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Purpose. Creating a mining robot complex with adaptive control (MRAPCS) intended for coal extraction
from local, off-balance reserves of coal seams (pillars for different purposes), as well as for the development of coal
seams occurring in complex geological conditions, with the length of the longwall up to 45—60 m. The complex
can be used for selective mining while mining shallow, inclined coal seams with hard-structural framework, as the
EFM-4NA able to conduct the layering selective mining.

Methodology. When doing research on a new type of coal mining complexes, a complex method was used
that includes scientific generalization, analysis of practice data and prior industrial research, design and develop-
ment, experimental studies, mine and bench studies, simulation, etc.

Findings. The design has been selected and improved; the complex components including the excavation
manipulators have been substantiated and investigated. The block diagram of the subsystems regulated by execu-
tive body while selecting the method of cutting has been developed, the issues of designing a model of elements of
microcontroller process control systems have been observed, namely, the control system of robotic platform of
excavation manipulator moving. The development of technical documentation, prototyping and production tests
of the complex in one of the mines of Karaganda have been specified, which are expected to conduct research of
processes and methods of destruction of hard rock, taking into account the dynamics of the interaction of the
environment and the elastic properties of the links.

Originality. An innovative way of coal cutting in the longwall, which provides a reduction in energy intensity
of the formation of cutting up to 10 times over an existing shearer, is offered. The total capacity of electric paddle
excavation is about 50 kW.

Practical value. Introduction of the technology of coal mining with minimal presence of workers through the
use of adaptive management software; reduction of energy intensity of destruction of mineral by the cutter ma-
chine and metal consumption of the coal mining complex and excavation manipulator by 2—3 times compared to
existing narrow cutting shearers. The introduction of robotic technology systems will improve the efficiency of
interaction between the human operator and the diagnostic system of the cleaning robot technology sector and
minimize the risk for workers in underground coal mining. It becomes possible to reactivate and develop techno-
logical reserves of mineral deposits under complex geological conditions.

Keywords: mining robotic complex with adaptive control software (MRCACS), powered roof supports,
excavation frontal manipulator (EFM), a human operator, the microprocessor control system

Introduction. One of the priorities of the concept
of development of mining industry in Kazakhstan for
the period up to 2020 adopted by the government of
the Republic of Kazakhstan is robotic application and
automation of production processes, environmental
safety, and measures to reduce the negative impact of
the environment on people. The development of coal
seams by an underground method has a negative im-
pact on the state of land resources and causes both en-
vironmental and socio-economic damage. Implemen-
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tation of wastefree technologies of coal seams excava-
tion requires creation of scientific bases of mining ro-
botic application, as well as the preparation of engi-
neering and design development elements, devices,
systems of control of mining robots.

Unsolved aspects of the problem. Currently, in
most cases, the management of mining and excavation
units, complexes is performed by people, i.e. by the
operator who is required to continuously monitor the
technological process and to manage the operational
process. This situation is determined by the failure of
units, systems to edit automatically or change an ac-
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tion program, to make independent decisions in the
cases of changing technological situation (the change
of the hardness of rocks, the occurrence of areas of
waste rock).

The existing systems require organization and on-
going support of the communication channel unit with
a man-operator.

While carrying out technological operations the op-
erator, receiving information on the management ob-
ject and technological process from the system, con-
tinuously monitors and controls the actuators of the
whole complex. The complexity of the process, adverse
conditions along with the nature of work requiring at-
tention, results in the operator’s fatigue and increasing
probability of erroneous actions, consequently.

However, despite the significant development and
wide application of the considered automated units,
complexes, it should be noted that the existing system
does not have the ability to conduct selective mining
required while developing seams with complex hyp-
sometry, with the occurrence of rock layers and solids,
as well as geological faults that is characteristic of de-
posits of the Karaganda coal basin.

Analysis of the recent research. In Eurasian Na-
tional University named after Gumilev (Astana) scien-
tific research work is currently performed on “Re-
search and development of technology for cleaning
mining complex robotic selective on the basis of stan-
dard equipment (SRCACS)”. L.N Gumilev ENU and
Karaganda State Technical University (KSTU) (Ka-
zakhstan, Karaganda), together with the coal depart-
ment (CD) of “ArcelorMittal Temirtau” JSC and
“Karaganda Engineering Consortium” LLP are con-
ducting the development of industrial-innovation
project “Mining robotic complex with adaptive con-
trol software” (MRCACS)

Work on mine robotics and software control of
technological processes has been the most developed
in the UK, Japan, the USA, Germany, and the Czech
Republic. For example, in 1995 the United States be-
gan extensive use of robotic manipulators for drilling
(“Fanuk” company), the installation of the concrete
tubing lining in tunnels (“Dainik” firm). Robotic au-
tomation of mining operations in the UK has been car-
ried out under the state program.

The control system mounted on the main shaft
“Ellalont” (Australia) provides remote control for the
following operations: unloading, shifting, the thrust
support units, advancing the conveyor extension and
retraction of the flexible lining console. This system is
based on low-current electronic equipment in an in-
trinsically safe design. The operator can unload and
move the bursting roof support and move the con-
Veyor.

Such control is carried out remotely within the sup-
port of 25 units on either side of the currently con-
trolled section.

The “Raspadskaia” mine of “Yzhkuzbassugol”
production association tested hardware remote and
automated control mounted in the part of the experi-
mental sample set KM 138, machinery of a wireless
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remote control combine with an infrared channel of
USM type and control equipment for hypsometry
reservoir with a “rock - coal” sensor of “Quantum —
1117 type.

Within the mechanic (automatic) complexes in-
cluding KM-137A, KAM and KMS (for layers of 0.8
to 1.5 m), KM138A (from 1.2 to 2.5 m), the AFC (for
layers from 0.65 to 0.9 m) and F-1 frontal aggregates,
automation machinery of several independent or re-
lated information systems was used to implement au-
tomatic, remote and automated modes of roof support
control according to the operator’s commands. It was
possible for the operator to change the order of ad-
vancing sections (serial, chess ones), size of groups.
The centre console displayed the information about
the state of the combined machine, conveyor and
magnetic station.

Automated frontal combines (AFC) of RKU, KA,
and KAS type were equipped with “coal-rock” fold
tracking subsystems; they have a wireless radio or in-
frared control. The AFC unit is operated from the
control panel in the haulage drift.

“Donavtomatgormash” Institute together with the
“EMAG” agricultural association (Poland) created
automated facilities of mining equipment: hydraulic
and electrohydraulic actuators for the automation of
downhole equipment; specialized microcomputers for
installation on stopes and road headers; laser dial des-
tinations for mining and face equipment management
system using infrared radiation.

The issues of mining robotics, manless mining
technology for very thin layers of steep have been stud-
ied by research institutes and universities of Russia
(Institute of Coal, Siberian Branch of Russian Acade-
my of Science; MI after A. A. Skochinskiy, MMI, No-
vocherkassk Polytechnic Institute), Ukraine (Institute
of Geotechnical Mechanics of NAS of Ukraine, Insti-
tute of Geological Sciences of Ukraine).

Unsolved aspects of the problem. Attempts to
remove existing drawbacks were made in the project
on creating robotic systems for coal mining without
constant presence of people in the working face
(MRCACS), which uses a microprocessor control sys-
tem with automatic remote controlled excavation arm
of the EFM, powered roof supports and longwall con-
veyor providing:

- automatic control of the excavation arm for the
given program;

- control of powered roof supports for the given
program;

- control of reversible conveyor on bord gate;

- control of the face conveyor;

- control of «Titan» stowing complex;

- automatic control of the load with EFM cutting
heads of different diameters;

- changes in the program of the complex work, de-
pending on geological conditions;

- remote control of the excavation arm and pow-
ered roof supports;

- providing the necessary protections and inter-
locks.
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The control system includes a local systems con-
trolling the EFM and roof support, devices transmit-
ting and receiving information, control device.

Microprocessor control system for robotic complex
for selective extraction was performed on the basis of
the KR580IK80A, the module of interface circuits was
implemented on the 132 series chips, and program-
mable read — only memory was implemented on BIS
KT556RTS.

The pipe system allows connecting the interface for
the automatic control of the complex. A set of such de-
vices and the control program, which corresponds to
different processing circuits of the face and is placed in
the module of a programmable memory, are used to
handle the complex in various modes of coal mining,
taking into account hypsometry formation.

Objectives of the article. The goal is to develop
and create a prototype of a robot technology complex
on the basis of sloping complex of “Glinik” (Poland),
where EFM-4NA mining excavation arm of forward
action is used as an excavation tool (Fig. 1 and Table).
Another objective is the implementation of pilot re-
search of the complex performance.

Presentation of the main research. Mining
stoping robotic technology complex [1—6] is intended
for the development of coal seams by the underground
method according to a manless mining technology
and consists of the following modular and functional
elements:

- a mining excavation manipulator;

- equipment with adaptive programmed control
unit with a diagnosis of the condition and actuators in
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the form of hydropillars, hydraulic cylinders with po-
sition indication during operations on securing and
managing the roof;

- a powered support and an excavation manipulator
of the EFM whose hydropillars and hydraulic cylin-
ders are equipped with cylinders with position indica-
tion, they serve as the actuators;

- a downhole scraper conveyor with vertical scrap-
ers in the curved section for the displacement of the
EFM in case of failure of functional elements;

- electro-hydraulic equipment.

The control system of a robotic technology com-
plex is a combination of the following modular com-
ponents: an automatic excavation manipulator of
EFM type, a mechanized support, a scraper conveyor
and other equipment, which records the incoming
signals in the DAC control unit through pressure sen-
sors and magnetic indication of liquid flow and tem-
perature.

The control system of the robotic technology com-
plex is shown in Fig. 2. All signals from the digital-to-
analog converter are processed as digital values with
computer software; therefrom as digital values signals
are supplied to the actuators. The sensor signals are se-
quentially transmitted to the DAC, therefrom they are
converted into the required signals to the actuators,
hydraulic control valve and the electric control valve
(ECV), which further serve to control all the processes
and operations of coal mining in the working face, and
are also applied to all hydropillars and hydraulic cylin-
ders with position indication according to the soft-
ware.
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Fig. 1. The winning machine-manipulator EFM-4NA:
1 — boom actuator; 2 — swing bearing; 3 — moving mechanism; 4 — loading device; 5 — electric motor with oil sta-
tion; 6 — ram; 7 — Control Panel; 8 — magnetic station; 9 — support-feed gripping mechanism of jacks supply;
10 — shoe of downhole support; 11 — hydraulic claw; 12 — round guide
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Table
Technical characteristics of the HMF-4NA
Ne Indicators number Values
1 | Extracting seam thickness, m 3.0-5.0
2 | Scale of gripping, m 0.5—0.8
Productivity, 7z, min
-with manual control 3.0
-with automatic control 4.0
4 | Dip angle, deg 9-35
5 | Feeding pressure, N 10—15
6 | Feed rate of m / min up to 10
7 | Type of moving mechanism chainless, walking
8 | Type of an actuator A boom with a cutting head
9 | Specific energy consumption, kW - h/t 0.25
10 | Power of an actuator on the basis of the tunnel com Bains PC-56M, kW 46
11 | Overall size, mm:
-the length of the base 4000
-the width 1350
-the height 5000

During the creation of the complex it is supposed
to conduct research into the following issues: process-
es and methods of destruction of hard rock, taking into
account the dynamics of the external environment and
the elastic properties of units; parameter optimization
for electrohydrodrive of executive manipulation mech-
anisms with walking movement systems of different
degrees of freedom; the development of adaptive soft-
ware control interactively, the complex control system
(Fig. 3) and diagnostic system of states of components
of the stoping complex; simulation of the dynamics of
the actuators, taking into account non-linear func-
tions of the position when cutting hard rock and other
issues. The ultimate goal of the development is the
implementation of MRCACS at the CD of “Arcelor-
Mittal Temirtau” JSC.

| Comp # /1| MI |»| The modular device
Software ECU [ Automatic excavation
manipulatorEFM-4P

Automated mechanical
lining
Automatic scraper

conveyor
DAC Automatic lining

pairing, pump

Fig. 2. Block diagram of the module control:

IM ECU — actuator and electric control valve;
DAC — Digital-to-analog converter; D — sensor
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The apparatus in Fig. 3 operates in the following
way. Hydraulic pumps §&— 70, electric motor 76 of the
actuating device are switched on from the remote con-
trol through the control unit, so are selector valves
13— 18 to the left position L. Due to the pressure of
the pump /0 and control valves 13, 14 and 18, valves
11, 12 and 19 are switched on respectively with hy-
draulic control in the right position II. From the oper-
ating pump &, the fluid is fed under pressure into the
rod cavity of hydraulic dual 7, and it engages with the
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Fig. 3. Control structure diagram for the EFM
mining excavation manipulator
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rail conveyor 27 with curved sections; simultaneously,
through the valve 717, fluid is supplied to hydraulic
dual piston cavity 6 and it is disengaged from the
guide 21. From the operating pump &, the fluid being
under pressure is fed into the piston cavity of the hy-
draulic cylinder 5 along the pressure line 20 through
the valve 712to the right position and the line 22. There
occurs a supply of the EFM to the slaughter, while the
liquid is distilled out of the rod end of the hydraulic
cylinder 5 in the rod end of the hydraulic cylinder 4,
which makes hydraulic dual cylinder 4 and hydroc-
lamp 6 ready for the next cycle of operation. Position
sensors of cylinders 4 and 5 at full retraction of the rod
make switch over valves 73 and /4 which, in turn,
switch over valves /7 and 12.

Hydro clamp 6 engages with the guide 27 while the
hydraulic cylinder 4 delivers the EFM at slaughter.
The liquid from the rod end of the hydraulic cylinder 4
is held in the cylinder 5, which prepares hydroclamp 7
and hydraulic cylinder 5 to the next operation cycle of
choosing schemes of breaking coal. Thus, the switch-
ing process recurs, and there occurs a continuous sup-
ply of the EFM to the slaughter. The speed of move-
ment of the EFM depends on the efficiency of the
working pump &, as well as on the load of the engine 16
of the activator.

Simultaneously, the liquid is supplied into the pis-
ton cavity of the hydraulic cylinder 3 from the operat-
ing pump & along the line 24 through a valve /9to the
right position; this causes movement of the actuating
device down. The actuating device having reached the
lower end position, the valve /& switches over by
means of the jack sensors via the control unit, which,
in turn, makes the valve 79 switch over. The fluid from
the operating pump &is supplied through the distribu-
tor 79to the left position in the rod end of the hydrau-
lic cylinder 3, which causes the actuating device move
upward, and then the cycle repeats.

The speed of the movement of the actuating device
also depends on the load of the engine /6 of the actu-
ating device, from the remote control via the control
load on the cable distributor 23, /5and 7 7are switched
on simultaneously to the left. From the pump /0 the
liquid is supplied to the trunnions 37 and 32 along the
line 25, through valves 75 and 77 to the left position
on lines 26 and 27 through check valves 35 and 36,
which causes simultaneous movement of the stators of
the controlled pumps & and 9. Moving stators cause a
task of certain performance of the pumps &and 9, and,
consequently, feed rate assignment of the combined
machine, tramming speed of the boom and the rota-
tion speed of the hydraulic motor of the actuating de-
vice preserving Vp/V, = const, where V,, is feed rate of
the combined machine V) is the rotational speed of
the hydraulic motor of the actuating device.

To overcome technological overloads or to main-
tain the nominal load of the electric motor /6 of the
actuating device, a signal is supplied to a load con-
troller by applying current sensors; the processed sig-
nal is supplied to the valves /5 and /7 via the cable
23. Following the signal, the valves /5 and /7 switch
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over to the right position P, therefore, the fluid flow-
ing from the pump /0 along the line 25 through the
valves /5 and /7 to the right position, along the line
28 and the hearth 29, is supplied to the piston-cham-
ber of the check valves 35 and 36, causing them to
open. Due to the pressure of the fluid from the pump
10 along the line 30 on the trunnions 33 and 34, and
due to the momentary liquid drain from under the
trunnions 37 and 32 through the check valves 35 and
36 along the lines 26 and 27 and through the valves
15 and 17, the stators of the pumps & and 9 move
that causes a proportional decrease in the perfor-
mance of the pumps & and 9, which, in turn, causes a
decrease in the feed rate of the EFM, the rotational
speed of the hydraulic actuator and, respectively, the
load current of the motor /6 while maintaining the
ratio V,/V, = const.

Thus, the application of the apparatus described
and drawn up as an invention provides an operation of
the combined machine in the optimal mode based on
the output in case of failure of the functional element of
the EFM ACS through the curved section of the con-
veyor. The total amount of the EFM in the ACS can be
up to 8—10 if up to 9 EFMs are used as sections of sup-
ports due to the EFM failures, which provides improved
performance in a breakage face due to their reliability
and the reliability of the coal excavation technology it-
self. The recommended technique provides from 6 to 12
thousand tons of coal from a longwall per day.

The problems which are solved in order to achieve
the end result include: the security of mining opera-
tions at the breakage face carried out without the
permanent presence of workers through the use of
adaptive management software; a sharp decrease in
losses of mineral resources; improving quality of ex-
tracted minerals through the use of automated min-
ing excavation manipulator with the actuator of the
selective action; reduction of energy intensity of de-
struction of minerals by a winning machine and met-
al intensity by 2—3 times compared to an existing
shortwall stoping machine. The project proposes an
innovative way to cut carbon in the working face,
which provides a reduction in energy intensity of the
bed cutting up to 10 times compared to existing
shearers. The total capacity of the electric motor of
the mining excavation manipulator is about 50 kW.
This is achieved by the fact that while breaking mine

Fig. 4. Methods of handling the face with the ac-
tuator of the excavation manipulator:

a — continuous method; b — serial method
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rocks by the boom actuator of combined machines,
which consists in the supply of the actuator to the
face, the tilting of the actuator within the face seam
thickness and movement of the actuator are con-
ducted simultaneously (Fig. 4).

The main advantages of the complex designed are:

- automatic control of the excavation manipulator
and powered roof supports according to a given program,;

- managing the face and reversible conveyors on a
bord gate with a stowing complex (for selective mining);

- automatic regulation of load with different diam-
eters of the cutting heads of the manipulator;

- changing the program of the complex work de-
pending on mining and geological conditions.

Adaptive control software (ACS). Adaptive control
MRCACS includes the following:

- the general scheme of microprocessor control;

- the electrical distributor circuit with ferrite for
22 positions;

- the general control scheme of the EFM-4NA ex-
cavation manipulator;

- the hydraulic scheme of automatic control of the
EFM-4NA;

- the hydraulic circuit of the powered roof support
sections;

- the general scheme of the microprocessor con-
sisting of a hydraulic section control circuit and the
control scheme of the powered roof supports.

The scope of application of the MRCACS complex.
The complex is designed for testing the local, off-balance
sheet reserves of coal seams (pillars for different purpos-
es) as well as for the developing the coal seams occurring
in rough mining and geological conditions, with the
length of lava up to 45—60 m. The complex is also used
for selective mining while mining shallow, sloping coal
seams with hard structural composition, as the EFM-
4NA is able to conduct layering selective mining.

Development of robotic technology complexes will
increase the efficiency of interaction of the human op-
erator and diagnostic systems and minimize the risk of
emergencies. It becomes possible to reactivate and de-
velop technological reserves of mineral deposits under
difficult geological conditions.

Expected results are:

- the ability to optimize characteristics of drive and
mechanisms with walking systems of motion with dif-
ferent degrees of mobility;

- automation of the design of manipulation “Ro-
bot” in a variety of manufacturing operations in the
conditions which are dangerous to life and health;

- formation of technological and technical con-
cepts of constructing and manipulating diagnostic sys-
tems based on studying mechatronics;

- high mobility of operations in different versions
depending on the EFM-4NA location;

- the possibility of adaptive software control of the
complex at a distance and even surface;

- ensuring high reliability and efficiency of the
complex in the working face.

Conclusions and recommendations for further
research. The project on the use of the MRCACS
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complex will provide protection and significant im-
provement in the resources status, namely: eliminate
the violation and damage of the mining take land;
eliminate the need for using the land as mine dumps
eliminating all negative environmental impacts.

In the course of scientific experimental research
the following issues will be grounded: motion param-
eters of the mining rocks, technological parameters of
excavation technology for coal seams and the main
functional elements of the MRCACS complex. They
will allow reducing the energy density of destruction of
coal and metal intensity 3-fold, improving operational
safety through automation and robotics of coal extrac-
tion on the basis of unification of resources, diagnos-
tics and fault of the microprogramed control using
microprocessor means; improving the environmental
situation in the region (due to the abandonment of the
rock), as well as reducing the loss of coal and improv-
ing the quality and productivity of coal mining.

The ultimate goal of the development is to intro-
duce the MRCACS the coal department of “Arcelor-
Mittal Temirtau” JSC.
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Meta. CTBOpEHHSI OYMCHOro POOOTU30BAHOIO
KOMIIJIEKCY 3 aIalTUBHO-MPOrpaMHUM KePYBaHHSIM
(OPKAIIK), mpu3HaueHOro /ISl BiAlpalloBaHHSI JIO-
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TiB (LUUTUKIB Pi3HOTO TMPU3HAYEHHS), a TaKOX IS
PO3POOKHU BYTiIbHUX IJIACTIB, 110 3aJISTaI0Th Y CKJIad-
HUX TipHUYO-TEOJIOTIYHNX YMOBAX, 3 JOBKWHOO JIABU
10 45—60 M. KoMmILiekc MoXe 3aCTOCOBYBATUCS IS
CEJIEKTMBHOI BUIMKM IMpPU BiAIpaiioBaHHI I1OJIOTHUX,
MOXWJIMX BYTiJIbHUX IUJIACTIB, 10 MalOTh CKJIaJgHO-
CTPYKTYpHY OynoBy, Tak sk BM®-4HA 3nateH BecTu
11apoBY BUOIPKOBY BUIMKY.

Meromuka. IIpy BUKOHAHHI HOCIHiIKEHb BUKO-
PUCTaHUI KOMIUIEKCHUIT METOM, 1110 BKJIIOUA€E HAyKOBE
y3arajlbHeHHsI, aHaJIi3 JaHUX IPaKTUKU Ta paHille Mpo-
BEIEHUX BUPOOHUUMX JOCTIMKEHb, MPOEKTHI PO3p0o0-
KM, eKCIepUMEeHTaJIbHi TOCiIKEeHHSI, IIaxXTHi Ta CTeH-
JIOBI IOCJIiIZKeHHSI, iMiTalliiiHe MOIEJIFOBaHHS Ta iH.

Pe3yasraTi. BuibpaHi it ynockoHaneHi KOHCTPYK-
1ii, oOrpyHTOBAaHI Ta OCIiIXEHI CKJIaA0Bi KOMILJIEK-
cy, BKJIIOUAlOUM BUIMKOBI MaHinynsitopu. Po3po6ie-
Ha CTPYKTYpHa cXeMa IIiJICUCTeM, peryjibOBaHi BUKO-
HaBYMM OpraHOM IIpU BUOOPi criocoOy pizaHHS, po3-
DISIHYTI MUTaAHHSIT MTPOSKTYBAHHSI MOJAEIi eJIeMEHTIB
MIiKPOKOHTPOJIEPHUX CUCTEM YIIPaBIiHHS TEXHOJO-
TiYHUMMU TIpollecamMu, a caMme, CUCTeMa YIpaBiHHS
poOOTH30BaHOIO MIAT(HOPMOIO MEPEMIllIeHHST BUIM-
KoBoro MaHinynsitopa. IlepenbaueHa po3poOka Tex-
HIYHOI JOKYMEHTallii, BUTOTOBJIEHHS OOCJiIHOIO
3pa3Kka Ta IIPOBENECHHSI BUPOOHWYMX BUITPOOYBaHB
KOMILIEKCY Ha ofiHii 3 maxT KaparaHau, y xoai sskux
nepeadavyaeThCsl IIPOBEASHHS TOCIIXKEHb IIPOLIECIB i
METO/IiB pyHHYBaHHSI MILIHUX TipChKMX ITOPIJ 3 ypaxy-
BaHHSIM IMHAMiK1 B3aEMO/III 30BHIIIHIX CEpelOBUIII i
MPYXKHUX BJIACTUBOCTEM JIAHILIIOTiB.

HaykoBa HoBu3HA. [IpornoHyeThCsl iHHOBALIIMHUI
Crocib pizaHHS BYTI/UISI B OUMCHOMY BUOOI, 1110 3a0e311e-
yy€e 3MEeHILIEHHSI TMTOMOI eHEPrOEMHOCTI pi3aHHSI IJ1ac-
Ta g0 10 pa3iB y MOpPiBHSIHHI 3 iCHYIOUMMM OYMCHUMM
KoMOaitHaMM. 3arajibHa MOTYXKHICTh €JeKTPOABUTYHIB
BUIMKOBOTO MaHiITy/IsITOpa CTAaHOBUTH O1M3bKO 50 KBT.
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IIpakTuyna 3HaYuMicTh. BrpoBamkeHHS Tex-
HOJIOTii BUAOOYTKY BYTLIS 3 MiHIMQJIBHOIO MPUCYT-
HICTIO POOITHUKIB 3a paXyHOK 3aCTOCYBaHHSI ajarl-
TUBHO-TIPOTPAMHOTO YIIPAaBIiHHS, 3HIDKCHHS TTUTO-
MOI €HEepProOEMHOCTI pyiHYBaHHSI KOPUCHOI KOMaIn-
HU BUIMKOBOIO MAIIIMHOIO T4 METAIOEMHOCTI OUYMC-
HOT0 KOMILJIEKCY i BUIMKOBOI'O MaHimynsitopa y 2—3
pa3u B MOPiBHSIHHI 3 iCHYIOUMMU BY3bKO3aXBaTHUMMU
KoMmbOaitHamMu. BrpoBamkeHHST POOOTOTEXHOJIOTiU-
HUX KOMIUIEKCIB JO3BOJUThL MiABUILLIUTU €(EeKTUB-
HICTh B3a€EMOii JIOAUMHU-OMNepaTopa i AiarHOCTUY-
HOI CHUCTEMU OYHUCHOTO POOOTOTEXHOJIOTIYHOIO
KOMIIJIEKCY Ta 3BECTU 10 MiHIMymMy HeOe3MeKy s
MPAaLOYUX OpU NiA3€MHOMY BUAOOYTKY BYTIJLIS.
3’ IBNSIETHCS MOXKIIMBICTh pO3KOHCEPBaIlii Ta po3p0o6-
KM TEXHOTCHHMX 3aIlaciB POIOBUII KOPUCHUX KOTIa-
JIMH Yy CKJIAAHUX TIPHUYO-T€OJIOTIYHUX YMOBaX.

KiarouoBi caoBa: ouucnuii  pobomusoeanuil
KOMNAeKc 3 a0anmueHO-npocpamMHUM Kepy8aHHSIM
(OPKAIIK), mexanizoeaune KpinieHHs, BUIMKOBUIL
maninyaamop pornmanvruii (BM®D), aroouna-one-
DPamop, MIiKponpouecopHa cucmema ynpasaiiHs

Iean. Co3gaHue OYUCTHOTO POOOTU3UPOBAHHO-
ro KOMITJIEKCa C aTalTUBHO-TIPOTrPaMMHBIM YITpaBIIe-
HueMm (OPKAITY), mpenHa3Ha4eHHOTO IS OTPadOT-
KM JIOKAJBHBIX, 3a0aJJaHCOBBIX 3alacoB YTOJIBHBIX
IUTACTOB (1LIEJTMKOB pa3IMYHOTO Ha3HAYCHMSI), a TaK-
Ke IUIST pa3pabOTKU YTOJIbHBIX TJIACTOB, 3aJIeraloIIX
B CJIOXHBIX TOPHO-TEOJIOTUIECKUX YCIOBUSIX, C IJIM-
Ho# saBbl g0 45—60 M. KoMrmuiekc MoXer Impume-
HSTBhCS [JIsI CEJIEKTUBHOI BBIEMKU MpPU OTPabOTKe
MOJIOTUX, HAKJIOHHBIX YTOJbHBIX IJIACTOB, UMEIOIINX
CIIOXKHO-CTPYKTYpPHOE CTpoeHMe, Tak Kak BM®-4HA
CMOCOOEH BECTU CJIOEBYIO N30MPATEIbHYIO BHIEMKY.

Metomuka. [1pu BBITTOTHEHUH CCIIENOBAaHUIA IO
CO3MaHUI0 HOBOTO TUIIAa OYMCTHOTO KOMIIJIEKCa UC-
MMOJIb30BaH KOMITJICKCHBIM METOM, BKITIOUAIOIINIA Ha-
yIHOE 0000IIeHNE, aHAIN3 TaHHBIX IPAKTUKN 1 pa-
Hee TIPOBEACHHBIX ITPOM3BOACTBEHHBIX MCCIICIOBA-
HUI1, TIPOEKTHBIC pa3pabOTKM, SKCIICPUMEHTATbHBIC
WCCJICNOBaHUSI, IIIaXTHBIC WM CTEHIOBBIC MCCIIEIOBa-
HUSI, UMUTAllMOHHOE MOACIMPOBAHUE U JIP.

Pe3yabsraTbl. BbiOpaHbl U yCOBEPIIEHCTBOBAHbBI
KOHCTPYKIIMU, OOOCHOBAaHBI 1 UCCIIEAOBaHbI COCTaB-
JISIIOIIIME KOMIUIEKCA, BKJIIOUasi BHIEMOYHbIE MaHUITY-
JgTopbl. PazpaboraHa CTpyKTypHasi cxema ITOICH-
CTEM, PETYIMPYEMBIX UCITOJTHUTEIBHBIM OPTaHOM TP
BbIOOpE criocoba pe3aHbsi, pacCMOTPEHbI BOMPOCHI
MMPOCKTUPOBAHUS MOIEIN BJIEMEHTOB MUKPOKOH-
TPOJUIEPHBIX CUCTEM YITPABICHUS TEXHOJIOTMICCKIMU
MpoIieccaMu, a UMEHHO, CHUCTeMa YITPaBJICHUST pO00-
TU3UPOBAHHOM T1aT(OPMOI1 TTepeMelIeHNST BBIEMOU-
Horo MaHunynastopa. IlpemycmorpeHa paszpaboTka
TEXHUYECKUX TOKYMEHTAILIMI, M3rOTOBJICHUE OIbIT-
HOro oOpa3slia U MpoBeeHEe TPOMU3BOACTBEHHBIX HC-
MbITAHUI KOMIUJIEKCa Ha omHOM 13 1maxT KaparaHmsl,
B XOZIe KOTOPBIX TIpe/IioaraeTcst IpoBeIeHe UCCIIe-
JIOBaHWIA TIPOIIECCOB 1 METOIOB pa3pylleHUs] Kper-
KWX TOPHBIX MIOPOJI C YYETOM TUHAMUKH B3anMOJIEH-
CTBUSI BHEIITHUX CPEJl U YIIPYTUX CBOVCTB 3BEHBEB.
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PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

Hayuynas wosusHa. [Ipennaraercsi nHHOBaIu-
OHHBII1 CITOCO0 pe3aHus YIJII B OUMCTHOM 3a00¢€, KO-
TOPHIII 00ecIeunBaeT YMEHBIICHNE YISIbHON SHEP-
TOEMKOCTH pe3aHus 11acTa no 10 pa3 1mo cpaBHEHUIO
C CYIIECTBYIOIIMMHU OYMCTHBIMU KomOaitHamu. O0-
Imasi MOIIHOCTb BJICKTPOABUTAaTE/Neii BBHIEMOUYHOIO
MaHUITYJISITOpa COCTaBsIeT 0Koa0 50 KBT.

IIpakTuyeckas 3HAYMMOCTb. BHenpeHue TexHo-
JIOTUU TOOBIYU YIS ¢ MUHUMAJIbHBIM MPUCYTCTBUEM
paboyux 3a cyeT NMPUMEHEeHUsT ananTUBHO-TIPOrpaMM-
HOTO YITpaBJIeHUsT; CHYDKEHHE YIeTbHON 9HEProeMKO-
CTH pa3pylieHMsI TTOJIE3HOTO NCKOTIaeMOTO BBIEMOYHOM
MaIIIMHOU 1 METAJIZIOEMKOCTH OUYMCTHOTO KOMITIEKCa 1
BBIEMOYHOTO MaHUITYJISITOpa B 2—3 pa3a 1o CpaBHEHUIO
C CYIIECTBYIOIIMMH Y3K03aXBAaTHBIMU KOMOaitHaMI.
BHenpeHne poOOTOTEXHOIOTHIECKIX KOMIUIEKCOB T10-
3BOJIUT TIOBBICUTH 3(M(PEKTUBHOCTL B3aMMOAECHCTBUS
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Purpose. The introduction of modern geodetic array condition monitoring methods in order to establish laws
governing the development of geomechanical processes in the combined method of developing Maykain gold
deposit, ensuring high accuracy and performance of surveying.

Methodolody. Analysis and synthesis of theoretical research in the process of displacement of different geo-
logical conditions of deposits, systematization of international experience in usage of combined development of
gold deposits, experimental studies in the laboratory and mine conditions, analytical calculations, processing
observation results by methods of mathematical statistics and computer modeling.

Findings. For safe and efficient extraction of gold, effects of natural and geotechnical factors on the develop-
ment of deformation processes were studied, this allowed evaluating the possibility of regulating their influence on

rock mass and engineering structures.

Geomechanical monitoring of the condition of the rock mass was conducted using modern surveying instru-
ments, which provided high accuracy and performance of surveying.

The determined conditions of cracking in the rear sight between the open and underground workings allow
obtaining information on changes of geomechanical condition of overlying layers of rock mass.

A scheme of rock mass movement during the application of the combined method of mining of Maykain de-
posit was established which allows choosing different ways of managing geomechanical processes.

Orriginality. Consists in developing a method of monitoring an array status on the basis of modern geodetic
instruments, with a high information content and accuracy of the determination in the process of shifting patterns.

Practical value consists in the introduction high-precision geodetic methods into the production, namely,
into system of geomechanical monitoring while combining open pit and underground works.

Keywords: geomechanical processes, state of rocks, monitoring, modern surveying methods of monitoring,
electronic tacheometers, levels, laser scanners, three-dimensional modeling
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