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Purpose. Increased resistance of outcrops in production taking into account the ways of development of the
effect of the mining-and-geological and mining-and-technical factors of mining operation.

Methodology. There have been applied the following methods: comparative analysis, mathematical modeling
and forecasting.

Findings. There have been introduced the results of experimental-industrial works to reduce swelling of the
subsoil in different mining operation conditions, observing and monitoring the manifestations of rock pressure,
bedrock deformation, the displacement of host rocks on the side of workings and roof. Different types of timbering
have been applied considering the complicating factors of mining, taking into account the geomechanical condi-
tions of conducting and maintaining workings. It is recommended to apply a technology to maintain the bedrock
that will improve the stability of rock outcrops in the development considering the ways of manifestation of the
effect of geological and mining factors of mining.

Originality. An anchoring technology has been worked out aimed at reducing the swelling of the subsoil in
different mining conditions, while using different types of timbering considering all the complicating factors of
mining, as well as taking into account the geomechanical conditions of operation and maintenance of workings.

Practical value. It is recommended to make an installation of anchors into the soil in advance of the following
effect of confounding factors (bearing pressure zone in front of the lava, and others), mainly in the district work-
ings exposed to mining operations (extraction front, overworking and underworking zones, zones with increased
rock pressure). It is also recommended to collar the inclined holes under the anchors inclined at an angle 20-40°
to the vertical. The length of the holes is calculated considering their technical capability of drilling and is assumed
to be 1.6, 2.4 and 2.9 m with a cross installation of the anchors.

Keywords: stress-strain state, mounting options, geomechanical processes, roof bolting, mining engineer-
ing factors

Introduction. Swelling is manifested while main-
taining mine workings in the conditions of the occur-
rence of mild and solid rocks in the areas of clay, loam,
sand-and-clay deposits and deposits containing or-
ganic rocks and soils that are prone to swell, when
driving or during an operation.
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Soil deformation of rocks in the form of squeezing
them inside the workings are quite common while en-
gineering coal deposits. Swelling is usually most in-
tensively manifested in preliminary development.
Due to the nature of the genesis of coal deposits, the
immediate soil strata are usually composed of the
weaker ones compared to other rocks. Furthermore,
they have well-developed shear zones, caused by dif-
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ferent degree of compaction and subsequent rock tec-
tonic processes.

Defining the main problem. Soil rock swelling
complicates the mining operations; the experience
shows that even when the amount of swelling of the
workings is more than 300—350 mm, it is necessary to
apply technological measures to deal with it.

The intensity and the absolute value of displace-
ment while swelling are associated with geological and
production factors.

Analysis of the research results. The analysis
allows distinguishing two main types of rock heaving
while processing mine workings: clay rock heaving as
a consequence of swelling related to some specific
features of the mineralogical and colloidal chemical
composition of clay soils, and rock heaving as a
manifestation of rock pressure as a result of mine
works.

During the in-seam development workings in case
of the occurrence of the coalbeds of laminated mud-
stones and siltstones in the soil, the process of rock
destruction and soil heaving includes the following
stages: stratification on the surface of the stratum
without fault of the stratified rocks; the fault of the
stratified rocks under the workings into the blocks in
the form of multijointed arches; the destruction of the
rocks of the soil under its sides with their following ex-
trusion into the working [1-3].

The swelling of the bedrocks is a consequence of
the extrusion of the mild rocks out from the toe of the
entry stumps or intact rock massif.

The analysis of the production activity of the mines
of the Karaganda coal basin, operating at great depths
(mostly more than 500—600 m) in case of mild bearing
strata, shows that a significant portion of extended
workings is constantly in a state of repair or activities
related to their maintenance in a satisfactory opera-
tional state. About 10—12 % of inside workers are oc-
cupied with carrying out such kind of lowly-mecha-
nized work, being structurally related primarily to the
liquidation of the consequences of rock heaving during
workings (60 %) and reinforcement (40 %).

Thus, in 2014 the specific volume of reinforcement
of workings at functioning mines of the Karaganda coal
basin reached 5.5 m for 1000 tons of extraction, labor
costs for repair and workings maintenance reached
200 manshifts a year for 1 km length output, or about
20 manshifts for 1.000 tons of extraction. These activi-
ties are labor-consuming (0.2 manshifts/m), they re-
quire additional financial costs (3—5 thous. RUR/m)
and reduce the rate of working off reserves by 30—40 %.

At mines with an annual increase of the length of
mine workings which are in a poor state by 2—3 %,
about 30—50 % of workings are reinforced that need to
be repaired.

Based on current assumptions and relying on pro-
duction experience, some methods and means for pre-
venting or reducing the intensity of the process are be-
ing developed.

The manifestation of rock pressure in the work-
ings in the form of swelling rocks occurs due to the

influence of a great number of natural geological and
operational technological factors. However, the sta-
bility of rock outcrops and adjoining rocks mainly
depends on the physical and mechanical properties
of rocks and their operating stress, conditioned by
the weight of the overlying rocks, tectonic faults, di-
agrams and order of mining operations. Therefore,
all the measures to reduce the rock swelling are
aimed at changing the parameters of these two
groups of factors or the use of the most favorable
combination.

All the measures to prevent rock heaving in outputs
can be divided into five groups: the use of favorable
geological and technical conditions (carrying out the
workings skin-to-skin to the goaf behind the longwall
in collapsed and compacted rocks); rocks fortification
(roof bolting usage, polymeric soil reinforcement and
the usage of resins); rock mass decongesting (cavity
blast cleanup of a rock mass, excavation stability con-
trol of a blasting rubble strip, the structure of decon-
gesting cavities, rock mass decongesting drilling out
the formation, roof rock torpedoing in the excavation
workings); combined methods (active discharge fol-
lowed by fortification and formation of an invert, blast
fortification with simultaneous rock massif decongest-
ing and its consolidation, soil decongesting using drill
and fire system with the following usage of reinforcing
lining and square-set sills and hydraulic props); spe-
cific control methods (the usage of closed and rein-
forcing linings, as well as combined linings).

The best effect to deal with swelling is achieved by
decongesting the massif that contains workings from
the high stress. The following methods of deconges-
tion can be used there: carrying out decongesting ex-
cavations, formation of slots and holes of all types,
rock blasting forming the crushing zones in the soil,
etc. These solutions are characterized by highly com-
plicated work technologies, great labor content and
cost.

This leads to the fact that in the practice of mining
operation blasting of swelled rocks still remains the
main method, that is to say that finally we get the con-
sequences of this phenomenon eliminated, but not its
cause. In this case we achieve only a short-term and
little effect while a long term process of combatting
swelling requires high financial and labor costs.

Lately, they have successfully begun to use the
method of fixing the roof (of the soil) with steel poly-
meric and other types of anchor chains of high load-
bearing capacity.

Presentation of the main research. Below we
review some technological elaborations using anchor
linings, aimed at reducing and preventing rock swell-
ing in mine workings.

Anchoring is used to maintain a sufficient level of
solidity of the marginal rocks by limiting their dis-
placement into workings, which allows increasing the
efficiency, solidity, maximum maintenance-free ser-
vice and operation safety.

We can also control swelling processes including
the shape of transverse section of the outputs with the
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location in relation to the rocks of the roof in the shape
of reverse trapezoidal line of the load-bearing arch,
which allows increasing the sole stability in mine
workings.

We can consider the method of active reinforce-
ment effect on the rocks of workings by the means of
anchoring very progressive. To realize it, we need to
determine the necessary thickness of the reinforcing
stratum of the rocks in the soil, due to the reinforce-
ment layer of the anchors set into the soil, with the for-
mation of the supporting blocks to sustain the bearing
arch [4, 5] (Fig. 1), based on the depth of distribution
of swelling in the zone of workings, which can be de-
fined using the famous method of the prof. P. M. Tsim-

barevich [3]
Hl tg4(902_(p)

1_tg4(902_(pj

where H, is a height of soil surcharge, brought to spe-
cific weight of the rocks, m;

Xo

(1

T
H =h't, o)

where 4 is a height of the walls of workings, m; vy, is
specific weight of the side rocks, t/m?; Y, is specific
weight of the soil rocks, t/m?; ¢ is an angle of the inter-
nal friction of the rocks, degrees.

We have analyzed the degree of the dependence of
X, depth of swelling distribution in soil workings in re-
lation to the specific weight of side rocks, soil rocks
and the height of the walls of workings [1]:

-h=3.0;3.5and 4.0 m;

-v,=2.0;2.5; 3.0 t/m?;

- H, varies from 4.0; 5.0 to 6.0 m.

Here is a nomogram based on the assumption of
the calculated values — Fig. 2.

As you can see from the calculations above, within
the increase of the volume weight of the roof rocks, the
less is the depth of the distribution of the heaving zone
in the soil of workings and the more is the parameter of
the volume weight of the side rocks and the height of
the walls of production, the greater is the depth of the
distribution of the heaving zone [6—8].

A technology of the anchor lining has been also
developed aimed at the reduction of subsoil swelling
in different mining technical conditions of operation
using different types of lining, taking into account all
the complicating factors of mining and geomechani-
cal conditions of holding and maintaining the work-
ings.

The anchor installation technology for the ground
anchors involves the installation of the anchor chain
into the ground along the sides of excavation. The in-
clined holes are collared at an angle of 20—40° to the
vertical. The length of the holes is calculated conside-
ring their technical capability of drilling and is
assumed to be 1.6, 2.4 and 2.9 m. The cross installa-
tion of the anchors (at the right angle) into the rocks
stratum of the soil is also admitted (Fig. 3). It is rec-
ommended to determine the length of the anchors in-
stalled into the soil of workings using the following
formula

,_675 B, H,
N 3

n

3)

where 6.75 is empirical coefficient; By is the width of the
workings in the rough, m; H,, is rocks swelling value, m;
N, is compressive strength/pressure of the soil, MPa.

A setting increment of the cross oriented ground
anchors is recommended to be equal to the double
quantity of the number of arches of the roof bolting for
1 running meter of the output.

A series of experimental industrial works has been
fulfilled to reduce swelling under the soil in different
types of mining environment with the observation of

Fig. 1. Formation of the bearing blocks in the soil to support its arch:

a — the way of lining and rocks fortification; b — bearing blocks in the soil; 1— workings; 2 — steel polymeric roof
anchors; 3 — steel polymeric side anchors; 4, 5 — swelling soil strata/layers; 6 — steel polymeric anchors entering
the soil workings; 7 — the line of the bearing arch of workings ; 8§ — the foundation of the bearing arch; 9 — bearing
blocks; 10 — glide lines of the heaving rocks; 11 — lower base of the bearing block; 12 — stable rocks stratum; 13 —

Jfortification zone of the rocks around the workings
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h — the height of the output walls, m
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Fig. 2. Nomogram to define the depth of the distribution of the swelling zone in the soil of workings depend-

ing on the influencing factors
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Fig. 3. Cross-section (a), longitudinal (b) section of workings with ground anchors and a sectional view —
installation setup of the ground anchors relatively to the arches of the roof bolting (c):

1 — fortification zone; 2 — coalbed; 3 — rocks of immediate roof; 4 — roof anchors; 5 — roof bolting; 6 — types of

soil; 7 — ground anchors; 8§ — workings soil

symptoms and monitoring the rock pressure, rocks de-
formation, displacement of the rocks enclosed into the
sides and roof rocks using different types of lining tak-
ing into account the complicating factors of mining, as
well as any geomechanical conditions of holding and
maintaining the workings based on the provided in-
spection certificate of support, geological and mining-
technical information.

Workings with anchor lining unalloyed:

1) “Kazakhstanskaya” mine, stratum entry
22t;-6 (Karaganda coal basin):

- across the pitch workings, angle of dip of stratum
10—14°, operation depth 402—360 m;

- yield, rock section: height — 3800 mm, width —
6000 mm, finished section — 22.8 m?, in the rough —
22.8 m?%;

- lining: per meter — 1.33 framing linings, 16 roof
boltings with a length of 2.4 m and 4 side steel poly-
meric anchors with a length of 2.4 m, stratum #;
with a width 1.65 m and compressive strength of
15 MPa;

- type of rocks: mudstone, prone to swelling with
pressure of 25 MPa, width — 5 m.

2) “Abaiskaya” mine, stratum entry 221k g-c:

- across the pitch workings, angle of dip of stratum
12—18° (up to 20°), operation depth 402—360 m (about
365 m);

- yield, rock section: height — 3500 mm, width —
6000 mm, finished section — 21,0 m?;

- lining: per meter — 15 roof boltings 2.9 m and
6 side steel polymeric (3) and fiber glass plastic (4) an-
chors with a length of 1.6 m, fixed under the shredded-
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and-pulled net of MM type, stratum kg with a width
of 2.0 m and compressive strength of 10 MPa;

- types of rocks: mudstone-pressure — 15—
22.5 MPa, width — 1.0 m; aleurolite-pressure —
37.0 MPa, width —1.0 —3.0 m.

Workings with a mixed (frame-anchor) lining:

1) mine by Kostenko, 3a Eastern airway k,:

- across the pitch workings, angle of dip 20°, opera-
tion depth 402—360 m;

- yield, rock section: height — 3750 mm, width —
5810 mm, finished section 14.4 m?;

- lining: per meter — 1.33 framing linings, 10.64 roof
steel polymeric anchors, stratum k, with a width of
3.78—4.08 m and compressive strength of 15 MPa;

- types of rocks: pressure — 17 MPa, width — 5.8 m.

2) “Abaiskaya” mine, stratum entry 221k ;s-c:

- across the pitch workings, angle of dip 20°, opera-
tion depth 402—360 m;

- yield, rock section: height — 3500—3700 mm,
width — 5800—6000 mm, finished section 14.4 m?;

- lining: per meter — 2 framing linings, 11 roof steel
polymeric anchors 2,4 m, stratum kg with a width of
2.0 m and compressive strength of 10 MPa;

- types of rocks: mudstone-pressure — 15—
22.5 MPa, width — 1.0 m; aleurolite-pressure —
37.0 MPa, width — 1.0—3.0 m.

3) “Saranskaya” mine, inclined ventilation cro-
sscut k) (eastern direction):

- waste workings, angle of dip 9°, operation depth
402—660 m; about 620 m;

- yield, rock section: height — 3735 mm, width —
5570 mm, finished section 14.4 m?;

- lining: per meter — 2 framing linings, 11 steel
polymeric anchors with a length of 2.4 m, stratum k;,
with a width of 4.65 m and compressive strength of
15 MPa;

- types of rocks: pressure — 35 MPa, width —
22.5m.

4) “Kazakhstanskaya”
2215-6:

mine,

stratum entry

- across the pitch workings, angle of dip 10—14°,
operation depth 402—360 m;

- yield, rock section: height — 3660 mm, width —
5810 mm, finished section — 14.5 m?, in the rough —
18.3 m?;

- lining: per meter — 1.33 framing linings, 10.65
roof steel polymeric anchors with a length of 2.4 m,
stratum t; with a width of 1.65 m and compressive
strength of 15 MPa;

- types of rocks: mudstone, pronetos welling with
pressure — 25 MPa, width — 5 m.

Experimental observations, analysis and evaluation
of sustainability, defectiveness and deformation pro-
cesses will allow us to establish the consistent patterns
of interaction between the lining and a rock massif in
the workings.

Operation technology for the installation of the
lining of the ground anchors.

We have provided the installation of the roof bol-
tings into the ground along the sides of the exploration
mining workings at the experimental area with a length
of 10 m. The inclined holes shall be collared under the
anchors at the angle of the dip 20—40° to the vertical
(with a gradation for 5 ranges by 5°). The length of the
holes is calculated considering their technical capabil-
ity of drilling and is assumed to be 1.6, 2.4 and 2.9 m
with a cross installation of the anchors.

We have provided the installation of steel anchors
with a diameter of 21.6 mm (as an option we have a
UPC lining with notching and a collet properly
equipped for the drilling rig) on polymeric ampoules
for complete filling of the cavity of the hole. Along
the length of the hole we used ampoules with delayed
congelation time (3 min.), and the last ampoule (the
first relatively to the mouth of the hole) shall be used
with a substance of accelerated congelation (20—
25 sec.) to create a preliminary tension of the anchor
in the hole.

In the process of experiment we defined the bear-
ing capacity of the installed anchors.
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Fig. 4. Testing of the technology of anchoring aimed at reducing the rock swelling at “Abaiskaya” mine:

a — section; b — profile
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The installation of anchors in the operation area
was made in advance, before the exposure of the influ-
ence of the complicating factors (the zones of abut-
ment pressure in front of the lava, etc.), mainly in the
district workings prone to the influence of mining op-
erations (cleaning working area, ground and under-
ground zones, increased rock pressure).

To conduct experimental works on reducing the
rock swelling while maintaining workings with mixed
and anchor linings, we installed reference metering
stations in every other 5 meters. The evaluation of the
stability of the rocks in the projected workings, consid-
ering the ways of manifestation of the effect of mining
geological and geotechnical operation factors, will al-
low us to substantiate the technical decisions aimed at
its maintenance made at the design stage. Here are
some kinds of typical framing deformation of workings
and their possible causes. According to the results of
the experiments, the following information is avail-
able: a timbering plan, mining geological and geotech-
nical information, data on the dynamics of the rock
pressure, the pictures of the analyzed workings in the
specified operation conditions for the optimization of
the output. For experimental testing of the anchoring
technology aimed at reducing rock swelling, at “Abais-
kaya” mine the anchors were installed on the belt road
22k12-c at the area of PK55 + 3m — PK56 + 3m —
Fig. 4.

At “Saranskaya” mine certain works were done
aimed at bedrock consolidation on the belt road 52k7-
3 along with installation of 7 coupled anchors with a
length of 1.6 m into the holes with a diameter of 42 mm
per 6 chemical ampoules AMK-350 each one.

Conclusions. An effective way of dealing with
rock swelling in preparatory mining workings has been
developed and tested. The use of this technology will
allow increasing the stability of the rock exposure in
the workings taking into account the ways of manifes-
tation of the effect of mining geological and geotech-
nical operation factors.
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Merta. IlinBullieHHSI CTiMKOCTI MOPOTHUX OTO-
JIEHb Y BUPOOIIi 3 ypaxyBaHHSIM (DOPM MPOSIBY il Tip-
HUYO-TEONIOTIYHUX 1 TipHUYOTEXHIYHUX (DaKTOpPiB
BBEJIEHHSI TipChKUX POOIT.

MeToauka. 3aCTOCOBaHi METOIM MOPiBHSILHOTO
aHaJji3y, MaTeMaTUYHOTO MOJIEIIOBAHHSI, TIPOTHO3Y-
BaHHSI.

PesynbraTii. HaBeneHi pe3yasratv eKCieprMeH -
TaJIbHO-TMIPOMUCIOBUX POOIT, CIPSIMOBAHUX HA 3HU-
JKE€HHS 3IMMAaHHS MOPil TPYHTY B Pi3HUX FipHUYOTEX-
HIYHIUX YMOBaxX PO3pPOOKHU, 3 MPOBEICHHSIM CITOCTE-
pEXeHb MPOSIBIB i MOHITOPUHTY TiPCbKOTO TUCKY, /i€-
dopmMalriii Topin IpyHTY, 3CyBiB BMIIYIOUMX ITOPi
OOKiB i MOKpiBJIi BUPOOOK. 3aCTOCOBHI pi3HiI BUIU
KPITUICHHS 3 YpaxyBaHHSM YCKJIAIHIOIOUNX YMHHU-
KiB BeIeHHS TipCbKUX POOIT 3 ypaXxyBaHHSIM TeoMeXa-
HIYHMX YMOB MPOBEACHHS Ta MiATPUMAaHHS BUPOOKU.
PexomeHgoBaHa TeXHOJOTiS 3 MiATpUMaHHS TIOpin
TPYHTY, 11O JO3BOJUTH MiABUIIUTU CTilKiCTh MOPOI-
HUX OTOJIEHb Y BUPOOILLi 3 ypaxyBaHHSIM (hOPM MPOSIBY
Jlii TIPHUYO-TEOJIOTIYHUX i TIPHUYOTEXHIYHUX (DaKTO-
PiB BeIEHHS TipChKUX POOIT.
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HayxkoBa HoBu3Ha. Po3po6yieHa TeXHOJIOTis aH-
KEpHOTO KpiIJIEHHSI, CIIpsIMOBaHa Ha 3HWXKCHHS
3AMMAaHHS Tl TPYHTaMU B Pi3HUX TipHUYOTEXHId-
HMX YMOBax pO3pOOKU, MpPU 3aCTOCYBaHHI pi3HMUX
BUJIB KPIiMJIEHHSI 3 ypaxyBaHHSIM YCKJIQJHIOOUUX
YUHHUKIB BEASHHS TipChKUX POOIT, 3 ypaxyBaHHIM
reoMexXxaHiuHMX YMOB MNPOBEIEHHS Ta IATPUMKU
BUPOOKU.

IIpakTuyHa 3HaYuMicTb. PekomMeHnoBaHo ycra-
HOBKY aHKEpiB 0 TPYHTY BUPOOKMU 3MiliICHIOBATH 3a-
BYACHO OO [ii BIUJIMBY YCKJIAIHIOOUUX (haKTOpiB
(30HU OTMOPHOTIO TUCKY MOTIepeny JaBu Ta iH.), epe-
BaXXHO B IUJIbHUUHUX BUPOOKAX, CXUJIbHUX 0 BILJIU-
BY FipHUYUX pOOIT (PPOHTY OUMCHUX POOIT, 30H Ha -
poOKU, MigpoOKU ILIACTIB, MiABUILEHOTO TipChKOIO
TUCKY). 3IiiiCHIOBATH 3a0ypeHHS MOXWINX IIITYpPiB
nig ankepu 1mig Kyrom 20—40° no Beptukati. JloBxu-
Ha IIITypiB TepeadavaeThes i3 po3paxyHKy TeXHIUHOT
MOXJIMBOCTI 1X OypiHHS Ta mpUiiMaeThCs piBHOIO 1,6;
2,412,9 M 3 IepexpecHO0 YCTAaHOBKOIO aHKEPiB.

KmiouoBi cioBa: ranpysceno-oegpopmosaruil
CMad, napamempu KpIinAeHHs, 2eOMEXAHIYHI Npo-
yecu, aHKkepHe KpPIinaeHHs, SipHUMOMEXHIUHI pak-
mopu

Ilenb. IloBbllIeHUME YCTOMYMBOCTU TTOPOMHBIX
OOHaXXeHUIT B BBIPAOOTKE C yIeTOM (hOPM TIPOSIBIIC-
HUSI IeHCTBUSI TOPHO-TEOJIOTUIECKUX M TOPHOTEXHU -
YyeCcKUX (haKTOPOB BEIEHUSI TOPHBIX paboT.

Metoauka. [IpuMeHeHbI MeTOAbl CpPaBHUTEIb-
HOro aHajau3a, MaTeMaTUYeCKOro MOIEIUPOBAHMS,
MIPOTHO3UPOBAHUSI.

PesynbraTsl. [IprBeneHbl pe3yabTaThl 3KCIEPU-
MEHTaJIbHO-ITPOMBIIIIEHHBIX pa0OT, HaNpaBJIEHHBIX
Ha CHUXXEHUE IMy4YeHUsl MOPOoJ MOYBbI B pa3IMUHbIX
TOPHOTEXHUUYECKUX YCIOBUSIX pa3pabOTKH, C TIpoOBe-
JIeHeM HaOII0eHU NMPOsIBIEHUN U MOHUTOPUHTA
TOPHOTO MaBJIeHWsI, Oe(opMallii ITOpOI ITOYBHI,
CMEIIeHU BMEIIAOIINX ITOPOI OOKOB M KPOBJIU BBI-

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2016, N2 5

paborok. IlpuMeHeHBl pa3juyHbIe BUABLI Kpemnu ¢
YIETOM OCTOXHSIOIINX (DaKTOPOB BEIEHMS TOPHBIX
paboT ¢ y4eTOM TeOMeXaHNUEeCKUX YCIIOBUI TIPOBE-
IeHWS U TIOIIepKaHMsI BEIpadboTKI. PekoMeHIOBaHa
TEXHOJIOTHUSI TI0 TTOAASPKAHUIO TIOPOI TTOYBBI, KOTO-
past TTO3BOJIMT MOBBICUTH YCTOMYMBOCTDH ITOPOTHBIX
OOHaXXeHUI B BBIpA0OTKE C y4yeToM (popM IpOosIBIIE-
HUS NeICTBUSI TOPHO-T€OJIOTUYECKUX M TOPHOTEXHU -
yecKMX (paKTOPOB BeAEeHUSI TOPHBIX PaOOT.

Hayuynas HoBu3Ha. Pa3zpaboraHa TexXHOJIOTUS
AHKEePHOTO KpeIUIeHNsI, HalpaBJieHHasi Ha CHUKEHHE
MMy4YeHUS IO/ TIOYBAMU B pa3IMYHBIX TOPHOTEXHUYEC-
CKMX YCJIOBUSIX pa3pabOTKU, MPU NMPUMEHEHUU pa3-
JIMYHBIX BUIOB KPEITN C YICTOM OCTOXHSIOIINX (DaK-
TOPOB BEIECHUSI TOPHBIX PAOOT, C YIETOM TeOMEXaHM -
YeCKUX YCIOBUI IMPOBEACHUS U MOIASPKAHUS BhIpa-
00TKMU.

IIpakTuyeckas 3HAYMMOCTb. PekoMeHIoBaHO
YCTAaHOBKY aHKEPOB B IIOYBY BBIPAOOTKU MPOU3BO-
IUTH 3a0JIaTOBPEMEHHO 10 BO3NEHCTBUSI BIUSHUS
OCOXHSIOIMX (haKTOPOB (30HBI OMOPHOrO JaBie-
HUSI BHepenyd JaBbl W NIp.), NPEUMYIIECTBEHHO B
YY9aCTKOBBIX BBIpaOOTKaX, MOABEPKEHHBIX BIUSTHHUIO
TOPHBIX padoT ((PpOHTA OUYHUCTHBIX PabOT, 30H Haapa-
0OTKM, MOAPaOOTKM TIJIACTOB, TTOBBIIIIEHHOTO TOPHO-
ro nasieHus). [IpousBoauTs 3a0ypriBaHUE HAKJIOH-
HBIX IIITYPOB MO aHKepsI 1o, yritoM 20—40° K BepTh-
Kann. JIImHa [Ty poB IIpenycMaTpUBaeTCs U3 pacue-
Ta TeXHUYECKOI BO3MOKHOCTH UX OYPEHMS Y TIPUHU -
MaeTcs paBHoii 1,6; 2,4 1 2,9 M ¢ mepeKpecTHOit ycTa-
HOBKOI aHKEPOB.

KiroueBble ciaoBa: HanpsiceHHO-0epopmupo-
8aHHOe coCMosIHUe, Napamempol KpenaeHus, 2eo-
MexaHuuecKue npoueccovl, AHKepHas Kpenv, 20pHO-
mexHu1eckue paxKkmopbwl

Pexomendosana 0o nybaikauii O0oKkm. mexH.

nayk T. K. Hcabexom. Jlama Haoxo0ucenHs pyKo-
nucy 24.03.15.
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