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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 causeconsequential 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 
con ducted research and allow the more exact understanding of the inktransfer 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
teg ral calculus, surface integral, volume, test form, area.

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], a model 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 ma nu-
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 σ, limited 
by the spatial line L is given.

For a surface σ at each point, a normal  and 
vector function , is defined, that is, a vector 
field on the surface σ. We divide the surface σ by arbitrary method on n elementary parts 

 inside each part, take an arbitrary point ,  Compute the value 
of the function , the scalar product of the vectors  and , and make the sum

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  
is called the surface integral of the second kind:

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

  
(1)

The last expression defines the volume of the cylinder with the base  and height 
. Consequently, when it is known that the vector field  is the velocity of a liquid 

flowing through the surface σ, then the product (1) is equal to the volume of fluid flowing 
through the plane  per unit time in the direction of the vector .

Thus, the expression  represents the total amount of fluid flowing in a unit 

of time through the surface σ  and is the flow of a vector field  through the surface σ .
Consider the vector field  (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 S1 equality is valid  On the 
upper base of the cylinder S2 we have  and for S3, as a lower base, 

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

Also, according to the Ostrogradsky-Gauss formula, namely

get the same result, namely

Since the volume of the specified cylinder  so

Consequently, if we put the Ostrogradsky-Gauss formula , 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

On the other hand, let us consider the Ostrogradsky-Gauss formula for a plane case, in 
particular on a plane XOY. Let in the general case a vector field   
be given on a flat domain G, then the vector  is an external normal to a piecewise 
smooth contour , that limits the specified regular smooth (lump-smooth) region G in 
the plane. Fair formula

where dl − 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
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So  which gives the formula

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

For the second part of the formula, for computing , write a circle in a 
parametric form

Then

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

The considered vector field  is potential,  it is 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 form  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 №№ 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 №№ 3-20 is presented while the measurement taken at the top of 
the imprint.

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

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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ФІЗИЧНІ ПРОЦЕСИ ПРИ ФОРМУВАННІ ВІДБИТКА В ПЛОСКОМУ 
ОФСЕТНОМУ ДРУЦІ
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Побудовано математичну модель з використанням елементів теорії поля 
ко регування подачі фарбового розчину для налаштування друкарської машини до 
друку та оптимальності її передачі на відбиток. Визначення оптимальних ве ли
чин керування подачею друкарської фарби визначено більш критичним, ніж ке ру
вання зволожувальним розчином через наявність зонального впливу на її подачу та 
різну площу друкувальних елементів на друкарській формі. Моделювання про цесу 
дозволяє передбачити використання причиннонаслідкових зв’язків задля до сяг
нен ня стабільності процесу друкування від початку прилагоджування машини до 
дру ку до завершення процесу друку протягом всього накладу.

Через потік векторного поля засобами інтегрального числення досліджено 
перенесення фарби із друкарської форми на відбиток. Визначено товщину фар бо
вого шару, як висоту циліндричної поверхні, з урахуванням її оптимального мак
си мального перенесення на площину. Отримані залежності розширюють ра ніше 
проведені дослідження та дозволяють точніше зрозуміти характер фар бо пе ре
несення у плоскому офсетному друці за реальних умов при відсутності мож ли вос ті 
керування зональною подачею зволожувального розчину. Виходячи із по няття ди
вергенції, на основі експериментальних даних, проведено дослідження розподілу оп
тич них густин, значень колірних відмінностей по всій ширині відбитка в динаміці.

Ключові слова: технологічний процес, офсетний друк, потік векторного по
ля, растрова точка, інтегральне числення, поверхневий інтеграл, об’єм, тестова 
форма, площа.
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