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ITidsuwennsn edexmuenocmi Oe3nepepéHux mex-
HONOZIMHUX NPOUECIE HA NPAKMUYT CYNPOBOOIHCYEMbCSL
neenumu mpyonowamu. Hasenicmo yux mpyonowie
00YyMOBIEHA MUM, WO AKICMb GUXIOHO20 MEXHON02IY-
H020 npodykmy PynKyionansbHo Noeu3ana 3 Geauuu-
HO10 eHepzocnoscusanns. B ceotro uepey, sidcymnicmo
HeoOXiOHuUx cmynenis c60600u, 6 pamxax 00CHi0NHCY-
6aHOi cucmemu, 00MeNHCYE ONMUMIZAUIUHT MOIHCAU-
80Cmi npoyecie YynpasaiHus.

Jlna nidsuwenns cmynenié c60000u YynpasainHs
mexHo0iuHUE Mexanizm Oye pozdinenutl na mex-
Honoziuni cexuii. Cexuii 0o36ons10mo 30upamu Hesa-
JLeAHCHT MOOYJL, KONHCEH 3 AKUX MAE C6010 nidcucmemy
cmaoinizauii axicnozo napamempy mexHoa02iuH020
npooyxmy.

Taxuii nioxio 00360au6é écmanosr06amu pizi
mpaexmopii IMiHU AKICHUX napamempié mexHoJioziu-
H020 NPodyKmy 68 pamxax ooHiei 6upodHu40i cmadii.

B pesyavmami docnioxcenns 6yno ecmamnoe.ie-
HO, W0 3MIHA CMPYKMYPU MEXHON02IMHO20 MeXAHI3-
My (Kinvkocmi MoOyie) i mpaekmopii 3minu AKicHo-
20 napamempy mexHon02iMHO020 NPOOYKMY 003605€
3MIHI06AMU 3A2ATIbHY 6ENUHUNY eHEP2OCNONCUBAHHS §
3HOCY POBOUUX MEXANHIIMIE YCMAMKYBAHHSL.

3anpononosanuil nioxio 00360ue ompumamu 06i
cmyneni c60000U YnNpaeiHHA: MONCAUGICMb 3MIHU
CeKuiiinoi cmpyxmypu 6 MOOYNbHI Cucmemu, Wo Camo
cmaoinizyromvcsa, i aMinu mpaexmopii axicnozo napa-
Mempa mexHo02iun020 nPooyKmy 6 pamKax eupoo-
Hu4oi cmadii.

Ompumanns cmynenie c60600u YnpaseiinHs, 6
C6010 uepzy, 00360UN0 3MiHIOGAMU edexmusHicmb
BUKOPUCMANNA PecYpPCi8 be3nepepenozo mexnonoeiv-
H020 npoyecy i po3podumu memoo cmpyxmypHo-na-
pamempuunoi onmumizauii. B saxocmi xpumepiro
onmumizayii UKOPUCMOBYEABCA OUIHOUHUL NOKA3-
HUK, AKUU NPOUWLO8 NEePesipKY HA MONCIAUBICHL 1020
BUKOPUCMAHHSA 8 AKOCMI Kpumepiio ejpexmusrocmi.

B pesyavmami, onmumizauiini MoHcaAUB0CMI
YNPAasainHa iICMOmMHO 3pocmaioms.

Ipunyunu nioxody posensdaromvcsa 6 podomi na
npuxnadi 00Ho-, 080x- i mpbox cmaoiiinozo npouecy
Oe3nepepenozo nazpisy piounu

Knwuosi cnosa: cmpyxmypno-napamempuuna
onmumizayis, epexmuenicmo Gesnepeperozo npove-
¢y, Geznepepenuii mexHoL02IMHUE NPoOUeC

0 0

1. Introduction

At the stage of automation development [1], it was ob-
vious that the main problem of any production structure is
maximizing resource efficiency in the required quality with
the necessary performance production course [2].

Technologically more difficult these issues are resolved
in systems with continuous input products supplying. For
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achievement of required quality here it is necessary to re-
solve the tasks of output products qualitative parameters
stabilization [3].

It is known that additional launch losses reduce the over-
all technological process efficiency, for the maximization of
which the continuous systems initially have fewer possibili-
ties. This is due to the fact that in systems of this class, the
quality and productivity are functionally interrelated [4].




For example, if a consumer needs a hot liquid of the set
temperature, then changing the intensity of cold liquid sup-
ply and selecting the intensity of energy product supply, one
can choose the most efficient mode of the heating system
functioning.

But the consumer needs a product that has not only the
required qualitative, but also the quantitative parameters.
Therefore, the problem of increasing efficiency in continuous
systems is associated exclusively with the use of structural
changes in the technological part.

The degree of freedom of control can be obtained if in-
ventory control systems (the buffering system) are arranged
between the systems the technology products qualitative
parameters of which change.

In that case, within the continuous system, the issue of
ensuring the required qualitative parameter of an output
product, taking into account the efficiency maximum is re-
solved. Within the buffering system, it is possible to receive
an output product with the necessary qualitative and quan-
titative indices, taking into account the maximum efficiency

as well [5] (Fig. 1).

—» CCP, —» BS; —> CCP; —» BS; —» CCP: —» BS: —»

Fig. 1. The structure of a continuous production process, the
conversion stages of which are separated by buffering systems:
CCP — continuous conversion process, BS — buffering system

The practical implementation of this principle can be
restrained by two factors.

The possibility of intermediate buffering can be excluded
for technological reasons.

The second factor has an economic basis. Buffer systems
link large volumes of intermediate products. The perfor-
mance of converting system should be higher when it is the
closer to the beginning of the technological chain. Other-
wise, the principle of the production process continuity and
the possibility of its optimization at subsequent stages will
not be ensured. Accordingly, the more productive transform-
ing system interacts with a buffering system with a large
volume of buffering mechanism.

Due to this, the dimensions of the technological systems
increase significantly.

For these reasons, the majority of power-consuming and
resource-intensive industries use the technology of continu-
ous converting process [8] (Fig. 2).

—» CCP, —» CCP, —» CCP; —»

Fig. 2. The structure of a continuous production process
in which the converting stages are functionally connected
among themselves

With this approach, the careful coordination of the
parameters of the functionally related equipment is neces-
sary at the design stage. But in the course of functioning,
qualitative parameters of input products, especially on
the initial stage of production, can strongly change [9].
Inevitably, cost estimates of input and output production
products [10] and also consumer demand for an end prod-
uct change.

For these reasons, optimization capabilities of continu-
ous engineering procedures of the interconnected convert-
ing class systems are extremely limited.

Changing the technological parameter of any pro-
cess, as a rule, leads to a change in the performance of
the entire line equipment, which requires new settings of
all architecturally related parts. Such a reconfiguration
in resource-intensive and energy-intensive production
can take up to half an hour or more [11]. At the same
time, such a process is more aimed at stabilizing quality
indicators, since increasing the efficiency of one stage of
production does not automatically increase the efficiency
of all related processes.

Nevertheless, the optimization capabilities of continuous
conversion systems can be significantly increased if the tech-
nological mechanism is implemented as a sectional structure.
In the event that each module of the technological part has
its own structure for stabilizing the quality of the output
product, efficiency can be improved by changing the control
parameters within a single production stage.

Therefore, the development of methods for efficiency
increasing of continuous technological processes is an im-
portant scientific task.

2. Literature review and problem statement

The issues of the possibility of efficiency increas-
ing for continuous technological processes are being
intensively investigated and directed to the optimi-
zation problems comprehensive solution. Among the
developed directions, it is possible to single out works aimed
at improving the design features of conversion systems [12],
reducing the process cost by varying the parameters of input
technological products [13] and settings decentralization
[14]. At the same time, the directions that can solve the use
of structural optimization are not investigated in the works.

Most of the works dealing with the theme of continuous
technological processes optimization are traditionally asso-
ciated with the creation of new or development of existing
optimization algorithms [15]. Thus, an algorithm for opti-
mizing continuous processes based on the natural hydro-
logical cycle in [16], a combination of the method of hybrid
spectral collocation and the method of homotopy analysis
in [17] and multimodal optimization in [18] have been pro-
posed. A distinctive feature of these works is the application
of various indicators as an optimization criterion. At the
same time, none of the indicators investigated in [12—18] has
been verified as a criterion that really indicates the regime of
the most efficient resource use.

It has been noted in [19] that continuous processes
should be optimized taking into account the “competing”
system properties. Among these properties are: the deviation
of the regulated value from the set value, transition process
duration, attenuation of the transition process, stability re-
serve of the ACS modulo and phase, and so on.

The used indicators allow changing the parameters of the
investigated technological processes. But these indicators
are used for stabilizing the stable technological process, but
not for its optimizing.

For the optimization task solving, effective process time
has been proposed to determine in [20].

It is obvious that the optimum mode of functioning of
the system corresponds to quite a certain time of the oper-
ational process. However, the process performance change
leads to a nonlinear change of input and output parameters
of the operational process. Therefore, determination of the



most effective process time, with such approach, requires
the presence of control degrees of freedom. Otherwise, the
optimization process requires the output product qualitative
parameters change.

Therefore, the process of efficiency increasing is carried
out in a fairly narrow range of control changes. Within this
range, the qualitative parameters of the independent con-
tinuous technological process [21] or the whole continuous
production parameters [22] vary within acceptable limits.

Since the range of permissible controls in such condi-
tions is very small, the efforts of technologists are more
aimed at solving the problem of stability, rather than pro-
cess optimization.

Thus, there is the problem of increasing the degrees of
freedom of a continuous technological process, in order to
increase the optimization capabilities for maximizing the
resource efficiency.

3. The aim and objectives of the research

In this case, there is a single control of energy product sup-
ply, in which the specified technological parameters will be set.

For example, in the liquid batch heating system, the
heating to a set temperature at a certain time moment can
be obtained using many controls. To do this, you can change
the intensity of heating in time during one technological
operation process.

Thus, in continuous systems, with a rigidly defined
structure of the technology part, there are no opportunities
for the implementation of optimum control with the use of
parametric optimization principles.

Increases in degrees of freedom can be achieved if a mul-
tisectional technological mechanism is applied.

To conduct the research, the liquid heating system
multi-section model has been created, which has the pos-
sibility to stabilize the temperature parameters at the sec-
tional modules output. Fig. 4 shows a model consisting of
20 fluid flow sections that are combined into two self-sta-
bilizing modules.
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To achieve the aim of the research, the follow- . \
ing tasks have been accomplished: rT—T—T ,,T—T—T

— to construct a sectional model of a dynamic 4 =
fluid heating system with the ability to deter- EPDS; EPDS;
mine the energy consumption and wear of heating YU, Ly,
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— to determine the optimization capabilities
of the sectional dynamic heating system under UE,T Up Ul Ul
the conditions of the set temperature parameter Y

at the output and the required capacity;

— to develop a method of structural-parametric
optimization of the sectional dynamic fluid heat-
ing system.
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Fig. 4. Structural diagram of the dynamic fluid heating system with two

sectional stabilization modules: SLS — cold liquid supply system;

4. Increasing the degrees of freedom of the
continuous system using a modular approach

Compared with the periodic systems, the con-
tinuous systems do not have degrees of freedom, if
the intensity of technological product supply is set.

Fig. 3 shows the structure, within which a cold liquid is
heated to the predetermined temperature with the predeter-
mined capacity.

Heating
System of cold SyElal Consumption
liquid supply system
of hot liquid
System of
energy supply <

4

Fig. 3. The structural diagram of interaction of one heater
heating system with the counterpart systems: 1 — end-to-
end channel of liquid movement; 2 — technological heating
mechanism; 3 — energy supply channel; 4 — control channels

CS — system of heated liquid consumption; EPDS — energy product
delivery system; THM — technological heating mechanism;
SM — synchronization mechanism for data transmission;

FG — functional generator

The heating system operation starts when the signal U is
supplied by the system of heated liquid consumption to the
synchronization input of the SMy mechanism. This signal
is also fed to the synchronization inputs of the mechanisms
SMQ and SM3

The second input of the SMy mechanism is fed with a
cold- liquid rate setting signal (Zy), which, at the time of the
U signal, starts to enter the input of the cold-liquid supply
system of the SLS. With the release of the SLS, a cold liquid
(pcw) begins to flow to the input of the heating mechanism,
made of series-connected technological mechanisms.

The input of the first section receives the input flow of
liquid rW1, and its output generates a more heated fluid
flow pW1. The output fluid flow pW1 of the first heating
section is the input flow W2 of the second heating section,
and so on.

We consider the temperature parameter stabilization us-
ing the example of the first heating module operation. In this
case, the first heating module includes ten heating sections.



From the output of the last heating section,
the temperature parameter Up is applied to the
inverting input of the two-input adder. The sec-
ond input of the adder receives the reference val-
ue of the heating temperature Uzzy. At the output
of the adder, a signal dy is generated, which is fed
to the input of the functional converter Fpy. The
functional converter includes a proportional-in-
tegrating link.

At the output of the functional converter,
a control signal Ug; is generated, which is fed
through the synchronization mechanism to
the SM; input. From the output of SEPD;,
the flow of electricity is supplied to the power
inputs of technological heating mechanisms
THM,~THM;.

The adder, functional converter, synchroni-
zation mechanism and the energy product supply
system, together with the signaling channels
combining them, form a feedback loop. Therefore,
sometime after the work start, the predetermined
temperature is set at the heating modules output.

At the second output, in general, the last
module, the heating temperature required by
the consumer is set. For this, the Uzr signal
is used.

At the output of the first heating module, an
arbitrary value of the temperature parameter
Uzr1 can be set, in the range from the initial
liquid temperature at the module input to the
heating temperature of the subsequent module.
This provides the degree of freedom necessary
for control. At the same time, the correspond-
ing energy capacity is automatically set by the
SEPS; and SEPS, outputs.

5. Formation and processing of data for
the liquid heating operation

In order to process the heating operation
data, the input and output technological products
are registered and can be displayed in the form
of corresponding registration signals: rg;(t) —
the signal of input fluid flow; 7qg(¢) — registration
signal of energy product flow; the signal of heat-
ed liquid flow pq.(¢) (Fig. 5).
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Fig. 5. The system for generating and processing the heating operation
data: rq;(f) — registration signal of input fluid flow; rggf) — power flow
registration signal; rgu(?) — registration signal of heating mechanisms
wear flow; pg,(f) — recording signal of heated liquid flow; RQ, — input
fluid volume; RQs— amount of energy consumption; RQy — wear value of
heaters; PQ; — heated liquid volume; rs; — cost assessment of input fluid
unit volume; rsg— cost assessment of energy product unit; rsyy — unit
wear cost assessment; ps; — valuation of heated liquid unit volume;
RE; — cost assessment of input volume of liquid; REg — valuation of
consumed electricity; REy — cost evaluation of wear of heaters;
RE — valuation of input operation products; PE — valuation of operation
output products; 7O — operation time; Us — signal of operation beginning;
Uc — signal to complete the operation; Uy — total volume of heating
mechanisms

The operation comes to the end at the moment when the
integral value of intensity of liquid flow becomes equal to
the internal volume of the channel of section heating mech-
anisms

t
Iqu (¢)dt > U, =20nR*L.
ts

The registration signal of heating mechanisms wear can
be defined analytically, in the form of the signal which is
functionally connected with the registration signal of a flow
of the electric power.

For determination of the electric heater wear during the
technology operation, the expression T=Tk,* was used
[23]. Here are: T — electric heater service life; 7, — number of
working hours with a rated voltage; &, — relation of the ac-
tual tension to nominal; =14 — change indicator of average
electric heater-service life.

The heating operation is defined by the moment of its be-
ginning and the moment of the end. As heating of flowing lig-
uid goes continuously, the moment of the operation beginning
(ts) is established randomly, with the use of the generator of a
single pulse signal (GS). At this moment, resetting of accumu-
lative integrators is performed and the process of integration
of registration signals of technology products begins.

At this time, the voltage comparator VC is switched. The
differentiating link DL allocates the leading front of KN,
and forms the signal of operation completion Uc. As a result,
the TO signal is generated at the timer output, numerically
equal to the time of the heating operation.

The system for the formation and processing of the oper-
ation data under investigation makes it possible to determine
all the parameters and indices of the operational process
necessary for research.

6. Determination of optimization opportunities for the
section model of the dynamic liquid heating system

For carrying out a control research, the system with
one liquid heating module which consisted of 20 sections of
heaters had been created.



The ambient temperature was 20 °C.

In case of the set heating temperature (Uz7=100 °C), the
power of electricity supply was automatically established at
the level of 60.7 kW. The heaters wear within the heating
operation was 0.0097 %.

At the second investigation phase, the optimization pos-
sibility of the heating process by using a two-modular archi-
tecture of the heating system was defined. For this purpose,
the Uzrs value was changed from 40 to 85 °C. The energy
power given by the SPEP1 and SPEP2 systems was changed
automatically (Fig. 6).
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Fig. 6. Changes of the given electric power on heating
modules sections depending on the established first module
temperature reference value: 1 — change of energy supply on

the first module; 2 — change of energy supply on
the second module

Fig. 7 shows how the total value of energy consumption
of the heating system and the heating mechanisms wear
changed during the change of capacities given on the heating
mechanisms of 1 and 2 modules.
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Fig. 7. Change of energy consumption (1) and wear of
heaters (2) depending on the change of the temperature
parameter reference value of the first module in
the two-modular heating system

At the same time, the energy consumption values in-
crease linearly, and the wear change function has a min-
imum. This means that the total minimum of costs will
correspond to the minimum value of heaters wear.

The energy consumption of the two-modular system
does not exceed the energy consumption of the one-modular
heating system, and wear, due to optimization, is significantly
reduced. At the same time, it is necessary to increase the tem-
perature range of the first modular system to minimize wear.

This means that the heating section model provides the
optimization possibility due to redistribution of capacities
between system modules.

At the following stage, the possibility of structural opti-
mization of the heating process was investigated by the use

of different numbers of heating sections in system modules.
At the same time, temperature parameters at the level of
Uz11=70 °C, Uz19=100 °C were stabilized.

The number of the sections which are a part of the mod-
ules changed.

The number of heating sections in the module 1 changed
from 6 (Fig. 8) to 14. At the same time, the total number of
sections of the heating system did not change.

e -

SEPS, SEPS,

Module 1 Module 2

Fig. 8. The principle of redistribution of heating sections
between modules

Researches showed that redistribution of heating sec-
tions between modules does not lead to the shift of a mini-
mum of heaters wear (Fig. 9).
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Fig. 9. Dependence of the heater wear value on the number
of heating sections which are parts of the first module

Further researches were conducted for the heating sys-
tem that consists of three modules. Each module was
equipped with 7 sections of heaters.

On the basis of research of the two-modular heating
system, the hypothesis was adopted that for minimization
of wear, temperature conditions of each previous heating
module have to be displaced to the right from the settings of
uniform distribution.

So, if the heating temperature should vary from 20 °C to
100 °C, uniform distribution of heating between the mod-
ules will lead to the settings Uyr1=46.7 °C, Uz1n=73.4 °C,
UZT3:100 °C.

The change of the reference value Uzt1 towards increase
showed that the minimum of wear is in the area of 53 °C
(Fig. 10).

After that, the reference value Uzt2 changed towards an
increase. The minimum wear of thermal sections was defined
with the temperature setting about 81 °C (Fig. 11).

The conducted researches show that the modular cre-
ation of the heating system technology part allows increas-
ing the number of degrees of freedom. At the same time, such
technology parameter as wear has an extremum that allows
using optimization methods to increase the efficiency of the
continuous engineering procedure.

It should be noted that a decrease in wear during the
operation can be accompanied by an increase in energy con-
sumption, and an increase in the number of heating sections
to the change of the operation time.



kw W x107

57

0.984
56.5 1
56 0.98
55.5 0.976
55

972
54.5 ‘ L
54 0.968

49 50 51 52 53 54 55 56 I,°C

Fig. 10. Change of energy consumption and wear of heaters
depending on the change of the temperature parameter
reference value of the first module in the three-modular

heating system: 1 — energy consumption value;
2 — wear value of electric heaters
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Fig. 11. Change of energy consumption and wear of heaters
depending on the change of the reference value of the
temperature parameter of the second module in
the three-modular heating system: 1 — energy consumption
value; 2 — wear value of electric heaters

Since the improvement of one parameter may lead to the
deterioration of another parameter, a generalized estimate
should be used to state the effect of the heating operation
[24]. This indicator has been verified for its adequacy to an
indicator of effectiveness [25-27].

For the sake of definiteness, let us assume that the cost
estimate of the unit of electric power consumption is 0.02,
the valuation of the unit of wear is 100, the value of a unit of
cold liquid is 1, and the valuation of the heated liquid is 3.2.
If we determine the operation efficiency with one heating
module, we will get:

2
_ (3.2-2.38)1 0786,
2.38-3.2-0.333

The splitting of the heater sections into two modules
made it possible to select the heating mode of the first
module, in which the efficiency of the process increased by
61.6 %, and the maximum was E=1.27 (Fig. 12).

The splitting of the heating sections into three mod-
ules led to the possibility of obtaining the maximum
efficiency E=0.73 at the first optimization step, to the
efficiency E=0.1 at the second optimization step. And
only at the third step of optimization, the efficiency of
the three-module system exceeded the efficiency of the
two-module system by 2.3 %.

40 45 50 55 60 65 70 75 80
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Fig. 12. Changing the resource efficiency in the two-module

heating system with the temperature parameter change of
the first module

7. Structural-parametric optimization method definition

The conducted researches showed that separation of
the technological mechanism into sections allows creating
a modular architecture of stabilization of the qualitative
parameter of the technological product. In turn, a change in
the architecture of the system with a continuous supply of
the technological product makes it possible to obtain addi-
tional degrees of freedom of control. This approach allows us
to implement the method of structural-parametric optimiza-
tion, which consists of the following:

1. The technological mechanism is assembled from two
or more identical modules, in each of which the quality
parameter stabilization of the technological product at the
individual level is provided. For this, each technological
module has its own stabilization structure.

2. After completion of the stabilization operation, for each
modular operation, in the search mode, such integral param-
eters as cost assessment of input operation products, cost as-
sessment of output operation products and operation time are
defined. The maximum efficiency of the technology operation
is defined. The control of maximum efficiency is fixed.

3.If the number of modules is more than two, the op-
timization process is repeated cyclically for each modular
technology operation from the left to the right.

4. After the search optimization, it is repeated until the
efficiency increase is significant.

5. The optimization procedure is repeated for each new
structure, therefore, the structure, within which the para-
metric optimization provides a significant increase in re-
source efficiency is chosen.

8. Discussion of research results connected with
the development of the structural and parametric
optimization method

The optimization of continuous engineering procedures
under production conditions is a practically difficult task.
This complexity is caused by several factors.

The first factor is the complexity of qualitative param-
eter stabilization of a technology product at the trans-
formation stage. This factor is in many respects caused
by delays which are the more significant the longer the
converting process.

The second factor is caused by the fact that transfor-
mation stages of the technology product are functionally



interconnected. At the same time, the performance im-
provement of one stage of transformation results in the
need to synchronize the performance of the entire chain of
the connected processes.

Division of one stage of the continuous process into tech-
nology modules, with the possibility of independent stabili-
zation, on the one hand, allows increasing the stability of the
dynamic system, on the other — expanding its optimization
opportunities essentially.

Of course, the division of the technology mechanism into
parts can increase by its total cost. In that case, the issues of
the research have to consider this factor.

However, the functional independence of the modules
of the technology part has some more advantages. It is
an increase in maneuverability in the course of delivery
of less dimensional equipment and also the possibility of
completion of the engineering procedure in case of failure
of a separate module.

Of course, the change of the technology product qual-
itative parameter at intermediate stages, generally, has to
be limited so that the quality of the output product does
not worsen.

It is possible to refer the need to control the process of
wear of technology mechanisms to shortcomings of such
approach, as with such approach they will work in the dif-
ferent operational modes. At the same time, the frequency of
maintenance and repair works increases.

9. Conclusions

1. A sectional-modular model of the dynamic system has
been developed, which provides the possibility of changing
the technological mechanism structure. The model can
determine the value of energy consumption and wear of its
working sections. This approach ensures independent stabi-
lization of the quality parameter of the technological prod-
uct in the framework of ensuring the required productivity.

2.1t is found that the proposed approach provides an
increase in optimization opportunities of control processes.
The emergence of such opportunities is caused by the in-
crease in the number of degrees of freedom by changing the
stabilization parameters at the previous stages of the engi-
neering procedure. Increase in degrees of freedom of control
allows expanding the possibilities of search optimization,
and, respectively, engineering procedure resource efficiency.
In the reviewed example, the efficiency of resource use was
increased by 61.6 %.

3. The feature of the proposed method of structural and
parametric optimization is the increase in the number of de-
grees of freedom of control of the continuous technological
process. This gave an opportunity to perform cyclic and con-
secutive optimization by the resource efficiency criterion.
The division of the technology part into modules is stopped
if search optimization results do not lead to a significant
change of resource efficiency.
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