INFORMATION
TECHNOLOGIES

UDC 004.891:622.232

A.V. Bublikov, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0003-3015-6754,
V.V.Tkachov, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0002-2079-4923

DOI: 10.29202/nvngu/2019-3/19

Dnipro University of Technology, Dnipro, Ukraine, e-mail:
bublikov.a.v@nmu.one; tkachev@nmu.one

AUTOMATION OF THE CONTROL PROCESS OF THE MINING
MACHINES BASED ON FUZZY LOGIC

Purpose. To improve the efficiency of mining equipment functioning through the introduction of fuzzy inference
algorithms into the control of mining facilities being complex objects with dynamic, randomly varied operation
modes.

Methodology. A stage to determine nonfuzzy input variable systems as statistic indices has been added to univer-
sally accepted algorithm of a fuzzy interference. The indices make it possible to identify operation mode of mining
equipment or operation mode transitions. Each input nonfuzzy variable of the system is a result of statistic processing
of information signals from the sensors to find unique regularities within the signal; the regularities should correspond
to one or several operation modes of the machine, or transitions between them. Additional linguistic input variables
of “Previously, their operation mode was...” are introduced to trace temporally varied operation modes of the mining
machine. Taking into consideration features of input nonfuzzy variables formation, the system performs fuzzy infer-
ence discretely in time; in this context, fuzzy inference interference algorithm is added by the conditions for data ac-
cumulation, variations, and zero variations in the machine operation mode.

Findings. A technique to integrate a behavioural model of a mining machine, considered as a control object, into
a fuzzy inference algorithm has been proposed. Moreover, recommendations, concerning determination of both non-
fuzzy and linguistic input variables of the system, formation of a basis of fuzzy products, and determination of condi-
tions for data accumulation have been formulated.

Originality. Originality of the proposed technique is to use a behavioural model of a mining machine, considered
as a control object, for the fuzzy inference algorithm in the form of a set of operation modes of a machine and in the
form of a scheme of time-dependent changes in operation modes.

Practical value. The proposed technique is theoretical basis to solve topical scientific and application problem as

well as to use nonfuzzy algorithms to control mining machines to improve their efficiency.
Keywords: mining machines, fuzzy inference algorithm, operation modes of the machines

Introduction. Mining industry applies a great num-
ber of equipment and facilities developing significant
mechanical forces resulting from the branch specific na-
ture [1]. Moreover, a tendency toward constant intensi-
fication of mining operations along with simultaneous
increase in power intensity of the equipment should be
mentioned. As a result, mining enterprises are among
the largest Ukrainian electrical energy consumers. At
the same time, in Ukraine, consumption index of ener-
gy resources to mine a ton of coal is one of the world
highest values. Improvement of the techniques and al-
gorithms to control mining machines is one of the ten-
dencies to decrease the index.

The problem to be solved. Currently, mining ma-
chines are the objects under control involving high in-
formation and electronic component. Mining facilities
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involve dozens of electronic sensors making it possible
to measure dozens of physical values. However, the in-
formation is used only to provide the operation mode of
the machine, predetermined by an operator; or it is
stored to an information carrier and screened online for
operators. Thus, nonavailability of adequate algorithms
to analyze information from sensors in the process of a
mining machine operation as well as algorithms to make
decisions relying upon the online information process-
ing is the reason why control of equipment in the con-
text of mining industry is not efficient due to human fac-
tor (since a decision concerning the efficiency of a ma-
chine performance is made by an operator on the basis
of his/her experience and visual information).
Literature review. Currently, Europe is introducing
changes in a concept of a mining enterprise develop-
ment to improve market competitiveness of energy car-
riers. This measure will help improve the efficiency of
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the mining enterprise, reduce prime cost of its product
as well as environmental impact. General idea of a
“smart mine” concept is maximum coverage of all pro-
duction processes at the mine by high-level intelligent
systems with their integrating into intelligent structure
to control the mining enterprise [2]. Papers [3, 4] ex-
plain foundations to introduce high-level systems for
intelligent control of coal mining in Ukraine. In the
context of the new concept, concerning their design,
control, and diagnostics, mining machines and com-
plexes are represented as mechatronic systems [5, 6].
The fact stipulates changes in the approach as for the
developing a system to control mining facilities when it
is impossible to generate the informative component or
informative-electronic one without taking into consid-
eration interdependences between other components.
Papers [7, 8] contain examples of control of certain
structural assemblies of an object when it is considered
as a mechatronic system. However, the solution is for
local control problems at the level of informative-elec-
tronic component while mining equipment needs an ap-
proach as for the development of a control system at the
level of the informative component.

Currently, under the conditions of intelligent sys-
tems of control and diagnostics developing, a technique,
combining several available methodological approach-
es, is often applied. For instance, in the context of paper
[9], the development of intelligent system to control
preparation technological complex is performed basing
upon the combination of principles of neural control,
intelligent classification, and global optimization. In the
context of paper [10], decision is made relying upon in-
telligent cognition of situations with the help of adaptive
expert system when fuzzy classification matrix is used
for learning. For intelligent control of well drilling, pa-
per [11] proposes to apply a system of adaptive control
along with an identifier of a control object being of a
neuro-fuzzy structure.

It should be mentioned, that in the context of all the
above cases, a mechanism, intended to combine several
methodological approaches if intelligent control system
is developed, is substantiated on the basis of the detailed
analysis of both technological object and the process as
the intelligent control objects.

Taking into consideration the available information
concerning mining equipment control by operators, it is
expedient to introduce expert systems at the level of in-
formation component of the mining facilities. The mea-
sure is one of the most potential tendencies for the fu-
ture progress of intelligent system for mining equipment
control to improve its efficiency. The current nonavail-
ability of expert system to automate processes of mining
equipment, if it is used effectively in other fields, can be
explained by its increased complexity from the view-
point of the equipment being the control objects as well
as complicated environment of its operation. Specific
approach is required to develop expert systems for min-
ing facilities control plus possible combination with
other methodological approaches on the basis of the de-
tailed analysis of the mining machines as the intelligent
control objects.
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Unsolved aspects of the problem. Mining machines
belong to such a type of control objects whose operating
conditions have been studied thoroughly as well as op-
eration modes from the viewpoint of their control. It is
meant that an operator makes a decision relying upon
recognition of certain operation modes of a mining ma-
chine. The complexity of mining equipment control de-
pends upon dynamic and unexpected nature of tempo-
ral changes in the equipment operation mode, on the
one hand, and impossibility to identify categorically the
modes basing upon short-time analysis of sensor sig-
nals, on the other hand. Moreover, joint operation of
several different-nature structural units of a mining ma-
chine interaction with the external environment is a
combination of several physical processes within the
machine’s structural units resulting from the machine-
external environment interaction. In this context, each
of the physical process can have simultanecous effect on
several physical values, measured with the help of the
sensors. Due to complicated nature of a physical pro-
cess, the effect is demonstrated in the form of origina-
tion of a certain complex regularity within the sensor
signal.

Hence, if expert systems to control mining machines
are developed, it is senseless to use algorithm of system
self-learning since all possible situations of machine op-
eration mode are known and well understood with avail-
able mathematical description of external environment
effect on them and physical processes within its struc-
tural units [12, 13].

However, analysis of mining facilities as control ob-
jects has shown that their expert control systems should
be developed relying upon fuzzy inference algorithms
since it is impossible to determine definitely what opera-
tion mode is taking place right now. Moreover, prelimi-
nary processing of sensor signals should be involved to
determine certain regularities reflecting specific physical
processes within the mining machine structural units or
on condition that the machine interacts with external
environment. Papers [14, 15] contain such an example
of sensor signal processing use to identify operation
mode of a shearer.

Purpose. The purpose is to improve the efficiency of
mining equipment functioning at the expense of fuzzy
inference algorithms implementation in the processes of
control of mining machines with dynamically and unex-
pectedly varied operation modes.

Results. A method to develop the system of fuzzy
control is proposed for mining machines with dynami-
cally and unexpectedly varied operation modes being
thoroughly studied and constant, yet being problematic
as for their identification due to complicated operating
conditions. The task of the fuzzy control of a mining
machine is to form insertions for controllers of local sys-
tems of automated control at lower level to provide eco-
nomic, technical, and technological indices of opera-
tion efficiency of a machine proximal to optimum ones.
Thus, fuzzy system to control a mining machine is an
upper-level system operating autonomously; besides, it
forms tasks for controllers (instead of an operator) in the
process of a mining machine functioning. That is to say,
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a problem of automation of a process to control a mining
machine is being solved in practice. Fig. 1 demonstrates
structural scheme of a system of fuzzy control of a min-
ing machine.

As it is understood from Fig. 1, a controller is a final
element for fuzzy system to control a mining machine;
sensors are sources of information signals. In Fig. 1, gray
colour indicates the elements, pointing at distinctive
features of the system of fuzzy control of mining facili-
ties, being developed according to the proposed tech-
nique to compare with traditional system of fuzzy con-
trol.

The first distinctive feature of the system of fuzzy
control of a mining machine is as follows: the results of
statistic processing of sensor signals in the form of clear
information criteria are pure input variables rather than
the signals; they are projections of indicative events on a
mathematical plane making it possible to identify opera-
tion mode of a mining machine. Hence, fuzzification
should be preceded by a preparation stage of a fuzzy in-
ference algorithm being a preliminary processing of sig-
nals from sensors to identify certain substantiated regu-
larities within information signals to be unique repre-
sentation of one or another operation mode of a mining
machine (‘Determining informative features of opera-
tion mode’ unit in Fig. 1). At the output of the ‘Deter-
mining informative features of operation mode’ unit in
Fig. 1, we have several informative criteria of operation
modes of a mining machine as clear input variables for a
fuzzy control of a machine.

Another distinctive feature of the system of a fuzzy
control of a mining machine concerns rule database of
the system. According to the universally accepted ap-
proach as for the developing algorithms of a fuzzy infer-
ence, the rule database relies upon fuzzy product being
invariable. Taking into consideration thoroughly studied
operation modes of mining facilities, each feature, con-
cerning their control, as well as relatively simple algo-
rithm of actions by operators, if they control equipment,
representation of a mining machine control in the form
of a base of standing rules of fuzzy product is quite rea-
sonable. However, in the context of the proposed tech-
nique, a new approach as for the development of a fuzzy
product rule database is applied when a mining machine
is the control object. According to it, there is a list of
operation modes of a mining machine; each of them
corresponds to unique combination of physical process-
es both inside structural units of the machine and on the
condition that interaction between structural units and
external environment takes place. Hence, a mining ma-
chine functioning is represented as successive time vari-
ation of operation modes in terms of a certain trajectory;
moreover, each of the modes is considered during defi-
nite time. In this context, control task is to determine
and provide a trajectory of changes in operation mode of
a mining machine; if so, we have economic, technical,
and technological indices of operation efficiency of a
machine proximal to optimum ones.

Ifthe rule database of fuzzy product relying upon the
proposed approach is developed, it is convenient to rep-
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Fig. 1. Structural scheme of a system of fuzzy automated control of a mining machine
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resent graphically the control algorithm for a mining
machine in the form of a diagram of finite-state automa-
tion (i.e. transition graph) on the condition that the op-
eration modes are considered as the graph vertex
(Fig. 2). The arches of the graph in Fig. 2 describe tran-
sitions from one operation mode of the mining machine
to another one; moreover, steadiness of the operation
mode is taken as a separate transition with correspond-
ing linguistic meaning.

If the rule database of fuzzy product of the system is
developed on the basis of transition graph, represented
in Fig. 2, then transition conditions within the graph are
conditions of fuzzy product rules in parallel. Transition
conditions within the graph in Fig. 2 and conditions of
fuzzy product rules respectively are of a complex struc-
ture; they consist of subconditions interconnected by
means of fuzzy logic operations. The following linguistic
variable systems are the subconditions

)(i: <Name_i’ T‘is [05 1]; Gi’ Li>5

where Name i is a description of the linguistic input
variable (Identification of operation mode of a mining
machine in terms of the i informative criterion); 7 is
base term set of the i input linguistic variable system

T}z{PI!PQV")Pn}s

where P; are characteristics of operation mode of a min-
ing machine taken as terms of input linguistic variables
of a system of fuzzy control of a mining machine.

G; element within a formula of linguistic variable X;
definition is some syntactic procedure describing the
process when new values for the linguistic variable are
being formed from 7; set with the help of certain logic
connections and modifiers. L; element within the lin-
guistic variable X; definition formula is some semantic
procedure making it possible to determine adequate de-
scriptive meaning for each new value of the linguistic
variable; the meaning is obtained according to the result
of G, procedure execution helping determine adequate
substantial content while fuzzy set forming. If formation
of new values for the linguistic variable from 7 set is not
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Fig. 2. Graph of transitions between operation modes of
mining facilities
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involved (i.e. when there is invariable list of characteris-
tics of operation modes of a mining machine with sub-
stantiation of the fact which of the characteristics can be
identified with the help of one or another informative
criterion) then G, and L, procedures may not be execut-
ed. Within the proposed technique, the above is charac-
teristic feature of all linguistic variables of the system;
hence, below formulas will ignore the procedures of
their defining.

In the context of the proposed technique, consider-
ation of a mining machine control history is the distinc-
tive feature of the procedure to form fuzzy product rules
i.e. the use of such a linguistic input variable as “Previ-
ously, their operation mode was...” is one of the prereq-
uisites of fuzzy product rules. The structural scheme of
fuzzy automated control of a mining machine in Fig. 1
shows the feature as a separate element titled “Control
process history” and highlighted in grey.

Introduction of the information, concerning time
variation of operation mode of a mining machine, to
fuzzy inference algorithm will help the system make de-
cisions relying upon data of the current operation mode
and current changes in operation modes as well as taking
into consideration the trajectory of previous changes in
operation modes, which will enhance the likelihood that
the system will make adequate decisions.

The proposed technique recommends formulating
subconditions, conditions, and conclusions of fuzzy
product rules of a rule base of fuzzy control of a mining
machine relying upon behavioural analysis of a human
operator in the context of numerous situations if the
mining machine is controlled manually. Moreover, the
stage, when conditions and conclusions of fuzzy prod-
uct rules of a rule base of fuzzy control of a mining ma-
chine are being formed, should involve algorithm to
search and support trajectory of mining machine opera-
tion modes in terms of which economic, technical, and
technological indices of the mining machine efficiency
are proximal to optimum ones. The algorithm is devel-
oped on the basis of simultaneous analysis of a process
of the mining machine control by operator as well as the
mining machine as a control object.

The proposed technique to develop a system of fuzzy
control of a mining machine basing upon identification
of its operation modes provides one more addition to
fuzzy inference algorithm to compare with traditional
approaches. Taking into consideration the fact that dur-
ing certain period of time any mining machine is func-
tioning in a constant operation mode, the graphs of
transitions, demonstrated in Fig. 2, are not continuous
but during certain periods when either condition of
changes in operation modes or a condition of the opera-
tion mode steadiness is met. Taking into account the
feature as well as the fact that to determine informative
criteria (depending upon the selected algorithm for the
analysis of informative signals from sensors), samples
should be of definite lengths; if so, then according to the
proposed technique, the fuzzy inference algorithm will
coincide with that shown in Fig. 3.

According to Fig. 3, the fuzzy inference algorithm
starts from accumulation of data to form samples of ade-
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Fig. 3. Scheme of fuzzy inference algorithm within the
concept concerning the development of fuzzy system to
control a mining machine

quate-length informative signals to determine accurate
informative criteria as input correct variables of the sys-
tem. Unit 2 controls the condition of adequate sample
length of the informative signals. If the condition is met
according to a certain informative criterion within Unit 2,
fuzzification procedure takes place within Unit 3. In terms
of other informative criteria, corresponding subcondi-
tions of the rule base of fuzzy product remain inactive.
Unit 4 (Fig. 3) performs “Aggregation of subcondi-
tions” procedure in such a way: trueness degree of rule
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base of fuzzy product should depend upon trueness de-
grees of certain prerequisites as well as upon the number
of active subconditions.

In such a case, high level of the condition trueness
will be available if only high trueness degrees involve the
majority of subconditions the condition consists of. The
requirement for the procedure to aggregate subcondi-
tions depends on the fact that searching for regularities
in the informative signals may be performed within dif-
ferent time scales; thus, different time periods may be
involved. Actually, the system obtains information, con-
cerning the object, gradually; the fact should be involved
in the decision-making algorithm.

Alternatively, “Aggregation of subconditions” proce-
dure can be performed using average-method, where
weight coefficients are applied, if informative criterion is
required to determine several operation modes of a min-
ing machine simultaneously.

High trueness level of one of the conditions, involv-
ing subconditions of changes in the operation mode of a
machine, is the condition for changes in operation
modes of a mining machine in Unit 5 (Fig. 3). A value of
trueness degree of a condition, corresponding to the
high one, is determined empirically during physical ex-
periments of computational ones. It is one of the pa-
rameters of a mining machine fuzzy control making it
possible to adjust the system additionally taking into
consideration operational features of a machine in terms
of actual conditions which could not be done for various
reasons in the process of the system development. Fig. 1
demonstrates the possibility of an operator to correct
rule base through parameters of fuzzy control system
which were introduced specifically for that. The possi-
bility is shown by means of corresponding external input
effect.

The condition, when changes in operation mode of a
mining machine are not available (Unit 6), consists of
two subconditions, connected with fuzzy operation
“AND”. Subcondition one is a high trueness level of
corresponding condition of rule base of fuzzy product
involving several subconditions of identification of non-
availability of changes in operation mode according to
certain informative criteria. The subconditions are also
aggregated with the help of average-method taking into
consideration the number of active subconditions. Sub-
condition two is to fill up samples of informative signals
to determine informative criteria within maximum time
scale, provided by signal analysis algorithm. In other
words, the subcondition is for data accumulation suffi-
cient for all informative criteria determination.

Procedures of fuzzy inference algorithm in Units 7,
&, and 9 (i.e. “Activation of conclusions”, “Accumula-
tion of conclusions”, and “Defuzzificaztion of output
variables”) are performed according to the recommen-
dations agreeable to a common traditional approach as
for the development of fuzzy inference systems.

Conclusions. Basic principles of the proposed tech-
nique as for the development of systems for fuzzy con-
trol of mining facilities, making it possible to apply tra-
ditional algorithms of fuzzy inference to automate con-
trol process of mining machines, are:
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- determination of rule base of fuzzy product relying
upon a mining machine behaviour as a control object in
the form of a diagram of a finite automation states (tran-
sition graph). Operation modes of a mining machine are
the graph nodes. Each of them corresponds to unique
combination of physical processes both inside structural
units and on the condition they interact with external
environment. Arches of the graph describe operation
mode-operation mode transitions;

- implementation of the preparatory stage of fuzzy
inference algorithm through preliminary processing of
signals from sensors to identify certain substantiated
regularities in the informative signals being unique rep-
resentation of one or another operation mode of a min-
ing machine. As a result, we obtain informative criteria
to identify the operation modes;

- the informative criteria, obtained as a result of pre-
paratory stage, are taken as input pure variable systems.
Input linguistic variables of the system are fuzzy de-
scription of identification results of operation modes of
a mining machine according to informative criteria;
moreover, they are subconditions of a rule base of fuzzy
product;

- introduction of information, concerning the order
of temporal variations of operation modes of a mining
machines, in the algorithm of fuzzy inference of infor-
mation while using additional linguistic input variables
“ Previously, their operation mode was...” as one of the
subconditions of fuzzy product rules;

- use of the fuzzy inference algorithm with inference
procedure discretization in time relying upon the condi-
tions of data accumulation and nonavailability of chang-
es in operation mode of a mining machine.

The technique, proposed by the paper, is the theo-
retical background to solve the topical scientific and ap-
plied problem concerning implementation of fuzzy con-
trol algorithms for mining facilities to improve their ef-
ficiency.
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Merta. IlinBuiieHHS e(EKTUBHOCTI (PYHKIIIOHY-
BaHHS TipHUYMX MAIH 32 PaxyHOK YIIPOBaIKCHHS
aJITOPUTMIiB HEUITKOIO IIPUMHSTTS PillIeHHS Y IIPOLIeCU
KepyBaHHSI TipHMYMMU MAaIllMHAMHU SIK CKJIaTHUMU
00’eKxTaMM 3 TMHAMiIYHO 3MiHIOBAaHUMHU HeTlepeadavy-
BaHUM YMHOM PEXMMaMU POOOTH.

Metoauka. Jlo 3arajJlbHOMPUIHSTOTO ajJropuTMy
HEYiTKOTO MPUIHSITTS PillIeHHST JOJAHWIA eTan BU3HAa-
YEHHS$ BXiIHUX YiTKMX 3MiHHUX CUCTeMHU SIK CTaTUC-
TUYHMX TTOKA3HUKIB, 1110 JO3BOJISIOTH iIeHTU(hiIKyBaTU
pexXuMu poOOTU TipHUYMX MAIWH a00 Mepexoau Bin
OJTHOTO pexXuMmy 1o iHioro. KoxHa BXigHa 4yiTka 3MiH-
Ha CUCTEMMU € pe3yIbTaTOM CTaTUCTUYHOI OOpOOKM iH-
opMaliifHX CUTHAJTIB i3 JATYMKIB 3 METOIO TIOILITYKY B
CUTHaJIi yHiKaJIbHUX 3aKOHOMIpPHOCTEM, 1110 BiIOBi1a-
IOTh OJHOMY UM IEKiTbKOM peXXuMaM pOOOTH MalllM-
HU, 200 TepexoaaM Mixk HUMU. 1151 BiZCcTeXkKeHHS Tpa-
€KTOpii 3MiHHU y Yaci peXXuMiB poOOTU TipHUYOI Malllu-
HU BBOJSTBCS HOJATKOBI JIIHIBICTUYHI BXiTHi 3MiHHIi
cucteMu: ,,J1o LIbOro criocTepiraBcst pexumM...«. 3 ypa-
XyBaHHSIM 0COOJIUBOCTE (POpMYBaHHS BXiTHUX YiTKUX
3MIHHUX CHCTeMa 3MiMCHIOE HEYiTKU Mpolec Mpu-
WHSATTS pillIeHHsI AMCKPETHO Y Yaci, Mpu LIbOMY B ajiro-
PUTM HEYITKOTO TIPUMHSTTS PillIecHHST BBOASITHCS YMO-
BU HAKOMMWYEHHSI JAHUX, 3MiHM i BiICYTHOCTI 3MiHM
peXuMy poOOTH MAIIIMHH.

Pe3ymbTaTtn. 3ampornoHOBaHUI cHOCIO iHTerparii
MoOJIeJTi TTOBEeIiHKM FipHUY01 MallIMHU K 00’ €KTa Kepy-
BaHHS B aJrOPUTM HEUiTKOTO TMPUIHSTTS PillIeHHS.
ITpu upoMy copMoBaHi peKOMEHIALIIl 100 BU3HA-
YEHHS YiTKUX i JIHIBICTUYHUX BXiIHUX 3MiHHUX CHUC-
TeMU, (popMyBaHHS 623U MPaBUI HEUITKUX MPOAYKILiA
Ta BUBHAUEHHST YMOB HAKOMTMYEHHS JaHUX.

HaykoBa HoBu3Ha. [lojisirae y BUKOpUCTaHHI B aJl-
TOPUTMi HEYITKOTO MPUNAHSATTS PilIEHHS MOJEJi MOBe-
JNIHKW TipHUYMX MAILUH K 00’€KTIB KEpyBaHHS Y BU-
IS0 CYKYITHOCTI PeXMMiB pOoOOTH MAILLIMHU Ta CXEMU
TPAEKTOPIili 3MiHU PEKUMIB y Yaci.

IIpakTHyHA 3HAYAMICTD. 3aIIPOIIOHOBAHUI Y POOOTI
METOI € TCOPETUYHOI0 OCHOBOIO IJISI PO3B’SI3aHHS
BaXXJIMBOI HAyKOBO-TPUKIJIAAHOI MPoOIeMUu po3po0KU
Ta MPAKTUYHOTO 3aCTOCYBAHHS aiTOPUTMIB HEUiTKOTO
KepyBaHHS y Mpollecax KepyBaHHS FpHUYMMU Malllu-
HaMHU 3 METOIO MiABUILLIEHHS e(PEKTUBHOCTI iX pOOOTH.

KmouoBi cioBa: eipnuui mawunu, areopumm Hewim-
K020 NPUIIHAMMSL PIUEeHHS, pedcuMu pooomu MauiuH

ABTOMAaTH3aLUsA NpoLecca ynpaBJieHUs
TOPHLIMM MAIIMHAMM HA OCHOBE HEYeTKOW
JIOTHKH

A. B. bybaukos, B. B. Tkaueg

HarnmoHanbHbIA TeXHUYECKUIA YHUBEPCUTET ,,JIHEIpoBCcKast
nosutexHuka®“, r. JInenp, Ykpauna, e-mail: bublikov.a.v@
nmu.one; tkachev@nmu.one
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eas. [MoenmeHne 3¢ GeKTUBHOCTU (HYHKIIMOHU-
POBaHUS TOPHBIX MAIIIH 33 CYCT BHEAPEHUSI aJITOPUT-
MOB HEYETKOTO MPUHSTUS pEIIeHUIl B IIPOIIECCHI
VIOpaBJICHUSI TOPHBIMU MaIlIMHAMU KaK CJIOXHBIMU
00BbEKTaMU C TMHAMUYHO MEHSIOIIMMMCST HeTTpeacKa-
3yeMbIM 00pa3oM pexkruMaMu padOTHI.

Metoauka. K oOuenpuHsITOMY ajJropuTMy He-
YETKOTO MPUHSATUS pelIeHU H00aBJIeH 3Tam OIpe-
JeJICHUST BXOTHBIX YeTKUX ITepeMEHHBIX CUCTEMBI KaK
CTaTUCTUYCCKMX ITOKA3aTeJICH, MO3BOJISIOMINX UICH-
TUPUIIIPOBATH PEKUMBI PAOOTHI TOPHBIX MAIITWH WU
Iepexoabl OT OTHOTO pexXuMa K apyromy. Kaxkmas
BXOHAS YeTKasI TIepeMCHHAST CUCTEMBI SIBIISICTCS pe-
3yJbTAaTOM CTAaTHUCTUYECKONM 00paboTKU MHGOpMa-
IIMOHHBIX CUTHAJIOB OT JATYUKOB C IIEJIbIO TTOMCKA B
CUTHaJIe YHUKAJIbHBIX 3aKOHOMEPHOCTEIH, COOTBET-
CTBYIOIIIMX OJHOMY WJM HECKOJbKUM peXUMaM pa-
0OTHI MAILIMHBI, WIK MepexoaaM MexXay HuMu. s
OTCJICKMBaHUSI TPAGKTOPUU U3MEHEHMSI BO BpeMEHU
PEXUMOB pabOThI TOPHOM MallIMHBI BBOASITCS TOTIOJ -
HUTENbHBIC JIMHTBUCTUYECKNE BXOMHBIC IIEPEMEH-
HbIe CUCTEMBI: ,,J10 aTOoro Habaoaancsa pexum ...“. C
y4eToM OCOOeHHOCTell (DOPMHUPOBAHMUST BXOMTHBIX
YETKUX ITePEeMEHHBIX CCTeMa OCYIICCTBIISIET HEUET-
KNI TIpoIlecC MNPUHSITUS PEIICHUN ITUCKPETHO BO
BpEeMEHH, IIPU 3TOM B aJTOPUTM HEUETKOTO IIPUHSI-
THUSI PEIICHUI BBOISTCS YCIOBUSI HAKOIUJICHUS TaH-
HBIX, U3MEHEHUS U OTCYTCTBMSI M3MEHEHUS pexXrma
paGoThl MAlLIUHBIL.

Pe3ynbratel. [IpenoxeH crnocod nHTErpauuu Mo-
JIeJIM TTOBEIeHMSI TOPHOM MallIMHbBI KaK 00beKTa yIpaB-
JICHUsI B aJiITOPUTM HEUYETKOIO IPUHSITUSI PEIeHUIA.
ITpu 3TOM chopMHUPOBAHBI PEKOMEHIALINH IO OTIpe/Ie-
JICHUIO YETKUX W JIMHTBUCTUYECKMX BXOIHBIX ITIepe-
MEHHBIX CUCTeMbI, (POPMUPOBAHUIO OA3bI TTPABWII HE-
YETKUX MPOAYKINI U OIpeHeIeHUI0 YCIOBUM HAKO-
IUTCHUS JaHHBIX.

Hayunast HoBu3HA. 3aKJTI04aeTCs B UCTIOIB30BAHUN
B aJITOPUTME HEYETKOTO MPUHSITHUS PEIICHUI MOIeIn
MOBEICHUSI TOPHBIX MAIIIMH KaK 00bEKTOB yIIPaBICHMS
B BUJI€ COBOKYMHOCTU PEXUMOB pabOThl MAallIMHBI U
CXEMbI TPAeKTOPUil UI3MEHEHUsI PEKUMOB BO BpEMEHMU.

IIpakTHyeckas 3HaYyMMoCTb. [1peoxkeHHbIN B pa-
60Te MeTO.I SIBJISIETCSI TEOPETUUYECKOI OCHOBOM LIS pe-
IIEHUs BaKHOI HayYHO-TIPUKIIAIHON MPOOIEMBI pa3-
PpabOTKM M TIPAKTUYECKOTO MMPUMEHEHUS aJlTOPUTMOB
HEUYETKOTO YIIPaBJICHUS B TIpOLIeCccax YIIPaBICHUS TOP-
HBIMU MaIlIMHAMU C 1IeJIBI0 TTOBHIIIeHUS 3P (PeKTUBHO-
CTU UX pabOTHI.

KimoueBble ClIOBa: copHble MAuiuHbl, AN20pUMM He-
YemK020 NPUHAMUSL PeUleHUll, pedcum pabomosl MAuiUHb!

Pekxomendosano 0o nybaikauii dokm. mexH. HAyK
B. B. Caecapesum. Jlama  HaoxoddxucenHs — pyKonucy
15.02.18.
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