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Abstract
Introduction. Electrochemical treatment of mineral suspensions is used in electrochemical
conditioning of flotation pulp and electrochemical dissolution of minerals and metals in the
processes of gold-bearing products electrochemical chlorination.
Research objective is to develop and implement the procedures for determining the values of
the liquid phase resistance, contact resistance under contact polarization, and ion discharge
energy loss resistance under contactless polarization of the electrically conductive part.
Methods of research. Equivalent circuits of electrochemical processes have been built for
various electrochemical cells. Circuits for various polarizations of electrically conductive
particles are established. A formula is proposed for calculating the electrically conductive
particle resistance through the electrical resistivity of a unit of volume. A procedure has been
developed for calculating the liquid phase resistance through the resistance increment under
changing distance between the electrodes. The contact area and pressure influence on the
value of the contact resistance is studied through the contact of pyrite and chalcopyrite with
an iron electrode.
Results. When studying the electrical resistivity of the liquid phase, it was found that increased
distance between the current-carrying electrodes leads to an equivalent increase in the liquid
phase resistance. It has been established that increased pressure and contact area between the
contacting particles and the current-carrying electrode results in decreased contact resistance.
The contact resistance between the particle and the electrode in the electrolyte solution is
much less than the contact resistance under dry surfaces contact. This phenomenon
is explained by electrons tunneling through the electrolyte film. The obtained experimental
data on the determination of the liquid phase resistance, contact resistance and ion
discharge energy loss resistance make it possible to mathematically describe the processes of
electrochemical chlorination under a large number of particles in the pulp.
Conclusions and scope of results. Procedures have been developed and specific data have
been obtained on the liquid phase resistance, contact resistance, and ion discharge resistance.
They can be used for practical application when implementing electrochemical technologies
for mineral suspensions treatment.

Keywords: electrochemical treatment; mineral suspensions; contact polarization; contactless
polarization; electrically conductive particle; bipolar electrode; electrical resistivity of the
liquid phase; ion discharge energy loss resistance.

Introduction. Electrochemical treatment of mineral suspensions is becoming more
common in mineral processing and hydrometallurgy. Methods for the electrochemical
conditioning of flotation pulps, reagents, and industrial and reclaimed water [1] are
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developed as well as methods for the electrochemical dissolution of minerals and
metals [2—6].

Direct current acting upon on the mineral suspension, depending on the parameters,
is accompanied by the electrolysis processes with the release of gaseous oxygen, chlorine,
and hydrogen, the process of acid and alkali formation and electrically conductive
particles polarization, and the process of excitation of oxidizing anodic and reduction
cathodic electrochemical reactions on their surface [6, 7].

Electrochemical processes are characterized by the fact that the electric current flows
through the solid phase (current-carrying electrodes, conductive particles) in the form
of electrons, while through the liquid phase it flows in the form of ions. There are
resistances to the ion discharge on the surface of electrically conductive particles [4, 8].

In a constant electric field, cations and anions move towards each other. The speed
of anions and cations in an electric field depends on the medium viscosity and ions
concentration and mobility [5, 9].

Since the electric current flow in the liquid phase obeys Ohm’s law, an important
characteristic is the liquid phase electrical conductivity or its reciprocal, the resistance.
The liquid phase resistance is commonly determined at increased values of the current
frequency, in order to eliminate the effect, the electrochemical processes on the
current-carrying electrodes have on the electrical conductivity [3, 10]. It is obvious that
the electrical conductivity measured in this way will not correspond to the liquid phase
electrical conductivity when a direct current passes through it when the electric current
carriers (ions) come into motion due to the electric field strength gradient.

It is impossible to accurately determine the liquid phase resistance under the specific
conditions of the electrochemical process using the existing methods.

When determining the parameters of a direct current flow through a mineral
suspension, it is necessary to set the values of ion discharge energy loss resistance on the
anode- and cathode-polarized surfaces of electrically conductive particles. The physical
interpretation of the ion discharge resistance is that the ions overcome the electric field
of the electrical double layer (EDL) [11].

When a direct current flows through a suspension, contact and contactless polarization
of electrically conductive particles of the solid phase are possible [12—14].

In contact polarization of electrically conductive particles, the contact resistance
between the particle and the current-carrying electrode is of decisive importance for the
excitation of electrochemical reactions on the particle surface [12, 13].

In contactless polarization, electrically conductive particles act as a bipolar
electrode. The surface of the particle directed towards the anode is cathodically
polarized, and the surface of the particle directed towards the cathode is
anodically polarized. Cathodic and anodic processes can be simultaneously excited on
a particle [15]. To excite electrochemical reactions on a bipolar particle, it is necessary
to create a potential gradient on the particle sufficient to overcome the ion discharge
resistance on the cathode and anode sides of the particle [16, 17].

To provide the required preset conditions for the mineral suspensions electrochemical
treatment, it is necessary to determine the values of the direct current flow electrical
parameters [18-21].

This research studies the parameters of contact and contactless polarization of
particles, the procedures for determining are proposed, and suspension liquid phase
resistances, the contact resistances of the zone of contact between particles and current-
carrying electrodes, and ion discharge energy loss resistance on the anode and cathode
sides of a bipolar particle are determined for specific conditions.
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Methods of research. To study the electrical parameters of electrochemical processes
in various modes, electrochemical cell variants are considered, the schematic diagrams
of which are shown in Figure 1.

[

Figure 1. Basic diagrams of electrochemical cells without an electrically
conductive particle — a, with a contact of an electrically conductive particle and
a conductive anode — b, with an electrically conductive particle in the liquid phase — c:
1 — electrochemical cell body; 2 — conductive anode; 3 — conductive cathode; 4 — liquid
phase; 5 — electrically conductive particle
Pucynox 1. IlpuHuunuanbHele CXeMbl JIEKTPOXUMUYECKUX sSUeeK 0e3 3JIeKTPOIPOBOAHOM
YaCTHIbI — d, C KOHTAKTOM 3J'IeKTpOl'IpOBO}Z[HOfI JacTrulbl U TOKOIIPOBOAALIEIO aHOda — b,
C 9JIEKTPOTPOBOJHON YacTUIEH B KUIKOHW (aze — C: 1 — KOPIyC AIEKTPOXUMUYECKON
SYEHKH; 2 — TOKOTOJABOISIINN aHOJ;, 3 — TOKOMOIBOAAIIMKA Kartom; 4 — xuakas ¢asa;
5 — 271eKTpOnpOBOIHAS YACTHLIA

To calculate the electrical parameters of processes in electrochemical cells,
similarly to [15], equivalent circuits are compiled and shown in Figure 2, where
R,, R, are the resistances of the current-carrying anode and cathode; R, R are the
ion discharge energy loss resistances on the current-carrying anode and cathode;
R, is the liquid phase resistance; Rlpa, RlPC are the liquid phase resistances involved
in the supply of electricity to the particle from the anode and cathode sides; R_is
the particle resistance; R is the contact resistance between the particle and the
current-carrying electrode; R |, Relcp are the ion discharge energy loss resistances on
the anode and cathode sides of the particle.

The total resistance of the circuit R, equivalent to two electrodes in the liquid
phase (Figure 2, a), is determined by the sum of the resistances that make up the
circuit:

R=R,+R,+R +R, +R..

When an electrically conductive particle contacts a current-carrying anode
(Figure 2, b), the contact area is many times smaller than the anode area. Approximately,
it can be assumed that in parallel with the resistance R , a circuit is switched on which
makes up the contact resistance R, the particle resistance R , and ion discharge energy
loss resistance on the particle Relap. Then the total resistance R is determined by the
formula:

R = Ra + Rela (Rcon + Rp + Relap) .
Rya + Roon TR, TR

elap

11
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When an electrically conductive particle is placed in the liquid phase without
contact with the electrodes (Figure 1, €), the particle is polarized as a bipolar electrode.
The surface of the particle directed to the current-carrying anode is cathodically
polarized, while the surface of the particle directed to the current-carrying cathode is
anodically polarized.

The total resistance R of the circuit with an electrically conductive particle in the
liquid phase (Figure 2, €) is determined by the formula:

(R +Raip + Ry + Ry + R ) Ry
R=R +R, +
t R, +Ry, +R + Ry, R, +R

elcp elap l.one

+R

+R,,

ele c

R, ... 1s the resistance of the liquid phase, which is not involved in the supply of electricity
to the particle; R and R are the resistance of the liquid phase involved in the supply of
electricity to the partlcle from the side of the current-carrying anode and cathode.

e - e R FO

o=
> = O
Reon |—| Ry I—| Reiap ’J

c

S HE HTe{m HE O
T e S ey W

Figure 2. Electrical circuits equivalent to electrochemical cells with conductive
electrodes in the liquid phase — a, upon contact of an electrically conductive particle
with an anode — b, with an electrically conductive particle in the liquid phase — ¢
PucyHnok 2. DnekTpuueckue CXeMbl, SKBUBAJICHTHBIC 3JEKTPOXUMHUYECKUM sUeHKam
C TOKONOABOAALIMMH OBJEKTPOJAMU B JKUAKOM ¢ase — a, OpU KOHTAKTe
AIIEKTPONPOBOIHOM YACTHIIBI C aHOJOM — D, C 9JIEKTPONMpPOBOAHON YacThiei B
Kunkoit dhase — C; R,, R, — conpoTuBieHNs TOKONOABOASIINX aHOJA U KaTo/a; Rej,,
Re|c — COIIPOTHUBJICHUSL TOPMOXKECHHUS paspsi/ia MOHOB Ha TOKOIOABOAAIIUX aHOAC U
katone; Ry — comporusnenne sxuaxoil ¢aswl; Rypa, Rjpe — compoTupnenns sxumkoit
(1)3.31)1, y‘IaCTByIOHIefI B IOJABOJIC DJICKTPUYCCTBA K 4HaCTULIC C aHOZ[HOI71 u KaTO,Z[HOﬁ
cropoH; R, — compoTuBieHue YacTulbl; Reon — CONPOTHBICHME KOHTAKTA MEXIY
YacTHIEH W TOKONOABOASAIIMM BIEKTPOAOM; Repp,  Rep — compoTupienus
TOPMOXEHUA paspsaa HWOHOB Ha AaHOAHOM W KAaTOAHOM CTOPOHAX YaCTHIIBI,
Rione — compoTuBieHue ®uaKol (a3pl, He YUaCTBYIOIICH B MOJBOJE JICKTPHYECTBA

K yacTuue

To calculate the equivalent circuits shown in Figure 2, all the resistances in the
circuits should be determined.

The resistances of the current-carrying anode and cathode R , R can be determined
through the electrical resistivity of the material and the geometry of the electrodes:
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R, =p. A, ; R.=p, . :
LB, L.B,

where p_and p_ are anode and cathode electrical resistivities, Ohm - m; H _and H_ are
anode and cathode lengths, m; L, L are anode and cathode widths, m; B, and B,
are anode and cathode thicknesses, m.

In a similar way, the particle resistance can be determined in terms of particle unit
volume electrical resistivity and particle volume:

R, =p,V,

where P, is the electrical resistivity of a particle, Ohm/m?; V is the particle volume, m?.

To determine the liquid phase resistance for specific electrochemical process
conditions, a procedure is proposed based on the determination of electrical parameters
under variable values of the distance between the current-carrying electrodes.

The total resistance R of an electric cell with current-carrying electrodes is determined
by Ohm’s law.

A greater distance between the current-carrying electrodes under a constant cross
section of the liquid phase results in resistance increment by the value of resistance AR,
of the additional liquid phase volume.

There is an assumption that under a constant concentration of ions in the liquid
phase and a constant value of the electric current flowing through the electrochemical
cell, the ion discharge energy loss resistances R, R will not change their values
significantly. Based on the assumption, the resistance increment AR can be determined
as the difference in resistances at higher and lower distances between current-carrying
electrodes:

AR| = Rtwo - Rone’
where R and R are the total resistance of the electrical circuit under a smaller and
greater distance between the current-carrying electrodes.

Studies on the contact resistance value determination were carried out on the example
of sulfide minerals (pyrite and chalcopyrite) contact with an iron rod. An installation
was used to measure the contact resistance. The schematic diagram of the installation is
shown in Figure 3.

The installation consists of a mineral plate 1 placed on an insulating plate 2, an iron
rod 3 covered with an insulating coating 4 on the outside. The rod 3 is inserted into the
guide tube 5 of the tripod 7. A load 6 of variable mass is placed on top of the rod 3.

Since the resistances of the electrical wires, iron rod, and mineral plate are fractions
of an Ohm, the contact resistance between the iron rod and the mineral sample was
measured with a small error using an ohmmeter 8. The influence of the contact area and
pressure on the mineral particle per the resistance value has been studied. The pressure
on the contact area of the mineral was changed using weight 6 mounted on an iron rod,
taking into account the weight of the iron rod.

The studies were carried out under the contact of mineral surfaces 1 and rod 3 and
under the contact with the surface of a mineral moistened with a 5% NaCl solution.

Studies on the ion discharge energy loss resistance determination were carried out
using the electrochemical cell shown in Figure 1, a. The electrical parameters were
measured with and without the vertical electrically conductive plate that blocks the
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liquid phase into two compartments. Changes in resistance AR with the blocking mineral
particle, under otherwise equal conditions, are the sum of the ion discharge energy loss
resistances on the cathode and anode sides of the bipolar plate.

Experimental results. Experimentally, the procedure for determining the liquid
phase electrical resistivity R, was implemented in an electrochemical cell 0.036 m wide,
0.06 m high, and 0.65 m long. Current-carrying electrodes made of graphite with a width
equal to the width of the electrochemical cell were installed in the cell at a distance from
each other with a gap 0f 0.2; 0.4; 0.6 m. NaCl solution with a concentration of 50 g/l was
poured into the electrochemical cell to a level of 0.024 m.

6
— 7
5
4 8
3 ]
o O
%
%
1
2 —
ASNNN \\\\\\\I\\I

Figure 3. Schematic diagram of an installation for measuring the contact
resistance between sulfide minerals and an iron rod: 1 — model mineral
plate; 2 — insulating plate; 3 — iron rod; 4 — insulating coating; 5 — guide
tube; 6 — load; 7 — tripod; 8 — ohmmeter
Pucynok 3. IlpuHumnuambHasi cXeMa YCTaHOBKH [UISI H3MEpEHHs
KOHTAKTHOTO COMNPOTHBICHHS MEXIy CYIb(QHIHBIMH MHHEpAlaMd |
KCJIC3HBIM CTEPIKHEM! 1 — MoOACIbHas I1acTuHa MUHEpaJa;
2 - V30MMLMOHHAS IUIACTMHA; 3  —  OKEJIe3HBIH  CTEpI)KEeHb;
4 — W30JLIIMOHHOE TIOKPBITHE, 5 — HampaBisiomas Tpyda; 6 — rTpys;
7 — wratus; 8 — oMMeTp

In each mode, the current was set to 0.1 A, and the voltage on the electrodes was
recorded. The electrical parameters observation data are given in Table 1.

It has been found that, under specific experimental conditions, when the distance
between the current-carrying electrodes is increased by 200 mm (from 200 to 400 and
from 400 to 600 mm), the voltage on the electrodes increases by 3.1 V, and the resistance
increases by 31 Ohm (AR =31 Ohm).

Electrical resistivity of the liquid phase:

_AR(BH) _31.0,036-0,024

=535-10" Ohm-m.
AL 0,2

P

The values of contact resistances between a metal rod and the minerals of pyrite and
chalcopyrite are studied under a contact area of 0.1 mm? and 0.5 mm? under the pressure
of 50 to 200 Pa. The observation data for the contact resistance under the dry surfaces
contact are given in Table 2.
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It has been found that an increase in pressure in the range from 50 to 200 Pa and an
increase in the contact area result in decreased contact resistance.

The observation data for the contact resistance between a metal rod and a mineral
moistened with a 5% NaCl solution are shown in Table 3.

Table 1. Observation data of electrolysis electrical parameters of sodium chloride solution with
a concentration of 50 g/l
Ta6auuna 1. Pe3yabTaTsl 3aMepoB JIeKTPHYECKUX IAPaMeTPOB 3JIEKTPOJIN3a PACTBOPa XJIOpHIa
HATPUS KOHLeHTpauuei 50 r/a

Dlzhar?gﬁtl?gg\:vr;?r?gthe Ctlﬁgresggttgrzg)ugh Voltage, V TotaFlilre(s)lﬁﬁgnce, AR, Ohm
electrodes, mm > '
200 0.1 3.7 37 -
400 0.1 6.8 68 31
600 0.1 9.9 99 31

It has been established that in the NaCl solution, the contact resistance decreases
as compared to the contact resistance under the surfaces contact. This phenomenon can
be explained by electrons tunneling through the electrolyte film [12, 13]. Calculations
of the contact resistance conditioned by electrons tunneling were performed using
formula (7) from work [12].

Table 2. Observation data of contact resistance in contact with dry surfaces
Taﬁnnua 2. Pe3y.]'IbTaTl>l HU3MEpPEeHUA KOHTAKTHOI'O CONPOTUBJ/ICHUSA IIPU KOHTAKTE CYXHUX

TMOBEPXHOCTEH
Contact resistance, Ohm
Pressure, Pa Contact area, m? - -
Pyrite Chalcopyrite

50 0.1 425 180

0.5 340 98
100 0.1 375 160

0.5 280 90
200 0.1 325 130

0.5 220 60

The values of the electrical resistivity of ion discharge energy loss per unit area of
bipolar particle contacts in a NaCl solution are further calculated.

Studies to determine the values of the ion discharge energy loss resistance on the
anode and cathode sides of a bipolar electrically conductive particle were carried out
with copper or pyrite plates installed in the electrochemical cell. An electrochemical
cell 600 mm long, 26 mm wide, and 56 mm high was used. A bipolar plate 2 mm thick,
26 mm wide, and 56 mm high was placed in the center of the electrochemical cell.
A NaCl solution with a concentration of 50 g/l in a volume of 650 ml was poured into the
cell. A current equal to 0.5 A was applied to the current-carrying electrodes, the voltage
on the electrodes was recorded, and the total resistance of the circuit was calculated
using Ohm’s law, with and without a bipolar plate. The difference in resistance values
was taken as the ion discharge energy loss resistance. The experimental results are given
in Table 4.
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It follows from Table 4 that the ion discharge energy loss resistance on a copper plate
will be 16 Ohm, and 18 Ohm on a pyrite plate. The electrical resistivity of ion discharge
energy loss on the anode and cathode sides was 14,679 Ohm/m? on the copper plate and
16,514 Ohm/m? on the pyrite plate.

Table 3. Observation data of the contact resistance between a metal rod and a mineral surface
moistened with a NaCl solution
Ta6una 3. Pe3yJbTaTsl H3MepeHUs] KOHTAKTHOIO CONPOTHBJICHUS MEXKAY MeTAJIMYeCKUM
cTep:kHeM U cMoveHHOii pacrBopom NaCl moBepxHocTh10 MHHEpasia

Contact resistance, Ohm
Pressure, Pa Contact area, m? - -
Pyrite Chalcopyrite
50 0.1 400 170
0.5 320 89
100 0.1 350 148
0.5 258 77
200 0.1 305 125
0.5 198 50

Discussion. The paper considers variants of contact and contactless polarization of
particles under the electrochemical treatment of mineral suspensions. It is proposed
to determine the electrical parameters of the mineral suspensions electrochemical
treatment process through the equivalent circuits calculation. Procedures are proposed
for determining the liquid phase resistances, the contact resistances of the contact
area between the particle and the electrode, the ion discharge resistances on the anode

Table 4. Observation data of electrical parameters of an electrical circuit with and without
a bipolar plate
Ta6muna 4. Pe3yabTaThl H3MepeHHs! JIeKTPHYeCKIX MapaMeTPoOB YIeKTPHIECKOil enu npu
OTCYTCTBUM U HAJIHYHUUN 6]/[110.115[[)]-[017[ IVIACTHHBI

Parameter Copper plate Pyrite plate
Current, A 0.1 0.1
Voltage without a plate, V 10.0 10.0
Voltage with a plate, V 11.6 11.8
Resistance without a plate Rone, Ohm 100.0 100.0
Resistance with a plate Rwo, Ohm 116 118
AR = Rwo — Rone 16 18
Width R of the area of immersion, m 0.026 0.026
Depth H of the area of immersion, m 0.042 0.042
Contact area F = 2RN, m? 0.00109 0.00109
Electrical resistivity of the ion discharge energy
loss on the anode and catode sides of a bipolar
plate AR/F, Ohm/m? 14 679 16514

and cathode sides of the electrically conductive particle for specified conditions of the
process implementation. The procedure developed by the authors proposes to determine
the liquid phase resistance through the resistance increment under the changing distance
between the electrodes and makes it possible to accurately determine the liquid phase
resistance under specific conditions of electrochemical treatment. The contact resistance
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of the electrode contact area and the electrically conductive particle with a liquid phase
film between the contacting elements reduces the contact resistance due to electrons
tunneling through the liquid phase. The presence of ion discharge resistance on the anode
and cathode parts of the electrically conductive particle necessitates higher voltage on
the working electrodes to overcome the resistance and excite electrochemical reactions.

Experimental data on the determination of liquid phase resistances, contact
resistances, and ion discharge energy loss resistances on the surface of an electrically
conductive particle offer opportunities for modeling processes with a large number of
particles in the pulp.

Conclusions. The paper substantiates and experimentally implements the procedures
for determining the values of liquid phase resistance, contact resistance in contact
polarization, and ion discharge energy loss resistance in contactless polarization of
electrically conductive particles. The possibilities of calculating the electrical parameters
of electrochemical processes are determined by calculating the equivalent circuits of the
process.

New experimental data can be turned to practical use when implementing
the electrochemical technologies of mineral suspensions treatment.
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HccaenoBanne 31eKTpHYeCKUX NapaMeTPOB KOHTAKTHOI B 0eCKOHTAKTHOM
MOJISIPU3ALMH YACTHUIL IPH JIEKTPOXUMHUYECKOI 00padoTKe MHUHEPAJIbHbBIX
cycreH3ui

Mopo3os IO. I1.', Basbuesa A. 1.2

! Vpanbckuii rocy1apCTBeHHBIH FOpHbINA yHHBEpCHTET, I. EkarepunOypr, Poccust.

2 Vpanbckuii enepasibHblii yauBepcutet um. riepsoro [Ipesunenta Poccuu Bb. H. Enbiuna,
r. EkarepunOypr, Poccusi.

Peghepam
Beeoenue. Dnekmpoxumuieckas 00pabomka MUHEPAbHbIX CYCHEeH3UL HAXOOUM NpUMeHeHue
npu ANEKMPOXUMUYECKOM KOHOUYUOHUPOBAHUU (DLOMAYUOHHBIX NYIbH, NEKMPOXUMUUECKOM
PacmeopeHuy  MUHEPANo8 U MEemanlog 6 Npoyeccax NeKMpOXUMUHECKOU XIOpUHayuu
30710MOCcOO0epIHCAUUX NPOOYKIOS.
Llenvto pabomur seisiomces paspabomka U peanuzayusi Memooux OnpeoeieHus 3HaYeHull
CONpomueneHus  HCUOKol  ¢hasvl,  KOHMAKMHO20 — CONPOMUBTEHUS — NpU  KOHMAKMHOU
NOAAPU3AYUU U CONPOMUBTIEHUSA MOPMONHCEHUA PA3PAOA UOHOS8 NPU DECKOHMAKMHOU NOTAPUSAYUU
AMEKMPONPOBOOHBIX YACIU.
Memooonozus. /{11 pasiuuHblX — 8aApUAHMOS  NEKMPOXUMUUECKUX — AUeeK  COCMAGLEeHbl
IKEUBANIEHIHbIE DNEKMPUHECKUE CXeMbl DIeKMpOoXumMuieckux npoyeccos. Onpedenenvl cxembl
O/ pazIUYHOU NONAPUZAYUL TeKMPONPOBOOHBIX HaACUY, NpedsiodceHa ¢opmyna 0 pacuema
CONpomueneHus SNeKMpOnpoBOOHOU  4acmuybl yepe3 YOelbHoe CONPOmusneHue eOUHUYbl
obvema. Paspabomana memoouxa pacuema CONpomueieHus HCuOkol @asvl uepes npupocm
CONPOMUBTIEHUSL NPU UBMEHEHUU PACCMOsHUA Medcdy nekmpooamu. Ha npumepe xonmaxma
RUPUMA U XATbKORUPUMA € HCELEIHIM JNEKMPOOOM UCCTEO08AHO GIUAHUE NIOUAOU KOHIMAKMA U
0aenens Ha 8enUHUNY KOHMAKMHO20 CONPOMUELEHUA.
Pezynomameot. [lpu ucciedosanuu yoenbHo20 CONPOMUBIEHUs JHCUOKOU (a3bl YCMAHOBIEHO, Ymo
YVeenuuenue paccmosHus Mexcoy MoKoNno08OOAWUMU INEKMPOOAMU NPUBOOUNT K IKEUBATEHNTHOMY
V6enuuenuio ConpomueIenus HCUuokol ¢hasvl. Yemanosieno, umo yeenuuenue OasnieHus U
NAOWA0U KOHMAKMA MedHCOy KOHMAKMUPYemMbIMi YaCmuyamis U moKonoo8oOSUM d1eKmMpPooom
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APUBOOUM K CHUMCEHUIO KOHMAKMHO20 conpomuenenus. Konmaxmuoe conpomuenenue mexncoy
yacmuyeil U MEKMpooOM 8 pacmeope dNeKMpOoIuma 3HAYUMeNbHO MeHble N0 CPASHEHUIO C
KOHMAKMHbIM CONPOMUGILEHUEM NPU KOHMAKME CYXUX NO8EPXHOCMeE. DMO sigleHue 00bACHACMCA
00pazosanuem MyHHENbHO2O Nepexo0d NeKMpPOHOs uepe3 NieHKy saekmpoauma. llonyuennvie
9KCnepuMenmanvivle OaHHble N0 ONpeodeNeHulo CONPOMUGIEHUs HCUOKOU (asbl, KOHMAKMHBIX
CONPOMUBTIEHULl U CONPOMUGTEHUS. TOPMOJCEHUs PA3PA0d UOHO8 NO360JSI0M  GbINOIHUMb
Mamemamuieckoe OnUCAHUEe NPOYecco8 IEKMPOXUMUUECKOU XAOpUHayuu npu  OOIbUom
Konudecmee 4acmuy @ nyivhne.

Bovi6oovl u oonacme npumenenus pezpnvmamos. Paspabomanvl MemoOuku u noayyeHvl
KOHKpemHvle OaHHble N0 CONPOMUGTEHUAM JHCUOKOU (Da3bl, KOHMAKNMHLIM CONPOMUSTEHUAM
U CONpomusNIeHuI0 paspaod UoH08, Komopbvle MOZym Oblib UCHONbL306aHbL Ol NPAKIMUYLECKO2O0
NPUMEHEHUs NpU  peanu3ayuy SNeKMPOXUMUYECKUX MeXHON02Ull 06pabomKu  MUHEPATbHBIX
cycnensuil.

Knrouesvle cnosa: snexmpoxumuueckas o0pabomxa;, MUHepaIbHble CYCHeH3UU, KOHMAKMHAsS
nonapusayus, OecKOHMAKMHAsA NONAPU3AYUSA,  NIeKMPONPOBOOHAs Hacmuyd, OUnoIApHbI
ANEKMPOO; YOerbHOe CONPOMUBIEHUE HCUOKOU (Dasbl, CONPOMUBTIEHUE MOPMONCEHUS. pa3psiod
UOHO8.
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Abstract
The research objective is to determine the optimal temperature regimes for slurry preparation
and foam separation of diamond-bearing kimberlites to ensure maximum diamond recovery
under high selectivity of the process.
Methods of research include the electron probe X-ray spectral analysis, IR spectrophotometry,
and measurement of the contact angles of a collecting agent drop on diamonds or minerals.
Technological studies were carried out on the setup for foam separation.
Research results. It was shown that when the feedstock of the foam separation cycle is
heated to a temperature of 80-85 °C the diamonds are effectively purified from hydrophilic
coatings, which leads to the restoration of their natural floatability. Through contact angles
measurement, the temperature range of 3040 °C was determined in the feedstock reagent
conditioning operation. It is shown that the maximum water repellence of diamonds is
achieved in this temperature range without a significant increase in the kimberlite minerals
water repellence. Laboratory experiments have shown that the best foam separation results
are achieved when in the conditioning operation the feedstock with flotation reagents is
maintained at a temperature of 30-38 °C. The flotation studies using F-5 bunker fuel oil as
base collecting agent, as well as its compounds with diesel fraction and Machchobinsky oil,
determined the optimal temperature of 14—24 °C directly in the process of foam separation.
After data analysis, a temperature regime was proposed and tested, which includes the foam
separation feedstock heating before the operation of slurry removal and conditioning with
flotation reagents up to 85 °C and the subsequent use of accumulated heat in the operations of
foam separation feedstock conditioning (30 °C) with reagents and the foam separation process
itself (18 °C).
The prospects of the technology. The test results of the selected temperature regime for the
foam separation process on a test bench show the possibility of increasing the diamonds
recovery into the concentrate by 2.3-4.5% when using applied and potential collecting
agents, including F-5 bunker fuel oil and compounds based on it. The developed regime is
recommended for commercial development in the foam separation cycle at Alrosa processing
plants.

Keywords: diamonds; kimberlites; foam separation; collecting agent; conditioning;
hydrophobic properties; heat processing.

Introduction. The main stages of processing, which ensure the production of
commercial diamonds, are the cycles of foam separation and grease recovery. The main
prospects for increasing commercial diamonds production at PJSC Alrosa are associated
with improved efficiency of existing stages and the introduction of new technologies at
processing plants [1].

Increased losses of diamonds are due to insufficient hydrophobization of their
surface caused by both the spread of hydrophilic mineral coatings on the diamond
crystal surface and the reduced activity of the collecting agents [2, 3]. Heat processing
is a promising direction for increasing the efficiency of diamond-bearing raw materials
foam separation [4, 5]. The mechanism of processes on the surface of diamonds in the
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course of the temperature rise during foam separation was studied extensively in [6].
It is shown that the diamond-bearing kimberlite materials processing at a temperature
of 60-85 °C provides purification and prevention of repeated hydrophilization of the
diamond surface.

Temperature rise during conditioning caused by the feedstock heat processing
can contribute to a more efficient interaction between minerals and flotation
reagents, primarily collecting agents [7, 8]. It is equally important to determine and
maintain the optimal temperature regime in the very process of foam separation [9].
Therefore, the objective of the present research is to both carry out a study and determine
the conditions for diamond surface hydrophilization prevention, and create conditions
for effective interaction with collecting agents of various compositions in the course
of heat processing [10, 11]. At the same time, the research task was to establish the
relationship between the temperature regimes of the processes of slurry preparation,
conditioning, and foam separation [12].

Sample weight preparation
(ore + diamonds) Recycled water

thermostated
Steam~—___ l ( : )
T

|
Thermal processing i

_® T .
2 / !

’ i |
Collecting agents, |
Slurry removal dispersing agent |
Drain with e e EoEes 4
slurry for l Sands l »
clarification

Foaming agent _

|
I
Conditioning with |

reagents i

Foam separation

—4 ]

Tailings Concentrate

Figure 1. Scheme of the experiment of diamond-bearing products foam separation using
feedstock heat processing. Temperature control points: 1 — in the operation of thermal
conditioning; 2 — when cleaning; 3 — when conditioning with reagents; 4 — in foam
separation
Pucynok 1. Cxema omnbiTa IEHHOW celapauydy aiaMa3ocolepKalluXx MpPOAYKTOB C
NpUMEHEHHEM TEPMHYECKOH O0O0pabOTKM HCXOAHOrO MHTAHUS, TOYKH KOHTPOJIS
TEMIICPaTypBhI: 1 — B omepanuu TEIUIOBOTO KOHIUIIMOHUPOBAHHS, 2 — IpU OTTHUPKE;
3- IpU KOHAUITMOHUPOBAHNUU C PpEArCHTAMMU; 4 — B IeHHOM cenapanuun

Methods of research. The elemental composition of surface mineral formations
on diamonds was analyzed by the method of electron probe X-ray spectral analysis
(EPXRSMA) with a Jeol-5610 LV electron microscope [13]. Information on the mineral
composition of the solid phase was obtained from the IR spectrophotometry data
analysis within the wavenumber range of 400-4000 cm™' [14].

The method of measuring the contact angles of a collecting agent drop on diamonds
or minerals with an OCA 15EC device was used for the research [15].
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To carry out laboratory studies of diamond-bearing ore foam separation process,
a module equipped with specialized process equipment was used, namely a trough
conditioner with a stirring device in the form of an inclined spiral, a foam separator
with a chamber volume of 1 1, and a steam generator.

The process flow scheme of foam separation, shown in Figure 1, was implemented
with the laboratory module.

Prior to the study, the feedstock was manually selected from the foam separation
feed before it was treated with reagents. Diamonds were extracted from the samples
with the Kristall X-ray Iluminescent apparatus. The prepared diamond-free
samples were proportionated and divided into sample weights of a certain mass (30 g).
Twenty diamond crystals were added to each sample.

Table 1. Change in the surface composition of diamonds after heat processing in a sample
with kimberlite at different temperatures of the medium
Taﬁ.]mua 1. HU3meHeHHMe cocTaBa MOBEPXHOCTH aJIMa30B Mocje TemJ0BOM oﬁpaﬁonm
B IIp0o0e ¢ KUMOEPIUTOM IPHU Pa3/IMYHOM TeMIlepaType Cpe/ibl

£l Mass fraction of elements on a diamond, %
ement no processing under 60 °C under 80 °C under 90 °C
C 78.11 84.12 88.23 89.64
02 6.22 4.76 3.42 3.04
Na 0.52 0.41 0.25 0.23
Ca 3.65 2.40 1.94 1.70
Cl 0.06 0.05 0.04 0.03
Fe 0.32 0.26 0.17 0.15
Si 2.43 1.87 1.32 1.16
Mg 4.56 3.24 2.46 2.15
Al 1.80 1.33 0.93 0.79
Other 2.33 1.55 1.24 111
Total 100.00 99.99 100.00 100.00

To reproduce the conditions of technogenic mineralization that occurs when diamonds
contact with a mineralized aqueous phase, during sample preparation, the prepared
sample was preliminarily held in recycled water and stirred in an open container for
60 min [16].

During the experiment, the prepared sample was heated and held at a temperature of
60-95 °C for 1 min. Then the container with the sample was placed in an ultrasonic unit
and processed for 2 min. After the ultrasonic cleaning, the temperature of the medium
was measured and the drain with the slurry fraction was removed.

Reagents (black mineral oil and aerofloat) were added to the rest of the sample,
and the sample was mixed for 2 min. Upon completion of conditioning, the temperature
was measured. The prepared sample was fed to the feed tray and then directed to the
foam layer of the separator. The resulting foam and flotation tail were dehydrated.
The separated aqueous phase was returned to the backwater basin, where the temperature
was measured and, if necessary, adjusted.

After drying, diamonds were manually extracted from the foam and flotation tail to
calculate the weight balance.

Results and discussion. To select the regime of thermal conditioning for the
foam separation feed, the method of electron probe X-ray spectral analysis was used.
The analysis results showed that the heat processing of diamond-bearing material,
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i.e. foam separation feed, provides diamond surface purification from mineral coatings.
The results of X-ray photoelectron spectroscopy of the diamonds surface show that,
with the temperature rise, the content of elements within the hydrophilic coatings
decreases significantly (Table 1).

The surface concentration of mineral formations is noticeably decreased at
temperatures above 45 °C (thermomechanical mechanism), and the diamonds are most
intensively purified at more than 80-85 °C, when the thermochemical mechanism is
realized [6]. Taking into account the significant acceleration of the cleaning process,
heating to 85 °C is preferable, when both mechanisms of hydrophilizing surface
formations destruction are realized.
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Figure 2. Recovery of diamonds into a foam separation concentrate using heat processing
of the initial sample: 1 -30s;2-60s;3-90s;4-120s
PI/ICYHOK 2. H3BneueHnune aiMas3oB B KOHIICHTpAT IIEHHOI ceénapanun IIpyd HUCIOJb30BaHHUU
TerIoBo# 00paboTky ucxoaHoit mpodsr: 1 —30¢;2-60¢;3-90c;4—-120c¢

Experiments on foam separation showed that the best result from the heat processing
of diamond foam separation feed is achieved at 85-90 °C (Figure 1), when diamonds
recovery into concentrate increases by 18-20%.

Comparison of the surface composition (Table 1) and floatability (Figure 2) results
shows that diamond recovery increase is due to the effective purification of their
surface from mineral coatings at 60 °C and more. The results also showed that in
order to achieve the maximum diamond recovery increase, the required duration of
heat processing is 60 s.

In order to choose the temperature regime for conditioning the feedstock of the
foam separation with flotation reagents, a method was used to measure the contact
angles of a collecting agent drop on diamond or kimberlite mineral surfaces in the
aqueous phase. This method makes it possible to evaluate the oil-receptivity of minerals,
which determines the effective fixing of apolar collecting agents with mineral surface.
In accordance with modern concepts, oil-receptivity and water-repellence of minerals
are the closely interrelated and proportionally changing parameters [17, 18].
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During testing, the original sample of a polished diamond or a section of kimberlite
minerals was soaked for 1 h in recycled water in contact with air. After that the sample
was heated with recycled water under thermostatic conditions at 85 °C. After the
sample was processed, the hot solution was drained and 10-60 °C recycled water was
added, which ensured the sample holding and follow-up experiments in the temperature
range of 14-60 °C.

Table 2. Change in the contact angles of diamond and kimberlite minerals by a collector’s drop
with temperature variation
Taﬁmma 2. HUsmenenue KpaeBbIX YIJIOB CMauyMBaHM# ajMasa U MHHepPAJI0B KHMﬁepJIl/lTa
KanJieil cooupareJisi Ipy BApbLUPOBAHUHU TeMIIEPaTyPbl

The temperature Contact angle of minerals, degrees

of medium, °C diamond phlogopite kimberlite calcite olivine
14 91-95 47-67 Detachment Detachment | Detachment
24 92-97 54-68 Detachment 40-50 40-55
30 94-101 57-65 Detachment Detachment | Detachment
40 94-100 57-66 Detachment Detachment | Detachment
50 91-96 58-68 Fragmental, Detachment | Detachment

40-75

60 90-93 60-70 Fraggsr%tal, Detachment Detachment

The composition of the recycled water corresponded to the recycled water of
processing plant No. 3 of the Mirny GOK. F-5 bunker fuel oil was used as a collecting
agent. The research results showed that the contact angle for a drop of F-5 bunker
fuel oil, which characterizes the diamond water repellence and tendency to interact
with the collecting agent, increases in the temperature range of 1440 °C by 3.5 angular
degrees (Table 2). At temperatures above 40 °C, the oil-receptivity diamonds decreases.

Initially, kimberlite (phlogopite) hydrophobic minerals and a diamond increase in oil-
receptivity with the temperature rise. The hydrophilic minerals of kimberlite (olivine,
calcite) decrease in oil-receptivity with the temperature rise, up to the termination of
drop retention on the mineral surface at a temperature of 30 and more degrees (Table 2).
It is impossible to accurately measure the contact angle on the surface of a kimberlite
section because the collecting agent is held in separate areas of the surface, where grains
of naturally hydrophobic minerals are visually detected.

When conducting the technological studies, the initial processing with a diamond-
bearing sample was carried out at a temperature of 85 °C. After that, the ultrasonic
cleaning and slurry removal were carried out. To create the required temperature in the
conditioning operation, an aqueous phase with a temperature of 10 to 60 °C was used.
Due to this, the temperature in the conditioning operation was maintained in the range
from 10 to 42 °C. Foam separation was carried out at a constant temperature of 24 °C.

Laboratory experiments have shown that the best result of foam separation is
achieved by maintaining the temperature of the medium in the conditioning operation
with reagents from 30 to 38 °C (Figure 3).

With no preliminary heat processing of the feedstock, the level of diamond recovery
is lower, but the type of dependence with the maximum diamonds recovery at 30-38 °C
is preserved (Figure 3).

To select the optimal temperature regime for foam separation, experiments were
carried out at a setup for foam separation at a conditioning and flotation temperature
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from 10 to 28 °C. The selected temperature range corresponds to the conditions of foam
separation at industrial enterprises in different seasons without special heat processing
(10-14 °C) or with its intended use (24-28 °C). When conducting the research,
F-5 bunker fuel oil and its compounds with a diesel fraction were used, as well as
Machchobinsky oil and its compound with F-5 bunker fuel oil.

As can be seen from the data presented in Table 3, the best foam separation results
are achieved at temperatures of 14 and 24 °C.
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Figure 3. Dependence of diamond recovery into foam separation concentrate on
the temperature of the medium in the conditioning operation with flotation
reagents: 1 — without preliminary heat processing; 2 — with preliminary heat
processing
Pucynok 3. 3aBUCHMOCTD U3BIICUCHHUSI aJIMa30B B KOHIIEHTPAT TIEHHOW Cerapanum
OT TEMIIEepaTyphl CPeAbl B ONEpallid KOHIUIIMOHUPOBAHUSA € (DIOTAMOHHBIMU
pearentamu: 1 —  0e3  mpenBapuTeNbHOM  TemioBOM  0OpaboTkwy;
2 — cIpenBapuUTENbHOHN TEIIOBOI 00paboTKOM

At 14 °C, the highest diamonds recovery into the concentrate was 78.4% and 77.9%
when using the KM-10 and KM-14 collecting agents, respectively, obtained by diluting
the F-5 fuel oil with a diesel fraction with a volume fraction of the diesel fraction of 10%
and 14%, which is 2.8%-3.7% higher than that of F-5 bunker fuel oil, the best basic
collecting agent (Table 3).

The recovery of diamonds into concentrate, achieved during nonfrothing flotation
at a process temperature of 24 °C using reagent collecting agents based on F-5 bunker
fuel oil, exceeds the corresponding recovery values at a flotation process temperature of
14 °C by 2.1-4.5% (Table 3). With a further temperature growth in the foam separation
operation up to 28 °C, there is practically no increase in diamond extraction, while the
kimberlite minerals recovery into the concentrate increases.

Thus, based on the results of the laboratory research, the rational thermal regime of
foam separation cycle operations involves maintaining 85-90 °C in the operation
of feedstock heat processing, the temperature of 30-38 °C in the operation of
conditioning with a collecting agent, and the temperature of 14-24 °C in the operation
of foam separation.

26



Kovalenko E. G. / Minerals and Mining Engineering. No. 2, 2023. Pp. 21-31  MINING PROCESSING

The selected foam separation temperature regime was tested on an automated setup
for foam separation LFM-001C which operated under the flow rate of the collecting
agent of 1000 g/t, butyl aerofloat of 50 g/t, foaming agent of 150 g/t. The setup operated
on recycled water.

When carrying out bench tests, regimes without feedstock heat processing (control
mode) and with foam separation cycle feedstock processing at a temperature of
85 °C were chosen. Without feedstock heat processing, the temperature in the cleaning
operation was 18 °C, in the conditioning operation the temperature was 20 °C, and in
the foam separation the temperature was 16 °C.

Table 3. Recovery of diamonds using different collecting agents with varying pulp temperature
during foam separation
Ta6auua 3. U3BjeyeHne B KOHIEHTPAT ajiMa30B € MCHOJb30BAaHHEM Pa3/IMYHbIX cofupareeii
NpH BApbUPOBAHUHU TeMIIEPATYPHI NMYJILIbI IIPH NIEHHON cenapanuu

. Recovery into concentrate, %
Collecting agent
10 °C 14 °C 24 °C 28 °C
Diamonds
F-5 bunker fuel oil 72.6 77.8 82.2 82.4
KM-10 76.4 82.4 85.6 85.4
KM-14 77.8 82.9 85.0 84.8
Machchobinsky oil 68.6 72.6 75.7 75.2
F-5 fuel oil +
Machchobinsky oil
1:1 74.2 78.5 82.8 81.9
Kimberlite
F-5 bunker fuel oil 0.9 1.2 14 1.6
KM-10 1.0 1.2 1.5 1.7
KM-14 1.1 1.3 1.5 1.7
Machchobinsky oil 0.8 14 1.7 19
F-5 fuel oil +
Machchobinsky oil
1:1 1.0 1.3 15 1.7

Feedstock heating resulted in temperature rise in all operations. The results of
temperature measurements in operations showed the following. With the selected
initial sample heat processing regime, the temperature in the cleaning operation is
35 °C, the temperature in the conditioning operation is 30 °C, and the temperature
in the foam separation is 18 °C (under the makeup water temperature of 16 °C).
Such results confirm the possibility of maintaining the optimal temperature regime in
all operations of feedstock preparation and in the very process of foam separation due
to the accumulated heat.

The test results of the selected temperature regime of the foam separation process on
a test bench showed the possibility of increasing diamonds recovery into concentrate by
2.3-4.5% when using almost all types of collecting agents (Table 4).

Based on the results obtained the developed technology of thermal conditioning and
temperature regime of foam separation operations was recommended for use in the
development of foam separation technological regime at processing plants No. 3 and
No. 14 of PJSC Alrosa.
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Conclusions. The optimal temperature regime for slurry preparation operations
and diamond-bearing kimberlites foam separation were determined, namely, foam
separation cycle feedstock should be heated to 85 °C, the temperature of 30-38 °C
should be maintained during the reagent conditioning operation, and the temperature of
14-24 °C should be maintained during the foam separation. It is shown that the selected

Table 4. Recovery during foam separation process on a bench installation at the basic (BR)
and proposed (PR) temperature regimes
Ta6auuna 4. [Toka3aTenu U3BJeYeHUs B NMpollecce MEHHOH cenapanuy Ha CTEHI0BOI YCTAaHOBKe
npu 6azosoM (BR) u npemsiaraemom (PR) TemnepaTtypHom pe:xume

. Diamond, % Kimberlite, %
Reagent collecting agent
BR PR BR PR
F-5 fuel oil 74.9 79.4 1.7 17
KM-10 77.2 81.7 1.9 1.9
KM-14 81.6 83.9 2.2 2.9
F-5 fuel oil + Machchobinsky oil 1: 1 75.5 78.8 1.8 1.8

mode involves the use of the heat accumulated in the heat processing operation at
85 °C to maintain the required temperatures in the conditioning operations with reagents
(30 °C) and in the very foam separation process (18 °C). The results of bench testing of
the selected temperature regime of the foam separation process show the possibility
of increasing diamonds recovery into concentrate by 2.3—4.5% under the use of the F-5
bunker fuel oil and compound collectors based on it as a collecting agent.
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O0ocHOBaHNe TeMIIEPaTYPHOIO0 PesKMMa MUKJIA IEHHOH cenmapanuu

Kosaunenxo E. I.1:2
'"Nucruryt «Sdxytaunpoanmasy AK « AJIPOCA», MupHsrid, Poccust.
2 CeBepo-Bocrounsiii penepanbhbiii yausepcurer umenn M. K. Ammocosa ((ummai), MupHsbiii, Poccus.

Pechepam

Lenv padomut 3axm0uanace 6 onpeoenenuu ONMUMAILHLIX MEMNEPAMYPHBIX PEHCUMOE ONepayull
RYILNONOO2OMOBKU U NEHHOU CEnapayuul aamazoco0epiIcaux KUmMoepiumos, 00ecneuusarnujux
MAKCUMATbHOE U36TIeUeHUe ATMA308 NPU 8bICOKOU CeIeKMUSHOCIU Npoyeccd.

Memoodonocus. OcHOSHBIMU MeMOOAMU  UCCIEO08AHULL  8bIOPAHBL  INEKMPOHHO-30HOO0GHI
penmeerocnekmpanvHblil - ananus, HK-cnekmpogomomepus u  usMepeHus Kpaesbix Yo
CMAuUBAHUA Kanau cooupamens Ha ammMasax uiu munepanax. Texuwonozuueckue uccie0osamus
NPOSOOUNUCH HA YCMAHO08Ke NEHHOU Cenapayuu.

Pesynomamul. B pezynvmame npoeedeHHbIX UCCIe008AHULL NOKA3AHO, YMO NpU noodocpese
UCXOOHO020 NUMAHUA YUKIA neHHoU cenapayuu 0o memnepamypol 80-85 °C oocmueaemcs
apexmusnas  ouucmKka  AIMazos om  UOPOPUILHBIX  NOKPLIMUL, 4MO HPUBOOUmM K
B0CCIMAHOBNIEHUIO UX NPUPOOHOU iomupyemocmu. Pesynbmamamu usmepenus: Kpaesvix yenos
CMAuUBanUs. onpeoener UHMepPal memMnepamyp 6 onepayuu peazeHmHo20 KOHOUYUOHUPOBAHUS
ucxoonoeo numanusi, cocmasisiowuil 30—40 °C. Ilokaszano, wmo 6 OaHHOM MeMnepanypHoM
uHmepeane OOCMULAeMcs. MAKCUMAIbHAS  2UOPOPOOHOCHb — AIMA308 U He NPOUCXOOUMm
cyuwecmsennoeo  yeenudeHus 2uopogobHocmu  muHepanos xumbepnuma. Jlabopamopuvimu
onvimamu NOKa3amo, 4mo HAuLyyulie pe3yivmamyl npoyecca NeHHoll cenapayui 00Cmuearomes
npu no00epI’Ccanuu 8 onepayuu KOHOUYUOHUPOBAHUS UCXOOHO20 NUMAHUS C (LOMAYUOHHbIMU
peazenmamu  memnepamypvl  30-38 °C. Pezynbmamamu QromayuoHubix UCCIe008aHUL C
npumenenuemM 6 Kavecmee 6a308vix cobupameneii mazyma @iomcrozo D-5, a maxce ezo
KoMnaynoos ¢ ouzenvHou ¢paxyuet u Mauuobunckoli Hepmvlo onpedenena OnmMuMAanibHAs
memnepamypa HenocpeoCmeeHHo 6 npoyecce nemHol cenapayuu, cocmagiarouan 14-24 °C.
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Ilpu ananuze pe3ynivmamos npoBeOeHHbIX UCCIEO08AHULL  NPEONoNCeH U  anpobuposan
MeMRepamypHbulii PelCcUM, GKIIOUAOWUL Ha2ped NUMAHUA NeHHOU cenapayuy nepeo onepayueu
obecunamiueanus 1 KOHOUYUOHUPOGanus. ¢ Guomayuonnvimu peazenmamu 0o 85 °C u
nocieoylowee UCnoIb306anue HAKONIAEHHO20 MeNIA 6 ONePayusx KOHOUYUOHUPOBAHUS NUMAHUSL
nennot  cenapayuu (30 °C) ¢ peazemmamu U HENOCPEOCMEECHHO MEXHONOSULECKO2O
npoyecca nennou cenapayuu (18 °C).

Ilepcnekmuebl  npumenenus mexnonocuu. Pezynomamamu — ucnvimanuti  6blOpaHHO20
MEeMRepamypHo20 pelcumMa npoyecca NeHHou cenapayuu Ha cmeHO0GOl YCMAHOEKe NOKA3aHd
603MOJICHOCIb NOBBIUIEHUSA U3ETEYEHUs AMA3086 8 Konyenmpam Ha 2,3—4,5 % npu ucnonvzosanuu
NPUMEHAEMbIX U NePCNeKMUBHbIX cobupamenel, exkaouas masym ¢nomckuti -5 u KOMRAYHOb
Ha e2o ocnose. Paspabomannuiii pexicum pekomMeHoosan K NPOMblULIEHHOMY OC80CHUIO 8 YUKIle
nexHou cenapayuu Ha obocamumenvhvix gadpuxax AK «Anpocar.

Kniouesvie cnosa: anmasvl, kumbepnumol; Nennas cenapayust; cooupamens, KOHOUYUOHUPOBAHUE,
2udpoghodorHocmy, mennosas 0opabomxa.
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YpaneHve MoHOB Meau U3 MPOMbILeHHbIX CTOYHbLIX BOA
C ucnonb3oBaHnemM OTXOA0B XeJie30-MarHmeBoro Nnpon3BoacTBa
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! WMHctuTyT ropHoro gena YpO PAH, r. ExatepuHbypr, Poccus
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Peghepam
Lenv padomel — oyeHKa B03MOACHOCIIU YOULEHUSL UOHOG MEOU U3 NPOMbIULIEHHBIX CTNOYHbIX
600 C UCNONL30BAHUEM OMXOV08 JHCENLE30-MASHUEB020 NPOU3BOOCTEA.
Memoouka. [Iposeden sxcnepumenm no yoaieHuro uoH08 Meou U3z pacmeopa npOMbILULEHHbIX
CMOYHBIX 600 C UCNOAL30GAHUEM OMX0008 JICele30-MacHue8020 npouzeoocmed. Ilonyuenvi
Oanmbvle, NOKA3bIBAIOWUE USMEHEHUE COOEPIICAHUS UOHOB UCCLEDYEMbIX MEMAILILOE 8 PACMEOPAX
cmouHbIX 800. [l uccnedosanus u 0000w eHUs Pe3yibmamos npoGeoeHbl MeopemuiecKkie
UCCIe08AHUSL O AHANU3Y IPDEKMUBHOCU CYUWECBYIOWUX MEMOO08 OYUCMKU CHOYHBIX
600. MlcxoO0Hble KOHYeHmpayuu uoHO8 MEmaios 8 PACMEOpax UsMepsiiu ¢ NOMOUbIO AMOMHO-
abcopbyuonnoeo cnexkmpopomomempa Varian AA 240 FS ¢ Oeumepuesoii iamnou 0is
Koppekyuu ona u ¢ pacneiienuem niamenem. Temnepamypy u pH onpedensinu ¢ nomowwio
nopmamugrozo pH-wempa Hanna HI 9912 1. Munepanuzayuio meepovix 06pasyo8 npoeoouu
€ NOMOWbI0 MUKPOBOIHOBOU AabopamopHot cucmemvlt MARS 5 Digestion Microwave System &
cocyoax muna Easy Prep ¢ dobasnenuem a30muoil u niagukosou KUCiom.
Pesynomamot. Pe3yniomamol ucciedo8anust yOaieHUst UOHO8 MeOU U3 CHLOYHBIX RPOMbIULLEHHbIX
600 C UCNONB30BAHUEM OMXOO008 ICELE30-MASHUEB020 NPOUBOOCMEA NOKAZLIEAION, IO
usyuaemovle 00pasyvl ObLIU IPOEKMUSHbL 6 NOSTOUJeHUU MeOU U3 BOOHBIX PACMBOPOS.
Yemanoesneno, umo xonuvecmeo uonos meou 6 (uibmpamax usmMeHsemcs 8 3d6UCUMOCmU
OM MACChl HABECKU UCHbIMYEMbIX COPOEHMO8, npu yeeauveHuu 003uposku obopaszyos ¢ 0,2
0o 0,5 2 nHabnodaemcs pesroe nosviuleHue NOKA3Amens CMeneHu U3eneueHus 3aepasHumers
us pacmeopos ¢ 52,02 0o 99,04 % ons I epynnet u ¢ 43,42 0o 98,91 % ons 2 epynne
coomeemcmeenno. Ilokazamens cmamuueckou 00bLEMHOU eMKOCIU MAKice 3A6UCUn Om
Maccovl 000a6aeM020 8 pPAcmEop 00pa3yd U YMEHbUWAemcs ¢ YEeludeHUuemM O003UpPOSKU
copberma. Omxo0wl Jcene30-MazHUe8020 RPOU3BOOCMEA COOEPACAN 8 CEOEM COCMABE MACHULL
U ocene30 6 BbICOKUX KOHYEHMPAYUsix U HOCle 3aUMOOEUCmEUs €O  CHOYHbIMU
NPOMBIWIEHHBIMU  OO0AMU  AKMUBHO OMOQIOM MACHUNL 8 PAcmeop, HO HPOOOIIHCAIOM
usgnekamov uz He2o giceneso. Iokazamenu cmenenu u3sieyens 3a2psAa3HUMeNns U3 pacmeopos
U cmamuyeckol 00beMHOU eMKOCmU OJisl JHcele3d UMEIOM BblCOKUe 3HAYEHUSI He3A8UCUMO
om Hasecku 00paszyoe s obeux epynn u eapvupyrom om 99,85 0o 99,98 % u om 3,9 oo 10,82 me/e.
Ilpumenenue pesynomamos. Ilonyuennvie 6 xo0e dKCNEPUMEHMA OAHHbIE 6 OdlbHeuulemM
6yoym ucnonwv308amocs OJisl paspabomku dP@PeKmuenvlx Mamepuaios u memooos s
JMUKBUOAYUU 3A2PAZHEHUS. 8 BOOHBIX 00BEKMAX.

Knrwueesvie cnoea: meov; aocopbyus; cmounvie 600bl; 3auyuma OKpysicaiowei cpeobl,
copoyust Memainios; omxo0bl, AKKYMYIAYUsL MeOU; MACHULL JHCele30.
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npu gunarcosoti noodepacke Ipasumenvcmea Ceeponosckoul obnacmu u 6 pamxax Loczadarnus
No 075-00412-22 [IP. Tema 2 (2022-2024). Paspabomra 2eounpopmayuonHblX mexHon02uil
OYEHKU 3AUUUEHHOCTNU 2OPHONPOMBIULIEHHBIX MEPPUMOPULL U NPOSHO3A PA3GUMUSL HE2ATNUBHBIX
npoyeccos 6 Heopononvzosanuu (FUWE-2022-0002), pee. Ne 1021062010532-7-1.5.1.

BBeueHne. 3an$I3HeHI/Ie BOJAHBIX pECypCOB CTAJIO OHHOﬁ 13 BaKHEHUIINX DKOJIOTH-

YEeCKUX M COLMATBHBIX MMPOOJIEM B COBPEMEHHOM MHpe. B 0CHOBHOM 3TO CBA3aHO C MPO-
MBITIJIEHHBIM Pa3BUTUEM, a TAK)KE MTOBBIIICHHBIM CIIPOCOM Ha MPUPOIHBIC PECYPCHI.
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[TpoMEBITIITIEHHBIE CTOYHBIE BOIBI MOTYT COMIEPKATh PA3INYHBIC 3arPsI3HSIONINE Be-
IIECTBA, MPEACTABIISIIOININE OMACHOCTH KaK ISl OKPY KAIOIIEH IPUPOTHON CPEIbl, TaK U
JuIs yenoBeka [ 1, 2].

Tspkenble METalIbl HE MOIIA0TCS OMOIIOTHYECKOMY Pa3ioKEHUIO M MOTYT Haka-
TUTMBAThCS B JKUBBIX OpTraHuW3Max [3], 9TO HETaTHMBHO CKa3bIBAeTCS Ha MX (DYHKIIHO-
HUpoBaHWH. Kpome TOro, KOTJia 3TH METaJUTBl MPEBHIMIAIOT MPEACTHLHO TOIYCTUMBIC
KOHIICHTPAIINU, OHU CTAHOBSITCS TOKCHIHBIMA. Y TIOABEPTIINXCS BO3ACHCTBUIO JIFONCH
MIPOUCXOMST TMOBEACHYCCKUE, (DU3HOIOTUICCKUE U KOTHUTHUBHBIC M3MEHEHUS B 3aBU-
CHUMOCTH OT THIIa TOKCHHA U CTCIICHU BO3JIeCcTBUS Ha yenioBeka [4]. [loaTomy kpaiine
HEOOXOMMBI SKOHOMHUYECKH I(PPEKTUBHBIC METOIbI CHH)KEHUS WX KOHIIEHTPAIlUU B
CTOYHBIX BOJAX.

Menn SBISETCS BaXKHBIM MUKPOAJIEMEHTOM, KOTOPBIA HEOOXOIUM JKUBBIM OPTaHU3-
MaM JJIsi OOMEHHBIX IMPOIECCOB, OJHAKO BHICOKHE KOHIICHTPAIIUA MEIW TOKCUYHBI U
MPUBOMAT K HEOJIATONPHUSITHBIM MOCIICCTBHUSIM IS 3[0POBbsI UeioBeKa [4].

CyIIecTBYIOINE METOABI OUUCTKU CTOYHBIX BOJ, HAPUMEP OCAXKACHHUE U3BECTHIO,
WOHHBIN 00MeH, a/ICOpOIHs HA aKTUBUPOBAHHOM YIJIe, MeMOpPaHHBIE IPOIIECCHI U DIICK-
TPOJIUTUUECKUE METO/IbI, UCIIONB3YIOTCS [ YIaJCHUS TsDKETbIX MeTamioB [5—10].

Ta6muna 1. DneMeHTHBII cOCTaB HccdeAyeMbIX MaTepPHATIOB
Table 1. The elemental composition of the materials under study

Marepuan Cu? Mg?* Fe3*

OTXO0/IbI KEJIe30-MarHUEBOr0 MPONU3BOACTBA, MI/KT 41,25 175 000 52 000

IMogoTBanbHBIE BOIBI C MPOMILIONIAIKH
0TpabOTaHHOIO MEIHOKOIIEIAHHOTO
MECTOPOKICHUSI, MI/IT 78,1 322,5 147,71

Apgropami [5] ObLI IPOBE/ICH 3KCIIEPUMEHT B JTA0OPATOPHBIX YCIOBUSIX 10 OJTHOBPE-
MeHHOMY yaaneHuro noHoB Meau Cu (II) u muaka Zn (I11) 13 TPOMBIIIICHHBIX CTOTHBIX
BoJ ¢ nobasnenureM uzsectu Ca(OH),, ruapokcuna narpus NaOH u kanbuuHMpoBaH-
Hoit conpl Na,CO,. Pesynbrarhl 5TOro Uccie0Banus nokasanu, 4ro ussectb Ca(OH),,
ruapokcuy Hatpusi NaOH u kaneuuHupoBaHHas cona NazCO3 00maaroT Xoporei ¢-
¢dexruBHOCTHIO 1st ortommeHust Cu (I1) u Zn (1) 13 MpOMBIIUIEHHBIX CTOYHBIX BOI.
VYnaneHue 3TUX METaIOB MOXKET ObITh 3()(HEKTUBHO JOCTUTHYTO 3a CUET YBEIUUCHHUS
3HadeHus pH B cucteMe OUHMCTKH.

B xauectBe azcopOeHTa Uil ynajeHUs MOHOB MEAU, HUKENIS U CBUHLA U3 CHUHTE-
3MPOBAHHBIX MPOMBILIUICHHBIX CTOYHBIX BOJ HCCIIEIOBAaTEeN [6] MCIOIB30BaIM Ipa-
HYJIMPOBAHHBIA aKTUBUPOBAHHBIN yroJib, MOTYYCHHBIA U3 CKOPIYIIBI TUIOJIOB MajlbMBbI.
Pesynbrare! mokaszanu, yto Hanbonee noaxomauii pH = 5, MakcumanbHas agcopOuu-
OHHAs EMKOCTb — IpH 103upoBKe | /1. [IporieHTHOE yaaneHne MeTaia COCTaBUIO JUIs
ceunna 100 %, menu 97 % u Hukensa 55 %.

Lenbto pabotel aBTOopoB [7] siBisuIachk oneHka d(Q(GEKTUBHOCTH OPraHOCHIAHOBO-
TO CBSI3YIOIIETO areHTa JUIsi MOAU(UKAIIMK BOJTHOTO OKCHIA MapraHia U MPUMEHEHUS
(YHKIMOHATU3UPOBAHHOIO HAHOAACOPOEHTA AJIsl yAAJCHUSI MOHOB HUKEIIS U MEIH U3
CUHTETHYECKUX TPOO CTOYHBIX BOI.

B mponiecce apcop6ruu Ni (I1) u Cu (I1) aBropsr nccnenoBanu 3¢ hekTHBHBIE mapa-
METpBI, TaKWE KaK HadaJlbHasi KOHHEHTpauusi MetaiioB (20—150 mr/m), pabouas tem-
nieparypa (298-318 K), 3nauenus pH u Bpems konrakta. [lormomenne nonos Ni (I1) u
Cu (II) cop6eHTOM B COOTBETCTBHH C MOJCIIBIO M30TepMbI PpeliHnxa cocTaBuiio 24,96
u 31,2 mr/r s moaudunpoBanHoro copdenra u 23,92 u 29,6 Mr/r ais HCXOIHOTO
copOeHTa COOTBETCTBEHHO. Pe3ypTaTsl HCCeI0BaHUM TakKe TIOKa3alld, YTO IKCIepH-

33



OBOrALLIEHUE Cobenun A. B. u op. / Mzeecmus 6y3086. I opuwiit scypran. Ne 2, 2023. C. 3242

MEHTAaJIbHBIC JIAHHBIC XOPOIIIO MPEICKA3bIBAIOTCS MOCIBIO IICEBIOBTOPOIO MOPsIKa U
paBHOBecue mocturaercs mocie 10 MuH koHTakTa. DPPEKTUBHOCTD YIATICHHUSI HUKEISI
u Meau MemOpanamu, coxepxkamumu 1,5 % (mo mMacce) MOTUGHUIIMPOBAHHOTO COpPOEH-
Ta, cocraBmia 80 u 89 % COOTBETCTBEHHO, YTO O3HAYAET, YTO MOAUDHUITUPOBAHHBIN
COpOEHT MOYKHO HICTIONIE30BaTh Ooiree d(h(HeKTUBHO B IPYTUX TEXHOJIOTHSIX OUUCTKH TSI
YIQJICHUST METAJUTMYECKUX 3arpsi3HUTEINEH.

Ta6muna 2. Pe3yJbTaThl XHMHYECKOT0 AaHAIN3A HCCIeyeMbIX 00pa3oB, Mr/J
Table 2. Results of chemical analysis of the studied samples, mg/l

Bpewms
KOHTaKTa
[udp Hapecka, T | A — MuH; Cu? Mg®* Fe3* pH
M-4a(s
mmdpe)
1 epynna
I122-A-1 0,2 5 37,473 850,00 0,219 4,15
1122-A-2 0,2 10 34,791 840,50 0,134 4,15
I122-A-3 0,2 15 33,284 861,10 0,121 4,21
1122-A-4 0,5 5 0,748 1007,00 0,025 5,89
I122-A-5 0,5 10 0,116 990,00 0,076 4,15
1122-A-6 0,5 15 0,034 1034,01 0,028 6,40
1122-A-7 1,0 5 0,003 1356,81 0,024 6,73
1122-A-8 1,0 10 0,002 1374,21 0,033 6,60
1122-A-9 1,0 15 0,002 1410,22 0,020 6,74
2 epynna
1122-11-10 0,2 24 44,189 829,14 0,096 4,11
I122-11-11 0,2 72 38,048 855,31 0,065 4,15
1122-11-12 0,2 168 38,001 843,11 0,089 4,14
1122-11-13 0,5 24 0,848 1014,32 0,020 6,24
1122-11-14 0,5 72 0,158 1034,00 0,026 6,50
1122-11-15 0,5 168 0,071 983,23 0,038 5,20
1122-T1-16 1,0 24 0,003 1364,09 0,027 7,02
I122-11-17 1,0 72 0,002 1374,01 0,033 6,94
1122-11-18 1,0 168 0,001 1384,11 0,023 6,99
Hucmunnuposannas 600a
Jucr. 5 1,0 5 -0,0019 1151,10 0,027 -
Jucr. 10 1,0 10 -0,0023 1109,33 0,025 -
Jucrt. 15 1,0 15 -0,01 999,09 0,020 -
MHucr. 72 1,0 72 -0,01 771,00 0,029 -
Jucr. Boga - - -0,0019 -0,01 0 5,50
Kabau - - 78,1 322,57 147,71 2,33

OJIHaKoO 3T METOJBI UMEHOT Pa3JIMYHbIC OIPAHUYCHUS, CBS3aHHBIC C BBICOKUMHU
CTPOUTEIILHBIMHU M SKCIUTyaTallHOHHBIMH 3aTpaTaMu.

MartepuaJjibl 1 MEeTOIBI HCCIETOBAHUSA. B 3TOM HcCiIe/I0BaHUN H3y4YeHA BO3MOXK-
HOCTb yaaaeHust HOHOB Mean Cu?* U3 MPOMBIIIJIEHHBIX CTOYHBIX BOJI C HCIIOJIb30BAHHEM
OTXOJIOB JKEJIe30-MarHueBOTO PON3BOACTBA (Tabm. 1).
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Ha Bb1060p MaTepmanoB MOBIUSIA UX JTOCTYITHOCTbD, TAaK KaK OHU MPEICTABIISIOT CO-
00# TpymITy MPOU3BOJACTBEHHBIX OTXO/IOB, KOTOPbIE 00pa3yroTCs B OONBIINX KOJHYe-
CTBax U SIBIIIOTCS TMOTEHITMAIBLHO JIETEBEIMA COPOCHTaMHU.

IlpencraBienHble B WCCIEOBAHWNA CTOYHBIE TPOMBIIIICHHBIE BOABI — JTO II0O-
JIOTBAJIBHBIE BOJABI C MPOMIUIONMAIKH OTPaOOTAHHOTO METHOKOIYEIaHHOTO MECTO-
poxnenust Kaban 1, umetor pH = 2,33, conepxanue menu cocrasiser 78,1 mr/n
(Tabm. 1). IIpoOsl cTOUYHBIX BOA OTOOpPAHBI B paMKax JIETHHUX IOJEBBIX HCCIIEIOBA-
Huit 2021 .

Pucynok 1. OTxozpl xKene30-MarHueBoro Npou3BoJICTBa
Figure 1. Waste of iron-magnesium production

PaccmarpuBaemoe wmectopokaenne KabGan 1 oTpabareiBamoch OTKPBITHIM
crocoboM, mocje 3aBeplIeHHs] padOT OCTAIUCh HEPEKYJIbTUBUPOBAHHBIC OTBAJIBI
BCKPBIIIHBIX IMOPOJ M KapbCpHasi BbICMKA, 3allOJIHCHHAA KHUCJIBIMU IMOAOTBAJIbHBIMHA
BOJIAMHU.

DKCNEePpUMEHTHI M0 yIaJIeHHI0 HOHOB METAJIJIOB U3 CTOYHBIX Boa. B maboparopun
skojiorun ropHoro npoussoacTea UI'J[ YpO PAH Obir mpoBeneHb! SKCTIEPUMEHTEHI 110
YAAJICHNUIO MEeIU U3 MPOMBIIUICHHBIX CTOUHBIX BOJ. VCXOnHBIE KOHIIGHTPALIMH HOHOB
METaJIJIOB B paCTBOPaX U3MEPSIIH C TIOMOIIHIO aTOMHO-a0COPOITMOHHOTO CTIEKTPO(OTO-
metpa Varian AA 240 FS (Varian Australia Pty Ltd, Australia) ¢ neiirepueBoii gammoi
JUTSE KoppeKkiuu (oHa U ¢ pacmbuieHneM ruiameneM (Marck 7, Varian). Mcnons3oBa-
nu nauHbl BonH 324,8, 202,6 u 248,3 um ansa ananuza Cu, Mg u Fe cooTBeTCTBEHHO.
Temmieparypy u pH onpenensiu ¢ momotpsto mopraruBHoro pH-merpa Hanna HI 99121
(Hanna Instruments, Germany). MuHepanu3anuio TBEpAbIX 00pa3LlOB MPOBOAMIH C
MTOMOIIIbI0O MHUKPOBOJTHOBOH JabopaTtopHoii cuctembl MARS 5 Digestion Microwave
System (CEM Corporation, US) B cocynax tuna Easy Prep ¢ mo0GaBieHuemM a3oTHOM
(HNO,) u nnasuxosoit (HF) kucnor cormacno meronuke [11].

CyTb 9KCIIEpUMEHTA 110 yIaJICHUIO0 HOHOB METAJIIOB M3 PACTBOPA 3aKJI0Yasiach BO
B3aMMOJICHCTBUH TBEP/BIX CyOCTPaTOB (OTXOOB) C paCTBOPOM (ITPOMBIIIIIEHHBIE CTOU-
Hble BOJb) [12]. Bee 00pasiipl ObLIH TO/IENEeHB! Ha TPH IPpyNIbl: 1 rpymma — o0pasisl
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AKTUBHO TIEPEMEIIINBAIINCH B TEUCHNUE 3aIaHHOTO BpeMeHH (5—15 muH); 2 rpyrmia — 00-
pasIiel ObUTH OCTABIICHBI HA OTIPEEIIEHHBIN TPOMEKYTOK BpEeMEHHU 0€3 aKTUBHOTO TIepe-
MemmBaHus (24—168 4). OyHKIHIO NepeBopavynBaronierocs meiikepa (60 o6/mMuH)
BBITIOJTHSJT 3KCTPAKTOp MOYB M TpyHTOB DI mns maboparopHoro anammzaropa AH-2
(OO0 «Hedrexumarromaruka», P®). Bo3MOXXHOCTh BBIHOCA HOHOB METAJUIOB BMECTE
¢ (DWIBTPAIIMOHHBIMU BOJIAMH TIPOBEPSUTH IIyTEM B3aUMOJICHCTBUSI OTXOJIOB C JIUCTHII-
JIUPOBAHHOH BOMOH (Ta0I. 2).

Ta6auua 3. Tloka3aTesu creneHy U3BJeYeHHsl 3arpsi3HuTes u3 pacteopa (E) u craruyeckas
oobemuas emkocth (COE)

Table 3. Degree indicators of pollutant extraction from solution and the static volumetric

capacity (SVC)
Hasecka K?}?Te;/lza E, % COE, mr/r
Mudp M AI_I MUH;
- (1:;06) Cu?* Fe Cu? Fe
1 epynna
I122-A-1 0,2 5 52,02 99,852 | 10,16 36,873
I122-A-2 0,2 10 55,45 99,909 | 10,83 36,894
1122-A-3 0,2 15 57,38 99,918 | 11,20 | 36,897
1122-A-4 0,5 5 99,04 99,983 7,74 14,769
[122-A-5 0,5 10 99,85 99,949 7,80 14,763
I122-A-6 05 15 99,96 99,981 7,81 14,768
I122-A-7 1,0 5 100,00 99,984 3,90 7,384
I122-A-8 1,0 10 100,00 99,978 3,90 7,384
I122-A-9 1,0 15 100,00 99,986 3,90 7,385
2 epynna
1122-11-10 0,2 24 43,42 99,935 8,48 36,904
I122-11-11 0,2 72 51,28 99,956 | 10,01 36,911
1122-11-12 0,2 168 51,34 99,940 | 10,02 36,905
1122-11-13 0,5 24 98,91 99,986 7,73 14,769
[122-11-14 0,5 72 99,80 99,982 7,79 14,768
I122-11-15 05 168 91,71 99,974 7,16 14,767
1122-11-16 1,0 24 99,99 99,982 3,90 7,384
1122-11-17 1,0 72 99,99 99,978 3,90 7,384
1122-11-18 1,0 168 99,99 99,984 3,90 7,384

[IpoObI 0TX010B OBLIU BBICYIICHBI B CYIITUILHOM HIKa(y mpu Temmeparype 95 °C
B TeueHue 12 9 u u3MenpueHb! 10 ppakumu 1 mum (puc. 1), nanee HaBeCKU UCCIeqye-
MBIX 00pa3ios (0,2; 0,5; 1 ) moMecTnin B KOHUYECKHE MPOOUPKHU M K HUM OBIJIO 10~
6asisieHo 1o 50 MJI McclIeAyeMOT0 pacTBOPA CTOYHBIX IPOMBILUIEHHBIX BOA. O0pasis
1 rpynnel nepememinBanuck 5, 10 u 15 MUH € TOMOIIBIO SKCTPAKTOPa IIOYB U TPYHTOB
OI' ans naboparoproro ananuzaropa AH-2. OOpa3ubl 2 rpynmsl ObIITH OCTABICHBI
Ha 24, 72 n 168 yacoB cooTBeTCTBEHHO. [loyueHHbIE B pe3ynbTaTe B3auMO/IeHCTBHS
pacTBOPHI OBIIN OTQUIBTPOBAHBI C MTOMOINBIO (DUIBTPA «CUHSS JIGHTa» W OTIIPaB-
JICHBl Ha XMMMUYECKHUI aHaiu3. Pe3ynbraTel XMMHUYECKOTO aHaIM3a MPEACTABIICHBI
B Tabm. 2.
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Crarnueckyto o0beMHyl0 emkocTh (COE, Mr/r) m 3¢ (heKTHBHOCTD yaaneHHs
MOHOB MeTaylIoB 13 pactBopoB (E, %) paccunTeiBanu o ciegyromum Gopmynam:

COE _ (Cncx —g(:pasu)V , (1)

rae C,  — MCXOHAs KOHLCHTPALUs HOHOB ME/Ii B pacTBope, Mr/it; C — paBHOBECHAs!
(ocraro4yHasl) KOHLEHTpAMS MOHOB MEAH B (DUIIBTpaTe, YCTAHABIMBAIOMIASCS B BOJAC
nocJe nepeMennBaHus BOABI U cyocTpara, Mr/1; V — 00beM MPUIMBaeMOro K COPOCHTY

MOJICJIHOTO pacTBOpa, JI; § — Macca Cyxoil HaBeCKH cyOcTpara, T

Cucx - CpaBH
Cncx

E -100. 2

Pe3ynbrarsl pacuera nokasaresnei CTENEHN U3BJICUEHUS 3arpsSI3HUTEIIENH U3 pacTBopa
npuBeIeHbI B Ta0. 3.

Pesyabrarhl U o0cCy:kIeHHe. PesynbraThl XMMHUUECKOTO aHau3a, MPEJCTaBJICH-
HbIe B Ta0JI. 2, MOKA3bIBAIOT MCXOJHYIO KOHIIEHTpALUI0 Meau — 78,1 Mr/i, mMaraus —
322,57 mr/n u xenesa — 147,71 Mr/n B uccneryeMbIX MPOMBIIUICHHBIX CTOUYHBIX BOJIAX
(mmdp «Kaban»). Takke mpoMBIIIIEHHBIE CTOKA ¢ OTPa0OTAaHHOTO MEJIHOKOIYE/IaH-
HOTO MECTOPOXKICHUS MMEIOT JocTatodHo Hm3kuid pH = 3,1. 13 Ttabmn. 2 BumHO, 9TO
pH momry4eHHBIX UIBTPATOB 3aBUCHUT OT MAcChl JOOABISIEMOTO B PacTBOpP COpOEHTa
M BO3pacTaeT BMECTE C YBeIMUeHNEM HaBeCKH 00pa3moB. 3HadeHus: pH BappupyioT ot
4,15 mo 7,02.

Ha puc. 2 moka3aHo COOTHOIIIEHHE MKy MacCoil HaBeCKH 00pa3IoB B TPyIIe U
COOTBETCTBYIOIINM IPOIIEHTOM yAaJIeHUSI HOHOB U3 PacTBOpa I KaKJ0TO U3 MeTall-
noB. [Ipu copbunu noror meau Cu?! pe3ko Bo3pacTaeT MokazaTeb yAaJeHHsS HOHOB
u3 pacteopa (E): ¢ 52,02 mo 99,04 % nmst 1 rpynmet u ¢ 43,42 no 98,91 % nnst 2 rpyn-
bl (Tabmn. 3), mpy yBETHMYCHUH JIO3UPOBKH HCTIBbITyeMoro copbenta ¢ 0,2 1o 0,5 r u na-
Jiee TOCTUraeT MakcHMMaibHO Bo3MOkHO 3HadeHus 100 % B 1 rpynme u 99,99 % Bo
2 rpymne. B ¢punsrparax 1 rpynmst ¢ mudpom «I122-A-7», «I122-A-8» n «1122-A-9»,
MOJTYICHHBIX B PE3yJIbTaTe B3aUMONEHCTBUS copOeHTa (HaBecka |1 T) ¢ pacTBOpOM
CTOYHBIX BOA, HMOHBI Meau Cu®" oOHapy:KeHBI B MHUHHMAaIbHBIX 3HadeHusx (0,002 u
0,003 wmr/m). 1ns ¢umsrparoB 2 TPYIIIEI ¢ HABECKOH 1 T Takke HAOIIOMAIOTCS MUHU-
MajibHbIe KOHIEHTpaiu HOHOB Meau Cu** ¢ mmdppamu «[122-T1-16», «I122-T1-17»
n «I122-I1-18», cocrasusror 0,005; 0,006 u 0,004 MI/i1 COOTBETCTBEHHO.

Taxoke U3 JaHHBIX Ta0JI. 3 BUHO, YTO ITOKA3aTeNlh CTATUYECKONH 00bEMHOM EMKOCTH,
KOTOPBIN OTPEICISCT KOJIMYECTBO afcopOMPOBAaHHBIX HOHOB HA IMOBEPXHOCTH COPOCH-
Ta, YMEHBIIACTCS C YBEJIMYCHUEM HAaBECKH OOPAa3IOB Kak Juisi | Tpymmbl, Tak ¥ s
2 rpymmsl. [1o Bce#t BUAMMOCTH, 3TO CBS3aHO C YBEIMUYEHUEM IUIOIIAIN TOBEPXHOCTH
copOeHTa 1, KaK CIIE/ICTBUE, YBEIIMYCHHEM YK CIIa TIOCTYITHBIX a/ICOPOIIMOHHBIX IIEHTPOB,
KOHKYPHPYIOIINX 3a TO e KOJIMUECTBO UCXOTHBIX KOHIIEHTpaIuit HoHoB [13—15].

B o710 ke Bpemst 1y1st noHoB kene3a Fe*' mokazaremu E (puc. 2) u COE (puc. 3) ume-
IOT BBICOKHE 3HAUCHUSI HE3aBUCHMO OT HaBECKU OOpaslioB st 00CUX TPYIII U Bapbu-
pytot ot 99,85 10 99,98 % u ot 3,9 no 10,82 Mr/r cOOTBETCTBEHHO. MakcuMaJbHas
KOHIIEHTpaLus HOHOB kene3a Fe’* 3agukcupoana B puibrparax «[122-A-1» ¢ HaBe-
ckoit copbenta 0,2 r — 0,219 mr/m, a muanmanbHas 0,02 mr/n — mudp «1122-A-9» c
HaBeckou 1 T u «I122-11-13» ¢ maBeckoit 0,5 .
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OTX0mBI Kene30-MarHueBOro MPON3BOICTBA H3HAYAIEHO CO/IEPKaT OOIIBIIIOe KOH-
gectBO MarHust — 175 000 mr/kr (tabmn. 2). B cTouHbIX Bomax, OTOOpaHHBIX Ha MPOM-
IUIOIIA/IKe OTpabOTaHHOTO MecTopokaeHHs KabaH, MarHuii mpUCYTCTBYET B KOJH-
yectBe 322,7 mr/n. M3-3a mepeHachlllieHUs aKTUBHBIX LEHTPOB copOentoMm [14, 15]
[OCJIe B3aUMOJCHCTBHSI CO CTOUHBIMH BOJaMH B (pMIIBTpaTax MarHuii oOHapyKuBaeTcs
B OOJNBIINX KOHIICHTPAIUAX, YeM OBLT J0 dKCIIEPUMEHTA, W BapeupyeT oT 829,14 mo

1410,22 wmr/m.
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Pucynok 2. DddexTuBHOCTS ymaneHns Meanm u jkene3a u3 pactBopa (E, %):

a — 1 rpynma; 6 — 2 rpynmna

Figure 2. The efficiency of removing copper and iron from the solution (E, %):
a—1group; 6 — 2 group

B rpynmne o0pa3noB, B KOTOpOW MPOUCXOAMI MPOLECC B3aUMOJCHCTBUSI OTXOIOB
KEeJIe30-MarHUeBOro MPOM3BOACTBA C AUCTHIUIMPOBAHHONW BOJOW, BEIHOC MOHOB Mar-
ous Mg?" HabGmromaincs B OOIBINNX KOHIEHTparwsax — ot 771 mr/m mo 1151,1 mr/m,
noHbl Meau Cu?* oOHapyKeHbI He ObLIH, a MOHBI Fe’' 3adukcupoBaHbl B 3HAUCHHUSIX

or 0,02 10 0,029 mr/i (Tadm. 2).
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BoiBoabl. Pesyinsrarel McclieoBaHus yaaneHus uoHoB Mmenn Cu?’ M3 CTOUHBIX
MIPOMBIILIJIEHHBIX BOJI C UCIOJIb30BAHUEM OTXOJIOB JKEJI€30-MarHUEeBOrO MPOU3BOICTBA
MOKA3bIBAIOT, UYTO U3ydaeMble 00pasibl ObLIH A(()EKTUBHBI B TIOIJIONICHUNA MEIU W3
BOJHBIX PaCTBOPOB.
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Pucynok 3. KonnuecTBo ajcopOMpOBaHHBIX MOHOB Ha IOBEPXHOCTH copOeHTa
(COE, mr/r): a — 1 rpynma; 6 — 2 rpynmna
Figure 3. The number of adsorbed ions on the surface of the sorbent (SVC, mg/g):
a— 1 group; 6 — 2 group

YcTaHOBIECHO, YTO KOJMYecTBO HOHOB Meau Cu’' B QuiibTpaTax M3MEHSETCS B 3a-
BUCHMOCTH OT MacCChl HABECKH HCIIBITYEMBIX COPOCHTOB, MPY YBEITUUCHUH JTO3UPOBKU
obpasmos ¢ 0,2 mo 0,5 r HaOmomaeTcsT pe3koe MoBBIeHUE Toka3atens E ¢ 52,02 mo
99,04 % nns 1 rpynmsl u ¢ 43,42 no 98,91 % muia 2 rpynnsl cooTBeTcTBeHHO. [loKkaza-

tenb COE Taxke 3aBHCUT OT MacChl IlOGaBJ'ISICMOI‘O B paCTBOp 06pa311a " YMCHbLIIACTCA
C YBCIIMUCHUEM JO3UPOBKU cop6eHTa.
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OTXOmBI KEJIe30-MarHUEBOTO TIPOM3BONICTBA CONEPKAT B CBOEM COCTABE MarHUM U
JKeJIe30 B BHICOKMX KOHIICHTPAIUSX U ITOCIIE B3aUMOJICHCTBHUS CO CTOYHBIMHE ITPOMBIIIIICH-
HBIMU BOJAMHU aKTHBHO OTJAIOT MarHUil B pacTBOpP, HO MPOIOLKAIOT M3BJICKATh M3 HETO
xkene30. [lokazaremu E u COE n1s jkesie3a IMEIOT BEICOKHE 3HAYCHHS He3aBUCHUMO OT HaBe-
CKM 00pa3LoB Ayt 00enx rpymil ¥ BapbupyroT oT 99,85 10 99,98 % u ot 3,9 1o 10,82 mr/r:

[TorydueHHBIC B X0/I€ PKCTIEPUMEHTA TaHHBIC B JadbHEHIIEM OyIyT UCIIOIB30BaThCS
JUTs pa3paboTku 3G PEKTUBHBIX MaTEPUAIOB U METOAOB ISl IMKBHIAIIMH 3arPs3HEHUS
BOJIHBIX OOBEKTOB.
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Removal of copper ions from industrial wastewater using waste from iron
and magnesium production

Artem V. Sobenin !, Natalia Iu. Antoninova !, Albert I. Usmanov !, Kseniia V. Shepel !
nstitute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Research objective is to assess the possibility of removing copper ions from industrial wastewater
using waste from iron and magnesium production.
Methods of research. An experiment was conducted to remove copper ions from a solution of
industrial wastewater using waste from iron and magnesium production. Data were obtained showing
changes in the ion content of the studied metals in wastewater solutions. Theoretical research was
carried out to analyze the effectiveness of existing wastewater treatment methods in order to study
and generalize the results. The initial concentration of metal ions in solutions was measured with
a Varian AA 240 FS atomic absorption spectrophotometer with a deuterium lamp for background
correction and flame spraying. Temperature and pH were measured with a Hanna HI 99121 portable
pH meter: Mineralization of solid samples was carried out with a MARS 5 Digestion Microwave
System in Easy Prep vessels with the addition of nitric and hydrofluoric acids.
Results. The results of the research on the removal of copper ions from industrial waste water
using iron-magnesium production waste show that the samples under investigation were effective
in absorbing copper from aqueous solutions. It was found that the amount of copper in the filtrates
varies depending on the tested sorbent sample weight. There is an increase in the indicator of the
degree of pollutant extraction from solutions from 52.02 to 99.04% for group 1 and from 43.2 to
98.91 % for group to respectively with an increase in the sample dosing rate from 0.2 to 0.5 g.
The indicator of static volume capacity also depends on the mass of the sample added to the
solution and decreases with the dosing rate growth. Wastes of iron-magnesium production contain
magnesium and iron in high concentrations. After interaction with industrial waste water, they
actively release magnesium into the solution, but continue to extract iron from it. The indicators of
the degree of pollutant extraction from solutions and of static volume capacity for iron have high
values regardless of the sample weight for both groups and vary from 99.85 to 99.98% and from
3.9 to 10.82 mg/g.
Scope of results. The data obtained will used to develop effective materials and methods for water
bodies pollution elimination.

Keywords: copper; adsorption; wastewater; environment protection; metal sorption; waste;
copper accumulation; magnesium; iron.
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Mepepa6oTka 30M0TOCOAEPXKALLETO CYPLMAHO-CYNbGULHOTO
MeXaHOaKTUBUPOBAHHOIO KOHLEHTpaTa

Paxumos X. LLL.", Swos B. B.2, Kagupos A. A.", Baganos A. B.2
! TopHO-MeTanmyprnieckiit MHCTUTYT TamkukncTaHa, r. byctoH, Pecnybnuka TamkukucTaH
2 LleHTp 1CcCnenoBaHNs MIHHOBALMOHHBIX TEXHOMOTA HaLoHanbHoN akafeMumn Hayk TamkukmcTaHa,
r. QywaH6e, Pecnybnuka TamkukucTaH
3 TamKMKCKWIA TeXHUYeckmin yHuepcuTeT um. M. Ocumn, 1. Qywanbe, Pecnybnuka TamkukucTaH
*e-mail: hayotrahimi95@mail.ru

Pechepam
Beeoenue. Pewenue eadichblx cmpameeuyeckux 3ao0au  Pecnyonuxu  Tadocukucman
3asucum om Makux OMpacieil NPOMbIULIEHHOCMU, KAK XUMUYECKAs, 20pHO00ObI8AIouds,
2opHonepepabamuleaiouas u Memaiiypeudeckas, pUmmMuidHoe QYHKYUOHUPOBAHUE KOMOPLIX
obecneuusaemcs pazgumou dHepeemudeckol u mpancnopmuou unoycmpueu. Komniexcnas
nepepabomka MHO2OYUCTIEHHBIX NOLE3HbIX UCKONAEMbIX, PACHOLONCEHHbIX HA Meppumopul
Pecnybnuxu Taoarcukucman, cnocoocmeayem nosigneHuIo Ho8bIX NPOU3E00CMBEEHHBIX 00bEKMO8
u pabouux mecm, nepexody om npou3zo00Umesi Colpbsi U NOLYPadpuUKamos Kk npou3800umenio
20MOBOU NPOOYKYUU U PEULEHUIO COYUATLHO-IKOHOMUYECKUX 3A0aY.
Memoouka nposedenusn ucciedosanuii. Ilpu nepepadomre 3010M0Co0ePHCAUe20 CYPbMAHO-
CYIbPUOH020  MEXAHOAKMUBUPOBAHHO20 — KOHYEHMPAMAa  O4e8UOHA — YenecooOpasHOCHb
pazoenenusi cypbmvl U ONAOPOOHLIX MEMANLO8 Nneped YUAHUPOSBAHUEM, YMO MOdICem
ObIMb  QOCMUSHYMO MeMOoOaMU NUPOMEMAaniypeuu ui odozaujerus. JucmuiisiyoHnblL
00oicue  no360Aem OOCMAMOYHO NOIHO YOAIUMb CYPbMY U3 OMHOCUMENbHO OeOHbIX
OMUM MEMALIOM KOMAJLEKCHbIX py0, 00OHAKO npu nepepabomie 602amo2o CypbMOU CblPbsl
BO3HUKAIOM OCJLOJCHEHUS. 8 CB53U ¢ ONACHOCMbIO 0OPA306AHUS. HACMBLIU 6 neyax. B mo oice
spemsa npu evicokoti memnepamype (1000—-1100 °C) 6orvuioe konuuecmso 3010ma Moxcem
coeouHumbCcsl ¢ okcuoamu u cmamo okcuoom. Cypvma modcem Ovimsb yoaniena npu obcuee
¢ xnopuposanuem. J{obaska Xaopupyrouezo pedceHma No360J5en NOBbICUMb U3GLEYeHUEe
3010ma npu nociedyloueM YuaHuposawuu ozapka om 75 0o 95-98 % no cpaenenuro c
OOBIYHBIM OKUCTUMETbHBIM 00HCUSOM.
Pesynomamol u ux ananus. J{annas cmamovs si8IS€MCsl Pe3VIbMAmMoOM Cepull Onblmos U
peHo8ayull MexHOL02Ull nepepabomku Cyib@OUOHO-CYPbMAHO20 KOHYEHMPAmd, cO0epiHcau,e2o
30710mo, 00 KOHeuHo2o npodykma. Paspaboman sghgexmusnviti cnocob xiopupyioujeeo
00oicUea  MEXAHOAKMUBUPOBAHHO20 — CYPbMAHO-30JI0M020 KOHYEHMPAmMd, —CO0epucauleco
Onazopoonvie memainivl, Xaopuoom nampus. Onpedenen ONMUMALbHBIIL PeCUM Npoyeccd
oboicuea, o0becnedusarOWUll GbLCOKULL BbIXOO COCOUHEHUL CYPbMbL U 300Md, KOMOPbLE
MEXHON02UYECKU JIe2KO nepepadbamuléaomcsi.

Knrouesvle cnosa: cyivguono-cypvmsanviii  Konyenmpam, — codepircanue  3010md;
Xaopupyrowuil 00icue; X10pud Hampus, KOMNJIEeKCHAs nepepadbomxa.

Beenenue. KommiekcHasi nepepaboTKa MOJTUKOMIIOHEHTHBIX MECTHBIX MHHEPalib-
HBIX Pyd, UMEIOLIMXCcs Ha TeppuTopuu PecnyOmuku TamkukucraH, TpeOyeT moucka
Oosiee 3 PeKTUBHBIX CLIOCOOOB U3BJICUEHHS HE TOJIBKO OCHOBHOIO KOMIIOHEHTA, HO U
JPYTUX COIYTCTBYOLIMX IOJIC3HBIX BEIIECTB U3 COCTaBAa MUHEPAILHOTO ChIpbsl. Cpenu
MOJIE3HBIX MCKOTAeMbIX Ta/pKUKHCTaHa CyphbMa SIBISIETCS OIHUM M3 CTPATErHMYeCKHUX
METaJUIOB TOPHO0OBIBAIOINIECH MPOMBIIUIEHHOCTH U OTHOCHTCSI K TPYIINE PEIKUX Me-
TauioB. [lo MOATBEp)KIEHHBIM MHUPOBBIM 3amacam CypbMbl TaJPKUKHUCTaH 3aHMMaeT
JUUPYIOLIME TO3ULUHN B MUPE U B a3MaTCKOM peruoHe (mpumepso 1,8 mun/t) [1, 2].
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CprMa SABIISICTCA XaJ'II)KO(I)I/IJIOM, coACpKalM CEPY U TAKCIIbIC METAJIJIbl: ME/Ib,
CBUHEI U cepedpo B Buae cyinbdoconeit. CyppMa BeTpedaeTcs MO0 B BHIE OTICTh-
HOTO Cynb(uIa, TAKOTO KaK aHTUMOHUT, CYIb(POCOICBHIX MHHEPAJIOB — TETPAdIPHT,
PEIKUX aHTHMOHHUJIOB — aypOCTHOWT, JINOO B BUJIE BTOPOCTEIIEHHOTO WM CIIEJOBOTO
KOMIIOHEHTa B CyIb(pHJIaX — apCCHONMUPUT U MUPUT. B mpupone BcTpeuaercs Oolee
100 mMuHEpasoB cypbMbl. B MPOMBIIIICHHOM OTHOIIEHHH AHTUMOHHT TIPEICTABISCT
€000 MpeodIaIaroNy0 BAKHYIO U IIEHHYIO pyay. MeCTOPOKICHHUS CYPbMBI 4aCTO CO-
JeprKar OOJBIIOE KOJTUYECTBO CYIb(PHI0B 3070Ta, cepedpa u pryTu [1].

Cypbma
268 000 7.

PAIOOPHT
205000 7.

PryTs 184 T,

Pucynok 1. O6mue 3anacsl KoHY0UCKOH MpyNITBI MECTOPOXKICHUI
Figure 1. Total reserves of the Konchochsk cluster of fields

Ha wecropoxxnenun Konuou AWHHMHCKOTO palloHa BEICTCS CTPOUTEIBCTBO
MPEINPUATHSL 110 JOOBIYE 30JI0TA U CYpPbMbI 3aKPBITHIM AKIMOHEPHBIM OOIICCTBOM
«Tanko T'onmy. I'pynna pynaukoB KoHuod coctouT u3 Tpex cTpykryp: Yonboii (301010
u cepedpo), Konvou (3051010, cepedpo, pTyTh, (uiroopur) u lllaxkoH (3051010, CypbMa,
MBILIBSK, (uroopur) [3].

[To npenBapuTeIbHBIM OllEHKaM, MecTopoxaeHue KoHuou comepxut 55 T 3051074,
44 1 cepebpa, 184 T pryTH, 268 ThIC. T CypbMBI U 205 ThIC. T uroopuTa. Cxema MecTo-
POX/IeHns TIOKa3aHa Ha puc. 1.

B pynnukax Konuou (ILloxkoH) HaxomuTcsi OOJBIIOE KOIWYECTBO 30JI0Ta, €MY CO-
IyTCTBYET MeTaJUTHYecKas cypbMa. [loaToMy KoMITIIeKCHas TiepepaboTKa CyIbOUITHO-
CYPBMSIHOTO KOHIICHTpATa, COAEPIKAIIETO 30JI0TO, SBISETCS aKTyalbHOW 3aa4dei.

KoHmeHTpar Ha MECTOPOXKISHHIX TOIYy4aroT MeTonoM ¢uotannu. Kak mokazamm
WCCIIEZIOBaHUSI YUEHBIX B 3TOW OOJACTH, MOCIEAyIoIee ITMaHNPOBaHUE OCTAaTKa BOC-
CTaHOBUTEJILHOTO BBIIIEIAYNBAHUS TIPUBEIO K U3BJICUEHHUIO TONBKO 27 % 3070Ta 10
cpaBHeHUIO ¢ 11 %, MOTYYEHHBIMY PU TIPSIMOM ITHAHUPOBAHUU ()IIOTAIIMOHHOTO KOH-
neHTpara. OJHAKO OKUCIUTEIBHOE BBIICIAYMBAHIE TOTO JKE OCTATKa C MO CIETYOIINM
LMaHUPOBaHHEM 00ECIIeUnIIO U3BJIeUeHHe 3010Ta Oonee 95 %, 4To, BO3MOMKHO, CBUJIC-
TEJIBCTBYET O TOM, UTO CYJIb(UIHAS MATpUIAa HE SBJISCTCS SAMHCTBEHHOW MPUYUHOU
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TYTOIIABKOCTH, MPUCYIIEH aHTUMOHUTOBBIM pyzam. C 3TOH TOYKM 3pEHHUS TIEPBOCTE-
TIEHHOH 3a/1a4ell CYuTaeTcs OTAeNIeHHe KOHIIEHTpaTa OT Cephl Mepel MPOIeccoM IoI-
BBITICITAUUBAHMS [4].

OKHCAUTETHHUHI 00XKHUT TTO3BOJISET JOCTATOYHO TIOTHO YIAJIUTh CyphMY U3 OTHOCH-
TETBHO OETHBIX 3TUM METAJNTIOM KOMIUIEKCHBIX PY/I, OJTHAKO IPH repepadboTke 60raroro
CYpbMOH CBHIPbsI BOSHUKAIOT OCJIIOKHEHHUS B CBSI3M C OTTACHOCTHIO 00pa30BaHUS HACTHI-
mu B nieyax. [Ipu Beicokoit Temneparype (1000—1100 °C) Gonbiioe KOIU4ecTBO 30J10-
Ta MOXKET COCTUHHUTHCA ¢ OKcuaamH [5]. AmepukaHckuii yuensiii Kopou I. Annepcon
B CBOEH Hay4HOH cTaThe [6] OTMEUaeT, 4To yJlajIeHne CypbMBbl B BUE YIACTYIHBIIETOCS
TPUOKCHA SBIISETCS €IMHCTBEHHBIM MMTUPOMETAILTYPTHYECKAM METOIOM, TTOXOSIINM
IUISL PyZl C HU3KUM COZIEPKaHHUEM 30J10Ta.

B BoITSIRKY
Boznyx ==

W7

Pucynok 2. VYcraHOBKa JUI1  OKHCIHTEIBHO-XJIOPUPYIOIIETO OOXHIa CyIb(QUIHO-CYpHMSHOTO
KOHIEHTpara, COACPKAIICTO 30JI0TO: 1- NOBOPOTHAas pr6ana${ IICYb, 2— JIOTOK C LHPIXTOfI; 3- peaKkTop
JUISL O6)KI/IFa; 4 — COCIUHUTCIIBHOC yCTpOfICTBO; 5 — IbUICYJIaBJIMBaroNiass KamMepa (KOHHGHC&TOp);
6 — aGcopOepsr
Figure 2. Installation for oxidation-chlorination roasting of antimony sulfide concentrate containing gold:
1 — rotary tube furnace; 2 — tray with charge; 3 — reactor for roasting; 4 — connecting device; 5 — dust
collecting chamber (condenser); 6 — absorbers

OnHUM U3 NEPCIIEKTUBHBIX HAIPaBICHUH TMPOMETaITypruieckoro crocoba nepe-
pabOTKH MHHEPAIbHBIX PYJ U KOHIICHTPATOB SIBJSICTCS XJIOPUPYIOLIUH 00xur [7—11]
B KOMOMHAIINHN C MEXaHUYECKON aKTUBAINEH.

MexaHunueckas akTUBAIMsl — MHHOBAI[MOHHBIA MeToA [12], mpu KOTOpoM yiydiiie-
HUe 3(PPEKTUBHOCTH THAPOMETAIUTYPIHYECKUX MPOIECCOB MOXET OBITh JOCTHUTHYTO
3a CUET COUYETaHWs] HOBOW TUIOIIAJM MOBEPXHOCTH M 00pa30BaHUsI KPUCTATHUECKUX
nedexroB B MuHepanax. CHIKEHUE TEMIIepaTypbl PeaKiii, YBEIHUYEHHE CKOPOCTH H
CTETIeHN PACTBOPUMOCTH, TIOTYUYEHHUE BOJIOPACTBOPUMBIX COETUHEHNH, HEOOXOAUMOCTh
B OoJiee POCTHIX U MEHEE JIOPOTUX PEaKTOpax 1 0ojiee KOPOTKOE BpeMsl PEaKIii — BOT
HEKOTOpBIE M3 NMPEUMYIIECTB MEXaHN4YeCKol akTuBanuu. OcoOEHHO TPUBJIEKaTEIbHbI
IKOJIOTHYECKHE aCleKThI 3THX nporeccos [12]. B padote [13] ykazana 3phexkTHBHOCTD
NPEBAPUTEIILHO MEXaHWYECKH AKTHBHPOBAHHOTO CYIb(HUIHO-CYPbMSHOTO KOHIICH-
Tpara B COYETaHUH C APYTUMH criocodaMu nepepadoTKu 3TOro BHjIa KoHIeHTpara [13].

AKTyaTbHBIMH CUHUTAIOTCS UCCIICOBAHUS U pa3pabOTKH APYTUX CIOCOOOB mepepa-
0OOTKH TOTO BHIa KOHIICHTpATA.

30110TO U cepedpo YacTo COMYTCTBYIOT CYypbMe; H30MOP(HBIC BKIIFOUCHHUS STUX Me-
TaJJIOB, KaK MPaBUIIO, IPUCYTCTBYIOT B ee MUHepanax. Kpome Toro, 3010T0 1 cepedpo
HEPEJIKO MPHUCYTCTBYIOT B COIMYTCTBYIOIIMX MHUHEpajax, 0OCOOCHHO B PYJHOM KBapIie
u cynbpuaax xenesa. OJHUM M3 PAaCHPOCTPAHEHHBIX CIIOCOOOB M3BICYEHHUS 30JI0Ta
u cepeOpa U3 pya sBiIseTcs uuaHuposaHue. lIpouecc nuaHMpoBaHUs B MPUCYTCTBHU
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CYPBMBI BCJIEZICTBHE €€ BPETHOTO BO3/ICHCTBUS OCIOXKHSIETCA [6]: pe3ko CHUKaeTcs u3-
BJICUCHHUE 30JI0TA U cepedpa, TaK KaK MEePexXoIsIlne B IUAHUCTBIM PACTBOP COCAMHCHHUS
CYPBMBI JIETKO OKHCIISIOTCS, PACXOAYsI HEOOXOMUMBIH Il IMaHUPOBAHUSI PACTBOPEH-
HBIH KHCJIOPOA; KPOME TOro, Ha MOBEPXHOCTH YacTHIl 30JI0Ta U cepedpa oOpasyercs
IJIEHKA HEPACTBOPUMBIX COCIMHEHHUH CYPbMBI, IPEMSTCTBYIOMINX KOHTAKTy C IIHaHU-
CTBIM PacTBOPOM.

[IpeanoxeHHbIE MHOTOYUCICHHBIE MEPBI YCTPAHEHHUS! BPEITHOTO JCHCTBUS CYPbMBI
Ha TPOIECC MUAHUPOBAHUS OKA3aJIMCh Malod(PEKTUBHBIMU WIIM SKOHOMHUYECKH He-
BBITOAHBIMU [6, 14]. IIpucyTcTBUE CypbMbl B IUAHUCTBIX PACTBOpAX IMPU LEMEHTALUU
01aropoTHBIX METAJUIOB M3 PAacTBOPA IIMHKOM CO3/Ia€T OMACHOCTh BBIJICIICHHSI BHICOKO-
TOKCHIHOTO CTHOMHA, HAJIMIHE CYPHMBI B IIEMEHTHOM OCAIKe 3aTpymHSIET ero addu-
HaKHYIO TUIaBKY.

JKCNepUMEHTAJILHAS YacTh. MeToabl U pe3yabTaThl HCCIeOBaHUsI. B pe3ynb-
TaTe MPOBEICHHBIX MCCICAOBAHUN M3Y4YEHO BIMSHUE OCHOBHBIX (DaKTOpOB: TemIiepa-
TYpBl, BpDEMEHU OOXHra W BIUSHHS COOTHOLICHHUS MacChl XJIOPUPYIOIIET0 peareHTa
XJIOpHJIa HATPUsl K Macce KOHLEHTPaTa Ha CKOPOCTh IPOLECCa OKUCIUTEIbHO-XJIO-
pupyrouero oOXura MnpeaBapuTeIbHO MEXaHHYECKH aKTUBHUPOBAHHOTO CYIb(HIHO-
CYPBbMSIHOTO KOHIICHTpaTa. XJIOPUPYIOIIHA OOKUAT KOHIIEHTpaTa MPOBEACH C IMOmaveii
nnn 6e3 Jocrtymna Bosayxa. McecnenoBanue BIUSHHS OJHOTO U3 yKa3aHHBIX (PAaKTOPOB
MIPY TIOCTOSTHCTBE JIPYTUX Ha IMPOIECC XJIOPHUPYIOIIETO 00XKHTra MPOBEICHO C y4acTHEM
arMocdepHoro kuciopoaa. OnpeneseHbl ONTHMAIbHBIE YCIOBHS IPOBEACHUS IPO-
1ecca, To3BOJISIOIINE JOCTUTAaTh BBICOKOW CTENEHH MepepaboTKU KOHIIEHTpaTa U BbI-
X0Jla OCHOBHOI'O IIPOJYyKTa O0OKUra. YCTaHOBJIEHO, YTO C IOBBILICHUEM TEMIICPaTyphl
10 450 °C nabmonaeTcs pocT BbIX0Ja OCHOBHOTO MPOAYKTa OOXKUTa XJIOPHA CYPbMBI
(o =49 %), xoTopEIil 3amensieTcs mpu OoJiee BRICOKUX Temmeparypax. [Ipu 3Toii Tem-
neparype HauOojee ONTHMalIbHOE BpEeMs MpoLecca 00KUIa KOHLIEHTpaTra COCTaBIIseT
90-120 muH. BbICOKMIT BBIX0J] OCHOBHOTO IIPOAYKTa 00’KUTa KOHIIEHTPATa JJOCTUTAeTCs
IPU COOTHOIIEHMH Macchl Xjopupyromero pearenta (NaCl) m x macce KOHIEH-
Tpara m: m /m,=1/4.

CMmech MeXaHOAKTUBMPOBAHHOIO CyNb()UAHO-CYPbMSHOIO KOHIIEHTpaTa, COAEp-
KAIero 30J0T0, ¢ XJIOPUIOM HaTpHsl, pABHOMEPHO pa3MeIlaeTcsl B KEPAMUIECKOH JIOn0Y-
Ke u momernaercs B mydenbHyro meub mapku CHOJI T 5/12,5, nmo3Bonsomryto
noctuub Temieparypst 1400 °C.

I'azoo0pasHble npoaykThl oOxura (SO, u apyrue) ynaBauBaroTcs B abcopbepax.

[Iponecc oOkura nosy4eHHOM CMECH IPOBECH IPH CIEIYIOLUINX YCIOBUAX:

— IIpM pa3HbIX TeMIlepaTypax ookura oopasua B uatepsaie T = 300-700 °C (c ma-
rom BapsupoBanusg AT = 50 °C) u TOCTOSIHCTBE COOTHOIIICHISI MacChl XJIOPHIa HATPHS
(M, r) ¥ Maccel KoHueHTpara (M, T), paBHOM M /M, = 1/4, 1 OAMHAKOBOM BPEMEHH
BbIEpKKH (T = 120 Mun);

— nipu oxmHaKoBo# Temmeparype (T =450 °C) 1 mocToSHCTBE COOTHOIICHUS KOMIIO-
HEHTOB cMecH (M /M, = 1/4), HO C pa3HBIM BPEMEHEM BBIJEPHKKU 00kura odpasua T ot
30 1o 210 muH ¢ marom At = 30 MuH;

— IPH Pa3HBIX COOTHOMIEHMAX KOMIIOHEHTOB CMeCH (M /M,) M IOCTOAHCTBE TEMIIE-
parypsl (T =450 °C) u Bpemenu Boiaepxku (T = 120 mun) [6].

B3aumogeiictBue cynbpuma cypbMbl ¢ XJIOPUIOM HaTpusi B arMocgepe Bo3ayxa
OIIMCBIBACTCS YPABHEHHUSMU:

3Sh,S, + 18NaCl = 6ShCl, + 9Na,S;

Sh,S, + 6NaCl + 60, = 2ShCl, + 3Na,SO,.

46



Rakhimov Kh. Sh. et al. / Minerals and Mining Engineering. No. 2, 2023. Pp.43-51  MINERAL PROCESSING

IIpu coOmioneHn OTMEUEHHBIX YCIOBH MPOIECC OKHUCIUTEIHHO-XJIOPHPYIOIIEro
00KHTa IPOUCXOIUT MPHU JOCTATOUHO HU3KUX TEMIIepaTypax C yJaJeHHUEM Cephl MpakK-
TUYECKH MOJHOCTHIO U3 cucTeMbl. OCHOBHAS YacCTh CYpbMBbI MEPEXOANT B XJIOPUAHYIO
¢dbopMy, U3 KOTOPOH CypbMy MOXKHO JIETKO M3BJIEUb, a APYras — B OKCHAHYIO Qopmy,
U3 KOTOPOU CypbMa TOXE TEXHOJOTMYECKH U3Biekaema [15].

OOXHT KOHIIEHTpaTa U 00pa30BaHNe OCHOBHOTO MPOAYKTa 00KUTA — XJIOPUAA CypPb-
MBI ITPOBeZIeHBI B MHTEpBasie Temneparyp ot 100 1o 700 °C npu ognHAKOBOM BpEMEHHU
BbIIEPKKH (120 MUH) M HCXOIHOM cOCTaBe WIMXTHI (M,/M, = 1/4).

o, % r
50
40
30 r
20

10

0 L L L L L L L ]
0 100 200 300 400 500 600 700 T,°C

Pucynok 3. I'paduk 3aBucHMOCTH 00pa3oBaHMs XJIOPUIA CYPBMBI OT
TEMIIEPATYPbL o0Xura KOHICHTpAaTa IIpU OJWHAKOBOM BpPEMEHHU
BBIZICPIKKUA U COCTABE IHNXThI
Figure 3. Dependence diagram for antimony chloride formation and
the concentrate roasting temperature for the equal exposure time

and charge composition

PesynwraTel mccinenoBanus (puc. 2) MOKa3bIBAIOT, 4TO A0 Temmeparypsl 450 °C
HaOTIOaeTcsl 3aMeTHBI poCcT 00pa3oBaHus xyiopuaa cypbMbl (o = 49 %), KoTopbIit
3aMeuIIeTcs mpu 0osee BBICOKHUX TeMIieparypax. Bosmoxkno, uto npu 450 °C HaunHa-
FOTCS TIPOIIECCHI CTIEKAHUsI KOHIIEHTPATa U OKUCIIEHUS] CEPHUCTHIX COSTUHEHHH.

IIpu nanpHEHIINX MCCIIEAOBAHUSAX B Ka4eCTBE OMOPHOM TeMIepaTypbl MIPUHUMAIN
T =450 °C. Pe3ynbrarsl HCCIEAOBAHUS 3aBUCUMOCTH 00pa30BaHUs XJIOPUAA CYPbMBI
OT BPEMEHH BBIACPKKU 00XKHTra MIMXThI TP HEU3MEHHOCTH TEMIIEPATYPbl U HCXOJHOTO
cocraBa mUXTHI (M /M, = 1/4) u3yuensl B unreppaine temneparyp 100-450 °C.

3aBHUCHMOCTH HATJISTHO MTOKa3bIBaeT (puc. 3), 4TO MPOIECC U3BICUCHUS CypPbMBI U3
AKTUBMPOBAHHOTO KOHIIEHTPAaTa COCTOUT M3 TPEX MEPHOI0B: HAYAJIBHOTO, IJIABHOTO U
koHeuHoro. Hauanbuelil nepuon (1o 90 MMH BpeMEHHU BBIJEPKKH) COMPOBOXKIAETCS
cabbIM POCTOM M3BICUYEHHMS XJIOpHAA CypbMbl B mpeaenax Ao = 10 %. maBubii
MIEPUO COMPOBOXKIACTCS 3HAUUTEIbHBIM BBIXOIOM Ipoaykra, Ao = 30 % nocturaercs
B TeueHure 90—120 muH.

IIpoBeneHHBIE HKCTIEPUMEHTHI TOKA3bIBAIOT, UTO HaNOO0JIee ONTHMAILHBIMU YCIIOBHU-
SIMU TIPOBEJICHHSI TIpoliecca 0OXKNUra MEXaHOAKTUBUPOBAHHBIX CYIb(HUIHO-CYPbMSHBIX
KOHLIEHTPATOB, KOTOPBIE MO3BOJIAIOT JOCTHYb MAKCUMaJIbHOM CTENEHM H3BIICUEHUS
CYPBMBI, SIBIISIFOTCSA: COCTAB WIMXTHI (M, ./ M enpara 1/4), remneparypa 450 °C, Bpems
obxwura 120 muH [7, 16].
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30J10TO He pearupyer ¢ XJIOPHIOM HaTpPUs U IOJIHOCTbIO OCBOOOXKIAETCS OT CyJlb-
¢unnbix coenunernii. Cypbma ¢ cyiab(QUIHBIMEA COSTUHEHUSMHE TIOJIHOCTBIO TEPEXOAHUT
B XJopuaHyto gopmy. 3010T0 ocTaeTcsi B MPOAyKTax cropanus. B pesynprare uccie-
JIOBaHUH yCTAHOBJIEHO, YTO XJIOPUJ HATPHs HE BIMSAET Ha 30JI0TO, IPUCYTCTBYIOLIEE B
KOHIIEHTpate, npu Temneparype a0 450 °C.

IonmenauuBaHe XJIOPHPOBAHHBIX IPOAYKTOB CIOPAHMSI CEPHOIl KHCJIO-
TOM. 30710TO — XUMHUYECKH HEAKTUBHBIA METaJUI, HE PACTBOPSIETCS B CEPHON KHUCIIOTE.
CypbMa MOTHOCTBIO PACTBOPAETCS, PACMaAAETCsl HA MOHBI U IIPH IOJIMPOBKE 1OMa1aeT
B pacTBOp. 30JI0TO MepexoAUT B Kek. [loaydeHHbI kek HampaBisercs Ha I[HaHUPOBa-
HUE, OTCTOSIBIINICS pacTBOP HAMPABIISAETCS HA MIEKTPOIU3 CYPbMBI.

CypbMsIHBIN KOHIIEHTpAT,
coJiepKamuii 30;10T0

'

Xopupyronuit 00xur

H,SO,-BeIEIauMBaHNE

'

OuibTpanus
PactBop (Sh) OcraTtok
Dexponus (Sh) [{naHOBBIIIEIAYMBAHIE
IInaBka KaToAHOTO OCaaKa CopOuus 30710Ta C
¢ AKTHBUPOBAHHBIM yIJIeM
Cyppma B
CITHTKE Jecop6uust 3051012
PactBop VYromnb

Dnexrponus Au

'

[InaBka KaTOIHOIO OcaaKa

‘ 30I10TO B CIIUTKE l

PI/IcyHOK 4. TexHonorn4ueckas cxeMa U3BJICUCHHUS CYPbMBI U 30JI0Ta
13 Cyb(OUIHO-CYPbMSHOTO KOHIICHTpaTa
Figure 4. Technological scheme for antimony and gold recovery from
antimony sulfide concentrate

Pa3paboranHas mpuHOMIHATBEHAS TEXHOJIOTHYECKas CXeMa MpoLecca XJIOpUPYIo-
I1ero 00Xkura Cymb(GpHUIHO-CYpPEMSIHOTO KOHIIEHTpATa, COJEPIKaIIero 30J0TO, TPUBEICHA
Ha puc. 4.

3akmouenne. KomriekcHas niepepaboTKa Cyab(GHUIHO-CYPbMSHOTO KOHIIEHTpATa,
COJIEP2KAILeTo 30J10TO, SBJISAETCS aKTyalIbHOM TeMoi. OueBHIHA LENecO00pa3sHOCTh pa3-
JeTICHUsI CYpbMBI U OJaropoIHbIX METAIJIOB MEPe IMaHUPOBAHUEM, YTO MOXKET OBbITH
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JIOCTUTHYTO METOAAMHM MHPOMETAILTYPIrUu WK oOoramenns. JuCTHSMoHHbIA 00-
JKUT TIO3BOJISIET JIOCTATOYHO TIOJHO YIAIUTh CYphbMYy M3 OTHOCHUTEIBHO OCIHBIX ITHM
METaJUIOM KOMIUIEKCHBIX pyi. [Ipu nepepaboTke 00raToro CypbMOi ChIphbsi BOSHUKAIOT
OCIIOXKHEHHUSI, CBSI3aHHBIC ¢ OMACHOCTHhIO 00pa30BaHus HACTHUTH B Tieyax. CypbMa Mo-
JKET OBITh yjaJieHa IPU 00KUTe ¢ XJopupoBaHueM. Jlo0aBka XJIOPUPYIOIIET0 peareHTa
TMMO3BOJIACT MOBBICUTH M3BJICUCHHUE 30JI0Ta IMPU MOCICAYIOUICEM HHUAHUPOBAHUHN Orapka
ot 75 10 95-98 % 10 cpaBHEHUIO C OOBIYHBIM OKHCIUTEIHHBIM 00KHUTOM.

MuHUMU3AIHS SKOJIOTHIECKOr0 yiepOa JTOCTUTACTCs JIETKUM yIaJeHUEeM XJIOpH-
JI0B. XJIOPH/IBI, TPUCYTCTBYIOIIUE B KOHJICHCHUPOBAHHOM COCTOSTHHH, MOYKHO BBIIIIE-
JIaYMBaTh, YTOOBI OTACIUTh MX OT MyCTO# mopoabl. Best cepa B pyae mpeBpaiiaercs B
Na,SO,, u TakuM 06pa3oM MCKJIIOYAKOTCS JOPOrOCTOSMIME ONEPALIMHU 10 OYMCTKE rasa.

[pennokeHHas TEXHOJIOTMUECKasl cxeMa 3arnareHroBana [17]. PaspaboranHsiii criocod
OKHUCJIUTEIIbHO-XJIOPUPYIOIIET0 OOKHUra MPeIBapUTEIbHO MEXaHOAKTHBUPOBAHHOIO
CYNIb(GUIHO-CYPbMSHOTO KOHIIEHTPATa PEKOMEHYETCS K BHEJPEHHUIO B MIPOU3BOJICTBO
B TA OOO «CII «AH300» 1 «Tanko l'omay (Tamkukucran).
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Abstract
Introduction. The solution of important strategic objectives of the Republic of Tajikistan depends
on such industries as chemical, mining, processing, and metallurgical. Their smooth functioning
is provided by a developed energy and transport industry. Comprehensive mineral processing
of abundant minerals located on the territory of the Republic of Tajikistan contributes to socio-
economic problems solution and to the development of new production facilities and employment,
the transition from the role of a primary producer and middle-stage manufacturer to an end product
producer.
Methods of research. The expediency of separating antimony and precious metals before cyaniding
is obvious. It can be achieved by pyrometallurgy or beneficiation methods. Distillate roasting
allows to amply remove antimony from complex ores relatively poor in this metal. However, when
processing raw materials rich in antimony, the risk of accretion development in furnaces creates
difficulties. At a high temperature (1000—1100 °C), a large amount of gold can combine with
oxides and become an oxide. Antimony can be removed by roasting with chlorination. Additional
chlorinating reagent makes it possible to increase gold recovery during the subsequent cyanidation
of the calcine from 75 to 95-98% compared to conventional oxidative roasting.
Results and analysis. This article is the result of a series of experiments and renovations for
the technologies of processing gold-bearing antimony sulfide concentrate into the final product.
An effective method has been developed for chloridizing roasting of mechanoactivated precious
metal containing antimony-gold concentrate with sodium chloride. The optimal roasting mode
has been determined, which provides a high yield of antimony and gold compounds, which are
technologically easy to process.

Keywords: antimony sulfide concentrate; gold content; chloridizing roasting; sodium chloride;
comprehensive mineral processing.
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TexHonorusi hopMUPOBaHUS 3aKNago4yHOro MaccuBa C 3aAaHHbIMU
reoTeXHMYeCKMMU XapaKTepUCcTUKaMu

Boposukos E. B.!, Maxutos A. M.
! MarHuToropckuin rocyAapCTBEHHbIN TEXHUYEeCkni yHuBepcuTeT um. . U. Hocosa,
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Peghepam
Bgeoenue. Pazpabomka 6bICOKOYEHHbIX 3aNAcO6 YEEmHbIX Memaiiog ¢ Yeablo CHUIICEHUS
noxazamenei nomepb u pazyoodCusanHus, Kaxk npasuio, OCYywecmeisemecs CUcmemamu
paspabomku ¢ 3aKaAa0Kol 8blpabomannoeo npocmparcmea. Hesasucumo om euda u cnocobos
Gopmuposanus  3aK1a00UHO20  MACCUBA  3ANONHEHUE  BbIPAOOMAHHO20 — NPOCMPAHCMEA
3aKIA00YHBIM MAMEPUATOM KAK CHOCOO YNPAGIeHUus COCMOAHUEM MACCUBA 2OPHbIX NOPOO
Haps0y ¢ 6bICOKOU MPYyO0eMKOCMbIO Hecem OONOIHUMENbHbIE 3ampambl U Makum 00pazom
yeenuuugaem cebecmoumMocms OHUCMHbIX padom. B npoyecce dKcnayamayuu Mecmopoxrcoenus
HAOMIOOAOMC  MEHOEeHYUs. NOCMOAHHOZ0  YXYOUlEeHUSl 20PHO-2€0N02UHECKUX  VCIO06Ull U
Gopmuposanue ClOACHBIX 20PHOMEXHUHUECKUX YCIO0GUL, YMO CONPOBOACOUEMCI CHUICCHUEM
cooepacanus NoIe3H020 KoMnonenma. Ipu smom uem codicree ycao6ust IKCNIyamayuu 3anacos,
mem vlie 3ampamyl Ha NOOOePIHCAHUe 8blpaAbOMANHO20 NPOCMPAHCIEA 8 COBOKYNHOCMU CO
CHUDICEHUEM UHMEHCUBHOCMU 20pHblX pabom. CoomeemcmeenHo, no mepe pazGumus 20pHbIX
padom npoucxooum nOCMOAHHBIL POCH ceDecmoUMOCU 000bIYU NPU CHUNCEHUU COOCPAHCAHUS
nONe3H020 KOMNOHEHMA, YMo OMPUYAMENLHO CKA3bIBAEMCA HA NOKA3AMENAX dQ@ekmueHocmu
npouzeoocmsa 6 yenom. Ilosmomy nouck nymei pewenus 3a0a4 no COKpAujenuro u30epicex Ha
3aK1A00YHbIEe PAbONbL OCMAEMCs AKMYANIbHOU NPAKMUYECKOU 3a0ayeli 20pHO20 NPOU3E00CmaEd.
Onmumusuposams 3ampamsl HA 3aKAA0OUHbIE PAOOMbL 6 UBMEHAIOWUXCA U NOCMOSAHHO
VXYOuarouwuxcs 20pHO-2€0102UYeCKUX YCL0GUSAX, He CHUIICAS NPOU3600UMENbHOCU OYUCTIHBIX
pabom, B0O3MOXMCHO 3a cuem NpeocmasienHol 6 pabome NOO3EMHOU 2e0MexXHON02UU C
@opmuposanuem UcKyccmeeHHo20 MexHOEHHO-USMEHAEMO20 MACCUBA, UMeouje20 mpedyemvie
2eomexHudecKue XapaKmepucmuku oas 3¢hhexmusHot ompabomxu 3anaco8 Mecimopo’CcOeHUs.
Lens pabomeut. Paspabomka u 060CHO8aHUEe NAPAMEMPOB NOO3ZEMHOT 2e0MEXHON02UU C 3aKAAOKOU
8bIPAOOMANHO20 NPOCMPANCMEA, obecnevusalowell ynpasieHue 6 npoyecce O4UCMHOU GbleMKuU
2€0MEXHUYECKUMU XAPAKMEPUCMUKAMU UCKYCCIMBEHHO20 MEXHO2EHHO-UZMEHAEMO20 MACCUBA.
Memooonozus. B pabome npoussedeno KoHcmpyuposanue KamepHoll cucmemyvl paspaboomxi
U 0060CHOBAHBL €e NapaMempyl ¢ YHemoM NPUPOOHBIX 20PHO-2E0NI02UYECKUX U POPMUPYEMBIX 8
npoyecce 04UCMHOU BbIEMKU COPHOMEXHUYECKUX yCaosuil. Hccredoseanus nposedenvl Ha 0CHOBe
Meopemuyeckux pacienos U 2e0Mexanuieckoe0 MOOeIUPOBAHUS.
Pesynomameul. Paspabomar 8apuanm KamMepHOU cucmemvl paspabomxu ¢ 3aKIAOKOU
B8bIPAOOMANH020 NPOCPAHCMBA CYXOU NOPOOOU ¢ NOCAedYIOWUM YIPOYHeHueM maepoerouyell
CMecvio U yniomHeHuemM nymem omoouKy 3anacos 6 saxcumaiowel cpede. Ilonyuennvie 6 xooe
Uccne008aHs pe3yiibmamsl HOKA3aIU Y hexmusHocms cucmemul paspadbomxu. B uccredosanuu
000CHOBANBL PAYUOHATIbHBIE 3HAYEHUS NAPAMEMPOE KOHCMPYKMUGHBIX DNEMEHMO8 CUCTEMbl
paspabomku, 8 4acCmMHOCMU OnpedeneH pasmep CMeHKU Kamepbl, PACNOLONCEHHOU N0O Yelom
80°, ¢ moawunoil ykpenienno2o cios 0o 5 m npu ezo npounocmu 1,5 MIla.
Buvieoowl. Bapuanm cucmemvr pazpabdomku moogicem Oblmb UCHOAb306AH NpU OmMpadomke
HAKTIOHHBIX U KPYMORAOAIOWUX PYOHBIX MeIl 8 CLOMACHBIX 20PHO-2€0102UHECKUX YCTIOBUSX.

Knrwueswvie cnosa: mexnocennviii maccus; KOMOUHUPOBAHHBIU 3AKIAOOUHBIIL MACCUB, 3AKIAOKA
86IPAOOMANHO20 NPOCMPAHCMEA.
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BBenenune. BoIbIIMHCTBO METHOKOTYCTAHHBIX MECTOPOXKICHHUHN OTpadaThIBACTCS
cUCcTeMaMHi pa3paldOTKH € 3aKJIaJKOi BbIpabOTaHHOTO MpocTpaHcTBa. B 3aBucHMMocCTH
OT TEXHOJIOTUHM BEACHUSI TOPHBIX Pa0OT MPUMEHSIOTCS Pa3lUYHbIC BUJIBI 3aKIag04-
HOTO MaTepuana: 3akjajka cyxas, T'MJIpaBiIndeckas, TBEpACIOLIasi, JIbIOMOpPOIHA,
OyTtoOeroHHas u npyrue [1-5], a Taxke pa3HbId MOpsoK orpaboTku [6]. Hambonee
pecypco3arpaTHbIM U TPYOOEMKHUM SIBIISETCSl HCIIOJIb30BAHUE TBEPACIOLINX CMeEcel
Ha OCHOBE BSDKYIIMX KOMIOHEHTOB [7—10]. OpHako uX MpUMEHEHHUE 11eJIeCo00pa3Ho
npu oTpaboTKe HeHHbIX pya [11, 12] 1 HeoOX0IUMO B CIIOKHBIX TOPHO-T€OJIOTHUECKUX
yenoBusix [13, 14].

(o= (o=
[ Trepaetomas 3aKiaaKa

Pucynok 1. BapuaHT xamepHOii cuctembl pa3pabOTKH ¢ MHBEKIMOHHBIM YIIPOYHEHHEM 3aKJIaJ0YHOTO
maccuBa: 1 — 6yp0,[[0CTaBO‘IHI;II>i OopT; 2 — 3aKJIaO4YHBIC CKBAXXUHBI, 3 — 30HA BIHMSHHS UHBCKIUU,
4 — 0TOOIHbIE CKBAXKUHBI; 5 — Beep CKBAXKUH
Figure 1. A variant of a room-and-pillar mining method with injection hardening of the backfilling mass:
1 —drill haulage crosscut; 2 — backfill wells; 3 — injection influence zone; 4 — blast holes; 5 — well ring

Kak moka3piBaeT mpakTHKa, MOA3EMHAs pa3pabOTKa PYAHBIX MECTOPOKACHUH
XapaKTepU3yeTcsl MOCTOSIHHBIM CHIDKEHUEM COJEpKaHMs MOJE3HOTO0 KOMIIOHEHTa U
YXYILIEHHEM TOPHO-TEOIOTHYECKHUX YCIIOBHM, UTO BJIEUET 3a CO00H pocT cebecTonMo-
CTH 3aKJIaJI0YHBIX PA0OT U, KaK CICACTBUE, CHUKEHIE IKOHOMUYECKON 3(h(PEeKTUBHOCTH
OCBOCHHS Y4acTKa MECTOPOXKACHHSI WIIM OTKa3 OT OTpabOTKH 3a11acoB BBUJLYy UX HU3KOH
penradensHoCcTH. C yXyALUICHHEM YCIOBUH 3KCIUTyaTallly IPOU3BOANUTCS ONTUMH3ALIUS
napamMeTpoB KOHCTPYKTHBHBIX 3JIEMEHTOB CUCTEM pa3padOTKH, YTO BEIET K CHIKEHHUIO
MHTEHCUBHOCTH OTPa0OTKH 3aracoB y4yacTka. [loaTomy mccnenoBanusi, HapaBjieHHbIC
Ha CHIDKEHHE 3aTpaT Mo (OPMHUPOBAHUIO HCKYCCTBEHHOTO 3aKJIaJOYHOTO MacCuBa,
SBIIIIOTCS aKTyaJIbHOM Hay4YHO-TPAKTHYECKOM 3a/1aueil.

CokparieHue 3aTpaT Ha 3aKjIa0uHble paboThl IPU U3MEHSIOINXCS TOPHO-TEO0JIOTH-
YECKUX YCIOBMSIX M COXPAHEHHUE MPOU3BOAUTEIBHOCTH OYMCTHON BBIEMKH Ha YpOBHE
KaMEpHBIX CUCTEM Pa3pabOTKU BO3MOXKHO 3a CUET MPEJIOKEHHOr0 B paboTe BapuaHTa
MOA3EMHOM Ie0TEXHOJIOTHH C POPMUPOBAHUEM CYXOT0 3aKJIaJ0YHOTO MACCHBA C MOCIe-
JYIOIIUM €r0 YIIPOYHEHUEM.

OcHoBHast yacTb. KOHCTPYKTHBHOM 0COOCHHOCTBIO IPEAIaraeMoro BapuaHTa Kamep-
HOW CHCTEMBI pa3padOTKH SIBJISETCS HaJUYUE YKPEIUICHHOIO ciosi, (GOopMUPYyEMOro
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IMyTEM WHBEKIIMOHHOTO YIPOYHCHHSI OOHA)KaeMBIX CTCHOK CYXOTO 3aKJIaJ09HOTO
MacCHBa C MOCIEAYIOMNUM yIUIOTHEHHEM B3PBIBOM CKBaKMHHBIX 3apsiIOB HA 3a)KUMa-
IOIIYI0 Cpelly NP OTPa0OTKE OYMCTHBIX KaMep, pacroyiaraeMbix HakioHHO. [llupuna
YKPEIUICHHOTO CJI0Sl U KaMEphl OMPENEISIOTCS UCXOASI U3 TOPHO-T€ONIOTHUECKUX U TOp-
HOTEXHHYECKUX XapaKTePUCTUK OTPadaThIBAEMOTO Y4acTKa. YIPOYHEHHE CyXOro Io-
POIHOTO MacCHBa, HAPS/Iy CO CIOKHOCTBHIO YITPABIEHUS MPOIIECCOM, SBISIETCS MHOTO-
(haKTOPHBIM, 3aBUCSIIIIM OT CBOMCTB MacCHBa U IIEMEHTHUPYIOIIETO PACTBOPA, a TAKKE
€ro KNHEMAaTUKU U JUHAMUKH.

200
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BokoBoe gaBneHue, T/mM?

O L L ]
60 70 80 90

YroJ1 HaKJIOHAa CTEHOK KaMepbl, rpajl

PucyHok 2. 3aBUCHMOCTh OOKOBOTO JTABJICHHS CHIMTyYCH 3aKIaJKu OT yria
HaKJIOHa KaMEPbI
Figure 2. Dependence between the loose backfill lateral pressure and the
chamber elevation angle

[IpuHIMIIMANTPHAS cXeMa KOHCTPYKIIMA KaMEpPHOW CHUCTeMbI Pa3padOTKH ¢ MHBEK-
IIMOHHBIM YIIPOYHEHHEM 3aKJIaIOYHOTO MaccHBa MpejcTaBieHa Ha puc. 1. [logrorosn-
TCJIBbHBIC pa6OTI)I HaYMHAKOTCA C IPOBEACHUA JOCTABOYHOI'O U BEHTUIIHUOHHOI'O IITPE-
KOB Ha 3TaXax (HOIIBTa)KaX), COCAUHACMBIX BCHTHIALIMOHHO-XOJOBBIM BOCCTAIOIIINM.
W3 nmocTaBOYHBIX MITPEKOB MPOBOASTCS OypoaOCTaBOYHBIE OPThI. OUUCTHBIC KaMephl
pacrosyiaratoT BKpecT PyAHOIO TeJla, PACCTOSHUE MEXIY OPTaMU ONPEICIsieT IUPUHY
KaMmepbl. J[1rHa KaMephl COOTBETCTBYET MOIIHOCTH pyaHOTo Tena. C 1enbio odecriede-
HUS YCTOHYMBOCTH BO3BOJMMOTO HCKYCCTBEHHOTO MacCHBa 00HAKaeMyT0 TOBEPXHOCTh
pacrosyiararoT 1o yIJioM, paBHEIM mpuMepHO 80°. OTpaboTka kKaMep BEAETCS B CILIONI-
HOM HIOPSJAKE. I[JISI MIOBBINICHUS HHTCHCUBHOCTHU OYHCTHBIX pa60T KaMEphbl OTpa6aTbIBa-
10T OT IIEHTpa K (aHram.

Hape3sHnbie paboThl 3aKITI04AI0TCS B IPOXO/IKE OTPE3HOTO BOCCTAIOLIETO U (hOPMUPO-
BaHWUU OTPE3HOM INEIH TOJBKO B MEPBOM M3 OTpadaThIBaeMbIX KaMep B dTa)ke. 3amachl
MOCIIEAYIONINX KaMep OTOMBAIOTCS Ha CKUMAIOIIYIO CPEAY, UTO SBISETCS OTIMYNTENb-
HOI OCOOEHHOCTBIO TpeaiaracMoi KOHCTPYKIIMM CHCTEMBI pa3paboTku. OTOOlKa B
3AXKUMC IMPOU3BOAUTCS HA HC HOTepHBH_[I/Iﬁ IIOABHUKHOCTD 3aKJ'[aI[O‘-IHLII71 MacCCuB U 066-
CIICUMBACT JOMOJHUTEIBHOE €ro YIUIOTHEHHE. B kadecTBe 3akiagoyHOro Marepuaia
WCIOJIB3YETCsl CyXasi Mopoja C IMPOXOJKU BBIPAOOTOK M C OTBAJIOB ITyCTHIX MOPO/I.
[Iporecc 3akmaaKy BKIFOYAET JIBa MOCIIEI0BATEIBHBIX ATara, ((opMHUPYst KOMOMHHPOBAH-
HBIN 3aKJIaOYHBIA MaccuB. [IepBBIM dTammoM BBIpaOOTAHHOE MPOCTPAHCTBO 3aAIIOJHS-
eTCsl Cyxo# mopooii. [Ipu 3TOM OHOBPEMEHHO HPOU3BOIUTCS OYpEHHUE 3aKIa109HbIX
CKBOXMH B PYJHOM MAacCHBE MOCIEAyIolel orpadareiBaeMoil kamepsl. Jlanee uepes
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Figure 3. Dependence of the hardened layer thickness on: the mining depth — a; and the chamber
height — 6
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CKBa)XMHBI TIO/IA€TCS IIEMEHTHBINA pacTBOp. KonmMuecTBO CKBayKUH OMpEeNseTcss KOH-
CTPYKTUBHBIMM IIapaMETPaMU CHUCTEMBI pa3paOOTKU C y4E€TOM 3aBUCUMOCTEH, Ipen-
CTaBJICHHBIX JlaJIee.

Wnest oTOOKH KaMEpHBIX 3aI1acoB B 3aKUMAIOIIEH cpejie Ha 3aKJIaI0YHbBI MacCUB
B OTCTYMAIOLIEM IOPSAKE BO3HUKIIA M3 ONbITa pabOThl TOPHOPYAHBIX MPEANPHUSITHI,
MOKA3bIBAIOLLETO, YTO HACBIITHOM Marepuai ymoTHsaeTcs Ha 25-35 %, a ahdexr B3pbiBa
pacrpocTpansiercs B yOb MaccuBa 10 20 M B 3aBUCHMOCTH OT €ro I'paHyJIoMeTpHYe-
CKOTO COCTaBa M MiIoTHOCTH [15-19].

165 r

1,60

y = -0,001x? + 0,063 + 0,917
2=

Hanpexenus, Mlla

P
S
ol
&

MakcumaabHbIC CKUMAKOIIUE

1'40 L L L L ]
10 11 12 13 14 15

JlnmmHa nienvka, M

Pucynok 4. 3aBHCHMOCTh MaKCHMAJIbHBIX CKUMAIOLINX HAIPSHKEHUH
TIpH pa3JINYHBbIX 3HAUYCHUAX IHUPHUHBI KAMEPBI
Figure 4. Dependence between the maximum compressive stresses and
different values of the chamber width

CormacHo mpeasaraeMoil KOHCTPYKIIMU CUCTEMbI Pa3pabOTKU IPEeAIoaaraeTcs oT-
CYTCTBHE IT'€OMEXAHUYECKOM CBA3M CyXOM MOPOAHOM 3aKIIaJIKU U IPUPOHOIO MAaCCHUBA.
JlanHOE OOCTOSATENHCTBO OOEcTeUnBaeTCsl CHEIM(PHUKON TeXHOIOrnu (popMUpOBaHUSA
CYXOTO 3aKJIaJJOYHOTO MAacCHBa U HEBO3MOKHOCTBIO OCYIIIECTBICHUS MOTHON 3aKJIaIKH
o kposmo. [Ipu onpeneneHnn Harpy30Kk Ha YIPOYHEHHBIH CIION y4HMTBHIBaeTCS pac-
MpeiesIeHne TOPU30HTAIBHBIX M BEPTHUKAIbHBIX Harpy30K, BO3HHKAIOIIUX B MacCHUBE
nopoz Bucstuero 6oka. Kpome Toro, 1ist HCKIIIOYEHHUSI BO3MOKHOCTH OMPOKH/IBIBAHHS
YIPOYHEHHOTO CJIOSl B CTOPOHY BBIPAOOTAHHOTO MPOCTPAHCTBA HEOOXOJUMO PacCMOT-
peTh BO37IeHiCTBHE HArPy30K OT CyXOro 3aK/IaJ04HOr0 MaccuBa. JlaHHbIe HANPSYKEHUS B
MaKCHMaJIbHOM CBOEM 3HaYE€HHH BO3HHMKAIOT Ha PACCTOSHUU 1/3 BBICOTHI yIPOUHEHHO-
rO cJI0f, B MpeJieNax NMPU3Mbl CIHOI3aHMs, OTPAaHUYEHHOM yIJIOM BHYTPEHHETO TPEHUS
MOPO/IbI, BEICOTON, IMMPUHON 1 JIMHUEH YIvIa HAKJIOHA KaMephl.

PacueTHbIM ITyTeM, B IJIOCKOW MOCTAHOBKE 33734, ONPEAEICHa BeInurnHa OOKOBO-
IO JABJICHUS HAa YIPOUHEHHBIN CJIOM MpU U3MEHEHUU yTiIa HAKJIOHA Kamepbl oT 90° no
60° 1 TOCTOSTHHOM BBICOTE, paBHOH 30 M (pHcC. 2), ¥ TTOKa3aHa 3aBUCUMOCTH MOIITHOCTH
YIIPOYHEHHOTO CJI0ST OT TITYOMHBI pa3pabOoTKH (IIPH MOCTOSHHOM BbICOTE Kamephl 30 M)
Y BBICOTHI KaMepsl (TIpH ee AyiHe, paBHOU 15 M) (puc. 3).

3aBUCHMOCTB, MPEACTaBIEHHAs Ha pUC. 2, TIOKAa3bIBAET, YTO M3MEHEHHUE yIiia Ha-
KJIOHA CTEHKH KaMephbl B CTOPOHY BBIPAOOTAHHOTO MPOCTPAHCTBA MPUBOJHUT K CHIKE-
HUIO HaNPsDKEHUH B YIPOYHEHHOM CJIO€, BBI3BIBAEMBIX TTOPOAHOM 3aknazakoit [20, 21].
OueBu/IHO, MPOUCXOMUT U3MEHEHHE O0beMa MPHU3MbI CIOJI3aHUSI MMPH HEU3MEHHBIX
napameTpax KaMepbl, 00yCIIOBJICHHOE TepeMEelICHIEM Beca €€ HEMOJIBM)KHOW YacTH
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MOPOJHON 3akiajku. Tak, JaBieHUE MPHU BEIWYMHE YIVIa HAaKJIOHA CTEHKH KaMephl,
paBHo#t 80°, He mpeBermaet 1,5 Mlla. CiemoBarensHO, HEOOXOAMMAs M TOCTATOTHAS
MIPOYHOCTHh HHBEKTHPYEMOTo ci1osi coctasiser 1,5 MITa.

C 11e71610 OLIEHKHU TOCTOBEPHOCTH PACYETHBIX MTApaMETPOB YIIPOYHEHHOTO CJIOS TTPO-
BEJICHO TEOMEXaHNYECKOe MOJEIIMPOBAHUE HAINPsHKEHHO-e(pOPMHPOBAHHOTO COCTOS-
aus (HJC) 3akmamounoro mMaccruBa. AHAIU3 Pe3yabTaTOB MOJCITHPOBAHUS TTOKA3al,
YTO BBICOKHE CXKUMAIOIINE HAITPSXKCHUSA ITPOSABIIAIOTCA B HIDKHEN J4acTH YHOPOYHCHHOI'O
cnosi. To ecTh BeJIMKa BEPOSITHOCTh €r0 BbIJIABIMBAHUS Yy OCHOBaHMs. [loaToMy 11ese-
C000pa3HO MIMPUHY CIIOS YBEIMYUTH BHU3Y, CO3/IaB TEM CaMbIM HAICKHYIO (DUKCAITHIO.
HpI/I 3TOM 3HAYCHHUS CKUMAIOLUINX HaprDKeHI/Iﬁ HE NMPEBBIIIANOT IMTPOYHOCTHBIX Xapak-
TEPUCTUK YIPOYHEHHOTO CIIOSI, YTO CBHAETEIHCTBYET O TOM, YTO pacyeTHas IINpHHA
oOecrneunBaeT ycroiiunBoe cocrostaue. Pesynprartel mopenupoBanus HJIC maccuBa
YOPOYHCHHOI'O CJIOA IO C)KUMAKOIUM HAPSXKCHUAM NPUBCACHBI HA PUC. 4.

3,0

MakcumaabHOE CMENCHUE
TBEPJCIOIIETO MacCHBa, MM

15
y =-0,025x% + 0551x — 0,211
1,0 R>=0,9491
0’5 1 1 1
10 12 14 16 18 20

JnHa nenvka, M

PucyHoKk 5. 3aBUCHMOCTh MAKCUMAIBHBIX CMELICHUH YIIPOYHEHHOTO CIIOS
IPY pa3IUYHbIX 3HAYEHUIX MIUPHUHBI KAMEPHI
Figure 5. Dependence between the maximum shifts of the hardened layer
and different values of the chamber width

Pe3ynbraTsl MOJENNPOBAHUS CMELIEHHS YIIPOUHEHHOTO CJI0S1 OTHOCUTEIBHO BEPTHU-
KaJIbHOM MJIOCKOCTH MOKa3aJli, YTO BO3MOYKEH CABMI B BEPXHEH 4acTH yHPOUYHEHHOTO
cios. B yacTHOCTH, B YCIOBUSIX OTpaOOTKU KaMephl ATMHOM 15 M MakcuManbHbIe TOpH-
30HTAJIbHBIE CMELICHUS COCTABIAAIOT He Oosee 2,62 MM. Ilpu 3TOM ocHOBaHHWE yIpoy-
HEHHOTO0 ¢JI0s1 He cMellaeTcsa. BeposTHo, 4To OCHOBaHME YIIPOYHEHHOTO CJI0S Harpy ke-
HO COOCTBEHHOM CHIION TSXKECTH, & BEPXHSS YacTh HAXOJUTCS B CBOOOAHOM COCTOSTHUN
W HE 3all[eMJIEHa HU MacCHBOM BMEIAOLINX MTOPOJI, HU BBILIENEkKAIIUM PYIHBIM Mac-
CUBOM. 3aBHCUMOCTh U3MEHEHHS 3HAYEHUH TOPU30HTAIBHBIX CMEIIEHUH YyIIPOUYHEHHO-
TO CJIOSI OT JUIMHBI KaMepbl IIpe/ICTaBIeHa Ha puc. 5.

CHmKeHHEe ToKa3aresiell CMEIIeHUsT OT YBEJINYEHHUS JJTUHBI KaMepbl OOBSICHSAETCS
MOBBIIIEHHEM YCTOWYMBOCTH MCKYCCTBEHHOI'O TBEPJICIOIIETO MacCHBa 3a CUET yBEIIHU-
YEeHHs €ro TOPU30HTAIBHON IUIOoIMa u. B 1eoM 3HaueHus cMeleHn ynpouHEHHOTro
CJIOSl HE3HAYUTENbHBI U HEAOCTATOUYHBI JUIsl CIBUTA JIMOO OMPOKUABIBAHUS B CTOPOHY
BbIpabOTaHHOTO MpocTpaHcTBa. Hanbonee omacHbIMU HANpSHKEHUSIMU, BO3HUKAIOIIHU-
MU B HCKYCCTBEHHOM TBEPJICIOILIEM MacCUBE, SIBIISIOTCS PACTIATUBAIOLIIE H3-3a CIab0ro
COIIPOTHBIJICHUS OETOHA JaHHOMY BHly Bo3neicTBus [22].

AHanu3 pe3ysbTaToB MOIEIUPOBAHUS 0 PacTATUBAIOIIMM HAIPSKEHUSM, BO3HH-
KalolllUM B YIPOYHEHHOM CJIO€ MO JeHCTBHEM MOPOAHOM 3aKiaJKH, BBISBHJI 30HBI
KOHLICHTPALMH, KOTOPBIC PACIOJIAraloTCs TaK kK€, KaK U COKUMAIOIIHUE, Y OCHOBAHMUS.
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[IpenensHOE 3HAUCHNE PACTATHBAIONINX HATIPSHKCHUM TSI KaMephl ITHHON 15 M cocTa-
Busio 0,3184 MIla, uro He npeBbIIAeT NPENEIHHOr0 3HAUYEHHUs Ha PacTsDKEHUE YIpoU-
HCHHOTO CJIOS.

[Tony4yennsle 3HaYEHUS] MAKCUMAJIBHBIX PACTATUBAIOIINX HANPSHKEHUN TIPU pa3aud-
HBIX 3HAYEHUSIX JJIMHBI KAMEPHI IPEACTABICHBI Ha puUC. 6.
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JlmmHa nienvka, M

MakcumanbHOE pacTAruBaromue
Hanpexenust, MIla

Pucynok 6. 3aBUCHMOCTh MaKCHMAaJBHBIX PACTATUBAIONINX HAIPsKEHHN
NpH pa3INYHbIX 3HAYCHUAX JJIMHBI KaMEPbI
Figure 6. Dependence between the maximum tensile stresses and different
values of the chamber length

Taxum 00pa3oM, reoMexaHHYECKOe MOJEIMPOBAHUE TMOKA3aJI0, YTO CKUMAIOIINE,
pacTATHUBAIOIINE HANPsHKEHUA W AePOopMalnu, MPOSBIsSEMbIe B YIPOYHEHHOM CIIOE,
HE TPEBBIIIAOT ero 3aJaHHOTO Tpeaena mpodHocTr. ClenoBaTeNbHO, YIIPOUYHESHHBIN
CJIOW HAaXOAUTCSI B YCTOMYMBOM COCTOSIHHUH, YTO OOECHEYUT OE30TMacHOCTh BEICHHMS
TOPHBIX PadOT MPH W3BJICYCHUH 3aI1aCOB CMEKHOM KaMephl.

3akumouenne. [IpeacraBieHHBI BapHaHT KaMEPHOW CHUCTEMBI pa3paboTKH ¢ 3a-
KJIQJKOHM TyTeM UHBEKIIMOHHOTO YIIPOYHEHHUSI CyXOH MOPObI, YIOKEHHONW B OYNCTHOM
MIPOCTPAHCTBE, MO3BOJSET CHU3UTH 3aTPaThl Ha 3aKJIA09HbIe paOOTHl U 0OecIieunBaeT
BBICOKYIO HHTEHCHBHOCTB OTPAOOTKH 3aIlacoOB B YCJIOBHAX HEYCTOWYMBBIX BMEIIAIOIIIIX
nopoji. KoHCTpyKTHBHAsSE 0COOSHHOCTD, 3aKITFOUAIOIIASICS B PA3MEIICHNUH 3aKJIaI09HbIX
CKBa)XMH B PYJIHOM MacCHBE MOCIEAYIoIIel oTpadarbiBaeMOi KaMepbl, oOecrieunBaeT
CHIDKEHHE 3aTpaT Ha OypOB3pBIBHBIE PaOOTHI 32 CUET MCIOJIB30BAHUS IMOJIOCTH 3THUX
CKBaXMH B KaueCTBE JOMOJHUTEIHFHOW OOHA)XEHHOIN TOBEPXHOCTH M PETYIHPOBAHHE
CTETIeH! YIIJIOTHEHHSI CyXOT0 3aKJIaI0YHOT0 MaTepraia Ipu oTOOMKe B 3a)KaToil cpere.
Taxum 006pa3zom, 3a CUET COBMEIIEHUS MTPOLIECCOB OYNCTHON BBIEMKH MTPECTaBICHHBIN
BapHaHT CHUCTEMbI Pa3pabOTKH MO3BOJISCT YIPABISITH CBOMCTBAMH PYJIHOTO M UCKYC-
CTBEHHOT'O MaCCHBOB.
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The technology of forming a backfill mass with the specified geotechnical
characteristics
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Abstract
Introduction. To reduce ore loss and impoverishment, high-value non-ferrous metal reserves are
commonly developed by the mining methods with worked-out area backfilling. Regardless of the
type and methods of backfill mass formation, worked-out area backfilling, being a way to control
the rock state, is highly labor intensive and incurs additional costs, therefore increasing the cost of
stoping. During field exploitation, mining and geological conditions tend to constantly deteriorate,
and complex mining conditions form, which is accompanied by decreased content of the commercial
component. The more complex the mining conditions are, the higher goaf maintenance costs is and
the lower the mining intensity is. So, as mining develops, production cost constantly grows while the
commercial component content decreases, which negatively affects total production performance
indicators. Therefore, searching for ways to solve the problem of backfill cost reduction remains
an urgent practical task of mining. It is possible to optimize backfill costs under changing and
constantly deteriorating mining and geological conditions without reducing mining productivity
by means of the underground geotechnology with artificial industrially-modified mass formation
with the required geotechnical characteristics. The technology is presented in this work and is
aimed at the effective development of the field reserves.
Research objective is to develop and substantiate the parameters of underground geotechnology
with worked-out area backfilling, which controls geotechnical characteristics of an artificial
industrially-modified mass during the stoping.
Methods of research. A room-and-pillar mining method was designed and its parameters were
substantiated, taking into account natural mining and geological conditions and mining technical
conditions formed in the course of stoping. The research was based on theoretical calculations and
geomechanical modeling.
Results. A variant of a room-and-pillar mining method has been developed with worked-out area
backfilling with dry rock and further consolidation with a hardening mixture and compaction by
breaking reserves in a compressive medium. The results obtained showed the mining method’s
effectiveness. The study substantiates the rational values of the mining method structural element
parameters. In particular, the size of the chamber wall is determined, located at an angle of 80°,
with the reinforced layer up to 5 m thick and 1.5 MPa strong.
Conclusions. A variant of the mining method can be used when mining inclined and steeply
pitching ore bodies in difficult mining and geological conditions.

Keywords: technogenic massif; combined backfill mass,; worked-out area.
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Peghepam
Axkmyanvnocmos memol. HMnmencugurayus no0O3eMHbIX 2opHblX pabom 6 ycaogusax Iaiickozo
NO03eMHO20 PYOHUKA, BbI3GAHHAA 6Ce 603pacmaroujeli NompeOHOCMbIO 8 Cbipbe, NPUBOOUN! K
yeenuueHuio 2nyounvl paspadomxu MeCmopo*CcOeHus, a ciedo8amenbHo, NOCMAHOsKe 3a0ayu
VCMOU4U80CMU KOHCMPYKIMUBHBIX DNEMEHMO8 Ccucmemvl pazpabomku. 3naunue pasmepos u
cmeneHu mpewjuHo8amocmi HapyuleHHO20 CL0si MACCUBA HA OOHAXMCeHUU (Yexaa), 00paz08aHHOU
8 pesyibmame pAacKpblmus eCmecmeenublx mpewjun u 6edenus 0Oypos3pbleHbIX padbom,
NO3BONUNO  CKOPPEKMUPOBATNb CXeMbl PACHpedeNeHUs HANPSiCeHUll HAd KOHMype U GOKpYe
svipabomannozo npocmpancmea. 1o pesynsmamam uccie008anus yCmaHo61eHa 3a8UCUMOCTb
KOHYEeHMPayuu Hanpaxcenull 0m KodQhuyuenma cmpykmypHo20 ociadienus no mepe yoaieHus
om obHAdICEHUS.
Llenv uccnedosanuit — ceomexanuyeckoe 000CHOBAHUE MEMOO08 YNPAGLEHUS 2OPHbIM
oasnenueM u 6apuanmos cucmem paspadomxi ¢ 3aKiaoKoll 8blpabomManHo20 NPOCMpPancmed,
nosviuleHue 0Oe30NACHOCMU U  CHUICEHUE GePOSMHOCMU NPOAGIEHUS 2€00UHAMULECKUX
A6/€HULL NPU 8e0eHUl 2OPHBIX pabom.
Memoouka uccnedosanuii GKIIOUAEn — HAMYpPHblE — OKCHEPUMEHMANbHbIe — U3MepeHUs]
HANPSIICEHHO20 COCMOANUS MACCUBA NOPOO U PYO MECIOPOACOeHU HA OOCMYNHBIX 21YOUHAX
u copuzonmax mecmopoxcoenus. Mcnonvb3o6an KOMIIEKCHbLL MeMOO HAYYHBIX UCCTeO08ANU,
BKMIOUAIOWUL aHATU3 U meopemuieckoe 0000ujeHue 3aKoHOMepHOCmell pacnpedenenus
HANPSIICEHUTl 6  MACCUBAX — GbIHUMAEMbIX ~KAMEPHLIX —3ANAcO8 U  MAMemMamuiecko2o
MOOENUPOBAHUSL NPOBEOEHHBIX HA 00beKme UCCie008anull, d Maxxice Cconocmasienue
meopemuyeckux pe3yabmamos ¢ pe3yibmamamii UHCMPYMeHMaIbHbIX HAOII00eHUll.
Ananuz  pesynrbmamos. B pabome npeocmaeienvl  pesynomamvl  opmuposanus
HANPANCEHHO20 COCOAHUS 8 PYOHOM MACCUBe, NOIYUEHHbIE ¢ UCHONb308AHUEM COBDEMEHHBIX
Memooo8 pacyema HaANpANCeHHO-0eopMUpOBANHO20 COCOAHUA 2OPHBIX KOHCIPYKYULL.
Buisignenvl 3akonomepnocmu pacnpeoenerusi HaAnpajiceHno20 COCMOSHUSL 8 MACCUBE 20PHbIX
nopoo. Ha npumepe I'atickoeo no03emHo20 pyoHuxa onpeoeieH KOMNieKe akmusHuIX Memooos
VAPagaeHus: 20pHbIM OA8IeHUeM.
Buoi6oowl. Vnpasnenue copuvim Oasnenuem Haubonee IP@exkmueno  0Cyujecmenanmo,
N0 CPABHEHUIO C CYWeCmEYIWUMU Memooamy, nymem CO30aHUs 3AUjUMHLIX  30H,
UCKYCCMBEHNBIX NAOCKOCHell, Npu NOMOwu O8yX nameneti 8 Jaexcaiem U euciiem OOKax,
NPOUOEHHBIX NO NPOCMUPAHUIO PYOHO20 mead, ¢ opmuposanuem 6 Kpogie U OHUWAX
OCMPYIX Y2N08, KOMopble, NO360s51 NepemMewyansb MAKCUMATbHbIE CHCUMATOUWUE HANPAHCCHUS
U3 MeXHONO2UYecKU OMEemCmeeHHbIX 6 MeHee Omeemcmeennvle U 0onee Ycmouyusvle
V4acmyu 20pHO20 maccusd, Oyoym KOHYeHmpuposams Ha cebe MAKCUMATbHbLE COHCUMATOUUE
HANPANCEHUSA, PA3SPYHCA BLIPAOOMKY OHUWA U KPOBIIO OYOVWUX Kamep 8 3auumHuoll 30He.
Ompabomxky evleMounvix eOunuy 0onee payuoHarbHo eecmu Kamepamu 1—II ouepeou no
CYWecmayIoWuUM cXemam, a 8bInyck maccuea kamep 111 ouepedu ocyujecmensames cO80eHHbIMU
Kamepami ¢ popmupoganuem pomMoOOSUOHBIX ACUMMEMPUUHBIX MENHCOYIMAHCHBIX YETUKOB.

Knwueesvle cnoea: zopnomexnuueckue ycaosus, QuUIUKO-Mexanudeckue CcEoUCmed;
HANpANXCeHHOe COCMOAHUE, NAPaMempsbl KOHCMPYKMUBHBIX IeMEeHmMo8; KaMepHas cucmemd
paspabomxu; ynpagieHue coOpHuIM 0asleHuem,; KOHYEHMPayus Hanparicenul.

Hccneoosanusa evtnonunenst no 2ocyoapcmeennomy 3aoanuio Ne 075-00412-22 [P, mema
Ne (FUWE-2022-0003), pee. Ne1021062010536-3-1.5.1.
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Beenenune. DdexTuBHOCTL pa3paboTku [alickoro MecTOpOKACHUS IO/I3E6MHBIM
CrocoOOM B 3HAYHUTENHHON Mepe OMpeieNseTcsl yCTOMYNBOCTHIO BRIEMOYHBIX €IMHUIL
KaMEpHOM CUCTEMBI pa3pabOTKH, KOTOpas MpUMEHsIETCS Ha pynHuKe. OTpaboTKa OUNCT-
Hbix kamep [-II ouepenu BbI3bIBAET NEpepacipesiesieHe Harpy3oKk Ha MexayKamep-
HbIE LEJIMKH, KOTOPhIE B JJAHHOM Cily4ae IpejicTtasienbl kamepamu 11 ouepenu. Poct
HanpspKEeHHO-1e(OPMHUPOBAHHOTO COCTOSTHUSI PUBOIIUT K MX pa3pyILICHHIO, ToTepe Oypo-
BBIX CKBQXKHH U MOJITOTOBUTEIHLHO-HAPE3HBIX BRIPAO0TOK. [Ipu caMoo0pyieHn# mopos
KPOBIM BUCSAYETo OOKa 3aJIeKH BO3PACTAOT IMOTEPH U 3aCOPEHUE PY/Ibl, YBEINYHBACT-
cs BbIxoa Herabapura. [IprauHb! pa3pymeHus BUCSYETO U JIe)Kadero OOKOB 3aJIeKH Ha
MECTOPOK/IEHUH CBSI3aHBI HE TOJIBKO C HU3KOW YCTOMYMBOCTHIO BMEIIAONINX IMTOPO/,
HO ¥ C HAIMYUEM BBICOKUX CKUMAIOIIUX TEKTOHUYECKUX HAMPSDKCHUM, KOTOPBIC OBLITH
OTpeieTIeHbl METO/IOM IIETIEBON Pa3rpy3KH.

B nacTosiiee BpemMsi OCHOBHbBIE TPYIHOCTH MPU KCILTyaTallUU dTaXHO-KAMEPHBIX
CUCTEM pa3pabOTKH CBSA3aHBI C MpoOIeMaMH OE€30MIaCHOCTH BEJIEHUSI OYUCTHBIX padoT
MIpH T00BIYE TTOJIE3HOTO MCKOTIAEMOTO M YXY/IIIEHHEM TEXHUKO-DKOHOMHUYECKHX TTOKa-
3areneil. 1o 00bsicHIeTCSl MHTEHCH(DUKAIIeH MTOJ3EMHBIX TOPHBIX pa0OT Ha PYTHUKAX,
BBI3BAHHOW BCE BO3pacTaroniell MOTPEOHOCTBIO B CHIPhE, YTO MPHUBOAUT K OBICTPOMY
pocTy TITyOuHBI pa3padOTKU U BO3HUKHOBEHUIO MTPOOJIEM YCTOWYMBOCTH KOHCTPYKTHB-
HBIX DJIEMEHTOB CHCTEMBI pa3paboTkH [1].

HccrnenoBanue n pacder MepBOHAYAIBHOTO HATPSHKEHHO-1e(hOPMUPOBAHHOTO CO-
crostanst (H/IC) MaccuBa TOPHBIX TIOPOI, TIOTYUEHHOTO SKCIIEPUMEHTATHLHO-aHATUTH-
YECKUM ITyTeM, UMEIOT BKHOE 3HAYCHHE TIPH BHIOOPE MECT 3IOKECHUS KATUTATBHBIX
TOPHBIX BBIPAOOTOK M 0YEPETHOCTH Pa3BUTHUSI OYUCTHBIX pador [2, 3].

[Ipu camooOpyIlieHNH TIOPOJ KPOBIM M BHCSYEro OOKa BO3PACTAIOT MOTEPU U
pa3yOoKMBaHUE pyAbl, CO37aBasi JOMONHUTEIbHBIC CIOKHOCTH TPH OOOTaIlCHHUH,
YTO B CBOIO OYEPEh YBEINYHBAET CEOECTOMMOCTh JOOBIYM M CYIIIECTBEHHO YXY/IIIaeT
TEXHUKO-DKOHOMHYECKHE TTOKA3aTENH 10 TPEIIPHSITHIO B TIeI0M [4—7].

J1g OTIeHKHM YCTOWYMBOCTH CTEHOK KaMep B 3aBUCHMOCTH OT CTETIEHN HapyIIeHHO-
CTH MacCHBa M TUIOIIAAX OOHAKEHUS B KaMepax MPHU BEJACHUU OUUCTHBIX pabOT HEOoO-
xoaumo npousBectu pacueT HJIC B MaccuBe TOPHBIX MOPOJ U KOHCTPYKIIUSIX CUCTEMBI
pa3paboTKH, a TAKKE ONPEEIUTh (PaKTHIECKYIO IPOYHOCTh MACCHBA.

M3mepenue npupoaHbIX HANPSHKEHUH B MaCCUBE MPOU3BOUTCS METO/IOM I11€JIeBOM
pasrpysku (11IP). Onpenenenne HampsHDKCHUH METOIOM IEICBOM pasTpy3KH MPH pas3-
JMYHBIX TTapaMeTpax pa3rpy304HOH IIeNTn BKIIOYaeT B ceds yCTaHOBIEHUE 3aKOHOMED-
HOCTH (hOPMUPOBAHHMSI HANIPSHKCHHO-/1E(DOPMUPOBAHHOIO COCTOSIHUSI MacCHUBa TOPHBIX
MOPOJI BOKPYT Pa3rpy304HOM IIENH, & TAK)KE BBISBICHUE 3aKOHOMEPHOCTEH MEX 1y Ha-
MPSDKEHUSIME, TEHCTBYIOIIMMH B MACCHBE TOPHBIX MTOPOJ], M CMEIIEHUSIMU Ha KOHTYpe
BBIPaOOTKHM TI0 Mepe yaasieHus oT menn. [Ipu onpenenernn HapsHYKEHHOTO COCTOSHUS
METOJIOM IIEJICBOU pa3Tpy3KH B 00pa3Ie MPHHUMACTCS TIOTYyUCHHBIN TP UCIIBITAHUIX
(pU3HKO-MEXaHMIECKHX CBOUCTB MOMIYJIb yIPYTOCTH FOPHOM TOPO/bI £ , a He (aKTHye-
CKHI MOIYJIb YIIPYTOCTH MacCUBa TOPHBIX MTOPOI.

B crenkax, kpoBiie U JHUIIAX BhIPaOOTOK naHesnmu X maxtbl «CeBeporiecuancKas
C TIOMOIIBI0 (POTOYIIPYTHX JAATYMKOB (PUKCUPOBAIM M3MEHEHHE TEXHOTCHHBIX Harpsi-
JKeHHui AG, Ipr 3TOM KOA(G(UITUEHT KOPPENSINN MEXIY U3MEPEHHBIMH U PacCYUTaH-
HBIMU TEXHOTE€HHBIMU HAIPSIKEHUSIMU COCTABUIIL: KKOP = 0,954+0,024. Hnsa manenn
IX B BeHTWISITHOHHOH BRIpaOoTKe MeTogoM I[P B cTeHKe ompeneniiym TeXHOTCHHbIE
HaNpsHKEHUs. G, U G,, 3aTEM MOCJIE OTOOMKH KaMephl ONPENEUIN U3MEHEHHE TEXHO-
FEHHBIX HanpsHkeHUd Ac, u AG,, K09(QOUINEHT KOPPEIALUH MEXKITY M3MEPEHHBIMH M
PaCCUNTAHHBIMH TEXHOTCHHBIMU HATIPSDKEHUAMH COCTABHII IS G, Kmp =0,909+0,061;
115 ©, KKop =0,969+0,022. [Ipu3zabdoitabiit Maccus rop. —189 M m3mepsiu metomom 1L[P,
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[IPH 3TOM Pa3HHUIIA MEKIY U3MEPEHHBIMU U PACCUUTAHHBIMHU TEXHOTCHHBIMU HaIpsiKe-
HUMH cocTaBmiia He 6onee 10 % [8—11].

HccaenoBanne (pu3NKO-MeXaHUYECKHUX CBOICTB IOPHBIX MOPOA M UX AHAJHU3.
HccnenoBanusi MPOYHOCTHBIX M YIPYTUX CBOMCTB MOPOJ MECTOPOXKIIECHUS B Pa3HbIC
robl MPOBOAMIIUCH UHCTUTYTOM «YHurnpomenasy», UL YpO PAH, Ypanbckoii ropHo-
TCOJIOTHUICCKOM akaJeMuelt M IpyruMu opranm3anusMu. O000meHHbIe (hU3UKO-MeXaH!-
YeCKHe XapaKTEPUCTUKU TIOPOJT M Py MECTOPOKICHUSI TPUBEICHBI B Ta0M. 1.

Tabauna 1. ®u3nKko-MexaHUYeCKHe CBOICTBa nopoa u pyA I'alickoro MmecTopo:xkaeHus
Table 1. Physical and mechanical properties of rocks and ore of the Gaisky deposit

HpO‘H{OCTHHe I[eq)ong,HI/IOHHBIe
JIutonoruyeckoe HaMMEHOBaHKE A CBOHMCTEA CBOHMCTEA P, C,
HOpOJA rie® [ 4 G E - 10* rpag | MlIla
Mla |Mfla| Mma | M
[opuput riarnokaa3oBeii 2,88 72,8 | 11,8 6,5 0,32 30 16,5
Nua6as 2,88 87,1 8,9 6,4 0,22 29 30,0
JlaBa aHJE3UTOBOTO COCTaBa 2,75 76,8 9,3 - 0,37 36 13,0
Ty¢ cMmerranHOTrO cocTaBa 2,73 79,1 7,7 7,2 0,28 34 13,0
Ty} aHae3uT-qauToBOro COcTaBa 2,82 72,8 | 104 7,2 0,28 38 12,0
Ty} aunapur-gauToBOrO COCTaBa 2,71 71,0 7,8 7,2 0,30 26 16,0
TydoOpexuns aHIe3UT-TAUTOBOTO
cocraBa 2,69 122,1 59 7,9 0,21 29 20,0
TydobOpekuns cMeIaHHOTO COCTaBa 2,66 139,6 9,8 - 0,20 40 12,0
TydobOpekuns KHCIOro cocTaBa 2,81 145,9 9,0 8,5 0,19 40 14,0
X TOPHUTO-KBAPLEBbIN CIaHEeI] 2,74 311 49 4.7 0,27 40 8,0
Kpemuucras nopona 2,71 76,4 8,2 5,7 0,21 33 14,0
KBapiieBo-cepUIUTOBBII ClIaHEeIT 2,75 439 75 5,2 0,29 33 12,0
KBapuuT (reMaTu3upOBaHHBIN ) 2,75 80,5 8,4 8,5 0,15 37 15,0
Kgapiut (MetacoMatur) 2,80 70,4 7,0 6,5 0,19 34 12,0
KBapuur cepuTu3upoBaHHBII 2,73 89,1 7,7 - 0,22 41 12,0
MenHblii KoT4e1an 3,95 161,1 6,1 9,9 0,15 37 11,0
CepHbIil KOTUEIaH 3,70 113,2 6,8 10,0 0,16 52 14,0
Y — y#aensHbId Bec mopox; M — kodh¢uumuent Ilyaccoma, p — yroja BHYTPEHHErO TpPEHUS,

C — cueruieHue TOPHBIX IOPOJ.

[Toposer HaAPYIHOM TOMNIIH MPEICTABICHBI Jrada3aMu, KpeMHUCTBHIMH Ty(duramu,
MecyaHuKaMu U TY(POOpEKIUsIMH A1a0a30BOr0 COCTABA.

PynoBmemiaromiast Tona ciokeHa BTOPUYHBIMU KBapLUTaMu, Typamu, TypoOpex-
YUSAMHU 1a0a30BOr0 COCTaBa, JIABAMM JALIUTOBOTO M aHIE3MTO-AALUTOBOIO COCTAaBa.
Ha xoHTaKTax co CIUIOMIHBIMU U BKPAIICHHBIMU PyJaM{ BMEIIAIOLINE ITOPOABI MOLI-
HOCTBIO OT 2—5 a0 15-20 M mpeBpallleHbl B KBaplleBO-CEPUIIUTOBBIE U XJIOPUTOBBIE
CJIaHITBI MAJIOM MPOYHOCTH U ciaboit ycrodunBocTu. [Ipn oOHa)keHUW OHU, Kak Ipa-
BUJIO, OOPYIIAIOTCS B KAMEPHI U JIaXKe TIPY HE3HAYUTEIbHOM OOBOJHEHUH TIPAKTUYECKU
TEpSIIOT CBOIO YCTOWYMBOCTb.

[Ipu Bemenun ropueix pador Ha ryoune Hwke 1000 m [aiickoe MecTopokaeHue
SIBJISIETCSL CKIIOHHBIM K TOPHBIM yzapaM. [ledopManiioHHOE [TOBEACHUE TOPOA Pa3aesis-
eTcs Ha 3 OCHOBHbBIE 'PYIIIIBL:

1. HeGonpimme no rmyoune (1o 0,5 M), HO 3HAYUTENBHBIE 10 MPOTHKEHHOCTH (J1e-
CSITKH METPOB) pa3pylieHHs TIOpoJl B (hopMe 3aK0JI0B Ha CTEHKaX M KPOBJIE BBIPAOOTOK.
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Ha sTux ydacTkax 3akoioo0Opa3oBaHUE U IIETYIICHHE MTOPOJ] MPUBOIAT K (POPMHPOBA-
HUIO IIaTPOBOW WIIH MTOJTUTOHATIFHON (DOPMBI TIOTIEPEYHOTO CEUSHHS BRIPA0OTOK.

JlauHerii THI AehopMUPOBAHIS HAOIIOAACTCS MTPEUMYIIIECTBEHHO B BEIpa0OTKAaX Me-
PUIMOHAIEHOTO HAMPABIICHUS B 30HAX BIHSHUS OYUCTHBIX paboT M 3aMETHO aKTHBU3H-
pyeTcs ¢ yBelIMYeHHEM TITyOWHBI TOPHBIX PadoT.

2. Pa3py1ieHnst CTEHOK U KPOBIM BBIPa0OTOK, CBSI3aHHBIE CO CIABHTOBBIMH TiepeMe-
MICHUSIMU TI0 TEKTOHWYECKUM HApYMICHHUSIM M IJIOCKOCTSIM TPEIIMHOBATOCTH OTHEIb-
HBIX CTPYKTYPHBIX OJIOKOB MaccuBa. CIBUTOBBIE EPEMELICHUSI CTPYKTYPHBIX OJIOKOB
pean3yloTcsl B YCIOBHUSIX HEOJHOPOIHOTO Mosst HanpsbkeHuid. [logoOnblie mepemerte-
HUSI IO BPEMEHH, KaK MPaBUIIO, IPHYPOUYECHBI K MACCOBBIM TEXHOJIIOTHUECKUM B3PbIBAM
WU K TIOJIBM)KKaM TOJIpa0OTaHHOTO MAaCCHBA.

3. dedopmanuu nopoa B BeIpaOOTKAxX, MPOHACHHBIX 10 30HAM CJIa0bIX paccllaHIlo-
BaHHBIX KBapII-CEPUIIMTOBBIX CIaHIEB. B JaHHOM citydae JedopMaiuy mopoj pa3BrBa-
FOTCS IT0 BCEMY IMEPUMETPY BBIPAOOTOK € MPUYPOUEHHOCTHIO HAUOOJBIINX pa3pyIIeHui
K OOHa)keHWsM ciabbix mopoa. Jledopmaru mpoTekaoT B BHAE BBIBAJIOB IMOPOJ W3
KPOBIU ¥ OOPTOB BHIPAOOTOK, TIYHYEHHS ITOPOJ] CO CTOPOHBI TIOYBHI.

AHaJu3 pe3yabTaTOB JKCINEPHMEHTAIbHBIX HMCCJIEI0BAHUI TPEeIMHOBATOCTH
MAacCHBOB IOPHBIX MOPO/. B IpoBeIEHHBIX NCCIIEIOBAHUAX PACCMOTPEH MacCHB OyIy-
el kaMmepbl BTopoit ouepenu 91-85. MccnenoBanus MpOBOAUINCH B CKBAXKHUHAX TIPU
oMoty Oapockora. V3mepeHus: MpoBOAMIMCH Ha JBYX IOJATaKaX B Pa3BEIOYHBIX
CKBa)XMHAX, OTMEUEHHBIX Ha Tutane puc. | nudpamu 1 u 2. McecnenoBaimch CKBaKHHBI
B OypOBOM OpTe Ha IOAATaXKE —885 M, I/e paccTosiHUE 10 OOHaKeHUs KaMepbl 91-86 He
npesbimano 4 M. Takxe a1 6osee MOTHOTO aHAIM3a TPELIMHOBATOCTH UCCIIEI0BAINChH
CTCHKHU BBIPAOOTKH OTPE3HON MaHEIN Ha PeIMET HAapyIIEHHOCTH.

B pesynbrare uccienoBanus yCTaHOBJIEHBI pa3Mepbl CTPYKTYPHBIX OJIOKOB, cliara-
IOLINX MacCUB Kamep. Pa3meps! BapbupPyIOTCS B 3aBUCUMOCTH OT paHra CTPYKTYpPHBIX
onoxoB ot 0,1 10 0,3 m.

[Mpu wuccnenoBaHMM CKBaXKHMH 3a(UKCHPOBAHA MOIIHOCTh HAPYIIEHHOTO CJOS,
KOTOpasi Ha Pa3HBIX ydyacTKaxX JOCTUTaja OJHOTO MeTpa. PackpeiThe TpemmH mpoc-
MaTpUBAETCs TOIBKO Y KOHTYpa BBIpaOOTOK. Takike nccieoBaInch NOATOTOBUTEIHHBIE
BBIPa0OTKHN Kamepsl B aTaxke —910/-990 m. Hccnenosaics OypoBoii opT kamepsl 9942,
B KOTOPOM 3a()MKCHPOBAHBI MATh SIPKO BBIPAKCHHBIX CHUCTEM TPEIIUH C pa3MepamMu
CTPYKTYypHOTO O710Ka Ha oO0HaxkeHuu 0,1 m.

B wuccrenyempix BbIpabOTKax Takke 3a()UKCHPOBAHBI HABEICHHBIE TPEIIUHBI,
00pa3oBaHHBIC B pe3ylbTare BelIeHUs OypOB3PBIBHBIX paboT. TpenHbl (PUKCHPOBATUCH
TOJIBKO OT IIITYpOBOW OTOOMKH TIPH MPOXOJKE BBIPaOOTKU. JlJIMHA PacKpBITHIX HaBe-
JICHHBIX TPEUIVH B JaHHOM ciiydae nocturana 0,5 M ¢ topua mmypa. HaBeneHnHsie ot
CKB)KHHHOTO 3apsi/ia TPEIIMHbI OLIEHUTh Ha JaHHOM 3Talle NCCIeI0BaHUI HE yIanoch.

CrnenaHHbIe BBIBOABI MOATBEPKIAIOT JaHHBIC, TONyYCHHBIE CITY>KO0# reonoropas-
BEJIKM MU OypEHHMHU Pa3BEAOYHBIX CKBaXMH Ha ropuzoHTax —910 u —1075 M. Ananusy
MOJIBEPIVIMCH CKBXKUHBI Ha Top. —910 1 —1070 M Ha npodunsx 116 u 117 Ha ceBepe
Mectopoknenus NeNe 4239, 4249, 4240, 4258, 4259 u NeNe 4369, 4370, 4371, 4363,
4364, 4365. C yBennyeHueM riTyOHHbI 3a(pMKCUPOBAHO YBEIHMUYCHNUE TPEIIMHOBATOCTH U
YMEHBIIIEHHE Pa3MEPOB CTPYKTYPHBIX OJIOKOB, TaK KaK YBEITHUMIICS 00bEM BBIXO/A Kep-
Ha TIEpBOM KaTeropuu ¢ pazmepom Kycka meHbine 0,2 M. OTMeueHO TakKe TUCKOBaHUE
KEpHa, 9TO CBUJIETEIHCTBYET O HAJMYNHU BBICOKOTO TOPHOTO JIABJICHUSI.

IIpu ompenencHUN HaNpaBJICHUS ACHCTBUS TNIABHBIX HANPSDKEHUH, COTIIACHO pado-
TaMm [6, 7], He0OXOIUMO YINTHIBATh UEPAPXUIHOCTH MACCHUBA TOPHBIX ITOPOJT C HATHYIN-
€M KPYIHBIX TEKTOHUYECKUX HApYIICHUH 1 (POPMOIL dIeMeHTapHBIX OJIO0KOB.
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AHaJINTHYECKHE HCCJIEeIOBAHUS TPOYHOCTHBIX CBOWCTB MacCHBA TOPHBIX
nopoda. OTHUM W3 OCHOBHBIX KPHUTEPHUEB YCTOMYMBOCTH MacCHBa sBIsIETCS Kodhdu-
[UECHT CTPYKTYPHOTO OCJIA0JICHHUS, KOTOPBIA HANpPSIMYIO 3aBUCHT OT KOA(pQHIMEHTa
TPEIIMHOBATOCTH MACCHBA M pa3Mepa CTPYKTypHOro Oyoka (otaenbHocTei). Ha ocHo-
BaHUM ITHX JJAHHBIX MOXXHO 00JIee TOYHO MPOU3BECTHU MEPECUET MOIYIIS YIIPYTOCTH U
MPOU3BECTH Tiepexo;] ¢ 00pa3iia Ha MacCHB, yUUTHIBAsT MacIITaOHbIN A ekt [§].

EcTh MHOXX€CTBO METOIMK M pacUeTHBIX (HhOpMYI IO onpeaeNieHnio kodhduimeHTa
CTPYKTYPHOTO OCJa0IeHNsT U MOAYJS YIIPYTOCTH MacCHBa, MOATOMY PacCMOTPHM OC-
HOBHBIC METOIWKH, a TAKKe METOAMKH, pazpadoranusie B UI'J[ YpO PAH, mocne gero
MPOU3BEJICM UX YCPEIHCHUE.

Memoo Caxypau [8].

JlaHHBII METO IpelyCMaTPUBAET ONPEICTICHNE MEXaHMIECKUX U MPOYHOCTHBIX Xa-
pPaKTepUCTHK MacCHBA.

[170THOCTE TPEIIHMH XapaKTEPU3yeTCsl OOBITHO KOAPPUIINEHTOM 00bEMHOHN TPEIIn-
HOBATOCTU WX KOA()(HUIIUSHTOM JTUHEHHOM TPEIMHOBATOCTH, 1/M:

K=1/L;

rae L — cpeiHee paccTosiHue My TPEIHHAME, M.
IIpu pasmepe ctpykrypHOTo 6110ka 0,1 M K03 (GUIMEHT THHEHHOH TPEIIMHOBATOCTH
Oyzet paBeH 10, k03 GUIHEHT CTPYKTYPHOTO OCIA0ICHHUS

K, =0,15+0,85/(0,15K _+ 1)=0,49.

Torna momysb ynpyroctu Oyaet pasen 0,343 - 10° MIla npu Mojyne ynpyrocta B
obpasme 0,7 - 10° MITa.
Memoo A. B. 3yokoea [1].
OcHoBaH Ha pacuere k03(h(UIHEeHTa BIOKEHHS Te00IOKOB
E=09"E

0°

Tak, mpu kod(huIHeHTe BIOKEHUS 9 MOIYTh YIPYTOCTH MaccuBa OymeT paBeH
0,27 - 10° MITa.

Memoo Ilynneyosa [8].

JlaHHBINT METOJI OCHOBAaH Ha OIPEEICHUH BBIBEIICHHOTO aBTOPOM KO3(QHIMeHTa
ycroitunBocTi MaccuBa (KYM), mpuBsSi3aHHOTO K €r0 TPEIIMHOBATOCTH, pa3MepaMm Tpe-
HIMH W UX PACKPBITHIO:

E,=E exp(0,78 — 0,83KVM).
Tak, nist paccmarpuBaemoro maccuBa KYM Oyzer paBeH 2, a MOAY/Ib YIIPYTOCTH
maccusa 0,29-105 MlIIa.
Memoo Kuma [8].

JlaHHBINA METO/I TOAXOUT JIJI pacueTa MOYJ/Isl YIIPYTOCTH MacCUBa C He3aJIeUeHHbI-
MU TPEIIMHAMH U YUYUTHIBACT pa3Mepbl OOHAKCHHUS:

K., =1/[053(1/l,+175)]+0315,
rie | — pa3mep oOHaxeHus CTEHKH BHIPaOOTKH, M; |, — pasmep cTpykTypHOro Groka, M.
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[Ipu pa3mepe oOHaXEHHS CTCHKH BBIPAOOTKH 4 M U pa3Mepe CTPYKTypHOTO Ooka
0,1 M ko3 unmeHT cTpykTypHOTrO OciabdieHus oyaer pasex 0,36.

Pesysbrarsl onpeneieHus yCTOHYMBOCTH MacCHBa rOpHbIX mopox Iaiickoro
MOA3eMHOI0 PYAHMKA NPH NPUMEeHeHUH TPAIUIMOHHBIX MeToauK. Ha ocHOBaHUM
ONTUMAJIBHOTO TTOPsIKa OTpaboTKa 3anacoB B dTaxkax —830/—1390 M Benach Ha OCHOBE
gucienHoro moaenupoBanus HJIC pyaHoro u mopogHoro mMaccuBa. B tabm. 2 mpuse-
JICHBI pe3yJIbTaThl PACUETOB CPEAHEN BEIWYMHBI CKUMAIOIINX HATPSHKEHUN B PYIHBIX
LEeJIMKaX, pa3aelisionX OTpaboTaHHbIe KaMephl. [Jisi cucTeMaTu3aluy aHaln3a Harpsi-
JKCHUH B LIeNMKe BBIOpaHBI MATH TOUEK: Y BHCAYEro OOKa, y Jiexkauero O0Ka, B IICHTPE
LIEeIMKA U y JIByX €r0 CTEHOK, CXeMa PACIIOIOKEHNS aHAIM3UPYEMBIX TOUEK MPUBEIECHA
Ha puc. 2.

Ta6auua 2. PacnipenesieHne HANPsSIKEHMIT* HA CTeHKaX KaMepbl B cedennn Z—y, MIla
Table 2. Stress distribution* on the chamber walls in section z-y, MPa

Pasmep Koopannats To9KH (B JOISIX pa3Mepa OLICHHBAEMOTO CEUCHNSI)
CCUCHuUA, M -0,5 -0,375 -0,25 0 0,25 0,375 05
40 x 80 -116,57 -32,90 —22,72 -23,00 —22,72 -32,90 | -116,50
20 x 80 -184,24 | -129,00 | -111,57 -99,60 | -102,10 | -105,84 | -132,75
40 x 80 -116,53 -21,71 —6,40 +1,03 —6,40 -21,71 -16,53

*3HaK «MHHYC» O3HAYaeT HAMPSHKEHHS CKATHSA, KIITIOCY» — HAPSDKEHHUS PAaCTSHKEHHUS.

[Ipenen mpogHoCTH TTOPOA IpH CxkaTur onpeneisuics cortacHo [OCT 21153.2-84,
" TMOJYYCHHBIC PE3YJIBTAThI HAIPSAIMYIO HCIIOJIB30BAJIMCH MPU OLICHKE yCTOﬁ‘IHBOCTH
(pa3pymraemMocTi) MaccuBa.

[IpupoaHble HanpsHKEHUSI ACUCTBYIOT B CYOIIMPOTHOM HANpPAaBICHHU BIIOJIb OCH
KaMep, BeIMYMHA KOTOPhIX B MAacCHBE M Ha €r0 OOHAXXCHHU C YYETOM TEXHOTCHHBIX
(BTOpHYHBIX MOJICH) MPEBBIMIACT MPEes MPOYHOCTH HA OJHOOCHOE CXKATHUE PYIIbI
(100 MITa):

[6..]. =[045] K., =162-0,62 =100 MI1a,

IIe G, — NPeJIeN MPOYHOCTH 00pasia Ha ckarue, MIla; K | — kosduiuent cTpykryp-
HOTO OcltabiieHus, coracHo [9, 10].

Briemka nepBbix ke kamep Il ouepenu Huxe ropuzonta 910 m mmpunHoit 20 M,
BoicoToi 40 M u yrHOI 80 M (pa3Mepbl cedeHus KaMephl PUBEICHBI B TAOIHUIIE) TIOKa-
3aja, 9TO KPOBJISL KAMEP U TOPIIEBBIE CTEHKH CO CTOPOHBI JIS)KAUero Win BUCSYero OoKa
OynyT paspymarbcsi. Eciam BeICOTY Kamep yBenHUUTh 10 80 M, TO HANPSHKCHUS B 9THX
aJIeMeHTax yBenuyarcs eme Ha 15-20 %.

AHanu3 (GOpPMHUPOBAHUS HANPSDKCHUH B KOHCTPYKTHBHBIX JIEMEHTAX CHCTEMBI
pa3paboOTKK IpU UCHOIb30BAaHUN YUCICHHOTO METOAA IOKa3aJl, YTO BEJCHNE OUMCTHBIX
pabot Ha ["alickoM oI3eMHOM pPYZIHHUKE TI0 cxeMme oTpaboTku kamepamu [-11-111 ouepenn
MPUBEET K pa3pylLICHUIO EIUKOB U KpoBiu kamep [10-16].

B pamkax mpoBeIeHHBIX HCCIeJOBaHMH TopaboTaHa TEXHOJIOTHMYECKasl cXeMa Be-
JICHHS TOPHBIX paboT B 3alUIeHHON 30He mupuHoii 200220 M, popMupyemoii npu
MOMOIIY JBYX HaHEeNeH B JIe)KaueM U BUCSYeM Ookax mMpuHON 20 M ¢ co3maHueM B
KPOBJIE U JHUILAX MaHeJell OCTPBIX YIVIOB, KOTOpPhIE OyoyT KOHLIEHTPUPOBAaTh Ha cede
MaKCHUMaJIbHBIE CKUMAIOIINE HANPSHKEHHS, TEM CaMbIM pasrpy’kasi BEIpaOOTKH THHIIA
1 KpOoBIIIO Oyaymux kamep (puc. 3).
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JlaHHOe MeponpHsTHE CYIIECTBEHHO YIPOIIAeT OTPAOOTKy KaMEpHBIX 3allacoB U
MO3BOJISIET BECTH OYMCTHBIE PAa0OTHI MPAaKTHUECKH JO00H KaMepHOH CHCTeMOH pas-
paboTku ¢ MOOBIM KOJIMYEeCTBOM (DPOHTOB, a TAKKe JaeT BO3MOKHOCTH PETYINPOBATH
00beMBbl JOOBIYM U BECTH CENIEKTHBHYIO BBIEMKY Ja)K€ C YYETOM MEPEMEHHBIX BO Bpe-
MEHHU MPUPOIHBIX HanpsukeHuit [17].

PI/ICYHOK 2. Cxema PacnojyIoKEHUsT aHAJIM3UPYEMBIX TOYCK B LICJIUKE
Figure 2. Lay-out diagram of the analyzed points in the pillar

VYnpaeneHue TOpPHBIM JlaBlIeHUEM HauOonee 3(P(EKTHBHO OCYHICCTBISITh (€CIH
NPUHATH BO BHUMaHHUE BCE CYIICCTBYIOLIME METOJBI) IMyTEM CO3JaHUsl 3alMTHBIX 30H,
MCKYCCTBEHHBIX IIOCKOCTEH, MPH MOMOILH JIBYX MaHEJIeH B JieKaueM U BUCSYEM OOKax,
HNPOHAEHHBIX 10 MPOCTUPAHUIO PYIHOIO Tena, ¢ (POPMUPOBAHUEM B KPOBJIE M JHUIIAX
OCTpPBIX YIIIOB, KOTOPEIE, TIO3BOJISI IIEPEMEIAaTh MaKCUMaJIbHBIE COKUMAFOIIUE HaTIpsIKe-
HUS M3 TEXHOJIOTHYECKH OTBETCTBEHHBIX B MEHEE OTBETCTBEHHBIC M OOJiee YCTOMYHBhIC
YUYaCTKU TOPHOTO MaccHBa, OyIyT KOHIICHTPUPOBATh Ha ce0e MakCHMAlIbHbIC CKUMAIO-
HIMe HAMPSHKEHHS, TEM CaMbIM pa3rpyast BIpaOOTKH JHUINA U KPOBIIIO OyIyHINX KaMmep
B 3alIUTHOM 30He. OTPabOTKY BBIEMOYHBIX €IMHHUI] O0Jiee pallMOHaIbHO BECTH KaMepaMu
I-II ouepenu mo cyuiecTByrOIUM cXeMaM, a BblycK MaccuBa kamep Il ouepenu ocy-
LIECTBIIITH CBOCHHBIMU KaMepaMH ¢ (JOPMUPOBAHUEM MEKIY3TaKHBIX LIETHUKOB.

BouiBoabl. MccneoBaHusiMUA yCTaHOBJIEHBI Pa3Mephbl CTPYKTYPHBIX OJIOKOB cliararo-
[IMX MAacCUB OYUCTHBIX Kamep ['alickoro moji3eMHOT0 pyIHHKa. Pa3mepsl BApbUPYIOTCS
B 3aBHCHMOCTH OT paHra CTpyKTypHbIX 0110K0B. [Tpu nccnenoBannu ckBakuH 3a(puKCH-
pOBaHa MOLTHOCTb HAPYIIEHHOT'O CJI05, KOTOPas Ha Pa3HBIX y4acTKax JOCTHrajga OJHO-
ro MeTpa. PackpeiTHe TpemuH NpocMaTpuBaeTCs TOIBKO Y KOHTYPa BBIPaOOTOK.

JlmHa pacKphITHIX HABENCHHBIX OT MITyPOBOM OTOOWKH TpemuH mpocturaeT 0,5 M
¢ topua mmypa. C yBenndeHueM rIyOuHbI 3a()MKCHPOBAHO YBEIMUYCHUE TPEIIMHOBA-
TOCTH M YMEHBIICHHE pPa3MepOB CTPYKTYPHBIX OJIOKOB, TaK KaK YBEIHUUMIICS O0BEM
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BBIXOJIa KepHA TepBoi kateropuu. OTMEUEHO TakKe MPOsIBIEHHE TUCKOBAaHUS KEpHa,
YTO TOBOPUT O HAJIWYHMM BBICOKOTO TopHOro aasieHus. CormacHo metoaukaMm Kuma
n Cakypan OIpeAeicH ONTUMAaIbHBIH KOA(PQHUIMEHT CTPYKTYPHOTO OcCladieHus,
KOTOPBIH MU pazMepe cTpyKTypHoro 6moka 0,5 m cocrasiser 0,81.
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Pucynok 3. Cxema pacnpeaeneHnsi MUHUMAIbHBIX HAPSIKSHHH O3
Figure 3. Scheme of minimum stresses distribution o3

T e

VYrpasieHue ropHeIM AaBicHHEM HaubOonee 3()(EKTHBHO OCYLIECTBIATH MYyTEM
CO3/1aHMSI 3ALUTHBIX 30H, UCKYCCTBEHHBIX IJIOCKOCTEH, MPU IMOMOILM JABYX IaHEIEH
B JIe)Ka4deM U BUCSYEM OOKax, MPOUJCHHBIX 110 MPOCTUPAHHUIO PYIHOTO Tena, ¢ popmu-
POBaHUEM B KPOBJIE U JTHUILAX OCTPBIX YIIIOB, KOTOPBIE, II03BOJISIS IEPEMEIATE MAKCU-
MaJIbHBIE CKMMAIOIINE HANPSKEHHS U3 TEXHOJIOTMYECKH OTBETCTBEHHBIX B MEHEE OT-
BETCTBEHHBIE U O0Jiee YCTOMUMBBIC yUYaCTKH TOPHOTO MaccrBa, OyyT KOHIEHTPHPOBATh
Ha ce0e MaKCUMalTbHbIE CKMMAIOIINE HATIPSHKEHHSI, TEM CaMbIM pa3rpysKasi BRIpaObOTKH
JTHHIIA U KPOBJIIO OyIyHIMX Kamep B 3aIUTHOH 30He. OTpaOOTKY BHIEMOYHBIX €IWHHUIIL
Ooree panoHaJIbHO BecTH Kamepamu -1 ouepenu mo cymiecTByOIMM CXeMaM, a BbI-
nmyck maccuba kamep 1l ouepean ocymiecTBISATh CABOCHHBIMU KaMepaMu ¢ ()OPMHUPO-
BaHUEM MEKAYITa)KHBIX I1EJTUKOB.
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Rock pressure management during deep deposit development

Sergei V. Sentiabov'
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract

Relevance. The intensification of underground mining at the Gaisky underground mine is caused
by the ever-increasing demand for raw materials and leads to mining depth growth. It therefore
drives the need to formulate the problem of mining system structural elements stability. Data on
the size and degree of fracturing of the rock mass disturbed layer on the outcrop (sheath) formed
from natural cracks opening and drilling and blasting operations, made it possible to correct
the stress distribution patterns on the contour and around the goaf. Research results established
the dependence between the stress concentration and the structural weakening coefficient with
distance from the outcrop.

Research objective is to geomechanically substantiate rock pressure control methods and options
for backfill mining method, improve safety and reduce geodynamic phenomena manifestation in
the course of mining.

Methods of research include full-scale experimental measurements of rock mass and ore stress
state at accessible depths and horizons of the deposit. An integrated scientific research method was
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used which includes the analysis and theoretical generalization of the patterns of stress distribution
in masses of extracted chamber reserves, mathematical modeling of the research results,
and theoretical results comparison with the instrumental observations results.

Results analysis. The paper presents the results of stress state formation in the ore in place, obtained
through modern methods for mine structures stress-strain state calculation. Regularities in the rock
mass stress state distribution were revealed. A set of active rock pressure control methods was
formed on the example of the Gaisky underground mine.

Findings. Ascompared to existing methods, rock pressure control is most effective through creating
protective zones, artificial planes, using two panels in the lying and hanging sides tunneled along
the strike of the ore body and forming sharp corners in the roof and bottoms, which will make it
possible to move the maximum compressive stresses from technologically critical to less critical
and more stable sections of the rock mass and concentrate the maximum compressive stresses on
themselves, thereby unloading the workings of the bottom and the roof of future chambers in the
protective zone. It is more rational to work out mining units with the I-11 stage chambers according
to existing schemes, and release the 111 stage chamber rock mass with double chambers and form
diamond-shaped asymmetric interfloor pillars.

Keywords: mining conditions; physical and mechanical properties; stress state; parameters of
structural elements; chamber mining system; rock pressure control; stress concentration

The research was carried out according to the state order no. 075-00412-22 PR, theme no.
(FUWE-2022-0003), reg. no. 1021062010536-3-1.5.1.
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O60CcHOBaHWe anbTepPHAaTMBHbLIX MICTOYHMKOB BOAOCHA0XeHMS
B ropHOA0ObLIBaKOLWMX panoHaX ¢ BbICOKOW TEXHOreHHOW Harpy3Kou
Ha npumepe nocenka JleBuxa CeepanoBckon obnactu

PbioHukosa J1. C."*, PbioHukoB M. A.', LlanoykuH P. A."
! WMHctuTyT ropHoro gena YpO PAH, r. ExatepuHbypr, Poccus
*e-mail: shapochkin.roman@gmail.com

Peghepam
Beeoenue. [llaxmuvie 600bi 6cez0a s6IAMUCH OOHOU U3 OCHOBHLIX Yepo3 Ol 2uopocgepol
20pHOO00bIBATOWUX PALIOHOB He MOILKO HA CIAOUU AKMUBHOU 000bIYU, HO U NOCILE e 3A8ePULCHUS.
Camblil pacnpocmpanerHviti cnocod Heumpaiu3ayuy WAxXmHelX 600 CE33aH C UCNONb30BAHUEM
uzeecmro6020 mMonoxa. Ha meppumopuu ompabomarnno2o Jleuxunckoeo MeOHOKOIYeOaHHO20
pyoruka (Ceeponosckas obnacme) pasepyska KUCIbIX WUAXMHbIX 600 docmueaem 3 moic. MY/cym.
Jis netmpanuzayuu KUCIvlx 600 Heobxodumo 6onee 400 m*/cym 6oovl ¢ netimpanviviv pH
(07151 U320MOBNEHUSL U3BECIIKOBO2O MOIOKA). B €431 ¢ 8bICOKOU USHOWEHHOCHIBIO 8000800A OM
p. Tazun, bonvuumu nomepsmu u 4acmvlmMy A8apuUsAMU CIAHYUS HEUMPATU3ayuy noayyaem He
6o1ee NoNOBUHBL HEOOXOOUMO20 KOIUHeCmB8a 600bl. B pesyiomame Hapyuiaemcs: mexmono2ust
HeUmpamu3ayuu 1 KUCIble Waxmuvle 600bl He OUUUAIOMCSL 8 OOIICHOL CENeHl, HOPMAMUGHbLLE
mpebo6anUs K CMOYHbIM 800aM He docmuearomes u 8 p. Tazun copacviearomes cyivghammule 600bl
€ NOBBIUEHHBIMU MUHEPATU3AYUEL U KOHYEHMPAYUSAMU MEMAILO8.
Llenv pabomer — o0b6OCHOBaHUE BOZMOINCHOCMIU — U3LICKAHUS  UCMOYHUKOS — NUMbEBO2O,
XO3AUCMBEHHO-0bIMOBO2O U  MEXHONOSUYECKO20 B000CHADdICeHUs. noc. Jlesuxa u cmanyuu
HeUmpanu3ayuu KUCIbIX UAXMHBIX 800 30 CUEN NOO3EMHBIX 600.
Memoodwsl uccnedosanuii. Vcnonv3o8an cucmeMHulli N00X00, KOMOPbIL GKIOYAEN aHAIU3
DE3VIbIMAMO8 HAYYHO-UCCIe008AMENbCKUX pabom U 00pabomKy OAHHbIX, NOTYYEHHbIX 8 Xooe
NONEeBbIX U TAOOPAMOPHBIX UCCTEO08ANULL.
Pezynomamut u oocysncoenue. Bvioenenvl nepcnekmueHbie YuacmKy, KOmopvle npeocmagisiom
coboll  uacmuvle  NAOWAOU  B000COOPA  NOMEHUUAIbHBIX — 80003a00p08 ¢  Haubojee
OnazonpusimubiMy 05l TOKAIU3AYUY NOO3EMHO20 CMOKA ycaogusmu. Kpumepuem evloenenust
NEePCREKMUBHBIX YUACTKOG U MOYEK HAZPY3KU SIGISLIOCh COYemaHue Credylouux (hakmopos:,
Onazonpusimnvle  2€01020-MEKMOHUYECKUE YCA0BUSL (Haluyue MeKMOHUYECKUX HAPYUeHUlL),
Pe3YTIbMamul ONbIMHO-PUILMPAYUOHHBIX padOm (OMHOCUMETbHO BbICOKUE YOeTblble 0eOUnbl
cKeadicun); 2eomopghonocuteckoe NonodiceHue (NPUypOUeHHOCHb K NOHUICEHHBIM YUACTKAM
penvea, pacnonodicenue NOOAUOCHIU NOBEPXHOCIHBIX UCTOYHUKOE NONOIHEHUS NOO3EMHbIX
600), OawHble SUOPOXUMUUECKO20 ONpOOOBaHUs (YOOBIEeMEOPUMENbHbIL XUMUYECKUN COCMAE
NOO3EMHBIX  600); CAHUMAPHO-2USUCHUYECKAsl OOCMAHOBKA  (OMCYmMCmeue nomeHyuadIbHbIx
UCTNOYHUKOB 3A2PAIHEHUs HA NIOWAOU JIOKATILHO20 8000CO0PA).
Buvisoovt. Obwue pecypcol nsamu  8blO€IeHHbIX NEPCHEKMUBHBIX  VYACMKO8 COCMAGISION
1340 Mm*/cym., 6 mom uucne Ons numvesvlx yeneil Mo2ym Ovime ucnonvzosanvt 282 m/cym.
Haubonee payuonanvnou npedcmasiaemcsi noCmaHo8Kad NOUCKOBO-PA36EO0UHBIX pabom u
oceoeHue nepcnekmugHvix yuacmkos Ne Il (8 npedenax komopoeo 6razonpusimmuvle 2eon020-
MEKMOHUYECKUE YCIL0GUL NOOMBEPAHCOCHbL PE3VIbIMAMAMU ONbIMHO-OUILIMPAYUOHHBIX padom)
u Ne III (pacnonodscer 6 O1a20NPUAMHBIX CAHUMAPHO-SUSUCHUYECKUX YCI08UAX). Dmu yuacmKu
Mozym 6bimb npeonodicetvl Ot NOKPbIMUsL NOL08UHbL HOMPEOHOCMU NOCETKA 8 600€ NUMbEBO2O U
XO3AUCMBEHHO-0bIMOBO20 HAZHAUEHUSL.
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Knwueevie cnosa: cuopocghepa; eooocnaboicenue; noosemmvle 600bl; NOGEPXHOCTHbIC
60001, B80O0COOD, 2UOPO2eONIo2UYECKUE VCA08USL, OMPAOOMAHHBIL MEOHOKOTYEOAHHIU PYOHUK,
3amonienue; KUcivle 800bl, NEPCNEKMUBHBII YUACMOK.

Paboma evinonuena npu noooepoicke T'ocyoapecmeennozo zadanus UTJ YpO PAH Ne 075-
00412-22 IIP. Tema 2 (2022-2024 22.) «Paspabomka 2e0uH@pOpMaAyuoHHbIX MEXHON0SUU OYEHKU
3AUUUEHHOCU  20PHONPOMBIUILEHHbIX  MEPPUMOPULL U NPOSHO3A  PA3GUIMUSL  HE2AMUGHbIX
npoyeccog 6 neopononvzoganuuy (FUWE-2022-0002) 2. p. Ne123012300006-0 u 3a cuem epanma
Poccuiickoeo nayunozo gponoa Ne 22-27-20140, https://rscf.ru/project/22-27-20140.

Brenenmne. [locenok JleBuxa u JIeBUXMHCKOE MEHO-KOIYETaHHOE MECTOPOXKIEHUE
pacrnionoxxensl B Kuposrpanckom paiione CBepasioBckoit odnactu. B reomopdosnoru-
YECKOM OTHOIIIEHUH OHU TPUypOUYeHBI K Bomopasaeny pek Kyspku m AOnes — eBbIx
pUTOKOB p. Tarmi, B 4,5 KM K 3amamgy oT pycia p. Tarmn (puc. 1). MecTopoxxaeHune
oTKpbITO B 1920-30-¢ T, B 1927 1. Hawara dKCIIIyaTaIusl OTKPBITBIM CII0COO0M Kaphe-
pamu rnyouHoii 60—70 M. OTHOBpEMEHHO BeIHCh PaOOTHI M0 3aKJIaAKe IaxT JUIs pa3pa-
OOTKH MECTOPOXKICHUS TOA3EMHBIM CIIOCO0OM, TITyOHHA 0TpadOTKH pocturana 618 m.
C 2003 r. Hauanach TUKBUAANNS PyIHUKA, K 2007 T. ToA3eMHBIE BEIPAOOTKHU OBLIN 3aTOTI-
JIEHBI, HA CEBEPHOM (pIIaHTe TOPHOTO OTBOAA C(POPMHPOBAIICS TEXHOTEHHBINH BOJOEM,
KyZla pa3rpy’KaloTcsi KUCIIbIE ITaXTHBIE BOJIBI.

Ilocne 3akpbITUS pyIHHUKAa BOCCTAHOBJIEHA CTAHIMS HEHTpaIU3aIUH, TA€ KHCIbIE
LIaXTHBIE BOJBI IIEPEMEILIUBAIOTCS ¢ U3BECTKOBBIM MOJIOKOM. ITocie 3Toro Helrpanu-
30BaHHas BOJIA IOMAJIACT B MIPY/I-OCBETIIUTEIb, B KOTOPOM METAJUIBI M IPYTUE BPEIHBIC
KOMITOHEHTBI BHITIAJIAIOT B 0caok. Boma u3 npyzaa mo p. Jlesuxa nonagaer B p. Tarm.

CocpenoToueHHBIN BBIXO ITAXTHBIX BOJ B HAaMOOJIee HU3KOW TOYKE TOPHOTO OTBOIA
npoucxoaut ¢ 2007 r. Hecmotpst Ha Mepsl, npuanmaeMbie [ KYCO «YpanMonanum»
(Jrokanmu3anys MOBEpXHOCTHOTO CTOKA, epeKauKa MIaXTHBIX BOJI, 00€3BPEKUBAHUE CTO-
KOB Ha CTaHIMSX HelTpanu3anun), p. JleBuxa u p. Tarui UCIBITHIBAIOT 3HAYUTEIBHYIO
TEXHOTCHHYIO Harpy3Ky, CBSI3aHHYIO C MOMaJaHHEM B TOBEPXHOCTHYIO ruupocepy
BOJI C TTOBBIIIIEHHOW MUHEpaIN3alrell U BBICOKUMHU COJEPKAHUSIMH CYIb(aToB, HOHOB
IIMHKA, MEIH, Xkene3a U T. 1. (Dedepanvhoiii 3axon PO om 21.02.1992 2. No 2395-1
«O nedpaxy). IT0 00yCIOBICHO COBOKYITHOCTBHIO MTPUPOIHBIX U TEXHOTCHHO-UHTYTIH-
POBaHHBIX (HaKTOPOB, KOTOPBIE paccMOTpeHbl B paborax [1-8]. [Ipu aTom HemanoBax-
HBIM 00CTOSITEIILCTBOM SIBIISIETCSI HECOOIIOIEHHE perliaMeHTa padoThl CTAaHIIMK HEHTpa-
JM3alMHU U3-32 HEJOCTAaTKa TEXHOIOTHUECKOH BOJIBL.

Jist ee pabotsl HeoOxoaumo 410 M*/cyT TexHMueckoi Boxbl. M3-3a aBapuii Ha BO-
JIOTIPOBOJIE pabOTa CTAHIIMU HEUTPAM3allii OCIOKHSIETCS (B HEKOTOPBIE TOIBI BOJO-
KaHaJIOM To/1aBajoch He 6omee 50 % oT TpeOyeMoro KoIm4ecTBa BOIbI), HEOOXOANMOE
KOJIMYECTBO BOJBI MPUXOAUTCA OpaTh M3 ONMKAMIIETO0 MOBEPXHOCTHOTO MCTOYHHKA,
B KoTOpoM 3HaueHue pH kxonebnercs ot 3,4 10 5,2 B 3aBUCUMOCTH OT ce30Ha. B cBsizn
C 3THM CYLIECTBYEeT HEOOXOJMMOCTb TOHCKA aJbTEPHATHBHBIX HCTOYHHMKOB BOJO-
cHaOXEHHUS 3a CUeT MOA3eMHBIX BOA (Dedepanvhuiil 3axon om 03.06.2006 Ne 74-D3
«Boonwtit kooexc Poccuiickoit @edepayuuy).

Cucrema BomocHaOkeHUsT KHPOBTpazCcKoro ropocKOTO OKpyTra BKJIIOYaeT B ceOs
HECKOJIBKO IIEHTPATN30BAHHBIX CHCTEM BOAOCHAOXKEHHS, PAaclOI0KEHHBIX B HaCEJICH-
HBIX nyHKTax . Kuposrpazaa, nmoc. Kapnymmxa, noc. JleBuxa, noc. HeliBo-Pynsnka.
OKcIuTyaTanuio ykazaHHubix cucteM ocymectisieT OAO «O0bequHeHHas TerocHa-
sxkarorrast komnaaus» (OAO «OTCKy). o nanasim Ha 2010 1, B Ioc. JIeBuxa npoxuBa-
10 2881 genoek. [loTpeOHOCTE B BOZIE 1O MOCENKY (pacdeTHBIH 00beM Ha HACETICHHE)
cocrasmser 507 M¥/cyt (CanlluH « Canumapmno-snudemuonocuyeckue mpebosanus K
COOEPACAHUIO MEPPUMOPULL 20POOCKUX U CETbCKUX NOCENCHUN, K 60OHbIM 00bEKMAM,
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NnuUmMvegoll 600e U NUMbeBOM) 8000CHADICEHUIO, AMMOCHEPHOMY 8030VXY, HOUBAM, IHCU-
JIbIM NOMeUjeHUAM, IKCHIYAmayuu npou3go0CmeeHHbiX, 00U ecmeeHHbIX nomMeleHull,
OpeaHu3ayuu U NPOBeOeHUrd CAHUMAapPHO-NPOMUBOINUOEMULECKUX (npodurarxmuye-
ckux) meponpuamuily om 28 aunsaps 2021 2. No 2.1.4. 2.1.3684-21. Mocksa, 2021 2.).
HcTouHrnkoM TUTHEBOTO BOIOCHAOKEHNS TOC. JIeBHMXa M TEXHOIIOTUYECKOTO BOIOCHA0-
KCHHS CTAHIIUU HeUTpanu3anuu sBisieTcs p. Tarni, 3a00p BOABI OCYIIECTBISETCS B
100 M BbIIIE TIO TEYEHHIO OT MecTa BraaeHus p. Jlesuxu B p. Tarmi. M3-3a 6onpiioro
M3HOCa TPyOOIPOBO/Ia TOTEPH COCTABISIFOT ~68 % (Cxema 600ochabicenus u 60000m-
sedenust Kuposepadckozo eopodckoeo oxkpyea na nepuod 2014-2028 ze. Axmyanuzayus
Ha 2020 o. Aomunucmpayus Kupoeepaockoeo 2opoockoeo oxkpyea, 2019).
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Pucynok 1. Pacmonokenne paiiona pabot: 1 — mocenok JleBnxa, 2 — rpaHuna rOpHOro OTBOJA;
3 — o6bextnl (CH — craHuus HeWTpaau3auu KUCIbIX maxTHeiX BoJ, KIIIB — 30Ha pa3rpy3ku KHCIBIX
mraxtHeIX BoJ, HOC — HacocHO-uibTpoBanbHas craHnus Ha p. Tarun); 4 — peku; 5 — maxTbl
Figure 1. Project area location: 1 — Levikha village; 2 — the of mining allotment boundary;
3 — facilities (CH — acid mine drainage neutralization station, KIIIB — acid mine drainage discharge
zone, HOC — pumping and filtering unit on the river Tagil); 4 — rivers; 5 — mines

Lesas padoTbl — 000CHOBaHHE BO3MOKHOCTH M3bICKAHUSI HCTOYHUKOB MHUTHEBOTO,
XO035IICTBEHHO-OBITOBOTO M TEXHOJIIOTHYECKOTO BOIOCHAOKECHHUSI 3a CUET MOI3EMHBIX
BOJI JUIsI 00ECTIeUEHUsI TOTPEOHOCTH MOCETKa U CTAHIIMH HEeUTpaIH3alru.

Jis moCcTHKEHNS TIOCTABIICHHOH IIETTH PEIIeHBI CeTyIoIne 3a1a9n:

— OypeHmHe MONCKOBBIX CKBAKUH;

— IPOBEJIEHUE ONBITHO-(DMITBTPAIIMOHHBIX PaboT;

— TUIPOXUMHUYECKOE ONPOOOBaHUE MOA3EMHBIX BOJ;

— 000CHOBaHHE KPUTEPUEB BBIICICHUS MIEPCIEKTUBHBIX YUaCTKOB;
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— OTIpe/ieNIeHIe BO3MOKHOCTH MICTIOJIb30BAaHUS TIPEIIONAraeMbIX TOUEK pa3MeIIeHUs
B0JI03a00PHBIX COOPYKEHUH JUISI IUTHEBOTO BOJOCHAOKEHNS TT0c. JIeBUXa U TEXHOIO-
THYECKOro o0ecreueHus BOAON CTaHIIMN HEUTpaln3alnu;

— OLIEHKA CAaHUTAPHO-TUTHEHUYECKUX YCIOBUHN MEPCIEKTUBHBIX YUYACTKOB B 3aBUCH-
MOCTH OT LIEJIEBOI'O Ha3HAYCHHUS;

— OLICHKA PECYpCOB IMOA3EMHBIX BOJ NEPCHEKTUBHBIX YYAaCTKOB MCXOIS M3 OOLIMX
yCII0BUI (OPMHUPOBAHNS TTOA3EMHOTO CTOKA.

XapakTepucTHKa 00bEeKTa HccIeI0BAHUA. MeCTHOCTh XapaKTepU3yeTcs CIia-
JKCHHBIM pesibe()oM B OOIIMM MOHMKEHUEM K ponuHe p. Tarun (puc. 1). Bo3BbleH-
HOCTH MMEIOT (JOPMY MEJIKMX M HEBBICOKHUX COIOK C KYNOJ00Opa3HbIMU BEpIIMHAMHU
Y TOJIOTUMHU CKJIOHaMu. [loHmKeHHble yacTu peibeda npeacTaBisiioT co00i JT0KONHBI
C MATKUMH, Oojee MM MEHEe CUMMETPUUYHBIMU NPOQMIiMU. AOCOIIOTHBIE OTMETKU
MOBEPXHOCTH 3eMJIH KosteOmoTest B ripesenax 250—300 m. OOHaKeHHOCTD paiioHa ciiabast,
KOpPEHHBIE BBIXOJIBI TOPO/] BCTPEUAIOTCS MPEUMYIIIECTBEHHO Ha CKJIOHAX Top.

B crparurpaduueckom paspese paiioHa BBIICISIOTCS CleAyromue (opMaluu
(cHU3Y BBepX): TEppPHUIeHHO-0a3aibTOBAs, AWA0A3-CHMIIMT-KBapLAIbOHTO(GHUpOBas,
aHze3UT-0a3aIbToBast, 0a3aIbT-TPAXUTOBAS.

g JIeBUXMHCKOTO PYAHOTO MOJI XapaKTepHa IPUYPOYCHHOCTb DPYIOHBIX TeIl
K Tpy0000IOMOYHBIM JKEPIOBBIM (DanusiM, IMEIONUM JIOKaJIbHOE paclpocTpaHeHHE
1 OJIM3KYI0 K M30MeTpUYHOH popmy. PynoBmemaromiye 30HbI paccliaHIeBaHHS Pa3BH-
BAlOTCsI B PA3JIMUHBIX IO COCTaBy Mopojax. PazMelieHne pyJHbIX TeJl HEpaBHOMEPHO
PEPBIBUCTOE.

leoxumuueckuit Tvn JICBUXMHCKUX MECTOPOXKJICHUNM — MEIHO-IIMHKOBBIA. MuHe-
paJOTHYECKAN COCTaB Py/: MUPHUT, XaIbKOMMHUPUT, chareput, OOPHUT, OJICKIBIE PYyIBI,
MUPPOTHH, MAarHETUT, TAJICHUT, XaJIbKO3WH, KOBEJIJIMH, CAMOPOIHOE 30JI0TO.

Ilo conepxaHMIO TOMYTHBIX KOMIIOHEHTOB pYyAbl SIBISIOTCS KOMIUIEKCHBIMH,
COJICpXKAIUMU CEJICH, TEJLTYpP, UHIMMA, 30JI0TO, CepeOpo, rajlIui, KaJMuii, TepMaHuH,
MBILIBSK U APYTHE 3JIEMEHTBI.

JleBuxuHCKas rpymniia MEJHOKOIYEAaHHBIX MECTOPOXKACHUH pacIiojIoKeHa B Ipese-
Jlax cUCTeMbl 0acCceliHOB IPYHTOBBIX BOZ 30H TPELIMHOBATOCTH B IIOPOJAX HUXKHEIO U
CpEIHEero Majaeo30s1 BOCTOYHOTO CKJIOHA Ypana [9].

B npenenax paiioHa BbIIEISIOTCS /1B THIA MOJ3EMHBIX BOJ — BOJBI PBIXJIBIX OTJIO-
JKEHWH W BOABI, TPUYPOUYEHHBIE K 30HaM TPEIMHOBATOCTH B IOPO/IaX HUKHETO U CPEJI-
Hero naneo3ost. O0a THa BoA UMEIOT MEXIY COO0M TeCHYIO THAPABINYECKYIO CBS3b U
00pa3yloT eNWHBIA BOJOHOCHBIH TOPU3OHT.

Bonbl pBIXIBIX OTIOKEHUH TPUYpOUYEHBI K aJUTIOBHAIBHBIM OTIOXKEHUSM JIOJUH
PEK, KOTOpbIe MPeICTaBIeHbl CYITIMHKaMH, MaJIOMOIIIHBIMY JIMH3aMHU TIeCKa U ITTHHAMH,
U K 2JIIOBUAJIBHBIM OTJIOKEHHUSAM KOPBbI BBIBETPUBAHHUS, CIIOKEHHBIM INIMHAMU U CYTJIMH-
KaMHU. MOIITHOCTB PBIXJIBIX OTIOKEHUH He MpeBbImaeT 5 M. OHM XapaKTepu3yroTcs clia-
0011 00BOTHEHHOCTHIO U CYILIIECTBEHHOI'O 3HAUCHHSI HE UMEIOT.

OcHoOBHasl 4acTh NOJ3EMHBIX BOZ COCPEIOTOUYEHA B 30HE TPEILIMHOBATOCTH KOPEH-
HBIX TOPOJ Tasieo30s. B BepTHKaIbHOM pa3pese BBIIEISIOTCS JBE 30HBI PA3ITUIHON
oOBogHEHHOCTH TIopon. Hambonee oOBOJHEHHOW SBISIETCS BEPXHsIsI TPEIIMHOBATAs
9acTb MOPO/I, BKIIIOYAOIIAs KOPY BBIBETPUBAHUS U PACIPOCTPAHSIONIASCS B pa3IMUHBIX
yuacTkax 10 rryonnsl 50-80 M. Bropas 30Ha MeHee TpelHoBaTasi, e 0OBOAHEHHOCTD
HOCHUT JIOKQJIbHBIM XapakTep, TaKk Kak B OOJIBLIMHCTBE CJIyyaeB NMPHYyPOUYCHA K 30HAM
TEKTOHMYECKUX HAPYIICHUH U JIMTOJIOIMYECKUX KOHTAKTOB.

TpemuHoBaTOCTs BOJOBMEMIAIOMINX MOPOJ BeChMa HE3HAYUTENIbHA W HEPaBHO-
MepHa. B npenenax JIEBUXUHCKON IpyIIbl MECTOPOKIEHUN OTUETIIMBO OTMEYAKOTCS
JIBE CCTEMBI TPELUH:
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— TPEIUHBI ¢ pocTupanneM okono 350° u yrirom magenus 70—85° Ha BOCTOK; 9Ta
CUCTEeMa TPEIIMH XapaKTepU3yeTcs JOMHHHUPYIONIUM ITOJIOKEHHUEM, 3aJIeTaeT mapal-
JIENBHO TIPOCTHPAHUIO KOMITIEKCA TTOPOJ, OTIMYASTCS 3HAUYMTENbHBIMHA pa3MepaMu U
MPOTSKEHHOCTHIO U SIBIISIETCS OCHOBHBIM ITyTEM ITUPKYIISIIUH ITOJI36MHBIX BOJI;

— TpeuuHsl ¢ npoctupanueM 90° u yriom nageHust 10 50° Ha 1Or pa3BUTHI BKPECT
MIPOCTUPAHUS TIOPOA X OTMEYAIOTCSI HEOOIBIIION MPOTSKEHHOCTHIO M ITUPUHOM [9].

MeTonsb! ucciaenoBanumii. i1 peneHns mocTaBleHHBIX 3a/1ad MPOBEICHBI OyPOBbBIE
U OIBITHO-(UIBTPALIMOHHBIE PA0OTHI, BHIIOJIHEHBI XUMHUKO-aHAIUTHYECKUE HUCCIIE0-
BaHMSI TPOO BOABI U3 CKBAXKUH.

Lenbto mpoBeneHus OypoBbIX pabOT ObLIO CO31aHIE CETH MOHUTOPUHTA JJ1s OLICH-
KH THIPOT€0JIOTMYECKHX YCIOBUH M KauecTBa MOJI3eMHBIX BOAI. Beero 0bu10 ipoOypeHo
7 CKBaKMH, U3 HUX 6 pacronaraeTcs B npejesax ObIBIIEr0 TOPHOTO OTBOAA PYIHHKA,
r1younoit ot 50 10 40 M, u 1 ckBaxknHa — HUKe cOpoca ¢ mpyaa-OCBETIUTENS, B YCThE
p. JleBuxu, rimyounoii 30 m. O6muit Mmetpax Oypenus coctasui 290 m.

B ckBakuHaX MPOM3BOAMIMCH OJMHOYHBIC OTKAYKH IMPOJODKUTEIBHOCTBIO 24 |
KaX/1asi, C BOCCTAHOBJICHHEM TPOIOIDKUTEIBHOCTHIO OT 1 10 9 4. Ilpu oTkavke ncmonb-
3oBanuck Hacocwl Grundfos SQE 2-70 (aebutom ot 0,62 mo 0,9 n/c) mst ckB. Ne 1, 2, 3,
6 u 7 u Pyueek-1 (meburom 0,16 1/c) mms ckB. Ne 4 u 5, BCKPBIBIITNX KHUCIIBIE BOIBI.
Hacochl mogxmroganich K MOOMIIBHON HHBEpPTOpHOH amekrpoctannuu Kohler-SDMO
HX 4000 C momuaOCTBIO 3,2 KBT.

[Tocne 3aBepieHNsT ONBITHO-(OUIBTPAIIMOHHBIX PA0OT OTOOPAHBI MTPOOBI BOIBI JIJIS
XMUMHKO-aHATUTHYECKUX MCCIIECIOBAHNH, BBITOIHEHHBIX B IHCTUTYTE TIPOMBIIITICHHON
skonorun YpO PAH.

[lepcneKTHBHBIN y4acTOK MPEACTaBIsieT cO00H YacTHYIO MIoMmaab BogocOopa mo-
TEHIMAJIBHOTO BOJ03a00pa, B IIpelesiax KOTOPOro HMEI0Tcs Hanbosee OaronpusTHbIE
JUIS JIOKJIM3aliH TTOJI3EMHOTO CTOKA YCJIOBHSL.

Brienenue nepcneKTUBHBIX YYaCTKOB M TOUEK HArpy3Ku, KOTOPbIE MOTYT CITY>KUTh
HCTOYHHKOM aJBTEpPHATUBHOTO WIIM PE3EPBHOTO BOJOCHAOXKEHUs 1oc. JIeBuxa u craH-
LMY HEWTpaJIN3alliH, OCYIECTBIAIOCH NCXO/S U3 aHAJIN3a CIEAYIONHX (GaKTOPOB:

— IeoJIOTO-TEeKTOHUYECKUE YCIIOBHUS (TEKTOHHYECKHE HAPYIICHUS B CKAILHBIX TIOPO-
J1ax, KOTOPbIE MOTEHIIMATBHO MOTYT SIBIISITHCS 30HAMU MTOBBIIIIEHHOM TPOBOAMMOCTH);

— PEe3yNbTaThl OMBITHO-(DMIBTPAIIMOHHBIX Pa00T (BBICOKHE 3HAUYEHUS YIEIHHOTO JIe-
OuTa CKBAXHH);

— reoMopQOJIOTHIECKOe TONOKEHNE (HaTU4ne MOTCHIMAIBHO MPHUBIEKAEMBIX pe-
CYPCOB, HalIpUMep Npy/a UM €CTeCTBEHHOTO ITOHIKEHHS pelbeda, B KOTOPOM CKarlTi-
BaeTCs TIOBEPXHOCTHBIH CTOK);

— JJaHHBIC TUJPOXUMHUYECKOTO OpoOoBaHus (3HaueHue pH, Omu3Koe K HeHTpab-
HOMY, MHHEPAJIH3aLus TOI3eMHBIX BOJ MeHbIe 1 1/1);

— CAaHMTAPHO-THTHEHUYECKasi 00CTaHOBKA — JUIS BBIICTICHUS] 0OBEKTOB, HOTCHLIUAIIb-
HO TIPUTOAHBIX JUIsl MUTHEBOTO BOAOCHAOKEHHS (OTCYTCTBHE HCTOYHUKOB XUMHYECKOTO
1 0AaKTEepUOIOTHYECKOTO 3arpsi3HEHUS).

Pesyabrarbl u odcy:xkaenne. [leOuthl ckBakuH BapbupytoT ot 0,62 g0 0,9 n/c,
nonmwkeane ot 0,86 M mo 16,38 M, ymempHBIe nebuthl m3MmeHstorcs ot 0,02 mo
0,33 n/c (Tabm. 1). CkBakuubl Ne 4, 5 BCKPBLIM KUCIBIC BOJBI M ONPOOOBAIUCH MaJIiO-
MOIITHBIM HACOCOM, IT03TOMY UX TIPOU3BOIUTEIBHOCTD HETPE/ICTABUTEIbHA.

Haubonee mpow3BOAUTENBHBIME SBISIFOTCS CKBaXWUHBI No 3 W 7 ¢ yIelbHBIMH
nebutamu 0,33 u 0,21 51/c COOTBETCTBEHHO. DTH TOYKH MOTYT pacCMaTpUBaThLCS Kak
MEPCIIEKTUBHBIE MecTa OypeHHs IKCIUTyaTallHOHHBIX CKBaXKHH, COTIIACHO IPOTHO3Y,
HPON3BOANUTEIBHOCTD KaXI0H 13 HUX 75—-100 M*/cyT.
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HefiTpansHas Boma ¢ MuHepaiu3alued MeHble 1 1/ BCKphITa TOIBKO B CKB. Ne 3
(BocTouHee rpaHullsl ropHOro oTBozAa) U Ne 7 (B ycthe p. JleBuxu). B ckB. Ne 6 (nonnna
p. JleBuxu niepen npyaom-oceemutenem) pH = 6,1, oqHako MUHEpaU3aIys PEBhIIIACT
2 r/n1. B ckB. Ne 1 (ceBepHast 4acTh TopHOTO OTBOA) U Ne 2 (BONM3HM 30HBI pasrpys-
KM IIaXTHBIX BOJ) BOABI criabokucibie (pH > 5) ¢ munepanuzanueit menbie 0,5 1/
Hawn6omee xucisie Boas! (pH = 3) ¢ Beicokoit MuHepanm3arueit (12—22 r/71) BCKPBITH B
ckB. Ne 4 (Bozie cTBona 1. «llertrpansHasny») u Ne 5 (Bozie otBana «HOxHbI»). Temme-
paTypa moa3eMHbIX Box coctasisieT 6,0-9,1 °C.

Taoauua 1. Pe3yabTaTbl OIMHOYHBIX 0TKAYEK
Table 1. Results of single pumpages

CxBaXHHA
[Tapamerp
Ne 1 Ne 2 Ne 3 Ne 4% Ne 5% Ne 6 Ne 7

Jlata nmpoBeneHus
OTIBITHO-
(GUITBTPAIIMOHHBIX
pabot (ODP) 03.08.21 | 04.08.21 | 06.08.21 | 26.05.21 | 26.05.21 | 05.08.21 | 02.08.21
JleOut oTKauku, Ji/c 0,62 0,67 0,75 0,16 0,16 0,67 0,9
AGcomoTHast
OTMETKA yCThs
CKBRKUHBI, M 269,82 248,77 252,76 266,83 255,72 254,52 220,40
AGcomoTHast
OTMETKa yPOBHS
MOA3EMHBIX BOJI, M 264,06 246,72 249,78 263,56 253,75 251,65 218,36
[IponomxurenbHOCTh
OTKaYKH, MUH 1412 1412 1400 51 55 1432 1454
IIpoomxuTETLHOCTH
BOCCTAHOBJICHUS,
MUH 506 459 450 4 2 464 444
MakcumansHOE
[IOHMKEHHE, M 7,81 7,38 2,28 0,86 8,43 11,39 4,38
V nenpHbIiH qe0UT,
a/c - M 0,08 0,09 0,33 0,19 0,02 0,06 0,21
Munepanuzanusi, r/1 0,18 0,53 0,48 11,38 12,95 2,10 0,90
pH 53 51 6,3 3,3 3,0 6,1 7,0
Eh, MB 98 111 48 206 233 58 18

* CKBaXHHBl HE ONPOOOBAIMCH BBHICOKOMPOM3BOJUTEIBFHBIM HACOCOM H3-32 €ro HEBO3MOMKHOCTH
paboTats B cpene ¢ HU3KuM pH.

Boabel B ckB. Ne 2, 4, 5 HaxoaaTcsi B OKHUCIUTEIbHOW OOCTaHOBKE (3HAYCHUS
Eh > +100 mB), B Bome nmpucyTCTBYyeT CBOOOIHBIA KHCIOPOJ, SJIEMEHTBl MUTPHPYIOT
B BbICIIEH (popMe CBOeil BaJIEHTHOCTH. BOIBI B OCTaNBbHBIX CKBRKMHAX HAXOASTCS B
VCIIOBHSIX TIEPEXOTHON OKHUCIHUTEITHLHO-BOCCTAHOBHTENBHOM oOctaHoBku (Eh ot 0
no +100 MB) ipy HEyCTOMYMBOM T€OXMMHUYECKOM PEKHUME, KOTJla IPOTeKaeT Kak cia-
00e OKucIIeHNe, TaK U cllaboe BOCCTaHOBJICHNUE METAIIIOB.

XUMUYECKUH COCTAB BOJIBI [0 CKBaKWHAM MPEJICTABICH B BUJIE 000OIIEHHOM acco-
LUalUU, TAe B YUCIUTENE CIPaBa OT HAMMEHOBAHUS AIEMEHTA — KPaTHOCTh IPEBBILIE-
wus [1JIK st mureeBoit Bonet (CanlluH « Canumapro-snudemuonocuveckue mpebosa-
HUA...»), B 3HAMEHATEJIe CIIpaBa OT HANMEHOBAHUS AJIEMEHTa — KPaTHOCTh TPEBhIIIICHUS
ITJIK i BomoeMoB prIOOX03SHCTBEHHOTO 3HAYCHUS (Hopmamuest kavecmea 600bl 600-
HbIX 00BEeKMO8 PblOOXO3SAUCMEEHHO20 3HAUEHUS, 8 MOM YUCTe HOPMAMUBHL NPEOeTbHO
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00ONYCMUMBbIX KOHYEHMPayull 8peoHbIX 8euiecms 8 600ax 800HbIX 00bEKMO8 pblOOX0-
saucmeennoco 3nadenust. Ilpunoocenue xk npuxasy Munucmepcmea cenbCkoeo Xo3si-
cmea P® om 13 dexabps 2016 2. N 552 (¢ usmenenusimu om 12 oxmsbps 2018 2.))
(Tabm. 2). HaubomnbIne NMpeBBIICHUS HOPMATHUBHBIX TMOKA3aTele OTMEYArOTCS JUIsI
CKBQ)XHH, PACIOJIOKEHHBIX B Mpe/ienax ObIBIIEr0 TOPHOTO OTBOJA: PAJOM C OTBAJIOM
(cxB. Ne 5), y crBoma 1. «LlenTpansHashy (ckB. Ne 4), psaoM ¢ 30HOH pa3rpy3KH MIaxT-
HBEIX BOX (ckB. Ne 2), B nonuHe p. JIeBuxu nepen mpyaoM-ocBemuTeneM (CkB. Ne 6).

Ta6auna 2. [IpeBpimenne [JIK xuMu4ecKnX 371eMeHTOB B BOJ€ 3 CKBAKHH
Table 2. Chemical elements TLV excess in the well water

CKI];I;);:;E . O0001IeHHasT acCcoIUaIus
1 Mn10 Cd3 Be3
Mn100 Cu42 Zn39 Al5
5 Mn896 Cd63 Cu4 Be3 Zn3 Si2
Cu3700 Zn1500 Mn960 Fe8 SO,3 Al2
3 Be3 Si2
Zn14 80,2
4 Fe3683 Al1084 Mn634 Cul34 Zn33 Be31 SO,16 Co9 Ni4 NH,4
Cu134000 Zn16700 Al13550 Fe11050 Mn6340 SO,82 Mgl12 NH,4
5 Fe4147 Al1418 Mn481 Cd450 Cul48 Be37 Zn31 SO,18 Col3 Ni5
Cu148000 Al317725 Zn15300 Fe12440 Mn4810 SO,91 Mg15
6 Mn36 Cd10 Fe4 SO,3 Be3 Si2
Zn440 Mn360 Cul5 SO,14 Fel3 Ca2
7 Mn46 Be3 Fe2
Mn460 Fe5S0,4 Cu4

[To coBOKYMHOCTH TeO(UIBTPALIMOHHBIX M THAPOXMMHUYCCKUX TMOKa3aTesied mep-
CIIEKTUBHBIMU TOYKAMM HArpy3Kd MOTYT CIY>KUTb MECTa PacHojOXeHHs CKB. Ne 3
(Ha BOCTOYHO¥ rpaHuIle ropHOTO 0TBOza) U No 7 (B ycThe p. JleBuxn).

Ha paccmarpuBaemMoil TeppuUTOpHUM BBIIEICHO 5 TMEPCHEKTUBHBIX YYacTKOB
(puc. 2, Tabn. 3). Pecypchl y4acTKOB pacCUHUTHIBAIHCH UCXOJS W3 TPEIIIOIOKEHUS,
YTO MOJIYJb MOA3EMHOI0 CTOKa MOXKET ObITh MpHUHAT BennunHou 1 ji/c ¢ 1 km? Ha
OCHOBaHHMH PA0OT MO OICHKE OOECIEUEHHOCTH SKCILIyaTallMOHHBIMU 3amacaMu |
pecypcaMu TOJI3EMHBIX BOJ HaceieHus CBepUIOBCKOH oOiiactu, 00O0OMIEHHBIX
B JIaJbHEHIIeM Ui TEPPUTOPUHU YpajbCcKoro QeaepaibHOro Ookpyra U Poccuiickoit
Oeneparmu [10-13]. [paHuna MepCrieKTUBHOTO y4YacTKa MPEACTABISET COOOHM ILTOMIAIb
YacTHOTO BOJOCOOpa W JUIsl YCIOBHH TOPHO-CKIIAQAYaTOro Ypaja, Kak IpaBHIIo,
SBISICTCS W TPaHUICH TPETHEro Tosca 30HBI CAHUTApHOW OXpaHbl Bomo3abopa,
MpeaHa3HauY€HHON JAJIS 3aIUTHI 0T XuMudeckoro 3arpsisaenust (CanlluH « Canumapho-
anudemuorocuuecKue mpedbosanus... »). AHaIu3 CAHUTAPHO-TUTUEHUYECKUX YCIOBHH
IJIOMIAAN BOJIOCOOpA MO3BOJISET OIICHUTh BOBMOXKHOCTh HCIIOIB30BAHUS ITOI3EMHBIX
BOJI JUTSA MUTHEBOTO BogocHa0keHus [14, 15].

Yyacmox I BIZIENIEH TIO T€OJIOTO-TEKTOHUYECKUM YCIOBHAM (TIEpecedeHrne TEKTO-
HUYECKUX HapyIIEeHUI) U TI0 TeOMOP(OIOTHIECKOMY IOJIOKEHHUIO (HAIWYHE TOTEH-
[HAAJTFHO TPUBJIEKAEMBIX PECYypPCOB, CKAITMBAIONINXCA B MOKApHOM Tpyay). Pecypcbl
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yuacTka coctaBistior 138 M*/cyT, mas ux orbopa moTpedyercst co3manne Bomo3abopa
13 2—3 SKCIUTyaTallMOHHBIX CKBaKHMH. B mpesenax ydacTka paciojioyKeHa TePPUTOpPHUs
noc. JleBuxa, ero pecypchl MOTYT OBITh HCIIOJIb30BAHBI TOJIBKO JUISI TEXHOJIOTUYECKOTO

BOJIOCHAOKEHMUS.
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Pucynok 2. PacrnonokeHue NepCHEKTHBHBIX YYacTKOB M Touek Harpy3ku: 1 — moc. JleBuxa

2 — rpamHKI[a TOPHOTO OTBOAA; 3 — 0BBEKTHI; 4 — peKH; 5 — pecypchl NepPCIeKTHBHOTO yIacTKa, Mo/CyT
6 — HOMep mepcrnektuBHOro ydactka (I1Y); 7 — mouckoBasi ckBakxmHa (BBEpXy HOMEp; clieBa B
4yucauTene JeOuT, JI/C, B 3HAMEHATe]e MOHWKEHHE, M; chpaBa B uuciureiae pH, B 3HameHarese
MUHEpaIM3alus, Mr/in); 8 — HpOoeKTHpyeMas CKBaKMHA W e¢ HoMep; 9 — JIMHHU TEKTOHHYECKHX

HapyLICHUHI
Figure 2. Location of promising areas and load points: 1 — Levikha village; 2 — the mining allotment
boundary; 3 — facilities; 4 — rivers; 5 — promising area resources, m®/day; 6 — number of the promising

area; 7 — exploratory well (number at the top; flow rate in the numerator on the left, I/s, decrease in
the denominator, m; pH in the numerator on the right, mineralization in the denominator, mg/l);
8 — designed well and its number; 9 — lines of tectonic faults

Yuacmox Il BblaeneH UCXOAs U3 TOTO, YTO HA €r0 TEPPUTOPUH HAXOAUTCSI HECKOIIb-
KO TEKTOHMYECKHX HapyIICHNH; reoMOp(hOIOTHIECKOE MOJI0KEHNE OIaronpusaTCTBYeT
CKOIUICHHIO TMOBEPXHOCTHOTO CTOKA B €CTECTBEHHBIX MOHWKEHUSIX peibeda; pe3yib-
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TaThl OMBITHO-(WIBTPAIMOHHBIX Pa0OT MOKAa3ald OTHOCHUTEIHHO BBICOKOE 3HAYCHHE
nebuta ckB. Ne 3 (0,75 1/c). Pecypcrl yuacTka coctaBisioT 425 m3/cyT, s ux orbopa
notpebyercst co3aanue Bo03abopa u3 4—5 3KCIUTyaTallMOHHBIX CKBaKUH. B mpemenax
y4acTKa PacroyioKeHa TeppuTopus moc. JIeBruxa u 30Ha 00pyIIeHHUs, B IPe/esiax KOTo-
POt GOPMHUPYIOTCSI KUCIIBIE [IAXTHBIE BOJBI, €T0 PECYPCHI MOTYT OBITh HCIIOIb30BAHBI
TOJIBKO JUTS TEXHOJIOTHYECKOTO BOIOCHAOKCHUSI.

Taoauna 3. XapakTepHCTHKH MePCNeKTUBHBIX YYACTKOB (PHC. 2) M NX Ha3HAYeHHe
Table 3. Promising areas (Figure 2) characteristics and purposes

Howmep IInomane P
ecypchl
ny TOYKH ObocHOBaHUE Boz[oc620pa, mcyT > | Ha3nauenue
HArpy3Ku KM
| 8**, 12** | BrnaronpusTHBIE T€0JI0ro- 1,59 138 TB

TEKTOHUYCCKHE YCIIOBHS; HATIYNE
MOTEHIMATBHO TPUBIEKACMBIX
pecypcoB (TIOKapHBIN IIPYH)

1 3%, 9**, BnaronpusTHBIC T€0JIOT0- 4,92 425 TB

13** TEKTOHUYECKHE YCIIOBUS; HAIMUUE

MOTEHIMATBHO MPUBIEKASMBIX
pecypcoB (eCTECTBEHHOE OHMKEHHE
penbeda, B KOTOPOM CKarInBaIOTCSE
MMOBEPXHOCTHBIC BOJIBI); PE3YJIbTATHI
OoP

11 | 10**, 14**, | BnaronpusTHbIC re0JI0r0- 3,26 282 I1IB

15%* TEKTOHUYECKHE YCIOBHSA

v 11** BnaronpusTHBIC T€0JIOT0- 2,89 250 TB
TEKTOHUYCCKHE YCIOBHS

Vv 7* Pesynbrater OOP 2,88 248 TB

* TIpoOypeHHasi CKBaXXMHA; ** TIEPCIIEKTHBHAs CKBaXXHHA; 1B — TEXHOJIOTHYECKOE BOJIOCHAOXKEHUE;
[1B — nmutheBoe BOOCHAOKEHUE.

Yuacmox 11l xapakrepusyercs OJIarONPUATHBIMU I'€0JIOTO-TEKTOHUYSCKUMH YCII0-
BHUAMH (TIepecedeHrne TeKTOHWYECKUX HapYIIeHHI), 37IeCh OTMEYaeTCsl yAOBIETBOPHU-
TeNbHAs CAHUTAPHO-TUTHEHIYECKast 00CTaHOBKA (OTCYTCTBYIOT HCTOYHUKH MOTCHIIUAITb-
HOT'O XUMHUECKOTO 3arpsi3HeHHsI, TUIOIaIb BOA0CcOOpa mpeacTaBieHa Jjecamu). Pecyp-
CBI yUaCTKa COCTABILIIOT 282 M>/CyT, T MX 0TOOpa MOTpedyeTCs Co3Manue Bogo3abopa
n3 3—4 SKCIIyaTalMOHHBIX CKBaXKHH. Pecypchl ydacTka MOTYT OBITh HCIOJB30BaHbBI
JUISL OPTaHU3AIUY TUTHEBOTO BOJIOCHAOKEHUSI.

Yuacmox IV BbIENeH TI0 TE0JIOTO-TEKTOHUYECKUM YCIIOBHSM (HAJIMYKE Iepeceye-
HUSI TEKTOHUYECKUX HapymieHui). Ero monoxxenne Hanbomnee OMaronpusiTHO ¢ TOUKH
3peHHusl OpraHu3ali BOJIOCHAOKEHHWs CTaHLMK HeWTpain3auuu. Pecypcbl ydacTka
cocraBistioT 250 M3/cyT, mas ux orbopa morpebyercs co3maHue Bomozabopa m3 2-3
IKCITYaTAlMOHHBIX CKBAXHH. B Mpeenax ydyacTka pacrnoioKeHbl 00bEKThl XUMUUE-
CKOTO 3arpsi3HeHus (Teppuropusi noc. JleBuxa, 30Ha 0OpPYIICHUS U OTBAJI), €r0 PECypPChI
MOTYT OBITh HCITOJIB30BAHBI TOJIBKO JUISI TEXHOJIOTHYECKOTO BOJIOCHAOKEHUSI.

Yyacmox V BeIENEH 1O pe3ylbTaTaM ONBITHO-(PUIBTPAIIHOHHBIX PaboT, 1eOUT CKB.
Ne 7 — 0,9 n/c, ckBaxxrHA pacrioiiokeHa B yCThe p. JleBuxu. Pecypchbl yuacTka cocTaB-
nsr0T 248 M3/cyT, mas mx orbopa morpedyeTcs co3manue Bomo3abopa u3 2—3 dKCIuTya-
TAIMOHHBIX CKBOKHUH. B mpeenax ydacTka pacmoioKeHbl 00bEKThl XUMHUECKOTO 3a-
rpsizHeHHs (MIPYA-OCBETIIUTENB), €0 PECYpChl MOTYT OBITh MCIOJIB30BAHBI TOJIBKO IS
TEXHOJOTMYECKOTO BOJIOCHAOKEHHSI.
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s o60ocHOBaHMS BO3MOKHOCTH MCTIOIB30BAHMUS MOJI3EMHBIX BOJ HA BBIJEIEHHBIX
MEePCIEKTUBHBIX Y4acTKaxX HEOOXOIUMO MTPOBECTH HA HUX IMOMCKOBO-Pa3BE/IOYHbIC pa-
OOTHI C BBIITOJTHEHUEM TeOPH3MYECKUX HCCICAOBAHUN ISl BBISIBIICHUS TEKTOHUYECKU
ocnabNeHHbIX 30H, OypeHHEM Pa3BEJOYHBIX CKBAKUH U ONBITHO-(OMIBTPALIMOHHBIMU
ONpOOOBaHMSMH B IIPEATIONAracMbIX TOUKaX Harpy3KH.

BwiBoabl. Ha Tepputopun orpadoTanHoro JIEBUXHHCKOTO METHOKOIYETAHHOTO
pynuuka ¢ 2007 . MPOUCXOMUT pa3rpy3Ka KUCIBIX MIAXTHBIX BOJ C PACXOIOM OKOJIO
3 ThIC. M*/CyT, ISl HEHTpaIM3alK KOTOPhIX HeoOxomumMo 410 M*/cyT BOIbI ¢ HEHTpasb-
HeIM pH. McTounukom BomocHaOxeHHs siBIsieTcs Bopo3abop Ha p. Tarmi. Bwicokas
M3HOLICHHOCTh TPYOOTIPOBO/a, OONBIINE TOTEPU M YaCThIC aBApUH MPUBOIAT K TOMY,
YTO CTaHLMS HEUTpaIn3aliy [10JyvaeT He 0osiee MOJIOBIUHBI HEOOXOANMOT0 KOJIMYeCTBa
BOJIBL. B pesynbrare HapyIIeHUsT TEXHOJIOTHH KHCIIBIE IAaXTHBIE BOABI HE OYHMIAIOTCS
B JIOJDKHOM CTENeHH, HOPMATUBHBIE TPEOOBAHUS K CTOYHBIM BOAAM HE JIOCTHTAIOTCS,
u B p. Tarun cOpacbIBaroTcs Cylb(arHble BOAbI ¢ MUHEpalu3auei 10 3,5 1/1 v MoBbI-
IIEHHBIMH KOHLIEHTPALNUSIMHU METAJIIOB.

[lepcniekTHBHBIE yYacTKHM MPEACTABISIOT COOOH YacTHYIO IUIOIIAAb BopocOopa
MOTEHUUAIBHOTO BO03a0opa ¢ Hambosiee ONaronpusTHBIMM IJISl JIOKAJIU3aLUU I0[-
36MHOTO CTOKa YCJIOBHSMH. lIepCHeKTHBHBIE y4acTKH M TOYKH HArpy3Kd, KOTOpBIE
MOTYT CIY>KUTh HCTOYHHKOM aJbTEPHATHBHOTO BOAOCHAOXeHus noc. JleBnxa u craH-
UM HEWTpalu3alyy, BBIICICHBI TI0 pe3ylbTaraM aHalln3a CIeAyIomux (aKkTopos:
re0JIOTO-TEKTOHUYECKUE YCIIOBUS; PE3YyNbTaThl OMNBITHO-(QHUIBTPALMOHHBIX PadoOT;
reoMOp(OIOrHIECKOE TOI0KEHUE; TaHHbIE THIPOXUMHUYECKOTO OIPOOOBAHUST; CAHUTAPHO-
TUTUeHNYecKas 00CTaHOBKA.

OOmue pecypchl NATH BbIICJIEHHBIX IIE€PCHEKTUBHBIX YYacTKOB COCTABIISIIOT
1340 m*/cyT, sl TUTBEBBIX 1eNIeH MOTYT ObITh HCIONB30BaHbI 282 M*/cyT. Hanbomnee
panrOHATBHON MPEACTABIISIETCS MOCTAHOBKA TTOMCKOBO-Pa3BEI0YHBIX PadOT U OCBOE-
aue [1Y Ne II, B mpenenax KOTOpOro O1aromnpHsITHBIE I'€OJIOTO-TEKTOHUUECKUE YCIIO-
BUS (TEKTOHMYECKHE HAPYIICHUS B CKAJIIbHBIX MOPOAAX, KOTOPBIE MOTEHIHMAIBHO MOTYT
SIBJISITBCSI 30HAMH TTOBBILICHHOHN IIPOBOAMMOCTH) IOATBEPIKICHBI PE3y/IbTaTaMU OIBITHO-
GUIBTPAITMOHHBIX PA0OT (3mech TPOHACHA OTHOCHUTEIBHO BBICOKOACOWTHAS pasBe-
nouHast ckBakuHa Ne 3 ¢ nebutom 0,75 j/c npu nonmwkenun 2,28 m). Pecypcbl 3Toro
ydacTka COCTABJSIOT 425 MP/CYT M MOJHOCTBIO MOTYT TOKpPBITH MOTPEOHOCTh CTaH-
muu HelTpanu3auuu. [lepcnektuBHbiil yuactok Ne I1I pacnionosken B OmaronpusiTHBIX
CAaHUTAPHO-TMTHEHUYECKUX YCIOBUSIX U MOXET OBbITh NPENJIOKEH Uil TOKPBITHS
MOJIOBUHBI TOTPEOHOCTH IMOCEJKa B BOAE IMUTHEBOTO M XO3SHCTBEHHO-OBITOBOTO
HasHagenus (282 m*/cyr u3 510 m/cyT) OO UCIONB30BaTHCS KaK Pe3epPBHBIN HCTOY-
HHUK BOJOCHA0KEHUS.
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Rationale for alternative water sources for mining regions with high
environmental footprint on the example of Levikha village
of the Sverdlovsk region

Liudmila S. Rybnikova', Petr A. Rybnikov', Roman A. Shapochkin'
!Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract

Introduction. Mine drainage has always been one of the main threats to the hydrosphere of mining
areas, both during and after active mining. The most common method of mine water neutralization
is associated with the slaked lime. On the abandoned Levikha copper-sulphide mine territory
(Sverdlovsk region), acid mine drainage discharge reaches 3,000 m*/day. To neutralize acid waters,
more than 400 m*/day of water with a neutral pH is required (to produce the slaked lime). Due to
the worn out state of water pipe from the river Tagil, heavy losses, and frequent accidents, the
neutralization station receives no more than half of the required amount of water. As a result,
the neutralization technology is violated, acid mine drainage is not properly cleaned, the regulatory
requirements for wastewater are not achieved, and sulfate waters with increased mineralization
and metal concentrations are discharged into the river Tagil.

Research objective is to substantiate the possibility of finding sources of drinking, household
and process water supply for Levikha village and acid mine drainage neutralization stations by
applying groundwater.
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Methods of research include a comprehensive approach containing research results analysis and
field and laboratory research data processing.

Results and discussion. Promising areas have been identified representing private catchment areas
of potential water intakes with the most favorable conditions for underground runoff. A combination
of the following factors was the criterion for promising areas and load points: favorable geological
and tectonic conditions (the presence of tectonic faults); groundwater inflow testing results
(relatively high specific flow rates of wells); geomorphological position (confinement to low relief
areas, location near surface sources of groundwater recharge); hydrochemical sampling data
(satisfactory chemical composition of groundwater), sanitary and hygienic situation (absence of
potential sources of pollution in the local catchment area).

Conclusions. The total resources of the five promising sites are 1,340 m*/day, including 282 m*/day
for drinking purposes. Exploration and development of promising areas no. 11 (favorable geological
and tectonic conditions within it are confirmed by the groundwater inflow testing results) and
no. 11l (favorable sanitary and hygienic conditions) seem to be the most reasonable. These sites
might cover half of the village water needs for drinking and household purposes.

Keywords: hydrosphere; water supply; groundwater; surface waters; catchment area;
hydrogeological conditions; abandoned copper-sulphide; flooding; acid water; promising area.
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eodmanyeckme nccnenoBaHuns Noa3eMHbIX MTMAPOTEXHUYECKMX
COOpYyXeHUn Ha npumepe ctaporo FnybounHckoro BogoBoaa

OaebigoB B. A.™*, Nopwkos B. 10.", BaosuH A. T.!
Y WnetutyT reocomanku um. 0. T1. bynawesunya YpO PAH, r. Ekatepunbypr, Poccus
*e-mail: davyde@yandex.ru

Peghepam
Llenv pabomor — usyuenue ocobenHoCcmel 2eoQu3uueckux noael U Nnapamempos 6
patione pacnonodcenuss UCKYCCMEEHH020 NO03EMHO20 6000600d, OYEHKA B03MOICHOCHEN
2e0pu3UUecKUx Memoo08 no BbIAGIEHUIO CKPLIMBIX N0 3eMLel MEeXHO2EHHbIX 00bEKMO8.
Memoodonozus. Hzmepenust ecmecmeeHHO20 MEKMPULEcKO20 NOJsL OCYWECMBIATUCL ¢ NOMOUbIO
HeNnoApu3yuWUxcs 21eKmpooos U 3NeKmpopa3ee00uHo2o npuemMHura. Maenumopaszgedoutnvie
Pabomvl GbINONHEHbL NPOMOHHBIM MAZHUMOMempPOM. DIeKmpomomozpagus npogedend ¢
UCTONL30BAHUEM MHO20INIEKMPOOHOU INEKMPOPA3EEO0UHON ANNAPAMypbl ¢ CUMMEMPUUHOLL
cxemotl Hadmooenuu LLnrombeporce. Murpoceticmuueckuil ()oH pecucmpuposancs ¢ nomMousbio
A6MOHOMHOUL ceticMudeckou cmanyuu. I eopaduorlokayuoHHas CbeMKa BbINOIHEHA 2e0padapom
SIR-3000 ¢ anmennvimu 6aoxamu va 100 u 270 MIy.
Pesynomamot. I[lo pezynomamam Habn00eHuil Ha UCCIE008AMENbCKOM NPOpuLe NOCMpoeHbl
2PAPUKU MACHUMHO20 U eCIECMBEHHO20 INEKMPULECKO20 NOJell, DNeKMPOMoMozpapuiecKull
U MUKpOCeucMUdeckutl paspesvl, npusedena paodapozpamma. IIposedennvie ucciedosanus
NOKA3a1U PA3HbIIL YPOBEHb MASHUMHO20 NOJISL U NOMEHYUALA eCINECMEEHHO20 INLEeKMPULECKO20
nos 6 pailoHe 3alecanusi GYIKAHUYECKUX Nopoo u 0dek 2abbpo-ooiepumos. 3ameueHo
3HAUUMeNbHOe NOGbIULeHUE MUKPOCCUCMULECKUX UWYMO8 NPU VEeIUdeHUU MOUHOCMU KOPbl
svigempusanus. Had noodzemuvim 60006000M 3aDUKCUPOBAHLL JIOKATbHOE HOHUICEHUE
NOMEHYUANA eCMEeCmMEEeHHO20 DIeKMPUYECKO20 NOJSl, AHOMANUSL NOGLIUMEHHbIX 3HAYEeHULL
VOCIbHbIX DNIEKMPUYECKUX CONPOMUGIEHUL U UHMEHCUBHbIE OMPANCeHUs. PAOUOBOIH OM
8epXHe20 c600a MYHHEL.
Bob1600b1. [lonyuenvr kavecmeeHHble U KOIUYECMBEHHbIE 2e0(DUUYECKUEe XAPAKMEPUCINUKY
8 paiioHe pPAcNnONONHCEHUSA CMApPo2o NO003eMHO20 8000600d. IlposedenHbie uccied08aHus
NOKA3aMU  PA3HbIL  YPOGEHb MACHUMHO20 NOMS U NOMEHYUAL08 CAMONPOU3BOTbHOLL
noApuzayuy 8 obracmu 3anecanus NOpood pA3HO20 COCMABA. 3AMeueHO 3HAYUMENbHOE
NOBbIUEHUE MUKPOCEUICMUYECKUX WYMO8 NPU YEeNUdeHUU MOUWHOCIU KOPbl 6bl6eMPUBAHUSL.
Buisignenvl  ceoghuzuueckue npusnaku - epanuy  pazoend  2e0N02UYecKUx Cmpykmyp u
UCKYCCMBEHHBIX NOO3EMHBIX 00beKkmos. Onpedeneno mounoe noiodiceHue u 2youna 3aie2anis
CmMapoeo noo3emMHo20 MyHHeNs 2UOPOMeEXHUdecKkux coopyicenuti Irybouunckoeo npyoa e.
Tonesckoiui (Ceeponosckas obnacms).

Knwuesvle cnosa: rxomniexchvie ceousuueckue uUccied08anusl, NeKMpomoMoepaghusi;
MUKpocelucmuieckue 30H0Uposanus; 2eopaouonokayuss, 2UOpPOmMexHu4ecKue CoOpyICeHusl,
noo3eMHble MYHHeNU, eCIecmeeHHoe JNeKmpuieckoe noJe.

BBenenue. B pesynbrare MopepHU3AIKM MPOMBIIUIEHHBIX MPEINPUATHH U OTKa-
32 OT YCTapeBLIMX TEXHOJOTUI MPOM3BOJCTBA MOSIBIIOCH MHOXKECTBO 3a0pOIIEHHBIX
MHLyCTpHUaJIbHBIX 00beKTOB. K HUM OTHOCSTCS M MOJ3E€MHBIE COOPY)KEHHSI, TAaKHE KaK
cTapble TPyOOIPOBO/IBI, TYHHEH, BOZOBOABI U Ipouee. [Ipu moTepe nokymeHTaunu Ha
JaHHbIe OOBEKTHI OHU BXOAAT B UHCIIO «HEU3BECTHBIX». Kak cBUIETENBCTBYIOT MHOTO-
YHCJIEHHBIE Pa0OThl, IOMOIIb B H3yUYCHHH HCKYCCTBEHHBIX IOA3EMHBIX COOPYKEHUMH
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MOXKET OKa3arh reodusnka [1—6]. UToOs! yOETUTHCS B BOBMOKHOCTSX T€O(MU3UICCKUX
METOJIOB TIO BBISIBJICHUIO CKPBITHIX TIOJI 3€MJICH TEXHOTEHHBIX OOBEKTOB IPOBEICHBI
WCCIIEZIOBaHUS Ha YHUKAJIBHOM TMOJ3EMHOM TyHHeIe-BozoBojie BOimM3H T. [lonmeBckoro
CBepTOBCKO# 00IacTy.

B cepenune XIX Beka BBIACHWIOCH, 4TO [l01€BCKOMY 3aBO/y HE XBaTaeT BOBI,
Kotopast mmeeTcs B Bepxaem npyny T. [loneBckoro. s permmenus 3Toit mpooieMbl B
MecTe cnusaHus pek [myookoit m Kamenymku O6buta mocTpoeHa MiIoTHHA, a TaKXKe MPo-
OUT MOI3EMHBIA TYHHEIH TMHON O0JIee KIJTOMETpa U IMPOKOTIaH KaHa K peke CBeTIoi
(6omee 4 xwm), Bnamaromieit B Bepxuawmii nipyx T. [TomeBckoro. CTpOUTEIBCTBO JTaHHBIX
THIPOTEXHUYECKUX COOPYKeHUH Tpoaomkanoch 11 jger — ¢ 1876 mo 1887 ron. B mpo-
1ecce paboThI TI0 Tpacce TON3EMHOM rajieper OpUTo PoOHTO 11 BEpPTHKAIBHBIX KOJIOMIIEB-
myphoB cedeHrneM 2 x 2 M u TIIyOWMHOU 710 17 M, HEKOTOPBIE U3 HUX COXPAHMIIUCH 10
cux mop. B 60-x romax XX Beka, B X07Ie PEKOHCTPYKITHH, OBLT TOCTpOeH HOBEI 900-Me-
TPOBBIN OCTOHHBIN TYHHEH OOJBIIIETO CEUCHISI, KOTOPBIA UICT MapauIeIbHO CTApOMY.
Cranmus yrpaBieHHs IIJTI030M TYHHEIS PacIiojiaraeTcsi Ha CEBEPO-BOCTOYHOM Oepery
I'myOoumnckoro mpyna. B Hacrosmiee Bpemst oHa He paboTaeT u Boja IO CYIIECTBYIO-
MM BOJIOBOJIaM HE TIOCTYTIACT.

OCHOBHO#1 110 KOMIUIEKCHBIX T€O(PU3MUECKUX UCCIIEIOBAHUN SBISUIOCH H3yde-
HUE 0COOEHHOCTEH (PM3MUECKHX MOJel W MmapaMeTpoB B pailOHE PACIIONOKEHHS CTa-
poro moazemMHoro BogoBoa. K 3amagam mcciieoBaHUl OTHOCHIIOCH pas/ielieHHue aHo-
MaJIMH TIPUPOJTHOTO U UCKYCCTBEHHOTO TPOUCXOXKICHUS, OTIPE/ICIICHUE MTOIOKEHHS H
[TyOWHBI 3aJIeTaHNST TYHHEIS.

MeTtoauka padoT. MismMepenus ecTecTBEHHOTO dekTpuaeckoro nois (EIT), mmm mo-
TEHITHAIOB CAMOTIPOM3BOIBHON TOJSIPU3AIINH, OCYIIECTBISUIMCH C MTOMOIIBIO HETIOMSI-
PHU3YIONTUXCS METHO-CYIh(haTHBIX dJIEKTPOIOB M IIpUeMHHKa armaparypsl DPA-MAKC
(HIIIT «3PA», r. Cankr-IleTepOypr) mo mMeTomuke HaOMIONCHWN TpagueHTa MOTCH-
nuana [7]. IlomydeHHsle qaHHBIC TIEPECUNTAHEI B pacupeencaue morennuana Ell mo
PO IITIO HCCIICTOBAHNH.

Marnutopa3BeiogHble paboThI BHIIOIHEHBI C TTOMOIIBIO TIPOTOHHOTO MarHUTOMETpa
MMII-203 (3aBox «l'eomoropa3Benkay, I. Jleaunrpan). [IpoBomuiInch CTaHIAPTHBIC W3-
MepeHHs] MOYJIsI MHAYKIIMK T€OMarHUTHOTO TOJIs 3eMit T ¢ 3aMbIKaHHeM MPOoUIIs Ha
koHTpobHOM TyHKTE (KII) 6e3 mcmonp30BaHUsS MarHUTOBAPHUAIMOHHON cTaHIH [8].
[lo oxoHUaHWM B MarHUTOMETPUYECKHE TaHHBIE BHOCWIINCH TIOMPABKU 3a Apeid moms
npy 3ambikannu xona Ha KII. AHoManbHOE MarHuTHOE 1one T paccuMThIBAIOCH B COOT-
BercTBuH ¢ Monenbio IGRF-13 (International Geomagnetic Reference Field), moxamu3o-
BaHHOU JUTs1 TaHHOU TeppuTtopui. [llar cheMkr reohu3nyecKux oI COCTaBIST 5 M.

DnexTpopaszBeoYHbIe PabOThl MeToqoM anekTporomorpaduu (OT) ocymecTsius-
JIUCH C HUCITOJIb30BAHMEM MHOTOJICKTpOoaHOH anmaparypbl Ckama-48 (OO0 «Kb Dnex-
TpomeTpun», I. HoBocuOupck). B cocras xommiekra Ckana-48 BXOAAT JBE 3JIEKTPO-
pa3BemoYHbIe KOCHI 10 24 KOHTaKTa Kaxxaas ¢ maroM 5 M [9]. Cxema HaOMIONCHMIA 71
OT mpencrasnser co0oit HAOOP U3MEPUTETHHBIX YCTAHOBOK 33JJaHHOTO THIIA, TOCTPO-
CHHBIX Ha MHOXKECTBE (DMKCHPOBAHHBIX AIEKTPOIOB. B KauecTBe 0CHOBHOTO THTIA yCTa-
HOBKHM ObLTa BBIOpaHa CHMMeTpu4YHas cxema HaOmronenwii lllmomGepike, Hambomee
MTOJIXOISIIIIAsS /TS BBITIOTHEHUS TIOCTAaBIICHHOH 3a7a4n. [lociie paccTaHOBKH M TTONIKITIO-
YEeHHS IEKTPOJIOB MPOU3BOANIIACH ABTOMATHYECKas MTPOBEPKA KadeCcTBa 3a3€MIICHUS U
3aIrycKaJiach MporpaMMa U3MEPEHUH 1Mo 3aJaHHOMY MabiIoHy. ATmaparypa u3mepser
MoJIaBaeMbIil TOK Ha MHUTAIONIUX 3JIEKTPOJaX W IMOyd9aeMyl0 Pa3HOCTh MOTEHIIHAIOB
Ha MPUEMHBIX dJIeKTposiaxX. 110 3TUM 3HAYEHNSIM BBIYHCISETCS KaXyIeecs: COMPOTHB-
JIeHHE TPYHTa B COOTBETCTBHU C T€OMETPHEH YCTaHOBKH. Bce momydeHHBIE TaHHBIC
COXpAHSIOTCS BO BHYTpPEHHEW mamsTH yctpoiicTa. [locie mepBudHON 00pabOTKH C
MoMOIIbI0 TporpaMMHOro obecrniedenusi RiPPP, BXxoasmiero B KOMIUIEKT anmaparypsl
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Ckana-48, maHHbple SKCTIOPTUPOBANINCH B (hOpMaT OCHOBHOW MPOTPaMMBI JIByMEPHOI
(2D) nnBepcun RES2DINV (Geotomo Software, Manaiizusi) [10]. Konndecrennas
MHTEPIPETalus MOJEBbIX JAHHBIX MPOU3BOJMIACH METOIOM HAaMMEHBIINX KBaJPaTOB C
KBa3UHBIOTOHOBCKOW ontumusanuei [11, 12]. Pe3ynsraTsl npeacTaBieHsl B BUJIE Ie€0-
anekTpuueckoro 2D-pa3pesa yaenbHbIX aMeKTpudeckux cornporusienuii (YIC).

MuxkpoceiicMuYecKkie IIyMbl PETHMCTPUPOBAINCH C MOMOIIBIO aBTOHOMHOW Cei-
cmuueckoit cranimn OMAP-2¢, paspaborannoit B Mucturyte reopusuku YpO PAH nHa
0a3e yHuBepcasibHOro reouszuyeckoro npuemuuka OMAP-2 [13]. B kauecTBe naTuu-
KOB UCTIONIb30BaJIMCh TPH HU3KOUYACTOTHBIX celicmonpuemunka Gupmbl OYO Geospace
Corporation, 3akpemjeHHBIX B Kopryce npubopa. CeiicMuueckne KaHaylbl CTaHIMU
OMAP-2¢ nOAHOCTBIO UIEHTUYHBIL, @ 33 CYET CXEMOTEXHUUYECKOM YaCTOTHON KOPpPEK-
MM JOCTUTHYTA JIMHEHHAs aMIUIUTYAHO-4aCTOTHAs XapaKTEPUCTHKA TPAKTa U3Mepe-
Huil B quanazoHe 1-1000 ['u. CraHiust ycraHaBiIMBajiach Ha IMYHKTE HAOJIFOICHHN B
TOPU30HTAIBLHOE MOJIOKEHUE W OPUEHTHPOBAJIACH IO ocH npoduis. Jlanee npoBoauI-
Cs1 KOHTPOJIb 32 YPOBHEM CHUTHAJIOB, TIOCJIE YETO OCYILIECTBIIATIACH 3aUCh MUKpOCEHc-
muueckoro hona B teueHue 5S—6 muH. MHpopManus B peanbHOM MaciTade BpeMEHU
MPOXOJIIa aHAJIOTO-LU(POBOE MPeoOpa30BaHUE M COXPAHSUIACH B TAMATH LU(POBOTO
peructparopa. Ilo okoHuaHuu padot ¢ailybl 3aIKMCH IEePENNCHIBAINCH B KOMIIBIOTED,
B KOTOPOM PEIaKTHPOBAINCH U 00pabaThIBAIUCH C MOMOIIBIO CHEIMAIBHOTO MaKeTa
nporpamMM. AMIUIMTY/AHbIE CIIEKTPBI CUTHAJIOB M UX CHIEKTPAJIbHbIE OTHOILIEHHS BBIUKC-
JSUTICH ¢ TIOMOLIBbIO ObicTporo mpeodpazoBanusi @ypee [14]. B kauecTBe pacyeTHBIX
napamMeTpoB BBIOPAHBI CIIEKTPAJIbHBIC OTHOLICHHS TOPU3OHTAJBHBIX /H U BEPTHKAIb-
HBIX V KoMmoHeHT MuKpoceiicm (Horizontal to Vertical Spectral Ratios — HVSR) [16] u
K03 GULHEHTHI CHEKTPAJIBHOTO YCHIICHHUS TOPU30HTAJIbHBIX MUKPOCEHCM:

Sa(f). H_Su(f)
CS. (), Vs (f)

rme S,(f) — chekrp ropu3OHTaNBHBIX MHUKPOCEHCM Ha IyHKTE HaOJIONEHMIA;
S,(f),— cnexrp TOPU3OHTAILHBIX MUKPOCEHCM B OTIOPHOM IyHKTE; S, (f) — cnexrp
BEPTUKAILHBIX MUKPOCEHCM Ha TTYHKTE HAOIIOICHHIA.

Jist peanuzanuy MUKPOCEHCMUYECKUX 30HIMPOBAHUI CIIEKTPATbHBIC OTHOIICHHS
MePEeBOAMINCH U3 YACTOTHOW 00JacTH B Mana3oH riyouH no ¢popmyse [17]:

JH

_ Vs N 1,07V,
4f  4f

rie f — vacrora konebanuit Mukpoceiicm; V, — CKOPOCTb MOMEPEIHBIX BOIH, V,, — CKO-
pocTh pacipocTpaneHust BoJH Pernest.

Pesynbrarel MUKpOCEHCMUYECKUX 30HIUPOBAHUH MTPEACTABICHBI B BU/E [TyOUHHO-
1o paspesa ko3 GurenTa ycuieHus J, ¢ pe30HaHCHBIMU rpaHuuaMu H/V-0THOLIEHHUH.

['eopagmomnokanronHas cheMKa Oblia BeimtosHeHa reopamapoM SIR-3000 ¢ Habopom
MOHOCTAaTHYECKUX aHTEHH C IeHTpanbHON dacToToi 270 u 100 MI'm (GSSI, CIIA).
Jist yMeHbIeHUs BIMSTHUS ITyMa U UCKITIOUeHHs Habera MeTpaka Ha ofjomerpe (13-3a
BO3MOKHOTO BIIMSIHUSI HEPOBHOCTH TIOBEPXHOCTH) ChEMKa MPOBOAMIACH IO TOYKAM C
mrarom 0,2 M, ¢ HCHIOJIb30BaHUEM HEMArHUTHBIX PyJlIeTOK. OTpaskeHHbIE PaAHOCUTHAIIBI
B IIU(POBOM BHJIE 3aIMCHIBAIIMCH B TaMsTh Oyoka yrnpasienus SIR-3000 u B nanbHel-
IeM peJaKTUPOBAIIUCEH M 00pabaTHIBAINCE B IporpaMMHOM obectieueHnn RADAN 6.6
(GSSI, CIIIA). O0paboTka MoJayYeHHbBIX JaHHBIX 3aKJI0YaIach B CACTYHOIIEM:

— MPUBEJICHUH HYJICBOTO BPEMEHH K UCTUHHOH MOBEPXHOCTH;

89



reonorua Jlaswioos B. A. u op. / Hzeecmus 8y306. I opnwiii scypuan. Ne 2, 2023. C. 87-95

— (MIBTpanuy BEPTUKAIBHBIM (DMUIBTPOM B paboueMm AuMama3zoHe 4acToT OT 25 /10
270 MI'n (anis antens 100 MI') u ot 75 mo 700 MI'ty (mst aatennst 270 MI'm);

— (¢uUIBTpany TOPU3OHTAIEHBIM (QUIBTPOM C MaKCUMAaJbHBIM YHCIOM TPacc s
yIaJIEHUs IPSMOM BOJIHBI X BOJIHBI OT TPaHMIIBI 3eMIII—BO3yX;

— 9KCHOHEHLUNAIBHON KOPPEKIIMN YCHIICHHUS JaHHBIX;

— JIGKOHBOJIIOLIMU AJIS1 YJIaJICHUsI MHOXXECTBEHHOTO «3BOHA», CBSI3aHHOTO C TEXHO-
T€HHBIM MYCOPOM.

a
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Pucynok 1. Pe3ynmbTaThl KOMIUIEKCHBIX Me0()U3UUCCKUX HCCIEIOBaHUH 10 [1y0OYMHCKOMY MPOQUITIO:
a — rpadUKi aHOMAJIBHOT'O MarHUTHOTO MOJS 7, W MOTEHIMAIOB CaMOIIPOM3BOJIBHON moispu3ammu U,
6 — TEO3JEKTPUYECKUI pa3pe3 MO pe3ylbTaTaM 3JeKTpoToMorpaduu; 6 — paspe3 KodpduumeHTta
YCHJIEHUS] TOPU30HTAJIBHBIX MHKPOCEHCM; MaJMHOBBIM IIBETOM Ha pa3pe3ax OTMEUYEHbl PE30HAHCHBIE
TpaHULIbI HN-OTHOH.IeHI/H‘/'I, YEPHBIM — KOHTPACTHbIE OTPaXKaroIlyue IUIOIAIAKU 1O AAHHBIM reopajapHoi
CBhbCMKH
Figure 1. The results of complex geophysical investigations on the Glubochinsky profile: « — graphs of
the anomalous magnetic T, and the self-potential U fields; 6 — geoelectric section based on the results
of electrotomography; ¢ — horizontal microseisms gain coefficient section. On the sections: crimson lines
mark resonant boundaries of H/V ratios, black lines mark contrasting reflective areas according to
georadar survey data

OuMnLIeHHBIH OT TOMEX BPEMEHHOH pa3pe3 MepecUruThIBAICS B TyOUHHYIO Paaporpam-
MY Ha OCHOBaHHH TECTOBBIX U3MEPEHUI METOJOM 001IeH cpenHel (ITyOMHHOM) TOUKH.

Pesynbrarbl uccaegoBanmii. CormtacHo ['ocynapcTBEHHOM reojioruyeckoil xapre
P® macmTaba 1 : 200 000 (I'TK-200) paiion paboT HaAXOTUTCS B Mpeenax 3103eib-
CKOM accolMaliy ByJKaHO-TLTYyTOHUYECKUX NTOpo TaruibCkoil MerazoHsl. B rpanunax
y4acTKa 3aJIeraroT BYJIKAHOTE€HHBIE ITOPO/IbI PUOIAIIUT-0a3aIbTOBOM cepun 3103eIbCKON
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CBUTHI, INPOpBIBaeMbIe Jaiikamu Tad0po-moneputoB. MccmenoBarenbeckuil npoduinb
MpOoTsHKEHHOCTHIO 240 M pacmonaraics B 350 M K C€BEpO-BOCTOKY OT CTAHIIUU YIIPaB-
JICHUS IIUTI030M TyHHEJIS.

Pesynbrarel reohn3nyeckoll CheMKH YKa3bIBAIOT Ha TO, YTO MPO(UiIbh mepecekaet
TPHU TEOJIOTUIECKUX KOMILUIEKCA TOPHBIX MOPOJI, OTIMYAIOIINXCS PAa3HBIMH YPOBHSIMU
MTOCTOSTHHOTO JJIEKTPUYECKOTO M MAarHUTHOTO Tosneid. PoHOBBIe (HOpMalbHBIC) 3HA-
YEeHUs] UH]IYKIIMA TEOMarHUTHOTO TIOJST HAOMIOMAI0TCsl B IIEHTPAIBHOW YacTH npodu-
nst (ITK6-T1K18). B nauane (ITKO-IIK5) u B xonue npoduis (ITK21-I1K24) cpennuit
YPOBEHb MarHUTHOTO IT0JIs BhIIe pOHOBOTO TpuOau3uTensHo Ha 100 HTn. EcrecTBen-
HOE€ JJIEKTPUYECKOE TI0JIe, HA00OPOT, XapaKTepru3yeTCss MUHUMAIIbHBIMHA BEITUIUHAMU
(+5...-25 MB) mo kpasm u moBeimeHHbIME 3HaYeHUsAMU (+40...+60 MB) B cpenneit
yacTh. [lockoIbpKy B KOHIIE TPO(HIIS KOPEHHBIE TOPO/IBI BEIXOAAT HA IIOBEPXHOCTH, HAM
W3BECTHO, YTO 37ICh pacpocTpaHeHbl rab0opo-maoneputhl. Vicxoms u3 mogoous mosee-
HUS MarHUTHOTO TI0JIs, TOTEHIMAJIOB CAMOIIPOU3BOJILHON MONSPU3AIMU U YIEIHHOTO
AJEKTPUYECKOTO COMPOTHBIICHUS HA 000MX KOHIAX JUHEHHOTO yuyactka (puc. 1, a, 6),
ClIelyeT eCTECTBEHHBIN BbIBOA, uTo B Havase npodwmist (ITKO-IIKS) rakxke 3aneraer
Jaiika rab0po-/10JIepHUTOB.

70 80 90 110 120 130 140 150 160
[IpoTsKeHHOCTh, M

Pucynok 2. PesynbraThl reopagapHoil cheMKH ¢ aHTeHHbIM OjokoMm 100 MI'm Ha yuactke
JieTajin3aluu, 00J1acThb OTpa)KeHI/Iﬁ OT NOA3EMHOI'0 BOAOBOJa OKOHTYPEHA KPAaCHBIM IIBETOM
Figure 2. The results of georadar survey with antenna unit of 100 MHz in the detail part of

profile. Red rectangle outlines the area of reflections from the underground tunnel

[To pesynbraram snaekTpoTOoMOrpaguu Kopa BBIBETPUBAHMS HaJ JalKaMH HE Mpe-
BBIIIAET JBYX METPOB, a YIEJbHbIE CONpOTHBIECHUs cocTaBisitor 50-200 Om - M.
OTO COOTBETCTBYET IPECBAHO-IEOEHUCTHIM TPYHTAM C CYIVIMHUCTBIM 3aIIOJHUTENIEM.
B cepemune mpoduits MOIITHOCTD PHIXIIBIX OTIIOKEHHH BO3PACTaeT A0 5—8 M, 4TO MOXKET
CBUJIETEIILCTBOBATh O PA3BUTHUHU KOPBI BHIBETPHUBAHMSA MEHEE NMPOYHBIX MMOPOJI, TAKUX
Kak 0a3aibThl U UX Ty(Qbl. JJaHHBIC PBIXJIbIe 00pa30BaHMs XOPOLIO BHIACISIIOTCS Ha MU-
KPOCEHCMHMYECKHX pa3pe3ax MOBBIIICHHBIMU 3HAYCHUSIMH KO3(D(UIMEHTa YCHICHHUS
J,, na yuactke mexay I1K13 u IIK21 (puc. 1, 6). Ha reosnekrpuueckom paspese oHu
OKOHTYpHBatoTCs HU3KUMU 3Ha9eHUAMHU Y OIC (< 50 Om - M), 9TO yKa3bIBaeT Ha UX TIpe-
MMYIIECTBEHHO CYTIIMHUCTBIN cOCTaB. | paHuIla pa3iena MexXay pPhIXJIbIMU U KOPEHHBI-
MU MOPOJaMHU HEIIOXO OTOMBaeTcsi pe3oHaHcHbIME H/V-otHomenusimu (H/V = 3-6),
KOTOpPbIC HOCAT HECTAOMIIBHBIM XapaKTep, OAHAKO XOPOIIO COTIACYIOTCS C TEORIEKTPH-
YECKUM Pa3pe3oM.

[lonoxxeHne MOA3EMHOTO TYHHENS JOBOJIBHO YETKO BBIIEJISCTCS aHOMAJIbHBIM IIO-
BE/ICHHEM DJICKTPUUECKOTO CONPOTUBIICHUS 1 IOTEHLIMAJIOB CaMOIIPOU3BOIBHOM MOJIs-
puzaun B naTepsanie nuketoB [IK9-T1K13. 3nech ecrecTBeHHOE IEKTPHUYECKOE TT0JIe
WCHBITBIBAET PE3KHI MpOBaJ ¢ MUHUMaJIbHBIM 3HaueHueM B paiione I1K11. [lannoe
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MoBeJIeHHe OOBSCHSIETCS BO3HMKHOBEHHWEM TIOTEHIIMAja TEYEHHUs TPH JIPEHHPOBa-
HUU TIOJI3EMHBIX BOJ BJIOJIb CTEHOK TyHHENS. Ha reoasnekrpuueckoM paspese BOAOBO
BBINVIATUT B BHJIE JIOKAJBHOW aHOMAJIMM TOBBIIIEHHBIX CONMPOTUBIEHUH, YTO BIIOJIHE
JIOTUYHO, ITOCKOJIBKY BOJIA 110 TYHHEITIO B HACTOSIIIIEE BpeMsl He TIocTymaet. LienTp anomanuu
pacnonaraercst BOnm3u 11K11 Ha riryOuHe okoso 8 M, pasMep aHOMabHOH 30HBI — 30 M
B muHy B 7 M B miiyouny (puc. 1, 6). [eomerpudeckne pasMepsl aHOMaTHHONW 30HBI
HaMHOTO TIPEBBIINAIOT PeabHbIE Pa3Mephl MOJ3EMHON TaJlepen, 4To sIBIseTcs Oiaro-
MPUATHBIM (aKTOPOM, TO3BOJISIFOIIUM CHUXKATh, MPH HEOOXOMUMOCTH, JCTaIbHOCTD
reou3nYecKux pador.

Jnist yTouHEeHuUs pe3ysibTaToB Ha aHoManbHoM yuacTke npoduis (IIK7-I1K17) Gbina
MIPOBEZICHA reopaInOIOKAIIMOHHAast cheMKa reopagapoM SIR-3000 ¢ anTeHHbIME O10Ka-
mu Ha 100 1 270 MI'. Ha pagaporpamme, moryaerroi Ha gactotre 100 MI 1, Temo TyH-
HeJIsI BBIIETISIETCS 1T0 CMEHE BOJIHOBOW KapTHHBI, @ HaNO0JIee MHTEHCUBHBIE OTPasKEHUS
CBSI3aHBI C HIDKHEH KPOMKOH 30HBI a3pallii Ha DIyOUHE OKoJIo 2,5 M (puc. 2).

Crenyer OTMETUTb, UTO JUIS ONPEAeIeHNUs ITTyOHHBI 30HAMPOBAHHS 1 CKOPOCTH pac-
MIPOCTPAHEHUS AIIEKTPOMArHUTHOW BOJIHBI OBLITH BBIITOJHEHBI U3MEPEHUs 001Iel cpei-
HEel TOUKM ¢ ucrnosib3oBanueM napsl 100 MI' auTeHH, COETMHEHHBIX ONTOBOJIOKOHHOMN
CBS3BIO (T. €. M3NIydJaromas U MpUeMHasi aHTeHHBI HaXOAWJIUCh B OTAEIBHBIX KOPITY-
cax). [IpuHINIT MeTO/Ia 3aKITI0YaeTCS B CHMMETPHYHOM M3MEHEHUN PACCTOSHHS MEXKTY
MPUEMHON M Tiepesaloiell aHTeHHaMU OT (PUKCUPOBAHHOW CpelHel TOYKH (TIO3WIHH
«HYJEBOTO CMelIeHus»). [1o BBIMOTHEHHBIM H3MEPEHUsIM ObLT POBEAECH CKOPOCTHON
aHamm3 B iporpamme RADAN. PaccuntanHas TakuM crmiocoOOM CKOPOCTh COCTaBHIIA
0,075 M/HC, 9TO COOTBETCTBYET OTHOCHTEIHHOW AMAIEKTPUYECKOHN MPOHUIIAEMOCTH,
paBHOH 16. B moarBepikaeHWE STOTO, aHAJOTHYHOE 3HAYCHHE OBLIO ITONYYCHO Ha
gactote 270 MI'1. [1o BRIOTHEHHBIM U3MEPECHUSIM BBIICJICHBI HECKOIBKO OCEH CHH-
(dazHOCTH AM(pPArMpPOBaHHON BOJHBI, [0 KOTOPBIM ObLIa OmNpesesicHa CKOPOCTh pac-
MIPOCTpPaHEHUsI BOJHBI B ToiIle. Takoe 3Hau€HUE JUAJIEKTPUUYECKON MPOHUIIAEMOCTH
COOTBETCTBYET TaOJIUYHBIM JTAHHBIM JJIs1 BIXKHBIX CyTITUHKOB. [0 paccuntaHHbIM 3Ha-
yeHnsM d(ppeKTrBHAS TITyONHA TPOHUKHOBEHHS SIIEKTPOMArHUTHOM BOJTHBI COCTABHIIA!
st anteHHasl 100 MI'm — 9,5 m, mns aarennst 270 MI'r — 5,8 M. Ha pamaporpamme ¢
auTeHHoi 270 MI'11 moa3eMHBIN BOMOBOJ HE (PUKCUPYETCs], TOCKOIBKY TTPOHUKAIOIIIAST
CHOCOOHOCTH JEKTPOMArHUTHOTO CHTHANA AJISl JaHHOW YaCTOTHI SIBIISIETCSI HEAOCTa-
touHoi. Ha wacrore 100 MI'1 H”HTEHCHUBHBIE OTpa)kKEHUS PaJHOBOJIH B palloHE THKe-
ta [IK11, cooTBeTCTBYIOIINE BEPXHEMY CBOy TyHHEJIS, IIPOCIIEKUBAIOTCS HA TITyOHHE
6,3 M. OTpakeHHsI OT OCHOBAHHS BOJOBOJA 3allIyMJICHBI HMHTEep(EpeHInerl OT ero
CTEHOK, HO MO3BOJISIOT MPUOIU3UTEIHHO OIICHUTh TEOMETPHUECKHE pa3Mephl TYHHEIS:
4 M B IIUPUHY, 2 M B BBICOTY. DTH BBIBOJBI JJOCTATOUHO XOPOIIO COTIIACYIOTCS C PE3YIb-
TaTtamMH JIEKTPOTOMOTPA(UH.

3axuouenne. B pe3ynbraTe BBIMOJIHEHHBIX paOOT MOTyUEHB! KaueCTBEHHBIC M KO-
JIUYECTBEHHBIE TeO(PU3NIECKUE XapAaKTEPUCTUKH B pailOHE pPacCIOJIOKEHHUs CTaporo
MOJI3eMHOTO BOAOBO/A. [IpoBeneHHbIe HccieToBaHUs TIOKA3aIl Pa3HbI yPOBEHb Mar-
HUTHOTO TIOJIS ¥ TIOTEHIIMAJIOB CaMOTIPOU3BOIBHON MOSIPU3AIINU B 00JIACTH 3aJleTaHus
MOPOJI Pa3HOTO COCTaBa. 3aMEUEHO 3HAYMTEIHHOE MOBBIIIEHHE MHKPOCEHCMHYECKUX
LIYMOB NPU YBEJTHUYEHUN MOIIHOCTH KOPbI BbIBeTpuBaHusl. Haj moi3eMHbIM TyHHEIEM
3a()UKCUPOBAHO JIOKaJbHOE MOHMKeHHe moTeHnuana EIl u anoManus moBBIIIEHHBIX
3HAYEHUH YNIEIbHBIX AIIEKTPHUUECKUX COMPOTHBICHUH. BEBISBICHHBIE reoduzndeckue
MIPU3HAKHU TTO3BOJIMIIN OMPEACITUTh TPAHUIIBI pa3/iesa TeOJOTHIECKUX CTPYKTYp U Me-
CTOTOJIOKEHNE UCKYCCTBEHHOTO TIOA3EMHOT0 00beKTa. [ eopaauoIoKalnoHHas CheMKa
MO3BOJIMJIA ONPE/ICIIUTH TOYHOE TIOJIOKCHUE U ITyOHHY 3aJIeraHusl CTaporo MoA3eMHOTO
TYHHEJISl THAPOTEXHUYECKUX COOpYKeHHH [ TyOounHCKoro npyza.
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Geophysical research of underground hydraulic structures, old Glubochinsky
water tunnel case study
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Abstract
Research objective is to study the features of geophysical fields and parameters in the area of
the artificial underground water tunnel and estimate the capabilities of geophysical methods
of identifying hidden underground industrial facilities.

93



reonorua Jaevloos B. A. u op. / Mzeecmust 8y306. [oprwuil scypran. Ne 2, 2023. C. 87-95

Methods of research. Measurements of self-potential signals (SP) were carried out using non-
polarizing electrodes and an electrical exploration receiver. The magnetic exploration was
carried out by a proton magnetometer. Electrotomography was carried out using multielectrode
electrical survey equipment with a Schlumberger symmetrical scheme of surveys. The microseismic
background was recorded using an autonomous seismic station. The georadar survey was carried
out using the SIR-3000 ground penetrating radar and antennas with the frequencies of 100 MHz
and 270 MHz.

Results. Based on the survey vresults, graphs of magnetic and self-potential fields,
electrotomographic and microseismic sections, and radarogram were built on the research
profile. The research has shown different levels of the magnetic field and the SP in the area of
volcanic rocks and dikes of gabbro-dolerites occurrence. A significant increase in microseismic
noise was observed with an increase in the weathering crust thickness. A local decrease in the SP
potential, abnormally high values of specific electrical resistivity and intensive reflections of radio
waves from the tunnel top were recorded above the underground water tunnel.

Conclusions. Qualitative and quantitative geophysical characteristics were obtained in the area
of the old underground water tunnel. The research showed different levels of the magnetic field
and spontaneous polarization potentials in the occurrence area of rocks of different composition.
A significant increase in microseismic noise was recorded with an increase in the weathering
crust thickness. Geophysical signs of the boundaries between geological structures and artificial
underground objects are revealed. The exact position and depth of the old underground tunnel of
Glubochinsky hydraulic structures was determined.

Keywords: complex geophysical studies; electrotomography; microseismic sounding; ground
penetrating radar; hydraulic structures; underground tunnels, self-potential field.
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KapTupoBaHue CTPYKTYpHO-TEKTOHMYECKUX OOBHEKTOB
BepxHekaMCKOro mectopoxaeHus KanunHbIX coneu
B MarHUTHOM none

®unartos B. B.!, BonotHoBa J1. A.>*
! BnagumMmnpckini rocyAapCTBEHHbIN yH1BepcuTeT, 1. Bnagumup, Poccus
2 YpanbCkuin rocyfapCTBEHHBIN FOPHbIN YHUBEPCUTET, T. EkaTepunbypr, Poccus
*e-mail: l.bolotnova@yandex.ru

Peghepam
Beeoenue. [[numenvnas ucmopus 0opazosanust u pazeumuisi Bepxuexamcrko2o mecmopoicoenist
xanutinvix coaeti (BKMKC) (oxono 300 man nem) u pasnoobpasuvie 3H002EHHbIE U IK302EHHbLE
2€071020-2€0XUMUYECKUe NPOYECChl 3anedanieHbl 6 Nempo@U3ULeCKUx CEOUCMEAx e2o
20pHLIX nopod u moaw. Ieonoeuueckoe cmpoenue BKMKC, a maxoce npoucxoouguive u
APOUCXO0AUUE HA MECTNOPOICOCHUU NPOYECChl IPDEKMUSHO UYHAIOMCS 2e0PUUYECKUMU
memodamu. Haubonee pe3yiomamusHbiMu 8 2€0102UYECKOM OMHOUEHUY, NPU SUSAHNCKUX
pasmepax niowjaoe paz8uMus CONAHOU MOMWU U MHO2ONIAACIOBOU 3ANeHCU KAIUUHO-
MACHUEBbIX CONel, KAK MNOKA3aAd NpAKmMuKd, SseIslomcs 6blCOKOMOYHble U O0emdalbHble
2eousuyeckue ucciedosanus, 6vinoinenHvle Ha Oonvutell wacmu meppumopuu BKMKC,
a umenno: epasupazeeoxa macwmaoda 1 : 25 000 u aspomacnumopazeeoxa macumada
1 : 10 000 6 cosoxynHocmu ¢ pe3yibmamamu Opyeux 2eol020-2e0Pu3uUeckux Ucciedo8anull.
Ilempoguzuueckoti  0CHOB0U NPUMEHEHUs — A3POMASHUINOPA36E0KU OISl KAPMUPOBAHUS
cmpykmypHo-mexmonudeckux 06vekmoe BKMKC ciyocam He monvko Ycio6us 3a1e2anusl
00beKMO08, HO U MASHUMHbBLE CEOUCNBA €20 20PHLIX NOPOO U MO, 2NAGHBIM 00PA30M MAKoe
UX CBOUCMBO, KAK MASHUMHASL SOCHPUUMYUSOCMDb. 3a0ada Kapmuposanus cmpykmypHo-
mexmonudeckux 0o6vekmog na meppumopuu BKMKC ¢ macnumnom none sigisemcs 4acmuou
3a0ayell nPUMeHeHUst A2POMASHUMOPA36e0KU OJis KAPMUPOBAHUSL CIPYKIMYPHO-MEKMOHUYECKUX
00beKMOo8 8 C1AbOMAZHUMHOM 0CA0OUHOM HexTie 8oobuje ecezo Ilepmcrozo Ipuypanssi.
Memoouka uccnedosanuii. Mzyuenue u ananus pesyrvmamos UCCIe008aAHU MASHUMHbIX
c80UCm8 (MASHUMHOU 80CHPUUMUUBOCTNU) NOPOO 0CcA00YH020 dexaa Ilepmckoeo Ilpuypanws.
H3zyuenue u ananuz mopgonocuu aHomaiuti MazHumHo2o nojsi CMpyKmypHO-meKmoHUYeCcKux
06vexmos 6 ocadounom uexne Ilepmcrozo Ilpuypanes. Hzyuenue u anaius mopghonocuu
AHOMANUL MACHUMHO20 RO CIPYKMYPHO-mMeKmoHudeckux oovexmog na BKMKC.
Pezynomamul uccnedosanuii. Ananuz MAacHUmMHoOU GOCHPUUMUUBOCTNU NOPOO 0CAOOUHO20
yexna u uHmepnpemayus OaHHbIX AIPOMACHUMHOU CHeMKU NOKA3AAU, YMO CHPYKMYPHO-
MeKmoHuyecKue 00beKmol 4exida co30arn aHOMAIUU 6 MAZHUMHOM NoJje, NPesblulaouue no
UHMEHCUBHOCTU YIMPOEHHYIO CPEOHEKEAOPANUYECKVIO NOZPEUHOCTb USMEPEHUS], U NOINOMY
VBEPEHHO KapMUpyIomcs.
Buo1600w1. Jlannvie niowadHotl 8b1cOKOMOUHOU AdPOMACHUMHOU cbemku macumaba 1 : 10 000
YenecooopasHo UCNONb306AMb 8 KOMNILEKCE C OPYUMU 2€0]1020-2e0PU3UYECKUMU Memodamu
o5 noswvlwenuss HaoedcHocmu xapmuposanus ¢ npedenax BKMKC maxux eajicneuuiux
CMPYKMYPHO-MEKMOHUYECKUX 00BEKMO8, KaK MeKMOHU4ecKue HapyueHusi pasiuyHbIx
Panzos, om 2yOUHHbIX PA3IOMOE 00 MPEUJUHHBIX 30H.

Kniroueevie cnosa: Ilepuckoe [lpuypanve, Bepxnexamckoe mecmoposicoenie Kaauimbix Coiell;
CMPYKMYPHO-MEKMOHUYECKUEe 00beKnmbl, MASHUMHOE NOJe; MASHUMHAS 60CIPUUMYUBOCTIb,
0CaA0OUHbLU YeXOoJl.

[peamer u ueanb padorel. [IpenmeroM uzydenus siBasieTcs MaruutHoe mnose [epm-

ckoro I[lpuypanes u BepxHekamckoro mMectopoxaeHus: kanuitHbx cojieit (BKMKC),
a B Ka4eCTBE MCTOYHHUKOB 3TOTO I10JI PACCMATPUBAIOTCS MarHUTOAKTHBHBIE O0Opa30BaHMs,

96



Filatov V. V. et al. / Minerals and Mining Engineering. No. 1, 2023. Pp. 96-106 MINING GEOLOGY

OTOXKAECTBIISIEMBIE CO CTPYKTYPHO-TEKTOHHYECKUMH O00BEKTaMHU T'€0JIOTHYECKOi cpe-
nbl. Llenb cTarby 3aKiiO4aeTcss B YCTAHOBJICHHH 3aBHCHMOCTH MEXKIY aHOMAaJIUSAMU
MarHUTHOTO T0JIA, BBISBJIEHHBIMH MO pe3yJabTaTaM MPOBEJAEHU IUIOIAIHON aspomar-
HUTHOHW CBEMKH, U CTPYKTYPHO-TEKTOHUYECKHMH OOBEKTAaMH T'eOJIOTHUYECKON CpPEeapbl,
4yTOOBI, ONUPASCH HA 3Ty 3aBUCHMOCTb, MCIIOJb30BaTh €€ B KadeCTBE MHCTPYMEHTa
IUIST M3ydeHus reojorudeckoro crpoeanss BKMKC B koMImiekce ¢ APyTHMH T€0JIO0TO-
reo()M3MYECKUMHU METO/IaMHU, T. €. JIJIsl KapTUPOBAHMSI B MArHUTHOM I10JI€ COOTBETCTBY-
IOIIUX CTPYKTYPHO-TEKTOHUYECKUX 0OBEKTOB.

MeToauka ucciaegoBaHuii. Bo-nepBhIX, MOCKOIBKY MarHUTHasi BOCIIPUUMYHBOCTh
(kaK W Apyrue MarHUTHbIE CBOMCTBa) mopon W Touml HemocpenctseHHo Ha BKMKC
HE M3y4yaslach, TO AJISl ONPENEICHUs] BOBMOKHOCTH HMCIIOIb30BAHUS MarHUTOPa3BEIKU
IUIsL KAPTUPOBAHUSI CTPYKTYPHO-TEKTOHUYECKUX 00BEKTOB MECTOPOXKAECHUS OBbLIM IIPO-
aHAJIM3UPOBAHBI JAHHBIE O MATHUTHOIN BOCTIPUUMYHMBOCTH MOPOJ] M TOJII OCAJOYHOTO
yexJa paitfona [lepmckoro [puypanbs u npeskae Bcero paitona ConmukaMCcKON BITaIUHEI.
Bo-BTOpBIX, HA OCHOBAaHUM PE3YJABTATOB A3PO- U HA3E€MHBIX IUIOMIAAHBIX MAarHUTHBIX
CHEMOK OBbUTH yCTaHOBJICHBI MOP(OIOTUYECKHE U KOJIMYECTBEHHBIC XapaKTEPUCTUKU
AQHOMaJIMM MarHUTHOTO mojst u3BecTHbIX B Ilepmckom Ilpmypanbe cCTpyKTypHO-
TEKTOHUYECKUX OOBEKTOB B 0CaJI0YHOM uexJie. B-TpeTbux, JaHHBIE O MAarHUTHOM BOC-
NPUUMYUBOCTH MTOPOJI M TONI ocanodHoro uexia [lepmckoro [Ipuypanbs Obutd mpo-
IKCTPAIOIUPOBAHBI HA MOPOJIBI ¥ TOJIIIHN, aHAJIOTUYHBIE 110 TIETPOrpaguIecKoMy cOCTa-
By BKMKC. B-ueTBepTbIX, OCYIIECTBICHO KapTUPOBAHUE CTPYKTYPHO-TEKTOHUUYECKHUX
00bexToB B MarHUTHOM Tiosie Ha BKMKC myTem cormocTaBiieHus BBISIBICHHBIX Ha Me-
CTOPOKICHUH aHOMAJINI C aHOMAJIMAMHU U3BECTHBIX 00bekTOB B [lepmckom Ilpuypanse.

Pe3yabTarhl padorsl. CucteMaTniecKue U J1eTalbHbIe UCCIEIOBAHMUSI MATHUTHBIX
CBOMCTB ocanounbix nopof llepmckoro Ilpuypanss Hawanuchk B cepeaune 1970-x rr.
B CBSI3U C NPUMEHEHHMEM JETAJIbHBIX adpPOMArHUTHBIX CHEMOK [UIs KapTHPOBAaHUS U
U3YYCHHsI CTPYKTYp IUIaT(GOPMEHHOIO uYexya MpHU MOMCKE MECTOPOXKICHUM YITIEBOAO-
pormog [1, 2]. B ctpykTypHO-TIeTporpagudeckoM OTHOIIIEHUH 0CaI0uHbIi yexon [lepmcko-
ro IIpuypanbst COCTOUT U3 MATH KOMIUIEKCOB: BEPXHEIO TEPPUICHHOIO U Cyib(aTHO-
KapOOHaTHOrO — IIEPMCKOIO BO3pacTa; HW)KHEIO TEPPUICHHO-KAPOOHATHOIO —
JIEBOHCKO-BEPXHEMPOTEPO30MCKOT0 BO3pacTa; KapOOHATHO-TEPPUTCHHOTO — BEpXHE-
MIPOTEPO30MCKOrO BO3pacTa U Me30-KallHO30MCKUX OTJIOKEHUMN, TPEACTABIEHHBIX PbIX-
JIBIMH TTOKPOBHBIMH 00pa3oBaHusAMHI HEOObIION MomHOCTH (50—-60 M), paccmaTpuBa-
€MBIMH KaK 4aCTh BEPXHETO TEPPUTEHHOTO KOMILIIEKCA.

B nerpomMarHUTHOM OTHOILEHMH OCAJOYHBINA YEXOJI COCTOUT U3 TPEX KOMIUIEKCOB:
HIDKHUH, cpeaHuil u BepxHui (Tadm. 1) [3].

Huoicnuii xomnnexe TpencTaBleH KapOOHATHO-TEPPUTEHHBIMH OCaJKaMH Ipe-
UMYIIECTBEHHO pU(EHCKO-BEHICKOr0 BO3pacTa, BKIIOYasi YACTUYHO BEPXHUN JCBOH.
Ero mommuocts usmensiercss ot 0 kM Ha 3amajge A0 6—-8 kM B paifone Ilpemypans-
CKOro KpaeBoro mporuba. MarHuTHasi BOCIPUMMYHBOCTH BapbUpPyeT B HHTEpPBaie
4m(0-167) - 10° en. CHU; wuHTepBajd H3MEHCHUS CPEAHEH BEIMYMHBI & YKe:
4n(8-158) - 10 °en. CU.

Cpeonutl komniexc, AMesl TIOBCEMECTHOE PACTIPOCTPAHEHHE, CIOKEH KapOOHATHBIMHU
0CaJIKaMH BEpXHETO JIeBOHA, kKapOoHa 1 HikHel iepMu. Ero mommHocts m3mensiercs ot 0,5
10 1,5-2,0 km. OTHOCUTENBHBIN 00BEM TEPPUTEHHBIX OCAKOB B 9TOM KOMILUIEKCE HEBEJIHK.
WHTepBan m3MeHeHus BETMYMHBI MAarHUTHOM BocnipuiMunBocTd 4n(5-137) - 1076 en. CU;
cpenHee 3HaueHHE & n3Mensiercs B uarepsaie 4m(15-40) - 10°¢ en. CU.

Bepxnuii xomnnexc TPEACTaBICH I€CYAHO-TIMHUCTBIMU OCaJKaMH C IPOCIIOs-
MU CyIb(haTHO-TATOTeHHBIX 00pa30BaHUI OT BepXHEH MepMH 10 Me30-KaitHo30s. Ero
MmorrHocTh m3Mensgercs ot 0 no 1 kM B Ilpexypansckom kpaeBom mporude. Ilopoabt
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KOMIIIEKCA SIBIISTFOTCSI HAN0O0JIee MArHUTHRIME. MarduTHas! BOCTIPUAMYUBOCTE U3MEHS-
ercs B urTepsaie 4n(10-350) - 10° ex. CU; cpenHee 3HaYeHUE & U3MEHSCTCS B MHTEPBAJIe
41(30-224) - 10°¢ en. CU. OcamouHbie MOPOBI B COCTABE BEPXHETO KOMILICKCA, TAKHE
KaK M3BECTHSIKH, JIOJIOMUTBI, aHTUJAPUTHI, TUIICHI, COJIN (TaJOTeHbI), TPAKTUYCCKU HE-
MarHUTHBIE, 32 UCKITFOYEHUEM H3BECTHSKOB, €CITH OHU COZIEPIKAT MUHEPAIbl MArHUTHON
(paxruy. [1oBBITIIEHHOW MAarHUTHOH BOCIIPHUMYHBOCTBIO MOTYT XapaKTePHU30BaThLCS Kak
IMHHUCTHIC, TaK Tiecuanbie oOpa3oBanus. [1o maHHbM [4], KpaCHOIIBETHBIE OCAIKH SIBIISI-
toTCs 00JIee MarHUTHBIMH, YeM Mopckue. B rieHTpanbHoit yacti CoMKaMCKON BIIaIUHBI
MarHuTHasi BOCIIPUUMYHBOCTD MOkeT octurarh 4m(8—100) - 10 en. CH.

Taﬁmma 1. MaruuTHas BOCIIPUUMYHUBOCTD MMOPOA 0CAJ0YHBIX KOMILIEKCOB HepMCKOFO
[puypanbs
Table 1. Magnetic susceptibility of Perm Cis-Urals sedimentary sequence rocks

MarHuTtHas BOCOIPUHUMYHBOCTb,
dnae - 107° en. CU
Kommnekcsl, Bo3pact [oponst — —
Tpenypanbckuii 3anaaHbIi CKIOH
KpaeBoi nporud VYpana
Bepxnuii Teppurennsiii, | [lecyaHukH, mecku (37-350) / 260* (26-157) / 57
P2-KZ AJEBPOITHTEI (28-204) / 105 (9-49) / 33
ApPTUIUTHTBI, TIHHBI (17-138) /70 (4-84) /30
Cpenunit kap6oHaTHbIN, | [lecyaHUKH, IECKH (518) /10 (15-137) /39
Ds Py AJIEBpOJIHTHI (1-50) /18 (5-16)/9
ApPTUILTATBI, TIHHBI (5-29)/ 16 (5-37) /18
HuXHUI TeppHUTeHHO- TlecyanukH, mecKu (20-88) / 54 (15-91) / 53
kapGorarHE, Pty - Ds AJIeBPOIHTHI (10-149) / 80 (0-16) /8
ApPTUIUTHTBI, TIHHBI (150-167) / 158 (12-37) /25

* B uucidreNne yKasaH WHTEPBAJd WM3MEHEHHS MArHUTHOH BOCIPUUMYHUBOCTH (& yac— )y
B 3HAMEHATEJIE — CPEIHEE 3HAYEHNE MATHUTHON BOCTIPUHMYHMBOCTH &

ONM30MYECKOEe H3y4EHHE OCTATOYHOM HAMarHMYeHHOCTH I, BBINOIHEHHOE B
[penypaibckoM KpaeBOM MPOTrHOE, CBHICTEIBCTBYET O MaJloW BennunHe (akropa
Kenurcoeprepa Q (Q < 1). Mexmy OCTaTo4HON HAMarHMYEHHOCTHIO M MAaTrHUTHOM
BOCHIPUMMYHMBOCTBIO YCTAHOBJICHA MpsiMasi KOPPEJSIMOHHAs 3aBUCUMOCTh. Ciemno-
BaTeNIbHO, OMPECIISIONICe BIUSHAC HA MHTEHCHBHOCTh aHOMAJIHH MAarHUTHOTO MOJIS
CTPYKTYPHO-TEKTOHHUYECKUX 00heKTOB B [lepmckoM [Ipuypanbe oka3biBaeT MarHuTHast
BOCIIPUUMYHMBOCTb, T. €. TOJIBKO WHIYKTUBHAS HAMATHUUEHHOCTS I.

AHOMAaIIMK MArHUTHOTO TIOJIST OTIPEJIEIISIOTCS HE TOJIBKO BEIMYMHON MAarHUTHOM BOC-
MPUUMYHUBOCTH ITOPOJI, HO U 3aKOHOMEPHOCTSIMHU €€ U3MEHEHUS B IIPE/Ie/iaX MarHUTOaK-
THUBHOTO 00BEKTA, KAK PETHOHAJILHBIMU, TaK U JIaTCPAIbHBIMU:

— B PETHOHAJIBHOM IIJJaHE TEOMArHUTHBIN pa3pe3 uexyia MPeJCTaBUM B BUJIC CECPUU
CYOTOPU30HTAIILHBIX CJI0€B (TUIACTOB) C Pa3IMYHON BETHUYUHON &;

— BHYTPH BEPXHEr0 TEPPUICHHOTO KOMIUICKCA BBISIBICHBI TUIACTHI CHIILHO MArHHT-
HBIX MTOPOJI, UMEIOIIHE OOJIBIIOE TITAHOBOE PACIIPOCTPAHECHNE;

— CpeIHssl HaMarHWYCHHOCTh OJTHOBO3PACTHBIX TOJIII 3aBUCHUT OT TEKTOHUYECKON
MTO3UIUY STUX TOJIIL;

— B Ipejienax JIOKaIbHBIX 00bEKTOB HAONIOAAeTCs TaTepaibHasi U3MEHYMBOCTh Mar-
HUTHOM BOCITPUUMUKBOCTH mopos; B [Tepmckom [Ipuypasbe yCTaHOBICHO, YTO JIOKATb-
HBIC MTOJIHSTHUS XapaKTePU3YIOTCS YMEHBIICHUEM MATHUTHOW BOCIIPUUMUYUBOCTH MOPOJT
OT CBOJIOBO# YaCTH K KPBLIbSIM;
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— 30HAIBHOCTh MAarHUTHON BOCHPHUMMYHBOCTH OOYCIIOBJIEHA M3MEHEHHEM JINTONOrO-
(hanmaabHOTO COCTaBa TEPPUTEHHBIX 0CAAKOB MO JIATepalii B polecce GOpMUPOBAHHUS
00beKTa, KOTJja TEPPUTreHHbIE 0CAJIKN B CBOJOBON YacTH 00BEKTa TOJIHOCTHIO 3aMellia-
IOTCSl HEMarHUTHBIMH KapOOHATHO-CYTb(aTHBIMU TTOPOJAAMH.

Takum 00pazom, W3 aHaIW3a 3aKOHOMEPHOCTEW WM3MEHEHWS MarHUTHOW BOCIpH-
WMYHBOCTH CIIEAYET, YTO THIMTMYHON TIETPOMAarHUTHON MOJIEThI0 0OBEKTOB 0CaJOYHOTO
yexia [lepmckoro Ilpuypanbst 1 B permoHaJIbHOM, W B JIOKQJIBHOM IUTaHAX SIBIAETCS
CJIOMCTO-30HAIbHAS MOJIENIb O0BEKTa, MArHUTHBIE CBOMCTBA KOTOPOTO B MEPBOM TIpH-
OJMKEeHNU OMHCHIBAIOTCS] KYCOYHO-THHEHHOM (DYHKIIUEH.

AHanu3 pe3ynbpTaToB a3po- U HA3€MHBIX MArHUTHBIX CheMOK (KapTorpaMMa H3y4eH-
HOCTH MarHMTHOTO TIOJIS TIpuBe/ieHa B [5]), BbimonHeHHBIX B [IpenypaibckoM mporude
1o 19861, T. €. mo aBapuu Ha BKPVY-3, moka3as, 4To apoMarHuTHOM CheMKOH MaciTadba
1: 10 000 mpu BeIcOTE TTONTeTa 50 M 1 TOUHOCTH U3MepeHus +4 H 11 yBepeHHO KapTupy-
FOTCSl JIOKQJIbHBIMM OTPHUIIATEIbHBIMHU U TIOJIOKUTEIBHBIMI aHOMAIHSIMH CTPYKTYPHO-
TEKTOHHYECKUE OOBEKTHl BEPXHEr0 TEPPUTEHHOTO KOMILIEKCA: Bajbl, JIOKaJbHbIC
MOJHATHS, pU(DOBBIC MOCTPOHKH, a B 30HE NEPEAOBBIX CKIAJOK Ypaja BhICOKOAM-
TUTMTY/HBIE pa3phIBHBIC HAPYIICHHUS W HAJIBUTH. Tak, aHOMaIUSIMH WHTEHCHBHOCTHIO
«vmuayc» 5-15 HTn xaprupyrorcs KcenodontoBckuii, OpanoBckuii, KomBuHCKHUH,
Kukyccknii 1 npyrue nomHsATHs; IUIAHOBBIE Pa3sMEPbl dTUX aHOMAJIMNA YHOBJIETBOPU-
TEIbHO COOTBETCTBYIOT IUIAHOBBIM pa3MepaM NOAHATHN. [loMMMO HM30METpUYHBIX
AHOMAJIMH KapTUPYIOTCS TOJIOKUTENbHBIE JIMHEHHBbIE AHOMAJIUU MPOTSKEHHOCTHIO
20-40 kM uHTeHCUBHOCTBIO 5—15 HTn. HexoTophle U3 HUX COBNANAIOT C U3BECTHBIMU
CTPYKTYPHO-TEKTOHHYECKUMHU OO0beKkTaMu, Hampumep, ¢ KpacHoBumepcko-Heipoo-
ckuM HamBuroM (puc. 1), ['exKcKolt aHTHKIMHAIBHON CTPYKTYpPOH, C KOTOPOH CBSI3aHO
Iesxckoe MecTopoKieHrEe HEPTH.

CTpyKTypHO-TEKTOHUYECKHE 0OBEKTHI, IPUYPOUCHHBIE K CpeHEMY KapOOHATHOMY
U HIDKHEMY TepPUTeHHO-KapOOHATHOMY KOMIUIEKCAaM, XOTh U CIIOKEHBI TIOPOJaMH I10-
BBIIIICHHON MarHUTHOW BOCIIPUUMYHMBOCTH (TaOm. 1), HO 3ayieraror Ha OOIBIION TITyOHHE.
IToaToMy coznmaBaeMble WMH aHOMAIWH XapaKTEPU3YIOTCS MEHBIIeH HHTEHCHUBHO-
CTBIO TI0 CPABHEHUIO C MHTEHCHBHOCTHIO aHOMAJIHMH OOBEKTOB BEPXHETO KOMILIEKCA.
Tak, HTHTCHCUBHOCTh TeOpeTHUECKOl aHoMaiauu AT H30METPHUHON CTPYKTYPHI TUa-
metrpoM 2000 M 1 ammutynoit 400 M, 3aneraromieil Ha TITyOnHE 2—3 KM M XapakTepu-
3yroINeiicss MarHUTHOH BocipuuMunBOCTHIO 47 - 200 - 10°¢ en. CH, cocTaBisieT BCEro
1-2 1T, 1. €. cyIIeCTBEHHO MEHBIIE CPETHEKBAAPATHUECKON TOTPEIIHOCTH U3MEPEHUS
(£4 =T).

Jnst pusnuko-reosorndeckux ycioBuid CoMMKaMCKOW BIAIWHEI 32 TIpeeIaMH pas-
BUTHUS COJITHO-KAJIMITHON 3alie)KH, TIe a’dpOMarHUTHBIE HCCIIEOBAaHUS MaciiTada
1 : 10 000 6bUIM BBITIONHEHBI TOJBKO B 198789 rr. (Xareimbaoxca U. I. Omuem 06
aspomacrummol cvemxe macwimaoa 1 : 10 000 na Bepxnexamckoti niowaou ¢ 1987—-1989 ee.
(Aapoeeogpuzuueckas napmus IO « Ypanzeonoeusnr). Ceeponosck: @ono @I'Y Ceepo-
nosckoeo TOI'H, 1989), Obutn cienaHpl pacdeThl OKUJaeMbIX aHoManuii T. Pacdersr
MOKa3aJd, 9TO aHTHKJINHAJIBHBIE CTPYKTYPHI, (IIEKCYPHI, KyTlolla B KpoBiIe KapOoHar-
HBIX OCJIKOB, a TAKXKe Y3KHE€ MPOTHUOBI 110 OBEPXHOCTH HEMATrHUTHBIX TaJlOT€HHBIX
0Ca/IKOB, 3alOJIHEHHbIE TEPPUTEHHBIMU OTIOKEHUSIMH NPHU MarHUTHON BOCTIPUUMYH-
BoctH, paBHoit 47 (100-200) - 10° ex. CH, MoryT co3maBarh JOKaJIbHBIC aHOMAIHN
MHTEHCUBHOCTBIO 7—15 HTH, a mpu HertyOokom 3aneranuu cTpykryp 20—30 uTm.

bnaronpusTHpie pe3ynbTarhl MPUMEHEHUsS a3POMArHUTHOW CHEMKH LI KapTHPO-
BaHUS CTPYKTYpHO-TEKTOHHYECKHX 00BekToB B llepmckom Ilpumypanbe mociyxumu
OCHOBaHHEM U1 TPUMEHEHHS OJTOTO METo/a IpH KapTHPOBAaHUHM CTPYKTYPHO-
TEKTOHHYECKUX OOBEKTOB B TIpeleNiaX pa3BUTHS COJSTHO-KanuitHoM 3anexun BKMKC
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(Xanvimbaooca U. I Omuem 06 azpomacnumnotl coemre...); 000CHOBAHUS TapaMETPOB
a’pomarauTHOl cheMku (MacmTad 1 : 10 000, Beicora mosera 5075 M, cpemHekBaIpa-
THYECKas MOrpemHocTh u3Mepenns AT pasna +(2-3) HTi); OUEHKN UHTEHCUBHOCTH

OKHJAeMBIX aHoManni 7.
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Pucynox 1. KaprupoBanne Kpacnosumepcko-HripoOGekoro

HaJaBura Ha IIIaHC rpaq)HKOB

HTn:

JUHUSA ¢ KPECTUKAMH — JIMHUS BBIXOJA Ha MOBEPXHOCTH 3E€MIIH

IUIOCKOCTU HAJBUTa; TOPH30HTAIBHBIA MacmTad |
BepTUKAIBHBIN MacmTad B 1 cm 40 HTn

: 50 000;

Figure 1. Mapping of the Krasnovishersky-Nyrobsky thrust on
the plan of graphs AT, nT: line with crosses is the crop line
of the thrust plane land surface; horizontal scale is 1 : 50,000;

vertical scale is 1 cm per 40 n'T

Jig cnoncTo-30HaNbHON MOJIEH CTPYKTYPHO-TEKTOHUYECKOTO 00bEKTa ¢ JlaTepalib-
HOM M3MEHYMBOCTHIO MarHUTHOW BOCHPUMMYHUBOCTH MOPOJ MO KYCOUYHO-TUHEHHOMY
3aKOHY OBbUIM BBIYMCIICHBI OXKHJIAEMbIC aHOMAJIMU MarHUTHOTO ToJst 7' i (pU3UKO-

reonornyeckux ycnosuit BKMKC (puc. 2).
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Teopernueckue pacueTsl IOKa3aly,
YTO MPHU OJArOMPHUATHBIX (HHU3UKO-TEOJIO-
THYECKUX YCJIOBUSX WHTEHCHBHOCTH OXKH-
JaeMbIX aHOMaJIMi T MOMKET JIOCTHraTh
6-12 uTn u Gombire, T. €. B 2—4 pasa mpe-
BBIIIATh CPETHEKBAIPAaTHYHYIO TIOTPEIl-
HOCTB a9POMArHUTHOM CheMKH +(2—3) HTu1.
TakuMm 00pazom, 3T aHOMATINK OyayT Ha-
JIe)KHO PErMcTPUPOBATHCS KBAHTOBBIMHU U
MIPOTOHHBIMU MAarHUTOMETpPaMH U, CIEN0-
BaTeJIbHO, UX MOYKHO HCIOJIb30BaTh JJIs
W3YyYEHUS]  CTPYKTYpPHO-TEKTOHHYECKHUX
00BEKTOB, HAXOAIINXCS B BEPXHEM Tep-
purenHom komruiekce BKMKC.

JlaHHBIE  @)POMArHUTHOM  CHEMKH,
BBITIOTHEHHOW Ha Teppuropun BKMKC
B Ipenenax oONacTH pPa3BUTHS COJISTHO-
KAIMAHOM 3aJIeXXu € MCIOJIb30BaHUEM
aspomarauromerpoB MMC-214, MM-305,
CKAT-77 (Xanvimbaooca M. I” Omuem
00 a’pomMacHUmMHOU CbeMKe...), TIOATBEp-
JIWTA Pe3yJbTaThl TEOPETUIECCKUX HCCIIe-
noBanui (puc. 2). Ha oTueTHBIX KapTax
AT, (ceuenne kaptbl uzomuHam 10 uTn,
BEPTUKAIBHBI ~ MacmTad  rpadukoB
+50 #Tn) yBepeHHO BBIIEICHO OOJBITIOE
KOJIMYECTBO JIOKATBHBIX W PETHOHAIBHBIX
AQHOMAJIMi MarHUTHOTO TIOJIS, HCTOYHHUKA-
MU KOTOPBIX SIBIISTFOTCS PA3INIHBIE CTPYK-
TYpPHO-TEKTOHUYECKHE OOBEKTHI, 3aJIeTar0-
e B TpefiesiaX BEPXHETr0 TePPUTEHHOTO
komiiekca BKMKC. MaruutoakTuBHbIe
OOBEKTHl, HAXOMASALIMECS B CpEIHEM H
HUKHEM KOMIUIEKCAxX MJIM COBCEM He Tpo-
SBIISIIOTCS. B PE3YyNbTaTax a’pOMarHUTHOM
CBEMKH, WIM WX MHTEHCHBHOCThH TaKOBa,
YTO aHOMAJIUU, OOYCJIOBJICHHBIC UMM, HE
MOTYT OBITh KOJIMYECTBEHHO MPOHHTEP-
MIPETUPOBAHBI U, CJIEIOBATEIBHO, POTYK-
THUBHO WCTIONIb30BaHbI Il U3yYEHUS TeO-
JIOTHYECKOTO CTPOCHHS 0CAI0YHON TOIIIIH
BKMKC (puc. 3).

AHanu3 M o0cyxaeHHe pe3yJibTa-
ToB. MHTepnperaus pe3yibTaToB al’po-
MarHWTHOW CHEMKH TIO3BOJIMIIA BIIEPBBIC
YCTaHOBUTH HECKOJBKO 3aKOHOMEPHOCTEH
B xapakrepe mMarautHoro nosss BKMKC,
BRXHBIX IS TOHUMAHUSI CTPYKTYypHO-
TEKTOHUYECKOTO CTPOEHUSI MECTOPOIKIACHMS.

MINING GEOLOGY
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Pucynok 2. Teoperudeckue kpusbie 7, HT,
paccuUTaHHBIE OT IUIOCKOINAPaUIEIBHOTO CIOS
npu KyCO'-IHO-J'II/IHGI\/'IHOM 3aKOHC HU3MCHCHUS
MarHUTHON BoOCHpHEMuEBOCTH (41 & - 1075,
en. CHN): 1 — riy6una 3aneranus ciost 350 wm;
2 — riry6una 3aneranus ciost 650 m
Figure 2. Theoretical curves T, nT, calculated
from a plane-parallel layer with a piecewise
linear law of magnetic susceptibility variation
(4m & - 107, SI units): 1 — layer depth is 350 m;
2 — layer depth is 650 m
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Ha mnanme w3oamHaM (QparMeHTapHO KapTUpyeTcs y3Kas JHWHEHHas OT-
punarenbHas aHOMalHMsg WHTEHCHBHOCTHIO okojo 30 w©Tn. HMcrounukom aHo-
Manuu  aBiseTcs KpacHOBUINIEPCKHMM Bajd, CIOKEHHBI HEMarHUTHBIMUA — CO-
JISSHBIMU ~ MOPOAAMHM, 3aJICraloOlIMMH CPEd MArHUTHBIX TEPPUTCHHBIX TOPO.
IIEIIMUHCKOTO BO3pacTa. Banm chopmupoBaiicss B pe3ylbTare COJSHONW TEKTOHHKH B
oceBoil 30He KpacHOoyhHnMcKoro TIyOWHHOTO pa3ioMa, KOTOPBIH CIY)KUT TPaHHIICH
Mexay Bocrouno-EBporneiickoii mratgopmoii u [Ipemxypanbckum KpaeBbIM MPOTHOOM.
[To pe3ynbraram OypeHHs U KOJTUYECTBEHHOW MHTEPIPETAI[MH yCTaHOBIEHO, YTO BEp-
muHa Baja 3aneraeT Ha riryouHe ot 100 1o 300 M OT TOBEPXHOCTH 3EMIIH, aMILTUTY 1A
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Pucynok 3. Vmpomenusiii mwian wm3oauHam AT, Conunkamcko-Bepe3sHHKOBCKOH YacTH TeppUTOPUH
BKMKC - a, ¢ amemeHtamu TekToHuku — 6. 1 — 3oma KpacHoydumckoro paszioma; 2 — 30Ha
KpacHoBHIIIEPCKOTO COJSTHOTO Baia; 3 — oceBast IMHUS KpacHOBUIIIEPCKOTO CONISTHOTO Bajia; 4 — rpaHMUIIbD
]:[ypI/IHCKOFO npom6a W HaIlpaBJICHUS CABUT'aHUSA; 5 — MonoKeHue CKBaKUH U MX HOMEpa; 6 — KOHTYPBbI
tepputopurt BKMKC, Ha koTopoii aspoMarHuTHbIE U3MEPEHUST HE MPOBOMIUCH H3-32 BEICOKOTO YPOBHS
MPOMBIIUICHHBIX IMTOMEX] N30 AMHAMbI OL[PI(prBaHLI B cOTHsX HTN
Figure 3. Simplified plan of isodynamic lines AT, of the Solikamsk-Berezniky part of the VKMKS
territory — a, with elements of tectonics — 6: 1 — zone of the Krasnoufimsky fault; 2 — zone of the
Krasnovishersky salt arch; 3 — the axial line of the Krasnovishersky salt arch; 4 — boundaries of
the Durinsky trough and shearing directions; 5 — well positions and numbers; 6 — contours of the VKMKS
territory, where aeromagnetic measurements were not carried out due to the high level of industrial noise;
isodynamic lines are digitized in hundreds of nT

Baja okoio 200-250 M, mmpuHA y OCHOBaHUS OKOJIO 5 KM. [lapannenpHo 3Toi TuHel-
HOW aHOMaJIM|, BOCTOUHEE U 3alajiHee, 3aKapTUPOBAHbI MEHEe MHTEHCUBHBIE U MEHEee
MPOTSHKEHHBIE JIMHEHHBIE aHOMAJIMM, UCTOYHUKAMM KOTOPBIX SIBIAIOTCS TPEIIUHHbIE
30HBI, IPEJCTABIISIONINE COOOH IIEMEHT CTPYKTYPHOIO NapareHe3nca B 30He JUHAMU-
yeckoro BiusiHUS KpacHoyumMckoro pasinoma.

BocTtounee KpacHoBuiliepckoii aHOMajuy 3aKapTUpPOBaHA PErHOHAIbHAS TOJI0KHU-
TeJNbHAs aHOMaJHMs WHTCHCUBHOCTHIO OKoito 70 HTN smummnTuyeckoir Gpopmbl, opreH-
TUPOBaHHAs B CyOIIMPOTHOM HAaNpaBieHUH. VICTOYHMKOM aHOMAaIMH SIBIISIOTCS
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TeppUTeHHBIC 00pa30BaHNs, 3ajeraronre Ha TryonHe okoio 500 m. [panumamu 3Tux
oOpa3oBaHuii Ha 3amaje cykuT KpacHoypuMcKuii pa3inoMm, a Ha BOCTOKE — CABHHYTAs
B BOCTOYHOM HaNpaBJIeHUU TpaHHIa CoIeHOCHBIX oTioxkennit BKMKC.

Cesepree 1 1o’xHee [lypuHckoro nporuda xapakTep MarHUTHOTO IOJIsI CYILECTBEHHO
pasnmueH. MarHuTHOE ToJie FoyKHee Mporuda MMeeT MO3auyHbIA XapakTep. [ opu3oH-
TaJIbHBIA TPAIMEHT MArHUTHOM MHAYKIMU AT, CEBEPHOM CTOPOHBI Mporuba B 23 pasa
MeHbIIe, YeM [oKHOW. Kak mokaszanym pacdeTsl, 3TO 00BsICHIETCS T€M, 4TO TITyOnHa 3a-
JIeTaHHsI KCTOYHUKOB MAarHUTHOTO TIOJIS C FO’KHOW CTOPOHBI MPOTrnOa MEHBIIIE, YeM C Ce-
BEPHOI, T. €. Te0JIOTUYECKUE OOBEKTHI, OTOKIECTBIISIEMbIE C UCTOYHHKaMHU MarHUTHBIX
aHOMaJINi, I0KHEee Mporuda 3ajeraroT Ha MEHbIIEH ITyOMHE M0 CPABHEHUIO C TAKUMHU
JKe TEOJIOTHYECKUMH 00BhEKTaMH ceBepHee mporuda. BeiBoj 0 pa3HO# rumncomerpuye-
ckoit xapakrepuctuke ConmnkaMmckoit u bepesankoBckoit yacteit BKMKC cnenan ere
B 1920-e rr. I1. U. [Ipeobpaxenckum [6] mpu pa3Beake MeCTOpOKaeHHs. Teneps 3TOT
BBIBOJ] KOCBEHHO MOATBEP:K/IEH pe3yabTaTaMH a3pOMarHuTHON ChbeMKH. B pesynbrarax
JIpYyTUX Teopu3nYecKux UcciaeoBaHui 3Ta rurncoMeTpudeckas ocobennocts BKMKC
He nposiBisercs. Pasnas niryouna 3aneranus Conukamckoil n bepe3HnkoBckoi yacTen
BKMKC o0ycrnoBrieHa MoIBIMKKOH B BEPTHKAIIEHOM HAIPaBICHNH O0Ka (pyHIaMEHTa,
orpanudeHHoro JlypuHckuM U BOpoBUILIKUM pa3iioMaMu.

JlypuHCKuit mporu0 1mo KpoBJie cojieid, kak OblIo MoKa3aHo B [7, 8], chopmupoacs
B pe3ysbTare JIEBOCTOPOHHETO CABHTa. XapakTepPHBIM MOP(POIOTHISCKUM MPU3HAKOM
nporuba CIyKUT CHCTEMa KyJUCOOOpPa3HBIX JIOKAJbHBIX AHOMAIMH CHIIBI TSHKECTH.
HcroyHnKaMu 3TUX aHOMAJIHMH SIBIISIFOTCS MOTPY)KEHHUSI B KPOBIIE COJIH, 3aIOJIHEHHBIC
TUTOTHBIMH TEPPUTEHHBIMU 00pa3oBaHUsAMHU. TeppureHHble oOpa3oBaHus (Tadm. 1)
0071a1af0T BBICOKOH MAarHUTHOW BOCHPHHMYHBOCTHIO. [103TOMYy B MarHWTHOM TIOJIE
MOTPYKEHUS] KAPTUPYIOTCS TAKXKE CHCTEMOH KyTHCOOOPa3HBIX JTOKAIBHBIX MAarHUTHBIX
aHoMaJMi. B oTnuyne oT rpaBUTAllMOHHBIX, MATHUTHBIE aHOMAJINH TPOSIBIIEHBI MEHEe
YeTKO M3-3a OOJNbIIell HEOTHOPOIHOCTH TEPPUTEHHBIX O0Pa30BaHMI 1O MarHUTHOW
BOCIPUUMYHBOCTH, YEM T10 TUIOTHOCTH.

[Ipoctupanune /lypuHckoro mporuda mouTH MepeHIuKYISIPHO TpocTHpanuio Kpac-
HOy(pUMCKOTO pasiomMa W, COOTBETCTBeHHO, KpacHoBumepckoro Bama. M3 xapakrepa
MarHWTHOTO TOJIA pailOHa B3aHMMOOTHOIIEHUH pas3fioMa, Bajla U MPOruda CleAyeT, YTo
nporud, ynupasich B pa3jioM, pa3pyllini B 3TOM MecTe cojistHOM Bai. [lockonbky BO3-
pacT Baja WeIMHHCKUHN, To JlypuHCKHI TPOrud MMeeT MOCIeIEIIMIHCKOE BPEMSI, KaK
3TO paHee OBLIO Moka3aHo B [7]. Ho B jaHHOM ciy4ae 3TOT BBIBOJ TOJIYYEH TOJIBKO Ha
OCHOBE aHaJlN3a PE3yNIbTaTOB a9POMArHUTHON ChEMKH.

OpreHTHPOBKA JIOKAJTFHBIX MOJIOKUTEIBHBIX U OTPUIATENFHBIX MAarHUTHBIX aHOMa-
TUi He ClTydaifHa, OHa COOTBETCTBYET 00meMy Tekronndeckomy miany BKMKC [9, 10].

BbiBoabl M 001aCTH MPUMEHEHHWs Pe3yabTaToB. [eonornueckas (CTpyKTypHO-
TEKTOHHYECKast) HHTEPIPETALUs PE3yIbTaTOB IO JHON BEICOKOTOYHOM a9pOMarHuT-
Hoii cheMkH MaciiTaba 1 : 10 000 mo3Bonuia caenaTh CaeTyroIIue BEIBOJIbL:

— pe3yJbTaThl aHaJIHM3a MeTPOMArHUTHBIX JaHHBIX W (PU3UKO-T€OIOTHIECKUX MOJIE-
Jei 1aroT 000CHOBaHUE /7Sl IPUMEHEHHSI a9p0- M Ha3eMHOTO MarHUTHOTO METO/Ia JJIs
KapTUPOBaHUS CTPYKTYpHO-TeKTOHNYecKknX 00bekToB BKMKC;

— BBICOKASI CTETIEHb MOJTHOTHI 1 000CHOBAHHOCTH U3Y4YEHUS CTPYKTYPHO-TEKTOHUYEC-
koro ctpoeHust BKMKC reogusnyeckumMu MeToaMi MOXKET OBITh JOCTHTHYTA TOJBKO
TIPH YCIIOBUH BBITIOJHEHUS AETALHBIX H BERICOKOTOYHBIX U3MEPEHHUI Ha BCEH TEPPUTO-
pPHUH MECTOPOXKICHUS, a HE JJIS OTACIBHBIX €r0 YIaCTKOB M PafOHOB, KaK 3TO CAEIAaHO B
[10-15] n npyrux paborax;

— pe3ynbTaThl adPOMArHUTHOM CHEMKH TMO3BOJIMIIN MOJIYYUTH PAJ HOBBIX JAHHBIX
0 CTPOEHHUH U BO3pacTe HEKOTOPHIX CTPYKTYPHO-TeKTOHHUecKHX 31emMeHnToB BKMKC;
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— (PU3UKO-TEOIOTHYECKHE IPEINOCHUIKH Te0()N3MIECKUX METOJ0B Pa3IUYHbI, HO
g yenouit BKMKC Beem uM mpucyiia ciiefyroniasi 3aKOHOMEPHOCTb: TPaHHIIbI U3-
MEHEHHs] MarHUTHBIX CBOMCTB MOpPOJ COBMAJAIOT C TpaHMLIAMHU paszzelia MIOTHOCTH,
YIOPYTUX, MEKTPUUECKUX U JPYTUX CBOKCTB. JTa 3aKOHOMEPHOCTH MO3BOJISIET CTPO-
UTH O0IINE CIOUCTO-30HAIbHbBIC TEOMETPUUECKUE MOJIEIN CTPYKTYPHO-TEKTOHUUECKUX
00BEKTOB 1 KOMILJIEKCHPOBATh PA3INUHbIC METOIbI T€O(DU3UKHU IS PELLICHHS CTPYKTYPHO-
TEKTOHWYECKUX 3a/1a4.
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Mapping the structural and tectonic objects of the Upper-Kama potassium salt
deposit in the magnetic field
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Abstract
Introduction. Petrophysical properties of rocks and strata reflect the long history of the Upper
Kama potassium salt deposit (VKMKS) formation and development (about 300 million years) as
well as its various endogenous and exogenous geological and geochemical processes. VKMKS
geological structure as well as past and present processes at the field are effectively studied
by geophysical methods. Experience has shown that, considering the gigantic area of the salt
strata development and multi-layer potassium-magnesium salt deposits, high-precision and detailed
geophysical studies performed on most of the VKMKS territory are most effective from a geological
viewpoint, namely, gravity survey at a scale of 1 : 25,000 and aeromagnetic survey at a scale of
1 : 10,000 together with other geological and geophysical data. VKMKS structural-tectonic objects
occurrence conditions and magnetic properties of their rocks and strata, especially magnetic
susceptibility, form the petrophysical basis for the aeromagnetic survey applied to map the objects.
The task of mapping structural-tectonic objects on the VKMKS territory in a magnetic field is a
specific task of using aeromagnetic survey to map structural-tectonic objects in a weakly magnetic
sedimentary cover of the entire Perm Cis-Urals.
Methods of research includes studying and analyzing the research data of the Perm Cis-Urals
sedimentary cover rock magnetic properties (magnetic susceptibility). The morphology of
structural-tectonic objects magnetic field anomalies in the Perm Cis-Urals sedimentary cover and
the morphology of VKMKS structural-tectonic objects magnetic field anomalies are studied
and analyzed.
Research results. The analysis of sedimentary cover rocks magnetic susceptibility and aeromagnetic
survey data interpretation showed that the structural-tectonic objects of the cover create anomalies
in the magnetic field. The anomalies exceed the intensity of three times the root-mean-square
measurement error, and therefore are mapped with confidence.
Conclusions. It is reasonable to use the data of areal high-precision aeromagnetic survey at a scale
of 1 : 10,000 together with other geological and geophysical methods to improve the reliability of
mapping such important structural and tectonic objects as tectonic faults of various ranks, from
deep faults to fracture zones, at VKMKS.

Keywords: Perm Cis-Urals; Upper Kama potassium salt deposit; structural-tectonic objects;
magnetic field; magnetic susceptibility, sediment cover.
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MonureHHoOe ypaH-TOpUit-peaKko3eMeNnbHOE OpyAeHeH e
MpunonspHoro Ypana: uctopms oTKpbITUA M BONPOCHI reHe3unca

Kaparoguh C. C."™, Kaparoauh B. C.!, XacaHoBa I. I!
! YpanbCkuii rocygapCTBEHHbIN FOpHbIN YHUBEPCUTET, I. EkatepuHbypr, Poccus
*e-mail: sfen80k@mail.ru

Peghepam
Axmyansnocms  pabomwvt  00yclosieHa  HeOOXOOUMOCHMIbIO — AHAAU3A — PAZHOOOPAZHBIX
UCMOYHUKO8 U ABMOPCKUX HAOMOO0eHUll 0151 (opMUposanus nNpeoCcmasieHull 0 2ceHeslce
6ecbMa  C60e0OPA3HO20 — NOMUSEHHO20 — VPAH-MOPUL-PEOKO3EMENIbHO20 — OPYOEHEeHUs.
Ipunonsipnozo  Ypana, umo nozeonum nposecmu OYeHKY HNePCHeKmus u HanpasieHus
OdanvHeuuenn 000viuu u nepepabomru. Pezynbmamol ucciedosanus 6yoym cnocobcmeosamo
boJee payuoHaIbHOMY U AHDEeKMuUHOMY HANPABIEHUIO OANIbHEUUUX 2e0N0UYECKUX USbICKAHULL
Ienv pabomer — na one ucmopuu OMKPLIMUsL U ¢ UCTOAb30BAHUEM OAHHBLX, NOJYYEHHbIX NPU
KOMIIIEKCHOM UCCIe008aHUU YPAH-MOPULI-PEOKO3EMENbHO20 OPYOCHEeHUs 6 KOH2LOMepamax
30HbL  PEGUOHANLHO2O — CIMPYKIMYPHO-CIPAMUSPAPUUECKO20 — Heco2nacus,  nposecmu
UHmMEPRPemayuio pe3yibmanos, Onpeoeiunms Yepmpl 2eHe3UCa OPYOCHEHUs U NOKA3AMb €20
odanvHeluue nepcnekmusbl.
Pesynomamot. Ymounena eceonocuveckasi nozuyusi peoKOMEmAailbHbIX KOH2LOMEPAmos,
onpeoenena uUx NpPUHAOIeHCHOCMb He K OOKEeMOPUUCKOU, d K PAHHEeNnanieo30UcKol dnoxe.
Paccmompen éonpoc omcymemeust 2eHemuyeckoll C8s13uU (PUKCUPYeMOo20 6 30He CIPYKMYPHO-
cmpamuepa@uuecko2o Heco2nacusi 3010Mo020 OPYOCHeHUs. ¢ NONUSEHHbIM YPAH-MOPUli-
peokozemenvhbiM. B ceasu ¢ Oeuyumom peokux 3emenb NOKA3AHA NPOMbIULLICHHAS
BHAUUMOCTb  YPAH-PEOKO3EMENbHbIX KOMNIAEKCHbIX pY0, 000b14a KOMOPLIX BO3MONCHA C
APUMEHEHUEM COBPEMEHHBLX MEXHOI02ULL KYUHO20 GbIYeNAUUBAHUSL.
Bb1600b1. Paccmompena ucmopusi Uccie008anust YpaH-mopuii-peoko3emMeibHo20 OpyOeHeHUs.
Ipunonsapnozo Ypana, komopoe, no MHEHUIO ABMOPOE, UMeen NOTULEHHBIL 2EHE3UC, hopMUpyemcsi
8 N0CIe0068aAMENbHBLE CMAOUU OCAOOYHOL0, MEMAMOPPOLEHHO20 U CUOPOMEPMATLHO20 NPOYECCOB.
Ipeonooicena eunomesa 2uUOPOSEHHO2O 2UOPOMEPMANLHO2O PYO0OOPA308AHUS 8 VCIOBUSX
PECUOHATLHO2O  MeMmaMopu3mMa KAk —aibmepHAmuea  MAaeMamo2eHHoMy —RPOUCXOHCOEHUIO
2UOPOMEPMANBHBIX PYOHBIX PACNIABOS, YMO ONpeoesien HeobXxoOUMOCHb HOBbIX NOOX0008
6 oyenxe opyoenus. Ilpomviunennas YeHHOCMb OpPYOCHEeHUs Onpeoensiemcs —Haauduem
MEMAMUKIMHBIX, 2UOPAMUPOBAHHBIX, J1E2KO DPACMEOPUMBIX MUHEPALI08 — HOCUMENell YPaHa u
PEOKO3EMENIbHBIX DNEMEHNIO8, YUMo NPeononazaen 603MOICHOCMb NPUMEHEHUS. COBPEMEHHbIX
mexHono2ull 000bIiL.

Knwueswvie cnosa: xonenomepamol; cmpykmypro-cmpamuzpaguueckoe Hecoznacue; ypam,
peokue 3eMau; ypaH-moputi-peoKko3emMenbHoe MecmopodlcoeHue; KyuHoe Gulujeaquuanue;
2uopozentoe 2uOpomepmMaIvHoe pyooobpazosanue; MazmamozeHnoe pyooodopasosanue;
Memarnio2eHus.

bnazooapnocms. Asmopwr npunocsam bnazodaprnocms A. B. Xanezosy 3a npedocmasiennviil
9CKU3,  KOMOp®IU  AGNACMCS  HAISAOHOU  ULIlocmpayuell — MOoOelu  3a8UCUMOCTU
MEMANN02EHUYECKOU CReYUATUAYUU 2UOPOSEHHO20 OPYOeHeHUs: Om 0COBEHHOCIU COCmAasd
O0EeHYOUPOBAHHBIX KOP GblGEMPUBANUsL, A MAKIICE GbIPAJICAION APUSHAMETbHOCHb 2€0]102Y
A. K. Kymosomy u Op., énecuium 601l 6K1a0 8 epaguieckoe oGopmierue 3moi Mooe.

BBenenne. B nacTosimee Bpemst B CBSI3U ¢ BO3PACTAIOIINM HHTEPECOM K BHEApE-
HUIO B aTOMHOM 3HepreTrke MHHU-ADC, a TakKe C TOCTOSHHBIM Je(UInuTOM HEoO-
XOAUMBIX B PAAHO3TCKTPOHUKE, KOCMOHABTUKE U MHOTOUMCICHHBIX APYTUX OTPACIAX
MIPOMBINUIEHHOCTH PEAKO3eMEIbHBIX METAJUIOB BO3HHKAET MOTPEOHOCTh B MCCIIEOBa-
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HUU HOBBIX MTOTEHITHAIBHO MEPCIIEKTUBHBIX TEPPUTOPHIA, OCBOSHHE KOTOPBIX MOTJIO OBI
00ecreunTh MPUPOCT TPEOYIOIIET0Cs MUHEPAILHOTO ChIpbs. OJHUM M3 TaKUX pailoHOB
JIOKaJIM3alluu  yPaH-TOPUH-PEKO3EMEIBHOTO OpYACHEHUS SIBIETCA TOpHas dYacTb
[TpunonsipHoro Ypaia, 3aHMMaeMasi TPaHUTOUAHBIM MacCuBOM MaHb-Xam0o.

B npenaraemoii ctarbe paccMaTprBaeTCs HETPUBHAIBHAS OCOOCHHOCTh OTKPBITHS
PaMOaKTHBHOTO OPYACHEHHS, yUTEHBl HTOTH T€OJIOTUIECKNX, Te0(pr3nIecKnx, MUHe-
PANOTHYECKUX U TEXHOJIOTHYECKUX NCCIIE0OBAHUH, 3TI0KEHO COBPEMEHHOE TIPECTaB-
JIEHHE O T€HEe3MCe YPaH-TOPHI-PeIKO3eMENbHOTO OPYACHEHNs B KOHIJIOMEparax 30HbI
Manb-XaM00. ABTOpBI MPEONATAIOT, YTO PE3YJIBTAaThl X TpyaAa OyIyT MOJE3HBI MIPH
IUIAHUPOBAHUM M OCYIICCTBICHUM NAJIBHEHIINX MOUCKOBBIX M Pa3BEIOYHBIX PadoT,
HaIpaBJICHHBIX Ha PacIIUPEHHE TOPHOIIPOMBIIUIEHHBIX MTEPCIIEKTUB CEBEPHOTO (hpar-
MEHTa YPaJbCKOT0 perHOHa.

Hcropus oTKpBITHA OpyleHEHHs] M Pe3yJabTaTbl HMccieaoBaHuii. K mMomeHnty
pa3BepThIBaHMS MEPBUYHBIX PaJMOMETPUUECKHUX MOHWCKOB YPaHOBOTO OPYIACHEHHUs Ha
VYpaie, a 370 ObIJIO Ha4YaIO BTOPOI MOMOBUHBI XX BEKa, paHee HHTEHCHBHO pa3BUBAB-
mmiicst B Mupe «ypaHoBblii Oym» B CCCP yxke ycHemnHo 3akaHuuBaIcs, OCKOIbKY OTKPbI-
THE Ha ero TEPPUTOPUH JIBYX YPAHOBOPYIHBIX IPOBUHITUHA U TPEX KPYITHBIX PYIHBIX paifo-
HOB cO31aJ10 0633y 11l 00ECIICUCHNS CTPAHBI CTPATETHIeCKUM YPAHOBBIM CHIpheM [ 1].

HauaJio mouckoB ypaHoBbIX pya Ha Ypase npeanpunsto [llabposckoii akcneaunnei
1-ro I'maBHOroO reonoropassenouHoro ympasiaenuss MImOH CCCP ¢ nomoipto aspo-
panuomerpuueckoii cbeMkn MacmTaba 1 : 25 000. B 1954 r. Obimn mosryueHsl nep-
BBIE CBEJICHUS O MMPUCYTCTBUH PAJIMOAKTHBHBIX OOBEKTOB B 30HE BOCTOYHOTO YK30KOH-
TaKTa TPAaHUTOHMIHOTO MaccuBa MaHb-Xam00, pacmoI0KEHHOTO B TOPHON MPHOCEBOM
yactu [lpunonspHoro Ypana. PailoH paccMarpuBalicsi Kak MEPCIEKTUBHBIA Ha ypaH
(B. M. lllemenun, 1955).

Ha yuactkax Typman, Manb-Xam00 1 Apyrux ObLJIO BBISBICHO HECKOIBKO BBICOKO-
WHTEHCUBHBIX TaMMa-aHOMaJIMH B KBAPLHUTAX XOOCHHCKOH CBUTBI CPEIHETO-BEPXHETO
pudes. Ix topueBas npupoaa, B COOTBETCTBUU C MHCTPYKIMEW MATHUACCITHIX TOJ0B
neaauaroro croietuss MI'mOH CCCP, ctporo npeanuchiBaroIel Mpyu yCTAHOBICHUU
TOPUEBOU WJIM CMEIIAaHHOW yPaHO-TOPHEBOU MIPUPOIBI AHOMAIHH YXOIUTH C 00BEKTA,
00yCIIOBHJIa OTPHIIATEIBHYIO OIICHKY ITHX YYaCTKOB.

JanpHelas NpakTHKH Te0JIOropa3BeAOUHbIX PadOT IMoKa3ala, YTO OTCYTCTBHUE
MEPBUYHON TEOJIOTHYECKON JTOKYMEHTAIlMM M ONPOOOBaHMUS MPH Pa3OpakoBKE TaKUX
aHOMaJIM{ B TIEPCIIEKTUBE TPUBENH K MTOTEPE MHOTUX PEIKOMETAIBHBIX PYIOIPOSB-
snenuit. Ceiuac XopoIio U3BECTHO, YTO NMPAKTUYECKU BCE TOPUEBBIE MECTOPOXKICHUS 1
TIPOSIBIICHUST KOMIIEKCHBIE — TOPHEBO-PEIKOMETAILTBHEIC [2, 3].

[IposiBeHnsT KOMILIEKCHOW peAKOMeTaluibHO-ypano-topueBoit (Ta, Nb, Zr, Ti,
TR, U, Th) munepanuzanuu Ha ydactkax Typman u Manb-XaM00 ObUIM BBISIBIIC-
Hbl B 1961 1. mpu Ha3eMHOHM MPOBEpPKE aHOMAIBHOIO a’poraMMa-moJsi, MOJTyYeHHOTO
B 1960 1. B pesynprare adporaMMa- 1 MarHuTHOW cheMKu Macmrada 1 : 50 000 Aspo-
marautHou naptueit Ne 12 fmano-Henenkoil KOMIUIEKCHOM IeojIoropa3Be1ouHOM dKC-
neauiuu (A. A. JIaTeimoB).

B 1962-1964 rr. Hsiickas maptust CapaHmnayabCKOH KOMIUIEKCHOW T€0JIoropas-
BepouHoi skcnenuimu (KI'PD) npu reonormyeckoit chemke macmraba 1 : 50 000
BBIIETIMIIA U TIPEABAPUTENBHO M3yYHJIa B CEBEPO-BOCTOYHOM M BOCTOYHOM 3HJO- U
AK30KOHTAKTaX I'PaHUTOMIHOTO MaccuBa MaHb-Xam00 6 y4aCTKOB C ITIOBBIIIEHHON paTHo-
aktuBHOCTHIO: Tombs-1llyrop, HemsBectrsiit, [lapesyp, CeBepnsiii, Typman, FOKHBIHA.
B 1963 r. TompuHCKaS TapTHS ATON SKCIISTUITIH, TIPOIOJDKAS OIEHKY U3BECTHBIX PaIHO-
AKTHBHBIX aHOMAJIMH, BBISIBUJIA HOBBIC B IOT0-BOCTOYHOH yacTh MaccuBa Manb-Xam00
Ha yyacTkax Manb-Hsiic, Xanxapryiitymn, Yib-1O, 3anagusiii.
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B 1964 1. Ceticmopassenounas naptus Capannaynsckoit KI'PD npodumbHoii ceticmo-
pa3Beakoit Ha KOKHOM ydacTKe Ompeesiia MOITHOCTh PhIXJIBIX OTIAOKEHUH 10 40 M.

B 1964—1965 rT. coBmectHO ¢ TonpuHckol naprueit Capannayinbekoit KI'PO u FOx-
HBIM oTpsiioM TromeHckod skcrneauuuu [nmaBHOro TIOMEHCKOTO MPOM3BOACTBEHHOTO
reonornyeckoro ympasienus: (I'TIII'Y) meneHamnpaBiieHHbIe HayYHO-HCCIIEIOBATENb-
ckue padoTsl mposena maptust Ne 41 CepmtoBckoro ropaoro naetutyta (CI'U — HBIHE
VITY) nmox pykoBOACTBOM JIOIEHTA, BIOCIEACTBUH 3aBEAYIOMIETO Kaeapoil reoso-
MU U Pa3Be/IKM MECTOPOXKJICHUH paJuoakTHBHbIX U penkux meramios C. C. IllepOu-
Ha. BbUTH BBITIOJTHEHBI OLICHOYHBIE T'€0JIOTO-PaIMOMETPHUECKUE MapIIPYThl MaciiTada
1 : 10 000, mpoxoaka U onpoOOBaHME MOBEPXHOCTHBIX TOPHBIX BBIPAOOTOK M JBYX
OypoBbix ckBakuH (I[epoun C. C., Ocronosckux B. H., Ulanaeuros B. I, Xonookos B. B.,
Konmsies A. @., Hcaxosa H. M. Omuem o nouckogvlx pabomax Ha peoKue u paouo-
akmuenvle memanisl, nposedennvie FOicHol napmueti U HAYYHO-UCCAe008AMENbCKO
napmueu Ne 41 CI'U 3a 1965-67 2e. no 0eéym memam. Tromenvb—Ceeponosck. 1967 .
@onovr CI'H (VITY), Ne 1061).

B pesynbrare 3tux pa0boT BriepBbIe ObLIA MOMy4YeHa HOBasi HHPOPMAIIUS 110 PyTHON
MuHepajoruu u reoxumuu ([[epbaxos O. K., bapabawxuna T. M., Apocanuxosa M. /.
Omuem no meme Ne 1014/1965 2. «HM3yuenue seupecmseennozo cocmasa i 0002amumo-
cmu peoKoOMemalibHbIX pyo MecmopodicOoenus «Bocmounoey. Yparmexanoodp, Ceepo-
nosck, 1967 ¢, 114 c¢. @onovr CI'H), [4], a Taxke JOMOJHEHBI CBEJCHUS 110 TCOJIOTHH,
MarMaTu3My W crparurpaduu usydaemoil miomanu [5, 6]. Onpeneiniuch riaBHbIC
TeOJIOTHYECKHE 0COOEHHOCTH KOMITJIEKCHOTO Opy/IeHeHus 30HbI MaHb-Xam0o0. [TokazaHo
HAXOXJICHHWE PYJOBMEIIArOIIel TEpPUTEHHON TOJIIIN KBAPIIUTO-KOHTIIOMEPATOB B 30HE
KJIACCHYECKOTO «Hecomacus» pudei-nopuderickoro sospacra (R -Ar?) (Iepoun C. C.,
Ocnonosckux B. H., [llanazunoe B. I, Xonooxoe B. B., Konmses A. ®@., Hcaxosa H. M.
Omuem o nouckoswvix pabomax...), [6, 7].

Pyner 3anerator B 06a3alibHBIX KBAPIIUTOBHJIHBIX KOHIJIOMEpATax M IPaBeIUTax XO-
OCMHCKOM CBHUTHI CpelHero-BepxHero pudes. BpIXoasl pyIHBIX 30H Ha MOBEPXHOCTH
OTMEYaIOTCs MOBBIIEHHOH (10 35—40 MKp/4ac) U aHOMAaJbHO BBICOKOH pajliOaKTHB-
HocThIo OT 50 mo 1500 mkp/gac. [Ipupona panToakKTHBHOCTH CYIIIECTBEHHO TOPHEBAs
(Th/U = 8-16), oqHaKo B OTJCIBHBIX IIPO0ax — ypaHOBasi.

OpyzeHeHne B 30HE JTOKEMOPHICKOTO CTPYKTYPHO-CTpaTHIpadUuecKkoro Hecoria-
CHsI OTHECEHO MPEINONIOKUTEIBHO K ypaH-PeAKOMETAIIIBHON opMaIii, TEeHE3UC Py
ocajiouHo-MeTamopdoreHHbrii. [loguepkHyTa Ype3BbIYaiiHO BakHAs POJIb B (DOPMHUPO-
BaHUM OpyyeHus kop BeBeTpuBanus ([[epoun C. C., Ocronosckux B. H., [llaracunos B. I,
Xonookos B. B., Konmseg A. @., Hcaxosa H. M. Omuem o nouckogvix pabomax...), [8].
Pynnas 30Ha npociexeHa BI0JIb CEBEPO-BOCTOYHOTO M BOCTOYHOTO KOHTAKTa MacCHBa
Manp-Xam60 Ha 50 kM. Ha yyactke Typman B 30He NPOTSKEHHOCTBIO 14,7 KM aBTOpa-
mu (ILfepoun C. C., Ocnonosckux B. H., lllanaeunos B. I, Xonookos B. B., Konmseg A. @.,
Hcaxosa H. M. Omuem o nouckogvix pabomax...) OUPEAEICHbl «OPUCHTUPOBOUHBIC
3arackl» IEHHBIX METAIJIOB, KOTOPHIE MOXXHO NMPHUPABHATH K MPOTHO3HBIM pecypcam
kareropuu P, + P,. [IpumMevarenbHo, 9TO TOPSI0K STUX MPOrHO3HBIX PECYPCOB, TPE-
cKazaHHBbIN B 1967 1. 6€3 MpoBeIeHNs OIIEHOYHBIX OyPOBBIX paboT, OKa3aics CPpaBHUMBIM
C JIOKaJIM30BaHHBIMU TI0 KaTeropusim P, P,, P, mporHo3HbIME pecypcamu, KOTOpbIe, Kak
IoKa3aHo gajiee, BeinoaHeHbl B 2007-2009 rr.

JmurenpHoe Bpems, BIUIOTh 10 2006 T, KOrga MO WHUIMATHBE TyOepHaropa
A. B. ®Oumunenko JlemaprameHToM 1O HedTH, Taly M MHHEPAIBHBIM pecypcam
XMAO-IOrps! ObuT 00BSBICH NMPOPUHAHCUPOBAHHBIN W3 PETHOHATLHOTO OIOMKETa
KOHKypc Ha «IIporHo3HO-TTOMCKOBBIE pabOTHI HAa ypaHOBBIE Pyl B TMpenenax Bepx-
HETOJBUHCKON TuTomaan (MaccuB MaHb-XaM00) ¢ BBITIOTHEHUEM JCTATH3AIMOHHBIX
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paboT Ha KIIOYEBBIX ydYacTKax», MEPCIEeKTUBHBIA paiioH MaHbXxamMOOBCKOro Ooka
ocTaBasics 0e3 JOKHOTO BHUMAaHMS TPOU3BOICTBEHHUKOB. JlaHHOE KOHKYpCHOE TTpeI-
JIO’KeHHE ObIIO peai30BaHO B KOHTPAKTE Ha BhIMOIHeHHE padoT B Teuenue 2007-2009 rr.,
3aKIIFOYEHHOM C YPaJbCKO# reonoro-creModnoi skcreaunueii (OAO «YI'CDy).

B mpouiecce reonoropassenounsix pador (I'PP), BemonasBomxcs BepxHeTonbuH-
CKOM mapTuel COBMECTHO C Hay4yHO-UCCIeA0BaTeNbeko rpynmnoit Beepocuiickoro HUM
MUHepaabHOTO chipbs M. H. M. ®enoposckoro (BUMCa), mpuMeHsicst CoBpeMeHHBIH
KOMIIJIEKC T€0JIOr0-re0(pU3NUeCKuX, Tab0paTopHbIX U, YTO OCOOEHHO Ba)KHO, NITyOWH-
HBIX METOJIOB U3YUEHMSI T€0JIOTHYECKOTO CTPOESHMSI TUTOIAIN U XapaKTepa OpyAeHEHHUS.

Toxazamenvro, umo «mabyy», NPONUCAHHOE 8 UHCIMPYKYUU 08A0YAMO20 CIONeMUs
Munucmepcmea eeonoeuu u oxpanst Hedp CCCP, coznacno komopomy ciedosano He-
MeOonienHo, be3 uzyyeHusl, NOKUOaAmv 0OHAPYICEHHBIU PAOUOAKMUBHDIL 00bEeKN 6 CIIy-
uae e2o mopuesoll NPUpoosl, 6 NPAKMUKE 2e0N02UYECKUX UCCAEO08AHUL NPUMEHANOCY
20pazoo wupe U 6KI0UAN0 3anpem 0adce HA pAcCMOmpeHue HAYYHOU Ouccepmayuu
no mopuesot memamuxke [2]. To ecmv ocmaenenue 6e3 6HUMAHUS YCMAHOBIEHHbIX 6
1954 2. mopuesvix paouoakmueHvlx 06beKmMo8 8 60CMOYHOM IK30KOHMAKME SPAHUMO-
uono2o maccusa Manv-Xambo He monbKo cOOMEemcmeosano pabouell UHCmpyKyuu, Ho
oONnpagobIBANIOCh MAKICE U NCUXOLOUYECKU.

Bmecme ¢ mem npu naauuuu ungopmayuu 0 paouoakxmuHol aHOMAIUU 6 «KOH20-
Mepamaxy koumakm maccusa Mano-Xambo 6bin Obl 8CKpbIM 6YPOBLIMU CKEANCUHAMU
Ha noiéeka panvuie, Kak 3mo coenano Ha anomanuu 20pvt Manwiii Muacc 6 Yenabun-
cxou oonacmu (Kapazooun C. C., 3vipanosa A. H. u dp. Omuem o nouckoguvix pado-
max, nposedennvix bawkupckum ompsaoom 6 1960 e. 6 2py600010MOUHBIX OMIIOHCEHUAX
3anaonozo cxnona Ypana. [ I'T'Y. «Poceeongonon, 1961 ¢).

Brimonasembie BepXHETOIBUHCKOM MapTUEH Ha KITFOYEBBIX yUacTKax OypoBBIC MPO-
¢bur 00BIYHO pacronaraaichk Apyr oT apyra Ha pacctostaun oT 200400 1o 8001200 M.
[Ipobypena 101 ckBaxkuna (77 KapTUPOBOUHBIX CpenHel rryouHoi 66,5 M u 24 nouc-
KOBBIX cpenHel ryouHoi 157,5 m).

BrisicHeHHbBIE T€0JI0rHYecKHe MapaMeTphbl pacCMaTPUBAEMOTO OPYAEHEHUs CIedy-
IOLIME: IPOTSKEHHOCTD JIOKAJIM30BaHHBIX B TEPPUICHHOH TOJIIE PYAHBIX TOPU30HTOB
ot 300-800 go 10004000 M o mpoctupanuto u ot 75-90 no 200400 M o maxeHuro,
[P 9TOM OHHM HE OKOHTYpEHBI B IIyOuMHY. MOIIHOCTH OOBIYHO U3MEHSETCSI OT 3 10
16 M. HOTIa HECKONIBKO TAKMX MapauIeIbHbBIX COMMKEHHBIX TOPU30HTOB JOCTHTAIOT
cymMMapHo# MoutHocTH A0 20 M 1 6osiee. MOIHOCTE COOCTBEHHO PYIHBIX TET U3MEHSI-
ercs ot 1,0-2,5 mo 5-10 m.

Coneprxanue B pylax OCHOBHBIX KOMIIOHEHTOB cienyromiee: ypana — ot 0,012 mo
0,030 %, B cpemuem 0,01-0,05 %; Topus — ot 0,30 mo 0,60 %, B cpenuem 0,01-0,25 %;
uepust — ot 0,009 mo 0,042 %, B cpennem 0,033 %; urtpus — ot 0,004 no 0,037 %,
B cpearem 0,018 %; oTMeuaroTcs TakKe JTaHTaH, TUCIIPO3UH, PEIKO — raHUA, HEOIUM,
MIPa3COqHM.

B pesynsrare padot 2007-2009 rT. B Ipociie)xxeHHOM Ha BepXHETOIPMHCKON TUTOIIIA-
TV Ha TIPOTSDKEHUH 16 KM pyTHOW 30HE JOKaJIM30BaHbI IPOTHO3HBIE PECYPCHI ypaHa U
Topust no kareropusim P, P,, P.. Ouenka npornosnsix pecypcos Ce, Y, Zr, Nb u Ta mo
Kareropusim P, u P, BBINONHEHA B KOHTYpaxX PyAHBIX 3aJI€KEH YPaHO-TOPHEBOW MHHE-
panu3anmy.

Cymmapusie pecypesl ypana 18 925 1, B Tom uncie kareropuu P, 10 924 1, Topus
115 548 1, 8 Tom uucne kareropun P, 66 005 1. Pecypewl nepus 27 231 1, urrpus
13 966 T, nupkonus 87 636 T, Hnodbwst 27 254 T, Tantana 1 567 1 (Meszenos U. A.,
Eecmuenees A. B., [{uokosckas JI. I1., Bueoposa U. 3., Tapacos C. E., Xacanosa I b.
u op. Omuem no obvexkmy «lIpocno3no-nouckosvle pabomel Ha ypaHogvie pyosl 6
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npeoenax Bepxuemonvuncrou niowaou (maccue Mano-Xamoo) ¢ vinonnenuem oemanu-
3ayuonHblx pabom Ha Kaoueswvlx yuacmraxy 3a 2007-2009 2e. «Poceeonghonody, 2009).

[TonydeHHble TIO 3aBepUICHUH PabOT CBEACHUS TO3BOJSIOT OOOCHOBaTh HOBBIC
B3IJISI/IBI HA TEHE3UC U MIEPCIIEKTUBBI PYIHOW 30HBI MaHb-Xam00.

AOCONFOTHBI BO3pacT HOBOOOPA30BAaHHOTO B CEPBIX I'PaHUTaX MaccuBa MaHb-XaM00
akieccopHoro mupkona o onpexaenenuro JI. B. Cymuna (BUMC) pasen 0,5 mipy ner,
YTO OMNpEJENsieT BO3pacT MacchBa KeMOpHUIICKHM. B To e Bpems B sipax IHUpPKOHA
oTpesiesieHbl pa3InyHbIe JPEeBHUE 3Ha4eHus Bo3pacTta B 1,5, 2,5 u 3 mupx jet — siBie-
HUE JIOBOJIBHO 00bIUHOE [9]. «OTH sijpa U UX BO3PACT — CBUJICTEIIBCTBO yUaCTHs apXEeHCKO-
MPOTEPO30KCKON CHAIMYECKOH KOpbl B (DOPMHUPOBAHMU TPAHUTOMIOB MaHb-
XaMOOBCKOTO MaccuBa: ITUPKOH MpH 00pa30BaHWW TPaHUTHOW MarMbl OBUT 3aXBavyeH
13 cyOcTpara MarMaTnIecKoi Kamepsy (Apxaneenvckas B. B., llomanun C. /1., Paoyes B. B.
u Op. Omuem o pezyromamax pabom, GbINOIHEHHLIX N0 002080pYy noopsaoa Ne 45-07
«Ycemanosums okonopyounvie usmernenus nopoo, onpeoenums 8eujecmseeHnblli CoCmag u
PYOHO-(DOPMAYUOHHBLIL MUN YPAHOB020 U PEOKOMEMANILHO20 OPYOECHEHUS HA NLOWaA0U
NPOSHO3HO-NOUCKOBBIX pabom 6 epanumax maccusa Mano-Xambo u 6 nepekpwviearoujux
omaodcerusix 3a 2007—2009 ze.» BUMC, 2009 / Meszenog u op. «Poceeongponor. 2009.
Kn. 2. Texcmosoe npun. 2. C. 50-200). KemOpwuiickuit Bo3pacT MmaccuBa Manb-Xam00
OTIPEJICIICH I10 IIUPKOHAM U IPYTUMU uccienoBarensamu [10—14].

YuurteiBas HAJIMYKE DIUHUCTOM MeTaMOp(U30BaHHOW KOPbI BHIBETPUBAHUS, KOTO-
past oOHapykeHa Ha rpaHHTax MacchBa MaHb-XaM00 ¥ MEPEeKpPhIBAIOIINX €ro Moposax,
«CBUTY, TIEPEKPBIBAIOIIYIO TPAHUTHI MACCHBA, BEPHEE BCETO CIIEyeT OTHOCHTh K pAaHHEMY
OPIIOBUKY W CUUTATh TEIBIOCCKONY (Apxaneenvckas B. B., I[lomanun C. J[., Pabyes B. B.
u Op. Omuem o pe3yibmamax padbom, 6bINOIHEHHLIX NO 002080py NOOPsOd...).
Heckonbko paHee OTHOIIEHHE CBUTHI, MEPEKPHIBAIOIICH TPaHUTBI BOCTOUYHOW YaCTH
MaccuBa Manb-XaM00, K TeNbNocCKoH (OpIOBUKCKOH), a He K XoOeuHckon (pudeii-
ckoif), mokazanu reonoru KOMU HII YpO PAH [15].

Crnemyer OTMETUTh, YTO Pa3In4aTh XOOCHMHCKYIO W TEIIBIIOCCKYIO CBHUTHI 3aTpy/l-
HUTEIFHO BBHUJy OOJNBIIOTO CXOJICTBA MX COCTaBa M CTPOCHHUSA. DTO €CTECTBEHHO IS
TEPPUTEHHBIX OTIOKEHUH, KOTOpble (OPMHUPYIOTCS B Hayae HOBOTO IIMKJIA B 00JacTh
cTparurpaduueckoro Hecornacus. [logobuas ocodbeHHOCTH BOOOIIEe HaOMIOMAaeTCs Ha
rpaHuIax pPa3IUyHBbIX IHUKIOB Pa3BUTUS 3eMiH. J[0CTaTOYHO BCIIOMHUTH Hay4HBIC
pasHoniacuss XVIII Beka aMepUKaHCKOro reoJiora-nepBoNpoxo/ilia, OCHOBATENS aMe-
pUKaHCKOH cTpaTurpaduu maneo3os D0eHe3epa DMMOHCA C TOCYIapCTBEHHBIM T€0JI0-
rom rmrata Heio-HOpk 1o moBoxy BO3pacTa MOpoj cHcTeMbl TakoHMK B Anmanadax.
PykoBonuTens ObUT yBEpEH B HIX OPJIOBHKCKOM BO3pACTe,  DMMOHCY, CYUTABIIEMY, YTO
MOPOJIbI KeMOPHUICKHE, TPUIIUIOCH TTOKUHYTH 1Tar. OHAKO MO03Ke OBUIO YCTaHOBIICHA
MPUHAJIEKHOCTh CUCTEMBI K KEMOPHIO.

B cBsi3u ¢ TpyAHOCTSIMH B pa3iU4uU CBHT OOJIBIIOE 3HAYCHUE MPUOOPETAIOT J0-
MOJTHUTETIbHBIE CBEACHUS, YKA3bIBAIOIIME HAa XapaKTepHble OCOOSHHOCTH WX COCTa-
Ba M CTpoeHHWs. Tak, B)KHBIM apryMEHTOM OTHECEHHs CBUTHI, BKIIOUAIOIICH ypaH-
TOPUH-PEIKO3EMENTEHOE OPYICHEHNES, IMEHHO K TEIILITIOCCKOH, a He K XOOCHHCKOH, SIBITS-
eTCsI HaJIMYhe B XOOCUHCKOW CBUTE OKaTaHHBIX JIO COBEPIICHHO KPYIIBIX KPUCTAIUIOB,
Tuna GyTOOoIBHOTO Ms4a, JalbHEPHHOCHBIX HUPKOHOB [ 16]. Xopoio okaranubie Ghop-
MbI KPUCTAJIJIOB IUPKOHA COBEPIIICHHO HE CBOMCTBEHHBI TEJIBIIOCCKOW CBUTE. MuHepa-
noru BUMCa yka3pIBaloT, 4YTO MPHUCYTCTBYOIINE B 0a3a]IbHOM TOPU30HTE TEIHITOCCKON
CBUTHI «IUPKOHBI HIMOMOpP(HBIE HEOKaTaHHBIE MO MOP()OIOTUH W WHINKATOPHBIM
TOPUH-YPAHOBOMY U IIUPKOHUI-ra)HUEBOMY OTHOIICHHSIM TaKUE JKE, YTO U B IPaHUTaX
MaccuBay Manb-Xam00 (Apxaneenvcrkas B. B., HHomanun C. J[., Psaoyes B. B. u Op.
Omuem o pezynromamax pabom, GbINOJHEHHBIX HO 0020680pY NOOPAId...).
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I'eonor-ctparurpad I. H. boposanna, n3y4aBmasi mo mpouiasiM CKBaKWH pasz-
pe3 TEeppPHUreHHBIX IMOPOJA BOCTOYHOIO KOHTakTa MaccuBa MaHb-Xam0o, mpuiuia K
BBIBOJIY, YTO Py/I0OBMEINAIONIasi TEppUTeHHAas! TOJIIA MOXKET ObITh OTHECEHa K 00pa3oBa-
HUSIM BO3PACTHOTO aHAJIOTa TEIBIIOCCKON CBUTHI — CapaHXOIMHepCcKoi ceute [17].

[TonBoas utoru BeIMoIHEHHBIX BepxuetonsuHckoii naptueit coemectHo ¢ BUMCom
paboT, aBTOpBI OTUETa yTBEPKAAlOT: «BriepBbie Ha Ypase BBISBICH U YCTAHOBICH Ha
MIPOMBILIVIEHHOM ypOBHE (10 TPEABAPUTENHHONW T'€0J0r0-3KOHOMUYECKON OIIEHKE)
HOBBIM T€0J0r0-(h)OPMALMOHHBI THIT TIOJIMTEHHOTO TOJIUMETAJUILHOTO KOMILIEKC-
HOTO PE/IKO3eMENIbHO-YPaHO-TOPHEBO-0JIarOpOIHOMETAIUILHOTO ~ OPYACHEHHS THUIIa
«Hecornacuity (Mesenos U. A., Eecmuenees A. B., Juokosckas JI. 1., Bueoposa U. 3.,
Tapacos C. E., Xacanosa I. B. u op. Omyem no obvexmy «lIpocrno3no-nouckoguvle
pabomvl Ha yparoswvie pyoul...).

OnHako 3Ta JeKiIapanys He MOATBEPKIACTCS CKOJIBKO-HHOYIb yOeAUTEIbHBIMU ap-
ryMeHTamMu. Bce cBOAMTCS NHIL K YIIOMHHAHHMSM TIPUCYTCTBUSL B PYAHOM TOJIIIE
apreHTHTa, PYCTUTA, MIOPOH 3HAYMMBIX KOHIICHTPAILUI 30J10Ta, TIATHHOUJIOB, IIUPO-
KOTO Pa3BUTHsI OPEOJIOB cepedpa M 3aKaHYMBACTCS (pazaMu «MOXKET OBITh CBSI3AHO
U «MOYKET CBUCTEIILCTBOBATh O BBISBICHUH Ha Ypaje HOBOTO reosioro-(GpopMarioH-
HOTO THUIA KOMIUIEKCHOTO TMOJHMICHHOTO YpPaHO-TOPHEBOTO ONaropoJHOMETAIIIBHOTO
OpyJleHeHUs». BronHe OYeBHIHO, YTO 3THUX PACCYXKJICHHH SIBHO HEIOCTATOYHO JUIS
000CHOBaHUS BBISIBJICHUS 3asBJICHHOTO aBTopamu (Mesenos U. A., Eecmuenees A. B.,
Jluokoeckasn JI. 11., Bueoposa U. 3., Tapacos C. E., Xacanosa I. b. u 0p.) HOBOTO
reoyioro-hopMaroHHOTO THTIA.

[pexne yem MOAPOOHO paccMaTpUBaTh BO3ZMOXKHOE HAIMYHME TaparcHe3nca ypa-
HOBOTO OpY/ICHEHHUsI B KOHITIoMeparax MaHb-Xam00 ¢ 30JI0TOM, YMECTHO BBICKA3aTh
COXKaJIeHHE, 4TO B OT4YeTe BEepXHETOIBMHCKON MAapTHH paccMaTpuBaiach aHAJOTHS C
MacITaOHBIMH 30J0TO-YPAaHOBBIMH MECTOPOXKICHUSIMA B JIDEBHUX KOHIJIOMEparax
mupa [18 u n1p.], HO HE BBIIOIHSIOCH CPAaBHEHNE KOMIUIEKCHOTO OpPY/IEHEHHUs M3ydae-
MOTO OOBEKTa C pydaMHu JIpyrux, Oojee MOXOKUX (OPMAIMOHHBIX THIIOB: YpaHO-
TopueBbM [ 19], ypaHo-TopueBo-penxo3emensHbM [2]. Kpome Toro, aBTopam npeacTas-
JISIeTCsl HEKOPPEKTHBIM 00beanHeHne MectopoxaeHus Kapky B Kapenun, B Kakoii-To
Mepe aHAJIOTHYHOTO OpPYIACHEHHIO 30HBI MaHb-Xam00, B OMWH METaJUIOTCHHYECKUI
PS¢ THITOBBIMH 30JI0TO-YPaHOBBIMH MECTOPOXKIACHUSIMH 30H Hecornacuii Kanajsl u
Asctpamuu (Meszenoe U. A., Escmuenees A. B., [uoxosckas JI. I1., Buecoposa U. 3.,
Tapacos C. E., Xacanosa I. B. u op. Omuem no obvexmy «lIpocrno3zno-nouckoguvle
pabomvl Ha ypanoswvle pyoul..., Tadmumna 7.1).

JlaHHBIE, CBUJIETENHCTBYIONIME O TPOSBICHUIX 30JI0Ta B CBSI3U C KOMIUICKCHBI-
MU PaJMOaKTHBHBIMHU Py/laMH, U3BECTHBI C MOMEHTa UX JETaJbHOTO M3yueHHs. Tor-
Nia OBUTH BBISIBJICHBI «COJIepikaHue cepedpa B KoHIIIoMepaTax 1o 6,1 r/T» u 3010ta 110
1 /1 (yuactok Xanxapryirymn) (I[epoun C. C., Ocnonosckux B. H., [llaracunos B. I,
Xonooxos B. B., Konmses A. @., Hcaxosa H. M. Omuem 0 nouckosvix pabomax...).
B. A. BepxoBueB u B. A. JlymmH paccMaTpuBaiM BO3MOXHYIO AHAJIOTHIO ypaH-
TOPHH-PEIKOMETAIIIHHOTO OPY/ICHEHHS B 30HE «Hecoracus» MaHb-XaM00 ¢ Kiaccuye-
CKHMH 30JI0TO-YPaHOBBEIMH MECTOPOXKACHUSIMU mokemMOpus [19]. [IpucyrcTBre B 30HE
«Hecornacusm» MaHb-XamM00 B KOMITIEKCE METAIIJIOB HAPSAY C YPAHOM ellie 1 6aropo-
HBIX JIEMEHTOB OTMEUECHO U B OoJiee MO3MHUX MyOnukanmsix [3, 21, 22].

CrenoBarenbHo, Jaxe 0e3 MPOBEACHUS JOMOTHUTENBHBIX MPOOUPHBIX aHAIU30B,
HaJIMYHE 30J10Ta B CHEKTPE pacCMaTPUBAEMOTO OPYJCHEHHS HE BBI3BIBAET COMHEHHUSI.
OnHako reHeTHUYecKas CBs3b ypaHa M 30J10Ta HEOJHO3HAYHA.

leoxumuyeckue uccienoBanus BepXHETONBUHCKOW TapTuu (agmop paszdena
A. B. Eécmuenees), BKITIOUAIOIIHE PACUET MApHBIX KOID(HOUITHEHTOB Koppersmy Mexay U
U IPYTHUMH dJIEMEHTaMH B pyHOH 30He MaHb-XaM00, TTOKa3all «04eHb CUIIbHBIE CBI3U
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mexnay U u Th, Y, Ce, La, Nd, Ta». Koaddurmmentsr koppemsuuu ¢ U mis Th, Y, Ce, La,
Nd naxomsares B mpenenax 0,99-0,90. [lanHbie mokaszaTeny, HECOMHEHHO, CBUACTEIb-
CTBYIOT «O T'€HETHYECKOM MPHUHAICKHOCTH IEMEHTOB K SIMHOMY PYIHOMY IPOIEC-
cy» (Mesenos U. A., Eecmuenees A. B., /{uokosckas JI. I1., Bueoposa U. 3., Tapacos C. E.,
Xacanosa I b. u 0p. Omuem no o6vexmy «lIpoenosno-nouckosvie pabomsi Ha ypaHo-
evie pyoul...). Takoe KOPPEISIIUOHHOE SIUHCTBO PYIHBIX JIEMEHTOB IIUPOKO MCITOJb-
3yeTcsl B TEOJIOTMYECKON TPAaKTHKE TTOMCKOBBIX M Pa3BEOYHBIX padoT [23 u ap.].

Hcxonnas pyna

JpobGienue
¢ —150 mm
I'poxouenue
¢ ~150+50 aun ¢750+20 w20
PeHTreHopanoMeTprYecKast cenaparust
K
OHYyenmpam B PN Omces
H,S0, 50 2/oa® v v
JK:T=2-25t=4y .| Beuuenaunsanme T\ Xsocmui
Omean (a KPYNHOKYCKOBble
Ipooyxmuenuiii p-p ' Ppexyromusayuio)
Dkcrpakius Th, U
Boonas ¢pasza Opezanuuecxas
PIOY pasaTh U o ——————
CopOrms S Peskcrpakuus Th
V
' 'S Boonas asa Opeanuueckasn
S Thy pasa U ¥
ecopOrus
Hlecopou Ocaxnenne Th Peskcrpaxuus U
Hecopbam — ¢ Boonas paza L
} ThO, na Opaanuueckas
KoHueHTpHpoBaHue saxoponenue Y pasa
P33 ITomyuenue
¢ U-XMMKOHIIEHTpaTa
Jecopbuus — Ha pasoenenue Y u Ce epynn

PI/IcyHOK 1. HpI/IHL[I/IHI/IaJ'II;HaH TCXHOJIOTHUYECCKass CXEMa nepepa60TKI/I PEAKOMETANIBHO-
YpaH-TOPHEBBIX pyA MaccuBa Manb-Xamb0 (1o Apxawneenvckas B. B., Iomanun C. ][,
Psabyes B. B. u op. Omuem o pe3yibmamax padom, GbINOJIHEHHLIX NO 002080py NOOPAJA...
C YIPOLICHUSIMH)
Figure 1. Process flow diagram for the processing of Man-Khambo rare-metal-uranium-thorium
ore processing (according to Arkhangelskaia V. V., Potanin S. D., Riabtsev V. V. et al. Records on
performance for work under a tender agreement... with simplifications)

HccnenoBannsamu BepXHETOTBPMHCKON TApTHUH TakKXKe BBIIBICHO «HAJOKCHUE Ha
KOMITJICKCHBIC YPAHO-TOPUEBBIC PYIHBIC 3AJICKH TCOXUMHUCCKUX OPEOIOB OJIarOpOTHBIX
1 XampKo(uiIbHBIX MeTauioB (Ag, Au, Pt, Ir, Os, Ru u mp.). [To mepBuaHBIM Opeoam
paccestHAS Ha y4JacTKe TypMaH yCTaHABIIMBACTCS TECHAs TEHETHUYECKAs CBS3b MEXKITY
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ypanom u Th, As, Se, Ga, Zn, Pb, Y, Ge, Ce u np.» (Meszenos U. A., Escmucnees A. B.,
Jluokoeckas JI. 11., Bueoposa U. D., Tapacos C. E., Xacanosa I b. u op. Omuem no
0bwvexmy «lIpocnoszno-nouckogvlie pabomsl Ha yparosvlie pyosl...). OTHAKO KOPpPEes-
[IMOHHBIE CBA3M YpaHa, TOPHUS U PEIKHX 3JIEMEHTOB C CepeOpoM, 30I0TOM, UPHUINEM,
TUTATUHON HE yCTaHOBIIEHBL. OTCYTCTBHE KOPPETSAIIMOHHON CBA3H B PaCCMaTpHUBAEMOM
CHEKTPE 2IIEMEHTOB, HAJI0 TI0JIaraTh, CBUAETENHCTBYET U 00 OTCYTCTBUHU MEXKTy HUMH
MapareHeTUYECKON CBSI3HU.

K Tomy ke BO3pacT pygoBMemaroneil CBUTH B 30He MaHb-Xam00, Kak IMOKa3aHo
paHee, oKa3aycs paHHENAIe030MCKIM. B TO e Bpems H3BECTHO, 4TO BCE METAJIIOHOC-
HbIE KOHTJIOMEPAThl C MPOMBIIICHHBIMH MECTOPOXKIEHUSIMH ypaHa M 30JI0Ta UMEIOT
paHHenOKeMOpHiiCKuil Bo3pacT [24].

Taxum 06pazom, OIaropogHOMETAIIFHOE OpyAeHEeHHE B 30He MaHb-XaM00, ckopee
BCET0, CaMOCTOATEIbHOE, TEHETHYECKH HE CBSI3aHHOE C YPaHO-TOPHUEBO-PEIKOMETAII-
JTBHBIM, W €r0 OTJENBbHO (PUKCHpyeMble MPOSBICHHUS HE SBISIOTCS JTOKa3aTeILCTBOM
MIPUHAJUICKHOCTH Py 30HBI K KOMIIEKCHOMY «OJIaTOpOTHOMETANTEHOMY Y THILY.

Opynenenne B KOHITIOMepaTax 30HbI MaHb-XaM00, IO MHEHHIO aBTOPOB, ITPHHA/I-
JISKAT K YPaH-TOPHI-peIko3eMeTbHOMY (POPMAIIMOHHOMY THITY, ITHPOKO PacIpocTpa-
HeHHoMy B Poccum [2, 22 u np.] m mupe [25, 26].

BakueimmM pe3ysraToM COBMECTHBIX pab0T BepXHETOIBMHCKON MapTHH 1 KOJUTCK-
tBa BUMCa siBisieTcs yCTaHOBJICHUE IPOMBIIIIIICHHON 3HAYMMOCTH KOMIUICKCHBIX Pell-
KO3E€MeNbHO-ypaH-TOPUH-PeTKOMETAITHLHBIX Py/. B epByto ogepes — peiko3zeMenbHbIX.

[IpombIniuTeHHAs 3HAYUMOCTH MECTOPOKICHUS 00yCIIOBIIeHA HAIMYHEM METAMUKT-
HBIX, THAPATHPOBAHHBIX — JIETKOPACTBOPHMBIX, pPa3pyIIeHHBIX (OpPM MHUHEpAIOB-
HOCHTEJCH ypaHa M pPeaKo3eMeNbHBIX 3ieMeHTOB (P3D), KoTOphle OBLIM yCTaHOBIIEC-
HbI MuHepanoramu BUMCa nipu uzydennn pya maccuBa Manb-Xam0o0. Texaomoramu
BH1MCa pa3zpaboTana cxema mepepadboTKH dTHX Py METOAOM Ky9YHOTO BBINICIadNBa-
HUS C TOJIy9eHHEM KOHIIEHTPATOB HM3BIIEKAEMBIX AJIEMEHTOB, MPEXK/E BCEro ypaHa U
penxux 3emenb (puc. 1).

Baxneiimas poib TEXHOJIOTHH M3BICYCHUS PYIHBIX AIIEMEHTOB, HapsSIy C TOPHO-
TEXHUYECKUMH YCIOBUSMH, OTPEACIISIONIeH PeHTA0eTbHOCTh TPOMBIIIJICHHON pa3pa-
OOTKM MECTOPOXKIECHHIA, BBI3BIBAET HEOOXOIWMOCTH MPOBEACHUS OTEPEKAIONUX HC-
cnenoBaHuil. Kak, HanpuMep, 3TO OCYLIECTBISIETCSI HA YPaH-TOPUH-PENKO3EMEIBHOM
MECTOPOXKICHHH B KOHIIIOMeparax Mrammm [26].

[Ipu ocBoeHmm MecTopokacHUsT MaHb-XaM00 pa3paboTaHHAs COTPYTHUKAMU
BUMCa TexHOo0r1s Ky4HOT'O BBIIIEJIAUUBAHNS YPaHA U PEIKUX 3EMEJIb IPEABAPUTEIIb-
HO JTOJDKHA TIPOMTH MTPOBEPKY Ha 0OBEMHON TIOTYTPOMBITIIIIEHHON TIpo0e pybl.

DKcrepTHas POTHO3HAS PECYPCHAs OlleHKa PEIKO3EMENTbHBIX 3JIEMEHTOB B KOHTIIO-
Meparax JIeMBHHCKOTO aHTHKIIMHOPHSI MOXKET TIOCTaBUTh PECYPCHI PETHOHA B OMH PST
C TIEPCIIEKTHBHOW KEHOPCKOU TajICOPOCCHINbIO [27].

[TockonbKy HEKOTOpBIE JTOKYMEHTATOPhl MPOOYypPEeHHBIX IS OIEHKH OpYICHEHUS
CKBaYXMH OIUCBIBAJIIM PHIXJIYIO MOpoIy B KepHE ¢ TTyOuHBI 200 M KaK «IecoK», He UC-
KITFOYEHO, YTO TOT MaTepua sSBISETCS MUJIOHUTOM. ET0o Hanmuue 1mo3BONUT CYUTATH
BEPOSATHOW BO3MOYKHOCTH M3BJICUCHHS PYAHBIX KOMIIOHEHTOB METOZOM CKBAKHHHOTO
rom3emHuoro BermenadnBanus (CIIB). s aToro B mporecce MPOSKTUPOBAHUS OIH-
YKANIIIUX Te0IOTOPa3BEIOYHBIX PadOT HA MECTOPOXKICHHH 11eIecO00pa3HO MPEIyCMOT-
PETh M3yYEHHUE €ro THAPOTeONIOTHYECKUX OCOOCHHOCTEH, 4TOOBI B CITydae BBISBICHUS
OnaronpusATHONH 0OCTaHOBKHM IMPOBeCTH ombITHRIE paboThl Mo CIIB. B ciywae momo-
KUTEIHFHOTO pe3yJbTaTa MPOMBINUICHHAS 3HAYUMOCTh MECTOPOKIICHUS OKaKETCs BHE
BCSKOW KOHKYPEHIINH.

Bomnpocol renesuca. V3BecTHO, 4TO TE€HE3WC IPEBHUX KOHIIIOMEPATOB BKIIOYA-
€T MPU3HAKN KaK 3K30ICHHOI0, 0CaJ04YHOr0, TaKk M 3HJAOICHHOI'O, SIIMI'€HECTUYCCKOIO
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(MeTraMopdOreHHOro, TUIPOTEPMATHLHO-METACOMATHYECKOTO H JIP.), PEXke IMOIUTeHHO-
0, 0CaJ0YHO-THAPOTEPMAILHOTO0, py1000pa3zoBanus [28—32, 24]. Oco0o mog4epKHEM,
4To B OoJiee yem 20-JeTHEH AMCKYCCHUU O TeHE3UCe PYIOHOCHBIX KOHIIIOMepaToB BuT-
BaTepcpaHa modeaniia «najxeoIoIuHHas Tuore3a ux Gopmuposanus [31].

Ilo Bepcum mepBBIX HccienoBareNel mporecce pyaooOpa3oBaHus B 30He MaHb-
Xamb0 ocagouHo-MeTaMopdoreHHbId. PymooOpa3oBanne Ha HAYaJIBHONH CTaIuH
UMeJI0, TIO-BUIUMOMY, pocchimHOi xapaktep ([{epoun C. C., Ocnonosckux B. H.,
Lllanacunos B. I, Xonookoé B. B., Konmsaee A. @., Hcakosa H. M. Omuem o noucko-
6bIX pabomax...) U CBSI3aHO C IpolieccaMu KopooOpaszoBanus [8]. B mocienyromem B
JUTUTEIBHOM TIporiecce MeraMopdu3mMa chopMUpoBaIcs HaOIOIaeMblii MUHEPATbHBIN
COCTaB OpYICHEHUSI.

B 2007-2009 rT. reonoramu BUMCa ObutH BBITIOTHEHBI YPE3BBIYAHO TIATEIHHBIC
U T0/IpoOHbIe TMeTporpado-MUHEpareHNYecKre HCCIeOBaHUs BMEUIAONIMX MOPOJT
U OpYIICHECHHUSI C MPUMEHEHHEM COBPEMEHHBIX METOJIOB ONTHUYECKOH U AIIEKTPOHHOU
MUKPOCKOTIHMH C TIOCIIEIYOIIUM MUKPO30HIOBBIM MO0 PEHTTeHO()Aa30BbIM aHATH30M.

B pesynbrare uccnenoBaHHil pajMOaKTHBHOTO OpYIEHEHHsI 30HBI MaHb-Xam00
reoorn BUMCa nipumiumm K BBIBOAY, «9TO TIPOIECC MUHEPAT000pa30BaHuUsl ITPOXOIHIT
CJICIMYIONINE JTaIlbl: POCCHITHON, METaMOP(GOTEHHBIN, THAPOTEPMATBHBIN, ¢ KOTOPHI-
MU B HAHOOJIBIICH CTEIIEHH CBS3aHO YPaH-TOPUEBOE OPYJACHEHHE U MO3THSIS Cyab(u/I-
Has MHMHEpaJn3alus B KBapUEBBIX Xuiax» (Apxaneenvckaa B. B., Ilomanun C. J].,
Pabyes B. B. u op. Omuem o pe3ynsmamax padom, 8bINOTHEHHbIX RO 002080pY NOOPs0d... ).

ITogpoGHoe onmcanue npeacrasieHus reosoroB BUMCa o mponeccax ¢popmupoBa-
HUS OpyJiIeHeHHs B 30He MaHb-XaMO00 BBITIISIIUT CIEIYIOIIAM 00pa3oM:

«IIpoyecc ocaokonakonnenus obecredny MOBBIIIEHHBIE KOHIIEHTPAINH TSKETBIX
MHUHEPAJIOB B HauboJiee rpy0000IOMOYHOM YaCTH TOJIIIIH.

Pazeumue pecuonanvrioco memamopgusma XapakrepusyeTcs perenepamueid 0omo-
MOYHBIX 3E€PEH KBapIia, MOJICBOTO IINAaTa U PAaCKPUCTAIUIM3AIMEH [IEMEHTa, KOTOPBIN
npeoOpa3yercss B CEpPUIIMTOBBIN U XJIOPUTOBBIH, a IIpH O0Jiee BRICOKOW CTETIEHH MeTa-
Mop(hr3Ma — B MyCKOBUT-OMOTHUTOBBIN MITH KBaPII-XJIOPUT-3IHI0TOBINA. Ha aTOM 3Tamne
YaCTHYHO 00pa3yloTcs CylTb(HIbI, B OCHOBHOM IPECTaBIEHHBIE TOHKOBKPAIIEHHBIM
MUPUTOM, PEKE XaJTBKOIUPUTOM M apCEHOIMPUTOM, a TAKIKE MPOUCKOTUT YaCTUIHBIN
BBIHOC ypaHa U3 YPaHOTOPHUTA U LIMPKOHA.

Hanvuetiwee npoepeccusnoe pazeumue memamopghusma 0OyCIOBUIO 603HUKHO-
6eHUe 2UOPOMEPMATIbHBIX PACMEOPO8, KOTOPHIE TPOHUKAIH MO OCIA0JICHHBIM 30HAM
IJIaBHBIM 00pa3oM I10 HAIPaBICHHUIO CIAHIIEBATOCTH B TPyOOOOIIOMOYHBIE MOPOIBI
(KOHIIIOMEpAThI M IPABEJIMThI, PEIKE B KBAPIIUTOBH/IHBIC TICCUaHUKH ). B3aumoenicTre
9THX PACTBOPOB C BMEMIAIOIIMMHU MOPOJAMH TIPUBENIO K 00PAa30BAHUIO MPOKUIKOB
KBapIl-MyCKOBUTOBOTO, HHOTJIA KBapI-LIMHBAJIbANT-KaJIHEBOIIOIEBOILINATOBOIO COCTa-
Ba ¢ HOBOOOPA30BAHHBIMHU HJIbMEHOPYTHJIOM, KOJTyMOUTOM, OPTHTOM, TOPOTYMMHU-
TOM, TOPOCTEHCTPYIIUHOM, 3BKCEHUTOM, OpanHeputToM (?), koppunurom (?), kap-
oonaraMu u (pTOPUAAMH peaKo3eMeTbHBIX MeTaJJIoB, durroopuTta. Ha aToM sTame
MPOUCXOJUT HanboJiee akTUBHOE U B Pa3HOW QopMe 3aMeleHne TOPHUTa, MOHAIINTA,
WIBMEHHTA, CYIb(UI0B, Pa3IoKEHUE IUPKOHA.

Ilposisnenus  eudpomepmanvHoll  desimelbHOCHY 3aBEPIIAOTCS  00pa30BaHUEM
KBapIl-CyIb(UIHBIX KU, CEKYIIHX paHee 00pa30BaHHbBIE MOPOJIBI M COCTOSIIIIUX B OC-
HOBHOM M3 KBapIla C BKPAIUICHHOCTBIO MUPHUTA, XaJbKOIUPUTA, OKHCIOB MEIH, Map-
rafma, jkeje3a. DTH MUHepajbl KOHIICHTPUPYIOTCS B OCHOBHOM B 3alIbOaHIIAX ITHX
JKHJI, @ MHOTJIA 110 MEITKUM TpPEIINHAM, COBIAJIAIOIIUM CO CIaHIEBATOCThIO, TIPOHUKA-
IOT ¥ BO BMEILAIOMINE OPOJIbI, OIaroaapst 4eMy MOTYT MPOCTPAHCTBEHHO acCOIMUPO-
BaTh C PEIKOMETAILTILHO-YPaH-TOPUEBON MHUHEPAIIN3AIIUEH TP PA3INYHBIX BPEeMEHHBIX
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WHTEpBaIax ux oopazoBanusy (Apxaneenrvckas B. B., [lomanun C. J[., Pabyes B. B. u
op. Omuem o pezyromamax pabom, GbINOIHEHHBIX N0 002060PY NOOPsOd...).

[losiBieHNe B TEKTOHMYECKHUX 30HaX B MPOIECCE KPEMHHUCTO-KAIMEBOTO MeETa-
coMaro3a ypaHOBBIX MHUHEpPAJoB ¢ Bo3pacToMm oT 2,75 mo 0,3 mupn ner ¢ Ree-Th-U-
MUHepaau3alyei onucano kak Juist Ypana [28], tak u st Konbckoro pernona. Ilocne
o0pa3oBaHus ypaHUHHTA (C HEOIIPEISIIEHHBIM BO3PACTHBIM HHTEPBAJIOM) Pa3BUBACTCS
cynbduaHas MuHepanusaius [33].

Hanee paccMOTpuM B3auMojeicTBIE (haKTOpoB MeTamopdu3Ma 1 mporecca ruapo-
TEHHOTO PYI000pa30BaHMsL.

OnuH #3 maBHBIX (PAKTOPOB METACOMATHUYECKOTO MeTaMO(pu3Ma — MPHUCYTCTBHE
XMMUYECKH aKTHBHBIX PAacTBOPOB M Ta3oB. st 3(PeKTHBHOrO (yHKIMOHUPOBAHHMS
THIPOTEPMATBHBIX PAacCTBOPOB HEOOXOAMMO, KPOME TeMIIepaTyphl W JIaBJICHHUS, HaJN-
YHe JI0CTAaTOYHBIX 00bEMOB PACTBOPUTEISI, KOTOPBIH TIepeMeIIaeTcsl U BHITIOIHIET Me-
XaHUYECKYIO U XUMHUUYECKYI0 padoTy. IM B paccmaTpuBaeMoM citydae OyayT BaJO3HBIC
BOJIBI: TPEXIE BCETO TPaBUTAIIMOHHBIC (CBOOOTHBIC), HH(IIOAIMOHHBIC, a TaKKe KOH-
JICHCAIINOHHBIE.

OTH pacTBOPHI IIPHU O00OTALEHUHN PYAHBIMU 3JIEMEHTAMHU U OKKYTCS 2UOPOSCHHbI-
MU 2UOpoOmepMaibHbuIMY PYTHBIMEA pacTBOpamu. X mpoucxokieHne, TakuM 00pazom,
OyZeT aJbTepHATHUBOW MPUBBIYHOM JJIsl TEOJIOTOB €Il ¢ Hayaja XX BeKa THIIOTe3e
MarMaToreHHOro reHe3Hca pyJHbIX MecTopoxkaeHui B. Ommonca u B. JIunrpena.

Bo3zepamasics k onmmncanaomy reooramu BUMCa niporieccy oOpa3zoBaHus opyaeHe-
HUs B 30He MaHb-XaM00, TOBTOPUM: «...HPOSPECCUGHOE PA3GUNLILE MEMaMopPuima
00yCJIOBHJIO BOSHUKHOBEHHE THAPOTEPMAJILHBIX PACTBOPOB, KOTOPBIC IMPOHUKAIH
... BTPyOOOOJIOMOYHEIE TIOPOIHI . .. C 00PAa30BAHUEM MPOKUIKOBY (Apxaneenvckas B. B.,
Homanun C. J[., Pabyes B. B. u op. Omuem o pesyiomamax pabom, GblNOJHEHHbIX N0
002080py noops0d...).

Taxkum 00pa3oM, MOKHO KOHCTaTHpPOBATh, UYTO ITOT (axmuuecku HAOI00aemblil
MIpOLIECC PYAHOTO MHHEpareHe3a WUIIOCTPUPYET ¢hopmuposanue B 3aneramooueil B
30HE CTPYKTYPHO-CTparurpaduyeckoro Hecornacus MaHb-XaM00 TeppUTeHHO TOIIIE
2UOPOMEPMATILHOZ0 PEOKO3EMENbHO-YPAHO-MOPUEBO20 OPYOeHeHUA, KOTOPOE TeHEPH-
POBAHO 0e3 yuacmus MazmamuiecKux Qrouoos, a noo 6030elcmsuem npoepecCusHo-
20 Memamopghuzma BMEIIAIONINX TIOPOJI, paHee 00O0TaleHHBIX PYIHBIMA MUHEPATaMHU.
daxTopom MeTamophu3Ma, 00yCIOBUBIINM TTOBBIIIIEHUE TEMIIEPATYPHI M CO3/TaHUE U3~
OBITOYHOTO JIABJICHHUS B BaJJO3HBIX pacTBOpax, B 9TOM CIIydae OKa3aycsi OpUEHTHPOBAH-
HBII cTpecc, SABIAIOIIMNICS CICACTBUEM YPAIBbCKON KOMIM3UH HPU HAJIBUTE OCAIOUHON
TOJIIIN HA TPAHUTHI U BMEIAIOIINE €r0 TTOPOIbI TOKeMOPHSL.

Koneunslit mpouiecc 00pazoBaHusi IPOMBINUICHHBIX Py B 30He MaHb-Xam00 sBisi-
€TCsl, TAKUM 00Pa30M, eUOPO2EHHbIM 2UOPOMEPMALLHBIM.

AnHanu3 Bcell U3JI0KeHHOW MH(OpMAIINH MTO3BOJISIET aBTOPAM CUUTATH cUOPOSEeHHbIIL
2UOPOMEPMANbHBILL 2eHe3UC OPYIACHEHHS aJbTepHATUBOM MarMaTOreHHOMY THAPOTEp-
MaJbHOMY TEeHEe3WCy. J[OMONHUTENbHBIM apryMEHTOM BO3MOXKHOCTH THAPOTEHHOTO
THIPOTEPMABHOTO TeHE3HCa PACCMaTPUBAEMBIX DY/l SIBJISETCS OTCYTCTBHE HE TOJb-
k0 B MaHbxaMOOBCKOM OJIOKe, HO U BO BCeH CTpyKType JIeMBUHCKOTO aHTHKJIMHOPHS
KaKHX-JIM00 MarMaTH4eCcKuX 00pa30BaHUl C ypaH-TOPUH-PEIKOMETAIIEHON TeOXHMHU-
YeCKOH crerranu3anueil, IpoIyKThl IBOJIIOIUHN KOTOPBIX SBUJIUCH ObI IPOU3BOJHBIMHU
THAPOTEPMAIBHOTO PYI000pa30BaHHUI.

NmeroTcst mpeneneHTsl, KOraa TEeHE3WC MECTOpPOXKICHWH ypaHa IMepBOHAYAIBHO
MPEACTABISUICS THAPOTEPMAIBHBIM, HO TOCIIE TONyYeHHsT HOBOW WH(pOpMau ObLI
onpeneneH Kak rujgporeHusiii [34]. Hampumep, mectopoxkaenue Tabomap B CpenHeit
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A3sun, 1o0bIYa MeTaIa Ha KOTOPOM B HAYaTbHOU CTaIMH POCCUHUCKOTO YPAHOBOTO TIPO-
€KTa [IOKpbIBaja OJHY TPETh IPOEKTHON OTPEOHOCTH.

YpaHoBOe OpyAcHEHHE Ha MECTOPOXICHUN Tabomap 3ajieraer B IpaHOAUOpPUTAX,
MHTEHCUBHO J€(OPMHUPOBAHHBIX CUCTEMOH KaK JOPYIHBIX, TAK U MOCIEIYIOLUINX pa3-
PBIBHBIX HapyleHnH. [IpoMbllIeHHbIE PY/Ibl yCTAHABIMBAIOTCS B HEKOTOPBIX Y4acT-
KaxX OTAEJIbHBIX KBapLEBbIX U KBAPLIEBO-0apUTOBBIX kMl Ha MECTOpPOXKAEHUH XOPOIIO
Pa3BUTHI 30HBI OKHUCIICHUSI U BTOPUYHOTO CyIb()UIHOTO 000TaneHus, MOKHO CKa3aTh,
KJIAaCCHUUYECKH COOTBETCTBYIOIKE AaHHBIM B. I. Menkoga.

CBepxy BHU3 HaOMOgaeTcs ciaeayloas MUHEpaIorndeckas 30HaNbHOCTh: 1) 30Ha
pasBUTHSL OTEHHWTA PacIpoCTpaHeHa OO TIyOMHBI 3—5 M OT JHEBHOW MOBEPXHOCTH;
2) 30Ha pa3BUTHs TOpPOCPHUTA W IICHHEPUTA MPOCIEKHUBACTCA OT 3—5 10 IIyOHHBI
30-35 M, 00nacTh BBIJACICHUSI CAMBIX KPYITHBIX KPUCTAJIOB YPAHOBBIX CIIOIOK HAXO-
nuTcs Ha TimyouHe 15—20 M OT MOBEPXHOCTH; 3) 30HA OTCYTCTBHSI yPAHOBBIX MHHEPAJIOB
3aauMaet uHTepBan 5—10 M Hvke rryounsl 30-35 M; 4) miyoke 35 M pacmonaraert-
Csl 30Ha BTOPUYHOTO OOOTalleHHs, T Pa3BUThl YPAHUHHT, CKPBITOKPUCTAIUINYECKAsT
¢opma OKHCIIOB ypaHa, ypaHOBbIE Y€PHU, BTOPHUYHBIE CyTb(PHIBI 1 JIp. Huke pa3BUTHI
Cylb(UIHBIE PYIbI C IEPBUYHBIM YPAHHHUTOM.

B coorBerctBun ¢ yuenmem C. C. CMuUpHOBAa O 30HAX OKHCICHHS CYIb()HIHBIX
MectopokaeHnid (1936, 1955), Hmke TOpH30HTA IIEMEHTAMH JOJKHBI OBITH HaXo-
JUTHCSl NEPBUYHBIE YypaHOCYIb(UIHBIE PyIbl THAPOTEPMATIBHOTO MPOUCXOKICHUS.
[TosTOMY MECTHBIE T'€0JI0TH B 0XKHMIAaHUH HEPEMEHHOTO 0OHApYKEeHUs 00raTtoi ruIpo-
TepMaJIbHOH Py/IbI 3aIIPOCKTHPOBAIIN BCKPBITHE TITyOOKUX TOPU30HTOB MECTOPOXKICHUSI.
Opnnako Oypenue riryoke 200 M MOKazajao MOJHOE OTCYTCTBHE KAaKOTrO-THOO OpyaeHe-
Hust. [lpuunHa 3akiroyanach B TOM, YTO TO ObLIa OTMETKA MECTHOTO 0a3uca Spo3ui,
a rere3uc TaboImapckoro MECTOPOXKACHHUS OKa3aics TUAPOTeHHBIM [34].

Crnenyer OTMETHTb, YTO HPEACTABICHHE O THIPOT€HHOM pya000pa3oBaHHUU TOS-
BUJIOCH B IIPOLECCE MHOTOJIETHETO M3yUeHUsS! YPAHOBBIX MECTOPOXKICHHUH B MECYaHU-
KaXx, KOTOpbIe ObLIH OTKPBITH B Havane 1950-x rr. Ha riato Komnopamo 8 CLIA (Cont-
VYomr) [35] u B Kesuikymax B CCCP (Yukynyk) [34]. Hayunble B3MISABI Ha YCIOBUS
1 niporiecc (OPMHUPOBAHHS dTHX MECTOPOXKIICHUN ypaHa U WX aHAJIOTOB, MOJTYYHBIIHN
Ha3BaHME THIPOTCHHOTO TeHE3NCa, TIONPOOHO 0XapaKTEPHU30BAHBI B TPYIaX COBETCKUX [36]
1 pocCcHiicKuX yaeHbIxX [37—40].

ITpouecc u yciaoBust GOpMHUPOBAHUSI IPOMBIIIUIEHHBIX THAPOT€HHBIX MECTOPOXKIE-
HUH B PEUYHBIX [AJICOIOJIMHAX YPAIbCKOIO PErMOHA, KOTOPbIE OKA3aJIUCh PA3HOBUIHO-
CTBbIO MECTOPOXKICHUH ypaHa THIIA «Hecoracusy B haHepo3oe, MoIpoOHO OXapaKTepu-
30BaHbI B MOHOTpaduu A. b. Xaneszosa [41].

3aBUCUMOCTb METAJUIOTEHUYECKONW CIICLHAIN3alii KOHKPETHOTO T'HJIPOTEHHOTO
OpYIICHEHHUSI OT 0COOEHHOCTH COCTaBa JICHYJUPOBAHHBIX KOP BBIBETPUBAHHS, TIOCTaB-
JSIFOILIUX PYAHBIE JIEMEHTHI B BOIHYIO CPEAy, MPOAEMOHCTPUPOBaHa rpaduuecKoi Mo-
Jienbro (puc. 2).

Wpnest onpenensionield pojii BEpXHUX TOPH30HTOB 3eMHOU KOPbl 8 (hopMuposanuu
Memanno2enuyeckol cneyualusayuy TIaHeThl OMMCaHa OPUTHHAIBHO, C U3JI0KEHHEM
(axTHYECKOro Marepraa u aHaJu30M, 3aCIyKeHHbIM reosioroM Poccuiickoit denepa-
uu ¢ 30-netHuM ctaxem B CeBepo-KazaxcTaHCKOM ypaHOBO-PYIHOM paliOHE, TAE OT-
KpbITo 50 THAPOTEPMANIBHBIX MeCTOpOXKAeHM ypaHa, 0. JI. bacTpukoBbiM.

C yueToM paHee W3JIOKEHHOTO OUYEBHIHA HEOOXOIMMOCTh HOBOTO MOJXOZA
K METaJJIOT€HUYECKOMY aHaJIU3y C HUCIOJIb30BAHMEM HHBIX, HEXKEJIU TPaJAULHOHHbIC,
HNPUHIMIIOB ¥ METOJOB NpPOrHo3upoBaHus. [locTeneHHO nepBoouepenHas OpUEHTa-
U] Ha XapakTep METa/UIONeHUYECKON CHEeLHaIn3alii MarMaTH4eCKUX KOMIIJIEKCOB,
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HECOMHEHHO, YCTYTUT MMOHUMAHHIO, YTO PEIICHUE BOIIPOCA TPOUCXOKICHHUS pya000pa-
3YIOMINX JJIEMEHTOB JIS)KUT B OOJIACTH PACCMOTPEHMS M OLIEHKH KJIAPKOB PYIHBIX dIIe-
MEHTOB B TOPHBIX IMOPOAaX 001acTel MeHEINICHU3AUN U YCIIOBUH UX MUTPAIIHH.

EH V2 s L4 =TS

[=]l6 [=]7 [==]s [F5]9 [&&]10 [&]11

Pucynok 2. Mojenb 3aBUCUMOCTH METAJJIOTEHUYECKOW CHEeIHaTu3aliu
THJPOTEHHOTO OPY/ACHEHHs OT OCOOCHHOCTH COCTaBa JCHYIUPOBAHHBIX
KOp BbIBeTpUBaHUs (pUCYHOK 3aumMcTBoBaH y A. bB. Xaiesosa,
C YIPOIICHUEM):
1-5 — marepuHCKHEe pyIO(POPMHUpPYIOIINE TOPHBIE TOPOABI: 1 — rpaHUTEI,
2 - 6a3aIII)TI>I; IpOHUIIaCMBbIC TOpHBIC OpPOAbI TIaJICOI0JINH
3 - IICCYaHUKH, 4 — PYAOBMEIIAONINE KOHIVIOMEPAThl U I'PABCJIUTHI;
TOpHbIE TMOPOJBI JIOKAa MAJCOJOJAMH: 5 — U3BECTHAKM M JIp.;
6-8 — MOBBILICHHBIE KOHLEHTPALMU PYAHBIX DJJIEMEHTOB B BOJE
(pynoHocHble pacTBOpbl): 6 — ypaHa (Ha IUIOLIAJAX JpPEHAXKa U3 KOP
BBIBETPUBAHMUS TPAHUTOB), 7/ — MeAM (HAa IUIOINAAAX JApeHaXa U3
KOp BBIBETpHMBaHUS 0a3anbToB), 8 — Menuw M ypaHa (Ha IUIOMIAISIX
COBMECTHOI'O JpCHa)Xa U3 KOP BbIBCTPHUBAHUSA 0azaibToB U FpaHI/ITOB);
9-11 — pyansle Tena (posusl): 9 — ypana; 10 — mequ; 11 — menn u ypana
Figure 2. Model of the dependence between the hydrogenous
mineralization metallogenic specialization and the composition of
denuded weathering crusts (the figure courtesy of A. B. Khalezov with
simplification): 1-5 — parent ore-forming rocks: 1 — granites, 2 — basalts;
permeable paleovalley rocks: 3 — sandstones, 4 — ore-bearing
conglomerates and gravelstones; rocks of the bed of paleovalleys:
5 — limestones, etc.; 6-8 — higher concentrations of ore elements in water
(ore-bearing solutions): 6 — uranium (in drainage areas from granite
weathering crusts), 7 — copper (in drainage areas from basalt weathering
crusts), 8 — copper and uranium (in areas of joint drainage from
weathering crusts of basalts and granites); 9-11 — ore bodies (rolls):
9 — uranium; 10 — copper; 11 — copper and uranium

3axuouenne. B pesynsrare nccienoBanuii 1 0000IIeHUsST MaTepHaioB MOKa3aHa
MIPUHAJUICKHOCTh PYIOHOCHBIX KOHTIIOMEPAToB 30HBI MaHb-XaM00 K paHHETaIe030M-
CKOM, a HE K MOKEMOPHICKOHN dITOXe. YCTAaHOBJIEHO OTCYTCTBHE T€HETUUCCKOW CBS3H
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(UKCHPYEMOTO B 30HE CTPYKTYpPHO-CTPATUTPA(hUIECKOTO HECOTIIACHS 30JI0TOTO OPY/Ie-
HEHHUSI C PEIKO3EMENTbHO-YPaH-TOPUI-PEIKOMETAIIIbHBIM.

Bo03MOXHOCTD MCTIONB30BaHUSI TEXHOJOTUU JOOBIYM YpaH-PEIKO3EMEIbHON PY/IbI
METOJaMH KyYHOTO BBIIIEIAYMBaHMs ONPEIeInia MIPOMBIIIICHHYIO 3HaYUMOCTh [1pu-
HOJIIPHBIX MECTOPOXKICHUH. B mepron, HemocpeacTBeHHO MPEIIIeCTBYIOMUI pere-
HHIO O Hayaje pa3pabOTKH MECTOPOXKICHUS, PEKOMEHIyeTCs TPOU3BECTH KOHKPETHBIE
IKOHOMHUECKUE PACUEThI, OMPEICISIONINEe PEHTA0SIFHOCTh ero pa3padoTKH € yUeTOM
00IIEIKOHOMHYECKOM CUTYallH B CTPaHE U MUPE, IICH Ha H3BJICKAEMbIC KOMIIOHEHTBI 1
MIPUBJIEKAEMBIE PECYPChI, CTABKH OAHKOBCKOTO MPOIICHTA.

[IpencrapneHa runoTesa cUOpoeeHHO20 2UOPOMEPMATLHO20 PyO00OPA306aHIUS KAK allb-
TEpHATHBA MarMaTOr€HHOMY IIPOMCXOXKICHHIO THIPOTEPMAITbHBIX PYIHBIX PACTBOPOB.

Haxomennsiii 3a mocnemaue Toabl (PaKTHUECKUH MaTepHasl MO THAPOTCHHOMY
PYyI000pa30BaHUIO OJJHO3HAYHO CBHJCTEIBCTBYET O HEOOXOJAMMOCTH HOBOTO TOAXO1a
K METaJUIOTCHUYECKOMY aHaIn3Yy.
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Polygenic uranium-thorium-rare earth mineralization of the Nether-Polar Urals:
discovery history and genesis

Sfen S. Karagodin ', Vladimir S. Karagodin !, Gulnara G. Khasanova '
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
The research relevance is determined by the need to analyze various sources and author's
observations to form ideas about the genesis of an unusual polygenic uranium-thorium-rare earth
mineralization of the Nether-Polar Urals to assess the prospects and directions for subsequent
mining and processing. The research results will aid in a more rational and efficient geological
research.
The research objective is to interpret the results, determine mineralization genesis features and
show its future prospects against the background of the discovery history and using data from a
complex analysis of uranium-thorium-rare-earth mineralization in conglomerates of the regional
structural-stratigraphic unconformity zone.
Results. The geological position of rare-metal conglomerates has been clarified, their belonging
not to the Precambrian, but to the Early Paleozoic era has been determined. The absence
is considered of a genetic connection between the gold mineralization recorded in the zone of
structural-stratigraphic unconformity and polygenic uranium-thorium-rare earth mineralization.
The shortage of rare earth elements determines the industrial significance of uranium-rare-earth
complex ores, the extraction of which is possible using modern heap leaching technologies.
Conclusions. The history of the study of uranium-thorium-rare-earth mineralization of the Nether-
Polar Urals is considered. According to the authors, it has a polygenic genesis and forms into
the successive stages of sedimentary, metamorphogenic and hydrothermal processes. A hypothesis
of hydrogenous hydrothermal ore formation under regional metamorphism is proposed as an
alternative to the magmatogenic origin of hydrothermal ore melts. It determines the need for
new approaches to mineralization assessment. The industrial value of mineralization lies in the
presence of metamict, hydrated, easily soluble minerals, carriers of uranium and rare earth
elements, which implies the possibility of using modern mining technologies.

Keywords: conglomerates; structural-stratigraphic unconformity; uranium; rare earth elements;
uranium-thorium-rare earth deposit; heap leaching; hydrogenic hydrothermal ore formation;
magmatogenic ore formation; metallogeny.
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WUHCTpyMeHTanbHbIN MOHUTOPUHT NPU JIOKALMKU 04aroB 3HAOTEHHbIX
noxapoB B 6OPTY yronbHOro paspesa

Kanairopoga B. B."™, MpocToB C. M.", LLla6aHoB E. A.'
1 Kysbacckuii rocyaapCTBeHHbIN TeXHYeCKknin yHuBepeuTeT umenn T. ®. [opbavesa,
r. Kemepogo, Poccus
*e-mail: kalay232@gmail.com

Peghepam
Beedenue. DnoozenHvlm HA3LI6AIOM NOJNCAD, UHUYUAMOPOM KOMOPO2O AGIAEMC NPOYecc
camogoszeopanus yens. O6uapyosicenue 0AnHO20 GUOA NONCAPA OCYULECTNEISEMCS GU3YATbHO
NO 02HIO U ObIMY WIU NO Pe3VIbmamam memMnepamypHozo, 2306020 UlU 2e0UULECKO20
KOHmpoas. Bosnuxnoeenue sm002eHHbIX NONCAPOS HA Y20NbHLIX PaA3pe3ax Npueooum K
CEPLE3HbIM NOCLEOCMBUSIM. 3A2PAZHEHUI0 OKPYIICAIOuell cpedbl U YXYOUEHUIO CAHUMAPHO-
SUCUCHUYECKUX YCILO8ULL Mpyod. Dmo marxogice Npusooum K IKOHOMUYECKUM NOMepIM No
NpUYUHe NPUOCHIAHOBKU MEXHOLOUYECKUX NPOYECCO8 U  6bl2OPAHUSL  3ANACO8 Vel
Ilpogpunaxmuka  2HO02EHHBLIX — NOJNCAPOS  GKIIOYAEM — NPOGEOCHUE  MepPOnPUmMuULl
O NPe0oOmMBPAWEHUI0  BO3MOICHO20 — PA3GUMUSL  NPOYECCO8  (POpMUpPOBanUs 04208
CaMo80320panUsl 8 GblAGIEHHbIX 30HAX NOMEHYUATLHOU NONCAPOONACHOCMU.
Llenv padomor. Ilposecmu ucciedosanue YYacmKo8 60320pAHUSL HA  OCUCMEYIOUUX
VeONbHbIX pA3pe3ax ¢ Yenbio OnpedeieHuus Yenmpa npopuisi 2eohuzuieckoeo 30HOUPOBAHIs,
MAKCUMATLHO NPUOTUICEHHO20 K INUYEHMPY IHOOSEHHO20 NONCAPA, BLINOIHUMb €20 NPUBAZKY
K RIAHY 20PHBIX pabom u 2e0102U4ecKomy pa3pesy.
Memooonozus. /[nsa docmudicenusi NOCMABIEHHOU yeau HeodX00UMO NPo8ecmu 8U3YAIbHbII
OCMOMp  YUACMKOG B0320PAHUs, NPOU3BECMU (QOMOCHEMKY, d MAKdiCe OCYWeCmBEUmb
MENIOBUZOPHYIO CLEMKY NPU NOMOWU CREYUATUSUPOBAHHOU ANNAPAMYPbL.
Pesynemamel. 3agurcuposansi pezyibmamovl Gomo- u meniosu30pHbX CbeMOoK, NPosedeHd
OYEHKA 20PHO-2€0102UHECKUX YCNO08ULL  (DOPMUPOBAHUS  0YA208 IHOOSEHHBIX NOJNCAPOS,
npeocmasieHbl NiAHbL PACNOLONCEHUsL 04A208 IHOOLEHHBIX NOJCAPOE.
Buvieoovt u oonacme npumenenus pesynvmamos. Ilocrie peanuzayuu meponpusimuii no
OCMOMPY U CbeMKe HA YHACMKAX, NPUOTUINCEHHBIX K 04a2aM IHOOLEHHbIX NONCAPO8, d MAKICe
AHATU3A NOJYYEHHBIX PE3YIbIMAIMOE MOICHO COELAMb 8bLE0ObL O MOM, YN0 NPIMbLE GU3YATbHbIE
0CMOMPbL U MENTOBUSUOHHbIE USMEPEHUSL He NO3BOJISIIONM 6 NOTHOU Mepe Onpedesimy 2paHuybl
3aN0ACAPEHHBIX 30H 8 NIAHEe U NO 2NYOUHe. IMo 00YCI061eHO MmeM, YMo 3aMemHble AHOMATUU
memnepamypvl (QUKCUPYIOMCst MOIbKO NPU BbIX0OE 04dA2d HENOCPEOCMEEHHO HA 3eMHYIO
NOBEPXHOCTb 8 CE3UL C HUKOL MENIONPOBOOHOCMbIO Yeilsi U BMEUarouux nopoo.

Knroueewle cnosa: suoozenmniil noatcap, camoeozeopanue yeis,; 2eoqbu3ultec;<m? MOHUMOPpUHS,;
KOMNIEKCHbLU Memod; menio6U3UOHHbLIE USMEPEHUS, 2eonocuyeckull paspes.

BBenenmne. IIpouiecc camoHarpeBaHusi U CaMOBO3TOpaHUsA CKOIUIEHUSl YV IIPO-
XOIUT B HECKOJIBKO CTAIUl, pa3NUYaloUIuXcs KaKk TeMIEpaTypoil, Tak U MEXaHU3MOM
OKHUCJICHUS. YCTOMUMBOMY FOPEHUIO MPEAIIECTBYIOT TPU CTAIUU: HU3KOTEMIIEpaTypHOE
OKHCIIEHHE, CAaMOHarpeBaHue u camoBosropanue (puc. 1) [1].

Pa3ButHe mporecca caMOBO3TOpaHHS MPOUCXOANUT MPU HAJTMYUNHU CIEIYIOMINX 00s5-
3aTEJIbHBIX YCIOBUI:
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— HaJM4YHMe MarepHaja, CIIOCOOHOIO0 OKHUCIATHCS KHCIOPOIOM IPU TEMIIEpaType
OKPY’KaroIIeH CpeJibl; Ha yIIeA00bIBAIOIIUX PEANPHATHIX TAKHM MATEPUAIOM MOTYT
OBITH YTOJIb, OTXOJIbI IPEBECHHBI, IPOMACIIEHHbBIE TKAHH; Y YIS BHYTPEHHSS MMOBEPX-
HOCTb MIOP, MUKPOTPEIIHH, B KOTOPbIE MOKET IPOHUKATH KUCIOPOI, COCTABIISIET OKOJIO
103 m%/kr;
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Pucynok 1. Cragun 5HAOTEHHOTO Tokapa: ty — eCTeCTBEHHas TemIepaTypa yris; ty, — Kpurtuueckas
temneparypa; t,,, — Temmeparypa Bo3ropaHus; in,x — MakcuUMallbHas TeMIlepaTypa odara,
t.; — TeMIIepaTypHBIN KpUTEPUH IOTYIIEHHOI'O [0kKapa
Figure 1. Stages of an endogenous fire: t, is coal natural temperature; t,, is the critical temperature;
tsos 1S IgNition temperature; ty.y IS the maximum source temperature; t., is temperature criterion of an
extinguished fire

— TIOCTOSTHHBIN MPUTOK KUCIOPO/Ia K OKUCIISIOICHCS TTIOBEPXHOCTH, ITPH 3TOM IIepe-
MEIIEHUE BO3/IyXa B CKOIUICHHSIX YIS OOECIIEUMBACTCS HE TOJIBKO 32 CUET MepernagoB
JIABJICHUS Ta3a MEX]y TOPHBIMU BBIPA0OTKAMH, HO W OJlarojapsi pa3HOCTH JIaBJICHUS
arMocdepHOro Bo3lyxa ¥ ra3a ropHbIX BEIPaOOTOK;

— KOIIMYECTBO TeIuTa, 00pa3yromieecss B pe3yabTaTe Peakiiii OKHCICHHUs, JTOJIKHO
MIPEBBITIATH KOJUYECTBO TEIUIa, TEPSIEMOT0 OKHCISIONINMCST MaTepHaIOM B OKpYIKaro-
mee MpOCTPAHCTBO, TIPH ATOM 00JIee CKIOHHBI K CAMOBO3TOPAHUIO CKOTUICHHS YIS C
HEOOJIBIITUMU 3HAYCHUSIMHU KOAPPUIIUCHTA TEIIONPOBOIHOCTH.

BeposiTHOCTH BO3HUKHOBEHHA YHI0T€HHBIX 0KAP OB 3aBUCUT OT COUCTAHUS TOPHO-
TEOJIOTMYECKUX M TOPHOTEXHUYECKHUX (DaKTOPOB, BIUSIONIMX HA XUMUYECKYIO aKTHB-
HOCTb TIOJIE3HOTO HCKOITAaeMOT0, a TaKKe Ha 00pa3oBaHME CKOIUICHUH Pa3phIXJICHHOTO
YINIA ¥ YCTIOBHIA, CITOCOOCTBYIOIIHMX MPUTOKY CBEXKETO BO3AYyXa K CKOTLICHHSIM. XHMH-
YecKasi aKTUBHOCTD YIJISI MOYKET CYIIECTBEHHO U3MEHSTHCS B 3aBUCUMOCTH OT CTETICHU
ero Meramopgu3Ma, CHIKasICh TI0 MEpe YBEJIMYEHUsI MeTaMoppu3Ma OT OyphIX yIriien
Jo aHTpanura. B mponecce Meramopdusma yrisi 00pa3yroTcsi U BBIICISIOTCS B JCH-
CTBYIOIIME TOPHBIC BBIPAOOTKH OIacHBIE CIIeU(UISCKUE T'a3bl, K IPUMEPY METaH, CII0-
cOOCTBYIOIIIE HAdaTy SHIOTEHHOTO TIokapa [2, 3]. OTaensHO MOXKHO BBIICIHUTD PaJii-
OAKTUBHBIHN Ta3 paioH, 00pa3yOIMUNCs IPU pactane paars, COAePKAIIETOCsS B pa3HOi
CTeneHu BO Bcex mwiactax ymist [4]. Tak, B pabore [5] mccrmenoBaauch pagoHOBEIC
aHOMAJIUA TIO TUIOTHOCTH TOTOKA PaJOHA, BBISIBICHA 3aBHCHUMOCTh WHTECHCHUBHOTO
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BBIJICJICHUS] PaJIOHA ¥ U3MEHEHUS HaNPsKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS T€0-
cpenpl. [loBbIIeHNe TeMIeparypsl YIiisi H BMEIIAIOIINX TOPOJ MPUBOAMUT K YBEJH-
YEeHHMIO BBIHOCA PajioHa M3 HarpeBaeMbIX CKOIUICHMH B 2—3 pa3a Ha CTaJWW BbINa-
puBanus Biaru [6]. [opHoTexHHUecKHe (AKTOPBI OTPAOOTKHU YTOJNBHBIX IJIACTOB B
OCHOBHOM BIIMSIIOT Ha KOJMYECTBO TEPSEMOTO YIS, [UINTEIBLHOCTh MPUTOKA K HEMY
CBEKETO BO3/yXa M BEIMYHHY YTEUEeK 3TOTO BO3Iyxa. B HamOombmieil cremeHn >tu
(bakTopbl 3aBUCAT OT MPUMEHSEMBIX CIIOCOOOB BCKPBITHS W TOJTOTOBKH HIAXTHBIX
W BBIEMOYHBIX TOJICH, MPUHITHIX CHCTEM OTPa0OTKU YrOJBHBIX TUIACTOB, CIIOCOOOB
ynpasiieHHs: KpoBieH (Tabm. 1).

Ta6una 1. IIpupoansie pakTopsl, BJMAIONINE HA JHAOITCHHYIO I102KAPOOIIACHOCTH
Table 1. Natural factors affecting endogenous fire hazard

CTereHp OmacHOCTH
®daxrop
ManoonacHo OmnacHo Becpma onacuo
XI/IMI/I‘{G%KaSI AKTHBHOCTh
yrims, eM7/(T - 1) Memnee 0,025 0,025-0,050 bonee 0,050
Yron nageHus miaacta, rpaj Menee 35 35-55 Bonee 55
MolHoCTb I1acTa, M Mesnee 1,3 1,3-3,5 Bonee 3,5
I'eonornueckue HapyueHus Her [InuxaTuBHbIE JIM3bIOHKTUBHBIE
IIponnactku Bo
BMELIAIOLIUX [TOPOAAX B nouse B nipenenax | B kposie B npeaenax
CyMMapHOIT MOIITHOCTEIO OJTHOM MOIITHOCTH TpeX MOITHOCTEH
6osee 0,2 M Her pabouero miacta pabouero niacrta

CaMoBO3rOpaHue yIisi TPH OTKPHITOH pa3padoTKe CYIIECTBEHHO 3aBHCUT OT
MIPUPOTHO-KIMMATHIECKHX (DaKTOPOB M 0coOeHHOCTEH (hOPMUPOBAHUS TEXHOTCHHBIX
MacCHBOB Kapbepos (puc. 2) [7].

Ha npouecc camMoBo3ropanusi yrjisi 4 BOSHUKHOBEHHE JHIOTEHHBIX MOKAPOB
BJIUSIET MHOKeCTBO (PAKTOPOB, KOTOPHIE PA3/IeAIOTCs Ha MPUPOIHBIE U TOPHOTEXHU-
gyeckue. K mpupomHsiM Gpakropam OTHOCSTCS F€0JIOTHUECKUE OCOOCHHOCTH U XUMHYe-
CKasl aKTUBHOCTH yIIsl. [ opHOTeXHHUeCcKHEe (PaKTOPhI CBSA3aHBI C TEXHOJIOTHEH BeJCHNUS
TOpHBIX pabot [8]. DHIOTeHHBIE TTOXKAphl HAa YTOJbHBIX IIAXTaX W pa3pe3ax, BhI3BaH-
HBIE CAMOBO3TOPAHNUEM YIJIsI, YIIUCTHIX TTOPOJ U YITIETIOPOJHON CMeCH, HaHOCST 3Ha-
YHUTENBHBIA MaTepUaNbHBIN yIIepO, CBI3aHHBIN C JTUKBHIAIMEH TTOKAPOB, TPOBETPH-
BaHHEM U YCIOKHECHHEM TEXHOJIOTHH OTPAOOTKH 3all0KAPEHHBIX YYaCTKOB, C TIOTEpEH
YacTH 3aMacoB M CHWKEHUEM KadecTBa yrisl. PazpaboTaHbl METOAWKH, MTO3BOJISIOLINE
MIPOTHO3UPOBATh IKOJIIOTUIECKUE PUCKH, 00YCIOBICHHBIC moxkapamu [9]. Beimonaenne
MOHHTOpPWHTA MacCHBa TOPHBIX TIOPOJ M TOUEUHAS JIOKATH3AIHs BOSHUKAIOIINX TTOXKa-
POB B BBIPaOOTAaHHOM TIPOCTPAHCTBE Kaphepa SBISIOTCS TSKEITBIMU MPOIIECCaMM, TaK
KaK OTCYTCTBYET TPAHCIIOPTHAs JAOCTYIHOCTh M IMPOUCXOAWT OMACHOE pa3pylieHne
OoproB kapwepa [10].

B mponecce n1o0bun yris aBapuiiHasi CUTYalMsl CTABUT I10J] YTPO3Y JKU3HU TPYIIIIbI
pabounx, Tak 4To IeIeCO00Pa3HO OIEHUBATh COIUAIBHBIN PUCK KaK BEPOSTHOCTH I10-
MacTh B HEOJIATONMPHUATHYIO CUTYalHIo (TIOCTPaaTh OT BO3ACHCTBUS HEOIArOMPHUATHBIX
1 OTIaCHBIX (DAKTOPOB) TPYIIIEI JItofeH ogHOoBpeMeHHO [11]. MHOCTpaHHBIe HecaenoBa-
TEJN TaK)Ke MPUBOJST HAYYHBIH OMBIT HA TeMy OOpBOBI C SHIIOTCHHBIMHU MOXKapaMH H
ux mocineAacTBusmu [12—14].

IIporHo3 3H10TreHHOI MOKAPOOMACHOCTH BKJIIOUAET ONPEJEICHHUE PaCIIOIOKe-
HUS ¥ pa3MepoB odara moxapa, CTaJiid pa3BUTHUS MPOIECCa CAMOHATPEBAHMS, YTOU-
HEHHE I'PAaHMIL MT0)KapOOINAacCHON 30HBl. BO3HMKHOBEHNE 1 pa3BUTHE MOXkapa COMpPO-
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BOXK/JIACTCsl BBIJICJICHUEM U3 OKUCJISIONICTOCS MaTepualia ra30B, BlIard, H3MECHCHUEM
(U3UIECKUX CBOMCTB MaccuBa, (popMUpOBAaHWEM aHOMAJHN €CTECTBEHHBIX (PHU3MUC-
CKHUX TOJIEN.

[IpyHuunuanbHO pasnuyaroT 4 Tpynmbl  METOJOB TPOTHO3a SHAOTEHHBIX
noxkapos [15, 16]:

— ¢usuonozuyeckue, OCHOBaHHbIC Ha OOHApPY)KEHWUH BHEIIHUX NPHU3HAKOB Op-
raHaMHu 4yBCTB (3peHHeM, OOOHSHHEM, Ocs3aHueM) 0e3 CIenHalbHBIX MPUOOPOB U
000pyIOBaHNS;

®DakTopsl
| |
I'eonornyeckue Tprposso- TexHoreHHbie
KIIMMaTHYEeCKHe
Bewecraenno- || Temneparypa | Texuonorus otpaboTky, | |
neTporpapuyecKuii i BO31yXa B3PBIBHOE JIPOOIIEHHE
XMMHUUYECKHH COCTaB, v
CBOMWCTBA yIJIs
| | Artmocdepusie " |
ocaKu v apaMeTphbl YCTYITOB
®danuanbHble yCIOBUS, v
MeTaMop(u3M yriis
Lenuku u norepu yris,
| Berep 3aKOHCEPBUPOBAHHBIE [
|| Hapymenue miacra, | GIIOKH
TPELIMHOBATOCTb

TexHosorust OTCHINKH, ||
|| Ctpoenue, mopdosorust | COCTaB OTBAJIOB
3aJieraHus Iacra

['eomexammieckue VYrosabHble HaBadbl, | |
CocraB 1 cTpoenme | N nedopmaryn CKOTLICHIS
BMEIIAOIIEH TOJIIN (omomn3Hy,
o0pymIeHwHs)

[

24

OHIOreHHOE BO3TOpaHUe

Pucynok 2. ®axkTopsl, BIUSIOUINE HA YHIOTSHHOE BO3TOPAHHE YTrOJIbHBIX IJIACTOB HAa Kapbepax
Figure 2. Factors affecting the endogenous combustion of coal seams in open pits

— XUMUKO-aHaumuyecKue, yCTaHABINBAIOLIUE MPU3HAKU IOXKapa IyTeM XHMH-
YECKOTO aHaJIM3a PYIHUYHOTO BO3IyXa WM BOJBI HA MPHUCYTCTBHE B HUX MPOIYKTOB
TOPEHHUS WA TEPMUIECKOTO PA3IOKEHUS;

— MUHEPaN020-2e0XumuiecKue, N3yJaronye moKapsl 10 COCTaBy TOPHBIX ITOPOI
MyTeM HaOJIONEHHs 3a BTOPUYHBIMHU MHHEpalaMHu, 00pa3yIONIMMUCSA MPH pPa3BUTHHU
OKHCJIUTEJIbHBIX MPOIIECCOB;

— 2eou3uyeckue, TpeaycMaTpuBaromue OOHApYXEHHE IOXKAPOB C ITOMOIIBIO
prOOPOB 10 (PU3UYECKUM MMapaMeTpam, 3aBUCSIINM OT TEIIOBOTO COCTOSIHUSI CPEJIbI
(Temrieparypsl pyTHIYHOTO BO3yXa, BOJIBI U TOPHBIX TTOPOJI, BIAXKHOCTH aTMOC(hepHl,
AIEKTPUIECKOTO COTMPOTUBIICHUS TOPHBIX TIOPOJ).
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OCHOBHBIE CYIIECTBYIONIME METOBI OOHAPYKCHHUST SHIOTEHHBIX TIOKApOB B BhIpa-
60TaHHI)IX MMPOCTPAHCTBAX! razoaHaJuTHYECKUMN METO U ITIOAIIOYBCHHAsA ra3oBasi CbE€M-
ka [17]. B Hacrosiiiee BpeMsi HAUMHACT aKTHBHO MPUMEHSTHCS Te0(pU3NUeCKHii METOT
0OHapy)KeHUsI 09aroB SHJOTCHHBIX MOXKAPOB B BEIPA0OTAaHHBIX MMPOCTPAHCTBAX, COCTO-
SIIUN U3 TUTIONBHBIX METOJOB JJICKTPOPA3BEIKA — JUIOIBHOTO AIEKTPOIIPO(UIH-
posanus (JIO11) n sxBaropmanbHO-IUTIONBHOTO 3J1eKTponpocBednBanms (J/211) [18].

VYuactok Ne 2

Pucynok 3. O630pHast cxema dKCIIepUMEHTAIbHBIX Y4aCTKOB
Figure 3. Review scheme of the experimental sites

JKcIepUMEHTAJIbHbIE HcciaeloBaHusl. B pabore npuBeneHbl pes3yiabraTbl KOM-
IUIEKCHOTO HHCTPYMEHTAJIbHOTO MOHMTOPHMHIA IPU JIOKALUM O4YaroB 3HJOI€HHBIX
MoXXapoB B OOPTY YTOJIBHOTO pa3pesa, MPOBEIEHHOTO Ha JIBYX OINBITHBIX y4YacTKax
OAO YK «Kysbaccpazpesyronb» gunrana «baqaTcKkuil yroinbHbIA pazpesy:

— y4yactok Ne 1 (sumorenssiii moxap Ne 75) mpoTsokeHHOCTBIO 10 820 M, Hayaio
¢dhopmuposanms 01.12.81;

— ygacTtok Ne 2 (oHmoreHHsril moxkap Ne 223p) mpoTsbkeHHOCTRIo 10 120 M, Havano
(dhopmuposanwust 20.08.13.

O0a yyacTka pacrojoKeHbl B Hepaboyem 00OpTy yroJibHOTo paspesa. Oyaru Bo3ro-
panus pUKCUPYIOTCS BU3yaJIbHO Ha OTKoce OopTa. JlJist TyIeHHs SHA0TeHHBIX ITOKapOoB
MPUMEHSUTUCH CIEAYIOIINE MEPOIPUSITHA: Pa3MbIB 04aroB MoXapoB I'MIPOMOHUTOPOM;
3aMIMBAaHUE NIMHUCTBIM TPYHTOM.

O06a ydJacTka TpUIIETAIOT K aBTOMOOWIIFHOW JOpOTe, PACIIONOKEHHON Ha yCTyTe
00pTa, U3 INIOTHO YKATaHHBIX BCKPBIIIHBIX TIOPOI.

O0630pHas cxema dSKcriepruMeHTanbHbIX yuacTkoB (GPS-¢portorpadus) npusenena na
puc. 3.

[opsinox npoBeaeHNsI KOMIUIEKCHBIX UCCIIEI0BaHNMI:

— BU3YaJIbHBIIl OCMOTP Y4aCTKOB BO3rOpaHusi, (POTOCHEMKa, TEIUIOBU30PHAsI ChbEMKa
C LEJIbI0 OIIPENeIeHNs HeHTpa NPpodmIs reopU3nIECKOro 30HANPOBAHNS, MAKCUMATIb-
HO NMPUOIMKEHHOTO K SMUIEHTPY SHAOTEHHOTO T10XKapa, €ro NPUBS3Ka K IUIaHy TOPHBIX
paboT U reoI0rn4ecKoMy paspesy;
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Pucynok 4. Pe3ynbraTer OTO- ¥ TETUIOBU30PHON CHEMKH Ha ydacTke Ne 1
Figure 4. Results of photo- and thermal imaging survey at site no. 1
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Pucynok 5. Pe3ysibraTel pOTO- U TEINIOBU30PHON CheMKH Ha yyacTke No 2
Figure 5. Results of photo- and thermal imaging survey at site no. 2

130



Kalaygoroda V. V. et al. / Minerals and Mining Engineering. No. 2, 2023. Pp. 124-135 SAFETY

— Teo(HW3WUYECKHe WCCICNOBAHUS METOAAMU DJIEKTPUUCCKUX 30HIUPOBAHUM,
MOTEHIIMAJIOB €CTECTBEHHOTO JJIEKTPUUECKOTO IO W TeopajHuoIOKalny; JdaHHAas
METOJIMKA OTIPEACIICHUS MECTOPACTIONOKECHUS 04aroB CAMOBO3TOPAHHUS YITICTIOPOTHOTO
MaccuBa M WX pa3MepoB sBIsAETCS IPPEKTUBHOW [UIsl TOMYYCHHS OIEePATHBHBIX
Jla"HHbIX [19].

A
:_*\\ ‘,,E\‘{\"\'ﬁ.\\ S e
=N $ P

.:‘

e -w.a .u-_p

% 'IM

- Kontyp 30HBI BO3ropanus

/\  Ueurp npoduns reopusnyeckoro 3ouauposanns Ne 1

Pucynok 6. [1nan pacrnonoxeHus oyara SHIOTeHHOTO Toxapa Ne 75 — a, reosiornuecKuii
paspes o npoduito 36 — 6
Figure 6. Location plan of the endogenous fire source no. 75 — a, geological section along
profile 36 — 6

B pabore paccmoTpeHbl pe3yabTaTbl TOJIBKO IIEPBOIO 3Tama MCCIECAOBaHUH.
TenoBu30pHAas ChbeMKa BBINONHsIIACH annaparypoil Testo 850.

Pe3ynbTarbl (OoTO- M TEIUIOBH30PHOM CBHEMKHM MpEACTaBIeHbl Ha puc. 4, 5.
Ha yuactke Ne 1 Temmeparypa Ha MOBEPXHOCTH OTKOCA YCTYyIa M3MEHsUIach B JHa-
nasone 24,5-102,0 °C, npu 3TOM TOJILKO OOILIUI 3aMep MmoKas3ayl TeMIieparypy Oosiee
100 °C Ha ruromniagu MeHee 2 M%, Ha OCHOBHOMW YacTH TOJMIOHA AUAMa30H TEMIIEPATyp
coctaBmi 35-55 °C. 3aMeTHBIX OCeJaHNH Ha/I yYaCTKaMH C BRICOKOM TeMIIepaTypoi He
3a(hKCUPOBAHO, UMENIM MECTO OTAEIbHBIEC TPEIIUHBI U PACCIOCHUS, U3 KOTOPBIX BbIJIE-
JSUTICH Ta3000pa3Hble MPOAYKTHI TOPEHHUS YIIIAL.

Ha yuactke Ne 2 (puc. 5) TemmeparypHble TpaHeHTbl U JeQOpMaIlMOHHBIE MPO-
[[ECChl TPOSIBIIINCH Oo0Jiee MHTEHCHBHO: OOIIMH JAWama3oH TemIeparyp He H3Me-
HSUICSI, OIHAKO IIPAKTMUECKHM Ha BCEX TEIUIOBU30PHBIX ChEMKax (hUKCHpoBaInCh
ydacTku ¢ Temneparypoit 6omee 100 °C, B palioHax 3THX MHTEPBAIOB HAOIIOMANNCH
3USIIOLIUE PA3IOMBI C PACKPBITUEM J0 1,5-2 M.

Pe3ynbraThl OLICHKHM TOPHO-TEOJIOTHYECKUX YCIOBHH (OPMHUPOBAHHS 0OYaroB
9HJIOTEHHBIX TOXApOB W BHIOOpa METOIOB Teo()U3MUIECKOro 30HANPOBAHUS B MPH-
BA3KE K BH3yaJIbHO 3a()MKCUPOBAHHBIM OYaraM CaMOBO3TOPaHUS IpPEACTaBICHBI
Ha puc. 6 u 7.
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AHanu3 TuTaHa TOPHBIX paboT W TeoJOrHYecKoro pa3pesa Mmokaszall, 4To Hamboiee
BEpOsATHO pa3BuTue ouyara noxkapa Ne 75 B miacre II IpokonbeBckuii. [TpoTsskeHHOCTh
3aJI0KEHHSI JaHHOTO Y4acTKa 110 JaHHBIM T'€0J0ro-MapKUIeHIepCKiX HaOMI0eHUH co-
craswia 120 m.

Hawnbonee BeposTHBIM HMCTOYHMKOM CaMOBO3TOpaHUs yIisi Ha ydacTke Ne 2 sBisi-
ercss muact I XapakrepHblii B palioHE TEKTOHMUYECKOro HapymeHus. [Io naHHBIM
re0JIOrO-MapKIICHIePCKUX HAOIIONEHUH IPOTSHKEHHOCTh Oyara SHAOTEHHOTO HOoXKapa
No 223p cocraBunia 40 M.

———— Kontyp 30HBI BO3ropanus

/\  Lenrp npoduis reogusndeckoro 30HaupoBanust No 2

Pucynoxk 7. Ilnan pacrmonoxeHHs: o4ara SHJ0reHHOro roxapa Ne 223p — a,
reoJioruueckuii paspes no npoduo 44 — 6
Figure 7. Location plan of the endogenous fire source no. 223p — a, geological section
along profile 44 - 6

[IpssmMble Bu3yasibHBIC HAOMIONCHUS W TEIDIOBU30PHBIC M3MEPEHHS HE TO3BOJISIOT
OTIpENeNSITh TPAHUIIBI 3aII0KaPEHHBIX 30H B TUIAHE U 110 TITyOWHE, MOCKOJIbKY 3aMETHBIE
AHOMAJIMY TeMIIepaTypbl (PUKCHPYIOTCS TOJIBKO MIPU BBIXOZE OYara HeroCpPeACTBEHHO
Ha 3eMHY0 TIOBEPXHOCTb, YTO 00YCIOBICHO HU3KOW TEIUIOMPOBOIHOCTHIO YIS U BME-
LIAIOIIMX [TOPO/I.

PesynpraTsl reopuznueckux Hcciaea0BaHnuii OyayT MPUBEACHBI B OTACTHHON CTAThEe
aBTOPOB.
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Instrumental monitoring for the location of endogenous fires
in the coal mine wall

Vsevolod V. Kalaigoroda', Sergei M. Prostov', Evgenii A. Shabanov'
'T. F. Gorbachev Kuzbass State Technical University, Kemerovo, Russia.

Abstract
Introduction. Endogenous fire is a fire initiated by the process of self-ignition of coal. Detection
of this type of fire is carried out visually by fire and smoke or by the results of temperature,
gas or geophysical control. The occurrence of endogenous fires in coal mines leads to serious
consequences, such as pollution of the environment and deterioration of sanitary and hygienic
working conditions. It also leads to economic losses due to the suspension of technological
processes and burnout of coal reserves. The prevention of endogenous fires includes measures to
prevent the possible development of self-ignition processes in the identified areas of potential fire
hazard.
Research objective is to investigate areas of fire in active coal mines in order to determine the
center of the profile of geophysical sounding, as close as possible to the epicenter of endogenous
fire, to perform its binding to the mine plan and geological section.
Methods of research. In order to achieve this goal, it is necessary to carry out a visual inspection
of the areas of fire, to take photographs, as well as to carry out a thermal imaging survey with
specialized equipment.
Results. The results of photo- and thermal imaging surveys were recorded, the assessment of
mining and geological conditions of formation of endogenous fires was carried out, and plans
of the location of endogenous fires were presented.
Conclusions and scope of results. After implementation of measures on inspection and survey in
areas close to the centers of endogenous fires, as well as analysis of the results, we can conclude
that direct visual inspections and thermal imaging measurements do not allow to fully determine
the boundaries of fire zones in plan and depth. This is due to the fact that noticeable temperature
anomalies are recorded only when the focus is directly on the ground surface due to the low
thermal conductivity of coal and host rocks.

Keywords: endogenous fires, spontaneous combustion of coal, geophysical monitoring; integrated
method; thermal imaging measurements; geological section.
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Py,ClHVI‘-IHaﬂ yCTaHOBKa MeCTHOIro npoBeTpuBaHuA
B BUAe UHTeNNIeKTyanlbHOro MexaTpoHHOro Mmoayna

Tayrep B. M.", KouneBa J1. B."*, BonkoB E. B.'
1 YpanbCkuin rocynapCTBEHHBIN FOPHbIN YHUBEPCUTET, T. EkaTepunbypr, Poccus
*e-mail: lyu7660@yandex.ru

Peghepam
Beeoenue. Oono uz eadxcuherwiux ycioguil obecneuenusi 0e30nacHol u 0e3a8apuilHol
000bIYU UCKONAEMO20 COCTNOUM 6 KAYeCMEEHHOM NPOGEMPUBAHUN NOOZEMHBIX GbIPAOOMOK.
Hccnedosanus, HanpasienHvle Ha YHPAasieHue ddpoioudeckoi. 0OCcmanoskol 8 pabouux
30HAX, 8€0YMCSl HENPEPLIBHO, OOHAKO, HeCMOMpPsi HA OOCMUSHYmble YCNexu, akmyaibHOCHb
npobiemMbl CO30aHUsL HAOEICHIX AOANMUBHBIX CUCTNEM NPOGEMPUBAHUsL WAXM U PYOHUKOG
He cHudicaemcs. B mpoyecce evliemru uckonaemozo cucmema 6blpabomox HA 20pU30OHme
npuobpemaem 8ecoMd CILOJNCHYIO CMPYKIMYPY, U 3a4dACMyl0 eOUHCMBEEHHbIM CHOCOOOM
0oCmudiceHUsi  KauecmeeHHo20 B8030YX000MeHa 6 pabouell 30He ABNAEMCA  MeCHOoe
nposempueanie.
Memoouka (memooonozus). /[nsn nocmoannoco obecneuenuss paboueli 30Hbl PACUEmMHbIM
KOUUECBOM C8edice20 8030YXd, d makdice Oiisi UHMEHCUDUKAYUU NPOBEMPUBANUs 6 CIyYde
NOBbIULEHUSI  KOHYEHMPAYULl 6PEOHbIX NpuMecell NPUMEHSIIOMCS. VCMAHOSKU MECMHO20
nposempueanus (YMII). Haunyuwum nymem nogviuienus dK0102ULECKOU U IKOHOMUUECKOU
agppexmuenocmu YMII sensiemes agmomamuyeckoe ynpagieHue npou3eo0uUmeibHOCmbIO
BEHMUNAMOPA.
Pesynomamut u ux aunanus. Ilpocpamma, 3a109CeHHAs 8 NPOSPAMMUPYEMOM TOSUYECKOM
xoumponnepe (IIJIK), npedycmampusaem cpasHenue noKazaHuil 0amyuKos ¢ 00NnycKaemvlmu
napamempamii  a’spoiocuUteckoll. 0OCMaHOBKU U BbIPAOOMKY PeuweHus 0 HeoOX00UMOCmu
usMenenus. npouzsooumensHocmu eenmuasmopa. Eciu mpebyemces ocywecmeums Oannoe
usmenenue, IJIK omoaem peeynsimopy coomeemcmeayiouyro KOMaHoy — Ha KOPPEKMUpOBKY
yacmomol epawienus ogueamens eenmunamopa. Cxema YMII ynpowaemcs, eciu mynukogas
B8bIPAOOMKA NPAMOIUHENHAS, NOCKOAbKY Nepedamyux HAXo0umcs 8 NpAMou SUOUMOCTU
npueMHuKa U Hem Heobxooumocmu 6 pempauncismope. MuHuManibHOU CIOACHOCIbIO
xapaxmepuzyemcs koncmpykyus YMII 6 mom ciyuae, ko20a 8blpabomka npsamoauHennas u
3a0a4a ynpasienus oepanuiena obecneyenuem noCmosHCMaa pacxooa 6030yxd, n00asaemo2o
6 npu3adolnyio 301y, U3 uHGOPpMAYuoHHbIX YCMPOLCms 6 cxeme 0Cmaemcst Mojibko OamyuK
pacxooa, a pempanciamop u IIVIK uckmouaromes. Takoce cmoum ommemums, 4mo 6
meueHue 8ce2o nepuooa npoxooKku genmuasamop Hepezynupyemou YMII coz0aem uzovimounuiil
pacxoo u, credo8amenvHo, nompeobusiem O0o0abuie SIeKMPOIHEPSUU, HeM BEHMUISAIMOP
UHMELEKMY AbHO20 MeXampoHH020 Mooy (MMM).
Buwieoowl. Ilpeobpasosanue YMII ¢ UMM obecneuum nodauy mpedyemozo Koauvecmea
ceednce20 8030yXa 8 NPU3AOOUHYIO 30HY U MAKUM 00pA30M NOGbICUM OE30NACHOCMb MpPyod
eopHopabouux. OnepamuseHoe ynpagienue npouszsooumenrvHocmoro UMM npusedem K
CYWECMBEHHOMY CHUICEHUIO IHep2o3ampam U co30acm Ona2onpusimuvle VCiosus OJisl
ONMUMU3AYUU NPOBEMPUBAHUSL IO KPUMEPUIO «YEHA—KALECMBOY.

Knrwouesoie cnoea: nposempusanue pyonuka, asmomamusuposanidas CUCMemMd YAPAGLEHUL,
BEHMUNAYUS  20PUSOHMA,; NPU3AOOUNAS. 30HA;  YCMAHOBKA MECMHO20 NPOGEMPUBAHUSL;
UHIMENIeKMYANbHBII MEXAMPOHHBIL MOOYIb, NPOSPAMMUPYEMBITL JIO2ULECKULl KOHMPOJLiep;
pabouast 30Ha; 6030YX0600, IHEP2O3AMPAMbL.

Beenenue. Bonpoc coxpanenus npo)ecCHOHAIBHOTO 3A0POBbs TPYAOCIOCOOHOTO

HACEJICHUS SBIISIETCS OTHUM U3 BAKHEHIIINX C TOYKH 3peHHs 00ecrieueHus CTabuIbHOTO
SKOHOMHYECKOTO Pa3BUTHS CTPaHBL. Tpya ropHOpabOINX ¢ KaskKIbIM TOJOM CTAaHOBUTCS
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Bce OoJiee MEXaHW3WPOBAHHBIM M aBTOMATH3MPOBaHHBIM. [Ipu 3TOM ycmimBaercs poib
MHOTO()aKTOPHBIX BO3IEHCTBHI YMEPEHHOH WHTEHCHBHOCTH, BBI3BIBAIOIINX MOJUITHO-
JIOTHYECKUE HAPYIICHUS 37I0POBbSI pAOOTHUKOB, U BO3PACTACT POJIb MPO(HECCHOHATBEHO
00yCIIOBJICHHBIX 3a0osieBaHuid. Ha mpennpusTusx TopHOMOOBIBAIOIIEH MTPOMBIIILICH-
HOCTH y/IENBHBIN Bec pabOTaIONIMX BO BPEIHBIX M OMACHBIX YCIOBUSAX TPy/Ja JOCTHTAET
70-80 %. I'opHBIE TIPEATIPUATHS OTIUYAIOTCS OCOOCHHOCTSMH TEXHOIOTHYECKHX TPO-
[IECCOB, CTIEU(PHUECKUMH YCIOBUAMH TPY/a, BBICOKIMH PO ECCHOHATBHBIMU PHCKaMHU
JUISL 3710pOBBs paOOTHHUKOB. KoMIieke HeOIaronpusTHBIX POU3BOICTBEHHBIX (PAKTOPOB
MIPU3HAH OJTHUM U3 BEAYIIUX B (DOPMUPOBAHUN HAPYIICHUI 370POBbsI PAOOTHHKOB.

CkBO3Has BbIpabOTKa

10

Pucynok 1. CxeMa aBTOMAaTH3MPOBAHHOI YCTaHOBKU MECTHOTO TIPOBETPHUBAHHUS
Figure 1. Scheme of automated mine auxiliary fan

OnHO W3 BaXHEHIINX yCIIOBUI obOecriedeHusT Oe30macHOd U 0e3aBapuiiHON JTOOBI-
YH UCKOIIAEMOTI'0 COCTOMT B KAQUECTBEHHOM IPOBETPUBAHWU IMOA3EMHBIX BBIPAOOTOK.
HccnenoBanusi, HanpaBIeHHBIE HA YIIPABICHUE adPOIOTHUECKON 0OCTaHOBKOM B pabounx
30HaX, BEIYTCSl HEMPEPBHIBHO, OJHAKO, HECMOTPSI Ha JAOCTHTHYTBIC YCIIEXH, aKTyallb-
HOCTh MPOOJIEMBI CO3/[aHUS HAJISKHBIX aJalTUBHBIX CUCTEM MPOBETPUBAHUS IIAXT U
pynuukoB He cHikaetcs [1-10], (MP 2.2.0244-21. 2.2. [ueuena mpyoa. Memoouue-
CKUe peKoMeHOayuu no obecneyeHur0 CAaHUmapHo-3nU0eMUuoNI0SULeckux mpebosanuii K
yenosuam mpyoa. Memoouueckue pexomenoayuu).

B nporiecce BbIEeMKH HCKOTIAEMOTO CUCTEMA BBIPA0OTOK Ha TOPU3OHTE MTpUoOpeTaeTt
BEChbMa CIIOKHYIO CTPYKTYPY, ¥ 3a4aCTYI0 €IMHCTBEHHBIM CIIOCOOOM TOCTH)KEHHS Kauec-
TBEHHOTO BO3JlyX0OOMeHa B paboueii 30He SBISIETCS MECTHOE IPOBETPHUBAHHE.

MeTonuka mpoBeleHHs] HCCJIEIOBAHHS. YCTAaHOBKA MECTHOTO TPOBETPHUBAHUS
(YMII) momxkHa pemaTh CICAYIONINE 3a1a9H:

— TIOCTOSTHHOE obecrieuenne padoyeil 30HBI PACYETHBIM KOJIWYECTBOM CBEXKETO
BO3JyXa;
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— WHTEHCU(DHUKANNS TIPOBETPUBAHUS B CITydae Pe3KOTO MOBBIMIEHUS KOHIIEHTPALINU
BpEHBIX IpuMeceid B armocdepe padoueit 30HbI;

— OYMCTKA BBIXOJSILETO U3 paboueii 30HbI BO3AyXa OT MBLIH.

B Tom ciydae, korna ¢ mblIENoOaBIEHHEM YIOBIETBOPUTEIBHO CIIPABIAIOTCS APY-
rue BuIbsl oOopymoBanus, Ha YMII Bo3nmaraercs perneHne NepBOil W BTOPOH 3ajad.
Haunmy4mum myTeM HOBBIIIEHHS SKOJIOTHYECKOH M 3KOHOMHUYECKOH 3()(EeKTUBHOCTH
YMII siBisieTcst aBTOMaTH4IeCKOE YIIPaBIICHNE TIPON3BOAUTEILHOCTRIO BeHTIsITOopa [ 11-15].

Q4
QBO

.

Pucynok 2. Xapakrep U3MEHEHHUS IPOU3BOAUTEILHOCTH BEHTHIIATOPA
B IIEpUOJ NMPOXOAKU BBIpaOOTKM: 1 — Heperymupyemas ycTaHOBKa
MECTHOT'O IIPOBETPUBAHUSA, 2 — I/IHTeJ'IHeKTyaHI)HHﬁ MeXanOHHbIﬁ
MOZYJIb
Figure 2. The nature of the fan capacity change in the course of
tunneling: 1 — unregulated mine auxiliary fan; 2 — intelligent
mechatronic module

PesyabTarhl uccaenoanus. Ha puc. 1 mpuBenena npuHIUNuagbHas cxema mpej-
nmaraemoir YMII mauHHOW HEMPSMONIMHEHHON TYIMMKOBOHW BBIpaOOTKH. OO03HAYCHUS:
1 — BeHTHIIATOD; 2 — MEPEXOIHBbII yYacTOK BO3MYyXOBOAA; 3 — MarMCTPaJIbHbIM BO3IY-
XOBOJ (anee — BO3ILyX0OBOA); 4 — KOMIUIEKT JaTYUKOB a’3pOJIOTHUYECKOH 0OCTaHOBKH;
5, 6 — mporpammupyemsbiii sorudeckuii koutpomep (IUJIK); 7 — panmonepenatuuk
(manee — mepenaruuk); 8 — perpancuarop; 9 — nNpueMHHUK; /() — PEryisTOp YacTOTHI
BpalleHUs1 ABUTATENs BeHTIsATopa 1.

Bentunsrop 1 momaer cBexuil BO3MyX W3 CKBO3HOW BBIPAOOTKH B TYMHKOBYIO TTO
MEPEXOAHOMY y4acTKy 2 W BO3AyxoBoxy 3. B xommiext 4 B o0miem ciydae BXOIST
JaTYMKNA pacxofia U COACp)KaHHs BPEAHBIX MpHUMeceidl B mpu3aOoiHOW 30HE TYIHKO-
Boii BbIpaboTku. MHdopmanms ot garunkoB nocrynaer B [1JIK 6, komupyercs u mo-
CPEICTBOM IepenaTurka 7 yepes perpancistop 8 u npuemuuk 9 nepenaercs B [TJIK 5.
3anoxxernoit B [1IJIK 5 mporpamMmMoii ipemycMOTpeHbl CpaBHEHHE TTOKa3aHUH JaTINKOB
C JIOIYCKAaeMbIMH IIapaMeTpaMH a3pOJOrHYecKOi 0OCTaHOBKH M BhIPa0OTKa PELICHNUs
0 HEOOXOAMMOCTH W3MEHEHHS MPOM3BOAUTENBHOCTH BeHTWwIATopa 1. B TOoM ciyuae,
KorJa Tpedyercst ocylecTBUTh naHHoe u3MeHenue, [1JIK 5 otnaer komanay peryisro-
py /0 Ha KOPPEKTUPOBKY YaCTOTHI BPAIIEHUs ABUraTeNs BEHTUIISATOpA 1.
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IlycTh KOHIIEHTpaIy BpeTHBIX IpUMecel B aTMochepe mpru3adoiHOM 30HbI HE TIpe-
BBIIIAIOT JIONYCKAEMBIX 3HAYECHHMIi, a pacxon Bo3myxa Q,, MOCTYNAKOIIEro B 30HY NPH
4acTOTe BPAIICHUS JBUTATENs 71, BEHTUIATOpA 1, 60J‘II>IHC Tpedyemoro Q KOTOPBIT
OBLIT OTIpEIEeTIeH 110 PacueTy ra3OBLmeneHI/I;1 Torna perynsarop moHMWXaeT qaCTOTy Bpa-
ILEHHUS JIO 71,, OTIPEAEISIEMOTO MO COOTHOIIECHHIO:

Q.
Q'

n,=n,—-

BCJIEICTBUE YET0 pacXojl yMEHbIIaeTcs 10 Q

B mnpomuecce perynmupoBaHus JaT4uK pacxona Urpaet posib HHPOPMAHOHHOTO
YCTPOHCTBA OOPATHOM CBSI3H.

[ToBblllIeHHE CoONiepaKAHUA BPEAHBIX NPUMECEH CBBILIE JIONMYCKAEMBIX 3HAYCHUMN
NPUBENET K YBEIUUYEHHUIO YaCTOThI BPAIICHUs M, COOTBETCTBEHHO, K MHTEHCH(DUKAIMN
MIPOBETPUBAHUS TIPH3a00MHOM 30HBI.

Onucannas YMII ob6namaer mpu3HAKaMH HMHTEJUIEKTYaJbHOTO MEXaTpOHHOTO
Mozyitst (MMM), cHaGKEHHOTO CHCTEMOM MOHUTOPHHTA a3POJIOTHIeCcKoii 00cTaHOBKH [ 16].

Cxema YMII ympormaeTcst, €CIu TYITHKOBas BBIpaObOTKa MPSMOJIMHEHHAS, TT0 CKOJIBKY
MepeaTyiK / HAXOJUTCS B IPSIMOW BUIUMOCTH NIPUEMHUKA 9 1 OTIagaeT HaJI0OHOCTh
B peTpaHcisTope 8. MUHUMAIBHYIO CIIOKHOCTh IpUHUMAaeT KoHCTpyKius Y MI, korma
BEIpa0OTKa MPSIMOJIMHEHAS U 3aj1a4a YIIpaBIICHUs] OTpaHUYeHa 00eCIIedeHHeM MTOCTO-
SHCTBA T0J]aBaeéMOT0 B IMpH3a00iiHyI0 30HY pacxoja Bo3ayxa, T. €. Q = Q = const.
W3 nHPOpMAIIOHHBIX YCTPOHCTB B CXEME OCTAETCS TOIBKO IATYMK PACX0/a, a peTpaHc-
nsirop v [TJIK 6 nckmrowarorcst.

Pacemotpum adpdekt o ucnonszoanust YMII, npennasHaueHHOM A5 pelieHHs 3a-
gaun Q = QTp = const.

Puc. 2 nmmoctpupyeT M3MEHEHHE MPOU3BOIUTENBHOCTH Heperyimupyemoir Y MII
(xpuBas 1) u ycranoBku B Bune MMM (mipsiMast 2) B IeproJT IPOXOIKHA BEIPAOOTKH.

B nauane npoxoaku npou3BOAUTEILHOCTb BEHTHIISITOpa Heperynupyemoit YMII co-
crasiseT Q , M0 MEpEe YAJIMHEHHS BLIPAOOTKM OHA YMEHBIIAETCS U NPH JUTMHE BO3/Y-
xoBoga L = L CTAHOBHTCS PaBHOU Q

HpOI/IBBO)_II/ITeJ'IBHOCTB BCHTI/IJ'IHTopa I/IMM B HayaJje MpPOXOIKH — Q ampu L =L
TaK e, KaK U B Heperyaupyemoi YMII, npunumaet 3navenue Q, I[nﬂ HpOI/I3BOJ'H>HO
B3STON JUIMHBI BO3AYXOBOAA L o0ecrieunBaeTcs HpOI/I3B0,I[I/ITeJ'H>HOCTB (Uncmpykyus
nO pacuemy Koauvecmed 6030yxa HEoOX00UMO20 015l NPOBEMPUBAHUS OCUCEYIOUUX
veonvHuix wiaxm. M.: Heopa, 1975. 80 c.):

Qui = Qupkyys

rIe k — K03 PUITUEHT YTEUEK, COOTBETCTBYIOIINN JUTMHE BO3TyXOBOAA L
3aBHCHMOCTD KO3 GUIIEHTA yTeueK k . OT 1unHbI L 6iu3ka k nHHeHHOH 1 arpoK-
cumupyercs hopMyioi

kYT =1+al,
IJIe a — MOCTOSTHHBIN KOG PHUIIMESHT, UMEIOIINI Pa3MEpHOCTh M '

Takum o6pazom, UMM obecrieunBaeT MOCTOSHHYIO U PAaBHYIO QTp BEJIUYMHY PacCXo-
Jla Ha BBIXOJE BO3yXOBO/A.
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psj

Pso

PI/IC}’HOK 3 A3pOZ[I/IHaMI/I'-IeCKaH XapaKTCPUCTUKA UHTEJUICKTYAJIbHOT'O
MEXaTPOHHOTO MOJIYJsl. 3aBHCHMOCTh OT MPOM3BOAUTENBHOCTH Q:
a — TEKYyNIETO0 3HAa4YC€HUA MOIIHOCTH Ha Bajlly BEHTUIIATOpA P;
6 — CTAaTHYECKOTO JABJICHUA Dg
Figure 3. Aerodynamic characteristics of the intelligent mechatronic
module. Dependence between the capacity and Q:
a — current value of power on the fan shaft P; 6 — static pressure p;

B teuenue Bcero mepuoja NpoXoAKd BEHTUIATOP Heperyiaupyemoi YMII cozna-
eT W30BITOYHBIA pacxo W, CJIEIOBATEIbHO, MOTPEOSET OOJBINE DICKTPOIHEPTHH,
yem BeHTWIsITOp MMM, CHuxeHHE SHEpronorpeONeHus OICHUBACTCS CICIYIOIIUM
oOpazom.

B cooTBercTBUU € MONOKEHUAMHU MEXaHHKU XUJIKOCTU W rasa IMepemnaj CTaTh-
YECKOr0 JABJIEHHSI PS HA yYacTKE I€PMETUUYHOTO BO3AYXOBOJA OMNPEACISETCS IO

dhopmyme [17]:

L v & V2
=A—p—+> Lp—,
Ps=hgPs _§:1 Gip > (1)

riae A — ko3houuuent dapcu; L, d — anvHa ¥ BHYTPEHHHI JUAMETp Y4acTKa BO3MY-
XOBOJIa COOTBETCTBEHHO; p — MJIOTHOCTh BO3/1yXa; V — YCPEAHEHHAs 110 MONEePEeYHOMY
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LV

PI/ICyHOK 4, XapaKTep HU3MEHCHN MOIIHOCTU Ha Bajlly BEHTUWISATOpA B

MEepHoJl IMPOXOAKH BEIPaOOTKM: 1 — Heperymmpyemas ycTaHOBKa
MECTHOTO TPOBETPUBAHUS; 2 — HMHTEIUICKTYalbHbIH MEXaTPOHHBIH
MOIyJIb

Figure 4. The nature of the power change on the fan engine shaft in
the course of tunneling: 1 - unregulated mine auxiliary fan;
2 — intelligent mechatronic module

CEYEHHUIO BO3yXOBOJIa CKOPOCTB MOTOKA; ; — KOO (HUIMEHT MECTHOTO COMPOTUBIIECHUS
HOMED I; M — 9YUCJI0 MECTHBIX COHpOTPIBJIeHPIﬁ.

B POJIn MECTHBIX COHpOTI/IBJ’IeHI/Iﬁ BBICTYIIAIOT, KaK MPaBUJIO, KOJICHA WJIM OTBO/BI,
pacIoJIOKEHHbBIE Ha IIEPEXOTHOM YUACTKE BO3IYXOBOJIA.

CBs3b TPOU3BOIUTEIBHOCTH BEHTHIIATOPA C JUIMHOW pealibHOrO BO3ayXoBoaa L
BCJIC/ICTBUE YTEUKH BBIVISIIUT TAKUM 00pa3oMm:

Q,(L)=Q,(1+aL)=Q, (1+avnpt),

rae Q — pacxon Ha BXOI€ B BO3MYXOBOJ, T. €. IPOM3BOAMTENLHOCTh BEHTHIIATOPA;
V,,, — CKOPOCTB MPOXOAKH; T — BPEMsI, B TEUCHHE KOTOPOTO OCYIIECTBIIACTCS MPOXO/IKA.
C y4eToM BBIpaXEHUs

4Q

V =
nd?

rne Q — pacxon B ceuenuu, ¢popmyna (1) MpUMEHHUTENBHO K peallbHOMY BO3IYXOBOLY
nocie anreOpandyeckux npeodpa3oBaHUN IPUHUMAET CJICAYIOIUI BU:

L _ m
ps=o,81(;¥4 xEQ%;ciQf : @)

rie Q — cpenuss xkBagparM4Has BEIMYMHA PACXOa HA y4aCTKE BO3MYXOBOJA JUIMHOM
L, paccuuThIBaeTCs C UCTIOIB30BaHUEM BhIpaskeHUs (1).
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[Tpu BeIBOZIE (hopMysIBI (2) CUATATIOCH, YTO PACXO]l Yepe3 MECTHbIE COMTPOTHBICHUS
paBeH Q,, TaK KaK OHM PACIOI0KEHbI BOIM3H K BXOJHOMY CEYEHHIO BO3yXOBOJIA.

@ynkuus (2) cryneHuyaras, OAHaKO, MPUHUMasi BO BHUMaHHE MHOTOUHCIEHHOCTb
CTyNEHEH, a TakXke C IeNbI0 YIPOLIEHNs pacCyXJIEHUH, B JalbHEHIIEM CUUTAeM €€
IJIaBHOM.

Teky1iee 3Ha4Y€HWE MOIIIHOCTH HA Baly BEHTHJIsITopa B coctae UMM:

p_PL
n

rae M — crarnueckuii KI1J1 BenTuigropa.

AHa/IM3 pe3yabTaToB. XapakTep 3aBUCUMOCTER p. U P OT NPOU3BOIUTEILHOCTH
senTunaTopa UMM noxkasan Ha puc. 3. O6o3nagenus: Q,, p,,, P, — IpOM3BOANTENb-
HOCTh BEHTHJISITOpPA, M30BITOYHOE CTATHYECKOE JIABJIICHHE W MOIHOCTh Ha Bajly BEH-
TunsTopa B Havase npoxonku (L =0); Q , p_, P — 10 xe B Konue npoxonku (L = L );
QBJ., Py P;— T0 3Ke NPy HEKOTOPOI! POMEXKYTOUHOM JTHHE BO3IYX0BO/A L= Lj.

XapakTep 3aBUCUMOCTH MOIIHOCTH Ha Bajly BEHTWJIATOPA 3a MEPHOJ MIPOXOAKH TI0-
Ka3aH Ha puc. 4. B Hayase npoxoJ K1 MOITHOCTb Ha BaJly BEHTUJISITOpA HEPETYIUPYEMOM
VYMII (kpuBas 1) cocrasmusier P, 0 MEpPe YAJMHEHHS BHIPAOOTKHM OHA HECKOJIBKO MMO-
BbILIaeTcs, v npu L = L _cranoBurcst pagHoit P

Momnocts Ha Bay Bentunsropa UMM (kpuBas 2) B Ha4ase NpOXOiKH paBHa P,
a B MoMmeHT L = L_npunumaet 3nauenue P . [lnomaas 3aTpuxoBaHHOIO y4acTKa MEK-
oy TMHAAMHE 1 1 2 ecTb 00beM IEKTPOIHEPIHH, CIKOHOMIICHHON B TEUCHUE MEpUOoAa
MIPOXOJIKH 3a cUeT ucmoib3oBanus UMM [18].

BwiBona. [IpeobpazoBanne YMII 8 UMM obGecneunt momady TpeOyeMoro Kojaude-
CTBa CBEIKETO BO3/yXa B MPU3a00WHYIO 30Hy U TAKMM 00pa30M TTOBBICUT O€30M1acCHOCTh
Tpyaa ropHopabounx. OneparuBHOE yIpaBieHHE MPOU3BOAUTENbHOCTRI0O UMM nipu-
BE/IET K CYILIECTBEHHOMY CHMYKEHHUIO SHEPro3arpar U CO3AacT OaronpusTHbIC YCIOBHS
JUTS OITHMU3ALUU IPOBETPUBAHMS 110 KPUTEPHIO (IIEHA—KaYECTBOY.
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Mine auxiliary fan in the form of an intelligent mechatronic module

Vitalii M. Tauger', Liudmila V. Kochneva!, Evgenii B. Volkov'
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. High-quality ventilation of underground workings is an important condition for safe
and accident-free mining. Research on aerological situation control in work areas is ongoing, but
the problem of creating reliable adaptive ventilation systems for shafts and mines remains urgent
despite the progress made. In course of excavation, the system of workings on the horizon develops
a highly complex structure. Auxiliary ventilation is often the only way to achieve high-quality air
exchange in the working area.
Methods of research. To continuously provide the working area with an estimated amount of
fresh air, as well as to intensify ventilation if the concentration of toxic contaminants is increased,
mine auxiliary fans (MAF) are used. The best way to improve MAF environmental and economic
efficiency is to automatically control the fan capacity.
Results and analysis. The program embedded in the programmable logic controller (PLC) provides
for comparing the transmitters readings and the aerological situation allowed by the parameters
as well as making a decision on changing the fan capacity. If the change is required, the PLC
sends an appropriate command to the controller to adjust the fan engine speed. The MAF scheme
is simplified if the blind drift is straight because the transmitter is in the line of sight of the receiver
and there is no need for a repeater. The UMP design is of a minimal complexity when the mine
working is straight and the control task is limited to ensuring constant air flow supplied to the
bottom-hole zone. Out of all the data devices, only the flow transmitter remains in the circuit,
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while the repeater and PLC are excluded. It should also be noted that during the entire period
of tunneling, the fan of an unregulated MAF creates an excess power consumption, therefore
consuming more electricity than the fan of an intelligent mechatronic module (IMM).
Conclusions. Conversion of MAF to IMM will provide the required amount of fresh air to the
bottom-hole zone increasing the safety of miners. Real-time control of IMM capacity will
significantly reduce energy consumption and create favorable conditions for optimizing ventilation
according to the “price-quality” criterion.

Keywords: mine ventilation; automated control system; horizon ventilation; bottom-hole zone;
mine auxiliary fan; intelligent mechatronic module; programmable logic controller; work area;
duct; energy consumption.
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