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Purpose. To analyse a state of border rock mass of permanent slope mine working in the process of roof-bolting
mounting. To determine rational roof-bolting density as well as length of anchors in the deepening process in the
context of m} seam of Pioner mine (“DTEK Dobropolliavuhillia” Ltd).

Methodology. Roof-bolting parameters for the permanent slope mine workings were substantiated while analysing
regularities of changes in behaviour and stress-strain state of rock mass and identifying displacements of rock contour
of a mine working. Thereupon, rational values of anchor lengths and roof-bolting density based upon them were de-
termined. To analyse changes in the behaviour and stress-strain state of border rock mass of permanent inclined mine
working with roof-bolting, a finite-element method was applied.

Findings. A method to analyse both behaviour and stress-strain state of border rock mass of permanent inclined
mine workings in the context of roof-bolting mounting has been substantiated. The procedure of the problem solution
while using developed software has been described. Calculation model to solve a problem concerning the determina-
tion of rational roof-bolting density and anchor lengths to support permanent inclined mine workings in the context
of their depth changes has been developed. Rational parameters of roof-bolting while supporting permanent inclined
mine workings under specific mining and geological conditions have been determined.

Originality. Graphs of dependences of roof rock border displacements and floor of permanent inclined mine work-
ing on its depth in terms of anchor length and roof-bolting density have been obtained.

Practical value. Results of the studies may be used at the design stage to forecast displacements of a roof, a floor
and walls of permanent inclined mine workings under the conditions of m? seam at Pioner mine to optimize roof-
bolting parameters.

Keywords: inclined mine working, mathematical modelling, roof bolting, mine

Introduction. Over recent years mining depth of coal
deposits has experienced significant deepening; more-
over, mining and geological conditions have deteriorat-
ed. Maintenance of permanent mine workings in such a
situation being the essential condition of safe underground
operations as well as sustainability of high technical-and-
economic indices of coal-mining enterprises involves con-
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siderable expenses connected with repair-and-renewal op-
erations.

As a rule, Ukrainian mines use metallic arched flex-
ible supports made of special shape to reinforce both per-
manent and development underground mine workings.
Arched three-link support is the most popular among all
support types. However, the available metallic arched flex-
ible supports prevent permanent inclined mine workings
from keeping them in operating conditions during the
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whole working period especially in a zone affected by min-
ing operations.

The problem can be solved partially at the initial stage
of the mine working construction using possibilities of
rock mass itself; we mean the increase in its bearing ca-
pability being implemented by means of “basic support-
rock mass-additional measures” system. The latter is pos-
sible with the use of methods of protection aimed at the
inclusion of border rock mass in combined action with
protective structures. Roof bolting is one of the support
types implementing the idea. In this context, its basic task
involves the correct selection of its parameters: mounting
density and anchor length.

Analysis of the recent research. Analysis of research
studying support systems, protection, and means to im-
prove their stability, helps conclude that arched metallic
flexible supports in deep mine workings cannot resist
rock pressure to the full; thus, it is not expedient to deal
with the formation of zones of non-elastic deformation
by means of increasing the bearing capability of the sup-
port [1].

The performed analysis of available ideas concerning
interaction between roof bolting and border rock mass
[2], methods of roof-bolting used in mine workings to
control their stability with the help of rock roof-bolting
preserving the rock mass in the state of triaxial compres-
sion and forming a high-strength structure of rock roof
bolting [3] as well as methods to determine support pa-
rameters has shown that despite the variety of the stud-
ies carried out and their great number [4], the effect of
rock roof-bolting structures on geomechanical process-
es taking place within rock mass enclosing the mine
working is understudied.

Papers [5—8] carried out considerable volume of re-
search to study parameters of roof-bolting systems mount-
ed in nonhomogeneous border rock mass of inclined
mine workings under mining and geological conditions
of ‘DTEK Dobropolliavuhillia’ 1td mines. Regularities
of changes in stress-strain state of anchored roof rocks
[5] and walls [6] of mounting manway in terms of differ-
ent support parameters to provide their stability have
been analysed to obtain dependences of roof and floor
displacements of inclined mine working if the length
and number of anchors mounted within border rock mass
vary. Moreover, rational roof-bolting parameters for m;"
and m] seams of ‘ Dobropilska’ mine (‘DTEK Dobropol-
liavuhillia’ 1td) have been determined [7].

Unsolved aspects of the problem. Several hypotheses
concerning the studies of anchored border rock mass
operation mode are worth mentioning.

The hypothesis by B.K.Chukan, A.P.Shirokov,
1. A. Yurchenko and other authors applied in the context
of minor dimensions of caving zone is as follows: an-
chors resist falling rocks hanging them up to the more
stable upper rock mass. In this context, both length and
the number of roof bolting depend upon parameters of
natural arch, exfoliations, inrushes, unstable border lay-
er, a zone of non-elastic deformations, and bearing ca-
pability of anchor or bolted anchor clamp.

The hypothesis by G.Sena, E.Thomas, O.Jacobi,
A.A.Borisov and other authors is as follows: mounting
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of roof bolting into border rock mass forms load-carry-
ing structure. However, determination of rock roof-bolt-
ing parameters on the basis of the hypothesis in the con-
text of deep depths involves certain difficulties and reli-
ability of the obtained results decreases.

According to the following hypothesis, roof bolting
is the means to improve the stability of border rock mass
of mine workings. It is efficient to be mounted in stable
rocks, in unstable rocks even if roof-bolting length is short-
er than the dimensions of non-elastic deformation zone.

However, the available methods, techniques, and ap-
proaches to substantiate roof-bolting parameters (ana-
Iytical, graphical, energetical, etc.) based upon the above-
mentioned hypotheses gives no way for the complete so-
lution of the problem concerning determination of roof-
bolting parameters for permanent inclined mine work-
ings in the context of different mining and geological con-
ditions [9].

Even normative sources relating to the use of roof bolt-
ing in mine workings cannot provide a decisive answer as
for the parameters of roof bolting under complicated and
very complicated mining and geological conditions [8§].

Objectives of the article. It is required to analyse a state
of border rock mass of permanent inclined mine work-
ing while roof bolting mounting with the use of mathe-
matical modelling methods. Results of the analysis will
be a basis for determination of rational roof-bolting den-
sity as well as anchor length in terms of deepening depth
under mining and geological conditions of m? seam of a
mine ‘Pioner’ (‘DTEK Dobropilliavuhillia’ 1td).

Presentation of the main research. Parameters of roof-
bolting systems for permanent inclined mine workings
were substantiated in the process of studies of regulari-
ties concerning the changes in behaviour and stress-strain
state (SSS) of rock mass and detection of displacements
of rock border of a mine working. The abovementioned
was used to identify rational values of anchor length and
roof-bolting density.

To study changes in behaviour and stress-strain state
of border rock mass of permanent inclined mine work-
ing with roof bolting, finite-element method (FEM) was
used which has already been sufficiently tested and may
be applied in different spheres. To compare with all the
mathematical methods engaged in the studies of rock
mass, the finite-element method makes it possible to
consider mechanical processes in a wide range and fore-
cast both qualitative and quantitative results of rock pres-
sure manifestations in mine workings.

While studying with the help of FEM, area is divided
into variform components (triangular, quadrangular, etc.).
The components are related in nodes. Transfers inside
each component are described by means of certain func-
tions. Then, stiffness matrix relating loads and transfers
inside the nodes is formed for each component. Finally,
global stiffness matrix and global load vector are formed
for the whole area under study.

One of the most successful packages to study stress-
strain state of roof-bolted border rock mass has been ap-
plied in the process of the analysis. We mean software
SW (CGGM) developed by employees of the Department
of Construction, Geotechnics and Geomechanics.
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The problem solving assumed the form of repeated
recurring actions for the determination of components
in which the condition ¢, > R, was met ¢, > R, (R, is ulti-
mate compression strength, and o, stands for equivalent
stresses). In his papers, A. N. Shashenko has proposed a
ratio to determine o,. The ratio takes into consideration
both maximum and minimum primary stresses [10].

Initially, border rock mass is assumed as completely
elastic. Its physical and mechanical parameters are intro-
duced, and SW (CGGM) is used to solve linear static prob-
lem and to determine SSS. Then, with the help of data
concerning stress-strain state of the rock mass, bound-
aries of non-elastic deformations are determined at the
first stage of the solving.

After that, special-purpose SW (CGGM) program is
used to vary initial parameters of the problem (compo-
nents for which o, > R, solutions were obtained, i.e. ma-
terial within the components transit from elastic phase into
non-elastic one) for the further solution at stage two.

Then the solution procedure repeats. If it is required,
elasticity module and Poisson’s coefficient vary. Linear
problems are solved with the system stiffness matrix com-
piled on the basis of secant modules.

Solution stage two as well as the following ones uses
nonlinear SW (CGGM) module. If at a certain solution
stage has no components meeting 6, > R, condition, then
the process of inelasticity zone determination is consid-
ered to be completed.

Since SSS of nonlinear medium depends heavily on the
method of finite load application, then to obtain correct co-
Ilusion in the calculations, systematic loading was applied.

First, a part of design load was applied to the area un-
der study; a linear problem was solved and stresses with-
in components as well as node transitions were deter-
mined. Then, the next load part was applied and solution
was performed. Stresses within components and nodes
transition are summed up. The paper adopts 10 steps of the
load application.

Mathematical model of the interaction between roof
bolting systems and rock mass was implemented by means
of elasto-plastic problem solution.

While studying, FEM was applied to model mining
and geological conditions of a manway of seam m; in-
clination of 500 m level in Pioner mine. Mining opera-
tions were performed with the help of KCIT-32 coal shear-
er. Arched flexible support AIT-15.5 was applied. Clear
opening is 15.5 m?. A type of the applied plates is rein-
forced-concrete one for the roof and wooden one for the
walls. A pitch of the support mounting is 800 mm. The
mine working location to the dip is 14 degrees.

Physical and mathematical parameters of coal seam
and enclosing rocks involving the results obtained in pa-
per [11] were used in the process of mathematical mod-
elling of roof bolting system of permanent inclined mine
workings. Table 1 demonstrates the results.

Objectives of the studies were to determine rational
density of roof bolting and anchor length depending upon
the depth of the mine working. The following parameters
varied in the process of numerical modelling: anchor
density — N,=3...9 pieces, anchorlengths —/,=2.2...3.5m
and depth of the mine working — A = 700...1500 m.

Roof bolting within the rock mass was modelled as
follows. First, a problem of mining operations with no sup-
port was solved and radial transfers within nodes of the
components were determined. Next, no vertical and hor-
izontal transfers being longer than the transfers at the end
of roof bolting were allowed along the whole length of
the roof bolting within coinciding nodes of anchor com-
ponents and rock mass. Radial transfers within the roof-
bolting area were assumed as constant ones, i.e. no more
than 2 % deformations were permitted.

Fig. 1 demonstrates the calculation scheme to solve
the problem of rational roof-bolting density and anchor
length to support permanent inclined mine workings while
changing mine working depth.

Fig. 2 visualizes the results of mathematical model-
ling of permanent inclined mine working while roof-bolt-
ing systems mounting.

Results of permanent inclined mine working math-
ematical modelling in the context of mining and geo-
logical conditions of m] seam at Pioner mine with roof
bolting in the context of the varied roof-bolting param-

Table 1
Physical and mechanical parameters of coal rock mass
Material Elasticity | Poisson’s | One-axis ultimate | Ultimate tensile Rock Seam
module, ratio compression strength, density, | thickness,
10* MPa strength, MPa MPa t/m? m
Argillite 0.8 0.23 30 3.0 24 15.0
(main roof)
Aleurolite 1.0 0.22 40 4.0 25 4.0
(immediate roof)
Coal seam m; 0.9 0.16 15 1.5 1.6 1.2
Aleurolite 1.0 0.22 40 4.0 24 4.0
(immediate roof)
Sandstone 1.65 0.21 50 5.0 25 20.0
(main floor)
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2018, N2 1 21
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Fig. 1. Calculation scheme to solve a problem concerning
substantiation of roof-bolting parameters for perma-
nent inclined mine workings

a

eters (N, = 3...9 pieces) and (/, = 2.2...3.5 m) as well as
the depth (H = 700...1500 m) are represented in the
form of the dependences of border rock mass displace-
ments (mine working roof and floor). The paper involves
graphs of dependences of the mine working roof and floor
displacements: on its depth while using anchors with 2.2
and 3 m lengths (Figs. 3 and 4), on roof-bolting density
if depth of the mine working is 700 and 1500 m (Figs. 5
and 6), on anchor lengths, if depth of the mine working
is 700 and 1500 m (Figs. 7 and 8).

Analysis of the obtained results.

1. Results of mathematical modelling and full-scale
studies (performed as a part of self-financing R&D
No. 050131-01/4-213, 2012) show that difference in roof
and floor displacements of inclined mine is 5 and 2 %
respectively. Hence, it is possible to state that the math-
ematical model developed in this paper is adequate.

2. Dependences of changes in roof and floor displace-
ments of permanent inclined mine working with roof bolt-
ing for each alternative for anchor mounting being stud-
ied in the context of its depth deepening can be described
with the help of equations of u; = a, H; + a, form (Figs. 3

g

b

Fig. 2. General view of border rock mass transitions when the mine working is supported with the help of nine roof bolts at

the depth of 1500m (a —la =2.2m; b—la =3.0m)
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Fig. 3. Graphs of dependences of roof displacement value changes on the mine working depth, if anchor lengths are:
a—22m;b—3m(1—3anch.; 2— 4anch.; 3— 5anch.; 4— 6 anch.; 5— 7 anch.; 6 — 8 anch.; 7— 9 anch.)
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Fig. 4. Graphs of dependences of floor displacement value changes on the mine working depth, if anchor lengths are:
a—22m;b—3m(l— 3anch.; 2— 4anch.; 3— 5anch.; 4— 6 anch.; 5— 7 anch.; 6 — 8 anch.; 7— 9 anch.)
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Fig. 5. Graphs of dependences of roof displacement value changes on the roof-bolting density, if mine working depths are:
a—700m;b— 1500m(1—1,=22m;2—1,=2.5m; 3—1,=3.0m; 4—1,=3.5m)
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Fig. 6. Graphs of dependences of floor displacement value changes on the roof-bolting density, if mine working depths are:
a—700m; b—1500m (1—1,=22m; 2—1,=2.5m;3—1,=3.0m; 4—1,=3.5m)
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Fig. 7. Graphs of dependences of roof displacement value changes on anchor length, if mine working depths are:
a—700m; b— 1500m (1 — 3 anch.; 2— 4 anch.; 3 — 5anch.; 4 — 6 anch.; 5— 7 anch.; 6 — 8 anch.; 7— 9 anch.)
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Fig. 8 Graphs of dependences of floor displacement value changes on anchor length, if mine working depths are:
a—700m; b— 1500m (1— 3 anch.; 2— 4 anch.; 3 — 5anch.; 4 — 6 anch.; 5 — 7 anch.; 6 — 8 anch.; 7— 9 anch.)

and 4). Table 2 contains values of equation @, and a, for a
case when the length of the mounted anchors is 3 m and the
depth of the mine depth varies from 700 m down to 1500 m.

3. The value of changes in roof displacements in the
context of mine working deepening and use of anchors
with 2.2 and 3 m length respectively is: for 3 anchors — 42
and 38 mm per 100 m; for 9 anchors — 23 and 16 mm per
100 m (Fig. 3).

4. The value of changes in floor displacements in the
context of mine working deepening and use of anchors
with 2.2 and 3 m length respectively is: for 3 anchors —
37 and 32 mm per 100 m; for 9 anchors — 28 and 26 mm
per 100 m (Fig. 4).

5. In the context of mine working deepening, the dif-
ference between roof displacements (when roof bolting
is performed with the help of 3 to 9 anchors) increases
when the length of the anchors is 2.2 m and 3 m respec-
tively being: 122 and 114 mm at the depth of 700 m, and
272 and 286 mm at the depth of 1500 m (Fig. 5).

6. The value of roof displacements decreases if the
number of anchors varies (3 to 9) (H = 700 m) being de-
scribed by means of the polynomial dependence:

-if/,=2.2 m, then

u,=0.8889N,3 — 8.619N,> — 1.8651 N, + 284.43;

-if/,= 3 m, then

u,= 0.8889N,3 — 8.6905N,2 + 0.2063N, + 239.

7. The value of roof displacements decreases if the
number of anchors varies (3 to 9) (H = 1500 m) being
described by means of the polynomial dependence:

-ifl,=2.2 m, then

u,= 1.4444N, — 10.869N,2 — 40.456 N, + 658;

-if/,=3 m, then

u,= 1.6944N,? — 13.536N,2 — 35.516 N, + 580.14.

8. In the context of mine working deepening, the dif-
ference between floor displacements (if 3 to 9 anchors
are applied) increases if anchor length is 2.2 and 3 m re-
spectively being 45 and 40 mm at the depth of 700 m;
and 11 and 88 mm at the depth of 1500 m (Fig. 6).

9. The value of floor displacements decreases if the
number of anchors varies (3 to 9) (H = 700 m) being de-
scribed by means of the polynomial dependence:

-if/,= 2.2 m, then

u;=0.1389N,* — 0.5595N,? — 10.913N,, + 172.57,

-if/,=3 m, then

u;=0.1389N,* — 0.5595N,* — 9.9127N, + 158.57.

10. The value of a roof displacements decreases if
the number of anchors varies (3 to 9) (H = 1500 m) be-
ing described by means of the polynomial dependence:

-ifl,=2.2 m, then

up= 0.6389N,° — 5.8929N,2 — 7.6746N, + 465,43;

-ifl,= 3 m, then

u;=0.7778N,* — 7.9643N,> + 4.8294N,, + 406.

11. In the context of mine working deepening, differ-
ence between roof displacements (if anchors with 2.2...
3.5m are used) increases if the number of anchors is 3 and
9 pieces respectively being: 43 and 34 mm at the depth of
700 m; and 75 and 88 mm at the depth of 1500 m (Fig. 7).

12. The value of a roof decreases if the length of an-
chors varies within 2.2...3.5 m (H = 700 m) being de-
scribed by means of the polynomial dependence:

Table 2
Coeficients of equation a, and a,
The number
of anchors, 3 4 5 6 7 8 9
pieces
Roof
a; 0.3775 0.3225 0.2688 0.215 0.1813 0.1675 0.1625
a, -28.25 -11.75 0.875 13.5 6.125 7.75 8.25
Floor
a; 0.3213 0.3138 0.3038 0.2913 0.2688 0.2625 0.2613
a, -73.875 -77.625 -81.625 -82.875 -73.125 -71.75 -71.875
24 ISSN 2071-2227, HaykoBun BicHuKk HI'Y, 2018, N2 1
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- if N, = 3 pieces, then

u, = 31.991,2 — 215.22/, + 593.48;

- if N, =9 pieces, then

u, = 24.8061,> — 167.671, + 401.91.

13. The value of a roof displacements decreases if the
length of anchors varies within 2.2...3.5 m (4 = 1500 m)
being described by means of the polynomial dependence:

- if N, = 3 pieces, then

u, = 60.3881,> — 401.67/, + 1199.2;

- if N, =9 pieces, then

u,= 749112 — 494.59/, + 1061.4.

14. In the context of mine working deepening, the
difference between floor displacements (if anchors with
2.2...3.5 m are used) increases if the number of anchors
is 3 and 9 pieces respectively being: 13 and 7 mm at the
depth of 700 m; and 49 and 26 mm at the depth of 1500 m
(Fig. 8).

15. The value of a floor displacements decreases if the
length of anchors varies within 2.2...3.5 m (H = 750m)
being described by means of the polynomial depen-
dence:

- if N, = 3 pieces, then

U= 102, — 821, + 209.51, — 9.5;

- if N, =9 pieces, then

u;=0.89741, — 6.07691,7 + 7.0064/, + 120.44.

16. The value of floor displacements decreases if the
length of anchors varies within 2.2...3.5 m (/4 = 1500 m)
being described by means of the polynomial dependence:

- if N, = 3 pieces, then

u;=34.7781,2 — 236.651, + 805.94;

- if N, =9 pieces, then

uy=15.4791,> — 108.081, + 504.73.

17. Under the mining and geological conditions of mf
seam at Pioner mine, the rational length of anchors mount-
ed within a mine working roof is almost 3.0...3.1 m, and
density is 0.83...0.71 anch/m? (N, = 6—7 pieces); roof-
bolting of permanent inclined mine workings is meant.

18. Dependences of floor and roof displacements in
permanent inclined mine working on its depth (700...
1500 m) if the number of anchors (3...9 pieces) and their
lengths (2.2...3.5 m) vary, may be used to forecast dis-
placement while designing a manway for inclination of
mf seam of 500 m level at Pioner mine during its deepen-
ing as well as in the context of similar mining and geo-
logical conditions for mine workings being under con-
struction. For instance, if the depth is 1100 and 3 m an-
chors are used, then expected roof displacements should
be 250 mm. Fig. 3 explains that in the context of the con-
ditions it required to use 6 anchors; if so, floor displace-
ments will be 237 mm (Fig. 4, b).

Fig. 9 demonstrates that mounting of roof bolting will
result in the decrease in relative displacements by AU val-
ue within the mine working border; in turn, that will fac-
tor into A value increase in the stability of the mine work-
ing. It is possible to determine economic efficiency of roof
bolting relying upon that.

Conclusions and recommendations for further research.
In the context of mining and geological conditions of m;
seam at Pioner mine, dependences of roof and floor of per-
manent inclined mine working on the depth of its loca-
tion have been analysed while varying roof-bolting density
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Fig. 9. Dependence of a mine working stability index ®
on relative displacements of the mine working border
U,/ R, (U,are radial displacements of the border, R,
is radius of the mine working)

and lengths of anchors. It is possible to use the obtained
dependences to forecast displacements of border rock mass
while designing inclined mine workings in the context of
m} seam of Pioner mine as well as under similar condi-
tions for inclined mine workings being constructed. That
will help make reasonable selection of roof bolting and
frame-and-roof bolt support while developing standards
to construct and support mine workings.

Further studies will be focused on the substantiation
of technologically and economically sound parameters of
roof-bolting systems for permanent inclined mine work-
ings under different mining and geological conditions of
“DTEK Dobropilliavuhillia” 1td.
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Mera. JocnimKeHHs CTaHy NPUKOHTYPHOTO MOPOI-
HOT'0 MacHUBY KalliTaJIbHOI TIOXMJIOI TipHUYO01 BUPOOKU
TIpY BCTAHOBJICHHI aHKEPHUX CHCTeM. Bu3HaueHHS pa-
LiOHAJIbHOI LIUIBHOCTI aHKEepPYBAaHHSI U JTOBXWHU aH-
KEPHUX IITAHT NpU 301IbLIEHHI TTIMOMHU 11 3aKIaaeH-
HsI B yMOBax ruiacra m} maxtu ,,[Tionep“ TOB ,ITEK
J1oOpomimIsIByTiIIsa “.

Metoauka. OOrpyHTYBaHHSI TTapaMeTpiB aHKePHUX
CHUCTEM IS KaIliTaTbHUX MOXUIMX BUPOOOK BUKOHYBA-
JIOCSI TIUISIXOM JTOCTiIKEHHSI 3aKOHOMIPHOCTE! 3MiHU
TOBEIiHKHY i1 HAMTPY>KeHO-1e(OPMOBAHOTO CTaHY MOPO/I-
HOTO MacUBY Ta OTPUMAaHHS 3MillleHb MOPOAHOTO KOH-
Typy ripHu4oi Bupooku. Ha 11iii ocHOBi TpoBeIeHO BU-
3HAYCHHS pPallioOHAJbHUX BeIMUMH JOBXWHN aHKEPHUX
LITAHT i IIIJIbHOCTI aHKepyBaHHS. 151 mocmimkeHb 3MiH
MOBENiHKY I HATIPYKEeHO-1e(POPMOBAHOTO CTaHY IIPH-
KOHTYPHOTO IMMOPOJHOTO MAaCHUBY KalliTaJbHOI MOXUIO1
BUPOOKH, 1110 3aKpillJieHa aHKePHUMHU CUCTeMaMU, BU-
KOPUCTOBYBABCSI METOJI CKIHUEHHUX €JIEMEHTIB.

PesyabraT. OGrpyHTOBAHO CIIOCIO TOCTiKEHHS O-
BEIiHKHU i HanpyXeHO-1e(OPMOBAHOTO CTaHy MTPUKOH-
TYPHOT'O NMOPOJIHOI0 MAaCUBY KalliTaJbHOI MTOXUJIOI BU-
pOOKU MpU BCTAHOBJIEHHi aHKepHUX cucTeM. OnucaHa
npolieypa BUPIIEHHS 3aa4i 3 BUKOPUCTAHHSIM PO3-
poOJIEHOTrO TPOrpaMHOro MpoayKry. Po3pobieHa po3pa-
XYHKOBA cXeMa TSI BUPIIIeHHS 3a1adi BU3HAYCHHS pa-
LiOHAJIbHOI IIIJIbHOCTI aHKEePYBaHHSI 1 TOBXKMHU aHKE-
piB ISl KPIIUIEHHST MOXWINX BUPOOOK IIPpU 3MiHI TJIM-
OUHU iX 3aKianeHHs. BusHaueHi palioHalbHi Tapame-
TPU aHKEPHUX CUCTEM TPU KPIlJIEHH]I KarmiTaJbHUX M0~
XUJIMX TipHUYUX BUPOOOK Y KOHKPETHUX TipHUYO-T€0-
JIOTIYHUM yMOBaXx.

HaykoBa HoBu3na. OTpuMaHi rpadiku 3aexXHOCTel
3MillleHb OPOAHOI0 KOHTYPY MOKPIBJIi i MilOIIBHU Ka-
MiTAJIbHOT MTOXWJIOI BAPOOKM Bifl TTTUOUHU 11 PO3MIILIEH-
HSI TIPY BapilOBaHHI JOBXWUHU aHKEPHUX IITAHT i IiTb-
HOCTi aHKEeTyBaHHS.
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IIpakTHuna 3HaYMMicTb. Pe3yibTaTi 1OCTiIKEHb MO-
XyTh OYyTM BUKOPMCTAHI Ha CTajil IIPOEKTYBaHHS ISl
MPOTrHO3Y 3MillleHb IMOKPiBJIi, MiIOIIBY i1 O0KIB KaIliTajlb-
HMX ITOXWINX BUPOOOK Y TipHUYO-TEOJIOTIYHUX YMOBaX
riacra m} maxtu ,,ITioHep® misg onTuMisalii mapame-
TpiB aHKEPHUX CUCTEM.

KimouoBi ciioBa: noxuaa eupobxa, mamemamuuue mo-
0en6aHHs, AHKepHe KPINnAeHHs, Waxma

Hean. McciaenoBaHue COCTOSIHUSI TPUKOHTYPHOTO
TOPOJHOTO MaccHBa KalUTaTbHON HAKJIIOHHOW BhIpa-
OOTKU MpH YCTAHOBKE aHKEPHBIX cucTeM. OTipenesieHe
PaLIMOHABHON INIOTHOCTH aHKEPOBAHUS 1 ITUHBI aH-
KEPHBIX IITaHT MPU YBEJIMICHUH [JIYOMHBI €€ 3aJI0KCHUST
B YCJIOBMSIX TIJIacTa mf maxthel ,, [Tuonep” OO0 ,, ATOK
J1oOpoIobeyroab .

Mertomuka. OG0OCHOBaHUE TTapaMETPOB aHKEPHBIX
CHUCTEM JIJIS1 KalUTaIbHbBIX HAKJIIOHHBIX BHIPAOOTOK OCY-
LIECTBIIANIOCH ITyTEM UCCIIENOBAHUSA 3aKOHOMEPHOCTE!
M3MEHEHHsI TIOBeIEHUST U HANPSKeHHO-1e(opMUpOBaH-
HOTO COCTOSIHUSI TTOPOTHOTO MaccuMBa M HaXOXICHUS
CMeIIeHNIA TTOPOIHOTO KOHTYpa TOPHO#A BhipaboTKu. Ha
9TOI OCHOBE TMPOBEICHO OTIPe/IeJICHUE PallMOHAIBHBIX
BEJIMYMH IJIMHBI aHKEPHBIX IITAHT U TJIOTHOCTU aHKe-
poBanwus. [ iccnenoBaHus U3MEHEHU ! TIOBEICHUS 1
HaIpsCKeHHO-Ie(hOPMUPOBAHHOTO COCTOSTHUST TIPUKOH-
TYPHOI'O IIOPOIHOTO MACCHBA KAITMTAIbHOM HAKJIOHHOMU
BBIPAOOTKM, 3aKPEIUICHHOW aHKEPHBIMU CUCTEMaMM,
MIPUMEHSIJICS METO KOHEUHBIX 3JIEMEHTOB.

PesyabraTrbl. OO0CHOBAH CIIOCOO MCCIEI0BAHMUS MO-
BE/ICHUS U HAMPSKEHHO-A1e(hOPMUPOBAHHOTO COCTOSI-
HUSI MIPUKOHTYPHOT'O MOPOJHOIO MacCHBa KaluTallb-
HOM HAKJIOHHOM BBIPAOOTKY IPY YCTAHOBKE aHKEPHBIX
cructeM. OmnncaHa Tpoleaypa pelieHns 3aiadn ¢ nc-
TMOJTb30BaHUEM Pa3pabOTaHHOTO MPOTPAMMHOTO TIPO-
nmykTa. Pa3paboTtaHa pacueTHast cxeMa IIJIsT peIIeHUs 3a-
Ja9W OIIpeAcIICHUs] pallMOHAIbHOM TIOTHOCTHA aHKe-
POBaHUS U IJIMHBI aHKEPOB TSI KPETUICHUS KaITUTalb-
HBIX HAKJIOHHBIX BEIPAOOTOK ITPY M3MEHECHUHN TTyOMHBI
ux 3ajoxeHus1. OnpeneneHsl palliOHAIbHBIC TTapaMe-
TPbl aHKEPHBIX CUCTEM TPU KPEIJIEHUU KamuTaIbHbIX
HAKJIOHHBIX TOPHBIX BHIPAOOTOK B KOHKPETHBIX TOPHO-
T€0JIOTMYECKUX YCIOBUSIX.

Hayunas HoBusHa. [TonydyeHsl rpaduky 3aBUCUMO-
CTeil CMeIlleHU I TTOPOHOTO KOHTYpa KPOBJIU U TIOYBbI
KaIiTaJIbHON HAKJIIOHHOM BBIPAOOTKM OT TIIyOWHBI ee
pacroyiokeHusl TIPU BapbUPOBAHUU JTTMHBI aHKEPHBIX
IITAHT ¥ TUIOTHOCTH aHKEPOBAHMSI.

IIpakTdyeckast 3HAYNMOCTB. Pe3ynbraThl nccnenona-
HUIT MOTYT OBITH MCITOJIb30BaHbI Ha CTAIWUN TTPOSKTHUPO-
BaHMSI TSI IIPOTHO3a CMEIIEHUI KPOBJI, TIOYBBI ¥ OOKOB
KaImUTaJIbHBIX HAKJIOHHBIX BEIPAOOTOK B TOPHO-TEOJIO-
TMYECKUX YCJIOBMSIX TulacTa mf maxtel ,,[1noHep” mist
ONTUMM3ALIMU TApaMETPOB AaHKEPHBIX CUCTEM.

KimoueBbie ciioBa: HakionHas évipabomka, mamema-
muueckoe ModeauposaHue, aHKepHas Kpenv, Waxma

Pexomendosano do nybaikayii dokm. mexH. HayK
A.M. Poenkom. lama nadxoducenns pyxonucy 07.12. 16.
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