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Abstract — The paper discusses methods of constructing the
kinetic equation of the technology process. The article presents
a model of the interaction of objects of labor with technologi-
cal equipment, which is the basis for the derivation of the ki-
netic equation. To describe the state of the production line
introduced numerical characteristics.

Keywords — kinetic equation, the production line, mass
production, work in progress, balance equations.

1. Introduction

Modeling complex dynamic production processes is an ef-
fective method of research [1,2]. One of widespread classes
form the production systems, in which character of the observa-
ble production processes has stochastic nature [3,4]. Regularities
of inherent equilibrium states in production systems in many
ways similar to those that take place in the physical (thermody-
namic) systems. On the basis of the principles of the functioning
of modern mass production it can be represented as a stochastic
process, during which the manufacturing system changes from
one state to another [4,5]. The production process state is deter-
mined by the state of the overall number N of items of work [4].
In transition of the object of labor from one state to another,
there is a transformation of resources (raw material, materials,
living labor) in the prepared product as a result of purposeful
influence of equipment. State j-th object of labor in the phase

space will be described by state parameters, §j =(Sj1-Sja)s
ﬁj =(Wj e bg) where Sia (USD) value of the transferred

a - of the technological resource or part thereof for the j-th sub-
ject of work, p o (USD/hour), the intensity of the transfer val-

ue of a- of the resource to the j-th subject of work, fig.1. The
state of parameters of production process in some moment of
time will be defined, if the parameters of the state of the object

of labor are defined (§1,ﬁ1,...,§N,ﬁN) and the objective func-
tion J(t,gj,ﬁj) [1], and at any other time it is found from the

equations of states of objects of labor. However, if the number
of objects of labor N is much greater than unity, then decide
System of N-equations second order is practically impossible
[2,4]. The last clarification requires a transition from the object-
process description (micro-description) to aggregated streaming
(macroscopic) description with the elements of probabilistic
nature.
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Fig. 1. The unit cell of phase technological space.
The main difficulty in this specification is to highlight the
characteristics of the parameters of states objects of labor [2],

which could be measured in the study of the actual production
processes. Instead of considering the state of the production
process with the parameters of the state of the objects of labor

(§1,ﬁ1,...,§N,ﬁN), we will enter normalized discrete phase
function of distribution of number N objects of labor in the
phase space (¢,S,u) [4]. Each point in the space of states will
set the state of the object of labor.

I1. The construction of a kinetic equation of the
production system

For the technological process, consisting of several
hundred operations it is reasonable to go to the continuous de-
scription of the parameters, that describe the operation, consi-
dering along with [3,6] the main limit when N —co and the
limiting case of M >>1. Due to the fact that the product of
x(t,S,1u)-dQ is the number of items of work in the cell dQ

with S;e[S.S+AS],
pje/mp+Ap/ the integration over the volume Q of the phase

phase space coordinates

space (t,S,u), gives the total number N of items of work that
are in progress:

N Sd o
| [xeswduds =N, Q= [ [duds (1)
00 00

where S; (USD) - the cost of the product. The limits of integra-
tion $=0and S =S5, specify the range of change in the coor-
dinates S,S € /0,5, /] which determines the position of the

object of labor along the technological route. We will accept (1)
as a condition for the normalization of the phase distribution
function y(z,S,u) items of work over the states [2], which is
the law of conservation of articles in the production process [4].
We introduce a numerical characteristics

[WE st Swdu=[v]; @)

0
that reflect the essential features of the distribution of the states
of the objects of labor that are in progress. Features (2) for the
distribution function y(¢,S,u ), we will define as moments of k-
th order. Often the problem can be solved using numerical cha-
racteristics, leaving aside the laws of distribution. Essential val-
ue in the models of the production process are the zero
[xJo=1[%]o(t,S) and the first [y ]y =/%/i(t,S) moments of

the distribution function of the states of the objects of labor
which determine density of distribution on the positions of ob-
jects of labor and the rate of processing operations on objects of
labor. The change of the distribution function y(¢,S,u) of the
states of the of objects of labor is due to the stochastic nature of
the interaction of objects with the equipment and with each oth-
er. This interaction is characterized by function G(¢,S,u) [6,7]

dy(t.S.n)

oS ©)
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The total derivative in (3) means differentiation along the
phase trajectory of the object of labor. If the motion of the object
of labor in the state space is deterministic and defined by the
Euler equations for the objective function of the production
system [2,3], the equation (3) by virtue of the Liouville theorem
becomes the identity G(¢,S,u)=0. We write a total derivative

x(t,S,p) inthe form

outLS.m)  ox(t.S.) + ox(t,S,u) du
ot as ou dt

=G(1,5,1) (4

Replace d%t in (4) with the equations defining the normative
trajectory of the object of labor in the cell dQ [2,7],

@:ﬁ£[X]1w(t,S)J+[X]W(I,S)i([x]lw(t,S)J:f(t 5)
dt o\ [xJo(t.S) ) [xJo(t.S) OS\ [x]o(t.S) o
ds
==, 6
w=—> (5)

where [/, (1,S) - the pace of processing of objects of labor

equipment at the point of the technological route with coordinate
S. Equation (5) connects the release of products in place tech-
nological route, specified by the coordinate S and the amount of
necessary costs of technological resources to transform the ob-
ject of labor. The ratio of the form (5) which provides the con-
nection with the cost of manufacture can be determined as a
function of the generalized manufacturing equipment located in
the designated area of a technological route.

The number of objects of labor that are experienced per unit
time the impact of the technological equipment and took random
value in the range of (i, [+ d[t) is the product of the transition
probabilities ¢(¢,S,u,11)-dii on the total number of objects of
labor A py,,,(¢,S)-dS -y (t,S,n)-pn-dp, experienced the impact

of the equipment.
O(t,S, W) di - hpigp (1,8 )-dS - %(t,S,0)-p-du  (6)

Along with the departure of (6) objects of labor from the vo-
lume element dS-dp in the element of volume dS-dp objects
of labor come from volume dS-d[i in the amount of:

(LS. Tbt) it opi (1,8 )-dS - 7(1.8.5)} - i (7)

After the integration of the difference between (6) and (7)
over a range of values of ﬁ , we obtain the change in the num-

ber of objects of labor in the volume element dS-du per unit of
time

a_x+a_xu+%f =

ot as  on

= ptane [ £ O(1 S Fp (1,8, F) = @1, S (1, S, )}l (8)
0

II1. Conclusion

Integro-differential equation (9) is a kinetic equation that de-
scribes the processing of objects of labor during their movement
on the technological route, it was first obtained in [8]. In the
case where the intensity u is slowly varying with time,
=g = const (quasi-static process) [6], the kinetic equation

(8) takes the form:

o, oK.

a os '

=hptane [ [0S, Top) - T n(6.8, )] -dii =2t s 9)
0

W ris)=0, (10)
dt

which is used in the quasi-static description of the technological
process [5]. From equation f(¢,S)=const (6) follows

[0y (.8) = const* [x ]o(1,S) , which requires compliance

with performance proportional to the number of items of work
the equipment in its in-process storage. It is difficult to realize in
practical terms, except for the case of synchronization the

equipment %[x]lw(t,S);O. The kinetic equation of the

form (8) can be used to construct models of synchronized pro-
duction lines. Built on the basis of its balance equations is used
to study the synchronized production lines for the production of
semiconductor products. The right side of the kinetic equation
(8,9) is written in general terms, it requires further in-depth
study of the effect as the features of processing technology as
well as layouts of components and assemblies inside the unit of
generalized equipment.
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