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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. oMo
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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
sufficiently 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 distribu-
tion, by wet sieving on 0.355 mm, 0.250 mm, and
0.071 mm sieves according to GOST 2093-82; and
the ash content, according to GOST 11022-95. The
lower calorific value was calculated using the
measured values 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 s! 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

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
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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-
ture were obviously implemented. Passing the

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
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 performance of the universal vibration-testing
machine on the initial slurry ranges
0.155-0.217 tph depending on particle size of the
initial slurry. At this operation mode of the ma-
chine, the yield of class +0.250 mm to the finished
slurry did not exceed the limiting value, required
under the burning conditions (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.
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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,
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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

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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NuTeHcupuKanms copouny ypaHa u3 NpPoayKTHBHBIX PACTBOPOB
HA MOHOOOMEHHYI0 CMOJIY YJIbTPa3BYKOM
Kononos A. B.1, Iyiicebaes b. 0.2
'Bocrouno-Kaszaxcranckuil rocy1apcTBeHHbIN TexHudeckuii yrusepeutet uM. JI. Cepukbaesa, Ycrh-KamMeHOropek,

Pecmry6mmka Kazaxcran
2A0 «BonkoBreosnorus», Anmarsl, Peciy6nuka Kasaxcran

AnHoTanusi: o cerogHsImHero T HHTEHCH(UKALHSI POLECCOB HOHHOTO 0OMeHa (CopOIusl, 1ecopOIHs, OTMBbIBKA
MOHHTA) OBLTAa HACYITHOW MPOOIEMOi TpH MOTyYeHUH TOBAPHEIX JlecopbaToB. B HacTosIIeH cTaThe IpeaCcTaBIeHbI
MaTepHajbl HCCICIOBAHMS BIMSAHUS HATOXKEHHOTO YIBTPa3ByKoBoro (Y3) BO3[ecTBHS Ha mpoliecc copOLun ypana
W3 MIPOJYKTUBHBIX PACTBOPOB HA HOHOOOMEHHYIO CMOJTY ACHCTBYIOLIETO Py JHHKA TIOA3EMHOTO CKBRXKUHHOTO BBILIE-
nauuBanus (IICB) mpu npousBonacTBe ypaHa METOIOM MOA3€MHOTO CKBRKMHHOI'O BbllenaunBaHus. st uccneno-
BaHUS U OIEHKH 3(PPEeKTHBHOCTH MHTEHCU(UKAIINY TPOIIECCOB MOHHOTO OOMEHA HaJIOKEHHEM YIIbTPa3ByKa B IIeXe
nepepadoTKU MPOIYKTUBHBIX pacTBOpoB Ha oHoM u3 pyaHukoB AO «HAK «Kazatomnpom» ObLIH TIpoBECHBI pa-
00TBHI IO MHTEHCH(HUKAIIUY TIpoliecca COPOIMH ypaHa U3 MPOAYKTHBHBIX PACTBOPOB yIbTpa3BykoM. [lepuoandecku
co3/aBaeMble Y 3-H3ITydaTeNsIMHA UMITYIECHI BO3JIEHCTBYIOT Ha BeCh pabounii BHYTPEHHUI 00beM MacCOOOMEHHOTO
anmapara. TakuMm oOpa3oM, BCS Macca peareHTOB HaXOJHUTCS B IBMIKCHWH, M BCSI TIOBEPXHOCTH 3€peH aHMOHUTA
HETPEPHIBHO OYMIIACTCS B Iporiecce paboTel Y3-000pyaoBaHus. B pesynbTare MpoBeIeHHOTO UCCICIOBaHUS yaa-
JIOCh YCTaHOBHTB, YTO Y 3-HHTEHCU(HUKALIKS IpoLecca COPOLUH MO3BOISET:

— IpH COZIepKaHUK ypaHa B MaTouHuKax copouuu 0,003 /M3 yBenmmauTs ckopocTh copbuun B 6,4 pasa;

— TIpY COJIepKaHuy ypaHa B MaTouHukax copormu 0,014 r/m® yeennuuts ckopocTs copbuuu B 1,4 pasa;

—3a CUET NPUMEHEHHs Y3-BO3AEHCTBHS MOJYYHUTh CPEAHEB3BELICHHOE YBEIMYEHHE CKOPOCTH COpOLUHU
B 1,3 pa3a;

— YBEJIMYHTH MOJHYIO JHHAMHYECKYI0 0OMEHHYIO eMKOCTh HOHHTA 110 ypaHy B 1,13 pasa u mpu 3TOM He yMEHb-
INWUTH BSJIMYUHY MEXaHNUYEeCKOM IMPOYHOCTHU 3€PCH NOHUTA.

KuaioueBblie ciioBa: MOHHBIM 00MeH, WHTEHCH(HUKAINASA TPOIIECCOB MacCOOOMEHa, HOHUT, MOHOOOMEHHAs CMOJIa,
copOums, UMILIO3us, Kaputanus, nuddysus, Y3-konedanus, IpOAyKTUBHBIA PacTBOP, YPaH.

Jast uurupoBanns: Kononor A. B., JlyiicebaeB b. O. MuteHcudukaius copOIuy ypaHa U3 MPOAYKTUBHBIX pac-

TBOPOB Ha HOHOOOMEHHYIO CMOJY yabTpasBykoM. [opuvlie Hayku u mexnonoeuu. 2020;5(1):12-24.
DOI: 10.17073/2500-0632-2020-1-12-24.

Ultrasonic Intensification of Uranium Sorption
from Pregnant Solutions by lon-Exchange Resin

A. V. Kononov !, B. O. Duisebayev ?

!D. Serikbayev East Kazakhstan State Technical University, Ust-Kamenogorsk, Republic of
Kazakhstan
2JSC "Volkovgeologia", Almaty, Republic of Kazakhstan

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/m?;

— increasing the sorption rate by 1.4 times at uranium concentration in the pregnant solutions of 0.014 g/m3;
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— 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.

For citation: Kononov A. V., Duisebayev B. O. Ultrasonic intensification of uranium sorption from pregnant
solutions by ion-exchange resin. Gornye nauki i tekhnologii = Mining Science and Technology (Russia).
2020;5(1):12-24. (In Russ.). DOI: 10.17073/2500-0632-2020-1-12-24.

Omnpenesienus, CNoJIb3yeMble B CTaTbe

JAuddy3us — npoiiecc B3aMMHOTO TPOHUK-
HOBEHMSI MOJIEKYJI WJIM aTOMOB OJHOI'O BELIECTBA
MEXJly MOJIEKYJIaMH UM aTOMaMU Jpyroro, npu-
BOJISIIIIMI K CAMOTIPOU3BOJILHOMY BRIPABHHUBAHUIO
UX KOHIIEHTPAIMI MO BCEMY 3aHUMAeMOMY 00b-
emMy.

HNuaTencupurkanms — npouecc u opraHusa-
LU pa3BUTUS IPOU3BOJICTBA, B KOTOPBIX MTPUMeE-
HAIOTCS HanOosiee d(PPeKTUBHBIE CPEICTBA MPO-
M3BOJICTBA, a TAK)XKE pacUIMPEHHE ITPOU3BOICTBA,
YBEJIMYEHHUE €T0 MPOU3BOIUTEIBHOCTH.

Honut — 1BEpJ0E€ HEPacTBOPUMOE Bellle-
CTBO, CIIOCOOHOE OOMEHMBATH CBOM HOHBLI Ha
MOHBI M3 OKpY)Karllero ux pacrsopa. OObIYHO
3TO CUHTETUYECKHUE OPTaHUYECKUE CMOJIbI, UME-
IOIME€ KHCIOTHBIE WM IIEJIOYHBbIE TPYIIIBL.
HonuTel noapa3aensitoress Ha KAaTHOHUTBI, TOTJIO0-
HIalOUMe KaTHOHbI, aHMOHUTHI, IMOIJIOUIAOIINE
AQHUOHBI, U aM(pOTEepHbIE NOHUTHI, 00IanaroIe
000MMH STUMHU CBOWCTBAMH.

HNonooOMeHnHasi cMoJ1a — CUHTETUYECKUI
OpraHMYECKUH HMOHUT, BBICOKOMOJIEKYIISIPHOE
CUHTETHUYECKOE COEIUHEHNE C TPEXMEPHOM relie-
BOW M MaKpOIIOPUCTOM CTPYKTYPOH, KOTOPOE CO-
JIEPKUT (DYHKIMOHAIBHBIE TPYIIbI KUCIOTHON
VI OCHOBHOW TIPUPO/IBI, CIOCOOHBIE K PEAKITHSIM
MOHHOTO OOMEHa.

KaButanusa — o0Gpa3oBaHue B >KHUIKOCTH
MOJIOCTEN (KaBUTAIIMOHHBIX MTYy3BIPHKOB, WM Ka-
BEPH), 3aIll0JIHEHHBIX TapOM, BO3HHUKAIOLIEE B pe-
3y/bTaTe BHEIMIHUX (PU3MUECKUX BO3ACHCTBUM.

MartoyHuK copOuMH — TNPONYKTUBHBIN
pacTBOp MOcIe Ipolecca COpOIHH.

IIpoaykTUBHBIA PacTBOP — pacTBoOp, CO-
JIep KA MOJE3HBIM KOMIIOHEHT.

Copbumst — mpoliecc TMOIJIOUICHUsI TBEp-
JIbIM TE€JIOM (COPOEHTOM) pa3INYHbIX BELIECTB U3
OKpY’KaloIllel cpe/ibl He3aBUCUMO OT MEXaHH3Ma
MIOTJIOLEHUSI.

YiIbTpasByKOBOH M3JIy4aTeb — YCTPOK-
CTBO, IpeoOpasyroliee 3JIeKTprUecKkue Koseda-
HUS, CO3/IaBaéMbleé T'€HEpaTOPOM BBICOKOW uya-
CTOTHI, B ¥ 3-KoneOaHus.

BBenenune

Ha cerognsmHuii J€Hb YpPaHOBOW IpO-
MBIIUIEHHOCTH HEOOXOAMMBI HOBBIE TEXHUYE-
CKH€ pelIeHMs JUIsl yBEJIINYCHHS KaueCTBa BBITyC-
KaeMoH MPOAYKILIUU U CHI)KEHUS ee ceDecTOMMO-
cti. OTHUM U3 TaKUX PEUIEHUH MOXET CTaTh UC-
II0JI30BAHKE Y 3-TEXHOJIOTUIA IIPU IIPOU3BOJCTBE
ypaHa METOJOM IOJ3EMHOIO CKBa)XKMHHOTO BBI-
HieJIaYBaHUs.

[Ipumenenne Y3-TeXHOIOTUI B Pa3INYHBIX
OTpaciIAX MPOMBIIIJIEHHOCTH U HAPOJHOTO X035 M-
CTBa M3BECTHO €II€ C CEepeANHbI MPOILIOr0 BeKa
U TOJIy4YHsIo OOJIBLIOE paclpoCTpaHEHHE B pec-
ny6snnkax CCCP. AkTyanbHOCTb Y 3-T€XHOJIOTUI
HE CHM3WIACh M CErOfHs, OHU HCIOJB3YIOTCS B
He(TSIHON, MUIEBON MPOMBIIIICHHOCTH, MEIH-
LUHE U T.1.

VY bTpa3ByKOBbIE TEXHOJOTUU B YPaHOBOM
MPOMBIIIJIEHHOCTH MOTYT NMPUMEHSTHCS B TaKUX
npolieccax, Kak BbILIeIayuBaHUE, copOus, Je-
copO1Msi, OTMbIBKAa 3€peH HOHUTAa OT MpUMecei
(dbocdop, xene3o, KpeMHUH U T.1.), SKCTPAKIIHS,
pesKCTpakius U ocaxjaeHue. MHTeHcupukanums
MOHOOOMEHHBIX IPOLIECCOB YIbTPA3BYKOM JO-
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CTUraeTcs 3a CYET YMEHBIIECHUS TOIIIUHBI AUd-
¢dy3uoHHOrO CiOsi. Bo3HMKaromume B KUIAKOCTH
noj BiIUsHHEM Y3-kojeOaHuil TypOyleHTHbBIE
NOTOKH, UMIUIO3USI M KaBHUTAIUs, 3ByKOBOE JaB-
JeHHe W HeKoTopsle Apyrue 3(dexTsr BTOpOro
HOopsiIka M3MEHAIT XapakTep AU(QPYy3nOHHOTO
IPAHUYHOTO CJI0s, HEOCPEICTBEHHO MPHIIETaro-
IIEr0 K MOBEPXHOCTH 3€PEH MOHMTA, TOJILIMHON
KOTOPOT'0 JIUMHUTUPYETCS CKOPOCTb IPOLIECCOB
MOHHOTO 0OMEHa, YTO U MPUBOJIUT K HUHTCHCU(DU-
Kalluu.

1. Bausinue yJabTpa3Byka Ha Hpolecc
copOunu ypana

B Hacrosmell cratbe onucaHo HccienoBa-
HUE BIIMSHUS HaJOXEHHOro Y3-BO3JeHCTBUS Ha
npoliecc copOoIMM ypaHa U3 NPOAYKTUBHBIX pac-
TBOPOB Ha HMOHOOOMEHHYIO CMOIY JEHCTBYIO-
miero pyaauka [ICB.

OpnnuM u3 BecbMa 3(h(PEeKTUBHBIX METOIOB
UHTCHCU(UKAIIMHA COPOIMOHHBIX MPOIIECCOB SIB-
nsieTcst 00paboTKa MOHHUTOB YIIBTPa3BYKOM. D-
(eKThl BTOPOro HOPs/IKA, BbI3bIBAEMBIEC YJIbTpa-
3BYKOM OIIPEJICJIEHHOW YacTOThl U MHTEHCUBHO-
CTH, — [NIaBHBIM 00pa30M UMILJIO3Us U KaBUTALUA,
HPUBOJAT K O0Jiee MOJTHOMY PacKPBITHIO MUKPO-
HOp B 3€pHAaX HOHOOOMEHHOM CMOJIBI U K TIOJTHOM
OYHMCTKE UX IOBEPXHOCTH, YTO HEU30EIKHO BBI3BI-
BAeT 3aMETHOE yBEJIMUYEHHE COPOIIMOHHONW €MKO-
CTH CMOJIBI. YJIBTPa3BYK HE TOJIBKO JIEHCTBYET Ha
MIOBEPXHOCTHBIE CJIOM 3€PEH MOHUTA, HO U U3Me-
HSET UX KalWUIAPHYIO CTPYKTYpPY, a TaKKe yBe-
JUYUBACT KOMIIEHCUPOBAHHBIE MOJIEKYIISIpHBIC
CHJIBI Ha oO0IIell MOBEPXHOCTH, BKJIIOYAs U IO-
BEPXHOCTb, BBICTHJIAIOIIYI0 CTEHKH MHUKPO- U
MaKpo- KaluuIsipoB.

KaBuranuonHbie SBICHHS M TaK Ha3bIBae-
MBI YIbTPa3BYKOBOI BeTep, 00YCIOBINBAIOIINE
WHTCHCUBHOE TIEpPEMEIINBAaHUE JKUAKOCTH B
MaKpo-, a B 0COOEHHOCTH B MUKpOOOBEMax, CHU-
KAIOT TPaJInE€HThl KOHIEHTPAIUU PACTBOPEHHBIX
BEIIIECTB Ha IPaHUIIE TBEPJOU U )KUIKOU (a3, ITo
JIOJDKHO YMEHBIIUTh BpEeMs HACBHIICHHUS COp-
OCHTa W3BJIIEKAEMBIMH W3 DPACTBOPOB IEHHBIMHU
KOMITOHEHTaMH, B TAHHOM CITy4ae YPaHOM.

CKOpOCTh XUMHYECKUX PEaKINi, IpOoTeKa-
IONIMX B TETEPOTCHHBIX CHUCTEMaxX, 3aBHCHUT OT

ckopoct auddy3un MOJIEKya K TpaHUIIAM pa3-
nena ¢a3, XAMHYECKOTO B3aUMOJICHCTBUS U AU (-
(y3un pOyKTOB peakiuu. B 60nbIMHCTBE CITy-
YaeB CKOPOCTh XHMMHYECKOTO B3aMMOACUCTBUS
JOCTaTOYHO BENMKA IO CPaBHEHHIO CO CKOPO-
ctsamu uddy3un, BCIEACTBHE ITOTO CKOPOCTH
BCEH peakiuy B LIEJIOM MPU OCTaTOUYHO Pa3BU-
TOM MOBEPXHOCTU KOHTaKTa (a3 ornpeaensiercs
CKOpOCThIO UG Y3Uu pPearecHTOB U MPOTYKTOB
PEaKIiH.

OCHOBHOE COTIPOTUBJICHUE MPOIIECCY Mac-
cooOMmeHa okasbiBaeT nudPy3MOHHBIHA CIOH, pac-
MOJIOKEHHBIN Ha TpaHuLe pa3zena (a3, B CBS3H C
TEM, 4TO MPOIIECC MePEeHOCca BEIIeCTBA B HEM IIPO-
UCXOIUT Hanboyiee MEJICHHO — IIyTeM MOJIEKY-
nspaoit muddysuun. TonmuHa U cBoicTBa Tub-
(y3MOHHOTO CJI0SI CHJIBHO BIUSIIOT Ha CKOPOCTb
MPOTEKaHUs TEeTEPOTreHHBIX MporeccoB. TypOy-
JICHTHBIC TIOTOKH, BO3HUKAIOUINE TP WHTCHCHB-
HOM TIE€pEeMEIINBAHUH, YMEHbIIAIOT 3(deKTnn-
HYIO TOJIIIMHY CJIOS, OKa3bIBAIOIIETO COMPOTHUB-
JeHue rnepeHocy BemiectBa. C yBelIUYeHHUEM CKO-
pOCTH TepeMelInBaHusl BO3pacTaeT U CKOPOCTh
BCEro reTeporeHHoro npoiuecca. [Ipu HamoxeHun
VY 3-nons nporecc 3HaYUTeNbHO yekopsieres. M-
IUIO3Usl U KaBUTAIUs, aKyCTUYECKOE J1aBJICHHUE,
3BYKOBOM BETEP BBI3BIBAIOT MHTCHCUBHBIE TYpOY-
JIEHTHBIC TIOTOKU HE TOJILKO BO BCEH Macce oOpa-
0aThIBAEMOTO PacTBOpPa, HO M B HETIOCPEACTBEH-
HOM OJM30CTH K TpaHHIle pazziena (a3, OT4ero
CIWJIBHO YMEHbINAeTCsl TpaHU4YHBbIA Iuddy3uoH-
HBIU CIION.

bbutn mpoBeieHbl Mcciae10BaHus MHTEHCH-
(dukanmu copOIMK ypaHa U3 MPOJYKTUBHBIX pac-
TBOPOB Ha MOHOOOMEHHYIO CMOJY TIOJ BO3ZCH-
CTBUEM YIbTpa3ByKa C YacTOTOW KoJeOaHM
22 xI'n. TlokazaHOo, 94TO ¢ YMEHBIICHHEM TOJ-
UIMHBI TPAaHUYHOTO AU(PPY3MOHHOTO CIIOS MPO-
LIECC MOKET YCKOPHUTHCA B HECKOJIBbKO pa3. PaBHO-
BECHOE COCTOSIHME MOJI JIeMCTBUEM YJIbTpa3ByKa
JOCTUTaJIOCh IO BpEMEHH B 4—5 pa3 ObIcTpee, ueM
IpU HJIEHTUYHBIX YCIOBUSAX cOpOLUHM, HO 0e3
HAJIOKEHUS YIbTpa3ByKa. [lJIsf 9UCTOTHI SKCTIepH-
MEHTa BCE OIBITHI IIPOBOMIINCH HA JABYX OJFHA-
KOBBIX HOHOOOMeHHBIX ammapaTax CHK-640, na
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KOTOpPBIE TI0]T KOHTPOJIEM 3JIEKTPOHHBIX PacX00-
MEpOB MOJaBAJIOCh OAMHAKOBOE KOJIMYECTBO MPO-
JTYKTUBHBIX PaCTBOPOB U HOHOOOMEHHOM CMOJIBI.
[Ipu sTOM 011HA KOJIOHHA (C YIABTPa3BYKOM) ObLiIa
UCTIBITATEIFHOM, a BTOpas (06e3 ynbTpasByka) —
KOHTPOJILHOM.

VY bTpa3ByK BBOJUIN B €MKOCTh C HOHUTOM
U MPOAYKTUBHBIM PAcTBOPOM IIPU MOMOIIH Me-
TaNIMYecKkoro  Y3-uznyyaTeliss  IOTPYKHOTO
tuna. [Ipu Takom cioco0e BBeIeHUS yIbTPa3ByKa
pacTBOp JOTMOIHUTENIBHO €Ille U HEMHOTO Harpe-
Basicsi. C MOBBIIIEHUEM TEMIIEPaTyphl BpeMsi, He-
00X0aMMoe JIJIsl yCTAaHOBJICHUSI PAaBHOBECHSI, €IIe
Oojee yMeHbINAIOCh. B pe3ynbTare MOBBIIICHUS
TEMIEPaTypbl BpeMsl yCTaHOBJICHUS PAaBHOBECHS
YMEHBILIAETCS B CPEHEM BJIBOE, a MOJ1 BIUSHUEM
VY3-ponH — eme npubnu3uTensHO B 3 pasa.
HaubGonbiiee yckopeHue mporiecca HOHHOTO 00-
MeHa OBUIO JOCTUTHYTO Tpu Y3-00paboTke
cMoutbl ¥ pactBopa mipu 40 °C.

2. Onucanune 000py10BaHUs, UCTIOIb3Ye-
MOI0 B ONBITAX

B mnpoBeaeHHBIX 3KCHEPUMEHTaX OCHOB-
HBIM 000PYZOBaHUEM SIBJISUIUCH JIBA OJJMHAKOBBIX
noHoOOMeHHBIX ammapara tuna CHK-640 u
V3-arperar.

Kaxnast copOumonHas kojonHa (puc. 1)
BBIMOJIHACT PYHKIHIO EMKOCTH CO CMOJIOH, Yepes
KOTOPYIO MTPOIMYCKAETCs POAYKTHBHBIN PacTBOP.
TexHUYECKHEe XapaKTEPUCTUKH KOJIOHHBI ITPUBE-
eHbl B Ta0II. 1.

VYasTpa3BykoBoi arperat (puc. 2) UCIOJb-
3yeTcs Kak OCHOBHOE 00OpYIOBaHUE, BbI3BIBAIO-
ee MHTEHCU(UKAIHUIO TIpoliecca copOIuu, ero
napaMeTpsl IPUBEJCHHI B Ta0II. 2.

3. Onpenenenue BJIMAHUS YJbTPa3ByKa
Ha COpOIHI0 YpaHa

OMnBITHI 110 ONPENETICHHUIO BIUSIHUS YIbTPa-
3ByKa Ha IpOIECC COpOIUU ypaHa MPOBOAUIUCH
B CONOCTABUMBIX YCJIOBMSIX Ha JBYX COpOLIMOH-
HbIx kosoHHax Tuna CHK-640 (puc. 3).

[Ipu mpoBeaeHUH OMBITOB OIMPEAEIIOCH
BIIMSIHME YIBTPa3ByKa Ha CKOpPOCTh COpOLMHU U
MOJTHYI0 JMHAMHYECKYI0 OOMEHHYIO EeMKOCTh
WOHHTA TIPH COPOIMHU YpaHa U3 MPOTYKTHUBHBIX
pacTtBopoB aelicTByromiero pyanuka [ICB ypana.
OneITEl MPOBOAWIMCH HA JABYX OJHOTHITHBIX
COpPOIIMOHHBIX KOJIOHHAX, HA OJHY M3 KOTOPBIX
ObL1 ycTaHOBieH Y3-arperar. IIpoayKkTuBHBII
pacTBop mojaBayicsi Ha 00€ KOJIOHHBI OIHOBpE-
MEHHO C HMJICHTHYHBIMHU IapamMeTpamH I10Jauu.
Mecro ycraHoBku Y3-arperara Ha KOJOHHE MpPHU-
BeZicHO Ha puc. 3. Jlns mpoBeneHHs dKCIepu-
MEHTa B KXy KOJOHHY OBUIO 3arpyeHO IO
0,297 M° MOHHUTA, B3ATOrO M3 IPOLECCA U IIPO-
HIEJIIEro J1eCOpOLHUIo, NEHUTPALUI0O U XBOCTO-
BYIO OTMBIBKY.

ConepxkaHue ypaHa Ha MCXOJHOM HMOHUTE
cocTaBmIIO 2,68 Kr/M°.

KomnyectBo mogaBaeMbIX Ha KOJOHHBI
MPOAYKTHUBHBIX PACTBOPOB PErYJIHPOBAIOCH II0
MOKa3aHUSAM JJIEKTPOHHBIX PACX0JOMEPOB, MPe-

BApPUTCJIIBHO NPOMICAIINX TAPUPOBKY.
Tabmuma 1

Texnuuyeckne xapakrepucTuku koaonnsi CHK-640

Technical characteristics of SNK-640 ion exchange column

IMapametp 3Hauenue

["abGapuTsl KOJIOHHBI B cOOpe, MM 1160x1160%3700
JuameTrp KOJIOHHBI, MM 640
O6beM copbenTa, M 0,7
BricoTa pabodero cnost copOeHTa, M 2,2
O6beM nepepabaThIBaEMBIX PACTBOPOB, M>/4 0,2-5,0
JluneiiHast CKOPOCTD JABMIKCHHSI PACTBOPOB, M/4 0,6-16,0
06beM meperpy;kaemMoro copdenra, am%/u 75-225
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Puc. 1. Copounonnas nanopuasi kosonna CHK-640:

1 — xopmyc; 2 — HKHUIT KOHYC; 3 — BEpXHUI KOHYC; 4 — paccekaTesb pPacTBOpa; 5 — KpaH MojJayu CMECH pacTBopa; 6 — kpaH
BBITPY3KH HACBIMEHHOTO copbenta; 7 — spmudT (airlift); 8 — mpoGoordopuukm; 9 — cMoTpoBbie okHa; 10 — KpaH 3arpy3ku
nonuta; 11 — npuemHslit OyHkep nonuta; 12 — oronoBok; 13 — npeHaxcusIii y3en; 14 — BbIBOI MATOYHUKOB copOrimu; 15 —

oropa

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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Tabmuma 2
HapaMeTle YJAbTPa3BYKOBOI'0O arperarta
Parameters of the ultrasonic unit

IMapametp 3HaueHue
I'aGapuTHBIC pa3Mepsl YIbTPa3ByKOBOH KojebaTenbHON cH- 3215750
CTEMBI, MM
VHTEHCHBHOCTH yIIBTPa3BYKOBOTO BO3/€ekcTBHUS, BT/cM? >10
JiuHa cUIIoBOTO Kabems, M 25
[MuTanne OT ceTH MepeMeHHOro0 TOKa HallpsoKeHneM, B 220422
MakcumanpHas motTpediisiemMast MOIIHOCTh, BA <3000
Juama3oH peryianpoBaHus MOIIHOCTH, %0 40-100
Bpewms HenpepbIBHOH paboTHI, 4 8
l'abGapuTHBIE pa3Mepsl AIEKTPOHHOTO OJI0OKa, MM 640x450%250
\
— 7
B2 ‘ ‘ = —3 ‘
| 5 |
| = |
2 |
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| #50
| |
i |
Y - Y

Puc. 2. YabTpasBykoBasi Kosie0aTebHasi CHCTeMa (arperar) NOrpy>KHOro THIA:
1 — ynpTpa3BykoBas kosebaTenbHas ciucteMa (Habop Mbe30KPHCTAILUIOB); 2 — paboUMid U3ITyYaronIuidi HHCTPYMEHT; 3 — OycTep-
HOE 3BEHO; 4 — repMETHYHOE YIUIOTHEHHUE; 5 — (I1aHel yIbTPa3ByKOBOM KOJeOATEILHON CHCTEMBI; 6 — KOpITyc; 7 — BEHTHIIATOP

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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Puc. 3. YcranoBka Y3-arperata Ha copouuonnyio kojoany CHK-640

Fig. 3. Installation of the ultrasonic unit on the SNK-640 ion exchange column
Tab6muma 3

Pe3yabTaTsl onbiTa 1
Test 1 Results

IHoxaszanus
Bpems npo- HaunmeHnoBanue Copep:xanue U,
KoJjionna pacxonomepa, 3

necca, MUH il pacrBopa KI/M
be3 ucnonb3oBanus [IponykTUBHBINI pacTBOp 0,048
yIbTpa3Byka (KOHTPOJb- 120 2,4 MaTo4HHK copoIHH
Has) 0,002
C ucnone3oBaHIEM [IpoayKTHBHBIH pacTBOp 0,048
yIbTpa3Byka  (HCHBITA- 120 2,4 Marounuk copoim 0,001
TeJIbHAas)

Ha HavampHOM 3Tarie MCHBITAHUN KOJIHYe-
CTBO TIOJIaBa€MOT0 MPOAYKTHBHOTO pacTBOpa
(ITP) Ha KOJIOHHBI 1O MTOKA3aHUSM PACXOJIOMEPOB
COCTaBHJIO:

— 6e3 Y3-arperata — 2,4 M°/u;
— ¢ Y3-arperatom — 2,4 Mm°/u.

OOGmiee BpeMsi cOpOIIMM Ha HaYaIbHOM
JTarne cocTaBuwiio 2 4. Pe3ynbTarhl OmbiTa MpHUBe-
JIeHbl B Ta0II. 3.

[ToBbIIIEHHOE COZICP)KAHUE YpaHa B MATOY-

yIbTpa3ByKa 10 CPAaBHEHUIO C MATOUHHUKOM COPO-
1IUH, BBIXOJSIIUM U3 KOJIOHHBI C YCTaHOBJIEHHBIM
Y3-arperatom B nepBbI€ 2 4, YKa3bIBaeT Ha OUEHb
0OJIBIII0E KOJIMYECTBO MOJJaBa€MOI0 Ha COPOITHIO
MPOJIYKTHBHOTO pacTBopa. Tak, OTHOIIECHUE
obvema mogaBaemoro I1P xk 06bemy noHuTa CO-
craBuiio 8,08 Vp/V¢ B uac.

Crnenyronyii ompIT TPOBOAUICS C YMEHbB-
menneM obbema monauu [IP Ha komoHHy 6e3

V3-arperara, paBabiM 5,86 Vp/Vc B 4ac. Pe3yib-

HHUKC

C0p6LII/II/I Ha KOJIOHHE 0e3 HMCIOJIb30BaHUs

PesysbTaThl onbiTa 2
Test 2 Results

TaThbl OIbITA ITPUBCJCHLI B Tabm. 4.

Tab6muma 4

Mokazanus
Bpems npo- HaumenoBanue Conepxanue U,
OnbIT pacxoaomepa, 3
mecca, MUH il pacTBopa KI/mM
be3 ucnonb3oBanus 60 174 IIponykTUBHBIH pacTBOp 0,050
yIbTPa3ByKa (KOHTPOJIbHas) ' Marto4yHuK copOumu 0,001
C ucnosp30BaHuEM IIponykTUBHBIH pacTBOp 0,050
- 60 2,40
izz)Tp asmyka  (HCbITaTEIT Mato4HuK copOIun 0,001
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Tabmmua 5
PesyabTaTsl onbiTa no onpeaeaennio IIJIOE npu copounn ypana us I[P
The results of the experiment on determining full dynamic exchange capacity
at uranium sorption from pregnant solutions
KoJioHHa 0e3 yabTpa3ByKa (KOHTPOJIbHAS) KoJioHHa ¢ yabTpa3ByKoM (MCNIbITATEIbHAS)
Copepixanue
Copnepxanne | Copep:xxanue U | Coaep:xanue Copepxanne B Conepxanune
BpiMﬂ’ Vol Ve UsIIP, B MAaTOYHMKAX U Ha cmoute, BpiMﬂ’ VplVe UsIIP, Hli:a“:a:;):ﬁ U Ha cMmoute,
3 3 3 3 = 3
/oM copoumu, r/am KI/M r/aM W, 1/ KI/M
1 5,860 0,050 0,0020 1 8 0,050 0,0010
2 8,260 0,048 0,0020 2 10 0,048 0,0010
5 25,400 0,048 0,0040 5 34,01 0,048 0,0020
8 34,180 0,049 0,0050 3,96 8 47,88 0,049 0,0020 5,70
11 51,180 0,049 0,0070 11 71,72 0,049 0,0050
14 67,950 0,048 0,0080 6,03 14 95,29 0,048 0,0060 7,54
17 84,810 0,049 0,0090 17 118,92 0,049 0,0070
20 101,48 0,049 0,0110 7,91 20 142,56 0,049 0,0090 9,98
23 118,69 0,049 0,0120 23 166,23 0,049 0,0110
26 135,52 0,049 0,0140 9,66 26 189,90 0,049 0,0140 12,42
29 152,39 0,049 0,0150 29 213,70 0,049 0,0170
32 169,39 0,051 0,0180 11,73 32 237,54 0,051 0,0200 16,33
35 186,33 0,050 0,0210 35 261,31 0,050 0,0230
38 203,13 0,049 0,0215 13,48 38 284,95 0,049 0,0250 16,87
41 219,93 0,048 0,0220 41 308,48 0,048 0,0240
44 236,70 0,048 0,0230 14,31 44 332,09 0,048 0,0270 17,34
47 253,40 0,048 0,0240 47 355,62 0,048 0,0276
50 270,40 0,049 0,0256 15,87 50 379,53 0,049 0,0294 17,56
53 287,74 0,050 0,0264 53 404,24 0,050 0,0308
56 304,41 0,050 0,0274 16,01 56 427,81 0,050 0,0322 18,26
59 321,01 0,050 0,0284 59 451,52 0,050 0,0330
62 337,71 0,049 0,0286 17,25 62 475,25 0,049 0,0326 19,55
65 354,38 0,050 0,0302 65 498,72 0,050 0,0342
68 371,75 0,049 0,0308 18,86 68 514,58 0,049 0,0356 21,62
71 382,32 0,050 0,0314 71 530,44 0,050 0,0370
!')_‘ 0,04 T T
( 4 4
5 e Oez V3 |
§ 0,035 1 o
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Fig. 4. Graphs of uranium sorption by the ion exchanger with and without ultrasonic action
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[TomyueHHble pe3ysibTaThl YKa3bIBAlOT Ha
ONTUMATIFHOE JJIsl COpOIMU 0e3 ynbTpa3ByKa OT-
HoleHue oObema mopaBaemoro [P k oOwvemy
cMouel, paBHoe 5,86 Vp/V¢ B yac.

[ToydeHHbIE B MEPBOM OIBITE CKOPOCTH
copOIMH JJIsl KOJIOHHBI 0€3 YIbTPa3ByKa U C yiib-
TPa3BYKOM ObUIH B3AThI 32 OCHOBY IIPU MPOBEJIE-
HUU MOCIIEAYIOUIET0 HKCIIEPUMEHTA I10 OTIpeiene-
HHUIO ITOJIHOW IUHAMUYECKON OOMEHHOH EMKOCTH
(ITIOE) cMmobl 6€3 NCIONIb30BaHUS YIbTPa3ByKa
U C HAJIO)KEHUEM YyIbTpa3ByKa. Pe3ynbTaTsl OIbI-
ToB 110 onpezenenuto IIJIOE nonura ¢ ncnosns3o-
BaHUEM YJIbTPa3Byka U 0e3 MCIOJIb30BAHUS YIIb-
Tpa3ByKa MpUBEJEHBI B TA0I. 5.

['paduku copOuuu ypaHa B TUHAMUYECKUX
YCIIOBUSIX TPU MPOBEICHUU HKCIIEPUMEHTA Mpei-
CTaBJICHBI Ha pHC. 4.

[Tonmyuens! crnemyroime pe3yabTaThl dKCIIe-
PUMEHTOB IO MHTEHCU(HUKAIINH TPOIecca COPOITIH
ypaHa U3 TPOIYKTUBHBIX PACTBOPOB HA HMOHOOO-
MEHHYIO CMOJTY HAJIO)KCHUEM YJIbTPa3BYKa, B 4ACT-
HOCTH Y 3-UHTEHCU(HKAIINS TTO3BOJISIET:

— IIpU COJAEPKAHUU ypaHa B MaTOYHHUKAX
copbuuu 0,003 r/mM° yBenmunuTh CKOPOCTH COPO-
uuu B 6,4 pasa;

— IIpU COJEP)KAHUU ypaHa B MaTOYHUKAX
copbuuu 0,014 r/mM® yBenuuuth ckopocTh copo-
uuu B 1,4 pasa;

—3a cueT npuMeHeHus Y3-BO3IeHCTBUA
MOJTyYUTh CPEJHEB3BEIICHHOE YBEIUYCHHUE CKO-
poctu copoO1uu B 1,3 pasa;

—yBenmnunTh [IJIOE wonuta mno ypany
B 1,13 paza.

OO6mee Bpemss 00pabOTKH YIBTPA3BYKOM
MPU  TPOBEICHUHM HKCIEPUMEHTOB COCTABHIIO
63,3 u.

B mpornecce mpoBeneHHsT SKCIEPUMEHTOB
Obula oOmpeneieHa MaKCHUMalbHas CKOPOCTb
copOumu 0e3 mpuMeHEeHHs yabTpa3ByKa AJsl UcC-
M0JIb3yeMOM Ha pyJHUKE HOHOOOMEHHOM CMOJIBI,
paBHas 5,86 Vp/V B yac.

4. UcnpiTaHus 1O OmNpeaeeHHIO BJIMSA-
HHUS yJIbTPa3ByKa HAa MeXaHHYECKYI0 NpoY-
HOCTH HOHHTA

HcnbiTanus WMCTHOIB30BAaHHOTO BO  BCEX
ombiTax aHnoHuTa mapku Ambersep 920U SO4
MIPOBOJMIIUCH B @MKOCTH U3 MOJIMMEPHOTO Mate-
puana ooseMoM 60 1M, B KOTOPYIO 3arpy3uin
40 nM® MOHOOOMEHHON CMOJIBI. [TacriopTHBIC

XapPaKTCPUCTHKU AHUOHUTA ITPHUBCICHBI B Ta6J'I. 6
Tabmnuma 6

XapakTepuCcTHKH CHIILHOOCHOBHO# MaKpONOPUCTOii aHHOHOOOMEHHOI CMOJIBI
mapku Ambersep 920U SO4 nponsBoacrea Dow Chemical Company

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

Iloka3zarenan

3HaueHue

[TonumepHas MaTpuna

MaKkponopHUCTbIi CIIUTBIA MOJUCTHPOII

®uznueckas popma

Henpo3zpadHsle rpaHysl

Honnast popma npu nocraBke

Cynbdarnas (ae meree 50 %)

@DyHKIMOHAJIBHAS TPYyTIITA

—N+(CH3)QCH2CH20H

ITonHast HOHOOOMEHHAs €eMKOCTh

> 1,0 r-3kB./mm® (Cl-hopma)

Bnarocoz[epmaHI/Ie

53-65 % (Cl-dopma)

ToBapHas macca

680—710 r/mm3

I"apmonnueckuil cpegHui AuaMeTp

0,845-1,050 mm

Koaddumuent onaopogHOCTH <1,50
Conepxanue Menkux rpanyn <0,710 mm makc. 5,0 %
Coneprkanue KpynHbIX rpanyn >1,180 MM makc. 4,0 %
M?KCHMHHI:HOG obOpaTumMoe HaOyxaHue oKos10 5 %
Cl- — SO%

MexaHn4decKasi IPOYHOCTh >98 %

3aBOI-U3rOTOBUTEID

Rohm and Haas France S.A.S. (Dow Chemical Company)

CtpaHa-nponu3BOIUTENb

®Dpannus
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Ha BepxHIOIO YacTh €MKOCTH (KPBIIIKY)
YCTaHOBWJIM Y 3-arperaT W LUIAHT IS MOJa4yu
IPOTOYHOIN TeXHHUYECKOW Boabl. Paboumii opran
(VY3-uznyyarens) ObUT MOMEIIEH COOCHO BHYTPH
WIMHPHYECKON eMKocTu. ["abaputhl pabouero
oprana uznyyarens: aavHa — 480 MM, quaMeTp —
50 mm. Bricota emkoctu — 640 MM, nuamerp
eMKocTH — 360 MM. MloHUT pacnonaraics Mexmy
paboynM OpraHOM U3Iy4aTels M CTEHKaMHu
eMKOCTH. PaccTosiHME OT CTEHOK €MKOCTH JI0
pabouero opraHa H3JIydaTelss COCTaBIISIO
335 mm.

Jannplii  pexxum 00pabOTKM  sBIsIETCS
JKECTKUM, TaK KaK 3BYKOBas BOJHA HE YCIIEBAeT
MOTAaCUTh CBOIO MOIIHOCTh B T€TEPOreHHOM cpeie
(pacTBOp + MOHMT) U 3a CUET MAJIOTO PACCTOSIHUS
MEXJIYy HCTOYHUKOM M CTEHKOH eMKOCTH

oOpa3yeTcs  oTpakeHHass BoiHA. Hammume
OTpa)XEHHBIX BOJIH IPUBOIUT K 00pa30BaHHIO 30H
KpaTHOT'O YBEIMUCHHS BO3JICHCTBUS yIbTPa3ByKa
Ha woHMT. Ilpu pabore B NPOMBIILICHHBIX
COpOIMOHHBIX ~ KOJOHHAX (M B JPyrux
MOHOOOMEHHBIX  armaparax [OTOKOBOIO — THIIA)
naHHbii - addexr  Oynmer

MakcuManbsHas 30Ha BIMSHUS YJIbTPA3BYyKa I

OTCYTCTBOBATD.

JTAHHOTO THUIIA U3Iydarenen cocrasiser 550—600
MM OT MOBEpXHOCTH wu3nydarens. OObeMHBIN
pacxon Bozibl coctaBun 20 av%/u. Pexkum paboTsl
V3-reneparopa ycTaHOBWJIM Kak 6 k 25, T.e. 6 4
paboThl yibTpa3Byka W 25 MHH OCTaHOBKH.
O6mee BpeMs paboThl Y3-u3aydarens B paMKax
JKCIepuMeHTa cocTaBwio 148 4y Ha wyacrore
22 xI'. OGmwmii BUJI yCTaHOBKU B cOOpeE MOKa3aH
Ha puc. 5.

Puc. 5. YcranoBka UIs1 HCC/IeI0BAHMS BO3/1elCTBHA KeCTKOI0 yJILTPAa3BYKa HA MeXaHHYeCKYI0 IPOYHOCTH HOHUTA

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

Ilepen HauanoM »>KcHepUMeHTa ObUIN
0TOOpaHbl POOBI MCXOIHON (HOBOM) CMOJIBI U
MIPOMapKUPOBaHBl COOTBETCTBEHHO Ne 3 u No 4
(puc. 6). Ilo oxoHUaHMM 3KClIepUMEHTa OBbLIH
OoTOOpaHbl  TPOOBI npoueauein
V3-00paboTKy, oHU ObLIH IpoMapKupoBaHb! Ne 1
u Ne 2. Ha puc. 6 BuzHO, uTo ipoObt Ne 3 n Ne 4 —
9TO HOBas CMOJA, TOJBKO 4YTO W3 3aBOJICKON

CMOIJIB,

ymakoBku, a mpoosl Nel u Ne 2 ornmuarorcs
0olee TEMHBIM IIBETOM C CEPbIM OTTEHKOM,
CBHUJICTENICTBYIONUM 00 WX TIpEIBAPUTEIHHOMN
IKCIUTyaTaIUH.

Bce mpoObl OblIM OTIIpaBiIEHBI Ha Tak
Ha3bIBAEMBIH CIIETIOW aHAIW3 B HE3aBHCHUMYIO

CHeIUaTU3UPOBAHHYIO mabopaTopuIo.
Pesynmprathl  aHanm3a  JaHHBIX ~1poO  Ha
orpezeneHne BEJIMYMHBI MeXaHUYECKOH
MIPOYHOCTHU 3€PEH MOHUTA TAKOBBI:

— npoOa Ne 1: mexaHnyeckasi MPOYHOCTh —
99,0 %;

— npob6a Ne 2: MexaHU4ecKast IPOYHOCTh —
99,5 %j;

— pob6a Ne 3: MexaHu4ecKast IPOYHOCTh —
98,0 %;

— npob6a Ne 4: mexaHu4yecKast IPOYHOCTh —

98,0 %.
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Puc. 6. IIpo6s1 ncxoqHoro HoBoro HoHUTAa (Ne 3 u 4) B cpaBHeHHH ¢ MPO0GAMU HOHUTA,

ObiBIIEro B 3KcIuryaTauuu (Ne 1 u 2)

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)

Kak BUJHO U3 IIOJYYCHHBIX JaHHBIX,
o0paboTka 3epeH HOHOOOMEHHOW  CMOJIBI
YIABTPa3BYKOM Jaxe B
CMOJICITUPOBAHHBIX KECTKHUX YCIOBUAX HE TOJILKO
HE BbI3BAJIA YXYIIICHUS €€ MEXaHUYECKON
NPOYHOCTH, OOJiee TOrO, OHA MpUBENA IYCTh K

CIICouaJIbHO

HE3HAYUTEIILHOMY, HO BIIOJIHE JUATHOCTUPYEMOMY
Y 3aMETHOMY UX YIPOYHEHHUIO. DTO MPOU30IILIO 32
c4eT TMOJHOW Y3-OYMCTKM MaKpOIOPHUCTOMN
CTPYKTYpbl 3€pE€H HOHHTA, a TaKXe 3a CYET
BOCCTAaHOBUTEJIBHOIO 3PeKTa TaKk Ha3bIBAEMOIl
V3-cumBku (cnaiiku) HUTEH MHOJUCTHPOJILHOMN
MAaTpHUILIbI, TOBPEXKIECHHBIX B X0J€ IKCIUTyaTalluH
MOHOOOMEHHOW CMOJIBI TIPH €€ MCII0JIb30BaHUH B
TEXHOJOTMYECKOM IMKJIE TIOJIy4YeHHs YypaHa
metonom [ICB.

3aki0ueHue

[IpoBeneHHBIE HKCIIEPUMEHTHI 110 UHTEHCH-
¢ukanuu copouMM ypaHa U3 IPOAYKTUBHBIX pac-
TBOPOB Ha HOHOOOMEHHYIO CMOJY YJIbTPa3ByKOM

Bbubauorpadguyeckuii cnmcoxk

MIOKA3aJIM IPUHIUIHAIBHYIO BO3MOXHOCTH IIEp-
CHEKTUBHOTO HCHOIb30BaHUS Y 3-BO3JAEHCTBUS
JUIE MHTEHCH(HUKAIUU IPYTUX HOHOOOMEHHBIX
IIPOLIECCOB B TEXHOJIOTMYECKOM LIMKIIE IOJIyde-
Hus ypana metogoM IICB. Taxxe onbITHBIM mmy-
TeM ObUI YCTaHOBJIEH (DaKT OTCYTCTBUS HEraTHB-
HOTO BJIMSIHMSL 1aXK€e MPOJOJIKUTEIIBHOIO U JKECT-
Koro Y3-Bo3AeiCTBUSI HA MEXAaHUYECKYIO NpPOY-
HOCTh 3€peH HMOHOOOMEHHOH cmoubl. Habmro-
JaJicsi pereHepaTuBHBIN 3D deKT.

OnucaHHble B HACTOSIIEH CTaThe IPOBE-
JICHHBIE DJKCIEPUMEHTBI OXBATBIBAIOT TOJIBKO
nporecc copOIMK ypaHa U3 MPOAYKTUBHBIX pac-
TBOPOB. OJJHAKO MOKHO NIPEIIOJararh, YTo MC-
cienoBanue Y 3-BO3ACUCTBUS SBISIETCS NTEPCIEK-
TUBHBIM JJIS IPYTMX MOHOOOMEHHBIX MPOLIECCOB,
IIPUMEHSAEMBIX NP IIPOU3BOJCTBE ypaHa METO-
nom IICB.

1. Arpanar b. A. Yaempassyrxosas mexnonoeus. M.: Metamnyprusi; 1974, 503 c.
2. KazanneB B. ®. Pacuem ynompaszeykosvix npeobpazosamenei Ol MEXHOLOSUHECKUX YCMAHOBOK.

M.: MammHocTpoenue; 1980.

3. Kapnamor I'. A., Muxaiinos Il. E. Tenromaccoobmennvie axycmuueckue npoyeccvl u annapamel.

M.: MammHocTpoenue; 1976.

4. Konecnukos I'. E., Kapnenko JI. A. Onmumansrnoe npoexmupoganue 6 3a0a4ax Xumu4eckoz0 MAawluHo-

cmpoenusi. M.: MUXM; 1983.

5. Jlamexun H. C. MaremaTiueckas MOIEIh AUCTIEPTUPOBAHUS C YI€TOM KaBUTAINH. 1 eopemuuecKue 0CHO8bl

xumuyecxux mexrnonozuii, 1987. T. 21.

6. Maprynuc M. A. 3gykoxumuueckue peaxyuu u cononomunecyenyus. M.: Xumust; 1986.
7. Huxomaes B. H., lllesmioB B. C., I'orom T. A. Hccredosarnue enusanus yibmpazeyka Ha npoyecc pazoeneniis

unoeotui cmecu. C6. Hayu. p. M.: MUCH; 1984.

OBOTI'AINEHUE, IEPEPABOTKA MUHEPAJIBHOI'O U TEXHOI'EHHOI'O CBIPbs




ISSN 2500-0632 (ON-LINE) GORNYE NAUKI | TEHNOLOGII = MINING SCIENCE AND TECHNOLOGY (RUSSIA)

% FOPHbIE HAYKW
n

MUCuC

HauvoHanbHbIA nccneaoBaTeNbeKin
TEXHO/IOT4ECKIA YHUBEPCTET

2020;5(1):12-24

8. IIpomtor M. A. Mawunsl u annapamol ¢ UMRYIbCHLIMU SHEP2EMUHECKUMU 8030€UCMBUAMU Ha 0Opabambi-
saemvle seujecmea. M.: Mammnoctpoenue; 2004,

9. ITpe3okepamuueckue mpeodpasoBatenu. Memoovl usmepenus u pacuiema napamempos:. CHpaBOYHUK.
IMox pen. C. U. Ilyrauesa. JI.: Cynocrpoenue; 1984.

10. Pozenbepr JI. JI. Hcmounuxu mownozo yrempassyka. Dokycupyiowue usiyyamenu YibmpazeyKd.
M.: Hayka; 1967.

11. Tananaes U. I'. ¥pan: Vueb. nocodbue ons 8y306. M.: U3a-so HUAY «MUDN»; 2011.

12. Teymun U. U. Yasmpaszsyxosvie konebamenvuvie cucmemsi. M.: THTU mammaoCTp. AT ; 1959,

13. Texnonocuueckuti pecnamenm na padbouuli npoyecc nepepadomKu pacmeopos no03eMHO20 6blUeIAYUEA-
HUsL C NOJYYEHUEeM 20MOBOU NPOOYKYUU 6 8ude OKCU008 NpupooHo2o ypana Ha pyoruxe TICB. 2015.

14. ®puaman B. M. OU3MKO-XUMHUECKOE JEHCTBUE YIbTPa3ByKa Ha FeTEPOreHHbIE MPOLECCHl KUIKOCTHON
00paboOTKN MaTepuainoB. [Ipumenenue yibmpaseyka 6 XumMuko-mexunoaocudeckux npoyeccax. M.; 1960.

15. IlprankoB @. I1., Cenun B. H. [Juxiuueckue npoyeccol 6 xumuuecxkou mexuonocuu. OcHosvbl 6e30mxo0-
Huix npoussoocma. M.: Xumus; 1988.

16. Datta Subhendu K., Shah Arvind H. Elastic Waves in Composite Media and Structures: With Applications
to Ultrasonic Nondestructive Evaluation. CRC Press LLC; 2019. 321 p.

17. David J., Cheeke N. Fundamentals and Applications of Ultrasonic Waves. CRC Press; 2002. 451 p.

18. Hirao M., Ogi H. Electromagnetic Acoustic Transducers: Noncontacting Ultrasonic Measurements using
EMATS. Springer Japan; 2017. 382 p.

19. Kundu T. Nonlinear Ultrasonic and Vibro-Acoustical Techniques for Nondestructive Evaluation. Springer
International Publishing; 2019. 759 p.

20. Seak T., Leong H., Manickam S., Gregory J. O. Martin, Wu Li, Muthupandian A. Ultrasonic Production of
Nano-emulsions for Bioactive Delivery in Drug and Food Applications. Springer International Publishing; 2018. 446 p.

21. Wayne W. Ultrasonic welding of lithium (Li") ion batteries. ASME Press; 2017. 268 p.

22. Wilbur L. Bunch. The effect of ultrasonic sound frequencies on the viscosity of Wyoming asphalt base
petroleum. Laramie, Wyoming; 1951. UMI Number: EP23601. 47 p.

References

1. Agranat B. A. Ultrasonic Technology. Moscow: Metallurgiya Publ.; 1974. 503 p. (In Russ.).

2. Kazantsev V. F. Calculation of ultrasonic transducers for technological. Moscow: Mashinostroenie Publ.;
1980. (In Russ.).

3. Kardashov G. A., Mikhailov P.E. Heat and mass transfer acoustic processes and apparatuses. Moscow:
Mashinostroenie Publ.; 1976. (In Russ.).

4. Kolesnikov G. E., Karpenko L.A. Optimal design in the problems of chemical engineering. Moscow: MIHM
Publ.; 1983. (In Russ.).

5. Lamekin N. S. Dispergating mathematical model taking into account cavitation. Theoretical Foundations of
Chemical Technologies; 1987. Vol. 21. (In Russ.).

6. Margulis M. A. Sonochemical reactions and sonoluminescence. Moscow: Khimiya Publ.; 1986 (In Russ.).

7. Nikolaev V. N., Shevtsov B.S., Gogom T.A. Investigation of ultrasound action on the process of mixed
liquor separation. MISI Proceedings. Moscow: MISI Publ.; 1984. (In Russ.).

8. Promtov M. A. Equipment and apparatuses with pulsed energy actions on the substances to be treated.
Moscow: Mashinostroenie Publ.; 2004. (In Russ.).

9. Pugachev S. I. (ed.) Piezoceramic transducers. Methods of measurement and calculation of parameters:
Handbook. Leningrad: Sudostroenie Publ.; 1984. (In Russ.).

10. Rosenberg L. D. Sources of hard ultrasound. Focusing ultrasound emitters. Moscow: Nauka Publ., 1967. (In Russ.).

11. Tananaev I. G. Uranium: manual for graduate students. Moscow: Publishing House of NRNU "MIPhI
Publ."; 2011. (In Russ.).

12. Teumin 1. I. Ultrasonic oscillatory systems. Moscow: GNTI of Machine-Building Literature Publ., 1959.
(In Russ.).

13. The standard operating procedure for processing ISR pregnant solutions to produce finished products in
the form of natural uranium oxides at ISR mine. 2015. (In Russ.).

14. Friedman V. M. Physico-chemical effect of ultrasound on heterogeneous processes of hydronic treatment
of materials. Application of ultrasound in chemical technology processes. Moscow; 1960. (In Russ.).

15. Tsygankov F. P., Senin V. N. Cyclic processes in chemical technology. Basics of non-waste production.
Khimiya Publ.; 1988. (In Russ.).

16. Datta Subhendu K., Shah Arvind H. Elastic Waves in Composite Media and Structures: With Applications
to Ultrasonic Nondestructive Evaluation. CRC Press LLC; 2019. 321 p.

OBOTI'AINEHUE, IEPEPABOTKA MUHEPAJIBHOI'O U TEXHOI'EHHOI'O CBIPbs




ISSN 2500-0632 (ON-LINE) GORNYE NAUKI | TEHNOLOGII = MINING SCIENCE AND TECHNOLOGY (RUSSIA)

% FOPHbIE HAYKW
n

MUCuC

HaumoHaneHbIA ncceaoBaTenbekuin
TEXHO/OTUUECKIY YHNBEPCUTET

2020;5(1):12-24

17. David J., Cheeke N. Fundamentals and Applications of Ultrasonic Waves. CRC Press; 2002. 451 p.

18. Hirao M., Ogi H. Electromagnetic Acoustic Transducers: Noncontacting Ultrasonic Measurements using
EMATSs. Springer Japan; 2017. 382 p.

19. Kundu T. Nonlinear Ultrasonic and Vibro-Acoustical Techniques for Nondestructive Evaluation. Springer
International Publishing; 2019. 759 p.

20. Seak T., Leong H., Manickam S., Gregory J. O. Martin, Wu Li, Muthupandian A. Ultrasonic Production of
Nano-emulsions for Bioactive Delivery in Drug and Food Applications. Springer International Publishing; 2018. 446 p.

21. Wayne W. Ultrasonic welding of lithium (Li") ion batteries. ASME Press; 2017. 268 p.

22. Wilbur L. Bunch. The effect of ultrasonic sound frequencies on the viscosity of Wyoming asphalt base
petroleum. Laramie, Wyoming; 1951. UMI Number: EP23601. 47 p.

OBOTI'AINEHUE, IEPEPABOTKA MUHEPAJIBHOI'O U TEXHOI'EHHOI'O CBIPbs




ISSN 2500-0632 (ON-LINE)

% FOPHbIE HAYKW
n

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

MUCuC

HauvoHanbHbIN 1cc/eaoBaTenbekni
TEXHO/IOr4ECKNA yHBepCHTET

2020;5(1):25-29

OPUT'MHAJIBHBIE CTATbU / ORIGINAL PAPERS
DOI: 10.17073/2500-0632-2020-1-25-29

Selective Extraction of Cobalt and Copper
from Chilean Mine Water by lon Exchange Resin

J. Abeywickrama, N. Hoth, M. Ussath, C. Drebenstedt

Technische Universitit Bergakademie Freiberg, Freiberg, Germany

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-
tion/elution; eluate; selective extraction.
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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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HoBasi koHUIenuusa MeXaHu3Ma rOPHO-TEKTOHUYECKHUX YIApOB U
APYIrUX TUHAMUYECKHUX SIBJICHUM IJISl YCJIOBUM PYAHBIX MECTOPOKIACHUI
JloBuukos A. B.

T'opnsrit maCTHTYT KONbeckoro HaywHOTO 1IeHTpa Poccuiickoit akagemnn Hayk, AnaTuTel, Poccus

AHHOTanMs: B TOPHOTEXHIUYECKOH JIUTEPATYpPE A0 CUX MOP NPEBAINUPYET MPEICTABICHUE O TOM, YTO FTOPHBIE yAAPBI
B PYAHMKAaX U 1IaXTax BBI3BIBAIOTCS I'PABUTALIMOHHBIMY CHJIAMH BECA MAaCCHUBA IIOKPBIBAIOIIUX MTOPOJ, BBIIBUHYTOE
B mpouuioM Beke C.I". ABepmmabiM u .M. IletyxoBeiM. Ha 3TOM nipeacTaBieHIH OCHOBBIBAIOTCS MpaBuiia Oe3omac-
HOTO BEJCHUS TOPHBIX padOT Ha yAapOOIIaCHBIX MECTOPOXKACHUIX, B TOM YHUCIIE COBPEMEHHbIE HHCTPYKTUBHBIE J10-
KyMeHTHl PocTexHaazopa. MHOro4MCIeHHBIE HCCIIEOBAHNS CBONCTB ITOBEAEHUS MACCHBA TOPHBIX MTOPOJT KaK reoJIo-
THYECKOH Cpe[ibl, ABJICHNUH, BBI3BIBAIOIINX TOPHBIE YAAphl B IOJ3EMHBIX BEIPA0OTKaX, MEXaHU3MOB TIPOSIBIICHUS TOP-
HBIX ¥ TOPHO-TEKTOHUYECKUX YAapOB U3MEHAIOT MHOTHE IpeacTaBieHust. OHU OKa3ajIich B HACTOSAIIEE BpeMs HACTO-
ATENBbHO HEOOXOAUMBIMU AJIs1 OOBSICHEHHS IPUYMH 0COO0 MOLIHBIX F'€0ANHAMUYECKUX SIBIICHUH B pyJHUKAX — TOPHO-
TEKTOHMUYECKHUX YAAPOB M TEXHOI'€HHBIX 3EMJICTPSICEHUHN — SIBIICHUM, KOTOPBIC B IIPOLIIOM BEKE IPAKTUYECKU HE
Habmronanuck. CUIbHBIE TeoIMHAMHYECKHE COOBITHS B pyJHUKAX (TOPHO-TEKTOHUYECKHE YAaPhl, TEXHOT€HHBIC 3eM-
JIETPSICEHUS), COLIOCTABUMBIE 110 SHEPT€TUUECKOMY YPOBHIO C 3eMJIETPSICEHUSMH, B OUEPEIHON pa3 MOKa3aly aHajlo-
THIO 3TUX SIBJICHHM C €CTECTBEHHBIMH 3EMIIETPSICEHHUAMM, UCCIEAOBAHMSIMHU KOTOPBIX 3aHUMAETCA CEHCMOJIOTHS.
M.A. CanoBckuM ¢ COaBTOpaMH ObLT YCTaHOBJIEH 3aKOH CaMONOA00MS CEHCMHUYECKOro Mpolecca Ha Pa3HbIX Mac-
mTabHbIX ypoBHAX. Ha OCHOBaHMM 3TOr0 3aKOHA COOTHOLICHUS, YCTAHOBIICHHBIE ISl 04aroB 3eMJICTPSICEHUH, OKa-
3aJ10Ch BO3MOKHBIM NIPUMEHATD U1 JUHAMHYECKUX MPOSBICHUN TOPHOTO JABJICHUS B pyAHHKaxX. B HacTosmen pa-
00Te pa3BUBAIOTCA JANbHEHIINE IETall 3TOW aHANOTHHU. B Hell mokazaHo, KakuM pazMepaM CTPYKTYPHOIH HEOIHO-
POOHOCTH MaccrBa COOTBETCTBYIOT T€ MM MHbIE ()OPMBI AMHAMUYECKUX MPOSBICHUI ropHoro nasnexus. Ha ocHo-
BaHUM 3aKOHA CaMOIOJ00MS CECMUYECKUX MPOLIECCOB Ha Pa3HbIX MACIITA0HBIX YPOBHSIX IOKa3aHO, YTO SHEPIeTH-
YECKHUE XapPAKTEPUCTUKHU IPOSABICHUN NOPHOIO AABJICHUS B PYAHMKAX MOJUUHSIOTCS 3aKOHOMEPHOCTSIM, YCTaHOB-
JICHHBIM B CEICMOJIOTUH.

Ki1roueBble c/j10Ba: rTOPHO-TEKTOHUYECKUH yAap, MaCCHUB, CTPYKTYPHBIE HEOAHOPOIHOCTH, KiIacCU(UKAIHSA, CEHCMU-
YEeCKUId MOMEHT, MOZLyJIb CIIBUTA.

BaaromapHocTu: paGoTa BBINOJMHEHA NpU mojanepxkke Poccuiickoro ¢onaa ¢GpyHIaMEHTaIbHBIX HCCIICIOBAHMUIA,
npoekT Ne 18-05-00563a.

Jnst uuTupoBanus: Jlosunkos A. B. HoBas koHIenms MexaHu3Ma ropHO-TEKTOHHYECKUX YAapOB U APYTHX JAWHA-
MHYECKHUX SIBJICHUH JUIS YCIOBHH PYIHBIX MeCTOpOaeHul. [opuvie nayku u mexnonoeuu. 2020;5(1):30-38.
DOI: 10.17073/2500-0632-2020-1-30-38.

A New Concept of the Mechanism of Rock-Tectonic Bursts
and Other Dynamic Phenomena in Conditions of Ore Deposits

A. V. Lovchikov

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

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
by S.G. Avershin and I1.M. Petukhov. This concept is the basis for the rules of safe mining at rockburst-hazardous
deposits, including modern guidance documents of Rostekhnadzor. Numerous studies of the behavior of a rock
mass as a geological medium, the phenomena causing rockbursts in underground workings, the mechanisms of
manifestation of rockbursts and rock-tectonic bursts change many ideas. They have now become urgently needed
to explain the causes of particularly powerful geodynamic phenomena in mines — rock-tectonic bursts, technogenic
earthquakes — phenomena that were practically not observed in the 20th century. Intense geodynamic events in
mines (rock-tectonic bursts, technogenic earthquakes), comparable in energy level to natural earthquakes, have
once again shown their analogy with natural earthquakes to be studied by seismology. M.A. Sadovsky et al. estab-
lished the law of self-similarity of seismic process at different scale levels. Based on this law, the relationships
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established for seismic focuses proved to be applicable to dynamic manifestations of rock pressure at mines. In
this paper, further details of this analogy are developed. It shows which forms of dynamic manifestations of rock
pressure correspond to which sizes of structural heterogeneity of rock mass. Based on the law of self-similarity of
seismic processes at different scale levels, we showed that the energy characteristics of the rock pressure manifes-

tations at mines obey the laws established in seismology.

Keywords: rock-tectonic burst, rock mass, structural heterogeneities, classification, seismic moment, shear

modulus.
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BBenenue

['opHO-TEKTOHMYECKUI yaap — 3TO MIHO-
BEHHOE pa3pylIeHHuEe MacCHBa OOJIBIION MOIIHO-
CTU MO TEKTOHMYECKOMY HApYUICHUIO WIH IO
BHOBb 0Opa3oBaBIIEHCs MOJ BIMSHUEM TOPHBIX
paboT TpeluHe, BbI3bIBAIOILEE PA3PYLICHHUE Lie-
JMKOB U BBIPAa0OTOK, KaK MPaBMIIO, HA OOJIBLIMX
wiomanax. HoBas KoHULeNIMs 3aKJIIOYaeTCs B
TOM, YTO MTHOBEHHOE pa3pylIE€HUE IOpOX IpHU
yaape NpOUCXOIUT U3-3a KOHUEHTPALMU BOKPYT
TOPHBIX BBIPA0OTOK T'PaBUTALMOHHO-TEKTOHUYE-
CKMX HaNpsDKEHWM, CYIIECTBYIOIIMX B 3€MHOU
KOpe€, BCIEJICTBHE COBPEMEHHBIX ropooOpa3oBa-
TeJIbHBIX MpoueccoB. Iloa BiusHueM MaciiTad-
HBIX TOPHBIX PabOT CTPYKTYpHO-OJ0KOBas cpesa
TOPHBIX MACCUBOB U3-3a KOHLEHTPALUU I'PaBUTA-
LIUOHHO-TEKTOHUYECKUX HAIPSHKCHUM PE3KO Iie-
PEXOJIUT B HOBOE IOJIOKEHNE T€0JUHAMUYECKOTO
paBHOBeCHS B pOpME FOPHBIX, TOPHO-TEKTOHNYE-
CKHX yJIapOB ¥ TEXHOTE€HHBIX 36MJIETPSICEHHM.

Teopust Bonipoca

B 0OCHOBE KOHLENIHM JIEKUT pa3inyue B
YCIIOBHSIX €CTECTBEHHOI'O HAIIPSKEHHOIO COCTOS-
HUSI MAaCCHBOB PY/IHBIX U HEPYIHBIX (0CATOYHOTO
IIPOUCXOXKIEHNS) MECTOPOKIEHUH MTOJIE3HBIX UC-
KOITaeMbIX. B MacCuBax pyHBIX MECTOPOXKICHUI
MarmMaTu4eckoro Wi MeTaMop(pUYecKoro IMpo-
HCXOXKJICHUSI MMEET MECTO I'PaBUTAlMOHHO-TEK-
TOHWYECKOE HAINPSIKEHHOE COCTOSIHUE TOPOJ,
IIPU KOTOPOM BCJIEICTBUE COBPEMEHHBIX TOPOOO-
pa30BaTEIbHBIX IPOLECCOB, IMPOUCXOAAIIUX B
3eMHOM Kope, Mpeo0ajaloluMi MO BEIUYHUHE

SIBJIIFOTCS] TOPU3OHTANIbHBIE HANpPSKEHUs, a Bep-
TUKaJIbHbIE I'PAaBUTALIMOHHBIE HANPSKEHUS, 00Yy-
CJIOBJICHHBIE CHJIAMU BECa TOJIL [MOKPBIBAIOIIUX
[OpoJi, HMMEIT BTOPOCTENEHHOE 3HAuYCHUE.
B maccuBax MecTopokIeHUI 0Cal04HOTO IPOUC-
XO0X/1eHUs (YrOJIbHBIX, COJIEBBIX) B CUIIY OTHOCH-
TEJIBHO CJIa0BIX Je(pOpMalMOHHO-IIPOYHOCTHBIX
CBOWCTB MOPOJ M JJIUTEIbHBIX PEOJOTHYECKUX
IIPOLIECCOB UMEET MECTO IPABUTALIMIOHHOE HAIPS-
KEHHOE COCTOSTHUE MOPO/JI, B KOTOPOM OIpees-
olllee 3HAYEHHE MMEET BepTHUKallbHas IpaBHUTa-
LIMOHHAsI COCTABJISAIONIAsl HAPSLKEHUH, 00yCIIOB-
JICHHAsI CUJIaMU Beca TOJILIY HaJeralouuX IOpoI.

Mexny TeM B COBPEMEHHOW POCCHUCKOU
TOPHO-TEXHUYECKOM JINTEPATYpPE 3aKPENMUIOCh U
TOCIIO/ICTBYET IIPEJICTABICHUE O TOM, UTO TOPHBIE
U TOPHO-TEKTOHUYECKUE YAApbl B PyJHUKAX BBI-
3bIBAIOTCS TPABUTAIIMOHHBIMH CHUJIAMHU BECa TOJII]
MOKPBIBAIOIIMX TOPOJ HAJ MOJI3EMHBIMH TOp-
HBbIMH BbIpaboTkamu. TeopeTnueckoe 000CHOBA-
HUE ATUX IPEJICTaBICHUN MPHUBEIEHO B paboTax
C. T. Asepmmna [1], U.M. IleTryxoBa ¢ coaBTO-
pamu [2, 3] u np. [lonoxeHus o rpaBUTaLlMOHHON
NPUPOJAE CHUJI, BBI3BIBAIOIIMX TOPHBIE YyAaphl B
PYIHUKAX, 3aJI0KEHBI B COBPEMEHHBIX MHCTPYK-
TUBHBIX JOKyMeHTax PocrexHansopa [4], numu-
TUPYIOLIUX TpaBUia BEJEHUS FOPHBIX paboT Ha
y1apOONacHBIX PYIHBIX MECTOPOKICHUSIX. B HH-
CTpYKIUH [4] HET Hake YMIOMHUHAHUS O TEKTOHH-
YEeCKUX HANpPSKEHUSX, CYHIECTBYIOIIHUX B MacCH-
Bax. BcieacTBue 3TOr0 HEKOTOPHIE MOJIOKEHHS
UHCTPYKINH [4] SIBIISIOTCS OIIMOOYHBIMU U HEJIO-
CTOBEPHBIMH.
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Jpyroii OCHOBOW KOHUEMIUU SIBJISETCS
MPEICTABJICHUE O TOPHBIX MACCHUBAX KaK Ie0JIOrU-
YEeCKOM cpefe HepapXUuecKu-0J0YHOTO CTpoe-
HUS, OCHOBBI KOTOPOTO 3aJI0’KE€HBI aKaJIEMUKOM
M. A. CanoBckuM. B COOTBETCTBUU C 3TUMU
IIPE/ICTABJICHUSIMU TOPHBIE MAaCCHUBBI IIPEICTAB-
JSI0T COOO0M HepapXHio TeoJIOro-CTPYKTYPHBIX
0JIOKOB, Kak ObI BIIO)KEHHBIX JIPYT B IpyTra U pas-
JIEJIEHHBIX MEXIyOJIOKOBBIMU MPOMEXKYTKAMU —
Pa3pbIBHBIMU HAPYIICHUSIMU U TPEUIMHAMHU Pa3-
JUYHOTO CTPYKTypHOro ypoBHs. CylecTByeT
MHO>KECTBO KJIacCH(PHUKAIUN CTPYKTYpHOU Hapy-
HICHHOCTH TOPHBIX MAacCCHUBOB, HO, MO HaIlEeMy
MHEHUIO0, HanboJiee yiaqyHoN /ISl CKaJlbHBIX Mac-
CUBOB SIBIISIETCSl KJIACCU(UKALUA CTPYKTYPHBIX
HapyLIEHUH MaCCUBOB, IPUHATAs JJI1 OCHOBAHUI
TUAPOTEXHUYECKUX COOpYKEeHUH [5]. Yka3aHHas
KJIaccuQuKanus Haubojee mpaBoMepHa Jijisi Mac-
CUBOB DPYAHBIX MECTOPOXIEHUW 110 KpaiHen
Mepe Mo JBYM MPUYUHAM:

a) OCHOBAaHHS THAPOTEXHHUYECKUX COOPY-
KEHHUI 1o MacmtabaM NPOTSHKEHHOCTH B TOPHU-
30HTAIbHON M BEPTUKAIBHON TNIOCKOCTSIX (COTHU
METPOB, MEPBbIEe KHUIOMETPHI) CXOAHBI C pa3Me-
paMu IIaXTHBIX TMOJEH pPYAHUKOB, KOTOpbIE
MMEIOT AaHAJIOTMUYHBIE pa3Mepbl M, CIeaoBa-
TEJIbHO, CXOXKH IO pa3MepaMm C IepeceKaeMbIMU
CTPYKTYPHBIMH ~ HEOJAHOPOJHOCTAMH  (Tpelu-
HaMH{, TEKTOHMYECKHUMH HaPYIICHUSMH, PasJio-
MaMH);

0) knmaccudukanus pazpadboTaHa I Mac-
CHUBOB CKaJIbHBIX, T. €. BECbMa IPOYHBIX, MOPOL
MarMaTHYecKOro WJIM MeTaMOp(HUUYECKOro IMpo-
HCXOXKICHHUS.

[TockonbKy pa3pbIBHBIM CTPYKTYpam pas-
JMYHOTO MaciTaba OJKHBI COOTBETCTBOBATh
OJIOKOBBIE CTPYKTYPbl COOTBETCTBYIOIIETO Mac-
mrTaba, HAMU TpeJJIoKEeHa CIeayroas Kiaccu-
(ukanus 6JI0OKOBBIX CTPYKTYpP JUIsl HIAXTHBIX I10-
Jel PYIHHUKOB, OCHOBAaHHAas Ha MPUBEIECHHOU
BBIIIE KJIACCH(HMKAIMKA CTPYKTYPHBIX HapyIe-
HUH B  THJIPOTEXHUUYECKOM  CTPOUTEIHCTBE
(tabu. 1) [6].

JluHamMuueckue MpOsIBICHUS TOPHOTO JaB-
JIeHHs] B TOPHBIX BbIpabOTKax (TOpHBIE, TOPHO-
TEKTOHMYECKHE YAapbl U APYrue MPOsBICHUS)
MOXKHO paccMaTpuBaTh KaK OTBETHYIO PEAKIIHIO
reoJOrM4ecKoi cpebl Ha TEXHOI€HHOE BMeEIlla-
TEJICTBO. DTa PEAKLHUs 3aBUCUT OT MHOTHX (hak-
TOPOB, M MPEXKAE BCETO OT MAaCIITA00B TEXHOT'CH-
HOTO BO3JICHCTBHSA, CTPYKTYPHO-OJIOKOBOH HEO/-
HOPOJHOCTH MAaCCHUBOB, CBOWCTB MOpOJ, €cTe-
CTBEHHOT'O HAMPSHKEHHOT'O COCTOSIHUSI MAacCHBOB
U 1pyrux (HakTopoB. 3aBUCUMOCTH (HOPM IPOSB-
JIEHWI TOPHOT'O JABJIEHUS OT Pa3MEpPOB IOPHBIX
BBIPa0OTOK MPH I'PaBUTALMOHHO-TEKTOHUYECKOM
HaIpsLDKEHHOM COCTOSIHUM MAcCHBOB IPUBEJEHA
Ha puc. 1.

Tab6muma 1

Kaaccuduxanus 610KOBBIX CTPYKTYP, 00pa3yeMbIX pa3pbIBHBIMH HapyLIEHUSIMHU

Classification of block structures formed by faults

HaumenoBanue 6;10K0BOM Panr (nopanox) napymernui, [IpoTsoxeHHOCTH Hapyme- | CpemHuit monepedHsId pas-
OTpaHUUMBAIOIINX OJIOK, U o
CTPYKTYPBI HUA, OrPaHUYMBAIOLIUX OJIOK Mep 6s0Ka
OJIOKOBBIX CTPYKTYP
TexroHnmueckuii 6JI0K | COTHM ¥ THICSYH KHIIOMETPOB 500 — 1000 xkm
PervonanbHbIi reoJIoro- | JecaTku M COTHH KHJIOMET- 50 — 100 km
CTPYKTYPHBIH 010K poB
1 EnuHuup! v nepBble JeCATKH 5-10 km
KWJIOMETPOB
JlokanbHBIM  T€0JI0ro-CTpyK- v CoTHU U NIEpBBIE THICAYH MET- 500 - 1000 m
TYpHBIH OJIOK poB
V >10wm 50— 100 m
TpemmHHO-0I0KOBAs oT- Vi 1-10m SMm
JIENBHOCTD VIl - VI <lwMm <lwMm
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Puc. 1. Cxema Pa3sBUTHUA (l)OpM JUHAMHUYECCKUX l'lpOﬂBJ'[eHI/lﬁ TOPHOI'o JaBJEHHUA C POCTOM MacimTadoB TOPHBIX paﬁOT
NpU rPABUTANMOHHO-TCKTOHUICCKOM HAINIPAKEHHOM COCTOAHUUA MAaCCUBOB

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

Tab6muma 2

@opMBI IKCTPEMATBHBIX ITHHAMIYECKHX MPOSIBJIEHMII TOPHOI0 JaBJIeHHsI, COOTBETCTBYIOIME MACIITA0aM aKTHBH3HU-
POBAHHBIX TOPHBIMH Pa00TaMHU Ie0JJ0THYeCKHX CTPYKTYP

Forms of extreme dynamic manifestations of rock pressure corresponding to the scale of geological structures activated
by mining

Panr (mopsinok) | Macmrad ropusix pador (Bbipado-
re0JI0OrHYecKoi | TOK), AKTUBH3UPYIOIIUX CTPYKTYPY

CTPYKTYPBI

XapakrepHblii

BBIPA0OTOK, M

®opma JTMHAMUYECKHUX NPOsIBJIEHUI

pazmep TOPHOTO JaBJIEHUS

[llenymenue, BrIKaablBAaHUE CTEHOK, TUCKO-

OUYHCTHBIX BBIPA0OTOK

VIl - VI [Inyp, cKBaxUHA 100 - 10"
BaHHE KepHa
VI OpuHouHast BbIpabOTKa, CIBOCHHAs 107 — 10° CrpensiHue, 3aKoji000pa3oBaHUE, TOPHBIH
BbIpabOTKa ynap
V-1V Kommiekcsl MOATOTOBUTENBHBIX U 104 — 106 I'opHbIii, TOPHO-TEKTOHUYECKUN yAAp, TEX-

HOTCHHOC 3€MJICTPSICCHUC

Knaccudpukanus (cm. tabn. 1) mo3Bossier
OPUEHTUPOBAThCSI B MPUHAAJISKHOCTH IO Mac-
mraly (paHry, HOPSAIKY) CTPYKTYpHO-O0JI0KOBOM
HEOJHOPOJAHOCTH TOPHBIX MAacCHBOB B COOTBET-
CTBHH C pa3MepaMu OJIOKOB M OTPaHHMYMBAIOIINX
UX TEeKTOHWYECKHMX HapylleHui. B cooTBeTcTBUI
¢ kinaccudukamnueit (cm. Tabn. 1) MoxkHO opueH-
TUPOBOYHO OIICHMBATh PAaHI T€OJIOTHYECKHX
CTPYKTYp, aKTUBU3UPOBAaHHBIX TOPHBIMH pado-
TaMH COOTBETCTBYIOLIETO pa3Mepa, BbI3bIBAIO-
IIUX T€ WIX HHBIE (POPMBI JMHAMUYECKUX MTPOSB-
JICHUH TOpHOTO AaBiieHus (Tadm. 2).

Takum 00pazom, TpeaIoKEeHHAsT KIIACCH-
duKanys CTPyKTYpHO-OJIOKOBOM HEOTHOPOHO-

CTH MaCCHBOB II03BOJISIET IPOBOIUTH PAHKUPOBa-
Hue OJIOKOB Hambojee pacHpOCTPaHEHHBIX pas-
MepoB i pyAHUKOB. OHA MMOMOraeT mpakThuie-
CKU peanu3oBaTh KoHuenuuo M.A. CagoBckoro
0 MOJENIU HepapXU4YeCcKH-OJIOUHOW TIeosioruye-
CKOM cpelpl MPUMEHHUTEIBHO K MpobdiemMaM dKC-
IJTyaTall PyIHUKOB.

AHajn3 MaTepuanos. Pazsurune Treopun

JIroOble nUHAMHYECKHE MPOSIBICHUS TOp-
HOI'O JABJICHUS — HTO MOABHKKHU I'€OJIOTHYECKON
Cpelpl B HOBOE IOJOXKEHUE TN€OJIMHAMUYECKOTO
paBHOBECHSI TOJ1 BIMSHUEM TOPHBIX BBIPAOOTOK U
CYWIECTBYIOIIMX B TOW Cpelie HanpsukeHui. Be-
JUYMHA MOJBUKKH 3aBUCUT OT Pa3MepOB TOPHBIX
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BBIPAa0OTOK B MAacCHBE, HANPSKEHHOTO COCTOS-
HUS TIOpPOJ, pa3MepPoOB TIe0JOro-CTPYKTYpHOI
(6710K0BOIT) HEOAHOPOJHOCTH MAaCCHUBOB H JIPY-
rux ¢akropos. B mporutom, XX Beke, oOparranu
MaJI0 BHUMAHHSI HA aHAJOTUIO TOPHBIX YIapOB H
CECMUYECKUX SABJICHUA B 3€MHOH KOpE, IO-
CKOJIBKY TOpPHBIC yIapbl B PyJHUKAX W IIAXTax
Poccun Mmenu OTHOCUTENTHLHO HEBBICOKHUIT 3HEp-
TeTUYECKHil ypoBeHb [7]. U TonbKo B KOHIIE MPO-
[IJIOTO BEKa — HayaJle HBIHEIIHEro CTOJIeTHUs, KO-
raa B pyanukax Poccun, YOAP, Ilonsmm u npy-
TUX CTPaH CTajH MPOSBIATHCA CHIIbHBIE TOPHO-
TEKTOHUYECKUE YIaphl C BBIICICHHONW CeHCMMYe-
ckoif sHeprueii nopsaaka E = 10%° JIx, ananorus
ITHX SIBIICHUU C 3eMJICTPSICEHUSMHU OblIa ycTa-
HosieHa [8, 9, 10].

JJ1st XapaKTepUCTUKH SHEPTHH 3eMIICTpsICe-
HUW B CEMCMOJIOTUM W IIAXTHOW CEHCMUYHOCTH
UCIIOJIB3YETCSI MIOHATUE CEHCMUYIECKOTO MOMEHTA
B ouare [9]:

Mo = GSs, 1)
rae Mo — ceficmuueckuii momeHt, H-m; G — Mo-
IyJb ciBUra nopoj maccusa, MIla; S — miomans
pa3peIBa, M%; 8 — BETMYMHA MOBIIKKH B 0Yare, M.

[Tpu onKcaHuy rOPHBIX YAAPOB B PYAHHKAX
C OTHOCHUTEIHHO HEBBICOKUM 3JHEPTreTHUCCKUM
YPOBHEM COOBITUH Takue mapaMeTpbl COOBITHH,
KaK IUIOMAJb pa3pbiBa S U BEIMYMHA TTOJBUKKU
0, paHee He onpeaensauck. U Tonbko koraa sHep-
TUSl TOPHO-TEKTOHMUYECKUX YIAapOB B PYyTHUKAX
PHUOIM3UITIACE K DHEPTHH €CTECTBEHHBIX 3eMIIe-
TPSICEHHI, ITH MapaMeTphI 110 aHAJIOTHUH C 3eMJIe-
TPSICCHHUSIMH CTaJIA U3MEPSThes. B Tab. 3 mpuBe-
JEHBbl YKa3aHHBIE MapaMeTpbl ANl HEKOTOPBIX
CWIBHEHWINX TOPHO-TEKTOHHYECKHUX YIApOB B
pyauukax Poccum [11]. Ha puc. 2 mpuBemeHs
TCOMETPHUYECKAE CXEMBl MEXaHW3Ma ITHX yJa-
pOB.

Jlpyrux TOpuUMEpoB B OTEYECTBEHHOU
TOPHO-TEXHUYECKOM JINTEpAType HE HAWIEHO, O-
CKOJIBKY TP 00CJIeI0BAaHUY TIOCTIEICTBUIA COOBI-
TUW B pyJHUKaX 3TH IMapaMeTpbl He U3MEPSIIHCH.

YuuTteiBas 3aK0H caMOmo00us cericMmuue-
CKHX TPOIIECCOB Ha Pa3HbIX MACHITAOHBIX ypPOB-
HSIX, ycTaHOBJIEHHbI M. A. Ca10BCKUM C COAaBTO-
pamu [12], auHaMUYEeCKHE MPOSBICHHUSI TOPHOTO
JABJICHHUS B PYJAHHKAX MOXKHO paccMaTpUBaTh
Kak ceiicMuueckue COOBITHSI B MAacCHBE MOPO/I.
DKCTpanoaupys JaHHbIe Ta0l. 3, MOXKHO OXapak-
TEPU30BATh 3TU COOBITHUS CIEAYIOIIMMH TapaMeT-
pamu (Tadun. 4).

[IpuBenennbie B Ta0. 4 TaHHBIC TTOJTYYCHBI
Ha OCHOBE 3aKOHA CaMOMOJO0USI CEHCMHUYECKUX
MPOLIECCOB Ha Pa3MUYHBIX MAcCIITaOHBIX YpPOB-
Hsx. B wactHocTH, uzBectHO [13], 9T0 ipu 60JTb-
IINX 3€MJIETPSICEHUSIX C MATHUTYA0H 7 — 8 IpOTS-
YKEHHOCTh Pa3phIBOB JOCTUTAET IECITKOB — COTEH
KHIJIOMETPOB, & CMEILIEHUS 10 Pa3pbIBaM UCUHUCIIS-
1oTcs MeTpamu. [1oaTtomy mapameTpsl TuHAMUYC-
CKUX MPOSIBICHUN TOPHOTO 1aBIICHUS B BBIPAOOT-
KaX PYJAHHKOB, SHEPIreTHYCCKHA YpPOBEHb KOTO-
pPBIX Ha HECKOJBKO MOPSAIKOB MEHbBINE, YeM Y
KPYITHBIX 3€MJICTPSCEHUN, BBINVIAIAT BIIOJTHE
MPaBIOTI0I00HO.

3Has XapaKTePUCTHKH oOuara JHHAMHYeE-
CKHUX SIBIEHUH B pyAHUKaX (CM. Ta0I. 4), MOKHO
1o opmye (1) OLeHUTH SHEPTreTHYECKHUE XapaK-
TEPUCTUKH ITHX SIBJICHUNA. MOyIIb CABUTA TOPOJ]
G B TOpPHO-TEXHHYECKHX XapaKTePUCTHKAX
0o0buHO He u3Mepsiercs. [losromy ompenenum
€ro BEJIMYMHY U3 U3BECTHOTO YCTAaHOBJICHHOTO B
reousuke [14] cooTHOMIEHUS:

G=t @
2(1+v)
rae E — mogyns ynpyroctu nopoa, Mlla; v — ko-
s umment [lyaccona mis mopo.
Tabmuma 3

ITapamMeTpbl HEKOTOPBIX CHJIbHEHIIUX rOPHO-TeKTOHNYeckuX yaapos (I'TY) B pyanukax

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

IMapameTpsl coOObITHS Ouarosble napamMeTpbl
Pyanuk, =
HaraI'TY Maruauryaa, JHepreTH4ecKui Inomanek no- Besmnmuunna no-
MeCTOPOKIeHEe 2

ML KJace, K JBHKKH, S, M JBHKKH, CM
Kuposcinit (Xubui- | 16 04 1999 43 105 220 000 2.9
CKOE allaTUTOBOE)
«YMb603epo» (JIoo-

~ X =
3EPCKOE PEIKOME- 17.08.1999 5,0 11,8 500 M % 500 m 16
=250 000

TaJUTHHOE)
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Puc. 2. CxeMbl MeXaHH3MAa rOPHO-TEKTOHHYECKHX yaapoB Ha KupoBckom pyanuke (a) u pyaHuke «YmM603epo» (6)
Fig. 2. Schemes of the mechanism of rock-tectonic bursts at the Kirov mine (a) and the Umbozero mine (b)
Tabmuua 4
[MapameTpsl ATUHAMHYECKHX NPOSABJIEHHI TOPHOTO AaBJIEHUS B PYTHHKAX

Parameters of dynamic manifestations of rock pressure at mines

JHepreTuyecKkre napaMmerpbl QuaroBble napaMeTpsbl

OpueHTHPOBOYHAS
XapakrepHasi BeJINUMHA

2 BeJIMYHMHA T0-
IJIOIAAH MOABHIKKH, M
JBMIKKH, CM

Buj nposBiieHust JHepreruye-

Oueprus, JI:x .
prus, /1 CKHif Kiacce, K

I'opHO-TeKTOHMYECKUI

yJap, TEXHOI€HHOE 3eMJle- 10° - 10% 9-12 100 000 10
TpsiCeHHE
T'opnslit ynap, crpensHue 105 108 5.8 100 10
OpoA
Paspymienue cTeHOK CKBa- 10°— 10t 1_9 0.1 0.1
JKHH
Tabmuua 5

OneHka BeJIHUYMHBI CEHCMHAYECKOr0 MOMEHTA B oUare JTHHAMHYECKHX leOS[B.]IeHI(Iﬁ TOPHOT'0 TaBJICHUS

Estimation of the magnitude of seismic moment in the focus of rock pressure dynamic manifestations

. ILnomans Beauuunna no- Moayas caBura CeilicMuyeckuii Mo-
@®opMa IMHAMHYECKHX SIBJICHUI ) 2
paspbiBa, M JBHKKH, M nopoa, T/m MEHT, T-M
T OpHO-TEKTOHUYECKHUI yap 100 000 0,1 2 400 000 2,4-10°
TopHbIii yjap, CTpENsHUE 100 0,01 2 400 000 2,4-108
PaspylieHue cCTeHOK CKBaKHH, 0.1 0,001 5 400 000 24107
JIMCKOBaHHE KEpHA
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[Togcuntaem, B YacTHOCTH, MOJIYJb CIIBHTA
st iopof; JIOBO3epCKOro peiaKoMEeTauIbHOTO Me-
CTOPOXKIICHUS (TTOPO/IbI — HE(DEITMHOBBIE CHEHUTHI:
JIYSBPHTBI, YpTUTHI, doitsmtel): E = 6 - 10* MITa;
v=0,25. Moaynb ciBUra, BBIMUCICHHBIH 110 (Hhop-
myne (1), coctaBut
G - 60000MITa _ 6000000 /M’

2,5 2,5

Tenepp, Kkorga ompenesneHbl Bce Iapa-

MeTphI, Bxoasmue B Gpopmyiny (1), mo BeaudnHe
CEMCMUYECKOr0 MOMEHTa B OuYare MOXKHO Olle-
HUTh SHEPTHI0 JTUHAMUYECKHUX MPOSBICHUNA TOP-
HOTO JIABJICHUSI B TOPHBIX BBIpaOOTKax. Pe3ynb-
TaThl TAKUX OLEHOK NMPUBEACHHI B Ta0. 5.

B Tabn. 5 pacdersl chenmaHbl PU MOAIYIIE
casura nopox G =24 - 10° 1/M?, 3HAaUeHHE KOTO-
pPOro XapakTepHO Ui CKAIBHBIX MOPOJ, B YacT-
HOCTH Ui TIopoJ; JIOBO3epCKOro MecTopoXIie-
Hus. [lomydeHHBIE BEIMYUHBI CEHCMHUYECKOTO
MOMEHTa I Pa3IMYHbIX (HOPM JUHAMHYCCKUX
NPOSIBIICHUI TOPHOTO JABJICHUS COOTBETCTBYIOT
daxkTryecku HAOIIOJaeMbIM B PYIHUKAX, B 4aCT-
HOCTH SHEPreTUYECKHM XapaKTePHCTUKaM Trop-
HBIX U TOPHO-TEKTOHMYECKUX yaapoB [7] u orieH-
KaM ITHUX SIBIICHUI Apyrumu aBropamu [15, 16].

[IpuBeneHHbIe MaHHBIE TO3BOJSIOT MO-
TBEPIUTh 3aKOH CaMONOJ00Ms CceiicMHUYEecKOro
mporiecca Ha pa3HBIX MAaCIITa0HBIX YPOBHSX,
ycraHoBieHHbIH M. A. CaloBCKUM C COaBTOpaMH.
JlnHamMugecKkue mpOosBICHHS TOPHOTO JaBJICHUS B
pynHUKax (TOpHBIE ¥ TOPHO-TEKTOHUYECKHE

Bbubauorpadguyeckuii cnmcoxk

=2,4-10° t/m?.

ylapbl, CTpelIsHUE MOPOJ U JAp.) IPEACTABISIOT
co00if (hopMy caMOOpraHU3AIHUU T€OIOTUYECKOM
Cpeabl Mo BIUSHUEM TOpHBIX padot. [IpuBenen-
HBIE JaHHbIE TIO3BOJIIOT MOATBEPAUTH TOT (HaKT,
410 (hopMa M SHEPrusi JMHAMUYECKUX SIBICHUH B
PYIHUKAX 3aBUCAT OT MHOTHX (DaKTOPOB, MPEXK/Ie
BCEro OT MacIITabOB TEXHOTEHHOTO BO3ICHCTBUS
Ha MAacCHBBL, HUX HANPSIKEHHOTO COCTOSHUSA,
CTPYKTYpHO-0JIOKOBOTO CTPOEHHS, CBOMCTB IIO-
pox u zip.

3akiao4eHue

1. IIpuBenena panuoHanbHas Kiaccuduka-
U  CTPYKTYPHO-OJOKOBOW HEOJHOPOIHOCTH
CKaJbHBIX MacCHBOB, HauOoJee npuemiIeMas Juis
yCIIOBUY PyJTHUKOB, OCHOBaHHAs Ha Kiaccupuka-
LMY Pa3pbIBHBIX CTPYKTYP B CKAJIbHBIX MaCcCHBAX,
MPUHSATHIX B THAPOTEXHUUYECKOM CTPOUTEIHCTBE.

2. [Tokazana 3aBUCHMOCTEL (OPM TIPOSIBIIC-
HUI TOPHOTO JIaBJICHUS B TOPHBIX BHIPAOOTKaX OT
pa3MepoB TEXHOTCHHOTO BMEIIATEIbCTBA B TOP-
HBIM MaccuB U pa3mepa (MOopsiAKa) CTPYKTYpHOI
HEOJIHOPOJAHOCTH MAacCHUBa, aKTHBU3WPOBAHHOI
TOPHBIMU pabOTaMH.

3. Ha ocHoBe 3akoHa camornonoOus ceii-
CMMYECKOTO Mpoliecca B MACCUBAaX Ha Pa3TUUHBIX
MacIITaOHBIX YPOBHAX BBIIIOJHEHA OLIEHKA dHEp-
TeTUYECKUX I1apaMeTPOB Pa3IMYHBIX IPOSBIIE-
HHUW TOPHOrO JaBieHus. B pesynpraTe OLEHKH
MOKa3aHo, YTO TOJyYEeHHBIE YJHEPTETHUECKUE TI0-
Ka3aTesld MPOSIBICHUNA TOPHOTO JIaBJIEHUS COOT-
BETCTBYIOT ()aKTUUECKUM JIAaHHBIM O TOPHBIX y/a-
pax B pyJHUKaX.
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Pe3yabTarhl HCc/Ie10BaHU BOJTHOBOTO XapaKTepa OMOPHOI0 J1aBJIeHUs IeJTUKOB
U KPaeBbIX YacTeil yroJbHbIX MJ1aCTOB

JIne C. H.

HucTutyT npo6iemM KOMIUIEKCHOTO OcBOoeHHsI Heap, Kaparanna, PecrryOnmka Kazaxcran

AHHoOTanus: Pa3paboTka CBUT IJIACTOB NPUBOJUT K OOPa30BAHUIO B TOJIILE NOPOA OOJBIIOr0 KOJIMYECTBA 30H IO-
BBIILIEHHOT'O TOPHOT'O AABJICHHUS, 00pa30BaHHBIX BIMSHUEM OIIOPHOTO JABJICHHSI KPASBBIX YAaCTEeH MacCcHBa U LISTUKOB,
OCTaBJICHHBIX Ha COCEIHUX IUIacTax. Hamuume Takux 30H pe3Ko yXyALIaeT COCTOSHUE MOATOTOBUTENBHBIX U Kallu-
TaJbHBIX BBIPAOOTOK IpHU pa3pabOTKe CBUT IUIACTOB. B craThe MpHUBOIATCS Pe3ynbTaThl IPOBEACHHBIX HAOIIOACHUM
Ha yJacTKaX MOJ3EMHBIX BBIPA0OTOK YrodbHBIX MIaxT KaparaHguHCKOro yroasHoOro 0acceliHa, HaXoIsIIUXCcs IO U
HaJI HEeTUKaMH U KpPaeBBIMH YaCTSMH BBILIENEKAIINX YTOJIbHBIX IJIAacTOB. Ecy omopHOe naBieHue moJ HeduKaMu 1
KpaeBbIMH YacTSMH YTOJIbHBIX IJIACTOB IOCTATOYHO MHTEHCHUBHO MCCIIEIOBAJIOCH, TO ONOPHOE JAABJICHUE HAJ| LETIH-
KaMH M KPaeBbIMH YacTSAMH YTOJIbHBIX IUIACTOB INPAKTHYECKH HE U3Y4ajochk. Pe3ynbTaThl MpOBEAEHHBIX UCCIIEI0BA-
HUM IIOKa3aJid, 4YTO BO BCEX BI)Ipa6OTKaX, B KOTOPLIX IPOBOJUIIUCH Ha6HIO[ICHI/I$I, BbICOTA y4JacCTKa BI)Ipa6OTKI/I, pac-
MOJIO’KEHHOTO HaJl LIEJIMKOM (KpaeBOH 4acThi0), U3MEHSIETCS] BOJTHOOOPa3HO. XapaKTep BIUSHUS ONOPHOTO JaBICHUS
MEHSIETCS] B 3aBUCUMOCTH OT YAAJICHHOCTH BBIPAOOTKM OT MCTOYHMKA 3TOrO JAaBJICHHUA U ompeaensercs: ko3dduiu-
enToM moapadboTku K. J[;MHa 1mOyBOHBI OMOPHOTO JIABJICHHS COOTBETCTBYET IIary BTOPUYHOTO OOPYIICHHS OC-
HOBHOM KpOBIM YTOJILHOTO IUIACTa, HA KOTOPOM PACIOJIOKEH LMK (KpaeBas 4acTh). Pe3ynbTaThl MPOBEICHHBIX
HCCIIEIOBAaHNH TIOKa3aIM, YTO BO BCEX BBIPAOOTKAX, B KOTOPBIX MPOBOAMINCH HAOIIOACHHNS, BBICOTA y4acTKa BhIpa-
OOTKH, paCTIONIOKEHHOTO IO IIETUKOM (KpaeBOH 4acThI0), H3MEHSETCSl BOTHOOOpa3Ho. B pe3yibTaTte mpoBeIeHHBIX
UCCIIEI0BAaHU BBISBIIEH BOJTHOBOM XapaKTep CTALlMOHAPHOT'O OIIOPHOIO 1ABJIEHH S, PACIIPOCTPAHAIOIIET0Cs BOJIb I1JIACTA,
Ha KOTOPOM pacIoyIokKeHa BBIpaOOTKa, 10 3aKOHY 3aTYXaIOIed CHHYCOUBI IO Mepe yAaIeHHs OT UCTOYHHKA OIIOPHOTO
napienust. [Ipu 3ToM [uTMHA IOTYBOITHBI A/2 COOTBETCTBYET MOIITHOCTH OCHOBHOM KPOBITM HAJT BRIPAOOTKOM.

KiioueBble cjioBa: OIIOPHOC AaBJICHUEC, LICJIUK, Kpa€Bad 4aCThb I1JIaCTa, 30HA IIOBBIICHHOI'O TOPHOI'O AAaBJICHUA, CBUTA
IJ1aCTOB, 3aTyXarollasa CUHyCouia, JJIMHa IMOJTYBOJIHBI.

Hdast umrupoBanus: Jluc C. H. Pe3ynbrarsl HccieqoBaHUi BOTHOBOIO XapakTepa ONOPHOTO JABJICHUS LIETUKOB U
KpaeBbIX YacTel YroyibHBIX IacToB. [ opubie Hayku u mexnonoauu. 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 /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 MOPOA 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 TpHU 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 CIIydasX OCYLUECTBIAThH 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 TIOYBE BBIPAOOTKH, IEepepacripeesieTcs
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 ONBIT 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-
IIaeTCsl CTOMMOCTB JIOOBIUM IOJIE3HOIO HMCKOIIae-
MOT0 Y IOABEPTatOTCs OMACHOCTU 3aHSTHIC B IIAXTE
moau [3-7].

HUccnenoBanusiMu, poBeICHHBIMU B HIKEIIE-
KaIlleM IUIACTe TP MePECeUeHNH OUHCTHBIMH Pado-
tamu 30H [1I'/], 00pa3oBaHHBIX OT BEPXHETO ILJIacTa,
BBISIBJICHBI 3aMETHOE BIIMSTHHE BBIILIEIIEKALIETO I1J1a-
CTa Ha HWKHUI MJ1acT B BujIE AeopMaliiy 1iacta u
HapyLIEHUs CIUIOIIHOCTH €ro KpOBIHM, a TaKXke
HaJIMYKE B HIDKEJIEXkKAIIEM OYMCTHOM 3a00€ MHOKe-
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 YkpHUMU [6, 8] ycra-
HOBJIEHO, YTO IIEJMKU C HEAOCTATOYHO OONBIINMU
pa3MepamMu MOTYT ObITh OTEHIIMAIFHO OMACHBIMU
TIO MPOSIBJIEHUIO TOPHBIX yIapoB [9].

Ha MHOTMX yYTONBHBIX MECTOPOKICHUSIX
YCIIOKHSIIOTCSl YCJIOBUSI OTPAOOTKU B CBSI3H C BO3-
pacratoieil TIyOuHOU pa3pabOoTKH MECTOPOKIIe-
HUI ¥ IepexoioM Ha OoJiee CIIOKHBIE U YacTO U3-
MEHSIOUIMECS TOPHO-TEOJIOTHUECKUE U TOPHOTEX-
HUYECKHE YCIoBUsA. PocT TimyOuHBI pa3paboTku,
Ha4uue OOJNBIINX TUTOIA/IeH BHIPAOOTaHHBIX MPO-
CTPAHCTB B COUYETAaHHUH C BIMSIHUEM MHOTOKPATHOMN
MOJI- ¥ HaJpabOTKOI M1aCTOB MPUBOUT K MOSIBIIE-
Huto Oosbinoro konuuectBa 30H [T/, yBennye-
HUIO UX pa3Mepa, YCHICHUIO BPEIHOTO BIIMSHUS
TOPHOTO U ra30BOT0 JIaBJIEHUS Ha BCIO TEXHOJIOTHIO
TOPHOTO TPOHM3BOJICTBA. VI3MeHEeHHe HampsHKEH-
HOro cocrosiHus MaccuBa B 3o0Hax [II'/[ orpuna-
TENPHO CKa3bIBaeTCS Ha O€30MacHOCTU BEICHUS
TOPHBIX pabOT, CIOXKHEE CTAaHOBHUTCS YIPABIATH
TOPHBIM JABJIEHUEM B OUUCTHBIX U MOATOTOBUTENb-
HBIX BbIpaboTKax [5]. DTo co3maer yrposy mjis
KHU3HU JIIOZIEH U HapyllaeT HOPMaJbHOE BeJCHHE
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TOPHBIX PabOT. 3aTpaTbl HA PEMOHT MOJTOTOBU-
TENBHBIX BBIPAOOTOK, PACIIONOKEHHBIX B 30HAX I10-
BBIILIEHHOTO TOPHOTO JaBieHusi, B 2,0-2,5 pa3a u
0oJiee MPEBBIIAIOT COOTBETCTBYIOIINE TOKA3aTENN
JUTSL TIOATOTOBUTENIHHBIX BHIPAOOTOK, TIOJICPKIBA-
eMbIX B HETpOHYTOM MaccuBe. [Ipu 3TomM norepu
noobau gocturaroT 20-25 % u Oolee, MOBBIIIA-
€TCsl 30JIbHOCTD yTJIs [9, 10].

W3BecTHO, 4TO BOJNM3M KpaeBOl JIMHUU IUIa-
CTa TOpPHOE JaBJICHUE M3MEHSETCS BOJHOOOpPA3HO
(BomHa Bebepa). Otu mporecchl Hanbosiee MOTHO
u3y4deHsl B padore [11] ans ycrnoBuii BeIpaOOTaH-
HOT'O IIPOCTPAHCTBA, MIPUJIETAIOLIETO0 K OUUCTHOMY
3abor0. B npyroii pabore [12] otmMeuaercs, 4To Ku-
HETUKa OMOPHOTO JABJICHUS BIEPEIH OUUCTHBIX
paboT dhopmupyeTCs B BUE BOJIHBL. DTH UCCIE0-
BaHMS TOKa3aJd, YTO OMOPHOE JaBJIIEHHE HMEEeT
BOJIHOOOpA3HbIN XapaKTep C IBHO BHIPAXKEHHOM T1e-
PUOIUYHOCTBIO YePEIOBAHUM 30H MOBBIIICHHOTO U
TIOHW)KEHHOTO JIABJICHUH Briepeau (ppoHTa OYMCT-
HBIX padoT.

OpHako ecii OTOpHOE JIaBJICHHE NUMEET BOJI-
HOBOM XapakTep B IJIOCKOCTH pa3padaThiBaeMOro
TUIACTa, TO AHATIOTUYHBIN XapaKTep OMIOPHOE AaBje-
HHE JIOJDKHO UMETh U MO/ (Ha/1) STUM ILJIACTOM, T.€.
noJ] (Haa) KpaeBbIMU YacTSMU U LIETUKaMH YIS
J1o cux mop 3TOT BONIPOC HE UCCIIET0BAJICSL.

Lesu, 3a1a4n U MeTOAbI HCCIETOBAHUI

Llenpro mccnenoBanuil SIBISUIOCH ONpeEIENe-
HUE XapakTepa pachpeesieHHs] HANpPsHKSHUA 0T
(Ham) UenMMKaMH U KPaeBBIMH YACTSMHU YTOJNBHBIX
1acToB. B 3a1auy BXOAUIIO ONpeielieHne U3MeHe-
HUSI BBICOTBI y4acTKa BEIPAOOTKH, TPOHAEHHOM IO
(Ham) UETUKOM WM KpPaeBOM YacThIO YTOJILHOTO
IuIacTa.

ABTOpPOM OBUIM TPOBEIEHBI HCCIIEIOBAHUS
BJIMSTHUSL CTAIMOHAPHBIX 30H OMOPHOTO JABJICHUS
Ha TIOJIrOTOBUTENILHBIC BEIPAOOTKH, TIEPECEKAIOIIINE
306! [1T']] mox (Ham) menMkaMu U KpaeBbIMU Ya-
ctssmMu. Bo BpeMst HaO1r01eH i POU3BOIUIIOCH U3-
MEpEHHE BBICOTHI BRIPaOOTKH h Ha ydacTke, pacro-
JI0KEHHOM TOJT (Ha) LEIMKOM WM KpaeBoil Ya-
cTbto. JI71s1 TOro 4yToObl OMOPHOE AABJICHHUE CMOIJIO
MIPOSIBUTHCSI B UBMEHEHWH BBICOTHI BBIPAOOTKH B
MOJTHOM Mepe, HAOJI0ICHHSI TIPOBOIMIIUCH B BBIPA-
0OTKax, CYIIECTBYIOIIMX HE MEHee JBYX JeT.

B nanHOM ciydae BbICOTa BBIPAOOTKH SIBIISIETCS
KOCBEHHBIM CBHJIETEILCTBOM BEJTMUMHBI TOPHOTO
JTABJIEHUS, IIOCKOJIbKY YEM BBILLE TOPHOE /1aBJICHUE,
TEM MEHbIIIE COXPAHUBIIIASICS BHICOTA BEIPAOOTKH B
KOHKPETHOM TOUKE.

Pe3yabTaThl HCc/Ie10BaAHUI

HUccnenosanus mpoBeneHsl Ha maxTax Kapa-
TaHAMHCKOTO YrojbHOro OacceiiHa. Pe3ynbraTbl
MIPOBEJICHHBIX HCCIICIOBAHUI [OKa3alMd, YTO BO
BCEX BBIPAOOTKAaX, B KOTOPHIX NPOBOJHIHCH
HaOJIIOIEHNS, BBICOTA YJaCTKa BBIPAOOTKHU, PacIio-
JI0KEHHOT'0 oA (Ha1) LEIUKOM (KpaeBoil 4acThbio)
u3MeHsiercsi BoiHooOpasHo. Ha puc. 1-6 mpuse-
JIeHbI HauOoJIee TUMMYHbBIE TIPUMEPBI PE3YIIbTaTOB
MIPOBEICHHBIX HAOIIOACHUIA.

Jlanee omuCHIBAIOTCSA PE3yJbTAaThl UCCIEI0-
BaHUM, IPOBE/ICHHBIX B BEIPAOOTKAX, PACTIONOKEH-
HBIX TOA (HaJa) HENMMKAaMH M KpaeBbIMH YacTsIMHU
YTOJIbHBIX IJIACTOB.

Benmunsyuonnviii wimpex 42K10— 3 (puc. 1).
BripaboTka pacronioxkeHa IoJ] KpaeBOW YacThbiO
wiacta Kio2, BbIHMMaemas MOIIHOCTb KOTOPOTO
Mg = 3,4 M. MOIIHOCTh MeXIYTLIACThs hy = 82,5 M.
Koaddurment nagpaborku Ky = 24,3. Yron Bius-
HUsE cocTaBui 86°. BbicoTa BEIpaOOTKM U3MEHseTCs
NEPUONYECKH U OIMCHIBAETCA 3aTyXalOIIEN CHHY-
COUJION C JUTMHOM MoNTyBOJHBI A/2 = 45 M. Hekoto-
o€ HCKaXEHUE U OTKIIOHEHHE OT CUHYCOU/IbI BHO-
CAT YYacTKM ILTPEKa, HaXOSIIMECs Ha CONpsiKe-
HUH C BBIPAOOTKaMH, IPOXOASAIIMMHE TIEPIICHINKY-
JISIPHO UCCIIEAYEMOH.

Benmunayuonnviti wumpex 42K10— 3. Beipa-
00TKa pacrojokeHa Mo/l HEeIUKOM IUPUHOH 38 M,
HaxoAAIIMMCs Ha HajipabatbiBaroleM miacre Kip,
BBIHMMaeMasi MOIIHOCTH KOTOporo Mz = 3,9 M.
Momsocth Mexaymiactes hy = 81,1 M. Koaddu-
nueHT Haapabotku Ky = 21,9. Yron BousiHusS OT
MpaBoil KPOMKH LienKa — 61°, ot neBoit — 74°. BbI-
COTa BBIPAOOTKH C JIEBOM CTOPOHBI OT KPOMKH Ie-
JIMKa U3MEHSAETC 110 3aKOHY 3aTyXarollel CHHYCO-
Wbl ¢ IJIMHOW MOMYyBOJHBEI A/2 = 45 m. C mpaBoit
CTOPOHBI OT KPOMKH IIEJMKa Takas 3aKOHOMeEp-
HOCTh HE HaOJOAAeTCsl BCIIEACTBUE HCKAKEHMS,
BHOCHMOTO MEJIKOAMITTATYIHBIMH HApYIICHUSIMA
U CONPSKEHUEM C BBIPAaOOTKOM, POXOISIIEH mep-
MIEH/IUKYJISIPHO UCCIIETYEMOM.

CBOWCTBA I'OPHBIX ITOPO/I. TEOMEXAHUKA U TEO®U3UKA




ISSN 2500-0632 (ON-LINE) GORNYE NAUKI | TEHNOLOGII = MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHBIE HAYKM
y S 2020;5(1):39-48 PUICHE = o
TEXHONOrMYEeCcKNA yHHEepCﬁTeT
| Z‘S&M =
/ma = 34Mm '
K,Q
850 L 174
K
50 144
-
o K=243 470\
®
103
19 /K X 15 Kty IKI3 IKIE K AK1p X9 (KB /X7 [KE [KS (K4 K3 k2 1k{f
w———lzf'i—lu-‘?ﬁ—q&‘illlllTllrxllllli\ K
25
26
27
28
20 B
30!
af
82 how |

Puc. 1. Pesyasrarsl HaGaoaennii 30061 IIT'/] oT KpaeBoii yacTu miacra
B BeHTWISIMOHHOM mTpeke 42K10 — 3

Fig. 1. Findings of observations of the increased rock pressure zone in ventilation drift 42K — W
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Puc. 2. Pesyabrarnl Ha0woaenunii 301 I1T'/] B konBeiiepaom npommrpexe 44K10 — 3

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 KpacBOW YacCThIO ILIa-
craKi2, BblHUMaemas MOLIHOCTH  KOTOPOTO
Mg = 5,1 M. MoIHOCTh MeXKAYIIACThs 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
NOJYBOJIHBEL A/2 = 15 M. YyacTok uccinenyemoi
BBIPA0OTKH, HAXOJIAIICHCS MO KPaeBOH Y4acThIO
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 ycTyrnoM KpaeBoi
yacTh, OOpa30BaHHBIM BBIEMKOW BEPXHEr0 U
HIWKHETo cnoeB miacta Kio. 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 BBIPAOOTKHU SIBHO MPOCMATPHUBAETCSA BIIUS-
HUE JBYX FAPMOHHYECKHUX IPOLIECCOB C JUIMHOM
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 QopmHupyercss Tpu 00jiee BBICOKOM
ypoBHe HanpsbkeHui. Haimosxenue nByx rapMoHM-
YeCKHX MpoueccoB (opmupyer Oosee CIOKHYIO
KapTUHY AehOpMUpOBaHMs BBIPAOOTKU (0OImas
KpHBasi TIOKa3aHa MITPUXOBOW JIMHUEH), YeM MpHU
BJIMSIHUM BBIEMKH OJIHOTO CJIOSI MJTH OJTHOTO T1J1acTa.

Kownsetiepnwiii npomumpex 45K10— 3 (puc. 3).
BripaboTka pacmnosioskeHa o1 yCTyIoM KpaeBoi
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. Koaunment nanpadorku Ky = 5,0.
VYron Bausiua coctaBuia 40°. HanoxeHnue nByx
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 npomwmpex 41Ky — 3.
BripaboTka pacroyioxkeHa moj| ycTynoM KpaeBoi
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 XKe KaK U MPU
BBIEMKE MOIIIHOTO IUIacTa B JBa CIIOsI, JOPMHUPY-
I0TCA JIBa FapMOHHMYECKHMX IIpoLiecca, KOTOpbIe
HaKJIaJbIBalOTCA Apyr Ha apyra. JnuHa mnosy-
BOJIHBI TapPMOHHYECKHUX IPOLIECCOB B JIAaHHOM
Clly4yae 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. Koapunment 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
MOJIyBOJIHBEI 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 HAa U3MEHEHUH
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
BiusgHUA OT TiacTa Kiz cocrasinser 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 MEKAYIUIACTHS 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 conpspkeHHs ¢ 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 MEXIYILIACThs 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-
HUsI 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 Tmponecc. JlimHa momy-
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-
SIHUA 3a)UKCUPOBAThH HE YAAIOCHh 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 YacTsMHU) (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
LenvkaMu (KpaeBbIMU 4YacTsiMu) (cM.puc. 5, 6),
TaKXKe HM3MEHSETCs] BOJIHOOOpazHo. OJHAKO 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 ONOPHOTO JaBJICHUS
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 hy — 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 BIIMSTHUIO
(cM. puc. 5, 6).

OIIOPHOTO JIaBJICHUS

Ipu xparHOCTH TOApPaboTKH OT 14,5 mo 21,0
(30Ha MHTEHCUBHOTO paccioeHus [13]) npoucxo-
JIMT CTITAXKUBAHHUE PA3IHUNI MEXIY XapaKTepoM
BIIMSTHHSI OTIOPHOTO JABIICHHS TIPH TOAPAOOTKE U
Ha/1pabOTKe YroJbHBIX MJIACTOB.

[Ipu nganpHelieM yBeTUYEHUH MOIIHOCTH
MEXIYIUIACThsl XapakTep BIUSHHUS OINOPHOTO
JIaBJIEHUs KaK P 1oApaboTKe, TaK U MU HaJlpa-
00Tke oarHakoB. OTHAKO aMITIUTY/1a U3MEHEHHI
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BBICOTHI BHIPAOOTKHU U JAIbHOCTh BIUSHUS ONOP-
HOTO JaBJieHUs mpu mnoapabotke B 1,6 pasza
OoJbIIe, YeM MpHu HapaboTKe.

Takum 00pa3oM, BBISABICHHBIN BOJIHOBOM
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 pa3paboTaTrh JOCTOBEPHBIE
METOJMKU U PEKOMEH/IAIMH IO TOCTPOSHUIO 30H

Bbubéanorpadmuyeckmnii cnucok

[II'J] st MOArOTOBUTENBHBIX U BCKPBIBAIOIIMX
BBIPA0OTOK, YTO CYIIECTBEHHO COKPATUT IMPOTS-
YKEHHOCTb BBIPAOOTOK B 30HAX BIIUSHUS IIEJIMKOB
U KpaeBbIX YacTed, OCTABJICHHBIX HA COCEIHUX
IJIacTax, 3a C4eT HayYHO OOOCHOBAHHOTO OTpe-
JeNeHUsT KOHPUTrypanuu ¥ JaTbHOCTH BIIMSTHUS
300 II['J m BcieacTBuUE STOTO 3HAYUTEIIHHO
YMEHBIITUT 3aTpaThl HA YIIPABJICHUE TOPHBIM J1aB-
JICHUEM B TOATOTOBUTEIBHBIX M BCKPBIBAIOIINX
BbIpaOOTKaxX MpH pa3pabOTKe CBHUT YrOJbHBIX
ILIACTOB.
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Hosouepkacck, Poccust

AnHoTanusi: Bonpock! obecrnieueHuns reoMexaHNueCKOH YCTOHUMBOCTH TOPHBIX BBIPAOOTOK MPH pa3paboTKe YrOJbHBIX
MECTOPOKICHHUI BCETIa CUUTAINCH TOCTATOYHO CIOKHBIMHU U TpeOOBAT 0CO00TO BHUMAHHSI COOTBETCTBYIOIINX CITY:KO
TOPHBIX KOMITaHWH. VIMEHHO KOMIUIEKCHBIE UCCIIeA0BaHNS (DOPMHUPOBAHKS 30H OTIOPHOTO AABJICHHS B TEOMEXaHMIECKOM
CHCTEME «IIapHbIE IITPEKN», BKIIIOYAIOIINE YUCIEHHOE MOJICIMPOBaHIEe, OCHOBAHHOE HAa METOJIE KOHEUHBIX 3JIEMEHTOB,
TIO3BOJIJTH ABTOPaM IOITYYUTh HOBBIE PE3yabTaThl. sl MOJETMPOBAHUS HCIOIB30BAIMCH YIIPYTOIIIACTHIECKast MOJIETb
Mopa — KynoHa, a Taxke (pr3uKO-MEXaHUIECKIE CBOMCTBA YIS M BMEIIAIOMINX Mopox. MoenrpoBanre MPOBOAMIOCH
TSI KOHKPETHBIX TOPHO-TEOJIOTMIECKUX YCIIOBUI 3aJleTaHus aHTPaIMTOBOro miacta K. B 0HOM mporpaMMHOM MOTyITe
MOJIEJIUPOBAJIMCH HECKOJIBKO CTaJNM, NMO3BOJISIOIMX ONPEACIUTh BEIUUMHY HAIPSHKEHUA U CMEILEHUN KPOBIIU B BbIE-
MOYHBIX BBIpa0OTKaX Ha pa3iiMYHBIX dTanax (GopMUPOBaHUS OMIOPHOTO JABJICHHS BIIEPEIH ABMKYIIETOCS OUYUCTHOTO 3a-
00s1. B pe3ynbrare MoeTMpoBaHus TIOTyYeHBI 3HAUSHNS HANPSDKEHHUH ¥ CMETIEHN KPOBIIM B MACCHUBE BOKPYT BHIEMOY-
HBIX BBIPAOOTOK MPHU PA3TUYHBIX CTAAMSX MPOSIBICHHS 30H OIIOPHOTO JIABJICHHS, MTO3BOJISIIOIINE IPUMEHHTH METOJ, TIa-
HUPOBaHMS SKCTIEPUMEHTA JUIS ONITUMHU3ALIMH TapaMeTPOB OXPaHHOM KOHCTPYKIMHU B BUJIE TOIATIANBOTO LieNuKa. JlaHHbIe
WCCTIEZIOBAHMS HAIIPABIICHBI Ha MOBBIIIIEHNE d(PPEKTUBHOCTH OXPAHBI BHIEMOYHBIX BHIPAOOTOK ITyTEM ONTHMHI3AIINH T1a-
paMeTpoB OXpaHHBIX KOHCTPYKIWH (TIOAATIMBOTO IIEIUKA) ISl TOBBIIIEHHUS IPON3BOIUTEIFHOCTH OUUCTHOTO 320051 TIpH
0TpabOTKE MOJIOTUX AHTPAIMTOBBIX MIACTOB, B TOM YHCIIE OMACHBIM 10 TOPHBIM yIapaM.

KiioueBble ci10Ba: omopHOE aBiIeHUE, TAPHBIE IITPEKH, MOJATIUBEIN LUK, OXpaHa BEIEMOYHBIX BBIPAOOTOK, aH-
TPaLUTOBBIE IJIACTHI, yAap00OE30M1acHOCTb, YUCIEHHOE MOJICINPOBAHHUE.

Jas uutupoBanus: Turos H. B., Banos C. U. UccnenoBarne mporecca hopMUpOBaHUS 30H OTIOPHOTO AaBIECHUS
B CHCTEME «IapHbIe MTpeKkm». [ opruie Hayku u mexronozcuu. 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.

For citation: Titov N. V., Ivanov S. |. Study of abutment pressure zone formation in the system of "paired drifts".
Gornye nauki i tekhnologii = Mining Science and Technology (Russia). 2020;5(1):49-55. (In Russ.).
DOI: 10.17073/2500-0632-2020-1-49-55.
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BBenenue

OnbIT 0TPabOTKU TOJOTUX AHTPAIUTOBBIX
wiactoB Bocrounoro JlonbGacca Ha riayOmHAX
coimre 500 M mokazan Hed((HEeKTHBHOCTD, a Ya-
CTO ¥ HEBO3MOXKHOCTH MTOBTOPHOTO MCIOJIB30Ba-
HUSl BBIEMOYHBIX BBIPAOOTOK M3-3a HEYIOBJIETBO-
PUTENBHOTO BBIMOJIHEHHUST OXPAaHHON (YyHKIUU
MCKYCCTBEHHBIMHU OTPaXKAAIOIIUMU KOHCTPYKIU-
svu (BJIb, BXXBT u np.), uto, B CBOIO odepep,
CYIIECTBEHHO BJIMSCT HA CHIDKEHUE HATPY3KU HA
o4KCTHOM 3260 [1, 3-5, 8].

B 5TuX yCIIOBHAX aKTyalbHOM SBIIAETCA
npo0JieMa ONTUMU3ALNHN TAPAMETPOB MEKIITPE-
KOBBIX II€JIMKOB, 00Ja/1al0IUX JOCTaTOYHOU He-
CylIel CIOCOOHOCTBIO HJISi OXpaHbl OyAyIIEero
BEHTWISILIMOHHOTO IITPEeKa, C OAHOW CTOPOHBI,
u obecreynBarONMX IMOJHYIO YyaapoOe3ornac-
HOCTh — C JIPYrOW, TaK KaK paccMaTpHUBACMBIE
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 A((EeKTUBHBIE TOKa3aTelu pPadbOThI
OUYHCTHBIX 3a00€B JIOCTHTAIOTCS TIPH TPUMEHE-
HUU MHOTOIITPEKOBBIX CXEM ITOJTOTOBKH BbIE-
MOYHBIX CTOJIOOB. PekopaHbIe MoKazaTean ObLIN
nocturHyTel Ha maxtax CIIA — 10 maH T/rox;
1,6 muH T/Mec.; 57 ThIC. T/CyT, B OIAaronpHUsITHBIX
TOPHO-TE€O0JOTHYECKHUX YCIOBUSAX UMEHHO MPH HC-
MOJIb30BaHUH MHOTOIITPEKOBBIX CXEM C OCTaBIie-
HueM 1enukoB [16—18]. OmbIT paOOThl MmIAXT
CIIA, gocTUIIINX HaWBBICIIMX ITOKa3aTejiel B
MUpE, MPEICTABISAET 0COOBI MHTEpEC MPH TPO-
€KTHPOBAHUH TOPHBIX PadoT.

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

MeTtoasbl uccie 0BaHUM

Jns pemieHuss IOCTaBICHHOW 3aJadd Ha
IIEpBOM 3Tare Heo0X0IMMO IPOBECTH UCCIIEA0BA-
HUs nporiecca GopMHUPOBAHUS 30H OTIOPHOTO JIaB-
JICHWSI B YCJIIOBHOH CHUCTEME «IapHbIC MITPEKH:
KOHBEUEPHBINA IITPEK BEPXHEW JIaBbl — BEHTUJIS-
LMOHHBIN IITPEK HUKHEN JIaBbI».

B wuccnenoBaHuss HaMM 3aKJIaJbIBAOTCS
HauOoJee CIOXKHBIE YCIOBHSI (PYHKIIMOHHUPOBA-
HUS BEHTUJISIIMOHHOTO HITPEKa HIDKHEH JTaBbl —
TaKHe e, KaK MMPU MOBTOPHOM €ro HCIOJIb30Ba-
HUU. B 3TOM ciyyae Harpy3ku Ha IITPEK OT OMOP-
HOTO JaBJIeHUs1 OyyT pacipeneisTcs B Clelyto-
IIMX 30HaX:

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

— 2-5 30Ha — TMOJJepX aHHe BBHIPAOOTKU B
MacCHBE JI0 HayaJla OYMCTHBIX PaboT;

— 3-s1 30Ha — (GOPMHUPOBAHKE OTIOPHOTO JIaB-
JICHHSI BIICPEH IBHIKYIIIETOCS OYUCTHOTO 32005;

— 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
JMABJICHHUS BIEPEAN JIBIDKYIIETOCS  BTOPOTO
OYHCTHOTO 33004,

— 7-1 30Ha — JUHAMHYECKOE MPOsBICHUE
OTIOPHOTO JaBleHus (Max) Mpu MOIX0e BTOPOi
JaBbI (B OKHE BTOPOH JIaBbl);

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

OnpenensitomiuM (GakTopoM (MO BETUUHHE
Harpy3oK Ha Kperb BHIEMOYHBIX BBIPAOOTOK) SIB-
JSIETCSI ONMOPHOE 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, 3aJIEralolUX OT IJ1acTa
JI0 TIOBEPXHOCTH.

Hamu npoBeieHbl KOMIUIEKCHBIE UCCIIEA0BA-
HUSI 110 (DOPMHUPOBAHUIO 30H OMIOPHOTO JABJICHHUS B
YCJIOBHOW CHUCTEME «IIapHBIE IITPEKU», BKIIOYAIO-
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 3agauu [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;
mmact kz; v — 1,67 /™% m — 0,98-1,35 m;
Mep, = 1,16 M; cTpoeHuwe muacta — MPOCTOE;
f=2-3; 6cx =20 Mma; o — 5 — 8°.

HenocpencrBenHast KpoBiis, MpeICTaBICH-
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
TPYAHOOOPYIIAIOIIAsACS Ha 3amajge U CpeaHeo0-
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
neGopMHUpPOBaHUS  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 KOHEYHO-3JIEMEHTHOMN
MoOJieTT. BepTHKaNIbHO CKUMAIOIINE HampsoKe-
HUS MacCUBa TOPHBIX IMOPOJ] MPUHUMAIHCH PaB-
HBIMHU BECY CTOJI0A TOPHBIX ITOPOJI 10 3eMHOM 10~
BEPXHOCTH:

o, =yH, /™",

PacuerHast cxema KOHEYHO-DJIEMEHTHOU
mozaenu (puc. 1) mpeacraBisieT cobol y4yacTOK
MaccuBa ¢ pazmepamu 25 x 90 M ¢ BeIpaboTKaMu
MPSIMOYTOJIBHON (pOopMBbI ceueHus. PacctosiHus ot
MOJIETTUPYEMBIX BBIPAOOTOK JO TPAHUIl MOJAETH
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°

CBOMCTBA I'OPHBIX ITOPO/I. TEOMEXAHUKA U TEO®U3UKA




ISSN 2500-0632 (ON-LINE)

% FOPHbIE HAYKW
7

2020;5(1):49-55

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

MUCKUC

HaumoHaneHbIi uccneaoBaTeNbeknin
TeXHONOTUUECKIA YHUBEPCUTET

[TocnenoBarenbHO B OAHOM IPOrPaMMHOM
MOJyJe MOAETUPOBAIIOCh HECKOJIBKO CTaaui
(puc. 2):

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

— 2-51 cTaausl — MPOBEJCHUE BEHTUIISIIUOH-
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
OTOPHOTO JIaBJICHHUS BIEPEOU IBUKYIIETOCS
OUYMCTHOTO 32005 MIEPBOr0 BEIEMOYHOT'O CTOJI0A.

Jlist Kaxa0¥ cTauy pelaiuch yrpyromia-
ctudeckue 3afaud. [Ipu »ToM Ha Kaxa0i mocne-
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

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¢ PeKTHBHOCTH Peau3alui KOMIIETEHTHOCTHOTO MOAX0/1a
B IporpaMMe omnepe:;xkaiouniero 00y4eHusi ropHo100bIBaloIIeil KOMIIAHUU
Kaunmos HU. 10.

ITAO «Muxaitmosckuii I'OK», XKeme3noropck, Poccus

AHHoTanus: GopmMupoBaHUEe KaAPOBOTrO MOTEHIMAIA TOPHOAOOBIBAIOLINX KOMIIAHUH — CIIOKHAs 1 MHOrO(h)akTopHas 3a-
Jla4a, pelieHrne KOTOpO 3aBUCUT OT 3HAUUTENIHHOTO YHCIIa YCIOBUM. FIMEHHO OTCYTCTBHE YHUBEPCATIBHBIX PEILIEHUH, BIH-
siHHE (PaKTOPOB BPEMEHH, PETMOHA, IOCTATOYHOCTH PECYPCHOTO 00ECTICUSHHS OMPE/IEIseT BRICOKYIO LIEHHOCTh Y)Ke peasu-
30BaHHBIX PEILEHUI WX OIXOA0B B Pealn3allii CIeUaIn3MPOBaHHBIX 00pa30BaTebHbIX IPOrPaMM, HAaIlPAaBJICHHbIX Ha
TIOBBIILIIEHHE Ka4ecTBa KaJpOBOro MOTEHIMalIa KOMIIaHUH. PaccMaTprBaloTesi KOHKPETHBIH Kefic, CBSI3aHHBIH ¢ pa3paboTKOi
MPOrpaMMBbI U3MEHEHUSI KOMITETEHIIMI PaOOTHUKOB PEMOHTHO# CITy»KOBI TOPHO-000raTUTEIbHOM MPOMBIIUIEHHOCTH, H €70
anpo0anysi B peabHbIX YCIOBHSX MEPECTPOMKHY MPOU3BOJCTBEHHOr0 LUKJIA. Lesbro poeKTa SBIIsSeTCs OLEHKA BO3MOKHO-
CTH BHEJJPECHHS IPHHLIMIIOB OIIEPEKAIOIIEr0 00YUEeHHs C TOUKH 3pEHUSI ICHXOJI0MMYECKON TOTOBHOCTH PAOOTHHUKOB K U3MeE-
HEHHSIM Ha TIPOMBILIICHHOM TpenpusTih. PaccmaTprBaercst creneHb 3Q(eKTUBHOCTH TAHHOTO CrIoco0a pa3BUTHS IEPCo-
Hasa. 3224 MMPOEKTa HaIpaBJIeHBI HAa (POPMHUPOBAHUE TPYIIT PAOOTHUKOB IT0 CTETICHH MX BIUSIHHS HA POM3BOAMMEIC H3-
MEHEHHS1; UCCIeyeTCsl BXOAsIIask OLEHKA TOTOBHOCTH K HUCIIOJIHEHHIO POJIH «TIPOBOAHHMKA M3MEHEHHID; OCYIIECTBIISCTCS
peanuzanys 00y4Jarox MEpONPUSITHIA, HAMPaBJICHHBIX Ha MOBBILIICHHUE TAHHON TOTOBHOCTH; AeTCsl BBIXOAHAS OLIEHKA d(h-
(heKTHBHOCTH MPOBEJCHHBIX 00yJaroNIMX JeHCTBU. B X0z1e peann3aiyy npoeKTa UCIoIb30BATUCh CIIEMYIOIIIE METOMIBI 1
MHCTPYMEHTHI: KOMITETEHTHOCTHBIH TIOJIXO/T, COIMOJIOTMUECKUIA 1 SKCIIEPTHBIN OTPOCHI, CTATUCTHYECKHIN aHAITN3, 00y1IeHHE
B (hopMaTe TPEHUHTOB W JIEKIWH, PellieHre TeOPETHYECKUX M TMpakTHdeckux Keiico. [lo mroram peanmzoBaHHOM TIpO-
IpaMMBbI U3MCHCHUA KOMHCTCHHI/Iﬁ MOXXHO CA€JIaTh BbIBO/J O JUHAMUKE pOCTa TICUXOJIOrHYECKOM TOTOBHOCTH IPUHATH Mac-
ITAa0HBIE U JIOKAIBHBIC N3MEHEHHSI B HECKOJIBKHX cepax MPOU3BOACTBEHHOIO M COIMYTCTBYIOLIMX MPOLIECCOB Y paOOTHH-
KOB, YYaCTBOBABIIMX B IIPeJIaracMbIX Pa3BUBAIOILNX MEPONPUSTHAX. [lomydeHHble JaHHBIE CBUACTEIBCTBYIOT O LIEJIECO-
00pa3HOCTH BIOKEHHUS PECYPCOB MPOM3BOACTBEHHBIX KOMITAHHH B IIPOaKTUBHOE U ONIEPEKAOIIee Pa3BUTHE pAOOTHHKOB HE
TOJIBKO C HO3I/IHHI7[ HpO(bGCCI/IOHaJ]I)HBIX KOMHCTCH]_[I/II\/'I, HO Y IO MHBIM KOMIICTCHIMAM, HAIIPABJICHHBIM Ha IICUXOJIOTMYC-
CKYIO TOTOBHOCTh K M3MEHEHHSM UM MIOHUMaHHE TIOTPEOHOCTH HENPEPHIBHOIO 00YUYEHUs! CPeny HHKEHEPHO-TEXHUUECKHX
pabotHuKOB (U TP), 3¢h(eKTMBHO BBINOIHAIONINX POJIb «IIPOBOHUKA H3MEHEHHUID Ha TIPOM3BOJICTRE.

KiroueBble c10Ba: KOMIICTCHTHOCTHBIM IMOIXO, PEOpraHU3allis PEMOHTHBIX CIIYXO0, ornepexaroliee o0ydeHue,
MTPOBOIHUKY U3MEHEHUI Ha IPOU3BOJICTBE, HHIUKATOPHI KOMIIETEHITNH, POAKTUBHOE Pa3BUTHE PaOOTHHKOB.

Joas murupoanus: Kimumos U. 10. Ananus 3(h(GeKTHBHOCTH peaiu3aliid KOMIETEHTHOCTHOTO MOJX0/a B MPO-
rpaMMe OTIePEKArOIIEr0 00yUeHHs TOPHOI00BIBatOIel KoMmanuu. I opruvle Hayku u mexronoeuu. 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
mining company. Gornye nauki i tekhnologii = Mining Science and Technology (Russia). 2020;5(1):56-68.

(In Russ.). DOI: 10.17073/2500-0632-2020-1-56-68.

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 BKIIOYACT 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,
ONMPAOIIUECS HA TECTOBBIE CHUCTEMBI OICHKH
MBICTTUTEIIEHON aKTUBHOCTH Y€JIOBEKA, TOKA3aIH,

YTO «KOTHUTHBHBIC HABBIKH B 3HAUUTEIILHOM CTE-
IIEHU ONPEJEIISIOT 3aHATOCTh U YPOBEHB 3apadoT-
HO TUIaThl paOOTHUKA, YAOBIETBOPEHHOCTH TPY-
JIOBOH JI€ATEIILHOCTBIO U CIIOCOOHOCTh COOTBET-
CTBOBaTh HPO(ECCHOHATBHOMY CTaHAApTy» [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-
M3BOJICTBEHHOM cdepe [8, 9].

[Ipn sTOM HajgO 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-
LIMMUCS CTEPEOTUIIAMU, HE BCET/1a IOHUMAIOIIUE
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 HOBEHILINE TEXHOIIO-
MM coBpeMeHHoro npoussoacTtsa. C 2017 r. Ha
KOMOMHaTe cTapToBajla MacluTabHas mporpamma
OpPraHM3AIMOHHBIX M TEXHUYECKUX H3MEHEHUl,
3aTparuBarolias U MPOU3BOACTBO, U 4YeJOoBede-
ckuii axtop. OmHUM K3 BakHEWIIUX OJOKOB
JAHHOM MporpaMMbl Obljla peopraHu3alus pe-
MOHTHBIX ciyx0. [Tocie ananu3a MacmTaboB u3-
MeHeHuit HR-ciyx00i1 komOnHaTa ObLT BBISIBIICH
pUCK HHU3KOM 3¢ddexkTuBHOCTH TporpamMMbl B
CBSI3M C HETOTOBHOCTBIO JII0/IeH K OBICTPOMY BOC-
MPUATHIO U3MEHEHUH U COOTBETCTBYIOLIUX Tpe-
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OoBaHUH K camMmopa3BUTHIO. [[puxoauiocs npuHu-
MaTh BO BHUMaHHE CIIeIU(PUKY CaMOro POU3BO/I-
CTBa B chepe TSHKETOro MAIIMHOCTPOCHHSL, OTHOCSI-
IIErocst K OaCHOMY BHJTy ITPOM3BOACTBA. MeToibl
¥ TIOJIXO/IBI B OTIEPALIMOHHON paboTe 31eCh H3MEHSI-
10Tcs peako. I1oaToMy puck HenpusTHs HOBALIUH,
NPENOIaraloMX KapIuHAJIBHOE NEPEeCTPOCHUE
IIPOLIECCOB U KAJPOBBIX PELICHUM, OTEHIIUATBHO
uMen Kputudeckoe 3Hadenue [10, 11].

[IpuBeneM npumep, CBA3aHHBINA C PEMOHT-
HBIMU TIporieccaMu. Vcronb3oBajics METOA KC-
NEPTHOT'O OIpoca (BKJIIOYAs OYHBIA ONPOC U 3a-
OYHOE aHKETUPOBAHUE), OBLJIO OMPOIIEHO 8 pyKO-
BOJUTEJIEH BBICHIETO YNPABIECHYECKOIO 3BEHA U
17 pykoBoauTenei CpeiHero 3B€Ha U KIIFOUEBBIX
cnenuanucToB. Taxxke ObUTM TPUMEHEHBI MO3TO-
BOM LITYpPM M METOJ KOMHUCCHUH, UCIIOJb3yEMbIi
TPYIIION SKCIEPTOB KOMOMHATA, KOTOPBIA BBI-
B (PAaKTUYECKYI0 HETOTOBHOCTH psijia KITFO4e-
BBIX U PSAOBBIX CIEHMATMCTOB UCIIOJIB30BaTh HO-
BbIC TEXHOJIOTUH TPH PEMOHTE O0OPYHOBaHUS
(nmaHupoBaHUe, 3aKYIKY 3alacHbIX YacTed Hu
pPacXOJHbIX MaTE€pHaIOB, OPraHU3ALMOHHbIE U3-
MEHCHHS ).

C 1enp0 CHU3UTh PUCKU PYKOBOICTBOM
KOMITaHUH Obli1a pa3paboTaHa nporpamma pa3Bu-
TUS NIEpCOHANIa, CYTh KOTOpPOM 3aKirodanach B
TOM, YTOOBI IOBBICUTH NTOKA3aTEIN KOMIIETEHIIUU
«TOTOBHOCTh K U3MEHEHUSIM» Y paOOTHUKOB pe-
MOHTHOM BepTHKaiu. Ho ¢ yaueTrom Oosibioif unc-
JIEHHOCTHU 3THUX PaOOTHUKOB TEXHHUYECKHU NPOBE-
CTH HEOOXOJUMBIE MEpPONPUATHS IS BCEX TPY-
no3aTpaTHO W jgoporo. B cBsa3u ¢ stum HR-
BEPTUKAJIb COCPEOTOUMIIACH HA 0OYUYEHUH KITIO-
YEeBBIX PYKOBOJUTENEH, KOTOPBIE TOJIAKHBI OBLIN
3aT€M «HECTH B MacChD» HOBBIE HJIEU U TIOJXO/bI.
Peur uper o pykoBOAMTENSIX CPEIHETO 3BEHA!
HavaJbHUKAX Y4aCTKOB, MEXaHUKaX/TJIaBHBIX Me-
XaHUKaxX TMOAPA3JEIECHUH U  3aMECTUTEISAX
HAYaJbHUKOB 1IEXOB 110 peMOHTaM. VIMEHHO OHUM
JOJKHBI OBLTM CTaTh AKTHUBHBIMU «IPOBOJHU-
KaM{ U3MEHEHUI» B KOMITAHUU.

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

HOATOTOBKA NPO®PECCHUOHAJIBHBIX KAIPOB

TOPHO-METAJTyPrUYecKOro cerMeHTa, Obuia 3a-
(uKcHpoBaHa MOJIENb HICATHHOTO «IIPOBOIHUKA
n3MeHeHu». Ee omnpeneneHrne MOXHO CBECTU K
CIICAYIOIIEMY: PYKOBOJIUTENb JOJDKEH 00JanaTh
KOMIIETEHIIUSIMU «TOTOBHOCTh K HM3MEHEHHUSIM,
«JTUIEPCTBO» U «ITYOJIUYHbBIE BBICTYILICHUS».

Onucanme KoMIeTeHIUMI

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

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

Kowmmerenmus «imaepcTBo» — CrIocoo-
HOCTh paOOTHHKA OKa3bIBaTh BIMSHUE HA KOJIIEK-
THUB, MOJIy4aTh MOAAECPKKY CO CTOPOHBI IPYTHUX
YJIEHOB TPYIIBI IJIs1 JOCTUKEHUS LETH.

Komnerenrus «mryOnuyHbIe BHICTYTUICHUSI
— yMeHHe pabOoTHHKA Yepe3 BHICTYIJICHUE TIEpeT
OOJIBIION ayAUTOPHEH BBIPa)KaTh CBOU MBICIH U
ueH U yOexaaTh CIYIIAINUX Pa3AesaTh 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 pabodnx mporiec-
COB;

— IpU BHEJIPEHUU H3MEHEHHUM YUUTHIBAET
HE0OXOIMMOCTb TIPUBIICUCHHSI TOTIOTHUTETBHBIX

pecypcoB;

. OPTAHM3AIINSA UCCJIEJTOBAHUM
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— MPOSICHSIET U YYUTHIBAET WHTEPECHI 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 KOJIJIET U TOJ-
YUHEHHBIX;

— BOBJIEKAET, BOOJYIIEBIISIET OKPYKAIOIIUX
Ha JIOCTH)KEHUE PEe3yNbTaTa;

— MMEET CBOIO MO3UIHIO 110 Pa3IUYHBIM BO-
IpOcaM U OTKPBITO €€ BBICKA3bIBAET;

— CTaJKUBAasACh C BO3PAXKEHUSIMU CO CTO-
POHBI OIITOHEHTOB, HAXOAWT 3()(PEKTHUBHBIC TO-
BOJIbI B IOJIEPAKKY CBOEH MO3UIINH;

— 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 OCHOBOM UMEHHO IS
YKperieHus: TpodecCHOHATbHBIX KOMITETEHIUI
U OJHOBPEMEHHO YKPENHUTh YBEPEHHOCTb YEIIO-
BEKa B CBOMX CIIOCOOHOCTSAX M BO3MOXHOCTH CO-
XPaHUTh UJICHTUIHOCTH B YCIOBUSIX WH(OpMAIIN-
OHHO-TEXHOJIOTUYECKUX BbI30BOB. KoMmereHmus
«TOTOBHOCTh K M3MEHEHUSM» Oblia BBISBIICHA B
KauyeCcTBE KJIFOUEBOM: TOJIBKO COOCTBEHHBIN MpH-
Mep MOT CTaTh OCHOBOM JIJIsl 3apakKeHUsI HOBBIMU
UCSIMH OCTAIIbHBIX YJICHOB KoJulekTHBa. [Ipak-
THUKA TMOKAa3bIBAET, YTO TOT/A, KOTJa PYKOBOIHU-
TEJU CKENTUYHO OTHOCSITCS K U3MEHEHUSAM U UC-
KITFOUUTENIBHO «II0 JOJKHOCTH» PACCKa3bIBAIOT O
HUX paboueMy KOJUIEKTHBY, KOJUIEKTHB JIETKO
pacrno3HaeT HEMCKPEHHOCTh U, Jake (GopMaibHO
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 KOJIJIGKTHB OBICTpee W MpoIle

HOATOTOBKA NPO®PECCHUOHAJIBHBIX KAIPOB

MPUHUMAJ MPOUCXOAIINE U3MEHEHHUS, MPEnoJi-
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 «IPOBOJHUK W3MEHEHUI» JOJI-
KEH OBbITh JIUJEPOM, HE TOJIBKO C TOUKHU 3PCHHUS
JOJKHOCTH, HO M HeopMalibHO. BhIsiBieHue cTe-
MIEHU Pa3BUTUA JAHHON KOMIIETEHIIH U €€ TIOBbI-
LIEHHUE TAK¥KE CTAJIO OJHOM U3 BaXKHEUILINX 3a7a4
MIPOTPaMMBI.

TpeTbss KOMIETEHIHS — «ITYOJIUYHBIC BbI-
CTYIUIEHMS» HECKOJbKO MEHEE 3Hauuma JUIs
«MPOBOJHUKA M3MEHEeHUI». TeM He MeHee yme-
HUE BBICTPOUTH CBOIO pedb JIOTUYHO, MOCIEA0BA-
TEJIHHO U apTyMEHTUPOBAHHO SBIISAETCS OOJIBIIUM
MIPEUMYIIIECTBOM JISI «IIPOBOTHUKA H3MEHEHHI.
[TomMuMO 3TOrO, «IPOBOJHUK W3MEHEHHI» HO0JI-
KEH YMETh BBIICPKUBATh KPUTUKY U TIEpeyOexk-
JIaTh COMPOTHUBJISIONIUXCS U3MEHEHUAM PabOTHHU-
KOB B )KBOM JIMAJIOTE.

Takum obOpazom, Oblna chopMynupoBaHa
OCHOBHas L1€JIb TPOTPAMMBI Pa3BUTHS: HA BBIXOJIE
BBISIBUTH PsIJI KJIIOUEBBIX PaOOTHUKOB (11es1eBOit
nokasaresib — 45-50 denoBek, BEpXHHUI ypOBEHb
— 75 yenoBek, HWXHHUH ypoBeHb — 30 yenoBek),
Yy KOTOPBIX ObLIA OBl Pa3BUTHI BBILIETIEPEUNUCIICH-
HbIE KOMIETEHIIUU. DTO TpeOyeTcs NSl yCIel-
HOM peaju3aly mporpaMmMbl KOMOWHATA TIO WH-
HOBaIlMOHHOMY Pa3BUTHIO.

C y4eToM MOATOTOBUTENBHBIX PadOT K U3-
MEHEHHIO CTPYKTYpPbl PEMOHTHOW BEPTHUKAIM Ha
pean3aiuio IporpaMMbl ObLIIO OTBEEHO JIEBATH
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 3HAHUM W HAaBBIKOB 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.

. OPTAHM3AIINSA UCCJIEJTOBAHUM
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2. O0yuyenue 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 OOHApPY)KCHHE YAaCTHBIX (-
(eKTOB BHYTPH CTPYKTYPHBIX MOJIPA3/ICICHUH.

3. IlpoBeneHre TEXHUYECKOTO 0OyUeHUS B
HUTY «MUCuC» (nanpasienue pemonrta). Ho-
BbIC 3HAHMSI B TEXHUUECKOW 00JIACTH JOJKHBI Ya-
CTUYHO TOBBICUTh KOMIETEHIIUIO (JTHIEPCTBOY,
MOCKOJIbKY PYKOBOJUTENHU, OONagaroniue 0oiib-
[IMMH 3HAHUSIMU, UMEIOT AOTOJIHUTEIBHBIE OCHO-
BaHUs JUIsl IEMOHCTPAIUH JIUJIEPCKUX YIpaBlIeH-
YECKMX HAaBBIKOB. Takke JaHHOE OOydeHHe pac-
MIMPSIET KPYro3op U JaeT OCO3HAHHE HeoO0XOau-
MOCTH PEryJIIpHBIX HOBOBBEJCHHH C IENBIO yUa-
CTHSI B KOHKYPEHTHOUW OOpb0e C JApyrumMu mpe-
OPUSATUSIMH OTpaciu. TakuMm oOpa3oM, 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 TPEHWUHTH OBUIM TIPOBENEHBI 1O TpPEM
HaNpaBJICHUSM, KaXXJ0€ W3 KOTOPHIX Halpas-
JIEHHO HENOCPEJICTBEHHO Ha pa3BUTHE COOTBET-
crByromeit kommerennuu (Soft skills [12, 13]):
«TOTOBHOCTb K M3MEHEHUSIM», «IUAEPCTBO» H
«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» TOJHKHBI TPAHCIMPOBATH HJIEU
MEHEDKMEHTa B JOJTOCPOYHOM IEpCIEKTUBE,
ObLTa yCTaHOBIJIEHA BEPXHSIS BO3pacTHAs TUTAHKA).
[Tocne ¢popmanbHOro oréopa 6n11 chopmupoBaH
cnucok u3 180 paOOTHHUKOB.

1. O1neHKa KII0YEBLIX KOMIIETEHIIHI.

HOATOTOBKA NPO®PECCHUOHAJIBHBIX KAIPOB

Ol1ieHKe KITI0UYEBBIX KOMIIETCHIIUHN Mpeie-
CTBOBaJIa MOJrOTOBKA BHYTPEHHUX OLICHIIIMKOB U
pa3paboTka OamTbHOW CHUCTEMBI Ui (UKCAIUU
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 MOTACTh B OJJHY 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 HOBOBBEJCHMs; KaTeropus B — pabot-
HUKH C BBICOKOPA3BUTON «TOTOBHOCTBHIO K U3MeE-
HEHUSIM», HO HU3KUM JIUJIEPCKUM MOTEHIIAATIOM;
kareropusi A — pabOTHUKH C JOCTaTOUYHO BBICOKO-
Pa3BUTHIMH JUACPCKUMU HaBbIKAMU U TOTOBHO-
CTBIO IPUHUMATH U3MEHECHHUS.

OneHka MpoBOAMIACHE METOJJOM MHTEPBBIO
110 KOMITETEHIIUSIM.

[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 COTMPOTUBIICHUS U HU3KOW MOTHBAIIUU.
bbuto BBISIBIEHO, YTO 3aIUIaHUPOBAHHBIE MEpPO-
MPUATHS TI0 JAHHBIM JIIOJSIM HE JAayT 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 IPOrHO3UPYEMBIM); 29
YeJloBeK ObUIM OTHECEHbI K KaTeropuum A (4ro
0Ka3aJ0Ch HE3HAYMTEJIbHO BBIIIE MPEIOIoXKe-
Huii); 40 genoBek — k kareropun C (JTaHHBIE TTO-
Ka3aTelu TakKe ObUIM MPOTHO3UPYEMBI B CHIY
BBICOKOW aJIMMHHUCTPATUBHOW KYIBTYpHI, TPEI-
MoJjiararlied NpsMo MponoOpLUUOHATBHOE Pa3BU-
THE JTUIEPCKUX KAUYeCTB B COOTBETCTBUU CO CTa-
K€M Ha PYKOBOJAILIUX 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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u Kateropus A
B Kareropust B
15%
Kareropus C
B Kareropus D

B M ckmrodeHb!

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

NOATOTOBKA MTPO®ECCHUOHAJIBHBIX KA/TPOB

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

[lo wroram oOy4eHHS YYaCTHUKH IIpO-
IPaMMBI JIOJDKHBI ObLIM HayaTh MPUMEHEHHE JJaH-
HBIX MHCTPYMEHTOB Ha CBOMX IIPOU3BOJICTBEHHBIX
ydactkax. [Ipu aTOM nanHas paboTa akTyann3upo-
BaJIa I HUX MPOOJIeMy MOTHUBALIMK pabovero nep-
COHaJIa U OOIIYIO0 TEHJICHIMIO K COMPOTHBICHHSM.
3TO MO3BOJIWIIO MOBBICUTH MOTHUBAIMIO Ha 00y4e-
HHUE YYaCTHHKOB MIPOTPaMMBI.

3. Tperbum 3Tanom mporpammsl 6bU10 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 JIUJIEpa, 32 KOTOPHIM OHHM TOTOBBI WTH,
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
oOyJeHre IO PEMOHTHBIM HarpaBieHusM. [lpu
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.

. OPTAHM3AIINSA UCCJIEJTOBAHUM
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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 OOJagaHue JIOTOJHUTEILHBIMU
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
NPUHIIMITY COLMAIbHOIO J0Ka3zaTtenbcTa [14, 15].
Taroke ObUIM MPOBENEHBI TPEHUHTH JINYHOCTHOTO
pa3BuTHs (KOMIETEHIIUU «TOTOBHOCTh K WM3MEHE-
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
U YCTaHOBKE PYKOBOSIIUX MPUHITUIIOB, (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 TOJbKO I'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 Pa3BUTHE
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 U3MEHEHMSIM» U HU3KUM YPOBHEM JIUJEP-
cTBa). TpeHUHT Ha TIOBBIIICHUE ANANTUBHOCTH K
W3MEHEHHSIM, CHIDKEHHE YPOBHSI TIEPBHYHOTO CO-
MIPOTHBIICHUS] U YMEHUE TMOHUMATh M MPHUHUMATh

HOATOTOBKA NPO®PECCHUOHAJIBHBIX KAIPOB

MPOUCXOSIIME W3MEHEHUs! MPOBOJIWICS Ul pa-
OOTHHKOB, MomnaBmuxX B rpymiy C. TpeHuHr Ha pa3-
BUTHE MyOJIUYHBIX BBICTYIUICHUH TPOBOMICS JUIS
paboTHuKOB Kateropuu A. Taxoke 1711 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 KOMIIETEHIIHSM, 110
OT3bIBAM TPEHEPOB, KOTOPHIE MOTJIM CPaBHUBATH
TPYNIIOBYIO JTUHAMUKY U TIPOSIBIICHUS KIFOUEBBIX
KoMIeTeHIui. ['pynmnsl ¢ «maepamu» ObUIM To-
pa3mo Ooiiee MHEPTHBIMU U CIIOKHBIMH C TOYKH
3peHUsl IPUHATHS TPEHEPCKOTo MaTepuaia, Ho Ipu
3TOM B I'PYIIIOBBIX aKTUBHOCTSX BCErJla YyBCTBO-
BaJlach KOHKYPEHIMS 32 JOMUHHUPYIOILUE TO3ULUH.
B rpynnax «roToBbIX K U3MEHEHUSIM», HAlIPOTHB,
IpueM HOBOTO MaTepHaia MPOXOIMI JIETKO, HO
TPYIIIOBBIE aKTHBHOCTH TpeOOBaIM BPEMEHH, I10-
CKOJIbKY HEMHOTHE TOTOBBI ObUIM OpaTh Ha celst
VMHHIIIATHBY U TAAEPCTBO. [10 OKOHUaHMY TPEHUH-
roB OBUIO 3aMETHO HEKOTOPOE YJIy4IlIE€HHE BXOA-
HBIX MO3MLMHA, HO TEM HE MeHee [yl Oosiee 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 PYKOBOJAUTEISIMH  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 IPOBEICHA 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 TIPOUCXOAIINX 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.

. OPTAHM3AIINSA UCCJIEJTOBAHUM
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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/IINE Pa3BUBAIOIINE MEPONPHATHS B paMKax
nporpammsl (rpynmna 1), a Takke pyKOBOAUTENN U
pabOTHUKH TeX K€ CTPYKTYPHBIX MOApa3/eieHui
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 CPAaBHUTEIBHOTO aHAIIN3A.

PesynbpraThl onpoca nokasanu, 4to padoT-
HUKH, y4aCTBOBABIIME B MporpamMme, 00JIaiaroT
0osiee CHUCTEMHBIM MBIIIJICHHEM B OIICHKE Mac-
mTab0B MPOUCXOAAIINX U3MEHEHHH. Tak, Ha BO-
IIPOC O TOM, B KaKO CTEIIEHU IIPOUCXOSAIINE U3-
MEHEHHs 3aTParuBaroT 1eATEIbHOCTh pa0OTHHKA,
YYaCTHHUKM Iporpammsl cymmapHo Ha 10 %
Jdy4lle MOHUMAIOT, YTO JIOOble U3MEHEHUS BIIM-
SIOT HAa MX ACATEIBbHOCTb IIOJHOCTBIO, @ HE 4Ya-
CTHUYHO. JTo noarsepxkaaercs t-kpurepueM Ctb-
I0JICHTA, C BEPOSITHOCTHIO Oosiee 95 % mokas3biBa-
IOLUM CTaTHUCTUYECKYI0 3HAYMMOCTb MEXIPYII-
MOBBIX Pa3JIM4YMi B OLIEHKE PECIIOHAEHTaMU TOI'O,
HACKOJIBKO ITPOUCXOAIINE U3MEHEHUS B KOMIIa-
HUU KacaroTCsl KaXIOro0 4YI€HAa HCCIEeNyEMBbIX

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, YYacTBOBAaBUIME B IpPOTpaMMme,
HAay4YWJIMCh JIy4dllle BUJIETh MEPCIEeKTUBY MpPO-
UCXOJSIIMX M3MEHEHMH U OLEHHUBATh UX
nosnb3y. Ha Bompoc, kak BIuseT BHEIpEHHUE
nporpaMMbl SAP Ha paboTy, y4aCTHUKH HpPO-
rpaMMbl cyMMapHo Ha 27 % iydiine moHUMaroT,

yto gaHHoe [1O oOierdaer BBIMOJHEHHUE TPY-
JOBBIX O0s3aHHOCTEH, ueM pabOTHUKH, HE
y4acTBOBABIIME B IporpamMme. OTOT BBIBOJ
TaKe [MOATBEPKAAETCS IOKa3zarensiMu t-
KPUTEpHs, BBIABISIOIIMMU 3HauMMblE pa3iid-
4Yus B OLIEHKE PECHOHIEHTAMHU KayeCTBEHHOM
XapaKTEepUCTUKU BHenpsemoro snemeHta ERP
cucrtemsl SAP (puc. 4).

MOJATOTOBKA MPO®ECCUOHAJBHBIX KAIPOB. OPTAHU3AIIMS UCCJIETOBAHUM
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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. Borpocsl 0 ToM, Kak MOBIHAET BHEIpe-
Hue SAP Ha s¢ddexkTuBHOCTE Tpyda, U O TOM,
HACKOJIbKO TOTOB PaOOTHHUK MPEOI0JIeBaTh TPY/I-
HOCTH, CBSI3aHHBIE C TEMU UM UHBIMH U3MEHEHHU-
SIMU, TIOKA3aTEIbHBI U OIIEHKHA TaKOW KOMIIe-
TEHIINH, KaK «TOTOBHOCTb K U3MEHEHHSIM» H JKe-
JaHWe B3STh HAa ce0s OTBETCTBEHHOCTh 3a HMX
BHE/IPEHHE, T.€. TeX KOMIICTEHIN Ha pa3BUTHE

NOATOTOBKA MTPO®ECCHUOHAJIBHBIX KA/TPOB

KOTOPBIX ObUTa HarpaBjeHa mporpamma. Kpome
TOT0, OTBET Ha BOIIPOC 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 TOJTyYHJIM B y4eOHOM 3aBejie-
HuH. t-xpurepuii CThIOIEHTA TaK)Ke TOKA3bIBAET
CTaTUCTHUYECKYIO MEXTPYIIOBYIO 3HAYHMOCThH B

. OPTAHM3AIINSA UCCJIEJTOBAHUM
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MOJIyYEHHBIX OTBETAX U FApaHTHPYET, YTO paboT-
HUKHU, Y4aCTBOBABIIIKE B TPOrpaMMe, HadaIl 0Co-
3HaBaTh HEOOXOJMMOCTH JIOMOJHUTEIBHOTO 00-
pa3oBaHUsl U TOJYYCHUS CICIUATH3UPOBAHHBIX
3HAaHWWA I YCHEIIHOTO (PYHKIIMOHUPOBAHUS B
HOBBIX YCJIOBHSIX (pHC. 5).

[Tpu3nanue HemocTaTKa CBOEro oOpas3oBa-
HUS U 3HAHUI TOBOPUT O MOTEHIIUAIHLHO 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 BBIXO0/I€ OBLIN MOTYYCHBI CICTYIOIINE PE3YIIb-
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 ITPEOJI0JIEBATh CIOKHOCTH, CBSI3aHHBIC
C MPOUCXOAAIIMMHA U3MEHEHUSIM, 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 10 pe3yJIbTaTaM pPeajii3alMuu NPOorpaMmbl

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

3akiouenue

[IpoBeneHHbI aHAU3 HMCCIEIOBaHUS, CBS-
3aHHBIA C pPa3pabOTKOW MPOrpaMMBbl W3MEHEHUS
KOMITETEHIIM PaOOTHUKOB PEMOHTHOW TPYIIIIBI
TOPHO-000TaTUTEIBHONW MPOMBIIUIEHHOCTH, U TI0-
cleyromas anpoOaus B peajbHbIX YCIOBUSX T1e-
PECTPONKHA MPOU3BOACTBEHHO-PEMOHTHOTO IMKJIA
MO3BOJIMJIN CJIENIaTh BBIBOJI 00 YCTICIITHOCTH TPEJ-
CTABJIEHHOM MTPOrpaMMbl U3MEHEHUSI KOMITETEHIINN
HTP 1 0 HEOOXOAUMOCTH OTEPEkAOIIET0 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
COLIMOJIOTHYECKOTO OMPOCa, CTATUCTUYECKOTO aHa-
JIM3a ¥ SKCTIEPUMEHTA MO3BOJIMIIO CIIENATh BBIBOJL O

pocTe TICMXOJIOTMYECKOH TOTOBHOCTH TIPHHSTH
MaciItaOHble U JIOKaJIbHbIE U3MEHEHHS B HECKOJIb-
KUX cdepax MpOU3BOJICTBEHHOTO M COIYTCTBYIO-
HIMX TPOLECCOB Y PAOOTHUKOB, yYaCTBOBABIINX B
NpeIaraéMbIX pa3BUBAIOLIMX MEPOIPHUATHSIX. ITH
JIaHHBIE CBHIETENBCTBYIOT O MENECO0OPa3HOCTH
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 BBIMOIHSIIOIINX
pOJIb «TIPOBOJJHUKOB HW3MEHEHuil». JlaHHble ya-
CTUYHO COBIAJAIOT C pPE3yJAbTaTaMH, MOITyUYCH-
HBIMH Ha OCHOBE MOHHUTOpHHTa 3()()EKTHBHOCTH
CHCTEMBI HenpepbIBHOro o0pazoBanus [20].
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