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FEOTEXHONOIUA: NOA3EMHAS,
OTKPbITAA, CTPOUTENBHAA

UDC Identifier 622.684:629.3 DOL: 10.21440/0536-1028-2018-8-5-15

KIMBERLITE DEPOSITS OPENCAST MINING INNOVATIVE
TECHNOLOGY WITH VARIABLE GEOMETRY OF NON-MINING
OPEN PIT EDGES

AKISHEV A. N.%, LEL' lu. 1.2, BOKII I. V.1, ISAKOV S. V.2, GLEBOV I. A2
1 Yakutniproalmaz Research and Design Institute
(39, Lenina Str., Mirny, Russia)
2 Ural State Mining University
(30, Kuibysheva Str., Ekaterinburg, Russia)
3 Institute of Mining, Ural Branch of RAS
(58, Mamina-Sibiryaka Str., Ekaterinburg, Russia)

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.

NEEE T

Hut
Hu.62

HH.()Z

Hoo

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

55

35
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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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NCNONb3OBAHUE FTEOMEMBPAHHbIX 3KPAHOB HA
FOPHOMPOMBILLNEHHBIX NPEANPUATUAX

OABbIOOB C. f1.1, BAIIMEB H. I'l, ANAKALLEB P. A.l, PY>KWHVH A. B.%, BENOB B. A2
1'YpanbCkuil rocyaapcTBEHHbIN FOPHBINA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)
2 AO «Pycckasi MeaHasi KOMMaHus»
(Poccws, r. Ekatepunbypr, yn. Manbiwesa, 51)

O6vekm uccnedo8anuii — yKpvigHvie yCmpoucmea 08 npUMeHeHUs npu co30aHul 6000HENPOHUYAeMbIX
9KPAHOB HA X6OCMOXPAHUTUWAX U B000EMAX, NOLY3AKPLIMbIX CKAA0AX (HA8ECAX) Ha NPEONPUAMUAX, NPU
CO30aHUY UBOTUPYIOWUX NOKPLIMUTL 8 OOPOACHOM CIPOUMENbCINGE U PEKYIbMUBAYUU HADYUEHHBIX 3e-
Mmenv. B nacmosaweii pabome 6 kavecmee Hagecog npednazaiomcs yKpoleHvle yCmpoucmea, anpooupo-
6aHHblE HA MEOEeNNAGUIbHOM NPoU3800cmee Komnanuu « Hopunbckuil Hukenvy u [oice3kazeanckozo eop-
HO-MEeMaLIypeutecko2o KoMouHama.

Henv uccneoosanuii — paspabomrka HayuHO-mMeXHUYECKUX OCHO8 YKPbIGHO20 YCMPOUCmea, npumense-
MO20 npu co30anHuu 800OHENPOHUYACMbIX IKPAHO8 HA XBOCMOXPAHUNUWAX, CKIAOAX U 8000eMax, Npu
peanuzayuu U30IUPYIOWUX NOKPLIMULL 8 OOPONCHOM CMPOUMENbCMEE U PEKYIbMUSAYUU HAPYULEHHBIX
3emeny. Beinonnen ananumuueckoii 0030p 6apuanmos uCNONb308aHUS YKPIGHbIX YCMPOTCME 6 Kaue-
cmee Nony3aKpblmulX CKAA008 (HABEC08), OECKAPKACHBIX AH2APO8, NHEEMOKAPKACHBIX COOPYIHCEHUU 015
VKpbImUs 060py008aHUSL OM 8030elCMEUs. OKpYHcatoujeli cpeobl, USONUPYIOWUX NOKPLIMULL NPU CMPOU-
menbcmee noAUOH08 OMX0008 NPOU3EOOCHEA PAIULHBIX KIACCO8 ONACHOCMU, 4 MAKice 8 Kauecmeae
nPOMUBOPUILMPAYUOHHBIX IKPAHOE NAOUAOOK KYUHO2O GbIUENAYUBAHUSL U MEXHUYECKUX B000EMO8.
IIpuseden npumep BO3MONCHO2O UCHONLIOBAHUS 2OMEMOPAHbL O CO30AHUS 8000HENPOHUYAEMO0
9KpAHA NPU GbINOIHEHUU PEKYILIMUBAYUY XEOCHOXDAHUIUYA.

Peszynomamom padomul s61semcs paspabomka YHUEEPCAIbHO20 YKPbIGHO20 YCmpolicmea, obecneuusa-
10Uje20 NONHYI0 MeXanusayuio pabom npu yKiaoke 6000HeNPOHUYAEMO20 NOIOMHA KAK NPU PASMOMKe
DYIIOHA, MAK u npu pabome ¢ NPOMUBONOLONCHIM KPAeM NOLOMHA.

Ilpumenenue noayuennbIX Pe3YibmMamos NepCnekmugHo Ha NPOMbIUIEHHBIX 00beKmMax O MUHUMU-
3ayuu He2amueHo2o 8030elicmeus Ha okpysxcaruyio cpedy. Odxcudaemvie cOYUANILHO-IKOHOMUYECKUE
apdexmuvl Om UCNONLI0BAHUA PA3PAOOMAKHOL0 YKPIGHO20 YCHPOUCMEA 3aKIIOUAIOMCA 8 COGEPULEH-
CMBOBAHUL MEXHONOSUYECKUX NPOYECCO8, UCTONBIYEMbIX 8 20PHO000bIBaIOWell U nepepabambpléaiowyel
NPOMBLUTEHHOCIU, NOBLIUWEHUY NPOU3EOOCMBEHHOU DE30NACHOCMU (8KIIOUAS IKOLOSULECKYIO).

Knroueswie cnosa: 20pH0006b18ai0maﬂ NPOMbIUUTIEHHOCMb, IKOJI02UHYeCKas 6e3onacnocmb; nony3axkpol-
molie CK‘/laabl,’ 6ecz<apkacnble aneapbwl,; eeomeM6paHa; PY/IOH nOJIOMHA.

Hean padorsl. Llenpto paboTsl sBisieTcs: pa3paboTka HAyYHO-TEXHUYECKHX OCHOB
YKPBIBHOI'O YCTPOICTBA, IPUMEHSAEMOTO IIPU CO3JaHUM BOAOHEIIPOHULIAEMBIX YKPAaHOB
Ha XBOCTOXPaHWINIIAX, CKJIA/IaX U BOJOEMaxX, NP pPeaIn3alnuil H30JIUPYIOMNX TOKPHI-
THH B TOPOXKHOM CTPOHMTENILCTBE M PEKYJIBTHUBAIIMN HAPYIICHHBIX 3€MEIb.

[Iponecc MPOMBIUIEHHOTO MPOM3BOACTBA MPEAIIOJIATaeT CO3aHIE HEOOXOIMMBIX
3aIacoB CHIPHEBBIX U BCIOMOTaTeNbHBIX MaTepPHaJIoB, 00eCIIiedeHUE TOCIEA0BATEILHO-
TO MPOJBMKEHHUS 00BEKTa TPy/a MEXKAY YIacTKaMHU M I[eXaMH, a TaKKe HaKOIJICHHE,
KOMIUIEKTALMIO U OTIPABKY TOTOBOM MPOLYKIMH.

C6op, cOpTHPOBKA U KPAaTKOBPEMEHHOE XpaHEHHE OTXOJ0B IIPOU3BOICTBA JOJKHBI
NPOU3BOANTHCS B CIICIIHAIBHO OTBEACHHBIX MecTaX. OTXO/IbI TPOM3BOJCTBA, COIEPIKa-
IIMe TOKCHYHBIE BEIIECTBA, JJOJKHBI COOMPATHCS 1 XPaHUTHCS HA MPEATIPUATHSX B U30-
JMPOBAaHHBIX MPOTHBOQUIBTPALIMOHHBIMU SKPaHAMHU MECTax, UCKIIIOYAIOINX 3arpsi3-
HEHUE TTOYBKI, BOJABI, aTMOC(epHOro Bo3ayxa [1].
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K u301mpoBaHHBIM MeCTaM OTHOCSTCS MONTY3aKphIThIe CKIabl (HaBEChl), MPEAHa-
3HAYEHHBIE AJIS XpaHEHHs MaTepHajioB W W3JENNM, NOABEPKEHHBIX MOpYE OT HEMOo-
CPEACTBEHHOTO BO3JEHCTBUS aTMOC(HEPHBIX OCAJIKOB. YTOIb M KOKC XpaHsTCS Ha OT-
KPBITBIX,  CHENUAJbHO  OOOpPYIOBaHHBIX  IUIOIIAAKaX,  TIOJ  HaBECAMHU.
B apxuTeKTypHO-CTPOUTENIBHYIO YaCTh MOIY3aKPBITHIX CKJIAJ0B BXOIAT HABECHI, KOTO-
Pl MIPEACTABIISAIOT COOOH KPOBJIIO, MOACPKHUBAEMYIO CTOHKaMH. B kauecTBe HaBecoB
MOTYT OBITh UCIIOJIb30BaHBl YKPBIBHBIE YCTPOHCTBa [2—5], anpoOMpoBaHHbIE HA Melle-
TUTAaBUJIBHOM MpOM3BOJCTBE KomMnanuu «Hopunbckuil Hukens» u Jke3Kka3raHcKoro
TOPHO-METAJUTypTUYeCKOT0 KoMOuHaTa. Takoi BUA HaBECOB (KPOBJIH) MCIOIB3YETCS
HAa IJTOCKUX KPBIIIaxX MPOMBIIIJICHHBIX U TOPTOBBIX 3/1aHUH, rapa)xeid, CKIIa 0B, CTaIn-
OHOB, ABTOCTOSIHOK M MHBIX XO3SIMCTBEHHBIX NPUCTPOEK [6].

MoOunbHbIe OecKapKacHbIC aHTaphbl U3 METAJUIOKOHCTPYKLHUH, OOTSHYThIE WK 00-
HIUTHIE CIIEUUABHBIM TEHTOM, JTM0O MHEBMOKAPKACHBIE COOPYKEHHS MOTYT OBITH HC-
MIOJIB30BaHbI AJIs1 YKPBITHA 000pYIOBaHUS OT BO3ACUCTBHSI OKPYKAIOIIEH Cpelbl U Op-
TaHW3alluK KPYIJIOTOIUYHON paboThl MOOMIIBHBIX MOAYABHBIX 30J0TOM3BIEKAIOIINX
(habpuk.

Oco0eHHOCThIO OeCKapKacHBIX COOPYKEHUH SIBISIETCS NPUMEHEHUE CAMOHECYIINX
METAJUIOKOHCTPYKIMHA. AHrapbl, BHIIOJHEHHBIE 10 OECKapKacHON TEXHOJOIHH, CIIO-
COOHBI BBIJICPXKATh CHETOBYHO Harpy3ky mo 480 Kr/M?> W BETPOBYIO Harpysky o0
150-200 xm/u.

B omnnmune oT GeckapkacHBIX COOpPYKEHHH, B IMHEBMOKApPKaCHBIX COOPYXEHMIX
PO OTIOPHBIX OAJIOK MTPAIOT HAMOJIHAEMBIE BO3LyXOM KOHCTpYKIHH. [ [HEBMOKapKac-
HBIE COOPYKCHUS, B OTIIMYKE OT OECKAapPKACHBIX, BBIAECPKUBAIOT CHETOBYIO HArpy3Ky 10
130 kr/mM? 1 BETpOBYIO HArpy3Ky 10 150 km/4.

B nHacrosee BpeMsi HEOThEMIIEMOH YaCThIO OPraHU3alMH IPoLecca PalUOHAIBHO-
rO IPUPOIOIIOIL30BAHMS SIBISIETCA 0OecIeYeHrne IKOIOTHUECKOH 0e30MacHOCTH TpU
JI00bIYe ¥ IepepaboTKe MOJIC3HBIX UCKOMTAEMBIX. B CBSI3M € 3TUM MMOCTOSHHO pacIIups-
eTcst cepa NpUMEHEHHs TeoMeMOpaH U3 pa3IMYHbIX MaTepHajoB B Ka4eCTBE M30JIHU-
PYIOIIKX TTOKPBITHH.

HaubGosee BaKHBIM KaueCTBOM I'eOMeMOpaH SIBISIETCS CIIOCOOHOCTH YIEPKHUBATh
BOJly U Pa3JINYHbIE TOKCUYHBIE PACTBOPHI, UMEIOIINE KaK IIETOYHYIO, TaK M KHUCIOT-
Hylo peakiuu. Kpome Toro, reomeMOpaHbl JOKHBI UMETh BBICOKYIO MPOYHOCTH Ha
pasphbIB, IPOKANBIBaHUE U AeopMainny, 9To JaeT BO3MOXKHOCTD HCIIOIB30BaTh UX BME-
CTO TPAIWIMOHHBIX MaTEepPHaJIOB, MPUMEHSIONIUXCS Ul CO3MaHUS THUIAPOYHOPHOTO
CJI0sl, HAallpUMEP HEKOTOPBIX BUIOB IMHUHBIL. 1Ipu 3TOM mpuMeHeHne reomeMOpaH BMe-
CTO IJIMHBI YacTO ObIBAET HE TOJBKO JICIIEBIIE, HO U MO3BOJISIET MIOMyYUTh 3HAYUTEIBHO
OoJiee BEICOKHE KadyeCTBEHHBIE IOKA3aTeH B TSUCHHE JUINTEILHOTO TIEPHOIa BpEMEHH,
TaK KaK TOJBKO rapaHTUHHBIN CPOK CIy)Obl TeoMeMOpaH, KOTOPBIH 00s3aHbI Mpeao-
CTaBIIATH HAa CBOIO MPOIYKITUIO TIPOU3BOJUTEIH, COCTABIISAET IISITHCCAT JIET.

Texaudyeckne mapaMeTpsl 1 pabOTOCTIOCOOHOCTH MOTMATHIICHOBRIX MEMOpPAH B yC-
JIOBUSIX HKCILTyaTali 00bEKTa MMO3BOJISIIOT IPUMEHSTh MX B TOPHOIOOBIBAIOIIEH MPO-
MBIIIUIEHHOCTH:

— NP NMPOEKTUPOBAHUH U CTPOUTENIHCTBE MOJUTOHOB OTXOJI0OB IPOU3BOJCTBA Pa3-
JIMYHBIX KJIACCOB OMACHOCTH — TBEPBIX U KHUJIKHX;

— B Ka4€CTBE MPOTUBO(MIBTPAMOHHBIX 3KPAaHOB IIOMIAIOK KYYHOTO BBIIIETAYH-
BaHMS, TEXHUYECKHUX BOIOEMOB, IJIS1 IIOKPHITHS XBOCTOBBIX AaM0;

— IPY BTOPUYHOH THIPOU30IISLIUY PE3EPBYapHBIX APKOB;

— JUI1 aHTUKOPPO3UOHHOM M TUAPOU3OJISLIMOHHON 3alIUThl METANINYECKHX, XKeTle-
300€TOHHBIX KOHCTPYKLMH (ITPOMBIIUICHHBIX PE3ePBYapOB, 3arTyOJIeHHBIX YacTel co-
OpYKEHUI, MHKCHEPHBIX CETEH U CHCTEM UH)KEHEPHO-TEXHUUECKOTO 00SCIIeUeHus).

D¢ heKTUBHBIM CITOCOO0M JOOBIYH 30JI0TA SBJIETCS METOJ] KYYHOTO BBITIICIIaYHBA-
Hust. [Ipu 3ToM pyny HE0OXOAMMO CKIaIUpPOBATh HA OTKPBITHIX IJIOMIAIKAX U MIPOJIHU-
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BaTh PEarcHTaMH, COICPKAIIMMHU IUAHU]IBI, MOMNAJaHUEe KOTOPBIX B TPYHT JIOJDKHO
OBITH MOJHOCTBIO UCKIIIOUYEHO. Kpome Toro, peareHThl, MpoXoas CKBO3b PYAY, pacTBO-
pSIIOT conepikaiieecs B Kyde 30J10TO M BBITEKAIOT HAPYXKY, INle UX U COOMPAIOT st
JATBHEHTIIETO OCAXKIEHHUSI METaJUIMYecKoro 3oioTa. llpn »TOM HENmb3s JOMyCTHTH
YTEUKH MPOTYKTHBHOTO PAaCTBOPA B IPYHT.

HanexxHbIM crioco00oM OpraHu3alluy TUIOIIAI0K Il KYYHOTO BBIIIEIaYNBaAHUS SIB-
JsieTcsl YKIIaAKa TeoMeMOpaHbl, Ha KOTOPYIO U BRITPYXKAlOT PyAy € MOcIenyroen 00-
paboTkoi Kyuu peareHTamu. [Ipu 3ToM MeMOpaHa criocoOHa 00ECIEUUTh 3aIUTy OT
MIEPEYHCIICHHBIX TPOOIIEM.

TexHOoNMoTHA Ky4HOTO BBIIIEIaYMBAHUS MPEIIONaraeT yCTPOWCTBO CIENHAIHHOTO
nonurona. Ero Ha3HaueHne: 00ecreunTh MTa0eTupOBaHIe MOPONbI C MEbI0 €€ BBI-
IIeJaYMBaHMs; HE JOMYCTUTH NMOMAaJaHMUs B MIOYBY M OKPYXKAIOIIYIO CPEIy arpeccuB-
HBIX OTXOJI0B TIPOHU3BOJICTBA.

B aTux ciydasx Toke MOXHO NMPUMEHUTH TeOMEeMOpaHy Ui NpeaylpeKacHuUs
YTEUKH BOZABI U3 MICKYCCTBEHHOTO THAPOTEXHUIECKOTO COOPYKEeHHUs. [t TOoro cHava-
JIa TIPOU3BOST MPOEKTHPOBAHUE BOAOEMA, 3aT€M W3BJIEKAIOT TPYHT W OCBOOOXKTAIOT
JTHO OT KaMHel, KopHel u mpounx HepoBHOCTeH. [IpoM3BOASAT IITAHUPOBKY JIHA C TIOJ-
CBHINKON TMUHOM 110 ToamuHbl 0,3 M U necka 10 Toamuasl 0,2 M. 3aTeM yKIaabIBalOT
reoMeMOpany U (GOpMUPYIOT OEpETOBYIO HACHITL WIIM 0O(QOPMIISIIOT Oepera HHbIM CIO-
coboM. 3arem moBepx MeMOpaHbI IETal0T OTCHINKY, GopMHpys Oojiee eCTECTBEHHBIE
Oepera u nHo. [Tocie ero mpuCTymaT K TOCTEIIEHHOMY 3aIlIOJTHEHUIO BOJ0EMa BOJIOM,
MIEPUOIMIECKH KOHTPOJIMPYS YPOBEHb BOIBI HA mpenMeT yredek. Ha 3aBeprraromem
sTamne paboT yCTaHaBIMBAIOT HEOOXOAUMOE BOJIOOUYUCTHOE 000PYIOBaHHE.

OTcedka BOAbI C TOMOIIBIO TeOMEMOPaHBI TO3BOMIAET MOAJICPKUBATH TOPOKHOE TIO-
JIOTHO ¥ OETOHHBIE KOHCTPYKIIMU B CYXOM BHJIE, YTO YPE3BBIYAMHO MOJIE3HO B YCIOBHU-
X poccuiickoro kimmara. Bona u3 rpyHra, momnangas BHyTph OETOHHBIX OTIIMBOK WIIH B
JIOPOXKHOE TIOJIOTHO, 3aMep3aeT MPH NOHMKEHUU TeMIepaTypbl. TO MPUBOAUT K pa3-
PYIICHHIO ¥ MOPO3HOMY ITYYSHHIO KOHCTPYKIIUH. YCTPOHCTBO CILTONTHON THAPOU30IISI-
IIUY TI0]T JIOPOXKHBIM MOJIOTHOM WJIM Ha 3ariyONIIeMBIX B TPYHT y3JIax MMO3BOJIIET Ha-
JEKHO 3aIIUTUTHCS OT BIark U n30exaTh MOAOOHBIX MPOOIEM.

Marepuan reoMmeMOpaHbl AT BO3MOXKHOCTh YMEHBIITUTh TOJNIIHHY CIIOSI THIPOH30-
JISINH, a TAKXKe PacpeesIuTh Harpy3Ky, a 3T0, B CBOIO O4epelb, Ype3BBIUaitHO 3 hek-
THUBHO B CTPOUTEIIECTBE TOHHEIEH.

Pe3ynbTarhl padorbl. PazpaboTano ycTpoHCTBO Ui IPUMEHEHHS NPU CO3AaHUH
BOJIOHETIPOHUIIAEMBIX PKPAHOB Ha XBOCTOXPAHWIIMINAX, TONTY3aKPBITHIX CKJIagax (Ha-
Becax) Ha MPEANPHUITUSIX U BOJOEMaXx, MPH CO3MAHUH U30JIHPYIOLIUX MTOKPHITHH B J10-
POXKHOM CTPOUTENHCTBE M PEKYJIBTUBAIINN HAPYIIICHHBIX 3€MEITh.

3amadedt pa3pabOTKH SBIIIETCS 0OECIICUCHNE TIOTHOW MEXaHU3aIlny PaboT YKIAIKN
BOJIOHETIPOHUIIAEMOTO TTOJIOTHA KaK MPH pa3MOTKE PYJIOHA, TaK U PU paboOTe ¢ IPOTH-
BOIIOJIOKHBIM KpaeM TOJIOTHA.

YCTpoicTBO ¢ MPOTUBO(UIBTPALIMOHHBIM TOJIOTHOM (puc. 1) [7-9] conep Ut mpu-
BOJIHOE YCTPOMCTBO (TenexKy) / ¢ mommonoMm 2. Ha monasecke 3 Tenexxku / Ha ocu 4
YCTaHOBJICH OapabaH 5 ¢ 3aKpeIUICHHBIM Ha HEM OJHUM KOHIIOM I'MOKHM IOJOTHOM 6.
Jna obneryenns 3aMeHbl OapabaHa 5 ¢ PYJIOHOM ITOJIOTHA 6 TIOAJIOH 2 BEHITIONHEH C
YKJIOHOM B CTOPOHY Pa3MOTKH 3TOTO MOJIOTHA. [IpOTHBOIMONOXKHBIA KOHEI TIOJI0THA 6
BBITIOJIHEH B BUjE pykaBa 7 (puc. 1, 6), B KOTOpPBIA BCTAaBICHA ChEMHAs IMOMEpPEUHAs
TATA 8.

VYnpyrue aneMenTsl 9 3aKperieHbl MOCPEICTBOM Oopsl /() Ha TPyHTOBOE OCHOBA-
uaue /1. CoeemHuas omniopa /3 (puc. 1, 6 u 6) mpemHa3HAYCHA I 3aKPETUICHUS Ha IO~
Becke 3 Tenexxku [ ynpyrux sneMeHToB 9. Jliist npikaTisi cepeinHbI MoIoTHA 6 K T10-
KpPBIBA€MOM MOBEPXHOCTH TPYHTOBOTO OCHOBaHUS [/ W YMEHBIICHUS MOJbEeMa
MOKPBITHsI 6 HaJl TOBEPXHOCTHIO TPYHTOBOTO OCHOBaHUS /] 10 BO3IEHCTBHEM BETPO-
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BOM Harpy3ku npeaycMOTPEHO UCIONb30BaHUE BAIUKOB /2, YIOKEHHBIX MOMEPEK MO-
notHa. Banuku /2 coctaBieHsl U3 TeJaecKomuIeckux TpyO. [loBepXHOCTD TpyO MoKHA
OBITH 0€3 OCTPBIX KpaeB U MOKPHITA THOKUM MaTepHAaJIOM.

VYkiaika mpoTHBOQHIBTPAUOHHOTO MOJIOTHA 6 OCYIIECTBISCTCS MEXaHU3UPOBAHO
OITHMM M3 JIBYX BO3MOXKHBIX CIIOCOOOB.

a

Buo b

2

Puc. 1. Cxema yKpBIBHOTO MOJBHKHOTO YCTPOMCTBA, YIPYTHE IEMEHTBI KOTOPOTo 3aKperie-
HBI Ha TPYHTOBOM OCHOBAHWY — @; BUJ b — 6; CXeMa YKPBIBHOTO MOJBIXKHOTO YCTPOMCTBA,
YIPYyTHE 3EMEHThI KOTOPOTO 3aKPETUICHbI Ha IPHBOHOM YCTPOWUCTBE — 6
Fig. 1. The scheme of a traversing cover device, flexible elements of which are fixed at the
foundation — a; view along arrow 5 — 6; the scheme of a traversing cover device, flexible
elements of which are fixed at the driving — 6

IIpu nepBom crioco6e (puc. 1, a) IPOTHBOIOIOKHBIIN KOHEII ITOJIOTHA 6 3aKperiseT-
Csl K YIPYT'UM 3JIeMEeHTaM 9 ¢ MOMOIIBI0 CheMHOM TOTIepeyHol TsarH 8. YIpyrue siie-
MEHTBI 9 KpersATcs MoCpeacTBOM onopsl /() Ha rpyHTOBOE OcHOBauue /1. [1pu ynepxa-
HUHW NIPOTHUBOIIOJIOXKHOI'O KOHIIA ITOJIOTHa 6 IMOCPEACTBOM OITOPBI 108 HCIIOABM>XHOM
COCTOSTHUHM TeJIe)KKa / OTKaThIBAeTCsI, pa3MarhiBasi pyJoH monoTtHa 6. CepequHa monor-
Ha 6 B mporecce pa3MOTKH pPyJIoHa ¢ OapabaHa 5 HAXOAUTCS B IPHKATOM BaJIMKaMHu /2
COCTOSIHHH K YKPHIBA€MO# TIOBEPXHOCTH TPYHTOBOTO OCHOBaHwMsI //. B naHHOM cirydae
OapabaH 5 ¢ pyJIOHOM IOJIOTHA 6 HAXOAMTCS HA IMOJBUKHOU TEIICKKE /.

[Mocne pa3moTku pynoHa O6apabaH 5 CHUMaeTcs ¢ MOJBECOK 3, a Ha ero MecTo I10
HAKJIOHHOM TUTOCKOCTH TIONI0OHA 2 CKAaTBIBACTCS CIECMyIONTNi OapadaH ¢ pyJOHOM I10-
notHa. [Iporecc pa3MOTKH MTOBTOpPSIETCS.
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[Ipu Bropom cniocobe (puc. 1, 6) 6apaban 5 ¢ pyI0HOM MOJOTHA 6 ycTaHABIUBAETCS
CTalMOHAPHO MOCPENCTBOM OMOPHI /() Ha TPYHTOBOE OCHOBaHuUE /. Ypyrue sJaeMeH-
Tl 9 IOTOTHA 6 3aKPEIUIAIOTCS C MOMOILBI0 ChEMHOI OmopsI /3 Ha moaBeCKe 3 TeNex-
ku . Tenexxka / OTKaThIBaeTCs, pa3MaTbiBas PYyJIOH MoJoTHA 6 ¢ Oapabana I, 3akpe-
TUIEHHOTO Ha omope /(. B nannoM cinyyae 6apaban 5 ¢ pyJIOHOM MooTHa 6 HaxonuTCs
Ha HEMOJBMXKHOM omope /0.

AHanu3 u 06cy:kaenne. Pacyer TONINWHBI reOMeMOpaHbl MOXKET OBITH MPON3BEACH
no ¢popmyse, pekomeHayeMoi komnanuei « Texmoaumepy [10]:

5 =150qdK, / (oK),

rae & — McKoMasi TOJIIIMHA reoMeMOpaHbl, MM; ¢ — OoJTbIlIee U3 ABYX 3HAYCHUI Harpy-
30K: B IEPHUOJ YKJIAJIKU WK B niepuon dkcruryararu, Mlla (0,25-0,71); d — HanGonb-
WA AUAaMETP YacTUl] TPYHTA, MM; KH — nuHamuueckuii kodddurment (1,0-1,8);
G — IIPOYHOCTh FeoMeMOpaHk! Ha paspsi, MIla (cm. Tabn. 4 u3 [10]); K — xosddumu-
eHT 3QPEeKTUBHOCTH 3aLIUTHBIX MpoKIagok (1,0—1,6).

Tonmaa reoMmeMOpaHbl PaCCUNTHIBACTCSL UCXOAS U3 COXPAHHOCTH MPH YKIIAJIKE U B
TIEPUOJT DKCTIITyaTalluy B TEJle COOPYKEHHUSL.

leomeMOpaHbl MOTYT OBITH apMHUPOBAHHBIMH. APMHUPYIOIIUA MaTepuan MOXKET
OBITH U3 TKAHOTO F€OTEKCTHUIIS, CTEKJIOBOJIOKHA U IPYTUX MatepuajioB. M3roraBinuBaioT
U TIepPeBO3ST reoMeMOpaHbl 0OBIYHO B pylIoHax mupuHoi ot 1,5 mo 10,0 m. Pacmpo-
CTpaHEHHas TOJIIWHA reoMeMOpaH Konebnercs B auana3zone ot 1,0 1o 3,5 mMm. MoH-
TaX TPOTUBOQMIBTPALIMOHHOTO SKpaHa BBINONHAETCS NPU TeMIIEpaType HE BBIIIE
+45 °C nerom u He Hke —5 °C 3umoil. [lpensaTcTBueM JUIsi Ka4YeCTBEHHOM yKIaaKU
SBJISIFOTCSL CHJIBHBIN BETEp U MHTEHCUBHBIC aTMocdepHblie ocanku [11].

Oo0sacTe MpUMeHeHNsl pe3yJabTaToB. B HacTosiee BpeMs peaau3yeTcsl IPOeKT
JUKBUAAIMHA XBOCTOXPAHUIUIIA MPOMBIIINICHHBIX OTXOJIOB Ha TEPPUTOPUH MPEATIPHUS-
tus «Kapabammenpy» B UensOunckoit obmactu. st ymydieHus: SK0oI0rn4eckor CUTY-
alUy TJIaHUPYETCS BHIPOBHSTH MMOBEPXHOCTh XBOCTOXPAHMIINIIA, HAPACTUTh U YKpe-
UTH AaMOy, C/AeIaTh BOIOHENPOHUIIAEMBIH 9KpaH M3 HECKOIBKHUX CJIOEB CYIJIIMHKOB.
Caepxy OyIeT yno)keH II0JOPOAHBIH ciI0i MouBkl. B pe3ynbTare Ha MeCTe XBOCTOXpa-
HUJIUILA TTOSIBUTCS O1aroyCTPOSHHBIH CKBEp € 31eMeHTaMu o3eneHeHus [12].

TexHuueckuit 3Tan peKyIbTUBALMK 3€MEJIbHOTO y4yacTKa MpPeayCMaTpUBaeT KOM-
TuIeKC paboT, HalpaBJIEHHBII HA BOCCTAHOBJICHNE HAPYILICHHBIX 3€MeTb [IPU pazMellle-
HUM OTXOAOB ObIBIIEH oOorarutenbHOi (abpuku Kapabamickoro menemiaBribHOTO
koMOuHara. [TloTpeOHOCTh B peasin3alii HaMeuaeMoW PEKyJIbTUBAIMH O0YCIIOBJICHA
1eNeco00pPa3HOCThIO UCKITFOYCHUSI BOSMOXXHOCTH HETaTHBHOTO BO3JCHCTBUS Ha KOM-
MIOHEHTHI OKpYyXkaromel cpeabl. JINKBUAALNSA XBOCTOXPAHWIMILA 3HAUUTENIBHO OTpa-
3UTCS Ha 037I0POBJIEHUH MIPUPOAHOM cpenbl pailoHa.

JJ1s TEXHOJIOTMYHOTO PEIIeHUs] TTIOCTAaBJICHHOW 3a/1a4M aBTOPbI HACTOALLEH CTaThU
NPEAJIararoT BBIIOIHUTH BOJIOHEIIPOHULIAEMBIH SKpaH B BHJIE TeOMeMOPaHbl U3 TOJH-
MepHoro matepuana. [Ipu 3ToM ycTpoiicTBO ¢ IpOTUBO(UIBTPAIIOHHBIM MTOJIOTHOM
[9] mo3BOMUT OOECIIEUUTD MOTHYI0 MEXaHU3AIMIO PAdOT IO YKJIaJKe BOJOHEIIPOHUIIA-
€MOr0 TOJIOTHA KaK IPH Pa3MOTKE PYJIOHA, TaK M MpH paboTe ¢ MPOTHBOIOIOKHBIM
KpaeM I0JIOTHA.

BouiBoasl. Pe3ynbraroM HacTosimelt paboTh SBJISETCS pa3paboTKa YHUBEPCATHHOTO
YKPBIBHOTO YCTPOMCTBA, 00ECTIEUNBAIOILETO TOTHYI0 MEXaHU3aUI0 PadoT MpH YKIaI-
K€ BOJIOHETIPOHUIIAEMOTr0 MoJIoTHA. [IprMeHeHe NONy4eHHbBIX Pe3ynbTaToB MepCeK-
TUBHO Ha MPOMBIIIJICHHBIX 00bEKTaX sl MUHAIMHU3AIMK HEraTUBHOTO BO3JCHCTBHS Ha
OKpyXarlyto cpeny. OxugaeMbie COIMaIbHO-IKOHOMIUYECKUE 3PPEKTHl OT UCTIONB-
30BaHMs pa3pabOTaHHOTO YKPBIBHOTO yCTPOMCTBA 3aKIIOYAIOTCS B COBEPIIEHCTBOBA-
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HUU TEXHOJIOIMYECKUX MPOIIECCOB, HCIOIB3yEeMbIX B TOPHOIO00BIBAOIIEH 1 repepada-
THIBAIOIICH MPOMBIIUICHHOCTH, TIOBBIIICHUU MPOU3BOJICTBEHHONH 0€30MacHOCTH
(BKITFOYAS DKOJIOTHUECKYTO).
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THE USE OF GEOMEMBRANE SCREENS AT MINING ENTERPRISES

Davydov S. Ia.l, Valiev N. G.!, Apakashev R. A.l, Druzhinin A. V.1, Belov V. A.2
! Ural State Mining University, Ekaterinburg, Russia.
2 Russian Copper Company, Ekaterinburg, Russia.

The subject of the research is cover devices applied during the creation of waterproof screens at tailings
storages and reservoirs, semi-enclosed storage facilities (sheds) at enterprises, during the creation of
insulating coatings in road construction and disturbed land reclamation. The present work suggests
applying cover devices, proven at the copper-smelting works of Nornickel Group and the Dzhezkazgan
Mining and Metallurgical Plant.
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Research aims to develop scientific-engineering fundamentals of the cover device applied under the
creation of waterproof screens at tailings storages, storage facilities, and reservoirs and under
the realization of insulating coatings in road construction and disturbed land reclamation. Analytical review
has been carried out concerning various uses of cover devices in the capacity of semi-enclosed storage
facilities (sheds), frameless hangars, and pneumoframe constructions to cover the equipment from
environmental influences, insulating coverings during the construction of polygons for waste products of
various hazard classes, as well as in the capacity of impermeable screens for heap leaching pads and
artificial reservoirs. An example is given of a possible use of a geomembrane for the creation of a
waterproof screen under the reclamation of a tailings storage.

Research results in the development of a universal cover device providing total mechanization of work
when laying waterproof fabric during both reeling off a roll and working with an opposite side of a fabric.
Results application is promising at industrial facilities to minimize negative environmental impacts.
The expected social-economic effects from the use of the developed cover device are in the updating of
workflows for mining and processing industry, occupational safety (including environmental security) and
industrial automation improvement.

Key words: mining industry, environmental security, semi-enclosed storage facilities, frameless hangars;
geomembrane; roll of fabric.
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PECYPCOCBEPETAIOLLMUE TEXHONOIMK NOBbIYU PYQl
HA BONbLUUX TMYBUHAX

XOMEHKO 0. E.1, NALLEHKO B. U.2
" HaunoHamnbHbIN TEXHUYECKMA yHUBEpCUTET « [IHENPOBCKAs MONUTEXHNKA»
(Ykpawuna, r. AHenp, npocn. AsopHuukoro, 19)
2 YKpanHCKUI Hay4HO-MCCNELOBATENbCKMIA U NPOEKTHO-M3bICKATENBCKNN UHCTUTYT
MPOMbILLNEHHOM TEXHOMOTUM
(YkpamHa, r. XenTble Bogbl, npocn. Ceobogbl, 37)

Beeoenue. Iloozemnasn paspabomxa pyoHsIX MeCmMOpO*COeHUl XapaKmepusyemcs yxXyoueHuem 2opHo-
2€07102U4eCKUX U 20PHOMEXHUYECKUX YCA08Ull, NOBbIUIeHIeM MpPebosanull K oXpane okpyicaroujeli cpe-
Obl U Heop, a maxaice 6e30NACHOCIU HCUSHEOEAMENTbHOCIU YeN06eKAd 8 30He GIUAHUSL 00BEKMO8 20PHO-
PYOHO20 npousgoocmaa.

Lenv pabomour. Coz0anue u eHedpeHue pecypcocbepearowux mexrono2ui 006wviuy pyo Ha 601bUUX
2NYOUHAX HA OCHOBE Pe3YIbMAM08 AHAIU3A NPOABTEHUs SHEPSUU 20PHO20 OUBILEHUS BOKPY2 NOO3EMHbIX
BbLIPADOMOK NYMeM PACKPLIMUsA PUIULECKOU CYWHOCMU DEHOMEHA UX 30HANbHO20 KANCYAUPOSAHUS.
Memooonozus. Ilpumenanca ycosepuieHCmeo8antblii Menmoo WAXMHbIX, 1a00PaAmOPHLIX U IKCHePUMEH-
MANbHBIX UCCTLEO0BAHUL, MEMOO MAMEMAMUYECKO20 U PUIUYECKO20 MOOETUPOBAHUSL, 4 MAKIHCE MeOpemi-
uecKkull ananus u 0606w eHue pe3ybmamos uccied08anull N0 CMAaHOAPMHbIM U HOBbLM MEMOOUKAM.
Hosusna. Ycosepuiencmeosana cyujecmeyiowjas Kiaccugpurayus Memooos uccie0o6aHus HanpsdiceH-
HO-0eOpMUPOBAHHO20 COCMOAHUSL 20PHBIX NOPOO NOCPEOCHBOM UCNONb308AHUS NPUSHAKA «CHOCOO
npeoCcmagienus Maccueay no QYHKYUOHAIbHOMY HA3HAYEHUIO: HamypHble (RpoMbluientble), Qusuye-
cKue (1abopamopHbvie) u ananumudeckie (meopemuiecKkue). Ycmanosneno, umo omnocumenbHoe Konu-
4eCcmeo NepeHanpasieHHol IHeP2ULL 20PHO20 OA6IeHUsL HA NOOOEPIHCAHUE COPHBIX 8bIPAOOMOK ONUCHIBA-
emcs napadono-eunepOOIUYecKoll 3a8UCUMOCbIO, Ha Daze ye2o paspabomanvl 2eodHepeemuyeckue
MexHoN02UU NOO3EMHOU PA3PAbOMKU PYOHBIX MECHOPONCOCHU.

Pesynomam. Paspabomansl mexnonocuieckue nooxoosl K NPOEKMUpoSaHu0 mpacc HapesHvix u noo-
20MOBUMENbHBIX 8bIPAOOMOK U 2e0HepeemuiecKue Uobl KDenieHUs 6 CIAmu4ecKux YCio8usx 30Halb-
HO20 KANCyiuposamus Ha 6ase npeodiodCeHHbIX MemoOOL02ULeCKUX NPUHYUNOE YNPABIeHUs dHepauell
NpeooXpanumensHol Kancynvl: npomusooeicmaue, ypasHogeuwusanue, cooelicmaue, ycmpanenue u ne-
penecenue.

Hpaxkmuueckas 3snauumocms. Onpedenenvl MexHON02UEeCKUe NAPAMempbl NPOBeOeH st 6YPOB3PbIBHbIX
U OYUCMHBIX PAOOM 8 YCAOBUAX OUHAMUYECKO20 0eDOPMUPOBAHUSL MACCUBA 8 DAHUYAX dHepeemuye-
CKUX 30H NPEOOXPAHUMENbHBIX KANCYA NymeM paspadomku ycmouuugol popmol 6b1pabomox nooceuxu
u ompesku 05 waxm YAO «3KPK». IIpednodceno usmenenue Hanpagienuti Oyperus IKCHIyamayuon-
Huix ckeaxcun ona waxm YAO «3KPK», a maxowce payuonanvHvle paccmosHusi Mexcoy CK8AXCUHamMu
onst waxm 'l «BocmI' OK». Onpedenena skonomuueckas 3¢pghekmusHocms mexHono2uiecKux peuleHull
1O YCOBEPUIEHCMBOBAHUI) NOO2OMOBUMETbHYIX, HAPE3HBIX, OYPOB3PBIGHLIX U OUUCMHBIX pabom 05 pyo-
HBIX Waxm Ykpaunvl no y0eibHbiM NOKA3amensim 3h@ekmueHocmu 20pHbix pabom.

Knrouegwie cnoga: kpenocms nopoo; 2opHoe 0agienue; coCmosnue opHblX NOPoO, Kancyia vipabom-
Ku; pecypcocbepezaroujue mexHono2uu.

Beenenue. B Hactosmee Bpems IryOuHBI pa3pab0TKu pyIHBIX MECTOPOXKICHUH 0~
cturn otMeTk 1500 M, 4TO MPHUBENO K 3HAUUTEIBHOMY YXYALLEHUIO T€OAMHAMUYE-
CKUX YCIIOBHH NOOBIYM PYIHOTO ChIpbs. Tak, Hampumep, ynpyras HOTCHLUHUAJbHAs
SHEprusi YKPanHCKOTO KPHCTAJUIMYECKOTO IIMTa Hayajga MPOSABIATHCS HE TOJIBKO B
BUJIE ILIEIYIICHUH U 3aK0I000pa30BaHui, HO M B BHJE TOPHBIX YIApOB, CTPEIISTHUNA
3eMJICTPSICEHUI Pa3InYHON aMILTUTYABl. DTO MPUBENIO K MOTEPe TOPHBIX BHIPAOOTOK
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¥ 3a11aCOB MOJIE3HBIX NCKOIIAEMBIX, IOBPEKAECHUIO 0OBbEKTOB, TPABMHUPOBAHHUIO U THOEIIH
moneit. [losTomy co3nanne U BHEAPEHUE pecypcocOeperaronux TEXHOIOTHI T00ban
PYO Ha OONBLIMX [TyOWHAX Ha OCHOBE PE3YJIBTaTOB aHAIN3a IPOSBICHUS SHEPTUH TOp-
HOTO JaBJICHHUS BOKPYT MOA3EMHBIX BHIPAOOTOK MyTEM PACKPBITHS (PU3NUECKON CyII-
HOCTH ()eHOMEHA UX 30HAIBHOTO KaIllCYJMPOBAHMS — BaXKHAsI HAYYHAs!, IPaKTHYEeCKast 1
conuanbHas 3agaqa [1, 2].

Teopust 1 MeTOABI UCCIe0BAHUA. ABTOpPAMH BBITIOJTHEHBI HCCIIEIOBaHUS B 00na-
CTH CO3JIaHMA U BHEIPEHUs pecypcocOeperaonx TEXHOIOTH JoObYr pya Ha O0Ib-
MIMX TTyOMHAaX Ha OCHOBE PE3y/lbTaToB aHAIN3a MPOSBICHUS SHEPIHU TOPHOTO JaBiie-
HUSI BOKDYI TOA3EMHBIX BHIPA0OTOK IyTEM PAaCKpPHITUS (DU3NYECKOW CYITHOCTH
(eHOMeHa MX 30HaJNBHOTO KamncyiaupoBaHus. [Ipoanann3upoBanbl Qu3ndecKue CBOM-
CTBa FOPHBIX TIOPOJ U HOBBIE TUIIOTE3HI O TOPHOM JaBJIEHUH C YUETOM OLIEHKH CTETIEHU
YCTOWYMBOCTH OOHAKEHUH, BHISIBICHHUS 3aKOHOMEPHOCTEN UX 1e(hOPMHUPOBAHUS U pa3-
PYLIEHHS, YBA3KH U3BJIECUEHH Py U TIOPOJ BO BPEMEHH U IPOCTPAHCTBE, ONIPEIEIECHUS
napaMeTpOB KOHCTPYKTHUBHBIX 3JIEMEHTOB CUCTEM Pa3pabOTKH, CLIOCOOO0B KPEIUICHHS 1
COOTBETCTBYIOIIMX THUIIOB KPENH, MPOMBIIIJICHHBIC, Ta00paTOpHBIE U TEOPETHYECKUE
WCCIIeIOBaHMsI, a TakKe aHaJu3 M 000OILICHNE pe3yNbTaToB MCCIEIOBaHUM MO CTaH-
JapTHBIM U pa3padoTaHHBIM MeToAuKaM [3].

O0cy:x1eHHue U OLEHKA MOJYYeHHBIX pe3yabTaToB. Pa3paboTkoll TexHOIOTHi
MOA3EMHOM JOOBIUN MOJIE3HBIX HCKOMIAEMbIX B HAIIPSDKEHHBIX MTOPOJaxX aKTUBHO 3aHU-
Mmanuch yuensle Poccuiickoit @enepaunu, Yxpaunsl, Pecriyonuku Kazaxcran, Peciy-
omuku Keipreiscran, I'epmanuu, ABcrpun, llIBeitmapun, ®@panruu, Anrmuu, CLIA,
Kananpr, FOAP u npyrux pa3BUTHIX TOPHOIOOBIBAIOIINX CTpaH Mupa. MccienoBarenu
YUUTBHIBAJIM U3MEHEHNUS HANIPSHKEHHOCTH MacCcHBa MO CTENIEHU BIMAHUSA Ha ITapaMeTphl
Kperei BIpaboToK U cucTeM pa3paboTku. IlpuknagHoit popmar OONbIIMHCTBA Hayd-
HBIX pa3pa0dOTOK, KOTOPbIE OCHOBBIBAJIMCH HA MPUHIIMIIE TPOTUBOACHCTBHS BO3pacTa-
IOLIEN PHEPTUH TOPHOTO JABJIEHUS, CTABUI LEJIbIO TOJIBKO MUHUMU3UPOBATh 3aTPaThl
Ha 100bruy. Takoi moaxon caenans HeBO3MOXKHBIM PACKPBITHE (PU3MYECKOH CYITHOCTH
SBJICHUS] 30HAJBHOW NE3MHTETpald TOPHBIX MOPOA, KOTOPOE MPOSABIAETCS BOKPYT
BCEX IMOA3EMHBIX BBHIPAOOTOK, YTO HECKOJIBKO MPHOCTAHOBHIIO pa3BUTHE (QyHIaMeH-
TaJbHBIX TEOPUM O TOPHOM JIaBJIEHHUHU. 32 HECKOJIBKO MOCIETHUX AECATUIETUH 3TO CTa-
JI0 3HAYUTEIBLHON Nperpasoi Ha My TH CO3JaHMsI HOBBIX TUIIOTE3, TEOPUH HIIM METOOB,
ONMCAaHUA U MOJEJIMPOBAHUS 30HAIBHOTO CTPYKTYPHUPOBaHMS MAaCCHBA BOKPYT TOPHBIX
BbIpaboTok [4—10].

Knaccudukanus MeToaoB Hceae10BaHUsA COCTOSIHUS TOPHBIX nopox. Pa3pabor-
Ka MECTOPOXXAEHHH B Pa3HOOOPa3HBIX YCIOBUSAX 3aJIEraHUs TPU Pa3HBIX CBOHCTBAX
PYZL ¥ IOPOA XapaKTEPHU3YeTCsl paCTPECKUBAHNEM, PAacCIanBaHUEM, 3aK0JI000pa3oBa-
HHEM, OOpyIICHHEM, YIapOONacHOCTBIO M IPYTUMH (OpPMaMH MPOSBICHUS YHEPTUH
TOPHOTO AaBieHHs. AHAIN3 TOPHOTEXHUYECKUX U T€OAMHAMUYECKUX YCIOBUHN pa3pa-
OOTKH PYIHBIX MECTOPOXACHHH YKpauHBl MOKA3aJl, YTO JUHAMHYECKUE MPOSBICHUS
TOPHOTO JIABJICHUsSI YKa3bIBAIOT Ha BHICOKYIO 00€CIIEUeHHOCTh OTEYECTBEHHBIX PYIHBIX
MECTOPOXKJICHUH YIPyrod MOTEHUHUAJIIBHONW 3HEpruer ropHeix nopoa. Hakomienue Ha-
MPsDKEHU B MacCUBE M pa3pyllIeHNe TOPHBIX TTOPOJ, BO3HUKAIOIINE B MPOLIECCE OTPa-
OOTKHM MECTOPOXKICHUH, N3y4aroTCsl pa3HOOOpa3HBIMU MeToaMH. B 0cHOBY OONBIINH-
CTBa MPUMEHSIEMBIX METOJIOB UCCIIEIOBAHUHN MOJI0OKEH MPUHIIUII 3aBUCHMOCTEH pa3HbIX
CBOWCTB TOPHBIX TIOPOJ] OT MX HaNpsHKEHHO-Ne(OPMUPOBAHHOTO COCTOSIHUS MOJ] BO3-
JIefiCTBHEM €CTECTBEHHBIX U MCKYCCTBEHHBIX SHEPreTHYECKUX MOJIEi B MacCHUBeE.

Hecmotpst Ha MHOTOOOpa3ue MpUMEHSEMBIX METOAOB U CPEACTB ITUArHOCTUKU U
KOHTPOJISl HANIPSDKEHHO-AC(POPMUPOBAHHOTO COCTOSTHHSI MACCHBA, M0 PYHKIIMOHATILHO-
My Ha3HauUEHHIO MX MOXXHO OOBEMHUTH B TPH Kiacca: HaTypHbIE (IPOMBIILJICHHBIE),
¢usnueckue (maboparopHele) U aHanUTHYEeCcKHe (TeopeTnyeckue). Kmaccsl noapasne-
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JSIFOTCSL Ha TPYNIBl (BU3yaJbHBIE, MapKIICHAEPCKHE, MEXaHUYECKHE, Te0(pU3NIECKIe
U Ipyrue) u aajee Ha BuAbl. [Ipu moMoiy mpusHaka «crnoco0 npeicTaBIeHHs MacCu-
Ba» OblIa YCOBEPLICHCTBOBAHA CyIIEeCTBYIOIas Kiaccuduranus (tadm. 1) [11].
Co3pnaHne aHAIMTHYECKOM MOJIeNHN, aleKBaTHO OMMCHIBAIOIIEH SBIEHHE 30HAJIBLHO-
IO KalCylHpOBaHMs TOPHBIX BBIPAOOTOK KaK OJHOTO M3 HEMO3HAHHBIX (DEHOMEHOB

Taéauua 1. Knaccupukauus MeTo10B Hcciie10BaHUS HANPS:KEHHO-1e()OPMUPOBAHHOTO
COCTOSIHHSI TOPHBIX OPOJT

Table 1. Classification of rocks stress-strained state resear ch methods

Krace I'pynna Bun
1. Harypnsie BusyanbHble HaGmonenust v onieHKu
(TIPOMBITIIICHHBIE) .
Mapkmeiinepckue Mapkieiiepckue CbeMKH
Mexanuueckue Pa3rpy3ku MaccuBa

KomnencanuonHoi Harpy3xu
Pa3noctu naBienuit
Yrpyrux BKIOUEHUH
JleopMariuu CKBayKHH
I'myOuHHBIX perepoB

leodusngeckue AkycTuieckue
YbTpazByKoBbIE
Pagnomerpuyeckue
DIEKTPOMETPUUECKUE
I'eomaruuTHbIE

II. ®usnueckue HccnenoBanus cBOMCTB MOpPOJT [InoTHOCTHBIE
(;mabopaTopHbIe) Mexannueckue

OKBUBAJICHTHBIC MaTEPHAIIBI MogenupoBaHus Ha Ipeccax
LleHTpOOEKHOTO MOJEIUPOBAHHS

OnTHKO-NIOIIPHU3AIOHHEIE MopgenupoBaHus Ha Ipeccax
TeHTpoOeKHOr0 MOJETUPOBAHHS
O6BeMHOH (OTOYIIPYTOCTH

DNeKTPOAMHAMIYECKIX DNeKTPUUECKHX CETOK
QHAJIOTUH DJEeKTPONPOBOHBIX MaTEPHAIIOB
III. Aranutuyeckue | MexXaHUKH TOPHBIX TOPOJ Cruto1mHoMi cpesibl
(TeopeTnyeckue) Yupyroctu
[Tnactnunoctu
[Ton3ydectn

['pannuHbIX pa3zHocTEl
['paHUYHBIX 2JIEMEHTOB
KoHeuHbIX 251eMEHTOB

CuHepreTuueckue OHTponuiiHele
TepmonnHamMuueckue
DHepreTuveckue

(1)H3I/I‘-ICCKOI‘O MHpa, BO3BMOXHO IIPHU HCIIOJIB30BAHUN CHUHEPICTUUCCKUX MCETOAOB HUC-
CJICAOBAaHUA: 3HTpOHHI>'IHBIX, TEPMOAUMHAMUNYCCKUX, SHCPICTUUCCKUX. TCpMOI[I/IHaMI/I-
YeCKUU MeTol, co3naHHbii B. @. JlaBpuHEeHKO, aripoOMPOBaH U IIUPOKO MPUMEHSETCS
npu MozienupoBaHuu. OCHOBBI SHTPOIUIHOTO METO/a B PaMKax TEPMOAMHAMUYIECKOM
Teopuu ObUIA TOpaOOTaHBI U PACIIUPEHBI AJISl HCIIOJIh30BAaHMS B KauecTBe 000CO0IeH-
HOTO METO/a uccieaoBanus. Jlanee Ha 6a3e SHTPONMUUHOTO METOA, KOTOPBIN OIpee-
JII€T IIapaMeTpbl HEHAPYLIEHHOTO MAaCCUBa, U TEPMOAMHAMUYECKOIO METOAA, KOTOPBII
MOZETMPYET COCTOSIHUE MaccrBa B IPHUKOHTYPHOH 30HE (30HE pa3rpy3ku), ObLT pa3pa-
0oTaH eme OMH CHHEPTeTUYECKUM METOM, KOTOPBIN ABIAETCS dHepreTudeckum. OH
MO3BOJISIET MOJENIMPOBaTh COCTOSIHME MacCHBa B JHEPreTHUECKHUX 30HAX, KOTOPHIE
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(GOpMHUPYIOT IPEIOXPAaHUTENBHYIO KaICyITy, U OIMCHIBATH B3aUMOICHCTBUE MEXaHHYe-
CKOM, TEpMOAMHAMUYECKOH U APYTruX BUJOB dHEpruif [12].

Omnpenesienne pa3mepoB 1 GopMBbI JHepreTHYeCKUX 30H B kancyiae. opmupo-
BaHHE TOPHOH BBIPAOOTKH SIBISIETCS] IPHYMHOMN HAPYILIEHNsI SJHEPreTHIeCcKoro OanaHca
HEHapYIIEHHOTO MaccHBa, YTO 0OYyCJOBIMBAET BO3HUKHOBEHUE M MPOTEKaHHE B HEM
CaMOOPTaHU3YIOMINXCSl TEPMOAMHAMHYECKUX MPOLECCOB MyTeM MpeoOpa3oBaHus 1Mo-
TEHIUATBHOW YHEPTUH B paboTy AeopMaiuy nopo. B pesyisrare 3THX mpoLeccoB B
npezeax BMEIIAIOUIeT0 MacCHBa MOSIBIISIIOTCS] SHEPIreTHUECKUE OIS, POPMHUPYIOIIUE
000co0IeHHbIE YHEPTeTHYEeCKHE 30HbBI. [ pagieHT 00beMHON TIIOTHOCTH OTEHIINAIb-
HOU DHEPTHH B KOHTYpPE BBIPAOOTKH U OKPYXKAIOIIEM €€ MACCHBE IpelonpeaesieT H-
TEHCHBHOCTh TMPOTEKaHUs Mpolecca AeGOpPMUPOBAHUS MUHEPAILHOTO BEIECTBA B
BUJIE LICTYIICHHsI, OTCIIOCHUS, OOPYLICHUS, CTPENSHUS WK FopHOTO yaapa. [ pagueHt
TEMIIEPaTyp PYAHUUHON aTMOC(hephl B BBIPAOOTKE U MOPOJIaX, OKPYKAIOIIHUX €€, OIpe-
JeNsieT ypoBeHb (PAKTUUECKUX TEPMUUYECKUX HANPSKCHUH HA MOBEPXHOCTU OOHaXe-
Hus [13].

Tabauna 2. KoMIoHEHTBI NOTEHIMATBHBIX HANIPSZKEHUI B HEHAPYIICHHOM MACCHBE
TOPHBIX OPOJ YKPAHHCKOI0 KPUCTALIMYECKOr0 IIMTa

Table 2. The components of potential stresseswithin the unbroken rock massif of the Ukrainian
Crystalline Shield

[ORINVERONE Pamiyc xpyra Vipyrue noreHuanbHble
Tny6una | JaBienne BHeIIHKE Hanpsokenus, MIla BHYTDPEHHHX nanpsoxenus, MIla
H,m 0 MIla | peprykansueie | ropusontansupie | HANPSKEHUH | ropysontanbHele | BepTHKANLHELS
Oap ) R, m Aoy = Ady Aoy
500 15,0 7,72 15,0 7,72 7,72 7,35
1000 30,0 15,64 30,0 15,64 15,64 14,33
1500 45,0 24,08 45,0 24,08 24,08 20,92
2000 60,0 32,80 60,0 32,80 32,80 27,02
2500 76,0 42,24 76,0 42,24 42,24 32,64
3000 91,0 52,25 91,0 52,25 52,25 37,53

B pesynbrare HapyIIeHUsI MEXaHUYECKOTO U, KaK CIEJCTBHE, JHEPTETHUECKOTO pPaB-
HOBECHUSI HEHapyLIEHHOTO MacCHBa BOKPYT BBIPaOOTKU 00pa3yeTcst HECKOJIBKO 30H, B
KOTOPBIX MPOTEKAIOT MPOLECCH MPeoOpa3oBaHus MOTEHIMAIBLHON SHEpruu B paboTy
JnepOpMUPOBaHUS TIOPOA U MEpexoAa TEIUIOTHl OT HAarpeToro MaccuBa K PYIHHYHON
arMocdepe. DHepreTHUECKUE 30HbI XapaKTepHU3yIOTCs 0oJiee BEICOKHMMU MapaMeTpaMu
MHTEHCUBHOCTHU: HANPSKEHU, TEMIIEPaTypbl, INIOTHOCTH, HAMarHUUEHHOCTH — IO CPaB-
HEHHIO C HETPOHYTHIM MacCHUBOM. B 3aBUCHMOCTH OT yclioBHI TPOBENEHHUS BEIPAOOTKH
(pu3mueckue cBoiCTBa MOPOA, IyOHHA 3aJOKeHH, popMa cedeHus1, rabapuTHbIE pas-
MEpHBI, BUIBI KperieHns1) OyayT BapbHpOBaThCs pa3Mepsl U (opma 3HEpreTHUecKux
30H. PacueTHpie 3HaYeHus1 Koadduuuenta GopMbl SHEPrETHYECKUX 30H A AT pyI U
nopo mpouHocTsio 40—180 MIla, koTopbIe ONpeAeNIOTCs COMIaCHO PacueTHBIM Ha-
NpPsDKEHUSIM, IpUBeeHb! B Ta0. 2 [14].

CesizanHbIe ¢ AeQopMalUsIMHU YIIPyTUe HANPSDKEHUS SBISIIOTCS MOTEHIMATbHBIMUY,
MOCKOJIbKY paboTa, KOTOPYIO OHM MOTYT BBITIOJIHUTD, 3aBHCUT OT BEJIIMYMHBI 0OpaTu-
Moii epopMaliui, BO3HUKAIOIIEH MTPY YaCTUYHOM HJIM MOJTHOM CHSITUU BHEIIHEW Ha-
rpy3ku. B pesynbrare npupaiieHui MOTEHIMAIBHON 3HEPrMM B TOPHBIX IOPOAAx
VKparHCKOTro KpUCTAJIMYECKOTO HIUTA TOIBKO 4acTh €€ AW ydacTBYeT B IpoLeccax
nepopmupoBanusi. Bozpacrtanue BepTukanbHOTO AaBienus 10 91 MIla na riryoune go
3000 M MpUBOIUT K MepepactpeeeHUI0 TOTEHIIUAIbHON YHEPTUH B MAacCUBE, KOTO-
past cocTaBiseT JUId BEPTUKAIIBHBIX YIPYTHUX MOTEHLIUANBHBIX HanpskeHuit 57 %, nis
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TOPU3OHTANBHBIX — 95 %. [lomydeHHbIe KBaipaTUYHbIE 3aBUCUMOCTH MOTEHIIUATBHBIX
HampsDKeHUM, TEUCTBYIOMINX B HEHAPYIIICHHOM MAaCCHBE TOPHBIX TOPOJT YKPaUHCKOTO
KpPUCTAJIMUECKOTO IINTA, MpeAcTaBiIeHbl Ha puc. 1 [14].

Jlis ompesiesieHust KOMMYeCTBa SHEPTHY TPU KPEIUICHUHU U TOJICPKAHUN BBIPa0o-
TOK HEOOXOMMO HAUTH Pa3HUILY MEX Ty BEPTHKAILHBIM JIaBJICHHEM MacCHBa Ha KPeIlb
Y BEITMYMHOM OTIIOPa, CO3/IaBaeMOM KPEIEKHON CUCTEMON BBIpaOOTKU. [1Jis 3TOT0 BOC-
MOJIB3yEeMCs SKCITPECC-METOIUKOM, OCHOBAHHOM Ha ydeTe U3MEHEHUS (JOPMBI SHEpre-
TUYECKUX 30H A JUIS pa3IUdHOM npouHoctu nmopon Kpusbacca (puc. 2) [15]. YMenbIie-
Hue ko3 dunuenta A ot 1 10 0 0TOOpakaeT Bo3pacTaHHe TOPHOTO JABICHHS OPOJ Ha
KpeIlb BHIPAOOTKH, BETMYMHA KOTOPOTO Ha 1 M? Kpenu CO CTOPOHBI KPOBIIH OIPEIeIs-
eTCsl Kak 00beM MacCHBa, 3aKIIOUCHHOTO B NPUKOHTYPHOW HEPreTHUSCKOW 30HE,
Y HAaXOIUTCS KaK Pa3HOCTh MEXKY BEPTUKAIBHON MOIYOCHI0 MPUKOHTYPHOM 30HKI a U
[IOJIOBMHOM BBICOTHI IOATOTOBHUTENLHOM 0,5/ HIM OYUCTHOH 0,5|np BBIPA0OTKH:
P, =v(a—0,5h), MIla.

60
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Hanpsoxenusi: ® — ropu3oHTanbHble, AGx(y) = AGy(); B — BEpTUKAJIbHBIE, AGzy)

Puc. 1. M3MeHeHNe NOTEHIMANBHBIX HAIPSXKCHUI, NEHCTBYIOIIUX B HEHapy-
IIEHHOM MAacCHBE TOPHBIX TOPOJ
Fig. 1. Dependences of potential stresses acting within an unbroken rock massif

['paHWYHBIM 3HAYEHUEM SIBISIETCS YCTOWYMBOCTH KOHTYpa BBIPAOOTKH, MPU KOTO-
POM MHUHHMMAaJILHOE 3HAaUY€HHE A PUHUMAIOT paBHBIM 0,5, 4TO COOTBETCTBYET UCIONb-
30BaHUIO MTPUHIIUIIOB YPaBHOBEIIMBAHUS, CONCHCTBUS U ycTpaHeHus. Eciiu 3HaueHne A
npudnmxaercs x 0,5, To JaBieHHe MOPOJ] Ha KPEeIb CyIIeCTBEHHO BO3PACTaeT U Mpe/o-
npeiessieT NpUMEHEHHE TPH pa3paboTKe KPENeKHBIX U MOIACPKUBAIOIIUX CHCTEM
MIPUHLIMIIOB NTEPEHECEHUS U IIPOTUBOJACHCTBHYSL.

Pacuerts mokazanu, 4To, HapUMep, IS ITOATOTOBUTENTLHOM BRIPAOOTKH, TIPOBOAUMOMN
B noponax mnpoynocteio 80 MIla, 3Havenus A = 0,9 — a = 0,44 m, ipu 0,8 —a = 0,68 M,
mpu 0,7 —a=1,0m,0pu 0,6 —a=142m,upu 0,5 -a=2,0munpu 0,1 —a=16 m.
JJist OuMCTHBIX BBIpaOOTOK 3TH 3HAUEHHS B CpelHEM B 2 pa3za Bbime. [lomumo 3TOTO,
OTHOCHUTENIFHOE KOJIMYECTBO UCIIOIB3YyEMOM SHEPTHH HAXOAUTCA B 9KBUBAJICHTHOM OT-
HOIIICHHUH K JTABJICHUIO MAaCCHBa Ha KOHType BEIPaOOTKH [16].

HccnenoBaHue U 0lIeHKA ITAXKHO-KAMEPHOI cUcTeMbI pa3padoTKH ¢ 0TOO0I KO
PYIBI U3 MOA3TAXKHBIX LITPEKOB. VccnenoBaHnne COCTOSIHUS TOPHBIX MOPOJ BOKPYT
OYHUCTHBIX KaMep BBITMOIHAIIOCH AJIs1 6a30BOT0 U MPEIaraeMoro BApuaHTOB 3aI0KEHUS
MOAATAXKHBIX OypOBBIX HITPEKOB Ha MPUMEPE OYUCTHOTO OJIOKA B MapKIIEHAEPCKHX
ocsix 110-118 mo 3anexu OcHoBHas kapeepa 2 maxTsl « TeproBckas» [TAO «Kpuso-
poxckuii XKPK» rop. 1200 M. TeopeTrueckue nccieqoBaHUs MO OMPEAETICHUIO pa3-
MepOoB 1 POpM 00IacTel BO3MOXKHOTO Pa3pyLICHHUS] MAaCCHBA TIPOU3BOIUIIN C TOMOUIBIO
JHEPreTHYECKOT0 MeToja. PacmpeneneHue o0iacTeil BO3MOXKHOTO pa3pylIeHUs B
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OKPECTHOCTH OYUCTHBIX KaMep MpeJCTaBiIeHO Ha puc. 3, a. V3 pucyHka BUAHO, 4TO
OypOoBBIC IITPEKU MOMAAAOT B 00JIACTH MHTEHCHUBHOTO pa3pylieHus mopoj. Jladopa-
TOPHBIC UCCIICIOBAHMS MPOBOIMIIM Ha SKBUBAJICHTHBIX MaTepraliaX Ha CTeHIC (hu3nde-
CKOTO MOJICIIMPOBAHUSI, YCTAHOBJICHHOM B JJAOOpaTopuu Kadeaphl CTPOUTEIHCTBA, TE0-
MEXaHUKHU U reoTexHUKHU (HanuoHansHbIl TEXHUYSCKUN YHUBEPCUTET «/J{HEenpoBCcKas
MOJIUTEXHUKAY, T. JlHenp, YKkpauHa).

[Ipu MoaenupoBaHuK 0a30BOTO BapHaHTA 3AJIOKEHUSI OYPOBBIX IITPEKOB PACCTOS-
HUE OT KaMepbl IPUHUMAJIOCH SKBUBAJICHTHBIM 5 M (puc. 3, 6, g). ®akT HEeyCTOWYNBO-
CTH TOPOJA HOATBEPKIACTCS SKCIIEPUMEHTAMU, MPOBEICHHBIMU HAa SKBUBAJICHTHBIX
Marepuasax, ¢ BBICOKOW CTENEHbIO JOCTOBEPHOCTHU. [[pOMBIILIIEHHBIE HCCIIEIOBAHUS
OBUIM peaJu30BaHbl C MOMOIIBI WHCTPYMEHTAJIBHBIX METOJOB C HUCIOJIB30BaHUEM
JJIEKTPOHHBIX MPUOOPOB (TaXOMETp, Ja3epHas PyJIETKa) MO ONpeesieHUI0 (haKkTude-
CKHX pa3MepOB OYHMCTHBIX Kamep (puc. 3, 2).

Koadduument Gpopmsl 30H A

Puc. 2. 3Haduenus A 11 pa3IU4IHON MPOYHOCTH MOPOJT
Fig. 2. The values df for various rock strength

[Mony4eHHbBIE pe3yNbTaThl UCCIEIOBAHNI YHEPTETHUECKOTO COCTOSIHUS TOPHBIX TO-
POA B OKPECTHOCTH OYHMCTHBIX Kamep Jalld BOZMOXKHOCTH pa3paboTaTrh METOJHKY 10
BBIOOPY pallMOHAJIBHBIX MECT 3aJI0KEeHUS OYpOBBIX BBIPAOOTOK HITH BEIOOpa UX paIfio-
HAJILHOTO KPETUICHHSI.

[MpuHIMI ypaBHOBEIIMBAHUS YUUTBIBACT OaslaHC MEXIY (hakTopaMu SHEPTUU Mac-
CHBa, C OTHOH CTOPOHBI, M pazMepamMu U GpopMoii BEIpabOTOK, C APYToi, U MO3BOJISIET
HaXOAUTh MEXIY HUMHU OaJaHC M MPaKTHYECKH HE UCIOIB30BaTh SHEPTHUIO ISl Kpe-
TUIeHUs! 1 oaepxkanus BIpadoTok (0—10 %). [IpuHIUIEI coneicTBUS U yCTpaHEHHSI
OJIM3KY 10 YPOBHIO MCIONB3yeMoi sHepruu Maccua (10-35 %). Pazauma B Tom, 9T0
TPUHIIMIT CONCHCTBUS IPUMEHSIOT JJIsl OYMCTHBIX BBIPAOOTOK MPH MPOHU3BOACTBE J0-
OBIYHBIX Pa0OT, & MPUHIUIT YCTPAHEHHS — PH COXPAHEHHH YCTOHYNBOCTH MTOJTOTOBH-
TEJLHBIX BBIPaboTOK. CaMbIM 3P QEKTUBHBIM METOIOIOTHYECKIM PUHIIATIOM SIBIISICT-
Cs TIPUHITUI TIEPEHECCHWs, KOTOPBIA IMO3BOJISIET MCIONB30BaTh 10 86 % 3HEpruu
MaccuBa MOCPEICTBOM CaMOPETYIHPYEMOTO aHKEPHOTO KPEIUIEHHsI, KOTOpOe HEeHTpa-
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JU3yeT KOHBEPTCHIIMIO MacCHUBa 3a CYCT DHEPTHU JMBEPTECHIIUN. JKOHOMHYECKas (-
(heKTUBHOCTH IPEJIaraeMoro MOAX0/1a COCTaBIsIeT 1,5 TPH/T, UTO IPU MPOU3BOACTBEH-
HOW MOIHOCTU INaxTel B 1,5 MuH T/Tog coctaBuT 2,25 MuH TpH. ys ymoOctBa
CPaBHEHUS TIOKA3aTeNIN CTPYIIITUPOBAHEI 110 BUY BBITIOIHICMBIX TOPHBIX pa0OT — MOJI-
TOTOBUTENBbHEIC U ouucTHBIE [17]. YnenbHas 3 ()EeKTUBHOCTh MOATOTOBUTEIBHBIX Pa-
00T omuchIBaeTCsS MapadoIO-TUIIEPOOTUICCKON 3aBUCUMOCTBIO OT HCIIONB3yeMOH
3HEpruu Maccusa (puc. 4).

[TomydenHbIe pe3ynbTaThl MO3BOIMIN 000CHOBATh HOBBIC TEXHOJOTMU BCKPBITHS,
MOJITOTOBKHU U pa3pabOTKH PYIHBIX MECTOPOXK/ICHUI Ha YKpanHe U 3a pyOeKoM, KOTO-
pble TIO3BOJIAIOT UCHIOIB30BaTh A0 86 % SHEPTruu ropHOTO JABICHUS C YKOHOMHEH pe-
cypcoB 10 37 % [18].

a w 4 s

Puc. 3. DraxkHo-kamepHas cucTeMa pa3padOTKH ¢ OTOOMKOW PyAbl U3 MOASTAXKHBIX OypOBBIX IITPEKOB,
NPON/ICHHBIX 10 OPOJE — @; PE3YAbTaThl TEOPETHIECKUX — O, 1a0OPATOPHBIX — 6 ¥ IPOMBILUICHHBIX — &
HCCIIeIOBaHMI IpeTaraeMoro crnocoda Hape3KH OYHCTHBIX OI0KOB Ha maxtax Kpuebacca
Fig. 3. Horizon-chamber mining with ore breaking from sublevel drilling rock galleries — a; the results of
theoretical — 6, laboratory — 6, and industrial — e research of the suggested method of cutting stoping blocks
at the mines of Kryvbas

IepcnexTuBbI pa3zBUTHA UccaeA0BaHMIA. [IpeenoM pa3BUTHS BOTHOBBIX IPOLIECCOB
BOKPYT TOPHBIX BBIPAOOTOK SIBJISIETCSI YCTAHOBJICHHE YHEPTETUUCCKOTO PABHOBECHS B IIPE-
JIOXPaHUTENILHOW KarcyJe U NMPUPAaBHUBAHUE €€ MPOYHOCTH K HEHAPYLIEHHOMY MACCHUBY.
Pa3ButHe reosHepreTMYecKuX METOAOIOIMYECKUX OCHOB ONITUMU3ALUU TEXHOJIOTHH TOp-
HBIX pa0OT JOJKHO MPUBECTH K CO3JJAHUIO COOTBETCTBYIOIICH MOJICHCTEMBI aBTOMATH3a-~
IIUH POCKTUPOBAHHUS Y TUIAHUPOBAHUSI TOPHBIX pabOT, TOBBIIICHHIO SKOJIOTHYECKOH 0€30-
MIACHOCTU OKPYXKAIOLIEH Cpelbl U YIYyYUICHUIO [I0Kas3areliell 370pOBbs HACEICHUS,
MPOKUBAIOIIETO B TOPHOAOOBIBAIOIIEM H TTepepadaThIBAIOIINX PETHOHAX.

BuiBoaswl. Yemanoenen xinaccuukalmoHHBIN PU3HAK «COCTOSHUE UCCIIEAYEMOTO
MacCHUBa», MO3BOJISIOIINHI pa3ieuTh HAYYHbIE TEOPUU O TOPHOM JABJIEHUU Ha MOA3EM-
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HbIE BBIpaOOTKM Ha TPH OCHOBHBIX Kilacca: cuil, AeOpMalii 1 COCTOSIHUNA MacCHBa.
Teopuu cun conepxar IpyIIbl THIIOTE3 COCTOSHUS CBOAA, 0aJoK M IMT. Teopuu ne-
dopmanmii comepkar TpyIbl TUIOTE3 paspyLleHus], peslakcalny, MoJa3y4ecTd Hapy-
IIEHHOTO MaccuBa. TpeTuil KilacC — COCTOSHUE MAacCHBa CONIACHO T€PMOAMHAMHUYE-
CKOH 1 9HEpreTHUeCKON TEOPHUSM 30HAIBHOTO KallCYTUPOBaHU MOA3EMHBIX BHIPAOOTOK.

Ilokazano, 4To CYUIECTBYIOLINE TEOPUH HE MO3BOJISIIOT YCTAaHOBUTH pa3sMepsl, (hop-
My, KOJIMYECTBO 30H U 00pa3yeMbIX B HUX obnacteil neopManuii v, IMaBHOE, OTKPHITH
(U3NUECKYIO CYIIHOCTh SIBJICHUS, KOTOPOE MPUBOIHUT K 30HAILHOMY CTPYKTYpHUpPOBa-
HHUIO MAaCCHBa BOKPYT BBIpaOOTOK. Pe3ynpraTtoM 3THX HCClIeIOBaHUH CTAN0 IPU3HAHUE
JAHHOTO (PEHOMEHATBHOTO SIBJICHHUSI OAHOM M3 CIOKHEWIINX MpoOieM ropHOW HayKu,
HE TOAJAIOLINXCS pelleHHI0 Ha 0a3e COBpeMeHHBIX mpesncTaBieHuil ¢pusuku. C uc-
MOJIb30BaHUEM CHHEPIETHYECKOTO METOJONIOTHYECKOTO MTOUCKA PACKPHITa (PH3HUYECKast
CYIIHOCTb TaKOTO HCCIIeAyeMOoro ()eHOMEHa, KaK 30HANbHOE KalCyJHMpOBaHHE BbIpa-
OOTKH CHCTEMOH KOJNBLEBBIX YJHEPIETHUECKUX 30H, U ONIMCAHBI (PU3NYECKHE MPOLECCHI,
NPOTEKAIOIINE B IPEAOXPAHUTEIBHOM Karcyse BEpabOTKH.

2500

2000 |
y=0,13@+ 145x

0 10 20 30 40 50 60 70 80 90

Hcnons3yemas sneprus Maccusa, %

VY nenpHast 90 GEeKTUBHOCTD
MOJITOTOBUTENBHBIX PaboT,
TpH/M

Puc. 4. I3mMeHeHue yaenbHON ce6eCTOMMOCTH ITIOATOTOBUTEIIBHBIX
pa6ot (B enax 2013 r.) ¢ yBennyeHreM dJHEPIUuM MaccuBa
Fig. 4. Regularity of preparatory operations unit cost (prices for 2013)

Pazpabomansi TEXHOIOTUIECKUE TIOAXOABI K TPOSKTUPOBAHHIO TPACC HAPE3HBIX U
IOATOTOBHUTCIIBHBIX BBIpa6OTOK N TCOOHCPICTUUCCKHUE BUABI KPCIUJICHUA B CTATHYC-
CKUX YCJIOBUSIX 30HAJILHOTO KallCyJMPOBaHUs Ha 0a3e MPeIIOKEHHBIX METOA0JIOTHYE-
CKMX MPUHLUIIOB YIPABJICHUS SHEPIUE IPEIOXPAaHUTEIBHOM KaICyJsIbl: IPOTUBOJEH-
CTBHE, ypaBHOBEIIMBAaHNE, COACHCTBHE, YCTPaHEHHE W TepeHEeCeHHe. YCTaHOBIEHO,
YTO OTHOCHUTEIHFHOE KOJMYECTBO MEPEHANpPaBICHHON HEPTUH TOPHOTO NaBJICHHUSA Ha
noJiiep>KaHne TOPHBIX BEIPAOOTOK OMHCHIBACTCSA MapaboI0-TUIIepOOTNIECKON 3aBHCH-
MOCTBIO, Ha 6a3e 4ero pa3padoTaHbl T€0IHEPTETHUECKIE TEXHOJIOTHH MTOI3EMHOM pa3-
pabOTKM PYIHBIX MECTOPOXKICHH.

0O6ocHoeanbl TEXHOIOTUIECKHUE TTApaMeTPhI MPOBEJCHHS OYPOB3PHIBHBIX M OYHCT-
HBIX pabOT B yCIOBHSIX JUHAMUYECKOTO 1e(pOpMHUPOBAaHUS MacCHBa B TpaHUIAX dHEP-
TeTHYECKUX 30H MPEJOXPAHUTENBHBIX KaIlCyyl IyTeM pa3paboTKH yCTOWIMBOH (OPMBI
BbIpabOTOK moacedku u oTpe3ku s maxT YAO «3KPK». 11 KOHCTPYKTHBHBIX 3J1€-
MeHTOB OmokoB Ha mmaxtax [TAO «KXKPK» mpemnoxkena smmrncounanas hbopma, KOTo-
pasi UICKITI0YaeT caMoOOpyIIeHUE PyIbl, HOPOA M 3aKJIaJKH B OYHCTHOE MPOCTPAHCTBO
C HYJEBBIM 0ajlaHCOM MEXIy HCIIOIB30BAaHMEM U 3aTpaTaM HEPTHUU M0 MPUHITHUITY
ypaBHOBemrBaHus. [Ipeanoxeno naMeHeHne HalpaBIeHUH OypeHHs dKCILUTyaTalllnoH-
HbIX ckBaXuH s maxT YAO «3KPK», a Takke panroHaIbHBIC PACCTOSHUS MEXKITY
ckBaxuHamu 1yt maxt ['T1 «Boctl OKy.

Oyenena >xoHOMHYECKas 3(G(HEKTHBHOCTh Pa3pabOTaHHBIX TEOYHEPTETUUCCKHUX
TEXHOJIOTUH W peajr30BaHO NMPOMBIIIICHHOE BHEAPEHNE B TEXHUYECKIE M OpraHm3a-
IIUOHHBIE MTPOEKTHI pa3pabOTKH OTEUECTBEHHBIX U 3apYOEIKHBIX PyAHBIX MECTOPOXK/IEC-
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HUH yTeM pa3pabOTKy METOAWKU M CO3JaHuUs IPOrPaMMHOTO MPOAYKTA, BHIIOTHEHHS
pacueToB M uX aHanuza. OnpeaeseHa SKOHOMHUUYECKasi 3PPEKTUBHOCTh TEXHOIOTHYE-
CKHUX PELICHHH 10 YCOBEPLICHCTBOBAHHIO IIOATOTOBUTENBHBIX, HAPE3HBIX, OYPOB3PHIB-
HBIX ¥ OYMCTHBIX paboT Ul PyIHBIX IIAXT YKPAaWHBI 1O YAEIbHBIM MOKa3aTesiM d¢-
(EKTUBHOCTHU TOPHBIX PadOT.
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Introduction. Underground mining of ore deposits is characterized by deterioration of mining and
geological and mining conditions, increased requirements for environmental protection and subsurface
resourses protection, as well as human life safety in the zone of mining facilities influence.

Research aims at the creation and implementation of resource-saving ore mining technologies at great
depths on the basis of the analysis results of the rock pressure energy manifestation around underground
excavations by revealing the physical essence of their zonal encapsulation phenomenon.

Methodology. An advanced method of mine, laboratory and experimental studies, mathematical and
physical modeling, as well as theoretical analysis and generalization of research results using standard
and new techniques has been applied.

Novelty. The existent classification of methods for studying the stress-strain state of rocks using the
“method of representing the array” function has been improved to its elements: functional (industrial),
physical (laboratory), and analytical (theoretical). It has been established that the relative amount of
redirected energy of the rock pressure aimed to maintain the mine workings is described by a parabolic-
hyperbolic dependence, on the basis of which geoenergetic technologies for ore deposits underground
mining have been developed.

Result. Technological approaches have been developed to the design of face and development headings
runways, and geoenergetic types of fixing in static conditions of zonal encapsulation on the basis of the
proposed methodological principles of protective capsule energy management: counteraction,
counterbalancing, assistance, elimination, and transfer.

Practical significance consists in technological parameters of drilling and blasting operations and stoping
in conditions of dynamic deformation of a massif within safety capsules energy zones by developing a
stable form of undercutting and cuttings for PJSC ZZHRK mines. A change in production wells drilling
directions for PJSC ZZHRK mines has been suggested, as well as rational distances between the wells for
the mines of the State Enterprise VostGOK. Economic efficiency of technological solutions over the
improvement of preparatory, rifling, drilling and blasting, and cleaning works for Ukrainian ore mines has
been determined according to specific indicators of mining efficiency.

Key words: rock strength, rock pressure; classification of theories; production capsule; resource-saving
technologies.
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3AKOHOMEPHOCTW M3MEHEHUSA YCITOBUA U NOKA3ATENEWN
IKCINNYATALUWN BYPOB3PbIBHOIO KOMIINEKCA
HA OTKPbITbIX FOPHbIX PA3PABOTKAX

KOTALLEB A. At
" MHeTuTyT ropHoro aena YpO PAH
(Poccus, r. Ekatepunbypr, yn. MamuHa-Cubupsika, 58)

Axmyanvhocms. /lezunmezpayusi 10KALIbHbIX MACCUBOE GYPOB3PLIGHBIM CHOCOOOM HA OMEYECMBEHHbIX
U 3apyOesCHbIX 20PHOO00BIBAIOUUX NPEONPUAMUSX O NOO20MOBKU MUHEPATILHOZO CbIPbS K GbleMKe U
oanvhetiwel 00cmagke Ha OPoOUIbHO-0002amMUMeNbHbIe U OMBALbHbLE KOMNIEKCbL HA 3eMHOT NOGEePX-
HOCMU ¢ HAUMEHLUWUMU 3AMPAMAMU OCMACMCSL AKMYALIbHOU 00 HACMOSIUWe20 6PEeMEHU.

Lens padomer. Cmamucmuyeckas oyenKka GAUAHUS 2OPHOMEXHUYECKUX U 2O0PHO-2€0N02UHeCKUX aKmo-
P08 HA NOKA3AMenU HIKCIyamayuu Oypo63pbleHO20 KOMNILEKCA.

Memoowt. IIpu npogedenuu uccired08anuil UCHONb308AHL MEMOObL CUCIIEMHO20 U KOPPENIYUOHHO-
PecpeccuoHH020 ananusd, MOOeIUupOBaHUs U HAMYPHLIX HAOTIOOEHUI.

Pesynomamut uccinedosanuii. Boisigienvt menoeHyuu u onpeoesenvl memnvl U3MeHeHUsl 20pHOmexHuYe-
CKUX U 2OPHO-2€0]I02UHeCKUX (PaKmopos, XapaKxmepusyiowux yCiosus pazpabomru MecnmopolcoeHu,
a UMEHHO. 2nyOUHbL Kapbepos; KPenocmu 630P8AHHBIX U OMSPYICEHHBIX 20PHLIX NOPOO, 8blX00a He2aba-
PUMHBIX pakyuil 80 30PEAHHOL 20PHOL MAcce. YCmAano8ieHbl 3aKOHOMEPHOCMU U OAHA OYEeHKA U3-
MeHeHus noxaszameineil: y0envbHo2o pacxooa BB; evixooa cophoii maccwl ¢ 1 M 830p8aAHHBIX CKEANCUH,
YOenvbHbIX 3ampam no nepeoenam (6ypenus CK8adcuH, 83pbl6HO20 PA3PYUleHUsl T0KATbHBIX MACCUBO8 U 8
yenom no nodzomoske k gvlemxe 1 M3 2oprnoti maccot). Ilpeonosicenvl KOppersiyuoHHo-pezpecCuonble
Mooenu.

Hcnonvzosanue pesynomamos uccnedosanuii. Ionyuennyio ungopmayuio yenecooopasHo ucnoib3o-
6amb nPU NPOEKMUPOBAHUU U NOO2OMOBKE MEXHOIO2UYECKUX 63Pbl608 HA 2OPHLIX NPEONPUSIMUSX NPU
ompabomke 21y60KUX 20pU3OHMOS, NPOSHOZUPOBAHUU YCIOGUIL U noKazamenell OYyPOG3PbIGHO20 KOM-
niexca na onudcaviuiue 200bl IKCHIYAMAYUU.

Bo1600wt. C ucnonv3o6anuem yCmano8ieHHbLX 3AKOHOMEPHOCMETL, NPEeOA0ACEHHbIX MoOenell u Mep 0dlb-
Helule2o CoBepUIeHCMBOBAHUST OP2AHU3AYUU U MEXHOLOSUU PA3PYUEHUs] IOKALbHBIX MACCUBO8 HA Ka-
Ppbepax 803MOANCHO HA ONPeOeleHHbIl Nepuood epemenu obecneyums cmaduau3ayuio U CHU3UMb Memnol
VXYOueHUsl MEeXHUKO-IKOHOMUYECKUX NOKa3amenell n0020MoGKU 20PHOL MACChl K 8bleMKe 6YpO83pble-
HbIM CHOCO60OM.

Knrouegwie cnosa: 2opnooobuisaiowue npeonpuamus,; kapbvep, O6ypoe3puleHOU KOMNAEKC, NOO20MOBKA
20PHOTU MACCH K 8bleMKe; 2OpHOMEXHUYECKUe PaKmopbsl; 20pHO-2e0102udecKue Pakxmopul.

Hean uccaenoBanuii. BypoB3peIBHOH €ITOCOO MOATOTOBKH TOPHOH MAacChl K BBI-
€MKE Ha OTKPBITHIX TOPHBIX pa3paboTKax OcTaeTcs JOMHHUPYIOINM U HanboJjee KO-
HOMUYHBIM. L{e/1b10 BBIOIHEHHON pabOTHI SBISETCS CTATUCTUYECKAast OlIEHKA BIUSHUS
TOPHOTEXHHUUYECKHUX U TOPHO-TEOIOTHYECKUX (PaKTOPOB HA TOKA3aTEeNN 3KCIITyaTalluu
OypOB3PBHIBHOTO KOMITJIEKCA.

MeTtonoJiorusi ucciaeaoBanuii. [Ipu npoBeneHnn uccaeaoBaHUN UCIOJIb30BaHBI:
METOJ] CUCTEMHOTO aHajm3a (PaKTOPOB, XapaKTePU3YIOIINX YCIOBHS IKCILUTyaTaluu Oy-
POB3PBIBHOTO KOMILIEKCA, TEXHOJIOTHYECKIX U TEXHIUKO-3KOHOMHYECKHX ITOKa3aTeNeil,
METO/I KOPPETSIUOHHO-PETPECCHOHHOTO aHajN3a, MOJEINPOBAHNE M HATYpHBIC Ha-
omonenus. MccnenoBanus [1] cBUAETENBCTBYIOT, UTO C POCTOM ITYOMHBI OTKPBITHIX

HccenenoBanus npoeneHsl B pamkax [ocynapcrsennoro 3apanust 007-00293-18-00. Tema Ne 0405-2018-0001.
IIpoext Ne 18-5-5-10.
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Pa3paboTOK M3MEHSIETCS COOTHOILLICHHE BMEIIAIOMINX TOPOJ B CTOPOHY YBEIWYCHUS
kpenoctu. [Ipu pa3paboTke jkene30pyIHBIX MECTOPOKICHNUH C TIOHIKEHNEM paboueii
30HBI Ha Kaxele 100 M kpernocTs nopos yBeauunsaeTcs B cpeaneM Ha 0,4—-0,6 en. mo
mkane M. M. IIporonssixkonoBa. Hapsiny ¢ 3Tum HabmonaeTcs n3MEHEHHE CTPYKTYPBI
MaccuBa, a UIMEHHO: YBEJIMYEHHE JOJIU HEKOHIUIMOHHBIX (h)pakuuii BO B3OPBaHHOM
TOpHOW Macce M yMeHbIIeHHe Bbixona ee ¢ 1 M ckBaxuH. C yBelIM4eHHEM IITyOUHBI
KapbepoB Ha Kaxzaple 50 M ecTecTBEHHas OJOYHOCTH MOPOA BO3PACTAET IO PA3HBIM
TEHETHYEeCKUM THUIIaM MecTopoxacHmii B mpenenax 0,04—0,80 M, B cpemmem —
Ha 0,26 M. Kak cnencrBue, HaOIIOIAETCS CHU)KEHHE TIPOU3BOUTEIBHOCTH U dPdeK-
TUBHOCTH OYpOB3PBIBHOTO H MOTPY304HO-TPAHCIIOPTHBIX KOMILJIEKCOB, YTO MPEIoIIpe-
JieNigeT yBeIWYEeHUE YAEIbHOTO pacxoja B3pBIBUATBIX MATEpHUAJOB NPH IMOATOTOBKE
TOPHOW Macchl K BBIEMKE. YCTaHOBICHO, YTO TOHIKEHHE TOPHBIX PadOT Ha KaKIble
100 M IPUBOAUT K YIOPO’KAHUIO TIOATOTOBKHM FOPHOM Macchl K BeleMke Ha 10—-12 %.

Ta6auua 1. TeMnbl H3MeHeHHsI 00bEMOB BbIEMKH ropHoii Maccs (1990-2015)
Table 1. Rate of changesin the rock mass excavation volume (1990-2015)

ITokazatens 1995 2000 2005 2010 2015 CpenHee 3a Hepuon
Wunexe N N:] N’} N J Jp
O0BbeIMHEHHBIN Kapbep 0,26 1,26 1,15 0,61 0,74 0,80

J — oTHOLIEHME TITYOUH Kapbepa.

OnHUM W3 OCHOBHBIX TpeOOBaHWI K B30OPBAaHHOW TOPHOW Macce sIBISIETCS MHHU-
MaJIbHBIN BBIXOJ HeradapuTHBIX (paxuuii [2, 3]. Pemennto aToro Bonpoca Ha FTOPHBIX
NPEATIPUATHUSIX YIeJseTcsl OONbIIoe BHUMaHKE, IIPOBOAMTCS 3HAYUTENBHOE KOJIUYe-
cTBO HccnenoBanuii. Haubonee rryboko sta Tema paccmoTrpeHa B Tpyaax H. B. Menb-
HukoBa, K. H. Tpybenkoro, b. H. Kyryzoa, B. H. Mocunua, A. H. Xanykaesa,
C. 1. BukropoBa u psiia 3apyOekHBIX yueHbIX [7—10]. YcTaHOBNEHO, YTO MPH paBHO-
MEpPHOM pacIipeiesieHnH B3phIBUaThIX BemlecTB (BB) B maccuBe BbIxox Herabaputa

Ta6muma 2. Temnbl u3MeHeHUs1 TIyOHHBI Kapbepos (1985-2015)
Table 2. Rate of open pits depth change (1985-2015)

TToka3arens 1990 1995 2000 2005 2010 2015 Cpennee 3a mepuoj
Wnnexc N NS N’ N J N/ Jp
OOBeIMHEHHBIH Kapbep 1,14 1,02 1,01 1,02 1,08 1,04 1,051
B tom uucne:

IeHTpanbHbIH 1,08 | 1,01 1,01 1,00 1,09 1,07 1,043
HOsxHbIi 1,22 | 1,04 | 1,01 | 1,04 | 1,08 | 1,00 1,063

CBSI3aH C YIIEJIbHBIM PAcX0JIOM THIIEPOOTUUECKON 3aBUCUMOCTRIO, KOTOpast B TIPE/Ienax
MPUMEHSEMBIX MPAKTUYCCKH YACTBHBIX PAcXoqoB 0e3 3HAYUTENLHOW MOTPEIIHOCTH
MOXET OBITh alMmpOKCUMUPOBaHA MPSIMON JTHHHEH. MeCTOpOXKIeHHUS 10 T00bIYe XPH-
30THI-acOecTa, B OTIHYHE OT HKEIC30PYAHBIX, XapaKTePU3YIOTCS OOJBIIUM pPa3HO-
o0pa3ueMm 1o CTPYKType, OJI0YHOCTH, 3aJIETaHHIO TIOPOJI, TPEIIMHOBATOCTH, (DPAKITUOH-
HOMY COCTaBYy U PSIy JAPYT'HX CHEIU(pUISCKHX 0COOCHHOCTEH. BMmeatone nopoabt
BakeHOBCKOTO MECTOPOXKICHHS XPU30TUI-acOecTa MPEACTABICHBI MEPUIOTHUTAMH,
JUOPUTAMH, CEPIIEHTUHUTAMH, Ta00PO, MUPOKCEHUTAMH, TalbK-KapOOHATHBIMU U APY-
TMMHU BUJaMHU IIOPOA.

AHanu3 CTPYKTYphl 1 00bEMOB BEIEMKH PYIOHOCHBIX U ITYCTBIX ITOPOJ] Ha Kapbepax
OAO «¥Ypamac6ecT» 3a IOCIIETHUE ABAANATH JET pa3pabOTKH MECTOPOXKICHUS CBU/IE-
TETLCTBYET, UYTO B3PBIBHBICE PAa0OTHI MO 0CO000 KPEMKHM PYIOHOCHBIM IOpOIaM
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IV u V kareropuii B3pbIBa€MOCTH, COITIACHO MECTHOM KJIACCU(HUKAIIMHU TIOPOJ MECTOPOXK-
JISHUSI, COCTABIISIOT 62,8 % 0T 001Iero o6bemMa JOOBIYH, a MO KPEIMKUM U 0C000 Kper-
KM CKaJIbHBIM nopoaam IV u V kareropuii — coorBeTcTBeHHO 57 % OT 001iero oobe-
Ma. [Ipu atom 85 % pymoHOCHBIX TOpoJ, a uMeHHO 54 % nepunotutoB OX V kareropuun
u 31 % cepnentunuto MC III kareropum sBISIOTCS IpeBanupyoomumu [4, 5].
B Tabn. 1 npuBeneHbl TeMITbl U3MEHEHNS 00bEMOB BEIEMKH TOPHOM MacChl Ha Kapbepax
MPEINPUSATUS B TUHAMUKE pa3pabOTKH MECTOPOKICHUS.
B tabn. 2 npuBeIeHbI TEMITb H3MEHEHU TTyOMHbI KapbepoB H .

Ta6uuna 3. KoppeasiuuoHHo-perpeccuoHHbIe B3aHMOCBSA3H (PAKTOPOB
Table 3. Correlation-regression interactions of factors

dakrop Mozenb K, K Hre;) ;16051;;,0351
I'my6una xapnepa, M:
LenTpanbHbIit Hy=2,14 - 3965 0,85 | 0,92 1985-2016
HOxHbIH Hi= 2,98 - 5640 0,88 | 0,94
Kpemnocts mopox, ex. fop = 0,00 + 9,1 0,99 | 0,99 | 200< H« <350
Brixon nerabapura, % N=0,010% - 1971 0,58 | 0,76 2005-2016

K, — koaddunment nerepmunanuu; K, — koadduipeHt koppensuun; t — ro.

AHain3 JaHHBIX B3aUMOCBSI3U CpeHEN KPETOCTH U3BJICYCHHBIX U3 KapbepoB rop-
HBIX TTOPOJ ¥ TTyOUHBI Pa3pabOTKH CBUAETENBCTBYET, UTo Kaxaple 100 M MOHMKEHHS
paboueli 30HBI Kapbepa KpenocTh yBenmnunBaercs Ha 0,2 ex. mo mkane M. M. IIporo-
JIbIKOHOBA, UTO Ha 13 % MeHbIIIe, 4eM Ha Kelle30pyaHBIX MEeCTOPOXKIeHusX. B Tabm. 3
NpUBEIEHBI KOPPEJIIMOHHO-PErPECCUOHHBIE MOAETH U3MEHEHUS TTyOUHBI KapbepoB,
CpeAHEeH KPernoCTH U3BJICUCHHBIX TOPHBIX MOPOJ U BbIX0Ja HerabapuTa BO B3OPBaHHOM
TOpHOU Macce.
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Puc. 1. Tpenn u3MeHeHHs BBIXOA HerabapuTHBIX (paKiuii
Fig. 1.The trend of the oversized fractions output variation

Ha puc. 1 moka3aHo BapbUpOBaHUE BbIXO/A HErabapUTHHIX (ppakuuii BO B30pBaH-
HOH TOPHOI Macce B IWHAMUKE pa3padOTKH MECTOPOXKACHHUSL.

B 1abn. 4 ycTaHOBIEHBI TEMITbl U3MEHEHHMSI BBIXOa HEraOapUTHHIX (pakuuil BO
B30pBaHHOI rOpHOW Macce B TUHAMUKE Pa3paOOTKH MECTOPOKACHHS.

AHaJIM3 CTaTUCTHYECKUX MOKa3aTeJiel CBUICTENbCTBYET O TOM, YTO Ha4dMHAs C
2009 r. nons BeIXo[a HErabapuUTHBIX (PpaKkiHii BO B30PBaHHON TOPHOI Macce, OTHOCH-
TEJIBHO MPEbIAYIIEro Nepruoaa BpeMeHH, cTaduibHa (BapbupyeT B npenenax ot 0,62
10 0,65 % 3a cueT COBEpIICHCTBOBAHUS TEXHOJIOTHH Pa3pyLIEHHs JIOKAJIBHBIX MacCH-
BOB, IapaMETPOB ¥ KOHCTPYKLHHU CKBaKMHHBIX 3aps/I0B).
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B npouecce uccienoBanuii ycTaHOBJIEHbI TCH/ICHIIMU CHI)KEHUS 00bEMOB BhIEM-
KM CKaJIbHBIX NIYCTBIX U PYAOHOCHBIX IMOPOJA, USMCHCHUA CTPYKTYPBI U KPEIIOCTHU U3-
BJICUCHHBIX MOPOJ] M Py C POCTOM DITyOWHBI KapbepoB, 4TO TPeOyeT MEepHOTNUECKOTO
HAyYHOTO YTOUYHEHHs OCHOBHBIX ITAPaMeTPOB OYPOB3PHIBHBIX PaOOT /IS IeJICHAIpaB-
JICHHOTO U 3()(h)eKTUBHOTO Pa3pyIICHHS JIOKATBHBIX MACCHBOB U MOJIy4YCHUST HEOOXOH-
MOTO TPaHYJIOMETPHUIECKOTO COCTaBa BO B3OPBaHHOW TOpHOI Macce [4—6].

Ta6auua 4. Temnbl H3MeHeHHs1 BbIX0a Heradapura (1995-2015)
Table 4. Oversize output rate of change (1995-2015)

Tonmet 2000 2005 2010 2015 Cpennee 3a nepuo
Wupexc N N N’ J Jop
OOBbeTMHEHHBIH Kapbep 1,04 1,06 1,25 1,02 1,09

Ha puc. 2 u puc. 3 npuBeneHbsl 3aKOHOMEPHOCTH N3MEHEHHS TTOKa3aTeel IKCIITya-
Tanuu O0ypoB3peIBHOTO KoMIuiekca OAO «YpamacOecT» ¢ pocToM TITyOHHBI pa3padoT-
KA MECTOPOXKACHHSA, a UIMEHHO YIAEIBHOTO PacxXoia B3PHIBUYATHIX BEIIECTB M BBIXOJA
TOPHOM Macchl ¢ 1 M B30pBaHHBIX CKBA)XXHH, M YCTaHOBJICHBI KOPPEISILIMOHHO-pErpec-
CHOHHBIE B3aUMOCBS3H TOPHOTEXHUYECKUX U TEXHUKO-I)KOHOMHUYECKHUX TTOKa3aTeleH.

AHanu3 mokaszareneil 1 3aKOHOMEPHOCTEH CBUAETENBCTBYET, YTO C POCTOM IITyOH-
HBI pa3paborku MectopoxaeHus ¢ 200 mo 350 M yAenpHBIA pacxo]] B3pHIBUYATHIX Be-
LIECTB yBenuumics B 2,23 pasa, a BbIXOA FOPHOM Macchl ¢ 1 M B30pBaHHBIX CKBaXXUH
cHusmicd B 1,43 pasa.

1,2 ¢
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Puc. 2. 3menenue yaensHOTO pacxona BB ¢ poctom riayOunb!
Fig. 2. Change in the specific consumption of explosives with increasing ¢

Ha puc. 4 npencraBieHsl 3aKOHOMEPHOCTH W3MEHEHHSI YIEIbHBIX 3aTpar 1o Mepe-
JienaM — OypeHHIO CKBaXKHH, B3PHIBHOMY Pa3pyIICHUIO JIOKAJIBHBIX MAaCCHBOB H B Iie-
JIOM TIO TTOATOTOBKE K BEIEMKE 1 M B30pBaHHO#M ropHoii Maccsr [11, 12].

N3 ananm3a craTucTUUECKUX TTOKa3aresie U 3aKOHOMEPHOCTE! CIeAyeT, YTo 3aTpa-
THI HA TIOATOTOBKY TOPHOH MacChl K BEIEMKE B IEJIOM YBEJIMIUBAIOTCS, HO TIPY BHEZIpe-
HUU KOMIUTeKca 3¢ (EeKTUBHBIX Mep 3a TOCJeTHUE JBa TOoAa 3arparhl CHHU3MINCH
Ha 23 %. Ilpu 3TOM cllemyeT OTMETUTb, YTO 3aTpaThl Ha OypeHre CKBaXKWH CHU3WIIHNCH B
1,65 pa3a B OCHOBHOM 3a CYET COBEPIIICHCTBOBAHMS OpraHHU3aliK paboT U BHEAPEHUS
0oJiee MPOrpeCcCUBHONM CUCTEMBI TTIOOIIPEHUsT PA0OTHUKOB OypPOBOTO y4acTKa. 3aTparhl
Ha B3pBIBHBIC pabOThl CHU3WIKCH B 1,12 pa3a 3a cuer pa3pylieHus JIOKAIbHBIX MaCCH-
BOB PacCpeJOTOYCHHBIMH CKBRKUHHBIMU 3aps/iaMU, a TAaKXKe MPUMEHEHUS TOJIHUIIPO-
MUJIEHOBBIX PYKABOB JUIsl 3apsI0B 3MYyJIbCUOHHBIX BB nuaMerpoM MeHbIINM, YEM Jua-
METp MPOOYpPEHHBIX CKBAXXHH, U JPYTUX MEPOIPHUATHH, MO3BOJSIOIINX O0ECIIEUnTh
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CHIDKEHUE YIENBHOIO PAacXo[a B3phIBUATHIX MarepHasioB. C y4eToM 3TOro BO3MOKHO
JOCTHKEHHE cTabMIIn3aiy ce0ecTOMMOCTH TIOATOTOBKH TOPHOI Macchl K BEIEMKE Ha
OIPEJEIICHHBIN NIEPUOJ BPEMEHH.

Pe3yabTaThl BHINOJHEHHBIX HCCJICA0BAHUIA:

— BBISIBIICHBI TEHACHLIUU U ONPEEIECHBl TEMIBI H3MEHEHUSI TOPHOTEXHUYECKUX U
TOPHO-TEOJIOTHYECKUX (DAKTOPOB, XapaKTEPU3YIOLINX yCIOBUS pa3paboTKH MECTOPOXK-
JICHHH, a UMEHHO: INTyOMHBI KaphepOoB; KPEMOCTH B30OPBAHHBIX U OTTPY>KEHHBIX TOPHBIX
MOPOJI; BBIX0/Ia HETAOAPUTHBIX (PPAKINI ITPH pa3pylICHNH JIOKAIBHBIX MaCCHBOB;
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Puc. 3. I3MeHeHHe BbIX0Oa TOPHOH Macchl ¢ 1 M CKBaXKHMH C POCTOM ITyOHHEI
Fig. 3. Change in rock output per 1 m of wells

— YCTaHOBJIEHBl 3aKOHOMEPHOCTH M JlaHa CTAaTUCTHYECKas OLEHKa W3MEHEHHMS
yaenbHoro pacxona BB, Beixoga ropHoii Maccsl ¢ 1 M B30pBaHHBIX CKBAKUH, YAEIbHBIX
3aTpat o nepenenam: OypeHusl CKBaXKHH, B3PbIBHOTO Pa3pyIICHUs JOKAIbHBIX MacCH-
BOB U B II€JIOM I10 TIOJITOTOBKE K BhieMKe |1 M? TOpHO# Macchl;
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Puc. 4. I3amenenne YACJIBHBIX 3aTpaT Ha MNOATOTOBKY FOpHOﬁ MacCChI K BEICMKE
Fig. 4.Change in the unit costs for preparation of rock mass for the excavation

— MPEAJIOKEHbI KOPPETSAILMOHHO-PETPECCHOHHBIE MOJIENH, TTO3BOJISAIONIIE C ONpee-
JICHHOHM CTETICHBIO JJOCTOBEPHOCTH IMPEJICKa3aTh M3MEHEHUE 3TUX (PAKTOPOB U TIOKa3a-
Tenei Ha Ommkaiiimue 3—5 et npu oTpaboTKe ITyOOKUX TOPU30HTOB KaphEepPOR.
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Oo6aacTh IpUMEHEHHS Pe3yJIbTaTOB. Pe3ynbpraTel UcciieoBaHUi 11e1eco00pa3Ho
UCIIOJIb30BATh P IIPOSKTUPOBAHUHU M ITOITOTOBKE TEXHOJIOIMYECKUX B3PHIBOB Ha IIIy-
0OKHX Kapbepax W MPOTHO3MPOBAaHHMU YCJIOBHUH M IOKa3aTeJel dKCIuTyarauuu Oypo-
B3PBIBHOT'O KOMIUIEKCA Ha OMMKANUIIYIO IEPCIICKTHBY.

BoiBoabl. C HCIONB30BaHUEM YCTAHOBJIEHHBIX 3aKOHOMEPHOCTEH, MPEIyIOKEHHBIX
MoOzIeNIell ¥ Mep JaJbHEHIero COBEPIICHCTBOBAHMUS OPIraHU3aLlUH U TEXHOJIOTHUH Pa3py-
IIEHHS JIOKAJIBHBIX MAaCCHBOB Ha Kapbepax BO3MOXKHO, Ha ONpe/IeNIeHHbII IIeproj BpeMe-
HH, 00€CTIeUUTh CTAOMIIN3aLUIO U CHU3UTH TEMIIBI YXyALICHHUS TEXHUKO-IKOHOMHUYECKHX
NoKa3aresiel Py MOArOTOBKE TOPHOW MAacChl K BBIEMKE OypOB3PBIBHBIM CIIOCOOOM B /1U-
HaMUKe pa3pabdoTKu MECTOPOXKICHUM IO JOObIYE MUHEPAIBHOTO CHIPBSL.
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REGULARITIES OF CHANGES IN THE CONDITIONS AND PERFORMANCE
OF A COMPLEX OF DRILLING AND BLASTING IN OPEN-PIT MINING

Kotiashev A. A.!
! Institute of mining UB RAS, Ekaterinburg, Russia.

Research relevance. The disintegration of local massifs by drilling and blasting method at the native and
foreign mining enterprises for the preparation of raw materials for the extraction and further delivery to
the crushing and processing and dump complexes on the earth's surface with the least cost, remains
relevant to the present time.

Research aim is to statistically assess the impact of mining-engineering and mining-geological factors on
the performance of a drilling and blasting complex.

Methodology. The methods of system and correlation-regression analysis, modeling and in-situ
observations were used in the research.

Research results. The trends have been revealed and the rate of change have been determined in mining-
engineering and mining-geological factors characterizing the conditions of deposits exploitation, namely:
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the depth of open pits, blasted and loaded rocks hardness, the output of oversized fractions in the blasted
rock mass. The indicators variation regularities have been determined and estimated: specific consumption
of explosives, the yield of rock mass per 1 running meter of blasted wells, unit costs of the stages (wells
drilling, local massifs explosive destruction, and preparation for the excavation of 1 m? of rock mass in
general). The correlation - regression models have been proposed.

Results application. It is advisable to use the results of the research in the design and preparation
of technological explosions at mining enterprises when mining deep horizons, and in the prediction of the
drilling and blasting complex conditions and indicators for the coming years of operation.

Conclusions. With the use of the established regularities, proposed models and measures for further
improvement of the local massifs destruction organization and technology in open pits, it is possible to
ensure stabilization for a certain period of time and reduce the rate of deterioration of technical and
economic indicators of rock mass preparation for the excavation by drilling and blasting method.

Key words: open pit; mining enterprise; drilling and blasting complex; rock mass preparation
for excavation; mining-engineering factors; mining-geological factors.
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O NMPOEKTUPOBAHUU TEOTEXHONOIMYECKNX CKBAXWH
B KPUONUTO3OHE 3ABAUKANBA U CONPELENbHbIX PETMOHOB

XENE3HAK U. N.1, CTETIOXA B. A2
T YIHCTUTYT NpUpOaHbIX pecypcoB, akororum v kpuonorn CO PAH
(Pocews, r. Yura, yn. Hegopesosa, 16a)
2 3abaiikanbCkuii rocyaapCTBEHHbIN YHUBEPCUTET
(Pocews, r. Yura, yn. Anekcangpo-3asoackas, 30)

Lens pabomut — svipabomra MemoouKu u cocmasa pabom no NPOEKMUPOBAHUIO CKEAICUH NPU OCB0e-
HUU MECMOPOHCOEHUL NONEIHBIX UCKONAEMBIX C YHEeNOM 6030€UCMBUA HA UX KOHCIPYKMUBHbLE JTleMeH-
Mbl ONACHBIX KPUOSEHHBIX NPOYECCOB 6 Ce30HHOMANOM U OMMAUBAIOUjeM CLOAX OUCHEPCHBIX NOPOO.
AKkmyansnocms uccinedosanuii ceészana ¢ obecnevenuem IKCHIYAMAYUOHHOU HAOeICHOCMU, dpeK-
musHocmu u 6esonacnocmu pabomsl pacnoloNiCeHHbIX 8 Kpuoaumosone 3abaiikanbs u conpeoenbHblx
De2UOHO8 6EPMUKANLHBIX 2€0MEXHON0SUYECKUX, 60003A00PHBIX U OPY2UX CKBAXMCUH 8 pabouem, asapuli-
HOM UMY 3AKOHCEPBUPOBAHHOM COCMOSHUU.

Memoouka uccnedosanus npedycmampuedenm aHauu3 yciosuti pabomsl paboueti KOTOHHbL U3 NOAUMED-
HO20 MAMepUana 6 CK8ANCUHAX PA3IUYHO20 HA3HAYEHU C YUemOoM Hauboiee HeO1azonpUAMHbIX KIUMA-
MUYECKUX U 2eOKPUOIOLUYECKUX (YAKMOPO8, XAPAKMEPHBIX, 8 YACMHOCMU, OJi CE8EPHOU YACMU KPUO-
aumosonsl 3abaiikanva. Oyenka 6aUAHUA IMUX DAKMOPO8 HA KOIOHHY U3 NOAUMEPHOZ0 Mamepuand
6 CK6adICUHE OCHOBbIBAEMCS HA UCNONb306AHUY 3AKOHO8 MEPMOOUHAMUKY. Y4Umbleaomcs OONOIHUMeNb-
Hble HA2PY3KU, CO30a8aemble 3aMep3aHuem 800bl 8 3AMKHYIMOM 3aKOIOHHOM NPOCMPAHCMEE, CONPOBO-
arcoarouuecs: depopmayueti KonoHHslL npu obxacamuu ee iboom. Oyenka ycmonuyusocmu 06caonoi mpy-
Ovl Ha Oelicmeue KaCAmenbHbIX CUIL NYYeHUs, CUL He2amUSHO20 MPEHUs U CeUCMULECKO20 6030€lCmBUs
npedycmampusaem npumMeHeHue NOL0HCUMENbHO 3aPEeKOMEHO08ABUIUX CeDsl PACHENHBIX MEMo008, no-
JIVUEHHBIX 8 Pe3YNbMame MHO2ONEMHUX HANYPHBIX U IKCNEPUMEHMANbHO-NEOPEMUYECKUX UCCIe008a-
Huil 6 3abaiikanve.

Pesynomamul uccnedosanus npedcmasiensl 8 guoe pekomeHoayuil, OONOIHAIOUWUX COCMAB U COOePIHCa-
Hue pabom no nPoeKMupPOBAHUI0 EPMUKAILHBIX 2€0MEXHONOSUYECKUX, 60003AOOPHBIX U OPY2UX CK6A-
JHCUH NPU OCBOCHUU MECHIOPOICOCHUL NONE3HBIX UCKONAEMBIX 8 MACCUBAX MHO20NEMHEMEP3NbIX NOPOO.

Knrouesvie cnosa: muoconemnemepsvie nopoosl; CK6ANCUHA, KONOHHA, 00caoHas mpyba; npoekmupo-
samnue; NPOYHOCMb, YCMOUUUBOCb.

BBenenmne. [Ipo0emMa yCTOMYHBOCTH T€OTEXHOJOTHICCKUX CKBKHH IPH OCBOE-
HUU MECTOPOXKICHUH MOJIE3HBIX HCKOTTAEMBIX METOZOM CKBAKHHHOTO ITOJI3EMHOTO BBI-
menaunBadus (CIIB) B ycIoOBUSX KPHOIHUTO30HBI CBsI3aHA C TIEPCIIEKTHBOM OCBOCHHUS
MECTOPOXKICHUI B YPaHOBOPYIHBIX paiioHaX CO 3HAUYMTENBHBIMH peCypcaMi ypaHa U
JIPYTHX TIOJIE3HBIX MCKOMaeMbIX [1, 2], B TOM YHCIe 30JI0Ta M PEIKUX METaJIOB, pac-
TTOJIOKEHHBIX B KproauTo3oHe CeBepa 3abaiikains, B yacTHocTH Yapckoro (Heuepo-
Hwugarckoro) u Croinp0aHcKoro MectopokaeHui [3]. ['eokpuomorndeckue yCiaoBHs B
MMOTOOHBIX peruoHax [4] TpeOyroT pemeHus mpoOIeMbl pacpeaesicHus Harpy3Ku Ha
KOHCTPYKIHUH [5, 6]. CenuamucTsl He CKITIOYAr0T TOTO, YTO B MPeeiax ra KPHoIn-
T030HBI BocTouHoro 3abaitkainns, a Takke B Boctounoit Monromun u CeBepaom Ku-
Tae TMPUIETCS CTOJIKHYTHCSA ¢ TMpoOiIeMoii ocBoeHus Mectopokaernii metogom CIIB
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B MacCHBaxX BBICOKOTEMIIEpaTypHBIX MHOToJIeTHeMep3ibIx nopoa (MMII) octposHOTO
3aJieraHusl.

B BeIOMCTBEHHBIX HOPMAax TEXHOJIOTHUECKOTO MPOCKTUPOBAHUS TOPHOIOOBIBAIO-
IUX OPEANPUITHI METOAOM Moa3eMHoro BeimenauuBanus (CTO CPO-I1 60542948
00033-2015. Hopmbl mexnonoeuuecko2o npoeKmuposanuusi 20pHO000bI8AOWUX NPeo-
nPUSIMULE Memooom NHOO3eMHO20 Gblyelaiusanus), ChOPMUPOBAHHBIX HA OCHOBE Ha-
KOTIJICHHOTO MHOTOJIETHETO OIBITa B PErHOHAaX 3a MpeelaMi KpUOIUTO30HBI, HE CO-
JEPKUTCST KOMIUIEKC HEOOXOAMMBIX Uil TMPOEKTHPOBAHUS AETANBbHBIX TMOJIOKCHHH,
yuuTbIBaroIuX BaussHue MMII 1 omacHBIX KPUOTEHHBIX MPOIIECCOB HA MPOYHOCTh U
YCTONYHMBOCTH T€OTEXHOJIOTUYECKUX (3aKaYHBIX, OTKAYHBIX, HAOIIOATeIbHBIX ), BOJIO-
3a00pHBIX U JIPYTUX CKBOXWH B paboueM, aBapUIfHOM HIIM 3aKOHCEPBHUPOBAHHOM CO-
crossHuM. KpoMe 3Toro, B yKa3aHHBIX HOpMax He coeprKaTcsl TpeOOBaHUS SKOJIOTHYe-
CKOTO XapakTepa M0 Y4eTy T€OKpPHOJIOTHYECKUX YCIIOBHI pailoHa T0OBIYM IOJIE3HOTO
uckomnaemoro merogoM CIIB, 6a3upyromuecs Ha U3yuYeHUH KPUOTEHHBIX IPOIIECCOB,
SIBJICHUH M (PU3UKO-MEXaHHMYECKUX CBOWCTB MHOTOJICTHEMEP3JIBIX U CE30HHOMEP3IIBIX
TOPHBIX TIOPOJ.

HccnenoBanue ycjoBHMii NPOeKTUPOBAHUS CKBAasKMH. B HacTos1Iee Bpems euH-
CTBeHHBIM B Poccuu (1 B MHpe) mpeanpusTHeM, JOOBIBAIOIINM YpaH METOAOM CKBa-
JKUHHOTO TIOJI3EMHOTO BBIIIEIaYMBAHNS B CIOXHBIX I'€OKPHOIOTMYECKUX YCIIOBHSX,
SIBIISIETCSI, KaK H3BECTHO, pyIHUK AO «Xuarma», pacnoiokeHHbIH B 3a0aiikanbe Ha 390 kM
ceBepo-BocTouHee I. YinaH-Yio u Ha 220 kM ceBepHee Uutsl [7]. Pyanuk pacmnonara-
€TCs B IO)KHOM PETHOHE KPHOJIHUTO30HBI, OTINYAIOIIEMCS CIIOKHBIMU MPUPOIHBIMUA U
TeOKPHOJIOTHUECKUMH YCIOBUSMU: PE3KO KOHTHUHEHTAJIBHBIM KIIUMAaTOM, OTPHUIIATENb-
HOW CpPEIHETOI0BOM TeMIlepaTypoil Bo3ayxa, 3HAYUTEIbHBIMU aMIUIUTYAAMU CYyTO4-
HBIX W TOIOBBIX TEMIIEPATyp, MajJbIM KOJHYECTBOM JIETHUX M 3UMHHX aTMOC(HEPHBIX
0Ca/IKOB, HE3HAUNTEIEHON MOIITHOCTHIO CHEKHOTO TIOKPOBA, IIHPOKUM PaCIpOCTpaHe-
HUEM BbICOKoTeMIiepatypHbIX (0T 0 10 —1,5 °C) MaccuBOB TOPHBIX TOPOJ CIIOUTHOTO
Y OCTPOBHOTO 3aJICTaHMs CIMBAIOIIETOCS U HECIUBAOIIETOCS TUIIA, UX TITyOOKUM ce-
30HHBIM OTTaMBAHHUEM, a TAKXKE HATMYUEM JIOKAJbHBIX Y4aCTKOB C MIOI3€MHBIMH JIba-
Mu. CyIiecTBeHHOE BIHMSHHE Ha YCJIOBHUS 3aJleraHUs U TEMIepaTypHO-BIaKHOCTHBIN
pexkuM MMIT oka3bIBalOT FOPHO-KOTJIOBUHHBIN Xapakrep peiibeda, OpUeHTAIUS Top-
HBIX XpeOTOB, KPyTH3HA U KCIIO3UIUS CKIIOHOB, ONIPEIENSIONINX paclpeieIeHue CO-
HEYHOU paauanuy U 0CaakoB [8].

B cBs13u ¢ 3THM BO3HMKaeT HEOOXOIMMOCTH MPOTHO3a Ps/Ia BO3MOXKHBIX PUCKOB KOH-
CTPYKTHUBHOTO, TEXHOJIOTHUECKOTO M CBSI3aHHOTO C HUMH DKOJIOTHYIECKOTO Xapakrepa [9].
OnbIT paboTHI pyAHMKA «XHarna» Mmokasaj, 9To K HUIM OTHOCSTCS, HallpuMep, MPOHUK-
HOBCHHE METEOPHBIX (aTMOC(EPHBIX) BOJ B 3aKOJIOHHOE IMTPOCTPAHCTBO B 30HE MEP3JIBIX
TIOPOJI, B pe3yJIbTaTe 3aMep3aHisl KOTOPBIX MPOUCXOAUT CMSTHE, TOBPEXKICHUE WU pa3-
pYILIEHNE MOMMMEPHBIX TPYO, pa3phiB pe300BBIX COENNHEHHH, YTO BBI3BIBAET HAPYIIICHHE
HEJIOCTHOCTH KOJIOHH [7]. CenuaIicTsl CYUTAIOT, YTO MPEAYHPEKAESHIE STUX PICKOB MO-
JKET MOTPeOOBaTh YIYHIICHUST THAPOU3OJISIIN 3aKOJIOHHOTO TIpocTpadcTsa [10], aTo66
MCKJTIOYATH BO3MO)KHOCTB TTOTIaJJaHNsI pACTBOPOB B BOIOHOCHBIE TOPH30HTHI [11]. B cBs-
3d C 3TUM OTMEYaeTcs TeHICHLMS POCTa HCIONB30BAHUS MOMUMEPHBIX TPYO BMECTO
METAJUIMYECKUX B KAUECTBE KOJIOHH M 00camHbIX TpyO. OmHAKO, KaK MOKa3bIBAET OIIBIT,
MX TIPOEKTHPOBAHHE M IKCIUTyaTallls B YCIOBUSAX KPUOJIUTO30HB! 3a0aiiKaibs TpeOyioT
WHIMBUIYAJIBHOTO TIOAXO0/A, YUYHUTHIBAIOIIETO HE TOJBKO MHXKEHEPHO-TEOKPUOJIOTHYe-
CKyI0 00CTaHOBKY, BIMSHAE KPHOTE€HHBIX IPOIIECCOB U ABJICHMUH, HO U BEICOKYIO CEHCMHU-
YEeCKYIO aKTUBHOCTH B 3TOM peruoHe [12].

OpmHUM U3 3JIEMEHTOB TAKOTO MOAX0/Aa MOYKHO CHMTATh MCIIONB3YEeMBIi Ha PYIHUKE
«Xwuarga» KOMIUIEKC TEXHOJIOTHMYECKHX MEPONpPHUATHI IO Mepexoay Ha HOBYIO KOH-
CTPYKIHUIO CKBAXHMH, BKJIIOYAIOIINNA T€PMETHU3ALNIO UX YCThS BI3KOYTPYTHM MOJTUMEp-
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HBIM MaTepuagoM, 3aMeHy obcannbix Tpy6 [TH/] (13 monmaTriIeHa HU3KOTO 1aBIeHN)
TpyOaMH M3 yHapOIpPOYHOTO W MOPO30CTOWKOTO HEMIACTH(PHMIMPOBAHHOTO IOIHBH-
HUJIXJIOpH/A, 3aMEHy 3aKOJIOHHOM IIeMEeHTaln OEHTOHUTOBBIMU Takepamu. [IpakTu-
YECKUU MHTEPEC MPEICTABIAET MOAXO0 K TEXHOJIOTHH PEMOHTA CKBaYKUH, B Y4CTHOCTH
BOCCTAHOBJIEHHE T€OMETPUYECKHX Pa3MepPOB 00CAaTHBIX TPYO, YCTAaHOBKA PE3UHOBBIX
IJIaCTBIPEH, TAMIIOHAX TOTUMEPHBIMU MaTepUaiaMy Ha yUacTKax HapyIICHUs TUIPO-
W30JISILIMN PE3bOOBBIX COCTUHEHUH U 1IEJI0CTHOCTH KOJIOHHEI [ 7].

Bwmecte ¢ Tem oOparaet Ha ce0si BHUMaHHE OTCYTCTBHE B HAYUHBIX ITyOJTHKAIIHSIX
CBEJICHUH O pe3yabTraTax 3KCIIePUMEHTAIbHO-TEOPETHIECKUX UCCIIEAOBAHUH TEILUIOBO-
T0 U MEXaHMYECKOTO B3aumMoJelcTBHs ckBakuHbl ¢ MMIL. B cBsi3u ¢ atum tpebdyer
Jl0Ka3aTeabCTBa TUIOTe3a [7] 0 TOM, YTO CMSTHE, TOBPEXKACHNE WIH pa3pylIeHue Mo-
JUMEpPHBIX TPYyO, a Takke pe3bOOBBIX COEAWHEHUH MPOUCXOAUT 3a CUET 3aMep3aHus
BOZIbI B 3aKOJIOHHOM NpOcTpaHcTBe B Toie MMII ¢ HyneBbIMU TOIOBBIMU aMILIUATY-
JlaMH OTPHUIIATETFHON TeMIIepaTyphl 3a CYeT HEKOETO PE3KOTo Mepenana TeMIeparyp B
XOJIe 9KCIUTyaTaluy CKBaKUH. DakTHYECKU pe3KHe epenaibl TEMIepaTyphl B TEUCHHE
BCETO IOIOBOT0 U CE30HHBIX KIMMATUYECKUX IIUKIIOB HNPOSBISIIOTCS UCKIIOUUTEIBHO B
arMocdepe, T. €. HaJl MOBEPXHOCTHIO MopoA. B nmutocdepe oHM 3aTyxaloT B mpeaenax
MEPBBIX JECATKOB cCaHTUMETpOB ce30HHOTaoro cios (CTC). Hiwke BepxHel rpaHUIIbI
TO/IOBBIX HYJIEBBIX aMIUTUTYN (T. €. Hmxe 10—12 M) remmneparypa toamu MMII nmpakru-
YECKHU MOCTOSTHHA. AHAITN3 MPUYNHHO-CIEICTBEHHBIX CBA3EH, BBHI3BIBAIOIINX TTOBPEXK-
JISHHsSI TTOJIMATHIICHOBBIX 00CAHBIX TPYO MpH 3aMep3aHUM BOJABI B 3aKOJIOHHOM IIPO-
cTpaHCTBe B nipeenax toiamm MMII, cMsTus niu pa3pylieHus ux, pa3pbiBa pe3b00BbIX
coeAnHeHH, 000CHOBBIBAET HEOOXOAUMOCTh OPraHU3AIMH CUCTEMAaTHYECKIX HaTyp-
HBIX HH)KEHEPHO-TEOKPUOJIOTHUECKHX HCCIE0BaHUM, anpoOaIiiy H3BECTHBIX METOIOB
pacdera, MPOSKTUPOBAHUS, a TakkKe pa3paboTKu d(PPEKTUBHBIX TEXHUICCKUX pellle-
HUH, TOBBIIIAOIINAX HAJIEKHOCTh TEOTEXHOJIOTHUECKIX CKBAKHH.

MeTonuka. [locTtoBepHOE OIpe/esieHue TI0JIe TeMITepaTypsl B YCIOBHAX PacIpo-
ctpanenust MMII B 30Hax pa3MmenieHns: CKBaXKHH 00€CIIEYMBAETCSI pElICHHEM 3a1aun
tepmonuHamuku 1o metoauke [13]. [IpumeHsieMble B cOCTaBe pacueTHON MOIETH
ypaBHEHUS TEIJIOBOTO OanaHca M OajaHca BJIard YYUTHIBAIOT 0COOCHHOCTH MepeHoca
TEIUTa ¥ BJIary, CBA3aHHBIE C HATMYUEM ABYX (PpOHTOB IpoMep3anusi. B ucnonp3yemoit
MaTeMaTHYeCKOW MOJETH MPeayCMOTpeHa KOPPEKTUPOBKA C TEUEHHEM BPEMEHH Te-
TUIO(HU3UYECKUX XapaKTEPUCTUK TOPOI.

O1eHKa HaNpsHKEHHO-IE(OPMUPOBAHHOTO COCTOSHHUSA TPYOBI U3 MOJTUMEPHOTO Ma-
Tepuana 6a3upyercs Ha HCIOIB30BAaHUN TPEXMEPHOIH MOJIETIH, TI03BOJISIOIIEH ¢ TocTa-
TOYHON JUISI MH)KEHEPHBIX PAacuyeTOB TOYHOCTHIO ONPEAETUTh BHYTPEHHHE YCHIHS B
TpyO€ METOIOM KOHEUHBIX AIIEMEHTOB C TIOMOIIBI0 IPOTpaMMHOTO KoMruiekca «JIPAY.
Taxoit moxxo/ MO3BOJSET MPOU3BOAMUTE pacueT TPyObl HA TPOYHOCTh M YCTOHYHBOCTh
B YCIIOBUSIX €€ CXKaTHUs JIbJIOM B 3aMKHYTOM IIPOCTPAHCTBE.

Metonuka OLEHKH YCTOMYMBOCTU 00CaHON TPYOBI Ha JIEHCTBUE KaCaTSIbHBIX CHJII
mydeHus [14] BkodaeT omnpeaeneHne TIyOWHBI CE30HHOTO MPOMEP3aHus MOpoJ, UX
($u3MKO-MeXaHUIECKIX CBOMCTB, HOPMAaTHBHOM KacaTelbHON CHIIBI ITyYEeHHs, KOTOpas
U3MepsieTCs B pe3yibTaTe CHelHalbHBIX WCCIEAOBAaHUM, a B CIy4ae MX OTCYTCTBUS
oIpenensieTcs pacyeToM. YCTOHYMBOCTh 00CaAHON TPYObl OLEHUBACTCA M3 YCIOBHS
MIPEJEIEHOTO PAaBHOBECHSI.

Meroauka OIEHKH CHJI HETaTUBHOTO TPEHUS OoTTamBaromiero maccusa MMII [15]
BKIIIOYAET ompezesieHne (hU3NKO-MEXaHHIEeCKUX CBOWCTB, K03()(HUIIMEHTOB OTTanBa-
HUS ¥ CKUMAEMOCTH, 3HAYEHUH TeMIlepaTypsl MOpPoJ B 30HE MX B3aMMOJIEHCTBHS CO
CKBO)XHHOU TI0 BCEH ee ITyOunHe.

OrneHka ceiCMUYECKO OMaCHOCTH TUIOMIAAKKA PYAHOTO IOJISl peaan3yeTcsl CIoco-
00M ceficMHYecKOTo MUKPOPaOHUPOBAHUS C YYETOM M3MEHYMBOCTH CEHCMHYECKHUX
CBOMCTB MOPO]] B KOHKPETHBIX TEOKPHOIOTUIECKUX yCIOBHSIX.
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Pesyabrarbl. B CBS3M ¢ M3I0XEHHBIM IIpejIaraeTcs KOMIUIEKC MEPONPHITHI MO
o0ecreueHnIo HaIeKHOCTH TeOTEXHOIIOTHIECKUX CKBaKHH TP OCBOCHHUH MECTOPOXK-
JIEHUH TI0JIE3HBIX HcKomaeMbIx MeTooM CIIB B KpronuTO30HE HA CTAUHU MPOSKTHUPO-
BaHUs, KOTOPBIHA JOIKEH BKJIIOYATh CIEAYIONINe paboThI:

1. VmxeHepHO-TEOKPHUOIIOTHUECKUE HM3BICKAaHUS Ha TEPPUTOPHUH PYTHOTO IIOJS,
BKITIOYAIOIIUE Ofpeesnenue ¢pusnko-mexanmdecknx cBorictB nopox CTC u MMII co-
mmacHo CIT 47.13330.2016. HUnoicenephovie uzvickanusi 0as cmpoumenscmed. OcHos-
Hble nonodicenus. B palioHaxX ¢ TIOBBITIICHHOW CEMCMHIYECKOH aKTUBHOCTHIO HEOOXOTH-
Ma pa3paboTKa TEOKPHUOJIIOTMYECKOM KapThl, YYHUTHIBAIOMICH CeHCMHYECKOE
MHKPOPAOHUPOBAHKE PYIHOTO MO [ 12], M3yUueHne U UCITOJIb30BaHIE HAKOTUICHHOTO
OTIBITA B CMEKHBIX OTpacisix [16].

2. TetroTeXHUYIECKHA pacueT 10 U3BECTHRIM MeTOnUKaM, Harpumep [13], ¢ mienpio
OTIpe/ieTIeHHs TEeMIIEPaTypHOTO O B 3aKOJIOHHOM MPOCTPAHCTBE M KOHTAKTHUPYIO-
mux ¢ euM CTC u Tomme MMIT.

TermnoTexHuYeCKui pacyeT JI0JKEeH MPOU3BOJIUTHCS:

— Ha MUHAMAJIPHO 1 MAaKCUMAJIBHO JTOIYCTHMBIE 3HAYEHHS TEMIIEPaTyPhl TETTIOHO-
CHUTEIS B KOJIOHHE (TIPOEKTHBIE) P MIHUMAJIBHBIX CPETHE3NMHIX 3HAUYEHHSIX TeMITe-
patypsl mopoxn CTC u temmeparyps! Toamm MMIT;

— IUJIsl TIEPUOIOB MOHTaKa, Hadala M OKOHYAHUS DKCIDTyaTallld, aBapHitHON OCTa-
HOBKH M PEMOHTA CKBa)KHUHBI.

Pesynprarer pacueTa 00€eCIIEYHBAIOT OIIEHKY BO3MOXXHOCTH 3aMep3aHus BOIBI B 3a-
KOJIOHHOM ITPOCTPAHCTBE HA OCHOBHBIX CTAIMAX DKCILTyaTalliy CKBAXKIHBI 1 BO3MOXK-
HOCTB OTIpEACIICHNs MaKCHUMAaJIbHO O€30TIacCHOTO CPOKa €€ aBapHUHHOM WMITH TUTAHOBOM
OCTaHOBKH, a TAaK)X€ YTOYHEHHE XapaKTEPUCTHK TEMIIEPAaTYypPHOTO peXHMa PYIHOTO
TIOJIST TSl HA3HAYEHUS B €T0 MpeieiaxX ONTUMAIFHOTO PACCTOSHUS MEXIY Te0TEXHOIIO-
TUYECKIMH CKBOKHHAMH TI0 TEMIIEPaTyPHOMY TIPHU3HAKY.

3. PacueT KOJOHHBI Ha MPOYHOCTH U YCTOWYHBOCTH TPU OOXKATHUHU JIHIOM H3 3aKO-
JIOHHOTO TIPOCTPAHCTBA.

B xauecTBe MCXOIHOTO yCIOBHS IPUHUMAETCS IOMYIICHNE, YTO 3aMep3aHue BOJBI
BOKPYT KOJIOHHBI IIPOUCXOANT B 3aMKHYTOM TIPOCTPAHCTBE, T. €. 0€3 BO3MOKHOCTH 00-
KOBOTO PacIINPEHHs, YTO IPUBOIUT K 00KATHIO KOJIOHHBI 32 CUET yBEITMICHUS 00beMa
BOJIBI HA 9 % Tipu (ha30BOM Tiepexoie BOMbI B JIEI.

C yd4eroM W3BECTHBIX BENWYMH JedopMannii, BHI3IBAEMBIX 3aMep3aHHEM BOJBI
B 3aKOJIOHHOM TIPOCTPAHCTBE, OIIPE/ENIeTCs BHEIIHEee JaBIeHNe Ha TPyOy W Koiblie-
BbIe YCHUIUS, CO37[aBaeMble B ee cTeHKaX. [Ipn aTom nedopmanmm CTEHOK CKBaXKIHBI
B MEP3JIBIX MOPOJaxX He YIUTHIBAIOTCA.

BenmuarHa KpUTHYIECKOTO JABJIEHUS, CIIOCOOHOTO MPUBECTH K MOTEpe YCTOWIHBO-
CTH KOHCTPYKIIHH, BBIYUCIIICTCS 110 M3BeCTHBIM (popmymam [17]. Ecou cxxumaromiee
HaNpsDKeHHE B CTEHKaX TPyOBI MEHbIE Mpefelia MPOIOPIHOHAIFHOCTH MaTepraa,
KPUTHUYECKOE JaBIIEHUE ONpeeseTcs 1o ¢popmyIie

En?®
P = 4(1-v?)R®

rne £ — monyns FOuTa; & — TommuHa cTeHKH TPyOhI; R — pamnyc TpyOsl; v — Koddhdu-
uuent [lyaccona.

[Ipumenenue sl pacyeToB METONAa KOHEYHBIX 3JieMeHTOB [18] maer pesymbrar,
VIOBJICTBOPSIONTNI TPeOOBAHISIM TOYHOCTH MHXKCHEPHBIX pacdyeToB. Ha ocHOBe pac-
YETOB aBTOPAMH HACTOSIIIICH CTAaThH BHITTOITHIIACH OIICHKA 3aBUCMOCTH HECYTIIEH CII0-
COOHOCTH KOJIOHHBI OT €€ IhaMeTpa, TOIIIHUHBI CII0A JIbJa B 3aKOJIOHHOM IIPOCTPAHCTBE
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U OT XapaKTepUCTUK Marepuaina. Onpeensioch coueTaHne mapamMeTpoB, KOTOPbIE MO-
TYT NPUBOAMUTH K NIOTEPE YCTONUMBOCTH KOJOHHBI MJIH K €€ pa3pylieHuto. B xoze uc-
ClleIoBaHMH OBLJIO YCTaHOBIEHO, YTO IUIACTMAcCOBBIE TPyOBl nuamerpom or 90
10 160 MM TEepsIIOT YCTOHYMBOCT NIPU 3aMEP3aHUM BOJABI B 3aTPYOHOM MPOCTPAHCTBE
npu 00pa30BaHUU MPOCIIOCK JIbJIa TONIIHHON 20 MM.

4. Pacuet o0caHOM TpyOBI HA YCTOWYMBOCTD M MPOYHOCTD, @ TAKXKE Ha JCHCTBUC
KacaTeJbHBIX CHJI KpHOTeHHOTOo IyueHus npu npomMep3anuu CTC (B cimyyae oTHECEHUS
CJIararolIuX JUCHEPCHBIX MOPOJ K KaTeTOPUH MyYUHUCTBHIX).

O6cannas Tpyba
P ——
I | “5 TI'IOB
\ 4
T .-".-'.\ .-"*.-'.-"..-'..-'..-' Frrrr
" &
TKQC | l TKEIC TCTC
-
T Kposis
MHOT'OJIETHEMEP3JIBIX TOPOJL
=3, Tt . [ G, [ - = '.'\'.' i e i, i i
i — —
o F a1 |9 % ¥ 4
R — p— - N
- - “+- l l + = 4
e & 4 L F & 4
a4 & Pc l l P 23 P *
E . l l i L Tvvn

KoonHa U3 nojaumMepHsIx Tpyo

Puc. 1. Cxema oGcatHO# TpyOBI C KOJOHHOI:
T, — KacaTelbHas CHjla KpHOTEHHOTO MydeHus; P, — cuna cMep3anus obcaaHoi
TPyOBI ¢ MHOTONIETHEMEP3JI0# nopoxoii; T — TeMIeparypa Ha IIOBEPXHOCTH
nopon; T — TeMIeparypa Ce30HHOTANIOTO 10sl; Ty — TEMIIEpaTypa MHOTO-
JIETHEMEP3JIBIX IIOPOX; & — BEIMYMHA KPUOTEHHOTO BBITYYMBAHMS 00CaIHON
TpYOBI; ¢ — Harpy3Ka Ha KOJIOHHY P 00XKaTHH JIbIOM
Fig. 1. A scheme of a casing pipe with a string:
T, — tangential forces of cryogenic heaving; P, — adfreezing force of the
casing pipe and permafrost; 7, . — the temperature at the surface of rock;
Tcqc — the temperature of the seasonally-thawed layer; T}, — the temperature
of the permafrost; 6 — the height of the casing pipe cryogenic heaving; g — load
on a string when it is compressed by ice

Pacuernas cxema OCHOBBLIBAeTCs Ha YCJI0BUH NPEACTIBHOIO paBHOBECCHA aHAJIOTHUY-
HOW MOJENTM HEHArPyXEHHOW cBau 0e3 yuera ee COOCTBEHHOW MacChl, YCTOMYHBOCTD
KOTOPO¥ COOJI0AAETCs JJIs ONIPENIEIICHHOM Oe3omacHoi r1youHs! [14]. Cxema B3auMo-
nedictBust oocanuoi Tpyos ¢ CTC u MMII nokazana Ha puc. 1. [To pesynbraram pac-
YyeTa yTOUHsIETCs IITyOHHA MTOTPYKEeHUsST 00CaaHOM TPyOBbl, FapaHTUPYOIIasi HEPOHHUK-
HOBCHHEC IMOA3CMHBIX BOJ B 3aKOJIOHHOC MMPOCTPAHCTBO CHU3Y B ClIydac €€ BhIIIyYHBaHUA
(mepemMerieHus HIKHETO Toplia 00cagHOM TpyOBl BBEpX BBIIIE OTMETKH YPOBHS MOJ-
3eMHBIX BOA). B ciyyae, eciu jpomyckaercsi cMep3aHue 00caaHol TpyObl C MOPOJION,
MPOU3BOJIUTCS pacueT TPYObl U COCAMHSIOIINX €€ AIEMEHTOB, HAIPUMEP PE3bOOBBIX,
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Ha pacTspkeHue. Ha ocHOBaHMM pacyeTHBIX MOKa3aTesel pa3padarbiBaloTCs MEpPOIpH-
ATHS TI0 TIPEIOTBPAIIEHUIO KPHOTEHHOTO BBIITyYHBaHUS 00CaIHOM TPYObI KacaTeIbHbI-
MU CUJIaMH ITy4EHUS.

5. Pacuer oOcamHO# TpyObl B OTTaMBAIOIIUX M OTTASBIIMX MHOTOJECTHEMEP3JIBIX
JIUCIIEPCHBIX IOPOJAX CJIMBAOIIETOCS WINA HECIUBAIOIIEIOCsS THUIIA HA JIEUCTBUE CUI
HETaTUBHOTO (OTPHUILATEIHLHOTO) TPEHHs Ha OOKOBOM MOBEPXHOCTH HEHATPYKEHHOM
TpyOBI IO METOJIHKE, H3II0KEHHOU B pabore [15].

B sToM citydae pacueTHas cxema IPUHUMAETCS KaK JUIsl HEHarpy>KeHHOM IOJION
CBaM KpYyIJIoro ceyeHus 0e3 yuera ee coOCTBeHHOH Macchl. [lo pesynbraTtam pacuera
YTOUYHSIETCSl OTMETKA BepXHero oOpe3a o0casHol TpyOsl, rapaHTUPYIOIIAs HEJOMyIIe-
HUE [IPOHUKHOBEHUS NIOJ36MHBIX BOJI B 3aKOJIOHHOE IIPOCTPAHCTBO CBEPXY B Cilydae €€
0CaJIKA COBMECTHO C OTTaUBAOIIMM MaCCUBOM IrOpHBIX opoA. Ha ocHoBaHuu pacuer-
HBIX TIOKa3aTesel pa3padaThIBAIOTCS MEPONPHUSTHS 110 MPEAOTBPAILICHHIO OCaIKH 00-
cajHOH TpyOBI cornacHo [15].

6. Pacuet 00cagHOl TpyOBI HA COBMECTHOE ICHCTBHE KaCaTEIbHBIX CHII KPHOTEHHO-
ro myuenus npomep3atomero CTC u cui HeTaTUBHOTO TPeHUs oTTanBarommx MMIT
CIIMBAIOLIETOCS WM HECIIMBAIOIIETOCS THIIA.

7. IIpoeKT HHKEHEPHO-T€OKPHOIOTUIECKOTO MOHUTOPHHTA TEMIIEPATYPHOTO PEXKH-
Ma u aedopmannit MMII BOKpYyT CKBa)KHHBI U Ha KIIFOYEBBIX Y4acTKaX PyIHOTO TOJIS.

BouiBoabl. PazpaboTanbl pekoMeHAauH, JONONMHSIONINE TONoKeHuss Hopm mexwo-
JI02UYECKO20 NPOEKMUPOBAHUS 20PHOO0DBIBAIOWUX NPEONPUIIMULL MEMOOOM N0O3eM-
noeo sviwyenavusanus (CTO CPO-I1 60542948 00033-2015) n onipenemnsionue CocTaB
paboT Mo MPOEKTUPOBAHHUIO TEOTEXHOIOTUIECKUX, BOI03a00PHBIX U APYTHX CKBAXKUH
B YCIIOBHSIX KPHOJIUTO30HBI:

— pacyeTr TemieparypHoro pexuma MMII, BMemamonmx reoTeXHOIOTHUYECKYIO
CKB&)XMHY Ha MEPUOJI €€ IKCIUTyaTalllH;

— pacyeT Ha YCTOMYMBOCTH KOJIOHHBI 3 TIOJTMMEPHOHN TpyOBl Ha IEHCTBUE BHEIIHE-
IO JABJICHHUS, CO3AaBAEMOIO0 IIPU 3aMEP3aHUHU BOJIBI B 3aKOJIOHHOM ITPOCTPAHCTBE;

— pacyer o0caHOlN TpyObl Ha JACHUCTBHE KacaTelbHBIX CHJI KPUOTEHHOTO ITyYeHHUs
CE30HHOTAJIOr0 ciost aucnepcHeix MMIT;

— pacuet o0camHO# TpyOBI Ha IEUCTBHUE CHJI HETATUBHOTO TPSHHUS IPU OTTAaNBAaHUHU
qucnepcHsix MMIL.

B pernonax KproJUTO30HBI C BEICOKOW CEHICMUYECKON aKTMBHOCTHIO I1e5Ieco00pas-
HO TIPOM3BECTH pacyeT T'€0TEXHOJIOTHYECKON CKBaKUHBI (MJIM TPYIIBI CKBA)XHWH) Ha
JUHAMHYECKHE BO3ICHCTBUS HA y4acTKaxX PYIHOTO TMOJs ¢ Hauboiee HeOIarompusT-
HBIM COYETAHMEM II0Ka3aTeeil CEHCMUYECKOIr0 MUKPOPAHOHUPOBAHHS.

OO6pariieHo BHUMaHUe Ha HEOOXOUMOCTD JI€TaJIbHBIX WH)XEHEPHO-TEOKPHUOJIOTHYE-
CKHX (CeHCMO-TeOKPHOIOTUYECKNX) UCCIIEA0BAaHUI 1 MOHUTOPUHTA cocTostHrs MMIT
B I'PaHULIAX PYAHOIO MOJS B TEYEHHE BCETO CPOKA OCBOEHUSI MECTOPOXKACHUS I10JIE3-
HBIX ICKOTIA€MbIX METOIOM CKBaKHHHOTO TTOA3€MHOTO BBIIIIETAYUBAHHUS.
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ON THE DESIGN OF GEOTECHNOLOGICAL WELLS IN THE CRYOLITIC ZONE
OF TRANSBAIKAL AND ADJACENT REGIONS

Zhelezniak 1. 1.!, Stetiukha V. A.2
! Institute of Natural Resources, Ecology, and Cryology, Siberian Branch of RAS, Chita, Russia.
2 Transbaikal State University, Chita, Russia.

The aim of the research is to develop a methodology and work scope on wells design during the
development of mineral deposits, taking into account the impact of dangerous cryogenic processes in
seasonally thawed and thawing layers of dispersed rocks on their structural elements.

The relevance of the research is related to ensuring operational reliability, efficiency and safety of vertical
geotechnological, water intake, and other wells in operating, emergency or temporarily shutdown
condition located in the cryolithic zone of Transbaikal and adjacent regions.

The research methodology provides for the analysis of working conditions of an operating string of
polymer material in wells of various purposes, taking into account the most unfavorable climatic and
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geocryological factors, characteristic, in particular, of the northern part of the Transbaikal cryolitic zone.
Evaluation of these factors influence on the string of polymer material in the well is based on the laws of
thermodynamics. Additional loads caused by water freezing in a closed cavernous space, accompanied by
string deformation when it is compressed by ice, are taken into account. Evaluation of the casing pipe
stability against the action of the tangential forces of heaving, forces of negative friction and seismic action
provides for the application of proven calculation methods obtained as a result of many years of in-situ and
experimental-theoretical studies in Transbaikal region.

Research results are presented in a form of recommendations supplementing the scope and content of
works on the design of vertical geotechnological, water intake and other wells in the development
of mineral deposits in arrays of permafiost.

Key words: permafrost; well; string; casing pipe; design; strength; stability.
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WU3YYEHUE BELLECTBEHHOIO COCTABA KOPbl BbIBETPUBAHUA
B KOMMNEKCE rEOQUHAMUYECKON OUATHOCTUKU FOPHOIO
MACCHUBA

OANATKA3WH T. LLL.!
" MHeTuTyT ropHoro aena YpO PAH
(Poccews, r. Ekatepunbypr, yn. Mamuna-Cubupska, 58)

Beeoenue. Cmamous noceswyena 60npocy co8epuleHCmeosanus 2e00UHaMU4eckol OUaeHOCMUKY 20pHO-
20 MACCUBA, BLINONHAEMOU ON1sL 0becneyenus: 6e30NaACHOCHU OMBEMCMEEHHbIX 00bEKMO8 HEOPONONb30-
8aHUS NPU NPOBEOCHUU UHICEHEPHO-2e0N02UYeCKUX Uccaedo8anull. [lna obecneuenus 6e30nacHou IKc-
nayamayuu 06veKmos HeopONoNb306aHUs HEOOXOOUMO NPOSHOZUPOBAMb BOZMOMCHOCMb U YCAOBUS
DOPMUPOBAHUA KPUMUYECKUX COCMOAHUL NPoYyecca 0ehopMUpOBanUs 20PHO20 MACCUBA, NOTYYEHUS. €20
NPOCMPAHCMEEHHO-8DEMEHHbIX Xapakmepucmuk. IIpu 5mom HeobXo0uMO nPoOyKMUEHO NPUELEKAMb U
coomeemcmeyiouwum 00pasomM UHMePnpemupos8ams 6Cio, 8 MOM Yucie 0oue2eon02udecKkyio, uHpopma-
yuio 00 uccredyemom 20pHOM Maccuse, U3y4ams e20, OCHOGbIBAACH HA NPUHYUNAX CUHeP2eMmUKU — Ha-
VUHO2O HANPABIEHUS, HbIHE WUPOKO OX6AMUBULESO CAMbLE PAIUYHbIE OMPACIU eCIECBEHHOHAYYHO20
suanus. OOnum us Gaxmopos, Popmupyrouux 0epopmayuonHbLi nPoYecc 20pHO20 MACCUBA, ABNAIOMCS
PusuKo-mexanuuecKue C8OUCMEa 20PHbIX NOPOO, 8 YACMHOCMU, UX CHOCOGHOCHIL K MUKCOMPONHOMY
pasynpounenuro. Iloomomy 3a0ava uzyyenus MUHEPAIbHOZO COCMABA ITUHUCHIBIX OMILONCEHUL KODbl
BbIBEMPUBAHUSL U €20 GNUAHUA HA CNOCOOHOCIb PA3YNPOUHEHUS 20PHO20 MACCUBA 6€COMA AKMYATbHA.
Memoodonozus. Paccmompervt u npoanHaiu3upo8ansl npUMepbl 2e00UHAMUYECKOU OUASHOCMUKY pa3-
JIUYHBIX 00bEKMO8 HEOPONOIb3068aHUSL, GLINOIHEHHOU C Y4emoM (hakmopa, Komopbili HeobX00UMo yyu-
mbl8ams 8 NpocHose 0eoOPMAYUOHHO20 npoyecca, — 0COOEHHOCMeEN MUHEPANIbHO20 COCMABA 2NUHU-
CMbIX NOpO0, ONpedenanuje20 CmeneHb MUKCOMPONHO20 PA3YNIOMHEHUs NPU  MEXAHUYECKOM
6030€licmaulU, 8 MoM Yucie npu NPosSGIEHUU COBPEMEHHBIX 2eOOUHAMUYECKUX OBUNHCEHU.
Pezynomamul. Ycmanoeneno, 4umo cmenenb MUKCOMPONHO20 pa3ynpouHeHUs 3a6UCUm On GHEeWHUX U
BHYMPEHHUX (DAKMOPO8, XAPAKMEPHBIX OISl UBYHAEMbIX 00beKmos. K 21asHblM 6HeWHUM (akmopam
OmHeceHbl OUHAMUYECKUE 8030eliCMEUs Ha SOPHBINL MACCUB: COBDEMEHHAsT 2e00UHAMUYECKA AKMUG-
HOCMb,; 6030€liCmeue 63pbIBHbIX padom, Osudicenus mpancnopma u m. 0. K enasuvim enympennum gax-
Mopam omueceHvl SpAHYIOMeMPUYECKUll COCMAs NOPoobl, ee MUHEPAbHbII COCMAB U BIANCHOCb.
Buv1600. Komnnexcnulii, 6cecmoponnuii no0xXo0 npu 6biNOIHEHUU 2e00UHAMUYECKOl OUASHOCMUKU O
OMBEMCMEEHHBIX 00BEKMO8 HEOPONOIb306AHUA NO360IIAEN PACUUPUIMG NOHUMAHUE NPOYECCOo8 U Asile-
HUL, NPOUCXOOAWUX 8 20DHOM MACCUBe, U CROCOOCMEYem NOUCKY ONMUMATLHBIX NPOEKMHbIX PeuleHul,
HANPABNEeHHbIX Ha DEe30NACHOe, PAYUOHATIbHOE OC80EHUE 2e0N02UHECKOU CPeObl.

Knroueswie cnosa: ZOPHbZIZ Maccue, coepemernHas 2e00UHAMUYECKAsL AKMUBHOCTb, MuHepaﬂbeui co-
cmaes; eNUHbL, MmuKcomponus.

Beenenne. IIpu nporHo3upoBaHUU MOCIEACTBUI BIUSHUS COBPEMEHHOMN I'€OIMHA-
MHUYECKOH aKTUBHOCTH Ha OTBETCTBEHHBIC OOBEKTHI HEAPOIOIb30BaHHU HEOOXOAMMO
UCCIIeIOBaTh BOIPOC BO3MOXHBIX H3MEHEHUH (PU3NKO-MEXaHHYECKUX XapaKTEPUCTHK
TOPHBIX TIOPOJI ITPH TUHAMUYECKHUX Harpy3Kax, HalpuMep CIIOCOOHOCTH TUCTIEPCHBIX
MOPOJ K TUKCOTPOITHOMY Pa3yILIOTHEHHIO.

TukcoTponus — QU3NKO-XUMHUYECKOE SBICHHE, BO3HUKAIOIIEE B JAUCIEPCHBIX MO-
POZax M BEIPAXKAIOLIEECS B UX PA3KUKEHUH U MIOJTHOU IIOTEPE MPOYHOCTH MO/ BIUSHU-
€M BHEIIHWX JMHAMHYECKUX BO3ACHCTBHH M OBICTPOM BOCCTAHOBJICHHH MPOYHOCTH
NIPY CHATWY BHEUIHUX Bo3AeHCTBHU. Takue oOpaTuMble SIBJICHUS XapaKTEpHBI AJIS T10-

Hccnenosanus BeimonHeHs! B pamkax [oczaganus 007-00293-18-00, Tema Ne 0405-2015-0012.
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pon, o0nafauuX CTPYKTYPHBIMU CBS3SIMH, OOYCJIOBJIEHHBIMHM HETIOCPEICTBEHHBIM
B3aMMOJIEHCTBHEM YaCTHI] M arperaTtoB Mexay co0o0il. DTH CBI3M OTIMYAIOTCS MaJoi
MPOYHOCTHIO, MOOMIBHOCTBIO H 00PaTHMOCTBIO.

CreneHb THKCOTPOITHOTO Pa3yPOYHEHHS 3aBUCUT OT BHEIIHUX H BHYTPEHHHX (haK-
TopoB. K BHemHHM (hakTopaM OTHOCSATCS TUHAMHUYECKHE BO3JCHCTBUS Ha TOPHBIN
MacCHB: COBPEMEHHAs F€OJUHAMUYECKAsi aKTUBHOCTh; B3PBIBHBIC paOOTHI; IBUKEHUE
TpaHcnopra u T. A. K BHyTpeHHUM (hakTOopaM OTHOCSTCS TPaHyIOMETPHUYESCKHIA COCTaB
MOPOJIbl, €€ MUHEPATIBHBIN COCTaB U BIAXKHOCTb.

I'panynomerpudeckuii cocTaB rpyHTOB HMEET MPUHLIMITHAIBHOE 3HAYeHUE [T BO3-
MOYXHOCTH THKCOTPOIHBIX M3MEHEHUH. TUKCOTpOIHBIEC SBJICHUS HAUMHAIOT HAOIIO-
JlaTbeA yKe NMPU HATMYMU B TPYHTE INIMHUCTHIX YacTHUI] B Konndectse 1,5-2 %.

Haubonee ckIOHHBI K TPOSBICHUIO TUKCOTPOTINU TIIMHUCTHIE TOPOJIBI, UMEIOIIKE B
COCTaBe MOHTMOPUJUIOHHUT U TUIPOCITIOBI.

Jind  MHHEpaJoB MOHTMOPMIUIOHHTOBOW rpymmel  (m{Mg;[Si,O,,][OH].}
p{ALFe),[Si,0,,][OH],} - nH,0) BciencTBue 0coGeHHOCTEH CTPOESHNUS KpUCTaJlInye-
CKOM pelIeTKH XapaKTEepHBIM IMPHU3HAKOM SIBJSETCS MEepeMEHHOE Co/ep)KaHHe B HHUX
BOJIbI, U3MEHSIOIIEECs B 3aBUCUMOCTH OT BIQXKHOCTH OKpy»arolien cpezsl. Bona ner-
KO MIPOHMKAET B KPUCTAJUINYECKYIO PELIETKY MOHTMOPHUJUIOHHUTA, pa3[BUTaeT ee U 00y-
CIIaBIMBACT CUJIbHBIE THAPOQMILHOCTE U HaOyxaeMocTh MUHepaina. Bricokue rumpo-
GUIEHOCTH M HA0YXaeMOCTh OTPENEIISIOT THKCOTPOITHOCTh MOHTMOPHIIJIOHUTA.

I'mapocintons! ABISIOTCS MPOMEKYTOUHBIM MPOIYKTOM BBIBETpHUBaHHUA cirof. Pas-
pylLIeHHE KPHCTAJUIMYECKOH pemeTku ciarof (Ha mpumepe myckosura) KAL(OH) -
2AlSi,0,, npoucXoauT 10 cXeMe 3aMelleHus HoHOB Kanus (K+1) Ha cBA3aHHBIE MOJIE-
xynsl Boasl (H,0).

Kpucrannuueckas cTpykTypa THAPOCIIONBI HE3HAUYUTENBHO OTIINYAaeTCa OT CTPYK-
TYpHBI CITIONBI U SIBNSETCS NMEPEXOHON K CTPYKTYpe MOHTMOpIIIIIOHUTA. [lakeTs! cimro-
JIbl TIEpeCIauBalOTCs ¢ TaKeTaMH MOHTMOPUJIIOHHTA.

Monexynst H,O pacmonararorcs B MEXKIAKETHBIX IPOCTPAHCTBAX, T. €. IPOHUKAIOT
BJIOJIb TUIOCKOCTEHN, pa3rpaHUYMBAIONINX TUIOCKHE TTaKEeThl KPUCTAIITNYECKON CTPYKTY-
prl. Kaxaprit makeT ¢ 00enx cTOpOH Ha BHEIIHUX TUIOCKOCTAX COIEPKHUT THIAPOKCUIIb-
HBbI€ MOHBI U, CJIEJOBaTEeNbHO, MAKEThl MPUMBIKAIOT JPYT K JAPYTY MO MOBEPXHOCTSM.
IloaToMy mpH TPOHUKHOBEHWH BOJBI MPOMCXOAWUT pa3ABIKEHHE 3THUX MAKETOB.
[Tpu 3TOM MEKIITOCKOCTHBIC PACCTOSTHHS KPUCTALTHIECKOH PEIIeTKA MOTYT KolleOaThCst
B 3HAYUTENBHBIX Tpefenax — oT 9,6 1o 28,4A B 3aBUCUMOCTH OT KOJIHMYECTBA MOJICKYJ
H,O, yuacTByIOMmuUX B KPUCTAILIMYECKON CTPYKTYPE MUHEpAIIA.

OnBpIT Hccae0BaHUN Ha Pa3IUYHBIX TOPHBIX MPEANPUATUAX MOATBEPKIAET HE0O-
XOUMOCTb M3YYEHHs MUHEPAJIBbHOTO COCTaBa INIMHUCTHIX MOPOJ B KOMIUIEKCE TEOAH-
HaMHWYECKON THarHocTuku [ 1-6].

IIporno3Hble uccier0BaHus NMOCaeACTBHI 3aTonienns1 bepe3oBckoro pynHuka.
g bepe3oBckoro MecTopokJIeHHs 30J10Ta, TOPHBIH MacCHB KOTOPOTO PacIoIoKeH Ha
cenuTeOHON TeppUTOPHUH, IPUCYTCTBHE MOHTMOPUIJIOHHUTA B TNIMHAX KOPHI BHIBETPH-
BaHU SBUJIOCH OHOM M3 OCHOBHBIX MPUYMH HETATUBHOTO MPOTHO3a MPH OIpEeIEHUU
BO3MOXHOCTH 3aTOILICHUSI.

Prixsibie ME30KailHO30MCKHE OTIIOKEHUS B Npeaenax bepe3oBckoro pyaHoro moss
MPEJCTaBIEHbl TIMHUCTOW KOpPOW BBIBETPHUBAaHUSA. MOIIHOCTh KOpPBHI BBIBETPHBAHHUA,
pa3BUTOI OBceMecTHO, cocTaisieT 2—3 M. Ilo BemecTBeHHOMY COCTaBy Cpelu IJIH-
HUCTBIX MPOAYKTOB B 3aBHCHUMOCTH OT COCTaBa HMCXOJIHOTO CyOcTpara, Mo JaHHBIM
A. B. KopoBko, BBIIENAIOTCA HECKOJIBKO THIIOB: KAOJTHMHUTOBBIHN; KAOJIWH-TUAPOCITIOAN-
CTBIH; KAOJMH-MOHTMOPHJUIOHUTOBBIN; HOHTPOHUTOBBIN.

MoiuHble Kopbl BeiBeTpUBaHuUs (25—-50 M) copMupoBaIrch M0 rpaHUTOUAAM JACK.
Jluneiinble KOpPHI BHIBETPUBAHUS Pa3BUTHI 10 MIyOHHBI 120 M BIOJIB 30H TEKTOHUYE-
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CKMX HapyLIeHUH 1 0cIaOleHHBIX 30H Ha KOHTAaKTax Mmopo. JInHelHbIe Kopbl 0COOEH-
HO XOpOIIIO MpopaboTaHbl B BEPXHEW YacTH paspesa.

TopHBIE MaccuB TEppUTOpUU bBepe30BCKOTO MECTOPOXKIEHUS, COBIIAJAIOLIEH
¢ TeppuTOopuel I. bepe3oBckuii, xapakTepusyercs psaaoM ocodeHHocTel. B mpomniom
JI00bIYa 30J10Ta BeJach 3/1€Ch 110 AaiikaM. B pesynbrare BepXHsis 4acTh TOPHOTO Maccu-
Ba OKa3aJlaChb HpOHH?:aHHOfI MHOT'OYUCJICHHBIMU ITYCTOTaAMMH. HpI/I OTOM HECIIOCpECa-
CTBCHHO PAAOM C IMMyCTOTaMU MU BAOJIb TCKTOHUYECKUX HapyuleHI/Iﬁ 3aJIeral0T KaOJIHnH-
TUAPOCIIOOAUCTBIE U KAOJIMH-MOHTMOPWIUJIOHUTOBBIC TJIMHBI — TIOPO/bI, CKJIOHHBLIC
K TIPOSIBJIEHUIO THKCOTPOIIMH IIPH YBIAXKHEHUH.

B ciyuae 3aroruieHus pyIHHKa Ha 3aBEpIIAIOIIEM 3Tare pa3padoTKH MECTOPOXK/Ie-
HUS TIPOM3OMJIET 3aMauyrMBaHUE BEpXHEHN yacTtu paspes3a. [Ipu nposiBiieHHMH COBpEMEH-
HOW reoIMHaAMUYeCKOl aKTUBHOCTH, KOTOpasi HeM30exHa Ha MOIpad0TaHHO TePPUTO-
pun, Oyder HaOMIOAATbCS THUKCOTPOIHOE pa3yIUIOTHEHHE IIMHUCTBIX IOPOJ,
coacpKamruxX MOHTMOPHUJIJIOHUT U TUAPOCIIOABI. y‘II/ITBIBaH, YTO p€Yb UIOET O ropoa-
CKOH TEpPUTOPHH, OYEBUIHA KaTaCTpOQUIHOCTD NOCIeACTBUH [7-9].

HccaenoBanue npuyun popMupoBanus ono3Heii B Kopirynosckom kapbepe.
THUKCOTPONHOE Pa3yIIOTHEHUE IMHUCTHIX IOPOJI ONPEIENIEHO KaK OJH U3 (aKTOpPOB,
BBI3BIBAIOIIUX MpOIIECC OIMoa3HeoOpa3oBaHus B KopiryHOBCKOM Kapbepe OJHOMMEH-
HOTO 7KeJIE30PyAHOTO MECTOPOXKACHUSI.

3nech, Ha ceBepo-3alaJHOM ydacTke OopTa Kapbepa, MEepHOIUYECKH, HadnHas
¢ 1975 r., mpoucxonsaT KpymHbIe OMOJI3HU MPHU yIiiax Hakyiona 6opta 22°. ITo Bcem pac-
YEeTHBIM OIICHKaM, CKaJbHbIE OCaJOYHbIC MOPOIBI, CIAraloliie 3TOT OOpPT, JOJKHEI
o0ecreunBaTh €ro yCTOHYMBOCTh MpH yriax 28°—30° ¢ HOpMaTHBHBIM 3a1lacoM yCTOM-
guocTd 1,3. CBsi3b Mpoliecca onoyi3He0Opa30BaHUs C BpEMEHAMHU Tojla OTCYTCTBYET.
MHorouncieHHbIe HCCJIICA0BAaHN, BBIIIOJHEHHBIC 110 BCEM IMpaBUjIaM TPpAAUIIUOHHBIMU
METOdaMH, TaK U HC PAaCKPbUIM NPUYINHBI U MEXaHU3M 0HOH3HeO6pa3OBaHI/Iﬂ.

B 2007 r. UacturytoMm roproro aena YpO PAH nmon pykoBoacteom A. JI. Canrypu-
Ha BBITIOJIHEHA KOMIUIEKCHAsI, pa3paboTaHHasi Ha MIPUHIUIIAX CHHEPTETHKH, CTPYKTYp-
HO-T€OAMHAMHYCCKasd AUarHoCTHKa, 1o pe3yjibraramM KOTOpOﬁ OIpEACJICHBI MCXaHU3M
(bopMupoBaHHUs OMOJIZHEBOTO MpoIIecca 1 MyTH OOPHOBI ¢ HUM.

Omnomn3HeonacHsId y4acTok pacroniokeH Ha CeBepHoM OopTy KoprryHoBckoro ka-
pBepa, B 30HE MIKUPOTHOTO pa3iioMa MOITHOCTEIO 0koso 500 M.

OueBuLIBI, HEMOCPEACTBEHHO HaOronasmue onoi3Hu CeBepHoro 6opra Kapbepa
KOpHIYHOBCKOFO MECTOPOXIACHUA, OTMECYAJIU, YTO 3TH OIIOJI3HU (1)3KTI/I‘ICCKI/I SIBJISAJINCH
cemsimu [10]. st ceneoOpa3oBaHus OMPEIEIISIONICe 3HAYCHUE HUMEIOT TUKCOTPOII-
HOCTB U IUIBIBYHYATOCTH 'OPHBIX ITOPO.

['MuHBI, 3aMONHSIONINE MEXKOJIOKOBBIE TIPOCTPAHCTBA CKAIBHBIX TIopon CeBepHOro
Oopra, cofepkaT MOHTMOPHIUIOHUT U TUAPOCIIONBI.

J'[a60paTopHI)Ie HCIIbITAHUs, BBIIIOJTHCHHBIC B KOMIIJICKCEC I‘eOlIPIHaMPI‘IeCKOﬁ Jaua-
THOCTHKH, MOKa3alid, YTO yXe MpH BiIakHoctu 0,2 H0mu €. TuHA, oToOpaHHas W3
OTION3HS, 001aJaeT TUKCOTPOITHBIMH CBOMCTBaMHU (BETMYMHA THKCOTPOIHOIO YIIPOU-
Henus 1,96). Ogna u3 npod npu 3amganHoil BraxHocTH 0,4 pazxmkKanach Aaxe MpU
HE3HAYUTCIIBHOM BCTPAXUBAHUU.

Ilo pe3yiibratam 3MaHaHI/IOHHOI>'I CHEMKH B OTIOJI3HEBOM 30HE BBISIBIICHBI JBC ITOABHKHBIC
CHCTEMBI Pa3phIBHBIX HapyeHuid. HabmrogeHns ¢ mpuMeHeHHeM TEXHOJIOTHIA CITyTHHUKO-
Bo#i reome3un GPS B paiioHe OroI3HEBOI 30HBI TOKA3aIN BEICOKHH YPOBEHb COBPEMEHHOM
TeOIMHAMUYECKOW aKTMBHOCTH. AHANM3 THIIPOTEOJIOTHUECKOH CHUTYAIlMM UCCIIEyeMOro
MacCHBa MoKasai, 9To Ha ydactke CeBepHOTO 60pTa chopMUPOBATIMCH YCIIOBHS IS TIEpe-
YBIQAXXKHCHUS ITIMHUCTLIX ITOPO/, 3aIIOTHAFOIINX MeKOITOKOBBIE IIPOCTPaHCTBA.

[To pesynbraram reoMHAMHYECKOM JUArHOCTUKHU OTpe/elieH MEXaHU3M poliecca
omoi3HeoOpazoBaHus, HaOmomaemoro B mpenmenax CeBepHoro Oopra Kapbepa.
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Ilon BIUsSHUEM COBPEMEHHBIX KOPOTKONEPHUOTHBIX T€OAMHAMUYECKUX JBM)KEHUH I1e-
peyBIa)KHEHHBIE, XapaKTePU3YIOIIUECs TUKCOTPOIHBIM Pa3ylpOYHEHHEM TJIMHHUCThIC
MIOPOJIBI, 3aTOJIHSIOMINE MEKOIOKOBBIE MPOCTPAHCTBA, HAXOAATCS B HEYCTOHMYMBOM,
MOTEHINAIBHO TeKy4YeM COCTOSHHUHU. J|JIMHHONEpHOAHbIE [UKINYHBIE HArpYXEeHHUS B
OTIpe/ieTICHHbII MOMEHT, KOT/ia ITapaMeTphl CUCTEMBI IPHOOPETAIOT «OIaronpUsTHBIE»
3HAUECHHMs, B TAK HAa3bIBAEMOW TOUKe OM(ypKaIllUK, TIEPEBOISAT MOATOTOBICHHBIA Mac-
CUB B celieoOpa3Hble OIIbIBUHEI [11, 12].

Mexanusm (opMHpOBaHUS NMPOPLIBOB NMeCYAHO-INIMHUCTBHIX OTJIOKEHHH Ha
Coxo0/10BCKOM T0A3eMHOM pyaHuke. [locTossHHON mpoOneMoll Tpu pa3paboTKe
COKOJIOBCKOTO TIOI3€MHOTO PYIHHUKA SIBISIOTCS MIPOPHIBBI ME30KaHO30MCKHUX TTECYaHO-
DIMHUCTBIX OTIIOKECHUH B OYMCTHOE IPOCTPAHCTBO M3 BOPOHOK OOPYIIEHHUS, yTPOXKaI0-
e 0e30MacHOCTH BeICHHS TOPHBIX Pa0OT M BBHI3BIBAIOLINE 3HAYNTEIHHBIC SKOHOMU-
YeCcKHUe MOTepH.

®opMHpOBaHKE TIPOPHIBOB U3 ME30KAHHO30MCKUX OTIIOKEHUMN CBSI3aHO C OCOOEH-
HOCTSIMH CTPOCHHUS U JINTOJIOTUYECKOTO cocTaBa MaccuBa CokoJoBCKoro pymaauka [13].

IIpucyTcTBre Ha JHE 3aIIOJHEHHOW BONON BOPOHKHU IVIMH, IPEUMYIECTBEHHO 4Ye-
TaHCKUX, T€OIMHAMHYECKHX TOJIBH)KEK, CBA3aHHBIX C HEMIPEPBIBHBIM MporeccoM (hop-
MUPOBaHUS 30HBI OOPYLICHUS, ¥ MIEPUOAMYECKOTO HHTEHCUBHOTO BHOPOBO3ICHCTBHS
OT MPOMBIIUIEHHBIX B3PHIBOB ONpeAeisieT MeXaHu3M (popMHUpOBaHUS MPOPBHIBOB 00-
BOJHEHHBIX MECYAHO-ITIMHUCTHIX OTJIOKEHUH B OYMCTHOE MIPOCTpaHcTBO. Onpeensto-
1Iee BIUSHHUE Ha Tpolecc GOPMUPOBAHUS IPOPHIBOB UMEET MUHEPAJIBHBIN COCTaB Ue-
TaHCKMX IVIMH, MOJyYMBIINX PErHOHAIIbHOE pacnpocTpaHeHue u Ha 40 % cocTosmux
13 MOHTMOpWJUTOHUTA [14].

BenenctBre THKCOTPOITHOTO pa3yMIOTHEHHS YBIa)KHEHHBIE Ha JTHE BOPOHOK YeraH-
CKHe€ TJINHBI, HAXOJSICh B PA3KIKEHHOM COCTOSHIM U3-32 MEXaHUYECKOTO BO3IEHCTBUS
OT B3PBIBHBIX Pa0OT M TEXHOTEHHBIX T'€OJMHAMHUYECKUX IBIKCHUH, MPEOOTIeBAIOT
(GUITBTPAIMOHHOE COMTPOTUBIICEHUE TONIIH JC3HNHTETPUPOBAHHBIX CKABHBIX MAJIC030H-
CKHX IOPOJ 30HBI OOPYIIEHUS M MPOHUKAIOT B OYMCTHOE MPOCTPAHCTBO. 37IECh B CO-
CTOSTHUM TTOKOSI TVIMHBI BOCCTAHABIIMBAIOT CTPYKTYPHBIE CBA3H U MPHOOPETAIOT TYTro-
TUTACTUYHOE COCTOSIHUE, OCTAHABIINBAS J00BITY PyAbI.

BobiBoa. IlpuBeaeHHbIe TpUMEpPHI JEMOHCTPUPYIOT aKTyaJbHOCTh KOMILIEKCHOTO,
BCECTOPOHHETO TOAXO/a MPU BHITIOTHEHWH T€0JUHAMUYECKON JUArHOCTHUKH, BBITIOJN-
HSIEMOH C 11eTIbI0 00ecTieueHrst 0€30MacCHOCTH OTBETCTBEHHBIX 00BEKTOB HEIPOTIONB30-
BaHUA. [laHHBIM NMOAXOZ MO3BOJSET PACIIMPUTh NOHMMAHME MPOLIECCOB U SIBICHUI
B TOPHOM MAacCHBE, COIPOBOXKIAIOIIIX COBPEMEHHYIO T€OIMHAMUYECKYI0 aKTUBHOCTb,
M CIIOCOOCTBYET MOMUCKY ONTHMAJIBHBIX MPOEKTHBIX PELICHNH, HallpaBIeHHBIX Ha 0e30-
MacHoe, palioHaJIbHOE OCBOEHUE Te€0JOTHUECKON CPEIbl.
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STUDY OF THE MATERIAL COMPOSITION OF THE WEATHERING CRUST
IN THE COMPLEX OF GEODYNAMIC DIAGNOSTICS OF THE MASSIF

Dalatkazin T. Sh.!
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Introduction. The article is devoted to the question of improving the geodynamic diagnostics of the rock
massif, which is carried out to ensure the safety of critical subsoil use objects when carrying out engineering
and geological research. To ensure the safe operation of subsoil use objects, it is necessary to predict the
possibility and conditions for the formation of the rock massif deformation process critical states, obtaining
its spatial-temporal characteristics. At the same time, it is productive to attract and appropriately interpret
all, including general geological, information about the investigated rock massif, to study it based on the
principles of synergetics - the scientific divection that has now widely embraced the most diverse branches

of natural science knowledge. One of the factors forming the deformation process of the rock massif are
the physical and mechanical properties of rocks and, in particular, their ability of thixotropic softening.

Therefore, the necessity of studying mineral composition of the clay deposits of the weathering crust and
its influence on the rock massif's ability of softening is rather relevant.

Methodology. The article examines and analyzes examples of geodynamic diagnostics of various subsoil
use objects, taking into account one of the factors that must be taken into account in the forecast of the
deformation process - the features of the mineral composition of clay rocks that determine the degree of
thixotropic decomposition under mechanical influence, including the development of modern geodynamic
movements.

Results. The degree of thixotropic softening depends on external and internal factors typical of the objects

under consideration. The main external factors include dynamic impacts on the rock massif: modern

geodynamic activity, the impact of blasting, traffic, etc. The main internal factors include the granulometric
composition of the rock, its mineral composition and moisture content.

Conclusion. A complex and comprehensive approach to the implementation of geodynamic diagnostics for
critical subsoil use objects allows us to broaden the understanding of processes and phenomena occurring
in the rock massif and contribute to the search for optimal design solutions aimed at the safe and rational
development of the geological environment.

Key words: rock massif; modern geodynamic activity, mineral composition; clays, thixotropy.
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OCOBEHHOCTW BO3AEWCTBMSA NOA3EMHbIX BOA
HA MUKPOTPELLUHbI FOPHbIX MOPONA

P3AEB A6. I.t, PACYNOB C. P.2
" MIHCTUTYT cicTem ynpaBneHus HauuoHanbHoit akapemun Hayk AsepBaimxaHa
(AsepbanmxaH, r. baky, yn. b. Baxab3age, 9)
2 A3epOailmKaHCKUIA roCy4apCTBEHHDIA YHUBEPCUTET HEQTU U NPOMBILLNEHHOCTY
(Asepbanmxan, 1. baky, np. Asagnbir, 34)

Beeoenue. Cnocobnocms 83aumooeiicmeus 20pHoti nopoobl ¢ 2yOUHHOU 80001 MECHO C8A3AHA C AHO-
MANbHLIMU  CBOUCMBAMU  800bL: Oblcmpopacmeopalowell U Ouccoyupyiowell Xapaxmepucmuxotl,
AHOMAILHO GbICOKOU MEeMNepamypoli Kunerus, NOIAPHOCMbIO U NOBEPXHOCMHOU AKMUBHOCIbIO MOJle-
xyn. Ilpu smom monexkynvi 600bl 8 NPUCYMCMEUU OPY2UX NONAPHBIX MOJLEKYIL CROCODHbL 06PA308bI6AMNb
6000POOHbIE MOCIUKU MENHCOY AMOMAMU KUCTOPOOA O8YX OKA3ZAGUIUXCSL PAOOM MOLEKYT MAK, YO Amom
6000p00a pacnonazaemcs Ha ompesKe, coeOuHsioujemM amomvl kuciopooa. Obpazosanue mempas’opu-
YecKux 3apoobiuiell A6IAemMcs aHOMANUel HCUOKO20 Kpucmanna 600sl. B amom acnexkme ucciedosanue
0cobeHHoCmell 83aUMO0eliCMEUsL HCUOKO2O0 KPUCIATLLA 800bl C MPEWUHAMU 20PHBIX HOPOO, NPUBOOAUje-
20 K pa3pyuieHuio mpewut, si8asemcs akmyaibHol 3a0ayel.

Lens pabomet. Onpedenenue mexanusma 63aumo0eticmsus 20pHoll nopoosl ¢ 21yOUHHOU 8000l U pas3-
pabomka usuueckux mooenell HUOKo20 KPUCMALIA 8006l 01 ONpedeieHUs €20 poiu 6 pa3pyuleHuu
20PHBIX NOPOO.

Memooonozuu uccnedosanus. B pabome ananusupyemcsi cywecmsyiowee cocmosinue npooiem onpe-
Oelenus Mexanusma 63aumooeticmsus eiyourHHoll 600bl ¢ 20pHOU Nopoodoil. IIpednodcern HOBbI N0OX00
K onpeodenenuio smozo mexanusma. Ilokazano, umo enybuHHas 600a s675€Mcsi OOHUM U3 ONPEOeNTIOUUX
Gakmopoe paspywienus 20pHOL NOPOObI.

Pesynomamut uccnedosanusn. CKOHCMPYUpO8aHa Gusuueckas Mooelb HCUOKO2O0 KPUCMALLA B00bl,
cocmosawas uz 92 monexyn. I[lpednoscen HOBbL NOOX00 onpedeneHus 63aumMo0eticmeust 2yOUHHOU 600bl
¢ MpewuHamu 20pHLIX NOPOO.

Buv1600bl u 001acMb NPpUMEHEHUA Pe3YTbMam08. HCnonb306aH KOMNIEKCHBI NOOX00 K AHAAU3Y 0CO-
bOeHHOCmell MEXaHU3Ma 3auMo0elicmeus 20pHOU NOPodvL ¢ 2IYOUHHOU 8000U. Paspabomanvt mamema-
muyecKkue Mooenu npoyecca Guibmpayuu 600bl 6 Mpeujunbl 20PHbLIX HOPOO, NPUBOOAUel K HADYXAHUIO
u paspeigy mpewun. Ilokazano, ymo 3HaueHue PACKIUHUBAIOWE20 OAGLEHUsl MOJCem O00Cmueams
230 Mlla, ymo 3uauumenvHo Oonbule npedena yCmouuu8oCmu MHO2UX 2OPHLIX nopoo. Ilonyuennvle pe-
3yIbmamosl Mo2ym 0Ovlnb UCNOIb308AHbL NPU NPOSHOZUPOBAHUU 3eMACMPICEHUIl Nymem OnpeoeieHus.
MEXAHUIMA 3AUMOOEUCMBUSA NOO3EMHBIX 800 C MUKPOMPEUUHAMU 20PHBIX NOPOO.

Knrouegwie cnosa: mpewuna; copnas nopooa; 2nybunnas 600a, oasieHue; Hadyxanue, MesCMoIeKyiap-
Has cuna.

BBenenune. AHoManbHBIC CBOMCTBA BOMBI, TAKHE KaK BBHICOKAs TEMIIEpaTypa KHIle-
HUSl, 3HAUUTENIbHAS PACTBOPSIONIAS U JUCCOIUPYIOIAs CIIOCOOHOCTh, Majias TeIIo-
MPOBOIHOCTh, BHICOKAsI TEILIOTA MCIIAPCHUS U JpyTUe, 00yCIaBIMBAIOTCS CTPOCHUEM
€€ MOJIEKYJIbl U IPOCTPAHCTBEHHOM CTPYKTYpOH.

Moutekysibl BOABI B MPUCYTCTBUHU APYTHX MOJIEKYJI CIIOCOOHBI 00pPa30BhIBATh BO-
JIOPOJTHBIE MOCTUKHU MEXy aTOMaMH KHCJIOPOJa JIBYX OKa3aBIIMXCS PSIIOM MOJE-
Kyl Tak, 9TO aTOM BOJOpPOJIa pacrojiaraeTcs Ha OTPe3Ke, COCHMHSIONIEM aTOMBI
kucaopona. CrnocoOHOCTs 00pa30BHIBATh TAaKUE MOCTHKH OOYCIIOBIICHA HATUIHEM
0c000T0 MEXMOJEKYISIPHOTO B3aWMOEHCTBHS, B KOTOPOM CYIIECTBEHHYIO POIb
UTpaeT aToM BOAOPOAA. DTO B3aUMOJEHCTBUE Ha3bIBAE€TCS BOAOPOJHOM cBs3bio [1, 2].
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Kaknast u3 mpucoeAMHEHHBIX K TaHHOW MOJISKYJIE BOJBI CIIOCOOHA K MPUCOCTUHE-
HUIO JaJbHEUITUX MOJICKYJI. DTOT MPOIecC MOXKHO Ha3BaTh nmonumepusanucii. Eciau
TOJBKO OJTHA U3 JIBYX BO3MOKHBIX CBS3€H y4acCTBYET B IPUCOCIMHEHUH CIEIYIONIeH
MOJICKYJIbI, @ Ipyrasi OCTAaeTCs BAaKAHTHOM, TO «IIOJUMEpHU3alUs» MPUBEIET K 00-
pazoBaHUI0 JUOO 3Mr3arooOpa3HoOl Ienu, JUOO 3aMKHYTOTO KoOJiblla. Takum ke
o0pa3oM pacmonaralTcs MoJieKysl kBapua (Si10,), npeacrapusiomue co60i 0CHO-
BBl 3¢MHO# TBEPAOCTH, HE HaroIieii MuHepamaMm B TopHEIX mopomxax (I'IT) pacchi-
nmatbca B pax. Ha BepmmHax TeTpasApuYecKuX CTPYKTYP HAXOIATCS KUCIOPOI U
KpeMHui 3, 4].

Heobxonnmo otmeTHTh, uTo 85 % Macchl TBepAoi 3eMHO# kophl (3K) cocTaBmistor
CHJIMIKATBhI, KOTOPBIE YaCTO COJEPIKAT BOAY U SABISIOTCA BAXKHEHIIIIMH TTOPOI000pa3y-
omuMu MuHepaitamMu pa3inudHbix [Tl (poroBele 0OMaHKH, MUPOKCEHBI, TPAHATHl U
JIpyTHe); TIIyOMHHBIC BOABI YYaCTBYIOT B IPOIECCE MOATOTOBKH CHIIBHBIX 3€MJIETPS-
CeHul [5, 6]; MOCTYIJICHUE BOABI B CUCTEMY CBEXKEBCKPHITHIX TpemuH [ TI obneruaer
WX JalbHElIIee CIOHTAHHOE pa3pyllieHue cortacHo 3Qdexry Pedunnepa [7-9]; me-
XaHU3M BO3JICHCTBUS BOJBI COCTOUT B OOJICTYCHUU Pa3BUTUS MUKDPOTPEIUIUH, KOTO-
PhIC BO3HUKAIOT Ha OCHOBE CIa0BbIX MECT — Ie(h)eKTOB B KpUCTauTHueckoi pemerke [10];
CTPYKTYpPHUpOBaHHAsI BOAAa UMEET OOJIBIIYIO BSI3KOCTh, 4YeM cBOOOAHAs Boaa [3]; mo-
BBIIICHUE CTEIICHW MHHEPAIU3allid BOJABI TPHUBOIUT K YBEIMUYCHUIO €€ BSI3-
KOCTH; B IUIACTOBBIX YCJIOBUSX BS3KOCTh BOABI H3MEHSCTCS NPUOIHU3UTEIBHO
ot 0,3 mo 1,33 MIla - ¢ [11]. Yka3anHbIe 0COOEHHOCTH TIO3BOJISAIOT CJIEJaTh BHIBOJ O
TOM, 9TO (PUBHKO-XUMHUIECKOE B3auMoaecTBIEe NIyOnHHOM Boas! ¢ I'TI mponcxoaut
B pe3yNbTaTe TaKuX MPOIECCOB, KaK OCMOTHYECKHI MacCOOOMEH, N3MEeHEeHHe pac-
KIIMHUBAIOIIETO JaBJIeHNs U Ha0yXxaHue, MPU KOTOPHIX pa3BUBAaEMOE JaBICHHUE B OT-
JeTBHBIX ciydasx mocturaetr coteH Mlla. Boga, mpoHuKatomas B MOJIOCTh MEXIY
KOJUIOUJJAMH, TIO/IBEPTaeTCsl CHIIBHOMY CXKATHIO, HAallpuMep, Ipu HaOyXaHW! JaBlie-
HHUE B MOJoCTIX ngoxoaut no 40 MIla.

Puc. 1. CnocoOsl n300paxeHUs] TETPadIpUUECKOil KOOPOHHAIIMH KHCIOpOIa
BOKPYT' KDEMHHUSI UJIH AJTFOMUHUSA:
a — MOJIEJIb U3 IIAPUKOB M CTEPXKHEH; 6 — CIUIOLIHOW TETpadIp; 6 — KapKac TeTpajapa;
2 — o0beMHast MOJIENb
Fig. 1. The methods of presenting tetrahedral coordination of oxygen around
silicon and aluminium:
a — models of balls and bars; 6 — solid tetrahedron; ¢ — wireframe of a tetrahedron;
2 — three-dimensional model

Heaw padorsl. OnpeneneHne MexaHu3Ma B3auMOJICHCTBYSI TOPHON MOPOJIBI € TTy-
OuHHON BOIOW M pazpaboTka (PU3NYECKHX MOZETEH JKUAKOTO KPUCTAJUIA BOIBI JUIS
OIIPEJENICHNS POJIHU ITOCIIEIHETO B pa3pyIleHUH TOPHBIX IIOPOL.

MeTtomonorum uccienoBanusi. B pabote aHanuszupyercst CyliecTByIOIIee COCTOs-
HHE mpoliieM omnpeneneHusl MeXaHu3Ma B3aUMOJIEHCTBUS IIIyOMHHON BOABI C TOPHOM
noponoii. TIpensioxkeH HOBBIM MOIXOM K ONPENeNICHHIO dTOro MexaHu3Ma. [lokazaHo,
4TO TIyOWHHAs BOJA SBIISACTCS OMHUM U3 ONPEACISIONINX (PaKTOPOB Pa3pyIICHHUS TOp-
HOH mOpoAbL.
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PesynbTarel. Kpucrammmueckass ctpykrypa obpasma I'Tl mocrpoena u3 rpynm
SiO} ¥ MOHOB HATPHS M KJIbIHSA, PACTIONOKEHHBIX MEKIY HUMH B OKTadIPHUCCKUX
MOJTOKEHUAX [3].

B Na,H,SiO, - 8H,0 k xaxaomy nony SiO*~ mpucoeMHEHBI IBa aTOMa BOIOPOJIA.
IIpu sToM A5 M300paskeHU KPUCTAIIIMYECKON CTPYKTYphl CHIIMKATOB, KOTOPBIE CO-
crapysioT ocHoBy 3K, ucnonesyerca 4 Buna mozenei SiO, (puc. 1).

[Ipu nocTpoeHny KBa3UKPUCTAINIMIECKOM (TETPAOKTa3APHUECKOI U TPUTETPadIpH-
YECKOM) CTPYKTyphl DIyOMHHOM Boabl B TpemuHax [Tl Bocmonb3yemcsi MOZEINBIO,
MIpeJCTaBIEeHHON Ha puc. 1, a.

C ydeToM paHee H3JI0KEHHOTO CKOHCTPYHMpPOBaHa OOBEMHO-CTPYKTYpHas MOZICIb
KpHCTaJlJIa BOJ(bI B BUJIC CHMMETPUYHON (COBEPILICHHOM) (DUTyphI TETPaI0AeKadIpa, Co-
CTaBJIeHHOM U3 92 TeTpa’npoB (puc. 2), Iie Ha BepIIMHaX U TPaHIX — MOJIOKUTEIbHbIE U
OTpUIIATEIBHEIE 3apsbl U 3-TeTPaIoACKadAPOBast KPUCTAILIMYECKAs CTPYKTypa [4].

IIpu coequHeHNH Tpex TETPaa0JeKa’3APOB MOIyUeHa OPUTHHAIbHAS KBa3UKPUCTAI-
JIMYecKas CTPYKTypa (puc. 2, 6), KOTOpast ¢ K3MEHEHHEM TITyOUHBI (10 04Yara 3eMJIeTpsi-
ceHus) OyneT yIIOTHATHCS, TIOPHCTOCTh YMEHBIIUTCS, CIIEAOBAaTEIBHO, MOBBICHUTCS
HIPOYHOCTH CTPYKTYPHI.

Puc. 2. O0beMHO-CTPYKTypHasi MOJENb KiacTepa Iiy-
OWHHO BOJIBI:
a — TeTPAOKTadYIPHIECKas CTPYKTYpa; 6 — 3-TeTpaoKTadapuye-
CKasl CTPYKTypa
Fig. 2. 3D structural model of deep water cluster:
a — tetraoctahedral structure; 6 — 3-tetraoctahedral structure

Cornacno npasuiny Kéna, u3 nByx conpukacaromuxcst (a3 HOIOKUTEIBHO 3apshKa-
eTcs Ta, KOTOpasi UMeeT OOJIBIIYIO AUAICKTPHIECKYO MpoHHIaeMocTh [12]. MenHO
M03TOMY MHOTHE BeliecTBa, B ToM uncie '], Haxoxsmuecs B KOHTaKTe ¢ BOIOW, HMe-
fo1ye OOJBIIYI0 AMAIEKTPUIECKYIO TPOHULIAEMOCTh 3a CUET BOJOPOIHON CBS3H, 3a-
psxaroTesa orpunarensHo. Kak ciegyer u3 puc. 2, KBa3UKpUCTaNIMYecKasl CTPYKTypa
BOJIBI CIOCOOHA 00pa30BHIBATHE MHOTOYHCIIEHHBIE BOIOPOIHBIC CBSI3H CO CTCHKAMH Tpe-
IIVH U BBIIOJHAET POJb )KUAKOCTHOTO KIMHA.
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HapaCTaHHe HalpsXKCHUA CMATYACTCA (bHIOI/II[O-HaCBIIHeHHLIMI/I MUKpOTpEIIUHA-
Mu. Jloka3aHo, 9TO ITyOMHHAs BOJla YYacTBYET B IPOIlEcce MOJITOTOBKH 3eMIIETpsiCe-
Hus [13]. DddhekTHBHOCTh CABUTA CBSA3aHA C MOBBINMICHUEM AKTHBHOCTH (KBa3UKPH-
CTaJUIMYHOCTH) TIyOmHHOW Bompl. [lo MHeHHMIO aBTOpOB pabdoTsr [9], dakTop
BHYTPCHHETO BPEMEHHU OJBOJIIOIUH Odara

ONpEeACTACTCA UCKIIIOUUTEIIBHO ITEPETOKOM MasoaxriBHast AKTHBHAs
JKHJIKOCTh JKUJIKOCTh

BHyTpeHHUX BOJ. CKOPOCThH 3arOJHEHUS
ogara Bojou coctasiseT oT 1 mo 10 mHeH,
YTO CPaBHHMO C 3TaloM Iepexiiecrta (3a-
KITIOUYUTEIBHON CTajuell 3eMIICTPICCHHS).
IIpu 3TOM TIyOMHHAS MPOHHUIIAEMOCTH CO-
crapiser 0,01-0,1 Jlapcu. B pabGote [9]
TaKXe€ OTMEYAETCS, YTO TMOCTYILJICHUE BOIBI
B CHUCTEMY CBEXKEBCKPBITBIX TPEIIWH, CO-
rmacHo PeOunaepy [10], oOmeruaer wux
JaTbHEHIIee CIIOHTAHHOE pa3pyIICHHE, a
TIOJTyICHHAS] OIICHKA BPEMEHH OOBICHSET
BPEMEHHOH pa3phiB  (HECKOJBKO JTHEH)
MEXIy CpPOYHBIMH TIPOTHO3aMH U COO-
CTBEHHBIM ynapoMm. TpemuHbI mocie BO3-
HUKHOBEHHS TIPONIOJDKAIOT  PacmpocTpa- Boma fipenpaspyiiciin
HAThC [14], W TIOJIONIEHWE  BOJBI
TIPOJIOIKAETCS 10 TeX MOp, MOKA JaBICHHE Puc. 3. Cxema pa3sBuTHS 30HBI IpEApa3pylle-
HUS IPU MEXAHWYECKOM pa3pyLIEHUH MOPObI B
Y OKOHYaHMA TPCHIMHBI HE CTAHCT HHXKC PC- MAaJIOAKTUBHON M aKTUBHOM >KUIKOCTSIX
THOHAJIBHOTO JaBieHus paspeiBa 11 3a Fig. 3. Development scheme of a fracture
CUeT TPEHHs MITH DHIBTPALMOHHBIX MToTeps  PrOe 2008 ﬁiﬁiﬁfeeZﬁn;f:?ilvgiffﬁﬁt;‘)n of
o ee JITHE.

Kanunnspueie nanenus (KJ) B TpemuHax, KOTOpbIE SABISIOTCS BEPTHKAJIBHO
OpPHEHTUPOBAHHBIMH [5], MOAHMMAIOT cMavKBarolyio Boay (puc. 3) [14], onpene-
JIIOTCSI PABHOBECUEM CIKMMAIOIIETO YCUIIMS MEHUCKA, HAIIPABICHHOTO BEPTUKATh-
HO BBepX (CHJIa MOBEPXHOCTHOTO HATSKEHUS) U CHJION TSIKECTH, IEHCTBYIOIIEH Ha
CTOJIOWK BOJBI, HATIPABJICHHOW BEPTHKAILHO BHHU3.

IToaTOoMy

nr’pgh = 2nro cos 6, (1)

rJe p — INIOTHOCTh JKUAKOCTH; g — YCKOPEHHE CBOOOIHOTO MaeHuUs; /i — BBICOTA CTOJI-
OMKa B COCTOSIHUM PaBHOBECHUS; G — IMOBEPXHOCTHOE HAaTsKeHUE; O — KpaeBoil yroi
CMa4MBaHUL; [ — paJuyC Kaumuspa.

VYpaBHenue (1) MOXKHO 3amicaTh B CIEAYIOMIEM BHIE:

P. =pgh=2c,,cos0/r,

e pgh onpeaenseT yCuiue, MOJHIMAROIIEE KUAKOCTh 110 KAIMMIUIAPY W Ha3bIBACTCS
KalWIISPHBIM JIaBIeHueM (puc. 3), G, ;— MIOBEPXHOCTHOE HATSKCHHUE BOJIbI HA TPAHH-
1Ie TBEPIIOro Tea.

[TonHoOE cMaunMBaHKE COOTBETCTBYET HEOTPAHUUCHHOMY PACTEKAHUIO JKUJKOCTH 110
MOBEPXHOCTH TBEPAOTO Tela W SBISETCS, TAKUM OOpa30M, CaMOIIPOU3BOIBHBIM H30-
TEPMUYECKUM TIPOIIECCOM, YTO COIIPOBOMKIACTCS BCEra YOBUIbIO CBOOOAHOMN SHEPTUU
Ha KaK/Iblii TIOCIEAYIOmni 1 ¢cM? CMOYEHHOM TTOBEPXHOCTH.
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Orta yObUIh, Ha3bIBaEMasl TaKKe KOA((UITMCHTOM PacTeKaHus, IOJIXKHA OBITh TIOJI0-
JKATEIbHOM:

e (62,3 _61,3) =B>0,,

rac B — OHEpPIrrd CMayuBaHUs 61’3 — INOBEPXHOCTHOC HATAKECHUC BObl HAa T'PAHUILIC I'a3a,
02’3 — MOBCPXHOCTHOC HATSP)KCHUC I'a3a HA 'PAHULIC TBEPAOTO TEJIa.

VcaoBue MOIHOTO cMadMBaHys, T. €. y6I>I.]'H: OHCPIruu MpUu BLITCCHCHUN BOJIOM 1 raza 2,
C KOTOpOﬁ PpaHeC rpaHnvdmnjIa MOBEPXHOCTh TBEPAOIO TCiIa 3, JOJDKHO OBITh 60J'H:].LI6, T. €.

(62,3 - G1,3) =G 10> O(B > c51,2)-
KOF,E[a YC10BUEC pACTCKAaHWA HC BBINTOJIHACTCA, T. €.

_aF
ds

1 Bofa 1 oOpasyer ¢ MoBEpXHOCTHIO0 3 KOHEUHBIH KpaeBoit yroi (0):

= (62,3 - (51,3) —6,,<0,

(52,3 - 01,3)

01

=coh=B, rme-1<B<],

KJI, urparoiiiee poib BCACHIBAIOMIEH CHIIBI, MEHBIIE CBOET0 MAKCHMAJIBHOTO 3HAYCHUS
(P,.ux = 20, ,,) ¥ COCTaBIAET

max

o ax

P = (26172”)0056 =P_B.

B ciryuae, kora sHeprus cMaunBaHust oJokuTeNbHa (B> 0, XoTs 1 MeHbIIe 26, ,),
K]/I 6yner HampaBiieHO B CTOPOHY BCACHIBaHHS, YTO COOTBETCTBYeT 0 < 90°, T. e.

0<6<90°, 0<B<l, O0<P<P,.

Korna 0 cranoButcs 6ombie 90°, 1. €. B clIydae OTpUIATEIbHON SHEPTUU CMadrBa-
HuA B =0, ; - 6, ;> 0, KIl menster 3nak (-1 < B <0, P > 0) 1 CTaHOBHTCS BBITAJIKUBA-
IOlIeH CHJION, IPENATCTBYIOIIEH TPOHUKHOBEHHUIO BOABI B KATMIUISIPBI, 0COOCHHO MPH
HHU3KOH NPOHUIIAEMOCTH.

IIpoBeneHHBIE HCCIIEAOBAHNUS MTOKA3bIBAIOT, yTO K/, 3HaUeHNE KOTOPOTO 3aBUCHUT OT
CBOICTB ITIOBEPXHOCTEH pasaena, onpeaensieT MHOIOYHCICHHbIE KallIIsIpHbIe dhdek-
ThI, OKa3bIBaIOLINE OOJBIIOE BIMSIHUE HA IBH)KEHUE BOJBI B MUKPOTPEIINHAX.

B pesynwrare uccnenoanus [ 14| BRISIBICHO, YTO CMAauMBAaHUE OTKPBITHIX MOBEPX-
HOCTEl MUKpPOTPELINH BOIOW HE TOJNBKO BiIusieT Ha n3MeHeHue KJI, HO U sBiseTcs
NpUYMHON HaOyXaHHsI U CO3AaHusI OTPOMHOIO ITIOPOBOTO AABJICHUS, KaK ObUIO OTMeue-
HO paHee [15, 16].

ITpu sTOM B mpouecce AUIATAaHCUU B AUCIOKALMOHHBIX (I€(QEKTHBIX) MECTax KpH-
crayundeckoii pemetku I'T1 Bo3HKKaI0T MUKpoTpenuHbl. Uepes HuxX B Oojee r1yOokue
ciou I'Tl npoHukaer Boza (Kak HOBEPXHOCTHO-aKTUBHOE U MOJISIPHOE BEILECTBO), IO-
CTETICHHO YIIIyOJIsieT TPEIUHbI, MTOIPBIBAET UX MPOYHOCT M3HYTpH (puc. 3) [10, 17].

Bo3moxHBI 1Ba MexaHM3Ma aacopOunu Boabl 1 HaOyxanust mukporperus I'TI: ax-
copOLUsl MOHOMOJIEKYIIPHBIX CJIOEB BOIBI HA 00€ CTOPOHBI MUKPOTPEIINHBI (KOTOpast
00BIYHO HA3BIBACTCS KPUCTAJUIMIECKUM HaOyXaHHEM WIIM TIOBEPXHOCTHOM ruaparaueil)
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¥ OCMOTHYECKOE HaOyXaHHe, MPOUCXOsIIee BCIEICTBIE BEICOKOH KOHIIEHTPALUU HO-
HOB, YJIEPKHBaEMbIX dIEKTPOCTaTHYECKUMHU CHJIaMH BOJIHM3H MOBEPXHOCTH MUKPOTpE-
muHs [15, 16]. IIpu sToM naBneHne HaOyXaHHS NpH JIOOOM 33aJaHHOM COAEpPKaHUH
BOJIBI CBSI3aHO C JjaBlieHueM napoB Bosl B I'TI u onpenensierca ypaBHEeHHEM

P=——n_,
S V F%

e Pg— naBnenue HaOyxanus; I'— aOConroTHas TeMIIEPaTypa; V — napuuaibHbli MOJIb-
HbII 00beM BOZIBL; R — rasosas nocrosnsas; P/Pj — otnHocuTensHoe naBneHue napos
BOJIBI, Haxozsueecss B paBHoBecuu ¢ Bojoi B I'Tl (310 naBieHne paBHO aKTMBHOCTH
Bogiel B ['T1).

B npornecce HaOyxaHusi Bofia UMEET ONpPENeNICHHYIO CTPYKTYPY M 00JaaeT KBa3u-
KpUCTaJUIMUeCKUMU cBolicTBaMu. Ha puc. 4 mokazaHo, 4To pu KpUCTAJUINYECKOM Ha-
OyXaHWU MIEPBBIN CJIOH BOIBI YAEPKUBACTCS MEXIY MOBEPXHOCTAMH MUKPOTPELIHHEI
C IIECTUTPAaHHOM peIIeTKoM aToMoB Kuciopoaa [17].

9

Puc. 4. AncopOLMOHHBIC CIIOW BOIBI MEXIY MOBEPX-
HOCTSIMM MuKpotpeuus ['T1:
I — noBepxHoctu MukporpemmH I'Tl; 2 — ancopOUMOHHBIH
croit Bozpl; 3 — Si0,; 4 — aTom Bogoposia; 5 — aToM KHCI0poza
Fig. 4. Adsorption layers of water between rock
microcracks surfaces:
1 —rock microcracks surfaces; 2 — adsorption layer of
water; 3 — SiO,; 4 — hydrogen atom; 5 — oxygen atom

IIpu agcopOIuu Bojja MPOHUKAET B YCTHE MO/ BIMSHUEM BaKyyMa B MHKPOTPEIIHHE
(puc. 5) ¥ KanWILISAPHOTO JaBJICHUS.

B yactu MukpoTpemuHbl (BOJIU3H YCThs) TOHKAS IUICHKA BOJIBI, 3AIIOJTHSIONIAS 3a-
30p LIEJHU, MOXKET MPOU3BOAUTD JONOJHUTEIBHOE PACKIMHUBAIOLIEE AaBICHUE.

ITpoBeneHHbIE UCCIIEAOBAaHUS MTOKA3aJIH, YTO, KOT/a aICOPOIIMOHHAS CHIIa OOJIbIIe
cwIbI cuerieHus, B crpykrype [Tl mpoucxoast HaOyxaHue U KOJUIOUIHBIE PacTBOpe-
HUS — MENTU3ALUSA CPABHUTEIBHO MATKUX U HEOOHOPOAHBIX MO CTPYKTYpPE U COCTaBY
yacrtei I'T1.

Kax u3BecTHO, BCe peanbHble TBEPABIE Tela COACPIKAT MHOKECTBO HEOJHOPOIHO-
CTel, HaYMHAs OT JIe(hEKTOB WIIM CJIA0BIX MECT U 3aKaHYMBas MUKPOTPEIIMHAMU pa3-
HBIX pa3MEPOB, NPOHU3BIBAIINMHU KpucTainueckue cTpykrypsl ['T1. Pa3peiBel mpu
Ppa3pyLIECHUH TBEPIBIX TEJI MPOUCXOAAT B MECTAX HAMMEHBILIETO COMPOTUBIEHUS.
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MokHO yKa3aTh TPH MEXaHU3Ma MOHIKECHHUSI MpouHOoCcTH aehopmupoBanHoil ['T1

101 BIIMSITHUEM a,ZICOp6III/IOHHBIX BOX:

— JKpaHUPOBAHWE CHJIbI CHETUICHHS, JEHCTBYIOMEH MEXAY MPOTHBOIOIOKHBIMU
MOBEPXHOCTSIMH 3apOJBIIIEBBIX MUKPOTPEIINH MOCPEACTBOM IMPOCIOEK, 00pa3oBaH-

HBIX aJICOPOITMOHHBIMYU CHIAMH;

Bonaa

€pexXO/IHbIi

TIOBEPXHOCTHBIH CII0H
-

-
o - Topona
i d
I
]
H I !
i | "
3 i
| ‘
§ - o ‘_'l_.'.
N - y
o puly,
) 1
L R
'
#

P(h)

Puc. 5. Cxema pa3BuTHs MHUKPOTpEIIMH U pac-
KIIMHUBAIOIETO IaBICHNSI CMAuyHBAIOIIMX [ICHOK
HKHUIKOCTH
Fig. 5. Development scheme of microcracks and

— aKTUBHOE pa3JBUTarouiee 1elcTBre
MPOCJIOEK BOABI BO BCEX TEX HamoOolee
Y3KHUX ydYacTKaX KIMHOBUIHBIX MHKPO-
TPEUIHH, Kyla TOJHKO 3TH IPOCIONKH
MOTYT NPOHUKATE;

— 3aTPyIHCHUE WIH 3aMEIJICHUE CMBI-
KaHHUS 3apOIBIIMIEBHIX YIACTKOB MHKPO-
TPEIINH O] BIUSHUEM aJCOPOITMOHHBIX
CJIOEB U COJIBATHBIX INIEHOK BOJbI IIOCTIE
CHSTHUS BHEITHUX YCHJIHH.

I'myOuHa IPOHUKHOBEHUS BOIBI B MU-
KPOTPEITUHBI 32 BpeMs ¢ MOXET OBITh
OTIpEJICNICHA TT0 CIICAYIONIeH (hopmyIre:

Xz[ocose/ant]m, )

7€ G — MOBEPXHOCTHOE HATSXKEHHE BOJIBI,
0 — yrom cmaumBaHUSA MOPOABI BOIOW;
| — mmpuHa wenu; 1 — BI3KOCTh BOIBI.
Kak BugHO 13 popmyisr (2), nryOuna
NPOHUKHOBEHUS BOJBI 110 CPABHEHHIO C

wedging pressure of wetting films of liquid
JPYTUMH JKHUIOKOCTSIMU HMEET MAaKCu-

MaJbHOE 3HAa4YeHHWE, TaK KaK 3Hau€HHe 1| AJs BOABI MHUHHMAaNbHO. llpu sTOM rHmpo-
(buITBHBIE TBEPABIE TENa, K KOTOPBIM OTHOCSITCS TIOYTH BCE TOPHBIE MIOPOJIbI, JIETKO pas-
pyLIaroTCs B BOJIE.

Ha pazpymienne I'Tl cymiecTBEHHO BIMSET PacKJIWHMUBAIOIIEE IAaBJICHUE, MaKCH-
MaJbHOE 3HaYeHHE KOTOPOTO MPHUOIMKEHHO OTIPEAEIIeTCs 1Mo cleayonei hopmyie:

Pmax ~ 2(-51,2/I mirp
rae 6 =73 spr/cm?; | . — MUHMMaJbHAs MIMPUHA LIEIH.

3nauenne P moxer nocturars 230 MlTa.

OO6pazoBaHue BOAHBIX 000JI0YEK HA MOBEPXHOCTH TBEPABIX TEN U U3MEHEHHE HX
TOJILIUHBI MOXET IMPOUCXOAUTH IO CIEAYIOIIMM IPUYKMHAM. Bo-IepBbIX, MOJEKYIIbL,
HOHBI WJIK aTOMBI KpucTaiinueckon pemietku [T, Haxondiuecss Ha TOBEPXHOCTH, 3a
cdeT afcOpOIMOHHBIX MOJIEKYISPHBIX CHJI TPUTATUBAIOT MOJEKYTHl BOMBL Takas
TUIpaTanys MOKeT ObITh 3HAYUTENHHO MOBHIIIIEHA 33 CUET ancopOnmu HoHOB. bomee
TUIPOGUITBEHBIE HOHBI AJIEKTPOINTA (BOIBI) IIOHMKAIOT TBEPIIOCTS, T. €. HOHBI CUJIbHEE U
B OOJIBIIIOM KOJIMUECTBE CBA3BIBAIOT JAUITOIBHBIE MOJIEKYIIBI BOIBI. BO-BTOPHIX, HOHBI —
MOHU3UTETH TBEPAOCTH — MOTYT aJCOpPOMPOBATHCS HA MOBEPXHOCTH TBEPIBIX TEN C
00pa3oBaHMEM TaK Ha3bIBAEMOTO JIBOMHOTO AJIEKTpU4eckoro ciost. CTeneHp rujapara-
LIUY TIOBEPXHOCTH 3a CUET 3TOTO CJIOSI B U3BECTHOM CTETEHN XapaKTepU3yeTCsl BETNUU-
HOM 3JIEKTPOKMHETUYECKOTO [TOTEHIIHAA.

BobiBoabl U 00/1aCcTH MPUMEHEHUsT Pe3yJabTaToB. [Ipn HaOyxaHUHM HarpyKEHHOM
I'TT mpoucxoauT yBenuueHune ee o0beMa. MOJEKyIbl BOABI, pa3Mephbl KOTOPBIX OUCHb
MaJibl, MOJ JAEUCTBHUEM KalWUIAPHBIX, ABYXMEPHBIX U PACKIMHHUBAIOIIMX JaBICHUIH
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IIPOHUKAIOT B IIPOCTPAHCTBO MEXKAY IIOBEPXHOCTSIMHU MUKPOTpeIrH. [Ipu aTOM B ipo-
1ecce aacopOIuy MOJIEKYIIBI BOABI 00pa3yroT Ki1acTepsl (puc. 2), U cO3JaBaeMoe JaB-
JIEHWE B OTJENIbHBIX CIIydasx MOXKET JIOCTHTaTh JIECATKOB U gaxke coteH Mlla, T. e. k-
BUBAJIEHTHO BHEITHEMY JIaBJICHUIO, KoTOpoe mpuioxeHo B ['TI. B tex ciyyasx, korga
CyMMapHbIit 3¢ (deKT, co3naBaeMblii BHEITHIM Harpy>KeHHEeM U aBJIeHneM HaOyXaHus,
npeBbIaeT npouHocTs ['TI, mpoucxoanuTt coequHeHne 0CIabIeHHBIX MECT (TPEIIH) B
OJHY JIMHUIO M €€ Pa3pbIB, OCBOOOXKIAETCS OIPOMHOE KOJMYECTBO IHEPTHU B BHJIE
YOpyTUX BOJH — BO3HUKAET 3eMieTpsiceHre. Bce ocTambHbIE TPEIUHBI 32 CUET MOJIE-
KYJSIPHBIX CHJI CMBIKAIOTCS, BO3pacTaroT Moayis yrnpyroctu I'Tl u ckopocTh pacmpo-
CTPaHEHUSs BOJHBI.

[TomydeHHbIE pe3yNIbTaThl MOTYT OBITh UCIIOJIB30BAHbBI [P MPOTHO3ZUPOBAHUU 3€M-
J'ICTpSICCHI/Iﬁ IIyTEM OIIPCACICHHUA MCXaHHU3Ma BOSHCﬁCTBHHX IIOA3€MHBIX BOJA Ha MU-
KPOTPEIINHEI TOPHBIX ITOPOL.
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FEATURES OF UNDERGROUND WATERS INFLUENCE ON ROCKS MICROCRACKS

Rzaev Ab. G.1, Rasulov S. R.2
! Institute of Control Systems, Azerbaijan National Academy of Sciences, Baku, Azerbaijan.
2 Azerbaijan State Oil and Industry University, Baku, Azerbaijan.

Introduction. The ability of rock to interact with deep water is closely related to the anomalous properties
of water: a quick-dissolving and dissociating characteristic, an anomalously high boiling point, polarity
and surface activity of molecules. In this case, water molecules in the presence of other polar molecules
are capable of forming hydrogen bridges between the oxygen atoms of two nearby molecules so that the
hydrogen atom is located on the segment connecting the oxygen atoms. The formation of tetrahedral nuclei
is an anomaly of a liquid crystal of water. In this aspect, the study of the features of the interaction of liquid
water crystal with rock cracks, leading to the destruction of the latter is an important task.

Research aim is to determine the mechanism of interaction of rock with deep water and the development
of physical models of liquid water crystal to determine the role of the latter in the destruction of rocks.
Research methodologies. The paper analyzes the current state of problems in determining the mechanism
of interaction between deep water and rock. A new approach to the definition of this mechanism is proposed.
1t is shown that deep water is one of the determining factors of rock destruction.

Research results. The physical model of a liquid water crystal consisting of 92 molecules has been
constructed. New approach to the determination of interaction between deep water and rock cracks has
been proposed.

Conclusions and scope of the results. An integrated approach was used to analyze the features of the
mechanism of rock interaction with deep water. Mathematical models of the process of filtering water into
rock cracks leading to swelling and rupture of the latter have been developed. It is shown that the value of
the wedging pressure can reach up to a value of 230 MPa, which is significantly higher than the stability
limit of many rocks. The results can be used to predict earthquakes by determining the mechanism of
interaction of groundwater with rock microcracks.

Key words: crack; rock; deep water, pressure; swelling; intermolecular force.
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FOPHOMPOMBILNEHHASA W HEQTEFTA3OBAA
FEQNONNA, rEOOU3NKA

VK 550.832.9 DOI: 10.21440/0536-1028-2018-8-66-74

KAPOTAX ECTECTBEHHOIO NIEKTPOMATHUTHOIO U3NYYEHUA
HA XENE3OPYAHbIX MECTOPOXAEHUAX
HA NMPUMEPE N'YCEBOIOPCKOI'O U CEBEPO-TAPATALLCKOIO
MECTOPOXOEHMWN

BOOBWH A. T, MBAHYEHKO B. C.!
1 WHeTutyT reodmankum Ypansckoro otgenexus PAH
(Poccws, r. Ekatepunbypr, yn. AmyHaceHa, 100)

Llenvio pabomer ssnsemcs uzyuenue s¢ppexma ecmecmeeHHO20 INEKMPOMASHUMHO20 UTYYEHUS HA
paznuunvix yacmomax (45 kly, 80 xkl'y, 120 kl'y) na I'ycegoeopckom mumaHoMazHemumo8om Mecmo-
poxcoenuu u Cegepo-Tapamauickom sicene3opyOHOM MeCmopo*cOeHuy u gvldenenue naubonee uH@op-
MAmueHo20 Yacmomno20 OUanas3ona.

Axkmyansnocms pabomut 00ycrasnueam enepsvle nposedeHHble UCCLE008AHUS C6A3U eCIECBEHHO20
anexmpomaznummuozo usnyvenus (EOMHU), usmepennoeo 8 6yposspeienuix ckeaxcunax Iycegocopckozo
MeCMOpONCOEHUSL, C HANPAACEHHBIM COCIOAHUEM 20PHO20 DIOKA U €20 MPeuUHO8AMOCmbIo.
Memooonozua uccnedosanus. Vccnedosanus npogoounucs 6 Oypos3puleuvix ckeadcunax Iycesoeop-
CKO20 MUMAHOMASHEMUMO0B8020 MecmopodicoeHus. OHu 6KaOUATU NepBUtHble NOMOYeUHble USMePeHUs
Ha CHycKe CKEAJICUHHO20 npubopa, nenpepviéHvle usmepenus npu nooveme, d makoice NOGMopHbvIe U3-
MepeHus nocie MexHON02UYeCcKo20 noopublea oaus pacnonodicennozo onoxa. Ha Cesepo-Tapamawickom
JHceNe30PYOHOM MECMOPOHCOEHUU NPOBEOeHbL UCCIE008AHUS NPU 6bINOIHEHUU OOHOU CNYCKO-NO0bEMHOU
onepayuu. IIpedcmasnennvle pe3yiomamol usmMepeHull NOIy4eHbl ¢ UCNONb306aHUEM ANNAPAMYPbL, PA3-
pabomannoi 8 Mncmumyme eeogpuzuxu YpO PAH.

Pezynomameut. Ilpusedenst pe3yivmamel onpob06anls MemoouKu nomo4eyHo2o U HenpepblieHo2o Kapo-
maxfca ecmecmeenHo20 SNeKMPOMASHUMHO20 USTYYEHUS 8 CKBANCUHAX HA HCeNe30PYOHbIX MeCTOPOIC-
O0eHUAX pa3IuiHO20 Mund. JJanuvie dKCHepuUMeHma u3yyeHus 30H mpewjuHo8amocmu 20pHbIX Nopoo,
a makoice 8blA671eHUA MEKMOHUYECKUX HAPYULEHUTI 8 OKOJIOCKBAICUHHOM NPOCMPAHCIEE ABIAIOMC OM-
padicenuem npaKmu4eckoll peanusayuy Memood npu usy4eHuy meKmoHuky pyoHslx nonei.

Bui6oowt. IIposedennvie 6 kapbepe uccie0o8anus nokasanu, 4mo pacnpeoenenue ypostwei EOMHU yka-
3b16aem HA 603MOICHOCIb OOHAPYIHCEHUA MEKMOHUYECKUX HAPYUIEHUIl 8 OKONOCKBANCUHHOM NPOCMPAH-
cmee no ux OUHAMUYECKOU aKMUBHOCMU. AHANU3 Pe3YIbMAamos Kapomaxica 31eKmpomMaeHUMHOU IMUC-
cuu, 6bINOIHEHHO20 Ha  pazeedounoll  ckeadcune  Cesepo-Tapamauickozo — dicene3opyoHO2o
MecmopodcOenUs, ¢ MOYKU 3PeHUsl C6A3U 30H MEKMOHUYECKO20 HAPYUEHUS C GblCOKOAMNIUNTY OHbIMU
anomanuamu EIMHU makoice no3eonun o6vacHums noiyueHHsle 8 CK8AMNCUHE Pe3yIbmambl.

Knrwuesoie cnosa: ecmecmeennoe JNIeKmpomacHumHoe usiydeHue, ")IC€J’Z€3Opy0HO€ M@CmOpOJfC()eHM@,’
mpewuHoeanocms.

BBenenue. [opabie yaapsl, 00Balbl, BHE3AMHBIE BEIOPOCH U IPYTHE BBl T€OJUHA-
MUYECKUX TPOSIBIICHUH SBISIOTCS MPUYMHAMH, 3aTPYIHSAIONINMH Pa3pabOTKy MeCTo-
POXIEHUH MOJIE3HBIX NCKOMAEMBIX. DTH MPOIECCH TOPOXKIAIOTCS B MACCHBAX TOPHBIX
MOpOJ IEHCTBHEM TOJIe OOIBIINX MEXaHUYECKUX HANpsHKEHWH, YBEINIHBAIOIINXCS

Pabora BeimonmHeHa npu huHAHCOBOMH moaepxkke npoekra YpO PAH Ne 18-5-5-52.
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¢ mIyOuHOH 0TpabOTKH, a TaKKe BCICACTBHE CTPYKTYPHOH HEOTHOPOAHOCTH W Hapy-
IIEHHOCTH MacCHBa, M ONPEAETISAIOTCS CBOMCTBAMHU CIIATaloOlIUX €ro TOPHBIX MOPOI.
JlMHaMHYECKN aKTHBHBIE 30HBI B TONIIAX MTOPOJ MOTYT ABIATHCS IPUYNHON KaTacTpPO-
¢uyueckux SBICHUH Ha MOBEPXHOCTH 3eMJIM U Pa3pyLICHHs KPYHMHBIX TEXHOTECHHO-
OTacHBIX MPOMBIIIJIEHHBIX 00beKTOB. [Ipoliece mepepacTaHust MUKPOTPELUIMHOBATOCTH
B MaKpOTpPELINHBI, B KPYIHbIE HAPYIIEHHS CIUIOIIHOCTH, B 30HBI Pa3iOMOB ObUI U
OCTaeTCsl OIHUM M3 BELyILUX IPOLECCOB B 3BOJIIOLUH 3eMJIH, (OPMUPOBAHUH T'€OIIO0-
THYECKUX CTPYKTYP U 00pa30BaHUH MECTOPOXKACHUH MOJIE3HBIX HCKOIAEMBIX.

Ha rpanune pa3pbiBoB 0eperoB TpeIuH BO3HUKAIOT JIEKTPHUECKUE 3apsabl, KOTO-
pBIE CONPOBOXKJAIOTCS €CTECTBEHHBIM 3JIEKTPOMAarHUTHbIM u3iaydenueMm (EDOMU).
W3BecTHO, YTO TpenIvHA PAKTUYECKH HUKOTA HE PacIIpOCTpaHsIeTCsl paBHOMEPHO, OHA
MYJICUPYET, CKOPOCTh €€ MEHSETCS 110 BeJMUYMHE U 0 HApaBJICHHUIO, OCOOCHHO MpH
BeTBJIEHUU. [Ipy 3TOM OT MOBEPXHOCTH U BEPIIMHBI TPELUIUHBI OTXOAAT YIPYTHUE BOJ-
HBI, B PE3yJbTaTe YEro PesIakCUPYIOT HANpPSDKEHHS B cpefie. DTOT MPOLECC UIET MPU
T000M pexume pocTa TpemmuH. OHAKO TPEIrHA MOXET 3aCTOTIOPUTECS y Oaphepa B
BUJIE€ Kakoi-TM00 HeOOHOPOOHOCTH. HanpspkeHns B ee BepIIMHE BO3pacTaloT U MocCe
NPOPBIBAa UMITYJBCHO M3ITydatoTcs. VIMIynbCHbIE TpeoOpa3oBaHus IPOUCXOIAT U MPH
KpPYTOM U3MEHEHHH TPAEKTOPUH TpeIuHsI [1].

B nacTtosmiee BpeMst pu KOHTPOJIE HaJ T€OUHAMUYICCKON 00CTAaHOBKOH IPUMEHSI-
€TCSl MOHUTOPHHT Teo(U3NIecKuX moyieii. B oreuecTBeHHOM 1 3apyOekKHOM MpaKTHKe
METO[ UCCIIEOBAHMS 3JIE€KTPOMAarHUTHOTO M3mydeHus (M) mupoko pacipocTpaHeH
BCJICICTBUE MPOCTOTHI PETHCTPAlA CHTHAJIOB M OOJIBIIOTO KOJUYECTBa PasHOOOpas-
HBIX CPEACTB 00pabOTKH U aHANIN3a JTaHHbIX.

HHTepec ydeHBIX CBA3aH B OCHOBHOM C IIOMCKOM NPOTHOCTHYECKHX MPHU3HAKOB
KaTacTpO(PHUUECKUX MPUPOAHBIX SBICHUH (3€MIIETPSICEHUH, TOPHO-TEKTOHMYECKUX
yIapoB), ¢ TEOpeTUYECKUM Bo3HUKHOBeHHeM EDMMU u ¢ naGoparopHeIMU SKCIEpH-
MeHTaMu. Tak, cpaBHeHHE AaHHBIX TPEXJIETHUX HAONIONEHUN €CTECTBEHHOTO 3JIeK-
TPOMarHUTHOTO W3IIYYCHHS C MOA3eMHOH (ckBakmHa ['-1) M HazeMHOU aHTeHHOU
(mynkT KapeiMinHO), BEITOTHEHHOE KojutekTHBOM B. A. I'aBpuiosa [2, 3], mo3Bouu-
JI0 YCTAaHOBUTH YCIIOBUS MTpHeMa HanOosee BaKHOW MHPOPMAIIUH IJIs1 CKBAXKUHHBIX
Y Ha3eMHBIX HaOMIOAeHUH (CyTOYHBIN X0/ AIEKTPOMAarHUTHOTO M3TyUYeHUs, HapyIlIe-
HHUE CYTOYHOTO X0Ja, YMEHBIIECHNE aMIUIUTYbl CYTOYHOTO X0Ja U CHIDKeHHE (OHO-
BOT'O YPOBHS €CTECTBEHHOI'O JIEKTPOMArHUTHOTO U3IyYEHUs MEPEN CUIBHBIMH 3E€M-
JETPSACEHUSIMH,  HaJUuue KOPpeNAlMH MEXIy CurHajgamu). V3mepeHus
3NIEKTPOMArHUTHOTO U3JydeHus Ha yactotax 5, 9 u 80 k[, BeinoaHeHHbIC B [eodu-
3ugeckoil oocepBaropun Buromia (bonrapus), moka3aan OTKIIOHEHNE HHTCHCUBHOCTH
0T HOPMAJIBHOTO CYTOYHOTO NU3MEHEHHs IIEpe]] 3eMIIETpsAICEHNEM B 30He BpaHua [4].
B paborax B. H. lllymana, lO. A. Borganosa u npyrux [5, 6] moka3aHa TecHasl CBI3b
WU3MEPEeHUH AIMEKTPOMArHUTHOTO H3JIydeHus B iuana3one yactot 2—50 k' ¢ rimyOun-
HOHM CTPYKTYpOU T'eoJIOTHIEeCcKOTo paspesa. [lpu mpoeneHnun 1abopaTopHBIX HUCCIIe-
JOBaHUH Ha MOJEJSIX HEOAHOPOIHBIX CPEA, ONMCAHHBIX B pabore [7], mokazaHo, 4TO
OMMU BO3HHMKAET yK€ Ha NMEPBBIX CTANUAX HAIPYKEHHUS, COCTABIAIOMUX €IUHULIBI U
NEPBBIE ACCATKU MPOIEHTOB OT pa3pylIarollnuX HampspkeHui. B pabote [8] mabopa-
TOPHBIMH 3KCIIEPUMEHTAMH YCTAaHOBIICHO, YTO IIPU UMITyJIbCHOM aKyCTHYECKOM BO3-
Oy’>KIeHUH aMIUIMTyAHbIe napaMmeTpsl OMU cyIiecTBEeHHO 3aBUCST OT IMPOBOAMMO-
CTH TOPHOW MOpOABI, U TPU HANUYUH HEOOJIBIIOTO MPOLEHTA AaKIECCOPHBIX
MHUHEpaJIoB B BEICOKOIIPOBO/SIIEH [TOPO/ie 3HAUYUTENBHO yBennunBatoTcs. Ha ropHo-
PYAHBIX TIPEATIPUATHAX, IIAaXTaX, B JaOOPATOPHBIX YCIOBHUAX W3YyYarOT MPOCTpPaH-
CTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH MPOLECCOB NIEKTPOMArHUTHOTO M3Iy4EHUS,
COTPOBOXKJAIOUINE U MPEAIIECTBYIONUE PAa3pyIIEHUIO TOPHBIX TOPOA.
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Psix 3apyOexxHBIX yueHbIX paccMmarpuBaeT Bo3HHKHOBeHHEe DOMU B kK[ '1-MI'11 nua-
na3oHax, HaOmromaroneecs OT HECKOJIBKUX JTHEH 10 HECKOJIBKUX YacoB Mepes 3eMile-
Tpsicenusimu. B pabote [9] moka3aHo, YTO 3MEKTPOMArHUTHBIA WMITYJIbC BO3HHKAET
NPU TPEHUH JIBYX TEKTOHHYECKH HAPYHICHHBIX 00JacTei M MpeNIecTBYET 3eMIIeTps-
cenuto. B paGore [10] yka3pIiBaeTCs, 4TO MOSBJICHUE 3JICKTPOMATHHUTHOTO IMPEIIIe-
CTBEHHHKA 3eMJIETPSICEHHSI B KMJIOTEPIIEBOM JTMaTa30He MPOUCXOANT B Pe3yJIbTare mep-
BUYHBIX Pa3pylIeHUl HEPOBHOCTEM.

JIisl OLIEHKM TPELUIMHOBATOCTH U HAPYIIEHHOCTH MAacCHBa IPOBOISTCS CIELUaNb-
HBI€ UCCIICIOBAHUS KePHA, KABEPHOMETPHS, BOTHOBOM aKyCTHYECKHH KapOTaXK, CKBa-
JKUHHAS JIEKTpopa3Beaka U T. 1. JlaHHbIe METOMBI, KaK MPAaBUIIO, MTO3BOJIAIOT CyAUTh
UL 00 00pa30BaBIIMXCS 30HAX TPEIIMHOBATOCTH U HAPYIIEHHOCTH CTBOJA CKBAXKH-
HBI, HO TIPH 3TOM HE UMEIOT BO3MOXHOCTH OLIEHUBATh aKTUBHOCTH IIPOLIECCOB TPEILH-
HOOOpPa30BaHMs B 3TUX 30HAX U OTCIICKUBATH UX TUHAMUKY.
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Puc. 1. Pesynsrarer u3mepenunii EODMU B ckBaknHax Ha ['yceBOropckoM THTaHOMarHETHTOBOM
MECTOPOXKICHUH:
a — 10 B3pbIBa, 6 — nocie B3pbIBa
Fig. 1. The results of measuring NEMR in the wells of Gusevogorskoye titanomagnetite deposit:
a — before the explosion; 6 — after the explosion

Anmnaparypa u MeToanka usmepenmii. B nacrutyte reopmsuku YpO PAH pas-
paboTaH nmporpaMMHO-anmnapaTypHbiii kommieke MOIII-42 [11], mo3Bosnstonuii oaHO-
BPEMEHHO U HEMPEPHIBHO MPOU3BOJUTH U3MEPEHHS €CTECTBEHHBIX JIEKTPOMAarHUTHBIX
nosneit Ha Tpex vyacrorax 45 (F1), 80 (F2), 120 (F3) x['u 1 reoakycTHdecKoil SMHUCCHU
(I'AD) B wacrorHpix amamazonax 100-500, 500-5000 u 2500-5000 I'm. Eciam Ha
He()Tera3oBbIX MECTOPOKACHIUAX M3MepeHust [AD MMpoKo MPUMEHSIOTCS IS Onpenerne-
HUSI XapaKkTepa HaChIIEHHOCTH KOJUIEKTOPOB Ha CTaluH SKCIUTyaTalluy CKBaXXHUH U IIPH
KOHTPOJIE 32 pa3paboTKo HE(TIHBIX U Ta30BBIX MECTOPOKIECHUH, TO HA PYAHBIX Me-
CTOPOXKJIEHUSX Ha CETOMHSIIHUN eHb uccienoBannss EDOMU umeroT nuirs HaydHBIT
HHTEpEC W NMPUMEHSIOTCS Ha CTaAWU Pa3pabOTKH METOAMKO-TEXHOJOIMYECKOH 0a3bl
JUTs OIIPEAEIICHNS] U BBIIEIEHNSI HApYIIEHHOCTH TOPHBIX MOPOLI.
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brnok EDMMU BbInonHEH MO cXeMe CyNepreTepoAMHHOrO NMpHeMHHUKa. B kauecTse
MIPUEMHOI aHTEHHBI UCIIOIb3YETCS H3MEPUTENBHOE YCTPOMCTBO C UyBCTBUTEIBHBIM Mar-
HUTONPUEMHHUKOM MHIYKIHOHHOTO THIIA CO CTEP;KHEBBIM (DePPUTOBBIM CEPIICUHUKOM.
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Puc. 2. Pesynsrarsl EDMU B ckBaxkuHax Ha ['yceBOropckoM TUTAHOMArHETUTOBOM MECTOPOXKIACHHUHU:

a — 110 B3pbIBa; 6 — IOCJIE B3PbIBA; 8 — HEMIPEPBIBHBII KapoTaXK
Fig. 2. The results of NEMR in the wells of Gusevogorskoye titanomagnetite deposit:
a — before the explosion; 6 — after the explosion; ¢ — continuous logging

Pe3ynbTaTel uceaegoBanmii. MccnenoBanus npoBeeHbl B OypOB3pBIBHBIX CKBa-
KUHAaX Ha pa3padaTsiBacMoM ['yceBOropckoM MecTopoxkaeHun Kaukanapckoi rpymisl.
I'yceBoropckoe mMecTopoxaeHHe TeppuTOopHaibHO HaxoauTcs B HuxHe-TypuHckoM
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paitone CeepiioBckoii o6nactu. [IpombiliuieHHOE OpyIeHEHHE NPEACTAaBICHO BKpa-
TUICHHOCTHIO THTAHOMArHETUTA U COCPEAOTOUCHO B HECKOJIbKHX 3aiiexax. Jloobprya mo-
JIC3HBIX UCKOIAEMBIX BEICTCS KapbePHBIM CIIOCOO0OM. Py/nHbIE MUHEpaJIbI IpEICTaBIIC-
HBbI MATHETUTOM U WJIBMECHHUTOM.

B paiionax pa3paOoTku ¥ JOOBIYHM TIOJE3HBIX MCKOMAEMBIX BCET/a CYIIECTBYET
OMacHOCThb MPOSBICHUSI TOPHO-TEKTOHUYECKUX YIApPOB M TEXHOTCHHBIX 3eMIIETpsiCe-
HUH, 4TO HEN30CKHO BIICUET 32 COO0M IKOHOMHUUECKHE U YelloBeueckue norepu. [103-
TOMY TMPOOJieMa OIICHKH CTENICHH BO3JCUCTBUS MPUPOIHBIX M TEXHOTCHHBIX SBICHUN
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Puc. 3. Pesynsrarsl EDMU B ckBaxkuHax Ha ['yceBOropcKOM TUTAHOMArHETUTOBOM MECTOPOKICHHU:
a — 110 B3pbIBa; 6 — IOCIIE B3PbIBA; 8 — HEPEPBIBHBIN KapOTax
Fig. 3. The results of NEmR in the wells of Gusevogorskoye titanomagnetite deposit:
a — before the explosiori — after the explosiorg — continuous logging

Ha MaccuB TOPHBIX MOpoJ mpuodperaeT 0codyro ocTpoTy. [l0ckoIbKY 31eKTpOMarHuT-
HOE M3IIyYeHHE SIBIISIETCS UyBCTBUTEIBHBIM K MUKpoAe(opManusiM, MPOTEKAIOMIUM B
TeOJIOTHYECKOH Cpesie, MPOBEJeHNE N3MEPEHHH B CKBaKUHE MO3BOJISIET MOMYYaTh HO-
BYI0 MH(OpMALIUIO O TUHAMUKE 3apOXKICHUSI U Pa3BUTHA CTPYKTYPHOTO Pa3pyLICHHS
nopoa. Takue U3MepeHus: NPeACTaBISIOT ONpeAEIeHHBI HHTEPEC NPU BBHIOTHEHUH
KapOTaXHBIX paboT, UMEIOT PAaKTHYECKOE 3HAYCHNE KaK IpU OypEeHHH CKBaYKHH, TaK 1
NPU U3YYEHUH TEKTOHHKH MECTOPOXKICHHA.

W3MepeHust BHIIIOTHEHBI A0 MPOBEICHHS B3PBIBHBIX paOoT B MATH OypOB3pPHIBHBIX
CKBaXHHax [TaBHOTO Kapbepa, HAXOQAIIUXCS Ha OTHOM Ipoduiie Ha PACCTOSHUU 5 M
Ipyr oT apyra (puc. 1, a). B ckBaxkuHe 3, HaxopsIelcs Ha pacCTOSHUU 15 M OT HyIe-
BOW CKBa)KHMHBI, BBIJENSETCA 30Ha C MOBBILIEHHBIMH 3HaueHusAMHU curHanoB F3. Ilo-
BTOPHBIC H3MEPEHUSI, BHIIIOIHEHHBIE Yepe3 HECKOIBKO YacOB MOCIe TEXHOIOTHUECKOTO
B3pBIBa Onu3nexaniero 0oka (puc 1, 6), BRISIBUIN CUIBbHYIO AU (EepeHIHAUIO0 B CHT -
Hanax EDOMMU (ammnutyaHslid ypoBeHb BO BCEX TPEX YACTOTHBIX AMANA30HAX YBEIH-
yuiics). AHaJIU3 TOTMOMHUTENbHOW HH(POPMAIMH MTOKa3all, YTO MPU MOATOTOBKE K TeX-
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HOJIOTUYCCKUM B3pbIBAM M 3dKa4KC B3pPbIBYHATOIO0 BCHICCTBA B TCJIO CKBAXUHBI
BO3HHUKACT r[p06neMa €Tro nepepacxoaa BCICACTBUC HAPYIICHHOCTHU OTpa6aTI:IBa€MOFO
O110Ka (HOBLIHICHH&H TpeH_II/IHOBaTOCTB). I[aHHa)I HpO6J'IeMa pemaceTcda nyTeM HUCIOJIb-
30BaHud CICHHUAIIBHBIX «PYKABOB» JId 3daKaYKW B3PbIBYHATOI'O BCHICCTBA, YTO BJICYCT
JAONOJHUTCIIbHBIC SKOHOMHUYCECKUC PACXO/BbI.

HpOBCI[eHHLIe HCCJICAOBAHUS TOCIYKUINA npeﬂnocmm(oﬁ JJIsL pa3pa60T1<1/I OKC-
mpecc-METOla aHa/IM3a HAPYHNICHHOCTU MacCCHBA. TaK, Ha MCPBOM 3Tale MpoOBOAUTCA
IMOTOYCYHBIM KapoTaXX €CTCCTBCHHOI'O JICKTPOMATHUTHOI'O U3TYUCHU. Ilocne CITyCKa
CHapsada Ha 32001 CKBa’>XHHBbI, Ha IOABEME, BEACTCA HerCpLIBHLIfI KapoTax. IIo JaH-
HOM METOIHUKE OBLIH BEITTOIHEHEI HU3MEpPCHHUA B APYyTrUux 6ypOB3pI>IBHI>IX 6HOKaX, KOTO-
pBIC, AJId KOHTPOJISA, BKIHOYAJIN TAKXKE U3MEPCHUS TOCIIC B3PhbIBA.
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Puc. 4. Conocrasnenue kaporaxka EDMU no toukam (F) u npu nogseme (F_pod)
Fig. 4. The comparison of NEMR logging by points (F) and when lifting (F_pod)

Ha puc. 2 npencraBneHbl n3MepeHsl, BBIOJIHEHHBIE B TPEX CKBaKMHAX (CKB. 7-9).
[lepBHUYHBIH MOTOYEUHBINH KapoTax (pHC. 2, @) IOKa3al HEBBICOKHA, OIM3KHUMA K (OHO-
BOMY, YPOBEHb CUTHAJIOB. VI3MepeHus, BHINOIHEHHBIE Ha TOIbeMe (pUC. 2, 8), BEISIBHIIH
30HBI, [JI€ YPOBEHb CUTHAJIIOB YBEIUYMBACTCS 10 IATU pa3. II0BTOpHBIN IOTOYEUHBII
KapoTax MoCJie B3phIBa (pHcC. 2, 6) MOKa3ajl aHAIOTUYHYIO KapTHHY, XapaKTep N3MeHe-
HUW UHTEHCUBHOCTU U3IIy4EHUS TOXOXKUM.

[IpoBenenre B3pHIBHBIX pabOT BBI3BIBAET OOJIBIINE aKyCTUUECKHE H MEXaHHUYECKHE
Harpy3KH, B pe3yJibTare 4ero NpOUCXOaUT H3MEHEHHE HANPSKEHHO-1e)OPMUPOBAHHOTO
COCTOSIHMSI MACCUBA TOPHBIX NOpOJ. B INIOTHO KOHCONUIUPOBAaHHBIX MIOPOAAX YBEIUYE-
Hue curHanoB EOMU He nponcxoauT, a B TEKTOHUYECKH HApYILIEHHBIX 30HaX MPOHCXO-
JSIT TIPOLIECCHI TiepepacipeeNieHnil HallpshKeHHUH, YTo U oTpaxkaeTcs Ha rpadukax. [Tpu
IIPOBEACHUN HEIIPEPBIBHOIO KapOTaKa MU MOAbEME CKBAXKUHHOIO CHApAJA HA CTCHKU



72 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 8. 2018 ISSN 0536-1028

CKBaKHHBI HAKJIa/IbIBACTCS JOMOJIHUTEIFHOE MEXaHUIECKOe BO3JEHCTBHE, KOTOpOE, He-
CMOTpsI HA MHOTO MEHBILHI MacTad o CpaBHEHHIO CO B3PHIBHBIMU pab0TaMu, BBI3bI-
BAaeT COMOCTAaBUMBIE 10 aMIUTUTY/E CUTHAJIBI B 30HaX BHICOKUX HANPSLKEHHH.

Ha puc. 3 npuBeneHsl pe3ysbTaTbl U3MEPEHHUH, BHIIIOJIHEHHbBIX B IBYX CKBAXKHHAX
Ha Ipyrom Omoke kaprepa (ckB. 10, 11).

ITo n3MepeHHBIM 3HAYCHHUSM MOXKHO C/IEJIaTh BBIBOJ O TOM, UTO HUCCIIELyeMbIC Mac-
CHBBI HE UMEIOT B CBOEM COCTaBE HAPYLICHHBIX 30H, MOABEP)KEHHBIX HAMPSKCHUSIM,
T. €. MACCHB IJIOTHO KOHCOJINJMPOBAHHBIH.

Ha puc. 4 mpuBeneHs! pe3yasTaThl U3MEPEHNH €CTECTBEHHOTO YIEKTPOMArHUTHOTO
U3Iy4eHus B ckBaxuHe Ha CeBepo-TapaTalickoM jKene30pyaHOM MECTOPOXKICHHN.

IToToueuHsle U3MEPEHHsI IOKA3aIH, YTO MPU 001IeM (JOHOBOM YPOBHE BBIACIISIOTCS
YYaCTKH C HU3KHMHU TTOKa3aTeNIIMU €CTECTBEHHOTO JIEKTPOMAarHUTHOTO U3Iy4eHHs Ha
gyactoTax 45 u 80 k['11, cOOTBETCTBYIOLIME 30HAM OpPYACHEHUS. DTO OOBSICHSIETCS TEM,
YTO MarHeTUTOBBIN CJION BBICTYNAaeT CBOETO pojia «3KPAaHOM» BCIEJCTBHE IOTEPU
SHEPTHH 3JIEKTPOMAarHUTHOTO CUTHAJIA B IpoBojsIe cpene. C Apyroit CTOpOHBI, U
NPOBEIECHUU HETIPEPBIBHOTO KAapOTaXka ONMCAHHBIE HMHTEPBAJIbI BHIACIISIFOTCS IIOIOXKH-
TEJIbHBIMHU aHOManusIMH 110 F1, 4To ToBOpUT 0 HANM4NMU MUKPOIE(EKTOB B OKOJIOCKBA-
JKUHHOM TPOCTPAaHCTBE, BO3MOXKHO, BBI3BAHHBIX HAPYLICHHEM CIUIOLIHOCTH MacCHBa
TOPHBIX TIOPOJ B pe3ynbrare Oypenus. B natepsan 300-400 M Ha AuarpaMMe Ha 4acTo-
te 120 x['x (F3) mo moTo4eyHsIM U HEMPEPHIBHBIM U3MEPEHHSM BBIJENIAETCS BHICOKO-
aMITTUTyIHAs 3HaKoTlepeMeHHas aHoManus. CKkBakWHaA MpoOypeHa BOIM3W NBYX H3-
BECTHBIX TEKTOHMYECKWX HapyIIeHWH (pa3iomoB) 3eMHOW Kopsl [12]. M3mepenus
re0aKyCTHYECKOM SMUCCHH TaK)Xe CBHIAECTEIBCTBYIOT O MPOLECCaX HHTEHCUBHOIO Tpe-
MMHOO0Opa30BaHMs B 3TOU 30HE.

O0cy:xaeHue pe3yabTaToOB U BBIBOABI. [Ipy N3yueHNN CUTHAJIOB 3IEKTPOMAarHUT-
HOW 3MHCCHU Ha ['yCeBOTOPCKOM Kele30pyaHOM MECTOPOXKACHUH IPeoaraioch,
YTO TUTAHOMAarHeTUTOBAasl PyAa B CHJIY CBOCH BBICOKOH 3JIEKTPONPOBOTHOCTH OyneT
SBTSITBCSL SKPAHOM ISl €CTECTBEHHOTO 3JIEKTPOMArHUTHOTO M3JIyYEHHS M OCHOBHBIM
MH(QOPMATUBHBIM MapaMeTpoM OyayT CUTHAIBI reoakycTudeckoi amuccun (I'AD). On-
HaKO IIPOBEZICHHbIE B Kapbhepe UCCIeN0BaHMs TI0Ka3alu, YTO paclpeaeseHle ypoBHe
EDMMU yka3biBaeT Ha BO3MOKHOCTh OOHAPYKEHUS] TEKTOHUYECKUX HApYIIEHUH B OKO-
JIOCKBaXMHHOM IIPOCTPAHCTBE 110 UX AWHAMUYECKOM aKTMBHOCTU. AHalu3 pe3yiibra-
TOB KapoTarka 3JIEKTPOMAarHUTHON SMHUCCHH, BBIIIOJIHEHHOTO Ha Pa3BEelOYHOMN CKBaXH-
He CeBepo-Taparalickoro >kene30pyaHOro MECTOPOXKACHUS, C TOUKH 3PSHUS CBSI3U 30H
TEKTOHHMYECKOTO HAPYLICHHs C BBICOKOAMIUIMTYIHBIMH aHoManusimMu EDMU Taxoke
MTO3BOJIMII OOBSICHUTH MOJNY4YE€HHBIE B CKBaXXHHE PE3YJIbTaThI.

[TpuBeneHHbBIE JaHHBIC SKCIIEPUMEHTA H3yUeHHS 30H TPEIIMHOBATOCTH TOPHBIX 110~
POZ, a TAK)KE BBISIBJICHNS] TEKTOHMUECKUX HAPYIIEHUH B OKOJIOCKBa)KUHHOM IIPOCTPAH-
CTBE SIBJIIIOTCS OTPA’KEHUEM IIPAKTUUECKON pearn3aliyi METOAA IPH N3YyUEHNUH TEKTO-
HUKH PYIHBIX TOJIEH.
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LOGGING OF NATURAL ELECTROMAGNETIC RADIATION IN IRON ORE DEPOSITS
BY THE EXAMPLE OF GUSEVOGORSKOYE AND SEVERO-TARATASHSKOYE DEPOSITS

Vdovin A. G., Ivanchenko V. S.!
! Institute of Geophysics, UB RAS, Ekaterinburg, Russia.

Research aim is to study the effect of natural electromagnetic radiation at various frequencies (45 kHz,
80 kHz, and 120 kHz) at the Gusevogorskoye titanomagnetite deposit and Severo-Taratashskoye iron ore
deposit, and distinguish the most informative frequency range.

Research relevance conditions in the first conducted studies of the connection between natural
electromagnetic radiation (NEMR), measured in the drilling and blasting wells of the Gusevogorskoye
deposit, and the strained state of the rock block and its rock jointing.

Research methodology. The research was conducted in drilling and blasting wells of the Gusevogorskoye
titanomagnetite deposit. It included primary point-to-point measurements when lowering a sonde,
continuous measurements during lifting, and repeated measurements after technological explosion near
the located block. At the North Taratashskoye iron ore deposit, investigations were carried out during one
run. The presented measurement results were obtained using apparatus developed at the Institute of
Geophysics of the Ural Branch of the Russian Academy of Sciences.

Results. The results of testing the technique of point-to-point and continuous logging of natural
electromagnetic radiation in wells at iron ore deposits of various types are presented. The data of the
experiment on studying the zones of rock jointing, as well as tectonic disturbances detection in the wellbore
space, are a reflection of the method practical implementation in the study of the ore field tectonics.
Conclusions. Studies carried out in the quarry have shown that the distribution of the NEMR levels
indicates the possibility of detecting tectonic disturbances in the wellbore space by their dynamic activity.
The electromagnetic emission logging results analysis performed at the exploratory well of the Severo-
Taratashskoye iron ore deposit, from the point of view of tectonic disturbance zones tie with NEMR high-
amplitude anomalies, also allowed to explain the results obtained in the well.

Key words: natural electromagnetic radiation; iron ore deposit; rock jointing.
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THE IMPACT OF A MAGNETIC FIELD ON THE WEAR
OF THE GRINDING BODIES, LINING, AND ORE DISINTEGRATION

KHOPUNOV E. A.%, SHATAILOV lu. L., VORONCHIKHIN S. L., SHATAILOV A. lu.?
' Consulting and Analytical Centre “Russian Standard”
(104, Khokhriakova Str., Ekaterinburg, Russia)
2 Science and Production Project Center “Uralmekhanobr-Engineering”
(195, Moskovskaia Str., Ekaterinburg, Russia)

Research aims to analyze the effects of a magnetic field on ore disintegration processes: the improvement
of mineral disclosure selectivity when grinding iron ore and wear reduction of the grinding bodies and
lining.

Research methodology. The study of a magnetic field topography and parameters, depending on the
position and the characteristics of magnets embedded into the lifter bars. Full-scale modeling
of a magnetic field topography has confirmed the possibility of implementing physical preconditions for
the creation of a magnetic field in the space between the lifter bars.

The analysis results have shown that the physical models reflect the impact of the magnetic field,
disintegration indicators, and the grinding bodies wear reduction in a grinding mill adequately. It has
been stated, that in the variety of engineering solutions for the creation of a magnetic field in the ball
charge, embedding magnets into the lifter bars of a lifter-bar lining is the easiest variant. The variant
of the lifter bar lining has been suggested, which makes it possible to create the induced magnetic field in
a zone of contact between the grinding bodies and the lifter bars and between the grinding bodies.
Research results are to be applied in the processes of ore grinding in ball mills. Some schemes
of embedding constant magnets into the lifter bars have been suggested allowing to solve the assigned task
of wear reduction of the grinding bodies. It has been shown, that such traditional economic indicators
as the net present value (NPV), the internal rate of return (IRR), the profitability index (PI), and a simple
and discounted payback periods ensure the effectiveness of an investment project as early as one set
of magnet lifter bars realization.

Key words: disintegration; magnetic field; wear,; grinding bodies, lifter bar.

The impact of the magnetic field on the processes of ore disintegration in ball
mills. The analysis of the magnetic field impact on the processes of ore disintegration
has revealed the following effects: the improvement of mineral disclosure selectivity
when grinding iron ore and wear reduction of the grinding bodies and lining. The
physical model of iron ore breaking in a magnetic field can be presented in the following
way. Induced by the external magnetic field, grinding bodies magnetization causes the
appearance of a magnetic force F, = M gradH = d 3 which “draws in” the particles
containing magnetic minerals into the zone of grinding bodies contact, where
H — magnetic field intensity, A/m; M, — magnetic moment of particles, A - m?%
d — particle size, m. As the result of such interaction, mainly the fragments requiring
disclosure and concentrating in the space between the balls are collected in the zone of
breaking. In addition to the magnetic forces, the particles sustain the resistance force of
the disintegrated medium F = (dV_)", n = 1-2, the parameter which is dependent on
the size of particles d, m, and their displacement velocity V,, m/s. Under the action of
the indicated forces, mainly large particles possessing higher magnetic moment A,
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i. e. clusters or large particles of a magnetic mineral, get into the zone of grinding
bodies contact. Minor disclosed particles of an ore mineral and the non-magnetic
particles either do not break up or slightly break up at random. Selective breaking
(being selective in relation to the fragments containing magnetic mineral) becomes
possible due to two competitive forces: magnetic attraction and an opposing resistance
force of the moving medium (pulp and ball charge). The indicated interaction creates
the preconditions for selective (in relation to the size and magnetic properties) breaking
of the components containing magnetic minerals. Comparative tests over some varieties
of iron ore have revealed the influence of pulp density, the modes of the material
unloading (mill discharge level), magnetic field parameters in the ball charge, and the
characteristics of the disintegrated material. The results of the technological experiments
(within the continuous cycle with a magnetic separator) have confirmed the selective
character of magnetic field impact: the indicators of mineral disclosure are improved
and grinding productivity is increased by 1.4-2.8 times (depending on the grain size of
the disintegrated material). The increase in the mass fraction of iron in the concentrate
under its significant reduction in tailings (in some cases up to 4-6%), increased output
of the concentrate, and the increase in the level of magnetite disclosure selectivity by
38.3-90.8% (according to the data of mineralogical investigations) also testify to the
selectivity of magnetic field impact on grinding indicators [1].
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Fig. 1. The dependence between the relative reduction of wear of balls
and induction of a magnetic field in a mill

Puc. 1. 3aBUCHMMOCTb OTHOCHTENBHOTO CHI)KCHHS M3HOCA IIAPOB OT
WHIYKIIMA MarHUTHOTO TI0JIS B MEJIBHHUIIE

In the course of the indicated research the study of the influence of a magnetic field on
grinding bodies wear under various parameters of a magnetic field have been carried out.
Laboratory studies of grinding bodies wear in a mill with a magnetic field have shown the
reduction of wear by 15-50% depending on the stage of grinding and the type of ore.
Fig. 1 reveals the dependence between the relative decrease of balls wear and magnetic field
induction. However, the proven effectiveness of magnetic fields impact on ore grinding
processes haven’t led to the discovery of new equipment mainly for the lack of any
simple and reliable engineering solutions for the creation of a magnetic field of the
necessary topography and required induction in a mill’s grinding space.

Another example of magnetic fields application in ball mills is a rubber-magnetic
lining of Skega Orebed® type developed to improve the productivity of mills, primarily
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for the second and third stages [2]. In general, lining represents bars made of abrasion-
resistant rubber with embedded constant magnets which ensure boltless fastening of
lining on the surface of a drum. Besides, open magnetic stray fluxes create magnetic
forces attracting magnetic particles formed by the scrap of the grinding bodies and
magnetic minerals to the external surface of lining. The created “ore bed” protects
rubber lining from wear. In the linings of a similar nature, stray magnetic field of the
embedded magnets almost completely closes through the mill’s drum and the “ore
bed”. On the external surface of the “ore bed”” magnetic forces weaken and stop keeping
magnetic particles, which limits the thickness of a bed and ensures its renewal. At the
same time, the given factor almost completely excludes the possibility of grinding
bodies magnetization and the creation of a magnetic field with the necessary parameters
between the balls. Operation experience of rubber-magnetic linings similar to Orebed™
bars has confirmed the increase of their service live as compared to the metallic lining [2, 3].
Despite the costs for the re-lining of rubber-magnetic elements are almost 2-3 times
lower than for the lining with bolt fastening, low frequency of operations on the
replacement of the abrasive-resistant lining (once in 3-5 years) eliminates
the significance of the given effect for the investor. As the analysis has shown, more
significant effect of magnetic field impact in relation to investments is the reduction of
grinding bodies wear and the increased intensity of the processes of disintegrating ore
which contains magnetic minerals. Positive results of magnetic field impact make the
search for the solutions allowing to fulfill several tasks in an integrated manner relevant:
to reduce the wear of lining and the grinding bodies, and improve mineral disclosure
effectiveness by means of magnetic field impact on disintegration processes.

The substantiation of the lifter bar structures with embedded magnets.
According to the main provisions of tribology, the intensity of the surface wear at
grinding is in many ways determined by the sliding velocity of the contacting bodies,
the value of the materials specific pressure on the lining, and friction between the
medium and the lining [4—8]. Thus, in order to reduce wear it is necessary to reduce or
eliminate the sliding movement of the ball charge towards lining, reduce contact
pressure and the coefficient of friction. It should be noted, that sliding value reduction
leads to specific energy consumption reduction, because sliding of the ball charge
against the drum causes the need in the increase in its rotation speed by the amount of
slippage, and the increase in the power consumption. Pressure can be reduced by means
of increasing the contact area by virtue of the formed “soft lining” with simultaneous
decrease in the coefficient of friction between the lining and the balls. The role of
lubricant in this case is performed by a suspension of finely powdered fractions
ofmagnetic minerals and scrap. Magnetic field induced by the grinding bodies concentrates
magnetic particles (scrap, magnetic minerals, etc.) in the zone of balls contacts; the
magnetic particles perform protective function and reduce balls wear. To the fullest
extent, this effect is manifests during iron ore grinding [1]. Frame-by-frame analysis of
balls movement dynamics in a mill with the superimposed magnetic field has shown
that near the surface of a drum the balls move almost without mutual slippage. The
corresponding arrangement of magnets keeps the balls in the space between the lifter
bars owing to magnetic interaction and prevents slippage.

The basis for the suggested engineering solution is formed by the interaction of
magnetic materials with an external magnetic field. Physical precondition for the given
task fulfillment is multiple increase in magnetic field induction between the balls and in
the zone of balls contact with the surface of a lifter bar with an embedded magnet. In
the case under consideration, the grinding bodies themselves serve as magnetic flux
concentrators, creating a magnetic field of high intensity with a high gradient in the
clearance between the balls. For example, if in the absence of the balls magnetic field
induction on the surface of a lifter bar is 0.038 T, then between the balls it increases up
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to 0.38 T and more. The upper limit of magnetic field induction on the surface of a lifter
bar is limited by the condition of prevention of the true contact between the ball charge
and lining and is determined by the ration of the ball’s gravity force in the separation
point and the attraction force of magnetic material in inhomogeneous magnetic field:
F = MgradH = pp VHgradH, where M — magnetic moment of magnetic material;
gradH — gradient of magnetic field intensity; /' — magnetic material volume (ball, scrap
or ore magnetic particle), m*; p,u — magnetic permeability of magnetic material and
vacuum, N/A2. Magnetic field parameters can be chosen out of the following condition
depending on the type of a mill

(21tn)2 Rm+ pp VHgradH > Pcoso, (1)

where P — ball’s gravity force, N; ¢ — ball’s separation angle, degrees; R — drum’s
radius, m; n — rotational speed, r/min; m — balls’ mass, t.

The indicated condition for the mills of the second and third stage of grinding (with
a diameter of approximately 3—4 m) can be met under the use of the magnets with
induction 0.38—0.40 T under the design thickness of a rubber layer of a lifter bar.

The solution to the stated task reduces to the search for the ways of inducing
magnetic field in a zone of balls interaction with the lining and the disintegrated
material, for example, by means of embedding constant magnets into the lifter bars of
a ball mill. The corresponding choice of magnetic field intensity gradient and induction
value (on the surface of a lifter bar) is able to create the conditions under which the
layer of balls will protect the lifter bars and lining from abrasive wear caused by
grinding bodies slippage against the lining and the lifter bars. The suggested structure
of lifter lining allows to create an induced magnetic field between the grinding bodies
and the lifter bars in a relatively simple way. The lifter bars are usually made of
polymeric materials, rubber, for example, however, in the solutions under consideration
the use of bonded magnets is possible as the material for the lifter bar or for various
magnetic insertions. Engineering implementation of the lifter bars with the embedded
magnets in the lifter-bar lining depends on the type of a mill, disintegrated ore, and the
stage of disintegration. Embedding constant magnets into the operating lifter bars as
embedded elements in the existing press molds is the most structurally simple solution
to the given task. However, these simple solutions do not exclude the creation of
completely different structures of lifter bars which generate magnetic flux in the ball
charge in the optimal way. Structural arrangement of magnets in the lifter bar is chosen
with the account of the fact that the force of interaction is determined not only by the
magnetic field intensity sufficient to induce the magnetization of balls and other
particles, but also by the size of its gradient.

The advantage of the lifter bars structure with the embedded magnets is grinding
bodies, lifter bars, and lining wear reduction, which is achieved by creating a magnetic
field in the space between the balls and a gradient of a magnetic field on the surface of
the lifter bars, which prevents slippage of the ball charge contacting the lining. The
technical aspects of the given structure development reduce to the choice of an
arrangement scheme of magnets in the lifter bars, the creation of maximum magnetic
field gradient in the space between the magnets, and provision with the desired value of
magnetic field induction on the surface of the lifter bars. As soon as magnetic field in
the system [lifter bar—ball charge—lining plate is a protective factor for the lifter bars
and grinding bodies from wear, it is necessary to be aware of the topography of balls
induced magnetic field at their entering the zone of magnetic flux impact between the
lifter bars. Physical modelling of the magnetic field topography has confirmed
the possibility to implement the conditions mentioned above to create a magnetic field in
the space between the lifter bars. In the course of the research, some variants of magnets
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structural arrangement in the lifter bar have been considered. The topography of
magnetic field induction for a model of two lifter bars at a distance of 210 mm from
each other (which is compared to their arrangement in a mill) is introduced at fig. 2. Flat
barium ferrite magnets (80 x 60 x 14 mm) with induction on the surface 30—60 mT were
used as magnets; at end surfaces induction was 100-110 mT. For ease of induction
measuring, in one plane grinding bodies were fashioned with 42 mm diameter disks.
Magnetic induction in the simulated space is marked by the numbers near the extension
line. Tt should be noted that the higher gradient of induction in the space ball-plane is
2.54 times higher than the gradient of induction in the space between the planes of
magnets, which provides conditions for the implementation of the desired forces
of interaction between the balls and other magnetic materials in the space between the
balls. This circumstance is an important factor for balls wear reduction by means of
lubricant producing out of the fine particles of the magnetic material. The measurement
have shown that induction of magnetic field between the balls can reach 240-250 mT
under field induction on the surface of the magnet being about 30 mT.

™~ 2030mT
210mm

240-250mT 60-70mT

Fig. 2. The arrangement of the grinding bodies between the
lifter bars
Puc. 2. PacnionosxeHre METIOIUX TeI MEXAY JTUPTEpaMu

To protect the lifter bar from wear according to condition (1) it is necessary to create
magnetic field induction in the zone of ball charge action, sufficient for the magnetization
of balls, magnetic minerals aggregates, scrap, and other magnetic materials in a mill.
At the same time, there is the task of protecting ceramic magnets from breaking by
means of creating a protection layer. The choice of thickness of the lifter bar layer
above the magnet is conditioned by the need for its protection and the creation of the
induction on the surface of a lifter bar sufficient for the magnetization of balls
(and other magnetic materials). Optimum thickness of a protective layer is chosen on
the basis of the dependence between magnetic field induction and the distance above
the magnet. Experimental estimation of magnetic field induction variation with the
growth of the distance x from the surface of the magnet allowed to describe the given
dependence using the equation B(x) = 9.97 + 63.8/[1+0,62exp(0.067x)], the coefficient
of determination is R? > 0,99.

When constructing the magnetic system embedded into the lifter bars, it is important
to use any possibilities to increase induction and gradient of a magnetic field, for
example, arrange magnets at a magnetically conductive metal plate. Estimations show,
that induction on the surface of the magnets situated on the magnetically conductive
metal plate are by 30-40% higher than without it, and the gradient of magnetic induction
in the space between the magnets on the metal plate increases by several times.

Applications of magnets in typical structures of the lifter bars are introduced
at fig. 3 (at one lifter bar the two variants of embedding the magnets are presented).
The principles of magnets embedding and arrangement are the same for both typical
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and newly developed lifter bars. Variant 1 at fig. 3 with a trapezoidal-shaped fixing plug
allows to use, for example, magnetoelastic material to increase induction of a magnetic
field as compared to a rubber plug and to use materials with physical-mechanical
characteristics which reduce wear and impact load on a magnet [9-12]. The size and the
type of constant magnets are determined by the structure of a lifter bar and the system
of its interface with a rubber lining plate.

In modern practice, two groups of ferrite magnets are used as constant magnets:
Nd-Fe-B-based and Ba—Sr-based. As long as Ba—Sr magnets are almost by an order of
magnitude cheaper than niobium magnets,
the choice of the structures and the type of
‘ magnets embedded into the lifter bar is

Variant 1 ‘ Variant 2

determined by the ratio between engineering
Rubber plyg / and economic indicators. Magnets based on
magnet >’ barium and strontium oxides have become
metal plate \ Wldgl}{ _used due to their cheap price and
possibility to be applied at temperatures up to

+280 °C. Magnets based on Nd-Fe-B have
got high values of residual induction around
0.7-1.3 T, and coercive force by magnetization
within the limits of 1-2 MA/m. Thus,
the creation of the lifter bars with magnetic
induction on the external surface of 100—150 mT
(without the ball charge) does not cause any
Fig. 3. The Variantﬁ olfj Fmbgdding magnets into  engineering problems.
Puc. 3. BapI/IaHtT:I 1Btce"rrpaeltIrBaHI/Is[ MarHuToOB Results ana_IYSis‘ The lining developers
B mdrep have to take into account a number of
factors: operational characteristics, service
life, price and costs ratio, maintenance simplicity and frequency, current market prices,
etc. The effectiveness of the innovative solution is determined according to the
traditional criteria of investment projects: the net present value (NPV), the internal rate
of return (IRR), the profitability index (PI), and a simple and discounted payback
periods. Results analysis shows that basic investment indicators: NPV — RUB3704.3
thousand, IRR — 60,4%, PI — 2,2, and 18 months payback period are thoroughly
acceptable for such projects. It should be noted, that given estimations have been
derived from the calculation of one set realization: investment in one set is RUB3000
thousand at sales revenue of RUB2500 thousand and 15% discounting rate. Increased
quantity of sets significantly reduces the payback period: investment for the second set
of lining is repaid almost at once, as long as basic expenses have been entered at the
realization of the first set. The given indicators have been obtained under minimum
balls wear reduction (less than 5%), which reduces the risks of the initial stage of
investment. At grinding bodies wear reduction up to 10-50% (actually received on
trials) the indicators of investment project effectiveness increase. The account of
revenue from mills productivity increase by means of reducing downtime for lifter bars
and lining replacement, as well as the account of improving indices of iron ore
disintegration will also allow to improve the effectiveness of the suggested solution.
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BIUAHWUE MAFHUTHOIO NonA HA U3HOC MENIOLLKX TEN,
®YTEPOBKW U QE3UHTEIPALIUIO PYQ1

Xomynos J. A.l, lllaraiiios 0. JI.2, Boponuuxun C. JI., Hlaraiisios A. }O.2
1 3A0 KoHCY/IBTallMOHHO-aHAIMTHYECKHUIA IeHTp «Poccuiickuil cranaapt», Exarepun0ypr, Poccust.
2000 HIIIIL] «Ypanmexanoop-Umxuaupuary, ExkarepunGypr, Poccus.

Ienv pabomur. Ananuz 3¢pghexmos 6030eticmausi MasHUMHO20 NOJISL HA NPOYECcyl Oe3uHmespayuu pyo:
Yyeenuuenue ceneKmugHOCMY PACKPbIMUs MUHEPATI08 NPU USMETbYEHUU JHCENE3HBIX PYO, CHUNCEHUE USHOCA
Menowux mei u Qymeposxu.

Memooonozus uccnedosanus. Hzyuenue monoepapuu MasHuUmHo20 nois u €20 napamempos 8 3a6uci-
MOCIU OM PACHONONCEHUS U XAPAKMEPUCMUK MASHUMOS, 6cmpausaemslx 6 augpmepsl. Hamyproe mode-
JUPOBAHUE MONOZPAPUU MASHUMHO20 N0 NOOMBEPOULO BOZMONCHOCHb PEANU3ayuL Gu3UIecKux npeo-
NOCHLIOK OIsL CO30AHUSA MAZHUMHO20 NOJS 6 NPOCMPAHCIBE MeXCOY Tughmepamu.

Pesynvmamul ananuza nokazai, ymo gusuueckue Mooenu adeK8amHo Ompaxcaion GIusHue MAasHum-
HO20 NOJISL HA NOKA3amenu 0e3UHmezpayull U CHUdICeHUe U3HOCA Menowux mei 6 MeivHuye. Ycmanoene-
HO, UMO Cpedu PA3IUIHbIX BAPUAHMOE UHHCEHEPHBIX PeleHUti Olid CO30AHUSL MACHUMHO20 NOJISL 8 WAPO-
601 3azpyske Haubonee NPOCMBIM AGIAEMCA 6CMPAUBAHUE NOCMOAHHbIX MASHUMO8 6 Jughmepbl
naumouHo-nupmeproi hymeposxu. Ilpednodxcen sapuanm niumoyHo-1ughmepuoll ¢ymeposxu, no360is-
10wl co30ams UHOYYUPOBAHHOE MASHUMHOE NOJE 8 30He KOHMAKMA METIOWUX Meil C TUGmepamu u memxc-
0y MenrowumMu meiamu.

Obnacmuo npumenenus pe3yibmamos UcCcAe006aHUIL AGIAIOMCI NPOYECChl USMENLYEHUs PYO 6 Wapo-
8bIx MenbHuyax. IIpeonosceno HecKoIbKo cXeM 6CMpAuBanusi NOCMOAHHBIX MACHUMOE 8 Tudmepbl, no3-
BONAIOWUX PeULUb NOCMABGIEHHYIO 3A0a4Yy CHUNCEHUs U3HOCa Menowux men. [lokazano, ymo mpaouyu-
OHHble IKOHOMUYeCKUe NOKA3amenu: Yucmolii OUCKOHMUposanuwvlil 00x00 (NPV), enympennss nopma 0o-
xoonocmu (IRR), unoexc ooxoonocmu (PI), npocmoil cpox oxynaemocmu u OUCKOHMUPOBAHHBIL CPOK
OKYnaemocmu — 06ecnequsaion 3¢hQexmusHoCb UHBECIMUYUOHHO20 NPOEKMA Yoice NPU Peanru3ayuil 00-
HO20 KOMNJIEKMA MAZHUMHBIX TUDMePOs.

Knroueevie cnoesa: Oe3uHmezpauu}z; MacHUumHoe nojie; U3HoC, meanuwue meua, /luquep.
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Research relevance is conditioned on the need to improve the efficiency of personnel interaction within
innovations aimed at competitive growth of an enterprise.

Research aims to substantiate the need to use the synergetic approach in order to improve the efficiency
of personnel interaction within innovations.

Research methodology. Synergetic approach has been used, where the expected synergetic effect from
the interaction of enterprise subjects within innovations is reached through their capability
of self-organization.

Results. It has been stated, that the efficiency of synergy formation management for innovations at an
enterprise can be reached through self-organization of enterprise subjects in workflow and innovative
processes. In order to reduce the risk of negative synergetic effect, the elements of synergy formation
management for innovations with regard to a mining enterprise have been distinguished, including the
subjects capability of self-organization being an advantage allowing to achieve synergetic effects in all
types of activities. Dependence between the subjects capability of self-organization and their innovative
abilities and opportunities has been shown. A model of synergy formation management for innovations
at an enterprise has been developed.

Results application. An example of synergy formation management for technological innovation
at a drilling site of a mining enterprise has been given.

Key words: enterprise; enterprise subjects; innovation, interaction, synergy, synergetic effect;
self-organization, capability of self-organization; resources, innovative abilities; management model.

Research relevance is conditioned on the fact, that one of the conditions of an
enterprise’s survival in the external environment is its competitiveness; it is achieved
by innovations ensured by the corresponding synergy.

Innovations. Innovation at an enterprise is a special purposeful change in the
spheres of technology, production, organization of manufacture and labour, control
over the relations and connections of enterprise subjects (ES), which contributes to the
development, growth, and efficiency improvement of the manufacture and occupational
safety; it is characterized by the growth of knowledge, possesses the features of novelty,
and manifests itself in significant positive social-economic effects.

Innovation is a means of moving to a brand new level, new condition.

Classification of innovations [1, 2]:

— according to the sphere of application at an enterprise the innovations are
subdivided into technical, technological, social, and institutional;

— according to the range of changes — integrated and local;

—according to the coverage of manufacture — fulfilled at all the stages of manufacture,
at particular production sites, in unit operations.

The implementation of the innovation is connected to the formation of social-
economic systems consisting of a wide range of elements which interact in a complicated
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way to achieve the goal of the innovation. The coordination between the elements of
the system is reflected in the behavior of the system as a whole. Therefore, the
appearance of a synergetic effect is possible as an excess of components collective
interaction results over the amount of their individual actions [3].

Synergy. The word synergy (from the Greek word sinergeia) denotes collaboration,
interaction, participation, and mutual action [4]. Synergy in economics means
performance enhancement as a result of combination, connection, integration, and
fusion of separate parts into a single system by means of so-called emergence and new
properties that the acquired system gets [5, 6].

Synergism (synergy) is a strategic advantage of an enterprise as a social-economic
system, which occurs in case all the enterprise subjects are capable of self-organization.
Self-organization is a process of elements ordering by means of some internal factors,
without any external impact [6, 7].

It is the most general definition of the notion of self-organization which can be
applied to synergy formation management for innovations at an enterprise.
In management, self-organization is considered as a method of coordinated vision of
the components of managerial decisions-making (MD) process providing particular
order within structural (decision tree) and functional (management functions and
manufacturing functions) self-organization [7, 8].

Table 1. The elements of synergy formation management for innovations at a mining enterprise

Ta6auua 1. DnemeHThI ynpas/jeHus ¢opMUPOBaHMEeM CHHEPIUH 118 HHHOBALUM
Ha rOpHOA00bIBAIOIIEM NPeANPUITHH

: Enterprise The object of | The subject of N .
Field subjects (ES) interaction interaction Synergy criteria | Synergetic effect

manufacturing Workshop Local Development | EScapability of | The efficiency
supervisors innovations | and self- growth of
production floor realization of | organizatiorto | equipment
supervisors, resources realize local utilization,
technicians provision innovations production
foremen plans for local revenue and
workers innovations profit

Innovative State Integrated Develgpment | EScapabilityof | The efficiency
proprietors Innovations | and self- growth of an
management realization of | organizatiorto investment
workshop resources realize project,
supervisors provision integrated revenue and
production floor plans for innovations profit, busines:
supervisors, integrated value
technicians innovations
foremen
workers

Synergy in management is to yield some competitive advantages by means of self-

organization of two or more ES making MD. At that, synergetic effect obtained from
their interaction can be either positive or negative. Synergism strategy in management
provides for efficiency enhancement of various fields by means of mutual use of the
resources [8—10].

The significance of synergy in innovation management consists in the fact, that it
allows an enterprise to achieve competitiveness by means of implementing both local and
integrated innovations; increase production capacities and profitability. Local innovations
are directed at the fullest use of manufacturing capacities and expenses reduction;
integrated innovations are aimed at workflow rearrangement, structural transformation,
as well as the modification of manufacturing functions and relations [11].
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It is clear, that ES capability of self-organization reduces the risks of a negative
synergetic effect in economy. This competitive advantage appears in case every manager
of every hierarchical level possesses innovative potential and innovative capacities,
which allow them to cooperate within tough requirements to the quality of MD
connected to the development and implementation of local and integrated innovations
resources provision plans.

The elements of synergy formation management for innovations at an enterprise are
developed with regard to a mining enterprise (table 1).

Innovative abilities and innovative opportunities of ES determine the subjects
capability to self-organization to fulfill both local and integrated innovations. Innovative
abilities are viewed as knowledge and skills allowing the subjects to efficiently develop
and realize the plans of innovations resources provision. Innovative opportunities are
viewed as the conditions for personnel innovative abilities realization, created through
corresponding management resources [11, 12].

The following can be referred to management resources [13, 14]:

—behavioral strategy of the owners directed at the improvement of labour conditions
of workers and management;

— the system of education and advanced training aimed at new knowledge,
experience, and skills;

— corporate culture based on the coordinated values of ES, formal and informal
standards and rules of conduct;

— information system providing ES with full and reliable information;

— systems of incentives and control directed at the growth of interaction efficiency
between ES;

— financial system supplying the enterprise with funds to realize the investment
program;

— innovative environment creating conditions for professional growth and ES
promotion;

— social-domestic infrastructure providing ES with comfort conditions of work and
housing.

ES ability for self-organization in order to implement local and integrated innovations
should be assessed with the indicators reflecting the concordance of viewpoints of the
subjects W and the efficiency of resources utilization.

The indicators of ES ability for self-organization to implement innovations are the
coefficient of ES viewpoints concordance and the coefficient of industrial resources
utilization efficiency.

The coefficient of ES viewpoints concordance [15]:

s, >k -l

_i=1

W = 1
max@§ S,) nk-m)

where S|, — the amount of concurrent factors of efficiency and safety chosen by the Ist
and 2nd subject; §;, S, — the amount of factors chosen by the 1st and 2nd subject;
x,,y;— the amount of grades reflecting the importance of the i-factor as estimated by the
Ist and 2nd subject; n — the total amount of factors chosen by both subjects;
k — maximum assigned value of grades; m — minimum assigned value of grades.

Depending on the value of the concordance coefficient which varies from 0 to 1,
the following levels of viewpoints concordance are distinguished: high — W > 0.7;
normal — W € [0.5;0.7]; low — W€ [0.2;0.5]; very low — W < 0.2.
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The coefficient of industrial resources utilization efficiency [16]:

— yp»tb
H.p 1
yp.3
where V_. — the actual level of resources utilization; ¥Y__ — the reference level of

resources utilization, in the capacity of which the world’s (branch’s or enterprise’s) best
level or the theoretically possible one is accepted.

The results estimation of synergy formation management for innovations at an
enterprise includes the total of methods and procedures allowing to determine the value
of synergetic effects (SE) in manufacturing and innovative activity. It is known, that the
value of SE in the manufacturing activity is limited by the production capacity of an
item of equipment or a workshop; in the innovative activity — by the planned efficiency
of investment projects.

Fig. 1 presents the model of synergy formation management for innovations at an
enterprise [17-21].

Synergy
A SE in IA (the efficiency
growth of an investment
Innovative project, revenue and

profit, business value)

ES capability of selbrganization

in innovative activity II
7 I
/

/

/ // SE in mA (the efficiency
ES capability of selbrganization v grp_wth of equipmc—_znt
in manufacturing activity L [ utilization, production,

— revenue and profit)
. \ L
manufacturing
"
L~
L -
- -
manufacturing Innovative Resources

growth path of the subjects’ (ES) capacity of self-organization (SO) in manufacturing activ
(mA), in innovative activity (1A)

— = . growth path of synergetic effect (SE) in manufacturing activity (mA), in innovative acti
(1A)

Fig. 1. The model of synergy fmation management for innovations at an enterprise
Puc. 1.Mopgens ynpasnenust opMUPOBAaHUEM CUHEPTUH UL MHHOBAMN HA IPEANIPUATHH

Results application. By way of example of applying separate methodological
theses, work practice presents an experience of synergy formation management for
technological innovation at a drilling site of a mining enterprise. Management purpose
is the formation of a synergetic effect measured with the drilling rig capacity index
(table 2, data specified with * have been obtained by A. S. Dovzhenok and A. G. Zhilkin
(Investigation report for 2017. Scientific and methodological maintenance of work
space and dangerous workplace situations dynamics and condition monitoring system
development in AO Razrez Tugnuisky. Chelyabinsk, 2017. 46 p.)).

It can be seen from the table 2 that synergy formation management for technological
innovation is carried out with the help of universal management functions: goal setting,
planning the stages of development and technological innovation realization; organizing
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the complex of special activities creating the conditions for technological innovation
realization; motivating the personnel for conscious and voluntary participation in
innovation; control over the efficiency of synergy formation management based on the
analysis of the economic effect obtained.

Conclusions. For an enterprise, innovation is a means of moving to a brand new
level, new condition. Innovation efficiency is ensured by coordinated interaction
between ES — synergy being a strategic advantage of an enterprise as a social-economic
system. The coordinated interaction between ES occurs in case ES are capable of self-
organization. ES capability of self-organization is a criterion of synergy, the value of
which depends on the innovative potential of the subjects and their innovative
opportunities, which are formed at an enterprise with the help of the corresponding
management resources. Thus, the essence of synergy formation management for
innovations at an enterprise consists in the formation management of ES capability of
self-organization to implement innovations directed at the acquirement of the economic
effect at the enterprise.
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YMPABNEHUE ®OPMUPOBAHWEM CUHEPIAW N1 UHHOBALIMIA
HA NPEANPUATAA

Tlaakuna H. B.!
1 000 «HayuHo-HCCIIeI0BATENBCKUI HHCTHTYT 3Q()EKTHBHOCTH M GE30MACHOCTH TOPHOTO TPOHM3BOJI-
ctBay, Yensounck, Poccust.

Axkmyansnocms padomut 00ycnosiena HeoOXOOUMOCHbIO NOGblUeHUs dPhexmusHocmu 83aumooeli-
CMBUsL NEPCOHANA 8 UHHOBAYUSAX, HANPABLEHHbIX HA NOGblIUEHIUE KOHKYPEHIMOCNHOCOOHOCTU NPEONPUAMUSL.
Lens pabomur. Obocnosanue HeobX0OUMOCMU NPUMEHEHUS! CUHEP2EMUYECK020 N0OX00d 05l NOBLIULEHUS
appexmusnocmu 63aumo0eticmeus. NePCOHANA 8 UHHOBAYUSIX.

Memooonozcun uccneoosanus. Hcnonvsosan cunepeemuieckuti no0xoo, 8 KOMOPOM 0ACUOAeMblil cuHep-
eemuyeckoll appghexm om 3aumooeticmeus Cy6beKmos npeonpusimus 8 UHHOBAYUX OOCMUSAemcs 3d
cyem ux cnocoOOHOCMU K CAMOOP2aAHU3AYUU.

Pesynemamui. Ycmanosneno, umo 3¢hpekmusnocme ynpaenenus Gopmuposanuem cunepeuu O UHHO-
sayuli Ha NPeonpusmMuU Modcem 6vlmb OOCMUSHYMA 3d CYem CamMoopeanu3ayuu cyovekmos npeonpus-
Mus 6 NPOU3E00CMEEHHbIX U UHHOBAYUOHHBIX Npoyeccax. [{iia CHUMCEHUs. PUCKA 603HUKHOBEHUSA OMPUYa-
MeNbHO2O CUHEP2eMUYeCcK020 ddexma gbloenetbl dNeMeHmbl YRpasienus popmuposanuem cunepeuu os
UHHOBAYULL NPUMEHUNENBLHO K 20PHO000bI8aIOWeMy NPeONnPUAMuUIO, 8 Yucie KOmopuix cnocoOHOCmb cy0b-
€KMo K CamMoopeanu3ayuu — Npeumyuecmeo, no3gosioujee 00Cmueams CUHepeemuieckux @gpexmos
60 6cex sudax deamenvHocmu. Ilokazana 3agucumocms cnoCOGHOCMU CYOBLEKMOB K CAMOOP2AHU3AYUU OM
UX UHHOBAYUOHMBIX Ccnocobnocmell u 6ozmodcrHocmell. Paspabomana modens ynpasnenus ¢op-
MUPOBAHUEM CUuHepull OISl UHHOBAYUL HA NPEONPUSMUU.

Ilpumenenue pesynemamos. Iloxazan npumep ynpaenenusi popmuposanuem cunepeuu O mexHoio2u-
yecKoll UHHOBAYUU HA OYPOBOM YHACHKE 20PHOO00bIBAIOWe20 NPEONPUAIMUSL.
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cunepeemuueckuil dghgexm,; camoopeanuzayusi,; cHOCOOHOCMb K CAMOOP2AHUIAYUU, PECYPChL, UHHOBAYU-
OHHble CHOCOOHOCU, UHHOBAYUOHHBIE BO3MONCHOCHIU; MOOENb YRPABIEHUL.
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MOJENNPOBAHUE CETU MNOBEPXHOCTHOIO CTOKA
0N OBECMEYEHWUA FOPHO-EONIOrMYECKOW BE3OMACHOCTH
BEPXHEKAMCKOIO MECTOPOXAEHUA

KAP®UOOBA E. A.:, MAKEEB B. M.1, KPABYEHKO WU. M.
" UHcTuTyT reoakonorumn umenu E. M. Cepreesa PAH
(Pocews, r. Mocksa, YnaHckui nep., 13, cp. 2)

Beeoenue. Mooenv cemu nogepxHOCmMHO20 cmMoka 6accelina p. Yconka, pacnoiojtceHHo20 6 npeoenax
Bepxnexamckozo mecmopoxcoenus, co30ana ¢ yenwlo biAGIEHUA 30H NOBLIUEHHO20 YENAHCHEHUS 3eM-
notl nosepxnocmu. C smumu 001ACMAMU CEA3bIBAEMCA NOGLIUEHHAS UHDUIbMPAYLUS NPECHBIX NOBEPX-
HOCIMHBIX 800 8 MONUY 2OPHLIX NOPOO U pazeumue CyPOO3UOHHBIX U KAPCMOBLIX NPOYECCO8, KOMOpble
AGNAIOMCA ONACHBIMU OJISL 20PHBIX BLIPADOMOK.

Memoouka nposedenusn ucciedosanuit. Mooenuposanue ocyuwjecmeaisiioch 8 cpeoe 2eouHPOPMAyUOH-
HO20 npoexkma Ha npocpammuom obecnevenuu ESRI ArcGIS10.4 ¢ mooyiamu Spatial Analyst u
3D Analyst. HcxoOuvim mamepuanom 0Jis CO30aAHUsL MOOELU NOCLYHCUTU 2e0MOPPONocutecKue OaHHble.
Pezynomamul u ux ananus. B pesynomame mooenuposanus nocmpoena yu@posas mooens peiveda
U MOOeNb cemu NOBEPXHOCMHO20 CMOKA, ONpeoeNeHbl U KAACCUPUYUPOBAHbl TOKATbHYbIE 3AMKHYNIblE
NOHUdICEHUs penbedha, 8bl0eenbl U KIACCUPUYUPOBAHbl 8000COOPHYLE Daccelinbl Ha OCHO8e UX MOPPO-
Mempuyeckux u 2u0poI02Uteckux nokazamenel.

Bu1600bt u 00nacme npumenenusn pe3ynbmamos. Modenuposanue no3601UN0 8bIAGUNTL 30HbL CKONIE-
HUSL NPECHBIX 600, 8 NPedenax KOMopblX 603MONCHO PA3GUMUE HE2AMUBHBIX UHIHCEHEPHO-2€0NI02UYECKUX
npoyeccos u asnenul. Pezynomamol ucciedosanuti mocym 6vims UCHONb308AHBL NPU NPOESKMUPOBAHUU
U paspabomke MeCmopo*COeHUl NONE3HbIX UCKONAEMbIX C Yelbl0 06eCheyeHUs 20PHO-2e0N02UYEeCKOl U
2e09K0n02UYecKoll Oe30nacHOCmu.

Knrwuesvie cnosa: ceomopghonocus; nogepxnocmuulii cmok; cy@@osus; Kapcm; mMecmopoxcoeHue;
besonacrocme.

Beenenne. Tepputopuss BepxHekaMCKOro MECTOPOXKIEHHUS KaJIUMHBIX COJeH
(BKMKC) naxomutcsi B [lepMckoil 00nacTu B 30HE CONMPsDKEHHS 3aMaJHOTO CKIOHA
Cpenuero Ypana u Bocrouno-Epornetickoii minardopmbl. KanuitHo-MarHueBbie COJTU
3aneratot B npeaenax ConrkaMCcKol paHHENEPMCKOW BIIAJMHBI B BUIE€ KPYITHOW JBOS-
KOBBITIYKJION JTUH3HI [1]. MeToapl OIEHKH MMOBEPXHOCTHOTO CTOKa PacCMaTpPUBAIOTCS
Ha mpuMepe Oacceiina p. Yconka (1eBbli npuTok p. Kama), pacnonoxeHHOro B LeH-
tpasnbHOM yactn BKMKC. Ha uccnenyemoit Tepputopuu, MoiBEepKEHHONH KaTacTpo-
¢uueckuM nposasam, MoA0OHbIE UCCIICOBAHMS JI0 CHX ITOP HE POBOIWINCE.

I'eonoro-runporeonornyeckrue yciaoBUsS paccMaTpuBaeMON TEPPUTOPUHU XapaKTe-
PHU3YIOTCS JABYMS OCOOCHHOCTSIMH: COJIH 3aJleraloT B cpeaHeM Ha TimyomHe 100 M
U BBEPX I10 pa3pesy NepexosT B paHHEIIEPMCKIE TEPPUTCHHO-KapOOHATHbIE TOPOABI,
CHOCOOHBIE K BBILIETaYUBAHHIO; BOIOHOCHBIE KOMIUIEKCHI B 3THX MOpoAax ciabo u3o-
JUPOBaHbI IPYT OT ApyTa U OT MOBEPXHOCTHOIO BOJOTOKA [2, 3].

B mporecce pa3paboTku MECTOPOKACHUN MPOUCXOAUT TEXHOTCHHOE M3MEHEHHE
THIPOTEOIOTMYECKUX YCIOBUH 1 HANPSKEHHO-AE(OPMHUPOBAHHOTO COCTOSTHHS TOPHO-
ro MaccuBa. B pesynbrare 3T0ro o KOHTYpy TOPHBIX BEIPAaOOTOK MOXET (POPMHUPOBATh-
Cs1 30Ha TOBBILICHHOW TPEIIMHOBATOCTH, B MpeaesaX KOTOpOor MOopob! IpHoOpeTaroT
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MOHW>)KEHHBIE NMPOYHOCTHBIE CBOMCTBA M MOBBIIICHHYIO T'a30(IIOMAHYIO MPOHHIAe-
MOCTb. [lo 3THM 30HaM MOA3eMHBIE BOABI MOTYT NMPOHUKATh U3 HAJCOJSHOMN TONIIU
B COJITHYIO, YMEHBIIATh HECYIYIO0 CHOCOOHOCTh KPOBIIHM TOPHBIX BBIPAOOTOK M BBI3bI-
BaTh 0Opa3oBaHue HeraTUBHBIX sBiIeHHU. B pegenax BKMKC c 1986 r. nmpou3omnuio
MHOXKECTBO KPYIHBIX IPOBAJIOB, OJMH W3 KOTOPBIX 00Opa3oBaJicsi Ha TEPPUTOPUH
Bepe3sHnKoBCKOro KaqTuitHOTo MpOU3BOACTBEHHOTO pynoynpasienus Ne 1 [4] (puc. 1).

CrnenyeTr OTMETHTD, YTO OJHOM U3 MPUYMH 00pa30BaHUs POBAJIOB SBIACTCS HEAO-
CTaTOYHO TOJIHOE W3YyYEHHUE THAPOJIOTHYECKUX U THAPOTEOTIOTHUECKUX YCIOBHH Tep-
PUTOPUH, B OCOOCHHOCTH MaJI0 BHUMAHUS YACIAETCS Pa3BUTHIO METOJOB OLCHKHU TO-
BEPXHOCTHOTO CTOKa M 3aKOHOMEPHOCTSM €ro paclpelesieHHs B 3aBUCHUMOCTU OT
nedopMalyii 3eMHOH MOBEPXHOCTH.

Puc. 1. IIpoBan Ha bepe3HNKOBCKOM KalnMitHOM MPOM3BOACTBEHHOM pyaoynpasieHud Ne 1
Fig. 1. Soil depression on the territory of the 1st Berezniki potash production group

MeToaunka uccijienopanuii. OLeHKa IOBEPXHOCTHOTO CTOKA KAaK BaXKHOM COCTaBIIs-
olIeH U3yYEeHUS TUAPOJIOTHYECKUX YCIOBUM TEPPUTOPUIA MECTOPOXKACHHUI Oazupyer-
Csl Ha METOJOJIOTUH U(PPOBOIl KapTorpaduu penseda 1 MOpPOMETpHH, 3aJ0KEHHOH
B Kiaccuueckux paborax A. M. bepnsura, A. H. Jlacroukuna, 3. A. Jluxaueroii,
E. M. Hukxonaeeckoit, K. A. Camumena, C. H. CepOentoka, }0. I CumoHoBa,
A. W. Crmpugonosa [5, 6], S. Jenson, I. Moore, D. Tarboton [7-9]. C pa3zButuem reo-
WH(POPMAIIMOHHBIX TEXHOJIOTHI TOSBUJINCH HOBBIE TIOAXOABI U METOJBI JUUIsl CO3MaHUS
YCOBEPIIEHCTBOBAHHOW MOAETH MOBEPXHOCTHOTO CTOKA.

Monenb oleHKH TOBEPXHOCTHOTO CTOKa OacceliHa p. Ycoska co3laHa B cpele reo-
UH(pOpPMAIOHHOTO MTpoeKTa Ha mporpamMmHoM obecrieuernd ESRI ArcGIS10.4 ¢ mony-
asimu Spatial Analyst 1 3D Analyst, KOTOpbIE TO3BOJISIIOT CO3[aBaTh W aHAJIM3UPOBATh
BEKTOPHBIE U PACTPOBBIE JaHHBIE. BeKTOpHbIE TaHHBIE TIPEICTaBIeHBI B BUIE reorpadu-
YECKHUX OOBEKTOB (TOUKH, JIMHUHU WU MIOJUTOHAIBHBIE OOBEKTHI), KOTOPBIE UIMEIOT KOOp-
JMHATHI U OTIpeAeeHHbIH Habop arpuOyToB. PacTpoBble faHHBIE TPEACTABISIOT COOOM
reorpajuyeckue OOBEKTHI, pa3/ielICHHbIC Ha HEMPEPBIBHBIC MPSAMOYTOJIBHBIC WITH KBa-
JIpaTHBIC STICHKH, KOTOPBIE MTOKPHIBAIOT KoopAuHaTHYI0 ceTKy (I'PU/I). Kaxmoit sraeiike
TIPYCBaMBaeTCAd 3HA4YEHHE, KOTOPOE XapaKTepu3yeT IUIONIa b, 3aHUMAEMYI0 JTaHHOH
STYEMKO (BBICOTA, TEMIIEpaTypa WK CIIeKTpajbHOE 3HaueHne  T. 11.) [10].

Pe3ynbTaThl co30aHMsA MO/IeJH MOBEPXHOCTHOTO cTOKAa. Co3JaHre MOAEIH CETH
MOBEPXHOCTHOTO CTOKa OacceiiHa p. YCOoNKa OCHOBaHO Ha BBHITIOJHEHHUH HIECTH MOCIIe-
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JOBaTeJIbHBIX ATANoB: 1) mocrpoenue NudpoBoit Moaenu penbeda; 2) MOCTPOSHUE MO-
JIeST CEeTH TIOBEPXHOCTHOTO CTOKA; 3) BBIIENEHUE BOTOCOOPHBIX OacceiHOB; 4) pacueT
MOPPOMETPHUECKUX U THAPOIOTUYECKUX ITOKa3areliel; 5) TUIHU3anusi BoIoCOOpHBIX
OacceitHOB; 6) TUTIONOTHYECKAs KiTacCH(PUKAITUS JIOKATBHBIX 3aMKHYTHIX TIOHKEHUH.

1. lludposas monens penpeda (UMP) crpourcs rpagunnonasiMu Metonamu [10].
Ji1s 3TOTO Ha OCHOBE UMEIONIMXCS U30JIMHUH penbeda ¢ momonibio Moayist 3D Analyst
CO3JaeTCsl HeperymspHas TPUAHTYIALUOHHAs CeTh 3eMHOM moBepxHocTH (Triangular
Irregular Networks — TIN). ITocne moctpoenuss TIN ocyiecTBisieTcss ee BhIBEpKa:
OTIPENIETISIIOTCS YKIIOHBI M SKCIIO3HUIINY TPEYTOJIHHUKOB-CKIOHOB, aHAIN3UPYIOTCS, BBI-
JIENIAFOTCA U UCTIPABIISAIOTCS 00JIACTH HECOOTBETCTBHS MOCTPOCHHOW CETH PealbHBIM
MIPUPOIHBIM YCIOBUSAM (MeCTa Pe3KOl CMEHBI SKCIIO3HUIINU CKIIOHOB). Ha ocHOBE BBI-
BepeHHoM TIN crpoutcs HenocpeacrseHHo LIMP unu pactpoBas IOBEPXHOCTD B BUJIE
perymsipaoit koopaunatHoit cetu (I'PUJ), xaxkmoit sueiike KOTOPOil COOTBETCTBYET
3HAYCHHUE BBHICOTHI 3eMHOM ToBepxHOCTH. Pasmep staeek [ PUJl mogbupaercs ucxos u3
TOYHOCTH MCXOIHBIX JaHHBIX U IDIOMIAAN UCCIEAyeMOi TeppuTtopui. B manHON Moze-
JU HcTonb3oBaics pasmep S50 x 50 M.

2. MeTonn4yeckue OCHOBBI CO3/IaHUSI MOJETH IOBEPXHOCTHOTO CTOKA 3aJI0KEHBI
B paborax S. Jenson, I. Moore, D. Tarboton [7-9]. Heo6xomumoe nporpammuoe o0ectie-
yeHue peanusoBaHo B cpeae ArcGIS. C nomolrso HHCTpyMeHTa «3arojHEHHE» B MO-
nyne Spatial Analyst cozgaercs LIMP ¢ 3anonHeHHeM JIOKaJIbHBIX MOHMKEHHA, YTO
SBIISIETCS «HMICATBHOID MOMIEIBIO JJIS pacyeTa CTOKOB. /lanee ¢ moMOIIbI0 KaIbKyIIATO-
pa pacTpoB BHITIOIHAETCS pacueT pa3sHUIbl MEXTy cKoppekTupoBanHoi [IMP u ucxonu-
HOH, 4TO MO3BOJIAET MONY4YUTh pacTpoByro ['PUJ[ nokambHBIX MNOHMKEHUH pETb-
eda [11]. [To aroii I'PUJ] pacCUMTHIBAIOTCS U3OIUHUY C CEUCHHEM 4yepe3 | M U BbIjIe-
JSIFOTCSL 3aMKHYTHIE JIOKaJbHBIE TIOHWKEHHS C TIyOMHOM, paBHOM | M u Oomnblie, U
mmrHOU 6omee 100 M (cymecTBEHHOM 171 paccMaTpuBaeMoro Maciraba). B manbHeii-
meM Oyaer pemarbes 3agada nuddepeHInaniy JOKaTbHBIX 3aMKHYTHIX TTOHMKEHUH
(JI3IT) oTHOCHTENBHO WX TITYOWHBI M JIOKAJTH3aINH B penbede.

ITocne cozmanus «uneanpHOH» [IMP HeoOXoauMo onpenenuTh HalpaBIeHHEe CTOKa
U3 KaXI0H suelku pacTpa. DTo JenaeTcs ¢ MoMolIbio HHCTpyMeHTa «HampaBnenue
cToka» B Moayiie Spatial Analyst Ha ocHOBe ckoppektupoBanHoi [IMP. B nmony4yaemoit
pacTpoBOi NOBEPXHOCTH KaXKI0U STUEHKE MPUCBAUBAETCS OTHO U3 BOCBMHU BO3MOXKHBIX
nHamnpasiennii ctoka (C, CB, B, FOB, 10, 103, 3, C3). [lainee ¢ TOMOIIBIO HHCTPYMEHTA
«CyMMapHBIi CTOK» B TOM K€ MOJYJE CTPOUTCS PacTpoBasi MOBEPXHOCTH, KAXKITOH
sAueiike KOTOpOW MPHUCBAaUBAECTCs 3HAYEHUE, PaBHOE KOJIMYECTBY BCEX STUEEK, U3 KOTO-
PBIX PE3YJIBTUPYIOMUI CTOK OCYLIECTBIseTCA B AaHHYI0 sueiky [11]. Ilomydennsiit
pacTp CyMMapHOTO CTOKa KOHBepTUpyeTcst B shape-(haiin moJuroHasbHbIX 00BEKTOB,
JUTST KOTOPBIX PACCUMTHIBAIOTCS LIEHTPHI Macc CyMMAapHOTO CTOKa. DTOT MpHEM JaeT
BO3MOXXHOCTBH HCITONIF30BAaTh KAy MacImITaOMPyeMOro CHMBOJIA, Onaromapsi 4emy
Mepexo]l OT CHMBOJIa MaJIOTO pa3Mepa K CHMBOITY OOJBIIETo pa3Mepa HaIVISIHO MOKa-
3bIBaET HAIIPABJICHUE JBMKEHHUS CTOKOB. [l IpEICTaBIeHUS CETH CTOKA TaKKe He00-
XOIIMMO 32/1aThCsl MUHUMAaIIBHBIM 3HaueHHeM cyMMapHoro ctoka (Min CC). Dto sBms-
eTcsl CyNIeCTBEHHBIM JUIs paccMarpuBaemoro wacmraba (Min CC = 20),
T. €. IPMHUMAIOTCS BO BHUMAHHKE STMEUKH ¢ CyMMapHbIM cTokoM 20 x 50 x 50 m= 50 000 m>.
Pesynbprarel pacuera mpUBOIAATCS B BHJIE MOJAEIH MOBEPXHOCTHOTO CTOKa OacceifHa
p. Yconka (puc. 2).

3. Ha ocHOBe pacTpoBBIX IOBEPXHOCTEW HAIIPABIEHHS CTOKA M CYMMapHOTO CTOKA
C TIOMOILIBIO COOTBETCTBYIOILIETO HHCTPYMEHTa B Moayie Spatial Analyst paccunThiBa-
I0TCSl BOZOCOOpHBIE 0acCEeiHbI, KOTOpBIE MPEICTABISAIOTCS B BHUJC MOJUTOHAIBHBIX
00bekToB (puc. 2). [1pu 5TOM 3a/1a€TCsl MUHIUMAIIBHBIA pa3Mep BoIocOOpHOTo OacceiHa
(B stuetikax ['PUJI). Janee mpou3BoanTCS BEIBEPKA TPaHUIl BOTOCOOPHBIX OACCEHOB:
OHH COTIOCTABIIIIOTCA C PEYHOM CEThI0 M C TOYKAMH BXONa M BBIXOJa CyMMapHOTO
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Puc. 2. Mozenb ceTr IOBEPXHOCTHOTO CTOKa OacceiiHa p. Yconka:
1 — undposas monenb penbeda; 2a—20 — peyHas ceTb No nopsaaky npurokoB (I-V mopsnok); Ja—36 — jgoKaabHbIE
3aMKHYTHIE [TOHIKEHHS penbe(a (CKIIOHOBBIE, BOIOPa3/IeIbHbIC i OBPAXHBIE); 4a—42 — IIGHTPbI MACC CTOKOB I10 YHCILY
SIYEEK-MCTOYHUKOB cToKa (20—7450, 7451-30626, 30627-76086, 76087-214754); 5 — rpanuiibl BOTOCOOPHBIX Oaccei-
HOB; 6 — HOMep BOJOCOOPHBIX OacceifHOB; 7 — HH(pacTpyKTypa paccMaTpHBaeMOil TEPPUTOPUH
Fig. 2. The model of the surface runoff network of the Usolka river basin:
1 — digital elevation model; 2a—20 — river network in order of tributaries (I-V order); 3a—36 — local closed relief
depressions (slope, watershed and gully), 4a—42 — the centers of mass of the surface runoff by the number of cells-
sources of runoff (20-7450, 7451-30626, 30627-76086, 76087—214754); 5 — borders; 6 — number of catchment basins;
7 — territory infrastructure
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cToka. B Mecrax, roe rpaHulisl 6acceifHOB HETOYHBI, YPE3MEPHO MPSMOIUHEHHBI HITH
NPOTUBOpEYAT MPUPOAHBIM 3aKOHOMEPHOCTSIM, OHU PEAAKTUPYIOTCS BPYUHYIO.

4. JlanpHelIIee U3y4yeHrne MOBEPXHOCTHOTO CTOKA OCHOBAHO HA OMPENEICHHH OC-
HOBHBIX MOP(OMETPHUUECKUX U THIPOIOTHUECKUX MoKa3areneld. OHM MO3BOJIAIOT MIPO-
BECTH CPaBHUTENILHBIN aHaJIU3 BOZOCOOPHBIX 0aCCEHHOB, KOTOPBIC MOAPA3ACIISIOTCS
Ha TPU OCHOBHBIX IPYIIBI: HaualbHbIC, CPEAMHHBIE U YCThEBbIE. [ pynma HaualnbHBIX
OacceiiHOB 00beIUHSACT BOJOTOKU 1-TO U 2-TO MOPSAAKOB, TPYIIa CPEIUHHBIX — 3-TO U
4-ro MOPSIKOB, TPYIIIA YCTHEBBIX — 5-T0 MOpsiiKa (10 CUCTEME KOAUPOBAHHS TTIOPSIIKOB
Xoprona [12]).

Pacuer mopdoMeTpruueckux M rHIPOJIOTHUECKUX IIOKa3aTeNell B mpenenax BOJO-
cOOpHBIX OacceiiHOB MPOU3BOIAUTCS C MCIIONb30BaHMEM (DYHKLMHU 30HAIBHOW CTaTH-
ctuku Moayist Spatial Analyst. OueHuBaroTCSl YeTbIpe Mmokaszarens: 1) H3MEHYHBOCTD
penbeda; 2) U3BMIMCTOCTh Pycia; 3) YKIOHBI pycna; 4) TonorpaduyecKuil UHICKC
BII2YKHOCTH.

1) Onenka m3menunBocTH penbeda ERR (Elevation Ratio Relief) B mpenenax Bomo-
cbopHoro OacceitHa paccyuThIBaeTcs Mo popmyie:

ERR = (Max — Mean) / Range,

rae Max — MakcMMaJIbHOE 3Hau€HHUe BBICOTHI penbeda; Mean — cpeqHee 3HAYEHNE BBI-
cothl penbeda; Range — pazdbpoc 3Ha4eHH BBICOTHI peibeda.

2) OneHKa U3BWIIMCTOCTH PYCiia PACCUYMTHIBACTCS B MpejesiaXx BomocOOpHOro dac-
ceifHa o gopmyse:

rme L, — cymmapHas JUlMHa OTPE3KOB pyclia OT TOYKH BXOJ@ O TOYKH BBIXOJA;
L, — 9BKIMI0BO PACCTOSHUE MEXky TOUKAMHU BXOJA U BBIXOJIA.

Jns miatrOopMEHHBIX TEPPUTOPUI OOBIYHBIM SBISCTCS CHUKEHUE H3BHIHCTOCTH
pycia OT UCTOKOB K YCThI0. B peunoM Oacceline YCOIKH M3BUIIMCTOCTh PycClia H3MEHS-
etcs B 3—4 pasa: npsMOJIMHEHHBIC YUYACTKU XapaKTEPHBI JIJIsl HaYaIbHBIX BOJOCOOPHBIX
bacceitHOB, M3BIIIMCTOCTh YBEITUIUBACTCS JIJIsI CPEAMHHBIX OaCCEHOB U MaKCUMaJIbHA
JUISL YCThEBBIX 0acCEHHOB.

3) OmeHka YKJIOHOB pyce onpeaeseTcs Ha OCHOBe YKIIOHOB LIMP (pactpa ykio-
HOB) TI0 OTHOIIICHHUIO K KOHKPETHOMY OTpe3Ky pyciia. [1o COBOKYIMHOCTH 3THUX JaHHBIX
B Ipenenax BOA0COOpHOTO OacceifHa pacCUMTHIBAETCS CpeIHEe 3HAYCHHE YKIOHOB
pycna. [ns mnargopMeHHBIX TEPPUTOPUN OOBIYHBIM SIBISETCS CHH)KEHHE YKJIOHOB
pyclia OT UCTOKOB K YCTBIO.

4) Tonorpaduueckuit maaeKc Biaxkaoctu (Topographic Wetness Index — TWI) pac-
CUUTBIBACTCS 10 CICAYIONICH opMyrie:

TWI =In(A,,/tg(Slp)),

rzie A, , — CYMMAapHBIii CTOK B sueiiky (Oe3pasmepHas BenuuuHa); Slp — yKIoH 3eMHOI
MOBEPXHOCTH B IIpejienax sueiku (B paananax) [13]. HanGomnpime 3Ha4eHus JTaHHOTO
MOKa3areysl XapakTepHBI I BomocOopHEBIX OacceiinoB Ne 7, 10, 11, 23 u 26 (puc. 3).

5. AHanmu3 CBOIHBIX MOP(OMETPUIECKUX TIOKA3aTENIEeH U OLIEHOK CETH MTOBEPXHOCT-
HOT'O CTOKA [TO3BOJIIECT paccMaTpuBaTh Ipymibl 0acceitnoB (HayanbHble (1), cpennHHbIE
(IT) u ycroersie (111)) B pasHbix acnekrax (tabnuia). bonpuryto miomans Bogocbopa
peYHON CHCTEMBbI YCONKH 3aHMMAaeT TpyIMia HadalbHBIX BOAOCOOPHBIX OacceiiHOB
(57,6 % obmieit Tromanu BogocOopa), OqHy TPETh 3aHUMAET TPYyIIa CPEIUHHBIX Oac-
ceitroB (31,4 %), rpymnma ycTeeBbix 6acceitHoB — Tonbko 12,0 %.
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Puc. 3. Pacmipeznesnenue Tonorpaguueckoro HHICKCA BIAXKHOCTH MO BOAOCOOPHBIM OacceiHaM:
la—I2 — 3HaveHue TOMOrpauIecKOro MHAeKca BiIaxkHoctH (<5,350; 5,351-8,399; 8,400-9,139; 9,140-11,115);
2a—20 — pedHas ceTh Mo MOpsAKy mputokoB (I-V mopsnok); 3a—36 — JokambHBIE 3aMKHYTBIE ITOHIDKEHUS penbeda

(CKIIOHOBBIE, BOTIOPA3/ICIbHBIC U OBPAKHBIE); 4 — TPAHHUIIBL; 5 — HOMEp BOIOCOOPHBIX GacceiHOB.
Fig. 3. Distribution of topographic wetness index in catchment basins:
la—1I2 — the value of topographic wetness index (<5,350; 5,351-8,399; 8,400-9,139; 9,140-11,115); 2a—20 — river
network in order of tributaries (I-V order); 3a—36¢ — local closed relief depressions (slope, watershed and gully);
4 —borders; 5 — number of catchment basins
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Cpennue 3HadeHUs] aOCOMIOTHOM BBICOTHI penbeda ymeHsiatorces co 181,59 mo
138,00; mokasarenb W3MEHYHMBOCTH peiibeda cymiecTBeHHO yBenuuuBaercs ¢ 0,48
1o 0,70; cpenuuii TonorpaduuecKuii HHACKC BIAKHOCTH YBEINYMBACTCS HE3HAYUTEIHHO
¢ 8,50 mo 9,23. B kaxxmoit rpymme 6acceiHOB pa3nuyaloTcsi 0acCeHHBI ¢ HU3KUM pycC-
JIOBBIM YKJIOHOM, OOIIbIIIeH U3BUIIMICTOCTBIO PYCiia BOJOTOKA, C HU3KHM POCTOM CyM-
MapHOTO CTOKa ¥ OOJBIIeH OI[EHKOH TONnorpadnIecKoro HHIEKCa BIAKHOCTH (CM. Ta-
Omuiry, cepwiii 1BeT). ComlacHO 3THM TMOKa3aTeisM TakKue 0acCeWHbI OTHOCSTCS
K 0COOOMY BHJIy HAKOIUTEIBHBIX BOJOCOOPHBIX 0aCCEHHOB.

6. Baxwueiimei MmopdomeTpudeckoil 0COOEHHOCTHIO UCCIIEAYEMON TEPPUTOPHH SIB-
JISTIOTCS JIOKAJIbHBIE 3aMKHYTHIE TIOHIDKEHUs. VX Tumosornaeckas kiaccuukanys oc-
HOBBIBAETCS Ha BBIABICHHUU JICHYIAINMOHHBIX MPOIIECCOB HAa CKIOHAX M BOIOPA3/IeIb-
HBIX 30HaX, & TAK)KE aHAJIN3E OBPAXKHOU 3p03uH. JIOKaIbHbIC 3aMKHYThIC IOHMKEHUS
paccMaTpHUBarOTCS OTHOCUTENBHO (hopM penbeda (OpOBOK CKIIOHOB M 30H BOJIOpa3/e-
JIOB), YTO TIO3BOJIMJIO PA3JIENUTh X HA TPU TPYIEL 1) IeHyAallMOHHBIE CKIIOHOBBIE,
2) neHyAaroHHbIE BOJOpasIebHBIC U 3) OBPaKHEIE.

[lepBas Tpymma cBs3aHa C JeHYJAIIMOHHBIMU TPOIIECCAMU B TpEeNiaX CKIOHOB.
Brons psima BOMOTOKOB pacnoiaraeTcs MoCIeA0BaTeIbHOCTh U3 Y3KUX (IIUPUHON 10
130 M) u HermyOokux (o 1 M) JI3II. B ucrokax Takue MOHMKCHUS JIekKAT MEKITY OpOB-
KO CKJIOHA ¥l PYCJIOM, a TIPY IBUKEHUH 110 TEUEHHUIO BOIOTOKA OHU C/IBUTAIOTCS OJIFKE
K OpoBke. B mpenenax BomoTokoB, TeKymux Ha 10T, JI3II mpuypodeHsI K IEBOMY CKJIO-
HY, @ B TIpe/ieax BOAOTOKOB, TEKYIIUX Ha CEBEp — K MIPABOMY.

Bropas rpynma JI3I1 cBs3aHa ¢ AeHyIalMOHHBIME MIPOLIECCAMU, MTPOUCXOISIIIINMHU
Ha BOZIOpa3/CibHBIX OBEPXHOCTAX. Menkue U cpeqHue mo riyouHe (1o 3 M) U OKpy-
ribie JI3II dhopMupyrOTCS B HampaBieHUH HOPMaIbHOM (1o yriioM 90°) K Te4eHUIo
BOJIOTOKOB W TapajUIeIbHO JIMHUSAM Bojiopa3ieioB. OHU YCTaHABIMBAIOTCS BHYTPHU
GacceiinoB Ne 1 u Ne 2.

Tpetps rpymma JI3I1 obycrnoBneHa oBpaXHBIMH 3PO3MOHHBIME TIporieccamu. Jlo-
KaJIbHbIE 3aMKHYTBIE MOHIKEHHS, OTHOCSIIMECS K JAHHOHM TPYyIe, MPUCYTCTBYIOT
B Tipenenax BogocOopHbIx 6acceitHoB Ne 11 u Ne 27. Ilo mmy6une JI3II (mo 10 m) u
aHaAJIN3y CIYTHUKOBBIX CHUMKOB MOXKHO CJIEJaTh BHIBOJ O PAa3BUTHH 3/1€Ch CHIBHOMN
OBPaXHOU 3PO3HUH.

BoiBoabl. OrieHka ceTH MOBEPXHOCTHOTO CTOKa OacceiiHa p. Yconka MO3BOJIMIIA
BIIEPBBIC BBISIBUTH TPAHUIIBI PA3HOTUITHBIX BOAOCOOPHBIX 6acCEHHOB, OMPEAETUTH JI0-
KaJIbHbIE 3aMKHYTHIE TTOHIKEHHS penbeda C MOBBHIIEHHBIM yBIAKHEHUEM, KOTOPBIE
MOTYT pacCMaTPHUBAThCH B KaUE€CTBE UCTOYHUKOB MH(UIBTPAIIMH aTMOC(EPHBIX BOJ B
HAJICOJITHYI0 TEpPUTeHHO-KapOOHATHYI0 ToNmly. B ciyuae pa3BUTHS MHTEHCHUBHBIX
TEKTOHUYECKUX JedopMalliii 3TH BOJbI MOTYT OKa3aThCS B TOPHBIX BBIPAOOTKAX.
Jna mpenorBpameHusi MOAOOHBIX SBJICHWHA B OyAylneM HEOOXOAMMO HCCIEeNOBaTh
THUIPABINYECKYIO CBSI3b MCTOYHWUKOB MOBBIIEHHONH WH(MIBTPAIMU BOJ C COBPEMEH-
HBIMH TEKTOHUYECKUMH JiehOpMAUSIMA HAICONISTHOW BOIO3AIMUTHON TOJIIIH.
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MODELING THE SURFACE RUNOFF NETWORK TO ENSURE GEOLOGICAL SAFETY
AT THE VERKHNEKAMSK DEPOSIT

Karfidova E. A.!, Makeev V. M.}, Kravchenko I. M.!
! Sergeev Institute of Environmental Geoscience RAS, Moscow, Russia.

Introduction. The model of the surface runoff network of the Usolka river basin located within the territory
of the Verkhnekamsk deposit was created to identify areas of increased moisture of the earth's surface.
These areas are associated with increased infiltration of fresh surface water into the rocks and the
development of suffosion and karst processes that are dangerous for mining.

The methodology of the research. The modeling was carried out in the GIS project environment using
ESRI ArcGIS 10.4 software with Spatial Analyst and 3D Analyst modules. The source material for the
model is geomorphological data.

Results and their analysis. As a result of modeling, a digital elevation model and a model of the surface
runoff network were constructed, local closed relief depressions were identified and classified; catchment
basins were mapped and classified based on their morphometric and hydrological indicators.
Conclusions and scope of the results. Modeling has allowed to reveal zones of fresh water accumulation
where development of negative engineering-geological processes and phenomena is possible. The research
results can be used in the design and development of mineral deposits in order to ensure geological and
geoecological safety.

Key words: geomorphology, surface runoff; suffusion; karst; deposit; safety.
DOI: 10.21440/0536-1028-2018-8-91-101
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HOBbIV NOAXO0[ K PEKYNLTUBALIMA FOPHOMPOMbILLNEHHBIX
NAHOWA®TOB

MBAHOBA H. C.%, LULMMMWNOBA E. B.!, MAKAPOB A. B.!
1'YpanbCckuil rocyaapcTBEHHbIN FOPHBINA YHUBEPCUTET
(Poceus, r. EkatepuHbypr, yn. Kyibbiwesa, 30)

Lenvio pabomul s61semces co30anue HO8020 NOOX0OA K MEPONPUATNUAM HO B0CCHAHOBNEHUIO HAPYULEH-
HBIX 3eMenb 20pHO00ObIsaIoWel Ompaciu, 6KIIOUAIOWe20 paspabomKy Memoooro2ull aKmueusayuu
npoYeccos CAMOBOCCMAHOBIEHUSL U (HOPMUPOBAHUA OUONOSUYECKU AKMUBHOU NOYBEHHOU CPeobi.
B acnexme cospemennuvix 63aumoomuoutenuli 20pHo20 0ena ¢ oKpyscaroujeti cpedoii npoonemy pexyivbmu-
6ayul HAPYUWEHHBIX 3eMellb COUNM PACCMAMPUBAMb 6 PaAMKAX Doiee WupoKo20 NOHAMUSA «PEeKYIbMu-
sayus okpyscaroujeli cpeobly.

Memooonozusa uccredosanus gxuouaem 6 cebs oyeHKy HeobXo00UMoCmu U yeiecoobpasHocmu Heope-
HUSL ONMUMUSUPOBAHHBIX CUCHEM YNPABIEHUs KA4eCmeoM HOPMAMUSHO-NPABOBO20 De2yAUpOBaHUs U
VoHreCmoyeHUs, KOHMPOIsL 3a BbINOIHEHUEM 0053amenbCme no NPo8edeHUr) PeKyIbmMueayuOHHbIX Mepo-
npusmuil, a maxce paspabomKy npuUHYUnos, Ha KOMopvix OOIHCHO OA3UPOBAMbCA NIAHUPOSAHUE pe-
KYIbMUayuu, COnposoAHcoaemoe 6 00513amenbHOM nopsoKe MOHUMOPUHZOM PECYPCOB0300HOGNEHUA.
Oonacmoio npumenenus pe3yibmamos UCcied08anus sA6Aemcs IKONOSUYECKOe PA3eumue pecuond,
20e 0111 obecneyenus yCmouyugo20 pa3eumus Meppumopuil HeodXo0umMo NPUHUMAMb 60 6HUMAHUE 803~
Oelicmeue MeKyuux 20pHulx pabom Ha okpydcaowyro cpedy. Haubonvuwumu necamuenvimu nocneo-
cmeuaMU, 8N10Mb 00 HeOOPAMUMBIX USMEHEHUTl N0 OMHOWEHUIO K NPUPOOHBIM AAHOWAdmam, omauda-
10MCSL NPOMbLUUTIEHHbLE U 2OPHONPOMbBIULIEHHbLE TAHOUADMbL.

Bb1600b1. Bredpenue konyenmyaibHo20 nooxo0a K pekyIbmuayuu oxpyscaroujeli cpedsbl ¢ moyku
3pEHUs COBPEMEHHBIX NPeOCMABNeHUl O Kayecmee 80CCMAHABNIUBAEMbIX NPUPOOHBIX PECYPCO8 eCib
nepeuvlil U HeobXoOUMblll WAz K peaiusayul payuoHaIbHO20 UCHONb3068AHUSA 3eMENbHbIX Pecypcos
C yuemom 63auMocesizeil ¢ NPUPOOHO-KIUMAMUYECKUMU, COYUANbHO-IKOHOMUYECKUMU U IKOLO2UYe-
CKUMU YCOBUAMU.

Knrwouegvie cnoea: copnonpomviuiienuvie AaHOWADmMul;, PeKyIbMuayus, npupoooo6ycmpoiucmeso;
PAayUOHANIbHOE UCNONb30BAHUE 3eMEbHBIX PECYPCO8; YCMOUUUBOE PA3GUmMUe MeppUumopuil.

BBenenune. K Hauaimy HOBOTO THICSYENETHS CTANIO OYEBHIHBIM, YTO TOTpeOIeHue
MIPUPOHBIX PECYPCOB ILIAHETHI, SIBJISSACH OCHOBOM CYIIICCTBOBAHUS U PA3BUTHS IIMBH-
TU3alKH, TOCITYKUIO TPUYMHON [I00aJbHOTO SKOJIOTHYECKOTO KpH3Hca, Mpeooe-
HHUE KOTOPOTO TpeOyeT BHIPpabOTKH HOBOTO MUPOBO33PEHUS B ONIPEIelICHHH MacIuTaboB
MIPUPOAOTIOIH30BAHHS.

Oco3HaHne m100aTbHOTO XapakTepa HKOJIOTHYECKAX MPOoOIeM, BRI3BAHHBIX MOTpe-
ONeHreM MHHEPAJIbHBIX PECYPCOB B HEOTPaHHMUYEHHBIX MaciTadax, OnpeelseT cTpa-
TETUIO Pa3BUTHUS TOPHOAOOBIBAIOIIEH OTPACIIH, 3aKIIIOYAIOIIYIOCS B CHU)KEHHH TEXHO-
TeHHOW Harpy3Kd Ha MPHPOAHYIO Cpeay NpHU MOBBILEHHH 3()(HEKTUBHOCTH JT0OBIYH
1 TiepepadOoTKH MUHEPAIbHOTO ChIpba [1].

B cuy macmrabHocTH pa3pyiieHus negocdepbl 3eMmin podieMa peKyIbTHBAIINN
HapyIIEHHBIX 3eMellb JO0JDKHA PAacCMaTPHUBATHCS HE KaK BO3BpAIICHHE WX B XO35M-
CTBEHHBIH 000POT, 8 KaK BOCCTAHOBIICHUE SKOCUCTEMHBIX (DYHKIMIA TEPPUTOPUU JIJIS
COXpaHEHUs YCTOMYMBOTO COCTOSHUS OMOc(hepbl. JKOIOTHYECKOe Pa3BUTHE PETHOHA
«MOXeT OBITh BBIpRKEHO uepe3 M3MCHEHHE TaKhWX IoKazareinel, Kak 3arps3HeHue
OKPYXKAIOMIEH Cpelbl, ypOBEHBb UCIIOIB30BAHUS IPUPOTHBIX GaKTOPOB» [2].

Cratbsl MONTOTOBIICHA TIPH TIOAEPKKE U B paMKax rpanTa PODU Ne 17-06-00433.
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Okosnorndyeckuidl pakTop B HACTOSIIEE BPeMsl SABISICTCS OXHON M3 BasKHBIX JBUXKY-
HIMX CHJI Pa3BUTHS OOILECTBA, 3aJA0IIUX ONPEIeICHHBII TEMIT yCTOWYUBOTO U 3P eK-
TUBHOTO Pa3BUTHS M3MEHEHHUH ero xapakTepucTuk [3, 4]. s obecnieuenus ycTonuu-
BOTO Pa3BUTHUSl TEPPUTOPHIA HEOOXOIUMO MPUHUMATh BO BHUMaHHE BO3IEHCTBHE Ha
OKPYXaIIIyl0 Cpeay MPOU3BOAMMBIX TOPHBIX pabor. HambonpmmMu HeraTUBHBIMU
MOCTIEACTBUSAMH, BILIOTH 10 HEOOPAaTUMBIX U3MEHEHHH 110 OTHOILEHHIO K TIPUPOJHBIM
nasgmadTaM, OTINYAIOTCS POMBIIIICHHBIE TaHAIA(TH U UX Pa3HOBHUIHOCTH — IOp-
HOIIPOMBIIUIEHHBIE TaHAAPTHI.

[locne 3aBepuieHHs TOPHBIX pabOT Ha HApPYLIEHHBIX TEPPUTOPHUSAX IOIKHO OCY-
IIECTBIATHCS BOCCTAHOBIIEHHUE, TO €CTh PEKYJIbTUBALIUA. PeKynbTUBaLNs 3eMeIb — 3TO
KOMIIJIEKC pa0boT, HalpaBIEHHBIX HA BOCCTAHOBJICHNE MMPOAYKTUBHOCTH U XO3HCTBEH-
HOW IIEHHOCTH HapyIIEHHBIX 3€Melb, a TaKXKe Ha YJIy4dllIeHUE YCIOBUN OKpY Karomen
Cpeabl B COOTBETCTBHH C MHTEpecaMu odmiecTBa. JItoboe cTpouTenscTBo, A00bIUa 1MOo-
JIe3HBIX HCKOIIAeMBIX, T€0JIOrOpa3Be/ika He MOTYT HaUMHAThCS, TTOKa He OyzeT pazpabo-
TaH MPOEKT PEKYJIbTUBALIMH HAPYLIEHHOTO IIOYBEHHOTO MOKpoBa. TakuM o0pa3om, pe-
KyJIBTHBALUSl 3€MeNb MNpEeACTaBIsieT co00i OomHy M3 caMblX 3(QQEKTUBHBIX Mep
B PEIICHUH BOIPOCOB PALIIOHATBHOTO HUCTIOIB30BAHUS 3eMENIBHBIX PECYPCOB U Mpoliie-
MBI OXpaHbl OKPY>KatoIEi cpe/ibl B IIeNIoM. PeKynbTHUBalMy MOAJIEKAT BCE 3EMIIH, Mpe-
TepIeBaIOIIIE H3MEHEHHUS B peibed)e, TOUBEHHOM NMOKPOBE, MATEPUHCKUX U MTOJCTHIIA-
IOIIUX MOPOJIaX, KOTOPbIE MPOUCXOIAT WM YKe IPOU30LIIN B IIPOIIECCE TOPHBIX PaOOT.

Kommiieke pekynbTHBaOHHBIX MEPOTPHUITUHN «JIOJDKEH 00eCIeuUTh OIaronpHsT-
HYIO CpeAy OOMTaHMsI 38 CUET PEryIMPOBaHHS COCTAaBa M YHCTOTHI aTMocdepsl, co3na-
HUs OJIAaronpHuATHOTO penbeda MECTHOCTH, MPEKpaIleHHsT SPO3UOHHBIX IMPOIECCOB,
peTyIHpOBaHMs BOIOOOECTICUCHHSI M JIPYTUX (aKTOpOB OKpyKaromield cpers» [5].
To ecTb Lenb peKyIBTHBALUHN — 00ECIICUeHHE IKOJIOTMYECKOH 0€30MacHOCTH TEPPUTO-
PpHUU 1EATENBHOCTH TOPHOT'O NMPEAPUSTHS.

Bomnpocel, cBA3aHHbIE ¢ pEKYyIbTUBAIMEN HAPYIIEHHBIX 3€Meb, TOCTATOYHBI aKTy-
aNbHBI U1 MHOTHX cyOBbekToB Poccuiickoit @enepaunn. C 0HOI CTOPOHBI, aKTyallb-
HOCTh OOYCJIOBJIEHA PETHOHANBHONW CHEUU(PUKON SKOHOMHUKH, C(HOPMHPOBABIIEHCS
B Pe3yJIbTare «IOCIeN0BaTeIbHOTO PAa3BUTHS TOPHOIOOBIBAIOLINX, TIEPEPa0aTHIBAIOIINX
Y MalTMHOCTOPOUTEIBHBIX IIPOU3BOACTBY [6], YTO OKa3aJio 3HAYUTEIHLHOE BIMSIHUE HA
9KOJIOTHIO PErHOHa, B YaCTHOCTH Ha MPOLECCHl 00pa3oBaHUs OOJBIIOTO KOJINYECTBA
HapyUIeHHBIX 3eMelb. C Apyroil CTOPOHBI, HHTEPEC K PEKYIBTHBAIMA MOXKHO OOBsIC-
HUTh 3a/1auaMu pecypcocoepexenus [7].

Hens padotel. CornacHo NPOBEICHHOMY aHAJTU3y COCTOSIHUS OKPY KaIOIIeH cpebl
B palioHax pa3MelleHHs KPYMHBIX TOPHOIPOMBIIUIEHHBIX KOMIUIEKcoB Poccun, BO3-
MOXHOCTH yCTOWYHMBOTO (D)YHKUIHOHUPOBAHUS TMPHUPOAHBIX IKOCHCTEM B YCIOBHAX
MHOTOJIETHUX MHTEHCUBHBIX aHTPOINOTEHHBIX HArpy30K (BKJIOYas TEXHOTCHHBIE) HE-
JIOCTaTOYHO M3Y4YEeHB! 1 HAMHOTO ITPEBOCXOJAT MPENENbl, KOTOpbIe ONpeAeIeHbI CyIe-
CTBYIOLIMMH YPOBHAMHU BozaeiicTBus. IIpoBeneHHbIE MCClIEAOBaHUS MOKa3ajld, YTO
JaKe B YCIOBHSIX JBYXCOTJIIETHETO U 00Jiee TEXHOTCHHOTO BO3JEHCTBHUS TOPHO-METAI-
JYPTrUYeCcKUX MPOU3BOACTB MPUPOIHBIC SKOCUCTEMBI, IIIABHO TPAaHCHOPMHUPYSICh, eIlle
COXPaHSIOT CIOCOOHOCTh (DYHKIIMOHUPOBATH [8]. B CBSI3u ¢ 3TUM NpH MIIaHUPOBAHUU
NPUPOIOOXPAaHHBIX MEPOTIPHUITHH HEOOXOAMMO YUHUTHIBATH €CTECTBEHHBIC BO3MOXKHO-
CTH MPUPOTHBIX SKOCHCTEM K CAMOBOCCTAHOBIIEHHUIO, UTO MO3BOJISET ONTUMU3UPOBAThH
3aTpaThl HA BOCCTAHOBJIEHHE HAPYIIEHHBIX 3KOCUCTEM.

B coBpemeHHOM acniekTe B3aMMOOTHOILIEHUI TOPHOTO Jejia ¢ OKPYKAroUIEN cpeion
npobieMy peKylTbTHBAIlMA HapyLICHHBIX 3€Mellb CTOMT PaccMaTpuBaTh B paMKax 0o-
Jiee IUPOKOTO MOHSTHUS «PEKYTBTHBALIMH OKpYKalollel cpeasl». Bo3HnkaeT HeoOxo-
JUMOCTH CO3JJaHHsl HOBOTO TOAXO0a K MEPOIPUSATHSIM 110 BO30OHOBJICHUIO HapyIICH-
HBIX 3€MeNIb TOPHOMOOBIBAIOMIEH OTPAcH, BKIIOYAIONIET0 pa3paboTKy METONOB



104 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 8. 2018 ISSN 0536-1028

AKTHBH3ALMH MIPOLECCOB CAMOBOCCTAHOBICHUS M (POPMHUPOBaHUs OMOJIOTUUECKU aK-
TUBHOM NTOYBEHHOU CpEeIbI.

MeTon010rMs1 NCCIIEIOBAHMUS BKIIOUAET B C€0S OIIEHKY HEOOXOMUMOCTH H LIEJIECO-
00pa3HOCTH BHEIPEHHUS ONTUMU3MPOBAHHBIX CUCTEM YIPABJICHUS KayeCTBOM HOpMa-
TUBHO-TIPABOBOTO PETYJIMPOBAHUS U YKECTOUCHHUSI KOHTPOJIS 32 BHIIIOJHEHUEM 00513a-
TEJILCTB TIO BBIOJIHEHHUIO PEKYJIBTHBALIMOHHBIX MEPOIPUSTHHA, a TakkKe pa3paboTKy
MPUHLIMIIOB, HA KOTOPBIX JTOJDKHA 0a3MpOBaThCS pa3paboTKa IUTAaHOB PEKYIHTHBALIHH,
COTIPOBOXKIAEMBIX B 0053aTEIIEHOM TOPSIKE MOHUTOPUHTOM PECYPCOBO300HOBIICHHS.

O0sacTh NpUMeHEeHH Pe3yJIbTaToB Hccael0BaHuA. PeKynpTUBaus 3eMenb Kak
COCTaBHasl 4acTh NPUPOJOOOYCTPONCTBA 3aKIIOYAETCSI B BOCCTAHOBJICHWH CBOWCTB
KOMITOHEHTOB TIPUPOTHOW CpeNlbl U CaMUX KOMIIOHEHTOB, HAPYIICHHBIX YEIOBEKOM
B TIpOIIecCe MPHUPOIOIONB30BaHMS, (PyHKITMOHUPOBAHUS TEXHOIPHPOIHBIX CHCTEM U
Jpyroil aHTPOIIOT€HHOM JESATENLHOCTH ISl TOCIEYIOIIEr0 X UCIIONB30BaHMs U YIIy4-
IIEHHS YKOJIOTMYECKOTO COCTOSHUS OKPY KaIOIIeH Cpebl.

Bun ncrons3oBaHus 3eMeNb MOCE PEKYyIBTUBAIMN U TEXHOJOTHUS PEKYIIBTHBAIINN
3aBHUCST OT MPUPOTHBIX YCIOBUHN, COIMANBHON HEOOXOMUMOCTH U IKOHOMHUYIECKOH T1e-
necooOpa3zHocTu. BeiOop HanpaBiieHHs JalbHEHIIEro HCIIOJIb30BaHUS PEKYIBTHBHPO-
BaHHBIX 3€MeJIb 3aBUCUT OT MPUTOJHOCTH HAPYIIEHHOW TEPPUTOPUH K UCTIONb30BaHUIO
B TE€X WJIM UHBIX cepax XO3IUCTBECHHON JEATEILHOCTH.

I'maBHOW HENThI0 PEKYIBTUBAIIMU SIBISETCS BOCCO3/IaHHE MPOAYKTUBHOCTH Hapy-
IICHHBIX TEPPUTOPHIA H BO3BPAIIICHUE UX B UCIIOJIb30BAHKE, PEKYIIBTHBAIINS IPEIyCMa-
TPHUBAET MPOBEJCHNE KOMILIEKCA MHKEHEPHBIX, TOPHOTEXHUUECKHUX, MEIMOPATUBHBIX,
CeJTbCKOX03AMCTBEHHBIX U JIECOX03AHCTBEHHBIX pa0oT. PexynpTHBanys 3eMeb IPOBO-
JUTCS TIOCIIEZ0OBATENIFHO B J[BA dTara: TeXHUYECKW M Omonormuecknid. Ha mepBom
JTare MPOU3BOAUTCS MOATOTOBKA HAPYIICHHBIX 3eMeJb K JIMKBUAAIUU TOCIEICTBUI
AHTPOIIOTCHHOW JEATENFHOCTH, CO3[aHWE ONarompHsATHBIX IUIAHUPOBOYHBIX, JIAH[-
ma(THIX, THAPOIOTHIECKUX, TPYHTOBBIX YCIOBHN AJIS IOCIENYIOIIETO OCBOSHHUS Ha-
PYIICHHBIX 3€MEeIb M PelIeHNs 3a/1ad ONOIOTHIeCKO peKynpTrBanni. Ha Bropom aTa-
e OCYIIECTBISIOTCS BOCCTAHOBJIEHHE TIOYBEHHOTO TUIOJOPOAHOTO CIIOS, O3eJICHEHHE,
MEJIMOpaTHUBHBIE pabOThl, OMOJIOTHYECKass OYUCTKA MOYB, (PUTOPEKYIbTHBALIIOHHEIC
pabotsr [9].

ITocne aTor0 OCYIIECTBISAIOTCS OMOTOTHIECKast PEKYIBTUBALNS U TIEPEXO/ K (PYHKITH-
OHAJIPHOMY WCTIOJIb30BaHUIO PEKYIIFTUBUPOBAHHBIX TeppuTOpruid. PaGOTHI Ha ATOM ATare
HaIlpaBJICHbl HA OKOHYATEJIbHOE BOCCTAHOBJICHHE IIONOPOIMS U OHMOJIOTHYECKON Mpo-
JQYKTHBHOCTH HapyIICHHBIX 3eMelb M CO3/IaHHE ONarorpusTHOIO BOAHO-BO3IYIIHOTO U
MUTATENTFHOTO PEKMMOB ITOYBBI JIJISI CETbCKOXO3SIHCTBEHHBIX U JIECHBIX KYJIBTYP.

OnHako mepedrciieHHbIe MEPOIPHUSATHUS, BXOJSAIINE B KOMILIEKC PEKyJIbTHBAIOH-
HBIX padoT, SIBISIOTCSA TOCTaTOYHO JOPOTOCTOSIIIMMH, SHEPrOEMKUMH U TPyA03arpar-
HBIMHU. B CBSI3M ¢ 3THM ycrienHas peKyabTUBALNS KapbepOoB JODKHA CTaTh OOBEKTOM
(¢mHAHCOBOTO WHTEpeca TOpHOAOOBIBatONINX Kommnanwid. llomydenne mnuueHznn Ha
MpoBeIeHne padoT Kak I OTPACIH B LIEIOM, TaK U IS OTACTHHBIX KOMITAHUN JTOTHKHO
rapaHTUPOBATh, YTO 3EMJIM, UCTIOJIB3yeMBbIC IS Pa3pabOTKU KaphepoB, OyIyT mozie-
*KaTb PPEKTUBHON PEKYIBTUBALMN C YYETOM MOTPEOHOCTEN U OKUAAHUK 3aUHTEpe-
COBAaHHBIX CTOPOH, a TaKX€ PErMOHAIbHBIX W MECTHBIX TPeOOBaHWI MO MJIAHUPOBA-
Huto. Kommanny, npuMeHsomuye Tydiire TpakTUKA B 3TOH cdepe, CMOTYT 0XKUAATh
MOJyYEHNE 3HAUYUTENbHBIX BBITOJ, B TOM YHCIIE KOHKYPEHTHBIX IPEUMYILIECTB U JONTO-
CPOYHBIX IEPCIIEKTUB CBOEH NIEATEIBHOCTH, YTO HECONIOCTAaBUMO OoJiee 3HAUUMO, YeM
KpaTKOCpoUYHbIe ((MHAHCOBBIE 3aTPaThl HA MPOTPaMMBbI peKyIsTuBaryd [10].

TakuM 00pazoM, HEOOXOIUMO BHEAPUTD HIICIO O PU3HAHUH TOPHOIO0OBIBAIOTMU
KOMITAaHUSIMH CBOEH OTBETCTBEHHOCTH 32 3(h(heKTHBHOE yIpaBIeHUE U peadHIINTAIIIO
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KapbepoB, KOTOPbIE OHM KCIIIYaTHPYIOT. B 3HaK Mpu3HaHUS CBOEH OTBETCTBEHHOCTH
KOMITAaHMH-Y4YaCTHUKH JOJKHBI B3SITh Ha ce0s1 00513aTeTbCTBO COCTABIIATH IUIAHBI pea-
OmMTAIH TSl KCILTYyaTHPYEMBIX KaphepOB M MPOM3BOJCTBEHHBIX 30H, 00CYXIaTh
9TH IJIAHBI CO BCEMH 3aWHTEPECOBAaHHBIMU CTOPOHAMH. BbImonHeHne qaHHBIX 00s13a-
TEJIBCTB JIOJDKHO OBITH OLICHEHO C MOMOILBI0 HHIUKaTopa 3¢ (eKTUBHOCTH BBINOIHSC-
MBIX PEKYJIBTUBALIMOHHBIX PaOOT.

HoBoe mpezacraBieHne 0 BOCCTAHOBICHUH HCIIOIb3YEMBIX YEIIOBEUECKUM O0IIe-
CTBOM IIPUPOIHBIX PECYPCOB TOBOPUT O HEOOXOANMOCTH U LIENIECO00Pa3sHOCTH BHEpE-
HUSI ONTUMU3UPOBAHHBIX CUCTEM YNPABJICHUS KaueCTBOM HOPMAaTHUBHO-IIPABOBOIO pe-
TYJIUPOBAHUS U Y’KECTOUCHHS KOHTPOJIS 3@ BBITNIOJTHEHUEM 00513aTEIbCTB [0 IPOBEACHUIO
PEKyIbTUBALMOHHBIX Meponpustuil [11]. IlpuHINIBIL, HA KOTOPBIX NOJDKHA Oa3upo-
BaThCs pa3paboTKa MIaHa peKyIbTUBALNH, IPEACTaBIeHbI Ha puc. 1.

Pannwmit cTapT Tmasst PEKYJIbTUBAIUN I'OPHOIIPOMBIIIJICHHBIX J'IaHIIHIa(i)TOB JOJIK-
HbI COCTaBJIATBHCA 1O Hadajia Z[O6]>I'-II/I MOJIC3HBIX UCKOIMa€MbIX Ha
HOBBIX 00bEKTax

Hamnpasienue pa3paboTku OreHka nanbHeIero UCIOIb30BaHUs 3eMIIH JOJDKHA OCYIIECTB-
JATBCS C YIETOM COLHUATBHBIX, DKOHOMHYIECKUX H IKOJOTHIECKAX
HOTpeOHOCTEH MECTHOTO COO0IIeCTBa

[loaroroBka pekomeHaanui OmnpeneneHne peKOMEHAAINN JOJKHO MOAOUPATHCS C YIETOM CO-
0 PEKyJIbTUBALUH OJIIOJICHNSI BCEX HOPM JISHCTBYIOIIETr0 3aKOHOAATEIbCTBA
O1eHKa UCXOAHBIX YCIOBUH Tpebyetcst oLleHKa HCXOHBIX YCIOBHIA, KOTOPbIE MOTYT MOABEPT-

HYTbCSI HF3MEHEHUSIM B Pe3yJIbTaTe SKCILTyaTalluy Kapbepa

IT1aH MOHUTOPHHTA ITnaH peKyJIbTHBALMK TaKXKe JOJDKEH BKIIIOYATh [UIAaH MOHUTOPHHTA,
KaK OJIHY M3 Ba)XXHBIX COCTABIISIONINX MPOLECCA PECYPCOBO30OHOB-
JICHHUS, U, IPH HEOOXOJUMOCTH, COOTBETCTBYIOIIHE MEPbI KOPPEKTH-
POBKH

Puc. 1.1IpuHUmns! pa3paboTKH IUIaHa PEKYJIbTHBALUI
Fig. 1.The principles of developing the revegetation plan

HemnonHoTa mpaBoBOro peryimpoBaHusi He MO3BOMSiET 3(D(PEKTHBHO pean30BbIBATH
yIKe CyIIeCTBYIOIIHE HOPMBI PEKYIIBTHUBAIIHH, YTO BIIEUET 3a cOO0H BOSHUKHOBEHHE 3a0p0-
IIEHHBIX HAPYIIEHHBIX 3€MeJb, KOTOPBIE IPHHOCST SKOJIOTMIECKUH YIIepO Onm3iexarmm
TEPPUTOPHSIM. 3aKOHOIATEIBCTBO O PEKYIIETHBAIINY 3eMEITh B OOJBITHCTBE CITy4aeB Orpa-
HUYHMBACTCS TEM, YTO JCKJIAPUPYET B 00IIEH (hopMe HEOOXOMUMOCTh COOITIONCHUS TPABIIT
B 00JIaCTH HCIIONB30BaHUs 3€MeJIb MPH MPOBEIACHUH ropHbIX padot [10, 12]. Hamuuue
B 3aKOHOJIATEIILCTBE TOIBKO OOIIMX HOPM, YCTAaHABIMBAIOIINX OTBETCTBEHHOCTH 32 He-
coOmroneHrne ero TpeOOBaHMM MO MCIOIB30BAHUIO yYYacTKOB, HE peIlIaeT IMpoOIeMbl
MIPaBOBOTO PETYITMPOBAHMUS OTHOIIEHHH MO PEKYIETHBAIINN 3€METb.

Peanu3zamus mnana peKyJbTHBaUM O0BEKTa MOCIe OKOHYAHUS Pa0doT JOJIKHA CO-
MPOBOXKAATHCS MOHUTOPUHTOM PECYpPCOBO300HOBICHMS. [11aH MOHUTOPHHTA JIOJKEH
OBITH HAIlpaBJICH Ha BBIBICHUE Y()(HEKTUBHOCTH MPOBEACHHBIX pabOT C yYETOM Bpe-
MEHHOTO (pakTopa, a Takke HaOIIONCHHE 332 «BKHBAHHEM) PEKYIFTHBHPOBAHHBIX 3€-
MeJb B JIOKAIBHYIO 9KOCHUCTEMY M, P HEOOXOIUMOCTH, BKIIOYATh B ce0s COOTBET-
CTBYIOIIHE MEPHI KOPPEKTHPOBKHU. Takoil Moaxo]] MO3BOISAET 3HAYUTEITHHO COKPATUTh
BpEMsI HETaTUBHOTO BIUSHUS TEXHOTCHHBIX JIAHAIMA()TOB HAa IPUPOAHYIO CPEIY, YCKO-
PUTH BO3BPAILLEHUE HAPYIICHHBIX TEPPUTOPUI B COLMAIBHO-3KOJIOI0-3KOHOMHUYECKHU
YCTONYMBOE COCTOSIHUE.

BoiBoabl. BHeapeHne KOHIENTYalbHOTO MOAX0/a K PEKYJIBTUBALIMN OKPYKaroIen
CpeIbI C TOUYKH 3PSHHS COBPEMEHHBIX MPEICTABICHNN 0 Ka9eCTBE BOCCTAHABIMBAEMBIX
MIPUPOIHBIX PECYPCOB €CTh MEPBBIN U HEOOXOAMMBIH IIaT K peaau3aliy pallioHaIbHO-
TO HCIIOJIb30BaHUSI 3€MEIBHBIX PECYPCOB C YUETOM B3aUMOCBSI3€H C MPUPOTHO-KIINMA-
TUYCCKUMU, COMTUAIBHO-3KOHOMHWYCCKUMHU U 3KOJOTUUCCKUMHU YCIOBUAMU.
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RECULTIVATION OF MINING LANDSCAPES: NEW VIEW

Ivanova N. S.!, Shipilova E. V. !, Makarov A. B.!
! Ural State Mining University, Ekaterinburg, Russia.

Research aim is to create a new approach to the activities on disturbed land reclamation at mining industry,
including the development of methodologies of self-regeneration processes activation and bioactive soil
medium formation. In the modern aspect of relationship between mining and the environment, the problem of
disturbed land reclamation should be considered within a wider concept of “environmental revegetation”.
Research methodology includes the estimation of need and advisability of introducing optimized control
systems over the quality of normative and legal regulation and tightening control over the implementation
of obligations for land revegetation, as well as the development of principles which should be a base for
land reclamation planning, necessarily accompanied by resources regeneration monitoring.

Research results application area consists in the region's environmental development, where in order to
ensure sustainable territories development it is necessary to take into account the impact of current mining
activities on the environment. The greatest negative consequences, up to some irreversible changes in
landforms, are notable for industrial and mining landscapes.

Conclusions. The implementation of a conceptual approach to environmental revegetation from the point
of view of modern ideas on the quality of the regenerated natural resources is the first and essential step
towards rational use of land resources with the account of connections with the natural-climatic, social-
economic, and ecological conditions.
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COBPEMEHHAS OLIEHKA PECYPCOB U NMPOU3BOACTBA CBMHLA
N LUMHKA B JANIbHEBOCTOYHOM PEFMOHE

APXUMNOBT. U.1
" MiHcTuTyT ropHoro aena [anbHeBoCcTo4HOro oTaenerus Poccuiickol akagemum Hayk
(Poccus, r. Xabaposck, yn. TypreHesa, 51)

Lens padomer. Ananus u oyeHka cOBPEMEHHO20 COCMOAHUS UCNONb308ANUSI PECYPCO8 COUNYA U YUHKA
Janvresocmouno2o pecuona, mecmopoxcoerust Komopuix paspabamuléaromes va meppumopuu Ilpu-
MOPCKO20 Kpasi 6 MedeHue MHO2UX JIem.

Memoouxka. /[ns oyenKu 8603MONCHOCMU ULU HEOOXOOUMOCMU UCNONb30BAHUSL OAIbHEBOCHOYHBIX PeCyp-
CO8 CEUHYA U YUHKA 6 OMEeUeCmEeHHOU CEUHYOBO-YUHKOBOU NPOMBIULIEHHOCIMU UAU IKCHOPME UX 00-
ObIYU UCNONL30BAHO CPABHEHUE C OAHHBIMU O MUHEPALLHO-CLIPbEGOU 6a3e COUHYA U YUHKA, UX NPOU3-
600cmee, nompeOHOCmU U UCHONb306anuu 6 Poccuu u 6 mupe, conocmaeienvi OAHHble O pecypcax
Hanvresocmounoeo pecuona, Poccuu u mupa.

Pesynomamut u ux ananus. B pecuone umeiomcess 0ocmamoyHo Cyujecmeennvle 3anacel U pecypcol
CBUHYA U YUHKA OJ1A CO30AHUSL Pe2UOHANbHOU CBUHYO0B80-YUHKOBOU npombluinennocmu. Heobxooumo pas-
BUBAMb BHYMPUPESUOHATbHOE UCHONIb308AHUE CHIPbS 00 NPOU3E00CMEA KOHEUHOU npodykyuu. Hacmosi-
wjee cCoCmosiHue OMpPaciu HyHcoaemcst 8 UHHOBAYUOHHOM PA3GUMUL U HOGO CIPYKIMYPHOU OP2AHUAYUU.
Bo1600b1. TTomenyuan MuHepaibHO-CoIPbEGbIX PeCYPCO8 CBUHYA U YUHKA 8 PecUOHe NpU Haauyuu ¢hgex-
MUBHOU cmpamezul ux UCNONb308AHUL MOJCEM BHECMU 6KIA0 8 yCKopenHoe paseumue Janvhezo Boc-
MOKA U CMams 0OHUM U3 (PAKMOPO8 USMEHEHUsL 2e0NONUMUYECKO20 3HaYeHUs: 60cmouHoll wacmu Poccuu.

Knrwouegvie cnosa: ceuney, yumk, mecmopodicoenus, pecypcol; 000viua;, oyenxa, [ansnesocmounbiii
PE2UOH.

IIo oumenke Bemymmx HWHW u PocHenpa MuHucrepcTBa NPUPOAHBIX PECYPCOB
u sxonorun (MIIP) P®, BoisBieHHble B JlalbHEBOCTOUHOM PETHOHE MECTOPOKACHHS
cojiepxar okojo 4 % HanuoHanbHOTO Oorarcrea Heap Poccuu [1]. KonuuecTBo TonbKO
pyIHBIX MecTopoxaeHui focturaer 1200. OcBoeHMe pyAHBIX MUHEPAJIBHBIX PECYPCOB
Ha TEPPUTOPHUH PETHOHA MTPUJIAET ONPENEICHHYIO TUHAMUKY €T0 COLUaIbHO-3KOHOMH-
YEeCKOMY Pa3BHUTHIO, 00€CIIEUNBAET 3aHATOCTh HACEIICHNUS, TO3BOJIAET JIeNIaTh OTUUCIIe-
HUsI B OIOKETHI Pa3IMYHBIX YPOBHEH, UMEET Ipagoodpasyioliee 3HaYUeHUE. AHAIN3Y
YPOBHS U MOJIHOTHI UCIIOJIb30BaHMS BBISIBICHHBIX IPUPOAHBIX MUHEPAIbHO-CHIPEBBIX
PeCypcoB C yUeTOM UX MOTEHIIMajda 3aKOHOMEPHO NMPHHAJIEKUT BaXKHOE MECTO B UC-
CJICIOBAHUSX YIKOHOMHUKH PErHOHA. BEIOOp pecypcoB cBHHIA U LIMHKA OTPEIENICH TEM,
YTO ATHU MOJIE3HBIE HCKOTIaeMbIe pa3padarhiBaloTCs Ha Tepputopun [IpuMopckoro kpast
B TEUEHHE MHOTUX JECATHIETHH U UX aHAJIN3 UMEeT NMPaKTUUECKOe 3HaYECHNUE.

MecTopoxeHHsI, B KOTOPBIX COJAEpKarcs CBUHEI] U IUHK, MOKa3aHbl Ha puc. 1
u B Tabm. 1 [2, 3]. Ha reppuropuu [Ipumopckoro kpast Haxogutcs 6osee 20 pa3BeTaHHBIX
MECTOpOXJIEHUI cBHMHIA M IMHKa. MecTtopoxxaeHuss Hukonaesckoe, Ilapruzanckoe,
[Mopdupurosas 3ona, Bepxuee, FOxnoe, CBeTnbiii 0TBOA, MaliMUHOBCKOE PHHAIJIE-
xar MK «/lanenonumeramn u paspadarsiBatoTcsa. MecTtopoxaeHne Bo3Hecenckoe
NpUHAUIEKUT KoMOanuu «Pycam» Kak IIaBUKOBOIINATOBOE, pa3padaThiBaeTCsl, HO
IIUHKOBBIC PYIIbI CKIIQAUPYIOTCs 0e3 nepepadboTku (¢ 2013 1. pa3paboTka MeCTOpOXK/Ie-
HUS IPUOCTAHOBJIEHA JUI1 MOJIEPHU3ALUY TPOM3BOICTBa). bonbias yacTe He pacnpe-
JeNICHHBIX ceiyac MecTopoxkaeHui (ApcenbeBckoe, Bepxuee, Cunnnckoe, CMUPHOB-
ckoe, lllepbakoBckoe U Jp.) paHee pa3pabarbiBajiach Ha TOT WJIM UHOU BHJL CHIPbS WU
Ha KOMILJIEKC KOMIIOHEHTOB, B TOM YHCJIE Ha OJIOBO, CBUHELI, IIUHK, MEb.
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3arackl CBUHIIA B Kpae COCTABIAIOT Oonee 1,5 MiH T, IuHKa — 2,2 MITH T. Pecypchl
CBUHIIA OlICHEHBI B 1,6 MJIH T, IMHKA — B 2,5 MiTH T. OKOJIO MOJIOBHHEI 3a1aCOB COJIEP-
KUT MecTopoxaenne Hukonaesckoe. CojiepaHue CBUHIIA B €r0 py/ax KojebaeTcs ot
1,5 no 8,7 %, uunka — ot 1,96 no 7,22 %. Pynel cogepxat u Ipyrue u3BieKaeMble 1mo-
JIC3HBIC KOMITOHCHTBI: ME/lb, KaJMHii, BUCMYT, OJIOBO, HHIH, CepeOpo.

.
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Puc. 1. MecropoxxaeHusi, pyAHble paiioHbI U IEPCHIEKTUBHBIC HAa CBUHEL! U IIMHK 30HBI JaIbHEBOCTOYHOTO
peruona. Ha Bpeske — JlanbHeropckuii pyaHblii paiioH:
mudpamu o6o3HadeHsl paioHbl M 30HB: I — Kpecromas; II — Bepunrosckas m Yeryrynckas; III — Yammakas;
IV — Bepenexckuii; V — Censn-Kyenbsckas; VI — Tac-Xasxraxckas; VII — Tackano-OmyneBckas u IIpukonbsiMckas;
VIII — KOpomo-Maiickas; IX — Uemacuno-Manranckas; X — Asno-Illesnunckas; XI — Yarosuckwuit; XII — Kosmoso-
Kponomxuit; XIII — Acaua-Jlontkuuckas; XIV — Kypuibsckas; XV — Cpennecaxamuackast; XVI — IlleGynunckas;
XVII — Anusckas; XVIII — Camaprunckas; XIX — Konym6e-Manunosckast; XX — Yecypuiickas; XXI — Bepxne-
yecypuiickuit; XXII — Xankatickas; XXIII — ansaeropckas; XXIV — ITocserckas [4]
Fig. 1. Deposits, ore districts and prospective zone regarding lead and zinc in the Far East region. In the
insert — Dal’negorsky ore district:
the numbers indicate regions and zones: 1 — Krestovaia; II — Beringovskaia and Chegutunskaia; III — Chaplinskaia;
IV — Berelekhskii; V — Sedian-Kuel'skaia; VI — Tas-Khaiakhtakhskaia; VII — Taskano-Omulevskaia and Prikolymskaia;
VIII — Tudomo-Maiskaia; IX — Chelasino-Maltanskaia; X — Aiano-Shevlinskaia; XI — Chagoianskii; XII — Kozlovo-
Kronotskii; XIII — Asacha-Loptkinskaia; XIV — Kuril'skaia; XV — Srednesakhalinskaia; XVI — Shebuninskaia;
XVII—-Anivskaia; X VIII - Samarginskaia; XIX — Kolumbe-Malinovskaia; XX — Ussuriiskaia; XXI — Verkhneussuriiskii;
XXII — Khankaiskaia; XXIII — Dal'negorskaia; XXIV — Pos'etskaia [4]

BeﬂyH_II/IM OpeaArnpuATUCM 110 /:[06131% n nepepa60TKe CBHUHIIOBO-IIMHKOBBIX pyd B
Kpac ABJIACTCA TOPHO-MCTAJUTYPTHYCCKass KOMIIaAHUA «I[aJ'ILHOJ'II/IMCTaJIII», KOTOpad
KpOME PYAHUKOB HUMCCT MPCAINPUATUA ((].[CHTpaJ'ILHa)I oboraTuTeabHas q)a6pm<a» u
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«CBuHIOBBIH 3aBO/Y. [010Bas 10OBIYA PyIbI KOMITAHWEH B MPEKHUE TOIBI JOCTUTAIIA
955 ThIC. T, B TOM yHcIie Ha pygHuKe HukonaeBckuii — mo 500 Thic. T. O60oraTuTensHas
¢abpuka umeeT (HaKTUIECKYIO TOAOBYIO IIPOU3BOAUTENBHOCTE Oonee 700 ThIC. T pyabl
(npoexTHast 1200 ThIC. T) M MPOU3BOAMT CBUHIIOBHII (Oosee 12 ThIC. T) M MUHKOBBIN
(6omee 19 THIC. T) KOHIIEHTPATHI, TIOMTYTHO B CBUHITOBBINA KOHIICHTPAT U3BIIEKAIOTCS Ce-
pedpo, BUCMYT, Me/ib, B IMHKOBEIN — cepedpo U KaaMuii. MoIHOCTh 000TaTUTENTFHON
(habpuky O3BOJISAET BBITyCKaTh He MeHee 20 ThIC. T CBHHIA U 32 THIC. T IUHKA B KOH-
uentpare. Ha npeanpusitun « CBUHLOBBIN 3aBo1» B KOHLE 1990-X IT. U3 KOHIIEHTPATOB

Ta6auna 1. OCHOBHBIE MECTOPOKIEHHSI CBHHIA U UHKA J[aIbHEBOCTOYHOTO pernona*
Table 1. The main deposits of lead and zinc in the Far East region

3amacel, ThIC. T 3amacel, ThIC. T
MectoposxaeHue MecTtopoxaeHue
CBUHIIA LIMHKA CBHUHIIA LUHKA

Ipumopckuii kpati Hoso-Monacteipckoe 5 11
Huxkomaesckoe 608 684 TIpunoposxHoe 1 0,5
[Maptuzanckoe 125 344 Bosnecenckoe - 210
3umHee 140 (115) | 206 (169) Pecnybnuxa Caxa (HAxymus)
Kpacroropckoe 124 182 Capnana 592 1926
[epbakoBckoe 121 (117) | 89 (82) | Iporuo3 145 35
CMUPHOBCKOE 93 (85) 134 (123) | Bepxue Menkeue 143 174
daconbHOE 92 111 3apHuna 135 132
OxHOe 88 87 Kyrtunckoe 65 47
Bcerpeunoe 38 42 Xabaposckuii kpaii
CBeTIIBIH OTBOI 37 37 decTUBaIBHOE 4,4 1,9
CunuHcKoe 26 (19) 36 (26) | IlepeBanbHOC 21 -
JleBunkoe 26 35 IpunopoxHoe 0,7 0,5
MaiiMHHOBCKOE 61 72 JI»kaToHCKOE 56 93
Iopdupurosas 30na 14 24 HuanmkuHckoe 31 29
Bropoe CoBetckoe 7 13 Maeaoanckas obracme
JlanibHETae)KHOE 7 11 Jykatckoe 83 80
ABrycToBckoe 6 11 T"onbrioBOE 66 14
ApceHbeBCKOE 2 5 Meuta 32 34
Bepxuuit py taux 1 5 Tunun 19 28

* Jlaunsie BCEI'EU, UALL «MuHepaim» ¥ Jip. HICTOYHUKOB (OKPYIJICHBI); B CKOOKAX yKa3aHbl OCTaTOYHbIC 3alackl Ha
Havano 2013 r.

MIPOM3BOIMIICS CBUHEIL; ITMHK 3aBOJI HE BRIITyCKal. B rmepcrnekTrBe nmpeamonaranach pe-
KOHCTPYKLUS 3aBOJA C YBEIMUYEHHEM MOIIHOCTH M0 BBITYCKY CBHHIA 110 78,8 THIC. T
B roa. OHaKo 10 SKOHOMUYECKUM NPUYMHAM IUIaH He ObLT OCYIIECTBIICH, ¥ IPOU3BO-
CTBO CBUHIIA U3 IEPBUYHBIX Py COKPATHIIOCH 110 1,4 ThIC. T. 3aBOJ Mepelen Ha IPOou3-
BOJICTBO CBHHIIA U3 aKKyMYJISITOPHOTO JIOMa. JTOT BTOPHYHBIH cBUHEI (00hEMOM OKO-
7m0 1 TBIC. T B TOJ, a IJIAHUPOBAJIOCH JOBECTH €r0 KOMU4IeCTBO a0 10 THIC. T B TOM)
OTIPAaB/ISIETCS B OCHOBHOM Ha aKKyMYJATOPHBIM 3aBoj B I. KoMcomoinbck-Ha-AMype.
Bech npousBoauMelii 00beM CBUHIIOBOIO M IIMHKOBOTO KOHLICHTPATOB NPEANPHUITHE
skcriopTupyet B Pecriyonuky Kopeto, SAnonuro, Kurai.

MunepansHO-cbipseBas 6aza MK «lanpmonumeranmn cocpeaoToueHa Ha Onu3ie-
JKamel Tepputopuu. Pecypchl CBHHIIA M LIMHKA, IO JaHHBIM KOMITAHUH, MOKa3aHBI
B Ta0. 2.
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Bo03MOXXHOCTB IpUPOCTA 3a11aCOB CYLIECTBYET Ha BCEX MECTOPOKICHHAX, IKCILTY-
atupyembix MK «lanpnonumeranny, U Ha mpuieraromux miomansx. Komnanus
cuuTaeT Haubolee NepCleKTUBHBIM B 3TOM OTHOIIEHHHU [lapTu3zaHckoe MecTopoxie-
Hue. Ha mectopoxxaeHnn ABrycToBckoe, pynponposiBieHHAx FOxHo-ConmoHIoBoe,
Capadannoe tpeOyercsi mopasseaka. [lepcnexrtuBen Yepemmanckuil pyaHbBIA y3enl
C MPOTHO3HBIMH pecypcaMu B 26 MJIH T CBUHIIOBO-IIMHKOBO-cepeOpsiHbIX pya. Hazpan-
HBbIe 00BEKTHI HaxosTcs B paanyce 20—40 kM ot odorarutenbHON (padpUKH U OTINYA-
IOTCSI BBICOKMM Ka4eCTBOM PYZ M0 COAEP)KAHHIO MOJNE3HBIX KOMIOHEHTOB U 000raTu-
Moctu. [ eonoropassenodnsie paboTh! Ha CBUHEL ¥ LIMHK Ha Ha3BaHHBIX OOBEKTAaX BEAYTCS
B OCHOBHOM 3a cuet cpeactB ' MK «/lanbnonanMerann», B MEHbLIEM 00beMe — 3a CUET
cpexacts denepansHoro oromkera. Pocreonorus B 2015-2017 1T u3y4aia HepcrieKTHUB-
HYIO Ha CBHHEI, IIMHK, cepeOpo ApPLEBCKYIO IUIOMIAAb C HPOTHO3HBIMU PECypcaMu
340 TeIC. T cBUHLA, 700 THIC. T 1IMHKA, 3300 T cepebpa.

B 2016 . 'MK «/lanpnonumeran npoussena 13 765 T CBUHIIOBOTO KOHLIEHTpara
u 25 512 T uMHKOBOro KoHUEHTpara. J[oXon OT mpoxa)ku cocTaBuwiI 2,5 mupha p.
B 2017 r. npou3BoacTBO OBLIO NPUMEPHO HA TOM XKE YPOBHE.

Ta6auna 2. MunepaasHo-cbipbeBas 6a3a 'MK «Jaabnoaumerassin*
Table 2. Mineral-raw base of MMC DALPOLIMETALL

OGBeM py bl Copnepixanue
KaTteropus 3anmacos 1 pecypcos
TBIC. T Caunern, % unk, % Cepebpo, /T
3amacsl kareropuit B + C1+ C2 24 888 2,73 3,58 59,5
MuHepabHble pecypchl U3MEPEHHbIE + 25204 2,72 3,57 59,7
ykaszanssie (mo JORC)
3arnacel MOATBEPKICHHBIC + BEPOSTHBIC 25632 1,94 2,90 47,2
(o JORC)

* JlaHHBIe caiiTa KoMIIaHu| (1ara obpamenus — maii 2018 r.)

B Pecniyonmuke Caxa (SIkyTusi) HamOOJNbIIKE 3arackl MPU BBHICOKUX COACPKAHUIX
CBUHIA (CpeqHee conepxanue B pyaax 3,23 %) u nuaka (10,5 %) nmeeT MecTopoxkae-
nue CappaHa: 3amacel CBUHIA cocTaBlsitoT out 600 ThIc. T, mHKA — 6omee 1900 ThIC. T.
C 2007 r. MecTopoXKIeHHE MpHUHAIekano komnanuu «CHOupcKkre LBETHBIE MeTal-
JBD», KOTOpas Mpearoiaraja BBIIOJHUTh Pa3BEAKy B TCUCHHE IATH JIET W HadaTh
B 2014 1. mpomeimuieHHOE TTpon3BoacTBO 300 ThIC. T MHKOBOTO U 100 THIC. T CBUHIIOBO-
ro KoHIleHTpara exeromHo. [lozxe «Bocrouno-Crubupckass KOMIaHMsD TUIAHUPOBaIa
B 2017 r. BBectu B cTpoii 'OK momrHocThIo 500 THIC. T pyabl B rog. MecTopoxxaeHue
MOKa He pa3pabaThIBaeTCsl. 3amachkl IMHKA U CBUHIA SIKyTHH yYUTHIBAIOTCSA B 5 MECTO-
POXICHUAX U COCTABJISIOT: IMHKA — OoJiee 2 MIIH T, CBUHIIA — 2,3 MitH T. Pa3pabarbiBa-
eMBIX MecTopoXkaeHui HeT. [loaroraBnuBaOTCsS K OCBOCHHIO MeCTOpOKaeHus IIpo-
rHo3 (Brmageetr kommanus «IIporno3-Cepebpo», mpHHAIeKamas KaHaackoi Silver
Bear Resources), Bepxae Menkeue (komnanust «IeollpoMaiianary), CapnaHa.

B XabapoBckoM Kpae CBHHEIl W ITMHK COJICPIKAT OJIOBOPYIHBIC MECTOPOXKICHUS
Komcomonbckoro onoBopynHoro paiiona. Ha oGorarutenbHO# (haOpuke KOMITaHUU
«J1amp0II0B0» CBUHIIOBBIC M ITMHKOBBIC KOHIICHTPATHI BhIACTSUINCEH B 1990-x 1. Hako-
TUICHBI 3HAYUTEIbHBIE 0O0bEMBI OTBAJIFHBIX XBOCTOB OOOTAIeHHS, COAECPIKAIIUX CBU-
Her ¥ uHK (0onee 100—115 ThIc. T cBUHIA ¥ TWHKA). B pa3nuyHBIX T€0I0TO-CTPYKTYP-
HBIX 30HaX Kpas BBISBICHBI MHOTOYMCIICHHBIE HEOOINBIINE MECTOPOXKICHHUS U
pynonposieiieHus cBuHa U nunka (JIyryn, [Tyxannn, KOnoma, YasteiHckoe 1 ap.).

B Marananckoii 00J1acTH YYTEHO 4 MECTOPOXKICHUS, Pyl KOTOPBIX COAEPIKAT TO-
MyTHBIC CBUHEI U [TUHK.
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Taxum 00pa3oM, B permoHe UMEIOTCS IOCTATOYHO CYIIECTBEHHEIE 3aMachkl U pecyp-
CBI CBUHIIA ¥ I[UHKA JUIS CO3J[aHMs PETHOHATBHON CBUHIIOBO-IIHHKOBOW IPOMBIIIIICH-
Hoctu. Ilo mawaeM opranuzamuit MIIP P® — Pocreondonna, UndopmarmonHo-
aHaiuTH4eckoro neHtpa «Munepam», BCEI'EM, 3amacel CBHHIA YYHTBIBAIOTCS
B 34 MECTOPOXICHUSIX U COCTABIAIOT OKOJO 2,3 MJIH T, 3aIachl IUHKA — B 28 MecCTo-
POXKIIEHUSX, COCTABISIOT Oonee 4 MitH T. bonee 90 % 3anmacoB pernoHa cocpeIoTOUEHBI
B [lpumopckoMm kpae. 3amachl CBHHIIA HAXOHATCS B 9 CPEeAHHX MECTOPOXKICHHSIX
(macmTab 3armacoB 710 1 MiTH T B Kax1oM) 1 B 6oree 20 Menkux 00bekToB. 1o 1uHKy o1HO
MECTOPOXKICHHE SBISCTCS KPYHBIM (Ooee 1 MitH T), BoceMb — cpeqauMu (0,5—1 MITH T),
OCTaIIbHBIE — MENIKUMH. [[pOTHO3HBIE peCypCHl CBUHIIA TIO PETHOHY COCTAaBIISIOT OKOJIO
2,6 MJIH T, UHKA — IPUMEPHO 5,2 MIIH T. MeCTOpOXKIEHHS B OCHOBHOM PaccpeoToue-
HBI HA 3HAYUTEIHHOH TUIOMIAH PETHOHA, HO 00pa3ylOT 3HAYUTEIBHYIO KOHIICHTPAIIHIO
B JlanpHeropckom pymaHoMm paiione IIpumopckoro kpasi. J[oObl4a B MOCIIEAHHUE TOMIBI
(2008-2017 rr.) cocraBmisina: Mo KoHIeHTparaMm cBuHIA — 10—16 ThIC. T €XKeromHo, 1Mo
KOHIIeHTpaTaM 1uHKA — 14-32 Teic. T. OCHOBHOI 00beM 100bIYM 00ECIIEUNBAET MPEI-
npusitue I'MK «lanpnonumeran.

s OLeHKH BO3MOXKHOCTH WJIM HEOOXOIMMOCTH HCIIOJIB30BaHUS JAJIbHEBOCTOU-
HBIX PECYPCOB CBHHIIA ¥ LINHKA B OT€YECTBEHHON CBHHIIOBO-IIMHKOBOM NPOMBIIUIEH-
HOCTH IIPUBENIEM JaHHBIE O MHUHEPAJbHO-CHIPHEBOI 0a3e CBHHIA M LIMHKA, UX [IPOU3-
BOJICTBE, NOTPEOHOCTH U Hcnonb3oBaHnH B Poccuu. Beero B Poccun HacuuthiBaeTcs
6osiee 100 mpenMyIIeCTBEHHO CBUHLIOBBIX U ITpUMeEpHO 150 mpenMyIecTBeHHO LHH-
KOBBIX MECTOPOXKICHUH (4aCTO 3TO OJHM U T€ K€ MECTOPOXKICHUS ). MecTopoKIeHUH,
cojepxarux 0osee 1 MIIH T 3amacoB CBUHIIA, — 3, Oonee 1 MITH T 3amacoB 1uHKa, — 13,
OHH COCTaBILSIIOT Oosiee 75 % Bcex 3amacoB CBUHIIA M IIMHKA Poccuu, KOTOpbIe 0 CBUHILY
COCTaBISIOT 19,5 MIIH T (IPOTrHO3HBIE pecypchl — 0koMo 40 MIH T), 1o TMHKY — 60,3 MIIH T
(mporuo3Hbie pecypcebl — okono 110 miH T). Hanbonpiiee KomuuecTBO KpyMHBIX Me-
CTOPOXKACHUH C BBICOKMM COAEP)KaHMEM CBMHIIA M LIWHKA (a Takxke Meau, cepedpa,
30J10Ta ¥ JIp.) HaxonuTcs B AnrtalickoMm kpae — KopbanuxuHckoe, 3apeueHckoe, Crer-
Hoe, 3axapoBckoe, TanoBckoe, PybnoBckoe (3akpbiTo). KopOanmuxuHckoe MeCTOpoXK-
JEHHE — OOHO M3 CaMbIX OOTraThIX MO COAEPKAHMIO IIMHKA: €ro 3amachl OLIEHUBAIOTCS
B 26 MIIH T IOJMMETAIIMYECKOH pyAbl, coaeprkaiei moutu 470 TeIC. T CBUHIA, 2,2 MIIH T
uHKa, 330 Teic. T Mean. Ha ero 0a3e MoxeT paboTaTh pyJHHK (CTPOUTCS) MOLTHOCTBIO
B 1,5 MITH T pyzAB! B TOA € BBIITYCKOM OKOJIO 120 ThIC. T IMHKOBOTO U 16 THIC. T MEHOTO
KOHLIeHTpaToB. MecropoxkaeHusa bypsatum (O3epHoe, XonoguuHckoe, Hazaposckoe,
Keisut-Tamreirckoe, Hoion-Tonorolckoe) Tak ke, Kak U alTaliCKue, UMEIOT BBICO-
KM€ cofiepKaHuA moje3HbIX koMnoHeHToB. C 2009 . kopnopanus «Metannsl Boctou-
Holt Cubupm» (rpynma «MeTporoib») ocBauBaeT MecTopoxaeHue O3epHoe, 3arackl
KOTOPOTO COCTABIISIIOT O cBUHITY — 1,31 MuH T (Ipu comepkannu cBuHOA 1,25 %), IUHKY
- 6,9 M T (6,57 %), cepebpy — 3,9 Teic. T (comepxkanue cepebpa 37,6 r/T).
B 2010 r. 6511 BBezeH B skcmuryaranuio 'OK MomHocThiO 1 MITH T pyZBI B TOJ, HO BBI-
XOJl Ha MPOEKTHYIO MOIIHOCTBH (OKOJIO 45 ThIC. T YEPHOBOIO CBHHIA B TOJ) MOKA HE
cocTosics. 3a7epKUBAETCA OCBOCHUE U JPYTUX MECTOPOXKACHUH.

JloObiua cBUHIIOBBIX pya B Poccum cocraBisier okoso 180—240 THIC. T €XKEroaHoO,
MPOM3BOACTBO CBHHIIOBOTO KOHIEHTpara — 10 320 ThIC. T, HPOU3BOACTBO papUHUPO-
BaHHOTO cBHHIA — 110 110 THIC. T B TOA. Bonee 75 % poccuiickoro cBrHIa 100BIBaIOT Ha
Topesckom mectopoxkaennn (KpacHosipckuii kpait), ocraasaoe — Ha HoBo-Lupokun-
ckoM, CremHom, Huxonaesckom, [laptusanckom MectopoxaeHusx. [lepepadarsiBaro-
M€ MpEeInpUATUs U3BIEKalOT CBMHEIl B CBUHIIOBBI M MEIHO-CBHHIIOBBIM, peke
B CBHMHIIOBO-LIMHKOBBIN KOHIIEHTpatT. Ha nomo Poccuu npuxonutcs ve 6osee 4 % mupo-
BOil 0OBIYM cBUHIA. B Poccun HeT 3aBOfOB MO mepepaloTKe MEepBHYHOIO CBHHIIA,
MO3TOMY PYZbl M KOHLIEHTPAThl CBUHLIA BBIBO3STCS 32 pyOex. [lepBrIii oTedecTBEHHBIIH
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3aBOJI 10 MPOU3BOJCTBY CBHHIIA U3 KOHLIEHTPATOB | OPEeBCKOr0 MECTOPOXKICHHS IIJIaHH-
pyercs noctpouts B I. Copceke (Pecmybnuka Xakacus), CTPOUTENbCTBO CACPKUBAETCS
M3-32 HETaTUBHOTO OTHOILECHHS K HEMY MECTHBIX kuTenel. Beck metannnueckuil cBu-
HEIl U €T0 CIJIaBbl B CTPaHE MOJyYaroT U3 BTOPUYHOTO CHIPhS (B OCHOBHOM Ha 3aBOJIC
«QneKTpoUnHK» Bo BragukaBkase, 1o4epHEM NPENTPUATHN YPaIbCKOW TOPHO-METa-
nypruueckoit komnanuu — YT MK). Yrunuzanus orpaOboTaHHBIX aKKyMYJISITOPOB OCY-
LIECTBISIETCS ele psaoM npeanpustail. B 2016 r. HOBbIM CBUHLIOBBIN 3aBOJ MOIIHO-
cteio 30 TBIC. T mTepepabaTbIBAEMBIX AaKKyMYJISITOPOB B TOA OBUI IHOCTPOCH
B JlenuHrpackoii obmactu 3ctoHckuM (ormoM Ecomet Invest. bonee 70 % BbImyIeH-
Horo B Poccun merammmueckoro cBuHIA (IpUMEPHO 95 ThIC. T) WAET HA IKCIOPT.
Poccust BBO3uT padmHUpOBaHHBIN cBHHEL B o0beme MeHee 1 Teic. T. [loTpebnenune
padunupoBanHoro ceunia B Poccuu cocrasnser npumepHo 16 toic. T B rox. OTHOCH-
TEJILHO HeOOoMbILas BHYTPEHHSIS TOTPeOHOCTh Poccuu B CBHHLIE TOTHOCTBIO YIOBJIET-
BOPAETCS €r0 MPOU3BOJCTBOM M3 BTOPUYHOIO ChIpbs. CTpaTerust pasBUTHs LBETHON
metamutyprun Poccun na 20142020 rr. 1 1o 2030 1. mpennonaraet poct noTpeieH s
pacduarpoBanHOro cBuHua B Poccun He 6onee uem Ha 5 % B rol. DKCHOPTHBIE TIOCTABKU
MIPOrHO3UpYIOTCS Ha ypoBHE 80—85 % OT nmpou3BoACTBa.

Taoauna 3. CooTHOILIEHHE PecypCcOB CBHHIA M IIUHKA J[aJIbHEBOCTOYHOI 0 PErHOHA € POCCHICKUMH
M MHPOBBIMH, MJIH T

Table 3. Correlation of lead and zinc resour ces of the Far East region, Russia, and wor ldwide,

million t
Mup Poccus J1aJIbHEBOCTOYHBIH PErHOH
Mune- Togio-

ATBHOE Jomns B Jlons B
p Pesep- | Pecyp- | Bas Pecyp- TomoBas | Obecne- | 3ama- | Pecyp- .
CBIDBE 3anacsl MHPO- poccuii-

p BBI cbl | 100BI- CBI o, | 700BIYA | YEHHOCTh Chl Chl o
BBIX, % ckux, %

qa

Ceunen, | 88 | 2000| 4,7 19 35 20| 100,20 | Hdocra- | 2,3 2,6 10
TOYHAs

Munk 230 | 1900 |12-13| 60 100 25 | 100,36 | Hdocra- | 4,0 | 52 5
TOYHAs

JloObIua MuHKA B KOHIIEHTPaTaX Ha POCCUHCKUX MECTOPOXKICHHSIX COCTABIISIET OKO-
10 350-360 Teic. T B rox (okomo 2,5 % ot MupoBoii). OCHOBHOE TPOU3BOJCTBO 00e-
cneunsatoT npegnpustus YIMK (Iatickuit 'OK, Yuanunckuii 'OK, Cesarorop, bam-
KHpCKas Menp, Ypamnekrtpomens, Cubupb-llommmerammst u ap.). OCHOBHBIM
nepepaboTYNKOM IIMHKOBBIX KOHIIEHTPATOB SIBIISIETCS 3aBOJ «DJEKTPOIMHKY, YacTh
KOHIIEHTPATOB Hampasisercss Ha YensOMHCKHUI MHKOBEIN 3aBoj. IIponsBoacTBo pa-
(MHUPOBAHHOTO IIMHKA cocTaBisieT 40 250 ThIc. T B o (0Koso 3 % MHUPOBOTO MPOM3-
BoJicTBa). [loTpebnenue paduHupoBaHHOTO NMHKAa B Poccwm cocraBiser mpuMepHO
225 Thic. T B Tol. LIMHK ¥ CTIIaBBI HA €70 OCHOBE MOTPEOIISIOT CTaJIePOKaTHRIE KOMOU-
HAThI, IPOU3BOAIINE OI[MHKOBAHHBIN MPOKAT M MPOKAT C MOJUMEPHBIM MOKPHITHEM.
OKCIIOPT LIMHKOBBIX Py M KOHLEHTparoB u3 Poccum cocraemser 70-140 TeIC. T.
OcuoBHbIME 3kcniopTepami sBisitoTcs I MK «lansnonumeramn u «Cubups-Iloanme-
tamibl». Exeromgno 1o 50 Teic. T payMHUPOBAHHOTO IWHKA dKCHIopTHpYeTCs u3 Poccun
u okono 30 Teic. T B Poccuto BBO3UTCA.

s npencrasiaeHus: o no3uuu Poccuu Ha MUPOBOM PBIHKE CBUHIIA U IIUHKA MIPU-
BeZieM JIaHHbIE [5] 00 MX MUPOBBIX pe3epBax (BEpOATHBIC W JTOKa3aHHbBIE 3aIachl) U
pecypcax (mpumMepHo 3amackl kareropun C2 poccuiickoil kiaccudukanum), mo0b4e
U NPOU3BOJACTBE U HUCIIONb3YEM JaHHBIE O MUPOBBIX IeHaX [6], koHbloHKTYpe [7—11].
Pesepsrl cBunIla Ha 2018 T. cocTaBisrOT 88 MIIH T, 1OOBIYA ITOCIIETHIX JIET — HA YPOBHE
4,7 mnn T, uuHka — 230 muH T 1 12,6—13,4 MaH T cooTBEeTCTBEHHO. Pecypchl cBuHIA
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UCUMCIIAIOTCS B 2 MJPA T, HMHKA — B 1,9 Muipz 1. [TTaBHBIM MUPOBBIM MPOU3BOAUTEIEM
U MoTpeduTeeM CBUHIIA U IWHKA sBisieTcs Kural, nanee cnenyror ABctpanus, CLLIA,
Ilepy, Mekcuka. B Mupe HacuuThIBaeTCsl OKOJIO 15 KOMIaHUH, MPOU3BOAAIIUX CBUHEL]
B KOHIIeHTpaTax B o0beMe 10—260 ThIC. T B o1 1 Oosee 20 KOMIaHUA, TPOU3BOISAIIINX
[IUHKOBEIE KOHIIEHTPATHI B 00beMe 40—740 ThIC. T €XKETOIHO.

B Tabn. 3 moka3aHO COOTHOIIIEHHE PECYPCOB CBHHIA M ITMHKA J[aIbHEBOCTOUYHOTO
pEruoHa ¢ pOCCUUCKUMHU U MUPOBBIMHU.

PoIHOK CBUHIIA U IIMHKA, KaK M BECh PHIHOK MUHEPAIBLHOTO CHIPhS, MOJIBEPKEH 1IH-
kiuaeckuMm konebanusM. [lo manubeiM International Lead and Zinc Study Group,
B MHUpPE MEPUOAMUYECKU CYMIECTBYET M NE(UIUT, U MPOQPHUIIUT KOHIEHTPATOB CBHUHIIA
U IIUHKA B HECKOJIbKO JIECSTKOB ThIC. T, HO B LIEJIOM MHp, a BMecTe ¢ HUM U Poccus,
HAJIXKHO 00CCIICYeH Ha MHOTHE JACCATHIICTHS CBUHIIOM U IIMHKOM. Ha MHUpOBOM phIHKE
CBUHIIA U IIMHKA TIPOUCXO/IAT Pa3HOHAIPABIICHHBIE U JIOBOJIBHO 3HAYUTEIbHBIE KOJIeOa-
Hus 1eH. B 2001-2017 rr. neHa Ha CBUHEI] HaxoaWIachk B uHTepBaie 476—3235 mon/t
(muk mpumencs va 2007 r.), Ha TUHK — 886—3235 gon/t (muk 4400 mon/T OBl B Ieka-
ope 2006 ). B 2016 ©. 1 T cBuHIa cromna 1819 gom, B 2017 1. — 2309 mon. Lluak
B 2016 1. 0BT caMbIM OBICTPOPACTYIIUM B IIEHE TTPOMBIIILICHHBIM IIBETHBIM METAJIIIOM:
B TeueHHe sTHBapA—OKTA0ps 2016 1. ero neHa Beipocia Ha 60 % (Ha JloHgOHCKOM OupiKe
nuHK cromn 2320 non/t). Cpennerogosas neHa nuHka B 2016 . cocraBuna 2093 noin/T,
B 2017 . — 2896 mon/T.

Ta6auua 4. [lokazaTes i NPOM3BOACTBA M PeajM3allid OCHOBHOI NMPOAYKINHU NpeANpUATHEM
«Jaapnonumerayn B 2013 u 2014 rr.*

Table 4. Indicator s of manufacture and realization of basic products by Dalpolimetall in 2013 and

2014

TIpousBeneHo TPOLYKIHI PeannzoBano mpoayKuuu Cpenne-
rojoBas

Ilena

Cebecro- Crou- eHa
[ponykuus O6beM, CTOMMOCTB, O0neMm, 1 peanu- Lichd Ha
HUMOCTb, MOCTb, | peanusa- PBIHKE,
T THIC. P. e T B —_—. 3a1uu, o/
p- -p- > P- no/T
2013 200

CBUHIIOBBIH 14260 | 1967298,0| 74846 | 15754 |1093000 69 379| 2174 | 2143
KOHIIGHTpAT

LIMHKOBLIH 29709 | 545793,0 | 18371 | 29 325,1| 500599| 17 071| 535 1909
KOHIIEHTpAT
2014 200

CBUHIOBBIH 16368 | 974 798,7 | 59555 | 15 873,61 118 34§ 70 453| 1825 2094
KOHIIEHTpAT

LuHKOBBIH 29213 | 590612,8 | 20217 | 28 559,4| 691 312| 24 206| 627 2163
KOHIICHTPAT

* [1o JaHHBIM OTYETOB, OIYOJIMKOBAHHBIX Ha CaliTe; IIeHa peallu3alliH, 10J1/T, pACCUMTAaHa 110 CPEHETOA0BOMY Kyp-
cy LIB B 2013 r. — 31,9063 p./non, 8 2014 r. — 38,6025 p./mon.

YuuteiBas npuBeIeHHBIC JaHHBIE, MOXHO C/I€JaTh HEKOTOPHIE BHIBOJBI 00 MCTIONb-
30BaHUH pecypcoB pernoHa. Jlo 1990-x rr. Ilpumopckuii kpait OBIT OMHUM M3 OCHOB-
HbIX cyObekToB B CCCP 110 MpOW3BONCTBY M MTOCTABKE CBUHIIOBHIX M ITMHKOBBIX KOH-
[EHTPaTOB, HECMOTPSl Ha BBICOKYIO Ce0ECTOMMOCTh W TPAHCIOPTHBIE PAaCXOIBI.
CoBpeMeHHOE COCTOSTHIE CBUHIIOBO-IITMHKOBOW OTPACIH B PETHOHE TAaKOBO, YTO HE TI0-
3BOJISIET CUWTATh €€ CYIIECTBEHHBIM JKOHOMWYEeCKHUM (akropom kak mig HDO,
Tak 1 ;i [I[puMopcKoro Kpast, B BaJJIOBOM PErHOHAIEHOM MTPOAYKTE KOTOPOTO J00bI4a
TIOJIE3HBIX HCKOMTAeMBIX COCTaBIIsIET 2—2,5 % (OobIIast 4acTh ATOTO TOXOa PUXOAUTCS
HAa YTOIIb), MHBECTHUIINH B OCHOBHOW KaIlMTAJI TI0 OTPACIH «I00bIYa TOJIE3HBIX HUCKOTIa-
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embix» — 1,4-1,8 mupn p. (U3 oOmmx mHBecTHUmMii mo kpato 123-140 mupn p.).
I'MK «/lanpnionumeTamny CTPEMHUTCS YKPETUTh CBOIO MO3UIMIO B TOPHO-METAJLTYpIrH-
yeckoil orpacim. OgHAKO MO JaHHBIM OT4EeTOB mpeampusatus 3a 2013 ©. u 2014
BHJHO, YTO €ro IOJIOKEHHE HECTaOMIIBHO, HECMOTPS Ha CIIYYaroIIHUecs He TOJIBKO
oTpuLaTesbHbIe (aAeHNUE LIEH Ha MUHEPAJIbHOE ChIPHE), HO 1 MOJIOKUTENbHbIE (TTafieHue
Kypca pyOIst 10 OTHOIICHHUIO K JIOJIApy) U3MEHEHUS! KOHBIOHKTYPHI (Ta0d. 4).

Cy1ecTBeHHO TOAJIEpKaTh CBUHIIOBO-IIMHKOBYIO OTPacib PETMOHA MOXKHO B CIIy-
Yyae pa3BeJKH HOBBIX MECTOPOXKAECHHUN C pyAaMy BBICOKOTO KauecTBa. HecmoTps Ha
MMEIOIINECs CIOKHOCTH, UCTIOIB30BaHNE PECYPCOB CBHMHIIA M LIMHKA PETrHOHA MMEET
OnaronpusATHbIE IEPCIEKTUBEI U1 HHHOBALIMOHHOTO pa3BuTHs. O4EeBUAHO, YTO HEOO-
XOIUMO CTPOUTENLCTBO COOCTBEHHBIX METAJUTyPTUYE€CKHUX NMPEeNUpUsATHH MO mepepa-
0OTKE KOHLIEHTPATOB JJIsl BHY TPUPETHOHAIBHOTO UCIIOIB30BAHUS CBIPhS IO H3TOTOBIIE-
HUS KOHEYHOM IIOJIb30BAaTelIbCKOM MpOAYyKUMH. B pervoHe BciencTBue ero
MPOCTPAHCTBEHHONW U SKOHOMHUYECKOW M3OJSAIUN MOXKHO CO3/1aBaTh HOBBIE IPOMBIIII-
JICHHBIE OTPACIIH, JJIS1 KOTOPBIX €CTh CIOKHUBIINECS MaTEpHUaIbHBIE OCHOBBI M IIPEJIIO-
CBIIKH — MHHEPaJIbHO-ChIPHEBBIE PECYPCHI PYIHBIX ITOJIE3HBIX HCKOIAEMBIX U CIIPOC Ha
MHOTHE BUIbI METAUIONPOAYKIHH. OCHOBBIBAsICH HA TOM, YTO 100BIYa CBUHIIA U LIMH-
Ka B PETHOHE — TPAIULIMOHHBINA U «CaMOJ0CTAaTOYHBII», HECMOTPS Ha CYIECTBYIOIINE
npoOeMBbl, BU] ACATEILHOCTH, MOXKHO CJIeNIaTh BBIBOJ O HEOOXOIUMOCTH KapInHAaIb-
HBIX pelIeHHI U Mo BOIpOocaM HOBOM OpPraHM3alliy OTPACHH, YIPABICHUS CIIELUAIH-
3UPOBAaHHBIM 1 MHOTOOTPACIIEBBIM XOJIAMHIOM, KOTOPBIH B3sU1 ObI B C(hepy CBOMX UHTE-
PECOB BCE U3BECTHBIE U NMEPCIIEKTUBHBIE MECTOPOXKICHNUS M 00BEKTHI CBUHLIA U IIMHKA,
BKJIIOYasi WX OLEHKY, pa3BEAKy, CO3laHHE COBPEMEHHOH 0a3bl MX MepepadoTKH
(BO3MOXKHO, HA OCHOBE AKTUBOB KOMITaHHUH «/{aJIbIIOIMMETaI Ui HOBOW 0a3bl BBICOKHUX
TexHonoruit B KomcoMonbsckoM paitone XabapoBCKOTO Kpas B KOMILJIEKCE C OJIOBSH-
HBIM, METHBIM, HUKEJIEBBIM, PEIKOMETAIIILHBIM MPOU3BOACTBAMH ), @ TAK)KE MTPOU3BOJI-
CTBO KoHeuHOH npoxykmuu. O cTponutenbcTBe B parioHe Comuaeunoro 'OKa B Xa0a-
POBCKOM Kpae XHMHKO-METAJLTyPrHUECKOTO IMPOM3BOACTBA C IOIYYCHUEM IMIMPOKOH
HOMEHKJIAaTypbl NPOTYKTOB Ha OCHOBE MOJUMETAUIMUECKUX DY MECTOPOKACHUI
Hanbrero Bocroka u 3abaiikanbs ropopuiioch eme B 1982 1. [12]. Kak cuurarot 3kc-
MEPTHI, MOTEHIIHAT MUHEPAIbHO-ChIPbEBBIX PECYPCOB PETHOHA, B TOM YHCJIE CBHHIIA U
[UHKA, TPY HATNIrHU 3((HEKTUBHON CTPATETHH UX MCTIOIb30BAaHUS MOXET CTaTh 3HAYH-
TEJIBHBIM (PAKTOPOM M3MEHEHUsI T'€ONOIUTHYECKOrO 3HaYeHUsI BOCTOYHO yacTu Poc-
CHM M 3TO HEOOXOOMMO YUYHMTHIBaTh B OTHOIIEHHH CTpaH A3MaTcKo-THXOOKEaHCKOTo
peruoHa.
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MODERN ASSESSMENT OF LEAD AND ZINC RESOURCES AND PRODUCTION
IN THE FAR EAST REGION

Arkhipov G. L1
! Institute of Mining FEB RAS, Khabarovsk, Russia.

Research aim is to analyze and assess the modern state of lead and zinc resources use in the Far East
region, the deposits of which are mined at the territory of Primorsky Krai within many years.
Methodology. In order to assess the possibilities and need for the use of the Far East resources of lead and
zinc in the national lead-zinc industry or the export of their extraction, the comparison have been used with
the data on mineral-raw base of lead and zinc, their production, need, and application in Russia and
in the world, data on the resources of the Far East region, Russia, and worldwide have been compared.
Results and analysis. The region possesses significant reserves and resources of lead and zinc for the
creation of the regional lead-zinc industry. It is necessary to develop the intraregional use of the raw
material up to the final product manufacture. The present state of the branch needs innovative development
and new structural organization.

Conclusions. The potential of lead and zinc mineral-raw resources in the region with the presence of
efficient strategy of their use can contribute to the accelerated growth of the Far East and become one
of the factors to change the geopolitical significance of the eastern part of Russia.

Key words: lead; zinc, deposits, extraction, assessment; the Far East region.
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OCOBEHHOCTW UCMNONb3OBAHWUA 3EMEJ1b
FOPHOMPOMBbILLSTEHHOW TEPPUTOPUM

KOHOBAIIOB B. E.%, MYPALLEBA A. A.2, BONNTbIPOB B. B.
1'YpanbCkuil rocyaapcTBEHHbINM FOPHBIA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)
2 [ocynapCTBEHHBI YHUBEPCUTET MO 3eMMeyCTPONCTBY
(Poccws, r. Mocksa, yn. Kasakosa, 15)

Beeoenue. Heopononvsosanue npeocmasgnsem coboti 00UH U3 MOWHBIX 8UO08 MexHo2eHe3d, Haubonee
APKO GbIPAICEHHBII NPU 000bIYE NONE3HBIX UCKONAEMbIX U CEA3AHHBIX C Hell nepepadbamblealowux npo-
uzeoocmeax. Kax ciedcmeue, popmupyemes cneyuguueckas cmpykmypa 3emMaenoib308anus 20pHONpo-
MbIULIEHHOT MEPPUMOPU.

Memoowt uccnedosanus. B npoyecce ucciedosanus UCHONb306aHbl MEMOObL CUCEMAMU3AYUL, CPAG-
HUMENbHO20, PAKMOPHO20 U CUCEMHO20 AHANU3A.

Pesynomamut. Buisigneno enusnue akmopos 6030elicmeus, 603HUKAIOWUX 8 npoyecce 000bi4U U nepe-
PabomKu nONE3HbIX UCKONAEMbIX, NPU 0OPA308AHUU 3EMENbHBIX YUACMKOS U CNeYUATbHbIX 30H He2amus-
HO20 8030€UCMBUS 20PHONPOMBIUILEHHO20 KOMIIIEKCA Ha OKpydcatowyio cpedy. Tlokaszano, umo o6paso-
6amue 20PHONPOMBIUIEHHBIX NTAHOWAPMOE CBAZAHO C (DOPMUPOSAHUEM ONPEOeeHHbIX 2e0CUCTeM
(2eomMexanuueckux, 2e0mepMuteckux, 2eoXumuyeckux). Bzaumocesss mexnonocuueckux @axmopos,
6 MOM YUClie 20pHO20 0MB00A, MePPUMOPUATLHBIX PAKMOPO8 8 UOe 3eMENbHbIX YUACMKO8 U UX Ya-
cmell, @ MaKice 2eOMeXAHUYeCKUx U IKON02UYeCKUx PaKmopoes 6 uoe onpeoeneHHbix 2eocucmem no-
3607158€M CHOPMUPOBAML CUCTEMY 3EMNIENONb30BAHUS 8 GUAE NACCUBHOU, AKMUBHOU U 02PAHUYEHHOU
@opm ucnonvzosanusn 3emenb 20pHONPOMbIULEHHOU MePPUMOPUL.

Bu16o0vl. Pesynomamul npoedeHHbIX UCCIe0068AHUTI NO36ONAION HAMEMUMb NYyMu PAYyUoHAIbHOL0
UCNONb30BAHUS 3EMENBHBIX PECYPCO8 8 NEPUOO IKCAILYAMAYUU MECHOPONHCOEHUS NOLEIHBIX UCKONAEMbIX,
VMEHbUUMb He2amugHoe GIUAHUE 20PHONDOMBIUIEHHO20 KOMNILEKCA HA OKPYHCAIOWYIO cpedy; onpede-
UMb MePPUMOPUIO OYeHKU NPOUIL020, HAKONIEHHO20 6 MeCmax OUCIOKAYUU 20PHO20 NPeOnpUsMUs
9IKONOUYECKO20 Yiyepba nocie ompabomKi MeCmoposHCOeHUs.

Knrouegvie cnosa: copnuiii 0meoo, 3emMenbHblil 0ME00; 30Hbl HE2AMUBHO20 6030€lCMBUs, 20PHONPO-
MbIUAEHHAA MEPPUMOPUsL; (PAKmMopsl 6030€icmeus; hopmbl UCHOIbIOBAHUSL 3eMENb, 2e0CUCHEMDL;
20PHONPOMbBIULTEHHbIL TAHOWADM.

BBenenmne. /[o0b4a nro6oro noneznoro uckonaemoro (ITH) — ato cepre3Hoe BMe-
IaTEeJILCTBO B MIPUPOAY M OAMH M3 MOLIHBIX BUAOB TexHOTeHe3a. [Ipu aTom mpsimoe
TEXHOTEHHOE BO3JEHCTBUE HA MPUPOIHYIO CPENy OCYIIECTBIsETCS 00BbEKTaMH TOp-
HOTO ITPOU3BOAICTBA MIPH HEMOCPEACTBEHHOM KOHTAKTE ¢ HEH B mpouecce noTpedie-
HUSI MHHEPAJIBHOTO pecypca U pa3MelIeHus: 00pasyoLIuXcs P 3TOM OTXOA0B IPO-
M3BOJICTBA.

IIpoBenenne ucciaegoBanmii. B paMkax gaHHOTO MCCIEIOBaHUS KaK B[ MOJIb30-
BaHMA HeIpaMu paccmarpuBaeTcst 1oObrua 11 u cBa3anHBIE ¢ Hell mepepadaThiBato-
mue npousBoicTa [1]. B aTom cimyuyae ncxomHeIM OOBEKTOM NpH (GPOPMHUPOBAHUH
CTPYKTYPBI HCIIOJIB30BAaHMS 3€MEIIb B Mpoliecce Jo0buu 1 nepepadotku I11 BeicTyma-
€T MECTOPOXKICHHE MoJe3HbIX nckonaeMblx (MIIN) kak yacTb TUTOCKEpPHl — y4acToK
3eMHOM KOPbI (Heap), B KOTOPOM B Pe3yJbTare Ie0J0rnIecKUX MPOLECCOB IPOU3O0ILIO0
HaKOIJICHHE MUHEPAJILHOIO BELIECTBA, 110 KOJIMYECTBY, KAUECTBY M YCIIOBHSAM 3ajiera-
HUSl IPUTOHOTO K IPOMBIIIIEHHOMY OCBOCHMIO. YcTaHoBieHHbIN Bua 1M B MIIN,
CoZiepKaHHe M CBOWCTBA MOJIE3HOTO KOMIIOHEHTA, OKOHTYpEeHHBIE 110 3anacam [1U rpa-
HHILIBI MECTOPOXKICHHSI, €TO IPOCTPAHCTBEHHOE MECTOOIOKEHHE, B TOM YHUCIIE TITyOu-
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Ha 3aJieTaHus B HEApax, ONpenelsiioT crnocol pazpadorku MIIM u mepBu4HOM nepe-
pabotku I1U.

B 3aBucumoctu ot ocobennocreit MIIM cormacHo cymecTByromei knaccuduka-
UK Pa3paboTKy MECTOPOXKICHUS MOXKHO MTPOU3BOAUTE CIEIYIOUIMMHU criocobamu [2]:
OTKPBITBIM, TTOJ3€MHBIM, HOABOJHBIM, CKBaKHHHBIM (TexHOJIOrmueckuMm). IIpomecc
no0br4n u nepepadotku 11 ocymecTsisiercss Ha TEPPUTOPUH TOPHONPOMBIIIIIICHHOTO
rkomruiekca (I'TIK) kak mpoM3BOCTBEHHO-XO3SIICTBEHHOW €IWHUIIBI TOPHOTO IMTPOU3-
BOJICTBA, BKJIIOYAIOLICH FOpHOAOObIBatOLICE MPEANPHUITHE U 000TaTUTENIbHYIO (pabpu-
Ky. B COOTBETCTBUH ¢ TEXHOIOTHEH TOPHOTO MPOM3BOACTBA HANPAaBICHHOCTH (HaKTO-
POB BO3AEHCTBHA NPH (HOPMUPOBAHMHN UCIIOJIB30BAHUS 3€MEIb B IpoLiecce JOObIUU U
nepepabdotku [IU1 orpakena B Tabnuire.

Anann3 Tabnuipl NOKA3bIBAET, YTO COIEPKAHUE M CTPYKTypa HCIOJIb30BAHUS 3€-
Mellb B Ipoluecce 1o0bruau 1 nepepabotku 11 onpenensiorcst paaoM cOOTBETCTBYIO-
mux (GaKkTOpPOB:

— TEXHOJIOTHYECKHX, XapAKTEPU3YIOLIUXCS IPAMBIM BO3JEHCTBHEM Ha IPUPOAHYIO
Cpeay M OIpeAesIomnX 00N BU UCIIOIB30BaHUS 3€MEIb;

— TEPPUTOPUATBHBIX, ONPEACIIAIONINX 0COOCHHOCTH (POPMUPOBAHUS TEXHOTCHHBIX
naHaagTOB Kak MPOLYKTOB TEXHOTCHE3a;

— IreOMEXaHUYeCKUX (T€OAMHAMHYECKHX), XapaKTepU3YIOLINXCs KOCBEHHBIM BO3-
JIeHiCTBHEM Ha MPUPOJIHYIO CPENly U ONIPENEISIIOIINX U3MEHEHUE 36MHOM MOBEPXHOCTH
BCJIEJICTBHE MIPOSIBIICHNUS BEILIECTBEHHO-OHEPTETUUECKUX CBSI3EH MEX Ty JJIEMEHTaMH U
KOMIIOHEHTaMH 00pa3yeMbIX TEXHOTCHHBIX JaHIIIAGTOB (M IPUPOAHOM Cpeabl);

— DKOJIOTHYECKUX (F€OXMMUYECKHX, T€OTEPMUUYCCKUX U HHBIX), ONPEACIISIOLINX
BiausiHKAE ['TIK Ha okpyskaroniyro cpeay MyTeM BBLIEIECHUS BPEAHBIX BEIIECTB U UX B3a-
UMOJIEVCTBHA C KOMIIOHEHTaMH MIPUPOJHOMN CPEABI.

IIpu 3TOM, Kak MpaBUIIO, IPU HCIIOIB30BAaHUM 3€MENb TOPHONPOMBIIIIEHHON Tep-
PUTOpPHH 3a/1€HCTBOBAHBI BCE OOBEKTHI 3€MENbHBIX OTHOIIEHHH [3]: 3emim (apeajbl
JerpaJlipOBaHHbBIX U 3arPSA3HEHHBIX 3eMeIb, TOAPAaO0TaHHbIE U HAPYLIEHHBIE TEPPUTO-
puM), 3eMenbHbIE y4yacTKd, oOpasyemble mon oObekThl I'TIK, m yacTu 3eMenbHBIX
Y4aCTKOB, 3aHATBIE CIIENIMATIbHBIMU 30HAMU.

B cootBeTcTBHY ¢ eneparbHBIM 3aKOHOAATEIBCTBOM, YHACTOK HEAP, BMEIIAIOIINI
MIIH, npenocrapiseTcs NOIb30BATENIO HEAP HA OCHOBAHHUH JIMLIEH3UH B BUJIE 20PHO20
0mM600a — TeOMETPU30BAHHOTO OJIOKA HEAP, YUUTHIBAIOLIETO OCOOCHHOCTH Pa3paboTKH
MIIA no texnonoruu. [Ipu 3TOM B cinydae moazemMHoro cnocoba paszpadorku MITNU
3eMENbHBIM yUacTOK KaK TaKOBOH B I'paHUIIaX TOPHOTO OTBOAA IOJIb30BAaTEIEM HEAP
MOKET He 00pa30BBIBATHCS, TOTA KakK Uil OTKPBITOro criocoba paszpadotku MIIU on
o0s3aTeneH.

I'maBHBIMH BlIeMEHTaMH (KOMIIOHEHTaMH) c(pOPMHUPOBAHHOTO TOPHOTO OTBOAA SIB-
JSIFOTCSL TOpHBIE TOPOXABI (BCKPBIILIHBIE, BMEIIAIOUINE, HaJleraloline), pyagHoe Tedo,
MOA3EMHBIE BOJBI M TIOA3EMHBIE T'a3bl, COBOKYITHOCTh KOTOPBIX MPEACTABISET cOOO0i
2OPHBIIL Maccug, XapaKTepU3YIOLIUICS CTPYKTYpOH U CBOMCTBaMH, U3MEHSIOIMMHUCS
B IIPOCTPAHCTBE, B TOM YHCIIE U C TIIyOHHOI.

Teppurtopuansro u npoctpancTBeHHo ['TIK peanusyercs Ha 3eMHON MOBEPXHOCTH
B NIpeZieNax 3eMEIbHOIO M TOPHOTO OTBOZIOB, B HE/Ipax — B IIpe/iesiax TOPHOTO OTBOJA.
[lox 3eMenbHBIM OTBOAOM Aajiee OyneM MOHUMAaTh COBOKYIIHOCTH 3€MENIbHBIX y4acT-
kOB, 00pa3yembix o Bce o0bekThl ['TIK.

B mecrax pazpaborku MIIU nporcxoquT mouTy NOJIHOE YHUUTOKEHHE PUPOAHBIX
naHquagToOB, HA MECTE KOTOPBIX BOSHHUKAIOT HOBBIE IPUPOJHO-aHTPOIIOTEHHBIE 00b-
€KTBI — TEXHOTEHHbIE )OPMBI petbeda: BEIeMKHU (Kapbepbl, pa3pe3bl), HACHIIH (OTBAJbI,
TEPPHUKOHBI) U T. 1., @ TAKXKE aHTPOIOTEHHbIE 00BEKTHI (TEXHOJOTHUYECKUE 3MaHUs U
COOpYXeHHs). OTO MPHUBOOUT K OOpa30BaHUIO OCOOBIX NPHUPOJHO-TEXHOTEHHBIX
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KOMIUIEKCOB — 2opHonpombiuiienHvix aanowagmos (I'TLUI) [4], hopmupyercs cnenun-
(uueckas cucrema UCIOIb30BaHUs 3eMellb, CBSI3aHHAs, KaK IPaBUJIO, C AC3UHTETPALIU-
eil moyB, T. €. C HapyUICHUEM [TIOYBEHHOTO MIOKPOBa W/WiK norpedenneM ero. OObEeKThI
I'TIJT o6pasytotcst 1 GQyHKIMOHUPYIOT B IpoLecce crpouteibetBa oobexros I'TIK, no-
Ob1un 1 nepBuYHOM nepepadotku [1M 1 yacTUYHO OCTaIOTCs, pa3BUBAsIChH Aajee, ocie
orpaborku MIIU, Ha Tex ke 3eMIsX.

' ®Dopmbl ucnonbzoBanus 3emens ['TIT |

Ilaccusnas AKTUBHAs OrpannyeHHas

T"opnblii oTBOA 3eMenbHbIA 0TBOJ 30Ha HEraTUBHOTO
rustaust [TIK

ITo pa3paborke MITN Tlo mecTomnonoxeHuo Ilo npaBoBOMy Ilo
obsexroB I'TIK OTHOILEHHIO JKOJIOTUIECKOMY
— Ilogsemmusrit cioco® | Ha npomeininennoi - OxpaHa npHpOJTHEIX

TEPPUTOPUH 00BEKTOB

1  OTKpBITHII crioco0

— Ha necnoii Tepputopun OxpaHa TEXHOJOTMYECKHX

00BEKTOB

— IoxBomubIil criocod

1 B HaceneHHBIX IIyHKTax

OxpaHa 00BEKTOB

Croco6 moa3eMHOro KyJIbTYPHOTO Hacleaus
BBIIICTAYMBAHHMS L Ha uckyccTBeHHOM

3eMEeNbHOM y4acTKe

Xumuueckoe

CKBaXUHHBIN CITOCOO

Ha axBaTopun

DU3NKO-MEXaHHUECKOE [

Pocceimabie

PannoaktiusHOE —

Puc. 1. ®opMbl HCHIOIB30BAHUS 3¢MEIb FOPHOIPOMBIIIICHHON TEPPUTOPUH
Fig. 1. Usesof landsat amining territory

TopHOTpOMBITILIIEHHBIE TaHIIA(TH XapaKTEPU3YIOTCS HPOCHMPAHCIEEHHO-MEPPU-
MOPUATBbHLIMU 2paHuyamMu B TIpeAeNax 3eMeb, peJHa3HaYeHHbBIX I T0JIh30BaHUS
HeJIpaMy U MOBEPTHYTHIX HeratuBHOMY BimsiHUIO [TIK, a Takke BepTHKAIBHBIMH U
TOPU30HTAIBHBIMU CBA3SIMU B 3THUX TPaHULAX.

C no3unuu TpaHchopMaIuy BEIECTBa U BbIJCIIEHUS YHeprun (Tabnuia) oopa3osa-
Hue o0bekroB ['TIJI mpuBoauT K 00pa30BaHUIO CIIELHMATIBHBIX 30H, BUIBI U Pa3Mephbl
KOTOPBIX ONPEAEISIFOTCS COBOKYITHOCTBIO BHYTPEHHUX B3aUMOCBS3EH 3JIEMEHTOB 00b-
extoB ['TIJI, T. e. HaMUUMEM COOTBETCTBYIOIIUX T€OCHUCTEM.

Pazpaborka MIIN npuBOIMT K BHEAPEHUIO B BEPXHHUE CIIOU JUTOC(EPHI, UYTO CO-
NPSDKEHO C OCBOOOXKICHNEM SHEPTUH, NIepepacipeieieHIeM BHYTPEHHHUX CHII (Hampsi-
JKCHUI) B TOPHOU cpejie, 0cnableHneM U U3MEHEHUEM CTPYKTYPBI IPUPOIHBIX CBA3EH
B TOPHOM MaccuBe. B COOTBETCTBHH C TEOPETUUECKUMH MOJIOKECHUSIMU MEXaHUKH TOP-
HBIX TIOpOJ, 00pa30BaHME OTKPHITHIX MIOBEPXHOCTEH B MacCHMBE TOPHBIX mopox (6opra
KapbhepoB, CTEHKH MOJ3EMHBIX BHIPAOOTOK) BElET K Pa3yIJIOTHEHHIO TOPHBIX TOPO,
PACKpPBITHIO TpPEIIWH, YTO B YCJIOBUSAX OTKPHITOW pazpaborkn MIIN mnpuBoaut
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K OCHIISM, OOpYIICHHSM, OMOJBHSIM [5, 6], a B yCIOBHUSX IMOI3EMHOM pa3pabOTKu
MIIH — k nposiBAEHUAM TOPHOTO AABJIEHUS U CBUKEHUIO TOPHBIX MTOPOJI, B TOM UHUCIIE
K TpeluHaM, IPOCeAaHNUIM U POBajaM Ha 3eMHOM MoBepxXHOCTH [7-9].

OTH SBJIEHUS HOCAT MEXaHUYECKHUN XapaKTep, T. €. COMPOBOXKIAIOTCS NepEeMELICHHU-
€M TOPHBIX Macc, 4TO MPUBOAMUT K GOPMHUPOBAHHIO 30H C HAPYIIEHHEM yCTOHUYMUBOCTH
TOPHOTO MaccuBa, OOYCJIOBIIEHHBIX €CTECTBEHHON 2eoMexaHuueckol cucmemou.
IIpu HamMuMU B TOPHOM MaccrBe, BKIIOUAIOIIEM T'OPHBIN OTBOJ, TEKTOHUYECKUX CTPYK-
TYp Pa3IMYHOTO BH/Ia BOZMOXXHO HAJTMYHE TEOAMHAMUYECKHUX CHIT M HAITPSDKEHHH, KOTO-
pBIe 00pa3yIoOT COMYTCTBYIOUIYIO T€OMEXaHUIECKOU 2e00UHAMUUECKYIO CUCTNEM) .

B cBoto ouepenn, B HAy4dHOU JIUTEpAType I0CcTarouHo xopouo onvcansl [T kak
eeoxumuyeckue cucmemst [10, 11], B KOTOPBHIX U3MEHEHHUS CBOWCTB AJIEMEHTOB JIAHI-
madToB 00yCIIOBIEHBI BO3JACHCTBUEM BO3IYXa, NOBEPXHOCTHBIX M IIOA3EMHBIX BOJ,
T. €. 00pa30BaHUEM M MEPEHOCOM XMMHYECKHUX BEILECTB B IIOUBY, YTO MPUBOAMT K 00-
Pa30BaHMIO apeasioB 3arpsA3HEHHBIX, 3aXJIaMJICHHBIX U JeTPaAupOBaHHbIX 3eMeb [12].

C nmpyroii cTOpOHBI, BHYTPU3EMHOE TEIUIO IPUBOAMT K MOSBICHHUIO T€OTEPMHUUECKO-
ro IpajiieHTa, a UIMEHHO K YBEIWYCHHUIO TEMIIEPaTypbl TOPHBIX IOPOJ C [IyOHHOH,
T. €. BO3HUKAET ceomepmuyeckas cucmema B Henpax [13]. I3smeHeHue teMmeparypsl
TOPHBIX MOPOJA C IIyOWHOH, MPUCYTCTBHE PYIHHYHOTO BO3/yXa CO3JAIOT ONpEeAesicH-
HBIE YCJIOBHA AJIl CAMOBO3TOpaHus pyx (ymiei) v BMEIAIOUINX MOPOJ, CONEpKaINX
MUPOTEHHBIE AJIEMEHTHI, MPOLIECCHl CAMOBO3TOPaHUs aKTUBU3UPYIOTCS B MOJA3EMHBIX
TOpHBIX BhIpaboTKax, 00pTax KapbepoB, a TAKXKE B TONIIEC OTBAIOB U TEPPUKOHOB, pas-
MEIIAeMbIX Ha MOBEPXHOCTH. DTO MPHUBOIUT K (HOPMHPOBAHHIO CHENUANBHBIX 30H,
SBIISIOLIMXCS IPUYMHON 3arpsI3HEHHS 3eMeTb, Ha KOTOPBIX OHH PACIIONIOKEHBI.

M3MeHeHne coCcTOSTHIS 3eMeITh B 30HaX, 00pazyemsbIx reocuctemamu I T1JI, onpene-
TsroIrXcst 160 GakToM oOpazoBaHusI 00bEKTa (Kaphep, OTBAI U T. 11.) WIIH BBIACIICHU-
€M BPEIHBIX BEMIECTB (BBIOPOCH MM COPOCHI M3 TEXHOTCHHBIX MCTOYHUKOB), JTHOO
BO3MOXHOCTBIO (BEpPOSATHOCTBIO) HACTYIUICHHS COOBITHS (OIONI3eHh OopTa Kaphepa
WJIN IIPOBAJl Ha 3¢€MHOI IOBEPXHOCTH), TIO3BOJISIET BBLACINUTE 30HBI C 0COOBIM PEKUMOM
ucnoip3osanus teppuropuii (3OPUT). [lpu hopmupoBaHuy crielalbHBIX 30H, OTPa-
HUYUBAIOIINX HCIOJIB30BAHUE 3€MeNb [0 HA3HAYCHHIO, T. €. B IPABOBOM OTHOLICHUH,
CJIEAYET YYUTHIBATH U PEIIAMEHTUPOBAHHBIE 30HBI C 0COOBIMHU YCIOBUSIMH HCIONbB30-
BaHus tepputopuit (3OYUT) [3], Takue, Kak OXpaHHBIE, CAHUTAPHO-3AIIUTHBIE, 3a-
MIPETHBIE U APYTHE.

Benencreue ornecenust I'TIK k omacHbIM MPOU3BOJICTBEHHBIM 00BEKTaM CIEIYET
YUUTBIBAThH €r0 HETaTUBHOE BO3/ICHCTBHE HA OKpYXKaromlyto cpeny. [loatomy npobiaemy
UCIIOJIb30BAHUS U OXPaHBI 3eMellb Ha TEPPUTOPHUSX, TJ€ TPOUCXOAUT A00bIUA U Tepe-
pabotka I11, HeoOxoaumo pemrats ¢ yuetoM cMexHbIX ¢ ['TIK tepputopuii. Cnenosa-
TEJBHO, B AaJbHEHIIEM o] TopHOTIpoMbInuieHHOH Tepputopueid (I'TIT) 6ynem morn-
MaTh TEPPUTOpHUIO, noasepriryrocs BozaeicTBuro ['TIK Ha okpyxarolryro cpeny
B JKOJIOTUYECKOM CMBICIIE C YY€TOM IIpaB Ha 3€MEJIbHBIE Y4YacTKU, 3aHMMacMble
oowexramu ['TIK 1 cMeXHBIMA 3eMITeTTONb30BaTe s MU [14].

Pasmepst T'TIT ycranaBnuBatorcs no BennuuHe BoznedcTBusa I'TIK Ha okpyxaro-
uryto cpeny ¢ yuerom 30PUT u 30YUT pasznuunoro Buga. TU 30HBI, HApsAy ¢ rop-
HBIM U 3€MEeJIbHBIM OTBOZOM, SIBJISIOTCS ()YHKIIMOHAIBLHOM COCTAaBHOM YacThO 3eMeb
I'TIT u pacnonoxxenusix Ha HUX [ TIJI. Takum o6paszom, I'TIT npencrasusier coboit 00-
IIyI0 TEPPUTOPHIO, MCIOJIB30BAaHHE 3€MENb KOTOPOW MOXKET OBITh MPEICTaBICHO
B BUJIE TACCHUBHOM, aKTUBHOM M OrpaHu4eHHON QopM (puc. 1).

BouiBoasl. IlomydeHHble pe3ynbTaThl SIBIAIOTCS PAa3BUTHEM OTIENBHBIX aCIEKTOB
npeuiokeHHo KoHuenuuu co3gaHus cHCTEMBl YIIPaBIEHHUS 3€MJIEHONIb30BaHUEM
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npeanpusatuit I'TIK [14] u no3BonsoT: cOpMUPOBATH CTPYKTYPY HUCIIOIB30BaHUS 3€-
Mmenb ['TIT; HaMeTUTh MyTH parioHaIBHOTO HCIIOIB30BAHNS 3€METb B IEPHOJ IKCILTY-
ataruu MIIU; ymenpnTh (cokparuth) HeratuBHoe Bausinue ['TIK Ha okxpyxarouryro
cpeny; OIPENEIUTh TEPPUTOPUIO OLIEHKH IIPOLUIOr0, HAKOIUIEHHOIO B MECTax JUCIIO-
karuu ['TIK sxonoruyeckoro ymiep6a nocie orpadotku MITH.
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PECULIARITIES OF USING THE LANDS OF A MINING TERRITORY

Konovalov V. E.!, Murasheva A. A.2, Boltyrov V. B.!
! Ural State Mining University, Ekaterinburg, Russia.
2 State University of Land Use Planning, Moscow, Russia.

Introduction. Subsoil use is one of the most powerful kinds of technogenesis most pronounced at mineral
production and the connected processing plants. As a consequence, a specific structure of mining territories
land use is formed.

Methodology. In the course of research the methods of systematization together with a comparative, factor
and system analysis have been used.

Results. The impact of the influencing factors has been discovered occurring in the process of mineral
production and processing, under the generation of estates and special zones of a mining complex negative
environmental impact. It has been shown that the formation of mining landscapes is connected to the



124 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 8. 2018 ISSN 0536-1028

development of particular geosystems (geomechanical, geothermal, and geochemical). The interconnection
of technological factors including mine take, territorial factors in the form of estates and their parts, as
well as geomechanical and ecological factors in the form of particular geosystems allows to form the
system of land use in the form of a passive, active and limited forms of mining territory land use.
Conclusions. The results of the research allow to outline the ways of land resources rational use in the
period of mineral deposit operation, reduce negative environmental impact of a mining complex, and
determine the territory of the previous post-mining environmental damage accumulated in the areas of a
mining enterprise dislocation.

Key words: mine take; land take; zones of negative impact, mining territory, influencing factors; forms of
land use; geosystems,; mining landscape.
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BE3OMNACHOCTb NOPHOIO NPOM3BOACTBA
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UCCNENOBAHME MNPOLIECCA NPOBETPUBAHUA
TYNWKOBOW BbIPABOTKW C YYETOM YTEYKU-NOACOCA
BO3AYXA YEPE3 30HY OBPYLLUEHUA

KO3bIPEB C. A.l, AMOCOB IN. B.!
" TopHblif MHCTUTYT Konbckoro HayyHoro LeHtpa PAH
(Poccws, r. Anatutel, yn. ®epcmana, 24)

Lenvto pabomet ssnsiemcs ucciedo8ane Memooamu YUCIeHHO20 MOOETUPOBAHUS POYeccd NPOSempu-
8aHUA MYRUKOBOU 8bIPAOOMKU, CONPUKACAIOWEUCS CO CIOPOHBL MOPYA C OOPYULEHHBIMU NROPOOAMU, NPU
HAMUYUY YMEUKU-N00Cocd 8030yXa Yepe3 301y 00pyuleHs.

Memoouxka. [{ns KoMnelomepHo20 MOOEIUPOBAHU 8 MPEXMEPHOU PedanbHOU 2eoMempul UCNONb308d-
nacy npoepamma COMSOL. Jlna ébiuucienus aspoouHamuyeckux XapaKmepucmux npuMeHanact Cmat-
oapmuas (k—¢)-modeny mypoynenmuocmu. Ilpoyecc nposempusanus eblpabomxu npomMoOeIuposan no-
CPEOCmBOM HUCIEHHO20 peUeHUsl KOHBEKMUBHO-OUDPY3UOHHO20 YPABHEHUs NEPEeHOCAd NACCUBHOU
npumecu. Yucnennvle IKcnepumMeHmsi o NPOGEMPUBAHUIO MYNUKOBOU 8bipabomku onunoll 20 m u ceye-
Huem 18,4 M? evinoanenst 0 OUAnazona pacxood 8030yxa 6 ckeo3Holl evipabomke om 6,25 do 50 m3/c
u enuuunsl ymeuxu-noococa 0; 0,02 u £0,07 m3/c. Hauanvhoe 3azpsasnenue ammocghepsbl mynuxosou
svipabomku npunamo pasuvim 25 IIJK (no ycnoenvim okcudam yanepooa).

Pesynomamut u oocysycoenue. Ilonyuenvt npocmpancmeentvie pacnpedeieHus aspoouHamMudeckux xXa-
PAKMepUCmuK Mooeu u npoCMpaHCmEeHHO-6peMeHHble pacnpedenenus npumecu. IIpoanaruzuposano
u 0006weno 00 yHKYuoHaNbHOU 3asucumocmu epems oocmudcerus yposus IJ[K 6 mynukosoti gvipa-
bomKe 6 3a6UCUMOCIU OM 3HAYEHUL 8APLUPYEMBIX NAPAMEMPOS MOOETU. Ycmanosneno, ymo noococ
6030yXa NO CPABHEHUIO ¢ YMEUKOU 6asiemcs bonee 3PHEKmusHbIM CpeOCmeomM COKPAUeHUs. BPEMEeHU
npogsempusanus. IIokazano, 4mo npu NPUHAMbBIX HAYATLHBIX U SPAHUYHBIX YCIOBUAX POCT PACX00A 803-
0yxa 8 0CHOBHOIUL 8bIpabOMKe COKpawaem epemMsi NPOBemMpuUanus, a pacyemuvie epaguuecKue 3a6ucu-
MOCMU XOPOWO ANNPOKCUMUPYIOMCS CMenenHou GyHKkyuei. [is cumyayuu omcymcmeus ymeuku-noo-
€oca HA4anbHoe 3acpsA3HeHUue Ammoc@epvl MynuKo8ol 6blpabomKu NPOBAPLUPOBAHO 6 OUANA30HE
om 2 0o 25 IJIK. Ilonyuena ananumuyeckas 3a8ucumMocms Oiisi OYEeHKU NPOSHOZHO20 8PEMEHU NPOose-
MpUBanUs MynuKogol 8blpabomxu 3a cuem mypoyieHmHuou ouggysuu.

Knrwouegvte cnosa: mynuxosas 6uipabomia; 30Ha 0OpyuwieHUs;, Ymeuka-noococ, Npogempusanue;
YUCTIEHHOE MOOenuposanie.

BBenenue. [IpumeHenne BRICOKOITPON3BOIUTENBHBIX CHCTEM pa3paboTKu ¢ 00py-
HIEHUEM PYIbl ¥ HOKPBIBAIOIIUX ITOPOJ IIPU JOOBIYE MOJIE3HBIX HCKONIAEMBIX IPUBOIUT
K 00pa30BaHMIO 30H 00py1eHus. Hanndue aspoauHaMiuecKoi CBsI3U TOPHBIX BBIPA0o-
TOK C ITOBEPXHOCTBIO Yepe3 30Hy OOpPYIIEHHsI OKa3bIBaeT CYIIECTBEHHOE BIMSHUE Ha
BEHTWIALIMOHHYIO CUCTEMY pyJHHKAa. YTeUKa MM IOACOC BO3IyXa IMPOSABISIOTCS
B TOM, YTO OHU M3MEHSAIOT KOJIMYECTBO JIOXOMAAIIETO 0 3a00€B BO3AyXa M HapyIIaloT
TJIAaHUPYEMBIA BO3yX000MEH B OJIOKaX M OTACIIBHBIX 32005X.

JlaHHBIE yCIIOBUS XapaKTEPHBI ISl CHCTEMBI pa3padOTKU € MOA3TAXKHBIM 00pyILIe-
HHEM U TOPLEBBIM BBITYCKOM pyIbl. B 3ToM ciy4ae nmpoBeTprBaHUE BBIPaOOTOK, pac-
MIOJIOKEHHBIX COOKY OT OCHOBHOM, OCYLIECTBISIETCS! TOCPEACTBOM MKEKTHPYIOIIETO
JIeHCTBUSI BEHTUJISILIMOHHOW CTPYH BO3/yXa, NMPOXOIAIIeH B OCHOBHOW BBIpaOOTKe,
MIPOBETPHUBAEMOM 3a cueT oOIIenaxTHO! genpeccun. [Ipu 3ToM yTedka MakCHMaIbHO
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MIPOSIBIISIETCSL B JICTHUM, CaMbIH TSDKENBIHN 71 BEHTHISAIMH repro roaa [ 1], korma 6o-
nee 40 % momaBaeMoro B pyIHHUK BO3/IyXa TEPSETCs, HE TOXOS 10 SKCILTyaTallnOHHBIX
Y4acTKOB, a IIOACOC — B 3UMHHN [IEPUO/.

D¢} dexTuBHOCTH BEIHOCA BPEAHBIX PUMECEH U3 TYITMKOBOTO 32005 3aBUCHUT OT I'e0-
METPHUIECKUX MTapaMeTPOB TOPHOH BBHIPAOOTKY | e¢ JUTMHBI. OCHOBHEIM MapaMeTpoM,
MMOMHUMO T€OMETPUIECKIX XapaKTEPUCTUK BHIPAOOTKH, BIUAIOMINM Ha 3(pPEeKTHBHOCTH
MPOBETPHUBAHUS 332 CYCT MEXaHW3Ma TypOylneHTHOW MudQy3uu, SBISETCS CKOPOCTh
BO3/lyXa B MPUMBIKAIOIICH OCHOBHOW BBIPA0OTKE. Y TEUKA-IIOJICOC BHOCSAT ONPEICIICH-
HbIC M3MCHEHHUS B a’pOJUHAMMKY aTMOC(ephbl TYIMHUKOBOTO 3a00si, 4TO, 0C3yCIIOBHO,
OTpakaeTcs Ha IMPOIOJDKATEIFHOCTH BPEMEHH €T0 TPOBETPHUBAHUS.

'l,.\. ., A
., o, i =

Tynukosas = =i
Nl BBIPabOTKA e . i
. S i

o """ _OFHOBHas BbIPAOOTKA
z :-\_,-.-'\-... ._-- s T -y
T e

Qin j

Puc. 1. T'eomerpusa monenupyemoii ob6iaacTi (OCHOBHAsI BBIpaOOTKa, TYIUKOBasi BRIPAOOTKA) M TOUKH
KOHTpOJIs KOHIleHTpanuu 3arpssaenns (N1, N2, N3)
Fig. 1. The geometry of the modeled area (the main excavation, blind excavation) and pollution
concentration control points (N1, N2, N3)

BEInonHeHHBIN aHAJIM3 MCCIIEAOBAHUE MO MPOOJIeMe NMPOBETPUBAHUS TYIMUKOBBIX
BBIPa00TOK [2—9] mOKa3al, 4To JO HACTOAIIETO BPEMEHH BOIIPOC IMPOBETPUBAHUS Ta-
KHX BBIPa0OTOK, CONPUKACAIOIIMXCS CO CTOPOHBI UX TOPLIOB C OOPYIIEHHBIMH IOPOa-
MM, NIPY HAIMYUH YTEUKH-TIOACOCA BO3AyXa Yepe3 30Hy OOpyIIeHHUs U3y4eH HeJocTa-
TouHO. B paborax [10, 11] mpouecc nmpoBeTpuBaHMs MOAEIHPOBAICS B 0OBEMHOH,
HO YIPOIIEHHOW TeoMeTpuH BbIpaboTOK. [lokazaHo, 4TO yd4eT yTEUKH-MoAcoca
JIEHCTBUTEIHHO COKpAIlaeT BpeMs MPOBETPHUBAHUS U MPU 3TOM IOJCOC OKa3bIBAETCS
Oomee 2PGEKTUBHBIM CPEICTBOM 10 CPABHEHHIO C YTCUKOM.

B mpexacraBisieMoM HCClIEIOBaHUM OTMEUEHHBIH HEJOCTAaTOK B I'€OMETPUYECKOM
npencraeieHun Beipabotok [10, 11] ycrpaHeH u mpolecc mpoBEeTPUBaHUS TYITHKOBOM
BBIPa0OTKU C yYETOM YTEUKHU-TIOACOCa MPOMOAEIUPOBAH B pPealbHOM 00beMHOH reo-
METpPHUH.

IMocranoBka 3agaun. OONacTh MOICITUPOBAHHS BKIIIOYAET OCHOBHYIO BBIPAOOTKY
HPOTSHKEHHOCTBIO 65 M, cedenreM 18,4 M? U EpIEHIUKYIISPHYIO €l TYIIHKOBYIO BBI-
paboTKy ¢ TeM XK€ CaMbIM TOTIEPEYHBIM CEUeHHUEM W IiauHOW 20 M BIOIH OCH .
Hanpasnenne BO3OyIIHOTO MOTOKa B OCHOBHOHM BBIPAOOTKE BBIOPAHO BIOJIb OCH X.
Hanpasnenue yreuku-noacoca — BI1oib ocH y (puc.l).

CornacHo ¢enepanbHbIM HOpMaM | nipaBuiaM ([lpasuna 6esonacrocmu npu éede-
HUU 20pHBIX pabom u nepepabomke meepoblX NONE3HbIX UCKONAeMblX. (edepanbHule
HOpMbL U npasuna 6 obnacmu npomviuliennol 6ezonacnocmu. M.: HHUI]
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«Heopa-XXI», 2015. 160 c.) nomyckaeTcst IpOBETPUBAHKUE TYNHKOBBIX BBIPAOOTOK 32
cuet TypOyneHTHOH nuddy3un mHoM He O6osiee 10 M. OiHAKO HAJIMYKE B TYITUKOBOH
BBIPAOOTKE YTEUKH-MIOJICOCA BO3AyXa MEPEBOAUT IMPOIECC €€ MPOBETPUBAHUS B APY-
TYI0 KaTeTOpHIO, IIOCKOJIBKY TIOMUMO MEXaHW3Ma TypOyiaeHTHOH auddy3nn HaunHaeT
«paboTaTby IeNIeHAPaBICHHBIH KOHBEKTHBHBIN MIEPEHOC, O0YCIIOBIEHHBIA HE TOIHKO
JIBUKEHHEM BO3/yXa 110 OCHOBHOM BEIpaOoTKe. B maHHO# paboTe paccMOTpeH mporiecc
NPOBETPUBAHUS TYMKOBOH BBIPAOOTKH JUIMHOM 20 M € LeNbI0 ONpeaeIeHUsT BO3MOXK-
HOCTH €€ IPOBETPUBAHMS 3a CUET TYPOYJACHTHON TudQy3un.

IIpuMeHnTENBHO K CUCTEME Pa3padOTKU C TOATAXKHBIM OOPYIIEHHUEM, HCIIOIb3Ye-
MO Ha Moa3eMHBIX pymHUKax AO « AnaTuty, I OMWHOYHON TYITUKOBOW BBIPAOOTKH,
COTpUKAcAIOIIeics ¢ 00pyIIEHHBIMH TTOPOJIAMH, TIO JTaHHBIM JETPECCHOHHOMN CheMKH [1]
BEJIMYMHA yTEUKH B cpeaneM coctasisier 0,02—0,07 m3/c. YkazaHHbIN qUana3oH 3Have-
HUI UCIIONIBb30BaH NP MOJEIMPOBAHUH NTPOLIECCa IIPOBETPUBAHUS, B TOM YUCIIE U IPU
ydere 1nojcoca.

Ta0auna 1. Ocpennennblie k03¢ GuureHTH! TYpOyJIeHTHOH 1 Py3un
(M?/c) B BBIpPaGOTKAX MOesIN PH pacxode Bo3ayxa Qin = 50 M%/c B
OCHOBHO# BbIPA0OTKe H BapHALNH yTeYKH-10coca Qbiind

Table 1. Average tur bulence diffusion coefficients (m?s) in
the excavations of a model under air consumption Qin = 50 m3s
in the main excavation under the variation of leakage/inflow Quiind

Quiing, M/c OcHoBHast BbIpaboTKa TynukoBasi BbIpabOTKa
VYreuka —0,07 0,0432 0,0673
VYreuka —0,02 0,0432 0,0699

0 0,0433 0,0696
IToxcoc +0,02 0,0433 0,0692
IToxcoc +0,07 0,0433 0,0684

Pacxon Bo3ayxa, MOCTYNAOIIEr0 B OCHOBHYIO BHIPaOOTKy Q. , IpOBapbHUpOBaH:
6,25;12,5; 25,0 u 50,0 m3/c. JIy1s1 Kask10T0 BaprUaHTa pacxojia Bo3ayXxa 0., PaCCMOTPEHO
AT CUTYallMi, Pa3IMYaloUXCcs PacXodaMu BO3JlyXa 4epes3 30Hy oOpyuenus Q,,
0asoBas (6e3 yreuku Bosayxa O, , = 0); yreuka-nozacoc Q,, , = +0,02 m%/c; yreuka-
nozcoc Q, ., = £0,07 m/c.

I'eomeTpryeckoe MOCTPOSHNE MOJETH, €€ HAlOJIHEHHE (PU3NIECKIMH IapaMeTpa-
MH M YHUCIICHHBIE DKCIIEPUMEHTHI BBIOIHEHBI C NMOMOIIBIO nporpaMMbel COMSOL.
B nporecce pacueToB UCONb30BaH ABYXATaNHbIN MeTonuyeckuit moaxox [10, 12]:

1) pacyeT a’poaMHAMHUYECKUX MPOLIECCOB B TOPHBIX BBIPAOOTKAX C MPHUBICUYCHUEM
CTaHIApTHOU (k—€)-Momenu TypOYJICHTHOCTH U ONIPEICIICHUE OCPEIHEHHOIO 110 00heMy
MOJISTAPOBaHUS KOd(hGHUITHEHTA TYpOYITCHTHOW JMHAMUYICCKON BSI3KOCTH C TIEPEXOIOM
K KoaddunmeHTy TypOynenTHor nuddysnu uyepes uncno [panamms—IlImuara [10, 12];

2) MoneNnMpoBaHUE MpOIecCa BHIHOCA BPEeOHBIX NMpUMeced 3aJaHHOW HavyajJbHOM
KOHIEHTPAaLUMN W3 TYNHKOBOW BBIPAOOTKH IOCPEICTBOM pEIICHHS KOHBEKTHBHO-
TUQQy3UOHHOTO ypaBHEHUS A0 JOCTHKEHHS HOPMATUBHOTO YPOBHSI KOHLECHTPAIUU
(ITAK) BO Bcelt 00macTi MOIEIMPOBAHUSI.

BeinonHeHo JBe cepun YUCIEHHbIX 3KCIEPUMEHTOB!

6 Nepaoll UCCIEA0BATIOCH BIMSHUE YTEUKHU-TI0ZCOCa BO3LyXa Ha BpeMs IOCTHIKEHHS
HopmarusHoro yposHs I1JIK no cpaBrenuio ¢ 6a3oBoi curyauueit Q, . = 0 mpu duk-
CHPOBAHHOM YPOBHE HA4albHOTIO 3arpasHeHus armocdepsl C, B 00beMe TyNHKOBOH
BbIpaboTKH, paBHoM 25 T1/IK (110 ycIOBHBIM OKCHIIAM YIIIEpOaa);

60 gmopoti uzydancs 3QdexT BapHauy ypoBHSI Ha4aJ bHOTO 3arps3HEHUsST aTMOC-
deprr C, Tynukoso# BerpaboTku (o1 2 10 25 T1JIK) Ha Bpems IpOBETPUBAHUSA HCKITIO-
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YHUTENBHO MMOCPEICTBOM MEXaHU3Ma TypOyaeHTHOH anddy3un amst 6a30BOM cuTyaunu
(Q,,s = 0) Npu MUHUMATIEHOM Pacxojie BO3yXa B OCHOBHOI BhIpaboTKe.

Pe3ynbTaThl HHTErpUpPOBaHNs KOHBEKTHBHO-TH((Y3HOHHOTO YPaBHEHHS Te-
peHoca maccuBHOI npuMecH. B tabn. 1 mpencraBieHbl 3HAYSHUST OCPETHEHHBIX KO-
s¢dumrenToB TypOyneHTHON nuddy3un Mo BEIPa0OTKaM IS MAaKCHMaJIbHOTO 3Hade-
HHSI pacxolia BO3LyXa B OCHOBHOI BBIpaOOTKE M BapHallMK PAcXoa YTEUKU-TIOACOCA.

W3 nansbix Tabn. 1 BUIHO, YTO OCpenHEHHBIH K03 duueHT TypOyneHTHoN nud-
¢Gy3uu B OCHOBHOH BBIPaOOTKE MPAKTUYECKH HE 3aBUCHT OT BEIMYMHBI YTCUKH-
nojcoca. BnusHUe yTeukH-Molcoca Ha BEIMYMHY OCPEJHEHHOro Kodh(uimeHTa
TypOyneHTHOH muddy3un B TYTHKOBOH BEIpaOOTKe HeBennko (He 6oree 4 %).

g ocTanbHBIX 3HAYSHUH pacxojia B OCHOBHOM BBIpaOOTKe paboTaer InHeiHas 3a-
BUCHMOCTB: BO CKOJIBKO Pa3 YMEHBILIAETCS PAcX0l, B TAKOE e YUCIIO Pa3 CHUXKACTCS
3HauUeHHe OcpeTHeHHOTo Kod(dumenta TypOyneHTHOH quddys3un.

B kadecTBe mpumepa OIHOTO U3 PE3yJbTaTOB TEPBOH CEPUHM PacueTOB Ha pHC. 2
MPE/ICTABICHO MPOCTPAaHCTBEHHOE paciipeielieHne KOHIIEHTPAlMU pUMecH 110 o0Jia-
CTH MOJAEITUPOBAHMS HA MOMEHT BpeMeHHU 15 MuH. [{s cutyanmm, n300pakeHHONW Ha
pHC. 2, IPUHATHI 3HAYEHUS PACX0/ia BO3/yXa 10 OCHOBHOI BrIpaboTke Q, = 6,25 M’/c
¥ BenM4KHbI noacoca Q, . = +0,07 m3/c.

10

0 0
Puc. 2. IlpocTpaHCTBeHHOE pacHpeieiicHHEe NPUMECH B MOJACIHPYEMOM 00BeMe
HA MOMEHT BpeMEHH 15 MHUHYT C y4eToM Mojcoca:
Q,, = 6,25M/c; Q. = +0,07 M*/c; B merennie — koHueHTpanys, ex. IJIK
Fig. 2. Spatial distribution of impurity in the modeled volume at the timepoint
of 15 minutes with the account of inflow:
Q,,= 6.25 m%s; Q,,, ,= +0.07 m%/s; descriptive data — concentration, MDC

Db dexT moacoca Bo3ayxa HAISTHO TPOSIBISIETCS TP aHAJTU3E MPOCTPaHCTBEHHO-
TO pacmpeneneHns KOHIEHTPAIlMN IPUMECH BO BpeMEHH: HaOIoqaeTcst HoCTEeNeHHOe
yBEJIHNYEHHE 001acTH «IUCTOI» aTMoc(epsl, HadYMHas 0T TOPLA TYITUKOBOH BbIPabOT-
KU, U BBITECHEHHUE 3arpA3HEHNs B HAIIPAaBJICHUN OCHOBHOW BBIPAOOTKH.

Pesynerarel pacueToB BpeMEHH NPOBETpUBaHHA I B COOTBETCTBHHM C yKa3aHHBIMHU
pacxoa0M BO3yXa B OCHOBHOM BEIpaboTKe (), M yTEUKOH-TIOICOCOM YEPE3 TOPEL] TyIHU-
KoBO# Q,,, , IpecTaBeHsl Ha puc. 3. Bee rpaduku puc. 3 ¢ ko3pduiieHTaMu 10CTo-
BEPHOCTH, ONIM3KNMH K €IMHHIIE, aIIPOKCUMHUPYIOTCS cTenenHoi Gynkuueit 7= AQ,
€O CBOMMH Kod(uimeHTamu anmpoxcuManyu 4 u B i1t paccMaTpruBaeMbIX BAPHAHTOB
yTEUKHU-TIoAcoca. 3HaYeHUs KOO (UIMEHTOB anpoKCUMAaLMY IPUBEIEHBI B Ta0M. 2.

Amnanu3 rpadukoB puc. 3 MOKa3bIBAET: MAKCUMAIILHOE BPEMsI IPOBETPUBAHHUS IME-
€T MECTO IIPU OTCYTCTBUU yTEUKHU-TIoAcoca. B aToM cirydyae Bpems IpOBETpHUBaHUS Me-
HAETCS OT CAMOT0 MPOIOJLKUTENBHOTO (8 ) TP MMHMMaJIbHOM 3HaueHuu Q, 110 ~1 u
MIPU MaKCUMaJIHHOM pacxo/ie BO3yXa B OCHOBHOM BbIpaboTKe. Ipu yuere yreuku-nosa-
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coca MMEeM CYLIECTBEHHOE CHIKEHHE BpeMeHH NpoBeTpuBaHus. Ilpuuem s¢pdext
nozcoca 6onee CylecTBEHHBIN. B mepByro ouepeap B TEpMHHAX a0COMIOTHBIX BETTMUUH
9TOT AP PEKT 3HAYUTENEH MPH MANBIX pacxoax BO3AyXa B OCHOBHOM BhIpabOTKe.

IIpy MHHHMaIBPHOM pacxofie BO3AyXa B OCHOBHOW BBIPAOOTKE TPH yTEUKe
—0,02 M3/c Bpems IpOBETPUBAHHUS COKpaIIaeTcs 10 ~4,6 4, Torma Kak MoACOC IPH TOM
JKe YpOBHE pacxofia obecrieunBaeT HOPMAaTHBHYIO YHCTOTY arMoc(epbl B TyITHKOBOU
BEIpaOoTKe yxe uepes ~2,2 4. JlanpHeliee yBeInyeHne pacxoaa yTeUKH-IoAcoca 10
+0,07 M*/c eme Gosee COKpalaeT BpeMsi MPOBETPUBAHHKS: B CIydae YTEUKH 10 ~2 d,
mpu mozacoce — a0 ~1,5 4.

IIpm MakcuMallbHOM pacxole BO3AyXa B OCHOBHOW BBIPAaOOTKE NpHU yTedkKe
0,02 M3/c BpeMs IpOBETPUBAHUS COKpaIaeTcs ¢ 59,3 MuH 10 55,6 MUH, TOTa Kak
TOJICOC TIPY TOM e YpOBHE pacxofia obecrieunBaeT noctmwkenrne yposss [1J1K B Tynn-
KOBOM BBIpaOOTKe yxe uepe3 16,6 MuH. JanbHeHmmii pocT pacxona yTeuKH-1oAcoca
10 £0,07 M3/c MPUBOIKT K COKPAIICHHIO BPEMEHH [TPOBETPUBAHUSL: B CITy4ae YTEUKH JI0
47,2 MuH, a TIpU TOJICOCE — BCEro JuIb a0 16,5 mun. [Ipencrapnsercs, 4To n1eHCTBU-
TEJBHO, KaK 3TO U OBLIO oTMeueHo B paborax [10, 11], B ympoIeHHO# reoMeTprn BBI-
paboTOK MMoICOC BO3AyXa ABIsIeTCs 0ojee 3(h(DEKTUBHBIM CPEICTBOM COKPAITICHHS Bpe-
MEHU MPOBETPUBAHUSL.
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Pacxo/1 B CKBO3HOM BbIpaboTKe, M%/c

Puc. 3. IIporao3Hoe Bpemst IPOBETPUBAHHMS TYITHKOBO BEIPAOOTKH B 3aBUCHMOCTH OT pac-
XOJ1a BO3/[yXa B CKBO3HOH BBIPAOOTKE C YUETOM YTEUKH-TIO/ICOCA Yepe3 30Hy OOpyLICHHS:
U — yreuxka; P — noxcoc
Fig. 3. Forecast time of a blind excavation ventilation depending on air consumption
in through excavation with the account of leakage/inflow through the failure zone:
U — leakage; P — inflow

JuHamuKa nporecca NpOBETPUBAaHUS B TOUKaX KOHTPOJIS, PACTIONIOKEHHBIX Ha IICH-
TPaJIbHOM OCH TYNMUKOBOH BBIpaOoTKM ¢ koopauHatamu 5 M (N3), 15 m (N2)
n 25 m (N1) — Boons ocu y (puc. 1), mpencrasnena Ha puc. 4. CornacHo puc. 4, pacxon
BO3/lyXa B OCHOBHOH BbIpaOOTKe coctamisieT 12,5 mM3/c, a BeMMUMHA YTEUKU-TIOACOCA
pasHa +0,07 m3/c.

AHaiu3 pe3yabTaToB Ul BCEX PacX00B BO3IyXa B OCHOBHOH BRIPaOOTKE IMOKa3bl-
BAET, YTO MOBE/ICHUE KPUBBIX AMHAMHUKH KOHLIEHTPAIMU B TOYKax KOHTpois N3 n N2
NP HAJIMYUHU YTEUKHU-TI0/ICOCA TIOX0KE — MOHOTOHHOE CHIDKEHHE, CKOPOCTH KOTOPOTO
onpezensercs pacxonamu Bosayxa Q, u 0, ..
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MakcumanbHOE OTIIMYKE B TIOBEJCHUH KPUBBIX AWHAMUKHN KOHIIGHTPALUH UMEET Me-
cro B Touke N1. B ciryyae yreuku nporaosupyercsi HesHauntensHoe (He 6omnee 0,4 %)
MIOBBIIICHHE YPOBHS KOHILIEHTpAIlMM Ha HA4yaJbHOM dTare MpPOBETPHUBAHHS, a 3aTeM
MOHOTOHHOE CHI)KEHHE YPOBHS KOHIICHTPAIIMH, TOT/Ia KaK TPU MOjIcOCe 3HAYCHUE KOH-
HEHTpaIH HyJeBoe (TIOCTYyMaeT YUCTHIA BO3MYX).

3aMeTHM, 4TO B TOYKaX KOHTPOJS B MpOLecce MPOBETPUBAHUS TOCTHIKEHUE KOH-
uentpauuu ypoBHs [I[K HacTymaeT 3Ha4MTENBHO paHbIIE, YEM 3TO MPOUCXOAUT
B IPyTUX 00JIaCTIX MOIEIUPYEMOTO MPOCTPaHCTBa. VIMEHHO MOATOMY MPH YHUCIIEHHOM
WHTETPUPOBAHUH HECTAIMOHAPHOTO KOHBEKTHBHO-TU(P(PY3UOHHOTO ypaBHEHUS Tepe-
HOCa ACCUBHOMN IPUMECH HEOOXOIMMO OTCIIEKUBATh Ty JIOKAIbHYIO 00/1aCTh, B KOTO-
poil noctmxenue yposHs [IJIK nponcxoquT B NOCIEAHIO0 O4Yepenb.

Ta0auna 2. KoappuuueHnTnl annpokcuManuy cTeneHHoi GpyHKkuuu
T = A°Qin"® Bpemenu npoBerpuBanus T TYNHKOBOI BHIPAOOTKH B
3aBHCUMOCTH OT pacxoaa Bo3ayxa Qin B 0OCHOBHOI BbIpaGoTKe mpu

Bapuanuu yredxku-mnogacoca Qblind

Table 2. Approximation coefficient of an exponential function T = 4.-Qin 8
ventilation time T of a blind excavation depending on air consumption
Qin in the main excavation under the variation of leakage/inflow Quiind

Quiing, M¥c A B
Vreuka —0,07 4,860 0,44
Vreuka —0,02 20,02 0,77

0 50,23 1,00
IToxcoc +0,02 13,36 0,99
IToncoc +0,07 7,258 0,82

Bo BTOpOIi ceprm pacdeToB MO UCCICIOBAHHUIO BIUSHHS YPOBHS HAadaJIbHOTO 3a-
rpa3Henns atmocdepsl C, TyMKOBON BEIPAOOTKH Ha BPeMsi IPOBETpUBaHus I pacue-
ThI BBIIOJIHEHEI 11 0a3oBoi cutyauuu (Q,,,, = 0) Ip¥ MUHMMAIEHOM PacXoie BO3-
JIyXa B OCHOBHOM BbIpaboOTKe.

I'paduk 3aBucumoctu T = f{(;)) B pacCMOTPEHHOM HMHTEpBaNle HAYaIbHOTO 3arps3-
HEeHHs1 aTMOC(ephl TYITHKOBOI BBIPAOOTKH JJIsl pacxojia BO3yXa B OCHOBHOM BBIPaOOT-
ke 6,25 M3/c ¢ MakCHUMaJbHBIM KOI(D(PUIIMEHTOM JOCTOBEPHOCTH alIPOKCUMHUPYETCSI
norapudmuaeckoit pynkuueit I'=134,511In(C,) +46,066. 3ameTnm, 9TO MIMEHHO JIOTa-
pudmuueckas QyHKIMA HAYaIbHOTO YPOBHS 3arpsi3HEHUS aTMOC(epbl peKOMEHIyeTCsl
KJJaCCUKaMM PYIHUYHOM asposoruu [13—16] npu oLieHKe BpEMEHU MpPOBETPUBAHUS
MOA3EMHBIX BBIPA0OTOK, HAPUMEp TOCHE B3PBIBHBIX PaboT. DTOT (akT MOKHO pac-
CMaTpuBaTh Kak JOMOJHUTEILHBINA apryMeHT OObEKTHBHOCTH PE3yJbTAaTOB U aJIeKBaT-
HOCTH KOMITBIOTEPHOM Mozenn. EcTecTBeHHO, YTO aHAIOTHYHYIO TIpoLeaypy (cepuro
YHCJIEHHBIX KCIIEPUMEHTOB M 00pabOTKy pe3ynbTaTOB PacyeTOB) MOXHO BBIITOJIHUTE U
Ul APYTHX 3Ha4CHUH pacxoloB B OCHOBHOW BHIPaOOTKE, T. €. BHINTH Ha HEKOTOPOE
o0ob1maroniee BeIpaxkeHue (YHKLIUN HECKOJIIBKUX BapbUPYEMBIX IIEPEMEHHBIX, KaK 3TO
caenaHo B padore [12].

3akarouenne. Ha 6a3e moCcTpoeHHBIX KOMIIBIOTEPHBIX MOJIENEH (B TPEXMEPHOHU MO~
CTaHOBKE M PEaJIbHON '€OMETPUH) BBIIIOIHEHO HCCIIeI0BaHUE MpoLiecca IPOBETPUBa-
HUSI TYIMKOBOHM BBIPAOOTKH MPOTSDKEHHOCTHIO 20 M ¢ y4eTOM yTEUKH-TIOACOCa Yepes3
30HY OOpYILICHHS U MIOKa3aHO, YTO MPH UIMHE BBIPaOOTOK Oombiie 10 M BO3MOXKHO ee
NPOBETPUBAaHUE 3a cueT TypOyneHTHOU Anddy3uu.

B mepBoii cepun pacyeToB npu (PUKCHPOBAHHOM YPOBHE HAYalIBHOTO 3arpsi3HEHUS
arMocdepsl TYUKoBO# BeipaboTku 25 I1JIK BapbHpOBaINCH pacXo/l BO3AyXa B OCHOB-
HOIi BBIpaOoTKe OT 6,25 110 50,0 M3/C 1 BeTMurHa YTEUKU-TIOCOCA Yepe3 30Hy 00pyIire-
uus ot 0,0 go £0,07 m3/c.
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AHaJn3 MPOTHO3HBIX 3HAYEHWH BPEMEHH MPOBETPUBAHUS TYIMHKOBOM BBIPAOOTKH
C y4eTOM YTEYKH-IIOCOCAa B PACCMOTPEHHOM [HUANla30HE PAcXOI0B BO3IyXa CBHIE-
TEJIbCTBYET:

— MOJICOC BO3/IyXa MO CPABHEHHIO C YTEUKOH sBisgeTcs Oornee 3(pPeKTUBHBIM Cpe-
CTBOM COKpAILEHHsI BpEMEHH IIPOBETPUBAHUS;

a
26

24
22
20
18
16

Konuenrpanus [TK, ex.

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Bpems npoBerpuBaHus, MUH

26
24
22
20
18
16
14
12

Konuenrpanus [TAK, ex.

o N M O

N1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Bpewms npoBeTpruBaHus, MUH
Puc. 4. /Ilunamuka KOHIEHTPALUN B TOYKaX KOHTPOJSA IPH PAacXOAe BO3IyXa B OCHOBHOMH
BeIpabotke 12,5 m3/c:
a — yreuka —0,07 M*/c; 6 — mozcoc +0,07 m3/c
Fig. 4. Concentration dynamics in the control points under air consumption in the main
excavation 12.5 m¥/s:
a — leakage —0.07 m?/s; 6 — inflow +0.07 m?/s

— pocT pacxona BO3AyXa B CKBO3HOW BBIPa0OTKE COKpaIaeT BpeMs IPOBETPUBAHMUS
no poctmwxkenus: [I1K u mpu 3ToM pacdeTHble TpaduuecKue 3aBUCUMOCTH XOPOIIO
OTIMCHIBAIOTCS CTENIEHHOHN (YHKIIMEH;



132 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 8. 2018 ISSN 0536-1028

— IPY TPHUHATBHIX BEJIIMYMHAX YTEUEK-TIOJACOCOB M PACXOI0B BO3IyXa HanOOIbIICe
BIIMSAHNE B a0OCOJIOTHBIX BEJIMYHMHAX Ha BPEMs MIPOBETPUBAHUSA TIPOABIACTCA IPpHU Ma-
JIBIX pacxojax BO31yXa B OCHOBHOH BBRIpaOOTKe.

Bo BTOpOI#i cepun YUCIIEHHBIX IKCIIEPUMEHTOB AJIsi 0a30BOM CUTYAIlH OTCYTCTBUS
YTEUKHU-TIOICOCAa K MUHUMAJILHOTO 3HAYEHHS pacxo/ia Bo3IyXa B OCHOBHOH BHIPaOOTKe
MapaMeTpoM Bapualui ObUT YPOBEHb HAYaIbHOIO 3arps3HEHUs aTMOC(hEphl TYIHKO-
BO#1 BeIpaboTku ot 2 jo 25 T1JIK.

HOKaSaHO, YTO MPOTHO3HBIC 3HAYCHUSA BPEMCHH IMPOBETPUBAHUA TYIIMKOBOT'O 3a00s
MMOCPENCTBOM MexaHu3Ma TypOyneHTHOH muddy3uum mpu (QUKCHPOBAHHOM pacxoie
BO3/IyXa B OCHOBHOW BHIPAOOTKE NPY BapHAIMH YPOBHS HAYAIFHOTO 3arps3HEHUS aT-
MOC(epbI TYITHKOBOW BBIPAOOTKH arpOKCUMUPYIOTCS JorapudMudeckor GyHKInEH.
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INVESTIGATION OF A BLIND EXCAVATION VENTILATION TAKING INTO ACCOUNT AIR LEAKAGE/
INFLOW THROUGH THE FAILURE ZONE

Kozyrev S. A.!, Amosov P. V.!
! Mining Institute KSC RAS, Apatity, Russia.

Research aim is to investigate with the methods of numerical modeling the process of ventilation of a blind
excavation which touches the broken-down rock with air leakage/inflow through the failure zone.
Methodology. For computer modeling in 3D actual geometry, COMSOL program has been used.
To calculate the aerodynamic characteristics, a standard (k-g)-model of turbulence was used. The ventilation
of the excavation has been modeled with a numerical solution of the convective-diffusion equation of the
passive impurity transport. Numerical experiments on a blind excavation ventilation with the length of
20 m and cross-section of 18.4 m? have been carried out for the range of air consumption in the through
excavation from 6.25 to 50 m’/s and the value of leakage/inflow 0, £0.02 and £0.07 m?/s.

Results and discussion. Spatial distributions of the model’s aerodynamic characteristics and spatial-
temporal distributions of the impurity have been obtained. The times for reaching the MPC level in the
blind excavation depending on the values of the variable parameters of the model have been analyzed and
generalized to the functional dependence. It has been established that air inflow in comparison with
a leakage is a more effective means of reducing ventilation time. It is shown that, with the initial and
boundary conditions accepted, the increase in air consumption in the main excavation reduces the
ventilation time, and the calculated graphical dependencies are well approximated by the power function.
With no air leakage/inflow, the initial atmosphere pollution of a blind mine excavation has been varied
within 2 and 25 MDC. An analytical dependence has been obtained for estimating the predictive ventilation
time for the blind excavation due to turbulent diffusion.

Key words: blind excavation, failure zone; leakage/inflow; ventilation; numerical modelling.
DOI: 10.21440/0536-1028-2018-8-125-134

REFERENCES
1. Alekhichev S. P., Puchkov L. A. [Aerodynamics of failure zones and calculation of air leakages
in blocks]. Leningrad, Nauka Publ., 1968. 67 p.
2. Shibanov E. A. [Modeling the ventilation of blind excavations. Proc. Ural Mining Decade, April
5th—15th]. Ekaterinburg, UrSMU Publ., 2004, pp . 426—431. (In Russ.)
3. Rosliakov A. S., Isakov V. A. [Airing of bottom hole deadlock excavation with two consecutive free
streams). Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal — News of the Higher Institutions.
Mining Journal, 2011, no. 5, pp. 57-62. (In Russ.)
4. Levin L. Iu., Isaevich A. G., Gazizullin R. R. [Numerical modeling of the processes of mine detrimental
impurities removal when ventilating blind excavations using various methods]. Nauchnye issledovaniia
i innovatsii — Scientific Investigations and Innovations, 2011, vol. 5, no. 2, pp. 127-129. (In Russ.)
5.Li X. F., Li Q. Study on the Flow Numerical Simulation of Jet Ventilation in Multi Tunnel Excavation.
Advanced Materials Research, 2012, vol. 524-527, pp. 731-734. DOI:10.4028/www.scientific.net/
AMR.524-527.731.
6. Levin L. Iu., Isaevich A. G., Semin M. A., Gazizullin R. R. [Dust air mixture dynamics investigation
when ventilating a blind excavation in the process of combine systems operation]. Gornyi zhurnal —Mining
Journal, 2015, no. 1, pp. 72-75. (In Russ.)
7. Evstratenko L. I. [Improving the ventilation efficiency of Kryvbas mines with aeroactive failure zones.
Cand. eng. sci. diss]. Kryvyi Pih, 2015. 168 p.
8. Levin L. Tu., Gazizullin R. R., Zaitsev A. A. [Using ANSYS CFX software module to solve scientific
and production tasks of mines and shafts ventilation]. Available at: https://sapr.ru/article/22542 (Access
date January 14th, 2016).
9. Feroze T., Genc B. Estimating the effects of line brattice ventilation system variables in an empty
heading in room and pillar mining using CFD. The Journal of the Southern African Institute of Mining and
Metallurgy, 2016, vol. 116, no. 12, pp. 1143-1152. DOI:10.17159/2411-9717/2016/v116n12a8.
10. Kozyrev S. A., Amosov P. V. [Numerical modelling of blind excavation ventilation taking into account
failure zone]. Trudy Fersmanovskoi nauchnoi sessii GI KNTs RAN — Proceedings Fersman Scientific
Session of MI KSC RAS, 2017, no. 14, pp. 291-294. (In Russ.)
11. Kozyrev S., Amosov P. Numerical modelling of blind excavation ventilation taking into account failure
zone. International Multidisciplinary Scientific GeoConference SGEM, 2017, vol. 17, no. 13, pp. 591-598.
ISBN 978-619-7105-00-1. DOI:10.5593/sgem2017/13.
12. Kozyrev S. A., Amosov P. V. [Estimation of aeration time in blind excavations: Methodological
approach based on 3D numerical modeling]. Vestnik MGTU: Trudy Murmanskogo gosudarstvennogo
tekhnicheskogo universiteta — Vestnik of MSTU: Scientific Journal of Murmansk State Technical University,
2017, vol. 20, no. 1/1, pp. 5-12. (In Russ.)
13. Duganov G. V., Drobnitsa V. F., Nikitin I. P., Drebnitsa A. V. [Long blind excavations ventilation].
Moscow, Nedra Publ., 1968. 75 p.
14. Ushakov K. Z., Burchakov A. S., Medvedev I. 1. [Mining aerology]. Moscow, Nedra Publ.,
1978. 440 c.



134 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 8. 2018 ISSN 0536-1028

15. Ushakov K. Z., Burchakov A. S., Puchkov L. A., Medvedev 1. 1. [Mining enterprises aerology].

Moscow, Nedra Publ., 1987. 421 p.
16. [Reference Book “Mining Ventilation”. Edited by Ushakov K. Z.]. Moscow, Nedra Publ.,1988. 440 p.

Information about authors:

Kozyrev Sergei Aleksandrovich — Doctor of Engineering Science, senior researcher, Head of the
Laboratory of Mining Institute KSC RAS. E-mail: skozirev@goi.kolasc.net.ru

Amosov Pavel Vasil'evich — Candidate of Engineering Science, senior researcher, leading researcher
of Mining Institute KSC RAS. E-mail: vosoma@goi.kolasc.net.ru



BbICLLEE TOPHOE OBPA30BAHUE

VIIK 378:504.06 DOI: 10.21440/0536-1028-2018-8-135-143

OLIEHKA OCBOEHWA 3KONOIMYECKNX KOMNETEHLMNA
BbIMYCKHUKAMWU TOPHOIO BY3A

MOYANOBA J1. A1, KOX U. A
1'YpanbCkuin rocyaapCTBEHHbINA TOPHBIA YHUBEPCUTET
(Poccus, r. Exkatepunbypr, yn. Kyinbbiwesa, 30)

Lenvto pabomul sigunacy oyenka HAIUNUSA U 80CMPEOOBAHHOCU IKONOLUYECKUX KOMNEMEHYUIl ) 8bl-
NYCKHUKO8 20pHO20 8V3d.

O6vexkmom uccie0o8anus GoiCmMynuld KON02UHECKAs KOMNEMeHMHOCMb CHYOeHMO8-8bINYCKHUKO8
bakanaspuama u cneyuarumema PI'EOY BO «Ypanvckuil eocyoapcmeennblii 20pHblil yHUGEPCUMEn»
(@I'HOY BO YITYVY).

Memoouka nposedenus uccnedosanus. Oyenra 6viia 0CYujeCmeieHa nymem aAHKemupo8aHus CmyoeH-
M08 NOCNIeOHe20 KypCa IKOLOSUHECKUX, YMAHUMAPHBIX U MEeXHUYeCKUX CReyuaibHOCmell U Hanpaeie-
HULl n0020Mo8KuU bakanaspuama. B ankemax cmyoeHmam 6vi10 NPEOIOHCEHO BbICKA3AMb C80€ MHEHUE
0 HeobxooumMocmu oceoeHus 12 snemenmos 3Ko102U1eCcKoll KOMNEMEHMHOCIMU 8 PAMKAX KOZHUMUBHOZ0,
0esimenbHOCMHO-N08E0EeHYECKO20, MOMUBAYUOHHO-YEHHOCTHO20, IMOYUOHATLHO-801€6020 U peqhiieK-
CUBHO20 ee KOMNOHEHMO8.

Pesynomamet uccredosanusn. Cpasnenue MHEHUI GbINYCKHUKOS 8Y3d U PYKOGOOUMmenel npeonpusmuil
0 HeoOX00UMOCIU HATUYUSL MeX UTU UHBIX TeMEHMO08 IKON02UYECKOU KOMNEMEeHMHOCMU ) paOOMHUKO8
opeaHusayull NOKA3aio0, Ymo y pykosooumenei npeonpusmuil Oonee gvlcokue mpebo8anus npakmuye-
CKU 1O 6CeM dNeMeHMAM IKON02UYEeCKOl KOMNEMEeHMHOCMU, YeM Y 8bINYCKHUKOG 20pHO20 8V3d.
Bub1600b1. Heo6x00umo nosviuierue 3K0102U4eCcKoll COHAMEIbHOCIU 00YYaAIOWUXCs 68 8Y3e CMYOEeHMos
nymem co30aHusl COOMEEMcmayIouux 0opazo8amenbHo-nedaco2uieckux YCiosui.

Knrouesvie crosa: okpyscarowas cpeoa; sKoi02uueckoe oopasosanue; dKoN02UYECKue KOMNemeHyuu,
baxanaspuam, cneyuaiumem, 20publil 83, gedepaivhvle 20CY0aPCMEEHHbIE 00PA306aMelbHbIe CIAH-
dapmul; pyKo8oOumenu npeonpusmuil.

BBenenue. HeOnaronpusitHas sxojornyeckas 00OCTaHOBKa BO MHOTHX ropojax Poc-
CHH, a TaKke HEOOXOIMMOCTh oOecnedeHus JOJHKHOTO KauecTBa OKPYXKaloed cpeabl
JUIS JKU3HU HACEJIeHHs U 3KOJOIMYECKH YCTOHYMBOTO pa3BUTHSA SKOHOMHUKH IPHUBENU
K OCO3HAHHIO BRKHOCTH HKOJIOTHYECKOTO 00pa30BaHMsl, KOTOPOE MPENCTaBISET COOO0M
nporecc o0y4eHUsI W HAKOTUICHHS OMBITa, HAIPaBIEHHBIN Ha (JOPMUPOBAHUE IIEHHOCT-
HBIX OpPUEHTALMKA, HOPM HOBEACHUS U MOJIyYEHUE CIELUAIbHbIX 3HAHUM, YMEHUN U Ha-
BBIKOB IO OXpaHE OKPY>KAIOIIEH cpebl U palliOHAIbHOMY MPUPOAOIONb30BaHuIO [1].

B cootBercTBun ¢ ®enepanbHbiM 3akoHOM PO «O6 oxpaHe OKpysKaromiel cpenbh»
2002 r. 3K0JIOTHYECKOE 00pa30BaHUE UMEET CTATYC MPUOPUTETHOTO HAMIPABIICHUS B JIC-
SATETLHOCTH 00pa30BaTENbHBIX YUpEeKIeHUN Poccun u OCyIecTBISIETCS HA BCeX Nei-
ctByrommx B Poccun ¢ 1 centsaops 2013 1. ypoBHSAX 0oOpa3oBaHUs, BOKHEHIINMH W3
KOTOPBIX SIBIITIOTCS OakallaBpHar M crienuaiuTeT. B coorBercTBum ¢ bonoHckuM co-
[JAIIEHUEM B Ka4€CTBE MPUOPUTETHOTO PACCMATPUBAETCSI KOMIIETEHTHOCTHBIN MOJ-
X0, LEJIbI0 KOTOPOTO SIBISICTCA MOATOTOBKA KOMIETEHTHOTO, CBOOOTHO BIIA/ICIONIETO
CBOCH mpodeccueit 1 OPUSHTHUPOBAHHOTO B CMEXKHBIX OOJIACTIX JEATSIILHOCTH, TOTO-
BOTO K TIOCTOSSHHOMY TpodecCHOHATRHOMY pocTy OakanmaBpa (cmeruanucra) [2].
Pesynpratamu oOy4eHHs BBIITYCKHUKOB BY30B 110 PA3IMYHBIM 00pa30BaTebHBIM IIPO-
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rpaMmaM  BbICIIEr0  0o0pa3oBaHHMsA  BBICTYMalOT HAOOpBl  OOLIEKYIBTYPHBIX,
o0menpodeccnoHaNbHBIX ¥ MPO(hecCHOHATBHBIX KOMIETEHIINH, Cpeld KOTOPBIX TpH-
CYTCTBYIOT IKOJIOTUYECKHE KOMIIETEHIINH, MO3BOJISIONINE OPUEHTHPOBATHCS B IKOJIO-
THUYECKOI 00CTaHOBKE, IPEABUIETh 1 MUHUMU3HUPOBATh 3KOJIOIHIECKHE PUCKH.

Dkonoeuyeckas KomnemeHyus — 3T0 UHAUBUyaIbHas XapaKTEPUCTHKA CTETIEHH CO-
OTBETCTBHUS O0YYalOIIErocsi yCTaHOBJICHHBIM YPOBHSIM 3KOJIOTMYECKHUX 3HAHUH, yMe-
HU, HAaBBIKOB, HANpPAaBICHHBIX Ha (OPMUPOBAHUE JKOJOTMYECKOrO co3HaHus [3].
C TouKM 3peHHs OOJBIIMHCTBA UCCIeAoBaTeNeH [3—7], SKOJOrMueCKre KOMICTCHIIMU
00yJaroIerocst IMEIOT CIIEAYIOINN KOMITOHEHTHBIA COCTaB: KOTHUTHUBHEIHN (BIIaJIcHUE
HEOOXOMUMOH CHCTEMOM HKOJOTHYCCKHUX 3HAHHM), NEeATeIbHOCTHO-TTOBEICHUECKUI
(OTIBIT UCTIONB30BAHMS SKOJIOTMIECKOW KOMIETEHIIMN B Pa3HOOOPA3HBIX CTaHAAPTHBIX
Y HECTaHJAPTHBIX CUTYalMsX), MOTUBALIMOHHO-IEHHOCTHHINA (TOTOBHOCTH K JI€MOH-
CTpalK HaJTMYMS SKOJIOTUIECKUX KOMIIETEHIIHIT), SMOLOHATBEHO-BOJICBOW U pedIiex-
CHBHBII (CIIOCOOHOCTH YeIOBEeKa K OI[EHKEe COOCTBEHHOTO OTHOIICHHS K OKpY Karolie-
MY OPUPOIHOMY MHPY, CTPEMIIEHHE U TOTOBHOCTh K CAMOOOPa30BaHMUIO).

OO6nananue BBITYCKHUKAaMHU BBICIIETO y4eOHOTrO 3aBeeHUSI HeOOXOIUMBIMH HKO-
JIOTUYECKUMH KOMIIETEHLUSIMHU TOBOPHUT O BBHIIIOJHEHUH BaXKHOH (QyHKIIMM 00pa3oBa-
HUS, 3aKTI0YAIOIIEHCS B TOATOTOBKE MPaKTHKO-OPHEHTUPOBAHHBIX PYKOBOAUTENCH U
crienuaucToB [8]. DTO 0OYEHb BaXKHO JJISI paOOTH HA MOTCHIIHAIHHO YKOJIOTHYECKHU
OITACHBIX TPOMBIIIJICHHBIX NPEANPUATHSIX. K TaKUM OTHOCSITCSI TOPHBIE TPEATPHSI-
THUS1, KOTOPbIE OKa3bIBAIOT 3HAYUTEIBHOE HETATUBHOE BO3JACICTBUE HA OKPYKAIOILY IO
cpeny [9, 10]. B cBs3u ¢ atum ocoboii 3amaueit ®I'BOY BO «VYpansckuit rocymap-
cTBeHHBIN ropHbIid yaHuBepcute™ (PI'BOY BO VITYVY) sBnsieTcs ocyiecTBICHUE KO-
JIOTHYECKOH MOATOTOBKHU OYIyIIMX YIPaBIEHUYECKUX KaAPOB TOPHBIX MPEATPHATHH.

Heano paGoTsl SBUIACH OIICHKA HAMYUS U BOCTPEOOBAHHOCTH DKOJIOTUYECKUX
KOMIIETEHIIMH Y BBIIIYCKHUKOB TOPHOTO By3a.

O0beKTOM HCC/IeJ0BAHMA BHICTYIIMIA KOJIOTHYECKAsi KOMIICTEHTHOCTh CTYICH-
TOB-BBIITYCKHUKOB OakanaBpuara u cneunanntera ®I'bOY BO «Ypanbckuii rocynap-
CTBEHHBIN ropHblid yHuBepcute™ (PI'BOY BO YITYVY).

Metoauka npoBenenusi uccjaenoBanus. Ha mepBom srame uccienoBaHUs ObLT
MpOBEeIeH aHaiu3 (peepanbHBIX TOCYJApCTBEHHBIX O0OPa30BaTENbHBIX CTaHIAPTOB
BeIcIIeTo oOpazoBanust ®PI'OC BO 3+ no peanuszyemsiM B PI'bOY BO VITVY skomnoru-
YECKUM, TYMAaHUTApHbIM M TEXHHYECKUM 00pa30BaTelIbHBIM NPOrpaMMaM BBICLIETO
00pa3oBaHusl, KOTOPBIH MOKa3al cieayroiee. EctecTBeHHO, 4TO B (eniepaibHOM CTaH-
JapTe 0 SKOJIOTUYEeCKUM HalpaBICHUSIM MOATOTOBKH MPAaKTHUECKHU Bee odmenpodec-
CHOHAIIbHBIE U PO eccHoHaIbHBIE KOMIIETEHIMH SIBISTIOTCS SKoJIornaeckumMu. Cpenu
KOMITeTeHIINH, yka3zaHHBIX B0 ®I'OC BO mo rymMaHUTapHBIM HAIPABICHUSIM ITIOATOTOB-
KU, 9KOJIOTHYECKAsi KOMIETEHIUS KaK CaMOCTOsATeNIbHAst OTCYTCTBYeT. OfHAKO cleqyeT
3aMETHTh, YTO OINpPEICNICHHBIH YPOBEHb HKOJIOTHUECKOH KOMIIETEHTHOCTH JOJDKEH
OBITH Y TYMaHUTapUeB — OyAyIIMX MEHEIXEPOB U SKOHOMHCTOB, O0S3aHHBIX IIPH BbI-
TIOJTHEHUH CBOMX (DYHKIHI B MJIaHE MPUHATHUS YIPABICHUSCKUX PEIICHHH X DKOHO-
MHYECKOr0 00OCHOBAHHUSI YUHTBIBATh DKOJOTHUECKUE acmleKThl. [loaTomy Oynem cuu-
TaTh, YTO HKOJIOTHUECKAs] KOMIIETEHIIMSA KOCBEHHO YYTEHA IyTE€M BKIIOYECHHUS B DAL
OOIIEKYIBTYPHBIX, OOIIENPO(PECCHOHANBHBIX U MPO()ECCHOHAIBHBIX KOMIIETCHIUH.
Hanpumep, Bo ®I'OC BO no nampasnenuto noarotoBku 38.03.01 «DkoHOMHKa»
(ypoBeHb OaxanaBpuara) mpeacTasieHa oduienpodeccronaibHas komnereHus «Crnoco6-
HOCTh HaXOJWUTh OPTaHU3AIMOHHO-YNPABICHYECKUE PEIICHHsI B MPOQpeCCHOHATBHOMI
JIESATETHFHOCTH U TOTOBHOCTH HECTH 3a HUX 0TBeTCTBEHHOCTH (OITK-4)», Bo ®I'OC BO
no HampasieHuto moarotoBku 38.03.02 «MeHemxkMeHT» (YpOBEeHb OakantaBpuara) —
obmenpodeccuonanbHas koMneTeHuss «CrnocoOHOCTh HAXOAUTh OPraHU3ALMOHHO-
YIPaBICHYECKHE PEIICHNUs U TOTOBHOCTh HECTU 33 HUX OTBETCTBEHHOCTH C MO3MLIMN
COLIMAJIbHOMN 3HAYUMOCTH NprHUMaeMbIx pemeHuit (OITK-2)».
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OueHb BaX€H BBICOKUH YpPOBEHb KOJOTHMYECKOM KOMIIETEHTHOCTH BBIITYCKHHUKA
TH000T0 TEXHUYECKOTO HAIPABJICHUS MMOJATOTOBKHU (CIEIHaIbHOCTH). DTO OOBSICHSIETCS
TEM, 4TO B YCJIOBHSX MACIITAOHBIX MIPOEKTOB OT HHXKEHEpa TPeOyeTCs PelIeHne CI0XK-
HBIX TEXHHYECKUX 3a/1ad, pa3paboTka CUCTeM, KOMIIOHEHTOB MIIA TIPOIIECCOB, KOTOPHIE
YIOBIETBOPSIIOT 33JaHHBIM TPEOOBAHUAM TPOU3BOJICTBA M YUUTHIBAIOT COIMAIBLHBIC U
sKoJoruyeckue acnekTsl [6]. B cBs3u ¢ atum Bo ®T'OC BO no TexHU4YECKUM Harpas-
JICHUSIM TIOATOTOBKH (CHENUATBHOCTSIM) SKOJIOTHYECKHE KOMIIETEHIINU TPe/ICTaBICHbBI
B OonbioM kKonuyecTBe. Hanpumep, mo ocHoBHOI peanuzyemoit B ®I'BOY BO YITY
cnermansHocTH 21.05.04 «l'opHOE N1€710» MPHUCYTCTBYIOT CIERyIOIINEe OOIIEKYIbTYp-
uele (OK) u mpodeccuonanbubie (ITK) komneTeHIHM (110 BUAAM AESITSITLHOCTH):

— TOTOBHOCTH JISHCTBOBaTh B HECTAHJAPTHBIX CHUTYAIUSIX, HECTH COIHAIBHYIO U
3TUYECKYIO OTBETCTBEHHOCTD 3a npuHATHIE pemeHus (OK-6);

— TOTOBHOCTH JI€MOHCTPHPOBATh HABBIKA Pa3pabOTKH IUIAHOB MEPONPHUATHH MO
CHIDKEHUIO TEXHOTEHHOIN Harpy3KH MPOU3BOJCTBA HA OKPYKAIOILIYIO Cpely MPH JKC-
TUTyaTallMOHHON pa3BezKe, H0ObIde U mepepaboTKe TBEPABIX MOJIE3HBIX MCKOMAeMBbIX,
a TaKKe TPU CTPOUTENBCTBE M AKCILTyaTaIiu moa3eMHbIX 00bexToB (I1K-5, mponsBon-
CTBEHHO-TEXHOJIOTHYECKAs! NESITEIBHOCTD);

— BJIaJICHHE 3aKOHOJATEIbHBIMU OCHOBAaMH HEAPOIOIb30BAHHS M 00CCTICUEHHSI IKO-
JIOTUYECKOW M MPOMBIIUICHHOW 0e30MacHOCTH padoT mpH J00bIue, epepadoTKe IMo-
JIE3HBIX HCKOMAEMbIX, CTPOMTENBCTBE M DKCIUTyaTallid ITOJ3EMHBIX COOpPYKSHUH
(ITIK-10, opranu3anmoHHO-yIIpaBIeHYEeCKasl e TENbHOCTD);

— TOTOBHOCTh JIEMOHCTPHUPOBATh HABHIKM Pa3pabOTKHA CHUCTEM IO 00ECIIEYeHHUI0
9KOJIOTHYECKON M MPOMBILIICHHOH O€30MacHOCTH NP MPOU3BOJACTBE paboT Mo JKC-
TUTyaTallMOHHOW pa3BesiKe, JOObIUe U TiepepaboTKe TBEPbIX MOJIE3HBIX HCKOMAEMBIX,
CTPOUTENBCTBY M JKCIUTyaTaluu noa3eMHbIX 00bekToB (IIK-21, mpoekTHas nesTenb-
HOCTB).

Kpome Toro, A KOHKPETHBIX CHEeIHaIN3aIiii BBIEICHBI CleayIome mpodeccn-
OHAJIbHO-CHENMATN3UPOBAaHHbIE KOMIIETCHIINH:

— BIIaJIeHHE METOJAaMHU CHM)KEHHSI HAarpy3KU Ha OKPY’KaIOIIyI0 CPEey ¥ MOBBIILICHHUS
9KOJIOTUYECKON OE30MacHOCTH TOPHOTO MTPOM3BOACTBA P MOA3EMHOM pa3paboTKe Me-
CTOPOXK/ICHUH TUIACTOBBIX/PYOHBIX mone3HbIX HckomaeMbix ([ICK-1.6, pa3pabotka
m1acToBEIX MecTopoxaeanii / [ICK-2.6, pa3paboTka pyaHBIX MECTOPOXKIACHHH );

— CIOCOOHOCTH MPOEKTUPOBATh MpUpomooxpaHHyto nestenbHocTh (IICK-3.5, o1-
KPBITBIE TOPHBIE Pa0OTHI);

— TOTOBHOCTh OCYIIECTBIATH IJIAHUPOBAHWE TOPHBIX pabOT M MapKIIeHaepCKuid
KOHTPOJIb COCTOSTHHS TOPHBIX BBIPAOOTOK, 37[aHUH, COOPY>KEHHH U 3eMHOH TIOBEPXHO-
CTH Ha BCEX JTalax OCBOCHHWS M OXpaHBl HEApP ¢ O0EeCIeYeHHEeM MPOMBINIICHHON U
sxonormdeckoit 6ezonmacHocTH (IICK-4.2, Mapkrreimepckoe aeo);

— CIMOCOOHOCTH pa3padarhIBaTh TEXHOJIOTHYECKUE CXEMBbl W KaJleHAApHBIN TUTaH
CTPOMTENILCTBA, BBIOMPATh CIIOCOOBI, TEXHUKY M TEXHOJIOTHIO TOPHO-CTPOHUTENBHBIX
paboT, OpHeHTHPYSICh Ha MHHOBALIMOHHBIE pa3padOTKH, 00eCHeYnBaTh TEXHOIOTHYE-
CKYIO M JKOJOTHYECKYI0 0e30MacHOCTh >KU3HEAESATEIbHOCTH, COCTABISATh HEOOXOAH-
Myto U puHaHCOBYIO mokyMmeHTanuio (IICK-5.3, maxTHoe cTpOUTENHCTBO);

— CHOCOOHOCThH BBIOMPATh M PACCUMTHIBATH OCHOBHEIE TEXHOJIOTHYECKUE Tapame-
TpBI 3PEKTUBHOTO U FKOJIOTUUECKU 0e30MIaCHOTO MPOU3BOACTBA padoT 1o nepepadot-
Ke U 000TallleHHI0O MHHEPAJIbHOTO CHIPhSl HA OCHOBE 3HAHWI MPUHIUIIOB TPOSKTHPOBA-
HUSI TEXHOJIOTHYECKUX CXeM 000TaTUTENIHLHOTO MPOU3BOJCTBA U BEIOOpA OCHOBHOTO M
BcriomoratenbHoro odopynosanws (IICK-6.3, oboramieHue Moae3HbIX HCKOTIAEMBIX );

— TOTOBHOCTBH OCYIIECTBIISATh KOMITJICKC OPTaHM3AIIMOHHBIX U TEXHUYECKHX MEpO-
MPHUATHHN 10 00ecIieueHn 0 0e30IacHO IKCILTyaTallii TOPHBIX MAlluH U 000pya0Ba-
HUS ¥ CHIDKCHHIO MX TEXHOTCHHOH Harpy3ku Ha okpyxatomryto cpeny (IICK-9.4, rop-
HBIC MAIIIMHBI U 00OPYIOBAHHKE).
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Ta0auna 1. Pe3yabTaThl OeHKH PYKOBOAMTEISAMH H CIIEHHAIHCTAMY NPEANPUATHI B 0a/1ax
HCOGXO).II/IMOFO YpPoOBHs 3KO0JOru4eCcKOil KOMIETEeHTHOCTH paﬁonmlcon npeanpusaTus
Table 1. Theresults of the estimation by the heads and the specialists of enterprisesin grades
of therequired level of ecological competence among the workers of an enterprise

AO Cpen- OAO

OAO AO PH- AO Pyc- | Heypanb- | VYpaib- Cpennuit
DJIEMEHT HKOJIOTHYECKOMH BHCOK({: Herams- cKast cKuit cKoe TTAO Bank| 6amn no
KOMIIETEHTHOCTH ropekuit | (reras MeJHas | MeTaJulyp- | Kapbepo- BTB Hpenpus-
TOK KOMIIAHUS | THUECKUH | yIpaBie- THSAM
3aBoJ HHUE
1) 00si3aH 3HATH BaXK- 4 4 4 3 4 5 4,0
Hele npooaeMsl B3a-
AMOJCUCTBHS TPUPOIBI
¥ 4eJI0BEYeCcKOoro ooiie-
CTBa
2) MOJKEH ONEePHPOBATH 5 4 5 3 4 2 3,8
OCHOBHBIMH 3KOJIOTHYE-
CKHAMH MOHATHSIMH H
TepMUHAMU
3) moyKeH BaaeTh 3Ha- 5 5 5 4 3 4 4,3
HUSIMH HOPMATHUBHO-
MIPaBOBBIX OCHOB IPHPO-
JIOTIOJIb30BaHUS
4) 00s13aH 3HATh BO3- 4 4 5 3 4 4 4.0
MOYKHBIE ITyTH PELICHUS
IKOJIOTUYECKUX TIPO-
osem
5) MOJKEH CIeI0BaTh 4 3 4 3 3 5 3,7
9THYECKUM HOpPMaM B
OTHOIICHUY MTPHUPOJIBI
6) coOIr0IacT HOPMBI 3 3 3 2 3 4 3,0
3I0POBOTO 00pa3a Ku3-
HHU
7) yMeeT eiiCTBOBATh B 4 4 5 3 4 4 4,0

Pa3IMYHBIX SKOJIOTHYC-
CKHUX CUTyalusax

8) crocoben obecreyn- 4 4 5 4 4 4 4,2
BaTh COOMIOEHHE KO-
JIOTHYECKHUX TPeOOBaHUI

9) roTOB MOBBILIATH 4 5 5 5 4 5 4,7
CBOIO TPAaMOTHOCTH B
BOTIPOCaX 3KOJOTHH

10) mMeeT HEHHOCTHYIO 5 4 5 3 4 5 4,2
OPHEHTALIMIO Ha COXpa-
HEHUE TIPHPOJIBI

11) ymeeT mpor1o3upo- 5 4 5 4 4 4 4,3
BaTh SKOJIOTHYECKHE
MOCJIEACTBUS CBOCH

npodecCHOHATBHOM
JIESITETBHOCTH

12) TOTOB HECTH OTBET- 5 5 5 4 4 4 4,5
CTBEHHOCTb 32 ITOCIIeI-
CTBHUSI CBOMX PEIICHUN B
00J1aCTH HKOIOTHIECKON
6e30macHOCTH
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B npoexte ®T'OC BO 3++ no cneunansHoctu 21.05.04 «I'opHOE neno», KoTopsli
JOJDKeH OBbITh yTBepkIeH U peanusosad ¢ 01.01.2019 r., npencrasnensl cieayromuye
3KOJIOTHYECKHE KOMIETEHIINN:

— BJIaJICHHE 3aKOHOJATEIbHBIMU OCHOBAaMH HEAPOIOIb30BAHHUS M 00ECTICUEHHSI IKO-
JIOTHYECKOH M MPOMBIIIJICHHOW 0€30IacHOCTH MPH MOUCKaX, pa3Belke u pa3paboTke
MECTOPOXKIECHUI TBEPJBIX MOJIE3HBIX HUCKONAEMBIX, CTPOUTEILCTBE M SKCIUTyaTallluu
noa3eMHbIX 00bekToB (OI1K-2);

— TOTOBHOCTB IEMOHCTPUPOBATH HaBBIKH Pa3pabOTKH U peann3aliy IaHOB MEpPO-
MPUATHN IO CHUYKEHUIO TEXHOTEHHOM Harpy3KH NMPOH3BOACTBA Ha OKPYKAIOIIYIO Cpe-
Iy TIpY DKCILUTyaTallHOHHOM pa3Benke, 100bIYe U nepepaboTKe TBEPABIX MOJIE3HBIX HC-
KOTMIaeMbIX, a TaKXe MPH CTPOUTENBCTBE M JKCIUTyaTalllW MOA3EMHBIX OOBEKTOB
(OIIK-10);

— TOTOBHOCTH JIEMOHCTPHPOBATh HABBIKH Pa3pabOTKH CHUCTEM IO OOECIEYEHHIO
9KOJIOTMYECKOH M MPOMBIIUIEHHOH 0€30MacHOCTH MpH MPOHM3BOACTBE paboT MO 3KC-
TUTyaTallMOHHOW pa3Besike, JOObIUe U TepepaboTKe TBEPIBIX MOJIE3HBIX HCKOMAEMBIX,
CTPOUTENILCTBY U IKCILTyaTanuu non3eMHbix 00bektoB (OI1K-16).

Ha BropoMm aTtame uccienoBaHusl COTPYAHUKaMHu KadeApbl SKOHOMUKH U MEHe.-
JKMeHTa U conuonornueckoit maboparopun ®I'BOY BO VITY Obutu oCyIiecTBICHBI
JUAarHOCTHKA HANIWYMA W OLEHKa BOCTPEOOBAHHOCTH JKOJOTMUYECKUX KOMIIETCHIIUN
y BBIITYCKHHUKOB OaKajaBpuara u CrieiajuTeTa JaHHOTO By3a C IOMOLIBIO HX aHKETHOTO
ompoca (Mapt 2018 r.). Beun ONpoIIEHBI CTYAEHTHI OCIEIHUX KypCOB OYHOTO 00yUe-
Hus (OakanaBpuaTa — 4 Kypca, CIelHalIuTeTa — 5 Kypca) SKOJIOTHUECKUX HallpaBIeHUH
noaroroBku: 20.03.01 «Texnochepuas 6e3omacuocts» (Th), 20.03.02 «IIpupomgooly-
CTpOMCTBO M Bojomosib3oBanue» (IIB), rymaHuTapHbIX HampaBieHHH MOJATOTOBKU:
38.03.01 «Oxonomukay (), 38.03.02 «MenemxmenT» (M), a TaK)Ke TEXHUIESCKHUX CIIe-
[IUAJBHOCTEH U HalpaBJCHHUN MOATOTOBKY Oakanaspuara: 29.03.04 «TexHonorus xy-
JIo’KeCTBeHHOM 00paboTku marepuano» (TXO), 21.05.02 «IIpuknamHas reojaorus»
(IIT"), 21.05.04 «T'oproe aeno» (I1). B ankerax cTyaeHTam ObUIO MPEASIOKEHO BBICKA-
3aTh CBO€ MHEHHE O HEOOXOIMMOCTH TE€X WIIM HHBIX JIEMEHTOB SKOJIOTUYECKON KOMITe-
TEHTHOCTHU Y Pa0OTHHUKOB MPEATIPUATHI U OLEHUTH CBOIO KOJIOTHYECKYIO KOMITETEHT-
HOCTh. BaKHOCTB KaX/10T0 371€MEHTA 3KOJIOTHYECKON KOMIIETEHTHOCTHU OTIpeNesiiach
o 6-6apHO mKane: 0 — MOJTHOE OTCYTCTBUE, | — HU3KUIN YPOBEHB, 2 — HUXKE CPEe/I-
Hero, 3 — cpeiHui YpoBeHb, 4 — BBICOKUN YPOBEHb, 5 — YCTONYHBO BBICOKHI YPOBEHB.

Bcero 0b110 npemioskeHo 12 3eMeHTOB 3KOJI0rHIECKO KOMIIETEHTHOCTH, OTpaXka-
IOIIUX KOTHUTHBHBINA (1—4), nesTenbHOCTHO-TIOBeIeHYeCKHid (5—8), MOTHBAIIMOHHO-
HEHHOCTHBIH (9—10), SMOIIMOHATBEHO-BOJIEBOW U peduieKcuBHBIN (11—12) KOMIOHEHTHI:

1) 3HaeT BaxkHelue mpoOIeMbl B3aMMOJEHCTBUS MPUPOIBI M YEJIOBEUECKOTO 00-
IIECTBA;

2) onepupyeT OCHOBHBIMU IKOJIOTHYECKUMHU IMMOHATHAMU U TEPMUHAMU;

3) BajeeT 3HaHUSAMHU HOPMaTHUBHO-IIPABOBBIX OCHOB NMPHPOJIOTIOIb30BAHUS;

4) 3HAeT BO3MOXKHBIE ITyTH PELICHHSI SKOJIOTHIECKUX MpodIiem;

5) cneayeT 3TUYECKUM HOpMaM B OTHOIIEHUH TPUPOJIBI;

6) cobronaeT HOPMBI 3I0POBOTO 00pa3a KU3HU;

7) yMeeT JIefiCTBOBaTh B Pa3IMYHBIX SKOJOTHUECKUX CUTYallHsX;

8) crmocobeH obecneunBaTh COONIONEHIE IKOIOTHUECKUX TPeOOBaHUH;

9) roTOB MOBHIIIATH CBOIO TPAMOTHOCTH B BOTIPOCAX IKOJIOTHH;

10) nMeeT IeHHOCTHYIO OPHUEHTAIINIO HAa COXpaHEHHE TIPHUPOABI;

11) ymeeT mporHO3UPOBATh IKOJOTHYECKHE MOCIEACTBUSI CBOCH MpodeccrHoHalb-
HOM JeSITEeIbHOCTH,

12) ToTOB HECTH OTBETCTBEHHOCTS 32 MOCIE/ICTBHS CBOMX PEIICHHH B 001aCTH KO-
JIOTHYECKOM 6e301MacHOCTH.



140 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 8. 2018 ISSN 0536-1028

Pesynbrarel ucciieoBaHUs MOKa3ald, YTO BHE 3aBUCHMOCTH OT TPYII CIICIUATb-
HOCTEH M HanpaBJICHUH TIOATOTOBKH (IKOJOTHMUYECKUE, TYMAHUTAPHBIC M TEXHHUYCCKHUE)
B CPEIHEM BBIIIYCKHUKH By3a CUMTAIOT, YTO PAOOTHUKU MPEAIIPHUATHI 110 KaXKIOMY 3J1e-
MEHTY JKOJIOTHYECKOM KOMIIETEHTHOCTH JIOJKHBI UMETh CPETHHN UITH BHICOKUH YPOBEHb
(tabm. 1). Camsiii Beicokuid cpeqauid O6amn (4,4) MpOXeMOHCTPUPOBAT AIIeMeHT «12),

Tabuuna 2. CpaBHeHUEe MHEHHUI BBIYCKHUKOB By3a H PyKOBoAuUTe/1eii NpeanpusTuii o0 Heo0Xo1u-
MOCTH BBIPA:KEHHOCTH TeX HJIM HHBIX 3JIEMEHTOB JKOJOTrH4eCKOil KOMIIETEHTHOCTH Y Pa0OTHHKOB
OpraHM3auuii
Table 2. College graduates’ and heads’ of enter prises opinions comparison on the need for any
given elements of a worker’s ecological competence

Cpennuii 6a1 o
CaMOOIICHKE
BBIITYCKHHUKOB By3a

DneMeHT dKosoruueckoit komrme- |Cpexauit 6aiut o orenke|CpexHuil 6at mo oreHke
TEHTHOCTH TP IPUSITHI BBIIYCKHHUKOB BY3a

1) 00s13aH 3HATH BaKHEHIIIHE 4,0 3,9 3,2
poOJIEMbI B3aUMOJIECHCTBHS
MIPUPOJIbI U YETIOBEYECKOTO
obmiecTBa

2) DOIKEH ONeprpoOBaTh OC- 3,8 3,4 2,8
HOBHBIMH 3KOJIOTHYECKUMU
MOHSATHSMHU ¥ TEPMHUHAMH

3) moJKeH BIaNeTh 3HAHUSAME 4,3 3,8 2,9
HOPMaTHBHO-IIPABOBBIX OCHOB

[IPUPO/IOTIOIb30BAHHUS

4) 00s13aH 3HATh BO3MOXKHBIC 4,0 3,9 3,1

My TH PEIIeHHs DKOJIOTHYIe-
CKHX IpoliieM

5) AOJKEH cleoBaTh dTUYE- 3,7 4,1 34
CKAM HOpMaM B OTHOIIICHHU
MIPUPOIBI

6) cobmroaeT HOPMBI 370pO- 3,0 3,4 3,3
BOTO 00pa3a KU3HU

7) yMeeT eiicTBOBaTh B pas- 4,0 3,8 3,0
JIMYHBIX 9KOJIOTHIECKHX CUTY-
anusIx

8) crocobeH obecrneynBaTh 4,2 4,1 3,2
COOJIIOJICHUE DKOJIOTHYCCKUAX
TpeOOBaHMIA

9) rOTOB IMOBHIMIATH CBOIO 4,7 4,0 3,5
rpaMOTHOCTH B BOIIPOCAX
9KOJIOTUH

10) uMeeT HEHHOCTHYIO OpH- 4,2 4,1 3,5
CHTAIIMIO HA COXPAHCHUE TPH-
pozbt

11) ymeeT mporHo3upoBarb 4,3 4,1 3,2
9KOJIOTUYECKHE MTOCIEICTBUS
cBoel MpohecCHOHANEHON
JIeATENbHOCTH

12) rOTOB HECTH OTBETCTBEH- 4,5 4.4 3,5
HOCTb 32 MOCJICACTBHUS CBOUX
peieHnit B 001aCTH YKOJIOTU-
4ecKoi 6e30I1acHOCTH

KacalolIUiics TOTOBHOCTU HECTH OTBETCTBEHHOCTH 32 TOCIEICTBUS CBOMX PEIICHUH
B 00JIaCTH SKOJIOTHUECKON 0€30MacCHOCTH, KOTOPBI OTHOCUTCS K SMOIMOHAIEHO-BOJIE-
BOMY U Pe(ICKCUBHOMY KOMIOHEHTY». OIIeHKa COOCTBEHHOM IKOJIOTHUECKOM KOMIIE-
TEHTHOCTH IOKa3aja 0oJjiee CKPOMHBIC Pe3yJIbTaThl: B cpeJHeM 3 0ajuia Mo BCeM dJie-
MEHTaM DJKOJOTHYCCKOM KOoMITeTeHTHOCTH. CaMmblii BBICOKWIU cpemauit Oammn (3,5)
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MOJYYHIIN AIEMEHTHI: « 9) TOTOB MOBBIIIATH CBOIO TPAMOTHOCTB B BOIIPOCAX KOOI MH»
1 «10) uMero IEeHHOCTHYIO OPUEHTAIINIO Ha COXpaHEHHE PHUPOABD, KOTOPbIE OTHOCST-
Cs K MOTHBAIIMOHHO-IIEHHOCTHOMY KOMITOHEHTY, a Takke «12) roToB HECTH OTBET-
CTBEHHOCTH 3a IMOCIIEACTBHSA CBOMX PEIICHHH B 00JaCTH HKOJIOTHUYECKONW Oe30IacHo-
CTH», KOTOPBIA OTHOCUTCS K YMOITMOHATILHO-BOJIEBOMY M PE(PIEKCHBHOMY KOMIIOHEHTY
(Tabm. 1).

PykoBoauTeNM 1 CrIENUATKCTHI TPEANPUATHI 3aMHTEPECOBAHBI B TOM, YTOOBI BBI-
MYCKHUKHU TOPHOTO By3a — Oyayliue ynpaBieH4YecKkrne pabOTHUKY TOPHBIX Mpepusi-
TUH — 00Jafamy SKOJIOTHYECKUMH KOMIIETEHIIUSAMH. JTO TOKa3aJi0 aHKETHPOBAHHE,
PE3YIBTAThl KOTOPOTO MPECTaBIeHBI B Ta01. 2. CaMblif BRICOKHN CPEIHUNA OAJLT MOy~
YWIN CIIEAYIOUINE SIIEMEHTHI 3KOJIOTUIECKON KOMITETEHTHOCTH: «9) TOTOB ITOBBIIIATH
CBOIO TPAaMOTHOCTb B BOIIPOCAX SKOIOTUU» (4,7), KOTOPBI OTHOCHTCSI K MOTHBAI[OH-
HO-LIEHHOCTHOMY KOMITOHEHTY, a TakKe «12) rOTOB HECTH OTBETCTBEHHOCTD 32 MOCIIE/I-
CTBHS CBOMX PEIICHUH B 00JACTH SKOJIOTHYECKON Oe3omacHoCTH (4,5), KOTOPHIN OT-
HOCHTCS K SMOIIMOHAIFHO-BOJIEBOMY H Pe(IIEKCHBHOMY KOMITOHEHTY.

CpaBHeHHe MHEHUI BBHITTYCKHUKOB By3a U PyKOBOIUTENEH MPETPUATHI 0 HEOOXO-
JUMOM CTENIEHH BBIPaKEHHOCTH TEX WU WHBIX 2JIEMEHTOB KOJIOTMYECKON KOMIIETEHT-
HOCTH Y paOOTHUKOB OpraHM3aldii, IpeACTaBIeHHOE B Ta0MI. 2, MOKa3aJlo, 4To y PyKo-
BOJMTENEH MpenpusITuii Ooiee BBICOKME TPeOOBaHHMS NPAKTHUECKH [0 BCEM
3JIEMEHTaM HKOJIOTHYECKONH KOMITIETEHTHOCTH, Y€M Y BBIITYCKHHUKOB By3a. TpebGoBaHus
PYKOBOIUTENICH MPEANPUATHI HAXOIATCS B CPSTHEM HA YPOBHE 4 OIIIIOB, IEMOHCTPH-
PYIOIIMX BBICOKMHA YpOBEHb BaKHOCTU. CaMOOLIEHKA K€ BBIIYCKHUKOB By3a — UyTh
BhIIIE 3 0aioB, XapaKTePU3YIOIINX CPEIHUH YPOBEHb. DTO TOBOPHUT O HEOOXOOUMO-
CTH TIOBBIILICHHS YKOJIOTHYECKOH MOATOTOBKU 00YUaIOIINXCS B By3€ CTYICHTOB.

BoiBoabl. [lns oOecriedeHNs TOMKHOTO YPOBHS SKOJIOTHUECKOM KOMITETEHTHOCTH
CTY[IEHTOB By3a HEOOXOAWMBI COOTBETCTBYIOIIHE O0OpPa30BaTEIbHO-NIENAarOTHIECKUE
ycnoBus [11, 12], xoTopeie B To# mim uHOW Mepe obecreunBatorcs B @PI'BOY BO
YITY. Cpenu HUX MOXKHO BBLICTIUTH CIEAYIOLIUE: BBICOKUM YPOBEHB SKOJIOTHYECKOM
KYJBTYPbI IPO(eccopPCKO-MPENnoAaBaTeIbCKOro COCTaBa; IKOJIOTH3aLUI0 yUeOHBIX AUC-
LUIUIMH U MIPAKTHK; 9KOJIOTHYECKH OPUEHTHPOBAaHHBIE HAYYHO-HCCIIEI0BaTEIbCKUE Pa-
0OTBI CTYZIEHTOB MO/ PyKOBOACTBOM IIPEIOJaBaTENeH; BKIIOUEHHE SKOIOTHIECKUX pa3-
JIEJIOB B COCTAB BBIITYCKHBIX KBATH(PHKAIIMOHHBIX pabOT; MPOBEIeHNE IKOIOTHIECKIX
akuui (HanpuMmep, CyOOOTHUKOB); IPOBEIEHUE SKCKYPCHUH 110 MPENTIPHUITHSM C LIETHIO
03HAKOMJICHUSI C TIPUMEPaMHU OCYIIESCTBICHHs IPUPOJOOXPAHHBIX U pecypcocOepera-
IOLUX MEPOIIPUITUI.

Bricokuii ypoBEHb 3KOJIOTMYECKON KOMIIETEHTHOCTH BBIITYCKHHUKOB T'OPHOTO By3a
HEOOXONM C TOYKH 3PEHHS PEUICHUS UMH B OyIyIIeM TaKux MpoodiieM, Kak SKOJIOTHIe-
CKasi MOAepHH3aIHs HHPPACTPYKTYPHI U MepeoOOpyaOBaHUE TOPHBIX MPEANPHUITHIA,
MIPUMEHEHHUE YKOJIOTHYECKN O€30TaCHBIX TEXHOJIOTHI ¥ MPOMBIILICHHBIX POIIECCOB,
noBbIeHne 3Q(HEKTUBHOCTH UCTIONB30BaHUS PECYPCOB U T. 1.
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Research aim is to assess the presence and demand for ecological competences among mining graduate
students.

The subject of the research is ecological competence of the students of the bachelor degree course and
specialist’s degree of FSBEI of Higher Education “Ural State Mining University” (FSBEI HE UrSMU).
Research methodology. The assessment was carried out by means of questionnaire survey among the last
vear students of ecological, humanitarian, and engineering bachelor degree disciplines and training
programs. In the questionnaires the students were suggested to voice their opinion on the need to master
12 elements of ecological competence within its cognitive, activity and behavioral, motivational and value,
emotional and volitional, and reflexive components.

Research results. College graduates’ and heads’ of enterprises opinions comparison on the need for any
given elements of a workers ecological competence has shown that the heads of enterprises demand
higher requirements regarding all elements of ecological competence, than the graduate students.
Conclusion. It is required to increase ecological consciousness among the students by means of creating
corresponding educational and pedagogical conditions.

Key words: environment; ecological education; ecological competences; bachelor degree course;
specialist’s degree; mining institutions of higher education; federal state educational standards, heads
of enterprises.
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XYPHAI NYBJNIUKYET CTATbU B CNEAYIOLUUX PA3AENAX:

I'eoTrexHosorusi: moa3eMHasi, OTKpPbITAasi, CTPOUTEIbHAS
I'eomexanunka. Paspyuienne ropHbiX Nopos

du3uyeckue U XUMUYECKHUE NPOLECCH] TOPHOT0 NPOU3BOACTBA.
A3pora3zofuHaMuKa

I'opHonpomMbinieHHAs1 M HepTErazoBas reoJiorusi, reopu3nKa
Mapxkuieiigepckoe 1eJ10, reoe3us M KagacTp
I'eoundopmaruxa

OolorameHue mMoJie3HbIX HCKONMAEMBbIX

JKOHOMHKA H YNPAaBJeHNE TOPHBIM MPON3BOACTBOM
I'eodkoJ10rHs, paluOHAJIbHOE PUPOAONOIb30BAHNE

I'opuasi Mexanuka. ['opHble MAIIUHBI U TPAHCIIOPT
DyekTpUPUKAIUA M ABTOMATU3AIUS TOPHBIX NMPeANPUSITHI
Be3onacHocTh rOpHOro MPOM3BOACTBA

Bobiciiee ropnoe oopaszoBanue

HUcropus. Unpopmanus. Peuenzun
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