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DEVELOPING TECHNOLOGICAL SCHEMES OF DRIVING WORKINGS
WITH CONTROLLED RESISTANCE OF CONTOURS

Mine workings represent a technological hazard in the absence of devices for their safe development.

Purpose. Reinforcement of the contours of mine workings as a safety measure of developing mine workings.

Methodology. The study algorithm is represented in the sequence of stages considering the depth of the excavation,
the orientation of the excavation relative to the coal seam, the structure of the coal-bearing layer, the mechanical
characteristics of the enclosing array in the preliminary and limit state of typical cross section of the development, the
construction and technological characteristics of the supports.

Findings. The study offers data that indicate that if the development area belongs to a flooding area, then the re-
installation of finger bars can be less effective by more than 40%. Field studies have shown that when the second-
level roof bolting is installed in workings, which are used repeatedly, then they are most likely to have deformed parts
in the roof and sides.

Originality. For the first time mathematical models for determining the stability of mine workings are used, as well
as models that allow extending the contours of mine workings safely. The requirements for materials that allow carry-
ing out reinforcement of contours considering the structure and technological scheme of the applied technology were
determined. This article presents a mathematical model, the approbation and verification of the data obtained at the
experimental location. Observations were made regarding the state of workings anchored by roof bolting in the vicin-
ity of geological faults in the zone of influence of high rock pressure of Kostenko, Saranskaia, and Abaiskaia Mines of
JSC “Arcelor Mittal Temirtau”. Effects of primary stresses on opening strength are determined.

Practical value. The acquired technology can be used in a controlled environment for the development of mine
workings, which have signs of residual capacity and can be developed at better rates and volumes. Testing the method
of automated calculation of anchoring parameters and the implementation of research results can improve the tech-
nological schemes of the working. Consistencies in calculating the stability of mine workings from the parameters of
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anchoring was achieved.
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Introduction. Mine workings have always been the
object of technological origin, which were characterized
not only by increased hazard, but also formed additional
difficulties for the planning of land recultivation after
the development. Mine workings differ in a number of
problems besides the development itself. In the article
we will talk about the safety of mine workings, namely
the possibility of reinforcement of their individual ele-
ments [1]. In particular, modern mining workings use a
phase development mechanism, so that the mining en-
vironment is developed in several stages. In addition to
the need to strengthen the already-existing mine work-
ings, there is a need to maintain previously completed
ones, which, in turn, form the basis of the whole mine
workings. If it is necessary for replacement, the process
of mining can stop for an extended time, which influ-
ences economic and technological costs. In this regard,
the technology of phased development and phased
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strengthening of contours with multi-level strengthen-
ing will be applied.

The roof can, under certain conditions, form and
stop the processes of deformation. The main depth at
which the process of formation of a crack begins is up to
700 m. The time interval is from 20 minutes to 3 hours.
The depth of cracks can be realized to a depth of 2 me-
ters with the observation period up to 150 meters.

There are still disputes that such cracks can reach the
parameters at intervals up to 20—25 meters after each
support. Cracks, however, are not a cyclical phenome-
non, which cannot always be realized only by installing
supporting structures. An increase in the possibility of
structuring each individual entity is also required, which
is achieved by constantly increasing the flow to the ex-
pansion of deformation.

If the depth of production is 800—1000 m, then the
process of appearing of cracks in the roof is shifted into
the array at 0.5—0.6 m with a production depth of
500—700 m. The Limit values for cracking are 1.7—2.1 m.
The beginnings of cracks in the roof of the excavation
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start at a distance of 2.5—3.5 m. The formation of cracks
mainly depends on the nature of the environment in the
roof and sides. In particular, proportional dependency is
typical. At the same time, a hyperbolic bond is observed
in the soil. With the increase in depth of the develop-
ment to 1000 m, the rate of formation of cracks grows by
1.5—-2 times. Conditional areas of inelastic deformations
can be found at a distance of 1.6—2.0 m.

A mountain range can be defined as a complex envi-
ronment, which is formed on the basis of a combination
of various geological factors. Within considerable limits,
the properties of rocks, which are often referred to and
considered as mechanical, can also be formed in their
structure. The state of the rocks under consideration is
also influenced by the way the process of conducting the
work is formed, which is also determined by its unique
geological characteristics.

Therefore, it is rather difficult to take into account
the diversity of rock array properties, various mechani-
cal models are being studied [2]. Models mostly contain
only the essential properties of rocks. Other factors are
not comprised in the calculation and are often ignored.
The set of core factors includes the strength characteris-
tics and deformation indicators, which include elastici-
ty, plasticity and brittleness. Homogeneity and isotropy
are also being studied [3].

Anchor lining strengthens the individual state pa-
rameters during mining operations. We believe that the
use of such fasteners will be based on what is defined as
the value of the metal [4]. That is, it is of primary impor-
tance which metal or individual forms this lining con-
sists of. This makes it possible to identify the weak points
of the projected lining and present a model that can
broaden the understanding of which load lining from
another metal can be carried. This also includes the
possibility of the formation of a structure that seems to
be an enhanced lining option. This set of factors should
be defined and expanded.

Unsolved aspects of the problem. Some of the factors
that affect the work of the lining are a natural group of
reasons. We distinguish the following factors as such:

- technical characteristics of anchor lining;

- geomechanical conditions of the mining operation.

The main task that manufacturers and installers of
anchor lining are facing is increased resistance to the
appearance and occurrence of cracks.

The main factors affecting the work of anchor lining
can be arranged in the following way: mining and geo-
logical environments; technical characteristics of anchor
lining; geomechanical environment of mining operation.

Development conditions of a geological nature in-
clude not only the properties inherent in rocks, such as
the properties of a physicomechanical nature, but also
the desire to increase the number of cracks in its struc-
ture [5].

Technical characteristics of anchor lining include
pole material; filler; completeness of filling.

Geomechanical conditions for the conduct and op-
eration of digging are depth; the relative location of the
area of influence of refining works; location relative to
the waste area [6].
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The most difficult issue is to take into account the
last group of factors affecting the stability of mine oper-
ations.

Depending on mining-and-geological and geome-
chanical conditions in work, the following support cal-
culations are considered: used in connection with the
operations and the one which is also supported outside
for protection and refining areas (V1); for the purpose of
maintaining support in the area of pressure in the sec-
tions of the main workings and interfaces, where the
width of the blocks is more than 0.05 H, but not less
than 15 m (V2); for operations of the excavation type
that are performed by lava (V3); for workings of the ex-
cavation type that are protected in the adjacent lava with
a minimum width of 15 m (V4); for workings of the ex-
cavation type that are fully protected and kept by adja-
cent lava, while they should have thickness 2.5—3.0 (V5)
of protection layer; workings carried out in the accessory
extension to the developed space (V6); mounting cham-
bers (V7).

If we define the parametric aspects of anchoring lin-
ings, then the choice of conditions under which the
pressure of rocks appears is the intensities that can be
determined according to the [7]:

- rock pressure remains low if the rock containment
does not reach 50 mm;

- the average intensity of the rock pressure allows be-
ing determined already under the condition of achieving
displacements of 50—200 mm:;

- considerable intensity of the pressure of the moun-
tain type is determined under the condition that the dis-
placements reach the parameters defined as the excess
over 200 mm.

If the pressure is of minor importance, in the case of
a calculated displacement of less than 50 mm with resis-
tance anchor support RA and length of anchors La,
which are usually installed in the lower hole, they are
taken depending on the type of roof. For type II rocks,
PA is accepted as for type I, and the length of La anchors
can be reduced by 20 %. For roofs of types I and IlI,
anchors can be reduced in length by 10—20 % by in-
creasing the density of anchoring or using anchors of
increased bearing capacity, and the calculated anchor
support resistance should be increased by 30 and 50 %,
respectively.

Purpose. Mine workings are not only the basis for
mining, but also represent a technological hazard in the
absence of mechanisms for their safe development. The
authors propose to use fortifications of the contours of
mine workings as a security measure for the develop-
ment of mining operations.

Results. Anchor lining, as well as additional means
of strengthening should depend on a number of param-
eters that include the intensity of rock pressure. In turn,
it depends on size, depth at which the working is locat-
ed, as well as the depth of its occurrence. One should
take into account the possibility of protecting the work-
ings from the impact of the ongoing refining works, po-
tential cracking, and variance in stability of materials,
which form rocks. If the calculated dislocations exceed a
predetermined threshold of 300 mm, then their suppres-
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sion is carried out at the boundary with the developed
area and the remaining rocks are protected as a separate
space [8].

The main indicators regarding the parameters of an-
chor lining are estimated displacements and expected
loads for anchoring. The main parameters of anchor lin-
ing are: pole length, m; distance between anchors in a
row; distance between rows of anchors. The main pa-
rameters of anchor lining depend on the values of the
calculated dislocations and loads on the lining. The
length of the pole (anchor) depends on the mode of op-
eration of the anchor system. There are two modes of
operation of anchor lining: connecting weak rock to
hard rock; connecting the weak layers together to create
a single beam. Connecting weak rock to more durable
overlying rocks, the lIength of the anchor will be deter-
mined by the formula, m

L,=m;+1Ir+Is, (D

where m;, is the power layers of soft rock, m; /r is the
length of the part of the anchor recessed into hard rocks,
m, at least 0.3 m; Is is the length of the part of the anchor
serving in the development, m; depending on the design
of the anchor (usually not less than 0.1 m).

At high power of soft rocks, it is impossible to con-
nect weak layers to stronger ones with short anchors
(2.4 m), asingle support beam is created with 2.4 m long
anchors, then using long anchors (3.5 m long and more)
the created beam is connected to hard rocks. In this
case, the length of the anchors is taken in such a way that
the end of the anchor is recessed into hard rocks for at
least 0.5 m.

The space between the anchors in a row is deter-
mined based on the specified bearing capacity of the an-
chor and the expected loads [9], m

A, = (Na/Pa)">. )

Time development of cracking (Rc) depending on
the depth of location (H') with anchoring at the roof and
sides (3), for soil (4), m is determined

R.=1.03+0.0005H + 0.06T: 3)
R.=1.4+0.0005H+0.1T. (4)

The dependency of the depth of crack propagation
(R., m) in the host rocks depending on the formation
incidence angle (a, hail) and the controllability of the

roof rocks (Hn k'j is determined as

R =1.1+0.07 H’Z'k‘;

R=1.9+0.060.  (5)

The empirical dependency of the approach magni-
tude (C, m/day) and the deformation intensity (R,, m)
of the roof rocks is established

Ch=-2-10°-L+8.8-107; 6)
R(I)=—-0.04-3/L +0.25. 7

Dislocation of roof rocks AU, around the preparato-
ry operations in the area of the cleaning works, depend-
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ing on the period of maintenance (7) for anchor lining,
vary according to the empirical dependence

AU(T)=16.34T"", ()

Dependency of rock deformations (U, mm) in work-
ings in the depth of mining (A, m) for anchor lining is

UH)=8.3H". )

The empirical dependency of the sides disloca-
tions (B,) of the width of the excavation (W,) is deter-
mined as

Bs(b) =0.09We> — 0.7We + 2. (10)

Empirical dependency of the change in the deforma-
tion rate (U, mm/day) of roof rocks on the bearing ca-
pacity of supports (R, t/m?) is

U(R) = 0.19¢ 78R, (11)

The influence of rock pressure (Q, kH) during the
anchorage of preparatory workings for anchor rods of
reinforcing steel, 21.6 mm at displacements (N, m) is

O(U) = 46N"*, (12)

When limited to cracking, the shape of the fracture
zones is parabolic. Which means that the cross-section-
al area, and, consequently, the mass per unit of excava-
tion length is easy to calculate.

The formation of a beam, which will have elasticity
within the rock layer, is possible only using an anchor
rod, which has a length in the range of 2.0—2.4 m. The
second level determines the connection of such an an-
chor rod with a length of more than 3 m, when the
interval in which it is installed, can reach no more
than 0.1H from the first lava. This will reduce the
number of hydraulic type stands, which are classified
as additional and form a retaining mechanism by
80—85 %.

By increasing the number of dislocations, the
thickness of the roof in the rock decreases in carrying
capacity. In the calculations of the parameters of an-
chor lining, a ratio is used, which is introduced within
the limits of increasing the bearing capacity of the lin-
ing. Depending on the value, the initial value of the
ratio can be 1.1—1.6, and subsequently this parameter
can vary widely.

The study [10] shows how a system can be imple-
mented that allows a two-level anchor to be implement-
ed. Such laying can be pliable, and also depends on the
size of the dislocation prisms, which are formed on the
sides of the development and depend on the size of the
sliding prisms. The establishment of a mechanism that
allows deforming the rocks situated in the sides of the
workings and determining the parameters that are used
when installing anchor lining, is designed using the fit of
side thrust and identifying the dependence on the length
of the anchor rod

r=R+q-F,, (13)

Side expansion is denoted as R in equation (13). In
this expression, the lateral thrust force, the volume of
output is determined.
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In equation (13), the side thrust forces, which cause
damages in the sides of the workings, are determined by
the expression

R=(KyyH,) - M, (14)

where K, is the concentration ratio of the reference pres-
sure; v is the average volume weight of the array; H is
deposition of the development from the surface; A is the
ratio of side thrust; /5 is the height of production.

The forces that carry out the friction N, are calcu-
lated additionally. They prevent the spin in the develop-
ment in the sides and reduce the likelihood of destruc-
tion, which is determined by the expression

mp

2n,,, -1,
N,,=rlexp| ——— |-1|,
A-my

where r is the resistance of lining to extraction; n,,, is the
ratio of friction of the rocks of the roof'and soil; /, is the
depth of the area of damaged rocks in the sides of the
workings; mp is power of destructible rocks in the sides
of the workings.

The maximum value of the force of pressure in rocks
in the production q is determined by the expression

(15)

q= YylphB}‘w (16)

where v, is the volumetric weight of damaged rocks in
the sides of the workings.

After the final transformations, the required resis-
tance of the anchor lining in the sides of development
can be calculated by the formula

™
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N
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&£ 1 - clamping sleeve

2 —wire braided from 7
steel wires

3 — stiffening tube

4 —base plate

5 —threaded connection

6 — anchor nut

7 —metal wedge
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4
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. [(K,H =0, )h+v,,0. ]k,
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The depth of the fracture area is calculated by the
formula

a7)

{1g[ (K, yH ~0,)1+r]-lgr |1 hy
2n,,Ige

/=

pmax

(18)

Analysis of the results allows us to conclude that it is
impossible to eliminate the damage of side rocks. The
depth of anchoring of the sides of the workings is com-
prised in the range of 2—2.5 meters or more

s

K, 2y ’

Hy, > 19)

where R, is the strength of rocks for uniaxial compres-
sion of side rocks.

The depth that we denote as separation from the
height H, at certain values of the width of destruction,
is 2.5 times greater than the magnitude of the prism. At
the same time, the depth exceeds the average values by
1.5—2 times compared to the height of H, .

Fig. 1 shows the currently used (a) and proposed by
the mine (b) construction of a deep-laid anchor.

Experimental-industrial installation of construction
anchors was performed at Karaganda State Technical
University in the period from 01.06.18. to 29.06.18, ex-

—@/1

/2

£
| 2o
77

1 —clamping sleeve, 26 mm
2 —steel rope

33— stiffening tube, 26 mm
4 —base plate
5 —threaded connection,
L=250ml
6 — anchor nut, m-24
7 —rolling rope

Fig. 1. Construction of a deep-laid anchor made (a) and proposed by the mine (b)
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perimental cable anchors at Kostenko mine, Coal De-
partment of JSC “Arcelor Mittal Temirtau”.

As a result of experimental-industrial procedure of
installed experimental cable anchors produced by Kara-
ganda State Technical University with the conveyor in-
cline of 44bk -3 and the ventilation drift 49k,-3, an ex-
perimental batch of cable anchors was tested in the
quantity of 50 pieces [11].

As a device, a matrix and a punch were used. The
press compression was 630 kg/cm?. With the help of the
grinder the excess ends of the wire were cut off.

After conducting industrial tests of prototype anchor
at Kostenko mine, JSC “ArcelorMittal Temirtau”, a
number of observations were made (Fig. 2): the anchors
should be rigidly connected to each other in all parts;
the clamping clutch should have an external diameter of
26 mm, since hole diameter is 228 mm; stiffening tube
should have an external diameter of 26 mm and a length
of 1200 mm; the inlet opening on the support plate
should have a diameter equal to the outer diameter of
the stiffening tube; it is desirable that the threaded con-
nection for the anchor nut should be on the stiffening
tube, which, in turn, should be rigidly connected to the
cable at the outlet; it is also desirable that the threaded
connection should have a diameter fitting the standard
M24 nut and a thread length of at least 250 mm for in-
stalling the anchor using the Super Turbo Bolter instal-
lation with a standard adapter.

The comments were taken into account, the design
adjustment has been made and the subsequent anchors
will be performed according to the comments. Accord-
ing to the comments, the thread length should be 250
mm with an M-36 nut, since the M-24 nut is techno-
logically impossible to make: when reducing the diam-
eter of the sleeve, it is weakened and deformed when the
nut is screwed in — Fig. 2.

The technical result with improvements in perfor-
mance is achieved by eliminating the processes of dislo-
cation and stratification of rocks that fit snugly to the

Fig. 2. The design of the anchor AKMK 1, made at
“Karaganda Machine-Building Consortium” LLP
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attachment points. In the developed part, a flat beam is
used, which is fixed at an angle to the stratification.
Fig. 3 shows how to apply the mounting scheme. This
process is more preferable, as it uses a technologically
more advanced process and reduces the cost of opera-
tion and repair. Fig. 4 shows a rope anchor with chemi-
cal ampoules of different attachment techniques, which
allow creating pre-tension of the rope and increasing the
carrying capacity of the anchor.

Conclusion. The completed studies have shown that
if there is a large displacement in the rocks, especially in
the pressure zone of the first lava, there is a need to in-
stall frame supports. At the same time, the installation
should be done during periods when the development is

Fig. 3. The method of mounting mining production in the
zone of violation on a thin layer

2L
Pld

2L
red

P04

Fig. 4. Scheme of construction of a cable anchor with
chemical ampoules of different fixing timing:
1 — chemical ampoule with fixing synthetic solution; 2 —
mineral ampoule; 3 — carrying cord; 4 — air discharge
tube; 5 — sealer; 6 — bearing sleeve; 7 — discharge nut;
& — ring; 9 — nut; 10 — fitting
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just beginning to advance in a new section, and for cases
when there was a pull-out of locks, as well as breaks in
the rods.

Combinations of reinforcement supports are usually
mounted in the area of influence of cleaning work. If the
anchor lining of an additional type has a rod length of
more than 3 meters, then there is no need for additional
work. And the volume of workings can also be extremely
insignificant. If the production is carried out outside the
area of influence of the cleaning work, then the param-
eters of the anchor chain can be determined for disloca-
tions up to 50 mm. According to the results of the study,
it was also found that after a period of 50—70 days, the
displacement value reaches values of 65—90 mm. The
inelastic type deformation zone in the roof rocks can
reach 3—4 m, which already establishes completely dif-
ferent requirements for anchor chains. A significant
quantity of mine measurements and research studies
were conducted; however, the mechanism by which the
interaction between the deformed host rocks and anchor
chains is regulated is still very little studied.

If the workings are used again, there should be an
additional fixing element. We have identified two ac-
ceptable options as the result of the study.

At displacements of more than 200 m, lining with re-
inforcement can be used, which should be installed un-
der the holders. This rack gain increases the carrying
aptitude. They also keep stratified rocks under definite
conditions. This is feasible, provided that it is accompa-
nied with reinforcement racks. The attained recommen-
dations were fully confirmed in the course of field ex-
periments.

Beyond the first contour, anchor chains with a rod
length in the range of 2.0—2.3 m can be used. This en-
sures the formation of rock stratified beams, which have
a high elasticity. The second level should be set at a dis-
tance of 0.1 from the first contour. This reduces the
quantity of used hydraulic racks by 80 %.
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Po3po0Ka TexHOJIOriYHUX CXeM MpoBeeHHSs
TipHUYMX BUPOOOK 3 yNpaBJIiHHAM CTilKiCTIO
KOHTYpIiB npu 0araTopiBHeBOMY KpinJieHHi
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I'ipH14i BUpOOKM CTAHOBJISITh TEXHOJIOTIYHY HEe0e3-
MeKy 3a BiICyTHOCTI MexaHi3MiB ix Oe3mneyHoi po3-
poOKu.

Merta. YKpiIrJIeHHSI KOHTYPiB FMipHUYUX BUPOOOK SIK
3axia 6e3neKku po3poOKU ripHUYO1 BUPOOKH.

MeTtoauka. AJTOpUTM AOCTIIKEHb BimoOpakeHo Y
BUIJISIAI MOCTiNOBHOCTI BAKOHAHHSI €TarliB 3 ypaxyBaH-
HSIM [JIMOWHM pO3TalllyBaHHS BUPOOKM, OPiEHTYBaHHS
BUPOOKH IIOIO BYTIIBHOTO TUIACTa, CTPYKTYPU BYTJIE-
BMICHOI TOBIIli, MEXaHIYHUX XapaKTEPUCTUK MAaCUBY,
110 BMiIIla€ BUPOOKY, Y O TPAHUIHOMY Ta TPAHUYHO-
MY CTaHi, TUIIOBOTO Mepepizy BUPOOKU, KOHCTPYKTUB-
HO-TEXHOJIOTIYHUX XapaKTEPUCTUK KPITJICHHSI.
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Pe3syabraTu. Y po0OTi HaBeleHO AaHi, SKi CBig4aTh
Tpo Te, IO SIKIIO BUKOPUCTOBYETHCS 30HA POOIT, SIKa
HaJIeXXUTh OO0 30HU IIiATOIJIEHHS, TO YCTaHOBKA MiM-
MipHUX CTilAOK TTOBTOPHO MOXe OyTH MEHII e(heKTUB-
Hoto Ha 40 % i Oinpuie. BussiieHo, 110 BUIAgoK [JIsT
IIAXTHOI YCTAHOBKU 3BOJUTHLCS 0 BUPIILIEHHS reoMe-
XaHIYHOI aHaJiTU4YHOI 3amavi. HaTypHi mociimkeHHs
nokKasaju, 110, SIKILO aHKePHE KPirJIeHHS APYroro piB-
HsI BCTAHOBJIIOETbCS Yy BUPOOKAX, 110 BUKOPUCTOBY-
IOThCSI TOBTOPHO, TO MIMOBIPHO BOHU B MOKPIBJIi i 00-
Kax MaloTb MOPoaU 1e(OPMOBAHOTO BUTJISIY.

HaykoBa HoBM3HA. YTIepille 3aCTOCOBaHiI MaTeMa-
TUYHI MOZAEJi BU3HAUYEHHS CTiMKOCTI TIpHUYUX BUPO-
00K i1 MoJeJIi, 110 T03BOJSIOTh 0E3MeYHO PO3ILINPIOBaA-
TU KOHTYPU TipHUYUX BUPOOOK. BuU3HaYeHi BUMOIY 10
martepiajiB, 110 M03BOJSIOTh MPOBOAUTU 3MillHEHHS
KOHTYPIB 3 ypaxyBaHHSIM CTPYKTYPU i TEXHOJIOTiUHOI
CXeMHU 3aCTOCOBYBAaHOI TEXHOJIOTiI. Y poOOTi nMpencras-
JIeHa MaTeMaTu4YHa MoJiesib, ii arpo0allist Ta Bepurdika-
1isT OTpUMaHUX JaHUX Ha gocaimHii ainsHui. [Tpose-
JIEHE CITOCTEPEeXEeHHS 3a CTAHOM BHUPOOOK, 3aKpiruie-
HUX aHKEPHUM KPITICHHSIM, TIPOMIeHUX TTOOJIN3Y Te0-
JIOTIYHUX MOPYIIEeHb Yy 30Hi BIUIMBY MiBUIIEHOTO Tip-
cbKOro THCKy maxt ,,Im. Koctenko®, ,,CapaHchka“,
,LAbaiiceka®“ Y AT ,,ApcemopMirran Temipray”.
YcTaHOBIEHO BIUIMB TOJIOBHMX HAIpy:KeHb Ha CTiil-
KiCTb FipHUYMX BUPOOOK.

IIpakTHunHa 3HaummicTb. OTprMaHa TEXHOJOTIS
MOXE€ BUKOPHMCTOBYBATHCS B KOHTPOJBHOBAHOMY Ce-
PeIOBUILI IJi1 PO3pOOOK TPHUYMX BUPOOOK, 1110 Ma-
I0Th O3HAKHU 3aJIMIIKOBOI EMHOCTI i1 MOXYTb OyTH BU-
pobieHi y mubimx HopMax i oocsrax. JIist iboro He-
00XimHO MpoaHasi3yBaTU MepPCHeKTUBHI HOpMU BU-
pOOKM i TTO3HAUYUTHU reorpaciyHo pailoHu, IO MOXKHA
BUKOPUCTATU i3 3aCTOCYBaHHSIM PO3POOJEHOT TeXHO-
Jiorii. TIpoBeaeHa ampo6allisi METOAMKKM aBTOMATU30-
BaHOTO PO3paxyHKY MapaMeTPiB aHKePHOTO KPIiTUICHHS
1 peanizallisi pe3yabTaTiB JOCIIIKEHb 1100 BIOCKO-
HaJICeHHSI TEeXHOJIOTIYHUX CXeM IIPpOBEeAeHHSI BUPOOOK.
BusBieHi 3aKOHOMIpHOCTI [IJIs1 pO3paxyHKY CTiMKOCTi
TipHMYMX BUPOOOK Bil TapameTpiB aHKEPHOIo Kpi-
TUICHHS.

KmouoBi cioBa: eipuuua cnpasa, konmypu eupooseH-
HS, MeXHON02IYHA cXeMa, Mamemamu4Ha mooens, Kpi-
NAeHHs, 2IPHUYI 8UPOOKU

Pa3paboTKa TeXHOJIOTHYECKHX CXeM
NpPOBEJAECHUS TOPHBIX BBIPAOOTOK
C YNpaB/ieHHEM YCTOWYMBOCTHI) KOHTYPOB NPH
MHOTOYPOBHEBOM KpEILICHUH

B. @. Jlemun, A. T. Bamwipxanosa, A. H. Tomunos,
A. E. 2Kymabekosa, Y. E. Abexos
KaparannnmHckuii rocynapcTBeHHbI TEXHUYECKUI YHUBEpP-

cutet, r. Kaparanma, Pecnyonuka Kazaxcran. e-mail:
vladfdemin@mail.ru

TopHbie BbIpaOOTKU MPEACTABISIOT COOOI TeXHO-

JIOTUYECKYIO OMTACHOCTb MPU OTCYTCTBUM MEXaHU3MOB
ux 6e30mnacHoi pa3paboOTKU.
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enb. YKperuieHe KOHTYPOB TOPHBIX BIPAaOOTOK B
KadyecTBe Mephl 0e30ITacHOCTH Pa3pabOTKM TOPHOM
BBIPAOOTKMU.

MeTtoauka. AJTOPUTM MCCIIEIOBAaHUN OTpakeH B
BUJIE MTOCJIEI0BATEILHOCTU BbITTOJTHEHUS 3TAIIOB C yUe-
TOM TJYOMHBI PACIOJIOXEHUS BBIPAOOTKU, OPUEHTU-
POBKM BBIPAOOTKM OTHOCUTEJIBHO YTOJBLHOIO ILacTa,
CTPYKTYpPBI YIJIEBMEIIAIOMICH TOJIIN, MEXaHWIECKUX
XapaKTepUCTUK BMENIAIONIETO BBIPAOOTKY MaccuBa B
JIOTIPENEIBHOM U TIPENETbHOM COCTOSTHUM THUIIOBOTO
CEUCHMST BHIPAOOTKM, KOHCTPYKTUBHO-TEXHOJIOTHYE-
CKHUX XapaKTEePUCTUK KPETIH.

PesynbTaTsl. B paboTe mpuBeneHbI JAHHBIE, KOTOPHIE
CBUICTEILCTBYIOT O TOM, UTO €CJIM MCITOJB3YeTCsl 30Ha
padoT, OTHOCSIIASICS K 30HE MOATOIUICHHSI, TO YCTAHOB-
Ka TTOITMIOPHBIX CTOEK IMTOBTOPHO MOXKET OBITh MeHee ¢-
dexTuBHa Ha 40 % u Gosee. BrIsiBiIeHO, UTO Cliydaid Uist
IIAXTHOM YCTAHOBKM CBOIUTCS K PELIEHUIO TeOMEXaHU-
YecKoW aHaIMTHYecKoi 3amaun. HatypHble uccienona-
HMSI TIOKA3aiM, 4YTO, €CJIM aHKepHas Kperb BTOPOIo
YPOBHS YCTaHABJIMBAETCS B BBIPAOOTKAX, KOTOPHIE VC-
TTOJIB3YIOTCSI TIOBTOPHO, TO CKOPEe BCETO OHU B KPOBJIEe 1
0oKax UMEIOT MOPOJIbI 1e(POPMUPOBAHHOTO BUIA.

Hayunast HoBusHa. BriepBble TIpuMeHEHBI MaTeMaTH-
YECKHME MOIEIN OIPEICIICHUST YCTOMYMBOCTH TOPHBIX
BBIPAOOTOK U MOJIENIM, KOTOPBIE TTO3BOJISTIOT 0€30ITacHO
pacCIIMPSITh KOHTYPHI TOPHBIX BBIPA0OTOK. OIpeneIeHbl
TpeOOBaHUS K MaTepHrajaM, KOTOPBIE TTO3BOJISIIOT IIPO-
BOIUTH YKPEIUICHUE KOHTYPOB C YYETOM CTPYKTYPHI U
TEXHOJIOTUUECKOM CXeMBI TIPUMEHSIEMOi1 TexHoJIornu. B
CTaThbe MpecTaBIeHa MaTeMaTUUecKasi MOJIe/b, €€ alpo-
Garust 1 BeprudUKaLus MOJyIEHHBIX JAHHBIX Ha OIBIT-
HoM yuactke. [IpoBeneHO HaOMOACHUE 3a COCTOSTHUEM
BBEIPA0OTOK, 3aKPEIUICHHBIX aHKEPHOM KpEITbio, TPOii-
JIEHHBIX BOJIM3U Fe0JIOTMUECKUX HApYIICHUI B 30HE BITH-
STHUS TTIOBEIIIIEHHOTO TOPHOTO maBjieHus maxt ,, Mim. Ko-
creHko”, ,,Capanckas®, ,,Abaiickas” Y] AO , Apcenop-
Mutran Temupray“. YcTaHOBJIEHO BIMSIHUE TJIaBHBIX
HaIpsKEHU Ha YCTOMYMBOCTb TOPHBIX BHIPAOOTOK.

IIpakTnyeckas 3HaynMocTb. [lonydyeHHast TexHOI0-
I'MsI MOXET OBbITh MCIIOJIb30BaHAa B KOHTPOJUPYEMOM
cpene mJis pa3pabOTOK TOPHBIX BHIPAOOTOK, KOTOpPBIE
HMMEIOT MPU3HAKKM OCTAaTOYHOI €MKOCTH U MOTYT ObITh
BbIpabOTaHbI B 00Jiee ITyOOKUX HOpMax U oobemax. st
3TOTO HEOOXOAMMO TIPOAHATM3UPOBATH IEePCIEKTHB-
HbIe (OPMBI BBIPAOOTKU U 0003HAYUTh reorpadudecKu
PpaliOHBI, KOTOPBIE MOTYT OBITH MCIIOJIb30BaHBI C TIPUME-
HEeHUEeM pa3paboTaHHOU TexHomoruu. I[IpomsBeneHa
arpo0amsa METOOUKM aBTOMAaTU3MPOBAHHOIO pacdeTra
ITapaMeTPOB aHKEPHOTO KPEIUICHMS M peaanu3amus pe-
3yJIBTaTOB UCCICIOBAHMI IT0 COBEPIIIEHCTBOBAHMIO TEX-
HOJIOTUYECKUX CXEM MPOBEIEHUS BbIPaOOTOK. BrIsgBie-
HbI 3aKOHOMEPHOCTHU ISl pacyeTa yCTOMIMBOCTU TOP-
HBIX BBIPAOOTOK OT ITapaMeTPOB aHKEPHOTO KPETJICHMUSI.

KimoueBbie ciioBa: copHoe deno, KoHmypbsL @bipabom-
KU, MexXHOoA02UYeCcKas cxema, Mamemamu4eckas mooens,
Kpennenue, 20pHbvle 8bipabomKu
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