Cucmemu 0opooku ingpopmauii, 2015, eunyck 6 (131) ISSN 1681-7710

V]JIK 658.56

E.O. Yevstafeva', K.A. Dyadyura', O.A. Katrich?

! Sumy state university, Sumy
? Ukrainian engineering-pedagogics academy, Kharkov

SYNERGETIC APPROACH TO THE DESCRIPTION OF REALIZATION OF THE
PRODUCT AT THE STAGES OF DESIGN, MANUFACTURING AND OPERATION

Application of synergetics as new scientific paradigm to management is discussed. The necessary settings for
the development of organization as a complex system in the framework of the theory of synergetic management are
analyzed. Within the limits of the model of endogenous scientific and technical progress the problem of efficiency
increase of integration into the general system at all stages and levels of life cycle of a product is considered. A
synergistic model, which allows to present evolution of life cycle on the basis of joint behavior of designing, making
and using systems is constructed. On the basis of phase portraits kinetics of continuous transition between modes of
realization of life cycle of the product which answer various parities of times of change of a gain of scientific and

technical result and the production functions of using and making systems is investigated.

Keywords: synergetic model of product life cycle, self-organization.

Introduction

In modern industrial systems finished product is a
result of a joint interaction of many economic, technical
and social processes, both on national, and international,
and, sometimes, at global levels («global sourcingy).

High level of functional, aesthetic and ecological
properties of production (at economic feasibility obser-
vance) is in many respects connected with the realisa-
tion of the system approach in the organisation and
management of product life cycle (PLC). Application of
information technologies, which cover and unite all
stages of PLC provides reduction of time of working out
of a new product, development of its manufacture and
its putting up for the market. The new technological and
technical decisions, which are realised in production and
reflect achievements of various branches of knowledge,
lead to association of efforts at PLC stages of a wider
range of the enterprises, each of which concentrates on
its own basic competence. It creates conditions for
maintenance of qualitatively new set of properties and
measure of utility of products, and also an increase of
technical and economic indicators of its manufacture
and operation.

Efficiency of PLC functioning is in many respects
connected with presence of corresponding objective
laws of management, which are capable to consider
condition and changes of the internal and the external
environment. Problems of management of such dynamic
systems are rather relevant and require new theoretical
approaches. A present economic crisis is an acknowl-
edgement to that. At present time more and more deci-
sions, connected with management of various technical
systems, are based on deep analogy to the processes,
which proceed in natural systems (physical, chemical,
biological).

PLC research in frameworks of the synergistic ap-
proach, which represents the interdisciplinary course, is
rather perspective. It allows to describe a self-organi-
zation of strongly nonequilibrium systems in a uniform
way in various science directions and appendices [1, 2].

Statement of the problem

According to the model that is introduced in the in-
ternational standards of ISO 9000 Series, PLC can be
presented by a combination of levels of designing,
manufacture and operation. Each of these levels repre-
sents a system, which can have an independent charac-
ter of application of the results. However, their integra-
tion into the general system provides possibility of es-
sential increase of technical and economic indicators of
a product.

The PLC system condition is defined by a set of
conditions and means providing joint functioning of
economic, technical and social processes, testing on
itself unequal influence of an environment and possess-
ing different response time. The majority of mathemati-
cal models of processes which are in use nowadays
consist of the following elements (see fig. 1): set of
possible entrance influences (any streams of resources -
material, financial, personnel and information); set of
possible target influences (production, service, etc.); the
set characterising a condition of the system during the
given period (the workplaces that serv for transforma-
tion of streams of resources into finished goods).

In these conditions to define quantitatively de-
pendence between an input and output of the produc-
tion, having reconstructed internal structure with suffi-
cient completeness, is rather difficult. On the other
hand, the description of functioning of modelled process
as a system can be received on the basis of processing
of the statistical data.

50

© E.O. Yevstafeva, K.A. Dyadyura, O.A. Katrich



OopobdKa inopmauii 6 CKIAOHUX MEXHIYHUX CUCMeMaX

Controls
vy
Inputs
. 4
Manufacturing
4 Function >
Outputs
A A

Mechanisms

Fig. 1. Model of PLC processes

In such situation PLC management turns into a
problem, which demands an application of special
means of the analysis, planning and management. One
of such means is an economic-statistical modelling in
which models of the production functions (PF) are used
most often [3].

In a general form it is possible to present the pro-
duction function by the following dependence:

()

- indicators of

y = f(Xg,...Xy)

where y — an output indicator; Xi,...X,
industrial resources.

Number of factors of the production functions
n<10. Usually PF (1) is created by selection of the
most suitable functions of a certain parametrical class

y = f(x;;31,a,,...,a, ), where a = (al,...,ak) vector

More often in economic literature PF are expressed

in a multiplicate y =agx;'x3? or an additive

y =agy +a;X; + a,X, forms.

Here a; and a, — the indicators of the production
function that characterise sensitivity of the throughput
to the change of the costs of industrial resources, ag —
the factor, which considers dimension of indicators and
neglected random factors of manufacture. These indica-
tors are received on the basis of available statistical,
expert and other data types about technology and pro-
duction behaviour in the past and the future. Thus the
method of their estimation unequivocally is not defined
and depends on the purposes of PF creation, features of
the modelled process and the initial data.

The analysis of the existing methods shows that it
is the most rational at PF formation (y) to pass on to
dimensionless indicators Xi,...xX, . For this purpose it is

necessary to convert all indicators (x;) into a dimen-
sionless scale x’, where each individual indicator will be
defined under the formula (2) [4]:

'

d=e© ), )
At unilateral limitations  X; < Xjpax = OF
X; = Xjpin X looks as follows (3):
Xl =k Xi ~ Xmax Xmin) +m 3)
1 s

X max (Xmin)

where k, m — the factors, which allow to set a various

of parameters. curvature of the curve (fig. 2).
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Fig. 2. Graph of the Harrington’s desirability function

It allows to consider separate, most important fea-
tures of the modelled process and the initial data.

Consequently PF is formed as a generalised func-
tion representing a geometric mean of separate parame-
ters

(4)

y= ,q,dl 'd2 . dq )

where q — number of studied parameters of optimisation.
The special scale (table 1) allows to find either de-
sirable level of PF.
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Table 1 Thus the production functions can be applied both
Scale of PF desirability independently and as a part of the more complex eco-
Level of PF y nomic and mathematical models.
Maximum possible level of PF 1.00 The most known model which allows to con-
High level of PF 1.00 - 0.80 sider processes of PLC is P.Romera's model [5] — the
Good level of PF 0.80 - 0.60 model of the endogenous scientific and technical
Sufficient level of PF 0.60 —0.37 progress, based on the idea of accumulation of the
Admissible level of PF 0.37 human capital.
Inadmissible level of PF 0,37-0 According to this model PLC can be presented as
The most undesirable level of PF 0 the block diagramme shown in fig. 3.
nG;
W Hg \ 2 H,
> Designing F Productive |G Using Q
system > system > system >
—> —>
He A Lo | A Lo J
Pr P.G;

Fig. 3. The block diagramme of the model of endogeneous scientific
and technical development of the life cycle of a machine-building product

The product is originally created at a design stage -
engineering and design preparation of the manufacture.
It is possible to present the results of this stage by the
production function F which is proportional to already
available store of designs W and realisations (an exist-
ing fund of knowledge), including complex of prepro-
duction works (research and development), and to the
involved volume of human capital Hr. At a production
phase the information, containing in the design and
technological documentation (engineering documenta-
tion and technical documentation, accordingly), by
means of technological actions will be transformed to
properties of a product. Functioning in system re-
sources, technology and organisation conditions define
potential possibilities and a condition of the process of
production. Efficiency of transformation of resources
into production can be expressed by the production
function G (cost of the output of the end product),
which includes industrial capital costs Hg and labour
inputs Lg.

Made product G; (product cost (means of produc-
tion)) is put into operation, where on the basis of labour
inputs L in the form of cost of tangible assets (machin-
ery and equipment, buildings, constructions, the earth,
stocks of raw materials, half-finished products and fin-
ished goods), which are applied in production, and the
involved human capital Hq (the accumulated expenses
for the general education and special training of experts,
public health services, labour moving, etc.) is used by
the customer for a release of the end production Q (cost
of the output of the end product).

In the offered work, the phenomenological scheme
is investigated. In the frameworks of this scheme evolu-
tion of self-organizing systems can be represented in a
self-coordinting way, and possible variants of continu-

ous transition between modes of PLC realisation can be
considered. Our approach is based on the Lorentz's
three-parametrical system, answering the elementary
field representation of the self-organizing system.

Synergistic representation
of life cycle of the product

As shows a research of complex systems [6],
representation of the self-organizing system is re-
duced to the self-co-ordinated description of time
dependences of parameter of the order, the interfaced
to it field and the operating parameter. As efficiency
of realisation of PLC is defined at its operation, then
it is necessary to accept the production function of
maintaining (using) system Q as an order parameter.
Accordingly, the conjugate field represents the pro-
duction function of making system G, and the operat-
ing parametre F characterises a gain of scientific and
technical result.

As a result the problem is reduced to an expres-

sion of the specified quantities’ change rates Q,G,F

through their values Q, G, F.
Considering that the behaviour of parametre of an

order Q(t) is the core and subordinates behaviour of
the conjugate field G(t) and the operating parameter

F(t), we will accept an expression for its change rate

Q in the linear form

TQQ = —Q+AQG (5)
Here the first summand in the right part considers

a relaxation of the production function of the using
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system to zero value for time tq, the second - describes
linear reaction of the change rate Q to field increase G

(Ag > 0 - a communication constant).

The equation for the conjugate field is accepted as

TG G = _G + AGQFa (6)

where the first summand again has a relaxation nature
with the characteristic time ¢ , the second - represents

a positive feedback of the production function of the
using system and a gain of scientific and technical result
with the change rate of the conjugate field (Ag > 0 -

the communication constant). This communication
causes increase of the conjugate field (the production
function of making system), which is at the bottom of
self-organising.

Last equation of evolution of the system describes
the relaxation of the gain of the scientific and technical
result, F which is playing a role of the operating pa-
rameter:

rFf: = (F. - F) - ApQG. (7)

Unlike (5), (6) the first summand in (7) describes a
relaxation of parameter F not to zero, but to final value
F,, which is set by external influence (tz - correspond-

ing characteristic of relaxation, Ap > 0 - a communi-

cation constant). According to (7) negative feedback of
the conjugate field and parameter of an order with speed
of a gain of scientific and technical result, according to
a principle of Le-Shatele, results to reduction of this
parameter.

According to [7] system of synergistic equations
(5) - (7) is the elementary field scheme representing
effect of self-organising. For the analysis of this system
it is convenient to make use of dimensionless variables
by scaling time t, the production function of the using
system Q, conjugate field G and internal status parame-
ter F

_ -1/2
Q. Q¢ = (agar) "6, = (aéaGaF) T (®)

-1
FC = (aQaG) .
Then the behaviour of PLC processes is repre-
sented by dimensionless system of the equations

Q=-Q+G, 9)
GC.i =-G +QF, (10)
81.3=(F6—F)—QG, (11)

where relations of characteristic times ¢ = 1. /1 and

8 = 1p/1q are entered.

Within the frames of the elementary picture the
evolution of self-organizing systems is represented by
adiabatic approach 1g tp << 1q, according to which

the conjugate field G(t) and the operating parameter

F(t) change so quickly that they have time to be ar-

ranged under slow change of parameter of an order
Q(t) . Thus system evolution has the monotonous char-

acter described by the equation of Landau-Halatnikov.
According to [8], for reflexion of nonmonotonic evolu-
tion of system, it is necessary to weaken a standard
principle of hierarchy [9], accepting that not one, but
two variables possess the greatest time of relaxation. As
a result a system of two differential equations represent
a transition and the problem comes to research of possi-
ble scenarios of continuous transition.

Continuous transition

The elementary picture of continuous transition,
which is traditionally related to the second kind, is real-
ised provided that characteristic time of parameter of an
order 1 does not depend on its value Q. In adiabatic

approach characteristic time of change of the production
function of the using system much more surpasses cor-
responding scales for the production function of the
making system and a gain of scientific and technical
result

(12)

TG,TF << TQ .
As dimensionless rates Q,G,F have an identical or-
der, conditions (12) allow to neglect the left parts of the

equations (10) and (11) that lead to parities

G=FR—2_ F- Fez.
+Q

“1+Q%7 1
Substitution of the first of equalities (13) by (9)
gives the equation of evolution of system in the form of
the equation of Landau-Halatnikov:

(13)

Q=—%-

Its kind is defined by synergistic potential, which

(14)

. . . 2.
is measured in units Qg :

V=Q72—F7°1n(1+Q2), (15)

At small values of intensity of external influence
F, dependence V(Q) has monotonously increasing
type with a minimum Qg = 0, which answers ineffi-
cient realisation of PLC.

With growth of F, to the values exceeding critical
level of F,, there appears minimum
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Q= F -1, (16)

which answers the effective realisation of PLC.

The consideration shows that the use of the system
(9) - (11) allows to present the self-co-ordinated picture
of transition between various modes of realisation of
PLC.

Kinetics of transition between modes
of realization of life cycle of the product

Let's consider three cases of nonmonotonic behav-
ior of PLC.

Case G << TQ,TF

To start a research of nonmonotonic behavior of
PLC, we will begin with a case in which the lower-
range value has time of relaxation of the production
function of the making system that follows changes of
generating function of the using system and a gain of
scientific and technical result. Then fluctuations of the

G

0.5

conjugate field can be neglected, believing that in (10)

G=0.
This approach gives relation

G = QF, (17)

which consideration in the remained equations (9 - 11)
leads to a new system

Q=-Q(1-F),
F - 8“[1:e - F(l + Qz)]

From here it is visible that in precritical area

(18)

(19)

(F, <1), when intensity of external influence is less
than critical value F, =1, point D represents a steady

vertex, and point O is absent at all. As a result our sys-
tem switches to D - the mode of inefficient realisation of
PLC, according to the phase portrait given in fig. 4, a.

0.5

0.0 T

b gy
D

00 b AL T T T T T I
0.0D 0.5
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Fig. 4. Phase portraits of low-efficient PLC (F, = 0.7F,):

a—1g <<TQ =1TF, 6—TQ <<TG =1, B— 1 <<TG =TQ;

hereinafter the shaped line specifies points in which phase trajectories
have a vertical tangent, a stroke-dotted - the horizontal

Growth of parameter (20) leads to a twisting of tra-
jectories around point D that shows the tendency to
oscillatory mode of PLC, which appears with an in-
crease of a lag of changes of the operating parameter as
against the order parameter.

As evident from the phase portrait given in fig. 5,
this tendency is realised in full at transition in area
where intensity of external influence exceeds critical
value.

Here point D transforms to a saddle and the addi-
tional point O, which answers an effective mode of
realisation of PLC, appears. At the values of parameter
3, limited by magnitude

2
se = F7/(8(F, - 1)),
this point represents a steady vertex, and with its growth
to values 6 > 5, - steady focus.

(20)

In the first case the effective mode of realisation
of PLC is reached at the expense of monotonous
change of intensity of external influence and the pro-
duction function of maintaining system, in the second
case the mode of fading fluctuations of these values
is realised.

The carried out consideration shows that at

TQ << TF

in above-critical areas there is an oscillatory mode of
transition of system to a mode of effective realisation
of PLC: according to fig. 5, ¢, reduction of the pro-
duction function of maintaining system leads to the
increase in a gain of the scientific and technical re-
sult, which growth then causes an increase of the
specified roduction function, which, in turn, is reduc-
ing subsequently the gain of scientific and technical
result.
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Fig. 5. Phase portraits of the mode of PLC effective realisation (F, = 1.5F,):

a— 1T << TQ =100TF; 6—TG << TQ =Tp; B— T << Tp =100TQ

The inverse limit tp << 1 answers the adiabatic

approach that represents a standard picture of transition.
According to the phase portraits shown in fig. 5, reduc-
tion of parameter to 5 — 0 leads to gathering of all
trajectories at a diagram area MOD, which position does
not depend on microscopic details of the system. From
fig. Sa it is clear that before getting to this area the gain
of scientific and technical result quickly changes, and
then slowly evolves on it (thus the effect of delay re-
veals the more strongly, the lesser is the nonadiabatic
parameter). From the formal point of view the MOD-
area answers the drawing range which is traditionally
designated as a channel of a big river.

Case TQ << 1G> TF

Now let's consider a case when the production
function of the maintaining system changes so quickly
that it has time to follow changes of the production
function of the making system and changes of the gain
of the scientific and technical result.

Then in the equation (9) it is possible to put

Q = 0 that leads to relation

Q=G. 20
Its substitution in the system ((10), (11)) gives a
new system

G = -G(1-F), (22)

ﬁ:f‘[Fe —(F+G2)},

where time ¢ is measured in units tg and the relation of
characteristic times is introduced

(23)

T=1R/1G - (24)

The carried out analysis and the view of phase por-
traits (fig. 6) show that at great T values, when the gain
of the scientific and technical result changes much more

slowly than the production function G, the system gets
to a mode of fading fluctuations (fig. 6, c). With the
reduction of T to values t<<1 the smooth mode of
evolution (fig. 6a) is reached. As in the previous case, in
adiabatic limit T — 0 system evolution takes a universal
character that is expressed by availability of MOD-area
(fig. 6a), getting on which, the system slowly moves to
the stationary point O, which answers the effective
mode of PLC realisation.

Case TF << TQ,TG
As the gain of the scientific and technical result

changes most quickly here, so, assuming in (11) F =0,
we find relation

F=F, -QG, (25)
and the equations (5) and (6) become
Q=-Q+G, (20
. -1 2
G=o [FZQ—G(1+Q )} 27)
where the relation of characteristic times is entered
c=1/1Q- (28)

The phase portrait has special points D(0,0) and

O(JFe - 1;\E, —l) (fig. 7), the second of which is

realised only for the mode of the effective PLC realisa-
tion at the value of intensity of external influence
F, > 1.

At F, <1 point D represents the steady vertex an-
swering an inefficient mode of PLC realisation, and
with transition into the above-critical area F, > 1 it is
transformed to a saddle. At the values of parameter ¢
that belong to an interval (c_,cs +) , Where

o, =(3F -4)+ 8(E - 1)(F. -2) ,

(29)
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point O, which answers the effective mode of PLC re-
alisation, represents a drawing focus, and out of it — a
drawing vertex.

Unlike considered above cases the oscillatory
mode practically is not shown here.

According to the phase portraits shown in fig. 7,
universality of kinetic behaviour of system is shown
both at 15 << 1, andat 15 >> 1.

In the first case the exit onto a universal area oc-

curs at the expense of the fast change of the production
function of the making system G(t) at almost invariable

production function of the maintaining system Q(t)
(fig. 7, a), and in the second case the return picture is
observed - the production function of the maintaining
system changes very quickly, and the production func-
tion of the making system almost does not vary
(fig. 7, ¢).

In the intermediate area 1q ~ g versatility is

shown only at small initial values of one of the produc-
tion functions (fig. 7, b). Unlike above considered cases
in this one the universal area has not falling down, but
accruing character.

G G,
1.4 — 4
] 3
0.7 2
_ .
00 T T T 1 I| T T T T T 0 _-
0.0 07 D 4F 0.

Fig. 6. Phase portraits of the mode
of effective PLC realization (F, = 1.5F,):

a—rQ << TG =100TF; 0— TQ << 1Tg = Tg; B— TQ << Tf =100TG.
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Fig. 7. Phase portraits of the mode
of effective PLC realisation (F, = 1.5F,):
a— T << TQ = 100TG, 0— Tp << TQ =1TGg,; B—Tp < 1g = 100TQ
. ure of utility of products, as well as an increase of tech-
Conclusion

According to the model given in the international
standards of series ISO 9000, PLC may be presented by
the combination of the levels of designing, manufacture
and operation. Each of these levels represents a system,
which can have an independent character of application
of the results.

However their integration into the general system
provides qualitatively new set of properties and a meas-

nical and economic indicators of its manufacture and
operation.

Condition of the PLC system is defined by set of
conditions and means of joint functioning of the eco-
nomic, technical and social processes, which are un-
equally influenced by the external environment and
which possess various persistence-levels.

In such situation management of PLC turns to a
problem that requires application of special means of
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the analysis, planning and management with the help of
production functions.

In the offered work the phenomenological scheme
is investigated. In the frameworks of this scheme evolu-
tion of self-organizing systems can be represented in a
self-coordinting way, and possible variants of continu-
ous transition between modes of PLC realisation can be
considered.

The conducted researches show that Lorentz's sys-
tem ((9 — (11)) allows to present in the self-coordinating
way the basic features of transition from the mode of
inefficient realisation of PLC to the mode of its effec-
tive realisation.

The phenomenological description is reached due
to dependence of synergistic potential V(Q) from the
production function of the maintaining system. In case
of continuous transition this dependence is defined by
the characteristic value of intensity of the external influ-
ence F,: a monotonously increasing dependence V(Q)
with a minimum in a point Qy = 0, which answers inef-
ficient realisation of PLC, is received at F, <1.

And at F, > 1 there is a minimum Q, # 0, which

corresponds to a mode of effective realisation of PLC.
The kinetic picture of transition has been presented by
the phase portraits shown in fig. 4 — 7.

On the basis of the phase portraits the processes of
continuous transition between the modes of realisation
of PLC, which possess various parities of times of
change of production functions of the making and main-
taining systems and time of change of a gain of the
scientific and technical result have been investigated. It
is shown that critical increase of two first times leads to
an oscillatory mode if the parameter «the gain of the
scientific and technical result» changes much more
slowly than other values. Otherwise the evolution of the

system is defined by a universal area of a phase trajec-
tory.
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Knrouogi cnosa: cunepeemuuna mooens scummeso2o yukmy npooyKyii, camoopeanizayisi.

CUHEPTETUYECKUI NOAXOA K OMUCAHUIO PEANTU3ALIMN NPOAYKLIUK
HA 3TANAX NPOEKTUPOBAHUA, U3rOTOBJIEHUA U SKCIMITYATALUA

E.O. EBcradreBa, K.A. Jsmtopa, O.A. Karpru

B cmamve paccmampusaemcs npumenenue CUHEp2eMUKY, Kak HO8OU HAYYHOU NapadueMbl MeHeOdCMeHma. Ananuzupyiom-
¢l HeoOxX0O0uUMble napamempol Olisl PA3CUMUS OP2AHUAYUL KAK CTLOJCHOU CUCTEMbL 8 PAMKAX MeOpUU CUHEP2EMUTECKO20 YRPas-
Jenus. B pamkax mooenu 3n002eHH020 HAYUHO-MEXHUYECKO20 NPOSpeccd, pacCMampusaemcs npooiema nogvluenus d¢gpexmus-
HOCIU Unmezpayuu 6 0OWYI0 CUCeMY HA 6CeX IMANax U YPOSHAX MHCUSHEHHO20 yukaa npodykma. Ilocmpoena cunepeemuueckas
MOOeNb, NO360AAIOUYAA NPEOCMABUMb IGOTIOYUIO HCUSHEHHO20 YUKIIA HA OCHOBE 00We20 N08edeHUs NPOEKMUPOBANU, U320MO6-
JIeHUs U UCNONb306AHUSL CUCTIEM.

Knrouesuie cnosa: cunepzemuyeckas Mooensb JHCU3HEHHO20 YUKAA NPOOYKYUU, CAMOOP2AHUAYUSL.
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