even in case of absence of grid the material would not dissolved in them (swelling would be
limited). However just they are the most suitable for use in the capacity of solvents of inks and
cleaning solutions. The rate of interacting of water with all the three squeegees is the most
weak. Consequently, wide-spread introduction of screen printing water inks into the Russian
market during the recent years is grounded not only from ecological point of view, but also
from the point of view of compatibility of water inks with screen printing squeegees. Just in
such inks it is possible to expect the minimal rate of swelling of screen printing squeegees.

In the process of graphing kinetic curves of swelling there was observed so called anomaly
of sorption kinetics. The phenomenon in question was expressed in S-shaped form of kinetic
curves of swelling. The main reason for the anomalies is that solvent absorption causes a
stress — strain state in the polymer matrix, thus, in turn, affecting the diffusion of the solvent.
Therefore, the S-shaped pattern of kinetic curves is most pronounced for the swelling of rubbery
polymer networks in good solvents where the material undergoes the highest strains. As the
thermodynamic quality of a solvent becomes poorer, the degree of swelling of the material
and its strain decrease and the S-like pattern of the kinetic curves becomes less marked.

The phenomenon in question is visually demonstrated in figure 2.
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Figure 2: Experimental kinetic curves of swelling of screen printing squeegee, with hardness
of 85 shA, in solvents of various thermodynamic qualities

Figure 2 clearly shows the way of changing of nature of diffusion process and of form of kinetic
curves of swelling in proportion to deterioration of quality of solvent. In proportion to increasing
of Flory-Huggins parameter S-shaped form of kinetic curve becomes less expressed.

53



The effect of the thermodynamic quality of solvent on...

In all the studied solvents at the diagram of dependence f(t) = -In(1-g(t)) there was observed a
break (there was observed quick absorption of solvent within the first moments of time, and
then — gradual swelling in accordance with first order kinetics). It is possible to explain the
phenomenon in question by 2 reasons (see figure 3):

a) Presence in polymer of micro-voids, which are being quickly filled with solvent within
the initial moment of time;

b) Quick penetration of molecules of solvent along solvate shells of macromolecules with
their subsequent slow-flowing diffusion into phase of polymer.

35
y= 0.0041x+0.44 y=0.0006x+0.4211

2.5

-In(1-g(t))
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Figure 3: Experimental kinetic curve of swelling of screen printing squeegee, with hardness of
65 shA, in ethyl acetate
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Pe3ume

KomnpecubunHa mpaka uma ocHosHy hyHKUUjy 0a ybnaxcasa yoapue kauwea (wmammnapcke
¢hopme) 0 YUeHMPaAnHU YuauHOAp Koju Hocu Mods02y 30 Wmamry, NpuaAUKOM Wmamnara u
0a npey3uma subpauyuje u depopmayuje Koje ce jasrbajy moKom npoueca wmamne. Luro
cnposedeHoz ucmpaxcusarba 6uo je ymephusare ymuuyaja KomnpecubusaHoz cnoja Ha
Keasnumem omucKa y ¢aexo wmamnu. Ha moHcKkum noseuma mepuo ce HaHoc boje Koju ce
nocmuxce ca pasauyumum mepoohama KomnpecubusnHoz ca0ja pazaudumux npouszsohaya.
Mepera cy nokasana 0a je 00Hoc HaHoca 6oje KOO caux npoussuhava yjedHa4yeH.

Summary

Compressible tape has its main function to reduce pressure between printing plate and
impression cylinder during the printing and to amortize vibration. The aim of this research was
to establish influence of compressible layer on proof quality in flexo printing. Comparing results
in field of 40% and 5% halftones, of different producers, we have determined that exceptions
can be excluded, which tells us about high and equal quality of all producers.

1. INTRODUCTION

Flexible printing is a printing technique that allows printing on various materials with imprint
quality that is comparable and somewhat equivalent to the quality gained by using offset
printing techniques. The fact that in the year 2000, flexible printing covered 65% of American
market with respect to packaging materials, clearly shows how flexo printing is slowly but
surely assuming leading roles in the printing business.[1]

The domain of these flexible techniques is today both followed and led by fast technological
development especially in the sphere of printing plates. Thus, it is essential to understand the
very process and the very control in relation to manufacturing of printing plates, its installation
and its behaviour during the printing process, since it is one of the most important factors that
influence the quality of final products, i.e. imprints.[2]
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The control must be exterted in the earliest stage. Printing plates, colors, anilox cylinders,
carried cylinders as well as adhesive compressible tapes, that play an important role in
mounting of printing plates on a carried cylinder, have to be monitored. [2]

2. FUNCTION OF COMPRESSIBLE TAPERS IN PROCESS OF FLEXO PRINTING

Flexible photopolymer printing plates are mounted on carryed cilindar trough adhesive
compresibile tapes. (figure 1).

Figure 1: Adhesive compressible tapes

However, different producers are offering wide range of prod-ucts with diverse performance,
which are differing as in hardness and also in difficulty of mounting, smell, color and structures
of compressible layer. The most of this producers deliv-ers compressible tapes so that inner layer
is of the PE foam, while others are offering tapes with PU foam.

The tape or foam tape is of the elements of the “tolerances sendwich”. For tape thickness under
0.20 mm the small variations are not to be taken into consideration. For tape over 0.20 mm
and foams it is not possible to neglect the tolerances. A study has shown that for 0.20 / 0.30
mm tapes the tolerances are about 0.020 mm and could reach 0.035 mm for 0.55 mm foam
tapes. [2] The deviations to the nominal value are in most cases positive. For the foam tapes the
dimensional stability to the temperature, the memory of the foam and its compressibility are the
most important factors which condition its thickness during productions. The tape is sometimes
considered as a secondary element but in reality its chois and good usage are very important:
choose the right tape whit the right plate and ,motive to print, control its thickness and mount
all the plates of a job with the same roll could avoid expensive problems. [2]

Compressible tape has its main function to reduce pressure between printing plate and
impres-sion cylinder during the printing and to amortize vibration. As it is known printing plates
for flexo are made from flexible materials, such as polymers, which are not lasting, therefore the
screen dots will be damaged. This automatically means that the printing plate will be damaged,
and therefore the printing process would be more often interrupted. Thanks to the compress-ible
tape which is inserting bellow printing plate this disadvantages are avoided and printing of high
circulation with good proof is possible. Printing of halftones and tones is demanding different
types of compressible layers. Producers have sorted layers in three basic groups:

e soft

e medium

e hard
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For printing of highlight tonal values, which are archived in printing with a different density, are
used soft compressible tapes. Medium tapes as well as soft tapes are use for printing of highlight
tonal values, however, regarding to tone value it is decided, according to recommendation of
producers, for soft or medium hardness of compressible layer. Printing of tones and increased
ink transfer requires for hard compresible tape.

2.1. Mounting process:

Flexographic plate mounting is a critical step in achieving optimum print quality. Using proper
techniques in preparation, mounting and plate removal will allow the optimum performance
of the mounting tape through the entire flexographic printing process.

Mounting process contains next steps:

e The adhesive tape is applied to the cylinder first, avoiding the problem of the edges of the
plate lifting

* Remove the protective liner from the tape

e Mount the printing plate immediately after removing the liner from the tape

e Use a rubber roller to remove any air bubbles between the plate and the adhesive.

* To avoid plate edges lifting during longer runs or plate washing, the plate edges should be
sealed.

* The printing plate should be removed at an angle of <600 This reduces the risk of adhesive
/ foam residue

* The adhesive tape should be removed from the printing cylinder accordingly [3]

3. MEASURING METHODS

Researching accomplished in this research paper includes testing compressible tape of different
producers, trough suited proof and suited control wedge. Also complexity of mounting and
demounting of printing plates was researched, appearance of trapped air as well as compatibility
of compressible tapes with used printing plate.

Testing was accomplished in Comex printing house in Sabac, Serbia. Printing was done at Comexi
FW2110 printing press, printing speed was 200 m/min. It was used DuPont DPI 45 photopolymer
printing plate which was exposured pm CtP device CDI Spark 4835, ESKO. For test the finest
anilox (340L/cm vol. 5.5cm3/m2) was picked, which could show even the smallest mistake.

White polyetilen was used as a substrate for printing, and it was printed with magenta of Torda-
Zvezda producer, at viscosity 19sec Ford #4.

For testing was created control wedge which contains elements that provides adequate measuring
of wanted values: field of full tone, halftone field 40%, 5%, control ruler and text in positive and
negative.

At figure 2. is shown the look of control wedge which was used trough this research.

Research was made so that all factors, which may influence results, are avoid. All tapes were
tested under the same conditions. Length of printing by the sample was 200 mm.
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Printing was processed at the following way: nine the same compatible printing plates from the
same polymer were made under the same conditions, so that every one of producers got one
printing plate for every type of plate (soft, medium, hard). Pressure cylinder is set according to the
softness tape of every producer, and then other hardness of a specific producer were printed. All
hardness, of every producers were printed up to beginning, middle and from the end of printed
material. Process of measuring was done at three different sample, and than was measured at
three different points of sample. Summing results of goatherd measurements of those samples
and aritmetical middle was taken. Experiment had been lasting for 3h, atmospheric conditions
were constant and unchanged concentration of pigment in ink.

Control wedge is consisted of field with full tones and halftone field with a different density,
roller with diameter and text in positive and negative (figure 2.)

To avoid influence of vibration, printing plate was designed so that it can handle pressure and
deformation during printing. At tone field was measured density which is achieved with different
hardness of compressible layer of different producers. Measurements had shown that ink transfer
(and density) of all users were equal.

Cowsiecd fubni For mecasm ing i
rechirg of rmoserrisl

Toul bl ekl o dait] gl i o

Fromiing lenghe 3500 mm

DESH moaraf Fiebdl 1% (el a3 it TSIT eorap Fided 80" o for mapsinii.
slas o g ddasi pam
Hall et el W% fiow Sicicorag Hall powse Foghd Py fim sscase mig
iy [k dmuey 17

Figure 2: Control wedge

Halftone field were used for measuring dot gain at 40% as well as density at 40%. Text in
positive and negative, 6pt, are there so that the we can visually mark possibility of reading
letter characters, and with that we can established influence of compressible layer on transfer
of letters.
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Figure 3: Printed reproduction control wedge

Research was made with intense to compare:

a) The same hardness compressible tape of different producers, via control points of compatible
functionality

b) Mounting and demounting

c) Bubble effect

d) Compatibility between compressible tapes

e) Additional advantages that other producers offers

*Bubble effect is air between printing plate and adhesive compressible tape. Use a rubber
roller to remove any air bubbles between the plate and the adhesive. Some producers have the
liners orange skin structure in the adhesive surface, that helps avoiding air bubble entrapment
between the adhesive tape and printing plate. A hard leading edge may cause vibration marks,
and reduced printing speeds. This can be overcome by mounting the halftone part of a plate
nearer the lead-ing edge.

4. RESULTS OF RESEARCH AND ANALYSIS OF ARCHIVED RESULTS

Due to the way of testing, it cannot be said with the certainty that compressible layer is du-rable
within high circulation. However, due to the short time of research we cannot say that mounting and
demounting can be done slightly. Others results could be taken into consideration.

In table 1 are shown results of measuring density D and dot gain at field 40%. D — density is quantity of
ink transfer to substrate, higher values of D applies to higher ink transfer. Measured values according to
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ISO 12647-1 standard, with status E referring to ISO 5-3 for values of dot gain at field of 40%, for magenta
is 36, whit +/- 5% exceed.

Compeering measured values in this research paper with I1SO 12647-1, it is concluded that measuring
in the field of dot gain, according to hardness of compressible tapes, soft tapes which are the most
suitable in given conditions of research, are tapes of producers B and D whit identical values, while
tapes of A producer has shown as worst at given conditions. At medium hardness of compressible tapes
producers were valued in following order: D, B, C, A from which is concluded that producer A gives
weakest performance in given conditions of research. Higher values of dot gain, as it was expected,
are measured at proofs archived using hard compressible tapes for which is characteristic higher color
range. According to measured values which are in range of 1SO standard, compressible tape of producer
D gives proof whit highest quality. According to given conditions of testing of influence of compressible
tape on proof in flexo printing as the most suitable producers has shown:

1. producer B and D for soft compressible tapes
2. producer D for medium compressible tapes

3. producer D for hard compressible tape

Half tone
Producer Type of tape Hardness Density D ﬁ%%:g?:/ﬁi;%r

dot gain

A 1 soft 1,19 26

A 2 medium 1,38 26

A 3 hard 1,44 28

B 1 soft 1,17 28

B 2 medium 1,37 27

B 3 hard 1,47 29

C 1 soft 1,22 27

C 2 medium 1,34 25

C 3 hard 1,36 26

D 1 soft 1,25 28

D 2 medium 1,35 29

D 3 hard 1,45 30

Table 1: Values of measured density
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Names of producers wasn’t given, whereas it is talked about renowned world class producers
so that low is non broken.

Producer Type of tape Hardness Equality of ink Eg:ﬁcltl(’;yngf
transfer transfer

A 1 soft C A
A 2 medium A B
A 3 hard A B
B 1 soft C A
B 2 medium A A
B 3 hard A

C 1 soft C A
C 2 medium B A
C 3 hard A A
D 1 soft C A
D 2 medium B A
D 3 hard A B

Table 2: Subjectively grading proof quality

Ink transfer: A: best; B: good; C: bad
Equal transfer of halftones: A: satisfactory; B: unsatisfactory

Results accomplished from a subjectively grading of printed proofs are included in table 2
whereas connection between human as an observer and its subjectively grading of printing
quality was maintained. In method of deciding if something is satisfying or not, very often is
taken subjectively grading of printing quality.

At chart 1. are displayed measured results of density. Due to the measured values we can
see that density, according to the hardness of compressible layer (soft, medium, hard), are
even. Based on this facts we have made conclusion that different producers present product
of evenly quality and performances.

During this research, quality of printing proof was on satisfactory level, which have also certify
derived data as well as visual mark of printing proof.
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Dot gain at field of 40%, grows linearly whit change of hardness of compressible layer, from
soft trough medium and up to hard. Measured values according to ISO 12647-1, whit status E
referring to ISO 5-3 for values of dot gain at field of 40% for magenta is 36, with +/- 5% exceed.
Following standard and exceeding from chart 2 it could be seen that measured values are up

to given borders.

Accordance of
diam%g%eof the dAccor;:Iancit__etohf
Producer Type of tape Hardness producers, Ia@i?‘feerre%t ©
different producers
hardness
A 1 soft
A 2 medium 0-0.02 mm 0-0.02 mm
A 3 hard
B 1 soft
B 2 medium 0-0.5mm 0-0.5mm
B 3 hard
C 1 soft
C 2 medium 0-0.02 mm reference
C 3 hard
D 1 soft
D 3 hard

Table 3: Monitoring stretching of material during printing process

Polyetilen (PE) is consistent in group of elastic material which during the printing is stretching
on occasionally at rolling and enrolling. Due to this factor, of a mayor influence is following
streching of material, so that it could be avoided in earliest stage (prepress) unwanted
effects of stretching of research it was randomly picked printing plate from which were made
comparations. As reference for accomplishing thus research we have randomly picked printed
sample (control wedge) with which have made comparations.
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Other Easily
Producer Type of tape Hardness advantages mountmg/
demounting

A 1 soft smells, micro yes
- channels for

A 2 medium despoing of yes

A 3 hard trapped air yes

B 1 soft yes

ackagin

B 2 medium P ging yes
easy for use

B 3 hard yes

C 1 soft . yes

micro channels

C 2 medium for despoing of yes
trapped air

C 3 hard PP yes

D 1 soft / no

D 2 medium no

D 3 hard no

Table 4: Advantages that offers different producers

Additional advantage in mean of practical packaging, pleasant smell or micro channels for
deposing of trapped air. Thus is just some of appreciated factors which producers offers and
could be judgmental for choosing type of compressible tape. Linear channels for despoing of
trapped air additionally makes easy putting away tape often usage and theirs main trance. Of
course, it is important to highlight that these factors don’t have influence on proof quality,
however, regardless to that they are included in table.
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5. CONCLUSION

Carried research of influence of compressible layer in quality of proof in flexography, has given
results on base of which could be concluded following conclusions.

Density directly depends on hardness of compressible layer.

Comparingresultsinfield of 40% and 5% halftones, of different producers, we have deter-mined
that exceptions can be excluded, which tells us about high and equal quality of all producers.

Due to the way of research, we cannot make un assumption on durability of compressible layer
within high circulation. However, only partly could be retrieved the felling that demounting can
be done slightly. Main advantage of producers “A“ and “C“ in relation to others is encom-passed
in fact that theirs compressible tapes in its structure maintain drains for disposing of trapped
air, which additionally plate mounting process.

Pleasant smell of tickly compressible tape is neglected for reproduction, but is very important
for workers who mount printing plate.

Gathered results of ink transfer, equal transfer of halftones and precise assembly within all
producers are on the high level. Due to result the choice of producer is based on brand, habits,
and price or on some of indicated bonuses.
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Pe3ume

KaKo ce npou3sodHo mpxcuwme cee suwie ycmepasa Ha HO8A MPHUWMA KAo wmo cy NHOuja,
KuHa, bpasun u Typcka, pacme nompeba 3a cmaHoapou3ayujym u odprasarbem oopeheHoz
HUBOG Keasnumema 3a npou3sode Koju ce npase Ha 2106aaHOM Hueoy. LLmamnapcKu
npou3zsodu he ceakako umamu 3HA4YAjHO Mecmo y MPOMOUUJU, KOMYHUKQUUjU U NPyXarby
dodamHux uHgopmayujay osum emsbama. bumHo opyhe y osum 3emseama, 20e ce MHO20 padu
HO wWupery NUCMeHoOCMu cy HosuHe. [Tocmoju MHO20 ManAuX U CpedHUX Wmammnapuja, Koje
3ajed0Ho YuHe sehuHcKu 0eo 2paguyke uHOycmpuje. KOHKypeHyuja y HOBUHCKOj UHOycmpuju
je nocmasuna odpeheHe cmaHOapde y csum obaacmuma npoyeca: KOHMpPyKUUju MawuHd,
naaHupary objekama, aA02UCMUYKOj U MampujaaHOj KOHMpPOAU, WmamrnapcKoj onpemu,
npunpemu wmamne u KOHMpoau Keasnumema, padHoj CHA3U U KOHMpPoau Keasaumema
npoussoda. Kao dodamak ceemy mome u nompebu 3a BUCOKUM K8G/UMEMOM, C8U pecypcu
U 3axmesu wmamnapcke uHoycmpuje mopajy 0a bydy y xmeroeHoj pasHomexu. Haznu pacm
6poja manux wmamnapuja y osum 3emsbama cmesapa docma npobaema. Osaj pad 2080pu
0 Mo2yhHocmu cmaHOapousayuje Hosux wmamnapuja. basupa ce HA ucmpaxcusarby
crnposedeHoM HA UHOUJCKOM mpxcuwimy Koje ce jako 6p3o passuja. Pad ucmpaxcyje pasHe
moeyhHocmu u Kopucmu eeh pa3spaheHa cmaHOapOU308aHA MO/bA YCAEWHUX MAHUX U
CpeOdHUX WMAMNapuja KaKko bu ce ymarbune 2pewke y MAaHUparwy U cmeaparby Hosux
wmamnapuja y 6yoyhHocmu.

KrbyuHe peyu: HOBUHCKaG UHOYycmpuja, nopacm mpxuwma, cmaHoapou3ayuja

Summary

With the focus of the manufacturing market shifting towards emerging marketslike India, China, Brazil
and Turkey, there is a need for standardisation and quality definition for products manufactured on a
mass scale. Print media will play an important role in promotion, communication and supplementary
information in these countries. Especially newspapers are an important mass medium in emerging
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markets with increasing literacy. There are a lot of small and medium sized newspaper printing plants,
which form the major part of the printing industry in these emerging markets. The competition in
the newspaper industry requires high quality levels in all areas while establishing a new printing
plant, namely: construction, facility planning, logistics and material control, printing equipment,
pre-press and quality control, manpower and product quality development. Additionally, the high
quality requirements, all resources and demands of the printing industry have to be in balance.
The high number of new printing plant establishments in emerging markets poses many problems.
This paper deals with the possibility of standardisation while establishing new newspaper printing
plants. It is based on a research conducted in the fast emerging market of India. The paper explores
the possibilities and scope of standardised concepts for small and medium sized newspaper printing
plants that may help to minimise mistakes in planning new establishments in the future.

Keywords: Newspaper Printing Plant, Emerging Markets, Standardisation

1. INTRODUCTION

Since 2005 the rise in newspaper titles and circulation has been significant. In the year 2006,
the circulation of Indian newspapers led to attaining the second position worldwide with
180,738,611 copies per day, according to the Registrar for Newspapers in India. In the same
year, about 2,075 new newspapers were registered in the Indian market [1]. The steady increase
of the newspaper circulation in India led to a lot of new establishments of printing plants with
production capacities of less than 100,000 copies per day. More and more representatives of the
Indian newspaper industry demand a standardised procedure for new newspaper printing plant
establishments to avoid mistakes that have been made in the past. Hence, a study was carried
out focussing on the possibilities of implementation of existing standards. Another approach was
developing new or modifying the existing standards to fit into the small and medium sized production
scenario.

The application of standards and their development can be of different types. One option to adopt
is the availability of global standards such as ISO. Good examples are the I1SO 9000 series for quality
standards and the I1SO 14000, a global series of environmental standards. Another approach is to
follow the industry trend and adopt standards set by other countries. Typically, the Indian printing
industry follows European standards for this industry sector, set by research associations like
IFRA (worldwide research and service organisation for the news publishing industry), the Graphic
Technology Research Association (Fogra) or the Swiss Centre of Competence for Media and Printing
Technology (Ugra) etc. The third possibility is to have own standards for certain areas in which global
standards cannot be applied. As an example, standards for construction are based on many local
influences like seismic behaviour in the region, availability of construction material and weather
influences. Thus, the Bureau of Indian Standards has set up special standards for construction for
the Indian scenario [2]. With the advent of new plants, individual standards were developed by
companies but general standardised concepts were still missing. [3]
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2. RESEARCH

2.1. Focus of the research

Theaim ofthisresearch was to study the possibilities of standardisation within the spectrum of different
areas of specialisation in the print production within the Indian newspaper market. The standards for
graphic reproduction, print quality control, data formats etc. are defined by the newspaper industry
e.g. in the form of IFRA Special Reports consisting of standards and recommendations. Hence, other
areas such as construction of the building, logistic planning and energy consumption were studied
with reference to other industries such as civil engineering and logistics technology.

The catalysers and influencing factors (compare Figure 1) were studied in detail to derive conclusions.
Further, the factors affecting the construction of the building largely depend on the availability of
space, workflow (mechanical, physical, data and manpower), type of climate, construction material
availability, plan for further expansion and seismic precautionary constructions. In addition to this,
special requirements such as moisture protection, ventilation, vibration-free floorings have to be
considered [4][5]. According to the special requirements for the newspaper printing industry, interior
planning remains a vital factor. The supply of water for dampening purpose on the machine as well as
the requirement of air-pressure for pneumatic lifting of reels at unwind and rewind unit, need interior
supply systems. Also, the material and product workflow (e.g. material infeed to the printing machine
or transfer of printed newspaper for further processing) demands no floor hindrances. Hence, smooth

flooring is an important part of interior designing.
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Fig.1: Overview — Building Construction for Printing Plants [6][7]
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2.2. Small, medium and large printing plants

The circulation and type of newspapers are forming the basis to decide the process and
material workflow, technical options, space and building plan for a new establishment.
Within the Indian newspaper industry, with more than 1,000 titles, the scope ranges from
daily newspapers, weeklys and fortnightlys to monthly published newspapers [8]. Figure 2
shows the distribution of the small, medium and large printing plants (based on 253 daily
newspapers). One can easily see that the Indian newspaper industry is dominated by small
and medium sized printing plants. The big plants, e.g. The Times of India (Mumbai), The Hindu
(Chennai), produce newspapers and follow construction patterns as well as workflow designs
at par when compared to any big international newspaper.

When talking about small and medium sized printing plants one has to set boarders between
these two classifications. The classification of the size of newspaper printing plants is defined
by the Indian Newspaper Society into small (up to 25,000 copies), medium (between 25,001
and 75,000 copies), and large (75,001 and more copies per day) [8]. However, during interviews
with a consultant it appeared that a daily production of more than 100,000 newspapers
describes the passage to large printing plants [9]. The passage between small and medium
sized printing plants is fluent and can only be realised by a guideline, describing situations and
technical options, and is not standardisable at all.

Based on our research, it does not make sense to state the exact definition of small and medium
sized printing plants due to the dynamics involved in the productivity of the Indian market.

Classification of Indian Newspaper Printing Plants by Circulation
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Fig.2: Small, medium and large newspaper printing plants in India [8]
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2.3. Present situatuion

The distribution of space is largely dependent on technical and functional factors; the scalability
of the printing plant forms an important constituent of the building construction. The present
situation of scalability with output productivities below 100,000 copies is explained below,
in Figure 3, where the present percentage denoted indicates the area coverage of a factor or
facility in general and not plant by plant specific. The space provided for material and paper roll
storage is very small (5-8%) and hence, material left-overs can be seen near the print facility.
Similarly, field area is normally not observed in many printing plants. Considering, the futuristic
decision making process, unplanned or reserved area scalability is also often negligible. In
big cities, where space is limited, the scalability is compromised. A full-fledged automated
mailroom system still consumes major area of the building (about 30-40%). With manpower
as cheaper option and smaller productions, manual finishing and dispatching techniques
still continue to prove a cheaper option within the printing plants having a circulation below
250,000 copies/day [10]. Further, the areas mentioned in Figure 3, are factors which should be
considered as a checklist chart to establish an individual relationship with one’s own building
area, facility and design [6][7].

Besides space issues, other problematic situations have been observed. According to the quality
standards, the paper handling has been an observed bottleneck too. Paper reels were stored in the
press-room to save money spend for air-conditioning, but the reels were not protected from the ink dust
produced by the press. The result was a thin ink film on the paper and finally also on the finished product
- the newspaper. Furthermore, Indian newspaper publishers want to raise quality by using paper from
Europe. Because of the long distance they need to store paper resources for 4 to 6 months in the printing
plants, which leads to space and storage problems on the one hand, and a steady decrease in paper
quality effected by the Indian climate (high humidity, air pollution) on the other hand. Regarding to the
internal statistic of one printing plant the most process stops were effected by power interruptions [10].
The time lag between the interruption and the start of the backup-system (realised by diesel-engines)
was unacceptable, caused by the long distance to the control console which had to be controlled
manually. In addition to this more bottlenecks have been observed such as waste management,
mailroom organisation as well as material handling. All of those build a long chain of small problems
which let occur a large deficiency in quality and production.
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Fig. 3: Space Planning within small and medium sized plants [6][7]

2.4. Standards for construction

The Bureau of Indian Standards has set standards for different areas within the scope
of construction covering industrial buildings, fire protection, electronic data protection,
improvisation of earthquake resistance of earthen and masonry buildings and basic
construction. Figure 4 exhibits that standards are appropriate within the Indian situations (IS
— Indian Standard) with supplementary information on availability of construction materials
in different regions [2]. The architecture and interior planning as described in Figure 1, can be
primarily considered with these standards to form the first structure of the building. These
standards are applicable for any type of industrial construction, here with respect to small,
medium and large printing plants. But, the special requirements of a newspaper printing plant
should be highlighted in the planning and realisation procedures.

v
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IS 1893 : 1984 - Earthquake Resistant Structure of Building

IS 4326: 1993 - Construction of Buildings

IS 13827: 1993 - Improving Earthquake Resistance for
Earthern Buildings

IS 13828: 1993 - Improving Resistance of Low Strenght
Masonry Buildings

IS 13953 - Repair and Seismic Strenghtening of
Buildings

IS 1641 : 1988, IS 1641: 1989 - Fire Safety of Buildings and
Details of Fire Safety Construction (general)

IS 3079: 1990, IS 12456: 1988 - Fire protection
of Industrial Buildings and Electronic Data Processing
Installations

Fig. 4: Constructions standards set by the Bureau of Indian Standards [2]
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3. CONCLUSION

Theresearch analysis and study of the Indian market underlines that with increasing the number
of newspaper printing plants, there is a need for systematic planning and construction. This
need is often pulled back by negatives such as shortage of financial resources, rigid process
workflow and negligence. However, all printing plants, independent from their size, have the
same parts and sub-processes in common. The size of these have to be scaled related to the
basic decisions on format, pages, colours and price of the final product. As mentioned before,
a definite statement according to the size classification cannot be made.

According to the quality as well as quality control of the finished product and its intermediate
stages during the production, standards as the existing ISO 9000 series can be introduced
without too high investments regarding to the financial opportunities of the small and medium
sized printing plants.

Standards for plant construction already exist. Solutions according to the general layout can
be reached with modifications based on individual targets. Processes as pre-press, press and
mailroom as well as their linking need better planning during the concept making phase and
have to be optimised steadily during the future production. Especially organisation is the more
important the less automation will be used. That means in detail all the needed employees, for
example for the finishing, have to be organised and guided.

To guarantee and enable such an improvement of planning and production, well-educated
employees and consultants, released by local schools and universities, are a fundamental factor.
Those specialists have to be aware of the advantages of standards and able to communicate
these to the newspaper printing companies. To lead the newspaper printing companies to
agree upon a common standard to improve quality and productivity, a guideline converted
by specialists, has to be developed. In case of the will to improve the existing workflow and
organisation consultants should be hired to analyse the bottlenecks and give solutions to
eliminate them.

All the mentioned solutions and bottlenecks as well as all other existing bottlenecks [11] will
enable standardised concepts of newspaper printing plants. But the requirements have to be
scaled to fit into the financial opportunities of small and medium sized companies. Standards
can be established and realised step by step in the long run. However, at least each company
wants to be unique and therefore it will be very hard to implement and realise common
standards in each project stage of new establishments.

This paper is part of a newspaper project carried out at the Institute for Print and Media
Technology at the Chemnitz University of Technology, Germany along with industrial
partners.
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BOAR

Dusan Zaklan - Academy of Arts, Novi Sad
zaklandusan@gmail.com

Pe3sume

Cmyoujcko pewere U3 obaacmu o06auxkosarba Krbuee. Mnycmpauuje Ha memy: “YKusom
Hepacma”,
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Summary

lllustration & book cover solution study. lllustrations title: “Life of boar”.
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Z0O STATION, STREET MUSICAL

Natalija Ninkov - Academy of Arts, Novi Sad
natalija.ninkov@gmail.com
Ivana Radmanovac - Academy of Arts, Novi Sad
superivana2l@gmail.com

Pe3ume

Kao cmydeHmu akademuje 0obunu cmo mozyhHocm 0a padumo Ha npojekmy OCMUW/ba8aHa
cueHoepaghuje u susyenHoe udeHmumema Mmjy3ukna “Cmaruye 300” Koju je uepao Ha
CmepujuHom no3opjy 2008.




Summary

As students of art academy we got the opportunity to work on the project of creating a
scenography and whole visual identity of the musical “Station ZOO” which played at “Sterijino
pozorje”, 2008.




POLISH POSTER

Ivana Radmanovac - Academy of Arts, Novi Sad
superivana21@gmail.com

Pe3sume
Ynpkoc 6p3om pa3eojy mexHosoz2uje 3a 02/1awWasarbe U npeHouere UHpopmayuja, caspemeH

HAYUH U3pamcasarba ce UNaK o0C/aka Ha C80je KOPEHE U Yecmo 0C/ara Ha paHuje enoxe. 08aj
paod je npumep MosbCKO2 NAAKAMA, ca MOOEPHUM MPUCMYynom.

Summary

Despite of fast development of advertising technology and data transfer, modern way of
expression still relays on it’s roots and often looks back at earlier epochs. These piece is example
of Polish poster, with modern approach.
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APPLIED POSTER - ANTI VIOLENCE

Srda Purovié, VTS, Novi Sad
e-mail: srdjadjurovic@yahoo.com

Pe3ume

Cee wmo bux peKkao o osom pady, peyeHo je Ha rnaakamy!

Summary

Everything | want to say about this work is already said on the poster!

RECONSTRUCT
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GRAPHIC DESIGN SOLUTION FOR THE NOVEL
“LITTLE RED RIDING HOOD” BY CHARLES PERRAULT.

Vanja Todoric - Academy of Arts, Novi Sad
vanja3d@gmail.com

Pe3ume

Jeuya, nocomoso npuena4yHe, neno sacnumaHe maade oame, HUKada He 6u mpebasne Oa
npu4ajy ca cmpaHyuma, jep ako 6u ce 3a mo oday4une, moasae bu bumu x#pmee jeOHoO2 00
osux 8yKosa. Kaxcem “ByK”, anu nocmoje paznudume spcme 8yKosd. [locmoje u oHU Koju cy
WapMaHmMHu, muxu, seyba3Hu, HeHaMemsbU8U, NPUjamHu U 0paau, Koju npo2oHe Maaoe #eHe

y Kyhama u Ha yauyama. Y HaXanocm, 08U HEXHU B8YKOBU Cy ynpaso OHU Kojux ce mpeba
Hajeuwe KaoHuUmu.




Summary

Children, especially attractive, well bred young ladies, should never talk to strangers, for if they
should do so, they may well provide dinner for a wolf. | say “wolf,” but there are various kinds
of wolves. There are also those who are charming, quiet, polite, unassuming, complacent, and
sweet, who pursue young women at home and in the streets. And unfortunately, it is these
gentle wolves who are the most dangerous ones of all.




OLYMPIC POSTER, BEIJING 2008

Velimir Andrejevi¢ - Academy of Arts, Novi Sad
andrejevic.velimir@gmail.com




SUPERMARKET SRBUA

Milena Veleti¢ - FTN , Graphic engineering and design, Novi Sad
V.mixy@yahoo.com

Pe3ume
Aa nuudeme y wonuHe? LLIma je mo modepHo y Cpbuju?....Cmpyurbayu Kaxcy 0d je mpeHymHo
JaKO monynapHo npexus/ba8amu... AH2GH0BAHU MAAKAM UHCAUPUCAH CB8AKOOHE8HUM
npobaemuma ca kojuma ce cycpehy cmaHosHuyu Cpbuje: cae sehu b6pojcynepmapkema,cmanaH
pacm ueHa u YyseHa ,,mMomMpowayka Kopna“..

Summary

Do you go shopping?What is modern in Serbia?...Experts say that surviving is very popular at
the moment... This is involved poster inspired by everyday problems of serbian citizens: more
and more supermarkets,continual increse of prices and famous ,,consumer cart”.

CYNEPMAPKET

CPBUIA

POVIRA MANAS 1 000 200,00

¥ il 1 30 [0 -
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POSTERS FOR INFANT FESTIVAL AND IBUSAR
PERFORMANCE

Marko Vuleta-Pukanov - Academy of Arts, Novi Sad
dizajnermarko@gmail.com

Pe3ume

UHGaHm je hecmusan Ho80z2 U anmepHAMUBHOR2 MO30pUWIMA Koju ce 3aCHUBA HA KOHYenmy
0a nosupuwme euuwle Huje 8e3aHO CAMO 3a KAACUYHY MO30pHUYYy eeh moxce bumu 6usno
20e, Ha yauuyu , mpay y napky. Moj naakam cam 6a3upao Ha NPUKasy naacmu4yHe weme 3a
npasseere Mmakema (HMp. a8UOHA) Koja ce cacmoju 00 nyHO Masaux 0es08d , CaMo Wmo cy
mo oe0e 0en08uU 00 Kojux ce uHa4ye cacmoju no3opHUya u nozopuwme yonuwme. Taxko da ce
MO30PHUUA MOX(E Kpeupamu ro xesou.
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Summary

Infant is Festival of Alternative and New Theatre with it's concept that theatre can be open or
closed type, everywhere...street, park, stage .. at any possible place. My poster

was based on plastic molded scheme for making small plane models ( lots of small parts that
you glue together to make plane toy ) but here you have everything that is in connection with
theatre, so you can make your own stage setup with actors, scenography, audience.
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AT UNCLE’S HOUSE

Ana Simon - Academy of Arts, Novi Sad
annasimo@gmail.com

Pe3ume

Unycmpayuje cy paheHe Ha ocHosy necme “Kod Yu4yuHe Kyhe” 00 bpaHka honuha HamereHe
Hajmnahoj nonynayuju. Mdeja je da ce Hanpasu kuz2a hopmama 18x36 Koja he yeecmu deyy
y #ueom Ha ¢hapmu,a ycriym ux u nomcmahu Ha Yumarbe U nucar-e.

Summary

The illustrations are representing the poem of Branko Copi¢,”’Kod ¢i¢ine kuce”, which is written
for children.The idea is to create a book (format 18x36 cm) which will introduce the farm life to
the kids, and help them learn how to read and write.
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DESIGN OF THE MAGAZINE “ARROWHEAD"” THAT
IS DEDICATED TO GRAPHIC DESIGN, AND STILL
UNKNOWN ARTISTS

Vanja Bobic - VTS, Novi Sad
vanjabbc@yahoo.com
BoZidar Cali¢ - VTS, Novi Sad
bozidar_sner@yahoo.com

Pe3sume

Yaconuc Koju 0u3ajHUpamo Hocu ume Hawle2 MUMQ KOju Ca4urba8amo Camo Hac 080juya 3a
cao. lMokywanu cmo 0a Kpo3 08aj npumep Kako bu yaconuc mpebao 0a uzaneda, npedcmasumo
Heke 00 Hawux padosa U MOKAXeMO KaKO pasmMmulisbamMo, U KOKa8 je Haw no2aed Ha ceem OKO
Hac. HapasHo y peanHom Yaconucy Epoyxed Koju bu u3aa3uo mece4yHo, Mu 6u ce mompyounu
30 cam 0u3ajH Yyaconuca,a padosu Koju bu ce Hawau yHympa npunadaau 6u oHUMa Koju xcene
0a jow HeKo 3Ha 30 HUX, U HO Maj Ha4YUH QKO ce HEKOoMe c8udU HUX08 cmus, usahe y cycpem
dasarem r1ocna, yHajmMmbusaHem,umo...
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Summary

The magazine we design carries the name of our team, wich create only the two of us, for now.
Trough this example of how the magazine should look like, we present the some of our projects,
to show the way we think, and our view on the world around us. Of course, we would take care
for the design of real Arrowhead magazine, that would come out monthly. The projects we
would present in it will belong to those that would like for someone out there to know about

them, and maybe if they like their style could help them in any way, hiring them, or something
else...
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BOOK COVER SOLUTIONS

Dimitrije Pajti¢ - Academy of Arts, Novi Sad
pwkdima@gmail.com

Pe3ume

MpukazaHa cepuja padosa onucyje 2paduyKko pewere Kopuya Aekmupe 3a Huxe paspede
OCHOBHe WkKosne. J/IUKOBHU KOHUenm rno4usa HAa KOMOUHAUUju mpaduyuoHasaHo2 pewerba
2/108H02 MOMUBA U MOOepHoe U32nedad yenuHe. TpaduyuoHanHa cmuau3ayuja 0OMUHAHMHO2
momusea npunazoheHa je y3pacmy, a MOOepHU eneMeHmMuU UesnuHe CMUSCKU yjeduryjy

cepujy.




Summary

Featured presentation describes a graphic solution of book cover concerning the school reading
suggested for lower grades. Visual concept rests on combination of traditional art solutions of
the main theme and modern looks of the whole cover. Traditional styling of the dominant theme
is made for the age of the readers, and modern elements are visually unifying the series.
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FRAMES OF YOUR DREAMS

Marina Andrin - FTN, Graphic engineering and design, Novi Sad
andrin@ptt.yu
www.myspace.com/bubamarra

Pe3sume

Cenekyuja padosa 00abpaHa je uz 2omuse pomozpaghuja, Mamepujana Koju cam npuxkynsbana
nocnedrux 5 eoduHa. M ynpaso mu padosu 4ysajy y cebu 3acebHe mpeHymke, opyaayuja
oceharba, Koju ce onem mogay CKaonumuyjeoHy npudy, jeduHcmaeHy KombuHayujy pasau4umoa.
CHosu. Moju, meoju. Kao HecmeapHu, mewko yxeamsousu, HeOOKy4U8U, NPUKA3yjy CyumuHy
nocmojarba, OMKpuUeajy meoje u Mmoje mexre, ocehara Kojux HU Camu HUCMO ceecHU. Hadam
ce 0a he me moju “uce4yyu” cnposecmu Kpo3 jeOaH MaKae caH. Yusaj.

hide and seqdk




Summary

This selection presents my work from last 5 years of photographing, seeing world through
photo camera. These few photos are presenting special moments, different feelings, and, like
puzzle, they are creating unique story, combination of different things. Dreams. Mine, yours.
They are so unreal, unreachable, infinite, sense of existence, revealing yours and my desires,
feelings that even ourselves are not aware of. | hope my “frames” will guide you through one
of that dream. Enjoy.




SIMILARITIES AND DISTINCTIONS OF GRAPHIC AND
WEB DESIGN

Vanja Srbin - FTN, Graphic engineering and design, Novi Sad
vanja.srbin@gmail.com

Pe3sume

daHawre 2n06anu308aHO Opywmeo, Kojez 00auUKyje HeozpaHuyeHocm u b6p3uHa
UHopmayuja, Kao u nompeba 3a AAKUM HAQYUHUMA 00saMera 00 CA3HAHA, YCa08UO je
npowuperbe medua 00 wWmammnaHoz mamepujana Ha UHmepHem. Ha npumepy 2paguykoe
0u3ajHa: cMoHuU KaneHoap 3a pupmy “fpeeHgpucx” u web ousajHa: 08a web cajma, NpuKazaHe
Cy CAAUMHOCMU U passuKe y OU3dajHy, 1ayoym-y, CAMOM KOHUenmy u u3eedbu ose dse spcme
odu3sajHa. Koo epagpuukoz duzajHa nocmoje o0peheHa o2paHuYerHa Koja ce Mopajy noumosamu,
Kao wmo cy popmam, LIMYK KonopHU npocmop, MmapauHe U Ha4uHu npeaoma mekcma. Koo
web dusajHa ce mopa yzemu y 063up npuanazohasare pasaudumum pe3onyyujama eKpaHa,
KosopHu npocmop je PIF'6 wmo nosehasa oncez 6oja Koje ce mo2y Kopucmumu, 0u3ajH mpeba
0a je npoyuwheH ca HaznaweHUM HajbumHujum uHgopmayujama, u mpeba 0a omozyhu nako
npo2pamuparse u onmumu3ayujy. Konuko 200 0a cy CAUYHU Uau pas3au4dumu, 2paguvku u web
o0u3ajH umajy ucmy Kapakmepucmuky: mpeba 0a cy 0onadsbusu, aAeno 0b6UKOBAHU, jACHU U
0a npeHoce UHopMayujy.
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Summary

Today, world of globalization, which can be described in fastness and unlimitness of information,
and need for easy way of knowing as well, has termned media expandation

from printed material to Internet. In this work, graphic design: “Greenfish” calendar and web
design: two web saits, it has been shown similarities and distinctions in design, layout and
conceptions of this two design classes. Graphic design has some limitatitons that must be
respected, such as format, CMYK color space, margins and text layout. Web design has to
adapt to different monitor resolutions, color space is RGB, which approve more colors to be
used, the most important informations has to be marked and accent, and programming and
optimization of web design must’n be complicated. As much as similar or distinctive, this two
web classes has the same characteristic: they need to be pleasant, with a nice form, simple and
transfering the information.

Lo i st s Bt e sk

= e e i = pr e d o
i pri fd e F e e A o e
e T T P

whys: e ek s Beenrsds o Gw R e R P B s
L I R P e e P

E-iiel i P s FREE HEG0) D HEM o it i

§ .
N e s W s |
. v o v L g v s e 1 P | g g

99







BLACK&WHITE PHOTOGRAPHY STUDY

Velimir Andrejevic¢ - Academy of Arts, Novi Sad
andrejevic.velimir@gmail.com
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Photography
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PEOPLE AROUND US

Predrag Novakovic - FTN , Graphic engineering and design, Novi Sad

Pe3ume

Yoeek, UaKo s8axtu 3a HajcaspuieHuje ¥uso buhe Ha 3emsbu, Yecmo He ycreead MOKOM C802
KpamKoe #ueomHoe 8eKa 0a cazseda cee serome, opyze sbyde U Cmeapu Koje 2a OKpyHyjy.
domoepacpuja, Kao cpedcmeo Kojum ycrnesamo 0a “3amp3HeMO” U yxeamumo mpeHymax,
nomaxce Ham 0a sbyoe OKo cebe nocmampamo u3 0pyz0e yesda, 0d ce He 3a8pWuU C8e Ha CaMO
jedHom kpamkom noenedy, seh 0a cayysamo nuya, uspase, nokpeme, a Hapo4umMo oceharsa.
CeaKu yosek y cebu Hocu o0peheHy emouujy, oOpeheHo oceharbe Koje 8eomMa Yecmo HeceecHo
u nokasyje. Osom cepujom pomoepaghuja reyou U3 uesoe ceema, #ceseo cam 0a nokaxicem, 0a
cy /oy0u, Ma KOAUKo buau pasaudyumu, y cmeapu 8eoma C/AUYHU U 0d Cy, Urak, camo soyou.
Takohe, Ha osum pomoepacgpujama moey ce sudemu u maadocm u cmapocm, 6e3bpurHocm
u cema, cjaj u 6eda, cee OHO WMO Husom jecme.

KroyyHe peyu: gpomoepadhuja, royou, Yosek

Aydes3oloyd




Summary

Although humans are most perfect living beings, very often, during their short life they do not
get to see all the beauties, other people and things around us. Photography, as an instrument for
capturing and freezing the moment, helps us to see people around us from another perspective.
It should not end on just one short look, we should preserve faces, expressions, moves, and
especially feelings. Every human carries inside himself a certain emotion, certain feeling which
is usually being showed quite unknowingly. With these photographs of people from all around
the globe, | wanted to show, that people, no matter how different they seem to be, are actually
very same, and that they are, after all, just humans. Also, these photos present both youth and
old-age, carelessness and melancholy, glory and misery, everything that life is.

Keywords: photography, people, human

Predrag Novakovic
Email: djapeman@gmail.com
www.djapeman.com

Aydes3oloyd
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REAL-UNREAL, ORDINARY-DIFFERENT

Dragana Jokmanovic - Academy of Arts, Novi Sad
jokmanovicd@gmail.com

Summary

Transformation of an object by light-creating new "spaces".ORDINARY(plastic bag), gets new,
personal dimension. Abstract.

Aydes3oloyd




Pe3ume

TpaHcpopmayuja objekma nymem ceemsna, cmeapame Hosux "npocmopa”.ObUYHO
(nnacmu4Ha Keca), npenasu y Hos, cybjekmusHuU KOHmeKcm - Hog "npocmop"”. HadpeasHo.
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THE MICROCOSMOS OF THE DUST IN MY JEWELRY
BOX

Dajana Marjanovic¢ - FTN , Graphic engineering and design, Novi Sad
marjanovicdajana@yahoo.com

Pe3ume

Wepa 6ojama, ceHKama, 0baulyuUMa, 800e Me y HeUCUpriaH ceem mawime y KoMe Crmamu4HoO 3arovuHe
Kpbemarbe, HeXUBo rnocmaje pa3uepaHo, UPayUOHAsIHO Ce YUHU Kao cmeapHo. Taj Heonurnsbusu ceem
Kosumysa ce y MeHu, ucmospemMeHo 0aje u upnu eHepeujy, y36yhyje me u cmupyje. Kada maj mukpo
ceem y jeOHom 6Guhy, npoxem UMG2UHAPHUM U UPQUUOHA/HUM, OOMAKHE, MAKAp 30 MPeHYMaK,
mawmy opyeoe 6uha, decu ce HeObUYHA, AU CMBAPHA rpuyd. TpeHymak je 0080r6aH Oa ce crioju, 0a ce
yrnomryHu u 8a ce cmeopul... ¥ 080M “MUKPOKOCMOCY”, KOKO CaM 2a HA38as10, KAo U Y CBAKOM KOCMOCY,
rocmoje npasusaa Koja osy uepy YuHe XapMOHUYHOM. [Tpasusna 0802 MUKPOKOCMOCA Cy OUPEKMHO
108e3GHA Ca MEOPUJOM /IUKOBHUX (hopMu. XaPMOHUJa, KOO OCHOBHU MPUHUUN KOMIOHO8AH:A, U Moje
suherbe caema, Kao Mawima KoMaeMeHmapHU Cy U pasHoOMpasHuU y o0soj uepu. Ta uepa je anezopuja
becKoHa4Ho2 Ha0oMNyHa8aAH-A pasyma u mawme. 08a cepuja ce He basu u2umaaHoOM ghomozpacghujom,
HUMU ¢homozpaghujom Ha K1acu4aH Ha4uH, seh KombuHosarbem ose d8e spcme benexcerba c8emM0CHUX
UHghopmayuja. KombuHosarHem U MpeKnanarem He2amus u ouarno3umus ¢uamosa rnocmuana cam
eghekam suwiecmpyke excriosuyuje. TaKo npeKnorseeHe huamose Cam CKeHupana u obpaduna y
npoepamuma 3a obpady gpomozpacpuja.

Onpema: AHanozHuU gpomo-anapam 3EHUT 122, nony-aymomamuk PENTAX ME SUPER, ounm Agfa 200
ASA.

Aydes3oloyd




Summary

Play of colors,shadows and shapes, are taking me to the endless world of imagination. That immaterial
world twirls in my being, it gives me and draws energy from me. It possessed me, it exicits me and makes
me calm. If the microworld,which in some being is engrain with imagination and irrationality, touches
even for a moment the imagination of another being, it’s going to happen an unusual but real story.
Only one moment is enough to blend everything together, to make everything complete and to make
it happen... This “microcosmos’, like any other cosmos, has it’s rules which make this game harmonic.
The rules of this microcosmos are directly connected with the theory of art forms. Harmony (as the basic
principle of composing) and my vision of the world (as imagination) are equal in this game. That game is
an allegory of the endless complementarity between rationality and imagination. This serie doesn’t deal
with digital photography, or photography on the traditional way, but whith combining these two kinds of
saving/noting light informations. By combining and overlaying negative and diapositive films, | achieved
the effect of the multyplied exposition. | scaned these overlayed films and edited them in programs which
are used for photography treatment.

Equipment: ZENIT 122, analog; PENTAX ME SUPER, semi-automatic; film Agfa 200 ASA.

Aydes3oloyd
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OUT OF PLACE, CONFUSION, DISORDER,
DISCONECTION OF THE ELEMENTS

Masa Cvijanovic - Academy of Arts, Novi Sad
ingahoff@gmail.com
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ART OF GLOBAL WARMING

Nikola Bradonji¢ - FTN , Graphic engineering and design, Novi Sad
muveizabe@gmail.com

Pe3ume

lnecHu nepgopmaHc uHcnupucaH noemom “Mucaum pery”. My3uka npamu cmpaH4es xo0.

Summary

Aydes3oloyd

Dance performance inspired by poem “I mean river”. Music follows the stranger’s walk.




Photography




MOMENTS

Irma Puskarevic - FTN, Graficko inZenjerstvo i dizajn, Novi Sad
burmese.bu@gmail.com

Pe3sume

HajuHmepecaHmHuja cmeap y 8e3u ca yaAu4HOM ¢omozpagujoMm jecme KOHCMAHMHA
aKmMueHoOCM Koja ce oduepasa Ha yauyama, rnocebHo y eehum epadosuma. Yak u y
HajzabayeHujem Oeny epada nocmoju npu4ya spedHa benexera. /byou cy KroyYHU pakmop u
y mom cay4ajy pomoezpag mopa da 3a6opasu Ha cmudseusocm 3602 moza wmo je yusb npuhu
cybjekmy wmo bauxe, uszahu u3 Kanyna CHUMOHQ KAACUYHUX U 00CAOHUX homoezpadgpuja
u 3abenexcumu maj mMomeHam Koju he y mocmampayy uzaszeamu Heky peakuyujy. Y Koo
KOHUepmHe ¢homozpaghuje nocmoju cAuYHa cumyayuja Wwmo ce muye 0ewasarsa, 3a Pasauky
00, Hp. nej3axcHe U cmyoujcke pomoepadpuje, 20e objekam cauKara mupyje. Ha KoHuepmuma
ce cee nokpehe u HUKo He mupyje. Kada cmojume ucriped 6uHe, 3Hame 0d je u3a 8ac cmomuHe
¢haHo8a Koju cy reyb0OMOpPHU Ha 8aC.

Aydes3oloyd




Summary

The most interesting thing about street photography is that there’s always action, especially
in big cities. Even at the most deserted part of the city lies a story, scene, a moment...People
are the main subject here and there is no room for shyness. Photographer needs to get close to
its subject, try to take a shoot from a different angle and not to take boring pictures. A photo
needs to yield a certain reaction in a viewer.

Concert photography also refers to movement unlike portraiture or landscape photograpy
where the object of photograph is not moving. Nobody stands still. In fact, even the notion of
standing still ruins the idea of a good music photo. You have five thousand fans behind you, and
there is a band in front of you. he bouncers hate you, because you are in their way. The crowd
is jealous of you.

Aydea3oioyd




STREET FASHION

Marina Paulenka - University of Zagreb, Faculty of Graphic Arts
rinnci@gmail.com

Pe3sume

Mpsu deo ose cepuje pomozpaduja YuHe nopmpemu UHCUPUSAHU AUKOM U Oenom dpude
Kano y kombuHayuju ¢ ama3oHCKUM ymuuajuma. [pyau 0eo cepuje HAcmao je y mexru
PEeKOHCMPpYKyuje pempo cmusaa y KoMbUHayuju ¢ enemeHmuma OaHaW e yau4yHe mooe.

Summary

First part of this line of photography is inspired with image and act of Frida Kahlo in combination
withan Amazon impacts/influence. Second line of photos is created in ambition of reconstruction
of retro style in combination with elements of nowdays street fashion.

Aydes3oloyd
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FIGURATION, EXPRESSION THROUGH MOVEMENT,
DARKNESS, CONTRAST

Mihaly Molnar Megyeri - Academy of Art, Novi Sad
mihalymm@gmail.com
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Photography




ROAD KILL

Vanja Todoric - Academy of Art, Novi Sad
vanja3d@gmail.com

Pe3ume

Huwma Ham He Oaje 3a npaso 0a ycMpmumo HeKo x#cuso buhe, 6e3 063upa Ha MO KO/AUKO
je oHo no Hekuma, 6e3Ha4yajHo u masno. J/byodu obuyHO pade oge cmeapu, U YaK Ce HU He
0oc8pHYy 0a 8ude XaoC Koju Cy Hanpasusau uau cmeopere KomMe Cy yrnpaso o0y3esnu yusom.
Ose hpomoepadghuje cmoje Kao NnodcemHUK Ha 08y rbyOCcKy Heobaspusocm.

Aydes3oloyd




Summary

Nothing gives you the right to drive over a living being, no matter how small or insignificant it is.
People usually just drive over something, and never look back to see the mess or the creature
they’ve just killed. These photographs stand as a reminder to this human inconsideration.

i.élg
Cpehan myT
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Y 8on voyage
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PANORAMA OF GARBAGE

Natalija Ninkov - Academy of Art, Novi Sad
natalija.ninkov@gmail.com

Pe3sume

Cny4ajHo cam ce 3adecuna baw Ha ogom mecmy. Mcrnpea cam ce 3anumana wma yowme
mpaxcum my, mehy xprnom cmeha, cmapux Kona, 3aphasnoe memana... He HeKu YyO0aH HAYUH,
unak cam 6una UMNPecuoOHUPAHA KOAUYUHOM, 8eAUMUHOM, pa3HoAUKowhy moz o0bavyeHoe
mamepujana, 1 mawuHama Koje cy eeh mako Mpmee cmeapu c8ojuM 3ybuma jow suwe
mpesuse. To je omnad, naHopama Ha Kpajy 2pada.

Summary

I happen to be in this place by accident. At first, | was wondering what am | doing here, among
hills of junk, old cars, rusty metal... In a strange way, | was impressed by amount, largeness,
and diversity of those abandoned materials, and by machines which were smashing those
already dead things with it’s teeth. That is the junk, panorama by the side of town.

Aydea3oioyd
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EUROPEAN POSTCARD

Danijel Pap - FTN , Graphic engineering and design, Novi Sad
danijel.pap@gmail.com

Pe3ume

AKo cme noenedasau moje pomoepadhuje, cu2zypHo cme npumemusau 0a mo HUCY KAdcu4yHe
mypucmuyke ¢omoepaguje. Kpoz dame kadpose cueHa u Oemasrbd CAM MOKywao 0a
npeHecemM maj ymucak u ammocgepy Kojy cy ma mecma ocmasuaa Ha meHe. Tpyduo cam
ce 00 UX NMPUKa}emM Ha HAYUH Ha Koju cam ux ja doxcuseo. JeduHmeeH je ocehej nymosamu,
bumu Hezde Apyea0e, caznedamu cebe u ceem U3 NomyHo opyaa4vuje nepcrnekmuese. Cmajamu
ucnpeod Ajipenose Kyne, Aja Coghuje, Konoceyma u cxeamumu 0a je cee mozyhe, 0a Yo8eK Hema
2paHuye, 0a CMO MU c8U ucmu a orem pasaudumu. Tek Kada cMo Hez0e Opyz20e, cx8aMUMO
KO/IUKO MYyHO UMAMO U KO/TUKO 8pedumo.
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Summary

It's a unique feeling when you travel, being on some other places than usually, looking at
your self and the world in a much different way than before. Standing in front of the Eiffel
Tower, Hagia Sophia, Koluseum gets and realizing that everything is possible, that man has
no boundaires, that we all are the same but again different with something that makes us
special. Only when we are somewhere else,we understand how much we have and how much
we worth. If you view my photos, you have certainly noticed that are not traditional tourist
photos. Through the staff scenes and details | tried to take the impression and atmosphere that
this place left in me. | tried to show them the way that | have experienced them.
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CBM NPOjEKTM YHYTAp OBOTI AOKYMEHTA NPUKA3aHWU Cy Y OPUTMHANHOM 06/IMKY, OHAKO KaKo cy
npeaatu og cTpaHe aytopa. “PDP convention” TMM HMje oAroBOpaH 3a eBEHTYa/IHE IPeLLKe,
6Mno Ja cy oHe rpamatuvyke uau npasonucHe npupoge. Takohe, “PDP convention” Huje
OAroBOPAH 3a €BEHTYa/IHy HETAYHOCT MHOPMaLMja NpeacTaB/beHUX Y CafprKajy nNpojekaTa.
CBaKM o, ayTopa HOCKU NOTMYHY OA4rOBOPHOCT Y BE3M €A CBOjUM PAJOM.

All the projects in this document are presented as received from their authors. PDP convention
team will not be held liable for questionable project contents, i.e. errors, false statements,
grammatical or spelling mistakes that might have occurred in the making of the projects. All
final products fall under full responsibility of their authors.

CTpY4YHU XKupu:

Ltamna:

Mpod. ap Oparowbyb Hosakosuh, dTH, Hosu Cap,
Acct. mp Urop Kapnosuh, dTH, Hosun Cap

AccT. mp Husko Masnosuh, PTH, Hosu Cap

On3zajh:

Mpod. mp CnoboaaH Hepewkosuh, AKagemmja ymetHocTn, Hosu Cag,
Mpod. bowko LlleBo, AKagemuja ymeTHocTH, Hosu Cap,
AccTt. mp Ypouw Hegesskosuh, ®TH, Hosu Capg,
dotorpaduja:

AwnszajHep doTorpaduje NeaH Kapnasapuc

Accrt. [opaH Jypeuwa, ®TH, Hosu Capg
Mpeaceannk ®KBCB Aywan Kuekuh
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