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Non-linear dynamics of vibration transport machine
as an electromechanical system

Sergei A. Rumiantsev', Evgenii B. Azarov', Andrei M. Shikhov'
! Ural State University of Railway Transport, Ekaterinburg, Russia
*e-mail: eazarov@usurt.ru

Abstract
Introduction. Vibration transport machines are widely used in mining industry as well as in other
production spheres. In order to design vibration transport machine with new characteristics,
a closer analysis is required of the working element oscillation parameters and vibration exciters
self-synchronization. This paper presents some new results on the numerical simulation of dynamics
of vibration transport machines with independently rotating vibration exciters.
Research objective. Most of researchers describe only synchronous motions of vibration
transport machines. The authors set the task of studying the transient dynamic processes.
These processes accompany the start of the machine from its standstill until its reaching (or
not-reaching) stabled synchronous motion.
Methods of research include carrying out numerical experiments with a mathematical model.
The model is based on the solution of a rigidly bound system of differential equations of
mechanics and electromechanics. In previous papers the above-mentioned system was non-
linear only in mechanical part of differential equations. Electric motors dynamics equations
were linear. This model gives inadequate results when describing the transient processes
that occur during the startup of the vibration transport machine. In this paper the authors
present a new model, which describes an influence of the current displacement effect on the
asynchronous driver rotor resistance. The system of differential equations for movement of
“vibration transport machine — electric motors” in this case are non-linear in all parts.
Results. The paper considers in detail the influence of the current displacement effect on
the asynchronous driver rotor resistance and provides a mathematical description of this
phenomenon. It made it possible to derive a new, more general system of differential equations
that takes into account not only the influence of motors on the machine, but also the influence
of the machine on the motors. Formulae for inverse transforms of a real three-phase machine
currents calculation are given.
Conclusions. A new system of differential equations was obtained that provides a more
accurate description of the unsteady dynamics of the “vibration transport machine — electric
motors” electromechanical system. In particular, the system takes into account the influence
of the current displacement effect on the asynchronous drive rotor resistance. The system is
nonlinear in both the mechanical and electrical parts and allows a more accurate description
of transient processes when starting the machine.

Keywords: vibration transport machine; asynchronous electric motors; vibration exciter;
non-linear dynamics; self-synchronization; mathematical model; non-linear differential
equations, vibration.

Introduction. Vibration transport machines (VTM) are intended for transporting
and/or separating bulk materials of different density. Most of these machines are
constructed as solid bodies (working elements, WE) fixed on springs or by means of
other elastic elements that enable their plane-parallel motion (Figure 1).

The motion of working elements is excited by special devices called vibration
exciters (VE). Unbalanced rotors driven by electric motors act as VE.

Lately VIM with independent rotating VE have the increasing application.
The concept of their action is based on active usage of physical phenomenon called self-
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Figure 1. Vibration transport machine with two vibration exciters
Pucynok 1. BubpoTtpaHcropTHast MalinHa ¢ IByMsi BHOPOBO30YIUTEISIMHU

synchronization (SS) of vibrators. In these machines synchronism and relation of VE’ phases
are achieved automatically due to characteristic properties of the vibration system [1].

The dynamics of VTM with independently rotating VE was observed in works of
I. I. Blekhman, N. P. Iaroshevich, L. A. Vaisberg, A. L. Fradkov, J. Baltazar and other
researchers [2—8].

Methods of research. Most of above-mentioned authors’ works were denoted
to synchronous motions. We had stated the problem of transient dynamic processes
researching. These processes are accompanying the start of the machine from its
standstill until its reaching (or not-reaching) stabled synchronous motion [9—11]. This
approach allows evaluating the time until synchronization and the type of connections
between this time and various factors.

The VTM dynamics with n independently rotating VE is given by the following
system of differential equations:

1
X= M[ -k Xk, p—cx— cx(p(p+zl:mlsl( sm(pl+(p,cosq)l)}
N | ..
y:M[ k,y—k,0—cy- cm(p+2mtsl( ¢;sing, — (piCOS(pi)},
.1 . . .
(p=7 —k Xk, y—kp—c, x—c, y—c,0+

6]
+th ”((pl sin —Si—(p)—(ﬁ)icos((pi—Si—(p))},

08 2711' I:Li (¢i)_Ri(¢i)]+%&[XSin@i — JCosQ, —gcosp, —

~ripcos(¢, =5, — @)~ 7’ sin (¢, -5, - ) ],
(i=1,..,n).

where x, y, ¢, ¢, are generalized coordinates of the system, where x, y are the
coordinates of the mass centre of VIM’s WE in some Cartesian coordinate system
strictly connected to earth; ¢ is the angle of WE rotation about the axis passing through

10
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the mass centre perpendicular to the motion plane of the machine; ¢, is an angle of
i-th eccentric weight rotation about the motor axis; L(¢,) is the rotation moment of i-th
eccentric weight; R(¢,) is the moment of the rotating resistance for i-th eccentric weight;
I, are indices of the rotation direction of i-th eccentric weight, where the value is taken equal
to 1 for eccentric weights rotating counterclockwise (positive direction) and —1 for eccentric
weights rotating clockwise; M is the total VIM mass (of WE and eccentric weights);
m. is the mass of the i-th eccentric weight; J is the second moment of VIM relative to
the mass centre; J, is the second moment of i-th eccentric weight relative to the rotative
axis; ¢, is the radius of gyration of the i-th eccentric weight relative to the rotative axis
(Figure 2); 8, is the angle assigning the i-th eccentric weight position; 7, is the distance
from the mass centre to the axis of the i-th eccentric weight; ¢, €, Cp Cpp €, AIC the
¢’
generahzed coefficients of elastic supporting elements’ hardness k k k(p
are the viscous drag coefficients; g is the free fall acceleration. The rnodel descnbes onIVy
non-stationary dynamics of VTM itself without taking into account transient dynamic
processes in motors. However, by the start-up and impact loads affecting the machine, there
may arise transient dynamic processes in electric motors, resulting in strong deviation of
torque/angular speed dependence from the static characteristic. Accounting for these effects
will allow describing more precisely not only the influence of motors on non-stationary VIM
dynamics, but also influence of VTM dynamics on electromagnetic processes in the motor.
The dynamics of “VTM — electric motors” system in case of an asynchronous
motor drive with random quantity of poles’ pairs is given by the following system of
differential equations [12]:

¥= ;4[ —k X~k 0—cx— cw(p+Zm (8, sing, +; coso, )}

= 1\14{ k,y =k, o—c,y- cu.,cp+ZM,81( ¢; sing, —§, cosg, ) - mp}

= %[—kmx ki~ kb - x—C, v —C,0+

+me[<Pl sin (¢, 8, ~¢)~,cos(¢, =8, ~) | + p}

$, = Till- [4(vavis—vavi) R (¢,) ]+ @)

+#[xs1n(pi — ycosp, —gcos, —rpcos(e, —8, —¢)—

¢’ sin (¢, =3, - ¢) |,

=U, cos(of+0a)—K,v, +K,y,;;
V, =U,sin(of+0)-K,y, +K,y,;
Vis ==KV + KW = P03
Vi = =Ki3Wiy + KigWio + POV 33

(i=1, ..., n),
where F et — the impact force of a monolith falling on the machine’s working
element; M __—the moment about the center of mass resulting from this force [9—11];

U, —the amﬁ)f;}[ude of a sinusoidal voltage.

11
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This system contains 3 + 5n differential equations describing movement of “VTM —
asynchronous driven motors” electromechanical system. The phase variables
of this system are generalized coordinates x, y, ¢, rotational angle ¢, of i-th motor,
and magnetic-flux linkages of motors v, , ¥, ¥,,, y,,; p is the number of pairs of poles.
Coefficients 4, K,y (j=1, ...,4) are calculated by formulas:

r,rL,s nM,
3p[Ml.

s

4= 2(LL M)

where M, L., L _ are mutual inductance and complete inductances of stator and rotor
windings.

The research was carried out using the VTM dynamics mathematical model based on
numerical solution of system (1) or (2).

v

Figure 2. Calculation scheme of the vibration transport machines
PucyHok 2. Pacuyernas cxema BUOPOTPAHCIIOPTHBIX MAIIUH

Problem formulation. The system (2) includes coefficients 4, and K, —K, that
depend on the active and inductive resistances of stators and rotors of the motors These
values used to be considered constant and equal to the values of relevant nominal rating
resistances.

The research, which was conducted using numerical experiment with the
mathematical model [13-16], has stated that differential equations of asynchronous

12
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motors with constant coefficients, included in the system (2), can be applied well to the
VTM working process during the operating mode, as well as to the transient processes
that appear in the VTM when its vibration exciters are accelerated. However, this model
gives inadequate results when describing the transient processes that occur during the
startup of the VTM.
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Figure 3. Current density allocation in the short-circuit motor winding bar with
deep-bar slots on the rotor
Pucynok 3. Pacmpenenenue  IUIOTHOCTH TOKa B CTEpP)KHE  OOMOTKH
KOPOTKO3aMKHYTOTO JABUTATEIs C TITyOOKUMH Ma3aMHu Ha POTOpe

It is obvious that startup transient processes modeling must take into account
variability of the range of physical parameters of motors, and, consequently, variability
(i.e. dependence on the current angular speed of the rotors) of the coefficients 4, and
K. —K,. Thus, the decision was taken to consider a non-linear model that would take into
account the current displacement effect in rotor winding bars of asynchronous drivers as
the factor that has the greatest influence on the starting torque value.

\ 4 A

Figure 4. Depth of current penetration into the bar for slots of various configurations
PucyHok 4. ['my0rHa TPOHNKHOBEHHS TOKA B CTEP)KEHb 1A N1a30B PA3IMYHON KOHHUIYpaluu

Influence of the current displacement effect on the asynchronous driver rotor
resistance. It is known [17] that in case when there is alternate current in the winding,
conductors produce whirling currents that combine with the principal current and
increase (or decrease) the current density in different areas of the conductor sections.
The current density evenness is disturbed, which increases the active resistance of the
conductor.

The greatest current density will occur in upper parts of the conductor sections,
i.e. in the areas that are located closer to the slot opening into the air gap (Figure 3).

13
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Because it looks as if the current has been displaced into the upper part of the conductor
section, this phenomenon is called the current displacement, whereas the coefficient k& ,
which registers the active resistance change caused by this affect, is called the current
displacement coefficient.

Pe
2,8

2,4
2,0
1,6
1,2

0,8

0,4

0 1 1 L L L L 1
1,0 14 18 22 26 30 34 38¢

Figure 5. Dependence of ¢; on &
Pucynok 5. 3aBUCHMOCTB @; OT &

Calculations showed that it is less practical to define directly the active and inductive
bar resistance by the uneven current allocation, than to define their relative change
caused by the influence of the current displacement effect. These changes are measured
with the use of coefficients £ and k, [18, 19]. Coefficient k£, shows by how many folds
the active resistance r., of the slotted bar area by the uneven current density in the bar
has increased in comparison with its resistance r, by equal density throughout all the bar
section k= rcp/rc.

The damping coefficient k£, shows how the magnetic conductance X; of the slot area
with the conductor under current has decreased in comparison with the resistance of the
same area by the even current density K; in the bar k, = X;é/ 7»;.

Rotor winding active resistance with account for the current displacement

e = LK.
Overall rotor resistance increase coefficient caused by the current displacement effect
Ky :1+(kr _1)’2/”2-
The current displacement coefficient k£ is defined by the equation k. = ¢ / ¢,

where ¢_is the bar section area; g is the section area constrained by the height 7
(Figure 4).
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Current penetration depth 2 = h_/ (1 + 9. ), where 9, is the coefficient that depends
on & [18], (Figure 5).
The & value for the cast aluminum rotor winding is defined by the equation

&) =65,15h (o, - pp)/o,

where ®_ is the power-line frequency; ¢ is the rotor angular speed.
Rotor winding inductive resistance with allowance for the current displacement
effect:

X, =X,K,, Ky =1=(1=k,)A, /Ay

The damping coefficient &, is considered to be equal to ¢’ o where ¢! : is the coefficient
that depends on the & value [18], (Figure 6).

The differential VIM equation system with allowance for the current displacement
effect in the rotors of driven motors can be written in this case as

X= i{—kxjc — kxq)(p —cx—C, 0+ ;misi ((p, sing, + (pl2 cosQ, )},

.1 . . C . ..
y :H|:_kyy_kyq)(p_cyy _cygo(‘P+ZI:mlgi ((plz Sln(‘pl _(pi COS(pt ):|’

.1 . . .
0= 7{—kmx —k,y—k,p—c,x—c,y—c,0+

+Zmlslr,[(p sin(p, -8, —¢)- (‘picos((pi—Si—(p)]}

3
, = —1 [4(0,) (Vs —vavi,) - R (9,) ]+ ®

l

+mji"[5ésin<p,~ — jicosg, — gcosg, —ripcos (o, —3, —¢) — ¢ sin(¢, —3,—¢)],

V. (¢,)=U, cos(o.t+0) =K, (), + K, (§,)V,3;
Vi () =U,, sin(0. +0) = K, (9, + Ky () W43
Via(9:) = =K5(0) Vi3 + Ky 9V = P05
Via(9,) = =Ki5(0)v,y + Ky (9 )W, + DiOY,55

(i=1, ..., n),
where
: L, (¢,) : M,
K. ) s ir i . K ) .
tl((pl) LISL,, ((p[) Miz > i2 ((pl) L,SLW ((Pl) M[Z 2
. l" K ((pl )LIS rl"rKRi ((pz)Mt
K.(¢p)=—L0% . g (¢ )=—rROTI 1 .
" ((pl) LisLir ((pi)_l‘/[i2 , " ((p’) LisLir ((‘Pt)_]v[l2

Ly 3pM, )
Af((p")_2( L,L,(¢,)- M)

15



FOPHBIE MALLWUHBI  PymsnHues C. A. u Op. / Mseecmusi 8y308. opHb It xypHan. 2024. Ne 1. C. 9-19

L, ((P,) ( i+ XKy ‘i))/(oc;
Ky(o 1) ( (z)—l)n/rz;

KX - d ;12/7‘22~

E(¢)=65,15h ,/(ooc —p(i))/oot.

In this differential equation system coefficients 4, and K, —K, are no longer constant
and are nonlinearly dependant on the angular speed of the rotors in the driven electric
motors. Angular rotation rates of the i-th VE (the rotor of the motor) ¢, or else their
derivatives, are included into all these equations. On the other hand, the flux linkage rates
of the i-th electric motor y , v, v, v, are included into the VE angular acceleration.
Thus, the system poses a rigidly bound differential equation system. It is impossible to
solve some of its equations separately from the others, all the system must be integrated
in unison.

[

P

09 |
0,7

0,51

0’3 1 1 1
0 1 2 3 &
Figure 6. Dependence of ¢; on the & value

Pucynok 6. 3aBUCUMOCTb @, OT 3HAYEHUS §

To calculate the currents of the real three-phase machine it is possible to take
advantage of formulas of return transformations which are as follows for stator and
rotor magnitudes:

i,=1,c080—igsin0;

iy =1,c08(—120°) =i 4 sin(—120°);

i =i, c08120° —i,;sin120°
i, =1,,05(0~ ) ~ i, sin(0— );
i, =1,,€08(——120°) i sin (- —120°);
i, =1i,,€08(—@ +120°) i sin (- +120°).

The current i will be correspondent to real phase current of the one of stator phases
of three-phase machine.
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Conclusion. Therefore, a new differential equation system (3) has been deduced
that describes non-stationary dynamics of “VTM — electric motors” electromechanical
system, which is highly-nonlinear in the electrical as well as in the mechanical parts and
allows a more precise measuring of the startup transient processes.
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HeaunHeiinasi AMHAMIKA BUOPOTPAHCIOPTHON MAIIMHBI
KaK 2J1eKTPOMeXaHM4eCKOM CHCTeMBbI

Pymsuues C. A.', Azapos E. B.!, IIluxoB A. M.!
"'Vpanbckuiit rocyapCTBEHHBIA YHUBEPCHTET MyTeit cooluenus, . ExarepunOypr, Poccust.

Pegpepam
Beeoenue. Bubpompaucnopmuvle MAWUHLL  WUPOKO NPUMEHAIOMCA  KAK 8  20PHOU
NPOMBIUACHHOCIY, MAK U 8 Opyeux npouseoocmeenuvlx cgepax. Ilpoexmuposanue
BUOPOMPAHCNOPMHBIX MAUIUH C HOBbIMU Kayecmeamu mpedyem Oonee NOOPOOHO2O AHAMU3A
napamempos Konebanuti pabouezo opeana MawuHsl 1 CAMOCUHXPOHU3AYUU BUOPOBO30YOUmenell.
B cmamve npedcmasnenvi mexomopuie HOGbie pe3yibMaAmbl HUCIEHHOZO MOOENUPOBAHUSL
ounamuky  eubpompancnopmuvix  mawun  (BTM) ¢ Hesasucumo  @pawarowumucs
8UOPOBO3OYOUmMENAMUL.
Llenv pabomer. Borvuwuncmeo ucciedogameneil ONUCHIBAIOM MONbKO CUHXPOHHbIE OGUNCEHUS
BTM. Aemopwi nocmagunu 3a0auy uUccie008aHus NepexoOHbIX OUHAMUHECKUX NPOYECcos.
Omu npoyeccwl conposoAHcOaiom nyck MawuHbl U3 COCMOAHUS NOKOsL 00 ee 8bIX00d (Ul Heblxo0a)
Ha YCmanogueueecs: CUHXpOHHOE O8UICEHUe.
Memoouka uccnedo6anua 3aKuovaemcs 8 NpOoBeOeHUU HUCTEHHbIX IKCHEPUMEHMO8 C
Mamemamu4eckoll MoOeNbl0, 8 OCHO8e KOMOPOU JIeHCUm peuleHue CesA3aHHOU CUCTeMbl
ouppepenyuanvhvlx ypasHeHUll MeXAHUKu U 31eKkmpomexanuku. B npedvidywux pabomax
VROMAHYMAs cucmema Oblia HETUHEUHOU MOAbKO 8 MeXaHU4ecKol dyacmu ou@gepenyuanrbubix
ypaeHenul. YpasHnenus OuHamuku snekmpooguecameneli OvLiu auxetinoiMu. Takas moodens oaem
HeaoeKeamHule pe3ynomanmsl NpU ORUCAHUU NEPEXOOHBIX NPOYECCO8, BOSHUKAIOWUX NPU 3aNYCKe
BTM. B oannoti cmamve asmopul npedcmagiaon Hogyio MoOelb, KOMOPAs ONUCHLEAem GIUIHUE
apghexma vimecHeHus Moka HA CORPOMUBTIEHUE POMOPA ACUHXPOHHO20 npusodd. Cucmema
oupepenyuanvrvix ypaguenuii ogudicenus «BTM—onexmpooeucamenu» 6 smom cryuae
HeluHelna 80 8Cex YaACmIX.
Pesynomameut. B cmamve noopobno paccmompeno @uusnue d@gexma evlmecHeHus moxka Ha
CONpomueeHue pomopa ACUHXPOHHO20 NPUBOOA U NPUBEOEHO MameMamuyeckoe ONUcaHue
9mMoeo sAsieHus. Mo nO3601UL0 8blGeCU HOBYI0, Dolee 00wyl cucmemy oug@epenyuanbHbix
VPasHeHUl, yHumsl8arouyio He moabKo lusAHue 0gueamenell Ha MAwuHy, HO U GIUSHUE MAUUHbL
Ha Osucamenu. Ilpusedenvl opmynvl 0OpamHbIX NPeodPA308AHUL pACHemda MOKO8 pPedlbHOU
mpex@asHol MAUUHbI.
Bu1600b1. B cmamue nonyuena nosas cucmema oughpepenyuanvibix ypasrnenutl, kKomopas 6onee
MOYHO ONUCHIBACH HECMAYUOHAPHYIO OUHAMUKY dIeKmpomexaHudeckol cucmemvl «BTM—
INEKMPoOsUcamenuy, 6 YacmHOCMuU, y4yumvledaem 6nusHue 3@exma 6vimecHeHUus: MoKa Ha
CONpOMUBIEHIE POMOPA ACUHXPOHHO20 NPUB0Oa. Dma cucmema HeTUHEUHA KaK 8 MEXAHUYECKOLl,
MAK U 8 ANEeKMPUYECKoU 4acmu U no3eoiiaem 6onee mo4HO ONUCHIBANb NePeXOOHbLE NPOYECCbl NPU
nycKe MAauuHbl.

Knrouegvle cnosa: subpompancnopmuvle MauiuHbl, ACUHXPOHHbLE LEKMPOOGUSAMENU;
8UOP0OBO30YOUMEND, HETUHEUHAS OUHAMUKA, CAMOCUHXPOHU3AYUS, MAMeMAMUYecKkds Mooenb,
HenuHeliHble OupepeHyuanvhvle ypasHeHus, UOpayus.
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Abstract
Introduction. Seabed mining is attracting increasing attention as a potential source of precious
minerals and metals to meet growing global demand. The vast and largely unexplored seabed
mineral deposits present a unique opportunity to access valuable resources that are essential for
various industries, including advanced technologies. However, the pursuit of seabed mining is not
solely driven by resource availability. Economic drivers play a decisive role in shaping the process
of prospecting and further development of a deposit.
Research objective is to study various economic drivers determining the feasibility of seabed
mining and highlight their impact on the industry.
Results. Economic drivers that provide impulses for seabed mining were outlined, namely
resource scarcity and growing demand for critical minerals, market fluctuations and technological
advances, as well as the state’s independence from raw material import and possibility to
generate employment. All of those are clear economic drivers of prospecting and seabed deposits
development with an untapped potential to meet global demand. The study presents major
economic drivers of seabed mining and their detailed analysis.
Conclusions. Prospecting and seabed mining project development offer a potentiality to meet
the growing global demand for minerals and metals, especially for critical elements required
for various industries. It should be noted that seabed mining economic drivers understanding
and optimization is vital for all parties concerned: subsoil users, politicians and prospectors.
By applying methods of sustainable development, environmental management, and international
cooperation, it is possible to maximize benefits while mitigating potential environmental risks.
The paper sets a vector for further in-depth study of the economic drivers discussed.

Keywords: seabed mining,; economic drivers, resource scarcity, mineral costs; technological
advances, economic development.

Introduction. Prospecting for mineral resources and their extraction from the seabed,
known as seabed mining, has attracted much attention in recent years [ 1-5]. With depleting
mineral reserves [6, 7], seabed mining is a promising opportunity to meet the growing
demand for metals and minerals [8§—10]. However, the economic viability of seabed
mining projects largely depends on various factors, in particular the effective economic
drivers (Figure 1).

The paper presents the main factors that increase economic feasibility and profitability
of seabed mining. Through a more detailed research into the role of the major economic
drivers, it will be possible to understand their impact on the development, sustainability
and future prospects of the seabed mining industry.

The present research is focused on the analysis of major economic drivers (Figure 1)
and detailed factors, which determine and generate the feasibility of seabed mining. Their
impact on the economic viability and further success of both leading enterprises and those
just planning to start sea bed mining, has been assessed.

Methods of research. This paper uses a systems approach to collecting and analyzing
information on economic drivers of seabed mining. Based on a literature review and data
analysis, a conceptual flow chart has been developed to illustrate the relationship between
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various economic drivers of seabed mining (Figure 1). The concept helps understanding
the key factors affecting economic viability and ways of enhancing the economic drivers
in the industry.

Review of economic drivers of seabed mining. Seabed mining represents a potential
opportunity to meet the growing global demand for minerals and metals. This section
provides a description of major economic drivers of the development of both prospecting
and seabed mining.

1. Resource scarcity and demand. Global demand for minerals and metals is growing
steadily, driven by key factors: rapid population growth and urbanization; development
of infrastructure and various industries; transition to environmentally friendly energy
sources, etc. At the same time, as existing deposits are exploited, they are depleted.
Seabed mining therefore opens up opportunities to develop new mineral reserves and
meet growing demand.

ECONOMIC DRIVERS
OF SEABED MINING

Resource scarcity and
demand

Cost of minerals and
market prices

Technological
advancements

Strategic
resource
independence

Job creation and
economic development

Figure 1. A classification of major economic drivers of seabed mining
Pucynok 1. YKkpynHeHHas KiacCH(pUKaLns IKOHOMUIECKHX CTUMYJIOB ISl Pa3BUTHS IOABOAHON T0OBIYH
TMOJIE3HBIX HCKOAEMbIX

2. Cost of minerals and market prices. One of the main factors driving interest in
seabed mining is the presence of high concentrations of economically valuable resources
such as polymetallic nodules and cobalt-rich ferromanganese crusts. Moreover, market
prices for many minerals and metals that are mined underwater have been on a steady
upward trajectory in recent years. This is due to a number of factors, including growing
global demand, geopolitical tension affecting traditional supply chains, and developments
in technologies that require the use of specific minerals.
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3. Technological advancements. Technological advancements and cost reduction
strategies in seabed mining can significantly impact the economic viability of such
enterprises. Advanced extraction technologies, automation, data analytics and energy
efficiency measures can help reduce operating costs, improve productive capacity and
profitability [11-14].

Table 1. Clarification of factors affecting major economic drivers of seabed mining development

Tabauna 1. YTouneHne (aKkTOpPOB, BJMAIOIIMX HA YKPYNHEHHbIC JKOHOMHMYECKHE CTHMYJbI /s
Pa3BUTHS TOBOIHOI 100bIYH

Major economic drivers Detailed factors
1. Resource scarcity Depletion of the onshore mineral resource base. Annual increase in mining
and demand extent (according to statistics, over the past 20 years the growth rate has

been almost 50%) [15, 16].

Increased demand for certain types of mineral raw materials. Growing
demand for specific minerals reflects the changing needs of modern society
and the transformative power of developing technologies.

2. Cost of minerals and | Dynamics of supply and demand. If demand for a particular mineral
market prices exceeds available supply, prices tend to rise. When supply outstrips
demand, price acts in the opposite way.

Market conditions. Global economic cycles, investor sentiment, currency
exchange rates and geopolitical factors can influence mineral prices.
Quality of raw materials. This factor includes the chemical composition,
the content of commercial components in the ore and other geological
factors that ultimately determine the qualitative characteristics of the raw

material
3. Technological Prospecting and resource valuation. The significance of technological
advancements advancements in prospecting and valuation is to improve accuracy and

efficiency and reduce costs in the early stages of mining.

Extraction and production. Modern mining and processing technologies
make a significant contribution to improving efficiency, reducing costs and
minimizing environmental impact.

Data analytics and automation. Data analytics and automation have
become powerful tools for increasing operational efficiency, reducing costs
and improving decision making.

4. Strategic resource Diversification of supply sources. Countries are seeking to establish
independence partnerships with other resource-rich nations, fostering long-term trade
relationships and reducing dependence on a single supplier. This approach
helps reduce supply risks and improve the stability of mineral supply
chains. In addition, countries can invest in strategic stocks or reserves of
critical minerals to ensure their availability during periods of shortages or
disruptions

5. Job creation and Direct employment in the mining sector. It involves hiring skilled and
economic development | semiskilled workers, as well as supporting personnel employed directly at
mining enterprises.

Indirect employment. Forming an economic link with other industries
(engineering firms, consulting services, research institutes, local regional
enterprises, etc.)

4. Strategic resource independence. Strategic resource independence means reducing
dependence on imported minerals due to the domestic market. Seabed mining can help
achieve strategic resource independence through access to mineral deposits within an
exclusive economic zone or territorial waters of a country. This reduces dependence on
foreign suppliers and enhances national security and economic stability.

5. Job creation and economic development. Seabed mining has the potential to
create direct and indirect employment opportunities, stimulating economic development
in coastal regions. The establishment of mining companies, support services and related
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industries can generate employment, lead to increase in income and economic growth,
benefiting local communities and contributing to wider economic development.

Results and discussion. It should be noted that understanding the major economic
drivers of seabed mining gives an idea of the potential benefits and challenges of this
developing industry.

Table 1 reveals the main detailed factors that are part of the major economic drivers
under consideration.

The analysis reflects the complex and versatile nature of the economic drivers of
seabed mining as they reflect a combination of growing demand for minerals and metals,
resource depletion, increasing costs of onshore mining, technological advancements
and other important issues. These factors collectively provide a strong drive for mining
companies to explore and exploit the potential of seabed mining as a way to develop a new
source of valuable resources.

Conclusions. Addressing resource scarcity, tracking market dynamics, introducing
technological innovation, ensuring strategic resource independence and promoting
rational mining practices, seabed mining can contribute to global resource security,
economic development and the transition to a more sustainable future. Careful planning,
stakeholder engagement and effective management are critical to mitigating potential
risks and ensuring responsible development of seabed mining projects.

Thus, the development of deposits located in the seas and oceans is not just a solution
to economic problems for mining companies or states, but a multifaceted activity of global
significance.

Seabed mining allows to solve problems associated with onshore mineral reserves
depletion and meet demand for them without exacerbating environmental degradation.

The development of seabed mining can help increase international cooperation and
diplomacy. It also has a potential to stimulate economic growth in the regions where
mining occurs since these regions benefit from job creation, infrastructure development
and increased economic activity.
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JKOHOMHYECKHE CTUMYJIBI 1JIs1 PA3BUTHUSI OABOXHOI 100bIYH
M0JIE3HBIX HCKOIIAeMbIX

Kupcanos A. K.!, Katepimes II. B.!
! Cubupckuii penepanbhblii yHuBepcuTeT, KpacHosipck, Poccust.

Pegpepam

Beeoenue. Iloosoonas 0obwiua npusnekaem 6ce OONbUle BHUMAHUS KAK NOMEHYUATbHBIN
UCMOYHUK YEHHbIX MUHEPAI08 U MEMALIL08 OJisl YOOBIEeMEOPEHUS. PACHTYUE20 MUPOBO2O CNPOCd.
Obwupnble U NPAKMUYECKU HeU3yUeHHbLE NOOBOOHbLE MECTOPONCOEHUSL NONLE3HbIX UCKONAEMbIX
npeocmagisiiom coboll YHUKAbHYIO 8O3MOICHOCHb NOMYHYUMb OOCHIYR K YEHHbIM DECYPCaMm,
Komopwvie HeobX00uMbl OISl PATUYHBIX OMPACAell NPOMBIULIEHHOCIU, GKIIOYAs Nnepedosvble
mexnonocuu. Qouaxo cmpemieHue 20pHO00OBIBAIOWUX KOMUAHUU K NOO0B0OHOU 000bIUe
00YC0611EHO He MONbKO HAUYUEM PECYPCO8 — IKOHOMUYECKUE CIUMYIbL USDAIOM PeUaioufyo
Ponb 8 hopmuposanuu npoyecca pazeeoku U OarbHeUule2o0 0CE0EHUs MECOPONCOEHUSL.

Llenv pabomwr — 6cecmoponHee usyuenue pa3HOOOPAZHLIX IKOHOMUYECKUX CIMUMYIIO8,
OnpeoensIowUx YerecoodpasHoCmb NpUMeHeHUs: Nno08oOHoOU 000viyu. Cmasumcs 3adaua
obecneyums KOMNIEKCHOE NOHUMAHUE UX GIUAHUS HA OMPACIb.

Pesynomameut. [lepeuucnenvl dKoHOMUHECKUE CIUMYIbL, CEA3AHHbIE C HNOOBOOHOU 000bIYell
nonesnvlx uckonaemvix. Hanpumep, nexeamra pecypcos u pacmywuil cnpoc Ha 6adcHelutue
MUHepabl, KONeOAHUSI KOHBIOHKNIYPbl PLIHKA U MEXHOLO2UHeCKUe OOCMUIICEHUsl, d MAaKice
B03MOJICHOCHb OISl 20CYOAPCMBA He 3d6UCentb Om NOCMABOK Cbipbsi U3 Opy2ux Cmpam u
NONYMHO €030a6anb OONOTHUMENbHbLE padouie MeCma — SIGHbLE IKOHOMUYECKUe CIUMYIbL OISl
passedku u paspabomku NOOBOOHBIX MECMOPONCOeHUI NONE3HbIX UCKONAeMbIX, 001a0arouux

24



Kirsanov A. K. et al. / Minerals and Mining Engineering. 2024. No. 1. P. 20-26 GEOTECHNOLOGY

HeUCnOIb308AHHbIM NOMEHYUALOM OJis YOOBIeMmBOpeHUs 2100aibHo20 cnpocd. B uccredosanuu
npeocmasieHvl Kaxk yKpynHeHHble SKOHOMUYecKue crmumyisl 0Jia pazsumusi n0080OHOL 000blYlL,
MAax u ux Oemanu3uposanubvlil pazoop.

Bui6oowv. Pazeedxa npoexmog no08oOHOU 000bluu U UX paspabomka npeonazaiom Mupy
NOMEHYUATLHYIO BO03MONCHOC YOOBNIeMEOPEHUS PACYIe20 MUPOBO20 CRPOCA HA MUHEPATbL
U Memannvl, OCOOEHHO HA KPUMUYECKU 6AXCHble DIeMeHmbl, HeoOXo0umvle ONsl PASHbIX
ompacneti npomviuiiennocmu. Credyem ommemums, umMo NOHUMAHUE U ONMUMUZAYUL
9IKOHOMUHECKUX CIMUMYNO08, CEAZAHHBIX ¢ NOOBOOHOU 000bIUel, UPe3BbLINALINO 8AJICHbL OISl 6CEX
3aUHMEPecOBANHbIX CIMOPOH. HEOPONOIb308AMENel, NOIUMUKO8 U uccredoeamenel. Ilpumenss
Memoobl YCMOUNUBO20 PA36UMUSL, PAYUOHATLHOZO NPUPOOONONbI0BAHUSL U MENCOYHAPOOHO2O0
COMPYOHUYECMBA, MONHCHO MAKCUMUSUPOBAND 8b1200bL, OOHOBDEMEHHO CHUNCASA NOMEHYUATbHbIE
aKon02uyecKue pucku. B pabome 3adan sexmop nposedenus 0yoywux pabom 8 HanpasieHuu
bonee yenybneHHO20 U3VUeHUs PACCMOMPEHHBIX IKOHOMUUECKUX CIUM)ILOG.

Knrwouegvie cnoea: noosoonas 0oOviua, dKOHOMUYECKUE CMUMYIbL, Oeuyum pecypcos;
CMOUMOCHb MUHEPALO8, MEXHONIOSUYECKIUE OOCUICEHUS; IKOHOMUYECKOe pa3gumue.
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AHanu3 pa3suTusi MoayNbHbIX APOOUNLHO-N3MENbUYNUTENHbIX
KOMMMEKCOB KapbepHOM nepepaboTku

Boukos B. C.'*, Xasun M. J1.!, BoukoBa K. B.!, Fop6osa M. O."
! Ypanbckuii rocyAapCTBEHHbI TOPHbIA YHUBEPCHUTET, T. EkaTepurbypr, Poccus
*e-mail: bochkov.v@m.ursmu.ru

Peghepam
Beeoenue. B cmamve npuseden ananus MoOYibHbIX OPOOUTLHO-USMENbYUMETbHBIX KOMIIEKCO8
(MIHUK) no pyoonooecomoske u nepeuuHoMy 0002aujeHur0 nOIe3HbIX UCKONAeMbIX U VKA3AHbI
B03MOXNCHBIE HANPABTEHUS UX COBEPUIEHCTNBOBAHUS.
Memoouka npoeedenus uccnedosanuu. Bapuayuu MJIUK 6 moii unu unot cmenexu
PA368UBAIOMCA 80 MHOSUX CIIPAHAX U HOTYYAIOM 8Ce OONbULYIO PACHPOCMPAHEHHOCHb, OCODEHHO
3a pybexcom, 6credcmeue ux IKOHOMUYECKOU ddexmusnocmu u 0OecneueHusi CHUNCeHUs
mpyoo3ampam, pacxo0a dHepeuu u 3azpasHenus (Nblib U Wym) o CPAGHEHUIO ¢ MPAOUYUOHHOU
cucmemoll «Kapbep—CmayuoHapHas obozamumensnas gadpuxay. MUK 6 3asucumocmu om
MeCmOopOHCOeHUsI MOHCEM BKIIOHAMb 8 Ce0sl YHUBEPCATbHYIO NIAM@OPMY, OPOOUTKU, METbHUYbL,
cucmemvl KOHGeuepos U OVHKEpOS, GLINOMHAIOWUX KOMIEHCUPYIOWYio (QyHKyulo (Hanpumep,
npu Hedocmamke NOCMynaoujell ¢ Kapbepa Nopoobl), a MAaKdice MASHUMHBIL cenapamop,
npeoHaA3Ha4eHHbIl OJIs1 CYXOU MASHUMHOU Cenapayuu Jceie3Hou pyobl.
Pesynomamer u ux ananuz. OboOweHue u aHAIU3 MEXHOLOSUU NEPEUYHOL NepepadomKu
NONE3HBIX UCKONAEeMbIX MPYOHOOOCHYNHBIX MECMOPONCOeHUNl NO3BONAIOM 3AKIOYUMD, YMO
MOOYIbHbBIE OPOOUNTbHO-UBMENbUUMETbHbIE KOMNIEKCbl UMelom cledyioujue npeumyuecmsa:
CHUDICEHUE MPAHCNOPMHBIX PACX0008;, HAUOOLEe NOTHOE UCNONb30BAHUE JCENLEZHOOOPOICHBIX
8A20HO8 (3a cyem nepeso3Ku Ooee MeIKUX pakyuil), ymeuvlueHue GIUAHUS 4el08eYeCcKO20
¢axmopa.

Knrwueswvie cnosa: modynonuiii komnaexe, Opobnenue; usmenbuenue; COpmuposKa, Cenapayus,
nonesuvie uckonaemvie; mpyoHOOOCMYNHblEe MECHOPONCOEHUS.

IMocTanoBKka mpooJieMbl. B HacTosiiee BpeMs B CBS3H C OOSTHEHHEM M, B HEKOTO-
PBIX CIIydYasx, YBEeJIHMUEHHEM PACCTOSHHS OT TPAIUIIMOHHOW CTAallMOHAPHOW 00OTaTH-
TeIbHON (PaOpUKU O MecTa JOOBIYM TONE3HOTO MCKOMAaeMOTro BO3ZHHKAeT HEOOXOIH-
MOCTb TIOBBIIIEHHS PEHTA0EIBHOCTH TOOBIYM U TepepadOTKU MOJIE3HOTO MCKOMAeMO-
ro. [Ipu TpamuimoHHO# cxeMe 10ObUM Ha Kapbepe [1] u oboramieHus Ha ymnaneHHON
OT MecTa JOOBIYM KalmuTadbHOH 00OraTUTENbHOUN (haOpuKe CYIIECTBEHHO IMOBBICHUTH
PEHTA0EIBHOCTD MEPEepadOTKU MONE3HOT0 HCKOMAeMOro HEBO3MOXKHO M3-32 BBICOKHX
TPaHCIOPTHBIX 3aTpat. Hanpumep, Ha npeAnpusTHsIX «Pycckoil MeTHOW KOMITAHUNY U
AK «Anpoca» miedo TpaHCIIOPTUPOBAHHMS MOJIE3HOTO HCKOMIAEMOTO OT MecTa J00bIYH
10 oboraruTenbHOU (padpuku cocraBiseT okoiao 200 KM, COOTBETCTBEHHO, CTOMMOCTh
TPaHCHOPTUPOBAHUST KPYMHO(MPAKIMOHHOW TOPHOW IMOpOABI HA TaKHE PaCCTOSHHS
BechbMa BbIcOKas [2, 3]. Jlns pemreHust mpoOlieM TpaHCIIOPTHPOBAHUS KPYTHOPPAKITH-
OHHOM TOPHOM MOPOABI, CHIDKEHHS M3AepKeK [4] Ha coznanmne nHPpacTpyKTypsI [5] u
YMEHBITICHUS KOJIMIECTBa 00CTyKUBAIOIIETO TIepcoHana [6] Ha MecTe JoOBIYH B HACTO-
SIeM 0030pe mpeIaraeTcsa IpoaHaTu3upOBaTh, C yI€TOM OTEUECTBEHHOTO 1 3apy0ek-
HOTO OTBITA, BO3MOKHOCTBH CO3[aHHSI MOAYIBHOTO IPOOHIHHOTO-HU3METFINTEIHHOTO
rxomrurekca (MJIMK), KoTopbIii MOXKET CTaTh HOBBIM CIIOCOOOM CHIKCHHS H3ICPKEK Ha
TOPHO-000TaTUTENbHBIX NpeanpusaTusx [7—10].
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Beenenue. B ropHono0bIBaroneil MPOMBIIIJIEHHOCTH HapsAy ¢ TPAAULMOHHON CH-
CTeMOH «Kapbep—oborarutensHas (haOpuka» pa3BUBAIOTCS CUCTEMBI BHYTPHKAPbEp-
HOW mepepabOTKU U TPaHCIIOPTUPOBAHUS IepepaboTaHHOTO CHIPbs (Ha3BaHHE B 3apy-
oexnoit knaccudukanuu In-Pit Crushing and Conveying (IPCC)) — kak ansTepHaTHBa
TpPaZULMOHHON TPaHCIIOPTHOM cHucTeMe «3IKckaBarop—camocBam» [2]. Cuctems! IPCC
MO3BOJIAIOT MPOBOAUTH MEPBHUHYIO MEPEPaOOTKY, OTACIATH OTXOIbl MPOU3BOACTBA H
COKpaiarh 00beMbl BHYTPUKAPhEPHBIX MIEPEBO30K U TPAHCIIOPTHBIE pacxosl [3].

s

T

Pucynox 1. [lomycrtanmmonapHas ycTaHOBKa Metso Uil BHYTpUKapbepHOW mepepabOTKU TOJIE3HBIX
HCKOTIaEMBIX
Figure 1. Metso semi-mobile in-pit mineral processing installation

B ocnoBHOM cuctemsl [PCC B HacTosIee BpeMs MOMTy4YatoT IIMPOKOE PacIpoCcTpa-
HEHHe 3a pyOekoM Kak B MONycTalmoHapHOM (puc. 1), Tak 1 B MOOMIIBHOM HCIIOTHE-
HUU (puc. 2).

OTKpBITEIE TOpHBIE PA0OTH! OBUTM M OCTAIOTCS INIaBHBIM HANPaBICHUEM Pa3BUTHS
ropHOIOObIBaroIIeld NmpoMbiuieHHOCTH [1, 2]. OCHOBHBIM 000OpyHOBaHHEM Kapbe-
POB ABJISIIOTCS OypoBasi M SKCKaBaTOpHAsl TEXHMKA, a TaKkKe JpOOHIIbHO-COPTUPOBOU-
HOE 00OpyZOBaHKE, KOTOPOE AJISi OCYIIECTBICHHS LHUKINYHO-IIOTOUYHBIX TEXHOJIOTHH
(LTIT) moAroTOBKM MO3BOJISIET YMEHBIIUTD 3aTPaThl HA TPAHCIIOPTHPOBAHKE, & B HEKO-
TOPBIX CIydasX KOJUYECTBO IMKJIOB TPAaHCIOPTUPOBAHUS MO CPABHEHUIO C TPaIUIIH-
OHHOU CHCTEMOI TPaHCIIOPTUPOBKH U MEpepadOTKH ChIpbs. poOHIBLHO-COPTHPOBOY-
HbIe KOMIUIEKCHI M OT/IENbHbIE YCTAHOBKH TaK)KE IIMPOKO MPUMEHSIOTCS B JOPOXKHO-
PEMOHTHOM CTPOMTEJILCTBE, IIPH MOIYTHOM J0OBIYE BCKPBIIIHBIX ¥ BMELIAIOLIUX OPOL,
BOJTHOM XO3sIMCTBE, Ha IIEMEHTHBIX 3aBOJIaX U 3aBOJAX IO PELUKIIUHIY JKEIe300€TOH-
HBIX WM3[ENUil, CTPOUTENIBCTBE IPAXKIAHCKUX OOBEKTOB M IOPHBIX mpennpustuil. [lpu
9TOM aHAJIM3 PA3BUTHUS OTKPHITHIX TOPHBIX PadOT Ha PYIHBIX MECTOPOXIeHUIX Poccuu u
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3apyOeKHBIX CTpaH MOKa3bIBAET UX MOCTENEHHOE CMEIIIeHHEe B yajleHHbIe paiioHsl [10, 11]
BCJIE/ICTBUE HCTOLIEHHS PYH C BBICOKHM COZAEp>KaHHUEM IIOJIE3HBIX KOMIIOHEHTOB M
MECTOPOXKAECHUH ONM3KHX K pailoHaM ¢ pa3BUTON MHPPACTPYKTYpOH Mo mepepadoTKe
MOJIE3HBIX UCKOIAEMBbIX.

B nacrosimee BpeMsi 10OBIYa TOJIE3HBIX MCKOTIAEMBIX BENETCSl MPAKTHYECKH BO
BCeX KIIMMAaTHUECKUX 30HaX BO BCe OoJyiee OMACHBIX M TPYJHONOCTYIHBIX PErHOHAaX,
B CJIOXKHBIX TOPHO-T€0JIOTHYECKUX U IPUPOAHBIX ycioBusix. CypoBbie ycioBus CeBepa u
ADKTHKH, TyCTBIHB U TOP, PAHOHBI C HEIOCTATOUYHO Pa3BUTON COMUALHON HH(pacTpyK-
TYpOH 3HAYUTENHHO YCIOXKHSAIOT YYaCTHE YEJIOBEKAa B TEXHOJIOTUU JOOBIYH ITOJIE3HBIX
HCKOIAEMBIX, YTO MPUBOIUT K HEJAOCTATKy KBaJU(HUIIMPOBAHHOIO mepcoHana [6, 12].
[Ipu 3TOM TaKke cieayeT YUYUTHIBATh, YTO YMEHbBIIEHHE COACPKAHUS TTOJE3HOTO KOM-
MTOHEHTA B Py/€ O3HAYaeT, YTO HEOOXOANMO JA0OBIBATh, 3arpykaTh, TPAHCIIOPTHPOBATH
1 00padaTbIBaTh 3HAUYMUTENFHO OOJIbIIIE MaTEpPHaJIOB, YeM panee [5, 6].

Pucynok 2. MoOusibHast ycTaHOBKA /IS TIEPBUYHOI MepepaboTKK TOPHON MOPOIbI
Figure 2. Mobile installation for primary rock processing

[Tpu pa3paboTKe MECTOPOXKICHUI yKe B MPOLLIOM BEKE JUIs CTAl[MOHAPHOTO 000-
PYAOBaHUsI YCIEUIHO MPUMEHSINCh aBTOMATH3UPOBaHHbBIE CHCTEMBbI. [1oBbIIICHHE (-
(PEKTUBHOCTH OTKPBITON pa3pabOTKHM MECTOPOXICHUII Ha COBPEMEHHOM dTarie Oyaer
B 3HAQUMTEIILHOI Mepe ONpPECAThCS HE CTOJIBKO PUMEHEHHEM HOBBIX TEXHOJIOTHIA U
BUJIOB 000PYIOBaHUSI, CKOJIBKO pa3pabOTKOi U BHEPECHUEM aBTOMAaTU3MPOBAHHBIX CH-
CTEM YIIPaBJICHHA TOPHOTPAHCIIOPTHBIMU KOMIIJICKCAMH U aBTOHOMHOI'O TEXHHUYCCKO-
ro 00OpY/IOBaHUS C WCIOJIb30BAHHEM CITYTHUKOBOW HaBUTAMH. [109TOMY OCHOBHBIM
HanpasjieHreM 3()(EKTHBHOTO Pa3BUTHSA FOPHOMOOBIBAIOIIEIO ITPOU3BOICTBA SBIISICT-
csl ero poOOTH3aIMs. ITO MO3BOJHT IMOBBICUTH 0€30IMACHOCTh U MPOU3BOUTEIBHOCTD
TOPHBIX pabOT 3a CUET ONTHUMHU3AIMHM TEXHOJOTMYECKOTO Mpoliecca C y4eToM aHa-
TU3a BIUSHUS Ha HANEKHOCTH denoBedeckoro (axropa (I'OCT P MOK 62508-2014
«Menedoicmenm pucka. Ananu3z 6MUAHUSL HA HAOEICHOCb Helo8eUecKo20 (HaKmopay
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(yme. npuxasom DedepanvbHoco azeHmcmea no MexHUYecKoMy peyiuposanuto u me-
mponoeuu om 17 okmsbps 2014 2. Ne 1350-cm)) [4, 7-9].

Teopusi Bonpoca. PazBuTue CIyTHUKOBBIX HAaBUTallMOHHBIX CHUCTEM, TEXHOJOTHI
0ecIpoBOAHOM Nepeauy JaHHbBIX, MUKPOIIPOLIECCOPHON TEXHUKH ITO3BOJIIIIO NIepeiTn
K CO31aHHI0 pabouynx 00pa3loB pOOOTH3UPOBAHHOTO FOPHOTO O0OPYAOBaHHUS, KOTOPOE
MOJKET YIPABISITHCS YIaJCHHO WU aBTOHOMHO [ 13, 14]. [opHOIOOBIBaOIIAs TIPOMBIIII-
JICHHOCTh MMeEET OOJBIION MOTeHIMal il aproMaru3anui. C MIUPOKUM BHEIPEHUEM
aBTOMAaTHU3alLUH TOABJISAETCS BOBMOKHOCTD JUIsl ONTUMM3ALMU [IPOLIECCOB, a CAMU KOM-
IUIEKCHI MOTYT padoTaTh B aBTOMarnyeckoM pexkume [15, 16]. Xots poGoTH3npoBaHHAS
TEXHHKa Ha OTKPBITBIX TOPHBIX paboTax SBISETCS CPABHUTEIBHO HOBOM TEXHOJIOTHEH,
3a MOCJIeHNUE 5 JIeT OHa J0Ka3ajia cBOIO 3G PEeKTUBHOCTh Ha NpennpusaTusx Kanazapr,
CHIA, Asctpanuu u FOAP [15].

Hauunas ¢ 2017 1., B 100BIBaroIeM ceKTOpe OTMEUaeTcsl Bo3pacTarouias Jous Mpu-
MEHEHHUSI aBTOHOMHO palOTaloMNX KapbepHBIX CaMOCBAJIOB, OYpOBBIX yCTAHOBOK H
Jake TPAaHCIIOPTHBIX MOE3J0B, YTO MO3BOJSET HE TOJBKO MOBBICUTH 3()(HEKTHBHOCTD
JOOBIYHY TTOJIE3HBIX HCKOMIAEMBIX, HO U CHU3UTH MTOTPEOHOCTH B IEPCOHAIE.

Pucynok 3. Y3en nepBuuHoro npobmenus CMJI-186, Bkimrouaromuii B ceOsl IUIACTUHYATBHIA IHTATENb,
mekoByto apoounky CC 4/9 u neHTouHBIE KOHBEHEPHI
Figure 3. Primary crushing unit SMD-186 (CM/I-186) that includes an apron feeder, jaw crusher SDS 4/9
(CAC 4/9), and belt conveyors

B omnune oT AMCTaHIMOHHOTO yHpaBlieHHUS TEXHUKOH, IPU KOTOPOM CYILECTBEH-
HO TMOBBIIAeTCsl 0€30MacHOCTh TIPH paboTax Ha OMACHBIX YYacTKax, HO MOYTH BIBOE
YMEHBILIAETCS MPOU3BOJUTENEHOCTh PadoT, MPUMEHEHHE pOOOTH3UPOBAHHON TEXHUKH
Ha rOPHBIX pa60Tax IMPOU3BOAUTECIILHOCTD IMOBBLIIACT. Kak mokasaia IIpaKTHKa, IIpumMe-
HEHHE aBTOHOMHBIX KaphEePHBIX CAMOCBAJIOB ITOBBICUIIO IIPOU3BOIUTENHHOCT Ha 15-20 %,
YMEHbIIWIO pacxo TormBa Ha 10-15 %, cHH3WIO ypOBEeHb M3HALIMBAHMA IIWH Ha
5-15 %, cokparnio pacxosl Ha TEXHUYECKOE 00CITy>)KHBaHHE MpuMepHO Ha § % 1 1mo-
BBICHJIO KO((GHUIMEHT KCIIOIb30BAaHMS aBTOMOOMICH (C JTy4IleH MPAKTUKON BOXKICHHS)
Ha 10-20 % [15-17].

MupoBoii U 0Te4eCTBEHHBIH ONBIT CO3AAHHSI U MPUMEHEHHs JOOBLIYHBIX M
nepepadarpIBalONIUX KOMIUIEKCOB. MOOHIbHBIC JPOOHIHHO-U3METBIUTEIBHBIC
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KOMIUIEKCHl M YCTAHOBKH BKJIIOYAIOT B ceOs: APOOMIIbHBIC MAIUWHBI AJISI M3MeENbye-
HUS TBEPABIX MOPOA M MaTepHalioB; TPOXOT IJIsi COPTUPOBKH; JICHTOYHBIH KOHBEHEp
JUI TPAHCHIOPTUPOBKH MaTEpPHAJIOB; MUTATENb, 00E€CIICUNBAIONINN PABHOMEPHYIO TO-
Jady TOpHOW MOpOABbI Il JanbHEHIeH TpaHCOPTHPOBKU. Takue KOMILIEKCHI HIIH
UX YaCTH BBIMYCKAIOTCS PAAOM KaK OTCUCCTBEHHBIX, TAK M 3apyOC:KHBIX KOMITAHHMA:
00O «l'opubie Texuomorun» (r. Cankr-IleTepOypr) — UMIOPTUPYET NEpEnBUKHBIC
JIPOOHITEHO-COPTHPOBOYHBIE KOMILIEKCHI; KUTaickas kommanus Liming — MUK cepuit
VPE, VPFS, WL n HX; typeuxas komnannga MEKA - MEKATRACK MTJ116 u cepun
MMPI; aBcrpuiickas komnanusi HARTL — nepeauxHble IpoOUIbHO-COPTUPOBOYHBIE
KOMIUIEKCHI; (prHCKas koMmmnaHus Sandvik — jauHelka mogo0HbIX KOMIUIEKcoB. Komra-
Hust OO0 «Manzasog [IPOMBHUCy (r. UenssOMHCK) BBITTyCKaeT IpOOUIHLHO-COPTUPO-
BouHbIi Komruieke (JICK) tuma M3IIT-JIKC; AO «Tsorkmamn» (1. Camapa), OO0 «'LIM»
(3aBox «lopllemMam», . Opck), OO0 «Kaumam JCO» (Uysamckas PecnyOmuka,

Pucynok 4. VY3en Bropuunoro apoGnenus CMJI-187, mpeacTaBisiomuii coOoi TEXHOJIOTHYCCKHU
KOMIUIEKC (JIMHUIO) U3 TPEX COCTABILIONIMX: KOHYycHas apobwnka KJI-600, nHepIHOHHBINH BUOPOTPOXOT
U JICHTOYHBIC KOHBEHEepHI
Figure 4. Secondary crushing unit SMD-187 (CM/I-187) that represents a technological complex (line)
of three components: cone crusher KD-600 (K/I-600), inertial vibrating screen, and belt conveyors

r. Kaamarr), OOO «Boctok Metamm» (1. KpacHospck), 3aBoj1 IpoOHILHOTO 000py10Ba-
Hus «Tynbckue Mammmab» (T. Tyna) BelmyckaeT cOOpHO-pa300pHbIE aBTOMaTH3HPOBAH-
HBIE JIpoOHIBbHO-copTHpOBoUHbIC JHHUHU (CAJIJ]), mpeaHa3HaueHHBIE ISl TTONyYCHHS
meOHs B pailoHax ¢ OrpaHUYCHHBIMU 3ammacaMu ChIphs (puc. 3, 4), a TakKe IePeIBUK-
HBIE U TPAHCIOPTHPYIOIIKE ApoOmIbHO-copTupoBouHble yctanoBku (IIJICY, TIACY),
MpeaHa3HauYeHHBIE IS BBIMOJIHEHUS OMPEAENICHHON TEXHOJIIOTHYECKON omepanuu U
HMEIOIIMEe KaK CaMOCTOSATENIbHOE 3HAUCHHE, TaK U BcrioMoraTenbHoe [14, 18].

OpHako uMeroleecss 000OpyIOBaHHE HE B3aMMO3aMEHSIEMO, TI0 CyTH, Pa3HOPOIHO,
TpeOyeT MHIUBHIyaIbHBIX TEXHOJOTHH MOJIepKaHus B TOTOBHOCTH. Bee 3To memaer
aKTyaJlbHBIM MPOOJIeMy co3laHus Habopa CTaHIAPTHBIX MOAYJICH, M3 KOTOPBIX BO3-
MOXHO (hOpMHPOBATh pazHble MOJEIH APOOHILHO-COPTHPOBOYHBIX KOMILIEKCOB MO
3aJaHHBIC YCJIOBUS JKCIUTyaTalny, oOecriednBasi MX MOABMKHOCTh W aBTOMAaTH3AIHIO
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ynpasieHus. [0TOBbIE MOAYIM WCKIIOYAIOT 3aTpaThl BPEMEHW Ha W3TOTOBJICHHE,
Ha 3aKa3 crenu(pUIHBIX 3JEMEHTOB, a TaKXKe He TPeOYIOT CIeUaNbHON MOATOTOBKH
JUTSL CO3/TaHUS CIIOKHBIX CHCTEM. 3/I€Ch YK€ OTKPBIBAIOTCS MIUPOKHE TEPCIEKTUBBI TPH-
MEHEHUs TepoTexHonorui [18].

AHaJIN3 ¥ MOCTAHOBKA 3aa4yu. B HacTos1Iee BpeMst B CBS3H C MIOCTENICHHBIM 00e/1-
HEHHEM MECTOPOXICHUH B OOKUTHIX paiioHax PD Tpebyercs mpopaboTka TeXHOIOTHI
JIOOBIYM TIOJIE3HBIX MCKOMAEMBIX B MaJIOHACENCHHBIX W TPYTHOMOCTYIHBIX paioHaX.
[Tonm TpymHOAOCTYIHEIM OHUMAETCS MECTOPOXKICHHE, PACIIONIOKEHHOE B MalloHace-
JICHHBIM palioHe, 0€3 COOTBETCTBYIOIIEH TPaHCIOPTHON HHPPACTPYKTYPHI, KaK MPaBH-
JI0, CO CIIOHBIMU KIIMMAaTUYECKUMH YCIOBUSAMU (HAIIpUMep, pallOHBI BEYHOW MEP3II0-
Th1, BocTounast Cubups). [lnotHocTh Hacenenus PO Becbma HepaBHOMEpHA, YTO CO3-
JaeT TPYIHOCTH B TOM YHCIE W IS OpTaHHU3allH JOOBIYHM IOJIE3HBIX HCKOTIAEMBIX B
OTJaJICHHBIX pailoHax. [l OCBOCHMSI TAKMX MECTOPOXKICHUHN MPEIaraeTcsi UCIOIb30-
BaTh MOJYJbHBIE TIEpepa0aThIBAIOIINE KOMIUIEKCHI IT0 Oe3TF0{HON TeXHOJIOoTHH [5, 14].

Hns coznanusa MUK mpennonaraeTcss HCMOAB30BaTh YK€ MPOU3BOASIIUECS APO-
OWJIKH, TPOXOTHI, CeNaparopkl U T. A. JlaHHOe 000pyaoBaHUE OyIeT MPUMEHSATHCS IS
CO3JIaHUsI MOIYJIeH NPOOJIEHUS, TPOXOUSHHS U CEapUPOBaHUsI TOPHOH MOPOJIBI, COOT-
BETCTBEHHO. J1J1s1 coennHEeHUs MOyIIeH MeX 1y COOOM mpenyiaraeTcs cucreMa OyHKEpOB
U KOHBEHEpOB, KOTOpbIE OyIyT BBICTYIIATh B POJU KOMIIEHCATOPOB IPH COCIMHEHUU
Ppa3HBIX MOIyJeH, UMEIOIUX HECKOJIbKO Pa3IMYHbIC TEXHOIOTHMUECKUE MapaMmeTphbl U
MIPUMEHSEMBIX JIJIS TepepabOTKU pa3HbIX TOPHBIX TOpoA. PazHoOOpa3HbIe KOMOMHALINN
CIICUATU3UPOBAHHBIX MOJIYJCH MO3BOJISIIOT KCIOJIB30BATh OAMH U TOT K€ KOMILIEKC
JUIS1 pa3HBIX MECTOPOKICHUM.

IIpu ompeneneHun mnapaMeTpoB MepepadaThIBarOIIE-TIEPErPY304HOTO KOMILIEKCA
JIOJDKHO OBITH BBIICPIKAHO CIeayrolee cooTHomeHue [19]:

0,>05,>0,,>0,>0,,>0,,>0T,

rae O, — NpoIycKHas CrlocOOHOCTh KOBIIA KCKaBaTopa, M*/4; O, — IpPOIYCKHas CIo-
COOHOCTb CHCTEMBI «OYHKEp—TIUTATENb»; ()~ — NPOMYCKHAs CIOCOOHOCTH CHUCTEMBI
«TIUTATENb—HM3MENBIUTENDY; () — TIPOIYCKHAs COCOOHOCTh BBIIAIOMIETO KOHBEHEDPA,
Q. ., — TPOIYCKHas CIIOCOOHOCTh CHCTEMBI «ITMTATEb—IIHEKOBBIA Mpecc»; O — Mpo-
MyCKHasi CIIOCOOHOCTH TPaHCIOPTHOTO arperara; Q7 — NPOU3BOIUTEIBHOCTH TEXHONO-
THYECKOTO KOMILIEKCA.

Hanpagienusi pa3BuTusi MOAYJbHBIX KOMILIEKCOB. PazpaboTka TeopeTHaecKknx
OCHOB (pOpMHPOBaHUs, (PYHKIIMOHUPOBAHUS U TOIJEPKAHUIA PabOTOCIIOCOOHOTO CO-
crostauss MJIUK ¢ mocnenyromyM CUCTEMHBIM AOCTHKEHHUEM IieJiei MPOBOAUTCS MO
CIIE/IYIOIIEMY aJITOPUTMY.

Bo-mrepBhIX, pa3zpaboTka IPEeHMMYIIECTBEHHO OE3JTIOMHON T€OTEXHOJOTHH TOOBITH
(B aBTOMaTHueckoM pesxxrme). [lon Oe3monHoi TeXHOIOT el TOHUMAETCsI TPUMEHEHUE
Pa3HBIX TEXHUYECKHX CPEICTB, MO3BOJSIOIIMX MUHUMH3UPOBATh y4acTHUE YEJIOBEKA B
TexHomornyeckux omnepanusx (Menemxment pucka ['OCT), B yacTHOCTH, B ympaBie-
HUH JOOBIYHBIM MTepepadaThIBAIONIIM KOMIUIEKCOM. DTO MO3BOJIUT CBECTH K MUHUMYMY
BJIMSTHAE YEJI0OBEYECKOTO (pakTopa

Bo-Bropbix, 000CHOBaHNE KOHLETIUN MOAYIBHOTO APOOMIBHO-U3METBIUTEEHOTO
KoMILIeKca. [ 3Toro HeoOX0IUMO MPOBECTH aHAU3 CYIIECTBYIOINX MOIYTEHBIX CH-
CTeM M BbIOpaTh Hanbosee parMoHaIbHYIO C TOUYKH 3PEHUS NaJbHEHUIIET0 TEXHNIEeCKO-
T0 OOCITY’KMBaHUS B YCIOBUAX YIAIEHHOCTA MECT YCTAHOBKH KOMITJIEKCOB.

B-tperpux, mpopaboTka CHCTEMBI KOHTPOJS TEKYIIETO TEXHUYECKOTO COCTOSHUS
BCEX arperaroB. B 4acTHOCTH, KOHTPOIJIb TEMITEPATYPhI TBUTATENS W TOAITHITHHKOBBIX
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Y37I0B, BEJIMYMHBI MOTPEONISIEMOTO TOKA Ha JBHUTAaTeNe (€CIIM MallliHA JJIEKTPUIecKast)
WM U3MEHEHUS BEJIMUMHBI KPYTSILEr0 MOMEHTA (€CJIM MallliHa C IBUTaTeNIeM BHYTPEH-
HETOo cropanus). TeXHOIOoTHs yAaJeHHOTO KOHTPOJISI TEXHUYECKOTO COCTOSIHUS MAlIH
B HACTOsIIIIee BpeMs MoTydaeT mupokoe pazsutue [20].

B-ueTBepThIX, MOKCK U pa3paboTKa palMoHANBHBIX pexuMoB padoTsl MUK Ha oc-
HOBE TEOPETUYECKUX U HKCIIEPUMEHTAIBHBIX W3bICKaHUM. B wacTHOCTH, omnpenenenue
palMoOHaIBHOTO KONWYECTBA CTaAWi APOOJCHHS U TMOMCK PEeIICHUH M CIIOCOO0B JIpo-
OJIeHUs MPEUMYIIECTBEHHO B OTHY CTAUIO OTHOHN JIPOOUIIKOM.

B-niaTeIX, pa3paboTka TEXHOIOTWYECKUX PEIICHWH, HAlpaBJICHHBIX Ha IOBBIIIE-
HUE JI0JITOBEYHOCTH pabounx 3IEMEHTOB OTJENbHBIX MOIYJIEH, HATPUMEpP TOBHIIIEHNE
M3HOCOCTOMKOCTH (yTEPOBOK IPOOMIBHOTO OOOPYIOBaHWS, MOAOOpP palMOHATHHBIX
npoduiIei [T KOHKPETHBIX TOPHO-TEONOTHYECKUX ycinoBui. Cpemu mpemiaraeMbix
YIPOUYHSIONINX TEXHOJIOTHH CIETyeT BBIASIUTh MEXaHHIECKOE, TEPMHUIECKOE U TEPMO-
MexaHuveckoe. lIpruMeHeHre yka3aHHBIX TEXHOJIOTHH Uit padounx opranoB MK
MO3BOJIUT YBEJIUYUTH CPOK UX CIYKOBI U, COOTBETCTBEHHO, MEKPEMOHTHBIH ITEPHO/I.

4 4

Hcxonnas I'oToBBII
pyna 1 2 5 6 IIPOAYKT
|:> [— [—— — |:>

7

Pucynok 5. Cxema mOpeInonaraeéMoro MOJYJIBHOTO APOGHIBHO-H3MEIbYUTEIBHOIO —KOMILIEKCa:
I — npobuika (KpYHmHOTO, CPEIHEro, MEIKOro apoOnieHus); 2 — COPTHPOBOYHOE OOOPYIOBaHHE;
3 — cBs3yIOIIee U KOMIICHCUPYIOIiee 000pyaoBaHue (HanmpuMep, KOHBelep 1 OyHKep); 4 — 00opyaoBaHue
UL BO3Bpara HEroJHOTO MPOAYKTa (HAmpUMep, pyda HE TOH KPYMHOCTH); 5 — HW3MENbYUTEIHHOE
obopynoBanue (MelbHHUIA); 6 — cemapaTop (HapUMep, MAarHUTHBIA CEemapaTop IS XKEIE3HOH PyIbI);
7 — wiatdopMa At yCTAHOBKH 000PYI0BaHUSI
Figure 5. Diagram of the proposed modular disintegrating complex: / — crusher (coarse, medium, fine
crushing); 2 — sorting equipment; 3 — connecting and compensating equipment (for example, a conveyor
and a bunker); 4 — equipment for bad product return (for example, ore of the wrong size); 5 — grinding
equipment (mill); 6 — separator (for example, a magnetic separator for iron ore); 7 — platform for
equipment installation

IIpennaraemMplii BapuaHT MOAYJIBHOI0 JAPOOMIbHO-U3MEIBLYUTEIBHOI0 KOM-
mwiekca. [I[peumyriecTBoM paboOTHI MpeIaraeMoro KoMIuiekca (puc. 5) sBIIETCS €ro
MOZAYJIBHOCTbD, YTO TO3BOJISIET MEHSATH COCTABIISIONINE KOMIUIEKCA U aJallTUPOBATh €T0
MOZ OIIpeZieTICHHbIE MECTOPOXKICHUS, TIOJIE3HbIE MCKOTIaeMble U HEOOXOOUMBIH KOHEed-
HBIH IPORYKT. PaccmarpuBaeMblii BapuaHT KOMILIEKca paboTaeT CIIeAyIoIUM 00pa3oM:
B IpoOmIiKy / mocTynaet pyaa u3 3a00sl, KOTOPYIO, KaK [IPaBUIIO, TOABO3ST KapbEepHbIE
caMoCBaJIbl, TIOCNE APOOJICHUS pyda MOCTyMaeT Yepe3 KOHBeHep Ha COPTUPOBOYHOE
obopynoBaHue 2, ociie COPTUPOBKH py/a, He POoLIe Ias 110 KPYIMHOCTH, IOCPEICTBOM
KOHBeliepa 4 1100 BO3BpaIaeTcs B IPOOHIIKY /, INOO OTHPABIISICTCS HAa H3MEIBUNTEIIb-
HOe 00OpyJIOBaHHE J, MMOCIE KOTOPOTO BO3MOXKHO TIPOBECTH CyXO€ cernapupoBaHue 6,
HampuMep, IS KeIe3HOH pyapl. ByHKepsl 3 BBIMOTHSIOT B MpEAIaraéMOM KOMILIEKCE
¢dyskmmio Oydepa, T. €. MOTYT aKKyMyJIUpOBaTh B ceOe pymy, HampuMep, IpH TeKYITUX
PEMOHTaX IMOCHIEAYIOMET0 000pyAOBaHUS, TUOO MCIIOIB30BaThCA U PETYITHPOBAHUS
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3arpy3ku 000pyHOBaHUS NMPH M3MEHEHUU (PU3UKO-MEXaHHMYECKHX CBOKCTB JTOOBIBae-
Moi1 TopHoO# oponskl. [Inmardopma 7 BemmonHseT GyHKIHIO GyHAAMEHTa U1 000pyI0-
BaHUS M MOXET OBITh OCHAIlIEHA OBICTPOCHEMHBIMH yCTPOWCTBAMH ISl OTIEPATHBHOM
YCTaHOBKH W CHSTHSI Pa3HOTO TEXHOJIOTHYECKOIo 00OpYyIOBaHUS, U, COOTBETCTBEHHO,
OBICTPOH aJanTaluK BCEro KOMIUIEKCA K MEHSIOUIMMCSI CBOMCTBaM TOPHBIX MOPOJ WIIN
CaMOr0 MECTOPOXKACHUSL.

O6cy:xaenue pesyasTaroB. Paspabdorka MJIMK mMeeT BakHOE HapOTHOXO3SH-
CTBEHHOE 3Ha4YeHHWE I pa3BuTus Poccuiickoit demeparmu. OgHAKO KOMILIEKCHBIX
HCCIIeIOBAaHUI O CO3J[aHHI0 ABTOMATH3HPOBAHHOTO JIOJITOBEYHOTO KOMILIEKCA C BO3-
MOKHOCTBIO KOHTPOJISI TEKYIIETO COCTOSTHHS B Halllel CTpaHe He MPOBOAMIOCH, HA Te-
KYILHi{ MOMEHT KPYITHBIX OTE€UECTBEHHBIX IIPOU3BOIUTENICH TAKOTO poJa 000pya0BaHHUs
HeT. 5151 pa3paboTKH HOBOTO 000pYIOBaHUS, TO3BOJISIOLIETO OCYIIECTBISTH JOOBIUY B
CJIOKHBIX KIIMMAaTHYECKUX YCIOBHSX PailOHOB BOCTOYHOW CHOMPH, MOXKHO HCIIONB30-
BaTh UMEIOIINECS HapaOOTKH B OOIACTH TTOBBIIIEHHUS H3HOCOCTOMKOCTH CTallMOHAPHOTO
TOPHO-000TaTUTEIHHOTO 00OPYAOBAHHUS, & TAKKE 3apyOCIKHBII OMBIT B 3TOH 00JIACTH.

3axawuenne. s coznanus d¢pdexkrusaoro MIMK HeoOXoaumo mpoaHaaIu3upo-
BaTh MPOU3BOAIINECS CUCTEMBl aBTOMaTU3UPOBAHHOIO YIPaBICHHS, CUCTEMbl MOHH-
TOPHHIa TEXHMYECKOTO COCTOSHHSI KOMIUIEKCa, IpopaboTaTh BO3MOKHOCTh MPHUMEHE-
HUS Pa3pa0dOTaHHBIX YIPOUHSIONUX TEXHOJIIOTUH I pabodnuX OPraHOB CO3/]aBAEMOTO
KOMITJIEKCa, a TaKXKe MCIIOIb30BaTh IKCIIEPUMEHTAIIbHBIE HapabOTKH TI0 Iesecoodpas-
HOMY KOJIMYECTBY CTaJIMH JAPOOICHUS AJIsl TIOTyUeHHs He0OXOUMOM KPYITHOCTH Tiepe-
pabaTsIBaeMOi TOPHOI TOPOIBL.
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Analyzing the development of modular disintegrating complexes
of open-pit processing

Vladimir S. Bochkov'!, Mark L. Khazin', Kseniia V. Bochkova', Mariia O. Gorbova'
!'Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. The article provides an analysis of modular disintegrating complexes (MDC) for
ore preparation and preliminary mineral beneficiation, as well as possible directions for MDC
improvement.
Methods of research. MDC alternate designs are developed in different countries and become
increasingly common abroad due to their cost-effectiveness and reduced labor costs, energy
consumption, and pollution (dust and noise) compared to the traditional “open pit — permanent
dressing mill” system. Depending on the deposit, MDC includes a universal platform, crushers,
mills, systems of conveyors and bunkers that fulfill a compensating function (for example, in case of
lack of rock from the open pit), as well as a magnetic separator designed for iron ore dry magnetic
separation.
Results and analysis. Generalization and analysis of primary mineral processing technologies
for difficult to access deposits make it possible to conclude that modular disintegrating complexes
have the following advantages: reduced transportation costs, maximum use of railway cars (due to
the transportation of smaller fractions), reduced human factor.

Keywords: modular complex; crushing; grinding; sorting; separation, minerals; hard to access
deposits.
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Pa3paboTka TeXHONOrMYeCKMX CXeM BCKPbITMS 3aKOHTYPHbIX 3anacos
pyAbl NpyU nepexoae Ha OTKPbITO-NOA3EMHbIN CNOCO6
pa3paboTKu MecTopOXAEHUA

Bypmuctpos K. B.!, Bargacapsax M. A.™*
! MarHuToropckmii rocy4apCTBEHHbIN TEXHUYECKU yHuBepcuTeT um. I W. Hocosa,
r. Marnutoropck, Poccus
*e-mail: margarbagdasaryan@mail.ru

Peghepam

Beseoenue. Bckpvimue 3anacoé 3a npoekmHublMUu KOHMYPAMU KAPbePO8 NPeUMYULeCmEenHO
ocyuecmeiiemcs Ha Ccmaouu NOO3eMHOU paspabomku 8vlpabomkamu, NPOUOEHHbIMU U3
Nno03eMH020 pyonuxa unu u3z Kapvepda. OOHAKO 8 YCl08UAX, KO20A NPUMEHEeHUe NOO3EeMHBIX
pabom HeyenecooopasHo u3-3a 0CoOeHHOCmell 3ale2anus pPYOHbIX Mmel OMHOCUMENbHO
copmuposannozo  bopma  Kapvepa, A  OMKPLIMAsL — 2e0MeXHON02Us  CIMAHOBUMCS
HEnpUMEeHUMOll 8 C6A3U C (pakmopamu, IPensmcmeyioWuUMy pasHocy 60pmos, 603HUKaem
CILOJICHASL 30a4a O PA3PAOOMKe HOBIX MEXHOLOSUYECKUX CXeM GCKPbIMUsL MAKUX 3aNACO8.
Ienvio pabomul sensiemcs pazpabomra MEXHOLOSUYECKUX CXeM BCKPbIMUsL Npubopmosvix
U NOOKAPbEPHBIX 3ANACO8 NYymem YEeIUdeHUs: YKIOHA U YMEHbUEHUS] WUPUHbL KAPbEePHbIX
asmooopoe, a maxaice nepexooa Ha 8CKpvlmue NOO3eMHbIMU ABIMOMOOUTbHBIMU Cbe30aML.
Memoodonozun. Hccieoosanue nposedeHo Ha npumepe AHCene30pyOH020 MeCmOpPONCOEHUs.
C UCHONb308AHUEM MOOCIUPOBAHUS. BAPUAHMOE CXEM GCKPLIMUSL C COOMBEMCMEYIOUUM
usMeHenueM KOHMYPO8 Kapbepa Ha 2nybokux eopusommax. Ha ocmose npogedennozo
2OPHO-2€0MEMPULECKO20 AHANU3A OAHA KOMUYECMBEHHASI OYEeHKA 3AKOHMYPHbIM 3andacam,
noonexcawum ompabomre. MemoOdom cpagHeHUsT MEXHUKO-IKOHOMUYECKUX RoKazamenetll
VCMAHOBLEHbl NPEUMyWecmed U HeOOCMAamKu 6cex pa3pabomanHHblX MexXHOI02UYECKUX
PeueHull, paccuumana yCmouuugoCmy KOPPEKmMupyemoz2o JOKAIbHO20 yuacmka 60pma Kapbepa.
Pezynomameol. [1o paccuumannvim mexHUKO-9KOHOMUYECKUM NOKA3AMENSAM ONPeOeLeHO, Yo
6ce paspabomanHvle SAPUAHMbBL AGISIOMCI IKOHOMUUECKU bl2OOHBIMU, OOHAKO Hauboee
yenecoobpasHvl 0 peanrusayuu 06a gapuanma, obecneuugarouue MaKkCUMaibHvle 00bembl
u361eUeHUsl 3aNaAcO8 NPU bLOPAHHOU MEXHOIOSUU.

Buo160o0vl. Peszyromamul  ucciedo8anus nooOmeepHcOarn B03MONCHOCMb 3P pekmusHozo
NPUMEHEHUs. MEXHONOSUYECKUX CXeM Nnepexooa Ha KPYMOHAKIOHHbIE dA8MOCHE30bl C
UCNONBL30BAHUEM NOTHONPUBOOHBIX ABMOCAMOCEAN08, A MAKHCE BO3MOICHOCMb NOAHO20
OMKA3a OM GHYMPUKAPLEPHBIX ABMOMOOUILHBIX Cbe3008 HUNCE ONPeOeieHHOU 2nyOunbl
Kapbepa ¢ nepexo0oM Ha 00CMABKY SOPHOU MACCHL NO NOO3EMHBIM A6MOMOOULLHBIM CHE30AM.
Paccmompennvie 6 ucciedoganuu peuwtenusi nozgonam Ha 1,5-2 200a ysermuuums cpok
OMpabomKu MecmopodHcOeHUss OMKPbIMbIM CROCOOOM. B meuenue 0anno2o nepuoda, coenachuo
pamnee BbINOIHEHHbIM UCCIeO08AHUSIM, MOJNCem OblMb 3anyueH 8 IKCRIYAMAayuio N0O3eMHbll
PYOHUK 0151 OmpaboOmKU 3anacos nepsol ouepeou.

Knwuesvie cnoea: ecxkpvimue  21y00Kux — 20pU30HMOS,  3AKOHNMYDHblE — 3ANACHL;
KPYMOHAKIOHHBII a8Mocbe30; no03eMHble 6CKpblealoujie 8blpabomKy, mpancnopmuposanue
2OPHOU MACChL, CPOK CYUWeCmBo8anus Kapbepd.

Hccnedoeanue evtnonneno sa cuem epanma Poccutickozo nayunozo gonda Ne 23-21-10040,
https://rscf.ru/project/23-21-10040/.

Beenenue. [Ipu HECBOEBPEMEHHOM IMPHUHATHUN PELICHUS O TMEPEXo]ie Ha MOA3EeM-

HBIH croco0 pa3paboTKH MECTOPOXKJICHHH IOCIE OKOHYAaHUSI OTKPBITHIX TOPHBIX pa-
00T HEMHHYEM MEPUOJ MPEeKpaIleHns T00bYN PyIbl A0 3aBEPIICHUS CTPOUTENIHCTBA
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nmoazeMHoro pymnauka [1]. J{nst n3bexxanus 3Toro HeoOXOAMMO 3a0JIaTOBPEMEHHO TIPH-
HATH PEIICHHE O MEePexoJie Ha IMOJ3EMHBIN CITOCO0 M HauyaTh CTPOUTEIIBCTBO PYIHUKA
B TIpOIleCCe IKCIUTyaTaluu Kapbepa [2, 3], mn0o mpouIiTh Ha TIEPUO]] CTPOUTEIBCTBA
PYIHUKA CPOK IKCILTyaTalluK Kapbepa IyTeM BOBJICUCHHUS B OTPA0OTKY HOBBIX 3allacOB
MOJIC3HBIX HCKOTIAEMbIX, PACIIOJIOKEHHBIX 32 MpeieiaMH IPOSKTHOTO KOHTYpa Kaphepa.

OcBoeHre 3aKOHTYPHBIX 3a1aCOB OTKPBITOM F€OTEXHOJIOTHEH 0OBIYHO CBS3aHO C pe-
IIEHUEM CJIOKHBIX T€OMEXaHMYECKHX 3aJa4, HalpaBJIeHHbIX Ha 000CHOBAaHUE YCTOMN-
YUBOCTH 0OpTa Kapbepa Al o0ecTiedeHus] 0e30MacHOTO BEACHHS TOPHBIX padot [4, 5].
Kpome TOro, mpuMeHeHHE TPaJUIIMOHHBIX CIIOCOOOB BCKPBITHS 3allacoB IIIYOOKHX
TOPU30HTOB OTKPBITHIM CHOCOOOM HYacTO 3aTPYOHEHO, a B HEKOTOPHIX CIy4asX BOBCE
HE TPECTABISETCS BOSMOKHBIM BBUAY Pa3HBIX (haKTOPOB, MPEMATCTBYIONIUX Pa3HOCY
6opToB [6].

B mocnennme rogpl, 61arogapsi TEHISHIUAM Pa3BUTHA TOPHOTPAHCIOPTHOTO 000-
PYIOBaHHS, B YaCTHOCTH, YCOBEPIICHCTBOBAHWS €ro KOHCTPYKIMH H PacIIUpEeHHUs
TEXHUYECKUX BO3MOXXHOCTEH, 3aMETHO YBEIHMUMIICS MHTEPEC K CO3/IaHUIO HOBBIX TEX-
HOJIOTUYECKHX PEIICHUI 10 BCKPBITHIO U OTPAOOTKE 3a1acoB MOJIE3HBIX HCKOIMAEMBIX,
OCTaBIIKXCA 32 CPOPMUPOBAHHBIMUA KOHTYpaMH KapbepoB. M3bicKkaHHe HOBBIX pellie-
HUH 10 WX BCKPBITHIO 332 CUET TEXHOJIOTHMUYECKUX MPEUMYIIECTB OTKPHITOTO Criocoba
pa3paboTku uMeeT 0c000€ 3HAUECHUE I OCBOCHUS TPYIHOM3BICKAEMbIX 3aI1acOB, pac-
MOJIOKCHHBIX B HETIOCPE/ICTBEHHOM ONM30CTH K OOpTaM U JTHY Kapbepa.

Lenecoobpa3HOCTh HCHONB30BaHUSl BBIPAOOTAHHOTO KapbepHOTO MPOCTPAHCTBA
KpyTOMAaJIaIoNIuX MECTOPOXKICHHM B IEISIX BCKPBITHS 3aKOHTYPHBIX 3aacoB JI0Ka3aHa
HAKOILJICHHBIM OIBITOM Pa3pabOTKH MECTOPOXACHUH [7] 1 00yClIOBIIEHA CYIIECTBEH-
HBIM COKpAIIIEHHEM CPOKOB M 3aTpaTr Ha CTPOUTENHCTBO M BBOJA B SKCIUIYaTalHIO MO/~
3eMHOTO PyIHHUKA JJIs TaTbHEHUIIIEr0 OCBOCHHUS 3aM1acoB MOJ3EMHBIM CrTocoOoMm [8].

B mpouiecce pa3paboTku MECTOPOXKIESHHUH MOJIE3HBIX MCKOMAEMBIX B CHIIYy Pa3HBIX
TOPHO-TEOJIOTHYECKHUX, TEXHOJOTUIECKUX M SKOHOMHYECKHX TPHYMH 32 TPOEKTHBIM
KOHTYpOM KapbhepoOB MOXET COCpPEAOTauyMBAThCS 3HAYMTENbHAs IO OaJaHCOBBIX
3amnacos [9].

ComacHO CTaTHCTUYECKUM JIAaHHBIM, ITOCJIE OTPAOOTKH PYIHBIX MECTOPOXKIEHHIM
OTKPBITBIM CITOCOOOM TOJIEKO B OOPTax KaphepoB OCTAIOTCS HEOTPAOOTaHHBIE 3aITachl —
B cpeareM 5—16 % ot obmiero oovema 3aracos [ 10]. IIpu atom, ecniu 1o0ObITy 3anexeH,
YIAJICHHBIX OT KAphEPOB, BEAYT OKOJIO 25 % IpeAnpusITHiA, TO OTPaOOTKY TPUOOPTOBBIX
3armacoB OCyIIeCTBISIOT Beero 18 % [7].

Kak mnpaBuiio, 0CBOCHHE 3aKOHTYPHBIX 3allacOB PEATU3yeTCs CIOKHBIMH TEXHO-
JIOTHYECKUMH PEIICHUSMH, YaCTO ¢ KOMOWHAIIMEH OTKPBITBIX U TOJ3EMHBIX Pa0oT.
[IpaBuIbHBINM BEIOOP TEXHOJIOTUYECKUX CXEM BCKPBITHS 3aKOHTYPHBIX 3aI1acOB OTKPBI-
TOM, TOA3EMHOMN JTHOO0 KOMOMHHPOBAHHOMN T'€OTEXHOIOIHEH TOIKEeH ObITh OCHOBaH Ha
THIATENILHOM OlleHKe Oe30macHOCTH M 3P (EKTUBHOCTH OCBOCHHUS 3aracoB, MOTEHIIU-
AJIbHBIX BBITOJ U PUCKOB, CBS3aHHBIX C MPOILIECCOM JOOBIYH.

IlocTanoBka npodJjeMbl W HCTOPUSA Bompoca. Vcciemyemoe MecTOPOXACHUE,
HaxoJIIeecs B HACTOSIIEE BPEMS B CTAJAUN TOPAOOTKH OTKPBITHIM CITOCOOOM, Xapak-
TEepU3yeTCsl HANWYNEM TMPUOOPTOBBIX M MOAKAPHEPHBIX 3aI1acOB, MPUTOMHBIX IS OT-
paboTku. B paHee BBITIOJHEHHBIX UCCIIEIOBAHUIX, TIOCBAMIEHHBIX MOTHONW A0pabOTKe
JTAHHOTO MECTOPOXKJIEHHUS MOJ3EMHBIM CII0c000M, ObllIa yCTaHOBIIEHA HEOOXOAMMOCTh
CTPOUTENHCTBA TMOA3EMHOTO PYJHHMKA J0 Hadaja 3Tama JopaboTKH Kapbepa C IENbo
obecrieueHust Hepa3pbIBHON 100bMM pyasl. ONHAKO B COBPEMEHHBIX YCIOBHUSAX IPHU
MIPUHATUN PELICHHs O TIEPEeXOo/ie Ha MOI3EMHBIN crioco0 pa3paboTKu pa3phiB B TOObIUE
pynbl OyzieT Hen30eKeH.

39



FEOTEXHONOIUA  Bypmucmpos K. B. udp. /N3secmusi 8y308. [opHbili xypHan. 2024. Ne 1. C. 38-47

Baohui Tan, Fengyu Ren u npyrue uccnenosarenu [11] momuepKuBaoT BaXXHOCTh
0TpabOTKHN 3aKOHTYPHBIX 3allacOB Ha 0padaThIBa€MbIX Kaphepax BO BpeMs MEpPHOAA
nepexofa OT OTKPBITHIX paboT K MOA3EMHBIM C LENbI0 MPHUIAHUS IIABHOCTH 3TOMY
po1Leccy.

W3 pe3ynbTaroB M3yuyeHUs MHUPOBOM MPAaKTHKH OCBOEHHUS PYIHBIX MECTOpOXKE-
HHUI KOMOMHHPOBaHHBIM CIIOCOOOM HM3BeCTHO, 4To B 80 % cilyuaeB UCMONB30Bajach
MmocjIeIoBaTeNibHas cxemMa OTpaboTKu MecTopoxkiaeHuit, a B 20 % — mapaymenbHasl.
OnHako Ha MHOTHMX MECTOPOXKACHUSX, pa3pabaTbiBaeMbIX [0 TOCIEAOBATEIbHON
cxeme, HaOMIofaINCh HEKOTOphIe MEPHOABI COBMEIIEHUS OTKPBITHIX M TMOI3EMHBIX pa-
60t. O0e cTpaTernu OCBOEHHUS MECTOPOXKIEHUI MMEIOT CBOM 0COOEHHOCTH W HemoC-
tatku [12]. DddhekTHBHOCTF KOMOMHHPOBAHHOTO CITOC00a pa3pabOTKH MOBBIMIACTCS,
KOTJa Kapbep 3a0J1aroBpeMEHHO [OATOTaBINBAETCS K IEPEXOIHOMY IIEPHOY, OCOOCHHO
pu HOPMHUPOBAHHUH CXEMBI BCKPBITHS TIIYOOKHX TOPH30HTOB [1].

IIpeanoxxeHHbIE B MCCIEAOBAaHUAX TEXHOJIOTHYECKHE CXEMBbI IEpexoa C ompere-
JICHHOW ITyOMHBI Kapbepa Ha TPAHCHOPTHBIE OEPMbI C YMEHBLICHHOW LIMPUHOM VIS
aBTOCAaMOCBAJIOB MEHbUIEH Ipy3onogbeMHOCTH [13], a TakXke CXeMbl BCKPBITUSL KpY-
TOHAKJIOHHBIMH aBTOCHE31aMH, NpeIHA3HAYCHHBIMU Ui pabOThl HOIHONPHBOIHBIX
aBTOCaMOCBAJIOB C LIAPHUPHO-COWIEHEHHOHW paMoil [14] cnocoOCTBYIOT yriryOneHHIO
JI0pabaThIBaeMBIX KapbepoB, H, CJIEJOBATEIbHO, BOBICUCHHIO B OTPAaOOTKY 3aKOH-
TYPHBIX 3allacoB U3 IITYOOKMX TOpPHU30HTOB. CXeMBI BCKPBITUS IITYOOKHX TOPU30HTOB
KPYTOHAKJIOHHBIMH aBTOCHE3AAMHU C MCIIOJIB30BAaHUEM IAPHUPHO-COWIEHEHHBIX aBTO-
CaMOCBAJIOB OBUIH BHEJPEHBI B MPOEKTHI pa3paboTKu KHMOEPIUTOBEIX TpyOoK «Kowm-
comonbekas» u «HOouneitnas» Aiixansckoro 'OKa, «Hiopounckas» u «boryoOun-
ckasp» Hiopomunckoro 'OKa u ap. [15]. [TomuMo puMEHEHHSI aBTOCHE30B C KPYTHIM
YKIIOHOM H3BECTHBI CITOCOOBI BCKPBITHS TOPU30HTOB KPyTOTAIAIOLIINX MECTOPOKACHUN
HOA3€MHBIMU HAKJIOHHBIMH aBTOI0OPOTaMH, IPeIHA3HAYEHHBIMHU U151 TPAHCIIOPTHPOBA-
HHS TOPHOM MAacChl aBTOCaMOCBajlaMU Majiol Tpy3omnoabeMHocTH [16]. KoncTpykmms
MTOJI3EMHOTO Che3/1a CIUpaIbHON (popMbI B 60pTY Kaphepa omyonukoBaHa B 1999 . [17],
MIPEIJIOKEH BAPUAHT BCKPBITHS 3aJI€KH MOA3EMHBIMU BBIPAOOTKaMU M OTpabOTKa 3ama-
COB OTKPBITHIMH TOPHBIMU Pa0OTaMH HE3aBUCUMO OT UX MOILIHOCTH M yIJia 3aJIeraHus,
¢ hopMHupoOBaHNEM NPEeIOXPAaHUTENBHBIX OepM Ha ycTynax kapbepa. CorltacHO JaHHBIM
pELICHNUAM, BCKPBITHE TOPH30HTOB MOXET OBITH OCYIIECTBICHO HAKJIOHHBIMHU CTBOJIA-
MU C KOHBEHEpOM MJIM CKUITOBBIM MogbeMHUKOM. B 1991 . MHCcTHTYTOM TOpHOTO AEna
Cesepa CO AH CCCP onyo6mukoBano usobperenue [18], nmpeanaratomiee BCKPHITUE
MECTOPOXKACHUH KUMOESPIUTOBBIX, )KENE3HBIX U MEAHBIX Py HAKIOHHOW CIIMPaIbHOM
TOPHO BBIPa0OTKON, COSAUHSIONICHCSI ¢ 0OPTOM Kaphepa TOPU30HTAIILHBIMU BHIPA0OT-
kamu. MccrnenoBaHus o MpUMEHEHNIO OIOOHBIX BCKPBIBAIOIINX KOHCTpyKuui B 2017 1.
npoBeJeHbl ydeHbIMU WHCTUTYTa «SIKyTHHITpoanmasy Ha mpuMmepe TpyOku «ApxaH-
renbckasy [19], COBMECTHO C yY€HBIMH YPaJbCKOTO FOCYAapCTBEHHOTO TOPHOTO yHH-
BepcuTeTa — i Kapbepa «Hropouackuit» [20]. OTaudre TeXHOIOTHUSCKIX PEIICHIH
IIOCJICTHETO MCCIIEAOBaHUS OT IPEABIAYIIUX COCTOUT B €0 NPUMEHEHUU HCKIIIOUH-
TEJIBHO AJIS1 HUKHUX TOPU30HTOB Kapbepa.

TakuMm 00pa3oM, OCHOBBIBASACH Ha PE3yJbTaTax MPUMEPOB YCHEIIHON pealn3aliu
1 PEKOMEHJALMAX IEePEUNCICHHBIX UCCICIOBAaHNUM, C IeJbI0 N30eXKaHusl epruosaa pas-
pBIBa B HOOBIUE PYIOBl MEXIY OTKPBITHIMH M MOA3EMHBIMUA TOPHBIMH paboTaMu, ObUIO
MIPUHSATO PEIICHUE O pa3padOTKe TEXHOJIOTHUECKUX PELICHUH U1l BCKPBITUS 3aKOHTYP-
HBIX 3aI1aCOB PAacCMaTPUBAEMOIO MECTOPOXKACHHUS KPYTHIMH ChE3AaMH U MOA3EMHOU
CIHMPaJILHON aBTOIOPOTOH € MOCIEAYIOIUM 00ecIiedeHueM epexoia Ha KOMOMHUPO-
BaHHBII crocob pa3paboTKy.
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Metonbl uccaegoBaHusi. J[ns BBIOTHEHHMS JAHHOTO HCCIIEAOBAaHUS INOCTpOEHa
TpexMepHass MOJAENb Kapbepa C PyIHBIMU TeJaMH, PAcCHOJIOKEHHBIMH B HEMOCpEa-
CTBEHHOM Onm3ocTu K 60OpTaM U JHY Kapbepa. B pesymbrare aHanmza Onu3iexaliux
K MPOEKTHOMY KOHTYpPY Kapbhepa PYIHBIX Tell YCTaHOBJICHO HaJIW4Ke MPUOOPTOBBIX H
MOAKAPHEPHBIX 3aMacoB pyabl oobemMoM Oosee 4,0 MiH T (puc. 1). Pyna 3a npoekTHbIM
KOHTYPOM Kapbepa CX0ka 10 COCTaBY C PyHOH, 100BIBAEMOIT OTKPHITHIM CIIOCOOOM.

B pesymprare mpoBeIEeHHOTO aHAIM3a TOPHOTEXHHYECKUX YCIOBHH pa3pabOTKH
MECTOPOXKAEHHUS YCTAaHOBIEHO, YTO C IIPUHATHIMH paHee IIPOSKTHBIMU IapaMeTpamMu
OTKPBITOH T'€OTEXHOJIOTUH OOBITh X NPAKTUYECKHM HEBO3MOXKHO B CBSI3U C HAJIMYH-
€M Ha IOBEPXHOCTHU Kapbepa OTBAJIOB BCKPBIIIHBIX MIOPOJ, MPEMATCTBYIOIINX Pa3HOCY
OOpTOB.

2

Pucynok 1. Mozenb kapbepa ¢ pa3MelieHHeM 3aKOHTYPHBIX 3amacoB: / — NPOCKTHBII KOHTYpP Kapbepa;
2 — 3aKOHTYpHBIE PYIHbIE Tea
Figure 1. The pit model with the sidewall reserves: / — designed contour of the pit; 2 — sidewall reserves

[TockonbKy CyliecTByIOIINE MapaMeTphl OOpTa U IHA Kapbepa He MO3BOJIAIOT CO3-
JlaBaTh TPAHCHOPTHBIN JOCTYN K 3aKOHTYPHBIM 3aracaM, B paMKax JaHHOTO MCCIeN0-
BaHMS PACCMOTPEHBI MSATh BAPHAHTOB U3MEHEHHsSI CXEMBI BCKPBITHS, IPEAYyCMaTPUBAIO-
1 YMEHBIICHNE MNPUHBI TPAHCIIOPTHBIX OEPM U yBEINYEHHE UX MPOJOIBEHOIO YKIIO-
Ha [IPY UCIOJIb30BaHUHU NTOJTHOIPUBOAHBIX aBTOCAMOCBAJIOB C LIAPHUPHO-COWIEHEHHON
pamoii, a Tak)Ke HOJHBINA 0TKa3 OT CUCTEMbI aBTOMOOMIIBHBIX CHhE30B HUXKE OIPEIEIICH-
HOU ITyOMHBI Kapbepa ¢ o0ecredeHreM JOCTyIa Ha paboune TOPU30HTHI Yepes MOA3eM-
HBIE HAKJIOHHBIE aBTOMOOHJIBLHBIE Che3/Ibl, POPMUpPYEMBIE BOKPYT OOpTa Kapbepa.

[Ipou3BoAUTENLHOCTE Kaphepa Mo py/e Uil BCEX BAPHAHTOB ObLIa IPHHSATA PaBHOM
IIPOEKTHOM MPOU3BOAUTEIBLHOCTH Kapbepa.

Pa3paborka BApUAHTOB BCKPBITHS 3aKOHTYPHBIX 3aI1aCOB.

Bapuanm Ne 1 — npegycmarpuBaeT paciiipeHne O0pTOB Kapbepa B HIKHEH yacTu
3a CUET YMEHBIICHUS IIUPUHBI TPAHCIIOPTHBIX OEpM, B CBA3H C Y€M BMECTO IIPOEKT-
HBIX JBYXIOJOCHBIX aBTOJAOPOT MPHUHATHI OHOTIOIOCHBIC TIOPOTH HAYHHAS C TOPU30HTA
+340 m. loporn umeroT mpoeKTHbI YKIOH 80 %o ¥ mpeaHa3Ha4eHbl A7 ABMKEHUS
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HMMEIOIUXCS Ha PyJHHUKE aBTocamocBasioB benA3 rpyzononsemMHocThio 45 T. [ryOuna
Kapbepa Ha KOHell OTPa0OTKH COBMAAAET ¢ MPOEKTHOH rm1ybuHon +190 M. Heobxomu-
MO€ KOJIMYECTBO aBTOCaMOCBAJIOB [UIs pealln3allii BapraHTa coctasisieT 13 en. Oobem
M3BJIEKAEMBIX 3aKOHTYPHBIX 3aI1aCOB JKEJIE3HBIX PY/ IIPU JaHHOM BapHaHTE COCTaBIISIET
338,6 THIC. T.

Bapuanmer Ne 2, Ne 3 — mpenycMaTprBalOT BO3MOXHOCTh IIPUMEHEHUS KPYTOHA-
KJIOHHBIX aBTOCHE3/I0B JJIsl OJTHOMPUBOIHBIX aBrocaMocBasioB Volvo A40G ¢ trapHupHO-
cowieHeHHON pamoil. Bapmant Ne 2, xak m Ne 1, mpemycmarpuBaer pacuIMpeHue
0OpTOB B HIXKHEH YacTH Kapbepa 3a CYeT yMEHBIIICHHUS IUPHHBI TPAHCIIOPTHBIX OepM,
HO, B OTJIMYME OT HEro, AOPOTH UMEIOT YKIOH 150 %o, 4TO AaeT BO3MOXHOCTh YIIIy-
ouThCs 10 otMeTkH +170 M. YrmyOiieHrne JOmoTHATENHHO Ha 20 M ITO3BOJISIIOT BOBJICYH
B 0TpaboTKy 1 256,6 THIC. T 3aKOHTYPHOM KEIE3HOH PYIBL.

Pucynoxk 2. [TogzemHBbIif aBTOMOOMIIBHBIH ChE3]1 32 KOHTYPOM Kapbepa
Figure 2. Underground roadway behind the pit edge

[Mockonbky npu BapuanTte Ne 2 B moJKapbepHOM MPOCTPAHCTBE BCE €I OCTaBAIUCH
3arachl, Jjajgee paccMoTpeH BapuaHT Ne 3, aHanoruyHeld Bapuanty Ne 2 1o npuHHMa-
€MOH IIUPUHE U YKJIOHY aBTOMOOWJIBHBIX ChHE3/10B, HO OTIMYAIOUIMNCS yIIyOieHneM
Kapwsepa 1o ropusoHTa +160 M. Ilo cpaBHeHuto ¢ Bapuantom Ne 2, yriryOneHue mo-
MOJHUTENFHO Ha 10 M yBeTMUYMBAET KOJUYECTBO JA0OBIBaEMON 3aKOHTYpHOH pyIbl Ha
84 TrIC. T. [IpHpocT oObemMa 1o0BIYH cocTaBiseT Beero 6,7 %, Takxke MpH TaHHOM Ba-
puaHTe mupuHa pabodell TUIOMAAKKA Ha JTHE Kapbepa YMEHBIIACTCS 10 MUHHUMAJIbHO
BO3MOXKHBIX Pa3MepoB Il HOPMaJIbHOW PabOThl TEXHUKHU, YTO, KOHEUHO, YCIOKHAET
nponecc 1o0bun. Tem He MeHee He0OXOAUMO OTMETUTb, YTO AaHHBII BapHAHT II03BO-
JSIeT MaKCUMaJIbHO M3BJI€Yb 3aKOHTYPHBIE 3alachl MECTOPOXKICHHUSA C NPUMEHEHUEM
KPYTOHAKJIOHHBIX aBTOCHE3I0B.

B éapuanme Ne 4 paccMoTpeHa TEXHOJIOTHSA C HCTIOIB30BAHHEM MTOJ3EMHBIX aBTOMO-
OWIBHBIX ChE310B CrMpalibHOM (GopMbl (puc. 2). Ha kapbepe coxpaHsIOTCS BCe Cylile-
CTBYIOIIHE KaUTAIbHBIC TPAHIIICH BBIIIE TOpr30HTa +280 M M OCYIIECTBIISETCS Iepe-
XOJ Ha AOCTaBKy F'OPHOW Macchl IO MOA3EMHBIM JA0POraM, YTO [IO3BOJIAET HOITHOCTHIO
OTKa3aTbCsl OT KAPbEPHBIX TPAHCIIOPTHBIX OEpM HIKE 3TOI OTMeTKU. Pyna u BCKphI-
HBIE TIOPOJIBI TPAHCTIOPTHUPYIOTCS aBTocamocBanamu Sandvik TH5511 rpy3onoasemuo-
CTBIO 51 T B yHKT Meperpy3Ku, pacroiIoKeHHbII Ha ropu3onTe +310 M, KOTOpEIi coenu-
HSIET CEBEpPHBIN M IOKHBIN yYacTKU Kapbepa. 3Aech e MPOU3BOIUTCS MOTpy3Ka PyIbl
7 BCKPBIIIHBIX TIOPOJ] B aBTOCaMOCBaIBl berA3 rpy30moaseMHOCTRIO 45 T U UX Jallb-
HeHIIee TPAaHCTIOPTUPOBAHKE B ITyHKTHI pa3rpy3Ku. [loa3eMHbIH aBTOMOOMIIBHEIN Che3
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C TIPOJIOJIBHBIM YKIIOHOM 7 % M IUIOLIABI0 MONEePEeYHOro ceueHus 19,8 M? pacronoxeH
B 30 M or GopTa Kapbepa 3a 30HOW CIBM)KEHHsI [TOPOA, OTCTPOCHHOU AJsl OTpaboTKH
nprOOpPTOBBIX 3amacoB. Bres3n B Hero ocymectaisieTcs ¢ ropu3oHTa +280 M. UMmerores
TOPU3OHTANBHBIC BBIPAOOTKH, COSAMHSIONINE €r0 ¢ KapbepoM Kaxasle 10 M yrmyOme-
Hus. O0IIas yIMHA HAKIIOHHOHM BBIPA0OTKH COCTABJIACT 2 KM, 3a 1 MeC OCYIIECTBIIACTCS
npoxojka Ha 120 M. Ha koHel oTpabOTKH JaHHBIM CIIOCOOOM Kaphep OyneT yriyOiieH
1o ropusonTta +140 m. [lns peanusaiuu Bapuanta Ne 4 TpeOyrotcs camocBaiibl Sandvik
B konmdecTBe 12 en., benA3 — 8 en. JlanHbIM BapHaHTOM B OTPaOOTKY OyJET BOBIECUCHO
2 426,5 ThIC. T 3aKOHTYPHOM KEJIe3HOM PY/IbI.

Tadmauna 1. CpaBHeHHe TEXHHKO-D)KOHOMHUYECKHX NMOKAa3aTeeil Mo pa3padoTaHHBIM BapHAHTAM
peleHui

Table 1. Comparison of technical and economic indicators for the developed solutions

BapuaHT BckpbITHS
[Tapametp
Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
CpoKH OCBOEHHS 3aI1acoB, JIET 2,7 3,1 3,2 3,6 3,8
3armachl, ThIC. T:
BCETO 6 581,5 7 499,5 7 583,6 8 669,5 9154,7
B TOM YMCJIE 3aKOHTYpHas pyJa 338,6 1256,6 1 340,6 2426,5 2911,8
Cpennuii Ko3(pQHUIMEHT BCKPHIIH, T/M> 0,71 0,69 0,69 0,52 0,74
CpaBHeHHe 3aTpart ¢ MPOeKTHBIM*, % 100 107,92 112,04 146,72 171,38
CpaBHenue 3atpar Ha 1 T pyasr*, % 100 94,71 97,24 111,38 123,21

* CpaBHEHHE BapHMaHTOB IO 3aTpaTaM IIPOM3BEICHO OTHOCHUTENBHO Bapuanta Ne 1, mpm KoTopom
BEJIMUMHBI 3aTpaT Ha 70ObIuy 1 T pyasl mpuHATH B pazmepe 100 %.

Bapuaum Ne 5 ananoruveH Bapuanty Ne 4 10 TEXHOJIOTMH IMPOU3BOJACTBA PaboT.
OTinuue COCTOUT B OTPaOOTKE KamUTAIBHOW TPaHIIEH HA 3amaJHOM OOpTY Kaphepa.
Taxoe pemierne CymecTBEHHO pacuIupseT 00pT Kapbepa, HO3BOJISS H3BJIEYb TOTIONTHA-
TeJbHBIE 3armackl pynbl. O0beM 3aKOHTYPHBIX 3allaCOB, W3BIEKAEMBIX JaHHBIM CIIOCO-
6om, cocrapmuser 2 911,8 Teic. T. HeoOXoaumoe KOIM4ecTBO TPAHCIIOPTHOTO 000pyIo-
Banus: Sandvik TH5511 — 15 en., benA3-75473 — 8 en.

Hnst o6ocHOBaHHA 0€30MaCHOCTH TPEJIaraéMbIX CXEM BCKPBITHS NPOHM3BEICHEI
pacyeTsl yCTOMYMBOCTH JIOKAJIBHOTO YYacTKa O00pTa /Uil HH)KHUX TOPU30HTOB Kapbepa,
0 Pe3yJIbTaraM KOTOPBIX TMONXYYeHbI 3HaYeHUsI KO (HUIMEHTa 3amaca yCTOWIHBOCTH:
K3y = 3,74 nnsa ycryna BeicoToit 60 M (BapuaHT Ne 4) u K = 1,94 nnsa yuactka 6Gopra
BeicoToi 110 M (Bapuant Ne 5). Ycranosneno, 4to 60pt aBnsieTCs JIOCTaTOYHO yCTOM-
YHMBBIM AJIS1 peaiu3aliy MpelaraéMblX TEXHHUKO-OKOHOMUYECKUX PEIICHUH B MPUHS-
ThI€ CPOKH.

Oo6cy:xneHue pe3yibTaToB. PazpaboTanHbie B JAHHOM HCCIICIOBAHUY IISITh BapH-
AQHTOB BCKPBITHS MPHUOOPTOBBIX M TOAKAPHEPHBIX 3aI1aCOB MECTOPOXKICHHS OTIINIAIOTCS
TEXHOJIOTUSMHU OTPabOTKH, 00beMaMy HOOBIYH, TPOU3BOIUTENEHOCTHIO IT0 BCKPHIIIIE,
TUIIOM U KOJIMYECTBOM MPHHSATOTO TOPHOTPAHCIOPTHOTO 000pyIOBaHus, a TaKkxke cebe-
CTOMMOCTBIO 100bIYM. OCHOBHBIE PE3YJbTAThl PACUETOB 110 BCEM BapHaHTaM IPEICTaB-
JICHBI B Ta0. 1.

Jlnist BceX paccMOTPEHHBIX BAPHAHTOB PACCUUTAHBI TEXHUKO-YKOHOMHUYECKUE TIOKa-
3aTeiy, B pe3ylbTaTe 4Yero JBa BaphaHTa IMOKa3aid HauOOIBIIyI0 3(PGEKTHBHOCTh U
1enecoo0pasHoCTh s peanuzanud. OnpeneneHo, YTo HanooIee BBITOIHBIM 10 CyMME
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3arpaT Ha | T pyasl sBisgeTcs BapuaHT Ne 2, mpeaycMaTpUBArOIIUi IpUMEHEHUE KpY-
TOHAKJIOHHBIX aBTOCHE3/I0B ISl aBTOCAMOCBAJIOB C IIAPHUPHO-COYJICHEHHON paMoi;
MaKCHMAaJbHBIH 00beM 3aKOHTYPHBIX 3allacOB BO3MOXKHO JOOBITH MpH Bapuante Ne 5,
MPEATOoaraieM UCIO0Ib30BaHNE TTOA3EMHBIX ABTOMOOMIIBHBIX ChE3[0B CIIUPaIbHOM

(dhopmer (puc. 3).

10000

8000 |
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4000
2000
0
Ne 1 Ne 2 Ne3 Ne 4 Ne 5

Pucynox 3. CpaBHeHne oOBEMOB JOOBIYM TMONE3HBIX HMCKOMAEMBIX, B TOM YHCIE 3aKOHTYPHBIX,

0 K2)KZI0MY BapHaHTY: / — 3aKOHTYPHBIE 3amachl; 2 — OCTaBLIMECs 3arachl 0e3 yuera 3aKOHTYPHBIX Py

Figure 3. Comparison of mining output, including sidewall reserves for each variant: / — sidewall
reserves; 2 — remaining ore reserves without sidewall reserves

O0beM pyabl, THIC. T

Oco0eHHOCTBIO TpelIaraeéMbplX TEXHOJIOTHYECKUX PEIICHWH SBIsSETCA ajanTa-
WS TPEIJIOKEHHONW CXEMBI BCKPBITHS K CXeMe BCKPBITHS OyAyLIero Moa3eMHOTO
PYAHHKA, YTO MO3BOJHUT YCKOPHUTH Hayajao HOOBIYM PYAbl MOA3EMHBIM CIIOCOOOM Ha
MECTOPOXKJICHUH.

BuiBoabl. Takum 00pa3zoM, MO pe3yibTaraM MccleloBaHUs 000CHOBaHA BO3MOXK-
HOCTB 3()(HEKTUBHOTO IPUMEHEHHS TIEPCIICKTUBHBIX HANIPABICHUH BCKPBITHS [ITyOOKUX
TOPU30HTOB J0PadaThIBAEMBIX KAPHEPOB: KPYTOHAKIIOHHBIMHU aBTOCHE3IAMH U TTOJ13EM-
HBIMU HAKJIOHHBIMHM aBTOCBHE3[AaMH, SIBIISIOLUIMMCS YacTbIO IIEPBOTO 3Talla BCKPBITHS
MIOJI3€MHOTO PYIHHUKA.
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Developing process flow diagrams for opening open-pit sidewall reserves during
the transition to combined mining method

Konstantin V. Burmistrov', Margar A. Bagdasarian!
"Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia.

Abstract
Introduction. Opening of sidewall reserves is mainly done at the stage of underground mining
by workings passed from an underground mine or from an open pit. However, when underground
mining is impractical due to the specificity of ore bodies position relative to the formed pit edge,
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and opencast mining is inapplicable due to the obstacles that make impossible to work out the pit
edge, a difficult task is put forward to develop new process flow schemes for opening such reserves.
The research objective is to develop process flow schemes for opening open pit sidewall and
bottom reserves by increasing the gradient and decreasing the width of the haul roads as well as by
switching from haul roads to underground roadways.

Methods of research. The research was done on the example of an iron-ore deposit modeling
opening scheme variants and making appropriate changes in open pit edges in deep horizons.
Based on the mining and geometry analysis, the amount of sidewall reserves has been determined.
By comparing technical and economic indicators, the advantages and disadvantages of all the
developed process flow solutions were identified, the stability of the local section of the redesigned
pit wall was calculated.

Results. Based on the calculated technical and economic indicators, it was determined that all
the developed variants are profitable. However, two of them are the most efficient as they ensure
maximum reserves extraction by the chosen technology.

Conclusions. The research results confirm the possibility of efficient application of the process flow
schemes of transition to steeply inclined haul roads using four-wheel drive dump trucks, and also
show the possibility of switching from the pit roads to underground roads below a certain depth.
The developed solutions will allow to extend the period of open-pit mining for 1.5-2 years. During
that period, according to previous researches, an underground mine can be launched to extract the
reserves of the first stage.

Keywords: opening of open pit deep horizons, open-pit sidewall reserves, steeply inclined haul
ramps, underground opening workings; transportation of rock mass, life of mine.
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HanpsXXeHHO-AehOPMUPOBAHHOTO COCTOAHUA 3NEMEHTOB
KapbepHbIX 3KCKAaBaTOPOB
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' YpanbCkuii rocyaapCTBEHHbIN FOPHbIA YHUBEPCUTET, T. Ekatepunbypr, Poccus
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e-mail: v.v.makarova@urfu.ru

Peghepam
Beeoenue. Axmusnoe paseumue 20pHOOOOBISArOW el OMPAcaU  00YCIOBUNO NOSAGLEHUE
KapbepHo2o  IKCKABAMOpA, X00080e  000py0osanue KOmMopo2o npeocmasgiiem coboul
CneyuanbHoe YCmpoicmeo 0isl Neped8UICEHUs N0 PATUYHLIM MUNAM 2PYHIMOS.
Lens pabomot — 060cHO8aMb HEOOXOOUMOCTb NPUMEHEHUSL MEMO0008 KOHMPOSA U OUASHOCIUKU
07151 OYeHKU HANPAHCEHHO-0ePOPMUPOSAHHOL0 COCMOAHUA X0008020 0DOPYOOSAHUSA KAPLEPHBIX
9KCKABAMOPO8.
Memoouxa nposeedenus uccinedosanusn. OOOCHOBAHO NPUMEHEHUE ZYCEHUYHO20 X0008020
000py008anUs, pACCMOMPEHA KOHCMPYKYUs, a Makxice OOCMOUHCIGA, HeOOCMAamKu U
Haubonee yacmo ecmpeyaroujuecs oegpexmul. CaMOXOOHAA BLIEMOUHO-NOSPYIOUHAS MEXHUKA,
pabomarowas 8 KapbepHuIX YCA0BUAX, MAKAA KAK KAPbepHblll IKCKABAMOP, GKAKUdAem 8 cebs
KOMNIIEKC 83AUMO3ABUCUMBIX OpYe O Opyea Yacmell pasHol QyHKYUOHATbHOCIU, CIPYKINYPYL,
HaodexcHocmu, cpoka sxcnayamayuy. Henpagnas paboma KapbepHo20 IKCKABAMopa 3a8Ucuim
OM UX CO2NACOBAHHOCMU U MEXHUHYEeCKO20 COCmosaHuA. IIpasunvhulil 6b100p Memooonocuu
oUacHOCMUPOBAHUA 6cex Oemanell MexanusmMa no360aum KOPPeKmHoO U 608peMs ONpedeiums,
KAKoU MexHuyecKull 1emMennm 6 MauuHe Moxtcem 8uliimu U3 cmposi 8 nepeyio ouepeos.
Pe3ynomamul uccie0oeanus u ux auanus. [na pesucmpayuu i KOHmMpons oegopmayuii u
HASPY30K, 0elcm8yIouux HA KOHCMPYKYUIO X0008020 000PYO08AHUS, NPUMEHAIOMCA PA3Hble
Memoovl  OUASHOCMUPOBAHUS  MEMALIOKOHCMPYKYUU, maKue Kak MeH30MempuiecKull,
BUOPOOUACHOCIMUYECKUL U THENIOBUSUOHHBINL Memoobl. HX npumeHenue coomeemcmeyem
IMaANam MexHU4eckoeo OOCIYHCUBAHUS U DEeMOHMA X0008020 000PYO0S8AHUS KAPbEePHYIX
9KCKABAMOPO8.
Bui6oovl, obnacmv npumenenus pezynvmamos. Aumanuz aumepamypvl, NOCEAULEHHOU
oyenke  HANPANCEHHO-0eOPMUPOBAHHO20 — COCHOAHUA — MEMALIOKOHCMPYKYULL  X0008020
000py006aHUs, OOKA3BIBAEM, YUMO CYWeCmEyenm HeoOX00UMOCMb UCCIe008AHUSL HAOEHCHOCHU
KApbepHbIX IKCKABAMOPOE C NOMOWbIO Memo008 KOHMPONA U OuazHocmuky. Mx npumereHue
07151 OYeHKU MEXHUUECKO20 COCMOAHUSA 2YCeHUUHO20 X00d KAPbepHO20 IKCKABAMOPA NO380UM
CKOppEeKmuposams  3manvl  MeXHUYeCKo20 OOCAVICUBAHUA U PEMOHMA, YMO HOGbICUM
HaoexicHoCcms U 3¢hghekmusHocms pabomul IKCKABAmMopa.

Knioueevle cnoea: rapvepnviii  9KCKasamop;  2yceHuuHoe X00080e  000pydosaHue;
HANPSINCEHHO-0ehOPMUPOBAHHOE COCMOSIHUE, MemOoObl KOHMPOsl, Memoobl OUASHOCHUKU,
MeH30MempuiecKull Memoo, UOPOOUASHOCIMUYECKUL MeMO0,; MEeNI08UUOHHBIL MemOoo.

BBenenue. AKTHBHOE pa3BUTHE TOPHOAOOBIBAIOIIEH OTpacid U MOTPEOHOCTH
B OONBIINX BBICOKONPOU3BOJUTENBHBIX MAaIIMHAX, CIHOCOOHBIX MEPEJBUTAThCS 0
Kapbepy, OOYCIIOBIIIM TOSBICHHE KapbepHOTO JKCKAaBaTOpa, XOIOBOE O0OPYIOBaHHE
KOTOPOTO TIPENICTABIAET COOO0M CIIeIaIbHOE YCTPOHCTBO ISl IEPEABIKEHHS 110 PA3ITd-
HBIM THUIIaM TPYHTOB M YCTOWYHBOTO OMTUPAHUS Ha OCHOBAHUE BO BpeMs paboTHI (puc. 1).
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XonoBoe 000pynoBaHKE IPEJHA3HAUEHO ISl [IEpEeAadl Ha TPYHT Harpy3Ku OT CHIIBI
TSDKECTH KapbepPHOTO HKCKAaBaTOpa M BHEIIHUX HArpy30K, AEHCTBYIOLIMX NpH padorte,
a TaKoKe AJ1s IepeIBUKEHUs B Ipesieax paboueil 30HbI B ¢ 00beKTa Ha 00BEKT. X0Z0BOE
000pyI0BaHNE COCTOUT M3 METAJUIOKOHCTPYKLUM HUXKHEH paMbl, TYCEHUYHBIX paM H
XOJOBOI'O MEXaHU3Ma, BKIIIOYAIOLIET0 BEAYILEE U BEAOMOE KOJIECa, OIIOPHBIE U MOAEP-
JKUBAIOIINE KaTKU U PETyKTOPHI XO/a.

Pucynok 1. XonoBoe 060opynoBaHue KapbepHbIX 3kckaBaTopoB: a — IKI-5A; 6 — DKI'-10; 6 — OKI-18M;
2—DOKI'-35
Figure 1. Undercarriage for mining excavators: a — EKG-5A; 6 — EKG-10; 6 — EKG-18M; ¢ — EKG-35

TpeboBaHus, MPEBABISIEMBIE K XOJJOBOMY 000OpYAOBaHUIO KapPhePHBIX IKCKABATO-
poB [1]: mocTtarouyHas cuia TATH, CKOPOCTh MEPEIBUKCHUS U MAaHEBPEHHOCTh, CIIOCO0-
HOCTb IIPEOIONCBATh 3a/IaHHBIC MOABEMBI M YKIIOHBI, yCTOMYMBOCTH MAILIUHBI IPU BCEX
BO3MOXHBIX U3MCHECHUSX TIOJIOKEHUS €€ IIEHTPA TSHKECTH U OTCYTCTBHE OOJIBIINX JMHA-
MHUYECKUX Harpy30K B KOHCTPYKIIUH BCEI MAITMHBI PH MTEPEABIKCHUH, 8 TAKKE MAJTBIC
COTIPOTHUBJICHIUS TIPH JBMKECHUH, MUHUMAJIBLHOE YHCIIO OBICTPOU3HANTUBAIOIINXCS dIIe-
MEHTOB, YIOOCTBO B 3KCIUTyaTallMH U TOJTOBEYHOCTh. HeoCTaTKu I'yCEeHHIHOTO X0/a:
0oJIBIIIast Macca U BEICOKAsI CTOMMOCTE KaphePHBIX KCKABATOPOB HA TYCEHUIHOM XOIY,
TEXHOJIOTHIECKAs CIIOKHOCTh KOHCTPYKITHU TIPH TPOU3BOACTBE M COOPKE, IPOIABIIH-
BaHWE TYCEHWIIaMH C1ab0ro TPYHTA M TPYHTA CPeIHEH KPEMOCTH MPU MHOTOKPATHBIX
MpoXoJax Mo OJHOMY MecTy W o0pa3oBaHWe TITyOOKUX OOpO3M, MpocenaHue T'yCEeHHUI]
B TPYHTE TP JBWKEHUU 110 KPUBOH, OONBINAs MaTepHaIOeMKOCTh, HEJOITOBEYHOCTh
U BBICOKAasi CTOUMOCTh peMOHTOB, Hu3Kue KIIJI u ckopocTu IBUKEHUS, BHICOKUN ypO-
BEHb BHOpAIMY PU IBMKEHUHU Ha TBEP/IBIX MIOBEPXHOCTSX, CIIOKHOCTD KOHCTPYKITUH U
OBICTPBII U3HOC XOJIOBBIX AIIEMEHTOB.

JlocTonHCTBa TYCEHUYHOTO X0/1a [2]: BRICOKAs YCTOHYMBOCTh MAIIIMHBI IPU padoTe
U TIepeBUKKAX, PABHOMEPHOE pacIpeiejeHIe JaBICHUS OMOPHOM MOBEPXHOCTU Ha
IPYHT, OTCYTCTBUE HEOOXOAMMOCTH B TIOATOTOBKE IIYTH U CBOOOHOE MaHEBPUPOBAHUE,
CHOCcOOHOCTE MPEOA0IIEBATh OOJBIINE YKIOHKI (10 23°), BBICOKHE TSATOBO-CIICTIHBIC Ka-
YEeCTBA, UCIOIB30BAHUE HA PA3IMYHBIX MOYBAX, BO3MOXXHOCTH BOCIIPHHUMATH 3HAUHU-
TENbHBIC HATPY3KU IIPHU CPABHUTEIHHO HU3KOM JABIICHUH HA TPYHT.

Oco0eHHOCTH KOHCTPYKIMM T'YCEHHUYHBIX KapbepHBIX IKCKaBaTopoB. Ha oskc-
KaBaTopax MPHUMEHSIOT JIByX-, YE€TBHIPEX- W BOCHBMHUTYCEHWIHBIC CHCTEMBI XOIOBBIX
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Tenexek (puc. 2). CucreMa ryCeHUYHOTO X0 ONpPeaessieT YUCIIO TYCEHHI] B CXeME U
MX B3aUMHOE PacIoNokKEeHHE. J|BUKEHHE IKCKaBaTopa Mo KPUBOM IpHU ABYX I'yCEHHUIaX
JOCTUTaeTcs 3aTOPMaKUBaHUEM OHON TYCEHHUIIBI T COOOIEHUEM MPABBIM U JIEBBIM
TYCEHHUIaM Pa3INYHbIX CKOPOCTEH. AHAJIOTHYHO MTPOU3BOAUTCS ABM)KEHUE IKCKABATO-
pa mpH yeTbIpex ryceHunax. [Ipu BOCbMUTYCEHUYHOM CUCTEME UCTONb3YIOT MOBOPOT
BCEX TYCEHHI] C MOMOLIBIO THAPOLMINHIPOB, 3aKPETICHHBIX OHOW CTOPOHOH Ha 0aze
XOZ0BOM paMsl, a IPyroi — Ha pelyare pambl X0I0BOH TEJIEKKH.

a 9]
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Pucynok 2. Cucrembl TyCEeHHYHOTO Xoja: @ — JBYXTyCEHHYHas;
6 — JeTHIPEXTyCeHNYHAs; 8 — YCTHIPEXONOPHAs. BOCBMUTYCEHNYHAS; | — TYCeHUIa,;
2 — TUAPOLUIIUHP
Figure 2. Track systems: a — two-track; 6 — four-track; 6 — four-support eight-track;
1 — caterpillar; 2 — hydraulic cylinder

Ilo crocoOy mepenayn naBieHHWS HA TPYHT Pa3iinyarOT MHOTOOIIOPHBIE W MAaJo-
OIOPHBIE TYCEHUIIBL. | YCEHUITBI Ha3hIBAIOT MHOTOOTIOPHBIMH, €CJIH OTHOILICHHE YHCIIa OTIOP-
HBIX 3BCHBEB (TPAKOB), JISXKAIUX HA 3eMIIC, K UUCITY OIMHUPAIONINXCS Ha HUX BEAYIIHX,
OIOPHBIX Y HANPaBJISAIONIMX KOJeC MeHbIle AByX (puc. 3, a). B atom ciydae 3BeHbsS
MEX]Iy OTIOPHBIMHM KaTKaMH TIOYTH HE MPOTUOAIOTCS M 00eCHeunBaIOT PaBHOMEPHOE
JIABJICHUE HA TPYHT KaK IMOJ] KAaTKOM, TaK U MEX/y HUMU.

Y ManoonopHo# ryceHullsl (puc. 3, 6) 3TO OTHOIIEHUE OOJIBIIIE JBYX: 3BEHBS JICTKO
MPOruOaroTCs MEXIy KaTkaMu, Criu0asch B MIAPHUPAX U 00pas3ysl BOJHUCTYIO JIMHUIO.
[Ipu 5TOM cOo3aeTCs 3HAUUTENIbHAS PA3HHIIA MEX/TY JaBICHUEM IO KATKAMU M MEXKTy
HuMH. Ha ci1abbIx mopomax MajaoomnopHas I'yCeHuUIa B OOJIbIIel CTEIEHU OrPyKaeTCs
B TIOYBY, Y€M MHOTOOTIOpPHASI, OHAKO JIy4Ille TIEPEHOCUT COCPENOTOUEHHBIE HATPY3KH,
BO3HHUKAIOIINE NP paboTe dKCKaBaTopa Ha CKaJbHBIX MOPOIax, TaK Kak UMeeT Ooiee
MIPOYHBIE OOJNBIIIE KaTKH. MajoomopHbIe TYCEeHHIIB OOBIYHO CHaOXKaroTcs 4—5 Karka-
MU OOJBIIOTO AWaMEeTpa, MHOTOOTIOPHBIE — 6—8 KaTKaMH HEOOIBIIIOTO THaMeTpa.

IToxazaHHbBIe Ha cxeMax (pHC. 3, 8) TYCEHUIIB IMEIOT KECTKOE KPEIUIEHHE OMTOPHBIX
KaTKOB K XOZIOBOM pame, B CHITy YeT0 OHHM IIJIOXO MPUCTIOCA0INBAIOTCS K HEPOBHOCTIM
MOYBHL. J[J1s ycTpaHEeHuUs TOro HeA0CTaTKa MPUMEHSIOT YCTPOUCTBA, TO3BOJISIFOIIINE TY-
CEHUYHOU 1lenH 1e(popMUPOBaThCS B BEPTHKAILHOM HarpasiieHuu (puc. 3, 2). B atom
CJIy4ae ONOPHBIC KaTKU OOBEIUHSIOT B OATaHCUPHBIC TEIICKKH, IIIAPHUPHO COCIMHECH-
HBIE C XOI0BOW pPaMOM.

OCHOBHBIC 3JIEMEHTBI TYCEHUYHOTO XOJla JKCKaBaropa: T'YCCHHMIIbI (COCTUHCHHBIC
majgbllaMU TPAKH), TMOJICPKUBAIOIINE U OMOPHBIEC KaTKH, BEAyllee Koyieco. XoaoBast
TEIE)KKA CITY>KUT OTIOPHOM KOHCTPYKIIHEH 71l BCEH BpallaroIIeicst 4acTH IKCKaBaTopa
U COCTOMT M3 HIWKHEH pambl CBAPHON KOHCTPYKIIMM, MEXaHU3MOB HHIWBUIYaTbHOIO
MIPUBOMIA TYCEHHII, 3y04aToro BEHIAa C POJIMKOBBIM KPyroM. XOmoBasi TEJIEXKKa Ipe-
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Ha3HAYCHA JJIsl TTOBBIMICHUS] YCTOWYUBOCTH MOBOPOTHOM MIAT(GOPMBI U YMECHBIIICHHS
TPYAOEMKOCTH TEXHHUYECKOTO 0OCITYKHBAHUS TYCEHHYHOTO XO/1a.

OcHOBHbBIE MOKA3aTEJH TEXHUYECKOr0 COCTOSIHHSI XOJ0OBOTO 0GOpPYIOBAHUSI
IKCKABATOPA: HATSDKCHUE TYCCHUYHBIX IIETCH, MEXaHHYECKUE TIOBPEXKACHHS 3yOheB,
M3HOC TPAKOB M TAJIBIIEB, 3a30PHl B MOMIIAITHUKOBBIX y3JlaX, M3HOC M COCTOSHHE Ha-
IMMPaBJIAIOIINX KOJICC, OTIOPHBIX U MOAACPIKUBAIOIINX KATKOB, HCIIPpABUJIbHAA HaCTpOfIKa
HaTAKCHUS T'yCCHUL, HCTIPAaBUJIbHO HOZ[O6paHHa$[ mrpruHa I'yCCHUI, TPCUIMHBI HA KOP-
IIyCe XOJOBOM TEJEKKU; TPEILIUHBI TYCEHUYHBIX paM B pallOHE HATSKHBIX OKOH, Tpe-
MIMHBI HAa CITHIAX OOJBINUX OMOPHEIX KOJIEC, H3HOC KyJIaKOB BEAYIIHX KOJIEC, OJTOMKA
3Be3/104eK, AeopMarins KaTKoB [3].

QOO0

Pucynok 3. Tunbl ryceHMl: @, 6, & — MHOTIOOIOPHBIE;, 6 — MAaJOONOpPHAs;
a, 6, 6 — KECTKHUE, & — MATKast
Figure 3. Types of caterpillars: a, 6, ¢ — multi-support; 6 — low-support;
a, 6, 6 —hard; 2 — soft

H3zydenne, ucciieqoBaHne W NMpoOBeJdeHHEe aHAJIN3a COCTOSAHHMA MeTAJIOKOH-
CTPYKIHIi KapbepHBIX JKCKABATOPOB — TEMa HCCIIEAOBAHUS MHOTHX YYCHBIX.
PaccmarpuBatoTcst 1mb60 METAIIIOKOHCTPYKIMU KapbepHOTO HKCKABaTopa B LIEJIOM,
100 WX OTACIBHBIC 3JIEMEHTHI, B OCHOBHOM aBTOPHI M3y4aloT pabouee 000pyaoBaHUE
JKCKaBaropa.

B cratse A. I1. bornanosa [4] mpoBeeH aHAJIU3 COCTOSTHUS MapKa dKCKaBATOPHOU
TEXHHUKH 1 TIOAPOOHO PACCMOTPEHBI OCHOBHBIE JIe(hEKThI METATUTOKOHCTPYKIIHH Kapbep-
HBIX dKcKaBaropoB Ha nmpumepe DKI-10. Jlns nccnenoBanuii BEBIOpaHbI MAIWHBI C UC-
TEKIIMM HOPMAaTHBHBIM CPOKOM 3KCIUTYaTalluH, B PE3YJIbTaTe IPOBEIEHUS SKCIIEPTU3EI
IIPOMBIIUIEHHOH 0€3011aCHOCTH BBIABICHBI 14 KapbepHBIX IKCKaBAaTOPOB ISl HAOMIOIe-
HUS TMHAMUKY pa3Butus nedexros. [lo pedynpraram cienan BEIBOA, 9TO 35 % OTKa30B
OTHOCATCS K METAJUIOKOHCTPYKIMAM. OCHOBHOH HHTEpEC UCCIEIOBAHHS IIPEICTABIISET
nHpopManus mo aedeKraM XOAOBOTO MEXaHu3Ma. Y BCEX BBIOPAHHBIX 3KCKAaBaTOPOB
HaOMIONAJICS U3HOC KYJAKOB BEAYLIMX KOJIEC, y TOJOBHMHBI MAIMH BBIBICHBI A€(EKTHI
onopHbIX kojnec. Y aByx OKI' oOHapyXeHBI TPEUIMHBI T'yCEHHYHBIX paM B paioHe
HaTSDKHBIX OKOH, Y OJHOTO 3KCKaBaropa TPEIIMHBl Ha KOPIYCE XOJOBOW TEIEKKH.
Takue xe nedexTsl HabMoAa I aBTOPBI HACTOSIIEH CTaThU Ha KapbEePHBIX IKCKAaBATO-
pax OKI'-10 npennpusitus [IAO «Ypanacbect» B kapsepe baxkeHOBCKOro MecTopoxie-
Hus xpusorwi-acoecta (puc. 4). B pesynbrare npoBeneHHOT0 UcciaenoBanus [4] cue-
JIaHBI BBIBOABI M JaHBI PEKOMEHAIMH I MOIeP KaHUs TEXHUIECKOTO COCTOSTHHS Ka-
PBEPHBIX 3KCKAaBaTOPOB M YMEHBIIEHUS TPEIIMHOOOPAa30BaHUS METAIIOKOHCTPYKIIUH
skckaBaropa OKI'-10. Ognoit n3 Hanbosnee BaXKHBIX PEKOMEHAANNHN SBISETCS HE00X0-
JTMMOCTB «KOPPEKTHPOBaTh PEMOHTHBIE HOPMATHBHI IS KXKIOTO OTAEITFHOTO SKCKaBa-
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TOpa C yYETOM €r0 TEXHHYECKOTO COCTOSHUS (OIpeeIeHre ONITUMAIbHOTO KOJIMUECTBa
IUTAHOBBIX OOCITYKMBaHUH «110 (PAKTHUECKOMY COCTOSIHHION )» [4].

B crarbe [5] A. B. IlloBkoruisic paccMarpuBaeT (pakTopbl, BIMSIONINE Ha H3HAILIMBA-
HUE JieTanel TyCeHMYHOro Xo/a. AKIIEHTUPOBAaHO BHUMAHNE HA BHEIIHUX BO3JIEHCTBH-
SIX, TAKMX KaK Harpy’keHue M TPeHHe, a TaKkKe MOAYEPKHYTO, UTO OJHON M3 TNIABHBIX
IPUYUH TOTepu paboToCIOCOOHOCTH siBIsieTcsl abpa3uBHOe u3HamumBanue. Habmone-

a

PucyHox 4. @ortodukcanusi OCHOBHBIX [e()EKTOB METAIOKOHCTPYKIHH XOJOBOTO 00OpYIOBaHHS
skckaBaropa IKI-10 Ha [TAO «YpanacOecT», H3HOC: @ — KYJIaKOB BEIYIIHX KOJIEC; 6 — BEAYIIUX KOJEC;
6 — OTIOPHBIX KOJIEC; 2—e — U3HOC U TPELIUHBI TPAKOB
Figure 4. Photo recording of the main defects in the metal structures of the undercarriage of the excavator
EKG-10 at PJSC Uralasbest, wear: a — cams of driving wheels; 6 — driving wheels; 6 — support wheels;
2—e — wear and cracks of tracks

HUS 32 TOSBJIEHMEM M3HOCA Ha MOBEPXHOCTSIX OCHOBHBIX COYJICHEHMH AeTaneil ryce-
HUYHBIX XOJIOBBIX YCTPOMCTB IMOKa3alH, YTO B ONpPEAEICHHbIX Mpeaerax MU3MEHEHUs
q)aKTOPOB BUJ U3HAIIMBAHUA COXPAHACTCA, a €0 3HAYCHUC M3MCHACTCA IPOIOPLHO-
HanbHO. ClienaH BBIBOJ, YTO W3HAIIMBAHUE JieTaneld T'yCEeHHYHOTO XOI0BOTO 000py/I0-
BaHUsI DKCKaBaropa B OCHOBHOM MPOMCXOJMT IPH pa3padOTKe TPyHTa, KOTJa Ha I0-
BEPXHOCTH TPEHHUS JIeTallel NeWCTBYeT Harpyska, Hocsllas MUKJIMYECKUN Xapakrtep,
a TIOBEPXHOCTH TPEHHUS COBEPIIAIOT BO3BPATHO-TIOCTYTIATENbHEIE ITIEPEMETICHHS.
AKTHBHO BOIIPOCAMH ONITUMHU3AIUN CHCTEMBI TEXHUYECKOTO OOCITYXMBAHHUSI U Pe-
moHTa (TOuP) 3anumaercs JI. . Aunpeesa. B paborax [6, 7] paccMoTpeHs! (HaKTOphI
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MOBBIIICHHUS 3(PHEKTUBHOCTA TEXHUYECKOHW AKCILTyaTallii 000PYI0BaHUS U TPUBEJIE-
HBI 000cHOBaHMA U1 3 hekTHBHOTO QPyHKIMOHUpOBaHUs cucteMbl TOuP. Ognum u3
BapUaHTOB SBJSIETCS NMPUMEHEHHE METOJ0B MOHHUTOPHHIA TEXHUYECKOTO 0OCITyKHBa-
HUS, B YaCTHOCTH, NMPOBEACHUE AUATHOCTUYECKHX OOCIIEIOBAHUI U, KaK CIEICTBUE,
TUTaHUPOBaHUE POBEJCHUSI PEMOHTHBIX paboT. [IpuMeHeHne BUOpOHarHOCTHYECKOTO
METO/1a TIO3BOJISIET CCIIEI0BATh 3JIEMEHTHI TOPHBIX MAIIMH C BPAIAIOLIUMUCS YacTAMU
1 OTIEPaTHUBHO BEBISABISATH BO3MOXKHBIE JeeKThl. Tarxke 3 (PEeKTUBHBIM SIBIISIETCS TEILIO-
BU3MOHHBIA METOJ, HA OCHOBAHWU TEPMOTIPaMM KOTOPOro 0OHapy>KHWBAIOTCS pa3BHUBa-
fonmecs 1 kpurndeckue aedektsl. Beioop ontumanbHoit ctparerun TOuP cBomuTces k
obecrieueHnI0 MHHUMAJIBHBIX 3aTPaT MIPH PEMOHTE U MPOCTOSIX TEXHHUKH. TeM cambiM
000cHOBaHa HEOOXOAWMOCTH IUIAHMPOBAHHSA IIJIAHOBO-TIPETYTIPEAUTEIHHOTO PEMOHTA
JUTSI TIOJITOTOBKM HEOOXOMMMEIX pecypcoB. Kpome toro, moaxon k TOuP nomken OBITh
WHAWBHUIyaJTFHBIM K KaXKI0H MaIllMHE U 3aBUCETH OT MapaMeTPOB MAIlH, yCIOBHH IKC-
TUTyaTanny, BpeMeHN U HHTEHCUBHOCTH UCTIOTb30BAHMS.

B HEKOTOpBIX CTaThiIX paccMaTPHUBAIOTCS BOIPOCHI MOBBIMICHHUS HAJIEKHOCTH HC-
MOJIb30BaHMsI KapbEPHBIX 3KCKABaTOPOB B yCiIoBUAX CeBepa, MpeuiaraloTcsl BApUaHTHI
COBEPLICHCTBOBAHHUS CHCTEMBbl TEXHHYECKOIO OOCITY)KMBaHMS M PEMOHTA ISl MOBBI-
LIEHUS] HaJeKHOCTH U 3()(HEeKTUBHOCTH pabOThl KapbepPHBIX IKCKaBaTopoB. Hampumep,
B CTaThAX [8, 9] npuBeAEHbI pe3ynbTaThl HCCIEOBAHUSA 3KCKaBaTOPa, KOTOPBIN 3KCILITY-
aTUPyeTCs B YCIOBUSX PETHOHA C XOJIOAHBIM KiuMaroM. CrienaH BBIBOA, YTO Hanbosee
YyBCTBHUTEJIILHO K HEONArompHATHBIM BO3ACHCTBHAM KinMara pabouee o0oOpyaoBaHHE
(cTpena, pykoaTh M KOBII) SKCKaBaropa. [IprunHa BOZHUKHOBEHMS TPELINH 3aKII04aeT-
Csl B TOM, YTO MallliHA paboTaeT JJTUTEIbHOE BPEMS B YCIOBHAX HU3KUX OTPHIIATEIIb-
HBIX TEeMIIepaTyp MPH BHICOKOM YPOBHE JUHAMHYECKUX HATPY30K, KOTOPHIE BHI3BIBAIOT
KPUTHYECKYIO KOHIICHTPAIINIO HapsKeHHH B MeTajuie. C MOMOIIIBIO METOAa KOHEUHBIX
3JIEMEHTOB MPOBEJCHO MOJEINPOBAHUE PA3INIHBIX YCIOBUH pabOThI, a TaKKe aHaIH3
HaNpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSHUS KOHCTPYKIWHW TIOA TEPEMEHHBIM CHJIO-
BBIM U TEMITEPaTyPHBIM BO3eiicTBHEM. BBIABIEHO, YTO pEMOHT HE BCerna Onaronpusr-
HO BITUSIET Ha KOHCTPYKITUIO MAaIIWHBI (H3MEHEHNE CTPYKTYPHI KOHCTPYKIIHH), a Xapak-
Tep paclpeneieHns HapsHKeHWH MPUBOJUT K BOSHUKHOBEHHIO U Pa3BUTHIO XPYIIKHX
TpeurH. Caenad BBIBOA, YTO TAKOW METOJ MCCIIEIOBAHUS 1a€T BOBMOXHOCTh 000CHO-
BAaHHO TOIXOJUTH K pa3paboTKe TEXHOJIOTUH BOCCTAHOBJICHUS U PEMOHTa 0a30BbIX y3-
JIOB KaPBEPHBIX IKCKaBATOPOB CHUXKAsI KPUTHUECKHE HAMPSKECHHUS.

B crarse [10] paccmoTpeHa mpobieMa XIagoCTORKOCTH KOHCTPYKIUHU KapbepHBIX
HKCKaBaTOPOB, pabOTAIOMINX B PETHMOHAX XOJNOAHOro Knumara. CaenaH BBIBOJ, UTO pe-
T'YJIMPOBaHUE PEXHUMa 3arpy3KH MPUBOJOB B MEPUOJBI HU3KUX TEMIEpaTyp SBISETCS
OCHOBHOM 3aIIUTOM HKCKABATOPA OT XPYIKHUX PA3PYLICHU, TOCKOIbKY IPUYNHON OT-
Ka30B SABJISIOTCS TUHAMHYECKHE Harpy3ku. Taxke Ha XJIaZJ0CTOMKOCTH 3JIEMEHTOB KOH-
CTPYKIIMU MalllMHBI OKa3bIBaeT BIMsHUE (popMa KOHCTPYKIHMH HamOoiee OTBETCTBEH-
HBIX Y3JIOB.

PaznuuapIME BOmpocamu, CBA3AHHBIME C XOJOBBEIM 00OpYIOBaHWEM, 3aHHUMAETCS
B. H. I'epamenko. B crarpsx [11, 12] paccMOTpeHBI pa3indHble KOHCTPYKTUBHEIE HC-
MTOJTHEHHsSI TYCEHWYHOTO XOZOBOTO OOOPYIOBaHUS M TPEIOKECHBI HAIIPABICHUS IS
KOHCTPYKTUBHOTO W3MEHEHHS y3JIOB TYCEHHMYHOW TENEeXKH SKCKaBaTopa, IMOBBIMIA0-
e 3¢G¢GEeKTUBHOCTE ero paboTel. OCHOBHBIE BBIBOIIBI: MEXaHW3MbI HATSKEHHUSI Tyce-
HUYHBIX JIEHT JOJDKHBI OBITh KOMITAKTHBIMU C MIPUMEHEHHUEM B KayeCTBE JOMHUHHPY-
IOLIMX AJIEMEHTOB CTaHAAPTHBIX TapeNbyaThIX MPY>KUH; 0c000€ BHUMAaHUE HEOOXOIH-
MO YIETUTh CMa3Ke OMOPHBIX M MOJACPKUBAIONINX KAaTKOB; B XOZOBOM 000PYIOBAaHUH
BBITOIHO MPUMEHSTh TYCEHUYHBIC JIEHTBI TPAKTOPHOIO THMA. DTH 0COOCHHOCTH KOH-
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CTPYKLUHU XOAOBOTO 000PYAOBaHMUS MO3BOJISIIOT YCTPAHUTh HEAOCTATKHU, XapaKTEPHBIC
I TPAAULUOHHBIX XOJOBBIX YCTPOMCTB, YTO YBEJIWYHUT CPOK CIY)KOBI, HaZEKHOCTD,
CHOCOOHOCTH BBIACPKMBATH HU3KHE TEMIIEPaTyphl, o0ecreurBasi 3 (HEeKTHBHYIO 3allli-
TY OT IPOHUKHOBEHHS MBUIH, TPA3H, TPYHTA B MECTAX MOCAJIOK.

HanexnocTs MexaHH3Ma X0/1a KapbepHBIX IKCKABATOPOB — ISl €TI0 HCCIIEA0-
BaHUS MCIIONB3YIOTCS pa3iMyHble METOJbl KOHTPOJIS MU AMarHocTuku. CamoxogHast
BBIEMOYHO-TIOTPY30UHasl TEXHUKa, paboTaroliasi B KaphepHBIX YCIOBHX, Takas Kak
KapbepHBIN IKCKABaTOP, BKIIIOYAET B ce0sl KOMIUIEKC B3aMMO3aBUCHMBIX JIPYT OT JApyra
yacTeil pa3IuyHoi GyHKIHOHATBHOCTH. Bee oHM pa3HO0Opa3HbI IO CTPYKTYpE, HAIeK-
HOCTH, H3HOCY W CPOKY dKcInTyaranuu. Mcnpasnas paboTta 3TOro ycTpoiicTBa 3aBUCHT
OT UX COIVIACOBAHHOCTHU M TEXHUYECKOI'0 COCTOsIHMA. IMEHHO 1103TOMY KpaiiHe Ba)KHO
MOHUMAaTh, KAKOW TEXHUYECKUI 3JIEMEHT B KapbEPHOM SKCKABATOPE MOXET BBHIUTU U3
CTpOs B MEpBYIO odepens. st 3Toro HeoOXOAUM NPAaBUIIBHBIM BBIOOP METONOJIOIMU
JUarHOCTUPOBAaHUS BCex AeTaneil mexanusma [13—15].

Perucrpanusi ¥ KOHTPOJIb JedopMauuii U HATPY30K, JeiiCTBYIOLIUX HA KOH-
CTPYKUHUIO XO0BOI'0 00OPYIOBAHUSl, OCYIIECTBISIIOTCS C NPHUMEHEHHEM DPa3HbIX
METOIIOB JAMAarHOCTUPOBAHUS METAJUIOKOHCTPYKLHM, TaKUX KaK TEH30METPHUUYECKHil,
BUOPOANATHOCTUYECKUH W TEMJIOBU3MOHHBINA. [IpMMeHeHHe 3THX METOHOB COOTBET-
CTBYET 3TalaM TEXHUYECKOTO OOCIYXKMBaHHs W PEMOHTa XOJOBOTO O0OPYHOBaHHUS
KapbepHBIX 3KCKaBaTOPOB.

Tensomempupoganue SIBISETCS OTHUM 13 OCHOBHBIX SKCIIEPUMEHTAIbHBIX METOIOB
MCCIIeIOBaHMsI HATPSHKEHHO-Ie(POPMUPOBAHHOTO COCTOSTHUSI IPH M3YyUSHHUH TTOBECHNUS
HATYPHBIX 00BEKTOB B TIEPHOJ ITyCKOHATAJOUYHBIX U IKCIUTyaTallHOHHBIX PadoT, a Tak-
K€ MCCIIEIOBAHNUS B TAOOPATOPHBIX YCIOBUSIX HAPSKEHHOTO COCTOSHHS KOHCTPYKIUH
Ha MOJEJSIX Ha CTaAWH NPOEKTHpOoBaHMA. lIprMeHeHHe TEH30METPHYECKOro METoaa
UCCJIEIOBAaHUM MO3BOJISIET ONPEIEIUTh MEXaHUUECKOE HAIPSKECHUE NETalld WU KOH-
CTPYKLMU Ul IPOTHO3UPOBAHUS Pa3BUTUA NE(EKTOB U JAIbHEHIIETo MIaHUPOBaHUS
PEMOHTHBIX pabot. Hampumep, B cTathe [16] paccMOTpeHBI (aKTOPHI, BIHAIONTNE Ha
CKOPOCTb Pa3BUTHS TPELIMH B METAJUIOKOHCTPYKIMIX IKCKaBaToOpa M MpeIosKeHa Me-
TOAMKA, KOTOpas MO3BOJISIET MPEACKa3bIBaTh BpeMsl pocTa TpeumH. [Ipu npumeneHnu
TEH30METPHUYECKOTO METOa UCCIEAOBAHMS AJIS1 OLICHKU JIOJTOBEYHOCTH METaJIIIOKOH-
cTpykuuu 3kckaBaropa DKI'-10 cienansl BEIBOIBI O TOM, YTO pa3Hble KaTeropuu 0o4-
HOCTH TOPOJBI O-CBOEMY BIMSIOT HAa CKAYKH HANPSKCHUH, TAKUM 00pa3oM, YCTaHOB-
JICHBI 3aBUCHMOCTH M3MEHEHHUS YUclia UKJIOB Harpy>KeHHsl OT TPaHyIOMETPHUYECKOTO
COCTaBa B30PBAaHHBIX MopoA. IIpuMeHsst Takue 3aBUCHMOCTH, MOXXKHO CO37aBaTh T'd-
CTOTpaMMBbl Harpy>K€HHUs UCCIIEAYEMOTO IeMEHTa KOHCTPYKLUH, KOTOpbIE MO3BOJISIOT
paccuuTHIBaTh MPOJOHKUTEIBHOCTS POCTa TPEIIMHEBL, YTO CITIOCOOCTBYET MPOTHO3UPO-
BaHUIO Pa3BUTHUS TPELIUH B METAJUIOKOHCTPYKIMIX, & COOTBETCTBEHHO, JA€T BO3MOXK-
HOCTb MPEIOTBPAIaTh BOZMOXKHBIE aBapHH.

OnuuM 13 3P PEeKTUBHBIX CIIOCOOOB AUATHOCTUKU KaphEePHOTIO SKCKABATOPA SBIISCT-
Cs1 uUOpoOUazHOCmMuUKa — METOJ] HEPa3pyLIAIOLIETO KOHTPOJIsI, OCHOBAHHBIN Ha U3Mepe-
HHUW W aHAJIA3E TIapaMeTPOB BUOPAIIU, JEMOHCTPUPYIONTHH BBICOKYIO d3(h()EKTHBHOCTH
JUAarHOCTHKY MallWH U MEXaHW3MOB. BUOpOOMarHoCcTuKa MMPOKO UCHONB3YETCs yue-
HBIMU JUI OOHAapYKEeHHsI Je(EKTOB U HEUCIPABHOCTEH PA3HBIX Y3JI0B U MEXaHHU3MOB
KapbePHBIX SKCKaBaTOPOB.

B pa6orax b. JI. I'epuxe, I1. b. I'epuke, 1. JI. Abpamosa [17, 18] mpumeHeH u onmucan
MeTOl BUOPOIMArHOCTUKH [T OLIEHKH COCTOSIHUS MOJIINITHUKOB KaueHHs DIIEKTpOMe-
XaHUYECKOT0 000pyIOBaHUS KaphePHBIX HKCKaBaTOpoB. PaccMoTpena nmpobiema BhIXO-
Jia TOJIIUITHAKOB U3 CTPOsl, YTO HANPSMYIO BIUSIET Ha Pecypc NMPUBOAOB KaphepHBIX
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AKCKaBaropoB. lIpuMeHeHre 3TOro MeTofa MOXKET OBITh MOJE3HBIM TPHU MPOBEIACHUU
o0ciemoBaHys MEPBUYHBIX 3aMEPOB MEXaHIMUECKHUX KOJICOaHHIA Ha TIMKE UX MOITHOCTH
Y OTIpeNeIeHNH MapaMeTPOB MOCIEAYIONINX PEeruCcTpaIiii MEXaHHIeCKUX KoJIeOaHui
B T€UEHHE Bcero pabouero mukia. B pesynprare mpoBeAeHHBIX UCIIBITAHUIN TTOTYYESHBI
rpaduKy, Ha KOTOPBIX 3aMETHO M3MEHEHHE YPOBHS BHOpAIMH, KOTOPOE MOIJIO OBITh
BBI3BAHO CMeIIeHNeM MOAIINITHIKOBOTO y3Jia Ha Bairy reHeparopa. OcMOTp IeMOHTH-
POBAaHHOTO MOIIMITHUKA OATBEPAN HaIuure aeeKToB B y3iie. B pesynsrare npose-
JICHHOT'O HMCCJIeIOBaHUs J0Ka3aHa 3(()EKTHBHOCTh MPUMEHEHUS METOAA JUIS UICHTHU-
(UKaIUH 3apOXKIAFOIIUXCS ACPEKTOB MOAIIUITHUKOBBIX Y3JIOB.

B craree M. FO. [Ipreiruna [19] paccMOTpeH BOIpOC KadecTBa MPUMEHEHHS METO/A,
OCJIO)KHCHHOTO HEOOXOJUMOCTBIO JUArHOCTUPOBATh IO TapaMerpaM, KOTOphIC
SBIISIIOTCS] YaCThIO KOMILIEKCa (PaKTOPOB, M OTCYTCTBHEM IMOJHOH MH(POPMALMH O KH-
HEMAaTUYECKON cxeMe MexaHu3Ma. [IpoBe/ieHbl UCCISOBAHMS U U3YYCHBI BO3MOXHBIC
neeKThI, CBA3aHHBIC C BUOPAIIMOHHBIMY IIPOLIECCAMU, PellIeHa Mpo0iieMa HATOKEHUS
YaCTOT Pa3HBIX arperaTtoB, KOTOPhIC MOTYT BIHATh HAa KAYECTBO CHUMAEMOHN aMILTUTYIHO-
YaCTOTHOM XapaKTEPUCTUKHU TAPAMETPOB, B PE3yJIBTaTe 4Yero 0003HAYCHBI YCIOBUS JIJIs
Ka4eCTBEHHOTO MPOBEICHUS KOHTPOJSI U JUATHOCTUKH Y3J0B U MEXaHH3MOB IIPH HC-
MOJIb30BaHUH BUOPOTMATHOCTHYECKOTO METO/Ia UCCIIEIOBAHMSL.

Eme omaMM MeTOnOM ANt AMarHOCTWKH, BBISBICHUS Ne()EKTOB M YCTpaHEHHs He-
WCIIPAaBHOCTEH ABISETCS OmpezesieHNe U KOHTPOJIb TEMIEPATyPhl — Menio8U3UOHHbIL
Memoo. JlmarHoCTHKa MOXET MPOBOIUTHCS C WCIOJIB30BAHUEM IMHPOMETPA, TEIUIOBH-
30pa, TEPMOPE3UCTOPOB HITH TEPMOMAPHL. TeTIOBU3NOHHAS TUATHOCTHKA BBITIOTHSIET-
Csl B MPOLIECCE DKCIUTyaTaluy 0€3 OTKIIFOYCHHS MAIIHHBI U BPEMEHHOM MPUOCTAHOB-
KHn pa6OTLI. TGHJIOBI/ISOp MOXKET GBITB HCIIOJIB30BAaH JId PCHICHUA aKTYyaJIbHBIX 3aJa4
JMArHOCTHKH, MOHHMTOPWHIAa W HEPa3pyIIArOIIero KOHTPOJI METaJIOKOHCTPYKIIHA.
OH Mo3BOJISIET BBIABIATH JeQEKTHl HA PaHHEH CTaJWU 3apOXIEHHUsI, TPOTHO3HPOBATH
CPOKHU U 00beM PEeMOHTHBIX padoT. [I[puMeHeHrEe TEIUIOBU30pa COKpAIaeT 3arparbl Ha
TEXHHUYECCKOEC O6C.]'Iy)KI/IBaHI/IC, IIOBBIIIACT HAACKHOCTb U 0e30MmacHOCTh SKCILTyaTalun
CJIO)KHOTO 000pynoBaHus. [TupoMeTp MPUMEHSIOT I JUCTAHIIMOHHOTO OCCKOHTAKT-
HOTO U3MEPEHHUS TEMIIepaTyphl Pa3INYHbIX MOBEepXHOCTEH. [Ipnbop XOpoIo noaxoaur
JUTSL TeX CITy4aeB, KOrJa OObEKT HAXOAUTCS Ha PACCTOSHUM WITH JIOCTYII K HEMY 3aTpy/IHEH.
JlMcTaHIIMOHHBIE U3MEPEHUS SBISIOTCS €IUHCTBEHHBIM CIIOCOOOM OIpPEIeNICHUs] TeM-
MepaTypsl CHIBHO HArpeThIX YYacTKOB, (PU3NYECKUI KOHTAKT C KOTOPBIMH CO3/1aeT
yrpo3y s oreparopa.

Hcnonp3oBanne TepMOPE3UCTOPOB — KOHTAKTHBIA METON, KOTOPHIi OCHOBaH Ha
pe3ucTopax, M3MEHSIOIUX CBOE COIMPOTHBICHHWE B 3aBHCHMOCTH OT TEMIIEPATYpHI.
[IpumeHeHune 3Toro MeToja Jyisi MOHUTOPUHTA Y3JI0B dKcKaBaropa onucano M. JI. bo-
romosioBeIM 1 M. 1O. [peruasmv [20]. [To pesynsraTam mccinenoBanus chopmMupona-
Ha M omnrcaHa CUCTEMa KOHTPOJIA HNOAIIMUITHUKOBBIX Y3JIOB M JJICKTPUUCCKHUX CHCTEM.
Hcnonp3oBaHHas ceTh KaueCTBEHHO padOTAaeT B YCJIOBUSAX BBICOKHX 3JICKTPOMArHHT-
HBIX TTOMEX, BUOpaIuy U nepenajga Temneparyp. HajexHas cucreMa KOHTPOJIS U iUa-
THOCTHUKH MOXET II03BOJIUTH CHU3UTH aBaprIHOCTI: MalIuHBbI.

3apy0ekHbIe HCCJIET0BAHNS B OCHOBHOM ITOCBSIIICHBI aBTOMATH3AIUH YIIPABIICHUS
1 PYHKIIMOHUPOBAHUIO SKCKAaBAaTOPOB [21], a Takxke paboyemMy 000PYIOBaHUIO SKCKaBa-
TOopoB [22]. Bonpocam u3y4eHus MOBBIICHUS (PYHKIIMOHUPOBAHUS XOI0BOTO 000PYI10-
BaHUs OTBOJMTCS JIMIIb MaJlasi 4aCTh BCEX MaTEpUaIOB MO dKcKaBaropaMm. Hemgocrartou-
HOCTh PaCKpPBITUS ATOH TEMBI B 3apyOEKHBIX UCTOUYHUKAX JTOKA3bIBAET aKTYaIbHOCTh
MOCTaBIEHHON TIPOOIEMBI.
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B cratbe [23] npennokeH HOBBIM MOAXOA K OLEHKE JUHAMUYECKOW HArpy3KHU ryce-
HUYHOTO XOJIOBOTO 000pynoBaHus. B pe3ynbrare muccienoBaHuil yCTaHOBICHBI KPUTE-
YU CXOACTBA MEKIYy MOJIEIBIO TPAHCIIOPTHOTO CPEACTBA U IPOTOTUIIOM TPAHCIOPTHO-
TO CpeACTBa HA OCHOBE KOHCTPYKTUBHBIX, SKCIUTyaTallMOHHBIX U KOHTAKTHBIX IMapamMe-
TPOB T'YCEHUYHOTO XOA0BOTO 00opymoBanus. Co3qaHbl HIMUTAITHOHHBIE MOJEITH JKECT-
KOTO ¥ THOKOTO CIIETUICHUS MOJITFHOTO TPAHCIIOPTHOTO CPENICTBA M MTPOTOTHIIA TPAHC-
MOPTHOIO CpeAcTBa. TOYHOCTh MMUTALIMOHHON MOAENU MOJEIBHOTO TPaHCHOPTHOIO
CPEICTBA MPOBEPEHA IKCIIEPUMEHTAIBHO C TOMOIIBIO CUCTEMBI TECTUPOBAHUS M aHAIH3a
JquHaMudeckux curnanoB DHS902N s c6opa gaHHBIX 0 BHOPOYCKOPSHUHU B PEaIbHOM
Bpemenu U cuctemMbl DH5905N 1i1st cOopa maHHBIX M3MEPEHNH MEXaHHYEeCKIX HampshKe-
HUH, TTOYYSHHBIX B XOJI¢ SKCIIEPUMEHTA C MOJIEITBHBIM TPAHCIIOPTHBIM CPEIICTBOM, UTO
TIO3BOJIMIIO TIOYYUTh MTApaMeTPhl KOHTaKTa TyCEHUIIbI ¢ TpyHTOM. CBS3M MEXKIy Mojie-
JIBIO TPAHCHIOPTHOTO CPEACTBA U MPOTOTUIIOM TPAHCIIOPTHOTO CPEACTBA YCTAHOBIICHBI HA
OCHOBE TEOpHUH MOI00uI. ITO UCCICOBAHHE TIOMOXKET CHU3UTh CTOMMOCTh UCTIBITAHUI
1 00eCIIeurBacT TEOPETUICCKYIO OCHOBY JIJIS IIPEIBAPUTEIILHBIX UCCIICIOBAHNI TEXHUKU.
A TIoITydeHHBIE PE3YJIBTAThI TOKA3bIBAIOT, UYTO TEOPHS OO0 IPUMEHUMA JIJIS TIPE/IBa-
PHUTEITHLHOTO UCCIICIOBAHMS T'YCEHUIHON CHCTEMBI TICPEIBIDKEHII.

B crarpe [24] mpemioskeH THOPUAHBIA MOIXOM JUIS BEHISBICHUS HEHCIIPABHOCTEH
MOJIITUITHUKOB Kau€HUs MPHU MEPEMEHHOM CKOPOCTH B HECTALIMOHAPHBIX YCIOBUSIX KaK
C MOJAEIHUPYEMBIMHU, TaK U C IKCIEPUMEHTAILHBIMU CUTHAJIaMHU. Y TBEPXKIAeTCs, UTO
MPeUIOKEHHBIH MeTo A((EKTUBEH KaK JUIsi CMOJCIMPOBAHHBIX, TaK U I PEAIbHO
W3MEPEHHBIX CUTHAJIOB.

B crarbe [25] npencraBneHa cepus MpoueAyp NPOBEPKH HAIEKHOCTH I oOectie-
YEeHWsI JOJTOBEYHOCTH y3J1a TPYKUHBI pacTsokeHust 20-TOHHOTO SKCKaBaropa, KoTopas
MOJIZICP)KUBACT T'yCEHUILY XOJIOBOM YacTH dKCKaBaropa. OObSICHEH BECh MPOIECC MPO-
BEPKU y3JIa HA JOJTOBEYHOCTH, BKIIOYAS TOJEBBIC HCIBITAHUS MPU IKBUBAICHTHOMN
Harpy3Ke, a TakKe MpeaiaracMblid X0 UCIIBITAHNH, YHCIIEHHOE MOICTUPOBAHNEC U UC-
MIBITAaHUS HA JOJITOBEYHOCTh. B pesynbrare MpOBEACHHBIX HCCICHOBAHUN MPEIIOKe-
Ha Moau(HUIIMpOBaHHAS KOHCTPYKIHS NPY>KUHBI PACTSHKEHUS, TTO3BOJISIONIAs CHU3NUTH
KOHTAKTHOE YCHIIE ¥ ITOBBICUTH JIOJITOBEYHOCTH COOPKH.

BeiBoabl. Ha ocHOBaHMM aHanM3a TEOPETUUECKUX U DKCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUI B 00JIaCTH HAACKHOCTU TEXHUYECKOTO COCTOSTHHSI KapbhEepPHBIX DKCKABaTOPOB
YCTAHOBJICHO, YTO OOJBINOE KOJUISCTBO PAOOT MOCBSIIICHO aHAIM3Y COCTOSHUS OO0
METAJIOKOHCTPYKIIMHA B IICJIOM, JINOO OTAEITBHBIX JIEMEHTOB SKCKaBaTopa, MpH 3TOM
MHOTHE aBTOPBI PACCMATPUBAIOT pabodee 000pyIOBaHHE PKCKABATOPA.

CraTtrcTrka 0TKa30B MOKa3bIBACT, YTO Ha PaOOTOCTIOCOOHOCTh KapbePHBIX SKCKABa-
TOPOB OKa3bIBAIOT BIUSHUE BHEIIAHOBBIC MPOCTOU, 37 % KOTOPHIX BO3HUKAIOT M3-32
po0seM ¢ 00CTy)KMBaHHEM T'YCEHHYHOIO XOJ0BOTO 000pYyA0BaHUs.

st mcenemoBaHus HAIS)KHOCTH KapbEePHBIX SKCKABATOPOB MPUMEHSIOTCS Pa3HBIC
METOIIbI KOHTPOJIS M THATHOCTHKH, ITO3BOJISIONTNE Ha PaHHEH CTaauK pEeTHCTPUPOBATH
¥ KOHTPOJHMPOBATH AePOPMAIIN U HATPY3KH, JCUCTBYIONINE HA METAJUIOKOHCTPYKITUH
u obopynoBanue. K Takum MeToaM OTHOCATCS TEH30METPHUYECKUN, BUOPOIUATHOCTH-
YECKUW M TEIUIOBU3MOHHBIA. [IpuMEHsIst 3T METOAbI JUIsl OLUEHKH TEXHUYECKOIO CO-
CTOSIHUSI TYCEHUYHOTO X0/1a KapbEepHOTO IKCKABATOPa, MOKHO CKOPPEKTUPOBATH JTAIThI
TEXHUYECKOTO 0OCITY>)KHBAHHS U PEMOHTA, YTO IMOBLICUT HAJEKHOCTH M 3 (HEKTHBHOCTH
paboTHI SKCKaBaTOpa, a MMEHHO CHU3UT 3aTparhl HA PEMOHT W YMEHBIIIUT BpEMS MPo-
CTOEB KapbePHBIX SIKCKABATOPOB.
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Analysis and review of the application of diagnostic methods for mining excavator
elements stress-strain state assessment
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Abstract
Introduction. The active development of the mining industry has led to the emergence of a mining
excavator, the undercarriage of which is a special device for moving over various types of soil.
Research objective is to substantiate the need to use control and diagnostic methods to assess the
stress-strain state of the mining excavator undercarriage.
Methods of research. The use of tracked undercarriage is justified, the design is considered,
as well as the advantages, disadvantages and most common defects. Self-propelled excavation and
loading equipment operating in quarry conditions, such as a mining excavator, includes a complex
of interdependent parts of different functionality, structure, reliability, and service life. The proper
operation of a mining excavator depends on their consistency and technical condition. The correct
choice of methodology for diagnosing all parts of the mechanism allows to correctly and timely
determine which technical element in the machine may fail first.
Research results and analysis. To register and control deformations and loads acting on the
undercarriage design, various methods for diagnosing metal structures are used, such as the
strain gauge method, the metal magnetic memory method, the vibration diagnostic method,
thermal imaging and ultrasonic methods. The use of these methods corresponds to the stages of
maintenance and repair of mining excavators undercarriage.
Conclusions and scope of results. An analysis of the literature devoted to assessing the stress-
strain state of undercarriage metal structures shows that these aspects are not sufficiently covered,
so there is a need to study the reliability of mining excavators using monitoring and diagnostic
methods. Their use to assess the technical condition of the tracked undercarriage of a mining
excavator will make it possible to adjust the stages of maintenance and repair, which will increase
the reliability and efficiency of the excavator.

Keywords: mining excavator, tracked undercarriage; stress-strain state;, control methods;
diagnostic methods, strain gauge method; vibration diagnostic method, thermal imaging method.

REFERENCES
1. Antonov Iu. A. Mining excavators. Designs, exploitation, calculation. Moscow: Gornaia kniga
Publishing; 2011. (In Russ).
2. Poderni P. Iu. Mining machines and systems for opencast. Moscow: Nedra Publishing; 1985.
(In Russ).

58



Makarova V. V. / Minerals and Mining Engineering. 2024. No. 1. P. 48-60 MINING MACHINERY

3. Lagunova Iu. A., Makarova V. V. Features of the mining excavator travel mechanism. In: Mechanical
engineering and technosphere of the 20th century: Proceedings of the 30th Internat. sci. and techn. conf. in
Sevastopol, 11-17 September 2023. Donetsk: DonNTU. 2023. p. 175-176. (In Russ).

4. Bogdanov A. P., Gainullin A. A., Efimov A. A., Levkovich R. V., Naumov D. S., Okulov K. Tu. Metal
ware defects of mining excavators. Universum: Technical Sciences. 2015; 11(22): (In Russ). Available from:
https://7Tuniversum.com/ru/tech/archive/item/2775 [Accessed 17th August 2023].

5. Shovkoplias A. V. Wear resistance of tracked running gear parts. Vestnik Luganskogo gosudarstvennogo
universiteta = Bulletin of Luhansk Taras Shevchenko National University. 2022; 7(61); 160-163. (In Russ).

6. Andreeva L. I. Methodological approach to evaluating the condition of mining machines and the practical
period of its operation. Gornoe oborudovanie i elektromekhanika = Mining Equipment and Electromechanics.
2021; 6(158): 38-43. (In Russ). Available from: doi: 10.26730/1816-4528-2021-6-38-43

7. Andreeva L. 1. Choosing a strategy for mining equipment repair service. Izvestiya vysshikh uchebnykh
zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal. 2021; 4: 83-91. (In Russ.).
Available from: doi: 10.21440/0536-1028-2021-4-83-91

8. Makhno D. E., Bolotnev A. Tu. Tension critical values in North region open-mine excavator hardware
backbone nodes. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the Higher Institutions.
Mining Journal. 2009; 8: 96—-100. (In Russ.).

9. Avdeev A. N., Bolotnev A. Iu., Unagaev E. 1. Stress distribution in the base nodes of pit excavators
and brittle fractures of structural units. Vestnik Irkutskogo gosudarstvennogo tekhnicheskogo universiteta =
Proceedings of Irkutsk State Technical University. 2009; 2(38): 17-19. (In Russ).

10. Makhno D. E., Avdeev A. N., Bolotnev A. Tu. The problems of construction stability to low temperature
for exploitation open-cast mine excavators in cool climate regions. Vestnik Irkutskogo gosudarstvennogo
tekhnicheskogo universiteta = Proceedings of Irkutsk State Technical University. 2007; 1-1(29): 98-101.
(In Russ).

11. Gerashchenko V. N., Sukhorukikh A. S. Influence of constructive elements of excavator crawler
running gear on the efficiency of its operation. Nauchnyi vestnik Voronezhskogo gosudarstvennogo
arkhitekturno-stroitelnogo universiteta. Seriia “Vysokie tekhnologii. Ekologiia” = Scientific Newsletter of
the Voronezh State University of Architecture and Civil Engineering High-tech solutions. Ecology. 2015; 1:
243-244. (In Russ).

12. Gerashchenko V. N., Shevchenko N. V. Study of the hydraulic excavator V-size groups equipment and
suggestions on constructive changes to tracked truck knots. Vysokie tekhnologii v stroitelnom komplekse =
High Technologies in Construction Complex. 2019; 1: 105-107. (In Russ).

13. Sergeev V. Iu. Service facilities of nondestructive control for mining equipment modules and aggregates
diagnostics. Gornoe oborudovanie i elektromekhanika = Mining Equipment and Electromechanics. 2010; 1:
51-55. (In Russ).

14. Lagunova Iu. A., Makarova V. V., Nabiullin R. Sh. Analysis of methods for diagnosing the state of
metal structures on the example of excavator construction. Gornoe oborudovanie i elektromekhanika = Mining
Equipment and Electromechanics. 2022; 6(164): 17-25. (In Russ.) Available from: doi: 10.26730/1816-4528-
2022-6-17-25

15. Dosaikin V. M., Fenster D. B., Porozov D. 1., Terentiev E. A., Gubantsev A. N. Selection and
justification of diagnostic methods for single-bucket mining excavators. Aktualnye problemy gumanitarnykh i
estestvennykh nauk = Current Problems in the Humanities and Natural Sciences. 2015; 8-1: 37-41. (In Russ).

16. Nasonov M. Iu., lungmeister D. A., Do Duc Trong. Endurance evaluation of metal structures containing
cracks in mining shovel EKG-10. Gornyi informatsionno-analiticheskii biulleten (nauchno-tekhnicheskii
zhurnal) = Mining Informational and Analytical Bulletin (scientific and technical journal). 2022; 11: 67-79.
(In Russ). Available from: doi: 10.25018/0236 1493 2022 11 _0 67

17. Gerike B. L., Abramov I. L., Gerike P. B. Spectral method of vibration diagnostics of bearing units
of mining excavators. Vestnik Kuzbasskogo gosudarstvennogo tekhnicheskogo universiteta = Bulletin of The
Kuzbass State Technical University. 2007; 3(61): 7-9. (In Russ).

18. Gerike P. B., Gerike B. L. Creation of a unified diagnostic criterion for assessing the technical condition
of mining equipment. Gornoe oborudovanie i elektromekhanika = Mining Equipment and Electromechanics.
2021; 2(154): 17-22. (In Russ). Available from: doi: 10.26730/1816-4528-2021-2-17-22

19. Drygin M. Iu. The control of vibration of the basic units of a dredge in a mode of real time. Gornoe
oborudovanie i elektromekhanika = Mining Equipment and Electromechanics. 2010; 3: 27-31. (In Russ).

20. Bogomolov I. D., Drygin M. Iu. Monitoring the temperature of the excavator basic units. Vestnik
Kuzbasskogo gosudarstvennogo tekhnicheskogo universiteta = Bulletin of The Kuzbass State Technical
University. 2009; 5(75): 12-15. (In Russ).

21. Gawande S. H., Keste A. A., Savadatti S. G. Recreation of service loads using strain gauges of speed
shifting lever. Journal of the Brazilian Society of Mechanical Sciences and Engineering. 2019; 41: 460.
Available from: doi: 10.1007/s40430-019-1962-x

22.Kim S. H., Park J. W., Kim J. H. Functional data analysis for assessing the fatigue life of construction
equipment attachments. Journal of Mechanical Science and Technology. 2021; 35: 495-506. Available from:
doi: 10.1007/s12206-021-0108-0

59



FOPHbIE MALLWHbI Makaposa B. B. / M3secmusi 8y308. [0pHbill xypHan. 2024. Ne 1. C. 48-60

23. Zhang Z., Zhang H., Chen Y., Yan H. Research on dynamic load estimation method of crawler travel
system. Journal of Mechanical Science and Technology. 2023; 37: 555-567. Available from: doi: 10.1007/
$12206-023-0102-9

24. Bouhalais M. L., Djebala A., Ouelaa N., Khemissi M. CEEMDAN and OWMRA as a hybrid method
for rolling bearing fault diagnosis under variable speed. The International Journal of Advanced Manufacturing
Technology. 2018: 94: 2475-2489. Available from: doi: 10.1007/s00170-017-1044-0

25.Kim D. J.,, Kwon K. B., Kwon S. S., Song C. H., OhJ. Y., Cho J. W., Kim M. S., Kang H. J. Durability
testing and simulation analysis of the tension spring assembly of a 20-ton excavator. International Journal
of Precision Engineering and Manufacturing. 2022; 23: 869-879. Available from: doi: 10.1007/s12541-022-
00682-7

Received 4 December 2023
Information about the author:

Valeria V. Makarova — PhD Student, senior lecturer, Department of Lifting and Transporting Machines and
Robots, Ural Federal University, senior lecturer, Department of Mining Machines and Complexes, Ural State
Mining University. E-mail: v.v.makarova@urfu.ru; https://orcid.org/0000-0002-4148-5556

Jns uurupoBanusi: Makaposa B. B. O630p 1 aHanu3 IMpUMEHEHHSI METOIOB AUATHOCTHKH HANPSHKEHHO-
Je(hOPMUPOBAHHOTO COCTOSHUS JIEMEHTOB KapbepHbIX SKCKaBaTopoB // M3BecTust By30B. [OpHBIil sKypHAaIL.
2024. Ne 1. C. 48-60. DOI: 10.21440/0536-1028-2024-1-48-60

For citation: Makarova V. V. Analysis and review of the application of diagnostic methods for mining
excavator elements stress-strain state assessment. lzvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal =
Minerals and Mining Engineering. 2024; 1: 48—60 (In Russ.). DOI: 10.21440/0536-1028-2024-1-48-60

60



M3secmus ebicwiux y4ebHbIx 3asedeHutl. [opHbIl xypHan. Ne 1, 2024

MAPKLIEWOEPCKOE OENO.
FOPHOMNPOMBILUNEHHAA TEONOIMUA

YK 550:837 DOI: 10.21440/0536-1028-2024-1-61-73

O KOpoTKONepUoANYECKUX BapuaLmsax reoMarHUTHOro nons
W UX NPUMEHEHWUU ANS U3YYeHUs re03NeKTPUYECKOro CTPOEHHUS
YpanbcKkoro permoHa
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Pegpepam
Iens pabomer — onpedenums, KaKk OmMpajicalomcs 8 eCmecmeeHHOM IJIeKMPOMASHUMHOM NoJe
3emnu nexomopwvie Haubonee 3HaAUUMblE CMPYKMYPHbIE dNeMeHmbl YpanbCKou naneo30ticKol
2€0CUHKTUHATU.
Memoouka nposedenusn uccnedosanuil. /s pearuzayuu NOCMAGIEHHOU Yeau UCHONb308AIUCH
2eoMazHumuble 8apuayuy OUAna3oHa KopoOmKONnepuooudeckux xonebanui. Hx usmepenus
npou3600UNUCL OOHOBPEMEHHO He MeHee YeM 6 O0BYX-Mmpex NYHKMAax MeCmHOCMU, OOUH U3
KOMOPbIX AGNANCA OAZUCHBIM (001208PEMEHHBIM, KOHMPONLHLIM), OCMANbHbIE — PAOOSLIMU
(kpamxoepemennvimu). Pecucmpuposanuce 6ce macnummusvie u 20puU30HMAIbHbIE JNIEKMPULECKUE
cocmagnaowue nois 8 0eKapmosgoll cucmeme KoopouHam (¢ 0cvio X — Ha MASHUMHbLIL cesep,
¥ — Ha 60CMOK) no pAdy npoduel, hepecekaowux Ypanvckue 20pvl ¢ 8b1X000M HA NOSPAHUYHbIE
pasnunvl. Cems ceoghusuueckux padbom 6viia, Kak npasuno, nepeeyiaprou. ITynkmol Habnooenus
PACNONA2ANUCH, NPEUMYUWECTNBEHHO, B0Ob NPOCELOYHBIX 00PO2, UMEIOWUX NPUMEPHO WUUPOMHOE
HanpasieHue, ¢ wiazom 7—15 km u 6onee. Paccmosinus mexcoy 6a3ucHbiM U psoosbiMu HYHKMAMU
UBMEHANUCL OM COMeH Mempo§ 00 comeH Kuiomempos. Pabomuvl nposodunuce 6 meuenue
HECKONbKUX 0ecAmunemuli 00HOBPEMEHHO C OCYujecmeieHuem yOUHHBIX DNeKMPOMASHUMHbIX
uccnedosanuti pecuona. Obpabomra noieGbIX MAMEPUANO8 BelACh C NPUMEHEHUeM PA3HbIX
MemoOuK, nepuoouyecKy NOABIAIOWUXCA 8 npoyecce pazeumus macnumomennypuku. Ilonyyenst
npoguavHvle pacnpedenenus HOPMUPOBAHHBIX AMNIUNYO USMEPAEMBIX COCMABIAIOWUX NOJA,
NONAPHbIE OUAZPAMMbL  21A6HO20 U OONOTHUMENLHO20 UMNEOAHca, 2paguku CyMMapHou
NPOOONLHOU NPOGOOUMOCHU U Opy2ue NAPaAMempyl, Ompadicaloujue dNeKmpuiecKue ceoucmed
2e0102U4ecKoll cpeobi.
Ananus pesynbmamog. Ycmauoeneno, umo 2OpU3OHMANbHbIE MASHUMHbIE COCMAGIAIOUfUE
KOPOMKONEPUOOUHECKUX KONeOAHULl eCeCmEenHo20 NOousl 3eMAU USMEHSAIOMCA Om NYHKMaA
K NYHKMY HAOMOO0eHUll He3HAYUMENbHO, d 20PUSOHMANbHbIE DNEKMPUIECKUe U BePIMUKAIbHAS
MazHUmMHAsA npemepnesaiom Ooavuue mpanchopmayuu, Kax no amnaumyoe, max u no gase.
Ipuuem naubonee 3amemuvie usMeHeHUsI OAHHBLIX 00PAOOMKU 8aAPUAYUL NPOUCXOOSIM SONU3U
2panuy 2eono2uteckux CMmpyKmyp nepeozo u Opyeux nopaoxos manrocmu. Huvimu crosamu,
NOKA3AHO, 4MO JUHEUHO GbIMSAHYMblE 2e0deKmpuiecKue HeoOHOPOOHOCMU 3eMHOU KOpbl
Ypanvckoii naneosoiickoii eeocunknunaiu 0ocmamoyHo y8epeHHO GblOeNAIOMCsA N0 OAHHLIM
KamepanvHoti 00pabomxu npoPuibHelX pacnpeoeieHuii ecrmecmeeHHo20 NeKMpOMAHUIMHOZ0
nozs. Cnedosamenvio, ecmecmeennoe  9NeKMpOMAzHumHoe — noie  OUAnas’ona
KOPOMKONEPUOOUYeCKUx KoneOaHull, ne mpebyioujee HUKAKUX (DUHAHCOBBIX 3amMpam Ols e2o
8030Y#COEHUsA, XOPOUWO NOOX00um OJisl NPOU3BOOCMBA 2e031eKMPULecKo20 KapmupoeaHus,
6 wacmuocmu, 8 20pUCmoll 4acmu Ypanibckoeo pecuona, 20e nOCMAHOSKA OpYy2ux Memooos
CMPYKMYPHOU 2e0U3UKU CONPAICEHA ¢ DONLUUMY 3AMPATNAMU.
Oébnacms npumenenusn pesynsmamos. Pesynbmamoi, npusedennvie 6 cmamve, Mo2ym Oblms
UCNONb306AHbL NPU OPSAHUBAYUU U NPOBEOeHUU 2e0PU3ULECKUX pabom, HANpaeleHHbIX Hd
usyueHue CmpyKmypHbix 0cobenHoCmell 3eMHOl Kopbl Ypana u conpedenvHulx meppumopuil.
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Knrouegvle cnoea: ceomaznummuvle eapuayuu, NyHKmbl HAOMOOEHUs, AMAIIUMYObl; Pazbl;
Kopomxonepuoouueckue Konebaumus, 2eodieKmpuieckoe cmpoenue; YpanbCkuil pecuoH,
Ypanvckas naneosoiickasn ceocunkiunan.

Beenenue. Kopotkonepuoauyeckue KojeOaHHsS €CTECTBEHHOIO 3JIEKTPOMATrHUT-
noro nonsa 3emin (KIIK) — ato Haubonee perymsapusie [1] 1 4acTO HCHONB3yEeMbIE B
MarHMTOTETypUUYECKUX METOJaX dIEKTPOPa3BEeIKH T€OMarHUTHhIE Bapuaun. 1x usy-
YeHHE UMEET HE TOJILKO TI03HABATENILHOE [2], HO ¥ OOJBIIIOE MPaKTHYECKoe 3HaYeHue [3—5].
OHU HEOJHOKPATHO M3MEPSIINCh Ha Ypaje MO0 MUPOTHBIM npodmisMm (puc. 1)
C UCTIOJIH30BaHNEM METOIMKH KyCOYHO-CHHXPOHHBIX HaOmoaeHuid. CnexxeHue 3a mpo-
xoxaeHueM KIIK ocyiiecTBisiioch OTHOBPEMEHHO Ha JIBYX-TPEX IMMyHKTaX MECTHOCTH
(MMKeTax), OAMH U3 KOTOPBIX ABJUICSA Oa3MCHBIM (JIONTOBPEMEHHBIM), OCTaIbHBIE — Psi-
nmoBeiME. CeTh HaOMIONeHNIA OblTa, Kak mpaBwmiio, HeperyisipHoi. [Tukets (I11K) pacmo-
JIarajivch BIOJb MPOCEIIOYHBIX TOPOT ¢ maroM 7—15 kv u 6omee. OgHAKO TTOTyYeHHBIE
TOJIEBBIE MaTEPHAIBI TIO3BOJISIFOT C IOCTATOYHON YBEPEHHOCTHIO CYAWTH O TIOBEACHUU
OJTHOM ¥ TOM K€ BapHalll{ B PA3HBIX T€OJIOTUIECKUX yCIOBHSIX.

Janee paccMaTprBaroTCs HEKOTOPBIE Pe3ybTaThl CHHXPOHHBIX HabmroneHwin KIIK,
3a(KCUPOBAaHHBIE HA Psfe IHUPOTHBIX IEepPEceUeHuil YpaJbhCKOH Male030iMCKO reo-
CUHKJIMHAJIH.

Metoauka 00padoTKH MOJIeBbIX MaTepuaJioB. B npouecce 00paboTku UCXOTHBIX
JAHHBIX BBIMOJHSIOCH COMOCTABICHUE MOJNEBBIX U3MEPEHUH JOJITOBPEMEHHOTO (1) H,
MOOYEPEIHO, KAKIOTO PA0BOrO (p) MyHKTOB. OTOMpanuch UMMIyJbChl B, By, B, E,
E (B — maruutHble, E — 3JIEKTPHYECKUE COCTABISIOLINE) OJHON M TOi JKe BapHaluy,
CHUMAaNHCh uX aMIuuTyasl (A), mepuomst (T), dassl (D) U 3aHOCHITUCE B COOTBETCTRY-
folIMe TabuIbl. 32 HaYaIo 0TcYeTa (PasoBBIX CIBUTOB IPMHUMAINCE JIMHUY { ( — Bpe-
Ms, C), IPOXOIAIINE Yepe3 IKCTPEMYMBI COCTABIAOMEH B (0Ch X JEKapTOBBIX KOOP-
JIUHAT — Ha MarHUTHBIN ceBep, ¥ — Ha BOCTOK, z — BHU3). [0 TaOMUYHBIM CBEACHUSAM,
conepxamum psabl A, @, T, BEraucsmuch k03(QGUINEHTH KOPPETSIIUT OTHOUMEHHBIX
COCTABIISFOIINX UMITYJIECOB 0a3MCHOTO (Em, Eyn, B _, Byﬂ, Bzﬂ) U pSIOBOTO (Exp, E Bxp,
B, sz) IIyHKTOB, CTPOUJINCH KPUBBIE 3aBUCHMOCTH OTHOILIEHUI E,-,,/Em’ ij/BjH i=x;
J =X, ¥, Z) OT KOOPJIMHATHI ¥ MECTa UX U3MEpPEHUs, paclpenereHus CyMMapHoil npo-
JIOJIBHON MPOBOJMMOCTH T€ONIEKTPUUECKUX Pa3pe30B, MOJSPHBIE AMArpPaMMBbl UMIIE-
JaHca [6] u npyrue rpaduuecKue NPUIOKeHYsI [ 7], KOTOPBIE IIOTOM aHATHU3UPOBAIUCH.

Pesyabrarsl 00padoTku ¥ anaau3a npopuiabHbIX pacnpeneaennii KIIK. [Ipen-
CTaBJieHHE O 3Ha4eHUsX (Pa3oBbIX yrioB U ammuutyn KITK MOXHO TIOIYyYnTh, 03HAKO-
MUBIIIMCH, HAIIpUMED, ¢ Tab. 1, a Taxke rpadukamu puc. 2, a [6]. B Tabnure mpuse-
JIEHBI JaHHBIC 00paboTKu cuHXpOHHBIX HabmoneHnit KITK Ha HEKOTOPHIX MTPOU3BOIE-
HO BBIOpaHHBIX MHUKeTax Mpoduils TIyOMHHOTO ceiicMmaeckoro 3oHaupoBanus (I'C3)
Temupray—Kyiiosmmes (puc. 1, nmpoduns 13). Beibopka comepXuT BapHalnuu TIEpHO-
na (T), paBaoro mpumepro 25 c. KoneGaHus Apyrux mepromoB oONMagaroT MACHTHY-
HBIMH O0coOeHHOoCTAMU. [lo pesynpraTram aHanmmza Tabi. 1 u puc. 2, a MOXKHO cJienaTh
CJIETYIOIIIHE BHIBOJIBI.

Bo-nepBbIX, aMILTATY/IB! CAHXPOHHBIX HMITY/ECOB £, E| N3MEHSIOTCS 10 BeTHINHE
OT MyHKTa K myHKTy npodust ([1P) Habmonenns, 0ocoOeHHO Ha HEMOKPHITHIX 0Cal04-
HBIM 4Ye€XJIOM U TOPHUCTBHIX y4acTKaxX KOHCOJHIUPOBAHHOTO OCHOBAHMS I'€OCHHKJIMHA-
7Y, TOBOJBHO pe3ko, nHoraa B 2—20 pa3 u Gosee, 1 MOTYT UMETh MPOTHBOIIOIOKHBIE,
OTHOCHTENIFHO OJIHOTO KaKOro-TM0O THKeTa, apuMeTHYecKHe 3HaKh. A 3HAYCHUs
aMIUTATYZI TOPU3OHTAIBHBIX COCTABIIAIONIMX MAarHUTHOTO TIOJII Ha TeX K€ PaccTos-
HUSX BapbUPYIOT CPAaBHUTEIHHO B HEOONBIINX Tpelenax W UMEIOT Be3Ze, 3a BeCchMa
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Pucynok 1. Cxema CTpyKTypHOrO pailOHHMpOBaHHUS Ypasbckoro peruona (mo CoOoieBy
u gap., 1983 1) m pacnonoxeHue TNPOQHIEH INMEKTPOMAarHUTHBIX WCCIICIOBaHUIM:
I — «OTKpBITHIY Ypamy», 2 — IpaHuLBl CTPYKTyp mepBoro mnopsaka: III — BocrouHas
okpanHa Boctouno-EBpomneiickoit miargopmelr, IV — Tlpuxacnuiickas HHU3MEHHOCTb,
V — Ilpenypanbsckuii kpaeBoit mporn6, VI — 3amagHo-Ypanmbckas BHEIIHSSI 30Ha
cknaguatoctd, VII — llentpansHo-Ypanbckoe mnogusatue, VIII —  Tarunbcko-
Marnuroropekuii  mporu6, IX — Bocrouno-Ypansckoe mnoxmstue, X — Bocrouno-
VYpanbsckuit mporu6, XI — 3aypansckoe moaustue, XII — Tromencko-Kycranaiickuii mporuo,
XIII — Tobonbcko-Y b6aranckoe monusatue, X1V — Akcyarckuii mporu6, XV — Bepdorypcko-
UYenkapckuil nporu6; 3 — mpodmin 3JIeKTpOMArHUTHBIX 30HJUPOBAHUM (@ — PSAIOBBHIC,
6 — onopHbIe); 4 — npoduib «Ypanceiic-95»
Figure 1. Scheme of structural zoning of the Ural region (according to Sobolev et al., 1983)
and location of electromagnetic survey profiles: / — “open” Ural”, 2 — boundaries of the
first-order structures: III — eastern margin of the East European Platform, IV — Caspian
lowland, V — Pre-Ural marginal trough, VI — West Ural outer folding zone, VII — Central
Ural uplift, VIII — Tagil-Magnitogorsk trough, IX — East Ural Rise, X — East Ural Trough,
XI — Trans-Ural Rise, XII — Tyumen-Kustanai Trough, XIII — Tobolsk-Ubagan Rise,
XIV — Aksuat Trough, XV — Berchogur-Chelkar Trough; 3 — electromagnetic sounding
profiles (a — ordinary, 6 — reference); 4 — Uralseis-95 profile
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PEIKUM HCKIIIOYEHHEM, TOJIBKO OJMHAKOBbIE apudMeTHyeckue 3Haku. MHbIMH crO-
BAMH, €CJIM HA OJIHOM IHKETE KaKOH-THOO MMITyJIbC, HAIPUMED B, MOJOKUTEIbHBIN,
TO M HA OCTAJIbHBIX, CHHXPOHHO OTPa0OTaHHBIX, IyHKTaX HaOMIOAeHUs OH OyJeT moJo-
KUTEILHBIM. AMIUTUTYIBI K€ B, U3MEHSIOTCS TaK JKe PasHoo0pasHo, Kak u £, E , HO, Kak
TPABUIIO, HE MOTYT OJHOBPEMEHHO IIPEB30HTH 110 MOJIYITIO 06€ COCTaBIsOmME B , B.

Tabmuna 1. JJaHHble 00pa0OTKH CHHXPOHHBIX Ha0JII0eHHII KOPOTKONEPHOAMYECKHX BapHalui
HAa TPOW3BOJHbHO BBIOPAHHBIX MUKeTaX MPO(UIS TJIYOMHHOrO CelicMHYecKOro 30HIMPOBAHMS
Temupray—Kyiiobiuen
Table 1. Processing data for synchronous observations of short-period variations at randomly
selected pickets of the deep seismic sounding profile Temirtau—Kuibyshev

Ex E, By By B:

Hower Inks [T A [ @ | A | @ | A | & | A | o | A | ©
HMITyJIbCa > > > > 5 > 5 ) > )
MB/kM | rpan | MB/km | rpag HT rpan HT rpan T rpan

1 1 +13,3 57 -4,58 | 224 | -1,05 | 207 | +1,55 0 +0,54 0
2 +9,88 60 +28.,0 76 -1,42 | 196 | +1,47 0 +0,16 | 328

3 +3,91 33 -4,78 155 | 0,80 | 130 | +2,42 0 +0,95 0

2 1 -12,7 47 +4,48 | 285 +1,1 180 | —1,51 0 -0,47 0
2 -10,2 75 -26,4 86 +1,49 | 211 | -1,62 0 -0,13 | 340

3 -15,5 44 +4,18 155 | +0,69 | 180 | —2,42 0 -1,02 10

3 1 +16,3 44 =521 | 210 | —-1,47 | 202 | +1,89 0 +0,54 | 325
2 +12,5 56 +37,1 53 -2,1 180 | +2,92 0 +0,27 | 340

3 +4,62 34 5,67 138 | —1,15 | 178 | +2,96 0 +1,00 25

4 1 —-18,2 44 +6,08 | 227 | +1,48 | 167 | -2,16 0 -0,51 0
2 -13,4 56 -37,6 52 +2,01 | 180 | -2,16 0 -0,19 | 293

3 —4,86 46 +526 | 167 | +1,14 | 173 | -3,18 0 -1,16 0

5 1 +17,4 40 -5,48 | 233 | -1,91 170 | +2,02 0 +0,54 | 337
2 +13,8 70 +43,0 55 -2,51 180 | +2,08 0 +0,39 | 342

3 +4.9 47 —4,46 128 | —-1,59 | 165 | +3,21 0 +1,24 23

6 1 -19,7 45 +6,3 233 | +2,08 | 142 | 2,39 0 -0,51 | 348
2 -15,8 55 -43,8 36 +2,62 | 150 | -2,23 0 -0,46 | 302

3 -5,85 54 +4,29 | 149 | +1,74 | 129 | -3,68 0 -1,47 8

7 1 +20,4 35 -7,11 220 | -1,38 | 142 | +2,57 0 +0,43 | 335
2 +15,1 55 +35,5 44 -2,14 | 141 | +2,31 0 +0,36 | 280

3 +5,66 45 —4,58 196 | 1,25 | 130 | +3,55 0 +1,47 18

* [Tuketsr 1, 2, 3 HaX0IATCA, COOTBETCTBEHHO, B cTpykTypax VIIIL, VI, X (puc. 1).

Kpome toro, nmpu paccMoTpeHun Ooiee MOJHBIX Tadmuil, Mogo0HbIX Tabm. 1, oka-
3bIBACTCS, YTO HA OJIHOM U TOM K€ NHMKETE apU()METHIECKUH 3HAK B B OHMX CIIydasx
MJICHTHYCH 3HAKY B, B Ipyrux — 3HaKy B . DTO CBUICTENBCTBYET, OYCBH/HO, O TOM,
9TO MPU OJHOM MOJAPU3ALMH OIS MPEBANUPYIOIINI BKIJ B B BHOCHT OJlHa TPyIINa
Te0IEKTPHUUECKUX HEOTHOPOAHOCTEH, TP APYTON MONAPHU3AINH — IpyTas (a ecliu cpe-
/12 TOPU30HTAIIHO OJHOPOJIHAS, TO AMIUIUTY/IbI B_ IPAKTHYECKH OTCYTCTBYIOT, TOYHEE,
OJTM3KYU HYITIO).

Bo-BTOpHIX, (ha30BBIE CIBUTH (AdDXy =®, — CDBy, ACDyX = CDEy - ®, —180°), B mpume-
HABIIEHCS] N3BMEPUTEIBHON CHCTEME KOOPAUHAT B yHKTaX, PaCIONI0KEHHBIX Ha Ypale,
M3MEHSIOTCS] OT UMITYJIbca K UMIynbey He oT 0° 1o —90°, kak JOKHO OBITH B ciiydae
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TOPHU30HTAIBHO-OTHOPOTHOTO CIIOUCTOTO reopas3pesa [§], a B 6onee oOIMpHOM Juara-
3o0He. [Ipudem B 3TOT AMAana3oH MOTYT BXOAUTH U TUTFOCOBBIC, U MUHYCOBLIC 3HAYCHUS
A®, 9T0 00YCIOBIEHO, OYEBUIHO, MOITHBIM BIHSIHHEM Ha MHIWBHIyalbHOCTH KITK
TOPU30HTAIBHBIX TEOANEKTPHIECKIUX HEOTHOPOTHOCTEH, BKITIOYass HEPOBHOCTH PEITbe-
(a mecTHOCTH.

Takum o6pazom, casuru a3z Adbxy, Adbyx, HE yKJIa/IbIBatoIecs B Auana3oH (—90°—0°),
pe3Kue nepemnajbl aMIUIUTY/l COCTaBIsomuX F , Ey Ha MaJbIX PacCTOSHUSIX (BILIOTh
JI0 TIEpEMEHBI apU()METHIECKOTO 3HAKa) U OOJIbIINE 3HAYEHHUS B_ CBUIETENBCTBYIOT 00
OTPOMHOM BIIMSIHUH, B 9aCTHOCTH, Ha KPUBBIE METO/Ia MATHUTOTEILTYPUIECKOTO 30HTH-
poBanus (MT3), ropu30HTATBHBIX TEOATEKTPUICCKUX HEOTHOPOTHOCTEH.

OpnHako OmbIT HNOKA3bIBAET [9], UTO U B TOPUCTONH MECTHOCTHU €CTh IUIOIIAJKU, [
nepeurciaeHHble anomanbHble cBoiicTBa KIIK Heckonmpko criakeHbl. DTH IUIOLIAAKHY,
OYCBHUJIHO, U HAJI0 UCIIOIB30BATh JUISl U3YUYCHUS TIIyOWHHOTO Te0TEKTPUICCKOTO pas-
pe3a Ypana, Tak Kak, BOBMOXKHO, B TIpeielaX HEKOTOPBIX M3 HUX COOTBETCTBYIOIIUE
curHaisl (momexu st MT3) oT omHUX TOPU30HTATIBHBIX HEOAHOPOIHOCTEN Te0IorHye-
CKOH Cpeibl YaCTHYHO KOMITEHCHUPYIOTCSI CHTHAJIaMH OT JPYTUX €€ HEOAHOPOIHOCTEH.

[nst BBISIBNICHUS CTETIEHU POACTBAa ogHOMMEHHBIX uMiyibcoB KIIK ectecTBenHOrO
TOJIs1, 3aPETUCTPUPOBAHHBIX CHHXPOHHO Ha Pa3HBIX ITyHKTaX HAOIIONCHUS, HAPUMeED,
B MyHKTax | u 2, MPOU3BOIMIINCH MaTeMaTnIeCcKue pacueThl KOA(HUITUSHTOB KOPPeIs-
LIUH, BBITIOJHEHHBIE 110 popmynam [10]:

R :l_zr(ki_kcp)(Gi _ch).
n

6,05

rae R — ko>pduument koppensunn; k, u G, — Nepuobl (aMILTUTY/IbI) OJHOMMEHHBIX
COCTAaBJISAIOUINX BapHaluil B MyHKTax 1 U 2; n — 9MCII0 Map KOppenupyeMbIX BEIUYUH;
k., G, — nx cpeqHeapupMeTHIECKHE 3HAYCHNUS, | — HOMEP NapBl; G, O, — OTKIOHCHHS
psIOB.

HexoTopsie pe3ynbraTsl BEIYUCIEHUNA R 17151 Bapualyii ¢ JUIUTEIBHOCTBIO0 UMITYIIb-
coB 12—15 ¢ mpencraBneHs! B Tab. 2.

PaccmarpuBast TabnuIly, HETPYIHO 3aMETHUTh, YTO, KaK HA MaJbIX, TaK U Ha OOJb-
LIMX PACCTOSIHUAX, KOPPEALUS MEXIY OIXHOUMEHHBIMU TOPHU30HTAJIbHBIMU MAarHUT-
HBIMHU COCTAaBJISIIOLMMHU OJHOW M TOM e Bapualliy OYEHb BeNHKa, B cpeaHeM 90 % u
6omee. KoahdhunmueHTH KOppemsaiiuyd BapHaIiii B wB ,B uB Jpyrnx mepuoios
MIPUMEPHO TaKue k€. ITO CBUAETEIHCTBYET, BEPOSTHO, O TOM, YTO MEPBHYHOE MAarHHUT-
Hoe noe KIIK 1oBobHO OMHOPOAHOE Ha OONBIIHX TIOMAIMX. A OTAETBHBIC OTKIOHE-
HHSl, B OCHOBHOM B TEJUTyPHYECKOH KOMIIOHEHTE U KOMIIOHEHTE B_ CyMMapHOTO MO,
BBI3BaHbl, HECCOMHEHHO, aHOMAJIUSAMU 3JIEKTPUUYECKUX CBOMCTB I'€0JIOTHYECKOM CpEeIbl.
CrenoBarenbHO, cOBMECTHast 00pa0d0OTKa M MHTEPIIPETALHS C SIUHBIX MTO3UIMN TaHHBIX
peructpaunn KIIK Ha reorpaBepcax, ceKylIMx BeCh PETHOH C 3amaja Ha BOCTOK H,
BEPOATHO, C IOTra Ha ceBep, Mo KpaitHel mepe, Ha CpenneM u HOxHOM Ypaie, BonHe
npaBoMepHa. [lockonbKy moirydaercs, 4To CTPYKTypa MEepBUYHOrO (BO30YKIArOLIETO
Te0JIOTHYECKYIO CpeLy) MOJIsl Ha BCEM NMPOTSHKEHUHN IIHUPOTHBIX IIEPeCceYeHnit CToMb 00-
LIMPHOTO OOBEKTa UCCIICAOBAHNI IPAKTUUECKH OAMHAKOBAsL.

[Ipumep pacnpeneneHuil OTHOIIEHUN El,p/Em, B/,p/Bm, BZP/Ble o OoJHOMY M3 Tmpodu-
neit, HazsanHomy [aiickum (puc. 1, ITP 15), mokasan Ha puc. 2, rie OHU IPEICTaBICHEI
B BUJIC CpelHEapU(PMETUUIECKUX 3HAUCHUH MOyJIeH 3TUX BEUUWH:
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Pucynok 2. Pesymbrarthl kamepaiabHOW 0OpaOOTKM AaHHBIX MOJEBBIX PabOT Ha
Iatickom npo¢pune MT3 (MarHUTOTEIUTypUYECKOE 30HIUPOBAHKE): d — IpaduKu
ammmtynHeix pacnpenenennii KITIK mepuonma 30 c¢; 6 — rpadmku Momyner
rnapHoro wumnenanca (G, §.); 6 — MONApHBIE OMarpaMMbl IIaBHOro G, u
JononHuTenbHOro (., uMIenanca; ¢ — TpadUKH CyMMapHOW IPOMOJBHOM
HPOBOJMMOCTH TE€03JIEKTPUYECKOr0 pa3pe3a i MEPUIMOHAIBHOTO S, M
IMPOTHOTO S, HanmpasaeHUA (UU(PBI BIOAL OCH OPIAMHAT — HOMEpPA IyHKTOB
HAOJIOICHMS )
Figure 2. Results of desk processing of data from field work on the Gai MTS
profile (magnetotelluric sounding): a — graphs of amplitude distributions of the
short-period oscillations for a period of 30 s; 6 — graphs of the main impedance
modules (&, §,x); 6 — polar diagrams of the main {,, and additional {,, impedance;
2 — graphs of the total longitudinal conductivity of the geoelectric section for the
meridional S,, and latitudinal S, directions (numbers along the ordinate axis are
numbers of observation points)
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e b, e, — cpenHeapu(h)METUIECKUE 3HAYEHUS OTHOIIEHUH MOJyJIel aMILIUTY TOpH-
30HTaJbHBIX MAarHUTHBIX M, COOTBETCTBEHHO, JJIEKTPUYECKUX COCTABIIOIIUX €CTe-
crBeHHOro 31ekTpomarautHoro nosst KIIK, cHHXpoHHO 3aperucTpupoBaHHbBIX B PsiIo-
BBbIX (p) ¥ 0a3uCcHOM () MyHKTaX HaOmoAeHus; b_— cpenHeapuGMeTUIECKUe 3Ha9CHHs
OTHOUICHUI MOJyNEH aMIUIUTY, BEPTUKAILHOW MAarHUTHOW COCTABISIOMICH K OJHOW
W3 TOPU3OHTAIBLHBIX MAarHUTHBIX COCTABISIOIINX €CTECTBEHHOTO AIIEKTPOMArHUTHOTO
nosig KIIK.

Tabmmua 2. 3Havenusi xko3puumenta koppeassuuun R, %, Ajisi BapHanuii ¢ JJIMTEJbHOCTBHIO
HMIyJbcoB 12-15 ¢

Table 2. Values of the correlation coefficient R, %, for variations with duration pulses 12-15 s

IlynkTer HaOMIONEHUS* M pacCTOSHUA L MeX Ly HUIMU Rex Rey R Ray Ra:
[Tynkt A—nynxr I', L — equHUIBI KM 99 75 97 98 85
[Tynkt A—nynkt [, L — necsatku km 96 91 99 99 98
Ilyaxr A—nyskT XK, L — oxomno 800 km 47 94 94 89 76

* Tlynktel A, I, J1 Haxomarcs BOmm3u CeepanoBckoro mpodwmrst ['C3, HecKombKO 3amagHee TpaHUIbl
Bocrouno-Ypanbsckoro noasatus ¢ Bocrouno-YpanbckuM norpyskeHueM 3eMHOM kopsl (puc. 1, ITP 7,
crpykrypsl IX u X), mynkr K — Ha JKykeiickom rpaHommoputoBoM MaccuBe KokderaBckoil apeBHeH
ribiObl (Kazaxcrawn).

CoOTBETCTBYIOLIME PACTIPENEIECHUS IOKA3bIBAIOT CIAEAYIOIIEE.

Bo-nepBbIX, HOPMUPOBaHHBIE AMILTUTYABI AEKTpHueckux cocTasisgomux KIIK
(puc. 2, a, rpaduku e , € ) U3MCHSIOTCA OT IYHKTA K MyHKTY MECTHOCTH B OYCHb LIMPO-
kux npegenax. OcoOeHHO SPKO 3TO BHIPAKEHO HA CBOOOIHBIX OT OCaJ0YHOTO IMOKPOBA
tepputopusx. [I[puuem oTHOIIEHUA Exp/Em Ha OJIHMX Y4aCTKax HaOJIOCHUS PEBbIIIa-
IOT 3HAYCHUSA Eyp/Eyﬂ, Ha IpyTUX — Ha000poT. Takue nepexobl, O-BHIUMOMY, TPUYPO-
YeHBI K TPAHUIIAM T€OJOTHYECKHUX CTPYKTYp, IPEICTaBIEHHBIX TEKTOHUYECKUMHU pa3-
JIOMaMH¥, TOPHBIE TTOPOJIBI KOTOPHIX pa3apoOIeHbl, 0OBOIHEHHI U, KaK MpaBMio, ooma-
ITAt0T BBICOKOH dlleKTponpoBonHOCThIO [11, 12]. K TOMy e, eciu paccMaTpHuBaTh BeCh
00BeM TIOJIEBBIX MaTEPHUAJIOB 110 TIIOOOMY M3 IIMPOTHHIX MTEPECEUSHH Ypaa, TO MOYKHO
3aMEeTHUTh, 9TO, YEM JAIBIIIE OT OCEBHIX (BO3BBIIIAIOIINXCS HAJT TPEOOIATAFOIINM YPOB-
HEM JTHEBHOW MMOBEPXHOCTH) IIeTiell YpallbCKHUX TOp, TEM Pa3HHIIA MEXTy cpeaHeaprd-
METUYECKUMU 3HAYEHUAMU EXP/EXH, Eyp/Eyu BCE MEHEE U MEHEE 3aMeTHAa. A BEJIUYUHBI
OHOMMEHHBIX UMITYTbCOB U UX BU3YyaJIbHBIC OUepTaHUs CTAHOBATCS Bce Oonee u Oojee
CXOAHBIMH. 3HAYMT, MOATBEPKAAETCSA, UTO XapaKTep PaCHpeAeTCHUs IEKTPUIECKOTO
nosst KIIK cuibHO 3aBUCHT OT penbeda MECTHOCTH U CBOMCTB re03ICKTPUIECKOTO pas-
pe3a, Tak Kak HaJl MOKPBITBIMU 0CAJOYHBIM YEXJIOM Y4acTKaMu YpalbCKOM reoCHHKIH-
HaJIW 3HAYCHUS 3TUX OTHOLICHWH ONM3KM enuHuIE (KpaltHUH 3amaj] 1 KpaitHUH BOCTOK
HaunboJee yINTMHEHHBIX TpoduIiei), a Hal HeorpeOEHHBIMH («OTKPBITHIMUY ) — COCTaB-
JISFOT NECATKU €NHUIL.

Bo-BTOphIX, TOPH30HTAIBHBIE MATHUTHBIE COCTABIISIIOMINE KOPOTKOTIEPHOAIMIECKUX
BapHanri B PSATOBBIX W OAa3MCHBIX ITyHKTaX, pa3HECEHHBIX KaK Ha OOJbINMeE, Tak M Ha
MaJlble PacCTOSHUS, M0 (opMe M aMIUIUTYAE MPAKTHUYECKH OIWHAKOBEI, T. €. OTHOCH-
TENBHO CJ1a00 3aBUCAT OT F€0IEKTPUIECKUX HEOIHOPOAHOCTEH (puc. 2, a, rpaduxu b, by).

67



M reonoruA Acmacpres [1. @. udp. / Nsgecmus 8y308. [0pHbIl xypHan. 2024. Ne 1. C. 61-73

OnHako COOTBETCTBYIOIIME MM HMITYJIbChl BEPTUKAIIBHOM COCTABIAIOMIEH B_ BEMyT ceOst
uHaye. B Mecrax, rjie MOIIHOCTL 0Ca04YHOrO MOKPOBA 3HAYMTENbHAS, AMILUTMTY/IbI B_
MpeHeOPEeKUMO MaJlbl, 8 Ha «OTKPHITOMY» Ypaje MOTYT ObITh COM3MEPHMBIMHU C aMILITH-
Tyfamu unu B, unu B (puc. 2, a, rpaduk bz/by), HO MX DKCTpEMaJIbHbIE 3HAYEHUS, KaK
NpaBUIIO, HE COBIAIAIOT C TPAHUIIAMH TEX WM WHBIX CTPYKTYPHBIX 30H. TeM He MeHee,
HAJIO TI0JIaraTh, YTO CYHNIECTBOBAHME aMILIUTY] B, CON3MEPHMBIX C aMILIMTYIaMu B
WIIK B, B IyHKTaxX npo¢mirst HaOmonaeHni 00yCIOBICHO HE YeM WHBIM, KaK 0COOEHHO-
CTSMH TEOICKTPUYECKOTO pa3pe3a, B YACTHOCTH, KOHIIGHTpaI[el TOKa Ha TpaHUIax
HEKOTOPBIX T€OJIOTHYECKUX 00beKTOB. M TaM rpadvku JOKanbHBIX npupamenui B (y)
JOJKHBI TIEpeceKaTh 0Ch abcuucc.
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Pucynok 3. VHTepBajbl U3MCHCHHI MOJSPU3ALNN TOPH30HTAIBHBIX BEKTOPOB JICKTPHYECKOrO OF; U
MarHUTHOTO OB; mMoisi B IyHKTaX HAOJIOJCHMS, DPA3HECCHHBIX HA CIAWHUIBI, JCCATKH H COTHH
KAJIOMETPOB: @ — MyHKTBl A u I'; 6 — mynktel A u JI; ¢ — myHkTel A u XK; L — paccTosHHA, KM;
N — mHanpaBineHHe Ha CeBep; BepPTUKAJbHAs INTPHUXOBKA — JAHHbIE OA3UCHOTO IMYHKTa,
TOPU3OHTAIBHASL — PSIIOBBIX ITYHKTOB
Figure 3. Intervals of changes in the polarization of the horizontal vectors of the electric aF; and magnetic
oB; fields at observation points separated by units, tens and hundreds of kilometers: a — points A and T’;
6 — points A and I, ¢ — points A and JK; L — distances, km; N — direction north; vertical
hatching — basis point data; horizontal — ordinary points

Ha npakTrke e TOJBKO MO aMIUTMTYAHBIM 3HAYEHHUAM COCTABIAIOIIMX B_ yIOBUTH
U3MEHCHHE 3HAKa y OTHOIICHUS bzp/bl.p (vmu bzp/bm), 00yCIOBJICHHOE UMEHHO Tepece-
KaeMoil mpodriieM HaOMIONEHNSI B KOHKPETHOM MECTE KOHKPETHOH Ie0dIeKTpuiecKon
HEOIHOPOIHOCTHIO, JIOBOJIEHO CIIOKHO. B OCHOBHOM, M Ha 0a3HMCHBIX, U Ha PSIOBBIX
IlyHKTaX, UMITYJIbChI B, OKa3bIBAIOTCS OTOOPAHHBIMU C OIHUM M TEM Ke apupmMeTHye-
CcKkuM 3HaKoM (Tabm. 1). OgHako cuBuru ¢as sz OTHOCHTEJIBHO B_ Ha KaXJIOM ITyHKTE
pasHbIe U BaphUPYIOT B MHUPOKHUX Tpenenax. OHW U MOTYT yKa3bIBaTh Ha CMEHY 3HaKa
aHOMaJIbHOM 4acTH BZ, BBI3BAHHOW JaHHOW HEOIHOPOAHOCTHIO.

CrnienoBaresnbHO, TP UCIIONIB30BAaHNM Bapualuii B, B, By B 3JIEKTpPOpa3BElKe He-
00X0ZMMO 00513aTEIEHO YYUTHIBATh 3HAUEHUS WX (ha30BBIX YIJIOB, BEIMYHHBI KOTOPBIX
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3aBUCST HE TOJBKO OT MOJISPU3ALUHU NIEPBUYHON YaCTH €CTECTBEHHOIO IOJIsl, HO U OT
CBOMCTB I'e0dJIEKTPUUYECKOTO pa3pesa.

B oanoponHON W30TPONHON Ccpejie COCTaBIsomas B, SBIAOMAsiCs napauiebHON
JUHUH PaCIPOCTPAHEHUS SJIEKTPOMArHUTHOTO TMOJIs, JOJKHA OTCYTCTBOBATh, & BEKTO-
psl E u B nomxHEI OBITH BE37I€ B3aUMHO NEPIEHANKYISIPHBIMU. B peanbHOCTH Hanpas-
neHus: BektopoB E u B, a Takke UX BpPEMEHHBbIE CABHIH, HAa KOKIOM IIyHKTEe Ypaia
CYIIECTBEHHO OTJIMYAIOTCSI OT CBOWCTB, MPUCYLIUX MOJEIH OIS, IPUHATON B TEOPUH
MarHUTOTEILTyprYecKuXx MeTonoB [13]. Ymisl mexxay Bektopamu E u B, Kak mpaBuio,
He 90° (puc. 3). CnBuru (a3 HEMOCTOSHHBI U, JaXKe Y UMITYJIbCOB OJHOTO U TOTO KE
repuoa, BapbupyloT B IMUPOKHUX mpexaenax. @opmsl rogorpados E u B umeroT pas-
JMYHBIE O4YEPTaHMs U B3auMHble monoxeHus. KoHiel BektopoB E noxarcs, mpuonu-
3UTEJIBHO, HAa NPAMYIO JIMHUIO, & TOPU30HTAIBHBIX BEKTOPOB B — Ha KpUBYI0, OJIHM3KYIO
snuncy [14]. Takum obpazom, nomspuszanus Marautaoro noinst KIIK (B Tom uncne u
Ha NOrpeOEHHBIX TEPPUTOPHSIX T€OCHHKIMHATIH) TPAIULIMOHHO SIIIUITHYECKAs, a K-
TPUYECKOTO TOJISI — IPEUMYIIECTBEHHO JIMHEWHAs TN KBa3WJINHEHHAas!, ¥ TOJIBKO BIAIN
OT TOPHBIX IIETIEH HCCIIeTyeMOro PeTHoHa OBIBAET IUIUIITHYECKON. XapaKTepHBbIi MpH-
Mep, WUTIOCTPUPYIOLIUN MojoKeHue BekTopoB E u B Ha Heckonbkux IIK, npuBeaen
Ha puc. 3. PaccmarpuBasi pUCYHOK, BHIUM, YTO BEKTOpHl E TEIUTypHUECKOro IOJis B
MYHKTaX «OTKPBITOrO» Ypalsa, OTCTOALIMX APYT OT Apyra Jake Ha HE3HAYUTENbHBIX
PacCTOSIHUSX, HE JIOXKATCs B €JMHOE YIIIOBOE MPOCTPAHCTBO, YIIIBI pacTBOpa KOTOPOTO
o4yeHb ManeHbkue (mpuMepHo 10°). A cOOTBETCTBYIOLINE UM MarHUTHBIE BEKTOPHI 3a-
HUMAIOT NPAKTUYECKH BE3/€ MJICHTUYHbIE YIVIOBBIE IIPOCTPAHCTBA C YIJIOM PacTBOpa,
Oomm3kuM Kk 40°.

Takum ob6pasom, Bcemu paccMoTpeHHbIMU ocoOerHocTaMu KIIK moarsepxkmaert-
Csl, 4TO MEXKJY TOPU3OHTANbHEIMU KOMIOHEHTaMu B, B u B , B , CHHXPOHHO 3a-
PETUCTPUPOBAHHBIME B Pa3IMYHBIX CTPYKTYpHBIX 30HaX CpenHero u KOxHoro Ypana,
CYIIECTBYET TECHasl TEHETUYECKasl CBsI3b, 00YCIOBIEHHAsI HIEHTHYHOCTBIO (BO30YX1a-
IOIIETO 3€MHBIC TOKH) HCTOYHUKA, OTKIIOHEHHS Ke KOP(PDHUIIMEHTOB KOPPEIISIHUHU 3JICK-
Tpudeckux cocTaBsromux ot 100 % u Hammane OONMBIINX aMIUIATY COCTAaBIISIONIEH
B_ BBI3BaHBI, 110 BCEW BEPOATHOCTH, TCONICKTPHIECKMMH aHOMAITMAMU 3€MHON KODPBI
MPEUMYIIECTBEHHO JIMHEHHOro THna. Ho Teopus MarHUTOTEIUTYPUKH Uil IBYMEPHBIX
re0dJIEKTPUUYECKUX Pa3pe30B B OJHOPOIHOM IEPBUYHOM MOJI€ pa3paboTaHa JOCTaTod-
HO moapoOHo [15, 16].

CrnenoBarenbHO, €€ METOABI BIIOJHE MPUMEHUMBI ¥ Ha MOTPEOCHHOM, M Ha «OTKPHI-
ToM» (ToprcToM) Ypaine. Hanboee oHM ITOJIe3HBI, BEPOSTHO, ITPH IMPOM3BOICTBE T€O-
JIOTHYECKOTO KapTUPOBAHUS, TaK KaK YTOUHEHHE TPAHUL] MEXKIy CTPYKTypaMu pasiind-
HBIX TTOPSAKOB MAJIOCTH, U3-3a UX MHOTOYMCICHHOCTH U pa3HO00pa3us, SBISETCS TaM,
B Kakoi-To Mepe, neiictBuemM BocTpeOoBaHHBIM. IIpumep Takoro mpumenenus KIIK
npowuItocTpupoBan puc. 2. Ha Hem, kpome rpadukoB HOPMHPOBAHHBIX AMILIHTYI
KIIK nepnona 30 c, mpencTaBieHbl elie KpUBbIE CyMMapHON MPOAOIBHON MPOBOAN-
MOCTH Sxy, Syx reopaspesa, MoJSIpHEIC AuarpaMMBbl TIIAaBHOTO ny 1 JIOTIOJIHUTENBHOTO
nMITeanca (MacmTad IpON3BOILHEIN), a TaKXke MPOoGHIbHBIC pacIpeIeICHHs 3Haue-
HUH ny, ny'

PaccmarpuBast puc. 2, BO-IIEPBBIX, BUIMM BECbMA PE3KOE U3MEHEHUE BEIMYHH €,
e, MEK]y MHKEeTaMU 223-225 u makcumyMm e Ha IIK 219; BO-BTOpbIX, HaIUYHE IKC-
TPEMYMOB MOfty1st b_/ by B nyHKTax 218 u 228; B-TpeTbUX, HE3HAYUTEIbHBIE MUHUMY-
MBI b, by Ha [1K 224 u makcumymsl — Ha 1K 218; B-4eTBepTHIX, OTPOMHEIE CTYIICHU
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B NMPO(UIBHBIX pacHpeAeNeHUsIX MPOIOILHOTO ny U TIOTIEPEYHOTO ny UMIIeIaHCca B
paitone IIK 224-225; B-mATHIX, OUIYTUMBIE YMEHBIICHHUSI CYMMAapHBIX MPOAOIBHBIX
MPOBOJMMOCTEH Teopa3pe3a B TOPUCTOM MECTHOCTH, NpHYEM, W B HalpaBIIEHUU
ceBep—tor (KpuBas Sxy), M B HaIlpaBIICHHH 3amaJ—BOCTOK (KpHWBas S) ); B-IECTHIX,
HACKITFOUYNTENIFHO 3aMETHYI0 OCOOCHHOCTh Ha 3allaJHOM KOHIe POt HaOIIONSHHS,
(IIK 209-213), momnsipHBIE AMAarpaMMBbI TJIABHOTO UMITEaHCa M3MEHSIOT CBOIO OpPHCH-
tanuio Oosee yem Ha 90°, ¢ sBHOTO ceBepo-3anaanoro (IIK 209) mpumepro Ha
ceBepo-BoctouHoe HampapneHue (11K 213).

OueBUIHO, YTO BCE MEPEUHCIICHHBIE aHOMAIBHBIE 0COOCHHOCTH JaHHBIX 00pabOTKH
noneBbix m3Mepennii KIIK BBI3BaHBI T'€OIIEKTPHUESCKUMHU HEOJHOPOTHOCTSIMU. Pac-
CMOTpPHM, C YEM OHU CBSI3aHBI, B 4aCTHOCTH, Ha ["atickom npodune MT3.

I'eopusuyeckoe mcronkoBanme ocodeHHocTell pacmpenesennii KIIK Broas
Iaiickoro npoguiss MT3. laiickuii npoduns MT3, cormacHo puc. 1, B 0CHOBE KOTO-
pOro NEXHUT TEKTOHWYecKas Kapra [17], mpoXoauT HaJ HECKOIBKUMH I'€0JIOTHYECKH-
MU CTPYKTypaMmH NepBoro nopsaka mMaaoctd. OH HaunHaeTcd B [Ipenypanbckom Kpae-
BOM NIPOTru0e 3eMHOM KOpBI V, MUHYET YpaJIbCKYIO BHEIIHIOIO 30HY cKiaxdatoct VI,
Hentpansno- Ypansckoe nogaarue VII, Tarmiscko-Marautoropckoe norpyxenue VI n
3aKkaHuuBaeTcs B BocTouHo-Ypanbckom nogusatuu [X, T. €. nepecekaer Bech 3amaIHblil
CKJIOH M OCEBYIO 4acTh Ypaja. KpoMe Toro, HEKOTOpbIe €ro MUKETHl ObLTH pa3BepHYTHI
HEMOCPEACTBEHHO BONM3M METHOPYIHBIX MeCTOpOKIeHwi. Eciin MBICIEHHO coBMe-
CTHUTH PHC. 2 ¢ pUC. 1, TO OKaXKETCS YTO, BO-TIEPBHIX, CMEHA HAIIPABICHNUH OOJIBITHUX OCEH
TIOJIIPHBIX HarpaMM IJIaBHOTO uMIeAanca ¢ ceBepo-3anagHoro (11K 209) na mamnpas-
nenne ceBepo-BoctouHoe (IIK 213) cooTBeTcTByeT mepexony OT MHUPOTHOTO MPOCTH-
paHHs TEOJIOTUUECKUX CTPYKTYp JoKeMOpuiickoro dynaamenTa Pycckoit mardopmsl,
Norpe0eHHOr0 Ha pa3Hble MTyOMHBI MOJ 3alaJHbIN CKIOH YpaibCcKoro pernona [18],
K TOYTH MEPUIMOHANIBHOMY MPOCTUPAHUIO MAJEO030MCKUX CTPYKTYp €ro KOHCOJIHJIU-
POBaHHOTO OCHOBaHHUsS. BO-BTOpBIX, OTPOMHBIE CTYNEHH B MPOQHILHBIX pacrpenesne-
HUSIX IIPOONBHOTO (¥ MONEPEIHOr0 ny nmnenanca B paiione 11K 224-225 o6ycios-
JIeHBI, IO-BUANMOMY, KOHIIEHTpAIleH TeJUTypHIeCKUX TOKOB B HIDKHEH JacTH | TaBHOTO
Ypanbckoro nryouaHoro pazioma (I'YI'P), mocTeneHHO mOTrpy Karomerocss Ha BOCTOK
TIOJT YIJIOM, TIpUMEPHO, 35°—45° [19]. D10 moATBEPKIAETCS U HATMIUEM YMEHBIICHIS
MOJYJIsl BEJINYMHBI bz/by MEXJly IKCTpEMaJIbHBIMH 3HaYeHHSIMH B MyHKTax 218, 228,
a TaKkKe JIOKAIbHBIM MAaKCUMyMOM CYMMAapHBIX TPOJONBHBIX MPOBOAUMOCTEM
(Sxy, Syx) Ha [IK 221. B-TpeTbuX, aHOMAJINH K€ PACIPE/IETICHUN € , e, (puc. 2, a, IIK 219,
[IK 226), no-BuauMoMy, BO3HUKIIM Oarofapsi KOHIEHTPALUH TEeJUTyPHUECKUX TOKOB B
BEPXHUX TOPU30HTAX MECT BBIXOAOB CKAJIBHBIX MOPOJ HEMOCPEACTBEHHO O] MOYBEH-
HBIN CJIOM, TaK KaKk UM COOTBETCTBYIOT YMEHBILICHHBIE 3HAUEHHS CyMMAapHBIX IIPOA0JIb-
HBIX IPOBOJUMOCTEM Sxy, Syx (puc. 2, 2) 1o BechbMa MaJbIX BETUYXH (TIOYTH JI0 IECATOU
nmom CUMeHca).

3akJrouenue. Vicxoss n3 M3J10KEHHOTO, MOYKHO OTMETHUTH, UTO CTPYKTYPHBIE 0CO-
OCHHOCTH 36MHOH KOPBI YPaJbCKOTO PETHOHA XOPOIIO MPOSABISIOTCS Ha MPOPUITHHBIX
pactpeneneHusx KIIK reomMarHUTHOTO MO, BO30YXICHHE KOTOPHIX IPOUCXOTUT
MPAKTHYECKN €XeTHEBHO. VX M3MepeHne mpu COBPEMEHHOM Pa3BUTHH amrmaparyp-
HOTO 0DOecreueHusl He MpencTaBseT 0co0bx nmpobdiem. W 3TOT kitacc Bapuanmii He-
00X0IMMO KaK MOXKHO IITUPE UCIOIB30BaTh NMPHU U3YUEHUH T'€OIEKTPUUECKUX pa3-
pPe30B, B 4aCTHOCTHU, Ha Ypaie, OTAEIbHO MM B KOMIUIEKCE C KaKUM-JIHO0O JAPYTUM
Majo3aTpaTHBIM METOJIOM 3JIEKTOPa3BEAKH, HAPUMEp, C METOIOM MHAYKIIMOHHOTO
3ouaupoBanus [20].
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On geomagnetic field short-period variations and their application to study
the geoelectric structure of the Ural region

Pavel F. Astafiev!, Vladimir S. Vishnev!
nstitute of Geophysics UB RAS, Ekaterinburg, Russia.

Abstract
Research objective is to determine how some significant structural elements of the Ural
Paleozoic geosyncline are reflected in the natural electromagnetic field of the Earth.
Methods of research. To achieve this goal, geomagnetic variations of the short-period oscillations
range were used. They were registered synchronously in at least two or three stations, one of which
was basic (bench mark, check-point), the rest were intermediate (short-term). All magnetic and
horizontal electric field components were recorded in a Cartesian coordinate system (with the
X axis pointing to the magnetic north, y to the east) along a series of profiles crossing the Ural
Mountains with access to the border plains. The network of geophysical works was, as a rule,
irregular. Recording stations were located along country roads with a step of 7—15 kilometers or
more. The distances between the basic and intermediate stations varied from hundreds of meters to
hundreds of kilometers. The work was carried out over several decades simultaneously with deep
electromagnetic prospecting of the region. Field materials were processed using various techniques
that become available with the development of magnetotellurics. Normalized amplitudes profile
distributions of the measured field components were obtained as well as polar diagrams of the
main and additional impedance, graphs of the total longitudinal conductivity and other parameters
reflecting the electrical properties of the geological medium.
Results analysis. It is established that the horizontal magnetic components of Earth’s natural
field short-period oscillations vary slightly from station to station, and the horizontal electric
and vertical magnetic components undergo large transformations, both in amplitude and phase.
Moreover, the most noticeable changes in the data processing variations occur near the boundaries
of geological structures of the first and other orders of smallness. In other words, it is shown
that the linearly elongated geoelectric crustal inhomogeneities of the Ural Paleozoic geosyncline
stand out significantly according to the data of the natural electromagnetic field profile
distributions cameral processing. Consequently, the natural electromagnetic field of the short-
period oscillations interval, which does not require any financial costs for its excitation, is well
suited for the geoelectric mapping, in particular, in the mountainous part of the Urals, where the
formulation of other methods of structural geophysics is associated with high costs.
Scope of results. The research results can be used in organizing and conducting geophysical
works aimed at studying the structural features of the Earth'’s crust in the Ural region and adjacent
territories.

Keywords: geomagnetic variations; recording stations, amplitudes;, phases; short-period
oscillations; geoelectric structure; the Ural region; Ural Paleozoic geosyncline.
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WU3yyeHne MexaHM3Ma B3aMMOAENCTBUS KUPHOKUCTIOTHbIX
coGuparteneil ¢ NOBEPXHOCTLIO KanbLUMAcodepxKaLmx
BONb()PaMOBLIX MUHEPaNoB

Ypasosa l0. B."*, TuyHoB M. 10.", ®egotoB E. H.!, Ynkun A. 10.2
"pKyTCKIUIA Hay4YHO-MCCMER0BATENLCKUIA MHCTUTYT 6NAropoaHbIX U PeaKMx MeTarnsos v anMasos,
r. MpkyTck, Poceus
Z/pKyTCKMIA rOCYAapCTBEHHbIN YHUBEPCUTET, T. MpKyTCK, Poccus
*e-mail: urazova@irgiredmet.ru

Pegpepam
Beeoenue. H3zyuenue 63aumooeiicmsus peazenmos ¢ MUHEPAIbHOU NOBEPXHOCMbIO 8 Npoyecce
@romayuu umeem cyujecmeenHoe 3HaueHue 071 NOGbILUEHUS U3BTIeUeHUs. YEHHbIX KOMNOHEHMO8
6 KOHYEHmMpAam u Kaiecmeda KOHYEHMpAamos, a maxdice OJsi UbICKAHUL HOBbIX PEd2eHmos U
Cnoco608 ux npuMeHenust OJst YIyuuleHus pazoeienus Mmunepanos. Paboma noceswena uzyuenuio
MexanuamMa 63aumoO0etiCmeus aKIMUBHbIX KOMNOHEHM08 peazeHmos cobupamens (maiiosoe macio)
€ MUHEPATLHOU NOBEPXHOCTNBIO KATbYULLCOOEPIAHCAUUX 60bHPAMOBHIX MUHEPATIOB.
Memooonozus u memoouxu uccaedosanus. Hcciedosanus npoeoounucs Memooom si0epHoco
MA2HUMHO20 pe3oHanca. [[na HadejicHocmu udeHmugurkayuu omoenbHblX KOMROHEHMO8 CMecU
3aNUCL CHEeKMPO8 NPOU3BOOULACH 8 PACMBOpe OelmepuposaHHo20 X10pogopma, maxk Kax
UMEHHO 6 2moM pacmeopumesne NpeOCmasienbl OAHHble CHeKMPO8 S0EPHO20 MASHUMHO20
PE30OHANHCA UHOUBUOYATILHBIX COCOUHEHUU (CMOAHBIX, HCUPHBIX KUCIOM U CMepuHos) 6 baze
Oanubix opeanuveckux coedunenuti National Institute of Advanced Industrial Science and
Technology (AIST).
Pesynomamut u ux ananus. B pabome usyuenvl cocmagvl copmog peazenmos cobupameinei
(manioswix macen) paznudnou cmenenu nepepabomxu. M3 ucnvlmyemvix peacenmos eublopam
00UH, HA KOMOPOM HpOU3Be0eH MOOENbHbI IKCNepUMeHm no gromayuu 011 OnpedeneHus
KOMROHEHMO8, 63aUMOOCUCMBYIOUUX C MUHEPAIbHOLU NO8epXHOCMbIO. B axcnepumenme
makaice, NOMUMO IHCUPHOKUCTOMHOZ0 COOUPAMENS, NPUMEHSIUCH Ped2enmbl 8 COOMBEMCmeun
C peazeHmHbIM percumMom OJisk OAHHOU PYObl U NPONAPKA KOHYEHMPAMa 015l 60CCO30AHUSL BCEX
VCI08ULL MEXHONOSUYECKOU cXeMbl 0002aueHUs.
Bbigoo. B pezynomame npodenannoi pabomvl  6bIAGNIEHbL  AKMUGHbIE KOMHOHEHNbL
IHCUPHOKUCTIOMHO20 COOUPAMENSL U BO3MONCHBLU MEXAHUZM UX 3AUMOOCIICEUSL C NOBEPXHOCHIBIO
Kanbyuticooeparcamux 801bPpamosuix MUHEPALOs.

Knwuesvie cnosa: mannosoe macno;, icuphvle Kuciomel, 3aKpeniehue cobupamens,
sonbpamosvie pyovl, SO0epHbll  MacHUMMbIL  pe3onauc, cnekmp SMP;  mooenvhbiil
9KCHEPUMEHM, dNeMEeHMHbII AHAIU3.

Beenenune. ®noranmoHHoe 00OTAllCHHE WIPaeT BAXHYK pPOJb B Pa3BUTHH
COBPEMEHHON TEXHUKH B Pa3IMYHBIX OTPACISIX JOOBIBAIOIICH U MepepadaThiBaroIIeit
npombiiuieHHoCTH. MccnenoBanue (iIoTaIl[MOHHBIX PEAarcHTOB SIBIICTCS OJHHUM W3
KJIFOYEBBIX ACIIEKTOB Pa3BUTHUS ITON TexHOMOru# [1].

OnHO U3 IIaBHBIX MPOOJIEM, C KOTOPBIMH CTAJIKUBAIOTCS UCCIICIOBATEIH, SBIISETCS
MOHUMAaHUEe MeXaHW3Ma M KUHETHKU B3aMMOJCHCTBHUS (NIOTAIIMOHHBIX PEAreHTOB C
MUHEpaJIaMH, BKJIIOUas M3YUCHHUE MPOIIECCOB aJICOPOIMH PEareHTOB HA TTOBEPXHOCTH
MUHEpaIoB, (HOpPMHPOBAHHE TUICHOK HA IOBEPXHOCTH M B3aWMOJCUCTBHE MEXKIY
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peareHTaMH W MHHEpalaMH B pacTBope. lloHmMaHHWe STHX MpPOIECCOB ITO3BOJISAET
ONTUMHU3HUPOBATh YCIOBUS (IIOTALUHU U MTOBBICUTH 3(P(PEKTUBHOCTH 0OOTAIEHHS.

Leas padoTbl 3aKiiovacTCss B M3yUYEHHH MEXaHHW3Ma B3aMMOJICHCTBUSI pearcHTa
cobuparesiss ¢ MUHEPaJIbHON IOBEPXHOCTHIO KaJbIIMHCOAEPKAIIMX BOIB(PPaMOBBIX
MHUHEpAJIOB.

Metogosiorusi W MeTOOMKH HMccJenoBaHus. MeTomoNorusl HUCCIe0BaHMs
OCHOBBIBACTCS HAa M3YyYEHHHM CBOWCTB pearcHTa, KOMIIOHEHTOB B €ro COCTaBe H
BBISIBICHHHM BO3MOXXHOTO MeXaHHM3Ma B3aUMOJEHCTBUSI peareHTa coOupareis c
MHHEPaAIbHON TOBEPXHOCTHIO.

HccnenoBanusi IpOBOIUIINCH C HCIIOIB30BAaHHEM SJIEPHOTO MATHUTHOTO pe30HAHCA
(JIMP) — magexxHOrO MeTOma I MACHTH(HUKAIINA KOMIIOHEHTOB cMecei. B Hamem
cirydae, 9ToO0BI 00ecTIeunTh 00JIee TOUHYIO HACHTH(MUKAIINIO, CTIEKTPHI OBLTH 3aITUCAHBI
B pacTBope aeirepupoanHoro xinopodopma (CDCI3). [Ipu momomy ckaHUPYIOIIETo
anekTpoHHoro mwukpockorna TM3000 (Hitachi, Smonmst) ¢ O1OKOM 3I€MEHTHOTO
aHaJlM3a UcclieloBaHa MUHEpaJbHasi MOBEPXHOCTH MIEEINTOBON (Ppakiuu 110 U mocie
MOJIIEHOTO OMbITa 1O ¢uoTtanuu. MccnemoBaHusi BBIMOMHSINCE B COOTBETCTBUU C
0OIIETIPUHATHIMU METOTUKAMH.

Ta6auua 1. CocTaB 06pa3uoB Ta110BOro Macja, % mMaccoBble
Table 1. Composition of tall oil samples, % m/m

JKupHble KUCIIOTHI
O6paszen CMOJIsHBIE KUCIIOTBI CrepuHbl
IIpenensuble Henpenenbubie
Ne 1 30 25 40 5
Ne 2 25 55 20 -
Ne3 35 55 10 -
Ne 4 5 95 - -
Ne 5 40 50 5 5

OcHoBHBIE pe3yJbTaThl HcCAeI0BaHUS W WX aHaau3. CocTaBbl TaJUIOBBIX
Macen [2, 3] HanpsAMYIO 3aBHCAT OT BHUJIa NepepadbaTsiBaeéMoi IpeBeCHHbI, €€ TOPOIbI,
reorpau4ecKoil MMPOThI IPOU3PACTAHHUS, BPEMEHH 3ar0TOBKH, IIPOIOKUTEIBHOCTH
1 ciocoba XpaHeHHS JPEBECHOTO CHIPBS M IPYTHUX CHIPbEBBIX (PaKTOPOB.

MeTonoM SIEpHOTO MAarHWTHOTO pe3oHaHca [4—6] mcciemoBaHbl ISITh 00pa3IioB
TAJUTOBOTO MAacJa pa3sHOH CTENEeHH MepepaboTKH.

OcHOBHBIE KOMITOHEHTBHI TAJUIOBOTO Macia: J>KUPHBIE KHCIOTHI (IpenesbHbIe
U HempeJelbHbIE), CMOJSHBIC KHCIOTHI, HEHTpalbHBIE BemlecTBAa (OMBUIIEMBIE H
HEOMBUSIEMBbIE KOMITOHEHTHI). JKHMpHBIE KHCIOTBI TIPEJCTaBICHBI B OCHOBHOM
npeneNbHbBIMA  (CTeaprHOBasl, NaJbMUTHHOBAs) W HENPEICTbHBIMU (OJCHHOBAs,
JUHOJNEBAsl, JMHOJEHOBas) KucaoTaMu. (OCHOBHOM COCTaBISAIOLICH CMOJISIHBIX
kucnot (mo 75 %) sBusieTcsi cMechb aOMETHHOBOW M IErMApOa0MEeTUHOBOW KHCIOT.
HeiiTpanpHble KOMIOHEHTHI TAJIOBOTO Maclla — CTEPUHBI, IPUPOIHBIE COETUHEHUS,
MMPOU3BOAHLIC CTECPOUIOB, OTHOCATCA K I'PYIIC CTCPOUJHBIX CIIMPTOB, CCTCCTBCHHBIM
00pa3oM MpPUCYTCTBYIOIIMX B pAacTeHUsIX. B OCHOBE CTPYKTYPBI PacTUTENBHBIX
CTepHHOB ((UTOCTEPOJIOB) JICKHUT HACBHIIICHHBIA TETPANMKINYECKUN YIIEBOJIOPOLI
CTEPAH, COAEPXKAIUMKM THIPOKCUIBHYIO rpymiy. [lodydeHHble CieKTpalbHbIE JaHHBIE
MTO3BOJISIOT OTIPENIEIUTh KOMITOHEHTHBIHN cocTaB 00pa3ioB Ne 1-5 (Tabm. 1). Hymeparus
00pa31oB 1 mpousBoauTeNb: 00paszer Ne 1 — ceipoe TammoBoe macio (rpymma « 1JINM»);
Ne 2 — nuctrupoBaHHOE TaJoBoe Maciio (rpytma «JIMM»y»); Ne 3 — nerkoe TamioBoe
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macio (rpymna «MJIMM»); Ne 4 — sxupHble TaiaoBele KUCHOTH (rpynmna «JIUM»);
Ne 5 — cripoe tannosoe macno CLIKK (OAO «CeneHrnHCKHHA LeIUTI0N03HO-KapTOHHbIH
KOMOWHAT).

s manpHeHINX UccleNoBaHMA OB MPUHSAT 00pazert Ne 5 — chipoe TauioBoe Maciio
npousBoncTBa OAO «CLKK» (r. Cenenrunck). Beibop manHOTO 00pasiia 000CHOBaH
paHee MPOBEIECHHBIMHU HCCIECAOBAaHUAMHU MO (IIOTALMOHHOMY OOOTAIEHUIO C IIEJIBIO
OTIpeieNICHNs] HAaMTy4IluX IMoKa3aresieil o0orameHus: Ipu NPUMEHEHHH YIOMSHYTBIX
TaJJIOBBIX Macell.

C uespio BBISBICHUS AKTHMBHBIX KOMIIOHEHTOB TaJUIOBOTO Macja IPU KOHTAakKTe C
MIOBEPXHOCTBIO KaJbLUHCOAEpKAIero Bonb(paMoBoro MuHepaia [7-9] mpoBemeHO
MOJCTIMpOBaHUe IMporecca (UIoTalMu B Ja0OPATOPHBIX YCIOBHSIX C ONHUM U3
HCHBITYEMBIX TAJIOBBIX Macell. J[Js MOAEIbHOro 3KCIEpUMEHTa Ha OCHOBE paHee
npoBeneHHbIX pabor [10-12] pa3paboraH peareHTHBIH PEXUM I HCCICAYSMOU
pynsl [13]. Cxema nmpoBeneHNs MOJENBHOTO OMbITAa IPUBEIEHA Ha pUC. 1.

PactBop mns pnoTanumn
+
[eenuroBas dpakius

'

IIepememmuBanue
¢ BCIICHEHHBIH CJI0H ¢
PactBopenue opranuueckoit QunpTpanus
¢pakuu B D,0O i i
ITpombiBKa Dunbrpar

JUCTUIUIMPOBAHHOM BOJOM

!

Cymka

3amadnBaHUe B XJIOpO(hopme

Pucynok 1. Cxema poBeeHusl MOJIEIBHOIO OIbITa (PIOTAIUI
Figure 1. Scheme of conducting a model flotation experiment

KoHueHnTpar akTUBUpOBAJCS B paHee HMPUTOTOBICHHOM PacTBOpPE, COCTOAIIEM H3
JUCTWIIMPOBAHHOM BOIBI ¢ 00aBneHreM 5 % OMBUICHHOTO TaIJIOBOrO Macia. B xoze
HWHTEHCUBHOTO NIEPEMEIINBAHNS Ha IIOBEPXHOCTHU MYJIBIIBI 00Pa30BbIBAJIACH YCTONUUBAS
neHa. Bepxuuii cioii orOupaicsi, BBICYIIMBAJICS M PAacTBOPSUICS B JAEHTEPHEBOH
TSDKENOM Bozie. BoaHbIi pacTBOp, B KOTOPOM IPOBOAMIACH (BIioTalus, (GUIBTPOBAJICS OT
OCTaBLIEHCS IEeTUTOBOH (hpakumu, KOTopas Nocje MPOMbIBaIach AUCTHIUIMPOBAHHON
BOJIOH, CYIIMJIACh U 3aMadynBaJIach B XJI0podopMe.

Cnexrp SIMP 'H (puc. 2, a) moka3siBaert, 4to 5 %-if pacTBOp OMBIICHHOT'O TAJIIOBOTO
Macna ¢ n00aBlIeHHEM IUCTHIIMPOBAHHOM BOIBI CONCPKHUT XapaKTEPHBIC CUTHAJIBI
npoToHOB Mpu ABOIHON cBsi3u —CH=CH— HeHachIlIeHHbIX U TMOJMHEHACHIIICHHBIX
JKUPHBIX KUCIIOT, METHJIEHOBBIX IPYII B 0-NONOXKeHUH 1py Kapookcune ~CH,~COOH
(2.6-2.4 M. 11.), METHIICHOBBIX Ipymi B B-monoxkenud (1.7—1.6 M. 11.), METHIIEHOBBIX TPYIIIL,
HaXOJAIIMXCA TIPU METUHOBBIX ¢ 1BOWHO#M cBsasbio —CH,~CH=CH-CH,— 2423 m. 1),
METHJICHOBBIX TPYII, PACIOJIATAIOLUIMXCS MEXAYy METHHOBBIMH C JBOWHOM CBS3BIO
=CH-CH,~CH= (2.7-2.6 M. 1.), METWJEHOBBIX TPYII YIIEBOAOPOIHON LENH
(-=CH,~)n (1.4-0.9 m. 1.), a Taroke MeTuibHbIX rpynn —CH, (0.9-0.7 m. 11.).
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st poBEpKU COOTHOILIECHUS HACHIIICHHBIX U HEHACHIIICHHBIX KUCJIOT B OMBIJICHHOM
cocrosiHuu ObuT 3ammcan cnektp SIMP *C srtoro pactBopa (puc. 2, 6). Hannuue
curHaioB B obmactu 130-127 M. 1. MOATBEpXkAAET MPUCYTCTBUE HEHACHIIICHHBIX U
MOJIMHEHACKIIIEHHBIX KUCIIOT.

Crextp SIMP 'H BosHOTO pacTBOpa, B KOTOPOM IMPOBOIMIACE (MIIOTAITHS, TIPEACTABICH
Ha puc. 3, a. CpaBHUBas CIECKTP BOJHOTO PacTBOpa MOcie (PIOTAIUH CO CIEKTPOM
5 %-ro pacTBOpa OMBUICHHOTO TaJIJIOBOIO Macia (puc. 2, @), MOXHO OTMETUTh, UTO
WHTETPAIbHBIC MHTCHCUBHOCTH Npyrue. Mcxoms W3 WHTEHCHMBHOCTH CHWTHaja 2.5 M. II.,
MOXXHO CYUTaTh, YTO COJAEPKAHUE ITOJIMHCHACHIIICHHBIX KHCIOT YMEHBIIUIIOCH.
BeposiTHO, 4YacTh IOJMHEHACBHILIEHHBIX KHUCJIOT OCTalach Ha MHUHEPAIBHON
[IOBEPXHOCTHU.

a

— 522

0

28
27
—38.00

%4

183.20
182.99
—167.09

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Pucysok 2. CIEeKTp SepHOr0 MArHUTHOIO pe3oHaHca: @ — 'H 5 %-ro pacTBOpa OMBLICHHOIO TAJIOBOIO
macna B HyO (4.6 M. 1. — curnan pactoputens); 6 — “C 5 %-ro pacTBOpa OMbBLICHHOIO TAJIOBOIO

macia B H,O

Figure 2. Nuclear magnetic resonance spectrum: a — 'H of a 5% solution of saponified tall oil in H,O
(4.6 ppm — solvent signal); 6 — '*C of a 5% solution of saponified tall oil in H,O

Crmextp SIMP 'H opranmdeckoii (pakiu, CMBITOM ¢ MHHepaia, NPHUBEIEH Ha
puc. 3, 6.

B cniexrpe (puc. 3, 6) HabmogaeTcst CUTHaM 3.67 M. IT., OTHOCSIITHICS K METHIICHOBBIM
rpynnam B o-nonoxennu 1npu kapookcune —~CH,~COO. Cmeruenue curnana B cnaboe
MOJIE BBI3BAHO MepepacnpenencHueM 3apana. Hamuuue curnanos 5.36, 4.34, 4.20
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CBUJETEIHCTBYET O MPUCYTCTBUY HEHACHIIIICHHBIX KUPHBIX KUCIOT. JlOJIs STUX KUCIOT
COBCEM HE3HauuTeIbHasl, OKOJIO 5 %o.

Henas BbIBOA 1O puUC. 3, a, 6, MOXKHO MPEANOJIOKHTh, YTO OCTaBIIAECS Ha
MOBEPXHOCTU MOJUHEHACHIIIEHHBIE KHUCIOTHl, KOTOpbIE HE CMBUIUCH C MHUHEpala,
3aKpeNWINCh HAa HEH 3a CYeT XMMHYECKHUX CBs3eH, 00pa30BaBIIMXCS Ha TPAHUIIC
paszaena. A, Kak M3BECTHO, XeMOCOPOIIMsI aHHOHOB U KATUOHOB MTPOTEKACT JIydlIIle, KOT/Ia
OHH 00pa3yIOT COOTBETCTBEHHO C KATHOHOM WJIM aHMOHOM KPUCTAJUTMUECKON PEIISTKU
TPYIHOPACTBOPHUMEBIE MM KOMILJIEKCHBIE coeanHenus [14, 15].

a

~ — < >~ o o o
=Y n N~ o S ©
v o i b =
| I I |
f/

T T T

9.5 90 85 80 75 7.0 65 6.0 55 50 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0

o xt o o~ a b3 o o«

A @ aQ ) = woa %

wy < <+ o (o] o —_— =3

I 11 I I |
J\. A '

T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
Pucynox 3. CeKkTp sIepHOr0 MAarHMTHOIO pe3oHaHca: ¢ — 'H BOAHOro pacTopa mocie (IoTamuu
(curHan pactBopHTens nojasieH); 6 — 'H oprammueckoil (paximum, CMEITOM C MHHepama (CHrHam
pactBopurens CHCl; 7.27)
Figure 3. Nuclear magnetic resonance spectrum: @ — 'H of an aqueous solution after flotation (the solvent

signal is suppressed); 6 — 'H of the organic fraction washed off from the mineral (solvent signal
CHCIl; 7.27)

Kpome 3T0T0, 17151 MOBTOPEHUS MOIHOM TEXHONOTMU 00O0TralleHus Ha KOHIICHTpAaTe
MPOBENCH MOICILHBIA Mpormecc mnpomapku [16]. Cxema mpoBeAcHHS MOICIHHOTO
nporiecca npuBeaeHa Ha puc. 4. Crextp SIMP 'H opranudeckoit ¢pakiyu, CHITON ¢
KOHLIEHTpaTa MocJie MPoNapKH, MPeICTaBIeH Ha puc. 5.
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B CIICKTPE Ha pHucC. 5, KaKk u B ClIyya€ HCIOJIb30BaHUA XJ'IOpO(l)OpMa (pI/IC 3, 6)
HaOronaeTcst curHan 3.57 M. 1., KOTOpBIﬁ paHe€€ B OMBUICHHOM TaJIJIOBOM MacJI€ HE
IIPOSABJIIAJICA. ITo Bcelt BuUaMMOCTH, IIpyA 3KCTpaKIUU C IOBEPXHOCTH KOHLICHTpATa
OpPraHu4eCKUE KUCJIOTHI IIPETEPIIEBAIOT XUMHUYCCKYIO MO,Z[I/I(I)I/IKEIIII/I}O (aBTOOKI/ICJ'IeHI/IC),
MMPpUBOAAINYIO K IOABJICHUIO HOBBLIX CHUIHAJIOB.

DTO MOXET CBUJICTCILCTBOBATh O paspymi€eHuu [leenuroBas ¢hpakuus

paHee OOpa3oOBaHHBIX XUMHUYECKHX CBSI3CH
IIOJIMHCHACBINICHHBIX KHCJIOT C MHHepaHLHOﬁ
ITIOBEPXHOCTHIO.

HpI/I IMOMOIIIN CKAaHUPYIOLIETO 3JICKTPOHHOI'O
MHKPOCKOIIa C OJIOKOM DJJIEMEHTHOTO aHaIn3a

IIpomapxka 90° 60'

VYnapuBaHue 710 CyXOro 0CTaTKa

KOHIIEHTpAaT IIEeNuTa OBbLI HMCCIENOBAH IO ¢
U Tmocie mpoBeaeHus ¢Gotanmuu (puc. 6). PacTBopeHue OpraHYecKOi Gpakiuun
[Io JaHHBIM  MMKPOCKONHM  KOHIEHTpAT 8 D,0

MPEACTABISET OXHOPOAHYIO (PPaKIHIO pasMepoM Prcynox 4. Cxema  mpopexemis
50 MKM C PEIKMMH BKIIOUYECHHSIMH YaCTHIL MOJIEITBHOTO TIPOTIECCA MPOTIAPKH

pasmepamu 10 200 MKM. Figure 4. Scheme of the model steaming
[TomyueHHBIE TaHHBIE 2JIEMEHTHOTO aHAJIN3a, process

CHATHIE B TIOJIE OOBEKTHBA, MOKA3bIBAIOT, YTO

JI0J1s1 yIIIepoia Ha TOBEPXHOCTH KOHIIEHTpaTa rmociie (pIoTaluy 3aMETHO YBETTUUNBAETCS
(c 1,98 mo 2,1-2,3 %), 4T0 CBHIETENHCTBYET O HAJTMYWK HA TOBEPXHOCTH HYACTHII
MHHEpaia OpPraHMYeCKHX KOMIIOHEHTOB. Bricokoe koimdecTBO yriepoaa (2,1-2,3 %)
00YCIIOBICHO COOTHOIIEHHEM BECOBBIX MAacC MCXOAHOW IICENUTOBOW (pakuuu H
(IIOTOKOHIIEHTpATa, W, TEM HE MEHEe, MOKET CBHJIETEIbCTBOBATh O HAIMYMHU €0 Ha
MTOBEPXHOCTH.

— 3.57

2.03
— 1.40
— 1.16
— 0.71

L'WMAKL.;

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0

Pucynok 5. CnekTp sIepHOTO MAarHUTHOTO pe30HaHca 'H OpraHMYecKoil (Qpaxkuuu, CHATOH
C KOHIIEHTpara MocJie MPOnapKH
Figure 5. Nuclear magnetic resonance spectrum 'H of the organic fraction removed from the concentrate
after steaming

[Mocne mpoBeaeHUs] MOIEIBLHOTO OMBITA O (IOTAMU MOJTYYCHHBIH KOHIIEHTpAT
C TOMOIIBIO 3JIEKTPOHHOTO MHUKpockoma Obul yBenmuueH B 1500 pa3 (puc. 6).
[Ipr cpaBHEHMH TOBEPXHOCTh LICEIUTOBOM (PAKIUK IO MOJENBHOTO OMbITa H
MOBEPXHOCTh TIOJYYEHHOTO KOHIIEHTpara MOcje MOJENBLHOTO OIbITa Halomaercs
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3aME€THOC HU3MCHCHHUE CTPYKTYPbI IMOBEPXHOCTHU YaCTHUII. T0 HU3MCHEHHNE, BEPOATHO,
CBsA3aHO C 06pa303aHneM Ha IMOBECPXHOCTU FPII[pO(bO6HOﬁ IJICHKH, coz[epmamei/i
TOJMHECHACBIMICHHBIC KHCJIOTBI TaJlZIOBOI'O Macjia, KOTopasi, B CBOXO O4Y€pEAb,
CHOCO6CTByeT CINIA)KUBAHHUIO H.ICpOXOBaTOCTCfI. OTtHn KOMIIOHCHTBI, BEPOATHO,
XCMOCOp6I_II/IOHHO 3aKpCTININCH HAa MHHepaHBHOﬁ TIOBCPXHOCTH.

MAG: 100x _HV: 6kV WD: 8.9mm

Pucynox 6. IlleennToBas ¢Qpakmus [0 MOJEIBHOTO ONBITA — @; KOHIEHTPAT, IOJMYYCHHBIH MOCIe
MOZENBHOTO OIBITA — 6
Figure 6. Scheelite fraction before the model experiment — a; concentrate obtained after the model
experiment — 6

BriBoa. KommniekcHbIN aHanu3 AaHHBIX, MOTYYEHHBIX C MOMOIIBIO AIEPHOTO
MarHuTHoro pesonanca (SIMP), mosBoxnsieT chemarte BBIBOA O TOM, UYTO MpH
MIPUMEHEHNH KJIACCHYECKOro mpouecca [leTpoBa — mponapku 4EpHOBOTO IIEEIUTOBOTO
KOHIIEHTpaTa B Cpelie JKUJAKOTO CTEKJa MpH Temneparype 85-95 °C — akTUBHBIMHU
KOMITIOHEHTaMH TaJIJI0OBOT0 Macila B YCIOBUAX MOJEIBHOIO SKCIIEPUMEHTA ABIAIOTCS
HEHACBIILIEHHbIE >KUPHBIE KHUCIOTH (IIOJIMHEHACHIEHHbIe). CMOJSHbBIE KUCIOTHI
MPaKTUYECKH HE YYacTBYIOT B COpOLHMH, TaK KaK B CIEKTPaxX OETEKTUPYIOTCS
ux cienoBble konuuecTBa (5 %). Hanubie SIMP u snexkTpoHHOW MHKPOCKOTHHU
CBHUJIETEJILCTBYIOT O TOM, YTO IMOJMHEHACHIIEHHBIE KHCJIOTHl TAJJIOBOTO Macia,
BEPOATHO, 3aKPEIUIAIOTCS Ha MOBEPXHOCTH LIEEIUTA 34 CUET XUMHUYECKHX CBS3EH C
o0pa3zoBaHUEM TPYIHOPACTBOPHUMBIX KOMIIJIEKCHBIX COCIUHEHUH.
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Studying the mechanism of fatty acid collectors interaction with the surface
of calcium-containing tungsten minerals
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Abstract
Introduction. Studying the interaction of reagents with the mineral surface during flotation is
essential for increasing the extraction of valuable components into the concentrate, improving
the quality of concentrates, as well as for finding new reagents and ways of using them to improve the
separation of minerals. This work investigates the mechanism of interaction between the active
components of the collector (tall oil) reagents and the mineral surface of calcium-containing
tungsten minerals.
Methods of research include the nuclear magnetic resonance (NMR). For reliable identification
of individual components of the mixture, the spectra were recorded in a solution of deuterated
chloroform (CDCI3), since it is in this solvent that the NMR spectra of individual compounds
(vesin, fatty acids and sterols) are presented in the database of organic compounds of the National
Institute of Advanced Industrial Science and Technology (AIST).
Results and analysis. The compositions of reagent varieties of tall oil collectors of various
degrees of processing have been studied. From the tested reagents, one was selected on which
a model flotation experiment was performed to determine the components interacting with the
mineral surface. In addition to the fatty acid collector, reagents were also used in the experiment,
in accordance with the reagent regime for the given ore, and concentrate steaming to recreate all
the conditions of the process flow scheme of enrichment.
Conclusion. As a result, the active components of the fatty acid collector and the possible mechanism
of their interaction with the surface of calcium-containing tungsten minerals were identified.

Keywords: tall oil; fatty acids; collector fixation; tungsten ores, nuclear magnetic resonance; NMR
spectrum; model experiment; elemental analysis.
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,El,uarl-locmposal-me OYara camoHarpeBaHuA B NOPOAOYrosibHOM
MaccuBe nNo aHoOManuaM eCTeCTBeHHOro AfIeKTpu4eCcKkoro nons

Kanairopopa B. B."™, MpocTos C. M."
'Kyabacckuit rocynapCTBeHHbIA TexHU4eCKui yHuepeuTeT um. T. @. lopbavesa, r. Kemeposo, Poccus
*e-mail: kalay232@gmail.com

Pegpepam
Beeoenue. B npouzeo0cmeennoll npakmuxe Hauboiee pacnpoCMpPaHeHHbIM Memooom
0bHapydicenusi IHO02EHHO20 NOJNCAPA  SAGISEMCSL  GU3YANbHLIL, UHOUKAMOPAMU  S6IAI0MCS
makue 3amenHvie NPUHAKU, Kax ObiM U 020Hb. TIoMumo onucanno2o memooa, NpUMEHsIIon maKice
MemoO0 KOHMPOIs IHepeUuU Menio6020 U3LYHEeHUs ULU 3aMepbl COOEPIUCAHUST 2A3000PA3HbIX
npodykmog ceopanus yeni. Ilepeuucnennvie memoowvl obnadarom HeOOCMAMOYHOU
MOYHOCMbIO AHAIU3A U NPOSHO3A 301 ROMEHYUATLHOU NOANCAPOOnacHocmu. B dannoti cmamve
onucvieaemcsa Memoo 2eo0u3UYecKol INeKMpopazeeoKku, Oa3UpyIoOwWulics Ha KOHMpoie
AHOMANULL KOHMPACMHBIX DNEKMPUYECKUX NOodel, BO3HUKAIOWUX HAO 04A2OM Nodcapd Ha
NOBEPXHOCTU NOPOOOY2ONbHO20 MACCUBA.
Llens pabomet. [Ipouzeecmu ananuz meopemudeckux 3nanui 06 obpazyiowuxcs ¢ oonacmu
ouaza CamoB0320PAHUSL AHOMANUAX €CMECMEEHHO20 NeKMPUYECKO20 NONss U COelanmb
86180061 00 IhPeKMUBHOCIU 203IeKMPULECKO20 Memood OISl IOKAYULU 30H CAMOB0320PAHUS
V2ONbHO20 MACCUBA.
Memoodonozun. [ns  Odocmudicenuss NOCMAGIEHHOU — yeau  pabomel  paspabomaua
MamemamuiecKkas Mooenb 06pa306aHUsL eCMECMBEHHO20 20€INEeKMPULECKO20 NOJisL 8 0bnacmu
Gopmupyrowecocs 0uaza camo8o320panusl Yeis ¢ UCHONb30BAHUEM MEMOO08 dNeKMpPOpa38eoKU
3a6UCUMOCIU ROMEHYUAN08, HeOOXOOUMbIX Oisi UHMEPRPEemayuy OaHHbIX, NOLYYEHHbIX NPU
UMepeHUsIX.
Pesynomamot. Hsznooicenvt meopemuyeckue NONONCEHUS, GKIIOUAIOWUE AHATUMUYECKUe U
epaguyeckue 3a8UCUMOCU USMEHEHUs 2e0INEeKMPUYECKO20 NOMEHYUALd, COeLANbl 8blB00bL
0 3aBUCUMOCIIU NOMEHYUALA O CLEOYIOWUX NAPAMEMPO8: MEMNEPAmypa 8 ouaze, YOeibHOe
IleKmpuiecKoe COnpomusileHue 61e u BHympu ouazd, popma ouaza.
Bb1600bl u obnacmv npumenenus pesyiomamos. llpumenenue memooa ecmecmeeHHO20
INEKMPULECKO20 NOTSL NPU OOHAPYICEHUU 04A208 CAMOHAZPEBAHUS 8 NOPOOOY2ONbHOM MACCUBE
0CODEHHO IPheKmusHo Ha HAUATBHBLIX CMAOUAX PA3BUMUSL IHOO2EHHBIX NOANCAPO8, KO20d
mpebyemcst onpedenums dPGexmueHvlLi paouyc u 2yOUHy pacnoiloNCeHUust 3apodAcoarue2ocs
04aza IHO02EHHO20 NOAHCAPA, MAK KAK 04de CAMOHAZPe8anUs Npedcmagisiem noaspu308anHoe
meno, 6nuzkoe no gopme K cepe, umo obecneyueaem GOpMUPOBAHUE AHOMATUU
2€00IeKMPUYECKO20 ROMEHYUALA HA 3eMHOU nogepxHocmu. I eosnexmpudeckuil Memoo makdice
agpgpexmuser npu cmaouu 2operus 0151 OUASHOCMUPOBAHUS 2DAHUY AHOMATbHOU 30HbI.

Knroueevie cnoea: sunoozennvie nooicapsi, camogozeopanue yens; 2eo(uzuuecKkull
MOHUMOPUHS, NOMEHYUAT INEeKMPUYLECKO20 NOJ.

Bgenenmne. /151 pazpabotkn 3pQekTHBHBIX Mep OOPHOBI C SHIOTCHHBIMHU MTOYKaAPaMU
MPOBOJISITCS IIUPOKOMACIITA0OHBIE W MHOTOIUIAHOBBIE HCCIIENOBAHMS TpOIlEcca Camo-
BO3TOpPaHUs TIOPOIOYTOJIBHBIX MacCHBOB. Tak, B paborax [1—4] skcepuMeHTaIBHO HC-
CIIEIOBAJIOCH BIMSIHUEC HA MHTCHCHBHOCThH TEIUIOBBICICHHS HAYABHOW TEMIIepaTyphl
OKHCIICHHS, KPYITHOCTH, BI2YKHOCTH YISl M BO31yXa, CKOPOCTH JIBIDKCHUSI Ta3a. YCTaHOB-
JICHO, YTO HAHOOJIbINIEE BIMSHAE UMEET HaYallbHAS TEMITEPaTypa OKUCIICHHUS, OCTATLHBIC
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(haKTOphI CKa3BIBAIOTCS HEOmHO3HAUYHO. CaMOBO3TOpaHUe YISl TAaKKe HCCIENOBAIOCH
B KPYITHOMACIITA0HBIX TEIDIOM30JISAIMOHHBIX KaMepax. Ha ocHOBe pOBEIEHHBIX SKCIIEPH-
MEHTOB TIOJTyYeHbI TEPMOKUHETUICCKHE U TETNTO(PU3MIESCKIE TapaMeTphl HU3KOTEMITepa-
TYpPHOT'0 OKHCIIeHUs [5, 6]. B pabote [7] ycTaHOBIIEHBI OCHOBHBIE 00S3aTEBHBIC YCIIOBHUS
CaMOBO3TOPaHUS KaK XUMHYECKOTO MPOIECCa; CIIOCOOHOCTD YISl OKUCISATHCS TIPU HU3-
KHX TeMIIepaTypax, MPUTOK BO3/AyXa, 3aTPyIHEHHASI OTJa4ya TeIuIa B Cpey.

Js onepaTHBHOTO OOHAPY>KEHUS U JIOKAIIUH 0YaroB MOI3EMHBIX U OTKPBITBHIX dHJI0-
TEHHBIX TI0KAPOB AKTUBHO MPHUMEHSIOT BU3yaldbHBIC, TA30aHATUTUYCCKUE U TEPMOME-
TpUUYECKUE METO/BL. [IepCrIeKTHBHO MPUMEHEHHE reO(pH3MUSCKUX METOAOB MPOrHO3a U
KOHTPOJIS pa3BUTHS 09aroB CaMOHArPEBaHIsI B TOPOJIOYTONBHBIX MaccuBax [ §].

B wactHOCTH, TeoaneKTpudeckre CocoObl, OCHOBAaHHBIE HA M3MEPEHUH TapaMeTPOB
aKTHBHBIX M €CTECTBEHHBIX nekTpuyeckux noneit (EJII), HanMenee TpynoeMKu 1 Hau-
Ooree MPOM3BOAUTENBHBL. KOMITIIEKCHOE NMPUMEHEHHE TEORIEKTPUISCKUX METOIOB TI0-
3BOJISIET 0OECTIEYNTH OTIEPATUBHBII IPOTHO3 CAMOHArPEBaHUsl YISl HA PaHHUX CTaIusX,
a TaroKke KOHTPOJIb M3MEHEHHsT OCHOBHBIX [TapaMeTpOB OdYara rmo)kapa Ha BCEX €ro CTaIusX.

HcTounnkoM aHoManmii (OTKIIOHEHHH OT ()OHOBBIX 3Ha4eHHH noreHIana EDIT) sB-
JISIIOTCS. OYard CaMOHAarpeBaHWs B YTOJNBHOHM cpene, HallpuMep, Ha paspesax, B 3a00sx
LIaXT, Ha OTBajax U T. 1. OHa U3 MPUYUH BOSHUKHOBEHUS 0Yara CaMOHarpeBaHus — 3TO
OKHUCJIUTENBHEIE MTPOLIECCHI B YIVIE, MPOTEKAOIIUE C BBIICICHUEM TEIlIa B OTPAHUYCHHON
3aMKHYTOW OOJNACTH. YCTaHOBJICHO, YTO C POCTOM TEMIEPATyphl YACIBHOE JIEKTpUYe-
CKOE COMNPOTHUBJICHUE YIIIeH YMEHbBIACTCS U, HAPSIy ¢ OAPOTOKaMH, BO3HUKAIOT TEPMO-
TOKH, KOTOPBIE JAIOT JOMOTHUTENRHBINA BKJIaa B oTeHman EDII [9, 10].

Or1eHKH, MOITYYEHHBIC U3 TEOPUH BOSHUKHOBEHHUS TEPMO- M OApOTOKOB, COBIIaJa-
0T TI0 MTOPSIIKY BETTUYHH C PE3yJIbTaTaMy 00paboTKH HEMOCPEICTBEHHBIX U3MEPEHUH B
ouarax caMOHAarpeBaHws, STUM MOXXHO BOCIIOIB30BATHCS TIPH PEIICHUH TIPAKTHICCKUX
3amaq [11].

[Ipobnema okanyy 04aroB CaMOHATPEBAHUS YIJIEH C UCTIOIB30BAHNEM ITOTyYeHHBIX
sKcnepuMeHTaTbHO aHoManmit EQIT — 1o cnokHas 3amava, Ui peIeHns KOTOpOoi cire-
IyeT TIPUMEHSTh COBPEMEHHYIO U3MEPUTEIBHYIO allapaTrypy, MaTeMaTHIeCKHUe METOBI
00pabOTKH SKCIEPUMEHTAIILHBIX JAHHBIX W YHCJICHHBIE alTOPUTMBI PEIICHHUsT 00paTHBIX
3amad [12].

Onpenenenne GopMbl, pa3MepoB U TIIYOMHBI PACIIONOKEHHUSI NCTOYHUKA €CTECTBEH-
HOTO CTaI[IOHAPHOTO TMOJsl PAa3IMYHON TPUPOIBI (DIIEKTPUIESCKOW, TPaBUTAIMOHHOM,
TEIJIOBOM, MArHUTHOM WJIM JIPYTOM) SIBIISICTCS aKTyaIbHBIM JJIS 33/1a4 CEHCMUKH, DIICKTPO-,
MarHuTo- M rpaBupassenku [13, 14].

C TOuKM 3peHUsl MPUKIIATHON MAaTEeMaTUKU BCE ATH 3aJ1audl SIBJISIOTCS OOPaTHBIMU U
HEeKOppeKTHeIMU [15, 16]. BombIIMHCTBO CYIIECTBYIOIIMX TEOPETHYECKUX METOI0B
Y YHCJICHHBIX aJITOPUTMOB ITOCBSIIICHBI B OCHOBHOM PEIICHUIO JIMHEWHBIX 00paTHBIX 33/1ad,
T. €. TaKWX, I7¢ HEM3BeCTHAS (DYHKITUS SBIICTCS COMHOMKUTEIEM KAaKOTO-TO M3BECTHOTO
BEIpaKEHISI, XapakTepusyromiero cpeay [17-20]. Pa3paboTke u TECTHPOBAHHIO aJITOPHUT-
MOB PEIICHNS HeJTMHEHHBIX 00paTHBIX 3a71a4 TOCBAIICHO Topa3no MeHbIte padoT [21].

eanb paGorbl. B 30He caMOHarpeBaHrsa U CaMOBO3TOpPaHHUs YIIIECOAEPKAIIETO CKO-
TUTEHUS] TIPOUCXOAT AIEKTPOKHHETHYECKHE U IEKTPOXUMHUYIECKHE TIPOIECCHI, CIIOCO0-
CTBYIOIIME OOPa30BAHMIO €CTECTBEHHOTO KBA3WUCTAIMOHAPHOTO (MEIJICHHO H3MEHSIO-
IIETocs) TeOdIEKTpUIeckoro noms. PaccMorpum HamOoliee CyIIiecTBEHHBIE (aKTOPBHI,
crocoOcTByrOIMEe (POPMUPOBAHUIO TEOAEKTPUISCKUX TOJEH HaJl 049aroM 3apoKaaro-
mierocs roxapa. [lo naHabM [22], 0CHOBHBIME TIOTEHITUATIONIPECIISIOMNME (DaKTOpaMu
SIBIISTFOTCS CIIEAYIOMINE: (DMIIBTPAIIMOHHBIC AIIEKTPUISCKUE TIONS, OKHCIIUTEIILHO-BOCCTA-
HOBHUTEILHBIE, U] ]y3OHHO-aCOPOIIMOHHBIC U KOHIICHTPAIIMOHHBIE TEOTIOIS.
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Mopsinok uccinenoBanus. GUIBTPAMOHHBIE TEKTPHUYESCKUE MO (AEKTPOKHHETH-
yeckuii 3((eKT BTOPOro posa) o0yCIOBIEHB! HAIPABICHHBIM IIEPEMEIIICHHEM 3apshKeH-
HBIX MOHOB ONPEACTICHHOIO 3HaKa U3 JBOMHOIO AIEKTPUUECKOTO CJ0sl, BOSHUKAIOIIETO
Ha KOHTaKTe PacTBOPA C MOPOJIOH, IIOTOKOM (DHIIBTPYIOMICHCS KHUIKOCTH Yepe3 MOpPhI B
nopoxHoM MaccuBe [23]. HanpshkeHHOCTh (PUIIBTPAIMOHHOTO TOJIS OTIPEISNAETCS Clie-
IyIoIIel 3aBUCUMOCTEIO [24]:

_ GepAP
- b

Ey

4w O

IJ1e ¢ — BEJIMYMHA CKauka TOTEHIMAlla B JBOMHOM SIIEKTpHYECKOM clioe («a3era-
MOTEHIHAY); € — aOCONIOTHAS AMAIICKTPUYECKasi POHUIIAEMOCTh MOPOIBL; p — 3ddek-
THUBHOE yIIeNbHOE eKTpuieckoe conporusieHue (YIC) nopomnsr; AP — miepemna 1aBie-
HUS Ha KOHIIAX Kawyuisipa; | — KOA(PPUIMEHT TMHAMUYECKOH BSI3KOCTH PacTBOPA.

M3 (1) cnemyer, 9T0 pa3HOCTH IMMOTCHIIMATIOB HA KOHIIAX KAMMJUIAPA HMEET TOPSIIOK C.
[Mo maHHBIM J1TA0OPATOPHBIX UCTBITAHUN 3TA BEJIMYMHA 3aBUCHT OT XUMHYECKOTO COCTa-
Ba [TOPOJIBI, KOHIICHTPAIIUU PacTBOPa, aJICOPOIIMOHHON CITIOCOOHOCTH TOPOTHOMN ITOBEPX-
HOCTH KalmuIsipa U U3MEHSETCsl B JMANA30He JICCATKOB-TIEpBhIX coTeH MB. [Tpuuunoii
(busTpanyy KHUJIKOCTH B paiioHe odara rmoxapa sBiseTcs e KOHBEKTHBHBIN TIepeHOC B
CTOPOHY OOHaXKEHMS MPU HarpeBaHUH Mopojl. Kak ObUTO yCTaHOBIICHO paHee, BEINYUHA
AP MOXET U3MEHSTHCS TI0 MEPUOJMIESCKOMY 3aKOHY 3a CYeT M3MEHEHHU arMocgepHo-
TO JaBJICHUS, YTO SBISIETCS (PU3NICCKOM MPUYUHON (HOPMUPOBAHHUS 3HAKOTICPEMEHHBIX
(UITBTPAIIMOHHBIX TIOJIEH.

BennurHa OKHCIUTEIBHO-BOCCTAHOBUTEIILHOTO TIOTEHIIHANA ONPENeNsieTCs] YpaBHe-
HreM Heprcra [25]:

aOK

RT
Pos =9 in—Fln R )

BOC

IJIe ¢, — BEIMYMHA TOTEHIMANIA B CTAHIAPTHBIX YCIOBUSX (NPU CTaHAAPTHBIX TEMIIEPATY-
pe 1 pacTBOpe); R — yHHBepcabHAs Ia30Bast IOCTOsIHHAS; T — abCOMIOTHAS TEMIIEPATYPa;
71— BaJICHTHOCTh MOHOB METAJUIA B PACTBOPE; F'— noctosinnas Papanes; a_, a,  — aKTHB-
HOCTHU OKUCIIUTENS] U BOCCTAHOBUTEISI, COOTBETCTBEHHO.

U3 (2) cnenyer, 4to mpupanieHue ¢, IPONOPUHUOHAILHO Temreparype 1’ B odare u
HEJIMHEMHO 3aBUCHUT OT U3MEHEHHUS OKHUCIIUTENbHO-BOCCTAHOBUTENIBHBIX CBOWCTB CPEIbI.

Hduddy3noHHo-a1cOpOIMOHHBIE W KOHICHTPAILIMOHHBIE SJICKTPUYECKUE MO B JaH-
HOM cJIy4ae MEeHee NHTEHCUBHEBI, YeM paHee PaCCMOTPEHHBIE.

IIpoBeneHHbII aHATM3 TO3BOJISIET CIENIATh BHIBOJA O TOM, YTO Oyar Iokapa MOXET pac-
CMaTpHUBATHCS KaK MOISPU30BAHHOE TEJI0, OCh MOJSPU3AIMK KOTOPOTO OMpeeNsieTcst mpe-
MMYILIECTBEHHBIM HAIPABICHUEM NIEPEMEIICHNS KUAKOCTH B TIOPAX, TO €CTh IT0 HOPMAJIH K
obHaxeHwto. [IpenensHOe 3HaUEHNE CKauKka TIOTEHIINAIa Ha TOBEPXHOCTH TOJISIPU30BAHHO-
ro Tena, MB, MOXHO oIpesienMTh ¢ y4eTOM OCHOBHBIX PACCMOTPEHHBIX (haKTOPOB:

Ag,, =(9,+90s) = 100...200.

max

AnmpoKcHMHUpYyeM ouar caMOHarpeBanus cepoii paguyca a, npumeM (QYHKITUIO pac-
Npe/IeIeHUs CKauKa IMOoTeHI1asa

Ap = Ag, cosb,

e O — yroim MeXIy OCBIO TMOJISIpH3aIiy (BEPTHKAIBIO) M PATNyCOM, ITPOBEIACHHBIM
B PacUETHYIO TOUKY.
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'\O »
O >
» AxOS o X
6
0 X
X
Pucynoxk 1. OOmuii Bux 3aBUCUMOCTM — @ U CXeMa pacyera IOJSI

MOJIIPU30BAHHOM cepbl — 6
Figure 1. General view of the dependency — a and scheme for calculatin,
the polarized sphere — 6

PaccmarpuBaemas 3a1a4a aHajgoruyHa 3aa4de dJIEKTPOpPa3BeIKd METOAOM MOTEHIHA-
JIa €CTECTBEHHOT'O MIEKTPUUYECKOTO Mmofisi. [ToTeHIman ¢ moiaspru30BaHHOTO I1apa, [eHTP
KOTOPOTO PAaCIIONIOKEH Ha ITyOWHEe /1, B IUIOCKOCTH, MPOXOJSIICH Yepe3 LEHTp Iuapa,
orpenesuM u3 ypaBHeHus Jlariaca B cepuieckux koopauHarax (puc. 1):

i(rza_‘f’}#i sin a_‘P)zo, ©)
or or ) sinb 00 00

e 7, 0 — KOOpJAMHATEI.
s perienust ypaBHeHus (3) NIPUHUMAIOT TPAAUIIUOHHBIE TPAaHUYHBIE YCIOBHS:
Ha OECKOHEYHOCTH

limg(r, ) — 0;

r—00

Ha rpaHuIe cgeps

1 Op 1 0p
0)—g,(a,0)=Ag;  — =—""2
(Pl(a ) (p2(a ) (p pl 6r|r—a p2 ar

r=a?

€ ¢, ¢, — NOTEHIHMAT BHE W BHYTPH CQEpBI, COOTBETCTBEHHO; p,, p, — YOC BHE K
BHYTpH c(ephl.
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Pucynok 2. I'paduxu Teoperndeckoit 3aBucuMocteil ¢/A,,(x) mpu: a =1 M; py/py =2 (I —h = 1,5 m;

2-2;3-34-5-a;h=2m;p/p1=2{U-a=15m;2-1;3-054-03)-6;a=1m;h=2Mm
(I-p/p1=1;2-2;3-4;4-10)—¢

Figure 2. Graphs of theoretical dependences ¢/A ¢,,(x) under: a =1 m; p,/py =2 (I —h=15m; 2 - 2;

3-3;4-5-ah=2m;p/p;=2U-a=15m;2-1,3-05;4-03)-6;a=1myh=2m
(I-p/p1=1;2-2;3-4;4-10)—¢

Pemenue 3agaun u1st moTeHUIManNa (¢ Ha 3eMHOW MOBEPXHOCTH (z = 0) mpu 7 > A
HMeeT BUJ

p, cosO , P h

0 =2Ap,a’—L— =2A0,a .
Py +2p2 r Py +2pz <h2 + x? )1’5

“

Ha pwumc. 2 mnpexacraBieHbl TpapuKd TEOPETHUYECKUX 3aBUCHUMOCTEH
o/A¢p, = ¢/A¢ (a, p,/p,, h, x) TIpH pasHbIX 3HAYEHUSX TIEPEMEHHBIX, & HA PUC. 3 — Ipa-
(yiKn 3aBUCHMOCTEN MOTEHIMANIA B MAKCUMYME HaJl LIeHTpoM chepel ¢, = @ (a, p,/p,, h).
[IpuBeneHHble TpadUMKK MOXKHO HCIIONB30BaTh Ui KOJIMYECTBEHHOW HWHTEPIIPETALlUH
JIAHHBIX 30HUPOBAHUH.

M3 mpencraBiIeHHBIX pacdeTOB BHUIHO, YTO B paliOHE IOSIPH30BAaHHOW cheps
(odara caMoHarpeBaHus1) pacyeTHbIC aHOMAJIUW TTOTEHIIMATA T€0IEKTPUIECKOTO IO
cocrapisor ¢ = (0,01...0,4)Ap = 2...80 MB, 4TO 3HAYUTENHLHO NPEBHIIAET POHOBBINA
YpOBEHB.

Pacnonokenue 1eHTpa cdepbl COOTBETCTBYET MaKCUMAIbHOMY 3HAYCHHUIO @(X).
AHanm3 pacyeToB MO3BOJISET CHIENATh BBIBOJ O TOM, YTO F€OIIEKTPHUYECKHI METOJT TO3BO-
JSIET 10 pe3yabTaraM MpOoGUINPOBAHUS TPOU3BOANUTE JOKAIMIO OYara CaMOHarpeBaHUS
pamuycom 6omnee 0,5 M Ha TiTyOmrHE 10 10 M.

st nprOnKeHHOH OLeHKH TITyOHHBI /I PacHoIOKEHHsT 04ara MOKHO HCTIONb30BAaTh
METOVKY, H3JIOKEHHYIO B [26], Mpeanoiararoniyo n3MepeHne rpaJueHTa oTeHIMana
B JIByX Toukax rnpodmis. [opasno Mepee TpymoeMoK MPHOIMKEHHBIH crioco0 «cpeanH-
HOTO» CeUeHMs rpaduka @(x), M3BECTHBIA M3 AIEKTPOPA3BENKH, CYIITHOCTh KOTOPOTO 3a-
KITIouaeTcs B cienyromieM. Ha rpaduke ¢(x) mpoduins, mpoxosiiero Ha [ IeHTPOM odJara,
HPOBOIAT ceueHue Ha yposHe @ = 0,5¢ (puc. 1, a), Ipu 3TOM ONPENETAIOT BENUYMHY
COOTBETCTBYIOLIETO HHTEpBANa AX, .
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Pucynok 3. I'paduku TeopeTHueckoil 3aBUCHMOCTEH @, /AQ,,(x) npu: po/p; =2 (I —a=1m;2-2;3-3;
4-V—a;a=1m{I-pslp1=1;2-2;3-4;4-10)-6

Figure 3. Graphs of theoretical dependences @, /A @,(x) under: po/jpy =2 (I —a=1m; 2 -2; 3 - 3;
4—A)—a;a=1m{U—p/p1=1;2-2;3-4;,4-10)-6

[Moncraemnss B (4) ¢ = 0,5¢, ux = 0,5x , MOKHO TIOITY4HTh
h=0,50x,,(2° 1) " =0,65Ax,. (5)

Taxum 00pasom, 110 BeMIHHE HHTEpBalIa Ax, i MOXXHO IPUOIIKCHHO OLCHUTH [IyOH-
HY /1 pacroioKeHusl o4ara caMoOHarpeBaHusi MacCHBa.

Ouar caMOBO3rOpaHuss MOKET OBITH AIIIPOKCUMHUPOBAH Cepoil Mpu HaJIUIHU B Mac-
CHBE OJHOM CBOOOTHOM MOBEPXHOCTH (B momynpocTpaHcTse). [Ipu monmomHuTeTsHOM
MOCTYTIJICHNH BO3/IyXa Yepe3 IOBEPXHOCTh 0TKOoca 60pTa Kaphepa ¢ OOIBIIIOi BEPOSTHO-
CTBIO 3Ta 30Ha MOXET OBITh IIPEACTABIECHA BHITAHYTHIM CHEPOUIOM C HOIYOCIMH ¢ U a
(¢ > a, GompIIas 0Ch OPUEHTHUPOBAHA MAPAIIIETIBHO OTKOCY), ISl KOTOPOI'O pacipernese-
HUE NOTEeHLIKaa ONpeAesieTCs CAeAYIOINUM BeIpaxkeHueM [27]:

ilnH_b

6
4nl 1-b° ©

e [ =+c*—a’> —nonydoxycHoe paccTosHue; b = I/r — SKCIIEHTPUCHTET; 7 — PACCTOs-
HHUE OT TOYKH 3amepa 10 GokycoB chepora.

ITomMecTHM TOYKY 3aMepa Ha PACCTOSHUU A OT LeHTpa chepora MeprieHIUKYISIPHO
OOJIBIIION OCH Ha IOBEPXHOCTH ycTyma. C y4eToM pa3MepoB U3MEPUTEIHHON YCTaHOBKH
(puc. 4, a) BeipaxxeHue (6) IPUMET BHEITHUIA BT

pl 1nl+\/<cz—a2)/<cz+h2—a2)

- 475\/02—612 1—\/(02 —a2>/(02 +h2—a2> ‘

¢
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Pucynok 4. PacuerHas cxema — a ¥ rpaduKy M3MEHEHHS NOTEHIHAlIa ( B TOYKe KOHTpois M mpu
H3MEHEHUH pa3Mepa a 3apsDKEHHOTO Tea JUIs BEITSHYTOro cheponna — 6, 6
Figure 4. Computational model — a and graphs of potential ¢ behaviour at the control point M under
a changed size a of the charged body for an prolate spheroid — 6, 6

ITorenuuan Ha KOHType chepousa @, OPEAETUTCS TIPH a = A, TOT/IA BO3SMOXKHO TI0JTY-
YUTh OKOHYATEIbHOE BBIPAKEHUE AJIsl IOTEHIMANIA (:

9 11+,/F/(F+1)
N rl1—\/17/(F—1)’

e F = (¢ — d®/h% K — k05 GuLKeHT, 3aBUCSALIMA OT reOMETPUIECKUX Pa3sMEpOB pac-
YETHOW CXEMBI.

Ha puc. 4. 6, ¢ npuBezieHbl rpaduKu 3aBUCUMOCTH ¢/, (a/h) NpU pa3IMIHBIX COOT-
HOMIEHUSX ¢/h 1 ¢/ (c/h) IpH pasIMYHBIX COOTHOLIEHUAX h/a. B manHOM ciy4ae 3aBu-
CHUMOCTh (@) CYILIECTBEHHO HEJIMHEHHA, MPUYEM JAUana3oH M3MEHEHHs MOTeHIHaIa ¢
B TOYKE KOHTPOJNS M CHIKaeTcs NPH yBEIWYEHHUU BBITIHYTOCTH cdeporaa. JomnonHu-
TEJIFHOE TMPUpPALIEHNE KOHTPOIMPYEMOTO MapaMeTpa ¢ 3a CU4eT M3MEHEHHsS reOMEeTpUn
MCTOYHHKA 0TIt He peBbImaeT 10—15 %, 9To con3MeprMo ¢ MOrpenTHOCThIO H3MEPEHU T
METOZIOM €CTECTBEHHOIO JIEKTPHUUECKOTO MOJIS.

OKcrepuMEeHTaIbHAS TIPOBEPKA U3JI0KEHHBIX TEOPETHIECKUX IOJIOKEHUH MPOBOIU-
Jach Ha YroibHOM paspese «badarckuit» B palioHe sHIOreHHoro moxkapa Ne 223p [28].
Ha puc. 5 npencrasnen rpaduk M3MEHEHHUs Te0d3JIeKTPUUECKOTO MOTSHIHMANa Mo TMpo-
JOJILHOMY TMPOQHII0 X HaJ SMHUIEHTPOM 3anokapeHHOW 30HBL. W3 rpaduka criemyer,
YTO aHOMAJHUs (¢ UMEET MPOTSKEHHOCTh Ax = 35 M, C MakCUMaJbHOU aMILIUTYIOH
¢, = 53 MB, YTO COOTBETCTBYET IMOJIYYEHHBIM paHEEe TEOPETUYECKUM OIEHKaM.
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Pucynok 5. Pesynbrarhl M3mMepeHHI METOIOM TIeONOTEHLUAIOB Ha
y4acTKe 3HAOTeHHOro moxapa Ne 223p B GOpTy yrosibHOrO paspesa
«bauarckuii»: I, 2 — neBas M mpaBas TPaHULBI 3aN0XKAPEHHOTO
y4acTKa, COOTBETCTBEHHO; 3 — IyOMHa Ax 110 yPOBHIO IOTCHLMANA
Figure 5. Results of measurements using the geopotential method in
the area of endogenous fire no. 223p on the Bachatsky coal mine wall:
1, 2 — left and right boundaries of the fire area, respectively; 3 — depth
Ax, 5 by potential level

[lo manHBIM TEOpamMOIOKAIMY, pa3Mephl aHOMAJIHHOM 30HBI B IUTAHE COCTABHIIN: TIPO-
JIOJBHBINA — 52 M; momnepeunsiii — 18 M (cpemnee 3HaueHne — 35 M). OreHKa TTyOHHBI
pacronoxeHus o4ara noxapa 1o gopmyie (5) gaer h = 0,65Ax = 0,65 - 25 = 16,25 m.
DTa OIIeHKa CYIIECTBEHHO OTIIMYAETCsI OT JAHHBIX T€0PaINOIOKAINHI, COTIACHO KOTOPBIM
HMHTEPBaJ TITyOHHBI 3JI0KEHUS 30HBI COCTaBIII OT 2 70 5,7 M.

BoiBoabl. MeTon €CTECTBEHHOIO 3JEKTPUYECKOTO MO MOKeT 3()(HEKTHBHO
MPUMEHSITHCS TIPY 00HAPYKEHUM 0YaroB CAaMOHAIPEBAHUS B MOPOIOYTOJHLHOM MAacCHBE
Ha HaYaJIbHBIX CTA/INSAX Pa3BUTHS SHAOTEHHBIX ITOXKApPOB, IIOCKOIBKY BCIEACTBUE (DHITb-
TPAIMOHHBIX W OKHUCIHATENFHO-BOCCTAHOBHUTENBHBIX IMPOIECCOB OYar CaMOHArPEeBaHMUS
MPEACTaBIISET MOJIIPU30BAHHOE TEJIO, (POpMa KOTOPOTo alpOKCUMUPYETCs chepoit uiu
BBITSHYTBIM C(hepouIoM, 4To oOecrieurBacT (HOPMHUPOBAHHE aHOMAIIUH TEOICKTpUYEC-
CKOTO IMOTEHIMala Ha 36MHOM MOBEPXHOCTH C ammuuTyaoi no 80 MB, uTo mo3BomsieT
METOJIaMH JJIEKTPOPa3BENKH OMpeeNuTh d(h(HEKTUBHBINA PaTuyC U TIIyOHHY pacIiooxe-
HUS 3apPOKIAIONIETOCS 09ara SHJ0TCHHOTO MToXKapa.

[Ipu pa3BUTHH HIOTEHHOTO MOKapa 0 CTAIUH TOPEHUS, KOT/a 3aroKapeHHas 30Ha
MMeeT 3HAaYHUTENIbHBbIE pa3Mephl B IUIaHE (JECSITKH METPOB) M OTPAHMYCHHBIH AHAana3oH
o ryouHe (2—6 M), TE0NMEKTPUIECKIIA METOT TIeTIECO00pa3HO MPUMEHSTh JJIS TUArHO-
CTUPOBAHWSI TPAHUI] AaHOMAJIBHOM 30HEI B TUIAHE TI0 Pe3yJIbraTaM MpOoGIIBHEIX WIH 110~
LAAHBIX U3MEPEHUIA.
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Diagnosing a coal-rock mass self-heating source based
on natural electric field anomalies
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Abstract
Introduction. In industrial practice, the visual method of an endogenous fire detection is the most
common, smoke and fire are visible indicators. The method of thermal radiation energy monitoring
is also used or coal combustion gas content is measured. The indicated methods lack satisfactory
accuracy of analysis and forecast of potential fire hazard areas. This article describes a geophysical
electrical prospecting method based on monitoring anomalies of contrasting electric fields above
a fire seat on the coal-rock mass surface.
Research objective is to analyze theoretical knowledge about natural electric field anomalies in
the spontaneous combustion area and evaluate the effectiveness of the geoelectric method for coal
mass spontaneous combustion zones location.
Methods of research. A mathematical model is developed of a natural geoelectric field formation
in the area of a forming coal spontaneous combustion source. The model was developed using
electrical prospecting of potential dependences necessary for interpreting the data obtained from
measurements.
Results. Theoretical principles are presented, including analytical and graphical dependences of
the change in geoelectric potential. Conclusions are drawn about the potential dependence on the
following parameters: temperature in the fire source, electrical resistivity outside and inside
the fire source, and the source shape.
Conclusions and scope of results. The natural electric field method in self-heating sources
detection in a rock-coal mass is especially effective at the initial stages of endogenous fires
development, when the effective radius and depth of incipient endogenous fire source location
should be determined. This is due to the fact that the self-heating source is a polarized body, close
in shape to a sphere, which ensures the development of an anomaly of geoelectric potential on the
earth’s surface. The geoelectric method is also effective at the combustion stage for diagnosing
the anomalous zone boundaries.

Keywords: endogenous fires; spontaneous combustion of coal; geophysical monitoring; electric
field potential.
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