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OcHoeHi 3ycunns, nog'a3ami 3i CmeopeHHAM i po3-
BUMKOM NIONPUEMCMEA, CNPAMOBAHT HA NIOGUWEH-
HA eleKmMuUBHOCMI BUKOPUCMAHHA PeCYPCié 6 npPo-
ueci #oz0 Qynxuionyeanns. Taxe 3asdanns modce
Oymu ycniwno eupiwena miioku 6 momy 6unaoxy,
AKU0 00MOMUCH MAKCUMATLHOT ehexmusnocmi Ha
KO0JCHOMY emani nepemeoproéaibH020 NPoyecy mex-
HOJI02iMH020 Kaacy. Y c60t0 uepey, eupiuenns uiei
3a0aui, Ha KOICHOMY OKpeMOMY emani, no6 szane 3i
cmeopennam o0Tpynmosanoi cmpyxmypu 06 'ekma,
810HOCHO PYHKUIOHATILHO20 NEPEMEOPEHHS BXIOHUX
npoodyxmie y euxioni npooyxmu cucmemHoi onepa-
uii. Taxuit 06'exm, pynxuyionyeanns axozo 30iic-
HI0EMBCA MAKCUMATLHOIO eheKmuUsHiCmIo 8UKOPU-
CmanHs pecypcie, 3a0MHO GUIHAMUIU NOHIMMAM
<«@Qynrxuionanvna cucmemas.

Ha npuxaadi mexnonoziunozo npouecy nazpisy
pidunu 6 pobomi eupimena 3adana cunmesy Qymi-
UIOHANILHOT cucmeMu Nepemeopro8aivH020 Kaacy
3 nopuionnoi nodauero npooyKmié CnpsaAM0O6an020
enauey. B x00i cunmesy, na nepwomy emani, eupi-
WYeanocs 3a60aHHs 3a6e3neueHns MONCAUBOCMI
iHmepaxmuenoi 63aemo0ii cucmemnux 06'exmie 6
npoueci popmyeanms 0moeozo npodyxmy 3 3ada-
HUMU CRONCUBHUMU AKOCTIAMU.

Ha opyeomy emani cummesy pospobasnacs
apximexmypa mooyas idenmudpixauii cucmemnux
onepauiil i 6USHAMEHHS 2PAHUMHUX 3HAYEHb 00aC-
mi ecpexmuenux ynpaesnins.

Ha mpemvomy emani cmeoproeascs Mmooy, wyo
noe'szye pieenv 3anacie 20moeoi npodyxuii cucme-
Mu 3 i npodyxmuenicmio.

Bukxopucmanns 3anponomnosanozo nioxooy 003-
801UI0 CMBOPUMU PYHKUIOHATLHY CIMPYKMYPY WO
MAE MAKCUMANBHY KITbKICMb cmynenié c60600u
ynpaesainnsa. Y ceoto uepey, maxe piweHHs 003-
eonuno 3abesnenumu QopmMyeanHs onmMuMaaIbHOL
mpaexmopii ynpasainua y QYHKUii cnoxicueuozo
nonumy na 20mosy npooyxuiro.

3anpononosaie piuenns 00360456 GUKOPUCMO-
eyeamu cunmesoeany apximexmypy O0as KiaAcy
dynxuionanvhux cucmem nepemeopro8aibHO20
KJacy 3 nopuionnoi nooauero 6xXiOHux npooyxmie

Kmouosi cnosa: cunmes cucmemu, cmpyxmypa
06'exma, xibepnemuuna mooenv, edexmuenocmi
Qynxuionyeanns, modeao onepauii

u] =,

1. Introduction

The main task of any enterprise consists in maximizing
its manufacturing capabilities through effective use of avail-
able resources [1] in the process of production of consumer
products with required qualitative indicators [2].

Naturally, this can be achieved only if all resource-inten-
sive technological processes of the enterprise will proceed in
a mode of maximum efficiency [3].
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In turn, this means that some structural units of an en-
terprise must function interactively but without losing the
degree of freedom necessary for selecting the most efficient
[4], optimal [5] control.

At the level of intuitive perception, such a structural
unit was defined by the notion of “system” [6], as some
integrity [7].

Due to realizing practical importance of establishing
principles of such system functioning [8], the process of this




establishment and attempts to synthesize their structure
have arisen [9, 10].

The fact that there is no universally adopted definition of
a functional system and principles of its synthesis have not
been developed so far indicates complexity of this problem
solution.

Therefore, the issue of synthesizing structure of a func-
tional system is an important scientific and practical problem.

2. Literature review and problem statement

Attractiveness of ideas of cybernetics as the science of
systems and system interactions lies in the possibility of
creating general models of functional objects [11]. In the case
of realization of such an approach, replacement of a process
mechanism with another process mechanism will not lead to
changes in the functional system structure.

On the other hand, cybernetic structure of the functional
system must ensure fulfillment of all necessary technolog-
ical and control functions [12]. A resulting product with
required quantitative and qualitative parameters should be
obtained at the output of such a structure with maximum
resource usage efficiency. In turn, this means that the system
being synthesized must have maximum possible number of
degrees of freedom.

At the same time, processes of resource-intensive sys-
tems need to be optimized first of all [13]. However, techno-
logical objects of such systems do not undergo a procedure
of optimization at the design stage but only that of cost
minimization. Process mechanisms of product conversion
in such structures are in a close interconnection. Such pro-
duction strings have relations and parameters necessary for
production of products with required qualitative [14] and
qualitative indicators [15]. However, the degrees of control
freedom are lost [16].

This is explained by the fact that local extremes of the
systems included in such synthesized structure can coincide
only by chance and maximum efficiency of resource usage in
such production is unattainable in principle [17].

Efficiency of such production structures is improved
not by optimizing control processes but by creating and in-
troduction of new technologies [18]. In cases where limited
control capabilities are still being realized, mechanisms of
not optimal but extreme control are embedded [19].

In some cases, the topic of structural optimization degen-
erates into a task of technological consistency of production
mechanisms [20] and does not provide for solving the opti-
mization problem [21].

Researchers try to solve optimization problems by cre-
ating new data processing technologies [22], for example,
by integration of neural nets into the system structure [23].
However, the neural net must undergo a training procedure
in order to distinguish one effective solution from another,
more or less effective solution.

Studies show that the level of demand for products has
a decisive impact on efficiency of the production structure
functioning [24]. If demand exceeds supply, the production
system should operate at maximum efficiency. If demand is
significantly below the level achievable in the mode of maxi-
mum efficiency, transition to a mode of maximum value add-
ed is necessary [25]. To stand demand instability, buffering
systems are created, however, principles of their functioning
are considered in no connection with the processes of pro-

duction systems [26] and are not related to the technologies
of business analysis [27].

Thus, the problem on synthesizing the functional sys-
tems that ensure production of quality products with the
required quantitative parameters at maximum efficiency and
at varying demand level has not been resolved so far.

3. The aim and objectives of the study

The study objective was to synthesize a cybernetic
structure of a functional system with a portioned supply of
process products.

This should enable development of a unified architecture
for controlled systems of a conversion class with portioned
supply of process products.

To achieve the study objective, the following tasks were
solved:

— to substantiate the need to use system structures in
production tasks;

— to synthesize a system object that ensures production
of the end products with required qualitative and quantita-
tive parameters;

— to synthesize a structure of identification of the range
of effective controls;

—to create a structure of matching the mechanism of
conversion class and the buffering mechanism.

4. Synthesis of a structure of a functional system of
conversion class with a portioned supply of process
products

4. 1. Substantiation of the need to use a systems ap-
proach in problems of synthesis of production structures

Production problems for any enterprise are solved in the
course of performing necessary production operations (PO).
Effectiveness of these production operations depends on
control quality and presence of restrictions of various kinds
imposed on the control process.

In order to evaluate PO effectiveness, it is necessary to
build its target model, i.e. such a model that a certain judg-
ment can be made concerning effectiveness of the formed
operations proceeding from its study results.

For example, a cybernetic single-product model of the
process mechanism can be represented as shown in Fig. 1.
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Fig. 1. The single-product model of the process mechanism

Here, inlet of the process mechanism (PM) receives
a single product of directional effect (PDE) and a power
generating product (PGP). End product (EP) is formed at
the PM exit.

Since the level of PM wear changes as intensity of the PGP
supply changes, the PO model must take into account state of
the PM itself as one of the initial products of the operation. It is
conditionally can be assumed that PDE, PGP and PM itself as
a technical product (TP) are supplied to the PS inlet. An end
product and a somewhat depreciated technical product are ob-
tained at its exit upon completion of the operation (Fig. 2) [28].
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Fig. 2. Cybernetic model of the process step

Difference between the state of equipment at the inlet to
and exit from the operation is determined by the concept of
“wear”. Therefore, it can be assumed that PDE, PGP and the
equipment life in a form of its wear are necessary for execut-
ing the PO (Fig. 3) [29].
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Fig. 3. Simplified cybernetic model of the process operation:
PEW: process equipment wear

The quantitative parameters characterizing movement
of the operation products can be represented as recording
signals, 7qp (1), rqp(t), rqw(t) pq(t). Here, rqp(t) is the PDE
motion recording signal, 7¢p(¢) is the PGP motion recording
signal, rqy(¢) is the signal of equipment wear recording, pq(t)
is the signal of the operation end product motion recording.

In order to compare operation parameters obtained at
different levels of productivity, it is necessary to represent the
recording signals in the form of their integral values. Then

tr tr

RQ, = J-TQD (t)dt; RQ,= _[qu (t)dt;

ts ts

tp

RQ, = Irqw (¢)dt; PQ= qu(t)dt,

ts ts

where RQp is the amount of PDE supply; RQp is the volume
of PGP supply; RQy is the level of equipment wear; PQ is
the volume of the end product of PO; ¢ is the moment of PO
start; tris the moment of PO completion.

Studies have established [30] that an increase in productiv-
ity usually results in a decrease in the amount of energy con-
sumption and an increase in the level of the TM wear (Fig. 4).
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Fig. 4. Dependence of parameters of a process operation on
control: control (U); power consumption (PQp); a product
of direct effect (PQp); wear (PQy); time of the process
operation (PO)

A monotonically increasing function of wear change
depending on control is characteristic for the case when the
process physics does not change [31]. Otherwise, the wear
function may have local extrema [32].

In order to form a judgment about efficiency of the oper-
ational process, losses associated with energy consumption
and wear must be reduced to comparable cost values. In this
case, volumes of initial and end products of the operation can
be compared with each other.

Then

RE=RQp-RSp+RQp-RSp+RQy-RSy;
PE=PQ-PS,

where RE is the cost estimate of the initial operation products;
PE is cost estimate of the end operation products; RSp is the
cost estimate of a PDE unit; RSpis the cost estimate of a PGP
unit; RSy is the cost estimate of a unit of equipment wear; PS
is the cost estimate of a unit of the end product (Fig. 5).
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Fig. 5. Change of operation time (PO) and comparable
parameters for input (RE) and output (PE) depending on
control (U)

Thus, a properly designed process mechanism that per-
forms a single technological function can function through-
out entire economically profitable range of controls. In this
range, cost estimate of the output products of the operation
(PE) is greater than the cost estimate of the initial products
of the operation (RE), that is, (PE>RE).

It is obvious that the most favorable mode of the process
equipment operation is within this range. In particular, the
U,y mode is available (Fig. 5) to which the minimum cost or
maximum value added corresponds.

The situation changes if the production string is repre-
sented by several directly related process mechanisms of the
same class.

Fig. 6 shows a model consisting of two consecutive sin-
gle-product process mechanisms (Fig. 6).

PDE, EP, PDE,
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e

Fig. 6. The model of the production line in the form of two
interconnected process mechanisms

Here, the end product of the TM is the initial product
of the TM3.



In such a situation, when output of the previous conver-
sion PM is directly connected to the input of the subsequent
PM, it is necessary to control supply of the power generating
products PGP, and PGPgin such a way that productivity of
the mechanisms PM 4 and PMg is coordinated.

Each PM has its own characteristics of initial and end
products the extremes of which do not coincide in the gen-
eral case (Fig. 7).

Since a change in productivity of one mechanism leads
to the need for a corresponding change in productivity of
another mechanism, the above characteristic of consumption
of input products of the production process PM and PMg
must be considered as a single whole (Fig. 8).

systems. This is possible if systems of conversion class inter-
act with buffering systems (Fig. 9) [33].
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Fig. 9. Structure of a production line with additional
buffering mechanisms

In this case, the mode of operation of the PM; in

the presence of its own controls does not depend on
the mode of operation of the PM,.
End product should be formed at the exit of the

functional system with both required qualitative and
quantitative parameters. Therefore, composition of the
synthesized complete system should include both PM
transformations and PM buffering.

4. 2. Synthesis of a complete functional system
structure

The process of synthesis of a functional system
consists in a successive building-up of the object
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Fig. 7. Dependence of individual and joint characteristics of change

of comparable products of operations on control

As can be seen (Fig. 7), the minimum cost of the gener-
alized PO, operation does not coincide with the minimum
cost of both the PO, operation and the POg operation.
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Fig. 8. Structure for building a generalized model of
the process operation

If one realizes the possibility of independent func-
tioning of the PM, and PMp mechanisms, then in the
minimum cost mode (exs and exg modes) one could get
value added DE,=PEj,—RE4=21.24 mon. units and DEg=
=PEg—(RE’pp+RE’pg)=22.08 mon. units for the PMp process.

The total value added (DE4:p)) will amount DE¢4:py=
=DE,+DER=38.72 mon. units.

In the mode of coordinated productivity of PM, and
PMg, value added PM g will amount DE,3=PEg—(RE 4+
+RE’pp)=22.08 mon. units.

That is, the loss in value added for connected mecha-
nisms is 57 % for the case in Fig. 7.

Thus, the possibility of maximizing the obtained positive
effect is higher if the PMs of conversion class are not directly
interconnected but are part of independently functioning

functional capability until all functions necessary for
implementing system operations are fulfilled.

At the first stage of synthesis, system structure
was formed which enables formation of an end product
with required qualitative and quantitative parame-
ters in the process of interaction with similar system
structures.

The synthesis process is based on the use of simple func-
tional mechanisms in the developed architecture. In such a
case, an operable structure will reflect internal structure of
the functional system.

A process of heating a liquid and its buffering was consid-
ered as a main technological process.

The synthesized structure that realizes the process of
interaction between the PM of heating a liquid and its buff-
ering is shown in Fig. 10.

The main technological part of the functional system
consists of a heating mechanism (HM), a buffering mech-
anism (BM), and service mechanisms for delivery of main
(SM;) and end (SM,) products.

In turn, the heating mechanism consists of a heater buff-
ering mechanism (HBM), a heater (H), and a temperature
sensor (D»).

To ensure the system operation, the following signals are
injected to its inputs: a signal for setting low level of reserves
(uz1); a signal for setting high level of reserves (uzy); signal
for setting volume of cold liquid supply (uzp); a signal of
intensity of the power generating product supply (uzp); tem-
perature of the liquid heating (ur).

The synthesized structure works as follows.

In the initial state, low-level signals are set at outputs of
the mechanisms of comparison MC, and MCs. Accordingly,
a low level signal is set at the input and output of memory
location ML and, therefore, at the inputs of the coordination
mechanism CMj3 and the NOT element.

A signal of high level is set at the output of the NOT
element.
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Fig. 10. The model of a complete system providing an end product in a mode of interaction with counterpart systems:
SS1— supply system of the product with a targeted effect; SS2 — Energy product supply system; CS — consumption system;
MC — mechanism of comparison; DL — differentiating link; CM — coordination mechanism; MCL — memory cell; OSM — sutput

service mechanism; HBM — heater buffering mechanism; HM — heating mechanism; BM — buffering mechanism

To begin automatic operation, a single high-level pulse
signal is sent to the first input of the OR; element. From the
OR; output, this signal comes to the input 3 of the coordina-
tion mechanism CM,.

The coordination mechanisms CM{—CM; memorize pa-
rameters of the signals coming to their inputs. If a signal of
a non-zero level is set at one information input of the CM
and high-level signals are set on the other inputs of transmit
permission, the information signal is transmitted to the CM
output and the transmit permission signals are zeroed.

A signal proportional to the current level of the heated
liquid comes from the output of the D, sensor of the buffering
mechanism to the second input of the comparison mechanism
MC, and the first input of the comparison mechanism MCs.

If the current level of reserves of the BM is less than the
low level, a single high-level pulse signal is formed at the
output of the MC,.

Since a high level signal is set at the NOT element output
(at the second input of CMy). Therefore, a high-level pulse
signal is transmitted from the output of MC2 through the
coordination mechanism CMjy to the first recording input of
the ML memory cell and to the first input of the OR element.
The ML output (inputs of CM3 and the NOT element), high
level signals are set.

A high-level pulse signal arrives from the output of the
OR element to the second input of the coordination mech-
anism CM,.

Since the high-level signal is set at the third input of the
CM,, the uzp task signal enters from the CM, output to the
input of the cold liquid supply system.

Cold liquid rp in a volume uzp enters the heater buffering
mechanism. A signal proportional to the intensity of liquid
flow, rqp(t), is fed from the output of Dysensor to the input
of the differentiating link DL.

At the time of stopping the liquid flow, a pulse signal of
a single high level is generated at the DL output and sent to
the second input of permission of CMj.

Since the first information input of CM; receives a signal
of power generating product supply intensity uzp, a pulse
signal of value uyzp arrives at the input of the power gener-
ating product supply system at the moment of arrival of the
permission signal.

From this point in time, the power generating product 7p
begins to arrive to the input of the heating mechanism HM
of the heater and the liquid starts to heat up.

Sensor Dy transmits current value of the heating tem-
perature to the input of the comparison mechanism MCy
where it is compared with the reference signal ur.

As soon as these signals get equal in value, a single
pulse signal is generated at the MCy output. This signal
is fed to the input of the mechanism of cutting supply of
the power generating product of the PGPSS and to the
input of the service mechanism for delivery of the main
product SM;.

The SM; service mechanism of delivery transfers the
heated liquid to the buffering mechanism BM.

Sensor D3 records flow of the transferred heated liquid
and transmits it to the input of the differentiating link DL,
as a record signal pgp(¢).

On the one hand, the output signal of DLy passes
through the OR element and activates input 3 of CM», and
on the other hand, activates input 2 of CM3.

Since the input 1 of the CMj is already active, a pulse
signal from the CM3 output is fed through the OR element
and CM; to the input of the cold liquid supply system and
the process is repeated.

As soon as the liquid level in the buffering mechanism
reaches the upper level uzy, a high-level signal is gener-
ated at the output of the comparison mechanism MCjy
which zeroes the ML cell. As a result, low level of the
output signal of the ML blocks passage of signals through
the CM5

On the other hand, a high level is established at the sec-
ond permitting input of CMy.



As replenishment of BM reserves stops, the level of heat-
ed liquid decreases and at a certain point in time reaches a
lower level.

At the output of the MCs, a high-level pulse signal is
generated and the process begins anew.

Fig. 11 shows timing diagrams of functioning of the syn-
thesized structure in the EFFLI modeling environment [30].
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Fig. 11. Timing diagrams of the synthesized system: heating
diagram (a); reserve change diagram (b)

4. 3. Synthesis of a structure of identification of the
range of effective controls

Structure of the module for identification of the range of
effective controls was developed at the next stage of synthe-
sis (Fig. 12).

To this end, wear of the heating mechanism was deter-
mined as a function of the energy flow [34]. For this pur-
pose, a functional transducer FP; was introduced into the
structure. A wear signal of recording wear flow, rqw(¢), is
generated at its output.

Cost estimate of input (RE) and output (PE) operation
products is determined from expressions

RE:I(Z[TqD(t)

S, +1q, (L) 15, + 1y, (t)~rsw])dt

PE = I(Z[qu(t)‘psB])dt

Time of operation PO is determined with the help of a
timer.

The signals RE, PE and PO come to the input of the func-
tional converter FP5. In the framework of FPs, value added,
AO, and efficiency of resource usage, E, are determined us-
ing the structures realizing computational operations from
expressions AE=PE—RE u E=(PE-RE)?/(RE-PE-TO?).

The SCAN module provides enumeration of admissible
controls. For this purpose, its inputs are supplied with a
minimum control value Uzp-pqy, maximum control value
Uzp-max and a control change step.
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Fig. 12. The module of identification of the range of
admissible controls

A control value and a corresponding value added AE are
fed to the MAX zg module input. Control U to which max-
imum value added corresponds is extracted at the output.

On the other side, control value and corresponding
value of efficiency, E, arrive to the input of the MAXg
module. At the output, Uy control is formed to which
maximum value of resource usage efficiency corresponds

(Fig. 13) [35].
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Fig. 13. Determining the range of effective controls

The estimation indicator which passed the verification
procedure for the possibility of its use as an efficiency formu-
la was used as an indicator of efficiency [36—40].

4. 4. Development of a structure of matching the con-
version class mechanism and the buffering mechanism

At the final stage of synthesis, a module was developed
for matching the level of demand with the control of the con-
version process (Fig. 14).
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Fig. 14. The model of matching control of the conversion
process with the level of demand

The module input receives boundary values of the U and
Ug controls, minimum (uzr), maximum (uzy) and current
(cqy) resource levels of the buffering mechanism.

At the output of the module, a signal is generated to
control intensity of the power generating product supply in
accordance with the expression in [41]
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Fig. 15 shows diagrams of control change depending on
the resource level in the buffering mechanism.
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Fig. 15. Diagrams of control change (uzp) depending on
the level of resources (cq;) in the buffering mechanism

It can be seen that control reduces productivity of the
conversion part of the system with an increase in the re-
serves level.

In turn, a decrease in reserves levels leads results in an
increase in productivity of the conversion mechanism.

Thus, the synthesized system provides the possibility of
obtaining end products with required qualitative parameters
at the output of the buffering mechanism in the process of
interaction with the external systems.

Within the system, transformation operations are identi-
fied using indicators such as value added and resource usage
efficiency.

Control of the conversion process is changed in such a
way that when the buffering mechanism reaches its lowest
level of resources, the conversion process operates in the
mode of maximum productivity and efficiency. This accel-
erates exit from the zone of possible commodity deficiency.

As reserves levels increase, productivity of the conver-
sion processes drops to the limit of maximum value added
(minimum cost).

Replacement of the process mechanism with any other
one-product process mechanism with portioned PDE supply
does not change structure of the synthesized system.

Working model of the synthesized system is considered
in [42].

Since the model was implemented in Visual Basic for
Applications environment, macros use should be allowed.

The system is started by pressing the Start button in
the Display page. By changing the level of demand in D3
cell of the mGstA page from 0.001 to 0.002, one can observe
an automatic change in control depending on a change in
the source level in the mAdpA_R page upon completion of
the work.

5. Discussion of results obtained in synthesis of structure
of a complete functional system

Internal structure of a complete functional system was
synthesized in this study. Interaction of the intrasystem con-
version processes with the buffering process and the system
environment was enabled in the course of fulfillment of this
system process function. Due to this interaction, it is possi-
ble to obtain necessary degrees of control freedom.

On the example of the heating process, studies were
carried out for a class of systems with a portioned supply of
the input process products. Thus, the class of systems with
continuous supply of products of directional effect was not
considered. For the same reason, stability related issues have
not been studied since stability issues do not arise in the
systems of this class.

Parameters of the heating system were determined in
such a way that the region of admissible controls covered the
entire range of profitable controls. In turn, parameters of the
buffering system were chosen so that there was no shortage
of end products in conditions of maximum demand.

In conditions of modernization of existing technological
systems, this possibility cannot always be realized. Thus, the
extremum of minimum costs and/or maximum efficiency
may appear outside the scope of available controls. Actual
parameters of the buffering mechanism may also introduce
correction.

Thus, the proposed approach can be fully used in the case
when the design parameters of the entire technological part
are selected for a certain level of demand (certain productiv-
ity). In this case, minimum costs and maximum efficiency
should fall within the scope of admissible controls.

The question of choice of equipment parameters was not
considered in the study.

It should also be noted that the proposed approach to
synthesis of autonomously controlled single-function sys-
tems will be justified where technological processes are en-
ergy-intensive or, in general, resource-intensive. Otherwise,
an attempt to perform each technological function using a
separate functional system will lead to a significant increase
in the size of equipment and its excessive cost rise.

9. Conclusions

1.1t has been established that the direct functional
relation between process mechanisms narrows the range
of effective controls and, accordingly, reduces efficiency of
resource usage.

2. Architecture of a complete system responsible for
qualitative and quantitative parameters of the end products
in the process of interaction with the systems providing re-
sources and consuming end products was synthesized.



3. A module for identifying the range of effective controls 4. A structure of complete functional system with a por-
has been synthesized. Its use makes it possible to define the  tioned supply of process products was synthesized. Control
left and right boundaries of the range of admissible controls.  of the conversion process of such a system is a function of
The left boundary of the range of permissible controls corre-  the resource level in the buffering mechanism. The rate of
sponds to the maximum value added and the right one to the  change of control in the system depends on the change of the

maximum value of resource usage efficiency. level of demand for end products.
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