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Grapho-analytical optimization of ore drawing parameters from barrier pillars
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Abstract. This article presents the results of a grapho-analytical study aimed at optimizing technological parameters for ore
drawing from barrier pillars (BP) in inclined ore deposits under caving conditions. The extraction of reserves remaining within
barrier pillars is one of the most challenging tasks in underground mining, as it requires a balance between maximizing ore
recovery and maintaining the geomechanical stability of the surrounding rock mass. Particular attention is paid to substantiat-
ing the rational spatial position of drill-haulage drifts (DDW) during field preparation in caving zones. The research methodol-
ogy is based on geometric and grapho-analytical modeling of ore drawing processes under various mining and geological con-
ditions. The study considers ore body thicknesses ranging from 6 to 12 m and dip angles from 15° to 51°. Several variants of
left-asymmetric displacement of the DDW axis relative to the central axis of the barrier pillar were analyzed to determine their
influence on ore recovery efficiency, ore losses, dilution, and the stress-strain state (SSS) of the surrounding rock mass. The
results show that displacement of the DDW axis significantly affects both extraction performance and geomechanical safety.
The rational displacement interval was found to be 1.5-2.0 m in the direction of the ore body dip. Further displacement leads to
deterioration of the stress-strain state of the host rocks, reduction of the protective rock layer between the drift roof and the
stoping floor, and the need for additional deepening of mine workings. Such modifications increase development volumes in
waste rock and, consequently, mining costs. The effectiveness of asymmetric drift placement is most pronounced in deposits
with dip angles up to 30°, whereas for steeper ore bodies with dip angles of 40-51°, its practical significance decreases due to
the predominance of gravity-controlled ore flow. The obtained results provide a scientific basis for improving mining layouts
and can be used in the design of underground mining systems to enhance ore recovery, reduce losses and dilution, and ensure
geomechanical stability during the extraction of reserves from barrier pillars.
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1. Introduction mining system parameters [4, 6]. At the same time, minimiz-
ing ore losses and dilution remains a priority, as these factors
determine the economic efficiency of production [7, 8].

Under the conditions of inclined deposits with dip angles
of 15-51°, conventional approaches to the placement of pre-
paratory workings are often insufficiently effective. Studies
of ore drawing processes and the interaction between broken
ore and caved rock indicate the need to optimize the spatial
position of drill-haulage drifts (DDW). The use of modern
support materials, including innovative shotcrete mixtures
that improve stability under complex mining and geological
conditions, also plays an important role in ensuring the long-
term stability of such workings [9, 10].

The study of asymmetric field-preparation schemes is of
particular scientific interest. Previous investigations of the
SSS during repeated BP extraction have shown that the
asymmetric arrangement of field workings makes it possible
to shift zones of maximum stress concentration and thereby

The effective extraction of mineral reserves remaining in
barrier and panel-to-panel pillars is a critical issue for the min-
ing industry of Kazakhstan. Recent studies show that the tran-
sition from open-pit to underground mining, especially in
deposits with complex morphology, requires an in-depth anal-
ysis of geomechanical processes to ensure the stability of mine
workings [1, 2]. During the repeated extraction of barrier pil-
lars (BP) in caving zones of inclined deposits, the risk of rock
mass destabilization increases, which necessitates the applica-
tion of advanced monitoring and modeling methods [3, 4].

The fundamental aspects of ensuring the stability of
open-pit slopes and underground structures have previously
been considered using major deposits such as Vasilkovskoye
and Akzhal as examples [2, 5]. It has been established that
the accuracy of stress-strain state (SSS) prediction directly
depends on the quality of geomechanical justification of
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protect the structural elements of the mining layout [4]. In
addition, high-energy methods of rock mass impact, such as
hydraulic fracturing, provide additional opportunities for
controlling the behavior of difficult-to-cave roofs [11].

In recent years, considerable attention has been paid to
improving ore recovery technologies in caving mining sys-
tems [12, 13]. The efficiency of ore extraction from barrier
pillars depends not only on the geological characteristics of
the deposit, but also on the configuration of mine workings
and the interaction between the fragmented ore mass and the
surrounding rocks. Practical experience from underground
mines shows that even minor changes in the location of pro-
duction openings can significantly affect ore losses, dilution,
and the overall economic performance of mining operations
[14]. Therefore, the optimization of mining layouts remains
an important scientific and engineering task.

The application of grapho-analytical methods provides an
effective tool for investigating ore flow behavior under vari-
ous mining and geological conditions. Unlike purely numeri-
cal approaches, grapho-analytical modeling enables the visu-
alization of draw zones, the identification of stagnant areas,
and the assessment of the influence of excavation geometry
on extraction indicators [12, 15]. Such methods are particular-
ly useful at the preliminary design stage, when rapid evalua-
tion of several technological alternatives is required. Moreo-
ver, graphical models can serve as a basis for subsequent
geomechanical analysis and engineering decision-making.

For inclined ore bodies, determining the optimal position
of drill-haulage drifts is especially important, since gravity-
driven ore movement is strongly affected by the deposit dip
angle [13, 16]. As the dip angle increases, the geometry of ore
flow zones changes considerably, which may influence both
recovery efficiency and the stability of mining structures.
Consequently, identifying rational displacement parameters
for drill-haulage drifts is essential for achieving a balance
between maximum ore recovery and geotechnical safety.

Despite the considerable amount of accumulated research
data, issues related to the grapho-analytical optimization of
left-asymmetric DDW displacement parameters for different
ore body thicknesses of 6-12 m remain insufficiently studied.
Therefore, the objective of this study is to determine rational
parameters for the left-asymmetric displacement of drill-
haulage drifts located beneath the barrier pillar and to assess
their influence on ore recovery and geomechanical stability
under various mining and geological conditions. The obtained
results are intended to provide a scientific basis for optimizing
field-preparation schemes and improving the efficiency of ore
extraction from barrier pillars within caving zones.

2. Study area and proposed mining technology

Considering the current mining conditions at the
Zhezkazgan deposit and the specific features of intact ore
bodies located within the caving zone, the use of an under-
ground mining technology based on a continuous caving
system with end discharge of ore is proposed [3, 10]. This
recommendation is based on the analysis of mining experi-
ence under similar geological and geotechnical conditions.
Further testing of the proposed underground technology is
planned at the Annenskaya mine of VZhR [4, 8, 11, 12].

According to the proposed technology, the extraction of
intact ore bodies within the caving zone does not involve the
formation of a conventional stoping chamber. Therefore,
direct access of personnel and mining equipment to the un-
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supported stoping space is excluded. Safe mining operations
are ensured by driving small-cross-section drill-haulage drifts
(DDW), which allow the installation of rock bolts [13] and,
where required, additional support using steel arch frames
made of SVP-22 special profiles [9]. These workings provide
access for drilling fan-shaped borehole patterns for ore
breaking, as well as for loading and transporting the broken
rock mass to the local ore pass.
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Figure 1. General view of the proposed technology for mining
intact ore bodies using a continuous caving system with end dis-
charge of ore mass within the caving zone: drilling pattern of fan-
shaped boreholes in three planes and placement of the DDW
along the ore-rock contact on the footwall side of the deposit

As shown in Figure 1, the proposed technological scheme is
intended for inclined ore bodies with dip angles greater than
15° and thicknesses ranging from 6 to 12 m. The extraction
block is formed along the strike of the ore body within a desig-
nated area up to 12 m wide. The DDW is driven along the ore—
rock contact on the footwall side of the deposit. The drift is
supported by rock bolts and, if necessary, by steel arch frames
made of SVP-22 special profiles. Vertical fan-shaped boreholes
are drilled from the roof and sidewalls of the DDW, while
inclined fans are drilled to form a triangular undercut. After
drilling, one fan of boreholes is blasted, followed by ventilation
of the block. According to the end-discharge technology, the
broken ore and host rock are then loaded and transported by
self-propelled LHD equipment to the local ore pass.

The DDW is advanced section by section. Drilling-and-
blasting operations are carried out in parallel with preparato-
ry and cutting operations in subsequent DDW sections, while
the broken rock mass is discharged accordingly. At the be-
ginning of operations and throughout each working shift, all
safety measures aimed at identifying and eliminating hazard-
ous situations within the technological area must be strictly
observed under the constant supervision of the shift foreman.

To extract reserves remaining in intact ore bodies, under-
ground mining is therefore proposed using a continuous
caving system with end discharge of ore and host rock
[3, 10]. In this system, the block height is assumed to be
equal to the ore body thickness, while the thickness of the
caved ore layer is taken as equal to the line of least resistance
of the blasted borehole fan. To reduce the seismic effect of
blasting, one fan is detonated at short-delay intervals.
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For preparatory operations, drill-haulage drifts are used
for each panel within the block. Depending on mining and
geotechnical conditions, the DDW may be driven either
without additional support or with rock-bolt reinforcement
combined with steel arch-frame support made of SVP-22
special profiles [9].

3. Research methods

The research methodology is based on grapho-analytical
modeling aimed at justifying the rational parameters for the
location of drill-haulage drifts (DDW) driven in the rock
mass beneath the floor of barrier pillars (BP). The main focus
of the study is to determine the rational magnitude of the left-
asymmetric displacement of the DDW axis relative to the
central axis of the BP. Such displacement makes it possible
to adapt the technological scheme to the conditions of in-
clined ore bodies and to reduce the negative influence of the
caving zone on the stability of preparatory workings.

To achieve this objective, a series of graphical models was
developed for a wide range of mining and geological condi-
tions. The variable parameters included ore body thicknesses
of 6, 8, and 10 m at dip angles of 15°, 20°, and 30°. Particular
attention was also paid to ore bodies with a thickness of 12 m,
for which the range of analysis was extended to dip angles of
40° and 51°. This made it possible to evaluate changes in ore
drawing conditions during the transition from gently inclined
to steeply inclined ore bodies. During the modeling process,
the displacement of the DDW axis relative to the BP axis was
varied from 1 to 4 m with an increment of 1 m.

The optimization procedure was based on a comprehen-
sive analysis of the geometry of the formed ore-drawing
funnels and the corresponding slope angles of the caved
rock mass. During graphical construction, the DDW posi-
tions were determined to ensure the most favorable relation-
ship between ore recovery indicators and the safety of pre-
paratory workings. Particular attention was paid to maintain-
ing a stable stress-strain state (SSS) of the surrounding rock

Along the axis

1 m from axis

mass and preventing a critical reduction in the protective
rock layer between the DDW roof and the floor of the stop-
ing space.

At the final stage of the study, the obtained graphical so-
lutions were generalized and the rational parameters of left-
asymmetric DDW displacement were determined for differ-
ent combinations of ore body thickness and deposit dip an-
gle. These parameters were further used to substantiate the
effectiveness of the selected geometric proportions of outlet
workings during the repeated extraction of reserves from
barrier pillars within the caving zone.

Thus, the proposed methodological approach makes it
possible to compare alternative DDW displacement schemes,
identify rational geometric parameters for different mining
and geological conditions, and provide a basis for further
graphical interpretation of the obtained optimization results.

4. Results and discussion

The grapho-analytical study was carried out to optimize
the location parameters of drill-haulage drifts (DDW) driven
in the rock mass beneath the floor of barrier pillars (BP). The
analysis covered ore body thicknesses of 6, 8, and 10 m at
dip angles of 15°, 20°, and 30°. In addition, for ore bodies
with a thickness of 12 m, the study was extended to dip an-
gles of 15°, 20°, 30°, 40°, and 51°. This made it possible to
evaluate the influence of ore body geometry on the rational
displacement of the DDW axis under different mining and
geological conditions.

At the first stage, graphical models were developed for
several variants of left-asymmetric DDW displacement rela-
tive to the BP axis. The displacement values were taken as 1,
2, 3, and 4 m in the direction of the ore body dip. An exam-
ple of such graphical constructions for an ore body thickness
of 6 m is shown in Figure 2. These schemes made it possible
to compare the geometry of the formed ore-drawing funnels,
the position of stagnant zones, and the relationship between
the DDW roof and the floor of the stoping space.

2 m from axis
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Figure 2. Graphical representations for optimizing left-asymmetric DDW displacement relative to the BP axis with shifts of 1, 2, 3,
and 4 m during the repeated extraction of reserves from the BP for an ore body thickness of 6m
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The obtained graphical results show that the displace-
ment of the DDW axis has a nonlinear influence on the
efficiency of ore drawing. A small displacement of 1 m does
not always provide a sufficient correction of the ore flow
geometry in inclined deposits, especially when the dip angle
causes noticeable asymmetry in the movement of the broken
ore mass. In contrast, excessive displacement of 3-4 m leads
to distortion of the ore-drawing funnel, displacement of
stagnant zones, and an increased risk of ore losses and dilu-
tion. Therefore, the DDW position cannot be selected only
on the basis of maximum approach to the ore body; it must
also take into account the stability of the surrounding rock
mass and the preservation of a sufficient protective layer
above the working.

2 m from axis

The most favorable results were obtained when the DDW
axis was shifted by approximately 1.5-2.0 m from the BP
axis in the direction of the deposit dip. Within this interval,
the geometry of the ore-drawing funnel remains technologi-
cally acceptable, while the protective rock layer between the
DDW roof and the floor of the stoping space is not critically
reduced. This provides a rational balance between ore recov-
ery, dilution control, and geomechanical stability of prepara-
tory workings.

Based on the graphical analysis, a left-asymmetric DDW
shift of 2 m from the BP axis was adopted as the rational
technological solution for the considered inclined deposits
with dip angles up to 30°. The corresponding optimized
parameters are presented in Figure 3a-f.
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Figure 3. Optimal technological parameters for a left-asymmetric DDW shift of 2 m from the BP axis and the corresponding slope
angles of the waste-rock outlet funnel: (a) ore body thickness of 6 m and deposit dip angle of 15°; (b) ore body thickness of 6 m and de-
posit dip angle of 20°; (c) ore body thickness of 6 m and deposit dip angle of 30°; (d) ore body thickness of 8 m and deposit dip angle of
15°; (e) ore body thickness of 8 m and deposit dip angle of 20°; (f) ore body thickness of 10 m and deposit dip angle of 15°

The comparison of the graphical schemes confirms that
the practical efficiency of left-asymmetric DDW placement
is most pronounced for inclined ore bodies with dip angles of
15-30°. Under these conditions, the ore mass movement is
affected both by gravity and by the spatial configuration of
the outlet workings. Therefore, a rational shift of the DDW
axis makes it possible to improve the formation of the draw-
ing funnel and reduce the probability of stagnant zones in the
broken rock mass.

At the same time, an increase in DDW displacement be-
yond 2 m is not technologically justified in most of the con-
sidered cases. Although such displacement may locally mod-
ify the ore drawing conditions, it causes an unfavorable ap-
proach of the DDW roof to the floor of the stoping space.
This reduces the thickness of the protective rock layer and
may destabilize the stress-strain state (SSS) of the surround-
ing rock mass. If a shift greater than 2 m is required, addi-
tional vertical deepening of the DDW becomes necessary.
Such a solution can partially restore geomechanical safety,
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but it also increases the volume of development in waste rock
and, consequently, the cost of mining operations.

For steeply inclined ore bodies with dip angles of 40° and
51°, the influence of asymmetric DDW displacement de-
creases. Under these conditions, gravity-controlled ore flow
becomes dominant, and the drawing process tends toward a
more symmetrical vertical discharge pattern. As a result, the
practical significance of shifting the DDW from the BP axis
is reduced, while the additional costs associated with asym-
metric preparation become less justified.

Thus, the results of the grapho-analytical study confirm
that the rational displacement of the DDW axis depends on
the combined influence of ore body thickness, deposit dip
angle, ore-drawing funnel geometry, and the geomechanical
condition of the surrounding rock mass. For the considered
mining conditions, the most reasonable technological solu-
tion is a left-asymmetric DDW shift of 1.5-2.0 m, with 2 m
adopted as the optimal design value for deposits with dip
angles up to 30°.
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5. Conclusions

Based on the conducted grapho-analytical study, rational
parameters for the left-asymmetric displacement of drill-
haulage drifts during the repeated extraction of reserves from
barrier pillars in inclined ore bodies were substantiated. The
analysis considered the combined influence of ore body
thickness, deposit dip angle, ore-drawing funnel geometry,
and the geomechanical stability of preparatory workings.

It was established that the displacement of the DDW axis
relative to the BP axis has a nonlinear effect on ore drawing
conditions. Insufficient displacement does not fully compen-
sate for the asymmetric movement of the broken ore mass in
inclined deposits, whereas excessive displacement distorts the
geometry of the drawing funnel, increases the probability of
stagnant zones, and may lead to higher ore losses and dilution.

The rational interval of DDW displacement was deter-
mined to be 1.5-2.0 m from the BP axis in the direction of
the ore body dip. This interval provides the most favorable
balance between ore recovery, dilution control, and preserva-
tion of a stable stress-strain state of the surrounding rock
mass. For practical design purposes, a left-asymmetric shift
of 2 m can be adopted as the optimal technological parameter
for inclined ore bodies with dip angles up to 30°.

It was shown that a DDW shift greater than 2 m is general-
ly not advisable without additional vertical deepening of the
working. Although such deepening may improve the geome-
chanical position of the drift, it increases the volume of devel-
opment in waste rock and therefore leads to higher mining
costs. The efficiency of the proposed asymmetric preparation
scheme decreases as the deposit dip angle increases. For steep-
ly inclined ore bodies with dip angles of 40-51°, gravity-
controlled ore flow becomes dominant, and the need for DDW
displacement from the BP axis is significantly reduced. There-
fore, the proposed recommendations are most applicable to
inclined deposits with dip angles of 15°-30°.

The obtained results can be used to improve field-
preparation schemes, increase ore recovery, reduce dilution,
and maintain the geomechanical stability of workings during
barrier pillar extraction.
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EHic keH aeHesepiH oNbIPbLIY KAFAAUBIHAA JAJAJBIK JAWbIHAAY Ke3iH/1e
TOCKAYbL1 KEHTIPeKTepAeH KeH/l LbIFapy napaMerpJiepin
rpagoaHaIMTHKAJIBIK OHTAWJIAHABIPY
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Annarna. Makaniaja onbIpbUTy JKaFJaibIHIa €HIC KeHII IIOFhIpIapaarsl TocKaybll kenTipekrepaeH (TK) keH mibFapyabiy
TEXHOJIOTHSUIBIK TTapaMeTpJIepiH OHTaiIaHAbIpyFa OaFbITTalfaH rpadoaHaNIUTHKAIBIK 3EPTTeY HOTHIKeNepl YCHIHBUIFaH.
Tockaybul KEHTIpEKTep/e KaAbIPhUIFaH KOPJApbl HUrepy JKepacThl KSH OHIIPYACri €H Kypaeni MiHAeTTepAiH Oipi OO0k
TaObLIaJbl, OMTKEHI OJ KeHAI OapbIHINA TOJBIK allyJbl JKOHE KOpLIaFaH Tay >KbIHBICTApPhl MACCHUBIHIH TI€OMEXaHHKaJbIK
TYPaKTBUIBIFBIH CaKTayJbl KaTrap KamTamachli3 eryll Tanam ereni. Omblpbuly aiiMakTapblHIa JajiajblK JalblHAAy Ke3iHe
Oyproutay-keTkizy kazoanapbiabiH (BYKK) yTeIM/IBI KEHICTIKTIK OpHANACYBIH HETi3ZeyTre epeKlie Ha3ap aylapbulFaH. 3epTrey
dmicTeMeci apTYpIi Tay-KeH-TeONOTUSUIBIK KaFaaiiap/ia KeH IIbIFapy MPoIecTepiH FeOMETPHSIIBIK JKOHE TpadoaHaTUTHKAIBIK,
MoJenpaeyre HerizgenreH. KyaTtel 6—12 M apanbsiFbpIHAaFEl KCH AeHenepi xoHe 15°-TaH 51°-ka nmeiinri Kyay OyphIITaphl
KapacTeIpeUIIel. KeHai anmy THIMILTIriHe, IIBIFBIHAApFa, KYHAPCHI3JaHyFa JKOHE KOpIIAFaH Tay JKBIHBICTAPHI MACCHBiHIH
kepHeyi-nedpopmanmsnanran kyiine (KIK) ocepin anpikTay mMakcatsiaaa bXXK ociH TOCKaybll KEHTIpEKTIH OpPTAIBIK OCiHE
KaTBICTBI COJ JKaK aCHMMETPHUSUIBIK BIFBICTHIPYIBIH OipHerre Hyckaidapsl Tangannsl. Hotmkenep BXXK ociHiH BIFBICYBI KeHAI
ay KepCeTKIITepiHe Ae, FTeOMeXaHUKAIBIK KayilCi3iKKe JIe alTapibIKTall ocep eTeTiHiH KepceTedi. bIFBICTRIPYIBIH YTHIMIIBI
apaJbIFbl KeH JACHECiHIH Kyyay 0arbIThl OoMbIHIIA 1.5-2.0 M Kypaiijpl. bIFBICTBIPY/IBI O1aH 9pi aPTTHIPY JKaHAC JKBIHBICTAP/IBIH
KJIK-HiH HamapiaybiHa, ka30a tebeci MeH Ta3apTy KEHICTITiHIH TaOaHBl apachIHIAFrbl KOPFAHBIII Tay YKBIHBICHI KaOATHIHBIH
a3aroblHa, COHJAN-aK Tay-KeH Kaz0aJapblH KOCHIMIIA TEPEHJETY KaXKETTiIiriHe okeneni. MyHaail earepicrep 00C KbIHBICTAP
OofipIHIIA Ka30a JXYpri3y KeJeMiH YIFalThIN, THICIHIIEe KeH OHAIpY IIBIFBIHAAPBIH apTThIpansl. Kazbamapapl acCHMMETPHAIBIK
OpHAJNACTHIPYABIH THIMIIIIT Kyjiay Oypermrapsl 30°-Ka Jeifin OonFaH karjaiijga aHarypiibIM alKbIH OaiiKkamanmbl, aln Kyjay
Oypeiraper 40—51° GonaThIH TIK KEH AeHesepl YIIiH OHBIH NPAaKTHKAJIBIK MaHbI3bl KEH MacCaChIHBIH IPaBUTALMSIIBIK aFbIHbI-
HBIH 0achbIM OOJTybIHA OAMITAHBICTHI TOMCHIICH II. AJIBIHFAH HOTIKEINep NaibIHAay cyiI0anapbH KEeTULNIPYAiH FRUIBIMU HETi31H
KaJIBINITACTBIPAbl XKHE TOCKAYbIJI KEHTIPEKTEpAeH KOpJlapbl Urepy Ke3iHae KeHJ alyabl apTThIpY, LIBIFBIHAAD MEH KYHap-
CBI3ZIaHY/IbI a3alTy, COH/ai-aK Ka30aaapIblH TeOMEXaHUKaJIbIK TYPAKTHUIBIFBIH KAMTaMachl3 €Ty MaKCaThIH/a JKepacThl UTepy
Kylenepis )ko0asayaa KoJIIaHbUTYbl MYMKIH.

Hezizzi co30ep: mockayvin Kenwmipek, eqic Ken OeHecl, KeHOi wbleapy, OYpebliay-djcemKizy Ka30acvl, ONbIPblLy AlMAgbl,
2PAPOAHATUMUKATILIK, MOOeNbOey, KepHeyli-0ehopmMayusianean Kyi.
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I'padoananurnyeckasi ONTUMHU3ALMS MAPAMETPOB BbIIYCKA PYAbI
U3 0apbepHBIX LHEJUKOB MIPH MOJeBOH MOAT0TOBKE HAKJIOHHBIX 3aJ1eKei
B YCJIOBHSIX 00PYLIEHUSA

K. bex6eprenos?, P.K. XXanakosa?", M.H. Omupamun’, C.A. Acbluixanosa?
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AnHoTanus. B crarbe mpencTaBieHsl pe3yiabTaThl rpad)0aHaIUTHUECKOTO MCCIIeI0BaHMS, HAIIPABIECHHOTO Ha ONTHMH3a-
IIUF0 TEXHOJOTHMYCCKUX MapaMETPOB BBITYCKa Pybl U3 OapbepHbIX 1eaukoB (BI]) B HAKIOHHBIX PYIHBIX 3aJ€KaX B YCIOBHUIX
o0pyuieHust. 3BrneyeHne 3amacoB, OCTaBICHHBIX B 0apbepHBIX IIEIHMKAaX, SBISETCS OJHON M3 HauboJjee CIO0XKHBIX 3a/1ad I0JI-
3eMHOI pa3paboTKH, NOCKOJBKY TpeOyeT obecnedeHus OaaHca MeXy MaKCHMAJIbHBIM HW3BJICYEHUEM PYyIbl U COXpPaHCHUEM
TeOMEXaHMYECKOW YCTOMYMBOCTH OKPYKAFOIIET0 TOPOAHOTO MaccuBa. Ocoboe BHUMaHHE YAEICHO 0OOCHOBAHHUIO PallOHATb-
HOTO MPOCTPAHCTBEHHOTO ITOJIOKEHUs OypoaocTaBoYHEIX BeIpaboTok (B/IB) mpu moneBoil moAroToBKe B 30HaX OOPYIICHUS.
MeTtoauka mcciaeqoBaHUS OCHOBaHA HA TEOMETPHUECKOM H rpad0aHaIUTHIECKOM MOJCIUPOBAHAHN MIPOIIECCOB BBIITYCKA PYIIBI
MIPU Pa3IUYHBIX TOPHO-TEOJOTMYECKUX YCIOBUAX. PacCMOTpeHbl MOIHOCTH PYIHBIX Tel OT 6 10 12 M 1 yrisl nageHus ot 15°
no 51°. IIpoaHann3upoBaHbl HECKOJIBKO BapUAHTOB JIEBOACUMMETPUYHOIO cMelleHus oc bJIB OTHOCUTENBHO LIEHTpaIbHOM
ocH OaphepHOTO HENUKa C IETBI0 ONPEICIICHIS UX BIUSHUA Ha () (EKTHBHOCTD M3BJICUCHUS PYIBI, IIOTEPH, pa3yOoKMBaHUE U
HarpspkeHHo-nedopmupoBanHoe cocrosiHue (HJIC) okpyskaromero nopogHoro MaccuBa. Pe3ynbTaTsl OKa3bIBalOT, YTO CMe-
meHue ocu B/IB cyliecTBeHHO BIMSET Kak Ha IOKa3aTesd M3BJICUCHMS, TaK M HA TeOMEXaHWYeCcKylo Oe3omacHocTh. Pamuo-
HaJBHBI MHTEPBAJI CMEIIeHUs cocTapisieT 1,5-2,0 M B HampaBlIeHWH MaJieHUs] pyAHOTO Tena. JlanbHellee yBeIudeHne cMe-
IIeHUs NpUBOAMT K yxyaumeHuo HJIC BMemaronmx noposi, yMEHbUICHHUIO 3aIIUTHOTO MIOPOJAHOTO CIIOSI MEXIy KPOBJIEH BBI-
pabOTKH U TIOYBOH OYMCTHOTO MPOCTPAHCTBA, & TAKKE K HEOOXOJMMOCTH JOTOJHUTEIBHOTO 3ariTyOIeH s TOPHBIX BBIPA0OTOK.
Takue M3MEHEHUS YBEIMUUBAIOT 00BEM MPOXOAKH IO ITyCTHIM ITIOPOAaM U, COOTBETCTBCHHO, TIOBBIIIAIOT 3aTPATHl Ha JOOBITY.
D¢ ekTHBHOCTS ACHMMETPUYHOTO PACIIONIOKECHUS BHIPaOOTOK HanboIee BEIpakeHa IpH yriiax majeHus a0 30°, Torma Kak g
Ooiee KpyTBIX PYOHBIX Tenl ¢ yriaamu majgeHus 40-51° ero mpakThdyeckoe 3HAUYCHHE CHIDKACTCS BCICACTBHE IMpeoOiamaHus
TPaBUTAIIMOHHO OOYCJIOBJICHHOTO TOTOKa PYOHOH Macchl. [lomydeHHBIE pe3yibTaThl (GOPMUPYIOT HAYYHYIO OCHOBY JUIS CO-
BEPILICHCTBOBAHUS CXEM IIOATOTOBKH M MOTYT OBITh MCIOJH30BAHBI MIPH IMPOCKTHPOBAHUH MOJ3EMHBIX CHCTEM Pa3pabOTKH C
[ENBIO MTOBBIMICHUS U3BJICUCHUS PYIBI, CHIKCHHUS TTOTEPh U pa3y00KMBaHUs, a TaAK)Ke 00ECIIEYCHNST TEOMEXaHIMYECKON yCTOM-
YHBOCTH BBIPAOOTOK MPHU OTPaOOTKE 3aIacOB U3 OapbepHBIX IIETHKOB.

Kniouesvie cnosa: bapvepHulii yenuk, HAKIOHHAS 341eJICh, GLINYCK PYObl, OYPOOOCABOYHAS BbIPAOOMKA, 30HA 0OPYULeHUs,
epaghoananumuyeckoe MoOeIupo8anue, HanpsHCeHHo-0eOpMUPOBAHHOE COCMOSIHUE.
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