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TECHNOLOGICAL SOLUTIONS DEVELOPMENT FOR MINING
ADJACENT ROCK MASS AND PIT RESERVES TAKING INTO ACCOUNT
GEOMECHANICAL ASSESSMENT OF THE DEPOSIT

Purpose. The assessment of options for opening and mining the upper tier of Oleniy Ruchey apatite- nepheline deposits and
technological solutions development taking into account geomechanical calculations of open pit slopes and benches stability, both
on the marginal contour and when changing the design values of the slope parameters, open pit benches and the stability safety
factor to establish the marginal maximum accepted under the condition of the values stability.

Methodology. Searching for technological solutions of mining is based on the method of mining and geometric analysis of the
deposit upper tier, comparison, generalization, systematization, analytical calculations, 3D parametric modeling, three-dimen-
sional numerical modeling of stress-strain state and the rock mass stability by the finite element method.

Findings. According to the research results, the optimal development of mining operations has been proposed for an option
providing for the minimum overburden ratio. The parameters of the highwall slopes and their elements on the marginal contour
and the development of the deposit are recommended according to the option that provides the maximum possible involvement in
the development of the adjacent rock mass and pit reserves mining within the existing limits of the open pit mining tap.

Originality. It consists in feasibility evaluation of using a rational technology for the development of mining operations accord-
ing to the option that provides for the minimum overburden ratio and possible mining development schemes for mining open pit
reserves with an assessment of the possibility of internal dumping during the development of an open pit.

Practical value. The calculations show that for the conditions of a lying side, the normative factor of the slope stability on the
marginal contour can be ensured only if they are bank slopes worked along the weakening surfaces, whose cutting should not be

permitted.
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Introduction. The relevance of the work is caused by the
need to perform safely mining operations in open pits of a con-
siderable depth. Increasing production volumes is possible
with significant deepening, and to reduce overburden volumes,
it is necessary to steepen the sides of the slopes and benches.
To solve this issue, it is necessary to know the geomechanical
situation of the benches and slopes, both on the marginal con-
tour and when changing their basic parameters: the height and
the angle of inclination.

In the Khibiny a large deposit of apatite nepheline ores
called Oleniy Ruchey, located in the south-eastern part of the
Khibiny massif, is being developed [1, 2]. The productive zone
has a complex multi-tiered structure, due to the alternation of
apatite-nepheline ores, trachytoid urtites, ijolites, Melteigites,
massive urtites and juvits, nepheline syenites, as well as outli-
ers of more ancient ristschorrits in the section of the layer-like
bodies. At present the development of the field is carried out
by the open method [3, 4].

The slope stability is mainly affected by the structural-
tectonic pattern of the marginal massifs formed due to the de-
velopment of reserves |5, 6].
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Comprehensive geological studies of the Oleniy Ruchey
apatite-nepheline deposit show the presence of the Main Fault
that is an intensely tectonized zone, occurring subconcordant-
ly to the ore deposit (cutting it at an acute angle), complicated
by numerous branching feathering disorders and accompanied
by intense oxidation with participation of meteoric waters and
cataclasis [7]. The angle of incidence of the Main Fault is ap-
proximately 40—45°.

The advanced operational exploration to identify new ore
bodies or ore deposits is carried out with the aim of opera-
tional and long-term planning the mining operations, as well
as to obtain the data of safe mining and stripping operations,
ensuring the most complete extraction of the main reserves
and co-located ore bodies. New ore bodies can be identified
both in the adjacent rock mass zone and outside the marginal
contour of the pit.

On the other hand, the analysis of the fields operated by
the open or combined method shows that the reserves in the
slopes reach 45 % of all the reserves located both in the adja-
cent rock mass zone and outside the marginal contour of the
open-pit. However, experience shows that not all enterprises
work out such reserves; in most cases they are left. But the de-
velopment of these reserves would make it possible to increase
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the efficiency of development and completeness of extraction
during the mining of ore deposits [1, 2].

Searching, selecting and justifying the options for the de-
velopment of newly discovered ore bodies, which are both in
the adjacent rock mass zone and in the pit reserves with the
combined method of their development, ensuring their effec-
tive and safe development with the greatest completeness of
extraction is an urgent task at present.

The scope of research dealing with the final extraction of
reserves located in the marginal zone necessitates their expan-
sion in order to develop a regulatory framework and documents
for the design of rational development systems and stripping
schemes for adjacent rock mass and sub-career reserves. Today
there are no methodologies for selecting the design of develop-
ment systems for adjacent rock mass and pit reserves by the
open, underground or combined way; a rational procedure for
developing such reserves has not been substantiated.

The limited development of adjacent rock mass and pit re-
serves is closely related to geomechanical conditions. Chang-
ing the stress-strain state (SSS) of the massif during mining
operations in the adjacent rock mass zone leads to changing
the position of the sliding surface. On the other hand, the final
extraction of reserves in the specified zone begins after the
slope has been put into the final position. Consequently, when
selecting a technology for final extraction of reserves, geome-
chanics becomes paramount.

The adjacent rock mass reserves, which are subject to both
open and underground final extraction, located beyond the
marginal contour of the open-pit mine, are characterized by a
more complex geological structure, the presence of isolated
sections, and dispersal of reserves along the perimeter of the
open pit. The areas of the field that are subject to underground
final extraction are, as a rule, confined to lenses, zones of tec-
tonic disturbances, deposits with a low content. The mined ore
zones are often represented by local ore deposits, areas with
inconsistent thickness, with small sizes of strike and dip, low
quality, and sometimes related to off-balance reserves.

When designing the technology for final extraction of ad-
jacent rock mass and pit reserves, the greatest difficulties arise
because their development causes a violation of stability of
both the pit slopes and benches.

Methods. When performing a detailed mining and geo-
metric analysis of the upper tier of the deposit, the volumes of
ore and overburden outside the open-pit project contour have
been calculated using the method of parallel sections. The es-
sence of the method consists in splitting the deposit with verti-
cal sections (cuts), the distance between which is from 20 m to
80 m. To calculate the reserves, the mineral deposit has been
divided into separate calculating blocks, the boundaries of
which have been flat sections. At the same time, the total vol-
ume of ore amounted to 3,840 thousand m?, including pit ore
reserves of 2,756 thousand m? and adjacent rock mass reserves
of 1084 thousand m?.

Options of mining operations development schemes with final
extraction of reserves. Possible development schemes of mining
in the final extraction of pit reserves have been analyzed. There
have been considered and studied possible options of schemes
of opening and final extraction of reserves in the adjacent rock
mass zone with observance of the conditions for the develop-
ment of mining operations within the boundaries of the min-
ing allotment. Technological solutions for developing adjacent
rock mass and pit reserves are presented in Table 1.

For each of the options presented, in order to select a ratio-
nal option for mining, there have been determined overburden
volumes, horizons of ore divided into pit and adjacent rock
mass ores, as well as overburden ratio for comparison with the
overburden boundary coefficient, determined from the condi-
tion of the equal cost of ore mining by underground and open
methods (Table 2).

Analyzing the obtained values of total ore volumes divided
into the pit and adjacent rock mass reserves (Table 2), we con-
clude that the final extraction of reserves under option 1 makes
44 % of the total reserves, including 33 % of the pit and 72 %
of adjacent rock mass reserves; under option 2 it is 23 % of the

Table 1

Rational options of mining operations development

General characteristic of possible schemes
No of stripping and final extraction of adjacent
rock mass and pit reserves

Advantages Drawbacks

1 | Option 1

It provides the maximum possible
involvement in the development of
adjacent rock mass and pit reserves
within the existing boundaries of the
mining allotment from the condition of
providing an access from the surface to
the lowest horizon

As a result of the studies, it has been
revealed that it is possible to descend as far
as possible in the north-eastern and
south-western parts of the deposit with
open pit mining, and to aximize the ore
reserves development in the adjacent rock
mass zone

To ensure the given production, it
is necessary to remove the entire
volume of excavated overburden
and to lay it in external dumps

2 | Option 2

It provides the maximum possible, as in
option 1, involvement in the development
of adjacent rock mass reserves and part of
the pit reserves of ore bodies traced in the
south-western part of the mine field with
the depth of 15—45 m

As a result of the studies, the following has
been revealed:

1. It is possible to pick up adjacent rock
mass ore reserves traced in the laying side
of the ore deposit as far as possible.

2. From the pit reserves in mining there
are involved only ore bodies with
deepening the project boundaries in this
part of the mine field to 15—45 m.

3. In the north-eastern part of the mine
field its technical boundary does not
change along the bottom and along the
western slope

To ensure the given production, the
entire volume of rock overburden
being removed can be laid in the
internal dump that can be formed
in the north-eastern part of the
mine field, whose deepening is not
stipulated by the option

3 | Option 3

It provides the development of adjacent
rock mass and a part of the pit reserves in
the south-western part of the mine field,
which are also to be opened, as in option 2,
and in the north-east part, the pit reserves
are mined with the open put deepening

To ensure the given production, the
excavated overburden rocks are to be laid
partly in the developed space with filling
its southern and northern ends up to the
hor. +240 and partly to the external dump
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Table 2

Extracted ore and overburden volumes in options

Overburden volumes, Overburden ratio, Total horizons ore Including
Name housand m? 3/m? lumes, thousand m’ : ,
thousand m m’/m volumes, thousand m Pit reserves Adjacent rock mass reserves
Option 1 29650 17.3 1710 922 788
Option 2 7800 8.9 880 92 788
Option 3 8550 8.2 1039 251 788

total reserves, including 3 % of the pit and 72 % of adjacent
rock mass ores; in option 3 it is 27 %, including 9 % of the pit
and 72 % of the adjacent rock mass reserves. It follows that
under option 1, it is possible to maximally involve adjacent
rock mass and pit reserves in the mining within the existing
boundaries of the mining allotment of the open-pit. On the
other hand, mining options have a limiting overburden ratio
that is adopted equal to 12 m?/m? for the conditions of mining
of this nepheline-apatite ore deposit.

As it can be seen from Table 2, following the analysis of the
three considered possible options for opening and preparing
schemes of the adjacent rock mass and pit reserves at the Ole-
niy Ruchey deposit, it can be concluded that the most rational
is option 3, in which the overburden ratio is 8.2 m*/m? (Table
2), but with a smaller share of production reserves in the adja-
cent rock mass zone.

Justification of rational scheme of stripping and preparing
procedure. According to the conditions of the terrain in the
open pit, the upland part is marked up to 315 m and the deep
part is below 315 m. According to the decisions made during
implementation of option 3, it has been proposed to strip the
open-floor horizons of the open pit with semi-trenches and the

deep part in the south-east side of the open pit with the system
of permanent cross-overs. It is rational to produce the reserves
located in the adjacent rock mass zone in the following order:

1. The first stage. Developing the maximum possible volume
of the adjacent rock mass reserves with 15 m deepening. The du-
ration of the stage will be 2 years of exploitation of the open pit.
In parallel, it is necessary to carry out operations related to the
construction of a mine for the development of the pit reserves.

2. The second stage. The operations having been complet-
ed, the mine is put into operation and the pit reserves are fi-
nally extracted by the underground method.

Geomechanical assessment of slopes and their elements sta-
bility accepted in the working project. When designing the tech-
nology of excavation of adjacent rock mass and pit reserves,
the greatest difficulties arise because their development causes
a violation of stability of both the pit benches and the slope.

The strength characteristics of the rocks of the Oleniy
Ruchey apatite-nepheline deposit obtained by geologists when
testing the samples are given in Table 3.

The calculated strength characteristics of the rock massif
are presented in Table 4, which presents characteristics of
rocks, both in the weathering zone and below it.

Table 3

Strength characteristics of the rocks

Ultimate strength, Internal friction .
Hardness ratio, un.
MPa Brittleness angle, degree Cohesion in the
Rock .
. ) ratio, un. . ) sample C,, MPA Acc. to
compression | tension Jo jat0.50,,, M. Protodyakonov Acc. to L. Baron
Ristschorrits 204 7.4 28 69 41 19.9 20 9
Ristschorrits-juvits 98 3.9 25 68 40 10.4 10 6
Juvits 199 7.4 27 68 41 19.7 20. 9
Juvits, leucocratic 110 6.0 18 64 39 13.7 11 7
Urtites 111 4.5 25 67 40 11.3 11 6
Monchiquites 276 16.6 17 62 39 34.7 28 13
Table 4
Calculated strength characteristics of the rock massif
Cohesion,t/m? Internal friction angle, degree
. Vol.ume Cohesion in Structural Taking into account stability safety Taking into account stability
Rock lithotypes weight, the sample, . .
3 5 weakening ratio factor safety factor
t/m t/m
1.0 1.3 15 0 | 13 | s
Primary rocks
Ristschorrits 2.76 2028 0.0163/0.0420 33.0/85.1 25.3/65.4 | 22.0/56.7 41 33.7 30.0
Ristschorrits-juvits 2.70 1061 17.3/44.5 13.3/34.2 | 11.53/29.6 40 32.8 29.2
Juvits 2.70 2008 32.7/84.3 25.1/64.8 21.8/56.2 41 33.7 30.0
Urtites 2.66 1151 18.7/48.3 14.3/37.1 12.4/32.2 40 32.8 29.2
Strength characteristics on the weakening surfaces
10 76 66 | 25 | 197 | 1m2

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N2 2 19



The magnitude of seismicity is determined by the corre-
sponding schematic maps of SNiP I1-7-81*. For the condi-
tions of the area of the deposit, the seismicity coefficient is
taken as m = 0.025 (7 points) [8, 9].

Results of calculating parameters of slope and bench stability
on marginal contour. The main criterion for assessing the
working slope and bench stability is the observance of the
equilibrium condition of shearing and confining forces [9], or
the excess of the confining forces over the shearing forces act-
ing on the most stressed surface in the adjacent rock mass
massif.

In assessing stability of slopes and their elements on the
marginal contour, the stability safety factor should, in accor-
dance with the recommendations of the current regulatory
documentation [9], be:

- not less than n = 1.3 for the slopes of the open pit;

- not less than 1 = 1.5 for benches composed of fractured
rocks, with the standing period up to 5 years and at least n =
= 2.0 for benches with the standing period more than 5 years.

The calculation of stability of the slopes has been per-
formed in accordance with the “Guidelines ...”. The calcula-
tion of stability for determining the parameters of the slopes in
the absence of unfavorably oriented surfaces of weakening
have been performed by the method of algebraic addition of
forces according to the V scheme [9]. The calculations have
used the calculated strength properties of rocks of the adjacent
rock mass massifs (Table 4). The sliding surface is adopted as
smooth and curvilinear, close in shape to circular-cylindrical.

The results of calculating the stable angles of the slopes on
the marginal contour are given in Table 5, taking into account
the stability safety factor = 1.3. The parameters of the slopes
are valid in the absence of weakening surfaces in the adjacent
rock mass massif. In the presence of weakening surfaces with a
fall in the working, it is necessary to roll back strictly along
these surfaces.

The results of the checking calculations of the stability
safety of the slopes on the marginal contour, corresponding to
the design solutions along the profile lines 29 and 33 are given
in Table 6. The calculations are valid under the condition that
there are no weakening surfaces in the adjacent rock mass
massifs, in the presence of weakening surfaces with a fall in the
working, the slopes are to be rolled back along these surfaces.

The checking calculations of the slope stability on the de-
sign marginal contour and those in option 3 (Table 6) show

that their stability is mainly provided by the normative factor
of stability safety (n = 1.3), with the exception of the north-
west side sections in the hanging wall (gray).

Calculating overburden bench slope stability. There have
been calculated overburden benches in weathered and un-
weathered rocks of the hanging walls, as well as those in weath-
ered and unweathered rocks of the lying side, taking into ac-
count the complicating factors, namely the surface weakening,
the water content, seismicity and in their absence.

As it is seen from Table 7, according to the calculations,
the overburden bench stability with a standard stability factor
1 = 1.5, taking into account the seismicity of the region and the
groundwater level:

a) is ensured with the following design parameters:

- in weathered rocks for hanging wall benches (in the ab-
sence of weakening surfaces in the adjacent rock mass massif)
H=30m, a=60° (Fig. 1);

- in unweathered rocks for hanging wall benches (in the
absence of weakening surfaces in the adjacent rock mass mas-
sif) H=30 m, a. = 70° (Fig. 2);

b) is not ensured when the angles of overburden benches be-
come steeper:

- in weathered rocks for hanging wall benches (in the ab-
sence of weakening surfaces in the adjacent rock mass mas-
sif) — H=45m, o = 55° (the parameters of tripled benches on
the marginal contour) (Fig. 3);

- in unweathered rocks for hanging wall benches (in the
absence of weakening surfaces in the adjacent rock mass mas-
sif) at H=45m and a.=65° (Fig. 4, a), at H=30 mand o =90°
(Fig. 4, b) (the parameters of the tripled benches on the mar-
ginal contour);

¢) is not ensured:

- in weathered and unweathered bedding rocks.

After analyzing the results obtained from Table 7, compar-
ing with the standard value n, we have established the following:

1. A detailed study of the geomechanical situation in the
rock massif of the hanging wall, without taking into account
the complicating factors, with high probability can indicate a
stable position of the benches on the marginal contour with
their design values, but taking into account the complicating
factors, the change in design values leads to decreasing the sta-
bility safety below the standard value [10].

2. Increasing the design slope angles of the bench with its
height of 30 m in the hanging wall rocks to 80—90° in the zone

Table 5
Results of calculating stable angles of the slopes on the marginal contour depending on the slope height
Slope height H, m 50 100 150 200 250 300 350
Angle of the slope inclination a, deg. 54 50 50 49 49 48 45
Table 6
Summary table of calculating the slope stability safety factor
Profile Line No. Pr.L.29 Pr.L.33
Slope orientation NwW SE NwW SE
Slope height, m 328 | 282 | 165 | 43 | 283 | 207 | 58 | 323 | 301 | 60 11 87 | 199 | 57
Slope inclination angle, degree 41 50 53 75 37 42 65 44 49 78 43 38 36 59
Sliding surface S1 S2 | S3 | sS4 | S1 S2 | S3 S1 S2 S3 S1 S2 | S3 S4
Stability safety factor SIS | >15 [ >15( 131 [ >15 | >1.5 | 1.38 | >1.5 | 1.51 | 1.26 | >1.5 | >1.5 | >1.5 | >1.5
Stability safety factor considering >1.50 149 | >1.5 | 1.27 | >1.5 | >1.5 [ 1.33 [ >1.5 | 1.44 | 1.22 | >1.5 | >1.5 | >1.5 | 1.46
seismicity of the region
Stability safety factor considering the 1.48 | 1.39 | 1.37 — | >15]>15 - 1.45 | 1.37 - - | >15|>1.5] —
ground water level
Stability safety factor considering seismicity | 1.41 | 1.33 | 1.30 | — | >1L.5 | >1.5 - 1.38 | 1.31 - — | >15|>15] —
of the region and the ground water level
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Summary table of calculating the benches stability safety factor

Table 7

Slope benches in Slope benches in Slope benches in Slope benches in
weathered rocks ofthe | unweathered rocks of weathered rocks of the unweathered rocks of the
hanging slope the hanging wall lying wall lying wall
Slope height, m 30 45 30 45 30 30 30 45 45 30 30 45 45
Slope inclination angle, degree 60 55 70 90 60 80 55 80 70 80 65 80
Stability safety factor >1.5 >1.5 >1.5 | >1.5 1.32 | 1.37 | 0.87 | L1.1I8 | 0.78 | 1.44 | 0.97 | 1.19 | 0.78
Stability safety factor considering >1.5 >1.5 >1.5 >1.5 127 | 1.32 | 0.84 | 1.14 | 0.75 | 1.4 | 0.94 | 1.15 | 0.75
seismicity of the region
Stability safety factor considering >1.5 >1.5 >1.5 1.48 1.24 - — - - - - — -
the ground water level
Stability safety factor considering >1.5 1.44 >1.5 1.41 1.19 - - - - - - - -
seismicity of the region and the
ground water level
. 17 .
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Fig. 1. Scheme for calculating the bench stability in weathered
rocks of the hanging wall at H =30 m, o = 60°
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Fig. 2. Scheme for calculating the bench stability in unweath-
ered rocks of the hanging wall at H= 30 m, oo = 70°
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Fig. 3. Scheme for calculating the bench stability in weathered
rocks of the hanging wall at H=45 m, o. = 55°

of damped jointing leads to a sharp decrease in the stability
safety factor (to m = 1.19), which increases the risk of unsafe
mining, including the location of people and mechanisms un-
der such benches.

3. Loss of stability and violation of the integrity of the en-
tire slope, as calculations show, are manifested with the use of
doubled and tripled benches when setting the slope into the
final position, with the following parameters (height X angle
of inclination) 30 m x 70°, 30 m x 80°, 45 m x 55° and 45 m x
x 80° in the weathered lying rocks, which may also be associ-

-—21
-
o
@
[t *
1 0
Ny
sliding surface &7 /&
) R

30

sliding s/urface
]

b

Fig. 4. Scheme for calculating the bench stability in unweath-
ered rocks of the hanging wall at:

a—H=45m, a=65b— H=30m, a=90°

ated with the presence of the Main Fault. It should be noted
that the indicators of the stability factor of the benches with
design parameters of 30 m x 60° in the lying side do not meet
the regulatory requirements [11, 12].

4. Loss of stability safety is also observed when using
benches with the following parameters (height x angle of incli-
nation): 30 m x 700, 30 m x 800, 45 m x 650 and 45 m x 800 in
unweathered rocks, the stability factor is higher than in weath-
ered rocks but its value does not correspond to the normative
one. A significant loss of stability of rocks indicates the risks of
ensuring the mining production safety.

Conclusions. There are considered possible options for re-
fining the underground and near-shore reserves of the Oleniy
Ruchey deposit under the conditions of mining development
within the mining allotment. The performed mining-geomet-
ric analysis of the considered options shows that option 3 is the
most rational with the lowest overburden ratio satisfying the
condition of equality of the ore mining cost of by underground
and open methods, and equal to 12 m*/m?.

The purpose of the subsoil user in the modern world is to
reduce costs by reducing the volume of overburden operations,
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which can be achieved by stepping up the angles of sides of
slopes and benches. In order to ensure the board safety, to in-
crease the level of mining operations safety in highly fractured
rocks and with the presence of the Main Fault, where the lying
side carries the entire transport system, the authors have carried
out a number of calculations and constructions that indicate an
unacceptable increase in the height of the bench to 45 m and its
slope more than 55 and 65° for weathered and unweathered spe-
cies, respectively, when setting the board to the final position.
At this it is also not allowed to increase the slopes of benches by
more than 60 and 70° for weathered and unweathered species,
respectively, which is confirmed by geomechanical calculations.

The studies have been carried out within the research work,
economic contract No. 73-646 dated 01/06/2017.
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Po3po0Kka TexHoJOriYHIX pillleHb
BiINpaNOBaHHs MPUOOPTOBHX i MiTKap’epHUX
3anaciB 3 ypaxyBaHHSIM reOMEXaHiYHOI OLIHKH
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Meta. OuiHka BapiaHTiB pO3KPUTTS W BialpalloBaHHS
3amaciB BEpXHBOTO SIPyCy anaTUT-HedeTiHOBOTO PONOBHUIIA
«OneHqguuit cTpyMOK» Ta pO3pOOJIEHHSI TEXHOJOTIYHUX pi-
LIeHb 3 ypaXyBaHHSIM TPOBEACHUX T€OMEXaHIYHUX po3pa-
XYHKIB CTil{KOCTi yCTYMiB i OOPTiB SIK Ha TPAHUYHOMY KOHTY-
pi, Tak i mpu 3MiHi MPOEKTHUX 3HAYCHD ITapaMEeTPiB YCTYIIiB,
0opTy Kap’epy Ta KoedillieHTa 3amacy CTiHKOCTI JUIsl BCTa-
HOBJICHHSI X TPAHUYHUX, MAKCUMAaJIbHO JOMYCTUMMUX 32 YMO-
BOIO CTilIKOCTi, 3HAYEHb.

Meroauka. [lolyk TeXHOJOTNiYHUX pillleHb Biampalo-
BaHHS 3aCHOBAHUU Ha METO/li TiPHUYO-TEOMETPUYHOTO aHa-
J1i3y BEPXHBOTO SIPYCY POJOBUIIIA, MOPiBHSIHHS, y3aralbHEeH-
H$l, cUCTeMaTu3allil, aHaJliTMYHUX PO3paxyHKiB, 3-D mapa-
METPUYHOTO MOJAEIIOBAHHS, TPUBUMIPHOTO YMCEIHLHOTO
MOJIEJTIOBaHHSI HaTPYXKeHO-1e(hOPMOBAHOTO CTaHY Ta CTili-
KOCTi MACUBY TipPCbKHUX MOPiJ METOIOM CKiIHYEHHUX eJIEMEH-
TiB.

PesyabraTn. 3a pesynbTraTamMu TOCHTIIKEHb 3alIPONOHO-
BaHO ONTUMAJbHUI PO3BUTOK TipChbKMX POOIT 3a BapiaHTOM,
1o Tnepeadavae MiHiManbHUI KoedilieHT po3kpuBy. Peko-
MEHIIOBaHi TapaMeTpH YKOCIB 0OPTiB Kap’€py Ta iX eJIEMEHTIB
Ha rpaHUYHOMY KOHTYpi i BifllipallloBaHHSI POJOBMIIA 32 Ba-
piaHTOM, TII0 Tependavyae MaKCUMaJIbHO MOXJITUBE 3aJTy9eH-
HS1 IO BiJIpalloBaHHsI TPUOOPTOBUX i MigKap €pHUX 3aracinB
B iCHYIOUMX KOpJIOHAX TipHUYOTO BiIBOMYy Kap’epa.

HaykoBa HoBusHa. I[lojsirae B oOIpyHTYBaHHi 3acTocy-
BaHHSI pallioHaJIbHOI TEXHOJIOTi1 PO3BUTKY TipHUYUX POOIT 3a
BapiaHTOM, 110 INepeadadyae MiHiMaabHUI KOe(illiEHT po3-
KPUBY, a TAKOX MOXJIUBHUX CXEM PO3BUTKY TipHUYIMX POOIT
MpU BilnpauoBaHHi TpUKap’€PHUX 3aIaciB 3 OLIHKOIO MOX-
JINBOCTI BHYTPIIITHROTO OTBAJIOYTBOPEHMSI TIPU TOOTIPAITIO-
BaHHi Kap’e pa.

IIpakTyna 3nayumicTs. [TpoBeaeHi po3paxyHKH mokasa-
JIU, 11O JIJISI YMOB JIEXKauoro 60pTy HOpMaTUBHUM KoedillieHT
3aracy CTiMKOCTI yCTYIiB Ha TpaHUYHOMY KOHTYpi MoOXe
OyTH 3a0e3MeYeHnid TITBKY B TOMY BUIIAJIKY, SIKIIIO BOHU 3a-
OTKANIyIOTCS 3a TOBEPXHSIMU OCHAOJIeHHs, Miapi3yBaHHS
SKUX HEIOIYCTHME.

KimouoBi cioBa: 6opm, ycmyn, npubopmogi, niokap’epHi,
npuKap’epui, 3anacu, HanPyIceHo-0eopmMo8anutl cmam, cmii-
Kicmb, cucmema po3podku
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ens. OnieHKa BapuaHTOB BCKPBITHS K OTPAOOTKHM 3ara-
COB BEpXHEro sipyca anaTuT-HeheIMHOBOTO MECTOPOXIe-
Hus «OsieHuii pyueii» 1 pazpaboTKa TEXHOJIOTUYECKUX pe-
IIEHUI C yUeTOM MPOBEAEHHBIX TEOMEXaHMUECKUX PACUETOB
YCTOMYMBOCTU YCTYIIOB ¥ OOPTOB KaK Ha MpelIebHOM KOH-
Type, TaK ¥ IIPpU U3MEHEHUU MPOEKTHBIX 3HAYCHUII Mapame-
TPOB YCTYNOB, OOpTa Kapbepa U KoddduiimeHTa 3armaca
YCTOMYMBOCTHU [IJIs1 YCTAHOBJICHUSI UX MPEAETbHbIX, MAaKCU-
MaJIbHO JIOITYCTUMBIX TI0 YCJIOBHIO YCTOMYMBOCTHU, 3HAYe-
HUN.

Mertomuka. [TorcK TEXHOTOTMUECKUX pelIeHUIT OTpaboT-
KM OCHOBaH Ha METOAE TOPHO-TEOMETPUYECKOTo aHalau3a
BEPXHETO sIpyca MECTOPOXKIEHUsI, CpPaBHEHUsI, 0000IIEeHMS,
cUCTeMaTH3allui, aHAIMTUYECKUX pacyeToB, 3-D mapame-
TPUYECKOTO MOJICTTUPOBAHUS, TPEXMEPHOTO YUCIEHHOTO MO-
NeTMPOBAHUST HATIPSIKEHHO-1e(DOPMUPOBAHHOTO COCTOSTHUS
W YCTOMYMBOCTU MAacCHBa TOPHBIX MOPOJ METOMOM KOHEU-
HBIX 2JIEMEHTOB.

Pesymbratnl. [1o pe3ynbraTaM vcciaeqoBaHUN TIpeIIokKe-
HO ONTUMAJIbHOE Pa3BUTHE TOPHBIX PabOT MO BapUAHTY,
TpenycMaTpUBAOIEMYy ~ MUHUMAIBHBIN  K03hdUIIMEeHT
BCKpBIIIU. PeKoMeHa10BaHbI MapaMeTpbl OTKOCOB OOPTOB Ka-
pbepa 1 UX JIEMEHTOB Ha Tpe/IeTbHOM KOHTYpe 1 0TpaboTKa

MECTOPOXKIEHUsI TI0 BapUaHTY, KOTOPHII TperycMaTpruBaeT
MaKCUMaJIbHO BO3MOXHOE€ BOBJIEYEHUE B OTPAOOTKY MpU-
OGOPTOBBIX U MOAKAPHEPHBIX 3aI1aCOB B CYIIECTBYIOIIMX Tpa-
HMIIaX TOPHOTO OTBOJA Kapbepa.

Hayunas noBu3Ha. 3akioyaeTcss B 000OCHOBAaHUY TTPUMeE-
HEHMS PallMOHAJIbHON TEXHOJIOTUM PAa3BUTHSI TOPHBIX paboOT
10 BApUAHTY, MPeIyCMaTPUBAIOIIEMY MUHUMAIbHBIN KO2(h-
(UMEeHT BCKPBIIIN, a TAKKE BO3MOXHBIX CXEM Pa3BUTHUS
TOPHBIX PabOT TIPU OTPabOTKE TMPUKAPHLEPHBIX 3aracoB C
OLIEHKOIl BO3MOXHOCTH BHYTPEHHETO OTBajI000pa30BaHUsI
Mpu 10paboTKe Kapbepa.

IIpakTuyeckas 3Ha4uMOCTh. [1poBeIeHHBIE pacyeThl MO~
Kazaju, 4TO IUIS YCJIOBWI Jiexayero O0OpTa HOPMATUBHBIM
K03 bUIIMEHT 3amaca yCTOWYMBOCTU YCTYIIOB Ha Mpelesib-
HOM KOHTYpe MOXeT ObITh 0OecTieyeH TOJIbKO B TOM Cilydae,
€CJIM OHM 3a0TKAIIMBAIOTCS MO MTOBEPXHOCTSIM OCJIA0JIeHNS],
Mosipe3Ka KOTOPBIX HEAOITyCTUMA.

KinioueBsie cinoBa: 6opm, ycmyn, npubopmogvie, nodka-
DpbepHble, NpuKapbepHvle, 3andacvl, HANPsINCeHHO-0edopmupo-
8aHHOE cOCMOsAHUE, YCIMOUMUBOCMb, CUCMEMA pa3pabomku
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