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MN3Bectnsi YpaAbCKOro roCyAapCTBEHHOrO TOPHOro
YHUBEPCUTETA — PELEH3MPYEMDLI Hay4YHO-TEXHUYEe-
CKMI >KyPHaA, B KOTOPOM HAaXOASIT OTPKEHUE aKTy-
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YPaALCKOro pervoHa 1 COnpeAeAbHbIX Tepputopuin. B
UX YMCAE MPOOAEMDI FEOAOTUM U PA3BEAKM HEAD, F€0-
(hPUBNYECKMX UCCAEAOBAHMUI, TOPHOTO A€AA U TOPHOM
MEXAaHVKM, SKOHOMMKMN MPUPOAOTIOAL30OBAHMSI.

K ny6AMKaLumy NpUHMMAIOTCSI CTaTbi HA PYCCKOM M aH-
TAMACKOM sI3bIKaX.
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1 MpaBrAa OPOPMAEHMSI CTaTEN pPa3MeELLEHLI HA canTe
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One of the best methods used to delineate basement structures and configuration is the airborne magnetic survey data.

The goal of this research is to accurately delineate the deep-seated basement configuration and structures. Production of geophysical maps after
processing the data, including two-dimensional (2D) and three-dimensional (3D) magnetic susceptibility layered-earth models for high-resolution
airborne RTP magnetic data over the eastern part of the Gulf of Suez, was conducted to accurately detect the shallow and deep-seated basement
structures. The well data was used to correlate and control the depth of the basement during the 2D and 3D modelling.

Results of the estimation of the depth to the basement showed that Analytical Signal (AS), Source Parameter Imaging (SPI) and Euler methods have
very similar results. The eastern part in the three maps indicates more shallow depths that reach 300 m in some locations; on the other hand, the
western part of the area indicates deeper depths to the basement, which in some places reaches 5000 m from the existing averaged ground surface.
The 3D modelling showed an adequate matching between the depth to the basement in the calculated and observed data. The sedimentary section
is tectonically affected by such deep-seated basement structures with a set of faults that extend from the basement upwards through the sedimentary
cover. Generally, these faulted sedimentary blocks may constitute potential structural traps for the hydrocarbon accumulation.

Keywords: 2D and 3D magnetic susceptibility, layered-earth models, deep-sated basement structures, regional and residual RTP, eastern Gulf of Suez
region.

ntroduction
The airborne magnetic tool method is one of the best methods used to illustrate the horizontal variation in magnetic
properties of underlying rocks. Generally, the basement rocks represent deeper anomalies and have high magnetic fields,
while the sedimentary rocks represent the shallower anomalies and have lower magnetic fields.

The oldest rocks in Egypt are basement rocks; these rocks have likely recorded all tectonic events that have affected Egypt since
the beginning of the Cambrian period to the present. The aeromagnetic survey method is one of the most effective geophysical
methods for mapping tectonic trends of deeply buried basement rocks. Usually, aeromagnetic mapping reflects the horizontal
variation in magnetic properties of underlying rocks. In this regard sedimentary rocks, excluding iron ores and basic extrusions
intruded within them, are characterised by very low magnetic susceptibility, while igneous and metamorphic rocks (the main
components of basement rocks) are strongly magnetised. The more heterogeneous and deformed the basement rocks, the shaper
and stronger their magnetic signatures will be on the aeromagnetic map [1].

In this research, different methods to determine the depth to the basement at the eastern part of the Gulf of Suez were applied.
There are many methods that can be used to delineate the depth to the basement such as source parameter imaging (SPI), analytical
signal method and Euler Method. Additionally, the role of three-dimensional (3D) modelling has become more important.
The 3D modelling in geophysics is divided into two important parts: the forward and the inverse problem. In geophysics, for
the forward problem, a model is given and the data is calculated, while geophysical inversion is mathematical technique used
to retrieve information about sub-surface physical properties (magnetic susceptibility, density, electrical conductivity, etc.) of
measured geophysical data.

The observed total magnetic intensity in the airborne magnetic survey is measured as a result of the Earth’s Magnetic Field.
The forward model has a unique solution in which the data is calculated depending on the model. However, when applying
the inverse process the reasonable produced model depends on the measured data. The main factor that controls the observed
magnetic field on the earth’s surface is the susceptibility differences distribution (Ak) in the subsurface.

The main target of the inverse process is to minimize the deviation between the measured and calculated data. Usually an
iterative procedure is used to reach this goal, where the data and model parameter vectors are related via a non-linear response
function, which tells us how to calculate the synthetic data from the given model.

Data acquisition

During March 1998, the Airborne Geophysics Department of the Nuclear Materials Authority (NMA) of Egypt led a high-
resolution aeromagnetic survey covering 2745 km?” over the eastern part of the Gulf of Suez. Data was gained along primary
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Figure 1. The map of Egypt showing the location of the area under study.
PucyHok 1. Kapta ErunTa c ykazaHnem MecTonorioXXeHUsi uccriefyemomn TeppuTopun.

(essential) lines spaced at 1000 m and along control lines spaced at 10000 m (normal to the primary lines). Nominal flying
elevation was about 100 m (330 ft) above ground surface (terrain clearance). The direction of the survey was 125°-305° azimuth
degrees for primary lines and 35°-215° azimuth degrees for control lines (Fig. 1).

Geologic features

Geologically, the area is covered by a variety of rock formation from Quaternary, Miocene, Paleocene, Cretaceous and
Paleozoic Eras (Fig. 2). It contains man made features such as several oil fields (Rudeis, Feiran and Belayim oil fields). The western
side of the studied area is part of the Gulf of Suez. It is dominated by several mountains such as Gabal Zeit at the southern part
of the area, which is formed of undeformed alkali granitic rocks, Gabal Nazzazat (formed of siliciclastic- carbonate succession)
and Gabal Ekmain the central part of the area. There are some Wadis within the area such as Wadi Abu Ratamat, Wadi Abiad and
Wadi Thaghada. The nearby eastern part of the Gulf of Suez is covered by Quaternary deposits (Fig. 2).

Airborne magnetic data calibration and processing

The Figure of Merit (FOM) test, heading test and lag test were applied after the survey. The FOM test was carried out at flight
height 10,000 above sea level at each survey direction. Heading test was carried out. The values of the heading used in the processing
of the data are + 10 and + 6 for primary lines and tie lines, respectively. The lag test was applied to establish the magnitude of any timing
differential within the whole survey system. The resulting parallax/lag error calculated was 0.6 seconds. The magnetometer base
station was used to remove the diurnal variation twice daily before and after survey, rather than repeated flying on control lines
across the traverse lines. The data was obtained from the fixed magnetometer (magnetometer base station) used in correcting the
observed data by direct subtraction.

The International Geomagnetic Reference Field (IGRF) correction is done to remove the regional gradient of the Earth’s
Magnetic Field due to the continual changes in the direction and magnitude of the earth’s main field as one goes from one place to
another [3]. The magnetic field of the earth is recorded every five years as international magnetic map. Data levelling and Micro
levelling applications were applied. The origin of levelling problems is that geophysical surveys collect data under constantly
changing conditions that contribute to errors. The most obvious effect of such errors is an apparent level shift in neighbouring
parallel survey lines, which is a phenomena commonly referred to as levelling error.

Systematic errors are measurable and can be corrected using simple mathematical formulae and systematic corrections
compensate for measurable errors in the data. Systematic errors follow regular patterns and are removed mathematically by the
computer [4].

8 Lumanckun C. B., TapwaH A. Basement configuration depth methods of airborne magnetic data in the eastern Gulf of Suez,
Egypt // VsBectna YITY. 2019. Boin. 1(53). C. 7-17. DOI10.21440/2307-2091-2019-1-7-17
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Figure 2. Geological map of the Middle Eastern part of the Gulf of Suez, Egypt [2].
PucyHok 2. l'eonornyeckas kapta cpeaHeBocTouHon Yactu Cyaukoro 3anuBa, Eruner [2].

Data treatment and qualitative/semi-qualitative analysis

Three filled-colour contour maps were created from the aerial magnetic survey data. The reduced to the pole (RTP) map
(Fig. 3) is generated from a total magnetic intensity map. Because of the inclination of the earth’s magnetic field, most magnetic
anomalies show both positive and negative counterparts. These minimum and maximum anomalies are generally displaced from
the centre of the causative body along the magnetic meridian line. This is only the case when the inclination is 90° and the
magnetic anomaly lies directly over the centre of the source body. The RTP is used to remove this effect, so that the data appears
as if observed at the pole where the magnetic field is vertical. The magnetic peaks, then, occur directly over the magnetised bodies,
particularly in the case of absence of remnant magnetization [5]. In the opposite case, when the inclination is equal to 0°, the
minimum is located directly over the magnetic body. The field reduced to the pole at a fixed point above the measurement plane
in the frequency domain is given by [6]

L (0) =1/[sin (I,) - i cos (I) cos (D + 0)], if (IL<D,I =1,

where I — geomagnetic inclination, I - inclination for amplitude correction (never less I); D - geomagnetic declination, 6 — wave

number direction, i - imaginary corralponent.

Regional and residual magnetic-component maps, which are created by the Gaussian filter technique (Fig. 4, a, b), are
produced. The separation processes are designed to separate broad deeper variations “i. e., regional” from sharper local variations
“i. e., residual” magnetic anomalies. In other words, the magnetic map is split into two parts, the regional and the residual

Lumanckun C. B., TapwaH A. Basement configuration depth methods of airborne magnetic data in the eastern Gulf of Suez, 9
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Figure 3. Colour shaded contour map of Reduced to North Pole Total Magnetic Intensity Field showing the profiles of the two-dimensional
modelling, eastern part of the Gulf of Suez, Egypt.

PucyHok 3. LiBeTHasi KOHTypHas KapTa NOMIHOro BEKTOpa MarHMTHOro nons, peayuupoBaHHoro k CeBepHoMy nontocy, nokasbiBatollas
npodunu AByXMepHOro MmogenupoBaHua (BocTouyHasa Yactb Cyaukoro 3anuea, Eruner).

magnetic-component maps. The residual map focuses map attention on weaker features, which are obscured by strong regional
effects on the original map [7].

The energy (power) spectrum

The calculated radially averaged power spectrum (Fig. 5) for the aeromagnetic RTP can be divided into three portions. The
first one represents regional or deep sources components that are in the frequency range of 0.0 to 0.15 cycles per km. The second
portion represents residual or shallow sources components that range in frequency from 0.15 to 0.65 cycle/km. The third portion,
which frequency exceeds 0.65 cycle/km, is the noise component. The estimated mean depths of both regional and residual sources
were found to be 4.5 km and 1.8 m, respectively (Fig. 4).

Magnetic depth estimation

Magnetic data analysis was used to guide the structural configuration and composition of the basement using three advanced
techniques. These methods are analytical signal (AS), source parameter imaging “SPI” and Euler method [8].These methods have
proved to be effective tools for locating magnetic structures such as faults.

A. Analytical signal (AS) technique

The analytical signal is the square root of the sum of the squares of the vertical and the two horizontal derivatives of the
total magnetic field. The analytical signal approach has been successively used in the form of 3D interpretation of aeromagnetic
data [9].

The analytical signal method’s success results from the fact that the location and depth of magnetic sources are found with
only a few assumptions about the nature of the source body, which is typically assumed as a two-dimensional (2D) magnetic
source such as contact, step, horizontal cylinder and dike. The amplitude shape of the analytical signal for these geological models
is a bell-shaped symmetric function located directly above the source body. The magnetic source depths, using the magnetic
method, are calculated from the ratio of the total magnetic analytical signal to the vertical derivative analytical signal of the total
magnetic intensity (Fig. 6, a).

B. Source Parameter Imaging (SPI) technique

SPIis a technique based on the extension of complex analytical signals to calculate magnetic depths [8]. The interference and
overlap of anomaly features is reducible due to using second-order derivatives in this method. The method is used on gridded data
by first estimating the direction at each grid point. The vertical gradient is calculated in the frequency domain, and the horizontal
derivatives are calculated in the direction perpendicular to the strike using the least-squares method (Fig. 6, b).

10 LWwumaHckun C. B., Taplwan A. Basement configuration depth methods of airborne magnetic data in the eastern Gulf of Suez,
Egypt // VsBectna YITY. 2019. Boin. 1(53). C. 7-17. DOI10.21440/2307-2091-2019-1-7-17
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Figure 4. Colour shaded contour map of a) the regional and b) the residual magnetic components of the RTP map eastern part of the
Gulf of Suez, Egypt.

PucyHok 4. LiBeTHasi KOHTYpHasi kKapTa a) perMoHanbHOW U 6) oCTaTO4YHOM MarHMTHOW KOMIMOHEHTbI, peAyLMPOBaHHOM K NOOCY KapThbl,
BOCTOYHOW 4yacTu Cyaukoro 3anuBa, Eruner.

C. Euler method

Euler deconvolution method is an advanced technique depending on both amplitude and gradients to determine the source
of potential fields. At first, this method was used to interpret the 2D magnetic anomalies, developed to be used on grid-based
data. Magnetic field M and its spatial derivatives satisfy Euler’s equation of homogeneity (Fig. 6, c), this method was developed by
Thompson [10]

(x—xo)§+(y—yg)a+(z—zo)§:_NM,

oM oM
where —, ——

Ox ' Oy
structural index and is related to the geometry of the magnetic source. For example, N = 0 for magnetic contact, N = 1 for thin dike,
N =2 for pipe and N =3 [11].

The first look at the three maps shows that AS, SPI and Euler methods have very similar results (Fig. 6, a—c).The eastern part
in the three maps indicates more shallow depths to the basement that reach 300 m in some locations. On the other hand, the
western part of the area indicates deeper depths to the basement, which in some locations reaches 5000 m. The central southern
part of the area in the three maps refers to the existence of the basement at very low depths, where in some places the depth to
the basement in the area is outcropped. On the other hand, the depths become greater moving towards the east, which may be
evidence of the existence of a basin. The result of the depths to the basement of the analytical signal method ranges from115 to
5000 m and the depths to the basement of the SPI method ranges from 384 to 5134 m, while the depths obtained from Euler
method vary from 414 to 5177 m. The results of the three methods are very similar to each other.

Two-dimensional (2D) data inversion

2D inverted susceptibility layered-earth model was applied along three profiles within the area under study as shown in (Fig. 3).

Profile A (Fig. 7), extends more than 42 km long in the SW-NE direction passing through Well Belayim Bay-3 [12], which
controls the geometry and physical parameters of the basement blocks. The depth at this well showed great compatibility between
real and calculated depth, which is equal to 3530 m.

This profile shows a good fit between the observed and calculated magnetic curves with root mean square (RMS) equal
2.582%. The type of basement rock from different wells within the area is granite. The magnetic susceptibility used at this
profile is 0.0045 SI. The moderate thick sedimentary layer with varying thickness overlaying the basement rocks has an average
susceptibility value. The depth to the basement in the middle of the profile is shallower than the depth at the edges, where the
depth at the eastern part is more than 6000 m, which matches with AS and SPI maps (Fig. 6, a, b). Structurally, the profile shows
that the basement is tilted by a number of normal faults where the main trend of the extension stress pattern of the gulf is in a
NE-SW direction.

Profile B, extends more than 42 km, passing through Belayim 112-64 well [12], which controls the geometry and physical
parameters of the basement blocks. The depth at this well showed great compatibility between real and calculated depth, which
is equal to 2285 m. This profile shows an excellent fit between the observed and calculated magnetic curves with RMS equal to

oM
and 5, Tepresent first order derivatives of the magnetic field along the x, y and z directions, respectively; N is the
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RADMALLY AVERAGED POWER SPEC TRUMW

Figure 5. Power spectrum of magnetic data showing the corresponding averaging depths, eastern part of the Gulf of Suez, Egypt.
PucyHok 5. CneKkTp MOLHOCTU MarHUTHbIX AaHHbIX, UINMIOCTPUPYIOLUIA COOTBETCTBYIOLME YCPpeaHsoLWwme rmyouHbl (BOCTOYHas YacTb
Cyaukoro 3anusa, Eruner).
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Figure 6. Filled colour contour map of depth to magnetic bodies as calculated using a) analytical signal method, b) source parameter
imaging (SPI) and c) Euler Method, eastern part of the Gulf of Suez, Egypt.

PucyHok 7. 3akpalueHHas KOHTYpHas KapTa rny6uH 40 MarHUTHbLIX Ten COrnacHoO BbIYUCIIEHUAM C UCNONb30BaHWEM a) MeToAa aHanu-
TUYECKOro curHana, 6) nso6paxeHuss UICTOYHUKOBOIO NapamMeTpa u B) Mmetoga dunepa (BoctoyHas yactb Cyaukoro 3anuea, Eruner).
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Figure 7. 2D inverted susceptibility layered-earth model and calculated geomagnetic response of the profile A, eastern part of the Gulf
of Suez, Egypt.

PucyHok 7. [IByxmepHasi Mogenb MarHMTHOW BOCMPUUMUMBOCTM, MOMyYeHHas pelleHuemM obpaTHOW 3adayuu Ans CrIOUCTOWN 3eMnu, U
BbIYUCIEHHbIN reOMarHUTHbIN OTKIMK Nnpodunsa A (BocTo4Has YyacTb Cyaukoro 3anusa, Eruner).

2.525%. The magnetic model proved the presence of a moderate sedimentary layer in the north western part of the profile, which
has an average susceptibility value of 0.001 SI that decreases to the north east because the depth to the basement decreases close
to the Precambrian outcropped basement of Sinai. Structurally, the profile shows that the basement is tilted by a number normal
faults formed due to tension forces in the NE and SW direction.

Profile C (Fig. 8), extends more than 68 km long in the NW-SE direction. This profile shows an excellent fit between the
observed and calculated magnetic curves with RMS equal to 3.233%. This profile passes through three wells that are used to
control the depth to the basement Abu Zeneima 11-1s1, Feiran N.-1 and Belayim 112-64 [12]. The depth at this well showed great
compatibility between real and calculated depth, which is equal to 3830, 3825, and 2285 m, respectively. Structurally, the profile
shows that the basement is tilted by a number of normal faults. The depth to the basement becomes shallower at the south western
part than the north eastern part. This is evidence for existence of a basin in the northern part of the area.

3D magnetic modelling interpretation

Using GM-SYS-3D inversion code, the presumed sedimentary section-basement complex magnetic susceptibility contrast
Ak for several inversion trials was gradually set between 0.035 and 0.08 SI during the inversion run. The inverted basement
relief images, corresponding to the used susceptibility contrasts, were consistently inspected. The effective susceptibility contrast
was found close to the susceptibility contrast of 0.0628 SI (5000 micro cgs unit), and correspondingly its calculated basement
relief image (Fig. 9). The overall calculated 3D response fit the observed geomagnetic data better than +50.0 nT. Other model
parameters are set to be constant for all trails (convergence limit: 10 nT, Z0: 0 m and regional offset: 0.0), where Z0 is the nominal
top of basement surface.

The depth to the basement estimates reliably varied between 500 and 4700 m. The depth to the basement correlated with the
available drilled stratigraphic-control wells within the area under study. These wells are RB-A5 [13], Abu Zeneima 11-1S1 and Feiran
N-1 [12], BM 113-27 [14], Ekma-1 and Abu-Durba 115-1 [15]. The encountered basement relief at the study area was shown up
with three major basinal structures. These basins are located at the north western, central western and south eastern part of the area.

The available wells were sufficient to some extent to constrain the inversion process but if more wells are available they could
help in constraining the inversion and minimising the misfit value. At the unconstrained location, the misfit value is higher and
error could be because of the variation in magnetic susceptibility of the basement. The depths to the basement at the available
wells in the calculated basement relief image showed a good matching with the actual values of the depths at these wells. Table
shows the actual and observed value of depth to basement at each well.

Lumanckum C. B., TapwaH A. Basement configuration depth methods of airborne magnetic data in the eastern Gulf of Suez, 13
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Calculated and actual depth at the available wells within the area under study.
PacueTHas u chakTmyeckas rny6uHa Ha UMEIOLNXCA CKBaXMHAX B NpeAenax uccrieayemon Tepputopun.

Well Number Well Name Calculated Depth (m) Actual Depth (m)
1 RB-A5 3765 3761
2 Abu Zeneima 11-1s1 3850 3830
3 Feiran N-1 3830 3825
4 BM 113-27 4189 4181
5 Ekma-1 2174 2170
6 Abu-Durba 115-1 2091 2090
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Figure 8. 2D inverted susceptibility layered-earth model and calculated geomagnetic response of the profile C, eastern part of the Gulf
of Suez, Egypt.

PucyHok 8. [IByxmepHasi Mogenb MarHUTHON BOCMPUUMYMBOCTMU, MOJTyYEeHHas pelleHneM obpaTHOW 3aJayuv ANA CrIOUCTOM 3eMIu, U
BbIYUCNEHHbIN reOMarHUTHbIN OTKNMK npoduna C (BocTouHas YacTb Cyaukoro 3anusa, Eruner).

Conclusion

High-resolution airborne geomagnetic anomaly data sets were consistently and extensively acquired, processed and multi-
dimensionally inverted over the eastern part of the Gulf of Suez. The starting models for all inversion trails were initially built-up
using a priori information gained from the progressive standard qualitative and semi-qualitative interpretations. Three methods
(AS, SPI and Euler) were applied to determine the depth to the basement. The results of the three methods were close to each
other. The three maps showed two major zones in the area. The first zone in the western part of the area is characterised by high
depth to basement. The second zone in the eastern part of the area has a depth to basement lower than the eastern part. The depth
to the basement varies from 150 m to 5200 m. 2D inverted susceptibility layered-earth model was applied along three profiles
within the area. The well data controlled the geometry and physical parameters of the basement blocks. Using GM-SYS-3D
inversion code, 3D modelling was applied. Several inversion trials were gradually set with different susceptibility (Ak) between
0.035 and 0.08 SI during the inversion run. The effective susceptibility contrast was found close to the susceptibility contrast of
0.0628 SI. The depth to the basement correlated with the available drilled stratigraphic-control wells within the area under study.
The depth to the basement in the area reliably varied between 10 and 4800 m from the existing averaged ground surface. The
encountered basement relief at the study area was shown up with three major basinal structures. These basins are located at the
north western, central western and south eastern parts of the area. The results suggest that the sedimentary cover is tectonically
affected by deep-seated basement structures with a set of tectonic faults extending from the basement upwards through the

14 wumaHckun C. B., Tapwan A. Basement configuration depth methods of airborne magnetic data in the eastern Gulf of Suez,
Egypt // VsBectna YITY. 2019. Boin. 1(53). C. 7-17. DOI10.21440/2307-2091-2019-1-7-17



S. V. Shimanskiy, A. Tarshan / News of the Ural State Mining University. 2019. Issue 1(53), pp. 7-17 EARTH SCIENCES

33" 335 33°30°
S00000 szﬂpm 540000

3220000
DODOZEE

\

29"

Bﬂﬂ?ﬂﬂﬂ

Z2E745'

3180000

160000

S00000 520000 540000
33" 3318 3330
Scale 1500000
333 a SINE]  HOon

et
AR T o

Figure 9. Basement relief contour map after performing the 3D layered-earth inversion of the subsurface magnetic susceptibility
distributions and location of wells illustrated with numbers on the map, eastern part of the Gulf of Suez, Egypt.

PucyHok 9. KoHTypHas kapta penbeda hyHaameHTa nocne BbINONMHEHUSA UHBEPCUU TPEXMEPHOI CITIOMCTON 3eMNu ANs pacnpeneneHns
NnoAnoOBEePXHOCTHOW MarHUTHOW BOCMPUMMYMBOCTM M PacnofioXXeHne CKBaXMWH, NoKa3aHHbIX uudpammn Ha KapTe (BocTo4Hasa YacTb Cy-
aukoro 3anuea, Eruner).

sedimentary cover. These faulted sedimentary blocks may constitute potential structural traps for the hydrocarbon accumulation;
therefore further geophysical investigation could be needed.
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MeTOAbI U3y4eHMsI TAYOMHHOTO CTPOEHMsI PyHAAMEHTA HA OCHOBE
A3POMArHUTHLIX AQHHLIX B BOCTOYHOM Yactu CyaLKoro 3aamea, Ervner
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'CaHkT-leTepbyprckuii rocyaapcTeeHHbIn yHuBepceutet, CaHkT-letepbypr, Poccus
2ynpaeneHue sigepHbIX matepuanos, Kaup, Ervnet

OAHVM 13 AYULIMX METOAOB OIMPEASAEHMsI CTPYKTYP U CTPOEHMs (hyHAAMEHTA SIBASIETCS] a9POMArHUTHas! PasBeAKa.

LleALro AQHHOTO UCCAEAOBAHMSI SIBASIETCSI TOYHOE OMPEAEAEHME TAYOMHHOrO CTPOeHMsl (hyHAAMEHTA M CTPYKTyp. Co3aaHMe reousnyeckmx KapT rnocae
06paboTKM AAHHLIX (BKAKOYAsl AByXMepHbie (2D) u TpexmepHble (3D) MOAEAM CAOUCTON CPEeAbl C MArHUTHOW BOCMPUMMYMBOCTLIO AAsl RTP-MarHUTHLIX
AAHHDLIX BLICOKOTO Pa3pellieHnsl HAA BOCTOYHOM 4YacTbio Cy3LKOrO 3aAMBA) MPOBOAMAOCL C LIEAbIO GOAEE TOYHOTO OMpEAeAeHUs HEFAYOOKMX U TAy6o-
KO PACMOAOXKEHHDIX CTPYKTYP (PyHAAMEHTA. AAsl KOPPEASILMM M KOHTPOASI TAYOUHLI hyHAAMeHTa BO Bpemsi 2D 1 3D-MoA€AMPOBaHUsl MCMIOAL3OBAAUCH
CKBKMHHDBIE AQHHDIE.

Pe3yALTATBI OLIEHKM TAYOMHBI A0 (DYHAAMEHTA MOKA3aAM, YTO METOA HAAMUTUYECKOTO CUrHaAQ (AS), METOA M30OPaKEHMsI MICTOYHMKOBOTO napametpa (SPI) n
METOA DIAEPA AAIOT OYEHD MOXOXKME PE3YALTATLI. BOCTOUHAs YacTh Ha TPEX KapTax YKasblBaeT HA HEGOADLIME TAYOUHBI, KOTOPLIE B HEKOTOPLIX MECTAX AO-
cruraior 300 M; C APYroi CTOPOHDI, 3araAHast YacTb OOAACTM YKa3LIBAET HA BOAbLIME TAYOMHDLI A0 (PYHAAMEHTA, KOTOPLIE B APYrMX MeCTax Aocturatotr 5000
M OT CyLIECTBYIOLIErO CPEAHETO MOKA3ATEAS] HAASEMHOM MOBEPXHOCTU. B pacHeTHDLIX M HABAIOAAEMBIX AAHHBLIX TPEXMEPHOE MOAEAVPOBAHME MOKA3AAO
NMPUEMAEMOE COOTBETCTBME OT TAYOMHBI A0 (hbyHAaMeHTa. Ha paspes 0CaAO4HOrO YEXAA TEKTOHMYECKM BO3AEMCTBYIOT TaKME TAYOOKO PACrOAOXKEHHbIE
CTPYKTYPbl (hyHAAMEHTA C MHOYKECTBOM PAa3AOMOB, KOTOPLIE MPOCTUPAIOTCS OT (hyHAAMEHTA BBEPX Y€PEe3 OCAAOHHDLI YeXOA. B LeArom 3Tv HapylueHHbie
0caaoUHble BAOKM MOTYT (POPMMPOBATL MOTEHLIMAALHBIE CTPYKTYPHLIE AOBYIIKM M HAKAMAMBATL YTA€BOAOPOALI.

KatouyeBbie croBa: 2D v 3D MarHMTHasi BOCMPUMMUMBOCTL, MOAEAN CAOUCTON CPEAbI, FTAYOUMHHBIE CTPYKTYPbl (DyHAAMEHTA, PErVIOHAALHBIE M AHOMAALHLIE,
PEAYLIMPOBAHHbLIE K MOAIOCY AaHHbIe (RTP), BoctoyHast yacth CysLIKOro 3aAmBa.
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Petrochemical features of the dike complex of the Vorontsovskoye
gold-ore deposit (Northern Urals)

Oksana Borisovna AZOVSKOVA',
Mikhail Yuryevich ROVNUSHKIN",
Elena Industrovha SOROKA™

Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, Russia

Relevance of the work. The Vorontsovskoye deposit has some peculiarities of the Carlin-type deposit and is one of the largest gold fields in the Urals.
However, nowadays, it is almost worked out; similar objects in the region have not been identified. The dike complex of the stockwork type was not
previously studied at the deposit. The undertaken research can help clarify both the model of formation of ore mineralization and the predictive model.
Purpose of the work. Study of the composition and petrochemical features of the dike complex of the Vorontsovskoye deposit as one of the possible
factors for the formation of gold-ore mineralization.

Methods of research. The measurements of the occurrence of dikes within the current open-pit with the results on the azimuth grid were carried out.
A silicate dike sample assay was performed, and available past data was also used. The lithologic study of dikes was accompanied by the study of
samples using the JSM-6390LV scanning electron microscope (JEOL) with the IncaEnergy-450 energy-dispersive spectrometer and the CamecaSX100
electron probe microanalyzer.

Results of the work. At the first stage of the research, the structural position of dikes was specified; results of lithologic and petrochemical studies
and data obtained by microanalyzers were summarized. A significant prevalence of the main dikes with various compositions from picrobasalt to
gabbrodiorite (andesibasalt) has been identified. A group of dikes with increased and high alkalinity (including lamprophyres) with compositions from
moderately alkaline and alkaline picrobasalt to monzodiorite (trachyandesibasalt) has been identified as well. Occurrences of kalifeldspath metaso-
matism with the mineral association of chlorite-quartz- potassium feldspar-pyrite (+xgalena) were recorded in dikes of complete line. Earlier, areas of
kalifeldsparization were observed in tuff siltstones.

Conclusions. Availability of dike stockwork can be considered as a positive structural factor in the formation of the deposit. Its role as a magmatic
factor is unclear; however, it can be assumed that occurrences of kalifeldsparization are allied to dykes of increased alkalinity.

Keywords: Northern Urals, Vorontsovskoye gold-ore deposit, dikes, petrochemistry, kalifeldspath metasomatism, Carlin-type.

ntroduction
The Vorontsovskoye deposit is located near Krasnoturyinsk in the north of the Sverdlovsk region. It is one of the most
significant gold-ore sites in the Urals. Productive gold-sulphide mineralization has Au-As-Hg-TI-Sb trend and can be
associated with the “Carlin-type” for a number of characteristics [1, 2]. At the same time, there are some signs of polygenic and
polychronic formation of the deposit [1-4 et al.].

Regionally, the Vorontsovskoye deposit is located in the eastern part of the Tagil megazone within the Auerbah volcano-plu-
tonic complex; it coincides with the Turinsko-Auerbahovskiy ore district of the Krasnoturyinsk ore zone. It is located 1.2 km
west of the multi-phase Auerbah massif of gabbro-diorite-granite formation. Intrusions of the Auerbah complex, which form the
massif and its associated intrusive bodies, date back to the early Devonian.

Gold mineralization is localized in the volcanogenic-sedimentary formations of the Krasnoturyinskaya suite (D kr), which
form the wing of a slightly pitching monoclinal structure within the volcano-tectonic depression (graben-synclinal fold).
Ore-bearing formations are carbonate (brecciated limestone, carbonate breccia) and igneous-sedimentary (tuff siltstones, tuffa-
ceous sandstones, tuffites) formations of the Lower Devonian. They are intruded with numerous dikes of basic and medium
composition, which actually form a complex ore fold within the deposit (Fig. 1).

According to the geological works of various stages of the Auerbah ore cluster, to which the Vorontsovskoye deposit asso-
ciated with, it is characterized by a large variety of dikes: dolerites and gabbro-dolerites, pyroxene-plagioclase, plagioclase and
amphibole-plagioclase porphyrites, diorite- and quartzdiorite porphyry, lamprophyres of spessartite type, odonite, and kersan-
tite. It should be noted that in most cases their determination is based only on petrographic research data. The dikes of the Vo-
rontsovskoye deposit were slightly studied previously [3, 5], but the systemic work was not carried out. Their mineragenic type
and a possible role in the formation of gold mineralization remains debated. This determines the relevance of the research, the
first results of which are presented in this paper.

Objects and research methods, results of the work

During field works in 2017, more than 30 dikes were tested within the existing open-cut mining; structural measurements
were carried out.

According to the results of measurements of dip azimuth (using historical measures), a graph was constructed (Fig. 2).
It shows that there is a system discrete distribution of the poles in the Vorontsovskoye deposit. The systems of dikes of the
north-northeast (340°-62°), south-southeast (90°-190°) and western (235°-292°) dips are distinguished. Dip angles more than
60° are characteristic for all systems. The first two systems with similar dip azimuth values are also noted in the work of I. V.
Vikentyev [4].
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Figure 1. Plain view of the dike ore fold in the northern part of the Severny open-pit of the Vorontsovskoye deposit.
PucyHok 1. O6wmit BUA AalKoBOro LWITOKBepKa B ceBepHou YacTu CeBepHOro kapbepa BopoHLOBCKOro MecTopoxaeHus.
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Figure 2. Graph of the dip and strike of dikes of the Vorontsovskoye deposit in the azimuth grid. 1 — dikes of basic composition (normal
alkaline condition); 2 — dikes of medium composition (normal alkaline condition); 3 — dikes of increased alkaline condition; 4 — “neighboring com-
position” dikes (moderately alkaline / normal); 5 — no available data for chemical composition (according to TAS-diagram, Fig. 3).

PucyHok 2. lnarpamma pacnpegeneHus aneMeHTOB 3aneraHus Aaek BopoHLoOBckoro MecTtopoxaeHusi Ha asuMyTanbHOM ceTke. 1 —
[Oalikm OCHOBHOIO COCTaBa; 2 — Aalkv CPEAHEro CocTaBa; 3 — AaWKu NOBbILLIEHHOM LLENOYHOCTH; 4 — AalKK «MOrpaHNYHOro coctaBay» (YyMepeHHo-
LenoYHble/HopMarbHble); 5 — HET AaHHbIX MO XuMuyeckomy coctasy. o TAS-guarpamme, puc. 2.

There are no obvious patterns in the distribution of dikes belonging to different groups by chemical composition, which may
be due to a lack of data.

Data on the chemical composition of dikes are given in Table 1 (the analyses were performed in the laboratory of FHMI
IGG of RAS, analyst is N. P. Gorbunov). Petrographic studies showed that all dikes were altered to some extent by the imposed

metamorphic and metasomatic processes. The following Table 1 excludes full metasomatites, intensely sulfidized differences and
analysis with values of the indicator “Pp.p” = 7.
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Table 1. The chemical composition of dikes of the Vorontsovskoye deposit.
Ta6nuua 1. XuMnyeckni coctas faek BopoHLIOBCKOro MecTopoXxaeHus.

Sl. No. 1 2 3 4 5 6 7 8 9
Sample, No. 4/17 6/17 717 10/17 11/17 14/17 21-1/17  21-2/17 25/17
SiO, 50.31 46.88 50.84 54.53 49.63 53.60 50.74 51.50 49.45
TiO, 0.74 0.75 0.99 0.64 0.61 0.66 0.54 0.64 0.67
ALO, 16.09 16.44 16.07 16.06 15.30 18.50 18.52 18.41 18.82
Fe,O, 4.33 7.18 5.33 4.77 5.30 3.88 3.72 5.45 3.43
FeO 6.8 5.6 5.3 4.3 6.0 4.9 3.6 2.8 3.9
MnO 0.13 0.20 0.16 0.14 0.32 0.16 0.20 0.25 0.36
MgO 6.62 7.35 6.08 4.99 6.08 2.86 4.25 3.74 3.92
Ca0O 7.71 6.54 5.57 6.89 7.69 9.40 10.16 9.78 10.59
Na,O 2.25 2.95 3.1 2.47 2.76 2.72 3.05 3.87 2.87
K,O 0.91 0.82 0.55 1.94 0.90 1.53 1.37 1.25 2.24
P,O, 0.24 0.15 0.12 0.21 0.15 0.16 0.19 0.21 0.26
\ 0.026 0.032 0.023 0.020 0.024 0.020 0.014 0.016 0.020
Cr 0.008 0.005 0.005 0.010 0.006 0.012 0.003 0.009 0.007
Percentage of other
impurities 3.6 4.8 5.6 2.8 5.0 1.3 3.4 2.1 3.2
Amount 99.75 99.70 99.74 99.76 99.76 99.69 99.75 100.02 99.73
S 2.10 1.80 n/a n/a 0.02 0.07 1.08 0.46 0.34
Sl. No. 10 11 12 13 14 15 16 17 18 19
Sample, No. 26/17 26-1/17 28/17 29-2/17  29-3/17 30/17 31/17 34-1/17  34-2/17 35/17
SiO, 42.71 41.50 52.69 45.15 51.09 49.48 47.51 54.54 50.80 50.64
TiO, 0.68 0.60 0.58 0.57 0.64 0.72 0.91 0.59 0.84 0.45
ALO, 21.47 19.48 16.29 15.57 18.82 15.02 15.31 15.12 15.85 18.19
Fe,O, 3.60 8.05 3.76 5.76 6.07 7.03 6.31 4.19 6.06 6.51
FeO 1.8 1.4 5.7 4.6 4.2 1.4 3.9 5.3 1.0 3.1
MnO 1.06 0.63 0.14 0.19 0.15 0.12 0.17 0.15 0.09 0.17
MgO 4.82 3.57 6.32 10.78 3.42 9.22 4.48 4.40 7.43 3.38
Ca0O 16.81 16.53 7.88 9.63 8.09 9.44 11.43 7.71 7.75 9.69
Na,O 1.12 1.68 2.28 1.80 3.25 2.52 2.95 3.03 2.58 2.30
K,O 2.06 0.77 1.34 0.39 0.98 0.16 0.67 0.99 2.29 0.80
P,O, 0.24 0.22 0.13 0.06 0.25 0.16 0.14 0.18 0.40 0.16
\Y 0.017 0.014 0.021 0.022 0.019 0.014 0.020 0.021 0.016 0.011
Cr 0.006 0.005 0.008 0.042 0.006 0.039 0.007 0.010 0.016 0.005
Percentage of other
impurities 3.6 5.5 2.5 5.3 2.7 4.7 6.1 3.3 4.9 4.4
Amount 99.98 99.96 99.61 99.85 99.67 100.03 99.95 99.53 100.03 99.82
S 0.83 4.54 N/a N/a N/a N/a N/a 0.05 N/a N/a
Sl. No. 20 21 22 23 24 25 26 27 28 29
Sample, No. 36/17 905 909 913 926 933 934 1590 2 [5] 3[5]
SiO, 46.65 45.95 48.05 53.87 41.0 46.04 49.2 52.55 49.69 52.24
TiO, 0.70 0.77 0.58 0.65 0.75 0.72 0.56 1.19 0.52 0.83
ALO, 16.99 17.58 15.47 18.55 20.47 12.54 14.49 12.08 17.88 18.67
Fe,O, 8.77 5.81 3.06 1.96 215 6.13 3.92 3.44 3.3 2.31
FeO 5.2 5.0 8.55 4.6 6.6 43 5.2 2.8 5.34 5.73
MnO 0.20 0.13 0.14 0.22 0.44 0.16 0.13 0.12 0.19 0.20
MgO 6.87 2.85 5.69 3.15 4.72 13.02 6.3 8.34 7.22 4.22
CaO 9.22 71 7.39 9.52 9.48 8.17 8.22 6.7 9.55 9.75
Na,O 21 3.55 3.2 2.95 2.45 21 2.55 2.4 242 2.62
K,O 0.68 1.59 1.57 2.2 3.12 0.66 1.52 5.0 0.98 0.96
P,05 0.10 0.24 0.15 0.18 0.22 0.15 0.15 0.84 0.10 0.15
\ 0.036 - - - - - - - - -
Cr 0.008 - - - - - - - - -
Percentage of other
impurities 2.2 6.6 4.2 1.6 6.4 5.8 5.0 43 - 1.9
Amount 99.98 97.19 98.00 99.49 97.75 99.75 97.21 99.78 97.19 99.55
S 0.03 0.04 1.4 0.16 2.2 0.22 2.37 0.16 trace N/a

Note: No. 1-20 samples of 2017, No. 21-27 samples of 2009.
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In the classification TAS-diagram (Fig. 3), the dikes of the Vorontsovskoye deposit fall mainly in the area of the main rocks,
and only some of them - in the area of the middle rocks. It is noteworthy that there are not only quartz diorites among the dikes
but also diorites typical of the area as a whole. In addition, the presence of two trends — normal alkalinity condition and hyperal-
kalinity - is clearly visible, and in the latter, there are dikes corresponding in composition to ultrabasic formations — picrobasalts.

According to the petrographic characteristics, several main types of dikes are distinguished (the corresponding numbers are
given in parentheses for Table 1):

1. Porphyric pyroxene-plagioclase dikes (from essentially pyroxene to essentially plagioclase ones) of basalt, less often an-
desibasalt composition (Nos. 1, 2, 3, 5,7, 8, 13, 19, 20).

2. Dolerites, incl. porphyritic ones (Nos. 4, 28).

3. Porphyritic amphibole-plagioclase dikes (+pyroxene) of predominantly andesitic composition (6, 16, 23, 29).

4. Gabbro, gabbro-dolerity, incl. alkalized (Nos. 9, 14, 15).

5. Gabbrodiorite-diorite (Nos. 12, 26).

6. Lamprophyre of spessartite type (Nos. 18, 25) and kersantite (No. 27).

It should be noted that moderate alkaline and alkalized differences (with the exception of lamprophyres and relatively coarse-
grained gabbroids) are quite difficult to identify in conventional petrographic studies; and the presence of potassium feldspar is
mainly determined by using more detailed physical methods of research - a scanning electron microscope (SEM). Micrographs
of individual species of dikes are shown in Fig. 4, 5.

The relationship of dikes of different composition within the field is still unclear, although there are separate observations,
for example, a distinct intersection (pyroxene) -plagioclase porphyry dikes of the average composition of the dike of corniferous
lamprophyre of the spessartite type (Fig. 5).

According to the results of studies of polished thin sections carried out using the JSM-6390LV scanning electron microscope
(JEOL) with the IncaEnergy-450 energy-dispersive spectrometer and the CamecaSX100 electron probe microanalyzer, the
composition was specified of disseminated minerals in the most common porphyritic dikes - pyroxene-plagioclase of basic
composition and amphibole-plagioclase of medium composition (studies were conducted on previously selected samples). It
is determined that plagioclase of disseminated minerals in dikes of both types is represented by labradorite with small differ-

ences in the content of the anorthite minal. The compositions of pyroxene correspond to augite, and amphibole — hornblende
(Table 2).
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Figure 3. The position of the dikes of the Vorontsovskoye deposit in the TAS-diagram. 1 — intrusive rocks; 2 — igneous rocks; 3 — boundaries
of the distribution of plutonic rock; 4 — ambiguity areas; 5 — samples of 2017; 6 — samples of 2009 according to [5]; 7 — reported by V. N. Sazonov
et al. [3]; 8 — composition of dikes in the Vorontsovskoye deposit (according to geological prospecting data; Ufimtsev, 1968).

PucyHok 3. NonoxeHue gaek BopoHuoBckoro mectopoxaeHusa Ha TAS-guarpamme. 1 — MHTPY3UBHbIE NOPOAbl; 2 — ByfIKaHOTEHHbIE MOPO-
Obl; 3 — rpaHuLbl pacnpocTpaHeHnst MarmaTuyeckmx nopoa; 4 — 3oHbl HeonpegeneHHocTH; 5 — npobel 2017 r.; 6 — Nnpobbl 2009 . no [5]; 7 — no
B. H. Ca3oHoBy n ap. [4]; 8 — cocTaBbl faek B panoHe BopoHLIOBCKOro MecTopoxaeHus (no AaHHbIM reonoro-nonckoBbix pabot; Ydumues, 1968).
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Figure 4. Photos of thin sections of individual types of dikes of the Vorontsovskoye deposit (on the left hand side — without an analyzer,
on the right-hand side — in crossed Nicol). Ruler — 500 microns. a, b — Px—Pl-porphyry dike of basic composition, sample 4/17 (No. 1); ¢, d —
(Px)—Pl-porphyry dike of andesite-andesite-basalt composition, sample 6/17 (No. 2); e, f — porphyric gabbro-monzogabbro, sample 25/17 (No 9);
g, h — porphyric gabbro-diorite, sample 28/17 (No. 12).
PucyHok 4. ®oTtorpacdmm wnudoB otaenbHbIX TUNOB Aaek BopoHuoBckoro mecrtopoxaeHus (cneBa — 6e3 aHanusaTtopa, cnpaBa — B
CKpelleHHbIX HuKonsx). a, b — Px—Pl-nopcduposas paika ocHoBHoro coctasa, 06p. 4/17 (Ne 1); ¢, d — (Px)—Pl-nopcduposas favika aHae3nT-

aHpesnbasansToBOro cocrtasa, 0bp. 6/17 (Ne 2); e, f — rabbpo-moHuorabbpo nopduposmgHoe, obp. 25/17 (Ne 9); g, h — rabbpo-guoput
nopcupoBuaHbiin, obp. 28/17 (Ne 12).
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Table 2. The chemical composition of disseminated minerals in the main dikes of the Vorontsovskoye deposit according to microprobe studies.
Tabnuua 2. XuMn4eCcKknih coctaB BKPanyieHHMKOB B OCHOBHbIX Aanikax BopOHLIOBCKOro MecTopoXaeHus No AaHHbIM MUKPO3OHAOBbIX
nccnenoBaHum.

SiO, TiO, ALO, FeO MnO MgO CaO Na,0 K,O N Sample
Plagioclase

51.22 0.03 29.29 0.92 0.01 0.13 13.57 3.9 0.36 4 Bop-91-5a

51.68 0.04 29.11 0.82 0.01 0.11 13.22 4.10 0.34 5 Bop-91-56

52.35 0.04 29.25 0.76 0.01 0.14 11.88 4.13 0.77 7  Bop-103-2

Clinopyroxene

50.68 0.39 2.98 8.13 0.43 12.92 24.16 0.20 0.00 5 Bop-91-5

47.43 0.70 6.60 7.30 0.13 13.18 23.73 0.22 0.00 4  Bop-91-5
Amphibole

48.5-52.99 0.02-0.34 1.59-5.23 14.84-17.2 0.6-0.82 12.23-14.08 10.9-12.69 0.16-0.57 0.04-0.2 7 Bop-103-2

Note: N is the number of identifications; values are italicized < 2g. CamecaMX 100 microprobe analyzer, the Zavaritsky Institute of Geology and
Geochemistry of the Ural Branch of the Russian Academy of Sciences, the analyst is D. S. Zamyatin).

Figure 5. An example of the relationship of dikes of different composition. a — suppression of (Px)—PI-porphyritic dyke of andesite-andesiba-
salt composition (1) with a dike of spessartite (2); bc — general view in thin section (Px)—Pl-porphyry dike, without analyzer (b) and in crossed
nicol (c), sample 34-4-1/17 (No. 17); d, e — general view in thin section of spessartite dikes, without analyzer (d) and in crossed nicol (e), sample
34-2/17 (No. 18).

chyuon(( 5. I'IpM)Mep B3aMMOOTHOLLEHUS AaekK pa3fiM4HOro cocTasa. a—npece4verue (Px)—Pl-nopduposoii gaiikv aHae3vnT-aHae3nbasansrtoBoro
coctasa (1) gavikon cneccapTuTa (2); b, ¢ — 06wuii Bua B wnude (Px)—Pl-nopdurposoii Aankn 6e3 aHanusaTtopa (b) 1 B ckpeLLeHHbIX HUKOMSX (C),
06p. 34-1/17 (Ne 17); d, e — obwuii BUA B Wnudpe Javiku cneccaptuta 6e3 aHanusartopa (d) U B CKpeLLeHHbIX HUKONsIX (e), obp. 34-2/17 (Ne 18).
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Figure 6. Peculiarities of potassium feldspar (fsp) release in the initial rock of normal alkalinity (a) and in the area of quartz-kalifeldspar
metasomatism (b); sample 4/17. ab — albite, cl — chlorite, ep — epidote, pl — plagioclase, py — pyrite, q — quartz, sph — sphene.

PucyHok 6. OcobenHocTu BeigeneHun KLU (fsp) B ucxonHom nopoae HopmManbHOM LWENIOYHOCTY (@) M Ha y4acTKe KBapL-KanuiunaToBo-
ro metacomaro3sa (b); 06p. 4/17. ab — anbbuT, cl — xnopwuT, ep — aNnaoT, pl — nnaruoknas, py — NMpuT, q — kBapL, sph — cdeH.

In addition, in the detailed studies of polished thin sections in dikes similar in composition (samples 4/17, 6/17), occurrences
of quartz-kalifeldspath metasomatism were found. They are small plots and irregularly shaped patches composed by the chlo-
rite-quartz-potassium feldspar-pyrite association (Fig. 6, b). Titanite (sphene) usually occurs, and galenite is sometimes intruded
in pyrite. Potassium feldspar is characterized by the admixture of a small amount of barium (Ba, 0.32-0.53% w.). In the same thin
sections, potassium and sodium-potassium feldspar were observed in the form of uneven discontinuous margins (with intimate
intergrowth) at the edges of disseminated plagioclase (Fig. 6, a) and, in some cases, in the form of patches (antiperthites?) in the
inner parts of large disseminated minerals. It can be assumed that this potassium feldspar is “petrean” or that associated with some
previous process of kalifeldsparization.

In the process of exploratory development in 2009-2010, occurrences of intense kalifeldsparization in tuff siltstones were
identified at the Vorontsovskoye deposit within one of the ore blocks opened by the existing open-cut mining [6]. Optically, these
kalifeldsparized sites did not stand out and were detected by abnormally high potassium levels (up to 7-10% of weight according
to ICP-MS). Potassium feldspar in metasomatites is represented by a fine-grained aggregate (20-50 pm, rarely up to 200 um) in
association with quartz. According to the results of microprobe determinations and X-ray diffraction analysis of rocks, it can be
assumed that these are orthoclase and/or sanidine. It should also be noted that earlier V. N. Sazonov with his coauthors [3] iden-
tified propylitized rocks in the area of the deposit with ice spar replacing plagioclase.

Discussion of results and conclusions

The importance of dikes in the formation of the Vorontsovskoye gold-ore deposit remains debated. Typically, the “dense” dike
ore fold is observed only within the deposit, which confirms the important role of dikes as a factor of structural control [4]. The
dike complexes of most Carlin-type deposits of the state of Nevada (USA) [4, 7, 8-10] and separate objects within the territory of
the PRC [11-13] have the same importance.

The role of dikes as a magmatic factor is more difficult. In the eastern part of Nevada, where a large number of deposits of
this type are found, four cases of magmatic activity are noted; one of them (magmatism of the Eocene period) is considered to
be important in the formation of ore mineralization [4, 7, 10]. As for the Vorontsovskoye deposit is concerned, most researchers
assume some kind of connection of gold mineralization with magmatic and post-magmatic processes, but there is no certain-
ty in this matter. In this regard, an important result is the identification of occurrences of kalifeldspath (quartz-kalifeldspath)
metasomatism, which is presumably associated with dikes of increased alkalinity and may play a role in the formation of gold-ore
mineralization. These dikes are most likely referred to the Auerbah complex, the 2nd and 3rd phases of which have a sub-alkaline
and high-potassium specialization (The tale of the Urals series..., A. V. Zhdanov, 2009). At the same time, occurrences of kalifeld-
spath metasomatism may lend credence to assumptions of O. V. Minina [14], A. I. Grabezhev [15] and some other researchers
concerning the possible belonging of gold-ore mineralization to the upper and/or peripheral parts of a large porphyry system.
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[Merpoxummnyeckne oco6EeHHOCTU AAMKOBOTO KOMIAeKca BopoHLIoBckoro
30AOTOPYAHOro MectopoykaeHusi (CeBepHbI Ypaa)

OkcaHa BopucoBHa ABOBCKOBA',
Muxaun lOpbeBuy POBHYLUKUH",
Enexna UnpgyctpoBHa COPOKA™

WHcTuTyT reonorum n reoxummm um. A. H. 3aeapuukoro YpO PAH, EkatepuHbypr, Poccus

AKTYaALHOCTL pa60oTel. BOPOHLIOBCKOE MECTOPOYKAEHME OBAAAAET XAPAKTEPHLIMM YEPTAMM «KAPAMHCKOTO» TUMA U SIBASIETCSI OAHVM M3 CaMbIX KPYMHDLIX
30AOTOPYAHDLIX MECTOPOXKAEHUM YPAAQ, OAHAKO B HACTOSILIEE BPEMSI OHO MPAKTUYECKM BLIPAGOTAHO, & OBLEKTLI-AHAAOTM B PETMOHE HE BLISIBAEHDI. AAKO-
BLIVi KOMIAEKC IITOKBEPKOBOrO TUMA PaHEE HAa MECTOPOXKAEHWM HE M3Y4aAcsl. [IPOBOAMMbBIE MCCAEAOBAHWMSI MOTYT CTOCOBGCTBOBATL YTOYHEHMIO KAK MOAEAU
chopmMmpoBaHsi OpyA€HEHMs!, TaK U MPOTrHO3HO-MONCKOBOV MOAEAN.

Lleab paboTol. VI3ydeHvie coCTaBa 1 NMeTPOXMMUYECKUMX OCOBEHHOCTEN AAMKOBOrO KOMMAEKCA BOPOHLIOBCKOTO MECTOPOYKAEHMSI KAK OAHOTO M3 BO3MOXK-
HbIX hakTOPOB (POPMUPOBAHMST 30AOTOTO OPYAEHEHMS.

Meroasl nccaeaoBanmii. [poseaeHbl 3amepbl SAEMEHTOB 3aA€raHusl AaeK B MpeAeAax AeVCTBYIOWero Kapbepa C BbIHECEHMEM Pe3yALTaTOB Ha asumy-
TAALHYIO CETKY. BLIMOAHEH CUMAMKATHLIVE aHaAM3 OBPA3LIOB AQ€K, MCMOAL3OBAHLI TAKXKE MMEIOWMECS] AAHHBIE MPOWALIX A€T. [TeTporpacuyieckoe msydeHve
AA€K COMPOBOYXKAANOCH MCCAEAOBAHVEM OOPA3LIOB MPY MOMOLY CKAHUPYIOWLErO SAEKTPOHHOrO MMKpockona JSM-6390LV (JEOL) ¢ DAC-criekTpomeTpom
IncaEnergy 450 11 2A€KTPOHHO-30HAOBOTO MMKpoaHaansartopa Cameca SX100.

Pe3yaLTatel pa6oTbl. Ha nepBom sTare MCCAEAOBAHMI yTOYHEHA CTPYKTYPHAs MO3ULIMSI AQEK, MPOBEAEHO 0BOOIWEHNE PE3YALTATOB METPOrpaconuyecKmX,
METPOXMMMHECKMX PABOT M AAHHDBIX, MOAYYEHHBIX HA MMKPOAHAAM3ATOPax. YCTAHOBAEHO 3HAYMTEALHOE MPEOOAGAAHNE OCHOBHLIX AA€K MPYM BapUaLmsix
COCTaBOB OT MMKpobasaasta A0 rabépoanopura (aHaesanbasansta). BoisiBAeHa rpyrna Aaek C MOBLILEHHOW M BLICOKOW WEAOYHOCTLIO (B TOM YMCAE AaM-
NpOMpDLI) C COCTABAMM OT YMEPEHHO-ILEAOYHOTO U WEAOYHOTO NMMKPOBAa3aabTa A0 MOHLIOAVOPUTA (TpaxmaHaesnbasansta). B aalikax HOpMaALHOTO psiaa
3ahMKCMPOBaHDLI MPOSIBAEHMS KAAMLINATOBOro MeTacomaro3a C MMHepaAbHol accoumnaumeit XxAoput-keapu-KINW-nvput (+ raaeHuT). PaHee y4acTku Kaam-
WraTvMsaumy HaGAIOAAAMCh BO BMELIAIOWMX Ty(POANEBPOAUTAX.

BriBoAbI. HaaMuMe AaKOBOIO IITOKBEPKA MOYKHO PACCMATPMBATDL KaK MOAOXKMTEALHBIM CTPYKTYPHDI (DAKTOP B 0OPAsoBaHNUM MECTOPOXKAEHMsI. Ero poAb
KaK Marmarmyeckoro hakropa HesiCHa, OAHAKO MOYKHO MPEANOAOXKMTD, YTO MPOSIBAEHUSI KAAVLIMNATM3ALMY FEHETMYECKM CBSI3aHbl C AAKaMy MOBLIIEHHOW
LWEAOYHOCTH.

KatoyeBble croBa: CeBeprlﬁ Ypa/\, BO]DOHL[OBCKOe 30A0TOPYAHOE MECTOPOXKAEHMUE, AAVIKU, neTpoxmmmsi, KaAMLIMNATOBLIA METacomMartos, KapAMHCKVlVl TUM.

Paboma evimonnena 6 pamkax memvl eocyoapcmeernnozo 3adanus VIT YpO PAH (eoc. pecucmpayuu NeAAAA-
A18-118052590030-2).
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About chemistry of tourmaline from Mnogovershinnoe ore deposit
(Khabarovsk Krai, Far East)

Ivan Andreevich BAKSHEEV',
Evgeniy Alekseevich VLASOV™

Lomonosov Moscow State University, Moscow, Russia

Relevance of the work is due to the need to study the mineralogy of gold deposits in the Russian Far East, information about which is extremely
scarce.

Purpose of the work: study of the chemical composition of tourmaline from Mnogovershinnoe ore deposit, Khabarovsk Krai (Far East).
Methodology of research: The chemical composition of minerals and BSE images were obtained using a Jeol JSM-6480 electron microscope equipped
with an Inca Energy-350 EDS (analyst is N. N. Koshlyakova, Department of Petrology, Lomonosov Moscow State University). Electron microscope
shooting environment: accelerating voltage is 15 kV, measuring current for the sample is 30 + 0.1 nA. XPP corrections were used for the adjustment
procedure (INCA program, version 17a).

Results. The obtained data show that tourmalines of the Mnogovershinnoe deposit differ in their chemical composition and type of substitution. All
studied tourmalines by these parameters can be divided into two groups. Group 1 includes schorl, foitite, and pegmatoids feruvite, as well as schorl
and foitite of the first generation, tourmaline-muscovite-quartz veinlet in sandstones. Group 2 includes schorl of the second generation, tourma-
line-muscovite quartz veinlet, schorl and foitite of quartz-tourmaline metasomatites, and cement dravite of quartz breccia.

Conclusions. Tourmalines of the post-ore mineral associations of the Mnogovershinnoe gold deposit are divided into two groups characterized by
different chemical composition and substitutions. Tourmalines of the first group with substitutions Fe «» Mg and X-vacancy + Al <> Na + R?*are con-
fined to pegmatoids and were formed in reducing or weakly oxidative conditions. Later tourmalines of the second group with substitutions Fe** < Al
and Al + O* « R**+ OH-indicate a possible porphyry-style mineralization and its formation during lowering oxidative potential.

Keywords: tourmaline, chemical composition, altered rocks, Mnogovershinnoe deposit, Khabarovsk Krai, Far East.

ntroduction
Tourmaline-supergroup minerals with the general formula XY,Z [T O] [BO,],V,W, where X = Na, Ca, K, [] (vacan-
cy); Y = Li, Mg, Fe**, Mn*", Ni, Al, Cr**, V3, Fe*, (Ti*); Z = Mg, Fe*, Al, Fe**, V¥, Cr’; T = §i, Al, (B) (Fe**); B=B, [; V
= OH, O; W = OH, E, O [1] are stable in the range from low-temperature hydrothermal conditions to magmatic and high pres-
sured metamorphic conditions. They are characterized by an extraordinary variety of chemical composition and various types of
chemical substitutions, which allows us to consider tourmalines as an indicator of mineral formation conditions and an important
criterion for prospection and exploration [2-4].

Tourmalines are widespread in some types of gold and gold-polymetallic deposits: porphyry gold (Darasun, Kariyskoye),
intrusion related, where they are constitute of barren propylite (Berezovskoye, the middle Urals; Berezitovoe, Transbaikal Krai),
hydrothermal-metamorphic or orogenic (Hutti, India; Loulo, Mali; Sigma, Canada). Tourmaline is not typical for igneous gold
deposits. However, it is found in some sites where its formation is associated with pre-ore or post-ore processes. This type of de-
posits includes Mnogovershinnoe in the Khabarovsk Krai, in which the formation of tourmaline is associated with hydrothermal
activity due to the intrusion of post-mineral granitoids [5].

Despite the history of half a century for studying the field, information about tourmaline is scarce, and data on the chemical
composition are not available. Therefore, the purpose of this study is to characterize the chemical composition of tourmaline to
determine its formational identity and the assumption on this basis about the presence of possible new types of mineralization
for the deposit.

Brief geology

The Mnogovershinnoe gold deposit is located in the Nikolaevskiy region of the Khabarovsk Krai, 135 km north of Niko-
laevsk-on-Amur and 17 km from the coast of the Sea of Okhotsk. It was discovered in 1959; the detailed exploration began in
1963, and acquisition — in 1991.

The deposit is a part of the ore field having the same name located at the northern termination of the East Sikhote-Alin vol-
canic belt at the joint of the Amgunsky and Gorinsky synclinoria of the Sikhote-Alin folded region [6, 7]. The ore field is confined
to the Ula volcano-plutonic structure. The ore field is bounded by the Middle Ula and the Kulibinsky latitudinal deep faults from
the north and south; the Malakhtinskaya tectonic depression from the northwest; the compound contact of the Bekchi-Ula gran-
itoid pluton from the southeast. The structure of the ore field is two-staged. The lower stage is formed by folded Lower Cretaceous
sandstones, mudstones and siltstones. The upper stage is the Paleocene volcanic rocks dominated by vent and subvolcanic facies.
The rocks of overlapped facies are almost completely eroded. Volcanic rocks are represented by lavas and tuffs of andesites and
andesidacites. Both structural complexes are intruded by the large Bekchi-Ula massif of granitoids, at the northwestern contact
of which the Mnogovershinnoye deposit is located. The massif here is the Early Eocene porphyry monzogranodiorites of the first
phase. The second intrusive phase is leucocratic and pegmatoid granites. Sandy and clay rocks contacted with the pluton are trans-
formed into hornfelses. In the southwestern part of the ore field, subjacent intrusives of Eocene porphyritic quartz diorite and
granodiorite-porphyries were eroded. The volcanic and intrusive rocks are intruded by the Eocene-Oligocene dikes of porphyritic
diorite, andesite, basalt, and granite porphyry of north-west and latitudinal strike [5, 8, 9].
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The Mnogovershinnoe deposit is divided into two parts separated by the Left Ula NW-trending fault along the Left Ula valley.
Gold mineralization is localized in five zones: Glavnaya, Promezhutochnaya, Vodorazdelnaya, Medvezhya and Salali. Economic
ore-bodies emerging to the surface are situated exclusively on the right bank, where they are related to the steeply dipping north-
eastern zones (Tsentralnoe, Verkhnee, Promezhutochnoe, Yuzhnoe, Flangovoe, Severnoe, Tikhoe, Valunistoe, Olenye, Vodora-
zdelnoe ore bodies). Numerous thin gold-bearing quartz veins of the northwestern and latitudinal strike in sedimentary rocks are
known on the left bank (Evatak, Kulibinsky, Konechny, and other sections). The K/Ar age of gold mineralization is 49-69 Ma [10].

Within the ore zones, the contours of economic mineralization are determined by sampling. The length of ore loads along
strike is 50-800 m with a thickness from 0.3 to 7 m. Ore bodies are composed of quartz (95-97%); the amount of ore minerals is
3-5%. The main ore minerals are pyrite, sphalerite, galena, chalcopyrite; the secondary ones include pyrrhotite, tennantite-tetra-
hedrite, native gold, electrum, hessite, bornite, acanthite, and marcasite.

Gold (fineness is 750-950) is the main useful component and forms impregnation in quartz and sulphides [5].

Analytical techniques

The backs-scattered electron images (BSE) were obtained using a Jeol JSM-6480 scanning electron microscope equipped with
an Inca Energy-350 EDS operated at an accelerating voltage of 15 kV and the current intensity 14-16 nA (analyst N. N. Koshlya-
kova, Department of Petrology, Moscow State University).

The chemical composition of tourmalines and muscovite was studied using a Jeol JSM-6480 electron microscope equipped with
an Inca Energy-350 EDS (analyst N. N. Koshlyakova, Department of Petrology, Moscow State University), operated at accelerating volt-
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Figure 1. Relationships of pegmatoid minerals of the Zamanchivy site. a—c — brecciated optically zoned schorl crystal, some sectors in the
central part of which are enriched potassium feldspar Ca (to uvite) and depleted in Na (to foitite), fractures are healed by the albite-muscovite
aggregate; d — albite-muscovite vein in potassium feldspar; e — intergrowth of albite and potassium feldspar; inclusions of potassium feldspare
are observed in albite; f — enlarged fragment e showing of muscovite segregations. Sample MN-2. Photo: a — cross polars, without nicols (b—f)
back scattered electrons.

PucyHok 1. B3anmooTHoOLEeHMs1 MMHEeparnoB NerMaTouaoB y4yacTka 3amaH4YMBbIN. a—C — OPeKYNPOBaHHbBIV ONTUYECKN 30HAbHbIA KpUCTan
Lepna, oTaerbHble CEKTOPbI B LIeHTparnbHOM Yactu koToporo oboraueHbl Ca (8o yeuTa) u obegHeHbl Na (oo contuTta), TpeLmHbl 3aneyeHsbl
anbLbUT-MyCcKOBUTOBbBIM arperatoM; d — anbbuT-MyCKOBUTOBbIV NMPOXWUIIOK B Kanuvwinare; € — cpactaHue anbbuTa u kanuwinara, B ansburte otme-
yalTcs BPOCTKU Kanuwnata; f — yBenvyeHHbIn pparMeHT e, nokasbiBatoLumin ckonneHne myckosuta. Obpasen, MH-2. ®oTo. a — B npoxoasiiem
cBeTe, 6e3 Hukonen; b—f — B oTpakeHHbIX 3NeKTpoHax.

Bbakwees U. A., Bnacos E. A. O xumn3Me TypManuHa 13 MHOroBepLUMHHOIO pyAHOro nons (Xabaposckuii kpan, 29
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Table 1. The average chemical composition (wt. %) of tourmaline.
Tabnuua 1. CpeaHuit xuMmnyeckunin coctaB (Mac. %) TypmanuvHa.

Comp. MN-2 MN-4, generation | MN-4, generation Il MN-7 MN-33, generation | MN-33, generation Il
S0 34.65 33.99 34.64 35.75 34.34 33.94
> (32.91-36.89)  (32.36-35.17) (34.23-35.38) (35.14-36.18) (33.73-35.03) (33.13-34.60)
. 0.57 0.86 0.42 0.40 0.56 0.13
2 (0.27-1.02) (0.20-1.15) (0.21-0.93) (0.15-0.72) (bdl ~1.33) (bdl -0.26)
0.03 0.03
V,0, (bl 5.08) bl bl bl (bdl 0 18) bl
ALO 32.32 35.54 31.27 33.96 29.13 25.95
205 (26.40236.13)  (34.05-37.39) (30.39-33.83) (31.45-35.71) (24.71-33.84) (20.56-37.78)
0.04 0.07
Zno (ol 012) (od017) bl bl bl bl
Mo 0.21 0.27 0.06 0.03 0.02 bl
(0.05-0.50) (0.21-0.33) (bdl —0.11) (bdl -0,07) (b.d.l.-0.14)
FeO 10.92 10.02 13.86 5.68 13.63 19.18
e (4.68-16.94) (8.30-12.42) (11.39-15.87) (4.47-7.34) (6.98-19.47) (12.18-24.07)
MaO 4.48 3.06 3.36 7.07 5.06 3.95
g (2.48-8.12) (1.03-5.17) (2.58-4.56) (6.74-7.89) (3.05-7.17) (0.75-5.03)
a0 125 0.68 0.58 0.74 1.31 0.96
0.20-3.38 (0.14-0.96) (0.39-1.13) (0.42-1.26) 0.58-1.98 (0.40-81.54)
Ko 0.02 0.04 - 0.05 0.03 0.05
2 (bdl —0.09) (bdl —0,07) (0.03-0.07) (bdl —0,07) (bdl —0.09)
NaO 1.54 1.46 1.83 1.89 1.90 2.02
2 (0.96-2.59) (1.23-1.67) (1.48-2.11) (1.69-2.20) (1.49-2.44) (1.08-2.49)
50 10.34 10.40 10.25 10.59 10.21 10.03
20s (0.93-10.74) (10.24-10.55) (10.13-10.48) (10.38-10.71) (9.98-10.54) (9.89-10.31)
Ho 3.42 3.31 3.53 3.41 2.64 3.46
2 (3.15-3.53) (3.24-3.39) (3.49-3.60) (3.27-3.49) (3.44-3.63) (3.21-3.51)
Total (33'172_ 99.70 99.81 99.56 98.85 99.67
o050 (98.69-100.23) (99.43-100.47)  (98.63-100.08)  (98.42-100.32) (99.29-99.86)
Formula based on 15 cations
si 5.826 5.680 5.873 5.867 5.848 5.880
(5.696-5.972) (5.471-5.794) (5.868-5.881) (5.844-5.891) (5.674-5.903) (5.585-5.987)
Al 0.174 0.320 0.127 0.133 0.152 0.120
(0.028-0.304)  (0.206-0.529) (0.119-0.132) (0.109-0.156) (0.097-0.326) (0.013-0.415)
ST 6.000 6.000 6.000 6.000 6.000 6.000
6.000 6.000 5.694 5.180
Al (5.162-6.000) 6.000 (5.944-6.000) 6.000 (4.924-6.000) (4.218-6.000)
0.306 0.820
Mg 0 (0-0.838) - 0 (0-0.056) - 021 0%6) 0o
2F e _ _ _ _ - 0 (0-0.531)
$7 6.000 6.000 6.000 6.000 6.000 6.000
" 1.121 0.762 0.849 1.730 0.980 0.202
9 (0539-1.974)  (0.260-1.275) (0-1.098) (1.635-1.934) (0.045-1.751) (0-0.777)
Fo 1.536 1.402 1.882 0.780 1744 1.920
(0.634—2.251)  (1.150-1.765) (1.581-2.089) (0.606-1.028) (0.964-2.344) (1.719-2.153)
Al 0.232 0.681 0.122 0.437 0 0
(0-0.854) (0.401-1.057) (0-0.481) (0.088-0.701) (0-0.301) (0-1.093)
_— 0 ~ 0.084 ~ 0.198 0.861
(0-0.268) (0-0.194) (0-0.556) (0-1.783)
. 0.072 0.109 0.054 0.050 0.071 0.017
(0.033-0.131)  (0.025-0.146) (0.027-0.118) (0.018-0.091) (0-0.173) (0-0.034)
v 0.004 - - - 0.004 -
(0-0.013) (0-0.024)
2 0.005 0.008 ~ ~ - ~
(0-0.015) (0-0.021)
- 0.030 0.038 0.009 0.004 0.002 ~
(0.007-0.074) (0.030-0.048) (0.000-0.016) (0.000-0.009) (0.000-0.019)
TY 3.000 3.000 3.000 3.000 3.000 3.000
Na 0.502 0.475 0.603 0.601 0.628 0.678
(0.315-0.814) (0.394-0.539) (0.475-0.702) (0.548-0.694) (0.475-0.782) (0.353-0.848)
ovac 0.272 0.404 0.292 0.269 0.132 0.144
© (0.069-0.499) (0.289-0.580) (0.227-0.454) (0.215-0.322) (0.079-0.260) (0.048-0.470)
ca 0.225 0.122 0.106 0.130 0.240 0.178

(0.035-0.616)

(0.026-0.172)

(0.071-0.205)

(0.073-0.223)

(0.102-0.365)

(0.090-0.288)

30 Bakwees W. A., Bnacos E. A. O xuMu3Me TypManvHa U3 MHOroBepLUMHHOMO pyaHOro nons (XabapoBckui Kpai,
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Comp. MN-2 MN-4, generation | MN-4, generation I MN-7 MN-33, generation | MN-33, generation Il
K 0.005 0.008 B _ 0.006 0.010
(0-0.019) (0.000-0.014) (0-0.015) (0-0.020)
=X 1.000 1.000 1.000 1.000 1.000 1.000
VOH- 3.000 3.000 3.000 3.000 3.000 3.000
WOH- 0.837 0.695 1.000 0.737 1.000 1.000
(0.591-1.000) (0.653-0.749) (0.979-1.000) (0.543-0.878) (0.914-1.000) (0.616-1.000)
woz- 0.163 0.305 0 _ 0 0
(0-0.409) (0.251-0.347) (0-0.021) (0.042-0.086) (0-0.384)
Fe 1.536 1.402 1.966 0.780 1.942 2.781
tot (0,634-2,482) (1.150-1.765) (1.581-2.275) (0.606-1.028) (0.964-2.837) (1.719-3.531)
M 1.122 0.762 0.849 1.730 1.286 1.021
Yo (0.616-1.974) (0.260-1.275) (0.659-1.154) (1.635-1.934) (0.772-1.766) (0.188-1.311)
Al 6.405 7.001 6.249 6.570 5.847 5.300
tot (5.285-7.041) (6.641-7.343) (6.074-6.613) (6.205-6.845) (5.054-6.580) (4.250-7.508)
fe 0.58 0.65 0.70 0.31 0.60 0.73
(0.24-0.75) (0.47-0.87) (0.60-0.78) (0.27-0.37) (0.36-0.77) (0.63-0.90)
ca 0.31 0.20 0.15 0.18 0.28 0.21
(0.04-0.66) (0.06-0.25) (0.09-0.27) (0.10-0.29) (0.12-0.41) (0.10-0.33)
vac 0.35 0.46 0.33 0.31 0.17 0.17
(0.16-0.52) (0.35-0.60) (0.24-0.49) (0.25-0.37) (0.12-0.32) (0.07-0.57)

Note: bdl — below detection limits by the electron micrpoprobe. fe = Fe/(Fe + Mg), ca = Ca/(Ca + Na), vac = X-vacancy/(X-vacancy + Na). The
range of content is given in parentheses.

Mpumeyanue: bdl (H.n.0.) — HWKe nMpepena obHapy>XeHUs 3NeKTPOHHO-30HAOBLIM MeTodoMm; fe = Fe/(Fe + Mg), ca = Ca/(Ca + Na), vac =
X-BakaHcus/(X-BakaHeus + Na). B ckobkax npvBeAeHbl npeaensl CoOaepXaHus.

age 15 kV, current intensity 30 + 0.1 nA. XPP corrections were used for the correction procedure (INCA program, version 17a).
The profile lines of characteristic X radiation are optimized and normalized using natural silicate standards [11].

Tourmalines formulas were calculated on the basis 15 cations, excluding Na, Ca, and K, which implies the absence of vacan-
cies at tetrahedral and octahedral sites and a small amount of Li [12]. The amounts of OH~ and O?*- at sites V and W are estimated
from the charge balance constraints. It is assumed that oxygen ions O* preferably occupies position W along with F-ions [1]. The
vacancy rate ([)) in the X position is calculated by the stoichiometric ratio based on the equation 1 = Na + Ca + K + [. The B,O,
content is also calculated by stoichiometry. The muscovite formula is calculated for 22 negative charges.

Results

Samples of tourmaline were selected within prospecting sites of Zamanchivy (sam. MN-2, MN-4, MN-7) located in the con-
tinuation of the ore body Valunistoe and Kulibinsky (MN-33). The sites are situated in the eastern and western flanks of the ore
field, respectively. Samples were taken from pit bings and rock outcrops.

Tourmaline-bearing formations of the Zamanchivy site are pegmatoids with tourmaline bunches (MN-2), tourmaline-mus-
covite-quartz veinlets in hydrothermally altered sandstones (MN-4), and quartz breccia with tourmaline cement (MN-7).

Pegmatoids (sample MN-2) are massive large-crystalline muscovite-quartz-feldspar rocks with tourmaline bunches. The size
of the last ones is 2-5 mm.

Tourmaline assemblages interstices between quartz grains and cracks in them and forms relatively large crystals of up to sev-
eral mm in size (Fig. 1a). It is pleochroic; from light mossy or mossy to dark mossy color. Optical zoning is very weak. Tourmaline
crystals are sometimes brecciated and exhibit complex zoning in chemical composition. Rare sectors in the central part of such
crystals are enriched in Ca (0.44-0.62 apfu) and Fe (1.75-2.48 apfu) (Fig. 1b, ¢). In addition, calculations show that the content of
Fe’* in them is 0.23-0.27 apfu. Other sectors in the central part of crystals have a lower Ca content (0.05-0.16 apfu) and contain
less Fe (1.45-1.54 apfu).

The crystal rims have a composition close to the low-calcium sectors in the central part differing slightly in Fe content (1.70
apfu). It is impossible to calculate Fe** concentration in them and in low-calcium sectors. A special feature of tourmaline is a fairly
high Zn (up to 0.12 wt.% ZnO); there are other impurities such as Mn (up to 0.50 wt.% MnO) and Ti (up to 1.0 wt.% TiO,) (Table 1).

In the triangular diagram in terms of X-vacancy - Ca — Na (+ K) (Fig. 2a), the tourmaline compositions fall into all three
fields; taking into account Fe and Mg contents, it makes it possible to attribute these compositions to feruvite, schorl and foitite.
On the other hand, the determination of the content of ferric iron can change classification.

The charge' versus Mg + Fe + *[I plot (Fig. 2c) shows that Fe’* «<>Al substitution is exhibited in feruvite, while Al + O* <
R + OHin schorl and foitite, where R = Fe** Mg. In the diagram in coordinates (X-vacancy — Al coordinates (Fig. 2¢)), imaging
points of feruvite compositions are located along the vector FeAl , and the composition points of the schorl and foitite are almost
parallel to the vector TJAl (NaR) | (R = Fe**, Mg), corresponding to substitutions Fe** <» Aland *[1 + Al < Na + R*", respectively.

White mica together with albite builds up intersecting veinlets up to several hundred microns in thickness in potassium
feldspar (Fig. 1d-e). Chemically, mica refers to muscovite (Table 2, 1-4). The Fe and Mg contents range from 0.16 to 0.25 a.f.
and from 0.07 to 0.12 apfu, respectively. It can be seen from these data that the described mica differs from muscovite from
sample MN-4 by a significantly higher Fe concentration and a slightly lower Mg grade. Muscovite from sample MN-2 does
not contain F.

!Excess charge is the difference between the sum of the charges of cations at sites X, Y, Z, T and B and the sum of negative charges equal to 58.
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Figure 2. Triangular (a, d) and binary (b, c, e) diagrams showing compositions from the Zamanchivy and Kulibinsky sites of Mnogov-
ershinny ore field, Khabarovsk Krai. (a) X-vacancy — Ca—Na (+ K), (b) Fe_ _/(Fe, + Mg) — X-vacancy/(X-vacancy + Na), (c) Mg + Fe + X-va-
cancy — excess charge, (d) Fe-Al-Mg, (e) Al-X-vacancy, (f) Mg—Fe.

PucyHok 2. TpeyronbHble (a, r) u 6uHapHble (6, B, 4) AnarpaMmbl, UNOCTPUPYIOLME COCTaBbl TYPManuHOB y4acTKOB 3aMaH4YMBbIA 1
Kynu6unckuit MHoroseplumHHOro pyaHoro nons, XabapoBckuit kpait. a — X-sakaHcusi—-Ca—Na (+K); 6 — Fe g /(Fe g, + Mg) — X-BakaHcusi/
(X-BakaHcus + Na); B — Mg + Fe + X-BakaHcust — n3bbITouHbIN 3apsg; r — Fe—Al-Mg; o — Al-X-BakaHcusi; e — Mg—Fe.

total total

Tourmaline-muscovite-quartz veinlet in hydrothermally altered sandstones (sam. MN-4).

Tourmaline occurs as relatively large crystals with a thickness of 1-5 mm and a length of up to 12 mm, the fractures in which
are healed with later tourmaline (Fig. 3a—c). The crystals are pleochroic from light orange to dark orange. The BSE images of such
crystals show slightly osscillatory zoning (Fig. 3¢, d) due to variable Fe and Mg contents (Fig. 1a, b, d; Table 1). Chemically, large
crystals belong to the vacancy and alkali series (Fig. 2a). The Fe/(Fe + Mg) versus *[J/ (*[] + Na) diagram (Fig. 2b) shows that tour-
malines are classified as foitite and schorl; just one composition - to dravite. The relationship between schorl and foitite is unclear.
Foitite is characterized by its Fe/(Fe+Mg) value 0.65-0.70; it contains 0.02-0.04 apfu Ti; Ca concentration is 0.03-0.04 apfu.The
Fe/(Fe+Mg) value of schorl varies from 0.53 to 0.86.
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Figure 3. Large tourmaline crystals and muscovite separation. a — early tourmaline; b — view of foitite crystal; ¢ — scaled-up fragment b show-
ing that the crystal in the cracks is replaced by a later, more ferrous tourmaline; d — scaled-up fragment b; e — early schorl crystal with rhythmic
zonality; e, g — muscovite separation. The Zamanchivy site, MN-4 sample. Photo: a, f — in the incident light, nicols are crossed, b—e, g — in back
scattered electrons.

PucyHok 3. KpynHble kpucTannbi TypmanuHa v BblAeneHUs MycKOBUTa. @ — paHHUA TypmanuH; b — obwuii Bug kpuctanna gontuta; ¢ —
yBENUYeHHbIN dparMeHT b, nokasbiBaloLLMA, YTO KPUCTanm No TPeLUMHaM 3aMellaeTcs no3faHuM, bonee xxenesncteiM TypManvHoMm; d — yBenu-
YeHHbI pparmMeHT b; e — kpucTann paHHero Lepna ¢ pUTMUYHON 30HaNbHOCTLIO; €, g — BbiAENeHUs MyckoBuTa. YyacTok 3amaHuuBbIN, obpaseL
MH-4. ®orTo. a, f — B npoxoasiLLiem CBeTe, HUKOMU CKpeLLeHbl, b—e, g — B OTPaXXEHHbIX 3MEKTPOHaXx.

Similar to pegmatoids, the described schorl is enriched in Zn (up to 0.17 wt.% ZnO). The Mn concentration (up to 0.33 wt.%
MnO) and Ti (up to 1.2 wt.% TiO,) in schorl and foitite (Table 1) is also comparable. The calculated formulas of foitite and veinlet
schorl turned out to be balanced in charge; therefore, it is impossible to estimate Fe’* content in these minerals using calculations.

Blue-green tourmaline, which heals the fractures, can be considered as a second-generation tourmaline. Alongside, quartz
and carbonate are found in the cracks. Chemically, tourmaline falls into the alkali field (Fig. 2a). The diagram (Fig. 2b) shows that
the mineral is classified as schorl. Its iron content varies from 0.60 to 0.78; it contains 0.03-0.12 apfu Ti and 0.07-0.21 apfu. Ca
(Table 1). Calculations indicate that tourmaline II is enriched in Fe** (up to 0.19 a.f.) compared with earlier schorl and foitite. This
may indicate more oxiditive conditions of its formation.

The plot excess charge versus Mg + Fe + *[] (Fig. 2¢) indicates substitution Al + O* <> R+ OH" (R = Fe?*, Mg) in the early schorl
and foitite whereas late schorl demonstrates Fe** «» Al substitution.

For early tourmaline, a significant negative correlation was established between the pairs of NaMg and *[JAl (r = -0.84) and
between Fe and Mg (r = -0.82). This fact shows that the leading types of substitutions in the early schorl and foitite are *Na + Mg
<> X1 + Al and Fe Mg with the minor substitution Al + O* «<» R + OH", which is reflected in the diagrams shown in Fig. 2e, f.

White mica composes colorless separations of two types differing in size: rosettes with a diameter up to several tenths of mm
and small scales which rosettes are coated with (Fig. 3f, g) and replace primary plagioclase and potassium feldspar. Chemically,
mica refers to muscovite (Table 2, an. 5-8). The Fe and Mg concentrations range from 0.07 to 0.09 apfu and from 0.10 to 0.15 apfu,
respectively. Muscovite does not contain E

Breccia with muscovite-tourmaline cement (sam. MN-7). The rock is composed of fragments of vein quartz, which are ce-
mented by tourmaline and a small amount of white mica. The size of fragments of quartz is up to several cm.

Tourmaline is represented by small crystals of several dozens of microns (Fig. 4), which are pleochroic from light green to green.
The BSE images show that the crystals are weakly zoned (Fig. 4a). The content of Fe in the mineral is low (0.61-1.03 apfu); Ca content
is also low (0.07-0.21 apfu). Tourmaline contains minor Mn (up to 0.01 apfu); Ti concentration ranges from 0.02 to 0.09 apfu (Table
1). In the triangular diagram in terms of X-vacancy - Ca-Na (+ K) (Fig. 2a), the compositions fall in the alkali field; together with
the results of calculation of the formulas, it makes it possible to refer the described tourmaline to dravite. The calculated formulas of
dravite turned out to be balanced in charge; therefore, it is impossible to estimate Fe** content in the mineral by means of calculations.
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Table 2. Chemical composition of muscovite (in wt.%) of the rocks of the Mnogovershinnoe ore deposit.
Tabnuua 2. Xumnyeckuih coctaB MyckoBuTa (B mac. %) nopop, MHOroBepLUIMHHOIO pyAHOro Nons.

No 1 2 3 4 5 6 7 8 9 10
SiO, 47.76 48.00 46.28 46.75 47.75 47.25 48.16 46.47 46.59 47.25
TiO, bdl bdl 0.22 0.13 bdl 0.12 bdl bdl 0.44 0.13
V,0, bdl 0.08 bdl bdl bdl bdl bdl bdl bdl bdl
ALO, 35.37 34.92 32.11 33.16 35.77 36.06 35.59 36.92 37.21 36.64
MnO bdl bdl 0.06 Ld.l bdl 0.10 bdl bdl bdl bdl
FeO,,, 3.16 2.99 4.34 3.27 1.46 1.64 1.34 1.27 2.10 3.41
MgO 0.70 0.76 1.14 0.99 1.36 1.58 1.39 0.98 0.95 0.56
CaO bdl bdl bdl bdl bdl Ld.l 0.07 bdl 0.05 0.20
K,O 10.63 10.62 10.78 10.48 10.43 10.56 10.49 10.82 11.31 9.94
Na,0 0.20 0.21 0.24 0.14 0.19 0.33 0.21 0.22 0.32 bdl
H,O 4.59 4.59 4.42 4.45 4.60 4.61 4.61 4.57 4.64 4.62
Total 102.41 102.17 99.59 99.37 101.56 102.25 101.86 101.25 103.69 102.75

The formula is calculated for 22 negative charges

Si 3.114 3.134 3.139 3.148 3.111 3.070 3.126 3.045 3.007 3.060
TAl 0.886 0.866 0.861 0.852 0.889 0.930 0.874 0.955 0.993 0.940
Al 1.858 1.831 1.850 1.897 1.832 1.822 1.707 1.780 1.858 1.839
Mg 0.068 0.074 0.115 0.099 0.132 0.153 0.135 0.096 0.091 0.054
Ti 0.000 - 0.011 0.007 - 0.006 - - 0.021 0.006
Fe 0.172 0.163 0.246 0.184 0.080 0.089 0.073 0.070 0.113 0.185
\Y - 0.004 - - - - - - - -
Mn - - 0.003 - - 0.006 - - - -
K 0.884 0.885 0.933 0.900 0.867 0.875 0.869 0.905 0.931 0.821
Na 0.025 0.027 0.032 0.018 0.024 0.042 0.026 0.028 0.040 0.000
Ca - - - - - - - - 0.003 0.014
OH~- 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
Al 2.718 2.688 2.567 2.632 2.747 2.762 2.723 2.852 2.831 2.797
fe 0.717 0.688 0.681 0.650 0.376 0.368 0.351 0.421 0.554 0.774

Note: An. 1-4 — sam. MN-2, an. 5-8 — sam. MT-4, an. 9 — sam. MN-7, an. 10 — sam. MN-33. bdl — below detection limits by the electron micrpo-
probe. fe = Fe/(Fe + Mg). H,O grade is calculated using stoichiometry.

MpumeyaHue: aH. 1-4 — 06p. MH-2, aH. 5-8 — 06p. MH-4, aH. 9 — 06p. MH-7, aH. 10 — 06p. MH-33; bdl (H.n.0.) — HWXe Npeaena obHapyXeHus
3r1IEKTPOHHO-30HA0BLIM MeToaoM; fe = Fe/(Fe + Mg). CoaepaHne H,O paccumtaHo no cTexmomeTpum.

of calculations. The location of compositions on the triangular diagram in terms of Fe-Al- Mg (Fig. 2d) above schorl-dravite line
indirectly indicate the Fe low content.

The excess charge versus Mg + Fe + X-vacancy plot (Fig. 2¢) indicates that the chemical substitution of Al + O* <> R+ OH" is
exposed in dravite, where R = Fe**, Mg.

White mica forms aggregates of small scales between tourmaline crystals (Fig. 4b). Chemically, mica refers to muscovite (Ta-
ble 2, an. 9). The Fe and Mg contents are 0.11 and 0.09 apfu, respectively.

Tourmaline-bearing assemblages of the Kulibinsky site are quartz-tourmaline metasomatites (sample MN-33); it appears to
form a linear zone in volcanic rocks. Metasomatites are dissected by veinlets of late quartz with 1-4 cm thick. The veinlets are
composed of coarse-grained parallel-columnar quartz, the color of which varies from lacteous to lilaceous.

Tourmaline forms dense, almost monomineralic aggregates of acicular crystals and is represented by two generations. The
first generation tourmaline is composed of relatively large, complexly zoned crystals ranging in size from 100 um to a few mm
(Fig. 5a, b). It contains fine inclusions of W-bearing rutile and REE phosphates. The second generation tourmaline is represented
by small individual crystals up to 20 um in diameter (Fig. 5b, ¢); as an aggregate of split crystals, it molds on tourmaline I (Fig. 5d)
or forms the outer zones on tourmaline crystals of the first generation (Fig. 5b).

Large crystals of tourmaline-I are pleochroic from brown or dark blue to black. The BSE images (Fig. 5a, b) show their com-
plex zonality due to the variable Fe content. Zonality is especially well exhibited along the long axis (Fig. 5a). Crystallization be-
gins with the formation of Fe-rich tourmaline (Fe/(Fe + Mg) 0.55-0.77 (Table 1). Then ferriferous acquires a rhythmic character
varying in wide range from 0.41 to 0.71. Chemically, tourmaline-I is confined to the alkali series (Fig. 2a) and can be referred to
schorl, but composition - to dravite. However, it should be noted that establishing the concentration of Fe** in the mineral can
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Figure 4. Muscovite-tourmaline aggregate cementing brecciated quartz crystals. The photo “a” shows small zonal crystals of tourma-
line. The Zamanchivy site, MN-7 sample. Photo in back scattered electrons.

PucyHok 4. MyckoBUT-TypManuHOBBIN arperar, LleMeHTUpYoLWmuin GpekyMpoBaHHble KpucTannbl kBapua. Ha ¢oto «a» BUAHLI Menkue
30HarnbHbIE KpUCTanmbl TypMmanuHa. Yyactok 3amaHumBbIn, obpasey MH-7. ®oTo B oTpaXeHHbIX 3MeKTpOoHax.

Figure 5. Two generations of tourmaline crystals of quartz-tourmaline metasomatites. a, b — relatively large, complex and zonal tourmaline-I
crystals. Their growth, in general, occurred with a decrease in ferrous; tourmaline contains growths of W-bearing rutile and REE phosphates;
¢ — small zonal tourmaline-Il crystal; d — aggregate of split tourmaline-1I crystals molds on zonal tourmaline-l. The Kulibinsky site, MN-33 sample.
Photo in back scattered electrons.

PucyHok 5. [iBe reHepauuy KpucTannoB TypManuHa KBapL-TypMarMHOBbLIX MeTacoMaTUTOB. a, b — OTHOCUTENBHO KpYMHbIE, CMOXHO-30-
HamnbHble KpUCTanmbl TypmanuHa-l, pocT KOTOpbIX B LIENOM MPOUCXOANU C YMEHbLUEHNEM XENe3ncTocTn, TypManvH cogepxuT BpocTkn W-co-
aepxallero pytuna u gocgatoB P33; ¢ — Menkuin 3o0HanbHbI kpyucTann TypManuHa-Il; d — arperat pacluenneHHbIX Kpuctannos TypmanuHa-l|
HapacTaeT Ha 30HanbHbI TypManuH-1. Yuactok KynnbuHckuii, o6paser; MH-33. ®oT0 B OTpaXeHHbIX 3neKTpoHax.

change its classification. Schorl contains up to 0.16 apfu Ti; Ca concentration is 0.10-0.37 apfu. The Mn content in most compo-
sitions is less-than-detection limits; sometimes, it is 0.01-0.02 apfu.

Second-generation tourmaline crystals are also pleochroic from brown or dark blue to black. In contrast to the first-gen-
eration schorl crystals, they have the usual growth zonality with a darker central part and a lighter outer zone (Fig. 5b, ¢). The
central parts of crystals are composed of foitite, the edge parts can be confined to schorl. However, establishing the concentration
of Fe’* in the mineral can change its classification. Such a change is more likely to take place because the tourmaline edge zones
are characterized by a significant deficit of positive charges (when calculating a formula for 15 cations, where iron is considered
as ferrous). The calculated amount of Fe** in the edge zones of tourmaline-II crystals is 0.43-1.78 apfu. In the diagram in terms of
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of the excess charge — Mg + Fe + *[] (Fig. 2¢), two imaging points of compositions are located near the bosiite point, tourmaline
with the ideal formula NaFe*", (Mg Al)) [Si O ] (BO,) (OH),O [13].

The same graph as well as diagrams in Fig. 2, e, g show that tourmaline of both generations is characterized by substitution of
Fe** <> Al Indirectly, the location of a number of imaging composition points below schorl-dravite line on the triangular diagram
in terms of Fe-Al-Mg (Fig. 2d) indicate the enrichment of Fe** tourmaline.

White mica composes colorless scales of several hundred microns in size. Chemically, it refers to muscovite (Table 2, an. 10).
The Fe and Mg contents are 0.18 and 0.05 apfu, respectively. Muscovite does not contain E

Discussion

The obtained data show that tourmalines of the Mnogovershinnoe deposit differ in their chemical composition and type of
substitution. All studied tourmalines by these parameters can be divided into two groups.

Group 1 includes schorl, foitite and pegmatoids feruvite (sam. MN-2), as well as schorl and foitite of the first generation, tour-
maline-muscovite-quartz veinlet in sandstones (sam. MN-4). Group 2 includes the second generation schorl, tourmaline-mus-
covite-quartz veinel (sam. MN-4), schorl and foitite of quartz-tourmaline metasomatites (sam. MN-33) and dravite of quartz
breccia cement (sam. MN-7).

For tourmaline of the first group, substitutions Fe <» Mg and X-vacancy + Al <> Na + R* + are common, with the secondary
role of replacing Al + O* < R*+ OH-, except for single sectors of crystals enriched in Ca. One more fact that allows us to com-
bine these tourmalines is the increased Zn and Mn content compared with group 2. The large size of quartz-muscovite veinlets
of tourmaline-I crystals in sandstones and the chemical composition identical to tourmaline of pegmatoids implies that these
veinlets are pegmatoids as well. The charge-balanced chemical formulas of tourmaline do not even allow an approximate estimate
the ratio of Fe**/Fe in tourmaline, which indicates a low Fe’* grade in the mineral or its absence. In turn, this indicates reducing
or slightly oxidative conditions for the formation of tourmaline and pegmatoids in general. According to [14], the ratio Fe**/Fe
in tourmaline of pegmatites is 0.05-0.22.

For tourmaline of the second group, substitutions Fe** <> Al and Al + O* <> R*'+ OH" are common, which is typical of
tourmalines from porphyry-style deposits [15]. The formulas of tourmalines of quartz-tourmaline metasomatites calculated using
the electron probe analysis are not balanced in charges, which makes it possible to approximately estimate the ratio Fe**/Fe .
In tourmaline of quartz-tourmaline metasomatites, it varies from 0.01 to 0.48 indicating the enrichment of Fe** in a number of
compositions and the increased oxidative potential of mineral formation environment. The location of points below the line of
schorl-dravite on a triangular diagram (Fig. 2d) indirectly indicates the enrichment of tourmaline compounds with ferric iron.
The calculated ratio Fe’*/Fe_  in tourmaline-II quartz veinlets in sandstones and tourmaline cement quartz breccia does not
exceed 0.08 giving evidence of more reducing conditions of formation than in the case of quartz-tourmaline metasomatites. The
imaging points of these tourmalines are located above the schorl-dravite line on the triangular diagram indirectly indicating a low
content of Fe** in minerals. The obtained data suggest that the formation of tourmaline of the second group took place against the
background of a decrease in the oxidative potential of the mineral formation environment.

Conclusion

Tourmalines of the post-ore mineral associations of the Mnogovershinnoe gold deposit are divided into two groups charac-
terized by different chemical composition and substitutions. Tourmalines of the first group with substitutions Fe <> Mg and X-va-
cancy + Al <> Na + R** are confined to pegmatoids and were formed in reductive or slightly oxidative conditions. Later tourmalines
of the second group with substitutions Fe’* <> Al and Al + O* <> R**+ OH indicate the possible presence of mineralization of the
porphyry type and the formation of a mineralization while reducing the oxidation potential of mineral formation environment.
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O XMMM3Me TyPMaAMHA U3 MHOrOBEPIIMHHOIO PYAHOTO MOASI
(Xabaposckuit kKpai, AaabHui BocTok)

UBaH AHpgpeeBuy BAKLUEEB',
EBrenun Anekceesuy BJIACOB™

MockoBckuii rocygapcTBeHHbIn yHuBepceutet uMm. M. B. JlTomoHocoBa, Poccus, Mocksa

AKTYaALHOCTL Pa6oTLl 0OYCAOBAEHA HEOOXOAVMOCTLIO M3YYEHMSI MUHEPAAOTMM 30AOTOPYAHLIX OBLEKTOB AaAbHero Bocroka, CBeA€HMsi O KOTOPbIX
KPanHe CKYAHDI.

LleAb pa6oTLI: ICCAEAOBAHME XMMMUYECKOTO COCTABA TYPMAAMHA U3 IMHOTOBEPLMHHOTO PYAHOTO MOAsI, XabapoBckui Kpait (AaabHuii Boctok).
MeTOAOAOIMs NCCAEAOBAHMSA: XVIMUYECKMIA COCTAaB MUHEPAAOB U MX U30OPasKEHUE BLIAM MOAYHEHDI C MOMOLILIO SAEKTPOHHOTO MMKpockona Jeol JSM-
6480, 060pPyAOBAHHOTO SHEPTOAMCIIEPCUMOHHOM MpumcTaskoii Inca Energy-350 (aHaamtuk H. H. KowasikoBa, kadpeapa nerpoaoruu MIY). YcaoBust cbemku
Ha SAEKTPOHHOM MUKPOCKOTE: ycKkopsiiowee HanpskeHue 15 kB, Tok 3oHAa Ha obpasue 30 + 0,1 HA. AAst MPOLIEAYPbI KOPPEKLMM UCTIOAb30BaHbI XPP
nonpaeku (nporpamma «INCA» sepcusi 17a).

Pe3yAbTaTpl. [TOAyYEHHbIE AAHHDIE MOKA3LIBAIOT, YTO TYPMaAUHbI MHOTOBEPILMHHOIO PYAHOTO MOASI PA3AMYHAIOTCS MO XMMUYECKOMY COCTaBy M XapakTepy
3amelleHnin. Bce usydeHHbIe TyPMaAMHLI MO 3TUM MapaMeTpam MOXKHO PasA€AMTL Ha ABE rpyrnbl. B rpynmy 1 BXoAsT wepa, hoitnt 1 chepysut nerma-
TOMAOB, A TaKXKE WEPA U (POWTUT NMEPBOI reHepaumny TyPMaAMH-MYyCKOBUT-KBApPLIEBOTO MPOXKMAKA B MecHaHuKax. B rpynny 2 nonaaaior wepA BTOPOW
reHepaumm TYPMAaAVH-MYCKOBUT-KBAPLIEBOTO MPOXKUAKA, WEPA U (PONTUT KBAPLI-TYPMAAMHOBLIX METACOMATUTOB M APABUT LIEMEHTA KBAPLIEBOV OPeKumm.
BbIBoABI. TypMaAUHDLI MOCAEPYAHDLIX MMHEPAALHLIX accoLmaumii MHOrOBEPILMHHOIO 30A0TOPYAHOTO MECTOPOYKAEHMST AGASITCSI HA ABE TPYIIbl, Xapakre-
pU3yIoIMECs] PA3HLIM XMMMUYECKVMM COCTABOM M 3amellteHusiMi. TypMaArHbI MEPBO rpynmbi ¢ 3ameleHusimm Fe < Mg n X-BakaHcust + Al < Na + R*
OTHOGSITCS K MErMaTOMAAM U (DOPMUPOBAAMCH B BOCCTAHOBUTEALHBIX MAM CAABOOKMCAMTEABLHDLIX YCAOBMSIX. DOAEE MO3AHME TYPMAAMHBI BTOPOA IPyIrbl C
3amewenusimm Fe** — Al n Al + O* <> R* + OH~ yKkasbiBaloT HA BO3MOXKHOE HAAMYME MMHEPAAM3ALIMM MOPEIUPOBOTO TUMA U (POPMUPOBAHME MPU CHU-
SKEHMU OKMCAUTEALHOTO MOTEHLIMAAA CPEAbI MUHEPAAOOOPA30BAHMSI.

KatoyeBble cAOBa: TyPMAAMH, XMMUYECKMIA COCTAB, METACOMATUTLI, MHOTOBEPLMHHOE PYAHOE MOAe, XaBapoBCKMi Kpam, AaabHui BocTok.
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Geophysical criteria for the separation of productive micaceous veins
of the Mariinsky emerald-beryllium deposit (the Middle Urals)
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Relevance of the work is the development of new methods for rapid extraction (determination) of ore bodies in the underground mine of the field direct-
ly. Measurements were carried out both on specially prepared samples in the form of cubes of the same size, and under conditions of natural occurrence.
Purpose of the work is to study the magnetic susceptibility and electrical resistivity of the main host rocks and the ore complex (emerald-bearing
glimmerites and quartz-plagioclase veins with beryl) in the most famous Ural emerald-beryllium deposit, the Mariinsky deposit.

Methodology of research. In order to study the magnetic properties of typical rocks and ore bodies of the Mariinsky deposit, the PIMV-M field
magnetic susceptibility meter with a measurement range of 1 - 10°... 1 Sl units was used in the underground mine directly. The relative measure-
ment error does not exceed + 10% in the range of 10 ... 1 SI units. The measurement was carried out by applying the flat surface of the measuring
transducer to the bottomhole wall in a lithologically homogeneous section with subsequent measurement and recording of the obtained value in the
field document. To study the electrical resistivity, standard samples in the form of cubes of 24 x 24 x 24 mm were used; their composition was inves-
tigated with the help of binocular enhancer MBS-10. The measurements were carried out along three axes since almost all samples have anisotropy.
The teraohmmeter E6-13A was used for working.

Results. The data on the magnetic susceptibility and electrical resistance of the main host rocks and the ore complex (emerald-bearing glimmerites
and quartz-plagioclase veins with beryl) from the Mariinsky deposit are presented. All data are adjusted with the petrographic characteristics of rocks.
Conclusions. Possibility in principle is shown for creating a new express-method for isolating quick micaceous veins in wells and mine faces with the
simultaneous measurement of magnetic susceptibility and electrical resistance of rocks during mining operations in an underground mine.

Keywords: The Urals, magnetic susceptibility, electrical resistance, glimmerites, quartz-plagioclase veins, emerald-beryllium deposits, Ural emerald mines.

ntroduction
Currently, the Government of Russia entrusts executives of the Malyshevsky (Mariinsky) emerald-beryllium deposit
with the task to restore beryllium mining in Russia. During mining operations, a very important factor affecting the cost
and quantity of the extracted commercial element is the possibility of isolating and sorting out quick micaceous veins carried
out directly in the mine face while blasthole drilling. Earlier during the active mode of operation of the Malyshevsky mine group
(1950-1990), the enterprise used the photoneutron method for such tasks [1]. The application of this method is associated with
certain managerial difficulties (the use of strong radiation sources, the creation of isotopes storages, and the organization of a
special control service). Therefore, at the early stage of geological exploration, geophysical methods are promising, operational,
and low-cost methods of searching for quick micacious veins and serpentinite contacts [2-4].

According to early literature data [2], the magnetic susceptibility of highly basic rocks of the Emerald-bearing line of the
Urals ranges from 25 ... 63 - 10~ to 2520... 5040 - 10~° SI units, and in some cases up to 12 600 - 10~ SI units. The increased mag-
netic properties of ultrabasic rocks are associated with accessory magnetite. Moreover, a considerable heterogeneity of ultrabasic
rocks was established according to the magnitude of magnetic susceptibility (Table 1), which is mainly due to their serpentini-
zation, carbonatization, and development of talc. Table 1 shows the magnetic susceptibility values obtained by the authors of the
work [2] for rocks typical of the deposit. Unfortunately, the authors did not indicate in their work the way the measurements
were made (using samples or under conditions of natural occurrence). However, according to their data, rocks of the basic and
acidic composition are mainly non-magnetic; amphibolites, gabbros, granitic rock, and glimmerites are distinguished by reduced
magnetic susceptibility.

Additionally, according to literature data [2], the dependence of the specific electrical resistance of ultrabasites on the meta-
morphism intensity is noted:

- slightly serpentized peridotites — 1210 ... 3900 Ohm - m, at an average 1900 Ohm - m;

- serpentinites — 300-960 Ohm - m, at an average 750 Ohm - m;

- serpentinite-talc-carbonate rocks — 16 ... 21 Ohm - m, at an average 18 Ohm - m;

- talc-carbonate rocks - 2 ... 26 Ohm - m, at an average 10 Ohm - m.

< popovm1@yandex.ru
http://orcid.org/0000-0002-0527-8234

" o.peleshko@ambercombine.ru

" bazenova_jena@mail.ru
https://orcid.org/0000-0002-2068-7140

““ivanchenko_05@mail.ru
http://orcid.org/0000-0002-1294-6050

*****

http://orcid.org/0000-0002-1174-1301

M3BECTUA YPA/IbCKOI0 roOCYJAPCTBEHHOIO rOPHOIO0 YHUBEPCUTETA MAPT 2019 | BbIMYCK1(53) 39



HAVYKH O 3EMAE M. I1. Ionos u dp. / Uzeecmus YITY. 2019. Bun. 1(53). C. 39-47

Table 1. Characteristics of magnetic susceptibility X of rocks of the Ural emerald mines [2].
Ta6nuua 1. XapakTepucTvka MarHUTHOM BOCNPUUMYMBOCTU X FOPHbIX Nopod YpanbCckon U3yMpyAoHOCHOW nonockl [2].

X 105SI units
Rock

Number of determinations Measurements range Average
Amphibolites 3646 0...302 25
Gabbro 800 0...126 35
Diorites 3370 0...2520 21...370
Granitic rock 2375 0...630 10
Serpentinites 1226 6...10 000 1612
Dolerines 555 6...3126 831
Chilorite rocks 135 6...1612 227
Apoultrabasite glimmerites 324 9...40 18...21
Apodiorite glimmerites 120 12...50 23...30

Micaceous veins are distinguished among the host rocks by high electrical resistance, which is caused by their composition
- these are shales, consisting mainly of phlogopite with mica scales oriented along shaliness. According to the data of parametric
measurements of samples, the average electrical resistivity is 70 000 Ohm - m, which is significantly higher than the electrical
resistance of the host rocks [2]. However, the measurement technique is also not specified in the work.

The brief geological structure of the Mariinsky emerald-beryllium deposit

The Ural emerald mines are the world-famous ore region, where the largest deposits of beryllium ores and gems are located in
Russia: emerald, alexandrite, and phenakite. Gem-stones mining began in 1831 and do not stop until today. Within the Emerald
Mines, the only source of beryl is micaceous veins, which are found in the contact of serpentinites in talc-chlorite rocks.

The Mariinskoe (Malyshevskoye) deposit is included in a group of fields that goes under the general name of the Emerald
Mines of the Urals. The ore field is attributed to the deposit which is located in the eastern exocontact zone of the large Aduisky
granite massif of the late orogenic type. Granites burst a complex of metamorphic and intrusive rocks, which includes: amphi-
bolites and amphibolite schists, carbon-bearing siliceous schists, serpentinized ultrabasites, serpentinites and dolerines derived
from them, diorites, quartz diorites and diorite porphyry (Fig. 1).

The contact of the granite massif with a complex of metamorphic and intrusive rocks has the east dip with 65 ... 80 ° angle
and is complicated by bends with flat areas and broad warps. The Mariinskoe deposit is confined to one of such downwarps. The
ore field is localized in the eastern flank of the anticlinal bend. The main ore-controlling and ore-distributing structures at the
deposit are spatially connected fault zones and dikes of diorite porphyrites [6]. Fault zones are fixed by highly foliated and broken
dolerines (usually with additions of chlorite, actinolite, and phlogopite); there are lenticular bodies of serpentinites, as well as
dikes of diorite porphyrites and separate sheet-like bodies of carbonaceous silicious schists. Most ore bodies are concentrated in
the fault zones oriented mainly in the near north-south and lateral directions. In the fault zones and adjacent areas, all rocks are
subject to tectonical boudinage and profound metasomatic changes — phlogopitization, fluoritization, and development of talc
(serpentinites). In addition, the most intensive formation of beryllium mineralization is observed in fault zones. In the vertical
sections, schistosity zones often unite and diverge again; wedging out and bulges are often noted. It was also noted that sometimes
separate feathering fractures depart from the main fault zones; large ore shoots are formed in the areas of intersection with faults.
Fault zones can be tracked along the strike up to 1200 m, their thickness varies from 5 to 70 m. Dykes of diorite porphyry play
an important role in the formation of the structure of the ore field of the deposit. Along the strike and the fall of the ore zone,
five largest dykes are observed in accordance with it, the length of which reaches 1150 m with a thickness of 5 to 10 m. Dyke-like
bodies are spatially closely associated with the identified large fault zones, and the development of ore-bearing structures occurs
precisely here, that is, in the areas of occurrence of dykes that create a profound mechanical heterogeneity of the surrounding for-
mation. The ore zone of the deposit has a southern declination at an angle of 50 °. On the strike, it is tracked for 1 100 m (horizon
-30 m), and it has been explored to a depth of 360 ... 500 m [6]. The vein assemblage is represented by emerald-bearing micaceous
and beryl-bearing quartz-plagioclase veins (Figure 1).

Micaceous ore bodies are the only carriers of beryllium raw materials. They contain an overwhelming (more than 95%)
amount of beryl, which is also characterized by the highest (13.4 g/t) content of this component. Micaceous assemblage found
in talc schists is characterized by the highest (16.1 g/t) content of emerald raw materials. They are quite diverse. This diversity
is due to different chemical and mineral composition of protoliths, the duration and polygeneration of metasomatic process-
es. Among the rocks that have undergone metasomatic processing one can mention apohyperbasite and apodiorite rocks [7],
apovulcanite and apocarbonate, apoamphibolite and apogabbroic rocks; according to mineral composition of the central zones:
Biotite-plagioclase-phlogopite, quartz-plagioclase-phlogopite, topaz-plagioclase-phlogopite, and chrysoberyl-phenacite-phlogo-
pite [5]. Within the ore zones of known deposits of beryl and emerald, micaceous assemblage is accompanied by small veins of
talc-carbonate, quartz-epidote, plagioclase, or fluorite composition filling with open cracks.

Methods of studying the magnetic susceptibility of rocks and objects of study

The study of magnetic susceptibility to differentiate the magnetic properties of natural minerals has been repeatedly used
by researchers [8-10]. In order to study the magnetic properties of typical rocks and ore bodies of the Mariinsky deposit, the
PIMV-M field magnetic susceptibility meter with a measurement range of 1 - 10~... 1 SI units was used in the underground mine
directly. Relative measurement error does not exceed = 10% in the range (10~ ... 1) SI units, in the range (10~ ... 10™*) SI units is
not rated. Measurement was carried out at barings in mine workings (layering crossdrifts, dass, ore drifts) at horizons +15, -30,
-120 m. The measurement was carried out by applying the flat surface of the measuring transducer to the bottomhole wall in a
lithologically homogeneous section with subsequent measurement and recording of the obtained value in the field document. At
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Figure 1. Geological structure of the Mariinsky Deposit [5].
PucyHok 1. l'eonornyeckoe crpoeHne MapumHckoro mectopoxaeHus [5].

the same time, the faces under study were uneven (rough), and the gap between the device and the surface under study was from
0.3 to 0.7 mm, 0.5 mm on average. Since the PIVM-M device measures the apparent magnetic susceptibility k ‘, the transition to
the true magnetic susceptibility value k is realized by the formula k = k’/ (1 - 0.5 k). Since all obtained values of apparent magnetic
susceptibility are less than 0.1 (k' < 0.1 SI units), then it was considered to be k = k T11]. Due to irregularities of the face walls, i.e.
an “outshot-lobe” difference, as a result of which the gap between the measured surface and the flat surface of a transducer is 0.5
mm on average, the unevenness-correction factor of 1.41 was introduced to calculate the magnetic susceptibility. Table 2 shows
the measurement data of magnetic susceptibility in the underground mine.

Methods of studying the electrical resistivity of rocks and objects of study

The electrical resistivity of rocks is carried out both using samples in a laboratory and in natural occurrence. This kind of
work has already been done in laboratory setting but with other species of rocks [12, 13]. We used standard samples in the form
of cubes of size 24 x 24 x 24 mm, the composition of which was examined using the binocular enhancer MBS-10 for studying
the electrical resistance. The measurements were carried out along three axes since almost all samples have anisotropy. Table 3
shows the average measurement data for different axes. The teraohmmeter E6-13A was used for working. The measurements
were carried out according to the method described in [14]. In addition, Table 3 shows the average data of magnetic susceptibility
measured along three axes using the same samples in laboratory setting (PIMV-M device).

Discussion of results

The average values of magnetic susceptibility of various rocks and ore complexes of the Mariinsky emerald-beryllium deposit
are close (with the exception of serpentinites). The unevenness in magnetization intensity of rocks indicates the connection of
their magnetic properties with accessory minerals that are found in them. In serpentinites, magnetite Fe O, (magnetic suscepti-
bility is 4 ... 25 SI units) is most common, and chromite is found. In diorite porphyrites — pyrrhotite Fe, O, (magnetic susceptibility

Monos M. IN. n gp. Geophysical criteria for the separation of productive micaceous veins of the Mariinsky emerald-beryllium 41
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Table 2. Average data for magnetic susceptibility of the main rocks of the Mariinsky field obtained directly from measurements in an
underground mine.
Tabnuua 2. CpegHve nokasaTenyu MarHUTHOM BOCNPUMMYMBOCTU OCHOBHbIX nopoA MapuMMHCKOro MecTopoXaeHUs, NoNny4YeHHbIe Heno-
CpeACTBEHHO NPU U3MePEHUsAX B NOA3EMHOM pyaHUKe.

Names of rocks

Number of measurements

The average %,

The average, taking into account the coefficient

Sl units - 10 1.41, Sl units
Serpentinites 25 7.2 10.2
Talc schists and rocks 39 3.4 4.8
Diorite porphyrite and quartz diorite 62 5.2 7.3
Tremolite-actinolite schists 13 3.1 4.4
Chlorite schists 7 2.7 3.8
Quartz-plagioclase veins 10 - -
Micaceous assemblage 43 1.5 21
Carbon-bearing-siliceous shales 10 5 7.1

Table 3. Characteristics of the main host rocks and ore complex of the Mariinsky deposit.

Tabnuua 3. XapakTepuCcTUKM OCHOBHbIX BMELLAIOLWMNX NOPoA U pyaHoro komnnekca MapumHCKoro MecTopoXaeHus.

Sample Magnetic Electrical resis-
Rock Texture Mineral composition Peculiar properties susceptibility, S
number . tivity, MOhm
Sl units
Quartz — 80 %, . . .
G e e 20% sumeribetze 0%
9 sulfides (less than 1 %) grayq
2A ) . - . Occasional " 200 000
B Glimmerite Schistic Bastonite ore inclusions 24.10 320 000
) . Small sulphides are
3A ) . . Light-colored micas L " 100
3B Glimmerite Massive sulfides (less than 1 %) distributed 43-10 95
unevenly
4A . . e Brown-colored mica — 90%, Feldspar grains in 4 340
4p  Climmerite Stratified  felgspar — 10 % glimmerite 2:9-10 180
5A - Massive, . o o Ore mineral is not 4 25000
5B Serpentinite cutaxic Serpentine — 90 %, talc — 10 % visible 1.7-10 25 000
6A  Plagioclase Massive, ~ Amphibole — 80 %, feldspar — 2§;2I‘?Z§t‘iﬁ’:'genot 17 104 27 000
6B gabbro spotted 20 % o 28 000
detected
7A Quartz-muscovite  Massive, Quartz — 20%, light-colored mica —  Rare small, sulphide 50.10° 900 000
7B rock eutaxic 0%, brown-colored mica — 50% mineralization ’ 450 000
Serpentine — 68 %, .
8A Talc-serpentinite Knotty talc — 30 %, Rulverous ore inclu- 1.8.10* 400
8B . sion 450
ore mineral — 2 %
. Ore mineral is dis-
9A Massive, o . o ; " 300 000
oB Talc schistic Talc — 95 %, ore mineral (4-5 %) trlbu_te_d e_venly along 6.2-10 170 000
stratification
10A Phlogopite-pla- Knott Plagioclase — 60 %, brown-col- 2/:(';:: e(;l;l;fstes 50.10- 70 000
10B  gioclase y ored mica (40 %) along . : 80 000
in plagioclase vein
1A Silicious-car- Mica — 80 %, Sinale arains of ore 0.36
bon-bearing rock  Massive Carbon-bearing substance —14 %, ngeg 3.2.10* 0.24
11B . . ; o mineral
with mica ore mineral — 1 % 700
Actinolite —70 %, Single grains of ore
_ o,
12A Talc-actinolite Massive tale 15. o, mineral are distribut- 1.4.10* 90000
12B phlogopite —13 %, ed unevenl 17 000
ore mineral (about 1-2 %) y-
13A . . . . o Ore mineral 4 50 000
13B Glimmerite Schistous  Brown-colored mica — 100 %, is not identified 2.0-10 30 000
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Sample Magnetic Electrical
p Rock Texture Mineral composition Peculiar properties susceptibility, resistivity,
number .
Sl units MOhm
14A Plagioclase — 40 %, Single inclusions 2000
Amphibolite Massive amphibole — 45 %, of ore mineral are 3.2-10*
14B . o 1750
mica—5 % noted.
15A Quartz-mica . Mica — 80 %, Ore mineral 4 300 000
158 schist Sehistous  qjartz — 15 %, is not identified 4.0-10 400 000
Ore mineral (vein- 310
16A Serpentinite Massive, Serpentine — 96 %, ore lets) is unevenl 2.8.10* 360
168 P spotted mineral — 4 % 1S) Y € 2400
distributed
3500
17A .. . Serpentine — 90 %, Ore mineral is dis- 5 25 000
17g ~ Serpentinite Massive e mineral — 10 % tributed unevenly 25-10 18 000
18A Diorite Massive, Amphibole — 35%, plagioclase — Ore mineral 15.104 1600
18B knotty 45%, mica — 15%, quartz — 5% is not identified ’ 2400
19A . o Ore mineral 50 000
198~ Quarnzrock Massive — Quartz—100 %, is not identified 400 000
20A . . Talc — 75 %, chlorite — 20 %, ore Ore mineral (silt) is " 9000
oo Chlorite-tale Schistous - ineral (less than 5 %) evenly distributed 2.0-10 320 000
21A Glimmerite . . o . o Ore mineral " 150 000
21B with fluorite Schistous  Mica — 75 %, fluorite—25 % is not identified 1.7-10 100 000
2297 Serpentine — 95 %, Ore mineral (single
Serpentinite Massive talc — 4 %, grains) is distributed 6.5.10* 320 000
22B )
ore mineral — 1 % unevenly 20 000
Talc — 45 %, Ore mineral (single
ggg Tzlr(]:tci)r?i(teeser Massive Serpentine — 40 %, grains) is distributed 1.5.10* 600 000
P ore mineral — 5 % extremely unevenly 80 000
24A Dolerine with Schistous Talc — 65 %, mica — 34 %, Ore mineral in the 29,104 170 000
24B phlogopite ore mineral — 1 % form of small grains ’ 100 000
25A - . Amphibole 5-7 %, feldspar — 65 %, Ore mineral 4 300 000
258 Dlorite Schistous 1 ica — 25.30 % is not identified 13-10 200 000
26A  Talcose ser- Massive  Serpentine — 80 %, talc - 15 %, gsrflg‘gl‘setrr?éé:’: d”Ch' 40104 90 000
26B pentinite ore mineral (about 5 %) e 150 000
very unevenly
- . . Ore mineral (single
27A Actinolite-chlorite . Actinolite — 60 %, talc — 35 %, ore N e 4 110
27B Schist Massive mineral (about 5 %) grains) is distributed 1.7-10 115
unevenly
32
28A Chlorite-talc-ac- Schistic Amphibole — 44 %, chlorite — 25 Ore separation in the 23.10 40
28B tinolite %, talc — 30 %, ore mineral — 1 % form of fine grains e 2300
2200
Ore mineral (fine
29A - Serpentine — 80 %, talc — 15 % impregnation) is dis- 4 4500
29B Serpentinite Knotty ore mineral (5 %) tributed along cracks 1.7-10 4700
and occasionally
30A Serpentine-talc Knotty, Serpentine — 30 %, talc 65 %, ore or;einn;;r}:rgils(tfilgﬂz d 35.104 55 000
30B rock eutaxic mineral (5 %) 9 ’ 320 000

extremely unevenly

is 1072 ... 107 SI units), ilmenite (magnetic susceptibility is 4... 25 SI units) and titanite (less commonly magnetite). There are
magnetite, ilmenite, and titanite in talc, chlorite and tremolite-actinolite schists, which affect the overall magnetic susceptibil-
ity of rocks. Mica complexes mainly consist of phlogopite (magnetic susceptibility is 20 - 10~° SI units), but chromite, ilmenite,
and titanite are rarely found in them. The content of accessory minerals in micas does not exceed two decimal places and three
decimal places [15]. Sometimes fine-grained magnetite is found in apodiorite glimmerites, which increases the overall magnetic
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Figure 2. Values of electrical resistance and magnetic susceptibility for selected samples from the Mariinsky deposit.
PucyHok 2. 3Ha4yeHuWs aneKTPOoCconpoTMBNEHUS U MAarHUTHOM BOCNPUMMYNBOCTM Ha OTOGPaHHbIX 06pa3uax ¢ MapumHCKOro MeCTopoXaeHuA.

susceptibility of these rocks. The magnitude of the magnetic susceptibility of quartz-plagioclase veins is below the measurement
limit of the PIVM-M device (k <10-° ST units) due to the absence of the main “magnetic minerals” (magnetite, pyrrhotite, ilmen-
ite). The location of ore-bearing zones along the boundaries of the contacts of serpentinites with glimmerites makes it possible
to identify zones of these contacts by magnetic susceptibility. Serpentinites have a greater magnetic susceptibility (10 ... 10~ SI
units) than other rocks.

The works carried out by the authors in the mine of the Mariinsky emerald-beryllium deposit followed by laboratory studies
showed that the main carrier rocks of beryllium mineralization (glimmerites and quartz-plagioclase veins) differ in magnetic
susceptibility from other rocks of this deposit. Thus, the magnetic susceptibility of phlogopite schists ranges from 0.2 to 2.3 - 10*
SI units. The magnetic susceptibility of plagioclase-quartz veins is equal to zero. The host rocks (serpentinites), in turn, have a
magnetic susceptibility 30 - 10~ ST units. The obtained values of apparent resistivity also show the difference between unproduc-
tive vein complexes and those containing the ore component (beryl). In addition, there is a dependence of the electrical resistance
values of hyperbasites on the degree of metamorphism:

— peridotites slightly serpentinized - 1600 ... 2400 MOhm, sam. No 18;

- serpentinites —3500... 25 000 MOhm, sam. No 5, 16, 22;

- serpentinite-talc-carbonate rocks — 400 ... 450 MOhm, sam. No 8;

- mica veins — 30 000 ... 320 000 MOhm, sam. No 13, 2.

According to the results of the work, it was found that mica veins are found only in hyperbasites of low-resistivity. It is obvi-
ous that the decrease in electrical resistance is due to a complex of metamorphic processes. Mica veins are distinguished among
host rocks by high electrical resistance, which is caused by their composition - these are schists consisting mainly of phlogopite
with mica scales along schistosity. According to the data of parametric measurements of samples in early studies [2], the average
specific electrical resistance of mica veins is 70 000 Ohm - m, which is significantly higher than the electrical resistance of host
rocks. A similar situation is observed in our research.

If we jointly construct graphs (Fig. 2) of magnetic susceptibility and electrical resistance for various types of rocks found in
the Mariinsky deposit, then it can be noted that the separation of mica veins only according to magnetic susceptibility is impossi-
ble due to a large number of nonmagnetic rocks. The separation of productive mica veins only according to the electrical resistiv-
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ity data is also not possible due to the presence of rocks of the same electrical resistivity. However, the use of these two methods at
the same time when setting certain studied parameters makes it possible to create equipment for the express method of inspection
and selection of promising ore zones (complexes).

Conclusions

The method proposed by the authors is based on difference in magnitude of the magnetic susceptibility and electrical resis-
tance in the ore and ore-free sites. For each of the parameters studied, it is impossible to indicate unequivocally about the degree of
mineralization; however, their complex use and interpretation allow us to identify signs by which ore zones can be distinguished
in the field.

The use of this express method at the site (in mine workings) will allow for prompt determination of the location of ser-
pentinite bodies and talc schists, in contact of which micaceous complexes productive for beryllium mineralization are often
found.

This method (with a large set of statistical data) will allow us to confidently distinguish productive apohyperbasite glimmer-
ites from unproductive apodiorite and other micaceous complexes at the Mariinsky deposit.
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[eodhuznyeckmne Kputepmm BLIAGAEHUST MPOAYKTUBHDBIX CAIOAMTOBLIX YKUA
MapUNHCKOro U3yMPYAHO-OEPUAAMEBOrO MECTOPOXKAEHMST (CpeaHuni
Ypan)
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EBreHunsa AHaTonbeBHa BaxeHoBa* ™,
Buktop CepreeBny MBaH4yeHko* ",
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4 wer

"YpanbCkuii rocyAapCTBEHHBbIN ropHbI YHUBEpcuTeT, Poccusi, EkatepuHGypr

2NHcTuTyT reonorum u reoxumun um. A. H. 3asapuukoro YpO PAH, Poccus, EkatepmHbypr
3AO «MapuunHckuin pyoHuky, Poccus, CeepanoBckasi obnacTtb, r. AcbecT, noc. Manbiwesa
“UHcTuTyT reodmankm um. tO. M. Bynawesunya YpO PAH, Poccusi, EkatepuHbypr

AKTYAALHOCTLIO PABOTLI SIBASIETCS Pa3paboTka HOBLIX METOAOB OMEPATUBHOIO BLIAEAEHMsT (OBHAPYIKEHMSI) PYAHBIX TEA HEMOCPEACTBEHHO B MOA3EMHOM
PYAHUMKE MECTOPOXKAEHUsI. VI3MepeHust ObIAM MPOBEAEHBI KAK HA CMELIMAALHO MOAFOTOBAEHHLIX obpasuax B hopme KyOMKOB OAHOrO pasmepa, Tak U B
YCAOBMSIX €CTECTBEHHOTO 3aAEraHusl.

LleAbro pa6oTLI SIBASIETCSI U3YyYEHWE MArHUTHOM BOCMPUMMYMBOCTM U SAEKTPOCOMPOTUBAEHMSI OCHOBHBIX BMELAMOWYMX MOPOA M PYAHOTO KOMIMAEKCA
(UI3yMPYAOHOCHDIX CAIOAMTOB M KBAPLI-MAArYOKAQ30BLIX JKMA C GEPUAAOM) HA CAMOM M3BECTHOM YPAALCKOM M3YMPYAHO-OEPUAAMEBOM MECTOPOXKAEHWUM
— MapumHckom.

MeToAororMs MCCAEAOBAHMSA: AASI ICCAAOBAHMI MarHUTHBIX CBOVICTB TUMOBLIX MOPOA U PYAHBIX TeA MapUMHCKOro MECTOPOKAEHMSI HEMOCPEACTBEHHO
B MOA3EMHOM PYAHMKE VICMOABL3OBAACS UBMEPUTEAL MArHUTHOM BOCMPUMMYMBOCTY roAeson NMTMMB-M ¢ ananasoHom mamepenus 1 - 107°...1 ea. CUL.
OTHOCHTEABbHAS! TOrPEIHOCTL U3MEPEHMsT He MPeBocxoauT +10 % B ananasoHe 107...1 ea. CU. MiamepeHne NPOBOAMAOCEH MyTEM MAOTHOTO MPUKAQAbIBAHUSI
MAOCKO¥ MOBEPXHOCTY MEPBMYHOTO MPeoBpasoBareAsi MprOopa K CTEHKE 3a00s1 B AUTOAOTMHYECKM OAHOPOAHDIN YHACTOK C MOCAEAYIOUMM M3MEPEHNEM
U 3aMMCbio MOAYHEHHOTO 3HAYEHMsI B MOAEBOW YKYPHAA AOKYMEHTALIMM TOPHLIX BLIPAOGOTOK. AAsl M3yHEHMST SAEKTPOCOMPOTUBAEHMS ObIAV UCTIOAL3OBaHbI
CraHAapTHbIE 06pasLbl B (hopme KyOMKOB pasmepom 24 x 24 x 24 MM, COCTaB KOTOPLIX MAPAAEALHO M3y4aacsi oA 6uHoaynoin MBC-10. Mamepenus
MPOBOAMAMCD MO TPEM OCSIM, TaK KaK MPAKTUYECKM Y BCEX 0OPA3LIOB MPUCYTCTBYET aHU3OTPOMMsl. AAsi PaBOTL MCMOAL3OBAACS TepaommeTp EG-13A.
Pesyavtatil. [puBeaeHbl AAHHLIE MO MArHWMTHOW BOCTIPUMMMYMBOCTM UM SA€KTPOCOMPOTMBAGHMIO OCHOBHLIX BMELIAIOWMX TOPOA U PYAHOTrO
KOMIAEKCA (M3YMPYAOHOCHDLIX CAIOAVTOB M KBapLI-MAATMOKAA30BLIX XKMA C GEPUAAOM) C MapUMHCKOTO MECTOPOXKAEHMsl. Bce AaHHbLIE COrAAcOBaHLI C
neTporpaieckMmm XapakTepUCcTMKamm MopoA.

BriBoAbl. [ToKkasaHa NMPUHUMIMAALHASI BO3MOXKHOCTL CO3AAHUsI HOBOW 3KCMPECC-METOAMKM BLIAGAEHMS MPOAYKTUBHLIX CAIOAUTOBbLIX XKMA B CKBaYKMHAX U
3a605IX MO OAHOBPEMEHHOMY M3MEPEHMIO MArHWUTHOW BOCIPUMMUMBOCTY M SAEKTPOCOMPOTMBAEHUSI MOPOA HEMOCPEACTBEHHO B MPOLIECCE AOOLIMHBIX
PaboT B MOA3EMHOM PYAHUKE.

KatoyeBble cAoBa: Ypaa, MarHWTHasi BOCMPUMMYMBOCTD, SAEKTPOCOMPOTUBAEHUE, CAIOAUTDLI, KBAPL-MAArMOKAA3OBLIE KMALI, U3YMPYAHO-OEpPUAAVEBDIE
MECTOPOXKAEHMSI, YPAALCKME U3YMPYAHbIE KOTIN.

Paboma evinonmnena uacmuuno npu noodepucke IIpocpammor YpO PAH «Paspabomka nempodusuueckux memooos
UCCTIe008aHULL 20PHBIX NOPOO U PYO C UEIbI0 USYUEHUS 2e07102UUECK020 CHPOEHUS MECHOPOXOeHUll U COBePUIEHCINBOBAHUS
Memo008 ux noucka u pazeedxu» (ITpoexm 18-5-5-52) u eocyoapcmeenHoti npozpammol « PexoHcmpykiyus ycnosuti popmuposanus
2a06po-ynvmpabazumosvix Komnuekcos Ypano-MoHzombckoeo ck1aduamoeo nosca u ceA3aHH020 ¢ Humu opyodernenus» (loc. Homep
AAAA-A18-118052590033-3).
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HoBbie BO3MOXXHOCTM 0OPabOTKM U MHTEPMPETALMM CEMCMUYECKMX
AAQHHDLIX B OLIEHKE MEPCMNEKTUBHOCTM AOKAALHLIX OOLEKTOB

AOynat Kanumosuy AXKIFATIMEB',
Cepuk Myxam6etoBny MICEHOB?,
Camart NanbimxaHosn4y KAPUMOB?

"TOO «Komnanust «Hegpa-UHxuHnpuHr», Pecnybnuka KasaxctaH, Anmathbl
2TOO «l'eomenx KZ», Pecnybnuka KaszaxctaH, Anmatbl, BoctaHabIkckuiA paiioH
SEBpasuiickunii HaumoHarnbHbIA yHUBepcuTeT umenn J1. H. N'ymunesa, Pecnybnuka KaszaxctaH, ActaHa

AKTYaAbHOCTL. OLEHKA NMEPCNEKTVB HEPTErAa30HOCHOCTM MOMCKOBLIX OGLEKTOB HAPSIAY C BLISICHEHMEM XapaKkTepa M OCOBEHHOCTEN MX BHYTPEHHEro
CTPOEHMs1 OOYCAABAMBAET HEOBXOAMMOCTL COBEPLIEHCTBOBAHMSI HOBBIX HAMPABAEHMIA VM TEHAEHLIMI B BOMPOCE MOBbILEHWsI KAYECTBA PE3YALTATOB CECMMU-
YECKMX UCCAEAOBAHUIA. METOABI CEICMOPA3BEAKM SIBASIIOTCSI OCHOBHOM MH(POPMALMOHHOM 6a30oii B MOArOTOBKE M OB6OCHOBAHUM MEPCMEKTUBHLIX OBLEK-
TOB, OMPEAEAEHUM OMTUMAABLHOTO Pa3MELLEHMs MPOEKTHLIX TAYOOKMX CKBAXKMH. B CBSI3U € 3TMM NpyMeHeHWe MHHOBALMOHHBIX TEXHOAOTUI B 0OpaboTke
M VIHTEPrIPETaLmMM CEeCMUYECKMX AAHHLIX (2A 1 3A — MOIT) Ha COBPEMEHHOM CTaAMM M3YHEHHOCTM NpuobpeTaer 6OAbLIOE 3HAYEHME.

Lleab n 3aaa4yn. HeOGXOAMMO AQTh OLIEHKY BO3MOXKHOCTSIM 3(P(PEKTUBHOTO MPUMEHEHMS] MIHHOBALIMOHHBIX TEXHOAOTUI HA MPUMEPE XaPAKTEPHLIX Y4acT-
KOB B npeaeAax [Mpukacnmiickoro (BoctouHas 6oprosas 3oHa) 1 Ly-Capuicyckoro (MoVibIHKYMCKast BllaAMHA) 6acceiHa AAs BLIAGAEHUsI MEPCMEKTUBHDBIX
OBGLEKTOB B MAAEO30MCKOM TOALLE. 3aAa4€ SIBASIETCS1 OOOCHOBAHME MPUMEHEHMSI HOBLIX TEXHOAOTMIA. AAsI STOTO OMPEAEAEHBI TPY OCHOBHbLIX HAMPABAEHMSI:
ONTUMM3ALMM NAPAMETPOB MOAEBLIX PABOT Ha 3Tarie coopa NMepBUYHON MHGOPMALIMK, PA3BUTMSI U BHEAPEHMsI HOBLIX CUCTEM MPOTPAMMHOTO obecreye-
HUsl M Ha 3Tarie OnTMMM3aLMy TEXHOAOTUI MHTEPrpeTaLmm 1 NMOCTPOEHMsT MOAEAEN.

Pe3yAbTaTpl npuMeHeHmsl. AaHHLIE METOAbI OPUEHTUPYIOTCSI HA OOLEKTbI, COMPOBOXKAAIOWMECS MOBLILEHHON CAOXKHOCTLIO M YCAOBMSIMU 3aA€raHmsl.
bDoAee AETaALHO MX MPUMEHEHME PACCMOTPEHO Ha 0BbeKTax BocTouHoro 6opra lMpukacnuiickoro 6acceiHa. C y4eTom 3Toro npuBeAeHbl 0COGEHHOCTU
PETMOHAALHOIO U MAOWAAHOTO MPOCAEKMBAHUSI OCHOBHLIX OOLEKTOB, OPUEHTUPOBAHHLIX Ha KapboHaTtHble ToAwn KT-1l u KT-1. MprBeAeHbl nocaeAHue
Pe3yALTaTLl M AaHHBIE BypeHusi Mo nAowaasim YKaHKOA-TOPTKOALCKOM 30HbI MOAHsITHIA, Bopykep-AkkapcKoit cryrneHn, OcraHcyKkekoro npormba (Akokap
Bocrounbiii, YKaHakoa, Ypuxtay, Tyakym, AAM6ekmora). OTAEALHO MOKa3aHbl BO3SMOYKHOCTM CEICMUHYECKMX TEXHOAOTMIA B KOMMAEKCE C AaHHbIMM TVC B
LeAsX 3(OPEKTUBHOTO BLIAEAEHMS! MOTEHLIMAALHLIX OOLEKTOB MHTEPBAAOB AAsl ONPOOOBaHMsl. HaKOMAEHHDIN OMLIT MPOBEAEHUsI CEMCMUYECKMX UCCAEAOBA-
HUWV U AOTTYWIEHHDIX MPU 3TOM UBAEPIKEK YTOUHSIETCS U COCOOCTBYET 6oAee S(PEKTUBHLIM MOAXOAAM B MX MPUMEHEHNM, B TOM YMCAE BLICOKOPA3peLa-
[ollei ceficMopasBeAKM, METOAVKM MHOroasumMyTaabHoro BCI, MyALTMCPOKYCHHTa M AMCPPAKLIMOHHOTO MYALTUCPOKYCHHTa.

BuiBoALl. HoBble MepcrekTvBHbIE OGLEKTDLI (MPY YCAOBMM MOCTAHOBKM AASI MX AETAALHOTO M3YY€HMs] MHHOBALMOHHLIX TEXHOAOTWIA) MPOrHO3MPYIOTCS B
OTHOCHTEALHO MOTPY)KEHHBLIX OTAAAEHHDLIX PaioHaX BOCTOYHOM GOpPTOBOM 30HMLI (LyGapkyayk-KockoAbckas u bopkep-AKKapcKkasi 30HbI MOAHSITUI).
OBOCHOBLIBAETCSI OCTAIOWMICS 3HAYMTEALHDLIV M €lle HEPEAAM3OBAHHDLIV B MOAHOM mMepe noTteHumaA Toaw KI-1I u KT-1. PaccmoTpeHbl BO3MOYKHOCTM pac-
WMPEHMs CMEKTPA HAMPABAEHMI HECPTEMOUCKOBLIX PABOT MO M3YyUYEHMIO MEPCMNEKTUBHBLIX OOLEKTOB U MOAHSITUI (BEPXHMI AEBOH—HVDKHMI KapOOH, Cpea-
HU—BEPXHMIA KAPOOH, HUKHSISI IEPMD).

KatoueBblie croBa: Mpukacnuiickuii 6accelid, BOCTOHHbLIN 60pT, kKapboHatHbie nadku KI-11 u KT-I, nareo30ickuii KOMNAEKC, CEMCMUYECKME UCCAEAOBAHMSI
2A/3A, 06paboTKa AAHHDIX M MHTEPMPETALIMSI, TOACOAEBLIE OTAOKEHMSI, MEPCMEKTUBLI HE(PTErA30HOCHOCTM, AOKAALHBIE MOAHSITHSI, KAPOOHATHLIE MOPOADI,
OCAAKOHAKOTIAEHME, YIAEBOAOPOADI, HATIPABAEHMS FEOAOTOPA3BEAOYHDLIX PABOT.

BEAEeHMe
3aaaum 1 hakTopbl COBEPLIEHCTBOBAHMS CECMUYECKMX METOAOB
OueHKa nepcreKTnB He)TerasoHOCHOCTH MTOMCKOBBIX 00'bEKTOB HapSIAy C BBISICHEHVEM XapaKTepa 1 0COOeHHO-
CTeil X BHYTPEHHETO CTPOeHNs 00yCIaBIMBaeT HeOOXOAMMOCTb COBEPIIEHCTBOBAHNS HOBBIX HAIIPAB/IEHIT ¥ TEH/IEHIINIT B BO-
IIpOCe MIOBBILIEHSI KAYeCTBA Pe3y/IbTATOB CEIICMITIECKIX MCCIEOBAHMIL. MeTO/bI CelICMOPa3BeKIL, B CBOIO OY€pPeNb, SIBISIIOTCS
OCHOBHOIT MHGOPMAI[MOHHOIT 6a30i1 B MOATOTOBKE 11 0OOCHOBAHWI MEPCIIEKTNBHBIX 0OBEKTOB, OIIPEeIEHNH ONTUMATbHOTO
pasMeleHNs IPOEKTHBIX IMTyOOKMX CKBaXKVH IPM MOMCKAX U pasBefike HedpTH U rasa.

HecMorTps1 Ha 04eBUIHOCTD HEOOXOAMMOCTH JaTbHENIIIeT0 COBEPIIEHCTBOBAHMS METOAOB ceitcMopassenku 2]1 u 31, B oco-
GeHHOCTM 06PabOTKIL M MHTEPIIPETALI JAHHBIX, HE BO BCEX IIEPCIIEKTVBHBIX PETMOHAX 1 GacCeliHaX KOHKPETHbIE IIaru B 9TOM
OTHOIIEHNUY TIPOBOJSTCS YCIIEIIHO. DTOMY €CTh BCEM M3BECTHbIE IPUYMHBI 0OBEKTUBHOTO XapaKTepa, CBsI3aHHBIE:

- ¢ ocmabenneM porm Komurera reonorvm u Hepononbsosanyss MVuP PK, senymunx npodunpasix HVM B ynipasnennn
U peanusanuy IePCIeKTUBHbIX M TeKYIIMX IPOrPaMM FeoJIoropasBefodHbIX paboT (zanee — I'PP) 1 B mepByIo oueperb B 0CBO-
€HHbIX 0CaJIOYHBIX 6accelfHaX CTPaHb;

— OTHOCHUTETbHO HU3KOII MMPOBOIT IIeHOlT Ha HepTh B IOC/IeHIE TOMBI HA (POHE OOBEKTUBHOTO POCTA PBIHOYHOI CTOMMO-
ctu ['PP, B ocobenHoCTN Hanbosiee TEXHNYECKY 1 METOJMYECKI CTIOXKHBIX METOJ[OB J TEXHO/IOTHI (CeiicMOpasBefika B pasind-
HBIX MOAVUKALVISIX 1 IP.) B COBPEMEHHBIX YC/IOBISIX;

— YKeJIaHJeM He[POII0Ib30BaTeIell YIIPOCTUTh Pabodne MporpaMMsbl [0 T€0IOrOpasBefKe, MOPOil C IIPUMEHEHEM AJISI 10~
JICKOBBIX pab0T OTHOCUTE/IBHO JEIIeBBIX METOIOB I TEXHOIOIMIL, YTOOBI TOTY4INTb COMHNTE/TbHbIE SKOHOMMUI II0 3aTpaTaM Ha
I'PP B Kpu3uCHBIIT IEpUOJ;

- IpeHeOpe)keHNeM B KPU3UCHBIIT IIePUOJ IPYTUMI BaKHBIMU 71 pesynbTatnBHOCTU [PP B 11enom mapamerpamu (rmy6o-
KUM Hay4HbIM aHanu3oM ['PP Ha Bcex sramax, HapylleHyeM IPUHIUIIOB CTAMITHOCTY, TPeOGOBaHMIT TOTOKeH!IT VIHCTpyKumit
0 TIOATOTOB/ICHHOCTY 00'beKTOB K OYPEHIIO, II0 0O BEKTUBHOI OLJeHKe 3aI1acoB I T. II.).

OTMeTM Ipu 9TOM, ITO HANULO (PAKTIIECKOe XKeMaHNe psiffa He(TSIHBIX KOMIIAHWI YIPOCTUTD IIPUMEHEHE U CaMOil
cericmopassefky OI'T Ha KOHKPETHBIX 00'bEKTaX U OTPAHMYNTHCS, HAIIPUMeP, IUIIb 1epeobpaboTKOI CTapbIX MaTEPUATIOB IO

" D4 dulat.azhgaliev@gmail.com
http://orcid.org/0000-0001-9770-0473

48 MAPT 2019 | BbIMYCK1(53) M3BECTUA YPA/IbCKOI0 roCYJAPCTBEHHOIO rOPHOIM0 YHUBEPCUTETA



D. K. Azhgaliev et al. / News of the Ural State Mining University. 2019. Issue 1(53), pp. 48-59 EARTH SCIENCES

CTaHJAPTHBIM TEXHOJIOTVAM, 3a0bIBast, YTO MOJIOKUTETBHBIX PE3y/IbTAaTOB CEICMUYECKMX VCCIIEJOBAHMI MOXKHO HOOUTBCA B
1Ie7I0M, COOMIofiast eAMHCTBO U TECHYIO CBA3b MaTepuasa Ha BCEX TPeX aTalax: MoJieBble paboThl (IIepBUYHBII MaTepuan), obpa-
00TKa, MHTepIIpeTalua U MOAEIPOBaHIeE.

[TprMeHeHVe MHHOBALMOHHBIX TEXHOIOTHIT B CEIICMIYECKMX METO/JaX Ba)KHO KaK Ha JTalle IMojeBbIX pabort (cbopa nHdop-
Malum), TaK ¥ Ha 9Tanax o6paboTKy IepBUIHOI MH(YOPMALNY, NHTEPIIPETALNY 11 TOCTPOeHNs Moferell paspe3a. CooTBeT-
CTBEHHO IpMMEHEHJe MHHOBALMOHHBIX TeXHOJIOTUII B COBPEMEHHOII CelIcMOpa3BefiKe CIeNyeT pacCMaTpUBAThb TaKXKe B TPeX
B3aVIMOCBSI3aHHbBIX HaIpaBIeHnsax [1].

1. OnTnMm3anysA mapaMeTpoB MOJIEBBIX paboT, B 0COOEHHOCTU Ha aTamne cbopa nepBuyHoil nHGopManuu. PasHoobpasue
CeJIMOTe0IOrM4YecKoll 00CTaHOBKM Ha 3HAYMTENbHOM 10 ITolany Teppuropun KasaxcTaHa BBIHYXK/JaeT IIOPOJl OTKa3aThbCs OT
BBIPaOOTaHHBIX OIIBITHBIM ITyTeM HEKOTOPBIX OCPEIHEHHBIX IIaPaMeTPOB CeMICMUYECKON ChbeMKI B 3aBUCUMOCTI OT KOHKpeT-
HBIX yC/TOBMIA.

2. Pa3BuTue 1 BHefpeHNe HOBBIX CUCTEM IIPOTPAMMHOrO obecIiedeHus Ha 3Tamax 0OpaboTKM mepBUYHON MHPOpMann
Ha CETOfH: XapaKTepU3yeTCsA 3HAYMTEIbHDIM IIPOrpeccoM. DTO JOCTUTHYTO B pe3y/nbTaTe MPUMEHEHU B 00/IaCTAX pasBUTHUA
COJLIHOKYIIONBHON TeKTOHMKM IIpukacmmiickoro 6acceiina nporpamm rryounHoit murpanuu PSDM u RTM, ocHOBaHHBIX Ha
MUTPALVIOHHBIX IPe0Opa3oBaHMAX BPEMEHHBIX Pa3pe3oB IO U OC/Ie CyMMMPOBAHIS.

B cBA3M € 9TUIM OTMETIM, YTO C Pa3BUTUEM TEXHUYECKOII 6a3bl U NOAB/ICHYIEM CYIIePKOMIIbIOTEPOB B Hadane XXI B. B psfge
cTpaH (Bxmodas KasaxcTaH) aKTUBU3UPOBAIOCh IPUMEHEHNE MOIHOTO IIPOrPaMMHOr0O KOMIIIeKca «MynbTiudoKycHHr» (ma-
nee — M®), T03BOJIAIOIETO 3a CYeT MHOTOKPATHOTO HAKOIIIEHNSI CUTHA/IA B 06/1acTy DpeHerst pe3Ko yBeIMINTb paspeliaionyio
CIIOCOOHOCTD CEICMUYECKOTO CUTHAJIA 1 TOBBICUTD COOTHOIIIEH)E CUTHAII/TIOMeXa.

3. Ha sTame onTrMusanym TeXHONOTMIT MHTEPIIPETALIMU U IOCTPOEHNSA MOJiefiell pa3pesa, Ha KOTOPOM JICIIO/Ib3YIOTCA JJaH-
Hble NIPeNbIAYIINX 3TAIIOB, CIefyeT npuBIeKkaTh faHHble [VIC n kepHa ckBakmH. VIHTeprpeTanys B KaXX/IOM IPOTPaMMHOM
KOMIDIEKCe 3aBepIIaeTcs IOCTPOEHNEM MOJE/IN pa3pesa IO CTPYKTYpe, MECTOPOXKIEHNIO, B TOM YJIC/Ie IOTyYeHle TPeXMepHOI
MOJIeJIV CJIOXKHOTO CTPOEHISI MeCTOPOXKIEHNUI Ha IpUMepe UCIONb30BaHNA HOBEIIIero mporpaMmmHoro komiiekca SKUA xom-
manny “Paradigm’, aBnaromierica BMecTe ¢ komnanyeii “Shlumberger” 0CHOBHBIM ITOCTaBIIMKOM IIPOrPaMMHBIX IIPOJYKTOB Ha
poike Kasaxcrana (puc. 1).

OribIT BHEAPEHMST HOBLIX Y MIHHOBALIMOHHLIX TEXHOAOTU

CremyeT OTMETUTD, YTO BHMMaHVE K HOBBIM METOZaM CO CTOPOHBI HEIPOIIOIb30BaTeell B HACTOsAIIee BpeMs JasleKo Heflo-
CTAaTOYHOE, YTO MOXKHO OOBACHUTD, Ha HAIIl B3MLAM, KpoMe (pUHAHCOBOI CTOPOHBI, U3/IMIIHEN OCTOPOXXHOCTHIO, CBOVICTBEHHO
IIpM 3HAKOMCTBE U BCTpeUe C YeM-TO HOBBIM, OTCYTCTBMEM JIOJDKHOM CTATMCTVMKY B YCIEHMIHOCTY IIPOBEMIEHN TeX VIV MHbBIX
YHUK/IbHBIX METONMK.

AHanmusupys coCcTOsHME IPOBOAMMBIX CeIICMIYECKIX MCCIeJOBAHNI II0 M3yYeHHBIM perioHaM, OTMEeTUM crefyiomee. Ha-
nbosee CUCTEMHO B HaCTOsIIee BpeMs IIPOBOAATCA celicMUYecKue MCCnefoBaHysA Ha akBatopun Kacnnitckoro Mops, HadaTble
CpaBHUTeNbHO HefgaBHO co cbeMku MOTT-2]] (anee — 2]/T) Bcelt Ka3aXCTaHCKON 4aCTy aKBATOPUIM MOPsI, BBIIIOTTHEHHOT B 1993

PucyHok 1. TpexmepHasa Mogernb CTPOEHUS MECTOPOXAEeHUI ¢ NpuMmeHeHneM nporpammbl SKUA (no aaHHbIM komnaHun “Paradigm” un
“Shlumberger”).

Figure 1. Three-dimensional model of the structure of deposits using the program SKUA (according to the data of Paradigm and
Shlumberger).

Axranves [1. K., UceHos C. M., Kapumos C. . HoBble BO3MOXXHOCTU 06paboTKu M MHTEPNPEeTALLMN CENCMUYECKUX JaHHbIX B OLleHKe 49
nepcrneKTUBHOCTU NOKanbHbIX 06beKToB // M3Bectua YITY. 2019. Boin. 1(53). C. 48-59. DOI10.21440/2307-2091-2019-1-48-59



HAYKU O 3EMAE A. K. Axczarues u dp. / Ussecmus YITY. 2019. Boin. 1(53). C. 48-59

L
H + -
—
Kacnuickoe
Mmope -
0 )’1 KanamKac mope
Kanamkac
| He MuUyrHKMHBI -
e = ]

I'l + ik s - - - - T P 4
-=b7ﬂ = - u-":""""'""' ¢

—— - C -

PucyHok 2. 3oHbl HedpTerasoHakonneHUs U mectopoxaeHus akBatopumn CesepHoro Kacnus n npuépexHon yactu rora Npukacnuimckoro
6acceinHa (no aaHHbIM AO HK «KasMyHanla3», 2013 r.).

Figure 2. Zones of oil and gas accumulation and deposits of the water area of the Northern Caspian and the coastal part of the south of
the Pre-Caspian basin (according to AO NK KazMunaiGas, 2013).

1995 rr. koHCOpItyMoM «KaszaxcraHkacmuiiienbgy» 10 paBHOMEPHOIT KBaPATHOI CeTI IPOQIIIelt ¢ BBICOKOI KPATHOCTBIO Ha-
Omtopienuit [2-4]. B mocenyomieM Ha IepCIeKTUBHBIX yIaCTKaX IIPOBEIEHO IIOUCKOBO-Pa3BefouHOe OypeHe, 10 pe3yIbTaTaM
KOTOPOTO OTKPBITHI MeCTOpOXKAeHMs1 Kaaranckoit rpymisl, 61okoB «Kemuysxnubi», «H» u gp. (puc. 2). [Tocie npoBefeHns Ha
yJacTKax ¢ obHapyxernamu pabor MOI'T-3]] (manee — 3]]) u mopcuera 3amacos B 2017 I. Ha4amoCh IPOMBIIITIEHHOE OCBOEHNE
3anexxelt Kamaranckoii rpynmnsr.

B mesom mpym CyliecTBEHHBIX yCIeXax reosoropasBefkn Ha akBaTopun CeBepHoro Kacmus ciefyeT OTMETHUTD, YTO HEKO-
TOpasA MMOCIHEIIHOCTD U IOPOJI 3aMeHa Ka4eCTBEHHOM CelICMUYEeCKOil CheMKM Ha JieTa/IbHOM 9Talle JielIeBhIMI reousndeckn-
mu Metofamu (THMS u ap.) mpuBena K rpyObIM IIPOCYeTaM U OTPULIATE/IBHBIM pe3y/IbTaTaM IOMCKOB Ha KPYIHBIX 6I0KaxX
Kypmanrassi, Aramr, Tro6-Kaparas, T. e. TOBTOpHOe HefJOCTaTOYHO 060CHOBaHHOE IpoBefeHne cbeMKu 2]] mepen cbemkort 311
IIPUBEJIO K CYIeCTBEHHOMY yHopoxaHuio mpoekta «H». I[IpoBogumas 3/1-cbeMKa Ha JTOKaIbHBIX MOPCKUX 00bEKTax, K COXKa-
JIEHMIO, TaKXKe He OT/IMYAeTCs BBICOKOJ SKOHOMMYECKOI 3P PeKTUBHOCTBIO M3-3a MaJIBIX IUIOLAfell pasMeleHns CbeMKI U
YIaleHHOCTH UX APYT OT JIpyTa.

Ha cyme go 1970-x IT. B OTHOCUTENBHO IPOCTBIX MO T€OIOTMYECKOMY CTPOEHMIO OCaJOYHBIX KOMIIJIEKCAX, BMEIIAIOIINX
OCHOBHBIe He()TerasoIpPOyKTUBHbIE TOPU3OHTHI Ha ITybnHax 3—4 kM (MaHrbiuvtakcknit, Yeriopr-bosammuckuit, Ily-Capsr-
CycKmit GacceliHbI, BKIIOYasl ¥ HaJCONEBbIe MECTOPOXKAEHMsT DMOMHCKOro paitonHa [Tpukacnuiickoro 6acceiiHa), MOMCKOBbIE
3aJauy pellaaych fake Ipy MOMOLIY YIIPOIIEHHON TexHomornu ceiicMopassenku MOB (xpatHocTbIO [0 6). A yxe B 1980-x
IT. ¢ BHeipenueM Metoga OI'T (MOI'T) xpaTHOCTBIO 12-24 M HOBBIX IIPOIPaMMHBIX KOMIUIEKCOB ObUIV OTKPBITHI HAIY HbIHE
IeICTBYIOLIYIE TUTAaHThI Ha ITy6uHax 10 6 kM (Tenrns, Kapasaranax, JKanakorn), pa3pe3 KOTOPBIX OC/IOKHEH COMSTHOKYIIOIbHOIL
TEKTOHMKOI.

B nocnenyiomem npuustas IIpasutensctsom PK ITporpamma «[iry6okime ropr3oHTbI», HallpaB/IeHHas HA M3ydeHue U 00-
Hapy>XeHMe 3anexelt YB Ha rmy6bunax 7-8 kM 1 6o7ee, IpefIiosaraeT Heo6X0AUMOCTb JJa/IbHEIIIEr0 COBEPIICHCTBOBAHNS TeX-
HOJIOTMYECKIUX aCTeKTOB IIPU MPOBEJCHNN CEIICMMYeCKNX MCCefoBanmii [2, 5]. IIpy 5ToM 0CHOBHBIE IPUHIIMIIBI O TUMU3ALINY
texrHonornit MOI'T B KaszaxcraHe, 10 MHEHUIO aBTOPOB, MOTYT 6a3MpOBATbCs Ha PsAJie HOBBIX TEXHOJIOTUI CeICMUYeCKIX VC-
CJIefiOBaHMIT, OIIpoOOBaHHbIX B KasaxcTaHe 1 yCIIeIHO MPOABUBIINX ce0s B pellleHNN CJIOKHBIX 3aflad, CTOAIIUX IIepef CelicMO-
pasBefkoit [6].

[TpearoskeHust MO MPOBEAEHMIO HOBLIX CEMCMUYECKMX METOAOB

Beicokopaspemnratomas ceiicMopassefka (manee — BPC). PaboTbl 110 ZaHHOI MeTOfMIKe B COOTBETCTBUU C TpoekToM AO
«KasTpanclas» 61N HavaThl B OIBITHOM IOpsifike B 2005 I. Ha y4acTKax GapXaHHBIX IIeCKoB MoJIbIHKyMCKolt BaguHel B Ily-
CappIcyiickoM 6acceliHe ¢ yyacTyeM IapTHepCKoli KoMmanuy u3 Poccun. PaboThl mpoBefeHbl B pajioHe ra30BbIX MECTOPOXKe-
HUIT MOJIBIHKYMCKOIT BIIAJAMHBI C HAYaJIOM X OCBOEHVsSI. DTU MECTOPOX/EeHMsI ObUIM OTKPHITHI Gortee 40 jleT Ha3aj U [JOIToe
BpeMs HaXOJWINCh B KOHCepBanuu. Ha nmepBoHa4abHOM STane He[pOIo/Ib30BaTe/b PEMINII OTPAHNYUTLCA IPOBENEHNEM pa-
6ot MOI'T-3]I TonbKo B Ipefienax Hanbomee KPyIHOTO MeCTOPOXK/ieHNsT AMaHTre/lIbbl Ha romasy 100 kM? ¢ mpuMeHeHneM
CTaHJAPTHOI METOMVIKM — BUOPOUCTOYHMKOB 1 CUCTeMBI Hab/MoneHnI, HapaOOTaHHOI B YCIOBUAX APYIUX paitoHoB Kasaxc-
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PucyHok 3. Koppensiums orpaxaroLymx ropusoHToB no npodunto 20917 no xapaktepHbIM CTPyKTypam MobIHKyMCKOM BnaguvHbI.
Figure 3. Tracking of reflection horizons along the profile 20917 using the characteristic structures of the Moiynkumskaya depression.

taHa. OlHaKo, KaK IOKa3a/lM pe3y/abTaThl OC/IEYIOLIEro aHa/IN3a, oTyYeHHbIe IT0o/IeBble celicMuyecKye JaHHble cbeMKu 3] B
YCTIOBMAX CTIOXKHOTO CTPOEHMA BEPXHelT YacTH paspesa (6apxaHHBIe ecKy 10 50-70 M) 1 TOHKOC/IOUCTOTO pa3pe3a IPOLYKTYB-
HOJI TN MECTOPOKIEHNA AMaHTeNb/Ibl OKa3a/lINCh HEIOCTATOYHO MHPOPMATVBHBIMIU. MaTepyasibl BLEIIOTHEHHOTO AVHAMM-
YeCKOTO aHa/IM3a CeIICMMYECKUX aTpUOYTOB [I0 CUX HOP IIOXO YBS3BIBAIOTCS C le6MTaMy ra3a MeCTOPOXKAEHIST, HAXO/SIIIIEr0CsT
B 9KCIUTyaTalyn y>xe 6osee 15 jeT.

B nomnckax perenns npobmemst yxxe B 2005 1. AO «KasTpanlas» mocie nposenennst 3]I-cbeMKI BBIHY>KZIEeH ObUT 0Tpabo-
TaTh Ha MECTOPOXXCHNI HECKONbKO mpodureit o TexHonoruy BPC. Bot yxxe 6o1ee 10 eT yCIelHO IPOBOAUMBIE ITO/IEBbIE pa-
60tbI 110 TexHonorry BPC B MoJIBIHKYMCKOII BITaJi¥He TOKa3bIBAIOT BHICOKYIO 9((PEeKTUBHOCTD, HECMOTPS Ha C/IO>KHBIN Xapak-
Tep paspesa, Pe3Ko YXY/IIaoNNii KaueCTBO IIePBMYHOro curHaia. Kpome cyujecTBeHHOTO IOBBILIEHNA COOTHOLIEHMA «CUTHA/
IIoMeXa» U pa3pelIeHHOCTI CeMICMIYeCKO 3aIiCy Ha BpeMeHHBIX pa3pes3ax, Ha HeKOTOPbIX yyacTKax (CylITaHKYAYK) yHalIoCh
IIOJTYYUTD Y€TKOE OTOOPasKeHIe Fa30-BOSHOTO KOHTAKTA 3a/IeXI1, IOATBEPXKIEHHOIT pe3y/IbTaTaMI IIOC/IEAYIOIIEro Oy peHns.

B panbHeiiimeM 9111 paboThl CTUMY/INPOBAIN MIMPOKOe MPYMEHEeHNe JAHHO TeXHOJIOIMH 1 Ha IPYTUX MECTOPOX/ECHMSAX,
BKJ/IIOYas OTeYeCTBEHHbIE ITalle030IICKNe «TUraHThl» TeHrns n KapauaraHak [7]. CyTb TeXHOMOTMM 3aK/TI0YaeTCs B BO30YKAEHNU
CUTHa/Ia MaJIbIMM 3apsA/jaMy, PacIiolaraeMbIMI HYDKe 30HbI Masibix ckopocTeil (3MC) Ha rmy6use 50-70 M. 3a cyeT CyIlecTBeH-
HOTO pacIIVpeHMA CIIeKTPa II0JIe3HOTO CUTHAJIA B CTOPOHY BBICOKIX YaCTOT YHAMOCh PE3KO YBEMNYUTD Paspemarnyio crocob-
HOCTBD CeiicCMOpa3BefKkit. B pesymprare 0Kasaoch BO3MOXKHBIM 00/Iee YBEPEHHO BBIAE/ATh OTPAXKAIOIYE TPAHNUIIBL B CTIOXKHOM
TOHKOCJIOMICTOM pa3pese IaJle030ICKOIl IPOYKTUBHOMN TOMIM (puc. 3).

Ha 6oree CIO>XHBIX 10 BHYTPEHHEMY CTPOEHNUIO IEPCIEKTUBHBIX TEPPUTOPUSIX, TI0IaraeM, IpuMeHeHne TexHomoruy BPC
[I03BOJINIO OB YIYYIINTD BEPTUKAIBHOE PaspelleHne CefiCMIUYeCKOll 3aIMCH, YTO TaK>Ke XapaKTepyU3yeTCst paclIMpeHneM aM-
IUIMTYAHO-YaCTOTHOTO CIIEKTPa B CTOPOHY BBICOKMX YacTOT. B KauecTBe Takoil TepPpUTOPUM B IIOIHOI Mepe MpelCTaBIAeTCA
ITpuxactmitckimit 6acceitH, BHICOKOIIEPCIIEKTUBHBII /I 0OHaPY)KeHMsA KPYITHBIX 3ajIeKeil HeTH U rasa B Iaje030iiCKOM KOM-
TIIeKCe OTIOXKEHMIL. PAJ KPYIHBIX MeCTOPO>KAEHNUIT OTKPBIT Ha BOCTOYHOM 60pTy 6acceitna — Koskacait, JKanaxon, Ypuxray u
zmp. (puc. 4). CIoXHOCTb 0OBEKTAM AAHHOI KATerOPMUN JOIIOTHUTEIBHO IIPU/AET IPIYPOIEHHOCTD MX K MOILJHBIM IIOKPOBaM 6ap-
XaHHBIX 1TecKoB KoKXnyie, pa3sBUTBIX B IPUIIOBEPXHOCTHON 30He, aHAIOTMYHBIX OApXaHHBIM ITecKaM MOIIBIHKYMCKOT BIIaIVHBL.

ABTOpaMU B CBOe BpeMsI CTaBI/IACh 3a/jaua HeOOXOAMMOCTH TIpoBefieHms ceiicmopassenku 31 o Texuonornu BPC. K coxare-
HIIO, IIPEJIOXKeHHbIe MU JJOBOIBI paHee OIepaTopoOM IPOeKTa YpUXTay He ObUIV IPYUHATBI, 4TO B IMOC/IEAYIOIIEM IIPUBENIO K TyOim-
POBaHIIO TPOBENIEHHDIX CheMOK 3/1 ¢ HOBBIMM ITapaMeTpaMM Ha HEKOTOPBIX YYaCTKaX ¥, COOTBETCTBEHHO, K M3/IMIIHMAM 3aTPaTaM.
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PucyHok 4. TekTOHMYecKkasi cxema naneo3omncKoro Komnrnekca Bocto4yHoro 6opta MNpukacnuiickoro 6accenHa (Y. A. AkvynakoB u ap.,
2009-2013 rr.). 1 —reocTpykTypsl |-ro nopsigka: MNb — Mpukacnuiickuin 6accerin, YCC — Ypanbckas cknagyartasl cuctema; 2 — M3orunchbl no KpoBsre
naneososi, kM; 3 — KOHTypbl BocTo4HOro 6opTa lMpukacnuiickoro 6acceliHa; 4 — aneMeHTbl HKHEro nopsiika; 30Hbl noaHsaTun: | — Temupckas, |l —
YKanaxon-TopTkonbckas, Il — LLy6apkyayk-Kockonbckas; ctynenu: IV — Bopxep-Akkapckasi, V — BaiiraHuHckas, VI — ErmHgbl-Capbikymakckasi,
nporu6bl: VIl — OctaHcykckuin, VIl — TepeckeHckuid; 5 — TekToHuyeckue Banbl: 1 — XaHaxon-CuHenbHUKoBCkUiA, 2 — Ypuxtay-Koxacanckuin, 3 —
Ty3kymckuii, 4 — TopTkonbckui, 5 — BocTouHo-TopTkonbCKMiA, 6 — KeHKMSAK-AKKYAYKCKUiA, 7 — AnnbekmonuHckmin, 8 — Bopxepckuii, 9 — AkkapcKui,
10 — AkwyHkonbckui, 11 — Kockonbekun, 12 — KapaynkenbguHckun, 13 — Capbikymakckuii, 14 — ErnHgbl-KanHamHekmn; 6 — pasnomsl; 7 — MecTo-
poxaenns YB: A — Annbekmona, Y — Ypuxtay, XK — >Kanaxon, Ak — Akxap, K — Koxacait; 8 — yuacTku pasBuTus KpynHbIX Naneo30MCKUX NOAHATUN:
a — Wunuktbl — Wnnuktel CeBepHbiii, 6 — Akkap-Kypcai.

Figure 4. Tectonic map of the Paleozoic complex of the eastern side of the Caspian basin (U. A. Akchulakov et al., 2009-2013). 1 —
geostructures of I-st order: PB — Pre-Caspian basin, UFS — Urals fold system; 2 — structural contours along the top of the Paleozoic, km; 3 —
lineaments of the eastern side of the Pre-Caspian basin; 4 — elements of lower order; uplift zones: | — Temirskaya, || — Zhanazhol-Tortkolskaya, Il —
Shubarkuduk-Koskolskaya; steps: IV — Borzher-Akzharskaya, V — Baiganinskaya, VI — Egindy-Sarykumakskaya, depressions: VII — Ostansuksky,
VIl — Tereskensky; 5 — tectonic ramparts: 1 — Zhanazhol-Sinelnikovsky, 2 — Urikhtau-Kozhasaysky, 3 — Tuzkumsky, 4 — Tortkolsky, 5 — Vostochno-
Tortkolsky, 6 — Kenkiyak-Akkuduksky, 7 — Alibekmolinsky, 8 — Borzhersky, 9 — Akzharsky, 10 — Akshunkolsky, 11 — Koskolsky, 12 — Karaulkeldinsky,
13 — Sarykumaksky, 14 — Egindy-Kaindinsky; 6 — faults; 7 — hydrocarbon fields: A — Alibekmola, U — Urikhtau, Zh — Zhanazhol, Ak — Akzhar, K
— Kozhasay; 8 — areas of development of large Paleozoic uplifts: a — Shilikty — Shilikty Severny, 6 — Akzhar-Kursay.

Kpome nosneBoii ceitcMopasBeaKt, B OCTIeJHIE TOIbI HAMETU/IACh aKTUBY3ALMA BHUMAHVA HepTerasoBbIX KOMIIAaHMII K 60-
7iee TTyOOKOMY M3Y4eHUI0 OKOMOCKBAXXIHHOTO IIPOCTPAHCTBA METOJIAMY CKBXMHHOI reodnsnku. Tak, ¢ IpUMeHeHUeM aH-
HBIX TEXHOJIOI'MII IPOBEIEHO «OIpOoOOBaHMe» CKBaXXIH MecTopoxkieHnii Kapayaranak, Kamaran, Anubexmorna [6].

ITo KOMIIIEKCHOI MeToAMKe MHOroasumyTansHoro BCII (mamee — MA BCII) MOXXHO IOTy4YNUTh CelicMmUYecKue 1300pa-
xerys 21 (3]1) OKOTTOCKBaKVHHOTO IIPOCTPAHCTBA 10 HECKOIBKUM a3uMyTaM. HoOBBIT MeTOfl OCHOBBIBAeTCA Ha IIPUMEHEHUN
MHOT'OYPOBHEBBIX 30H/IOB, [I03BOIAIOLIEM YCKOPUTD 1 yAeieBuTb paborst BCIL, a B kommnekce ¢ MOI'T-2]T nonyunts 06beM-
HOe M300paXkeHNe 0COOEHHOCTel! Te0JIOTMIeCKOT0 CTPOEHNS BOIM3M KPUTUUECKUX CKBaXXMH. Kak 113BeCTHO, pesy/IbTaThl Bep-
THMKAJIbHOTO celicMideckoro npodunuposanns (ganee — BCII) cmysxar ms mesneit MOBBIIEHNA TOYHOCTH CHEMKI U PeaTbHON
OLICHKM ITapaMeTpoB cejicMmyecknx curHanoB. Ognako BCIT Ha 60/1bIIMHCTBEe IPOEKTOB U B0 CUX IOP IPUMEHAETCS 10 yCTa-
PpeBIIell J JOCTATOYHO IPOCTON TeXHOJIOTUY C IpUMeHeHNeM 3-5 TOYeYHBIX IPUEMHIKOB B 30H]Ie, TpeOyIolell MHOTOKPATHOTO
IepeMelLeHIIsI 30H/a 110 CTBOTY CKBKMHBI ¥ BO3OYXK/JEHNSI CEIICMMYECKIX KO/IeGaHMIT 3 HECKOIBKIX ITYHKTOB.

B nepcriektuse ganusie MA BCII MoryT o6ecrednTs He TOIBKO eTalbHOE M3ydeHe OKOTOCKBAXKITHHOTO IIPOCTPAHCTBA,
BK/IIOYas IPOCIEKMBAHNE MATOAMIUIUTYIHBIX TEKTOHMYECKUX HAPYIIEHUIT U PasBUTHU 30H TPEILMHOBATOCTI (KaBepHO- 1/
WM KapcTooo6pasoBanus), coMecTHO ¢ faHHbIMM ['VIC. IIpu BBIABICHNN YCTOIYMBBIX KOPPE/ALMOHHBIX CBA3El MEXIY Ia-
pameTpamu ceitcMmdeckux curtanos MA BCII u ¢pusuyeckumy mapaMeTpaMy OTIOXKEHNI, ONpefe/ieHHbIMM 110 faHHbIM ['VIC
U KepHY, MO>XKHO OyIeT O>KMZIaTh Ha/M4Msl ITOLOOHBIX KOPPE/LAVIOHHBIX CBA3eIl C CeiICMUYeCK/IMY CUTHAIaMI Ha JAHHBIX Ha-
3€MHOI1 CEIICMOPa3BeIKI.

Taxoi1 sxcriepumeHT ¢ BoinonHenrieM MA BCII ¢ omHOBpeMeHHOIT Ha3eMHON PEerncTparueil celiIcMIMYeCKMX CUTHAIOB 110
COOTBETCTBYIOLIMM a3UMyTaNbHbIM MuHMAM 6611 peamusoBad B AO HK «KasMynaiilas» (2011-2012 rT.) Ha MeCTOpOXeHNN
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PucyHok 5. Mnowaab Annbekmona. CTpykTypHas cxema no kposne tonwm KT-Il (no aaHueim AO HK «Ka3aMynawnlas», 2012 r.). a — npea-
BaputenbHas cxema 2005 r.; 6 — cxema 2011-2012 rr.

Figure 5. The Alibekmola area. Structural scheme for the top of the KT-Il stratum (according to the data of AO NK KazMunayGas, 2012).
a — preliminary scheme of 2005; 6 — the scheme of 2011-2012.

AnnbexmMorna 1oy MeTOANIECKIM PYKOBOACTBOM aBTOPOB JAHHOI CTAThU ¥ ClennamicToB Kommanumii “Shlumberger” n «Asu-
MYT 9HepKI cepBrces». [IprMeHeHe MHHOBALMOHHBIX TexHomoruit M® u gauubix 06paborkn MA-BCII Ha 06bexTax BoC-
TouHoro 6opra IIpukacmmitckoro 6accertna (Ambexmora, Koxacait) mo3BommniIo B CyleCTBEHHOI Mepe YAy4YIIUTh COOTHOIIIe-
HIs CUTHAJI/TIOMeXa, KaueCTBEeHHBII IIPYPOCT BU3YaTM3ALMM B TPEXMEPHOM U306paXkKeHNM 0COOEHHOCTel CI0>KHOTO CTPOEHNS
MEeCTOPOXKIEHNIA.

BecbMa IjeHHBIMM B IPaKTMYECKOM OTHOIIEHMI TaKXKe SBJIAIOTCA Pe3y/IbTaThl KOMIIEKCHOTO M3Y4YEHNA CTPYKTYPHOTO
IUTaHa ¥ pacIpefiefieHns 3ajiexeil YB, momydeHHble S9KCIIePMMEHTANbHbIM ITyTeM B LIEHTPA/IbHON U CTIOXKHOM IO CTPOEHMIO
CeBEPHOII YacTy MeCTOpoXKzieHus1 Annbexkmona (puc. 5). Pe3ynbraTsl KOMIIEKca re0(usNIecKx METOOB, BKIIOUAs CellCMMU-
geckne (MA BCIT u MOI'T) u I'TIC no riny6oKonpoHMKarolell aKyCTHKe, TO3BOJIMIN YTOYHUTD MOJIEIb U BBIJATh OOHOBIIECH-
HYIO CXeMY CEeBEPHOI JaCTV MeCTOPOKICHN, TOSACHSIONIYIO TPUYMHBI HM3KOTO febuTa HepTy B CKBaKMHAX CEBEPHOTO O/I10Ka
MeCTOpOXKeH!A ANMOeKMOoIa OTHOCUTEbHO NTPOEKTHOrO ypoBHA. OTMETNM, YTO paHee NpU MPOEKTUPOBAHUY Pa3pabOTKU
ITaHHOTO MeCTOPOXJICHNA 3a OCHOBY ObIIa B3ATa IIpeBapyUTe/IbHas CTPYKTypHasd cxema 2005 I. 1 IIpUHATAs paHee yCeYeHHas
IIomasb cbeMKu 3/ B ceBepHOI YacTy He MO3BO/MNM/IA OCTPOUTD ONTVMA/IbHYIO T€0/IOTMYECKyI0 MOJeNnb. B cpaBHeHNN ¢ Heit
yrouHeHHasA cxema 2011-2012 IT. MO3BONAET HAIIALHO MIPEACTABUTD MOTPENTHOCTY B IOCTPOEHMUAX M MOJE/IN CTPOEHMA CIIOXK-
HOIT CeBEpHOIT 9acTV MECTOPOXK/IeHNs. B ImocreayromieM fONyIeHHbIE paHee IPY MPOBeEeHNH Fe0I0r0Pa3BeJOuHbIX PaboT Ha
CeBEePHOM OJI0Ke TPOCYEThI, IPUBE/IINE, KaK M3BECTHO, K 3HAUNTETbHBIM SKOHOMUYECKVM «M3[ePXKKaM», 10 JAHHBIM OypeHus
U pe3y/IbTaTaM UCIBITAHVsI HOBBIX TOMCKOBBIX CKBXMH OBUIU MOATBEP>KICHBL.

HoBoe B 06paboTtke 1 uHTeprperaumm AaHHLIX MOIT

Cpenit IPOEKTOB C IPUMeHEHVeM MHHOBAIVIOHHBIX «IIOIXOfIOB» II0 CeMICMMYeCKUM VICCIeHOBAaHNMAM OTMETIM MUCCIIeOBAaHNA
Ha 6a3e HOBOJI TeXHOIOr Y 06pabOTKM JaHHBIX ceiicMopasseku 3] - Mymbrudoxycunr (fanee — M®), HalpaB/IeHHOIL, B IEPBYIO
odYepefb, Ha TOBBIIIEHNE Pa3PEIIAOIeli CIOCOOHOCTY OTPAKEHHBIX BOJIH 3a CYET HOBBIIIEHISI COOTHOLICHNIS «CUTHATI/TIOMEXa».

Ha o6pexrax BocTouHoro 6opra IIpukacmmiickoro 6acceriHa b0 IOTy4eHO CpaBHEHNE CTAHIAPTHOTO TTyOMHHOTO Kyba
«PSDM» u rny6unzoro kyba «PostSDM» Ha ocHOBe cymmapHoro ky6a M®. [Tpu aToM r1y6uHHass MUTpauus IOocie CyMMUPO-
BaHus (PostSDM) Oblta BBIIOTHEHA € VICIIO/Ib30BAHMEM UJIEHTUYHOI ITyOMHHO-CKOPOCTHOI Mopermt PSDM (puc. 6). VHHO-
BannonHas TexHonoruss M® B cpasHeHun ¢ MOI'T nmeeT pAx OTIMYNTENBHBIX CBOVICTB, BKIIOYAsA 3HAUYNTENbHOE YBEINIEHE
CTaTUCTUYIECKOro 3¢ (eKTa HAKATUIMBAHNS SHEPreTMIeCKUX C/IaObIX CEICMMYEeCKX CUTHAJIOB, YYeT JIOKaIbHOI Hernmepbo-
JIMYHOCTY rOAOrpadoB OTPAKEHHBIX BOJH, YIYUILIAOMMX Ka4eCTBO CEICMUYECKOr0 N300 paskeHNs1 Ha CyMMapHOM Kybe M® u
CeIICMIYeCKOIT 3aIMCH Ha YIyqIIeHHBIX CelIcCMOTpaMMax JIo CYMMMPOBaHNs, cGOPMIPOBAHHBIX IO CrielnaabHoI omuuy MO.

Ha rny6unnom ky6e M®+PostSDM sHaunTe/IbHO HOBBIIIEHDI KaYeCTBO MIPOCIEKMBAHNS U BepTUKaIbHAS PaspelieHHOCTD
CeICMMYECKO 3aIMCK M0 ONIOPHBIM M BCIIOMOTATeTbHBIM OTPayKAIOLIMM TOPU30HTAM B IIOJICO/IEBOM, HAJICONEBOM 1 COIEHOC-
HOM KOMIIIEKCe B CpaBHeHUM ¢ Ky6om PSDM, o1y 9eHHBIM 110 CTAHAAPTHOI TEXHOIOTMM [Ty OMHHOI MUTPALIN JO CYMMUPO-
BaHMs. B pesybrare 60/1ee 4eTKO BBIfe/IseTCsI TPO00OPA3HBIL KOHTYP COISTHOTO KYIIONA, KOTOPbIit paHee Ha Kybe OI'T nmen
TpanenneBunHy0 Gopmy. CyILeCTBEHHO YIydLIINIOCh N300pasKeHNe TeOIOINYeCKOr0 CTPOEHNsI KapOOHATHO-TePPUTEeHHOTO
KOMIUZIEKCa TI0f] COJIAHBIM KYIIOTIOM, OC/IO)KHEHHOTO aMIUINTYAHBIMI TeKTOHUYECKMMU Pa3/IoOMaMIL.

I[Tpu ob6pabotke ganupix 3] no texHomornu Judpaxuyonnsiit Mynprudokycusr (ganee — JIM®) B nHTepBaje IPOXYKTNUB-
HOJI KapOOHaTHOII TonmIu 13 Kyba GopMuUpyeTcs cxeMa aMIUIUTY], «00BbeKTOB gudpakiyn». [Ipencrasnsercs rpaduk saBucu-
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PucyHok 6. CpaBHeHMe rmybuHHbIX Ky60B. a — cTaHgapTHasi obpabotka PSDM; 6 — metoamka MynstudokycuHr+ PostSDM (no gaHHbim AO
HK «KasMyHnaila3»; 2012 r.).

Figure 6. Comparison of deep volumes. a — standard PSDM processing; 6 — a technique by Multifocusing + PostSDM (according to the data
of AO NK KazMunayGas; 2012).
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PucyHok 7. Kapta amnnutya AM® (a) n rpacduk koppensauMm amnnm-
Tya AM® n ne6utoB ckBaxuH (6) no gaHHbIM AO HK «KasMyHawnla3»
2012 r.).

Figure 7. The amplitude map of DMF (a) and the graph of tracking of
DMF amplitudes and well yields (b) according to the data of AO NK
KazMunayGas (2012).

O JeGHTEI B CKBA:KAHAX

MOCTH aMIUINTYJ, «00beKTOB fudpaxunm» ¢ fedburamu HeTH B IKCIUIYATALMOHHBIX CKBaXX1Hax (puc. 7). [Ipu atom monydeH
IOCTATOYHO BBICOKMIT K0apuument koppemsuun ammmntys IM® un geburtos Hedn — 0,65. JudparnposanHbie BOTHBL HOp-
MUPYIOTCS OT JIOKQJIbHBIX T€OJIOTMIeCKUX 00BEKTOB, KOTOPbIe MOTYT OBITH CBS3aHBI C 30HAMMU TPEIINHOBATOCTY, MaIOAMIIIN-
TYAHBIX TEKTOHMYECKUX HAPYLIEHWIT I TIp., T. €. C 30HaMy IIOBBILIEHHO IpoHuaeMocty Hedru. [loaToMy Hanmmume JaHHON
KOPPEJIALVIOHHOI CBA3Y MOXKET CTaTh BaYKHBIM ITOMCKOBBIM IIPU3HAKOM BbIABJICHVS TAKUX JIOKa/IbHBIX F€0IOTMYeCKIX 00 beK-
ToB [6]. Kak n3BecTHO, 1eOUT AB/IACTCA BaXKHEIINM VHTEIPaIbHBIM ITapaMeTPOM, 3aBUCAIIUM KaK OT IOPUCTOCTH, TaK U OT
IIPOHMIIAEMOCTH pe3epByapa, BO3MOXKHO, I TPeLHOBATOCTY, JIaATePa/IbHOTO VI3MEHEHM MOIIHOCTI U (pU/IbTPallYIOHHO-eM-
KOCTHBIX CBOVICTB HOPOJI-KO/UIEKTOPOB (manee — PIC).

ITpu ydere HaHHBIX HOAXOMOB M HOBBIX METOAMK JMCC/IEOBAHMIT 00eCIednBaeTCs CYI[eCTBEHHOE IIOBbIIIeHNe NH(OpMa-
TUBHOCTH U 9P PEKTUBHOCTU CENICMOPa3BELOUHBIX IPOEKTOB, CBSI3AHHBIX C 3a/IayaMyl IIOMICKOBBIX OOBEKTOB B I1al€0301ICKOI
TOJIIIIe, BBIZE/IEHNE VI OKOHTYpUBaHe KOTOPBIX B YCITOBMAX Pa3BUTON COMSTHOKYIIONBHOI TeKTOHMKM [IpuKkacmuiickoro 6acceit-
Ha IIPeNCTAB/IAeTCs JOCTATOYHO CIOXKHBIM. [lajiee faeTcs KpaTKoe OIMCaHue 0COOEHHOCTEN reONOrMIeCcKOro CTPOESHNU psifia
IIepCIIeKTUBHBIX PallOHOB, B KOTOPBIX BHUMaHe aKIIeHTUPYeTCs Ha HeOOXOAMMOCTY IIPYMEHEeH A MHHOBALVIOHHBIX CelicMIde-
CKMX TeXHOJIOTWII [/ pellleHNsI KOHKPETHBIX Fe0/IOTMYeCKIX 3a/jad.

BbicoKas IepCIeKTMBHOCTb ¥ aKTYalbHOCTb M3YyYeHMs KPYIHBIX 0ObeKTOB B I1a/e030iickoil Tomue ITpykacnmiickoro
bacceifHa, BbICOKas [UHAMMKa B IPOBefeHNN HeTAHBIX omepannii B Le/ioM U, B yactHocTH, PP xapaxrepus! ajs Ilpuka-
crmiickoro 6acceliHa, MOTeHIMaIbHbIe BOSMOXKHOCTIE KOTOPOTO HAMHOTO IIPEBOCXOMST TAKOBBIE ¥ OCTAIbHBIX, TAK)Ke aKTMBHO
U3y4aeMbIX IPOMBIIIIEHHO-HeTera30HOCHBIX PernoHOB U OacceitHoB (Manrucray, YcriopT-bosaum n mp.) [5, 8, 9]. IlmaBHoe
3HayeHue [Tpukacmys B OljeHKe YIJIEBOLOPOSHOrO MOTEHIIAa/IA B [1aJIe030ICKOM KOMIIEKCe, COfieprKallleM BCe M3BeCTHBIe 30HbI
He(rerasoHakorwtenus (ganee — SHI'H) B 0T/IOKeHMSIX IPEMMYIeCTBEHHO KApOOHATHOTO COCTABA, IIOATBEPXK/IEHO Pe3y/IbTaTa-
M OTHOCUTEBHO HeffaBHO mpoBefeHHOro IIpoexTa «KoMIieKkcHOe 13ydeHre 0cafodHbIxX 6acceitnoB Pecy6mmku Kasaxcran»
(Y. A. Axuynakos u ap., 2009-2013 rr.).

B monckoBom oTHouteHny BoisgBeHHble 3HI'H cBs3aHBI ¢ ABYMsI OCHOBHBIMY TUIIaMM 00'beKTOB: MOIHbIe KapOOHATHbIE
w1aTopMbl 1 prdOreHHbIe ITIOCTPONIKY, IpuypodeHHble K I0kHOMY (Tenrns, Kamaran) u cesepHomy (Kapagaranak) 60pty, a
TaKOKe OTHe/MbHbIe VI30MMPOBaHHbIe MAacCUBBI 11 Tena B KapOoHarHbIX Tommax KT-II n KT-I Ha BocroynoM 6opry Ilpuxacmmii-
ckoro bacceitna [1, 10, 11].

B oTHOLIEHNM BOCTOYHOTO 6OPTa BHICOKMII IIOTEHIVA B HAPAIMBAHNY HOBBIX 3aI1aCOB HE)TH 11 ra3a MPU/AETCSI PerroHab-
HbIM cTpykTypam II nopsaxa (XKanaxon-Toprkonbckas, Temnpcekas u lly6apkynyk-Kockombckas 30HbI Bamoo6pasHbIX MOH-
TIit, Bopskep- Axokapckas CTymeHs), puc. 4. Boctounas 6oproBast soHa [Ipykacnuiickoro 6acceiiHa BbIAEMAETCS CPefyt OCTaIbHBIX
PETMOHOB aKTMBHBIM M3yYeHNeM HOBBIX BO3MOXKHOCTEN B IIPOBEEHNM J COBEPLIEHCTBOBAHMI HOBBIX CEIICMIYECKUX METOLOB
U TeXHOJIOINII [6]. B OIOMHMTENIBHOI CTeleH N IIPOLecC aKTVBHOTO BHEPEHNsI HOBBIX METOZJOB 00pabOTKI U MHTEpIIPETALI
CeMICMIYIECKVX TAHHBIX CTUMY/IUPYETCS CYILLeCTBOBAHIEM 0COOOr0 IONCKOBOTO MHTEPECa B M3yIeHNN 0COOEHHOCTelT CTPOEHNS I
¢dopmmposanms pesepByapHoit yacTu KapbonarHbix Toniy KT-1I n KT-I, KoTopble SB/LIOTCS TPAUIIOHHBIM OPHEHTIPOM HedTe-
ra30MOMCKOBBIX MICCIEOBAHMI B 9TOI YacTy HacceliHa 11 B 9TOM IIJIaHe MPefCTaB/IATC YHUKaIbHbIMM [10].

Kak 13BecTHO, KOHLIENITya/IbHOe 3HaueHye npy nposeneHuy ['PP Ha Bocroke [Iprkacnys npencTasisioT BOIPOCH, CBs-
3aHHBIE C XapaKTepPOM pernoHanbHOro sameranus u npocnexusanys toniy KT-II u KT-1, ¢pakropamu, KOHTpOIUpPyOMMMI
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PucyHok 8. Ypuxtayckasa rpynna ctpyktyp (no aaHHbim AO HK «KasMyHan-
[a3», 2014 r.). a — cTpykTypHas cxema no kposrne Tonwm KT-II. NMogHaTus (CTpyKTy-
pbl): Y — Ypuxtay, Y3 — Ypuxtay 3anagHbivi, YB — Ypuxtay BoctouHbin, YO — Ypux-
Tay KOxHbIn; 1 — ndoruncel no kposne KT-1I, m; 2 — pasanomsl. 6 — npegnonaraemas
cxema pasMeLLeHUs nokKanbHbIX NOAHATUIA. 1 — KpynHble NoaHsATUs B kapboHe (K
— Koxacai, Y — Ypuxtay, XK — XaHnaxon, b — balueHkonb); 2 — «poMexXyToYHbIE»
nokanbHble noaHaTUA (YB — Ypuxtay BocTtounbiv, Y3 — Ypuxtay 3anagxsin, YHO —
Ypuxtay KOxHbIN).

Figure 8. Urikhtauskaya group of structures (according to the data of AO
NK KazMunayGas, 2014). a — structural scheme of the top of the KT-II stratum.
Upheaval (structure): U — Urikhtau, UZ — Urikhtau Zapadny, UV — Urikhtau
Vostochny, UY — Urikhtau Yuzhny; 1 — structural contours along the top of KT-II,
m; 2 — faults. b —supposititous layout plan of crestal locations. 1 — large uplifts in
the carbon (K — Kozhasay, U — Urikhtau, Zh — Zhanazhol, B — Bashenkol); 2 —
"intermediate” crestal locations (UV — Urikhtau Vostochy, UZ — Urikhtau Zapadny,
UY — Urikhtau Yuzhny).

IOJIO>KEHNE HeITOCPeACTBEHHO Pe3epByapHOIT YacTy BHYTPM STHUX TOI (ee MCTMHHbIE pasMepbl Ha JIOKA/IbHBIX YYaCTKaX MpPO-
ABJIGHNUSA U TUIICOMETPH, MOP]OIOrus TOBYIIeK /i 3anexeit YB).

B cBsA3M ¢ JaHHBIMM BHYTPEHHVMI OCOOCHHOCTAMM CBOe0Opasue B CTPOEHNM 00eNX TOJILL 3aK/II09aeTCs, 10 HallleMy MHe-
HIIO, B MACCBHOM I [JIACTOBOM XapaKTepe 3a/IeTaHusI U MPOC/IeXXNBAHNS B HAIIPAB/IEHNN OT GOPTOBOII ITOIOCHI K LIEHTPajIb-
HBIM paitoHaM bacceiina [6, 10, 12]. B aTom mmane otMeTM, 4to B paspese yKanaon-TopTKOIbCKOIT 30HBI TOTHATUI OTMeYa-
€TCsI COBMECTHOE 1 COIJIACHOE 3ajIeTaHue obenx Tomml. 3anexxy YB xapakrepnsylorcs B IIaHe «CTPYKTYPHBIM COOTBETCTBIEM»
(Koxacait, XKanaxorn, Ypuxray, Tpysa Cesepnas). MomHocTb Kap6onatabix Tomuy KT-II u KT-I coctaBnsger 750-1150 M u
450-820 M COOTBETCTBEHHO. B 10ro-3amaHOM HaIlpaBjIeHNM OHA yMeHbInaeTca 1o 150-400 m u menee [10, 11]. KonTpactHOE
CTPYKTYPHOE PasBUTIE TOKa/IbHBIX OMHATUIA, BBICOKUI 3Ta)K IIPOJYKTUBHOCTY Y IIPUIIOHATOE I'UIICOMETPIYECKOE 3a/leraHme
ornnyaroT XKaHaxon-TopTKOMbCKYI0 30HY OT OCTAIbHBIX IIPHU/IETAIOIINX PErMOHAIBHBIX CTPYKTYP.

Bo-BTOPBIX, OFHVM U3 K/TI0YEBBIX BOIIPOCOB IIPY ONIpee/IeHUI MOZIe/IV IPOCTIEeXMUBaHMs 00eMX TOMI B 0jIee Orpy>KeH-
HBIX 30HaX BOCTOYHOTO 0OpaM/IeHNsI U BITTyOb GacceliHa sIB/SIETCSI XapaKTep U MOJIOKEeHNe CTPATUTPadIIeCKOil TPAHIIIBI MEX-
Iy KapOOHOM 11 HIDKHEI IIePMbIO.

B oiHOM ciTy4ae sTa rpaHMIia PEATIONIOKUTEIBHO OTPaXKaeT NepPephIB B 0CA/IKOHAKOIUIEHNN, CTpaTUrpadudeckas «IIyorHa»
KOTOPOTO OT 60pTa B CTOPOHY 6acceifHOBOJ YacTy IocTeneHHo yBemranBaercs [10]. B cBsasu ¢ stuM Bepxusas tomma KT-1 B rrane
JMeeT CPaBHUTEIPHO MeHblllee IVIOIaHOe pacIpOCTpaHe e IMIIb B KOHTypax JKanaxxon-TopTKombckoit 30HbI mopHATHI [1],
ImpupaBast eif XapaKTepHoe KOHTPAcTHOe ¥ MOP(OIOTrMYecKy BbhIpaKeHHOe pasBuTue. Ha 3amaj oT MepupjuaHa pacHoIoXeHuUs
nopHATUI AKkyM, bakteirapsiH (Temupckas sona), Ypuxray un Koxacait (JKanaxon-TopTkonbckas 30Ha) Iy61Ha JaHHOTO Heco-
I7Iacyisl Ha4MHaeT Pe3KO BO3pacTaTb ¥ B OTHOCUTEIBHO Oortee TorpyskeHHbIX parioHax (Illy6apxynyk-Kockonbckas, bopxkep-Axk-
»apckast, BailraHMHCKast 30Ha) OHa XapaKTepU3yeTcs MAKCUMaIbHBIM pa3BuTueM. [losaraem, 4to paspes KapOOHa B 3TUX OTHOCK-
TeJIbHO IIPOJBUHY THIX K 3aIIa/[y PerMOHAIbHbIX 30HaX Oy/ieT XapaKTepusoBarhcs muiib Kapboraramu toymy KT-11. He uckimoueHo
TaKXKe, YTO B 3TOI YacTy HacceiiHa CTPOEHNE JAHHO TOMIIY B IPYBBIYHOM J/I1 BOCTOYHOI OKPaHbI CIOMCTO-MACCUBHOM 06/MKe
3ajIeraHys OyieT yTpadBaThCs U B ITTyOOKOBOLHOI YacTy bacceliHa OCHOBHOJ IIOVICKOBBII MHTEpeC B OTIOKEHNAX KapOoHa OyaeT
CBA3BIBATBCA C AaHOMA/IBHO BBIP>KEHHBIMY 10 aMIUIUTY/Ie 0O'beKTaMyl (II0OCTPOVIKY, IVTHAKIIBL).

B mpyrom ciydae He MCK/IIO9AeTCs, YTO B HAaIpaB/IeHNH OacceitHa B 60/ee MOTPY)KeHHOIT YacTu oTIokeHust Kapoona (KT-1I
u KT-I) yMeHbIIAIOTCS B TONIIUHE, COXPAHA IPY 9TOM CTpaTUrpaduiecKyio IOMHOTY paspesa [2]. VIx Bo3pacTHbIe, Y€TKO IIPO-
CTIeXXMBaeMble B paspese IpubopToBoii monockl aHanory (XKanaxon-Toprkonbckas, Temnpckas 30Ha), B paspese OTHOCUTEIBHO
r1y6OKOBOHOI YacTy O6acceriHa MMEIOT BUJL «FaMMa-aKTHBHOI» TIAYKI 110 TUITY 6a>KeHOBCKOI CBUTHI 3amagHoi Crbupun.

ITockonbKy flaHHbBIE IPeACTaBIEeHN Ha MOJie/Tb IUIOIIATHOTO PacIIpOCTPaHeH) A KAMEHHOYTO/IbHBIX OT/IOKEeHUII IIpefoIpe-
mensioT mporHos HedrerasonocHocty tomuy KT-1I n KT-I, oxxupaeMslit T pesepsyapa 1 MOPQOJIOTHIO TOBYIIKH, IOBbIIICH-
HBIl MHTepeC OYAYT BBI3BIBATH BEPOATHBIC IIePCIEKTUBHbIE OOBEKTHI B paspese MeHee VI3YYCHHBIX OypeHMeM OTHOCUTEIbHO
[IOTPY>KeHHBIX BHYTpeHHUX partonoB bacceiina (Illybapkynyk-Kockonbckas, Bopxxep-Axxapckast, Erennpr-CapblkyMaKkcKasi,
BaiirannHcKast 30Ha). B 911X 30HaX 10 pesy/IbTaTaM MCCIEOBAHMII 3a IIOCTIEHIE TOMIBL B CYIIeCTBEHHOI Mepe yTOYHEHBI CTPYK-
TypHbIe TTaHbI 1O ceficmmyeckum ropusontam I1}, TT) u TT, (kap6oH-HiskHAs epmb). He MeHee BayKHBIM ABUIOCH TAKXe TO-
JTy4eH1e HOBBIX JAHHBIX O I/TyGOKO3a/Ieraiol[1X TOPU3OHTAX B 1eBOHCKO-HIDKHEKaMeHHOYTObHOM yacTu paspesa (OI'I1)) [1, 7,
13, 14]. B COBOKYIHOCTH C HOBBIMI METOAAMI U «IIO/IXOfAMI1» HOBbIE IIPYOPUTETHI C/IEAYET CBA3BIBATD C [TyOOKO3a/IeralOIiIMI
I1a/1€030JICKVIMI TOPM3OHTAMH, B KOTOPBIX BbIe/IsieMble B IIPEIBAPUTEIBHOM BapUaHTe 00bEKThI XapAKTePUSYIOTCS KPYITHBIMU
pasMepaMM ¥ 3HAYUTETbHOI aMIUTUTYROI. TakoBbIM sABIsAeTCA yuacTok ¢ nogHATHAMY [InmukTei-InnukTer CeBepabrit (Ily-
6apkynyk-Kockonbckas 3ona) u Axxap-Kypcait (bopskep-Axxapckas cTymens) (puc. 4).

BmecTe ¢ TeM U3y4eHue U BbIe/IeHNe KPYIIHBIX IIONHATUI B BepXHeM JIeBOHe ¥ KapOOHe II03BOJIAET OLIeHUTD C HOBBIX I10-
3UINIT CTPOEHIEe HIDKHEIIEPMCKOTO TePPUTEHHOr0 KOMIUIEKCA, IIePCIeKTUBHOCTh KOTOPOTO B YC/IOBYSIX OTHOCUTEIBHO ITy60-
KOBOJIHOIT yacTu 6acceifHa C y4eTOM HOBBIX JAHHBIX HaM MPEJCTAaB/IsETCS BBICOKOI [2, 3, 15].
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Takum 06pasoM, HOSBIAIOTCSA BeCbMa «OIaronpusATHbIE HMPENNOChIIKI» /s pellleHns B OMpKaiiliue rofbl OCHOBHOI
OTpAC/IeBOIT 3ajauyl MOMCKOBBIX MCCIIEIOBAHMII — PE3KOTO yBEeMUEHMs PeCypCHOIT 6a3bl 1 06beMa OXKMJaeMbIX 3amacoB YB.
ITosaToMy ¢ y4eTOM MMEIOIMXCA HAaHHBIX Ha JOCTUTHYTON CTalMM VI3Y4eHHOCTY Ja/bHelillee IJIAHOMEPHOE YBeINdeHIe yITe-
BOJOPOJHOTO IIOTEHIMajIa, ONTYMa/IbHOE BbIfIeJIeHIe U OKOHTYpUBaHMEe KPYIHBIX IIePCIIEeKTUBHBIX ITOUCKOBBIX 0OBEKTOB Ha
BocTouHOM 60pTy IIprKacmmiickoro 6acceitHa BO MHOTOM CBSI3BIBA€TCSI C HOBBIMI BO3MOXKHOCTSIMI 1 METOAAMI B 06paboTKe
Y MHTepIpeTaLuy CeIICMIYEeCKIX JaHHBIX.

B cooTBeTCTBUU C 9TMM MOXXHO C(OPMYIMPOBATh OCHOBHBIE BBIBOABI II0 MPMOPUTETHBIM 3aayaM ¥ HaNpaBIeHUAM
TOMCKOBBIX MCCTE0BAHMIT Ha BOCTOYHOM 60pTy IIpnkacnmiickoro 6acceiiHa.

1. IlpumeHeHMe TeXHOMOrMiT 06PabOTKM U MHTEPIPETALUY JAHHBIX ceiicMrdeckux uccnegosanuit (M®, DM®, BPC, MA
BCII) mo3BonsAeT CyleCTBEHHO paclIMPUTh BO3MOXXHOCTHU IIPOTHO3a HMEPCIEKTUBHBIX B He(pTEra30HOCHOM OTHOIICHUY JIO-
KaJIBHBIX 0OBEKTOB KaK B IIpeie/iaX OOPTOBBIX TEKTOHIYIECKUX CTYIIEHEl], TaK I B OTHOCUTEIbHO IIPOABIHYTHIX BITTyOb Oacceil-
Ha Horpy>xeHHbIX paitoHax (Illy6apkynyk-Kockonbckas, Bopxep-Axxapckast 3oHa 1 ap.). [TorckoBble paboTbl Ha YpUXTayCKOI
TPyILIIe TIOZHATHIL B IOCTIEfHME TOAbI TIOKA3a/IN BBICOKYIO IUIOTHOCTD JIOKAJIBHBIX CTPYKTYP 3a CYET HOBBIX OOBEKTOB B IIPO-
CTpPaHCTBe MEXY paHee XOPOIIO M3y4eHHbIMY KPYITHBIMU IOAHATUAMU B KapboHe JKanaxon, Koxacaii, Ypuxray. B pesynn-
TaTe OTKPBITHI HOBBIE 3aJIEKM Ha MOFHATUAX YpuxTay HOxubIi n Ypyuxtay BocTOYHBIN, HOTEHIMATbHBIM IJIs 9TOr0 00BEKTOM
ABJIACTCA NOHATUe YpuxTay 3amamspii (puc. 8, a, 0). B cBA3K ¢ 3TMM aBTOPBI CBA3BIBAIOT 3HAYNTENIbHOE IIOBBINIEHNE (-
(eKTUBHOCTM IIPOTHO3a HOBBIX He(PTEra30HOCHBIX OOBEKTOB B 3TUX 30HAX (B 0COOEHHOCTH HA YIACTKAX 3a/IETaHIS ITTyOOKIX
Ia/Ie030JICKIX Pe3ePBYapoB) C pacIIipeHneM 00beMOB IOeBbIX ceficMuueckux nccnegopanunit MOT'T-3]1, B ocHOBe KOTOPBIX
IpYIMeHeHVe OTMeUeHHbIX paHee HOBBIX TeXHONIOTUIT 00pabOTKM U MHTEepIIpeTalY JAHHbIX.

2. Kap6onatnbie Tommm KT-II u KT-I xapakTepusyroTcs 3HaUNTEIbHBIM U ellle He MOJTHOI Mepe pean30BaHHbIM YITIEBO-
TOPOIHBIM HOTEHIANIOM. JJOCTIDKeHMe OIITHMAa/IbHOI METORMKI IPOBEeHNA CeIICMUYeCKUX UCCIEIOBAHMNIA, a TaKXKe paboT Ha
BCeM 9Tarle 0T OypeHMs K0 MCIBITAHNS OO'bEKTOB B KOIOHHE ITO3BOMIUT Oojtee 3 peKTIBHO FUATHOCTUPOBATh BHYTPU 06enx
TOJILL] HOBBIE IIEPCIIEKTUBHBIE OOBEKTHI, B TOM UIC/Ie NPUYPOYCHHbIE B IUIAHE K 3HAYNTEIBHBIM IO IUIOMALN 30HaM (paHee
CYMTABIINECS MPOrKbamMm) MeXXAy KPYIHBIMYU MOAHATUAMY B Kap6oHe. HeraBHue pesynbTaTsl paboT Ha YpUXTAyCKOIL IpyIIne
CTPYKTYP ABJIAIOTCA MOATBEP>KAeHNEM CIe/TaHHBIX BHIBOIOB.

3. TIpemioyKeHHbIe IHHOBAIVIOHHbBIE TeXHOIOTMY 06PabOTKY ¥ IHTEPIPETAINY CelICMUYECKMX TAaHHBIX C Y4eTOM HOBBIX ITpefi-
CTaBJICHUIT O IIPOCTPAHCTBEHHOM PaCIIONIOKEHNM OMCKOBBIX JIOKATbHBIX 00beKTOB B IIePCIIeKTUBHOI I1a/Ie030¥ICKOI TOMILE II03BO-
JISIOT YTOYHUTB I7IABHbIE HALIPAB/IEHVSI MICCTIEROBAHMIT Ha BOCTOYHOM 60pTy ITprkacimiickoro 6acceiiHa Ha O/IyDKaIIe TOfbL:

— KpYIHbIe BBICOKOAMIUIUTYAHBIE HMOFHSATUS CTPYKTYPHOTO MACCHBHOTO THUIIA 1 OJMHOYHbIE KapOOHATHBIE ITOCTPOIKY
BepXHeJIeBOHCKO-HIDKHEKaMeHHOYTO/IbHOTO BO3PacTa B IIOTPY>KEHHOII ITyOOKOBOAHON YacTy OacceifHa 0CaJKOHAKOIUICHNS
(IIy6apxynyk-Kockonbcekas, bopxep-Axkapckas soHa, Ernusi-CapbeikyMakckas, baifrannHcKas 30Ha);

— JIOKa/IbHbIe 00'bEKTHI CTPYKTYPHOTO TUIIA, CBsI3aHHBIE € KapOoHaTHBIMM Maccusamy BHYTpu Tom KT-1I n KT-1 B paspese
Temupcxoit u Kanaxorn-TopTKONIbCKOI 30HBI;

— 00'beKTbI HeaHTMK/IMHA/IPHOTO TUIIA B HYDKHEIIEPMCKON TePPUTeHHON TOJIILE, CIIEKTP KOTOPBIX € y4eTOM HepCIeKTUBHO-
CTH B 9TOM IIPUOOPTOBOI TIOTIOCHI 0CAFKOHAKOIUIEHIISI ¥ OTHOCUTETBHO [TyOOKOBOSHOI IPOABIHYTOI YacTy HacceiiHa Xxapak-
TepU3yeTcs JOBOIBHO LIMPOKMM PasHOOOpasmeM 1 B TIOJTHON Mepe ellje He MCCIef0BaH (IPUCKIOHOBbIE JIOBYIIKM, OOBEKTHI
KOHYCOB BBIHOCA HOPTOBBIX 30H U ITyOOKOBOJbSI, TOBYLIKY IIEIIOBOIL 30HBI U fip.).
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New opportunities for processing and interpreting seismic data
in estimating the viability of local objects
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Relevance. An estimation of the oil and gas potential of the promising targets along with a clarification of the nature and characteristics of their
internal structure necessitates the improvement of new trends in the quality of seismic survey results. Methods of seismic exploration are the main
information base in the preparation and justification of promising objects, determining the optimal location of the project deep wells. In this regard,
the use of innovative technologies in the processing and interpretation of seismic data (2D and 3D — CDP method) at the modern stage of the study
is of great importance.

Purpose and objectives. It is necessary to estimate some possibilities for the effective application of innovative technologies using typical areas within
the Caspian (eastern flank zone) and Shu-Sarysusky (Moiynkumskaya depression) basin as examples to highlight promising objects in the Paleozoic
stratum. The task is to justify the use of new technologies. There are three main areas for this: optimization of parameters of field work at the stage
of raw information collection, development and introduction of new software systems, optimization of interpretation technologies and constructing
models.

Results of application. These methods are focused on objects that are accompanied by increased complexity and conditions of occurrence. Their
application is considered in more detail at the facilities at the eastern side of the Pre-Caspian basin. With this in mind, the features of regional and areal
tracking of the main objects oriented to carbonate strata KT-Il and KT-I are given. The latest results and drilling data concerning the Zhanazhol-Tortkol-
skaya uplift zones, Borzher-Akzharskaya bench, Ostansuksky downfold (Akzhar Vostochny, Zhanazhol, Urikhtau, Tuzkum, Alibekmola) are presented.
Separately, the capabilities of seismic technologies in combination with GIS data are shown in order to efficiently identify potential objects for testing.
The accumulated experience of seismic surveys and the costs incurred are clarified; it contributes to more effective approaches in their application,
including high-resolution seismic exploration, multi-azimuth VSP survey, multifocusing, and diffraction multifocusing.

Conclusions. New promising objects (providing the availability of innovative technologies for their detailed study ) are projected in relatively remote
areas of the eastern side zone (Shubarkuduk-Koskolskaya and Borzher-Akzharskaya uplift zones). The remaining significant and still unrealized poten-
tial of the QD-II and CT-I strata is substantiated. The possibilities of expanding the range of areas of oil prospecting work for the study of promising
objects and uplifts (Upper Devonian — Lower Carbon, Middle — Upper Carbon, Lower Permian) are considered.

Keywords: Pre-Caspian basin, eastern side, carbonate members KT-II and KT-I, Paleozoic complex, 2D / 3D seismic surveys, data processing and inter-
pretation, subsalt sediments, oil and gas prospects, local uplifts, carbonate rocks, sedimentation, hydrocarbons, ways of geological prospecting work.
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Mopdororust 1 BHyTpeHHee CTPOEHUE MPUPOAHDLIX U TEXHOT€HHDIX
JKEAE300KCUMAHLIX MUKpocdhep

Muxaun Cepreesuy MNYyXOB*
KasaHckuin hefepanbHbIv yHuBepcuTeT, Poccus, KasaHb

AKTYAALHOCTL PA6OTLI: MPOVCXOXKAEHNE YKEAE300KCMAHBIX MUKPOCEP CBSIBAHO C KOCMUYECKUMM, 3€MHLIMU (aBMOreHHbIe, GUOreHHbIE) 1 TEXHOTEH-
HLIMM NpoLieccamut. V3yueHne NoAOBGHBIX OGLEKTOB BAXKHO AAS MO3HAHUSI MMHEPAAOOOPA30BaHMs HA 3EMAE, CTPOEHMS U COCTABA KOCMUYECKUX TEA, POAU
TEXHOT€HHbIX MPOLIECCOB B 0OPA30BaHMM HOBLIX MUHEPAAOB. OBHAPY KEHVE MUKPOCEP B OCAAOHHBIX TOAILAX MOMOTAET AOMOAHUTL METOALI KOPPEASILIMM
PasHOALMAALHDBIX TOALL HA TAOGAALHOM, PETVIOHAALHOM M MECTHOM YPOBHSIX, & TAIOKE MOMOTAET B MOMCKaX CTPATU(MLIMPYEMbIX MOAE3HBIX MCKOMAEMBDIX.
Lleab paboTbi: 3yyeHnie 0COOEHHOCTEN BHYTPEHHETO CTPOEHMSI MPUPOAHLIX M TEXHOTEHHDIX JKEAE300KCUAHBIX MUKpOcdep. OCHOBHbIE 3aaaum: U3yde-
HME MOPOBOTrO MPOCTPAHCTBA M BO3MOXKHLIX TEKCTYP, MPOBEPKA HAAMUMS AUcPPePEHLIMALIMM BEleCTBa.

Meroaororns mccreaoBanums: Bce vsydaemble oGLEKTH OTOMPAAMCH M3 MOPOWKOBLIX MPOG C MOMOILBLIO MOCTOSIHHOTO Y HEOAMMOBOTO MarHuToB. C
MOMOLLBLIO MUKPOTOMOTrPAahUM U3yHeHbl OTOOPAHHLIE M3 MArHWUTHOM (PPaKLMM JKEAE300KCHMAHDIE MUKPOCEPDI U3 MMIMAKTUTOB Kparepa Puc, us Bepx-
HEMaAeo30MCKMX MOPOA BOCTOKa BoctouHo-EBponeiickoii naardpopmsl 1 Mpeayparsckoro nporuba, v TEXHOreHHble (CBapoUHbie) MuKpocdepbl. Te ske
0BLEKTbI B MOAMPOBAHHDLIX CPE3aX MCCAEAOBAHDI C MOMOLILIO CKAHVPYIOWEN SAEKTPOHHOM MUKPOCKOTUM.

Pe3yaLTatel. VI3ydeHre o6LEKTOB PEHTTEHOBCKOM KOMILIOTEPHON MUKPOTOMOrpadhueii B AByXMEPHOM M TPEXMEPHOM MPOCTPAHCTBE MOKA3AA0 PA3AU-
4Yusl B MYCTOTHOM MPOCTPAHCTBE TEXHOTE€HHLIX U MPUPOAHBLIX MUKpPOcep. Pasanumsi MOATBEPIKAEHBI SAEKTPOHHOM MMKpOcKonuei. AnddepeHumaumst
BELIeCTBA B YKEA@30OKCMAHBIX MMKPOCepax MOATBEPIKAEHA TOMOrPaUHeCckKMMM NCCAEAOBAHUSIMU U SAEKTPOHHOM MUKPOCKOMMen. AAst BHYTPEHHe
HacTU XKEA€300KCUMAHBLIX MUKPOCEP M3 MMMAKTUTOB Kpatepa Puc nsydyeH xummyeckuii coctas. [IPUMUTUBHOCTL XMMMYECKOTO COCTaBa MOATBEPIKAAET UX
KOCMUYECKOe MPONCXOXKAEHME.

BriBoan1. COBMECTHOE VCTIOAL3OBAHME TPAAVLIMOHHOTO MOAXOAA C MPELM3MOHHLIMM METOAAMM MPUOAVKAET PACcMPPOBKY F€HE3NCa MUKPOOBLEKTOB.

KatoueBbie cAOBa: )KeA€300KCMAHDIE MUKPOCEPDI, MUKPOTOMOTpachusi, SAEKTPOHHASI MUKPOCKOMMUSI, MyCTOTHOE MPOCTPAHCTBO, AMddchepeHLmaLIms BelecTBa.

BeJieHIe

Macmrabbl HaXOIOK >Ke/Ie300KCUIHBIX (CyMMapHOe COfiep>KaHMe KUCTIopoza 1 sxene3a 96-100 %) muxpocdep

OOLIVMPHBL: IPEBHIE OCA/JOYHBIE OPOMDI, A/UTIOBNII COBPEMEHHBIX PeK, IYCTbIHM, JHO MOPEIl 1 OKEAHOB, CHEXKHBDII

HOKPOB AHTapKTHU/bI, TEXHOTeHHbIe oTIoKeHus [1-10]. I[Tpoucxoxxaenne mofo6HBIX 06pa3oBaHNIT BBI3bIBAET CIIOPBI B HAy4-

HOM COOOIecTBe: PACCMaTPUBAIOTCA KOCMIYECKIe, TeXHOTeHHbIE, 3eMHbIe abOTeHHbIe U 61OreHHble TunoTessl [11, 4-14, 15,

16, 22]. ITpu s3TOM M3ydeHMe XKeNe300KCUFHBIX MUKpocdep ¢ IOMOLIbI0 COBPEMEHHBIX NMPELM3MOHHbIX METOAOB (BK/IOYast U

HepaspylIalolye) CiocoO6HO JaTh HOBYIO BaXKHYI0 MHGOPMAIVIO O MIHEPATIo0Opa3soBaHyM Ha 3eMIle, O CTPOEHVM 1 COCTaBe

KOCMMYECKUX TeJI, O POJIM TeXHOTEHHBIX IPOL[eCCOB B 06pasoBaHMY HOBBIX MuHepanoB. Kpome toro, Haxoxpenne Mukpocgep

B OCAJJOYHBIX TO/MIIAX MOYXET BBICTYIATD JOIOJHUTEIbHBIM MHCTPYMEHTOM IIPY KOpPe/anyy pa3Ho]aIaabHbIX TOIL I IO~
CKaX CTPAaTU(ULNPYEMbIX TOTI€3HbIX MCKOIaeMbIX [17].

PaHee uccnenoBateny i 060CHOBAHNUA ITPONCXOXK/IEHNS XKe/Ie300KCUTHBIX MUKPOcdep UCIIONb30BaNH PsIJi apaMeTpPOB.
Tak, HamIpuMep, MeTa/UIM4ecKuil 671ecK, upeanbHas cHepuuHOCTb, HaTM4Me TaKUX 9IeMEHTOB-TIpYMeceli, Kak HUKETIb U XPOM,
OTCYTCTBYE TUTAHA XapaKTEPHBI I KOCMIYecKMX Mykpocdep [12, 18, 19]. IIpupopHble ¥ TeXHOreHHBIe 00pa30BaHNA VIMEIOT
3HAYNTENIBHO GOJIee MMPOKMIT Habop a/meMeHTOB-TIpuMecelt — go 10-15 [5, 13, 15, 16, 20, 22]. TekcTypHas IOBEPXHOCTD, BKIIIO-
Jasi ¥ BHYTPEHHIOK, [IO/IMPOBAHHBIX CPE30B, B BUJie IIECTUTPAHHUKOB, TPEYTONbHIKOB, JEHIPUTOB, KTyOKOB 11 MOSTOBUAHOIL
(b OpMBI B OCHOBHOM IIPUCYIIIA KOCMUYECKUM ¥ IIPUPOSHBIM MUKPOChepaM 1 3HaUUTENbHO PeXke — TeXHOTeHHbIM [5, 13, 15, 16,
18]. OrcyTcTBUE 060XPEHHOIT OBEPXHOCTU ¥ Ha/IM4Me YCTONYMBOI K OKMCTIEHNIO KOPOUKM XapaKTePHO M/ KOCMUYECKUX U
HEKOTOPBIX IPUPOSHBIX MUKpochep [19]. AHanms muTepaTypsl IO3BOIUII PasfeNnuTb IPUPORHbIE «Chepy/bl», 00pa3oBaHHbIE B
3eMHBIX YCJIOBUAX 0€3 TeXHOTeHHOT'O BIIVAHY, Ha 9H/JOTeHHBIE, BO3HUKIIE B IIPOLiecce 3aCThIBAHMA MarMbl YUIV U3 IPOAYKTOB
U3BePXKeHM BYJIKaHOB [5, 6] u 6uorennsle [11, 14]. [/ SHEOreHHBIX XapaKTepHa BBITAHYTaA, IPUIUIIOIEeHHAA U KaIUIeBUIHAS
¢dopma, 11 OuoreHHbIX — 6/1M3Kas K cepuueckort. TekCTypHast MOBEPXHOCTb GMOTeHHBbIX cepyst IIajKast MM KOMKOBATasL,
TOTJIa KaK B 9HJJOTeHHBIX MUKPOC(epax TeKCTypHas HOBEPXHOCTb PasHOOOpasHasl.

Hacrosee nccnenoBanye MOCBAIIEHO MOMCKY JOTIOTHUTEbHBIX XapaKTePUCTHUK >KeNMe300KCUIHBIX MUKpocdep pasind-
Horo reHesuca. O0beKTaMy YICCTIeOBAHS ABUINCH IPUPORHBIE MATHUTHBIE MUKPOC(epsl, U3B/IedeHHbIe TP IIOMOILM [TOCTO-
STHHOTO ¥ HEOIMIMOBOT'O MarHUTOB 113 IIOPOLIKOOOPa3HbIX P00 MMIIaKTHOTO Kpatepa Piuc (Hem. Nordlinger Ries), Tepmanns, us
KepHa CKBOXIH 1 0OHaKeHWiT BOcToKa BocTouno-Espormeiickoit wratdopmser u Ilpenypanbckoro nporuba, a Tak)xe 00beKThI
TEXHOTCHHOTO IIPOMCXOXK/IeH!A — MUKpocdepbl oT cBapku (puc. 1-3). K ocHOBHBIM 3ajjadaM TaHHOTO MCC/IEIOBAHNA OTHOCH-
JI0Ch M3ydeHe BHY TPEHHErO CTPOeHMsI MUKpOoc(ep B IIONMPOBAHHBIX Cpe3ax U HOPOBOTO IIPOCTPaHCTBA MUKpocdep. [l aTo-
TO NIPUMEHSINCD 3MeKTpoHHbIe MUKpocKomsl Phillips XL-30 n Vega 3 Tescan sbu, ocHallleHHbIe 3HEPTOAVCIIEPCUOHHBIMIY CIIEK-
TpOMeTpaMi, IpY yCKopsitolieM HanpshkeHyn 20-25 k9B 1 pabodem orpeske 8,9-15 MM; ITyOuHa 30HANPOBAHUA COCTAB/IIA 1
MKM; TOYHOCTD n3Mepenus 0,1-1 %. Ha mukpockomne Phillips XL-30 (K®Y, anamutux b. M. lanmnymimH) o6pasinsl n3ydeHsl 6e3
HaIIbIJICHVS C MCIIONIb30BaHMeM HIM3KOTO BaKyyMa; Ha Mukpockone Vega 3 Tescan sbu (VIMun YpO PAH, anammrux /. A. bin-
HOB) IIPOBOAV/IOCH HAIbIIeHNE 00pasIioB yriaepogoM. Hepaspyaomye (HenHBa3UBHbIE) MCCIEIOBAHMS TIOPOBOTO IIPOCTPAH-
cTBa MUKpocdep MPOBOAMIICH Ha PEHTTEHOBCKOM MuKpotomorpade Phoenix V|tome|X S 240 ¢ HaHODOKYCHOII peHTIeHOB-
CKOJT TPYOKOJT ¢ MaKCMMaJIbHBIM YCKOPSIOLIMM HanpshkeHeM 180 kBt 1 momuocTsio 15 B (KDY, ananntux E. O. CraneHko).
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PucyHok 1. PeHTreHoTOoMorpacguyeckuin cpe3 ABYXMEPHOro M3obpaxeHus xenesookCuaHbIX Mukpocdep. 1-7 — cBapouHble wapuku; 8 —
MuKpoccepa 13 paspesa MeueTnuHo, MNpeaypanbckuii Npornb (HWKHAS NepMb, KyHrypckuia spyc); 9, 10 — myukpocdepbl 13 kpatepa Puc, lepmanus;
11 — Mukpocdepa 13 kepHa YcTb-HepemMiuaHckon ckBaxuHbl, Pecnybnuka TatapctaH (rmy6uHa 1008—-1013 m, cpegHuin kapboH, MOCKOBCKUIA SIPYC).
Figure 1. X-ray tomographic section of the two-dimensional image of iron oxide microspheres. 1-7 — wrought balls; 8 — microsphere
from the Mechetlino open-pit mine, Pre-Ural fore deep (Lower Permian, Kungur stage); 9, 10 — microspheres from the Ris crater, Germany; 11 —
microsphere from the core of the Ust-Cheremshan well, Republic of Tatarstan (depth is 1008—-1013 m, Moscovian Stage).

PucyHok 2. PeHTreHoTOMOrpadu4eckuin cpe3 TpexmMepHOro n3obpaxeHus xene3ookcuaHbix Mukpocdep. 1-3 — cBapoyHble LWapuku; 4 —
MuKpocdepa u3 kepHa YcTb-HepeMLuaHCKon CKBaxuHbl (M. puc. 1, 06bekT 11); 5 — Mukpocdepa 13 oTrnoxeHun paspesa MeyetnuHo (cm. puc.
1, 06bekKT 8).

Figure 2. X-ray tomographic section of the three-dimensional image of iron oxide microspheres. 1-3 — wrought balls; 4 — microsphere from
the core of the Ust-Cheremshan well (see Fig. 1, object 11); 5 — microsphere from sediments of the Mechetlino open-pit mine (see Fig. 1, object 8).
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Xumunyeckumn coctaB BHyTpeHHeEN YacTu mukpocdep u3 kpatepa Puc.
The chemical composition of the inner part of microspheres from the Ris crater.

OnemeHThI, Bec. %

ObpaseL Howmep cnekTtpa e o Si Y Ca Cymma
Puc-1 1 63,08 31,85 3,51 0,35 1,21 100
(cm. puc. 1, o6bekT 10; puc. 3, oGbekT 8) 2 59,56 35,91 3,28 0,44 0,81 100
3 67,88 30,59 1,08 0,45 - 100
Pwuc-2 1 70,29 29,28 0,43 - - 100
(cM. puc. 1, 06bekT 9; puc. 3, 06bekT 7) 2 70,34 29,28 0,38 - — 100
3 70,22 29,20 0,58 - - 100
4 70,31 29,26 0,44 - - 100

Mpumeyanme. Mpoyepk — He 0BHapYXeHO.

PucyHok 3. NonupoBaHHble cpe3bl Xene3ooKcuaHbix Mukpocdep. 1-3 — 13 kepHa YcTb-YepeMLuaHCKON CKBaXWHbl; 4—6 — CBapoyHble Lwa-
puku; 7, 8 — n3 kpatepa Puc; 9-11 — 13 kepHa ckBaxuHbl MecTopoxaeHus Kapadararak (Mpukacnuiickas BnaguHa, nnato YcTiopT, KasaxctaH);
12 — obrnomok mukpocdepbl U3 OTNOXeHUI padpesa MevetnuHo, Mpeaypansckuii npormb.

Figure 3. Polished sections of iron oxide microspheres. 1-3 — from the core of the Ust-Cheremshan well; 4—6 — wrought balls; 7, 8 — from the
Ris crater; 9—11 — from the core of the well of the Karachaganak field (Peri-Caspian Depression, Ustyurt Plateau, Kazakhstan); 12 — the fragment
of microsphere from deposits of the Mechetlino open-pit mine, Pre-Ural fore deep.

ViccareaoBaHms

B Xofie BBIMONTHEHHBIX MUKPOTOMOTpapuUIecKnX UCCAEOBAHNUII YCTAHOB/ICHBI Pas/Nylisi B IIOPOBOM IIPOCTPAHCTBE MMU-
kpocdep. Tak, MUKpocdepbl TeXHOTEHHOTO IeHesNca, 00pasoBaBIlMecs B IPOIecce CBAPOYHBIX PaboT, MMEIT OO0MbIIoe KO-
JIMYECTBO OTHENbHBIX, HE CBA3AHHBIX MEXAY coboit mop (puc. 1, 06bexTsl 4-7). VIHOra MOPBI OTCYTCTBYIOT (Ie/IbHbBIC MU-
Kpocdepsbl, puc. 1, 00beKT 2) WM UMEIOTC BepeTeHooOpasHble TpelMHbL (piuc. 1, 00bekT 1). Mukpocdeps! IpupofHOro u
KOCMMYECKOTO IIPOUCXOXKIEHNA 00/Ia/IaloT IYCTOTHBIM IIPOCTPAHCTBOM B LIHTPAJIbHOI YacTh (puc. 1, o6bextsl 8-11). MHorma
¢dopma mycror 6mm3ka K chepuunoit (puc. 1, 06beKTsl 8, 9); BCTPEYaoTCsl MyCTOTHI O0jIee CIOKHOI (GOPMBI, BOSHUKAIOIIVIE
Py CIVSTHUM HeCKOMbKuX mop (puc. 1, 06bexts! 10, 11). Tpexmepusie (3D) nzobpaxkenus mukpocdep (puc. 2) JOMOTHUTETBHO
BU3YaIU3UPYIOT MVHPOPMAIUIO 110 TOPOBOMY IPOCTPAHCTBY. DIEKTPOHHO-MUKPOCKOIIYIECKOE MCC/Iefl0BaHNe TOPOBOTO TIPO-
CTpaHCTBa MUKpOChep B MOMMPOBAHHBIX Cpe3axX MOATBEPANIO HaM4ye HeCBA3aHHbBIX Fa30BbIX IOP B TEXHOT€HHBIX MUKPOC-
depax (puc. 3, 06bexT 4).

CpaBHeHre MUKPOTOMOTpaduu 1 pe3yIbTaToOB 37eKTPOHHOI MUKPOCKOINY O3BOIIJIO YCTAHOBUTH Hamune guddepeH-
LML BElleCTBAa MUKPOChep, YTO BBIPAKAETCS B M3MEHEHIM IVIOTHOCTH OT LIEHTpa K BHelIHeil o6omouke. Ha romorpaduye-

62 TnyxoB M. C. Mopdonorusa v BHyTpeHHee CTPOEHME NPUPOLHbIX U TEXHOTEHHBIX XKeNe300KCUMAHbIX MUKpocdep //
M3sectua YITY. 2019. Boin. 1(53). C. 60-66. DOI 10.21440/2307-2091-2019-1-60-66



M. S. Glukhov / News of the Ural State Mining University. 2019. Issue 1(53), pp. 60-66 EARTH SCIENCES

CKOM CHUMKe IJIOTHOCTHbIE XapaKTEePUCTUKY ITOKa3aHbl KOHTPACTOM LIBETA OT CEeporo K 6emomy: ot 60jee HUSKON MTIOTHOCTH
BellleCTBa K 60s1ee BBICOKOIL ITIOTHOCTH (puc. 1, 06beKTsI 3-5, 7, 11; puc. 2, 06bexts! 1, 3, 4). Ilono6Has puddepenmanns Ha-
XOIUT HOATBEP)KIEHNE U B 9JIEKTPOHHO-MUKPOCKOIIECKIX CHIMKAX, I7l€ OTYET/INBO IPOsiBIeHa KopouKa (puc. 3, 00beKT 6),
a mHOrHA U sAApO (puc. 3, 06vext 5). Cpean Mukpocdep nMeIo 3HaYeHNE MCCIEOBAHYE KAIlIM 3aCTIBIIETO PACIIaBa, TAK KaK
M3HAYa/IbHO BCe MUKPOC(hEPBI, AB/SSCH HEe3aCTHIBIINM PACIUIABOM, GOpMUPYIOTCs U3 Kamnn. Tak, auddepeHimanms BemecTsa
BHYTPU «CBapOYHOIT» KA (puc. 1, 00beKT 3) MOKasbIBaeT, YTO XBOCTOBAs YaCTb Oojlee CBET/Ias IO CPABHEHMIO C TOTIOBHOIL
YaCTbIO, YTO TOBOPUT O Ha/MM4my Hojiee IIOTHOTO BeI[eCTBE B XBOCTE.

Xummaeckuit coctas 60/bIIMHCTBA 00BbEKTOB n3yvancs panee [ 7—9, 17—19]. 3xech BepBble IpenCTaB/IeH COCTAB BHYTPEH-
Hell 9acTi JBYX >Kele300KCUAHBIX MUKpocdep 13 MMIakTHOro Kparepa Puc (rabmuia). [1aBHbIMU 91eMeHTaMu MUKpocdep
ABJIAIOTCA JKeyle30 U KUCIOPOZ, (CyMMapHO 710 99,62 %), 9/eMeHTaMM-IIPUMeCAMY — KpeMHUI, a/IloMUHMIL 1 Kaibuyit. I1py aTom
pasmdre B XMMUYECKOM COCTaBe JBYX MUKPOChep 00yCIOBIeHO, II0 BCell BEPOSITHOCTH, PasHULIEN B MX MIHEPAIbHOM COCTa-
Be: B o6pasije Puc-1 npeobnamaet MarHeTut, a B o6pasife Puc-2 - BIOCTHT.

Pesynbratsl TOMOrpaduueckux M MUKPOCKOIMYECKIX MCCIETOBAHMII TOKAa3bIBAIOT, YTO XKEMe300KCUHbIE MUKPOCdeps
4aCTO VIMEIOT Pa3HOOOpasHOe BHyTPEHHee IYCTOTHOE IPOCTPAHCTBO. Ilopsl, BO3HUKINNE B TEXHOTEHHBIX MUKpOcepax, MOTyT
SIBJIATBCS pe3ynbTaToM obpasoBanus ra3os [20]. [ToocTyt B IpMPOFHBIX 3eMHBIX 1 KOCMIUYECKIX MUKPOCcdepyIax MOryT ObITh
CBS3aHBI C BBIJIeJIeHVIeM I'a30B WM >KUIKOTO paciuiasa [9, 16, 18]. IlosgBeHNe TpelVH B LIeHTPe CBAPOYHBIX IIAPUKOB, 10-BUIU-
MOMY, CBSI3aHO CO C/IMIIKOM BBICOKVIMI TeMIIEPATypaMy Harpesa 1 ObICTPBIM OCThIBaHMeM [21]. XuMudecKuit 1 MUHepaIbHBbII
COCTaB XXeTe300KCHMAHBIX MUKpOcdep 13 MMIIAKTHOTO KpaTepa Puc moaTBep)kgaeT MX BHE3EMHOE IIPOUCXOXKIEHIIE.

3aKkAtoueHne

Takym 06pa3oM, COBMECTHOE MCIIONb30BaHME IIPYU UCCIIELOBAHUMY YKe/Ie300KCUHBIX MUKpOcep TPaauLIOHHOTO TOAX0/a
(M3roTOB/IEHVIE TIO/IPOBAHHBIX CPE30B) ¥ IPELM3NOHHBIX METOLOB (MUKPOTOMOrpadusi, S7eKTPOHHAsI MUKPOCKONNS U MU-
KPO3OH/IOBBIII aHAJIN3) [03BOJISIET IIOyINTh HOBbIE JAHHBIE [0 UX COCTaBY, AuddepeHIanuy BHyTPEHHETO CTPOEHMsI, 9TO
mpubmmKaeT pacun@poBKy reHe3nca HeOOBIYHBIX 0O'BEKTOB.
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The morphology and internal structure of natural and man-made iron
oxide microspheres

Mikhail Sergeevich GLUKHOV"
Kazan Federal University, Kazan, Russia

Relevance of the work: The origin of iron oxide microspheres is associated with cosmic, terrestrial (abiogenic, biogenic) and technogenic processes.
The study of such objects is important for the knowledge of mineral formation on Earth, the structure and composition of cosmic bodies, the role of
man-made processes in the formation of new minerals. The detection of microspheres in sedimentary strata helps to complement the methods of
correlation of different facies strata at the global, regional and local levels and helps in the search for stratified minerals as well.

Purpose of the work: study of features of the internal structure of natural and man-made iron oxide microspheres. Main tasks: study of pore space
and possible textures, check for the presence of differentiation of a substance.

Research methodology: All studied objects were taken from powdered samples using a permanent and neodymium magnet. With the help of mi-
crotomography, iron oxide microspheres selected from the magnetic fraction from impactites of the Ris crater (from the Upper Paleozoic rocks of the
East European Platform and the Pre-Ural fore deep), and man-made (welding) microspheres were studied. The same objects in polished sections were
examined using scanning electron microscopy.

Results. The study of X-ray computer microtomography objects in two-dimensional and three-dimensional space showed differences in the voids
of technogenic and natural microspheres. The differences are confirmed by electron microscopy. The differentiation of the substance in iron oxide
microspheres is confirmed by tomographic studies and electron microscopy. Chemical composition was studied for the inner part of iron oxide micro-
spheres from the impactites of the Ris crater. The primitiveness of the chemical composition confirms their cosmic origin.

Conclusions. The combined use of the conventional approach with precision methods approximates the decoding of the genesis of microobjects.

Keywords: iron oxide microspheres, microtomography, electron microscopy, voids, substance differentiation.
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MexaHn3Mmbl 1 NMPUYMHDBI U3MEHEHMs1 (DOPMbI KPUCTAAAOB B MpoLecce
pocta

Mpuropun UBaHoBuy CTPALUHEHKO®

leonoro-npomsiwneHHoe npeanpusTtne "LieHTpansHo-Ypansckoe", Poccus, EkatepuHbypr

AKTYaALHOCTL MYGAMKALIMM COCTOUT B AAALHEMILIEM PA3BUTMM HOBOTO HATPABAEHMSI B MUHEPAAOTMYECKOM KPUCTAAAOTPAMM — AMHAMMYECKON KPUCTaA-
AOMOPCOAOTUM, MO3BOASIIOILEN MO M3MEHSIIOWENCs B NMpoLecce pocta (dopMe KPUCTAAAOB MOAYHUTL MH(DOPMALIMIO O (DUBUKO-XUMUHECKUX YCAOBMSIX
06pPa30BaHMsI MECTOPOYXKAEHUM MOAE3HDLIX MCKOMAEMBIX.

LleAb pa6oTbI: TeOpeTNHECKOE OBOCHOBAHME M PA3paboTKa METOAA MOP(POKMHETMHECKOTO AHAAM3A M METOAMKM MOCTPOEHMST MOPOreHETUYECKMX
AMarpamm NMPUPOAHDLIX KPUCTAAAOB.

MeTOoAOAOTMSI MCCAEAOBAHMS: V3YYEHVE MEXAHV3MOB M MPUYMH U3MEHEHMST (DOPMBI KPUCTAAAOB HA OCHOBE HABAIOAAEMbIX MUHEPAAOTUHECKMX (PAKTOB
1 MA€AAM3BMPOBAHHLIX FEOMETPUYECKMX MOAEAEN, & TAK)KE MOP(OMETPUUECKUI AHAAM3 KOMOMHALIMOHHBIX (POPM KPUCTAAAOB.

Pe3yAbTaThbl. PacCMOTPEHDI YeTbIpe KUHEMATUHECKMX MeXaHW3Ma COXPAHEHWMsl U U3MEHEHMsl (POPMbI KPUCTAAAOB. AOKa3bIBAETCs, YTO (hopMa KpUCTaara
KOHKPETHOrO MMHEpPaAa MpsiMO OTMPEAEASIETCSl MePeCLILEeHNEM PacTBopa (MePEOXADKACHMEM PACTIAABA, AABAEHMEM MNepechilleHHbIX napos). Bee nHbie
chakTopbl, TakMe Kak Temrneparypa, AQBA€HME, BOAOPOAHDLIN MoKasareAb pH, OKUCAUTEALHO-BOCCTAHOBUTEALHDIV NMOTeHUMaA Eh, akTMBHOCTL APYTvX MOHOB,
YHACTBYIOWMX B MMHEPAAOODPA3YIOILEM MPOLIECCE, BAMSIIOT Ha (DOPMY KPUCTAAAOB OMOCPEAOBAHHO, U3MEHSIsI MepechileHne pactBopa. MNokasaHo, 4to B
3aBMCMMOCTU OT HarpPaBAEHHOCTU U CKOPOCTU U3MEHEHMS MePECDILEeHNsl B KAVKAOM KAACCE CUMMETPUM MOYKHO BLIAGAUTL 7 MOPCPOreHETUHECKMX PSIAOB
3aKPLITLIX MAM KBA3M3aKPLITLIX MPOCTLIX KpUcTasorpadmnyeckmx popm (MKD). Kaxabiit psia npeactaBAsieT NocAeAoBaTeALHOCTL [TKD, B KoTOpoit Kavkaas
nocaeayiomwas [MKD 3amelnaer npeaviayutyio. BoiaeaeHbl MopdhoreHeTnyeckue psiabl: 1) perpeccuBHLIA SBOAIOLIMOHHLIN; 2) MPOTrPeCcCUBHDLIA SBOAIOLIMOH-
HbI; 3) perpeccuBHbLIN NMPEPLIBUCTLIN»; 4) MPOrPECCUBHDLIV NMPEPLIBUCTLIN; 5) perpeccuBHbIN WOKOBLIA; 6) MPOrPECCUBHDIN WOKOBLIM; 7) MepeMeHHbIN.
[pearoskeHa METOAMKA MOCTPOEHMs1 MOPCPOreHETUHECKMX AMarpamMmM Ha NMpumepe MOCTPOEHMsT AMarPamMbl AAsl PEFPECCUBHOTO SBOAIOLIMOHHOTO psiad
KD kracca cummeTpu m3m KyOuyeckoi cvHroHum. IpuBeaeHa MOphoreHeTMyeckas AMarpaMmma fMepeMEHHOro PsiAd, MOCTPOEHHAs HA MpUMepe
KOHKPETHOIO KpUCTara Kaccutepura.

KaroueBbie caoBa: MYHEpPaA, KPUCTaAA, chopma, F-chyHKUMS, nepechileHne, MOPOreHEeTUHECKMI PsiA, MOPCHOreHeTuYecKas Amarpamma.

BEA€HMe
dopma KpUCTA/UIOB SAB/IACTCS OFHUM U3 BaXKHBIX TUIIOMOP(QHBIX IIPU3HAKOB, IINPOKO UCIIONb3yeMBbIX B IIpa-
KTUYecKoit MuHeparernu [1, 2]. O6bIYHO OHA OMUCBHIBAETCS HAOOPOM CHMBOJIOB IIPOCTBIX KPYUCTATIOrpaduuecKx
¢dopm (cumBonOoB Musnepa), y9acTBYIOIIUX B OTpaHeHNU) KpucTamna. HeocTaTKOM TaKoro poja OIMMCAaHUA SABJAETCA HEBO3-
MO>XHOCTb JICIIO/Ib3OBaHVS CUMBOIOB Mujiepa IjIsi MaTeMaTH4YeCKOTo IIpefiCTaB/lIeHNsl HeNPEPbIBHOTO M3MeHeHV (OpMBI
KPUCTAJUIOB B IIpoliecce X pocTa. C Le/IbI0 yCTpaHeHN s 9TOTO HeOCTaTKa aBTOPOM JIJL ONMCAHNA POPMBI KPUCTA/IIOB OblIa
IIpejIoXKeHa KO/M4ecTBeHHasA Mepa, Ha3BaHHas MopdomMeTpudeckont dynkunert (F-¢pyukmmerr) [3]. C momompio 9Toi QyHK-
1y mo6ast popMa KpUCTa/IOB BRIPaXKAeTCs YUC/IOM, a €€ M3MEHeHNe — MaTeMaTIIeCKIM ypaBHeHIeM. B ctaTbe mpoBefieH Ku-
HeMaTUYeCKIIT ¥ KMHEeTUYeCKUIT aHa/IN3 MeXaHM3MOB 1 IIPMYMH M3MeHeHst (POPMBI KPUCTAJIIOB C UCHOMb30BaHueM F-pyHK-
LVIM, YTO ITO3BOJIIET HAMETUTb OCHOBHBIE IOJIO>KEH S 0011ieit Teopuy MopdoreHe3a, 6a3upyIoleiics Ha IOIeBbIX HaOMIOIeHIAX
(penomenax) u pesynprarax SKCHEPUMEHTOB 10 POCTY KPUCTAIIOB B cpefax, 6mm3kux npuponusiM. Ha npumepe ITK® xmacca
CUMMeTpuu m3m ¥ KpUCTajUIa KacCUTepUTa OKa3aHa IPYMEHUMOCTb Teopyiu MopgoreHesa Ijis OCTPOEeHNA MOPOreHeTI-
YeCKMX JYarpaMm, sABJLAI0INXCA GOpMaTN30BaHHBIM MUHCTPYMEHTOM pellleHNsA MUHepareH4ecKuxX 3aay.

MexaHuambl M3meHeHMs1 hopPMbI KPUCTAAAOB B MpoLiecce pPocTa

ViameHeHue GopMbl KpyCTa/lla IPOUCXONUT IIyTeM CMEHBI OTHMX NPOCTHIX Kpuctamiorpapudeckux ¢opm (IIKD), yga-
CTBYIOIIMX B €ro orpaHeHmy, gpyrumu IIK®. B mporecce pocra B orpaHeHUM KpucTanna octaoTcsa nuib Te ITIKD, xoropsie
XapaKTepUSYIOTCS HaMMEHbIIIell CKOPOCTbIO pocTa oTHocuTenbHO Apyrux [TK® [1]. [panu ¢ 6onblieit CKOPOCTBIO POCTa IIO-
CTeIIeHHO BBIPOXK/JAIOTCSA B pe6pO MM BepIIMHY KPMCTanna. B HacTosmee BpeMs popMa KPUCTAJIIa OMUCBIBAETCS C HOMOIIBIO
TaKVX IPUHATHIX B KpUCTAIIOrpadyy HOHATHIA, KaK OrpaHeHe, FabuTyc, o6mk. [Jlagyum KkpucTtauiorpaduiecku CTporoe ompe-
TeTIeHNe 9TUX KaTeTOPUIA.

OrpaHeHNe KPHUCTA/IIa — COBOKYITHOCTb Bcex [TK®D, Hab/rofaeMbIx Ha BBITYKJIOM MHOrorpaHHuKe. OmycaHme orpaHe st
npencTasisiet nepeders [TIKD, 160 psx Mx cHMBOJIOB, 0OBIYHO PACIIONOXEHHBIX B IIOPsIfIKe YOBIBAHNS X MOP(OIOrIIecKoit
3HAYVMMOCTIL.

TabuTtyc KpucTania onpepensgeTcs IPeuMyILIeCTBEHHbBIM Pa3BUTHEM Ha MOIMIApPE OFHOI WINM ABYX, PeXe TPeX IMPOCTHIX
¢dbopMm. 3amucpiBaeTcs rabUTYC TaKXKe B BUJie PsAfa CUMBOJIOB radbutycHbix [TKD.

OO/IMK KPUCTAIUIOB Yallle BCETO OIpefe/AeTcs MPeUMYyLeCTBEHHBIM pasBUTIEeM YacTy I'paHell OfHON IpocCToil (GOPMBI.
Harmpumep, a/1st Kpucta/uioB Ky61deckoro raburyca 061K MOXeT ObITh:

— CTONOYATHII IPY IPEUMYIECTBEHHOM PAa3BUTUN YETBIPEX IPAHEl OffHOTO MOsICa;

— IUTACTVMHYATBII TIPY IIPeMMYIIeCTBeHHOM PasBUTUH IBYX IIPOTUBOIONIOXHBIX TPaHelt;

— 30METPUYHBIII IIPY PABHOMEPHOM Pa3sBUTUM BCEX TPaHel.

OrpaHeHue 1 rabUTyC, € OFHOI CTOPOHBIL, U OO/IVK C APYTOIL, UMEIOT pa3Hylo NIpUpoxy [2]. OrpaHeHue u rabuUTyc KpUCTajIa
OJIHO3HAYHO OIIpee/IAI0TCA (PU3NIeCKVIMY Y XVIMIYeCKVIMY YCIOBUAMY Cpefibl MUHepanoobpa3oBaHus. VI3 Bcex TeopeTnyeckn
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PucyHok 1. MexaHu3mbl uameHeHus hopMbl KPUCTaNMOB B NpoLecce pocTa.
Figure 1. Mechanisms of changing in the shape of crystals during their growth.

BO3MOXKHBIX B JJaHHOII pocTpaHCcTBeHHOI rpynme [TK® npu ¢pukcupoBaHHBIX UMKO-XMMIIECKUX YCIOBUAX CPefibl Ha IO-
NMafpe peanusyeTcs NMUIIb YacTb U3 HUX. V3MeHeHMe orpaHeHNUs U rabuTyca KpUCTallIa B IIPOIiecce pOCTa ABIACTCA peaKuuei
€ro MpOCTPAHCTBEHHOI TPYIIIIbI Ha M3MEeHeHNe YCIoBuit cpefbl. OOMNK KPUCTAIOB OIIPe/e/sieTCsl OTKIOHEHEM CUMMETPUI
IMTAIOIIETO TIOTOKA OT cepUyecKoli N0 BIMAHMEM CUIBI TSXKeCTH, MO0 reoMeTpuy KpucTamiusaropa. IIpegMeTom cienyro-
I1[ero PacCMOTPEHMS SABJISIETCS U3MEHEHe TabuTyca KPUCTAIIIOB.

Omnpepenum ynorpebseMble HUDKe TTOHATHA.

HopmanbHas CKOpOCTb pocTa TPaHM — CKOPOCTD IIepeMELIeHNA IPaHy 10 HOPMaM, IPOBEJIeHHOI K I'PaHy C TOYKM ee
3apOXKTIEHNA.

TaHreHnManbHaAg CKOPOCTb POCTA TPAHM — CKOPOCTD YBEeIMYEHVIS IUIOMIAAY TPaHIL.

F-pyuxuus — QyHKIMS TMHEMHBIX U YITIOBBIX 97IEMEHTOB KPUCTAIIA, SIB/IAIOM[ASsICS KOMMYeCTBEHHOI Mepoit ero (popMsL.
Teomerpuaecku F-¢yHKILMS IpeACTaBIsAeT IUIOMIA/b [OTHOI TOBEPXHOCTH U/jeaIbHOTO KPUCTaIa, 00beM KOTOPOrO B IIPYHSI-
TOII cricTeMe Mep paBeH 1. F-byHkis usmeHsietcs: B npefenax 4,836 < F < oo 11 ompepensiercs mo popmyrne |3, 4]:

F=(V) "M, 1)

rie V - o6bem Kpucrama; M — IJIONasb IOTHO IOBEPXHOCTH KPUCTAIIA.

Bepmunbl 1 pe6pa KpUcCTasIa Jajee pacCMaTpUBAIOTCA KaK IPaHU pasMepHOCTH cooTBeTCTBeHHO 0 11 1. CKopocTh pocTa
ux OyzieM 0603HaYaTh CUMBOJIOM C COOTBETCTBYIOLIVIM BEPXHUM MH/EKCOM (0° wm v').

Jaree mepeiiieM K XapaKTepUCTUKE MEXaHI3MOB M3MEHEeHNs rabuTyca KPUCTA/UIOB. PaccMOTpuM 1X Ha IpUMepe CMEHBI
Kybudeckoro raburyca Ha okrasgpudeckuit. Ha puic. 1 mpuBefeHbl paspessl Kpucrasuia 1o miockocty (110) st yeTsipex Bapu-
aHTOB ero pocTa. Bo Bcex BapuaHTax KpUCTasII 3apoXkiaeTcsi B popme Kyba 1 COXpaHsET ee 10 MOMEHTA BPEMEHM T,.

Bapmanr 1 (puc. 1, a). Kpucrann pacret, coxpanss cBowo popmy. OTHOLIeHMe CKOPOCTeil IpaHell Kyba ¥ OKTasgpa ompefe-
JISIETCS HEPABEHCTBOM ¥\ < U, . MeXaHNsM, Ipu KOTOpoM popMa KpUCTa/Ia He U3SMEHSAETCS, Ha30BeM CTAOW/IbHBIM.

Bapuanr 2 (puc. 1, 63. C MoMeHTa BpeMeHN T, B OTPaHEeHNY KPUCTA/IIA HOAB/IAITCA TPAaHU OKTA3/pa U /IO MOMEHTa BpeMe-
HI T, GopMa KPUCTajIa COXpaHAETCA B BUjle KOMOMHAIMM Ky6a 1 OKTad/[pa C TIOCTETIEHHbIM BO3PACTaHMEM JIONH TIOC/IEHETO.
Terno KpucTasIa B 9TOM ciydae o6pa3oBaHO MMpaMMUAaMI HapacTaHNUs TpaHelt Kyba u okTasgpa. OTHOLIeHMe CKOPOCTelt IpaHeit
OIIPE/IENAETCS HEPABEHCTBOM U, > ¥, . B MOMEHT BpeMeHN T, KpUcTa/U1 IpMo6peTaeT YiCTO OKTadnpuiecKkuii raburyc. Me-
XaHU3M M3MeHeHNUA GOPMBI KpUCTaIa, Ipu KoTopoM rpann obenx [TKD HaxopsaTcs B dpase aKTMBHOIO POCTA, OIPeIeInM KakK
KBa3MCTAOMIbHBIIL.

Bapuant 3 (puc. 1, B). OKTasp B OrpaHeHNMy KpUCTa/lIa HOSB/AETCS KaK (OpMa IIOMHOTO TOPMOXKEHUS: Ty, /Ty, = 0.
Terno kpucraia B 9TOM cy4ae 06pasoBaHo, Kak U B BapuaHTe 1, TO/IBKO MpaMuUAaMy HapacTaHWs TpaHeit kKyba. B cpaBHenun
C BAPMAHTOM 2 IIepepoK/eHe Kyba B OKTa9fp MPOMCXOAUT 3HAYUTEIbHO ObIcTpee. MeXaHU3M M3MeHeHsT pOpMbl KPUCTAIIIA,
npu kotopom 3amenatorias [IKO naxogurcs B dase OIHOTO TOPMOXKEHS, OIIPeNeTNM KaK MeTacTaby/IbHbIIL.

Bapuanr 4 (puc. 1, r). Ipauu kyba IOKpBIBAIOTCS CTTOEM MHOTOITIABOTO POCTa, 060pa3soBaHHBIM IpaHsaMM okTasgpa. Obpasy-
IOLIVeCA IIPY 9TOM JIOKHbIE MHAVBUADI YHACTEAYIOT CTPYKTYPY IOAIOKKM U IIPELCTABIAIOT C Heil MOHOKpucTaL. [TocTeneHHO
paspacrasich, 3TOT CJION ¢ TeYeHVeM BpeMeHM IpeoOpasyercs B okTasap. Ilogo6HOro poga MexaHu3M u3MeHeHuA GpOopMbl Kpy-
CTaJUIa OINIpefie/ M KaK pereHepalyOHHBbII, M/ IIOKOBBIL.

Bmecre ¢ tem s aByx IIK®D, y4acTBYOLIMX B OTpaHEHNN KPUCTA/IIA, CYLIECTBYeT MHTEPBA/I 3HAYCHWIT OTHOLIEHNS UX
CKOPOCTelt pocTa, B mpefenax Koroporo obe ITKD sBsi0TCS KOMOMHAIMOHHO KBa3UyCTOMYMBBIMIU 1 MOTYT IIPY [TOCTOSTHCTBE
YC/I0BUIT MUHEPAnIooOpasoBaHysl COXPAHATHCA HOCTATOYHO HOMro. [Iy1a pacyeTa rpaHul aToro nHTepsana JI. boprerpém mpu-
MEHII TeOMeTPUYECKYI0 METOLIUKY, C KOTOPOIl MO>KHO 03HaKoMuTbcs B KHure I. baxmu [5]. Coxpanssa upneto JI. boprerpéma,
BbIBefieM (DOPMYIIBI J/IsI OTIPE/ie/IeHIsI TPAaHNYHBIX OTHOIIEHIIT CKOPOCTelt pocTa rpaHelt AByx IIK® 6oree mpocThiM crtoco6om.
Ha pric. 2 mokasaHo mepeHAUKY/sIpHOe K pebpy K cedeHne fByrpaHHOro yria, 06pasoBaHHOro rpaHsamu ¢GopMsl 1 u popmsr 2.
V3 rouku K npoBenem HopManu K rpasm 1 u 2. O4eBUEHO, 9TO YTOMI O, 06Pa30BaHHBII STUMM HOPMAJLIMI, PaBeH JOIIOIHM-
TENHOMY VIVIy K AByIpaHHOMY. PaccMOTpuM [Ba Ipefe/IbHbIX BapMaHTa, B KOTOPBIX pebpo K B Ipoliecce pocTa IepeMelaeTcs
B monoxkeHue K’ Ha HOpManyu K rpaHy 2, @ BO BTOPOM CTy4ae B nojnoxkeHue K~ Ha HopManu K rpann 1. IIockonbKy cKOpocTb
pOCTa rpaHeil KpJCTasUIa IPOIIOPIIOHAIbHA I/IHE VX HOpMaJielt, B ojoxKkeHny K’ 1ckoMoe OTHOIIeHNe CKOPOCTelT pOCTa ABYX
rpaneit onpegenurcs ns AKK’a:

p
7)l nl
— = — = cosda. (2)

¢
v, n,
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Vsmenenne ¢GOpMBI KPUCTA/UIa BO BPeMEHU HTOKYMeEH- 1| 2
TUPYETCS 110 AHATOMUYECKMM KapTHHAM UX CEKTOPUATbHOTO
crpoenns [1, 2]. [ToxaskeM Ha IpuMepe KOHKPETHBIX MIHepa- sl 2
JIOB, KaK M3MEHAIOT CBOIO (POPMY KPMCTa/UIBI B IIPOLiecce PocTa, g 5
Kak paboTaloT MeXaHM3MBbI 9TOro msMeHenwst. Ha puc. 3 mpu- g &
BEJlcHa CXeMaTM4ecKas aHaTOMMYeCKas KapTUHa KPUCTaJIIa & ©
Kaccurepura B mwiockocty (110). KapruHa cocraiena aBTopoM

II0 IIPEKPaCcHBIM 3apVMICOBKAM KPVCTa/UIOB KaCCUTEPUTA, BBIIION-
HenupM 3. H. EB3ukoBoit [6]. Ha kapTuHe ocbh BpeMeHU COB-
MelljeHa C 0CbI0 Z KpucTamna. [lomHas mpofo/DKUTeIbHOCTD
pocTra KpucTajla IpMHATA 33 1 U paspeneHa Ha 6 cTaguil.
Bpems T 3aBeplLIeHNs KaX/[Ol CTafUM ONPee/IeHO II0 BBIPO-
SKIeHNIo0 Kakoit-m6o ITIK®, mu6o 1o nosasieHnio HoBoit [IKO
B OTPaHEHUM KPUCTATIIA.

Cragus I (t = 0,0-0,08). Kpucrann sapoxxpaercs u pac-
teT 1o T = 0,08 B popme TeTparoHanbHOI Gunupamuasl {111}
OTHolIeHMe CKOPOCTH ee TpaHeil K CKOPOCTU BUPTYa/lIbHbBIX
rpaHeit pasmepHocTy 1 6unmpammpel {771} ompepeneHo 1o
dopmyne (2): v, / fu(lm) <0,79. Peanusyercsa cTabMIbHBIN
MeXaHV3M V3MeHeHMs (OopMbl KprcTayia (puc. 1, a).

Crapus II (1 = 0,08-0,40). B orpaneHuu nospisieTcs: HO-
Bas popma — 6unupammuza {771}. lo t = 0,40 xpucrann pac-
TeT 3a CYeT MMpaMIJ] HapacTaHus rpaHelt Ounvpamupst {111}
Octpass 6unupamupa {771}, paspacrascp TaHTeHIMATbHO,
mposiBysieT cebs Kak (popmMa IIOTHOTO TOPMOXKEHISE: 110 (op-
myre (3) Uiy Uy > 1,27. PopMa KpyCTa/Ia Ha 9TOM CTafmn
mpepcTaBisgeT KoMOuHanuio 6unupamup {111} n {771} npu
IIOCTENIEHHOM C Te4eHUeM BpeMeH! TOMUHYPOBAHUY IOCTIe]-
Heit. B MomenT T = 0,40 {111} mOMTHOCTBIO BBIPOXKIAETCS I B
OTpaHeHM!U KPUCTAJIa OCTAeTCs TONMbKO Oumupamupa {771}.
PeanmmsyeTcss MeTacTaOMIBHBIN MEXaHU3M U3MEHEHUS (HOPMBI
Kpucramna (puc. 1, B).

Cragust 11T (t = 0,40-0.48). Butmpammpa {771} nepexomur
B PEXIM aKTUBHOro pocra. B MmomeHT T = 0,40 noAB/IAIOTCA [1BE
Hosble [TK®: muuakonp u npusma {110}, koTopas sBisercs Gpop-
MOJi TIONHOro TopMoykeHus. dopma KpycTamia IpefcTaBLieT

PucyHok 3. Pa3pes kpucrtanna kaccutepura no (110).
Figure 3. Cassiterite crystal section (110).
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PucyHok 4. UameHeHune hopMbl KPUCTaNMOB MO pereHepaLMoOHHOMY MexaHM3My. a — antoMokanueBble kBacupl (M3 kHurv I Baknu [5]); 6 —
anmas (u3 atnaca A. E. ®epcmana [7], bpasunus).

Figure 4. Changes in the shape of crystals according to the regeneration mechanism. a — aluminum potassium sulphate (from the book
by Buckley [5]); 6 — diamond (from the atlas by A. E. Fersman [7], Brazil).

KOMOMHAIVIO Ounpamupel {771}, mrHakoupga {001} 1 mpusmer {110}. Ha maHHOI cTafuy peamu3yroTcsl KBa3UCTaOMIbHbIIA U MeTac-
TaOWIBHBIN MEXaHN3MBI n3MeHeHst popmsl (puc. 1, 6, B).

Crapmsa IV (1 = 0,48-0,72). B momenT Bpemenn T =0,48 B orpaHeHNUN KpUCTaia BHOBb MOsAB/sIeTCs bunmmpamnza {111}. To
T =0,72 Bce IIK®D, 3a nckmoueHneM IPU3MBI, HAXOIATCS B (ase aKTMBHOTO pocTa. [Ipr3mMa Ha BCeX CTafysIX pOCTa KPUCTalIa
ocTaetcst popMoit TopMoskeHus. B MoMmeHT Bpemenn T = 0.72 ocTpast OuImpaMuya 1 MIHAKONUT BBIPOXKIAIOTCA. B TeyeH1e JaHHO
CTaJjyIi OTpaHeHue KpICcTaIa usMensercs or {110}/{771}/{001}/{111} no {110}/{111}. TTo popmyrne (4) oTHOLIEHMA CKOPOCTEN X
TpaHeli BRIpaKaTcA HepaBeHCcTBamu: 0,79 < 7’(111/7’(771) <1,27; 0,725 < 7’(111)/7’(001) <1,38. Ecnu MCK/TIOYNTD IPU3MY, TO Ha JJaHHOM
CTafMu peannsyeTcst TOMbKO KBa3UCTAOVIBHBII MEXaHN3M M3MeHeH st popMel Kpucraya (puc. 1, 6).

Cragus V (t = 0,72-0,90). B Tedenne faHHOI CTaguM B OTpaHEHMHU KPUCTA/UIA OCTAIOTCA 6ummpamupga {111} u mpusma
{110}. Teno kpucTamIa yBeMMIMBAETCS TOMBKO 3a CYET MUPAaMIJ, HapacTaHus rpaHert ounvpamunsl. [Ipusma {110} ocraercs
(bopMOIt TOPMO>KEHNS, PeannsyeTcsi MeTacTabyIbHbII MeXaHM3M U3MeHeHus popMbl Kpucramna (puc. 1, B).

Cragusa VI (1 = 0,90-1,00). Benwaer kpuctamn komOuHanua aByx 6unupamup — {111} n {771}. IIpu stom 6unupamupga
{771}, xax u Ha crapguu II, aBnserca ¢popmoit Topmokenus. Koneunas ¢popma kpucramia mpepcrasideT komounanuio ITKD
{110}/{771}/{111}. Peanusyercst MeTacTabM/IbHBII MeXaHN3M U3MeHeHMs popMbl KpucTtasvra (puc. 1, B).

Ha mpoTsbKeHUM CBOero pocta KpUCTa/UT KacCUTepuTa 6 pas naMeHs1 opmy. IIpu 9TOM MMEIOT MeCTO Tpu IMEePBBIX 13
YeThIPeX OIMMCAHHBIX BbIIIE MEXaHM3MOB M3MeHeHVsI GOPMbI KPUCTANIOB. MOXXHO 3aMeTUTD, YTO 9TO M3MEHeHVe HOCUT Lii-
knndecknit xapakrep. Craguu V u VI nosropstor ctapum I u II, 4To MOXKeT CBUJIeTebCTBOBATD O MyTbCALIMIOHHOM XapaKTepe
IIOCTYIUICHNSA B KPUCTAIM3ATOP PYyROOOPasyIOLUX PaCTBOPOB.

VI3ameHeHue ¢pOpMBI KPUCTA/UIOB 110 pereHepaliOHHOMY MeXaHu3My (puc. 1, T) MofienpyeTcs B 1abOPaTOPHBIX YCIOBUAX
IIpY IIOKOBOM M3MEHEHNN YCTIOBMII KPUCTA/UIM3ALNY, A TAKKe HAOMIOAeTCsl Ha IPUPOAHBIX Kpucraax. [. Bakim B cBoeit
KHUTe IIPUBOAUT CIEAYIOUINII SKCIIEPUMEHT, Ipofienannbiii CIeHCOM ¢ KPUCTa/UIOM aTIOMOKa/TNeBbIX KBaclioB. Kybudecknit
KPYICTAJII, BBIPALIEHHBIN B IIeIOYHOM PacTBOPE, OH TIOMECTII B HEMTPA/IbHBIN PacTBOP 9TUX XKe KBaCLoB. B pe3ybrare aToro
rpaHy 1 pebpa UCXORHOTO Kyba MOKPBUIICH MENKVIMY IPaHsAMIU OKTasfpa. Kpucrann npyu aToM coxpanmy o01mii KyoudecKuii
o6k (puc. 4, a). EcTeCTBEHHO IPeIIONIOKUTD, YTO TIPY Ja/IbHENIIel KPUCTa/UIM3al/y IPOU3OIIO Obl IIOJTHOE M3MEHEeHNe
raburyca KpUCTaIa ¢ KyOM4eCcKoro Ha OKTasgpudeckuit. Mot kojuiera no Kuesckomy yuusepcurery V. I. Makcumayk Heon-
HOKPATHO IIOBTOPSI 3TOT OIIBIT C a/IIOMOKA/IMeBBIMI KBAaCLIaMJ{ U IIOKa3bIBa/I MHE €r0 Pe3y/IbTaTbl, HIYeM He OT/IMYaolecs
OT pe3ynbTaToB B 9KcrepuMenTe CrieHca. [Togo6HbIe MsMeHeHsT GOPMBI BCTPEUYAIOTCsI M Ha IIPUPORHbIX Kpuctawiax. Ha puc. 4
noKasaHbl GOTO KPUCTA/IIOB KBACLIOB 1 a/IMa3a. VIX cpaBHeHIe OKa3bIBaeT, YT0 popMa KpUCTalIa aiMasa IPaKTUIecK sIB/s-
eTCs1 peIUIMKoil GOPMBI KpYCTasIa aTIOMOKA/TNEBBIX KBACL[OB.

PaccmoTpeB MexaHM3MBI M3MeHeHVsI GOPMBI KPMCTAJUIOB, MBI Ja/IV OTBET Ha BOIIPOC, KaK B IIPOLecce pOCTa M3MEHACTCS
raburyc KpycrauoB. KprcTanisl M3SMeHsIOT CBOIO (GOPMY ITyTeM M3MEHEHMsI OTHOCUTEIbHBIX CKOPOCTelt pocta rpaHeit [TK®D.
YT06BI ZATh OTBET HA BOIIPOC, IIOYEMY B IIPOL[eCCe POCTA M3MEHAETCSI TabUTYC KPUCTA/UIOB, HEOOXOAMMO paccMOTpeTh (HaKTo-
PpBI (CHIbl), OpefesolIyie CKOPOCTh pocTa rpaHeit pasHbix [TK®D.

KnHetnyeckumin aHaan3 mopdporeHesa KpUCTaArOB

Ckopoctb pocra rpaseit i-it IIKO saBucut ot nepecoiiienns pactsopa (mepeoxmaKieHns paciiaBa, JaB/IeHNUs [Iepechl-
IIeHHBIX ITapoB). ITo pesymbpraTaM 9KCIIepYMEHTOB IO MCKYCCTBEHHOMY BBIPAIMBAHMIO KPUCTAIOB [8—14] 3aBUCMMOCTD 9Ty
MO>KHO BBIPa3!Th II0Ka3aTe/IbHOM QYHKIIMelT BUa:

v, =k (AC)", (5)

rae AC - nmepechlleHue; ki, 1, — XapaKTepUCTUYECKIE TIOCTOSHHBIE -1 TIKD, nz1.

Kak 6p1710 110Ka3aHo panee, popma kpuctamnoB @ omnpenensieTcss OTHOLIEHEM cKopocTeil pocta rpaHeit [IK®. Torza, ¢
yderoM (5), 3aBucuMOCTb popmbl Kpuctamta (F-yHKumm) oT nepeceliienns At KombuHauym i-it u j-it IIKO B obmiem Bume
OTIPEIENINTCS BRIPAXKEHEM

. k
(Di/j ZP;/] =f i =f k;(AC)m " (6)

j J
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[TepecsliieHie, B CBOIO O4YepeNb, AB/sAeTCs (PYHKIME TEPMOIMHAMIYECKIX [IaPAMETPOB MIHEPATIO00pasyIoleil CUCTEMbL:
TEMIIEPATYPBI f, JABIEHNS P, XMMIYECKMX ITOTEHIIMA/IOB IIOIBVKHBIX KOMIIOHEHTOB |1, B KAY€CTBE KOTOPBIX MOT'YT BBICTYIIATh
BOI[OpOJIHbIﬂ II0Ka3aTe/lb pH, OKJICINTENBHO-BOCCTAHOBUTENbHBIN IIOTEeHI A Eh, AKTUBHOCTD I[pYFI/IX JMOHOB, Y9aCTBYIOIINX B
MUHepanoo6pasyloleM rponecce [15-17];

AC = (p(t, D p). (7)

ITopcrasus (7) B (6), BbIpa3uM B 06111eM Byjie PYHKIMOHATBHYIO 3aBIUCYMOCTb GOPMBI KpUCTAlIa OT TePMOMHAMIYECKIX
rapaMeTpPOB Cpefbl KPUCTA/UIM3ALMN /IS [BOVIHOI KoMmOuHarmy [TK®:

(i(epw)™ | (8)

ki
P;/j = f

k
J

Dopmyrbl (6-8) MOKa3bIBAIOT, YTO pOpMa KPUCTA/IIA KAKOTO-T160 KOHKPETHOTO MIYHEpaa OfHO3HAYHO OIIPe/ie/AeTCA Ie-
pechllieHneM pacTBopa. Bce nHble pakTOpBI BIMAIOT Ha €ro GOPMy OIIOCPENOBAaHHO, M3MeHsAs IepechllljeHne pacTBopa [3, 18].

I BelpakeHuA GyHKumu (6) B ABHOM BUJie HEOOXOMMBI 9KCIIEPYMEHTa/IbHbIE JaHHBIE 10 PACTBOPYMOCTY MUHEpaa 1
CKOpOCTAM pocta rpaneit pasubix [IK® ero kpucraaios B cpefax, OMMSKIUX K IPUPOFHbIM. Taxie faHHbIE MMEIOTCS TOTIBKO /IS
OTPaHIYEHHOTO YIC/Ia MIHEPATIOB, B YaCTHOCTH [I/Is1 [Tbe300ITHYECKIX I MMHEPA/IOB: KBaplia, Ka/lblnTa, Grooputa (8, 13, 19],
a TaKoKe /st KopyHpaa [12] 1 merkopacTBOpMMBIX KPUCTAINYeCKuX BeecTs [17, 20]. B pabore [18] mpoBenen MopdoknHeTH-
JecKMIT aHa/IM3 KBapIia Ha OCHOBE 9KCIIePMMEHTaIbHBIX aHHBIX B. C. bammiikoro [8] mo pacTBOpMMOCTHU U CMHTe3y KPUCTAJIIOB
KBaplia B TU/IpOTepMaIbHbIX cpefiaX. [To pe3ynbTaTaM aHam3a ONTy4eHO BhIpaKeHue (6) B ABHOM BYJie U IIOCTpOeHa Mopgore-
HeTH4ecKas JuarpaMma Kapua B koopguaarax AC-F.

JJIg TeX MUHEPAJIOB, I KOTOPBIX SKCIePUMEHTA/IbHbIE TaHHbIe OTCYTCTBYIOT, MOXKHO IIOCTPOUTHh MOP(OreHeTHYeCKue
AuarpaMMbl, OCHOBBIBASICh Ha (peHOMEHOIOTMYECKOIt Teopuy MopgoreHesa Kpuctamios [3]. KpaTko paccMOTpuM OCHOBHbIE
TIOJIOYKEHM S 3TOI TeOPUML.

OcCHOBHbIE MOAOYKEHMST (HEHOMEHOAOTMHECKON TEOPUM MOPhoreHesa KpUCTarroB

1. Kpucramn kakoro-nn6o MuHepanbHOTO BUJIA 3aPOXK/IAETCS B BU/Ie eIMHIYHON 3aKpbITOil nyn KBazusakperroit IIK®. [Tox
kBa3n3akpbIToi [IKO nmoHnmaeTcs nomapp, 06pa3oBaHHbI MUHIMAILHO BO3MOXHBIM 4ucioM oTKpbIThix IIK®. ITo onpene-
JIEHNIO, 3TO MTOHATVE OTHOCUTCS TOJIbKO K KPUCTA/IIAM CPeHMX ¥ HU3IMINX KaTeTOpMii CUMMeTPHN. DTO IIO/I0KEHNE OCHOBBIBA-
eTCs1 Ha MMHEPAIOTNIeCKIX HAOTIOeHNAX, IPUMEPOM KOTOPBIX MOXKET CIYXNTb puc. 3. Kpucramn kaccutepura sapoguics B
Bupe 6unupamupst {111},

2. Jlna xapoit sakpeIToi MM KBasusakpbiToit IIKD cyiecTByeT cBoi MHTepBal 3HAUEHUI MepeChIllieHNs, B Tpefienax
KOTOPOTO OHa SIB/IACTCS paBHOBECHOJ (POPMOIL 11 MOXKET COXPAHATHCA cebe IOJ0OHOI 6€CKOHEYHO JJONTO.

3. dopMa KpUCTA/UIOB B CPaBHEHMN C BHEIIHEN cpefioil o6maiaeT 00/IbIIOI MHEPTHOCTLIO. IIpy nepexozie B MHTepBaI IIe-
pecsliieHnit, B KOTOpoM cTabuibHoIt siBysiercst vHast ITKD, npexxusist [TKD MoxeT COXPaHATHCS FOCTATOUHO O/ITO B KaU4eCTBE
MeTacTabuibHOI popMeL. [pann ee O6YAYT BBIPOXKAATHCS, 3aMellasach rpaHsMu HoBolt ITK®, cTabuibHOI B 9TOM MHTepBase
nepecelieHuit. IIpu 5TOM MOTyT HOSBIATHCS HOBbIE T€HEPaIlUU KPUCTAJIIOB, B OTPaHEHNM KOTOPBIX OyAieT y4acTBOBATb TOJIBKO
HoBas [TK®.

4. M3 (5) u (6) crmenyer, 4TO IepechIleHNe MOXKHO IIPeCTaBUTb KaK OOpaTHYI (QYHKUMIO (GOPMBI KPUCTAJIa, €ro
F-dynkuun. Vcxopns 13 3TOro BBOIMTCA IOHATHUE YCIOBHOTO OTHOCUTEIbHOTO Nepechimennsa AC’, onpenernaeMoro 1o popmyie

AC’ = —-1, 9)

rae F - F-dynxims sakpbrtoit v kBasusakpbitoit [IKD; F, - yausepcanbHas kpuctamtorpadudeckas mocrosannas, F, = 4,836... [6].

B ycnoByAx cHypkamomerocs nepecolmeHnsa popmyia (6) onpenesndeT MIpaBylo IPaHNIY MHTepBajIa NepChIIeHNI, B KOTO-
poM ctabumbHol siBseTcs: paccmaTpuBaemas [IK®. IIpy moBeiaromeMcst nepecsiienny mo popmyse (9) onpenensietcs je-
Basl TPaHMIIA 9TOTO MHTepBaa. [I/11 KoOMOMHAIMOHHBIX popM F-PyHKINA cOXpaHAET TONbKO FeOMETPUYECKOe COflepKaHNe KaK
MeTpudecKkas Mepa GopMbl Kpucramia. [IpuHnMaeTcs, 4To B MHTEpBaje CTabMIbHOCTY OTAeNbHO B3sATOM [TKD mepechimenme
VM3MEHAETCS IMHENHO.

5. ITo Mepe CHIDKEHMA IepechlllieHNs B OrpaHeHMN KPUCTa/Ia JOLKHBI foMuHMpoBaTh IIKD ¢ MeHbIIMM 3HAUYEHMEM UX
F-¢yHxumy, ¢ 607IbIIMM KOMMYECTBOM TpaHelt U ¢ 6oblunMu MHAekcamy Musiiepa. I1py mOBbIIIeHNY epechIeHns JO/DKHA
HabmoflaThCs 06paTHasA 3aKOHOMEPHOCTD.

PaccMOTpUM HEKOTOpBIe U3 IPUBEEHHbBIX PaHee TEOPETIIECKNX HOIOKeHNiT 60/1ee mopoOHO. JJOImyCcTNMOCTD IIOTIOXKe-
HUA 3 WITIOCTPUPYET PUC. 5, HA KOTOPOM IIPE/ICTABIeH CPOCTOK JIBYX KPMUCTa/II0B rpoccynapa us komwtekuun O. H. 3arop-
ckoro. PaHHsAA reHepalus mpefcTaBaeHa KPYIHBIM KPUCTAJIOM, B OTPaHEHIM KOTOPOTO OCHOBHOI (OPMOIT ABIACTCS TeTpa-
TOHTpMOKTasap {112}, ABeHaALATh BEpIIVH KOTOPOTO IIPUTYIUICHD MEJIKUMM IpaHAMYU poMbononekasgpa. Hapocumit Ha Hem
MeJIKMIT KpMCTasU1 6ojiee MO3/Hel TeHepaluy IpeficTaBleH poMbooaeKasapoM. Pasmep rpaHeit pombopoaexasapa Ha 060ux
KPUCTAJIIAX OJIHAKOB, YTO YKa3bIBaeT Ha OJHOBPEMEHHOCTD IMOSIB/ICHN IPaHell poMOooeKasfipa Ha OCHOBHOM KPYCTAIIE U
3apOXK/IE€HMA KpUCTasIa BTOpoli redepanyy. O4eBUIHO, 9YTO B M3MEHMBILNXCA YC/IOBMAX CPE/Ibl TETPArOHTPUOKTASP AB/IAET-
¢ MeTacTaOVIbHOM (POPMOIL, TPaHM ero COKpAlaloTCs, 3aMellasch IpaHAMY poMbononekasapa. IIpy 9ToM MelTKmit KpucTaml
CITY>KUT VHJJMKaTOPOM HaIlpaB/IEHHOCTH 9TOTO IIpolecca.

IMoxakeM CIpaBeIMBOCTD MOMIOKEHNS 5 Ha IpuMepe Klacca CUMMETPUM m3m KyOudeckoil CMHIOHUM. B aToM Kimacce
KOMOVHAI[MOHHO COBMECTVMBI TPM IOCTOsIHHBIE GOpMBI (Ky0O, OKTasap 1 pOMOOLOLEKAsnP) U YeThIpe IepeMeHHbIe (HOPMBI
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PucyHok 5. CpocTok KpucTannoB rpoccynspa.
Figure 5. The intergrowth of crystals of a calcium aluminium garnet.

Ta6nuua 1. Pag NK® knacca cummMeTpun m3m KyGu4ecKo CUHIFOHUU, PacnonoXeHHbIX No YObIBaHUIO UX F-cbyHKLUMN.
Table 1. The SCF class series of the symmetry m3m of the cubic system descending from their F-function.

MK Ky6 OkTtasgp ,qci?e%gg;l,p T%?(;Z’;L%M' Tetparekcasgp TeTparoHTpuoKTaaap lekcoktasgp  Wap
CumBon {100} {111} {110} {hhi}, _, {hkO} {hhi}, _, {hkI}
F 6,00 5,72 5,35 5,26-5,22 5,22-5,11 5,18-5,07 4,96-4,9 4,836
ACP 0,24 0,18 0,11 0,089-0,08 0,08-0,06 0,07-0,05 0,03-0,01 0
Yucno rpaHen 6 8 12 24 24 24 48 o

MpvmeyaHue: Gornee feTarnbHO C pacieToM F-pyHKLUMM MOCTOSIHHBIX U NEepeMEeHHbIX (hOPM, a TakKe UX KOMBUHALMIA MOXHO 03HaKOMMTbCS B [3].

(TeTparexcasyp, TETParoHTPUOKTAIP, TPUTOHTPUOKTASP U FeKCOKTasfip). B Tabm. 1 Bce mepeunciennsie IIKD pacronoxeHs
B IopsAKe yObIBaHMA 3HaUeHWIT MX F-QyHKmu. JJOOMTHNTETBHO K HUM B Tab/1. 1 ToMelneH map Kak ¢opma, K KOTOpPOil Teope-
TUYECKU cTpeMUTCA GopMa KPUCTA/UIOB IpyU 6eCKOHEYHO MajioM HepecbimeHuy. s nepemenHbix [IKD B Tabn1. 1 mpuBeneHs!
MHTepBajIbl M3MeHeHVsI F-pyHKIMM 1 COOTBETCTBYIOLIETO €11 YCIOBHOTO IE€PECHIIEH s, B KOTOPbIE BK/IIOYEHbI (POPMBI, Hanbo-
JIee 4acTO BCTPEUAIOIINeCs B OTPaHEeHNMN IPUPOLHBIX KPUCTA/UIOB. Tabs. 1 IIOKa3bIBaeT, YTO C yBeMMYeHIeM IMC/Ia CUMMETPIY-
HO 9KBUBaIeHTHBIX rpaHeit [IKO F-¢yHKumsa acuMnToTidecky IpuobImKaeTcs K KoHCTaHTe 4,836, a YCIOBHOE IepechlljeHIe
aCUMITOTHYECKM CTPEMUTCA K HYIIIO.

B 3aBMCMMOCTH OT HaIPaBI€HHOCTYU ¥ CKOPOCTHU M3MEHEHMA IEPEeChIIeHN TeOPETUYECKI MOXKHO BBIIeUTD 7 MOpdore-
HeTMYeCKNX PANOB, MPeNCcTaBIARINX mocregoBaTenbHOCTh [IKD, B koToport Kaxaas nocnenytomasn [TIKD samemraeT mpepbi-
AyLyIo: 1) perpeccBHBII 9BOMIOLVIOHHBII; 2) IPOrPeCCUBHBIN 9BOJIIOLVIOHHBII; 3) perpecCUBHBII IPepLIBUCTDI» 4) Iporpec-
CUBHBIIT IPEPBIBUCTDII; 5) PErpeCCUBHBII IOKOBBIIT; 6) IIPOTPECCUBHBII IOKOBBIIL, 7) IepeMeHHbII. [I/Isi perpecCUBHBIX PSIZI0B
IepBasi IPOMN3BOJHAS OT IEPeChIIeHNs TI0 BpeMeH! OTpULaTeNbHast, M3MeHeHe (GOPMBI KPJMCTAIOB IPOMCXOANUT HOf BO3-
IefiCTBUEM HAIIPaBICHHOTO CHIDKEHV IepechIlieHNs pacTBopa. /s MporpeccuBHBIX PsAOB BCe HA0OOPOT: IIPOU3BOJHASA OT
THIepeChIeHNs 110 BpeMeHM IIOTIOKIUTeNbHaA, U3MeHeHue pOPMbI KPUCTAUIOB ITPOVCXOANT MOJ, BO3/ECTBYIEM HallPaBIeHHOTO
YBeMYEHNA MEePEChIeHNA pacTBopa. [l nepeMeHHbIX PANOB IepBasd MPOU3BO/IHAA OT MEPECHIEHN A TI0 BpEMEHN ABIAETCA
3HAKOIlepeMeHHOIT (PyHKIMeit BpeMeHN. PaccMoTpuM 9Tt psifbl 60JIee AeTaIbHO.

PerpeccuBHBIT 5BOMOLVIOHHDII pAf, (REL - regressive evolutional line) pencrapnser nocnenoBatenbHOCTb [IKD, coBMeCTHMBIX B
KaKOM-/I100 KJIacce CMMETPUY U BBICTPOEHHBIX B ITOPsAZIKe yObIBaHsA MX F-QyHKINI, a CTIeT0BaTebHO, U CHYDKEHVIS [IePeChIIeHIs
pactBopa. [IJis1 FeKCOKTasIPIIeCKOro Kacca cuMmeTpunt (1131m) KyOUdecKoil CMUHTOHIM 3TOT PAAJL MMeeT CIeYIOINiT B

{hhi} (5,26-5,22)

REL :{100}(6,00 k- {111} {5,72}« {110} (5,35) «{{hko0} (5,22 -511) |<«{hki}(4,96—4,90) <{oo}(4,84).  (10)

{hhi} (5,18-5,07)

B psany (10) B xpyribix ckobkax npuBefens! sHadeHus F-¢yukuym [TKO u3 tabn. 2. B npsamsere ckobxn B3sater IIKO ¢ pas-
HBIM KOJIM4YeCTBOM rpaHeil. [l nepeMeHHBbIX (opM IpuBeneH mHTepBan sHadeHnit F-¢yuxuyn ITKD, oTHOoCcuTeIBHO YacTo
BCTpPeYaeMbIX Ha pea/IbHbIX KpucTamrax. CUMBOI {00} IpefcTaBiieT Map, K KOTOPOMY CTpeMuUTcs popma KpUCTaIoB Kyoude-
CKOJT CMHTOHWM TPV 6ECKOHEYHO MaJIOM IepeChIIeHnN pacTBopa [3].

ITporpeccuHbIlt aBomonuonHbl psaf (PEL - progressive evolutional line) npencrasisier mocnegosatenbHOCTs [TKD, BbI-
CTPOEHHDIX B MOPsfIKe BO3pacTaHus UX F-QYHKUUM, a CTIeloBaTe/IbHO, M YBENNUEHN TIepeChIleHNs MIHEPaIooOpasyoliero
pactBopa. OH 3aIMCBIBAETCS TaK JKe, Kak U REL-psifi, TObKO B 06patHOM mopsake. [ kimacca m3m PEL-psn uMeet BUA:
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PucyHok 6. Kpuctann ranexura [21]. PucyHok 7. Kpuctann nupwura [21]. PucyHok 8. Kpuctann cdontoopura [22].
Figure 6. Galena crystal [21]. Figure 7. Pyrite crystal [21]. Figure 8. Fluorite crystal [22].

{nhi} (5,07-5,18)
PEL : {0} (4,84) < {hki }(4,9-4,96) « [{hk0}(5,11-5,22) |< {110}(5,35) < {111}(5,72) < {100}(6,00).  (11)
{nhi}  (5.22-5,26)

PerpeccuBHbll npepbIBHBL psf, (RBL - regressive break line) oObI4HO IpefcTaBiaeT cO00il pparMeHT perpeccBHOIO 9BO-
mouoHHOro psifa (10), BO BHyTPEHHEel acTi KOTOPOTO OTCYTCTBYIOT OT/€/IbHBIE €T0 WIEHBI. BblnaieH1e 13 IpephIBHOTO psifa
kakort-nmu6o ITK® mmn neckompkux [TKD MoxkeT OBITH BBI3BAHO ITY/IbCALIMOHHBIM XapaKTEPOM MUHEPAT00OpasyIoLeil cucre-
MbI, KOTZIa €€ IesTe/IbHOCTD 10 T€0IOTMYEeCKM [IPUYMHAM Ha KaKOe-TO BpeMs IIPeKpallaeTcs, a 3aTeM BO30OHOBIIAETCs, HO
yIKe IIPU YCIIOBUSIX, [IPU KOTOPBIX BblaBIuye n3 psifa [IK® sBjstoTcst HecTabuibHbIMUL. B KadecTBe mpuMepa IOCTPONM MOP-
¢oreneTnueckuil psix nsMeHeHns: GOPMBI KPUCTA/UIA TajleHnTa (K/Iacc cuMMeTpuu m3m), n3o6paskeHHOro Ha puc. 6. Mo>KHO
BIJIETh, YTO B OTPAHEHNMV KPUCTA/UIA TPAHM TPUTOHTPMOKTasApa {221} 3ameljaror rpannu Kyba i OKTasgpa, TpaHy poMOofosie-
Kasfipa OTCYTCTBYIOT. B JaHHOM C/Ty4ae Mbl IMeeM perpecCUBHBIN IIPePBIBHBII P

PBL : {100} (6,00) < {111}(5,72) < * < {221}(5,76). (12)

3Be3/j04Ka B 3aI1ICU IPEPHIBHBIX PSOB O3HAYAET OTCYTCTBHUE Kakoil-oo ITKD.

ITporpeccuBHblil npepbiBHbLL psaf (PBL - progressive break line) npencrapiser co6oit ¢pparMeHT IPOrpecCUBHOTO 3BOJIIO-
IMOHHOTO psifa (11), BO BHYTPEHHEl YacTi KOTOPOTrO OTCYTCTBYIOT OT/E/IbHbIE €r0 WIEHbL JJaHHBIN psifi 00YC/IOB/IEH IIpephl-
BIUCTBIM YVBe/ITUYEHNEM IepechiieHns. i1 mprumepa mocTpouM MOopgOoreHeTHIeCKIit psify KpUcTawia nupura (kmacc m3), B
OTpaHeHN KOTOPOTro IPaHM AUAOAeKaspa {321} HauMHAIT 3aMelaThCs IPAHsIMI OKTasppa (puc. 7), Ipu 9TOM OTCYTCTBYIOT
rpaHy [eHTAarOHJOeKasapa:

PBL : {321} (4,92) < * < {111}(5,72). (13)

PerpeccuBHblit 0KOBBI psif (RSL - regressive shocking line) coctout u3 nyx IIK®, mocTpoeHHBIX B IOpsifKe yOBIBaHMS 1X
F-dyukuun. VameneHnue Gpopmbl KpUCTasIa B 9TOM PAY IPOUCXOAUT II0 MEXaHU3MY, U300pa>keHHOMY Ha pIC. 1, T, B pe3y/ibTa-
Te Pe3KOoro (IIOKOBOT0) CHYDKeHNA Iepechimens. IIpumepom RSL-psana cryxar kpucramisl Al, K-kBacuos u anMasa (puc. 4),
MOpQOTreHe TIYeCKIIT AL, 11 KOTOPBIX MIMeeT BUJL:

RSL : {100}(6,00) ={111}(5,72). (14)

[IInpoxost CTPenKoil yCIOBUMCS 0003HaYaTh B MOP(OreHeTHUeCKIUX PsAaX peakiyuio popMbl KPMCTa/UIa Ha IIOKOBOE M3Me-
HEHUE yC}'[OBI/H‘/’I KpUCTa//in3annu, B OT/IN4me ot YSKO]Z CTPEIKN B 3BOTIOLVIOHHBIX pATax.

IMporpeccuusiit moKoBsit psig (PSL - progressive shocking line) umeer nocnegosarensuocts IIKD, o6parnyio RSL-psany u
OMICHIBAET M3MeHeHNe (POPMbI KPUCTA/UIOB IIPY IIIOKOBOM IMOBBIIIEHNN Tlepechiienyst. [Ipumepom PSL-psiia MOXET CITy>KUTh
KPUCTA/IT PIIOOPUTA, N300paXKeHHbI Ha puc. 8. KpucTasn nepBoHAYaIbHO OKTa9APUYECKOro raGUTyca MOKPBIT [IOTHOCTHIO
KaK Obl OTHENBHBIMY MENKVMM KyOuKaMy, B CyMMe COXPaHAILIMMY [epBOHAYA/IbHBI OKTA9APUYECKIIT OOMMK KPUCTALIA.
MOP(I)OI‘CHCTI/I‘—ICCKI/HH/I PAL A1 HETO MMEET BU:

RSL : {111}(5,72) «<{100}(6,00).

ITepemennsit papn (CL - change line) npepcrasisaeT psay IIKD, BRICTpOeHHBIX B IOPALKe MX IOAB/ICHNA B OTPaHEHM KpI-
crata. Vismenenue F-pyHKUMU B OT/E/IbHBIX 3BEHbSIX 9TOTO Psifia MOXKeT ObITh pasHOHampasiaeHHbIM. [To cytu, CL-psip co-
CTOUT U3 (PparMeHTOB perpecCUBHBIX U MPOTPECCUBHBIX PsALOB. MopdoreHeTndyeckme psimbl, ToF0OHbIE IPUBEIEHHBIM paHee,
MOTYT OBITH COCTABJIEHBI [/Is /II0OOTO Kacca m60it Kateropun cuMmetpun. VismeHeHne GopMbl KPUCTAIIOB, KOTOPOE COOT-
BETCTBOBA/IO OBl ITOJTHBIM 9BOMIOLMOHHBIM psfaM (7) u (8), siBneHne ManoBeposatHOe. OObIYHO OHO OMMChIBaeTcs GpparMeH-
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PucyHok 9. MopdoreHeTuyeckasa Tpuarpamma cuctemsli (100)/(111)/(110).
Figure 9. Morphogenetic triagram of the system (100) / (111) / (110).

Tabnuua 2. YpaBHeHus F-(pyHKUUM OBOWHbLIX KOMOMHALMOHHBIX ()OPM KpPUCTaroB Kracca CMMMeTpUun m3m KyOum4Yeckom CUHTOHUM

SI'ZEILe gﬁétuations of the F-function of double combination forms of crystals of the symmetry class m3m of cubic system (REL-series).
KombuHauus F=1fn) n = ¢ (AC°) F = f(AC?) WHTepBan nepecoiweHunii
{100}/{111} F=2,32n?-2,6n+6 n=-18,1AC°+ 4 F =781,4(AC%? -317,88(AC") + 38,45 0,24 > AC°> 0,184
{111}/{110} F=1,22n2-0,85n + 5,35 n=12,7AC°-1,34 F = 194,9(AC%? — 51,76(AC°) + 8,64 0,184 > AC°> 0,105
{110}/{221} F=0,58n2-0,67n+535 n=-18,62AC°+ 1,96 F =201,1(AC%? — 29,9(AC°) + 6,27 0,105 > AC°> 0,052
{110}/{210} F=0,571?-0,8n+5,35 n =-18,62AC°+ 1,96 F =197,6(AC°)? — 26,75(AC°) + 5,97 0,105 > AC°> 0,052
{110}/{112} F=0.82n2-1,08n+535 n=-18,62AC°+ 1,96 F =284,3(AC°)? — 39,8(AC°) + 6,39 0,105 > AC° > 0,052
{221}/{321} F=0,721?-1,06n+5,26 1 =-28,82AC°+ 1,49 F =597,9(AC°)? - 31,28(AC°) + 5,28 0,052 > AC°> 0,017
{210}/4321} F=0,51n?-0,71n+512 1n=-28,82AC + 1,49 F =423,5(AC%? — 23,34(AC°) + 5,19 0,052 > AC°> 0,017

{112}4321}
{321}/{~}

F = 0,48n2 — 0,651 + 5,09
F =0,08n2+ 4,836

n =-28,82AC°+ 1,49
n =-58,8AC°

F = 398,6(AC%) — 22,49(AC°) + 5,19
F = 293,85(AC°) + 4,836

0,052 > AC° > 0,017
0,017 > AC°>0,0

[MpumedaHue: ¢ BbIBOAOM ypaBHEHUIN F-hyHKUMM OBONHBLIX kKOMBUHauui MK® kyOruyeckor CUHIOHMM MOXHO O3HaKOMUTbLCS B [3].

TAMIU 9THX PSJOB, BK/IIOYAIOIVIMI pasHble KOMOMHALMY rabUTYCHBIX (GopM. VI3meHeHMst pOpMBI KPIUCTA/IIOB, OIMChIBAEMbIE
[IPepPBIBHBIMI, LIOKOBBIMI ¥ B 0COOEHHOCTH MePeMEHHBIMI MOP(OreHe TUIECKUMI PSAFAMY, JOBOIBHO YaCTO BCTPEYAIOTCS HA
MeCTOPOXKIEHNSX, 00PAa30BaHHBIX B AKTUBHBIX TEKTOHMYECKUX 00/MIACTSX.

[TocTtpoeHue moporeHeTM4ecknx AuarpaMmm

Vi3ameHeHue (HOpMBI KPUCTA/UIOB MHOTMMM aBTOpaMM rpaduyecky oTpakaeTcs B BUJE ITOCTIELOBATEIbHOCTY YepTeXKeil
PasIMYIHBIX TaOUTYCHBIX (GOPM, IIOJ KOTOPBIMI CTPEJIKOI TOKA3bIBAETCS HALIPAB/IEHHOCTD M3MEHEHsI KaKoro-1ubo mapamerpa
cpenpl [2, 23]. VintepecHoit siBnsiercst monbitka B. H. Tpy6una [24] BbIABUTD MaTeMaTUIECKYIO 3aBUCHMOCTb MEXAY HOpMOii
KPUCTAJUIOB a/IMasa J TepPMOJITHAMIYeCKMIMI TTapaMeTpaMit ero 06pasoBanus. B kadecTBe Mepbl GOPMBI KPHUCTAIIIA OH MPUHS
CpefHee YNCIO TPaHell, IPUXOAALINXCS Ha OfHY BepIINHY. DTy Mepy He/lb3s IPU3HATh KOPPEKTHOI, TIOCKO/IbKY OHA SIB/IAETCS
IVCKPETHOIL, @ C ee IIOMOIIIbIO aBTOP IIBITAETCS OINCATh HeIIPePBIBHBII IpoLiece M3MeHeHN (OpMbI KPUCTAILIA.

JImarpaMMBl, TEOPETIIECKOI OCHOBOIT IIOCTPOEHIISI KOTOPBIX AB/IAIOTCS IPUBEeHHbIE paHee MOI0XKeHMst (eHOMEHOTIOI -
4ecKoll Teopyyt Mop¢oreHesa KpUCTa/IIOB, MpeJjIaraeTcsl Ha3biBaTh MOP(POTeHETMYECKMMI. B 3aBUCHMOCT OT TOTO, CKOJIBKO
ITK® yyacTByeT B OrpaHeHMM KPUCTAJJIOB, ;UarPaMMBbL MOT'YT OBbITD JJBOVIHBIMI, TPOVHBIMI ¥ Pa3BEePHYTHIMI C KOTIMYECTBOM
ITK® 6oree 3. [Ijis1 9BOMIOLMOHHBIX U IIPEPBIBHBIX PSALOB AUATPAMMBL CTPOATCA B KoopanuaTax AC’-F, [jisi epeMeHHBIX —
«OrrHocurensHoe Bpemst ACY, F». MeToanKy pacuera U IIOCTPOEHMsI MOP(OreHeTUIEeCKMX AUarPaMM MOFPOOHO MOKaXKeM Ha
npuMepe MocTpoeHus MmopdoreneTndeckoit guarpamMmmsl REL-psiga [TK® kmacca m3m Ky6udecKoil CMHTOHUML.

3amgagumcst cucremoit koopauaat AC'—F. ITo koopaunaram [TK® us Tabn. 1 B BBIOpaHHOM MaciuiTabe BBIHOCUM TOYKM Ka-
xpoit ITK®. Yepes aTi TOUKYM IPOBOAVM IIPsIMbIE, TapaienbHblie ocu F. Ot npaMble oyt Kaxpoit IIK® orpanmunsaior cpasa
MHTEPBaJ YCIOBHOTO IepechlieHs, B KoTopoM IIK® sBseTcst paBHOBECHOI, MOXKET 3apPOXK/IaThCsl U PACTH, OCTABasACh cebe
1of06HO01I 6ecKOHeYHO fo/ro. OT KaXKIO0i TOYKY TPOBOAVIM YTOIIIEHHBIE ITPsAMBbIe, apajenbHble ocu AC, 0 MX epecedeH s
¢ Ompkaiiieit cieBa BepTUKaIbHOI IPpAMOIL. B pesynbraTe momy4aeTcsl CTYIEeHYaTO-IPEPBIBUCTDI IpaduK, OIpefe/ Aol
MHTepBajIbl CTabMIBHOTO cyiecTBoBaHws Kaxkgoi IIKD. [lasee oTpasum Ha guarpamme MOpQOreHe3 KOMOMHAIIOHHBIX GOPM.
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Ta6nuua 3. YpaBHeHuUs1 F-¢pyHKLMM TpOHOM KOMBUHaunoHHom cuctemsi {100}/{111}/{110} knacca cummeTpun m3m.
Table 3. The F-function equations of the ternary combination system {100} / {111} / {110} of m3m class of symmetry.

YpaBHeHne MHTepBan 3agaHnsa yHKUMK
01{111) = 317(AC°)? — 87,6(AC°) + 11,13 0,184 > AC°> 0,113
oo = = 334(AC)? - 96.9(AC%) + 12,7 0,184 > AC° > 0,121
FDSW} 350(ACP)%2 — 105,1(AC°) + 12,93 0,184 > AC°® > 0,129
Foanny = 347(ACOF — 109(AC°) + 13,63 0,184 > AC® > 0,137
Fosm = = 392(AC%)? — 128(AC°) + 15,58 0,184 > AC° > 0,145
Fospny = 439(ACPY — 148(AC) + 17,71 0,184 > AC°> 0,153
Fozonny = 955(ACPY — 193(ACY) + 21,97 0,184 > AC°> 0,16
Fosuiny = 888(AC)* — 310(AC°) + 32,33 0,184 > AC°> 0,168
1 1 1 T i 6,20
1 1 1 1 1
a I 1 1 oo I 1
{100} 1 b 1 1 - 1 6.00
1:{100}/{111} — 1 S5 T \ ,
. . oo 1
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PucyHok 10. MopdporeHeTnueckas anarpamma MNK® rekcokrasgpuyeckoro knacca, REL-paa.
Figure 10. Morphogenetic diagram of SCF of the hexactahedral class, REL-series.

CHaya/la paccMOTpUM [IBOJiHbIe koMOMHanuu (Tabmn. 2). Kpucramn, sapogusumiicsa u pocummit mpu AC’ > 0,24 B popme
Ky6a, Ipy Iepexofie Yepe3 3Ty IPAHNUIIY pearupyeT Ha CHIDKEHIE [IePeChIIeHNs IOIBIEeHNEM B er0 OTPaHEeHIN TPaHel OKTas-
mpa. IIpu aToM Ky6 CTaHOBUTCS METACTAOMIBHOI, OCTENIEHHO BBIPOXK/AIOIIECst GOPMOIT, a OKTa9fp PaBHOBECHOI (HOPMOIL
B uHTepBase nepecsimennit 0,24 > AC® > 0,18. B mapareHesuce ¢ KOMOMHAIMOHHBIMY KPUCTA/IAMI B 9TOM MHTEPBajie MOTYT
HOSB/ATHCA O07Iee MO3IHNE KPUCTAUIBI YUCTO OKTA3APUYECKOro raburyca.

JomycTum, 4To MONHOE IepepoXkjieHNe Kyba B OKTad[p IPOUCXONT Ha IIPaBO¥ IPaHUIle MO/NA YCTONYMBOCTI OKTasfpa
(AC*=0,18). Torma Tpex n3MeHeHMst GOPMbI KPUCTA/IIA OLICHIBACTCS YpaBHeHMeM F-yHKiun koMOuHamm Kyba 1 OKTasppa.
B xauecTBe epeMeHHOII B 9TOM ypaBHEHVM IIPUHATA JOJLA TpaHeil OKTaspa B IVIOIA M IIOTTHOI OBEPXHOCTU KpUCTaIa 1: 0 <
M < 1. Bo BTOpoM cTon611e Tab1. 2 HOMellleHbl ypaBHeHNA F-QpyHKIUM OT TeoMeTpUIecKoll ITepeMeHHOII 1] /s BCeX BO3MOYKHBIX
B REL-pAny pBOVHBIX KOMOMHanuil. B TperbeM cTonbLe faHa GopMysa 3aMeHBI IepeMEeHHON 1 Ha HOBYIO IepeMeHHYI0 ACY,
BBIBe[leHHas! [/Is1 KOMOVHAIMM Kyba U OKTasfpa 13 COOTHOLIEHMS 9TUX ITePEMEHHBIX Ha IPAaHMI[AX MHTepBaja CTabMIbHOCTU
okrtasgpa (1, AC%): 1) (0, 0,24); 2) (1, 0,184). B uerBepTOM CcTONOIIE IIpUBeneHb! ypaBHeHUs F-pyHkuuu ot nepemenHoin AC.
Ipadmkamu aToit GyHKIMY, 3a[JAHHOI Ha MHTepBaie cTabuabHOCTHU (cTonber 5) samemaromiert [TK®D, monmomHsaeM cTposIyro-
¢ pyuarpammy. B atom Bupie REL-psj npefcTaBiaeT UjeaI3{POBaHHYI0 MOZE/b M3MeHeH) (POPMBI KPUCTA/IIOB, B KOTOPOIA
KaKziast MeTacTabuibHas popMa BBIPOXK/IAETCsI OTHOCTHIO HA MPABOIL TPaHMIe MHTEPBaIa CTAOMIBHOCTI CIEAYIONIelT 3a Hell
paBHOBeCHOIT GOPMBL. B 3T0iT MOJIe/V BO3MO>KHBI JIUIIb OAMHAPHbIE ¥ OMHAPHbIE TaOUTYChI KPUCTAIOB. B yclmoBusx peanbHo-
ro MopdoreHesa rabuTyc KpucTanioB Hepenko onpegnensgercs Tpems IIKO. [Jsoitnpie kom6unanuyy ITIK®, yacTo He foCcTUTHYB
PaBHOBECHOII (OPMBI, IIEPEXONAT TPAHUILY €€ YCTONYMBOCTY, B Pe3y/IbTaTe YeTro B OTPAHEHMN KPUCTA/IIA IOAB/IACTCA TPEThs
[TK®. Orpasum 910 Ha CTPOsILIENiCs fuarpaMme Ajisi Hanbosee 4acTo BCTPEUAIOLIENiCsl B KIacce m3m TPOITHOI KOMOMHALINI
{100}/{111}/{110}. Onst aTOrO CHCTEeMY ypaBHeHut (Tabm1. 2) JOIOMHUM ypaBHeHUAMM (Tabs. 3), KKI0e U3 KOTOPBIX SBJISIeTCs
aNnpoKcuManyeii mapa0omyeckoli GpyHkuyeit ceqenus 1, = const rpuarpammst {100}/{111}/{110} (puc. 9). C meTogMKOI 110-
CTPOEHM TPMATPaMMbI MOXXHO O3HAKOMUTLCA B [3]. UepHbIMM M30IMHUAMIY Ha PUC. 9 TIOKa3aHO M3MeHeHe POPMBI KpUCTasIa
(F-dyHkuum), a KpaCHBIMIU M30/IMHIAMY — M3MeHEHe ITePeChIIeHNA.

IMocTpoeHHast Mo ypaBHeHMsAM u3 Tabi. 2, 3 mopdorenernyeckas auarpamma REL-psia npencTasieHa Ha puc. 10. Ha an-
arpamMe Iepexofi KyOOOKTasfipa ¢ 1, ,, = const B I10/le CTaGUIBHOCTI POMOOAOEKasApa MOKa3aH YHKTUPHBIMI IMHIAMIL
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PucyHok 11. MopdoreHeTnyeckasn gnarpammsbl CL-psaga NMK® kpucranna kaccutepura.
Figure 11. Morphogenetic diagrams of CL-series of SCF of cassiterite crystal.

[Tpocrenym sBomoLui0 GOPMBI KPUCTAIA [0 TPAaeKTOpuM AuarpaMmbl. Ha oTpeske ab paBHOBeCHOIT 1 eOMHCTBEHHOIT rabu-
TyCcHOI1 popmoii sBisercs Ky6. IIpn nmepexozie uepes ToUKy b momaaeM B Iosie OKTasApa. B 9ToM mose MOryT coCylecTBOBaTh
IBe reHepanuy Kpucrauios. OfHa 13 HUX, O0jee paHH:AA, IpelCTaBleHa KOMOVHaluer Kyba 1 okTasgpa. Ky6 aenaerca mera-
CTabM/IbHON (POPMOIL, ero KO/ B OTPaHEHNUM KPYCTAa/UIa YMEHbIIAETCA 110 TpaeKTopuu bd, BIVIOTD IO MOTHOTO BBIPOXKACHMUA.
Bropas renepannsa sapoxjaeTcs ¥ pacTeT B BIJe OKTaspa 10 Bcell npsAMoii cd. [laee mepexonyM TOUKy d 1 IonagaeM B OJIe
YCTOIYUBOCTU POMOOIOAEKasfpa. B aToM mome MOTyT COCYyIIeCTBOBATh yKe TPY reHepauny KpUcTauioB. [lepsast, mpefcras-
nenHast kombunanweit {100}/{111}/{110}, o6pasyeTcs mpy OTCTaBaHUM CKOPOCTHU BBIPOXKAEHMS KyOa OT CKOPOCTI M3MEHEHNs
nepecslienns. Ee TpaeKTopys MpOXOANT IO OffHOI 13 KPUBBIX PaBHOI JOMIM OKTas/pa, b0 mepecekaeT HeCKONbKO 9TUX KPH-
BBIX II0 Mepe YMeHbIIeH)s LoV OKTasfpa. Bropas reneparus mpepcrasieHa KomOunanueit {111}/{110}, yMeHbIeHue B Hell
IO/ OKTasfipa IPOXORUT IO TpaekTopuu df. V, HakoHel], Haubosee IO3HAA TPEThs IeHepalys MpeficTaBlIeHa poMOonose-
Kas[[poM — paBHOBecHOII popmoili Ha yHTepBae ef. C IepexooM TPaeKTOpPMI Yepe3 TOUKY f IoIagaeM B COBMEILeHHOe MojIe
24-TpaHHUKOB. 3[IeCh TeOPETUYECKY BO3MOXKHO COCYIIeCTBOBAHNE O YeThIpeX reHepaluii KpUCTa/UIOB (TeHepaluy IOKa3aHbl
Ha inarpaMmme).

dopma KpHUCTaNNIOB TpeThbeil TeHepaluy U3MeHsAeTcs 1o TpaekTopusM fh, fj, fl myTeM yMeHbleHNs Konu poMbononeKas-
npa. Hanbonee mospgH:AA deTBepTas reHepalus IpeficTaBIeHa paBHOBECHBIMI Ha NPAMBIX gh, ij, kI dopMaMu, KOTOpbIe PeaKo
SBJIAIOTCA FaOUTYCHBIMIUL. VICKITIOUeHMeM 13 9TOro IIpaByJIa AB/IAIOTCA MUHEPAJIbl CeMeliCTBa rpaHaToB. 1o Mepe manbHeiiiero
CHIDKEHM TIePeChIleHNs I0C/Ie epexofia yepe3 TOYKM H, j, | B II0/le paBHOBECHOTO COCTOSAHNSA IeKCOKTAdMpa TeOPeTNIeCKN
BO3MOXKHO COCYIeCTBOBaHIe IIATY TeHepauit. Ha myarpaMMe oTpaKeHBI TPaeKTOPUM IOCTENHNX ABYX TeHepauuil: 4) Kpu-
BeiMu hin, jn, In; 5) npsimoit mn. Tlocse mepexofa TpaeKTOPUN Yepe3 TOUKY # 110 Mepe IPUOIIDKEHNs K TOUKe 0 KPUCTAJUIbI BCe
6o71bllle JO/DKHBI 0 (hopMe IPUOIIDKATHCS K IIapy.

OBOJIIOLOHHDIE U TIPEPBIBHBIE MOP(OTeHeTUYECKIE PSALbI MOTYT ObITh TOCTPOCHBI /LS TI060T0 KIacca CUMMETPUM U UC-
TI0/Ib30BAHBI /IS MHTEPIIPETALMN YCTIOBIIT 06pasoBaHmsA M0OBIX MIHepasnoB. [lepeMeHHbIe Ps/ibl He 0OTaaI0T TAKOI YHUBEP-
CalIbHOCTBIO, UX MOPQOTreHeTIYecKne UarpaMMbl CTPOATCS /11 KOHKPETHBIX MIHEPaoB KOHKPETHOTO MecTopokaeHns:A. Ha
puc. 11 B kadecTBe IIpuMepa IIpuBefeHa MopdoreHeTideckas auarpamma nepemensoro CL-pspa ITK® kpucranna kaccutepura,
n3o6paxeHHOro Ha puc. 3. Ha guarpamme roje crapuu IV paspgeneHo Ha ABe 9acTy CIUIOLIHO IPAMOIL, ITPOXOJALIel] Yepes Mu-
HuMyMsl F 1 AC, cOOTBeTCTBYyIOLIIe KOMOMHALINMY OUIMPAMILT C IIMHAKOULOM. BOIIPOC O MMO/IOKeHNY B 9BOJIIOLIIOHHBIX PsIIAX
ITK®, 06pa3oBaHHbIX C y4acTeM OTKPBITHIX GOPM, ZO KOHIA He sICeH 11 TpeOyeT HOMOMHNTETbHOrO UsydeHnst. B mepeune ITK®
Ka>KZIOV CTaiuy Ha AyMarpaMme He IIOKasaHa TeTparoHaabHas npusma {110}, MocKoIbKy OHa ocTaBanach GOPMOIT TOPMOSKEHN
Ha BCeM NPOTKEHMM pocTa Kpucramna. SddeKT TOPMOXKeHNA TpaHel MPpU3Mbl OTMeYeH Ha KPUCTAJ/IaX CPefiHell ¥ HU3IIeit
KaTeTropuil CUMMEeTPII MHOTYX MMHepaioB (KBapLa, KaJbLUTa, PyTIIa, TYpMa/IHa U Ip.). DKCIIepUMEeHTa/IbHO JOKa3aHo, YTO
CKOPOCTb POCTa IpaHeli IpM3Mbl KBaplia Jake PV 3HAYMTEIbHOM IIe€pernajie TeMIIEPaTyphl B aBTOK/IaBe MEXKTY 30HAMM PaCcTBO-
PEHUA U POCTa Ha [iBa MOPS/IKA HIDKE, 4eM CKOPOCTb POCTa OCHOBHBIX poM00371poB [8]. B cury aToro ymmHeHne KpUCTa/IIOB
0COOEHHO CpeHMX KaTerOpuil CMMEeTPIUHU YaCTO HOCTUTAET 3HAYNTE/IbHBIX BeMNUNH. BO3HMKaeT TYHHebHbI 3 deKT, Korma
usMeHeHue GOPMBI KPUCTa/I/Ia IIPOMCXOAUT KaK Obl B TYHHeIIe, 3a/JaHHOM IPaHAMM ITPU3MBbL [IprdnHa 3TOro sBIeHNA HeOCTa-
TOYHO fICHA ¥ TPebyeT CIeIMaNTbHOrO PACCMOTPEHNA.

ITpeparaeMble K MCIO/Ib30BAHNIO MOP(OTreHeTHYeCKIIe JYarpaMMBbl MOTY T CIIYXXUTb (OpPMaTN30BaHHBIM HCTPYMEHTApH-
eM IIpY M3Y4YEeHUY YCIOBUIT 00pa3oBaHMA MECTOPOXKCHIIT TBEPADIX IIOJIe3HBIX MCKOIIAeMBIX, B KOTOPBIX Iie/IeBble I COITYTCTBY-
I0LI/ie M MMHEpPAIbl BCTPEYaloTCst B BU/ie IPAHHBIX POPM KPUCTAIIIOB.

3akaoHeHme

dopma KpUCTATIOB SABIAETCS OJHO3HAYHOI (YHKIIVEl IepechllieHrs (MepeoXTaXkKIeHNs pacliaBa, JaBIeHNA Iepechl-
I[eHHbIX T1apoB). Bce MHBIe MapaMeTpbl MUHEPanooOpasyIoIUX CUCTEM BIUAIOT Ha GOPMY KPUCTA/IOB KOCBEHHO, M3MEHAA
nepecsiiieHue pactsopa. s xaxpoit IIKO, Bo3MoxHOI B KaKOM-/INO0 KIacce CUMMETPUM, CYLIeCTBYeT CBOJ HellepeceKaro-
I[UIICST MHTEPBAJI [IePEChIIeHNIT, B KOTOPOM fjaHHast (opMa sIB/ISIETCST CTAOMIBHOI U MOXKET COXPAHSTHCSI OECKOHETHO JOTO.
VsMmeHeHue mepechllleHns BeYeT 3a coboil usMeHeHne Gpopmbl KpucTaUioB. I1ockonbky ¢opma siisieTcs: 60/ee MHEPTHOI

76 CrpawHeHKo I. . MexaHU3Mbl 1 MPUYMHBI U3MEHEHNUA GOPMbl KPUCTANNOB B NpoLiecce pocTa //
M3Bectusa YITY. 2019. Boin. 1(53). C. 67-79. DOI 10.21440/2307-2091-2019-1-67-79



G. L Strashnenko / News of the Ural State Mining University. 2019. Issue 1(53), pp. 67-79 EARTH SCIENCES

KaTeropueli B CpaBHEHNM C MIOfIBYDKHOI BHEIIHEI Cpefioit, MepelleAle B pa3psij MeTacTaOWIbHbIX paHee nosBusivecs [TKD
MOTYT COXPAHATbCA B OTPAaHEHNY KPUCTA/Ia HAPANY C BHOBD MosABUBIIMMIMCA cTabmmbHbiMu [TK®D 3HaunTenbHoe Bpems. [Ipu
Iepexofie MITHepanoo6pasyolero pacTBopa yepes TOUKY HAChIIIEHN ¥ MOCTENIeHHOM POCTe TepechlieHNs GopMa KpUCTa-
JIOB YIIPOIAETCS M B IIPefie]ie B €0 OTPAHEHMY OCTAeTCs OfiHA IPOCTAsA WM KBa3sUIIPOCTaA (J/IA MUHEPaIOB CPEHIX M HUSIINX
KaTeropuit cuMmerpun) Gpopma ¢ Haubomee BHICOKMM 3HadeHNeM F-GyHKium. B cmydae MOCTeNIeHHOTO CHIDKEHNS TIepechIlle-
HIsI IO TOYKM HACBILIEHNS B OTPAaHEHNN KPUCTA/UIOB MOsAB/sI0TCst ITIKD ¢ 60/b11MM KOMM4IecTBOM IpaHeit C HUSKOI PeTUKY/ISP-
HOJI ITIOTHOCTBIO 11 popMa UX IpuOIIKaeTcs K mapy, a F-QyHkius crpemntcs K koHcTaHTe 4.836. ITK® kakoro-nnbo xmacca
CUMMETPUH, PACIOIOKEHHbIE II0 BO3PACTAHNIO WV YOBIBaHMIO X F-QYHKIMYM 06pasyIoT TeOpeTUYeCKN BO3MOXKHBIE MOPdO-
reHetndeckue pAabl [IK® sroro kmacca. B cTpoenuy npupofHbIX KPUCTAINIOB, KaK MPaBUIO, YCTAHABAMBAIOTCA UL YaCTU
TEOPeTNYECKIX PANOB, B KOTOPBIX 10 Fe0IOrMYecKVIM IPMYIHAM YacTO BBIIIAJIAI0T OTAe/IbHbIe MX WIeHbl. MopdoreHeTnyeckie
PsLABI KPUCTA/UIOB TU/{POTEPMA/IBHOTO FeHe31Ca OOBIYHO MIPECTAB/IEHbl YaCTAMY PA3HOHAIIPAB/IEHHBIX TEOPETUIECKNX PSIIOB,
9TO OOBSACHAETCSA ITY/IbCALMIOHHBIM XapaKTepOM paboThI IMAPOTEPMaTbHbIX cucTeM. [Ipy reHeTHUeCKOIT MHTEPIPEeTALNU MOP-
(oreHeTnUecKUX psfoB F-QYHKIUA pacCMaTpMUBaeTCsl B KaueCTBe KOIMYECTBEHHOI MepbI YCIOBHOTO OTHOCUTEIBHOTO Iiepe-
coimenus. Ipapudecknm oTobpaskeHneM n3MeHeHMA GOPMBI KPUCTAIUIOB B IIPOIiecce pocTa ABJAITCA MOP(pOreHeTHIecKye
IMarpaMMBl, TIOCTPOEHHbIe B KoopauHaTax «F-pyHkuusa — AC», «F-pynkuusa, AC - oTHOCKTenbHOe BpeMs». IlocTpoenne nu-
arpaMM B JIEJICTBUTENbHBIX KOOPJMHATAX MEPECHIIEHN I BPEMEH BO3MOYKHO JIMIIb J/IA MUHEPAJIOB, CKOPOCTh POCTa IpaHelt
pasmanbix [TKO KOTOpBIX B cpefiax, OIIM3KUX K peaybHbIM, XOPOIIO N3y9IeHa IKCIIePUMEHTA/IbHO.
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Mechanisms and causes of changes in the shape of crystals during
their growth

Grigory Ivanovich STRASHNENKO’
Geologo-promyshlennoe predpriyatiye "Tsentral'no-Ural'skoye", Ekaterinburg, Russia

The relevance of this paper consists in the further development of a new direction in mineralogical crystallography — dynamic crystallomorphology,
which allows one to obtain information on physical and chemical conditions of formation of mineral deposits by changing the form of crystals during
their growth.

Purpose of the work: theoretical substantiation and development of the method of morphokinetic analysis and methods for constructing morpho-
genetic diagrams of natural crystals.

Research methodology: the study of mechanisms and causes of the change in the shape of crystals based on the observed mineralogical facts and
idealized geometric models, as well as morphometric analysis of combination shapes of crystals.

Results. Four kinematic mechanisms for preserving and changing the shape of crystals are considered. It is proved that the crystal shape of a certain
mineral is directly determined by the supersaturation of the solution (undercooling a melt, the pressure of supersaturated vapor). All other factors,
such as temperature, pressure, pH, redox potential Eh, activity of other ions involved in the mineral-forming process, affect the shape of crystals
indirectly changing the solution supersaturation. It was shown that, depending on the direction and rate of change of supersaturation, 7 morphoge-
netic rows of closed or quasi-closed simple crystallographic forms (SCF) can be distinguished in each class of symmetry. Each row represents a SCF
sequence in which each successive SCF replaces the previous one. Morphogenetic series were distinguished: 1) regressive evolutionary; 2) progres-
sive evolutionary; 3) regressive intermittent; 4) progressive intermissive; 5) regressive shocking; 6) progressive shocking; 7) variable. A method is
proposed for constructing morphogenetic diagrams using a diagram for a regressive evolutionary SCF series as an example (m3m symmetry of a cubic
syngony). The morphogenetic diagram is given of the variable series based on the example of a particular cassiterite crystal.

Keywords: mineral, crystal, form, F-function, supersaturation, morphogenetic series, morphogenetic diagram.
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UMCAEHHOE MOAEAUPOBAHME YCTOMYMBOCTM ADa 3a60s1 B 30HE
HEOAHOPOAHOCTM MPU HEAPEHUPOBAHHOM MOAEAM MAacCUBa

Anekcangp BacunbeBuu AJIEKCEEB’,
MNasen 3ayapaosuy BEPBUINO™

Cankr-lNeTepbyprcknii ropHein yHuBepcuteT, Poceus, CaHkT-lNeTepbypr

AKTYaALHOCTL pa6oTil. OLEHKA YCTOMYMBOCTY OBHAKEHHOTO 380051 SIBASIETCSI AKTYaALHOV 3aAa4€i BBMAY TOTO, YTO HaCTb BLIPAGOTOK METPOTOAMTEHA
BO3BOAMTCSI TOPHDLIM CMOCOBOM, C KpenAeHuem Aba 3a60si BPy4HYIO, B TO BPEMsI KAK KOCBEHHLIE METOALI MPOrHO3MPOBAHMSI MHYKEHEPHO-TEOAOTUYECKMX
1 TMAPOrE€OAOTMYECKUX YCAOBMIA Briepean AGa 3a60s1 CBUAETEALCTBYIOT O HAAMUYMM MECT AOKAALHOTO Pa3yrAOTHEHMS M OOBOAHEHMsI, CIOCOBHBIX MOBAMSITL
Ha yCTOMYMBOCTD.

Lleab pa6otii. OueHKa 30HbI BAVSIHUSI U TUMA APEHUPOBAHMUSI SAEMEHTA HEOAHOPOAHOCTY Ha YCTOMYMBOCTL MPOXOAYECKOrO 3a60s1, MPOMAEHHOTO B Mac-
CUBE MPOTEPO30MCKMX TAVH.

MeroA n meToAoAOrMsl. B Ka4ecTBe METOAA MCCAEAOBAHMS! BLIOPAH METOA KOHEYHDLIX SAEMEHTOB, PEAAM3YEMDIV B MPOrpaMmHom komraekce PLAXIS. B
KaYeCTBe reOMeXaHN4€eCKO MOAEAU MOBEAEHMSI IPYHTA MPUHSITAa MOAEADL yrnpoyHsitolerocst rpyHta Hardening Soil Small Strain. PaccmotpeHbl pacyeTHble
CUTyaumm AePOPMMPOBaHUSI HE3AKPEMAEHHOTO ABa 3a60s1, MPUOAMIKAIOLETOCs] K BOAOHACLILLEHHOMY SAEMEHTY HEOAHOPOAHOCTM, MPU MOAEAMPOBAHUM
3A€MEHTa MOWHOCTLIO 1 1 4 M 1 UBMEHEHMM XapakTepa (hUALTPALIMM BOALI BAOAL SA€MEHTA.

Pe3yartatel pa6otsl. [py pasanyimy A€POPMALIMOHHBIX CBOVCTB PACHETHBIX IPYHTOBLIX SA€MeHTOB Ha 30 % M 3aAQHHOM YPOBHE IPYHTOBLIX BOA Kak B
CAyYae APEHMPOBaHMsI, TAK U HEAPEHMPOBAHMSI MPOUCXOAUT YBEAMHEHUE MEPEMEILEHMIA MPU MOAXOAE MPOXOAYECKOTO 320051 K 30HE BAMSIHUSI HEOAHO-
POAHOCTM. Pasmep 30HLI BAVSIHMSI 3aBUCUT OT BLIOPAHHOTO TUMA APEHMPOBAHMSI SAEMEHTA HEOAHOPOAHOCTY.

O6AACTL MPUMEHEHMST PE3YALTATOB, M3AOKEHHBIX B CTAThbe. Pe3yALTaThl, M3AOXKEHHDIE B CTATLE, MPY YCAOBUM OMPEAEAEHUsI MAPAMETPOB MOAEAM,
COOTBETCTBYIOWMX YCAOBUSIM MPOXOAKM, MOTYT ObITh MCMOAL3OBAHBI MPY OLIEHKE YCTOMYMBOCTM ADA MPOXOAYECKOTO 3a60s1 B 30HE HEOAHOPOAHOCTH, SIBASI-
[OLENCS1 BOAOMPOBOASILIMM KAaHAAOM.

Bui1BoA. [py NMPOEKTMPOBAHMM CTPOUTEALCTBA AMHEMHOTO MOA3EMHOIO COOPY KEHUsI B 30HE HEOAHOPOAHOCTU HEOBXOAMMO OLIEHMBATL YCTOMYMBOCTL AGa
3a6051 C UCTTOAL30BAHUEM YMCAEHHOTO MOAEAMPOBaHUsI. [Py MOAEAVPOBAHMM SAEMEHTA HEOAHOPOAHOCTM HEOBXOAVMO YHMTLIBATL CTEMEHL BAArOHACHI-
LWEeHMs1, MOILIHOCTL SA@MEHTa HEOAHOPOAHOCTU U XapakTep (OMALTPALMM BOALI BAOAL SAEMEHTAa HEOAHOPOAHOCTM.

KatoueBble cAOBA: HEAPEHUPOBAHHbLI MACCUB; YCTOMYMBOCTb; 32601 TOHHEAS; 30HA HEOAHOPOAHOCTU; YMCAEHHDIV AHAAM3; METOA KOHEYHDIX SAEMEHTOB.

BEAEHME

IToHsATHE «YCTONYMBOCTD» B ITOJ3€MHOM CTPOMUTEILCTBE MIMEET MHOXKECTBO oIlpefenenuii. PaccMoTpum ocHOB-
HbIE OIpefieNIeHNs YCTOYMBOCTI, IPVBEEHHbIE B y4eOHO-MeTOIYECKOI INTepaType ¥ HOPMAaTUBHBIX JOKYMEHTAX.
YcnoBHO yCTOIMYMBOCTD pasfiendeTcsa Ha YCTOMYMBOCTb TPYHTOB 1 KOHCTpyKuuit. H. C. Bynbpryes noy ycToi4MBOCTbIO TOPHBIX
IIOPOJ; IIOHVIMAeT «CIIOCOOHOCTh COXpaHNUTh (HOPMY M pasMepbl OOHaKeHUII, 00pa3yeMbIX IIPU CTPOUTENbCTBE TOPHBIX BBIpa-
0O0TOK 11 TIOI3eMHBIX CoOpyxxeHnit» [1]. A. I. [IpoToceHst OrpaHNYMBAET YCTONIMBOE COCTOSIHIE HOMYCTUMBIMIL IIPEie/IaMu 13-
MeHeHsT (GOPMBI 1 Pa3MepoB BBIPAOOTKY, 0OYCITOBIEHHBIMM IIPABIIAMY 9KCIUTYaTALIUN ¥ TEXHUKOI 6e3omacHocT. Bmecte ¢
TeM IIOJ] YCTONYMBOCTBI0 OOHAKEHNIT TOPOJ] IIOHNMAETCsI COCTOsIHME, IPY KOTOPOM YPOBHY HAIIPSDKEHHOCTH 1 AepOpMUpPY-
€MOCTH He IPUBOJAT K BbIBajJIaM, PaspyIIeHNAM U CMeILIeHUAM, IPeNATCTBYOMIMM SKCIUTyaTalluy TOPHOIT BbIpaboTkn [2]. B
HOPMAaTMBHOJ JOKYMEHTALUY ONpefie/ieHye YCTONYMBOCTY U3MEHACTCS B 3aBUCUMOCTH OT o6macty perynupoBanns. Tax, CII
«120.13330.2012 MeTpONOMUTEHbI» OLpefe/AeT YCTOMIMBOCTD KaK «CIIOCOOHOCTD I'PYHTOB COXPAHATH B 3a00€ (B JaHHBIX MH-
JKEHEPHO-T€0/IOTMYECKIX YCIOBIUSX, TP JAHHOM CIOCO6e TOPHOIIPOXOAYECKIUX PabOT 11 KOHKPETHOII VIO 3a60s1) COCTOsI-
HIe paBHOBeCus 6e3 KaKux-mmbo sIBHBIX AeOpMaIuil B Te4eHIIe BPeMeH!, HeOOXOAVMOTO /sl yCTAaHOBKIM KperteHus». [ToHs-
THe SIBHBIX fIeOpPMaLil OCTAeTCsI HePaCKPBITBIM. JJOKYMEHT, per/TaMeHTUPYIOLNiT CTPOUTENbCTBO MIPEAIPUATHIL O [OObITE
nosnesHbIx uckonaeMbix (CII 91.13330.2012 Ilod3emHoie eopHble 8bipabomku) pasnenseT YCTONYMBOCTD TOPHOI BBIPAaOOTKY U
YCTOMYMBOCTD OKPY>KAIOLIET0 BBIPAaOOTKY MaccyBa. I10f yCTOMYMBOCTBIO TOPHOIL BBIPAOOTKY MOHMMAETCS «CIIOCOOHOCTD BBI-
paboTKy PYHKLMOHNPOBATH B OIIPee/IeHHBIX YC/IOBUAX C 3aJaHHBIMM [TapaMeTpaMI B Te4eHIe TpeOyeMoro oTpe3Kka BpeMeH»,
TOTJ}a KaK IOJ] YCTOIYMBOCTBIO OKPY’KAIOIErO BRIPAOOTKY MaCCHBA TOPHBIX IIOPOJ, — «CIIOCOOHOCTD MACCKBA B OIPee/IEHHBIX
YCIIOBMAX COXPAHATb paBHOBecKe». [JaHHOe OIpefieNieHNe CX0XKe C OIpefie/IeHNeM, IIPUBEIeHHbIM B JJOKYMEHTE, yCTaHaB/IMBaI0-
1I[eM OCHOBHbIE Te0TeXHIYeCKIe TPeOOBaHMsA U PACIIPOCTPAHAIOMMCS Ha TPOEKTUPOBaHME HOBBIX M PEKOHCTPYKIIMIO CYIIeCT-
BYIOLIVX TTO/I3EMHBIX COOPY)KEHIA, B KOTOPOM BBOAMTCA KOIPMUIMEHT yCTONIMBOCTH Y, OTIPEIEISAEMBIT /ISl KOHKPETHO IO~
BEPXHOCTH CKONbXXEHM KaK «COOTHOIIEHME CIBUTOBOI IPOYHOCTY I'PYHTA K KacaTeTbHbIM HANIPSKEHMAM, [efiCTBYIOIMM Ha
3TOI TIOBEPXHOCTY CKOMbxeHmsA» (CII 248.1325800.2016 Coopyxcenus nodsemote. Ipasuna npoexmuposarus). CTOUT yIecTb,

YTO JJOKYMEHT He PAaCIPOCTPAHAETCA Ha COOPY>KEHNA CIIeIaJIbHOTO Ha3HAYEeH M.

Takum 06pasoM, IOf] yCTONYMBOCTBIO B Ia/IbHElIIeM OyIeM IIOHMMATh MOHsTHe, 3aKkpervienHoe «CIT 120.13330.2012 Me-
TPOIIOIUTEHBI», X IPOBePsst KOAPPUIMEHT YCTONUNBOCTH, 6yIeM OPMEHTHPOBAThCA Ha BeIMUMHY flehOpMarnii TOBEPXHOCTU
320051 IIPM YCTAaHOBMBIIEMCSI PABHOBECUM B MacCHBe.

B of1meM crrydae o HEOFHOPOJHOCTDIO IPYHTOBOTO MAcCHBa 10 KAKOMY-IMO0 IapaMeTpy B Ipefe/iaX paccMaTpUBaeMOro
o06beMa IIOHVMAETCs 3aBYICUMOCTD 9TOTO ITapaMeTpa OT KOOPAMHAT TOYKY oIpoboBaHys [2]. BMecTe ¢ TeM IOHATHE HEONHO-
POAHOCTH UMeeT OTHOCUTeNbHBIN XapakTep. [To TOCT 20522-2012 Tpe6yeTc;1 OLIEHMBATh HEOTHOPOAHOCTD TPYHTA C IIOMOILbIO
K09 duIenTa Bapranuy XapakTepucTuk rpyHral. s cpaBHeHMsI HEOTHOPOJHOCTY II0 PAa3HBIM IIapaMeTpPaM MOXKET MpHu-
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MEHATbCs CPAaBHUTENIbHBIN K09(h(GULIMEHT Bapialyu. BBOGUTCS TEPMUH «37IeMEHT HEOTHOPONHOCTI», OIpeNe/IAIONil Hal-
607b1LINMIT 06beM OFHOPOHOI TOPHOJ IOPOJIBI, OT/IMYAOILEIICS 10 CBOMM CBOJICTBAM OT cocenHelt ¢ Hell. Ilo kmaccudukaru,
OTpaXKEHHOII B II0COOMY II0 TeoMeXaHMKe [2], pa3nuyaror 4 mopsjika HeOZTHOPOZHOCTH 110 pa3Mepy 9/l1eMeHTa HeOTHOPOLHOCTI.
I menett mpoexktupoBanusa [OCT 20522-2012 ycmoBHO yKpyNHAET HOPAAKN HEOJHOPOZHOCTU U OIpefie/iieT pacyeTHBIN
rpyHTOBbII 971eMeHT (PT'D) u nmxenepHo-reomorndeckuit anement (VII'D). HecmoTpst Ha To, 9TO 3af5a4a 06 ompenenennu o6be-
Ma rpyHTa B PT'D 1 II'S MoxeT moTpe6oBaTh MIMPOKOTO CIIEKTPa MCCIeTOBAHMIL, B IIPOL[ecce CTPOUTENbCTBA METPOIIONIUTEHA,
B mepefenax ofHoro VII'S MoryT HabIIOfaTbhCsl YYaCTKU TPYHTA, OTINYAIONIECs HOPALAKOM HEOJHOPOJHOCTY, HaXOMAIINecs B
PasyIIOTHEHHOM COCTOSIHUM Y AAB/IAIOIIVECS BOJOIPOBOAAIMMY KaHanaMu. Kpome Toro, HeOfHOPOIHOCTD BO3SHUKAET B 30HAX
OMOXMMMYECKOTO BBIBETPUBAHMA 1M aKTYBHOM XXUSHEeATeIbHOCTY IIPUPORHOI U IPUBHECEHHOI MUKpoOuoTs! [3]. B mopo6-
HBIX YYaCTKaX HabmofaeTcs n3MeHeH e e OpMAIMOHHBIX 1 IIPOYHOCTHBIX CBOVICTB B IIPEe/Iax OAHOTO MHXEeHEePHO-Te0/I0T -
YECKOTO 9/IEMEHTA.

ITpoxopka TOHHeIelt B c1ab0M BOJOHOCHOM TPYHTe 0COOEHHO TpehoBaTe/IbHa IIPY BHICOKNX [JAB/IEHUSX BOABI M B HEOHO-
POIHBIX 06pa3sOBaHMUAX C IIepPeMeHHOIT BOTOIIPOHNUIIAeMOCThI0. [ipaBInyecKkas HEOTHOPOZHOCTb MOXKET IIPUBECTH K TOKATbHO
BBICOKIM THJIPaBIMYeCKIM I'PajiyieHTaM, KOTOpble HeOIaronpyATHBI I yCTONYNBOCTH.

JpeHnpOBaHHBIN TUI IOBENEHNA XapaKTepeH I CYXMX I'PYHTOB, a TAKOKe [ TPYHTOB C BBICOKOI BOIONIPOHNUIIAEMOCTHIO.
O1eHKa YCTOMYUBOCTH 110 IPeHVPOBAHHOM CXeMe PeKOMEeHIyeTCs IIpY IIPOTHO3MPOBaHNM HOITOCPOYHOM peakuyu IpyHTa [4].

IIpu MopenupoBaHUM HEAPEHNPOBAHHOIO IIOBEEHNA IIPU 3a/JAHHOM YPOBHE TPYHTOBBIX BOJ, CKEJIET TPYHTA MIMEET CBA3-
HYIO BOZY, B KOTOPOIt popMupyeTcst u3OBITOUHOE TOPOBOe faBieHe. OLeHKY YCTOMIMBOCTI 110 HEPEHNPOBAHHOI CXeMe pe-
KOMEH/JyeTCs1 IPOBOJUTD TP MajIojl BOJOIPOHMUIIAEMOCT MaTepuaia M Ipy IPOTHO3MPOBaHNM KPAaTKOBPEMEHHOM peaKIuyu
rpyHTa [4].

B nureparype oTpaskeHO MHOXeCTBO IIPMMEPOB Pe3KOil CMeHbI TOPHO-Te0/IOrNYeCcKMX yenoBuil [5-8]. B o61iem Ha mpopbIB
BOJIBI, IVIBIBYHOB /1 TEKY4)X OOBOJJHEHHBIX IPYHTOB B IIEPUOJ, CTPOUTEIbCTBA NOA3eMHbIX coopyskenuit B CCCP ¢ 1981 o 1990 .
IIPUXOAMIOCH OKOJIO 30 % aBapuITHBIX c/Iy4aes [7].

Yepenyrolyecs: 30HbI TepeMEHHOI IPOYHOCTH, TPOHUIJAEMOCTY U TOIIMHBI IPUBOJAT K U3MEHUYMBOCTHU B reOMeXaHMue-
CKOM IOBeJIeH!M TPYHTA BO BpeMs IPOXOfKY ToHHeA. OTHe/bHbIe C/Tabble 30HbI, COCTOSIIIIE 13 IIeOHS M/II BaTyHOIIOZOOHOTO
Marepuasa HUSKOTO CIeIUIeHVs ¥ HMPOBOJALINE BOAY, B CIydyae BHE3AaITHOTO CTOJKHOBEHMUSA MOTYT IMPUBECTM K MacIITabHOI
ToTepe YCTOMYMBOCTH U MTOCTIENYIOLEMY 3aTON/IEHNIO 3HAYUTETbHON YacTV TOHHEIA.

ITogo6Hble YepenyIOLIecs: 30HbI ObUIN 3apMKCHPOBAHBI KOCBEHHBIMI METOAM IIPOTHO3VPOBAHNIS TOPHO-TEOIOTMIECKIX
ycnosuit. Kak ormeuaror uccinegosaren B mybamkarmyn [9]: «...BO BpeMsi IIPOXOKY TOHHEJIEN MIUTOM C TPYHTOILIPUTPY30M, B
r. CankT-IleTep6ypre, Ipyu MPOrHo3e TOPHO-TeOJIOTMYECKUX YCIOBUIL BIepeau 16a 3a60s1 Ha Tpacce TOHHeN, A/IMHON 1872 M
OBL/IM BBLAB/ICHBI MHOTOUMC/ICHHbIE MHTEPBAJIbl Pa3yIUIOTHEHHBIX BOJOHACHIIEHHBIX IPYHTOB, a TAK)KE YIaCTKIU CO CKOITIEHUEM
TPaBUITHO-TaJIEYHMKOBOTO MaTepyasa ¥ BaTyHOB». XapaKTepHbII paspes IpeficTaB/IeH Ha puc. 1.

Taxym 06pa3oM, Lie/IbI0 JAHHOU CTAaThJ SB/IACTCS OLIEHKA 30HBI BIVAHUA HEOJHOPOJHOCTY U BbIABICHNE IVHAMUKI U3Me-
HeHVsI AeopMIUpOBaHus /16 326051 OTHOCUTENBHO AeOPMIPOBAHIS B OZHOPOJHOM MACCHBE IIPU YCIOBUM MOREIVPOBAHIIS
9JIEMEHTA HEOJHOPOJHOCTH IPEHMPOBAHHbBIM I HEAPEHHMPOBAHHBIM. [I/11 JOCTV KEHNA JAHHON 1€ PEIalTCA 3ajady O MO-
IeNMpPOBAHNUM 9/IeMEHTa HEOLHOPOAHOCTH B IBYX BbIllle 0003HAYEHHBIX COCTOSHIUSAX.

OlLeHKy BIMAHNS 97eMeHTa HEOIHOPOZHOCTI MaccuBa Ha AedopMupoBaHye 16a IpOXoa4ecKoro 3abos MpOBOANIN PAL
uccnenoparteneii [6, 10, 11]. B cTaTbAx paccMOTpeHO BIMAHUE HEOFHOPOJHOCTH OTHOCUTEIBHO ITapaMeTPOB aHU30TPOIINN Jie-
(hOpMaLIOHHBIX CBOJICTB, HEOTHOPORZHOCTH 110 IPU3HAKY BOZOIPOHNIIAEMOCTH. BBI60OP crI0c00a MOBBIIIEHNA YCTONYMBOCTH B
30He HEOTHOPOJHOCTY IIpecTaBIeH B yomuKanyy [12]. OueHka ycTOYMBOCTY /162 3206051 IPY IPOXOJKE IIUTOM C IPUTPY30M
IIpu y4eTe U36BITOYHOTO IIOPOBOTO JAB/IEHNS IIPEACTAaB/IeHa B yOmuKarum [13].

B kauecTBe MeTOfa MCCIEfOBaHMs BbIOPAH METOJ KOHEYHBIX 97IEMEHTOB, pealn3oBaHHbI B mporpamMe PLAXIS 3D
2017, nosponAoLuil MofennpoBaTh Noposoe fasneHye. CeTka 10 y3/10BbIX TeTpasfaNbHBIX 37IEMEHTOB MMeEET CTyIlleHNe B
U3BJIeKaeMbIX 00'beMaX TOHHeNA M B 9JIeMEHTe HEOTHOPOTHOCTH. PajManbHO, Ha PAcCTOAHUM 4 M OT TOHHEJIA, TI0 KOHTYPY
TaKXKe MIMeeTCs CrylieHme ceTkI. Takum o6pasoM, Mofielib COCTOUT U3 25 287 anemeHTOB 11 37 099 y3710B. IIpoxopka TOHHeA
nuameTpoM D = 8 M paccmaTpuBaeTcs Ha rmy6une 30 M. YpoBeHb IPYHTOBBIX BOL H  3a/jaeTcs paBHBIM 2 M OT IIOBEPXHOCTH
semn (puc. 2). CBolicTBa OFHOPOJHOrO MaccuBa (puc. 2, a — 1) u s7ieMeHTa HeOZHOPORHOCTH (puc. 2, a — 2), UCIIONIb3yeMble
IpY pacyeTe, IPeACTaB/IeHbI B Tabnuile. MOIIHOCTD 97leMeHTa HeOFHOPOLHOCTH 3aaBanach 1 u 4 m. st MofiemnpoBaHus fie-
dbopmmpoBanust 16a 3a60s1 BeiOpana Mogens rpyHTa Hardening Soil Small Strain, kak nogxopsiuas /s oneHku gedopmannii B
Maccuse [4, 13-16].

Tak Kak 371eMeHT HeOJHOPOLHOCTH MMeeT BepTUKA/IbHYI0 OPMEHTAIVI0, Hada/IbHble HAIIPSDKEHUA B MAacCUBE PacCUMTBI-
Ba/IMCh NIOJ] BAVSAHMEM TpaBUTaluu. B memax crabwmsanuy gedopManyii IOCIe HadyaJbHOIO LIara pacyeTa 3aflaBajiCs Iiar
pacuera (Plastic), Ha KOTOPOM He IIPOMCXOAUIO HIKAKOTO M3MeHEHIsI 00'beMa MOJeIN.

[TapameTpsl MOfeNN OAOMPATNCh HA OCHOBAaHUM Pe3y/IbTAaTOB Ta0OPATOPHBIX MCIBITAHNII MPOTEPO30ICKUX I/IUH, OTO-
OpaHHBIX 13 3a00€B cTaHIMIT MeTpo «ByxapecTckas» u «ip. CraBbl» 1 IPOBEIEHHBIX 110 KOHCOMMAVNPOBAHHO-HEIPEHNPOBAH-
HOJT cXeMe C JIONYILIEHNEeM TOT0, YTO KpuBble leOpMUPOBaHNs APEHNPOBAHHBIX ¥ HE[PEHMPOBAHHBIX VCIIBITAHUIA, TIO CYTH,
CXOXKIL

IIpu MmopennpoBanuy 371eMeHTa HEOTHOPOIHOCTY HEIPEHMPOBAHHBIM OJHOPOJHBIN MacCHB 3alaBasics KaK CyXOy KacTep.
ITpu coBMecTHOM fiepopMaLMOHHO-PIIBTPALVIOHHOM pacdeTe U 3aflaHNM 9/IeMeHTa HeOTHOPOJHOCT APEHNPOBAaHHBIM OPO-
BO€ JlaBjIeHJe OJHOPOJHOTO MAacCUBa MHTEPIONIMPOBATIOCh Ha KaXK/JOM II1are pacyeTa.

B ciydae ydyera ypoBHS I'PYHTOBBIX BOZ (pIC. 2, a) 97IeMEHT HEOHOPOITHOCTH CIIY>KUT BOLOIPOBOJSAIINM KaHAIOM, (UIb-
TpPAIMIOHHbIE CBOJICTBA KOTOPOTO TAKXKe IIPUBEMIEHBI B TaO/MIIe.

TOCT 20522-2012 IpyHTbl. MeTOAbI CTATUCTI4ECKOIT 06PabOTKM Pe3y/IbTaTOB MCIbITaHMIL. 2012.

Anekcees A. B., Bep6uno I1. 3. YucneHHoe MofenupoBaHue ycTonunBocTy 16a 3a601 B 30He HeogHopogHocT! npu 81
HeLpPeHVPOBaHHOM Mofdeny Maccuea // Mseectus YITY. 2019. Boin. 1(53). C. 80-87. DOI10.21440/2307-2091-2019-1-80-87
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PucyHok 1. Pe3ynsTraTbl NPOrHo3a MHXeHepHO-reosiorM4yeckmMx U rugporeoriormyeckux ycrnoBui Bnepeam nba 3abos ToHHens [9].
Figure 1. The results of the forecast of engineering-geological and hydrogeological conditions in front of the forehead of the tunnel face [9].

Yronei,

PucyHok 2. PacyeTHasi cxemMa MaccuBa — a U ceTKa KOHEYHbIX 35IeMeHTOB — 6.
Figure 2. The design scheme of the array is a and the finite element grid is 6.

Pesyavtartn

PesynbraThl MOfIeNMpPOBAHNA NPENCTaBIE€Hbl Ha puc. 4-7. Pe3ynpTarhbl, COOTBETCTBYIOIIME TEKYLE CTafuy IIPOXOLKMN
u;XC(n_l , OIIEHUBAJIMICh OTHOCUTE/IBHO (I)OHOB])IX yCTOHBHH/IXCH y3HOB])IX HepeMeH.[eHI/If/‘I u:a, CIIOXXMBIINXCA B OOJHOPOTHOM
MaccyBe Ha KaX/Oil CTauu MpOXOfKIL. JJoIyckaeMasi MOrPeliHOCTb PacdeToB IpUHUMaNach 1 %. YCTOSBIIMMIICS CINTATUCH
CpejiHUe TepeMelleH st C HOIMYCTUMOI OTPEIIHOCTIO OLeHKN 5 %. 30Ha BIMSHNUA HEOLHOPOJHOCTH ONpee/sieTcsl B paMKax
[AHHOJI CTATbM KaK PACCTOAHME OT 9/leMEHTa HEOTHOPOJHOCTH, HaYMHAsA C KOTOPOrO Y3/I0BbIe IepeMelleHus (P yCIoBUM
COOTIOfIeHIsI KPUTEPYSI IPOYHOCTI) M3MEHSIIOTCsI 60/tee 4eM Ha 5 % OTHOCHUTEIBHO YCTOSIBIIVIXCS IIepPeMeleHMIL.

Pe3ybrarsl IIpeCTaBIeHDL A/Is CIydas 0OHaXeHus 16a 3a60s1 Ha IepUOf, ORHOI pabodert cMeHbL. Bpemst coBMecTHOTO fie-
bopMaLVOHHO-GUIBTPALMOHHOTO PacyeTa, MCIONIb30BAHHOTO [PV MOAEIMPOBAHUY HEOFHOPOSHOCTH APEHNPOBAHHBIM Mac-
CUBOM, cocTaB/siIo 8 4. Ha Beex sramax gedopmupoBanus 16a 3605 BBITOIHANIOCH YCTIOBUE IPOYHOCTI.

HepocTaTkoM UCIIONIB30BaHNS ITAPaMeTPOB 3P PEKTUBHON IIPOYHOCTH ¢’ M ¢’ B KOMOVMHALIMY C TUIIOM ITOBEEHIsI MaTepu-
anma Undrained (A) siBIs€TCs TO, 9TO HOYYEHHOE CONPOTVB/ICHNE HEPEHNPOBAHHOMY CABUTY MOXET OTIMYATHCS OT CBOETO
peaIbHOrO 3HAYeHNsI M3-3a pasmndusi aKTIIeCKOil U 3alaHHOI TPAeKTOPUI HAIIPSDKEHMIL, II09TOMY KpOMe KpUTepusi IIpod-
HOCTM PEKOMEH/YeTCsl CPABHUBATH IIO/TYeHHOE HAIIPSDKEHHOE COCTOSIHME C HACTOSIIMM PeabHbIM COIPOTUBIEHNEM CABUTY
lo, - o, <25, [2].
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CBolicTBa O4HOPOAHOIO MaccuBa 1 afieMeHTa HeOAHOPOAHOCTH.
Properties of a homogeneous array and an element of heterogeneity.

Mokasatenb OpHOpOaHBbI MaccuB OnemMeHT HeOAHOPOAHOCTU

(1) 2)
Mogenb matepunana HS small strain HS small strain
Tun ApeHVpoBaHus Undrained (A) Drained Undrained (A)
OGbemHbI BEC HEBOAOHACHILLEHHOTO rpyHTa Y, kH/m® 19,50 19,50
O6bemHbIi BEC BOAOHACHILLEHHOTO rpyHTa v, kH/M? 21 21
CekyLmit Moaynb aedopmaumii Ha 50 % NpoYHOCTM E;f, MMMa 350 240
KacaTenbHbli Mogynb Npy NEPBUYHOM HarpyxeHuu
B YCIOBUSAX M30KOMMPECCUOHHOIO CxXaTtus E;:d, MMa 380 260
Mogynb Npy pasrpyeHun Ef, MnMa 900 735
Mokasatenb cTeneHn 3aBUCMMOCTY Moayns Aedopmaumin oT ypoBHS 60KOBOro 08 08
AaBneHus m
HavanbHblil KO3 PULIMEHT NOPUCTOCTH €, 0,50 0,85
OdphekTnBHOE cuennexune ¢’, kMa 1000 1000
O DEKTNBHBIN Yron BHYTPEHHErO TPEHUS @', rpaj. 23 23
lMoporosoe 3Ha4eH1e CABNrOBOV AeopmaLnn v, ,, 0,15.10° 0,15-10°°
OnopHoe 3HayeHne Mogyns caBura npu ceepxmarnbix gedopmaumsx G(rff, MMa 1000 735
KoathduumeHT lMNyaccoHa npu pasrpyske v, 0,20 0,20
OnopHoe faenexue p, kMa 100 100
Eg:cﬁ?wumem OOKOBOro AaBneHus rpyHTa B COCTOSIHUM HOPMaIbHOro ynnoTHe- 0.6093 0,6093
KoadhcpnumeHT paspyieHus R, 0,45 0,45
KpuTepwin npo4HocTn Kynon—-Mop Kynon—-Mop
KoathduumeHT cunsTpaumm k,, coBnafaroLmii ¢ rmaBHON OCbIO X, M/CyT 2.10°3 6,15.10°
KoadhduumeHT domnbsrpayum ky, coBMagaroLwuii ¢ rMaBHON OCbio Y, M/CyT 2.10°° 6,15.10°
KoadhdpnumneHT dounstpauum k,, coBnagatoLnii ¢ rnaBHoM oCblo Z, M/CyT 2.10° 6,15.10°
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PucyHok 3. Cxema, nosicHsiloLasi nonoxeHue 3abos B Maccuse.
Figure 3. Scheme explaining the position of the face in the array.

ITo Mepe mpUOIVDKEHNsSI IIPOXOAIECKOro 36051 K 30He HEOTHOPOFHOCTH (PIIC. 3, 9TAIIBI IPOXOAKIL, COOTBETCTBYIOLIE [0~
JIOXKEHMNIO IIPOXOfYECKOT0 326051 B TIOTIOXKEHNN eXC-23—-eXC-29) yBeMINBaeTCsl BeMudnHa AedopMaryii IPOXOgIecKoro 3a6os,
IPOXOZIUMOTO ellle B OffHOPOJZHOM MaccKBe. ITO CBA3aHO KaK ¢ (POPMUPOBaHMEM U3OBITOYHOTO IOPOBOTO HAB/IEHNs B HEOIHO-
popHOoCTH (pUC. 5), BO3[EICTBYIOIIETO B CBOIO OYepeNlb Ha Pasrpy»KaeMblil IPOXOIKOI OJTHOPOIHBIN MAacCHB, TaK U C OTINYIMEM
IedOpMaIVIOHHBIX CBOJVICTB pacYeTHBIX 37IeMEeHTOB. VIHTepeCHBIM IIpeficTaB/IAeTCsA PaKT YMEHbIICHNU A BeTUYMHBI TedOopMUpO-
BaHUA TI0C/Ie TIPEOJ0/IeHNsl HEOTHOPOSHOCTY. DTO BBI3BAHO T€M, YTO AKTUBHOE ITIOPOBOE JlaB/ieHNe, BO3/IEIICTBYIOIee CO CTO-
POHBI HEOTHOPOIHOCT, BBI3bIBAJIO YBe/IITYeHIIe II0/THOI Be/IMYIMHBI OOKOBOTO [JaB/ICHVIS ¥ IIPOBOLMPYA y3/I0BbIe ITepeMellleHI
elle 10 MOAXOAA 3a00s1 K HEOFHOPOXHOCTHU. IIpy MOmeIMpPOBAaHUM 9/IeMEHTa HEOTHOPOJHOCTY, PABHOTO 1 M, 30Ha BJIVMSHUS
HEOJHOPOJHOCTH paBHA OJJHOMY JIMaMeTpPy TOHHEIA.
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PucyHok 4. OTHocuTenbHOE NepemMelLeHne nb6a 3a6osA Ha XxapakTepHbIX 3Tanax NPoOXoAKW Npu MoAenMpoBaHMU HEOAHOPOAHOCTU (MOLL-
HOCTb 1 M) KaKk HeApeHMPOBaHHOIo o6bema Npu 3aaHHOM YPOBHE rPYHTOBbLIX BOA,.

Figure 4. Relative movement of the forehead of the face at typical stages of penetration while simulation of heterogeneity (thickness is
1 m) as undrained volume at a given level of groundwater.

. ¥ | H
:-.ﬂ‘"fj r"“".‘IH " ""':'ﬁ

3F3cegNERIRNESTIFHNE &

PucyHok 5. Mpouecc chopmupoBaHUsA U3bbLITOYHOro NOPOBOro AaBreHUs NpU noaxoae K 06BOAHEHHOW HEOAHOPOAHOCTH.
Figure 5. The process of formation of excess pore pressure when approaching water inhomogeneity.

B cnyvae nsMeHeHMsI MOLTHOCTY HEOGHOPOLHOCTH 1O pasMepa 4 MeTpoB (PUCYHOK 6), epeMeleH sl B ORHOPOJHOM IPYH-
TOBOM MacCUBe IIPJ IIOAXOfie 320051 K HEOFHOPOSHOCTH YBEMMYMBAIOTCs HA 60%, OTHOCUTENIBHO YCTOSBIINXCS Y3/IOBBIX IIepeMe-
IieHNi1. Benmunna y3moBbIx epemelneHnii 16a 3a60s1 Tak >ke, Kak 1 B IIPEABIAYILEM CTydae, OCTIe IIPOXOKAEHNS Yepes3 9/IEMEHT
HEOIHOPOAHOCTY yMeHbInaeTcst. [Tpu MOeMpoBaHy 37IeMeHTa HEOTHOPOSHOCTIL PABHBIM 4 M, 30HA B/IMSHUSI IIPU HOAXOME
162 326051, paBHa OFHOMY JUAMETPY IIPOBOAVIMOTO TOHHEJIA.

B ciyuae MopenupoBaHys HEOFHOPOLHOCTHU APEHMPOBAHHBIM MAcCHBOM C 3alaHHOM YPOBHEM I'PYHTOBBIX BOA (puc. 7)
BOAa CBOOORHO QUIBTPYETCs MO 37IEMEHTY HEOZHOPORHOCTH, CO3AET HAIOP B YPOBHE TOHHENsI. 30Ha BIAVSHNS HEOZHOPOL-
HOCTM YMEHBLIAETCS IO pajiyca TOHHEIIA, OFHAKO BeMYMHA CMEILeHNIT Pe3KO YBeINYNMBAeTCs B 9 pa3 OTHOCUTENIBHO YCTOSB-
IIVXCA.

3akaloveHne

ITpu MopenupoBaHUM HEOFHOPOZHOCTY B MAaCCUBE IIMHIUCTBIX PYHTOB HEOOXO[MMO YUMUTHIBATD CTEIIeHDb BIATOHACHILIE-
HIisI, MOIITHOCTD 9/IeMeHTa HeOTHOPOogHOCTH. IIpn pasmnyunn geopMalMOHHBIX CBOJICTB PacUeTHBIX TPYHTOBBIX 9/IEMEHTOB Ha
30 % 1 3aJaHHOM YPOBHE TPYHTOBBIX BOJ] KaK B C/Tydae JPEHMPOBAHIS, TaK U B HEAPEHNPOBAHHOM CITydae, IPOUCXOAUT YBeIu-
YeHIe TTepeMellleHIIT IPY ITOAXO0/e IPOXOAYEeCKOro 320051 K 30He BIVSHM HeOGHOPOTHOCTH. IIpy cTpONUTEeNnbCTBE O3 MHBIX
COOPY)KEHMIT METPOIIONINTEHA HeOOXOAVMMO OCYIeCTB/ISITh BHIOOD IMapaMeTPOB KperuteHus 16a 326051 MCXOMIsl U3 ONpe/e/e Vs
YCTOMYUBOCTH, IPUBENEHHOIO B CII 120.13330.2012, c OTOBOPKOI O TOM, YTO SIBHBIMM ;[e(bopMauM;lMM MOI'YT CUMTATHCA Jie-
¢dopmanny, mpesslnraonye (K IPUHATON TEXHOTOTUI IIPOXOAKY 1 MHXEHEPHO-TeO0/IOTMYeCKIX YCIOBUSX) CPEfHEB3BEIIeH-
Hble gedopmannn. Ilop cpenHeBsBelleHHbIMNU fAedOpMalMsAMK CTeAyeT MOHMMATh TaKoil ypoBeHb fAedopmannmii 16a 3abos,
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PucyHok 6. lechopmupoBaHue n6a 3a60os Ha KaXXAOM 3Tarne NPoXoAKU Npu MoaenMpoBaHUU HEOAHOPOAHOCTU (4 M) Kak HeApPeHUPOBaH-

HOro o6bema 1 3ajaHHOM YpPOBHe FPYHTOBbIX BOA.
Figure 6. The deformation of the forehead of the face at each stage of heading while simulation of heterogeneity (4 m) as an undrained

volume and a given level of groundwater.
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PucyHOK 7. DedhopmupoBaHue n6a 3a6os BAOMb OCU X Ha KaXAoM 3Tane npoxoAaku npu mogenvupoBaHMM HeOAHOPOAHOCTU KaK APeHun-

poBaHHOro o6bemMa 1 3aJlaHHOM YPOBHE rPYHTOBbLIX BOA.
Figure 7. The deformation of the forehead of the face along the x axis at each stage of heading while simulation of heterogeneity as a

drained volume and a given level of groundwater.
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KOTOprIU/I IIO OIIBITY CTPOUTENDCTBA HE IIPMBOANII K HEJOITYCTMbIM ne(bopMam/mM KaK Ha IIOBEPXHOCTMN, TaK 1 B YPOBHE IIPO-
BOAVMOI'O TOHHE/IA.
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Numerical modeling of stability of the forehead of the face in the area
of heterogeneity with undrained array model

Aleksandr Vasil’evich ALEKSEEV',
Pavel Eduardovich VERBILO",

Saint Petersburg Mining University

Relevance of the work. Estimation of the stability of free face is an important task due to the fact that part of headings of tube railroad is erected by
mining, with the forehead of the face fixed manually, while indirect methods of forecasting engineering-geological and hydrogeological conditions
before the forehead of the face indicate the presence of local softening and watering capable affect sustainability.

Purpose of the work. Estimation of the zone of influence and the type of drainage of the element of heterogeneity on the stability of the tunnel face
passed in the array of Proterozoic clays.

Method and methodology. The finite element method used in the PLAXIS software package was chosen as the research method. The Hardening Soil
Small Strain hardening soil model was selected as a geomechanical model of soil behavior. The design situations of deforming the unfixed forehead
of the face approaching the water-saturated element of heterogeneity, are considered when simulating an element with a capacity of 1 and 4 m and
changing the nature of water filtration along the element.

Results of the work. When deformation properties of the calculated soil elements differ by 30% with the given level of groundwater, both in the case
of drainage and nondrainability, an increase in displacements occurs when the tunneling face approaches the zone of influence of heterogeneity. The
size of the zone of influence depends on the chosen type of drainage of the element of heterogeneity.

Applicable scope of the results described in the paper. The results described in the paper (subject to determining the parameters of the model
that meet the conditions of penetration) can be used to estimate the stability of the forehead of the tunnel face in the area of heterogeneity, which is
the water supply canal.

Conclusion. When designing construction of a linear underground facility in an area of heterogeneity, it is necessary to evaluate the stability of the
forehead of the face using numerical modeling. When modeling an element of heterogeneity, it is necessary to take into account the degree of water
saturation, the thickness of the element of heterogeneity and the nature of permeability of water along the element of heterogeneity.

Keywords: undrained array; sustainability; tunnel face; zone of heterogeneity; numerical analysis; finite element method.
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ACTEpPOVADLI, KOMETLI U1 METEOPUTLI — MPOAYKTLI B3PbiBa MAAHETLI DPasToH

CredraH NpuropbeBuy MNAHAK',
Cepren AHToHoBuY AEFTAPEB™

Ypanbckuii rocyaapCTBEHHBIN FOpHbIN YHUBEpcuTeT, Poccus, ExkatepuHbypr

AKTyaAbHOCTB pa6oTbl. BHeApeHue B aCTPOHOMMYECKYIO MPAKTUKY HOBEMWMX MPUOOPOB MO3BOAMAO YBUAETL BOABIIOE KOAMHECTBO TaK HA3bIBAEMBIX
«aCTEPOMAOB, COAVIKAIOLIMXCSI C 3EMAEI», KOTOPLIE PEAALHO MPEACTABASIIOT YrPO3y YEAOBEHECTBY. [€HETUYECKas MPUPOAA STUX KOCMUYECKMX TEA MOXKET
BbITb YCTAHOBAEHA TOALKO MPY COBOKYMHOM AHAAM3€E ACTPOHOMUYECKMX U FEOAOTMYECKMX AAHHBIX.

Lleab pa6oTni: COMNOCTABAEHME HOBEMUIMX AOCTUIKEHMI ACTPOHOMMUYECKOM HAYKM B 3TOM OBAACTM C AOCTVIXKEHMSIMU MAAHETAPHOM FTE€OAOTUM U MOCAEAYIO-
LWVMM F€HETUHECKMMM MOCTPOEHUSIMMU.

MeTtoaororns nccaeaoBanms. B pabore npoBeAeH KOPPEKTHLIM AHAAM3 CYLIECTBYIOWMX B YMOMSIHYTLIX PA3A€AAX HAYKM TEOPWIA, TMIMOTE3 U MPEANo-
AOXKEHUI C UCTIOAL30OBAHMEM MATEMATUHYECKOTO MOAGAMPOBAHMS. Ha 3TOM OCHOBaHMM AOKa3aHa, Harpumep, HECOCTOSITEALHOCTL TEOPUM METEOPUTHOTO
MPOUCXOXKAEHUST 3EMAU U HEKOTOPLIX APYTMUX IMMOTE3, BOSHMKAIOIIMX KAK CAEACTBME OAHOCTOPOHHETO MOAXOAA ACTPOHOMOB M FEOAOTOB K 3TOMY BOMPOCY.
Pe3syabTaTpl. COBOKYMHOCTbL ACTPOHOMUYECKMX Y FEOAOTMYECKMX AAHHBIX CBUAETEALCTBYET O TOM, YTO aCTEPOUADLI, KOMETbI M METEOPUTDI SIBASIIOTCS] €AVHBIM
reHEeTMYECKMM CEMENICTBOM, OOPA30BAHHBIM BCAEACTBME B3PLIBA MAAHETLI (DASTOH HA MECTE COBPEMEHHOTO MOsICa ACTEPONAOB. OBAOMKYM SKBATOPUAAL-
HbIX OBAACTEN MAAHETBI (ACTEPOMABI M METEOPUTLI) ObIAM BLIGPOLIEHLI B OCHOBHOM B MAOCKOCTb SKAMMTUKM COAHEYHOM CUCTEMBI M MPOU3BEAU «GOALLIYIO
METEOPUTHYI0 6OMBAPAMPOBKY» 3,9 MAPA AET Ha3aA. [OASIpHDIE «WAMKM» U3 3aAMOPOXKEHHDIX FA30B MAAHETLI MPY 3TOM YAETEAM B MEPMNEHANKYASIPHOM MO
OTHOIEHUIO K SKAUIMTUKE MAOCKOCTM U OBPa3oBaAu KOMETLI. [TPUYMHDLI B3PbIBA YBSI3LIBAIOTCS C COBPEMEHHOM KOHLIEMLIMEN «TMAPUAHON MOAEAUN» 3EMAU
B. H. AapuHa.

BobiBOAbI. BeluecrBeHHbIN COCTaB METEOPUTOB, ACTEPOMAOB M KOMET HE OTAMYAETCsl OT TAYOMHHBIX MOPOA 3eMAn. OHU, TakMM OBPA3OM, SIBASIOTCS MPO-
AYKTOM TMAQHETHOM 3BOAIOLIMU, & HE €€ CTPOMUTEALHLIM MATEPUAAOM. [TAOBAABHDIE KATAKAM3MDI, KOTOPLIE (OMKCUMPYIOTCS CYLIECTBEHHLIMM COKPALLEHUSIMM
61OTbl 3EMAM, O BCEM BEPOSITHOCTM, HE 3aBUCST OT NMPoxokaeHusi COAHEYHOM cUCTEMDI Yepe3 crnmpaan Hawen laraktmku. COrAacHO COBPEMEHHDLIM
ACTPOHOMMNYECKUM AAHHLIM, COAHEYHAsT CMCTEMA HAXOAUTCST MEXKAY ABYX PYKABOB aAQKTMKM M BpawAeTcsl CUHXPOHHO C HUMU. YeAoBeuecTBO HaumMHaeT
OCO3HABaTb AKTYaAbHYIO HEOBXOAMMOCTDL MOAFOTOBKM K MOTEHLMAALHBIM KOCMMYECKMM Yrpo3am. PaccmarpuBaioTcsl BO3MOXKHOCTU B3PbiBA ACTEPOVAOB U
KOMET B MOMEHT MOAAETA, KOPPEKLIMU UX TPAEKTOPUM, AA3€PHOTO BO3AENCTBUS M AP. OAHAKO yCrnexa B 3TUX YPEe3Bbi4aiHO CAOXKHLIX M TPYAOEMKMX MPO-
€KTaX MOXKHO AOBUTLCSI TOALKO MPU OBLEAVHEHUM YCUAUM BCETO YEAOBEYECKOTO COOOWECTBA.

KAroyeBbIE CAOBA: aCTEPOMADLI, METEOPUTLI, KOMETLI, KOCMUYECKUE KATACTPOIbI, TEOXPOHOAOTMHYECKAS IKAAQ, PAHHSISI SBOAIOLIMSI 3€EMAN.

BEAEHME
Hacrosmas craTbs NpefcTaB/IsgeT coO0ll NOIBITKY MHTEIPAlMil COBPEMEHHBIX HayYHBIX JOCTVDKEHUI aCTPOHO-
MMM Vi TEOJIOTUY B 0OTACTH M3YUEHVSI Ma/IbIX KOCMIYIECKIX TeJI, KOTOPbIe Ha IIPOTsHKEHNMN HECKOIbKIIX MIJUIMAPIOB
JIeT CYLeCTBEHHO B/VISUIN Ha 9BOJIIOLMIO OPraHIYeCKON XU3HY Harrelt miaHeTsl. OHU 1 CETOHS MPEACTABSIOT c060i1 peans-
HYI0 KOCMIYECKYI0 YIPO3y BceMy >KUBOMY Ha 3emyie. CoBpeMeHHbIe KOCMIYeCKIe TeJIeCKOIIbI II03BOJIIOT Hab/IIaTh Ha Opou-
Tax, O7M3KMUX K 3eMHOJT, HECKOJIDKO COTEH aCTEePOMIOB, CIOCOOHBIX HAaHECTH 3eMJIe HelIONPaBMMBIII yiuepo.

CnepnyeT uMeThb B BUJY, 4YTO HECTAlJMOHAPHOCTDL BeeneHHoll, fokasanHad B Havyazne XX B. akafieMukoM A. A. @puamaHom,
CBUJIETENILCTBYET O €€ SBOJIIOLNN U CONPOBOXKIAETCA TAaKMMM IPEBPALIEHNAMY BEIIECTBA VM SHEPIUM, KOTOPbIE MPAaKTUYECKU
VICK/TIOYAIOT BO3MOXKHOCTD TTOSIB/IEHMA ¥ CYLIeCTBOBAHMA IIPMBBIYHOTO /I HAC KMBOTO BellecTsa. IloaToMy, Ha Hall B3ITIAf,
MOSIB/IEHNE JKMBOTO BellleCTBa, BK/II0YAs Ye/loBeka, — ABJeHNMe YHUKanbHoe. Pefyaiiiiee coueTaHme AecATKOB TapaMeTpOB, He-
00XOAVIMBIX [/Is1 TIOSIB/ICHNS >KM3HY, CKOHIIEHTPMPOBAHO VIMEHHO Ha Hallleil (yHuKanpHoit) miaHete. ClIo)KeHue BepOATHOCTE!
MHO>KeCTBA ITapaMeTPOB CBUJICTE/IbCTBYET O TOM, YTO BO3MOXKHOCTD CYIIeCTBOBAHMSA XXVBOTO, a TeM 00/lee BBICOKOOPraHM30-
BaHHOTO, Bell[eCTBA BO BCeIEHHOI CTPEMUTCS K HY/MIO. DTOT YHUKAIBHBIN, MUKPOCKOIYECKNUIT IAaHC OBUI pealn30oBaH Ha Ha-
I1Ieil ITaHeTe Cpefy 6EeCKOHEYHOTO MHOYKECTBA MHBIX 3Be3[JHbIX C1iCTeM. [I06aBIM, ITO 9BOJIIOLIMOHHBII Iy Th /IS IPEBPAIeHIs
IIPOCTEIINX OPraHN3MOB (IIPOKAPMOTOB) B YelOBeKa TpebyeT HECKOIbKO MIIINAPAOB OTHOCUTETIBHO CIOKOMHBIX JIET, YTO
elile Ha HECKOJIbKO MTOPSIIKOB CHIDKAET BEPOSTHOCTD CYILECTBOBAHMS Pa3yMHBIX CYIIECTB, CIIOCOOHDBIX CO34aBaTh «BHE3eMHbIE
LVUBWIM3ALMM». XOTS IIPU 9TOM ONTUMICTOB-Y(OIOroB Heb3s MILIATh BO3MOXKHOCTH (Ha Halll B3ITIsA[, Oe3HaIe>KHOI) ITOMCKa
3TUX nuBMUAM3anuit. [JoHMaHMe YHMKaTbHOCTH YeI0BeueCcKol IMBUIM3ALM B OKPYy>Katollell Hac BceneHHOM TOMKHO OTpes-
BJIAIOLIE IeJICTBOBATh Ha HEKOTOPBIX aBaHTIOPUCTOB U MOMNTUKOB. KocMudeckne kaTacTpodbl, HAPAAY ¢ SHLOT€HHBIMU (BHY-
TPU3EMHBIMI) IIPOL[eCCaMV, MHOTOKPAaTHO YHIYTOXKA/IU B IIPOLIIOM IIOYTH BCe XXVMBOE Ha HAIlleil ITaHeTe.

CrieffyeT OTMETUTD TAK>Ke TO, YTO IIPU M3YUEHUM IIPOLECCOB B HOIBLUIOM KOCMOCe (Meramimpe), Kak ¥ Ha YPOBHE MUKPO-
MUpa, MaTeMaTiKa KaK [JIaBHBIIl MHCTPYMEHT [IO3HAHMsI ONeprpyeT Ludpamu, TPUOIHKAILMMIICS K HYTIO U 6€CKOHEYHOCTI,
YTO, Ha NEPBbIIl B3IJIAJ, MOXKET IPUBOAUTD K Mapa/JOKCaIbHBIM BbIBOJJaM, MHTEPIIpeTalisa KOTOPBIX JOCTYIHA IUIIb CIelna-
nucTaM. VIHOTA B TaKMX C/Ty4asx, KOIA TPEH | 3HaHWIT BBIXOAUT 10 aCHMIITOTE K HYJ/IIO MM 6€CKOHEYHOCTH, T. €. B COCTOSIHIIE
IIOJIHOY HeOIIPefe/IeHHOCTH, YIOTPeOIAI0T PacIIbIBYUaThIil TePMIUH «CUHIY/IAPHOCTb». BaKHeMIIIMIY JOCTIDKEHMAMU HAaYKU
MIOC/IE{HYUX JIeT SIBUINCh OTKPBITUSI HEM3BECTHON paHee «TEMHON MaTepui» UM «OTPUILIATEeNbHOI 9HEPIUM» B acTpOpU3NKe, a
TAaK>Ke MaTepUaIbHON U AMAJIEKTIIECKON CYIIHOCTI BaKyyMa B (p13MKe KBAHTOBOIL, YTO MOATBEPAUIIO JABHIOW YOEKIEHHOCTD
OJIHOTO M3 aBTOPOB CTAaThJ B TOM, YTO MUP, Hallla BcelleHHas1, MOXKET CyIeCTBOBATh TOMIBKO KaK COCTaBHasI IIOMIOBMHKA OMHAp-
HOJ1, 6UIOTSIPHOI cucTeMsl [1].

ITpupopa acreponioB, KOMET ¥ METEOPUTOB, I UX YIPO3bI [JI )KM3HY Ye/loBeKa NOKHBI paCCMaTPUBAThCA B ABYX aclleK-
TaX — aCTPOHOMMYECKOM U I'€OIOIMYeCKOM. ACTPOHOMBI B CHIy CBO€JI BOOPYXXEHHOCTU NMpUOOpaMy ONepUpYOT GaKTaMyu U
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PucyHok 1. MNonoxeHue nosica acreponagoB B ConHe4yHoOM cucteme (0OTMeYE€HO ToUKamMm).
Figure 1. The position of the asteroid belt in the solar system (dotted).

nydpamu, reosory, obmasasi BeljeCTBEHHBIM COCTaBOM KOCMIYECKUX 00BEKTOB, X BO3PACTOM M JPYTMMM IIapaMeTpaMu, pac-
CYXXJAIOT CKOP€ee C XpPOHOTOTMYECKNX U TeHeTUYECKMX MO3UIUIA.

ACTPOHOMMYECKMI ACMEKT MPOOAEMDI

AcTepouabl - OTHOCUTEIBHO HeOOIbIIINE Te/Ia, NMEIOIIIe Te/TMOLeHTPUIECKYI0 OPOUTY HEIPABUIBbHOI (POPMBI CO ClIefaMu
MHO>XeCTBEHHBIX CTONKHOBeHuit. B mpepgenax ConHeuHolt cucteMsl oHu obnagaoT pasmepamn Ko 1000 kM. BonpimHCcTBO 13
HMX (> 90 %) BpalaloTCs B TaK Ha3bIBaeMOM II0sICE aCTEPOMTOB MeXy opbutamm Mapca u IOnutepa, 3gech xe QUKCHPYIOTCS
Hamboree kpynHble Tena — Llepepa, [Tanmana, Becra u ap. (puc. 1) Kcratu, Haubonee KpymHble 00beKTbl 06/1afaioT mapoobpas-
HOI1 (OPMOJT, UTO CBUJIETEILCTBYET O HAIMYMY OMIOTHUTEIbHON BHYTPEHHel SHepIuyL TaKUX OOJIBIINX TeJl, TO3BOJIAIOLIEN UM
npuobperarsb popMy Iapa 6narogaps rpaBuTanMoOHHON Auddepernnanny Bemectsa. OpOuTa mosca aCTepONUIOB OTBEYaeT
TPaeKTOPMM OTCYTCTBYIOIIEN IITAHEeTbI, KOTOpas JO/KHA 3]IeCh IIPUCYTCTBOBATD COITIACHO pacyeTaM ABYX HEMEIKIX acTPOHO-
MoB — Tunnyca un bope.

Opnako yxe B koHIje XIX B. actponom [I. Bectron (CIIIA) BrepBbie 3aduKcupoBan 00beKT (acTepons «AspTar), KOTOPBI
IBUTAJICS 10 HEOOBIYHOI TPAeKTOPUY BHE II05ICa aCTEPOMOB, BHYTpy opoutsl Mapca. Cerops ux HazpiBaloT AC3 (acTepoupsl,
commxatormuecs ¢ 3emielr). ITo Mepe coBepIIeHCTBOBAHNA alIapaTyphl BCKOpe 37iech OB 3adMKCMPOBAHBI Tema 6omee Men-
KIX pasMepoB, KOTOpbIe TAK)XKe ABNUTAIUCH II0 HETPAAMIIIOHHOI opbuTe. B HacTosIee BpeMsT TAKMX KOCMIUYECKUX 0OBEKTOB
YCTAQHOBJIEHO OKOJIO 7 ThICs4. VI3 Hux 6osee 800 nmeror pasmep 6oree 1 KM U CIIOCOOHBI CO3AaTh Ha 3eMiie B C/Iy4ae CTOIKHO-
BeHMs I7106a/bHyI0 KatacTpody [2].

CremyeT OTMETHUTD, YTO PacCIpefie/ieHNe aCTePOUIOB 110 pasMepaM IOAYMHAETCA IOTHOPMA/TIbHOMY 3aKOHY, KOIZIa YBe/n-
YeHIe pa3Mepa Tella Ha OfJH MOPALOK YMEHbIIAeT MX KOJMYECTBO B TeOMETPUYECKOIL Tporpeccuit, u Hao6opot. Takas 3aBucu-
MOCTb pacIipefie/ieHIisI pa3MepoB YacTULL Ipy ApobieHyy 6olee KPYITHOTO Tejla M3BeCTHA JaBHO U IOJY4//Ia MaTeMaTU4eCKyIo
aprymenTanuio [3]. VI3 Takux «COMDKAOMIMXCS ¢ 3eMyIel» acTepON0B HAMOOMBIIYIO PeabHYI0 OIIACHOCTD CETOfHSI IIPeACTaB-
nsteT «Anoduc», opoéuTa KOTOPOro MpUOMIKAETCS K 3eMHOI depe3 Kaxpble 7 7eT. B 2029 1. ero TpaekTopus mpuOImM3nTcs K
3eMHOIT 0 38 000 KM, 4TO OYeHb O/TM3KO0 K TaK Ha3bIBaeMOJl Fe0CTAL[MOHAPHOIT OpOITe, HA KOTOPOI BPAIAIOTCSI OCHOBHBIE ITPO-
MBIIIIEHHBIE CITyTHUKM, oOecIeqnBaollyie HaBUralMIo Ha Halllell ITaHeTe. PasMep «Amoduca», HaloMuHalolero 1o ¢gopme
TaHTeNb, 0Ko7Io 350 M. B pesynbraTte ero majieHns o6pasyercs BOpOHKaA, Pa3MePOM Ha OIMH TIOPSAIOK OOIbIIle, T. €. OKOMIO 3.5 KM,
a MacIITabbl paspylIeHNII COIOCTABUMBI € pa3dMepaMyl HeOO/IbIIOro rocyfgapcrsa. CunTaeTcs, YT0 FOpO-MIWUIMOHHNK MOXKET
OBITH YHUYTOXXEH KOCMUYECKIM Te/IoM pasmepoM 60-80 m. JlokasaHa ero npuHaIIeXXHOCTb K [IABHOMY IIOSICY aCTEPONIOB [4].

Yacrora nmageHmit HeOeCHBIX Tell (acTepouiOB, METEOPUTOB ¥ KOMET) B XPOHOJIOTMYECKOI KOOPAJHATE TAKKe ITOLUMHS-
eTCs1 IoTapupMIIecCKOMY 3aKOHY: KPYIIHbIe Te/la, IPUBOJSIINE K PETMOHATbHBIM paspyLIeHNsIM, afaioT yepes3 100 000 e, a
6onee menkue yepes 10 000 et u T. A. VIX KpaTepbl paBHOMEpPHO paclipefie/ieHbl IO BCell IaHeTe [5], a cmempl GUKCUPYIOTCS
IIOBCEMECTHO, UCK/TI0Yas, eCTECTBEHHO, MOPsI I OKEaHBI, I7le OHM CKPBITHI I10]] IOBEPXHOCTBIO BOAbI. Takue KapThbl CeTORHA VIMe-
I0TCSL B PAaCIIOpsDKEHUM CIIeNMannucToB (puc. 2). B paccmarprBaeMoM acekTe O4eHb BaKHO MOFYEPKHYTD, YTO O0bUIUHCINGO
kpamepos, Habmodaemuvix Ha JTyne, Mapce u opysux 06vexmax, npocmpancmeeHHo He nepexpuisaiom opyz opyaa, 4mo noomeep-
Hoaem mHeHue 0 eOUHOBPEMEHHOU «MsIIceIol, 60mbuioil» bombapouposke ConHeuHoll cucmemvl. ITO YTBEPXKEHIE, 10 HALIEMY
MHEHUIO, INIIHWIT Pa3 HOATBEP>KAaeT MacCoBOe 0Opa3oBaHIe aCTePON/I0B, METEOPUTOB 1 KOMET IIPM eANHOBPEMEHHOM B3pbIBE
wiaHeTsl Paston. [Tocmenyomue najieHNst ObUIN CTyYallHBIMY Y efUHUIHBIMU.

Imo6anbHble BBIMMPAHNA OIIPefie/IeHHBIX BIIOB KMBOTHBIX BBI3BIBAIOTCS MafIeHNAMIY acTePOML0B padMmepoM ot 10 kM. On-
Hako 6oJiee HeTabHO Ha 9TOM OCTAHOBVIMCS HIDKe, IIPYM PACCMOTPEHMN I'eOIOIMYecKoro acleKkTa Ipobnemsl. IIpuBeneHHbIe
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PucyHok 2. NonoxeHne kpaTepoB Ha NnoBepxHOcTU 3emnu (6es1biM 0603Ha4eHo nadeHue Memeopumoe OHeM (255), YepHbIM — Houbto (301)).
Figure 2. The position of craters on the Earth's surface (falling of meteorites in daytime is white-colored (255), black color — at night (301)).

1dpal yirepba MOTYT CYIMIECTBEHHO KONMe6aTbCs B 3aBUCHMOCTM OT TaKMX (aKTOPOB, KaK IVIOTHOCTD ITTAfIAfOIIETO TeNa, ero
XVMMMYECKOTO U MIHEPaTbHOTO COCTaBa, CKOPOCTH TI0/IeTa, YI/Ia MafeH N 1 JIp.

B acTpoHOMMM BBIFIETIAIOT TP KIacca Teql 1Mo XuMudeckomy cocTapy. K kmaccy C OTHOCAT yIniepoaycTbie acTepOUbl, KO-
TOpBIE JOMUHUPYIOT 110 0611eMy KodecTBy (75 %), Tena kimacca S — cutukarasle (17 %) u M - metammndeckue (8 %). Takoe
pasnutie 8eu,ecmeeHH020 COCHABA NOCTYHUTIO 0TI MHO2UX ACTNPOHOMOB OCHOBHOLL NPUHUHOTI OMKA3A 0 NPUHAIMOLL paHee 2uno-
e3bl 0 oM, 4mMo acmepoudbl ATIOMCA NPOOYKMamu 63pvLéa eouno2o mesa — naanemvt Pasmon. O0HaKo ¢ no3uLULL 2e07102UL
makoe pasHoobpasue ecmecmeeHHo U He KpUmu4Ho. B ciyuae 63pvieéa Hauleli nnanemot, Hanpumep, pasHoobpasue cocmasa ee 06-
JIOMK06 Obi710 Obl 6 muicsivy pas 6onvuie. Bcero B CoMHEYHOI CricTeMe HACUUTBIBAIOT OT 1 /10 2 MIIIMOHOB aCTEPOMOB PasMepoM
6oree 1 km. Boree MejiKite Tea, BK/IIOYast METEOPITHI, [IOKA IIPOCTO He IOAAAIOTCS yueTy. YeTKast rpaHuIia MKy aCTepOnfaMu
U METeOPUTaMI He OIIpefie/ieHa, OHAKO CaMbIM TSDKE/IBIM METEOPUTOM CUMTAIOT yIaBumit B AQprke 00BEKT IOf, Ha3BaHMEM
To6a, BecuBIIMIT OKOIO 60 T.

B xoHIle pasfiena chenaeM aKIleHT Ha TOM, YTO aCTPOHOMBI IIPOCTPAHCTBEHHO Pasfe/AloT acTePON bl Ha [IBe IPYIIIbI, OflHA
U3 HUX IpeACTaB/IeHa TellaMM T10sCa acTepouioB Mexay opburamu Mapca n IOmmrepa, a fpyras ¢ 6onee XaOTMYHBIMU Op-
6uTamu pacronoxxeHa BHYTpu op6utsl Mapca. Tema BTOpoil rpymnIibl, eCTECTBEHHO, IPEACTAB/LIIOT COOO0I OCHOBHYIO yIPO3y
JyestoBedecTBY. MBI 1To/1araeM, 4To TaKoe Jie/leH1ie HeCKO/IbKO MCKYCCTBEHHOE, VX TeHeTUYeCKas IPUpOofa, 10 HallleMy MHEHMIO,
€[IMHAa I PACCMOTPEHA JIaJiee.

Komers1 — HeOobIIMe KOCMIYECKNE TeNla, ABVDKYIIMecs: BOKPYT COMHIIA [0 OYeHb BBITAHYTHIM S/UTUITHYECKIIM OpOUTaM
U CTIOKEHHDIE, B OT/INYME OT aCTEPOMUTIOB U METEOPUTOB, IIPEUMYILECTBEHHO 3aMOPOKEHHbIMY TasaMy. Pasmepbl oceil anorest
U TIepUTeNis Y HUX CYIIeCTBEHHO pasmnyarorca. B mepurenmi, ¢ mpubmmkerreM K COHITY, TaKye Tela PasfielA0TCA Ha Ao
U IUIVHHBII CBeTAIuitcst XBocT (Komy). Termosere mydn CoHIIA IPUBOASIT K CYyOIMMAIVI BMOPOXKEHHBIX Ta30B, KOTOPBIE OT-
6pacpIBAlOTCSI HA COTHM THICSY KVJIOMETPOB B IIPOTUBOIOIOKHYIO OT 3B€3/bI CTOPOHY. 371€Ch XKe IOITy THO OTMETUM OYeHb BaXK-
HYIO fleTaib, KOTOPas MOHA[OOUTCS B fA/IbHEIIIEM /IS PacIIn(POBKY reHETIIECKOI IPUPOJBI OMMChIBAEMBIX KOCMIYIECKIX
ten. [Inockocmu opbum Komem, Kax npasusno, nepneHOUKyIApHoL 0pOUmMmam mermeopurnos u acmepoudos. CyliecTByeT MHEHIe,
Ha Halll B3IJIAJ], O HEKOTOPOIl CTelleH! OMNMOO0YHOe, O TOM, YTO ACTePOMAbI ABJAITCA OBIBIIMMIU KOMETaMU, MOTEPABIINMU
CO BpeMeHeM CBOIO Ta30BYH0 060704Ky. CorlacHO Halllell KOHIIeTIUY, 6OMBIIMHCTBO KOMET 06pa3oBanoch 3a CYeT MOMAPHBIX
«IIATIOK» TTaHeThl PAasTOH ¢ MOILHBIM CJI0EM BMOPO)KEHHBIX Ta30B, CMEIIAHHbIX C PHIX/IBIMI IIOBEPXHOCTHBIMI 0Opa30OBaHM-
M. VIMEHHO [T03TOMY sIipa KOMET HepeIKO IPELCTAB/LIIOT COOOI PhIX/IbIe IIPOAYKTHI (PEronnT). A KOst aCTepOU 0B, KOTOPbIE
MOT/IN OBITh paHee KOMETaMH, COTTIACHO TIOCTIEHNM pacieTaM, CHIbKeHa 10 5-10 % [6].

3a mocrepHIe feCATUNIETUS KOMETBI JOCTATOYHO XOPOIIO M3ydeHbl, KocMuuecKue anmaparsl («J]xoTTo», «Bera-1», «Bera-
2» U p.) MHOTOKPAaTHO IIPOHMKA/IN B XBOCT KOMET U JJaXKe Ca[iVJINCh Ha ITOBEPXHOCTb. DTH MICCTIE[OBAHMsI He IPUHECTN CeH-
caluit, B KoMe 0OHapY)KM/IU BCe Te XKe M3BEeCTHbIe Ha 3eMJle COeIMHEHNA BOMbI, YITIeKMCIOThI, METaHa M IPYTUX XMMIYECKNX
coenuHeHNIL. TBepyible KOMIIOHEHTBI KOMET IpPefiCTaB/IeHbl MENKMMM JacTHUILIAMV M3BECTHBIX Ha 3eMjle MIHEPAJIOB 1 MOPOJ.
Pasmepsl siffep M3y4IeHHBIX I 3aHECEHHBIX B CIELMa/IbHbIEe PEeCTPBl KOMET KOIeOIIOTCS, KaK IPABIUIO, B IIPEfe/Iax IePBbIX KI-
7IoMeTpoB. XBOCTBI [I0 Mepe MCIAPeHNsI BeI[eCTBa CPABHNUTENIBHO OBICTPO MOTYT YMEHBUIATHCA B pasMepax, YTO HAO/II0aIoCh
B IIepUOJ, HeJABHETO NMPUOIIDKEHNsI JaBHO M3BECTHON KOMeThI [ajiest, KOIfia ee y>Ke He/lb3sl ObIIO YBUJIETh HEBOOPY>KEHHBIM
rmazoM. B 1994 r. yueHsiM ynanoch Habmonarh mageHue kometst lllymeitkepa—JleBu Ha FOmuTep, KOTOPBI CBOEIT MOLIHOI Tpa-
BUTAIVEl HEPeJKO OTBIIEKaeT Ha ce0s MpojeTaoue KOoCMIdeckre 00beKThI, Crlacas TeM CaMbIM 4elloBedecTBo. VHora B Ha-
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YIHO-IONY/IAPHBIX GUIbMAX IPOCKAIb3bIBAIOT «CEHCALUI», 0OYC/IOB/ICHHbIE HEKOMIIETEHTHOCTbBIO CIIEI[VIa/IICTOB. B ofHOM 13
HIX, HaIIPUMep, TUIINYHYIO JI/IA 3eMHBIX HEfIp TEKTOHMYECKYI0 OPEKYMI0 B METEOPUTE TPAKTYIOT KaK MPOIYKT «CK/IeUBaHMSA»
00JIOMKOB I10CJIe MIX CTOIKHOBEHMSI B KOCMOCE, UTO SIBJIAETCS ABHBIM a0CyPHIOM.

Ha ceropuAIHMiT IeHb B peecTp 3aHeceHo 6omee 400 KOMeT, KOTOpbIe HECKOJIBKO YCTIOBHO Pa3fie/ieHbl Ha KOPOTKO- 1 JJIVH-
HoIleproandeckue. Ipanuuert Mexxay Humu cryxar 200 ser. YonomsiayTas komera [ajiest obpauraercst Bokpyr CoHIa ¢ me-
puonoM 76 JeT, a y KOMEeTbl DHKE OH COCTAB/IAET JIMIIb HECKONbKO /eT. CKOPOCTD IBVIKEHMA KOMET aHAJIOTMYHO acTepouyaM
COCTABJIsIET TIepBbIe [eCATKM KMTOMETPOB 3a CeKYH/Y. IIpu yBenmuueHny CKOpOCTH ABIDKEHM BO3PacTaeT LIeHTPoOexHas Cua,
4TO, ECTeCTBEHHO, YBeINYMBAET IIEPUOJ, 00palleHNs Tea.

Xoporo n3BectHast B Poccun katactpoda Ha p. TyHrycke B 1908 T, 110 Bcell BepoATHOCTH, OblIa BbI3BaHA ITaileHMeM KO-
METBI, OLHAKO JJUICKYCCUY IO 3TOMY IIOBOJly He 3aKOHYEHBI, H03TOMYy celtuac ee HasbBaloT TKT (TyHrycckas kocmmdeckas Ka-
tacTpoda). OCHOBHBIM apTyMEHTOM B IIO/Ib3y KOMETBI SIB/LSIETCSI OTCYTCTBIE Ha MeCTe [MafeHIs KpaTepa U TBEPAbIX 0OIOMKOB.
OpnHako OrpoMHBIe paspyleHus Ha Iwtomagu 6omee 2000 KM? CBUAETENBCTBYIOT O MOTEHIMATBHBIX ONACHOCTSIX MaalOINX
KOMET.

MeTteopuTsl — HebobIINe HebeCHbIE TeNa, B M3001/IMM Iafaronie Ha 3emmo. CO6CTBEHHO, METeOPUTAaMM HAa3bIBAIOT JINIIb
TeX IPUIIENbIIEB U3 KOCMOCa, KOTOpble IPOPBaINCh CKBO3b aTMoc(epy 1 yrnanu Ha 3eMiio. VIX IpenlecTBeHHUKOB, MapAIINX
B KOCMOCe, HasbIBaIOT MeTeopaMit. VHOra Me>XXIy HMMU MOTYT ObITh HeKOTOpble pasmundA. He cropepiine B atMocdepe MeTe-
OPUTBI ABAIOTCA TYTOIVIABKMMM OCTaTKaMy MeTeopoB. IlomararoT, 94To Ha Hally IUTaHETY €XXEerofHoO mafaeT okono 2000 T meTe-
opuTHOro BemlectBa. OHY CPaBHUTEIPHO XOPOIIO M3y4YeHBI U pa3jie/leHbl Ha KaMeHHbIe (XOHAPUTHI — 85 % 1 aXoHApUTHI — 7 %),
KeJle3Hble (CIUIaB >Kenmesa ¢ HMKeneM — 6 %) U >KenesoKaMeHHbIe (0K0/o 2 %). B cocmas ecex nepeuuicnentvlix pasHosuoHocmeri
6X005111 U3BECHIHbIE OIS 3EMHbLX NOPOO0 MUHEPATIbL, POPMUPYIOULUECS 6 27IYOOKUX HeOpAX Hauleli niaHembl. DTOT MOMEHT CIefiyeT
TaKOKe MOJYepPKHYTh 0c000 [/ aCTPOHOMOB, 160 9Ta JleTa/lb BIMsAeT Ha IOCIeyIolI/e TeHeTUIeCKIe HOCTPOEHM .

CooTHoOILIeHIe YIIOMAHYTBIX Pa3HOBUHOCTEN METEOPUTOB B CBOE BpeMs ObUIO 3aMedeHO akaieMukoM A. I1. Bunorpagpo-
BBIM, KOTOPBIII IIPOBeJI M3BECTHBII 9KCIIEPUMEHT «30HHOM I1aBki» [7]. Ilocie pacnaBienys yImoMAHYTON CMeCH METEOPUT-
HOTO BellleCTBa aKaJeMIUK ITOTy4I/T B TUIIE paspes, KOTOPbI NAeHTUPUIIPOBAIICA ¢ paspesoM 3emnn. KaMeHHbIe MeTeOPUTHI
OBL/IN COTIOCTAB/ICHDI C 3MHOII KOOI U MaHTMeIl, a SKellesHbIe C SAPOM 3eMJIN, UTO, 10 BCell BepOSATHOCTH, abCOMIOTHO PaBo-
mouHo. OnHako BriocnencTBun A. IT. BUHOTrpagoB cOBMECTHO CO CBOMM y4eHMKOM IpodeccopoM A. A. SpoleBcKuM IPUILIIA K
OILIMOOYHOMY, Ha Halll B3IJLAJ], BHIBOZLY O TOM, YTO Hallla IVIaHeTa (POpMMPOBAIach U3 METEOPUTOB, YTO KaTETOPUYECKM OTBepra-
eTCs MaTeMaTHIecKMu pacaeramu [8]. Memeopumui, no Hawemy eny6oxomy ybencoeruio, S6AsSIOMCS NPOOYKMaMU NIAHEMHOL
380MmoUUU, a He ee crmpoumenvHuim mamepuanom. Cpeayt CTOpPOHHIUKOB MICXOZHOTO METEOPUTHOTO COCTaBa 3eM/IM HUKTO ITOKa
BHSATHO He apIyMEHTUPOBA/I MeXaH13M (POpMUPOBAHII a/IMasa WK €T0 CIIyTHUKA MUPOIIA B CPefie KOCMITIECKOro BaKyyMa.

[TpencTaBAAIOT M METEOPUTDI YTPO3y desioBedecTBy? OTpuUIaTh TaKyl0 BO3MOYKHOCTb, HAaBEPHOE, HE/b35, OJHAKO y>Ke B
npolecce KIacCUPUKAINY MaJAOIIMX KOCMIYECKNX Te/l CIeIMaICThl HeIIPOM3BOIbHO BbIAEMNIN (IO pasMepy) X B KIacc
MaJIOONacHbIX. XOTs yIaBliee B IIYCTBIHHON o6macTy Ha ore A¢puku Teno BecoM 6oee 60 T (YIOMAHYTBHII paHee METEOPUT
To6a) B cenuTeOHOI 30He MOITIO ObI HAHECTHU KOIOCCAJIbHBIN yiep6. VI3BecTeH TOMbKO OAMH CMepTeNbHbI crydail B Vupum.
Bmecre ¢ Tem, 110 HalleMy MHEHMIO, HE/b3: PACCMATPUBATh OTHEIbHO METEOPUTHI, ACTEPOU/IbI ¥ KOMETBI, KOTOPbIE SBJIAIOTCA
e[IVIHbIM TeHeTUYeCKMM CEMENICTBOM.

TeoAormyeckuin acrekT NpoBAEMD

Teonornsa obmafaeT HEKMMY BaKHBIMM MHCTPYMEHTAMM U3YUeHNUSA KOCMMYECKMX OITaCHOCTeil. B ee pacnopspkeHun mero-
IbI OTHOCUTE/IBHOI (ITa/leOHTOIOTMYeCKIIL, CTpaTUrpaduaeckiit) 1 abComoTHOM (YpaH-CBUHIIOBDI, PyOUANII-CTPOHLIMEBDIIL,
HeOJVIM-CaMapeBblii, KaJINil-aprOHOBBIIL, YIIepOJ-yITIepORHBIIT) TeOXPOHOIOINN. bolee cTa JIeT CylecTBYeT U YTOYHACTCA Te-
OXPOHO/IOTMYECKAs IIIKA/IA, OTPAXKAIOIIAst [I06aIbHbIE I PerMOHA/IbHbIE KaTacTpodsl Ha 3emre.

I peBHertine pybexxyt HCTOPUM Halllell TAaHeTbI Ha CTaJMNN ee CTAHOBJICHVsI OTMeUeHbI B 60/lee paHHUX ITyOIMKALNAX aB-
TOPOB. 30ech 0UeHb BaNHO OMMEMUMb PUKCUPYeMOe OONbULUHCINEOM YHeHbLX, USYHAIOULUX PAHHION Ucmopuio Semu, cobvimue,
8b138aHHOe e0UHOBPeMeEHHOT 60NbUION U MaAcco80il 6ombapouposkoii ConHeuHOL cucmembl, Komopoe damupyemcsi spemerem 3,9
m7po nem. V160, o HallleMy MHEHUIO, IMEHHO B 9TO BpeMs IIPOU3OLIeN B3PbIB ITaHeThl DasToH, KOTOpas, COITIACHO YIIOMAHY-
TBIM paHee pacyeTaM, JO/DKHA ObIIa pacronaraTbcs MeXAy Tpaekropusimu Mapca u FOnurepa. Criefyet OTMETHTD, YTO O TAKOM
B3pbIBe BIIepBbIe Iucat eire B 1804 r. Hemenxumit actpoHoM Busrensm Onbbepc. B mocenyroriem sTa rumoresa CyijecTBOBaIa
¢ mepeMeHHBIM ycnexoM. OIHaKO IOCTYyTAOLe JaHHbIe MTO3BOJIAIOT BO3POAUTDL € B HOBOM KadecTBe. HOBBIX apryMeHTOB
MHOXeCTBO. Bo3pacT ynaBumx Ha 3eM/II0 MeT€OPUTOB YK/IafIbIBAETCA B IPOMEXYTOK OT BpeMeHM (opMuposans maneT Con-
HEYHOI cucTeMbl (4,6—4,5 MIpp 1eT) [0 «O0MbLIO MaccoBoit boMbapaupoBkn» (3,9 MIpE neT). B cooTBeTcTBMY € 3aKOHAMMU
B3pbIBa Hanbosee MeKye 067I0MKY (MeTeOPUTDI) yIeTe/I) Ha HanOojIblilee pacCTOSHME, @ KPYIIHbIe aCTEPON/IbI COXPaHWIN CBOE
IIOJIOXKEHYe B IIpefiesiax 0ojlee paHHel OpOUTHL. Pasindne BelljeCTBEHHOTO COCTaBa KOCMIYECKNUX TeI, KaK OBUIO OTMEYCHO, He
SIBJIETCA CYIIeCTBEHHBIM apTyMEHTOM IeTepOreHHOCTY MX IeHesNca.

[TpennonaraemMas mjaHeTa HaXOAM/IACh HA KPUTMYECKOM PACCTOSHMUM MeX/ly KAMEHHBIMM U Ta30BBIMM IUIAHETAMU U 110
BHEIIIHeMY BUJY JO/DKHa ObI/Ta HAIOMMHATD CKopee Mapc, HO ¢ 60/1ee pa3BUTBIMI 6€/I0CHEXHBIMM HIATIKaMJ BMOPOXKEHHBIX T'a-
30B Ha IIOTI0CaX. B c/ryyae B3pbIBa TaKoll IZTAHETHI €€ OrO/IEHHbIE OTO /Ib/ja SKBATOPUAJIbHBIE YaCTH JO/KHBI ObIIN Pas3IeTaTbCs,
€CTEeCTBEHHO, B IVIOCKOCTH SK/IUIITUKY NepIeHVIKY/IAPHO OCU BpalljeHN: IJIAHeThbl U IIPOU3BECTU MacCOBYIO 60MOapApOBKY
3aBeplIAIOMX cBoe (OpPMMPOBaHIe IUIAHeT, BKII0Yas 3eM/II0 1 PacIoNIOKEHHYIO 3HaYMTeIbHO O/VDKe, 4eM ceirdac, JIyny. B
CBOIO OYepeib, OTPOMHbIE TOJIAPHbIE LIATIKM TPV B3PbIBE IO/DKHBI yI€TaTh 110 HAIIPAB/I€HNIO OCH BpallleHNs, T. €. TIepIeH -
KY/IIPHO IUIOCKOCTH SKIMITUKI. VIMEHHO TaKue OpOUTHI PUKCUPYIOTCS CETORHS A/t GOMBIINHCTBA KOMET, KOTOPBIX, TAKIM
06pasoM, HeT HeOOXOMMOCTH «BBITACKMBATh» U3 6eCKOHEYHO yfaeHHoro obmaka Opra nn nosica Koitnepa, pacrionosxeHHbIX
Ha rpanuiie ComHe4HoI! cucteMbl. BO3MOXKHOCTD 3axBara KoMmeT 13 obnaka Opra onmcana B pabore E. E. Buprokosa [9].

BrI6poC MOTAPHBIX «IIANOK» MEePHEHAVKY/IAPHO IVIOCKOCTI SKIUIITHKY 00YCIIOBI Y 3HAYNUTEIBHO 00jIee BBITAHYTYIO Op-
6uty, n 6onpiunii neprox obpaieHnst. OdeHb BaXXHBIM IIOATBEPXK/ICHIIEM [€HETIIeCKOTO eHCTBA aCTEPON/OB, [0 HAIIEMY
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PucyHok 3. PacnpegeneHune actepomaoB Mo HaKIOHY K NITOCKOCTU IKIUMTUKK.
Figure 3. The distribution of asteroids in inclination to the ecliptic plane.

MHEHHIO, SIB/IIETCS VX 9KCL{EHTPUCUTET, HAKJIOHEHNUe K IJIOCKOCTY 9K/IUITUKI. Takue yenv HaknoHa (puc. 3) no pacnpedeneruo
CIMPO20 COOMBENCIBY 01 JI0ZHOPMATIHOMY 3aKOHY, A KPUBAS pachpedesieHust A6/sIemcs yHUMOOAb ol u peeynspHoti [2]. B cy-
4qe 2etnepo2eHH020 eHe3UcCa acmepoudos Kpusas 6vina 6bt NonUMo0AanvHotli U HepezynapHoi. OTMETNM HapajIebHO, YTO MbI He
VICK/TIOYaeM HOSBIIEHNA «OMy>X/JaloMMX» KOCMIYECKMX Tell, TTlepeceKalolX opouTy 3eMn.

Cucrema 3emssi—JIyHa HAXOAMIACh TOT/A B CTAUN OCTBIBAHSI ITOC/IE GOJIee PAHHETO PACIUIAB/IEHN VX BHEIIHMX 060/109eK
[8] (puc. 4). Pasorpes 060mo04ex 0 TeMIlepaTyp IIaBIeHIsI, B MHTepBaste 4,6—4,5 M/IPH JieT 661 00YC/IOB/IEH IPAaBUTALIVIOHHBIM
B3aUMOJIEIICTBYEM O/IM3KO PACIIONIOKEHHBIX 3eM/IM U ee CHyTHUKA. VIMeHHO Torza 6bUtn o6pasoBaHbl Ha 3emite u JIyHe yHU-
KaJIbHbIE TIOPOJIBI — AaHOPTO3UTBI, KOTOPBIE [0 CMX IOP C/IAraloT CBET/Ible 00/IaCT HAIIETO CITYTHYKA. VX abCOMIOTHBII BO3pacT
HaJIeXKHO 000CHOBaH U cocTaBiAeT 4,6-4,5 MIpH JIeT. B yc/IOBUAX MCK/IIOYUTEIBHO MEJICHHOTO OCTBIBaHMA OCHOBHOM (6a-
3aJIBTOBOII) MarMbl B Heil yCIIe/I IPOM30MTI pasfiell IBYX PasHbIX 10 IDIOTHOCTY MIHEPaJIOB: MMPOKCeHa U IUIaruoKIasa. bomee
JIETKMII IUTaTMOK/Ia3 (aHOPTUT) cpOPMIPOBA BEPXHIOI aHOPTO3UTOBYIO 060710uKy obenx mianet. [Tocmenyloiee rmobambHOe
co6piTye Ha 3emie 1 JIyHe 4eTKO KOppenupyeTcs Co BpeMeHeM «60IIbIIol (TsKeoN) MeTeOpUTHOI 60MbapaupoBKy» (3,9 MIPH
JIeT), BCIECTBUE KOTOPOII IepBIYHAsA aHOPTO3UTOBAasA Kopa 00eVX IUIaHeT HOfiBepI/Iach MacCOBOMY KpaTepupoBaHuIo. b
copMmpOBaHBI MHOXKECTBEHHbIE BY/IKAHBI, KOTOpbIe 06pa3oBa/i OOIIIPHbIE TeMHbIe 6a3a/IbTOBbIE «MOPSI», BO3PACT KOTOPBIX
YeTKO YBS3BIBAETCS CO B3PbIBOM IaHeThl PasToH.

O HemsbexxHOCTN B3pbIBa PasTOHA, pacIioNaraBIIerocs Ha rpaHMIie KAMEHHBIX 1 Ta30BBIX IIIaHEeT, CBUIETEIbCTBYIOT HOBBIE
TOCTIDKEHMA IeTPOJIOTUIL. VI3BeCTHa Ollpefie/IeHHasA 3aKOHOMEPHOCTD PACIIONOXKEH IIaHeT: KaAMEHHBIe aHa/IOI PacIoIoxKe-
HbI B 67113K1X okpecTHOCTsAX COJIHIfA, a ra30Bble TUTAHTHI Ha neprgepun. I1o Mepe yhaneHus oT 3Be3/bl B [VIAHETAX YBEINYNU-
BAeTCs KOMMYECTBO JIETKUX XMMIYECKIX 9/IeMEHTOB, B YaCTHOCTM [TTABHOTO U3 HUX — BOJZOPOJia, B MEHbIIIell CTeIIeHN YITIepOfia.
Bonbime comepskaHus BOZOpOfia B Hefpax 3eMIN U ee sAflpe CETOHSA IpM3HaeTcsA 6OMbIIMHCTBOM y4eHbIX. Eme B 1970-e rr.
BbIIIUTA KHUTA «[UIIOTE3a M3HAYaNbHO IUApuaHON 3emmn» npodeccopa B. H. Jlapuna, kotopas mo3Bonnaa 060CHOBATh Mexa-
HI(3M BO3MOXKHOTO paciumpenns Haueil waHeTs! 3emsist [10]. OnHa 13 COBpeMEHHBIX FeOTeKTOHNYECKIX TUIIOTes IIPeIIoa-
raeT my/bcupyiomlee passurue 3emn [11]. Camo pacrpeneneHne KaMeHHBIX 1 Ta30BBIX IVIaHeT Mo yHanenuio ot Conxia B. H.
JIapuH 00'BACHAET 3aBUCUMOCTBIO pacIipeienieHys ameMeHToB B COMHEYHOII CHCTeMe OT UX NMOTEHIIMAIoB OHU3au. ABTOP
BIIEpBBIe I0Ka3aJI TAK)Ke TeKy4eCcTh MeTaJUIOB IIPY Ha/IM4uy IIpyMeceil BOZOPOAa B YC/IOBUAX BBICOKUX IaB/ICHNII, 000CHOBA
Ha/IM4ue B sfipe IUIAHETHI TUAPUAOB MeTa/UIoB. [MI0Te3a mofBepraeTcsi KpUTUKeE, OGHAKO (aKThl HA/IM4Ms TIYOMHHBIX BOJO-
POJHBIX CTPYIL, HOCTAB/LAIOIIVX 9TOT 9/IEMEHT B MECTOPOXK/IeHNS YITIEBOIOPOJIOB, OTBEPraTh HEBO3MOXKHO.

C npeo6pasoBaHMAMM TAKENBIX YITEBOJOPONOB B Ho/Iee /IeTKie pasHOBMIHOCTY B IIpOLIecce VX TOfbeMa CBA3BIBAIOT Jie-
TOHAL[MOHHbIe 9 (PeKThI, KOTOPbIe ABJIAITCA IPUYNHAMY ITYO0KO(OKYCHBIX 3eMteTpscennit [12, 13]. [Tpu Hanmuduu TBepabIx
0060/109eK TaKe HACBII[eHHbIE BOJOPOLOM IUIAHETHI MMEIOT BO3MOXXHOCTI /1L PaCIIMPEHs 1 TOTEHIINaIbHOTO B3pbiBa. Ilepe-
HaCbIIIeHHbIe BOZOPOIOM 1 CYIIeCTBEHHO ra30Bble IIaHeThl THMa IOnuTepa MOryT Ms6exarh 9KCIUIO3UY Iy TeM PaclIMpeHns C
OJIHOBPEMEHHBIM YMEHbIIIEHNeM YAeIbHON INIOTHOCTH 1o 1 r/cM® 1 Hibke.
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PucyHok 4. OBoniouusi paHHe[OKEMOPUMCKUX FeoTepm, " ’
Mnpa net. a —4,6; 6 — 4,2; B — 3,6; r — 2,6; Wwurpuxosas NuHUsA 500 400 300 200 100 0
— nnaeneHve 6a3anbTOBON 3BTEKTUKN. PucyHok 5. MacwTabbl BbiIMUpaHus 6MOThLI B Naneo3onckoe Bpemsi no
Figure 4. Evolution of early Precambrian geotherms, OaHHbIM [15].
billion years. a —4.6; b —4.2; ¢ - 3.6; e — 2.6; a dashed line is Figure 5. The scale of biota extinction during the Paleozoic stage
melting of basalt eutectics. according to [15].

PaHee MBI HEOTHOKPATHO 06pallanuch K BOIIPOCY O BO3MOXHOCTY (pOpMMPOBAHNA ITaHET 3a CYET METEOPUTOB, HA YeM
HaCTaMBaIOT HEKOTOPbIe aBTOPbI-IIParMaTiKy, HabJIoatoIe 9TOT Ipolecc Boounio. Ou3nuko-MareMaTyeckye pacyeTsl Ka-
TETrOPUYECKU OTBEPraloT 9Ty BO3MOXXHOCTS [8]. 1o HammM jaHHBIM, GOpMUpOBaHNe IVIAHeT IPONCXOAIIO B IIPOILlecce aKKpe-
LU CYL[eCTBEHHO BOZOPOLHOTO ra30BOro 06/aka C y/elbHbIM BECOM YacTuI| OKOMO 1072 L, 4TO OTBeYaeT TaK HAa3bIBAEMOMY
«KOCMMYECKOMY COOTHOIIEHNIO». DTU JAHHbIE XOPOILIO COITACYIOTCA ¢ IpUBEeHHbIMU paHee aprymenTamu B. H. Jlapuna. A
MeTEOPUTHI, KaK 1 aCTePOU/bI, ABJIAIOTCA MIPOAYKTAMU IUIAHETHOI 9BOMIOLUM 1 ObUIN cpOpMMUPOBAHBI B ITy6OKUX Heppax. O6
3TOM CBUJIETENBCTBYIOT MIHepabl (O/IMBUH, IMPOKCEH, MHOT/IA a/IMa3), KOTOPbIe ABIAIOTCA NHAMKATOPaMy OOJbIINX ITyOVH
¢dbopmmpoBanus. AGCOMOTHOI (paHTa3Mel KaXXyTcsA HeKOTOpble IPelCcTaBAeHNs O BO3MOXKHOCTY CYHTe3a TaKUX MUHEPAJIOoB B
YCIOBUAX KOCMUYECKOTO BaKyyMa.

Boree no3nHime, a 3Ha4UT, 6011ee 060CHOBaHHbIE PyOexxyt HCTOpuM 3eM/yt GUKCUPYIOTCA /LA [1aIe0305, Me30305 U KaltH0304,
KOTOPBIE B T€OXPOHOJIOTMYECKOI LIKaIe JaTUpPyoTcs apamu. OHM Ofpasfe/AoTCs Ha Ieprofibl (KeMOpMit, OPFOBUK, CUIIYP I T.
1.). IToc/eH1e COCTOAT 13 3TI0X, KOTOPBIE, B CBOIO OYepe/ib, IOAPA3e/AI0TC Ha BeKa. Bce MHTepBasibl OTMEYeHHBIX ITOfIpasyiene-
HMIT 6a3VMPYIOTCA Ha ITaJIEOHTONOTYEeCKOM MaTtepuarte. [Ipofjo/bKUTeNbHOCTD MaIe030iICKO SpbI COCTABIAET OKOIO 290 MJTH JIeT,
Me3030JICKOI — 0KO/IO 190 M/IH /IeT, a Ha4a/Io COBPEMEHHOI KalfHO30JICKOIL laTNpyeTca 65 MIIH /ieT. B MHTepBasne yIOMAHYTHIX
ndp 190-290 MyTH 7IeT HepeaKo Ha3bIBAIOT IIPOJIO/DKMUTENBHOCTD TA/IAKTIYECKOTO TOfIa, BpeMst OffHOro obopora Hatert [amakTu-
k1. IIpofio/DKNTeIbHOCTD OT/Ie/IbHBIX IEPUOIOB B PaMKaX yIOMSAHYTHIX 910X cocTaB/sAeT oT 40 go 60 MitH et (puc. 5).

VimeroTcst myb6nMMKanMy, yBsA3bIBAIOIVE UIUTETBHOCTD HMEPUOJOB C MPOXOX/eHeM Hairelt COTHEYHOI CUCTeMBI depes
IIECTb PYKAaBOB TaJTaKTUKM «MileyHblit myTh» [14]. Ecu Hekylo ycpenHeHHYI0 MbpPy MPOXO/HKUTENLHOCTH TaaKTHYECKOTO
rofa pasfenuTb Ha MIecThb, Nomy4dnM 240 : 6 = 40 MIH ieT. ABTOp NyO/IMKalMu IoJaraeT, YTo KaTacTpodudeckyie COOBITIA Ha
Hallleil I/TaHeTe MIPOUCXOAAT TOITA, Korga 3eMs B cocTaBe COMTHEYHOI CHCTEMBI IIPOXOANT Yepe3 OfYH 13 PYKaBOB IaTaKTUKM,
HACBIIIEHHBIIT 00/I0MKaM1 KOMeT 1 acTeponsios. ITy6mmkariyst sacmy>xuBaeT BHUMAHN KaK OffHa U3 TUIIOTe3, OfHAKO K Hell Mo-
TYT OGBITD IIpebABIIEHDI Cepbe3Hble Bo3paxkeHns. ITo Bceil BepoaTHocTy, COMHEYHas CHCTEMa BpallaeTcsA BMeCTe C PyKaBaMIL,
a He JIBUTaeTCsl aBTOHOMHO B OTHOCHUTE/IbHO HENO/IBVDKHOM TalaKTUKe, YTO MCK/II0YaeT repecedenne sTux cnupaneit. Ceidac
OHa pacIonokeHa Mexy pykasamu Crpenbiia u ITepcest. A ganee unrara o tekcry caiita « Wonderful Planet», pasgen «Actpo-
HoMIsI»: «EduHcmeenHoe mecto, 20e CKOpocmu 36630 U CNUPATIbHBIX PYKABOB CO8NAOAION — IO MAK HA3bIBAEMbILL KOPOMALU-
OHHbLIL Kpye, U UMEHHO Ha HEM pacnonoxero Connue. s Semnu 51mo 06CmoAMenvCmeo 4pe3svbiuatino 6axHo, NOCKONbKY 6 CHUl-
PAnvbHBIX PYKABAX NPOUCX00SIM GYpHDLE NPOUeccl, 00pa3yioujue MOusHOe U3NLyueHue, 2youmenvHoe 07 6ce2o J#usoeo. M nuxakas
ammocepa e cmoena 6vi om Heeo 3augumumy. Ho nHawa nnanema cyujecmayem 6 CpaBHUTENIBHO CIIOKOITHOM MecTe [anmakTuku
U B TeUeHMe COTeH MIWITMOHOB (WM ke MULIUAPO08) fiem He no08epeanact 8030eiCneulo SMux KOCMUYECKUX Karmakau3mos.
Bo3moscHO, umeHHO n03momy Ha 3emie CM02a 3apOOUMbCS U COXPAHUMBCS HU3Hb». [J06aBUM TONBKO, YTO B PyKaBaX CKOHIIEH-
TPUPOBAHBIL, IPEXKJIe BCETO, 3Be3bl U I'a3bl C MCKTIOUNTEIbHO MaJIojl INIOTHOCTBIO (BO3MOXKHO TAKoKe 3araJlouHOe HEeBUIVMMOE
BellleCTBO — TeMHast MaTepusi). Hamndme TaM acTeponjoB 11 KOMeT BeCbMa IIPO6IeMATIIHO, U BPSI /I MOXKET ObITh JOKa3aHO
B O/IVDKAIIIIINE TOMIBL.

Jlns 6oree MeNKMX IOfpasyie/ieH NIt Te0XpOHOMIOTMYeCKOI Kbl (3TIOXY ¥ BeKa) He OTMeYaeTcs KaKo-1mbo CTpOroi -
KIMYHOCTH. VI3MeHeHMs OMOTHI B IIpefiefiax BeKa, HalpuMep, GUKCUPYIOTCA MIMPOKUM MHTEPBaJIOM B IIpefesiaX HeCKOIbKIX
MIWUIMOHOB JieT. KorHUTYBHAA peBomonys, NpyBefas K GOpMUPOBAHUIO COBPEMEHHOIO YeloBeKa, Iponsonuia 1,5-2,0 MiH
net Hasafl. ITo Bceil BEpOATHOCTH, CTPOTOil IMKIMYHOCTY T€OXPOHOMIOIMYECKOI MIKA/Ibl OXKUATh He IPUXOAMUTCA O MHOTUM
npyyrHaM. OffHa U3 HMX, HAalIpUMep, KPOeTCs B TOM, YTO M3MeHeHVe OMOThI MOYKeT ObITh 06YCTOBIEHO KaK BHEITHYMIU (KOCMM-
YeCKJMI), TaK Y BHYTPM3EMHBIMMU IPUYMHAMMA (M3BEPXKEHUAMMI CYIepPBYIKAHOB, MHBEPCUAMY MarHUTHOTO O U Jip.).

BoiBoALI

IToaBOfst NTOTM HAYYHBIX MCC/IEAOBAHNII MHOTOUYMCIIEHHBIX YYEHBIX B 00/IACTI KOCMUYECKIX OIIACHOCTENL, HeMb3sl He 00pa-
TUTb BHUMaHMe Ha MaTepyaabHOe eAMHCTBO OKPY>KAIOI[eTr0 Hac MMpa. IK30TUYECKIE VY CEHCAlMOHHbIE HAXO/IKM BO3HUKAIOT
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U3-TI0f [lepa XXYPHA/IUCTOB WK y$onoros-paHTacToB. brnsocts Gusnmuecknx 1 XMMUIECKUX XaPAKTEPUCTUK KOCMMIYECKIX
IpUILIENbIeB K X 3€MHBIM aHAJIOTaM CBUJETETbCTBYET O TOM, YTO OHU ABJIAITCA MPOAYKTOM B3PbIBa OJJHOI U3 T/IAaHET KaMeH-
HO TPyHnIibl, I HET HeO6XOJII/IMOCTI/I IIpeAIoaraTb VX NpMBHOC N3 MIPENEIOB JAaTbHETO KOCMOCA. Kak YK€ OTMe4a/10Ch BbIIIE,
110 Mepe oTHanenys or Co/lHIIA CYLIeCTByeT HeKas creludnka XMMIYeCKOro coCTaBa BelllecTBa. [oaToMy B c/iydae IpuBHOCa
KOMET 13 ya/leHHBIX TPAaHMYHBIX IIPEE/IOB ConHeuyHOI cucTeMbl (Kosery OopTa) TakKasd cneumbmka Morvia 651 6bITh 06Hapy>Ke-
Ha. B130CcTh BO3pacToB 06pasoBaHMsl, CXOACTBO XUMUIECKUX COCTABOB, IIPOCTPAHCTBEHHAs OI1130CTh K IIOSICY aCTEPOUIOB U
HEKOTOpble ApyTye OTMeUeHHble paHee apryMEHThI O[HO3HAYHO, Ha HAIll B3IVIAJ, CBUAETEIbCTBYIOT O TeHETUYECKOM ef[UHCTBE
acTepoNJIOB, KOMET I METEOPUTOB, 00pa3oBaHHBIX IIPY B3pbIBE OTCYTCTBYOLeil IaHeThl OasToH.

BoNBLIMHCTBO TeJI 0siCa aCTePOUIOB CETOHA COXPAHAIOT CBOE OTHOCUTENBHO CTAabIIbHOE IIOJIOKEHNe Ha CBOeT IIepBIY-
HOII opbuTe 1 0co60J1 yrpo3bl He IpefCcTaBIAlT. bonee Menkue 060MKY, yaereBmye K nepudepun COMTHEYHOI CUCTEMB,
10 BCem BEPOATHOCTH, 6I)UII/I 3aXBa4Y€HbI MOLIHBIM I'PAaBUTANVIOHHBIMU ITO/IAMU IOHI/ITepa n CaTypHa. O6IIOMKI/I, ynereBuine B
IIPOTUBOIIONIOKHYIO CTOPOHY, MEHSIV CBOU TPAEKTOPUI TI0f, BIMsIHMeM 6oree CTabbIX rpaBUTALMOHHBIX 1oftelt Mapca, 3emiu,
Benepsr, Mepkypus. [IBa foctatouno 60mpuinx obmomka ([eitmoc n @o6oc¢) cTamy cryTHUKaMy 6711Kaiiiero rpaBUTaliOHHO-
TO ICTOYHMKA — IJTaHeTbl Mapc. 3HauuTeabHasA YacTh U3 HMX Iajiajia Ha IVIAHEThbl M OCTaBM/IA C/Iefibl B BUJIe MHOTOUYMCTIEHHBIX
KpaTepos. B OT/IM4ne, HalIpnuMep, OT HyHI)I 49)078 MepKypI/m SCM}IH, 6)1ar0;[ap;1 CBOE Te0/TOTUYeCKOM AKTMBHOCTI, 3aTyIIE€BbIBA~
€T CBOIO JIPEBHIOI0 KPaTepUpPOBAHHOCTD. B Havase ceHTs16ps 2018 1. HefameKo OT 3eM/iu POTIETENM [{Ba aCTEPONU/IA, MHOXKECTBO
HAXOZIMTCSI Ha TTOfiIeTe. DTO peasbHble (PaKThI, KOTOPbIE PUKCUPYIOTCS BOOUMIO. A Befib I/IAHETA PACIIONOKEHA He BHYTPU OJHO-
ro 13 pyKaBoB [a/IaKTUKY ¢ MUPNIECKUMY KOMETaMH, KOTOPBIX HUKTO He CMOXKeT OOHAPY>KUTD Jake B OT[A/IEHHOM OyAyIeM.
MOo>HO MCKaTb KOCMIYeCKe YTPO3bl 3a pefieflaMyl Halllell 3Be3[JHOI CMCTeMbl, BK/II04as CIupanbHble pyKaBa [amakTuku, ofi-
HAKO He/b3s IPY 9TOM UTHOPUPOBATH PeabHbII II0SIC ACTePOUIOB, KOTOPDI PaKTU4eCcK ZOCTUTaeT OPOUTHI Halllel! ITAHE ThL.

B YIOMAHYTbBIX MaciTabax BPEMEHU U IIPOLECCOB, IMPOTEKAINX Ha 3eme u B KOCMOCE, 4€/I0B€YECKaA JXM3HDb TOJIBKO
MrHoBeHue. [109TOMy 3a CBOIO >KM3HD 4eJIOBEK MOXKET, HepPefIKO, He HabIoaTh HY OHOI I7100a/IbHOI KaTacTpodbl. XOTs Ceroi-
H, B 9II0XY [EPEIOJTHEHHOr0 MH(GOPMALMOHHOTO IPOCTPAHCTBA, IOKOOHOE YTBEPXK/EHIe YXOAUT B Ipouuioe. YesoBedecTBO
Ha4lMHA€T OCO3HAaBaTb aKTya/IbHYIO H606XOIH/IMOCTb TIOATOTOBKM K IOTE€HIIMA/IbHBIM KOCMNYECKNM YI'pO3aM. PaCCManI/IBaIOTCH
BO3MOXXHOCTH B3pbIBa aCTEPONIOB M KOMET B MOMEHT IOfjIeTa, KOPPeKUMM UX TPAaeKTOPUY, Ta3epPHOTO BO3JEIICTBUA U AP.
OpHako ycIiexa B 9TUX YPe3BBIYAIIHO CIOXKHBIX U TPYAOEMKIUX IIPOEKTaX MOXKHO HOOUTHCS TONBKO MPK 00befMHEHNN YCUIUI
BCET0 4eJIOBEYEeCKOro COOOIIeCTBa.
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Asteroids, comets and meteorites — products of the explosion
of the Phaethon planet

Stefan Grigor’evich PANYAK',
Sergey Antonovich DEGTYAREV”

Ural State Mining University, Ekaterinburg, Russia

Relevance of the work. The introduction of new tools into astronomical practice allowed us to see several the so-called “asteroids approaching
the Earth”, which actually pose a threat to humanity. The genetic nature of these cosmic bodies can be determined only by cumulative analysis of
astronomical and geological data.

Purpose of the work: comparison of the latest achievements of astronomical science in this area with the advances of planetary geology and
subsequent genetic configurations.

Research methodology. In this paper, the correct analysis of theories, hypotheses and assumptions existing in the mentioned subdisciplines using
mathematical modeling was carried out. On this basis, for example, inconsistency of the theory of the meteoritic origin of the Earth was proved, as
well as some other hypotheses as a result of a heavy-handed approach of astronomers and geologists to this issue.

Results. The combination of astronomical and geological data suggests that asteroids, comets and meteorites are a single genetic family formed as a
result of the explosion of the Phaethon planet at the site of the present asteroid belt. The debris of the equatorial regions of the planet (asteroids and
meteorites) were thrown mainly into the ecliptic plane of the solar system and produced the “Late Heavy Bombardment” 3.9 billion years ago. At the
same time, the polar “caps” of the frozen gases of the planet flew away in a plane perpendicular to the ecliptic plane and formed comets. The causes
of the explosion are linked to the modern concept of the “hydride” Earth model by V. N. Larin.

Conclusions The material composition of meteorites, asteroids and comets does not differ from the deep-seated rocks of the Earth. Thus, they are a
product of planetary evolution, and not the planet’s industrial mineral. In all likelihood, global perturbations that are fixed by significant reductions in
the biota of the Earth do not depend on the movement of the Solar system through the spirals of our Galaxy. According to modern astronomical data,
the Solar System is located between two Perseus arms and rotates synchronously with them. Humanity begin to realize the urgent need to prepare for
potential space threats. The possibilities of the explosion of asteroids and comets at the moment of approach, the correction of their trajectory, laser
exposure, etc. are considered. However, success in these extremely complicated and time-consuming projects can only be achieved by combining
the efforts of the entire human community.

Keywords: asteroids, meteorites, comets, space disaster, geochronological scale, the early evolution of the Earth.
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Results of studies for the modernized equipment of a pipelayer

Pavel Aleksandrovich KORCHAGIN’,
Anton Borisovich LETOPOLSKIY™,
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Siberian State Automobile and Highway University (SibADI), Omsk, Russia

Relevance and purpose of the work. Vertical and horizontal swings of a pipeline leading to an uneven distribution of its mass and, as a result, the
loss of stability of a crane-pipelayer itself is a problem of modern engineering, which has no unambiguous solution today. This paper gives an op-
tion of improving the design of an additional support for a pipe-layer’s boom. The proposed solution allows to increase evenness of laying a pipe
and increase the stability of the pipelayer in its operating mode. The result can be achieved by using some additional elements to the design of the
pipe-layer’s boom support.

Methods. The strength calculation of the proposed design using the existing method is quite time-consuming. To determine the critical stresses,
strain values and maximum displacements in the design, the Solid Works software was used.

Results and their discussion. The proposed design involves connecting a support with a cargo boom. The support consist of a hydraulic cylinder and
a metal base used to fasten a cylinder to the support by means of a bearing type-connection. To confirm the performance of the proposed technical
solution, the dependencies are presented, which are based on the design scheme of the pipelayer working equipment. Calculated dependencies
allow determining the amount of load for the pipelayer.

Conclusions. The results of theoretical studies conducted in the Solid Works software product are presented graphically and show stresses, dis-
placements and deformations in the boom design of the machine for laying the main pipeline. Additionally, as a result of research, the value of the
safety factor in the design of the pipelayer boom support has been determined. The diagrams of equivalent stresses, strain values, safety factor and
possible displacements in the design of the modernized equipment enable us to draw a conclusion on the performance of the proposed design of
the pipelayer boom.

Keywords: pipelayer, pipeline construction, road-building machines, major pipeline, pipelayer boom, work equipment.

ntroduction
A pipelayer is a road construction machine used in the construction and repair of pipelines (GOST P 52079-2003.
Wrought iron pipe for major gas pipelines, oil pipelines, and product pipelines. Enacted 2002-01-01. Moscow, 2005. 32 p.)[1].
The pipelayer is a crane with a side boom. The ability to lift the same load by the pipelayer at different boom inclinations is not
constant. According to its main purpose, the pipelayer is subjected mainly to external vertical loads applied to its load hook; these
loads include a weight of a single-part rigid cargo or the weight of a raised elastic section of the laid pipeline [2]. The second vari-
ant of the external load is complex since it depends not only on the elevated pipeline but on the shape of its deflection as well [2].
The movement of the pipelayer along the roughs (as well as inconsistent actions of operators during group work of machines
with a common load) leads to the fact that the shape of the pipeline deflection in the vertical plane constantly changes; the mass
of the raised section between the machines is redistributed [3]. In other words, if during work with a single-part rigid cargo, the
load on the working equipment is constant and depends only on the weight of this load and while working with a pipeline it is
variable, as it depends on many constantly changing technological factors and, above all, on a transitory weight (pipeline param-
eters) (Fig. 1) [2].
In orgder to ensure the safety of work for laying the pipeline, it is proposed to improve the design of equipment.
Purpose of the research
When working, the load on the work equipment often does not correspond to the load capacity of a machine. In this case,
there is a danger of tipping over of the pipelayer [1]. One of the solutions to this problem is to install a support which is mounted
on the main pipelayer boom (Fig. 2) [3].
Materials and methods of the research
The crane with a side boom (pipelayer) has the ability to lift the same load in a number of options for the boom lifting is not
constant. In the position of the boom close to the vertical, the pipelayer is able to lift a load of greater weight than with an increase
of working radius, due to the possible tipping of the machine towards the load [2].
To determine the hook load of the pipelayer, the following calculation was made [4]:
1. Trench parameters;
2. Minimum number of pipelayers when performing a working operation.
Trench height (k)
h,=08+D,
where D, is the diameter of the pipeline.
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Figure 1. Technological scheme of pipeline construction.
PucyHok 1. PacyeTHo-TexHonorn4yeckasa cxema yknagku Tpyoonposoaa.

L
Ha \ £
Figure 2. Pipelayer boom equipped with support. 1 — support; 2 —
hydaulic cylinder; 3 — hydraulic cylinder of support extension. Figure 3. Stresses and loads that effect on the boom.
PucyHok 2. CTpena Tpy6oyknaguuka, ocHaueHHas onopoi. 1 —  PucyHok 3. Cunbl peakumu 1 Harpysku, AeNCTBYIOWME Ha CTpeny.
onopa; 2 — rmapouUMnNuHApP; 3 — rMAPOLMINHAP BbIABWXEHUS OMOpbI.

Trench width
B =15D,

The optimal distance between suspension points (Fig. 1) of the pipeline is calculated by the formulas

EIh Elh EIh Elh
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where EI is rigidity of the laid pipeline; g — weight of 1 meter of the pipeline; &, , - height of lift of the pipeline (b, = h,, h, =h_+0,5).
The load on the pipelayers (Fig. 1) was determined by the formulas [4]
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The analysis of the results obtained in determining the loads at the points of suspension of the pipeline with the cargo charac-
teristic of the pipelayer TG-124 (depending on a hook radius), allowed us to conclude that there is an actual load equals to 93742
N on one of the suspension points, which does not correspond to the carrying capacity of the pipelayer equal to 67 000 N with
the hook radius of 3.96 m [1].

Load capacity of the pipelayer TG-124
py3oBas xapakTtepucTuka Tpyboyknaguuka TIr-124

Hook radius (from the left edge of rolling OVEr) .........oiiiiiiiii e 1.5 25 3.5 4.5 5.6
Load capacity with counterweight and stability coefficient 1.4 tons ... 12.5 10.9 7.6 5.75 4.6

The boom design of the upgraded pipelayer consists of two parts, the main boom and additional support interconnected by
anon-rigid binding [4]. A distinctive feature of the design is that the boom support is made in the form of an overhung hydraulic
cylinder, which is pivotally connected to a shoe [4, 5]. As a hydraulic cylinder, it is proposed to use a hydraulic cylinder from the
standard series 55111-8603010 [3].

Fig. 3 schematically reflects the boom of the pipelayer equipped with the support; actual reaction forces of the supporting
surface and the loads while laying the pipeline in a trench are indicated [6].
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Figure 4. Left section of the structure.
PucyHok 4. JleBasi YacTb KOHCTPYKLIUM.
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Figure 5. Right section of the structure.
PucyHok 5. lNpaBas 4acTb KOHCTPYKLMK.

To determine the values of reactions R, , R, , R and R, it is necessary to divide the hinge B, having considered the equi-
librium of each of the parts and making up ‘theforce balance equation (Fig. 4, 5). As a result, new reactions R, and R, appear in

the hinge pivot B (Fig. 5).

To determine the value of unknown forces, three force balance equations are formed:

- sum of forces about the X axis;
- sum of forces about the Y axis;
- sum of moments about the A point [7, 8].

ZF;X :RAx +RBx =0,
ZFtY =RAy +RBy _Qrp =0,

D M, =4,12R, ~4,5R, ~3,96Q, =

(1)

The force balance equations are formed: the sum of forces about the X axis; the sum of forces about the Y axis; the sum of

moments about the point B; the sum of moments about the point C [9, 10].

ZEX = _RBx _RCx =0,
ZEY =RCy _RBy =0,
D M, =4,8R, +2,9R, =0,
D M, =-4,8R_ +2,9R, =0,

From the formula (2)

RBx = _RCX
From the formula (3)
R, =R,.
From the formula (4)
4,8R_
°" 29

Substituting expressions (5) and (6) into the formula (1) the reaction was found R _:

48R,
4,12+ 4,5R, ~3,96Q, =
2,9

The resultant force of reactions R, and R, arising in the hinge pivot is equal to:

2 2
R, =R +R; .
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Bending moment in the hinge pivot axis [10]

where N - cross-sectional bending force, kN; a is the distance from a rod end to the loading point, cm.
The minimum torque of resistance of the cross profile of the axis [11]
M
W o= 1,
0,1mR

where m — condition load effect factor; R - design resistance of round rolled steel, MPa.
The diameter of the axis is determined by the formula [12]

d = 310w .

For further calculation, it is necessary to check the axis for section. You can do this using the formula [4, 13]

L <mR
nn(d 14) v

where n_ - the number of sections of the axis n_ = 2; R - section resistance, MPa.

Research results and their discussion

In the Solid Works environment, some theoretical studies have been carried out aimed at determining the strength charac-
teristics of the proposed design of the pipelayer boom with additional support [4, 14].

Strengthening studies were carried out in the following sequence [7]:

1. Specity the material and determine the type of boom mounting and the boom of the hydraulic cylinder (fixed hinge pivot;
soil exposure on the support - fixed geometry).

2. Set the load (load is directed along the rope downwards; a cylindrical figure as the rope model installed in the rod ends of
binding of the hook block; an operational force is directed to the surface of this figure with the opposite direction).

3. Build a grid on a solid body dividing the model into smaller segments.

4. Perform calculation [14].

Fig. 6 shows a curve reflecting the result of theoretical studies aimed at determining the equivalent stresses in the structure.
Minimum stress values in the structure are 0.257 Pa; maximum stress values in the structure - 2.63 - 10° Pa.

The conducted studies have allowed us to determine the areas of accumulation of maximum stresses in the structure of the
support for a given load equal to 12 tons [14, 15]. Studies have shown that the maximum stress does not exceed a permissible limit
of material plasticity [3].

Fig. 7 shows a curve reflecting the result of theoretical studies aimed at determining movements in the design of the pipelayer
boom support [11, 14]. Studies have shown that the minimum displacement values in the structure are 0 mm, maximum values
-4.62 mm.

Theoretical studies aimed at the study of displacements made it possible to determine the places in the support structure with
possible displacements of structural details. It has been established that maximum displacements are concentrated in the place of
attachment of the additional support to the hydraulic cylinder [11]. Possible movements in the structure can be prevented either

by increasing the number of bolted joints or by increasing fasteners [16].
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Figure 6. Study of the stresses in the support structure of the pipe- Figure 7. Study of motion in the support structure of the pipelayer

layer boom. boom.
PucyHok 6. UccrneqoBaHue HanpsiXeHUI B KOHCTPYKUuM onopbl  PucyHok 7. MUccnepoBaHue nepemMeLleHuid B KOHCTPYKLUU onopbl
cTpenbl Tpy6oyKnaguuka. cTpenbl Tpy6oyKnaguuka.
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Figure 8. Study of deformations in the support structure of the Figure 9. Study of the safety factor in the support structure of the
pipelayer boom. pipelayer boom.
PucyHok 8. UccnepoBaHue gecdopmaumini B KOHCTpyKUuMM onopbl  PucyHok 9. UccnemoBaHue 3anaca NpPoOYHOCTU B KOHCTPYKLUM
cTpenbl Tpy6oyknaguuka. onopbl CTpesnbl TPy6oyknagumka.

Fig. 8 shows a curve reflecting the result of theoretical studies aimed at determining the amount of deformation in the struc-
ture of the boom support [4, 17]. When a load of 12 tons is applied, the minimum amount of deformation in the structure is 1.93
- 107 mm, the maximum - 5.8 x 10* mm.

Studies aimed at determining the deformation made it possible to determine the places of possible deformations of the pro-
posed structure of the pipelayer boom support. Studies allowed us to conclude that the critical values in the simulation of possible
maximum load capacity in the nodes of the equipment do not occur [4].

Fig. 9 shows a curve reflecting the result of theoretical studies aimed at determining the factor of safety in the structure of the
boom support [4, 15]. The minimum safety margin is 1.6, and the maximum safety margin is 4.76.

Studies of the factor of safety allowed us to establish the strength characteristics along the entire length of the proposed de-
sign, as well as to determine whether the structure is able to withstand the specified loads characterized by the FOS safety factor.
In order for the load to withstand the specified loads, the safety factor should be more than 1, and therefore the details in the
design should be made with a safety factor more than 1.5.

Conclusion

In the course of the research, calculated dependencies were obtained to determine the forces in the nodal connections. The
obtained formulas allow us to calculate the load change from the mass of the pipe laid in the trench. It was found that the resulting
stresses and displacements in the design of working equipment do not exceed critical values. The conducted strength calculation
made it possible to conclude that there is a sufficient safety margin for the design of the working equipment of the pipelayer.

Application of the pipelayer with additional support can reduce the amount of equipment used when laying a pipeline. The
proposed design of the boom support will allow increasing evenness of laying a pipe, increase the stability of the pipelayer and
significantly secure the pipeline construction process.
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Pe3yAbTaThl ICCAEAOBAHMIT MOAEPHU3MPOBAHHOTO OOOPYAOBAHMSI
TPYOOYKAAAUYMKA

Maeen AnekcaHgpoeuy KOPYATUH,
AHTOH BopucoBuu JIETOMNOJIbCKUN™,
WpuHa AnekceeBHa TETEPUHA™

Cnbupckuin rocyaapcTBeHHbIN aBTOMOBUIBLHO-A0POXHbIN yHUBepcuteT (Cu6AN), Poccmsa, Omck

AKTYAALHOCTL M €A PA6OTBI. BepTuKaAbHbIE M FTOPUBOHTaALHbIE KOAeDaHMs TPYGOMNPOBOAA, MPUBOASILIME K HEPABHOMEPHOMY PACMPEAEAEHMIO ero
MaccChl M, Kak CAEACTBUE, K MOTepe YCTOMUYMBOCTM CAMOTO KpaHa-TpyOoyKAaAUmMKa, — MpobAeMa COBPEMEHHOTO MALIMHOCTPOEHUS, HE MMEIOLLAsi OAHO3-
HAYHOTO PEIIEHMsI HA CETOAHSIWHUMA A€HDb. B cTaThbe MpPeACTaBAE€H BapMAHT COBEPLIEHCTBOBAHMSI KOHCTPYKLIMM AOTIOAHUTEALHOM OMOPbLI CTPEABI TPYOOY-
KAAAYMKA. [TPEANOIKEHHOE TEXHUHECKOE PELIEHME MO3BOASIET YBEAUUMTD MAABHOCTL YKAAAKM TPYObI 1 MOBLICUTL YCTOMYMBOCTL TPYOOYKAAAYMKA B paGoyem
pexume. PesyAbTaT AOCTUraeTCst MyTem AODABAEHMSI AOTIOAHUTEALHLIX SAEMEHTOB B KOHCTPYKLIMIO OMOPbI CTPEAbI TPYOOYKAAAUMKA.

Mertoapl. [TPOYHOCTHOM pacyeT MPEeAAaraeMoin KOHCTPYKLIMK CYILECTBYIOIMM METOAOM AOCTATOYHO TPYAOEMOK. AAsl OMPEAEAEHUs KPUTUYECKUX Harpsl-
SKEHWIA, BEAVYMH AehOPMaLIMM Y MAKCUMAALHLIX NMepeMelleHnii B KOHCTPYKLIMM UCMOAL30BaH MPOrpaMmHbIi MpoaykT SolidWorks.

PesyAbTatel m ux obcyskaenme. [IpEANOKEHHAST KOHCTPYKLMSI MPEATIOAAraeT COEAVIHUTDL C IPY30BOVi CTPEAOI OMOpY, COCTOSILLYIO M3 TMAPABAMYECKOTO
LIMAMHADA U METAAAMYECKOM OCHOBDI, MCMIOAL3YEMYIO AASI KPEMAEHMS LIMAMHAPA K OMOPE C MOMOLILIO GOATOBOTO COEAVHEHMsI. AAs OATBEPXKAEHMSI Pa-
60TOCNIOCOBHOCTY MPEANOKEHHOTO KOHCTPYKTOPCKOrO PELIEHMsI MPUBEAEHBI 3aBUCMMOCTY, COCTABAEHHLIE HA OCHOBAHMM PACHETHOM CXeMbl paboyero
060pyAOBaHMsI TPYOOYKAQAUMKA. PacyEeTHbIE 3aBUCHMOCTH MO3BOASIIOT OMPEAEAUTL BEAMUMHY HArpy30K, AEACTBYIOWMX HA TPYOOYKAQAUMK.

BoiBoABI. Pe3yAbTathl TEOPETUYECKMX UCCAEAOBAHMI, NMPOBEAEHHLIX B NMporpammHom npoaykre SolidWorks, npeactaBaeHbl rpachmiyeckn U oTpaskarot
HarnpspkeHWsl, MepPeMeLLEHNs M AePOPMALIMM B KOHCTPYKLIMM CTPEADLI MALIMHDI AASl YKAQAKM MArMCTPAALHOTO TPYOOMPOBOAA. AOMOAHUTEALHO B PE3YALTA-
T€ VICCAEAOBAHMII YCTAHOBAEHA BEAMYMHA 3araca MpPOYHOCTU B KOHCTPYKLIMM OMOpPbI CTPEALbl TPYOOoyKAdAumKa. [peACTaBAE€HHDIE SMIOPLI SKBUBAAEHTHDLIX
HarpspKeHUM, BEAVUMH AechopmaLinm, KOS MLIMEHTA 3araca MPOYHOCTY M BO3MOXKHLIX MEPEMELLEHMI B KOHCTPYKLIMM MOAEPHU3MPOBAHHOTO 0OOPYAO-
BAHMSI AQIOT MPABO CAEAATD BLIBOA O PABOTOCNIOCOBHOCTH MPEAAArAEMON KOHCTPYKLIMM CTPEALI TPYOOYKAAAUMKA.

KatouyeBble cAroBa: TPYBOYKAAAUMK, CTPOUTEALCTBO TPYOOMPOBOAA, CTPOUTEALHO-AOPOXKHBIE MAWMHDI, MArUCTPAALHLIM TPYOOMPOBOA, CTPEAA TPYOOYKAAA-
4unka, paboyee 06OpPyAOBAHME.
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MaeHTdMKaumsi MeXaHU3MA TEKTOHUYECKUX ABMYKEHUN 3€MHOM KOPbI

A66ac lerpap ornbl P3AEB" %,
Cakut Payd ornbl PACYIOB2™

"MHcTuTyT cuctem ynpaeneHns HAHA, AsepbangxaH, Baky
2A3epbaiaxaHCKuin rocyaapCTBEHHBIV YHUBEPCUTET HETU U NPOMbILLINEHHOCTH, A3epbaiigkaH, baky

AKTYaABHOCTb. 3EMAETPSICEHMS MPOUCXOASIT B MEKIMAMTHOM MPOCTPAHCTBE TEKTOHUYECKUX MAMUT MPU UX B3aMMHOM (OTHOCUMTEALHOM) ABVDKEHWUU B AU-
Tocchepe. Ipy 3TOM B 3aBUCMMOCTM OT CUTyaUMM MPOUCXOASIT MPOLIECChl CyOAYKLIMM, KOAMMU3MM U CMIPEAMHIA MAUT, KOTOPLIE MPUBOASIT K HAKOMAEHUIO
HanpspKeHWsl A0 3HaY€HMs1, MPEBbILAIOWErO YCTOMYMBOCTL TOPHOM MOPOADI, U BO3HUKHOBEHMIO 3eMAeTpsiceHMsl. OAHAKO B HacCTosilee BPeMsl HET YETKOro
MPEACTABAEHMSI O MPUPOAE CUALI, ABUTAIOLIEN AUTOCCDEPHDLIE MAMTLI 3€MHOM KOPbl. CHMTAETCS], YTO FTOPU3OHTAALHOE ABMYKEHME MAMT MPOUCXOAUT 3a CHET
MAHTUIHLIX TEMAOIPABUTALIMOHHDIX TEYEHU — KOHBEKLIMU. VICTOUHMKOM SHEPIUM AASI STUX TEHEHWI CAY>KUT PA3HOCTL TEMIEPATYPbl MEKAY TEMMepaTy-
POV LEHTPAABLHBIX OBAACTEN 3EMAM M TEMIEPATY PO €€ MOBEPXHOCTU. OAHAKO AAHHAS TUMOTE3A HE MOXKET YETKO OBOBLSICHUTL MPOLIECC CMPEAVHTA MEKAY
nAtamm. Hapsiay € SHAOrE€HHLIMM CUAAMM HA ABMDKEHME MAMT HAMOOAEE CyLECTBEHHO BAMSIIOT SK30T€HHbIE (KOCMOreHHbIE) CUAbL. CAEAOBATEALHO, Orpe-
AEAEHME U MATEMATMYECKOE OMMCAHME XAPAKTEPA U OCOBEHHOCTEN STUX CUA SIBASIETCSI AKTYAALHOM 3aAaU€i, YeMy MOCBSILEHA AAHHAs CTATbsI.

LleAb pa6oTbl. MaremMaTnyeckoe ornmcaHme YCKOPEHHOTO ABMYKEHMSI MAAHETDI 3eMAst BOKPYT COAHLIA M BOKPYT LIEHTPA Hawel [aAaKTUKM, MPUBOASILIETO K
KOAEBATEALHOMY ABMXKEHMIO AUTOCCDEPHLIX MAMT.

MeToaoAnorus nccaeAoBanmsi. B pabore MCOAb30BaHLI METOALI MATEMATMHYECKOTO MOAEAVPOBAHMSI, TEOPUsI ABVXKEHMST BAOKOB 3EMHOM KOPbLI U Apeiidha
KOHTMHEHTOB, 3aKOHbI MEXAHUKM U OPOUTAALHOTO ABVYKEHMS 3eMAM BOKPYT CoAHLA 1 COAHEYHOM CUCTEMBI BOKPYT LIEHTPA Hawei [aAakTUKU.
Pe3yabTarTbl. PazpabotaHbl MaTEMATUYECKME MOAEAM MPOLIECCA YCKOPEHHOTO OPOUTAALHOTO ABMIKEHMSI MAAHETLI 3eMAst BOKPYr COAHLIA M LIEHTPA HaLe
[aAaKTUKM C YHETOM MPUAMBHOM CUALI, CUADLI, CO3AABAEMOM MArHUTHLIM MOAEM 3E€MAM (CUALI AOPEHLIA), CUADLI TPEHMSI MEKAY AHOM OKeaHa M OKEAHCKOM
BOAOM M cuAbl Koproanca. [MokasaHo, YTo MPEAAOKEHHBIE MOAEAM C OTHOCUTEALHON MOTPEHOCTLIO 4 % AAEKBATHO OMUCLIBAIOT OPOUTAALHOE ABMXKEHME
naaHet Mepkypust 1 Mapca Bokpyr CoAHLA.

BbIBOABI. B pe3yAstate KOMMNAEKCHOTO UCCAEAOBAHMSI BbISIBAEHO, YTO OAHMM M3 TA@BHLIX (DAKTOPOB, MPOBOLIMPYIOWMX ABMXKEHME TEKTOHUHYECKUX MAMT,
SIBASIETCS] YCKOPEHHOE OPOUTAALHOE ABMKEHME 3EMAM OTHOCUTEALHO LIEHTPA Hawei [aAakTvku. [Tpr 5TOM MPOUCXOAUT MEPEAAYA OTPOMHOTO KOAMYECTBA
ABWKEHMSI B TOPU3OHTAALHOM HArPABAEHUM, NMPUBOASILIETO K AehOPMALIMM (PACTSDKEHUE U OKATUE) 3€MHOM KOPbI U MOBBIEHUIO BEPOSITHOCTU BO3HUK-
HOBEHMSI 3EMAETPSICEHMUI B CEICMOAKTUBHDLIX (AMCAOKALIMOHHLIX) 30HaX. [pearoskeHa matemaTnyeckast MOAEAL CUAbI TEKTOHMYECKOTO ABMYKEHMST 3€MHOM
Kopbl. [TOKa3aHO, YTO MOAEAb AAEKBATHO OIMMCLIBAET YCKOPEHHOE OPOUTAALHOE ABMXKEHME MAAHET Mepkypust 1 Mapca. [pu onucanuy opbutaabHOro
ABVDKEHMSI 3EMAM YUUTLIBAIOTCSI AOTTIOAHUTEALHLIE CHADI, TAKME KaK MPUAMBHASI CUAQ, CMAQ, CO3AABAEMAsT MAarHUTHLIM MOAEM 3EMAM, CMAA TPEHMST MEXKAY
AHOM OKeaHa M OKeaHCKOW BoAOW, cuaa Kopuoanca. INMokasaHo, YTo CMAQ, ABMIKYILASI TEKTOHMYECKME MAUTDLI, UMEET KOCMOTEHHYIO MPUPOAY.

KAatoyeBble cAOBA: TEKTOHMYECKME MAUTLI, TAOBAALHASI TEKTOHMKA, 3EMAETPSICEHME, SIAPO, MaHTUsI, acTeHocdepa.

BEAEHME
CoBpeMeHHas1 TeoornuecKast Teopus o ABVDKeHUN MuTochepbl yTBepxk/aeT, uTo 3eMHast kopa (3K) cocront uns
OTHOCHUTEJIBHO II€/IOCTHBIX 67I0KOB — TEKTOHMYECKUX IUIUT, KOTOPbIe HAXOMATCA B IIOCTOSTHHOM JBVKEHUYU OTHOCHU-

TEeJIbHO JIPYT JIpyTa.

ITpu sTOM B 30HaX pacuIMpeHus (CpefNHHO-OKeaHMYeCKUX XxpebTax (puc. 1) 1 KOHTMHEHTAIbHBIX pu¢Tax) B pe3ynbTrare
cripepyHra 06pasyeTcst HOBast OKeaHCKast Kopa (pic. 2), a crapast HOITIOMAeTCs B 30HAX CYONYKIVIL.

BriepBble upest o fBIOKeHNN G7I0KOB 3€MHOI KOPBI ObI/Ia BbICKa3aHa B TeOpuu Apeitdha KOHTMHEHTOB, IPENTOXEHHO ATb-
¢dpenom Berenepom B 1920-x rT. [1]. ITa Teopus 6bl1a mepBOHAYANTbHO OTBEPrHYyTA. BO3poXkaeH e ujen o ABVKEHUY B TBEPHOIL
o6osouke 3eM/u IPOU3OLIO B 1960-X IT., KOT/]a B pe3yIbTaTe UCCIeNOBaHNA penbeda 1 TeoJIorny OKeaHCKOTo JHA ObUIN I0-
JIy4YeHBI JaHHbIe, CBUETENbCTBYIONINE O IPOLleccax paclIMpeHys (CIpefuHra) OKeaHCKOI KOPbI, IOXOABUIAHN OJHMX YacTell
3eMHOJT KOPBI 107, ipyTie (CyOmyKIys).

OObenyHeHNe STUX NPEACTABICHMIL CO CTapOll Teopueil fpeida MaTepUKOB HOPOAVIIO COBPEMEHHYIO TeOPUIO TeKTOHUKI
wint (TII), KoTopast CKOpo cTata OOLIETPHHATON KOHIIEMIINell B HayKaX 0 3eMIIe.

B reopun TII kmiodeBoe MOOXKEHNE 3aHIMAET MOHATHE TeOfMHAMUYECKOIT 06CTAHOBKI XapaKTepHOIT CTPYKTYPBI C OIIpe-
IeTIEHHBIM COOTHOIIEHNEM IUIUT. B OffHOII 1 TOJI e reofTHaMIYeCKOlT 06CTaHOBKE IPOMCXOAAT OHOTUIIHbIE TEKTOHNYECKIE,
MarmarudecKkue, CeiicMyecKye U reoXuMmndecKie porecchl.

3a npowennme fecatuaerys TII sHaunMTeIbHO U3MEHNIIA CBOJ OCHOBHBIE NO/IOKeHMsA. HbIHe X MOXXKHO c(OpMy/IMpOBaTh
CTIeRyomyM 06pasoM.

BepxHsis 4acTh TBepHoil 3eM/IM AEMUTCA HA XPYIKYI0 muTochepy u mwactuanyio acteHocgepy (puc. 3). Camraercs, 4To
KOHBEKI[VS B acTeHocdepe — ITIaBHAs NpUUMHA ABIDKeHMs WnT. CoBpeMeHHas auTocdepa eMUTCsA Ha 8 KPYIHBIX IUIUT U
MHOYKECTBO MeNKMX. MeJKie IIMTBI PaclooXeHbl B IOAcCaX MEXAY KpynHbIMK IauTamu. CeilcMuyeckas, TEKTOHMYIECKas U
Marmarudeckas akTMUBHOCTb COCPe[JOTOYEHA Ha TpaHMIIaxX IIJINT.

ITpu 5TOM OCHOBHBIMYM TIO3UTHBHBIMU 9IEMEHTAMI TeEKTOHNYECKMX TUITOTE3 ABIAIOTCA KOHTPAKIMOHHAsA, TyIbCalllIOHHA,
poTaionHast, rryounHas guddepenimanyn.

Ha rmmTsl KpoMe CHIbl BA3SKOCTHOTO TPEHNA AEMICTBYIOT TAK)Ke U IPYTHe, MEHbIIINE IO BeNNYIHE, HO TAK)XKe BayKHbIE CUJIbI.
9t0 cumbl ApxuMefa, obecrednBaolie IIaBaHye 6oee 1erkoil Kopbl Ha MOBEPXHOCTH 60JIee TsHKENO0N MAaHTUY 1 TIPVUIMBHbIE
CUIIBIL, 0OYCIIOB/IEHHbBIE TPABUTAIIMOHHBIM BoafieiicTeyeM JIynsl u ComnHia [2, 3].
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PucyHok 1. CpegHeokeaHCKuUi xpeoerT.
Figure 1. Mid-ocean range of mountains.

OK€aHCKasd Kopa
A

PucyHok 2. OkeaHcKas U KOHTUHEHTanbLHas Kopa.
Figure 2. Ocean and continental crust.

TaKI/IM 06pa30M, Teopm{ TEKTOHUKU J'H/[TOC(l)eprIX IUINT — BHepBI)Ie B I/ICTOpI/II/I reoIornm (bMSI/I‘{eCKI/I O6OCHOBaHHO€ 06’1)-
SACHEHINE TJIaBHbBIX CTOpOH TeKTOHI/I‘IeCKOI/“I JKN3HU 3eMJII/I, a TaKXXe JIpyI‘I/[X HPOI/I3BOHHI)IX OT HEe TeO/IOTUYECKUX HpOHeCCOB
(marmaTi3M, MeTaMOpU3M, CEIICMUYHOCTD, FeOMOPdOTeHes, CeANMEHTOTEHES).

3a quBepr BE€Ka 3Ta TeOpI/IH I'[O)'[y‘{l/[)'la y6eJII/ITe)'[I)HOC HOJITBep)KI{eHI/Ie, B TOM 4YlCJie I‘)'[y60KOBOI[HI)IM 6ypeHI/IeM, I/ISY‘{eHI/I—
€M OKeaHCKOTO JIOKa CO CITyCKaeMbIX ITOJBOJHbIX AIIIapaTOB, CEIICMIYECKON ToMorpadueri, MeTOIOM KOCMIUYECKOIT TeOfie3IIL,
XOTs OJHOBPEMEHHO BBIAACHMIIACH €€ I3MEeHEeHHasA CXeMaTUYHOCTDb U HeJlOCTaTO4HasA Mo/MHOTa. OCHOBHbIE IPUHIIUIIBI 3TOI Te-
OpI/II/I OCTAKTCA He3I)I6)'[eMI)IMI/I: JII/ICerTHOCTb (q)paKTa}'IbHOCTb) B CTpOCHI/H/I ]'II/ITOC(l)epr, €€ 3HAYMTEC/IbHAA IIOABM>XHOCTD HE
TOJIBKO B BepTI/IKaHbHOM (pam/[aanOM), HO N B I‘Op]/[30HTaIII)HOM (TaHI‘eHLU/Ia]IbHOM, naTepaanOM) HaHpaBHeHI/II/I, CBA3b BTOI/uI
MMOJBVDKHOCTY ¢ KOHBEKIIVE MaHTU.

B oT/m4ume OT N3710KEHHOTO0, B pa60Tax [3, 4] yl(a3I)IBaIOTCH, qTo I‘OpI/IBOHTa}IbHoe OBVDKEHUE IVINT 3a CYET KOHBEKTVBHDBIX
IIOTOKOB CBA3aHO C pOTaLU/IOHHI)IM pe)KI/IMOM IIJTAHEThI 38M}IH, T. €. HpOI/ICXOIH/IT Bpame}me I‘EOC(i)ep oT ﬂnpa 00O MaHTUN, 1 9T
IOBVDKEHNA JOCTUTAIOT MOBepXHOCTU. HO CKOpOCTD Ha MOBEPXHOCTH, 110 JAHHBIM [5], konebnerca ot 1,8 1o 4 cm/Top.
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PucyHok 3. Cy6ayKumusa okeaHCKOW KOpbl MOAKOHTUHEHTanbHON KOPOM.
Figure 3. Subduction of oceanic crust with subcontinental crust.

TaieHne cKOpOCTH, epefaBaeMoit Ot siapa (BpaijeHue kotoporo gocturaet 20-40 m/c [6]), HV>KHEI 1 BepXHell MaHTUI CO
CKOpoCThbIo 1-10 M/TOf, HaYMHAeT IIPOMCXOAUTD Ha ypoBHe reocep. Bpamenne reocdep 1 npuBopuT murocdepy B ABIDKEHME.

B pabore [5] mpoaHamm3npoBaHbl JaHHbIE O IIPOTSDKEHHOCTI ANBEPIEHTHBIX (OT JIAT. PACXOOSULULICS) Vi KOHBEPIeHTHBIX (0T
JIAT. CXOOSUAUTICST) TPAHNLL U CKOPOCTH IIePeMeleHNs TUTOCQEPHBIX [UINT B TEIEHNE PA3HBIX Te0JIOTMIECKIX OTPE3KOB BpeMe-
Hy. O60CHOBBIBAETCS BBIBOJ, O HA/IMYNUY TIPSIMO/IMHEITHON 3aBICHMOCTHU MEX/LY pasMepaMit TNTOCHEPHBIX IIUT VI CKOPOCTIMU
PUGTHHT-CIPEUHTOBOTO IIpOllecca Ha AUBEPreHTHBIX rpaHniax. [lokasbiBaeTcst, YTO CKOPOCTb CyOayKumu (0T JaT. 100006U-
2aHie) He 3aBUCUT OT IMPOTSHKEHHOCTY IUTUTBL. YCTaHOB/IEHHbIE 3aKOHOMEPHOCT TeKTOHMYECKMX MTPOLIECCOB [JAI0T OCHOBAHNS
IUIA TIPEMIONIOKEHNS 00 VX CBA3Y C POTALIMOHHO 00YC/IOB/IEHHBIMI BOTTHOBBIMM JIBVDKEHUAMM 3€MHOII KOPBI.

Kak 1mokasaHo paHee, CeiiCMIYHOCTD ABJACTCA IPON3BOTHON OT TEKTOHMYECKNX ABVDKEHNUIT TUTOCHEPHBIX INT. B cBA3M ¢
9TUM C/IeflyeT OTMETITb BaXHOCTD MCCIE[OBAHIS, IIPUBEIEHHOrO B paboTe [6], Ije yCTaHOB/IEHO HA/IMYNE IPOHOPIIIOHAIBHOI
3aBUCHMOCTI MEXJIy CKOPOCTAMY MUIPAlM 3eM/IeTPACEHMI U VX MAaTHUTYLAMI, T. €. BeIMIMHAMI CelICMIYeCKON SHepIui,
BBIfIeTIsIeMOIt B UX odarax. OKas3anmoch BO3MOXHBIM IPOMHTEIPUPOBATH 9Ty 3aBUCUMOCTb B BUJie POTAIIMOHHO 00YCIOBIEHHBIX
BOJIHOBBIX IBJDKEHMI II/TaHeTapHOro Macurraba [7].

IToxasaHo, 4TO CEICMIYHOCTb TECHO B3aIMOCBs3aHa C IIPOIleCCaMI, KOTOPbIe IIPOTEKA0T B 06macTAxX cThika TII, ABsro-
IUXCA MPAMBIM Pe3yIbTaTOM MX B3aMOJENCTBIUA. 3aKOHOMEPHOCTD mepementerya TII v uX B3auMopelicTBYA B MOCTeTHee
BpeMsI 4allfe ONMUCBIBAIOT B PAMKAX BOTTHOBBIX T€OMHAMIYECKIX MOJEIell, YINThIBAIOIINX 0COOEHHOCTY BPAIIEHNs ITAHETH
(5, 6, 8].

B paborax [9-13] mexanusm norpysxerns TIT 060CHOBBIBA€TCS TeM, YTO HOJ, BIMUAHIEM CXKMMAIOUINX CUJI, AEICTBYIOMINX
BIO/Ib TUTOCEPHOTO CII05I, STOT CJIOV M3TMOAETCA U MPOUCXOANT SKIOTUTHU3ALNS JAHHOTO CJI0SI TOPHOI TOPOIbL.

IIpennaraeTcs Apyroit MeXaHNU3M, CBA3AHHBII C PACTsKEHMEM KOHTVHEHTAIBHOI KOPBI /IS 00BACHEHUSA €T0 IIOTPY>KEeHNsA
Ha cKkIoHax bapeHeBckoro u IIpykacnmiickoro cBepxrayookux nporn6os [14, 15].

B pab6orax [16, 17] mpemio>keHbI HOBbIE METOAbI MOHITOPIHIA HAMIPSDKEHIST, BO3HMKAIOIINIE B Pe3y/ibraTe B3anmoperictust TIL

JlocTaTo4Ho mo/mHas Hof60pKa JAaHHBIX O CKOPOCTSIX e0JIOTMYeCKIX IIPOLIeCCOB IpuBefeHa B padote [18]. [JanHsble us 910N
paboTBI, XapaKTepu3yIoliie 3Ha4eHMs CKOpocTell cyoaykunu u nporspbkenHocty TII mraHeTsl, IpefcTaBIeHbl B Ta0. 1.

[Toppo6HbIe faHHBIE O MapaMeTpax 30H CYOAYKIUY, CofeprKaluecs: B pabore [19], mpencrasieHs! B Taom. 2.

Bcerga cunranoce, yTo Hambomnee BepOATHON HMpuuMHON nBVbKeHus TII ABmgeTca mpolecc KOHBEKIMM B MaHTHUM, HO B

Ta6nuua 1. 3Ha4yeHUs ckopocTel cyoayKuuun.
Table 1. Subduction velocity values.

IR Ao CropeeT vy
Kypunbl, Kamyatka, XoHcto TuxookeaHckas nog EBpasuiickyto 2800 75
O-Ba ToHra n Kepmapgek, Hosasi 3enaHgusi TuxookeaHckas nog VIHAMMCKyto 3000 82
LleHTpanbHasa Amepuka n Mekcuka Kokoc nop CeBepo-AmMepurKaHCKyro 2800 95
AneyTckve o-Ba TuxookeaHckast nog CeBepo- AMepPUKaHCKYH 3800 35
Asa, Cymatpa, bupma Mnawnnckas nog Espasuiickyto 5700 67
HOxHble CaHaBu4YeBbl 0-Ba HOxxHO-AmepukaHckas nog Ckola 650 19
Kapubckoe mope KOxxHO-AmepukaHckas nog Kapnbcekyto 1350 5
Orelickoe Mope AdbpukaHckasn nog EBponerickyto 1550 27
ConomMoHoBbI 0-Ba, HoBble ebpuapl MHawnickasa nog TuxookeaHcKyto 2750 87
0O-Ba BoHvH 1 MapuaHckme TuxookeaHckast nof PUNNMNUHCKYO 4450 12
WpaHx Apaswiickas nop EBpasuiickyto 2250 45
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Boin. 1(53). C. 103-114. DOI10.21440/2307-2091-2019-1-103-114
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Ta6nuua 2. NMapameTpbl 30H cy6ayKUUn.
Table 2. Parameters of subduction zones.
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BospacT kopbl norpyxatoLencs

[nuHa ocTpoBHOM Ayru CkopocTb cy6- 2 T.-T,=1,
30Ha cybaykumm y NAMTbI/HOMEpa NMHENHBIX MarHUT- 12
Hap 30HOM cybaykumm, kKM Aykumu, cm/rog HbIX AHOMASVI B HEli MITH net

BoctouHo-AneyTckas 1625 5,8-6,4 ManeoueH—aoueH/18-24 54 —-43 =11
3anagHo-AneyTtckas 1000 7,7 MNaneoueH—3oueH/20-26 59-45=14
CeBepo-Kypunbcko-Kamuatckas 1125 8,3 PaHHuit-no3gHuin men/30-M0O 119 -67 =52
HOxHO-Kypunbckas 950 9,5 PanHHuii men/M1-M5 128 -123=5
AnoHckas (ceBepHas YacTb) 1700 9,5-10,3 PaHHuit men/M5-M16 145-128 =13
AnoHckas (KxHas YyacTb) 875 6,2 ManeoueH—cpegHuin MnoueH/6—22 51-20=31
Prokio 1100 5,2-6,5 MNaneoueH—a3oueH/18-21 49-43=6
dununnuHckas (KxHasi 4acTb) 1000 7,0-9,3 Maneouen—aoueH/18-22 51-43=8
Masy-boHnHckas 1380 4777 Mo3gHas topa—paHHuii men/M5-M21 154 — 128 = 26
MapuaHckas 3000 3,1-3,8 Mo3pHas ropa/M21-M32 169 — 154 = 15
3anagHo-3oHackast 3000 6,0-6,7 SoueH—paHHui men/20-M4 128 - 45 =283
BocTo4yHo-3oHAackas 2250 7,6-8,0 Mo3gHas topa/M16-M26 163 -145=18
Hosaga BputaHusa
1 ConomMoHoBbI 0-Ba 2400 10,3 ManeoueH—nnuoueH/2—26 59-2=57
Hosble Mebpuabl 2000 8,5 SoueH—-cpegHun muoueH/9-23 53-30=23
ToHra—Kepmagek 3250 5,5-9,3 Mo3aHsas topa—paHHuii men/M0-M16 145-119 = 26
AHAbI 9000 7,4-15,4 SoueH—cpeaHun muoueH/5-22 51-10=41
LleHTpansHas Amepuka CpegHuii MMoLIeH—4eTBEPTUYHbIN 20-1=19
n Mekcuka 3125 6 nepuvoa/1-6

OT/INYME OT YKa3aHHOTO TOABUINCH MOJIE/N, OCHOBaHHbIE Ha TPaBUTAIIOHHOI HEYCTOMYMBOCTI. [l pa3pelenus 3Toro ysio-
BOTO BOIIPOCa, KaK OTMe4eHO B pabore [20], Tpeby0TCA HambHelIINe CCIeOBAHNA TEKTOHVIKY IUIUT.

Lleab paboTb

MaremaTtudeckoe oIrcaHye YCKOPEeHHOTO ABVDKeHNA IIaHeThl 3eMiiA BOKpyr ComHIla U BOKPYT LieHTpa Hamleit [anakTukuy,
IPUBOJSALIETO K K0/Ie6aTeIbHOMY ABVDKEHNIO TUTOCQEPHBIX IIJINT.

J7s1 pelieHust TIOCTaB/IEHHOI 3a/IauyM HAMU [IPOBEJEHO UCCIejoBaHne Hanbomee BEPOSITHBIX 9K30T€HHbBIX U 9H/IOT€HHBIX
(hakTOpOB, BAMIONINX Ha IBVDKEHME TEKTOHNYIECKUX IT/INT.

B pesy/braTe KOMIUIEKCHOTO IIOAXO0/A OBUIO BBISB/IEHO, YTO OHMM 13 OCHOBHBIX ()aKTOPOB, IPOBOLIMPYIOLINX JBIDKEHIIS
TTI, siBnsteTCs yCKOpeHHOe opbuTanbHoe (IIPOfjoIbHOe) ABVDKeHME 3eMu (M3MeHeHe a0COTIOTHON CKOPOCTH 110 HAIIPAB/ICHIUIO
¥ 10 3HAYEHMIO) C TOXOBBIM [IEPMOLOM. B CBsI3M € 3TVM B JaHHOII CTaTbhe PaCCMATPUBAETCS BOIPOC NACHTUDMKALIMY MeXaHMU3Ma
TeKTOHMYECKNX ABVDKEHMIT 3eMHOII KOPBI, IPUBOJALINX K BOSHUKHOBEHIIO 3eM/I€TPACEHMIA.

MeTOAOAOTMSI UCCAEAOBAHMST

B paboTe 1Cronp30BaHbl METOBI MATEMATIYECKOTO MOJIE/IMPOBAHIIS, TEOPUsl JBVDKEHVST OIOKOB 3eMHOI KOpBI U jpeiida
KOHTVHEHTOB, 3aKOHBI MEXAHUKY ¥ OpOuTanpHoro gsrokerns 3eman Bokpyr Comnia n COMTHEYHON CHCTEMbI BOKPYT LIEHTpPa
Hartei [amakTukm.

PesyAsTtartnl

B pa6ore [20] npenioskeHO BbIpaXkKeHye /I OTK/IMKA YIPYTOil IJIMTHI ITOTyOeCKOHEeYHO! I/IMHBI Ha CHYCOMUIAaIbHOE BO3-
nevictBue P = P0 sin ot ¢ nmeprogom T = 271t/ ®, mpuoXKeHHOe Ha Kpar x = 0. CMelieHne uMeeT BUJ

u(x,t)=-(,,/ \/E RE)exp (-Rx) cos (ot — Rx + 1/4),
a [JaBJIeHNe [IPU HTOM OIIpefessieTcst POPMYIIOit
P (x, t) = P, exp (Rx) sin (of - Rx),

riie P — amrutysa raBnenuis; E — momynb FOHra, x — paccrosiame, R = V1/2mt,® - yrioBas 9actoTa, v = ®/R mpegcrasiser
co6011 CKOPOCTD 1iyTa HarpsDKeHns (1 feopManny) B HalPaBIeHUN X.

[Tockonpky I'T] o cBoO€l! IpMpOfie BA3KOYIPYTH, BEPTUKATbHbIE HAIIPSDKEHNS TOPO>KAAIOT TOPMU3OHTATbHbIE COCTABISIOLIIE.

TopusoHTaIbHBIE HAIPSDKEHMs B 3eMHOI Kope (3K) BIAoM3MeHsI0TCA Of, JeiiCTBMEeM TeKTOHMYIECKNX CIUT, KOTOpBIe fieli-
CTByIOT Ha HpOTH)KeHI/II/I BCeVl Te0IOTMYeCKOM I/ICTOpI/H/I. OHI/I CBOIAT I[ef;[CTBI/ITeTIbeIe HaHpH)KeHI/ISI B I‘OprIX nopo;[ax (FH) K
TpeM HepaBHbIM OCHOBHBIM COCTABJ/IAIOIINM, KOTOpre HeﬂCTBymT 104 HpHMI)IMI/I yI‘TIaMI/I I[pyl‘ K ,T_[pyl"y B TaKOM cnyqae 61 — Ha-
n6o7bIee OCHOBHOE HANPKEHNE, G, — TIPOMEXYTOIHOE TI0 AMIUIUTY/Ie OCHOBHOE HaTIPSKEHMe, @ G, — HaMeHbIllee OCHOBHOE
HanpspKeHne. Tpu BO3SMOKHBIX CXEMBI JIEVICTBUSA STUX HAMIPSKEHUIT OKa3aHbl Ha puc. 4, a. Korga pasHoCTb MEXy G| U G, TIpe-
BhIIaeT mpoyHocTs ['T], mponcxoput cOpoc u HampsHKEHMe CHUMAETCS, HO 3aTeM IIOCTEIIeHHO BHOBDb BO3PacTaeT.

YcmoByst BOSHMKHOBEHNUSA COpoca MOTYT OBITh BBIABIEHBI ITyTeM IIOCTPOEHMs AuarpaMMbl Mopa Ha OCHOBaHUU pes3y/ibTa-
TOB UCIIBITAaHUA 06pa3u013 Il B KaMepe HpI/I TpeXMepHI)IX Harpy31<ax. PaCCMOTpI/IM pI/IC. 4, 6, Ha I(OTOpOM 3HAYCHUA HPOI[OTII)-
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PucyHok 4. HanpspkeHua B 3eMHOM KOpe. a — BO3MOXHbIE CXeMbl NMPOSBNEHNS HaNpshKeHuii B 3eMHoi kope; 6 — anarpamma Mopa ans nnactu-
yeckoro paspywenus I'1; 1 — HanpshxkeHne casura; 2 — HopmarbHoe HanpsikeHune; 3 — auddepeHumansHoe HanpsXxXeHne 4 — NMMHUA paspyLUeHns;
5 — 30Ha HEyCTOMYMBOCTU; 6 — 30Ha YCTOMYMBOCTMU.

Figure 4. Stresses in the earth's crust. a — possible ways of occurrence of stresses in the earth's crust; 6 — Mohr's diagram for plastic fracture;
1 — shearing force; 2 — normal stress; 3 — differential stress; 4 — line of fracture; 5 — zone of instability; 6 — stability zone.

HOTO ¥ TIOTIEPEYHOTO HATIPSKEHNA (G, M G, COOTBETCTBEHHO) MPU MaKCMMAIbHOM HATIPSKEHMM CIBUTA Ha KPUBOIi «ledopma-
LI HAIIpsDKeHMe» OT/I0KEHbI Ha OCU abCIUCC, @ Yepe3 OTPe30K, COOTBETCTBYIOLINIT X Pa3HOCTH, IIPOBEfieHa OKPYXKHOCTD C
LIEeHTPOM Ha 3TOJ OCH.

OTa mpoliefypa IMOBTOPSETCS I HECKONIBKIX 3Ha4eHMII faBieHnsa obxmma. [Inomanp, orpaHiyeHHas KacaTeIbHbIMU K
IIOTTy9€HHBIM OKPY)KHOCTSM, OIpefiefiieT YCIOBUe YCTOMYMBOCTH. ToUKa IepecedeHns IMHIY pa3pyLIeHnsA C OChI0 OpfiMHAT
flaeT 3HAYEHUE IPOYHOCTH CLEIUIEHNUIT T, TOPHOIL IIOPOJbL, @ HAK/IOH () 9TOI IMHUM OIPENE/ISET YO/ BHYTPEHHErO TPEHMUs,
KOTOPBIIT AABIAETCS MEPOI IPOYHOCTI.

C yyeToM reoMeTpuyecKuxX COOTHONIEHMI Ha AuarpaMme Mopa MOXXHO MOKa3arb, 4TO G,, G,, T MOTYT OBITb OIpefie/ieHbl
CNIEAYIOII VMY BbIPAyKEHUAMIU:

6,=0, (1 -sin @)/(1 +sin @) - (2 c cos @)/(1 + sin @);
c,=05(c,+06,)-0,5(c,-0,) cos 2 (90 - u);
1=0,5(c,-0,) -sin 2 (90 - ),

I7ie ¢ — IPOYHOCTD CIETIeHN.

B pa6orax [21-23] npuBeeHbI [yarpaMMbl Harpy>xeHns (puc. 5), Te IIoKa3aHo, 9YTO Ha Ha4a/IbHOM 3Tale gedopMaluy Ha
AuarpaMme Harpy>kKeHMs IIPaKTUUECKY BCETfa CYIIeCTBYeT 6ojiee TIOIOrMIi, YeM OCHOBHOIT, KBa3WIMHEIHBI YIIPYTUIl YIaCTOK.
9T1oT yyacTok fiehopManyy 06bACHAET HaMM4Me IPUOTKPLITHIX B IOPofie TpewmH. B pabore [22] ¢ yueToM 3KCIepUMeHTOB
HaMJ IOJTy4yeHa ajleKBaTHas MaTeMaTidecKas Mofiesb (C IIOrpelIHoCThio 2,13 %) B ciemyomeM Buje:

Q=237 (1-2,64 exp (-€/0,017)) + 1,64 exp (-€/0,023),

e Q, € - COOTBETCTBEHHO HaIpsDKeHMe 1 feopManyist B TOPHOI HOPOfe.

V3 M3710)KEHHOTO CTIefiyeT, YTO BepTUKaabHble HanpsoKeHns B I'T] nopoxzaioT ropusoHTanpHble cocrapnsomuye. OgHako
IIpUBefieHHbIe HAMI KOMIUIEKCHBIE JMICCTIeIOBAHMA [T0Ka3alu, YTO Ha TOPM3OHTa/IbHBIE coCcTaB/sgomye Hanpsokerns [T1 kpome
TeOCTAaTUYEeCKOTO JJaB/IeHVsl He MeHee CYIIeCTBEHHO BJIMET TakKe YCKOPEHHOe OpOuTaIbHOE IOBIDKEHNE 3eMIIN, B pPe3y/ibTa-
Te Kotoporo B I'Tl B TOpM30HTaTbHOM HAIPAB/IEHNN HEPEIAETC OTPOMHOE KOMMYECTBO JiBIoKeHns — Avm, (rie Av, m, — co-
OTBETCTBEHHO M3MeHeHNne abCOMOTHON OPOMTAIBHOM CKOPOCTI 11 Macca 3eMiin), IpuBOsiie K gedopmanun (pacTsoKeHe
u okarue) 3K. Ilpu coBmagenun yactorsl KonebarenbHbix ayokeHuit 3K ¢ yactoroit ceitcmoaktuBHo Touku [Tl BosHMKaeT
PE30HAHC, CIIOCOOCTBYIOMMII CABUATY IUIUT OTHOCUTEIBHO APYT APYra ¥ BOSHMKHOBEHMIO 3eMeTpsiceHnst. [lasiee mpuBOAUTCS
Ipe/IoKeHHAsA HaMyl MAEeHTUUKALMA MeXaHU3Ma TeKTOHNIeckux ABIvkeHnit 3K, croco6cTByONIX BOSHIKHOBEHNUIO 3eMJIe-
TPSICEHMUSI.

Kak 13BeCTHO, BCe ITaHEeTbI, B TOM 4ncie 3eMJId, BpamaiTcs BOKpyr CorHIa U, Kak monaran KomepHuk, JOMKHBI OINCBI-
BaTb OKpyxHOCTI. OZHAKO B XOfje CBOET0 HabmofeHmst 3a opburoit Mapca Kertep 3ameTnst, 4to ata opbuTa He OKPY>KHOCTb,
a uMeeT GpopMmy s/UInIICa. B ajibHeitieM ObIIO BBISICHEHO, YTO BCe IUTAHETHI, Bpaliasch BOKpYr COMHII, OMMCHIBAIOT 3JI/INIIC, B
onHOM 13 GoKycoB Kotoporo Haxoputcst Conmtite. CieoBaTe/IbHO, BO3HIKAET eCTECTBEHHbIN BOIIPOC, YeM Ke BbI3BaHa fedop-
Malys KpyroBoro ABIDKeHus (AByoKeHe 1o ammmicy). Cam Kertep He 3Han npuunHy gedopMariyi, Tak Kak OH pacCMaTpyUBaj
U30/IMPOBAaHHYIO COTHEUHYIO CUCTeMY, Iie CoHIle MOKONMTCS, a BCe IUIAaHEThI BPAIAI0TCA BOKPYT HETO. A B [Ie/ICTBUTEIbHOCTI
CorHeyHas cHCTeMa B IIe/IOM JIBIDKETCS BOKPYT LieHTpa Hamlell [amakTuku co ckopocTbio 250 kM/c [24]. CregoBarenbHO, Ipu
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PucyHok 5. XapakTepHbIi BUg agnarpaMm Harpy»eHusi o6pasuoB ropHbIX Nopoa npu gunataHCUBHOM pexume aecdopmaumu.
Figure 5. Typical form of loading diagrams of rock samples during dilatancy deformation.
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PucyHok 6. YckopeHHOe aBuMxeHue 3eMIun. a — opbutanbHoe ABuKeHne 3emnm OTHOCUTENbHO ABxeHns ConHua; 6 — nsmeHeHne abcontoTHOM
ckopocTtu 3emnu; t — Bpems; T — rogosoli nepuog, (365,25 aHelt) obpalleHns 3emnu, v — BEKTOP CKOPOCTU.

Figure 6. Accelerated movement of the Earth. a — orbital movement of the Earth relative to the movement of the Sun; b — change in the absolute
speed of the Earth; t — time; T — annual period (365.25 days) of the Earth’s revolution, v — velocity vector.

9TOM abCOMIOTHASA OpOUTAIbHAS CKOPOCTD ABVDKEHN IVIaHET v OyZieT M3MEHATHCS He TOIbKO IT0 HAIIPaBJIeHNIO C YCKOPEHUeM
2%/1, a TaK>Ke 10 3HAYEHUIO COIVIACHO IIPEeIOXKEHHOIT Mofienu [7]:

v=v.+A4 sSna (§0)]

C yCKOpeHueM
Av 24, (sin90°~sin 270°)
AT T
Ifie v, - IpofoNbHasA ckopocTh ComHIa; A — aMImMTyaa OpoUTanbHON CKOPOCTH IIaHeT; T — Mepyop BpalleHNs TUTaHeT; oL —
YTOJI MEX/y BEKTOPOM CKOPOCTH U BpeMeHH, 0. = ot.

TeomeTpmyeckas nHTEppeTanus Mofenu (1) Ha mpuMepe TUIAaHETH! 3eMJIsl TIPENCTABIEHA Ha PUC. 6, U3 KOTOPOTO BU/HO,
gto 1ipu o, = 0°,180° v = v = 250 km/c. A mpu 3HavenusAx o = 90°,270° coorBeTcTBEHHO ¥ (90°) = v, + A4 1M v (270°) =v_ - 4.

[IpoBeneHHble HAMM pacYeTbl [MOKA3aIM aeKBATHOCTh MaTeMaTudyeckoil Momean (1) mpy ONMCaHUM JBVDKEHUS [JIAHET
rpymist 3eman — Mepkypust u Mapca (ta6m. 3).

B ciryuae nBiokenns 3emsm (prc. 6) ¢ GakTUYECKUM AMAIa30HOM M3MEeHEeHNUs] OpOUTanbHOI CKOpoCcTH oT 29,3 KM/C B ade-
nmn 1o 30,3 KM/C B mepurenny afjeKBaTHocTh Mofienu (1) He cobmromaercs [25, 26].

9TO CBS3aHO C OO'BEKTUBHBIMI IIPMIMHAMM, 3AK/TIOYAIOIVMICS B TOM, YTO 3eM/IsI [10 CPAaBHEHMIO C IUTaHeTaMu MepKypuii
u Mapc, KOTOpble He MEIOT CIIy THUKOB, OKEaHOB, CYI[eCTBEHHOr0 MarHnTHOro nojust (B8 100 pas mensure MIT 3emn) 1 HaKIO-
HEHVsI K 9K/IUNTHKE (PUC. 7), OfiBEp)KeHa SOIONTHITEIbHOMY YCKOPEHIIO, KOTOPOE MOXKHO OIIPEeINTb CIEAYIONM 00pasoM:

: 2)

Av

a, =—

24, (sin90°-sin270°) 1
\ =

4
1
-~ SE —— (E+F+FE+F,), 3)
AT M = T m3(1 2 EE)

1
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Ta6nuua 3. Pacuet norpewHocTu moaenu (1).
Table 3. Calculation error model (1).

Mo dpakTnyecknm

Mo npeanoxeHHon mogenu [aHHbIM [7.9, 26]

MorpelwHocTb Mogenu

Ans Mepkypusi
M3ameHeHne abCcontTHON CKOPOCTU:
A (sin90°-sin 270° v -, Av, — Ao 0,4-0,38

Av = "’( )=0,384 Ayg = P =0,4 A=—" 100%=—"""100%=4%

Vs U A’Uf 0, 4
C yckopeHuem no (2)

s rAe v,, v,— CKOPOCTb MiaHeTh
AY/AT = 2,5263 cm/c B nepurenvu v ajpenun, v, = 1,5 v;
YckopeHnue, cosgaBaemoe ComnHueMm:
v+ ’ua1

a = 3,99 cm/c? v, = 5 =0,4
C y4eToM TOro, 4To 48 km/c — opbuTanbHas
ckopocTb Mepkypus

[ns Mapca

Av=0,1928 A A

C ycKopeHuem no (2 v, —Av
y @ oo A= T100%=
AvIAT = 0,1633 cm/c? Aoy = "0 =0, 1867 Vm
v
\Y, , C : m 0,1928 - 0,1867
‘ckopeHue, co3gaBaemoe CornHuem _ 100% =3,16 %
a=02578 0,1928

rae F, - npunuBHas cuna, cosnasaemas Jlynoii; F, — cuia, co3gaBaeMas MarHUTHBIM 0JIEM 3emnu (MII3); F, - cuna tpenns
MEX]Ty JJHOM OKeaHa 1 OKeaHCKol Bofioif; F, — cuma Kopnonmca.

Hbp10TOH IOKa3aJ1, YTO IPUIMBLI U OT/IMBBI 00YCIOB/IEHBI HEPABHOMEPHBIM MIPUTSDKEHIEM BOJBI B OKeaHe CO CTOPOHBI JIyHbI
F,. Jlyna n 3em/is BMeCTe BPAIAKTCsA BOKPYT O0MIEro 1eHTpa Macc R, KOTOpbIi cOTNacHo paBeHCTBY R M| = R, M, Haxoautcs
Ha paccToAHMYU npuMepHO 4740 KM oT nentpa 3emnu, rae M,, M, — coorBeTcTBeHHO Macca 3emyn u JIynsi; R, R, — paccTosanmna
oT 00111ero IleHTpa Macc 1o LieHTpa 3emu 1 JIyHsI cooTBeTcTBeHHO (puc. 7). Korpa 3emys nputarusaet JIyHy 11 B CBOIO 0uepenb
JlyHa Taxoke MpUTATMBaeT 3eMIIO C PaBHOI U IPOTUBOIIONIOXKHO HAIIPAaB/ICHHOI CIIoi (TpeTnit 3akoH HbloToHa), BO3HUKaeT
cuna MI‘UZ/RI, BBI3bIBAONIAs ABJDKEHNE 3eM/IM BOKPYT 00IIero IeHTpa Mace ¢ IIepUOJiOM, PAaBHBIM OTHOMY MecALy. /lyHa nBu-
XKETCS 10 CBOeIT OpOuTe BOKPYT 06111ero [ieHTPa, COBEpIIast IIOTHBII 000POT 3a MeCsIIL.

JononHuTeIbHOE YyCKOpeHe 3eM/n, co3flaBaeMoit JIyHoit, MMeeT crefyrollee 3HaUYeHMe:

M, R
a=—"——3R=R +R,,
M +M, T

e R — paccrosaHue oT 1jeHTpa JIyHbI 10 eHTpa 3eM/u. DTOT 110 CPABHEHUIO C YCKOPEHMEM CUTIbI TSXKeCTH 3eM/IU «HUYTOXKHBII»
9¢deKT ABNAETCA IPUYMHON MOIIHBIX NPYINMBHBIX BOMH. OH eXecyTouHO cosfaer 10" [I>K KMHETUYeCKOIl SHepruy, Iepeme-
I[asi OTPOMHBIE Macchl Bofibl. CriefoBaTenbHO, NpuinBHas cuma JIyHbl F, cO3aeT OMONMHUTETBHOE YCKOPEHWE, TPOTUBOIIO-
JI0XHO€ a6COMITHOMY YCKOpeHMIo 3eMnt, paccantanHoe 1o popmyre (2). Cuna F,, cosnasaemas MII3, cBA3aHa C MATHUTHBIM
I10J1€EM, HaXOAAIMMCA B Ape 36M}II/I, COCTOAIIMM 3 KOPITYCKYT (HpOTOHOB, 9JIEKTPOHOB U HEKOTOPDIX TAKENDIX AAEP, TAKNX
KaK KajIbL{MIi, XKeme30 1 T. .) ¥ MOPOXKFAIOIMM BBICOKO B 3eMHOIT aTMOc(epe ameKTpudeckue TOKI. [Ipy 9ToM 3apspKeHHbIe
YaCTUIBI ABVDKYTCA K ITOMTI0OCAM M BPAIIAIOTCA TaM 0 OKPY>KHOCTM IOJ, fieficTBueM cui JIopeHa:

JlyHa

PucyHok 7. BpalweHue 3emnu u JlyHbl BOKpYr o6Liero LieHTpa macc.
Figure 7. The revolution of the Earth and the Moon around a common center of gravity.
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=qv*Bsin a, (4)

I7ie g, ¥ — COOTBETCTBEHHO 3apsiji U CKOPOCTD OT/ENbHBIX YaCTUL]; B — MOAY/Ib MATHUTHOI MHAYKIINNL.

B pesynbTaTe B3auMOZEICTBIUSA STHUX TOKOB ¢ HOpMaibHBIM MII3 BO3HMKaeT M3MeHeHIe TeOMATHITHOTO IOJIsA, KOTOPOe, B
CBOIO OYepeflb, MHAYLUPYET NEeKTPUUeCKIe TOKN. A 1o 3akoHY JIeHIla MHAYKIMOHHBI TOK BCEIfia MMeeT TaKoe HallpaBJIeHNe,
IIpM KOTOPOM €r0 MarHuUTHOE II0jIe IIPOTUBOJEIICTBYeT I3MEHEHII0 MarHUTHOTO II0TOKA, BBI3BIBAIOLIETO 3TOT TOK. Jpyrumu
cnoBamu, F, MMeeT IPOTUBOIIONIOXKHOE HATIPAB/IeHNE K M3MEHEHNI0 ¥, 3eMmn (v, ). DTO 1 €CTb OfjHa U3 IPMYNH, IPUBOAAIIIX
K HeTOYHOCTY IIPeJIO>KeHHOI Mofier (1) mpy omycaHuy ABVYKeHN 3eMJII.

Kak n3BecTtHO, BpaleHe 3eM/Iu BOKPYT ee OCY CO37a/I0 9KBATOPUA/IbHYIO BBIMYK/IOCTD U 3ACTABMUIO 3eMJII0 IIPUHATD (op-
My, 607ee OMUBKYIO K CIUTIOCHYTOMY chepouny, 4eM K chepe. [paBUTAILIOHHOE IPUTSKEHME YaIeHHBIM 00 BEKTOM U CIUIIOC-
HYTBIM C(epOUIOM HECKONbKO OTIMYAETCA OT NMPUTKEHMUA MEXKAY TaKUM 00beKTOM 1 cepoil. DKBaTOPUATbHbIN BBICTYII
HaKJIOHEH K 9K/IUITUKe Ha 23,5° (puc. 6). Korpa JIyna nputAruBaet K cebe SKBaTOPMAIbHYIO BBIIYK/IOCTb MEX/Y JTHOM OKeaHa
7 OKEaHCKOII BOJION, TOTIa BO3HUKAIOT CVUJIBI TpeHus [27]:

E,=F,= uSAv/Al, (5)

I7ie |\ — BHyTPEeHHee TpeHue; S — IJIONaflb CONPUKOCHOBEHMA cloeB; Av/Al — TpalueHT CKOPOCTH, TIePIIeHANKYIAPHON K Ha-
MpaBlIeHNIO S. 9TO IPUBOAUT K TOPMOXKEHUIO BpallleH!:A 3eM/IN, I CO BpeMeHeM CYTKU YIIMHAIOTCA. Bpino BpeMs, Korja npo-
TOJDKEHNe CYTOK COCTABJLAIO BCero 5—-6 4. DTOT PaKTOp TaKyKe HallpaBjIieH IPOTUBOIIOTIOXKHO K aOCOMIOTHOMY YCKOPeHMIO 3eM-
1, onpepenaeMoMy 1o popmyie (2).

ITpu BpameHnu BOKPYT CBOEl OCK 1 OpOUTATbHOM BV KeHNM 3emMis mofisepraetcs cune Kopuomnuca F, [28]:

F,= 47mqum3, (6)

IZie 1 — 91CTI0 060POTOB, COBEPIIAIOIIMXCS CUCTEMOIT (3eMIIelt) 3a eAVHIIYy BPeMeHI; v, = CKOPOCTD, TIePIeH/MKYIAPHAsA OCH
BpaleHus, mofobHo rpaanenty ckopoctu Av/Al B popmyre (5). Cuma Kopronnca BCelzia HaIlpaBjIeHa IIPOTYUB BpaIleHNA U
OpOMTaIBbHOTO [BYDKEHNsT 3eMIIN U, CTIEOBATENIbHO, IPUBOAUT K M3MEHEHIIO v, OpefernsieMoit o ¢popmyre (1).

VI3 M3710>KeHHOTO CTIelyeT, 4TO TeKTOHMYecKoe ABIvKeHue 3K (11 IIUT) TeCHO CBA3aHO C YCKOPEHHBIM ABIDKEHUEM 3eMIIN,
onpegenseMbIM 110 Gopmynam (1)-(6). ITockombKy, Kak BUFHO U3 PUC. 6, OT TOUKM OCEHHETO PaBHOJEHCTBUA JIO TOUKY 3VMIMBI
IBVDKEHVe 3eM/I YCKOPSETCs U, CIefOBaTeNbHO, TEKTOHMYECKYe IUIUTHL U ALPO 3eM/IU [0 VHepLuy OYAYT ABUTAThbCS Hasap
(IpOTUB BVDKEHMS), @ OT TOYKY 3UMBI IO TOYKI) BECEHHETO PAaBHOCHCTBIA ABIDKEHME 3eM/IN 3aMefl/IAeTCA U, CIIe[IOBaTe/IbHO,
IIPOMCXOANT OOPATHBII IIPOLIECC, IUIMTHI U SIAPO [I0 MHEPLINH JBUTAIOTCS BIIEPE] ¥ TAKIM 00pasoM IIPOMCXOAUT KoebaTerbHOe
nBokeHne 3K (MM TeKTOHMYECKNUX IUIUT) U AAPa C IeproRoM 1 Tofy. B cBs3M ¢ 9TMM MOXKHO IepedncanTb paboThl HEKOTOPBIX
aBTOPOB [25, 26, 29, 30], yTBep)KAAOIINX, YTO BHYTPEHHE AP0 HUKOTTA He ObIBaeT B TeOMETPUIECKOM LiIeHTpe 3eM/IU U COBep-
IIaeT My/IbCUpyIolee NBIDKeHNe BOIM3N Hero II0 HEeKOTOPOI 3aMKHYTol opburte. ITonydeHHble pe3ynbTaThl [24] 10 [BIDKEHNIO
Apa COCTaB/ICHbI HapaBHe C M3BeCTHBIMU daKTaMyl HeCTaOMIbHOCTel Bpatennsa Jemmn. IlokazaHo, 4To 9111 aKThl He IPOTHU-
BOpeYar APyT ApPyTy.

OpHako B IlepevlC/IeHHBIX pab0oTax He YKa3bIBaeTCs IIPUYMHA CMEIIeHA AMIPa, a IOKa3bIBAeTCA TONIBKO CIIEACTBIE IIPIUJIO-
JKEHHOII CUIIBL, T. €. BIUSHIIE TOCIe{HETO Ha n3MeHeHue faBneHns u fedopmaryn 3K, cnocobersyromiee BosunkHoBeH10 ACIL.
[Tpuyem npeIoKeHHas HAMU MOJIe/Tb IBVDKEHUS Apa MOATBEPK/AAeTCs JAaHHBIMY, IPUBEeHHbIMHI B pabore [29].

Kak n3BectHo, Haura [amaxktuka (Meunslit IIyTh) AB/s€TCA YWIEHOM «MECTHOJ IPYIIIbI», KOTOPbIE XOTS 1 OT/eeHbI APYT
OT JIpyra COTHAMM ThICSY mapcekoB (1 nk = 3,086 - 10" cm), 06pasyioT HeOONbIIOE CKOIUIEHVE U BPAIAlOTCs BOKPYT 0011ero
LeHTpa (4epHoIt ABIPbI) CO CKOpOCThIo 500 Kkm/c [25].

Ecnmu yuects, uto 99 % Maccol ConmHeuHOI cucTeMsl cocpegoTodeHo B Comnne n macca ConHua cocrasigeT 1,99 - 107,
paccrosAHue ero oT HeHTpa lamakTuku paBHO 8000 mapcekoB U MOCTOAHHASA TATOTeHNA G = 6,67 x 107 guH x cM® x 1?), Torma
yCKOpeHIue, co3fiaBaeMoe IieHTpoM Haitleit [anaxTuku Ha ConHile, 6yIeT COCTaBIATh, cM/c%

1
aoGM _ G20 o0
I T

I7ie 1. — paccTosiHue oT nentpa lamakrtuku go Conmuua, cM; m, m — Macca neHTtpa Hauteir laymakTuku n COMHITa COOTBETCTBEHHO.

Kpowme aToro, conneunas cucrema (CC) momydaeT ONOTHUTEIbHOE YCKOPEHNe, CBA3aHHOE C BpallleHyeM Hamrell [amakTm-
KU BOKPYT 06111ero 1eHTpa [amakTuk co ckopocTbio 500 km/c. AbcomoTHas ckopocTb CC 6yIeT pacCUUThIBAThCS yPaBHEHNUEM,
HOAOOHBIM YpaBHEHMIO (1), OTIMYAIOUMMCS TeM, YTO B IIPEIOKEHHOM YPaBHEHNMI YUMTBHIBAETCSA CKOPOCTD ABVDKeHus [amak-
TUKI, T. €.

v'=o +A_ sina=v+(v-A_ sina)sina,

Ifie v, — CKOpOCTb [amakTuky, A — aMmmutya opburanbroit ckopoctu Connia (ComHeqHOT CucTeMbl); ‘v:b — abCOMIOTHAs CKO-
POCTb JBIDKEHNA IJIAHET C YI€TOM CKOPOCTH JIBMyKeHNUA Hameil [anaktuku. [eoMeTpudeckas MHTepnpeTanys JaHHO! MOJeIn
TpefcTaBIeHa Ha puc. 8.

B monoxxennu A m A abCcomoTHass CKODOCTh IBVDKeHNsT COJHI[A PaBHA CKOPOCTHM IBVDKeHUs [amakTuku. B Touke B ab-
COMIOTHASL CKOPOCTH BIKeHns Comnna v, U= 250 + 500 = 750 xm/c, a Touke B, v, = 500-250 = 250 km/c. CnefoBarensHo, B
[IepBOJ TOTIOBMHE OPOUTANbHOTrO ABIDKeHNs COTHIIE TOTyYaeT MOIOKUTEIbHOE YCKOPEHILe, eT0 CKOPOCTb [IBYDKEHsT 3MEH -
eTCs 110 CMHYCOMMIAIbHOMY 3aKOHY 11 B TOUKe B (sin a = 1) ocTuraeT cBoero MakCuMaabHOTo 3HaueHus (750 KM/c), Ipy 3TOM
abCOMOTHAsA CKOPOCTD IBVDKEHNUA 3eM/IM U3MeHsAeTCs B npefenax 750 + 30 u 750-30 km/c. Bo BTOpOI MonOBMHE HAITpaBlIeHNe
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PucyHok 8. Cxema BpaweHusi ConHeyHou cuctemsbl (ConHue—-3eMns) BOKpYyr LieHTpa Hawen ManakTuku.
Figure 8. The scheme of circulation of the Solar system (Sun — Earth) around the center of our Galaxy.

opburanpHoro geyKeHss ConHia O6yeT IpOTUBOIIONIOXKHO HAIIPABIEHNIO ABVDKEHNS LIeHTpa Haltleit [aTaKTUKY, U IPY 9TOM B
TOYKe B, ee CKOPOCTD Oy/ieT MUHMMATIBHO (sin a = —1) u paBHa 250 KM/C. A a6COMIOTHAS CKOPOCTD IBVKEHUS TTAHETHI 3eM/ist
OyzmeT MeHATbCs B MHTepBase 250 + 30 1 250-30. Takyum 06pa3oM, U3MeHeHMe CKOPOCTY IBVDKEHM IVIAHeThl OT MUHMMAJIbHO-
ro 3HaveHus 220 KM/C 10 MaKCUMaIbHOTO 3HadeHus: 780 KM/C 1 HA06OPOT CO3/1aeT CUJIBI, ABUTAOI[ME TEKTOHNYECKIIE TITUTBI,
npuYeM B IepBoil monosuHe (0T TOYKM A, 1o Touku A) gomken poucxoauthb cupeuur TII, a Bo BTopoii monouHe (0T TOYKM
A 110 TOUKM A|) OTKEH MPOUCXONUTD MPOLecC COMDKeHMs (KON M CYOMyKIVsA) TUINT.

3aKkatoueHne

B pesynbTaTe KOMIIIEKCHOTO MCCIEOBAHNS BBIABICHO, YTO OfHMM U3 ITIABHBIX (paKTOPOB, HIPOBOLUPYIOLINX ABIDKECHME
TII u saapo 3emiu, ABNAETCA YCKOPEHHOE OpOUTaNbHOE ABYDKEHME 3eMIN OTHOCUTEIbHO LieHTpa Haeit [amaktuku. [Tpu sTom
IIPOMICXONUT Ilepefjaya OrPOMHOIO KO/IMYEeCTBA JBVDKEHNA B TOPY3OHTAIbHOM HallpaB/IeHMN, IPUBOAAIas K iedopmannu (pac-
TSDKEHMe M CKaTue) 3eMHOI KOPbI M IIOBBIIICHIIO BEPOSATHOCTY BOSHUKHOBEHNA 3eMIETPACEHNII B CeICMOAKTUBHBIX (IMCIIO-
KaIlIOHHBIX) 30HaX. [Ipemtoxena ngenTudukanna (MaTeMaTdecKas MOJie/Ib) CHIbI TEKTOHIYECKOTO ABVKEHIA 3 MHOI KOPBL
IToxasaHo, YTO MpeIO>KeHHAsl MOJeNb a/jeKBAaTHO OMICBIBAET YCKOPEHHOEe OpOUTaIbHOE ABIDKEHNe IUIaHeT MepKypus u Map-
ca. [Tpu onmcanuy op6UTAIBHOTO ABVDKEHNUS 3eM/IN YIUTHIBAIOTCSA JOMOMTHUTENbHbIE CUJIBI, TaKVe KaK IPUIVBHBIE CUIIbL, CUIIA,
co3flaBaeMas MarHUTHBIM IT07IeM 3eMJIN, CU/Ia TPEHMA MEX/y JHOM OKeaHa I OKeaHCKO Bofoit, cuna Kopuonnca. Ilonyyennnie
HaMI pe3y/NbTaThl IOATBEPKAEHbI COBPEMEHHBIMM JAaHHBIMI JPYTUX aBTOPOB. [okasaHo, 4TO cua, ABVOKYIasd TEKTOHMYECKMe
TIJTUTBI, UMeET KOCMOTEHHYIO IIPUPOTY.
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Identification of the mechanism of tectonic movements
of the Earth’s crust
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Relevance. Earthquakes occur in the space of tectonic plates during their mutual (relative) movement in the lithosphere. At the same time, depending
on the situation, subduction, collision and plates spreading, which lead to the accumulation of stress to a value exceeding the stability of the rock and
the occurrence of an earthquake. However, nowadays, there is no clear idea about the nature of the force moving the lithospheric plates of the earth’s
crust. It is believed that the horizontal movement of plates occurs due to the mantle heat and gravitational flows — convection. The source of energy
for these flows is the temperature difference between the temperature of the central zones of the Earth and the temperature of its surface. However,
this hypothesis cannot explain the process of spreading between the plates. Along with endogenous forces, exogenous (cosmogenic) forces most
significantly influence plate movement. Consequently, determination and mathematical description of the nature and characteristics of these forces is
an urgent task. This paper is devoted to this task.

Purpose of the work: The mathematical description of the accelerated Earth’s revolution around the Sun and around the center of our Galaxy leading
to the oscillatory motion of lithospheric plates.

Research methodology. The authors used methods of mathematical modeling, the theory of movement of crustal blocks and continental drift, the
laws of mechanics and the orbital movement of the Earth around the Sun and the Solar System around the center of our Galaxy.

Results. Mathematical models of the process of accelerated orbital movement of the Earth around the Sun and the center of our Galaxy have been
developed taking into account a tidal force, the force created by the Earth’s magnetic field (Lorentz force), the friction force between the ocean floor
and ocean water, and the Coriolis force. It is shown that the proposed models with a relative error of 4% properly describe the orbital movement of
Mercury and Mars around the Sun.

Conclusions. As a result of a comprehensive study, it was revealed that one of the main factors forcing tectonic plates to move is the accelerated
orbital motion of the Earth relative to the center of our Galaxy. In this case, a huge amount of movement occurs in the horizontal direction leading
to deformation (extension and compression) of the Earth’s crust and an increase in the probability of earthquakes occurrence in seismic (dislocation)
zones. A mathematical model of the force of tectonic movement of the earth’s crust is proposed. It is shown that the model properly describes the
accelerated orbital movement of Mercury and Mars. When describing the orbital movement of the Earth, additional forces are taken into account, such
as a tidal force, the force created by the Earth’s magnetic field, friction between the ocean floor and ocean water, and the Coriolis force. It is shown
that the force moving the tectonic plates has a cosmogenic nature.

Keywords: tectonic plates, global tectonics, earthquake, core, mantle, asthenosphere.
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NccreaoBaHME pEOAOTMYECKMX CBOMCTB KAMEHHOM COAU

Banepun Anekcangposuy AFEEHKO®
HauuoHanbHbIN nccnegoBaTenbCkuii TexHonorudecknin yHnsepceutet «MUCUCy», Poccus, Mockea

AKTyaAbHOCTB. MeTOALI ONPEAEAEHMS] YCTOMUMBOCTU MPU AAMTEALHOWM SKCIAyaTaLIMM MOA3EMHLIX Pe3ePBYapOB, CO3AAHHLIX MyTEM BbillEAQUMBAHMS, MOKa
HE OTPAXKAIOT BCETO MHOrOOOPasusi BAMSIIOWIMX HA HUX (DAKTOPOB, MO3TOMY HE TOALKO F€OMETPUYECKME MAPAMETPLI BLIPAGOTOK, HO Y MUHUMAALHOE AOMY-
CKaeMOe AABAE€HME XPAHUMOTO MPOAYKTa MPUHUMAIOTCSI CO 3HAUYUTEABLHLIM 3arnacoM. Co3AaHNe HAAEXKHBIX METOAOB OMPEAEAEHUST OCHOBHDLIX NMapamMeTpoB
MOA3EMHLIX PEe3ePBYapOB CBSI3AHO C M3yYeHMEeM (PU3MKO-MEXaHMYECKMX CBOVICTB COASIHLIX MOPOA. B CBsI3M € TéM, YTO rarOreHHble MOpPOALl AdKe MPU
MUHMMAALHOM MEXAHNYECKOM BO3AECTBMU MPOSIBASIIOT MAACTUYECKUE CBOMCTBA, MPMMEHMMOCTb K HUM CYLIECTBYIOWMX CTAaHAAPTU3MPOBAHHLIX METOAOB
OMpEeAEAEHUI PABAUYHDBIX MEXAHUYECKMX CBOVICTB, MO HAWIEMY MHEHMIO, HOCUT AUICKYCCMOHHDIV XapakTep. DTO MOATBEPIKAAETCS M TEM OBCTOSITEALCTBOM,
41O B POCCMM AO CMX MOP HET METOAMKM (hEAEPAALHOTO YPOBHSI MO OMPEAGAEHMIO PEOAOTMHYECKMX U MAACTUHECKMX CBOWICTB COASIHLIX TOPHLIX MOPOA. B
CBsI3M C 3TUM BbIGOP METOAVIKM MPOBEAEHMS SKCMIEPYMEHTOB MO OMPEAGAEHMIO PEOAOTMHYECKMX CBOMCTB SIBASIETCSI TPOBAEMATUYHDBIM.

LleAnro MCCAEAOBAHMS SIBASIIOTCS IPOBEAEHME SKCMEPUMEHTOB M MPOBEPKA HOBOrO METOAA MPOrHO3a KPUBLIX MOA3Y4eCTU.

Mertoasbl n pesyastaTsl. B paborte BHMMAHME YAEAEHO YHMKAALHOCTM 3KCMEPUMEHTAALHBIX OMPEAEGAEHMUII PEOAOTMYECKMX CBOMCTB COASIHBIX TOPHBIX
nopoa. OrnmcaHbl METOAMKM MPOBEAEHUsI SKCMIEPUMEHTOB. DOABLIOE BHMMAHME YAEAEHO M3Y4YEHUIO HEOOXOAMMOW MPOAOAKMTEALHOCTY SKCMEPUMEHTA
MO OMNMPEAGAEHUIO PEOAOTMHYECKMX XapPaKTEePUCTUK. BLiSIBAEHLI 3aKOHOMEPHOCTM MPU KPUBLIX MOA3YyHYeCTU B 3aBUCMMOCTM OT BPEMEHM SKCNepuMeHTa U
MPEAOYKEHO HEOOXOAMMOE BPEMSsI MPOBEAEHMST SKCTepUMeHTA. OMMcaH METOA MPOTrHO3MPOBAaHMS KPMBOM MoA3ydecty Ha 300 4 no nepBbiM 60 MUH MOA-
3y4yecTu. AaHHasi METOAMKA OMUCAHMS SIBASIETCS] HOBOW B CPABHEHMM C APYTVMMM, POACTBEHHLIMU UCCAEAOBAHMSI MO AAHHOM TemaTuke. HakonA€HHbI onbiT
SKCMEPUMEHTAALHBIX AAHHLIX AAE€T OCHOBAHME AAs PA3PabOoTKM CTAHAAPTA OPraHM3aLyy MO OMPEAEAEHMIO KOMIAEKCA (PU3MKO-MEXAHNYECKMX CBOMCTB
raAOre€HHBIX MOPOA. ONMUCAHHDLIE SKCIEPUMEHTBI MO UCTLITaHMIO BbiAM orpo6oBaHbl OO0 «[a3MpPoM reoTEXHOAOTMMY .

BLIBOAOM AQHHOM PABOTLI SIBASIETCSI HOBLIV MPEAAOYKEHHDIV METOA MPOTrHO3MPOBAHMSI SKCMEPUMEHTA MO MEPBLIM 40 MUH MOA3Y4ECTU.

KatodeBble crOBa: VUCTbITAHME KAMEHHOW COAM, KPUBbLIE MOA3YHYECTU, PEXKMM HArpys>KEHMs!, SKCMEPUMEHTAAbHAST KPUBAsSI TOA3YHECTU, BPEMSI MPOBEAEHMsI
SKCMEePUMEHTA, reoMexXaHmKa.

BEAEHME
KameHHast conb Ioji HarpysKoii ¢ TedeHueM BpeMeH! UMeeT 0COOEHHOCTb M3MEHATDb CBOY IIPOYHOCTHbIE XapaK-
TepUCTHKI. BO MHOTOM 9TO CBsI3aHO ¢ M3MeHeHVeM HaIpshkeHUiT B MaccuBe [1]. HanpsokenHo-gedopMupoBaHHOE
COCTOAHME C TeUYEHMEM BPEMEHM U3MEHAETCS, TaK KaK Y COMIM XOPOLIO POCIEXMBAIOTCA PeOIornyecKye CBoicTBa. OCHOBHBIMU
PEOIOTMYeCKIMIL XapaKTepUCTUKAMU ABJIAIOTCA Ipefiell AIMTeIbHON IPOYHOCTIL M PEeOIorndecKiie Kpusble [2].
DKCMEePUMEHTAALHBIE AAHHDLIE
Tl uccnenoBaHys OGHOOCHOI MOI3YYeCTH U OIpefie/leHns MpefieNa [UINTeNbHOI mpoyHocTu mo Metoauke E. M. Illada-
PEHKO IIPOU3BOAMINCDH SKCIIEPYMEHTHI C MIOCTOSAHHBIM HalpsDKeHMeM Ha npotsbkeHuy 300 u [3]. HanpspokeHus BbIOMpanuch
paBHbIMK 9, 12, 15 1 18 MIIa. PesynbraTsl on3y4ecTy MpeACcTaBIeHbl Ha puc. 1.
I ommcaHusA JIVHMI TIO/I3Y4eCTU IPYMEHAIOCh YpaBHEHUe JTorapudMIdecKoil KpUBOil, 3TO IO3BOAIO U30eraTh I0-
IpelrHOCTY [4] maTYMKa Ipy pacdeTe CKOPOCTY MIO/I3Y4YeCT Ha YCTAHOBUBILIEMCA YYaCTKe ITOI3YIeCTH, HOJM efl.:
e, =a+blg(t),

e a, b — mapaMeTpsl ypaBHeHNs; | — BpeMs, 4.
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PucyHok 1. KpuBbie non3sy4yecTn KaMeHHOW Conu.
Figure 1. Creep curves of salt rock.
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PucyHok 2. YvyacTku ot6opa BpeMeHM Non3y4ecTu.
Figure 2. Sites for time selection of creeping.
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PucyHok 3. padmkn pacyéTHbIX KPUBBIX MOM3Yy4eCTU U IKCNEePUMEHTaNnbLHasa KpMBas.
Figure 3. Graphs of calculated creep curves and an experimental curve.

[Mpeararaemast METOAMKA MPOrHO3MPOBAaHMsI SKCNIEPUMEHTa

B cBsA3M ¢ IpOU3BOACTBEHHON HEOOXOAMMOCTDIO [5] OblIa ITOCTaB/IeHa 3ajiadya U3yYUTh MUHIMAIbHOE BpeMs HO/I3y4ecTn
IUIS TOCTPOEHN A IPOrHO3HOM KPMUBOIAL. IJIs 9TOTO CTPOMIINCDH IIPOTHO3HbIE KPUBBIE OJI3Yy4eCTH 10 JIOrapUpMUIecKOMY ypaB-
Henmio [6]. Koagduiment xoppessiuyu npu omvcanun 6su1 He Hipke 0,98.

Ha Havya/bHOM y9acTKe IO/I3y4eCcTy BhIOMPaIoch BpeMst oT 5 10 100 MUH 11 CTpOM/Iach IIPOTHO3HAs KPMBAs OI3YIECTI Ha
300 4 A71s1 CpaBHEHMsI C 9KCIIepUMeHTaIbHOI KprBoit. Ha puc. 2 mokasaHsl y4acTKy 0T60pa BpeMeHM s IIPOTHO3a.

Bpems t, 10 KOTOPOMY CTPOM/IUCH MPOTHO3HbIE KPUBbIE TONI3YYECTH, BRIOMPANOCh cefytoniee: 5 MuH, 20 MuH, 14, 3 4, 5
v, 10 4, 20 4, 30 4, 40 9y n 60 4.

CornocraBA€HME 3KCMEPVMMEHTAALHLIX M MPOTrHO3HLIX KPUBLIX MOA3Y4YeCTU

Ha ocHOBaHuUY BRIOPAaHHOTO BpEMEHM 110 YPaBHEHNIO, O €f.,

e =a+blg(t)
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PucyHok 4. padmkn pacyéTHbIX KPUBbLIX MOMN3Yy4eCTU U IKCNEPUMEHTaNbLHasa KpMBas.
Figure 4. Graphs of calculated creep curves and an experimental curve.
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PucyHok 5. paduk 3aBucumocTenn npoaonbHbIX AecopManmii OT BpeMeHU B norapucdmmyecknx KoopanHarax.
Figure 5. Graph of dependences of longitudinal deformations on time in logarithmic coordinates.

CTPOMINICDh IIPOTHO3HDbIE KPUBBIE ITONI3YIECTN VI CPABHMBAINCH C SKCHIEPVMMEHTAIDHBIMI TAHHBIMU IIOJI3YIECTIU. PeByHI)TaTI)I
IIpe/ICTaB/IEHbI Ha PUC. 3.

U3 rpa(bMKa BIHO, 9TO IIpU YBEANYEHNN BpEMEHN [I/IA IIPOrHO3a pacde€THasA KpuBasd HpI/I6}II/I)KaeTCH K 9KCII€EpMMEHTAIb-
HbIM JaHHBbIM. bosee feTasbHO 3TO OTpa’keHO Ha pucC. 4.

Bmsyanbno BUIHO, YTO HACTyNaeT TaKOM MOMEHT, IIpY1 KOTOPOM pac4deTHaA KpuBasl II0/I3Yy4E€CTN IIPAKTUIECKN COBIAIAET C
9KCIIepUMeHTaIbHOI Kp1Boit. [To pesynbraTam 06paboTki [7] rpaduKoB BUAHO, YTO JAHHOE BPeMsI COCTAB/LAeT MUHUMYM 40
4. [Tpu yBenndeHnu BpeMeHM KapTUHA CYI[eCTBEHHO He MeHsieTcsA. [l TOro 4ToObl OlleHUTDb, KaK TOYHO SKCIIePYMEHTa/IbHAs
KpUBas COBIIAJIAET C PaCYETHOI KPUBOIT, CPABHIBAINCDH KO3 UIIMEHTDI 3aBYCUMOCTY IIPOJIONBHBIX AeOpManuii OT BpeMeH!
[8]. Ins sToro cTpomics rpapyK 3aBUCUMOCTH MPOJOIbHBIX JleOpMannii OT BpeMeH! B JIOTaprMUIECKUX KOOPAMHATAX U
OIIMICBIBAJICA YPABHEHNEM:

lg (&) = klg (1) - b,

rzie b - mapameTp ypaBHeHNsI.

[Mony4ennsle rpaduKu MpeACTaBIeHbI Ha PIC. 5.

KoadduumeHTs! 3aBUCHMOCTH IPOJOIBHBIX HeOpMALNiT OT BpeMeH) CPAaBHUBA/INCH B IMIPOLIEHTHOM COOTHOIIeHUM [9].
JlaHHbIe mpeACTaB/IeHbI B Tab/IIe.

Pe3ybraThl MOATBEP)KAAIOT, YTO IIPYU ZOCTIDKeHNM BpeMeHN 40 4 K09 DUIMEHT MSMEHAETCsI He3HAYNTEIBHO 1 KOIMYeCT-
BEHHO OT/INYAETCS OT 9KCIEPUMEHTAIbHOTO He 6otee 4eM Ha 5 %.
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KoadhdpmumeHTbI 3aBUCMMOCTU NPOAOIbHBLIX AeopMaLMi pacyeTHbIX KPUBbLIX U 3KCNEePUMeHTanbHOW KPUBOW OT BPEMEHM.
The coefficients of dependence on time of longitudinal deformations of the calculated curves and the experimental curve.

Bpemsi nonsy4yecTtu, BblgeneHHoe A NporHosa YpaBHeHMS NpAMbIX OTknoHeHve, %
dakTnyeckoe y =0,0340 x — 2,4002 -

100 y y =0,0339 x — 2,5323 0,18

60 4 y =0,0329 x — 2,5888 3,2
40y y =0,0325 x — 2,6982 43
30y y =0,0303 x — 2,8211 15,1
20y y =0,0289 x — 2,9611 14,7
10y y =0,0271 x — 3,1236 20,1

5y y =0,0256 x — 3,3162 30,1

3y y =0,0237 x — 3,5531 29,4

1y y =0,0228 x — 4,2122 32,8

20 MyH y =0,0175 x — 4,2989 48,4

5 MuH y =0,0090 x — 5,0659 73,5
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PucyHok 6. CnpaBa rpaduk onpeaeneHusi CKopoctu aecpopMUpOBaHUA HA IKCNMEPUMEHTaNbLHOW KPUBOW NMON3y4ecTu, crieBa rpacdukm
ckopocTel AedopMMpPOBaHUs B 3aBUCMMOCTM OT BPEMEHM Ha KOHEYHOM y4acTKe Mon3yyvyecTu.

Figure 6. On the right hand, there is a graph of determining the strain rate on the experimental creep curve; on the left hand — graphs of
the strain rate depending on time on the final creeping zone.
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PucyHok 7. PacyeT ckopocTy Non3y4ecTy Ha 3KCNepuMeHTanbHOW KPMBON U PaCUHETHbIX KPUBbIX.
Figure 7. Calculation of creeping rate on the experimental curve and calculated curves.
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JanbHeitiNe MCCIeTOBAHNSA MON3YIeCT ObIIM HAIIPaBIeHbI HA M3yYeHMe CKOPOCTEN! IT0I3yYeCT! Ha YCTaHOBMBILIEIICS CTa-
muy nonsydectn [10]. [l 3TOro paccUMTBIBaIach CKOPOCTh Ha KOHEYHOM JTalle IOI3YYeCT! Ha BETBSX, KOTOPbIE He Tepelm
B CTaJjUI0 IIporpeccupylomteli nondydectu [11]. Pacyer ckopocTu mpousBopmics mo Gopmyse, omu ex./d:

v =e[t,
1 1 1

rjie t, — BpeMs1 IO/I3y4eCTH Ha KOHEYHO CTa/{UM TI0/I3y4€eCTH, KOTOpOe 6bLI0 BEIOPAHO MI/IsT OTIpefenenst ckopoctu [12]; e,— Be-
NMYMHA IPOROIbHBIX fAedopmanmit [13], e=e_ —e;l ~ BPeEMA II0 KOTOPOMY MIPOUSBOJUIICS PACUeT CKOPOCTH.

PesynbraThl onpepenenusa CKopocTeli IpeficTaB/leHbl Ha puC. 6.

W3 rpacmka BUFHO, 4TO O OIpele/IeHHOTO BpeMeH!, KOTOPOe COCTaBIIAeT OKOJIO 20 4, CKOPOCTb MEHsAETCA He3HAUUTEIbHO.
151 6o7ee TOUHBIX pacueToB ObIIO BBIOPAHO BpeMsi pacieTa CKOPOCT Ha KOHEYHOM YYaCTKe II0/13y4ecTy, paBHoe 10 4. Pesyib-
TaThl UCCIEIOBAHNII IIPE/ICTAB/IEHDI HA PUC. 7.

BLIBOALI

VlccnemoBaHus MOKa3bIBaIOT, YTO IIPU BpeMeHM ITPOTHO3a /I MON3y4ecTH cBbIle 40 4 CKOPOCTb MeHAETCS He3HAUUTeIbHO
¥ KOMIMYeCTBEHHO He IpeBbiltaeT 6 % [14]. Bce pacueTHbIe KpUBBIE, Y KOTOPBIX BpeMs COCTaBIsieT MeHee 40 4, CKOPOCTH CUTTBHO
OT/INYAIOTCS OT 9KCIIEPMMEHTAIbHBIX JJaHHBIX [15].

MOo>XHO yTBEp>KJaTh, YTO [ IPOTHO3a KPMBOI MONI3y4eCTH LOCTAaTOYHO 40 4 MOI3y4YecTH.
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Study of the rheological properties of salt rock

Valerii Aleksandrovich AGEENKO"
National University of Science and Technology «MISIS», Moscow, Russia

Relevance. Methods for determining durability during long-term operation of underground reservoirs created by chemical degradation do not cover
the diversity of factors affecting them, therefore not only the geometrical parameters of workings, but the minimum allowable pressure of the stored
product as well are considered with a significant margin. Creating reliable methods for determining the basic parameters of underground reservoirs is
associated with the study of the physical and mechanical properties of salt rocks. Due to the fact that halogen rocks (even with a minimal mechanical
effect) exhibit plastic properties, the applicability of the existing standardized methods for determining various mechanical properties to them, in our
opinion, is debated. This is confirmed by the fact that there is still no methodology in Russia for determining the rheological and plastic properties of
salt rocks. In this regard, the choice of methods of conducting tests to determine rheological properties is problematic.

The purpose of the study is the performance of an experiment and test a new method for predicting creep curves.

Methods and results. This paper focuses on the uniqueness of the experimental determinations of rheological properties of salt rocks. Experimental
techniques are described. Much attention is paid to the study of the required duration of the experiment to determine the rheological characteristics.
Regularities were found with creep curves depending on the experiment time and the required time for this was proposed. The method for predicting
the creep curve for 300 h over the first 60 min of creeping is described. This method of description is a new method in comparison with other related
studies on this topic. The accumulated experience of experimental data provides the basis for the development of a standard for determining the
complex of physical and mechanical properties of halogen rocks. The described surveys were tested by OOO Gazprom Geotechnology.

The conclusion is the presence of a new proposed method for predicting the experiment for the first 40 minutes of creeping.

Keywords: salt rock test, creep curves, loading conditions, experimental creep curve, experiment timing, geomechanics.
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OB60CHOBaHME MAPAMETPOB MOA3EMHOV F€OTEXHOAOTMM OCBOEHMSI
[PACCPEAOTOUYEHHDLIX PYAHLIX TEA SIPYCHOTO 3aAeraHusi

ApTtyp MapatoBuy MAXXUTOB',
Cepren Anekcanpposuy KOPHEEB,
Omutpuin Bukroposuy JOMOXUPOB,
Masen Bnagumuposuy BOJIKOB

MarHuToropckuin rocyaapcTBeHHbIN TeXHUYeckuii yansepcuteT uMm. I WM. Hocosa, Poccusi, MarHnToropck

AKTYaALHOCTBL PA60TLI. MHOIVE FOPHOAOOLIBAIOLIME MPEANPUSITUSI B HACTOSIILEE BPEMSI HAXOASITCS B CTAAMM AOPABOTKM M MCHEPTAAM MPAKTUHECKM BECh
CBOVi peCYpPCHDI MoTeHLmar. OAHAKO 3a4acTylo MPU OTPABOTKE MECTOPOXKAEHUM OCTAETCSI HEKOTOPOE KOAMYECTBO 3ariacoB B HEAPAX, PAHEE CYUTABLUMXCS
HEMePCNeKTYBHLIMU U HEBOCTPEBOOBAHHLIMU. ITO MPUBOAUT K HEOOXOAMMOCTM U3LICKAHMST BO3MOYKHOCTEN MX OCBOEHMsI. TAKME Y4acTKu, B YACTHOCTY AAsI
MEAHOKOAYEAAHHDLIX MECTOPOXKAEHUM, MPEACTABAEHbI PACCPEAOTOUEHHLIMU MO BCEMY WAXTHOMY MOAID AMH3000PA3HLIMM PYAHLIMM TEAAMM, KaK MPABUAO,
MAAOV MOWHOCTM U C HU3KMM COAEPIKAHMEM MOAE3HOTO KOMIMOHEHTA. B CBsI3U € 3TM OGOCHOBAHME MOASEMHOV F€OTEXHOAOrMM OTPABOTKM TAKUX PYAHbLIX
TEA M 3aAEXKEN SIBASIETCS] BECbMA aKTYAALHOW TEOPETUYECKON U MPAKTUYECKON 3aaaqei.

LleAs pa6oTbl. O60CHOBAHNWE OMTUMAALHOM FE€OTEXHOAOTMM OTPABOTKM PACCPEAOTOUEHHBIX PYAHLIX TEA SIPYCHOTO 3aAeraHusl AAsl 3(pPeKTUBHOM OTpa-
GOTKM MECTOPOIKAEHMSI.

MeToaororms nccaeaoBanms. OGOCHOBAHME TEXHOAOTMM OCBOEHMSI YHACTKA MECTOPOXKAEHWsSI MPOU3BOAMAOCL C MOMOLBLIO F€OTEXHOAOTMYECKOTO
KOHCTPYMPOBAHMSI BAPUAHTOB TEXHOAOTMHECKMX CXEM OTPABOTKM U UX TEXHUKO-IKOHOMMUYECKOTO CPABHEHMSI HA OCHOBE SKOHOMMKO-MATEMATUYECKOTO
MOAEAUPOBAaHMSI.

PesyAnTarbl. B cratbe AaHO 06OCHOBaHME CrOcoba BCKPLITUSI U CUCTEM PA3PabOTKM MECTOPOXKAEHMS, MPEACTABAEHHOTO PACCPEAOTOMEHHLIMU PYAHLIMM
TEAAMM SIPYCHOTO 3aAeraHusl. VICCA€AOBaAHMSIMM OMPEAEAEHHO, YTO OMTUMAALHBLIM BAPUAHTOM OTPABOTKM PACCPEAOTOUEHHDIX PYAHBIX TEA SIBASIETCSI BCKPLI-
TME C MAaKCMMAALHBLIM MCMOAL3OBAHMEM CYLIECTBYIOWMX FOPHO-KAMMUTAALHLIX M MOATOTOBUTEALHLIX BLIDAGOTOK M CTAAMMHDLIM MOPSIAOK BEAEHMsI TOPHbLIX
PaboT C OAHOBPEMEHHOM OTPABOTKOM GAAAHCOBbLIX M 3a6AAAHCOBLIX 3anacoB. Taioke B paboTe Ha OCHOBE PAHXKMPOBAHMSI YHACTKOB 3AAEKM MO SAEMEHTaM
3aAETaHus U COAEPIKAHMIO MOAE3HOTO KOMIMOHEHTA MyTEM SKOHOMMKO-MATEMATUHECKOTO MOAEAMPOBAHMSI OMPEAEAEHDBI ONTUMAALHBIE CUCTEMDI PaspadoT-
KM B BapPUAHTaX C MaKCMMAALHO BO3MOYKHOM PYAHOM MOATOTOBKOM.

BLIBOALI. BLIBOALI M PEKOMEHAALIMM, MPEACTABAEHHLIE B PAGOTE, MOTYT ObITh MCMOAL3OBAHBI MPU MPOEKTUPOBAHUM U MAAHVMPOBAHMM TOPHLIX PABoT Mpu
OCBOEHMU MECTOPOXKAEHUIM CXOXKMX MO FOPHO-TEOAOTMYECKMM U TOPHOTEXHMYECKMM XapPaKTEPUCTMKAM.

KAtoyeBble CAOBA: MOA3EMHAsI TEOTEXHOAOTMSI, PACCPEAOTOYEHHbIE PYAHDLIE TEAQ, CUCTEMDBI PA3PABOTKM, BCKPLITUE MECTOPOXKAEHMS!, SKOHOMUYECKAs 3h-
hekTnBHOCTD.

BEAEHMe
AHanus npakTUKY PabOThl MPeAIPUATHIL IO KOObBIYe PY/ LBETHBIX META/UIOB Ha TEPPUTOPUM Ypajia YKasbIBaeT
Ha CYLeCTBEHHOE UCTOLIeH)e MIHEPATbHO-ChIPbeBOil 06asbl B CBA3M C JUIUTENIbHOI U MHTEHCUBHON X OTPabOTKOIL.
MHorve KpynHble MeJHOKOTYeaHHbIe MECTOPOXKEHNA PEriOHa HaXOATCA B CTafiuy JOpaboTku. VIX ycToitunBoe pyHKIMO-
HI[POBaHNe U pa3BUTIE SOCTUTAETCA 3a CUeT IPUPOCTA 3aIIaCOB B pe3y/IbTaTe SKCIUTYaTAIVIOHHOI pa3BefK/ ¥ OTpabOTKMU pa-
Hee HeIePCIeKTUBHBIX ¥ HeBOCTPeOOBAHHBIX yIACTKOB 11 3aiexxeit. K TeXHOMOrnm oTpaboTKM TaKMX 3a1aCOB MPEAbSIBIISAIOTCS
YKEeCTKIE TPeOOBAHMS C MO3ULIMU SKOHOMIIECKOT 3P PEeKTUBHOCTI 11 6€30IIaCHOCTHU TOPHBIX PaboT.

C y4eToM M3I0’KeHHOTO HAHHBIIT II0AX0f, OBUI peaI30BaH Ipy MpOoeKTHpoBaHuy oTpaboTku I 3anexxn Kamaranckoro me-
cropoxpenus (Pecriy6mmxka bamkoprocTan).

B HacrosAmee BpeMaA SKCITyaTallisl MHOTHX PYIHBIX MECTOPOXK/IEHUI CBsA3aHa C MCTOLIEHNEM UX MUHEPATbHO-ChIPhEBOI
6aspl. PasBurie u crabunbHOe (PyHKUVMOHMPOBAHME MPERIPUATHS IIPEFOIPENe/IeHO BO3MOXKHOCTBIO OTPAbOTKY paHee He-
BOCTPeOOBAaHHBIX I HENEPCIEKTUBHBIX YIACTKOB MeCTOPOXeHus [1-5]. YkasaHHOe 06CTOATENbCTBO, HECOMHEHHO, SIB/IACT-
Cs1 aKTYaJIbHBIM U TpeOyeT TeopeTUUeCKUX U MPAKTUIeCKMUX peleHuit. Tak, pyast I samexxn ABIAIOTCA CBIpbeBOil 6a3011 mst
BOCIIO/IHEHNSI BBIOBIBAIOIIMX MOLIHOCTel KaMaraHckoro MeCTOpOX/ieHNs U TTOAREP)KaHNs YCTONYNBOro PYHKIVIOHMPOBAHS
npeanpuATHA Ha Ompkaiimye rogst [6]. IloaToMy npoBefeHue MCCIe[OBAaHNIT IO 0OOCHOBAHMIO IIOI3€MHOIL TeOTE€XHOIOTUN
ocBoeHuA I 3aymexxn ABNIAETCA BeCbMa aKTyaTbHBIM BOIIPOCOM Ha JJAHHOM 9Talle Pa3BUTHA NMPePUATHA.

XapakreprcTuka MeCTOPOYKAEHMI

MecTopoxx/ieHre XapaKTepusyeTcs: GOMBIINM KOMMYeCTBOM PACCPEOTOUEHHDIX [0 BCEMY IIAXTHOMY IIOIO OTHETbHBIX
NMH3000pa3sHBIX MaJIOMOIIHBIX PYLHBIX Ten (puc. 1) co cmoxxHoiT MOpdomorneil i MUPOKUM AMAIa30HOM M3MeHEeHNs COfep-
JKaHMs ITOIE3HOTO KOMITOHEHTA. | 3a/1eXb pecTaB/IeHa IPYIIIOi TMH3000pasHbIX PYyAHBIX Tl MOIIHOCTBI0 OT 1-1,5 M 10 20 M
u yrnoM nafienus ot 0° go 30°. Beero BIfienieHo 15 pyIHBIX Tel, 3ajleralolyX APyCHO B MHTepBane oT 47,4 1o 726,5 M, pa3sMepbl
110 ImpocTupanuio ot 50 go 320 M, BKpecT mpoctupanus — oT 20 5o 160 M. Pyabl npenMyIecTBeHHO I'yCTOBKpaIlIeHHbIe, 00-
JIOMKOBUJIHbIE, PEIKO BCTPEYAIOTCA OT/e/bHbIE MHTEPBAIbl CIUIOIIHBIX PYyH, ¢ cofiepkanueM Meu ot 0,68 1o 2,9 % u nyHKa ot
1,0 1o 2,3 %. PygHble Tea MMEIOT IIPOC/ION IYCTBIX MOPOA. DKCIUTyaTaIIOHHBIE 3aIIachl 3a/IeKN (10 TPaHNIIBI TOPHOTO OTBOJA)
cocrasiAT 703,45 Teic. T. HMke ropHOro 0TBOfIa TaK)Ke MMEIOTCA PYZIHbIE Tejla.

OTpaboTka y4acTKa OC/IO)KHEHA MHTEHCUBHOJ TPEIIMHOBATOCTHI0 TEKTOHMYECKOTO M PSALOBOTO XapaKTepa, a TaKxkKe
Ha/M4/eM OXpaHsAeMbIX OObEKTOB BTOPOIl KaTerOpuy B 30He CHABVDKEHMS OT IOJ3€MHBIX TOPHBIX pabot. IIpoBemeHHBIMU
reoMexaHIYeCKIMI YICCTIeOBaHUAMN [7, 8] YCTaHOBJIEHO, YTO IIPOTHO3HbIE BeIMYMHEL leOpMalNil IIOBEPXHOCTY He IPEBBI-
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PucyHok 1. XapakTepHbIi reonorvyeckun paspes | sanexwu.
Figure 1. | deposit typical geological section.

IIAIOT 2 MM/M, YTO SBJISAETCS JOIYCTUMBIM A1 JAHHOI KaTerOpuit OXpaHsAeMbIX 00beKTOB. B CBSA3M ¢ 9TUM OTCYTCTBYeT He06-
XOAMMOCTb 9KOHOMIIECKOI OLIEHKN VIep6a OT MofpaboTKy OXpaHsIeMbIX 0OBEKTOB U IX IEPEHOCA.

B cBsA3M C HepaBHOMEPHBIM pacIIpefie/ieHIeM II0JIE3HOT0 KOMIIOHEHTA [0 PY/HBIM TeJlaM 3a/IEXKN C L{e/IbI0 OIIpefie/IeHVIs]
BIIVSIHUSL COfiepXKaHMs [T0JIE3HOTO KOMIIOHEHTA Ha Y/e/IbHYI0 IPUOBIIb /IS CHCTEM paspaboTKU C eCTECTBEHHBIM MOJiePyKaHN -
€M OYMCTHOTO IPOCTPAHCTBA (KaMepHask C OTKPBITHIM OYMCTHBIM IPOCTPAHCTBOM 1 KAMEPHO-CTOIOOBASI CCTEMA paspaboTKu),
o6pyleHeM PYAbI ¥ BMEIAOINX HOPOZ, (BApUAHTbI STAXKHOTO 1 IIOAITAKHOI0 0OPYIIEeHsT) I C 3aK/Ia[iKOIl BHIPAOOTaHHOTO
IIPOCTPaHCTBa (KaMepHas C 3aK/IafKOil 1 TOPU3OHTAIBHBIX C/I0EB C 3aK/IaIKON) IPY HOCTOSHHOI MOIJHOCTI PYJHOTO Teja 1
LleHe MeTa/UIa IOCTPOEHbI 3aBUCHMMOCTH (pUC. 2) U IPOBefieH COOTBETCTBYIOLVIT aHA/IN3.

Pesyabtatnl

AHanmu3 NOCTPOEHHBIX 3aBucUMocTelt [9, 10] mokasas, 4To IpK COfEP>KaHUM MOJIE3HOTO KOMIIOHeHTa OT 1 10 2 % mpo-
VICXOJUT KOHKYPEHIMsI HU3KO3aTPATHBIX CHUCTEM Pa3pabOTKM C JOPOTOCTOSIIIMMI BAPUAHTAMY 110 Ce6eCTOMMOCTH JOOBIUM C
3aK/IaJIKOIl BBIPAOOTAHHOTO IIPOCTPAHCTBA, 32 MCK/IIOYEHNEM CHCTEMbI Pa3pabOTKy TOPM3OHTAIbHBIX CTI0€B C 3aK/IAfIKOIL, I7ie
OTMevaeTcsl MUHMMa/IbHAs YieNbHas IPUOBUIb IpU HeOOMBILINX COflePyKaHIAX ITO/IE3HOT0 KOMIOHeHTa. [laee oT 2 1o 3 % 1po-

122 MaxwToB A. M. n gp. O6ocHOBaHVe NapaMeTpoB MoA3eMHON re0TEXHONOM MM 0CBOEHUSI pacCPeA0TOYEHHbIX PYAHbIX Tes SpyCHOro
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PucyHok 2. Mpacduk 3aBMCMMOCTU yaenbHON NpUbbLINN OT coaepKaHUsi NONEe3HOro KOMMNOHEHTA.
Figure 2. Dependence diagram of profit per unit on the content of useful component.

MICXOfIUT XapaKTepHOe YBelnYeHNe YAeIbHOI IPUObIIN, Iie Ha TIePBOM MeCTe JOMUHMUPYET KaMepHas CUCTeMa paspaboTKu ¢
3aK/IaJIKOIl BBIpabOTaHHOTO IPOCTPAHCTBA, @ Ha BTOPOE U TPeThe MeCTO BBIXOJIAT BaPUAHTHI CUCTeM pa3paboTKu ¢ 06pylLIeHneM
PYZIBI U BMELAIOIVX HOpoy. PasHuIia MeX /1y JaHHBIMM CUCTeMaMy pa3pabOoTKM 110 yAeIbHOI IpuobUIM MuHUManbHa: 50-100
py6./T pu copepxxanun 2-2,6 %. IIpu coepxaHui 10IE3HOTO KOMIIOHeHTa 2,8-3 % cucreMa pa3pabOTKM rOPM3OHTAIBHBIX
CJI0€B C 3aK/IAJKOI COCTAB/IsIET KOHKYPEHIINIO CUCTeMaM PaspabOTKY C eCTECTBEHHBIM IOffiepXKaHIeM OYMCTHOTO IIPOCTPaH-
CTBa, 2 pasHNUIIA MeX/Y CUCTeMaMI Pa3pabOTKM KaMepHOII C 3aK/IafIKOI U BapMAHTAMU STaXKHOTO U MOf3TAKHOTO 0OPYIIeHNs
MakcumajbHa u coctasster 200-250 py6./T.

CormacHo IpoBeeHHOMY 95KOHOMMKO-MaTeMaTN4eCKOMY MOAEMVPOBAHUIO, B LieAX () HeKTUBHOI peannsalyi Mofi3eMHO
TeOTEXHOIOIMY OBbIIO IIPOBEJeHO PallOHMpOBaHye PYRHBIX Tel I 3aIeXn 1o 97IeMeHTaM 3aJleTaHysl M COflep>KaHMIo TI0JIe3HOTO
KOMIIOHEHTa 1 OIIpefie/IeHbl BO3MOXKHBIE BapMaHThI cUCTeM paspaboTky. Hamnmune oxpaHAeMBbIX 00beKTOB IIpefoIpee/nIo
[IpUMeHeHNe CUCTeM Pas3pabOTKY € TIOTHON 3aKIafKOil BBIPAabOTAHHOTO IPOCTPAHCTBA, MO0 OCTAB/IEHUEM PETY/LIPHBIX PYA-
HBIX JI MICKYCCTBEHHBIX I1e/IMKOB IIPY MajIoil MOLUTHOCTY PYJHBIX Te/l ¥ HUSKOM COJIep>KaHIY 1T0JIE3HOTO KOMIIOHEHTA.

B cOOTBETCTBUM C U3/T0KEHHBIM PEKOMEH/IYIOTCS C/IelyIole BAPUAHTDBI CUCTEM Pa3pabOoTKI:

— 9TaKHO-KaMepHas CUCTeMa paspabOTKM € 3aKTafiKoil (pyHbIe Tela MOIHOCTBI0 6omee 10—-12 M mpu mo60M yrile maje-
HUA);

— KaMepHO-CTO/I60Bast CiCTeMa Pa3pabOTKI C OHOCIIONHON BBIEMKOIT 1 3AK/IAIKOI IIPY MOIIHOCTY PYAHOTIO Tema 2—-6 M I
6-10 M (pypHbIe Tema 1 BBIK/IMHKY MOLTHOCTBIO OT 2 0 6 M € YIJIOM IajfieHns 1o 30°);

— KaMepHO-CTON00Bas CUCTeMa pa3paboTKM C OCTaB/IeHIeM PYAHBIX 1 MICKYCCTBEHHBIX OIMOPHBIX L[eNMKOB (Py/HbIE Tena ¢
HM3KIM COJIepyKaHMeM MO/Ie3HOTO KOMIIOHEHTA);

— KaMepHO-CTON00Bas CCTeMa Pa3paboTKM C JOCTABKOII PYAbI CUION B3pbIBa (YIACTKY PYFHBIX Te/ C YITIOM TafieHus 60-
nee 30-35°).

CoracHO AMIMPUIECKNM 3aBIUCUMOCTSM 110 CPABHITENTbHOI OLleHKe CHCTEM Pa3paboTKy, IpuBegeHHbIM B [11, 12], mpu-
MEHWTE/IPHO K Pa3/IMIHBIM BapMaHTaM CICTeM Pas3paboTKy ObUIN PACCUNTAHBI OCHOBHbBIE 9KOHOMIYECKIIE TI0KA3aTelIN.

ITpu o60cHOBaHMY CIIOCOOA BCKPBITHA OBUIM PACCMOTPEHBI YeThIpe BapyaHTa. [1epBblil BapMaHT IpefyCMaTpUBall CXeMY
BCKPBITHSI C MCIIONIb30BaHMeM BbIpaboTok MecTopokaeHns «Hobiit Crbait», B 49aCTHOCTY CKUIIO-K/IET€BOTO CTBOMA U CYlle-
CTBYIOILIEN IITONbHY Top. 140 M. Bropoit BapmaHT 3akmodancs B 060CO6IEHHOM BCKPBITUM 3aJIeXK! € JMCIIONb30BaHMEM Bep-
TYKaJIbHBIX K/IETE€BBIX CTBOJIOB C IIOBEPXHOCTMU 6e3 MCIO/Nb30BaHNUA BBIpa0OTAaHHOIO IIPOCTPAHCTBA Kapbepa. [ CHIKeHNs
KaIlMTa/IbHBIX 3aTPaT PpaCCMOTPEH TPETUIl BAPUAHT € IM(TOBBIM BOCCTAIOMINM Ha IIOBEPXHOCTD U CYILIECTBYIOLIEN IITOIbHEIL.
YeTBepThIil BApMAHT OTINYAJICA MAKCYMA/IbHBIM VCIIONb30BaHMEM CYLIECTBYIOMINX BBIPAOOTOK, a IMEHHO ABYM: IITO/IbHA-
MU, IPOVIEHHBIMY 13 BBIPabOTAHHOTO IIPOCTPAHCTBA Kapbepa. [loceqHmit BapuaHT Ipeanoiaraet Iogep>KaHme KapbepHOil
TPAHCIIOPTHO CUCTEMBI Ha BEChb MePHOJ OTPAOOTKM MOfI3eMHbIX 3aI1aCcOB.

BBupy 3HaunTeIBHOrO pasbpoca PyAHBIX TeJ IO ITyOMHe, KaK/Iasa U3 BO3SMOXKHBIX CXeM BCKPBITHA 1le/ieco0OpasHa TObKO
IISL OTHE/IBHOTO y4acTKa 3ajIeKN. [109TOMY 110 9KOHOMMYECKUM M TEXHONTOIMYECKMM COOOpaKeHNAM PyHHas 3a/IeXXb IO IIy-
OVHe yCTTOBHO pasfie/sieTCs Ha YIaCTKIL OTHOCUTENBHO AHA Kapbepa VI [TIABHOI BCKPBIBAIOLEil BBIPAOOTKIL, PO/Ib KOTOPOIL B
TAHHOM CTy4ae BBINOTHSAET CyLIeCTBYIoMmasA MTonbHA rop. 140 M. Kpome Toro, pekoMeH/iyeTcs IIO3TAIHBI BBOJ, YYaCTKOB B
9KCIUTyaTaLIo C 060CO6IeHHBIM IPOBETPUBAHNEM KaXK/IOTO 110 Mepe PasBUTHUS TOPHBIX PaboT.

C y4eToM M3/T0XKEHHOTO BbIfjelleHbl TPy 000c06/IeHHBIX yyacTKa (puc. 3):

— 3aI1achl, Haxopsyecs B aTaxxe 140-50 M (OT MOBEPXHOCTH O AHA Kapbepa);

- 3amacel, 140-330 M (OT IHA Kapbepa {0 TPaHNI] TOPHOTO OTBOJA);

— 3aI1achl, PacIloNIO)KEHHbIE HIKe TOPHOTO OTBOJIA.

Ilepsouii komnexc (nyckosoti). B kadecTBe ITTaBHOI BCKPBIBAIOLIET BEIPAOOTKM MCIIONIb3YeTCsI IITOMBHS rop. 140 M, KoTOpast
CIY>KUT LA TIOflauyl CBEXXEro BO3JyXa, BbIJA4M TOPHOI Macchl, BXO/Ia-BbIXOJ JIIOfiell 1 JoCcTaBKM MaTepuanos. OT IITOMBHNI
3a 30HOJ COBVDKEHMS OT OYMCTHBIX paboT HIDKHero y4acTka (140-330 M) MpOXORMTCS HAKIOHHBII cbes3f rop. 50/140 ,
COEMHAIOMINI pabodre rOpU3OHTHI yYacTKa. JIngToBbIi BoccTarouit rop. 0/120 M CIy>KWUT IIs BBIIAYN 3aTPA3HEHHOTO BO3JyXa
U B KayeCcTBe BTOPOr0 MeXaHN3MPOBAaHHOTO BbIxofa. CIIoco0 poBeTpyBaHMA HaTHETaTe/IbHBII, YICIIONIb3YeTCs CYILeCTBYIONIast
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PucyHok 3. Cxema BckpbITus MepBoi 3anexu KamaraHckoro MectopoxaeHust.
Figure 3. Scheme of opening of the First Deposit of the Kamaganskoe field.

BEHTWIATOPHASA YCTAHOBKA y IOPTajIa ITOMbHY Top. 140 M, BKmodatonas seHTmATop BIITI-16. CBexxnit BO3AyX HOfAeTCs 0
LITO/IbHE Ha HAKJIOHHBIN CHe3Jl, OMbIBAET YIaCTKM OYMCTHDIX pabor u gepes nmudToBbI BoccTaomumit 0/120 M BbIjaeTcs Ha
TIOBEPXHOCTb.

Bmopoti komnnexc. IToce BBOfIa B 9KCIUTyaTalI IO IEPBOTO ITyCKOBOTO KOMIITIEKCA OCYIIECTBACTCA CTPOUTENbCTBO TOPU3OHTOB
HIDKe JTHa Kapbepa o TopHOro oTBofa (330 M). B kauecTBe BO3AyXOMOAaroIeil BEIPaOOTKM IVIAHUPYETCS MCIIONb30BATh KIETEBOI
crBont yyactka «Hosbnit Cubait» Crubaiickoro MecTopoxkzieHus. [ 9TOro MCIOIb3yeTcs CyljecTByromuii kBepuutar « Hobii
Cubait-Kamaran». OT cylecTBYIOIEro KBepliiara IIpOXOAUTCsA HAKIOHHbI KBepuuiar 210/330 M  y4yactky I samexut. YaacTkn
OYNMCTHBIX PAbOT COEMUHSIOTCS MEXK/Y COO0IT HAKTIOHHBIM Che3oM rop. 140/330 m. B kadecTBe 3amacHOTO BBIXOfA IVTAHUPYETCS
mpoxopka pToBOro Boccramoiero rop. 140/330 m. Criocob mpoBeTpyuBaHMs HarHeTaTeAbHbI. CBEXWIT BO3AYX IIOHAETCS IO
K/IeTeBOMY cTBONMY y4actka «HoBbiit Cubait» 1o HaK/IOHHOMY KBepiiary Ha rop. 330 M. [lajnee 1o HaKTTOHHOMY Che3[y HOGaeTCsI
Ha 9KCIUTyaTalJIOHHbIE YIACTKV PYSHBIX Tell, OMbIBAaeT OYMCTHBIE paOOThI 1 BBILAETCS Yepes3 LITONbHIO rop. 140 M B Kapbep.

Tpemuii komnnexc (3axmouumenvuoiii). Bckppitue pymubpix Ten (Ne 26, 27), HaXOfAIIMXCS HMKe TOPHOTO OTBOJR,
OCYIIeCTBIIACTCS YITyOKOI HAKIOHHOTO C'besfia ¥ M(TOBOrO BOCCTAIOLIETO.

124 MaxuToB A. M. 1 ap. O60CHOBaHMe NApaMeTPOB NOA3EMHON re0TEXHOMOMMM 0CBOEHUA PACCPeAOTOUEHHbIX PYAHbIX Ten ApYCHOro
3aneranus // M3sectusa YITY. 2019. Boin. 1(53). C. 121-127. DOI 10.21440/2307-2091-2019-1-121-127



A. M. Mazhitov et al. / News of the Ural State Mining University. 2019. Issue 1(53), pp. 121-127 ENGINEERING SCIENCES

200

150

100

MpubbInb, y. e./ron

8- ¥

651,01y. e

BapvaHTbl 0TpaboTkn MECTOPOXaAEeHUSA

Bpewmsi otpaboTku, net

PucyHok 4. NokasaTeny TeXHUKO-3KOHOMUYECKOTO MOAENNPOBaHUSA.
Figure 4. Indicators of technical and economic modeling.

Takum 006pa3oM, KaXK/[blil y4aCTOK BCKPHIT 060COOIEHHO C MCIIONb30BaHIEM BCeX MPe/IIoIaraeMblX BapUaHTOB.

B cBsA3u ¢ He6GONMBIION MOIIHOCTBIO PYAHBIX TeN, C IeNbI0 MUHVMMM3ALUN IIOJIEBBIX TOPHO-IOATOTOBUTEIBHBIX PaboT
MIPMHMMAETCS Py[HAsA IOATOTOBKA C IOMOLIBIO JOCTAaBOYHBIX INTPEKOB, IPOJIIEHHbBIX C HAK/IOHHOTO Cchesfa. HaK/IoHHbI chesy
IIPOXOAMTCS B JIeXkKaueM GOKy 3a/IeXV MaKCHMa/IbHO O/IM3KO K BBIEMOYHOMY YYACTKY C LI€/IbI0 COKPALIEHNS IIMHbI IT0I€BOTO
[IOCTaBOYHOTO LITpeKa. PyaHble Tela 0TpabaThIBalOTCA 060COOIEHHO 1 IIPEICTAB/IAIT COO0 OTHeNbHbIE BbIeMOYHbIE YIaCTKI.
BricoTa aTaxa (1ofaTaXka) M3MEHACTCA B 3aBUCHMOCTY OT YCIIOBMII 3ajIeraHusA, HO He Oonee 40 M, cormacHo «PefepanbHbIM
HOpPMaM U IpaBuiIaM...» st BXB 6e3 MexaHM3MPOBaHHOTO MO bEMA.

IMoproroBuTeNnbHBIE PabOTHI 3aK/IIOYAIOTCA B IPOBENEHM) HA KaKJOM BBIEMOYHOM Y4YacTKe KOMIIEKCOB BBIPAGOTOK,
HeoOXOAVMBIX /IS OTPabOTKM 3aIacoB PYAbI IPUHATBIMU CHCTeMaMM pa3paboTKy. B obmjeM crydae MOATOTOBKA PYAHBIX Tl
3aJIeXKV OHAKOBA U 3aK/II0YAETCA B IIPOBEEHIM JOCTABOYHOTO /1 BeHTVW/IALMOHHO-3aK/Ia/JOYHOTO IITPEKOB Ha (IaHrax pygHoOro
Terma M GypO-ZOCTABOYHBIX OPTOB. PacriosiokeHye BeHTWILVMOHHO-3aK/IaOYHOrO IMITPEKa BBIOMPAETCS C y4eTOM PasHUI[BI
OTMETOK C JOCTaBOYHBIM MITPeKoM. OPThI IPOBOMATCSI II0 OCH OTPabaThIBAEMOIT KaMepbl. Py jHble Te/a, MMEIoI[yie CPABHUTEILHO
HeOOJIBIIIOI IIPOCTION IYCTBIX HMOPOZ MEXAY c000if, 0OObeNNHAIOTCA B OFHY PYAHYIO 30HY M OTpPabaTBIBAIOTCS COBMECTHO.
OnHOBpEMEHHO B OTPabOTKe MOYKET HaXOJUTHCA HECKONBKO PYAHBIX Tel. OTpabOTKy 3aIlacoB HIDKEPACIIONOKEHHOTO PYIHOTO
Te/a BO3MOXKHO Ha4MHATD TI0C/Ie YXOAKM (POHTA OUMCTHOI BHIEMKY Ha BEPXHEM PYHOM TeJle 3a 30HY C/IBVDKEHNSA, TOCTPOECHHYIO
10 COOTBETCTBYIOILINM yI7IaM, HO He MeHee 20 M OTHOCUTEIbHO BepXHeTl TPaHNIIbI PYIHOTO Te/la Ha HIDKHEM y4JacTKe.

OKOHYATEe/IbHBII TeXHMKO-9KOHOMIYECKIIT PaCueT TeXHOTOIMYECKOI CXeMbl OTPAOOTKY PacCpPefOTOUEHHBIX PYLAHBIX Tejl
II0Ka3aJl OTPUIATEIbHbIN pe3yabraT. OCBOEeHNMe 3aIIacOB IPY BCEX MPMHATHIX ONTYMA/IbHBIX IIapaMeTpax MOJ3eMHOI IreoTex-
HOJIOrMM OTpaboTKM 3amacos I pygHoit 3amexxn KamaraHcKoro MecTOpoXfeHMsI CBOAMUTCA K HeljenecoobpasHocTu. OfHAKo,
COIJIACHO IPVHIIUIIAM PAIIVIOHAIBHOTO OCBOCHMA MeCTOPOXKAEHMA [13-15] 1 yTBepK/JeHHbIM 3aIlacaM OCTaBJIeHMe UX B HEf[pax
HEBO3MOXKHO. B CBA3Y ¢ 9TUM 6bII TpOaHaIM3MPOBAH BapMaHT OGHOBPEMEHHOI 0TpaboTky I 3a1ekt U 3a11acoB BBIKIMHKM P. T.
12. TTokasareny 5SKOHOMIKO-MaTeMaTIYeCKOTO MOJIeTMPOBAHNA IOKa3aHbI Ha PUC. 4.

CormacHo pacderaM, yObITOK OT oTpaborku I 3anmexxu coctaBur 273,2 y. e. OueBriHa 11e71eCOO0OPA3HOCTD COBMECTHOIR
orpaborku I 3amexn 1 HeOTpabOTAHHOI KapbepOM IKHOI BBIKINHKM P. T. 12. ExxerogHast mpu6bUIb Ipu 9ToM cocTaBut 108,5
y. €. IpU LIeCTUIeTHeM Iiepuogie oTpabotku. O6umit 06beM mpubsi — 6omee 651 y. e. VingusuayanbHas orpaborka p. T. 12
YBeMMYMBaET TOIOBYIO IPUOBIIDb MPEATPUATI 10 176,8 Y. €., HO CPOK OTPABOTKY COKPAIIAeTCA IO IBYX JIeT.

CoracHO CKasaHHOMY, OTpPabOTKa PYyAHOI 3aIeXM, MPECTaBIeHHON pPacCPeflOTOUYEHHBIMU PYJHBIMU TeIaMMU, Iiere-
coobpasHa Ipy MaKCHMMaJIbHOM JICIIOJIb30BAHUM CYIECTBYIOIMX TOPHO-KAINUTAJIbHBIX BBIPaboTOK. ITpy aToM Heo6Xomumo
paspieeHne 3aje)k)i Ha yYacTKM C MHAMBUIYya/JbHBIM BCKPBITMEM ¥ CXeMOIl IpoBeTpuMBaHMA. MUHUMU3MPOBATh YOBITKI
BO3MOJXKHO 3a CYET COBMECTHOT'O OCBOEHMSA BCEX 3AI1aCOB MECTOPOXK/IEHN.

3akouenne

HecMoTpsi Ha OTpUIIATeNbHBINI SKOHOMUYECKMIT 3P QeKT, OIBIT IpoeKTupoBaHuA oTpaborku I samexxn Kamaranckoro
MECTOPOXX/I€HNs, IPENCTABIEHHON PacCPefOTOYEHHBIMY PYJIHBIMM TelaMM Majoli MOLIHOCTM M SPYCHOTO 3a/leTaHMus,
COZIEp>XUT PAJ] TO/IE3HBIX MONOXKEHMIT /ISl MICCTIENOBAHMIA, IIPOEKTUPOBAHNUA U OCBOEHNUA CXOXMUX II0 TOPHO-TEOIOTNYECKIM
XapaKTepUCTUKAM PYAHBIX 3aexeil. Cpeny HIX MOXKHO BBIJIETTUTD CTIeyIOIIe.

1. ITpu spycHOM 3ajleraHUM PACCPEFOTOUEHHDBIX PYAHBIX Te OTPAOOTKA 3a/IeX1 IPOUSBOJUTC O6e3 0ObefNHeHNs UX B
OZIHY PYJHYIO 30HY.

2. BckppiTne 3amexy NMPOM3BOAUTCA C yYeTOM MAaKCHMAIbHOTO MCIIONb30BAHMA CYIIECTBYIOIMX T'OPHO-KAaIMTAIbHBIX
BBIPabOTOK.

3. IIpu BbIOOpE c1icTeM pa3pabOTKY IPeABAPUTENILHO IPOM3BOAUTCA PAHXXMPOBAHIe PYIHBIX TeJl II0 9/IeMEeHTaM 3a/IeTaHus
U COTep>KaHNIO TT0/IE3HOTO KOMITOHEHTA U [T KaXK/IOTO YJacTKa peKOMEHYeTCs CBOJ BapuaHT.
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4. PaunoHanbHbI HOPANOK pasBUTHsA PPOHTA FOPHBIX PAabOT C Ie/bI0 MUHMMU3ALUY IIePBOHAYANTbHBIX KAIMTaIbHBIX
BJIO>KEHUIT 3aKJII0YAETCS B pas/ie/IeHNM 3aJIeKU 10 BePTUKAJIY Ha YIaCTKM ¢ 060COO/IEHHBIM IPOBETPUBAHMEM U TOOYEPETHBIM
BBOJIOM VX B 9KCIUTyaTaIIo.

5. OtpaboTKa 3ajexeil, MMEIIINX HOF0OHYI0 MOP(OIOrNIo 1 YCIOBYs 3a/IeTaHNs, 11e/IeCO0OpasHa TOBKO COBMECTHO C
0TpabOTKOI OCHOBHBIX 3aI1ACOB MECTOPOXXAEHIIS AJIsI IO PIKAHIIS IIPOM3BOACTBEHHOI MOIHOCTY IIPENIPIUSTI.
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Substantiation of parameters of underground geotechnology
for the development of dispersed ore bodies of staged occurrence
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Relevance of the work. Many mining enterprises are currently in the process of development and have exhausted almost all of their resource
potential. However, when development of deposits there remains a certain amount of reserves in the depths that previously considered to be
unpromising and unclaimed. This leads to the need to search for opportunities for their development. Such zones, foe example, for copper-sulphide
deposits, are represented by pod-like ore bodies dispersed throughout the mine field, as a rule, of low thickness and with a low content of useful
component. In this regard, the substantiation of the underground geotechnology of mining such ore bodies and deposits is a very relevant theoretical
and practical task.

Purpose of the work. Substantiation of the optimal geotechnology for mining of dispersed ore bodies of stepped occurrence for efficient field mining.
Research methodology. The substantiation of the field development was made using geotechnological detailing of options for technological
development schemes and their technical and economic comparison based on economic and mathematical modeling.

Results. The paper provides a rationale for the method of deposit opening and mining systems represented by dispersed ore bodies of staged
occurrence. The study helped to determine that the best option for performance of dispersed ore bodies is opening with maximum use of existing
mining and development workings and a stagen mining procedure with simultaneous performance of reserves (or non-commercial reserves).
Moreover, based on ranking of sites, the optimal mining systems with the highest possible ore preparation were determined by economic and
mathematical modeling taking into account the elements of occurrence and the content of useful component.

Conclusions. Conclusions and recommendations presented in this work can be used while design and planning of mining operations in the
development of deposits of similar geological and mining characteristics.

Keywords: underground geotechnology, dispersed ore bodies, mining systems, deposit opening, economic efficiency.
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DAEKTPUPULIMPOBAHHDIM ABTOTPAHCMOPT AASI IOA3EMHDIX Y OTKPLITBIX
FOPHLIX pabot

Mapk JleoHTbeBUY XA3UH"

Ypanbckuii rocyaapCTBEHHBIN rOpHbIN YHUBEpcuTeT, Poccus, ExkatepuHbypr

Lleab pa6oTeI — NoBbIlEHNE SHEProCcOEePEKEHMsI TOPHOTO MPEANPUSITUS 3a CHET UCTIOAL3OBAHMSI SAEKTPOSHEPIMM Y YMEHDIIEHMS! PACXOAOB HA AU3EALHOE
TOTNAMBO.

Meroaororns npoBeAeHMs pa6oTpl. AHAAU3 BO3MOXKHLIX HAMPABAEHUM OCYLIECTBAEHWS SHEPTOCOEPEXKEHMSI FOPHOTO MPEANPUSITUSI.

PesyaLTatnr pa6oTel. [OPHOAOGLIBAIOWAST MPOMBIAEHHOCTD SIBASIETCSI OAHVMM M3 OCHOBHLIX MOTPEBGUTEAEN SHEPTUM, Y FOPHOAOBLIBAIOIIME KOMIMAHMM BCE
GOADILE BHUMAHMSI YAEASIIOT MEPOTPYSITUSIM MO SHEPTOCOEPEXKEHMIO 1 SKOHOMUYECKM S(PPEKTUBHLIM COCco6am reHepaumm sHeprum. OAHOM U3 CaMbIX
GOALIIMX CTATei PACXOAA NPV FOPHLIX PABOTAX SIBASIETCS SHEPIUsI, HEOOXOAVIMAs AASI AOOLIUM 1 MepepaboTKy MUHEPAALHLIX PYA. [pu paspabotke me-
CTOPOXKAEHM MOAE3HDIX MCKOMAEMbIX OCHOBHBIM BMAOM TEXHOAOTMYECKOTO TPAHCIOPTA SIBASIETCS] ABTOTPAHCIIOPT C AUBEALHLIMM ABUTATEASIMU. AAst Nepe-
BO3KM FOPHOV MAacChl MMPOBAsi FOPHOAOOLIBAIOLLASI POMBILIAEHHOCTL €KETOAHO PACXOAYET MUAAVAPALI AUTPOB AM3EALHOTO TOMAMBA. Hapsiay co MHOTMMM
AOCTOMHCTBAMM AVI3EALHLIE ABUTATEAV MMEIOT U OMPEAEAEHHbIE HEAOCTATKM. OAHUM U3 MEPCNEKTVBHLIX HAMPABAEHUM SHEProCcOEePEEHMs TOPHOTO MPeA-
MPUSITUST SIBASIETCSI MCMIOAL3OBAHME SAEKTPOIHEPTMM. DTO MPUBOAUT K SKOHOMMM AM3EALHOTO TOMAMBA M YMEHLIIEHMIO 06beMa BLIOPOCOB OTpabOTaHHbBIX
rasoB. PaccmoTpeHb! MsiTb OCHOBHLIX CMOCOBOB MOAAUM SAEKTPOSHEPIMM HA ABUTATEAL: AOTIOAHUTEALHDI CMAOBOM KaBGeAb, BO3AYLIHASI KOHTAKTHAsSI CETb,
BCTPOEHHDIV aKKYMYASITOP, TOMAMBHDBIE SAEMEHTDI, SAEKTPOTEHEPATOP, A TAKXKE TPAHCMOPTHBIE CPEACTBA C KOMOVMHUPOBAHHOM CMAOBOW YCTAHOBKOM.
BuiBoAbl. [NoBbiweHvie 3(hHERTUBHOCTY PABOTLI FOPHOTO MPEAMPUSITUSI MOXKET AOCTUTATLCS 3a CHET 3HAYUTEALHOM SKOHOMMM TOMAMBA, MOBLILEHUS MPO-
V3BOAVUTEALHOCTM MPOLIECCa TPAHCMOPTMPOBAHUS TOPHOM MAacChl, COKPAIE€HUsl aBTOMAPKA, YMEHDLIIEHMsI PACXOAOB Ha 3KCMAyaTalMio U TeXHUYecKkoe
OBCAY)KMBAHUE. DAEKTPOTPUBOA MO3BOASIET YBEAUUUTL MEXKPEMOHTHLIE MHTEPBAALI ABMraTeAsl, CHU3MTL 3aTPATbl HA MOTPEOASEMYIO SHEPTMIO 3a CHET
pereHepaLmMy ¥ BO3BPALLEHMsI €€ B CETb, A TAK)KE YMEHDWMUTbL UAV UCKAIOYMTDL BLIOPOCHI OTPABOTAHHLIX Fa30B.

KaroueBble cAoBa: SHEProcbepexxeHne, SAEKTPOMPUBOA, MOASEMHLIE FOPHbIE PAGOTDLI, OTKPLITLIE FOPHLIE PAGOTLI, CAMOCBAA C KOMOGMHUPOBAHHOW CUAO-
BOM YCTAHOBKOM, SKOAOTUSI.

BEACHMEe
B HacTosee BpeMst ipu obecriedeHNy YCTOMIMBOrO GYHKIMOHNPOBAHMS IPOMBILIIEHHBIX IPEAIPUSATHIL BCe
Oosblilee BHMMAaHME VIeIACTCSA 9HEpreTdeckoMy GaxkTopy. DpdeKkTiuBHOE MCIO0Ib30BaAHIE S9HEPTeTNIECKOTO IOTEH-
1VIajIa AB/IAeTCs HeoOXOMMOIL OCHOBOI I MOJiePHM3ALMY [IPOMBILUIEHHON cepsl U Beeil skoHoMuKu. [opHopgo6biBaoias
MIPOMBIIIJIEHHOCTD SIB/ISETCS OJHUM U3 OCHOBHBIX IIOTPeOUTENIelt 9HEPI 1N, I TOPHO[0OBIBAIOIIE KOMITAaHWM BCe OOJIbIle BHI-
MAaHU YAESIOT MEPOIPISITUSIM 10 SHEProcOepeXKeHIIo 1 9KOHOMMYecKH 3¢ GeKTUBHBIM criocobam renepanuu sueprun. Ox-
HOII 13 CaMbIX OOJIBIIINX CTATel PACXOAa IIPU TOPHBIX paboTax sIB/SETCS SHEPIisl, HeOOXOAMMAs /it ZOOBIYM U TIepepaboTKM
MUHEPATbHBIX PYZ. ITOT CIIPOC Ha SHEPIMIO OOBIYHO YHEOBIETBOPSIETCS 3a CUET JU3€/IbHOTO TOIUIMBA VIV 37IEKTPOIHEPTHUIL.

JI71s1 IepeBO3KY TOPHOIT MAacChl MUPOBasi TOPHOZOOBIBAOIIAS IPOMBIIIIEHHOCTD €KETOHO PACXOAYeT MUUIMAPAbI TUTPOB
IM3eTbHOTO TOIUIMBA. TunmaHblil camocBan notpebisier ot 50 000 ;o 100 000 1 [u3€1bHOTO TOIUIMBA B TOJ] B 3aBUCUMOCTHU
OT YC/IOBUIA €ro TIPUMEHEHNA 1 MOXeT BhIienATh oT 131 o 262 T CO, B oTpaboTanHbix rasax. Hanpumep, cormacuo oduun-
a/IbHOI cTatucTuke 3a 2012 1., Tonbko B MypmaHckoit o6mactu ropaopysabsie kKommanuu OO0 «Amatnt», Kosgopckuit I'OK,
Oneneropckuit TOK u Konbckast ropHO-MeTa/UTyprirdeckas KOMIaHus ToTpebumn 139 Toic. T gusensHoro rommsa. Kommanus
AK «AJIPOCA» exxerofHO Ha 6eH3MH U A13€MbHOE TOIUIMBO PACXOAyeT 2 MIPE py6., OCHOBHAS OIS KOTOPHIX IPUXOFUTCS Ha
IM3e/IbHOE TOIUIMBO [T KapbepPHBIX CAMOCBAJIOB.

Hapsny ¢ MHOTMMM JJOCTOMHCTBAMU IM3€/IbHbIE IBUTATENN VIMEIOT U OIIpefie/leHHble HefoCTaTKi. OCHOBHBIMM T€XHMKO-
9KOHOMMYECKUMI ¥ KOTOTMYECKMMU HETOCTATKAMI [IM3€/IbHBIX IBUTATeNIeil sIB/ISIOTCS: HeBbICOKas aHepreTndeckas apdek-
TUBHOCTb; 3HAUNUTE/IbHBII PACXOJ] S9HEPIUM HA BBIPAOOTKY TEPSIOIIErocsi B IIPOCTPAHCTBE TEIlIa; OTHOCUTEIbHO HUSKAsI CKO-
POCTb IBIDKEHUSI Ha MOIbeMe; CYI[eCTBEHHBIN 00beM TEXHIYEeCKOro 0OCTy)XMBaHNs; BBICOKUIT YPOBEHD LIyMa 1 BUOpauni;
6071b111071 06BEM BBIOPOCOB OTPabOTAHHBIX Fa30B, 3aTa30BaHHOCTb aTMOC(EpHI 1 BO3MOYXHOCTh 00pa3oBaHMsl TYMaHa.

OCo0eHHOCTHIO COBPEMEHHOTO IEPMOfa SIB/IAETCS YBeINYeHMe ITyOMHbl Pa3paboTKy MeCTOPOXKAEHMIT TIOJIE3HBIX JICKO-
naeMbIX. C pOCTOM ITTyOMHBI TOPHBIX PabOT YXY[IIAIOTCA YC/IOBUA €CTeCTBEHHOIO IIPOBETPUBAHNUA pabodero IMpoCTpaHCTBA
kapbepoB. Ha riny6une xapbepos 6omee 200-250 M 3arpsi3HeHMe BO3[lyXa BpeHBIMM BellleCTBaMy Ha pab04MX MecTaX IIPUBO-
INT K ITOCTEIICHHOMY IIPEBBILICHIIO IIPefie/IbHO HOMYCTUMbIX KOHLIEHTpaLuil 1 He orBedaeT Tpebosanyam [OCT 12.1.005-88
«Boagyx paboueit 30HbI» [1].

Ha MHOIMX yro/bHBIX LIaXTax U pyAHUKax Poccrn o6beM Bo3fyxa, II0aBaeMoro B rOpHble BBIPabOTKM, HEOCTATOUEH /IS
pasbaBieHNs BBIXIOIHBIX [a30B U3e/Iel O Mpefe/IbHO JOIYCTYMBIX KOHLeHTpaLuit [2]. 3arpaTsl Ha HarHeTaHMe B Kapbep 4u-
CTOTO BO3[;yXa, HeOOXOIVMMOrO [Is IPOBETPUBAHNA, YACTO IEPEKPBIBAIOT 3aTPAThl Ha PACXOJ, TOIUIMBA KapbepPHbIX CAMOCBA/IOB
Ja)ke IIPU YCTIOBUM, YTO 9KCKaBAaTOPBI B 3a00€ 3alMTaHbl OT KabeJId — CeTy MepeMeHHOT0 WM IIOCTOSHHOrO ToKa [3-5].

ITenp pabGoTBI — INOBBIIIEHNE SHEProcOEpesKeHNsI TOPHOTO IMPEANPUATHS 3a CYET UCIIOIb30BAHMS I/MEKTPOIHEPIUN U
yYMeHbIIEH!A PACXOMIOB Ha IM3€/IbHOE TOIINBO.

Meromomorus nposBegeHNss pa6oThl. AHA/IN3 BO3MOXXHBIX HAIPABIEHMII OCYIIECTBICHNUS SHEProcOepeskeHns TOPHOTO
IpeIpUATHs 32 CYeT YMEeHbIIeHNMs ITOTPeb/IeHNs AM3e/IbHOTO TOIIMBA.

PesynbraTel pa6orbl. OfHIM 13 IIePCIeKTUBHDIX HAllpaB/IeHNU)I YMEHbIIEHNs pacXofa TOIUINBA, 00beMa OTpabOTaHHBIX
ra30B U MTOBBIIIEHM S IPOU3BOANTETBHOCTY TOPHOTO IIPEANPUATUA ABJIACTCS UCIIONb30BaHNe 9MeKTposHeprun. Ha faHHbIN MO-
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PucyHok 1. 'py3oBuk ¢ kabenbHbIM npuBogom EST-1030 [6].
Figure 1. The truck with cable gear system EST-1030 [6].

MEHT TEeXHOJIOISI 9/IEKTPUIECKOTO IPUBOJA SIB/ISAETCS CAMBIM OBICTPBIM 1 3 PEKTUBHBIM CIIOCOO0M CYIIECTBEHHOTO CHIDKE-
HIis1 9Hepronotpebnenus. VIHTepec K a7eKTPOIPUBOJY CBsI3aH, B IIEPBYIO OUepefib, C BOSMOXKHOCTBIO YMEHbBILIEH Vs ToTpebe-
HISA IU3€/IbHOTO TOIIMBA KapbePHBIMU CAMOCBAIAMI ¥ VICIIONIb30BAHA OOMbIIel MOITHOCTI Ha IBUTaTese. DTY 0COOEHHOCTU
IeNaloT S7eKTPOIPYBOMbI IIPVBIEKATe/IbHON a/bTePHATIBOI AM3ebHBIM ABNUIATe/IAM, HO MX (paKTUdecKue MperMYyIecTBa 1
HEeJJOCTAaTK! B 3HAYNUTE/ILHOI CTEMEHM 3aBUCAT OT TOTO, KaK 3/IEKTPO3HEPTNsA MO/laeTCsA Ha IBUTaTe/lb caMocBaa. Vimeerca naTh
OCHOBHBIX CIIOCOOO0B ITOJIa4M 9/IEKTPOIHEPIUY HA IBUTATEID:

— IOIIOJIHUTE/IbHBIN CUIOBOIL Kabellb;

— BO3/lylIIHasA KOHTAKTHAs CETbh;

- 60pTOBOI AKKYMYIATOP;

— TOI/IMBHbBIE 37IEMEHTDI;

— IU3€/Ib-TEHEePATOP.

AOTOAHUTEALHDIVE CMAOBOM KabeADb

OJIeKTpuuecKasi SHEPIIsi MOXKET HeIIPEPhIBHO [TOf{aBAThCsI HA TPAHCIIOPTHBIE CPefiCTBaYepes 3aAHIIT Kaberb 6e3 HeoOXOonuMo-
CTY 3aIIPaBKM WIIV TIOf3apsiaky 6atapeii [6, 7], 4TO MO3BOJIsIET YMEHBIINTD MACCY OPOKHETO TPAHCIIOPTHOrO cpefcTBa (puc. 1).

B mpoMBILIIEHHOCTH UCIIONB3YIOTCA 3/IEKTPOTPY30BUKI-IIOTPY3YMKY TPY30NIOJBEMHOCTDIO OT 2 Jio 25 T. Beencraue BbI-
cokoit 9¢pHeKTUBHOCTY 3TEKTPONPUBOJOB OHM OCHAIEHBI ABUTATEAMY MEHbIIe/l MOIIHOCTH, YeM UX AM3eTbHble aHaJIOTM.
[TosaToMy y 9/IeKTpOIIOrPY3UNKOB JMeeTcsA Oojiee OIaronpuATHOE COOTHOLICHVE MEX/Y eMKOCTbIO Ky30Ba Y YCTaHOBJIEHHOI
MOIHOCTBIO MamyHbl. Hanpumep, mia 10- u 14-TOHHBIX 9/1eKTpororpysunkoB Sandvik aTo cooTHoIIeHMe IpuMepHO BABOE
6orblile, YeM /IS AU3eIbHBIX MAalMH [6]. B TO 5ke BpeMst II04acoBast CTOMMOCTD pabOThI /151 [U3E/IbHBIX 1 97IeKTPUIECKIUX I10-
TPY34MKOB C OAMHAKOBOIEMKOCTBIO KOBIIIA aHATOTMYHA, TOIJja KaK OIepaIYIOHHbIe PacXOfbl MOTIYT ObITb Ha 10-30 % HimXe B
3aBJMICUMOCTY OT COOTHOILEHM IleH Ha AM3eNbHOE TOIUIMBO ¥ 37eKTpodHepriuio. CTOMMOCTb S3HEPIUM COCTABIIAET OKOIO 15 %
o6111el CTOMMOCTY MOYaCOBBIX PAbOT /A AM3EMbHBIX IOTPY3YMKOB U TOIBKO OKOJIO 5 % /1A 9JIEKTPONOTPY34YMKOB.

OpHako 3TV IpeVMYyLIeCTBA MMEIOT ONpefie/IeHHYIO LieHy. V3-3a orpaHM4YeHHOro pa3Mepa KaOe/lbHOJ KaTYIIKY, PacIo-
JIOKEHHOII Ha 9JIKTPOrPY30BUKe-IIOrPy3unKe (He3aBJMCUMO OT TOTO, Pa3MellleHa I OHa TOPU3OHTA/IbHO WIN BEPTUKAJIBHO),
pabounit AManasoH TPAHCIOPTHOTO CPeACTBA OIPAHNMYEH PACCTOSIHMEM MeHee YeM ABOIHas 00mmas minHa Kabesst, KOTOPBIil
MOXKET XPaHUTbCs Ha Karyiuke. Ha IpakTike 3TO O3HAYaeT, YTO flaXKe IIPM HambOoree BBHITOJHOM COOTHOLIEHNN AMaMeTPOB
Kabesls 1 KaTyIIKyY pabounii pagmyc Ay GOMbIINX CaMOCBAIOB He IpeBbiiaeT 700 M (/I Ma/bIX ITPY30BIKOB 3TO PacCTOSHIE
emle MeHblle). [ToaToMy 9TO TeXHMYeCKOe pellleHNe Iienecoo6pasHo UCIIONb30BaTh /IS CAMOCBAJIOB HEOOBIION IPY30IIOND-
eMHOCTH. [IpyruM HefOCTaTKOM sBJIAETCS IOBEP)KEHHOCTDh KaOesId YacThbIM IIOBPeXAeHNAM (BO BpeMs ABVDKEHV VIN IIPU
3aljeIIEHIN 32 OCTPbIE YITIbL), @ BO N30eXKaHue [epeIUIeTeHIsI 3aJHIX Kabesiell MOXXeT paboTaTh TOIBKO OfVH TAKOIl HOTPY34nK
B OIIpefieieHHoIt obmactn. Kpome T0Oro, cToMMoCTh Kabeist JOCTaTOYHO BEIMKA U COCTABILIET IIPUMEPHO 60 eBpO/M.

ITpuMeHeHVe TPAHCIIOPTHBIX CPEACTB C KabelTbHbIM IPUBOAOM TpeOyeT CIelanbHOl NHPPACTPYKTYPHI, BKIIOUAs /K-
TpUYeCKIe TOACTAHINMI, KOPOOKY TpaHC()OPMATOPOB, po3eTKM 1 T. . Korga Heo6xonmuMo mepeMemiaTh olepalyi 1o morpyske
Y TPAHCIIOPTUPOBKE B IPYTYIO 30HY IIAXThI, PyJHMKA VM Kapbepa M HEBO3MOXKHO IOJIK/IIOYUTD IOTPY34MK IOTHOCTBIO, JOMK-
HBI OBITD MICIIO/Ib30BAaHBI OyKCUpyeMble IM3e/Ib-TeHepaTopbl. TeM He MeHee TPaHCIOPTHbIE CPelCTBa C KaOe/IbHbIM IIPUBOLOM
XOPOIIO 3apeKOMEH0Ba/IN cebsi B 00/IACTAX, TJie Iy Th ABIDKEHNST OTHOCUTEIBHO KOPOTKMIL U TOCTATOYHO XOPOIIIO OIIPefesieH,
YTO ITO3BOJISIET MCIIO/Ib30BATh KAOEIbHBII IPUBOJ,. DKCIUTYaTAL[Us 7IEKTPUIECKIX 25-TOHHBIX IOTPY3UNKOB Ha JKeIe3HOM PYA-
Huke Kiruna B Cesepnoit [IIBeniun B Tedenne 6osee 25 €T IMOATBEPXK/ALT, YTO B O/TATONPIUATHBIX YCIOBYAX 9T MAIINHBI IIpe-
BOCXOJIAT CBOM JI3€/IbHbIE AHAIOTH.

Bo3ayuHas KOHTaKkTHasl ceTb

CaMOCBaJIBI C 97IEKTPOIPUBOJIOM, OCHAI[eHHbIE TOKOIIPYeMHUKAMM (TPOJUIE/IBO3BI), MOTYT IIOTy4YaTh SHEPIMIO OT BO3MYII-
HOJ KOHTAKTHOM ceTu. VIcrmonb3oBaHue NuTaHusA OT BO3JyIIHOM KOHTaKTHOM CeTH ITO3BO/IAET YMEHBIIUTDH MacCy CaMOCBasla Ha
10-15 % 3a cueT UCK/II0YEHNs FU3eTbHOTO ABUTATe s, TOIIMBHOTO 1 MAC/STHOTO 6AKOB, MAC/ISTHOTO ¥ BOASIHOTO PafMaTOPOB,
CUCTeM OTBOJia OTPabOTABIINX Fa30B U Psifia APYIMX IIPU COXPAHEHUM TOI Xe IPY30IOLbEMHOCTIL.

XasuH M. J1. InekTpnduLMpOBaHHBIN aBTOTPAHCMOPT AJ1A MOA3EMHbBIX U OTKPbITbIX FOPHbIX paboT // U3BecTus YITY. 2019. 129
Boin. 1(53). C. 128-135. DOI 10.21440/2307-2091-2019-1-128-135



TEXHUYECKUWE HAYKIN M. A. Xasun / Useecmus YITY. 2019. Boin. 1(53). C. 128-135

6

PucyHok 2. OnekTpoakkyMynsaTopHble KapbepHble camocBanbl BYD V60 — a u Komatsu HD 605-7 - 6.
Figure 2. BYD V60 mining trucks with electric accumulators — a; Komatsu HD 605-7 — 6.

[TpuMeHeHMEe TPO//IEIIBO30B MO3BO/AET He TOBKO MICKIIOUUTD 3aTPaThl Ha 3aKYIKY, XpaHEHUe ¥ TPAHCIIOPTUPOBKY AM-
3€JIPHOTO TOIINBA, HO ¥ TOBBICUTH CKOPOCTD IBVDKEHNSI CAMOCBAJIa ¥ yMEHbBIINTD PACXOMbI Ha BEHTU/LALNIO BEIPaboTOK. OObIU-
HO CKOPOCTb CaMOCBaJIa Ha YKJIOHEe OTpaHIYeHa MOIHOCTBIO M3€/IbHOTO IBUTraTelsA. BO3MOXKHOCTD UCIIONb30BaHMs OOMBIIIeN
MOIIJHOCTY TTO3BOJISIET CAMOCBAITY € 37IEKTPOIIPUBOJIOM ABUTAThCs € OOJIBIIEN CKOPOCTBIO U IIPeofioneBarth 60jee KpyThie YKIIO-
HBI, 4TO ofecIieyyBaeT COKpallleHMe BpeMeH) TPaHCIOPTHOIO LMK, @ CHOCOOHOCTD 3TUX MAlIMH IlepeMelaThCs 110 BbIpa-
60TKaM C YKIIOHOM 12° cO CKOPOCTBIO 0 24 KM/4 CyIIeCTBEHHO paclmpsieT 06/1acTh UCIOIB30BAHMS 9eKTPOTpaHcmopTa [8].
Hampumep, ecin Bpemsi pabouero 1ukia yMeHblraetcst Ha 20 % B pe3y/IbTaTe YBeIMYEHUs CKOPOCTI Ha MObeMax, TO IapK 13
32 caMOCBaJIOB-TPOJUIEIIBO30B CIIOCOOEH 00eCIednTh Te XKe Pe3ynbrarsl, 4To 1 40 caMoCBaloB, pabOTAIINX Ha AM3€TbHOM
toruse [1, 9, 10]. B mapTe 2013 . Ha KpynHeitieit MegHol mwaxTe B Appuke Kansanshi (Kancanium) gyusenbHblit aBTonapk 6bU1
MMOJTHOCTBIO 3aMeHeH Ha TposteiiBo3sl Hitachi EH3500ACIIL.

CrrabbIM MeCTOM 3TOJ TEXHOJIOTVIN SIBJISIETCST €€ OTPaHIYeHHAsI MOOMIBHOCTb, OIlePALiIOHHAs TMOKOCTD ¥ BBICOKIIE KaIln-
TajIbHBIe 3aTparhl. /i1 obecredeHnst paboThl TPeOYeTCs IPOIOKUTD TPOIUIEIHYIO TPACCY, K TOMY JKe BBUAY «POCTa» Kapbepa
110 Mepe BbIpabOTKe II0Ie3HOT0 MCKOIIAeMOT0 TPaccy HeoOX0oaMMO Oy/eT BpeMs OT BpeMeH ITepeMellaTh 11 JOMOMHATh HOBBIMI
ydactkamu. Tpacca fomkHa 6BITh 0becriedyeHa HeOOXOAMMBIM KOMMYECTBOM TATOBBIX HOJCTAHIMNIT M OCHOBHBIM MCTOYHIKOM
NUTaHVS CeTH, a TaKXKe ObITh yaleHa OT MecTa IPOM3BOACTBA B3pbIBOB Ha 300-600 M. TposeiiBosaM Takxe TpebyeTcs He-
CKOJIBKO 60JIee IMPOKOe IIPOCTPAHCTBO /L1 MaHeBpa, YeM SKBMBAIEHTHBIM JJU3e/IbHLIM MalHaM. KpoMe TOro, BBICOKOBOJIBT-
Hble IIPOBOJIa BO BpeMs 3arpy3KIL I pasrpy3Ky TPOJUIEIBO3a HAXOMATCA JOCTATOYHO O/IM3KO, ¥ CO3JJaeTCsl OIIACHOCTD UX HOBpe-
xpeHnA. CToMMOCTb MHQPACTPYKTYPBI COCTABIIAET OKOJIO 75 % OT LieHbl TPOJUIEIIBO3a.

IInTaHue aBTOTPAHCIIOPTHBIX CPEACTB OT BO3YIIHOI KOHTAKTHOI CETH IIPefCTaB/IsieT cOO0IT TPUBIIEKATeIbHYIO a/IbTepHa-
TUBY [/ TIOI3EMHBIX I KAPbePHbIX CAMOCBAJIOB, 0COOEHHO Ipy paboTe Ha JIMHHBIX MaHAycax. Hawmyuiie pesyabTaTbl MOTYT
OBITb JOCTUTHYTHI B C/Iy4Yae IepeMelleHNs TOPHOIT MacChl Ha pacCTOSAHMSA, MpeBblaroliye 1500 M, 0co6eHHO KOrzia opora JIs
IIepeBO3KI SO/DKHA VICIIONIb30BAThCS B TeUeHNe HeCKOJIbKIX JIeT U 00beM TPaHCIOPTUPYeMOIi TOPHOI MacChl COCTABIAeT 6oree
500 000 T B rog. OCHOBBIBAsICHh HA IIPOM3BOLCTBEHHOM OIIBITE, MOYKHO CKa3aTh, YTO TPO/IEBO3BI MOTYT OBITh MHTEPECHOI a/lb-
TEPHATUBOI J/IA CYLECTBYIOIIVX MIAXT U KapbepoB. COITTACHO IPOBEleHHBbIM pacyeTaM [9, 11], cpoK OKYIIaeMOCTH CHCTEMBI C
Y4eTOM IOBBIIIEHN S TPOU3BOIUTENbHOCTI KapbePHbIX CAMOCBAJIOB B TPOJIIETHOM peXKIIMe MOKeT COCTaBUTh 1-2 rofa. Kpome
TOTO, OTCYTCTBYeT [M3€/IbHBII BBIXJIOIN 1, CTIEOBATENIbHO, 3aTa30BAaHHOCTD 1 0OpasoBaHMe TYMaHa B Kapbepe MU BhIpaboTKe.

bLopToBoit akkymyAsITop

OCHOBHBIe IPENMYILeCTBA TPAHCIIOPTHBIX CPEACTB, PAOOTAONINX HAa aKKyMY/IATOPAX, — 9TO UX YHUBEPCATBbHOCTD, 9HEPro-
3¢ GeKTNBHOCTD, XOpOLLIee TATOBOE yCuMe (BK/II0Yast BBICOKUIT KPYTAIMI MOMEHT IIPJ HU3KMX CKOPOCTAX), OTCYTCTBME Bpef-
HBIX BBIOPOCOB, CHVDKEHIME TOTPEOHOCTH B BEHTWISILINY, CHIDKEHIE 9KCIUIYaTAlMIOHHBIX PACXO0B, XOPOLIAs [epPerpy30dHast
CIIOCOOHOCTD, MEHbIIIast IOTPEOHOCTD B TEXHIIECKOM OOCTYKMBAaHUM 11 60/Iee BHICOKast MPOU3BOAUTENbHOCTD. K coxaeHnio,
UX MOOV/IBHOCTDb OTPaHMYeHa MOl eMKOCTbIO aKKYMY/IATOPOB: Y CBMHIIOBBIX aKKyMYIIATOPOB IpuMepHo144 kIDK/KT, a y 60-
nee 3¢ beKTUBHOTO aKKyMynATOpa Ha ocHoBe docdara murus xenesa (LiFePO,) mmu LEP - 396 x]Ix/kr. Bonee addexrupHbIe
JINTUI-MOHHBIe 6aTapen uMeloT o 900 K[X/Kr [6], HO OHM IIOKa He IIPUMEHAIOTCS /I TPAaHCIOPTHBIX CPefCTB.

[TapameTps! psifia AKKYMY/ISITOPOB MOTYT 00ecrednTb HeOOXOAMMBIIT 3aI1ac SHEPIMN /IS BBIIIOTTHEHNS BCIIOMOTATeIbHBIX
oIepanyii TPaHCIIOPTHOTO IIMK/IA caMocBana. HampumMep, npy muTaHMm OT 91€KTPOINTINYECKON HMKeNIb-KaZMIEBOil aKKyMY-
naropHoit 6atapen (AKB) sneproemxoctsio 250 M camocBan BenA3-7530 rpysonogbeMHOCTBIO 220 T cocobeH mpoexathb
3,6 xm [12].

AKKYMYIATOpPHBIE TPY30BUKM-TIOTPY3YMKI BBIITYCKAIOTCA KaHafickoll koMmnanuelr RDH Mining Equipment. IpysoBuk-mo-
rpysunk Muckmaster 300EB ¢ emxocTbio koBIa 2 M* 1 20-ToHHbII rpy3oBuk Haulmaster 800-20EB nurarorcs ot LFP 6arapen.
C 2013 r. wersipe Muckmaster 300EB u oguu Haulmaster 800-20EB pa6orarot Ha 30motoM pyauuke Macassa (Makacca) — 03epo
Kupxienn, Onrapno, Kanaga [6]. I'raBHOe IpenmyIecTBO IIOrPy3YMKOB U IPY30BUKOB C aKKYMY/IATOPHOIL 6aTapeert — 3T0 UX
9KOJIOTMYIECKast YMCTOTA (HeT BbIe/IeHNsI OTPAOOTAHHBIX Ta30B) M MOOMIBHOCTD (He CBSI3aHBI C KAKOI-MO0 [TOCTOSHHOI MH-
bpacTpyKTypOIL).

K HepocTaTkaM aKKyMY/IATOPOB MOXXHO OTHECT) HEIIPOJO/DKUTEIbHBIN CPOK 9KCIUTyaTalluy M HeGOJBIIIOl 3amac Xofa B
cpasHenyu ¢ JIBC. Cornacno nnpopmanyy xomnanuy RDH Mining Equipment, LFP 6atapeu 1mo3BonsioT rpy30BUKaM-II0-
IPy34MKaM J IPYy30BUKaM pabOTaTh B CPeHEM B TedeHNe 4 4. DTO MeHbIIIe, YeM IIPOfO/DKIATEIBHOCTD pabodeii CMeHBI, KOTOPast
06bI4HO cocTaBisieT OT 8 10 12 4. [IpyruMu HeJOCTATKAMI SIB/ISTIOTCS BBICOKWIT BEC aKKYMY/ISITOPOB U VX CTOMMOCTb (XpaHeH1e
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PucyHok 3. OnekTpoakkyMynsaTopHbi 40-TOHHbIM camocBan komnaHum Artisan Vehicles.
Figure 3. 40-ton mining truck with electric accumulators by Artisan Vehicles.

1 Br - 9 ctont mpumepHo 1 eBpo) [7]. OfgHaKo criefyeT yIUTHIBATH BO3MOXKHOCTD ITepepabOTKI aKKYMY/ISITOPOB MOC/IEe OKOHYA-
HIA CPOKa 9KCIUTyaTalUu.

HecmoTps Ha 3T0, MMeeTCsA 3HAYUTE/IbHBIN MHTEPeC K IPYMEHEHNIO 3TOJ TEXHOMIOIM K IT0J;3€MHbBIM TPAHCIIOPTHBIM Cpefi-
CTBaM IIAXT. B Tex cay4asx, KOrfa Cipoc Ha BEHTIIALIMIO ¥ 000TPeB sBTIAETCS Cepbe3HOI IPO6/IeMOolt, BBIOOP 3TUX TPAHCIIOPT-
HBIX CPEICTB MOXXeT OBITh OIpaBIaHHBIM. KpoMe TOro, Ipy IMOCTOSHHOM IIPOTpecce B TeXHOJIOTYM M3TOTOB/IEHNA OaTapeit cie-
IyeT OKMJATh YBEeIMYEHMA UX 9HEPIrOeMKOCTH, YTO 3HAYNTE/IbHO MOBBICUT X ITPUBIEKATEIbHOCTD /1A IPUMEHEH) B TOPHOI
TTPOMBIIITIEHHOCTH.

Kuraiicknit kornepa BYD Co. paspaboTas TpeXOCHbIT KapbepHBII cCaMOCBaJI IIOTHOM Maccoit 60 T ¥ rabapUTHON LIMPIHO
3,2 m. Camocsan BYD V60 ¢ xonecHoit popmyoit 6 x 4 paccunTaH yisi pabOThI B yrONbHbIX paspesax, a TakKe I/I0X0 IIPOAyBa-
eMBIX Kapbepax (puc. 2, a). [py3omoppeMHOCTD MaIINHBI COCTAB/sIeT TONBKO 30 T 13-3a OTPOMHOI CHapsDKEHHOI Macchl B 30 T.
Tonbko Ha AKD u TsroBble anekTponsurateny yxe npuxoputcs 10 . [TonesHslit 06beM Ky3oBa cocTabiset 30 m°.

Crenyrowym u 60j1ee Ty4IINM BapuaHToM sABstercsa camocBan Komatsu HD 605-7 (puc. 2, 6) Becom 45 T ¥ IPy30I0AbeMHO-
CTBIO 65 T, 97IEKTPOMOTOPBI KOTOPOTO MUTAIOTCA OT AKKYMY/IATOPHBIX HUKeIb-MapraHell-Ko0aIbTOBBIX 6aTapeit 0611ell eMKo-
ctbio 700 kBT - 4 1 Becom 4,5 T. Barapen nocrasystoTcs kutaiickoit pupmort ShenzenWestart. dnekrpopsurarenn Komatsu 605
HD o6ecneunsaiot kpysmuit MomenT 1000 H - M. CamocBan 060pyfoBaH CHCTEMOIT PEKYHIePATUBHOTO TOPMOXKEHIIsT, KOTOpPast
3a KOPOTKYIO TI0€3[KY CIIOCOOHA IoA3apsAanTh 6atapero Ha 40 kBT - 4. B mpouecce akcrmyatanuu 110-TOHHBI camMocBas 6yzeT
He TOJIbKO MOTPeO/IATD SMeKTPOIHEPIIIO, HO U OTAaBaTh B ceTh 4o 200 KBT /muiIHelt sHeprum mpu HeoOXO[VMOCTI B TeUeHNe
HOYM. DTU 97IEKTPOCAMOCBAJIBI y)Ke pabOTaI0T Ha IleMeHTHOM Kapbepe Bosiie ropsl lllaccepans B lIBerirjapun ¢ koxna 2017 1.

Kamudopuuiickas gupma Artisan Vehicles mpepcraBuia HOBBII 9/1eKTpydecKuii rpy3oBuK Z40 rpy30nogbeMHOCTDIO 40 T,
IIpefHa3HAYeHHbII /IS TOI3eMHBIX PaboT (puc. 3). OH OCHAII[eH YeThIPbMSI TIEKTPOABUTATE/SIMI I CHCTEMOI 0OMeHa aKKyMYy-
JISITOPHBIMY GaTapesiMi A/is 0O/IerdeHns CMeHbI 6aTapeitHoro 6/10Ka.

ITo manubIM KoMmanuy Artisan Vehicles, morHOCTh Z40 671aromapst 9MeKTpUIecKor TPAaHCMICCHY TIOYTH B IBa pasa 6orplie
MOIITHOCTY @HATIOTMYHOTO NM3eNbHOTO MV OEH3MHOBOrO Ipy3oBMKa. HoBMHKa BBIfieNAeT TONBKO 1/8 Telna OT ero u3eIbHOTO
aHasora, He MPoOM3BoziA mpu aToM Beibpocos CO,. dnexkTpocamocsansl Z40 ucnonbsyrorcsa Ha pypauke Kirkland Lake Gold u br-
BO3ST 3HAUNUTEIBLHO OOJIbIIIe PYAbI B KXKIOM IPY30BMKe, YTO IIO3BO/IM/IO YMEHBIINTD 061Iee KOMMYeCTBO TPAaHCIIOPTHBIX CPENICTB.

TorAMBHLIE SAE€MEHTDLI

B TONIMBHBIX 3/1eMEHTAX HET JBVDKYIIMXCS JaACTel, X OT/INYAIOT HaleXKHOCTD, IO/ITOBEYHOCTD U IIPOCTOTA IKCITyaTaI M.
KII]I TormuBHBIX 37IEMEHTOB YiKe ceifuac cocTansaeT 50-70 %, 4To HaMHOTo 6orblie, YeM y [IBC, U sIB/IsAeTCSA BaXKHBIM IIPEUMY-
I[eCTBOM IIepefl COBPeMEHHBIMM JBUTATe/IMU Ha He(TAHOM ToIvmBe [13, 14]. OpHolt 13 Hanboree epCreKTUBHBIX paspabo-
TOK B JJaHHOII c(pepe AB/IsA€TCA BOJOPOLHBI IBUraTe/Ib. B 0T/IM4Me OT COBpeMeHHBIX He(DTAHBIX ICTOYHMKOB 9HEPIUY, BOLOPOS,
He JJaeT HUKAKVX BPeIHBIX BHIOPOCOB B aTMOChEPY U AB/ISAETCS CAMBIM 9KOIOTMYECKI YMCTHIM. 110 CpaBHEHMIO CO CBIHI[OBO-
kucnorasiMu AKB, KoTopble cerofHst nCIOb3YITCS B OO/MBIIMHCTBE 9/IEKTPOIIPUBOJOB, BOZOPOHbIE TOIUIMBHbIE 9/IEMEHTHI He
HY>K/IQI0TCSI B YaCTOI U JINTEIbHOI 3apsifiKe 6aTapey — JOCTATOYHO IEePUOAMIECKI C/IEUTD 3a Ha/IM4MeM BOLOPO/iA B CUCTEME
Y IPOBOJUTD €€ JJ03aNPaBKY.

IToMyMO OYEBMIHBIX JOCTOMHCTB, BOJOPOSHBIE TOI/IMBHDIE 37IEMEHTHI MMEIOT U OINpefie/eHHble HefocTaTku. CaMblil oc-
HOBHOJI 13 HUX — BBICOKas1 CTOMMOCTD, 4TO CBA3aHO C MCIOTb30BaHMEM JJOPOTMX META/JIOB IVIATMHOBOM Ipymbl. Bropoit Hezo-
CTaTOK — 3TO TabapyThI U BeC, IPeBbIIIAIONIIE COOTBETCTBYIOLIYE TapaMeTpbl coBpeMeHHBbIX [IBC 13-3a 60/1blIero KommdecTsa
HeOOXOMMBIX y37I0B U arperatos. TpeThst mpobjiemMa — OTCYyTCTBIE BOZOPOLHBIX 3apaBok. KpoMe Toro, ele OKOHYATETBHO He
oTpaboTaHa TEXHOIOTNS X USTOTOB/IEHIIA.

OpnHako mporpecc He CTOUT Ha MeCTe, U MOSIBIIAIOTCA PellleHNs TaHHBIX MpobeM. B ckopoMm BpeMeHU BOZOPOJ, CMOXeET
3aMeHNTb OEH3NH, IU3ebHOE TOIUIMBO U Ia3, a TOIUIMBHBIE 97IeMEHThI OYAYT MCIIONb30BAaThCs B Ka4eCTBE OCHOBHOTO CHIOBOTO
arperara KapbepHbIX CaMOCBajIoB [15].

Kommanus Nuvera (mrar Maccauycerc, CIIIA) crenyanusupyeTcs Ha IPOU3BOLCTBE M BHEAPEHUY BOJOPONHBIX TOIIVB-
HBIX 9/IeMEHTOB, KOTOpbIe VICHONIB3YIOTCA IJI 9/IeKTpUdYecKux norpysunkos Yale. Kommanmeir Sandia National Laboratories/
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CA paspaboTaH NOI3eMHBIII TPAHCIIOPTHBIIL TATAY, CUJIOBAs YCTAaHOBKA KOTOPOTO MpeACTaBIAeT coboil 6aTapero U3 TOIIINB-
HbIX 9/IEMEHTOB Ha OCHOBE IIPOTOHHBIX 0OMEHHBIX MeMOpaH B COYETaHNUM € 0OPaTVMBIM METa/ITIOTU/IPUTHBIM aKKYMY/IATOPOM.
Taray mpoies MpoMbIIUIEHHbIE UCIIBITAHMA Ha 6€30II1aCHOCTb B Ha3eMHBIM YC/IOBUAX Y ITOKa3ajl HU3KMe NapasuTHbIE IT0Tepyu
MOIIJHOCTY, HU3KUII YPOBEHD LIIyMa U BBICOKYIO 9KOJIOTMYECKYI0 YUCTOTY [16].

AuzeAb-reHeparop

OCHOBHBIM HE[JOCTAaTKOM MEXaHMYeCKUX TPAHCMICCUIL SABJIAETCS CTyIeHYaToe M3MeHEeHMe CKOPOCTH, a TaKKe MCYe3HO-
BEHIE TATOBOTO YCM/IMA BCTIEICTBME PaspblBa CMIOBOTO IOTOKA B TPAHCMUCCHM TPy IepeKnoyeHnAx nepefad. Hexoropoe
yCTpaHeHIe 9TUX HeIOCTaTKOB 00ecreyrBaeTCsl YCTAHOBKOI Ha BXOJie KOpOOKM Tepefad InipoTpaHcdopmMaTopa, a BHYTPU ee
- ppUKLMOHHBIX MY]T, 06ecIeunBaIONINX IepeKII0YeH e Tepeiad oy, Harpyskoit. OfHaKo IipoMeXaHNdecKyie TPaHCMUCCUN
JIMEIOT CBOJ HEIOCTATKIL: OHY CIIOKHee, TOPOoXKe, TsDKeJlee U IMEIOT MeHbIINIT K09 PUIMEHT II0/Ie3HOTO JIefiCTBIA, YeM MeXa-
HIYeCKIe TpaHCMUCCHL. [IpuMeHeHne 97IeKTPOMEXaHNIeCKOl TPAHCMIICCIN II03BOJIsET N30€XKaTh HETOCTATKOB MEXaHITIEeCKIX
U TU/IPOMeXaHNIecKuX TpancMuccnit. Kpome Toro, 3a cueT MCKIIOUeHNst KOPOOKH Hepefad ¢ TUAPOTpaHCHOPMATOPOM I HACO-
coM, fuddepeniuana ¢ KapfaHHOI Mepefaydeil, MHOTOIUCKOBOIO pabodyero TopMo3a C ero CUCTEMOI OXJIaXK/eHMsI CHIDKAIOTCS
9KCIUTyaTaIMIOHHbIE 3aTPAThl Ha TEXHIYECKOe 0OCTy)KIBaHIe, PEMOHT U PACXOJIHbIe MaTepuaIbl.

CutoBoit 6JI0K ¢ 9leKTpoMeXaHm4eckoil TpancMuccueit (OMT) cocTouT U3 OM3enIbHOro BUraTess, Bpalalolero TAro-
BBIJI TeHepaTop IepeMeHHOIO TOKa, IBYX 91eKTPOMOTOPOB-KO/IeC, 6I0Ka pe3uCTOPOB JUHAMUYECKOro TopMoxeHus. Cucre-
Ma ympasjeHns obecrednsaeT paboTy 1 KOHTPOIb COCTOSIHIS BCEX KOMIIOHEHTOB TATOBOTO 37eKTponprnsoga. CoBpeMeHHast
cucTeMa yIpaBjeHns obecredrnBaeT BO3MOXKHOCTD BO3JIEVICTBIS He TO/IBKO HA TSATOBBII 9/IEKTPOIPUBO, HO U HA AM3€/IbHBII
IBUTATe/b, YTO HO3BOMACT POPMUPOBATH TATOBbIE XapakTepucTkyu SMT, onTiManbHO codeTaeMble C XapaKTePUCTUKAMIM Y-
3€JIBHOTO JIBUTaTeNs. B pesy/nbTaTe CHIDKAeTCs Pacxof TOIIMBA TIpK paboTe caMocBaa.

B HacToAIee BpeMs 13-3a CBOEN HEHAIeXKHOCTHU U IOPOTOBU3HBI B 9KCIITyaTall/ ABUTATENIN TOCTOSHHOTO TOKA MPaKTH-
YeCKM He MCIONb3YIOTCA B IPOMBIITIEHHOCTH. VIcnonb3oBaHue aCMHXPOHHBIX MOTOPOB JJaeT BO3MOXKHOCTb CHU3UTD Y/le/IbHbIE
06beM 1 MacCy TATOBBIX 9/IEKTPOABUTATeIell, 0becrednTs 60jee BHICOKYIO YaCTOTY BPAILEHNsI I TAKMM 00pasoM YBEINIUTh
MaKCMMa/bHYI0 CKOPOCTb CAMOCBAJIOB.

Jpyrum 0CTOMHCTBOM 37IEKTPOIIPUBOJIOB IIepeMEHHO-TIEPEMEHHOT0 TOKA AB/IAETCA OTCYTCTBHE IeTOYHO-KOJI/IEKTOPHOTO
y371a B TATOBBIX JIEKTPOJBUTATENAX, YTO ITO3BOJIAET 3HAYUTETBHO YMEHBIIUTD SKCIUTyaTaIlIOHHbIE 3aTPAThl HA MX OOCITyXK1-
BaHye. JJIeKTpUYeCKIie MAIIVHbI OOBIYHO PACCYMTHIBAIOT Ha MOBBILICHHYI0 MaKCUMAJIbHYIO YITIOBYIO CKOPOCTb, KOTOpas Ha
II€PEMEHHOM TOKE OTPAHNYMBAETCA B OCHOBHOM MEXaHMYECKON IIPOYHOCTHIO POTOPA ¥ MOAIINITHNKOBBIX Y3/I0B.

IIpuMeHeHMe TATOBOTO 3NEKTPONPUBOJA C YaCTOTHO-PETYINPYEMBIM aCMHXPOHHBIM 37IEKTPOINPUBOJOM II0 CPAaBHEHMIO C
IMIPOMEXaHNYeCKOl TPAHCMMCCHEl TO3BOIAET IOBBICUTD HaJIeXKHOCTh CaMOCBajIa, CHUSUTD CTOMMOCTD )KM3HEHHOTO LIMK/Ia U
OfIHOTO TOHHO-KIMJIOMETpA IIePeBO30K. ITO JOCTUTACTCS 3a CUET IIOBBILICHNUS pecypca paboThbl 9/IeMEHTOB 9leKTPOMeXaHde-
CKOIt U IIpeo6pa3oBaTe/IbHOI YacTy IIPUBOJA, YBEMIEHMs TATOBOTO ¥ TOPMO3HOTO YCUINIL, PACIIMpPEHUs CKOPOCTHOTO JiValia-
30Ha UX 3¢ PEeKTUBHOTO JEICTBNA, IIOBBIIIEHVS MaKCYIMAIbHON CKOPOCTY [IBVDKEHMA IPY)KEHOT0 caMocBaa 1 9¢ppexkTuBHOCTI
9JIEKTPOIPUBOJIA B IIe/IOM. VICIIONb30BaHMe TOPMO3HBIX Pe3CTOPOB 001Ieil MOITHOCTBIO 2,4 MBT 103BO/IAET yep>KNBATb IO-
CTOSTHHYIO CKOPOCTD 15 KM/4 Ha 16 %-HOM CITyCKe, 4TO CII0COOCTBYET YBEIMYEHIIO IIPOM3BOUTEILHOCTH caMocBaa [17].

JlomonHNTeIbHOE TPEMMYIIECTBO — CYLleCTBEHHOE IOBbIIIEHMe KadyeCTBa YIpaBIeHNUA CaMOCBA/IOM IIPaKTUYECKM BO BCeX
peXXMUMax JIBVDKEHMA, B TOM YMCTIe B CJIOKHBIX METEOPOJIOTMYECKUX YCIOBUAX M Ha CKOJIb3KOM Jjopore. B TakuX yc/IoBUsAX 37eK-
TPOMEXaHMKa BCerzia BefieT cebs mydllle, 4eM IMIPOMEXaHIKa, IOTOMY YTO Ha IOfybeMaX 3/IeKTPOJBUTATE/I TO3BOMIAIOT paboTaTh
TpaHcMuccyu 6e3 MpoOYKCOBKM, @ TOPMO>KEHNE JIEKTPOAMHAMMKOI Ha BUpaXkaX U CITCKaX IPOMCXOAUT 6e3 67I0KMPOBKY KOJIec.

3a moceguye 20 sieT ObUIM TOCTUTHYTHI 3HAUUTE/IbHbIE YCIIEX) B TEXHOJIOIMM IIPOU3BOACTBA KapbepHBIX CAMOCBAJIOB C
97IEKTPOIPUBOOM. B cerMeHTe KapbepHBIX CaMOCBAlOB mIpefcTaBieHbl HOBUHKM Kommanuit Caterpillar, Komatsu, Libher,
Hitachi n «BenA3» rpysomopbeMHoCTbIO OT 90 10 420 T. Bce MalIMHBI OCHAIIEHBI 9EKTPOMEXaHIIECKOI TPAaHCMIUCCHeIT Te-
peMeHHO-TIepeMeHHOro Toka. Ha BermA3e-75131 mcronbsyeTcs: 9/1eKTPOTPAHCMICCUSA TIePEMEHHO-IIOCTOSHHOIO TOKa COOCT-
BEHHOTO IIPOU3BOJICTBA, HO Ha HEKOTOPBIX JIPYTUX caMocBanax crout mpopykius General Electric wim nerep6yprckoit OAO
«InexTpocuna». Ha xapbepHOM camocBane benmA3-75601 ycTaHOBIEH acMHXPOHHBI iBurarenb Siemens. Kommanmsa Libher
IIpUMeHAeT COOCTBEHHBIe pa3pabOTKY M IPOU3BOINT BCe KOMIIOHEHTHI KOMIIIEKTA TATOBOTO 9/IKTPO0OOPYIOBaHII, TOTA KaK
Komatsu ncnonbayet npogykumio upmbr General Electric.

Komnanmsa Siemens IJIaHUPYeT B ClIeAYIOLIEM T'Ofly BBIITYCTUTb KapbepHbIil camocBan ¢ OMT nmepemMeHHO-IIepeMeHHOTO
TOKa IPy30MOABeMHOCTBI0 30-40 T. [Ipndyem paccMaTprBaeTCsi BOSMOKHOCTb MPUMEHEHVsI TMOPUIHOI CHIOBOI YCTaHOBKIL:
JIBC 1 HakonINUTeNb SHEPTUMN.

TpaHCNopTHbIE CPEACTBA C KOMOVHMPOBAHHOM (TMOPUAHO) CUAOBOA YCTAHOBKOM

C pocTOM IIIyOMHBI KapbepOB YBEIMYMBAIOTCSA CPeJHEeB3BEIICHHBII YKIOH aBTOOPOT M PACCTOSAHYE TPAHCIIOPTUPOBAHIS,
BO3PACTAIOT HATPY3KM Ha 9HEPrOCUIOBYIO YCTAHOBKY M TPAHCMUCCHIO CaMOCBajia. BMecTe ¢ TeM yBenmumBaeTcs BpeMs JIBVDKe-
HIIsI IOPOXKHETO CAMOCBaIa, 4 3HAUNUT BPeMsI «HelIPOM3BOANTEIbHOI» PabOTHI IBUTATEIsI BHYTPEHHETO CTOPAHNS HA YaCTUYHBIX
Harpyskax. Ha BcroMoraTeZibHBIX OIlepalyiAX TpaHCIOpTHOro Lukia (40-60 % BpemeHN pefica) pacxof TOIUIMBA COCTaBIIAET
5-15 % ot o611ero pacxofa 3a TPAHCIIOPTHBII LIMKIL.

Pabora aBTOCAaMOCBa/Ia B Kapbepe MMeeT LMKIMYeCKIIT XapaKTep: IOrpy3Ka—/iBIDKeH)Ee B IPY30BOM HAIlpaB/IeHUN — pa3-
Ipy3Ka—/IBJDKeHIe B IIOpOXKHeM HarpasjieHuy. Hayboree pofo/DKIUTeIbHbIe COCTABIIAONINE BPEMEHN pelica — IBJDKEHMe C
IPy30M Ha ITOJ'beM, IIPY KOTOPOM CaMOCBaJI 3aIlacaeT MOTEHIMAIbHYIO 9HEPIMIO, M JBVKEHIE TIOPOKHAKOM TP CITyCKe, KOT/ja
HaKOIUIEeHHas IOTEHIMaIbHasl 9HePIUsA pacceuBaeTcs B BUJeE Tell/la B TOPMO3HBIX YCTPOIICTBAX caMocBaa. Eciny npu crycke
CaMOCBaJIa B Kapbep PeKyNepUpOBaTh SHEPIMIO TOPMOXKEHMA I 3aI1acaTh €€ B HAaKOIMTe/le SHEPIWM, TO IPY MaHEBPUPOBAHUN B
Kapbepe, IOTPy3Ke ¥ BO BpeMsI IBVDKEHMS B pabodelt 30He TATOBbIe ABUTaTenu OyyT CIOIb30BaTh 3allaCeHHYI0 B HAKOIIUTENIe
sHepruio, a [IBC Oynet BoIkTodeH. TakuM 06pa3oM, MOXKHO 9KOHOMUTD TOIUIMBO, YBEIMYUTD PECYPC AMU3€IbHOTO ABUTATEN U
CHU3UTH 00bEeMBI BBIOPOCOB OTpabOTaHHBIX Ta30B.
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PucyHok 4. NoasemMHbIn ausenb-TponnenBo3 EMT-35.
Figure 4. Underground diesel-trolley car EMT-35.

OpHMM 13 BapMaHTOB ABJIAETCA IIPUMEHEHNe Ha TPAaHCIOPTHOM CPefCcTBe IMOPMIHOI MY KOMOMHMPOBAHHOI SHEProCh-
nosoit ycranoBku (K9Y). TpaHcmopTHbIe CpefcTBa ¢ TUOPUIHOI 9HEPrOCUIOBO YCTAHOBKOM OObeANHSIOT TPafUIIMOHHBII
IV3e/IbHbI MV 6E€H3MHOBBIIT ABUTATeNb C 6OPTOBOII Iepe3apsKaAeMOlt CUCTEeMO XPaHeHMsT SHEPIMH ST JOCTYDKEH S Ty dIIei
9KOHOMUM TOIUIMBA ¥ He OTPaHMYEHBI 00/IACTbI0 HAaXOXKIEHNUsA 3apsAgHOro ycrpoiictsa [2, 18]. IIpu atom JIBC mMoxeT 6bITh
MeHblIle, jterde U 3¢ eKTUBHee, 4eM y 0ObIYHOTO aBTOMOOWIISA, IIOTOMY YTO OH PacCUUTBIBAETCA HA CPEJHIIE 3aTPaThl SHEPIU,
a He Ha muKoBble sHaYeHys1. [Tpu aTom [IBC u anexrpopsurarens (9]I) paboraoT mapanienbHO Ha 001t BajL. Bicokuit Kpy-
TSALIMIT MOMEHT AM3e/IbHOTO JABMUIATe/Isl B COUETAHUM C TMOPU/IHOI TEXHOJIOTHE! MOXeT 06eCrednTh 3HAYNTEIbHO OOJIBIIINIL
npober. [Tpudem B ocHOBHOM paboraeT J]] ¢ mUTaHMeM OT aKKyMYIATOpPa, a JIBC ucnombsyercs i 3apsAAKN aKKyMyIATOpa
U JI7IA TIOTyY€eHMs MaKCUMMAaJIbHBIX TATOBO-CKOPOCTHBIX IIOKa3aTeslell Ipy PasroHe, JBUYKEHNY Ha TOBBIIIEHHBIX CKOPOCTAX U B
TSDKEJIBIX JOPOXHBIX yCa0BMsAxX. COBpeMeHHbIe TOPIIHbIe 97eKTPOMOOIIN IIPOIEBAIOT 3aPsI CBOMX OaTapeil depes peKyIie-
paTuBHOE TOPMOYKEHHE.

TpancropTHBIe cpeficTBa ¢ KOMOMHMPOBAHHOI SHEPTOCUIOBOJT YCTAHOBKOI 000PYIOBaHbI IBYMs BU/IAMU CHMJIOBBIX yCTa-
HOBOK, KOTOpbIe pa0OTaI0T He3aBUCYMO Y IIOCTIejOBaTe/IbHO [19].

KapbepHble caMOCBaJIbI C AM3€IbHBIM IBUTATEIEM U 9€KTPOIBATATENEM, TIO/TYIAIONIM IITaHME OT BO3/IYLITHON KOHTAKT-
HOIT CeTH, WV IU3e/Tb-TPOJUICIBO3bI, YCIIEIIHO 9KCIUTyaTupyeTcst B crpaHax Adpukn, B Bpasnmuu u CIIIA. Hampumep, Ha 30-
noropynHoM Kapbepe «berie» (CILIA, mrat Heasa) ncronbayeTcs napk us 73 nusenb-TpONIeiiBO30B IPY30H0bEMHOCTDIO 170
T, KOTOpbIE eKeHeBHO IepeB03:AT 410 ThIC. T TOPHOIL Macchl. TposIeiiBO3BI YCIIENHO paboTaloOT Ha IIaxTaxX ¥ Kapbepax B Konro
- kapbep Lubembashi, Hamn6un - 6acceitn Poccunra (Rossing) B mycrsine Hamun6, Ha mepubix pynHukax lera Bommsu JIy6y-
Mmbamnm B 3aupe ¢ 1986 r. B kon1je 1980-x IT. KapbepHbIe [U3eb-TPOIIEIIBO3bI Haua/IM 9KCIUTyaTrpoBarh B Kanazne, IlIBenun u
Ascrpamu [9, 10]. st TpaHcnopTHpoBKY Iy u3 paspesa Grivice B RMU Banovici (Bocuust u Iepuerosuna) riy6uHoit 6omee
100 M 1cnonb3yIoTCsA KapbepHble fusenb-TpomneriBo3nl Euclid-Hitachi EH4500 AC rpy3onogbeMHOCTDIO 254 T.

Kommanus Atlas Copco BbIITycKaeT iBe MOJE/Y MOfI3eMHBIX IU3e/Ib-TPOJUIeIBO30B: 35- 1 50-ToHHbI rpy3oBuKky EMT-35
(puc. 4) m EMT-50 cooTBeTCTBEHHO.

9T0 HU3KONPOGUIbHBIE MAPHUPHO COYICHEHHBIE TPY30BUKM C MOTOP-KOJIeCaMM, IPUBOJBI KOTOPBIX MUTAOTCA OT TPex-
(asHBIX TMHUIT TepEeMEHHOTO TOKa HampspkeHyeM 690 B. I obecriedeHns JOCTaTOYHON MOOMIBHOCTY IPY3OBUK OCHAIeH
IM3eNIb-TeHePaTOPHOI YCTAaHOBKOIJL, II03BOJIAIOIIEI eMy 3arpy>kKaTbCs, paboTaTbh M pasrpykaTbcs, IIOKA OH He IOAKIIYEH K
JIVHUY 97eKTpoliepenadn. I10CKo/IbKy BCIIOMOTAaTeIbHBI AM3€/IbHbI JBUTaTeIb OTHOCUTE/IbHO HeOOJIBIION 110 CPAaBHEHUIO C
OCHOBHBIMM d7eKTpoaBurarensamu (72 kBt npotus 2 - 200 kBt y EMT-35 u 107 kBt mpotus 2 - 355 kBt y EMT-50), morpe6Ho-
CTHU B BeHTWIALIMY JJIS1 9TUX I'PY30BUKOB HAMHOTO HIDKe, 4eM JI/IsI OOBIYHBIX aBTOMOOWIIEN! C IM3eIbHBIM ABUTaTeIeM. Ipy3oBuK
EMT-50 notpebnser MeHee 17 % o6beMa BO3/1yXa, HEOOXOAMMOTO I/ pabOThI ¥ 9BAKYAIVM BBIXIOMHBIX [A30B 11 TAPOB, UCITY-
CKaeMbIX aHaJIOTMYHBIM 50-TOHHBIM IU3€TbHBIM IPY30BUKOM [6].

Hanb6osee BayKHBIM IIPEMMYIECTBOM STUX IPY30BUKOB BJLAETCS X BBICOKAs IIEPErpy304Hasi ClIOCOOHOCTD I OYEHb XOPO-
m1asg npoxoaumMocTb. Ha ykimone 14° cKopocTb IM3enb-TPOJUIENiBO3a Ha MO beMe ITOYTH BJJBOE BBIIIE I10 CPABHEHMIO C aHAJIOTUY-
HOM IM3€ebHOV MAIIMHOI.

Kananckuit Koncoprimym R&D paspaboran ausenb-smeKTPUIecKnii Morpy3dnK-rpy30BUK [yIsl IOA3EMHBIX TOPHBIX paboT
[10], momy4YB SKOHOMMYHOE pelleHe MKy MUHIMATbHBIM 00'beMOM BBIOPOCOB 1 PaCcXOfIOM IU3eIbHOTO ToIUMBa. Ilorpys-
41K ¢ 06beMoM KoBIIa 1,2 M° Ha 6ase Mopenu LT-270 nsrorosnen kaHapckoit komnanyeit MTI (Cap6bepu, OnTapno). Pesynbra-
TBI MICIIBITAHWIT, TpOBefeHHBIX B 2010 1. [16], mokasanm, 4To 06beM BIOPOCOB B 3aBUCUMOCTY OT pPeXXK1Ma pabOoThl CHU3NIICS Ha
12-64 %, a pacxop ToMBa yMeHbImIcAa Ha 10 %.

TubpuaHbIe U KOMOMHIPOBAHHBIE SHEPTOCH/IOBbIE YCTAHOBKI SIB/IIIOTCS OHUM 13 BO3MOYKHBIX CPeICTB YCKOPEHIS BHeEfpe-
HIA Pecypco- 1 9HeprocOeperaronyx TeXHOMOTHIA 1 TTOBBIIIEHNS SKONOTMYECKOT 6€30ITaCHOCTY B TOPHOII MPOMBIIIIEHHOCTH.

3arAloueHme

Iosbienne 3¢pGeKTUBHOCTI PabOTHI TOPHOTO IIPEAIPUATIS MOXKET TOCTUTATHCA 3a CYET 3HAYNTENTBHO S9KOHOMUMN TO-
IUIMBA, OBBIIIEHNA IPOM3BOAUTEILHOCTY ITpOliecca TPAHCIIOPTMPOBAHNS TOPHON MacChl, COKpaIlleH) s aBTOIIapKa, yMeHblIle-
HIs PACXOJOB Ha SKCIUIyaTallMIo U TeXHI4Yeckoe 06CIyXuBaHue. JNMeKTPOIPUBOJ, IT03BOJIAET YBETNUUTh MEXPEMOHTHbIE VH-
TepBaJIbl ABUTATE/LA U CHU3UTD 3aTPAThl Ha IIOTPeO/IAeMYIO SHEPIUIO 3a CYET pereHepalyyi i BO3BPAILeHNA ee B CeTh.

ITpu onerke 9¢PeKTUBHOCTY IIPYMEHEHNA JIeKTPOTPAHCIIOPTA PEIIAIOIIYI0 POJIb UTPaeT COOTHOLIEHME IIeH Ha IU3e/IbHOEe
TOIUIVBO U 97IeKTPO3Hepruio. CyliieCTBEHHOE 3HaUeHIE IMeeT CaM (paKT 9KOHOMMUY TOIUINBA, KOTOPBIIL II0 pacuyeTaM COCTaB/IsIeT
0,9-1,1 kr Ha 1 M® TPaHCITOPTHPYEMOIT TOPHOI MACCHI, T. €. B CpefHeM 1 ThIC. T TomnBa Ha 1 MiH M mepeBo30K. brarompusatHbiM
CTIe[ICTBYIEM 3TOTO SBIIAETCA COOTBETCTBYIOIIEe COKpallleHe BBIOPOCOB BPEHbIX BEI[eCTB B aTMOCQepYy.
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PaguKalbHBIM BapMaHTOM MOXKET OBITb HMpYMeHeHNe KOHTAaKTHO-aKKyMYIIITOPHBIX CaMOCBAJ/IOB, IBIDKEHIE KOTOPBIX B
DJIyOMHHOI 9acTV KapbepoB U B 3a005X OYIET OCYIIECTBIATHCA C TIOMOIIbI0 aKKYMY/IATOPHBIX OaTapeit, a Ipu BbIes[ie U3 Kapb-
epa — ¢ IOMOIIbI0 KOHTAKTHOM CeTU. AKKYMYJIATOPHI ITO cpaBHeHMIO ¢ [IBC He3HauNTeTbHO yBEeIMUIMBAIOT MACCy CAMOCBAIA.

Kaxzast TeXHOIOT WS TOaYy IIMTAHYSI HA 97IEKTPOIPYBO, IIPEAIIONaraeT CHIDKEHIe BBIOPOCOB BBIXJIOIHBIX Ia30B U Gosee
MINPOKOE JCIIOIb30BaHIe BO30OHOBIsIeMOl 9Heprun. COITlacoBaHe KOHKPETHBIX 9TIeKTPUIECKUX 11 TOPHORZOOBIBAIOMINX TeX-
HOJIOTMIT IOMOXKET IIPEOO/IeThb NMelolIecs: 6apbepbl, TaKue KakK Ja/IbHOCTb TPAHCIOPTUPOBAHIS, Ha/IM4/e COOTBETCTBYIOIE
MHQPACTPYKTYPbI ¥ BpeMeHM HofA3apsaKu. Vcrmonb3oBaHe KOMOMHIPOBAaHHBIX 9HEPrOCH/IOBBIX YCTAHOBOK II03BOJISAET YMEHD-
IIUTDb PACXOJ 9NeKTPUIECKOI SHEPI NN, AV3EIbHOTO TOIUINBA 1 TPYHOBBIX 3aTPAT, OBBICUTD 9KOJIOTMYECKYI0 6€30IMacHOCTD aB-
TOTPAHCIIOPTHBIX CPECTB IIPM IIOJ3eMHOI U OTKPBITOI OObIUE ITOJIe3HDIX MICKOIIaeMBbIX.

B HacTosiIlee BpeMsi PHIHOK 9/IEKTPOTPY30BUKOB ellle HAXOAUTCS HA PAHHMX CTAfVSIX, HO MCCIENOBAHNMS B 00/IACTI Tex-
HOJIOTHIT, HEOOXOMMBIX JU/IsI 00eCIIeYeHNsT 9IeKTPUIECKOIT SHEPIMI PA3INIHBIX BUOB 9IEKTPOTPY30BUKOB, IIPOLO/DKAIOTCSL.
Ba’kHO ITOHMMATB, YTO OffHAa MOJIe/Ib 3/IEKTPOrPYy30BUKOB He MO>KET YHUBEPCATbHO IOAXOANTD BO BCEX CTYYasX M3-3a LINPOKOTO
CIIeKTpa TOPHOTEXHOJIOTMYeCKUX YCTIOBUIL.
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Electric trucks for underground and open pit mining
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Purpose of the work is to increase the energy saving of a mining enterprise by using electricity and reducing the cost of diesel fuel.

Methodology of the work. Analysis of possible ways for energy saving of a mining enterprise.

Results of the work. The extraction industry is one of the main consumers of energy, therefore, mining companies put a greater emphasis on energy
saving measures and cost-effective ways of energy generation. One of the largest expenditure item when mining is the energy required for extraction
and processing of mineral ores. While the development of mineral deposits, the main type of technological transport is a motor vehicle with diesel
engines. The global extraction industry spends billions of liters of diesel fuel annually to transport rock mass. Along with many advantages, diesel
engines have some disadvantages as well. One of the promising areas of energy saving of a mining enterprise is the use of electricity. This leads to
savings in diesel fuel and reduced exhaust emissions. Five main ways of power supply to an engine are considered: additional power cable, air contact
network, built-in battery, fuel cells, electric generator, and trucks with a combined power plant.

Conclusions. Improving the efficiency of the mining enterprise can be achieved through significant fuel savings, higher productivity of the
transportation process of rock mass, reduction of vehicle fleet, reduction of operating and maintenance costs. An electric motor drive allows you to
increase time between engine repairs, reduce the cost of energy consumed by regeneration and return it to the network, as well as reduce or eliminate
emissions of exhaust gases.

Keywords: energy saving, electric motor drive, underground mining, open pit mining, dump truck with a combined power plant, ecology.
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O60CHOBaHME MaPaAMETPOB (PPUKLIMOHHOTO MPMBOAA ArperaToB
rOpHO-0O0raTMTEALHOTO MPOU3BOACTBA

WUropsb MapdeHosny TUMO®PEERB',
MapuHa CepreeBHa CTOJNIAPOBA™

'CaHkT-leTepbyprckuii ropHbin yHuBepceuteT, Poccusi, CaHkT-MNeTepbypr

AKTYaALHOCTL Pa60TLI 06yCAOBAEHA BO3MOXKHOCTBIO CO3AaHMsI (DPUKLMOHHOTO MPMBOAA BPAILAIOWIMXCS YACTel arperatoB ropHO-060raTUTeALHOTO MpPo-
M3BOACTBA, B YaCTHOCTU CIyCTUTEAEN MyALIbl, HA OCHOBE TSIFOBOTO YCTPOMCTBA C PEMYAMPYEMLIM AQBAEHMEM MPUBOAHLIX KOAEC Ha peALc, obecrneymBaio-
Wero AMHEVHYIO 3aBUCMMOCTb Pa3BMBAEMOM CHALI TSTM OT BHEWHETO COMPOTUBAEHMS], YTO UCKAIOHAET HEOBXOAMMOCTL MCMOAL30BAHMST AOMIOAHUTEABHDBIX
6AANACTHLIX MACC, CHUYKAET METAAAOEMKOCTD M SHEPIFOEMKOCTL MPUBOAA.

Lleab pa6otii: 060CHOBaHME MApPaMeTPOB (PPUKLIMOHHOTO MPMBOAA HA OCHOBE TSIFOBOTO YCTPOWCTBA PLIYAXKHOTO TUMA C PErYAMPYEMbIM B (hyHKLMM
COMPOTUBAEHUSI AQBAEHMEM MPUBOAHLIX KOAEC, 06ECneUMBAIOWMX HAAEKHOE CLIEMAEHME KOAEC C KOALLEBLIM PEALCOM B 30HE YMPYrOro CKOALKEHMS],
MICKAIOUYAIOLIMX MEePEKOC YCTPOMCTBA HA KOALLIEBOM PEALCE, MPOAOALHOE CKOALKEHME M M3HOC XOAOBLIX YaCTEVA.

MeTtoaororms MccaeaoBaHMs. VICMOAL30BAH CUCTEMHDIN MOAXOA, BKAKOHAIOWMIA QHAAUTUYECKME U BLIYMCAMTEALHLIE METOALI C MPUMEHEHMEM MaTeMa-
TUYECKOTO MOAEAMPOBAHMsI, CTPYKTYPHOTO M KMHETOCTATMYECKOrO aHaAM3a, a TakKe KAACCUYECKME MOAOXKEHMs TEOPETUUECKON MEXaHUKM M Teopun
MEXaHM3MOB U MallMH.

Pe3yALTaTLI M MX IPUMEHEHMeE. YCTAaHOBAEHLI OCHOBHLIE 3aBUCMMOCTM MapameTpOB TArOBOTO YCTPOIACTBA, yUMUTbIBaKOWME OCOBEHHOCTU PabOoTLl HA KOAL-
LIEBOM peAbce 1 06eCrneumBaroline HAAEXKHOE CLIEMAEHME MPUBOAHLIX KOAEC C PEALCOM B 30HE YMPYrOro CKOALKEHMsI. (DPUKLIMOHHDIV MPUBOA HA OCHOBE
TAFOBOTO YCTPOWCTBA, CMOCOBHDLI Pa3BMBaTL TArOBOE YCMAME, HE3ABMCMMOE OT CLIEMHOTO BEeca TSroBOTO OpraHa, MO)KeT BbiTh MCMOAL30BAH B KA4ecTse
MPUBOAA CryCTUTEAE MYADLMLl C MepUEPUHLIM MPUBOAOM, & TAKXKE B KAYECTBE MPUBOAA BPALAIOWMXCS YaCTel KPYMHDLIX arperaroB, TaKMX Kak LIEMEHT-
HblE MeYM, MEALHULILI, 6apaBAHHDIE CYLIMAKM U CMECUTEAM.

BuiBoAbl. PaccMoTpeHbl 0cO6eHHOCTM paboThbl TFOBOFO YCTPOMCTBA (DPUKLIMOHHOTO MPUBOAA FOPHO-OBOraTMTEALHLIX arperaroB Ha KOALLIEBOM PeALCe,
MPEAAOIKEHDI METOABI YCTPAHEHMST BO3MOYKHLIX MEPEKOCOB YCTPOMCTBA, BbI3LIBAIOWIMX U3HOC XOAOBLIX YacTeli MPMBOAA, & TAKKE 3HAYEHMsl MOMPABOYHDBIX
KO3(P(hULIMEHTOB OTHOWIEHUSI AUAMETPOB MPUBOAHDLIX KOAEC U FEOMETPUUYECKMX NMApameTPOB MEXAHU3MA B 3aBUCMMOCTY OT PaAMyCOB pabBoumx NoBepx-
HOCTEN peAbca.

KatoyeBble croBa: oboraleHmne, CrycruteAb, (OPUKLIMOHHDIV MPYBOA, KOALLIEBON PEALC, TSFOBOE YCTPOMCTBO, PLIMAKHLIA MEXAHM3M.

BeJieHe

B pas3nuyuHBIX OTPAC/IAX IPOMBIIUIEHHOCTH IIMPOKOE IIPYMEHeHNe HAIJIV Bpallalolyecs arperaTbl — pagyab-

Hble CTYCTUTENN IIY/IbIIBI, MENbHUIIBL, PeaKTOPHI, [leMeHTHbIe ey 1 T. 1. [1]. XapakTepHoit 0CO6€HHOCTBIO IPUBO-

IOB YKa3aHHBIX YCTPOJICTB AB/IAETCS HA/IMYNE B UX COCTaBe PPUKIMOHHOI Iapbl, 00pa3oBaHHOI IIPUBOJHBIM POIVIKOM U KOMb-

LIeBBIM Pe/IbCOM, VIV OTKPBITON 3y04aTOIl Iepefaun, a MIMEHHO LIeCTePHY, CU/ALell Ha BBIXOLZHOM BaJIy PefyKTopa IpUBOia 1
3y04YaToro BeHILIa, 3aKPeIUICHHOTO Ha KOPIIyce Bpallalolelics YacTU arperara.

OCHOBHOII ITapK 9KCINTYaTHPYeMbIX arperaToB 000raTUTe/IbHOIO IPON3BOJCTBA IIPeICTaB/IeH PaiiaIbHBIMU CTYCTUTEIIAMU
C IIEHTPA/IbHBIM U TleprepuitHbIM IIPUBOLOM. B HacTosIIIee BpeMsi B IPOMBIIIIEHHOCTH U KOMMYHa/IbHOM X03s1iicTBe Poccun
u cTpar CHI aKCcrmyaTupyoTCcs BeCsATKM TBICSY CTYCTUTEIEN My/IbIl PasIMIHOro HasHadeHus [2].

AHanus mUTepaTypPHBIX MCTOYHMKOB, IATEHTOB Ha M300peTeHMsI TOKa3aJl, YTO MOAEPHM3aLMsI KOHCTPYKLIMII COBPEeMEHHBIX
pajiuanbHBIX CTYCTUTENEN MeT B OCHOBHOM II0 TPeM HAIIPABJIEHNAM — YCTAHOBKA OPUIVHA/IbHBIX MMATAIOLINX KOMTOALEB, CUC-
TeMBI yIaJeHMs MTaMa U Iofadn GIIOKY/IAHTA, IpYMeHeHe 6JI0KOB TOHKOCTIOJHOTO CTYIeHN A, a TaKXKe IPeOKOBOII CUCTEMbI
yOaneHus 1MUlaMa BOJIOKYIIHOTO TuMa. [lepcreKTMBHBIM, 10 MHEHUIO PAa aBTOPOB, ABJIAETCSA PEKOHCTPYKIUA CTYCTUTENEN C
nepudepnitHBIM IPUBOJOM B alllIaAPAThI C LIEHTPAIbHBIM HPUBOAOM [3, 4]. OfHAKO HAPSLY C IOMCKOM Iy Tell YAYUIIeHIs 1 OII-
TUMM3ALUI CYIIeCTBYIOIIEr0 060PYIOBaHMs Vi TEXHOTOTMYECKIX IIPOLIECCOB He 3aTParuBaloTCs BOIPOCH COBEPUIEHCTBOBAHIS
CaMoro NpuBoJa.

OpUKLMOHHDIN IPUBOJ, BPAIAIOLIMXCA YacTell arperaToB ropHO-000raTUTeIbHOTO IPOM3BOACTBA (CIYCTUTENIEN, peaKTo-
POB I T. JI.) BKIIOYAET, KaK IIPaBIJIO, TATOBYIO TEJIEXKKY C pa3MeIleHHBbIM Ha Hell IIPMBOJIOM, COeMHEHHYIO ¢ Ipe6KOoBoil pepmoit
U OIIMPAIOIIYIOCS HA KOJIBLIEBOII PE/IbC, YIOXKEHHBIN 10 OOPTY IPIMEMHOIT Jalliu CryCTUTEIs, IPUBOFHBIM potukoM [5]. [pebko-
Bast pepMa MPUBOAUTCS BO BpalljeHIe [IPY ABIDKEHUN TEIEKKI [0 KOIbLIEBOMY penbCy. IIpn aToM TsAroBast Crioco6HOCTD IpH-
BOJIa 3aBMCUT OT CVJIBI CLIETJIEHUS POJIVIKA C KOJIBIIEBBIM PE/IbCOM, OIpefie/IIeMOl BECOM ¥ CUJIaMM COTIPOTUBIICHNS JBVDKEHIIO
rpe6KoBoIi pepMBI B IIpoliecce CIYLIeHNs, YTO He CO3AeT YCIOBUI /15 [UINTE/IbHOM YCTONYMBOI pabOTHI arperata ¢ 3ajaHHOM
CKOPOCTBIO BpalljeHus rpebxoBoit ¢pepmel [6]. IIpu meperpyske oTMedaeTcs: 3aMefiieHN e CKOPOCTY BpaleHus ¢pepMbl, a [
BO300OHOBJICHNA HOPMa/IbHOJ pabOoThI IIPeyCMOTPeHa BO3SMOXKHOCTD pasMelljeHN s HOMONMHUTENbHOro bamtacta [7, 8]. Takum
06pasoM, CyLIeCTBEHHBIM HEJOCTATKOM (DPUKIIMOHHBIX IIPUBOLOB CTYCTUTENEN U FPYTUX TOPHO-00OraTUTEIBHBIX arperaTos,
10 HalleMy MHEHMIO, ABJIAETCA IpAMasl 3aBUCUMOCTb MEXJy CO3/IaBaeMOIl CUJION TATU M CWJION TSDKECTH TATOBOTO OpraHa
(cuemHOIT BeC TATOBOI TeEXKM, PepMBbI), YTO IPUBOAUT K HEOOXOAUMOCTH BBELEHMs HOTONMHUTETbHOI, HEIPOU3BOAUTETBHO
nepeMelraeMolt 6a/IaCcTHOI MacChl, HEOIPABIAHHOMY POCTY PaCXOffOBAaHIIsI MATEPHAJIOB, IIOBBIILIEHIII0 SHEPIOEMKOCTH ITpuBoza [9].

CoBepleHCTBOBaHMEe (QPUKIMOHHOTO NIPUBOJA TOPHO-OOOTaTUTE/IbHBIX arperaToB BO3MOXKHO IIPY M3MEHEHMN CIocoba
CO3JaHMA CUIBI TATY 33 CYET ITOTHOM MM YaCTUYHOM 3aMeHbI CIIeITHOTO Beca MIPMHYANTE/IbHBIM IpYKaTyeM IIPUBOSHbIX KOJIeC
K pernbcy [10, 11].
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PucyHok 1. KuHemaTtnyeckas cxema TAroBoro yctponctsa. 1 — NnpuBogHOe Koneco; 2 — KomnbLEeBON penbe; 3 — 0Cb; 4 — pblyar; 5 — LwapHup;
6 — yrnoBoi peivar; 7 — xomyT; 8 — Tara; 9 — pama; 10 — npucnocobnexve HavanbHOro satsra; 11 — onopHbI pormk; R, R, — paanycbl BHYyTpeHHen
N HapyxHow pabounx NoBepxHOCTew penbea.

Figure 1. Kinematic diagram of the traction device. 1 — driving wheel; 2 — ring-type rail; 3 — axis; 4 — lever; 5 — hinge; 6 — crank lever; 7 — clamp;
8 —thrust; 9 — frame; 10 — device for initial tighten force; 11 — supporting roller; R,, R, — radii of the inner and outer working surfaces of the rail.

MeTOoAOAOT VSl MCCAEAOBAHMSI

AJIbTepHATUBOI CYI[eCTBYOIUM (QPUKLIMOHHBIM IIPUBOJAM CIYCTUTEJIEN MOXKET CTaTh HepugepuitHblil (PPUKIINOHHBII
HPUBOJ, C PEryIUpyeMoil B (PYHKIUN COIPOTUBICHNs CUJION TATY, Peal30BaHHbBI Ha OCHOBE TATOBBIX yCcTpolicTs [12], co-
3IQHHBIX B JICHMHTPaJIcCKOM TOPHOM MHCTUTYTe IIOfL pyKoBopcTeoM Ipod. B. C. bepcenesa.

KunemaTndeckie 1 KOHCTPYKTMBHbIE 0COOCHHOCTY HOBOTO IIPMBOJiA COCTOAT B TOM, YTO BpalljaTe/lIbHOE ABJDKEHNE Iped-
KOBOJT pepMBI CO3[aeTCs TATOBBIM YCTPOICTBOM (puc. 1) ¢ perymupyeMbIM B GYHKIMV CONPOTUBICHNA JaBJIeHIeM IPYBOJHBIX
KOJIEC Ha PeTbC, KOTOPOe 0becrednBaeT HafieXKHOE CLieIIEHIIE KOJIeC C KOJIbLIEBBIM PEIbCOM B 30HE YIIPYTOTO CKOIbXKEHISL.

Tsrosoe ycrporictBo (puc. 1) mpepcrasisier co60il IIOCKMIT IIAPHUPHO-PBIYAXKHBII MEXaHU3M C [BYMs TOPU30HTAIBHO
PacIIONOXeHHBIMI LIMINHAPUYECKMMI TPUBOSHBIMY (TATOBBIMIM) KOJlecaMM 1, 3a>KMMAIOIIVIMI TOJIOBKY KOMBIIEBOTO peribca 2
BO BCTPEYHBIX HalpaBeHusAX. IIpuBogHble Komeca 2 IOCPECTBOM OCell 3 CMOHTMPOBAHbI Ha pblyarax 4, COeIMHEHHBIX LIap-
HYpaMM 5 ¢ KOHIJaMJ KOPOTKMX IIJIeY YIVIOBBIX PHIYaroB 6. BepIiyHEBI yITIOBBIX pbIYaroB 6 CBs3aHbI C OrMOAIOIMMI KOIbLEBO
penbe 2 XoMyTaMi 7, @ KOHIIBI ITTMHHBIX IJIeY TATaMM 8 COeVHEHBI C PaMoii 9 TATOBOJ TeNeXXKM BpalllaeMoro arperara. Peruarn
4 IPUBOJHBIX KOJIEC CHAOXKEHBI IIPY XV HHBIMY IIPUCIIOCOOTEHISIMI Ha49a/IbHOTO 3atsira 10, a XOMYThI 7 — OIIOPHBIMU POJIMKAMI
11, mepefaoNUMMI CIIY TSDKECTY TSATOBOTO YCTPONCTBA HA KOJIbLEBOIL penbe 2. IIpu cooOIeHny BpaaTeIbHOTO ABIDKEHNUS
IPUBOJHBIM KOjlecaM 1 MIPOMCXOAUT 3aTAT MEXaHM3MaA U 3a CYeT CUJI CLEIUIEHUA KOJIeC C PeNbCOM BpallleHNe IepeaeTcsa Io-
BOPOTHOII 4acTy arperata (HampyuMep, rpe6KoBoil ¢epMe CTYCTUTENA), IPU STOM HOPMAJIbHbIE JIABJIEHNA IIPUBOIHBIX KOJIEC
U peaknuy KOJbleBOTO pelbCa B3aMMHO ypaBHOBellleHbl. HopmanbHOe maBiieHMe TATOBBIX Kormec 1 Ha penbc 2 U3MeHAeTCA
aBTOMAaTUYECK! B 3aBUCUMOCTY OT CONPOTUB/IEHNA Bpallaolleiics yacTyu arperara. IIpuBoiHbIe Ko/leca MOTYT 3a)KMMaTh KaK
TOJIOBKY PeJIbCa, TaK ¥ €I0 CTONMKY, IIPY 3TOM HOPMaJjIbHbI€ JaBJIeHNA IIPUBOJIHBIX KOJIEC U PEaKIMI KOJIbLIEBOTO pelbca B3aVIMHO
YPaBHOBEUIEHBI.

OpHako mpu paboTe TATOBOTO YCTPOMCTBA HA KOMBIIEBOM peibCe, INIOCKOCTh OCY TOMOBKM KOTOPOTO COBIIAZIaeT C IUIO-
CKOCTbIO BpallJeHNs IPUBOJHBIX KOJIEC, BO3MOXEH IIEPEKOC TATOBOIO YCTPOIICTBA OTHOCUTEIBHO OCHU penbea [13], mpuunHaMu
KOTOPOTO AABJIAIOTCA:

— HECOOTBETCTBME OKPY>KHBIX CKOPOCTeNl TATOBBIX KOJIEC JITMHAM OKPY>XKHOCTel BHYTPeHHell R 1 HapyXHOi R pabounx
TTOBEPXHOCTEN TOJIOBKY PEbCa;

— HeCOBIIa/IeHNie TI0 HAIIPAB/ICHIO CO3/JaBaeMOli TATOBBIM YCTPOVICTBOM CHJIBL TATY U BHELIHETO COIPOTUBIICHNA (peaKys
BpAIIAIOLIeIICs JaCTy arperara);

— Iepepacnpesienene Harpy3oK MeX/ly BHYTPEHHE OTHOCUTENIbHO KOJIbLIEBOTO PeibCa ¥ HAPY>KHOM YaCTAMMU TATOBOIO
YCTPOJCTBA.

IIpu nmepexoce TATOBOTO yCTPOWCTBA B INIOCKOCTY BpallleHNs MIPUBOJSHBIX KOJIEC BOSHMUKAIOT IOTIOTHUTE/IbHbIE COTPOTUB-
JIEHUST OT IIPOJOJIBHOTO CKOJIBXKEHISI, BeAYyIyie K MHTEHCHBHOMY U3HOCY pabodyX IIOBEPXHOCTEN IIPUBOAHBIX KOJIEC U PeIbca K
CHIDKEHMIO K03 uIeHTa 0Ie3HOr0 [eiICTBIS IIPUBOJA.

MerToppl ycTpaHeHNs MIPOJOIBHOTO CKOMIBKEHNS 3aBUCAT OT TUIA IIPUBOJA TATOBBIX Kojec. IIpumenenne auddepeHunn-
a/IbHOJI Tlepefjadyt I03BOJIAET MOTHOCTBIO YCTPAHUTD IIPOO/IBHOE CKOIbYKEHME, OHAKO BEJET K 3HAUMTE/IbHOMY YCIOXKHEHUIO
KOHCTPYKLMM TATOBOTO YCTPOJICTBA M IIPUBOJA B Iie/IOM. B mpakTyKe MpOeKTUPOBaHMs TATOBBIX YCTPOICTB HauboIbIlee pac-
IIPOCTPaHEeHNe MTOTYYV/IA IIPUBOABI C KECTKO KIHEMaTI4eCKOIl CBA3bIO IIPUBOJHBIX Kojiec [14, 15] 1 MHAMBUAYaIbHBIE IPU-

Tumodees U. M., Cronsaposa M. C. 06ocHoBaHWe napaMeTpoB GPUKLIMOHHOIO MPMBOAA arperaToB ropHo-oboratutenbHoro 137
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PucyHok 2. Cxema pacnonoxeHus NpUBOAHbLIX KONeC Ha KONbLEBOM penbce. B — LuMprHa ronosky penbea; t — NoNoBMHa LUMPYHBI FTONIOBKK
penbca; I, I, — paanyCbl NPMBOAHLIX KOMEC; W — YrNoBas CKOPOCTb MPUBOAHLIX KOMEC; W, — YroBas CKOpoCTb rpebkoson depmbl; R — cpeaHnii
paawuyc konbLiesoro penbca; O — LeHTP KOMbLEBOro penbca (LEeHTP BpalleHns epmbl).

Figure 2. The scheme of driving wheels on the ring-type rail. B — width of the railhead; t — half the width of the railhead; r , r, — radii of driving
wheels; w — angular rate of driving wheels; w, — angular rate of the rowing farm; R — average radius of revolving arms; O — center of the ring-type
rail (center of rotation of revolving arms).

BOJIBI C ONMHAKOBBIMM IapaMeTpaMMu ABurareneii u nepenad. Komeca 1, pasMeleHHbIe Ha paMe TATOBOIN TelMeXKu (Ha puc. 1
He IIOKa3aHbl), IPUBOJATCSA BO BpalllaTeJIbHOE JBYDKEHNE 9JIeKTPOJBUraTe/leM Yepes3 pasiBOCHHYIO YepBAYHYIo Nepenady. [Ipu
paccMoTpeHNu 0c06eHHOCTET pabOThI Ha KOIBLIEBOM Pejibce (PPUKIVIOHHOTO IIPUBOJA C TSATOBBIM YCTPOIICTBOM MOCIEYIOLIIIE
BBIBOJIbI OCHOBAHBI Ha TIPEMIOIOKEHN Y, YTO Ha TIPUBOJIHbIE KOJIeca TIPU PABEHCTBE YI/IOBBIX CKOPOCTE M, = M, = () JIEACTBYIOT
paBHBIe KPYTAILIEe MOMEHTBL

Ha puc. 2 mpeficTaB/ieHa cxeMa pacroioKeHns MPUBOIHBIX KOJIEC Ha KOMbIIEBOM PEfTbCe.

B pacueTHOM pexxume ABIDKeHNMs CUCTeMbl BeKTOPEl OC,,OC, KO/UIMHEeapHBL:

0C, =R,0C, =R,

rae R, R, — paccTosgHme OT LeHTPa KOJbLEBOrO Pe/bca JIO0 LEHTPOB NPUBOJHBIX KOJIEC, PACIIONIOKEHHBIX HA BHYTPEHHEN 1
BHeIIIHell pabounx MOBEPXHOCTSIX peibca COOTBETCTBEHHO.
IIpu gBYDKEHMM TATOBOTO YCTPOWICTBA 0 KONbLIEBOMY PENIbCY OKPY>KHBIE CKOPOCTY MIPUBOJHBIX KOJIEC PABHBI:

ro= (”oRp r,m = (uoRz,
Tfie 7, T, — PAInyChl IIPUBOIHBIX KOJIEC, PACIIO/IOKEHHBIX HA BHY TPEHHEN M BHELIHEN Ppabo4nX MOBEPXHOCTSIX PenbCa COOTBETCT-

BEHHO, M; ( — yI/IOBasA CKOPOCTb IPMBOJIHBIX KOJIEC TP YKECTKOM HPUBOfIE, C'; @ — yI/I0BasA CKOPOCTH rpe6KoBoit depmbl, .
VYrioBasg cKOpOCTb IPUBOJHBIX KOJIEC:

o= o, +R, _ o, +R, .

1 )

Papiiychbl IpUBOJIHBIX KOJIEC 7, T, IOTDKHBI OBITH MPONOPIMOHATbHBI pajmycaM R, R :
= 5 = K, 1’2 = Krl 5

no R
e K- KOB(b(i)I/II_U/IeHT OTHOLIEHVIA PaANyCOB IIPVMBOOHBIX KOJIEC, PACIIO/IOJKEHHDIX Ha BHyTpeHHef/l ¥ BHEIITHe pa60‘H/IX IIOBEPX-

HOCTSIX penbca.
W3 pacuerHOI cxeMbl (puc. 2):

|

R1=R—r1—t;R2:R+r2+t,
rae R — cpepHmit pauyc KONMbLEBOTO PeNbCa; ¢ — IOOB/MHA INVPUHbI TOIOBKM PebCa.
KoadduumeHT oTHOIIEHMS pafUyCcOB IPUBOJHBIX KOTIEC:

R+r,+t R+Kr+t
K= = .
R-r—-t R-r-—t

1

(1)
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IMocne cooTBeTCTByOLIMX HMpeobpazoBaHuil (1) okoHYaTenbHO monmydaeM kKoadduumeHT K, CBA3BIBAOLINII TapaMeTpbl
KOJIbLIEBOTO penbca R, t 1 pafinyc 7, IPUBOJHOTO KOJECA PACIIONIOKEHHOTO Ha BHYTPEHHEN OBEPXHOCTY KOMbI[EBOTO perTbCa:

~ 1+(t/R)
" 1-2(n/R)=(t/R)

JInaMeTpbl NPUBOJHBIX KOJTEC, KOHTAKTUPYIOUVX C BHYTPEHHeN ¥ HapY>KHOI pabo4MMM MOBEPXHOCTAMU KOJIbLIEBOTO
penbca paBHbL:

D,=2r;D,=KD,.

Tak Kak [yIMHA OyTH, IPOXOFUMOrO KOIECOM C BHEIIHEI CTOPOHBI KOJIBLIEBOTO Pe/IbCa, OOIbIIIe Iy TH, IIPOXOAIMOro KoJe-
COM II0 BHYTpPEHHeIl IOBEPXHOCTH, TO J/I1 YCTPaHEHMs ITPOIOIbHOTO CKOMb)KEHM s, BBI3BAHHOI'O HECOOTBETCTBMEM OKPY KHbBIX
CKOPOCTeJi TIPUBOJIHBIX KOJIEC [TMHAM OKPYXXHOCTell BHYTpeHHell R, 1 Hapy»HOit R pabo4nx MoBepXHOCTel TOMOBKY PerbCa,
HeobxozMo fraMeTpbl D, 1 D, NpUBOAHBIX KOMeC IPUHIMATD TTPOHOPI[MOHATbHBIMY COOTBETCTBYIOIMM pasimycam. Tak Kak
R =R+ t>R =R -t To [MaMeTp HaPY>KHOTO Koneca D, lo/keH ObITh IPUHAT MEHBIINM, YeM [IMaMeTp BHYTPEHHETo Ko/meca
D, u paBubim D, = KDI.

Ha puc. 3 npepcrasnen rpa¢mk 3aBUCMMOCTI K03 uIeHTa OTHOIIEHNUS AYaMeTPOB IIPUBOLHBIX KOIEC OT [UaMeTpa
KOJIBbLIEBOTO peibca IPU ABVYKEHUM TATOBOTO YCTPONCTBa 1O penbcaM P50, P65 npy saxkatum cTOMKM pelbca TOMMHONM 16 1
18 MM 1 1o penmbcam P50, P65 mpu 3akaTuy roIOBKY peibca UWIMPUHOI b =75 MM. [InaMeTp KO/bL{eBOTO PenbCa MPUHIMAIICS
PaBHbBIM IaMeTPy YaHa CTyCTUTe/IeN IyabIibl OT 18 mo 100 M.

AHanu3 pe3ylbTaToOB IIOKa3bIBaeT, YTO KO3 ULMEHT OTHOLIEHMs AMaMeTPOB IIPUBOJSHBIX KOJIEC TATOBOIO YCTPOICTBA
Pe3KO BO3pacTaeT LA 3HAUYeHNUII AyaMeTpa KOJIbLIeBOTo penbca oT 18 mo 40 M mpu ycmoBuu paboThI TATOBOIO YCTPONCTBA Ha
TOJIOBKE KOJIbIIEBOTO perbca. [Ipu sHaueHmsx guameTpa penbea ot 40 1o 100 M HabmonaeTcst 607ee moorast 3aBUCUMOCTh. Max-
CUMajIbHOE 3HaueHue Koa(duIleHTa OTHOLICHNS J1aMeTPOB IIPUBOJHBIX KOJIEC IIOTTyYeHO Ipu paboTe TATOBOTO YCTPOVCTBA
Ha CTOJIKe KO/IbLI€BOTO pefbca C AMaMeTpoM, paBHbIM 100 M.

ITepexoc TATOBOTO YCTPOIICTBA Ha KOIbLIEBOM PelbCe MOXKET OBITh BBI3BAaH TaK>Ke HECOBIIAJIEHMEM HAIIPaB/IeHN CO3/jaBa-
€MOJI TATOBBIM YCTPOJVICTBOM CHJIBL TATYU M BHELTHMM COIIPOTUBIeHMeM (peaKIyis Bpallaollerics yacTu arperata). s obecre-
4eHMs PABHOBECUSA CHCTeMbl He0OXOMMO, YTOOBI TMHMA feiicTBuA paBHOpeiicTBytomeit T tarosbix yeummit T, u T, coBnazjama
C HaIIpaBJIEHMEM PABHOJIEVICTBYIOLIEN C//I BHEIIHETO CONPOTUBIEHNA.

Ha puc. 4 nmpepcTaBiena cxema Ciil, JEMICTBYIOIIMX Ha 3/IEMEHTHI TATOBOTO YCTPOJMCTBA.

W3 ycnoBus paBHOBECH A MOMEHTOB CUJT:

H

(9+AR] T =b'T;
> .
T
b= (9+ARJ—" = (E+ARJ K;AR = é -b'.
2 T \2 2

Ecmu mmpuna ronosku penbca b= R - R, To paBHopeiicTBytomas T tarobix yeummit T, u T, (peakmu penbca) 6yzeT
CMellleHa OT OCY TOIOBKM Pe/ibca K IIeHTPY KOJbLIeBOTO pefibca Ha BenuunHy AR:

bZ
AR= . 2
R (2)
1 O
4 g
E 005 | /"H-__
i £
g
gi 0o I
=
£ E 0.054 e
Pt (oTOMeR pReon
§ vt e PEL) (CTOE [l
1]
[ > .
1] m L] LA BOo 100 120

TR AR TV AT b BRI Pl @,
PucyHok 3. Mpacduk 3aBUCMMOCTM KO3hphULMEHTa OTHOLLEHUSA AUaMeTPOB NPUBOAHLIX KOJEC OT AMamMeTpa KoNbLEeBOro pernbca.
Figure 3. Dependence diagram of the ratio of diameters of driving wheels on the diameter of the ring-type rail.
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PucyHOK 4. Cxema cwun, AeﬁcTBlel.l.lMX Ha TdroBsoe yCTpOﬁCTBO. T — cymmapHas cuna THI'VI;TH, TB — TATOBblI€ YCUINUA Ha Hapy)KHOVI N BHYTPEH-

Hew YacTAX TAroBOro yCTpPoMCTBa.
Figure 4. Scheme of forces acting to the traction device. T — total traction force; Tn, Ts — tractive effort at the outer and inner parts of the

traction device.
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PucyHok 5. padhmk 3aBUCMMOCTU CMeLLEHUA CUITOBON OCU TArOBOro YCTPOWCTBA OT AnaMeTpa KomnbLeBOoro penbca.
Figure 5. Dependence diagram of displacement of the force axis of the traction device from the diameter of the ring-type rail.

Bo mn3bexxaHne mepeKoca TATOBOTO YCTPOICTBA paBHOAeicTBYIomas cun T, v T, [O/KHA COBIAZIaTh 110 HATIPABIEHMIO C
PaBHOJEIICTBYIOLIE peaKiny paMbl BpaljaeMoit yacTu arperara (rpe6xoit ¢gepmbr). Kpome aToro, myis ycrpaneHns mepexoca
TATOBOTO YCTPOMCTBa HEOOXOAMMO YPaBHOBECUTb BHYTPEHHIOI 1 HAPY>KHYIO YacTV YCTPONCTBA, T. €. CO3[]aTh YCIOBUE, IIPU
xoropom T =T, u, KaK c/ieficTBue, BBeCTU nonpasky B ieun [, [ cun T u T,, BOSHUKAIOWMX B TATAX OT H/CTBUA BHENUIHETO
COIIPOTUBJIEHN, I YeT0 HeOOXO/MIMO BBIIIOTTHEHNE YCIIOBUA:

/3 saBucumocT (2) Crefyet, YTO CMeIeHNe CUIOBOI OCH TATOBOTO YCTPOMCTBA OTHOCUTETBHO OCY TOMOBKY KOTIBIIEBOTO
perbca CIefyeT YUUTBIBATh PV MA/IbIX PaANycaxX PeIbca 1t OOJBIION MIVPUHE er0 TOTIOBKIL.

Ha puc. 5 mpefcraBieHsl rpaduKy 3aBUCKMOCTI CMELIeHMsI CUIOBOI OCH TATOBOTO YCTPOUcTBa AR [/Is AMaMeTPOB KOMb-
1IeBOro penbca oT 6710 150 M 1 mupuHe ronosku penbca ot 20 go 80 M.

AHanus pe3ynbTaToOB IOKA3bIBAET, YTO CMELIEHNME CUIOBOM OCK TATOBOTO YCTPOMCTBA OTHOCUTEIBHO OCH PE€IbCa PE3KO
BO3pacTaeT JI/I Ma/bIX 3HAYE€HNII I1aMeTpa KOMbIeBOTO pebca oT 6 o 18m. ITpy yBenmmyenun ayaMeTpa KONbLIEBOTO Pebca
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ot 18 o 100 M HabIIOmAETCS pe3Koe CHIDKEHMe CMEIeHNs CUIOBOI oci. MaKkcuManbHOe 3HaYeHre CMeIeHNUsI CUIOBOI OCH
MOTY4eHO JI7IA uaMeTpa KOMbIeBOTo pesibca 6 M I IIMpIHe TOIOBKY penbca 80 MM.

3akAtloueHue

TeopeTndecknMy MCCIENOBAHMAMY YCTAHOB/IEHO, YTO IPY IIPOEKTUPOBAHNM (PPUKIMOHHOTO IPUBOJA TOPHO-000raTH-
TE€/IbHBIX arperaToB Ha OCHOBE TATOBOTO YCTPOJMCTBA PHIYa’KHOTO THUIIA JJIA YyCTPaHEHMA NPOJOIbHOIO CKONMbXXEHNUA KO/IeC U
BO3MOYXHBIX [IEPEKOCOB MeXaHI3Ma HeOOXOLUMO B pacuyeT reOMeTPUUeCKIX NapaMeTPOB YCTPOIICTBA BHOCUTh COOTBETCTBY-
Iollyie TOIpaBKu. Bricokast 3¢ deKTNBHOCTD NPUBOKA SOCTUTAETCs OMarofapsi aBTOMaTHYeCKOMY PeryaipOBaHIIO TaBIeHNs
IIPMBORHBIX KOJIEC Ha KOMbLEBOII PebC B 3aBUCUMOCTH OT CONPOTUBIIEHVS BpalljaeMOji 4acTy arperara, B 49aCTHOCTI Ipe6Ko-
BOJT pepMBbI CIyCTUTEA.

OTMeueHHBIe IPENMYIECTBA pacCMaTpPUBaeMOro GpUKLIMOHHOTO IPUBOJA ITO3BOIAIOT VICIIONIb30BATh €I0 B KadyeCTBe IIPH-
BOJa BPAIAOMINXCS YaCTell KPYITHBIX arPeraToB, TAKMX KaK [JeMEHTHbIE IIe4N, Me/IbHUIIbI, OapabaHHbIe CYLINIKA U CMECUTENN,
PV 3TOM KOJIBLEBOIl PeNbC, 3aMeHSIOINII 3yOUaThlil BeHel OOJIbIIOro [UaMeTpa, YCTAaHABINBAIOT HA BPAIAIOLIENICs YacTu
arperata (Kopimyce, 6apabaHe), a IPUBOJ, C TATOBBIM YCTPOJICTBOM — Ha paMe MaIlNHBbL
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Substantiation of parameters of friction drive units for the ore mining
and dressing plant

Igor’ Parfenovich TIMOFEEV',
Marina Sergeevha STOLYAROVA™

Saint Petersburg Mining University, Saint Petersburg, Russia

Relevance of the work is due to the possibility of creating a friction drive of rotating parts of units for ore mining and dressing plant. These are pulp
thickeners based on a traction device with adjustable pressure of driving wheels against a rail ensuring linear dependence of the developed propulsive
effort on external resistance. This eliminates the need for additional dead-weight, reduces specific quantity of metal and energy intensity of a drive.

Purpose of the work. Substantiation of parameters of the friction drive based on a lever-type draw gear with adjustable resistance as function of
pressure from the driving wheels that ensures reliable wheel-rail adhesion in a mode of elastic sliding; this eliminates tilt of the device on a ring-type
rail, longitudinal slide and undercarriage wear.

Research methodology. A systematic approach has been used, which includes analytical and computational methods using mathematical modeling,
structural and kinetostatic analysis, as well as some conventional concepts of classical mechanics and mechanism and machine theory.

Results and their application. The main dependences of parameters of the traction device are determined taking into account peculiarities of work on
the ring-type rail and ensuring reliable wheel-rail adhesion in a mode of elastic sliding. The friction drive based on the traction device that is capable
of developing a propulsive effort independent of adhesion weight of the traction unit can be used as a drive for pulp thickeners with a peripheral drive
and as a drive for rotating parts of large units such as cement kilns, mills, cylinder dryers and mixers.

Conclusions. The features of the operation of the friction drive for the ore mining and dressing plant using the ring-type rail are considered; methods
for eliminating possible tilts of the device causing undercarriage wear are given; correcting factors for the ratio of driving wheel diameters and
geometric parameters of the mechanism depending on the radii of the rail working surfaces are proposed.

Keywords: beneficiation, thickener, friction drive, ring-type rail, traction device, lever mechanism.
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Environmental impact analysis as a tool for state regulation
of economic activity

Andrey Nikolaevich IVANOV',
Margarita Nikolaevna IGNAT’EV~
Nataliya Georgievha PUSTOKHINA™,

Ural State Mining University, Ekaterinburg, Russia

Relevance. The transition to a model of sustainable development requires an increase in the effectiveness of state regulation of environmental man-
agement, which in turn implies the use of effective regulatory tools, including a set of administrative and economic tools. Under the conditions of
an oncoming environmental crisis and degradation, environmental impact analysis (EIA) becomes increasingly important, the purpose of which is to
make environmentally sound decisions by evaluating the forecasted impacts and justifying measures to reduce or prevent them.

Purpose of the study. Analysis and systematization of institutional support for EIA, identification of evolutionary changes in relation to environmental
assessment, its importance, the order of implementation, the existing shortcomings.

Results. While the study, the stages of institutional support for EIA in Russia were identified and the expediency of distinguishing four stages was
justified. At the first stage, it is, actually, not about the assessment, but about the intentions of its setting. At the second stage, separate principles
of environmental regulation are implemented when planning business activities. Ecological appraisal (EA) becomes compulsory. The second stage
is considered as preparatory one for development and approval of laws regarding EIA. At the third stage, the legislative recognition of EIA is carried
out (1994, 2000); the Federal Law “On Ecological appraisal” is adopted. A new edition of the Federal Law “On Environmental Protection” now has
the Article 32 called “Conducting the environmental impact analysis”. The fourth stage (now in force) is a change in attitude towards the objects of
ecological appraisal which takes place due to amendments in the Urban Planning Code of the Russian Federation. The implementation of provisions
is differentiated with the project. At the same time, the list of facilities requiring EA is significantly reduced, which is absolutely illogical in the current
situation of an impending ecological crisis.

Conclusions. The staging of evolutionary changes in the institutional support for EIA makes it possible to solve the problem of its improvement most
reasonably in the presence of “bottlenecks” identified in the research process.

Keywords: State regulation, tools, EIA, changes, stages, improvement.

ntroduction
State regulation of economy, according to the author [1], is “the system of measures and activities of the state for
sustainable functioning and development of the country’s economy in compliance of the socio-economic and other goals
approved by society”. In contrast to management, it slightly affects a regulated object in order to maintain the direction of de-
velopment and suppress negative situations that hinder the normal course of processes. The state regulation of environmental
management fits into the framework of state regulation of economy having ecological-economic systems as regulated objects
with a multi-target development of economic and environmental subsystems [2, 3]. Hence, the decisions that are made under the
influence of regulations introduced by the state require consideration of the laws governing the development of the biosphere.

The tasks solved in the process of environmental management include:

- implementation of measures for rehabilitation of natural resources and environmental protection;

— formation of legal support for environmental management [4];

- stabilization of ecological situation and preventing its deterioration, etc. [5, 6].

Regulatory instruments play an important role in solving the tasks set for the state regulation of environmental management;
they include administrative and economic instruments [7]. The choice of certain instruments based on the most appropriate
correlation of administrative and economic ones remains debated, although the effectiveness of government regulation largely de-
pends on them. Nowadays, administrative instruments are of high-priority, including EIA — environmental impact analysis. EIA
is defined as “a process that facilitates the adoption of an environmentally oriented management decision on the implementation
of the designed economic and other activities by identifying possible adverse impacts, assessing environmental impacts, taking
public opinion into consideration, developing measures to reduce and prevent impacts” (Regulations about the evaluation of the
impact of the designed economic and other activities on the environment in the Russian Federation: they are approved by order of the
State Committee for Environmental Protection of Russia dated 05.16.2000, No. 372.). The effectiveness of EIA is largely determined
by the presence of appropriate legal support, its completeness and timeliness of improvement [8].

Results

The emergence of EIA in Russia is associated with 1985 when the country began to revise some regulatory and technical
documentation while connecting the design with requirements of environmental protection. Particularly, in the designed system,
the interaction between systems was considered in addition to the links of nature and technology (as well as the impact of the pro-
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jected system on people) [9]. A decree of the Supreme Soviet of the USSR “On compliance with the requirements of legislation for
nature preservation and rational use of resources” has appeared. The State Committee for Construction of the USSR has adopted
construction standards and regulations SNiP 1.02.01-85 called “Regulations on the composition, procedure for the development,
coordination and approval of design specifications and estimates for construction of enterprises, buildings and facilities™. Ac-
cording to them, the designers were required to assess the environmental situation within the territory of the proposed location
of an object and forecast the impact of construction on the environment. However, as far back as 1980, based on materials from
several research institutes of the Ukrainian Soviet Socialist Republic, a methodology was developed for the environmental and
economic assessment of projects; it was included in the list of legislative, instructive and regulatory documents on environmental
protection and rational use of natural resources [10]. The methodology involved a four-stage assessment work: evaluation of envi-
ronmentally acceptable construction of new enterprises and facilities and reconstruction of existing ones, economic justification
of projects, minimization of impact of the designed object on the environment, determination of the comparative environmental
and economic effect of capital investments on the construction of new production facilities and reconstruction of existing ones. It
acted though as temporarily agreed with the State Planning Committee of the Republic within the territory of Ukraine until 1982
only and was canceled due to cumbersomeness of the necessary calculations. This method can be considered as an attempt of
preventive management of environmental effects, which, after appropriate revision, could be recommended for practical use [11].

In December, 1987, the State expert appraisal board of drafts and estimates of the State Committee for Construction of
the USSR prepared and approved “Handbook on drawing up a section (working draft). Environmental Protection” for SNiP
1.02.01-85, which specified and developed some basic provisions and requirements for protection of environment components
and contained the necessary reference material>. The following questions were subject to detailed consideration: protection of the
atmosphere from pollution, protection of water resources from pollution and depletion and recultivation of disturbed lands. The
manual confirmed the requirement to assess the initial state of the environment prior to construction of the designed object, to
identify production factors that have a negative impact on the environment, to develop measures aimed at reducing the anthro-
pogenic impact, and to predict possible changes in adjacent areas. However, there was no any authoritative document regulating
the procedure for environmental impact analysis. The temporary regulations about conducting EIA when the development of
technical and economic feasibility (calculations) and projects for construction of national economic facilities and complexes first
appeared in May 1990°. Due to its temporary nature, its validity period was limited to 01.01.1992. In 1988, the State ecological ap-
praisal began to function in the country, which corresponds with the formation of the National Committee of the USSR on nature
conservation, a number of similar territorial divisions, as well as issuing the Decree of the Central Committee of the Communist
Party of the USSR and the Council of Ministers (January, 1988) called “On the major reconstruction in the sphere of nature con-
servation in the country”, which entrusted the State Committee for Nature Protection on conducting state ecological appraisal.
For this purpose, a new subdivision was created (State Environmental Expert Administration). The Section 5 called “State envi-
ronmental appraisal” was singled out in the Federal Law “On Environmental Protection” (1991), which implied the evaluation of
consequences, but this type of activity was not disclosed in the Federal Law. The EIA procedure continued to be regulated by the
State Environmental Committee based on the subordinate law.

Later (upon termination of temporary regulations), Y. L. Maksimenko, I. D. Gorkina have prepared the Manual on environ-
mental impact analysis (EIA) when development of technical and economic feasibility of investments and projects in construction
of national economic facilities and complexes [12]. Unlike Regulations, the manual gives the detailed description of each of the
five stages of EIA: development of the concept of the planned activity; determination of environmental impacts; environmental
impact identification; project adjustment; preparation of a statement about environmental consequences.

That same year, “Temporary rules for the environmental justification of economic activities in project documentation” were
introduced. They were approved by the State Environmental Expert Administration* and characterized the content of information
provided for environmental appraisal. These temporary rules just mentioned EIA. The resolution on the State environmental ap-
praisal adopted by the Council of Ministers in September 1993, did not have even a mention about EIA. According to the authors,
some assumptions for the regulatory activity of EIA are as follows:

- increasing the anthropogenic environmental impact due to the growing demand for natural resources;

- awareness of hazard consequences that are formed under the influence of the changed natural environment among recipi-
ents who perceive the effects, primarily among the population;

— presence of the tried and tested way for appraisal of construction projects, preventing the implementation of design solu-
tions without a positive expert opinion;

- involvement of environmentalists in the panel of experts for preparation of decisions concerning large projects;

— legislative regulation of the environmental appraisal, creation of a special subdivision within the Government office for
nature preservation (State Environmental Expert Administration) for conducting the appraisal;

- domestic experience in carrying out EIA due to performance of such studies (fragmentarily) by teams of research organi-
zations based on contracts entered with customers.

The draft for “Regulation on the environmental impact analysis in the Russian Federation” was developed in the spring of
1994; then it was approved in a revised form by the Order of the Ministry of Natural Resources of the Russian Federation in June

'SNiP 1.02.01-85. Regulations on the composition, procedure for the development, coordination and approval of design specifications and esti-
mates for construction of enterprises, buildings and facilities. URL: http://docs.cntd.ru/document/1200032620

2Handbook for preparation of the section of the project called “Environmental protection.” Moscow, 1987. 186 p.

3Temporary regulations on the way of conducting the environmental impact analysis when the development of technical and economic feasibility
(calculations) of investments in construction of national economic facilities and complexes: approved by first deputy Chairman of the USSR State
Committee dated 05.18.1990. Moscow, 6 p.

“Temporary regulations on the environmental justification of economic activities in pre-project and design documents dated 08.1.1992. URL: http://
gost.donses.ru/Index1/2/2822.htm
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of the same year®. The Regulation contained the scope of EIA, requirements for the content of EIA activity; it disclosed the obli-
gations of the participants relatively EIA, the procedure for holding public hearings and liability for offenses. The Regulation was
accompanied by a list of types and objects of economic and other activities. While preparation of justifying documentation for the
construction EIA is carried out on a mandatory basis. The procedure for making an EIA decision for objects excluded from that
list is not clearly defined. In contrast to the Temporary Regulations (1990), the information from the Regulation is more concise
regarding the content of EIA. It is worth noting the lack of the EIA methodology as a drawback. At the same time, the Regulation
specifies the applicable scope of EIA and the nature of public hearings. Initially, EIA is defined as a process of forecasting impacts
and consequences of a project or an operating facility [13], or as a process of consideration the environmental requirements of the
Russian Federation when preparing and making decisions about the socio-economic development of society.

The year 1995 turns out to be fruitful for legislative instruments and subordinate laws in the sphere of State ecological ap-
praisal. In November 1995, the Federal Law “On ecological appraisal” came into effect, which (with several amendments from
1998, 2004, 2005, 2006. etc.) is still in force being the main legislative act in terms of ecological appraisal. Article 14 of the Fed-
eral Law, when determining the procedure for conducting the State ecological appraisal, indicates that the documentation to be
examined should include materials for the environmental impact analysis of economic and other activities, but the Federal Law
does not contain any requirements for preparation of these materials or the procedure for this analysis. Further, a few subordinate
laws were adopted:

- Regulation on the State appraisal procedure (1996);

- Regulation on the environmental justification of economic and other activities (1995);

— Rules of the State ecological appraisal (1997);

— The list of regulatory documents for the State ecological appraisal, as well as for preparation of environmental justification
of economic and other activities (1997).

While the development of the Regulation “On EIA in the Russian Federation’, several methodological provisions (guide-
lines), manuals, instructions at the sectorial level were developed, each of which covered the specifics of environmental impacts
caused by peculiarities of technological processes. Two documents issued by the Ministry of Construction in 1995 are notewor-
thy: SP-11-101-95 “Procedure for the development, coordination, approval and composition of the rationale for investment in
construction of enterprises, buildings and facilities” and SNiP 11-01-95 “Regulation on the procedure for the development, coor-
dination, approval and composition of project documentation for construction of enterprises, buildings and facilities”™”. The first
of them defines the requirements for justification of investments and the need for the section “Environmental impact analysis”
together with the pre-project documentation - a feasibility study or a working draft. There are no specific requirements for prepa-
ration of the section in the document, since it is assumed that they should be determined by regulatory documents of the State
Ecology Committee. SNiP 11-01-95 contains requirements for project documentation, which should include the “Environmental
Protection” section. In 1998, the Guide for the development of the “Environmental impact analysis” section was prepared for SP-
11-101-95. Then, in 2000, the Handbook for preparation of the section called “Environmental protection” for the Regulation on
the procedure of development, coordination, approval and composition of project documentation for construction of enterprises,
buildings and facilities, SNiP 11-01-95, appeared.

In 2000, in order to establish uniform rules for the appraisal in the Russian Federation and to determine the main provisions
of EIA, the Government office for nature preservation of the Russian Federation approved the Regulation on the Environmental
impact analysis of planned economic and other activities in the Russian Federation. The Regulation is more detailed document
than the previous one. It covers some fundamental principles of EIA, discloses the content of stages of EIA; a great attention is paid
to information and public participation in the EIA process. The final confirmation of the significance of EIA was the introduc-
tion of Article 32 into the new Federal Law “On Environmental Protection”. Along with the legislative requirement for ecological
appraisal (Article 33), the procedure for which was determined by the Federal Law “On ecological appraisal,” Chapter VI of the
Federal Law “On Environmental Protection” implies the requirement for EIA, materials for which should be established by federal
executive authorities in the field of environmental management.

In the Regulation, the definition of EIA is given from the standpoint of a process that facilitates the adoption of an environ-
mentally oriented management decision. The same aspect is expressed in the Federal Law “On Environmental Protection” and
subsequent works [14 et al.]. Supporting the authors’ point of view regarding the consideration of EIA from the position of the
possibility of justifying environmentally oriented solutions, it should be noted that there is no need for economic evaluation of
consequences in the EIA description, i.e., ensuring a balance between environmental and economic targets. Hence, the author’s
definition of EIA is a process that contributes to making environmentally oriented decisions in the design, planning, approval
and implementation of economic and other activities by identifying possible adverse environmental impacts, assessing all types
of impacts and economic evaluation of the latter, consideration of public opinion and preventing impacts.

In 2006-2008, there were changes in the Town Planning Code of the Russian Federation (GKF of the Russian Federation)
and in some legislative acts, including the Federal Law “On ecological appraisal’, the Federal Law “On Environmental Protec-
tion”. According to a new edition of the Civil Code, the composition of the project documentation was changed: instead of the
section “Environmental Protection’, the section “List of Environmental Protection Measures” was included, and thus the project
was distinguished from substantiation package. All substantiation materials were moved to the pre-project stage, including envi-
ronmental substantiation. According to the new version of the GKF of the Russian Federation, a project should have only those

SRegulation on the environmental impact analysis in the Russian Federation dated July 18, 1994, No. 222. URL: http://www.consultant.ru/docu-
ment/cons_doc_LAW_4545

5SP 11-101-95. The procedure of development, coordination, approval and composition of the rationale for investment in construction of enterprises,
buildings and facilities. URL: http://docs.cntd.ru/document/871001184

’SNiP 11-01-95. Regulation on the procedure of development, coordination, approval and composition of project documentation for construction
of enterprises, buildings and facilities. URL: http://docs.cntd.ru/document/9053289
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documents that are necessary for construction and control (allowing to monitor the construction progress), as well as for the en-
vironmentally sound operation of the construction object. In contrast to the legislative requirements that were in force earlier, the
provision of pre-project documentation (feasibility study, investment justification, etc.) and EIA based on the results of pre-proj-
ect development for EA is no longer required. A customer may determine completeness and need of pre-project developments.

The project phase is regulated by law quite clearly. The project phase involves implementation of in-depth studies, including
that on environmental issues. If EIA is not completed at the pre-project phase, it continues during planning stage with the help of
engineering and environmental surveys, engineering-geological and geotechnical studies. The results of EIA are included in the
“List of Environmental Protection Measures” section. If necessary (in accordance with Article 11 of the Federal Law “On ecologi-
cal appraisal’, the materials should be submitted for ecological appraisal), they are sent for ecological appraisal. In all other cases,
the EIA materials as part of the project documentation are provided for the government expert review.

The authors, based on systematization and analysis of regulatory documents, as well as experience in the regulation of ETA
and EA procedures, have identified the evolution of environmental assessment in Russia and justified the expediency of distin-
guishing four stages. In such a case, the content of three stages of environmental assessment, was disclosed by Norman Lee in [15].

The first stage (1974-1984) is characterized by the presence of certain aspects of environmental project development and
ecological appraisal. During this period, a section on the protection of nature and the rational use of natural resources appears in
the composition of annual national economic plans and programs. Territorial Complex Scheme of Nature Protection has been de-
veloped since 1978; the section “Environmental Protection” appears in the project documentation. All these programs, planning
documents are subject to the government expert review and construction is not allowed without a positive decision. Sometimes
environmentalists are invited to the expert group to conduct EA in the case of implementation of large projects by them. In fact,
this is not about evaluation, but about intentions for its implementation.

A distinctive feature of the second stage (1985-1994) is the introduction of some principles of environmental regulation
in the planning of economic activities in accordance with SNiP 1-02-85 and the development of first guidance and advisory
materials on EIA, as well as the adoption of government decrees and decrees on the need for energy efficiency and the creation
of the State Environmental Expert Administration. The Federal Law “On Environmental Protection” confirmed EA as a manda-
tory activity. The second stage can be considered as preparatory for the development and approval of relevant laws, which cover
changes in the composition of project documentation, the procedure for carrying out EIA and EA that leads to a weakening of
environmental factor in the project development.

The third stage (1994-2003) is distinguished by legislative recognition of EIA and EA. In 1994, the regulation on EIA in the
Russian Federation was approved; in 2000 - it was amended and considered the fundamental recommendations of SP 11-101-95.
In 1995, the Federal Law “On ecological appraisal” and some subordinate laws were adopted, including the Regulation on the
environmental justification of economic and other activities (1995). The new edition of the Federal Law “On Environmental Pro-
tection” (2002), along with the mandatory nature of energy efficiency, pays attention to EIA (a specific article 32 “Conducting the
environmental impact analysis” appeared in Chapter VI of the Federal Law).

The fourth stage covers the period from 2004 to the present and is characterized by a change in attitude towards the compo-
sition of project documentation for the objects of ecological appraisal. Amendments were introduced to the Town Planning Code
of the Russian Federation and, accordingly, to several legislative acts. The implementation of provisions was differentiated with the
project. For pre-project materials, including EIA, a decision about a positive ecological appraisal is not required to obtain. The list
of project materials sent for EA is significantly shortened compared to the previous one; it indicates an inexplicable change in atti-
tude towards EA, which is illogical in the context of an impending ecological crisis and recognition of the need to move to a new
development model. This situation remains debated. A customer reserves the right to determine the completeness of pre-project
studies. The project documentation focuses on the development of measures to protect the environment.

Currently, there are a lot of recommendations and manuals on EIA for various types of activities. At the same time there are
no new regulations governing the composition, content and scope of pre-project developments (SP 11-101-95 and SNiP 11-01-95
are still in use). The Federal Law on EIA is still not prepared; the regulation of ecological appraisal has just legislatively executed.

Conclusions

The analysis of legal support of regulation presented by the environmental impact analysis, made it possible to systematize
the analyzed information and to identify four stages in the evolution of environmental assessment in Russia. Changes in attitudes
towards EIA and ecological appraisal are established, the completeness of legal documents that ensure the effectiveness of EIA
are identified, the existing shortcomings are revealed. It is necessary to expand the list of project materials sent for EA, which
was unfairly shortened, as well as the adoption of the Federal Law “On environmental impact analysis” (that is, legalization of
the EIA regulation). In confirmation of the significance of EIA, we should mention that in the USA, EIA is carried out by federal
departments (not customers), and the relevant department has responsibility for EIA and incurs financial expenses by means of
taxes [16].
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OLieHKa BO3AEVCTBMSI HA OKPY KAlOLLYO CPeAY KaK MHCTPYMEHT
FOCYAQPCTBEHHOIO PEryAMpPOBAaHMST XO3SIMCTBEHHOM AESITEALHOCTU

AHppen Hukonaesuy MBAHOB',
Haranusa NeopruesHa MYCTOXUHA",
Mapraputa HukonaesHa UITHATbEBA™

Ypanbckuii rocyqapCTBEHHBIN rOpHbINA YHUBEpcUTET, Poccus, ExkatepuHbypr

AKTYaALHOCTL. [1epexoA Ha MOAEAL YCTOMYMBOTO PasBuTusi TPeByeT MoBblleHMs! S(PEKTYBHOCTM rOCYAAPCTBEHHOTO PErYAMPOBAHMSI MPUPOAOTIOAL3O-
BaHWsl, YTO B CBOIO OYEPEAb MPEAYCMATPMBAET UCTIOAL3OBAHME PE3YALTATUBHOTO UHCTPYMEHTAPUsI PErYAMPOBAHMSI, BKAIOYAIOILErO B CBOM COCTaB Habop
AQAMVHUCTPATMBHLIX Y SKOHOMMYECKMX MHCTPYMEHTOB. B YCAOBMSIX HAABMIalOLIErocs: SKOAOrMHYECKOTO KPU3MCA U YXYALIEHUSI SKOAOTMYECKOW CUTyaLmmu
BCce BOAbLIYIO 3HAYMMOCTL MPUOBPETAET OLIEHKA BO3AEHCTBUSI HA OKpysKatolyto cpeay (OBOC), LeAblo KOTOPOW SIBASIETCS MPUHSITUE SKOAOrMYECKM 060-
CHOBAHHDBIX PeLIeHN GAAroAaPst BLINMOAHEHMIO OLIEHKM MPOTHO3MPYEMbIX BOAEMCTBUM M OBOCHOBAHMIO MEP MO MX CHVKEHMIO MAM MPEAYTPEXKAEHMIO.
LleAL nccaeA0BaHMS. AHAAV3 U CUCTEMATU3ALIMST MHCTUTYLIMOHaALHOTO obecriedermst OBOC, BLISIBAEHME SBOAIOLIMOHHLIX U3MEHEHUI B OTHOLIEHWM KO-
AOTMYECKOM OLIEHKM, €€ 3HAYMMOCTU, MOPSIAKA MPOBEAEHMsI, UMEIOLMXCS] HEAOCTATKOB.

PesyAbTaTnl. B npouecce MCCA€AOBAHUI BbiSIBAEHA STArHOCTb MHCTUTYLIMOHaAbHOTO obecrniederusi OBOC B Poccum u 06ocHOBaHA LIEeA€COOBPA3HOCTL
BLIAEAEHMSI YeTbIpeX 3TarnoB. Ha nepBom s1arie peynb MAET (hakTU4eckn He 06 OLIEHKE, & O HAMEPEHMSIX €€ MOCTaHOBKM. Ha BTOpom aTarie peaamsyiorcsi
OTAEALHBIE MPUHLMITBI SKOAOTMHECKOTO PENYAMPOBAHMSI MPU MAAHUPOBAHUM XO3SIMCTBEHHOMN AeSITEALHOCTU. OBsI3aTeAbHBIV XapakTep NMpuobpeTaer sKo-
Aormyeckast akcreptisa (33). Bropoii atan paccMaTpyBAaeTcs Kak MOATOTOBUTEALHDIN AASI PA3PAOOTKM U YTBEPIKAEHMsI 3aKOHOB oTHOCUTeALHO OBOC. Ha
TPETbEM 3Tare OCyLIECTBASIETCSI 3aKOHOAATEALHOE Mpu3HaHne OBOC (1994, 2000 rr.), npuHsT ®3 «O6 3KOAOrMHECKOi SKCnepTuser. B HoBoM peaakumm
3 «O6 oxpaHe OKPY KAIOLEN CPEAb» MOSIBUAACL CTaTbsi 32 «[TpOBEAEHME OLIEHKM BO3AEMCTBUSI HA OKPY KAIOLLYIO CPeAy». YeTBepTbIi STar, MPOAOAXKA-
IOWMICS U B HACTOSILLEE BPEMSI, OTAUMAET U3MEHEHME OTHOWEHMsI K OOLEKTAM SKOAOTMYECKOI SKCMEPTU3bl, MMEIOLLEE MECTO B CHMAY MOMPAaBOK B [paao-
CTpOUTEALHOM KoAeKce Pd. BuinoAHeHne 060CHOBaHUM PA3rpPaHMUMBAETCs C MPoeKkToM. [pu 3Tom nepeyers 06LEKTOB, TPeByioWwmX NMPOXoXKAeHust 33,
CYLIECTBEHHO YMEHDLAETCs], YTO ABCOAIOTHO HEAOTMYHO B COBPEMEHHOM CUTYALIMM HAABUTAIOLIErOCsS] SKOAOTMYECKOTO KPU3MCA.

BbIBOABI. DTArHOCTH SBOAIOLIMOHHBIX M3MEHEHUM MHCTUTYLIMOHAALHOTO obecriedenmst OBOC nossoasiet Hanboree 060CHOBAHHO pewarh NpobAemy ero
COBEPLEHCTBOBAHMS NPV HAAMYMM BLISIBAEHHDIX B MPOLIECCE MCCAEAOBAHMS «<Y3KMX MECT.

KaroueBble croBa: rocyAapCTBEHHOE peryAnpoBaHue, nHctpymentapuii, OBOC, nsmeHeHwus!, 3TanHocTh, COBEPLIEHCTBOBAHME.
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DKOAOrO-3KOHOMMYECKOE Pa3BUTUE MYHULIMMAALHDLIX 06pa3OBaHV1|71 Ha
CbIPLEBLIX TEPPUTOPUSIX 3abaKaALCKOro Kpasli B KOHTEKCTEe KOHUernuum
«3€eA€HON» SKOHOMMUKU

UpuHa AnekcaHgpoBHa 3ABEJIMHA'",
Onus BnagumupoeHa KOJTIOTOBKUHA?"

"YIHCTUTYT NPUPOAHbLIX PECYPCOB, 3konoruun u kpuonorun CO PAH, Poccus, Yuta
2BabalikanbCckuii rocynapCTBeHHbIN yHuBepcuTeT, Poccusi, Ynta

AKTYAABHOCTB MCCAEAOBaHMsI OOYCAOBAEHA HEOOXOAMMOCTLIO MEPEXOAA K «3EAEHOW» SKOHOMMKE, MAEsI KOTOPOIi WMPOKO OOCY’KAAETCS B HAY4YHOM
35KOAOTO-3KOHOMMYECKOM AuTeparype. B HacTosliee BpemMs ypoBEeHDL HEraTvBHOTO BO3AEMCTBMS HA OKPY KAIOLLYIO CPEAY BO MHOTMX MPUPOAHO-PECYPCHBIX
POCCMIICKMX PErMOHAX 3aMETHO NMPEBLILAeT CPEAHEPOCCUIACKMI. Takas cuTyaulmst XapaKkTePHAa U AAsl HEKOTOPLIX Tepputopuii Boctoka Pd ¢ ncropuyeckn
CAOXMBLUENCS ChIPLEBOM CMELIMAAM3ALIMEN SKOHOMUKU. YBEAMYEHME MacwtaBGoB AOOLIMM M MEePepaboTKM MPUPOAHLIX PECYPCOB HA OBO3HAYEHHDIX
TEPPUTOPUSIX, B TOM YMCAE B PAMKAX PEAAMBALMM COBMECTHBLIX POCCHIICKO-KMTAMCKMX MPOEKTOB, MOXKET CrOCOBCTBOBATL YCMAEHMIO SKOAOTMYECKOTO
AUCKOM(POPTa MECTHOTO HaCeAEHMs!.

LleAbro MCCAEAOBAHMS SIBASIETCS OLIEHKA COLIMO-3KOAOTO-3KOHOMMYECKOTO PA3BUTYSI MyHULIMIMAABLHLIX OOPA30BAHMI OAHOTO M3 MPUIPAHUYHLIX PETVIOHOB
— 3abaiikaAbCKOro Kpasi B KOHTEKCTE KOHLIEMUMM «3€AEHOM» SKOHOMMKM C WCMOAL3OBAHMEM ABYX KOAMYECTBEHHLIX (PAKTOPOB, XaPAKTEPM3YIOWMX
COLIMAABLHBIE M SKOHOMMYECKME ACTEKTbI PA3BUTHSI: CPEAHETOAOBOM (POHA 3aPabOTHO MAATLI B PACHETE Ha Ayllly HACEAEHUs! (ONpPeAeAsieT BAAroCOCTOsIHME
AOMOXO3SINCTB); OOBLEM OTFPYIKEHHbBIX TOBAPOB COOCTBEHHOTO MPOU3BOACTBA, BLIMOAHEHHDLIX PAGOT 1 YCAYT COOCTBEHHLIMM CUAAMM (OMPEAEASIET PE3YALTATLI
XOBSIMCTBEHHOM AESITEALHOCTM MPEAMPUSITUI). KAIOUEBbIE SKOAOrO-3KOHOMMYECKME MOKA3ATEAM, UCTIOAL3YEMbIE B AAHHOM PaboTe, — MHAMKATOPDI KO-
MHTEHCVBHOCTY AASI XO35ICTBEHHLIX CUCTEM MYHMLMIMAALHBIX PafiOHOB.

Pe3yALTATLI IPOBEAEHHOIO MCCAEAOBAHMS CBUAETEALCTBYIOT O TOM, YTO >KMTEAM MHOMMX MyHMLMMAALHLIX OOPa3oBaHui 3abaiikaAbCKOro Kpast XKMBYT
B YCAOBMSIX MOBLILEHHOM AHTPOMOreHHOM Harpysku. [1py 3Tom nokasarteau, Xapakrepusyioume ypoBeHb COLIMAALHO-3KOHOMUYEKOTO PasBUTMSI, B HUX
CyIECTBEHHO HUYXKE CPEAHETO MO PErvoHy. [oKasaHo, YTO B HEKOTOPLIX MYHULIMIMAALHBIX PaioHax 3abaikaAbCKOro Kpasi OTMEYAETCs YXyALIEHUE CUTyaLmn
O COOTHOLEHMIO PACCMaTPUBAEMbIX COLIMO-3KOAOTO-3KOHOMMYECKMX MOKa3aTeAell 3a paccMaTpyuBaeMblii BpemeHHol uHtepsaa (2011-2016 rr.).

KatouyeBble cAOBa: «3€A€Has» SKOHOMMKA, BLIOPOCHI 3arpsI3HSIIOWMX BELECTB OT CTALMOHAPHLIX UCTOYHMKOB, SKO-MHTEHCUBHOCTD, SKOAOTO-3KOHOMUYECKME
30HDI, MYHULIMIMAALHLIE PaiOHDI.

BEAEHME
B Hacrosmee BpeMA MUPOBOE COOOIIECTBO PU3HAIO HEOOXOVIMOCTD Ilepexoyia K «3e/IeHOI» SKOHOMUKE, Ve
KOTOPOJ TIPEJITIONAraeT, C OFHOI CTOPOHBI, POCT 61aTOCOCTOSHMA NIOfEH U yydIleH)e KadecTsa VX KU3HI, a C Ipy-
TOli— CHIDKeHNe PYCKOB LA OKpY Kalollell cpefbl U ee ferpapaunu (Hascmpeuy «3eneHoti s9KOHOMUKe»: NYMU K YCMOUHMUBOMY pPa3-
sumuio u uckopereruto 6eonocmu. URL: http://www.sustainabledevelopment.ru/upload/File/Reports/ISD_UNEP_GE_Rus.pdf). Ilpu
paspaboTke MepOIPUATHIL IIO TEPEXOAY K «3€/IeHO» 9KOHOMUKe BaKHO IPMHUMATh BO BHMMAaHUe KPUTEPUM, TTIO3BOJIAIONIVIE
OLICHMBATb COOTBETCTBME HaMEUYeHHOMY Iy Ty pa3Butus. CyliecTByeT HOBOIBHO OO/IBIIOE KOMMYECTBO apaMeTPOB, KOTOPBIE
B OTIIMYME OT TPAJUIMOHHBIX MaKpPOSKOHOMMYECKUX TTOKa3aTe/ell IPYHMMAIOT BO BHMMaHMe SKOTOTMYECKMEe U COIMaIbHbIe
ACIIEKTHI PV OL[EHKE Pe3y/IbTATOB XO3SIICTBEHHOII fesirenbHOCTH [1-7 1 ip.]. Ocob60e BHIMaHMe B HAYIHOI JINTEPAType yie-
JIITCS UCCTIETOBAHNIO ACTIEKTOB Pa3BUTIA TOPHBIX TeppuTopuit Boctoxa PO ¢ nucTopmyaecku coxmBIIerica CbIpbeBOIl Celna-
NM3anyeil 5SKOHOMUKI, B TOM 4IC/Ie B KOHTEKCTe YBeIYeH st MaclITaboB mpurpanndHoro corpypundectsa ¢ KPH [8-10 u ap.].
MHorue ccnefoBaTeny OTMEYal0T OFHOCTOPOHHMII XapaKTep PasBUTUA OTHOIIEHNIT C CONPe/eIbHBIM TOCYIapCTBOM — Oortee
3HAYVIMYIO BBITOZLY OT JAHHOT'O B3aMIMOJEVICTBIA IIOJTy4aeT KUTaiCKas CTOPOHA, TOT/A KaK ITOJIOKUTeNIbHbIe 3G eKThI OT peann-
3alIMM COBMECTHBIX IIPOEKTOB /I IPUTPAHNYHBIX TeppuTopuit PO He cTo/Mb 0ueBMAHDI. 3aMHTEpeCOBAaHHOCTb K1Tas B mMIop-
Te TOIIMBHO-9HEPre THYeCKIX, MIHEPaIbHO-ChIPbEBBIX U JIECHBIX PECYPCOB [Is IPOU3BOCTBA COOCTBEHHOI IPONYKIUN ABIsA-
€TCs1 TIOJIOKUTENbHBIM CTUMYJIOM /IS Pa3BUTHUSA CHIPhEBOTO CEKTOPA SKOHOMMKM, XapaKTePU3YIOIEr0Csl HEBBICOKOI CTENEHDIO
nepepabOTKY IIPUPOIZHOTO ChIPbsA. DTO CIIOCOOCTBYET 3aKpeIUIEHIIO CBIPbeBOIl HAIIPAaBICHHOCTY X0O3A/ICTBEHHO IeAITe/IbHOCTH
Ha 0003HAYeHHBIX TeppuTopusix. B pabore [11] oTmeuaeTcs, YTO B MOC/IeAHME TOAbI IIPOM3OIIEN 3aMETHBII POCT HOIM BUAA
IesATenbHOCTH «JJ0ObIUa IOIe3HBIX UCKOIAeMBIX» B CTPYKTYpPe IPOMBIIIIEHHOCTY JJaTbHeBOCTOYHOTO (pefiepasbHOro OKpyra u
OT/Ie/IbHBIX PETMOHOB, BXOAALNX B €ro cocTaB. KpoMe Toro, BbICOKas 3KOIOTMYECKas HarpysKa Ha TepPUTOPUAX-9KCIIOpTepax
MIPUPOJHBIX PECYPCOB HETAaTMBHO CKa3bIBA€TCA Ha KadeCTBe >KM3HY, BBICTYIas MPUYMHOI MOBBIINIEHHOV MUTPALIVIOHHO MO-
OMIBHOCTI MECTHOTO HacermeHust. TakuM 06pa3oM, OLieHKa Pa3BUTIS TAKMX TEPPUTOPUIL C IOSULIUY KaueCTBAa SKOHOMIYECKOTO
poCTa HpeACTaBIAeTC 0COOCHHO aKTYaIbHOIL
B manHoI1 paboTe npejcTaBIeHbl pe3y/IbTaThl CPABHUTENLHOTO aHA/TI3a 9KOTIOT0-9KOHOMIYECKOTO Pa3BUTUA MYHUIIMIIAID-
HBIX 00pa30BaHMIil OFHOTO U3 IPUTPAHNYHBIX PETMOHOB — 3a0allKa/lIbCKOr0 Kpasi B KOHTEKCTe KOHLENIIUY «3€/IeHOI» 9KOHOMM-
K11. MBI MICIIOZIb30Ba/IN IBa KOIMYECTBEHHBIX (PaKTOpa, XapaKTepM3YIOLUX COIMA/TbHbIE ¥ SKOHOMIYECKIe aCIIeKThl PasBUTIA:
cpepHerozioBoit GOH/ 3apabOTHOI IIAThI B pacieTe Ha AYILIY HaceleHus (ompefesseT 671aroCcoCTOsHIE JOMOXO03SIICTB); 00beM
OTTPY>KEHHBIX TOBApOB COOCTBEHHOTO IIPOM3BOJCTBA, BBIIOTHEHHBIX PAbOT 1 YCIYT COOCTBEHHBIMY CHIaMy (OIIpefienseT pe-
3y/IbTAaThl XO3AIICTBEHHOI AeATEeIbHOCTY IPEAIIPUATHIL).
MeTOALI NCCAEAOBAHMSI M UICTOYHMKM MHpOpMaLmm
OnuH M3 COBpeMEHHBIX MOAXOI0B K OIfeHKe HAIPABIEHHOCTM U «I[BETa» SKOHOMUYECKOTO POCTa MPENIOKEH B pabore
I1. Buxtopa [12]. JanHast Mozensb 6bi1a MOAMGUIIMPOBAHA U aJalTUPOBaHa /I MPOCTPAHCTBEHHOTO aHa/M3a 3P PeKTIBHO-
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CTU (YHKIVIOHMPOBAHMsI PETMOHANTbHBIX 9KOHOMIYECKUX cucTeM [13], a Takxe secHolt oTpaciu [14] ¢ mosuLuy KOHIEMINu
«3€/IEHOTO» POCTa. B JTaHHOM MCCIIeOBaHNUI STOT MHCTPYMEHTApUIT ObUI MCIOIb30BAH IS OLIEHKM SKOJIOT0-9KOHOMIYECKOTO
PasBUTHSI MyHUIIMITATBHBIX 00pasoBaHmil 3a6aiikaIbCKOTO Kpasl.

Ba>KHBIMI XapaKTePUCTUKAMI KaueCTBa 9KOHOMIIECKOTO POCTA B JAHHOI MOJE/IN BBICTYIAIOT MHAVKATOPBI 9KO-MHTEH-
CUBHOCTH [6, 15]:

- 06beM BBIOPOCOB 3arpsI3HSIOIINX BEIeCTB OT CTALMOHAPHBIX MICTOYHMKOB B pacdeTe Ha 1000 py6. donpa 3apaboTHOIL
wratel (xr/1000 py6.);

- 00beM BBIOPOCOB 3aTrPA3HAIIINX BEIECTB OT CTAIIIOHAPHBIX UCTOYHMKOB B pacyeTe Ha 1000 py6. 06beMa OTTPy>KeHHBIX
TOBapOB COOCTBEHHOTO IIPOM3BOJCTBA, BBIIOTTHEHHBIX paboT U yCIyT cobcTBeHHbIMM cytamu (Kr/1000 pyo6).

BBezmeM Taxke IIOKa3aTeslb, XapaKTePMU3YIOLINII YPOBEHb HETATMBHOIO BO3JECTBISI Ha OKPY>KAMOLIYI0 Cpefy B MYHUIIN-
IIa/IbHBIX 00Pa30BaHIAAX: 00BEM BBIOPOCOB 3arpsI3HSIOIINX BELIECTB OT CTALMOHAPHBIX NCTOYHIKOB B pacyeTe Ha AYIIy Hace-
nenns. Ob1as cxemMa MOfieIy IIpeficTaBIeHa Ha puc. 1. Ha ;ByMepHOM rpadike 10 TOPU3OHTAIBHON OCK OTK/IA/IBIBACTCS OAVH
U3 TI0Ka3aTesiell 9Ko-MHTeHCHBHOCTU. Ha BepTHKanbHOI OCH — OfMH 13 IIOKas3aTesell, XapaKTepU3YIOIINX COLMaTbHO-9KOHOMMI-
JyecKoe pasBUTIE B pacyeTe Ha AYIIy HaceJleHNsA: CPeHErooBol GOHN 3apabOTHOI IIAThl MM 06BEM OTTPY)KEHHBIX TOBAPOB
COOCTBEHHOTO [IPOV3BOJCTBA, BHIIIOTTHEHHBIX PabOT 1 YCIYT COOCTBEHHBIMY CI/IAMY B pacdeTe Ha Iy HaCe/eHsL.

Touxoit I, 0603Ha4€HO COOTHOIIEHNE MEX/Y 9KO-MHTEHCMBHOCTBIO U KOMMYECTBEHHBIM (aKTOPOM, XapaKTepy3yIOIM
COLMa/IbHO-9KOHOMMYECKOe pasBUTHE, CpefHee A 3a0aliKalbCKOro Kpas Ajid KOHKpeTHoro ropa. Kpusas I' npencrapmiser
co0011 reoMeTprYecKoe MECTO TOUEK, XapPaKTePUSYIOIIIXCS OAMHAKOBBIM HETaTUBHBIM BO3JIEICTBIEM Ha OKPY’KAIOLIYIO CPeay
B pacyeTe Ha JIyIly Hace/lleHNs — TAKIM Ke, KaK B TOUKe I .

CooTHoleHre MeX/y 9KO-MHTEHCUBHOCTBIO U COL[MATbHO-9KOHOMIYECKVM ITOKa3aTe/IeM JI1 KOHKPETHOTO MYHUIIMIIA/Ib-
HOro 00pa3oBaHsI OIpeNe/sIeTCsl HEKOTOPOIT TOYKOI Ha rpaduke. Ec/m /1 KAKOro-To MYHUIMIIATBHOTO 06pa30BaHMsl CO-
OTBETCTBYIOIL[asl €My TOUYKA PACIIOJIOKeHa HIDKe KpuBOI [, TO Ha JAHHON TepPUTOPMM MOAYIIEBAs 9KOMOTMIECKasT HAarpy3Ka
MeHblIIIe, YeM B CpefiHeM M0 pernony. COOTBETCTBEHHO B TOUKAX, JIOKAIINX BbIIIe KpUBOIL [, skomorndeckast Harpyska 6osbire.
Takum 06pasom, IO COOTHOLIEHNIO MEXY 9KOJIOTMIECKUMM U COLIMATbHO-9KOHOMIYECKVMI [TOKA3aTe/IAMI BBIIe/IIeTCS IIeCTh
30H, KaXK/jast 13 KOTOPBIXMOXET OBITh OXapaKTepU30BaHa B TEPMUHAX «3€I€HOI» 9KOHOMUKIL:

1) «3eneHas» 3oHa (Gr+) — MyHMIUIIAIbHbIE 0OPa30BaHIsA, TIONIABIINE B 3TY 30HY, XapaKTepPU3yIOTCA 60Jiee BBICOKMMM, YeM
CpefjHIie 110 PETVIOHY, II0KA3aTe/ISIMU COLIMATbHO-9KOHOMIYECKOTO PasBUTH IIpK Oojlee HM3KIMX IOKAa3aTe/sIX KaK 9KO-MHTeH-
CUBHOCTH, TaK ¥ aHTPOIIOreHHOIT HATPY3K;

2) «KopnuneBasi» 30Ha (Br+) — i MyHMIumanpHbIx 06pasoBaHMIL, MOMABIINX B 3Ty 30HY, 9KO-MHTEHCUBHOCTD HIDKE
CpefHelt o pernony npu 60see BBICOKMX [IOKA3aTeAX COLMATbHO-9KOHOMITIECKOTO PAa3BUTIS, OfHAKO HETATUBHOE BO3MIEIICT-
BIe BBIIIIE;

3) «YepHas» 3oHa (Bl+) — 11 MyHUIIMIIATBHBIX PajiOHOB, MOMABIINX B 3Ty 30HY, 9KO-MHTEHCHBHOCTD BBIIIE CPEIHENl 110
peruony npu 60j1ee BHICOKIX II0OKa3aTe/ISIX COLMATbHO-9KOHOMMYECKOTO Pa3BUTIsI, HETATYBHOE BO3/EIICTBIE TAK)KE BBILIE;

4) «Yepuas» 30Ha (Bl-) - s MyHMIMITAIBHBIX 06PA30BaHNMIA, HONABILINX B 9TY 30HY, 064 9KOITOTMYECKMX [TOKA3aTeNs —
9KO-MHTEHCUBHOCTD, HETATNBHOE BO3JEIICTBIIE — BBIIIIE, T. €. XYJKe, [IPY 9TOM COL[MA/IbHO-9KOHOMIYECKIIT II0KA3aTeN b HIDKE;

5) «3enenas» 3oHa (Gr-) — MyHUIUNIaIbHbIE 00PAa30BaHNs, [ONABIINE B 9TY 30HY, XapaKTepU3yIOTCsl O0/lee HUSKUMI, YeM
CpefjHIe IO PErMOHY, COLMATbHO-9KOHOMITIECKIM U 9KOJIOTMIECKIIMI ITOKA3aTe/sAMM, HO 60jIee BBICOKOI 9KO-MHTEHCHBHOCTBDIO;
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Figure 1. Ecological and economic zones in the concept of "green growth".
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PucyHok 2. O6bembl A06bI4YYM MUHEpPaNbHO-CbIpbEeBbIX pecypcoB B 3abaikanbCKoM Kpae.
Figure 2. Volumes of extraction of mineral resources in the Zabaykalsky Krai.

6) AbcomoTHO «3emeHas» 30HA (AGr-) — Il MyHUIMIIATIBHBIX 00Pa30BaHMIl, HOMABIINX B 9Ty 30HY, 00a 9KOTIOIMYECKIX
IIOKA3aTesIs HUKeE, T. €. JIy4dlle CPEIHUX 110 PErVIOHY, OIHAKO YPOBEHb COIMAIbHO-3KOHOMIYECKOTO PA3BUTHA TAK)KE HIDKeE.

B manHoI11 paboTe 1CII0Nb30BaHbI OUIIMANbHbIE JaHHbIe TeppuTopuaabHoro oprana QenepanbHOI ClTyXObI TOCYapCTBEH-
HOJT CTaTUCTUKY 1O 3abaliKaabCKOMY Kpalo' (CTOMMOCTHbIE IOKa3aTeny ObUIN IPYBEeHbI K COIIOCTABYMOMY BULY; B KaueCTBe
6a3oBoro nepuopa 61 Beibpan 2011 1.). XapakTepucTUKaMy YPOBHS COLMAIbHO-9KOHOMIYECKOTO PasBUTUA MyHUIIMIIATbHBIX
00pa3oBaHUIl B MCCIENOBAHMY BBICTYIAIOT C/ICAYIOLIVe [TOKA3aTel: CPeJHerofoBoll (GOHJ, Ha4MCIIEHHON 3apabOTHOI IIaThI
PabOTHIKOB OpraHM3aLNIl ¥ 06'BEM OTIPY>KEHHBIX TOBAPOB COOCTBEHHOTO POU3BOCTBA, BBIIIOTHEHHBIX PabOT 11 yCIIyT cOOCT-
BEHHBIMII CWIaMIL. B KauecTBe MOKa3aTesIst 9KOIOTMIECKOI HATPYSKY UCIIOIb3yeTCsl 00beM BbIOPOCOB 3aTPs3HAIONINX BEllleCTB
OT CTAaIMIOHAPHBIX MCTOYHUKOB B aTMoc(depy. JIpyrie BUAbI HETaTUBHOTO BO3IEICTBUA Ha OKPYXKAIOLIYIO Cpefly (Takue, Kak
cOpOC 3arpsA3HEHHBIX CTOYHBIX BOJ|, Pa3MelljeHle OTXOMOB IIPOM3BOJCTBA U IOTPebIeHNs) B NCCIIeIOBAHNY HE pacCMaTpyBa-
JIVCb BBUJTY HEIIOTTHOTBI W/IM OTCYTCTBMS HEOOXOAVMIMOII /IS aHa/M3a MHGOPMALIL.

PesyasTartnsl u ux o6Cy>KAEHNE

Hamnboree cymiecTBeHHOe HeraTMBHOE BO3/EIICTBIE HA OKPY>KAMOIIYIO CPeAy B 3a0aliKaTbCKOM Kpae OKasbIBAIOT HOObIBa-
OII[ast M 37IEKTPO3HEPreTIyecKas OTPacy IPOMBIITIEHHOCTI. IIpon3BOACTBO 3/1EKTPMYECKOI 1 TEIIOBON 9HEPTUH B PEriOHe
OCYIIeCTB/IACTCS GOIbIIelT YaCThIO Ha YTOMBHBIX CTAHIUAX, B CTPYKTYpe BBIOPOCOB KOTOPBIX IIPUCYTCTBYIOT TaKye 3arpssHu-
TeJN, KaK TBep/ble YaCTUIBI (CaXka), JUOKCHU, CEPBI, OKCU/bI a30Ta I yTapHbIii ras. B 2016 I. Ha IpeIPUATAA SHEPTETUKY IIPU-
XOAUI0Ch 58 % 006111ero 06beMa BIOPOCOB 3arp3HAIOIINX BELeCTB, IOCTYNMBIINX B aTMOCQEPHBIil BO3AYX OT CTAL[IOHAPHBIX
JICTOYHMKOB®. B IpUIpaHNYHOM perroHe aKTUBHO pa3BUBaeTCs JOOBIBAIOIIVIL CEKTOP 9KOHOMYIKY, BKJIaJ] KOTOPOTO B BaJIOBYIO
ToOaB/ICHHYIO CTOMMOCTD 3a ITOC/IeHee leCATIIeTIe YBeInawIcA iBoe’ IlpencrapieHHble Ha puic. 2 JaHHbIE CBUJIETE/IbCTBYIOT
0 TOM, 4YTO B IOC/IEHME TOAbI B 3a0aliKaIbCKOM Kpae HAaO/II0fa/ICst 3aMETHBII POCT 06'beMOB JOOBIUN 30/I0TA U YIJISL: B Ba U
HOZITOpa paza COOTBETCTBEHHO (IO oTHOIIeHUI0 K 2008 r.). Takke 3aMeTHO YBEIUYMIOCh IIPOU3BOJICTBO CEPeOPSAHOro, CBUH-
IJ0BOTO, BOIB(PaMOBOTO 1 IITHKOBOTO KOHILIEHTpaToB . BMecTe ¢ TeM 3a paccMaTpuBaeMblil BpeMEHHOII MHTepBasl KONMNYeCTBO
OTXOJIOB IIPOM3BOJCTBA U IIOTpebIeHN s, 60MbIIasa YacTh KOTOPBIX 00pasyeTcs B Ipolecce foObIYM U IepepabOTK IPUPOSHBIX
pecypcos (98 % ob6ero o6vema B 2016 1.), BBIPOCTIO B 2,6 pasa.

Ipoananusupyem pacipefeeHre MyHUINIATbHBIX 0OpasoBaHmii 3a6aifkasbCKOro Kpasi IO 9KOIOr0-9KOHOMIIECKIM
3oHaM (puc. 3,4). B2016 1. HeCKO/IPKO MYHNIUIIA/IBHBIX PAilOHOB IIONA/IN B HeO/Iar OOy YHbIe «depHbIe» 30HbI Bl+ 1 Bl-, koTopbie
XapaKTepUsyITcs Oojiee BBICOKOJ IOAYIIEBOI SKOTOIMYECKO HATPY3KOi U 9KO-MHTEHCHMBHOCTDBIO: BCETO BOCEMb IIO JIBYM
COLMa/IbHO-9KOHOMIYECKVM (hakTopaM. B «<kopuuHeBoit» 30He Br+ oTHOCKTEIbHOE COIIMO-9KOTIOr0-9KOHOMITYECKOe 6/Taromnoyyne
(T. e. 6o7Iee BBICOKIIE IOAYILIEBbIE COLATbHO-9KOHOMIYECKIIe II0Ka3aTe/Il) MMeeT MeCTO IIpy 60Jiee HU3KOI 9KO-MHTEHCUBHOCTY,
T. €. TIpu 60JIee HUBKMX, YeM B CPEHEM II0 PETVOHY, 06beMax BbIOPOCOB B pacdere Ha 1000 py6. SKOHOMIIECKUX Pe3ynbTaToB. B
9TOII IPYIIIIe 0KA3a/I0Ch YeThIPe MYHULNIIAIbHBIX pationa: Kamapckuit, Morounuckuit, ITerpoBck-3abaitkanbcknit u [asumypo-
3aBoyCcKMil paiioHbl. B 6aromnonydHoit «3emeHoin» 30He Gr+, e Bce TpU M3YdaeMbIX [IOKa3aTels JIydllle CPefHNX O PeruoHy,
COCPENOTOUMINCH CeMb MYHMIMITATbHBIX 00pasoBaHmil (BK/I0Yast KpaeBoil LieHTp — I. Uura). Bosbiras yacTb MyHUIIMIATbHBIX
PalioHOB paclpefennnIach Mo «3efeHpiM» 30HaM Gr- u Agr—, T. €. ypPOBEHb COIIMa/IbHO-9KOHOMMYECKOTO Pa3BUTHA B HUX HIDKe
CPEeJHEro II0 PETMOHY.

VI3 npencTaBeHHbIX B TaO/mulle JaHHBIX BUJHO, YTO HEKOTOPbIe MYHMUIVIIATIbHbIE 0Opa3oBaHNs YIy4LIWIA CBOE SKOJIOr0-
9KOHOMMYECKOe IOIoKeHe 1o oTHomeHn o k 2011 r. Hanpumep, . Ynra, Kapeivckuii, Hepunsacko-3asoncknit n YepHbIneBcKmit

"MHTepHeT-nybnukaummn 3abankankpancrata. URL: http://www.chita.gks.ru:8080/bgd_site

20cHOBHbIe NokasaTenu oxpaHbl okpyxatowlein cpeabl. URL: http://www.gks.ru/wps/wecm/connect/rosstat_main/rosstat/ru/statistics/publications/
catalog/doc_1140094699578

SCtpykTypa BPI1 no otpacnsmM akoHOMUKM (B TEKyLLUMX LieHax; B npoueHTax k utory). URL: http://www.gks.ru/free_doc/new_site/vvp/tab-vrp2.htm
“3abarikanbckuii kpai-2017. Ynta: 3abarikankpaiictart, 2018. C. 174.
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PacnpepeneHune MyHuUmMnanbHbIX o6pa3oBaHui 3a6ankanbCKOro Kpasi No 3Kororo-3KOHOMUYECKUM 30HaMm.
Distribution of municipalities of the Zabaykalsky Krai by ecological and economic zones.
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PucyHok 3. PacnpegeneHve MyHuuunanbHbix o6pa3oBaHui 3abankanbCcKoro Kpasi No 3Konoro-3KOoHoM1M4eckum 3oHam B 2016 r.: o6bem
BbIGPOCOB 3arpA3HsAOLWNX BELWECTB OT CTaLlMOHapPHbIX UCTOYHUKOB B pacyeTe Ha 1000 py6. ooHaa 3apabGoTHOM Nnatbl.

Figure 3. Distribution of municipalities of the Zabaykalsky Krai by ecological-economic zones in 2016: emissions of pollutants from
stationary sources per 1000 rubles of wages fund.
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PucyHok 4. PacnpegeneHve MyHuLunanbHbIx o6pa3oBaHui 3abankanbCKoro Kpasi o 3Kornoro-3koHoMmM4eckmm 3oHam B 2016 r.: o6bem
BbIOPOCOB 3arpA3HALINX BELIEeCTB OT CTaLMOHapHbLIX UCTOYHUKOB B pacyeTe Ha 1000 py6. oTrpyeHHbIX TOBapoB COGCTBEHHOro
NPOU3BOACTBA, BbINONTHEHHbIX PaboT U ycnyr CO6CTBEHHbIMU CUNamMu.

Figure 4. Distribution of municipalities of the Zabaykalsky Krai by ecological-economic zones in 2016: emissions of pollutants from
stationary sources per 1000 rubles, shipped goods of own production, performed work and services using one's own resources.

PailOHBI M3MEHWII CBOE IIOJIOXKEHYe 110 IOKa3aTe/II0 «CpeHerogoBoi GoHy 3apabOTHOI IJIAThL B pacyeTe Ha LYy HaceJIeHW».
Taxoxe oTMedeHa CIefyomas MO3UTYBHAA TeHAEHIVA: YMEHBIIIOCh KOMNYIeCTBO MYHMIIMITATbHBIX PAilOHOB B «4epHOI» 30HE
Bl- o 060omm mccenyeMpIM COLANIbHO-9KOHOMIYECKUM MOKazaTe/LsiM (4 mpotus 5 B 2011 1. o ¢axTopy, ompemesoiuemy
671ar0COCTOsIHME HACeNeHNs; 3 MPOTUB 6 10 (PAKTOPY, XapaKTepUSYIOIIEMY Pe3ylIbTaTbl XO3sCTBEHHON MNESATeTbHOCTU
IPeIpPUATHIL).

BmecTe ¢ TeM B HEKOTOPBIX MYHMIIUITA/NLHBIX PajloHaX HAOMIOAIOCh YXYALUIEHNe CUTYalUN 33 UCCIeyeMblil BpeMeHHOI
uHTepBa. ECTh 0OCHOBaHNUA MOMAraTh, YTO Ha AMHAMUKY paccMaTpUBaeMbIX OKa3aTesell OKasbiBaeT BAVAHUE POCT MacIITab0B
mo6BIuM 1 TepepabOTKM IIPMPOFHBIX PeCYPCoB. VI3 Mpe/icTaBeHHBIX B Tabn1Ile JAHHBIX C/IefyeT, 4To [asumypo-3aBopckumit
PpaiioH «Iepelen» 13 6IarOMOIYIHOI «3€eIeHO0I» 30HbI GI+ B «<KOPUIHEBYIO» 30HY Br+. 910 03Havaert, 4To B 2016 I. KONMNIECTBO
BBIOPOCOB B pacyeTe Ha AYIIY HACE/IeHMsI CTA/IO BbIIIE CPEJHET0 MO Pernony, Torfa Kak B 2011 r. 6su10 Hipke. Takast curyarus
CITpaBefuBa Ui 000UX KOMMYECTBEHHBIX (PaKTOPOB, XapaKTePUSYIOLIVX Pe3y/IbTaThl COL[YANbHO-9KOHOMUYECKOTO Pa3BUTHA.
PocT mopymeBpIX colManbHO-9KOHOMIMYECKUX TI0Ka3aTeNnell B JAHHOM MYHMIIMIIAIbHOM PajiOHe CONPOBOXKJAJICA 3aMETHBIM
yBe/INYeHMEeM YPOBH HETaTVBHOTO BO3/IEIICTBIA Ha aTMOCdepy: 3a epuof ¢ 2011 1o 2016 . 06'beM BBIOPOCOB OT CTALMOHAPHBIX
JMCTOYHMKOB yBeumncs B 2,3 pasa. Ha teppurtopun [asmmypo-3aBOACKOro pailoHa paclonaraeTcs BOCEMb HpPeAmpUATHIL-
IIPUPOJOIIO/Ib30BATENIel, OKa3bIBAIOIIMX HETaTVBHOE BO3JENCTBME Ha OKPY)KAIOLIYI0 IPUPOIHYI0 cpeny’. K umcry KpymHbIx
mo6biBatomux npepnpusatnit otHocaTcas OAO «Hoso-IIMpoKMHCKMIT PYIHUK» M 3aIlyleHHbII B 9KCIUTyaranuio B 2017 T
Beictpunckuit TOK®. OAO «HoBo-InpoKMHCKIIT PYSHNK» SBJSIETCS JIMEPOM IO KOObIYe IOMMMETa/UIOB B 3a6ailkanbCcKoM
Kpae, KOTOPBII B HACTOALIee BpeMs aKTUBHO HapalluBaeT 06'beMbl IPOU3BOACTBA’.

HexoTopsle MyHynmnanbable paiionsl (HanpuMep, Kpacnokamencknii, [Terposck-3abaitkanbckuit, Kamapckuit n Tynrupo-
OJeKMMHCKUIT) CTaOMIBHO OCTAIOTCS B HEO/IATOMOTYIHBIX «IePHBIX» 30HAX. ITO CBUIETEIBCTBYET O TOM, YTO XKUTEIN JAHHBIX
TEPPUTOPUIL )KUBYT B YCTIOBYUAX IIOBBIILIEHHO aHTPOIIOTeHHOII HArpy3Ky (Kak o01ielt, Tak 1 yfienbHoii). OTAe/IbHO CTOUT yIIo-
MsaHYTh OMOBSIHHMHCKNUII palioH, KOTOPBIi CTabM/IBHO BXOJAUT B «4ePHYI0» 30HY Bl- 1 Xxapakrepusyercst caMoil BBICOKOIT 9KO-
MHTEHCUBHOCTDBIO BBIOPOCOB 3arPsA3HAIOIINX BEllleCTB B aTMOC(epy OT CTAIMOHAPHBIX MICTOYHUKOB. VIMEHHO B 9TOM MYHUIIU-
IaJbHOM pajioHe HaXOWUTCA KPYIIHENIIIasA B PEeTMOHe TeIIoBast 3/eKTpocTaHys — XapaHopckaa [POC, koropas obecrieunBaer
16 % ob1ero o6'bemMa IMUCCUTL 3arPA3HSIONINX BellleCTB B 3abailkaabcKoM Kpae (1o jaHHbIM 3a 2015 1.).

3akAo4eHne

B manHOM mcceoBaHMY OBUIM M3yYeHDL TPEHADI COLMO-9KONIOr0-9KOHOMIYIECKOTO PasBUTYS MYHUIIUIIA/TIbHBIX PAllOHOB
OJIHOTO U3 IIPUTPAHIIHBIX PETMOHOB — 3a6aliKaIbCKOTO Kpast C MO3NIUM KOHILEIIIINN «3e/IeHOI» 9KOHOMMKN. TlomydeHHbIe pe-

SCpeaHecpoYyHBbIf MnaH coumanbHO-9KOHOMUYECKOro pa3BUTUSi MyHULMNANbLHOTO panioHa «la3vmypo-3aBofckvin paoHy» 3abainkanbckoro Kpas
Ha nepwog 2017-2021 rr. URL: http://gazim-zavod.ru/files/economika/2016/CPICEP%202017-2021/plan_CEP.docx

S«HopHukenb» 3anyctun beictpuHckuin FOK ctoumocTbio $1,5 mnpa. URL: https://www.rbc.ru/business/31/10/2017/59f70c0e9a794707ec033d1d
"Highland Gold Mining Limited. Annual Report and Accounts 2017. URL: http://www.annualreports.com/HostedData/AnnualReports/PDF/LSE_
HGM_2017.pdf
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3y/IbTaThl MOTYT IIPMHUMATbCA BO BHMMAaHME IIPU OIpefe/eHNN IPUOPUTETOB M HAIpaBIeHU COLMATIbHO-3KOHOMIYECKOIO
PasBUTHUSA PErMOHa, a TAKKe PACCMATPUBATHCA KaK CTAPTOBbIE YCTIOBYA IIPY peann3alyiy IPOeKTOB IPUTPAHNYHOTO COTPYIHN-
YyecTBa. VICIonb30BaHMe JAHHOTO MHCTPYMEHTApUA JI OLeHKM KauyecTBa SKOHOMIYECKOTO POCTa MO3BO/IAET CBOEBPEMEHHO
BBIABUTD HeraTVBHbIE TEHICHIIY B Pa3BUTII COLIVO-9KOJIOT0-9KOHOMIYECKIUX CYCTEM U pa3paboTaTh JOIOIHUTE/IbHbIE MePbI
CO CTOPOHBI OPTaHOB IOCY/JAPCTBEHHOIT B/IACTH, YTO B KOHEYHOM UTOTe OyfieT CII0COOCTBOBATH BBIXOAY HA TPAEKTOPUIO «3€jIe-
HOTO» POCTa B PETUOHe.

Paboma evinontena 6 pamxax Ipoepammut pyHoamernmanvrvix uccnedosanuti CO PAH (XI1.174.1)
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Ecological and economic development of municipalities
of the Zabaykalsky Krai in the context of “green” economy

Irina Aleksandrovna Zabelina'’,
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The relevance of the study is due to the need to transition to a “green” economy, the idea of which is widely debated in the scientific environmental
and economics literature. Nowadays, the level of negative environmental impact in many natural-resources regions of Russia significantly exceeds the
average level within the country. This situation is typical of some areas of the East of the Russian Federation with a historically established raw material
speciality of economy. The increase in the extraction and processing of natural resources in the designated areas (within the framework of implemen-
tation of joint Russian-Chinese projects) may contribute to strengthening of the environmental discomfort of the local population.

The purpose of the study is to estimate the socio-ecological and economic development of municipalities of one of the border regions — Zabaykalsky
Krai in the context of “green” economy using two quantitative factors characterizing the social and economic aspects of development: average annual
wages fund per capita (determines the well-being of households); the volume of shipped goods of own production, performed work and services
using one’s own resources (determines the results of economic activities of enterprises). The key environmental and economic indicators used in this
paper are eco-intensity indicators for the economic systems of municipal districts.

The results of the study show that residents of many municipalities of the Zabaykalsky Krai live in conditions of increased anthropogenic stress. At the
same time, indicators characterizing the level of socio-economic development are significantly lower than the regional average one. It is shown that
the situation worsens in some municipal districts of the Zabaykalsky Krai according to the ratio of the considered socio-ecological-economic indicators
for the considered time interval (2011-2016).

Keywords: “green” economy, emissions of pollutants from stationary sources, eco-intensity, ecological-economic zones, municipal districts.
This work was carried out as part of the Basic Research Program of the Siberian Branch of the Russian Academy of Sciences (X1.174.1).
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CHaraHCMPOBAHHOE MPUPOAOTIOAL3OBAHME: MMOAXOADLI K OLIEHKE

Bnagumup MNpuropsesuy JIOFTMHOB®
Banepun BacunseBuy BAJIALLEHKO™

WHcTuTyT akoHomumkmn YpO PAH, Poccus, EkatepuHBypr

AKTYaABHOCTB MEPEXOAA K YCTOMYMBOMY COAAAHCMPOBAHHOMY PA3BUTUIO SIBASIETCSI B COBPEMEHHDIX YCAOBMSIX BKHEMIIEN LIEABIO KAK BCETO YEAOBEYe-
CTBA, TaK M OTAEALHBIX CTPAH, B TO YK€ BPEMSsI METOAOAOTMSI M METOAMUYECKMI MHCTPYMEHTAPUI M3MEPEHMS STOrO MPOLIECCA AO CMX MOP OCTAIOTCS B CTAAMM
CTAHOBAEHMsI.

Lleab nccaeaoBanmst — 0606LWEHNE Y AHAAV3 MMEIOLLETOCS] METOAMHYECKOTO OBECTIeUEHMs! MO OLIEHKE YPOBHsI COAAAHCUPOBAHHOCTM U BLISIBAEHME Hanbo-
Aee AOCTOBEPHOTO METOAVYECKOTO MHCTPYMEHTAPMSI, PEKOMEHAYEMOTO AAS UCTTOAL3OBAHMSI B COBPEMEHHDIX YCAOBUSIX.

Pe3yALTaTLI: B NPOLIECCE VCCAEAOBAHMSI OLIAM BLIAEAEHDLI TPU TPYIIbl MCCAEAOBATEAEN, OTAMHAIOWMXCSI CNELMUKON CBOMX METOAMHYECKMX MOAXOAOB
K YCTAHOBAEHMIO cTeneHu cbaraHcMpoBaHHOCTM. [lepBast rpyrnna o6beAVHsIET aBTOPOB, PACCMATPUBAIOWMX COANAHCMPOBAHHOCTL PA3BUTUSI C MO3MLIMM
6GaraHCa MHTEPECOB MOKOAEHMIA U PEWAEMBIX 3aAa4, OPUEHTUPOBAHHBIX, C OAHOW CTOPOHDLI, HA COLIMAALHO-9KOHOMMYECKOE PA3BUTME TEPPUTOPUN, C
APYToM — Ha OXpaHy nMpupoAbl. OTCyTCTBUE KAKMX-AMOO PEKOMEHAALIMI MO (POPMUPOBAHMIO OLIEHOYHOTO MHCTPYMEHTAPUsI TO3BOASIET KOHCTATUPOBATDL MX
HEePeaAnsyemocCTh B MPAKTUYECKOM MAaHe. Ko BTopoii rpyrnrne OTHOCSITCSI MCCAEAOBATEAM, PEKOMEHAYIOIME METOAMUECKMI MHCTPYMEHTapUii MO OLIEHKe
COANAHCMPOBAHHOCTY C MO3ULIMM BaraHCA LIEAEV SKOHOMUYECKOM, SKOAOTMYECKOM U COLIMAALHOM MOACMCTEM C MOMOLILIO COM3MEPEHUsI SKOHOMUYECKOTO
3chherTa U 3KOHOMUYECKOTO ylepOa, OOYCAOBAEHHOTO COLIMAALHBLIMM M SKOAOTMHECKMMM MOCAEACTBUSIMU. Hamboree MHOTOUYMCAEHHA TPETDsl rpymna
MICCAEAOBATEAEN, PEKOMEHAYIOWAs YCTAHOBAEHUE CTerNeHn COAAAHCMPOBAHHOCTM HA OCHOBE COM3MEPEHMSI AOKAALHBIX MOTEHUMAAOB. B GoAbmHCTBE
CAYYA€EB AASI OLIEHKM COAAAQHCUMPOBAHHOCTM MOTEHLIMAAOB PEKOMEHAYETCSI UCMIOAL3OBAHME CUCTEMBI MHAMKATOPOB M YCTAHOBAEHUE CTerneHn cbaraHcmpo-
BAHHOCTM HA OCHOBE MX IPYMMMPOBKYU. Pexxe ccreAoBaTEAM OOPAIAIOTCS K MHTENPAALHBIM MHAMKATOPaM. IMaAOUMCAEHHBI MICCAEAOBAHUST COANAHCUPOBAH-
HOCTM Ha OCHOBE COM3MEPEHWSI MPOU3BOACTBEHHOTO U MPUPOAHOTO MOTEHLIMAAA C MCTTOAL3OBAHMEM SHEPTETUUECKOrO MOAXOAA. BoisiBAEHME NMpermyuecTs
M HEAOCTATKOB PACCMATPMBAEMbIX METOAMYECKMX MOAXOAOB MO3BOAMAO PEKOMEHAOBATL B KAYECTBE HAMOOAEE AOCTOBEPHOTO CPEAUM HUX MOCAEAHETO U3
AHAAMBVPYEMBIX.

IMpuMeHeHne Pe3yAbTATOB: BLISIBAEHHLIE HEAOCTATKM M MPEMMYLIECTBA METOAMYECKMX PEKOMEHAALIMIA MO OLIEHKE COAAAHCMPOBAHHOCTU MPUPOAOTOAL-
30BaHMs1 MOTYT ObITh YYTEHDI MPU MAEHTUDUKALMM YPOBHSI COAAAHCMPOBAHHOCTU B MPOLIECCE MAAHVMPOBAHMSI ¥ OPraHU3aUmMy XO3SIMCTBEHHOM AESITEALHOC-
TW, B TOM YMCAE MPUPOAOTIOAL3OBAHUSI HA (DEAEPAALHOM U PETMOHAALHOM YPOBHSIX.

KaroyeBble croBa: MPUPOAOIOAL3OBaHNE, C6aJ\aHCVIPOBaHHOCTb, UHTEPECDHI, LIEeAU, NMOTEHLMAADLI, COUIMEPEHUE, yCTOVl‘-lVIBOC pa3BuUTUE, METOAUYECKUE
MOAXOADI, OLIEHKA.

BEAEHMe
B 1992 r. na xoHpepenuun B Pro-ge-’KaHeiipo Obta mpuHsATa yCTAaHOBKA HA M3MEHEHNE MOJEIN PasBUTIAL
Oco3HaHMe HA/IBUTAIOMLIENCS OMACHOCTI B BUIE 9KOJIOTMIECKOI KaTacTPOodbl IIPefoIpeseNnIo Ipu3HaHue HeoOXo-
AMMOCTHM TIepeXofia Ha HOBBIN MyTb PasBUTHSA, ONpefeNAeMblil KaK ycToilunBoe pasButue. Mopens ycroiruuporo (c6anaHcu-
POBAHHOTO) Pa3BUTHUA MpPEJIIONATaeT YAOBIETBOPEHME KUSHEHHBIX MOTPEOHOCTEll HACTOAIIETO MOKOMIEHN Miofieil 6e3 Toro,
4TOOBI Oymyliye IOKOMeHMsA ObUIM JIMIIEHBI TAaKOJ BO3MOXXHOCTMU M3-3a MCYEpHaHMs IPUPORHBIX PeCypcoB U Jierpajaliun
OKpYy>Katomeli cpenpl [1, 2]. B 4nciie ocHOBHBIX HOIOXeHMIT KOHIeNIy ycTOMY1MBOT0 pasBUTHA LIEHTPaIbHOE MECTO 3aHIMAeT
YCIIOBYE «IIPUJAHNS PAasBUTUIO COAIAHCHPOBAHHOTO I JOITOBpeMeHHOro xapakrepa». Cormacuo «Konuennun nepexoga PO k
yCTOIYuBOMY pasBuTHIo» (1996), mocnenHee obecreyunBaeT «CONpPsHKEHHOE, BHYTPeHHE cOaTaHCHpPOBaHHOE (PYHKIMOHIPOBaA-
HIle TPMAZbl — IPUPOMBI, HaCeIeHNs, XO35IICTBa», a B paboTe [3] OHO paccMaTpuBaeTcs Kak «cOaTaHCHPOBaHHOE PYHKIIMOHN-
POBaHNe TPeX COCTAB/IAIOLINX: KaueCTBa OKPY>KaIoIlell Cpebl, KaueCcTBa )KM3HY ¥ 9KOHOMUYECKOTO pasBuUTHsA». TpeboBaHme
ydeTa ¥ IJITaHMPOBAHMA MEPONIPUATHUIL IO peann3aluy IOCTaBIeHHbIX 3a/la4, CBA3aHHbIX C I€PEXO/IOM Ha YCTOMYMBOE Pa3By-
TI€, IPeAyCMATPUBAET YTOUHEHE TOHITIS COQIAHCHPOBAHHOCTIL 10 OTHOIIEHMIO K IIPYPOJOIIONb30BAHIIO, YTO OTKPBIBAET
BO3MOXKHOCTIH €€ OIleHKM [4].
MeToAbl MccreroBaHus1
B mporjecce mccnenoBaHnA MPUMEHAINCh METOJBI HayYHOTO 06OOIEeHNs, a TaK)Ke MEeTOMbl CHCTEeMHOTO, JTOTMYeCcKOro,
CPaBHUTENIbHOTO aHAIN3A.
PesyanTtartol
VICXOfHBIM TIOTIOXKEHIeM BBIIIOTTHEHS MICC/IEOBAHMIT CITY>KUT XapaKTepPICTIKA MOHATHs chbamancupoBanHocTu. Coaman-
CMPOBAHHOCTD B HAYYHOII Cpefie OIpefienAeTCA KaK JOCTYDKEeHNE PAaBHOBECUA MEXY IBYM: IIPOTUBOIONIOKHO HAIIPABIEHHBIMI
cunamu. BamaHc — coxpaHeHue paBHOBeCHsI, COaTaHCPOBAHHOCTD — JOCTVDKEHNE COCTOsIHMA OamaHca. YcmoBueM cbamaHcupo-
BaHHOCTY IIPY YCTOIYMBOM Pa3BUTHU ABIACTCS OaIaHC SKOMOTMYECKOIT, 9KOHOMUYECKOI ¥ COLVIabHOI MM SKOJIOTMYECKOI 1
COLIMATbHO-9KOHOMMYECKOI OACUCTEM, T. €. SKOJIOTMIECKU YCTONYNBOE, SKOHOMIYECK 3¢ (HeKTUBHOE IIPUPOOIIONb30BaAHIE
[5]. YpoBeHb yCTOMUMBOCTY B 3TOM CIIy4ae XapaKTepyusyeT cOaJaHCPOBAHHOCTDb BCEX TPEX paccMaTpyuBaeMbIX acekToB. O60-
OljeHNe 1 aHA/IN3 METOAMYECKUX IIOAXOI0B K 00ecredeHIo cOaNTaHCHPOBAHHOCTH TTO3BO/LIET OObEANHNUTD MX B TPY IPYIIIIBL
(puc. 1).
IlepBas rpynma mpepmonaraet o6befMHeHIe ICCIefoBaTeNell, XapaKTepU3yIOLINX OLeHKY c6amaHCPOBAHHOCTH C MO3MU-
v 6aaHca MHTEPECOB 1 pelllaeMbIX 3ajady.
Tak, aBTOpBI paboTHI [6] paccMaTpUBaIOT 6aTaHC MHTEPECOB MOKOIEHNIT B paMKaxX 9KOMTOTMYECKOI ITapaUrMbl B KadecTBe
UJIeO/IOTUY KOHIEIIIVN YCTOIYUBOro pa3Butus. IIpu 9TOM MHTepechl HACTOALLEro ¥ OyRyLIMX IIOKOJICHUI OLIeHUBAIOTCA C IO~
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BanaHc C6HanaHcupoBaHHOCTb C6anaHCcMpoBaHHOCTb
MNHTEpecoB Liernemn 3Konorn4eckom, noTeHumanos
nokoneHu B 3KOHOMUYECKOW U (nogcuctem)
pamkax couparnbHol NofCcHUCTEM
3KOSI0rMYeCcKon
napagurmbl
CbanaHCuMpoBaHHOCTb Cousmeperune CbanaHcupoBaH- CbanaHcupoBaH-
peliaembIx 3agad, 3KOHOMUYECKOrO HOCTb FpyrnMoBbIX HOCTb
OPUEHTUPOBAHHbBIX Ha achdpekta n MNHOMKaTOPOB TEXHOreHHON
coumarnbHo- 3KOHOMUYECKOrO noKarnbHbIX Harpysku un
3KOHOMUYECKOE yuiepba, noacucTem 9KOIOrM4Yeckon
passutue n obycnasnu- (noTeHumanos) TEXHOEMKOCTU
COXpaHEHWe COCTOSIHUSI BaeMoro nnm npypoaHoii
okpyxatoLLen cpefbl coumnarnbHbIMK 1 ucrnornb3oBaHve cucTeMbl
1 NPUPOAHO- 3KOSOrMYeCKMM OLIEHOYHBIX
pecypcHoro NOCNeAcTBUSMN VHTErpanbHbIX
noteHuuana MHOMKaTOPOB

PucyHok 1. MeToauyeckue noaxopbl K oLeHke c6anaHCMpoBaHHOCTU NPUPOAONONb30BaHUA.
Figure 1. Methodical approaches to evaluating sustainability of natural resource use.

O6ocHoBaHve

MporHo3aupoBaHue
CcucTtemMbl mep no

coumnanbHbIX 1
BKONMOrm4eckmnx nukBungauum mnun

TexHMKO-3KOHOMUYEeckne pacyeTbl

nocneacTeun, KomMneHcaunun
obycnaBnvBaroLLmnx nocneacTenn
OKOHOMUYECKUI
ywep6
y
OcTaTouHbIN
3KOHOMMUYECKUI yLLEepO
y y
Pacuet CoumnanbHble u
9KOHOMUYECKOTO aKkonorunyeckune
acbdbekTa nocneacTeus, He
nmeloLwe
CTOVMIMOCTHOM
OLIEHKM
v ) ¥

OueHka cbanaHCUpoBaHHOCTKN
nokasatenem

PucyHok 2. OueHka c6anaHCcMpoOBaHHOCTM NPUPOAONONbL30BaHUA NPU COLNanbHO-3KOHOMUYECKOM Noaxoae.
Figure 2. Evaluation of sustainability of natural resource use using the social-economic approach.

3UIUM COXPAHEHMs KaueCTBa OKPY)KAIOIell Cpeibl ¥ Ha/IN4usl B HeOOXOAMMOM KOIMIECTBE IIPUPOHBIX PeCypPCOB, IO3BOIIAIO-
I[VX yIOB/IETBOPATD UMelolIyecs HoTpebHOCT. B cBOI0 0uepens, O. H. [Tonuiyk cunraet, YTO MOJie/b YCTOMNYMBOrO PasBUTHA
HpenmonaraeT «cbaTaHCMPOBAaHHOE PellleHle 3a/lad COLMATbHO-9KOHOMUYECKOTO 1 ieMOrpaduecKoro pasBUTHA Ha MepCIeK-
TUBY, COXpaHAsA OIarONpUATHOE COCTOSHIE OKPY)KAIOLIell Cpelibl ¥ IPUPOSHO-PECYPCHOTO IOTEHIIMAIA, YAOBIETBOPSIOIIEr0
JKVI3HEHHbIe TOTPeOHOCTY HaceneHns» [7].

Bropas rpymia ncciefoBareeil CBs3bIBaeT COaIAHCUPOBAHHOCTD IPMPOAOIOIb30BAHNUS CO COATAHCUPOBAHHOCTBIO Iie-
JIeVl TTOJCUCTEM 9KOIOTMYECKOI, SKOHOMMUYECKON ¥ COLMATIbHONM B IIPOLECCe YIIPaBIeHNUsA IPUPOAHbIX pecypcos. B. V. byraes
paccMaTpuBaeT cOaTaHCMPOBAHHOE IPYPOFONOIb30BAHNME KAK «COCTABHYIO YaCTh HAyYHOTO YIIPABIEHNS 9KOHOMUYECKIM pPas-
BUTHEM, HALl€/IEHHBIM Ha CONPAXXEHHOE NOCTVDKEHME COLMATbHBIX, SKOHOMUYECKMX U SKOTIOTMYECKUX 1ie7IeVl HE TOIBKO B JAHHBIIA
IIepMOJ; BpeMeH, HO B IlepcreKTyBe» [8]. O consMepenyn nereit uneT pedb B padorax [9, 10, 11]. PekoMeHyeMblil nccefoBaTesL-
MY MeTOJI, BBLABJICHVIS CTEIIeHY COaTaHCPOBAaHHOCTH IIPY COLIMA/IbHO-9KOHOMIYECKOM IIOfIXOfie OPMEHTIPOBAH Ha COM3MepeHIe
HOJTy4aeMOr0 IPY OCBOEHMY IPYPOFHOTO IIOTEHIIMAIA S9KOHOMIYECKOro adexra 1 9KOHOMMUECKOTO yiep6a, 00yCI0BIEHHOTO
(bopMIpyeMbIMIL IPU OCBOEHNY 9KOJIOTMIECKIIMI U COLIMAIbHBIMM IIOCTIEACTBIUSMM, YTO HAITIALHO IOATBEP)KAAET PUC. 2.

[e09K0COIMOIKOHOMIYECKIIT ITOFIXOf, POPMMUPOBaHIE KOTOPOTO 00YC/IOBIEHO COMDKEHNEM COIMATbHO-9KOHOMITIECKOTO
U TEO9KOIOTMYECKOTO MOAXOM0B, TAK)KE B YMC/IE OCHOBOIIO/IATAIOUIMX IPMHIUIIOB IIPEAYCMaTPUBAET «yYeT LIe/IEBBIX YCTaHOBOK
COLIMA/IbHOM, 9KOJIOTMYECKON M 9KOHOMUIYECKON mopcucteM» [10] Ipy NpUHATUM YIpPaBIeHYeCKMUX PEIICHUII OTHOCUTEIBHO
OCBOEHI IPUPOJHBIX PECYPCOB B YCIOBUAX ITepeXofia K yCTONYMBOMY pasBuTuio [12].

C y4eroM, 4TO r€09KOCOLMOIKOHOMIYECKIII TIOAXOJ] IPEACTAB/IsAET COOOI 9KOTOTU3MPOBAHHBII COLMATPHO-9KOHOMIYE-
CKMII OAXOf, PeKOMEH/ALNM 110 YCTAaHOBIEHNIO CTETeH COATaHCHPOBAHHOCTH IIeJIell OCTAIOTCA pexHuMu [13].
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Figure 3. Economic model of the region [11].

Hanbornee mmpokoe 1cronb3oBaHme (TpeThbs IpyIIa CCIefoBaTeNnell) Ha CerofH:A UMeeT OlleHKa CTelleH! cOalaHCHpPOBaH-
HOCTM IIPUPOJOIIO/Ib30BAH Yepe3 COM3MepeHye IOTEHIANIO0B (II0fCUCTEM), YTO JaeT, B KOHEYHOM CYeTe, PEKOMEH/JAlNN 110
oIpefieeHNIo chbaTaHCUPOBAaHHOCTY JIOKQ/IbHBIX IIOTEHIINA/IOB, B YC/Ie KOTOPBIX Yallle BCETO 9KOIOTMYeCKII, 9KOHOMIYECKII
n coumanpHbil [14]. Coctas moncucteM (MOTEHI[MAIOB) MOXET OBITh PACIIMpPEH 3a CUET JeTanu3anny HoCaefHux. B vactHO-
CTH, aBTOPHI [15] TOMUMO COLMATbHOTO, 9KOJIOTMYECKOTO ¥ 9KOHOMIYECKOT0 MOTEHI[MA/IOB YUYUTBIBAIOT ellle U pecypcHslit. I1.
B. I'ycbkoB IpepmaraeT mpy olleHKe cOaNTaHCHPOBAHHOCTY YYUTHIBATD MPUPOIHO-PECYPCHBII, COIMATbHO-IeMOTpapuIecKuis,
IIPOM3BONCTBEHHBIN, TeXHOMOTMYECKIII, MHPPACTPYKTYPHBIN U MHBECTULVOHHDI ITOTEHIIVMABI, ICXOMA 13 SKOHOMIIECKOI
mogpenu peruona (puc. 3) [16].

I omeHKy c6aTaHCMPOBAHHOCTY aBTOPaMU IIpefyIaraeTcs cucTeMa (PaKTOpOB, XapaKTepU3YIOMNX KaKIYI0 U3 IOJICHC-
TeM (IIOTEHIVAJIOB), OLIEHIBAaeMbIX C IIOMOIIbIO IIOKa3aTesIel, Ha 6a3e KOTOPBIX ONpefie/IAI0TCA JaCTHbIe MHAVIKATOPDI, @ B IO-
crenyolieM — rpynnosbie. ConsMepeHye IPYIIOBbIX NHAMKATOPOB MO3BOJISET [ie/laTh BBIBOJ, O CTeIleHN COaMaHCMPOBAHHOCTHI
HOTEHI[MA/IOB 11, B KOHEUHOM CueTe, 0 COalaHCUPOBAHHOCTY IPUPOJOINIONb30BaHMA. BO3MOXKeH U MHOIT MeTOAIYeCKIII IIOAXOT,
KOT/[a ITPY OljeHKe COa/TaHCUPOBAHHOCTI UCIIONB3YIOTCA MHTErPAIbHbIe MHAMKATOPbI, GOPMUPYIOLIEC Ha OCHOBE IPYIIIIOBBIX
nHpuKaropoB. OIpeyeneHye IOCTeIHIX BBIIIONHACTCA MyTeM pacdeTa Kak cpefHeapupMeTdecKoro, CpefHereoOMeTpIIecKo-
ro u fip. [17, 18]. HecoMHeHHBIT MHTepec IPeACcTaB/sAeT METOM AMHAMIYECK/X HOPMATNBOB, KOTOPBII JOCTATOYHO YCIICLTHO
IIPUMEHSeTCSI IPY OLjeHKe COATaHCHPOBAHHOCTY IPUPOLOIIOIb30BAHN Ha PerroHaIbHOM ypoBHe [19]. OH mpexgycMarpuBaet
MICIIO/Ib30BaHNe TeMIIOBBIX PacUYeTHBIX II0KasaTesell (BO3SMOXKHBIM ABJIAETCA NIPYMeHeHNe KaK IIPOTHO3HBIX, TaK ¥ PeTPOCIIeK-
TUBHBIX IaHHBIX). CpaBHeHMe (aKTUUeCKOIT JUHAMUKY IIOKa3aTesell C 9TaJIOHHOV M03BOJIAET ONPele/INTh YPOBEHb COamaHCH-
POBaHHOCTH MO K&)XJOMY 13 JIOKa/TbHBIX ITOTEHIINATIOB U, B KOHEYHOM CYETe, — MHTerPajIbHBIN YPOBEHb COQTaHCHPOBAaHHOCTU
IIPUPOJOII0/Ib30BAHNA.

Hanbonpinit MHTEpeC IPEACTAB/LIIOT UCCIEHOBAHIS, B KOTOPBIX OLIEHMBAETCS COANAHCHPOBAHHOCTD MOTEHIINAJIOB C
UCIIO/Ib30BAHMEM JHEPreTUIECKOro IOAXO0/a, KOIa 9HepreTuIecKye mapaMeTpsl 6ruocdeps! (IpUPORHBIA IOTEHIMA) COIIO-
CTaB/LIIOTCS C 9HEPreTUUECKMMI TTapaMeTPpaMy AesITeIbHOCTI YelloBeKa (IPOM3BOACTBEHHOrO MOoTeHIuana). B paborax T. A.
Axnmosoit 1 B. B. Xackuna [20] 060cHOBBIBaeTCs cOa/TaHCUPOBAHHOCTD TePPUTOPHAIBHBIX ITPUPOITHO-COLVANTbHBIX KOMIUIEK-
COB Ha OCHOBE COM3MepPEeHNA IPMPOJHOI TEXHOCPEPDI ¥ SKOTIOIMIECKOI TEXHOEMKOCTH, TIPeIaraeTCs MeTOAMYECKUI TOfIXOf,
I10 BBIIIO/IHEHNIO KOIMYECTBEHHBIX OLICHOK yKa3aHHBIX ITOKa3arenell. IIpakTudeckye npuMepsl peann3aluy JaHHOTO IOfIXOfA
MO>KHO HAilTI B psifie paboT nccnegosarereii, B Tom uncie I. Oxyma, A. C. Mungpuna, B. V1. Kouayposa, K. A. lllypkuHoit, B. A.
bposkuHa, E. A. [lenucenxo, V. I1. [massipunoir, M. A. Cemenosa, H. P. fAxnna u gp.

OHepreTHYECKit TOAXON MO3BO/IsIeT 0OOCHOBBIBATD TIPEMIeNIbHO JOIYCTUMbIE TeXHOTEHHbIE HATPY3KH, OIpefiersieMble CO-
I11a/IbHO-9KOHOMIYECK)IM PasBUTHEM PETMOHA, HalleleHHbIM Ha oOecIiedeHle COOTBETCTBYIOIIETO YPOBH: KMU3HY HAaCe/TeHN
[21]. B coBpeMeHHBIX yCITOBUAX JAHHBIN MOAXOJ, K ONpee/IeHNI0 YPOBH:A cOalTaHCHPOBAHHOCTH ABJAeTCA Hanbonee 060CHO-
BaHHbIM, [T03BO/IAIONIIM COXPAaHUTD «3T0POBbe» IKOCUCTEM, X CIOCOOHOCTD K CAMOBOCCTAHOB/ICHMIO ITpU 9P PEeKTUBHOM OC-
BOEHUY IPUPOJHBIX PECYPCOB.

Ob6cyraeHne

VccnenoBaTernit, OTHOCSIIMECS K TIEPBOII IPYIIIIe, paCCMATPUBAIOT COM3MEpPEeHNe MHTEPECOB MOKOIEHNIT, a TaKXXe cOamaH-
CMPOBAHOCTD pellaeMbIX 3ajlad, OPMEHTHPOBAHHBIX Ha COL[MATbHO-I9KOHOMMYECKOe PAa3BUTHE U OXPaHy OKPY KaloLell Cpefbl
B KayecTBe OCHOBBI YCTOIYMBOTO (cOamaHCUpoBaHHOro) pasBuTyA. OfHAKO METOAMYIECKUIT MHCTPYMEHTAPWIT, TO3BOJIAIONIIIL
OLICHUTD CTEIIeHb BBIIIOJIHEHNA 0003HAUEHHBIX YCIOBUII B TIOOOM M3 9TUX CIIy4aeB, OTCYTCTBYeT. Peub upet b o popmu-
POBaHMI OCHOBOIIOJIATAIOIIVX YC/IOBMII (IIPMHIUIIOB) cOaaHCHpoBaHHOCTI. Kak oleHNUTD, HanpuMep, cb6aTaHCMPOBAaHHOCTD
pemraeMpix 3agad? [IpMXOAUTCS MUILIb JOTafbIBaThCsL. TakuM 06pa3oM, Ha CErOfHs OLleHKa cOATaHCHPOBAHHOCTHU IIPUPOHO-
HO/Ib30BAHN C TIO3MULMY Oa/laHCca MHTEPECOB WM PellaeMbIX 3a/jad He IMeeT MEeTOLNYECKOT0 00eCIeueH sl U B IIPAKTIIeCKOM
IIaHe OCTaeTCA Hepeann3yeMoil.
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Viccneposateny, 06befyiHEHHbIE BO BTOPYIO IPYIIITY, IPEATATal0T KOHKPETHbIE peKOMEHJALMN 110 YCTaHOB/IEHNMIo chaman-
CHPOBAaHHOCTH IIPUPOROIOIb30BAHIS, TPEOYIOLINe BBIIOMHEHNS PAcyeTOB 10 ONPENe/IeHNI0 JOXOTHOCTY OCBOCHMUS IIPUPOJ-
HBIX PeCypCcOB M OIpefielieHNsI 9KOHOMMUYIECKOro yiep6a, 00yC/IOBICHHOTO MOABIeHEM 9KOIOTMYECKNX Y COLVAIbHBIX IIO-
CJIeTICTBUIL, COIPOBOXKAAIOIINX IIPOLIECC OCBOeHMA. B KadecTBe HeffocTaTKa CIefyeT OTMETUTb OTCYTCTBUE OOIIeNpM3HAaHHBIX
METOAMYECKNX IIOAXOMI0B K PacueTy 3KOHOMIYECKOro yiepba 1 Hay4HO 0OOCHOBAaHHBIX PEKOMEH/ALINIL [0 y4YeTy yiiepoa, He
HOHY‘H/IBIJ.[CI‘O CTOMMOCTHOTO Bpra)KeHI/IH.

Hawnbornpias rpymna oXBaTeiBaeT UCCIEL0OBATENEl, PACCMATPUBAOINX COaTaHCHPOBAHHOCTD C MTO3ULIMM OajTaHCca TOKaIb-
HBIX IOTEHIMANOB. ABTOPBI B 3TOJ CUTYaLM IIPEAIIONATAIOT, YTO Ha/my4uue cOAMaHCHPOBAHHOCTI KaXK/IOTO U3 MOTEHIINATIOB
CBUIETENBCTBYET O COATAaHCUPOBAHHOCTY BCeil 9KOJIOT0-9KOHOMUYECKOI CUCTeMBI, (GYHKIVOHMPOBaHMEe KOTOPOIl paccMa-
TPUBAETCS KaK MPOL[eCC IPKMPOJOIOIb30BAHNS. B 41C/ie HEZOCTATKOB: BO-TIEPBBIX, CYO'beKTUBU3M B BBIOOpPE OLjeHMBAEMBIX
[OTEHLMAJIOB U (DAKTOPOB, BIMSOIINX HA yPOBEHb COAIAHCHPOBAHHOCTI, UX HMOAOOP Uallje BCETO HAYYHO He 0OOCHOBAH I
O6'I>HCHH€TCH JINIIIb BO3SMOXHOCTBIO HA/TNYNMA I/IH(I)OpMaLU/H/I (Ha]II/[‘H/IH B 4YncCie CTaTUCTUYECCKUX ,E[aHHbIX). BO-BTOprX, pvaeT
MHAVKATOPOB MPEAIoNaraeT CoocTapaeHe GakTUIecKrx IoKasareell ¢ IIaHOBBIMY M/IM HOPMATUBHBIMIU 3HAYEHNSIMU TIPU
TOM, YTO IUIAHOBbIE TI0Ka3aTeIy HIKOUM 00pa3oM He MOIYT pacCMaTpPUBAThCs KaK HayYHO 000CHOBaHHBIE ITOKa3aTeny, obec-
revnBarolie c6aTaHCUPOBAHHOCTb.

Vcrionp3oBaHme MeTOa AUHAMIYECKMX HOPMATBOB HeceT B cebe erile 6osbliiee KOMMIeCTBO HETOCTATKOB, TaK KaK TOMMI-
MO Cy6'beKTI/[BI/13Ma B BbI60pe IIOTEHLIMAJIOB (l)aKTOPOB BO BHIMaHNIE HpI/IHI/IMaeTCH HaHpaB}IeHHOCTb TEMIIOB MUIBMEHEHMNA 110~
KasaTeneﬁ n HE y‘H/ITbIBaIOTCH KO/IN4Ye€CTBEHHDbIC COI/ISMCPCHI/IH TEMIIOB. He MEHAET KapTI/IHbI " UCIIO/ZIb30BaHUE I/IHTeI‘pa]IbeIX
MHAMKATOPOB.

Vicnionp3oBaHue 3HEPreTHYECKOTO IOAXOfA IIPYM YCTAHOBIEHMM CTeIeHM COANaHCHPOBAHHOCTY IIPUPOLONOIb30BAHNA
IIpefycMaTpyBaeT COBMECTHYIO pabOTy 9KOIOrOB 11 9KOHOMICTOB IIPY BBIIIOTHEHV 9KO/IOr0-9HePre TMYeCKOro aHajusa 1 ycTa-
HOBJIEHVSI 9KOIOTMIECKOIT BBIHOCMBOCTI TEPPUTOPHMIL. [JaHHBII TOAXO[ Hanbosee JOCTOBEPEH TIPU ONpeneieHny cOamancu-
POBAHHOCTH, TaK KaK 6a3MpyeTcsi Ha OLlEHKe aCCUMIIIALMOHHOTO IOTEHIINA/IA TePPUTOPUIL.
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Sustainable natural resource use: approaches to evaluation

Vladimir Grigor’evich LOGINOV"
Valeriy Vasil’evich BALASHENKO™

Institute of Economics of the Ural Branch of RAS
Ekaterinburg, Russia

Nowadays, the urgency of transition to sustainable development is the most important goal of humanity and individual countries as well. Although,
the methodology and methodological tools for measuring this process are still in their infancy.

The purpose of the study is to summarize and analyze the existing methodological support for evaluating the level of balance and to identify the
most reliable methodological tools recommended for use in modern conditions.

Results. during the study, three groups of researchers were distinguished. They differ in the specifics of their methodological approaches to estab-
lishing the degree of balance. The first group unites authors who consider the balance of development from the standpoint of the balance of interests
of generations and the tasks to be solved, who are focused, on the one hand, on the social-economic development of territories, and on the other
hand, on nature conservation. The absence of any recommendations concerning formation of valuation tools allows us to state their impracticality.
The second group includes researchers who recommend methodological tools for estimating sustainability from the standpoint of balance of the goals
for economic, environmental and social subsystems by comparing the economic effect and economic damage caused by social and environmental
consequences. The third group of researchers is the most numerous. They recommend to establish the degree of balance based on a comparison of
local potentials. In most cases, the use of the system of indicators while establishing the degree of sustainability based on their grouping are recom-
mended to evaluate potentials balance. Less commonly, researchers turn to integral indicators. There are few studies of balance based on comparison
of production and natural potential using the energy approach. The identification of advantages and disadvantages of the considered methodological
approaches made it possible to recommend the latter to be the most reliable among them.

Application of results: The determined shortcomings and benefits of methodological recommendations for estimating sustainability of natural re-
source use can be taken into consideration when identifying the level of balance while planning and organizing economic activity, including environ-
mental management at the federal and regional levels.

Keywords: natural resource use, sustainability, interests, goals, potentials, comparison, sustainable development, methodological approaches, eval-
uation.
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POAL MIHCTUTYTOB Pa3BUTUSI B HAPAILMBAHUM MHBECTULIMOHHDIX
[PECYPCOB CTApPOMPOMbILAEHHBIX TEPPUTOPUIN

EneHna HukonaeesHa CUOOPOBA’,
Anekcangp BanepbeBuy TPbIHOB™

WHcTtuTyT akoHomumkm YpO PAH, Poccusi, EkatepuHbypr

Crarbsi MOCBSIEHA MCCAEAOBAHMIO MPOBAEM HAPALMBAHWST MHBECTULIMOHHOTO MOTEHLIMAAA CTAPONPOMBIAEHHLIX TEPPUTOPUI KaK HEOGXOAMMOTO YCAO-
BYMSI MEPEXOAA SKOHOMUKM POCCHM HA MHHOBALIMOHHDIN MyTb Pa3BUTUs. AKTYAALHOCTL PABOTLI OOYCAOBAEHA OTCYTCTBUEM B FOCCEKTOPE MHBECTULIMOHHBIX
PECYPCOB, AOCTAaTOYHLIX AASl PELIEHMS1 MOCTABAEHHDLIX 3aaad. CchopMyAnpoBaHa 1 MOATBEPIKAEHA IUIOTe3a, CYyTh KOTOPOW CBOAUTCS K TOMY, YTO OAHVM M3
OCHOBHbIX CrIOCOBOB 0BecrneyeHmsi MHHOBALMOHHOTO PA3BUTMsI SKOHOMMKM Poccum, ee oTpacaeil, CyGLEKTOB U MyHMLIMMAALHBLIX OOPA30BAHMIA SIBASIETCS
obbeAHeHVE (OYHAHCOBLIX PECYPCOB rOCYAAPCTBA M Gu3HECA. B kayecTBe MHCTPYMEHTA PELleHMsl STOM 3aaady B CTaTbe PACCMATPUBAETCS CO3AAHME
CrieLIMaAu3MPOBAHHDLIX OPraHM3aunii C rOCyAQPCTBEHHLIM Y4acTMEM — MHCTUTYTOB Pa3BUTUSI U UCMOAL30BAHME MEXAHW3MOB IOCYAAPCTBEHHO-YaCTHOrO
naptHepcraa (MI).

LleAb CTATLM 3aKAIOHACTCS] B YSICHEHWUM POAM MHCTUTYTOB PAa3BUTHs B HapaliMBaHMM MHHOBALIMOHHOTO MOTEHLMAAA TEPPUTOPUIA, B TOM YMCAE OTHOCSILMXCS
K YMCAY CTAPOTPOMBIAEHHDIX, CO3AAHMM YCAOBMIA AAsI (POPMUPOBAHUST MH(PPACTPYKTYPLI, KOTOPasi 06eCreYmBaeT AOCTYM BEHYYPHLIX (hMPM K HEOBXO-
AMMbLIM PeCypcam, B MNePBYIO0 o4yepeAb — (PMHAHCOBLIM, & TaK)Ke MCMOAL30BaHNM B UX AGSITEALHOCTM MexaHu3mos YI1.

Pe3syabTatnl. PackpbiThl TEOPETUYECKME OCHOBDLI M AAHA KAACCMhMKALIMS MHCTUTYTOB Pa3BUTUS], MPOBEAEH aHaAU3 COBPEMEHHOIO COCTOsIHMS (hopmMMpoBa-
HUs1 M (DYHKLUMOHUPOBAHMSI UHCTUTYTOB Pa3sutusl B Poccum. NpearoskeH aBTOPCKMI MOAXOA K OLIeHKe 3O (PEKTUBHOCTM MX (DYHKLIMOHUPOBaHMsl. boAboe
BHMMAHVE B CTAaTbe YAEAEHO PA3BUTMIO M PACWMPEHMIO MPAKTUKM MCMOAL3OBAHMSI MHCTUTYTOB PA3BUTUSI AASI PEAAM3ALIMM MPOEKTOB OTPABOTKM TEXHOTEH-
HBIX MECTOPOXKAEHMIA. B KaYecTBe Te3mca, MMEIOIEro HAy4YHOE U MPAKTUYECKOE 3HAYEHNE, OOOCHOBAHO MOAOYKEHME, O TOM, YTO OLIEHKA S(PEKTUBHOCTU
MHBECTULIMOHHLIX MPOEKTOB AOAKHA OCYIIECTBASATLCSI HA OCHOBE y4eTa MYALTUMAMKATUBHLIX 3(PCHEKTOB OT MX pearusaumm. PesyALtaTbl MCCAEAOBaHMS
MOAYY€HbI HA OCHOBE MCIOAL30BaHMSI METOAOB CPABHUTEALHOTO aHAaAM3a M COMOCTABA€HMSI HAKOMAEHHOTO OfbiTa B Pa3AMYHLIX peroHax Poccum.
[MpoBeaeHHOE MccAeAOBaHME MO3BOAMAO aBTOPaM CAEAATh PSIA BLIBOAOB O TOM, YTO MHCTUTYTLI PasBUTMsI M MexaHusmbl YT sBASIOTCS nepcneKkTUBHLIM
Ccnocobom peleHusl 3aaa4 MHHOBALIMOHHOTO PA3BUTHSI SKOHOMMKM U MOTYT ObiTh SCPHEKTUBHO MCMOAL3OBaHBI MPY 0OOCHOBAHMM MEPCEKTUB OCBOEHMS
PECYpPCOB HEAP CLIPLEBLIX TEPPUTOPUIE U PA3PABOTKM TEXHOTEHHBIX MECTOPOXKAEHMII CTAPOMPOMbILIAEHHLIX PErVIOHOB.

KaroueBble croBa: MHCTUTYTDLI PA3BUTUSI, TOCYAAPCTBEHHO-YacTHOE MapTHEPCTBO, OCBOEHME HEAP, OLeHKa 3(P(EKTUBHOCTU, KpUTepumn 3hOeKTUBHOCTH,
MYALTUTNAMKATUBHLIZ 3chcheKT.

BEA€HMe
OcHOBOII 61aromnony4ns a060ro rocyfapcTsa ABAeTca 9pPeKkTuBHAA IOCTYNATe/IbHO Pa3BUBAIOLIAAC 9KO-
HOMIKA, MOIIHBIIT IIPOM3BO/CTBEHHBII MOTEHINA, 6a3VPYIOMINIICS HA MHBECTUPOBAHNY [IEPEJOBBIX TEXHOTIOIMII I
VMHHOBAIIMOHHBIX ITPOII€CCOB. B pasBUTHIX CTpaHaX B II€PUOLbI 3aMefJIEHN s 9KOHOMIYECKOTO POCTA BO3PACTAIOT 3aTPAThl HA Ha-
YKY 1 TeXHOJIOTMYECKOE IIepeOoCHallleHl e TPOM3BOJICTBA, IOCKOIbKY IIePeXo]i Ha MHHOBAIVIOHHbIE TEXHOMIOT MM — 3TO He TO/IbKO
TOCTVDKEHMA B 06/TaCTV HOBOTO 3HAHMA, HO U MOIIHBII (PaKTOP Hapal[VBaHVA SKOHOMIYECKOT0 oTeHI1ana. O6ycIoBIeHO 9TO
TeM, YTO JOXOJIBI OT MCIIONb30BAHMA HOBBIX TEXHOJIOTMII 3HAUNTETbHO TIPEBBIIIAIOT PACXOMIbl Ha MX Pa3paboTKy U BHEIpEHMe.
OKOHOMMYeCKas OTJa4ya MHBECTUIUII B MIHHOBAIIMM B CPEHeM IIPEBbIIIaeT OKYIIaeMOCTb B JII0OBIX APyrux cepax NpuMeHeHN
¢yHAHCOBBIX pecypcoB. COITTaCHO OIYO/IMKOBAaHHBIM JAaHHBIM [1], B pa3BUTBHIX CTpaHaX Ha JIOMI0 HOBBIX 3HAHMII, BOIUIONae-
MBIX B HOBBIX T€XHOJIOTHIX, 000PYOBAHNUY, OPraHM3AIMM IPOUSBOACTBA, IpUxoauTcs ot 70 % no 85 % mpupocra BaoBOro
BHyTpeHHero npopykra (BBII). YckopeHHO pacTeT BK/Iafi MHHOBAIIOHHOI cocTaBsomieit B mpupoct BBII, kotopsrit B CIITA,
Hanpumep, ysennanica ¢ 31 % B 1980-e rr. go 34,6 % B Hauane XXI B.; B Anonuu coorsercTBenHoO ¢ 30,6 1o 42,3 %; B EBpone - ¢
45,5 1o 50 %. Pa3BuTbIe CTPaHBI KOHIIEHTPUPYIOT y ce6s1 cBbIie 90 % MMPOBOTrO HAyYHOTO MOTEHIMaa U KOHTponupyior 80 %
r7106a/IbHOTO PbIHKA BBICOKMX TEXHOIOTUIT, 00'beM KOTOPOTO OLIeHNBAeTCs B 2,5—3 TPIIH JIOTIL.

Yro xacaeTcsa Poccuu, To OCHOBHBIE HalIpaB/IeHN: €€ BBIXOJja Ha MHHOBALMOHHBII Iy Th pa3BUTHA COPMYIMPOBAHBL B Lie-
JIOM psifie OCHOBOIIOJIATAIONINX TOKyMeHTOB (Pacnopscerue [Ipasumenvcmea PO «O koHuenuuu 007120CpoH020 COUUATLHO-IKO-
Homuueckozo passumust Poccutickoii @edepavuu Ha nepuod do 2020 2oda» om 17.11.2008 Ne 1662-p. URL: http://www.consultant.
ru/document/cons_doc_LAW_82134; ITpozHo3 007120CpO4HO020 COUUATLHO-IKOHOMUUECKO20 passumus Poccuiickoilt Pedepavuu 0o
2030 (paspaboman Munaxonompaseumus Poccun). URL: http://www.consultant.ru/document/cons_doc_LAW_144190; Pacnops-
wenue Ipasumenvcmea PP «O6 ymeepuoenuu Cmpamezuu UHHOBAUUOHHO20 paseumus Poccuiickoii Pedepayuu Ha nepuood
00 2020 200a» om 08.12.2011 Ne 2227-p. URL: http://www.consultant.ru/document/cons_doc_LAW_123444; edepanvruiii 3ax0H
«O npomvinennoti nonumuxe 8 Poccuiickoii @edepavuu» om 31.12.2014 Ne 488-D3. URL: http://www.consultant.ru/document/
cons_doc_LAW_173119). CormacHO IPUHATHIM AOKyMeHTaM, Poccust B 2020-X IT. O/DKHA BOVITH B IIATEPKY CTPaH-TUAEPOB IO
o6bemy BBII (o mapuTeTy IOKymaTenbHoOI criocobHocTn). JlocTIbKeHe 9Toll el o3HadaeT, 4to K 2020 T. Poccus momxHa
3aHATD 5-€ MEeCTO, T. €. HOCTABIATh OKO/O 10 % IpOAYKUMM Ha PHIHKM BbICOKOTEXHOIOTMYHBIX TOBAPOB ¥ MHTE//IEKTYa/IbHBIX
ycnyr B 5-7 u 6oree cekropax. Jlo/s IpOMBIIIIEHHBIX IPeIPUATII, OCYLIeCTB/IAIOIIX TeXHOIOTYeCKye MHHOBALUY, JO/DKHA
BospacTu Jj0 40-50 %, a 011 VHHOBALMIOHHON IPOAYKIUA B obbeMe BbIIYCKa — J10 25-35 %. [0 SKOHOMMKY 3HaHWUI U BbI-
COKOTEXHOMOTMYHOTO cekTopa B BBII fo/mkHa cocTaBsTh He MeHee 17-20 %. PemreHne HacTOMbKO MacIiTaOHbBIX 3a/§a4 [/IS COB-
PEeMEHHOI POCCUIICKOI 9KOHOMUKY IIPAKTUYECKY HEBO3MOXKHO, IOCKOIBKY 00beM (prHAHCOBBIX PECYypPCOB, KOTOPBI CLIOCOOHA
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HPEIIOXKNUTD CHCTeMa (HMHAHCOBBIX MHCTUTYTOB CTPAHBI, HeaJeKBaTeH MOTPEeOHOCTAM PasBUTUA S9KOHOMMKH. UTO KacaeTcst
JaCTHOTO CEKTOPA, TO €ro MPMUBJIEYEHE OTPAHNYMBAETCA BBICOKMMI PUCKAMI Y JOITOCPOYHOCTDIO COOTBETCTBYIOLINX ITPOEK-
TOB. B CBAA3M ¢ 9TUM IIepBOCTeNIeHHOE 3HAYeHVe IPMOOPETAI0T BOIIPOCH BBIABICHN MCTOYHIMKOB MHBECTYPOBAH U METOLOB
VX BOBJIEYEHNA B THHOBALIMOHHYIO JIEATENbHOCTD KaK B 1[€/IOM II0 CTPaHe, TaK M B PETMOHAX.

MupoBoit 1 POCCUIICKIIL OIBIT IIOKA3bIBAET, YTO €UHCTBEHHO BO3SMOXKHBIM CIIOCOO0M 06ecredeH st IOCTYIUIEHISI B 9KO-
HOMIKY TaKOTO 6OJIBIIIOr0 00'beMa JOITOCPOUHBIX MHBECTUIIIOHHBIX PECYPCOB SIB/IAIOTCA MEpBI, II03BOJLAIONE 00beANHITD
TOCyAapCTBEHHDbIE PeCcypchl U (PMHAHCOBbIE BO3MOXXHOCTU YaCTHOTO CeKTOpa. HaKoIIeHHbIT OTeueCTBEHHBIN OIIBIT COBMECT-
HOTO pellleHNs po6JieM MHBECTUPOBAHMA IHHOBAI[MOHHBIX IIPOEKTOB CBUIETEIbCTBYET O B3aMMOBBITOIHBIX YC/IOBUAX UX pe-
ayIMsalym U JJIA TOCYLapCTBa, M JJIA YacTHOrO OM3Heca.

Pe3yALTarbl UICCAEAOBaHMSI M OOAACTL MX MPUMEHEHMSsI

Bonpoc o npenHasHadeHNy MHCTUTYTOB Pa3BUTHUA KaK MHCTPYMEHTA TOCYAAPCTBEHHON IOMTUKA 110 YCKOPEHUIO MHHO-
BAIlMOHHBIX ITPOLIECCOB, IPU3BAHHOTO CIIOCOOCTBOBATH HAPAIIMBAHUIO MHBECTUIIMOHHOTO IOTEHIIMA/Ia TEPPUTOPUIL Ha OCHOBE
o6benyHeHNs HMHAHCOBBIX BO3MOXKHOCTEI TOCYAAPCTBA I YaCTHOTO CEKTOPa, HEOTHOKPATHO 0OCY)KAA/ICs B HAYYHBIX ITy6/n-
Kalusx. PassepHyTble JOKIabl, TOCBALIEHHBIE JAHHOMY BOIIPOCY, IpefcTaBieHsl MunskonoMpassutusa Poccun, @onpom pas-
Butys npombinvienHoctu (POTP), HUOW Munncrepcrsa udunancos Poccun u gp. O 3HaYMMOCTI MHCTUTYTOB Pa3BUTHS
HEOJHOKPAaTHO FOBOPMIOCH B O(UIIMAIbHBIX JOKYMEHTAX, B YaCTHOCTY, B Marepnaax k 3acefanuio CoBeTa 10 KOHKYPEHTO-
CIIOCOOHOCTH U TIpefupuHNMATebCTBY pu IpaBurenscte Poccuiickoit Pepeparum: «Ilepenada atux GyHKIuIL OT rocymap-
CTBAa K MHCTUTYTaM Pa3BUTUA MO3BOINT IEPEITH OT MeXaHNU3Ma (GOPMaTbHOTO GIO/PKETHOTO Hepepacipee/ieHNs CPeAcTB K
peanusanuy eIe0PUeHTYPOBAHHBIX KOMIUIEKCHBIX IPOTPaMM IOAIEPKKM» [2].

Yaie Bcero MHCTUTYTHI PasBUTHUA PACCMATPUBAIOTCA KaK CTPYKTYPBI, CIELMaJbHO CO3/laHHbIE J/I PELIeHNs 3ajjad, KO-
TOpble He PeIIaloTCsA PHIHOYHBIM IyTeM. Tak, B pabore [3] mox MHCTUTYTaMu pa3BUTHA IIOHMMAIOTCS «CIeLaTN3/POBaHHbIE
TOCYJapCTBEHHbIE MM KBa3sUTOCYNAPCTBEHHbIE OpPraHM3allMM, CO3/JaHHBbIE NI CONENCTBUA SKOHOMUYECKOMY PasBUTUIO B
OIpeJIe/IEHHBIX 00/IACTSAX,. .. KOTZJa PHIHOYHBIE MEXaHI3MbI OKa3bIBAIOTCsI HEa/[eKBATHBIM CIIOCOOOM pelIeHNsT 9KOHOMIIECKIX
VIV COLMAIbHBIX IIPOO/IEeM», a aBTOPBI [4] IO MHCTUTYTaMM MHHOBALIMOHHOTO Pa3BUTISI IOHMMAIOT «CO3JJaHHBIE B TOCYAAp-
CTBe CrieluduuecKue COLanbHO-9KOHOMIYECKIe CUCTEeMBI CO CBOCI CTPYKTYPOIL, CyObeKTaMM, 3aKOHOMEPHOCTAMU (PyHK-
IIMIOHMPOBAHMsA, KOTOPble YCTaHABIUBAIOT OIpeJie/ieHHbIe ITPaBy/Ia MHHOBAIMIOHHOTO MOBEEHNU U OrpaHNdeHys («IIpaBuia
UTPBI») /I BCeX CYObEKTOB XO3AJICTBOBAHMA». B TO XKe BpeMs B Hay4YHOI TUTepaType MOHATIE MHCTUTYTA Pa3BUTHUSA TaKOKe
4acTo ynorpebysercs 1 B 6ojiee MIMPOKOM CMBIC/IE, He KaK CIIel[aJIbHO CO3[jaHHble OpraHM3aluy, @ KaK MHCTUTYTbI, 06pasy-
IolI/ie MHCTUTYIOHAIBHYIO CPEAY, KaK 00lIeCTBEeHHble MEXaHM3MbI BO3/IEIICTBIS Ha COLIMATIbHO-9KOHOMIYECKIE IIPOLIeCChI
[5-7]. He yrmy6nssch B IIOZIEMUKY [0 JAHHOMY BOIPOCY, ClIeAyeT OTMETHUTD, YTO aBTOPBI TAHHOI CTATby MHCTUTY T Pa3BUTHU
paccMaTpMBAIOT KaK CIeIalu3MpPOBaHHble TOCYIApCTBEHHbIe OPTaHNM3AIUM, CO3[JAHHbIE JUIA PeIIeHNs 3a/ja4, He0OXOMIMBIX
I CONEICTBYUSA PasBUTHIO MHHOBAIMOHHOI 9KOHOMUKMY, 06€CIIeYeHII0 YCTOYMBOTO COIMAaIbHOTO O/IarOMOMyYns HaceleHns
CTpaHbI, KOTOPbIE He MOTYT OBITb ONTYMA/IBLHO PELIEeHBI C ICIOIb30BaHMEM TOBKO FOCYLAPCTBEHHBIX VIV TOIBKO PHIHOYHBIX
MeXaHV3MOB. VICXOMA U3 CTIOKUBILEIICS IIPAKTUKM, MOXKHO BBIJEIUTD TPU YPOBHA MX QYHKIVMOHUPOBAHMA B 3aBUCUMOCTHU OT
TOT0, KTO ABJLAETCS MHULMATOPOM X CO3IaHNA: (efepanbHble MHCTUTYTHI pasBUTHA, pefjepaibHble MHCTUTYThI PAa3BUTIA Ha
pernoHaaIbHOM YPOBHE UM PETMOHATbHbIE MHCTUTYThI Pa3BUTHA.

IlepBble MHCTUTYTHI pa3BUTHA MOABUNCS elle B 1990-e rr. B 1997 . mo pemtenuto [Tpasutenbctsa Poccuiickoit emepannn
OBIIO CO3[JaHO ATEHTCTBO 110 MIIOTEYHOMY >KMIUITHOMY KPeIUTOBAHIIO, OCHOBHOI 3a/jaueil KOTOPOTo AB/IANOCh GOpMUpPOBa-
HIIe U pa3BUTHE UIIOTEYHOTO pbIHKa B Poccyu. B mocenyromenm 2001 1. ¢ 1enbio MogepHusanym poccuiickoro AITK 6bu1 cospan
«Pocarpommsunr». B nocnenyromue ropel 6pim cospansl VuBectnnnonusiii ¢pong PO (2005), Poccniickas BeHUypHas KOMIIa-
Hust (2006), Bremakonom6aHk (2007), Poccuiickas kopropanust HanotexHoyornii (2007). K y)xe Ha3BaHHBIM MOXXHO JOOABUTh
DoHp pa3BUTHS MHHOBAIMOHHOTO LeHTpa «CKomkoBo», ['K «Doup comerictBus pedopmuposannio YKKX», ©onn copeitcTBrs
PasBUTHIO MaJIbIX (GOPM IPENIPUATUII B HAyYHO-TeXHMIeCKoI cdepe, Poccuiickuit GOHJ TEXHOTOIMYIECKOTO PasBUTUA 1 AP.
Hapsany ¢ denepanbHbIMU MHCTUTYTaMU PasBUTHSA JOBOIBHO aKTUBHO (PYHKIMOHUPYIOT (efieparbHble MHCTUTYTHI PasBUTHA
Ha perroHaJbHOM ypoBHe. K HUM, B IIepBYIO O4epeib, OTHOCATCS pPerMoHaIbHbIe UIOTeYHble (POHMDBI, KOTOPBIE, IO CYTH, SB-
JIIOTCA PErVOHA/IBHBIMI OTHE/ICHNAMM (efiepabHOTO «ATeHTCTBA [0 MIIOTEYHOMY S>KIIMIHOMY KpepuToBanuio» (AVDKK),
peruoHasbHble BeHIypHbIe (OH/BI, KOTOPbIE, [0 CYI[ECTBY, TAKXKe SIB/IIIOTCS MECTHBIMIU OTAeneHmsMn ¢egepansaoro OAO
«Poccuiickas BeHuypHas koMmanusi». K Hacrosimemy Bpemenn B Poccun copmmpoBaHa pasBeTBIEHHAS CETh PErMOHATbHBIX
BEHYYPHBIX (POHMIOB, CO3JaHHBIX M1HoKOHOMpasBuUTHs PD COBMECTHO ¢ a[MUHUCTPALIUAMI PETUOHOB.

C navasna 2000-X IT. IO MHMIMATUBE PETMOHANbHBIX ¥ MECTHBIX BIACTEN CTAa/IM CO3[ABAThCA «YMCTO» PETMOHAIbHBIE MH-
cTuTyThl. B 2006 1. 661710 co3pano OAO «Kopnopauusa Passutus», KoTopoe paHee MMeHOBanoch «Kopnoparus «Ypan npomsii-
JeHHbIiT — Ypan ITonApHbIi» 1 ObUIO OPMEeHTHPOBAHO Ha COfEIICTBIE PA3BUTHIO U pealy3aliyiy IPOeKTa « Ypajl IPOMBIIIICHHBIN
- Ypan nonsapHbii» [8]. Ograko B nocrenyromye rogsl OAO «Kopropanys Pa3BuTisa» sHaYNTEIbHO PACIIMPIIIA CBOIO AeATe/Ib-
HOCTb B 4acTH Pa3pabOTKI MPOEKTOB, CIOCOOCTBYIOLINX PA3BUTUIO BCETO YPAIbCKOro (efiepanbHOTO OKPYTa U IPUBICYeHI
MHBECTOPOB /LA UX peanusannu. KoopauHaimio feATeIbHOCTI KOopIIopanuy ocyuiectsisieT HabnonarenbHbli COBET, B COCTaB
KOTOPOTO BXOJAT TIPeICTaBUTENN afMUHICTpanuii cybbexTos YpdO.

C 2010 r. B CepptoBckoit obmactu pyukiymonnpyer «Koprnopanus passurus CpegHero Ypana», OCHOBHBIM Ha3Ha4eHM-
eM KOTOpOI1 ABJIsAeTcA POpMUpOBaHUe OarONpPIATHON MHBECTUILIOHHOM Cpefbl Ha TePPUTOPUY PETVOHA, CO3JaHNe JTyYIINX
YC/IOBUIL I/11 MTHBECTUPOBAHMA B OObEKThI IPOMBIIUICHHOCTH, COLMA/IbHOI, TPAHCIIOPTHOI U SKVJINIIIHO-KOMMYHA/IbHON VH-
¢dpactpykrypsr. C 2011 1. B Yenstbunckoit o6mactu feitctByer OAO «AreHTCTBO perMOHATbHOTO Pa3BUTI», KIIOUEBbIE 3a/Ja4l
KOTOPOTO 3aK/TI0YaI0TCs B MOBBILIEHNN MHBECTUIVIOHHOI ITpUB/IeKaTenbHOCTH Yensa6muHcKoll 06macTy; obecredeHNN pexxMa
«OJIHOTO OKHa» /I MHBECTOPOB IIPYM B3aMMOJEICTBMM C OpraHaMM MCIIONHUTENbHOI BIacT. Co3/jaHbl KOPIOPALMIA B LIEZIOM
pane ppyrux pernonoB Poccum: Tlensenckoit, Poctosckoit, Bonrorpapckoit, Ynbsanosckoi, Camapckoii, Apocnasckoit, OpeH-
Oyprckoit, berropopckoii, Tynbckoit obnactax, Kapenvm, Yysamuu u gp. ITo cocrosnuio Ha Havano 2016 r. B Poccun 3aperu-
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cTpupoBaHo 42 Kopropauuu passutus [9]. OgHoit u3 Hanbosee PaCIpPOCTPaHEHHBIX CTPYKTYP CPEefU COOCTBEHHO PernOHaIb-
HBIX MHCTUTYTOB PasBUTHA ABIAOTCA POHMIDI TIOANEP>KKI MAJIOTO U CPefiHero 613Heca, B KOTOPBIX aKKyMYIMPYIOTCS CPefiCTBA
pernoHoB 1 efepanbHOro OIOPKETa, BbIfjeseMble Ha CyOCUAMpPOBaHMe MaIOr0 U CpeHero MpefIpUHIIMATeIbCTBA C LIeIbIo
CTUMY/IMPOBaHV aKTVBHOJ perOHa/IbHON IOMUTHKI B 3TON cdepe.

[TepcrieKTMBHBIM MEXaHM3MOM PELIeHN 3aa4 IHHOBALMIOHHOTO PAa3BUTIA ABJIAETCA TOCYAAPCTBEHHO-JaCTHOE I MyHM-
LUIIaJIbHO-4acTHOe MapTHepcTBO (manee — I'UII). MHorme TeopeTndyecKye acIeKThl, IPMYMHbI BOSHMKHOBEHNA, CTYMYIIBL 1
npo6yeMbl pasBuTHs, a Taroke ommnyyst ['UIT oT mpounx Gpopm coTpygHMYIecTBa BlacTI U 613Heca ObUIM PAaCCMOTPEHBI aBTO-
pamu panee [10]. BaxHbIM aTaroM B GOpMIPOBAHNY STOTO MHCTUTYTA CTajo mpuHATHE B 2015 T. pefepanbHOro sakona o I'UII
(manee — 3axoH o ['4II)". B coorBeTcTBUM € JaHHBIM 3akoHOM 110 I'YI1 moHnmaeTcs opupudecku opopMIeHHOE Ha OIIpefieieH-
HBIII CPOK JI OCHOBAaHHOE Ha 00'beJUTHEHII PECYPCOB, paclpefie/IeHI PYCKOB COTPYRHIYECTBO ITyOIITYHOr0 IapTHEePa, C OfHOM
CTOPOHBI, ¥ YACTHOTO IIAPTHEPA, C APYTOil CTOPOHBI, KOTOPOE OCYILECTB/IAETCS Ha OCHOBAHMM COIVIAIIEHNA O TOCYAapCTBEHHO-
YaCTHOM NApTHEPCTBE, COMIALICHN O MYHUIINIIAIbHO-YaCTHOM ITaPTHEPCTBE, 3aK/II0YeHHBIX B COOTBETCTBUY C HACTOAIINM
depepaIbHBIM 3aKOHOM B IIeJIAX IPYUBJICYEHNS B 9KOHOMIKY YaCTHBIX MIHBECTUIINIT, 06ecCIiedeH sl OpraHaMy TOCYAAPCTBEHHOI
BJIACTY VI OpPraHaMM MECTHOTO CaMOYIIPaBJIeHVs JOCTYIIHOCTU TOBAPOB, pabOT, YCIYT 1 MOBBIIIEHNS UX KadecTBa. JJaHHbII J10-
KyMEHT OKa3aJl 3HaYMTeTbHOE IIONOXKIUTe/IbHOE BIIMAHME B INaHe yHubuKauuy noHuManus ['II1, mockonbpKy Ko ero mpuHATHUA
OBL/IO TIPEIOKEHO OOJIBIIIOE YICIO PAa3HOOOPA3HBIX ITOAXOAOB 1 popMynnpoBoK ompexnenenys IUIL.

TocynapcTBeHHO-4acTHOE IAPTHEPCTBO HAIlelleHO Ha IpMBJIEYeHMEe JACTHBIX PECYpCOB B TaK Has3bIBaeMble HEKOMMepYe-
ckue (COLMANbHO 3HAYMMble) MHBECTUIIVIOHHbIE TIPOeKThl. OCOOEHHOCTDIO TAKUX IIPOEKTOB SIB/ISIETCS HM3KAas WIM OTpHUIIa-
TenbHas GuHaHCOBasA 9()(eKTUBHOCTD. IIpy 9TOM OHM HAIlpaBlIeHbI Ha IIPOM3BOACTBO O71ar, TeHepMPYIOMINX 3HAYMTETbHbIE
HOJIOXKMTeTbHBIe BHelIHMe 3¢ deKThl (9KCTepHAINI), 4YTO 00YC/IaBIMBaeT HeOOXOAMMOCTD UX PUHAHCUPOBAHMS 113 GI0/KETOB
pasHbIX ypoBHell. Takoe coyetanue a¢ppekToB OT peam3anuy npoekra (OTpuLaTeNbHasg KoMMepueckas 3¢ (HeKTUBHOCTD U HO-
JIOXKWTETbHAS OOIeCTBEHHAI), 4 TAK)Ke HEOOXOAMMOCTD [IPUBJIEIEHNs] YACTHBIX IHBECTOPOB, HAI[e/IEHHBIX B IIEPBYIO OUepenb
Ha [OJTy4YeHNe IO0JIOKNUTEIbHOTO (PMHAHCOBOTO pe3y/IbTaTa, ABJIAETCA OFHOM U3 KI04eBbIX ocobernocreit '], oTmmyaromux
ero ot mpounx GopM COTPyAHMIECTBA TOCYAAPCTBA 1 OM3HECA, B YACTHOCTHU OT KOHI[ECCHUIL, XOTsI MHOTHE MCCIEOBATENN, TIPO-
Bops aHanmu3 peiHKa ['UI1 mpoekToB, OTHOCAT K HaHHOI cdepe 1 KoHIeccuu [11]. ITo MHeHNIO aBTOPOB, KOHIjeCCHOHHasE (Hop-
Ma peanusaluy U ToCyapCTBEHHO-YaCTHOE MTAPTHEPCTBO MMEIOT IIPMHIMIINMAIBLHO BaykHOoe oTnndme. KoHljeccnn 3HavaibHo
3ayMbIBJIICh [JI peay3aliii IPOEKTOB, CIIOCOOHBIX FeHePUPOBATD IOJIOKNUTENbHBIN JEHEXXHDIJI IOTOK ¥ B MTOTe OKYIINTh
BJIO)KEHHBIE CPECTBA 1 00eCIIeYNTh YaCTHOMY MHBECTOPY TpebyeMyro ZoXomHOCTh. KpoMe TOro, 06 beKT KOHIjeCCHy JO/KEH
06ecriednTh 1 BO3MOXXHOCTD BBIIIATHI KOHIIEAEHTY OIIPEe/IEHHOTO KOHIIECCHOHHOTO IUIaTeXa 3a [PaBO peajn3alyuu 9TOro
mpoekTa. IIpu aTOM rocyfapcTBo MoxkeT (paKTUUeCKV He MIPUHMMATD YYacTVsI B peajnsaluyl MpoeKTa, a NUIb HabIIoaTh 3a
3aKOHHOCTbBIO pabOThI KOHIleccroHepa. B crmywae I'IIT nHBeCTOp MpuBIIeKaeTCA I Peann3aly IPOeKTOB, He MpeAIonarao-
X KoMMepueckoii adpdexTuBHOCTH. ClefoBaTeNbHO, TOCYIAPCTBO HO/DKHO BO3MEIATh YaCTh PAcCX0oB MHBecTOpoB. Ha Hamr
B3IVIAJ, JAHHOE OT/INYMe SAB/IAETCSA NPYHIMIIMAIBHBIM VM MTO3BOJIAET PacCMaTpUBATh KOHIIECCUIO U TOCYAApPCTBEHHO-YaCcTHOE
[IAPTHEPCTBO KaK JiBe pa3/yHble GOPMBI peann3aluyl MHBeCTULIOHHBIX IIPOEKTOB.

B ycmoBuAX cTapOIpOMBIIIIEHHBIX TePPUTOPHIL, e HAKOIUICHO OTPOMHOE KO/ITYeCTBO IIPOMBIIIIEHHBIX OTXO/IOB (TeXHO-
TeHHBIX MUHEpPa/IbHBIX 00pa3oBaHmMil), BOIPOC OOpalleHNst K MHCTUTYTaM pasButust 1 MexanusmaM Y11 mpuobperaet ocobyio
3HaYMMOCTh. O6IIeMMUpPOBast IPAKTIKA IIOKA3bIBAET, YTO BHICOKUI Y/Ie/IbHbII BeC 3aTPAT Ha T€0/IOTMYeCKOe U3y YeHNe TEXHOTeH-
HbBIX MECTOPOXKIEHMII 1 COBEPIICHCTBOBAHME TEXHOJIOTUII IepepabOTKY TEXHOT€HHOIO MUHEPAIbHOTO ChIPbS He MOTYT obec-
IIeYNTDb PeHTabeIbHOCTD Pa3pabOTKY MOCNIeNHUX. BhIcokas KanmmuTamoeMKOCTh U GOIBIION CPOK BO3BpaTa MHBECTULINIL e/IAI0T
HeIlpyBJIeKaTeIbHBIMY II0fJ0OHbIe MHBECTUI[IOHHbIE IIPOEKTDI, XOT: ChIpbeBasd 6a3a TeXHOTCHHBIX MIHEPa/IbHBIX 00pa30BaHMI
MorIa 6bI CTaTh OCHOBOII [/Is1 Pa3BUTIsI MA/IOTO IIPEAIIPMHIMATENbCTBA PV HAIMYNY HeOOXOAMMOIT IIOAAEP>KKH, obecednsa-
eMOJT MHCTUTYTaMU PasBUTH IIPU OFHOBPEMEHHOM pelIeHNH IIPOOIeMBbl YIyULIeHNsT 9KOTIOTNYECKON CUTYalluy TepPUTOPUU
[12, 13]. Ob1iensBecTeH MOMOKUTEIbHBII ONBIT IPUB/IEYEHNA HHCTUTYTOB pasBUTHs U MexaHusMoB Y11 ns cosmaHums Tex-
HOJIOTMIT 0OBIYM 1 TIepepabOTKM TEXHOT€HHOTO MMHEPATbHOTO ChIPbs B 3apyOeXHBIX cTpaHaX. B coippeBom 6anance CIIIA u
SInonyu ponsa oTxopoB cocTaBAeT KO 26 %, y OONMBIIMHCTBA CTPAH C PA3BUTON 9KOHOMMKOI — OoT 16 1o 20 % [14]. ITogoOHbIi
OIBIT peleHns mpobemsl 6611 B cBoe BpeMst B CBep/yIOBCKOIT 06/macTy, Korfa B 1996 T. 31ech feiicTBOBaIa 06/1acTHas 1iere-
Bast mporpamma «IlepepaboTka TexHOreHHBIX 00pasoBaumii CBepAIOBCKOI 06/1aCTI». B COBpeMEeHHBIX YC/IOBMSX TEXHOTEHHbIE
MIHepajIbHble 00pa3oBaHMs NPUBIEKAIOT K cebe Bce Ooblllee BHIMAHNUE B CBSI3Y C MOCTENIEHHBIM UCTOL[EHIEM MePBIIHBIX
MeCTOPOKIEHNI], UTO elle Hojee 060CTpsAET IPO6IEeMy MCIIONb30BAHMS BO3MOXKHOCTEI MHCTUTYTOB pasBuTus u I'YII s co-
37aHMsA MIHHOBAI[MOHHBIX TEXHOJIOTMII ¥ MHBIX (POPM TOANEP>KKU MHBECTUIIMOHHBIX IPOEKTOB [0 OCBOEHMUIO MOCIIeIHMX.

HecmoTps Ha 60/IbIIYI0 IPOfeNIaHHYI0 paboTy, ClIefyeT OTMETUTD, 4TO (POpMIUpPOBaHUe MHCTUTYTOB pa3BuTusA B Poccuu He
OIMPAIOCh HA KAKYIO-TO II/IOCTHYIO KOHIIEIINIO KaK CUCTeMY C 001iiell CTpaTerye i MeXaHN3MOM KOOPAMHALI JeVICTBIL,
4TO, 6€3yC/IOBHO, HETATMBHO CKa3bIBaeTCs Ha 9((PEKTUBHOCTI MX MCIIONB30BAHMS B Ka4eCTBE MHCTPYMEHTA IIPVB/IeYeHsI IH-
BECTUI[MOHHBIX PECYPCOB Ha Pa3BUTIE TEPPUTOPUIL. AHA/IN3 TTOKA3aJI, YTO MHOTME ITPO6IeMbl HOCAT CUCTeMHBIN XapakTep. K
HVM OTHOCATCA CTIeAyIoLye:

1. TIpakTidecku He OIIpefie/ieH U He 3aKPeIIeH CTaTyC MHCTUTYTOB Pa3BUTHA KaK 0COO0IT pa3HOBMIHOCTY XO3ANCTBYOMINX
CyOBeKTOB co crenyduaeckum HabopoM PyHKINIL, IOTHOMOYNIL M 00543aTe/IbCTB, YTO B UTOTe He I03BOJIAET afleKBaTHO OL[eHN-
BaTb ¥ KOHTPOIMPOBATb 9(p(PeKTUBHOCTD X (PYHKIMOHMPOBAHIAL.

2. HeorpeneeHHOCTD IIPaBOBOTO CTAaTyCa MPYBEIA K HEOIPABIAHHO OOIBIIOMY KOINYECTBY OPraHM3aIMOHHO- IPABOBBIX
¢dbopm nHCTHTYTOB pasBuTys. COIIACHO pe3y/IbTaTaM MCCIeOBAHMs, BBIIOMTHEHHOTO ClielanuctaMu Koproparu pasButus

'O rocynapCcTBEHHO-4aCTHOM, MyHULMNAbHO-4aCcTHOM napTHepcTBe B Poccuiickolt defepaumn v BHECEHUN U3MEHEHWIA B OTAENbHblE 3aKo-
HopaTenbHble akTbl Poccuickon ®epepaumn: depep. 3akoH ot 13.07.2015 Ne 224-®3. URL: http://www.consultant.ru/document/cons_doc_
LAW_182660
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Cpennero Ypaia, pernoHa/lbHble MHCTUTYTBI PasBUTHsI B pOPMe OTKPBITBIX aKI[IOHEPHBIX OOIIECTB COCTAB/IAIOT 72 % OT UX
00111eT0 KONMYeCcTBa, TOCYJapCTBEHHbIEe OIO/PKETHDbIE yUpexaeHns — 14 %, CTPYKTYpbl B COCTaBe VCIIOMHUTEIbHBIX OPTaHOB
TOCYHapCTBeHHON BracTy — 10 % 1 akIMOHepHble HeKOMMepyYecKie OpraHusaum — okoso 4 %[6-7].

PasHoO06pasie CO3AHHBIX MHCTUTYTOB PasBUTHSI CBU/ETENBCTBYET CKOpee He 00 0OBEKTVBHBIX IIPIUMHAX U 0COOEHHO-
CTSIX 9KOHOMIYECKOTO PasBUTISI Pas/INIHbIX PETUOHOB, @ O HEOOXOAMMOCTH YHI(DUKALVI X IPABOBOTO MOIOKEHIS, YCTAHOB-
JIeHNs1 OOIIVX IPUHIINIIOB [IeATeNbHOCTI, Pa3paboTKM HOPMATUBHO-METOANIECKOI 0a3bl UX QYHKIMOHNPOBAHUSL.

3. OTCyTCTBYeT IIPaBOBOIT PEXKUM OTBETCTBEHHOCTHU MHCTUTYTOB PasBUTHUA 3a Pe3y/lbTaThl Heda(P(HeKTUBHOI [leATebHOC-
TU, KOTOPBIE TO/DKHBI MCTIONIB30BAThCA B KaUueCTBE OCHOBAHMA I/ €T0 TMKBUJALIUY MU KaK MUHMMYM IIPeKpaljeHNs OI0fpKeT-
Horo ¢uHaHcupoBaHu [15].

HecMoTpst Ha TO 9TO IPAKTUYECKN He BBI3bIBAET COMHEHVSI TOT (aKT, YTO IOATOTOBUTD ONITVMAJIBHYIO IPOrPaMMY fieil-
CTBUII IO TOCY/{aPCTBEHHOI IIOAAEP)KKE T€X BU/[OB MHCTUTYTOB, KOTOpPbIE CIOCOOHDI JaTh HOBBII MMITY/IbC /IS PA3BUTIS 9KO-
HOMIKU, BO3MOYXHO TO/IbKO Ha OCHOBE KOMIUIEKCHOTO aHa/IM3a U OLleHKY 9 (HeKTUBHOCTY (PYHKIIMOHNPOBAHMS AEICTBYIOINX
MHCTUTYTOB PasBUTHS, 10 HACTOSIIETO BPeMEHM OL[eHKa Pe3y/IbTaTUBHOCTY 1 9 (HeKTUBHOCTI AEATEIbHOCTU POCCUIICKUX MH-
CTUTYTOB PasBUTUA HE TONbKO He BHEJPEHA B MPAKTUKY TOCYAAPCTBEHHOIO PEryInMpoBaHys, HO ¥ He Hallla yOeauTebHOTO
TEOPETUYECKOTO pelleHVsI. B HOpMaTUBHO-IIPABOBBIX AKTaX U KOPIIOPATUBHBIX JOKYMEHTaX (IIOJIOXKEHISI, CTPATET M, METOM-
JecKue pa3paboTKM) IPAKTIIECKI He OIpefie/IeHbl HY KPUTEPNH OLleHKN 3P PEKTUBHOCTI MHCTUTYTOB PasBUTISL, HU A/ITOPUTM
VX HPVIMEHEHVIsL.

Memooduueckue no0xo0vl Kk oueHke apPexmusrHocmu uHcmumymos pazeumus. B camom o6b1jem Buje 3¢ deKTNBHOCTD
Mo60ro mpolecca MOHMMAETCs KaK COM3MepeHe IOTyYeHHDIX Pe3y/IbTaTOB C HeOOXOAMMBIMH JI/IA €T0 peann3aliy 3aTpaTaMil.
CoracHo npeHasHAYEHNIO MHCTUTYTOB Pa3BUTHA, Pe3y/IbTaTUBHOCTD UX JIeATENbHOCTH O/DKHA OLEHMBATHCS C YIeTOM BO3-
IeVICTBUS Peajyi3yeMbIX VMY MHBECTUIVIOHHBIX IPOEKTOB Ha COLMA/IbHO-9KOHOMIYECKO€e PAa3BIUTIE CTPAHBI I €€ PerroHoB. bo-
jiee TOT0, GOIBIIMHCTBO POCCHUIICKIX MHCTUTYTOB PasBUTHSI CO3AAHO TOCYAAPCTBOM B MHTepecax 00eCIedeH st ero COIyanbHO-
9KOHOMIYECKOTO Pa3BUTHS 3a CYET OIO/PKETHBIX CPEACTB U MHOTO TOCYAAPCTBEHHOTO nMymiectBa. COOTBETCTBEHHO B OCHOBY
KOMIIIEKCHOJ, CICTeMHOIT OL[eHKN 9((eKTUBHOCTI [IeATeNbHOCTY UHCTUTYTOB PasBUTHU JO/DKEH OBITH IOTIOXKEH rOCyHapCT-
BEHHBIIT TIOAXOJI, YYUTHIBAIOIINIT TOCYAAPCTBEHHbIC IHTEPECH. B CBA3M C 9TMM OLIEHMBATD PE3Y/IbTATHI IeATebHOCTY MHCTUTY-
TOB PasBUTHA CIEAYET Yepes U3MEHEHNe TapaMeTPOB 9KOHOMUYECKOTO POCTA WM COLMATbHOTO PasBUTHUSA TEPPUTOPUATBHBIX
CHCTeM, HANPSMYIO 3aBucsIee OT 3PPEeKTMBHOCTI KOHKPETHBIX MHBECTHUIMOHHBIX [IPOEKTOB, PeAIN3YeMBIX C MX yIaCTHEM.
BMmecre ¢ TeM 6O/IBIIMHCTBO M3 CO3AHHBIX MHCTUTYTOB Pa3BUTHSI SIB/LIIOTCS XO3SIMICTBYIOMMMY CyO'beKTaMu (OpraHM3a/sIMII)
OCYIIeCTBIAIOIINMI COOCTBEHHYIO A€SITeIBHOCTD B COOTBETCTBIY CO CIENNUKOIL 1 Iensamu ux obpasoBanmst. COrIacHO 9TUM
IBYM aCIIeKTaM JesITeIbHOCTI MHCTUTYTOB PasBUTIHS, UX 9P PEKTNBHOCTD, 0 MHEHIIO aBTOPOB, TAKXKe JO/DKHA ONPefe/saThCs
C y4eTOM BUAOB UX (PyHKIMOHNPOBAHMA:

1. OLieHKM S5KOHOMMYECKMX ITOKa3aTeneil UX COOCTBEHHOI eATeTbHOCTY MHCTUTYTOB PAa3BUTUA KaK 0COOO0T0 BMIA XO3s1il-
CTBYIOIIVX CyO'beKTOB (OpraHM3aIuil) C yIeTOM VX [IpeFHA3HAYeHVISI U CIIEL(UK [1eATeNbHOCTIL.

2. OmpepeneHyst BKIazja MHCTUTYTOB PA3BUTISL B 9KOHOMIYIECKUIL POCT, T. €. OLIEHKI BJIVSHISI JesITeNbHOCTI MHCTUTYTOB
PasBUTIS HA M3MEHEHVEe HAIVIOHAIBHBIX I PETMOHA/IbHBIX II0Ka3aTe/Iell 9KOHOMITIECKOTO PAa3BUTIS, HALIPSIMYIO 3aBUCSILEe OT
9 PEeKTUBHOCTI KOHKPETHBIX MHBECTULMOHHBIX IIPOEKTOB, PeaN3yeMbIX C UX YIACTIEM.

Ouenka sppexmusHoCMU UHCINUMY MO8 PA3BUMUST KAK X03ALICMEY 101X Cy0DeKmnos, C OIIHON CTOPOHBI, TO/DKHA OTpa-
XaTbh X CIIOCOOHOCTD VI TOTOBHOCTD K PEllIeHMIO CTOSAIINX Iepefl HUMM 3afiay, C PYToil — laBaThb IpeficTaBIeHne 00 MX 9KOHO-
MUYHOCTH U JOXOFHOCTH. K paspsify KpurTepueB OLieHKI MOTYT OBITh OTHECEHBI: MCIIONHEHE OI0/PKETOB MHCTUTYTOB Pa3BUTI
B COOTBETCTBUM C IUTAHOBBIMY 3HAYEHVSIMI, MICIIONb30BaHMEe 9()(eKTUBHBIX MEXaHI3MOB, HAIMUIE TOKYMEHTOB, OIIPE/eIsiio-
IIMX CTPATETHIO U MIEPCIEKTIBEL UX PasBUTHU U Ap. [yist oneHky 9 (PeKTUBHOCTY MHCTUTYTOB PA3BUTIS KK XO3SICTBYOLINX
CyOBEKTOB BO)KHOE 3HAUEHNE MMEIOT TaKye SKOHOMIYECKNe TI0Ka3aTen [AesTeIbHOCTI, KaK 9KOHOMUYHOCTD, ONTHMAaIbHOE
COOTHOIIIEHNE MeX/Y PacXofjaMyl Ha COOCTBEHHOE COfiepyKaHle MHCTUTYTa PasBUTHS U 06'beMOM IOTY4YeHHbIX GI0JKeTHBIX U
IPVYPaBHEHHbIX K HUM CPEJICTB IJIs YIPaBIeHNA U BBIIOTHEHNA NHCTUTYTOM Pa3BUTHA CBOMX QYHKIMII [6, 7]; COOTHOIIEHNE
TEMIIOB POCTa JJOXOH0B MHCTUTYTOB PA3BUTHA I PACXOfIOB Ha UX COAEp)KaHye; OTHOLIEHNE O/ PACXO0B HA MHCTUTYTHI Pas-
BuTuA K BBIL

Ouenxa 6MUAHUA UHCIMUMYMO6 PA3BUMUS HA IKOHOMUHECKULL Pocm UCX00: U3 dPdexmusHocmu peanusauuy uHeec-
MUUUOHHBIX NPOEKINO8.

B obmiem crrydae mpy peanusalni MHBECTUIMOHHBIX IIPOEKTOB PelleHs] IPMHIMAIOTCSA Ha OCHOBE COIIOCTAB/ICHNS 3aTpaT
¥ BBITOJ] HE3aBJICVIMO OT TOTO, Tle OHJ BO3HMKAIOT — B YaCTHOM MM 001IeCTBEHHOM ceKTope. IIoTpe6HOCTD B 0COOBIX ITOAXO0IAX
BO3HMKAET B CUTYALVSX, I[PV KOTOPBIX He BCe FeHepypyeMble TPOeKTOM 3¢ (eKThI B [IOTHOI Mepe OLleHNMBAIOTCs pbIHKOM. Ecin
VICKQ)KEHUIT PBIHKA He HAO/II0f{aeTCsl VI OHM CBEIEHBI K MVHVIMYMY, IIPYMEHSIOTCS TPA/JYILIMOHHbIE METOMIBI OLIEHKI IPOEKTOB
B YaCTHOM CEKTOPE, I7ie 3P PEKTNBHOCTD ONpee/sieTcst Ha OCHOBE COMOCTAB/ICHSI IPeAIIoIaraeMol IpubbUIN U 3aTPar C yde-
TOM JMCKOHTYPOBAHNU.

B oTnmune oT YaCTHOTO CEKTOPA, Tfie PelleHNsI ONPeNe/IAI0TCS UCXOMA U3 BBITOf] KOHKPETHBIX IHBECTOPOB, PACCUMTAHHBIX
B YCTIOBMAX HAO/TIOIaeMOIl PHIHOYHOI Ie/ICTBUTEIBHOCTY, B OOIIIeCTBEHHOM CEKTOpe PellleHNsA JOIDKHBI IPUHMMATbCSA B MIHTe-
pecax Bcero o0611ecTBa, C y4eToM BceX (akTideckn Bo3HMKaomuX a¢dexton. Cpeay 3amaHbIX 9KOHOMICTOB Hanbosee 13-
BeCTHbI BHECIIIE CYI[eCTBEHHBIIT BK/IAJ] B Pa3BUTVIE TEOPUIL I METOHOIOTHN OLIeHKY 9(D(PeKTMBHOCTY MCIIONb30BAHMS O0I[eCT-
BEHHBIX (rocyfapcTBeHHbIX) PpuHancoB P. Macrpaii u [x. Crurmun. B Poccuu jaHHBI IOAXOJ elije He ITOTyYI JOCTaTOYHOIO
HIPaKTUYeCKOro npumeHeHs1. OTHAKO MOXXHO BBIIEUTD Psiff TEOPETUKO-METOOIOTMYECKIX PabOT, B YaCTHOCTI MOHOTpaduu
T. C. HoBuxkosoit 1 A. b. Korana. P 9 exToB, reHepupyeMbIX B X0Jie PeaIn3aliiy IPOeKTa, YUUThIBACTCS, HO 38 MHCTUTYIIN-
OHAJIbHBIMU PaMKaMU IPOEKTa (T. €. BBITObI IOMYYai0T CyO'beKThI, He yJacTBYIOIIVE B peannsalnuy IpoekTa). OpraHbl BIaCTU
TAK>Ke BBIHY)K/IEHbI KOPPEKTMPOBATH PBIHOYHbIE [JEHbI, CTABKY 3apabOTHOII IUIATHI U IPOLIEHTA B ITOIBITKE OTPA3UTD IIPEAIIOd-
TeHMsI 00IIIeCTBA I a/IbTePHATIBHbIE U3[IEPIKKIL.
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ITpu onenke 3G PeKTUBHOCTU IIPOEKTOB B OOII[ECTBEHHOM CEKTOpe Ha IIEPBOM MeCTe CTOUT IIpobiieMa BbISABICHUSA U OLieH-
KU BCEX peajIbHBIX Pe3yIbTaTOB IIpoeKTa. [l 9TOlI Iie/Ii B MUPOBOJL ITPaKTHKe ObUIN pa3pabOTaHbl PasIMIHble METOJOIOTIYe-
ckie nopxopbl. Cpeny OCHOBHBIX MOXKHO BBIJIETIATH CIEAYIOLINe:

— aHaJIU3 U3Jiep>KeK U BBITOR, (cost-benefitanalysis - CBA); moaxop npepronaraeT onpeneieHe I KaKIoro paccMaTpuBa-
€MOrO IIPOEKTa COOTHOIIIEHNS IIOHECEHHBIX U3[IEPXKEK 1 BBITOJI, KOTOPbIE O/DKHBI OBITh M3MEPEHBI 1 BBIPAXKEHBI B EHEKHBIX
eIVMHUIIAX; B pe3y/IbTaTe MOAB/IACTCA BO3MOXXHOCTD PAHKMPOBAHNUA IPOEKTOB; TEOPETIKO-METOH0/IOTNYeCKie OCHOBBI JAHHO-
ro MeTOfa, 3a/IoKeHHBIe elile B 1950-1960-X IT., IPOJO/DKAIOT COBEPIIEHCTBOBATLCS [16]. B HacTOsIIIee BpeMsi JaHHBII [TOAXON
VICTIIOTIb3YeTCs [JIs aHa/lIu3a MUPOKOTro KPyra IMPaKTUYECKMX 3a/jad — OT OL[eHKHU 9(PEeKTUBHOCTY IHBECTUI[MOHHBIX TPOEKTOB
B peaJibHOM CeKTOpe 9KOHOMMKM [17] mo aHanusa «BBITOA» OPraHM3aTOPOB TeppopuCTIYecKuX akToB [18]. B Poccuu paHHbIN
METOf] He IOy YI/I LIVPOKOTO IPYMEHEHIsI, OfHAKO OH OBU/I YCIIEIIHO IIPMMEHEeH /L aHam3a 3¢ GeKTUBHOCTY NCIOIb30BAHIS
TOCYJapCTBEHHBIX CPEJICTB IPY MOATOTOBKE K IIPOBEIEHNIO 3VIMHEN O/IMMIINAIbI B Coun B 2014 1. [19];

- aHa/nu3 usfiepxkeKk n pesynpraruBHocTi (cost-effectivenessanalysis — CEA); B KauecTBe BBITOJ, OT peaM3aliuy IPOEKTa
paccMaTpMBaeTCs MOMTYYeHHBI KaKOi-O0 TPYIIION HaceleHNs COLManbHbIi 9 deKT, Ipu 9TOM B OTIMYME OT METOAA «I3-
IepP>KKIU-BBITOIbI» OL[eHKA TIPOM3BOJUTCA HE B JIEHE)KHBIX, 8 B KOHEYHBIX OOII[eCTBEHHBIX Pe3y/IbTaTax; JAHHbII METOJ OMYYIT
LIMPOKOe MpMMeHeHue Npy aHamse 3¢ GeKTUBHOCTY PasIMYHbIX IIPOrPaMM COLMAIbHON HAaIpaBIeHHOCTHU, B YaCTHOCTU B
menuuyHe [20] n o6pazoBanunm [21].

— aHa/IM3 M3AepxKek u noesHocTu (cost-utilityanalysis — CUA). Ouenka Iome3HOCTI IPOBOAUTCA HA OCHOBE KOMIIIEKCHOTO
II0Ka3aTeJLd, IIOJTyYeHHOTO B pe3y/IbTaTe aHKeTVPOBAHMA CTEIIKXO/IepOB pealn3yeMoro IpoeKTa, KOTOpbIe JO/DKHbI JaTh KO-
YeCTBEHHYIO OLIeHKY >Ke/IaTe/IbHOCTH IIPEII0NaraeMoro pesyabrara;

— aHaMu3 «1jeHa—KadecTBO» (valueformoney — VEM). PaspabaTbiBaioTcs cTaHZapThI KadecTBa 6ara. Bce BapuaHThbI peann-
3aL[Uy IIPOEKTA OLIEHMBAIOTCS C TOYKM 3peHNs IPETIOXKEHHBIX II0Ka3areell M CBOAATCS B IHTEIPaIbHbII TOKa3aTe/lb KadyecTBa,
KOTOPBIII COOTHOCUTCS CO CTOMMOCTBIO peaji3aliny IpoeKTa. [JaHHbII IIOAXOf IOTY4/T LIMPOKOe PACIIPOCTPaHeHMe B IIOCTIe] -
Hue 25 JIeT B CBA3M C pacliypeHyeM IPaKTVKY IPUB/ICYeHNA PeCypCOB YaCTHBIX KOMITAHWII K BBIITOJTHEHNIO TOCYIapCTBEHHBIX
¢byukuuit B pamkax cormamrennit o I'UIl. B wactHOCTH, mpoBoguTcs aHamns adgdextnBHOCTH peanusanuy [YIl npoexTos B
CEeKTOpe MeIMIMHCKUX YCyT [22], a TakxKe chepe CTPOUTENBCTBA IIATHBIX aBTOMOOMIBHBIX fopor [23, 24].

B Ka>X[IOM U3 METO/IOB MCCIIeNOBATEINN IIPECTABIIAIT Pas/IIHbIe IieieBble PYHKIMM, OHAKO O6IIell M aKTyalIbHOI 3afader
ABJIAETCS OLJeHKa MaKCYMAJIbHO ITOJTHBIX S9KOHOMMYECKUX 3P PeKTOB, BKII0Yas MY/IbTUIUIMKATYBHbIE 9()(EeKThI, IO KOTOPbIMU
IIOHMMAeTCsI KOMIUIEKCHOE BIIUSHME, OKa3bIBaeMoe IIPOEKTOM Ha SKOHOMMYECKYIO CHCTeMY IO BCell Lielli MeXXOTpac/eBbIX CBA-
3eit. JI7Is1 OLleHKN My/IbTUIUIMKATUBHBIX 9KOHOMIYECKIX 3(p(PeKTOB IIMPOKO UCIIONB3YIOTCS Pas/IIHbIe MATeMATIIeCKIIe MOJIeN
9KOHOMMUeCKMX crcteM. [Ipy 9ToM Hanbosblilee pasBUTHUE U PACIIPOCTPAHEHNE TIONYIU/IN MOJIE/IN, OCHOBAaHHbIE Ha 6alaHCOBOM
IPYHINIIE Vi TOCTPOEHHBIE C MICIIONb30BaHIIeM METOO/IOTHM «3aTPAThI-BBIIIYCK» I CYCTEMBI HAL[VIOHA/IBHBIX CUeTOB. [JaHHbI THUIT
MoOJIeTIeli TT03BOMIAET YINUTBIBATh CTPYKTYPHBIE 0COOEHHOCTY 9KOHOMUYECKNX CHCTEM B Ipoljecce GOPMIPOBAHNA U PaCIIpoOCTpa-
HEHVIsI MY/IBTUIUIMKATUBHBIX 3¢ dekToB. bonee monpo6Ho Bonpocs! onjeHKY 3G GeKTUBHOCTI O0IeCTBEHHO 3HAUVIMBIX MIHBECTH-
I[VIOHHBIX IPOEKTOB C Y4eTOM MY/IbTUIUIMKATYBHBIX 9P (PEKTOB PACCMOTpPEHBI B APYIUX paboTax aBTOPOB JaHHON cTaThbi [9].

MeToaMKa OLEHKM SKOHOMMYECKOMN 3(PPEKTUBHOCTM MHBECTULIMOHHLIX MPOEKTOB, PeaAusyemMbIX NMpu h1HaAHCOBOWA
MOAAEPIKKE roCyAapCTBa

Ouenka s PeKTUBHOCTH TIPOEKTA JUIA YACTHOTO MHBECTOPA IMPOBOJVTCA HA OCHOBE CTAaHAAPTHBIX (PUMHAHCOBBIX ITIOKa3a-
TeJell: YMCTBIN JUCKOHTUpOoBaHHbI goxop (]1]]), BHyTpeHH:sa HopMa goxonHocTu (BH]L), MHEEKCHI JOXOTHOCTH, CPOK OKY-
naeMocTy. IT0CKOIbKY IIpy IPUHATUY pelleHyss 00 y4acTUU B IIPOEKTe YaCTHBI IHBECTOP pacCMaTpMUBaeT BCe JOCTYIIHbIE Ha
pbIHKe BapMaHTBI, HEOOXOAUMO, ITOOBI IOKazaTemn GrHAHCOBOI 3(h(PeKTUBHOCT MPOEKTa OBUIN IPHEMIEMBIMIL B CPaBHe-
HIU C IPYTUMM BaPUAHTAMIU BIIOKEHNS pecypcoB. [lepBbIM MOKasaTeneM, pacCIUTHIBAEMBIM Y OLleHKe 9 PEeKTUBHOCT AL
JaCcTHOTO MHBECTOPA, siB/sietcsa UJIJI: 9 deKTMBHOCTD IPOeKTa JUIA FOCYapCTBa OIPeNe/seTCsl B COOTBETCTBUY C €T0 YMCThIM
AMCKOHTMPOBAHHBIM JJ0X07IoM. Ho B oT/M4Me OT pacIpoCTPaHEHHOTO MOAXO0/Aa B COCTAB HAaJIOTOBBIX OXOJ0B KpOMe IIPSAMBIX
(HermoCpenCTBEHHO CBA3AHHBIX C peajy3alyeil MPOeKTa, PacCYNTHIBAEMbIX CTaHJApPTHBIM 00pa3oM Ha OCHOBe OM3Hec-IIaHa
IIPOEKTa U IIPOTrHO3UPYeMBbIX (PMHAHCOBBIX IIOKa3aTesell) BKII0YAI0TCA MY/IbTUIDIMKATYBHbIE HaJIOTOBbIE IOCTYIUIeHnA. VcToy-
HUKOM 3TMX JJOXO/IOB BBICTYIIAeT O>KMBJICHE B CMEXXHBIX CEKTOPAX, BOSHMKAIOIIee Ha CTa{UV CTPOUTENIbCTBA I SKCIITyaTalluu
o6bexTa. Taknm obpasom, Y] oT peanusaunu mpoeKTa Ajist FOCYAAPCTBA ONpefe/sieTCs 110 CleAyoLelt popmyre:

I—I,[I,[[m Zm: (—Costm +Rev,, +Taxnpm +TaxMy"bT ) a,,
m=1

rie Cost, — G10/PKeTHbIE PacXOJ[bl 10 TPOEKTY Ha m 1are; Rev, — moxoy Ha mare 11; Taxnpm — IpsAMble HalIOTOBbIE MOCTYI/IEHNA
OT IIPOEKTa; Taxmym — KOCBEHHbIEe HaJIOTOBbIE IIOCTYTI/IEH) A, BO3SHUKAIOIIJE B Pe3y/IbTaTe aKTUBU3al M/ 9KOHOMUYIECKON aKTUB-
HOCTHU Ha TEPPUTOPUM B CMEKHBIX OTPAC/IAX M HOTPEOUTENLCKOM PhIHKE; O, — KO3 PUIIMEHT IMCKOHTUPOBAHMA.

MynprunimkaTuBHble Hanorosble goxons! (MH]I) ckmanpIBaoTcs 13 BYX UCTOYHMKOB:

- MH]I na cragun nnsectupoBanus (1 );

— MH]] oT 3KcIIyaTallIOHHbBIX PACXO0B (tz).

H}IH pacuyeTa MyJIbTUIUINKATUBHBIX HA/IOTOBbBIX HOCTyHTIeHI/II‘/'I MCIIO/Ib3YIOTCA KO3(1)(:1)I/ILU/ICHTI>I MYIbTUIITIMIKATOPA:

Tax, =T +T,

MyJBT

rie T, — My/TBTUTIIMKATUBHbIN Ha/OroBbil 9 deKT Ha cragun peanusanyy; T,— MyTbTUTUIMKATUBHbI HATOTOBbIN 3 dexT Ha
K K
cTajmy sKcrryarauym; T = Z Lo, T, = z Sioy; L,— crpoc Ha IpopyKuuio (yCIyTru) CeKTopa i, FeHepMpyeMblii B XOfie peann3a-

i=1 i=1
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1 (paspaboTKM, CTPOUTENBCTBA) MPOEKTA; S, — CIPOC HA TPOAYKIMIO (YCITYTH) CEKTOPA i, TeHePUPYeMblil TPOEKTOM Ha CTaiun
SKCIITyaTal[Uy; 0L, — HA/IOTOBDIil MYIbTUIINKATOP BUJIA IEATEbHOCTH i K — KOIMYeCTBO 3a/Ie/iCTBOBAHHbIX BUJIOB 3KOHOMMYe-
CKOIl TeATeTbHOCTI.

JlaHHasA MeTofVIKa MpefronaraeT oleHKy 3G eKTNBHOCTH IIpOeKTa A/ [BYX SKOHOMUYECKNX CYOBEKTOB, YIaCTBYIONINX
B IIpoeKTe (TOCyAapCTBa ¥ YacTHOI KoMmanuy). OMHAKO Ha MPaKTHKe TPV pean3aluy IPOeKTOB CO CTOPOHBI OPTaHOB BJIAC-
i1 (OJHOTO M/IM PasHBIX YPOBHel) U/Wam Gu3Heca y4acTBYIOT HECKOIBKO CyObeKTOB. BaXkHOIT 0COOEHHOCTDIO TaKUX MPOEK-
TOB C TOYKY 3PEHNsI OPraHM3ALM, OLIEHKU SKOHOMIYECKOI 9(p(peKTUBHOCTY 1 pacIpefieNieHVst BBITOJ, 11 3aTpaT SABIAETCA UX
HONMUCYOBEKTHOCTD. [10MMCyOBEKTHOCTD IIPOEKTa 3aK/TI0YaeTCs B TOM, YTO ero (PMHAHCUPOBaHUe OYIeT OCYLIeCTBIATbC U3
HECKOJIbKIX TOCY/IapCTBEHHBIX ¥ MMHIMYM OJHOTO YaCTHOTO MICTOYHMKA. TakyM 06pa3oM, BO3HMKaeT HeOOXOMMOCTDb B 060-
CHOBaHMY J0MV QUMHAHCHPOBAHMA U3 KaXK/JOTO UCTOYHNKA. OUeBMIHO, YTO 3aTPaTHl Ha Peann3aliiio JO/DKHbBI PasfenaTbcsa B
COOTBETCTBUM C OXKI/IAEMBIMI BBITOAM /I TEPPUTOPUI, B TOM UNCTIe HATTOTOBBIMI. BO3HUKaeT BOIPOC OTHOCKUTENTHHO Pernu-
OHa PeruCTpalNy OCHOBHOI KOMIIAHIM-0IIePaTOpa MIPOEKTa, TOCKOIbKY OCHOBHYIO [OJII0 OIO/I)KETHBIX JOXO[0B OT peannsainn
IPOEKTa MOIYYNUT PETVOH, B KOTOPOM OyfieT 3aperucTpupoBaHa KoMIaHus-omnepatop. C TOUKU 3peHMs1 BOSHUKHOBEHMs KOC-
BEHHBIX (MY/IbTUIUIMKATUBHbBIX) SKOHOMMYECKUX 9((HeKTOB, Ba)KHOE 3HaUeHME MMeeT BBIOOP IOAPSAYNKOB /IS BBIIIOTHEHV
HeoOXOIMMBIX paboT M TTIOCTaBKM 00OPYIOBaHMA Ha BCEX CTA/VAX IIPOEKTA.

ITpoBenenHOe MCCIeNOBaHNE TO3BOMNIIO ABTOPAM C/IeNaTh PN BHIBOJIOB.

1. VIHCTUTYTBI Pas3BUTHsA, AB/AACD MHCTPYMEHTOM TOCYAPCTBEHHON IIOMUTUKM 110 CTYMYIMPOBAHUIO MHHOBAL[VIOHHBIX
IIPOLIECCOB ¥ PAa3BUTHIO MHHOBALMOHHOM MHPPACTPYKTYPBI, CHOCOOHBI COAEIICTBOBATD MOJIEPHU3ALINI OTPac/iell SKOHOMUKIL,
co3nannio 3¢ eKTUBHOI MHHOBALVOHHOM 9KOHOMYKI.

2. HecmoTps Ha mpuHMMaeMble Mepbl KaK Ha (eflepa/IbHOM, TaK I Ha PErMOHA/IIBHOM YPOBHIX, IIpoLecc GOpMUPOBAHIS
MHCTUTYTOB PAa3BUTI HEIb3sI CUUTATD 3aBEPIICHHBIM, ellle IPeICTOUT CO3[jaHNe 1Ie/IOCTHOI CUCTEMbI MOJOOHBIX MHCTUTYTOB
B paMKax CYIL€CTBYIOUIMX YPOBHEN rOCYJapCTBEHHON ¥ MYHULAIIA/IBHON B/IACTHL.

3. B cyujecTBeHHOI JOpabOTKe HY>XAAETC METOOIOTHS CUCTEMHOTO aHa/M3a U KOMIUIEKCHOI OL[eHKN 9(p(PeKTUBHOCTH
HeATeTbHOCTU POCCUIICKUX MHCTUTYTOB Pa3BUTUA. Bes M3yUeHNs BOIIPOCA O Pe3yNbTaTUBHOCTY (PYHKIMOHMPOBAHUA HEBO3-
MO>KHO HU ()OPMUPOBaHME HOBBIX MHCTUTYTOB PasBUTHA, HU BHeCEHJE KOPPEKTUB B MEXaHU3MBbI JIeATENbHOCTY CYLIECTBY-
IOIVX, YTO, B CBOIO OYepe/b, 00A3bIBAET BBECTM OOIIMe MPUHIMIIBI M METObI, 00sA3aTeNnbHbIe A OLeHKY 3(deKTUBHOCTH
IeATeTbHOCTU UHCTUTYTOB Pa3BUTHA.

4. Onenka 3¢ GeKTUBHOCTY MHCTUTYTOB PasBUTHA JO/DKHA OCYIIECTBIATHCA Ha OCHOBE yYeTa MYIbTUIUTMKATYBHBIX 3¢-
(beKTOB OT peany3anuy MHBECTUIIMOHHBIX IIPOEKTOB, MO3BOIAININX 60JIee TOMTHO OIeHNBATh Pe3yTbTaTMBHOCTD NHBECTUIIN-
OHHBIX PECYPCOB.

Cmamust nodzomosnena é coomsemcmeuu ¢ ymeepiucoennomm Inanom HUP Uncmumyma sxonomuxu YpO PAH na 2019-2021 ee.
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The role of development institutions in building up investment
resources of old industrial territories

Elena Nikolaevna SIDOROVA’,
Aleksandr Valer’evich TRYNOV”

Institute of Economics of the Ural Branch of RAS, Ekaterinburg, Russia

This paper is devoted to the study of problems of building up the investment potential of old industrial territories as a necessary condition for transition
of the Russian economy to an innovative development path. The relevance of the work is due to the lack of investment resources in the public sector
sufficient to solve the tasks. A hypothesis has been formulated and confirmed about the fact that one of the main ways of ensuring the innovative
development of the Russian economy, its industries, subjects and municipalities is the combination of state and business financial resources. As an
instrument for solving this task, the paper considers creation of specialized organizations with state participation — development institutions and the
use of public-private partnership (PPP) mechanisms.

The purpose of the paper is to clarify the role of development institutions in building up the innovation potential of territories, including those
belonging to the old industrial ones, creating conditions for building infrastructure that provides access for venture companies to necessary resources,
primarily financial ones, and using PPP mechanisms in their activity.

Results. Some theoretical foundations are cleared up and a classification of development institutions is given; the analysis of the current state
of formation and functioning of development institutions in Russia is carried out. The author’s approach to evaluating the effectiveness of their
functioning is proposed. Much attention is paid to the development and expansion of opportunity for using development institutions for the purpose
of implementation of projects to develop technogenic deposits. As a thesis of scientific and practical importance, the opinion is substantiated that the
evaluation of effectiveness of investment projects should be carried out with consideration of multiplicative effects as a result of their implementation.
The results of the study are obtained based on methods of comparative analysis and comparison of the accumulated experience in various regions
of Russia.

The study allowed the authors to draw several conclusions that development institutions and PPP mechanisms are a promising way to solve the
problems of innovative development of the economy and can be effectively used to substantiate the prospects for the development of mineral
resources of raw materials areas and the development of technogenic deposits of old industrial regions.

Keywords: development institutions, public-private partnership, subsoil development, performance evaluation, performance criteria, multiplicative effect.
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Hcropus ropHOTO AeAa

CedrocAaB Hectoposmy MBaAHOB (1911-2003) 1 CBATOCAQBUT
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WHcTuTyT reonorvm n reoxummnn um. akag. A. H. 3aBapuukoro  Zavaritsky Institute of Geology and Geochemistry of the Ural
YpO PAH Branch of the RAS

Svyatoslav Nestorovich Ivanov (1911-2003) and Svyatoslavite

Svyatoslav Nestorovich Ivanov was a famous Ural geologist, prominent scientist, expert in the field of geology of
ore deposits, petrology, tectonics and the deep structure of the Earth's crust.

Keywords: mineral, feldspar, Svyatoslavite, geologist, specialist in tectonics, S. N. Ivanov.

CesiTOCAGB HeCTOpOBM‘-I WNBAHOB ABASIACS U3BECTHbIM YPAABCKUM F€OAOIOM, KPYNHbIM YHE€HbIM, CNEeUNAAUCTOM B 06-
AQCTHU Fr€eOAOIrMn PYAHbLIX MeCTOpO)KAeHMﬁ, NeTPOAOIrMn, TEKTOHUKU U rAYGMHHOFO CTPOEHUaA 3e@MHOM KOpbl.

KatoyeBblie caoBa: MHHEPAA, NOAEBOM WNAT, CBATOCAGBUT, FreOAOr, TEKTOHUCT, C. H. UBaHOB.

CHOBHble AaTbl XU13HN 1 AeaTenbHocTn C. H. MBa-
HoBa [no 1].
1911 — poauics 16 ¢espans B r. HuxHMM
Hosropoga.

1928-1932 — CTYAEHT Ypa/ibCKOro reo/10ropa3Be04Ho-
ro UHCTUTyTa (HblHe YITY).

1932-1933 — reonor KpacHoypa/sibCKOro MeHOro Kom-
6uHaTa (r. KpacHoypanbck).

1933-1940 — PYAHWYHbIA U FNaBHbIV reosor B Jertsp-
CKOM reo/10ropasseo4HoM yrpasaeHum (r. Jertapck).

1940 — nepesejeH Ha paboTy B [OpHO-reos0rMyeckui
MHCTUTYT Ypanbckoro ¢uavana AH CCCP B . CBepg ioBcke
(HbiHe UTT ¥YpO PAH) Ha A0/1KHOCTb CTapLUero Hay4Horo co-
TPYAHMKa.

1943 — 3alMUTUA KaHANAATCKYIO AMCCePTaLMIO Ha TeMy
«/lertapckoe MecTopoXAeHne MeAHbIX Pya».

1946 — un3bpaH 3aBeAyOLWMM TFOPHO-Te0N0rNYeCKUM
cektopom B [TV YOAH CCCP, HarpaxaeH MeZanbto «3a 40-
61ecTHBIV TPYA B Bennkorn OTevecTBEHHOM BOMHE 1941-1945
rr.» (15.05.46 1.).

1948 — 3aWMTUA JOKTOPCKYIO AMUCCepTaLMIoO Ha Temy
«KonyegaHHble MeCTOPOXAEHMS Ypasa U nx MeTamophusmy».

1949 — 3a OTKpbITUE 1 pa3sesky Hoso-Cubaiickoro me-
CTopOXAeHMa npucyxaeHa locysapcteeHHas (CtanmHckas)
npemusa CCCP.

1953 — n36paH 3aBegytoLmm nabopaTopuen pyaHbIx Me-
cTopoxgeHuit u netporpadum B NN YOAH CCCP.

1954 — HarpaxaeH opgeHom Tpygosoro KpacHoro 3Ha-

Cessimocnas Hecmoposuy VMea+os (1911-2003).
MeHM (27.03.54 T.). ®omoapxus lMpeauduyma PAH, gpomo 1970 20da

"MpopomnxeHne cepumn ctaten npoekta «MuHepanorus B nuuax». Cm.: A. B. Ly6HukoB (1887-1970) n wy6Hukosut (M3B. YITY, Ne 1(49), 2018.
C. 140-146); B. IN. Wywncknin (1935-2000) n wywickmt (U3B. YITY, Ne 2(50), 2018. C. 157-161); }O. C. Kobsawes (1935-2009) n kobswesuT (M13B.
YITY, Ne 3(51), 2018. C. 165-175); Anatonuin ®ununnosuy bywmakuH (1947—-1999) n bywmakunnt (U3B. YITY, Ne 4(52), 2018. C. 152-157).

M3BECTUA YPA/IbCKOI0 roOCYJAPCTBEHHOIO rOPHOIO YHUBEPCUTETA MAPT 2019 | BbINYCK1(53) 171



HNCTOPMATOPHOI'O AEAA IO. B. Epoxun, K. C. Usanos / Ussecmus YITY. 2019. Bun. 1(53). C. 171-177

Cesimocrnae co ceoumu pooumerisiMu, OpUeHmMUpPo- Cesimocnae Hecmoposuy MeaHos
8oyHo 1914 2. (30eck u Aanee ¢homo u3 IUYHO20 8 nepuod pabomsl Ha KpacHoyparnbckom medHoM KoMbuHame.
apxusa K. C. MlsaHosa).

1962 — Ha3HayeH 3aBeAytoWnM nabopaTopuen sHA0reHHoM MeTannoreHun B MHcTuTyTe reonorum YOAH CCCP (HbiHe
I YpO PAH).

1966-1975 — anpekTop VHcTUTyTa reonorum n reoxummm YOAH CCCP (HbiHe VT YpO PAH).

1970 — n3bpaH YneHom-koppecnoHAeHToM Akagemun Hayk CCCP (24.11.70 r.), HarpaxaeH mMeganoto «3a 4061eCTHbIN
TPYZ B O3HaMeHOBaHWe 100-/1eTUsI CO AHA poxaeHust Bragummupa Vinbuya JleHnHa» (06.04.70 1.

1975 — HarpaxgeH BTopbiM opzeHom Tpyzgosoro KpacHoro 3HameHu (17.09.75 ) U Meganbio «Tpuauate et MNobesbl B
Besivkon OTeyecTBEHHOM BOVHE 1941—1945 IT.» (08.05.75 T.).

1978 — HarpaxaeH megasnbio «BetepaH Tpyaa» (06.10.78 1.).

1981 — HarpaxzeH opgeHoM [ pyx6bl HapoAoB (10.02.81 ).

1985 — HarpaxgeH meganbto «Copok s1eT [Mobeabl B Besmkont OTeuecTBEHHON BOMHE 19411945 T.» (08.05.85 ).

1986 — nepeBegeH Ha JOKHOCTb [1aBHOMO HAYYHOrO COTPYAHMKa B nabopaToputo MeTamopdursma B IHCTUTYTe reoso-
rum n reoxummmn YHL, CCCP (HbiHe AT YpO PAH).

2003 — yMep 12 okTAbps B BO3pacTe 92 JeT.

O CesaTocsaBe HecTopoBuye HanMCcaHO MHOTO BOCMOMUHAHWUM [1, 2 1 Ap.], MOSTOMY Mbl NpMBeAEM TO/IbKO ero buorpa-
duto, be3 feTasIbHOro pacckasa O ero Hay4HbIX JOCTUXKEHMSAX, KOTOPbIX Obl10 Ce1aHO O4eHb MHOTO.

Poauncs CeaTocnas Hectoposuy 16 deBpans 1911 . B . HxHU HoBropog, B ceMbe CaHUTapHOro Bpaya U yunuTebHu-
ubl. Ero pogutenn Hectop MBaHoBMY 1 BaneHTrHa MaBaoBHa 6b111 aKTUBHBIMU Y1€HAaMM MapKCUCTCKUX KPYXKKOB, Y4acTBO-
Ba/I B CO3/aHMM paboumx peBOIOLMOHHbIX OPraHM3aLMit, 3a 4TO NOABEPraIMCb apecTaMm, CCblJIKaM M THOPEMHOMY 3aK/itoye-
Huto. Mocne MpaxaaHcKo BOVHbI ceMbsl VIBaHOBbIX C TpeMsi AeTbMU Nepeexasna B r. CBepaA/I0BcK. Moc/ie OKOHYaHWS WKObI
CeaTocn1aB HectopoBuy xoTen ctatb PU3MKOM (Ha Hero npovssen BrnevatieHne yuebHuk ¢usmnkmn A. V. BaunmHckoro), Ho Bce
Xe nepezyman v BCieZ 3a CBOMM CTapLInMM 6paToM B 1928 . MOCTYMWA Ha rOPHbI $aKy/ibTeT YpasibCkoro nosMTexXHUYeckoro
MHCTUTYTa. B 1930 . YT pasgennacsa Ha 10 pasHbIX MHCTUTYTOB, 1 CBAToC/aB HecTopoBuy cTtan obyyaTbcsi B YpasibCkom
reosioropassefo04HOM MHCTUTYTE Ha Kadespe MONCKOB U Pa3BeKM MECTOPOXAEHUI NOJIE3HbIX MCKOMAEMbIX (MOZ PYKOBOA-
ctBoM A. 1. CMO/IMHA). § UIOHSA 1932 . UHCTUTYTY BEPHY/IM cTapoe Ha3BaHue [3], T. e. C. H. ViBaHOB 3akoHuM 0ByyeHwme yxe B
YpanbCKOM FOPHOM MHCTUTYTE U MOJTYYMA CeLManbHOCTb MHXeHepa No pa3BejKe LBeTHbIX MeTa /10B.

Byayuu cTyaeHTOM cTapmx kypcos, CBsiTocs1iaB HectopoBuy ycnen nopaboTaTb Ha Pocchinsx B paloHe p. Bulepeol, a
Takxe rnpernogasas («BeyepHUkam» 13 paboyero dakysbreTa 1 CTyAeHTaM MAAALIMX KypCOB) AMcCLMNANHBI «Obuias reono-
rns» U «[e0s10rnsi pyAHbIX MECTOPOXAEHUN».

B 1932—1933 rr. CBsAiToc/1aB HecTopoBMY cpasy noc/ie MHCTUTYTa cTas reosorom KpacHoypasibCkoro MeAHoro kombuHaTa
(CBepgnioBckas 0b6aacTb). Ha cneaytowwmin rog oH nepebpancsa Ha paboTy B Jlertapckoe reosioropassesoyHoe yrnpassieHue,
rae npopaboTan € 1933 MO 1940 I. CHavana PyAHWYHbIM, @ MOTOM W F1aBHbIM reosiorom. biarogaps akTueHol pabote CeaTo-
cnaBa HectopoBuya 6bl1a npoBeZeHa pa3sezka Jertapckoro MeAHOKON4e4aHHOrO MeCTOPOXAEHMS, KOTOpas Nokasana Ha-
/nyre Ha 3ToM obbekTe BoraTbix Mo 3anacam MeAHbIX PyA, CaMbix 3HauUMTeNbHbIX Ha CpeaHeM Ypane. Bckope y Hero pogumics
nepseHel, Hectop CBATOC1aBMY VIBaHOB (1937—-2013), 3aMeyaTeNbHbIli Feodpr3nK, aBTOP MHOMOUYMUC/IEHHBIX N306peTeHui. B
3TOM e rogy oH B coaBTopcTBe ¢ M. V. Mepkyn0BbIM 0nyb6aMKoBaa KHUMY O Fre0IOrMYeCcKOM CTPOEHUM U MUHepareHuun Jer-
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Cesimocrnas Hecmoposuy VeaHos 8 psdax dobposornsues BOB (8Hu3y criesa), 1941 a.

TSPCKOrO MeCTOPOXAEeHUS (Ha AaHHbI MOMEHT 3TO eMHCTBEHHAs AeTasibHas paboTa 06 3ToMm yxe 3abpolueHHoM obbekTe). Mo-
nyTHo CBaToc/1aB HectopoBuy caenan nsobpeteHue B 061actu bypenus. Vim bbina pasnkanbHO ycoBepLIEHCTBOBaHA yCTaHOBKa
YZAapHOro 6ypeHus —Npu NOAHATAM CHaPsiZ MO HAK/IOHHbIM Na3aM KaX/bli pa3 noBOpaymBasICs MPUMEpPHO Ha 15°, 4To obecneuu-
Bas10 bon1ee NpaBU/IbHOE HAHECEHWE YAapa, B pe3y/ibTaTe Pe3KO YBENMYNIACh MPOM3BOAUTENBHOCTL YAAPHOTo BypeHus.

B 1940 . C. H. MIBaHOB KakK OMbITHbIV MPON3BOACTBEHHMK C SPKO BbIPAXKEHHOW HAaK/NOHHOCTBIO K HaYYHbIM UCC/IE/,0BaHM-
sim 611 nepeBegeH B lopHo-reonornyecknin UHCTUTYT YOAH CCCP Ha A0/IKHOCTb CTapLlero Hay4YHOro coTpyaHuka. OgHako
Hay4yHoe 0bobLleHne MaTepranoB B CMOKOMHOW akaZeMmnyeckor obCcTaHOBKe NPOAO/IXANOCh O4YeHb Heforo. HayasLwascs
Besnvkast OTeuecTBeHHast BOMHa CpoUYHO noTpeboBana 60/bLLNX ycuani no obecneyeHno NPOMBbILLIEHHOCTU HOBbIMU UCTOY-
HUKaMU FOPHOPYAHOTO cbipbsi. Mo peleHuio Akagemun Hayk C. H. ViBaHoB 6bia1 nprkoMaHamposaH k Cnbaiickoi reosioropas-
BEAOYHOW MapTUK 1 Bo3rnaBua passeaky Crbanckoro MegHokon4edaHHOro MecTopoxaeHusa. Ho CesaTociaB Hectoposuy
ywen fobpoosibLem Ha GpoHT. OH Bblal NEXOTUHLLEM, U LIAHCOB BbIXXWTb Ha BOMHE y Hero 66110 Mano. Ho poHTY HyxHa

TR

=

Cessmocnas Hecmoposuu MeaHos — 3asedyroujuli nabopamopueti u dupekmop I YOAH CCCP, Hayano 1960-x ee.

EpoxuH 10. B., UBaHoB K. C. CBaTocnas Hectoposuy MUBaHos (1911-2003) v ceaTocnasut // U3Bectua YITY. 2019. 173
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YdocmosepeHue 4r.-kopp. AH CCCP Cessmocnasa Hecmoposuy4a MeaHoea.

Cessmocrniae Hecmoposuuy VMieaHoe — enagHbili Hay4HbIl compyOHuk 8 UIMT YpO PAH. ®omo u3 apxusa UIT, Hadano 1990-x 2a.

6bl1a MeZb, MO3TOMY OZHOIO M3 JyHLMX CNEeLnasMCTOB MO NMOUCKY U pa3Beske KoYedaHHbIX MECTOPOXAEHWU BEPHY/IN B
r. Cnban. BeposiTHO, 3T0 661710 NPaBU/bHBIM peLleHMeM, Tak Kak nog pykosoactsom C. H. iBaHoBa bblav BbisiBeHbI U HEMEA-
JIEHHO CTann oTpabaTbiBaTbCsA KPYMHbIE 3anackl 04eHb HoraTbix MeAHbIX pyA. B 1941 1. B ero ceMbe poaniack Ao4b MapraHHa
CeaTocnaBHa ViBaHoBa (1941-2005), ByAyLLMIA UHXEHEP-UTENLL UK.

B HanpsieHHOe BoeHHOe Bpems CBATOC/NaB HecTopoBMY He Mpekpallan HayyHoU AesaTeslbHOCTU, O YeM CBUAETEeNbCT-
BYET 3alMLLEeHHas UM B 1943 . MO pekoMeHAaumm akagemuka A. E. PepcmaHa kaHaMaaTckas guccepTanms o 40CKOHAIbHO
nsyueHHoMmy UM Jertapckomy mectopoxzenuto. B 1948 r. C. H. MiBaHOBbIM bbls1a ycnellHo (XoTs 3aluTa 1 npoxoguaa ¢ 6ob-
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MM NPOTUBOAENCTBMEM HEKOTOPbIX OPraHM3aL M 1 CNeLMaancToB) 3allmiLeHa A0KTOPCKas AuccepTaLms Nno KoavedaHHbIM
MecTopoxaeHusM Ypana. K 3ToMy BpeMeHM OH yxe cHoBa paboTan B fopHo-reosiorndyeckom nHctutyte YOAH CCCP (B 1946
r. 6e1n n3bpaH 3asegytowmm cektopom MU YOAH CCCP) 1 cumtanca ogHUM M3 BeAyLWMX CNeLnaancToB Hallen CTpaHbl B
061acTU KONYe JaHHOT O pyA0006pa3oBaHMs.

B 1949 r. CBaToc/1aB HecTopoBmY 33 oTKpbITHE M pa3sBeaky HoBo-Cubarickoro MmectopoxaeHus noayymn focyaapcreeH-
Hyto (CTanuHckyto) npemumto CCCP (a no3xe ero Bbibpasav MoyeTHbIM rpaxaaHuHom r. Cnbas). B 1953 . ero nsbpasnv 3asegyto-
WM nabopaTtopuelt pyaHbix MecTopoxaeHui u netporpadpum B NN YOAH CCCP, a rogom nosxe Bpyunv opaeH Tpys0Boro
KpacHoro 3HameHw. B 1955 1. y Hero poaumacs ewie oAnH cbiH Kupuan CesitocnaBny MBaHos, B 6yayliem Toxe reosior. B 1962
r. C. H. ViBaHoB 6b11 Ha3HaueH 3aBeAytoLMM 1abopaTopuren s3HAO0reHHOM MeTannoreHnn B IHcTutyTe reonorum YOAH CCCP.

B 1966-1975 rr. CBaTocnas Hectoposuy bbin gnpekTopom NHcTUTyTa reosiorum v reoxummnm YHL, AH CCCP. HecmoTps Ha
3arpy>eHHOCTb aZ4MUHUCTPATUBHbLIMU JefaMu OH NPOZO0JIXa NA0AOTBOPHO 3aHUMAaTbCA HayYKoW. B 1970 . ero n3bpanu une-
Hom-koppecnoHgeHTom AH CCCP. BaxHbim warom C. H. MBaHosa Ha nocTy gupekTtopa AT YHL, AH CCCP ctano HasHayeHue
Ha JO/IKHOCTU UCTOHSAIOLMX 06513aHHOCTM 3aBegyoLWnX 1abopaTopUsaMm NepcrekTUBHBIX MONOAbIX yUYeHbix (B. H. MyukoB.a,
I. B. ®epwTaTtepa, A. A. KpacHobaeBa, A. A. E¢umoBa 1 Ap.), KOTOpble A0Ar0e BpeMs NpeACTaB/s/M, a HEKOTOpble U celyac
NpeACTaBASIOT, «/IMLO» MHCTUTYTa. CBATOC/1IaB HecTOpoBMY, Kak nepeA0BOM yYeHbI, C 1950-X T. yCreLHo pa3BunBas Ha Ma-
Tepuanax Ypana Mobuan3m, COBPEMEHHYIO NapaguUrMy TEKTOHUKM INTOCHEPHBIX NANT (M Aaxe Hbla cHavYana NOABEPrHYT 33
3TO TakK Ha3blBaeMoMy ayTogade — ny6MyHOMY KJeMMeHMI0 KaK kobbl pasHOCUMK BpaxaebHoM naeonorum; no Bcen BUAM-
MocTu, mwb Haanyme y C. H. ViBaHoBa Ha TOT MoMeHT CTa/IMHCKOM MpeMmm CNac/io ero oT KyAa 6osiee cepbe3sHbix NOCieACT-
BU). Ha nocTy AnpekTopa OH Aaxe NbITaAcs cAenaTb U3yyYeHne TeKTOHUKM NANT 06a3aTeNbHbIM (BPOAE elle OAHOMO KaHAM-
AaTCKOrO 3K3aMeHa), HO CTO/IKHYJICS C He0BO/IbCTBOM Hay4YHOrO KOJIIEKTUBA U, KaK CeCTBME 3TOro, 0buamem aHOHMMOK
1 anob B napTUiHble opraHbl. YcTaB 60poTbest ¢ oTpuLaHnem odeBnaHoro, CeatocnaB HectopoBumy Hanuvcan 3asBaeHve 06
yX0Ze C NoCTa AMpeKTopa Mo COBCTBEHHOMY XEeNaHWIO 1 CTasl 3aHUMAaTbCS HAYKOW.

CesAToCcnaB HecTopoBuy Hbin AeNCTBUTENBHBIM YleHOM Bcecoto3HOro MMHepaiornyeckoro obLecTsa U B NepUoA 1972—
1975 IT. (BO3MOXHO, 1 0/1blle) BO3rAaBAAA MeTeopuUTHYIO KOMUCCUIO Npu Ypanbckom oTaeneHn BMO.

B 1976 . Nnpy aKTMBHOM y4acTWM U NOZ, Hay4HbIM pyKoBogcTBoM CBAToC/1aBa HecTopoBuya (1 akagemuka A. B. MNerise)
BbllLA HOBast «TekTOHMYecKkast kapTa Ypasa MacluTaba 1:1 000 000», BriepBble B MMPe NOCTPOEHHast Ha MPUHLMUMNAaX HOBOW
rnobanbHOM TeKTOHUKM, yHAAMEHTaNbHbIM HayUYHbIN TPYZ, KOTOPbLIN cpasy Bbi3Bas Noc/iesoBaTenel (M nogpaxarenen, B
ToM uncne B CeBepHoM AMepuKe) 1 Mo Cen AeHb MMEET Hay4Hoe 3HaveHue. B 1986 r. C. H. /IBaHOBa nepeBenn Ha J0/IXHOCTb
r/IaBHOT0 Hay4YHOro COTPYAHMKa B nabopatopuio meTamopouama B MHcTUTYTe reonormum u reoxummnm YHLL CCCP, rae oH u
paboTan BNAOTb A0 CBOEM KOHYMHBI. YMep CBSATOC/1aB HecTopoBMY 12 OKTSOPSi 2003 . HA 93 FOAY XM3HU. YKe MOCMepPTHO 16
¢deBpans 2004 1. C. H. MiBaHOBY (B cocTaBe 60/bLIOr0 KO/IEKTUBA Koaier) npucyauav Mpemuto Mpasutensctea PO 3a «Co-
3/.@aH1e Hay4YHbIX OCHOB Pa3BUTUSA PYAHON MUHepPanbHO-CbipbeBol 6asbl Ypanar.

CesiTocnaB HecTopoBMY NPOXMA PKYIO, MONHOLLEHHYIO U A0/TYIO XWU3Hb 1, MO ero ¢/10BaM, BMOJIHe CHaCTANBYIO, Liean-
KOM OTAaHHYto Hayke 1 obuecTBy. OH NOArOTOBMA 22 KaHAMAATA U TPEX AOKTOPOB HaYK, MHOrMe 13 KOTOPbIX TakyKe cka3aan
CBO€ Becomoe ¢/10BO B Hayke. CBaToc/1aB HecTopoBuY M3bunpancs AenyTaToM B ropcoBeTsl . PeBAbl (1935-1937 rT.) n r. Cep-
A10BCKa (1947-1950 IT.). BocnuTtan AByX CbIHOBEW U ,04b, KOTOPbIE MOZAPW/IN eMy LecTepbiX BHYKOB. B uecTs C. H. IBaHOBa
B 1989 I. Ha3Ba/INM HOBbI MUHEpaJ — CBATOC/IaBUT.

CBATOCNABUT — MOHOK/IMHHBIV NCEBAOPOMOMYECKNI aHAIOT aHOPTUTa, HalAEeHHbIN BepBble B ropesbix oTBanax Yens-
6uHckoro yrosnbHoro 6acceiHa, pacnoaoxeHHoro Ha FOxHom Ypane [4, 5. Mpegnonaranock, 4To 3TOT MMHepas byaeT YacTo
BCTPEYATLCS B YI/INCTBIX XOHAPUTAX W APYrnX KOCMUYECKMX Teax, a TakKe Ha KOHTakTaX MarMaTu4yeckux Tes C yriepoau-
CTbIMW MOPOAAMM, B LLIAKAX U T. 4., HO YXe N0 UCTEYEHWUM 30 NIET CBATOC/NABUT NOKa HUrAe 6o/blue He HalgeH. BoamoxHo,
3TO CBA3AHO C TeM, 4TO ceiyac 601bWMHCTBO MUHEPAJIOrMYECKUX OMUCaHMM BasnpyeTcs Ha onpeaeeHn MMHepana no AaH-
HbIM MWUKPO30H/0BOIr0 COCTaBa M PEHTreHOBCKOEe M3yYeHue NpakTU4yeckn He npumeHseTcs. K coxaneHuto, XuMmu4eckuii co-
CTaB CBATOC/NaBUTA NOJHOCTbIO NAEHTUYEH aHOPTUTY, MO3TOMY MHOTME UCCe0BaTeNN anpruopy ONpeensioT MMHepas Kak
aHopTuT. Tem 6os1ee YUTO peHTreHOBCKOE M3yYeHWe MUHePasioB B MOPO/E BCerAa CBA3aHO C onpe/eneHHbIMU OrpaHUYeHUAMU
1 3aTpyAHeHUsIMU. BnosHe BepOSITHO, 4TO CBATOC/IABUT BCTPEYAETCS ropasAo Yallle, YeM 3TO NPUHSATO cumTaTb. Huxe npuse-
ZLleHO ero KpaTkoe onucaHue Ha ocHoBaHuK paboT B. B. YecHokosa v C. B. KpnBoBuyeBa ¢ konneramu [4, 5].

CBATOCNABUT B BUAE MENKUX (A0 0,5—-0,8 MM) 6ecLBeTHbIX KPUCTa/II0B HAapacTaeT Ha CTEHKU TPELLMH B KycKax ApeBec-
HOTO Y/t U3 «4epHbIX 6710K0B». «4epHble 6710Kk1» —3TO He NPOropeBLLMe Y4aCTKMU BHYTPW YrOJIbHOMO OTBasIa, Pe3KO BblAesi-

b

PucyHok 1. Kpuctannbi cBATocnaBuTa B poM6uyeckor cuHroHuu. flaHo no pa6oram b. B. YecHokoBa: A — no [4], b — BbINonHeH Hamu no
naHHbIM paboTbl [7].
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PucyHok 2. Kpuctannbl cBATOCNaBUTa Ha Noasioxkke ApeBecHoro yrnsa. Obpasey M3 konnekuuun YIM, pasmep kpuctannoB He Gonee
1 mm. 3gecb u ganee doto 0. B. EpoxuHa.

PucyHok 4. Kpuctannbsi cBATOCNaBUTa U UX CPOCTKM Ha Noaroxke apesecHoro yrns. O6pasey 13 konnekuuun YIM.

toLymecs Ha GOHe KMPMUYHO-KPACHbIX FOpesbiX MOPOA B SKCKAaBATOPHbIX 3abosix. BelecTBo 3T1X 6/10K0B CUABHO NPOKasEHO
(MecTamm g0 80o0—900 °C) 6e3 focTyna Bo3ayxa [6]. KpucTanabl cBATOC/IABATA UMEIOT MPUMATUYECKUIA 0BIUK, YAIUHEHBI MO
[100]. MaBHbIMKM dopMamMm ABAAIOTCS r{o11} 1 af100}, Takxke UMetoTcs c1abo pa3BuTble FrpaHM M{110}. YcTaHOBKa KpUcTaana
COOTBETCTBYET PeHTreHOBCKOM (puc. 1, A). B uyTb 6onee nosgHen pabote [7] b. B. YecHokoB ynomuHaeT npucyTcTBme cnabo
passuTbIX rpaHen df1o1} (puc. 1, B).

Kpuctannbl 6ecuyBeTHble (puc. 2—5), 671eck UX CTEKASHHBIN, YepTa benas. TBepAOCTb Mo wkaae Mooca 0Kos10 6, XpynKui.
CnalHocTb ciabast no [100], U3710M pakoBUCTbLIN. MI0THOCTb MUHEPAa U3MepeHa U paBHAETCA 2,695 r/cm3. ONTUYeCKU ABY-
ocHbIN (=), Ng =1,581(2); Nm = 1,578(2); Np =1,552(2); 2V =37,08°. XuUMM4eCKMI COCTaB CBATOCNaBMTA (B Mac. %): SiO  43,56;
A|203 35,32; Fe0 0,02; MgO 0,02; Ca0 19,24; Na_ O 0,42; K O 0,01; Cymma 98,59, YTO XOPOLLO NepecHnTLIBAETCA Ca[AIZSiZOS].
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PucyHok 5. KpucTtannbl cBATOCnaBUTa U UX CPOCTKM Ha noaroxke gpesecHoro yrns. O6paseu n3 konnekuumn YIM.

Mopowwkorpamma MyHepasa COOTBETCTBYET POMEUYECKON CUHMOHWW, MPOCTPAHCTBEHHARA rPynna P2 2 2; NapaMeTpbl 3NeMeH-
TapHoU Avenku ciegytowme: a = 8,232(5); b = 8,606(10); ¢ = 4,852(5) A; V =343,74 A3[4].

B 2012 r. 6bl1a NpoBeeHa PeHTreHOCTPYKTypHas peBU3MSt MUHEpasia U YCTaHOB/IEHO, YTO CBATOC/IABUT BCE-Taku UMeeT
MOHOK/IMHHYIO (NCEBAOPOMOUYECKYHO) CUHFOHMIO C MPOCTPAHCTBEHHOW FPYNNon P12 1; NapamMeTpbl S1€MEHTaPHOM S4enKu
cneayowye: a = 8,220(5); b = 8,951(5); ¢ = 4,828(5) A; B = 90,00(5)°; V = 355,2(5) A*[5].

Kpuctannel cBsiTocnaBMTa Ha CTeHKaxX TPELMH B A4PEBECHOM Yr/le HaXOAATCS B aCCOLMaLMM C KPUCTaNlaMU aHOPTUTA,
TPOWANTA, KOreHnTa, GasanTa, TUTaHWUTa 1 rpaduTa. Bce 3TM MUHepasibl 06pasoBannch U3 razoBoi ¢Gasbl NPy BbICOKON TeM-
nepatype (He HMxe 700—900 °C). IHTepecHO, YTO COBMECTHbIX CPaCTaHWI CBATOCIABUT U aHOPTUT He 06pasytoT U, Cyas Mo
B3aVIMOOTHOLLIEHUAM MUHEPa/IoB, CBATOC/IABUT KPUCTA/IIM30BaJICS IBHO paHblle aHOpTUTA.

Asmopu svipascarom 61a200apHocmy Kanouoamy zeor.-murepas. Hayk JI. A. Knetimenosy 3a nomousp 6 pabome Hao crmamveri.
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Geophysics department and its variations’

The history of the geophysics department has been lasted for about half a century: from 1951 to 2000. Due to external factors, its
departmental structure took a long time to form; the names of departments, heads, and deans have changed. Staff members
were the most gifted graduates of the initial department of geophysics. This circumstance was largely due to scientific and
pedagogical authority of the department as one of the leading centers of Soviet geophysics in all its main directions: electrical
prospecting, borehole geophysics, geochemistry, radiometrics and nuclear geophysics, gravity and magnetics, seismic
measurements. In 2000, the Institute of Geology and Geophysics was established on the basis of the geological and geophysics
departments. It was rearranged into the Departiment of Geology and Geophysics ten years later.

Keywords: Faculty of Geophysics, Deans, Departments of Ore and General Geophysics, G. P. Sakovisev, A. K. Kozyrin, Institute of
Geology and Geophysics, department of geology and geophysics.

UcTopusa reocdusnieckoro hakyAbTeTa NPOAOAXAAACH OKOAO NoAyBeKda: ¢ 1951 no 2000 r. Mo 06beKTUBHBIM U CYObEKTUBHbBIM NPU-
YUHAM AOATO OPMUPOBAAACH €ro KAdPEAPAABHAA CTPYKTYPA, MEHAAUCH HA3BAHUSA KAdOEeAp, 30BEAYIOLLIME, AEKAHbI, HO KOAPOBbIN
COCTAB (PAKYABTETA MOYTU LLEAUKOM COCTABASIAU HOMGOAEE OAQpPEHHbIe BbiMYCKHUKU NEPBOHAYAAbHOW KadpeApbl reodousmku u
dakyAbTeTd. DTUM OBCTOATEABCTBOM B 3HAYUTEALHON Mepe GblA 06YCAOBAEH HAOYYHO-NEAArorM4eckuii aBTOpUTET PAKyAbTETA
KOK OAHOTO U3 BEAYLUUX LLEHTPOB COBETCKOWU reodousmMKu No BCEM €€ OCHOBHbIM HAMPABAEHUAM: SAEKTPOPA3BEAKA, CKBAXMHHAS
reodousmnKd, reOXMmus, PAAMOMETPUS U SAePHAs reodpusmuka, FrPABUMArHMTOPA3BEAKA, ceicmopasBeAka. B 2000 r. Ha 6ase reoao-
TMY4ECKOro U reodomnsn4eckoro akyAbTeToB GbIA CO3AAH UHCTUTYT reoaorun u reocomnsmkn. CnycTta 10 AeT OH GbIA PEOPraHU3OBaH
B OAKYAbTET F€OAOTMU U reoPU3UKH.

KatoyeBble cAoBa: reocbusnyeckuii pakyAbTeT, AEKAHbI, Kadpeapbl pyAHOU U obuieit reocomsuky, I. M. Cakosues, A. K. Ko3bIpuH,
UHCTUTYT reonormm u reodpusmkmn, aKkyAbTET Fr€OAOTUU U r€OPU3UKM.

K Hauyany 1950-X T. Bce reodusmyeckme MeTOAbl MOMYYUIM CyLLECTBEHHOE Pa3BUTHE U, KaK CeACTBUE, 3HAUNTENbHYIO

060Cc061eHHOCTb: TEOPETUYECKYIO, METOAMYECKYIO M anMnapaTypHyto. Mo3ToMy Hauyanach «cenekLmsa» MHXeHepoB-reo-

(I)VBVIKOB no MeTodam VICCJ'Ie,D.OBaHVIVI NMPUMEHUTENIbHO K peLleHNIO PasIMYHbIX reo/1IornM4ecknx 3ajaud. DTOT eCcTecTBeH-
HbI NPOLLECC CTa PEry/IMPOBaTLCS NP 06yYEHNM MyTeM BBEAEHWS TPEX CreLmanmsaLii: reopusnyeckme MeToAbl NOUCKOB
1 pa3BezKu Nose3HbIX UCKONaeMblx, reobusnyeckne MeToAbl MOMCKOB U pasBeAku HeDTAHbIX M Fa30BbIX MECTOPOXAEHUIA U
reodusmyeckme MeTOAbI Pa3BeAKN MECTOPOXAEHUN PeAKMX U PAANOAKTUBHDBIX PYA,.

HedTaHon dakynbTeT B CBEPASIOBCKOM FOPHOM MHCTUTYTE, @B BCErO ABa BblMyCKa MHXeHepOoB-HepTAHMKOB, NpoCyLye-
CTBOBa/1 HEA0/ITO — 40 1957 T. 3aTem PYyKOBOACTBO UHCTUTYTQ, NOCTYNMB O4Y€Hb N O4YeHb HeAa/IbHOBUAHO, paCd)OpMVIpOBa}'IO
ero, a Ha 6ase kadpeapbl reonorum HedpT 1 rasa bbi1a cozgaHa kadepa reos0rMn FOpPHOUNX CKonaemblix. B cea3n ¢ pacdop-
MUpoBaHueM HedTsHOro dakynbTeTa bblia NpekpalleHa NoAroToBKa MHXeHepoB-reodu3nKoB No crelmanamsannm reopmsm-
Yeckme MeToAbl MOUCKOB M pa3BeAKM HeGTAHbIX U Fa30BbIX MECTOPOXAEHMIA.

BBeseHMe B y4ebHble NAaHbl CNeLmanmnsaLmii, a Takke To, YTO OAHU U Te e reoormieckume 3a4aum MoryT ObiTb peLleHb
C Pa3/MYHOM YCMELWHOCTbIO pasHbiMK reodranyeckuMm MeToZamMm (a yylle Ux HeKOTOPOW COBOKYMHOCTbIO, Ha3biBaeMoMn
KOMMJ/IEKCMPOBaHMEM), MPUBE/IO K TOMY, YTO reodursnyecknii pakysibTeT HECKO/IBKO JIET He MOT 0bpecTn ycTonumByto kade-
APasibHYO CTPYKTYPY.

MepBOHaYasibHO reodpmanyeckyto ocHoBY dakybTeTa cocTaBuam kadeapa reodbusmnkm n kapegpa «cneumanbHbIX METO-
A,0B pa3Besku» [1]; kadbeapbl MAaTEMATUKU U GU3MKM UTPAAU NPU 3TOM XOTb 1 BaXKHYHO, HO TO/IbKO BCMIOMOTaTe/bHYO POsb.

13 HesicHoro Ha3BaHwWs Kadeapbl CneLuanbHbIX METOAO0B CIEA0BANO0, YTO B reodusnke, KPOMe TPaAULMOHHBIX, Bblin Toraa
W CcrneumabHble MeToZbl pasBesku. [a, 6bian. 3T MeToAbl TPUMEHSIN A/151 TOUCKOB M Pa3BeA kN MECTOPOXAEHWI PaAMOaKTMB-
HbIX 1 peAAKOMETa/I/IbHbIX PYA, ABASBLUMXCS CbIPbEM /151 TPOU3BOACTBA SAEPHOI0 OPYXMS U A1 aTOMHOMW SHEPreTUKU.

CTyAEHTbI CTann n3y4yaTb cneyunasibHble METOAbl pa3BeKU, JIeKLUN MO KOTOPbIM Yn1Tal Hukonan AHEKCBHAPOBM‘-I MBa-
HOB elle Ha kKabeape reodUsnYeckMx METOL0B Pa3BesKM C 1949 I. Ho uTobbl y40BNETBOPUTL TMraHTCKME NOTPebHOCTY Npo-
MbILLIJIEHHOCTU B IZlePHOM Cbipbe, HEOBXOAMMO BbIJIO LUIMPOKO Pa3BepHYTb €ro MOMCKM Mo BCeN CTpaHe. PelwmnTb 3Ty 3a4audy
MOI/10 TO/IbKO 60/1bLUIOE KOJIMYECTBO CNELMAUCTOB, A8 NOATOTOBKM KOTOPbLIX 1 BblIN CO3AaHbl B Pa3/INYHbIX By3ax CTPaHbI

“filatov47@bk.ru

"TMpopgomkeHne cepun ctaten B. B. dunatosa, NOCBSALLEHHBLIX pa3BuTUo reopuranku Ha Ypane. Cm.: Victopusi reodmsnyeckmx nccrnegoBaHuii Ha
Ypane B XVII — Havane XIX B. (U3B. YITY, Ne 2(42), 2016. C. 91-93; IN. K. CoboneBckuii — 0CHOBOMNOMNOXHUK YpanbCKon reohr3nyeckon LIKOMbI
(M3B. YITY, Ne 4 (44), 2016. C. 99-102); l'eodusnyeckne nccnegosannsa Ha Ypane B 20-e — 30-e rogbl XX Beka (M3B. YITY, Ne 1(45), 2017.
C. 100-103); OHu 6bINK NEpPBLIMM UK JOPOrK, KOTopble Hac BbiGupatoT (M3B. YITY, Ne 2 (46), 2017. C. 114-117); CnoHTaHHbIN NOTOK MaTepum
(MsB. YITY, Ne 3 (47), 2017. C. 119-120); Beigatowmecs yyenuku . K. Cobonesckoro (M3B. YITY, Ne 4(48), 2017. C. 123-129); Ot kacbeaps!
reocusunkun fo reodumanyeckoro akynsreta (M3s. YITY, Ne 3(51), 2018. C. 176-180).
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Kagpedpa obweli ceopusuku, 1967.
Cniesa Harnpaso: nepsnbili psd (cudsam) — J1. M. [ocydapesa, H. A. 3ybpuukas, I. . JemeHmsbesa, A. 5. Spow, J1. B. KpacunbHukosa,
E. K. Mukwesudy, P. I. XmenuHuHa;
emopoli psd — b. B. lopogpees, B. N. boHdapes, H. A. lnoxux, 1. A. CmeHuH, I. . puHkesuy, A. C. @unowkuH, A. b. lNonskos;
mpemud psid — ..., . I1. 3axapos, I 5. JemeHmees, B. H. LLimakos.

«cneumanbHble kKadeapbl». «TyMaHHOE» Xe Ha3BaHWe 3TN Kadeapbl MONYYMIN U3 COObPaXKEHNIN NOBbILLIEHHON CEKPETHOCTY,
Kak BCe, YTO MMEe/IO TOrAa XOTb KaKoe-TO OTHOLLEHME K aTOMHOM MPOMbILINEHHOCTY.

CamocTosiTesibHoM Kadegpa cneunanbHbix MeToAoB bblna Hegonro. Co BpeMeHeM OHa CTasla YacTbio Apyro kadeapsi,
obpasoBaHHON Npu pasgeneHun kadbespbl reoPpmsnkn Ha kabegpy MarHUTOrpaBMpasBedkmn Bo r1aee ¢ H. A. VIBaHOBbIM U
kadeapy sanekTpocencmopasseskn Bo rnase ¢ I M. CakoBueBbIM. B 1953 . Ha 6a3e kadespbl cneumnanibHbIX MeTOAOB bblaa
co3gaHa kadeapa pysHon reodmsnkn, NoJHOE Ha3BaHKe KOTOPOM HbLI0 TakuM: Kadespa reodprsnyeckmx METOA0B NOUCKOB
N pasBesKn peAKnNX U PajMoaKTUBHBIX MeTan10B. YyTb No3xe ee 06begMHWUAN C KapeApon 3neKTpocecMopasBeKku. 3aBe-
Z,0BaTb 3ToM Kadepow cTan VIBaHOB, a 3aBeAyoWnM Kadepoit MarHUTOrpaBMpasBe ki 6611 HasHaveH A. f. Apow.

CnycTa Tpy roga npom3oLw/io ovepesHoe npeobpasoBanue: gucumnavHy «CeicmopasBegka» nepeganv Ha Kadeapy
MarHuTorpaBsupassesku. Mocne atoro kadeapy nepemmerosann. OHa noayunna HasaHue «Kadegpa reodpusmyecknx me-
TOZ,0B NMOUCKOB W pa3BeA KM NosiesHbIX MCKomaeMbix». Ho B 061xoze ee cTanm HasbiBaTb Kopoye — kadegpa obuier reodpumsm-
Kun. Byayuum cTyseHTOM TpeTbero Kypca, s No nopyyeHuto 3aBegytolero nabopatopuen kadegpsl A. C. GuatowkmHa caenan
BblBeCKy Kadepbl: B35/ IMCT CTEKNA, MOKPACWU/ ero YepHbIM IaKOM; KOrAa Jlak 3acTbl/l, TO Bbickobana Hagnuck «Kadegpa
obwwen reodpumsnkm» 1 3akpacua Gykebl 6GPOH30BON KPaCcKoK; BCTaBWU CTEK/I0 B PaMKy U MOBECW/ BbICOKO Hagj BXOAHOM JBe-
pbto Ha kadeapy.

KadegpasbHas HecTabunbHOCTb dakyibTeTa ycyrybasnach ele n kagposbiMu nepTypbauymsamu. B despane 1953 1. MBa-
HOB 6bl/1 0CBOBOXAEH OT AO/IKHOCTU ieKaHa B CBA3M C OTKOMAaHANPOBaHMEM B JOKTOPaHTYpY B leodumanyecknin UHCTUTYT AH
CCCP. [ekarom cTan fpow. Yepes rog VeaHos nonpocun ocBoboAnTb ero n oT 3aBegoBaHus kadegpont. B Hosbpe 1954 T,
Korga A0 3al1Tbl UCCEPTALMM OCTaBaIOCh HECKO/IbKO MecsLeB, IBaHOBa CHOBAa Ha3HauMAM JeKaHOM M3-3a 0TKa3a Apola,
Y KOTOPOro BO3HUK/M KaKne-To InYHble Npobaembl. HakoHel, B MapTe 1955 I. AUccepTaLms nNog Ha3BaHueM «MarHuUTHble 13-
MepeHus B CKBaXMHax», bbl/ia ycnelHo 3awmueHa,  Hukonan AnekcaHpoBuy CTas JOKTOPOM TEXHUYECKUX HayK.

JlokTOpaHTypa, pyKoBOACTBO daky/bTeToM, 3aBegoBaHue kadeapon nogopsaan 340posbe VBaHOBa, 1 OH 3abones.
Mo3ToMy B Hauyase 1956 . OH 0TKa3asca oT 0bs3aHHOCTeN AekaHa u npegcegaTtens CoBeTa reo/10ropasBeouHoro n reopu-
3nyeckoro dakynbTeToB. OTy paboTy cTan BbINOAHATL goueHT-reonor A. U. LepcTiok. MpaBga, yepes noaroaa, korga H. A.
MBaHOB 6bl1 yTBEPXAEH B 3BaHUN Npodeccopa, ero yroBopuan BEPHYTbCS B e€KaHaT U Ha3HauuIu 3aBeayowmm kapeapom
pysHOM reodpm3smnkun. Ho oH NOHSA, YTO ONSATb NMepeoLeH CBOU CUJIbl, U HaYa i MOCTEMNEHHO 0CBOOOXAaTbCs OT CBOMX 06513aH-
HOCTEN B UHCTUTYTE, BOSHAMEPMBLLNCL CMEHUTb M MECTO PaboTbl.

B deBpane 1957 . MIBaHOB /105U NOIHOMOYMS AeKaHa, B MI0/1e NPOLUen KOHKYpC 1 6611 3bpaH 3aBegytoLwmm nabopa-
TOpVEN MarHUTHbIX METOZ0B pa3BeKky B FopHo-reonormyeckom MHCTUTYyTe YOAHa. B Hauane okTabps OTaeneHve TexHuye-
ckmnx Hayk AH CCCP, akagemukom-cekpetapem kotoporo 6bin /1. [. LLleBsikos (1889—1963), yTBEpPAW/IO pe3y/ibTaTbl KOHKYPCA,
B Hosibpe VIBaHoBa 0cB06OA MM OT 3aBe0BaHWsA Kadbepom, U OH CTasl COTPYAHWUKOM akaJeMUYECKOro MHCTUTYTA C OK/I0M
B 5000 py6sielt B meca, [2]. Ho ero cBssb ¢ reopusmyecknm GakynsTeToM, KOHEYHO Xe, He MOT/Ia MpepBaTbCcs. AkageMuye-
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CKOe pyKOBOACTBO paspeLunsio emMy npenozasath. Moyt 4BaALaTh €T OH YMTan Ha reodursnyeckom dakynbTeTe Kypc Jek-
LW MO MeToZAaM PaAn0oaKTUBHOW Pa3BeKU.

B 1958 r. [opHO-reosiornyeckmnit MHCTUTYT Ypanbckoro ¢uavana AH CCCP 6bi1 pasgeneH Ha TpM CaMOCTOATE/IbHbBIX UH-
ctnuTyTa. Ha 6ase reopusmnyeckoro otaena 6bin cozgaH NHcTUTYT reodusmkm, B kotopom VBaHoB, 3aBegys nabopatopuen
reomMarHeTM3Ma U MarHMToMeTpuu, npopaboTan NJo0AOTBOPHO elle ABaALATb JIeT 40 AHS CBOEW CMepTH, C/IyuMBLUENCS 13
deBpans 1978 r. oT MHPapKTa MMOKapAa. M B 3Tn ABa AecsaTKa NIeT Kpyr ero MHTepecoB 6bi/1 o4eHb WKpoK. OH pyKoBOAWA
NcCae,0BaHMAMM MO U3YUYeHMIO aHOMaJIUIA BEKOBOTO X043, pa3pabaTbiBas MeTOAMKM U MPUOOPBI 415 MOUCKOB ryboko3ane-
raloLMX MeCTOPOXAEHUI XeNe3HbIX Py, U3yyas 0CTaTOYHYIO HaMarHMYeHHOCTb NMOPOZ, U PYA, KYpUpOBaa reoMarHUTHble
nccnepoanusa B pecnybamnkax CCCP, cocTosin uaeHoM peAakumn XypHana «feomarHeTam u aspoHomus» 1 HayyHoro Co-
BeTa no reomarHetnsmy npu Mpesngnyme AH CCCP, necToBan acnMpaHTOB U AOKTOPAHTOB, Y4aCTBOBA B SKCMEANLIMOHHbIX
nccne0BaHMUSAX.

Ero seAaTenbHOCTb yueHoro 6bl/1a oLleHeHa NPaBUTeIbCTBEHHBIMU HarpagamMu: opgeHoM «3Hak MNoyeTa» U HeCKOAbKUMU
megansmmu CCCP; ero IMYHOCTHbIE AOCTOMHCTBA — CKPOMHOCTb, 0basiHMe U JeNMKAaTHOCTb — BbICOKO LLleHU/IUCh KOJIIeramu,
APY3bSIMU U YHEHUKAMM.

Il

C 1957 no 1985 r. kadepowt pygHo reodunsmkm pykosogmn Ineb Masnosuy Cakoues. B uctopum ypanbckoi reodusm-
K, BbiCLUEro reodpusnyeckoro obpasoBaHns 1 B UcTopumn CBEPAIOBCKOrO FOPHOro MHCTUTYTa [Neb MaBaoBUY — IMYHOCTD
BbIAAIOLLAACsH BO MHOTMX OTHOLIEHUAX: HAY4YHOM, NeAarornyeckoM 1 agMUHUCTPATUBHOM.

OH poauncs 9 Hosbps 1912 I. B O4HOM U3 CTapMHHENLLMNX PYCCKUX ropogoB — Bennkom YcTiore. Ero oTteu, Mases Muxai-
NoBMY, HayaB paboTaThb C 12 /IET CUAE/IbLEM B IaBKaX FOPOAQ, K 1917 . AOCAYXMACS 40 Npukasymka B Toprosoi ¢pupme Jep-
HeHEBbIX; MOC/Ie peBOOLMM paboTasl TOProBbIM areHTOM B Pa3/IMUHbIX TOProBbIX M KOOMEPaTUBHBIX OpraHM3aL s, 3aBefo-
BaJ1 XO3AWCTBEHHOM YaCTbiO B KOOMNEPATUBHOM U MEAULMHCKOM TEXHUKYMAX; B 1940 I. OH MOrn6 Npu UCMONHEHNM CYXe6HbIX
obssaHHoCTEN [3].

MaTb /lloboBb VIBaHOBHa, NepexuBLLas My>Xa Ha YeTblpHaALLATb JIET, 40 PeBO/IOLUM paboTana yunTesibHULEN, a NO34Hee
3aHMManach TO/IbKO CeMbel, B KOTOpol kpome [1eba 6bis10 ewle Tpoe geteit. B 1938 1. (?) B ogHoM n3 aBTobumorpaduin Mebd
MaBNOBMY CKYMO OMNMCa CBOKO CEMbIO, PACCKa3aB, YTO Y HEro eCTb CTapLUMi 6paT, KOTOPbIN yYnUTCs B acnmMpaHType B MockoB-
CKOM reoie3M4eckoM MHCTUTYTE; YTO BTOPOM BpaT C/IyXXMT B apMUM, @ CECTPA —TEXHWUK-CTpoUTE/b — paboTaeT B FOpbKOBCKOM
kpae. BoT v Bcs pogocsioBHas cembn CakoBLeBbIx [4]. Onmpasch Ha 3Ty po0CI0BHYIO, Aaxe NpoBugeL, He cMor Hbl npegcka-
3aTb, KaK CIOXUTCSA XM3Hb [1eba MaBnoBMYa 1 KakKUX OH JOCTUTHET B Hell pe3y/bTaToB.

K Hauany XX B., korga [neb yunncs B wkone, Bennkuia YcTior, nepexwus nopy ceoero sesimumns u pacyseta B XVII ., 6bin
AAMMHUCTPATUBHBIM U KPYMHENLWNM SKOHOMUYECKUM U KY/bTYpHbIM LieHTpom CeBepo-/lBUHCKON rybepHun. B ropoge ¢ Ha-
Ce/leHNeM OKOJ10 19 ThiCAY YeNoBek Obl/10 13 LWKO/1 Pa3HbIX CTYNEHew, 4 TeXHUKYMa, rybepHCKas napTUiMHas LWKO/1a, LLeHTpasib-
Has 6ubanoTeka, NamMnoBas KOHLEPTHas PaAMOCTaHLMSA U MHOMO BbIAQIOLLUXCS apXUTEKTYPHO-XYA0XKECTBEHHbIX MaMATHU-
KkoB. 1151 MONIOA0TO 1 I0603HATEIbHOr O YeloBeKY, a [71e6 bl UMEHHO TakmM, BCe 3TW U MHOrMe Apyriue baara uuBuaM3aLum
CTa M OCHOBOW A5 ero byayLlero passuTms.

Ho 6e3oTBeTeH Bonpoc o Tom, noyemy [71e6 noc/ie OKOHYaHWSA LWKO/Ibl B 1931 . M FOAUYHON paboTbl B M1aHOBOM OTAene
PaliKo/IX03C03a MOCTYNWU YYUTLCA B 1932 . UMEHHO Ha reodU3nyeckyto CneLnanbHOCTb B YpanbCKuii reosoropassesou-

[Mepsbie ucrbimaHus 3MeKmponuUMuU4YecKoeo crnocoba usmepeHusi yoenbHo20
conpomuserieHusi obpa3yos (1955 2.).
lMpogpeccop I". I1. Cakosues. Cniesa Hanpaso: A. A, Pedosyb6os, I'. 1. Cakosues, /1. C. TanbeuHcKull.
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Kagpedpa pydHou eeogpusuku 8 1967 200y.
Cnieea Hanpaso: rnepsabili psid — 3. 1. Anekceesa, J1. B. KpacunbHukosa, I. C. BoxeHukos, I. 1. Cakosues, A. U. Cokonosa, B. H. Mukwesuuy,
H. H. bpedHesa, A. C. lcmomuHa;
emopoli psd — A. T. Mapkos, A. A. Pedosybos, C. A. MeymHos, A. K. KosbipuH, M. U. Beieysoea, N. H. AHmoHosa, Y. . CkogopoOHUKOS,
FO. H. T'ydkos, J1. A, CmeHuH, A. B. TemtoxuH;
mpemutl psid — C. C. Coickos, . U. bpedHes, B. U. lopes, B. M. CanoxHukos, H. U. Bbizy3os, FO. b. [Jassidos, H. . Bacunseuykud.

HbIM MHCTUTYT? KTO MM 4TO onpezenin 3ToT ero Bbibop? OT KOro oH y3Han 06 ypanbckoM By3e 1 0 reopusnke — Hayku B TO
BpeMms elle JOCTaTOYHO 3K30TUYHOW M Mao KOMY M3BECTHOW, 0CO6EHHO B MPOBUHLNM, Aa1eKOM OT Hay4HbIX LLleHTPOB, B KO-
TOPbIX OHA TO/IbKO HauYMHaa CO34aBaTbCs?

Yepes wecTb seT CakoBLEB 3aKOHYMA C OT/IM4MeEM yxke CBepA/I0BCKUIA FOPHBIA MHCTUTYT M Bbln NpUraalleH nocae roga
paboTbl npopabom B KpacHoypanbckoi reodursmyeckon napTum B acnmpaHTypy. Ewe 6ygyumn cTyaeHTOM, OH CTan nog py-
koBogcTBoM B. H. [0/10BLbIHa CMeunann3mpoBaTbcs B 061aCT METOA0B 3/1eKTPopa3BeAkn Ha NOCTOSIHHOM Toke. CBOW CTy-
JeHYyecKre UccaeZ,0BaHMs OH MPOAOJIXWA U B aCNUPaHType, y4eby B KOTOPOM 3aBEpLUNJI CNYCTS TPU roZa TakxKe C OTIMYMEM
3aLMTON KaHANAATCKOM AMUCCEPTALUN C OYEHb AJIMHHBIM Ha3BaHNEM «AHaN3 31eKTPopasBeAoUHbIX PaboT, NpoBeseHHbIX
Ha cy/IbPUAHBIX MECTOPOXAEHMAX KYLIBMHCKOrO panoHa € 1925 M0 1940 T., M NPeA/IOXEeHUs MO YAy4LIEHNIO METOANKN U UH-
TepnpeTauun pesyasTaToB» [5].

Pa3BnTMEM METOAOB 3/1eKTPOPa3BeA KM A5 PeLleHMs FreoIorMyeckx 3aay npu nomckax MegHoKoNYeJaHHbIX MECTOPO-
XaeHuM Ha Ypasne CakoBLEB 3aHMMa/ICs BCIO XM3Hb. IToM Npobsieme Hbisia NOCBsLLEHa ero JOKTopCcKas AnccepTauns «Paspa-
60TKa M NpUMeHeHWe KoMMaeKca reopusnyeckmnx MeTo0B Npu NOMCKaX KOMHeAaHHbIX MECTOPOXAEHUI Ha Ypasie», KOTOPYIo
OH 3aWmTNA B 1959 I. C 3TOM Xe Lenbto oH co3gan NpobnemHyto nabopaTopuio NOMCKoB ry6oKo3aseralowmx pyAHbIX MecTo-
POXAEHWIN 1 BblN ee HayYHbIM PyKOBOAMTENIEM C 1975 MO 1985 T

Ho Hensmepumo bosiee Becombl pesynbtaThl paboTel CakoBLeBa B KayecTBe pekTopa CBEpPA/I0BCKOrO FOPHOIr0 MHCTUTY-
Ta. MNepBbil ypanbckui By3 [neb MaBaosmy BO3r1aBAsA € 1960 Mo 1981 . 3TOT NEPUOZ, B UCTOPUM By3a C/egyeT 060CHOBaHHO
Ha3BaTb «CaKoBLLEBCKMM». TOPHbIN MHCTUTYT B 3TW roAbl MONYUYMA Takoe MacluTabHoe 1 BCeCTOPOHHEE pa3BUTUE, KAKOro He
6b1/10 HM J,0 3TOrO, HU MHOIO MNo3Xe. Besvk 6bin 1 aBTopUTeT [Neba MaBnoBuya y BnacTen obaacty, ropoga Uy Koaner-pek-
TOPOB CBEPA/IOBCKMX BY30B; OH Obl/1 pPEKTOPOM PekTOPOB, BO3r/1aB/isis B TeueHne MHorux ieT CoBeT pekTopo CBeps/10BCKOM
obnactu. ViIMeHHO B 3TW roabl 6aarogaps ero ycuamam bbia cAenaH NnpucTpon K TpeTbeMy y4ebHOMY 34aHMI0, MOCTPOEHbI
6a3a yyebHo-MeToAMYECKON NPaKTUKKM B MocC. BepxHsisi CbicepTb, YeTBepToe yyebHoe 34aHue, [lom cnopTa, 4Ba MHOrO3Tax-
HbIX XXWJIbIX lOMa — BCETO He Nepeyncnilb. «[neb-cTpontenb» — Tak ero yBaxuTebHO BeAUYaAN.

Mneb MaBnoBMY yMep HEOXMAAHHO 24 siHBaps 1985 . [pob ¢ ero Tesnom A5 npoLaHus Obln yCTaHOBEH B aKTOBOM 3asie
nepBoro y4yebHoro koprnyca. Y nogHoxums rpoba cpean BEHKOB M LLBETOB Ha aT/1aCHbIX MOAyLUeYKaxX KPAacHOro LBeTa exan
ero Harpagbl — opzeHa JleHuHa, Tpygosoro KpacHoro 3HameHu, «3Hak MoueTa» 1 «LLlaxTepckas cnaBax». MNpouaHue 6b110
MHOTO/IOAHBIM, BCE MCKPEHHE COXaJe/Iv O MOCTULLEN UX yTpaTe.

Cpeav noyTu ByX AeCATKOB PEKTOPOB 1 ANPEKTOPOB MHCTUTYTA fesaTebHoCTb CakoBLEBa CONOCTaBMMa TObKO C Aesi-
TenbHocTbto MeTpa MeTpoBuya doH BermapHa (1879-1935).

KadeppanbHas cTpykTypa dakynbTeTa, CIOXKMBLIAACS K 1957 I, 0OCTaBaaCb HEM3MEHHOW 23 roga, noka B 1980 r. 13 Ka-
deapbl pysHon reodursmkm He Bbigennan kadespy sgepHor reodusmkm, kotopyto Bosrnasua I C. BosxeHnkos. 3Ta cTpyk-
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TypHasi nepecTpoika bbin1a 06yc/10BeHa 3HAUMTEIbHBIM Pa3BUTUEM A4epPHON reodUsnKK; ABYM HanpaB/i€HUAM — PYAHOM U1
SAePHOM reoPpusnKM — CTa0 MO MHOTUM NMPUYMHAM «TECHO» B paMKax O4HOM Kadeapbl KaK ABYM MeABeAAM B 0gHoW bepno-
re. Kaxgon kadespe Hy>xxHa bbl1a cBoboga. M obe ee nonyunam ¢ nonb3on Anst 06010AHOIrO 1 OYeHb NA0L0TBOPHOrO pa3Bu-
Tns. Tak, kadegpa cneymasbHbIX METOAOB Pa3BeKM CHOBA 06pena caMoCTOATE/IbHOCTb, HO YXKe MOZA APYrMM Ha3BaHWEM U Ha
KayeCTBEHHO 3HauYnTe/IbHO bolee BbICOKOM YPOBHE.

Kadeapy obuielt reodpmsmnkm Toraa xxe nepeMmMeHoBanv B kabeapy CTPYKTYpHOM reodmsnKn 1 reokapTUpoBaHus, no-
CKOJIbKY B HAayYHOM, @ C/1e,0BaTe/IbHO, U B y4eOHOM OTHOLLEHUSIX COTPYAHMKN Kadeapbl CTaan 3aHUMATbCS pa3BUTMEM METO-
A0B KOMMNEKCHbIX reopU3NYeCcKUX UCCAeA0BaHUM AN PELLeHNs CTPYKTYPHO-KapTMPOBOYHbIX 3aay. CnycTs AecsiTb JeT Ka-
depnpe panv bonee KOpoTKOe HasblBaHWE —Kadpepa CTPYKTYPHOM reopusnku. 3Ty kadepy B pa3/iMuHble roAbl BO3rAaBaAsAN
aouenTbl . N. TpuHkesuy u I. . lemeHTbeB 1 npodeccop B. H. BoHaapes. 3BaHne npodeccopa 1 aTTecTaT npodeccopa B
sHBape 1993 I. 51 MOJIy4n/I UMEHHO Mo 3ToM Kadegpe.

Mocne MiBaHoBa 1 Apolua ZeKaHCKyo «1aMKy» TaHyau MpuHkeBny (1957-1961), B. B. lopodees (1961-1964), Monskos
(1964—1967), A. A. Pe03yboB (1967-1970, 1980-1986), Bo3xeHnkoB (1970-1976), . A. lemeHTbeB (1976-1980), C. C. CbickoB
(1986—1995) 1 MO 0gHOKYPCHWMK B. A. CepkoB (1995—2000).

CepkoB CTan NocneHNM ekaHOM B UCTOPUM pakyabTeTa. [10 BeNeHNIO BpeMeHW OH B OT/IMYME OT ero npe/LecTBeH-
HMKOB Obl/1 HE HA3HAYEH Ha 3Ty JO/KHOCTb, @ M36paH KoHbEpeHL el KONIEKTUBA COTPYAHNKOB dakysibTeTa. KOHKypeHTOM
CepkoBa Ha Bblbopax, KOTopble MPOXOAN/IN B KOHdepeHL-3a/1e TpeTbero yyebHoro 3aaHus, bbin npodeccop boHgapes. O6-
CyXAeHWe KaHANAATOB U X NPOrpPaMM Bbls10 MPOAOKUTENBHBIM M SMOLMOHA/BHBIM, MOCKO/IbKY U MEHTaNbHOCTb, U HAay4HO-
nejarornyeckme «Beca» Kaxzoro us Hux 6b11m cylecTBeHHO pasinyHbiMu. Ho geseraTbl OTAaM NpesnodTeHne He XeCTKOo-
MY M MHOTFOOMbITHOMY Npodeccopy, a npeAckasyeMoMy 1 ToJlepaHTHOMY AOLeHTY, KOTOPOro HeSBHO NoAAep3Xas U NpUCyTCT-
BOBaBLUMM Ha cobpaHum pekTop U. B. [lemeHTbeB (1932—-2009). A B 2000 I. TOT e [leMeHTbeB, MPUOPUTETLI KOTOPOrO K 3TOMY
BPeMeHW N3MeHUnCb, oTnpasui CepkoBa B OTCTaBKY.

CouManbHO-NOANTUYECKME N SKOHOMMYecKkMe pedOopMbl, HaUaBLLIMECs B CTPaHe B 1990 T., APaMaTM3NpOBasIn U NPOAO/I-
XaloT APaMaTU3NPOBaTb COCTOSIHME BbICLIEN LUKO/Ibl, BbIHYX/asi ee Npucnocabamnsatbcs K CkAaAblBalowmmcs obcTosTeb-
cTBaM. B 1991-1995 IT. CyLLeCTBEHHO YMEHbLUIW/ICS KOHKYPC Cpeaun abuTypreHTOB, MPOM30LLIO COKpPaLLeHMe naaHa npuema
Ha MepBbIV KYpC, Pe3KO ynas CnpocC Ha MHXeHepoB-reodusnkos. Mo3TomMy B MOHE 1995 . YYeHbI COBET reopusnyeckoro
dakynbTeTa NpUHAA pelleHne o npeobpasoBaHun kadeap pyAHON (Ha3biBaBLUENCA K 3TOMY BpeMeHu Kadepolt pysHOM U
NpOMbIC/10BOM reodusnkn) n aaepHor reodumsnkn. Ha 6ase stux kadbesp 66111 co3gaHbl kadespa NpUkAazHOM reoPpusmkm n
kadespa reoMHPOpPMaTUKK.

Ha kadegpe npuknagHon reodpunsmkn, 3aBegoBaTtb KoTopoi ctan npodeccop W. I CKOBOPOAHMKOB, FOTOBUIN MHXKEHE-
poB Mo cneuunanmsaumnsam: «reobursnyeckmne NcciesoBaHUs CKBaXMH» U «HAaepHo-reopusmyeckme metogbi». Kadpeapy reo-
nHdopmaTMku Bornasua AoueHT B. B. Mucelkuid. Ee BbiNyCKHUKYM crielManmM3npoBanmnck B 061acTv npumMeHeHns reonHgop-
MaLMOHHBIX CUCTEM B Pa3BeA04YHON reopusmke 1 cucTem perncrpaumm n obpaboTtkun reopusmyeckon nHdopmaumm. Cnycrs
yeTblpe roAa Ha 3Ton kadespe bblsa OTKpPbITa MOAFOTOBKA MO creunanmsaymmn «MHPopmMaLMoHHbIe CUCTEMBI B TEXHUKE U
TEXHONOMUSAXY.

v

3 MHOTMX cneunanbHOCTEN 1 cneumMannsaLmi, KyJbTUBMPOBABLLMXCSA B pa3Hoe BpeMs Ha kadezpe reopmsmnkm u Ha re-
odu3nyeckom dakysbTeTe, OJHa COXpaHMIaCh C MOC/EBOEHHOrO BpeMeHM — 3TO cneunanmnsaumns «feodusmueckne nccne-
ZL0BaHUS CKBaXWH». Ee 0CHOBOMO0XHUKOM 1 opraHmsaTtopoM B CI'M 6611 AHaToamii KoHCTaHTMHOBMY KO3bIpUH — Ye/l0BEK,
6e3yc/10BHO, slereHgapHbIv. O Takux Mtogsx, kak KosblpyH, MPUHATO FOBOPUTb, YTO OH caenas cebs cam.

OH — KOpeHHOW ypasiel, poanacs HakaHyHe Besmkol OKTSOPbCKON COLMANINCTMYECKON PeBOIOLUM 20 OKTAGPA 1917
r. B nocesike PeBanHckoro 3aBoga Mepmckoli rybepHum B ceMbe ropHOro AecsTHUKa, paboTasLuero Ha YHepHOMCTOUMHCKMNX
MNaTUHOBbBIX MPUMCKAX; MaTb, MELLL@HKa MO NMPOUCXOXAEHWMIO, Oblaa yunTeIbHULLEN.

XKunsHb cembyn Ko3bipuHbix bblia noxoxa Ha XM3Hb cemMelt BoeHHbIx. OTLLa YacTo NepeBOAUIN C OAHOIO FOPHOro Mpej-
npuaTus Ha gpyroe. CMEHUB HECKO/bKO LWKOJ1, AHATO/IUI NOJTYYUA NMONHOE cpesHee obpasoBaHme B 1936 T. B lKoe NQ 1B T.
Kywse, rae oTew, B To BpeMsi paboTas Haya/ibHUKOM NpoMbiBabHOM Gpabpukum Ha fopobnarogatckom pyaHuke. LLikona 6bina
3aKOHYeHa C aTTecTaToM |-/ cTeneHw, T. e. C OTANYMEM, U MO 3aKOHY TOro BpeMeHU AHaTOAWIM MOMy4u NPaBo NOCTynaTh B
noboli By3 6e3 BCTYNUTEIbHBIX UCMbITaHWI. Bbibpan oH dusmKo-maTemaTueckunii pakynsteT YpanbCkoro rocysapCTBEHHOMO
YHUBepPCUTETA, MOCKO/IbKY Y Hero bbl1a CKJIOHHOCTb K TOYHbIM HayKaM.

Bce ak3ameHbl 3a nepBbin Kypc 6bl/1M CaHbl UM Ha «OT/IMYHO», U AUPEKLUSA YHUBEPCUTETA MPEMUPOBAIA PauynUTesIbHO-
ro CTyAEeHTa rpamoTol. Tak bbl yCMeLwHo, BepOSTHO, U Aa/iblie MOrAa NPOAOIXKUTLCS XU3Hb AHATOIUS, ec/n Bbl OH He «3a-
6osen» HeboMm. «Yyack Ha lI-Ill kypcax yHMBepcUTeTa, — BCMOMUHAA OH, — f OKOHYM KYypPCbl JIETYMKOB-HabatogaTenel npu
obnactHom aspokiybe..., cAaB Teoputo v nonetbl kommccumn HKO (HapkomaT o6opoHsbl. — B. @.) Ha «xopoluox». Kpome Toro,
Mosly4mns 3BaHWe napawtoTmcta ll-i ctyneHms.

Mpu Takow yBae4yeHHOCTH aBuaumelt yyeba bbina, ectecTBeHHO, 3abpolleHa 1, Kak cleiCcTBMe 3TOro, YCnewHoro aeT-
Haba 1 napawtoTumcTa Ha lll kypce oTUMCANMAM U3 yHUBEpCUTETa. 3UMY 1939 I. OH, BepHyBLMCb B KyluBy, npopaboTan BmecTe
C MaTepblo Ha Kypcax MacTepoB COLMANNCTMYECKOro TpyAa npy MopobnarogaTckom pyAoynpaBaeHUn: MaTb npenogasana
NCTOPWUIO, CbiH — GU3MKY U MaTEMATHKY. A OCeHblo AHATO/IUIM ONSATL CTas YUUTBCS, HO HE B YHUBEPCUTETE, FAe Tak «M10Xo» C
HUM obowunce, a Ha |l kypce reosoropassegoyHoro pakynsteta B CBEpA/IOBCKOM FOPHOM MHCTUTYTe. BoiHa npepsana ero
yyeby. Ha lll kypc B CI'V OH BEpHYACA TO/IbKO B 1945 T.

CBOIO BOEHHO-(POHTOBYIO XMN3Hb OH OMKMCas KOPOTKO U CAePXaHHO NPocTo B aBTobuorpadun, AaTmposas ee npesno-
CNeAHUM AHeM 1947 T.: «[Tocae okoHuaHus Ill kypca 8 ceHmabpe 1941 2. 6bin npu3ssaH C8epda08CKUM 20pBOEHKOMAMOM 8 PsObl
PKKA u HanpasneH 8 80eHHO-8030yWHy WKoy 8 2. Yy, 20e npoxodun caymby 8 donmHocmu kypcaHma. 1o pacgopmupo-
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BAHUU WKO/bI YHUACA 8 BOEHHO-UHMWEHEPHOM y4duauwje 8 2. 3aamoycme.
Yyunuwe okoHYun B8 1942 2. U bblA HANPABaeH 8 38aHUU selmeHaHMa
UHMCeHepHbIX BOUCK 8 7-U B8030ywHO-0ecaHMHbIU kopnyc, 2de npoxodusn
cnywby 8 donmHocMu komaHoupa canepHo-nodpbiBHO20 83800a omdesb-
Hol pomsl 5-U 6pueadsl. 1o pacgopmuposaHuu nocaedHeld Npukasom no
Kkopnycy 6bin HaNpasaeH Ha AONMHOCMb KOMAHOUPA NyNEMEMHO20 B8380-
da 8 5-U nosk 2-U MBapdelickol cmpenkoso-napawomHol dususuu. B 60sx
nod Cm. Pyccol 28-20 pespans 1943 2. A 6bin paHeH epaHamol 8 6edpo
npasoli Hoau. /legas Ho2a b6biNa ... OMMOPONEHA, NOKA 5 NeNCAN HA CHezy U
8 N0/IEBOM 20CNUMANE, MHE aMNymuposanu obe Hoau. 3aKOHYUB feyeHue
8 2. TawkeHme, 51 b6bin ysBe3eH mamepbio Ha [opobaazodamckull pyoHUK,
2de cnycms Hekomopoe 8pemsa cman pabomams Cm. KOANEKMOPOM 8 2€0-
nozopazsedoyHol napmuu mpecma Ypanzopmempassedka. 3umoll 1945 .
A 80306H08UA y4eby Ha lll kypce 8 20pHOM UHCMUMYMe, KaK U paHbllie Ha
kagedpe eeogpusuku» [6].

BoliHa, xecToKo HagpyraBLIascs Haj TesI0M AHATOIUS, He paspyLunia
€ro ZlyXOBHO-HPABCTBEHHOM CYLLHOCTH, HEe C/IOMM/IA €r0 BOJIO K XXN3HW, He
cAenana MM3aHTPOMOM, a YC/IOBUSi COBETCKOMN AeMCTBUTENbHOCTU CMOCo6-
CTBOBA/IN PACKPbITUIO €0 YHUKAIbHOMO MHTE/INIEKTYa/IbHO NOTEHLMANA.

JleMobunn30BaHHbIM CTyZeHTaM, 0CODEHHO WHBa/MAaM BOWHbI, B
WHCTUTYTE C 1944 T. ObINN CO34aHbI MPeKPACHbIe Mo TOMY BpeMeHU 6bITo-
Bble YC/IOBUS: UX CEIUIN B YYLLMX KOMHATaxX obWwexmnTuns Ha ya. Manbl-
WweBa, AN HUX OblNa OTAENbHAsA CTO10Bas, CHAbXeHL bl pe3epBUpoBasM
MM MPOMTOBapbI U MaHydakTypy, B bubanoteke obcayxmsanm BHe oye-
peau, OT/IMYHMNKM y4ebbl, B TOM yncsie n AHaTonnin KOHCTaHTUHOBMY, Mo-
Nly4anu ctuneHaunto nmenmn Tosapuia Ctaavna [7].

Ho He Tonbko xnebom eauHbIM xuB yenoBek. OcobeHHO yenoBek

KpeaTuBHbIN. 3a TpU roga y4ebbl cTyaeHT KO3bIpMH Hanmnca HeCKOIbKO He-
60/1bLNX pedepaTuBHbIX paboT no reodusnke, MaTeMaTrKe, pa3BeJoYHOMY Aeny; Ha ABYX MOCAeAHMX Kypcax npodeccop
[oN0BLbIH eMy «BEeCbMa COAEMNCTBOBA/I» B U3YYEHUM SNEKTPUYECKOro KapoTaxa 1, Kak OKa3anoch, 3Ta 0bnactb reopusmnkm
CTa/fla OCHOBHOW B Hay4YHOW feATenbHOCTU AHaToNnA KOHCTaHTMHOBMYA. B 1947 . OH 3alUUTUA AWUNNOMHBIV NPOEKT Ha TEMY:
«KapoTax ckBaxuH BynaHalickoro MectopoxaeHus», B KOTOPOM BrepBble MM Hbl1a CAeslaHa NomnbITKa UCCAeA0BaTh aHaIMU-
TUYECKM BOMPOC O KAPTUPOBAHUM B YTrO/IbHbIX CKBAXMHAX MIACTOB BbICOKOro conpoTusaeHus. MpoekT KosbipruHa noaoxmn
Hayaso CUCTeMATMYECKOro Pa3BUTUSA Ha Ypasie KapoTaxa CKBaXUWH. YaeHbl focyaapCcTBeHHOM 3K3aMeHaLMOHHON KOMUCCUN
BbICOKO OL|€HWN/IN €r0 pe3y/ibTaTbl, 0 KOTOPbIX OH A0/10XWA B reodurnyeckom otgene FopHO-reonornyeckoro MHCTUTyTa YOA-
Ha, a mecTom ero paboTbl cTan Hay4YHO-UCCAe0BaTeNbCKMI cekTop alma mater.

Takum 06pasom, B 1947 I. KO3bIPUH CTYNWA Ha e4MHCTBEHHYIO YrOTOBaHHYO eMy gopory. OH ee He Bbibupa. Ero Ha 3Ty
Aopory noctasus FonoBLbiH. Ho Ko3bIpyUH MHTYUTUBHO MOHSJ, YTO 3Ta ,OPOra He 3aBeAET ero B TynuK. M ecin nepBoHayasbHo,

CmydeHm A. K. KosbipuH.

lMpogpeccop A. K. KosbipuH.
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Memoduyeckasi npakmuka 8 noc. BepxHsisi Cbicepmsb. Criega Harpago: emopol — U. . CkosopodHukos, mpemuti — A. K. Ko3bIpuH.

06pasHoO roBops, ero nepeABMXeHNEe «Ha OAHOM MPOTe3e C MOMOLLbIO KOCTbISA U Masoukm» Obl10 «OrpaHUYeHO COCTOSIHUEM
AOPOrY N PAcCTOSIHUEM», TO CO BPeMeHeM 3T dusmnyeckmne TPyAHOCTU CTaam 0bbIAEHHOCTBIO, BbITOBbIM «POHOMY, 060UNHOM
MPsSIMOro, Kak cTpena, wocce. «C MoMOLL b0 KOCTbI/IA U MaNoUKM» OH ABUraCcs No HeMy BbiCTpee 1 yCreLlHee, YeM VHble Ha aBTo-
mMobusie: B 1950 I., pa3BuBasi nzeun, CpopMyIMpoBaHHbIe eLle B AUMNJIOMHOM NPOEKTE, OH 3aLMTW KaHAMAATCKYIO AMccepTaLmio
Ha TeMy: «DN1eKTpUYeCKMI KapoTax Ha MeCTOPOXAEHMAX UCKOMaeMbIX yr/iel BOCTOYHOroO CK/0Ha Ypanay; cBoe NATUAecaTU-
/leTe OH O3HAMEHOBA/ 3aLWMTOM JOKTOPCKOM AuccepTauum: «MeToZ 31eKTPUYECKON KOPPENsiLum nNpy NomMckax 1 passeske
PYAHbBIX MECTOPOXZAEHWIM», B KOTOPOM OH U3/10WU CyTb, OCHOBbI, METOAMKY U Pe3ybTaThl BaXHeWLLero MeTosa kapoTaxa [8].

3HauMMOoCTb cAenaHHoro KosbIpuHbIM Tak BesIMKa, YTO CNocobCcTBOBa/Ia BO3HUKHOBEHMWIO HOBOIrO Hay4YHOrO HampasJie-
HUS B pa3Be04HOM reodpmsnkm, kotopoe AHaTonn KOHCTaHTUHOBKUY Ha3BaA ckBaXCUHHOU 2eogusukoli. HayuHble HoBaL UK
MpUBENIN 1 K pacLUMPEHMIO NMPOorpaMmbl 06y4eHUs MHXeHepoB-reopusmnkoBs, B KOTOpo baarogaps AesaTenbHoOCcTH npodecco-
poB Ko3biprHa 1 CakoBLieBa NosiBUaCh crelmanmsaums «freopmsmnyeckme NCCaes0BaHNA CKBAXKMUHY.

Mocse 3aWmThl AOKTOPCKON AnccepTaumnm AHaTonnn KoHCTaHTUHOBMY npopaboTan ele TpUALATb TPU ro4a, pa3suBas
TEOPUIO Y METOAMKM METOA0B CKBAXKWMHHOMN 3/1eKTPOpa3BeAKM, CO3Aas HaYUHYIO LLKOJY, CTas 3aC/TyXXKEHHbIM AesaTenem HayKu
n TexHunke PO, 6bin HarpaxgeH opaeHamu Tpygosoro KpacHoro 3HameHu n OTevecTBEHHOM BOWMHbI | cTeneHn, Meaansimm
CCCP 1 Be4OMCTBEHHbBIMW 3HaKaMUW OT/INYMS U OCTaBM HaBek O cebe HBrarogapHyto NamMsaTV B yMax U CepALLax Koer, yye-
HMKOB M CTY/,EHTOB.

\

Ha py6exe TbicsueneTui, B 2000 I., B UCTOPUM ABYX HaKy/IbTETOB — re010rM4eckoro u reopmsnyeckoro — NnpomsoLLsio
HeopauHapHoe cobbiTue. CnycTs 49 €T NOCAe UX CAMOCTOSTEIbHOrO QYHKLMOHMPOBAHUS OHWM Bblan 0bbeAnHEHbI, HO He
B paKy/bTeT, Kak NpexJe, a B UHCTUTYT, NMOAyYMBLUMI Ha3BaHue NHCTUTYT reosorum u reodusmkm (MMl B coctase Ypasnb-
CKOW FOoCyAapCTBEHHOW FOPHO-reosiornyeckon akagemum (YITTA). Takon cTpyKTypbl B By3e elue He 6b110. HoBM3Ha ee Obina
B 4eM-TO 3aBopaxuBatoLlen. [loaTomy, Korga pelweHne o6 obbegrHeHNN GaKyNbTETOB B MHCTUTYT YTBEPXAa/10Ch Ha 3ace-
ZaHum YyeHoro coseTa YITTA, To ekaH ropHo-mMexaHuyeckoro dpakyabreta npodeccop B. 3. Ko3nH ¢ HEKOTOPOW 3aBUCTbIO
BOCKMKHYA: «[ToyeMy Ham He NpuLaa nAes co3aTh Ha HaleMm dakysibTeTe MHCTUTYT»! Ho, cka3aB SMOLIMOHANbHO «a», OH
moyeMmy-TO Mo3x)e He 3ax0oTes ckasaTb «b» 1 He opraHn3oBan Ha b6a3e cBoero daky/bTeTa MHCTUTYT.

AvpekTopom UlMla Bbln HazHaueH He OAWH U3 UAE0I0TOB M MHWULMATOPOB ero opranusauun A. . Tananai, a npodeccop-
reonor B. B. BabeHko. Mo 3ambicty opraHusaTopos, IMul™ go/mkeH 6ba cnocobcTBoBaTh «onTUMM3aL MM cTpykTypbl YITTA ans
CO3/,aHNsA YCI0BUI Nepexosa K CUCTEME MOAFOTOBKM CMeLnasuCcToB Ha OCHOBE Hay4yHOo-06pa3oBaTesbHbIX LeHTpoB» (HOLL).
Mo3ToMy MpPOrHO3MpoBanoch, YTo MIHCTUTYTy ByaeT okasaHa bosbluas noaAepxka U OH BOMAET B LUMPOKYIO KOOMEpaLuto
C Hay4YHO-UCCNeA0BATENIbCKMMU UHCTUTYTaMU U MPOU3BOACTBEHHBIMW reopusnyeckumm opraHmnsaumnsamm. Kpacnso ogpop-
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MJIEHHbIe Cnncky napTHepoB UMilMa 4o cMx Nop BUCAT Ha CTEHEe PSAOM C MapajHOM NeCTHULLEN B TpeTbeM yuyebHOM 34aHUN
yHMBepcUTeTa.

Yepes gecatb neT UMM, He onpaBAaB oXuAaHUM, KOTOPbIE HA HEro BO3/1arasnch, Hbl1 MOHUXEH B CTATyCe U peopra-
HM30BaH B pakynbTeT reosiorun u reopusmkn (Oul), cocToawmi ns TpUHaZLATH Kad>ep,p Ha aByx kadeapax dakysnbreTa
roToBAT 6akasaBpoOB, MarMCTPOB M acNMPaHTOB: Ha Kadeape reodpmsmku, pyKOBop,MMOM npodeccopom Tananaem, no cre-
unanbHocTAM «eoduranyeckne MeTozbl MOMCKOB U Pa3BeAKN MECTOPOXAEHMI MOJIE3HBIX MCKOMAeMBbIX» 1 «Feo¢m3mqecme
MeTOZbl UCCIeZl0BaHMA CKBaXUWH»; Ha Kadeape reodursnkm HedpTM 1 rasa, KoTopon 3aBeayeT npodeccop B. H. BoHgapes, no
cneymnanbHocTH «feodursmyeckme METOAbI MOMCKOB M Pa3BeAKN MECTOPOXAEHWI MOE3HbIX MCKOMAEMbIX» CO CeLManm3aLm-
el «CelicmMopasBegKay.

C 1929 r. kadegpamu reodpursnkun 66110 NOATOTOBNEHO OKOIO 6 ThICAY MHXeHepoB-reopunsnkos, HakasaBpoB 1 mMaru-
CTPOB Pas/IMYHbIX CMeLnanbHOCTEN HE TObKO A1 HALLEeN CTPaHbl, HO U A8 CTPaH HapOAHOMN AeMoKpaTuu: boarapuw, BeH-
rpuu, Monbwu, PymbiHum, Yexocnosakum, Knutas u MoHrosmu. Nostomy MOXHO NOABECTU HEKOTOPbIN CTaTUCTUYECKUIA UTOT
AeATeNbHOCTI YPasibCKON reopnsnyeckom WKobI.

Cpegau ee BbINMYyCKHUKOB MATb s1aypeaTtoB JIeHMHCKOW npemun, oguH Fepon Coumannctuyeckoro Tpyaa, AeBATHaALATb
naypeatos [ocysapcteeHHom npemun CCCP 1 YCCP u npemun MpaBuTenbctsa PO, ueTbipHagLaTe NepBOOTKPbIBaTENEN Me-
CTOPOXAEHMUI, 0KOJ10 80 JOKTOPOB Hayk; NATHAALATb BbIMYCKHUKOB CO34aaMN CBOM LIKO/bI-Kadeapbl B Apyrux By3ax: [. C.
Mwukos — B Tomckom noantexHmnyeckom, K. H. AHcumos un I C. Baxpomees (1934—2000) — B VIpKyTCKOM MOIMTEXHNYECKOM
nHctutyTe, A. . Bynmacos (1910-1980) — B VpkyTckom yHuBepcuTeTe 1 B VIBaHO-DpaHKOBCKOM MHCTUTYTE HepTU U rasa,
A. A.HenomHsAwwmx — B Kazaxckom noamtexHmyeckom, A. I'. KapeanH (1911-1972) — B TaluKeHTCKOM NONNTEXHNUYECKOM UHCTH-
TyTe, W. J1. Hukonbckuin — B [loHeL,kom nonntexHuyeckom, B. H. TonoBubiH — B Knesckom yHuepcuteTe, A. A. FOHbKOB — B
[JHenponetposckom ropHom, C. . BocaHuyk — B /IbBOBCKOM NOAUTEXHNYECKOM UHCTUTYTE, B. . MpuTumH (1936-1996) — B
HoBouepkacckom noantexHuyeckom, E. M. KBaTkoBckni — B JleHUHIrpaACKOM FrOPHOM MHCTUTYTe, B. MiBaHoBa n T. [lobpes — B
CopUNIMNCKOM rOpPHO-reoI0rMUeCcKOM MHCTUTYTE; 6O/bLIAs YacTb COTPYAHMKOB MHCTUTYTa reodumsmnkmn YpO PAH — 370 Bbinyck-
HUKWN reodmnsnyeckoro pakynbrera.

A CKO/IbKO BbIMYCKHMKOB-reodU3MKOB CTas0 KPYMHbIMU OpraHM3aTopamMum reosoro-reodrsnyeckoro npomnsBoACTBa, py-
KOBOAWUTENAMWN aKaZeMUYeCKnX, HayYHO-NCCNe0BaTeNbCKUX U NMPOEKTHbIX MHCTUTYTOB, aAMUHUCTPATOPaMM Pas/IUYHbIX
ypoBHeli. Bo BTopoM nsgaHum ceoero 6morpaduryeckoro cnpaBovHmKa «Ypasibckas reopusmnyeckas WKoaa» g npuBen ceese-
HUS 0 317 UMEHWUTbIX BbIMYCKHMKaX [9]. W 3TOT cnncok ganeko He NoHbIN

MouTK 260 NIeT TOMY Ha3az, a ToYHee 257, PpaHLy3ckuii abbaT 1 acTpoHoMm, YneH Mapuxckor n Poccuiickor akageMuin
Hayk XKaH Lann a4’ OTpou, «He go6poxoT Poccum», kak ero cnpaBeAsIMBO oxapakTepusosan M. B. J/lTomoHocoB (1711-1765),
BbINO/IHMB B EkaTepuHbypre nepeoe Hemygpsilee reodpuranyeckoe UCCie0BaHME, 330X, He Begas 06 3ToM, NepBbIN Ka-
MeHb B PYHAAMEHT 3aHUNS ypanbCckon reodusmkn. MNocie 3Toro cobbiTUs CTO WECTbAECAT IeT OHa HAaXOAW1ach B SMbpwmo-
HaJIbHOM COCTOSIHUM, MOKa B 1920-X I'T. [eTp KoHcTaHTMHOBMY Cob0oneBCKMIM He 3aan CTpaTermiyeckumin BEKTOp ee pasBuTus.
W cnycTsi nonBeka ypanbckas reopusnka 4oCTUIIa CBOEro pacliBeTa. ITOT Nepuoj NpoA0/IXKaACH HeA0Ar0, OKOI0 ABajLaTH
net. CouymanbHO-NOAUTUYECKME COBbITUSA, paspyLmBLUME BeanKyto cTpaHy CoBeTckui Coto3, CTanun AecTpyKTUBHBIMU U AS
reopusmnku. Yto xaet ee Bnepean? Nagatb He byay. 3arag, kak roBopuTcs, He 6biBaeT boraT. Besikve nporHossl, npesckasa-
HUS 1 MpopoYecTBa — Ae/10 IykaBoe 1 HebnarogapHoe, Kak rajaHne Ha kopenHow ryue. MoaTomy Nogoxay C MPOrHO3aMu.
Moxwnsem — yBUANM.
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YBarkaemble aBTopbi!

Kypnan «Mspectus YITY» ny6mukyeT pesynbraThl HAyYHBIX MICCTETOBAaHUIT POCCUIICKMX M 3apyOeXXHBIX aBTOPOB Ha pyc-
CKOM M/IM aHITIMIICKOM SI3bIKaX.
K paccMOTpeHNo IPMHIMAIOTCS PYKOIIICH, CHAOXKEHHBIE CIeAYOMINMY HeOOXOAMMBIMYL KOMIIOHEHTAMIL.

1. TeKcT CTaTb¥ Ha PYCCKOM M/TM AHTTTMIICKOM A3bIKe (1160 IBYA3bIYHDIIT) B 9T€KTPOHHOM Bujie. CTaTbil IPUHUMAIOTCS
Ha 97IeKTPOHHYIO IOUTY pefakuuu: iuggu-journal@yandex.ru mu6o mpy oMoy sTeKTPOHHON pefaKIyy Ha cainTe juggu.ru.
He momryckaeTcs HampaBieHNe B peaKIIMIO CTaTell, yKe MyOMMKOBaBIINXCSA WM HOCTaHHBIX Ha ITyOIMKaLMIo B IPYTHe XypHa-
no1. Heo6xopumo ykaseiBaTh Homep YK,

2. AHHOTAIMA U KnroYeBble cnoBa. O6beM aHHOTALMM SO/KEH cOCTaBIATh 200-250 C/10B, KIII0YEBBIX C/IOB JO/KHO OBITH
He MeHee 5. [Io aHHOTaI[UM YUTaTeNb JO/KEH OLpPeNeNTh, CTOUT /I 0OPAIaThCA K MOMTHOMY TeKCTY CTAaTbhM IJLA HOMy4eHNs
6oree mompo6HOIL, MHTepecyomielt ero nHdopmaryu. CTOUT BO3[IEpPXKAThCsI OT BTOPOCTENIEHHOI MHPOPMALUY Y BBIPAKATh
MBIC/IY BO3MOXKHO 607Iee TaKOHIYHO.

B aHHOTAIIN FOMKHBI OBITH Y€TKO IMPONMCAHBL: AKTYaIbHOCTD, IIeTTh PA6OTHI, METOJ MIIV METOOTOTHA NPOBeACHIA
paboThL, pe3ynbraThl padoThI M 001aCTh UX MPUMEHEHN; BBIBOJbI (IIPU HEOOXOXMMOCTH).

TeKCT cTaTby JO/DKEH OBITh CTPYKTYPUPOBAH B COOTBETCTBUY C AHHOTAIIVIEH M COEeP>KaTh KOHKPeTHbIE Pa3/e/bl: BBe-
ieHIe, pe3yIbTaThl M UX NPUMeHeHe, BBIBOAbI (IIpy He0OXOAMMOCTH), 3aKTI0YEHIE.

IlepeBoxm aHHOTAaIMM, KITIOYEBBIX C/IOB ¥ CIIMCKA JIMTEPaTyphl Ha aHITIMICKMIA A3BIK OCYIECTB/AETCA aBTOPAaMM, TOIBKO
€CJ/IV OHU YBepeHbI B KadeCTBe IIepeBOfa, eC/IU JKe HeT — IIepeBOJL OCYIecTB/AeTCA pefakimeil. [lepeBon ¢ TOMOIIbIO 3/1eKTPOH-
HBIX He%eBO,[[‘II/IKOB He TIPYHMMAeTCA. 3

3. CIMCOK TUTepaTypbl Ha PYCCKOM U aHITIMIICKOM A3bIKaX. CChIIKY Ha MICTOYHVIKY JO/DKHBI MTH B TEKCTE IO MOPSIZIKY —
1, 2, 3. B TeKcTe CCBUIKY 3aK/II0YAIOTCA B KBafipaTHbIe CKOOKM. Ko/muecTBO CCUIOK B TEKCTe JO/DKHO COOTBETCTBOBATh KOJIIYe-
CTBY MICTOYHUKOB JIMTepaTypsl B crvicke. Yomunanus TOCT, CHull, npaBus 6e30acHOCTH, HOPMATVBHBIX, 3aKOHOJATEIbHBIX
U IPYTUX JOKYMEHTOB, oTdeToB 0 HIP, a Taxoke cChbUIOK Ha Heo(uIMagbHble HCTOYHUKM B VIHTEpHET HeOOXOAMMO IPUBOLUTD
B TEKCTe CTaThMl WM B CHOCKAaX, He BBIHOCH B CIMCOK nuTeparypbl. O6s13aTeNbHO OTpaXKeHMe B CTaThe MUPOBOTO OIbITA IO
paccMaTpyBaeMOMY BOIIPOCY, CIIMCOK JINTePaTyphl JOIDKEH COAEP)KaTh COBpeMeHHbIe 3apyOeskHble cTaTby (He paHee 2013 roga
uspanys). CIMCOK TMTepaTypsl HO/DKEH COlep>KaTh He MeHee 15 MCTOUHMKOB, M3 KOTOPBIX JO/DKHO ObITH He 60/1ee 2 COOCTBEH-
HbIX paboT aBTOpa. Hajidie B CiMcKe MTEPATypPhl yIEOHMKOB, YIEOHDBIX M METONMYECKIX TIOCOOMI, yKa3aHMil IO KyPCOBOMY
U IMIUIOMHOMY IIPOEKTHPOBAHNIO, KOHCIIEKTOB JICKLNII IJIS1 CTYHeHTOB He JOIyCKaeTCA.

[Ipu odopmnennn crmcka nmureparypst y BCEX my6mukaumii, nmetoux DOI (oco6enHo 9T0 KacaeTcsi MHOCTPAHHbBIX
ny6nukanmit), 3T DOI go/mkHbI 6bITh yKasaHbl (B Bufe rumepccbuiok). Hpumep odopmuenus: 10. Henry D.J., Novak M.,

awthorne EC,, Ertl A,, Dutrow B.L., UKer P, Pezzotta F. Nomenclature of the tourmaline-supergroup minerals // American
Mineralogist, 2011. Vol. 96. P. 895-913. https://doi.org/10.2138/am.2011.3636. Ccblnku JOMXKHBI OBITH paboTatomniye!

4. CBegenns 06 aBropax. Heo6xom1Mo ykas3aTh I KaKJOro aBTOpa Ha PYCCKOM U aHITIMIICKOM sA3bikax OO, pomx-
HOCTb, YYEHYIO CTeIleHb 1 3BaHNUe, MeCTO paboThl (y4eObl) ¢ ykasaHMeM IIOTHOTO [IOYTOBOTO afpeca, KOHTAKTHBII e-mail, KoH-
takTHbII TetedoH, Homep ORCID ID (akkaynT ORCID 06s13aTe/IbHO HO/DKEH COfiepxKaTh MH(POPMALINIO 0 MecTe paboThl aBTOpa
i aKTg’aTII/I?;I/IpOBaHHbIﬁ HepedeHb MyOIMKaIuit).

. OKCIepTHOE 3aKII0YEHNE O BO3SMOKHOCTH ONyOMMKOBaHMA. B ckaHNPOBaHHOM WM pacIe4aTaHHOM BIUJE.

6. Cornmacue Ha 00pabOTKy HepCOHAIBHBIX JAHHBIX. MOXXHO KaK IIPUCIaTh B CKAHMPOBAHHOM BIJE, TaK U IPUHECTU B

pemakiyio. braHK MOXKHO B3STb B peaKIVIN.

ITnara 3a my©/IMKALVIO C aBTOPOB HAYYHO-TEXHNYECKIX CTaTell, BK/II0Yas aCIIMPAHTOB, B IIOPAZKe 001IIeit odepeayt He B3YMAETCsL.

O(BOPM}ICHI/IC crareit

1. Pepaxtop Microsoft Word, rapuntypa Minion Pro. ITons ]:[OII_<I}7M6HTa: neBoe 2 cM, octanbHble — 1,5 cm. Kernb 10, ogunap-
HBII MHTepBalL. A63anHbi orctyn 0,63. CTpaHunsl HymepyoTcsa. He nomyckaroTcsa npo6ensl Mexxay ab3amamin.

2. B TeKcTe [OIYCKAIOTCS TOMBKO OOIENMpUHsATbIE COKpalljeHNst CJIOB. Bce coKpalljeHIst B TEKCTe, PUCYHKAX, TaOmmiax
IOJDKHBI OBITH paciin(poBaHbL.

3. ®opmyIbl HOMKHBL OBITH HabpaHbI B pegakTope Microsoft Equation 1 mpoHyMepoOBaHBI, €C/IU B TEKCTE IMEIOTCA CChII-
KU Ha Hyx. [Ipy Habope GOpMyn U TeKCTa TaTMHCKYE GYKBBI BBIJIENAIOT KYPCUBOM, @ PYCCKIe, Ipedeckie ¥ HUQpPhI — TPAMBIM
urpudrom. Kernb mpudra B popMymax JomKeH COBIAZIATh C KersieM MpudTa OCHOBHOTO TeKCTa. TpUroHOMeTpiyecKye SHaKu
(sin, cos, tg, arcsin U T. [i.), 3HaKM runepoommdeckux ¢yukumit (sh, ch, th, cth u T. 1), 0603HaveHN A XMMIYECKUX 37eMeHTOB (Al,
Cu, Na 1 T. 1.), HeKOTOpBIe MaTeMaTudeckue TepMuubi (lim, In, arg, grad, const u 1. 7.), uncna win kputepun (Re - Pertnonpaca
U T. [i.), Ha3BaHMs TeMIlepaTypHbIx mkay (°C — rpagycsl Llenbcns 1 T. A.) HAOMPAIOTCS IPSIMBIM HIPUQPTOM.

4. dusnyecKne efUHNLLI IPUBOAATCA B cuctemMe CH.

Ipaduueckmit maTepuan
MICYHKM, KaPTBI, YEPTEXI IIPEFOCTAB/IIOTCS B 9/IEKTPOHHOM 11 OYMa>KHOM BIf€, B [IBETHOM 1/W/IV YepHO-6emoM ncros-
HeHuu. V306paskeHns ZO/DKHBI OBITD Y€TKMMU, KOHTPACTHBIMU. TaO/MIIIbI ¥ CXEMBI JO/DKHBI OBITh IPUTOFHBIMU ISl IPABKIL.
Tabmuubl U CXeMbl, CKAHUPOBAHHbIE KaK U300payKeHNs1, He IPUHUMAIOTCA.

Ha kaprax o0s3arenbHO yKasbiBaeTcst Maciitab. Ha yeprexax, paspesax, KapTax JO/DKHO OBITh OTPKEHO MUHMMAJIbHOE
KO/M4YeCTBO GYKBEHHBIX M IM(POBBIX 0003HAYEHNIT, & MX OOBSICHEHNE — B HOAPICYHOYHBIX HOANNCAX. KcepoKonmu u cKaHm-
poBaHHbIe Kcepokomuu (ororpaduit He IPUHUMAIOTCS. PYCYHKM ¢ HeYMTaeMbIMY WM IVIOXO YMTAeMBIMI HAIUCSIMI, C TIOf-
IIICSIMI «OT PYKI», CIMIIKOM TOHKMMY JIVHUSIMU He IIPUHVMAIOTCAL.

IMogpucyHO4YHas TIOAMUCH JO/DKHA ObITh HabpaHa 8 KerieM, OCHOBHOI TEKCT B Tabuie — 8 KerieM, IIanKa Tabnmisl — 8
Ker7eM. JapHITypa TeKcTa B pUCYHKax 1 Tabmuiiax — Arial, kerns 8.

Bce crarbii IIOA/IEXAT ABOTHOMY C/IELIOMY peLieH3MPOBAHMIO, MHEHIE PeLieH3eHTa BCerfia JOBOAUTCS IO CBEfIeHVsI aBTOPA.
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Cmambil 8 nepuooueckux us0aHusax

Abatyposa . B., [psasnos O. H. VmxeHepHO-reonornyeckye yCaoBysi MECTOPOXK/eHNMIT Ypaa B CKalbHBIX MaccuBax //
W3B. Bysos. [opnbiit >xypHan. 2014. Ne 6. C. 160-168.
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[lamsiTKa AAS1 aBTOPOB

Hay4Hbli1 )kypHa He MO>KeT (VM He JO/DKeH) Pa3BUBAThCA TOMBKO CUIAaMU pefakium. [loaToMy, mperbsBss HoBble Tpebo-
BaHMA K cebe, Mbl IIPEIbABIIAEM UX M K aBTOPAM, KOTOPbIE XOTAT IyO/IMKOBAaThCSA B HAIIIEM >KypHaJIe.

Tpe6oBanusa K 0OPMIEHNIO BBIChITAEMbIX PYKOIMUCEIT MbI TyOIMKyeM Ha HAIlleM CaifTe, a TAK)Ke Ha MOC/IeHell CTaHNIIe
Ka>KJIOTO HOBOTO BBIITYCKa. 37Iech MbI He OyfieM IIOBTOPATH BCE 9TO, MUIIb PACCKaXKeM O HOBOBBEJIEHNAX, KOTOPble HaM IIpefi-
CTaBJIAIOTCSA Hanboyee BayKHBIMIL

Annoranus. Kak Ha pyccKoM, Tak 11 Ha aHITIMIICKOM A3BbIKaX aHHOTAIMMU Ceif9ac IPUHMMAIOTCA TOIBKO PacIIYpeHHbIe — He
MmeHee 200 croB. [lenaeTcs 9TO /1A TOTO, YTOODI YUTATEb (B TOM YUC/Ie MHOCTPAHHBIN) MOT B CYUTaHHbIC MUHY TBI IIOHATD, O 4eM
TaHHAA CTaThbs M IIPENCTAB/IAET /M OHA [/ HETro MHTepec.

Crncoxk nmureparypsl. K coxanennto, my6nukanuy B COBETCKUX XKYPHaIaX TPAAMUIIVIOHHO OTIMYANINUCh OT MHOCTPAHHBIX
MEHBIINM YVCIIOM MICTOYHUKOB. KpoMe TOro, oTedecTBeHHbIE YUeHbIE 3a4aCTYIO He YTPYXK/AIoT cebs M3ydeHNeM NHOCTPaHHBIX
IyOIMKAIMil Ha MHTEPeCYIOLyIo TeMy. Takke 4acThl MCIIONb30BaHMA B KaueCTBE MICTOYHNMKOB PAa3IMYHBIX YUeOHUKOB, METO-
Iudek u Ip. Bce 9TO 3HAUUTENBHO CHIDKAeT ypOBeHb IybnmuKanuit. [I09ToMy MbI B3s/IM 3a IPaBUIO PEKOMEHOBATb aBTOPaM
PaclIMpATH CIIUCOK TUTEPATYPBI K0 10-15 UCTOYHMKOB C 00s13aTeIbHBIM VMCIIONIb30BAHIEM COBPEMEHHBIX 3apyOeKHBIX MyO/I1-
Kanumit. VICK/To4eHys BO3SMOXKHbI, HO OHY JIO/DKHBI ObITh 060CHOBaHHBIMIU.

DOI. ITomMnMo cTaBILETO yyKe IPUBBIYHBIM JI/Is1 aBTOPOB IIPMCBAMBAEMOT0 KaXKjoil cTaThbe HoMepa Y]IK, HaumHasA co BTO-
poro HoMepa 2016 rofa KaXgoit cTaTbe B 00513aTe/IbHOM IOpsifKe pucBanBaeTcst Homep DOL.

DOI (anen. Digital object identifier) — kmaccuukarop undpoBoro o6beKkTa 151 CO3FAHUSA IOCTOSHHBIX IUIIEPCCHITOK,
KOTOPBIE TO3BOJIAIOT COXPAHATh MH(GOPMAIINIO O KOHKPETHOIT CTaThe B ceTH VIHTepHeT, jaXke eC/Ii MU3MEHWIach CTPYKTypa cail-
Ta, IJje 9Ta CTaTbsA M3HAYA/IbHO ObI/Ia COXpaHeHa.

ITpoe roBopst, Homep DOI mo3BossieT HayIHOI CTaTbe TapaHTYPOBAHHO OTKPBIBATHCS M OBITH JOCTYITHO [Is TIOUCKA B
CeTH, YTO COBEPILICHHO HEOOXOAMMO /IS TOTO, YTOOBI CTAThsl MOITIA IIUTHPOBAThCSA C ITIOMOIIbI0 VIHTepHeTa, He 3aTpy/H:AA aBTO-
POB HOMCKaMM ee B OMOIMOTeKaX 1 apX1BaX — CBOETO POjia JaHb COBpeMeHHBIM I T-TexHomorusam.

Pepaxuuert «M3sectnit YITY» 3akmoden gorosop ¢ HekoMMepueckum napTHepcTBoM «HarmoHnanbHblil 9neKTpoHHO-VIH-
¢dbopmarmonnslit KoHcopryM» (HIT HOVIKOH), koTopoe npenoctasisieT B Poccun nocpegHudeckue yCIyri 0 IPUCBOSHUIO
DOI ot perucrpanmontnoro areurcrsa (DOI Registration Agency) CrossRef. 9To camblit cCOBpeMeHHBIN LIeHTP PerucTpaLum
MesxyHapoJHOI OpraHU3aluy JOKYMEHTAIMM, OCHOBHOII 3ajladeli KOTOPOTO AB/IAETCA OpraHM3alsA JOCTYIIA II0b3oBaTeel
K HePBUYHBIM ITyOMMKAIVIAM, COlepXKallyM HayIHBIN KOHTEHT, M COflelICTBME KOJTIEKTMBHOII paboTe U3aTesneli 10 BceMy MUpY.
OTy KOOHEPaTUBHYIO CIIPABOYHYIO CHCTEMY Ceifuac UCIOIb3YIOT OOMBIIMHCTBO HAYYHBIX XXYPHAIOB B MUpE.

DOI o6s13aTenbHO yKas3bIBaeTCs Y UUTUPOBaHuy ctaTbu. B xxypuane «VM3Bectus YITY» DOI ceityac nmpucBanBaeTcs Ka-
XJI0/1 BHOBD BbILIe/Iel cTaThe. Takxke Homep DOI MoxeT 6bITh IPUCBOEH NTI0601T M3 CTaTell, KOTOpble paHee Iy6IMKOBANIUCh
B HallleM )KypHaJle — HO y>Ke He B 00513aTe/IbHOM IOPsJIKe, a 110 JKeTaHUI0 aBTOPOB. [IJIs XKeJTalomuX JOCTaTOYHO Cie/IaTh 3asBKY
B peJaKLIIO.

KauecrBo mepeBoga. Hac He ycTpanBaeT mepeBoy, aHHOTAIWit (1 y>K TeM 6oJiee — cTaTell) ¢ MOMOLIBIO 7IEKTPOHHBIX Ie-
peBomuMKoB. Ec/iut BBI He yBepeHBI B CBOEM IepeBOjie, Tydllle 00paTUTech 3a IOMOIIbI0 B pefakiuio. JIydlie He IPeOCTaBUTh
HJKAKOTO IlepeBofia, YeM IepeBof; HI3KOTo KayecTBa.

KauecTBO prcyHKOB. PUCYHOK JIO/DKEH OCTaBaTbCs KaueCTBEHHBIM Ipu yBenundeHuy. He sabbiBaiiTe 0 TOM, YTO CTaThs
OyneT oIy6IMKOBaHa He TONBKO B OYMa)kHOIL, HO U B 9/IEKTPOHHOI! BEPCHUIL

KagectBo TexcroB. [Ipy paccMOTpeHMM PYKOIIMCH aBTOPUTET M 3aC/IyTH aBTOpa CTATby BO BHYMAaHMe He TIPMHUMAIOTCA —
TOJIbKO Ka4eCTBO IPUCTAHHOTIO TeKCTa. [1J1A 9TOro BBeIeHO ABOJHOE CIeNoe peljeH3MpOBaHMe.

Cienoe peneHsnpoBanme. J[Ba peljeH3eHTa OLleHNBAaIOT KadyeCcTBO CTaTby, He 3Hasd, KTO ee aBTop. B ciydae, ecim peleH-
3€HT y3HaeT aBTOPA, TO PYKOIIMCh ABTOMATHYECKN NIepeflaeTcsl APYTOMY pelleH3eHTY — U3 YMC/Ia 9KCIePTOB, COTPYAHUYAIOIINX
¢ XypHanoM. JlenaeTcs 3TO AJIA TOTO, YTOOBI TMYHbIE OTHOLICHNUS He BIMAMYM Ha Ka4eCTBO PelleH3MI. ABTOp TaKoKe He 3HaeT
CBOETO pelleH3eHTa.

ITomMumo sTOro, IpaBMIa NyOIMKAILMN TeKCTOB IPEAIOJaraloT ux pasHoobpasue. I1oaToMy HegomycTMMa ITyOMMKAIA
ABYX CTaTell OHOTO aBTOPa B OHOM HOMepe >KypHana. To >ke IpaBIIO pacIpOCTpaHAETCA ¥ Ha COCeliHMe HoMepa. Tak MbI
HOJep)KMBaeM pasHoobpasie TeM 1 aBTOPOB, MCK/II0Uas IpeBpallleHNe KypHasla B U3[JaHue, T/ie ITOCTOSHHO MyONIuKyeTcs je-
CATOK OJHUX M TeX XKe aBTOPOB. VICK/TI0ueHne COCTaB/IAI0T CTaTbyl BHE HAYYHBIX Pa3fie/ioB, a TAKXKe CTaTby, IIPOO/KAONIIeCH
13 HOMepa B HoMep. B kayecTBe a/lbTepHATUBbI TyO/IMKAL[UY B HAIlIleM JKypHaJle Mbl MOYKeM HPeJIIOKIUTh aBTOPY OITy6/IMKOBATh-
s B PYTOM XYpHaJle, C KOTOPBIM Y HaC 3aK/TIOYeH JOTOBOP M0 0OMEHY CTaThsAMIL.

Ouepenb. Cpoknu myOnMuKaLuM 3aBUCAT OT KOM4ecTBa (M KadecTBa) CTaTell, IpeloXKeHHbIX pefakuun. Ecim craTeit MHO-
TO, OHJ ITyO/IUKYIOTCSA B IOPSAKE OYePeTHOCTHU, OFHAKO PefJaKLMsA OCTAB/IACT 3a cO60I1 IIPAaBO 1eYaTaTh BHE OUYepeNy Te U3 HIX,
KOTOpBIEe CUNTAET Harbosiee 3SHAUVMBIMIL.

ABTOp JIO/DKEH TaKoKe TOAIICATh COITIacue Ha MCIOIb30BaHMe pefakielt sxypHana "VMssectusa YITY" ero nmepcoHanbHbIX
TaHHBIX.
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Ha o6A03KKe: (pOTO CBATOCAABMTA, MOHOKAMHHOIO MCEBAOPOMONYECKOTO AHAAOTA AHOPTUTA — MMHEPAAA, HAMAEHHOTO B
ropeAbix oTBaAax YeAssOMHCKOro yroabHoro 6acceita (KOxkHbIN Ypan)

On the cover: the photo of svyatoslavite, a monoclinal pseudo-orthorhombic analogue of anorthite, the mineral found
in burned dumps of Chelyabinsk Coal Basin (the South Urals).

PeAakums BbIpa)kaeT GAAaroAapHOCTL 3a MOMOLIL B paborte XypHana

BapaHHuKkoBY AnekcaHapy [puropbeBuuy - fi-py reon.-MuHeparn. Hayk, npodeccopy (EkatepuHbypr, Poccus),
Bosipckux MeHHagumio AnekceeBuuy - A-py TexH. HayK, npodeccopy (EkaTtepuHbypr, Poccus);

KapcTeH Jlyuse - Dr. rer. nat. (FaHHOBep, MepMaHus);

Koxywiko MepMaHy MeoprueBuuy - f-py TexH. HayK, npodeccopy (EkaTepuHbypr, Poccus);

Ko3uHy Bnagvmupy 3uHoBbeBUuUY - A-py TeXH. HayK, npodeccopy (EkaTepuHbypr, Poccus);

KopHunkoBy Cepreto BukTopoBuuy - A-py TexH. Hayk, npodeccopy (EkaTepuHbypr, Poccus);

CypHeBYy BuikTopy Bopucosuuy - a-py ¢pus.-MaT. HayK, npodeccopy (ExkatepuHbypr, Poccus);

TumyxuHy Cepreto AHgpeeBudy - A-py TexH. Hayk, npodeccopy (EkaTtepuHbypr, Poccus);

dununnos.y Cepreto - Dr. rer. nat. (FaHHoBep, MepMaHus);

XanbduHy Mapaty HypMmyxamenoBuuy - A-py TexH. HayK, npodeccopy (HoBouepkacck, Poccusn)
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