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Purpose is to analyze a state of the boundary rock mass of an inclined anchored working with the
use of mathematical modeling methods and to determine rational anchoring parameters as well as
length of the anchors if they are placed deeper under the mining and geological conditions of I3 seam
in Novodonetska mine (DTEK Dobropilliavuhillia JSC).

Research methods. Parameters of anchoring systems for the inclined workings were substantiated
while studying regularities of changes in the behaviour of the rock mass as well as its stress-strain state
and determining displacements of rock boundary of the working. The data have been used to define ra-
tional anchor length and anchoring density. Finite-element method has been used to analyze changes in
the behaviour of the boundary rock mass of the inclined anchored working as well as its stress-strain state.

Findings. Analytical scheme has been originated to solve the problem concerning determination of
rational anchoring density and anchor length to fasten inclined workings if they are placed deeper under
the mining and geological conditions of Iz seam in Novodonetska mine. Rational parameters have been
identified to fasten the inclined workings under the specific mining and geological conditions.

Scientific novelty. Dependency graphs of displacements of the inclined working roof and floor
upon its depth in the process of anchor length varying and anchoring density have been developed
for mining and geological conditions of I3 seam in Novodonetska mine.

Practical implications. The findings may be applied at the design stage to forecast displacements
of roof, floor, and walls of the inclined workings under mining and geological conditions of I3 seam
in Novodonetska mine to optimize parameters of anchoring systems.

Keywords: inclined working, mathematical modeling, anchoring, density, length.

Introduction. A problem of maintainability of mine workings during the whole
period of their targeted use is one of the basic factors determining a state of coal industry
as well as its future. Operational upset of workings results in the loss of productive ca-
pability of enterprises i.e. decreases actual mineral output while increasing its prime cost.

The problem of stability of workings of coal mines becomes even more important
with mining deepening since it factors into rock pressure increase stipulating signifi-
cant deformation of supports of the workings.

To provide operational state of mine workings, coal mines should perform mainte-
nance activities which are complete retimbering of certain sites or the whole mine
working; replacement of the deformed support elements; use of short-term reinforcing
support; increased density of frames; replacement of support lagging; blasting of the
expanded floor rocks etc.
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The problem can be solved partially at the initial stage of a mine working con-
struction while using a potential of the rock mass, i.e. increase in its bearing capacity
being implemented by means of basic support-rock mass-extra measures system de-
velopment. The latter is possible by means of the use of protective measures aimed at
the inclusion of a boundary rock mass in the common activities with protective struc-
tures. Anchoring is one of the appropriate support types [1]. In this context, the key
task is to calculate correctly its operational parameters.

Analysis of research and publications. The performed analysis of the available
concepts, concerning anchoring-boundary rock mass interaction as well as methods to
determine anchoring parameters, has shown that despite the variety and a number of
the performed studies [2-4] the rock-anchor structure effect on geomechanical pro-
cesses, taking place within a rock mass enclosing the mine working, is understudied.

Many hypotheses, concerning operation of the anchored mine working roof, are
known. However, the available techniques and methods to determine basic parameters
of anchoring (i.e. analytical, graphical, energetical and others), based upon the assump-
tions, prevent from complete and scientifically-based solving the problem of selection
of anchoring parameters for the inclined workings depending upon different mining
and geological conditions.

Even regulations concerning the use of anchoring systems in mine workings can-
not give a straight answer as for the anchoring parameters under the complicated and
extremely complicated mining and geological conditions of coal mines [5].

Numerous analytical and full-scale studies have been carried out for mining and
geological conditions of DTEK Dobropilliavuhillia JSC mines. The studies are aimed
at the analysis of parameters of anchoring systems set up within the nonhomogeneous
boundary rock of the inclined workings. Regularities of changes in stress-strain state
of a boundary rock mass of the inclined anchored workings and dependences of dis-
placements of roof and floor of the inclined working when length and number of anchor
set up within the boundary rock mass vary as well as the depth of a mine working have
been obtained. Rational anchoring parameters for mg® [6] and m? [7] seams (Dobro-
pilska mine), I [8] seam (Bilozerska mine), m; [9] seam (Pioner mine), and k; [10]
seam (Novodonetska mine) have been determined.

The problem definition. It is required to analyze a state of the boundary rock
mass of the inclined anchored working with the help of methods of mathematical mod-
eling and to determine rational anchoring density as well as length of the anchors if
they are placed deeper under the mining and geological conditions of I3 seam in Novo-
donetska mine (DTEK Dobropilliavuhillia JSC) basing upon the research findings.

Statement of the basic material and the research findings. Parameters of an-
choring systems for the inclined workings were substantiated while studying regulari-
ties of changes in the behaviour of the rock mass as well as its stress-strain state, and
determining displacements of rock boundary of the working. The data were used to
determine rational anchor length as well as anchoring density.
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Finite-element method has been used to analyze changes in the behaviour of the
boundary rock mass of the inclined anchored working. Mathematical model of anchor-
ing system-rock mass interaction was implemented with the help of elastic-plastic
problem solving by the analogy with [6-10] papers.

The research involved modeling of mining and geological conditions of a bench-
like slope of I3 seam in Novodonetska mine (DTEK Dobropilliavuhillia JSC).

The I3 seam is of complex structure. It consists of three coal plies separated by
argillite and aleurite beds with 0.04 and 0.06 m thickness respectively. Thickness of the
coal plies varies as follows: upper ply — 0.15-0.67 m, 0.47 m in the mean; central ply —
0.28-0.33 m, 0.33 m in the mean; and lower ply — 0.60-0.83 m, 0.71 m in the mean.

The coal seam is continuous, undulated, and flat. Its angle is 13°. Tectonics of the
seam is simple, and hypsometry of its floor is undulating.

Within the whole site, immediate seam roof is represented by argillite with up to 3.8
m thickness. It is grey, nonstratified, loose, broken, and soft. Tensile strength in uniaxial
compression is 32 MPa. Thin 0.09-0.16 m aleurite vein occurs right above the seam.

The main roof of the seam is represented by aleurite layer which total thickness is up to
23 m. The aleurite is grey and stratified. Tensile strength in uniaxial compression is 39 MPa.

Within the site, argillite with up to 2.5 m thickness is the immediate floor of the
seam. The argillite is grey, nonstratified, loose, broken, and soft. Tensile strength in
uniaxial compression is 25 MPa.

The main floor is aleurite with up to 8.9 m thickness. Tensile strength in uniaxial
compression is 44 MPa. The aleurite is light grey, lamellar, solid, and stable.

Mathematical modeling of anchoring systems to fasten the inclined workings de-
termined rational anchoring density and anchor length depending upon the mine work-
ing depth and in terms of parameter variations like in [6-10] papers. Fig. 1 demonstrates
analytical scheme to solve the problem.
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Fig. 1. Analytical scheme to solve the problem of determination of anchoring
parameters for the inclined workings driven under the conditions of I3 seam in
Novodonetska mine
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Dependences of displacement values of boundary rock mass (i.e. roof and floor
of the mine working) have become a result of mathematical modeling of the anchored
bench-like slope of I3seam of level 580 m in Novodonetska mine in terms of variation
of anchoring parameters from 3 to 9 anchors and from 2.2 to 3.5 m as well as 700 to
1500 m setting-up. The paper demonstrates dependence graphs of changes in displace-
ments of the mine working roof and floor: upon the depth of its setting-up when 2.2
and 3.5 m anchors are applied (Figures 2-5); upon anchor length when the mine work-
ing depths are 700 and 1500 m (Figures 6 and 7); and upon anchoring density when
the mine working depths are 700 and 1500 m too (Figures 8 and 9).
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Fig. 2. Graphs of changes in the roof displacement values depending upon the mine
working depth if anchor length is 2.2 m: 1 — 3 anchors, 2 — 4 anchors, 3 — 5 anchors,
4 — 6 anchors, 5 — 7 anchors, 6 — 8 anchors, 7 — 9 anchors
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Fig. 3. Graphs of changes in the roof displacement values depending upon the mine
working depth if anchor length is 3.5m: 1 — 3 anchors, 2 — 4 anchors, 3 — 5 anchors, 4
— 6 anchors, 5 — 7 anchors, 6 — 8 anchors, 7 — 9 anchors
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Analysis of the obtained results is as follows:

—in terms of 100 m deepening and use of 2.2, 2.5, 3.0, and 3.5 m anchors, the roof
displacement values are: 92, 84, 77, and 77 mm for 3 anchors; 71, 62, 53, and 53 mm
for 5 anchors; 48, 36, 24, and 24 mm for 7 anchors; and 43, 32, 19, and 19 mm for 9
anchors respectively (Figures 2 and 3);

— in terms of 100 m deepening and use of 2.2, 2.5, 3.0, and 3.5 m anchors, the
floor displacement values are: 133, 124, 114, and 114 mm g1 3 anchors; 115, 110, 102,
and 102 mm for 5 anchors; 93, 89, 86, and 85 mm for 7 anchors; and 88, 85, 82, and
82 mm for 9 anchors respectively (Figures 4 and 5);
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Fig. 4. Graphs of changes in the floor displacement values depending upon the mine
working depth if anchor length is 2.2 m: 1 — 3 anchors, 2 — 4 anchors, 3 — 5 anchors,
4 — 6 anchors, 5 — 7 anchors, 6 — 8 anchors, 7 — 9 anchors
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Fig. 5. Graphs of changes in the floor displacement values depending upon the mine
working depth if anchor length is 3.5 m: 1 — 3 anchors, 2 — 4 anchors, 3 — 5 anchors,
4 — 6 anchors, 5 — 7 anchors, 6 — 8 anchors, 7 — 9 anchors
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—when the mine working deepens, difference between roof displacements (if 2.2-
3.5 m anchors are applied) increases when the number of the anchors is 3, 5, 7, and 9
respectively becoming as follows: 77, 57, 29, and 21 mm at 700 m depth (Fig. 6, a),

and 196, 198, 217, and 210 mm at 1500 m depth (Fig. 6, b);
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Fig. 6. Graphs of roof displacement value variations depending upon the anchor
length when the mine working depth is: a — 700 m, and b — 1500 m
(1 — 3 anchors, 2 — 4 anchors,3 — 5 anchors, 4 — 6 anchors, 5 — 7 anchors,

6 — 8 anchors, 7 — 9 anchors)

— roof displacement value decreases if 2.2-3.5 m (700 m depth) variation of the
anchor length takes place which is described by means of the polynomial dependence:
ur = 63.11,2 — 419.19l, + 891.07 for N, = 3 anchors,

U, = 49.0231,2— 321.971, + 691.92 for N,= 5 anchors,
u, = 22.6151,2— 149.75l, + 372.7 for N,= 7 anchors,
U, = 13.1561,2 — 90.224l, + 269.01 for N, = 9 anchors;
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— roof displacement value decreases if 2.2-3.5 m (1500 m depth) variation of the
anchor length takes place which is described by means of the polynomial dependence:
ur = 173.071,2 - 1138.2l, + 2675.1 for N, = 3 anchors,
ur = 185.221,2 — 1207.4l, + 2545.1 for N, = 5 anchors,
ur = 192.531,2 - 1264.71, + 2384.8 for N, = 7 anchors,
ur = 188.061,2 — 1234.71, + 2286.1 for N,= 9 anchors;
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Fig. 7. Graphs of floor displacement value variations depending upon the anchor
length when the mine working depth is: a — 700 m, and b — 1500 m
(1 — 3 anchors, 2 — 4 anchors,3 — 5 anchors, 4 — 6 anchors, 5 — 7 anchors,
6 — 8 anchors, 7 — 9 anchors)

—when the mine working deepens, difference between floor displacements (if 2.2-
3.5 m anchors are applied) increases when the number of the anchors is 3, 5, 7, and 9
respectively becoming as follows: 37, 67, 93, and 96 mm at 700 m depth (Fig. 7, a),
and 191, 169, 157, and 145 mm at 1500 m depth (Fig. 7, b);
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— floor displacement value decreases if 2.2-3.5 m (700 m depth) variation of the
anchor length takes place which is described by means of the polynomial dependence:
us = 20.8531,%2 — 147.24l, + 1057.9 for N, = 3 anchors,
us = 40.368l,%2 — 279.8l, + 1199.6 for N, = 5 anchors,
us = 70.1041,2 — 470.921, + 1413.5 for N, = 7 anchors,
us = 78.7591,%2 — 523.091, + 1476.9 for N, = 9 anchors;

— floor displacement value decreases if 2.2-3.5 m (1500 m depth) variation of the
anchor length takes place which is described by means of the polynomial dependence:
us = 163.361,2 — 1078.9l,, + 3483.7 for N, = 3 anchors,
us = 135.08l,% — 902.26l, + 3032.2 for N, =5 anchors,
us = 123.471,2 — 822.991, + 2674.6 for N,= 7 anchors,
us = 122.711,2 — 811.52l, + 2605.9 for N, = 9 anchors;
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Fig. 8. Graphs of roof displacement value variations depending upon the anchor
number when the mine working depth is: a— 700 m, and b — 1500 m
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Fig. 9. Graphs of a floor displacement value variations depending upon the anchor
number when the mine working depth is: a— 700 m, and b — 1500 m
a-1,=22m2-1,=25m,3-1,=3.0m,and4-1,=3.5m)

—when deepening of a mine working increases, difference between roof displace-
ments (if 3 to 9 anchors are applied) increases too when 2.2, 2.5, 3.0, and 3.5 m anchors
are used respectively becoming as follows: 139, 114, 83, and 83 mm at 700 m depth
(Fig. 8, a), and 529, 536, 544, and 543 mm at 1500 m depth (Fig. 8, b);

— roof displacement values decrease if the anchor number varies from 3 to 9 (700
m depth) being described with the help of the polynomial dependence:

us = 0.9722N,% — 9.6548N,%2 — 1.127N, + 283 for I, = 2.2 m,
us = 0.7222N,% — 6.7857N,%2 — 5.7222N,, + 249.29 for |, = 2.5 m,
us = 0.5556N,° — 5.6071N,? — 0.5198N, + 205.86 for |, = 3.0 m,
us = 0.5556N,2 — 5.5595N,2 — 0.9008N, + 202.29 for I, = 3.5 m;

—roof displacement values decrease if the anchor number varies from 3 to 9 (1500
m depth) being described with the help of the polynomial dependence:

us = 3.7778N,% — 35.202N,% — 21.337N, + 1060.6 for I, =2.2 m,
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us = 3.9722N,3 — 36.286N,2 — 24.972N, + 972.14 for |, = 2.5 m,
us = 3.8611N,3 — 35.19N,2 — 28.337N, + 875 for I, = 3.0 m,
us = 3.9722N,2 — 36.31N,2 — 25.496N, + 867.43 for |, = 3.5 m;

— when the mine working deepens, difference between its floor displacements (if
33 to 9 anchors are used) increases when 2.2, 2.5, 3.0, and 3.5 m anchors are applied
respectively becoming as follows: 128, 158, 188, and 187 mm at 700 m depth (Fig. 9,
a), and 486, 464, 441, and 440 mm at 1500 m depth (Fig. 9, b);

— the mine working floor displacement value decreases if the anchor number varies
from 3 to 9 (700 m depth) being described with the help of the polynomial dependence:

us = 0.9167N,2 — 8.0952N,2 — 8.5833N,, + 851 for I, =2.2 m,
us = 0.9722N,% — 7.7976N,%? — 19.127N,, + 846.29 for |, = 2.5 m,
us = 1.3056N,2 — 11.643N,2 — 12.234N, + 826 for |, = 3.0 m,
us = 1.1389N,2 — 9.0595N,2 — 23.27N, + 829.29 for I, = 3.5 m;

— the mine working floor displacement value decreases if the anchor number varies
from 3 to 9 (1500 m depth) being described with the help of the polynomial dependence:
us = 3.9167N,2 — 36.524N,2 — 11.655N, + 1947 for I, = 2.2 m,
us = 3.8889N,2 — 36.94N,2 — 2.6865N, + 1844.6 for |, = 2.5 m,
us = 3.4722N,% — 32.238N,2 — 12.925N, + 1758 for I, = 3.0 m,
us = 3.2778N, — 29.643N,> — 22.135N, + 1756 for I, = 3.5 m;

— in the context of mining and geological conditions of I3 seam in Novodonetska
mine, rational anchoring density is almost 0.7-0.75 anchors/m? (N, = 7 anchors), and
rational length of anchors set up within a mine working roof is almost |, = 2.8-3.1 m.

Conclusions and tendencies for future research. Thus, the dependences of dis-
placements of the inclined mine working roof and floor upon its depth (700-1500 m)
in terms of anchor length variation (2.2-2.5 m) as well as anchoring density (3-9 an-
chors) have been obtained. The dependences may be used to forecast displacements in
the design process for the inclined mine workings I3 in Novodonetska mine or under
similar mining and geological conditions of the inclined mine workings, which will be
constructed, in the process of the development of their maps and support. It has already
been determined that rational anchoring density for the inclined mine working roof
(under the mining and geological conditions of I3 seam in Novodonetska mine and ra-
tional length of anchors, set up within the inclined mine working roof), is almost
l,=2.8-3.1m.

Further research will be aimed at the analysis and generalization of technologi-
cally and economically substantiated rational parameters for the inclined mine work-
ings under the mining and geological conditions of DTEK Dobropilliavuhillia JSC.
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AHOTAIIA
Meta. JlociniguT cTaH NPUKOHTYPHOTO TIOPOJAHOTO MAacHBY MOXWIIOT BUPOOKH, IO 3aKpIllJICHA aH-
KEpHUMU CHCTEMaMHU, 3 BUKOPUCTAHHSIM MaTEMAaTHYHUX METO/IIB MOJICITFOBAHHS, 1 HA OCHOBI Pe3yJib-
TaTiB IOCI1PKEHb BU3HAYUTH PAllOHANIbHY IIIIBHICTh aHKEPYBAHHS 1 IOBXKUHY aHKEPHUX IITAHT Py
30UIbIICHH] TJIMOMHY 11 3aKJIaZIeHHs B TIPHUYO-TEOJIOTIYHUX yMoBax muiacrta |3 maxtu «HoBomoHe-
upka» TOB «ATEK Jlo6poniiisByrisis.

Metoau pociimkenns. OOrpyHTYBaHHS MapaMeTpiB aHKEPHUX CHUCTEM JJIs MOXMINX BUPOOOK BH-
KOHYBAJIOCS IIJISIXOM JIOCTIHKEHHST 3aKOHOMIPHOCTEHN 3MIHU MTOBEIIHKH Ta HAMpyXeHo-1edhopMoBa-
HOTO CTaHy MOPOJHOI'O MACUBY 1 OTPUMaHHS 3MillleHb TOPOIHOTO KOHTYPY TpHUYOI BUPOOKH, Ta Ha
iX OCHOB1 BU3HAYEHHS palliOHATbHUX BEJIMYMH JOBKUHU aHKEPHUX ILITAHT 1 I[UIBHOCTI aHKEPYBAHHS.
Jlist nociKeHb 3MiH MOBEIHKY Ta HAIPYKEHO-Ae(OPMOBAHOI0 CTaHy MIPUKOHTYPHOI'O TOPOTHOTO
MacHBY HOXMJIOI BUPOOKH, 1110 3aKpiljieHa aHKEPHUMHU CHCTEMaMH, BUKOPUCTOBYBABCSI METO/]] CKiH-
YEHHHX €JIEMEHTIB.

Pe3yabTaTn gocaigxenns. Po3pobieHa po3paxyHKoBa cxeMa J10 BUPIIICHHS 3a/1a4l BU3HAYCHHS pa-
LIOHAJBHOT MIUTBHOCTI aHKEPYBAaHHS Ta JOBXHHM aHKEPIB I KPIIUIEHHS MOXHJIMX BUPOOOK IpHU
3MiHI TJTHOMHHU TX 3aKJIaJICHHS B TIPHUYO-TEOJIOTIYHUX YMOB TutacTa |3 maxtu «HoBomoHenbkay. Bu-
3HA4YEeHO PaLliOHAJIbHI apaMeTpy aHKEPHUX CHUCTEM, IPU KPIMJICHHI MOXMJIMX TIPHUYMX BUPOOOK B
KOHKPETHHUX TPHUYO-T€0JIOrTYHUM YMOBAX.

HaykoBa HoBu3zHa. OTprMaHo rpadiku 3aj1eKHOCTEN 3MILEHb TOPOJHOTO KOHTYPY MOKPIBII Ta Ii-
JIOIIBH MOXMJIOT BUPOOKH BiJl TIIMOMHM ii 3aKJIa/IeHHs IPU BapilOBaHHI JOBXHHU aHKEPHUX IITAHT Ta
IIJTBHOCTI aHKEPYBAHHS JUTS TipHUYO-TEOJIOTTYHUX YMOB IutacTa |3 maxtu «HoBomoHeIbKay.

IIpakTnuna 3HaYuMicTh. Pe3ynpTaTl JOCTIIKEHb MOXKYTh OyTH BUKOPHUCTaH1 Ha CTaJlli MPOEKTY-

BaHHS IS IPOTHO3Y 3MiIIEeHb MMOKPIBIIi, MiOMIBU Ta OOKIB MOXMWJIMX BUPOOOK B TIPHUUYO-TE€OJIOTIY-
HUX yMoBax 1uiacra I3 maxtu «HoBogoHenbkay a1 onTuMisailii mapamMeTpiB aHKEPHHUX CUCTEM.
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Kniouosi cnosa: noxuna supodoka, mamemamuune MOOeNOSAHNS, AHKePHe KPINIEHHS, WIIbHICb,
008J1CUHA.
AHHOTALIUSA

Heasn. VccnenoBaTh COCTOSHUE MPUKOHTYPHOTO MOPOJHOTO MAacCHBa HAKJIOHHON BBIPAOOTKH, 3a-
KPEIJICHHON aHKEPHBIMH CHCTEMAaMH C UCTIOJIb30BAaHUEM MaTEMAaTHUECKIX METOI0B MOICTTUPOBAHHUS
M Ha OCHOBE PE3yJIbTATOB HCCIICAOBAHUI ONMPEIC/IUTh PALMOHATIBHYIO TUIOTHOCTh aHKEPOBAHHS W
JUTHHY aHKEPHBIX IITAHT TPU YBEJIHUYCHUN TIIYOUHBI €€ 3aJI0KCHUsSI B TOPHO-TEOJOTHIECKUX YCIIO-
Busix miacta I3 maxter «HoBoponemkas» OO0 «/ITOK J1o0poroibeyroiby.

MeTtoasb! ucciiegoBanuii. OG0cHOBaHKE MTAPAMETPOB AHKEPHBIX CUCTEM JIJIsl HAKIIOHHBIX BBIPAOOTOK
BBINOJIHAJIOCH IIyTEM MCCJIEIOBAHUS 3aKOHOMEPHOCTEH M3MEHEHHs MOBEACHUS U HalpsKEHHO-Je-
(OpPMHPOBAHHOTO COCTOSHUS TIOPOAHOTO MacCHBa U OJIYYECHUS CMEILIEHHH ITOPOIHOTO KOHTYpa rop-
HOM BBIPAOOTKH, U HAa UX OCHOBE OIPE/ENICHHsI PAllMOHAILHBIX BEIMYUH JJIMHBI AHKEPHBIX IITaHT U
IUIOTHOCTU aHkepoBanwus. i vcciaenoBaHU M3MEHEHHH MMOBEIACHHS W HANPSKEHHO-Ie(hopMupo-
BAHHOI'O COCTOSIHUSA IPUKOHTYPHOT'O IIOPOJHOIO MacCHBa HAaKJIOHHON BBIPAOOTKH, 3aKpEIJICHHOM aH-
KCPHBIMU CUCTEMAMM, UCII0JIB30BAJICA MCTO/] KOHCUYHBIX 3JICMCHTOB.

Pe3yabTaTtsl uccaenoBanuii. Pazpaborana pacueTHas cxema K pelICHHIO 3a/1a4H ONPEACTICHHs pa-
[IUOHAIBHOM IJIOTHOCTU aHKEPOBAHHMSI M JUTHHBI aHKEPOB JIJIsl KPETIJICHUSI HAKJIOHHBIX BBIPA0OOTOK MTPH
WU3MCHEHHUH TITyOUHBI UX 3aJI0KCHHUSI B TOPHO-TEOIOTMYECKUX yciioBui tiacta I3 maxTer «HoBomo-
Herkasy. OnpeeneHbl palroHaIbHbIE TapaMeTPhl AHKEPHBIX CHCTEM, TIPU KPEIUICHUH HAKJIOHHBIX
TOPHBIX BBIPAOOTOK B KOHKPETHBIX TOPHO-TEOJOTHUECKUX YCIOBUSX.

Hayunas HoBu3Ha. [lomydeHsl rpagiky 3aBUCUMOCTEH CMEUICHUH ITOPOIHOTO KOHTYpa KPOBIH U
MOYBbl HAKJIIOHHOM BBIPAOOTKHM OT IIyOWHBI €€ 3aJI0KEHUS MPU BapbUPOBAHUM JJIMHBI AHKEPHBIX
IITAHT U TUIOTHOCTH aHKEPOBAHMUs JUIsi TOPHO-T€OJIOTHUECKHUX YCIIOBHIA macTa I3 maxTtel «HoBomo-
HeLKas.

HpaKTI/I'—IECKaﬂ 3HAYUMOCTb. PGSYHLTaTH I/ICCJ'IC)IOBaHI/Iﬁ MOTYT OBITH HCIIOJIB30BaHbI Ha cTaauun
IMPOCKTUPOBAHUA IJId IIPOTHO3a CMEIICHUI KPOBJIX, ITIOYBBI U OOKOB HAKJIOHHEIX BBIpa6OTOK B TOPHO-
IeOJIOTHYCCKHUX YCIOBUAX IJIaCTa |3 maxThl «HoBogoHeKas» 1jisi ONTUMU3AIUN napamMeTpoOB aHKEP-
HBIX CUCTEM.

Kniouesvie cnoea: naxnounas ebzpa6omka, mamemamudeckoe MOO@ﬂupOGCZHue, AHKepHasl Kpenb,
NnJ1ONHOCMb, OnuHa.
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