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FORMING THE STRUCTURE OF AUTOMATED SYSTEM
TO CONTROL GROUND HEAVY-TYPE ROPEWAYS

Purpose. To substantiate efficient structure of automated system to control ground heavy-type ropeways relying

upon the analysis of calculation scheme.

Methodology. Theoretical studies on mathematical model of a mine ropeway to determine the regularities con-
cerning the formation of dynamic forces within ground ropeway (GRW) chains in transient conditions as well as ex-
periments concerning the facilities use in the context of the mine conditions involving original equipment.

Findings. A structure of automated system to control ground heavy-type ropeways has been substantiated making
it possible to improve both their efficiency and operational safety; moreover, it has been proposed to introduce addi-

tional functions.

Originality. For the first time, the dependence of GRW dynamic coefficient on acceleration period has been deter-
mined with the consideration of the self-oscillation period of the system. A method aimed at the minimization of

dynamic forces within the rope has been proposed.

Practical value. Introduction of controlling functions of starting time into a structure of automated control system de-
pending upon transportation distance, weight of a train, and limitation of maximum forces within a rope with the use of
current element base makes it possible to prolong operational life substantially and, thus, reduce costs for its replacement
and transportation costs on the whole while improving the efficiency of the facilities and their underground operation.
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Introduction. Ground ropeways (further GRWs) and
overhead monorails (further OMRSs) operating accord-
ing to the principle of load haulage on guidance rails
with the help of closed traction rope, started up in Ger-
many in the middle of the last century. They rapidly be-
come important for the segment of means of support
service mine vehicles of the leading coal-mining coun-
tries developing seams with varying hypsometry.

Despite the fact that compared to standard ground
transportation means for materials and people, monorail
rope systems are more advantageous (i.e. adaptation for
relief conditions of mine workings; possibilities of efficient
operations in the mines with floor heaving; increase in the
capacity of mine workings owing to transportation per-
formed within their upper part; and reduced expenses con-
nected with their service and operation) they have a grave
disadvantage being a force impact on a mine working sup-
port and roof rocks on the whole [1]. That is why, the prob-
lem concerning the selection of either an overhead system
or a ground one should be solved for each specific case with
the consideration of mining and geological conditions.

Initially, basic purpose of GRW and OMR was trans-
portation of equipment and materials with comparative-
ly insignificant unit mass (up to 10 tons). However, sci-
entists and researchers of the National Mining Univer-
sity have developed and successfully implemented a
technology to use ground ropeways as the single trans-
portation means in the process of construction of mine
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workings [2]. That has resulted in the development of
heavy-type facilities for the transportation of modern
mining equipment whose unit mass is up to 30 tons.
Thus, railroad of JKHII-1.6 type whose length is
3360 meters has been mounted and operates success-
fully at Pavlohradska mine. The railroad supports the
behind-fault part of a mine field with the simultaneous
possibility to transport up to 100 people to their working
places as well as great volumes of materials and rock
mass from the areas of construction of mine workings.
Analysis of the recent research and publications. The
carried out analysis of the papers dealing with the re-
search [3], introduction, and implementation of auto-
mated control system [4] helps conclude that its forma-
tion on the structure of ground heavy-type ropeways is a
topical and timely problem in the context of the tendency.
Unsolved aspects of the problem. Expanding the range
of GRW application involved the improvement of their
control towards the development of automated system
providing both efficient and safe operation of the facilities.
In this context, the whole range of mining and geo-
logical factors (i. e. bedding angle, dimensions of a mine
field, physical and mechanical properties of rocks, water
abundance, and others) as well as production and tech-
nical factors (i.e. the extent of a mine working and its
section, duration of processing procedures and so forth)
should be taken into consideration since such a control
system must correspond to them, which places strict de-
mands on its adaptational capabilities.
The objective of the paper is to substantiate an efficient
structure of automated system to control ground heavy-
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type ropeways on the basis of calculation scheme analysis.

Materials and methods. Determination of control
parameters, a range and nature of their changes in such
a complicated electrohydromechanical system as the
modern ground heavy-type ropeway are impossible
without the detailed analysis of processes taking place in
each part of it during operation under complicated min-
ing and geological conditions.

The two fundamentally different problems were em-
phasized while studying the system dynamics:

- analysis of a transient process while starting;

- analysis of a transient process in the context of
safety machine braking and service braking.

The studies were carried out within a ground rope-
way with hydrostatic drive widely used in the world
practices of underground coal mining. Fig. 1 demon-
strates its functional chart.

To analyze processes taking place within the device,
it is convenient to represent it in the form of aggregate of
crucial components joined by means of connections.

While compiling the calculation scheme of mechan-
ical portion of GRW, the following was assumed: avail-
ability of a chain with the increased flexibility (of a
rope) within the ground ropeway makes it possible to
consider friction wheel and mechanical transmission of
a drive as an absolutely rigid component of the system,;
flexibility of the car couplings is not considered making
it possible to consider the train as an absolutely solid
body (concentrated mass) [5, 6]; aerodynamic forces of
resistance to the train motion are not involved due to
relatively minor velocity of the train and airflow; forces
resisting to the train motion and a rope are assumed as
those being proportional to standard pressure and are
involved by coefficients of motion resistance which
cannot distort physics of the process; weights of support
rolls and actuating rolls have been referred to as the
traction rope weight; weights of pull side of the rope
and down-leg side of the rope have been considered ac-
cording to the method of linear and piecewise approxi-
mation [7] which makes it possible to consider wave
processes within the rope; the rope rigidity remains
constant during unstable motion since the processes
under study experience insignificant variations; the
rope moving along the rolls is taken as flexible visco-
elastic uniform-section thread [8]; lateral oscillations
do not effect longitudinal ones since the rope has been
stretched and placed on the rolls [9, 10].

Taking into account the assumptions, the calculation
scheme of the mechanism can be represented in the
form of a multi-weight system with elastic couplings.
According to the method of linear and piecewise ap-
proximation of the rope, its weight is replaced by several

EE HSG M

Fig. 1. Functional chart of GRW:

EFE is electric engine; HSG is hydraulic speed gear (hydrau-
lic pump, hydraulic motor, connecting pipelines); M is me-
chanical (reducing gear, friction wheel, tension station, end
block, traction rope and train)
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(n) concentrated weights located within congruent seg-
ments of weightless rope; thus, total sum of the weights
as well as total rigidity of the segments is equal to total
weight and total rigidity. In this form of the machine
representation, we obtain a system consisting of nodes
in which weights are concentrated; the weights interact
as material points, i.e. motions and forces are equal
within a contact of two neighbouring nodes. Further,
nodes with their contact points are considered, and
weight of the train joins the nodes depending upon its
location within a mine working.

In the context of the research, a velocity of a driving
pulley was taken as an input parameter of the system.
The velocity depends upon a pump control. The dy-
namic factor, being equal to the ratio between maximum
rope tension (Fp,,,.) and its steady-state value (F), was
taken as an output parameter.

Let us consider forces acting on the nodes. Visco-
elastic forces within the rope are

2C, [ (xpy —x)+0Vp, =V)=A, |, i=l
GG X)) -V ], 2<i<n-1

C,l(x,  —x)+n, -V)], i=l

Col(x, = xp)+1(V, =V )-A, |, i=n+]

> (D

3

where x; is motion of i node; V;is velocity of the i™; xp;
is motion of a pulley; Vp; is the pulley velocity; u is a
coefficient of the rope viscosity; Ag, and Ay are lengths
of the rope within upper and lower tension devices, re-
spectively; Cp, C,, and C, stand for rigidity of the last,
next to the last, and other sections respectively.

Rigidity of any section of the rope with the exception
of the last section and next to the last one is

__ ExFx
Y (2L-Ly)(n-1)

where Exis the elasticity module of the rope; Fy is the
sectional area of the rope wires; L is the machine length;
Ly is the last section length; and » is the number of
nodes.

Rigidity of the next to the last section and the last
one is

C - 2 CB:EKFK’
1/C,+2/C, 2L,

where L is length of the last section.
Weights of the system nodes are

m=|——=+m, i=n,, 2)
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where [p; is the inertia moment of rotating components
of the pulley, reducing gear, and hydraulic motors; Rp;
is the pulley radius; m, is weight of the end block; mj is
weight of the train; np and n, is the number of a node
where the train and end block are placed.

“Reduced bulk weight of “rope-rolls” concept” was
introduced to take into consideration weight of support-
ing rolls

_ pb,+m,
b

p

*

p )
where p is bulk weight of the rope; m, weight of the roll;
b, is a pitch of the rolls arrangement.

Gravity forces of the nodes

mgsino, 1<i<n, |

F 0, i=n,
5= i . , &)
—-m;gsina, M, <Ii<n

—(ml +mTR)gsm(x, i=ng

where o is a slope angle of a mine working.
Friction forces

w,m,gcosa, 1<i<n
Frp =40, i=n, , 4)

1

(m1 +mTR)wTR cosa, i=ng

where w, is the coefficient of resistance to the rope mo-
tion on rolls.
Using d’Alembert method, we obtain the following
for i node
mXx, =F —F,

i i+1+FBi_FTPiSign(Vi)’
where F;and F,, | are viscoelasticity forces of the i and
(i + 1) sections; Fj, are gravity forces of the i section;
and Fyp, are friction forces of i section.

To solve equations (1—3), and (4) it is required to
introduce initial conditions.

The number of a node where the train is located:
i = n (the train is at the bottom); and i = [(n/2) + 2] (the
train is at the top).

If oo > 0 (the train is suspended to the upper branch of
the rope)

F 1= Fye,
where Fy; is strength of a tension device.

F=F

i i+1

—F»
h :
1:——’ n= 5

2C,

1<i<nm

AI' =—X,; AB: .

If a < 0 (the train is suspended to the lower branch)
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F = Fyg;
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F,
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y
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1<i<n-2;

The developed calculation scheme makes it possible
to analyze the processes taking place within the me-
chanical part of the complicated system of ground rope-
way in terms of different modes of its operation, i.e.
starting, braking, varying profile overcoming and others.

In accordance with current standards, informational
functions, controlling functions, and protective ones are
the basic functions of operational and production con-
trol of complicated dynamic systems. To coordinate
transportation and technological processes of load
transfer within curvilinear mine workings with alternat-
ing track profile, it is recommended to introduce new
information and controlling modules equipped with
programmable microprocessor-based controllers into
APCS structure being formed.

Specifications involving the availability of control
modules with functions of forecasting, control, and
consideration of random factors have been formed. It
means that they take into account effect of negative fac-
tors (i.e. unsatisfactory condition of rail, changes in
profile, and others) on the parameters of rock transpor-
tation under the conditions of indeterminacy. According
to the analysis of production processes connected with
GRW rock transportation on zonal underground mine
workings from its car loading points to their unloading
points, a system of technological operations, being po-
tential automation objects, has been determined.

Fig. 2 represents a scheme of functional structure of
automated GRW control adapted to technological pro-
cesses of rock transportation under actual conditions of
a mine environment.

The results of previously carried out research helped
determine that to implement the control functions, the
information received by GRW operator, should provide:

- centralized control over the operation;

- diagnosis of transportation and technological equip-
ment;

- registration of the process development (option);

- computing and logic functions of informational
nature.

It was proved experimentally that under actual con-
ditions of a mine environment, a system of correspond-
ing demands are placed on the listed information func-
tions of GRW ACS. Table contains both functions and a
structure of GRW APCS determined according to the
carried out research.

The functions of control of rock transportation pro-
cesses were considered as the basic ones while classifying
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Fig. 2. Functional structure of automated control of tech-
nological processes connected with GRW rock trans-
portation:

A — A s car loading of rock; B — B is car unloading points;

C — Cis a zone of active bedrock heaving; » <« are zones of
GRW nodes diagnosis

automation objects in the context of mine district trans-
port application with the use of the ground ropeways.

Formalization of productive structure of automated
control of GRW operation modes was implemented in
accordance with the listed requirements. Fig. 3 demon-
strates the structural and functional scheme of APCS
adapted to technological processes of rock transporta-
tion under actual mine environment.

APCS of rock transportation involves the following:

- asynchronous three-phase motor (AM) to which
the shaft drive friction pulley (FP) is connected through
a gear-box;

- measuring transducer (MT,) of rotational velocity
of a drive friction pulley to transduce it into the normal-
ized output signal of 4—20 mA;

- measuring transducers (MTF) of tension forces of a
rope to transduce them into the normalized output signal
of 4—20 mA; they are mounted in the entering drive pul-
ley branch of the rope (Fy) and in the leaving one (Fy);

- variable-frequency drive of the asynchronous mo-
tor providing smooth control of its velocity;

- line filter to prevent high-frequency disturbance
from its entering the network;

- reversing starter connected to ~ 660/380 V network
through disconnecting device P;

- cabinet for manual control of the drive;

- measuring transducers for current, voltage, active
power and reactive power, consumed by AM, transduc-
ing the abovementioned parameters into the normalized
signals of 4—20 mA;

- auxiliary controller to provide automatic protec-
tion, blocking, and control of the ropeway;

- available manual controller for the drive end;

- computer-based operator control station.

APCS functions are as follows.

Normalized current signals of 4—20 mA enter analogue
inputs of the controller; then, they are directed towards an
emergency protection unit and a regulatory control unit.

According to the drive pulley velocity, the regulatory
control unit compares the incoming signal with the pre-
set one according to a proportional control mode; in
terms of a value of the rope tension force, the compari-
son takes place according to the preset one.

To accelerate the operation and prevent over-loads in
the context of power efficiency, the controller is added by
a derivative component, acting upon the first derivative
of the incoming signal, and integral component, provid-
ing the required accuracy of the friction pulley control.

To determine location of the train within the rope-
way, regulatory control block involves a controller with
the preset travel of the train being determined by means
of integration of friction pulley rotational velocity in the
context of the whole travel.

Introduction of the regulatory control block makes it
possible to adjust the train velocity while starting, in
terms of curvature movement and complicated rail sec-
tions with the help of programmable velocity controller
in the function of current path value. Since the latter ex-

Table
The demands placed on GRW APCS functions and structure
The demands placed on APCS functions with the use of GRW
Information functions Control functions Protective functions
Support of: Regulation of: Support of:
- centralized control of the operation; | - the train velocity; - remote control of the rolling
- diagnosis of transportation and - conditions of interaction between traction rope and | stock;
technological equipment condition; pulley as well as with linear components of GRW, - automated control of stops
- registration of the process develop- | - traction force of a drive unit; and faults;

ment (option);
- computing and logic functions of
informational nature

- supply of cars for their unloading;

- a degree of hopper filling with rock;

- coefficient of a mine car volume use;

- program and logic control of GRW staring and
braking according to the set algorithm

- protection of GRW traction
member and a drive against
over-loads;

- GRW maintenance under
emergency conditions

Requirements for the structure

A system of upper level

A system of middle level

A system of lower level

Automated operator working area on
the basis of industrial computer with
the applied software [11]

Main controller for technological process of rock
transportation, equipment of loading-unloading
points and emergency protection (EP)

Means of instrumentation and
control equipment (ICE)
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Fig. 3. Structural and functional scheme of APCS

periences its alternations with the working area advance,
then operator will have the possibility of its manual in-
troduction into the control system as well as the correc-
tion of location of areas with negative process events.

The design of the regulatory control block should
provide free increasing of the capabilities in the process
of the system upgrading. For instance, according to the
results of the studies, it was recommended to introduce
auxiliary module of automated control concerning
changes in the motor parameters into the active scheme
to control a drive JIKHII-1.6. The module is based upon
current transducer JITA-1; it provides sustainable oper-
ation of the system under actual mine environment. At
the same time, formation of energy-saving approaches
involved the necessity to carry out a number of specific
studies to substantiate the expediency of introducing ex-
tra functions of automated control of processes of rock
unloading from mine cars to a hopper.

According to the carried-out studies, traction GRW
ropes have high coefficient of relative faults (0.2) and
their service length is from several months to a year re-
sulting in significant cost and decreased transportation
safety. In this context, basic reasons of short duration
are:

- substantial bending stresses whose decrease is pos-
sible within the restricted area owing to the increase in
the diameters of pulleys, blocks, and rolls as well as to
the decrease in the diameters of the rope wires;

- fatigue failure due to the oscillatory process with
high dynamic factor arising in transient modes when
each oscillation acts as a cycle of wire loading.
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Results. To estimate unbalance movement of GRW
train, such a notion as “a train unbalance movement co-
efficient” (K)) is applied. The coeflicient is being deter-
mined as a ratio between the current train velocity with-
in transient operation mode and its steady-state value.
The paper has analyzed the effect of a law of a driving
pulley velocity variation while starting (parabolic, expo-
tential, and linear) on the value of the coefficient
(Fig. 4, a). As a result, an optimum one (i. e. linear) has
been determined when the unbalance is minimal. De-
pendences for its different starting periods have been ob-
tained (Fig. 4, b).

Analysis of the developed mathematical model of
working processes of GRW has made it possible to de-
termine the following dependence: in the context of
starting period, being equal to a semi-period of natural
oscillations of the system (¢p = T¢), the oscillation pro-
cess within the rope almost damps after the first ampli-
tude which is impossible in the context of any other ratio
of theirs (tp < T or tp > T¢). The effect has been sup-
ported by mine experiments with the sufficient degree of
the results repeatability. Moreover, it is illustrated by
means of dependence graphs of the system dynamic co-
efficient being the ratios between the maximum force
value within transient mode and its steady-state value
from the starting period (Fig. 5).

It is known, that a period of harmonic oscillation of
load on elastic chain is [10]

T=2n )" then T, =n /"L,
EF EF
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Fig. 4. Coefficient of a train unbalance movement:

a is a pulley velocity change in terms of laws: 1 — linear;
2 — parabolic; 3 — exponential; b is for long-term accelera-
tion: 1 — tp< Tc,' 2— tp> TC; 33— [P: TC

where m is a load weight; / is a length of a rope to the
load; FE is elasticity module of the rope; and Fis an area
of the rope cross section.

Since in the context of specific rope values of module
of the rope elasticity £ and areas of its cross section F are
constant [9], and the proposed system determines length
of the rope to a load automatically, the train weight is the
only unknown value. It can be identified rather accurately
on the force of the rope tension within the corresponding
area of diagnosis of the GRW nodes. However, the au-
thors believe that it would be more suitable if the informa-
tion concerning the number of cars within the train and
their state (i. e. they are empty or loaded) is introduced by
an operator manually. Relying upon the obtained infor-
mation, the regulatory control block sets required accel-
eration when the starting period is equal to the semi-peri-
od of natural oscillations of the system (¢p= T-) which will

Ko
20

|2
1 " / ) N

P

1.6

12 \.\/ / V9. N 2
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Fig. 5. The effect of the acceleration pulley period on the
oscillatory process within the system (force within
traction branch of the rope):

I—tp< T 2—tp>Tes 3—tp=Te
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minimize oscillation amplitude. Moreover, to prevent the
traction rope from over-loads in the process of its opera-
tion and to preserve its aggregate strength, it is required to
introduce preliminary maximum value of tension force
(i.e. 90 % of its breaking tension) into the regulatory con-
trol block. The value is compared with current values of
forces Fy and F If they are equal, the drive is discon-
nected and operator obtains related information.

Conclusions. Basing upon the carried-out studies, it
may be concluded that:

- ground ropeways are both efficient and reliable
transportation means for rock mass, auxiliary materials,
equipment and personnel in mines;

- current designs of heavy-type GRWs for rock mass
transportation, characterized by changes in route and
weights of trains in the process of construction of mine
workings, should be equipped with automated control
system;

- it has been proposed to introduce the functions
control of starting period into the system depending
upon transportation distance, weight of train and re-
striction of maximum forces within a rope with the use
of modern element base making it possible to extend a
life cycle of a traction rope substantially while reducing
expenses connected with its replacement as well as
transportation prime cost on the whole;

- the developed structure of automated control sys-
tem may be adapted successfully to any transportation
plant with closed traction rope (i.e. rope monorails,
rope underground railway).
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Metoauka. TeopeTUuHi TOCTiIKEHHS MaTeMaTUy-
HO1 MOJEJi KaHATHOI IIaXTHOI JOPOTU [IJisi BCTaHOB-
JICHHSI 3aKOHOMipHOCTe#l (hopMyBaHHSI TWHAMITHHIX
3YCHJIb y JJAaHKAX JOPIT KaHaTHUX HaarpyHToBux (JKH)
y NepexifHuX pexumax poOOTH Ta €KCIIePUMEHTAIbHI
TMOCTIIKEHHSI YCTAHOBKM B IIAXTHMX YMOBaX 3 BUKO-
PUCTAHHSIM OpPUTiIHAJBLHOI anaparypu.

Pesyabrati. OGrpyHTOBaHA CTPYKTYpa aBTOMAaTU30-
BaHOI CUCTEMM YMPaBJiHHS KaHATHUMU HaAIPYHTOBU-
MM TOPOTaMU BaXKKOTO THITY, 11O TO3BOJISIE iCTOTHO ITi[I-
BUIIUTHU 1X MPOAYKTUBHICTh i Oe3MeKy eKcrulyarallii,
3aMPONIOHOBAHE BBEICHHS 10 Hei JOJATKOBUX (DYHKIIIA.

HaykoBa HOBHM3HA. Yrieplille BCTaHOBJIEHA 3aJIeX-
HicTh KoedinienTa auHamiyHocTti JIKH Big yacy pos-
TOHY 3 ypaxyBaHHSIM I€piOfy BJaCHUX KOJIUBAHb CUC-
TeMU I 3alIpONOHOBAHO CIIOCIO MiHiMi3alil fTMHaAMIi4-
HUX 3yCUJIb Y KaHAaTi.

IIpakTHyHA 3HAYMMICTb. YBEJACHHS 10 CTPYKTYPU aB-
TOMAaTU30BaHOI CUCTEMMU YIIPaBIiHHS (DYHKIIIN peTyIo-
BaHHSI TPUBAJOCTI MYyCKy B 3aJIeXKHOCTi Bim BimcraHi
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TPAHCIIOPTYBAaHHSI, MAacH Ta OOMEXECHHS MaKCHUMallb-
HUX 3yCWIb Y KaHaTi 3 BUKOPUCTAHHSIM CYJacHOI ejie-
MEHTHOI 0a3u [103BOJISIE ICTOTHO 30LIBLIMTU TEepPMiH
CIIyXXOU TSTOBOTO KaHaTa i, TUM CaMUM, 3HU3UTU BH-
TpaTH Ha 1oTo 3aMiHy i1 COOIBapPTICTh TPAHCTIOPTYBAHHS
y LIJIOMY, a TaKOX MiABUILIUTUA MPOTYKTUBHICTbh yCTa-
HOBKU Ta Oe3IeKy ii eKcrutyaTalii B IiA3eMHUX YMOBaXx.

Kumouosi cioBa: xanamua dopoea, cucmema ynpaenin-
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®opmMupoBaHHE CTPYKTYpPbI
ABTOMATHU3HUPOBAHHON CHCTEMbI YNpaBJIeHUs
KAHATHBIMM HATIOYBEHHBIMH J0POTaMHU
TSKEJIOro THINA

A. B. lenuwenxo, A.JI. lllupun, B. A. Pacueemaes,
A. B. YepHusies
locynapcTBeHHOE BhICIIEe yueOHOE 3aBeieHne ,, Hanmonanb-
HBII TOpPHBINA yHUBepcuTeT®, r. IHemnp, YkpauHa, e-mail:
alexxden097@gmail.com

ens. O6ocHOBaHME 3(PPEKTUBHOM CTPYKTYPhI aB-
TOMaTU3UPOBAHHOUN CUCTEMBbI YIIpaBJeHUsI KaHATHBI-
MU HaIrO4YBEHHBIMM JTOPOTaMM TSKEJIOro TUIIa Ha OcC-
HOBE aHaJIM3a PACYETHOI CXEMBI.

Metomuka. TeopeTyecKue UCCIEIOBaHUS MaTeMa-
TUYECKOI MOJIEJIM KAHATHOM IIaXTHOW JOPOTH JIJIS yCTa-
HOBJICHUSI 3aKOHOMEPHOCTEH (hOpMUPOBAHMST TUHAMM-
YECKUX YCUJIMIA B 3BEHBX IOPOI KAHATHBIX HAIIOYBEH-
HbeIX (JIKH) B mepexoaHbIx pexkuMax paboTHI 1 3KCIICPH-
MEHTaJIbHBIC UCCICAOBAHUST YCTAHOBKM B IITAXTHBIX YC-
JIOBUSIX C MCITOJIb30BAaHMEM OPUTUHAILHOM aIrapaTyphl.

Pe3ynbTaTbl. O00CHOBaHa CTPYKTypa aBTOMAaTH3M-
POBaHHOM CHUCTEMbI YIpaBJeHUs KaHATHBIMM HaIlo-
YBEHHBIMM JOPOTaMU TSDKEJIOTO THUIIA, MO3BOJSIONIAs
CYLIECTBEHHO TOBBICUTh MX MPOU3BOAUTEBHOCTb U
0e30MacHOCTb dKCIUTyaTalliM, MPEAJIOKEHO BBEICHUE
B Hee TOMOJIHUTENbHbBIX (DYHKIIUIA.

Hayunas noBusHa. BriepBble yCcTaHOBJIEHA 3aBUCH-
MocTb Koa(pduimenta nuHamuyHoctu JIKH ot Bpe-
MEHU pa3roHa ¢ YIeTOM Ileproaa COOCTBEHHBIX KOJIe-
OaHMIT CMCTEMBI M TIPEUIOKEH CITOCO0 MUHUMU3AINT
IUHAMWIECKUX YCUJIWI B KaHaTe.

IIpakTnyeckas 3HaUUMOCTb. BBeieHUE B CTPYKTYpPY
ABTOMATM3MPOBAHHON CHUCTEMBI YIpaBieHUs (yHK-
LI peryarpoBaHUsI MPOIOLKUTEIbHOCTU MTyCKa B 3a-
BUCHMOCTHU OT PACCTOSIHUSI TPAHCTIOPTUPOBAHMSI, Mac-
Chl U OTpaHUYEHUSI MAaKCUMAJIbHBIX YCUJIWI B KaHaTe C
HCTIOJIb30BAHUEM COBPEMEHHOW 3JIeMEHTHON 0a3bl
MO3BOJISIET CYIIECTBEHHO YBEJIMYUTDH CPOK CITYKOBI TSI~
roBOI'0 KaHaTa 1, TeM caMbIM, CHU3UTb 3aTpaThl Ha €ro
3aMEHY U CeOeCTOMMOCTh TPAHCIIOPTUPOBAHUS B IIe-
JIOM, a TaKXe ITOBBICUTH IPOM3BOIUTEILHOCTh yCTa-
HOBKU 1 0€30ITaCHOCTb €€ SKCIUTyaTallu! B TIOA3eMHBIX
YCIIOBUSIX.

KmoueBble ciaoBa: kawnammuas Odopoea, cucmema
YNpaeaeHus, aemomamusauus, OUHAMUKd, Koaebauus,
doneoseuHocmb
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