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Purpose. The introduction of modern geodetic array condition monitoring methods in order to establish laws
governing the development of geomechanical processes in the combined method of developing Maykain gold
deposit, ensuring high accuracy and performance of surveying.

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

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

rock mass and engineering structures.

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

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

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

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

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

Keywords: geomechanical processes, state of rocks, monitoring, modern surveying methods of monitoring,
electronic tacheometers, levels, laser scanners, three-dimensional modeling
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Introduction. Currently gold mining industry of
Kazakhstan is experiencing a number of difficulties as-
sociated with the fact that a significant portion of re-
serves, which lies in the most favorable geological and
economic conditions, has been largely recovered from
the earth depths of the republic while the remainder
(about 45 %) is located in the deep horizons of the de-
posits of Maykain, Akbakai, Vasilkovsky and others.
The fields newly introduced in operation cannot fully
compensate for declining gold output at these enter-
prises, as they are characterized by significantly worse
quality factors of reserves. As a result, to ensure a sta-
ble and effective work of the gold mining industry the
transition from open pit to underground is required.

To meet the demands of the modern mining indus-
try on ensuring industrial safety, the reliability of the
information on the state of the rock massif in seismi-
cally active areas becomes an urgent issue. The analy-
sis of research on major geomechanical problems
served as preparation of new methods of conducting
geo-monitoring, modeling VAT rock mass, waste min-
ing and metallurgical complexes waste (MCW), aimed
to reduce the risk of human-made disasters and to en-
hance the economic efficiency of mining in general.

Nowadays, predicting geomechanical processes is
still a problem in all countries with developed mining
industry, which once again was confirmed by the ma-
terials of the permanent 6th International Symposium
on mining impacts and mine seismicity, held in 2005
in Australia [1]. Universally much attention has been
drawn to geomechanical processes control, as evi-
denced by the increasing number of publications on
this subject [2—5].

Moreover, the geodetic practice lacks a single
method for conducting an array condition monitoring
using modern surveying instruments. Therefore, the
introduction of geodetic methods for geomonitoring
to assess and predict the state of the massif'is an urgent
task as the basis of improving the safety of mining op-
erations and the efficiency of extraction of minerals.

Analysis of the recent research and publica-
tions. Currently, it has been established that the main
factors that determine the nature and magnitude of
deformation of the earth’s surface and rocks are me-
chanical properties and structural characteristics of
the massif, its stress state, the depth of works, system
design, size and angles of incidence of the ore bodies.
A significant contribution to the study of the degree of
influence of various factors on the development of
geomechanical processes on ore deposits has been
made by scientists S.G.Avershin, A.G.Akimov,
1. M. Bakhurin, V.I.Borsch-Komponiets, J.S. Erzha-
nov, M. A. Iofis, I. A. Petukhov and others.

Scientific research and practical developments in
the field of a displacement process in a combined
method of field development is based on the research
of K.N.Trubetskoy, A.A.Borisov, M.D.Kazikaev,
Y. Kashnikov, M. V. Kurleni, M.A. lofis, S.V.Kuzne-
tsov, M. B. Nurpeisova, V. D. Slesarev, G.I. Black et al.

However, despite the results of the individual stud-
ies, the establishment of laws in general manifestations
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of geomechanical processes in these conditions are
carried out by conventional methods. The rapid devel-
opment of technology in the mining industry leads to
the growth of mining operations, which, in turn, leads
to the need for improved production technologies of
service of mining operations, improved safety of shoot-
ing. Over the last decade technical progress has had a
significant impact on surveying maintenance tasks of
quarry.

Professionals of the mining industry understand
clearly that issues such as pressure and displacement of
rock, pit wall stability, are unthinkable without geo-
mechanical monitoring of massif status using modern
geodetic techniques.

This situation is typical for the Maykain mine
where authors conducted research on processes of
movement of the earth’s surface and rock masses un-
der the influence of undermined career failures and a
great depth. Therefore, practical application of elec-
tronic and laser devices can be considered the most
significant technological innovation at the beginning
of the 21 century in surveying, geodesy and a number
of related industries.

Objectives of the article. The aim of this study is
introduction of modern geodetic methods of massif
condition monitoring in order to establish laws govern-
ing the development of geomechanical processes in the
combined method of developing Maykain gold deposit,
ensuring high accuracy and performance of surveying.

Research methodology includes research in the
laboratory and mine conditions, analytical calcula-
tions, analysis of observations by methods of mathe-
matical statistics and computer modeling.

Combined mining leads to the formation of com-
plex biomechanical systems, characterized by a repeat-
ed exposure of the same areas of the rock mass to stress
during simultaneous or sequential open pit and under-
ground operations. The assessment of geomechanical
state under these conditions is complicated by the fact
that the state of the massif depends on a number of
influencing factors, it is constantly changing in space
and in time.

While applying the combined method of develop-
ment and complex geomechanical situation, issues of
the threat of flooding underground workings and, in
particular, the threat of a dynamic break of water into
underground workings, leading to serious negative
consequences, become of crucial importance. An ex-
ample of this is water breakthrough that occurred in
2009 at Maykain mine of “Altynalmas” JSC in Ka-
zakhstan. This issue is relevant not only for Kazakh-
stan. Thus, in 2006, the mine of Hunbey province in
China was flooded, as well as Severnaya mine of
“Severokuzbaugol” in 2010, Osennikovskaya mine in
Russia in March 2013, Krepenskaya mine in Ukraine
in February 2013, which resulted in loss of lives. All
this is a direct consequence of the change of the geo-
dynamic and hydrogeological regime of the geological
environment under the influence of large-scale mining
operations that is clearly supported by the results of re-
search on the example of Maykain mine [6].
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Presentation of the main research and results.
Considered natural-technical system (NTS) “Mayka-
in” includes an underground mine and two open pits,
tailings from the processing plant and related infra-
structure being part of the geological environment of
the Unified folded system [6—8].

A characteristic feature of Maykain deposit is its de-
velopment by open pit method first, followed by the
transition to underground methods. The possibility of
displacement process of rocks in the deposit is caused by
the fact that the applied system of mining, development
is conducted by separate units with ore shrinkage, pro-
duction of pillars and ceiling. With this combined sys-
tem, the development of rock mass from the hanging
side around the full length and the entire depth loses
support and is bound to deteriorate, causing the process
of rock shifting. The problem of determining the bound-
aries of the impact of underground mining on the earth’s
surface in this case is considered as a definition of the
side sliding surface at the bottom of the recess of quarry.

Therefore, to solve a number of problems of min-
ing, methods of calculation should be adjusted to the
specific conditions, and, thus, it is necessary to take
into account the impact of natural and mining factors,
as well as the variability of the strength properties of
rocks in space and time, and others.

Despite the large number of research works [2—5],
the issue of risk management and predicting of tech-
nogenic catastrophes has not been solved yet due to
the complexity and great diversity of geological fea-
tures of the deposit.

State analysis of techniques of geodetic observations
on the territory of the NTS and Surveying interpreta-
tion of the data in relation to the geomechanical and
hydrogeological effects is primarily associated with the
lack of effective methods of determining the values of
subsidence of the Earth’s surface (SES), which leads to
the need of improving methods of surveying and geo-
detic observations over deformations of rocks using
modern electronic devices to improve the reliability, ef-
ficiency in the determination of SES parameters for the
safe development of mineral resources and the adop-
tion of conservation measures of developed facilities.

In general, geodetic observations using new gener-
ation devices make it possible to identify the strain of
the massif, which is essential for assessment of the
geodynamic situation in the area of mining. But they
do not provide a complete picture of deformation pro-
cesses in time. This can be realized only with the use of
a complex technique of studying the natural-technical
system, based on conducting geomechanical monitor-
ing. Fig. 1 shows the structure of a technique of study-
ing and predicting geomechanical condition in N'TS.

Based on the analysis of geology and tectonics of
the area (block 1 of the technique), experimental esti-
mates of the stress state (block 2) and the instrumental
record (block 3) in the massif “high power” zones are
allocated, which determine the geodynamic monitor-
ing zone boundary. Then monitoring of the danger
zone is organized, which includes primarily control of
the deformation and geophysical field parameters. In
the future, all information on the patterns of displace-

The study of natural-technical system
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Fig. 1. Diagram of a technique of studying the prediction of dangerous phenomena in the NTS
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ment process of the system and the parameters of its
critical state are transferred to an expert system, where
on the ground of database integration and knowledge
assessment of the NTS state is conducted and the rel-
evant decisions on conservation of resources and the
earth’s surface are made.

Regarding the scale of the impact on the environ-
ment and especially on the stress-strain state of the
rocks, Maykain deposit development belongs to the
category of major technological influences that can
cause serious accidents, catastrophic phenomena,
such as large landslides, local and large-scale collapse
of the quarries, the pressure and bursting on the bot-
tom of the mine horizons, caused by an imbalance in
the bowels of the earth [6].

The geological structure of the Maykain ore de-
posit consists of volcanogenic-sedimentary rocks of
the lower Middle Cambrian age (Fig. 2). Within the
central syncline, faults are common.

Maykain deposit belongs to steep dipping vein type
of gold ore body, latitudinal, with capacity of 0.2—
4.0 m. The length of the ore bodies along strike are
within the range of 100—680 m. The host rocks are
granodiorites with the fortress factor of f = 14—16,
beresites (f= 11—14), quartzites (f= 16—18).

Faults presented by systems of steeply dipping frac-
tures of east-west trending play the main role in the
structure of the ore field playing.

The extent of the impact of open cast mines and
their waste dumps, tailings, underground mining is as
follows: their effect is superimposed on each other,
creating a folded pattern formation of secondary stress
field. One of the aspects of this phenomenon is iso-
static vertical movements. Therefore, production scale
existing in the area requires in-depth study and control
of the processes, which are taking place, in order to
avoid uncontrollable catastrophic manifestations of
the geomechanical processes.

In such circumstances, an effective and safe testing
of ore veins is only possible through organization of

Fig. 2. Structural and geological map of the May-
kain deposit
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monitoring of geomechanical state of rock massif,
comprising of the systematic observation of the space-
time geomechanical processes occurring in the rock
mass as a result of mining; in mathematical processing
of observations; meaningful analysis and forecast of
the state of rock masses, the development of solutions
for the management of negative processes.

In 2000, based on biomechanical studies of mining
and geological conditions of the deposit, project de-
signs of observation stations were developed: surface
and underground. The project addressed issues of a
system based on geomechanical monitoring tools of
surveying and geodetic observations using electronic
tacheometers and GPS satellite positioning system re-
ceivers.

The widespread adoption of electronic tacheome-
ters and GPS satellite devices into the practice of
mine-surveying provides a unique opportunity to de-
fine the parameters of the rock mass displacement
quickly and accurately, and to conduct regular, con-
tinuous monitoring of changes in these parameters
over time.

In 2001, the station was founded, consisting of five
core lines, covering all the ore-bearing veins. In the
period 0f 2002—2010 16 observation series were carried
out using a robotic electronic tacheometers TCA 1202
(Leica Geosistems, Switzerland). Application of elec-
tronic tacheometers will automate the process of mea-
surement and eliminate the error of electronic survey-
ing instruments at reflective prism (Fig. 3), and also
significantly reduces the production of field work,
while the development of a database in electronic for-
mat greatly simplifies the cameral processing of mea-
surement results [7, 8].

Transmission precision of elevation by electronic
tacheometers is determined by calculating an error ex-
ceeding the trigonometric leveling using the formula,
mm

2
m :
m; = L’ cos’ 8—=2-+my; sin’ §+2m,
p

where ms, m;, m, are mean square errors of vertical
angle, distance and height of the instrument and the
reflector.

For the electronic tacheometers Leica TC 1201
standard errors of data values are ms = 1 //; m; =
=2mm * 0.5L mm/km; m,=m;=1 mm.

Years of experience of surveying instrumental ob-
servations over deformations of rock mass at the mine
allowed introducing the methodology of observations
using GPS equipment (Fig. 4).

Method of laser scanning was used to study the
state of the array at the board in the quarries. Laser

Fig. 3. Monitoring by electronic tacheometers
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Fig. 4. Observations using GNSS

scanning allows creating a digital model of the entire
surrounding area, presenting it as a set of points with
spatial coordinates. For observations over deforma-
tions, a scanner of Leica HDS3000 type was used,
while the Leica HDS4400 mountain scanner, having a
high performance and special software for the study of
the elements of occurrence, was used to study the
structure of the massif. To improve efficiency of obser-
vation, GPS-systems and 3D-scanner can be used si-
multaneously [9].

On the basis of complex geomechanical monitor-
ing carried out at the Maykain field in the period of
2001—2010 the scheme of displacement of rocks was
developed (Fig. 5). It highlighted two areas: unloading
and high mountain pressure, and eight areas with dif-
ferent characteristics, inherent only to features of these
zones.

The unloading area is divided into zones, charac-
terized by varying degrees of disturbance of the massif
caving, through local and cracks.

According to this scheme eight underworked thick-
er zones can be distinguished, which differ in terms of
the degree of deformation and fracture. Features of
zones and their quantitative parameters are used in the
evaluation of the geomechanical and hydrogeological
state of rocks in the development of mineral resources
under water objects. Natural hydro geologic radical
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Fig. 5. Scheme of deformation of rocks during
combined working of Maykain deposit
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Fig. 6. Diagram of the formation of cracks in the
under quarry layer during mining:
a — first occurrence of cracks in the layer of curving;
b — disclosure of the depth of cracks; ¢ — destruction
of the layer by alternating strains

change may also occur if water objects fall or collapse
either into the zone or into the deflection zone forming
a plurality of through water bearing cracks, or into de-
flection zone with the system of technogenic fractures.

The main attention was paid to the study of the
bearing capacity of the bottom of the quarry (1 hori-
zon) and sublevel pillar. Pillars are originally in an
elastic state, but over time the salt pillars might get into
the plastic state (or a yield condition), for instance,
due to the development of rheological processes. Plas-
tic condition is characterized by more than tenfold in-
crease of pillar ductility while maintaining their state
of stress.

Further increase of the span leads to corresponding
increase in the tensile stresses and crack propagation.

The analysis of the mined massif state was con-
ducted from two perspectives. First, the potential risk
of development of vertical fracture system in a water-
proof stratum (WPS) massif was evaluated; the frac-
tures may be the channels of groundwater leakage in
the mined space of ore. Secondly, the possibility of
formation of weakened zones in the upper part of the
section due to the the influence of mining operations
was considered, which can pose a real danger to the
ground facilities and engineering structures.

Conclusions. The developed method of complex
evaluation of rocks allows considering the features of
the geological structure of undermined strata and,
thus, enhancing the quality of geomechanical mainte-
nance of mining. In turn, the results of geomechanical
predictions enable us to determine the most dangerous
areas, where geophysical and geodetic-surveying ob-
servations should be conducted to localize zones of
anthropogenic disturbance.

The results of practical realization and implemen-
tation of the research and theoretical developments in
the mining operations are confirmed by perennial in-
strumental geodesic-surveying observations of the
state of the massif.
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METO/IiB KOHTPOJIIO CTaHy MaCUBY, JJIsI BCTAHOBJIEHHS
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3aKOHOMipHOCTEH PO3BUTKY T'€OMEXaHIYHUX MTPOLIECiB
Mpu KOMOIHOBAHOMY CIIOCODOiI PO3pOOKU 30JI0TOPYI-
Horo ponoBuina MarlikaiH, 1110 3a06€3MeuyoTh BUCOKY
TOUHICTb i HPOAYKTUBHICTh 3HIMAJIbHUX POOIT.
MeTtoauka. AHaji3 i y3araalbHEHHS TEOPETUYHUX
JOCJIiIXXEHb MPOLECY 3CyBaHHSI B Pi3HUX IT'€OJIOTIUYHUX
yMOBax BiIIIpallfoBaHHSI POMOBUII, CUCTeMaTHU3allisl
CBITOBOTO JIOCBiAy BHUKOpPUCTaHHSI KOMOiHOBaHOI
PO3pOOKM 30JI0TOPYIHMX POAOBMLI, E€KCIEPUMEH-
TalbHI JOCHIIXEHHSI B J1aOOpaTOpHUX 1 IIaXTHUX
YMOBaX, aHAIITUYHI po3paxyHKU, 00poOKa pe3y/ibTa-
TiB CITOCTEPEXEHb METOMAMU MaTEMaTUYHOI CTaTUC-
TUKU Ta KOMIT IOTEPHOTO MOJETIOBAHHSI.
PesyasraTu. 1151 epeKTUBHOTO i1 6€3MTEYHOTO BU-
JIOOYTKY 30JIOTUX KWJI AOCHiIXeHa Ais MpUPOAHUX i
TipHUYOTEXHIYHMX YMHHUKIB HA PO3BUTOK Jedopma-
LiMHUX MPOLECIB, 110 AO3BOJMJIO OLIHUTA MOXJIU-
BICTb peryjtoBaHHs 1X BIUIMBY Ha MNOPIAHUU Macus i
iHXeHepHi criopyau. I1poBeneHo reoMexaHiYHUI MO-
HITOPUHT CTaHYy MaCHUBY TipCBbKUX TIOpiJ 3a JOIOMO-
rol0 Cy4yaCHHUX reofe3udyHuX MpuJialiB, 110 3abe3rne-
YUB BUCOKY TOYHICTb i TMPOAYKTUBHICTh 3HiMaJbHUX
pobit. BcTaHoBIEHI yMOBU TPIillIMHOYTBOPEHHS B 1€~
JIIKy MiX BiIKPUTUMU Ta MiA3€MHUMHU BUPOOKaMU,
110 AO3BOJISIIOTh OTPUMATU iH(OpPMALliI0 TTPO 3MiHU
FeOMEXaHIYHOIO CTaHy BUILEPO3MIIIEHUX LIapiB Ma-
CUBY TipcbKUX Mopin. BcTtaHoBieHa cxema 3CyBaHHS
TipChKUX MOPig IpU KOMOIHOBaHOMY CITOCO0i po3p00-
KU ponoBuiiia MaiikaiH, 1110 103BOJISIE BUOMPATU Pi3Hi
CIIoCcOOM ynpaBJliHHSI FTeOMEXaHIYHUMU TPOLIeCaMU.
Haykosa HoBu3Ha. [lojsirae B po3po0Oili MeTo-
IUKU BEIEHHSI MOHITOPMHTY CTaHYy MaCcHBY Ha OCHOBI
BUKOPUCTAHHSI CydyaCHUX TeOAEe3UYHUX MpPUIaliB 3
BHUCOKOIO iH(OPMATUBHICTIO I TOUHICTIO, 110 JO3BO-
JISIE BCTAHOBUTU 3aKOHOMIPHOCTI MPOLIeCy 3CyBaHHS.
IIpakTuuna 3HauymMmicTb. [losisirae y BrpoBa-
JDKEHHi Y BUPOOHUIITBO BUCOKOTOUHUX T€ONE3UUHUX
METOHIB Y CHUCTEMY T€OMeXaHIYHOT0 MOHITOPUHTY
IpU NMMOETHAHHI BIIKPUTHUX i MTiA3eMHUX POOIT.
KimiouoBi cioBa: eeomexaniuni npouecu, cmaw
2IPCObKUX NOPIO, MOHIMOPUHE, CYHACHI 2e00e3U4Hi Me-
moou MOHIMOPUH2Y, eNeKMPOHHI maxeomempu, Hi-
genipu, 1a3zepHi cKanepu, mpueUMipHe MOOeNr08AHHS

IMennb. BHeapeHue coBpeMEeHHBIX reoAe3UudYeCcKrX
METOIOB KOHTPOJSI COCTOSIHMSI MaccuBa, IJIsl ycTa-
HOBJICHUST 3aKOHOMEPHOCTEI pPa3BUTUSI TeOMeXaHU-
YeCKMX MPOLIECCOB MPU KOMOMHUPOBAHHOM CIocobe
pa3pabOTKN 30JI0TOPYAHOTO MECTOPOXIeHUST Maii-
KanH, 00eCIIeUMBaOIINX BEICOKYIO TOYHOCTD U TIPO-
M3BOIUTEIBHOCTh CheMOYHBIX PA0OT.

Metoauka. AHanu3 u 0000IlIeHNuEe TeopeTude-
CKMX MICCIIEIOBAaHUM MTPOIIecca CABIDKCHMS B Pa3Ind-
HBIX TEOJIOTUYECKUX YCIOBMSX OTPAOOTKM MECTO-
POXIEHU, CUCTEMATU3ALS MUPOBOTO ONbITA IIPU-
MEHEHUs] KOMOMHMPOBAHHOI pa3pabOTKU 30J10TO-
PYAHBIX MECTOPOXIECHUM, SKCIEPUMEHTAIbHbBIE MC-
CJIeIoOBaHMS B JJAOOPATOPHBIX U IIAXTHBIX YCIOBUSIX,
aHAJINTUYECKUE pacuyeThl, 00paboTKa pe3yIbTaToB
HaOIIOACHWIT METOIAMU MAaTeMaTHYECKOM CTaTUCTH-
KW ¥ KOMITBIOTEPHOTO MOJICJTMPOBAHMSI.
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Pesynbratel. [11g a¢ddbekTuBHON U 6e30macHOM
MOOBIYM 30JIOTBIX XWJI HUCCIEAOBAHO BO3IEUCTBUE
TMIPUPOIHBIX U TOPHOTEXHUUECKUX (PAaKTOPOB Ha pa3-
BUTHE Ne(OPMAITMOHHBIX MPOIIECCOB, YTO TTO3BOIH-
JIO OLIEHUTh BO3MOXHOCTb PETYJIUPOBAHUST UX BIUSI-
HUS Ha MMOPOAHBIN MAaCCHB U MHXEHEPHbBIE COOPYXKe-
Husi. [IpoBeneH reomexaHUYeCKUil MOHUTOPUHT CO-
CTOSIHUSI MacCUBa TOPHBIX MOPOJ MPU MOMOIIU CO-
BPEMEHHBIX T€OJE3UYECKUX MPUOOPOB, KOTOPBII
o0ecrieymsl BbICOKYI0 TOYHOCTb U IPOU3BOAUTE/b-
HOCTb CbEMOYHBIX pPabOT. YCTaHOBJIEHBI YCJIOBUS
TpeIIMHOOOpa30BaHUS B LIEJIMKE MEXITY OTKPBITBIMU
U MO3€MHBIMU BbIPAOOTKAMMU, MO3BOJISIIOLIUE TTOJTY-
YuTh MHGOpPMAINIO 00 M3MEHEHUM TeoMeXaHWde-
CKOTO COCTOSTHUSI BBIIIENEXAIINX CIIOEB MaccuBa
TOPHBIX TIOPOJ. YCTAHOBJIEHA CXeMa CIIBUKEHMUS TOP-
HBIX IOPOJ, TP KOMOMHUPOBAHHOM criocobe pa3pa-
0OTKM MecTopoxaeHUs1 MailkauH, TO3BOJISIONIas
BBIOUPATh Pa3IMYHbIE CITOCOOBI YIIPABJIECHUS reoMe-
XaHUYECKUMMU TTPOLIeCCaMU.
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Hayunas HoBu3HA. 3akjiodyaeTcs B pa3padoTKe
METOIVKHU BEIeHUSI MOHUTOPUHTA COCTOSTHUSI MaCCH -
Ba Ha OCHOBE MCITOJIb30BAHUST COBPEMEHHBIX Teo/Ie-
3UYECKUX TTPUOOPOB C BHICOKOU MH(MOPMATUBHOCTHIO
U TOYHOCTBIO, MO3BOJISIONIEH YCTAHOBUTH 3aKOHO-
MEPHOCTH MPOLEeCcCa CABUXECHUS.

IIpakTuyeckas 3HaYUMOCTb. COCTOUT BO BHE-
JIPEHUU B MTPOU3BOACTBO BHICOKOTOUHBIX T€0fe31ue-
CKHUX METOJIOB B CUCTEMY F€OMEXaHUYECKOTO MOHU-
TOPUHTIA TP COBMEIIEHUM OTKPBITHIX Y MOA3EMHBIX
paoor.

KiroueBble cioBa: eeomexanuueckue npouec-
Cbl, COCMOAHUE 20PHbIX NOPOO, MOHUMOPUHS, CO-
8peMeHHble 2eode3utecKkue Memoodbl MOHUMOPUH2d,
91eKMPOHHbIE MAXeoOMemPbl, HUBEAUDbL, 1A3EPHblE
CKaHepbl, mpexmepHoe MoOeAUupo8aHue

Pexomenodosano 0o nybaikayii dokm. mexH.

nayk C. B. Typcoexosum. Jlama nadxoodxucenHs py-
Kkonucy 03.06.15.
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