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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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THE CONTROL OF FLEXIBLE AUTOMATED PRODUCTION
OF THE SCRAPER CONVEYERS

Abstract. The analysis of possible energy saving in in the technological process of production of elements of
scraper conveyors containing flexible automated production is given. It consists of complex subordinate aggregate
installations consisting of conveyor lines, robot manipulators and tripods.

The studied technological processes and control systems for electric drives of actuators are multi-connected,
distributed in space, stochastic and multidimensional in the number of control and monitoring coordinates. It is
proposed a methodology of reducing energy consumption of actuators by means of physical-virtual modeling and
parameterization based on estimates of energy costs, by means of planning factor experiments, steep ascending in the
anti-gradient direction of integral quadratic estimates of the control system, which are proportional to the costs of
electricity in transient modes of actuators. The methodology, in comparison with the well-known optimization
methods, is invariant to the type of products developed in flexible automated production, to the laws of distribution
of the semi-finished products flows entering the production line, and is focused on predicting the boundaries of the
saved energy and the life of the electromechanical equipment and improving reliability of electric drive control
systems operation as a part of industrial complexes.

The uniqueness of the method consists in applicability of the developed algorithm of evaluating energy savings
and optimizing technological processes according to the criterion of energy consumption in real time in the condi-
tions of the probabilistic situation of input parameters, regardless of the selected method of setting the optimal
parameters of production line facilities.

Key words: power consumption, electric drive, robotic production, control system, scraper conveyor, metho-
dology, criterion, optimization, parameterization, structure, forecast, resource.

Introduction. Electric motors and systems driven by electric drives are the largest energy consumers
(up to 46% of the total world consumption). It is expected that by 2030, without comprehensive and
effective measures in the field of energy efficiency, energy consumption by electric motors will increase
to 13,360 TWh per year, CO? emissions from energy production for their provision will rise to 8,570 tons
per year, and consumer spending for electricity used in the systems with electric drives, will increase up to
900 billion US dollars [1], p. 11]. Due to the undeniable importance of energy consumption by electric
drives, including robotics in the industrial sector, measures to improve energy efficiency in industry have
a positive potential in environmental, economic and social aspects [2]. In this paper it is studied a multiply
connected, multidimensional, distributed in space, stochastic, “large” in a multitude of coordinates,
control, object of monitoring and controlling representing a complex technological process (TP), which is
a flexible automated production (FAP) in which interrelated work operations under semi-finished products
(SF) performed by robotic arms, robotic tripods and conveyors. In the materials of subsequent studies, we
will call this object as "a large object, mechatronic and robotic", LOMR [3],[4].

Examples of the technological processes in the mining industry are the FAP of mass production of
steel gratings for scraper conveyors, rollers and roller supports of belt conveyors, elements of hydraulic
mechanized supports. In the automotive industry, this is the FAP of manufacturing complex structural
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elements of bodies and subsequent car Assembly processes. In mass light, food and pharmaceutical
production, these are processes related to point contact operations (for example, spot welding and/or
marking, milling and drilling, stamping and screw fastening), with continuous and discrete movement of
parts, partially finished semi-finished products and finished products. Scraper conveyors are constructed
from strips of metal by cutting, welding, drilling, milling, stamping, marking, and manipulation in space.
One of the criteria of the LOMR efficiency is minimization of electrical consumption per unit of the FAP
finished products. This problem is the subject and purpose of research in this paper.

At the same time, the technology of electric energy consumption minimization proposed in this paper
is based on the possibility of using global and local networks to transfer physically received information
from the LOMR to the server of the hierarchical monitoring and control system (MC HCS) of the FAP, in
order to analyze the proximity of the LOMR operation modes to the reference values of power
consumption, with the subsequent development in the ICS of MC algorithms that allow finding the state of
the LOMR and the LOMR control systems (by mathematical and simulation in a virtual server environ-
ment) that improve power consumption, and then changing the LOMR operating modes directly by
transmitting new values of the control device settings (optimal settings: tuning parameters) of the LOMR
control systems.

I. The directions of research in the field of energy savings and energy consumptions efficiency
assessment. The optimization methods, in their calculations do not take into account the laws of
probability associated with stochasticity of real processes. This leads to the fact that any results of the
above studies at real plants will correspond to experimental ones with only a certain degree of probability.

This paper presents methods of monitoring and analyzing energy consumption, which allow to
develop mathematical models for estimating parameters in order to further optimization of energy
consumption and, consequently, minimization of production costs, taking into account stochasticity of the
processed flows. The developed methodology makes it possible to design new and to modernize the
existing production lines according to the criteria of energy efficiency and to minimize energy
consumption in the long term.

I1. Methodology of assessing energy consumption reducing in flexible automated production.

2.1. Objects of the system that affect energy saving in the FAP conditions. Considering the properties
and characteristics of robots, conveyors, local and global networks, flows of structural elements, semi-
finished products, it is proposed to optimize power consumption by parameterizing automatic drive
control systems. The processes of searching for the optimal parameters of control systems are solved
virtually, using the mathematical and simulation methods and planning of factor experiments on the server
of the FAP hierarchical control system (HCS).

The FAP HCS, including telecommunication networks, servers and specialized software and
hardware, provides integrated management of technological structural elements and solves systemic
problems of optimizing FAP power consumption. Input semi-finished product flows are received for
processing by the LOMR elements in stochastic sequences, the patterns of which are known but can
change. The information of the SF flows is transmitted through the global and local telecommunication
channels. The treatment processes of each semi-finished product and groups of SF robots, manipulators,
robots, tripods and the movement of SF conveyor plants are characterized as deterministic processes. This
suggests that ranges of criteria for controlling robots and conveyors can be calculated both by direct and
integral estimations, as well as stability conditions for the LOMR elements with their automatic control
systems.

2.2. The Sources of minimizing energy consumption in the FAP. In deterministic automatic control
systems, it makes no sense to look for some unique methods and tools of saving energy consumption [5].
This is a technical task of parametric optimization with various options for the electric drive and the
structure of the ATS. The selected types of electric drives and the structure of the ATS in the FAP are a
means of minimizing electric energy consumption, and the probabilities of a possible level of energy
consumption are determined by the existing laws of stochastic processes in the FAP and are the aim of
research in this scientific work.

2.3. Algorithms for minimizing power consumption by LOMR control systems. The stochastic nature
of receiving semi-finished products creates a problem of estimating the ranges of possible energy values in
the FAP.
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Supposing that characteristics of the semi-finished products flows to various lines of robotic
manipulators are known, and that these flows are characterized by well-known distribution laws (for
example: normal, Poisson, etc.).

The enlarged algorithm of minimizing power consumption in flexible automated production using the
LOMR automated electric drive, targeted parametric optimization of the LOMR ATS and under the
supervision of a hierarchical control, monitoring and control system (MC HCS) of the FAP is presented
below.

The information of the semi-finished products flows is transmitted through global and local channels
of telecommunication, is placed in the database and can be processed on the MC HCS server. It is
assumed that the distribution law of the semi-finished product flow arriving at the input R; of the robotic
arm is known. The moment of receiving the first semi-finished product is fixed and the SF processing
program is launched by means of the robot manipulator. The parameters and structure of the automated
electric drive are taken from the FAP database, where they were previously located. Each SF treatment
process is controlled by the monitoring system in the form of recording the coordinates of automated
robotic electric drives and the conveyor in the FAP database. The times of the SF arrival for processing by
the tripod robot k; and its subsequent movement by the conveyor Q; are recorded and placed in the
database of the FAP MC HCS server. Using the coordinate records, the energy costs of the electric drives
for each robot and conveyor work session can be calculated. The ranges of permissible energy costs per
finished product unit for various drive options and local LOMR control structures are placed in the
database in the MC HCS server. In the control period of the LOMR and FAP operation, the possible
electric costs are calculated and compared with the permissible ranges of energy costs. The comparison
results are used to carry out virtual experiments, the purpose of which is to select (by means of simulation
according to the plans of optimal factor experiments and steep ascent in the direction of the anti-gradient
of the integral quadratic estimation of automatic control systems [6], [7], [8] promising options for the
LOMR control systems structures and parameters in the FAP MC HCS. Permissible changes in the
structure and parameters of automated electric drives and the LOMR ATS from the MC HCS are
introduced and technological operations are carried out in the next period of the FAP operation.

3.4. Stochastic characteristics of the semi-finished products flow effect on power consumption in the
FAP In figure 1 the analyzed flexible automated production is considered in the first approximation as a
Markov process with discrete states and continuous time. According to [9], p. 182] the processes (objects
and systems) with discrete states and continuous in time have the following property: “...For each moment
of time to the probability of any state of the system in the future (for t> to) depends only on its current state
(at t = to) and does not depend on when and how the system came into this state (that is, how the process
developed in the past)”.

“Soft” FAP interface “Hard" FAP interface

SPn, i FSPn
i | 2 " . FSPi
S » S, — o A O ~ P aSs L "‘mSm 2 > S| -
SP1 : FSP1
anvciinfg?:n?:;?:siis Defect Semi-products Finished Sps FSP flow
inthe MC HCS server  detection (SP}flow warehouse

Figure 1 — Flexible automated production as a Markov process:
R1 — robot-manipulator; K1 — robot-tripod; Q1 — conveyor, Sz2i —Ri1"SFi; S3i —kiR1"SFi; S4i—QikiR1"SFi

The Sy event is related to the quality control processes taking place in the MC HCS, and the
preparation of the SF flow for subsequent deformation in the LOMR. The detection of a defective SF in
the flow as a Markov process, as well as its removal from the processing line, is event S;. The appearance
of a defective SF can affect the SF flow and then remove it from the circuit (event S;). Therefore, the state
of the SFi obtained for processing by the manipulator R; is controversial and is further characterized as a
probabilistic phenomenon with the estimate: 0<Ai»<1. The information of the design, geometric and mass
characteristics of the SF, as well as time stamps and periods of the movement of the SF between the soft
FAP boundary and the R1 robotic arm, is important. This is associated with the adjustment of the control
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systems R, and subsequently the control systems of the robot tripod k; and the conveyor Q;, according to
the direct and integral quality criteria.

2.4. Analyzing the LOMR into FAP transient processes. The LOMR technological process consists in
the performing by the R; robot of spot welding on SF;, gluing a label on the SF; by the robot-tripod and
moving by the SF; conveyor. The settings of the control systems of electric drives R, k; and Q, are the
only means of affecting the dynamic processes associated with the LOMR. In the enlarged algorithm,
technological operations are promptly performed and information is transmitted via telecommunication
networks to the MC HCS [4], [10]. The actions for the parametric optimization of the LOMR control
systems are performed virtually in the MC HCS by simulation using the technology of planning special
factor experiments in the settings of various control systems for the LOMR electric drives. Figure 2
provides an interpretation of the processes of minimizing power consumption by means of the LOMR
electric drive control systems.

()=o) =1t () = @) =I(t) y() =) =1(t)
» A A
1.5 1.5 e 1.5
1
1.0 1 = 1.0 ; 1.0
2
0.5 0.5 0.5 \2
° . >, O , 0 N
025 05 t 01 02 t 04 08 t
a b c

Figure 2 — Transit processes in the LOMR ACS. Transit processes execution units in control systems:
a — of the robot manipulator; b — of the robot tripod; ¢ — of the conveyor.
Trajectories of movement of executive bodies: 1 - tuning, 2 — optimal

An estimate of the boundaries of possible power consumption can be made on the assumption that
there is a direct relationship between the quality of dynamic processes, estimated by the time dependences
of the coordinates R; ki, Qi, and the cost of electricity for moving actuators, which are proportional to the
square of the deviations of the analyzed coordinates from the reference values.

The situation when the motor of the R; robot’s gripper is positioned geographically by the coordinate
of spot welding (figure 2a, graph 1). Evaluation of the qualitative characteristics of graph 1 (obviously,
they are unsatisfactory) starts the process of parametric optimization, in accordance with paragraphs 9 and
10 of Section 2.3. The result of the decision on the next cycle of the R1 operation is graph 2 of the grip
movement.

The situations are similarly interpreted when the k; robot tripod sticks a label on the SF; located on
the moving traction belt of the Q; conveyor. Then, virtually in accordance with paragraphs 9 and 10, there
is made a search for the optimal settings, characterized by graphs 2 (figure 2, b and c).

I11. The methodology of assessing the boundaries of the probable energy consumption of energy
conservation in the FAP. Supposing that the process equipment R; k; and Q; is installed in the FAP (look
at figure 1). In modern reality, the state of the means of collecting and processing information, various
implementations of monitoring and control systems for technological units R; k; and Q; are possible. Next,
we consider several options for operation of the FAP and Ry, k; and Q; in order to assess the minimum
energy consumption ranges in the FAP, including:

FAP1. Computer vision systems (CVS) record the moments of receiving SFi for processing R; k; and
Qi. The CVS information is transmitted via global and local telecommunication channels, placed in a
database and can be processed in the MC HCS server. All processes in the FAP are considered
deterministic;

FAP2. The FAP in figure 1 is considered as a Markov process with discrete states and continuous
time;

FAP3. The operation of the FAP with the CVS (i.e,, as in FAPI) is affected by the possible
occurrence of defects in the elements of the SF;
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FAP4. The FAP functioning is considered as a Markov process (as in FAP2) and the impact on the
work of the FAP is considered to be the occurrence of defective SFs (as in FAP3).
3.1. Analyzing possible energy consumption reducing in FAPI. The number of operations in AAP 1

for the conversion of Si, where i = 1,n, using Ry ki and Q; is 3n. let’s suppose that the energy costs for
translating the EDO are proportional to the areas of deviations of the transients from the given values of
the adjustable coordinates in figure 2, and the settings of the ATS, in order to move from processes
characterized by temporary, not optimal dependences 1 (figure 2) require at least m virtual experiments in
the MC HCS (m = mugy1+meyotmgys, where myy1, mayo, mgy3 is the number of virtual experiments with
models and control systems of the R; k; and Q; installations. For example, for the controllers with two
tuning parameters, the planning matrix requires no less than (2*+1) experiments [11], coefficient MK
[[Energy units]/[y ] [Reg. values]] and supposing that in the first approximation of the area Sy (for Ry), Sy
(for ki) and Ssy (for Q1) the deviations of transients from the given values of the controlled coordinates of
type 2 (see figure 2) are no less than SK-times smaller than the corresponding areas of processes 1 in
figure 2 (for example, when SK = 0.5, the area of type 2 is two times smaller than the area of type 1).

Taking into account the introduced notations and assumptions, we determine the energy indicators of
FAPI.

1. The total energy consumption for carrying out technological operations on R, k; and Q; with the
initial (not optimal) parameters of the regulators:

Qmax = MK« (Sly + SZy + SSy) - (3n). (1)
2. Power consumption for the Ry ki, Q; EDO ATS tuning:
Qconf = MK+ (Sly + SZy + Ssy) - (m). 2
3. Power consumption after the R; ki, Qi EDO ATS tuning:
Qmin = SK* MK - (S35 + Sz, + S35) - 3n — m). 3)

4. The value of maximally possible energy saving:

AQmax = Qmax - Qmin- (4)

5. The range of possible energy saving:
QCOnfSAQSAQmax- (5)

3.2. Analysis of possible reducing of energy consumption of FAP2. The following assumptions might
be done regarding to FAP2 (T — the period of operation): the SF; flow entering for processing at R; is a
Markov process; the time cycle of processing SF; on R; ki and Q; is a known value equal to ts; SF;
processing ends when the SF; arrives beyond the “hard” FAP boundary; processing the SFi:1 of the semi-
finished product begins after the end of the ts period (relative to the beginning of the processing of SF)
and subject to the appearance of SFi+; at the “soft” FAP interface (figure 1); the conditions, designations
and parameters previously adopted for FAP1 are also valid in the case under consideration. These
assumptions simplifying the analysis process allow obtaining for FAP2 conditions of type (5) with a
probabilistic characteristic of the left and right boundaries. It is obvious that in the LOMR monitoring and
control system, quantity counting devices processed at a specific point in the SF; time will be required. It
is technically not difficult to develop a discrete system that controls the passage time of SF; through R; ki,
Qu, fixing the duration of the operation ti;rand its cycle number jiss. At the moment of the end of the FAP2
T operation period, the number of processed SF; will be equal to Njsr = T/tjsr. Then Qmin is calculated from:

Q min = SK- MK (815, + Sz, + S3) - (3Nj5; — m), (6)
and Qmax as follows:
Qmax = MK=* (Sly + SZy + SBy ) * (3stf) (7N

For FAP2 relations (4) and (5) are valid in the probabilistic setting, due to the fact that the SF; flow at
the input of FAP2 is a Markov process. Suppose that the laws corresponding to the flow of SF;
characterize it as follows: “...stationary, without aftereffect, ordinary. Such a flow is called the simplest
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one (... or stationary Poisson flow)” [9], p.202] that plays the same role in the queuing theory as the
normal distribution of random variables in the probability theory [12], p.11]. Then, we assume that the
intensity Se as the average number of possible SF; receiving at the input of the FAP is a constant value:
S = const, the probability of receiving semi-finished products SF; in the interval of time t in the amount
of k will be calculated by the Poisson formula [9], [12]:

)k
P.(t) = % e~ srit) (8)

Using an algorithm for calculating the probabilistic characteristics of an element of the simplest flow
of events with intensity Sss=const [9] to estimate the time interval tts; between the occurrence of the SF;
event on the “soft” FAP interface and the next SFi+; event on the time axis T.

The distribution function determines the probability of the fact that the tt.s value will become smaller
than the time axis T: F(t) = (ttss < T).

Supposing that the SF; arrives at the soft boundary of the FAP at time tto. The possible time of
receiving the next semi-finished product can occur during the TT period. It is necessary to determine the
probability that the interval ttss, through which SFi:; will be smaller than TT. For this, it is necessary that
at least one flow event falls on a section of the TT length adjacent to the point tty. The calculation of the
probability of this F(t) is possible through the probability of the opposite event (i.e., to assume that no
flow event will fall on the TT section) [8, p. 204]:

F(t) = (1 —Py). C)
Here the Py probability is found by formula (8) at k = 0:
)0
Py(t) = %e—(ssﬁﬂ = e Ssfi't) (10)
then the function of tty; distribution will be:
F(t) = 1 — e~ s, (t>0), (11)

and the density of the random value tt; distribution will be:
f(t) = Ssu 5L, (1> 0). (12)

The ttss with the density of distribution (12) is described by the exponential law of distribution. At
this mathematical expectation and the mean quadratic deflection of the tts; for the conditions considered
are equal to each other and inverse to the S parameter [[9], pp.204, 205]. For FAP2 expression “the
element of probability of the event occurrence” is also important [[9]]. For the period of tuning FAP2 SF;,
(i.e. ati=1, ..., m) and the last in the flow semi-finished product in FAP2, SF;, (i.e. at i= Njsr) “the element
of probability of the event occurrence’’ is calculated by formula (8) and defines the probability of
successful tuning the EDO ACS R ki, Q; (for k = m):

Ssfi't m J
Py (1) =S e=Serit (13)
i.e. it is the probability of the “left” range of power saving (5) for FAP2, and for the “right” range (5),
when k = N, the probability will be equal to:

Py (t) = Ssrst e~ Ssfi't (14)

3.3. Analyzing possible power consumption reducing in FAP3. The structure of FAP3 will be
considered as a closed collection of series-connected devices and virtual information packets. Supposing
that the production line receives SFs, among which there are defective items, which lead to the omission
of its processing. To increase the reliability and efficiency of this process, it is necessary to use formal
mathematical and simulation methods [13] and take into account the probabilistic nature of the appearance
of a defective SF on the processing line. The time T of the FAP operation and the processing cycle of the
SF, - tjugp remain unchanged, but the total number of SFs supplied to the processing will decrease and will
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be equal to nge¢<n, respectively, the number of processed semi-finished products at the end of T will be
Nnger< Njssi. Then, when evaluating the energy savings in formulas (6) and (7), Njsi should be replaced by
Nnger:

Qmin = SK- MK - (S35 + Sz, + S35) - 3Nnges — m), (15)
Qmax = MK~ (Sly + SZy + S3y) ’ (3Nndef)- (16)

The probability of operability of a system consisting of series-connected devices is equal to the
product of the probabilities of each device, and the failure (inoperability) of one device makes the entire
system inoperative [14].

We characterize the magnitude of the energy savings AQ in FAP3 as a random value equal to the
difference between the actual value AQ,,,, and the estimate AQ,,,,. Then, with probability A, the
AQqxVvalue is determined in a certain confidence interval Iy:

p ((AQmax - Aémax) < Se) < /L (17)

where AQ,qx is an unbiased estimate AQ,,,,, determined as mathematical expectation M (AQ,qx) =
= AQmax- _

The range of possible AQ,, 4y, Values when replacing it by AQqx > Will be te. and (17) can be
presented in the form [12]:

P {(AQmax — €)(AQmax + Eo)} = 4. (18)
Equality (18) means that the AQ,;, 4, value with probability A falls into the interval
I = {(AQmax — €c)(AQmax + €c)}- (19)

Here, the AQ,,4, Value is not random but the I, interval is random. The interval I, position is random
and is defined by the AQ,,,, center. The interval length is also random and is equal to 2-g.. From here it
follows that with observing condition (17), the energy saving value AQ,,,, in the 2-&. interval can be equal
to 0.607AQ. Here the AQ,,4= 0.607A value will depend on the S; event that reflects the state of the
sequence closed structure of FAP3, and the probabilistic assessment of this state can change periodically
in the range of 0< A< 1 (in figure 1 A1z = A).

3.4 Analyzing the probability of power consumption reducing in FAP4. Possible results of decreasing
power consumption in FAP2 and FAP3 do not imply estimates other than those already obtained above. In
this case, the only new control will be switching the FAP state from the FAP2 option to FAP3 and vice
versa.

Conclusion. The above theoretical principles and algorithms for evaluating power consumption, as
well as structural and algorithmic proposals for the implementation of control, monitoring, regulation,
automatic and automated control processes with parameterization of control systems for executive devices
according to criteria for minimizing power consumption, suggest the possibility of developing a universal
methodology that is invariant to the type of products developed in the FAP and the laws of distribution of
the semi-finished products flows entering the FAP. In the work an urgent scientific problem of developing
a methodology of building principles, studying and improving of flexible automated productions with
aggregated robotic installations driven by electric drives of has been solved.

JI. T. HInakosa', 3. Mopapy?, b. H. ®emnn', K. M. Toxmerona!, E. B. Kanamnukosa'

! Kaparanpl TeXHUKATBIK yHHBEpcHUTeTi, Kazakcran;
2 ByXapecTTiH NOMUTEXHUKANBIK YHUBEPCUTETI, PyMBIHHS

CKPENEPII KOHBEMEP OHJIIPICIHIH UKEM/II ABTOMATTAHJIBIPBLIIFAH
OHIIPICIH BACKAPY

AHHOTauusA. Vkemzi aBTOMaTTaHABIPHUIFAH OHIIPIC KypaMbIHA KIpETiH CKpeTepii KOHBeepiep dIeMeHTTepiH
(bemmexTepin) OHAIPYAIH TEXHOIOTHSIIBIK MPOIECIH/E SHEPTHSIHBI YHEMISYIiH BIKTUMAJ TaJlaybl KenTipiareH. byn
OHJIIPICTIH KypaMblHa KypJeni OarbIHBINITHI arperaTTajifaH KOHABIPFbLIAP, aran aWTKaHAa KOHBEHEpJiK jKewiep,
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POOOT-MaHUTYIISITOPIAAp JKOHE TPUIOATAP Kipeai. 3epTTelin OTHIPFaH TEXHOJOTHSJIBIK MPOIECTep MEH aTKapyIIbl
KYPBUIFbUIAP/BIH 3JIEKTpP JKEeTeriH Oackapy Kyienepi KermOaiaHbICThl, KEHICTIKTE TapaThbUIFaH jkoHe 0ackapy MeH
OakplIay KOOpAMHATAJIap CaHbl OOMBIHINIA KOMOJNIIeM/ >KOHE CTOXACTHKAJIBIK OOJBIT TaObUIaAbl. ATKApYIIIbI
KYPBUIFBUIAPBIH aybICTIANBI PEXUMIEPIHIE JIEKTP YHEPrHs LIBIFBIHAAPbIHA TPONOPHUOHAIABI OOJIBIN TaObLIaThIH
(hakTOpIBI IKCIEPUMEHTTEP MEH OacKapy *KYHECiHIH MHTETrpajjibl KBaJpPATThIK aHTHIPAIMCHTIHIH OarbIThIHA TiK
KOTEepUIY/i Kocmapiay HerisiHme (QU3MKaIbIK-BUPTYaIbl MOJICIBACY MEH 3JICKTP SHCPTHUSACHIHBIH IIBIFBIHIAPEIH
Oaranayra HETI3JICNITCH MMapaMeTpU3alus Kypaigapbl apKbUIbl JIEKTP 3HEPTUSACHIH TYTHIHYIBI a3alTy OJIici YCBI-
HBUTFaH. Y CBIHBUIBII OTBIPFAH OJIiC OENTili OHTAMIAHABIPY SHICTEPIMEH CaJBICTHIPFAHIA, UKEMII aBTOMATTaH]IbI-
PBUIFAH OHIIpICTE JKacallFaH OHIM TYpiHe, OHAIPIC KeTICiHe TyCeTiH KapThulail (habpuKaTTap arbIHIAPBIHBIH TapaTy
3aH/IBUIBIKTAPbIHA OAMIAHBICTBI ©3repPMEi/Ii KOHE IJICKTPMEXAHUKAJBIK JKAOIBIKTHIH YHEMJCITCH JHEPrHsIChIHBIH
IICKapaNBIFBIH JKOHE TO3y Mep3iMIepiH Ooirkayra, COHBIMEH KaTap OHIIPICTIK KemIeHAEpHiH KypaMblHa KipeTiH
AIIEKTP JKETEKTEePiH OacKapy *KyiiesaepiHiH )KYMBICHIHBIH CEHIMALTITIH apTThIpya OaFbITTaJIFaH.

Y CHIHBUIBIN OTHIPFAH QMICTIH OIpereiIiri - xacajublHFaH (MaKajiaaa YChIHBUIBIT OThIPFaH) allOPUTM/Il TEXHOJIO-
THSUIBIK TIPOLECTEPAIH Kipic mapameTpiiepiHiH bIKTUMAIIBIK CHIIATHI JKaFalblH/Ia HAKThl YaKbIT PEKHUMIHAE dHEp-
THSIHBl TYTBIHY KpUTEpHiii OOWBIHIIA SHEPrusi YHEMJIeyAi Oaranay KoHE TEXHOJIOTMSUIBIK MPOLIECTEepli OHTailaH-
JIBIPY YIIIH KOJIAHBUTYBIH/IA XKaTBIP.

Tyiiin ce3aep: 21eKTp SHEPIUSCHIH TYTHIHY, 3JEKTp JKETeri, poOoT eHAipici, backapy xyiieci, ckpenepiii KOH-
Beliep, ollicTeMe, KpUTepUH, OHTaMIaHABIPY, TapaMeTPU3alHs, KYPhUIbIM, O0JDKaM, pecypc.

JI. T. lInakosa', 3. Mopapy?, b. H. ®emun’', K. M. Toxmerosa!, E. B. Kanamnukosa'
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YIPABJIEHUE 'NBKUM ABTOMATU3UPOBAHHBIM ITPOU3BOACTBOM
M3IOTOBJEHMS CKPEBKOBBIX KOHBEMEPOB

Annotanus. [IpuBeneH aHanu3 BO3MOXKHOI'O SHEProcOepekeH sl B TEXHOJIOTHUECKOM ITPOLIECCe MPOU3BOICTBA
9JIEMEHTOB (zeTaneil) CKpeOKOBBIX KOHBEHEpOB, colepikalieM TMOKoe aBTOMAaTH3MpOBaHHOE IPOU3BOJCTBO. B ero
COCTaB BXOJSAT CJIOHOIIOMYMHEHHBIE arperaTMpOBaHHbIE YCTAHOBKHM W3 KOHBEHEPHBIX JIMHHUH, pOOOTOB-MaHHMITY-
JISTOPOB U TpUNOAOB. Mccnenyemble TEXHOJIOIMYECKHE IMPOLECCHI M CHUCTEMBl YNpPaBIIEHHUs 3JIEKTPONPHUBOAAMU
UCIIOJHUTENIBHBIX YCTPOUCTB SIBJIIOTCS MHOTOCBSI3HBIMH, PACIPENECICHHBIMU B IPOCTPAHCTBE, CTOXaCTHYECKUMHU U
MHOIOMEpPHBIMU IO KOJIMYECTBY KOOPAMHAT KOHTPOJIS, YIpPaBICHHS M MOHHUTOpHHra. Ilpennaraercs MeTonuka
CHIDKCHHUSI TOTPEOJICHUs 3JIEKTPO’HEPTHH HCIIOIHUTEIBHBIMA YCTPOHCTBAMH CPENCTBaMH (PM3HKO-BUPTYaIbHOTO
MOJIETIMPOBAHMS M MapaMEeTPUPOBAHUS HA OCHOBE OLICHOK 3aTpaT 3JIEKTPO3HEPTHH, ITyTeM IIaHUPOBaHUSA (haKTop-
HBIX 9KCIEPUMEHTOB, KPYTOTO BOCXOK/ICHHS B HAIPaBJICHUN aHTUTPAANCHTA HHTETPAIBHBIX KBaIPATHIHBIX OLEHOK
CHCTEMBI YIPaBJICHHS, IPONOPIHUOHAIBHBIX 3aTPaTaM 3JICKTPOIHEPTHH B NMEPEXOJHBIX PEXHMMAaX HCIIOIHUTEIBHBIX
ycrpoiicts. IlpennoxeHHas MeToanKa, B CPABHEHUH C M3BECTHBIMU METOJAaMM ONTHMH3ALUH, MHBAPUAHTHA K TUILY
W3EIMH CO37aBaeMbIX B T'MOKOM aBTOMAaTHU3MPOBAHHOM IPOM3BOJICTBE, 3aKOHAM pacIpeAeIeHUs] MOTOKOB II0JIy-
(haOpuKaTOB, MOCTYNAMOLIMX HA MPOU3BOJACTBEHHYIO JIMHUIO, U OPUEHTHPOBAHA HA MPOrHO3MPOBAHKE I'PAHMI] CIKO-
HOMJICHHOM 3HEpPIHH, HM3HOCHOTO pecypca 3JIEKTPOMEXAaHHYECKOTo 00OpyNOBaHHMSA M IOBBIIIEHUS HAJEKHOCTH
9KCIUTyaTall CUCTEM YIIPABICHUS AIEKTPONPUBOJAMH B COCTABE MPOMBIIUIEHHBIX KOMILIEKCOB.

YHHKaJIBHOCTH MPEIOKEHHOT0 METO/1a 3aKII0YaeTCs B IPUMEHNMOCTH pa3paboTaHHOTO aJITOPUTMa JUTSL OLICH-
K{ 3KOHOMHH 3JIEKTPO3HEPTHH M ONTHMHU3ALUU TEXHOJIOTHYECKHUX INPOLECCOB 10 KPUTEPHIO 3HEPronoTpeOieHus B
PEKHME peanbHOr0 BPEMEHHU B YCIOBHUIX BEPOATHOCTHOI'O XapaKTepa BXOIHBIX NMAapaMETPOB TEXHOJIOTHIECKUX IIPO-
LIECCOB.

Ki1roueBble c10Ba: 3J€KTPONOTPEeOIEHNE, IEKTPONPUBO, POOOTOTH3NPOBAHHOE MHPOU3BOJCTBO, CHUCTEMA
yIpaBJeHUs, CKPEOKOBBIH KOHBEIep, METOIMKA, KPUTEPHH, ONTUMHU3ALKs, TapaMeTPUPOBaHHE, CTPYKTYpa, IPOTHO3,

pecypc.
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