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Abstract

The issue of diagnostics provided by modern methods is considered in this paper to control the rock-coal boundary that
are based on the application of various sensors and approaches. A detailed analysis for the various methods results is
presented to control the rock-coal boundary that, in particular, are based on the differences in the coal and rock
cuttingresistance, the method of using the differences between the elastic properties of rock and coal and their friction
coefficients, and the ultrasonic method. All of them are related to the diagnostic methods with the open boundary of the
rock-coal section. There also is emphasizeda necessity of new sensors creation for controlling the coal and rock
boundary for combines operated in mining conditions. It is revealed that from the introduction into operation in mine
conditions point of view, the most promising is the radioisotope small-sized sensors, which allow to control the
boundary of the section between coal and rock in a contactless manner. Other monitoring methods that are being
considered in this paper cannot be implemented in the without-human process of coal minning, but they can play an
important role to create some other interesting directions and new methods for controlling the boundary between the
rock and coal that will allow the creation of automatic control systems for coal-mining combines working in difficult
minning conditions.

Keywords: coal combines; control methods; rock-coal boundary; elastic properties; coefficient of friction; ultrasonic
method

1. Introduction

One of the main and better ways to increase
productivity and production intensity is considered
the technological processes automation which leads
to implement industrial robots and manipulators [3,
34, 35].

Today’s requirements for automatic control of
the slaughter facilities suggest a problem solution of
highly intensive and productive coal mining without
the continuous people presence in the mine [15, 21,
32, 36].

One of the most important control subsystems is
anautomatic control of the coal mining combine over
the profile of coal layer.

The need to continuously monitor the position of
the cutting process and cutting elements along the

seizure height involves the permanent dwelling of
the machinery driver on the high risk area.

To solve this problem, the efforts of large number
of scientists and research teams were directed in our
country and abroad. In overall, some big amount of
works were carried out in two important areas:

— the area of control tools establishment for
the rock-coal border;

— the area of the automation control systems
(ACS) creation for the coal extracting combine in
the coal layer profile (CLP).

Note that these two directions are interconnected
between them, so without the reliable hardware
control tool for the rock-coal border the problem of
such control can’t be solved in general. On the other
hand, the type, characteristics and the rock-coal
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sensor location and installation in most pre-defines
the parameters and the construction principle of the
control system [1, 5-8, 31, 33]

Creation sensors "rock-coal" devoted numerous
works of authors like sex and other developers. [8-
10, 13, 16, 17, 19, 20, 22, 24, 26, 27, 32, 33, 36, 39].
On abroad to solve this problem were been engaged
researchers from the UK, Germany, USA [13-15, 21,
42,43, 55,56, 62, 63].

The main elements of ACS CLP are sensors
determining the distance from a certain point of the
cutting machine (preferably from a cutting element)
to a natural array or distinguishing the coal from the
rock.

The variety of the coal occurrence geological
conditions and technological varieties with mining
means and methods does not allow one to formulate
technical requirements for the rock-coal sensors
(RCS).

One of the main RCS-characteristics is
measuring range. Practically it can meet two
alternatives.The necessity requirement to control the
combine along the rock-coal boundary, or to leave
the coal safety pack (usually for the roofing with
unstable rocks predisposed to fracture). As any
control system inherent errors, then to prevent the
breed nip or at least to reduce its possibility, it
should in any case to count for some sectors of coal
residue.

On Donbas poolwhen dealing with the safety
pack for the roof, its thicknessare choosing forabout
10 to 20 sm, and inMoscow-suburban pool the
thickness are choosing forabout 50 to 70 sm. and
even more. If to assumeactually reached the
magnitude of the RCS in LP the average-square
error 6=1.0 — 1.5 sm, then the minimal measuring
depth for RCS should equal § =4 — 5, ie. 4 — 7.5
sm.

2. Environmental control

The universal RCS creation that is able to cover a
measuring range from 0 to 20 cm (if even not to
count the Moscow-suburban coal pool conditions)
appears like a difficult-solved task. Therefore, the
truthful will be to focus on the creation of two RCS
options in agreement with depth to indicate
conditions (7-8 sm) and in conditions of the
remaining packs for the protective roof (15-20 sm).
To determine the distances to covert coal-rock
contact, that aims to control the automatic cutter
machine, can only base on indirect measurement
methods, i.e. on the several differences in the

physical, chemical, or mechanical properties of coal
and rocks. It is definitely known, however, that coal
and rocks are complex multi-volatile substances
with inconstant characteristics for different
geological conditions. One thing is that always
distinguishes coal from the rocks, it is the amount of
carbon in them. Thus, the ideal sensor would
distinguish them specifically on this feature. But in
our time, however, there are no technical tools in the
mining conditions, due to enable in the coal removal
conditions with extremely limited dimensions of the
equipment, are to perform the environment
automatic analysis of an array for the carbon amount
in it.

To create a device that distinguishes coal from
the rocks on the content of mineral impurities
(ashes), it is also the task achieving with difficulty,
due to given the wvariability of the chemical
composition of the ashes and mainly through the
unfavourable measurement conditions that are
created during the installation of the device on the
coal mining combine. But it should be noted,
however, that progress in the development of
radiation ash-measurers, gives a reason to believe
that in the near future will probably appear a
question of adapting such tools to solve the
discussed above problem. Currently we have to
dwell on more undirected and less permanent signs
of the coal and rock differences.

This variability of different traits in different
geological conditions preclude the possibility of a
universal sensor creating suitable for all coal basins.
So, if some method will provide a reliable detection
of coal and rock (even in a condition with necessity
to reset it for different mine-layers) relatively at least
to 15-20% of the total number of coal cutting places,
then it may be considered like industrially applicable
tool. In general, for all possible measure variants of
the distance to the hidden rock-coal border should be
requirement due to permissible value of mean-
square error. If, as it was suggested, in the first
approximation consider that the mean square error of
ACS CLP in most cases hasn’t exceed 1,0 — 1,5 cm,
then of course it need to require that the RCS error
was less than the specified size and part of it
expectedly does not exceed the RCS-error of all
other components. Then

s <4/26. =0.7+1.0sm

All known methods of coal and rocks recognition
can be divided into two groups. The first group
includes those that can measure the distance to the
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coal-rock contact, and the second group includes
those that can only distinguish coal from rocks.

In first casethe signal at the sensor output is
proportional to a range of coal layer thickness on top
of the rock mass, and in the second case the output
characteristic of the sensor will have a relay
character.

The term of "measurement range" for the relay
type sensors, or as they are differently called the
open coal-rock borders sensors, is meaningless. The
combine with the open borders sensor will
inescapably work with rock nipas to give a
necessary signal for the corresponding rock, it must
have direct contact with it. The nip value will
depend on RCS-error.

On the rocks, the strength of which is not greater
than the coal strength, this method can be
acceptable, especially if the nip will not take place
all over the front width, but only in limited areas
where especially for this purpose are set some
proactive cutters. This method to reduce the volume
of the rock up cutting is used, but only with the
screw combines and for the rocks in which their
strength is similar to the coal strength.

The main indicator for therock-coal open border
sensor may serve the reliability of the output
information that can be measured ratio of the correct
replies number to the total tracked replies (works up)
in certain characteristics of geological and
operational conditions that are affected on the sensor
performance of this type.

The total length of the lava segments on which
RCS showed false information ratio to the lava
entire length will determine the acceptable
probability of the false replies positives.

When we evaluate the allowable RCS mean-
square error, that measures the distance to the hidden
rock-coal border with the size of 0.7 — 1 cm (14 —
20% when measuring the range of 5 cm), then we
assume that takes 66% of the lava length. It can take
the coal pack thickness, that may vary to = 0.7 — 1.0
cm (with an ideal regulator), i.e., for example, to be
within 1 — 3 cm. Just in economic terms, this error
can be considered quite acceptable. The work with
an open borders sensor is running by different way.
Here the false running in 50% of the cases (with
symmetrical errors distribution to both signs) leads
to the rock nip.Therefore, the requirements for the
permissible error that are defined by the probability
of false runs in this case, should be much tougher.
The exact value depends on the embodiment RCS
run and elements banded to the combine, because for

some types of open border sensors it can reduce
undesirable consequences of issuing false signals by
the way of leading cutters installation on the RCS
fasten line with using two sensors at the same time
and with the unfeeling zone creation etc. If no
special events of this kind was applied, the
probability of false runs should obviously limit the
size R.; = 4.5%, that is equivalent to a rock nip
acceptance on total length of 4.5 m at a 200-meter
lava.

To the coal-rock sensors can be also brought a
number of requirements (to magnitude of the output
signal, to spark-security parameters of electronic
circuits, to reliability, to work capacity in a
particular range of the supply voltage and
environmental conditions fluctuations, etc.), but
similar requirements can be taken to any electrical
and electronic equipment that is designed for use in
coal mining machine. In this cases it is useful to be
guided by existing regulations for the devices design
of this kind.

This paper is not intended for the purpose of
selecting the most promising method to create a
RCS. The last tenth years of experience in this area
showed that none of the proposed methods can be
considered as universal, and even the best of them
have rather several conditional sites.This is
emphasized by higher volatility of the characteristics
differences for coal and rock.

In earlier studies like [6, 8, 9, 24, 26, 28-30, 38,
39, 50]have already shown the advantages of the
selected radioisotope method for the coal and rock
identification, so here we confine ourselves to only a
brief overview of the proposed methods, tools and
their main features.

We just consider the widest control methods of
the division rock-coal border.

3. Review of the control methods used for coal-
rock sensors

3.1. Method based on the cutting resistance of the
coal and rocks

In agreement with data excepted in a work [59] these
differences have bear the constant character within
one and the same mine layer.

There are several proposals for practical
implementation of this method. At the suggestion
taken in the workthe equality of the cutting efforts
from the two mills when looking at the array
sections of different hardness is implemented of the
mechanical device named "differential".



O. Kaganiuk et al. The Rock-Coal Boundary Control Methods Substantiation for Coal Mining Combines 73

Proposed some more compact version [60] for
the mechanical transformation of the cutting efforts
based on the use of pneumaticsensor, which is
embedded in a working cutter. Cutting effort is
reincarnated directly into an electrical signal by
using tensor devices for example. In this case,
thesensor) element can also be placed directly on the
working element in one of the cutters, i.e. on the
critical cutting line or, in other terms, embodied in
the main implementationpoint.

The last circumstance gives this method some
significant advantages among all others, as in any
other cases the sensor can’t be embedded directly in
the bits. The experiments mentioned above on the
Karbayd combine [45, 46] with stroboscopic sensors
are an example of the one embodiment practical
implementation for this method.

Works to create the RCS based on this principle
are provided in Russia and abroad, such as USA,
Great Britain etc. There are means available to
eliminate some of the shortcomings inherent in this
sensor. Thus, by company "Joy" [48] is proposed a
device that automatically regulates the effort factor
depending on the rock hardness. That allows to
distinguish the coal not only from thehard rocks, but
from relatively weak one, for example such as shale.

So, in England, there is patented some device
[31], which consists of two sensors that are included
in the differential circuit. One of them under normal
conditions moves alone the rock, and another one
moves alone the coal.

The disagreement signal appears at the output of
the device in the case where both sensors are in a
homogeneous environment. The proposed device
allows to receive a dead (non-feeling) zone and
thereby to eliminate the shortcomings of the two-
position adjustment scheme, inevitable in the
presence of only one sensor.

3.2. Method based on different elastic properties
and friction coefficienti of coal and rock

This method is used in the sensor, which is designed
by "Donhyproumnlemash" company [10, 49]. With
the generator and piezo-elements in a metal rod,
which are combined with an array,there are excited
mechanical vibrations. Their frequency is chosen so
that it is supported only at an outstanding friction
effort that corresponds to the movement alone the
coal. During the rod contact with the rock the
friction power increases and occurs the fluctuations
failure of the sensor fixed electronic circuit.The
influence of various factors on the sensor capability

is not still clarified for today, but the experiments
results conducted in mine conditions can be regarded
as quite encouraging.

A second position that is based on the principle
of the elastic properties differences for coal and rock
is backgrounded on the use of energy vibrations
excited in the array by vibrations that are appeared
in the mine of the working machines [86]. As
applied to the drilling assembly this idea is proposed
to realize by the next way. At the entrance roadway
along the axis of output in the rock are fixed two
seismometers: one in the ground, and the second in
the layer roof.

The receivers are switched on the spacing scheme
and configured in such a case, so that when the
motion projectile is moving along the coal, the
output signal on the device exit is equal zero. The
cutting element touching onto the soil or rock roof
leads to a registered vibrational energy increase and
in the device output leads to a signal imbalance.

There is no need to install on the combine any
special equipment. This makes a certain advantage
of the proposed device, but any information about its
practical test is missing yet.

3.3. Ultrasound method

Based on the degree difference of the ultrasonic
waveband attenuation (frequency ~400 Hz) in the
coal and rock. This method was proposed in works
[18, 19], which held a series of experimental studies
with ultrasonic sensors in the mine lining sheets
conditions. To convert electrical oscillations into
mechanical and vice versa, there were used magnetic
strict elements. Mechanical vibrations were excited
in the steel hub (emitter) which was pressed to the
test environment. The tests in the mine lining sheets
conditions showed that the signals difference on coal
and rock were unstable, but in general was very
significant and with average as 1:10.

In agreement with data in [43], the signal ratio in
a greater amount depends on the state of the
investigational array, ie. from the environment
fracturing and the sensor pressing force to the
environment. Based on the conducted research the
authors came to the conclusion that "while working
on cleaning and coal catting machines may only use
the method of the partial machinery introduction into
nature." The research works on ultrasonic sensors
continues towards to find a means to avoid these
shortcomings.

Other control methods based on open rock-coal
borders does not represent great practical interest. In
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principle it’s possible, for example, to distinguish
coal from rock by photometric method, but the
surface state of the rock-coal array in mine
conditions is not conducing to receive a stable
information. This is confirmed by the data given in
the review article [50].

The same fact prevents the practical application
of the method based on the difference in the coal and
rock reflectivity in respect to the ultrashort wave and
ultrasonic vibrations, though the idea of automatic
control for coal mining machines with using such
sensors were reflected in the patent literature.

The proposed method [42]. Differences of coal
and rock, which is based on differences in their
resistance indentation stamp tested so far limited
laboratory studies, but discrete action and
dependence of measurement results on a number of
minor facts do not allow to show great optimism in
relation to its prospects.

4. Theoretical background to use a scattered
gamma radiation

Sensors developed in A.A. Scochinsky IGD are
based on the effect of scattered gamma-radiation.
The intensity of scattered gamma-radiation depends
on the atomic number and the scattering density [44,
46,47]. In a two-layer environment it also depends
on the thickness of the upper layer that the sensitive
sensor element contacts with its surface, and the
interlayer of which can be used to solve the set
problems. It should be noted that the advantages of
this method in comparison with all other existing
ones are that this method uses the greatest number of
features characterizing both: coal and enclosing
rocks by their density and chemical composition.

Let's consider some aspects of y-radiation, which
are presented on the model (Fig. 1).

NS

Fig. 1. The principle scheme of radionics isotope sensor
determining the interface between rock and coal
(flat contact)

If the y-irradiation source and receiver (detector)
are set on the medium surface of two-layers
environment, with the upper layer having a thickness
h, and the lower one is half-infinite (fig.1), then the
irradiation intensity scattered by this environment
and registered by the receiver in the general case
will be determined by the following function:

Ip:f(wo,zl,zz,pl,pz,R,h,A,Sg,Sg) (1)

where wy is energy of primary irradiation; z,, z, are
effective atomic numbers of the upper and lower
environment; p,,p, are effective densities of the

upper and lower environment; R is a distance
between the radiation source and the center of the
receiver (base); 4 is a radiation source activity; £, is

efficiency of the radiation detector; S, is active
surface of the radiation detector.

It can be seen that from expression (1) with
taking fixed parameters of the sensor, the variables
would be onlyz,z,,p,,p,,h. Between calculation

methods we can find the application of the Monte-
Carlo method [4, 57]. In all cases with taking into
account the real geometry, however, the calculation
of therepeatedly scattered radiationintensity is
considered rather as one of the difficult tasks.
Qualitative results that represent the basis of the
technique features can be obtained by considering
the problem in the approximation of a single
dispersion. This approximation is widely used, for
example, in geophysics due to determine the nature
of the relationship between parameters that
determine the count speed to receive a rational form
of semi empirical formulas, etc. In cases like this
usually are considered simplified models.

dl =3,7*%107 KAdC48g %eXp (—M;Pyz; )X
4nz; @)

v m do
X exp(—uypyry)no%(e)dle,

TCZ2

where K is the average number of y-quants for
decay; d., is the detector diameter and with
Sg:dc4(€2_€1):dc4fc45 H;is
relaxation coefficient for radiation at an angle to a
direct y-ray; W’ =p’ (8)is the same for a scattered

weighted

y-ray; and n, is number of electrons in 1 cubic

centimeter of matter.
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zZ
n, =6.02-10% (ij (3)

The value Z—g(e) is determined by the formula
of Klein-Nishin:
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Substituting formulas (3) and (4) into (2), we
receive an expression for the account speed on the
coal pack:

‘}'=C(Al

where C =5.60KA d e, = const.

Similarly, an expression can be written for the
rate of account on the rock after passing the
radiation of the coal layer (see fig. 2);
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With h — 0, the account speed is determined only

by y-scattering on the rock, and the expression (6)
will take a look:

z
Inloc = C[Xj P X
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For h — oo, the equation (5) takes some another
form:
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Fig. 2. The view of the y-radiation general scattering
in a two-layer environment

z
Iy10t = C(KJ pyx
y

1 p(6) (8)
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X yo 21 0 Z1 Zz
For practical purposes some particular interest
takes the relative magnitude
[ +Iy 1,
1 9
Y, Ve

where I, is the count rate of the scattered y-quants,
received by the detector.

The dependence of this value from the coal layer
thickness h is the main characteristic of the "rock-
coal" sensor.

Also very important characteristic that
characterizes the signals drops or differential ability
is the ratio of the 6-speed count of RCS on infinitely
thick rock and coal layers:

I
§=-"1= (10)
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where the values Ij; ., and I, are determined by

y’DQ
expressions (7) and (8), respectively.

To solve the equations (5 — 8) it need to express
incoming integral expressions of the values 0, z, z,,

4 Va ’ r” . ” n
1y s Ty Tn ¥y Via X, p, z. The values p =u (6) and

UG =1y (0) can be represented as:

=i +b, (1—cosO),
=Wy +by (1-cos6)

The integration boundaries x;, x; z;, z; are
determined by the geometry of the collimators near
the radiation source and detector and in general case
they can be dependent as a function of y.

In research works [45, 46, 48, 50], devoted to the
radioisotope rock-coal sensors creation is shown that
with radiation energies more than 0.5 MeV the
chemical composition oscillation influence of the
diffusers, that is characterizing by their effective
atomic numbers z; and z, may be small. However,
with the increasing of radiation energy, the
dimensions of the protective shell and, accordingly,
of the sensors in general, areincreasing in sizes and
this can be a serious obstacle on the way to their
practical use in some cases. Therefore, the further
researches were been aimed to improve the technical
characteristics of the rock-coal sensors RCS, and to
reduce their dimensions. All this led to the creation
of two sensor modifications: with sources of rigid
(hard) y-radiation RCSr and with sources of soft -
radiation RCSs. Metrological characteristics of both
types of sensors are different and can bepurposefully
considered separately.

5. Conclusions

As a result of the reasoned analysis, the most
promising in terms of implementation and industrial
development are small radioisotope sensors that
allow to control the separate border interface
between coal and rock by the noncontact method.
But this doesn’t mean that other control methods
can’t be implemented in the lonely coal dredging.

Of course, it should direct some efforts on further
research in areas that have been reflected in this

article. It will allow to make compete in the creation
of other interesting ways to create new control
methods of the separate boundary between rock and
coal.

On the basis of new researches will be possible to
create an automatic control system for coal mining
combine, working in difficult rock-geological
conditions.
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OOrpyHTyBaHHSI METOAIB KOHTPOJII0 FPAHUL OPOAA-BYTLISA VISl ByTUILHO 100yBHUX KOMOaiHiB
Jlyupkuii HallloHaJIbHUI TEXHIYHUN YHIBepcuTeT, By JIbBiBChKa, 75, Jlyupk, 43018, Ykpaina

E-mails: 'energygroop@yandex.ua, “melnyk v m@yahoo.com, *polishchuk.kolia@gmail.com,
*sergij.grunjuk@gmail.com, *katerina.bortnyk@gmail.com

VY nmaHiif cTaTTi PO3TIANAETHCS NMUTAHHS NIATHOCTUKHA CYYaCHUMH METOJaMH KOHTPOJIO TPaHWIll PO3IiTy mopoja-
BYTULIA, sKi 0a3yroThcs Ha 3aCTOCYBaHHI PI3HOMAHITHHX MAaTYMKIB Ta miaxoxiB. HaBeneno peranpHUil anHami3
pe3yJsbTatiB poOOTH PI3HUX METOJIB Ul KOHTPOIO TPaHUIll MOPOAa-BYTLLIs, a caMe TaKHUX SK METO[l, 3aCHOBaHUI Ha
PI3HHMII ONOPY pi3aHHs BYTULIS Ta HOPOJHU, METOJ BUKOPUCTAHHS PI3HUL MPYKHUX BIACTUBOCTEW MOPOJH 1 BT, X
Koe(ILlEHTIB TePTs Ta YJIbTPa3BYKOBHI MeTo/1.Bci BOHM BITHOCSATHCS 710 METO/IB NIarHOCTHKHU 3 BIJKPUTOIO TPAHHIICIO
po3aiy Mopoaa-Byriuisi. AKUEHTYEThCSI HEOOXIJHICTh CTBOPEHHSI HOBUX JaTYMKIB KOHTPOJIIO PO3JALTY IPaHHL BYTiLIs
Ta MOPOAM JJIsi KOMOAWHIB, sIKi IPALIOIOTh B TIPHUYHUX YMOBAX.

3’scOBaHO, 110 HANOULIBII TNEPCHEKTUBHUMH, 3 TOYKHM 30py BIPOBADKEHHS B JiI0 y IIAXTHUX YMOBaxX €
panioizoTonHi ManorabapuTHI JaTYMKH, SIKi JJO3BOJSIOTH KOHTPOJIIOBATH IPAHUIIO PO3JUTY MIX BYT'JUIIM Ta TOPOJIOI0
0E3KOHTAaKTHUM cII0cOOOM. [HIII METOoIM KOHTPOIIO, IO PO3IIISAAIOTHCS, HE MOXYTh OyTH BIIPOBAJUKEHI B ITPOLEC
0e3J1I01HOT BUIMKH BYT1JIJISI, OTHAK MOXKYTb BiJIIrpaTH BaXJIMBY POJIb B CTBOPEHHI IHIIMX LIKABUX HANPSMKIB Ta HOBUX
METOJIB KOHTPOJNIO TpPaHUIl PO3ALTYy MDK MOpPOMOI0 Ta BYTULISAM, SKi TO3BOJATHMYTH CTBOPIOBATH CHCTEMHU
ABTOMAaTHUYHOTO KepYBaHHs BYTJIBHO TOOYBHUMH KOMOalHaMH, [0 MPALIOIOTh B CKIAJHUX TIPHUYHX yMOBAX.

Kuro4oBi cioBa: ByrinbHi KoMOailHM; METOAM KOHTPOJIIO; TPAHUI PO3ILTY MOPOAA-BYTLIA, MPYXKHI BIACTUBOCTI;
Koe(iLlEHT TepTs; YIbTPA3BYKOBHH METO/

O.K. Karamolc', B.M. Me.]ILHI/le, M.M. l'[onmuyKS, CM. T pnmox", K.s. BOpTHI/IKS. O0ocHOBaHUE METOI0B
KOHTPOJIl TPAHHIIBI TOPOAA-YI0JIb VISl YTOJbHO J00BIBAIOIINX KOMOATHOB

Jlyupkuil HalMOHANBHBIA TEXHUUECKUH yHUBEpCUTET, yi. JIbBoBcKas, 75, Jlymk, 43018, Ykpauna

E-mails: 'energygroop@yandex.ua, “melnyk v m@yahoo.com, *polishchuk.kolia@gmail.com,
*sergij.grunjuk@gmail.com, *katerina.bortnyk@gmail.com
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B nanHON cTaThe paccMaTpUBaeTCs BONPOC AMArHOCTUKU COBPEMEHHBIMH METOJAMU KOHTPOJIS TPaHMIBl pasjena
MOPO/a-yrojib, OCHOBAaHHBIMH Ha NPUMEHEHHWH DPA3JIMYHbIX JATYMKOB U 1MOJX0n0B. [IprBeneH moApoOHBIA aHAU3
pe3yIbTaToB PadOTHl Pa3INYHBIX METOZOB KOHTPOJIS TPAaHMIBI ITOPOJA-yroib, TaKMX KaK METOJl, OCHOBAaHHBIA Ha
Pa3HHMIIE COMPOTHBIICHUS PE3KU YISl M TIOPOJIBI, METO MCIIOIB30BAHMUS Pa3HUIIBI yIIPYTUX CBOWCTB MOPOIBI M YIS, UX
k03(HpUIMEHTOB TPEHHS U yIbTPa3BYKOBOI MeToA. Bce OHM OTHOCATCS K METOJjaM ANarHOCTHKHU C OTKPBITOM IpaHuIen
paszena nopoja-yroiab. AKIEHTHPYETCS HEOOXOIUMOCTh CO3aHMsI HOBBIX JATIMKOB KOHTPOIS pa3Aeia rpaHUIbl yIiis
1 TIOPOJBI Il KOMOAitHOB, pabOTAIOLINX B TOPHBIX YCIIOBHUSX.

YcraHOBNEHO, YTO Hanbojee MEPCHEKTUBHBIMU C TOYKH 3PEHUS BHEAPECHUS B JCHCTBHE B IIAXTHBIX YCIOBHSIX
SIBJISIETCSI PaJOM30TONHBIE MaJIOra0apUTHBIE TATYMKH, KOTOPBIE MO3BOJIIIOT KOHTPOJIMPOBATH TPAHUILy pa3Jielia MExXIy
yIJIeM M IMOpOJOH OECKOHTAaKTHBIM criocoOoM. Jlpyrue paccMaTpuBarolvecss METOJbl KOHTPOJIS HE MOTYT OBITh
BHE/IPEHBI B NpoLecC Oe3/TI0IHON BBIEMKHU YIJI, OJHAKO MOTYT ChITPaTh BaXKHYIO POJIb B CO3JaHUU APYTHX HHTEPECHBIX
HaIpaBICHUN U HOBBIX METOJOB KOHTPOJIS IPaHMIBI pa3zfesia MeXIy MOPOJOM M yrieM, 4TO MO3BOJIHUT CO3aBaTh
CHCTEMbl aBTOMAaTHYECKOTO YIPaBJICHHS YrOJIbHO AOOBIBAIOIMMH KOMOalHaMu, pabOTaromIMMHU B CIOXKHBIX T'OPHO-
Te0JIOTMYECKUX YCIOBUSIX.

KaroueBble ciioBa: yroyibHble KOMOAHHBI, METOOM KOHTPOJIS; PAaHMIA pa3jeia MOpoJa-yroib; YIPYIHecBOWCTBA;
KOX(PUIHUEHT TEPHUS; YIBTPA3BYKOBOH METOL
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