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Purpose. To develop progressive technological schemes of the roof bolting for mine workings with respect to stress

distribution around workings.

Methodology. Methodology of selection of the support system included the study of stress-strain state, rock pressure
manifestations, conditions of working maintenance depending on mining-and-geological, mining-and-technological and
mining-engineering parameters in order to determine their influence on the roof bolting efficiency and substantiate the
support pattern; ensure stability and reduce deficiency and costs of driving and maintenance.

Results. The stress-strain state, mining pressure manifestations, conditions of working maintenance taking into ac-
count mining and technological parameters were studied. The study allowed us to determine the extent of influence of the
mentioned factors on the efficiency of roof bolting support of workings.

Originality. We determined the consistent patterns of change of plastic range of stress and its evolution with time, the
stability of working contours depending on mining-and-geological and mining-engineering factors, and the parameters for
reliable operation of workings. Based on analytical modelling, the technology, systems and means for driving workings
that promote decreasing the deficiency of contours were developed.

Practical value. The results of studies focused on development of the technology of intensive and safe working driv-
ing on the basis of the revealed regularities of the behaviour of the adjoining rock massifs were presented and optimization
of the parameters of technological schemes of first workings were presented. They allow controlling the anthropogenic
stress-strain state and raise the efficiency of the technology of marginal rock massif support.

Keywords: mine working, deformation process, parameters of support, geomechanical process, roof bolting, mining
pressure, mining-and-technological factor, scheme of mining operations development, stress-strain state

Introduction. Present day technologies of supporting
underground workings include consecutive consideration
of the following issues: determining the parameters of
mining pressure and physical-and-mechanical properties
of enclosing rocks; assessing the technology, means and
types of support in coal mines; analysing the theories used
in the design substantiation of the working support param-
eters; principles of support work, geomechanical models
and experience of use; ways of driving and supporting
workings; support designing procedures; monitoring the
condition of supporting a working; laboratory and indus-
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trial studies of various design supports with various fixing
materials.

Statement of the main problem. Mining pressure
means stresses arising in the rock massif, near the working
walls, wells, in pillars and on the ‘rock-support’ contact
surfaces as a result of action of gravitational forces, as
well as tectonic forces and temperature changes in the
crust top layers. The types of mining pressure manifesta-
tion are as follows: side mining pressure (extraction); min-
ing pressure from the soil of the working (swelling); verti-
cal mining pressure (in the untouched massif, in the drifted
workings); basic mining pressure (stopes, developed wor-
kings); mining pressure in the pillars.
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The following schemes of the roof bolting are distin-
guished: a single-level scheme of the roof bolting with a
metal arch support (Fig. 1), a single-level scheme of the
roof bolting (Fig. 2), and a two-level scheme of the roof
bolting (Fig. 3).

There exist the following types of the roof bolting used
in mines that can be divided by their core design into the
following: metal locked bolts; metal explosive charge
fired bolts; wooden bolts; ferroconcrete bolts; steel-miner-
al bolts; steel-polymer bolts; plastic bolts; basalt plastic
bolts; frictional bolts; injection bolts; self-drilling bolts;
rope bolts; bunch bolts [1, 2].

There are five main theories used in the design sub-
stantiation of the roof bolting parameters: suspension of
the immediate roof to stable rocks; forming the weight
bearing structure; compression of the supporting rocks;
joint work of the support and the massif; power theory.

Analysis of the recent research. The present day trends
of developing the technologies of the roof bolting (ways of
driving and supporting workings, etc.) include the use of the
two-level roof bolting in the following conditions: support-
ing workings and interfaces up to 12 m wide and wider;
previously drifted and formed dismantling cameras; inter-
face of the cutting furnace with the conveyor working
19.7 m wide; strengthening the working supports for their
reuse and non-pillar development of the coal reserves; for
work of the breakage face without a powered support of in-
terface; for their preserving for the purpose of gas-control,
drainage, providing emergency exits; in the zone of the ad-
vancing basic pressure; in unstable rocks, in zones of geo-
logical violations; mounting suspended monorail roads;
foundationless mounting of tape conveyor stations.

The type of the working immediate roof is taken into
account (Table).

Presenting the main material. To ensure a high level
of loads of the breakage face, its advancing is to make 8 to
12 m/day, and to prepare the stocks the rates of driving de-
velopment workings are to be not less than 15 to 25 m/day.

In present day conditions in the world practice the fol-
lowing three schemes of the non-pillar technology are used
in coal mines with long breakage faces: with preserving
workings for reuse; with skin-to-skin to the developed space
working driving; with driving coupled workings with dredg-
ing a pillar between them by an adjacent long wall face.

The most progressive scheme of the non-pillar tech-
nology is the technology of preparing and working out the
layers by preserving extraction workings at the border
with the extraction space when working out the adjacent
long wall face. At this, stability of reusable workings is
provided by developing a bearing layer of rocks using a
two-level deep-laid bolting and a high bearing ability in
combination with a strengthening support.

Fig. 1. A single-level diagram of the roof bolting with a
metal arch support

Fig.2. A single-level diagram of the roof bolting
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Fig. 3. A two-level diagram of the roof bolting

Table

Working immediate roof types

I roof type

I roof type

I roof type

Uniform, from laminated slate, mainly clay sandy-
argillaceous and sandy ones (soap stones and aleuro-
lites), R, < 60 MPa

Non-uniform, massive sandstones
and limestones, mainly R,> 80 MPa | zones of plicative and disjunctive violations

Non-uniform, with intensive jointing in the
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The second level roof bolting mounted in a repeatedly
used working when the roof rocks displace to 50 mm after
mounting the main roof bolting, develops a bearing layer
of rocks perceiving loadings from the overlying deformed
rocks of the roof which arise in the zone of the stopping
effect whose bearing ability decreases with increasing dis-
placements in the reusable working.

Decreasing the extent of effect of the prism of slipping
in the sides the reusable workings fixed by both a frame
and an anchor support, is reached by mounting in them an
anchor support with the rod length determined by hard-
ness of the side rocks which does not exceed 2.0 m includ-
ing a two-level steel polymer anchor support with the rod
length of 3.0 m and longer, the effort of the rood fixing in
the rock — 130 to 160 kN, defining the sequence of mount-
ing a steel polymer anchor support of both the first and
second levels taking into account the enclosing rocks
hardness, the working flight and coefficients of cavability
and stability; this provides a steady condition of the reus-
able workings that are in the zone of the stoping effect.

It was established that in the range of time before
working supporting with a strengthening roof bolting at
any stage of the mining pressure intensity, the roof rock
displacements are not to exceed 50 mm; displacements of
50, 100, 150, 200 mm lead to decreasing the bearing abil-
ity of the consolidated system of ‘the deformed rocks
stitched with anchor rods’ by 15, 50, 55, 65 per cent re-
spectively. Due to the prisms of slipping in the sides of
workings, the flight increment by the double size of the
roof rock displacement in the middle of the working oc-
curs and makes 0.5-1.7 m. To eliminate these negative
phenomena in the sides of workings there is mounted a
roof bolting with the rod length determined by the depth
of the working laying making 2.4-5.2 m; simultaneously
the width of the zone of the rock destruction in the sides
for medium depths is 2.1-2.6 times less than the width of
the prism of slipping, and at larger depths it is 1.7-2.2
times less provided the rock destruction occurs under the
conditions of mono-axial compression. At a larger dis-
tance the rocks of the prism of slipping are under the vol-
ume compression, the 2.0 m long and more bolt rods, fixed
in this area, have the value of the wrest effort of 60-80 kN,
thus providing reduction of the rock displacement in the
sides of workings to 200-250 mm.

When operating mines with the growth of the working
depth, one of the problems requiring a solution is ensuring
stability of workings. Sheeted workings are most subject
to the effect of mining pressure. Their cross-sectional area
losses reach 60-70 %. It leads to 20 % of workings being
annually repaired and re-supported. The share of costs of
driving, fastening and supporting workings reaches 15—
20 % of the coal mining cost. More than 10 % of undergro-
und workers are engaged in the working repair.

The experience of using the profiles of a large standard
size and increasing the density of the metal frame support
(MFS) mounting shows that with a significant increase in
metal consumption of workings and accordingly with la-
bour input for constructing a frame support, the cumula-
tive effect turns out insignificant. Practice of its imple-
mentation revealed a number of serious shortcomings
which lead to considerable deformations of workings: cro-
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ssbars flattening, pressing of side legs into the section cav-
ity, failure of lock connections, insufficient realization of
the support pliability. Thus, constructive modernization of
the support itself and the technology of its mounting can-
not essentially provide the workings stability and reduce
the costs of their supporting.

The weakest link in the solution of the issues of in-
creasing efficiency of using progressive technology of the
roof bolting is insufficient study of geomechanical pro-
cesses near workings.

The conditions of supporting workings with different
types of fastening in the zone of the stoping effect are stud-
ied by the example of a conveyor intermediate entry of
49K . long wall face at Kostenko mine (Karaganda re-
gion, the Republic of Kazakhstan). The extracted K, layer
thickness in the western wing of the mine makes 3.7-4.0 m.
The immediate roof changes across the pitch from 3 to 7 m
and is presented by argillites. The main roof is formed by
weakly joineds and stones of 24—32 m thickness. The max-
imum value of the heaving floor after two years of support-
ing the working made 0.55 m. To provide the needed cross
section in front of the long wall face at the distance of 50—
80 m there was made the entry ripping to 0.5-0.6 m.

The optimum conditions of supporting were provided
on the part of conveyor intermediate entry 49K ., of
Kostenko mine (Karaganda coal basin, the Republic of
Kazakhstan) of a semi-arch form 50 m long fixed with a
mixed support (bolts in combination with MFS) with the
density of 1.33 frames per running meter. This part of the
working features the following changes in the support
state: deformation of the crossbar and its rush on the lines
of runs — 60 %; deformation of compound racks in the ver-
tical plane — 1.5 %; deviation of frictional racks from the
vertical position, mainly through the first run from the
breakage face — 70 %.

In this regard studying the features of the rock massif
deformation around development workings with a roof bolt-
ing at various angles of the layer and depth of anchoring,
substantiation of the roof bolting parameters and definition
of the rational area of its use is a topical task of mining.

The purpose of the studies is to develop a technology of
intensive and safe driving extraction workings on the basis
of the revealed regularities of the adjoining rock massif
behaviour, and optimizing the parameters of technological
schemes of the preparatory work providing increase in the
efficiency of underground mining functioning. The idea of
the studies consists in controlling the anthropogenic stre-
ssed-and-strained state (SSS) for developing the efficient
technology of fastening the near-contour massif.

The variety of mining-and-geological and mining
technological conditions of using workings and the related
mechanism of interaction of the rocks and the support has
caused the emergence of a number of various geomecha-
nical models of the rock massif condition around work-
ings. Moreover,computer-assisted mathematical model-
ling is the most perspective at present.

In the studies presented, the analytical modelling is
carried out with the use of a numerical method of finite
elements. The modelling is performed for the conditions
of sheeted conveyor development of K, layer at Kosten-
ko mine (Karaganda coal basin) with the depth of devel-
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opment of 400 m and the layer thickness of 3.8 m. The
studies were carried out on mathematical models with the
use of the ANSY'S software complex that permitted estab-
lishing the effect of mining-and-geological factors on the
service conditions of mining workings supports.

In the ANSY'S software complex a model of the enclo-
sing rocks massif was built corresponding to the K, layer
bedding conditions.

The effect of the working section form and the layer angle
on the value of the arising maximum stresses in the rock mas-
sifis studied when fastening a working with the roof bolting.

With a vaulted (arch) shape of the extraction develop-
ment cross section normal stresses (,) grow with increase
in the layer angle (o) from 10° to 40° according to the
exponential function in the range from 10 to 13.5 MPa.

For the rectangular shape of the extraction working cross
section, maximum normal stresses o, grow at a. = 10-20°
from 1.2 to 3.5 MPa, and then fall a little at o = 20-40°
from 3.5 to 3.0 MPa. Longitudinal stresses (c,) increase
from 49 to 53.4 MPa at o = 10-30°, then drop sharply to
52 MPa at a. = 40°. Tangential stresses (t,,) grow accor-
ding to a weakly expressed exponent function from 18
to 38 MPa with changing a = 10—40°.

For a polygonal shape of an excavation working cross
section, tendencies of changing stressed-and-strained state
approximately follow the nature of changing the depen-
dences with a rectangular shape of the working section.
Only stresses o, are 1.5 times higher; on the contrary, c, is
by 2-3 MPa lower, and t,, is 1.5-2.0 times higher [3, 4].

The studies conducted permit drawing a conclusion
regarding the preference of using the rectangular shape of
the extraction working section with the roof bolting of en-
closing rocks for the development of the K, layer at
Kostenko mine.

Studies of stressed-and-strained state of enclosing
rocks depending on the layer thickness of the easy-to-
break rocks with different length of their bolting have also
been carried out. The studies were performed applying a
working with a trapezoid shape of cross section with the
following parameters of the design scheme: the 15° angle
of seam inclination, 3.8 m thickness; 400 m depth of de-
velopment; 15.5 square metres of the working section;
0.022 m bolt diameter.

The nature of changing and distributing stresses in the
roof, soil and sides of the working has been studied. With the
layer of the easy-to-break rocks from 1.03 to 6.0 m and the
bolt length from 2.4 to 5.0 m the following changes of stress-
es occur around the working. The maximum and minimum
normal stresses with the growing length of the bolt (from 1.5
to 6.0 m) and increase in the layer thickness of the easy-to-
break rocks (for example, made of argillite) from 1 to 6 m
grow with the proportional linear dependence (Fig. 4, a).The
changes of stresses in the considered range in the longitudi-
nal plane with the growing length of the bolt and increase in
the layer thickness of easy-to-break rocks have the following
tendencies: stretching stress decreases, and squeezing stress-
es make a jump with the bolt length 3.0-3.5 m and on the
whole are in a narrow range (4248 MPa).

The regularities of changing tangential stress have an in-
creasing tendency with the layer thickness of argillite to 5 m,
and with the layer thickness of argillite of 1.0-3.5 m increase
with changing the bolt length from 1.5 to 3.0 (3.5) m, and
then decrease. Moreover, the increasing diameter of blast-
holes (to 0.05 m) affects the arising stresses negatively and
leads to their double growth within the entire range.

The conducted studies of stressed-and-strained state of
enclosing rocks depending on the layer thickness of the
easy-to-break rocks with different length of bolting al-
lowed establishing the nature of the side rocks behaviour
in the zones of their arrangement [3, 4].

In Fig. 4 there is presented the distribution of normal
and longitudinal stresses with the argillite layer of 7.5 m
around the excavation working contour.

The analysis of stress distribution shows that around a
working there are zones of unstable rocks. In a larger ex-
tent, it concerns the roof and the soil of the working, as
well as its sides in the field of the lower part of lateral faces
of the working contour. The maximum value of normal
stress arises in the bolt located on the working roof in the
right extreme bolt in the place of its fixing. The maximum
value of longitudinal stress arises in the bolt located on the
right side surface of the working (the first one from below).

The above-mentioned theoretical and practical recom-
mendations allow developing progressive technological
schemes of the roof bolting of mining workings one of
which is presented below.

ADODREDEN 5

Fig. 4. Distribution of normal (a) and longitudinal (b) stresses: 1 — very unstable zone, 2 — unstable zone; 3 — unsta-
ble zone; 4 — zone of middle stability,; stable zone at the minimum point

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2016, N2 2



PO3POBKA POAOBUIW, KOPUCHUX KONAJINH

The way of supporting a development working. The
purpose of this way is to ensure works on support setting in
the zone with increased stress in the near-contour rocks,
especially while driving workings on outburst-prone layers.

The implementation of the proposed way of support-
ing development workings will allow fixing the rocks in
the zone of raised stress in advance. This will prevent de-
formations (they decrease by 20-30 %) at their exposure
in the course of driving workings [5—8].

The way of supporting a development working when
the layers of enclosing rocks are fixed with bolts and are
declined to the bedding, be distinctive in that the bolts are
placed directed forward to the zone with the raised stress
located at the angle on the front of the driven working
determined by the formula

VYo T Y
P 2
where v,, and v, are directions of the vertical and lateral
stress vectors respectively.

Fig. 5, a presents the longitudinal type of the way of
supporting a development working, and Fig. 5, b shows a
plan view.

The zone of increased basic mining pressure / (1.3—
1.5 yH, where v is the density of enclosing rocks, t/m*; N
is the depth of driving a working, m) is located in the roof
and sides of the working contour and adjoins directly the
mobile plane 2 of the driving face and its wave 3 goes
ahead the front of the working advance.

When breaking the next cycle 4 of the mining weight
on the front 5 of the working advance in the roof and sides,
blast-holes are drilled and bolts 6 and 7 are established in
the zone of the increased stress beforehand, which allows
achieving the ‘stitching’ of side rocks in this zone. The
angle of the fixing bolts arrangement is f3.

The specific implementation of this way of mounting a
front line support is presented in Fig. 6.

B

Ankepa AML =24 m

n=2-5wr

Fig. 5. Way of supporting development workings: 1 —
zone of increased mining pressure; 2 — mobile plane
of the advancing face; 3 —mining pressure wave up
front of the working advance; 4 — minerock breaking
cycle; 5 — direction of the working frontal zone, 6,
7 — bolts mounted respectively up-front at the angle
to the layers and in the zone of increased stresses;
a — longitudinal view of the working, b — plan view

Conclusions. When the roof collapses as a conse-
quence of violation of stability of enclosing rocks while
leaving the wall face of more than 0.75 m — with the roof
bolting and 1.25 m with the mixed supporting, the mount-
ing of inclined steel-and-polymer bolts in the working
roof is performed.

The methods of controlling geomechanical processes
when carrying out mining operations at the deep levels of
coal mines have been developed.
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Fig. 6. Specification of using the front line support with the unstable roof (Saranskayamine, Karaganda coal basin):
a — erection process; b — technological scheme: longitudinal view and cross section
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Merta. Po3poOuTn mporpecuBHi TEXHOIOTIYHI CXEMHU
AHKEPHOTO KPIIUICHHS TiPChKUX BHPOOOK y 3aJIE€KHOCTI
BiJI pO3MO/IiTy HAIPYTH HABKOJIO BUPOOOK.

Mertoanka. Metonuka BHOOpY CIOCOOY KpIIUICHHS:
JIOCITIJIKEHHST HaIpY>KeHO-/1e()OPMOBAHOTO CTaHY, ITPOSIBIB
TipCHKOTO THCKY, YMOB IITPUMKH BUPOOOK Y 3aJIeKHOCTI
BiJl TIPHUYO-TEOJIOTIYHUX, TPHUYOTEXHIYHUX 1 TEXHOJO-
TYHUX [TapaMeTpiB JUls BCTAHOBJICHHS MIpH iX BIUIMBY Ha
e(PCKTUBHICTh aHKEPHOTO KPITUICHHS BUIMKOBHX BHPOOOK
1 OOTpyHTYBaHHS TACMOPTIB KPITUICHHS 13 3a0e3MeUeHHIM
CTIMKOCTI, 3HIDKEHHS Je(EKTHOCTI i BUTpAaT Ha IX MpOBe-
JICHHS Ta i ITPUMKY.

PesyawsTaTn. Jocmimkeni HarmpykeHO-1e(popMOoBaHH
CTaH, MPOSIBU T1PCHKOTO TUCKY, YMOBH IIATPUMKH BUPOOO-
Ky 3aJIOXKHOCTI BiJl TIPHUYOTEXHIYHUX 1 TEXHOJIOTTYHUX Ma-
pametpiB. JlociikeHHS JO3BOJIMIM BCTAHOBUTH MIpy iX
BIUIMBY Ha €(EKTHBHICTh 3aCTOCYBaHHs aHKEPHOIO Kpi-
TUICHHS] BUTMKOBUX BHPOOOK.

HaykoBa HoBu3Ha. HaykoBa HOBH3HA 3arpoOIIOHOBA-
HUX Y poOOTi CIOCO0IB OJIATae B HACTYITHOMY:

- BCTaHOBJICHI 3aKOHOMIPHOCTI 3MiHU 30H HETIPYKHUX
nedopmalliii 3 pO3BUTKOM iX y 9aci Ta CTIHKOCTi KOHTYPIB
BHPOOKH B 3aJICKHOCTI BiJI TIpPHUYO-TEOJIOTIYHUX 1 TipHU-
YOTEXHIYHNX YMHHHUKIB 3 BU3HAYCHHIM ITapaMeTpiB Kpill-
JICHHS JUTs Ha(IHOI eKCIITyaTarlii BUpOOKH;

- CTBOpEHHSI Ha 0a3i aHATITHIHOTO MOJIEITIOBAHHS TEXHO-
JIOTi1, CHCTEM 1 3aC00iB It IPOBEICHHS MPCHKUX BUPOOOK,
IO CIPHUSIIOTH 3HIKEHHIO JIe(PeKTHOCTI TX KOHTYPIB.

IMpakTnuna 3Haunmicts. [Ipencrasneni pesynbratu
JOCTIJIKECHB 31 CTBOPCHHS TEXHOJIOT1{ IHTEHCHBHOTO i Oe3-

10

MCYHOTO TPOBEJCHHS BHIMKOBHX TipCBKHX BHPOOOK Ha
OCHOBI BUSIBJICHUX 3aKOHOMIPHOCTEH MOBEIIHKH MAaCHBIB
TIPCHKUX TOPIJI, IO IPUMHUKAFOTh IO HUX, ONTHMI3allii rma-
paMeTpiB TEXHOJOTIYHMX CXeM IIATOTOBYMX pOOIT 3
VIpaBIiHHSIM TEXHOTCHHUM HaNpPyXeHO-Ie(pOopMOBaHIM
CTaHOM JIJISI TiABHUIICHHS €(DeKTHBHOCTI TEXHOJIOTIT Kpil-
JICHHS IPUKOHTYPHOTO TiPCHKOTO MaCHBY.

KuarouoBi ciioBa: cipcoki supobku, decpopmayitini npo-
yecu, napamempu KpinieHus, 2eoMexauiyni npoyecu, au-
KepHe KpinjieHHs, 2ipCbKUtl MUCK, SIPHUYOMEXHIUHT YUHHU-
KU, CXeMu po36UmKy 2ipcoKux pobim, HanpysceHo-oegop-
Mosanuil cman

Lens. PazpaboTars mporpeccHBHBIE TEXHOIOTHYECKHIE
CXEMBbI aHKEPHOTO KPETICHNUSI TOPHBIX BHIPAOOTOK B 3aBHCH-
MOCTH OT paclpeieNicHHs] HalPsDKEHNH BOKPYT BBIPAOOTOK.

Metoauka. Meroanka BeIOOpa crioco0a KpETUICHHS:
HCCIIeOBaHUE HAPSHKEHHO-IE()OPMUPOBAHHOIO COCTOSI-
HUS, IPOSIBJICHUH TOPHOTO ABJICHMS], YCIOBUN IIOAEPKA-
HUsA BI)Ipa6OTOK B 3aBUCUMOCTH OT TOPHO-T'COJIOTMYCCKUX,
TOPHOTCXHUYCCKUX U TEXHOJOIMYCCKUX MapaMETpOB IJIsA
YCTAHOBJICHUS CTENICHU WX BIHMAHUS Ha 3()(EKTUBHOCTH
AQHKEPHOTO KPETUICHHS! BHIEMOYHBIX BBIPA0OTOK U 000CHO-
BaHUS TACIIOPTOB KPEIUICHHUs ¢ 00ecliedeHueM yCTOHYH-
BOCTH, CHIDKCHHS JIe)EKTHOCTH W 3aTpaTr Ha MX IpOBeJe-
HUE U MOAJICPIKaHue.

Pesynbrarpl. VccnenoBanbl HampsbkeHHO-IEGOPMIPO-
BAHHOE COCTOSIHHE, POSIBIICHHUS TOPHOTO JIABIICHNSI, YCIIOBHS
HOZJIEP’KaHMsT BEIPAOOTOK B 3aBUCHMOCTH OT TOPHOTEXHHYE-
CKMX M TEXHOJIOIMYECKHMX TNapamerpoB. VcciemoBaHus mo-
3BOJIMJIU YCTAHOBUTH CTCTICHD UX BIIMAHUA Ha 3¢)¢)GKTI/IBHOCTB
MPUMEHEHHS aHKEPHOTO KPETICHHUSI BRIEMOYHBIX BBIPAOOTOK.

Hayuynasi HoBu3Ha. HayuHas HOBM3HA IIPEIUIOKEH-
HBIX B paboTe CrIOCOOOB 3aKJIIOYAETCS B CIIC/TYIOLIEM:!

- YCTaHOBJIEHBI 3aKOHOMEPHOCTU U3MEHEHUS 30H HEY-
npyrux gedopmanuii ¢ pa3BUTHEM HUX BO BPEMEHH U yC-
TOHYMBOCTH KOHTYPOB BBIPAOOTKHU B 3aBUCUMOCTH OT TOp-
HO-TCOJIOTHYECKAX W TOPHOTEXHWYECKHX (PAKTOPOB C
OIIpE/ICIICHUEM TTaPaMETPOB KPETH ISl HAZEKHON HKCILTY-
aTauy BEIPabOTKH;

- cozzaHue Ha 0a3e aHAIUTHYECKOTO MOACITHPOBAHUS
TEXHOJIOTHH, CUCTEM U CPEACTB AJISI IIPOBEICHUS TOPHBIX
BBIPAOOTOK, CIIOCOOCTBYIOIINX CHIKEHHUIO JTE(PEKTHOCTH
HUX KOHTYPOB.

IIpakTHyeckas 3HaYMMOCTb. [IpecTaBneHs! pesyib-
TaThbl UCCJICIOBAaHUMN MO CO3/IaHUIO TEXHOJIOTMU WHTEHCUB-
HOTO ¥ 0€30I1aCHOTO TIPOBEACHHS BHIEMOYHBIX TOPHBIX BbI-
paboOTOK Ha OCHOBE BBISIBJICHHBIX 3aKOHOMEPHOCTEH IoBe-
JICHHUS TPUMBIKAIOMINX K HUM MacCHBOB TOPHBIX IMOPOZ,
OIITHMHM3AIIMH TTAPAMETPOB TEXHOJIOTHUECKNX CXEM TTOATO-
TOBHUTEINBHBIX PAOOT C yIpaBICHHEM TEXHOTCHHBIM Hampsi-
JKEHHO-/1€()OPMUPOBAHHBIM COCTOSIHUEM IS TTOBBILIICHUS
3¢ ()eKTUBHOCTH TEXHONOTHU KPEIUICHUS! PUKOHTYPHOTO
TOPHOTO MACCHBA.
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