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Research aims to enlarge the application area of the opencast method of diamond deposits mining
by means of introducing an innovative technology of stripping with variable geometry of non-mining
open pit edges.

Research relevance. At the present time, solution demanding is the problem of peripheral ore reserves
final extraction at diamond deposits underlaying the ultimate boundaries of open pits, where the use
of traditional technologies is economically inefficient. The suggested innovative technology makes it
possible to solve the problem.

Research methodology. The given problem is solved in two stages: transition, at the appointed depth
of the open pit, from the traditional scheme of stripping to the stripping scheme by steeply inclined
ramps, and transition, at the final stage to stripping by peripheral road tunnel driven beyond the zone
of displacement. At that, optimum depth of transition to a new stripping scheme has been substantiated
together with the required speed of driving a tunnel and crosscuts. When justifying the stripping variant,
non-mining benches and edges stability have been estimated in general. The methods of economic-
mathematical modelling, engineering-economic and mining-geometric analysis.

Research results. By the example of Nyurbinsky open pit of ALROSA PJSC exploitation it has been
stated that the innovative technology allows to enlarge the slope angles of open pit edges from 45°—48°
to 57°-75°, reduce overburden stripping by 3-8 times, and effectively extract mineral reserves up to the
depth of 750 m.

Results application area. The suggested technology can be used not only during the exploitation
of kimberlite open pits, but also during the opencast exploitation of non-ferrous metal ore deposits and

precious-metal ore deposits represented by round shaped steep deposits.

Key words: open pit; stripping scheme,; ramp inclination; four-wheel drive dump trucks; edge angle
of inclination; tunnel; tunneling speed; heading machine; edge stability coefficient; robotization.

Introduction. Research aims to enlarge the application area of the opencast method
of mining diamond deposits by means of introducing an innovative technology of
stripping with variable geometry of non-mining open pit edges. In recent years, the
trend has been observed of breaking with traditional opencast-underground method of
mining primary diamond deposits situated in the cryolithic zone. It is associated with
the increased potential of opencast mining by means of introducing new technological
solutions to deposits stripping and mining, modern mining and transport equipment
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possessing new engineering capabilities, and robotization of the main technological
processes.

When the transition to underground mining used to be planned from a depth of
500-600 m, at the present time the potential of opencast mining allows to mine open
pits effectively to a depth of 850-1000 m. This circumstance allows to revise the
concept of mining primary diamond deposits, and in some cases eliminate the expensive
and economically inefficient method of pit reserves underground mining [1, 2].

Research methodology. Let us consider the problem of reserves final extraction at
Nyurbinsky pipe of ALROSA PJSC, where mining peripheral limited ore reserves within
the depth range of 570-750 m using an underground mining method is economically
inefficient. In 2015 Yakutniproalmaz Institute developed some recommendations on
mining-engineering parameters and the order of open pit mining to a depth of 570 m
(Manager s Report of Investigations by A. N. Akishev “To Work out Recommendations on
Mining-Engineering Parameters and the Order of Nyurbinsky Open Pit Mining to
a Depth of 570 m with the Account of the Refined Physical-Mechanical Properties
of the Enclosing Rocks”. Mirny, Yakutniproalmaz, 2015. 50 p). From a depth of 370 m
(mountain —120 m) the project provided for the transition from the traditional stripping
scheme to stripping by steeply inclined ramps (i = 21-25%) with a corresponding
implementation of four-wheel drive articulated trucks. To a depth of 370 m, rock mass is
removed to the surface by dump trucks CAT-777D, CAT-777F, TEREX TR-100 with
4 x 2 wheel arrangement, payload 91 t along the ramps with the inclination of 8-9%.
From the lower horizons the rock mass is delivered by four-wheel drive dump trucks
CAT-745C with payload 41 t to a loading point situated on the horizon —80 m.

The main advantages of the articulated trucks (AT) at the stage of the design
alternative consist in in the use of the steeply inclined ramps (i = 21-25%) and the
haulage berms smaller in width as compared to the dump trucks with 4 x 2 wheel
arrangement, which allows to enlarge the angles of inclination of non-mining pit edges
from 45°—48° to 57°—63°, reduce additional overburden stripping caused by transport
communications arrangement, and to mine the open pit to a depth of 570 m [3]. When
substantiating the variant of stripping, the estimation of non-mining benches and edges
stability in general has been fulfilled. The estimation has been fulfilled by means of
comparing design and allowable stability safety factor according to the methodology of
VNImI (Manager's Report of Investigations by I. B. Bokii “To Study Physical and
Mechanical Properties of the Enclosing Rocks in the Vicinity of the Open Pit at
Nyurbinsky Pipe by Geological-Engineering Wells to a Depth of — 400 meters above
sea level”. Mirny, Yakutniproalmaz, 2014. 28 p). At that, the following physical-
mechanical properties of rocks were considered: density, the angle of repose, cohesion
in the sample, and structural weakening coefficient in the massif. It has been stated
that design values of the stability safety factor is higher than maximum allowable
values (K, > 1.2).

In 2017 Yakutniproalmaz Institute in cooperation with the Ural State Mining
University suggested the scheme of stripping for the deep horizons of Nyurbinsky open
pit by the peripheral road tunnel of a spiral shape, which makes it possible to mine the
deposit to a depth of 750 m, which corresponds to a depth of the explored reserves [4].

Transfer to tunnel stripping is carried out from a depth of 530 m (mountain —280 m).
An underground ramp, driven beyond the zone of displacement, joins the mining
horizons by crosscuts which are driven in non-mining edges and are abandoned as
mining depth increases. When using the indicated scheme of stripping, the angle of
inclination of a non-miming edge in the zone of tunnel stripping doesn’t depend on the
width and the inclination of transport communications, but only on the conditions of
stability. It has been stated, that taking into account the difference between the values
of design and allowable stability safety factors of Nyurbinsky open pit edges, inclination
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angle of a non-working edge in the zone of tunnel stripping can be increased up to 75°.
If the indicated scheme of stripping is used, the edge of an open pit has got a convex
cissoidal profile. It reduces overburden stripping and stabilizes benches as its contour
is distressed to the maximum [5]. It results in geological environment disturbances
reduction and mining safety improvement. Tunnel stripping reduces ground water
hydrodynamic pressure on the edge of the open pit, which will also contribute to the
increase in the angle of inclination of a non-mining edge. The presence of a tunnel
makes it possible to arrange the equipment to observe its state within the limits of the
massif. Moreover, out of the tunnel the anchor support can be installed which prevents
from adjacent rock mass collapse [6—8]. The use of the articulated trucks and steep
ramp inclinations allows to significantly reduce capital investments in underground
tunnels driving, which is the main restriction under the implementation of the indicated
stripping method.
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Fig. 1. An innovative scheme of stripping the deep horizons of Nyurbinsky open pit:
1 — ore body; 2 — loading point; 3 — tunnel ramps; 4 — crosscut; 5 — opencast mining coverage
boundary (sliding surface)

Puc. 1. VHHOBanMoOHHAs CXeMa BCKPBHITHSI IIIYOOKHMX Topu3oHTOB HropOHHCKOro
Kapbepa:

1 — pygHOe Teno; 2 — Heperpy30dHbId IMyHKT; 3 — TOHHENbHBIE aBTOCHE3[bl; 4 — KBEPILIAT;
5— T'paHULa 30HbI aeﬁc‘er{ OTKPBITBIX TOPHBIX pa60T (HOBCpXHOCTB CKOJ'[L)KCHI/IH)

Based on the open pit rock mass production rate, goods turnover, and dump trucks
traffic, one way tunnel with passes-by in niches for the dump trucks has been considered.
The distance between the pass-by niches is 450 m.

Thus, the suggested innovative scheme of Nyurbinsky open pit stripping includes
the two stages (table 1, fig. 1):

At the first stage in 2024 the transition is carried out from the traditional scheme of
stripping to the stripping scheme by the steeply inclined ramps with the use of four-
wheel drive articulated trucks with payload 41 t;

At the second stage in 2034 the transition is carried out from the steeply pitching scheme
of stripping to the stripping scheme by the peripheral ramp tunnel of a spiral shape.

In fig.1 the following notations are set: | — the target depth of the open pit under
the traditional scheme of stripping with the use of the dump trucks with 4 x 2 wheel
arrangement, m; H, — the target depth of the open pit under the transition to stripping
by the steeply pitching ramps and the use of the four-wheel drive dump trucks, m;
H, — the target depth of the open pit under the transition to tunnel stripping, m;
H_, — the depth of the transition to stripping by the steeply pitching ramps, m; H_, — the
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depth of the transition to tunnel stripping, m; H_ ., — the height of a non-mining edge
of the open-pit under the transition to stripping by the steeply pitching ramps, m;
H, ., — the height of a non-mining edge of the open-pit under the transition to tunnel
stripping, m; y, — the angle of inclination of a non-mining edge of the open pit under the
traditional scheme of stripping, degrees; y, — the angle of inclination of a non-mining
edge of the open pit under stripping by the steeply pitching ramps, degrees; v, — the
angle of inclination of a non-mining edge under tunnel stripping, degrees; ¢ — the angle
of inclination of a mining edge, degrees.

Under the implementation of the innovative scheme of striping, apart from the
substantiation of open pit non-mining edges stability, the following problems require
substantiation:

— the optimum depth of the transition to a new stripping scheme;

— the required speed of driving tunnels and crosscuts;

— the rational scheme of underground workings ventilation.

Table 1. Basic parameter s of the innovative scheme of Nyurbinsky open pit stripping
Taﬁ.nm(a 1. OcHoBHBIE napamMeTpbl MHHOBaIIPlOHHOﬁ CXEMbI BCKPbITUSA HlOpﬁl/lHCKOFO Kapbepa

Parameter Value

The target depth of the Open P, M ......oooiiiii i reeeeeeeaee 750
The deph and the year of the transition from the traditional scheme to stripping
by the steeply pitching ramphas, M (YEAI) .....cooiieeiiee e 370.(2024)
The height of a nomining edge of the opepit under the transition to stripping
by the steeply PIitChing raMBEic1, M ....oooo e 330
The depth and the year of the transition from stripping
by the steeply pitching ramps to peripheral tunnel strippigm (year) ..........ccoceeeeeriinnenn. 530 (2034)
The height of a nomining edge of the open-pit under the transifimm stripping
by the steeplyitching ramps to peripheral tunnel strippi@sz, M ......ovveviiiiiiiied 510
maximum inclination of automotive communicationgs:

in a zone of the traditional scheme of StPPING.....ccoviiiiiii e 8-9

in a zone of steeply PItching SHPPING.....cceii i 21-25

iN @ Z0NE Of tUNNEI SHHPPING. . eeeieieiiieiie et e e e e e e e e e e e e e s s s s s e aneaennnnrnerenes 20
Line development coefficierty.r, UNit fraCtioNS............cooiiiiiiiiii e s 1,083
The angle of inclination of a nemining edge in the enclosing rocks, degrees.............ccccevevveens 54-63
Including:

in a zone of the traditional scheme Of StrPPIDG........eeeeeiiiiiiiiie e 45-48

in @ zone of steeply PItChiNG StHPPIMG ..eeovvvrerriieiiie e 57-63

iN @ ZoNe Of tUNNEI STHPPIMEE ... .eeeeeee ettt e e e et e e e nb b e e e e e e e enebeeeee s 75
The volume within theantour of the open pit (as o§tlJanuary, 2017):

(o] (=T 0 11117 R (] o PP 9.7

Lo YVZ=Ta o0 o [=Ya TR 1111 To Yo . TP T U TR O T RPN 44.9
Average operating Stripping rati@cp, M/ .....ovoiiiie e 4.7
Annual productive capacity of the open pit for ore, million t/yr:

2018-2024.......c ettt ettt sn et sneenne e b e nneeenes 0.87-1.05

20252033 ... ettt e — ettt b £ et et e e R et £t e R ee ekt e eR Rt e bt e R bt e eRee bt e eRae e bt e arteeennbean 0.40

20342040, ettt E Rt E Rt b et nRe et n e e s 0.23
models and payload of the dump trucks, t:

in a zone of the traditional scheme of strippiNg.........ccoooveiiiiiiiiiiid CAT-777D (91 ton)

in a zone of steep and tunnel StrPPING.........coeiiiiiiiiiiii e CAT-745C (41 ton)
Bench heighty, m:

01111 o RSP 15

(1] 0B 411 T o PR RRT S 30-45
Average speed of the open pit deEPEMIGN/YT ....vvreriiiiiiiiii s 25
The angle of inclination of a MiNING EAPEAEIIEES.......oc.uviiiii it 16-18
The total length of underground openings, m:

L0001 01 D PP O TP PP PPP PP 1300

(010 ] g de] g = I £ T o U | < PRSP SRT 1100

The reqired speed of tunneling:, M/MO .........ccoiiiiiiiiie e greater or equal 19
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When solving the indicated problems, the methods of economic-mathematical
modeling, engineering-economic and mining-geometric analyses have been used.

Results. Analysis and discussion. Table 2 introduces analytical dependences for
basic parameters of stripping calculation: the transition depth, the non-mining edge
height, and the open pit depth increase under the transition to a new scheme of stripping.
It can be observed, that these parameters are determined basically by the target depth of
the open pit and the difference between the values of the non-mining edges angles
under various stripping schemes. It is recommended to use the dependences for
preliminary estimation of the depth of the transition to a new stripping scheme.
Exceeding the indicated depth leads to the need for the fundamental reconstruction of
the open pit starting from the higher horizons. Otherwise, it will be impossible to mine
the open pit to the target depth allowed by the new stripping scheme. The final decision
on the transition optimum depth is made according to the economic criterion, which
takes into account the reduction of stripping and transportation by various types of
dump trucks, the prime cost of stripping and automobile transportation, costs for driving
and maintenance of the underground workings, as well as these factors dynamics [9].
In the considered variant, the depth of the transition to the new stripping schemes
(H,, =370 m; H_, = 530 m) is set according to the economic criterion.

Table 2. The calculation of the basic stripping parameters
Tab6auua 2. PacyeT 0CHOBHBIX IapaMeTPOB BCKPLITHUS

Stripping scheme
Parameter Steeply pitching ramps Roadtunnel
(1st stage) (2nd stage)
A depth of the _ _ : _ _ i _
transitionto anew H, = , (HZ_ H,)cosysin(v,=¢) H,= (4, HJCOS&SH}(% ?)
scheme of stripping sin(y, —v,)cos sin(ys —v,)coso
undertheknown target
depth oftheopen pit
The increase of the AH=H,-H, = AH=H,-H,=
open pit depth under . .
the transition to a new _ (H,—H,,)sin(y, —v,)cosp _(H,-H,)sin(y, —v,)coso
stripping scheme cosy,sin(y,—¢) - cosy,sin(ys—¢)
The height of a non- _ ; _ i
mining edge underthe| & _ =H — (77, _Hl)coshsmyl H, ., =H, - GE _HZ)COS%SIMZ
R n.61 1 .62 2

transitionto a new S'“(Yz —“{1) S'“(Ya - Vz)
stripping scheme

When considering the innovative stripping scheme, the problem of substantiating the
required speed of tunneling is of great significance. For continuous functioning of the
stripping scheme, the period of abandoning the connecting crosscut at the higher horizon
should correspond to the period of putting the new crosscut into operation at the lower
horizon of the open pit. Thus, the speed of tunneling should be consistent with
the development of mining in the functioning part of the open pit as well as with the
period of the open pit edge formation into the target position at a note of an entrance. The
vertical distance between the tunnel entrances in the upper zone of the tunnel stripping is
30 m, which corresponds to the height of a non-mining bench; in the lower zone — 15 m.

The condition must be followed (fig. 2):

(TT+TKB)ZT6’ (1)

where T}, — the period of a non-mining edge of the open pit formation to the height 7 ,
years; h_— the vertical distance between the tunnel entrances, m; 7, — the period of the
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tunnel construction to a depth £ _, years; T, — the period of constructing the crosscut
providing the way out to the functioning zone of the open pit, years;

Ts=h,/h,, 2)

where A, — vertical speed of forming the non-mining edge of an open pit, m/yr;
h, = h (ctgp —ctgo)/(ctgp —ctgy), (3)
where /_— the vertical speed of the open pit deepening, m/yr; ¢ — the angle of inclination

of an operating edge of the open pit, degrees; ¢ — deepening directional angle, degrees;
v — the angle of inclination of a non-mining edge of the open pit, degrees;

Fig. 2. The calculation scheme of the required speed of tunneling:
1 — ore body; 2 — tunnel; 3 — crosscut; 4 — opencast mining coverage boundary;
h, — the vertical speed of the open pit deepening, m/yr; A — the vertical speed
of forming a non-mining edge of the open pit, m/yr; 6 — deepening directional
angle, degrees; vy — the angle of inclination of a non-mining edge of the open pit,
degrees; ¢ — the angle of inclination of a mining edge of the open pit, degrees;
i, — the inclination of the tunnel ramp, unit fractions
Puc. 2. Cxema k pacueTy HEOOXOJUMOW CKOPOCTHU TPOXOAKH TOHHEIIS:
I — pynHoe Teno; 2 — TOHHENb; 3 — KBEepULIAr; 4 — IPaHULA 30HbI AeHCTBUS
OTKpBITBIX PabOT; h, — BepTUKAaIbHAs CKOPOCTb YDIYyOKM Kapbepa, M/TOZ;
hs — BepTHKajbHas CKOPOCTb (opmupoBaHus Hepabouero Oopra Kapbepa,
M/TOZ; G — YroJI HalpaBJieHus yriIyOKu, Tpaj; Y — yroi oTKoca Hepabouero 6op-
Ta Kapbepa, rpaj; ¢ — yroja oTkoca pabouero 6opra Kapbepa, rpaj; i, — yKIOH
ABTOZIOPOTHU B TOHHEIIE, JIOJIH €.

TT:lT/I.T’ (4)

where | _— the tunnel length under stripping to a depth /_, m; v_— speed of tunneling,
m/yr;

L =hk. /i, (5)

where i — the inclination of the tunnel ramp, unit fractions; £ — line development
coefficient, unit fractions;

TKB :lKB/I.T’ (6)

where | , — crosscut length, m.
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The ratios (2)—(6) substitution into the inequality (1) yields

_h (ctge — ctgo) (h k., +i,l,,)
T h, (ctge — ctgy)i,

The expression (7) determines the requirements to the speed of peripheral tunneling.

Let count v, for the conditions of Nyurbinsky open pit. Initial data (table 1) are the
following: 2= 25 m/yr; y = 75% ¢ = 16% o = 85°-90° i = 0.20; | , = 100 m;
k,.=1.083; h =30 m. Homy4nm v, > 237 m/yr or v, > 19.7 m/mo.

In the course of the research, modern technologies of driving and supporting road
tunnels in the mining-engineering conditions similar to the kimberlite pipes conditions
have been considered. Two methods of driving tunnels and crosscuts have been
examined: the drilling and blasting method and the method with the use of road headers.
Based upon the physical-mechanical properties
of the enclosing rocks at Nyurbinsky open pit, the g5 " m/mo
method with the use of a road header is preferable;
it ensures better economic-engineering indices
and higher speed of tunneling. As excavating
equipment, a selective heading machine AM-105
of “Fest Alpine” company has been chosen. The 45
anchor support installation is carried out by a
Spraymec 7110 shotcrete machine. Rock removal
during tunneling is carried out by technological
dump trucks CAT-745C (41 t). Calculations
show, that the use of the accepted technology 25
when tunneling one way tunnel with the section
area of 29.7 m? ensures maximum speed of ;g ,
tunneling 60-70 m/mo which is 3.0-3.5 times 5 10 15 i, %
higher than reqmred [10]. . . Fig. 3. The dependence between the

Thus, the required speed of tunneling is  required tunneling speed o, and ramps
determined by the speed of the open pit deepening, __inclination 7:
the ramps inclination, and the vertical distance h"_theVinjcflilgté“;,e;’T‘Zeinltngntrances;
between the entrances; it depends on the angles  pyc. 3. 3asrcnmocts Heobx0MIMOI KO-
of mining and non-mining edges of the open pit, pocTH NPOXOAKH TOHHENS v, OT YKIOHA
and the direction of deepening. The greatest aBTONOPOT L
. . . — BEPTHKAJIbHOE PACCTOSHUE MEXLY TOpTa-
impact is made by three factors: 4, i, and & . " namwil—h =30M:2-h =15m

When reducing the inclination of the tunnel ' '
from 20 to 5%, the required speed of tunneling is increased by 2.4-3.0 times and
approaches its maximum in technical conditions (fig. 3). This conditions the need for
and the effectiveness of four-wheel drive dump trucks and increased inclinations when
carrying out tunnel stripping of open pit deep horizons.

The effectiveness of the suggested deep open pits exploitation technology can be
improved by means of robotized mining-transport equipment introduction, particularly
dump trucks. At that, the width of the transport berms may be decreased by 20-30%,
and the angle of inclination of a mining edge may be increased by 4°—6°. Under the use
of the robotized dump trucks, the width of the transport berms is determined by the
width of the roadway and the tolerance connected with the accuracy of the positioning
systems. The robotized dump trucks are built up with a 3D scanner which makes it
possible to control the state of roads and rock massif. The elements of safety are
excluded from the structure of a berm. The transition to the use of the robotized dump
trucks can be effective at the first stage of the innovative technology implementation
already, i.e. during the transition from the traditional scheme of stripping to the scheme

' (7
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of stripping by the steeply pitching ramps (2024). It will allow to reduce stripping and
to ensure maximum value of a non-mining edge angle of inclination. At the present
time there is the experience of using the robotized dump trucks in foreign open pits.
Intensive research in this field is carried out by a domestic company called VIST Group
[11, 12]. At the second stage of the transition from the steeply pitching scheme of
stripping to the scheme of stripping by the peripheral road tunnel, the additional effect
can be provided by means of reducing the costs for ventilation of the underground
workings which are 20-25% as large as the costs on tunneling. This problem requires
further detailed investigations and coordination with Rostekhnadzor.

Table 3. Parameter s of various schemes of Nyurbinsky open pit stripping and mining
Ta6auna 3. [TapaMeTpbl pa3Iu4YHBIX cXeM BCKPBITHSA M pa3padoTkn HiopOunckoro kapbepa

Stripping scheme
Traditional Steeply pitching |Innovativescheme
Parameter ramps with variable
geometry of non-
mining edges
Open pit depthm 750
The angle of inclination of a nemining edge, 45-48 49-57 54-63
degrees
The wlume within the contour dhe open pit
(as of Bt January, 2037
ore, million ton 9.7 9.7 9.7
overburden, million ri 3580 1350 44.9
rock mass, million 3619 1389 488
Average operating stripping ratim®/t 37.7 14.2 47

Conclusions and results application area. Fig. 4 presents a diagram schedule of
Nyurbinsky open pit exploitation according to the innovative technology. Table 3
presents comparative parameters of various schemes of open pit stripping and mining.

Preliminary calculations have stated that the introduction of the innovative
technology will allow to reduce stripping by 3-8 times as compared to the traditional
stripping scheme and the schemes of stripping by the steeply pitching ramps. Economic
benefit will be rub13.7 billion according to the preliminary estimation. The suggested
technology can be used not only during the exploitation of kimberlite open pits, but
also during the opencast exploitation of non-ferrous metal ore deposits and precious-
metal ore deposits represented by round shaped steep deposits.

At the present time Yakutniproalmaz Institute and the Ural State Mining University
carry out the detailed economic-engineering substantiation for the suggested innovative
technology of exploitation with variable geometry of non-mining open edges.
The research results have been granted the second class certificate in the nomination
“The Innovative Project” of ALROSA PJSC innovative projects open competition in 2017.
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WHHOBALIMOHHAS TEXHONOINA OTKPBITOW PA3PABOTKN KUMBEPITUTOBbIX
MECTOPOXEHMIN C U3MEHAEMOW FTEOMETPUEN HEPABOUMX EOPTOB KAPLEPA

Axumes A. H.\, JIean 10. .2, Bokuii 1. B.!, Hcakos C. B.2, Iltedos U. A3

! Hay4uHo-HCCIIeI0BaTENBCKHI U IPOEKTHBIN HHCTUTYT «SIKy THHTIpOaMa3y, MupHsIii, Poccust.
2 VpasbCKHi TOCYIapCTBEHHBIN rOpHBIN yHIBepeuteT, EkarepunOypr, Poccust.

3 UuctutyT roproro nena Ypaisckoro otnenerns PAH, Exarepun6ypr, Poccrst.

Llens uccnedosanuii 3axnovaemcs 6 pacuiuperuy 0o1acmu NPUMEHeHUs. OMKPLIMO20 cnocoba pazpabomxu
aAnMa3opyOHbIX MECMOPONXCOEHUN 34 ciem 6HeOPeHUs UHHOBAYUOHHOLU MeXHONO2UY 6CKPLIMUA C USMEHAEMOT
2eomempueil Hepaboux OOPMoe Kapbepos.

AKmyanvHocme uccnedosanuii. B nacmosuee spemsa mpedyem pewienus npoonema 0opabomku 3aKkoHmyp-
HBIX 3aNAco8 Pyobl AIMA30PYOHBIX MECHOPONCOCHUTL, 3AN2AIOUUX HUIICE NPEOCTbHBIX SPAHUY KAPbePos, 20e
npumeneHue MmpaouyuOHHbIX MEXHONO2ULl dKOHOMUYEeCKU HedpdexmusHo. [Ipedrazaemas UHHOBAYUOHHAS
MEXHONO2USL NO3BONSENT PEUUMb Sy NPOOLEMY.

Memoouka nposedenusn uccnedosanuil. Pewienue nocmaenennoil 3a0ayu npousgooumcs 8 08a smana. nepe-
X00 ¢ onpedeneHHOU 2yOUHbL Kapbepd ¢ MPAOUYUOHHOU CXeMbL 6CKPbIMUSL HA CXeMY 6CKDbIMUSL KDYMOHAKIOH-
HbLMU ABIMOCHE30AMU U NEPEXO0 HA 3A6epUIaioujem SMane Ha 6CKPbIMUe 3aKOHMYPHbIM A8MOMOOUTLHbIM MOH-
HelleM, NPOXOOUMbIM 3 30HOU cO8udcerus. TIpu 3mom 000CHOBbIBANUCH ONMUMATbHAS 2TYOUHA NEPeX00d HA
HOBYIO CXeMY BCKPbIMUAL U HEOOXOOUMASL CKOPOCTb NPOXOOKU MOHHENA U Keepuunazos. Tpu obocrosanuu éapu-
AHMA 6CKPLIMUSL NPOU3EEOEHA OYEHKA YCIMOUMUBOCMU Hepabouux ycmynog u 6opmos 6 yenom. Hcnomvsoea-
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JUCL MemOoObl IKOHOMUKO-MAMEMAMUECKO20 MOOETUPOBANUS, MEXHUKO-IKOHOMUYECKO20 U 20PHOLeOMempU-
YeCK020 aHAU3dA.

Pezynomamaut. Ha npumepe paspabomxu Hiopourcroeo kapvepa AK « AJIPOCA» ycmarosneno, umo uHHo8a-
YUOHHAS MEXHONO2USA NO360IAEM YEETUUUMb Yebl OMKOC08 60pmos Kapvepa ¢ 45°—48° 0o 57°-75°, ymeno-
wiums obvemvl ckpwiwiu 8 3—8 paz u s¢pgexmuerno 0opabomams 3anacsl NOIE3HO20 UCKONAEMO20 00 21YOUHbL
750 m.

Oébnacme npumenenus pesynomamos. Ilpeonazaemas mexHono2us MoX}cem HAMu NPUMEHeHUe He MOTbKO
npu paspabomke KUMOEPIUMOBbIX KApbepos, HO MAK#ce NPU OMKPbIMO paspadboniKe MecmopoXCcOeHUll yeem-
HbIX U O1A20POOHBIX MEMALI08, NPEOCMABIEHHBIX KPYMONAOQIOWUMU 3ANENCAMU OKPY2I0l (hopmbL.

Kniouesnvle cnosa: xapvep; cxema 6CKpblmus, YKIOH A6MOCHe30d; NOTHONPUBOOHbLE AGIMOCAMOCEANbL,
yeon omkoca 60pma; MOHHENb, CKOPOCHb NPOXOOKU, KoMOauiH, Kodpguyuenm ycmoiuusocmu bopma;
pobomuszayus.
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