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Abstract: The process and equipment have been developed for preparation and burning (at small and medium
capacity boiler plants) of slurry coal-water fuel, produced from finely dispersed coal preparation waste (filter
cakes) from coal preparation plants of Komsomolets Mine and Named after S. M. Kirov Mine. It was shown that,
based on these wastes, it is possible to produce slurry coal-water fuel with solids content of 56-60 %, the required
structural and rheological characteristics, and lower heating value of up to 13 MJ/kg. Based on the research find-
ings, detail design was developed for creation of the pilot process complex for processing of waste coal to produce
slurry coal-water fuel for burning at boiler plant. Assessment of using the whole volume of the SUEK Kuzbass
coal preparation plants waste coal at the nearby Belovskaya SDPP was performed, which showed high economic
and environmental efficiency of the proposed project.
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Introduction

In recent years, industrial application of so-
called jar mills for fine grinding has begun. The
mills allow both dry and wet grinding to high de-
gree of material dispersity. High-frequency jars
and diverse nature of the impacts of grinding bod-
ies on the material create the processed material
fatigue breaking mode. This is the main feature of
the jar grinding process and explains why jar mill
is especially effective in producing highly dis-
persed products. As a result of the combined me-
chanical effects of high frequency and periodi-
cally arising stress states in the material being
milled, weak points always present in the solid
material structure are further weakened and
breakage of particles occurs in these points.

Coal preparation process at modern coal
preparation plants in Russia is characterized by
the use of closed water-slurry circuits to produce
coal concentrate with required moisture content
without thermal drying of fine-grain coal. At the

same time, finely dispersed waste coal
of 0-0.5 mm grain size, commonly represented
by filter press cake, is sent to waste dump together
with waste rock. The filter cake yield is up to 7 %
of being prepared coal mass [1-12]. Dispatching
this product to waste dump with waste rock is
caused by the fact that its use is complicated by
high ash content, up to 50 %, and moisture con-
tent up to 45 %. Similar situation takes place at
the Tugnuisky Coal Preparation Plant LLC of the
SUEK 0JSC. The annual output of the filter cake
at the Plant is 800 kt.

To solve the problem of reducing the yield
of waste coal and increasing the yield of commer-
cial products at the Tugnuisky Coal Preparation
Plant, it is proposed to use the technology for the
production and burning of coal-water slurry fuel
(CWF), produced on the basis of the filter cake.
Studies have been conducted on the CWF prepa-
ration with its following combustion at a semi-
commercial installation.

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS
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One of the main stages of coal-water slurry
(CWS) preparation process is grinding, since it is
the stage which allows regulating particle size dis-
tribution of the final product. CWS particle size
distribution controls CWS’s rheological parame-
ters, determines flow properties (flow pattern) of
the structured system. It is known that improve-
ment of CWF characteristics is achieved by using
a certain amount of fine fraction (0-50 um) of
solid material. There is evidence [12] that, for im-
proving CWS combustion characteristics and sta-
bility, the coal fine fraction should amount to up
to 50 %, at total solid content of about 70 %. In
this case, it is proposed to use waste coal of suffi-
ciently high rank as initial material.

A feature of PFS of modern coal prepara-
tion plants (CPP) in Russia is the use of closed
water-slurry cycle, which eliminates the slurry
discharge outside CPP to external settling sumps
and slurry dumps, and no use of thermal drying of
fine coal due to their more efficient mechanical
dewatering. As a result, the process generates sig-
nificant amount (up to 10-12 % of CPP raw coal
preparation volume) of toxic finely-dispersed
waste coal (TFWC) of fineness below 0.5 mm,
moisture 30-45 %, and ash content 25-65 %.
This product is not in demand at the market, it is
refractory (hardly dressable) and, as a rule, is dis-
posed with waste rocks in waste dumps. Given
high toxicity of TFWC due to the presence of
flocculants and coagulants (applied at CPP) with
carcinogenic and mutagenic effects on the particle
surface, storage of such dangerous waste creates
significant environmental problems in the region.

To solve the problem of TFWC utilization,
atechnology and a set of equipment have been de-
veloped for obtaining slurry coal-water fuel based
on TFWC and its efficient burning with capturing
and reclamation of the resulting ash-and-slag
waste (ASW). The paper discusses the proposed
technology and describes operation of the equip-
ment used (reactor-mixers, vertical bi-chamber
jar mill, activator pump, boiler with vortex adia-
batic combustion chamber, and two-stage flue gas

cleaning system). The results of operation of the
created experimental process system for pro-
cessing TFWC from several Kuzbass CPPs are
presented.

To solve the fine waste coal utilization
problem, SUEK-Kuzbass JSC adopted a decision
to create pilot process system for processing of
finely-dispersed waste coal by preparing and
burning slurry coal fuel based on filter cake of the
SUEK-Kuzbass coal preparation plants.

This decision was based on the studies on
preparation and burning of slurry coal fuel, pro-
duced on the basis of finely-dispersed waste coal,
performed at the pilot-plant stand of Kuzbass
State Technical University [13-20]. This paper
presents the performed study findings and shows
the prospects of solving the existing problem.
Thus, the work aim was to prepare the initial data
for creating the pilot process system.

Characteristics of the feedstock

To study the opportunity of preparing slurry
coal-water fuel based on finely-dispersed waste
coal, filter cake samples weighting 2000 kg each
were delivered from the CPPs of Komsomolets
Mine and Named after S. M. Kirov Mine
(S. M. Kirov Mine). The delivered samples were
analyzed in coal chemical laboratory. Qualitative
characteristics of the studied samples are given in
Table 1.

Table 1 data show that moisture of the filter
cake samples taken for the research was steadily

high: W," = 35.2-40.8 %. Unlike moisture, the fil-

ter cake ash content depends on quality of the
feedstock and can vary both in narrow range
(A =30.7 %; 26.8 %) and in wide range, up to
15.6 % (A" = 32.8 %; 48.4 %) for the filter cake
from the CPP of the Named after S. M. Kirov
Mine. Particle size distribution of the filter cake
from the CPPs of the Komsomolets Mine and
Named after S. M. Kirov Mine included fineness
range up to 3.0 mm [6-9].
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Table 1
Qualitative Characteristic of the Tested Samples
Coal-preparation plant of Coal-preparation plant of
Indicator Komsomolets Mine S.M. Kirov Mine
Sample No. 1 | Sample No. 2 | Sample No. 3 | Sample No. 4
Moisture, weight % 35.2 34.8 40.3 40.8
Ash content (on dry basis), % 30.7 26.8 32.8 48.4
Volatile-matter yield (on dry ash-free basis), 43.0 43.1 42.4 414
%
Sulfur total (on dry basis), % 0.52 0.48 0.15 0.13
Higher heating value (on dry basis), MJ/kg 33.70 33.04 33.08 33.00
Lower heating value of combustible mass, 13.75 14.3 11.8 8.7
MJ/Kg
Grain size, mm
0.250-3.000 5.7 8.4 4.5 6.3
0.071-0.250 15.1 18.7 26.8 17.3
<0.071 79.2 72.9 68.7 76.4
Total 100.0 100.0 100.0 100.0

Research technique for preparation of
slurry coal fuel

The filter cake is actually semi-finished
product for producing coal-water fuel with char-
acteristics allowing it to be efficiently burned in
boiler swirling-type furnace or co-fired with tra-
ditional fuel in coal-fired boiler units.

Evaluation of the possibility of preparing
CWEF from coal waste (filter cakes of the Komso-
molets mine and the S. M. Kirov mine) and selec-
tion of the optimal plasticizing additive were car-
ried out under laboratory conditions using univer-
sal vibration testing machine.

In the process of the research, laboratory
samples of slurry coal fuel were prepared by mix-
ing the filter cake and aqueous solution of plasti-
cizing agent. Considering the initial fineness of
the filter cake, for the CWF samples preparation,
mixing or grinding chamber of periodic action at
the universal vibration testing machine was used.
Dosing of the initial components was performed
manually. The purpose of the laboratory studies
was to select the optimal plasticizing additive op-
tion based on the analysis of the prepared CWF
main structural and rheological characteristics.

The CWF samples were analyzed for solid
phase weight fraction, particle size distribution, and
viscosity. Static stability was determined by the pres-
ence of sediment and water gain during storage of the

sample in static conditions. The solid phase mass
fraction was determined by standard drying method
according to GOST 27314-91, or according to
GOST 11014-2001; the particle size distribution, by
wet sieving on 0.355 mm, 0.250 mm, and 0.071 mm
sieves according to GOST 2093-82; and the ash con-
tent, according to GOST 11022-95. The lower calo-
rific value was calculated using the measured val-
ues of the weight fraction and ash content of the
solid phase. Recalculation of the analysis results
for various fuel states was carried out according
to GOST 27313-95.

Viscosity measurements were carried out
using RHEOTEST rotational viscometer in the
range of shear rate from 1.0 to 437.4 st with
standard cylinder system S2. The measurement
temperature was 20+5 °C [6-12].

Further, at the pilot-plant stand (in semi-in-
dustrial conditions), the processes of CWF pilot
batch preparation and combustion in the boiler
unit of the pilot-plant stand were developed and
optimized. At the same time, the composition and
amount of harmful emissions originated during
the combustion were determined at the stand.

Based on findings of the studies on the
CWF preparation at the universal vibration testing
machine in two ways (mixing and grinding), opti-
mal type of the plasticizing additive (high molec-
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ular weight inorganic compound), its consump-
tion (0.3 %) and the solid phase mass fraction in
the prepared fuel (57.0 %) were determined.

Technical water

—

Filter cake

Science and Technology

Then, on the basis of the results obtained,
experimental CWF batches were prepared at the
experimental stand using the process flow sheet
(PFS) shown in Fig. 1.

Plasticizing agent

Mixing in mixer

Sizing to grain size of 1(3) mm

to storage
+1(3) mm

Feeding middlings
(screenings)
I- LB

of 0-10 mm grain

Regrinding at jar grinder V size

Evaporated moisture

Homogenizing

Storage

Fig. 1. Process Flow Sheet of the CWF Preparation from Filter Cake

According to the PFS, the initial filter cake
and aqueous solution of the plasticizing agent
were fed to the batch mixer, and then the produced
water-coal slurry (in metered amounts) was fed to
the universal vibration-testing machine, where re-
grinding and further mixing of the produced CWF
was carried out. The universal vibration-testing
machine is a bicameral jar mill, consisting of con-
centrically located cylindrical chambers, filled
with grinding balls and interconnected by chan-
nels. The initial slurry enters the inner (central)
chamber of the jar mill, moves down and through
the channels enters the peripheral chamber. In the
peripheral chamber, the slurry moves upward.
Discharge of the milled material is carried out
through the external threshold of the peripheral

chamber. This principle of the jar mill operation
allows for low energy consumption for grinding
particles in the mixture at the required size of
large particles in the finished CWF. The prepared
CWF was pumped into storage tanks [12].

In order to stabilize the CWF quality in
terms of ash content, the option of supplying
screenings or crushed middlings of grain size of 0
to 10 mm to the jar mill was provided.

The influence of mechanical activation on
the structural and rheological characteristics of
finely dispersed coal slurries, produced on the ba-
sis of filter cakes in the specially created experi-
mental activator pump, was determined. In the ac-
tivator pump, the CWF was processed under con-
ditions of shear strain in the gap of 0.2-0.3 mm

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS
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between two disks at relative angular frequency
of revolution of the movable disk of 2900 rpm. As
aresult, at the peripheral part of the disk, the shear
rate reached 2100-3160 s?, i.e. the conditions
corresponding to the ultimate failure of the struc-

Science and Technology

produced CWF through the activator pump re-
duced viscosity of the slurry by 30 % and in-
creased static stability of the CWF.

Table 2 shows structural-rheological and
thermophysical indicators of the CWF pilot

ture were obviously implemented. Passing the batches.
Table 2
Characteristics of the Prepared CWF Pilot Batches
Ash content Yield of >0.25 Solid phase Effective viscosity | Stability, Lower heating
A % mm grain size, weight frac- at shear rate of 81 days value,
' % tion, Gs, % st n, MPa-s Q! , MJ/kg
Filter Cake of Coal-Preparation Plant of Komsomolets Mine
26.8 1.9 56.9 178 15 ‘ 12.22
Filter Cake of Coal-Preparation Plant of S.M. Kirov Mine
48.4 14 56.6 148 15 8.24

It was experimentally determined that the per-
formance of the universal vibration-testing machine
on the initial slurry ranges 0.155-0.217 tph de-
pending on particle size of the initial slurry. At this
operation mode of the machine, the yield of class
+0.250 mm to the finished slurry did not exceed
the limiting value, required under the burning con-
ditions (R2s0< 5 %) and amounted to 1.4-1.9 %.

Considering that the content of micron clas-
ses of fineness in the initial product — filter cake
— is usually more than 70 % (see Table 1), it is
advisable to install a rod mill for re-grinding op-
eration in the pilot process system. The use of the
rod mill makes it possible to obtain solid phase
particles of more uniform size, and the presence
of micron-size particles in the initial product fur-
ther contributes to this. Thus, it becomes possible
to provide the solid phase particle size distribution
in the finished milled product to be close to bi-
modal. As a result, the solid phase content in the

finished fuel increases by 2-3 % while maintain-
ing favorable structural rheological characteris-
tics, that, in turn, leads to increasing the fuel heat-
ing value. To implement this condition, the rod jar
mill design was developed (Fig. 2); the operation
concept of the mill is similar to that of the bicam-
eral ball jar mill at the demonstration stand.

The jar mill consists of housing (1), divided
by inserts (2) into central (3) and peripheral (4)
voids, which are hydraulically interconnected by
slots (5) formed between the lower edges of the
inserts and the bottom (6) of the housing. Feeding
funnel (8) is installed on the upper cover (7) of the
housing. The voids are filled with grinding bod-
ies (9) (rods, balls). The voids are of rectangular
shape that allows using rods as grinding media.
Outside of the peripheral voids on their outer side
walls (10), outlet gutters (11) are fixed, connected
to the drain pipes (12). The housing is mounted on
frame (13) with springs (14). Vibration ex-
citer (15) is fixed on the housing bottom.

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS
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Fig. 2. Design of the Developed Jar Mill

The jar mill operates as follows. The source
material and liquid phase (water) through the
feeding funnel 8 are fed into the central void 3 of
the jar mill chamber, filled with grinding medium
(rods or balls). Due to the impact of the vibrating
grinding medium provided by vibration ex-
citer 15, mixing of the incoming products and pre-
liminary wet grinding of the solid material parti-
cles are carried out. The resulting slurry through
the slots in inserts 2, enters the outer peripheral
voids 4 of the chamber, also filled with grinding
medium (rods or balls), under the shaking action
of which wet grinding of the solid particles con-
tinues. In this case, grinding medium moves up-
ward at speed being substantially lower than in the
central void that ensures high grinding efficiency
at lower energy consumption. In this case, the
slurry movement speed in the void is controlled
by changing the difference in level of the slurry in
the central and peripheral voids due to change in

the height of the outer side walls of the peripheral
voids. Since the material solid particle fineness in
the central and peripheral voids is different, the
size of the grinding bodies in the peripheral voids
is smaller than that in the central one. The milled
product from the peripheral voids is discharged
through the inner wall of the outlet gutters 11 and
tubes 12 into receiving tank (not shown in Fig. 2).
Thus, special design of the camera in compliance
with the proposed option enables using both balls
and rods as grinding bodies. This ensures imple-
mentation of more efficient wet grinding of mate-
rial in the jar mill to provide particle size distribu-
tion close to bimodal when processing mixture of
materials of different fineness [12—14].

CWEF Burning at Pilot-Plant Stand

The pilot batches of CWF were burned in
the boiler unit consisting of a boiler with thermal
output of 0.63 MW, fuel supply system, ash col-
lection system, blower heater for heat removal,

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS
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and draft equipment [13]. The created boiler con-
sists of a firebox — a vortex combustion chamber
located in water-cooled case, and an economizer
for removing heat from hot flue gases generated
in the firebox. CWF is tangentially fed to the vor-
tex furnace through a burner with pneumome-
chanical nozzle. Blasting air is also tangentially
fed to the combustion chamber. The fuel is
sprayed by compressed air fed to the nozzle. The
fuel feeding is controlled by changing the fuel

Science and Technology

pump motor speed. The combustion chamber is
equipped with water-cooled throat, which allows
to hold burning coal particles and sprayed CWF
droplets during the time required for their com-
plete burning. The two-stage dust collection sys-
tem consists of multicyclone collector and fabric
filter providing high efficiency of dust collection
from the exhaust gases. Table 3 presents the re-
sults of the tests on the CWF pilot batch burning.

Table 3

Results of the Tests on Combustion of the Coal-Water Fuel Pilot Batches

Indicator Value for Coal-Preparation Plant of:
S.M. Kirov Mine Komsomolets Mine
Boiler thermal output, MW 0.47-0.57 0.52-0.66
Temperature conditions in firebox, °C 980-1050 980-1050
CWF consumption, kg/hr 220-250 170-210
CWEF pressure, MPa 0.20 0.19
Compressed air pressure, MPa 0.21 0.20
Furnace off-gases temperature, °C 250-260 250-260
Energy efficiency ratio, % 0.83 0.85

Conclusions

1. The process and equipment have been
developed for preparation and burning (at small
and medium capacity boiler plants) of slurry coal-
water fuel, produced from finely dispersed coal
preparation waste (filter cakes) from coal prepa-
ration plants of Komsomolets Mine and Named
after S. M. Kirov Mine. It was shown that, based
on these wastes, it is possible to produce slurry
coal-water fuel with solids content of 56-60 %,
the required structural and rheological character-
istics, and lower heating value of up to 13 MJ/kg.

2. The boiler of thermal output of 0.63 MW
with vortex combustion system, efficiently oper-
ating using coal waste fuel, was developed, man-
ufactured and tested. The boiler operation tests on
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Abstract: Until now, the intensification of ion exchange processes (sorption, desorption, washing of ion ex-
changer) remains an urgent problem in obtaining commercial strippants. This paper presents the study of ultrasonic
(US) effects on the process of uranium sorption from pregnant solutions by ion-exchange resin at operating in-situ
leach recovery (“ISR”) uranium production. The study and evaluation of effectiveness of ultrasonic intensifying
the ion exchange processes was implemented at one of the mines of NAC Kazatomprom JSC. Ultrasonic pulses
periodically generated by emitters produced effects on the whole working space of the mass transfer apparatus.
Thus, the whole mass of reagents is kept in continuous motion, and the whole surface of the anion exchanger
grains is permanently purified during the ultrasonic device operation. The study findings showed that the ultrasonic
intensification of the sorption process allows:

— increasing the sorption rate by 6.4 times at uranium concentration in the pregnant solutions of 0.003 g/m3;

— increasing the sorption rate by 1.4 times at uranium concentration in the pregnant solutions of 0.014 g/m?;

— achieving weighted average increasing the sorption rate by 1.3 times through applying the ultrasonic treat-
ment;

— increasing full dynamic exchange capacity of the ion exchange resin for uranium in 1.13 times at keeping
mechanical strength of the ion exchanger grains.

Keywords: uranium, ion exchange, intensification of mass transfer processes, ion exchanger, ion exchange resin,
sorption, implosion, cavitation, diffusion, ultrasonic vibrations, pregnant solution.
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solutions by ion-exchange resin. Gornye nauki i tekhnologii = Mining Science and Technology (Russia).
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NHuTencupukanms copoumu ypaHa u3 NpoAyKTHBHBIX PACTBOPOB
HA HOHOOOMEHHYIO CMOJIY YJIbTPAa3BYKOM

Kononos A. B.}, [lyiice6aes b. 0.2

'Bocrouno-Kaszaxcranckuil rocyiapcTBeHHbIN Texaudeckuii ynusepeutet uM. JI. Cepuk6aesa, Ycrh-KamMeHOropek,
Pecniy6nmuka Kazaxcran
2AO «Bonkopreonorus», Anmatsl, Pecrry6mka Kazaxcran

AnHoTanus: o cerogHsmHero JHs HHTEHCU(DUKALHS POLIECCOB HOHHOTO 0OMeHa (CopO1usl, 1eCOpOLHsl, OTMBIBKA
WOHUTA) ObLIa HACYIITHOHM IIPOOJIEMOH MPH MOJIYICHUH TOBAPHBIX JTecopOaToB. B HacTosImmIel cTaThe MpeacTaBIeHbI
MaTepHajbl HCCIEI0BAHMS BIMAHUS HAT0XKEHHOTO YIbTpa3BykoBoro (Y3) Bo3aeicTBUS Ha poLecc copOLun ypaHa
13 IPOAYKTUBHBIX PACTBOPOB HA HOHOOOMEHHYIO CMOJTY J€HCTBYIOLIETO Py IHUKA MOJ3EMHOTO CKBR)KHUHHOT'O BBIIIE-
nauynBanus (IICB) npu mpou3BoJICTBE ypaHa METOJIOM TOJI3EMHOTO CKBXMHHOTO BBIIIeNadunBanus. [ uccnemo-
BaHUsI M OIICHKU 3(PPEKTHBHOCTH MHTEHCH(UKAIIUH ITPOIIECCOB HOHHOTO 0OMEHa HAIOXKEHHEM yIbTpa3ByKa B IIeXe
nepepadOoTKH NPOAYKTUBHBIX pacTBOpoB Ha oHoM u3 pyaHuKoB AO «HAK «Kazatomnpom» Obutn npoBeneHs! pa-
00THI IO UHTEHCH(HUKAIIUK TTpolecca COPOIMH ypaHa U3 MPOAYKTHBHBIX PACTBOPOB yIbTpa3zBykoM. [leproandeckn
cozllaBaeMble Y 3-M3ITydaTeNsIMi HMITYJIbChI BO3JICHCTBYIOT Ha Bech pabouuii BHyTpEHHUH 00beM MaccOOOMEHHOTO
anmapara. TakuMm oOpa3om, BCS Macca peareHTOB HaXOJHUTCSl B JBMIKEHUH, M BCSI TIOBEPXHOCTH 3€peH aHMOHHTA
HETPEPHIBHO OYMILAETCS B Iporiecce paboTel Y3-000pyaoBanus. B pesynpTare MpoBeIeHHOTO UCCIeI0BaHUs yaa-
JIOCh YCTaHOBUTH, YTO Y 3-MHTEHCU(HUKAIHS MpoIiecca COPOIIUH MO3BOIISET:
— TIpY COJIEpYKaHuy ypaHa B MaTounukax copormu 0,003 r/m® yBennuuts ckopocTs copbuuu B 6,4 pasa;
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— TIpY CoJIEpKaHuy ypaHa B MaTouHukax copormu 0,014 r/m® yennuunts ckopocTs copbuun B 1,4 pasa;

—3a CueT NpHUMEHEHHs Y3-BO3AEHCTBUS MOIYYUTh CPEIHEB3BEIICHHOE YBEIMYEHHE CKOPOCTH COpOLUHU
B 1,3 paza;

— YBEJIMYHTH MOJHYIO AHHAMHYECKYI0 0OMEHHYIO eMKOCTh HOHHTA 110 ypaHy B 1,13 pa3a u mpu 3TOM He yMEHb-
LIMTh BEJUYNHY MEXaHUIECKOH IPOUYHOCTH 3ePEH HOHUTA.

KiroueBble cjioBa: MOHHBIA 0OMEH, MHTCHCHU(HUKAINAS MPOIECCOB MAacCOOOMEHa, HOHUT, HOHOOOMEHHAs CMOJIa,
copOmwms, UMILIo3us, kaputanus, nuddysus, ¥Y3-konedaHus, IpOTyKTUBHBINA PACTBOP, YPaH.

Jast uutupoBanus: Kononor A. B., JlyiicebaeB b. O. MHTeHcHbuUKanus copOIyu ypaHa U3 IPOJAYKTUBHBIX pac-
TBOPOB Ha HMOHOOOMCHHYIO CMOJIy VIbTpa3ByKoM. [opuwie Hayku u mexnoroeuu. 2020;5(1):12-24.

DOI: 10.17073/2500-0632-2020-1-12-24.

Definitions used in the paper

Diffusion - the process of mutual penetra-
tion of molecules or atoms of substances between
the molecules or atoms of another substance, lead-
ing to spontaneous equalization of their concen-
trations throughout the whole occupied volume.

Intensification is the process and organiza-
tion of development of production in which the
most effective facilities are used, as well as ex-
pansion of the production and increasing its
productivity.

lonite is a solid insoluble substance capable
of exchanging its ions for ions from the solution
surrounding it. lonites are commonly synthetic or-
ganic resins, having acidic or alkaline groups. lo-
nites are subdivided into cation exchangers (ab-
sorbing cations), anion exchangers (absorbing
anions), and amphoteric ion exchangers with both
of these properties.

lon-exchange resin is a synthetic organic
ion exchanger, a high molecular weight synthetic
compound with three-dimensional gel and
macroporous structure, which contains acidic or
basic functional groups capable to ion-exchange
reactions.

Cavitation is the process of formation, in a
liquid, cavities (cavitation bubbles or caverns)
filled with steam, resulting from external physical
actions.

Sorption mother liquor is a pregnant solu-
tion after the sorption process.

Pregnant solution is a solution containing
useful component.

Sorption is the process of absorption of
various substances by a solid body (sorbent) from
the environment, regardless of the absorption
mechanism.

Ultrasonic transducer is a device that con-
verts electrical oscillation created by high-fre-
guency generator into vibrations.

Introduction

At present time uranium industry needs new
technical solutions for increasing quality of prod-
ucts and reducing cost. One of such solutions may
be the use of ultrasonic technologies in the pro-
duction of uranium by the method of in-situ leach
recovery (“ISR”).

The use of ultrasound technologies in vari-
ous industries and the national economy has been
known since the middle of the last century and has
become widespread in the republics of the USSR.
Relevance of ultrasound technologies has not de-
creased today — they are used in the oil industry,
food industry, medicine, etc.

Ultrasonic technologies in uranium industry
can be used in such processes as leaching, absorp-
tion, desorption, ion-exchange resin grain wash-
ing to remove impurities (phosphorus, iron, sili-
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con, etc.), extraction, re-extraction and deposi-
tion. Intensification of ion-exchange processes by
ultrasound is achieved due to decreasing thick-
ness of the diffusion layer. Turbulent flows, im-
plosion and cavitation, sound pressure, and some
other second-order effects arising in a liquid un-
der the action of ultrasonic vibrations change the
character of the diffusion boundary layer immedi-
ately adjacent to the ion exchanger grain surface,
the thickness of which limits the rate of ion-ex-
change processes, resulting finally in the intensi-
fication.

1. Effect of ultrasound on the process of
uranium sorption

This paper describes the study of ultrasound
effect on the process of uranium sorption on ion-
exchange resin from pregnant solutions at the op-
erating ISR mine.

One of the most effective methods of sorp-
tion process intensification is ion exchanger ultra-
sonic treatment. Second-order effects caused by
ultrasound of specified frequency and intensity,
first of all, implosion and cavitation, lead to more
complete opening of micropores in ion-exchange
resin grains and complete cleaning of their sur-
faces, which inevitably causes noticeable increas-
ing the resin sorption capacity. Ultrasound not
only acts on the ion-exchange resin surface layers,
but also changes their capillary structure, and also
increases the compensated molecular forces on
the overall surface, including the surfaces of the
walls of micro- and macro-capillaries.

Cavitation phenomena and the so-called ul-
trasonic wind, which causes intensive mixing of
liquids in macro- and especially micro-volumes,
leads to decrease in gradients in solutes concen-
trations on the boundary of solid and liquid
phases, which should reduce the time of sorbent
saturation with the extracted valuable components
from the solutions (uranium in this case).

Science and Technology

The rate of chemical reactions in heteroge-
neous systems depends on the rate of diffusion of
molecules to the phase boundaries, chemical in-
teraction, and the reaction product diffusion.

In most cases, the rate of chemical interac-
tion is quite high compared with the diffusion
rates; as a result, the rate of the entire reaction as
a whole, at sufficiently developed phase contact
surface is determined by the rate of diffusion of
the reactants and reaction products.

The main resistance to the mass transfer
process is offered by the diffusion layer located at
the phases boundary, due to the fact that the pro-
cess of mass transfer in it proceeds most slowly,
by molecular diffusion way. The thickness and
properties of the diffusion layer have strong effect
on the rate of the heterogeneous processes. Tur-
bulent flows caused by intensive stirring reduce
effective thickness of the layer offering resistance
to mass transfer. Increasing the stirring rate in-
creases the rate of the entire heterogeneous pro-
cess. When applying ultrasound, the process is
significantly accelerated. Implosion and cavita-
tion, acoustic pressure, sound wind cause intense
turbulent flows not only in the entire mass of the
treated solution, but also in close proximity to the
phase boundary, resulting in significant reducing
the boundary diffusion layer.

The studies on intensifying uranium sorp-
tion from pregnant solutions on ion-exchange
resin under the action of ultrasound with vibration
frequency of 22 kHz were conducted.
The findings showed that decreasing the bound-
ary diffusion layer thickness can accelerate the
process several times. The equilibrium state under
the ultrasonic treatment was reached 4-5 times
faster than under identical sorption conditions
without the ultrasound imposition. For testing in-
tegrity, all tests were carried out on two identical
SNK-640 ion-exchange columns with the same
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amounts of pregnant solutions and ion-exchange
resin; the solution was fed under control of elec-
tronic flowmeters. In this case, one column (with
ultrasound) was for primary test, and another
(without ultrasound), for control test.

Ultrasonic oscillation was generated in the
tank with the ion exchanger and the pregnant so-
lution using submerged metal ultrasonic vibrator.
With this method of the solution exposure to ul-
trasound, the solution, in addition, was slightly
heated. With increasing temperature, the time re-
quired for reaching equilibrium further decreased.
Due to the temperature rise, the time required for
reaching the equilibrium decreased by half on av-
erage, and, under exposure to ultrasound, by ad-
ditional 3 times. The greatest acceleration of the
ion-exchange process was achieved under the
conditions of the resin and solution exposure to
ultrasound at 40 °C.

2. Description of equipment used in the
tests

The core equipment used in the tests was
presented by two identical SNK-640 type ion-ex-
change units (columns) and the ultrasonic unit.

Each sorption column (Fig. 1) performs the
function of a tank with resin through which preg-
nant solution goes. Technical features of the col-
umn are given in Table 1.

Science and Technology

The ultrasonic unit (Fig. 2) is used as the main
equipment causing intensification of the sorption
process; its parameters are given in Table 2.

3. Experimental study of ultrasonic ac-
tion on uranium sorption

The experimental study of ultrasonic action
on uranium sorption process was carried out in
two SNK-640 sorption columns under compara-
ble conditions (Fig. 3).

In the experiments, ultrasonic action on ura-
nium sorption rate and total dynamic exchange
capacity of the ion exchanger in the process of
uranium sorption from pregnant solutions at the
operating ISR mine was investigated. The experi-
ments were carried out in two sorption columns of
the same type, one of which was equipped with an
ultrasonic unit. Pregnant solution was fed to both
columns simultaneously, at identical fed parame-
ters. The ultrasonic unit position on the column is
shown in Fig. 3. In the experiments, 0.297 m® of
ion exchanger taken from the process and sub-
jected to desorption, denitration, and tail washing
were loaded into each column.

Uranium concentration in the initial ion ex-
changer was 2.68 kg/m?®.

The amount of pregnant solutions fed into
the columns was regulated based on the readings
of preliminarily calibrated electronic flowmeters.

Technical characteristics of SNK-640 ion exchange column el
Parameter Value

IAssembled column dimensions, mm 1160x1160x3700

Column diameter, mm 640

Sorbent volume, m® 0.7

Sorbent layer height, m 2.2

Treated solution volume, m3/h 0.2-5.0

Linear rate of solution flow, m/h 0.6-16.0

Unloaded sorbent volume, dm?/h 75-225
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Fig. 1. SNK-640 ion exchange pressure column:
1 — body; 2 — lower cone; 3 — upper cone; 4 — solution divider; 5 — solution supply tap; 6 — saturated sorbent discharge tap;
7 —airlift; 8 — samplers; 9 — viewing windows; 10 — ion exchanger loading tap; 11 — ion exchanger receiving hopper; 12 — tip;
13 — drainage unit; 14 — sorption mother liquor outlet; 15 — support
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Table 2

Parameters of the ultrasonic unit

IMapamerp Value
Overall dimensions of the ultrasonic oscillatory system, mm 3215%x750
Ultrasonic Intensity, W/cm? >10
Power cable length, m 25
ac power supply, voltage, V 220+22
Peak demand, VA <3000
Power-control band, % 40-100
Continuous work time, hr 8
Electronic unit overall dimensions, mm 640x450%250

RN

A 27
2L

\

!

li
Nl "

730:20

P50

Fig. 2. Immersion ultrasonic oscillatory system (unit):
1 — ultrasonic oscillatory system (a set of piezocrystals); 2 — working emitting tool; 3 — booster link; 4 — tight seal; 5 — flange of
the ultrasonic oscillatory system; 6 — body; 7 — fan
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Fig. 3. Installation of the ultrasonic unit on the SNK-640 ion exchange column

Table 3
Test 1 Results
. Flowmeter . . . Uranium
Process time, . Solution designation .
Column min readings concentration,
m3/h kg/m?®
Pregnant solution 0.048
No US (control test 120 2.4 - -
( ) Sorption mother liquor 0.002
. . Pregnant solution 0.048
With US (primary test 120 24 - -
G y test) Sorption mother liquor 0.001

At the initial stage of testing, the amount of

pregnant solution (PS) fed into the columns was
as follows:

—no US-unit — 2.4 m¥h;

—with US-unit — 2.4 m¥h.

The total sorption time at the initial stage
was 2 hours. The experiment findings are given in
Table 3.

The increased uranium concentration in the
sorption mother liquor in the column with no ul-
trasonic treatment as compared with the sorption

mother liquor in the column with the ultrasonic
treatment in the first 2 hours indicates very large
amount of pregnant solution fed for sorption. For
instance, the volumetric ratio of the PS to the ion
exchanger (Vps/Vie) was 8.08 per hour.

The next experiment was carried out
at decreased volume of PS feeding into the col-
umn with no ultrasonic treatment, equal
to 5.86 Vps/Vie per hour. The testing results are
given in Table 4.

Table 4
Test 2 Results
Flowmeter . . . Uranium
Process . Solution designation .
Test time. min readings concentration,
' m3/h kg/m3
Pregnant solution 0.050
No US (control test) 60 1.74 g - -
Sorption mother liquor 0.001
. . Pregnant solution 0.050
With US (primary test 60 2.40 - -
(b y test) Sorption mother liquor 0.001
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Table 5
The results of the experiment on determining full dynamic exchange capacity
at uranium sorption from pregnant solutions
Column without ultrasound (control test) Column with ultrasound (primary test)
Uranium Uranium con- Uranium Uranium Uranium
concentration centration in concentration concentration concentration
Vps/Vi-e - Vps/Vi-e Vps/Vi-e R Vps/Vi-e . Vps/Vi-e .
in pregnant pregnant so- in pregnant in pregnant in pregnant
solution, g/l lution, g/l solution, g/l solution, g/l solution, g/l
5.860 0.050 5.860 0.050 5.860 0.050 5.860 0.050 5.860 0.050
8.260 0.048 8.260 0.048 8.260 0.048 8.260 0.048 8.260 0.048
25.400 0.048 25.400 0.048 25.400 0.048 25.400 0.048 25.400 0.048
34.180 0.049 34.180 0.049 34.180 0.049 34.180 0.049 34.180 0.049
51.180 0.049 51.180 0.049 51.180 0.049 51.180 0.049 51.180 0.049
67.950 0.048 67.950 0.048 67.950 0.048 67.950 0.048 67.950 0.048
84.810 0.049 84.810 0.049 84.810 0.049 84.810 0.049 84.810 0.049
101.48 0.049 101.48 0.049 101.48 0.049 101.48 0.049 101.48 0.049
118.69 0.049 118.69 0.049 118.69 0.049 118.69 0.049 118.69 0.049
135.52 0.049 135.52 0.049 135.52 0.049 135.52 0.049 135.52 0.049
152.39 0.049 152.39 0.049 152.39 0.049 152.39 0.049 152.39 0.049
169.39 0.051 169.39 0.051 169.39 0.051 169.39 0.051 169.39 0.051
186.33 0.050 186.33 0.050 186.33 0.050 186.33 0.050 186.33 0.050
203.13 0.049 203.13 0.049 203.13 0.049 203.13 0.049 203.13 0.049
219.93 0.048 219.93 0.048 219.93 0.048 219.93 0.048 219.93 0.048
236.70 0.048 236.70 0.048 236.70 0.048 236.70 0.048 236.70 0.048
253.40 0.048 253.40 0.048 253.40 0.048 253.40 0.048 253.40 0.048
270.40 0.049 270.40 0.049 270.40 0.049 270.40 0.049 270.40 0.049
287.74 0.050 287.74 0.050 287.74 0.050 287.74 0.050 287.74 0.050
304.41 0.050 304.41 0.050 304.41 0.050 304.41 0.050 304.41 0.050
321.01 0.050 321.01 0.050 321.01 0.050 321.01 0.050 321.01 0.050
337.71 0.049 337.71 0.049 337.71 0.049 337.71 0.049 337.71 0.049
354.38 0.050 354.38 0.050 354.38 0.050 354.38 0.050 354.38 0.050
371.75 0.049 371.75 0.049 371.75 0.049 371.75 0.049 371.75 0.049
382.32 0.050 382.32 0.050 382.32 0.050 382.32 0.050 382.32 0.050
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Fig. 4. Graphs of uranium sorption by the ion exchanger with and without ultrasonic action
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The experiment findings indicate the opti-
mal volumetric ratio of the PS to the ion ex-
changer to be 5.86 Vps/Vie per hour for sorption
process with no ultrasonic treatment.

The sorption rates measured in the first ex-
periment in the column with and without ultra-
sonic treatment were taken as the basis for the
next experiment on measuring total dynamic ex-
change capacity (TDEC) of the resin with and
without ultrasonic treatment. The results of the
experiment on determining full dynamic ex-
change capacity of the anion exchanger in the pro-
cess of uranium sorption from pregnant solutions
with and without ultrasonic treatment are given in
Table 5.

Graphs of uranium sorption with and with-
out ultrasonic treatment under dynamic condi-
tions of the experiments are presented in Fig. 4.

The tests for investigation on intensifying
uranium sorption from pregnant solutions on the
anion-exchange resin by ultrasonic treatment
showed that the ultrasonic treatment results in:

—increasing the sorption rate by 6.4 times at
uranium concentration in the pregnant solutions
of 0.003 g/m3;

—increasing the sorption rate by 1.4 times at
uranium concentration in the pregnant solutions
of 0.014 g/m?;

—achieving weighted average increasing the
sorption rate by 1.3 times through applying the ul-
trasonic treatment;

—increasing the anion exchanger TDEC for
uranium by 1.13 times.

The total ultrasonic treatment time in the
experiments was 63.3 hours.

The experiment findings indicated the opti-
mal volumetric ratio of the PS to the anion ex-
changer to be 5.86 Vps/Vie per hour for sorption
process with no ultrasonic treatment.

4. Tests for investigation the effect of ul-
trasonic treatment on the anion exchanger me-
chanical strength

Tests of Ambersep 920U SOs anion-ex-
change resin (used in all the experiments) were
carried out in polymer tank having volume of 60 I,
into which 40| of the ion-exchange resin were
loaded. The passport specifications of the anion-
exchange resin are given in Table 6.

Table 6

Characteristics of the strongly basic macroporous anion exchange resin
of Ambersep 920U SO4 grade manufactured by Dow Chemical Company

Indicator

Value

Polymer matrix

Macroporous Crosslinked Polystyrene

Physical form

Non-transparent granules

lonic form when delivered

Sulfate (not less than 50%)

Functional group

7N+(CH3)2CH2CH20H

Full ion-exchange capacity

> 1.0 g-eq/l (CI-form)

Moisture Content

53-65 % (Cl~-form)

Commaodity weight 680-710 g/l
Harmonic mean diameter 0.845-1.050 mm
Uniformity factor <1.50

Content of small granules <0.710 mm Max 5.0 %

Content of large granules >1.180 mm Max 4.0 %

Maximum reversible swelling ClI- — SO2~ about 5 %

Mechanical strength >98 %

Manufacturer Rohm and Haas France S.A.S. (Dow Chemical Company)
Country France
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The ultrasonic unit and the hose for
supplying flowing technical water were installed
on the upper part of the tank (lid). The working
body (ultrasonic transducer) was placed coaxially
inside the cylindrical tank. Dimensions of the
working body of the transducer were as follows:
length, 480 mm; diameter, 50 mm. The tank
height and diameter were 640 mm and 360 mm,
respectively. The anion exchanger was located
between the transducer working body and the tank
walls. The distance from the containing walls to
the transducer working body was 335 mm.

This treatment mode is hard, since the
ultrasonic wave in the heterogeneous medium
(solution + anion exchanger) forms reflected
wave due to small distance between the

Science and Technology

transducer and the tank wall. The reflected waves
form zones of multiple increasing ultrasonic
action on the anion exchanger. Notice that this
effect will not take place in commercial-scale
sorption columns (and other flow-type ion-
exchange units). The zone of maximum ultrasonic
action for this type of transducers extends 550—
600 mm from the surface of the transducer. The
volumetric flow rate of water was 20 I/h. The
ultrasonic transducer operating mode was set as
follows: 6 hours of ultrasonic treatment and 25
minutes with no ultrasonic action. Total operating
time of the ultrasonic transducer in the experiment
was 148 hours at frequency of 22 kHz. General
arrangement of the ultrasonic assembly
installation is shown in Fig. 5.

Fig. 5. Installation for the study of hard ultrasound on the ion exchanger grain mechanical strength

For the experiment, samples of the fresh
(new) resin were taken and labeled No. 3 and
No. 4, respectively (Fig. 6). After the experiment,
resin samples that underwent ultrasonic treatment
were taken and labeled No. 1 and No. 2. Figure 6
shows that samples No. 3 and No. 4 present new
resin, and samples No. 1 and No. 2 are of darker
color with gray tint, indicating their previous use.

All the samples were sent to an independent
specialized laboratory for control tests.

The results of the samples testing for
determining mechanical strength of the ion
exchanger grains are as follows:

—sample No. 1. mechanical strength —
99.0%;

—sample No. 2: mechanical strength —
99.5%;

—sample No. 3: mechanical strength —
98.0%;

— sample No.
98.0%.

D

. mechanical strength —
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Fig. 6. Samples of the initial new ion exchanger (Nos. 3 and 4) in comparison with the samples
of the previously used ion exchanger (Nos. 1 and 2)

As can be seen from the obtained data,
ultrasonic treatment of the ion-exchange resin
grains even under specially produced hard
conditions not only did not decrease their
mechanical strength, but, on contrary, caused
their insignificant, but marked strengthening. This
strengthening was due to complete ultrasonic
cleaning of macroporous structure of the resin
grains, as well as restoration effect of the so-
called ultrasonic crosslinking of polystyrene
matrix filaments damaged in the course of the ion-
exchange resin use in the ISR uranium production
process.

Conclusion

The performed tests for investigation inten-
sifying uranium sorption from pregnant solutions
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Abstract: Heavy metal-containing waste has become one of heavy environmental problems. Processing of such
waste accumulated at waste dumps to extract valuable components is commercially beneficial activity and, in
addition, decreases environmental impact. In this study, Lewatit MonoPlus TP 207 (TP 207) ion exchange resin
was evaluated for its suitability for selective removal of cobalt (Co) and copper (Cu) from mine waste waters,
generated by heap leaching waste materials at a Chilean copper mine. In series of laboratory scale fixed-bed ion
exchange column tests, the effects of process parameters, such as waste water flow rate and regenerant (sulfuric
acid) concentration, were studied in both waste water treatment by the ion exchange resin process and the resin
regeneration (metals eluting) process. The regeneration process tests were performed using 1 % and 10 % sulfuric
acid. The best separation of the metals (in the eluting process) was achieved with regeneration of TP 207 resin
using 1 % sulfuric acid at flow rate of 1 bed volume per hour (BV/h).

Keywords: heavy metal-containing waste; ion exchange resin; fix-bed columns; adsorption/desorption; regenera-
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1. Introduction

Copper is a metal of choice for technolo-
gists and important metal with wide range of in-
dustrial applications such as plumbing, electro-
plating, manufacture of wires/cables for various
industries, building, machine building, etc. [5].
Chile is the main copper producer in the world,
which satisfies more than 30 % of the world
supply [4]. For the latest century, in El Salvador
mining district, tailings were disposed not only
around mine pits [3], but also over the shore [7].
This has resulted in formation of large tailings de-
posits in this area [9]. With time, these tailings
have been exposed to atmosphere action that re-
sulted in weathering, oxidation, and formation of
1-2 m thick low-pH (2.6—4) oxidation zone in up-
per layer of the tailings. Atmospheric leaching of
the zone material results in leaching of bivalent metal
cations, such as Cu?*, Ni?*, and Zn?* in concentra-
tions up to 2265 mg/l, 18.1 mg/l, and 20.3 mg/I,

respectively, in the mine tailings drainage wa-
ters [7]. This is very dangerous situation because
these heavy metal concentrations are much above
the approved maximum concentration limits.
During past decades, many methods have
been implemented to remove heavy metals from
the drainage waters. Among many classical and
modern techniques, ion exchange method has
unique advantages such as high metal recovery
rate, ion selectivity, lesser slurry generation, the
meeting strict discharge environmental specifica-
tions, etc [1]. Modern ion exchange resins are pro-
duced from synthetic polymer substances such as
styrene-divinyl-benzene copolymers [6]. Syn-
thetic ion exchange resins have relatively large
pores, that facilitates the exchange process [8].
Thus, the purpose of this study is to test
modern ion-selective ion exchange resins for se-
lective removal and separation of heavy metals
from mine drainage water generated from Chilean
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heap leaching residuals. Correct selective extrac-
tion of these metals may be profitable for the mine
due to minimizing remediation costs and decreas-
ing environmental impact (and, thus, environmen-
tal payments/fines). Among other valuable metals
in these leaching residuals, cobalt should be high-
lighted, whose price has significantly increased
over the latest several years [2]. This study will be
specially focused on separation of cobalt from
copper when extracting from the mine drainage
waters.

2. Experimental research

The material used to generate mine water in
this study was collected from heap-leached stock-
pile at a Chilean copper open pit. This material
was mixed with double-distilled water, and the
mixture was stirred several times for three days to
produce final water for the testing. The ion ex-
change column unit comprised polyvinylchloride
(PVC) column 2.5 cm in diameter and 12 cm high
connected with peristaltic pump. A bed volume
(BV) was 10 ml and it was injected into the mate-
rial of initial wet ion exchange resin loaded into
the column. All fittings and pipework were made
of polyethylene. The mine drainage water was
pumped into the column in up-flow direction by
the peristaltic pump at controlled flow rates
(1 BV/h =10 mi/h; 6 BV/h =60 ml/h). The water
was sampled at the column outlet at regular time
intervals and was analyzed for cations using
MP-AES method. After the water treatment (ad-
sorption) cycle, the columns were regenerated
(for eluting the metals) by either 1 or 10 % (w/w)
sulfuric acid solution. These concentration ranges
were chosen based on the resin product specifica-
tion provided by LANXESS. The backwash and
regeneration were performed by sulfuric acid so-
lution, which was pumped from bottom to top into
the column at flow rate of either 1 BV/h or
6 BV/h.

3. Findings and Discussion

3.1. Tests on metal sorption on TP 207 ion
exchange resin column

Fig.1, a shows the curves of copper and co-
balt concentrations in contact with TP 207 resin at
flow rate of 10 ml/h (1 BV/h). Initial increasing of
cobalt concentration was observed at around
70 BV and achieved peak value of 28.8 mg/l at
137 BV. Then the concentration of cobalt de-
creased and reached the initial concentration at
228 BV. Thereafter the concentration fluctuated
around the initial value. Cobalt was adsorbed be-
tween 0 — 70 BV and then desorbed until the end
of the process. The test continued overnight.
Therefore, no samples were taken in interval be-
tween 85 — 130 bed volumes. Copper concentration
growth started at 160 BV and reached peak at
225 BV. Afterwards copper concentration fluctu-
ated around the initial level. This test lasted
12 days to reach completing copper sorption.
Fig. 1, b shows similar curves for copper and co-
balt concentrations in contact with TP 207 ion ex-
change resin at flow rate of 60 ml/h (6 BV/h). The
test continued overnight, and no samples were
taken in interval between 48 — 129 BV. Initial in-
creasing of cobalt concentration was observed at
about 45 BV, and peak value was achieved at
around 115 BV. After 129 BV cobalt was de-
sorbed from the resin. After 195 BV the flow was
stopped for twelve hours. After the interruption
(at 197 BV), significantly higher cobalt concen-
tration (32.7 mg/l) was observed. Copper concen-
tration growth started at about 115 BV, and then
copper was desorbed from the column up to
reaching peak concentration at 225 — 240 BV. No-
tice that during the flow interruption for twelve
hours at about 197 BV, copper concentration
dropped from 101.7 mg/l to 49.8 mg/Il. The resin
could adsorb 417.5 mg of copper during the test
process.
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Fig. 1. Curves of cobalt and copper concentrations in contact with TP 207 ion exchange resin:
a — flow rate = 10 ml/h (1 BV/h); b — flow rate 60 mi/h (6 BV/h)

3.2 Column TP 207 ion exchange resin re-
generation (metal elution) tests

Fig. 2, a shows the column TP 207 ion ex-
change resin regeneration (using metal leaching
(eluting) by 10 % sulfuric acid at flow rate of
1 BV/h) tests curves of copper and cobalt concen-
trations (for the resin taken after 120 BV). Inten-
sive eluting both copper and cobalt started at
1 BV. Cobalt peak concentration of 533 mg/l was
achieved at about 1.5 BV, which was the highest
cobalt concentration achieved throughout this
study. Copper peak concentration of 12,345 mg/I
was achieved at about 2 BV. After that concentra-
tions of both ions drastically decreased. At 2.5 BV
the copper and cobalt concentration decreased to
4,903 mg/l and 60.2 mg/l, respectively. By that
time, few small air bubbles near the bottom of the
column were observed. Moreover, one side of the
column was poorly regenerated. Starting from
3 BV, the copper and cobalt concentrations de-
cline continued, but at lesser gradient. The copper
concentration dropped below 50 mg/l after 7 BV.
The cobalt concentration dropped below 15 mg/I
(below detection limit of the MP-AES) after 5 BV.
The tests recovered 309 mg of copperand 7.17 mg
of cobalt during the resin regeneration (metal
leaching) process. About 88% of the adsorbed co-
balt were eluted within interval 0-3 BV. At the
same time, both copper and cobalt were eluted in
the same range of bed volumes. Therefore, no

metal selection was achieved during the regener-
ation/leaching (eluting) tests.

Fig. 2, b shows the column TP 207 ion ex-
change resin regeneration (using metal leaching
by 1 % sulfuric acid at flow rate of 1BV/h) tests
curves of copper and cobalt concentrations (for
the resin taken after 120 BV). Intensive eluting
cobalt started at 1 BV. Cobalt peak concentration
of 328 mg/l was achieved at about 2 BV. Then the
concentration dropped drastically to 47.6 mg/l at
4 BV. At 4 BV the regeneration process was in-
terrupted for 12 hours. At 5 BV the cobalt concen-
tration slightly increased, up to 62 mg/l and then
dropped again to below 15 mg/l at 6 BV.

Intensive eluting copper started at 2 BV, and
peak copper concentration of 4,132 mg/l was
achieved at about 4 BV. Then the copper concen-
tration drastically decreased to 2160 mg/l by
5BV. Then, after the process interruption at
4 BV, the elution nature changed. The copper con-
centration started to grow again and achieved
peak value of 3,247 mg/l at 7 BV. Thereafter the
concentration gradually decreased and to below
100 mg/l after 16 BV. About 76.6 % of the adsorbed
copper (288 mg) and 56 % of the adsorbed cobalt
(7 mg) were eluted (leached) from the resin. Thus,
the metals concentration curves at 1 % sulfuric
acid showed marked selective elution of cobalt
and copper.
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Fig. 2. Column TP 207 ion exchange resin regeneration tests — cobalt
and copper eluting (leaching) curves:
a— by 10 % sulfuric acid; b — by 1 % sulfuric acid

4. Conclusion

The performed tests and analysis showed
that the Lewatit MonoPlus TP 207 (amino-di-ace-
tic) ion exchange resin is suitable for selective ex-
traction of copper and cobalt from waste water
drainage generated by heap leaching waste mate-
rial at the Chilean copper mine (open pit). Since
the test feed solution (the waste water) has higher
concentration of copper ions, it is very important
to have higher amount of cobalt adsorbed by the
resin during the water treatment process to
achieve better elution as well as better separation
of the metals in the resin regeneration (metal elu-
tion) process. Maximum adsorption of cobalt ions
by the reins can be achieved by treatment the
waste water until the column resin saturation
(with cobalt) point. Further continuation of the
treatment process results in desorbing the previ-
ously adsorbed cobalt ions due to the presence of
better absorbable ions such as copper and zinc in
the feed solution (the waste water). The treatment
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Abstract: In mining technical literature, the prevailing idea is still that rockbursts in open pits and underground
mines are caused by gravitational forces produced by the overburden rock mass, put forward in the 20th century
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HoBasi koHuIenuusi MeXaHM3Ma rOPHO-TEKTOHUYECKHUX yIapOB U
JAPYTUX JUHAMUYECKHUX SIBJIEHUH /1JI51 YCJIOBUI PYIHBIX MECTOPOKAEeHU I

JloBuukoB A. B.

T'opueiit uactutyT Konbeckoro HayuHoro nentpa Poccuiickoil akagemun Hayk, Anatutel, Poccus

AHHOTAanUs: B ropHO-TEXHUYECKON JIUTEPATYpPE 0O CHX MOP MPEBATUPYET MPENCTABICHUE O TOM, YTO TOPHBIE
yZAapbl B PyAHUKAX U IIAXTAX BBI3BIBAIOTCS I'PABUTALMOHHBIMU CHUJIAMH BECA MACCHBA IOKPBIBAIOIINX IOPOJI, BbI-
neuHyTOoe B mpouwuioM Beke C.I'. ABepmnasiM 1 .M. IleTyxoBbiM. Ha 3TOM npecTaBieHN OCHOBBIBAIOTCS Ipa-
BUJIa OE30IIaCHOTO BEJICHHS FOPHBIX PadOT Ha yAapOOIaCHBIX MECTOPOXKACHHSIX, B TOM YHCIIE COBPEMEHHBIE HH-
CTPYKTHBHBIE JOKYMEHTBI PocTexHan3zopa. MHOrOUHCIEHHBIE UCCIIEN0BAHNS CBOMCTB MIOBEIECHUSI MaCCHBA IOp-
HBIX TIOPOJ] KaK T€0JIOTHYECKOM Cpeibl, IBJICHH, BBI3BIBAIONINX TOPHBIE yIaphl B TOA3EMHBIX BEIPa0OTKAX, MEXa-
HU3MOB IIPOSBIIEHNSI TOPHBIX U TOPHO-TEKTOHWYECKUX YAapOB U3MEHSIIOT MHOTHE NpeicTaBieHus. OHM OKa3aIuch
B HACTOsIEe BPEMsI HACTOSTEIBHO HEOOXOAUMBIMH I OOBSICHEHUS IPUYMH 0COO0 MOIIHBIX F€OANHAMHYECKHX
SIBJICHUM B PYJHUKAX — TOPHO-TEKTOHUYECKUX YJApPOB M TEXHOTCHHBIX 3E€MJICTPSICEHUN — SIBICHHUM, KOTOPHIE B
MPOIIIOM BeKe MpaKTHUECKH He Habmoaanuck. CHIIbHbBIE Te0IMHAMUYeCKUe COOBITHS B pPyIHUKaX (TOPHO-TEKTO-
HUYECKHUE yJIapbl, TEXHOT€HHBIE 3eMJIETPSICEHHsI), COTIOCTABUMBIE 110 SHEPTeTHYECKOMY YPOBHIO C 3€MIICTPSCCHH-
SIMHM, B OYEPEIHOM pa3 NOKa3aIu aHAJIOTHIO ATHUX SIBJICHHUM C €CTECTBEHHBIMU 3EMIIETPSCEHUSMM, UCCIIETOBAHUSAMU
KOTOpPBIX 3aHMMaeTcs ceiicmororus. M.A. CaJoBCKHM € COaBTOpaMu ObLT yCTAaHOBJICH 3aKOH CaMOINog00us cei-
CMHMYECKOI'0 IPOoIIecca Ha Pa3HbIX MacIITaOHBIX YPOBHX. Ha oCHOBaHMM 3TOro 3aKOHA COOTHOIIEHHSI, YCTaHOB-
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JIGHHBIE JIJISl OYaroB 3eMIICTPSICEHUH, OKa3aJ10Ch BOBMOXHBIM MPUMEHSATH I TUHAMUYECKUX MPOSIBICHUI rop-
HOTO JaBJICHUS B pynHUKaX. B HacTosmiel paboTe pa3BUBAIOTCS JALHEUITHE ASTAlId dTOW aHAIOTHH. B HEdl mo-
Ka3aHO, KAaKUM pa3MepaM CTPYKTYPHOU HEOAHOPOIHOCTH MAacCUBA COOTBETCTBYIOT T€ UM UHBIC ()OPMBI JHHAMU-
YECKUX IMPOSIBIICHUI TOPHOTO JaBiieHUs. Ha ocCHOBaHMYM 3aKOHA CaMOIOI00Us CEHCMHUYECKUX MPOLIECCOB Ha pas-
HBIX MAacIITaOHBIX YPOBHSX MMOKA3aHO, YTO YHEPTeTHUECKUE XapaKTEPUCTUKH MPOSIBICHUN TOPHOTO JAaBJICHUS B
PYIHUKAX IMOAIUHSIOTCS 3aKOHOMEPHOCTSIM, YCTAHOBIEHHBIM B CEHICMOJIOTHH.

KiroueBble cj10Ba: rOpHO-TEKTOHUYECKUH yap, MacCUB, CTPYKTYpHBIE HEOIHOPOAHOCTH, KiacCU(DUKALHSL, Cel-
CMHUYECKHIH MOMEHT, MOAYJb CABUTA.
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Introduction

A rockburst is instantaneous failure of a
rock mass alongside a fault or a newly formed
technogenic (mining-induced) fracture, causing
failure/collapse of pillars and workings, as a rule,
over large areas. The new concept is that the in-
stantaneous rock failure during rockburst occurs
due to the concentration, around mine workings,
of gravitational tectonic stresses existing in the
earth crust due to recent orogenic processes. Un-
der the influence of large-scale mining operations,
the structural-block medium of rock masses due
to the concentration of gravitational tectonic
stresses sharply changes to new geodynamic equi-
librium; the change is manifested in the form of
rockbursts, rock-tectonic bursts and technogenic
earthquakes.

Theoretical treatment

The concept is based on the differences in
the natural stress state of mineral/mineralized
rock masses. In mineralized (ore deposit) rock
masses of magmatic or metamorphic origin, a fea-
ture of the rock gravitational-tectonic stress con-

dition is prevailing (in magnitude) horizontal

stresses (due to recent orogenic processes) over
vertical gravitational stresses (caused by overly-
ing rock weight). On contrary, in rock masses of
sedimentary origin (coal, salt deposits), due to the
relatively weak deformation-strength properties
of the rocks and long-lasting rheological pro-
cesses, gravitational stress condition of the rocks
is characterized by prevailing vertical gravita-
tional stress component, caused by overlying rock
weight.

Meanwhile, in the modern Russian mining
and technical literature, the prevailing idea is still
that rockbursts and rock-tectonic bursts in mines
are caused by gravitational forces due to overly-
ing rock mass weight. Theoretical substantiation
of these ideas is given in studies of S.G. Aver-
shin [1], .M. Petukhov et al. [2, 3] and others.
The concepts on gravitational nature of forces
causing rockbursts in mines underly modern in-
structional documents of Rostekhnadzor [4],
which regulate mining operations at rockburst-
hazardous ore deposits. The instruction [4] does

not even mention tectonic stresses occurring in
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rock masses. As a result of this, some provisions
of the instruction [4] are erroneous and doubtful.

Another basis of the concept is the idea of
rock mass as a geological environment of hierar-
chical block structure, developed by academician
M. A. Sadovsky. In accordance with these ideas,
rock masses are a hierarchy of geological and
structural blocks, as if embedded in each other
and separated by inter-block intervals — faults and
cracks of different structural levels. There are
many rock mass quality designation classifica-
tions, but, in our opinion, the most suitable is the
classification adopted for foundations of hydrau-
lic structures [5]. This classification is most ap-
propriate for ore deposit rock masses for at least
two reasons:

a) the foundations of hydraulic structures in
terms of length in horizontal and vertical planes
(hundreds of meters, first kilometers) are similar
to the dimensions of mine fields, which are simi-
lar in size to intersecting structural heterogenei-

ties (fractures, tectonic deformations, faults);

b) the classification is designed for rock
masses, i.e., very strong rocks of igneous or met-
amorphic origin.

Since disjunctive dislocations of different
scales should correspond to block structures of
appropriate scale, we proposed the following clas-
sification of block structures for mine fields,
based on the above classification of structural dis-
locations in
(Table 1) [6].

Dynamic manifestations of rock pressure in

hydraulic engineering

mine workings (rockbursts, rock-tectonic bursts,
and other manifestations) can be considered as a
response of the geological environment to techno-
genic intervention. This response depends on
many factors, and above all, on the scale of the
technogenic impact, structural-block heterogene-
ity of the rock masses, rock properties, natural
stress state of the rock masses, and other factors.
The dependence of the forms of rock pressure
manifestations on the dimensions of mine work-
ings in case of gravitational-tectonic stress state
of the rock masses is shown in Fig. 1.

Table 1
Classification of block structures formed by faults
Block structure designation | Rank (order) of faults con- | Extent of faults confining Average cross block
fining the block, and block the block dimension
structures
. | Hundreds and thousands of 500 — 1000 km
Tectonic block i
ilometers
Regional geological-and- I Tens and hundreds of kilome- 50 — 100 km
structural block ters
Il Several kilometers and first 5-10 km
tens of kilometers
Local geological-and-struc- v Hundreds and first thousands 500 — 1000 m
tural block of meters
V >10m 50-100m
. Vi 1-10m 5m
Fracturing block structure VIl — VI <1im <im
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Fig. 1. Model of development of rock pressure dynamic manifestation forms with increasing scale of mining operations
in conditions of gravitational-tectonic stress state of rock masses

Table 2
Forms of extreme dynamic manifestations of rock pressure corresponding to the scale of geological structures activated
by mining
Rank (order) of | Scale of mining operations (work- | Characteristic size | Form of dynamic manifestations of rock
geological struc- ings), activating the structure of mine workings, pressure
ture m
VI - VI Blast-hole, borehole 10°-10! Exfoliation of walls, core disking
Vi Single working, twinned working 102 -10° Pressure bump, flaw formation, rockburst
Systems of development workings Rock-tectonic burst, rockburst, technogenic
V-1V 10% - 106
and stopes earthquake

Thus, the proposed classification of struc-
tural block heterogeneity of rock masses allows
ranking blocks of the most common sizes for
mines. It enables practical implementing the con-
cept of M. A. Sadovsky on the model of the hier-
archical-block geological environment as applied
to the problems of mine exploitation.

Analysis of materials. Theory develop-
ment

Any dynamic manifestations of rock pres-
sure are changes of the geological environment to
new geodynamic equilibrium under the influence
of mine workings and stresses occurring in this
environment. Magnitude of the change depends

on the size of mine workings in the rock mass, the
rock stress state, the dimensions of geological and
structural (block) heterogeneity of the rock mass,
and other factors. In the previous, XX century, too
little attention was paid to the analogy of rock-
bursts and seismic phenomena in the earth's crust,
since rockbursts in Russian mines had relatively
low energy level [7]. And only in the end of the
last century — the beginning of this century, when
severe rock-tectonic bursts with the released seis-
mic energy magnitude of £ = 10%° J began to hap-
pen in mines of Russia, South Africa, Poland, and
other countries, analogy of these phenomena with
earthquakes was revealed [8, 9, 10].
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To characterize energy of earthquakes, in
seismology and mine seismicity, the concept of
seismic moment in the focus is used [9]:

Mo = GS§, (1)
where Mo is seismic moment, N-m; G is shear
modulus of rocks mass, MPa; S is fracture area,
m?; § is amount of displacement in the focus, m.

When describing low-energy rockbursts in
mines, such event parameters as the fracture area
S and the displacement value dwere not previ-
ously determined. And only when rock-tectonic
burst energy in mines got close the level of natural
earthquake energy, researchers began measuring
these parameters, by analogy with earthquakes.
Table 3 presents the mentioned parameters for
some of the severest rock-tectonic bursts in Rus-
sian mines [11]. Fig. 2 shows the geometric illus-
trations of mechanism of these rock-tectonic
bursts.

No other examples were found in domestic
mining literature, since these parameters were not
measured when examining consequences of the
events in mines.

Given the law of self-similarity of seismic
processes at different scale levels, established by
M. A. Sadovsky et al. [12], dynamic manifesta-
tions of rock pressure in mines can be considered

as seismic events in a rock mass. Extrapolating
Table 3 data, these events can be characterized by
the following parameters (Table 4).

Table 4 presents data obtained on the basis
of the law of seismic processes self-similarity at
different scale levels. In particular, it is known
[13] that in the event of large earthquakes of in-
tensity 7-8, the length of the faults reaches tens to
hundreds of kilometers, and displacements along
the faults achieve several meters. Therefore, the
parameters of rock pressure dynamic manifesta-
tions in mine workings, whose energy level is sev-
eral orders of magnitude lower than that of large
earthquakes, look quite plausible.

Knowing the characteristics of focus of dy-
namic phenomena in mines (see Table 4), one can
estimate the energy characteristics of these phe-
nomena by formula (1). Rock shear modulus G is
generally not measured when determining mining
operation details. Therefore, let us determine its
value from the well-known relationship estab-
lished in geophysics [14]:

G= L , (2)
2(1+v)
where E is rock modulus of elasticity, MPa; v —
Poisson's ratio of rocks.

Table 3

Parameters of some of the most severe rock-tectonic bursts (RTB) in mines

Event parameters Focal parameters
Mine, deposit Event date Magnitude, M. Energy class, k Dlsplacseme?t area, Displacement
,m amount, cm
Kirovsky (Khibinsky | ;5 1 1989 43 105 220 000 2_9
apatite)
Umbozero _
(Lovozersky rare 17.08.1999 5.0 11.8 =300 M 500 m = 16
250,000
metal)
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Fig. 2. Schemes of the mechanism of rock-tectonic bursts at the Kirov mine (a) and the Umbozero mine (b)
Table 4
Parameters of dynamic manifestations of rock pressure at mines
Energy parameters Focal parameters
Manifestation types Characteristic amount of .Estlmated
Energy, J Energy class, k . 2 displacement
the displacement area, m
amount, cm
Rock—tect_onlc burst, tech- 109 10%2 9_12 100,000 10
nogenic earthquake
Rockburst, pressure bump 10° - 108 5-8 100 1.0
Borehole wall failure 10° 10! 1-2 0.1 0.1
Table 5
Estimation of the magnitude of seismic moment in the focus of rock pressure dynamic manifestations
Form of dvnamic phenomena Fault/Fracture Displacement Rock shear modu- Seismic moment. t-m
y P area, m? amount, m lus, t/m? -

Rock-tectonic burst 100,000 0.1 2,400,000 2.4 -10°
Rockburst, pressure bump 100 0.01 2,400,000 2.4-108
Borehole wall failure, core disking 0.1 0.001 2,400,000 2.4-10%

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS




ISSN 2500-0632 (ON-LINE)

% FOPHbIE HAYKW
n

2020;5(1):30-38

GORNYE NAUKI | TEHNOLOGII = MINING SCIENCE AND TECHNOLOGY (RUSSIA)

MUCuC

HauvoHanbHbIA nccneaoBaTeNbeKin
TEXHO/IOT4ECKIA YHUBEPCTET

We can calculate, in particular, shear mod-
ulus for the rocks of Lovozersky rare metal de-
posit (nepheline syenites: lujavrite, urthite, foy-
aite): E = 6 - 10* MPa; v = 0.25. Shear modulus

calculated by formula (1) will amount to:

60000MPa __ 6000000t/m?
25 2.5

Now all the parameters included in formula
(1) have been determined, and the seismic mo-
ment magnitude in the focus can be used to esti-
mate the energy of rock pressure dynamic mani-
festations in mine workings. The results of such
estimations are given in Table 5.

In Table 5, the calculations were imple-
mented using the value of rock shear modulus

G = = 2.4-10°/m?.

G = 2.4 - 106 t/m?, being typical for hard rocks, in
particular, for the rocks of the Lovozersky deposit.
The obtained values of seismic moment for various
forms of rock pressure dynamic manifestations cor-
respond to those actually observed in mines, in par-
ticular, the energy characteristics of rockbursts and
rock-tectonic bursts [7] and the estimates of these
phenomena by other authors [15, 16].

The data presented allow confirming the
law of self-similarity of the seismic process at dif-
ferent scale levels, established by M.A. Sadovsky
et al. The rock pressure dynamic manifestations
in mines (rockbursts and rock-tectonic bursts,
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Pe3yabTarhl HCc/Ie10BaHU BOJTHOBOTO XapaKTepa OMOPHOI0 J1aBJIeHUs IeJTUKOB
U KPaeBbIX YacTeil yroJbHbIX MJ1aCTOB
JIuc C. H.

HucTutyT npo6iemM KOMIUIEKCHOTO OCcBOeHwMsI HeAp, Kaparanna, Pecrrybnmka Kazaxcran

AHHoTanus: Pa3zpaboTka CBUT IIACTOB NPUBOJUT K 00Pa30BaHUIO B TOJIIE MOPOA OOJBIIOrO KOJIMYECTBA 30H
MOBBIIIEHHOTO TOPHOTO JIaBJICHHsI, 00pa30BaHHBIX BIMSHUEM OTIOPHOTO IABJICHHUS KpaeBbIX YacTell MaccuBa U Lie-
JIMKOB, OCTABJICHHBIX HA COCEAHMX Tu1acTax. Hamumuue Takux 30H pe3KO yXYAILIAeT COCTOSHHUE MOATOTOBUTENBHBIX
U KaluTaJbHBIX BBIPAOOTOK IPH pa3pabOTKe CBUT IIACTOB. B cTarbe MpHBOAATCS PE3yNbTaThl IIPOBEIEHHBIX
HaOJIOIEHN HA y4acTKaX MOJI3EMHBIX BEIpAOOTOK yroJdbHBIX MIaxT KaparaHmuHCKOro yroipHoro 6acceiina, Haxo-
JSIITUXCS IO ¥ HaJ IIeJTMKaMHU U KpaeBbIMHU YaCTsIMH BBILIENIKAIINX YTOJIBHBIX 1acToB. Eciiu onopHoe naBieHue
MOJ LIEJIMKaMHU U KPaeBbIMM YaCTSIMU YTOJIBHBIX IIACTOB AOCTATOYHO MHTEHCUBHO HCCIIEA0BAJIOCH, TO ONOPHOE
JaBJICHUE HAJ LEIIMKaMH U KPaeBbIMH YaCTSIMU YTOJIBHBIX IUIACTOB IIPAKTUYECKU HE U3Yydanoch. Pe3ynbpraTsl mpo-
BEJICHHBIX MCCIICIOBAaHUH MMOKA3aJM, YTO BO BCEX BBIPAOOTKAX, B KOTOPBIX MPOBOJUINCH HAOIIOACHUS, BHICOTA
y4acTKa BBIPAOOTKH, PACIIOIOKEHHOTO HaJ LEIUKOM (KpaeBOH 4acThlO), U3MEHSIETCS BOJIHOOOpa3Ho. Xapakrep
BJIMSIHUSI OOPHOTO JIaBJICHHUS MEHSIETCS B 3aBUCUMOCTH OT yJAJIEHHOCTH BBIPAOOTKU OT MCTOYHHKA 3TOTO JIaBJie-
HUS U onperensercs kodpunueHToM moapadoTku K. [{nrHa moayBoSHBI OMOPHOTO JaBJICHHS COOTBETCTBYET
[1ary BTOPUYHOTO OOpYIIEHUs OCHOBHON KPOBIM YTOJBHOTO TUIACTA, HA KOTOPOM PACIOJIOKEH HEIHK (KpaeBast
4acTh). Pe3ynbpTaThl MpOBEIEHHBIX UCCIEIOBAHNHN TIOKA3aJIM, YTO BO BCEX BBIPA0OTKaX, B KOTOPHIX HPOBOAMIINCH
HaOIIO/ISHNS, BBICOTA YYACTKa BEIPAOOTKH, PACIIONIOKEHHOTO MO/ IIETUKOM (KpaeBOH YacThI0), H3MEHSETCS BOJI-
HOOOpa3Ho. B pe3yibraTe mpoBeIeHHBIX UCCIIEIOBAHUI BBISIBIICH BOJIHOBOM XapaKTep CTAllMOHAPHOT'O OIIOPHOTO
JaBJICHUS, PACIPOCTPAHSIOLIET0Cs BAOJIb IJIaCTa, HA KOTOPOM PACIIOI0KEHA BEIPAOOTKA, 10 3aKOHY 3aTyXaroLlen
CHUHYCOHJIBI IO Mepe yAAIECHUs OT UCTOUYHUKA OMOPHOro AasieHHA. [Ipu 3TOM uIMHA MOIYBOJIHBI A/2 COOTBET-
CTBYET MOITHOCTH OCHOBHOM KPOBJIM HaJl BEIPA0OOTKOM.

KiioueBble ciioBa: OIIOPHOC AABJICHHUEC, LICIIUK, KpacBasA 4acCThb I1JIaCTa, 30HA ITOBBIIICHHOTO IT'OPHOI'0 AAaBJICHUA,
CBUTA IJIACTOB, 3aTyXarollass CUHyCOu/Jad, JJINHA MTOJTYBOJIHbI.

Jast umtupoBanus: Jluc C. H. Pe3ynbratel uccieqoBaHUN BOJTHOBOIO XapakTepa OMOPHOIO ABJICHUS LIETUKOB
Y KPaeBbIX YacTeH YTrOJbHBIX J1aCTOB. [ oprule nayku u mexnonozuu. 2020;5(1):39-48. DOI: 10.17073/2500-0632-
2020-1-39-48.

Findings of Studies on Wave Character of Pillar Support Pressure
and Edge Parts of Coal Seams

S.N. Lis
Institute for Integrated Subsoil Use, Karaganda, Republic of Kazakhstan

Abstract: Extraction of coal measures leads to origination of a large number of increased rock pressure zones in rock
mass, caused by the influence of abutment pressure of rock mass edge parts and pillars kept in adjacent seams. The
presence of such zones sharply worsens the condition of development and permanent workings when developing coal
measures. The paper presents the findings of the observations made in the areas of the underground workings in coal
mines of Karaganda coal basin, located under and above pillars and edge parts of overlying coal seams. If abutment
pressure under pillars and edge parts of coal seams has been studied quite actively, abutment pressure above the pillars
and the edge parts of the coal seams has not been practically studied. The findings of the performed studies showed that
in all the workings in which the observations were made, the height of the workings located underneath the pillar (the
edge part) varies wavily. The studies revealed wavily behavior of the stationary abutment pressure propagating along
the seam, in which the working is located, according to the law of damped sinusoid while increasing distance from the
source of the abutment pressure. At the same time, the half-wave length A/2 corresponds to the thickness of the main
roof above the working. The height of the workings located above the pillar (edge part) also varies wavily. At the same
time, the nature of the abutment pressure influence varies depending on the distance of the working from the pressure
source and is determined by undermining factor Ku. The abutment pressure half-wave length corresponds to the step of
secondary collapse of the main roof of the coal seam on which the pillar (edge part) is located.
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BBenenue

Pa3paboTka CBUT I1aCTOB MPUBOIUT MOSIBIIC-
HHUIO B TOJILIE MOPOJ OOJBLIOrO KOJIWYECTBA 30H
noBbIieHHOro ropHoro aaenenus (I11°/1), oopa3zo-
BaHHBIX BIIMSIHUEM OIOPHOIO JABJICHUS KPaeBbIX
yacTell MaccuBa M 1IEJIMKOB, OCTABJICHHBIX Ha CO-
cequux Iacrax. Hammume 30H I/ pe3ko yxyn-
IIA€T COCTOSIHUE MOATOTOBUTENbHBIX U KalUTallb-
HBIX BBIPAOOTOK TpU pa3pabOTKe CBUT ILIACTOB.
OOmiee renepanbHOe TpeOoBaHHE K pa3zpabOTKe
CBHT YTOJIbHBIX TUIACTOB CPOPMYITUPOBAHO JTABHO U
CBOJIMTCS K TIOJTHOW BBIEMKE YIJIsi O€3 OCTaBJICHUS
Kakux-nuobo 1enukoB. K coxanenuto, mpu paspa-
0OOTKE YroJIbHBIX TUIACTOB B CBUTAX JI0 CUX TOp HE
y1aBaJOCh BO BCEX CIIydasiX OCYLIECTBIAThH MOJ-
HYIO BBIEMKY YIJISI: U3-3a CJIO’KHBIX TOPHO-TE0JI0TH-
YECKUX YCJIOBUN U JJIs1 OXPaHbl PA3JIMYHOIO pojia
00BEKTOB OCTABJISIFOT YTOJIbHBIE IeNHKH. Bec mo-
PO/, 3aJIETaloLMX B KPOBJIE YTOJIBHOTO IJIacTa Hajl
BbIPAOOTAHHBIM TIPOCTPAHCTBOM U HE MOJTYYUBIITHX
OTIOpPHI Ha TTOYBE BBIPAOOTKH, MEepepacipeensieTcs
Ha KpaeBbl€ YaCTU HETPOHYTOTO IUIacTa WJIM IIe-
JIMKH, TIPUTPY’Kasi ux. JTa npurpyska GopMupyer
30HBI OIOPHOTO JaBieHUs [1], KOTOpble MPUHATO
Ha3bIBaTh 30HAMU IOBBIILIEHHOTO TOPHOTO JaBJie-
uust (3ona [1TT).

[Ipon3BOACTBEHHBIN OMNBIT YKa3bIBAET I1O-
poxnenue 3oHamu [1I']] Takux cepbe3HBIX ra30/Iu-
HAMHYECKHUX SIBJICHUH [2], Kak TOPHBIE YAaphl, BHE-
3aItHbIe BRIOPOCHI YIJIS M Ta3a, pa3pyllieHne Mexa-
HU3WPOBAHHBIX KPETICH, 3aBaJTbI JIaB, MOBBIIICHHOE
razoBbienenue. [Ipu BeneHny ropabix paboT B 30-
Hax III'Jl 3HauuTENBHO YXYALIAETCA COCTOSIHHE
TOPHBIX BBIPAOOTOK. ITO MPUBOIUT K MaCIITAOHBIM
oOBaslaM TOPHOTO MaccHBa, MOJIOMKaM MPOXOade-
CKOTO O0OpYZOBaHUS, Pa3pYIICHUIO TMPOEKTHBIX
ceueHuil BbIpabOTOK. TeMm campIM Hapymaercs

HOPMAJIbHBINA PEXUM PaOOThI PEANIPUSATHSL, TIOBBI-
IIaeTCSI CTOMMOCTH JOOBIYM TIOJIE3HOTO MCKOIae-
MOT0 Y IOABEPTatOTCs OMACHOCTU 3aHSTHIC B IIAXTE
moau [3-7].

HUccnenoBanusiMu, poBeICHHBIMU B HIKEIIE-
KaITeM TUIACTE MPH MePECEICHUH OYMCTHRIMU pado-
tamu 30H [1I'/], 00pa3oBaHHBIX OT BEPXHETO ILJIacTa,
BBISIBJICHBI 3aMETHOE BIIMSTHHE BBIILIEIIEKALIETO I1J1a-
CTa Ha HWKHUM 1J1acT B BUjIE AeopMaliiy 1iacta u
HapyLIEHUs CIUIOIIHOCTH €ro KpOBIHM, a TaKXke
HAJIMYKE B HIDKEISKAIIEM OYMCTHOM 3a00€ MHOMKeE-
CTBa TEXHOTCHHBIX TPEIIWH W HApYyIICHWH 3ajera-
HUSI YTOJIBHOTO IU1acTa U nopoz. Bee 31o pe3ynbrar
neiicrus 30HbI [T/ oT BepxHero miacra. Ilo wmc-
cnenoBanusiMm BHUMUM u YkpHUMMU [6, 8] ycra-
HOBJIEHO, YTO IIEJMKU C HEAOCTATOYHO OONBIINMU
pa3MepamMu MOTYT ObITh OTEHIIMAIFHO OMACHBIMU
TIO MPOSIBJIEHUIO TOPHBIX yIapoB [9].

Ha MHOrMX yronbHBIX MECTOPOXKICHUSIX
YCIIOXKHSIFOTCSI YCIIOBHUSI OTPAOOTKH B CBSI3U C BO3-
pacTaronieil TIyOuHOM pa3pabOTKH MECTOPOXKIE-
HUU U TIEpeX0/IoM Ha 0o0Jiee CI0KHBIE U YacTO U3-
MEHSIOIINECS TOPHO-TEOJIOTMYECKUE U TOPHOTEX-
HUYeCKHe ycloBHs. PocT rimyOuHBI pa3paboTKH,
Hanu4yue OONBIINX IUIOIIAAel BhIPAOOTAHHBIX
MPOCTPAHCTB B COYETAHUU C BIUSHUEM MHOIO-
KpaTHOH MoJI- ¥ HaJpaOOTKOM MIaCTOB MPUBOAUT
K TOsIBJIEHUIO Oosbiioro kommuectBa 30H 1171,
YBEIMUEHUIO UX DPa3Mepa, YCHUJICHUIO BPEIHOTO
BIIUSIHUSI TOPHOTO M Ta30BOTO JIaBJICHUS Ha BCHO
TEXHOJIOTHIO TOPHOTO MPOU3BOACTBA. M3MeHeHne
HAIPSKEHHOI'O COCTOSIHUS MaccuBa B 30Hax I1I']{
OTPHIIATENILHO CKA3bIBAECTCSl Ha 0€30MacHOCTH Be-
JeHUs TOPHBIX pPadOT, CIOXKHEE CTAHOBUTCS
VIPAaBIATh TOPHBIM JaBJICHHMEM B OYHCTHBIX U
MOATOTOBUTENBHBIX BBIPA0OTKAX [5]. DTO co3maer
yrpo3y JJIs )KM3HU JIIOJIEH U HapyIIaeT HOPpMalb-
HOE€ BE€JICHUE TOpHBIX paboT. 3aTparhl HA PEMOHT
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MOJTOTOBUTENBLHBIX BBIPAOOTOK, PaCIIONI0KEHHBIX
B 30HAaX TMOBBIIICHHOTO TOPHOTO JIABJICHUS,
B 2,0-2,5 pa3a u 0oJiee IPEeBHIIIAIOT COOTBETCTBY-
IOIHE MTOKA3aTeIH JIJIs IOATOTOBUTEIHHBIX BHIpa-
OOTOK, TOJIEPIKUBACMBIX B HETPOHYTOM MAaCCHBE.
[Tpu 3Tom notepu 100b4M mocturarot 20-25 % u
OoJiee, MOBBIMIAETCS 30JbHOCTD yrias [9, 10].

W3BecTHO, 4TO BOJIM3H KpaeBOW JIMHUU TLIa-
CTa TOPHOE JIaBJIIEHUE U3MEHSAETCS BOJIHOOOpPa3HO
(Bommna BebGepa). Otu mpoueccsl Hanbosee MoJIHO
u3yudeHsl B padbote [11] mis ycnoBuit BeipaboTaH-
HOTO TIPOCTPAHCTBA, IPUJICTAOIIECTO K OYHCTHOMY
3a0010. B 1pyroii padore [ 12] oTmeuaercs, 94To Ku-
HETHKa OTMOPHOTO JaBJICHUS BIIEPEIH OYHUCTHBIX
pabot dopmupyeTcsi B BUJIE BOIHBL. JTH UCCIIE0-
BaHMS IMOKa3aliH, YTO OMOPHOE JaBlICHHE HMEEeT
BOJIHOOOpa3HbI XapakTep C SIBHO BBIPAKEHHOM
MIEPUOIMIHOCTBIO YEePEIOBAHUA 30H ITOBBIIICH-
HOTO U MTOHIKEHHOTO JaBJICHH Briepenu (GpoHTa
OUYHMCTHBIX padoT.

OnHaKo ecny OTOPHOE JaBJICHHE UMEET BOJI-
HOBOW XapakTep B IUIOCKOCTU pPa3pabaThiBAEMOro
TUIacTa, TO aHAJIOTUYHBIN XapaKkTep OMOpHOE JaBjie-
HHE JOJDKHO UMETh U TIoA (Haf) 3THUM IUIACTOM, T.€.
o1 (Ha[T) KpaeBbIMHU YacCTAMH U IeJMKamMu yriis. Jlo
CHX TIOp 3TOT BOIPOC HE HCCIEI0BAIICH.

Lesun, 327241 ¥ MeTOABI HCCIIEIOBAHUI

Lesnbro necneroBaHnii BISIIOCH ONPENIETICHNE
XapakTepa pacnpesiefieHns] HanpsbKeHUH 1mojt (Han)
ETIMKAMU W KPAaeBBIMH YaCTSIMU YTOJIBHBIX TUIACTOB.
B 3amauy BXoaumno onpesieneHre H3MEHEHHUS BBICOTHI
y4acTKa BBIPaOOTKH, TIPOMICHHOM 1Mof] (Ham) IIeNu-
KOM WJIM KPaeBOM YacThIO YTOJIBHOTO ILIACTA.

ABTOpOM OBLTM TIPOBEIEHBI HCCIIEIOBAHUS
BIIMSTHHS CTAIIHOHAPHBIX 30H OTIOPHOTO JIABJICHUS HA
TIOITOTOBHUTEITLHBIC  BBIPAOOTKH, TIEPECEKAIOIIHE
3oubl [1I']] mon (Ham) menMkamMu M KpaeBbIMU Ya-
crsmu. Bo BpeMst HaOrOIeHMIA TIPOU3BOTIIIOCH H3-
MepeHHe BBICOTBI BBIPaOOTKH h Ha ydacTke, pacro-
JIO)KEHHOM 0[] (HaJI) LIEMKOM WIIM KpaeBOM ya-
CTI0. JI71s1 TOro 4TOOBI OMOPHOE IABIICHUE CMOTJIO
MPOSIBUTHCSI B U3MEHEHUH BBICOTHI BBIPAOOTKH B
TIOJTHOH Mepe, HaOJFOJICHNs TIPOBOIMIINCEH B BBIpa-
00TKax, CYIIECTBYIOIIMX HE MEHee IBYX JieT. B man-
HOM CJTy4ae BBICOTA BBIPAOOTKH SIBJISICTCS KOCBCH-

HBIM CBHJETEJILCTBOM BEJIMYMHBI TOPHOTO JaBJjie-
HUSI, TIOCKOJIBKY Y€M BBIILIE TOPHOE JIABICHUE, TEM
MEHbIIIE COXPAHUBIIASCS BHICOTA BHIPAOOTKH B KOH-
KpPETHOM TOUKE.

Pe3ynbTaThl ncciieroBanmii

HUccnenoBanus nposesneHs! Ha maxtax Kapa-
TaHJAMHCKOIO YrojbHOro OacceiiHa. Pe3ynbTarsl
MIPOBEACHHBIX UCCIIEI0BAHMI MTOKA3aIIH, YTO BO BCEX
BBIPAOOTKAX, B KOTOPBIX MPOBOIMINCH HaOIIO/e-
HUSL, BBICOTA YJacTKa BHIPAOOTKH, PACIIONOKEHHOTO
noJ1 (HaJ1) UEJMKOM (KpaeBOM 4acThi0) U3MEHSETCA
BoJIHOOOpa3Ho. Ha puc. 1-6 npuBenensl Hanbomnee
TUIIUYHBIE TIPUMEpPBl PE3YJILTATOB IPOBEECHHBIX
HaOJIFOIEHUIA.

Jlanee onuchIBatOTCS Pe3yabTaThl UCCIEI0BA-
HUIA, POBE/ICHHBIX B BBIPAOOTKAX, PACIIONIOKEHHBIX
nof| (Haj) LeIMKaMU ¥ KPaeBbIMH YacTSIMHU YTOJIb-
HBIX IJIACTOB.

Benmunsyuonnvuii wumpex 42Kiwo— 3 (puc. 1).
BripaboTka pacnonoskeHa MOj KpaeBOM YacThiO
wiacta Kiz, BbIHMMaeMas MOUIHOCTb KOTOPOTO
M; = 3,4 M. MOIIHOCTh MEKIYIIACThs hy = 82,5 M.
Koaddumment nanpadorku Ky = 24,3. Yron Bius-
HUS cocTaBul 86°. BricoTa BRIPAOOTKH U3MEHSETCS
NIEPUOIMUECKH U OITUCHIBAETCS 3aTYyXalOIIEH CHHY-
COMJION ¢ AMHOM moyBosHBI A/2 = 45 M. Hekoto-
pO€ UCKaXEHUE U OTKJIOHEHUE OT CUHYCOU/IbI BHO-
CSIT YYaCTKH IITPeKa, HAXOAAIIMECS Ha CONPSHKEHUN
C BBIPAa0OTKAMH, MPOXOSIIMMYU MEPIEHANKYIISIPHO
HCCIIEYEMOI.

Benmunsyuonnvii wmpex 42K10 — 3. Bblpa-
00TKa pacrosioxkKeHa MoJ] IETUKOM IIUPUHOHN 38 M,
HaxoJIMMCs Ha HajapabaTbiBatoiieM rmacte Kio,
BBIHMMAEMasi MOIITHOCTb KOTOPOro M= 3,9 m. Mom-
HOCTh Mexyracths hy = 81,1 M. Koadduument
Hajpabotku Ky = 21,9. Yron BiusHMSA OT mpaBoit
KpOMKH 11esimka — 61°, ot nieBoii — 74°. BeicoTa BbI-
PabOTKH C JIEBOM CTOPOHBI OT KPOMKH LIESTKA H3Me-
HSETCSI TI0 3aKOHY 3aTyXaroLel CHHYCOUbI C JUTH-
HOI1 osyBosHbI A/2 = 45 M. C npaBoii CTOPOHBI OT
KPOMKH IIeJIMKa TaKasi 3aKOHOMEPHOCTh HE HaOJIr0-
JIAeTCs BCIIEICTBUE UCKAKEHNS, BHOCUMOI'O MEJIKO-
AMIUTUTYIHBIMM HapYIIEHUSMH M CONPSLKEHHUEM C
BBIpAaOOTKOM, MPOXOMSAIICH MEPHEHIUKYISIPHO HC-
CIIETyEMOM.
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Fig. 1. Findings of observations of the increased rock pressure zone in ventilation drift 42K — W
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Fig. 2. Findings of observations of the increased rock pressure zone in conveyor drift 44K - W
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Fig. 3. Findings of observations of the increased rock pressure zone in conveyor drift 45K10 - W
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Fig. 4. Findings of observations of the increased rock pressure zone in conveyor incline 43K7 — E
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Fig. 5. Findings of observations of the increased rock pressure zone in conveyor drift 22K12-1-S
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Fig. 6. Findings of observations of the increased rock pressure zone in conveyor drift 133Tz— S
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Komnseuepnoii wumpex 42K10 — 3. Beipa-
0OTKa pacIoNioKeHa TOJ] KPaeBOW YacCThIO ILIa-
craKi2, BblHUMaemas MOLIHOCTH  KOTOPOTO
Mg = 5,1 M. MoIHOCTh MeXKAYIIIACThs Ny = 74,2 M.
Koaddunment manpadorku Ky = 14,5. Yron Biu-
saHus coctaBui 60°. ["apMOHMYECKOE U3MEHEHHUE
BBICOTHl BBIPA0OTKH HAOIIOAETCSl TOJBKO Ha
y4acTKe BBIPAOOTKM, HAXOMALIEMCS IO JIEBYIO
CTOPOHY OT KpaeBoW yactu miacta Kip. JlnuHa
HOJYBOJIHBEL A/2 = 15 M. Y4dacTok mccienyeMoit
BBIPA0OTKH, HAXOIAIICHCS MO/ KPaeBOW 4acThIO
YrOJIBHOTO TUIACTa, MepeceKaeT JaBe OJIM3KO pac-
MOJIO’KEHHBIE BRIPAOOTKH, KOTOPHIE BHOCAT UCKa-
JKEHUS B TAPMOHUYECKHUH MpoIiecc.

Koneetiepnoiti npomuwmpex 44K10— 3 (puc. 2).
BripaboTka pacronioxkena moj ycTyrnomM KpaeBoit
yacTh, OOpa30BaHHBIM BBIEMKOW BEPXHEr0 U
HIWKHETo cnoeB miacta Kip. Beinumaemas mor-
HOCTh BepxHero cios miacta Kiz — 3,25 m, Hux-
Hero — 3,3 M. MoUHOCTh  MEXIYIIacTbs
hw = 33,0 M. Koappunuent naapadorku Ky, = 5,0.
VYron BnuaHus coctaBui 48°. B u3MeHeHUU BbI-
COTHI BBHIPAOOTKHU SIBHO MPOCMATPUBAETCS BIIUS-
HUE JBYX FApPMOHUYECKHX IMPOILIECCOB C JUIMHOMN
noyBoJIHBI A/2 = 20 M. IlepBbIif (HUXHSS CHHY-
COMJla) BBI3BAH BHIEMKOI BEpPXHEro cjos Iuia-
cta K12, BTOpO# BO3HUKAET MOCJE BHIEMKH HUX-
HEro CJIOSl ATOTO IJIacTa (BEpXHssl CHHYCOM1a), U
nodtoMy QopMmHpyeTcss Tpu 0oJiee BBICOKOM
ypoBHe HanpsbkeHui. Haimoyxenue nByx rapMoHH-
YeCKHX MpoueccoB (opmupyer Oosee CIOKHYIO
KapTUHY AehOpMUpOBaHMs BBIPAOOTKU (0OImas
KpHBasi TIOKa3aHa MITPUXOBOW JIMHUEH), YeM MpHU
BJIMSIHUM BBIEMKH OJIHOTO CJIOSI MJTH OJTHOTO T1J1acTa.

Konsetiepnwiii npomumpex 45K10— 3 (puc. 3).
BripaboTka pacmnosioskeHa moji yCTynoM KpaeBou
4acTH, OOpa30BaHHBIM BBIEMKOW BEPXHETO U
HIWKHETo cnoeB mnacta Kio. Bernumaemas morr-
HOCTH BepxHero cios 1iacta Ki2 — 3,25 M, Hik-
Hero — 3,5 M. MomHOCTh MEXIYIIacThs
hyv = 33,0 M. Koapunuent nanpadorku Ky = 5,0.
VYron BnusiHug coctaBuia 40°. Hanoxenue aByx
TapMOHMYECKHX TIPOILIECCOB C JJIMHOW TOTy-
BOJIHBI A/2 = 20 M, KaK ¥ B MPEIBIAYIIEM CITyJae,
CO3/Aa€T CIIOKHYIO KapTHHY J1e(OpMHUpPOBaHUS

BBIpabOTKH. TemM He MeHee TapMOHUYECKHUMA TIPO-
L[ECC XOPOIIO IIPOCMaTPUBAETCSI.

Benmunayuonnwviti npomwumpex 41Ky — 3.
BripaboTka pacroyioxkeHa 1moj| yCTyrnoM KpaeBoit
4acTh, OOpa30BaHHBIM BBIEMKOW COJIMKEHHBIX
mactoB Ks u K2. Beinumaemast MOIIHOCTS 11acta
K3— 3,07 M, mmacta Kz — 3,5 M. MomiHoCcTh MEX-
aytactest hy = 47,0 m. Koadduruent Hampa-
6otk Ky =7,1. Yron BausHus coctaBui 46°. [1pu
BBIEMKE COM)KEHHBIX TUTACTOB, TAK ke KaK U PU
BBIEMKE MOIIIHOTO IUIacTa B JBa CIIOsI, JOPMHUPY-
I0TCA JIBa FapMOHHMYECKHMX IIpoLiecca, KOTOpbIe
HaKJIaJbIBalOTCA Apyr Ha apyra. JnuHa mnosy-
BOJIHBI TapPMOHHYECKHUX IPOLIECCOB B JIAaHHOM
clly4ae cocTaBiisieT 14 m.

Kownsetiepnuiit 6pemcoepe 43K7— B (puc. 4).
BripaboTka pacrnonioskeHa Mo HEIUKOM HIHpHU-
HoM 117 M, HaxonAIIUMCS Ha HaIpaObaTHIBAIOIIIEM
miacte Kio, 0011ast BeIHUMaeMass MOIIHOCTL KO-
TOporo Mz = 5,8 M. MOIIHOCTh MEXIYIIACTbs
hw = 130,0 M. KoadunmenT vaapadorku Ky = 22,4,
VYron BiusiHUS OT JIEBOM KpOMKH 1ieuka — 80°, oT
MpaBoil HW3MEpPEHUs TMPOBECTH HE YyJIAIOCh.
B mecre nanbonbiiero Bnusaus [11°]] mpousse-
JIeHO TmepekperuieHne BbpaboTku. C  yderom
9TOr0 (paKTOpa U3MEHEHHUE BBICOTHI BBHIPAOOTKHU
MOAYUHSIETCS] TAPMOHUYECKOMY 3aKOHY C JUNTMHON
oJIyBOJIHBI A/2 = 30 M.

B oa10if ke BBIpaOOTKE NPOBOAUIIUCH
HaOJIIO/IEHUs] BIMSHUS LeNMKa MUpUHOH 40 M,
ocraBieHHoro Ha miacte Kiz. MomHocTte Mex-
aymiactbs hy = 130,0 M. Koaddument nampa-
o6otku Ky = 40,4. Yroa Bausgausg cocrasun 70°.
I'apmonunueckuit nponecc He Habmogaercs. Ilo-
BBIIIICHHOE JaBJICHUE OTPa)kaeTCs Ha U3MEHEHUU
pa3MepoB BEIPAOOTKHU OUYEHB CI1a0o0.

Koneetiepnoiii wumpex 5K7— B. BeipaboTka
pacroJiokeHa IoJi KpaeBbIMH YacTSIMH, HAXOJIs-
uuMucs Ha miactax Kizu Kio. [IpocmaTtpuBaercs
BJIMSIHUE JABYX FAPMOHMYECKHUX MPOLECCOB. YTOI
BIMsgHUA OT T1acTa Ki2 cocraBinser 66°, ot miiacra
K10 — 67°. JlnuHa momyBoNH 000MX rapMOHUYE-
CKHX ITPOLIECCOB COCTABIAET 15 M.

Konsetiepnwiii wumpex 22K12— 1 — IO (puc. 5).
BripaboTka pacrnosyioskeHa HaJl KpaeBOM 4acTbio
mnacta Kio, BBIHUMaemasi MOIIHOCTh KOTOPOTO
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Mg = 2,1 M. MoImmHOCTh MEXAYILTACTBS Ny = 24 M.
Koapdpuuuent nonpadorku Ky=11,4. Yron Biu-
sHus coctaBun 62°. HaGnromaercst BONHOBOMH
Mpoliecc C JUIMHOU MOJTYBOJIHBI, paBHOM 36 M. OJ1-
HAaKO IOJIYBOJIHBI Pa3AeJIeHbI IIOIIAIKON JITMHON
12 M, KOTOpasi HAXOJUTCSI TIOJT KOHCOJIBIO OCHOB-
HOH KpoByid. B paiioHe comnpspkeHHs ¢ BBIpabOT-
KOH, MpOXOoAsiell NepreHIuKyIIpHO uccienye-
Mo, HaOIIOaeTCs UCKaXKEHHE BOJHOBOTO IPO-
ecca.

T'azoopenasicuwiii wumpex Ne 1 nracma K.
BripaboTka pacmnonokeHa HaJi KpacBOW YacThIO
miacta Kio, BBIHUMaemass MOLUIHOCTh KOTOPOTO
Mg =2,1 M. MOITHOCTh MEXITYILIACThsI Ny =22 M.
Koaddunuent nogpadorku K, = 10,5. Habmona-
ercs SIPKO BBIPOKEHHBIM BOJHOBOM IpoIecC.
Jmuna nomyBosisbl coctaBnsier 36 M. [lon xoHco-
JIbKO OCHOBHOW KPOBJIM MMEETCSI TUIOIIAJIKA JUTMHOU
11 M, KoTOpast pa3aemnsieT MOTYBOJIHBL. YTON BIIUs-
HUsSI IEPBOM MOJIYBOJIHBI COCTABIISIET 62°.

Kownsetiepnoii wmpex 133 T3 — IO (puc. 6).
BripaboTka pacnonioskeHa HaJ KpaeBOW YacThio
wiacta Ti, BBIHUMaemash MOIIHOCTH KOTOpPOTO
Mg = 1,6 M. MOIITHOCTh MEXIYILTACThsI Ny = 25 M.
Koadbdunuent nogpadorku K, = 15,6. Yron Bnu-
aHug cocTaBisier 64°. Habmiomaetcst 3aTyxaro-
M rapMOHUWYECKUW mponecc. JlimHa mnomy-
BOJIHBI paBHa 12 M.

Benmunayuonnoui wmpex 112K12— C. BoI-
paboTKa pacrosiokeHa Haj KpaeBol 4acThIo IUIa-
cta Kio, BbIHUMaeMas MOIIHOCTb KOTOPOTO
m; = 3,59 M. MoHoCTh MeXAyIUIacThbst hy = 85 M.
Koadbdunuent nogpadorku K, = 23,7. Yron Biu-
SHUS 3aUKCUPOBATH HE YJAIOCh BCIEICTBUE 3a-
Baja BBIPAOOTKM HAaJ KpaeBOMl YacThiO IIa-
cra Kio. JlinHa TOMYBOJSHBI TapMOHUYECKOTO
npornecca cocrasisieT 30 m.

BriBoabl

PesynpTatel TpOBENEHHBIX HAOIIOIECHUI
MOKa3bIBAIOT CJIEAYIOLIEE.

1. BricoTa BBIPaOOTOK, PACIOJIOKEHHBIX
TI0/1 IIEJTUKaMH (KPaeBbIMHU 9acTsMHU) (CM. puc. 1-4),
MU3MEHSIETCS TI0 3aKOHY 3aTyXalollel CHHYCOUIBI.
[Ipu 5TOM ANTMHA MOTYBOJIHEI A/2 COOTBETCTBYET
MOIITHOCTHA OCHOBHOM KPOBJIA HaJl BEIPAOOTKOM.

2. BricoTa BeIpabOTOK, pacnoI0KEHHBIX Ha/T
LnenMkaMu (KpaeBbIMU 4YacTsiMu) (cM.puc. 5, 6),
TaKXKe HM3MEHSETCS] BOJIHOOOpa3zHo. OHAKO 3TO
W3MCHECHHE HMeEeT OoJiee CIOXKHBIM XapakTep,
CBSI3aHHBIH CO CBOWCTBAMHU IMOAPAOOTAHHOTO
MaccuBa. B moapaboraHHOM MaccuBe cpena H3-
MEHSIETCS [0 Mepe YBEIMYEHUS MEXKIYIIACThs OT
ChIIIy4el U TPEHmMHOBATOM A0 CIuiomHou. Ilo-
3TOMY U XapakTep BIUSHUS OIMOPHOTO JaBICHUS
MEHSETCSl B COOTBETCTBUU C U3MEHCHHUEM CPEJIbI.
3nech 11e1eco00pa3Ho UCIOJIb30BATh KOMILIEKC-
HbId TIOKA3aTellb YNAJICHHOCTH TOPHOM BBIpa-
OOTKH OT UCTOYHHMKA OMTIOPHOTO JIABJICHHUS — KpaT-
HOCTB 110/1paboTKu Ky:

Ku = hy / ms,

rae Ny — MOIITHOCTh MEXIYIUIACTBSI, M; Mg — BBIHHU-
MaeMasi MOIIHOCTb MO/IPa0aTHIBAIOIIETO I11aCTa, M.

IIpu kpatHOCcTM mnoOApabotku a0 14,5
(3oHa 0OpymeHus cormacHo [13]) OCHOBHBIM
(hakTOopoM, BIMSIONIMM HAa XapaKTep OMOPHOTO
TABJICHUS, SIBJISICTCS OOpPYIIAeMOCTh  TIOPO/I.
B yactHOCTH, AJIMHA MOJTYBOJIHBI OIOPHOTO JaB-
JICHHsI COOTBETCTBYET IIary BTOPUYHOT0 00pyIiie-
HUS TOPOJ OCHOBHOHM KPOBJIH, KOTOPBI MOXKHO
omnpenenuts [14] mo popmyne

3h o©

L: 0.K ~ CK , M
Yox

rae hox — MOIMHOCTL CJIOS MOPOJA OCHOBHOM
KpPOBJIH, M; Gcx — MPEAET TPOYHOCTH HA OJHOOC-
HO€ CKaTue MOopoJ OCHOBHOW Kposiu, Mlla;
Yo.x — INIOTHOCTH MOPOJ OCHOBHOM KPOBJIH, /™2,

[Ipu 5TOM NOA 3aBUCIIEN KOHCOJIBIO OCHOB-
HOW KPOBJIIM MMEETCS yYacCTOK, HE IOJBEPIKEH-
HBIN BJIUSTHUIO OIIOPHOI'0
(cM. puc. 5, 6).

JaBJICHUA

[Ipu kparHocTH oapaboTku ot 14,5 o 21,0
(30Ha MHTEHCUBHOTO paccioeHus [13]) npoucxo-
JIAT CTIIAKUBAHHUE PA3THYNI MEXIY XapaKTepoM
BIIMSTHHSI OTIOPHOTO JABIICHHS TIPH TOAPAOOTKE U
Ha/1pabOTKe YroJbHBIX MJIACTOB.

[Ipu nganpHelieM yBeTUYEHUH MOIIHOCTH
MEXIYIUIaCThsl XapakTep BIUSHHUS OMNOPHOTO
JIaBJIEHUs KaK P 1oApaboTKe, TaK U MU HaJlpa-
00Tke oarmHakoB. OTHAKO aMITIUTY1a U3MEHEHU I
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BBICOTHI BHIPAOOTKHU U JAIbHOCTh BIUSHUS ONOP-
HOTO JaBJieHUs mpu mnoapabotke B 1,6 pasza
OoJbIIe, YeM MpHu HapaboTKe.

Taxkum 06pa3oM, BBISBICHHBIN BOJHOBOM
XapakTep pacupoCTpaHEHUsl ONMOPHOTO JaBJICHUS
noJ (Hax) HeTuKaMyd U KpaeBbIMU YacTAMHU MO3-
BOJIIET TMPOTHO3UPOBATH MPOSIBICHUS TOPHOTO
naiienus B 30Hax [1I'/]. BeisBieHue 3akoHOMep-
HOCTEW Iepepachpe/ieieHus] HanpsHKEeHUH 1o
(Ham) menMMKaMH U KPAeBBIMH YaCTSIMH YTOJIbHBIX
IUTACTOB TO3BOJUT pa3paboTaTth JOCTOBEPHBIC
METOJMKU U PEKOMEH/IAIMH IO TOCTPOSHUIO 30H

Bbubéanorpadmuyeckmnii cnucok

Science and Technology

[II'JI st MOArOTOBUTENBHBIX U BCKPBIBAIOIIMX
BBIPA0OTOK, YTO CYIIECTBEHHO COKPATUT IMPOTS-
YKEHHOCTb BBIPAOOTOK B 30HAX BIIUSHUS IIEJIMKOB
U KpaeBbIX YacTed, OCTABJICHHBIX HA COCEIHUX
IJIacTax, 3a C4eT Hay4YHO OOOCHOBAHHOTO OIpe-
JeNeHUsT KOHPUTrypanuu ¥ JaTbHOCTH BIIMSTHUS
3o III'J m BcieacTBue 3TOro 3HAYUTEIIBHO
YMEHBIITUT 3aTpaThl HA YIIPABJICHUE TOPHBIM J1aB-
JICHUEM B TOATOTOBUTEIBHBIX M BCKPBIBAIOIINX
BbIpaOOTKaxX MpH pa3pabOTKe CBHUT YrOJbHBIX
ILIACTOB.
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OPUTI'MHAJIBHBIE CTATBbU / ORIGINAL PAPERS
DOI: 10.17073/2500-0632-2020-1-49-55
HccnenoBanue npouecca (popMUPOBAHUSA 30H OTIOPHOTI0 JABJICHUSA
B CHCTEME «IMAPHbIC INTPEKHW»
TutoB H. B., UBanosn C. U.

HOsxHO0-Poccwniickmii rocynapcTBeHHbIH onuTexHndeckuit yansepcuret (HIIN) mvenn M. U. IlnaTtosa,
Hosouepkacck, Poccust

AnHoTamusi: Borpockr obecrieueHus reOMeXaHUUECKOW YCTOHYMBOCTH TOPHBIX BBIPAOOTOK MPU pa3pabOTKE YTroMbHBIX
MECTOPOXK/ICHUIA BCET/Ia CUMTAIHCH JJOCTATOYHO CJIOKHBIMHU U TPEOOBAIM 0COOOT0 BHUMAHHS COOTBETCTBYIOIIUX CITYXKO
TOPHBIX KOMIaHHH. FIMEHHO KOMILIEKCHBIE HCCIIeI0BaHMs (POPMUPOBAHKS 30H OIIOPHOTO JTABJICHHS B TeOMEXaHNIECKON
CHCTEME «IIapHBIC IITPEKI, BKIIOUYAIOIINE YUCICHHOE MOCIMPOBAHUE, OCHOBAHHOE HA METOJIC KOHEYHBIX JIEMEHTOB,
TI03BOJIMITM ABTOPaM MOIYYUTh HOBBIC PE3YNIBTATHI. J{JIs1 MOIETMPOBAHUSI NCIIONIB30BAIKCH YIIPYTOIUIACTUYECKAs MOJICITb
Mopa — Kyrona, a Taxoke (pru3nko-MexaH4IecKre CBONCTBA YIS H BMEIIAONHX opo. MozenipoBaHrie IPOBOANIOCH
Il KOHKPETHBIX TOPHO-TEOJIOTMYECKHX YCIIOBHI 3aJIeTaHusI aHTPAIIMTOBOTO IU1acTa Ko. B 01HOM mporpaMMHOM MOJTyITe
MOJIETIMPOBAIIMCH HECKOJIBKO CTaIU, IIO3BOJISIOIIUX ONPEAEIUTh BETMUMHY HANPSHKEHUNA U CMELEHUM KPOBJIH B BbIE-
MOYHBIX BBIPA0OTKAX Ha Pa3JIMUHBIX dTarax (GopMUpOBaHUs OIIOPHOTO JIABJICHUSI BIIEPETH JIBMKYIIIETOCS OYUCTHOTO 3a-
60s1. B pesynsrare MofienmpoBaHus TIOTyYeHBI 3HAYESHIS HATPSDKEHUH W CMEITICHHH KPOBITH B MACCHBE BOKPYT BHIEMOY-
HBIX BBIPAOOTOK TP PA3TUYHBIX CTAUSX TPOSBIICHHS 30H OITOPHOTO JaBJICHHS, TIO3BOJISFOIIME MPUMEHHUTh METOJ TLUTa-
HUPOBAHMS SKCIIEPUMEHTA [T ONITUMU3AIMY TTApaMETPOB OXPAHHONM KOHCTPYKIIMH B BUIE MOJATIIMBOTO IeiuKa. JlaH-
HBIE FICCIIETIOBAHSI HATTPABIICHBI HA TIOBBIIIIeHNE 3(h(heKTUBHOCTH OXPAaHBI BHIEMOYHBIX BRIPAOOTOK ITyTEM OTITHMH3AIN
MapaMeTpoB OXPAHHBIX KOHCTPYKIHUHA (TIOJATIIMBOTO TETMKA) JUTS TIOBBIIICHHS TIPOU3BOAUTEIIFHOCTH OUHCTHOTO 320051
NpU 0TPaOOTKE MOJIOTMX aHTPAIMTOBBIX TUIACTOB, B TOM YMCJIC OIIACHBIM 0 TOPHBIM YZapaM.

KiroueBble cjioBa: OMoOpHOE AaBJICHUE, TTAPHBIC IITPEKH, TOAATINBbINA LIENHUK, OXpaHa BEIEMOYHBIX BEIPAOOTOK,
aHTPaLUTOBBIE IUIACTHI, yIap0o0€30MaCHOCTb, YUCIEHHOE MOJICIINPOBAHHE.

Jas uurupoBanus: TuroB H. B., Usanos C. U. HccnenoBanue mporiecca hOpMHUPOBAHKS 30H OTIOPHOTO JIABIICHUS B
CUCTEME «I1apHbIe IITpekuy. [ opuvie nayku u mexnonozuu. 2020;5(1):49-55. DOI: 10.17073/2500-0632-2020-1-49-55.

Study of Abutment Pressure Zone Formation in the System of **Paired Drifts"
N. V. Titov, S. I. lvanov

Mining Institute, Kola Scientific Center of Russian Academy of Sciences, Apatity, Russia

Abstract: The paper presents comprehensive studies of abutment pressure formation zones in the geotechnical
system of "paired drifts", including numerical simulation based on the finite element method. For the simulation,
the Mohr — Coulomb elastic-plastic model was used, as well as physico-mechanical properties of coal and host
rocks. The simulation was carried out for specific mining and geological conditions of k. anthracite seam occur-
rence. In a software module, several stages were simulated, allowing to determine magnitude of stresses and dis-
placements of the roof in stopes at various stages of abutment pressure formation in front of the advancing stoping
face. As a result of the simulation, the values of the stresses and displacements of the roof in the rock mass around
the stopes at various stages of the development of the abutment pressure formation zones were obtained, enabling
using the experimental design method to optimize the parameters of adjustable pillar (as support structure). These
studies are aimed at improving efficiency of stope protection by optimizing the parameters of protective support
structures (adjustable pillars) to increase productivity of the stoping face during excavation of flat-lying anthracite
seams, including rockburst-dangerous ones.

Keywords: abutment pressure, paired drifts, adjustable pillar, stope protection, anthracite seams, rockburst safety,
numerical simulation.
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BBenenue

OnbIT 0TPabOTKU TOJOTUX AHTPAIUTOBBIX
wiactoB Bocrounoro JlonbGacca Ha riayOmHAX
coimre 500 M mokazan Hed((HEeKTHBHOCTD, a Ya-
CTO ¥ HEBO3MOXKHOCTh TTOBTOPHOT'O UCIOJIb30Ba-
HUSl BBIEMOYHBIX BBIPAOOTOK M3-3a HEYIOBJIETBO-
PUTENBHOTO BBIMOJIHEHHUST OXPAaHHON (YyHKIUU
MCKYCCTBEHHBIMHU OTPaXKAAIOIIUMU KOHCTPYKIU-
svu (BJIb, BXXBT u np.), uto, B CBOIO odepep,
CYIIIECTBEHHO BJIMSCT HA CHIDKCHUE HATPY3KH HA
o4KCTHOM 3260 [1, 3-5, 8].

B 5THX yCIIOBHAX aKTyallbHOM SBIIAETCA
npo0JieMa ONTUMU3ALNHN TAPAMETPOB MEKIITPE-
KOBBIX II€JIMKOB, 00Ja/1al0IUX JOCTaTOYHOU He-
CylIel CIOCOOHOCTBIO HJISi OXpaHbl OyAyIIEero
BEHTWISILIMOHHOTO IITPEeKa, C OAHOW CTOPOHBI,
u obecreynBalONIMX TMOJHYIO YyaapoOe3orac-
HOCTh — C JIPYrOW, TaK KaK paccMaTpUBaeMbIC
IUTACTHl  TIOTCHIMAJIBHO OIMACHBI TI0 TOPHBIM
yaapam [7, 11-14, 19].

B Hacrosmiee BpeMsi JOCTHIKEHUE BBICOKUX
HArpy30K Ha OYHCTHOM 3a00i BO3MOXHO TOJBKO
IpU OJHOKPATHOM HCIOJIb30BAHUU BBIEMOYHBIX
HITPEKOB (C OCTABICHUEM MEXBIPYCHBIX OXpaH-
HBIX [IETUKOB JIJIS TOIeP>KaHUs TTOITOTOBUTEINb-
HBIX BBIPa0OTOK). MupoBas MpaKkTHKa IMOKa3bl-
BaeT, 4To 3(p(EeKTUBHBIE TOKa3aTenu padbOThI
OUYHCTHBIX 3a00€B JIOCTHTAIOTCS TIPH TPUMEHE-
HUU MHOTOIITPEKOBBIX CXEM ITOJTOTOBKH BbIE-
MOYHBIX CTOJIOOB. PekopHbIC TToKa3aTean ObLIN
nocturHyTel Ha maxtax CIIA — 10 maH T/rox;
1,6 muH T/Mec.; 57 ThIC. T/CyT, B OIAaronpHUsITHBIX
TOPHO-TEO0JOTHYECKHUX YCIOBUSX UMEHHO MPH HC-
MOJIb30BaHUH MHOTOIITPEKOBBIX CXEM C OCTaBIie-
HueM 1enukoB [16—18]. OmbIT paOOThl MmIAXT
CIIA, gocTUIINX HAWMBBICIIMX IIOKa3aTejiel B
MUpE, MPEICTABISAET 0COOBI MHTEpEC MPH TPO-
€KTHPOBAHUH TOPHBIX PadoT.

Hamu npeanonaraercst u3yuuth 3pPexTus-
HOCTh KOMILIEKCa MEpONpHUsATHil 1o odopmite-
HUIO UCKYCCTBEHHOW MOAATIMBOCTU aHTPAIUTO-
BOMY IIEJTUKY C TIOCTIEAYIOIIUM €T0 YIIPOUYHEHUEM
JUTS YBEITMICHHSI HECYIICH CITOCOOHOCTH IPH BO3-
MO>KHO MHHHMAJILHOU €ro IIHPUHE.

MeTtoasbl uccie 0BaHUM

Jns pemieHuss IOCTaBICHHOW 3aJadd Ha
IIEPBOM 3Tare Heo0X0IMMO IPOBECTH HCCIIEA0BA-
HUs nporiecca GopMHUPOBAHUS 30H OTIOPHOTO JIaB-
JICHWSI B YCJIIOBHOH CHUCTEME «IapHbIC MITPEKH:
KOHBEUEPHBIA IITPEK BEPXHEW JIaBbl — BEHTUJIS-
LMOHHBIN IITPEK HUKHEN JIaBbI».

B wuccnenoBaHuss HaMM 3aKJIaJbIBAOTCS
HauOoJee CIOXKHBIE YCIOBHSI (PYHKIIMOHHUPOBA-
HUS BEHTUJISIIMOHHOTO IITPEKa HUKHEH JIaBbl —
TaKHe e, KaK MMPU MOBTOPHOM €ro HCIOJIb30Ba-
HUU. B 3TOM ciyyae Harpy3ku Ha IITPEK OT OMOP-
HOTO JaBJIeHUsl OyIyT paclpenessaTcs B CIenyI0o-
IIMX 30HaX:

— 1-1 30Ha — IPOSIBJICHHE OMOPHOTO JaBJie-
HUS TIPU MIPOBEJICHUU BBIPAOOTKU;

— 2-5 30Ha — TMOJJepXaHHe BbIPAOOTKU B
MacCHBE JI0 HayaJla OYMCTHBIX PaboT;

— 3-s1 30Ha — (GOPMHUPOBAHKE OTIOPHOTO JIaB-
JICHHSI BIICPEM IBHKYIIETOCS OYUCTHOTO 320051,

— 4-g 30Ha — JUHAMHYECKOE MPOSBICHUE
OTIOPHOTO AaBjcHUs (MaX) mpH MoIXo/1e JaBkl (B
OKHE JIaBhbl);

— 5-1 30Ha — JUHAMHYECKOE MPOsBICHUE
OTIOPHOTO JaBJICHUS TMOCIIe MPOX0/a JIaBHI C IO-
clenyoolleld craduiv3anueld OmopHOTo JaBlie-
HUS;

— 6-1 30Ha — (QOpPMHUPOBAHUE OIOPHOTO
JMABJICHUS BIEPEAN JIBIDKYIIETOCS  BTOPOTO
OYHCTHOTO 33004,

— 7-1 30Ha — JUHAMHYECKOE MPOsBICHUE
OTOPHOTO JaBleHus (Max) mpu MoIX0e BTOPOit
JaBbI (B OKHE BTOPOH JIaBbl);

— 8-1 30Ha — AMHAMHYECKOE MPOSIBIICHUE OTOp-
HOT'O JIaBJIEHMs TIOCJIE MPOXO0/ia JIaBbl C MOCIEIy0-
el cTaduM3aIrent ormopHoro nasneHus [6, 15, 20].

OnpenensitomiuM (GakTopoM (MO BETUUHHE
Harpy3oK Ha Kperb BHIEMOYHBIX BBIPAOOTOK) SIB-
JSIETCSI OMOPHOE JJABJICHHUE B OKHE JIaBBI, KOTOPOE
XapaKTepU3yeTcs:

— (hopMUpOBaHHEM U OOpYIIIEHUEM 3aBHCa-
IOIIUX KOHCOJIEH MOpOoa KPOBIU B BEIPAOOTAHHOM
MPOCTPAHCTBE, CO3JAIONINX JTUHAMHUYECKYIO CO-
CTaBJISIIOIILYIO OTIOPHOTO JIaBJICHHUS;
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— CYMMapHbIM BO3€HCTBUEM U3THOAIOIINX
MOMEHTOB CJIOEB MOPOJI, 3aJEratoiIuX OT IJIacTa
JI0 TIOBEPXHOCTH.

Hamu npoBeieHbl KOMIUIEKCHBIE UCCIIEA0BA-
HUSI 110 (DOPMHUPOBAHUIO 30H OMIOPHOTO JABJICHHUS B
YCJIOBHOW CHUCTEME «IIapHbIE IITPEKU», BKIIIOYAIO-
M€ YHCIEHHOE MOJICIMPOBAHUE, KOTOPOE COB-
MECTHO C SMIMPHUYECKHUMHU METOJIAMU U HaKOILJICH-
HBIM OIIBITOM TI03BOJISIET BHIMIOJIHUTH OLIEHKY TUHA-
MHUYECKUX MPOIIECCOB, MPOUCXOASIIUX B TOPOIHOM
MacCHUBE TIPU BEJICHUU TOpPHBIX padot. [Ipumensie-
MBI CIIOCOO OCHOBAaH Ha METO/IC KOHEUHBIX 3JIe-
MEHTOB, TAK)K€ MCHOJIb3YETCs] pAllMOHAIBHBIN Me-
TOJ| TUIAHUPOBAHMSI DKCIIEPUMEHTA ISl PElleHHUs
reoMexaHu4eckon 3anauu [2, 9, 10].

Mopnenupyembiii mipoiiecc (HOpMHpPOBaAHUS
30H OMOPHOTO JABJICHUS B TEOMEXaHUYECKOU CU-
CTEME «IMapHbIe IITPEKW» BBHINOJHEH B TIPO-
rpammMHol cpene Plaxis. OcHoBoii s Moenu-
pOBaHUS  TOCTYXWJIM  TOPHO-TEOJOTUYECKHE
ycioBus maxTthl «O0yxoBckas». Mapka yris — A;
mnact kz; v — 1,67 1/M% m — 0,98-1,35 m;
Mep, = 1,16 M; cTpoeHuwe muacta — MPOCTOE;
f=2-3; 6cx =20 Mma; o — 5 — 8°.

HenocpencrBenHast KpoBiis, IpeICTaBICH-
Has mecYaHUKOM MOIIHOCTEIO 0,95 m; f — no 124;
¥ — 2,68 T/M, mepeXoaAIINM B TeCUaHbIH CIaHeI
(m— 3,68 m; f = 7-94; y — 2,74 1/M®), xapakTepu-
3yeTcsl KaK CpeHEYCTONYNBasl.

OcHOBHast KpOBJISI CJIOKEHA TECYAHHUKOM
(m — 4,6 m; f = 12-14; y — 2,74 1/M°). Tlecuanuk

MEJIKO3EPHUCTBII, KBAPLIEBbIN, OKPEMHEHHBIN, KpETl-
kuil. OCHOBHasi KPOBIISA XapaKTEepPU3yeTCs Kak
TPYAHOOOPYIIAIOIIAsACSA Ha 3amaje U CpeaHeoo-
pYLIAIOMIAsCs Ha BOCTOKE.

HenocpencrBennas modBa TpejacTaBiIeHA
nmecuanbiM ciaanmem (m — 0,9-1,2 m; f = 7-9;
vy — 2,71 /M%), IOoYBa IIACTA XapaKTepH3yeTcs
KaK yCTOWYMBasi, HE CKJIIOHHAs K yYECHHIO.

Jlia peanuzanuu HEITMHEHHOro Xapakrepa
neGOopMHUpPOBaHUS  MacCHMBa  HCIIOJIb30BAIACh
ynpyromiactuueckass moaeins Mopa — Kynona u
(hU3HKO-MEXaHMUYECKHE CBOMCTBA yIJIsl U BMeIla-
FOLIUX TIOPOJ.

EctectBenHoe HampshkeHHO-IEPOPMUPO-
BaHHOE COCTOSIHHE MacCHBa 3aJ/laBajioCh BEpTH-
KaJIbHBIMH ¥ TOPU30HTATBHBIMU HANIPSKEHUSIMU,
MPWJIOKEHHBIMH BHYTPU KOHEUHO-3JIEMEHTHOMN
MoOJieTT. BepTHKaNIbHO CKUMAIOIINE HampsoKe-
HUS MacCUBa TOPHBIX IMOPOJ] MPUHUMAIHCH PaB-
HBIMHU BECY CTOJI0A TOPHBIX ITOPOJI A0 3€MHOH T10-
BEPXHOCTH:

o, =yH, /™",

PacuerHast cxema KOHEYHO-DJIEMEHTHOU
mozaenu (puc. 1) mpeacraBisieT coOOM y4acTOK
MaccuBa ¢ pazmepamu 25 x 90 M ¢ BeIpaboTKaMu
MPSIMOYTOJIBHON (pOopMBbI ceueHus. PacctosiHus ot
MOJIETTUPYEMBIX BBIPAOOTOK JO TPAHUIl MOAETHU
BbIOpaHbBl TakuM OOpa3oM, YTOOBI HUCKIIOYHUTH
BIMSHUE Ha pe3yabTaThl MOJIECTUPOBAHUSA Tpa-
HHUYHBIX ycaoBuid. [1o rpanam pacueTHON Moienu
3aKpeIUICHBI IEPEMEIIICHHS TT0 BCEM OCSIM.

1171

A1

! I
[‘\LIW?"JS?M{I‘I\ ! | | I I

——

SN

Puc. 1. Cxema KOHEYHO-3JIEMEHTHOMH MOJEJTH

Fig. 1. Layout of the finite element model
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Puc. 2. HanpsiskeHust BOKpYT NapHBIX BHIPA0OTOK:
a—1-s cTtagus ; 6 — 2-s cranus ; 6 — 3-9 cTagus ; 2 — 4-s1 cTaaus

Fig. 2. Stresses around the paired workings:
a— 1st stage; b — 2nd stage; ¢ — 3rd stage; d — 4th stage
Tabimma 1
HO.]'ly‘leHHbIe 3HAYCHUSA

The obtained values

Hanpsikenue 1o KoH-
CMenieHue KpoBJim,
BripaboTka Craaus TYypY BbIpadoOTKH,
AU, m
kN/m
KomnseiiepHblii ITpeK 3 —17,75-10° 82,64:10°3
KomnseiiepHblii IITpeK 4 26,79:103 120,57-102
BeHTHIALUMOHHBI IITPeK 3 -17,21-10° 81,51-10°°
BeHTHIALUMOHHBI IITPeK 4 —-18,20-10° 86,67-107°
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[TocnenoBarenbHO B OAHOM IPOrPaMMHOM
MOJyJ€ MOAETUPOBAIOCh HECKOJIBKO CTaauit
(puc. 2):

— 1-5 cTanusa — npoBecHNE KOHBEHEPHOTO
IITPEKA ONEPEXKAIOIIEH IPOXOJKON BHE 30HBI
BJIMSTHUSI OYUCTHBIX paboT;

— 2-51 cTaausl — MPOBEJICHNUE BEHTUJISIIUOH-
HOTO LITPEeKa JJI1 CMEKHOTO BBIEMOYHOTO CTOJI0a
BHE 30HBI BIUSHUS OUUCTHBIX pabOT MEPBOTO BbI-
€MOYHOTO CTO0JIOA;

— 3-4 cTagus — 3a7jaHie UCKYCCTBEHHOM 10~
JATIMBOCTH MEXIITPEKOBOMY IIETHKY;

— 4-5 cTamus — BIUSHUE MaKCHMAJIbHOTO
OTIOPHOTO JIABJICHHS] BIEPEOU ABUKYIIETOCS
OUYMCTHOTO 32005 MIEPBOr0 BEIEMOYHOT'O CTOJI0A.

Jlist Kaxa0¥ cTauy pelaiuch yrpyromia-
ctudeckue 3agaud. [Ipu 3ToM Ha KaKaou mocie-
JYIOUIeH CTaauH yYUTHIBAINCH PAacUETHHIC JaH-
HbIE, TTOJIyYCHHBIE Ha TIPEABLIYIICH.

Pe3yabTaThl HecIe10BaHUMIA

B pesynbraTe MOAECIMPOBAaHUS IOJIY4ECHBI
3HAUEHUsl HAIMPSHKEHUH M CMEIIEHUN KpPOBIHU B
MacCHBE BOKPYT BBIEMOYHBIX BBIPAOOTOK MpHU
Pa3IMYHBIX CTaAUSIX (HOPMUPOBAHUS OMOPHOTO
nasienus (Tabma. 1). Hanbonpmuit uaTEpEC Mpen-
CTaBISIIOT 3-4 1 4-51 CTaJuH, MOBEJCHIE BRIPado-
TOK TIPH 3aJIaHUM UCKYCCTBEHHOHN MOJATIMBOCTH

bubanorpapuyeckuii cnmcox

Science and Technology

MEXIITPEKOBOMY LIEIUKY M BO3JCHCTBHUS MaKCH-
MaJIbHOTO OMOPHOIO JIaBJICHUS BIEPEAH JIBUXKY-
LIETOCST OUMCTHOTO 3a005..

W3 nony4eHHBIX JaHHBIX BUIHO, YTO BEJIU-
YMHA CMEIIEHUS KPOBJIM BBIPAOOTOK 3HAYHU-
TEIbHO TIPEBBINIAET PacCYeTHOE CMEILICHUE
KpoBJH, KoTopoe cocraBisier Um= 37,50 mm. Be-
JMYMHY CMEIICHUH KPOBIU BBIPAOOTOK MOXKHO
HEHUTpPaTU30BaTh CUCTEMOM OIPEICTICHHBIX Mep, a
MMEHHO O(OpPMIICHHEM OXPaHHOU KOHCTPYKITUH
C ONTHMAJILHBIMU ITApAMETPAMH, CIIOCOOHOM BBI-
JIep’KaTh MAKCUMAJIbHBIE HAarpy3ku OT OMOPHOTO
JTABJICHUSL.

3aki0ueHue

[TonydyeHnnbie B pe3ynbTaTe MOJIEIHPOBA-
HUS JJaHHBIE UCTIONIb3YIOTCA AJIS PEeLICHUS 3a/1a4u
M0 ONTHUMHU3ALMU TapaMeTPOB OXPAHHBIX KOH-
CTPYKIIMH (ITOJATIMBOTO IICNIUKA), Uil 9ero Oy-
JIeT MPUMEHEH palMOHAIBHBIA METOJ TIJIaHUPO-
BaHMUSI HKCIIEPUMEHTA C 1IEJIBIO PEIICHUs TeoMeXxa-
HHUYECKOH 3a/1a4H.

B nacrosiee Bpemsi mpoBeneHbl J1labopa-
TOpPHBIE UCTBITAHUS 3aKJIaJJOYHOTO MaTepuaia C
WCIIOJIb30BAaHUEM CBS3YIOIIUX CMOJ, MOCTpOEHA
MaTpulla IiaHa pacyeTHOTO SKCIIEPUMEHTA.
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AHaau3 3¢ GeKTHBHOCTH peaTu3alui KOMIIETEHTHOCTHOIO MOAX0/1a
B IIpOrpaMMe oOlepexanero 00y4eHusi ropHoa00bIBaloIIeii KOMIAHNH

Kaunmos HU. 10.

ITAO «Muxaitmosckuii I'OK», XKeme3noropck, Poccus

AnHoTtanus: ©opMHUpOBaHKE KaIPOBOTO MOTEHITHAIA TOPHOAOOBIBAFOIITIX KOMITAHHI — CJIOKHAS 1 MHOTO()aKTOpHAs 3a-
J1a4a, perieHre KOTOPOH 3aBUCUT OT 3HAYUTEIIBHOTO UKclia YCI0BUi. FIMEHHO OTCYTCTBHE YHUBEPCATBHBIX PEILIEHUH, BITH-
siHME (PAKTOPOB BPEMEHH, PETUOHA, JOCTATOYHOCTH PECYPCHOr0 00ECIeUeH s OMpeIENsieT BHICOKYIO LIGHHOCTh YiKe peati-
30BaHHBIX PEIICHU WITH TTOXO/IOB B PEATTM3AIINY CIISIMATN3NPOBAHHBIX 00pa30BaTeIbHBIX IPOTpaMM, HallPaBIeHHBIX Ha
TMOBBIIIICHUE KAYECTBA KaJPOBOr0 MOTCHIIAIA KOMITAHUH. PaccMaTprBaroTCs KOHKPETHBIN KeHC, CBI3aHHbIN C pa3pabOTKOM
MpOrpaMMbl U3MEHEHHSI KOMITETEHIINH paOOTHUKOB PEMOHTHOM CITY>KOBI TOPHO-000raTUTENIBHOM MPOMBIILIEHHOCTH, U €70
armpo0arys B pealbHBIX YCIOBUSX ITEPECTPONKH MPOM3BOICTBEHHOTO KA. L[erbio poekTa sBIsieTcst OrleHKa BO3MOYKHO-
CTH BHEJPEHWUS PUHIIIOB OTIEPEKAFOIIETO O0YUCHHS C TOUKH 3PEHHS TICHXOJIOTHIECKON TOTOBHOCTH PAOOTHHKOB K U3-
MEHEHHSIM Ha IPOMBIIIICHHOM HpeAnpusaTri. PaccmarpuBaercs creneHb 3 (eKTHBHOCTH JaHHOTO CIIoco0a pa3BUTHS Iiep-
coHas1a. 3aauu POEKTa HaNpaBJieHbl Ha (POPMHUPOBAHKE TPYIIT PAOOTHUKOB TIO0 CTETICHN MX BIMSIHUS HA MIPOM3BOINMBIC
WM3MEHEHWST; MCCIIeTyeTCsl BXOAIIAS OIIEHKA TOTOBHOCTH K ICTIONTHEHHIO POJIH «TTPOBOTHIKA M3MEHEHHID); OCYIIIECTBIISETCS
peanm3arys 00ydaloIiX MEPOIPHSTHIA, HAMPABIICHHBIX Ha TMOBBIIICHHE JAHHONH TOTOBHOCTH; a€TCsl BBIXO/IHAS OLICHKA
3(pheKTHBHOCTH TPOBECHHBIX 00YUaIOIMX AeHCTBHIA. B X0/1e peanu3anmy npoeKTa NCIOIb30BAIHCH CIICIYIONINE METOIbI
Y MHCTPYMEHTBI: KOMITETEHTHOCTHBIN TIOIXOJ, COITMOJIOTMUECKHI ¥ SKCTIEPTHBII OIMPOCHI, CTATHCTUYECKHI aHAJIN3, 00yde-
HIE B JOpMaTe TPEHUHTOB U JISKIINIA, PEIIEHHE TEOPETUUECKHUX 1 TIPAKTUUECKHX KercoB. [1o nroram peammzoBaHHO# TIpo-
rpaMMbl M3MEHEHHs KOMIIETEHLIIA MOYKHO C/IEIaTh BBIBOJ O IMHAMUKE POCTA IICUXOJIOTMYECKO TOTOBHOCTH IPHUHATH Mac-
ITaOHBIE U JIOKATTHHBIE M3MEHEHHS B HECKOJIBKUX C)epax MPOM3BOACTBEHHOTO U COMYTCTBYFOIIHX IIPOLIECCOB Y PAOOTHH-
KOB, YYaCTBOBABIIINX B TIPE/jIaraéMbIX Pa3BUBAOIINX MEpONpusTHsX. [lomydeHHble JaHHBIe CBUICTEILCTBYIOT O IIENIeCO-
00pa3HOCTH BIIOKEHHS PECYPCOB MPOM3BOJICTBEHHBIX KOMITAHHI B TIPOAKTHBHOE ¥ OTIEPEXKAOIIEE PA3BUTHE PAOOTHHKOB
HE TOJIBKO C HO3I/IHI/II71 HpO(I)eCCI/IOHaJ'H)I—H)IX KOMHCTCHHHﬁ, HO Y 110 UHBIM KOMIICTCHIUAM, HAIIPABJICHHLIM Ha IICUXOJIOIH-
YeCKYFO TOTOBHOCTb K M3MEHEHUSIM 1 IOHUMAaHHE IOTPEOHOCTH HETIPEPHIBHOTO 00YUEeHHS CPE MHKEHEPHO-TEXHUUECKHX
pabotHukoB (UTP), 3hheKTHBHO BBINONHSIONIMX POJIb «IIPOBOJIHKMKA U3MEHEHHI Ha IPOU3BOJICTRE.

KiroueBrble ¢JI0Ba: KOMIICTCHTHOCTHBIN MOAXO0/I, PEOPraHU3aIIMs PEMOHTHBIX CITYK0, Oleperkaroliee o0yueHue,
MTPOBOIHUKY U3MEHEHUI Ha IPOU3BOJICTBE, HHIUKATOPHI KOMIIETEHITNH, POAKTUBHOE Pa3BUTHE PaOOTHHKOB.

Jos murupoanus: Kinumor U. 0. Ananus aphekTHBHOCTH peanu3anui KOMIIETCHTHOCTHOTO MOIX0/1a B MPO-
rpaMMe OTepeIKaroIIero o0y4eHus: TopHo00bIBaOIIE KoMmanuu. [ oprole Hayku u mexrnonocuu. 2020;5(1):56-
68. DOI: 10.17073/2500-0632-2020-1-56-68.

Analysis of Soft Skills-Based Approach Effectiveness
in Advanced Training Program for Mining Company

l. Yu. Klimov
PJSC "Mikhailovsky GOK", Zheleznogorsk, Russia

Abstract: The paper considers a specific case related to the development of a program for upgrading soft skills of em-
ployees of maintenance service in mining and processing industry, and its testing in actual practice of the production cycle
rearrangement. The project aim is to assess the potential of introducing the principles of advanced training from the view-
point of psychological readiness of employees for changes at an industrial enterprise. The degree of effectiveness of this
staff training method is considered. The project objectives are aimed at forming groups of workers based on the degree of
their influence on the changes produced; the incoming assessment of readiness to fulfill the role of “change champions” is
studied; implementation of training activities aimed at improving employee’s readiness; output assessment of the training
activities effectiveness is produced. In the project implementation, the following methods and tools were used: soft skills-
based approach, sociological and expert surveys, statistical analysis, trainings and chalk and talk sessions, solution of the-
oretical and practical cases (problems). Based on the results of the implemented soft skills changing (upgrading) program,
the dynamics of increasing psychological readiness of employees (who participated in the proposed training activities) to
accept large-scale and local changes was revealed. The study findings present rationale for investing funds of production
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companies in proactive and advanced development of employees from the standpoints of both professional competencies
and soft skills aimed at psychological readiness for changes and understanding the need for lifelong learning of engineers
and technicians, being effective "change champion" in production activities.

Keywords: soft skills-based approach, reorganization of maintenance services, advanced training, "“change cham-
pions", indicators of soft skills, proactive development of employees.

For citation: Klimov I. Yu. Analysis of soft skills-based approach effectiveness in advanced training program for
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Beenenue

B 1950-¢ rr. momynsipHO#l TeopHel 3KOHO-
MHYECKOTO U COIMAIbHOTO Pa3BUTHUs CTaja Teo-
pust yenoBeyeckoro kanurtana [1]. Ee ocHoBHas
uzes 3aKiIroYanach B TOM, YTO MPUOOpPETEHHbIE
YEeJIOBEKOM 3HAHUS U MPAKTUYECKHE HABBIKU SB-
JSI0TCSA TeM OECLIEHHBIM pecypcoM, Omaromaps
KOTOPOMY BO3MOKHO 3(p(eKTUBHOE yIpaBlIeHUE,
IPEeXJIe BCEro B SKOHOMUYECKOH cdepe KU3HU.
Kak cnexcrBue, MOMKHBI OBUIM OTHOCHTEIBHO
OJIaromOy4YHO pa3BHBATHCA W COLMANbHAsA, U
JMYHOCTHAsI COCTABJISIIOIINE YEIOBEYECKOTO OBI-
tisg. OgHako HaunHasA ¢ koHna 1990-x — Hagaia
2000-x rr. kapTMHa MHUpa PE3KO H3MEHUIIACH.
[Ipousomnuia nuudposas peBOIIOIKS, YETIOBEK OKa-
3alcs BO BJIACTH HEMPEPHIBHBIX TEXHOJOTHYE-
CKHUX BBI30BOB, KOTOpBIE TPYAHO OJHO3HAYHO
OIICHUTh B COCTOSIHUU TIOTOKA OBICTPOPACTYIIUX
WH(OPMAITMOHHBIX W JIMTUTATBHBIX U3MEHEHUH,
KOTOpBIC IPOYHO BOILIM B IOBCEAHCBHYIO H
MPAKTHYECKYIO KU3Hb YenoBeka [2, 3].

Bce 310 TpeOyeT HOBOBBEAEHHH B 00JaCTH
yIIpaBlIeHHsl MPOU3BOJACTBOM. Bo3zpacraer Tpebo-
BaHME K paOOTHUKAM BO BCEX UMILTUKAIHSIX. Yeno-
BEK BBIHYXJIEH TMOCTOSHHO YYUTHCS, MEpecTpau-
BaTh CBOM TpE/ICTaBJICHUs 0 paboTe, oOperaTh Bce
HOBBIE U HOBBIE 3HaHUs. «Bo3HUKaeT 3arpoc Ha 00-
pa3oBaHHe Ha MPOTSDKCHHU BCEH Ku3HM» [4—T7].
HenpepriBHOE 00pa3oBaHHe BKIIIOYAET KaK Tpa-
JTUITMOHHBIE CTIOCOOBI MEPETOATOTOBKH KaIpoB,
TaK U HOBalIMOHHBIE ()OPMBI OOYUECHHUS HA TIPOU3-
BOJICTBE, C Y4ETOM CIEU(PHUKM MPOU3BOJCTBEH-
HOU NIeATeIHHOCTH U PEabHBIX BO3MOXKHOCTEH
nepcoHasia. DKOHOMHUYECKHE HCCIIEOBaHMUS,
OTMPAOIINECS] HA TECTOBBIE CHCTEMBI OIECHKH
MBICTTUTEIIEHON aKTUBHOCTH Y€JIOBEKA, TOKA3aIH,
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YTO «KOTHUTHBHBIEC HABBIKU B 3HAUUTENIBHOM CTE-
IIEHU ONPEJEIISIOT 3aHATOCTh U YPOBEHB 3apadoT-
HO TUIaThl paOOTHUKA, YAOBIETBOPEHHOCTH TPY-
JIOBOM JIESATEIbHOCTBIO U CIIOCOOHOCTH COOTBET-
CTBOBaTh MPOQeEecCHOHANTBHOMY CTaHAApPTY» [6].
[TosToMy pa3BuTHE KOMIETEHLMH, HaIpaBJeH-
HBIX HAa YMEHUE KOMMYHUIIUPOBATh, OBICTPO MPU-
HUMaThb pelleHus, OpaTb Ha ce0s OTBETCTBEH-
HOCTb 3a Pe3yJbTaThl TPYAA U JIIOAEH U T.J. ABJIS-
€TCsl IPUOPUTETHBIM B JIF000H COBPEMEHHOM ITpo-
M3BOZICTBEHHOM cdepe [8, 9].

[Ipn sTOM HagO MOHMMATh, YTO TEOPUS U
MIPAKTHUKA 3a4acTyl0 CHJIbHO pazianyarorcs. OQHo
JIeJI0 IEKJIapUpOBaTh HEOOXOAUMOCTb HETIPEPHIB-
HOro O0Yy4YeHHs MU CaMOCOBEPLICHCTBOBAHMS CO-
BPEMEHHOI'0 4esloBeKka. Jlpyroe 1eiao noHuMarh,
4TO 00y4aThCs JOJDKHBI )KHUBBIE JIFOJH CO CII0KUB-
LIMMHCS CTEPEOTUIIaMH, HE BCET/1a TOHUMAIOLIIE
WJIM HE XKeJalolue MOHATh T€ HOBAllUU, KOTOPbIE
HEn30eXKHO MPOUCXOAT BHYTPU TOTO WIIM UHOTO
MIPOU3BOJICTBEHHOTO 1IMKJIA.

B kauecTtBe mpumepa oOpaTuMCs K OMBITY
paboOTBl Ha OJHOM U3 TOPHO-00OTaTHTEIHHBIX
KOMOMHATOB, pa3BUBAIOIIEM HOBEHIIINE TEXHOJIO-
MM coBpeMeHHoro npoussoacTtsa. C 2017 r. Ha
KOMOMHaTe cTapToBajla MacluTabHas mporpamma
OpPraHM3AIMOHHBIX M TEXHUYECKUX H3MEHEHUl,
3aTparuBaroiias ¥ IMPOU3BOJICTBO, U 4eJIOBeue-
ckuii axtop. OmHUM K3 BakHEWIIUX OJOKOB
JAHHOM MporpaMMbl Obljla peopraHu3alus pe-
MOHTHBIX ciyx0. [Tocie ananmu3a macmTaboB u3-
MeHeHuit HR-ciyx00i1 komOnHaTa ObLT BBISIBIICH
pUCK HHU3KOM 3¢ddexkTuBHOCTH TporpamMMbl B
CBSI3M C HETOTOBHOCTBIO JItO/Iel K OBICTPOMY BOC-
MPUATHIO U3MEHEHUH U COOTBETCTBYIOLIUX Tpe-
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OoBaHUH K camMmopa3BUTHIO. [[puxoauiocs npuHu-
MaTh BO BHUMaHHE CIIeHU(PUKY CaMOT0 IIPOU3BO/I-
CTBa B chepe TSHKETOro MAIIMHOCTPOCHHSL, OTHOCSI-
IIErocst K OaCHOMY BHJTy ITPOM3BOACTBA. MeToibl
¥ TIOJIXO/1BI B OTIEPALIMOHHON paboTe 31eCh H3MEHSI-
10Tcs peako. I1oaToMy puck HenpusTHs HOBALIUH,
NPENOIaraloMX KapIuHAJIBHOE NEPEeCTPOCHUE
IIPOLIECCOB U KAJPOBBIX PELICHUH, MOTCHIIUATBHO
uMen Kputudeckoe 3Hadenue [10, 11].

[IpuBeneM npumep, CBA3aHHBINA C PEMOHT-
HBIMU TIporieccaMu. Vcronb3oBajics METOA KC-
NEPTHOTO OIpoca (BKIOYasi OYHBIA ONpPOC U 3a-
OYHOE aHKETUPOBAHUE), OBLJIO OMPOIIEHO 8 pyKO-
BOJUTEJIEH BBICHIETO YNPABJIECHYECKOIO 3BE€HA U
17 pykoBoauTenei CpeiHero 3B€Ha U KIIFOUEBBIX
cnenuanucToB. Taxxke ObUTM TPUMEHEHBI MO3TO-
BOM LITYpPM M METOJ KOMHUCCHUH, UCIIOJb3yEMbIi
IPpYHION SKCIEPTOB KOMOMHATAa, KOTOPBIM BBI-
B (PAaKTUYECKYI0 HETOTOBHOCTH psijia KITFO4e-
BBIX U PSAOBBIX CIEHMATMCTOB UCIIOJIB30BaTh HO-
BbIC TEXHOJIOTUM TpPH PEMOHTE O0OPYAOBaHUS
(nmaHupoBaHUe, 3aKYIKY 3alacHbIX YacTed Hu
pPacXOJHbIX MaTE€pHaIOB, OPraHU3ALMOHHbIE U3-
MEHCHHS ).

C 1enp0 CHU3UTh PUCKH PYKOBOACTBOM
KOMIaHuM OblIa pa3paboTaHa mporpaMma pa3Bu-
TUS NIEpCOHANIa, CYTh KOTOpPOM 3aKirodanach B
TOM, YTOOBI IOBBICUTH ITOKA3aTEIU KOMIIETEHIIUU
«TOTOBHOCTh K U3MEHEHUSIM» Y paOOTHUKOB pe-
MOHTHOM BepTHKaiu. Ho ¢ yaueTrom Oosibioif unc-
JIEHHOCTHU 3THUX pabOTHHUKOB TEXHUUYECKHU MPOBE-
CTH HEOOXOJUMBIE MEpPONPUATHS IS BCEX TPY-
no3aTpaTHO W jgoporo. B cBsa3u ¢ stum HR-
BEPTUKAJIb COCPEIOTOUMIACH Ha OOYYEHUH KITIO-
YEeBBIX PYKOBOJUTENEH, KOTOPBIE TOJIAKHBI OBLIN
3aT€M «HECTH B MacChD» HOBBIE HJIEU U TIOJXO/bI.
Peur uper o pyKkoBOIMTENSIX CpPEIHEr0 3BEHA:
HavaJbHUKAX Y4aCTKOB, MEXaHUKaX/TJIaBHBIX Me-
XaHUKaxX TMOJPAa3IeNeHU UM 3aMEeCTHUTEIIX
HAYaJbHUKOB 1IEXOB 110 peMOHTaM. VIMEHHO OHM
JOJKHBI OBLTM CTaTh AKTHUBHBIMU «IPOBOJHU-
KaMH U3MEHEHUI» B KOMITaHUH.

[Tyrem aHanmu3a KOMIIETEHUIUN PYKOBOAM-
Tesnel, neMOHCTpupyomux 3¢HeKTUBHOE BHE-
peHue U3MEHEHNI Ha HECKOJIbKUX MPEITPHUITHSIX

PROFESSIONAL PERSONNEL TRAINING

TOPHO-METAJTyPrUYecKOro cerMeHTa, Obuia 3a-
(uKcupoBaHa MOJIENb HICATHHOTO «IIPOBOIHUKA
n3MeHeHu». Ee omnpeneneHrne MOXHO CBECTU K
CIICAYIOIIEMY: PYKOBOJIUTENb JOJDKEH 00JanaTh
KOMIIETEHIIUSIMU «TOTOBHOCTb K W3MEHEHUSIM),
«JTUIEPCTBO» U «ITYOJIUYHbBIE BBICTYILICHUS».

Onucanme KoMIeTeHIUMI

KomnereHiuss «roToBHOCTH K HU3MEHE-
HUSM» — 0230BbIi CTUIJIb TOBEACHUS paOOTHHKA B
YCIIOBUSIX W3MEHEHHH, XapaKTEepPU3YIOLIUN CTe-
IIEHb €r0 BHYTPEHHETO CONPOTHUBIIEHUSI HOBOBBE-
JICHUSIM, COMPOBOXKIAIOIINM pabouuii mpoiiecc,
W/WTM OTKPBITOCTh M TOTOBHOCTH MPUHUMATh MH-
HOBallUM U TE€PECTpPauBaTh IMPUBBIYHBIA aJro-
PUTM JIEUCTBUIA.

«[IpoBOJHUKY U3MEHEHUI» — PYHKIIUS JTH-
nepa pabodero KOJJICKTUBA MPH BHEAPEHUH HO-
BOBBE/JICHMI B KOHKPETHBIM paboumii mporiecc
JUIS BOBJICUCHHS KOJUIET U JIEMOHCTPALIUU TOJIO-
KHUTEITBHBIX YPPEKTOB OT M3MEHEHHH, a TaKKe
CHIDKCHHS OOIIETPYIIIOBOTO YPOBHS COTPOTHB-
nenusi. Kak npaBuio, 1aHHYI0 (YHKIIUIO BBIIOJ-
HSIOT paOOTHUKHU C Pa3BUTON HAa BRICOKOM YPOBHE
KOMIIETEHIIUEHN «TOTOBHOCTh K U3MEHEHHUSIM.

Kowmmerenmus «imaepcTBo» — CrIocoo-
HOCTh pa0OTHHKA OKa3bIBaTh BIHMSIHIE HA KOJJIEK-
THUB, MOJIy4aTh MOAAECPKKY CO CTOPOHBI IPYTHUX
YJIEHOB TPYIIBI IJIs1 JOCTUKEHUS LETH.

Komnereniust «ryOIuyHbIe BRICTYTUICHUS
— yMeHHe pabOoTHHKA Yepe3 BHICTYIJICHUE TIEpeT
OOJIBIION ayAUTOPHEH BBIPa)KaTh CBOU MBICIH U
uIeH U yOexaaTh CIyIIAIIUX Pa3AesiTh BbICKaA-
3pIBAEMbIC HUJIEH.

WNHnukaTopbl KOMIOETEHIIUN «TOTOBHOCTH K
U3MEHEHUSAMY U «WIHAEPCTBO» MPUBEICHBI HIKE.

«I"0TOBHOCTH K U3MEHEHUSAM:

— MO3UTUBHO TPAHCIUPYET U3MEHEHUS,
YKa3bIBasi HA UX BO3MO>KHOCTH;

— MpeayiaraeT M3MEHEHUS/HOBOBBECHUS,
HalpaBJICHHbIE Ha yIydllleHue pabodmx mpoiec-
COB;

— IpU BHEJIPEHUU H3MEHEHHUM YUUTHIBAET
HE0OXOIMMOCTb TIPUBIICUCHHSI TOTIOTHUTETBHBIX

pecypcoB;
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— MPOSICHSIET U YUYUTHIBAET HMHTEPECHI 3a-
NEHCTBOBAHHBIX CTOPOH MPHU TMPOJBHKEHUU
CBOCH ITO3UIINH;

— CTaJKUBAsACh C TPYJHOCTAMHM, IPOJOJI-
JKaeT JeWCTBOBATh VIS JIOCTHXKEHUS OTOBOpPEH-
HOTO pe3yJibTara.

«JIunepcTBo»:

— o0ylajaeT  yCTOMYMBBIM  aBTOPUTETOM
Cpeau KOJIJIET U OJYMHEHHBIX;

— SIBJIIETCS NIPUMEPOM JUIsl KOJUIET U TOJ-
YUHEHHBIX;

— BOBJIEKAET, BOOJYIIEBIISIET OKPYKAIOIIUX
Ha JIOCTH)KEHUE PEe3yNbTaTa;

— MMEET CBOIO MO3UIHIO 110 Pa3IUYHBIM BO-
IpOcaM U OTKPBITO €€ BHICKA3bIBAET;

— CTaJKUBAasACh C BO3PAXKEHUSIMU CO CTO-
POHBI OIITOHEHTOB, HAXOAWT 3()(PEKTHUBHBIC TO-
BOJIbI B OJIEPKKY CBOEH MO3UIIHH;

— FOTOBHOCTh IPHU3HATh COOCTBEHHYIO He-
MPaBOTY B TUCKYCCHSIX C TOTYMHEHHBIMHU.

JlaHHBIE KOMITETEHIIUN OTHOCSITCS IJIABHBIM
00pa3oM K COIHMAIbHO-IMOIIMOHAIBHON chepe n
JUIIb KOCBEHHO CBSI3aHBI C KOTHUTHUBHBIMH —
npodecCHOHATBHBIMU KoMITeTeHIMAMU. OHaKO
WX pa3BUTHUE JIOJDKHO CTaTh OCHOBON UMEHHO ISt
YKperieHus: TpodecCHOHATbHBIX KOMITETEHIUI
U OJHOBPEMEHHO YKPENHTHb YBEPEHHOCTH YEIIO-
BEKa B CBOMX CIIOCOOHOCTSAX M BO3MOXHOCTH CO-
XPaHUTh UJICHTUIHOCTH B YCIOBUSIX WH(OpMAIIN-
OHHO-TEXHOJIOTUYECKUX BbI30BOB. KoMmereHmus
«TOTOBHOCTh K M3MEHEHUSM)» Oblia BbISBICHA B
KauyeCcTBE KJIFOUEBOM: TOJIBKO COOCTBEHHBIN MpH-
Mep MOT CTaTh OCHOBOM JIJISl 3apa’keHUs HOBBIMH
UCSIMH OCTAIIbHBIX YJICHOB KoJulekTHBa. [Ipak-
THUKA TMOKAa3bIBAET, YTO TOT/A, KOTJa PYKOBOIHU-
TEJU CKENTUYHO OTHOCSITCS K U3MEHEHUSAM U UC-
KITFOUUTENIBHO «I10 TOJKHOCTU» PACCKa3bIBAIOT O
HUX paboueMy KOJUIEKTHBY, KOJUIEKTHB JIETKO
pacrno3HaeT HEMCKPEHHOCTh U, JAake popMalbHO
NPUHUMAas HOBOBBEJIEHUS, B UTOTE HE pa3/ieisieT
HOBBIE [IEHHOCTH, JINOO0 MUHUMU3UPYET CBOIO aK-
TUBHOCTB, JTUOO BOBCE Ca0OTHUPYET MmporieccH [9].
Crnenyromasi KIr04eBasi KOMIIETEHIUS — «TUIEP-
CTBO» TaKXe SBISETCS KIIOYEBOW, MOCKOIBKY,
JUIL TOTO YTOOBI KOJIJIEKTHB OBICTpee M MpOIle

PROFESSIONAL PERSONNEL TRAINING

MIPUHUMAJ MPOUCXOIALIINE U3MEHEHHUS, TPENOJI-
HOCHUTB UX JOJKEH TOT, KOMY JIaHHBIA KOJJIEKTUB
JIOBEPSIET U 32 KEM T'OTOB UATH B HEU3BECTHOCTh
(Beab CONPOTHUBIICHUE W3MEHEHUsIM BCErjaa Io-
POKIAeTCsl BBICOKOW CTENEHbIO HEU3BECTHOCTH).
COOTBETCTBEHHO «IIPOBOJAHUK U3MEHEHUI» J0JI-
KEH OBbITh JIUJEPOM, HE TOJIBKO C TOUKHU 3PCHHUS
JOJKHOCTH, HO M HeopMalibHO. BhIsiBieHue cTe-
IIEHU Pa3BUTHSI JAHHON KOMIIETEHIIMH U €€ ITOBbI-
LIEHHUE TAK¥KE CTAJIO OJHOM U3 BaXKHEUILINX 3a7a4
MIPOTPaMMBI.

TpeTbss KOMIETEHIHS — «ITYOJIUYHBIC BbI-
CTYIUIEHMS» HECKOJBKO MEHEE 3Hauuma JJis
«IPOBOJAHUKA U3MEHEHMI». TeM He MeHee yme-
HUE BBICTPOUTH CBOIO P€Yb JIOTUYHO, [TOCIIEI0BA-
TEJIHHO U apTyMEHTUPOBAHHO SBIISAETCS OOJIBIIUM
MPEUMYILECTBOM AJIS «IIPOBOJHUKA U3MEHEHUI.
[TomMuMO 3TOrO, «IIPOBOJHUK M3MEHEHHI» HOJI-
KEH YMETh BBIICPKUBATh KPUTUKY U TIEpeyOexk-
JIaTh COMPOTHUBJISIONIUXCS U3MEHEHUAM PabOTHHU-
KOB B )KBOM JIMAJIOTE.

Takum obOpazom, Oblna chopMynupoBaHa
OCHOBHas LI€JIb IPOTPaMMBbI Pa3BUTHS: Ha BBIXOJIE
BBISIBUTH PsIJI KJIIOUEBBIX PaOOTHUKOB (11es1eBOit
nokasaresnb — 45-50 denoBek, BEpXHHUI ypOBEHb
— 75 yenoBek, HWKHHUH ypoBeHb — 30 4enoBek),
Yy KOTOPBIX ObLIA OBl Pa3BUTHI BBILIETIEPEUNUCIICH-
HbIE KOMIETEHIIUU. DTO TpeOyeTcs NSl yCIel-
HOM peaju3aly mporpaMmMbl KOMOWHATA TIO WH-
HOBaIlMOHHOMY Pa3BUTHIO.

C y4eToM MOATOTOBUTENBHBIX PabOT K H3-
MEHEHHIO CTPYKTYpPbl PEMOHTHOW BEPTHUKAIM Ha
pean3aIuio IporpaMMbl ObLIIO OTBEACHO JEBSITh
MecCSIIeB, TAKOB MEePHO] aKTUBHON (pa3bl, B Teue-
HUE KOTOPOTO YYACTHUKH IIPOTPAMMBI PETYIIIPHO
MPUHUMAJIM y4acThe B OOYYarolIuX MEpOIpHsi-
Thsx. Taxke OBLT BBIJIEICH BTOPOM MEepHon B 6
MECAIICB MJIsi TMPUMEHEHUs YYaCTHUKaAMHU TIPO-
rpaMMbl TOJYYEHHBIX 3HAHUI W HABBIKOB Ha
MIPaKTUKE — TaK Ha3bIBaeMasl MOCTaKTUBHAs ¢a3a.
J1J1s OlleHKH MOTYYEeHHBIX PEe3yIbTaTOB ObLIIA pa3-
paboTaHa creayroias mporpamma.

1. OneHka Tpex KIOUYEBBIX KOMIIETCHIIUH
Ha BXO/IE B IPOTrpammy.




ISSN 2500-0632 (ON-LINE)

MINING SCIENCE
AND (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020'5(1 )56-68 NMUn!i!wimt of
Séxuﬁcle and Tecvhr)\/cxvraqy

2. O0ydyeHue nByM 0a30BBIM HHCTPYMEH-
TaM OEpEKITMBOTO MPOU3BOCTBA — CUCTEME «OSS»
¥ KapTUPOBAHMIO paboyero mnporecca.

JlanHOE 00y4eHHE JOKHO OBLIO BIUSTH HA
«TOTOBHOCTh K HM3MEHEeHusiM». Ha 3Tom srame
oOydeHusl chymaTessM MpearaeTcss moapoo-
HBII pa300p MEXaHU3MOB pabOThI HOBBIX HHCTPY-
MEHTOB, anpoOanusi uxX BIUSHHUS Ha OOIIyIO pa-
00Ty KOMOMHATa U OOHAPYKEHHE YaCTHBIX 3(-
(eKTOB BHYTPH CTPYKTYPHBIX MOJIPA3/ICICHUH.

3. IlpoBeneHre TEXHUYECKOTO 0OyUeHUS B
HUTY «MUCuC» (nanpasienue pemonrta). Ho-
BbIC 3HAHMSI B TEXHUUECKOW 00JIACTH JOJKHBI Ya-
CTUYHO TOBBICUTh KOMIETEHIIMIO <JTHIEPCTBOY,
MOCKOJIBKY PYKOBOJUTENH, OOsiagaronife 0oib-
[IMMH 3HAHUSIMU, UMEIOT AOTOJIHUTEIBHBIE OCHO-
BaHUs JUIsl IEMOHCTPAIUH JIUJIEPCKUX YIpaBlIeH-
YECKMX HAaBBIKOB. Takke JaHHOE OOydeHHe pac-
MIMPSIET KPYro3op U JaeT OCO3HAHHE HeoO0XOau-
MOCTH PEryJISIpHBIX HOBOBBEJICHHH C IEJIBIO yda-
CTHSI B KOHKYPEHTHOUW OOpb0e C JApyrumMu mpe-
OpUATUSIMH OTpaciu. TakuM o0pa3oM, KOCBEHHO
pa3BUBAETCS KOMIIETEHIUSI «TOTOBHOCTh K U3MeE-
HEHUSIM.

4. TlpoBeneHue TPEHUHIOB JHMYHOCTHOTO
pa3BUTHSL, HAIIPABJICHHBIX Ha MOBbIIEHHE 3P Dek-
TUBHOCTH pabOThI B YCIOBUSAX U3MEHEHUH (BHYT-
pEHHHE TpPEHUHTHM ¥ BHEIIHHE MPOBAIEpHI).
JlaHHBIE TPEHUHTH OBUIM TIPOBEICHBI 1O TPEM
HaNpaBJICHUSM, KaXXJ0€ W3 KOTOPHIX Halpas-
JIEHHO HENOCPEJICTBEHHO Ha pa3BUTHE COOTBET-
crByromeit kommerennuu (Soft skills [12, 13]):
«TOTOBHOCTb K HM3MEHEHUSIM», «IUAEPCTBO» M
«IyOJIMYHBIE BBICTYIUICHUS».

5. UtoroBas omneHKa Ha BBIXOJE M3 IPO-
TpaMMBI TI0 ICTEYEHNH TIOCTAKTHBHOM (pa3bl.

Onucanue nporpaMmasl

st oTO6opa yuacTHUKOB POrpaMMBbl ObLITH
OTIpeieNIeHbl KIII0YeBble JODKHOCTU M BO3pacT-
HOE€ OrpaHUYeHHue (C yIeTOM TOro, 4TO «IIPOBOJI-
HUKHU U3MEHEHUI» TOJKHBI TPAHCIMPOBATH UJIEU
MEHEDKMEHTa B JOJTOCPOYHOM IEpCIEKTUBE,
ObLTa yCTaHOBIJIEHA BEPXHSIS BO3pacTHAs TUTAHKA).
[Tocne ¢popmanbHOro oréopa 6n11 chopmupoBaH
cnucok u3 180 paOOTHHUKOB.

1. O1neHKa KII0YEBLIX KOMIIETEHIIHI.

PROFESSIONAL PERSONNEL TRAINING

Ol1ieHKe KITI0UYEBBIX KOMIIETCHIIUHN Mpeie-
CTBOBaJIa MOJrOTOBKA BHYTPEHHUX OLICHIIIMKOB U
pa3paboTka OaTbHOW CHCTEMBI Ui (UKCAIUN
pe3yabTaroB. [[ns sTOoro ObLI MpUTameH KOH-
CyJIbTaHT, UMEIOLINI ONBIT B IPOEKTaX I10 pa3pa-
0oTke Mojenell kommereHuid. B pesynbrare
MOATOTOBUTENBHBIX MeponpuaTuil Obuia chop-
MHpPOBaHa CJEIYIOIIas OLEHOYHAs MOJENb: IO
pe3ysibTaTaM OIEHKU KaXK[blii OLIEHUBAaEeMBbIi pa-
OOTHUK JOJKEH OBLT MOMACTh B OJTHY U3 YEThIPEX
Kareropuii: kareropus D — pabGoTHMK ¢ HU3KO
Pa3BUTHIMU KOMIETCHIIMSIMU M HU3KOM MOTHBa-
1Mel Ha TuYHOoe pa3BuTHE; Kareropusi C — pabot-
HUKH C XOPOILIO Pa3BUTON JHAEPCKON KOMIIETEH-
1MeH, HO HEe TOTOBbIE aKTUBHO MPUHUMATh U3Me-
HEHUsI U HOBOBBECHMs; Kateropus B — pabot-
HUKH C BBICOKOPA3BUTON «TOTOBHOCTBHIO K U3MeE-
HEHUSIM», HO HU3KUM JIUJIEPCKUM MOTEHIIAATIOM;
kareropusi A — pabOTHUKH C JOCTaTOUYHO BBICOKO-
Pa3BUTHIMH JIUJAEPCKUMU HaBBIKAMU U TOTOBHO-
CTBIO IPUHUMATH U3MEHECHHUS.

OneHka MpoBOAMIACHE METOJJOM MHTEPBBIO
10 KOMITETEHIUSIM.

[To uToram UHTEPBHIO OBLIM OTYUYEHBI CIIE-
nyromue pe3ynstaTsl: u3 180 pabotaukos 40 ue-
JIOBEK HEe OBLIM JOMYIIEHBI K Y4acTHUIO B IPO-
rpaMMe H3-3a KpailHe BBICOKOIO YPOBHS H3Ha-
YaJIbHOTO COMPOTUBIIEHUS U HU3KOM MOTHBAIUH.
bbuto BBISIBIEHO, YTO 3aIUIaHUPOBAHHBIE MEpPO-
MPUATHS TI0 JAHHBIM JIIOJSIM HE AayT JaKe MU-
HUMaIbHOTO 3¢ (eKTa, B CBA3M C UEM UX y4acTUe
B IIporpamme HerenecoodpasHo. M3 ocraBmmxcs
140 uenoBek 44 O6buIM OTHECEHBI K Kateropuu D
(maHHBIHM MOKa3aTeab ObUT TPOTHOZUPYEMBIM); 29
YeJloBeK ObUIM OTHECEHbI K KaTeropuum A (4ro
0Ka3aJ0Ch HE3HAYMTEJIbHO BBINIE MPEIOI0XKe-
Huii); 40 genoBek — k kareropun C (JTaHHBIE TTO-
Ka3aTelu TakKe ObUIM MPOTHO3UPYEMBI B CHIY
BBICOKOM aJIMUHUCTPATUBHOM KYJIBTYpHI, MpE.I-
MoJiararlie NpsMo MPONOpLUHUOHATIBEHOE Pa3BU-
THE JTUIEPCKUX KAUYeCTB B COOTBETCTBUU CO CTa-
K€M Ha PYKOBOJAIIUX JOJKHOCTSIX) U 27 4eno-
BEK OTHECEHBI K KaTeropuu B, uTo okazanoch He-
MHOT'O HUKE OXKHUJIaHHM.

Pacnpenenenue mo rpynmam Ha BXOAE
MIPEACTABJIEHO Ha pucC. 1.
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Puc. 1. PacnipenejieHue KOHTHHI€HTA ciyliaTeeil 10 rpynnaM Ha «BXoJe» MPOrpaMMbl

Fig. 1. Grouping of trainees into divisions at the entry of the program

MOXHO 3aMeTUTh, YTO PACIPENEIECHUE I10
rpyNIaM pa3inyaeTcsi He3HAYUTENBHO — 3TO TOBO-
PUT O TOM, YTO JI0 Hayasa MporpamMMbl Ha KOMOH-
Hate He ObLJIO0 CUCTeMaTUYeCKON padoThI 10 pa3BH-
THIO HCCIIEAYEMBIX KOMIICTEHLUH y PyKOBOIMTE-
JIeli CpeTHero 3BeHa PEMOHTHBIX CITyk0. Htak, pas-
HOMEPHOE paclpeieieHUe OKa3bIBaeT, YTO JIUAEP-
CTBO U TOTOBHOCTh K M3MEHEHHSIM, a TAKXKE UX OT-
cyTcTBUE (OPMUPOBAIIOCH Y JIFOJEH CIOPAUUYECKH,
B TOM YHCJI€ B CHJIy JUYHOCTHBIX OCOOEHHOCTEH.
WneanbHbIM pe3yabTaToM, K KOTOPOMY CTPEMUTCS
KOMIIaHUs, sBIIsETCS Moka3arenb B 40 % — karero-
pust A, o 15 % — kareropuu B u C u menee 10 % —
kareropust D. Takum o0pa3oMm, MpUpOCT KaTero-
pun A coctaBuil 25 % 3a cueT yMEHbIIEHUs JOIU
pabotHukoB kareropuii D u C.

2. O0yueHre WHCTpyMEHTaM OepeKIMBOTO
NPOW3BOICTBA (KOMITETEHIINS «TOTOBHOCTH K N3Me-
HEHUSMY).

OnHUM M3 KITIOYEBBIX MOMEHTOB IUIAHHUPYE-
MBIX U3MEHEHHUH ObUIO BHEAPEHUE HIIEMEHTOB CH-
CTeMBbI OepeXxIIMBOro Mpon3BozcTBa. [lepBbIM 11a-
roM OBUIO BHEIpPEHWE HWHCTPYMEHTa IPOU3BOJ-
CTBEHHOU CHCTEMBI «5S)» M KapTHPOBAHUS paboumx
npotieccoB. OOyuyeHHe BceX YYaCTHHUKOB IIpO-
rpaMMBbl TIPOBOAMIIOCH cuiiamu KomOuHata. [Ipm
9TOM BHYTPEHHHE IPENoaBaTelld MPOILIH MPea-
BapHUTENIbHYIO TOJArOTOBKY Kak IO HaIlpaBICHUSM

PROFESSIONAL PERSONNEL TRAINING

0epeXIIMBOTO TPOU3BOACTBA, TAK U IO Mpero1aBa-
TEJBCKOH eSITEIIbHOCTH.

[lo wroram oOy4eHHS YYaCTHUKH IIpO-
IPaMMBI JIOJDKHBI ObLIM HayaTh MPUMEHEHHE JJaH-
HBIX MHCTPYMEHTOB Ha CBOMX IPOU3BOJICTBEHHBIX
ydactkax. [Ipu aTOM nanHas paboTa akTyann3upo-
BaJIa I HUX MPOOJIeMy MOTHUBALIMK pabovero nep-
COHaJIa U OOIIYIO0 TEHJICHIMIO K COMPOTHBICHHSM.
3TO MO3BOJIAIIO TIOBBICHTH MOTHBAIIMIO Ha 00yde-
HHUE YYaCTHHKOB MIPOTPaMMBI.

3. TperbuM 3Tanom mnporpammsl ObLIO 00Y-
YeHHe TEeXHUYECKON 4acTh PEMOHTOB (KOMIIETEH-
LIUH «TOTOBHOCTb K M3MEHEHUSAMY, THJEPCTBOY).

Ilocne mpoBeseHHs  COLMONIOTHYECKOTO
MHHHU-UCCIIEIOBAHUS OBLIO BBISIBIICHO, UTO JIISI pa-
0ouero mepcoHasa OJHON W3 BOXHEHIIINX COCTaB-
JSIONIMX JIUEpa, 32 KOTOPHIM OHHM TOTOBBI WJITH,
SIBJISICTCS TEXHUYECKAsh TPAMOTHOCTh. 1O €cTh py-
KOBOJIUTENB/IUEP JOJKEH ObITh THpodeccHoHa-
JIOM CBOETO Jiefla ¥ UMETh OOIIMPHBIN Oarax 3Ha-
HUI 110 CBOEMY HarpasieHuo. B ¢Bs3u ¢ 3TUM Ha
JTAHHOM 3Tare MporpamMMbl ObUIO OpPraHW30BaHO
oOyJeHHe IO PEMOHTHBIM HampaBieHusM. [Ipu
9TOM OBUIM TIPUTJIAIICHBI TPETIOIaBaTEeNIH OHOTO
13 BEAYIIMX POCCUICKUX BY30B B 00JI1aCTH TOPHOTO
nena. OO0y4yeHne ObUIO Pa3OoMTO MO HECKOJIBLKUM
(YHKIIMOHAIBHBIM HATPaBJICHUSIM — PEMOHT TOp-
HOTPaHCIOPTHOTO O00OpPYIOBaHUS, PEMOHT (habd-
pUYHOTO 000pYHOBaHUs, 3HEProdPEeKTUBHOCTD.
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OnHol U3 MOCTaBIECHHBIX MEpe MPenogaBaTes MU
3a7a4 ObUIO MpenocTaBlieHHe NHPOPMAITUY TI0 MH-
POBBIM TEHJICHIIUSAM U TPEHJIaM B 00JIaCTH PEMOH-
ToB. [lanHas 3amava Obuia copMyaHpoBaHa B
CBSI3U C TEM, YTO OOJNagaHue OMOTHUTEILHBIMU
3HAHUAMH TaKKe SIBIISIETCS OJHOW M3 XapaKTepu-
CTHUK JIUZEpA.

Kpome noBsIteHust Maepckoi KOMIIETEHIIMU
JAHHOE OOYUYCHHUE BIIUSIIO U HA KOMIIETEHIUIO «T0-
TOBHOCTb K U3MEHEHHUSIMY, TIOCKOJIBKY Mepe;] MPero-
JIaBaTeIIMU CTOsUIA JIOTIOJIHUTENbHAS 3a]ja4a — UH-
(dbopMUpOBaHHE YIACTHHKOB IIPOTPAMMEI O TIPUME-
HEHUU WHHOBAIIMOHHBIX METO/IOB M TEXHOJIOTHI B
PEMOHTAX Ha AHATOTHYHBIX POCCUHCKUX MPEANpus-
Tusix. JlanHas uH(opMaIus UMena MCHUXOoIorye-
CKOE BJIMSHHE HA TOTOBHOCTh K HM3MEHEHUSIM I10
HPUHIIMITY COLMATIBLHOrO JoKasarenbcra [14, 15].
Taroke ObUIM MPOBENEHBI TPEHUHTH JINYHOCTHOTO
pa3BuTHs (KOMIETEHIIUU «TOTOBHOCTh K M3MEHE-
HUSIM», <JIUJEPCTBO», «ITYOJIMYHBIC BBICTYILIC-
HUs»). JIs ycnemHoi peanu3anuy MporpamMbl
ObUI IPUMEHEH KOMITIETeHTHOCTHBIH roixoa. C ero
MOMOIIBIO «...MbI BBISIBUIN TPH OCHOBHBIE KOMIIE-
teruuu: (1) conelicTBre B pa3paboTKe CTPYKTYPbI
Y YCTaHOBKE PYKOBOISIIUX MPUHIIUIIOB, (2) BBIHE-
CEHHE CYXICHUN O KAYeCTBE WM OINPE/IETIEHHOCTH
JIOKa3aTesbCTB, a Takke (3) mpeodpa3oBaHue JT0Ka-
3aTeNbCTB B PEKOMEHIAIMIO TI0 JajbHEUIIEMY
YIIy4dIIeHuto paboTei» [ 16, c. 561]. B coBpemenHoii
HAyKe Pa3BUTHE KOMIIETEHTHOCTHBIX TOAPSIOB Jie-
JKUT B OCHOBE Psijia OTpaciell HayK, HE TOJIBKO T'y-
MaHHUTApHBIX, HO U €CTECTBEHHBIX [17]. Panee onn
B 3apO/IbILIEBOM BUJIE OIIPEEIISIINCH B COLIMATIBHON
cdepe Metomamu cotmonoruu [ 18, 19].

4. YeTBepThIM IIaroM OBLIO TIPOBEICHUE Ce-
pUM TPEHUHTOB [UIsl YYAaCTHUKOB TPOTPAMMBEI,
HaMpaBJICHHBIX HEMOCPEJACTBEHHO Ha PAa3BHUTHE
TpeX BHINICO003HAUECHHBIX KITFOYEBBIX KOMITCTEH-
uuil. TpeHUHT Ha pa3BUTHE JUAEPCKOTO MOTEHIIU-
aJa MpoBOUIICS I paOOTHUKOB, TIOMABIINX B Ka-
Teroputo B (C pa3BUTOM KOMIETEHIIMEH «TOTOB-
HOCTb K U3MEHEHHSIM» U HU3KUM YPOBHEM JIHJIEP-
cTBa). TpeHUHT Ha TOBBIIICHUE ANANTHBHOCTH K
W3MEHEHHSIM, CHIDKEHHE YPOBHSI TIEPBHYHOTO CO-
MIPOTHBIICHUS] U YMEHUE TMOHUMATh M MPHUHUMATh

PROFESSIONAL PERSONNEL TRAINING

MPOUCXOSIIME W3MEHEHUs! MPOBOJIWICS Ul pa-
OOTHHKOB, MomnaBmuxX B rpymiy C. TpeHuHr Ha pa3-
BUTHE MYOJIMYHBIX BBICTYIUIEHUN TPOBOIMICS YIS
paboTHuKOB Kateropuu A. Taxoke 171 Bcex KaTero-
puii pabOTHUKOB OBUT IPOBE/IEH TPEHUHT IO OCHO-
BaM MEHE/KMEHTA.

B xozxe npoBeneHust TpeHUHra ObLIO HOIY-
YEHO YMO3PUTEIBbHOE TOATBEPAKICHNE IPAaBUIIBHO-
CTU IPOBE/ICHHON OLIEHKH 110 KOMIIETEHLIMSM, I10
OT3bIBAM TPEHEPOB, KOTOPHIE MOTJIM CPaBHUBATH
TPYIIIOBYIO TMHAMUKY U TPOSIBJICHUS KIIOUYEBBIX
KoMIeTeHIui. ['pynmnsl ¢ «maepamu» ObUIM To-
pa3mo Ooiiee MHEPTHBIMU U CIIOKHBIMH C TOYKH
3peHUsl IPUHATHS TPEHEPCKOTo MaTepuaia, Ho Ipu
3TOM B IPYIIOBBIX aKTUBHOCTSIX BCErJla YyBCTBO-
BaJlach KOHKYPEHIMS 32 JOMUHHUPYIOILUE TO3ULUH.
B rpynnax «roToBbIX K U3MEHEHHUSM», HallPOTHB,
IpueM HOBOTO MaTepHaia MPOXOIMI JIETKO, HO
TPYIIIOBBIE aKTHBHOCTH TpeOOBaIM BPEMEHH, I10-
CKOJIbKY HEMHOTHE TOTOBBI ObUIM OpaTh Ha celst
WHHIMATHBY U TAAEPCTBO. [10 OKOHUaHMY TPEHUH-
roB OBUIO 3aMETHO HEKOTOPOE YJIy4IlIE€HHE BXOA-
HBIX MO3MLMHA, HO TEM HE MeHee Ui OoJiee Kop-
PEKTHOI OLIEHKH TpeOOBaMCh BpeMsi M BO3MOXK-
HOCTb MPUMEHUTH MOJYYCHHbIE 3HAHUS U YMEHUS
HETIOCPEACTBEHHO Ha MPAKTHKE.

C yderoM TOro, 4ro BC€ YYacCTHUKH IpoO-
TpaMMBbl  SBJISIOTCS  PYKOBOAWTEISIMH  CPETHETO
3B€Ha, y KaK/IOTO U3 HUX ObLTa BO3MOXKHOCTB JIS
©KETHEBHON MPAKTUKH TIO MOJTYYECHHBIM YMEHUSIM
B paboTe C COMPOTUBIICHUEM, TIPOSIBIICHUIO JIUAEP-
CKHMX KaueCTB M ITyOJIMYHBIM BBICTYIUICHUSM.

5. toroBasi olleHKa Ha BBIXOJE W3 MPO-
IpaMMBbl.

Uepes 6 MecsiieB nocie MpoBeIeHNs TPEHUH-
TOB, 10 WCTEUCHHUH TIOCTAKTUBHOHN (ha3bl Mpo-
rpaMMbl ObITa IIPOBEICHA HTOTOBAs OIIEHKA PadOT-
HHUKOB, YUacTBYIOIIMX B mporpamme. Llempro Obu10
olpe/ieNieHre TOro, HACKOJIBKO MOBJIHSAIA AKTUBHAS
(a3za Ha pabOTy Y4aCTHUKOB IPOrPaMMBI 110 BHE/I-
PEHUIO U MIPOJBIKEHUIO TIPOUCXOAAIINX B KOMITa-
HUM M3MEHEHUH B paboume KoyuleKTuBbL. Kpome
TOTO, B)KHO OBUIO BBISBUTH HAJMYME WM OTCYT-
CTBHE M3MEHEHH B Pa3BUTHU KIFOUEBBIX KOMIIE-
TEHIMI Y YYaCTHUKOB MPOTPAaMMBI.
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Fig. 2. Demographic characteristics of the studied groups
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Jlnst perieHusi MOCTaBIEHHBIX 33/1a4 ObLIO
MPOBEJEHO COLMOIOTNYECKOE UCCIIEN0BAaHHE, B KO-
TOPOM NMPUHHUMAJIM Y4acTHE BCe PaOOTHUKH, MPO-
HIC/IIINE Pa3BUBAIOIINE MEPONPHATHS B paMKax
nporpammsl (rpynmna 1), a Takke pyKOBOAUTENN U
pabOTHUKH TeX K€ CTPYKTYPHBIX MOJApa3/ieieHHi
AHAJIOTUYHOT'O YPOBHS YIIPaBJICHUS, HO HE y4acT-
BOBaBIIMEe B Tmporpamme (rpymma 2). Ilepas
rpymma cocrosuia u3 101 paboTtHuKa, BTOpas — U3
120 paGOTHHKOB.

Jemorpaduueckre aaHHbIE CPaBHUBAEMBIX
IpyII IPUBEEHBI Ha AUarpammax (puc. 2).

W3 npuBeieHHBIX TaHHBIX BUIHO, YTO CPaB-
HUBAEMbI€ TPYIIBI COMOCTABUMBI 10 OCHOBHBIM
COLIMATILHBIM U JeMOTpapUUecKUM MOKa3aTesiM.
DT0 JaeT BO3MOKHOCTh IPOBEJCHUS CTaTHCTUYE-
CKU KOPPEKTHOTO CPaBHUTEIHHOT'O aHAIM3A.

PesynbpraThl onpoca nokasanu, 4to padoT-
HUKH, y4acTBOBABIINE B IporpamMme, o01agaroT
0osiee CHUCTEMHBIM MBIIIJICHHEM B OIICHKE Mac-
mTab0B MPOUCXOAAIINX U3MEHEHHH. Tak, Ha BO-
IIPOC O TOM, B KaKO CTEIIEHU IIPOUCXOSAIINE U3-
MEHEHHUs 3aTParuBaroT 1eATeIbHOCTh pa0OTHHKA,
YYaCTHHUKM Iporpammsl cymmapHo Ha 10 %
Jdy4lle MOHUMAIOT, YTO JIOOble U3MEHEHUS BIIM-
SIOT HAa MX ACATEIbHOCTh IIOJHOCTBIO, a HE 4a-
CTHUYHO. JTo noarsepxkaaercs t-kpurepueM Ctb-
I0JICHTA, C BEPOSITHOCTHIO Oosiee 95 % mokas3biBa-
IOLUM CTaTHUCTUYECKYI0 3HAYMMOCTb MEXIPYII-
MIOBBIX Pa3JIM4YMi B OLIEHKE PECIIOHAEHTaMU TOI'O,
HACKOJIBKO ITPOUCXOAIINE U3MEHEHUS B KOMIIa-
HUU KacaroTCsl KaXIOr0 4iI€Ha HCCIEeNyeMbIX

rpym (puc. 3).

HCE3HAYUTCIIBHO

YAaCTUYHO |

8%

B 3HAYUTEIBHOM CTEIEHU

IIOJTHOCTBIO

HN3meHeHus1, TPOUCXOASIME B KOMIIAHUM, 3aTParuBaloT Moo padory...

E[pymma 2 ®I'pymma |

13%

53%

Puc. 3. CrarucTu4ecKuii aHAIM3 MEKTPYNNOBBIX pa3auyumii no kpurepuio «AsMeHeHus, npoucxoasiniye B KOMIAHUHU,
3aTparuBalT MO padoTy...»

Fig. 3. Statistical analysis of intergroup differences based on the criterion ""Changes in the company affect my work ..."

Kpome TOTrO, pe3ynbraThl BBISBHIIH, YTO
pabOTHUKM, YYacTBOBAaBIIME B MPOrpamMme,
HAay4YWJIMCh JIy4dllle BUJIETh MEPCIEeKTUBY MpPO-
UCXOJSIIMX M3MEHEHMH U OIEHHUBATh HX
nosnb3y. Ha Bompoc, kak BIuseT BHEIpEHHUE
nporpaMMbl SAP Ha paboTy, y4aCTHUKH HpPO-
rpaMMbl cyMMapHo Ha 27 % iydiine moHUMaroT,

PROFESSIONAL PERSONNEL TRAINING

yto gaHHoe [1O oOierdaer BBIMOJHEHHUE TPY-
JOBBIX O0s3aHHOCTEH, ueM pabOTHUKH, HE
y4acTBOBABIIME B IporpamMme. OTOT BBIBOJ
Takke IMOATBEPKAAETCS IMoKa3areasmMu  t-
KPUTEpHs, BBIABISIOIIMMU 3HauMMblE pa3iid-
4Yus B OLIEHKE PECHOHIEHTAMHU KayeCTBEHHOM
XapaKTEepUCTUKU BHenpsemoro snemeHta ERP
cucrtemsl SAP (puc. 4).
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Ha moii B3rasa, BHeapenue SAP Ha TaHHBII MOMEHT...

B [pymma 2 M Ipynma I

5%

HE CTAJIKUBaOCh ¢ SAP t>0,05

oOJeryaeT Moo padboty

HE BJIMACT HA CKOPOCTh W/AIu
MMPOU3BOAUTCIBHOCTb MOCTO Tpyda

YCIIOXKHSET MO0 paboTy

64%

Puc. 4. CratucTudecKknii aHaIu3 MEKTPYNNOBBIX pa3inunii mo kputepuio «IddextuBHocts BHeapenus UC SAP»

Fig. 4. Statistical analysis of intergroup differences based on the criterion
"Efficiency of the ERP system SAP implementation™

Ba3zoBoro o6pa3oBanus, KOTOPOE 51 MOMYIHI,
JOCTaTOYHO

A YYBCTBYIO, YTO IIEPUOANICCKHA MHE HEC XBATACT
MOJYYCHHBIX 3HAHUHA JJIA IIOJTHOIIECHHOT' O
BBITIOJIHCHUSA TTOPYYaCMbIX MHE 3aJJaHuN

Be3 1omoTHUTENEHBIX 00YYAIOIINX MEPOTIPUITHI
MHE OBLJIO OBbI CJI0)KHO BBITIONHATH HOBYIO paboTy

Ha Bam B3rasig, 1octaTouHoe Ju o0pa3oBanne Bam nano Bame yueoHoe
3aBefieHUe, 1J1sl TOro YTo0bI Bol 3¢gpekTHYBHO CIpaBJIs/INCh ¢ padoToii B
YCI0BHMAX NPOUCXOASAIINX H3MEHeHUi ?

B 'pynna2 ®I'pynna l

Puc. 5. CratucTudeckuii aHAJINU3 MEKTPYNNOBBIX Pa3u4Mii M0 KpUTEepUIo «/l0cTaTOYHOCTH 00pa30BaHusD)

Fig. 5. Statistical analysis of intergroup differences based on the criterion “Adequacy of education/training”

Taxke B aHKETE-OMPOCHUKE OBLIT 3AJI0KEH
PSI BOTIPOCOB-WHIMKATOPOB Ha OIEHKY M3MEHe-
HUW KJIKOYEBBIX KOMIIETEHIHUH MO UTOraM Ipo-
rpamMmbl. Boripocsl 0 ToM, Kak MOBIHSAET BHEJIpe-
Hue SAP Ha s¢ddexkTuBHOCTE Tpyda, U O TOM,
HACKOJIbKO TOTOB PaOOTHHUK MPEOI0JIeBaTh TPY/I-
HOCTH, CBSI3aHHBIE C TEMU WJIM UHBIMH U3MEHEHHU-
SIMU, TIOKA3aTEIbHBI U OIIEHKHA TaKOW KOMIIe-
TEHIINH, KaK «TOTOBHOCTb K U3MEHEHHSIM» H JKe-
JaHWe B3STh HAa ce0sl OTBETCTBEHHOCTh 3a HX
BHE/IPEHHE, T.€. TeX KOMIICTEHIN Ha pa3BUTHE

PROFESSIONAL PERSONNEL TRAINING

KOTOPBIX ObUTa HarpaBjeHa mporpamma. Kpome
TOTO, OTBET Ha BOTIPOC O TOM, JIOCTATOUYEH JI yPO-
BEHb 0a30BOTO 00pa30BaHUs, MOJYyYEHHOTO pe-
CTMOHAEHTaMH, JJIS1 TOr0 4TOObI 3((HEeKTUBHO pa-
00TaTh B CYILECTBYIOUINX YCIOBUSIX MOCTOSHHBIX
NepeMeH, MoKa3aJl, YTO YYAaCTHUKH MPOTrpamMMBbI
Jy4llle OCO3HAIOT HEIO0CTAaTOYHOCTH 00pa3oBa-
HUSI, KOTOPOE OHU TOJTyYWJIA B y4eOHOM 3aBejie-
HuH. t-xpurepuii CThIOIEHTA TaK)Ke TOKA3bIBAET
CTaTUCTHUYECKYIO MEXTPYIIOBYIO 3HAYHMOCThH B
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MOJIyYE€HHBIX OTBETAX U FapaHTHPYET, 4TO paboT-
HUKHU, Y4aCTBOBABIIIKE B TPOrpaMMe, HadaIl 0Co-
3HaBaTh HEOOXOJMMOCTH JIOMOJHUTEIBHOTO 00-
pa3oBaHUsl U TOJYYCHUS CICIHUATU3UPOBAHHBIX
3HAaHWWA I YCHEIIHOTO (PYHKIIMOHUPOBAHUS B
HOBBIX YCJIOBHSIX (pHC. 5).

[Tpu3nanue HemocTaTKa CBOEro oOpas3oBa-
HUS U 3HAHUI TOBOPUT O MOTEHIIUAJIBHO BBICOKOM
YpOBHE CAMOCO3HAHUSI YYACTHUKOB MPOTPAMMBI,
B TOM YHCJI€ O UX TOTOBHOCTH K HEMPEPHIBHOMY
00YYEHHUIO i COOTBETCTBEHHO MTPUHSITHIO BCEX H3-
MEHEHUU.

IIpu cpaBHEHMH KOMIIETEHIIMH Ha BXOJE U
Ha BBIX0/I€ OBLIN MOTYYCHBI CICTYIOIINE PE3YIIhb-
TaThl: pa0OTHUKH, MOKA3aBIIME BBICOKYIO CTe-
MIeHb TOTOBHOCTH OBITh «IIPOBOJIHUKAMH U3MCHE-
HUW», — 3TO TE€, KTO BBIPA3WI TOJOKHUTEIBHOE
MHEHHE O TOBBIIMICHUH 3P(HEKTUBHOCTH pabOTHI
npeanpusaTHs Onaronaps BHenpenuto SAP u ro-
TOBHOCTb IPEOJI0JIEBATh CIOKHOCTH, CBSI3aHHBIC
C MPOUCXOAAIIMMH U3MEHECHHUSIM, B OTIHYUE OT
TeX, KTO COMHEBaeTCs B Iiesiecoo0pazHoctu SAP,
a TaKke TeX, KTO HE TOTOB IPUJIArarh JOMOJIHU-
TEJbHBIC YCHIIUS U XO4eT paboTaTh TOJIBKO B paM-
Kax JOJDKHOCTHOW MHCTPYKITUH.

BB orTBeTaxX  IMPOSBIIAIU
TOTOBHOCTh OBITh
IIpoBogHuKaMuU
H3MEHEHHI

B B OTBETaxX HE BRIPA3UIIN
TOTOBHOCTH ITOMOIaTh
MEHEDKMEHTY B
HOBOBBEJECHHUAX

Jlaliy HeHTpanbHbIe
OTBETHI

Puc. 6. Ouenka roroBHOCTH K M3MEHEHMSIM 110 Pe3y/1bTAaTaM peaju3alu NPorpaMmbl

Fig. 6. Assessment of the readiness for changes based on the program implementation results

3akiouenue

[IpoBeneHHbI aHAU3 HMCCIEIOBaHUS, CBS-
3aHHBIA C pPa3pabOTKOW MPOrpaMMbl W3MEHEHUS
KOMITETEHIIM PaOOTHUKOB PEMOHTHOW TPYTIIbI
TOPHO-000TaTUTEIBHONW MPOMBIIUIEHHOCTH, U TI0-
cleyromas anpoOaus B peajbHbIX YCIOBUSX T1e-
PECTPONKHA MPOU3BOACTBEHHO-PEMOHTHOTO IMKJIA
MO3BOJIMJIN CJIENIaTh BBIBOJI 00 YCTICIITHOCTH TPEJ-
CTABJIEHHOM MTPOrpaMMbl U3MEHEHNSI KOMITETEHIINN
HTP 1 0 HE0OXOAUMOCTH OTEpekKaIoIIEero 00yde-
HUSl, B YaCTHOCTH, HANpPaBJICHHOIO Ha pPa3BUTHE
KOMIIETEHIMM, TaKUX KaK «TOTOBHOCTb K M3MEHE-
HUsIM». Macmrabnoe wuccrnenoBanue Ha [TAO
«MmuxatinoBckuit ['OK», B TOM 9nciie u MeToaMu
COLIMOJIOTMYECKOTO OMPOCa, CTATUCTUYECKOTO aHa-
JIM3a ¥ SKCTIEPUMEHTA MO3BOJIIIIO CIIENATh BBIBOJI O
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pocTe TICMXOJIOTMYECKOH TOTOBHOCTH TIPHHSTH
MaciItaOHble U JIOKaJIbHbIE U3MEHEHHS B HECKOJIb-
KUX cdepax MpOU3BOJICTBEHHOTO M COIYTCTBYIO-
HIMX TPOLECCOB Y PAOOTHUKOB, yYaCTBOBABIINX B
MpelaraéMbIX pa3BUBAIOLIMX MEPONPHUITHSIX. DTH
JIaHHBIE CBHIETENBCTBYIOT O IENecO00pa3HOCTH
BIIOJKEHHUSI PECYpPCOB TPOM3BOJCTBEHHBIX KOMIIa-
HUIA B IPOAKTHBHOE M OTIEpEXkaroIIee pa3BUTHE pa-
OOTHHKOB HE TOJIBKO TI0 MMPOPECCHOHATEHBIM KOM-
METEHLUSIM, HO ¥ TI0 KOMIIETEHIUAM, (hOpPMHUPYIO-
MM paOOTHUKOB, 3()P(HEKTUBHO BBHIMOIHIIOIIUX
pOJIb «TIPOBOJJHUKOB HW3MEHEHuil». JlaHHble ya-
CTUYHO COBIAJAIOT C pPE3yJAbTaTaMH, MOITyUYCH-
HBIMH Ha OCHOBE MOHHUTOpHHTa 3()()EKTHBHOCTH
CHCTEMBI HenpepbIBHOro o0pazoBanus [20].
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