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Purpose. To evaluate and determine the nature of distribution of stress maximum values in the vicinity of the
stope of steeply dipping orebody to optimize further drilling and blasting operations (DBO) applying experimental
research and numerical methods.

Methodology. Under laboratory conditions, a few series of experimental research on stress field distribution
in the vicinity of the stope model with the use of the developed method of simulation and computer modelling of
stress-strain state (SSS) involving the finite element method (FEM).

Results. The experimental and theoretical results of SSS of rock massif are proposed in two schemes of the sug-
gested mining block model in elastoplastic formulation by using FEM. With the use of the developed methods pat-
terns of changes in SSS of rock massif were established in the cross section of the recess chamber which extends
along the axis considering the depth of the chamber and the different angles of inclination as well as changes of
geomechanical parameter Q, depending on the intensity of the main maximum stress. The dependences of the stress
distribution in the model for chamber cross-section along the axis are developed. They showed the formation of
units with minimum stress values in the cross section of the central part of the chamber on axis borders on one side
of the chamber of the hanging wall, and on the other, the footwall, i.e., in zone of high stress or stress redistribution.

Scientific novelty. The established patterns of distribution and the numerical values of maximum stress in the
vicinity of stope of steeply dipping orebody before blasting will allow correcting the process parameters. Taking
into account the changes of geomechanical processes in the vicinity of the stope, one can substantiate locations of
the drilling room laying, drilling direction of ascending or descending sets of fanholes and the conditions of drill-
ing as well as blasthole charge design, which will increase the efficiency of ore destruction and reduce the level of
seismic impact on protected objects of undermined territories.

Practical significance. When breaking rocks and minerals in the stope block of steeply dipping orebody, ef-
ficiency of explosive charges increases, specific consumption of explosives and means of initiation decreases,
contamination of ore is reduced and performance of the loading and transport vehicles improves.

Keywords: stress-stain state, the stope, drilling and blasting operations, photoelasticity method, numeri-

cal simulation

Introduction. Despite the development of new
technologies of destruction, based on innovative ap-
proaches (thermal degradation, the effects of particle
fluxes of high-energy, etc.), an explosion is an effective
way in the wide application of resource-saving and en-
vironmentally friendly methods of preparation of the
rock mass in mines. These methods are based on a
thorough study of the features of the failure mecha-
nism of strong compound rocks with the gas-dynamic
effects of the explosion on them.

One of the ways to improve the blasting techniques
involves forecasting and accounting geomechanical
processes in the array, namely the stress-strain state,
the type of stress, monitoring of physical and mechan-
ical properties.
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Geomechanical processes also depend on the
structure, mineral composition, spatial orientation of
the crystals, the form of a destructible body, the inten-
sity and speed of deformation.

Studies of the effect of a continuous medium pre-
load on the nature of its subsequent dynamic fracture
are becoming increasingly important in mining due to
the transfer of sewage treatment works in many fields
to the depth where the stress state of the rock mass is to
be necessarily taken into account.

Analysis of the initial measurement of the stress field
of rock mass at different depths showed that the values
of the vertical component of the value are close to yH,
where H is formation depth and vy is volume weight of
the overlying rocks. Then the principal horizontal stress
components can be represented as ayN, where o is the
coefficient of lateral resistance (a positive value).
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In many areas, this circumstance is due to the ac-
tion of horizontal tectonic forces increasing array of
elastic energy through the increase of compressive
stresses. Conducting drivage and clearing works leads
to a significant redistribution of the initial stress field
while volume compression is the predominant state of
the mechanical state of the rock mass. In these cir-
cumstances, the necessary quality of the destruction
of rocks at the depth of the development of the growth
is achieved by increasing energy costs, that is by in-
creasing the mass of explosives used [1].

Lowering the level of extraction works has particu-
larly negative impact on the conditions of the develop-
ment of iron ore and uranium deposits in Ukraine,
where chamber mining is applied with sub and drifts
through alternately block working and filling using
consolidating stowing mixture.

One of the promising ways to overcome this situa-
tion is to predict failure and to consider regularities of
prestressed continuous medium destructed by explo-
sion to develop advanced technologies for the extrac-
tion of ore deposits of complex structure, which are
iron and uranium deposits in Ukraine. In this context,
it is important to consider the fact that under hydro-
static compression of rock volume, the increase in
stress degrades the quality of the destruction of rock
mass whereas at a certain degree of broken condition,
quality of broken rock mass by explosion can be ex-
tremely unsatisfactory.

However, the formation of zones with prevailing
values of tensile stresses in a continuous frangible me-
dium (thereby reducing the energy for rock destruc-
tion) makes it possible to reduce the consumption of
explosives and, in addition, to reduce the impact of
seismic explosion. Therefore, while developing effec-
tive ways of breaking the seismic safety of ore and rock
in deep water deposits, including deposits of vein type,
studies of the stress field in rock mass in the vicinity of
the stope should be considered of high value. They will
allow revealing the character of the distribution and
calculating numerically the values of stresses in areas
of strong compound rocks in various zones of the
stope, affecting the ore preparation of steeply dipping
deposit. The research areas described above formulate
the relevance to solve scientific problems.

Purpose of the work is to evaluate and determine
the nature of the distribution of values of maximum
principal stress in the vicinity of the stope of steeply
dipping orebody applying experimental studies and
numerical methods; the results are to be used for fur-
ther development of rational parameters of drilling
and blasting operations.

The study involves conducting two parts of work:

1. Experimental studies of the nature of the stress
field when changing the static load in the vicinity of
the stope models.

2. Simulation modelling of the stress-strain state of
the rock mass in the vicinity of the stope using the fi-
nite element method.

Material and results. Experimental studies of
the nature of the stress field in the vicinity of the

42

stope models. For the formation of the character of
the stress field in the vicinity of the stope the model
used the developed technique of SSS simulation of
rock mass, based on the photoelasticity method or fi-
bre-polarization method [2].

The method is based on the ability of transparent
materials to acquire the properties of polarized light
birefringence under the influence of stresses arising in
them. Both sheet glass and bulk organic glass (poly-
methylmethacrylate) with stable strength, mechanical
and optical constants can be referred to optically active
materials. In our case, the model sheet organic glass of
constant thickness of 0.015 m was used to produce the
model. Basic concepts of the methodology have been
described in papers by K.S.Ishchenko, A.P.Kru-
kovsky, V. V. Krukovskaya.

Selection and substantiation of the model parame-
ters with the stope are based on considering the condi-
tion of wall rocks and ore deposits, technological fea-
sibility and safety of mining operations, as well as pa-
rameters of technological equipment, that is hydraulic
press test of PSU-125 type. These include technologi-
cal stroke of the upper press plate and the boundary
values of force applied to the models that correspond
to the performance of the original stress field of rock
mass at depths of 350—450 m. Thus, for example, the
East Wing of the Central deposit of uranium ore (GP
VostGOK, Kirovograd) with the technological pa-
rameters of the chamber mining development with
filling and cutting sub or drift, stoping are carried out
in the chamber 60—80 m high with cutting sub 12—
17 m high, and the width of the chamber sections is
10—18 m. The initial stress field of rock mass repre-
sented by uranium containing granite with density y =
= 2.75—2.85 t/m? with an average depth of develop-
ment equal to H =400 m, taking into account the coef-
ficient of lateral resistance o (o0 = 1.3) will be ~ 13.0—
14.0 MPa. Breaking static load for the test patterns to
the selected facets of equal size 0.2 x 0.15 m after pre-
liminary tests did not exceed 20.0 MPa, which corre-
sponds to the initial stress field for the specific condi-
tions of mining operations in the field. For clarity and
reliability of the results of experiments, the geometric
relationship of the nature and model was accepted at a
ratio of 1 : 100.

After substantiation of the geometrical parameters
of the rock mass model in the laboratory, a 0.2 x 0.15m
size model was formed from a sheet of organic glass
with a circular saw; using a milling machine, in the
center of the model a chamber was cut in the form of a
parallelepiped with horizontal floor pillar and bottom
m long 0.05 m wide with inclination of 85° and 75°. To
study the nature of the stress field and to process the
results of the research on the side polished surfaces of
the models a square grid with a 0.002 m pitch was
drawn with a marking pen .

Methodology of experimental studies involves two
series of experiments according to the selected scheme
of the rock mass model. In the first series chamber was
made at 85° inclination to the horizontal plane, and in
the second series it was 75° with regard to the intended
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changes in the angle of incidence of ore deposit. Ex-
perimental studies were carried out in laboratory con-
ditions using proven methods of research of stress-
strain state of rock mass models with the help of the
developed stand [2]. The scheme of the experimental
stand is shown in Fig. 1.

Stand with the equipment included in its configu-
ration (Fig. 1) was calibrated before the experiment
while consistency of the stand systems and equipment
was checked by testing them on a joint stable perfor-
mance. Then, between the pressing plates of the press
the model prepared was set according to the selected
scheme and loaded. On the horizontal surface of the
lower press plate, the model was set in such a way that
align presumed optical axis centre on one side there
was a light source and a polarizer, and on the other

Fig. 1. Scheme of the stand to simulate SSS of rock
mass:

1 — the hydraulic press; 2 — the pressure plates of the

press; 3 — model; 4 — non-contact magnetic sensors;
5 — connection cable; 6 — digital converter; 7 — the
6 RS-232interface; 8 — PC system; 9 — digital cam-
era; 10— USB port

b

side there was an analyser and a digital camera. Since
the optically active material is anisotropic in stress
state, it allows light waves in mutually perpendicular
directions at different speeds.

Therefore, when light passes through the model,
the so-called path difference of these two rays occur
and on the screen analyzer there appear series of
bands — isochromes of various colours and intensities.
According to the colour of isochrome the intensity of
the stress state of the model is evaluated. Each iso-
chrome corresponds to a certain level of the difference
between the maximum and minimum principal stress
components (oc,—c3). Fixation of the stress fields was
carried out through video recording with an Olympus
digital camera with a set step of loading on the model
every 2.5 MPa. According to the video recording and
simultaneous recording of the operator commands to
the system disk of the PC, regarding each stage of
loading, the process was framed and recorded using
standard video editing program Windows Media Play-
er Classic, while kinograms formation process, which
is shown in Fig. 2, was done using the program Corel-
DRAW X6. The research have shown that under the
action of a static compression load of 2.5 MPa, a light
coloured field is observed in the models in the vicinity
of the chamber, sectioned along the axis both in lying
and hanging sides which corresponds to the iso-
chromes of the first order (Fig. 2, a, b) which charac-
terize the zone with a minimum value of the maximum
compressive stress. These pressures have resulted in
intensification of the stresses in the corners of the floor
pillar and bottom chambers. Further increase in load
to0 5.0—10.0 MPa resulted in increased area of the zone
of reduced stress by 1.5 times within the same borders:
isochromes of the first order and the chamber walls for
two types of models. The analysis of further testing of
models with increasing loads up to 10.0—17.0 MPa

10.0

17.5 MPa

Fig. 2. Photographs of the stress field distribution according to the value of the load applied to the model
with a rectangular chamber directed at an angle to the horizontal which is: a — §5°;, b —75°
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showed a significant change in the nature of the stress
field with the 85° angle of the chamber compared with
the 75° angle of inclination. Thus, for the first version
of the model (the 85° chamber angle) the area of low
voltage decreased, but there appeared areas of stress
redistribution and their concentration in the acute an-
gles of the floor pillar and bottom of the chamber.

The changes indicate an increase in stress in the
model in the vicinity of the chamber when the loading
increases (the appearance of concentric isochrome of
higher orders). The zone of elevated stress, limited by
isochromes for the studied types of models, differs
only in the area formed by this isochrome. The results
of studies prove that the rational place of laying the
drilling workings of mining in the chamber can be car-
ried out according to the following guidelines:

- from the top of the chamber or the next level of
the upper border of the floor or sublevel at a distance
equal to at least the height of a floor or sublevel
hy 2 12—17 m, where Ay, is the floor height, in the area
of low-stress states near the camera both in hanging
loop, and in the footwall;

- horizontally at a distance from the proposed
boundary of the chamber of both hanging and footwall
equal to 1/2 ¢, . or a chamber section 1/2 (/,,. ) where
ly. is the width of the chamber (12—18), m; /,, . is the
width of the chamber sections (9—12) m, which cor-
responds to zones of redistribution or low-stresses
near the central section of the chamber as well as at the
chamber bottom.

Stress state simulation of the rock mass in the
vicinity of the mining chamber using the finite ele-
ment method (FEM). As it was mentioned above,
SSS simulation of rock mass, allows a scientific ap-
proach to the selection and substantiation of the tech-
nological parameters of the systems development:
places of laying the drilling workings, drilling a set of
fanholes, forming of blasthole explosive charges in
their rational structures. This approach allows us to
implement modern management methods for explo-
sive destruction of hard rock, providing high-quality
crushing of the rock mass and seismic safety complex
of buildings and structures of the surface.

To confirm the adequacy of the selected physical
SSS simulation model of rock mass, computer simula-
tion was conducted with solving the SSS of the rock
mass in the vicinity of the stope in the elastic-plastic
formulation using numerical methods — the finite ele-
ment method (FEM) as a method of movement. The
algorithm for solving the problem involves the follow-
ing sequence of calculation by the finite element
method:

- formation of the model parameters, splitting the
model into finite elements and the appointment of
nodes in which displacement occurs;

- construction of the stiffness matrix and load vec-
tor of finite elements;

- drawing up a system of algebraic equations and
their solutions;

- definition of the stress-strain state according to
the model displacement.
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Let us consider the model schemes of the rock
mass in the vicinity of the stope for the numerical solu-
tion of the problem of SSS changes: @ — a model of the
rock mass including stope in orebody with an angle of
incidence equal to 85°; b — a model of the rock mass
including stope in orebody with an angle of incidence
equal to 75°. The parameters and geometrical dimen-
sions of the model correspond to the selected physical
model for studying SSS of rock mass described above.
The calculation model is shown in Fig. 3.

The evaluation of SSS is conducted according to
the geotechnical parameter characterizing the differ-
ent components of the stress field,

o

_0,-0;4
YyH

where 6, o3 are the maximum and minimum princi-
pal stress tensor components; y is the volume weight of
the overlying rocks; H is formation depth.

As a result of the calculation, the record of distri-
bution of values of the geomechanical parameter Q
was obtained for the models under analysis at the max-
imum load which are shown in Fig. 4.

bl

Fig. 3. Calculation model of SSS in the vicinity of
“orebody — stope” system with an angle of in-
cidence: a — 85, b — 75°
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Fig. 4. Distribution of geomechanical parameter Q values of rock mass model in the vicinity of the “ore-

body—stope” system with an angle of incidence:

a— 85% b —75° 1 — finite element mesh; 2 — stress intensity; 3 — difference between the principal stresses and
minimum; 4 — G, — maximum principal stresses; 5 — 6., — minimal principal stresses

Fig. 4, a, shows that in the vicinity of the chamber
at an angle of 85° of the model, high stress zone devel-
ops on the surface of the floor pillar, cell floor and in
the corners (0.8 < Q < 1.2). The most unloaded zone is
set for the model with angle 75° (Fig. 4, b) in the centre
of the cross section along the axis (Q = 0.4—0.8), both
in a footwall and in the hanging wall, but with limited
by the chamber walls on one side and by higher stress
field (Q = 0.8—1.2) on the other.

o, MPa
1.2

0.4 ]

}/%—ﬂ\

-0.8
50 100 150
L, mm
@ sl ~[}-s3 —/\—sz —@—s1-53 %si
a

The intensity of the main maximum stress for two
selected models is similar both for the floor pillar sur-
face and at the bottom of the chamber. Furthermore,
by increasing the load the maximum values of the
principal stresses are shifted to the floor pillar and to
the bottom of the chamber with the area changing and
followed by redistribution within the cross-section and
along the axis. Fig. 5 shows the measurement of relative
maximum principal stress tensor components ,/yH in

o, MPa
8.00

T
0 100 150
L, mm

- - sl --D-~s3 -/A\--sz —@— sl-s3 %si
b

Fig. 5. Changes in the relative maximum principal stress tensor components c,/yN along the axis of the

stope of steeply dipping orebody at an angle:

a— 85%b— 75 81— o, — maximum principal stresses; S3 — oy minimal principal stresses; S1-S3 — o,—o; — dif-
Sference between maximum and minimum principal stresses; SZ — o, — stresses perpendicular to the plane of model;

Si — o, — stress intensity
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the model of steeply dipping orebody passing through
the centre and along the axis of the stope.

Dependency analysis showed (Fig. 5, a), around
the chamber at the angle of 85° within the boundaries
of the model, the maximum principal stress concen-
tration is o, = 6.9 MPa, while o; = 4.0 MPa on the
surface of the chamber at distance of 0.05 m.

These values do not change on the opposite wall
of the chamber in the footwall as well. For the given
model the behaviour of the minimum principal
stress o3 and the stress perpendicular to the plane of
the model o, is almost indistinguishable. Stress val-
ues for the model with angle of 75° (Fig. 5, b) are
quite different. The behaviour of maximum o, and
minimum principal stress o3, the stress perpendicu-
lar to the plane of the model o, are similar in charac-
teristics and are in the range of 0.6—0.8 MPa, which
are significantly lower (by 6—8 times) for the model
with the angle of 85°. Moreover, the difference be-
tween the maximum and minimum principal stress-
es o,—o; does not change significantly (o;,—o; =
= 0.1 MPa), and the intensity of the stresses o; on
this grid coordinate changes in a parabolic depen-
dence. The intensity of the calculated stresses o, for
the model under analysis proves the prevalence of
stress redistribution zones, zones of low stress and
dynamics of growth of tensile stresses that contribute
to increasing efficiency of breaking strong tense
rock, explosion efficiency factor and reduce the cost
of drilling and blasting work.

Conclusions. According to the results of simula-
tion and numerical solutions of the approved methods
of physical modelling and the finite element method,
carried out for several models of the “rock mass —
stope” system, we established the following:

1. With load on the model changing within the
range of 2.5—17.5 MPa for two variants of the chamber
at angles of 85° and 75°, the stress field at early stages
remains almost identical. With increasing load (10.0—
17.5 MPa) there appear zones of increased intensity
and redistribution of stresses shifting to acute corners
both in the floor pillar and the bottom of the chamber
which corresponds to an increased concentration of
the isochrome of higher orders.

2. Experimental and numerical calculations of
stresses in the rock mass in the vicinity of the stope
substantiated the efficient location of the drilling
workings with the following coordinates:

- from the top of the chamber or mark from the top
border of the following floor or sublevel at a distance
equal to at least the height of a floor or sublevel
hy > 12—17 m, where Ay, is floor height m, in the low
stress area near the chamber both in hanging loop and
in the footwall;

- horizontally at a distance from the assumed bo-
undary of the chamber of the hanging wall equal to
1/2¢,,. or the chamber section 1/2 (4,,. ) where £, . is
the width of the chamber (12—18), m; /,, . is the width
of the chamber sections (9—12) m, which corresponds
to zones of redistribution or low stresses near the cen-
tre of the chamber cross-section.
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3. With increase in the depth of excavation of ore
deposits in the stope which corresponds to increased
loads applied to the model, drilling blast holes should
not extend beyond the boundaries of the proposed
area of maximum principal stress (Q = 0.8—1.2) or in
the area of low stress (Q =0.4—0.8) for the entire height
of the stope, except for the floor pillar and bottom
chamber when the boundary height of the floor or
sublevel is selected from the conditions of stability of
the floor pillar, but no more than Af; < 12—17 m;

4. For models with a chamber angle of 75° differ-
ence between the maximum and minimal principal
stresses 6, — o3 is distributed within the positive area
(0,—03=0.1 MPa), while the intensity of stresses 5; on
this grid coordinate changes in a parabolic dependence
which indicates the prevalence of stress redistribution
zones, zones of increased stress and dynamics of
growth of compressive stresses over tensile stresses
within the model under analysis; these contribute to
increasing efficiency of breaking strong tense rock, ex-
plosion efficiency factor and reduce the seismic effects
of blasting on undermined territories.

5. Experimental and numerical stress calculation
shows good convergence of data and the adequacy of
the model chosen to solve the problems.

6. The results of the research will be recommended
for their testing under industrial conditions of deep
mines iron ore and uranium deposits in Ukraine.
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Meta. OUiHUTH Ta BUBHAYUTU XapaKTep poO3Mo-
JIily 3HaY€Hb MaKCHUMAaJIbHUX TOJIOBHMX HAIpyr Ha-
BKOJIO KamMepu OJIOKYy BUAOOYTKY KPYyTOIaAaroyoro
PYIHOTO MOKJIany JJis MOAAIbIIOI PO3POOKHU palio-
HaJIbHUX MapaMeTpiB OypomigpuBHUX pooiT (BITP).

Metomuka. IIpoBeneHo aekijibka cepiil excre-
PUMEHTAJIbHUX JOCIIIXKEHb Y J1a00OpaTOPHUX YMOBax
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3 BUBYCHHS XapaKTepy PO3MOMIY ITOJIsI HAalpyr Ha-
BKOJIO KaMepH Mojesi OJIOKY BUIOOYTKY 3 BUKOPUC-
TaHHSIM PO3pPOOJICHOrO CIocoOy iMiTaliifHOro Ta
KOMIT’ IOTEPHOTO MOJEIIOBAHHS HampyxXeHo-aedop-
moBaHoro ctany (HAC) MacuBy 3 BUKOPUCTAHHSIM
meTtony KiHueBux enemMeHTiB (MKE).

PesyasraTn. [IpencraBneHi ekcnepuMeHTalbHi i
teopetnuuHi naHi HIC macuBy 3a 1BoMa cxeMaMu 3a-
MPOMOHOBAHOI MoAedi 610Ky BUIOOYTKY Y MPY>KHO-
TUIACTUYHI MOCTaHOBII. 3 BUKOPUCTAHHSM PO3pPO-
OJIeHMX METO/IiB BCTAHOBJIEHI 3aKOHOMipHOCTI 3MiHI
HIOC macuBy B mepeTWHi KaMepu, IO ITPOXOIUTh
Y30OBXK OCi KaMepM 3 ypaxyBaHHSIM INIMOWHMU ii 3a-
KJagaHHSI Ta Pi3HUX KyTiB Haxuiy, 3MiHU reoMmexa-
HiuHOro mapamerpa Q y 3aJeXHOCTi Bill iHTEHCUB-
HOCTi TOJIOBHUX MakKcuManbHuX Hanpyr. [TodynoBaHi
3aJIeXKHOCTI 3MiHU T€H30pa TOJIOBHUX HAMpyr Iepe-
TUHY KaMepHU Y3[0BX ii 0Ci B Mofiesi. 3aIeXKHOCTi Mo-
KaszaJjiu, 1110 B epeTHHI IEeHTPaJIbHOI YaCTUHU KaMe-
pHM 10 ii oci, K 3 00Ky KaMepHy BUCIYOTO OOKY, TaK i 3
00Ky Jiexadyoro 00Ky nokiany, GopMyIOThCS TITSTHKU
3 MiHIMQJIbLHUMM 3HAYEHHSIMU HATIPYT 32 PAXYHOK iX
TepepOo3IOoIiTy B 30HAX ITiIBUIICHUX HAIIPYT.

HaykoBa HoBu3HA. BcCTaHOBJIEHI 3aKOHOMIp-
HOCTi pO3IOIily Ta YKUCeJIbHI 3HAaUYeHHSI MaKCUMaJlb-
HUX HaIIpyT MO0JIM3y KaMepu OJIOKY BUTOOYTKY KpY-
TOMagaluoro pyaHoro nokiamy 1o BeneHHs BITP no-
3BOJIITh KOPEKTYBATH iX TEXHOJIOTIUHiI MapaMeTpu.
3 ypaxyBaHHSIM 3MiH reoOMeXaHiuMX IMPOoLIeCiB HaBKO-
JIO KaMepu OJIOKYy BUAOOYTKY MOXHa OOI'PYHTYBaTU
MicCIIs 3aKJIaIeHHS OYpOBUX BUPOOOK, HAITPSIM OYypiH-
HS BUCXIIHUX a00 HU3XiZTHUX KOMILJIEKTIB BisSUIOBUX
CBEpJIOBUH i YMOBU iX OYpiHHS, palliOHaJIbHi KOH-
CTPYKIIii CBEPIJTOBUHHUX 3apsifiiB BUOYXOBUX pedo-
BuH (BP) mis nux ymoB, IO IMIBUINUTE ¢(heKTUB-
HICTh Big0O0O10 KOPUCHUX KOTIAJAWH Ta 3HU3UTH PiBEHb
celicMiuHOI1 IIi1 Ha 06’ €KTU, 10 OXOPOHSIOTHCS TEPU-
TOpiii, 110 MiAPOOJISIOTHCS.

IIpakTuyna 3HaYUMicTh. [1pu BigOiliii ripcbkux
MOopiz i KOPHCHOT KOMAJWHU Y OJIOLI BUAOOYTKY KpPy-
TOIAaI0uy0ro PyIHOTO TMOKJIaAy MiABUIILYETbCS KOe-
dillieHT KOpUCHOI MIi1 BUOYXY CBEPMIJIOBUHHUX 3apsi-
niB BP, 3HmXyeTbcst muTtoMa Butpata BP i 3aco0iB
MiIpUBaHHS, 3MEHIIIYEThCS PO3yOOXKYBaHHSI KOPHC-
HOT KOTIAJIMHU Ta MOKPAIIYIOThCS TOKa3HUKHU POOOTH
BAHTAXXHUX i TPAHCTIOPTHUX 3aCO0iB.

KirouoBi ciioBa: nanpyscenuii cmat, 6udo6ya-
Hull 610K, Kamepa, 6yponiopueHuil cnocibo 8idoiii-
Ku, memoo ghomonpyicHocmi, vuceasbHe Mooenro-
6aHHA

Ienn. OLIeHUTD U ONIPENEIUTD XapaKTep pacipe-
JeJIeHNSI 3HAYeHUI MaKCUMAaJIbHBIX IJIaBHbIX HAIIPsI-
JKEHUM BOKPYT KaMepbl JOOBIYHOTO 0JI0Ka KpyToIla-
JlalolIei pyaHOW 3ajiexu IS Tocenytonei paspa-
OOTKM palMOHAJbHBIX IMapaMeTpPOB OYpPOB3PBIBHBIX
pa6ot (bBP).

Metomuka. [IpoBeneHO HECKOJIIBKO Cepuid 3KC-
TMepUMEHTATBHBIX HMCCIIEAOBAaHU B J1aOOpPaTOPHBIX
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YCJIOBUSIX MO M3YYECHUIO XapaKTepa pachpeneeHust
TIOJIST HATIPSDKEHUI BOKPYT KaMephbl MOIENIN TOOBIU-
HOro 0OJIOKa C WCHOJb30BaHWEM pa3pabOTaHHOTO
crnoco6a MMUTAIIMOHHOTO M KOMITBIOTEPHOI'O MOIIE-
JIMPOBaHUSI HAIIPSIKEHHO-Ie(OPMUPOBAHHOIO CO-
crosgaus (HJIC) MmaccuBa ¢ MCITOIb30BaHUEM METOAA
KOHEUYHBIX 271eMeHTOB (MKD).

Pesyabratel. IIpencraBieHbl 3KCIIEPUMEHTATb-
Hble U Teopetuvyeckue gaHHele HJIC maccuBa 1o
IIBYM CXeMaM MpeIJIOKEHHONH MoAeau HOOBIYHOro
O70Ka B ympyromiaacTudeckoil mocraHoBke. C uc-
MOJIb30BaHUEM Pa3pabOTAHHBIX METONOB YCTAHOBJIE-
Hbl 3akoHOMepHocTu uameHeHuss HIC maccuBa B
CEUYEeHHNU KaMephl, ITPOXONSIICIA BIOJIb OCH KAMEPEHI C
Y4IeTOM IIIYOMHBI €€ 3aJI0XKCHMS W Ppa3IMIHBIX YIJIOB
HaKJIOHA, U3MCHEHUS TeOMEXaHNIEeCKOTO ITapaMeTpa
Q B 3aBHCHMOCTH OT MHTCHCUBHOCTH IJIABHBIX MaK-
CUMAaJTbHBIX HanpsoKeHU . [TocTpoeHBI 3aBUCMMOCTH
W3MEHEHUS TeH30pa [NIABHBIX HAIPSDKEHUM CEUCHUIO
KaMephl BIOJb €€ OCU B MoIeau. 3aBUCUMOCTH IT10-
Ka3aJiu, YTO B CEUEHUU LIEHTPAIbHOMN YacTH KaMephl
110 €€ OCH, KaK CO CTOPOHBI KaMephbl BUCAYEro Ooka,
TaK U CO CTOPOHBI JiexKauyero 6oKa 3ajexu, GopMupy-
IOTCSl YYaCTKM ¢ MUHUMAJbHBIMU 3HAYCHUSIMM Ha-
MPSDKEHUI 3a CYET UX MepepacrpeneieHus] B 30HaX
TTOBBIIIICHHBIX HATIPSKEHUIA.

Hayynasi HOBHM3HA. YCTaHOBJIEHHBIE 3aKOHO-
MEPHOCTHU pacIIpene/ieHUsI W YNCIeHHBIC 3HAYCHUS
MaKCUMAJIbHBIX HANPSDKCHUN BOJIU3M KaMephbl T0-
OBIYHOTO OJI0Ka KpyTolagalolleil pymHO# 3aieXu 10
BeneHus1 bBP mo3BoiaT koppekTupoBaTh UX TEXHO-
Jjornyeckue mapamerpbl. C yyeToM U3MEHEHUI reo-
MEXaHUYECKUX IMPOLIECCOB BOKPYT KaMepbl JOOBIY-
Horo 0jl0Ka MOXHO OOOCHOBaTb MeCTa 3aJIOKEHUSI
OYpOBBIX BBIPAOOTOK, HAallpaBiieHUEe OYpEeHUST BOCXO-
ISIIIAX  WIM  HUCXOMSIIUX KOMIUIEKTOB BEEPHBIX
CKBaXXWH W YCJIOBMSI MX OypeHUs, palMOHaJIbHBIE
KOHCTPYKIIMM CKBaXXWHHBIX 3apsiioB B3pBIBYATHIX
BelectB (BB) nis 3Tux yclioBUiA, 4YTO MOBBICUT (-
(EeKTUBHOCTb OTOOMKM ITOJIE3HOTO MCKOIAeMOIO U
CHU3UT YPOBEHb CEMCMMNYIECKOTO BO3IEHCTBHS Ha OX-
paHsieMble 00bEKTHI MOAPadaThIBAEMbIX TEPPUTOPUIA.

IIpakTuyeckas 3HaYUMOCTD. [1pu oTOOIIKE rop-
HBIX TTIOPOA U MOJIE3HOTO MCKOITAeMOro B JOOBIYHOM
6J10Ke KpyTOmanaiouleil pyaHoO! 3a1€XU MOBbIIIAET-
cs1 KO3 DUIIMEHT MOJIe3HOro AeCTBUS B3pbiBa CKBa-
KMHHBIX 3apsinoB BB, cHukaeTcst ynenbHBINA pacxon
BB u cpencTs B3pbIBaHMS, YMEHBIIIAETCS Pa3y0oXKM-
BaHUeE ITOJIE3HOTO MCKOITAeMOro U YIy4lIaliTCs To-
KasaTelM pPabOTHl IOTPY30YHBIX U TPAHCITOPTHBIX
CPEICTB.

KioueBbie cjoBa: HanpsidceHHOe cocmosiHue,
000bi4HOU 0N0K, Kamepa, OYpoe3pbleHOU CHOCOO
omooiKu, memoo pomoynpy2ocmu, YHUCAeHHOe MO~
Odeauposarue

Pexomenoosano 0o nybaikayii dokm. mexH.

Hayk B. B. Coboaecsum. Jlama Ha0xo0iceHHs pyKO-
nucy 22.04.15.
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