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The mathematical model using the field theory had been used to correct the supply
values of the printing ink to set the printing press up for the optimal ink transfer to the
imprint. Determining the optimal values of controlling ink supply is figured to be more
critical rather than controlling the dampening solution supply, through it availability
to be supplied zonally and due to various printing elements area on the printing form.
Modelling the process allows to forecast the use of cause-consequential ties in order to
achieve the stability of the printing process from the printing machine setup through the
print run to the printing finish.

Through the vector field with the means of integral calculus the ink transfer to
the imprint had been researched. The ink layer thickness had been determined as the
cylindrical surface height, with taking into the account its optimal maximal transfer
to the printed surface. Gained equations are showcasing the growth of previously
conducted research and allow the more exact understanding of the ink-transfer me-
chanism in the offset printing while utilizing the realistic environment of dampening
solution zonal supply adjustment absence. Based on the divergence definition, and also
based on the experimentally obtained data, the research of ink optical densities had
been conducted, also the colour deviations were researched along the whole imprint’s
surface in dynamics.

Keywords: technological process, offset printing, vector field flow, raster point, in-
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Introduction

The use of offset printing [1] for low-run products is becoming a more well-known
and widespread type of printing today as the number of orders for printing full-color
brochures, booklets, stickers, magazines, replicas of leaflets, books, business cards, etc.
is increasing.

The experimental studies carried out with their statistical analysis [2] led to the
possibility of considering the transfer of paint to the printed material using a physical
and mathematical apparatus, in particular, means of integral calculus using elements of
field theory.

Certain objective things occurring on the print contact area are related to the
design of the printing section. In [3], the change in the properties of the elements of the
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printing press during printing was studied, which allowed to establish a change in the
microgeometry of the surface of the printing and gap elements. It is known that there is a
possibility to zonally adjust the supply of ink, but there is no possibility (for the printing
of small products) to regulate the wetting solution zonally, and in the end to comply with
the requirements of the printing standard ISO 12647-2.

The process of forming an image, which is carried over by the offset blanket and
is then transferred to the imprint, is the result of physical phenomena on the surface of
the boundary of environments. The proper implementation of the offset printing process
depends on many physical and chemical phenomena associated with the materials
and components involved in it. The quality of the offset printing is influenced by: the
printing form [4], the ink rollers, the rubber blanket, the properties of the printing ink,
the dampening solution, the printing material, the design features of the printing press,
the type and method of use of cleaning and washing solutions, relative humidity and air
temperature in the printshop. Of great importance in the printing process is the properties
interaction of the printed material and the technological process, as long as the change of
components, and non-compliance to the set parameters leads to instability of the process,
and causes defect production [5-7].

In [8], amodel of the process of the dampening solution transfer between the rollers
of the dampening apparatus was built, and a method for measuring the dampening
solution on the rollers of the dampening apparatus was proposed, which allows cont-
rolling the uniformity of the solution layer for stabilizing the modes during the operation
of the printing machine. On the basis of the analysis of the mutual influence of the
parameters of the printing and gap elements of the printing forms, the composition
of ink and dampening solution, the processes of technological solutions preparation
[9], the newest aspects of the problem of wetting of printing forms in offset printing
were established, in particular, the use of antibacterial additives was used to ensure the
circulation stability of printing forms and environmental friendliness of printing manu-
facturing.

The monograph [11] proposes a mathematical model for solving the problem of
finding optimal controls when choosing and correcting the supply of ink and dampening
solution in the process of setting the printing machine to print and maintaining the
normalized values of optical density and color deviations on the imprint in the printing
process, with the “ink-water” balance, in which the parabolic form of the change
trajectory in the amount of ink or dampening solution is determined by controlling
“increase” or “decrease”. On the basis of experimental studies, the working regime of
a specific additive to the humidifying solution was determined and the main modes of
work were modeled to support the balance of “ink-water”.

The study showed the possibility of adjusting the process of achieving and main-
taining the balance of “ink-water” with certain values and values of the supply of paint,
a dampening solution, according to the number of printing and non-printing elements
on the printed form. For a developed and improved test form, the ratio of the areas was
9:11, but the carried out experimental studies after results were processed showed the
required ratio of 14:11.
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Methods

The purpose of the study is to apply mathematical methods for analyzing the physical
processes of ink transfer as a result of the production of low-run printing products by
offset printing, adjustment of the printing form in accordance with the generally accepted
indicators of optical density.

Results and discussions

Because of the flow of a vector field, one can characterize a phenomenon such as
the transfer of ink [12] from the printed form to the imprint. Accordingly, knowing the
normative values of the area of the printing element on the printed form, the rate of
dot gain, as well as the standard thickness of the ink layer, it is possible to accurately
determine the amount of ink required to achieve optimal saturation at this point. Or, on
the contrary, if there are any failures, clearly determine which of the items is causing the
distortion.

Let’s consider the well-known method of integral calculus for determining the vec-
tor field flow. Let [13] give a certain domain V in space, in this area a surface o, limited
by the spatial line L is given.

For a surface o at each point, a normal i =cosai +cos,Bj +cos;/k (|n | = ) and
vector function F = P(x;y;z)i +Q(x;y;2) ] + R(x;y;z)k, is defined, that is, a vector
field on the surface o. We divide the surface ¢ by arbitrary method on # elementary parts
Ao, inside each | part, take an arbitrary point M, ( &1, 6 ) i =1,2,...n. Compute the value
of the function E F ( l) the scalar product of the vectors F and 7, and make the sum

Y Eii Ao, =Y (F(M,)-i(M,))Ao;.
i=1 i=1

The sum is integral, and its finite boundary, provided that each of the diameters of
the elementary parts goes to zero, and the independence of the choice of points M, € Ao;,

is called the surface integral of the second kind:

UF ndo = lim Z( ))AO'

n—»00 ",

By the rule of calculatmg the scalar product for the expression of the i-th clause we
have

(F(Mi)-ﬁ(Ml-))Aai =‘Fi‘-|ﬁi|-cos¢>-ﬂai =‘Fi‘-cosq0-Aai. M

The last expression defines the volume of the cylinder with the base Ac; and height
‘F; ‘ cosg. Consequently, when it is known that the vector field F is the velocity of a liquid
flowing through the surface o, then the product (1) is equal to the volume of fluid flowing
through the plane 40; per unit time in the direction of the vector F

Thus, the expression ”F 7id o represents the total amount of fluid flowing in a unit

[e3

of time through the surface o and is the flow of a vector field F through the surface o .

Consider the vector field @ = xi + yj + zk (the dot raster element is described by its
position of space, that is, the radius vector), as the velocity of the fluid, which changes
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along with the change in the coordinates of the dot. We calculate its flow through the
surface of a direct cylinder S with a radius R and the axis height of which coincides
with the axis OZ, and the lower base lies in the plane OXY. The cylinder’s base can be
interpreted as part of the plane area of the imprint on which the ink is transferred (printed
material). Without loss of universality, consider the normal direction to the outside of
the cylinder.

For the lateral surface of the cylinder S, equality is valid @ -7 =1p ,d = R. On the
upper base of the cylinder S, we have a-n, = mp,, a=H, and for S, as a lower base,
a-iiy, =0.

In this case, we calculate the fluid flow according to the corresponding formula, as
the sum of flows,

Hzﬂfz-ﬁodS:Ha nldS+jja nzdS+H 7’dS =
_”RdS+”HdS+”OdS R27rRH+H7zR2 37R*H.

Also, accordmg to the Ostrogradsky Gauss formula, namely
11 = ” i1°dS = dewa(M)dxdydz
N 14

get the same result, namely
oP 00 OR
divilM)=—+—+—=1+1+1=3,
ox Oy Oz

11 =[[a-iids = [[[ 3dxdydz =3
S 14

Since the volume of the specified cylinder V' = 7R*H, so
II1=37R’H.
Consequently, if we put the Ostrogradsky-Gauss formula P=x,0 =y, R=z, we
obtain an expression for calculating the volume of the area through an integral in its
oriented in the positive direction of the external normal to the boundary of the region

V= %J'Sj.d -7i°dS = %J}[xdydz + vdxdz + zdxdy.

On the other hand, let us consider the Ostrogradsky-Gauss formula for a plane case, in
particular onaplane XOY. Letin the general case a vector field @(M) = P(x, y)i +Q(x, )/,
be given on a flat domain G, then the vector 7 is an external normal to a piecewise
smooth contour /', that limits the specified regular smooth (lump-smooth) region G in

the plane. Fair formula
oP 00 -
‘“‘(a-i'a xdy—J;(a n

where d/ — the arc differential.
Assuming that the direction of the tangent at each point coincides with the positive
direction of the bypass of the curve, then

cos(n,x)zcos(T,y)z%, cos(n,y) =cos(7r—(T,x)) =—cos(7,x)=—
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So (@-7)dl = Pdy — Qdx, which gives the formula

ﬂ[%% wdy = [(a-iiYdl = | Pdy - Qdsx.

In this case, for transferring the ink to a plane, we have a circle of radius R, therefore

(aP aQ]d =28 =27R".

For the second part of the formula, for computing .[de Qdx, write a circle in a
parametric form r

x = Rcost,
{y =Rsint,0<t <2r.
Then
2 2
dey—de = I(Rcost-Rcost —Rsint-(—Rsint))dt =R’ j dt =27R’>.
I 0 0

Consequently, studies have shown that it is possible to determine the thickness of
the ink layer, as the height of the cylindrical surface, taking into account its maximum
transfer to the plane

I1=37R°H ~27R’.

The considered vector field d@ = xi + yj + zk is potential, rot a(M)=0,itis a gradient
of the scalar field. As is known, in the potential field, the work on moving the material
point from the initial position to the finite, does not depend on the path of integration, but
only on these points, that is, the difference in the potentials at these points.

The scalar field for this case, the gradient of which determines the vector field of
motion of the raster point, has the formu =1/2 (x2 +y'+2° ), which confirms the optimal
transfer of the ink layer to a plane with a height of a cylindrical body close to the radius
of the base.

Proceeding from the explanation of divergence as a scalar quantity (numerically
equal to a density gradient), that is from a physical point of view a spatial change in
the volume density of the vector flow, a study was conducted for the distribution of
optical densities, values of color deviations across the width of the imprint in dynamics
from the first and further through every 100 imprints (measurements were made and
the correction of the ink supply by the automated control system was carried out on the
basis of them).

For the values of measured optical density, its difference is characteristic when
measuring in the lower and upper parts of the test image. At the same time, during
the four iterations of the automated control system, it was not possible to stabilize the
indicators at the level of the set value of 1.4 with a tolerance of + 0.05 units of standard.
The graph of the dynamic change in optical density for each of the zones of the use of
ink knives NeNe 3-20 when measured at the bottom of the imprint is presented in fig. 1.
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Fig. 1. Dynamics of changes in optical density during printing of a test copy.

Measurements taken at the imprint’s bottom

In fig. 2. the graph of dynamical change in optical density for each of the zones of
the use of paint knives NeNe 3-20 is presented while the measurement taken at the top of
the imprint.
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Fig. 2. Dynamics of change in optical density during the printing of a test copy.

Measurements are taken at the top of the test imprint

During the measurement, the value of the color deviations was marked by a distinct
difference not only in the width of the print, which is clearly explained by the difference
in optical densities and the difference in the inclination of the printing ink, but also in
height at the area of action of one ink knife. The greatest difference in values could be
observed in places where the solid printing element was changed to a gap element, which
subsequently changed to the solid one back, fig 3, 4.
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Fig. 3. Dynamical change of color deviation values during the test print.
Measurements taken at the bottom of the imprint
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Fig. 4. Dynamical change of color deviation values during the test print.
Measurements taken at the top of the imprint

While analyzing the trend, it is expected that after the fifth iteration, the imprint
should be within the tolerance range, all subsequent iterations of the work would be only
an adjustment character from the stabilization of the indicators to the given.

If analyzing the trend of the optical density stabilization, in places where the amount
of ink exceeded the required target value, the four iterations made a much smaller change
than in areas where the amount of ink was lower than the established ones. This testifies
to the confirmation of mathematical reasons for the transfer of ink and gaining the set
optical density in terms of elements of field theory.
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Conclusions

A mathematical model has been suggested for the problem of adjusting the ink
supply in the process of setting the printing press to the printing, and then continuously
optimally transmit the ink to the imprint.
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Hlobyoosano mamemamuuny mMooensb 3 GUKOPUCTIAHHAM eleMeHmie meopii nois
Kopezysants nodaui apbo8oco po3uuHy O0isi HAAAWMYB8AHHS OPYKAPCLKOL MAUMUHU 00
OpYKy ma onmumanvrocmi ii nepedadi na 6i0oumox. Busnauenns onmumanvuux eenu-
YUH KepyBaHHs nodaueio OPYKapcovKoi (hapou 8USHAUEHO Oilbul KPUMUYHUM, HIJNC Kepy-
BAHMS 360710/CY BATILHUM POZUUHOM Yepe3 HAABHICMb 30HANLHO20 6NAUEY HA iT nooayy ma
PI3HY naowy OpyKy6anbHUX eleMeHmis Ha OpyKkapcwkii opmi. Moodentosanns npoyecy
00360715€ Nnepeddbauumu SUKOPUCHAHHS NPUUUHHO-HACIIOKOBUX 36 A3KI8 3a0/5 00Csie-
HeHHs cmabiibHOoCmi npoyecy OPYKY8AHHs 8i0 NOYAMKY NPULAL00NHCYBAHHI MAUUHU OO
OPYKY 00 3a8epuieHHs npoyecy OpyKy npomseom 6Cb020 HaAKAAOY.

Yepez nomix 6eKmopHo20 Nojs 3aco0amu iHMeSparbHo20 YUCTEHHS OOCTIONCEHO
nepenecents hapou iz Opykapcwvroi ghopmu Ha i0bumox. Busnaueno moswuny gapoo-
6020 WAPY, K GUCONMY YUTTHOPUUHOI NOBEPXHI, 3 YDAXYBAHHAM i ONMUMAILHO20 MAK-
CUMATLHO20 nepeHecenHs Ha naowiuny. Ompumani 3a1eicHocmi po3uupiooms paniuie
nposedeHi O0CNIONHCeHHS Ma 003600Mb MOYHIWE 3pO3yMImuU xapakmep Gapbonepe-
HeceHHs1 y NIOCKOMY 0QCcemHoMmy Opyyi 3a peanbHux YMo8 npu 6i0CYMHOCHE MONCIUBOCTI
KepyBaHHs 30HANbHOI0 NOOAUEI0 3607104CYBANLHO20 POUUHY. Buxooauu i3 noussmms Ou-
6epeeHYyil, HA OCHOBI eKCNEPUMEHMATIbHUX OAHUX, NPOBEOEHO OOCTIONCEHHS PO3NOOLTY ON-
MUYHUX 2YCTUH, 3HAYeHb KOTIPHUX GIOMIHHOCIEN NO 6CIl WUPUHT 8i0OUMKA 8 OUHAMIYI.

Knrwuogi cnosa: mexnonoziunuil npoyec, oghcemuuii Opyx, nOmix 6eKmopHo2o no-
JIsl, pacmposa mouKa, iHmezpanbHe YUCIeHHs, NOGEPXHesUll inmezpal, 00 €M, mecmosa
¢opma, nrowa.
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