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JKypHaa BbIxoauT 4 pasa B roa

N3Bectnsi YpaabCKOro roCyAapPCTBEHHOTO TOPHOro
YHMBEPCUTETA — PELEH3UPYEMDI Hay4HO-TEXHMYE-
CKUI >KYPHaA, B KOTOPOM HAaXOASIT OTPKEHME aKTy-
aAbHbLIE BOIMPOCHI U3YY€HUsl, OLLEHKM U TMPOMbILAEH-
HOTO OCBO€HMSI MMHEPAALHO-CLIPLEBLIX PEeCYPCOB
YPaAbCKOro pervoHa 1 ConpeAeAbHbIX Tepputopui. B
MX YMCAE MPOBAEMDI FEOAOTMM U PA3BEAKM HEAP, r€o-
(hu3MHECKNX NCCA@AOBaHMI, TOPHOTO A€AA U TOPHOM
MEXaHVKU, SKOHOMMKU MPUPOAOTNOAL3OBAHMSI.

K nyGAMKaLumy MpUYHUMAIOTCS CTaTbM HA PYCCKOM M aH-
TAUMCKOM sI3bIKaXx.

[ToAHOTEKCTOBasi BEpPCUsl >KypHaAa pasMellaeTcsl B
CBOOOAHOM AOCTYTIE Ha HAaLIEM CaWTe U Ha NnAatcpopme
Poccuiickoro nHaekca HaydyHoro untupoBsanmst (PVHLI)
Poccuiickoli yHMBEpPCAALHOM Hay4YHOW SAEKTPOHHOM
6ubanotekn. boaee rMoAHasi MHpoOpMAaLIMST U MPaBUAA
ohOpPMAEHMsI CTaTel pasMeLleHbl HA CaiTe JKypPHaAa.
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The relevance of the study consists in the insufficient level of scrutiny of the crystalline basement of the West Siberian megabasin. The purpose of
this research is to study the material composition and age of granitoids from the pre-Jurassic basement of Krasnoleninsky oil and gas region in the
Ural part of the West Siberian megabasin.

Research methodology: a detailed study of mineralogy, petrochemistry, geochemistry and age (different isotope systems using K—Ar, Rb—Sr and U—
Pb methods of dating) of the granites in the Krasnoleninsky area.

Results. The mineralogy and petrogeochemical of the Krasnoleninsky region granites are studied in detail. It was found that rocks are composed of
quartz, plagioclase (albite and oligoclase), potassic feldspar (microcline and orthoclase) and mica (annite). The accessory mineralization in the form
of rutile, apatite, magnetite, titanite, monazite, zircon and cassiterite is added. Granites are subject to propylitization, which is expressed in the
development of secondary carbonate, chlorite, sericite and albite. The sulfide (chalcopyrite, galena) and native (gold, silver) mineralization is also
added to it. On petrogeochemical characteristics of rocks belong to granitoids of S-type, the source of substance for them was mainly sedimentary
rocks. Granites are of early Permian age, which, apparently, reflects the process of raising granites to the level of the upper crust during riftogenesis
and stretching of the entire region.

Summary. The granites of the Kamennaya petroleum exploration area are an integral part of the regional Shaimsky-Kuznetsovsky anticlinorium. The
time of magmatic introduction and crystallization of granites of the Krasnoleninsky area is estimated at 300 million years, as well as of the granitoids
of the nearby Shaimsky oil and gas area. The difference between U-Pb (297.9 + 3.8 million years) and Rb-Sr (291.8 £ 2.1 million years) granite ages is
likely to result from the gradual cooling of the granite massif. This happened because the uranium-lead isotope system closes at a higher temperature
than the rubidium-strontium one. We interpret the “Mesozoic” numerals obtained by the K—-Ar method as the time of the last tectonic-thermal events,
most likely expressed in the form of granites propylitization.

Keywords: mineralogy; age; granites; pre-Jurassic basement; Kamennaya area; Krasnoleninsky region; Western Siberia.

ntroduction
World experience shows that granitoids are the most promising for searching hydrocarbon deposits out of all the
complexes of sedimentary basins basements, and only then - limestone or other rocks [1 and others]. Western Siberia
in this sense is no exception. Apparently, this is primarily due to the low specific gravity of granites. It is due to this, that granite
batolites, together with the surrounding sialic slates, often form large (usually up to several hundred meters) ledges on the
basement surface. When the crimp of these ledges with clay packs of the lower horizons of the sedimentary cover takes place
(these packs are impermeable beds), the industrially significant tanks are often obtained with oil and/or gas condensate. This
happens due to the cracks and secondary changes in granitoids. This especially happens in the event of the joining of lower oil-
saturated horizons of the sedimentary cover to the traps of this type.

We have studied the deep core of granitoids from a large massif within a Kamennaya oil exploration area located within the
Krasnoleninsky oil and gas region. This area is located directly northeast of Shaimsky area. Its foundation is the major regional late
Paleozoic “granite-schist axis”, also known as the Shaim-Kuznetsovsky meganticlinorium of the Trans-Uralian uplift (the central
axial part). The Northern part of the late Paleozoic “granite-schist axis” can be traced, according to the geological and geophysical
mapping [2], in the form of several granite plutons in the pre-Jurassic basement of the Krasnoleninsky uplift.

Mineralogy and geochemistry of granites

The Kamennaya area granitoids have a massive texture, medium-grained to fine-grained, weakly porphyritic structure (Fig. 1).
The main rock-forming minerals are: plagioclase (= 40 %), potassic feldspar (= 25 %), quartz (= 25 %), biotite (8-10 %), accessory
minerals — apatite, zircon, rutile, titanomagnetite, and monazite.

The plagioclase forms tabular or slightly idiomorphic grains with a size of 0.4-5 mm in diameter. It is presented with a
zonal (number of zones from 2 to 4), double-ended grains. Rims have different widths — from whisker to 1/3 of the width of the
grain, they often developed myrmekite. Cores are heterogeneous (“spots” of the oscillating basicity), sericitized and carbonatized
(more basic parts). Some parts are saussuritized. The smallest grains are only sericitized or almost not changed. According to the
microprobe analysis, the composition of plagioclase varies from oligoclase in the central part to pure albite in the rim zones (Table
1, analyses 1-2).

The potassic feldspar forms a shapeless mass between the grains of plagioclase. It is predominantly represented by the lattice
type, i. e, microcline, but there are and orthoclase. The transitions occur within a single grain (among lattice plots are monotonous
“spots”). The perthite occur in the form of spindles or small, idiomorphic weak spots. The poikilitic structure manifested rarely,
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Figure 1. Granite from the pre-Jurassic basement Krasnoleninsky region. Kamennaya area. Kam P68/2555 m, well P-68, depth 2555 m.
a — analyzer; b — without analyzer. The field length is 2.5 mm.

PucyHok 1. NpaHuT n3 poropckoro cpyHaameHta KpacHoneHuHckoro panoHa. KameHHas nnowaab, o6p. Kam P68/2555 m, cks. P-68, rn.
2555 m: a — ¢ aHanu3aTtopowm, 6 — 6e3 aHanu3aTtopa. AnuHa nons 2,5 Mm.

Table 1. The chemical composition (in wt. %) of minerals of granite Kamennaya area (Kam P68/2555).
Ta6nuua 1. XuMnyeckmit coctaB MMHeparnoB u3 rpaHuta KameHHon nnowaau (Kam P68/2555).

Ne SiO, TiO, ALO, Cr,0, FeO MnO MgO CaO Na,O K,O F Total
Plagioclase
1c 65.39 - 22.19 - 0.10 - - 3.26 9.61 0.08 - 100.65
1r 66.00 0.02 21.83 - 0.06 0.01 - 2.49 9.47 0.07 - 99.96
2c 63.35 0.02 23.06 0.01 0.12 - - 4.78 9.11 0.20 - 100.64
2r 65.38 0.04 21.74 - 0.15 - - 2.84 10.12 0.20 - 100.47
Potassium feldspar
3 64.60 - 18.52 0.02 0.09 - - - 0.35 16.19 - 99.76
4 64.19 - 18.73 - 0.06 0.01 - - 0.46 15.93 - 99.40
5 64.99 0.04 17.86 0.01 0.10 - - - 0.45 15.95 - 99.40
6 65.18 - 18.39 0.01 0.15 - 0.01 0.02 0.45 16.00 - 100.22
Mica
7 36.21 3.37 13.96 0.05 20.68 0.30 11.42 0.02 0.06 8.06 0.68 94.80
8 36.46 3.45 13.46 0.12 20.50 0.19 11.21 0.09 0.12 7.10 0.94 93.65
9 36.39 3.48 13.71 0.08 20.45 0.27 11.42 0.13 0.10 7.04 0.71 93.78
10 35.45 3.37 14.47 0.03 21.60 0.32 11.47 0.04 0.04 7.61 0.30 94.70
Chlorite
11 27.36 0,04 18.82 0.06 23.14 0.54 17.38 0.01 0.03 0.03 - 87.39
12 27.42 0,06 18.50 0.03 23.00 0.55 17.53 0.02 0.03 0.02 - 87.15
13 27.93 0,02 18.32 0.03 22.68 0.51 17.75 0.03 0.05 0.04 - 87.35
Carbonate
14 - - - - 0.71 0.56 - 49.67 - - - 50.94

Note: the analyses have been done in the Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS on the CAMECA SX 100,
analyst V. V. Khiller, c — center of the grain, r — rim of the grain.

sometimes small tables plagioclase or biotites are enclosed in pure potassic feldspar. According to the microprobe studies the
potash feldspar has zoning; the central parts of the grains contain higher values of Na,O of 0.5 wt. % (Table 1, analyses 3-6).

Quartz forms segregation of panidiomorphic grains of different sizes, the grains sometimes have mosaic fading. It contains
the “bays” of the substance of potassic feldspar.

Biotite forms scales and blades, often corroded in the rims, which pleochroic from gray-yellow to dark brown. It sometimes
contains sagenite lattice, ilmenite spindles, and inclusions of ore mineral, apatite and sphene. According to the microprobe analysis
biotite relates to magnesian annite (Table 1, analyses 7-10). Some small scales of mica are replaced by very light green chlorite.
The composition of the chlorite aggregates are defined as ferrous clinochlore (Table 1, analyses 11-13).

In the rock there sometimes happen former envelopes of titanite replaced by an aggregate of carbonate and rutile, as well as
separate clusters (0.5 mm) of carbonate (calcite, see Table 1, analysis 14). Granites are subject to secondary changes, first of all

8 MWBaHoB K. C. u gp. Bo3pacT u cocTaB rpaHuTonpoB u3 dyHaaMeHTa KpacHoneHWHCKoro HedbTerasoHoCHOro paioHa (3anagHas
Cunbups) // N3Bectusa YITY. 2018. Bein. 2(50). C. 7-14. DOI10.21440/2307-2091-2018-2-7-14
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Table 2. Chemical composition of gold and silver from granite of the Kamennaya area, wt. %.
Tabnuua 2. XuMmnyecknm coctas (B mac.%) 3onota u cepebpa 13 rpaHmtoB KameHHon nnowiaam.
Element Cu As Ag Hg Au Total
Native gold
1 0.17 - - 2.82 97.48 100.47
2 0.16 - - 2.64 96.28 99.09
3 0.14 0.27 0.10 4.39 96.90 101.81
4 0.16 0.46 0.02 1.54 95.91 98.09
5 0.15 0.43 - 217 97.76 100.51
Native silver
6 0.05 - 100.10 - 0.01 100.16
7 0.06 0.23 99.96 0.04 0.05 100.34
8 - - 99.67 - 0.02 99.69
9 0.13 0.07 99.30 - 0.04 99.54
10 0.01 — 99.54 — - 99.55

Note: microanalyzer CAMECA SX 100 Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, analyst V. V. Khiller.

Table 3. Chemical (in weight %) and trace element (in ppm) composition of granites in the Kamennaya area.

Tabnuua 3. XuMmnuecknm (B Bec.%) U MUKPO3neMeHTHbIN (B /T) cocTtas rpaHnToB KameHHow nnowaau.

rlr?:grl 2553 2555 2556 2564 r?:’grl 2553 2555 2556 2564
SiO, 69.14 69.21 68.70 68.00 Ce 60.19 37.74 52.07 57.13
TiO, 0.47 0.45 0.49 0.55 La 35.39 17.08 29.03 31.95
ALO, 14.71 14.80 17.73 14.56 Pr 6.70 4.1 6.15 6.68
FeO 2.20 1.51 2.00 2.80 Nd 23.94 15.61 22.38 24.75
Fe,O, 0.68 1.20 1.00 0.91 Sm 3.84 2.85 3.72 4.22
MnO 0.05 0.06 0.05 0.06 Eu 0.88 0.76 0.88 0.98
CaO 0.88 1.25 1.1 1.29 Gd 2.89 2.23 2.84 3.37
MgO 1.38 1.32 1.34 1.54 Tb 0.39 0.33 0.38 0.48
K,0 3.55 3.46 3.35 3.39 Dy 1.69 1.61 1.66 217
Na,O 4.05 4.20 4.20 4.20 Er 0.83 0.85 0.79 1.04
P,O, 0.14 0.15 0.15 0.16 Tm 0.12 0.12 0.10 0.14
L.O.L 1.98 1.86 1.97 2.62 Hf 0.89 1.39 0.93 0.99

Sr 346.61 402.73 403.25 399.24 Ta 3.49 1.15 1.26 1.77
Rb 134.17 140.67 125.96 146.10 Pb 24.36 22.02 21.70 21.83
Zr 54.84 89.38 62.81 68.04 Th 13.87 17.56 14.84 24.23
Yb 0.74 0.75 0.67 0.86 U 2.72 2.58 2.50 3.82
Y 9.72 9.34 9.38 13.78 w 0.71 0.54 0.69 0.65
Sc 7.27 6.68 7.39 10.61 Ga 36.70 37.68 39.73 42.01
\ 48.55 49.43 51.88 65.68 Ge 1.50 1.42 1.54 1.64
Co 8.23 8.21 9.54 10.35 Mo 0.39 0.39 0.80 0.45
Ni 17.96 18.60 19.41 22.70 Tl 0.67 0.74 0.62 0.62
Ba 616.73 637.84 642.14 689.98 Bi 0.27 0.20 0.21 0.37
Nb 12.21 13.16 13.65 15.20 Be 247 2.61 2.67 2.54
Cr 32.88 34.71 36.88 67.11 Cs 7.08 9.90 8.06 8.57
Cu 47.71 30.88 63.00 37.51 Li 28.98 26.22 28.03 32.37
Zn 106.43 88.23 94.88 113.06 Cd 0.08 0.08 0.05 0.09

Note: the analyses of rocks have been made in an analytical laboratory, Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS.

propylitization which is expressed in the development of carbonate, chlorite, sericite and albite. Accessory mineralization: rutile,
apatite, magnetite, monazite, zircon and cassiterite. In addition, the granite has sulfides — chalcopyrite and galena, as well as
scattered impregnation of native gold and silver (see Table 2). The latter consist of inclusions, up to 10 microns in size, in rock-
forming minerals affected by secondary processes of change. Any gravitation of metals to accumulations of accessory minerals
and sulfides is not marked [3].

Chemical and microelement composition of the granites in the Kamennaya area is given in Table 3. In the classification
diagram K O + Na,O - SiO, they fall into the field of normal granites, near the lower boundary of the subalkaline granites.

MBaHo. K. C. 1 op. Bo3pacT v cocTaB rpaHMTOMaoB 13 dyHaameHTa KpacHoneHUHCKOro HedTerasoHoCHOro paioHa (3anagHaa 9
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Figure 2. The distribution of the ASI-SiO, in granite. Circles
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PucyHok 2. Pacnpepenenue ASI-SiO, B rpaHutax. Kpyxku —
rpaHuTouabl u3 Laumckoro paiioHa, KBagpaTbl — rpaHuTbl U3
KameHHon nnowaan KpacHoneHnMHckoro panoHa.
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Figure 3. The diagram Nb-Y for the granites. Circles are used to
denote granitoids of the Shaim region; squares are used to denote
granites from the Kamennaya area of the Krasnoleninsky region.
PucyHok 3. Anarpamma Nb-Y ans rpaHutoB. KpyXku — rpaHuTonabl
u3 Lanmckoro paioHa, KBagpaTbl — rpaHuTbl U3 KameHHomn
nnowaamn KpacHoneHUHcKoro panoHa.

Table 4. Isotope Rb-Sr data for minerals and granite Kamennaya area.
Ta6bnuua 4. U3otonHble Rb—Sr gaHHble Ans MMHepanoB 1 rpaHuTa KameHHow nnowagm.

Sample Rb, ppm Sr, ppm 85Rb/%Sr +20 86Sr/"Sr +20
Plagioclase (p = 2.61 — 2.64) 86.95 438 0.57460 0.00575 0.707167 0.000035
Potassic feldspar (p = 2.54 — 2.59) 21 422 1.4480 0.0145 0.710823 0.000036
Potassic feldspar (p < 2.54) 255 411 1.7979 0.0180 0.712287 0.000036
Granite (gross sample) 118 281 1.2160 0.0122 0.709804 0.000035
Biotite (p = 3.24 — 3.3) 389 134 8.2710 0.0827 0.739005 0.000037
Biotite (p = 3.15 — 3.24) 420 147 8.3774 0.0838 0.739582 0.000037

According to the content of potassium, the rocks are high potassium. According to the index of saturation with aluminum ASI =
Al O,/(Ca0 + Na,0O + K O) (at. number) [4], the studied rocks fall into the field of peraluminous granitoids (ASI = 1.13 - 1.22;
see Fig. 2). This is typical for S-type granitoids, the source of the substance for them was mainly sedimentary rocks [5]. In the
discriminatory diagram Nb-Y [6] these granites fall into the field of granites of island arcs and collision granites (Fig. 3).

The distribution of rare earth elements, normalized to chondrite, shows a strong predominance of light lanthanides over
heavy ones and the absence of europium anomaly. A similar distribution is seen in nearby granitoids of the Shaim-Kuznetsov
anticlinorium [2]. In general, granitoids of the Krasnoleninsky oil and gas area just like those of the Shaim oil and gas area
compose the plutons the Shaim-Kuznetsov anticlinorium. They are characterized by a large similarity to the monzodiorite-granite
complexes of the Urals, such as subalkaline composition of the medium and acidic rocks and mezoabyssal facies of the depth.
They are also characterized by a zonal structure of massif. There, the central part is composed of quartz monzodiorites, and
the edge part is composed of the more acidic granitoids (granosyenites). The granitoids are also characterized by geochemical
peculiarities not only by rare earth elements, but also by other rare and scattered elements.

The results of the K-Ar granitoids dating of the Krasnoleninsky oil and gas region were obtained in the Zavaritsky Institute of
Geology and Geochemistry (analyst B. A. Kaleganov). Kamennaya area granites have the following ages — 253 £10, 238 £ 7,236 +
7 million years. The obtained Mesozoic ages, obviously, do not date the stage of magmatic introduction of granites, but show the
age of superimposed secondary changes (for example, propylitization).

To check the obtained “Mesozoic” K-Ar dates, additional study was undertaken to determine whether these figures reflect
the time of magmatic introduction and crystallzation of rocks. The separation of mineral fractions was carried out in a mixture
of iodide methylene (p = 3.3 g/cm?®) with acetone. The sample decomposition and chromatographic separation of Rb and Sr were
performed according to the standard procedure in the IMGRE laboratory [7]. Isotopic analysis was conducted on a multicollector
mass spectrometer Finnigan TRITON at the Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy
of Sciences (see Table 4, analyst A. Yu. Petrova). The magnitude of the blank contamination in the laboratory was: [Rb] = 0.02
ng, [Sr] = 0.1 ng. When calculating the isochrones parameters, the measurement errors of ¥Sr/*Sr isotope ratio in the samples at
the significance level of 26 were used. Calculation of isochrones was carried out by the York method [8]. We used the accepted
decay constant of rubidium - 1.42 x 107" years™ [9]. The obtained Rb-Sr isochrone determines the age of these granites as 291.8
* 2.1 million years (Fig. 4). Subsequent studies showed (see below) that the rubidium-strontium system gives, perhaps, a little
understated, “rejuvenated” age.

10 WeawHoB K. C. u gp. Bo3spacT 1 cocTaB rpaHMTOMAoB M3 pyHaameHTa KpacHONeHWHCKOro HedTerasoHoCHOro paioHa (3anagHas
Cunbups) // N3Bectusa YITY. 2018. Bein. 2(50). C. 7-14. DOI10.21440/2307-2091-2018-2-7-14
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eHHasl no pe3ynbTaTaMm U3y4eHusi LUPKOHOB U3 rpaHuTa KameHHoM
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Figure 5. Photo of zircons from granites of the Kamennaya area in the rays of the cathodoluminescence.
PucyHok 5. ®oTo LMpKOHOB 13 rpaHUTOB KameHHOM nnoLwaan B KaTOAONMOMUHECLIEHTHLIX JlyYax.

To obtain reliable age of the rock (igneous time of the introduction and crystallzation of the granites), we have conducted an
isotopic study of accessory zircon (U-Pb method, the ion microprobe SHRIMP-II, A. P. Karpinsky Russian Geological Research
Institute, analyst N. V. Rodionov). The mineral was highlight in the form of a monofraction from the granite of the Kamennaya area
(sample Kam P68/2555 m). It was analyzed according to standard methods. Processing of the results and calculation of U-Pb ages was
carried out using the program ISOPLOT/EX ver.3.66 [10]. Zircons are represented by well-formed prismatic crystals up to 150 microns
in lengthening. In the rays of the cathodoluminescence crystals have zoning, often with a very distinct core (Fig. 5). According to the
microprobe analysis, zircon is characterized by small impurities of hafnium (HfO, to 1.3 wt. %), yttrium (Y,0, to 0.4 wt. %), thorium
(ThO, up to 0.3 wt. %) and (UO, up to 0.3 wt. %). The mineral is non-metamict and is quite suitable for U-Pb-dating.

Most of the examined zircons (5 of 11 local analyses, see Table 5) mainly from the central part of crystals give concordant
age 297.9 * 3.8 million years (Fig. 6). Therefore, they correspond to the border of Permian and Carboniferous according to an

MBaHo. K. C. 1 oip. Bo3pacT v cocTaB rpaHMToMaoB u3 dyHaameHTa KpacHoneHUHCKOro HedTerasoHoCHOro paioHa (3anapgHas 11
Cunbupb) // N3Bectusa YITY. 2018. Bein. 2(50). C. 7-14. DOI10.21440/2307-2091-2018-2-7-14
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Table 5. U-Pb isotope data for zircons from granites of the Kamennaya area.
Ta6bnuua 5. U-Pb nsotonHble gaHHble ANsi LUPKOHOB U3 rpaHuToB KameHHoW nnowagu.

Content . ) )
Age, million years Isotopic ratio (1), +%
Points % ppm

ZOSPbc ZOGPb* §] Th 206Pb/238u 207Pb’/235U 206Pb'/238u 207Pb/206pb‘
1.1 - 42.3 1029 445 301.6+4.8 0.341+25 0.0479+1.6 0.0517 £1.9
2.1 1.06 43.9 1400 846 228.7+3.5 0.246 £4.4 0.0361+ 1.6 0.0495 + 4.1
3.1 1.56 49.4 1371 731 260.9+4.0 0.285+4.9 0.0413+1.6 0.0500 + 4.6
4.1 0.10 343 838 592 299.9+47 0.341+2.8 0.0476 + 1.6 0.0520 + 2.3
5.1 0.08 37.6 913 537 301.4+47 0.339+2.8 0.0479+1.6 0.0515+2.3
5.2 - 53.9 1303 512 303.1+4.6 0.344+£23 0.0482 +1.6 0.0518 +1.7
6.1 0.98 45.0 1325 1096 2473 +3.8 0.262+4.8 0.0391 +1.6 0.0487 + 4.6
7.1 0.93 27.5 669 237 299.1+4.9 0.339+5.0 0.0475+1.7 0.0518 +4.8
8.1 - 61.3 1573 642 286.2+4.3 0.323+2.2 0.0454 £+ 1.5 0.0516 £ 1.5
9.1 3.94 41.5 1325 898 221.8+3.8 0.231+13 0.0350 + 1.8 0.0479 + 13
10.1 1.68 61.5 1911 1797 233.3+3.6 0.251+4.5 0.0369 + 1.6 0.0493 + 4.2

Note: Pb_, Pb* are common and radiogenic lead, respectively; calibration errors are relative to standards 0.29 %; (1) — correction using 2*Pb.

international scale. Similar age (about 300 MA) is typical for the granitoids of the Shaim oil and gas area [11, 12]. The rims of
zircon crystals of the Kamennaya area are characterized by the “rejuvenated” dating- 286, 261, 247, 233, 229 and 222 million
years. Obviously they are similar to the aforementioned K-Ar and Rb-Sr dates and they are quite likely to reflect the late stages of
tectonic activation of the West Siberian platform [13].

Conclusion

Thus, we have studied the material composition and age of granitoids in the basement of the Krasnoleninsky oil and gas
region of Western Siberia. It is demonstrated that granites of the Kamennaya petroleum exploration area are an integral part
of the regional Shaim-Kuznetsovsky anticlinorium. The time of the magmatic introduction and crystallization of granites of
the Krasnoleninsky oil and gas area according to U-Pb dating of zircon is estimated at =300 million years. This is just like
in the granitoids located near Shaim oil and gas area. The difference between U-Pb (297.9 + 3.8 million years) and Rb-Sr
(291.8 £ 2.1 million years) granite ages is likely to result from the gradual cooling of the granite massif. This happens because
the uranium-lead isotope system closes at a higher temperature than the rubidium-strontium one. This phenomenon
(“cooling”) has been identified in many well-studied intrusive massifs [14 and others]. We have interpreted the “Mesozoic”
numerals obtained by the K-Ar method as the time of the last tectonic-thermal events, most likely expressed in the form
of granites propylitization.
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AKTYAALHOCTL MCCAEAOBAHMS 3AKAIOYAETCS B CAABOM M3YyHYEHHOCTM KPUCTAAAMHECKOTO (hyHAAMEHTa 3anaaHo-Cubupckoro merabacceiiHa.

LleAn pa6oThI 3aKAIOHAETCST B M3yYEHUM BELLIECTBEHHOTO COCTABA M BO3PACTA FPAHMTOMAOB M3 AOIOPCKOro hyHAaMeHTa KpacHOAEHMHCKOro He(pTerasoBoro
pavioHa IMpuypaabckol Yactm 3anaaHo-Cubupckoro merabacceiiHa.

MeToAoAOTMAT MCCAEAOBAHMSA: ACTAALHOE M3yYEHME MUHEPAAOTMM, METPOXMMMM, TEOXMMMUM M BO3PacTa (PasHLIMM M3OTOMHLIMM CUCTEMAMM C
ncrioab3oBaHmem K—Ar, Rb—-Sr u U-Pb meToaoB aatpoBaHmst) rpaHntoB KpacHOAEHMHCKOro paioHa.

PesyabTaTil. AeTaALHO M3ydeHAa MUHEPAAOTUs M METPOreoXmmms rpaHMToB KpacHOAEHMHCKOTO paiioHa. YCTaHOBAEHO, YTO MOPOALI CAOXKEHD! KBapLIEM,
MAQrMOKAQ30M (AALOUT M OAMFOKAQ3), KAAMLIMIATOM (MMKPOKAMH M OPTOKAA3) M CAKOAON (AHHMT) C aKLECCOPHOM MUHEPAAM3ALIMEN B BUAE PYTUAQ, anatmra,
MarHeTuTa, TMTaHUTA, MOHALMTA, LMPKOHA M Kaccuteputa. [PaHuUThl MOABEPI)KEHbI MPOMMAMTU3ALIMK, KOTOPasl BLIPAKAETCS] B PAa3BUTUM BTOPUUYHOTO
KapboHata, XAOpPUTA, CEpULIMTA M aALBUTA, & TaKXKE CYALCPUMAHOM (XAALKOMMPUT, FAAEHMT) M CAMOPOAHON (30A0TO, cepebpo) MuHepaamsaumm. Mo
MEeTPOreoXMMMHYECKMM XapaKTePUCTMKAM TMOPOALI OTHOCSITCS K TPAHUTOMAAM S-TUMA, MCTOYHMKOM BEIUECTBA AASl HUX CAY)KMAM MPEVMYLIECTBEHHO
OCAAOYHbLIE TOPHLIE MOPOALL. [PaHUTLI MMEIOT paHHENEePMCKME BO3pacTa, KOTOpPbLIE, MO BCEW BUAMMOCTM, OTPXKAIOT MPOLIECC MOALEMA IPAHUTOB Ha
YPOBEHDL BEPXHEV KOPLI MPY PUPTOreHe3e 1 PACTsHKEHMM BCETO PervoHa.

BriBoAbl. [paHnTLl KaMeHHOW HedbTepasBeAOYHOM MAOILAAM SIBASIOTCS COCTABHOM HYacTbio pernoHasbHoro Lanmmcko-Ky3HeLoBCckoro MeraHTMKAMHOPMSI.
Bpemst MarmatMyeckoro BHEAPEHMST U KPUCTAAAM3ALIMM IPaHNTOB KpacHoAeHMHCKoro paiioHa oueHvBaetcsl B 300 MAH A€T, KaK M Y TPAHUTOMAOB PSIAOM
pacrnoaoxeHHoro Waumckoro HIP. PazHuua mexxay U-Pb (297,9 + 3,8 maH AeT) n Rb-Sr (291,8 + 2,1 MAH A€T) BO3pacTaMmu rPaHUTOB MO BCEM BUAMMOCTU
€CTb CAEACTBME MOCTENEHHOTO OCTLIBAHMSI FPAHUTHOTO MACCMBA, T. K. YPaH-CBUMHLIOBASI M30TOMHAsI CUCTEMA 3aKPLIBAETCS P GOAEE BLICOKOV TEMMeparype,
YyeMm pybuamnii-crpoHumesast. [oaydeHHbie K-Ar METOAOM «Me30307CKMe» LMPPDLI TPAKTYIOTCSI HAMM KaK BPEMSI TOCAEAHUX TEKTOHO-TEPMAALHBIX COOLITH,
BEPOSITHEE BCETO, BLIPA3MBLIETOCS B BUAE MPOMUAUTU3ALIMK TPAHUTOB.

KAtoY€eBbIE CAOBA: MUHEPAAOTMSI; BO3PACT; IPAHUTDI; ACIOPCKMI (hyHAAMEHT; KameHHast naowaab; KpacHOAEHMHCKMI paiioH; 3anaaHas Cubmpb.

Aesmopel 8bipaxatom brnazodapHocms B.B. Xunnep, H.B. PoduoHosy u A.FO. [lempoeol 3a nposedeHHble aHanumu4yeckue ucciedos8aHusl.
UccnedosaHusi nposedeHsl npu ¢huHaHcosol noddepxke PODU (epanm Ne 16-05-00041).
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ABOUT FINDING NATIVE GOLD, SILVER, COPPER, LEAD, BISMUTH
AND TUNGSTEN IN LIPOVKA PEGMATITES (MIDDLE URAL)

Anatoliy Vladimirovich Zakharov, Zavaritsky Institute of Geology and Geochemistry
zakharov-zav@yandex.ru of the Ural Branch of the Russian Academy of Sciences
Vera Vital’evna Khiller Ekaterinburg, Russia

hilvervit@mail.ru

The relevance of the work is conditioned by the need for a more complete study of the mineralogy of rare-metal granite pegmatites of the Lipov-
skoye vein field.

The purpose of the study is to describe the findings of native metals (gold, silver, copper, lead, bismuth and tungsten) in granite pegmatites of the
Lipovskoye vein field.

Research methodology. Detailed study of chemical composition, morphology and relationships of native metals with associated minerals. For this
study we have chosen samples from the three types of granitic pegmatites — classical quartz-feldspar (mostly intragranitic), desilicated (apogranite
plagioclasite) and contaminated lithium-bearing.

Results. The paper describes native metals (gold, silver, copper, lead, bismuth and tungsten), which we have found in rare-metal pegmatites of the
Lipovskoye vein field. The discovery of the native metals is the first on this facility. The microprobe analysis of such native metals as gold and silver
showed the variability of their chemical composition from the type of pegmatite in which they are present. The formation of native lead should be
logically linked to the destruction and recrystallization of high uranium thin rims of zircons. The formation of bismuth and tungsten may have occurred
during recrystallization of accessory tantalumniobates.

Summary. The finding of the native metals in granitic pegmatites is quite explainable. This is because these core rocks are formed in the post-mag-
matic stage of the silicate crystallization intrusions and they can contain typomorphic rocks for these metals. The absence of mineral concentrators
(sulfides) in pegmatites clearly explains the small size and high dispersion of metals.

Keywords: native metals; ore mineralization; granite pegmatites; Lipovskoye vein field; Middle Urals.

ntroduction
The pegmatites of the Lipovskoye vein field lie in different rocks (gneisses, serpentinites, marbles, amphibolites, etc.)
between the three granite massifs — Murzinsky, Aduisky and Sokolovsky. The geological structure of the area is a zone of
mélange. In this zone, the bodies of serpentinites, gneisses, amphibolites and marbles are tectonically interspersed with each other
in the form of separate blocks. Granitic pegmatites are represented by three metal types: classical quartz-feldspar (intragranitic),
desilicated (apogranite plagioclasite) and contaminated lithium-bearing [1].

In this paper, we have described native metals (gold, silver, copper, lead, bismuth and tungsten), which we have found in
rare metal pegmatites of the Lipovsky vein field. The discovery of the aforementioned minerals is the first one in this object. In
the recent report on the mineralogy of granite pegmatites of Lipovka [2] there is no information about them. Previously we have
published abstracts of papers about the discovery of gold, silver and copper in the Lipovka pegmatites [3].

Methods

We have investigated granitic pegmatites, which outcrop within abandoned and flooded quarries of the waste Lipovskaya
silicate-nickel deposits. All native metals were discovered and investigated with the electron-probe microanalyzer CAMECA SX
100. This was performed at the Institute of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences, analyzed
by V. V. Khiller. The metal phases were studied on polished sections of pegmatites. They were cut on a diamond saw, polished the
face plate with abrasive powder and polished with diamond pastes and chromium oxide. All the aforementioned technology of
manufacturing preparations excludes the possibility of rubbing the above mentioned metals into polished sections. The prepa-
rations have been manufactured at the Institute of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences.

Native metals in granite pegmatites of the Lipovskoye vein field

Gold. This metal was installed in ordinary quartz-K-feldspar (intragranitic) pegmatites, and also in lepidolite aggregate of lithi-
um-bearing pegmatites. Gold does not form any intergrowths with accessory minerals and other metals, it forms isometric inclusions in
the matrix of feldspar and mica. Grain size is no bigger than 10 to 15 ppm. The chemical composition of gold from different pegmatites is
given in the Table 1. The metal is characterized by high purity and almost does not contain impurities. It is of great interest that gold from
lepidolite aggregate has impurities in contrast to its counterpart of ordinary pegmatites, which virtually has 100 % degree of purity. This

Table 1. Chemical composition of gold in Lipovka pegmatites, wt. %.
Ta6bnuua 1. Xumnveckum coctas (B Mac. %) 3onota B nermatutax JiunoBku.

Points Zn Cu Au Ag Hg Total
1 - 0.05 99.87 0.01 - 99.93
2 - 0.01 99.95 - - 99.96
3 - 0.50 98.91 1.24 - 100.65
4 - 0.51 98.53 1.14 - 100.18
5 - 0.46 98.17 1.05 - 99.68
6 - 0.56 97.16 0.95 - 98.67
7 - 0.57 97.58 0.93 - 99.08

Note: analyses 1-2 — ordinary pegmatites, analyses 3-7 — lithium-bearing pegmatites.
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Figure 1. The inclusion of native silver in the aggregate of trilithi- Figure 2. The inclusion of native copper in the aggregate of trilithi-
onite. The image was made in the back-scattered electron CAME- onite. The image was made in the back-scattered electron CAME-
CA SX 100. CA SX 100.

PucyHok 1. BkntoueHne camopogHoro cepebpa B arperate Tpunu-  PucyHok 2. BknioyeHue camopoaHowu Meau B arperate TpUnuTu-
TUoHuTa. M3o6paxeHune B o6paTHbIX anekTpoHax, CAMECA SX100. oHuTa. MU3o6paxkeHne B o6paTHbIX anekTpoHax, CAMECA SX 100.

Table 2. Chemical composition of silver in Lipovka pegmatites, wt. %.
Tabnuua 2. XuMnyecknm coctas (B mac. %) cepebpa B nermatutax Jiunosku.

Points Zn Cu Au Ag Hg Total
1 - - 0.08 99.32 - 99.40
2 - 0.02 - 100.01 - 100.03
3 - 0.04 0,09 98.86 0,12 99.11
4 - - - 100.43 - 100.50
5 0.09 0.02 - 99.06 0,16 99.33
6 - - 0,04 99.72 - 99.76

Note: analysis 1 — ordinary pegmatites, analyses 2—6 — lithium-bearing pegmatites.

high purity in quite rare nature and is characteristically a feature of secondary and supergene gold [4]. It is also typical in the metal from
the ore exhalation of basalts found in a Large basaltic fissure eruption of Tolbachik [5] and in the lunar regolith as well [6]. In general, the
discovery of native gold in granite pegmatites is very interesting, because this metal was not described earlier in these rocks [4, 7, 8, etc.].

Silver. This metal as well as gold, is found in ordinary quartz-K-feldspar (intragranitic) pegmatites and in lepidolite aggregate
of lithium-bearing pegmatites. Silver does not form any intergrowths with accessory minerals and other metals either. It consists
of isometric xenomorphic grains, no more than 20-25 microns in size (Fig. 1). The chemical composition of silver from differ-
ent pegmatites is given in Table 2. This metal has high purity and contains almost no impurities. Native silver, as well as gold, in
granite pegmatites was not found earlier [4, 7 8, etc.]. In the Urals, the silver was found in skarn, massive cupper-sulfide deposits,
rhyolite, serpentinite and metamorphosed cupriferous cuprous sandstones, as well as in supergene in the zones of oxidation in
different ores [4].

Copper. This metal as well as gold with silver is installed in an ordinary quartz-K-feldspar (intragranitic) and lithium-bear-
ing pegmatites. Copper does not form any intergrowths with the accessory minerals of other metals. Grains are sprayed in all
rock-forming minerals, except for quartz; their size is no more than 10-15 microns (Fig. 2). The chemical composition of copper
from different pegmatites is given in Table 3. The metal has a high purity and does not almost contain any impurities. It is worth
noting, that copper is the predominant metal in ordinary pegmatites. It sharply prevails over gold and silver, while in lithi-
um-bearing pegmatites the quantitative ratio of metals is approximately equal to each other. The findings of metallic copper in
granite pegmatites were not described before [4, 7, 8, etc.]. In the Urals native copper is found in various volcanites, serpentinites,
cuprous sandstones, and quartz veins, as well as in oxidation zones of various copper-containing ores [4].

Lead. This metal as well as the aforementioned copper, gold and silver, are found in an ordinary quartz-K-feldspar (intra-
granitic) and in lithium-bearing pegmatites. In ordinary pegmatites, it is detected as small (up to 5 microns) inclusions in the
matrix of potassium feldspar. The metal is associated with grains of native gold; its microprobe analysis showed that it was only
lead that was found there and the complete absence of any impurities. In the lithium-bearing pegmatites the metal occurs as small
inclusions (less than 10 microns) in the metamict zircon, which underwent serious changes. This metal associates with the abun-
dant impregnation of uraninite. The chemical composition of the inclusions is as follows, wt. %: Pb 70.15; Sn 29.14; total 99.29.
In general, the formation of native lead is quite logical to associate with the destruction and recrystallization of high-uranium
zircons, which characteristically belong to the Lipovsky pegmatites. The migration of radiogenic lead from uranium minerals
without their destruction in the conditions of endogenous processes at temperatures and pressures corresponding to natural con-
ditions of metamorphism was experimentally confirmed [9]. In the Urals, lead was observed in pegmatoid aegirine-augite veins,
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Table 3. Chemical composition of copper in the pegmatites of Lipovka, wt. %.
Tabnuua 3. Xumnueckuin coctaB (B Mac. %) meaun B nermatutax Jiunosku.

Points Zn Cu Au Ag Hg Total
1 - 98.40 - 0.11 - 98.51
2 - 98.46 0.08 0.08 0.01 98.62
3 0.01 99.56 - - 0.02 99.60
4 - 98.37 0.03 0.11 0.10 98.61
5 - 98.96 - 0.08 0.02 99.07
6 0.03 98.04 - - 0.09 98.16
7 0.04 99.19 0.01 0.05 0.20 99.49
8 - 98.78 0.04 - - 98.82

Note: analyses 1-4 — ordinary pegmatites, analyses 5-8 — lithium-bearing pegmatites.
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Figure 3. An energy dispersive spectrometer spectrum of tungsten from desilicated Lipovka pegmatites.
PucyHok 3. 31C-cnekTp Bonbcpama ns gecunmumpoBaHHbIX nerMatutoB JIunoBku.

hydrothermal and hypergenic formations, as well as in alluvial deposits [4]. It is interesting, that hypogene lead crystallizes in a
wide range of temperatures and pressures. This interval fluctuates from mantle conditions (inclusions in the black diamonds [10])
to low-temperature metasomatic rocks (smears and inclusions in pyrite from argillites [11]).

Bismuth. This metal is found in ordinary quartz-K-feldspar (intragranitic) pegmatites. It forms a rare and small (up to 5
um) inclusions in the feldspars, although it is quite likely to be found in the desilicated pegmatites (plagioclasites). Microprobe
analysis of the inclusions showed the presence of bismuth and the complete absence of any impurities. This made it possible for
us to ascribe it to the native bismuth. The mineral does not form any intergrowths with accessory minerals and other metals. It is
quite logical to associate the formation of native bismuth with the recrystallization of accessory tantalumniobates. At the Lipovka
pegmatites these accessory tantalumniobates are often enriched with this element. This leads to the formation of self-dependent
minerals called bismutotantalite and bismutomicrolite [2]. In general, the findings of native bismuth in the Ural pegmatites are
not uncommon. This metal was described in the vein plagioclazites of the Ural emerald mines [12], on the Kvartal'noye tanta-
lum-niobium deposit [13] and on many other objects.

Tungsten. This metal was found in desilicated pegmatites (vein plagioclazites) only, where it forms a rare and small (up to 10
pm) inclusions in the rock forming anorthite. The microprobe analysis of the inclusions showed the presence of small impurities
of chromium (Cr up to 4.5 wt. %), no reflections of other elements, including carbon, are recorded (Fig. 3). This allows us to de-
termine this phase as metallic tungsten. The mineral does not form intergrowths with accessory minerals and other metals. The
formation of native tungsten is quite logical to associate with the recrystallization of accessory tantalumniobates. They are often
enriched with this element in the Lipovka pegmatites [2].

In nature, tungsten is rare enough and even as a mineral species it was approved by the International Mineralogical Associ-
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ation relatively recently, in 2011 [14]. Previously, this metal was found in the alluvial deposits of the Bol'shaya Pol'ya river on the
eastern slope of the Polar Urals [15]. However, the mineral was not approved until it was found in quartz veins from the nearby
Dodo mine. The finds were made of native tungsten in the lunar regolith [6], the chromitites from the Polar Urals [16]. The min-
eral was also found in the products of exhalation from the Great fissure eruption of Tolbachik [17], in the argillite of Gumeshevsky
copper mine [11] and also in many other places.

Conclusion

In general, the discovery of native metals in granite pegmatites is quite logical, because vein rocks are formed on the postmag-
matic stage of crystallization of siliceous intrusion. They may well contain noble metals which are typomorphic to these rocks.
The temperature of formation of rare-metal pegmatites is about 500-650 °C (it decreases sharply in miarolas). This corresponds to
the boundary PT-parameters (< 500 °C and 1-2 kbar) for the medium of crystallization of native metals, which were determined
by M. I. Novgorodova [18]. The absence of mineral concentrators (sulfides) in pegmatites completely explains the small size and
high dispersion of precious metals.
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O HaxoAKe 30A0Ta, cepebpa, MeAau, CBMHLIA, BUCMYTa M BOALGDPAMA
B nermatutax AvnoBku (CpeaHnii Ypan)
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AKTYaAALHOCTL Pa60TBI OOYCAOBAEHA HEOOXOAVMOCTLIO BOAEE MOAHOTO U3YYEeHUs MMHEPAAOTMM PEAKOMETAABHBIX IPAHUTHLIX MErMaTUToB AMMOBCKOrO
SKMABHOTO TOASL.

LleAb pa6oTI: ONMCaHNE HAXOAKM CAMOPOAHLIX METAAAOB (30A0Ta, cepebpa, MEAM, CBUHLIA, BUCMYTA M BOAL(PPAMA) B FPAHUTHLIX Mermarmrax AMroBckoro
SKMABHOTO TOASL.

MeToAoAOTMA MCCAEAOBAHMA: ACTAALHOE M3YYeHME XMMUYECKOTO COCTaBa, MOPCPOAOTUM U B3aVMOOTHOLIEHNS] CAMOPOAHBIX METAAAOB C MUHEPAAAMM-
CMYTHUKaMU. AAsl UICCAEAOBAHMsI OTOMPAAUCL OOpasLibl U3 TPEX TUIMOB MPAHUTHLIX MErMATUTOB — KAACCMYECKMX KBApLI-MOAEBOWIMATOBLIX (B OCHOBHOM
BHYTPUIPAHUTHBIX), AECMAMLIMPOBAHHLIX (QrTOrPAHMTHBLIX MAATMOKAA3UTOB) M KOHTAMMHMPOBAHHBIX AUTUEHOCHDIX.

Pe3yaLTatpl. B pabote MpuBOAMTCS OMUCAHME CAMOPOAHLIX METAAAOB (30A0Ta, cepebpa, MeAM, CBMHLIA, BUCMyTa M BOAb(ppama), Kotopble Oblau
OBHapY’KeHbI HAMU B PEAKOMETAAALHBIX MErMaTnTax AMMOBCKOrO XKMALHOTO MOAsl. HaxoAKa CAMOPOAHBIX METAAAOB SIBASIETCS [IEPBOM HA AAHHOM OBOLEKTE.
MMKPO30HAOBLIVE AHAAM3 TaKMX CAMOPOAHLIX METAAAOB, KAK 30A0TO M CePebpo, MOKa3aA M3MEHUYMBOCTL MX XMMMYECKOrO COCTaBa OT TUMA Mermaruta, B
KOTOPOM OHU HaxoasiTcsi. O6pasoBaHMe CAMOPOAHOIO CBMHLIA BIIOAHE AOTMYHO CBSI3bIBATL C PA3pyLIEHUEM M MEPEKPUCTAAM3ALIMEN BLICOKOYPAHOBBIX
LIMPKOHOB, a (POPMUPOBAHME BUCMYTA M BOAL(PPAMA, BO3MOXKHO, MPOU3OIIAO MPU NEPEKPUCTAAM3ALIMM AKLIECCOPHLIX TAHTAAOHMOOATOB.

Br1BoALI. HAXOAKA CAMOPOAHBIX METAAAOB B IPAHUTHLIX MErMATHUTAX BIIOAHE OOLSICHMMA, TaK KaK 3TV XKUABLHLIE MOPOALI (DOPMUPYIOTCS B MOCTMArMaTtMyeckyto
CTaAMIO KPUCTAAAM3ALIMM KPEMHEKMCAON MHTPY3UM M MOTYT COAEPIKaTh TUMIOMOPCPHLIE AAsl STUX MOPOA METaAAbl. OTCYTCTBME B MErMaTUTax MMHEPAAOB-
KOHLIEHTPATOPOB (CYAL(PMAOB) BIIOAHE OBLSICHSIET MEAKUI PA3MEP U BLICOKYIO PACCESIHHOCTL METAAAOB.

KatoyeBble croBa: CAMOPOAHDIE METAAALI; PYAHAas1 MUHEPaAU3aLusl; TPAHUTHLIE NMErmMaTuTbl; AVINOBCKOE >KUAbHOE MOAE; CpeAHVIVl Vpa/\.
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SUBAQUEOUS STALACTOIDS IN THE DAL'NEE VERKHNEE LAKE OF
THE SHULGAN-TASH CAVE (SOUTHERN URALS)
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The relevance of the work is conditioned by the need for a comprehensive study of the mineralogical and microbiological parameters of the Shul-
gan-Tash (Kapova) cave, which is an archeological monument of universal importance.

The purpose of the work: to describe findings of subaquatic stalactites in the Shulgan-Tash cave and to solve mineralogical and genetic issues.
Research methodology: hydrochemical, electron microscopic and microbiological techniques of research were used in the present work.

Results. This article describes subaqueous stalactoids for the first time in Russia. In the foreign literature they are called “Pool Fingers”. They are the
carbonate forming with the origin, which is not yet definitely installed. They are emerging in the coastal zones of the cave waters. Subaqueous sta-
lactoids were found in the Dal'nee Verkhnee lake on the second floor of the Shulgan-Tash cave 700 meters from the entrance. Subaqueous stalactoids
are widespread along the Eastern and Western shores of the lake. They are thin and elongated aggregates of cream-colored up to a length of 30 cm,
composed of calcite. They were formed in the lake of calcium bicarbonate type water with total mineralization of 390-510 mg/I, their hydrogen index
is close to neutral (pH 6.8-7.3) and minor (not more than 5 mg/l) magnesium, sulfates and chlorides. Stalactitical surfaces are covered with the biofilm
of the extracellular polymeric substances (EPS) and microorganisms. In their environment, the crystallization of calcite takes place. The “filaments”,
whose taxonomic affiliation is not clear are found inside the units in the flattened strands of biological origin. Calcite is a block crystal subindividuals,
which possess the elements of splitting. Their size is about 200-300 pm. The manifestation of skeletal crystal growth happens rather often. Researches
prove the participation of microorganisms in the origin of subaqueous stalactoids. Apparently, filamentous bacterial mats play the role of the primers
and a “framework", which provides a gravity-oriented growth of the aggregates. Extracellular polymeric substance (EPS) has the ability to form com-
plex compounds with ions of Ca?*. It may indirectly lead to the precipitation of calcite.

Conclusions. The microbial mediated genesis, similar to that described in the literature of the North American counterparts, was substantiated for the
subaqueous stalactoids (Pool Fingers).

Keywords: subaqueous stalactoids, Pool Fingers, secondary mineral formation, the carbonates, the calcite skeletal crystals, bacteria, Shulgan-Tash cave.

Introduction

The relevance and purpose of the work

The subject of our research is the microclimate and gas composition of the atmosphere [1, 2]. The subject consequently
includes modern mineral formation, the study of rare mineral species [3], and the isotopic Geochemistry of elements in the
minerals of caves. One of the objects of our research is the cave Shulgan-Tash in Bashkortostan. It is famous for its Paleolithic
paintings. To preserve them, the monitoring and study of the microclimatic features of modern mineral formation and activities
of microorganisms and microflora (bacteria, fungi, and algae) was carried out [4].

The present work describes rare mineral formations, the so-called subaqueous stalactoids, for the first time in Russia. In
the foreign terminology they are called “Pool Fingers” or stalactoids [1, 2, 5-8]. Similar formations belong to subaqual mineral
deposits of caves [8-10]. The urgency of the work is conditioned by the need for a comprehensive study of mineralogical and
microbiological parameters of the cave Shulgan-Tash (Kapova), which is an archeological site of universal importance.

The purpose of this work is the description of the findings of subaqueous stalactoids of the cave Shulgan-Tash and the solution
of mineralogical and genetic issues.

Research methodology

Hydrochemical, electron-microscopic and microbiological methods of research were used in this work.

Hydrochemical monitoring of lake had been performed since 2010. The ionic composition of samples was determined by
titrimetric method (estimated accuracy of +5-10 %); the pH solution was determined using pH meter Sartorius PB (+0.03 pH).
Calculations of saturation indices for calcite were performed in the program Aqion 4.15.5. The study of the morphology and the
elemental composition was performed using electron scanning microscopy on the devices TESCAN Vega 3 SBH with an energy
dispersive spectrometer X-ACT Oxford Instruments (Institute of problems of superplasticity of metals of RAS, Ufa, analysts
L. I. Musabirov and S. N. Sergeyev) and JEOL JSM 6390LV with EMF-prefix INCA Energy 450 X-max 80 at the Institute of Geology
and Geochemistry of the Russian Academy of Sciences, Ekaterinburg (analyst L. V. Leonova).

In the study of the number of microorganisms in the “Pool Fingers” for comparison the takyr clay was taken from the Dia-
mond hall of the same cave. Selection and accounting of the number of microorganisms in the samples was carried out by means
of of sowing suspension on solid nutrient media [4]. The number of heterotrophic bacteria on agar mesopatamia, oligotrophs on
starvation agar, micromycetes in the environment of Chapek was studied. Incubation of crops was produced at a temperature of
+28 °C and +10 °C for 7-14 days. For the convenience of microbiota analysis we used the coefficient of psychrotolerant, which is
the ratio of the number of colonies of microorganisms grown at +6 °C to the number of colonies grown at +28 °C. This figure was
determined at a significant difference in the number of colonies in samples incubated at specified temperatures [11].
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Figure 1. The subaqueous stalactoids “Pool Fingers” in the Dal’nee Verkhnee lake of the Shulgan-Tash cave.
PucyHok 1. CybakBanbHble ctanakrouabl «Pool Fngers» B lanbHem BepxHem o3epe neiepsbi Lynbrax-Tau.

Research results

Subaqueous stalactoids is a carbonate formation with definitely not of the installed origin. They are emerging in the coastal
zones of the cave water bodies [12]. Their origin is associated with the calcification of the filamentous colonial forms of bacteria
[6]. However, it was not possible to identify these organisms due to the fact that the researchers usually got inactive forms. These
formations are considered as microbialite or “biothemes” which are the mineral deposits formed with the help of leading micro-
organisms.

Subaqueous stalactoids are typical for caves in the Guadalupe Mountains in the southern United States. They were first de-
scribed in 1990 in a Lechuguilla cave [13]. Currently they occur in several caves in Germany, Austria, Switzerland, and Spain [8].
No literary data on the “Pool Fingers” in the caves of Russia are known to us. Perhaps subaqueous stalactite or “Pool Fingers”, was
discovered in 2006 for the first time in Russia. It was found in the Dal’'nee Verkhnee lake cave called Shulgan-Tash in the southern
Urals by the Director of the “Bashkortostan” movie company R. M. Isakov. It appeared in the underwater filming of the movie
called “In search of Akbuzat”. We study the finding of these formations in this work.

Dal'nee Verkhnee lake is located on the second floor of the cave at = 700 m from the entrance and represents the slow ground-
water reservoir area of about 90 m? with a maximum depth of 2 meters. Subaqueous stalactoids are widespread along the Eastern
and Western shores of the lake. It is a thin elongated aggregate of cream-colored, length 5-15 cm; it can rarely reach the length of
30 cm (Fig. 1).
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Figure 2. Changes in the total mineralization and the index of saturation for calcite according to the monitoring during the years
2010-2016.
PucyHok 2. luHaMmuka obwien MMHepanu3aumMm U HAEKCA HaCbIWEeHUs K KarbLUUTy No AaHHbIM MOHUTOpUHra 2010-2016 rr.
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Figure 3. Electron micrographs of samples of subaquatic stalactoids.
PucyHok 3. dnekTpoHHble MukpodoTorpacdumn obpasLoB cybakBanbHbIX CTanakTouaos.
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Figure 4. The ratio of Ca—_Mg—Fe mineral formations in the Shulgan-Tash cave. 1 — the subaerial speleothems (sinter aggregates, coralloid,
fibrous-acicular calcite; 2 — subaqueous stalactoids of the Dal'nee Verkhnee lake.

PucyHok 4. CooTtHolweHus Ca—Mg—Fe B MmmHepanbHbix obpasoBaHusax newepsbl Lynbrad-Taw: 1 — cybaspanbHble cneneoTemMbl (HaTeyHble
arperartbl, KOpannouabl, BOMIOKHUCTO-UronbYaThin kanbumuT; 2 — cybakBanbHble cTanaktonabl JansHero BepxHero o3epa.

The hydrochemical monitoring of the lake waters has been carried out since 2010. The Ionic composition of samples was
determined by titrimetric method (estimated accuracy of £5-10 %); the solution pH was determined by means of using pH meter
Sartorius PB (+0.03 pH). Calculations of saturation indices for calcite were performed in the program Aqion 4.15.5. The study of
the morphology and of the elemental composition was performed using electron scanning microscopy on the devices TESCAN
Vega 3 SBH with an energy dispersive spectrometer X-ACT Oxford Instruments (Institute of problems of superplasticity of metals
of RAS, Uta, analysts I. I. Musabirov and S. N. Sergeyev) and a JEOL JSM 6390LV with EDS-attachment INCA Energy 450 X-max
80 at the Institute of Geology and Geochemistry of the Ural Department of the Russian Academy of Sciences, Ekaterinburg (analyst
V. L. Leonova).

The clay takyr from the Diamond hall of the same cave was taken for comparison when studying the number of microorgan-
isms in the “Pool Fingers”. Allocation and accounting of the number of microorganisms in the samples was carried out by cultur-
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Figure 5. The number of bacteria and micromycetes in the subaqueous stalactoids called “Pool Fingers” and clay takyr from the audi-
ence Brilliantovaya (nd — no data; *ratio of psychrophiles, the data indicated are statistically significant at P < 0.05).

PucyHok 5. YncneHHocTb GakTepuit 1 MUKPOMULIETOB B cybGakBanbHbIX cTanakrompax «Pool Fingers» M rmuHe Takbipa M3 3ana
BnunnuaHToBbLIN (HA — HeT AaHHbIX, * — KO3 PULMEHT NCUXPOPUNBHOCTU, CTaTUCTUYECKU 3HAYMMble AaHHble 0603Ha4YeHbl Mpwu
P < 0.05).

ing suspensions on solid nutrient medium [14]. The number of heterotrophic bacteria on the meat infusion agar, oligotrophs on
starvation agar, and micromycetes in the environment of Capek were studied as well. The incubation of crops was produced at a
temperature of +28 °C and +10 °C for 7-14 days. To analyze the microbiota a coeflicient of psychrotolerance, which is a ratio of
the number of colonies of microorganisms grown at +6 °C by the number of colonies grown at 28 °C, was used. This figure was
determined by the reliable difference in the number of colonies from samples incubated at the indicated temperatures [4].

The hydrochemical type of water in the Dal'nee Verkhnee lake is bicarbonate calcium, total mineralization of 390-510 mg/l,
pH is close to neutral (pH 6.8-7.3), the content of magnesium, sulfates and chlorides is insignificant (< 5 mg/l). Graph of the
changes in the total mineralization and saturation index for calcite is shown in Fig. 2. The saturation index for calcite is subject to
considerable fluctuations and rarely reaches a critical value (SI = 0.3), when the crystallization of calcite is possible. When a new
portions of water enriched in aggressive carbon dioxide (for example, in autumn floods in 2012), come to the lake the index of
saturation decreases to negative values (see Fig. 2), and then with some delay an increase in salinity is seen due to the dissolution
of calcite.

Previously, we found that the stalactoids of the Dal'nee Verkhnee lake are composed of calcite. Electron micrographs of sta-
lactoids are shown in Fig. 3. Stalactoids surface is covered by the biofilm of extracellular polymeric substances (extracellular poly-
meric substances EPS) and microorganisms. The crystallization of calcite takes place in their environment (see Fig. 3, a, b). Inside
the units, there occur the flattened strands of biological origin called the “filaments”, their taxonomic affiliation is not clear (see
Fig. 3, b). Calcite is a block crystal subindividuals of the size 200-300 pm. They are characterized by some elements of splitting. It
often happens that the manifestation of the skeletal structure of crystals takes place (see Fig. 3, d-f).

According to the energy dispersive spectroscopy (Inca Energy 450) calcite occurs in the admixture of iron, potassium, mag-
nesium; sometimes there are titanium and manganese. The ratio of calcium and its typical impurities (calculated for atomic %)
of magnesium and iron in the samples of stalactoids (n = 6) and normal subaerial speleothem the cave Shulgan-Tash (n = 16) is
shown in Fig. 4. It is clear that stalactoids are significantly enriched in iron in comparison with conventional speleothem, which
are characterized by significantly more pure chemical composition. It is close to stoichiometric composition. The split and skeletal
growth is apparently linked with the presence of the structural impurities in the calcite.

The Fig. 5 shows the data of microbiological studies of mineral formation “Pool Fingers” and clay takyr. The analysis showed
a high number of microorganisms in both samples, where the number of bacteria was as follows: heterotrophic 1.5-2.2 x 10°
CFU/g, oligotrophic 1.6-3.5 x 10° CFU/g, spore 135 CFU/g and micromycetes 100-800 CFU/g. Meanwhile high abundance of
psychrotolerant spore bacteria was observed in the mineral formation of stalactoids “Pool Fingers” (index 35). It should be noted
that in the samples of the “Pool Fingers” the number of micromycetes was 8 times more than in the soil of the cave (in the takyr
clay). Thus, microbiological studies have shown that “Pool Fingers” biofilms contained a high number of bacteria, such as takyr
clay, and the number of micromycetes even surpassed it.

We believe that the accumulation of metals in calcite (which is not typical for the investigated conventional calcite deposits
in caves) is connected, with the microbial activity, since microorganisms are able to locally change the redox potential of the me-
dium and the conditions of migration of metals. The accumulation of metals may also be due to the adsorption of colloids on a
bacterial slime. Thus, the participation of the microorganisms in the origin of subaqueous stalactoids is confirmed by the presence
of biogenic components in the structure of aggregates. I. e., in the EPS biofilm where the crystallization of calcite and microbial
filaments take place. Apparently, filamentous bacterial mats play the role of primers and a “framework’, which provides a gravi-
ty-oriented growth of the aggregates. Extracellular polymeric substance (EPS), have the ability to form complex compounds with
ions of Ca**. This substance may indirectly lead to the precipitation of calcite [3]. We can assume that it is due to the buffering role
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of EPS that the calcite crystals do not dissolve during the periods of the appearance of aggressive carbonic acid in the water of the
lake. This issue is open to discussion.

Conclusion

As follows from the above, of subaquatic stalactoids (Pool Fingers) of the Shulgan-Tash cave justified the microbial-mediated
genesis, similar to that described in the literature of the North American counterparts.

This work has been done with the support of RFBR project No. 17-44-020091 p_a “Abiotic and biotic factors that shape the mi-
crobiota of the Shulgan-Tash cave and their impact on the role of microorganisms in the destruction of Paleolithic art”.
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Cy6aKBaAbHbIE CTAAAKTOMADLI B AaAbHEM BepxHem o3epe
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Poccus, EkaTtepunHOypr

AKTYaALHOCTL Pa6oTLI OGYCAOBAEHA HEOOXOAMMOCTLIO KOMIMAEKCHOTO M3YyYeHWs MUHEPAAOTMYECKMX M MUKPOOMOAOTMHYECKMX MAPAMETPOB MeLepbl
WyAbran-Taw (KarnoBoi), NpeactaBasiiolein Co60i apXeoAOrMYECKmii MamsITHUK MMPOBOTO 3HAYEHMSI.

Llean pa6oTbI: ONMCAHNE HAXOAKM CyBaKBAABLHLIX CTAAAKTOMAOB U3 Meluepsl LyAbraH-Taw 1 peweHme M1MHEPAAOTO-TEHETUHECKMX BOMPOCOB.
MeToaonormns nccreaoBanms: B paboTe MPYMEHSIAUCH TMAPOXMMUYECKME, SAEKTPOHHO-MUKPOCKOMUYECKUE Y MAKPOBYOAOTMHECKME METOAbI ICCAEAOBAHMIA.
PesyAnTaTtel. B cratbe Briepsble Ast POccuy onmcaHbl CyGakBaALHBIE CTAAAKTOMADLI (B 3apyOeXXHOM AuTeparype HasbiBaeMmble «Pool Fingers» — 6acceiiHoBble
MaAbLbI) — KAPOOHATHbIE OOPA30BaHUsI MeELLEP C OAHO3HAYHO HE YCTAHOBAEHHLIM MPOUCXOXKAEHUEM, (POPMUPYIOWMECS B MPUOPEXKHLIX 30HAX MelePHbIX
BOAOEMOB. Cy6aKBaAbHbIE CTAAAKTOMADLI HaliAeHbI B AaabHeM BepxHem o3epe, Ha BTopom staxe newepnl Wyasran-Taw, B 700 m ot Bxoaa. CyBaksaAbHbiE
CTAAAKTOMALI PACMPOCTPAHEHDLI BAOAL BOCTOYHOTO M 3araAHOro 6eperos o3epa. 10 TOHKMUE BLITSIHYTLIE arperarbl KPEMOBOTO LIBETA AAMHOW A0 30 cm,
CAOYKEHHbBIE KaAbUMTOM. OBPa30BAAMCL OHYM B O3EPE C TMAPOKAPOOHATHO-KAALLIMEBLIM TUMOM BOALI, OOwwel MuHepaamsaumeit 390-510 Mr/A, BOAOPOAHLIM
rokasareaem, 6AU3KMM K HelTpaabHomy (PH 6,8-7,3) 1 C HE3HAUUTEALHBIM (HE BoAEE 5 MI/A) COAEPIKAHUEM MArHUsl, CYALPATOB M XAOPUAOB. [oBEPXHOCTD
CTaAAKTOMAOB MOKPLIBAET BMOMAEHKA BHEKAETOUHLIX MOAMMEPHDLIX BewecTs (extracellular polymeric substances — EPS) u MMKPOOPraHM3MOB, B CpeAe
KOTOPOW MPOUCXOAUT KPUCTAAAM3ALIMSI KAALLIMTA. BHYTPM arperatoB BCTPEYAIOTCs YIAOLIEHHbIE HUTU GUOAOTMHYECKOTO MPOUCXOXKAEHMST «(PUAAMEHTDI»,
TAKCOHOMMYECKAs MPUHAAEKHOCTL KOTOPLIX HesiCHA. KaAbLMT MnpeAcTaBasieT coOOil OAOYHLIE, C SAEMEHTaMM PACLIENAEHUs] KPUCTAAMYECKME
cyOuHAMBKALI pasmepom 200-300 um. Hepeako HaBAIOAAETCsI MPOSIBAEHME CKEAETHOTO POCTa KPUCTAAAOB. MICCAEAOBAHMSIMU MOATBEPIKAAETCSI yHacTue
MMKPOOPraHM3MOB B reHe31Ce CyOaKBaALHBIX CTAAAKTUTOMAOB. [10 BCEV BUAMMOCTY, HUTHATLIE GAKTEPUAALHDIE MATDLI UTPAIOT POAL 3aTPABOK M «KAPKAcay,
06eCrneymBaloILEro rPaBUTALMOHHO-OPUEHTUPOBAHHBIM POCT arperatoB. BHekaetouHoe mnoammepHoe BewectBo (EPS), obaaaaiouee crocobHOCTbIO
06Pa3oBLIBATL KOMIMAEKCHDIE COEAMHEHMsI C MoHaMu Ca2+, MOXKET OMOCPEAOBAHHO MPUBOAUTL K OCAKAEHMIO KaAbLIMTA.

BuiBoAbI: Ars1 CyOaKkBaAbHLIX craaaktonaos (Pool Fingers) o6ocHOBaH MUKPOOHO-OMOCPEAOBAHHLIV FEHE3NC, CXOXKMM C OMUCAHHLIMM B AUTEPATYPE
CeBepoaMePUKAHCKMMM aHaAOramu.

KatodeBble croBa: cybakBaabHble cranaktomabi; Pool Fingers; BTopuyHbIE MMHEPaAbHbIE OOPA30BaHMsl; KAPOOHATDLI; KAABLIMT; CKEAETHDIE KPUCTAAADI;
Gakrepuu; newepa LLyAbraH-Tauw.

Paboma eblirosiHeHa npu noddepxxke npoekma POOU Ne 17-44-020091 p_a «Abuomuyveckue u buomuveckue ghakmopbl, ¢hop-
mupyrowue Mukpobuomy newepsi LLlynbeaH-Taw u ux enusiHUe Ha Posib MUKPOOP2aHU3MO8 8 pa3pyweHuu rnaneonumuyeckol
JKUBoMuCcU».
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AKTYaAbHOCTL pa6otel. CeBepo-3anaaHbiit [TpUKAciuii OTHOCUTCSI K YMCAY PAiOHOB C BLICOKOW CTEMEHLIO PeCcypCHOCTM Hedptv 1 rasa. OTKpbiTUE B
MOCAGAHME AECSITUAETUSI PSIAQ MECTOPOXKAEHM YTAEBOAOPOAOB SIBASIETCS BXKHBLIM (PAKTOPOM, MOATBEPKAQIOLIMM MEPCNEKTUBHOCTL AQHHOW TEPPUTOPUN
B He(pTerasoHOCHOM oTHoweHuM. [okasaHa akTyaALHOCTL MPUMEHEHMS HOBLIX METOAOB MCCAEAOBAHMSI C LIEALIO OTKPLITUSI MECTOPOXKAEHMU YTA€BOAOPO-
AOB, B YAaCTHOCTM — MAA€OHTOAOTMYECKOTO. M3yueHne OpraHnyeckoro MMpa Ha SBOAIOLIMOHHOV OCHOBE M C YYETOM PErVIOHAALHLIX OCOOEHHOCTE Mareo-
TEKTOHMYECKOTO PAa3BMTHs MO3BOASIIOT HA HAYYHOM YPOBHE 0OOCHOBATL MEPCeKTHBLI HedbrerasoHocHocTn CeBepo-3arnaaHoro Mpukacnusi. Aast STUX Le-
A€l HEOOXOAMMO OTPEAEAVTH AOMVHAHTHDIE COCTABASIIOLIME OPraHNYECKOro MUPa OT BaKTEPUit A0 BLICOKOPA3BUTLIX OPTaHM3MOB, KOTOPLIE PA3BMBAANCD
Ha MPOTSDKEHMM BCErO r€OAOTMYECKOro BpeMeHU. B CBsI3n € 3TMM HEOBXOAMMO PA3BMBATD M BLISIBASITL AMAAEKTUYECKOE EAVHCTBO MEXKAY MAAEOTEKTOHUKOM
1 MAACOHTOAOTUEN, YTO MO3BOAUT BLISIBUTL 3AKOHOMEPHOCTM (hOPMMPOBAHMSI M Pa3MelLeHMs] MECTOPOXKACHMIT HePTU U rasa.

LleAbto MCCAeAOBaHMSA SIBASIETCSI HAy4HOe 0OOCHOBaHME MEPCreKTUB HePTEra30OHOCHOCTU M MOBLILIEHMsI MPOrHO3a Me3030McKoro Komraekca Cesepo-
3anaaHoro lNpuKacnus ¢ y4eToM BAUSIHMST MAA€OTEKTOHMYECKOTO U MAA€OHTOAOTMYECKOro (hakTopoB.

Meroaororns n3ydenns. VisydeHve pasmelleHnsi MECTOPOXKAEHMI HeHTU U rasa Ha OCHOBE BLISIBA@HMSI POAU MAA€OHTOAOTMYECKOro METOAA Mpu orpe-
AGA€HUM HehTerasoHOCHOCTM AAHHOTO paiioHa. AHAAM3 MaTeprasa, COAEPYKALIETo MCKOMAaeMble OCTaTKM BLIMEPLIMX OPraH/3MOB.

PesyabTatii. ABTOpamy MPOBOAMAMCL MHOTOAETHME MAA€OTEKTOHMYECKME MCCAeAOBaHMs! Ha Tepputopun CeBepo-3anaaHoro [pukacnmsi, YTo NO3BOAMAO
BLISIBUTD PSIA QHTUKAMHAALHDBIX MOAHSITUI HA AOKAALHOM M PEMVIOHAALHOM YPOBHE. B 1976 I. HA OAHOM M3 TaKMX MOAHSITUM (ACTPAXaHCKMI CBOA) BLIAO OT-
KPLITO YHMKAALHOE MO (HAIOMAAALHOMY COCTaBY U KpyrHeliliee no pasmepam ACTpaxaHCKOe CePOrasoKOHAEHCATHOE MECTOPOXKAEHME. ITO MOATBEPAMAO
MEePCNEKTMBHOCTL AAHHOM TEPPUTOPUM B HECHTEra30HOCHOM OTHOLWIEHMM. ABTOPAMM AAETCS AHAAM3 CAOXKHOTO MPOLIECCa OOPA3OBaHMST YTAEBOAOPOAOB
M UX 3aAeXel. BLisIBAEHb OCHOBHLIE MPUYMHLI M 3aKOHOMEPHOCTH, OnpeAeAsiiolmne KoHueHTpaunio OB B ocaakax. OripeaereHo, 4To Goaee BLICOKME
KOHLIEHTPALMM MPMCYLIM MOPOAAM FAMHUCTOMO COCTaBa. AAsi Cy©aKBAALHLIX OCAAKOB XapAKTEPHLI CAMPONEAEBbIE PA3HOCTM OPraHNYeCKOro BeleCTBa.
VIX HaKOMAEHME MPOUCXOAUT B YCAOBUSIX MAKCUMAALHOW M3OASILIMM OT BAMSIHMSI Cylm. B pesyAstate npoBeAeHHbIX PAaGoT ObiAM 0TOOpaHLl 06pasLbl rop-
HBIX MOPOA (KEPHOBLIVI Matepuan), o6paboTka KOTOPOro MPOBOAMAACL Ha Gase HibkHe-BOAKCKOro Hay4HO-MCCAEAOBATEALCKOTO MHCTUTYTA FEOAOTUM U
reocpusmim B r. Capatose. OrpeAesiAoCh HaAMuMe OPraHNYeCcKMX OCTaTKOB U CTEMEeHM MX COXPAHHOCTU. MIMEHHO 3T MoKasaTeAu SIBASIIOTCS XOPOWVMM
VHAMKATOPaMM YCAOBMI OCAAKOHAKOTAEHMsI M MOTYT ObITh MCMOAL3OBAHbI MPU MOMCKAX MECTOPOXKAEHUM HEDTM U rasa.

BriBoAbl. MHOroAeTHME MccaeroBaHus Cesepo-3anaaHoro INpukacnus Ha OCHOBe MaA€OTEKTOHMYECKOrO aHaAu3a U UCTOAL30BaHME PE3YALTATOB MaAe-
OHTOAOTMHYECKMX UCCAEAOBAHUM HA CTAAMM BLISIBAEHMSI M MOATOTOBKM OGLEKTOB MOA MOUCKOBOE BypeHME MO3BOASIOT HE TOALKO M3YUMTh MPOLIECChl hop-
MMPOBaHMsl AOBYLIEK M MPUYPOYEHHLIX K HAM 3aA€)Kel YTA€BOAOPOAOB, HO M B KOHEYHOM UTOre OLIEHUTL NePCreKTUBL HehTerasoHOCHOCTM.

KatodeBble CAOBA: MAAEOTEKTOHMKA; NMareoHTororusl; CeBepo-3anaaHniii [pyKacnuii; yrAeBOAOPOAbI; OPraHN4eckoe BelecTBO; buocdepa; Hedpreraso-
HOCHOCTD; WEALIOBAsI 30HA; MPUOBPEKHAsI 30HA.

BEAEHMEe
Poccys o6afaeT KpyIHeNIIMMI 3ariacaMyt YITIeBOZOPORHOro ChIpbs (YB), KoTOpoe AB/IAeTCsA OCHOBHBIM pe3ep-
BOM Pa3BUTNUA TOIUVIMBHO-9HEPTeTIYECKOro KOMIIIeKca rocyzapctsa. CeBepo-3anagHblit [Tprkacmmit BXOGUT B 9MCTIO
BeYILINX PAilOHOB 110 HA/IMYNIO YHUKATbHBIX MECTOPOXK/JeHIIT HeDTI 1 Ta3a HAIllell CTPAHBbL

CoBpeMeHHbI YpOBEHb 3HAHNIT U aHa/TU3 MHOTOUVCIEHHBIX (PaKTIIeCKIX JAHHBIX T10 F€OJIOTUM, TEKTOHVKE M 0COOEHHOCTAM
I1a7Ie0TeKTOHMYECKOTO PA3BUTHA C YIE€TOM Ia/IEOHTONOIMYECKMX CBEfIEHNI, OCHOBAHHBIX HA 9BO/IIOLMOHHOM PasBUTUM OPTaHu-
4eCKOTO MIUPA, IIO3BOJIAIOT 60/Iee 00bEeKTUBHO 0O0CHOBATH IEPCIIEeKTUBBI He(hTera30HOCHOCTH MCCIeAyeMoro perroHa [18, 20].

Teopetndeckoe 060CHOBaHNUe MOMCKOB 3ajIeXell yrieBooposioB (YB) B HamconeBbIX OTIOKEHUAX JAHHON TepPUTOPUA
Ha OCHOBE ITaJIEOHTO/IOTMYECKOTO aHa/IN3a JaeT BO3SMOXKHOCTD BBIABUTH Ha PETMOHATIBHOM M JIOKaJIbHOM YPOBHAX CTPYKTYPBI,
[epCIEKTUBHbIE B He(TEera30HOCHOM OTHOLICHNY, YTO B 3HAUNTEIbHOI CTEIIeHN PACIINPsIeT HayIHbIe IPeCTaBIeHNs 00 9Tamax
(bOpMUPOBaHMA U COXPAHHOCTY MECTOPOX/EHMIT YITIEBOIOPOJIOB B HePpTEra30HOCHBIX KOMIIZIEKCAX Me3030s1 1 [TO3BOJIsIET Ha
6071ee BLICOKOM HayYHO-METOAMIECKOM YPOBHE BBIJCUTD Hanboee MepCeKTUBHbIE YIACTKIL.

Teppuropus Cesepo-3anagnoro ITpukacnys xapakTepusyeTcs LIMPOKMUM CTpaTurpaduueckuM AUana3oHoM HedTeraso-
HOCHOCTH (OT JeBOHA [0 IUIMOLIEHOBBIX OTIOKEHMIT). B Ha/icoeBOM KOMIUIEKCe OTIOXKEHUIT BBLABICHDI PAJ, MECTOPOXK/IeHUI
u 3ajiexeit VB, a Taxoke oTMedanuch HedpTera3onposiBeHNst Ha MHOTUX Irtomasx (tabm. 1) [1-3]. B monckoBoM 6ypennu Ha-
xoamnoch 6omee 30 mromaeit. B oTmoxeHnsx Tpuaca, 10pbl 1 MeJa ObIIV BbIsIBIIEHbI He(TsIHbIE, TA30KOHAEHCATHDIE 1 Ta30BbIe
MeCTOPOXKEHNs, B OCHOBHOM HeOO/bIlINe TI0 3armacaM. BombIIMHCTBO 13 HUX 3ajIeraioT Ha rybuHax ot 720 go 2800 M u mpu-
YPOUEHBI K JIOBYIIKaM aHTUK/IMHATBHOTO THUIIA, @ TAKXKe K JIOBYIIKAM IIPUMbIKAHVA K CKIIOHY COMYU (TeKTOHMYEeCKM 9KPaHUPO-
BaHHBIII TUII). 3a/IeXXN IIACTOBbIE, TEKTOHIYECKY 1 JIMTOJIOTMYeCKY orpaHideHHble. CpefjHiie MOLIHOCTY OTAEIbHBIX IIACTOB
n3MeHAITCcA oT 1,5 1o 15 M. CocTaB KOMIEKTOPOB MPENCTaB/eH, KaK IPaBUIIO, TEPPUT€HHBIMY IOPOJaMy IOPOBOTO TUIIA, PeXKe
KapOOHATHBIMI TPELIMHHO-TIOPOBBIMI. [IOPMCTOCTD JAaHHBIX TIOPOJ M3MEHSETCS B Ipefenax oT 13 1o 29 %, a HedTerazoHachI-
IIEHHOCTD — 0T 55 710 77 %. TepMobapudeckiie yC/I0BYsI HAXOAATCS B 3aBUCHMOCTY OT IIIYOUH 3aJIeTaHNS 3a/IeX L. BbIsaB/IeHHbIE
B XapaKTepPU3yeMOM paspese MECTOPOXKAEHNA IPMYPOYEHDI K ME3030JCKMM OT/IOXKEHNUSAM, KOTOPbIE, IT0 MHEHNIO BEYLIVX yde-
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HBIX-T€0JIOTOB 1 9KOHOMICTOB, SIBJIAIOTCA OCHOBHOI 623011 [/1s1 hopMupoBaHys HedTerazopoit orpaciu (Tabim. 2, puc. 1).

He6onpmme riry6uHbl 3a7eraHusa NpOLYKTUBHBIX TOPM3OHTOB, JOKa3aHHAs pernoHanbHasA HeTera30HOCHOCTD, COBPEMeH-
HO€ COCTOSIHIE PBIHKA Y B ChIpbs IpefonpefenaioT peHTa0e/IbHOCTh pa3paboTKY fadke HeOOMbIINX MECTOPO>KIAEHNIL Y IT03BO-
JIAIOT II0-HOBOMY OLIEHUTD IIePCIEeKTUBbI HepTera30HOCHOCTI HaficoeBoro komiviekca Ceepo-3amannoro IIpukacnms.

CyleCTBEHHYIO PO/Ib B TeHEPAIM ¥ HAKOIUIeHN! Y B UTpaoT MHOTOYNC/IEHHbIE Te0NIOTnYecKyie paKTOPhI (TeKTOHIYECKNE,
aIe0TeKTOHUYECKIIE, IUTONIOTO-CTPATUTpadIdecKie, aJleOHTONIOIMIeCcKNe, TeoXMIYecKe, TepMobapudeckue u up.). Kax-
IbIT Y3 HUX B TOJ YUIV MHOJI CTeIIeH) OKa3bIBaeT B KOHEYHOM CYeTe BJIVsAHMe Ha GOpMIUpOBaHMe U COXpaHeHue 3aexeil YB, a
TaKXXe Ha X pasMelleHMe.

PesyAsTtatnl

Pe3ynbraThl Male0TeKTOHMYECKNX peKOHCTpyKImit CeBepo-3amnazHoro IIpyukacnus [3—-6] HanpaB/IeHb! Ha pa3BeKY CTPYK-
Typ, IepCHEeKTUBHBIX B He(pTera30HOCHOM OTHOLIECHMM, KaK Ha CyIlIe, Tak 1 B menbg oot 30He Kacrusa. Vcnonp3oBanue sTux
UCCTIE[OBAHNIT TTO3BOJIsIET O0JIee Ie/leHalIPAaB/IEHHO BBLIB/LSATD TEKTOHMYECKUE CTPYKTYPBI, SB/IAIONINECS IePCIeKTUBHbIMU B
He(Tera30HOCHOM OTHOILIEHNH, 1 60lee JOCTOBEPHO IIPOBOANTD IIPOTHO3HbIE OLIEHKY JAHHOTO PETMOHA.

PesynpTaThl 1a7leOHTONMOTMYECKOTO aHA/IM3a Ha OCHOBE M3Y4eHNs ICTOPUY Pa3BUTHUA CTPYKTYP NMOATBEPXKAAIOT HaIMdMe
WL OTCYTCTBUA YITIeBOROPOROB. [IpakTIKOIL JOKa3aHO, YTO pa3MelleHye MeCTOPOXKAeHMIT HepTH U ra3a TeCHeIIM 00pasoM
CBA3aHO C 0COOEHHOCTAMM MX OMoreHHOro reHesnca. OTMedaeM, ITO B IPOLIeCCe TUTOreHe3a, HAUMHAS OT HAKOIUICHIs IIep-
BMYHOT'O 0CaJIKa I 3aXOPOHEHNA B HEM OPIaHMYeCKOro BEIleCTBa U [I0 AKKYMY/IALIMA YIZIEBOJOPOJOB B IIOPOJjaX KOJIIEKTOPaXx,
IpOKCXORUT POpMUpPOBaHNe 3ajIeXKelt M MecTOpOXKAeHNi [7-10]. BakHelmM ycnoBreM O3HaHMs 3aKOHOMEPHOCTeN popMu-
POBAHNUA U PACIPOCTPAHEHNA 3a/Ie)Kell PasITIHOTO TUIA OOYCIOBIEHO CYIeCTBYIOMEl CBA3BIO C TEKTOTeHe30M ¥ HaKOTIEH! -
€M OpraHOTEHHBIX OCAa/IKOB.

JIIUTeNbHBII U CTIOXHBII IIpoLiecc 06pa3oBaHysl YINEeBOLOPONOB U X 3a/exell TpedyerT, Ipex/ie BCero, HaM4ns UCXOf-
Horo opranmyeckoro semectsa (OB). Ha coBpeMeHHOM 3Tame M3y4eHNUs 0COOEHHOCTeil pasBUTHA HedTerasoBoil OTpaciu
HeOoOXOAVMO BBLSIB/ISITh OCHOBHBIE IIPMYVHBI ¥ 3aKOHOMEPHOCTH, ONpefessiiomue KoHuenTpanuio OB B ocagkax, K KOTOpPbIM
OTHOCATCS:

1) pasMepbl 6MOMACChI )KMBOTO BellleCTBa B cepe HAKOIUIeHsI JAHHOTO OCa/iKa — Ha IIOBEPXHOCTH TPYHTA I B CJIO€ IOKPBI-
BaIolIIell ero BOJDI;

2) IHTEHCUBHOCTD IIPOLIECCOB Pa3/IOXKeHVsl OPrAHNYEeCKOTO BElleCTBA, BEIPasKeHNeM KOTOPOI MOXKET CIIY>KIUTh KOahdum-
eHT poccrnmusanyy (OTHOLIEHNE KOMMIECTBA 3aX0OPOHSIOIIErocs OPraHINYeCKOro BeI[eCTBa K BeIM4nHe CyMMapHOIT ero IIpo-
HYKIVN);

3) COOTHOIIIEHNME MEX/TY IIPUTOKOM B OCaIOK OPTaHMYEeCKOTO BellleCTBa Vi OCTYIIEHNEM B HETO MUHepaIbHbIX KOMIIOHEHTOB;

4) aKTMBHOCTb IIPOLIECCOB MEXaHNYECKOTO IIePeHOCa OPIaHIYeCcKoro IeTPUTa U3 OTHUX (aliaTbHbIX 00CTAHOBOK B IPYTIE;

5) JI0Ka/IbHBIe ITepeMelLeHII ITOfJBIDKHBIX KOMIIOHEHTOB OPraHIYeCKOro BeIeCTBa B YIVIOTHAIOIEMCA OCA/IKe PaHHETO IVlareHe3a.

Takum 06pasoM, pacnpefieNieHne MCXOFHOTO Ist HehTerasoo6pasoBaHMs OPraHNIECKOTO BellleCTBA B 0CAfIKaX HEIoCpes-
CTBEHHO CBSI3aHO C YCTIOBMAMMY UX HakoIUleHuA [11, 12]. YcraHOB/IeHO, 4TO 60/Iee BBICOKIE KOHIIEHTPAIMM IIPUCYIIN TOPOfAM
IJIMHYCTOTO cOcTaBa. [l cybaKBaIbHBIX OCAJIKOB XapaKTePHBI CallpoIle/ieBble pa3HOCTI OPTraHNYeCcKOro BeliecTsa. VX Hako-
II7IeHVE IIPOMCXOANT B YCTIOBUAX MAKCMMA/IbHONM U30/IALIMA OT BIVAHMA CYIIN.

B menbdoBoit 30He, rie GOPMUPYIOTCA ONTUMAIbHbIE YCTIOBUSA UL PasBUTHS OPTAHUYECKOI )KMU3HY, CO3TAIOTCS YCIOBUS
I/ AKKYMYTIALA YT/IEBOIOPOTOB.

B. 1. BepHajickuil B CBOMX Hay4HBIX paboTax [13], HOCBAILIEHHBIX pa3BUTHIO €CTECTBO3HAHNA U YUeHUA 0 HeTU U rase,
OTMe4aeT 3HAYNTENbHYIO [€0/IOTMYECKYI0 POIb OPTAHM3MOB B IIpoliecce oOpasoBanyst HeTu 1 raza. OH CYUTAIL, YTO >KUBbIE
OpraHM3MBI — 9TO MOTY4as reonorudeckas cuia. «Ha 3eMHOII TOBEPXHOCTM HET XUMMYECKOIT CUIIBI, 60JIee TIOCTOSTHHO AeIICTBY-
IOIIell, @ TO3TOMY 1 607lee MOTYILECTBEHHON 10 CBOMM KOHEYHBIM MOC/EHCTBYAM, YeM SKMBble OPTaHVM3MBI, B3ATHIE B L[eTIOM».
XuMydecKue 97IeMeHTb], OYy TUBIINCH B XVIBOM OpPraHU3Me, IIOIIAJIAI0T B 0COOYIO Cpefy, «aHaIOTMYHO KOTOPOJL OHM He HaXONAT
HIIZIe B [PYTOM MeCTe Ha Halllell IyTaHeTe». Takast OlleHKa PO XXMBBIX OPTaHM3MOB II03BOJISIET BEPHO IOJOMTY KaK K IIpobiie-
Me o6pasoBaHusA HeTH, TaK 1 K IpoleccaM GOPMUPOBAHMA ee 3aexell. BOT moyeMy 1maneoTeKTOHIYECKIIT aHAMN3 JaleKoro
HPOIIIOr0 HeOOXOMIMO CBA3BIBATDH C 0COOEHHOCTAMM PAacIpOCTPaHEeHNA KU3HM Ha 3eMe.

Bce opraHusMbl ieATCA Ha aBTOTPO(dHbIE, KOTOpbIe B CBOEM IUTAHNMI HE3aBUCUMBI OT IPYIMX OPraHM3MOB, M TeTepoTpod-
Hble, IMTAOL[VECS] OPraHNIeCKMMI COENMHEHISAMIL, CO3AHHBIMI APYIUMI )XUBBIMIU OpraHN3MaMIL. ABTOTPO(HbIE OPTaHI3MBI B
OT/INYME OT TeTePOTPOdHBIX Pa3BUBAIOTCS LIETIMKOM M3 BEILIECTB «MepTBOI» Mpuponbl. OCHOBHBIMI XMMIYECKMMI 37IEMEHTAMU
ABJIAIOTCA a30T, KUCIOPOI, YI/IEPOT, M BOTOPOJ, KOTOPbIE 3a CUeT MIHEpPa/IbHBIX BEIeCTB 00PasyIoT ITTaBHYI0 MAacCy MX COCTABA.

Cpenu aBTOTPOGHBIX OPraHN3MOB 0c060e MONOXKEHNEe 3aHMMAIOT ABe Pe3KO OTIMYAIoLIMecs IPYT OT pyra IPYIIIBI — 9TO
3e/1eHble XI0POGUIbHBIE OPrAHN3MbI PACTEHMII 1 OBICTPO pasMHOXKaromuecst 6akrepun. X1opoduIbHble OPraHN3Mbl, BKIIIO-
Jalolyie 3e/IeHbIIl IVIAHKTOH MOpell U OKeaHOB, AB/IAIOTCS [IABHBIM MexaHM3MoM 6uocdepst. ITyrem poTocnHTesa co3paoTcs
XMMMYECKNe Tea, aKKyMy/IUpPyIolye Ty49ncTyro sHepruto ComnHila. bakTepun, mmpoko pacnpocTpaHeHHbIE B BOJOEMAX M UX
ocajiKax, 00/1a/jaloT TeOXMMIYECKOII SHEPIell, B JeCATKI M COTHY pa3 IpeBBIIIAONIell Ty JKe SHepIyio pacTeHuit [13].

OpnHOI 13 BaXXKHEINIINX 0COOEHHOCTel aBTOTPO(MHBIX OaKTepuil sIB/SIETC UX IIOBCEMECTHOe pacipocTpanenue. OnHAKoO
OTCYTCTBUE UX GOJIBLINX CKOIUICHMIT CBA3AHO € 0COOBIMY YCIOBUAMYU MUTaHMsA. OHM MONYYAIOT HY>KHYIO A1 )KU3HY SHEPIHIO,
OKNCIIAA COEVIHEHN a30Ta, CepPBI, JKejle3a, MapraHIia 1 yIineposia. ITU COeAVHeHVsI 0ObIYHO B TOJI VIV VIHOV CTeIleH! ObIBAloT
y>Ke OKMC/ICHHBIMY, B CBA3M C YeM KO/IMYeCTBO NI I/I1 GaKTepuil BecbMa OTpaHMYeHHO. B Ipupoyie cylecTByeT paBHOBeCye
MeXJy 6aKTepusiMu, BOCCTAaHABIMBAIOIINMI CYIb(ATDI, ¥ aBTOTPOQHBIMI OPTAHU3MAMI, OKVUC/LIOLVIMU UX.

C MOMeHTa ITOsIB/IeHNS )KUSHI B TUAPOCdepe 1 BO BCe JaTbHEIIIIIe Te0TOTNYeCKe TePIOIbI Pa3BUTIE XXVBBIX OPTaHN3MOB
YIep)KUBAIOCh B ONPe/ie/IeHHbIX 30HaX. JJaHHbIe 30HBI He M3MEHSINCDh B OT/IMYNE OT U3SMEHYMBOCTY (POPM XM3HU 1 PU3NUKO-
reorpagudeckoro nonoxenys rufpocdepsl. Ha pacnpocTpaHeHne )XIM3HM B MOPAX U OKeaHaX pellalolliee BIVAHIE OKa3blBaeT
3HAYMTENbHAS TPAHCPOPMALVISL COTHEYHOI S9HEPTUM, YTO U IPUBOANT K CTYILIEHNIO OPraHU3MOB.

B3sB 3a OCHOBY IIPOLIECCHI 3aPOXKIEHNSA, PAa3BUTHUA 1 PacHpefie/ieHNs )KM3HM B OKeaHe, BbIJE/AIOT YeThIpe CTaTUYeCcKUX
CKOIUIEHUIT KV3HN: IBe IVIEHKM — IVTAHKTOH ¥ JOHHYIO — 1 JIBa CTYIIeHMA — IpubpexxHoe (Mopckoe) u capraccosoe. ITpocmexn-
BAeTCA HEIOCPENCTBEHHAsA CBA3b MEXY pPacIpefieieHeM MOPeil I KOHTMHEHTOB, C OIHOJ CTOPOHDI, ¥ aKTMBHBIM Pa3BUTHIEM
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KapTa HedhTerazaoHOCHOCTU HapconeBbliX oTnoxeHun CeBepo-3anagHoro Mpukacnua. MacwTta6b 1: 1 000 000.
Map of oil and gas potential of saline deposits of the North-Western Caspian sea. Scale 1: 1 000 000.
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IpUOPEXXHBIX OPraHM3MOB, C [PYToit. ITa CBsI3b, HECCOMHEHHO, MIMeeT pellaoliee 3HadeH e B IpoLecce HeTera3oHaKOIUIEHNS.
PackpbITh ee MOJKHO TONBKO ITyTeM BOCCTAHOB/IEHN: Ma/IeOTEKTOHMYECKON CUTYallM OTAEeTbHBIX IEpUOTOB Pa3BUTUA 3€MHOI
KOPBI € Y4e€TOM MICTOPUYECKOr0 pasBUTUA GIOpPLI 1 dayHbl Kaxoro nepuoga [14, 15].

JI/1s1 manpHeriiero pa3BuTys HepTerasoBoil OTPAC/IN Ha JO/DKHOM YPOBHE TpebyeTcs: BHepeHe U3y deHs 6110cdepbl A/t
BBISIB/IEHNS VI HAYYHOTO 0OOCHOBAHNS PO/ OPraHM3MOB U pacTeHuit B pOpMUPOBAHUI MECTOPOXKAEHMII YIIeBOKOporoB. [To-
JIy4eHHbIe Pe3y/IbTaThl IONTBEPXKAAIOT, YTO M3ydeHMe OMOMIOIMYeCcKOil CTPYKTYphI OMocdepbl II03BOJISAET BBIABUTh OCHOBHYIO
MaccCy >KMBOTO BelecTBa. JJaHHbIe OCHOBOIOJIATAONIYIE MfIel, KOTOpble IIMPOKO MICIONB3YIOTCS B 0OOCHOBAHWM IIE€PCIIEKTIB
He(Tera30HOCHOCTH PErMOHOB MCCIeSOBAHNs, OCBEIIEHbl B TPY/AaxX BbIAOLMXCs yueHbIx (A. IT. Bunorpagosa, H. M. Crpa-
xoBa, b. b. [TonbiHOBa, B. V1. Jlebenena, H. b. Berosa, A. V. Ilepenbmana, B. A. Ycrenckuit u mp.). ITo gaunusiM B. A. Ycnencko-
T0, KMBBIM BellleCTBOM Obl/Ta OCYIIIeCTB/IeHa OTPOMHas paboTa B mpouecce GopMupoBaHusa 0cafodHoil o6onouky Jemnu. OH
IIPUBOIMT CIIeAYIOLNVe NaHHble: CYMMapHas TOf0Bas IPORYKLMA XIBOTO BelleCTBA [0 OTHOLIEHVIO K OCaJJOYHOI 000I04Ke
cocrasjsteT 0kos1o 0,003 %. OTmedaeTcs1, 4TO CyMMapHast IPOAYKINS STOTO BellleCTBA 38 BCe BPeMsI CYIeCTBOBAHIS 61ocdeps
npuMepHo B 30 pa3 MpeBOCXOANUT COBPEMEHHYIO0 MAacCy OCaO4HbIX opof. [IoaToMy B 0caikax 3aXOpOHAETCS MUIIb HUITOXKHAAL
YacTb OPTaHNYECKUX BEIleCcTB.

B Bogax MupoBoro okeaHa 13 o0Ieil Macchl yIjaepoja TOIbKO 8,7 % MPUXOANUTCA Ha YITIEPOJ, PAaCTBOPEHHOTO OpraHyude-
ckoro Bemjectsa. Ocrampuble 91,3 % mafaoT Ha KapOOHATHBILIT YITIEPOJ, U YITIEPOJ PAaCTBOPEHHOI YIIEKUCTIOTHL. B mpuOpesxHbIx
YaCTsAX OKeaHa I ITyOOKOBOZHBIX MOPeIl MPOUCXOANT Hanubojee NHTEHCUBHOE Pa3BUTIE SKM3HNU 1 HAKOIUIEHVE OPraHMYeCcKIX
BellecTB. B 1menbdoBoil 30He, MENTKOBOHBIX MOPSIX, 3a/IMBaX 1 JIaTyHaX KpOMe MeCTHOI (ayHsI U ¢1opbl HaKaIBaeTcs 60ib-
110e KOMM4ecTBO OPTraHIYeCcKOro MaTepuaia, IPMHOCKMOTO C CYIIN. 3eCh JKe B pe3y/IbTaTe Pa3oyKeHNA OPraHNIeCKOTo Belle-
CTBA CO3/aeTCsI BOCCTAHOBUTE/IbHASI CPeJia, He CBOJICTBEHHAsI KOHTMHEHTA/IBHBIM U [TyOOKOBOZHBIM OCaKaM.

O6macty BbIAEP)KAaHHOTO PaCIpOCTPaHEHMsT BOCCTAHOBUTENIbHBIX OOCTAHOBOK IPUYPOUYEHBI K 30HAM IIPOMEXYTOYHOTO
SMMKOHTYHEHTATILHOTO PEXMMa IMAPOCPEepPDl: K ONOCHIBAIOIMM MaTepUKOBBIE I/IBIOBI SIIMKOHT/HEHTaIbHBIM MOPSIM I K Ha-
3eMHBIM BogoeMaM. O61ias IIomasnb 3TuX 06CTaHOBOK COCTaB/IAeT 15-20 % OT cyMMapHOII IUIOI[a/iy 3eMHOJ IIOBEPXHOCTIL.
VIMeHHO 3[eCh MPOMCXOANT MaKCMMaIbHOE HAKOIUIEHVE OCAKOB, HAMOOMbIIAsS KOHIIEHTPALVsI OPTAaHNIECKOTO BelleCTBa U
obpasoBaHe BCeX TOPIOYNX MCKOIIaeMbIx [3, 7, 13].

CMeHa MOPCKOTO peXX1iMa KOHTVMHEHTAa/IbHBIM IIPUBOJUT K IepepaboTKe 0CafKOB U Pa3pYLICHNUIO COLlEPKAIerocs B HUX
opraHmnyeckoro BeriectBa. OTMeyaeTcsi, YTO C HOBBIM IIMK/IOM CeMMEHTOreHe3a OMOTeHHBI CUHTE3 POXK/aeT HOBOE OpraHu-
YeCKOe BeIeCcTBO. DTH [JAHHBIE MTO3BOISIOT IPUBECTH IPUMEPHBIE SMIMPIIECKIIE TIOCIETHI BEIMINH OOII[ell MacChl >KUBOTO
BellleCTBA B TeUeHMe BCell reoorndeckoit ucropun 3emnn. CuntaeTcs, YTO OCHOBHAA Macca OCAJKOB, OT/IOXKUBIIAACH B OKeaHe,
pacIipeneneHa CefyOMMM 00pasoM: B SIIMKOHTUHEHTaIbHOII 11eNb(OBOII 30He 3afiep>KuBaercs 6omee 70 %, a B 06/acT I1y-
60koro okeana 14 %.

HakorieHue ocafiKoB B SIIMKOHTIHEHTA/IBHON 30He OKeaHa 11 06ljee KOMMIeCTBO YIIepofia COCTaBsAeT 75,7 % OT cymmap-
HOJI Macchl YIZIEPOfia, 1 IMEHHO OHa IIOCTYIAeT B TeYeHe rofa B ocafky MupoBoro okeana. Ha MOpckoit 1ienb¢ mprxonnTcs
75 % opraHmn4eckoro yriepona. ITo Hampas/ieHnIo K IpUOPeXXHOII 30He IIPOLIEHTHOE COflepKaHye YIZIepofia B CYMMapHOII Macce
yTJIEpOfia BO3PACTAET M MAKCUMYM OCaJIKOB JOCTUTAET B KOHTMHEHTA/IbHbBIX BOJOEMAX.

BoIfienA1oTcs ciefyoliye OTHOIEH) A OPIraHNYeCKOro yIaeposia K CyMMapHOMY KOMMYECTBY BCETO YITIEPOfia B Pas/IMIHbIX
ocafKax. B mpoIjeHTHOM OTHOLIEHNUY 3TO COCTAB/ISIET: B ITyOOKOBOJHOI YacTy OKeaHa — 12,3; Ha KOHTMHEHTATbHOM CKJIOHE —
34,2; B menb¢oBoit 30He — 40,4; 11 o3ep u 6omot — 78,8 u 100,0 coorBeTCcTBEHHO [7, 13].

B 30He Iepexopia OT MOpSI K CYIIIe, Ifle IPONCXOAUT HaKOIUIEHVE OPTaHMYeCKOro BellleCTBa B 0Ca/JKaxX, CO3al0TCA 61aromnpu-
SITHBIE YC/IOBYISL /IS €TO 3aXOpOHeHus1. VIMeHHO ¢ 3Toit 06/1acThio, KaK IIPaBIIIO, CBsI3aHO obpasoBaure YB u ¢popmuposanne
ux 3anmexeit. [locTOBEPHO [OKa3aHO, YTO OOMBIINHCTBO MECTOPOXKIEHNUII TOPIOYNX MCKOIIAEMBIX PACIIONOXKEHO B OTIOKEHNSX,
HaKOIlJIeHJIe KOTOPBIX IIPOMCXOAMIO Ha OOIIMPHBIX IIIOLIAAX O 00e CTOPOHBI JPeBHMX OeperoBbIX TMHIIL.

MOoIIHOCTD 0CafOYHbIX 00Pa30oBaHMII B OOJIbIIEIT CTEIIeHN, II0 MHEHMIO BeYIVIX YYeHbIX-Te0IOr0B, 3aBMICUT OT MHOTUX (ak-
TOPOB, HO BOYKHEJIIIVIM SIB/IIETCS TEKTOHIIECKIIT PEKIM, KOTOPBII (POPMUPYET NaIe0TeKTOHNIECKYI0 06CTaHOBKY [1, 3-6].

B mporjecce ocagKoHaKOIIEHNsI OCHOBHAs Macca OCAaIKOB BBIHOCUTCS peKaMU B 3a/IMBBI ¥ MOps, TpeficTaB/lIeHa UI0M, a
He IIeCKOM, YTO IPUBORUT K 00pa3oBaHIMIO OOMIMPHBIX 30H, 00PaM/IAIOLINX aBaHIENbThL. VIMEHHO B WIaX COCPELOTOYNBAIIACH
IJIaBHasg Macca MCXOQHOI'O OPTaHMYeCKOro BelecTBa. 3aTeM IIpYU MOTPY>KEeHMN Ha ONTVMasIbHble ITyOMHBI OHM CTAaHOBWJIMCH
He(TerasoreHepupy0IUMI OTIOKeHIAMH. [IpocIexxnBaeTcst Cleayolas 3aKOHOMEPHOCTb: OPraHNYeCcKOe BEIeCTBO PacTu-
TENBHOTO ¥ IVIAHKTOHHOTO IIPOMCXOXKAEHMSI B YCThAX pPeK HaKaIIMBaeTCsl B YOBIBAIOIEeM IIOPsIAKE OT MOPCKOTO Kpas [e/IbTh B
CTOpOHY B3MOpbs. Hampumep, B IpeqycTheBOM IIPOCTPAHCTBe p. Boru cpentee cofepskaHie IOBEPXHOCTHOTO (DUTOMIAHKTO-
Ha mmagaet co 100 r/m’ 5o 0,5 r/M° y Kpast fenbrsl. []1s1 mobepexpst n-oBa MaHTbIIIIAK (IIPeAyCTbeBOE B3MOPbE) IIPOCTIEKMBAETCS
MIMPOKOE Pa3BUTHE UIVMCTBIX IPYHTOB. OTMevaeTCs BbIfie/IeHe MeTaHa M BOJOPO/ia IIPU Pa3/IoKeHUI OPTaHMYeCKOTO BEIeCTBa
9TMX TPpyHTOB. [Ipy akTUBMU3ALMY [eATENbHOCTI OaKTepuit GOpMUpPyeTCcs IIEHKA, YTO MIPUBOAUT K IIPEKpaleHUI0 3TOTO MIPO-
necca. BenenctBue aToro 3pech popmupyeTcs cyocTpar, 6/1aronpusATHBI A1 PasBUTUSA OTPOMHOTO KOMMYECTBA OfHOK/IETOY-
HBIX BOZIOPOCIIEl, KOTOPble CMHTE3MPYIOT HOBbI€ MaCChl OPTAaHNYECKOTO BelleCcTBa.

B penbrax maneo3olickoro Bo3pacra uckonaeMas payHa HeKOTOPBIX MOPCKMX POJOB — Ie/IELIUIION, FACTPOIO, UTTIOKOXMIX
U fake OGpaxMoIof — IPUCIOcabIMBaNach K XU3HU B COMOHOBATHIX U IPECHBIX BOAAxX. Kak OTMEYAlOT PsAf yYeHbIX-IIaTe0H-
TOJIOTOB, HEKOTOPbIE MIPECTABUTE/N 13 ITePeUNCIeHHBIX COXPAHSIIOT MOPCKOI O0O/MMK, IIPY 9TOM 0OMTAsI B JENBTOBBIX I JHaXke
PeYHBIX OTIOKeHMAX [14, 15, 21].

JIoByIIKM, pacloNo>KeHHbIe B IIpefieNlax KPYIHbBIX ManeofeNibT peK, BIafalol/X B OKeaHbl, SIMKOHTUHEHTA/IbHbIE MO U
03epa sB/IAI0TCA Harbosee OIATOMPIUSTHBIM [/Is1 HAKOIUICHVsI YITIEBOJOPOJOB (MCKOIIaeMble [eIbThl BocTouno-EBpormerickoit
paBHMHBI, 3amagHoit Cubupu 1 Spyrux patoHoB). VIMeHHO 9Ty 30HBI 06/TafAI0T ITOBBILIEHHOI He(PTETa30HOCHOCTHIO.

Ha ocHoBe Hay4HO-TeOpeTMYeCKMX 0O0CHOBAHHBIX PE3y/IbTATOB I1AaTI€OHTOIOTMYECKIX MCCIENOBAHNI, IPOBEIEeHHbIX Ha
OO/IBIIIOM KOMMYECTBE MECTOPOXeHNIT HeTI 1 Tas3a, HOABMIACH BOSMOXKHOCTD BBLABUTD HEOOBIYATHO BBICOKIIL YPOBEHDb U
aKTMBHOCTb OAKTEPMATBHOTO COOOIIECTBA B TOIIIE BOABI I B JOHHBIX OCA/JKaX.

Boina jokaszaHa 3HAYUTENbHASI POTb MUKPOQIOPH! B IPOAYKIMOHHBIX MIPOLECCaX, IPOTEKAIIX B PailOHaX MOPCKUX aK-
BaTopuit puOBBIX 30H. 3[eCh OTMEYAeTCsl yBeMueHue OMoMacchl OaKTepuit B ZeCATKU M COTHMU pas, 4TO IPeBbILIaeT CpeqHue
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Be/IMYMHBI, XapaKTepHbIe /A BOJ, U 0CAJKOB OTKPBITOro oKeaHa. Haxopsascs B ocafikax CyTOuHas MPOAYKIMsA GpuTobeHToca
u 6aKTepuil JOCTUTAeT HECKOBKMX IIPOIIEHTOB OT CyMMAapHOTO COfiep>KaHNs B HMX OPTaHMKU. DTO MOATBEPK/aeT 3HAUNTeb-
HYIO aKTVBU3AIVIO 6J0JIOTMYeCKOr0 KPYTOBOPOTA U ABJIAETCS OFHOI U3 IIABHENIINX IPUYMH Ha/INYA OTPOMHBIX CKOIUICHUI
HeTH U rasa, XapaKTEPHBIX I/Is1 OONBIINHCTBA PUQPOBBIX MACCHBOB.

CriefoBaTenbHO, TAK )Ke, KaK 1 Ji/s1 OOraTeilmX HeTAHbIX MECTOPOKIEHIIT, CBA3aHHBIX C OTIOXKEHUAMH JIe/IbT Y aBaHJIE/bT,
BaKHEIINM ycoBueM (GOPMMPOBAHMA TMTAaHTCKYUX CKOIIEHUIT He(THU B MICKONIAeMBIX pudax AB/IAeTCI HeOOBIYHO BBICOKAS Ha-
CBILIEHHOCTD OCA/IKOB PAilOHOB MX PACIPOCTPaHEHNs NCXONHBIM [yisi HedTeoOpa3oBaHMs OpraHNYeCKUM BelecTBoM [ 16, 17].

ITpocnexxnBaeTcs: B3aNMOCBSI3b MEXY HAKOIIEHVIEM OPTaHMYEeCKOrO BellleCTBA B OCAAKaX IPUOPEKHOI 30HbI (JIaryHBIL,
3a/IMBBI, TMMaHBbI, JIelIbTOBbIE ME)XPYC/IOBbIE BOJOEMBI U T. [I.) U IOBOJIBHO OBICTPBIM €r0o 3aXOpOHEHMeM IOf] 0CaIKaM/ HaCTyIIa-
Ioliero Mops. brarogaps sToMy opraHn4ecKoe BelecTBO COXpaHAeTCA OT okucneHus. Ha mo6epexxbe mpu oTCTyIUIeHUM MOPS,
KaK IIPaBWIO, OCTAeTCA OTHOCUTEIBHO LIMPOKas IIOJIOCA PEIVIKTOBBIX 03ep U 60JIOT, I/e IPONCXONUT HaKOIJIeHVe 3HaYMTe/Ib-
HOT'O KOJIMYeCTBA OPTAaHNYECKOTO BEIIeCTBA TYMYCOBOIO MM CAIIPOIIENIEBOTO TUIIA.

B 3oHe TpaHcrpeccuii, perpeccuii M MHIPeccuii IpOUCXOAMUT Iepec/iauBaHie MOPCKMX U KOHTMHEHTA/IbHBIX 0CafKoB. B
CBA3M C 9TUM Hab/MofaeTcs CBA3b HepTEra30HOCHBIX OT/IOKEHNIT C 30HAMMY TIepeXo/ija KOHTMHEHTA/IbHBIX Cy0aKBaIbHBIX OTIIO-
JKEHWIT B MOPCKIe, 1 Hao00poT. Kak IpaBuiIo, 9TOT IepeXofi HepeIko BBIpaXKeH IIPUCYTCTBUEM B paspese He(Tera3oHOCHBIX
06pasoBaHMIT OfHOTO U TOTO Xe CTPATUTPAUIECKOTrO HOAPase/IeHN.

HedrerasoobpasoBaHue — IINTEIbHBII IPOLieCC 00pa3oBaHNs YINEeBOLOPONOB, IPOTEKAIOMINIL, II0 Pas/IMYHbIM OLIEHKaM
y4eHbIX-JccnegoBareelt, oT 50 o 350 MyIH seT. AKKyMy/ALys HepTy U ra3a — KOHEYHBIIT 9TAIl CJIOXKHOTO IIPOoLiecca MUTpalun
Hed TN U ra3a 13 30HbI 0Opa30BaHNUA B 30HBI HAKOIUICHNA.
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Relevance of the work. The Northwest Caspian Sea region has a high oil and gas resource potential. The discovery of a number of hydrocarbon
deposits in recent decades is an important factor confirming the prospects of the territory in terms of oil and gas. The urgency of applying new
methods of research to open the deposits of hydrocarbons is shown. In particular, the paleontological method is one of the most topical. The study
of the organic world on the evolutionary basis allows substantiating the prospects of oil-and-gas content of the North-West Caspian Sea at the
scientific level. The regional characteristics of paleotectonic development should definitely be taken into account. For these purposes, it is necessary
to determine the dominant components of the organic world from bacteria to highly developed organisms that have developed throughout the
geological time. In this regard, it is necessary to develop and identify the dialectical unity between paleotectonics and paleontology, which will reveal
the laws of formation and placement of oil and gas deposits.

The purpose of the study is to scientifically substantiate the prospects of oil and gas potential and increase the forecast of the Mesozoic complex of
the North-West Caspian Sea. The influence of paleotectonic and paleontological factors should be taken into account.

The methodology of the study. The study of the oil and gas deposits placement on the basis of the identification of the paleontological method’s
role in determining the petroleum potential of the area. Analysis of material containing fossil remains of extinct organisms is one of the methods of
the present research.

Results. The authors conducted long-term paleotectonic studies in the North-Western Caspian region, which allowed identifying a number of anticline
rises at the local and regional level. In 1976 at one of these uplifts (Astrakhan vault) was opened at the unique fluid composition and the largest in
size Astrakhan derogatories deposit. This confirmed the prospects of the territory in terms of oil and gas. The authors analyze the complex process of
formation of hydrocarbons and their deposits. The basic causes and patterns that determine the concentration of gases in the sediments have been
revealed. It is determined that higher concentrations are inherent to rocks of clay composition. The sapropelic differences of the organic matter are
characteristic of subaqueous sediments. Their accumulation occurs under the conditions of maximum isolation from the influence of land. As a result
of the carried-out works samples of rocks (core material) which processing was carried out on the basis Nizhne-Volzhsky research Institute of Geology
and Geophysics in Saratov were selected. The presence of organic residues and their degree of preservation were determined. These indicators are
good indicators of sedimentation conditions and can be used in the search for oil and gas deposits.

Summary. Long-term studies of the North-Western Caspian region based on the paleotectonic analysis and the use of the results of paleontological
studies at the stage of detection and preparation of objects for exploratory drilling have been carried out. They allow not only studying the processes
of formation of traps and associated hydrocarbon deposits. They also make it possible to ultimately assess the prospects of oil-and-gas content.

Keywords: paleotectonics; paleontology; North-Western Caspian region; hydrocarbons; organic matter; biosphere; petroleum; offshore area; the
coastal area.
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DALINN BYAKAHOTEHHDLIX TTOPOA KOHTMHEHTAABLHLIX
dGOPMALNA

Oner HukonaeBuu NpsAsHOB Ypanbckuii rocyaapCTBEHHbIN FOPHbIN YHUBEPCUTET
Gryaznov.O@ursmu.ru Poccusi, EkaTtepuHOypr

AKTYaAALHOCTL TEMbI OBYCAOBAEHA HEOBGXOAMMOCTBIO BLIAEAEHMSI (DALIMAALHLIX TUIMOB BYAKAHOTEHHBIX KOMIAEKCOB C LIEALIO BLISIBAEHMSI 3AKOHOMEPHOCTEN
AOKaAM3aLMKM B HUX TMAPOTEPMAALHOTO OPYAEHEHMSI.

Lleab pa6oTbi: 060CHOBaHME HEOOXOAMMOCTM M3yHeHMsl (DALMI BYAKAHOTEHHLIX FOPHDLIX MOPOA UM UX POAU B KOHTPOAE AOKAAM3ALIMU TMAPOTEPMAALHOIO
OpPYA€HEeHMs.

MeToAorormst MCCAGAOBAHMI GA3NPYETCsl HA MATEPUAAAX TEOAOTMYECKMX CbEMOK BYAKAHOTEHHBLIX KOMIAEKCOB M AABOPATOPHOrO U3y4YeHWsl TOPHBIX
MOPOA.

Pesyabtatnpl. B cratbe paccmarpuBaercs npobaema (haumili ByAKAHOTEHHDBIX FOPHLIX MOPOA KOHTUHEHTAALHBIX BYAKAHOTEHHLIX popmaumii. [TpuBeaeH
aHaau3 npeactaBreHnit M. A. Ycosa, 0. A. Kysneuosa, B. K. MoHuua, E. b. SlkoBaepoit, A. N. CemeHoBa 1 APYrux nccaeaosareaeit. [pucoeanHsisich
K MHeHuio M. A. Ycoea u 0. A. Ky3HeLioBa, MoA dpaumeli aBTop NMOHMMAET YCAOBUsI OBPA30BAHMSI BYAKAHOTEHHDLIX FOPHLIX MOPOA. [1py 3TOM rAaBHLIM
PaKTOPOM SIBASIETCSI TAYOMHA, BTOPOCTENEHHBIMU — F€OAOTO-CTPYKTYPHbIE OCOOEHHOCTU CPeAbl. PYKOBOACTBYSICH MPEAAOXKEHHBIMM MPUHLIMIIAMM, ABTOP
MPEAAAraeT CBOIO KAACCUM(UKALIMIO (haLMil BYAKAHOTEHHBIX MOPOA OPOre€HHOTo PsiAd. [10 raybrHe 06pa3oBaHmsl BLIAEAEHD! (haumm, Mo BTOPOCTENEHHLIM
chakTopam — cybpaumm. Ihy3MBHO-NMPOKAACTUHECKAS (PALMST BKAIOYAET S(PPY3MBHYIO, SKCTPY3MBHYIO M ByAKAHOTEHHO-OCAAOUHYIO cybdaumm. XKep-
AOBasl (paumisi OXBATLIBAET HEKKOBYIO, AAMKOBYIO M SKCTPY3UBHYIO cyOcpaumm. CyOByAKaHMYECKas chaumst MPEeACTaBAeHa Cybdhaumsimm CyOBYAKAHUHECKON
MHTPY3UM U AQlKOBOM. TunabuccarbHas cpaumsi BRAIOYAET CyOaumm rmnabuccarbHOM MHTPY3MU U AalKoByio. Kaskaast cybdpaumst xapaktepusyercs npu-
CyWMMM €V TEAAMM COOTBETCTBYIOWEN (POPMbI. [TPMBEAEHA XapaKTEPUCTMKA HA3BAHHLIX (haumi, Cybdhaumii u Tea.

B 3aKAIOYEHMM MOAYEPKMBAETCS HEOOXOAMMOCTD M3yHeHMs! U OBCY>KAEHUsI MOCTABAEHHOTO BOMPOCA C LIEABIO BbISIBA€HMST 3aAKOHOMEPHOCTEN AOKAAM3aLIMM
OpPYA€HEeHMsl ByAKAHOr€HHbIX (hOpMaLIiA.

KatoyeBble croBa: chaumu; cyGhaumu; YCAOBMsi OBOPA30BaHMsl BYAKAHUYECKMX TEA.

BEA€HMe
[Ipobnema «ByIKaHU3M M PyLoOOpa3soBaHye» MHOTYE FOJbI BOJIHOBAJIA CIIELMA/INCTOB B CBA3M C U3y4YeHMeM yC-
7I0BIIT 06Pa30BAHNS TUAPOTEPMATBHBIX MECTOPOXKAEHNUIT YPaHa, MECTOPOXKAEHMII MeM U ITO/IMMETA/IIOB KOTIeaH-
HOTO, TOP(VPOBOTO TUIIOB, MECTOPOXK/EHIIT MOMNO/EHa U COITyTCTBYIOLIVNX MM 37IEMEHTOB. B 9T0l1 BakHellIleil /st Haleit
CTpaHBbI Ipob/IeMe MCCIe0BaTe/ CTOMKHYINCH C HeOOXOAMMOCTbBIO BBIICHEH VST POJIM BY/IKAHOT€HHBIX TOPHBIX ITOPOJ Pas/Iny-
HOIT (haliMasIbHON IIPMHAIIEKHOCTH 1 3HaYeHMsA (alaTbHBIX TUIIOB BYTKaHOTEHHBIX KOMIUIEKCOB B KOHTPOJIE JIOKaIM3aInu
IIPOMBILIEHHOTO OpyfeHeHys. C 0co6011 aKTMBHOCTBIO 3TV BOIIPOCHI 00CYKjamuch Bo BTopoli monosrHe XX B. OHU He TIOTe-
PSUIU CBOETO 3HA4YeHA U B HACTOsAIIee BpeMsA B CBA3M C HEOOXOAMMOCTBIO BBLAB/ICHNA HOBBIX MECTOPOX/ICHUII B YCTIOBMAX pe3-
KOTO COKpAIIeHIsI, @ TOPOIE TPeKpaleHsi TOCYAAPCTBEHHOTO (PMHAHCUPOBAHNS Te0JIOTOPa3BeJOYHBIX (IIOMCKOBBIX, Pa3Befou-
HBIX) pabOT Ha TBEp/ible ITO/Ie3HbIE VICKOIIaeMbIe.

B cBA3M ¢ U3/10)KEHHDBIM BBIIE COBPEMEHHOMY ITOKOJIEHMIO MOJIO[IbIX I'€0/I0T0B — OCHOBHBIX MCIIOJTHUTENIE IpOrpaMMbl
pacuIMpennsa MUHepanbHO-ChIPbeBOIl 6a3bl PYIHBIX MECTOPOXKIECHMIT — HEOOXOVIMO 3HATh 3aKOHOMEPHOCTM VX Pa3MeIeHN.
«JIy4iree HOBOe — XOPOIIIO 3a0BITOE CTApOEe», UTO TPeOyeT yINTHIBATh GOTaTeIINIT OIIBIT COBETCKOI Ie0/IOTMYeCKOIl ITKOJIBI, CO-
3/1aBIIelT TIOKA CYIIEeCTBYOIINII pe3epB IPOMbIIIIEHHBIX MECTOPOXK/IEHNI BEeAYIINX BI/IOB II0/I€3HBIX JICKOTIAEMBIX.

B HacrosiIelt cTaTbe MBI OCTAHOBUMCS Ha PacCMOTpeHuM (aluii ByJIKaHOTEHHBIX ITOPOJ;, KOHTMHEHTA/IbHBIX (POPMAL{IiL, a
B IIOC/IEAyIOI[eM — Ha (aliMa/IbHBIX TUIIAX BY/IKAHOT€HHBIX KOMIIIEKCOB.

[TosHaHMe 3aKOHOMEPHOCTE!! PasMelleHNsI PY[HBIX MECTOPOXJEHWII B BYIKAHOTEHHBIX (OPMAIUAX HEBOZMOXHO Oe3
muddepeHINpPOBaHHOTO MOAXO/A K U3YIEHUIO BYTKaHOT€HHBIX 00pa3oBaHMil, X (alaabHOTO paculIeHeH!s U 00beKTUBHOI
OIIeHKV POJIV ITOPOJ, Pas/IMYHbIX (halinit B KOHTPOIe opyaeHeHnA. M. A. YcoB ObUI OfHVM 13 TIePBhIX, KTO 06paTi/I BHUMaHMe Ha
Heob6xoarMocTsh fuddepeHIpOBaHHOrO MOAXO0AA K MCCTIeR0BAHNIO IOPox a¢ysuBHOro o6mmka [1]. «B pasmnaHbIX ycmoBusix
CTAQHOBJIEHMsI OfHA U Ta e ¢ (PysUBHAS Macca MOMYIAET PA3TNIHYI0 POPMY CBOETO IUTONIOINIECKOTO BHIPAXKEHsI UIIN, €CIII
HepeHeCcTy Ha MarMaTuyecKye IOpPObl TEPMIHONOTUIO, PaspabOTaHHYIO B IIPMMEHEHNN K OCa[JOUHbIM OPOAAM, PasIUIHYIO
(bannanbHOCTD ... TOMBKO C TOYKY 3peHMA NPUHAIeKHOCTH 9 Py3nBOB K onpesienieHHOI daium 1 pase 3Ta IpyIIa HOPOy ...
HONY4YNT Mofio6aroliee eif MeCTO ¥ IOMOYKET BBIABICHNIO HOBBIX 11 MHTEPECHBIX MOMEHTOB UCTOPUY 3eMIT».

PesyanTtartnl

PyKOBOACTBYAICH yCIOBUsAMY 00pasoBaHmst mopog u popmoit e, M. A. YcoB BriepBble BbIeINT ST (DALl By/IKAHOTEH-
HBIX IIOPOJ: 9KCTPY3MBHYIO (IIOKPOBBI, IOTOKY, KYIIOJIa); CYJIZIOBO-/IAKKOIUTOBYIO (CHJUIBI M TAKKO/IMTHI); JAIKOBYIO (JIMHEHbIe
HariKi); >Kep/IoByIo (TpyO6bl) 1 MITOKOBYIO (IITOKM). B KadecTBe [OIMOMTHUTEIBHOTO KPUTEPHSI UCIOIb30BAIACh (paza COCTOSHIUS
3¢ dysuBos. Takoit MOAXO K MOCTPOCHUIO KIACCUPUKAIINY ITPEACTABIACTCS HETOCTATOUHO yoeauTenbHbIM. Popma Ter ABs-
€TCsI BTOPOCTEIIeHHBIM IIPU3HAKOM, 3aBUCUT OT Te0IOT0-CTPYKTYPHBIX 0COOEHHOCTeI! TOJIL, BMEIAIONINX By/TKaHOT€HHBbIe 00-
pasoBaHI, U He BCErfia OlpefiensieTcs [IyOuHol popMupoBaHusa HOPOS,. JIaKKOMUTDI, HaiKyl CBOJICTBEHHBI KaK CYOBY/IKaHMIYe-
CKIM, TaK U TUIaduccaabHbIM yoIoBuAM. KpoMe Toro, hopMy maek MMEIOT Tela XXep1oBoii Gpaluy Ipy TPeIMHHbBIX U3IUAHNAX.
He BnonHe ypadHo o6befuHeHne TOKPOBOB, IOTOKOB I KYIIO/IOB B 9KCTPY3uBHOII (anun. Paza cOCTOSHMUS TaK)Xe He BCEINa
MO>KeT SIBJIAThCA AMATHOCTUIVIOHHBIM KpuTepyeM. VccienoBana Ha3eMHBIX aHIe3UT- Tl T-TUIapUTOBON 1 TPAXVIINIIAPUTO-
BOII (hopMaImil CBUIETENbCTBYIOT O IMAareHeTUIeCKOM IpeoOpa3oBaHN OPOJ, IPAaKTUIeCKU He3aBICUMO OT UX (alnaabHOI
npuHapIexxHocTn. [To 06/IuKy yfaeTcs OTIM4YaTh CyOBYIKaHIYeCK/e 06pa3oBaHMA OT M3MMBIINXCSA U SKEPIOBBIX, HO OJYAC 9TO
HEeBO3MO>KHO. I1py IOIBOIHBIX >Ke M3BEP>KEeHUAX BCe IOPOBI IIPUOOPETAIOT 3e/IeHOKaMeHHDII 00K,

HecmoTps Ha IpyBefieHHbIe 3aMeYaHNsA, TPYLHO IePeOLieHUTb KOJIOCCA/IbHYIO poiib Kinaccudukanuy M. A. Ycosa, Ha KOTO-
POt BOCIIUTBIBA/IICH MHOTYIE TIOKOJIEHIISI T€0JIOTOB, 3aHIUMAIOIINXCs n3ydeHneM 3¢ dysnusos. OHa, HECOMHEHHO, IBUIACh OUYEHb
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Ba)KHBIM IOKyMEHTOM, Halle/TMBIINM Ha 60Jiee Cepbe3HBIil TTIOAXOM K M3YYeHUIO BHYTPEHHEro cTpoeHus 3¢ y3uBHBIX TOIL 1
BBIAB/ICHNIO CJIOXKHBIX B3aMMOOTHOIIEHNIT TpU (POPMUPOBAHNM BY/TKaHOT€HHBIX 06pa3oBaHNIL.

0. A. Kysuenos (1955), pasBuBas ugeu M. A. YcoBa, pefnoxXui ¢anmanbHoe IoApasie/ieHyie MarMaTu4eckux mopoy B
3aBUCUMOCTH OT ITyOMHBI (POPMUPOBAHYS, TUIIa MarMbl U ¢popMbl Tel. Ilox ¢ayueii Marmarmdeckoit nopogsl, 1o 0. A. Kysue-
L[OBY, «C/IEAYeT IOHNMATb COBOKYITHOCTD YCI08ULL (POPMUPOBAHUS MATMATIIIECKOI OPOADI (MM MAaTMATIIe€CKOTO KOMIUIEKCA),
KOTOpBbI€E OIPERETIAIOT Psifi ee crelupuiecKux 0co6eHHOCTel».

B xnaccuduxanyn 10. A. KysHeroBa By/IKaHOTeHHbIE IIOPOJIBI MOT'YT OTHOCUTBCSA K 9KCTPY3UBHOI ¥ ITUITAOMCCaIbHOI IPYTI-
nam ¢anuit. B neppoit aBTOp BbIfie/NAeT Ha3eMHYIO, IOJBOIHYIO U XKEPIOBYIO (A, BO BTOPOJ — CUITIOBO-TaKKONTUTOBYIO,
IITOKOBYIO U AaliKOBYyI0 (arpy. [IpefcTaBiseTcs HEJOCTATOYHO YAAYHBIM 00'beiyiHEHIe B OHY IPYIIITY 9KCTPY3UBHBIX (arimit
VBTUBIIVMXCSL Y 9KCIIIO3UBHBIX IIOPOJ, C XKEPIOBBIMM, XaPAKTEPUSYIOLINXCS KaYeCTBEHHO PA3/IMIHBIMI YCIOBISIMU 006pasoBa-
Hyst. C/IMIIIKOM PaciIMpeHO TOIKOBAHNMe INIIA0MCCaTbHOM TPYIIbL (Dalyy, BKIIOYAOLIEl IIPUIOBEPXHOCTHBIE (ariL.

[Mospuee 0. A. KysHeroB omy6/11MKoBaI IPpUHININAIBHYIO CXeMy Kraccudukanny ¢dauuit MarMaTudeckux mnopop (2],
OCHOBY KOTOpOI1 6bl1a ooxeHa cxema B. K. Monnya. Baxkueiiiee sHadeHre npuaeTcs rnybuHe o6pasoBaHus MOPOJ, B Ka-
JecTBe Hanbosee KPyIHOro KJIACCU(PUKAIIMOHHOTO MOfipasfie/ieHns BbifienieHa Qarys rmy6uHHOCTH. BHYTpU Makpodarym mo
¢bopme, pasmepam MarMaTMIECKIX Tel I XapaKTepy KOHTAaKTOBOTO MeTaMopgu3Ma BbIIe/SIIOTCS Ganuy BTOporo mopsiaka. Ilo-
CJIefiHNE, B CBOIO OY€pPefb, IOfPA3AE/IOTCS Ha (aliuy TPEThEro MOPSIAKA B 3aBJCUMOCTH OT COCTAaBa, CTPYKTYPbI U TEKCTYPBL
MarmarmdecKrx mopop. B paccmarpuBaemoit kraccugukanmuyu By IKaHOTeHHbIE ITOPOBI MOTYT OBITH OTHECEHBI K TPEM IIEPBBIM
¢banuam rrybuHHOCTH (HA IIpMMepe TPAaHUTOMIHBIX MarMm): HOBEPXHOCTHBIM (HazeMHOIT 3¢ ¢ysuBHOIL, ToABOAHOI 3¢ dy3us-
HOIT, OKOJIOKPATEPHOI1, 9KCTPY3UBHOII); IPUIIOBEPXHOCTHBIM (CyOBy/NTKaHMYeCcKUM) danusaM (5KeprIoBoil, IPUIIOBEPXHOCTHOI
(dauyy MajbIX MHTPY3MUIL, IPUIIOBEPXHOCTHON XXIIbHOM (ariym); TunabuccanbHbIM WIN MaTOITyOMHHBIM anusaM (Manormy-
OVHHOJI ITy TOHMYECKOI1, MaJIorTyOMHHO (alyy MalIbIX MHTPY3Wil, MaJIOITyOMHHOI >KVIBHOM (amyn).

CyliecTBEHHO BaXHBIM MOMEHTOM SIBJISIETCST BBIAE/IEHIE CAMOCTOSITE/IbHON CyOByIKaHWIeCcKoit rpynmsl ¢anmit. Heybe-
AUTEIbHO, OAHAKO, OTHECEHNE K ITOII IpyIie skepoBoit daunu. Kpome Toro, efsa mu BepHO OrpaHUYEHNE SKCTPY3UIL POIBIO
IIOBEPXHOCTHBIX 06pasoBanmit. [Tpy Takoil TPAaKTOBKE IKCTPY3UM IIPUXOFUTCS PACCMATPUBATh B OTPBIBE OT TOI YACTH TeJI, KO-
TOpBIe BO3HUK/IM B MarMOIIOIBOJAIIEM KaHaJle, XOTs TeHeTUYeCKI OHM IIPEfICTAB/IAI0T efHOE Le/oe.

Ha npumepe usydeHns KpacCHOKaMeHHO-M3MEHEHHBIX BY/IKaHOTeHHbIX mopoj Kasaxcrana E. B. fIkosneoit (1967) mpepa-
raeTcsi B OCHOBY BbIJIe/IEHIsI (PALil IOIOKUTD YCI08US (POPMUPOBAHUS Mesl, B TOM UMCIIE MX B3aVMOOTHOLIEHNS C BMEIIAIOII/-
M topogamu. Mop¢omornio Tesr aBTop paccMaTpyUBaeT B KadeCTBE BTOPOCTEIIEHHOTO IIPU3HAKA U PYKOBOZCTBYETCS UM IIPU
Boienernu cybganuit. [To muennto E. B. IkoB/IeBOII, MOXXHO BBIAEIUTD TPY THUMA (ALl By IKAHOTEHHbIX IIOPOJ: COOCTBEHHO
a¢dysuBHyI0, CyOBYNTKaHNYECKYIO 1 XepoByt. CobcTBeHHO 3G dy3nBHadA arya BKIOYaeT Tpu cybdarmu: cybdarmio te-
Ky4IX J1aB (JIaBOBbIE IOTOKM), 9KCIUVIO3MBHYIO (IMIMPOKIACTIYECKE IOPOMIBI) U 9KCTPY3UBHYIO (KYIIOTa, 00€IICKY, KYIIONbHbIE
6pexunn). K cybBynkaHmdeckoit ¢paiuy oTHeCeHbI TAKKOMUTDI, CUIUIBI 1 Aaiiku. ITopoyibl skep/ioBoit iy BBIIOTHAIOT HOJBO-
sALMe KaHAJIbL B BUJie HEKKOB, Ia€K I APYIUX Tel.

B npuBepeHHOI KIaccuduKanuy aBTOp He BbIE/sIET TUITA0VCCAIBHBIX TOPOA. OHU OTOX/ECTBISIIOTCS C ONMM3IOBEPXHOCT-
HBIMI MHTPY3UBHBIMI 00pa30BaHMsIMU B CyOBy/IKaHMIecKolt daryn. Takoe dpesMepHOe pacLipeHie COTep>KaHms CyOByIKa-
HIYeCKOII (haliny, Ha Halll B3I/IAM, Manto 060cHOBaHO. HeoOXOMMOCTD BbIe/IeHNsI B Ka4eCTBE CAMOCTOSATENbHbBIX CyOBy/TKaHMU-
YecKoit 1 rurabuccanpHoit dpaunit ybenutenpHo aprymentrposana 0. A. Kysuenossim [2].

B mpomecce n3ydeHns 103JHEOPOreHHBIX aHE3UTO-AUOPUTOBON, TPAXMaHAE3UTO-JUOPUTOBOI, TPAXUTO-CUEHUTOBOI U
numnapurosoii ¢popmanuit CepepHoro Kasaxcrana A. V. CemeHOBBIM (1966) BbIIeNeHBI Clenyolye (aryy: MOBepXHOCTHDIE
(r1oKpoBBI 1aB, TY(OB), >KEPIIOBbIE I IIPVDKEPIIOBbIE, IKCTPY3UBHBIE, CyOBYTKAHIIECKUX MHTPY3UIT, TNIIA6MCCaIbHBIX MHTPY3NUI
U [JaiiKOBBIe. B paMKax CKaThIX Te3MCOB aBTOP, eCTECTBEHHO, He MOT apTYMEHTIPOBATh BbIABUHYThIE ITOoxKeH st Obpamaer Ha
ce0s1 BHMMaHMe OTHeIeHNe 9KCTPY3UBHBIX (aluil B CAMOCTOSITEIbHYIO IPYIIITY.

VsydeHne MHTPY3UBHO-BYJIKAHMYECKUX KOMIIIEKCOB aH[E3UT-JALUT-IUIIAPUTOBON U TPAaXWIMIAPUTOBOI (OpMaIiuiL,
aHa/mM3 u 06061IeHNe OMYOIMKOBAaHHBIX MaTepHaNoB TO3BOJIAIT HPEIOXIUTD CIeAYIOle cO0OpaXkeHNs 0 alanbHOM pac-
YJIEHEHNN BY/IKAHOTEHHBIX TIOPOJ] OPOTEHHOTO Psi/ia.

YenoBust pOpMMPOBAHNS MarMaTNIeCKUX MOPOJ CKIAIbIBAIOTCS U3 AMAIEKTIYECKOTO IIPOTHBOPEYNs BHELIHUX U BHY-
TpeHHUX (paKkTOpOoB. BHemrHme hakTOPBI — TO CBOIICTBA CPefbl, BHYTPEHHIIE — CBOIICTBA MarMarndeckoro paciwrasa. Crenngu-
Ka Cpefibl OIpefe/sieTCsl ITTyOMHOI 1 Te0Ior0-CTPYKTYPHOI 06CcTaHOBKOI popMupoBaHust Hopof. IIpucoequHsAsach K MHEHUIO
M. A. Veosa [1] n 1O. A. Kysnenosa [2], mox payueii Mbl HIOHUMAEM YCI08US POPMUPOBAHUS NOPOO: TTTABHBIM (HaKTOPOM CUM-
TaeM Iy6UHY, BTOPOCTENEHHDBIMY — Te0IOr0-CTPYKTYpHbIe 0cobeHHOCTH cpenibl. [TocnenHue o6ycnoBnmBaoT GopMy, pasmMepbt
TeJI, UX [IPOCTPAHCTBEHHBIE B3aMMOOTHOIIEHVsI C BMELAIOLINMI IOpofaMul. BMecTe ¢ TeM CrlefiyeT yInThIBaTh COCTAB MarMmsl
U CTEIIeHb HACBIIEHHOCTI €€ JIETYyIVMM KOMIIOHEHTAaMI. B 3aBUCHMOCTI OT COCTaBa M CBOJCTB MAarMaTIYeCKuil PaciulaB B
PA3/INYIHON CTEIeHN BO3/IEIICTBYET Ha BMEIAIOLIe IIOPOMBI 1, C/IEOBATE/IBHO, IIPMHIMAET yIACTIE B CO3aHMY (alinaTbHbIX
ycnosuit. HemanoBaxHyio pojib B 06pa3oBaHIM HOPOJ, PasIMIHON (aljiaabHON IPUHAIEKHOCTY UTPpaeT (HaKTOp BPeMeHI.
IToka He TIpefiCTaB/IACTCA BOSMOXKHBIM KOHKPETU3MPOBATh €ro 3HAUYeHNe IIPY PACCMOTPEHNUM OTAEbHO B3ATOI daryn. Byxka-
HOTEHHBIE TTIOPOAIbI BCeX (aluii B IIMPOKOM CMBIC/IE C/IOBA SIBJIAIOTCA I€OJIOTMYeCKM OTHOBPEMEHHBIMU IpU (POPMUPOBAHNI
CJIOXKHBIX BY/IKQaHMYECKUX KOMIUTEKCOB. OfHaKO pasBUTIE KOMIUIEKCOB OXBAThIBA€T 3HAUNMTENIbHbIII BPEMEHHOI MHTEPBATL, I
IIPY IeTa/IBHOM M3YYEeHWUN 9aCTO YCTAHAB/IMBAETCS OIIPefle/IeHHAs BpeMeHHasI [I0CTIe0BaTeIbHOCTD B 006Pa30BaHNN IIOPOJ pas-
ymaHbIX ¢daunii [3]. B obiem crydae MOXXHO KOHCTATHPOBATh, UTO Hosee Iy6rHHbIE Tema GOPMUPYIOTCS [T03Ke TOBEPXHOCT-
HBIX IT0 Mepe MCTOLIEHNS S9HePTUM MarMaTHIeCKOro oJara.

PaccMOTpeHHBIe ITPUHIINIIBI TTOIOKEHBI B OCHOBY IpeIaraeMoii cxeMbl Kaccudukanuy Qarmii By IKaHOT€HHBIX ITOPOJ, OPO-
reHHOTO psfa (Tabmuua). Ilo rmaBHOMY akTOpy (ITy6MHHOCTI) BBIETEHDI (arim, I0 BTOPOCTENIeHHBIM (pakTopaM — cyOodaryn.

ITopoovt agppy3usHo-nupoknacmuseckoil panyy 06pas3yioTcs IpU U3BEPXKEHNN MarMbl Ha IIOBEPXHOCTD. BelencTBIe My/b-
CAIIIOHHOTO XapaKTepa BY/IKAHIIECKOI [ TEIbHOCTI Y Y€PeSOBAHsI IEPUOLOB M3BEPXKEHMII C IePIOfAMI OTHOCUTENIBHOTO
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Cxema knaccudmkauum auumin BynkaHOreHHbIX nopop oporeHHoro psaa [4].
Scheme of classification of facies of volcanic rocks of orogenic series [4].

[OETIT] Cy6dpaumm dopwma Ten
OddysnBHas [MOTOKM, NOKPOBbLI
Opdy3mBHO-
OKCnnoavBHas
nmpoknacTuyeckas MnacTbl
BynkaHoreHHo-ocafgo4Has
HekkoBas Hekkun unm xxepnoBuHbl (BynkaHbl LLIeHTpanbHoro tuna)
Hankosas JIHenHble Aanku (BynkaHbl TPELMHHOIO TUNa), paanarnbsHble,
Kepnosas KomnbLeBble falky (BynKaHbl LEeHTparnbHOro Tuna)
OKCTpy3nBHas OKCTpy3MBHbIE Kyrnona n obenucku, bucmanuTbl
CybBynKaHN4eCKON NHTPY3UK JlakkonuTbl, rapnonuTel, BucmanuTbl, hakonuThbl,
3TMONUTbI, CUNIbI
CybBynkanuqeckas [Jaiikosas NuHeiiHble, paauanbHble Aaiikv, Komnblesble (B nnaHe),
LUMNUHAPUYECKNe N KOHNYeckue (B paspese) faviku
MMnabuccanbHoM MHTPY3nK JlakkonuTbl, WTOKN
mnabuccanbHas - . ~
[ankoBas TNnHenHble parkun

II0KOsI 9 Py3UBHO-NMPOKIACTIYECKYE IOPOADI B paspese HEPESKO IepecIayBaloTCsA ¢ OCaJOYHBIMY, MMes C HUMM B 00LeM
cIydae coracHoe 3ajieranue. Io yemosyusaM gopmuposanus 9¢ysrBHO-IMPOKIACTIYeCKIe 00pa3oBaHMA IOPa3Ie/IAI0TCA
Ha (1) a¢pdysusnyIo, (2) 9KCII03UBHYIO 1 (3) BY/IKAHOTEHHO-0CA/JOYHYIO0 CyOdann.

ITopoowvt agppysusnoti cybdarym 06pasyioTcst Ipu USIUAHNY KUAKOI 6a3a/1bTOBOI, aHAE3UTOBOIL MM 0OOTallleHHOII JIe-
TY4UMMU JALUTOBOM, TUIAPUTOBOI MarMbl, CIOCOOHOIT TTepeMelaThCsl Ha 3HAUNTeNbHbIe PACCTOSHMA Ha TMoBepxHOCTH. OHM
HpeCTaB/IeHbl IABaMM, KJIACTONaBaMy, Ty(omaBaMu ¥ APYIUMM 06pasoBaHMAMIY TaBOBOI IPUPOAbL. DPPy3MBLI 3a/IeraoT B
BIfie IOTOKOB J IIOKPOBOB.

ITopoow sxcnnosueroii cybdaumm 06pasyoTcs B pe3y/brare BHIOPOCOB BYJIKAHUYECKOIO MaTepyasia Ipy B3PbIBHBIX M3Bep-
xeHnsx. K HuM OTHOCATCS MMPOK/IACTIIECKUe TOPHBIE TOPOAbI (TY(bI, UTHUMOPUTSL U p.), AETAIBHO paccMoTpeHHsbie E. O.
MareeBbIM [5]. B cBs3M cO cMeHOII 9KCIITIO3MBHBIX U3BEPXKEHMIT 3 Py3MBHBIMIU B paspese BYTKaHUIECKIX COOPYIKEHNUIT 0ObIU-
HO Hab/oflaeTcsl TepeMeXkaeMOCTh JIaB ¢ mupokaactaMu. [locenHue 3ameraoT B popMe IIACTOB PasINYHOI MOIHOCTIL.

9P PysnBHO-NUPOKITACTUYECKIE TIOPOJIBI, B 3aBICYMOCTH OT 00pa3oBaHs BOIM3YU BYNTKaHIYECKUX SKepJI MU Ha YAaneHUN
OT HUX, XapaKTepusynTcsa pagoM ocobenHocreil. E. @. Manees [5], K. V. [IBopuosa (1963), M. A. Ilerposa (1967) ormeyaror,
YTO B OKOJIO>KEPJIOBOIL 30He (POPMUPYIOTCS MOLIHbIE IOTOKY JIaB, YaCTO [ILIOOBOTO CIOXKEHN A, KPYITHOOO/IOMOYHBIE [0 I/IBI60-
BBIX TY(bl, I/IBIOOBBIE OPEKUII; HA HEKOTOPOM Y/aTIeHUN OT SKepJI (B IIPOMEXXYTOYHOI 30He CKJIOHOB BY/IKAHNYECKIX KOHYCOB)
HOTOKM JIaB VIMEIOT MEHBIIYI0 MOIJHOCTb, TY(BI OTIMYAIOTCS CPefHe- M MeIKOOOTOMOYHOI CTPYKTYpOIl; Ha 3HAYUTETBHOM
PacCTOSHUY OT BY/TKaHMYECKNX allapaToB (B yAaleHHOI 30He) GOPMUPYIOTCS MENKO- ¥ TOHKOOOIOMOYHBIE TY(BI U 8Y/IKAHO-
2eHH0-0¢A00Hble TIOPOTIBL

ITopoowi scepnosoii ¢anyy BEIIONHAIOT KaHAaJIbI, CTY>KMBIIYE /I BBIBOZIA MAaTMaTIYeCKOTO pacIllaBa Ha IOBEPXHOCTD. Tera,
CTIO>KeHHBIe II0POJaMu XepIoBoli ¢alyy, B By/JIKaHaX IIeHTPa/JIbHOTO TUIA MMEIOT TPy60oo6pasHyto GopMy U IOITy4M/IN Ha3Ba-
HIe HEKKOB, IIN XXePIOBUH (Hekkosas cybdarus). B BykaHax TPEIMHHOTO THIIA SKePJIOBble Tema 00IafaloT HatKooOpasHOIl
dopmoit (datikosas cybdaryst). Hekku 1 failky XapaKTepUsyIOTCs CeKYIIMMM KOHTAaKTaMI ¢ BMelaomumu nopogamu. Gop-
MMPOBaHMe HEKKOB YaCTO NPOMCXOANUT B pe3y/IbTaTe MHOTOKPATHOTO IOCTYIUIEHVsI PacIliaBa, peXke BCTPEYaloTCs Tela OfHO-
aKTHBIX M3BEP)KEHNUIT. B 3aBMCMMOCTHU OT COCTOAHNA MarMbl U CTENEHV HACBHIIIEHHOCTI ee IeTyYMMY KOMIOHEHTaMU V3/I/B-
IIVeCs M SKep/IOBbIE IIOPOABI MOTYT 00/IafiaTh UIEHTUYHBIMU V/IM PAa3/IMYHbIMUA CTPYKTYPHO-TEKCTYPHBIMI 0COOEHHOCTAMMU. B
BEPXHIX 9ACTSIX )KEPJIOBIH HEPEKO HAOTIOAAeTCs ITIBIOOBOE WIM aI/IOMEPATOBOE C/IOXKEHIE IOPOJ.

DopmupoBaHme IOPOJ IKCHPY3usHoLi Cybdaruy IPOUCXOAUT B KaHa/Ie BY/IKAHA U COIIPOBOXKIAETCS BBIIAB/IIBAHMEM 13
€ro >Kepria BsI3KOJ MarMbl KIMCTIOTO M/IM CPEHET0 COCTaBa Ha MIOBEPXHOCTD, [Jie OHA 3aCThIBAET B BUJie KYIIOJIOB, OMCMAINTOB,
006€e/m1CKOB. DKCTPY3UBHBIE TeJa, BOSHNUKAA B XKeP/IaX BYJIKAHOB, IIPOCTPAHCTBEHHO U T€HETUYECKN CBS3AHBI C IIOPOJIAMIU JKep-
noBoit ganym. A. PurMan (1967) BbIfienAeT jBa TeHETUUECKMX TUIIA KYIIONOB: @) CAMOCTOATENbHbIE SKCTPY3UM (SKCTPY3UBHbIE
KYIIOTIOBMIHbIE BY/IKaHBI); 0) Kymosa, popMupylolinecs B >kep/iax CTPaTOBY/IKAaHOB B 3aBEPLIAOLINII IIEPUOJ UX PasBUTHUA.
[TpuMepoM IepBBIX MOIYT CIIYXUTD IUIMOLICHOBbIE KYIIOJIOBY/HbIE TUIAPUTOBDbIE BYJIKAHbI ApTeHU 1 ATVC B ApMeHny, OIu-
cannble C. I. KapaneTsHoM [6], BTOpBIX — 4eTBepTUYHbIC aHIE3UTOBBIE KYIIO/Ia By/lKaHa borblras YauHa, nccrnegosannble K. M.
Tumep6aessim (1962).

CornacHo A. Putmany [7], o6pasoBaHue HHTPY3UIT MOXKET COIIPOBOXK/IATHCS OHOBPEMEHHBIMI US/IVAHUSAMMA JIaB, 3aCThI-
BAIOIIMX B BUJie KOPOTKMX OTOKOB, VI/IV 9KCIIO3UBHBIMY M3Bep>keHusAMM. [Tono6HbIe sBnenus Habmogamch I. C. [opmKoBbIM
u I. E. BorosBnenckoii [8] mpu usBep>keHuaAX ByaKaHa bespiMAHHOrO B 1955-1963 IT. BMecTe ¢ TeM MMM YCTaHOBJICHO Yepefio-
BaHMe 93¢ (Py3MBHO-IKCIVIO3UBHBIX U3BEPXKEHMIT C BBDKMMaHYeM SKCTpy3nBHOro Kymona Hosoro. ITo muEenuto 10. M. [ly6uka u
W. A. Mensitnosa (1969), nsyuasiunx ussepxenns bessiMsanuoro 1961-1965 rr., epexof 0T 9KCTPY3UBHOTO mporjecca K addy-
3MBHOMY MOYKET CUUTATHCS IOCTEIIEHHBIM.

B o6macTsx Me3030J1CKOro 1 TeM OojIee ae030iICKOr0 By/IKaHI3Ma AMATHOCTIKA SKCTPY3MBHBIX TeJl 3HAYMTENbHO 3aTPY/-
HEHa, @ Ha 9POJIPOBAHHBIX BY/TKAHNUECKVX COOPY>KEHUAX IMPAKTUYeCKV HeBO3MOKHa. C yBelTnueHneM ITyOMHBI TOPOJIbI Mar-
MOBBIBOJISIIETO KaHajIla HeKKOBOJL, JaIKOBOJ M 9KCTPY3UBHOIL CyOdanmii mprobdpeTaioT 061K CyOBYIKaHNIECKIX.

dannanpHOe pa3HOOOpasye TOPHBIX MOPOJ 3¢ Qy3NBHO-MMPOKIACTUIECKOI 11 SKEPIOBOI (palil yCTAHOBIEHO Ha Iaje-
OBy/IKaHax Ypaia [9], coBpemeHHbIX BynkaHax Kamuarku [10, 11, 12], Kypmibckux octposos [13], BocTounoro Kutas [14] u
TaiiBans [15].
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BynkaHoreHHbIe TIOPOBI CyO8ynKaHuueckoll ¢auuu GopMUPYIOTCA Ha OTHOCUTENbHO HebomblIol rrybune. V3-3a psapma
IpPUYMH MarMa Ipy JIBYDKeHUHU He JOCTUTaeT MOBEPXHOCTHU M 3aCThIBAET B IIpefielaX BYJIKAHOT€HHBIX MJIM BYJIKaHOT€HHO-0Ca-
TouHbIX Tomul. ITo Mopdonornyeckyum npusHakaM cpefy CyOBYIKaHMYECKNX Tel PAa3NYaloT TaKKOINUTHI, O¥CMalInThl, TapIo-
JINTBI, GaKOIUTBL, STMOJINTBL, CUIIBL (cybdauust cybsynkanuqeckoti unmpysuu) u gaiku (oaiikosas cybgauus). Ilocnenune, mo
TaHHBIM MHOTUX aBTOPOB, B 3aBYICMMOCTH OT XapaKTepa BBIIOIHACMBIX CTPYKTYP IOIPa3fe/A0TCA Ha INHeIHbIe, B TOM YUCTIe
pajuanbpHble, KOMblieBble (B IUIaHe), IVIMHpUYECKe Y KOHWYecKue (B paspese) Jailki.

Cy06BynKaHMYeCKMe Tella MMEIOT OTYeT/IMBbIe CeKyIJe KOHTAKThI C BMellalomyMy mopogamu. Craraolye ux moOpojbl
0OBIYHO XapaKTepu3yoTcs 60Jiee OHOPOSHBIMY CTPYKTYPaMy U TeKCTYPaMM 110 CpaBHEHUIO ¢ 9 Py3UBHBIMU U SKEPIIOBBIMU
obpasoBaHuAMU. Hepenko B SHIOKOHTaKTe CyOBYIKaHUYECKIE MHTPY3UM COIPOBOX/AIOTCA OPeOIaMy SPYITUBHBIX OpeKdmil.
O6pasoBaHye Tel, 110 BCell BEPOATHOCTY, IIPOUCXOINUT 3a CPAaBHUTEIBHO KOPOTKIUI IPOMEXYTOK BPEeMEHH, CKOPOCTDb OCTBIBA-
HIISI BeCbMa 3HaunTenbHa. CyOBY/IKaHIYECKIE Tela, KaK [IPABUIO, IIPIYPOYEHBI K TeM >Ke CTPYKTYPaM, B KOTOPBIX JIOKA/IN30-
BaHBI )KepJIOBUHBI [16].

[ny6una o6pasoBaHst CYOBY/IKaHIYECKNUX Te/l OTHOCUTENbHO Hebonbias. E. B. SIkosneBa (1967) 1o OnbITY M3ydeHns ma-
JIe030JICKMX BYIKaHOTeHHBIX mopoy KasaxcraHa ykasbiBaeT Ha BeCbMa HeOOIbIIYIO ITTyOMHY, OHAKO CUMTAET, YTO 06 abCOM0T-
HBIX IVTyOMHaX 3aCTBIBAHNA C JOCTATOYHON JOCTOBEPHOCTHIO II0OKa CYAUTDb TPYAHO. VccenoBaHys aHe3UT- falUT-IUIIapUTO-
BOIT pOpMALINI CBUJIETENBCTBYIOT O (POPMUPOBAHNI BEPXHIX YacTell CyOByIKaHNYIECKIX MHTPY3uil Ha I1y6uHe 250-300 M oT
IpeBHel! II0BEPXHOCTH, CYIIeCTBOBABIIE B MOMEHT UX BHeAPeHNs. AHA/IN3 OITy6/IMKOBAaHHBIX MATEPHA/IOB II0 BEPTUKATBHOMY
PacIpocTpaHEeHNIO YPAHOBOTO OPYAEeHEHsI HA MECTOPOX/EHNAX, IPUYPOUEHHBIX K CYOBYIKAHUYECKUM MHTpPy3usaM [17, 18],
HO3BOJIAET HAMETUTD ITTyOMHBI 00pasoBaHMsA MOCTEHHMX OT 6MM3MOBEPXHOCTHBIX 10 1200 M.

ITopoout eunabuccanvHoil Garym o BpeMeH) U FeHeTUYeCKY CBSA3aHbI ¢ ByIKaHN3MoM. Heo6Xoa1Mo NoguepKHYTh UX BYII-
KaHMYeCKYI0 IPMPOAY B OT/IMYME OT IMIaOMCCATbHBIX MHTPY3UII CAMOCTOATEbHBIX MHTPY3UBHBIX KOMIUIekcoB. Ha Taxoit oco-
65111 aranbHbll T NHTPY3uUit ykaspisaeT F0. A. KysHenos [2], oTMeuas, 4To runabuccanbHble MHTPY3UI HAXORATCSA B TECHOM
CBA3K C OMu3KuMM 10 BO3pacTy addysnBamu, 0OGHAPYKMBAsi TeM CaMBIM CBOIO CYOBynIKaHUIecKyio npupogy. [k. C. Jukkeit
(Dickey John (1968)), n3ywas TpeTnuHyI0 BylIKaHIIeckyio popmanuio Jebopa F0sxHoro octrposa HoBoit 3enmanaun, ycTaHOBIIL,
4TO U3BePXKeHsI 6a3aIbTOB U MX TY(POB COIMPOBOXKANMUCH BHEAPEHNEM I'UIabuccanbHbIX MHTPY31UBOB. M. A. ®aBopckas (1959)
paccMmaTpuBaeT 3¢ Py3uBBI CIOXKHBIX MarMaTHYeCKUX KOMIIIEKCOB Kucmoro cocrasa F0skHoro IIpumMopbsa 1 MeKcukm Kak pe-
3y/IbTAT IPOpbIBA HA IIOBEPXHOCTb MarMbl fAuddepeHIMPOBaHHBIX UHTPY3UBHBIX o4aroB. B. A. [IBopkuH-Camapckuit u I. V1.
Tyrosuxk (1969), pas6bupast oco6eHHOCTI HOPMIPOBAHNS MATMATIIECKIX KaMepP MHTPY3MBHBIX Te/T BYJIKAHO-IITy TOHIMYIECKIX
KOMIIJIEKCOB Ha IIpuMepe 3amafgHoro 3abarkabsi, IPUIUI K BEIBOAY, YTO CUHXPOHHO C BY/IKaHM3MOM IIPOVCXOUT IIOCTEIIEH-
HBIIT TObeM MHTPY3uBa. [1o Mepe 3aTyXaHNsI BYJIKAHIYECKOII AesTeIbHOCTI MarMa He B CHJIaX IIPOPBATh IOKPHILIKY 3¢ dy3nu-
BOB 1 3aCThIBaeT Ha ITTyOMHe ¢ 06pa3oBaHMeM UHTPY3MBOB.

B 11e/10M MOYXHO KOHCTAaTMPOBATh, UTO TUITab¥ICCaTbHbIE Te/Ia 3aBePLIAIOT PasBUTIE BYJIKaHIYECKMX annapaTos. ITo ceoemy
TeOIOINYeCKOMY IIOIOXKEHVIO OHY SBJIAIOTCS IIPOMEXXYTOUHBIMI MEX/TY CYOBY/IKaHNYECKIIMY TeJIaMy i MUHTPY3UBaMM, BO3HUK-
LMY Ha MecCTe IepudeprdecKyx By/IKaHIYeCKIX 04aros. B 6onpimHcTBe c1y4aes, 1o ganHbeM B.H. Kotnsapa [5], oun orpa-
XKAIOT IO3/IHYe (ALY CTAHOBJICHNA C/IOXKHBIX BY/IKAHOT€HHO-MHTPY3MBHBIX KOMIIICKCOB.

Mopdonorndeckn rumabuccaabHble Tela IPefCTaBAeHbl TAKKOIUTAMH, ITOKaMMU (cyOdayus eunabuccanvHoti uHmpy3uu)
u paitkamu (Oatikogas cy6darus). OHM MMEIOT YeTKye PBYIie KOHTAKThI C HopofaMu pyHIaMeHTa, CyOBYIKaHINYECKUMI Te-
JlaMI ¥ HeKKaMJ Ha ITyOOKUX rOpu3oHTax. [umabyccanbHble MHTPY3MM XapaKTePUSYIOTCA 60iee MeJJIEHHbIM OCTBIBAHUEM TI0
CPaBHEHMIO C CYOBYIKaHUYECKUMM. B CBA3M ¢ 9TUM /I LEeHTPATIbHBIX 9acTell Tell TUIMYHBI IOTHOKPUCTAINYeCKIe CTPYK-
TYpPBI X MaCCYBHBIE TeKCTYpbL. 1o Mepe mpubmpKeHN K KOHTaKTaM MOABJIAIOTCA HOP(QUPOBBIE, @ B 9HTOKOHTAKTE BO3MOXKHBI
adupossre cTpyKTyphl. IIpocTpaHCTBEHHO IMITAbMCCaIbHbIE MHTPYSUM TATOTEIOT K TeM K€ CTPYKTYPHBIM y3/IaM, K KOTOPBIM
IIPUYpPOUYEHbI KePIOBbIe 1 CYOBYIKaHIIeckme obpasoBaumst. O. V1. Poctosckuit (1969) ykasbiBaeT Aake Ha IIOCTEIIEHHBIII TTepe-
XOJI B psAfie CTy4aeB 9KCTPY3UBOB B TPaHUTHBIE MHTPY3un. [1y6uHa ¢popMupoBaHys rMnab1CCcanbHbIX T/l COCTABIAET 2—3 KM.

3arAloueHne

Heo6xopumo eliie pa3 mog4epKHYTD, YTO BOIIPOC O GalMAX By/IKaHOTeHHBIX OPOJ, 3aC/Ty>KIBaeT IPUCTATbHOIO BHUMAHNUA
1 0OCY>X/IeHNA B TI€YaTH B CBA3M C M3y4YeHNEM BY/IKaHOTEHHBIX (POpMaLuii U UX PYLOHOCHOCTIL.
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Facies of the continental formations’ volcanogenic rocks

Oleg Nikolaevich Gryaznov, Ural State Mining University
Gryaznov.O@ursmu.ru Ekaterinburg, Russia

The relevance of the work is conditioned by the need to identify facies types of volcanogenic complexes in order to identify patterns of localization
of hydrothermal mineralization in them.

The purpose of the study is the substantiation of the necessity to study the facies of the volcanogenic rocks and their role in controlling the
localization of hydrothermal mineralization.

The research methodology is based on the data of geological surveys of volcanogenic complexes and on laboratory studies of rocks.

Results. The article considers the problem of facies of volcanogenic rocks of continental volcanogenic formations. The analysis of representations of M.
A. Usov, Yu. A. Kuznetsov, V. K. Monich, E. B. Yakovleva, A. I. Semenov and other researchers is presented. The author associates himself with M. A.
Usov and Yu. A. Kuznetsov, and understands the conditions of formation of volcanic rocks by the facies. The main factor is the depth, the secondary
one is geological and structural features of the environment. The author is guided by proposed principles and proposes his own classification of
facies volcanogenic rocks of the orogenic series. Facies were distinguished by depth of formation, and subfactions were distinguished by secondary
factors. Effusive-pyroclastic facies include effusive, extrusion and volcanogenic-sedimentary subfacies. The vent facies covers a neck, a dyke and
extrusive subfamilies. Subvolcanic facies is presented by the subfamily of subvolcanic intrusions and the dyke one. A hypabyssal facies includes subfile
hypabyssal intrusions and dykes. Each subfamily is characterized by its inherent bodies of the corresponding shape. The characteristic of the named
facies, subfamily and bodies is presented.

In conclusion, the need is emphasized to study and discuss the issue in order to identify patterns of localization of mineralization of volcanic formations.

Keywords: facies; subfunctions; conditions of formation of volcanic bodies.
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AKTYaALHOCTL pa6oThbl. BhisiBAEHHbIE 3aKOHOMEPHOCTY MPOCTPAHCTBEHHOW CBSI3M PYAHLIX MeCTOpOXKaeHUit FOro-BoctouHoi Asum ¢ oBaAbHLIMK hop-
Mamy peAbeda MO3BOASIIOT YIPOCTUTL METOAMKY MOUCKOBLIX PAGOT M YMEHLWMTL 3aTPATLhl HA UX MPOBEAEHME.

Llear pa6otpl. LleAbio MCCAEAOBAHUI SIBAIAOCL TeopeTdeckoe OBOCHOBaHME MPOCTPAHCTBEHHOW CBSI3YM MPOMbILAEHHOTO SHAOT€HHOMO OAOBSIHHOTO
OpYAEHEHMsI C OBaALHLIMM (hOPMaMM PeALECDA, BLISIBAEHHOM B PE3YALTATE MOMCKOBLIX PAGOT, MPOBOAMMLIX MOA PyKOBOACTBOM b. CyBaHHyAOMA Mo e€ro
OPUIMHAALHOW aBTOPCKOM METOAMKE.

MeToaororns mccaeaoBaHms. BuisBAEHHbIE BO BPEMS MOUCKOBLIX PAGOT 3aKOHOMEPHDBIE CBSI3M PYAHLIX OGLEKTOB C OBAALHLIMM (hOpMamu peabeda
OBOCHOBLIBAIOTCS UX COYETAHMEM C OCOBEHHOCTSIMU F€OAOTUYECKOTO CTPOEHMSI MOPOAHOTO CyOCTpaTa M TEOPETUUECKN OOLSICHSIIOTCS PEACTABAEHUSIMU O
AehOPMALIMOHHLIX MpoLeccax, NpoTeKaImx B TeEKTOHOChepe 3eMAn.

Pe3yabTaTiLl MCcAeAOBaHMA. B pesyaLTate NPOBEAEHHOTO MCCAAOBAHMSI CA@AAH BLIBOA O MEPBUYHONM TEKTOHUYECKOM MPUPOAE OBAALHLIX CTPYKTYP, BO3-
HUKAIOIWMX B PE3yALTaTe MPOCTPAHCTBEHHOrO HAAOXKEHMST PA3HOBO3PACTHLIX M PA3HOOPUEHTUPOBAHHDLIX AEPOPMALIMOHHLIX CTPYKTYP TUMA 30H PacCAaH-
LIeBaHMs1 M 30H CMSITUSI, MPOSIBAEHHDLIX B MOPOAHLIX KOMIMAEKCAX AUCKPETHO M PAa3HOMACIITAGHO B COOTBETCTBUM C YHVUBEPCAALHBIM MPUHLIMIIOM AEAUMOCTU
reomMarepuanoB. B cOOTBETCTBUM C 5TUM MPMHLIMIIOM MOPOAHBIE KOMIMAEKCHI BCEM PACCMATPUBAEMON TEPPUTOPUM MEPBOHAYAALHO BbIAM PACYAEHEHDI HA
TEKTOHMYeCKMEe BAOKM PA3MEPOM OT COTEH KMAOMETPOB AO COTEH METPOB B MOMEPEYHUKE, MPOCTPAHCTBEHHO MOAYMHEHHDIE MEPAPXMYECKON 3aBUCUMO-
CTU, MPU KOTOPOM KAXKALIM 13 BAOKOB BCEX MACIITAOHLIX PAHFOB COCTOUT M3 O GAOKOB BAMIKAMILIErO MEHBIIETO paHra. Babpoco-caBurosbie cmelueHms no
6GOAE€ MO3AHVM 30HaM CMSITUSI B YCAOBMSIX TPAHCMPECCUMBHOTO OKATUSI BLI3LIBAAV OOPA30BAHME OMEPSIIOWMX PA3PLIBOB KAK B KPLIALSIX 30H CMSITHSI, TaK U B
KPLIALSIX BOAEE PAHHMX 30H PACCAAHLIEBAHMSI, YTO, HAPSIAY C BLIAABAMBAHMEM TEKTOHUYECKMX BAOKOB, MPMBOAMAO K MX 3aKPYTAEHUIO M (DOPMUPOBAHUIO
TEKTOHOOBAAOB Pa3HbIX MACIITABOB AHTU(POPMHOIO U CMH(POPMHOTO OBAMKA, & BHYTPY TEKTOHOOBAAOB S-OOPA3HLIX MPUOTKPLIBAIOWMXCS PA3PLIBHLIX
CTPYKTYP, KOHTPOAMPYIOLMX MArMo- M PYAOT€HE3. B CBSI3M C 3TMM CO MHOTVIMU OBAABLHLIMYM CTPYKTYPaMM KAKAOTO MACIITAGHOTO paHra MPOCTPAHCTBEHHO
COBIMAAAIOT PYAOKOHTPOAMPYIOLME CTPYKTYPbI TAKOTO ke paHra. OAHOM U3 KPYMHLIX OBAALHLIX CTPYKTY] SIBASIETCSI OBaA-MErAHTUKAMHAAD (PYAHAst OBAACTD)
HamnareH, umerowasi pasmep B nornepeutmnke okoro 30 kM. B ee mpeaerax passutbl OBaAbHLIE CTPYKTYPBI TPEX MACWITAGHLIX PAHIOB, HAVMEHLIMMMU
U3 KOTOPLIX SIBASIIOTCS1 OBaALHLIE CTPYKTYPLI Pa3MEPOM OKOAO 1 KM, OXBaTbiBalolMe OAOBOPYAHLIE MeCTOPOyKAeHUsl. COBPEeMEHHbIE (hAIOBMAALHLIE MPO-
Liecchl, GAaroAapst Pa3HOW CTEMeHN AECTPYKLMM MOPOA B LIEHTPE TEKTOHOOBAAOB M MO MX OTPAHUYEHMSIM, CPOPMMPOBAAV OBAALHLIE MOAOXKUTEALHLIE U
oTpuLiaTeAbHble (hOPMbI PeAbeha PasHLIX MacITaboB.

BuiBoAbI. [TPOCTPAHCTBEHHAS CBSI3b SHAOMEHHBIX PYAHLIX OOGLEKTOB C OBAALHLIMY (DOPMaMM COBPEMEHHOTO peAbeha OOYCAOBAEHA HAAOXKEHMEM COBpE-
MEHHOTO (PAIOBMAALHOTO peAbedha Ha paHee CChopMUPOBaHHLIE OBaALHbIE AECPDOPMALIMOHHLIE CTPYKTYPDLI, COMPOBOXKAAEMbIE SHAOTE€HHLIM OPYAEHEHUEM.

KatoyeBble cAoBa: 30HDI PaccraHUEBaHUs1; 30HLI CMATUS BB6]’JOC0-CABVII'OBOI7I MPUPOAbLI; UePapXnyeckass ACAMMOCTL reoMaTte€PUArOB; OBAALHLIE U CUTMOU-
AAAbHLIE Aeq.)O]DMaLlVIOHHLvle CTPYKTYPbLI; CUHTEKTOHUYECKNE Marmatmuam U pyAOreHes.

BEAEHME
ITorckoBble pabOTHI Ha 9H[JOTEHHOE OpYyAeHEeHe IO, pyKoBOACTBOM b. CyBaHHYZOMa MHOIO JIET IIPOBOAVIIVICH
Ha TeppuTOpuy ropHoit vactu Jlaoca. Lle/pio HACTOAIIETO MCCIEIOBAHMS SABJISIETCS TEOPETUIECKOe 000CHOBAHNE BBI-
SIBJICHHOIT IIyTeM 3TUX paboT IIPOCTPAHCTBEHHOI CBSA3M IIPOMBIIITIEHHBIX PYAHBIX 00BeKTOB (MECTOPOX/EHMNIL, PYAHBIX MO,
Y37I0B U PalloHOB) C OBa/IbHBIMU (hOpMaMu penbeda, COOTBETCTBYIOIIMMY MaclITabaM 3TUX PYLHBIX 00bEKTOB. 3aKOHOMEPHO-
CTH, BBIABJICHHBIE B pe3y/IbTaTe paboT, HO3BOMMIN B KOHEYHOM UTOTE YIIPOCTUTD U YieHIeBUTD ITIOVCKOBBIe pabOThI 6e3 CHIDKe-
HUA UX JJeTaTbHOCTM.

1. Teonrormyeckoe CTpoeHne OAOBOPYAHOI obaacTu HamnateH

OnoBopypHas obmactb HaMmmnaTeH HaXo@NUTCA B IpefeNiax CKIagaToro mnosAca IIxyryaHr, paconoskeHHOro Ha cTbIKe VIHf0-
KuTarickoro Maccupa ¢ I0xHO-KuTaiflckuM KpaTOHOM 1 OXBaTBIBAIOLIEr0 BOCTOUHYIO YacTh Tepputopun Jlaoca u TeppuTOpuio
Boernama. Ckraguatslii mosic IIxymyaHr cloXkeH pasHOOOpasHBIMM KOMIUIEKCAaMM OT/IOKEHUIT IIPOTEPO301iCcKO-(paHepO30ICcKo-
ro BO3pacTa M MMeET IBYX3Ta)KHOe cTpoeHne. KoMiiekc mpoTeposoicko-1aneo30icKIX OTI0XKEHNUI HYXKHETO CTPYKTYPHOTO
3Ta)ka B IIO3/IHEIA/IE030/ICKOe BpeM: JMICIIBITA/T MHTEHCUBHOE CXKaTye CO CTOPOHBI VIHIOKMTaiCKOTO MacCuBa, 4YTO BBIPa3UIOCh
B MHTEHCUBHOII lepopManiny HOpOJ, U JIMHeapu3alyl BCeX COCTABJLAIOIINX ero CTPYKTYp. PasIoMbl ceBepo-3alafHOrO Mpo-
CTUpAHMUS [IPEJCTABIEHBl 30HAMM NHTEHCUBHOTO PACCIAHIIEBAHN, BBITIOMTHEHHBIMI 6/TACTOMIIOHUTAMH (DYJUIUTOBOTO 1 CITIO-
AUCTOTO COCTaBA, MHOTIA COMPOBOXK/[AeMBIMIL COIIACHBIMY C PACCTaHIIeBAHUEM [JAiIKOOOPasHBIMIU IPAHUTHBIMU UHTPYSUAMIL.
HybKHMIT CTPYKTYPHBIIT 3TaXX IIePeKPIT CYOrOpM30HTAIbHO 3a/IETAIONINM Me30-KalTHO30ICKMM CTPYKTYPHBIM 3TaXKOM, B KOM-
IJIEKCaX KOTOPOTO Ha I'PaHNIle Me3030JICKOTO U KaIfHO30JICKOTO Fe0XPOHOB IIPOSBIINCE TeBO-B30POCO-CABUTOBBIE ITepeMelle-
HIA CEBEPO-BOCTOYHOTO HalPABJIEHM, COIPOBOXK/IaeMble CMHTEKTOHMYECKMM MarMaTU3MOM U PyILOT€HE30M.

Cxragyarbiii mosic IIXyyaHr B IpOIONIBHOM HaIlpaB/IeHNMN pasjie/ieH Ha TPYU KpYIIHble OBaJI-aHTMK/IVHAIbHbIE (aHTUDOPM-
Hble) CTPYKTYPBbL, CAMOII CeBEPHOII 113 KOTOPBIX ABJLAETCA MeTaHTUKIMHOPKIT HaIs, BBITAHYTHII B ceBepO-3allaJHOM HallpaBJie-
HYM IpyMepHO Ha 300 kM npy mupuHe okono 200 km (puc. 1). MerantukmHopuit Hans KpyIHBIMY IPOXOIBHBIMY PAa3IOMaMU
paspensercsa Ha TPU CTPYKTYPHO-(POPMALMOHHBIE 30HBI, 13 KOTOPbIX XMHOYHCKas M AHHAMCKasi PacIoJaraloTcs B mpefenax
teppuropun Jlaoca (puc. 2). KpaitHsas roro-3amagHas XuHO6yHCKas CTPYKTYpHO-(OpMaIOHHasA 30Ha IIPOJJOIbHBIM Pa3IoMOM
HamTxeH oTmeneHa oT AHHaMCKOJT ¥ caMa pacyIeHeHa [apajUIe/IbHBIMY €My pa3HOMACIITaOHBIMY Pa3ioMaMy Ha IIPOJO/IbHBIE
«IUTACTVHBI» MypuHON npuMepHo 10-13, 3-4, 1-1,3 n 0,3-0,4 KM, TO €CTb OTHOILIEH)E IIMPVHBI TEKTOHNYECKNX «IIIACTVH»
COCEJHIX Pa3MEPHBIX PAHTOB COCTABIIAET OKOJIO 3.
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B momnepeuynoM HampaBneHuyu XMHOYHCKas 30HA IlepecedeHa AMCKPETHO IIPOSIBJICHHBIMM JIeBBIMHU B30POCO-CABUTAMU
Pa3HBIX MacIITaboB, C PACCTOSHNMAMY MEXY HUMM, TAKKe TTOTYMHAIOIVIMIUCSA YHUBEPCATbHOMY IIPUHIIUITY HETMMOCTH Te0-
Mmarepuanos. ITo Tuny gedopMaLMOHHOrO Ipoliecca 9T PasIOMBbI ABIAIOTCA BA3SKMMI pa3pbiBaMH, a II0 MOP(OIOrnuecKoMy
IIPOSIBTIEHNIO B TIOPOJAX — 30HaMM CMATHSA [1, 2]. VIHTEHCHBHOCTD FECTPYKLMM TIlepeceKaeMbIX MM ITOPOJ; ObIIa 3HAYNTETBHO
crmabee mecTPyKIuM, 0OYCIOBIEHHON 30HAMY PACCTIAHIIEBAHNSL. JTO BBIPAKAETCS B TPOEKPATHOM IIPEBBIIIEHI PACCTOSHIIL
MEXJY COCEIHIMU 30HaMU CMATHSI II0 CPABHEHUIO C PACCTOSHUAMI MEX/Y 30HaMI PacC/IaHI[eBaHMs TAKOTO >Ke pasMepa U Mo
KY/ICHOMY PacIIONIOXXeHNI0 (ParMeHTOB 30H CMATUA 110 HpocTupaHuio. KpymHbiMu neBbiMu B36poco-casuramy HamToH u
HamcakaH 13 XrHOYHCKOJT 30HBI BbIYICHEH TeKTOHMYIeCcKit 6710k XuHoyH (puc. 2).

BHyTpenHee crpoenne 6moka XnHOYH Kak (pparmeHTa MerantikHopyst Hams 1 XuHOYHCKOI CTPYKTYPHO-(pOpMAIIOH-
HOJ 30HBI OIIpefie/IAeTCA COYeTaHVeM 30H PAacC/IaHIIeBaHNA CeBepO-3alaJHOrO 1 30H CMATIA CeBEPO-BOCTOYHOTO IPOCTUPAHUIL.
30HBI pacC/IaHIeBAHNS PACWICHSIOT TEKTOHNYECKIIT O/I0K Ha y3Kue IOIoChI (IIaCTIHBI) pasHOro pa3mepa. PasHoMaciTabHblie
PasIOMBI CeBEpPO-BOCTOUYHOTO IIPOCTUPAHIS, IPECTaBIEHHbIE 30HAMI CMSATHUSA JIEBO-B36POCO-C/IBUTOBOTO TUIIA, PACWICHSIOT
«PacIIoNIOCOBAHHBII» CeBepO-3allalHbIMU 30HAMI PacCIaHIieBaHusA 6ok XMHOYH Ha pasHOMacITabHble stuen-6mokn [2].

2. CTpyKTypHO-A€CPOPMALIMOHHAST MHTEPIPETALIMSI TEKTOHMYECKOTO CTpoeHust 6aoka XMHOYH

Beinire 61710 OTMEYEHO, YTO PACCTOSAHNUA MEX/Y Pa3/IoMaMyl OJHOTO MacIITabHOIO paHra B CHCTeMaX Pa3/ioMOB OfHON OpM-
EHTVPOBKI IPUMEPHO OfMHAKOBBL. OTHOIIIEHIe BETMYIH PACCTOSHII MEX/Y Pa3IOMaMy COCEHIX MACIITAOHBIX PAHTOB B CH-
CTeMax pas3/IoMOB 000UX HAIIpaB/IeHNII (CeBepO-3aIafHOIL I CEBEPO-BOCTOYHOI OPMEHTUPOBKY) IPUMEPHO PaBHO 3. B pesyin-
TaTe HAJIOKEHNSI CUCTeM Pas/IOMOB CeBEPO-BOCTOUHOIO HAIIPAB/IEHNUS Ha CUCTEMbI PA3JIOMOB CeBepO-3allaffHOTO HallPaB/IeHNUS
OIICbIBaeMast TEPPUTOPHS, A B €e COCTaBe I TeKTOHMYeckuii 67110k XuHOYH, paculeHeHa Ha pa3HOMAacIITabHbIe sS4en-0/I0KIL.

B sTOM pasHOMacmTabHOM GI0KOBOM PacyIeHEHN!U OMMCBIBAEMOIl TePPUTOPUN ITPOSABUICA SMIMPUIECKH YCTAHOBIICH-
HBII1 YHUBEPCA/IbHBII IIPUHIUIT [IEMMMOCTY T€OMaTePIUAIoB IIPU COXPAHEHNN COOTHOLIEHNIT Pa3MePOB O/IOKOB COCEHUX Mac-
mTabHBIX pa3sMepHOCTell B 3Hayenyn 3:1 [3-5]. Pasnmuunsa paccTosHuil, HabmogaeMbIX MeX/ly pa3pbIBHBIMI HapYIICHUAMMY pas-
HOTO PaHTa, MOXXHO OO'BSICHUTD IIPOSIB/IEHIEM BO BPeMsI pa3pbIBO0OpasoBanus AeOpMaLOHHO-BOTHOBBIX IPOLECCOB [6-9].
Cuanraercs [9-10], 4TO 9TU POLIECCHI PEryIUPYIOTCS BEICBOOOXK/[eHIIEM HAKOIIJIEHHOI! IIepef; pa3pblBOOOpa3oBaHMeM SHEPIUu
B BUJe AUCKPETHBIX HOPIINIL, BeMYMHA KOTOPBIX 00YC/IOBIeHa MACIITAOOM O/I0KOB, BOBJIEYEHHBIX B IepOPMALIVIOHHbIIT IIPO-
necc (BpICBOOOXKIaeMast SHEPTHs MPY YAAJIEHUN OT ee MICTOYHNUKA 3aTyXaeT He PABHOMEPHO, a OPIMAMY Yepes OIpee/IeHHOe
paccTosiHue).

B pesysnbrare IposiBIeHNsI yHMBEPCAIBHOTO IIPUHINIA JETUMOCTH TeOMATEPUAIOB BCSI ONUCHIBAEMasl TEPPUTOPHS IIpeBpa-
TWIACh B TEKTOHUYECKYIO CTPYKTYPY, IIPEACTAB/LIONIYI0 COO0IT MO3anKy O/I0KOB, OAYIHEHHBIX B IPOCTPAHCTBEHHOM PACIIONIO-
JKEHIY CTPOTOIl MepaPXITIeCKOlt 3aBUCHMOCTH: KPYIIHbIE O/IOKM OOBIYHO COCTOSAT U3 9 60JIee MEKIUX, KOTOPBIe, B CBOIO O4epe/b,
cocToAT 13 9 elle 6oree MeNMKMX GTIOKOB, B UTOre 06pasyst CUCTEMY 3aKOHOMEPHO PACIIONOKEHHBIX B IIPOCTPAHCTBE 6/I0KOB 10 6
MacIITaOHbIX PaHTOB (/N 3a CTPYKTYPY 1-ro paHra npuHATD 6710k XunHOYH). Ka>k bl 13 9TUX 6710KOB OTpaHMYeH CO BCEX CTOPOH
pasnToMamMi IPYMEPHO OJJHOTO MOPSIZIKA: KPYIIHbIE O/IOKV OTPaHIIeHbl KPYIIHBIMI PA3/IOMaMI, & METIKVE — METKVIMIL

VickmodeHne COCTaB/IAIOT OIOKM, pacIoNIoKeHHbIe 1o nepudepun 60ee KPYIHBIX 67I0KOB U «BBIHY>K/ICHHbIE IIPUMBIKATD
K pas/oMaM 6oiee KPyIHOTo pasMepa, OrpaHNIMBAIOLINM «MATePUHCKII» 670K (puc. 3).

Ba’kHOIT 0COOEHHOCTBIO IPOSIBIIEHsI CEBEPO-BOCTOUHBIX 30H CMATHS SIBJISIETCS TO, YTO JIeBO-B3OPOCO-CABUTOBBIE CMelIe-
HIsI BJJOJIb 9TUX 30H IIPUBOAYIN K 00pa30oBaHMIO OKOJIO HUX OIEPAIOINX CyOMepMAMOHATbHBIX PAa3pbIBOB pacTsDKeHus [1, 11,
12]. ComnpsiKeHMs STUX Pa3pbIBOB C OKOHYAHVAMI CeBepO-3allafIHbIX 30H PacC/IaHI[eBaHMA Y TPaHNI] 6JIOKOB CIIOCOOCTBOBAIN
¢dbopMupoBaHNio MOP(OIOTMIECKNX CTPYKTYP ABYX THUIIOB.

ITepBsiit T MOP(OTOINIECKUX CTPYKTYP — 3TO OBA/IbHBIE TEKTOHIYECKIE CTPYKTYPbI, GOPMUPYIOLMeCs Ha MeCTe YIJIO-
BaThIX 6710k0BbIX. OHU BO3HUKA/IN 113 GJIOKOBBIX CTPYKTYP IIPM COMPSDKEHNN 30H PACC/IAHIIEBAHNS CEBEPO-3aIIafHOTO IIPOCTH-
PaHIsI C OIIePSIOMIMMI B3OPOCO-CABIUTU PaspbhIBAMU PACTsDKEHMs CyOMepuinOHaNIbHOro mpoctupanus. CyoMepuinoHanbHble
oIepsIolINe Pa3pbIBbl, C OZHOI CTOPOHBI, CPe3ay ABa IPOTUBOIOI0KHO PACIOIOKEHHbIX yI/Ia 13 YeThIPeX yITIOB TeKTOHMU-
4ecKux 6710KOB, 06pa30BaHHBIX COUICHEHVEM 30H PACC/IaHIIeBaHUA 1 30H CMATHA, KaK ObI 3aKPYI/IAA UX; a C PYTroil CTOPOHBDI,
HaK/Ia[ibIBasChb Ha 00jlee paHHIE 30HBI pacCIaHIeBaH, 3aTYLIeBbIBA/IN Y MAaCKUPOBAJIM UX CEeBEPO-3aMafHYI0 OPUEHTUPOBKY
OKOJIO YIJIOB OJI0KOB, ycunuBasi ad¢ekT ux sakpyrnenns (puc. 3). IloBblnieHHasa JecTPYKLUA IOPOJ Ha HepecedeHNAX U Co-
YIEHEHMSIX PA3/IOMOB TPeX YKa3aHHbIX HAIIPAB/ICHWIT OLpefe/sila Paclonoxenne (IIOBIATbHBIX ZOJINH, COYeTaHNE KOTOPBIX
cBoell KOHpuUTyparelt gemndprpyeT oBaIbHble TEKTOHIYECKIE CTPYKTYpPbL. VIHTeHCHBHAs AeCTPyKIus yrioB 61moka XuHOyH
¥ BXOJSILIVX B HETO 60JIee MeIKMX 67I0KOB 110 pacCMOTPEHHOMY CLieHapUIo ITpy/iajia UM OBaJIONOf06HY0 (OpMY B I/IaHe.

BropbiM THIIOM MOP(OTOrNYECKUX CTPYKTYP, BOSHUKAIOMINX IPY B3aMMOJEICTBUN 30H PACCIaHIIeBaHUA C MEPUAMOHAID-
HBIMJ Pa3pbIBaMIi, OIIEPSIIOLIVIMI 30HBI CMSATHS, SIB/SIIOTCSI CUTMOVIA/IbHbIE CTPYKTYPBL. VIX 06pasoBaHye BbI3BAHO TEM, Y4TO
30HBI PACCIAHIIEBAHNS CeBEPO-3aIaJHOTO IPOCTUPAHNSI B TEKTOHIIECKOI CTPYKTYP€e TePPUTOPUN IIPOSIBIEHBI KOHTPACTHEE,
4eM 30HBI CMsITIA. KpoMe TOro, B CBsI3M € BTPOE MEHBLINMIL PACCTOSIHISIMI MEXY 30HAMU PacCIaHI[eBaHIsI CEBEPO-3aIIafHOTO
IIPOCTUPAHNS [I0 CPABHEHMUIO C OFHOPAHTOBBIMI 30HAMIL CMSATHUS CEBEPO-BOCTOYHOTO IPOCTHUPaHIMst Oojee-MeHee N30MeTpud-
HbIJ1 TeKTOHIYECKMII 6JI0K M060r0 paHra (1 oBalIbHasA CTPYKTYpa, 06pasoBaHHAs Ha OCHOBE 3TOTO 0J10Ka) pasfiesieH Ha 3 MoJo-
CBbI CeBepO-3allaJHOr0 NPOCTHUpaHIs. Pa3BopoT ceBepo-3alaHbIX 30H PacCIaHIeBaHNsA, OTPAHNYMBAIOIINX STY TIOIOCHI, B CY0-
MepU/MOHA/IbHOE HAIIPAB/IEHVIE [IPY MX COIIPSDKEHNY C OIEPSIIOLVMI 30HBI CMATYISI CyOMepVANOHATbHBIMIU Pa3pbIBaMIL OKOJIO
rpaHu 6JI0KOB MpUAAI STUM HOIocaM S-o6pasHylo (curMoyupanbayio) ¢popmy (puc. 3). COOTBETCTBEHHO KaXkjas OBajIbHas
CTPYKTypa COCTOUT M3 3 CUTMONJ, @ KXK/Iasi CUTMOM/IA — 113 3 OBA/IbHBIX CTPYKTYP C/leyioiero (60see MelIKOro) MacirabHoro
paHra, 4TO OIIpefie/IAeTC s TeM JKe IPUHIUIIOM YHIBEPCAIbHOI JeMMMOCTY reoMatepranoB. OObIMHO YeTde BBIPaXKeHbI CUTMO-
MBI B LIEHTPA/IbHOI, Hanbo/lee MaCCHBHOI YacTy OBAIbHOI CTPYKTYPBI, IIOCKO/IBKY KpaeBble JacTV MHTEHCUBHO IepepaboTa-
HbI OTPaHIYVBAIOIIMMI OBaJIbHYIO CTPYKTYPY PA3IOMHBIMU 30HaMM. MeXaH1u3M pOpMUPOBaHMA Pa3ZHOMACIITAOHBIX 6I0KOB,
OBQJIBHBIX CTPYKTYP ¥ CUTMOMN/] IIOKa3aH Ha pIC. 3.

ITockonbKy TekTOHMYeCKMit 610K XMHOYH 60/Iee MEJIKVIMI Pa3/IoMaMyl CEBEPO-3aIafHOTO Y CEBEPO-BOCTOYHOIO IIPOCTH-
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PucyHok 1. leonoro-cTpykTypHas kapta MHgokuTanckoro nonyoctpoBa (no [13] ¢ aBTopckumu uameHeHusasmu). CtpatnduumpoBaHHble
06pa3oBaHus. 1 — HeoreH-4eTBepPTUYHbIE PbIXIblEe OTIIOKEHMWS; 2 — lopckasi M MeroBasi CUCTeMbl HepacYneHeHHble; KOHTUHEHTarnbHbIe 1 cybma-

PUHHBIE OTIOXEHMS: KPAaCHOLIBETHbIE TEPPUTEHHbIE NMOPOAbI, 3BaNOPUTLI, KUCTIbIE ByNKaHUTLI; 3 — TpMacoBas CUCTeMa, BEPXHUI OTAEM; KOHTUHEH-
TarbHbIe KPACHOLIBETHbIE KAPOOHATHO-TEPPUrEHHbIE OTNOXEHWS; 4 — MEPMCKasi CUCTEMA, BEPXHWUI OTAEN; U3BECTHSKU, TEPPUTEHHbBIE YTTIEHOCHbIE
OTNOXEHUS!; 5 — KaMEHHOYrorMbHasi M MEPMCKasi CUCTEMbI HEPACUNEHEHHbIE; PUOBbIE U3BECTHSIKM, YEPHbIE CraHLbl U KPEMHUCTbIE NOpoabl; 6
— KaMEHHOYrofbHasi CUCTEMa; YepHble CraHLbl, KPEMHUCTbIE U TEPPUrEHHbIE YITIEHOCHbBIE MOPOAbI, NaBbl U Tydbl KUCMOrO U CPEAHErO COCTaBa;
7 — OeBOHCKasi U KaMEHHOYroNbHasi CUCTEMbl HEPACUNEHEHHbIE; KPAaCHOLBETHbIE U CEPOLIBETHbIE TEPPUrEHHbIE MOPOAbI, KAapGOHATHO-YEPHO-
craHueBble nopoabl, Meprenu; 8 — cunypuinckas 1 JeBOHCKasi CUCTEMbI HEPACUIIEHEHHbIE; (PUMNUTOBbLIE CraHLbl, BYNKaHWUTbI KUCMOro U cpea-
Hero cocTaBa; 9 — keMbpuiickasi, OpAOBMKCKAsi U CUIypCKasi CUCTEMbI HEPACUIIEHEHHbIE; MPaMOPb!, KBAPLUTbI, XITOPUTOBbIE CIaHLbl, (OUMNUTLI,
MeTaByIKaHUTbl KUCMOro, CpeaHero U OCHOBHOro cocTasa; 10 — npoTepo3oickas apaTtema; rpaHUTOrHENChI, CAAUCTbIE CnaHLbl, aMnbonnTbI,
MUrMaTUTbI, FPaHyNUTbI, Kanbundupbl. BynkaHoreHHble 1 BynkaHo-NayToHNYeckme obpasoBanHus. 11 — HeOreHoBble N YETBEPTUYHbIE Ba3anbTbl;
12 — menoBble faunTbl, pyogaumnTbl U puonuTbl; 13 — nepMckue n TpracoBble aHAEe3WTbl, JaUWTbl U PUONUThI. MIHTpy3nBHbIe obpasoBaHus. 14
— MeJIOBble rPaHNUTbI, FPaHOANOPUTLI, adamennuTel; 15 — nepMckue U TpuacoBble KBapLEBbLIE ANOPUTbI, AUOPUTbI, MOHLIOHUTbI, CUEHUTLI, KBap-
ueBble nopdupsl; 16 — nepmckue rabbpo, rabbpo-HopuTbl, 4onepuTbl; 17 — KAMEHHOYrOMNbHbIE 0PUONUTLI: MMPOKCEHNUTLI, NEPUAOTUTDI, OYHUTbI,

cepneHTUHUTLI; 18 — BaTonMTOBbIE FPaHUTLI U rPaHoaMopuTbl; 19 — pasnombl; 20 — KOHTYPbI OBanbHbIX AedOPMaLNOHHbBIX CTPYKTYP B paHre
MEraHTUKIIMHOPUEB.

Figure 1. Geological and structural map of the Indo-Chinese Peninsula (by [13] with author’s changes).

104D

paHus ObLI pasmenieH Ha psf sideil pa3HOro pasMepa, TO BCe OHM B YCTIOBUSIX JIEBO-B3OPOCO-CABUTOBBIX CMEIEHNUIT BOMIb Ce-
BepO-BOCTOYHBIX PaspbIBOB TAK)XXe ObLIM Ipeobpa3oBaHbl B OBA/Ibl COOTBETCTBYIOLX pasMepOB, pasfe/ieHHble Ha CUTMOVbI
TaKOJ1 ke MOP(OIOruy 1 OPUEHTUPOBKY, Kak ¥ curmouysl 6710ka XHOyH. Ha mpaxTuke 9To BBIVIAAUT KaK pasje/neHye OBalb-
HOI CTPYKTypbl XMHOYH Ha psJi BHYTPEHHNX OBAJIOB MEHBIIETO pa3Mepa, IPOCTPAHCTBEHHO IOYMHEHHDIX eI'0 CUIMOV/IAM.
Crnepyrolieit 0c06eHHOCTbIO (POPMMUPOBAHIA OBAIBHBIX CTPYKTYP TEKTOHIMYECKOTo 6710ka XMHOYH AB/IAETCA MX BBIAB/IN-
BaHIe BBEPX IOJ A€IICTBIEM B36POCOBOII COCTABIIAIOIIEN Me3030IICKIX TIEBO-B30POCO-CABUTOBBIX ABIDKEHNUIL. DTO IepeMelrie-
HIle BBepPX BBI3bIBAJIO IIOBOPOT FOPU30HTANTBHOI HEOZHOPOFHOCTH IOPOJ; OKOJIO TPAHNI] 67T0KOB, ITO IIPYU X PA3HOI CKOPOCTH
nepeMeleHs IIPUBENO K aHTI(HOPMHOMY Wyt CMHPOPMHOMY OO/IMKY BHYTPEHHEN CTPYKTYpPBI 6710KOB. 3a OBaIbHBII 00/INUK B
wiaHe geOpMUPOBAHHBIX OIOKOB I 32 UX «OOMATBI» BUJ, B paspese cOpMUPOBAHHBIE CTPYKTYPBI ObLIM Ha3BaHBI OBaJI-aH-
TidopMaMu 1 oBan-cuH(GOpMaMu pa3Horo panra. Tak TeKTOHMYecknii 6710k XMHOYH Ha3BaH OBa/I-aHTUK/INHOPYEM, TeKTO-
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PucyHok 2. leonoruyeckas kapTa LeHTpanbHOM 4YacTu MeraHTuknuHopusa Hana (no [13] ¢ aBTOpcKMMM U3MeHeHusAMMU). 1 — HeoreH-
YeTBEPTUYHbIE pbIXble 0O6pa3oBaHusA: NaTepuTbl U KOHTUHEHTamNbHbIE MENKO- U rpy6006noMoYHbIE MOPOAbl; 2 — HOPCKO-MENOBblE KOHTUHEH-
TanbHble U CybMapUHHbIE OTIOXEHUS: KpaCHOLBETHbBIE KOHITIOMEpaThl, aprnnunTbl, aneBponuTbl, NECYaHVKM 1 3BaNOPUTbI, KUCHble BYIIKAHUTbI;
3 — no3gHeTpMacoBble KPaCHOLIBETHbBIE OTMOXEHUS: aprnnuTbl, aneBponuTbl, NECHaHWKW U Meprenu; 4 — BepXHEKaMeHHOYToMbHbIE Y NepMcKkue
OTIOXEHWS HepacYneHeHHble: pUOBbIE N3BECTHSIKW, YepHbIe CraHLbl U KPEMHUCTbIE MOPOAbI; 5 — KAMEHHOYTOMNbHas CUCTEMA: YepHbIE CraHLbl,
KPEMHUCTbIe Mopoabl, TEPPUrEHHbIE YINEHOCHble 06pa3oBaHusi, NaBbl U Tydbbl KUCNOrO U CpefHero coctasa; 6 — AeBOHCKasi U KaMEHHOYrosb-
Hasi CUCTEMbI HepacYreHEHHbIE: KPaCHOLBETHbIE U CEPOLIBETHbIE TEPPUreHHble NMopodbl, kapboHaTHO-YepHOCNaHLUeBblE NOPOAbl, Meprenu; 7
— CUnypuincKas u OeBOHCKas CUCTEMbI HEpacUneHeHHble: (PUNNMTOBbIE CraHLbl, ByJIKAHUTbI KUCIOrO U CpegHero cocTaBa; 8 — opaoBUKCcKas U
CUnypuinckasi CUCTEMbI HEpaCUNeHeHHbIEe: MPaMopbl, METaKOHIOMepPaThl, XITOPUTOBbIE CraHLbl, (PUNNUTbI, KBApLWTbl, METaBYNKaHUTbI KACIOro,
CpefHero n 0OCHOBHOMO cocTaBa; 9 — NpoTepo3oicKkas apaTema: rpaHUTO-THeNChI, CIIOAUCTbIE CrnaHLbl, aMUBonNUTbI, MUrMaTUTbI, TPaHYNUTbI,
kanbundupbl; 10 — MeENoBbIE rPaHNUTbI, FPAHOAMOPUTDLI, adamennuThl; 11 — 6aTonMToBbIE FPaHUTbI U FPaHOANOPUTLI; 12 — pa3nomel.

Figure 2. Geological map of the Central part of Nape meganticlinorium (by [13] with author’s changes).

HIYeCKMII 6710K crefyiollero MacTabHoro panra HammnareH, Npuypo4eHHBIN K IIeHTPaTbHO CUTMOM/IE OBa/I-aHTUKINHOPY
XuHOYH — 0oBa/I-MeraHTHMK/IVMHAJIbIO, BXOAAIINE B OBaI-MeTaHTHKIMHaIb HaMmaTten 6onee Menkue 6mokn HammareH-neHTp 1
DOHTBIO — 0BA/I-CUHK/IVHA/LIMH 1-TO TIOpsifiKa, a 60JIee Me/IKue CTPYKTYpPbl — OBAI-AaHTUK/IMHA/ISIMI U OBAJI-CUHK/IMHAIAMY 60-
Jiee BBICOKMX MTOPSIAKOB (II0f] HOPSIAKOM OBA/IBHBIX CTPYKTYP 3/7,€Ch ITOf;PAa3yMeBaeTCsl 9/IEMEHT TAKCOHOMIYECKOTO Psifa CKIaj-
YaTBIX CTPYKTYP PasMepoM MeHbIIle 0Ba/I-MeTraCHHK/INHAIN — OT OBA/I-CHHK/IMHA/IN 1-T0O IO OBa/I-CUHKIMHAMK 4-TO TIOPSIfKa,
pasMep CK/IafIOK YMEHbIIAETCS C yBeIMYEHUEM HOMepa OPsIiKa).

BreipensieMble IpeXXHUMM UCCIEOBATE/AMM CUHKIMHAIbHBIE Y aHTUK/IMHAIbHbIE CTPYKTYPBI HAa CAMOM Jiefie sSBJIAI0TCS
TeKTOHMYIECKUMH O/I0KaMU, IepeMellleHHBIMM Ha PasHyIo BHICOTY (aMIUTUTYMY) ¥ OOHaXXMBIIVMU Ha 3eMHOII TIOBEPXHOCTY Pas-
HOBO3pacTHbIe KOMIUIEKChI. CXeMa mepapXxniecKoll CONOJYMHEHHOCTH OBA/IbHBIX CTPYKTYD IIpUBeieHa Ha puc. 4.

3. MpuumHHasK CBsA3b MPOCTPAHCTBEHHOIO COBMELLEHMS PYAHBIX OOLEKTOB C OBAALHLIMY (hoOpMaMm peabedha

VuTeHcuBHbBIe B36POCO-CABUIOBBIE ABVDKEHNSI B PAaHHEM Me3030€ II0 30HAM CMATHUS CEBEPO-BOCTOYHOIO IPOCTUpA-
HIsI CI0COOCTBOBaNM (GOPMUPOBAHUIO BHYTPU Pa3HOMACIITAOHBIX OIOKOB 30H PacTsDKEHMs KPYTOU OPUEHTUPOBKIM, YTO
006YyCIIOBNINBAIIO IPOsABIICHIE CUHTEKTOHMYECKOTO MarMaTu3Ma 1 CBSI3aHHOTO C HUM pyjoreHesa. He6onbiras rmy6una sasno-
JKEHMS MarMaTH4YeCKUX CUCTeM CIoco6CTBOBaMa GOPMMPOBAHNIO BYTKAHO- Ty TOHMYECKUX KOMIIIEKCOB TUIIabMCCaTbHOTO
THUIIA C VHTPY3MBHBIMI TeJlaMIi COCTaBa AVOPUTOB, KBAPIEBBIX AMOPUTOB, AHAE3UTOB, AAL[UTOB, [PAHNT-IIOPGUPOB U PrO-
nutoB [13, 14].

ToMOApPOMHBIIT XapaKTep BHEJPEHMsI IPOU3BOLHBIX MarMaTHIeCKOro IIpoLecca BO BPEMEHN OT CPeJHUX K KIUC/IBIM IIO-
pofaM CBUAETENbCTBYET O JOCTATOYHO ITy60KoI AnddepeHIManNy MarMaTHyecKX 04aroB, 3aBepIIaoliye CTaful KOTOPBIX
CONPOBOXKMIANINCDH OTHETIEHMEM JIETY4UX 1 (DIIOUJIOB, COAEPXKAIVX PYHIHYI0 Harpysky. [lmsa ckmamdaroro mosica IIxymyaHr u
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PucyHok 3. Cxema ob6pa3oBaHus oBarnbHbIX U CUrMoMAanbHbIX CTPYKTYP NPU NepecevyeHnn pa3rioMHbIX 30H ceBepo-3anafHoro u cese-
PO-BOCTOYHOrO NpOCcTMpaHusa. 1 — nepecekaroLLnecs cUCTeMbl pasnomoB 1-ro paHra; 2 — nepecekaroLmecs CUCTEMbI Pa3noMoB 2-ro paHra; 3
— nepecekaroLyecs CUCTeMbl Pa3noMoB 3-ro paHra; 4 — onepsioLLMe paspbiBbl 30H CMATUA 1-ro paHra; 5 — onepsioLme paspbiBbl 30H CMSATUSA 2-T0
paHra; 6 — onepsioLLme pa3pbiBbl 30H CMATUSA 3-T0 paHra; 7 — KOHTYp OBallbHOM CTPYKTYpbl 1-ro paHra; 8 — KOHTYpbl OBallbHbIX CTPYKTYP 2-r0 paHra;
9 — KOHTYpbI OBanbHbIX CTPYKTYP 3-ro paHra; 10 — KOHTYpbl LIeHTParbHOM CUrMonabl OBaslbHON CTPYKTYpPbl 1-ro paHra; 11 — KOHTYpbl LIeHTpansHon
CUrMomabl OBanbHOW CTPYKTYpPbl 2-r0 paHra. Ha cxeme nokasaHbl 0OBanbHble CTPYKTYPbl 2-r0 U 3-r0 paHros, BbINOMHAOLLME TOMBbKO LeHTPanbHbIe
curmomabl 1-ro 1 2-ro paHros. CTpenku NokasblBaloT HanNpaeneHne TPaHCNSALMOHHOMO CMELLEHNS B 30HaX CMATHS.

Figure 3. Scheme of formation of oval and sigmoidal structures at the intersection of fault zones of North-West and North-East stretch.
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PucyHok 4. MacwtabHan nepapxusi oBanbHbIX CTPYKTYp. LUTprxoBble nMHuy nokasbiBaloT MacuTabHy0 CONOAYNHEHHOCTb OBarbHbIX CTPYK-
TYp CO CTpPYKTypamu 6onee H1M3Koro 1 6onee BbICOKOrO paHroB.
Figure 4. Large-scale hierarchy of the oval structures.

BXOJIAIIIUX B HETO O0/lee MEeNKMX CTPYKTYP XapaKTepHo (GOpMUPOBaHIE PYAHO-MAarMaTUIeCKUX CUCTEM C 307I0TOM, cepebpoMm,
0/I0BOM, MeJIbI0, CBMHI[OM ¥ APYTMMU MeTa/laMi. B mpenenax pynHoit o6mactu HaMmaTen pasBuTa B OCHOBHOM OJIOBSIHHAs
MUHepan3alys 00BO-CyTbGUIHOTO TUIIA (apCEHOMMPUTOBOTO 1 KOTYEJAHHOTO MO/TUTIOB).

Maciurabp! IposB/IeHNA MarMaTu3Ma B IIpefiesiax 0JIOBOPYLHOI 00/1acTyt ObUIN IPONOPLIMOHANIBHBL PadMepaM OBaJIbHBIX
cTpyKTyp. Tak, W1 LHeHTpaNbHO YacTU OBaI-CUHK/INHAaIM HaMIlaTeH-IIeHTp XapaKTepHbl KPYIIHbIe KYIIOJI000pa3HbIe By/IKa-
HO-IUTyTOHMYECKMe KOMIUIEKCHI, BK/TIOYAOLINe JUOPUT-IPAaHOAMOPUTOBbIE 1 AIUT-PUOINTOBbIE MACCUBBI, @ I/ OBAJIbHbBIX
CTPYKTYpP KpaeBOIl YacTy OBaJI-CUHK/IMHAIN XapaKTepHbl HeOObIIINe, PACIIONOXKEeHHbIe BOMM3M LIeHTPa OBAIbHBIX CTPYKTYP
IITOKOOOPa3HbIe MHTPY3MIL, YACTO ellle He 3POANPOBAHHBIE.

B cBA3M ¢ 9TUM OBa/IbHbIE CTPYKTYPBI Pa3HOTO pasMepa py#Holt o6mactv HaMmmaTeH (OBabHOI CTPYKTYpPBI 2-TO paHra) He-
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CyT B cebe 1 OpyAeHeH e pasHoro Maciraba. OBajIbHbIe CTPYKTYPbI 3-TO paHra BMELAT B ce6st pyaHble partons! (HammareH-
teHTp 1 POHTHIO), @ OBA/IBHBIE CTPYKTYPBI 4-TO PaHTa — PyAHbIE Y3/Ibl 1 T. Ji. PAHXXMPOBaHHOCTH ¥ HOMEHK/IATYPa OBaIbHBIX I
PYROHOCHBIX CTPYKTYP, PACIIOTIOKEHHBIX B IIPeJie/iax OBajI-aHTUK/IMHOPYs XMHOYH, IIpMBefeHbl Ha puc. 4 u B TabymIe.

Heo6x0anM0 OTMETNTb, UTO PYAOKOHTPOIVPYOLIMMY CTPYKTYpaMyl BHYTPY OBA/IbHBIX CTPYKTYP BCEX PAHTOB OT PYA-
HBIX [10JIE O MECTOPOXKICHUIT SIBJISTIOTCSI CUTMOV/IBI CeBEPO-3aIIaIHOTO IPOCTIPAHISI COOTBETCTBYIOIINX Macurtabos. OgHaKo
OPMEHTHMPOBKA B IIPOCTPAHCTBE PYAHBIX 30H U PYAHBIX Te/l (PYZOBMELIAIINX CTPYKTYP) B IpefesiaX CUrMOM, KOHKPETHBIX
MEeCTOPOXXIAEHUIT OAYMHSIETCS APYTUM 3aKOHOMEPHOCTAM. DTO 0OBICHAETCA TeM, 9TO OJIOKOBBIE CTPYKTYPBI OT 1-r0 10 6-r0
paHra 1 MX CUrMOV/bI SIB/ISIIOTCA IIPOAYLIEHTAMI PErOHaTBbHOTO MO/ HAIIPSDKEH I, KOTOPOe IOCPEACTBOM 0COOBIM 06pasom
OpraHM30BAHHOI PAa3PbIBHON TEKTOHMKY 11 (POPMIPOBATIO, ¥ 00YCIABINBAIO OPMEHTUPOBKY STUX CUTMOUAAIBHBIX CTPYKTYP.
ITpu gocTIbKeHN 67I0KOBBIMY CTPYKTYPaMIL PasMepOB, OIIPe/e/IsieMbIX PACCTOSHISIMI MEXY JIEBO-B30POCO-CABUTOBBIMIAL 30-
HAMI CMSITIS HAMIMEHBLIETO Pa3Mepa, IIPM Aa/IbHeNIIIeM CMeleHNn 6I0KOB BJOJIb 9THX JIEBBIX B3OPOCO-CABNUTOB IIPOMCXOAIIA
[IePeOPMEHTPOBKA PErMOHAIBHOTO IIOJIsI HAIIPSDKEHNIT ¢ Pa3sBOPOTOM Oceil fehOpMaliiy IPOTHUB YACOBOI CTPENKU Ha Yrol
0K0710 30-40° [16], 4TO BBI3BIBA/IO JIEBO-CABUIOBOE CMeLleHIe BO/Ib 30H PACCIaHIIeBAHNS CeBEPO-3aIlaHOTO IIPOCTIPAHNS.
TO /1eBO-C/BUIOBOE CMeLlleH e, B CBOIO 04epefib, CIIOCOOCTBOBAIO (GOPMUPOBAHNIO OKOTIO OBIBILNX 30H PacC/IaHIIeBAHNs CeBe-
PO-3aIafHOrO IPOCTUPAHIIS OIEPSIIOINX PAa3PBIBOB PACTsDKEHMSI CYyOIIMPOTHOM OPUEHTUPOBKIL. DTH CyOLUIMPOTHBIE Pa3PBIBBL
U CyOMepUANOHaIbHBIE Pa3PhIBbI PACTSKEHISI, OEPSIOLIE 30HBI CMATISI CEBEPO-BOCTOYHOTO IPOCTUPAHIS, @ TAK)KE YIACTKI
(parMeHTapHO HPMOTKPHIBAOIINXCS 30H PACCIAHIIEBAHNS CEBEPO-3aIAHOTO POCTUPAHNUS OT JIEBO-CABUTOBBIX CMEIEHNIT
BJJOJIb 30H CMATHSI CEBEPO-BOCTOYHOTO IIPOCTUPAHYS Y TIOCTYXXIIN PYJOBMELIAIOIVIMI CTPYKTYPaMy MECTOPOXKAEHUIL.

3aKkAtoueHne

B 3ax/rodeHe He0OXOAIMO OTMETUTD, YTO OIVChIBAeMble OBa/IbHbIE CTPYKTYPbI BCEX PAHTOB SIBJIAIOTCS IO CBOEII IIPUpPOJie
IeOpMaIIOHHO-6/IOKOBBIMYU ¥ KAKMMU-TNOGO COIYTCTBYIOLVIMY KO/IbIIEBBIMIU T€OJIOTMIECKIMIL TEAMI He COIIPOBOXKAIOT-
cs1. ITepBOHAYaIBHO OBAJIbHBIE CTPYKTYPHI B pe3y/IbTaTe 3aKOHOMEPHO COYETAIOIVXCSI PA3HOOPVMEHTHPOBAHHBIX Pa3PhIBHBIX
HApYLIEHNI IMeN B IUIaHe BUJ| MHOTOYTOJIbHIKOB. [le3MHTerparysi IOPOJ B 30HAX 9TUX Pa3pPBIBHBIX HAPYLIEHNII CIOCOOCTBO-
Basia (GOPMUPOBAHNIO BJJO/Ib HUX (IIOBMA/TIBHBIX JOIMH, OTMOAIONINX 9T MHOTOYTOIBHIKY, 1 0OPa30BaHUIO O/Iarofiapsi STOMY
oBanbHBIX PopM penbeda.

Tenamu, reHeTNYECKN COMYTCTBYIOLWMMY OIOKOBBIM CTPYKTYpPaM, sIBILIIOTCS TOMBKO MHTPY3UM CYyOBYIKaHIYIECKOTO KOM-
IUIEKCa, COIIPOBOXKAaoIye 6710k006pasoBanmue. Ho, BHEAPASACH IO BHY TPIOIOKOBBIM Pa3pbiBaM, OHV OOBIYHO He ITOAYePKIBaA-
10T OBA/IbHYIO (POPMY 9PO3MOHHO IPOPA6OTAHHBIX G7IOKOBBIX CTPYKTYP, @ 4aCTO, OXBATHIBAsI HECKOIBKO HEKPYIIHBIX O/IOKOBBIX
CTPYKTYP, Aa)Ke MACKUPYIOT UX KOHTYPBIL.

JINTEPATYPA
1. KovapsiH I". . FTeomexaHuka pasnomos. M.: TEOC, 2016. 424 c.
2. CyBaHHygom b., bonTbipoB B. B., Cno6oaunkos E. A. CTpyKTypHble ycrioBus 06pa3oBaHus 1 CTpOeHue oBan-aHTuknuHopusi XuHbyH (CpegHun
Naoc) // Nutoccpepa. 2014. Ne 1. C. 127-132.
3. Makapos 1. B. O6 nepapxuyeckoin npupoae gedopmaummn n paspylleHns Teepabix Ten un cpeq // dusndeckasn mesomexanuka. 2004. T. 7. Ne
4. C. 25-34.
4. Makapos 1. B., TpybuubiH A. A., TpybuusiHa H. B. n Ap. YH1BepcanbHbIn Kputepuii dopakTanbHOM AenMMOCTU reoMatepuanos v reocpeg //
leonorusa n reocomsunka. 2007. T. 48, Ne 7. C. 724-746.
5. Wepman C. WN. [ecTtpykuusi nutocdepbl: pasrioMHo-6110koBas AenMOoCTb 1 ee TeKTOHOM3NYeckne 3akoHomepHocTn // FfeoguHamumka n Tek-
ToHomauka. 2012. T. 3, Ne 4. C. 315-344.
6. boikos B. I. [lebopmaumoHHble BonHbl 3emnu // Teonorusa u reodusnka. 2005. T. 46, Ne 4. C. 1176-1190.
7. 3yes J1. b., AaHunos B. V. MegneHHble aBTOBOMHOBbIE MpoLecchl Npy Aedopmaunn TBepAblx Ten // dusndeckas meaomexaHuka. 2003. T. 6,
Ne 1. C. 75-94.
8. Wepman C. WU., TopbyHoBa E. A. BonHoBas npupopa aktusmsaumm pasnomMoB LleHTpanbHon Asum Ha Base cerncMynyeckoro MoHUTopuHra //
dusnyeckas mesomexanuka. 2008. T. 11, Ne 1. C. 115-122.
9. Makarov P. V., Peryshkin A. Y. The role of slow deformation waves in the formation of fracture foci / AIP Conference Proceedings. Vol. 1785, 18
November 2016, 10 th International Conference on Mechanics, Resource and Diagnostics of Materials and Structures, MRDMS 2016; Ekaterin-
burg; Russian Federation; 16 May 2016 to 20 May 2016.
10. Makarov P. V., Peryshkin A. Y. Modeling “slow movements” — Auto waves of non-elastic deformation in ductile and brittle material and media
/ AIP Conference Proceedings. Vol. 1683, 27 October 2015, International Conference on Advanced Materials with Hierarchical Structure for New
Technologies and Reliable Structures 2015; Tomsk; Russian Federation; 21 September 2015 to 25 September 2015.
11. KovapsiH I". T, Cnueak A. A. uHamuka gechopmmpoBaHus 6rio4HbIX MaccuBOB ropHbix nopod. M.: AkagemkHura, 2003. 423 c.
12. MaptbiHiok M. A, Lep E. H. OcobeHHocTr hopMmupoBaHuUs TPELLIMH OTpbIBa B rOpHbIX nopoaax npu cxatum // @TIPTMIN. 2004. Ne 6. C. 77-87.
13. Phan Cu Tien et al. Geological map of Cambodia, Laos and Vietnam. Hanoi: Geological Survey of Vietnam, 1991.
14. Souvannoudom B. Hydrothermal Au mineralization associated with felsic volcanic Coeval alkaline intrusive / Syntectonic grabben fault in
indochines depression (rifts) of Indochinese massif: presentation at the mining conference of Newmont Mining Limited (US Company) held in
Vientiane, Lao PDR. 1995.
15. Souvannoudom B. Indochina terrane (and adjacent territories: Laos, Vietnam, Thailand and Cambodia), trans-regional structures and asso-
ciated different metallogeny: Presentation at the second Lao-Thai Technical Conference on Geology and Mineral Resources (Lao-Thai Geology:
Beyond the Bound). 17-21 January 2013, Vientiane, Lao PDR.
16. Bedeaux P., Pilote P., Rafini S. Synthesis of the structurale evolution and associated gold mineralization of the Cadillac Fault, Abitibi, Canada
(Review) // Ore Geology Reviews. 2017. Vol. 82. P. 49-69.
17. Myamn Ox. 0., Xunn M. W. Cosurosasi TekToHuka // Bonpockl coBpemMeHHow 3apybexHor TekToHuku: nep ¢ aHrn. M.: U1, 1968. C. 265-333.

Cmamabsi nocmynuna e pedakyuto 7 mapma 2018 e.

46 CyBaHHynoMm b. u gp. lepopmMaLMoHHble 0BasbHble CTPYKTYpbl pyaHoi o6nactv HamnateH (Mlaoc) // U3BecTus YITY. 2018.
Bbin. 2(50). C. 41-48. DOI10.21440/2307-2091-2018-2-41-48



B. Souvannoudom et al. / News of the Ural State Mining University 2 (2018) 41-48 EARTH SCIENCES

YK 553.411°44 (598) DOI10.21440/2307-2091-2018-2-41-48

Oval deformation of the structure of the ore region of Nampaten
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Relevance of the work: the revealed regularities of spatial connection of ore deposits in South-East Asia with oval forms of relief allow simplifying
the technique of prospecting works and reducing the cost of their conduct.

The purpose of the work was the theoretical justification of the spatial context of industrial endogenous tin mineralization with oval forms of the relief.
This context was identified as a result of search operations carried out under the leadership of B. Souvannoudom according to his original technique.
Research methodology. The natural connections of ore objects with oval forms of a relief revealed during prospecting works are proved by their
combination with features of a geological structure of a rock substrate. These connections are theoretically explained with the help of the ideas about
the deformation processes which are in progress in a tectonosphere of the Earth.

Research results. As a result of the research conducted, the conclusion was made about the primary tectonic nature of the oval structures. They
appear as a result of the spatial superposition of multi-age and multi-oriented deformation structures. Such structures include cleavage zones and
confusion zones. They are manifested in the rock complexes in a discrete and multi-scale way in accordance with the universal principle of the
separability of geomaterials. In accordance with this principle, the rock complexes of the entire territory under consideration were initially divided into
tectonic blocks. The size of these blocks varies from hundreds of kilometers to hundreds of meters in diameter, spatially subordinated to hierarchical
dependence. Each of the blocks of all scale ranks consists of 9 blocks of the nearest smaller rank. Climbing-shear bias at later confusion zones in terms
of the transpressive compression caused the formation of the fledging gaps. They occurred in the wings of confusion zones and in the wings of the
earlier zones of cleavage. This, along with the extrusion of the tectonic blocks, led to their rounding and the formation of technoblogs of different
sizes of antiform and synform appearance. Inside the technoblogs of the S-shaped overlapping discontinuous structures that control magma genesis
and ore genesis. In this regard, the ore-controlling structures of the same rank coincide with many oval structures of each scale rank spatially. One
of the large oval structures is an oval-megachilinae (ore area) of Nampaten. Its diameter is about 30 km within a developed oval structure of three
major grades, of which the smallest are oval structures with a size of about 1 km, covering tin deposits. Modern fluvial processes, due to the different
degree of destruction of rocks in the center technoblog and their limitations, formed oval shaped positive and negative landforms of different scales.
Summary. The spatial relationship of endogenous ore objects with the oval forms of modern relief is due to the imposition of modern fluvial relief on
previously formed oval deformation structures, accompanied by endogenous mineralization.

Keywords: zones of sending; zones of crushing of the climbing-shear nature; hierarchical divisibility of geomaterials; oval and sigmoidal deformation
structures; sintectonic magmatism and ore genesis.
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KOMIIAEKCHLIE MECTOPOXXAEHWMA LIBETHLIX M BAATOPOAHLIX
METAAMOB B OCAAOYHDLIX bACCEMHAX

Ec¢um CemeHoBu4Y KoHTapb Ypanbckuii rocyaapCTBEHHbIN FOPHbIN YHUBEPCUTET
eskontar@mail.ru Poccusi, EkatepuHbypr

AKTYaABHOCTB AAHHOTO 0630Pa OBOYCAOBAEHA LIEAECOOBPAZHOCTLIO 06001WEHMST OMYOAMKOBAHHBIX MATEPUAAOB MO FEOAOTMHYECKMM OCOBEHHOCTSIM MECTO-
POXKAEHUI MOAMMETAABHLIX PYA, AOKAAM3OBAHHBIX B OCAAOHYHBIX BaccenHax MHOTMX PErVIOHOB MMPA.

Llean pa60oTeI: cCOCTaBAEHME 0630pa OMyBAMKOBAHHLIX B OTEYECTBEHHO U 3apyBEXXHOM AMTEpaType B MocAeaHre 25-30 AT MaTEPUAAOB MO XapakTepy
Pa3MeLLEeHMsl, FEOAOTMYECKOMY CTPOEHMIO M MUHEPAAOTMM HETPAAULIMOHHLIX MECTOPOXKAEHUM BAArOPOAHBIX M LIBETHBLIX METAAAOB, YTO AOAKHO YUMTDI-
BaTLCs1 MPY MPOrHO3MPOBAHMM MOAOBHDLIX OBLEKTOB B COOTBETCTBYIOWMX FE€OAOTMHECKMX OOCTAHOBKAX.

MeToAOAOIMST MCCAEAOBAHMSA: BLINMOAHEH 00630p, 6asupyoWMics HA aHAAM3E OMyOAMKOBAHHLIX AAHHDIX, B KOTOPBIX C PA3HOW CTEMEHbLIO MOAHOTBHI 1
AOCTOBEPHOCTM OXapPaKTEPU30BaHbl HETPAAMLIMOHHLIE KOMIAEKCHBIE MECTOPOXKAEHUsI BAArOPOAHLIX M LIBETHBIX METAAAOB PASAUYHLIX F€OAOTMHYECKMX
MPOBMHLMIA MUpa.

PesyastaTpl. CBOEOOPA3HLIE KOMIAEKCHBIE MOAMMETAALHBIE (GAArOPOAHDIE M LIBETHLIE METAAALI) MECTOPOYKAEHMST AOKAAM30BAHBI B OCAAOHHDLIX BaccelHax
MHOTMX PernoHoB mupa. B cocras pya 3tnx mecropoxkaenuii exoaar Mo, Ni, Cu, Zn, U, Se, V, 1 OHM CONMPOBOXAQIOTCS AHOMAABLHO BLICOKMMM COAEP-
SKAHUSIMY BAATOPOAHLIX METAAAOB, B TOM YMCAE METAAAOB MAATMHOBOM IPYMbl, CPEAV KOTOPLIX, KaK MPaBuAO, npeobraaaiot Pt u Pd. O6wmm arst Bcex
M3BECTHLIX MPOBUHLMMA C KOMMAEKCHLIMY MOAUMETAALHLIMY MECTOPOYKAEHMSIMU SIBASIETCSI HAAMYME PYAOHOCHDLIX TEPPUIEHHBIX YTAEPOAUCTLIX chopmaLmit
PA3AMYHOTO BO3PAaCTa B AHOKCMYECKMX HACTSIX WeAbAa BHYTPU- UAU OKPAMHHO-KOHTMHEHTAALHLIX MOPCKMX BACCEMHOB, KOTOPbIE 3aHUMAIOT MPUHLIMIU-
AALHO OAHOTUIHOE MAA€OTEKTOHMYECKOE MOAOYKEHNE — OHU BXOASIT B COCTaB YEXAOB APEBHUX MAATCDOPM MAM BEPXHUX HacTei Ux pyHAAMEHTOB.
BoiBoabl. Hanboaee obcrositeAbHast MHCpopMaumsi UMEETCsT 1Mo MecToposkaeHusiM KOskHoro Kurast, KaHaabt, OHesxckoro nporvba B Kapeann. MIsroxeHbl
TaKKE CBEAEHMSI O BAArOPOAHOMETAALHOM OPYAEHEHUM BepXHEKamMCKOro MECTOPOXKAEHMsI COAei. TpMBEAEHDbI AAHHDLIE O BEPOSITHOM MEPCNEeKTUBHOCTM
Ha NMOAOBHOE OPYAEHEHME HEKOTOPLIX CTPYKTYP BOCTOYHOW OKpanHbl BoctouHo-EBponeickoin naathopmbl.

KAloYeBbIe CAOBA: YEPHDIE CAAHLIbI; LIBETHLIE METAAALI; BAATOPOAHLIE METAAALI; METAAAOOPTAHNYECKME KOMIAEKCLI; OCAAOYHLIE 6ACCEHLI; COAM; KOXKHLIN
Kuraii; KaHaaa; OHesxckuii nporub; Bocrouno-EBporieiickas naarcpopma.

BEAEeHVEe
B mocnegume 25-30 et omy611KOBaHbI MaTEPUAIBI O CBOEOOPA3HBIX MECTOPOKAEHISIX KOMIUIEKCHBIX [TOTMMe-
TaJIbHBIX Py, TOKAIM30BaHHBIX B OCaJlOYHbIX OacceilHaX MHOIMIX PeTYOHOB. B cOCTaB 9THX MeCTOPOXKAEHMIT BXOIAT
MOMuOJeH, HUKeNb, Melb, IMHK, YPaH, Ce/leH, BaHauil. PyIbl 9TUX MeCTOPOX/IeHUII COIPOBOXKIAIOTCS aHOMAJIbHO BBICOKVIMU
cofiepXKaHMAMY O/IaTOPOHBIX METaJUIOB, B TOM 4MC/Ie MeTa/IIOB IvatiHoBol rpymnsl (MIIT). Cpeny mocnegHmx, Kak IpaBuio,
Npeo6IaaloT IIATHHA U TajJIauil.

9Tu 06'BEKTHI IPUYPOUEHBI K YITIEPOFUCTHIM TEPPUTEHHBIM (POPMALMAM PasIMIHOIO BO3PACTA, HO MMEIOLVIM ITPUHIIUIIN-
aJIbHO OTHOTHUIIHOE I1a/Ie0TEKTOHMYECKOE ITOTIOXKEHIE — OHM BXOAAT B COCTAB Y€X/IOB APEBHUX ITATGOPM MM BEPXHUX YaCTel
ux ¢pyHzameHToB. OOIMM /11 BCeX M3BECTHBIX IPOBMHIINIL ¢ KOMIITIEKCHBIMY TTOTIMMETATbHBIMY 11 30/I0TO-IIATVTHOVUIHBIMU
MeCTOPOXKAEHNMAMU ABJIAETCS HaIM4ue PYJOHOCHBIX TEPPUI€HHBIX YIVIEPOAUCTBIX popMannil B aHOKCMYECKUX YacTAX Iuenbgda
BHYTPU- W/IM OKPaVHHO-KOHTNHEHTA/IbHBIX MOPCKUX 6aCCEITHOB.

Hacroamuit 0630p 6asupyeTcs Ha aHa/IM3e OMYOIMKOBAHHBIX JaHHBIX, B KOTOPBIX C Pa3HOI CTEIeHbIO IIOJTHOTBI ¥ JOCTO-
BEPHOCTM OXapaKTEePM30BAHbI MECTOPOXKAEHMsI KOMIUIEKCHBIX MMONMMETANBHBIX Py PaslINYHBIX T€OJIOTMYeCKUX MTPOBUHIINI
mupa. Hanbosnee ob6crositenpHas nubopManys nmeetcs mo Mmectopoxxpennus 0sxuoro Kuras, Kanager, Onexxckoro npornba B
Kapemnn [1-3, 4, 5-11].

OnucaHvie o6LeKTOB

B FOscrom Kumae pymoOHOCHAs 4epHOCIIAHIIeBas TOJIIIA paHHEr0 KeMOpIs BXOUT B COCTAB paHHeIa1eo30lickoro yexya FOx-
Ho-Knrarickoit m1ar¢opMbl, KOTOpast HECOITIACHO IepeKPhIBAET ITO3/IHEIIPOTEPO30IICKIEe (CMHMIICKIE) OTIOKEHNSL. DTa TOJIIA C
HepepsIBaMy IIPOCTIEKeHA B IIPOTHOM HarpasieHnn Ha 1600 KM B Iipefie/iax HeCKOMIbKIX afMUHICTPATUBHBIX IpoBuHLnit Ox-
Horo Kuras. B pygoHOCHOII ToIIle PACIIONIOKEHO HECKOIBKO MOMMOMEH-HIKEIEBbIX MECTOPOXKACHNI, 1Ba U3 KOTOPBIX — 3YHUS
(LIsynvu) B mposuuiyn [yarbkoy (Iyitwkoy) u Jaron B mpoBuHuyy IOHaHb (XyHaHb) B HacTOsIee BpeMst OTpabaTbIBAlOTCA.

Ha mecropoxpenuu 3ynus (L3yHou) pobpiBaetcs B rog okono 1000 T pyzmbl, KOTopast COLEpXUT B cpefHeM 2,7 % Mo, 7,7 %
Ni, 1,6 % Zn. braropopgHble MeTa/IIbl IPUCYTCTBYIOT B CJIEAYIONINX KOINYeCTBax, I/T: Au - 0,7, Ag - 3-5, Pt - 0,7, Pd - 0,87, Os
- 0,06, Ru - 0,0034, Ir - 0,05, Rh - 0,025. Kpome Tor0, pyzibl 9TUX MEeCTOPOX/eHUII cofepKar o 1 % Banagua u 1o 0,5 % Menn.

B 4epHoCIaHLEeBOI TOMIE OPYJEHEHNME JIOKaIM30BaHO B pyfloBMeltaonlell nadke 10-MeTpoBoil MOLIHOCTY, a B Hell — B
TOPM3OHTAX MOILIHOCTBIO OT HECKOJIBKVIX CAHTUMETPOB 0 15 cM (MakcmmanbHO 35 cM). PynoHOCHBIE TOPU3OHTHI 06pa3oBaHbI
YaCTBIM IlepeciaiiBaHueM CYIb(UIHBIX CTIOMKOB ¢ POCHaTOHOCHBIMY YePHBIMYU CTIAHIIAMY, COREPKAIMMI KOHKpeLnu U HO-
nym ¢pochaToB U KapOOHATOB, YIIEPOAUCTBIMY 11 KPEMHMCTBIMI apIUIMTaMy I MUKPO3epHUCTbIMY Hecyanukamu. Pocda-
TOHOCHBIE IIMHYCTBIE CTaHIbI MMeloT Ni-Mo crienmanmsanimio, a KpeMHUCTBIE — CYLeCTBEHHO BaHaueByo. Cynrbduibl mpey-
cTaByieHbl ppoMbougambHbIM upnToM, MuteputoMm (NiS), 6paBourom (Fe,NiS,), Baacutom (NiS,), repcioppurom (NiAsS),
MOMMOFEHNTOM U MOPAM3UTOM (aMopdHask pasHOBUAHOCTb MONMOIEHNTA).

Pynsl 9TMX MECTOPOXKACHMIT IPEACTABIIAIOT OO0 METKOOOIOMOYHYIO IIOPOAY, COCTOSIIYIO 13 HOAY/IIPHOTO IMPUTA, KOH-
Kkperuit pocdopuTa, OKPYyI/IBIX arperaToB OPraHNYECKOro BeIecTBa, MUTU(GUIMPOBAHHBIX 00IOMKOB KBaplia, aprijUINTa 1
KPeMHUCTBIX TOpoji. O6BIMHbI C/IeMyIONINe Pa3sHOBUIHOCTI OONIOMKOB: 1) yroBarbie U cy6okaTaHHble, oboramennbie C ;5 2)
oborareHHbIe C,,e € BBICOKUM copepxkanuem Mo u S; 3) cepnueckne 06IOMKM MOPCKMX OPraHM3MOB, Oorarbie C,pp Eooc—
(arHble KOHKpelun (HEKOTOpBIe ABJAIOTC 6noTypOuguTamn); 4) 6orarsie cynbpugamu GocarHble KOHKpeLu; 5) OefHble
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yrneponoM docdaTHbie 0610MKY; 6) yroBaThie U cyboKaTaHHbIe CynbdumHble 0010MKY 1 KOHKperyu. PocdaTsl nMeI0T, Kak
IPaBIIO, AYEHCTYIO CTPYKTYPY, AOIYCKAIOIIYI0 06pa3oBaHIe UX II0 PEBHUM OaKTepyanbHbIM GopMaM.

MuHepanorus pyn ZOCTOYHO CJIOKHasi 1 cBoeobOpasHas. Hanbornee pacipocTpaHeHHBIM MIHeEPaIoM sABAeTcsA put. OH
IIPUCYTCTBYET B BUJie HOAYIeil, GpoM6OuoB, NAMOMOP(HBIX KPUCTA/IIOB, PACCESHHBIX B MATPUKCE BCEX TUIIOB IIOPOJ, BKIIIO-
vasa (ocdaTHbIe AYey, CTIOMKOB CAMBIINXCA KPUCTA/UIOB. MoMMOeH IPUCYTCTBYeT B BUfIe MOPAU3NTA, Yallle BCEIo acCOLNN-
PYIOLIEToCst C OPraHNMYeCKMM BellleCTBOM WK 3aMernaoniero ero. Cynrbuubl HuKens (Ba9CUT U MIWIIEPUT) OObIYHBL B BUJE
eIVMHNMYHBIX KPUCTAIOB B pochaTHBIX KOHKPELNAX, HO Yallle B BUjje MUKPOCcheponganbHbIX GOPM, YTO HABOFUT HA MBIC/Ib O
BO3MOXKHOM 3aMeleHun umu Mmukpodoccumuit. Cynbduast Mo 1 Ni BMecTe ¢ muputoM, pocdartami, CrycTKaMy OpraHu4ecKo-
IO BellleCTBa BXOJAT B COCTAaB PYAHBIX 00/I0MKOB pasMepoM ot 0,1 1o 1 cm.

IToMyMO Ha3BaHHBIX MIHEPAJIOB, B PYAaX 9TUX MeCTOPOXK/IeHUII IIPUCYTCTBYET YPAHUHNUT B BUJie MUKPOBK/IIOUEeHNIT B poc-
¢arax, xanpkonupure u mpute. Cenenny pryu (tuemanuut HgSe) naxoantces B 6enHbIX yrepogoM (ocgaTHbIx 06/10MKaxX 1
B Ka4eCTBe MUKPOIIPUMECEN COREePXKUT IIaTUHY 1 nastaanii. He uckmodeno takxke, uyro MIII' BXOgAT B cOCTaB MeTaJIoOOpra-
HIYECKMX KOMIITIEKCHBIX COeIMHEHNI.

BasxHOIT 0CO6EHHOCTBIO Pyl IOKHOKUTANICKUX MECTOPOXKAEHMIT ABJIACTCSA IOCTOSHHOE IPUCYTCTBUE B HUX OPraHUYEeCKO-
ro BewecTta (OB), KonmuuecTBO KOTOpOro cocrapsgeT 6-22 %. B ero cocraBe IpUCYTCTBYIOT OCTaTKY BOZOPOCIIEN, a TakKe
OCTaTKy 0eCII03BOHOYHBIX, O YeM CBUJICTe/IbCTBYIOT IIPUCYTCTBIE CKETETHBIX 9JIEMEHTOB PAfMO/IAPUIL U CIIUKYI Iy6oK. B Tex
ClIy4asx, KOIfa KOJIn4ecTBo COpr mpesbinraet 15 %, 9TO MO TEIIOTBOPHOI crIocobHOCTI cO0TBeTCTBYeT 800 KKa/1/KT, 910 OB Ha
00beKTaX Ha3bIBAIOT KAMEHHBIM yITIEM.

HaxkorneHue 10)KHOKUTACKIX KeMOPUIICKMX YePHBIX C/IAHIIEB IPOUCXOUIIO B MOPCKOM METKOBOIHOM bacceitHe mmenbgo-
BOTO THUIIA B YCTIOBMAX XKaPKOTO apMHOTO KJIMMaTa PV OTHOCUTENbHO CTaOV/IbHON TU/POANHAMIYIECKOI 06CTaHOBKe.

YepHOCTaHIeBble KOMIUIEKCHBIE IIO/IVIMeTa/IbHbIE PYAbl POPMIPOBAINCH CMHI€HETUYHO ¢ OCaIKOHAKOIUICHEM B 3aCTOM-
HBIX aHOKCMYHBIX YacTAX 6acceiiHa. VICTOYHMKOM MeTalIOB ABJL/IACh MOPCKasi BOJA, OTKY/a OHU afiCOpOMpPOBaINCh OpraHiye-
CKIIM YITIEPOJICOAEPIKALIVIM BElLleCTBOM; @ B MOPCKOII 6accelTH MeTa/lIbl TOCT YA/ BMECTE C TU[POTePMaMI, IIO/{HVIMABIIIMM-
Cs1 TI0 TIyOMHHBIM pasioMaM, orpannduaroium IOxuo-Kuraiickyto miardopmy.

B Kanade yriepopcopiepskaliyie YepHble CTaHIIbI C TOMTMMETATbHbIM OpPyIeHeHNeM, O/IM3KIM I0oKHOKUTAICKOMY, pacIionara-
torcs Ha CeBepo-AMepHKaHCKOII I1aTdopMe, Ifie IPUYpOoUeHbI K MO3THEIeBOHCKIM OTI0KeHAM 6acceiina CenBuH (Teppuro-
pust FOkoH), BIOJb 3aafHOTO Kpas 1mosica MakkeH3), BO/IM3Y 3allafHOI aKOHCepBaLMOHHOII 30HbI 3anagHo-Kanaznckoro Hed-
TerasoHocHoro GacceitHa. Ha ceBepHOIT okpante 6acceitia CeNBIUH pacnonokeHa HeGoblrast BriagnHa (16 X 2 KM), B KOTOPOI
HaxopuTcsa nonumetanbHoe Ni-Mo-Zn-MIII' mectopoxxaenne Huxk.

[MonuMmeTasbHBIE PYABI B UePHOCIAHIIEBO TOMIIE HAXOAATCA B €AMHOM JIATePaIbHOM PSIY CO CTPaTiOPMHBIMU OapuT-
CBUHIIOBO-IIHKOBBIMI MecTopoxxaennamu (foBapp-Tlac u fp.), XoTs cTparurpadmiecky pacrono)XeHbl HECKOIbKO Bbille. B
paspese py/JOHOCHOI! TOMIIM BbIJIEZIEHO ABa IPOJYKTUBHBIX TOPM30HTa. HIDKHIII TOPU3OHT 3ajieraeT Ha CBOJI€ aHTUK/IMHATIN, OH
CTIO>KEH IVITHUCTO-KapOOHATHBIMM ¥ KapOOHATHBIMM IIOPOJaMy ¢ 6apyUT-CBUHIIOBO-IIMHKOBBIMY pyfsamu. Ha samagHoMm 60pTy
9TOV AHTUK/IVHAJIY 3aJIeTaeT YePHOCAHIIEBBIN TOPU3OHT C IOMMMETAIbHBIMI PyJaMI, TPOCTeXeHHbIN Ha 14 kM. [Ipudem sToT
TOPU3OHT pacnonoxeH B 20-50 M Bblllle KOHTAKTa YITIEPOAUCTBIX IIOPOJ, JEBOHA C IMOACTU/IAILIIMU KapOOHATHBIMI TTOPOTAMMU
PaHHETo Maie030sl.

PyIOHOCHBIIT YepHOCIAHIIEBBIIT TOPU3OHT MOIIHOCTBIO 5-8 M HpeACTaB/lIeH PUTMIYHO-CTIOUCTBIMI YIIEPOAMCTBIMU (oc-
(aTOHOCHBIMU KPEMHUCTBIMM C/IAHI[AMY TEMHO-CEPOTO VIV YEPHOTO IIBETa, 00YCIOBIEHHOTO PACCEesSHHBIMY WM TOCTONHO
pacnonosxeHHpIMY ckorieHusAMy OB u cynpoupamu. Crnanis! nMeloT GocdarHblil, KBapleBbIi 1 II0JIEBOLIIIATOBLII IIEMEHT, B
KOTOPOM BCTpedaeTcs OOJIbIIOe KOMNYeCTBO KOHOOHTOB U 00JIOMKOB MUKPO(hOCCHINIL.

OpyneHeHMe JIOKaIM30BaHO B MaJIOMOIIHBIX (5-15 c¢M) cynbGUAHBIX CIOKaX. Bemymmum cynrbdupom ABIAeTCSA BadCUT,
KO/IMYEeCTBO KOTOPOTo 0becreyrBaeT CoAep>KaHme HIKeL B CpefHeM 0 MecTopoxaeHno 5,7 % (5,1-7,8 %). IlogcunTtaHHble
3amacel Ni npubmmkaroTcs K 1 MtH T. KpoMe BascuTa, mpucyTCTBYeT IUpUT B Bufie PpoMOOMUIOB, UANO- U KCEHOMOP(HDBIX KPI-
CTaJI/IOB, C/IOVIKOB CIIMBIIUXCS KPUCTAIIOB U GpOMOOU/IOB, a Takxke canepnt, BIOPLUT, MIOPAUSNT, FepcropduT, GutyMsr. s
TIOPO/IbI XapaKTePHO B cpefiHeM 2,12 % Copn

CpepHue copepxxaHnA LBETHBIX (%) 1 671aropofHbIX (I/T) MeTa/IoB B pyfax Mectopoxjenusa Huk cinegyromue: Ni - 5,7
(5,1-7,8), Mo - 0,2 ( 0,17-0,25), Zn - 0,75 (0,3-1,2), Pt - 0,7 (0,43-0,62, o 1,2), Pd - 0,3 (0,25-0,3, 5o 0,7), Au - 0,1 (0,07-0,14),
Ag - 3-6; KpoMe TOTO, B pyAax copepsxarcst 370-740 r/T Banaans, 240-350 r/T Ko6anbra, 10-23 r/T pennst. MunepanbHble Gpop-
mbI MIII' He yCcTaHOB/IEHDI; BePOsITHEE BCETO, OHM B BUJIe MUKPOIPYMeCeil BXOLAT B CYIbOUIbI JKee3a 1 HIKeJI.

BeposiTHas Mofenp 06pa3oBaHus OPyeHeHMs IPEACTaBsIeTcs cnenyoueit. Jomyckaercs, yto Ni-Mo-Zn-MIII opyne-
HeHJe BO3HUKIIO KaK Pe3y/IbTaT B3aVMOAEIICTBYA MeTa/VIO0OPraHIYecKX KOMIIEKCOB ¢ ropsauumu (130-140 °C) pacconamu,
IIOCTYIABIIMMY B 0acCellH CefMMeHTaly U3 OIM3pacIIoNIoKeHHbIX HepTAHbIX BrnaguH. Vcrounukom OB Mormm cmyxmuth
PaHHEIa/Ie030JICKMe M3BECTKOBJICTDIE IPANITOMNTOBbIE CIAHIIbI, MTOACTIIAONINE JIEBOHCKIE PYSOHOCHbBIE OT/IOXKEHMs, a TaK-
)K€ CMHXPOHHbIE UM IPOAYKTUBHBIE He(Tera30HOCHbIE TOMIIN. ITUM, BEPOATHO, OOBACHAETCS IPUCYTCTBIE B PYAHOM IUIACTE
OUTYMOB, 00pa3yIOIUX IPOXKIJIKU U JjaXKe XIIbl IPOTHKEHHOCTDIO o 20 M. B3amMopieiicTBIe TepMaIbHBIX PAcCOIOB C Me-
TaJ//IOOPraHMYECKMMM COeMHEHNAMM TPUBOAUIIO K 06pasoBaHMI0 060TallleHHBIX MeTa/yIaMI MMHePaIu30BaHHBIX PAaCTBOPOB,
KOTOpble IIPOHMKA/IN B HEMUTUDUIVMPOBAHHbBIE OT/IOXEHNS BJJO/Ib IOBEPXHOCTU 8004—0CA00K, YTO, B CBOIO O4epefb, CII0CO0-
CTBOBAJIO PasBUTMIO OAKTEPNIl, BOCCTAaHAB/IMBABIINUX CYIb(AT-MOH [0 CYIbPIUIOB, I VX OTI0KEHNUIO B BUJIe PYAHOTO IUIACTa.

B FOucnoti Kapenuu 06beKTbl ¢ KOMIUIEKCHBIM monmMeTanbHbiM Mo-U-V-MIIT opyneHeHneM pacrnonaraiorcst B OHex-
cxoM nporube [1]. Ouu npencTasieHs! mectbio MecTtopokaenusamu (Cpenusis u Bepxusis [Tangma, [lapesckoe, Becennee, Koc-
Mosepckoe, IllymbrinHoOBCKOe), 3amackl ogHOro 13 KoTopbix (CpenHss [Tagma) yureHsl [ocyaapcTBeHHBIM OaTaHCOM.

PynoHOCHOI! AIBIsIeTCA 3a0HEXKCKasA CBUTA IIYHIUTCOEPIKAIIMX TepPUTeHHO-KapOOHATHBIX HOPOJ U MaduUT-yabTpaMadu-
TOBBIX BYJIKAaHMTOB PaHHETO IPOTEpO30s. JTa CBUTA 3ajleraeT Ha TY/IOMO3EPCKON CBUTeE, CTIOKEHHON JOTOMUTaMM, M3BECT-
HAKaMIJ, MpaMOpaMI. 3a0HEeXCKasA CBUTA pasfie/ieHa Ha HVDKHIOK — aJIeBPOJIUT-BY/IKAHOI€HHYIO 1 BEPXHIO — TY(OIeINTO-
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BYIO ITOICBUTBL. [I/1s1 06eMX MOfCBUT XapaKTePHBIM SIB/LIETCA PUTMIYHOE IepecialBaHIie a/IeBPOINTOB U IIYHIUTCOMEPXKAIINX
DJIMHUCTO-KapOOHATHBIX C/IaHIeB. DTUM 06yCIOBIeHa MHOTOYPOBEHHOCTD ITYHTUTCOAePIKAIUX HOPOJ, B paspese CBUTHL [1pu
3TOM IpoMbIlIeHHbIe cKomlennsa Mo-U-V-MIII pyn npuypodeHsl K HVDKHEN TOfICBUTE, a INYHTUTOB — K BEPXHeIL.

Ba)XHBIM 371eMEHTOM, OIIpeNe/NTAIINM TOKa/IN3ALNI0 OPY/IeHEeH, ABIAIOTCSA 30HBI CKIa49aTO-Pa3phIBHBIX JVCTOKAIVII,
CeKyIIMX IOPOJbI 30HEXCKOI CBUTHL. VIMEHHO K 9TUM JedOpMaLiOHHBIM 30HaM HEIIOCPEeACTBEHHO IIPUYPOYEHDI PYJHbIE Te/a.
Kaxk mmpaBujio, OHI 3a/1€TaloT B MIAPHUPAX 1 Ha KPBUIbSX aHTUK/IMHA/IBHBIX CKIAZOK I MMEIOT IIIale06pasHyIo (¢ mepesxuMamn)
Wy curapoobpasHyio (poroBunHyo) Gopmy. IIpoTsKeHHOCTb PYFHBIX TeT COCTAaBAeT 1,5-2,5 KM, MOIIHOCTD 15-50 M, mm-
puHa 300-600 M; oHy 3ajeraror Ha youHax 100-150 M OT IIOBEPXHOCTH.

KommexcHoe monuMeTanbHOe OpyfieHeHe HeTIOCPEACTBEHHO BMeIjaeTCsl MarHe3)albHO- I[e/IOYHO-KapOOHATHBIMY MeTa-
COMAaTHUTaMM CJIOXKHOT'O COCTaBa, pa3BUTBIMIU B MeCTaxX IepecedeH s IIYHTUTCOiep>KaIUX HOpoy, HedOpMaIIOHHBIMY 30HAMIA.
B cTpoeHun mMeTacoMaTNTOB YCTAaHOBJIEHA CIEAYIOLIAsl 30HA/IBHOCTD: B VX LIEHTPA/IbHBIX YaCTSAX PACIIONOKEHBI XPOM(EHTHT-
(I0rOnNT-pOCKOINMUTOBDIE TOPO/bI (CTIOANTDL), KOTOPbIE K Meprepnu IOCTEIIEHHO CMEHSIOTCS KapOOHAT-POCKOIMUT-XPOM-
(eHrnToBBIMM (KapOOHATHO-CIIONNCTBIE TIOPOBI) U PUOEKUT-OMOMUT-XPOM(EHTUTOBBIMIL. B 0CEBBIX YacTAX 30H MeTacoMa-
TUTOB PacIIONIOKEHBI XM/IbHbIE 11 IITOKBEPKOBbIE PYJHbIE Te/a.

YpaH-BaHa/iueBOe OpyeHeHe IPUYPOUEHO K CIIIOAUTAM M KapOOHATHO-CIIOMYICTHIM IIOPOJaM, a 6/1aropojHble MeTalIbl —
K >KIJIDHO-IITOKBEPKOBBIM TeslaM. Ha BBIK/IMHKaX pyIHBIX Tesl pa3BuTa OegHas (MefHO-MOMMOIeHOBas) MIHepaIy3alys.

BanapiueBsle pyabl 00pa3oBaHbl MACCUBHBIMI CIIIOUTAMI, B COCTaBe KOTOPBIX BeAyIIasi PO/Ib IPUHAIIEKUT POCKOIN-
1y (KV,[AISi,O, ][OH],), a Taxkxe BaHajmMiicofepkalieMy reMaTuTy. YpaHOBass MUHEPaIM3aINA COCPEIOTOUEHa B HACTYPaHe,
ypanuuute, kodpdennre U(SiO), (OH), . Menp, Monmb/ieH, a TakKe HMHK MPEICTABNEHbl B COOTBETCTBYIOMINX Cynbdumax.
braropopiHble MeTasUIbl IPUCYTCTBYIOT B CAMOPOIHOM BH/JIE, @ TAK)Ke B MHTEPMETa/INYeCKIX COEMHEHVAX Y B M3OMOPOQHOIT
IIpUMeCH B BUCMYTHUJIAX, CYIbOUIaxX U CeTIeHUax.

Ha naub6onee nsyyennom mecropoxxpenyy Cpennas Ilagma cpefHme cofepxaHusa MeTa/IOB COCTAaB/LAIOT: V205 -2,35%
(mectamu o 7 %), U - 0,068 % (uuorma gocturas 0,25 %), Cu - 0,05 % (go 0,8 %), Mo - 0,022 % (mo 0,1-0,2 %), Bi - 0,1-0,3 %,
MIIT - 0,309 r/t (8 ToM uncie Pd - 0,293, Pt - 0,016), Au - 0,159 r/T. Ha oTAe/IbHBIX y4acTKaX MOLIHOCTBIO 1,5-2,5 M cofiepKa-
HIIs1 67TaTOPOHBIX METAIOB OCTUTAOT 56 1/T Pt, 140-420 r/1 Pd, 1 r/T Rh u 126 r/1 Au.

OO61mmii OTeHIYAT 3TUX PYJ, OLIeHEH CIefyomuM obpasom [5]: V.0, mo cymme kareropuii C, + C,+ P, - B 510 TbIc. T 1ipu
cpenHeM comep>kannu 2,53 %, ypana — 1o kareropusm C + C, - B 3,0 Tbic. T ipu cpeguem copepsxkanuu 0,07 %, cymma 30710Ta,
TajIas M TUIATVHBL 110 KaTeropyu P, — B 10-20 T ipn cpepamx copjepxkannsax 0,23, 0,29 n 0,02 /T cootseTcTBeHHO. Ha ocHo-
Be 9TUX IIapaMeTPOB OLICHEH peCypCHBIIl IIOTeHIMal 6/Iar0pOJHBIX MeTa/lIoB Bcero OHexxckoro npornba [12] B 1 600 T, B ToM
urciie MIIT - 650 T, 30/moto -250 T, cepebpo — 700 T.

[NpuHIMIHaNbHAs TeHeTIYeCKas MOJe/Ib KOMIUIEKCHBIX Py OHEXCKOTo Ipornda CBsA3bIBAeTCs C MeTa/I0OPTaHNYeCKIMU
KOMIIZIEKCAMI. ITO TOATBEPKJAETCA CIEAYOUMA JaHHBIMM. Pyqpl HachIeHbl METKOAMCIEPCHBIM IIYHIUTOM, KOMYECTBO
KOTOpOro cocTassAeT 1-5 % u 6onee. B mrynrurax copepsxutcs 50 % OB B Buze KeporeHa, B COCTaBe KOTOPOTO IPUCYTCTBYIOT
OUTYMBI, CMOJBL 1 ac¢anbTeHbl. JJOIycKkaeTcs M3HAYAIbHO OCaOYHOE HAKOIUICHUE METa/UIOB B 3aCTOMHOM (QaHOKCHUYECKOM)
GacceriHe C UX KOHI[EHTPMPOBAHHBIM II€pepaclpefie/ieHeM B 30HAX HAJIOKEHHBIX CK/IA[{9aTO-PasphIBHBIX Aedopmanmii, 06-
YCIIOBJIEHHBIX NIPOLleCcCaMy TEKTOHOMArMaTU4YeCKOi aKTMBY3aIlVM.

B IIpedypanvckom ocadourom bacceiine, OTHOCSILEMCS K BOCTOYHOIT oKpante Boctouno-EBpomerickoit mnaTdopmsl, TakxKe
M3BECTHBI ITPOSIBIIEHNA 6TATOPOJIHBIX META/IOB B TEPPUTEHHBIX YIIEPOJVICTHIX TOMIAX TTO3[JHETO TOKeMOpu.

Ha IOxHOM Ypare, B MnummHcKoM rpabeHe BalkiupcKoro MeraHTUKINHOPYS, 3ajIeraeT TOMIa CpefHepudeicKuX YepHBIX
YITIEpOIMCTHIX CIAHIEB C PEAKMMIY IIPOCIOAMM a/leBPOINTOB ¥ ME€CYaHVKOB, HACBIIIEHHBIX KBAPLEBbIMIU IPOXIIKAaMI. IJTa
TOJIIIIA 3a)KaTa MEX/Y ABYMs JaiikaMu fomeprutoB. CIaHIbI 1 KBapLieBble IIPOXKIJIKI COAEP)KAT OOMIbHYIO CY/Ib(QUIHYIO MITHE-
panu3aario. CynbduausupoBaHHble YepHble clnaHipl cofepkar 0,05 r/t Pt u 0,004 1/t Os, a B KBapLieBOM IIPOXXWUIKE YCTAaHOB-
nennt 0,005 r/T Os u 0,006 r/T Ru [13].

Topaszno 6onee MHTEpecHbIM IpefcTaBnsaeTcs Kokyiickoe (Ipuzopvesckoe) pynonpossieHue Ha CpegHeM Ypaite, yCTaHOB-
nenHoe npu nposenenyy IJII1-200 Teppuropun nmucra O-40-XVIII B 1999 1. [14, 15]. Pynompossienue pacnonoxxeno B Ksap-
KyIICKO-KaMeHHOropckoM aHTUKIVMHOPMM, ¥ OHO IPUYPOYEHO K TEePPUI€HHBIM YITEPOAUCTBIM OTIOXKEHUAM KBIPMIHCKON
CBUTHI MO3IHETO pudyest, 3a/IETAIOLINM Ha TEPPUTEHHO-KaPOOHATHBIX OT/IOXEHMSX K/IBIKTAHCKOIT cBUThL. (HamomuuM, 4to py-
IOHOCHBIe YepHble crnaHubl Kanagsr 1 OHeXCKOro mpornba 3aeraioT Ha KapOOHATHBIX OTIOKEHNIX.) IIopobl KbIPMIMHCKOIL
CBUTBI IIPEJICTABJIEHD] YEPHBIMM YI/IEPOIMICTO-CEPULINT-KBAPLIEBbIMH, YIJIEPOIVICTO-CEPULIUTOBBIMM, YIIEPOSUCTO-KBapLeBbl-
MM CTTAHIIAMMU. YIIePOAMCThIE CTaHIIbI cofiepsKat 2—5 % C_ , 1 MM CBOMCTBEHEH CIIe/yIOILIl FeOXMMMIECKIIA CIIEKT 3/IeMEHTOB:
Banajmii — 0,036-0,058 % (B mepecuere Ha V,0,), (bocq)op 0,23-0,69 % (B mepecuete Ha P,0,), Zn - 100-400 r/t, Ni - 79-150
r/T, Mo - 1,9-4,0 r/1, Cu - 0,008 % (MaKCI/IMaHbHO 0,15 %). B yrimepoamcThIX cnaHIax pacnono>1<eHb1 toukue (0,5-1 MM) C/TOMKI
TOHKO3epHucToro mipura. OboramjeHHble IpuTOM (B cpeHeM 0Koso 10 %, MecTamu gocturas 25 %) CIaHIsl 00pas3yioT MauKu
MOIHOCTBIO 2-3 M. HapAny ¢ TOHKO3epHIUCTHIM IMPUTOM CIAHLIBI COTEPYKAT er0 MeTaKpMUCTAJUIbI (pasMepoM 1o 1,5 cM), KoTo-
pble acCOLMUPYIOT C BBITAHYTBIMMU IO CIAHI[EBATOCTY KBapLeBBIMU HPOXMUIKaMU. B cynbduAM3MpOBaHHBIX YePHBIX CIIAHIIAX
ycraHoBneHsl fo 0,5 r/T 301mota, 5o 0,4 /T maaTuHe! 1 5o 5,5 /T manaagus.

[TpyHIMIINATBHO HOBBIM U Ba)KHBIM B IIPOMBILIJIEHHOM OTHOLIEHWM SIB/IACTCSA OOHapy)keHMe OIaropofHBIX METalIOB B
corax Bepxuexamckozo MecTopokierns [16-19]. bpuin nsydeHst iBe MTY(PHBIX IPOOLI KPACHOTO CHIBBIMHNTA CPEHEI U BepX-
Hell JacTell OCHOBHOrO mpombinytenHoro mracta Kp.-1I na Ileppom n YerBeprom bepesuukosckom pygankax. [Ipoba Becom
2,2 Kr oToOpaHa U3 C/1osi 3 cpefHelt YacTy IIacTa, mpoba BecoM 1,5 Kr — 13 ¢os1 1 BepxHelt yacTu wiacta. [Ipo6sI paspmensincey
Ha CU/IbBHUTOBYIO 1 TA/IMTOBYIO YaCTH. AHAIM3MPOBAINCh UCXO/IHbIE CY/IbBUH U T'a/INT, IOTyYeHHbIE 13 HUX HEPACTBOPUMbIE
OCTaTKM, @ TAKXKe YMUCThIe COMU. B cocTaBe HepacTBOPMMBIX OCTATKOB IIPUCYTCTBYIOT (B IOPs/iKe YOBIBAHNA): aHTUIPUT, JJONIO-
MUT, KBapll, CEPUIUT, IO/IEBbIE MIIAThI, TeMATUT, XTTOPUT, KAOJIMHNT, IIMPUT.

Copeprkanusi 61arOpOJHBIX METAJIIOB IIPUBEEHbI B Ta0. 1, 2.
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Ta6bnuua 1. CoaepkaHus 6rnaropogHbLIX MeTansIoB B cpegHen YacTu nnacra, r/T.
Table 1. Content of precious metals in the middle part of the formation, ppm.

CuvnbBuWH Fanut
BraropopHLIe H 7 HepactBopumbi
MeTansbl WcxoaHbii ocmfgfgzc:(’;:gﬁg% ) YucTas conb WcxonHbin OCTaTOII)( (BbIXC’;),D, 113 %) YucTas conb
Au 0,18 2,5 0,38 0,46
Ag 2,04 17,1 1,76 7,04
Pt 0,14 6.3 He o6HapyseHbl 0,387 4,85 He o6HapyeHbl
Pd 0,29 1,23 0,083 1,07
Rh 0,022 0,1 H. o. H. o.
In 0,156 7,5 0,75 9,7

Tabnuua 2. CogepkaHusi 6raropogHbIX MeTansIoB B BepXHel YacTu nnacra, ri/T.
Table 2. Content of precious metals in the upper part of the formation, ppm.

CvnbBUH Fanut
Braropoarbie HepactBopumblii HepacTteopumbii

meTansbl MexonHbin OCTaTzK (8biX08 22 %) YuncTas conb MexoaHein ocTaTok (Bbixon 26 %) YucTas conb
Au 0,011 0,05 0,017 0,06
Ag 25,36 110,6 45,17 171,66
Pt 2,26 10,25 He o6HapyxeHbl 6,36 24,20 He oBGHapyeHbl
Pd 0,47 2,10 0,94 3,40
Rh 0,066 0,3 0,011 0,43
In 4,74 21,5 6,6 25,1

Hanbonpiune comepxaHus 30710Ta YCTAHOBJIEHBI B CPeHelT 4acTy I1acTa, a cepedpa u MIIT - B ero Bepxueit yactu Pop-
MBI HaXOXK[IeHVs1 67TaTOpOJHBIX MeTaJ/UIOB clenyouye. OCHOBHOe Ko4ecTBo 30/ota 1 Bce MIII' HaxomATcs B HecaMOpOJHO
dbopme. JJorst caMOPOJHOTO 30/I0Ta 1 €r0 MHTEPMETA/IOB He MpeBbliaeT 3—4 % 00I1ero ero Konm4yecTsa B cojsix. bombpiias
YaCTb 30/I0TA COCPENOTOUEHA B CU/IbBIHE I CBSI3aHA C €r0 MUTMeHTOM B popMme Kapbounranorenugos. Cepebpo 1 MIIT cocpe-
TOTOYEHBI B HEPACTBOPVMMOM OCTaTKe CUIbBMHUTA U CBSI3aHbI C opranndecknM BeuectBoM (OB), mpepcraBieHHBIM X10pOdop-
MEHHBIMM ¥ CIUPTOOEH30/IbHBIMIU OMTyMaMu. B KaMeHHOII comy 61aropofHble MeTaUIbl COCPEJOTOUYEHDbl B HEPACTBOPUMOM
octarke, mpuyeM MIIT Taxske cBsasanbl ¢ OB. ViccnepoBannsa nokasany, 4To OB BepxHekaMcKOro MecTOpOK/ieHsI OTHOCUTCS
K He(pTAHOMY PALY, IPEUMYILeCTBEHHO IVIAHKTOHHOTO U BOJOPOC/IEBOIO TUIIOB, SABJIAETCS aBTOXTOHHBIM Y IPe0Opa3oBaHoO B
CaMIX COJIIHBIX IOPOfAax 0e3 IMPU3HAKOB MUTPALIUM U3 HIDKemexalux oy, Ilosromy npuypodertHocts MIIT k OB moxer
CBUZETENIbCTBOBATD O CYIECTBOBAHMM X B BHUJie OPTAHNYECKNX COeIMHEHNIT (MeTa//I0OpraHNIecKIX KOMIUIEKCOB) I MX CUH-
TeHeTUYHOCTY BMEI[AIOLIUM ITOPOaM.

I[Tpu nepepaboTke coseli 61aropogHble MeTa/Ibl KOHLIEHTPUPYIOTCS B ITaMax (IIMHUCTO-COMIEBBIX OTXOfIaX) 060raTuTeb-
HbIX (abpuk. HepacTBOpMMBIl OCTATOK IIIAMOB, 0OPasyIOIIMIICA TTOC/Ie UX OTMBIBKM, IIPEACTaB/IsAeT CO00I IPORYKT, COfiep-
XKaIMit 0J1aropofjHble MeTaJ/UIbl B CICAYIOLIVX KOIMYeCTBax, I/T: 3o1moto — 0,8-3,0, miartuna — 2,4-26,3, naymapuit — 11,8-41,8.
ITpu rUraHTCKMX 0OBEMax [TOTy9aeMbIX IITAMOB KO/IMYECTBO 3aK/II0IEHHBIX B HUX 0/IATOPOIHBIX METAJIOB MOXET OBITh COIIO-
CTaBJIEHO C 3allacaMi KPYIHBIX U JJaXKe CBEPXKPYIIHBIX MeCTOpOXKzeHuit. [IpeioxeHa MeTOMKA M3B/IeUeHIsT 6/IarOPOIHBIX
METaJIOB U3 COnelt BepxHeKaMCcKOro MecTopoxaeHus [16].

[Topo6Has pygoOHOCHOCTD [fOIycKaeTcst st coneit [Tpukacurickoit Baguust [20].

3aKkAtoueHve

Takyum 06pa3oM, M3NI0>KEHHOE CBUAETENbCTBYET O CBOCOOpPa3nUy HeTPagMIMOHHBIX MECTOPOKIEHNT KOMIUIEKCHBIX DY
[[BETHBIX " O/IaTOPOJHBIX METAJUIOB B OCAJOYHBIX bacceiiHax, He MMEIOIINX BUAUMBIX CBsI3ell ¢ MarMaTu3MoM. Ilpuieraroras
C 3amajia K TOPHO-CK/IaI9aTOMYy Ypasly BOCTOYHAst OKpanHa Bocrouno-EBpomneiickort miargopmbl, paccMaTpuBaeMasi aBTOpoOM
B KadecTBe [Ipenypanbckoro ocagogHoro 6acceitta, Takke 06/1aaeT MOTEHIMATbHBIMI BO3SMOXKHOCTAMY GOPMUPOBAHNS HO-
TOOHBIX KOMIUIEKCHBIX MECTOPOXKACHMIL, COTEPIKAIIMX B TeX MIU MHBIX KOTMYeCTBaX 6/IarOpOSHbIE MEeTa/I/bL.
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Complex deposits of nonferrous and precious metals in sedimentary
basins

Efim Semenovich Kontar’ Ural State Mining University
eskontar@ mail.ru Ekaterinburg, Russia

The urgency of this review is conditioned by the expediency of generalization of published materials on geological features of complex ore deposits
localized in sedimentary basins of many regions of the world.

The purpose of the study is to compose a review of the papers published in Russia and in foreign countries during the last 25-30 years. These papers
should be concerned with the issues of the placement, geological structure and Mineralogy of non-traditional deposits of precious and non-ferrous
metals. This should be taken into account when forecasting such objects in appropriate geological conditions.

Research methodology: the review is based on the analysis of the published data. This information characterizes unconventional complex deposits of
precious and non-ferrous metals of different geological provinces of the world with varying degrees of completeness and reliability.

Results. Peculiar complex polymetallic deposits of noble and non-ferrous metals are localized in sedimentary basins of many regions of the world.
The ores of these deposits include Mo, Ni, Cu, Zn, U, Se, and V. They are accompanied by abnormally high concentrations of noble metals, including
platinum group metals, among them Pt and Pd usually prevail. The presence of ore-bearing terrigenous carbon formations of different ages in the
anoxic parts of the shelf of the inland sea basins or in marginal-continental sea basins is common to all known provinces with complex polymetallic
deposits. The basins maintain a fundamentally similar paleotectonic position: they are part of the covers of ancient platforms or of the upper parts of
their foundations.

Summary. The most detailed information is available on deposits of Southern China, Canada, and Onega deflection in Karelia. The information about
precious-metal mineralization of the Verkhnekamsk salt deposit is also presented. The data on the likely prospects for similar mineralization of some
structures of the Eastern edge of the East European platform are given as well.

Keywords: black shales, non-ferrous metals; precious metals; organometallic complexes; sedimentary basins; salts; Southern China; Canada; Onega
deflection; Eastern European platform.
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3AKOHOMEPHOCTV TEXHOTEHHOW TPAHCPOPMALIMMA
XMMNYHYECKOTO COCTABA TOA3EMHLIX BOA B PAMMOHAX
PA3PALOTKN KAAMMHDLIX MECTOPOXXAEHUIN

MaBsen AHapeeBu4 BenkuH, [MepMckuin rocyaapcTBEHHbIV HaLMOHAabHbIN
pashabelkin@mail.ru nccnenoBaTenbCKUA YHUBEPCUTET
Banepun HukonaeBu4 Kartaes, Poccus, MNepmb

kataev@psu.ru

AKTYAALHOCTL. KaAMIHDLIE COAM SIBASIIOTCSI BOKHBIM M BOCTPEOOBAHHLIM PECYPCOM, PaspaboTka KOTOPOro BBMAY AOCTATOHHOIO YPOBHsI obecredeHHOCTH
1 BO3pacTatollel NMoTpeBHOCTM B MUPOBOM XO3SIICTBE HEYKAOHHO Bo3pactaeT. Aobbiua v rnepepaboTka KAAMMHLIX COAEN MPUBOASIT K M3MEHEHUSIM XU-
MMYECKOrO COCTaBA PA3AMYHBLIX KOMIMOHEHTOB MPUPOAHO CPEALl B PAOHAX MECTOPOYKAEHUA. B 0COBEHHOCTH 3TN MBMEHEHMST XapaKTEPHbI AASI BOAHO
COCTABASIIOLLEN SKOCUCTEM, K KOTOPOM OTHOCSITCS MOA3EMHbIE BOAbI 30HDLI AKTMBHOTO BOAOOOMEHA.

Lleab pa6otii. OripeAeAeHre KOMIMAEKCA XMMUYECKMX SAEMEHTOB-MHAMKATOPOB BO3AEVICTBUSI KAAMAHOM MPOMBILAEHHOCTM HA COCTAB MOA3EMHbLIX BOA
30HDI AKTMBHOTO BOAOOOMEHA U XapAKTEPUCTUKA UCTOYHMKOB MOCTYMAEHMSI STUX SAEMEHTOB B BOAHYIO CPEAY.

Meroaororns nccaeaoBanms. B pabore 06061WeHLI CBEAEHUSI MO KPYMHEMILUM KAAMMHBLIM MECTOPOXKAEHMSIM MMPA. OnurcaHbl OCOBEHHOCTU UX reHe3u-
ca, crnocobbl paspaboTky pyA 1 ux oboraweHusl. [TpyBeAeHa XapakTEPUCTUKA XMMUHYECKOTO COCTaBa PYA KAAUMHLIX MECTOPOXKAEHUM, OTXOAOB KAAMITHOTO
MPOU3BOACTBA, & TAKXKE PEIYALTATL TMAPOXMMUYECKMX MCCAEAOBAHMIA MOA3EMHLIX BOA B PA3AUYHDLIX PEMMOHAX AOOLIUM KAAWSI.

Pe3yaLTatnbl. [IPOBEAEHHDBI AHAAM3 MOKA3aA, YTO KPYMHEMIIME KAAUMHLIE MECTOPOXKAEHMSI MMPA XaPAKTEPU3YIOTCS MPEOOAAAAHNEM COAE XAOPUAHOTO
Tuna. OCHOBHBLIM MUHEPAALHLIM KOMIMOHEHTOM Pa3pabaTbiBAEMbIX KAAUMHDLIX 3aA€XKei B aBCOAIOTHOM GOABLIMHCTBE CAYYAEB SIBASIETCSI CUABLBMH, MOAYM-
HEHHYIO POAL MUFPAIOT KAPHAAMT M IPyrina CyAb(PATHLIX MUHEPAAOB. [Tpeobaasaioliee KOAMHECTBO MPOMBILAEHHO Pa3PabaTLIBAEMbIX KAAMIAHBIX PYA SIB-
ASIIOTCST 3aA€XKaMM TBEPAbIX MCKOMAEMbIX COAEH, AOObIYA KOTOPLIX MPOU3BOAUTCS WAXTHLIM CMOCOOGOM. TEXHOAOTMM OBoraleHusl, MO CyTU, MPEACTABAEHDI
ABYMS OCHOBHLIMY METOAAMM — (PAOTALIMOHHLIM M XMMUYECKMM.

BoiBoAbI. B pe3yAbTate MCCA@AOBAHMS! BLIAGAEH KOMITAEKC XMMUYECKMX SAEMEHTOB, ONPEACASIIOMX HarpaBA€HME TPaHChOPMALIMM XMMUYECKOro COCTaBa
MOA3eMHbLIX BOA. C YHETOM MX POAV B (DOPMUPOBAHMM COCTABA KAAMMHDLIX PYA, CMOCOBHOCTM K BOAHOM MUIPALIMM M OMACHOCTU AAsI YEAOBEKA STOT KOM-
nAekc rnoapasaeaeH Ha Beayume (Cl, Na, K) u BropocrenenHsie (S, Ca, Mg) MakKpOKOMIMOHEHTLI COA€i, BeAyllMe MUKPOKOMITOHEHTbI COAM (raAoreHbl,
LWEAOYHDIE U IEAOYHO3EMEALHLIE METAAALI), & TAKKE aKLIECCOPHLIE MUKPOKOMIOHEHTbI COAEN (TSKEAbIE METAAALI, MTOAYMETAAALI M HEMETAAADI).

KaloyeBble chOBa: MOA3EMHbIE BOAbI; XMMUYECKUIA COCTaB; MECTOPOKAEHMIS1 KAAUMHDLIX COAEM; TeXHOreHes; MPON3BOACTBEHHDLIE OTXOADLI; FEOXMMUNYECKNE
MHAUKATOPDLI.

BEAEHUE
Kanuitnas ITPOMBIIIJIEHHOCTD ABJIACTCA KOMIIJIEKCHOM OTpaciibio XO035IICTBA, 06’b€ILI/IHHIOLL(eI7'[ B cebe TOPHOAO-
6bIBaIOHIee " XMMIYECKOE IIpON3BOACTBO. Kak I‘OpHO]:[O6bIBaIOHIee, TaK I XMMNYIECKOE IPON3BOACTBO xapaKTepmsy—
IOTCS 3HAYMTEIbHBIM YPOBHEM BO3JEMCTBISA Ha OKPY>KAIOIIYIO CPefy.

FOPHOHO6BIBalomme IpefIIpuATIA ABIAIOTCA VMCTOYHNKOM KOMIIIEKCHOTO M KOHIIEHTPMPOBAHHOI'O BO$H€I7[CTBI/IH Ha BCE
KOMIIOHEHTBI OKPY>KaIoLleil cpefbl. BoNbIIMHCTBO T€XHOMOTMYECKUX MTPOLECCOB TAaKUX IMPEeJIpUATUIL IPOXOAAT B YCIOBUAX
IPSIMOTO B3aMMOJEIICTBIS C OKPY>Kaloliielt cpenoit. IIpoxopka ropHbIX BEIPAOOTOK U M3B/IeYeHe 6OMBIIOro 06beMa MOPOf, 13
HEmp 3emn IIpMBOJAT K MI3BMEHEHNIO Hal'IpFIX(eHHO-I[e(l)OpMI/IPOBaHHOI‘O COCTOAHMA MacCUBa TOPHBIX IOPOJ, NPOABICHNAM
TEeXHOTeHHOM CeI7ICMI/I‘{HOCTI/I, HpOBaHOO6pa30BaHI/I}O, MISBMEHECHUIO ypOBHH IIOA3€MHBIX BO[. I[J'IH PacCIIONIOKEHMA TPON3BOMCT-
BEHHBIX KOMITJIEKCOB, OTKPBITBIX TOPHBIX Bpra6OTOK, 06’beKTOB XBOCTOBOTI'O U1 OTBA/JIbHOTO XO35I1ICTBA U3bIMAIOTCSI 3HAUMTENb-
HbIC IUTOIIAAN 3€MEJIb U CeJIbXO3}7FOILI/II7[. Teoxummueckoe BOSI[GI?ICTBI/IE Ha reO0JIOTMYIECKYIO Cpefy OCYIIECTB/IAETCA IOCPENCTBOM
HOCTYHHCHI/IH B aTMoc:(bepy, IIOBEPXHOCTHbDIE U ITOA3E€MHDbIE BObI, HO‘IBGHHYIO cpeny Pa3INYIHBIX XUMMNYECKNX IJIEMEHTOB U X
CoeJ:U/IHeHI/[ﬁ B KOJIMYECTBAX, HE XapaKTEPHDIX /1A IPUPOAHOTO T€OXMMMNIECKOTO (bOHa.

HpeIII'IpI/I}ITI/IH XUMUYECKO IIPOMBIIIVIEHHOCTY, KaK IPaBN/IO, XapaKTEPU3YyIOTCA MEHDIINM MacmTabom BsaMMOJ:LeﬁICTBVIH
C OKPY>KaIoLleil CPefoi 1 o6 beMOM 06pa3y101111/1xc51 OTXO[]0B, 3aKPBITBIMI TeXHOMOIMYecKUMM IuknaMu. OfHAKO BbICOKasl CTe-
II€HDb OIMACHOCTY XMMMNYECKN CMHTE3VIPOBAHHBIX BEUIECTB, OTCYTCTBI/IC TIPVPOTHBIX aHA/IOTOB /TSI MHOTVIX 13 HUX, IIOTEHIIMATb-
Hasl BO3MO>KHOCTD aBapUITHBIX BEIOPOCOB B IIPMPOSHYIO CPEy TAK)Ke CTABST MPeANPUATISI XMMUIECKOI IPOMBIIIIEHHOCTI B
pAR HaM60)1ee 9KOJIOTMYECKY OITaCHbIX IIPOM3BOACTB.

[eoxumuyeckas COCTaB/IAKOIIAA BOS,[[CV[CTBI/IH KaJIMITHOTO IIpOM3BOACTBA HAa I'€OJIOTMYECKYIO CpENy B 1I€/IOM U Ha MOA3EM-
HbI€ BOIbI B YaCTHOCTY OIIPENEIACTCA, B IIEPBYIO OUEPEND, Cl'IeLU/I(bI/IKOf/[ XMMUYECKOTO COCTaBa I CBOJICTB 0O'beKTa pa3pa60TKI/I
KaIUIHBIX MeCTOpO)K]:[eHI/Iﬂ — MMHEPA/IbHBIX coJieit.

MecTopOo>KA€HMST KAAMIHBIX COAEN

ITo BpeMeHNM 06pa30BaHIsI COTIEHOCHDIE OT/IOKEHNST, POPMALUI ¥ MECTOPOXK/ICHIST MIHEPA/IbHBIX COJIENl Pa3fe/sIIOTCs Ha
IBe Gonblune rpynmsl. K mepBoil 0OTHOCATCA COBpeMEHHbIE MECTOPOXK/ieH s, 00pa3oBaBIIIIecs: B OfHY U3 9II0X YeTBEPTUIHOTO
Inepnoja BIIOTh JO HaCTOHI.LIef?[. B yCnoBuUAX )'II/ITOC(l)epr OHI Yalle€ BCETO NPEACTABIAIOT co00IJ1 CKOIIJIEHUA HACbIIIEHHBIX ITPU-
POAHBIX pacCOIOB (MepTBOe Mope, bonbiioe conenoe 0o3epo n Hp.), Trne nponecc COIEHAKOIVIEHNA ITPOVICXOONT B HACTOAIIEE
Bpems. Ko BTOpOI7[, HaM60nee MHOTOYMCIEHHON rpynne, OTHOCATCA MCKOIIAa€MbIE I'a/IOT€HHbIE (bOpMaLU/II/I " COJIAHBIE MECTO-
poOXnenns, 06paSOBaBHII/IeC}I B IIPOLIJIbIE€ T'€OJIOTMYECKNIE IIEPNOIDI, KaK IIPABUJIO, HAXOAANIIVIECS B 60ree uau MeHee FIIy60KI/IX
Hezpax 3emnn [1].

CoBpeMeHHbIe COMsHbIE MECTOPOXKAEHIS IPELCTABIIAIOT cO60IT pasHOOOpasHbIe 6ACCETHBI MOPCKOTO ¥ KOHTMHEHTA/IbHO-
T'o IreHesuca. Kp]/[CTa}IJ'II/Isa].U/IH 1 HAKOIIEHUE COJIell B TaKUX 6acceifHax BO3MOYKHBI B YCIOBUAX JXapKOro apyaHOro Kiammara.
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CopeprkaHue II0Ie3HOTO KOMIIOHEHTA B IPMPOJHBIX pacconax B nepecuete Ha KCl HaxoanTcs Ha JOCTATOYHO HU3KOM ypPOBHE
u cocrasnser ot 0,5 10 5 % OT Bcelt Macchl ChIpbsA. B CBA3M ¢ 9TUM 5KOHOMMYECKM BBITOJHASA pa3paboTka MeCTOPOX/CHMIT Ka-
JIMIICOTEPIKALIMX PACCOIOB BO3MOYXKHA TOIBKO B OCOOBIX KIMMATHYeCKUX YCTIOBUAX, Ile BOSMOXKHO JICIIO/Ib30BaHIe COTHEYHO-
TO MCIapeHysi M0 KPUCTAIIN3ALNI OX/TKAEHNEM B TEXHOIOTMYECKOM L{MK/Ie /IS BBIPaOOTKIM BHICOKOKOHIIEHTPUPOBAHHBIX
TeXHU4YecKux pacconos. K Havgary Broporo gecatinerys XXI B. O MUPOBOIT JOOBIYY Ka/IUA U3 MECTOPO>KIEHNII IIPUPOIHBIX
pacconoB cocTasisieT okono 25 % [2].

B ornmyme oT NpMPOAHBIX KaMMiiCOAEPKALMX PacColoB, MECTOPOXKIEHN TBEPAbIX Ka/lUIHBIX COJIEll XapaKTepU3yTCsa
3HAYUTENIBHO 60JIee BHICOKMM COflepyKaHMeM MOJIe3HOTO0 KOMIIOHEHTa, TaK KaK y>Ke B XOJle Te0/IOrNM4ecKoro 06pasoBaHmsA MeCTo-
POXJIeHMiT B IIpoljecce MCIapeHNs MPONCXO/MIa KOHI[EeHTPALMA MONe3HbIX KOMIIOHEHTOB. B CBA3M € 3TUM MMEHHO MeCTOPO-
XKJIeHVA TaKOTO THIIA IIPefCTaB/IAIT OCHOBY MIPOBOJI CHIPbeBOL 6a3bl KaIMITHBIX PYH.

Ber6op croco6a fo6bIdy KaInIiHBIX COJIEN 3aBICUT OT KOMIIIEKCA T€0/I0r0-CTPYKTYPHBIX, TMAPOTre0IOINIeCKUX, KImMa-
TUYECKUX U JPYTUX YCIOBUIT paspaborku. IIpu mopseMHOI paspaboTke MECTOPOKAEHMIT TBEPADIX KaIMITHBIX Colelt Hauboree
pacrpocTpaHeH MAaXTHHI cr10co6. Cocob Mofi3eMHOT0 BhIIle/TadlBaHs IIPUMEHETCA B YCIOBUAX ITyOoKo3aeraomux (60-
nee 1000 M) KaJIMITHBIX IJIACTOB, Tle TOPHO-MeXaHNYeCKIe ¥ TeMIIepaTypHble YCIOBYSA He MO3BOMAIOT BECTU IIAXTHYIO paspa-
60TKY, a TaKXKe [/ OTpabOTKY 3allacoB aBapMITHO 3aTOIIEHHBIX pysHUKoB (Patience Lake, Kanapa).

Oo6oralieHye CbIPbIX KaIMITHBIX COJIENl IPOM3BOJUTCSA B OCHOBHOM JABYMs CHOCOOAMM: XVIMUYECKMM WU TalyprudeckuMm
(pacTBOpeHMeM-KpucTam3anyei) u ¢proranneil B HACHIIEHHBIX pacTBOpax. [ oboraiienns KaguitHbIX COTEN CTIOKHOTO
MIHEPAJIOINIeCKOr0 COCTaBa MPUMEHAETCs], KpoMe (PIOTALMOHHOTO ¥ XMMIYECKOro CIIoCo00B, TaKXKe /MEKTPOCTATUIECKIIT
merop. Kaxxzapiit Metop (crmoco6) oboraieHs nMeeT 0COOEHHOCTH, IPOABIAIONLINECS B OOMbIIelT MIY MEHbIIIe CTeIIeHN B 3a-
BUCUMOCTH OT COCTaBa PYHIbI.

Hamnbornee pacrpocTpaHeHHBIM METOLOM OOOTallleH st KaIMIHBIX PyA B Mupe sABjsgercsa ¢morauns. V3 33 meficTByOIIX B
Mupe 000raTUTeIbHBIX (abpUK, MCIIONb3YIOLMX B KA9eCTBE ChIPbsA HOOBITHIE TOPHBIM CIIOCOOOM Ka/IMITHbIe PyAbL, Ha 29 IIpo-
M3BOJICTBEHHBIX IUIONIA/IKAX IepepaboTKa OCYIeCTB/IIACh Coco6oM (rroranuy Wi KOMOMHMPOBAHYS (IOTALUN C XVIMU-
4eCKUM CIOCOOOM U TONBKO Ha 4 — MCKTIOYUTENBHO XMMUYECKMM. TeXHOIOIMs 9/IEKTPOCTATIYECKOrO 0OO0TaIleHNs TBEPABIX
KaJIMITHBIX COMell B KOMOMHAIINY C XUMUYECKUM U (IOTAIIIOHHBIM CIIOCO6aMMt B IIPOMBIIUIEHHBIX MacIITabax IIpUMeHseTCs
TO/IBKO Ha 4YeThIpex npennpuarusax B OPT [2].

XapaxkTepucrmka XMMM4eCKoro CoctaBa KaAUMHLIX PYA

CornacHo MeToaudecknM peKoMeHmanuAM [ocyfnapcTBeHHON KOMMCCUU TI0 3alrlacaM II0JIe3HbIX MCKOIaeMbIX [3], BbI-
IeJIIOT Ka/IMITHbIe COMU XIOPUFHOTO, CYIb(ATHOrO U CMELIAHHOTO Cy/Ib(aTHO-XIOPUAHOTO IPOMBIIIIEHHOTO TUIIOB. Me-
CTOPOX/IEHNS TBEPABIX MIHEPAIbHbIX COJIEN II0 BEIeCTBEHHOMY COCTAaBY OOBIYHO SIBJISIOTCS KOMIUIEKCHbIMMU. KajnitHble u
Ka/IMITHO-MarHMeBble COMU MIPUYPOIEHDI K CONMEHOCHBIM CEPUSM, NIPEACTABIAIONIM co60I YepefoBaHle IIACTOB KaTMITHbIX
U KaJMIHO-MaTHUEBBIX COMEN C IIACTaMy M MPOCIOAMM KaMEHHONM COMM M HECONEBBIX OTIOXKEHMIT. XMMMUYECKUII COCTaB
MUHepaIbHBIX PYJ XapaKTepu3yeTcs MpeobnagaHueM XIOPUIHBIX U CyIb(aTHBIX COJell IeJIOYHBIX 1 I[eJIOYHO3eMe/IbHBIX
MeTannos (tabm. 1).

K BakHeiIIMM MMUHepanaM Kanusa OTHOCATCA cumbBuH (63,2 % K O) n xaprammmr (16 % K,0). O6oburaromue ncceno-
BaHIA XMMIYECKOTO U MMHEPATbHOT'O COCTaBa Ka/IMITHBIX PYJ, MECTOPOXKIEHNUIT MIpa, TpoBeileHHble A. A. VIBaHOBBIM C COaB-
topamu [1], mokasany, 4To Haubomee PacIpOCTPaHEHHBIM Ka/IMITHBIM MUHEPAIOM SB/IAeTCA CUIbBMH. OH YCTaHOBJIEH B I10-
masisomeM 6ompumHcTBE (80 % OT 06IIEro KOMNYeCTBa) COICHOCHBIX (OPMAIIMIL M COMAHBIX MECTOPOXKIEHMIA, COflep>KalmxX
KanmiiHble comm. IIpy aToM 6osee 4eM B 65 % CilydaeB CHIIBBYUH ABJISAETCS MOPORO0OPA3YIOMMM MUHEPAIOM U B IIOJIOBUHE 13
9TUX CIy4aeB IPENCTaB/AET MPAKTUYECKUI MHTEPEC VIV MPOMBIIIEHHO MCIONb3yeTcsA. Bropoe MecTo 1o pacnpocTpaHeHHO-
CTMU 3aHUMaeT KapHA/UINT, yCTAaHOBJIEHHBII B 65 % 00IIero 4yc/ia COIeHOCHBIX popMalnii i CO/LIHBIX MeCTOpOX/eHuit. V3 ato-
ro 4yncia popmaruit 6oee ueM B 60 % CIydaeB KapHAJUINT SIB/SETCS IOPOLXOOOPA3YIOMNM, HO IPOMBIIIEHHO MCIOIb3YeTCsT
JIMIIb B HECKOTIBKMX MeCTOPOKieHsAX. CHIIbBIH U KapHAJUIUT PAaCIPOCTPAHEHBI B KaK B 6eccynb(paTHbIX, TaK I B CYIb()ATHBIX
MECTOPOXX/I€HUAX, AB/AACD B IIEPBBIX IIOYTH Be3Jie €AMHCTBEHHbIMM IPEACTABUTENIAMI KaIMIHBIX U Ka/JIMIHO-MarHMEBbIX CO-
JIelt, @ BO BTOPBIX — IPOABIAIOTCA B CCOLMALINY C APYTUMIY COosiMu Kamyst u MarHus. CornacHo fanHbIM . Payxe [2], 6omee 70 %
Ka/IMIHBIX YHOOpEeHNUII B MUpe CerOfHs IPOM3BOAATCA Ha OCHOBE CUJIbBMHUTOBOTO ChIpbs. K kpymHeiimM pa3pabarbiBaeMbIM
MECTOPOXKIEHNMSAM Ka/IMITHBIX COJIEl XTIOPUFHOTO THIIa OTHOCATCs 3amagHo-Kananckmit 6acceitn (9nk-I1oiHT) B mpoBUHINN

Ta6nuua 1. XuMn4eckmit CocTaB U CBOMCTBA OCHOBHbIX MUHEPArOB KanuWHbIX U KalNMAHO-MarHMeBbIX MecTopoxaeHui (no [3]).
Table 1. Chemical composition and properties of the main minerals of potassium and potassium-magnesium deposits (by [3]).

PactBopuMocCTb, Kkr/am®

MwuHepan dopmyna MnoTHocCTb, r/cm® TeBepaocTb v 25 °C v 95 °C

OCHOBHbIEe KarnulHble MuHeparibi

CunbBuWH KCI 1,97-1,99 1,5-2,0 0,312 0,428

KapHannut KCI - MgCl, - 6H,0 1,6-1,9 1,5-2,5 1,019 1,217

Monuranut K,S80, - MgSQO, - 2CaS0, - 2H,0 2,72-2,78 2,5-3,0 Pacnapaetcs Ha ranut

n Bogy npun —10 °C

Knseput MgSO, - H,O 2,57 3,0-3,5 - 0,535

TlaHr6enHut K, SO, - 2MgSO, 2,83 3,0-4,0 - 0,415

KanHut KCI - MgSO, - 3H,0 2,13-2,15 2,5-3,0 JlerkopacTBopum
OCHOBHbIE MUHEparbI-CryMHUKU

Fanut NaCl 2,1-2,2 2-2,5 0,317 0,328

AHrnaoput CaSO, 2,8-3,0 3-3,5 0,0002 0,00007

56 bBenkuH . A., KataeB B. H. 3aKOHOMEPHOCTW TEXHOTeHHOM TpaHC(OPMaLIMM XMMUYECKOr0 COCTaBa MOA3EMHbIX BOA, B palioHax
pa3paboTKM KanuiHbix MecTopoxxgeHun // Mssectus YITY. 2018. Boin. 2(50). C. 55-64. DOI10.21440/2307-2091-2018-2-55-64
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CackaueBaH (Kanazga), Bepxuekamckoe mectoposxaenne kanuitabix conert (BKMC) B ITepmckom kpae (P®), Ilpumsarckmit kanu-
eHocHbI 6acceitn (Crapobunckoe, Hexxnnckoe, IleTprukoBckoe MecTopoxxaeHns, benapycs).

Jpyrye TUIIBI KaJUHBIX PYZ UIPAlOT BTOPOCTEIIEHHYIO poib. 10 cTeleHM pacIpOCTpaHEeHHOCTY K KapHaIUTy OIM30K
noymranuT (BcTpedeH B 58 % wicra popMauil ¥ MeCTOPO>KIEHNIT), HO KaK IOPOfj000pa3yoLil MIHepaJl OH IIPOSABIIACTCA B
HeMHOrux crydasx. OcranpHble MuHepastsl (Ta0s. 1) 3aHIMMAIOT 110 CPABHEHMIO C [IEPBBIMI TPEMSI IOfIMHEHHOE TI0I0XKEHE.

ITocTOsTHHBIMI KOMIIOHEHTaM, TIPUCYTCTBYIOIIMMHU BO BCEX TUIAX IIOPOJ HAPSIAY C XIOPUAHBIMY U CY/Ib(aTHBIMU COMAMU
Kanmyst u Maruus, apysoTcs ranut (NaCl) u HepacTBOpUMBIIL B BOfie OCTATOK (KapOOHATHO-IMHUCTBIN MaTepyant), B IOAaBIIA-
101leM 6ONbIIMHCTBE cydaes Takoke anruzput (CaSO,), a B mopopax, cofiepskaiux kpucranaoruapar — H O.

CpepnHuit XMMIYeCKUIL COCTaB MPOAYKTUBHBIX IJIACTOB Ka/IMITHOTO MECTOPOXXIEHNA XIOPUIHOTO THUIIA OXapaKTepU30BaH B
pabore 3. O. bagupnuoi u A. V1. Kynpsmosa [4] Ha npumepe BKMC. Tlo oTRebHOCTY pacCMOTPEH COCTaB BCeX 15 MpOfyKTUB-
HBIX ITACTOB MECTOPOXK/IEHS, KaK IIPENMYIeCTBEHHO CHIbBIHITOBOTO COCTABA, TAK I IIACTOB C IIPeob/IafaHyeM KapHajIim-
TOBOII TOPOJBL. Beymmy KOMIIOHEHTaMM XUMIYEeCKOTo cocTasa sBsaiorcs comu NaCl (45,31-76,11 mac. %), KCI (15,25-31,04
mac. %), MgCl,, (0,24-0,34 mac. % B CMIbBMHMTOBBIX IUTACTax; 5,97-12,48 mMac. % B I/TacTax ¢ MPUCYTCTBIEM KapHA/ITUTOBOI
nopoppbr), CaSO, (1,15-2,68 mac. %).

Hapspy ¢ pacTBOpMMBIMY COJLIHBIMM MUHEPaIaMy B COCTAB PYJ KaIVITHBIX M KaJIVITHO-MarHMeBbIX MeCTOPOX/IeHNUII BXO-
IAT HepacTBOPMMBIE MUHEPAJIbl CMEIIAHHOIO IIMHICTO-CONEBOrO COCTaBa — Ta/IONEeINTHI. [a/TONeIMThL IIPefCTaB/IAIT co60I1
CTIO>KHYI0O MHOT'OKOMIIOHEHTHYIO CHCTEMY, OCHOBHBIMM COCTaBHBIMIU YaCTAMU KOTOPOII AB/IAIOTCA BOJOHEPACTBOPUMBIE XJIO-
pupnHble conu (5-12 %), moposble pacTBopsI (15-30 %), HepacTBOpUMBIIT ocTaTok (52-70 %), oprannyeckoe Beriectso (10-12 %).
XUMUYeCKIIT COCTAB T'ajIONENNTOB, HAPSAY C COTEeBBIMU KOMIIOHEHTaMM, 00OrallleH OKCUIaMU a/IIOMIHIIS, JKenle3a, KPeMHUS 1
yI7epoyia, a Takxke 6pOMOM U BOZOIL.

HepacTBOpuMBIIi B BOfie OCTaTOK (H. 0.) IpefcTaBieH kKapbonaramu (10-20 %), cynbdaramu (5-30 %) 1 amoMocumIuKaTaMu
(42-51 %). B MyHepaIbHOM COCTaBe KapOOHATOB IIPe0OIafaloT JOIOMUT, MarHesuT; Cy/IbGaToB — aHIMAPUT, TUIIC. ATIOMOCH-
JIMKATHI [IPEJCTAB/ICHBI IIPEUMYIIIeCTBEHHO TUAPOCIIOAAMI 1 OJIEBBIM IrmaTtoM [5]. Ob1iee ero copep>kanne B IPOAYKTUBHBIX
mwiactax BKMC Bapbupyet B mpefenax 1,76-3,66 mac. % [4].

Takum 06pasoM, B COCTaB OCHOBHBIX XMMIUYECKMX KOMIIOHEHTOB, JOOBIBAEMBIX Ha Ka/IMITHBIX MECTOPOXK/IEHNAX U BOBJIIE-
KaeMbIX B epepaboTKy, BxopaT nonsl Na*, K*, Cl-, Ca*, Mg*, SO *. [Ipeo6nasaroniee sHaueHne Ipy pacCMOTPeHNN Hanbornee
IJeHHBIX IIPOMBIILIJIEHHBIX KOMIIOHEHTOB MECTOPOX/ICHNUIT — X/IOPUAHBIX COMeElT — MMEIOT XJIOPUABL KaJIisl U HaTpUsL.

Hapsapy ¢ nepeunc/ieHHbIMY XVMUYECKUMIY 97IeMeHTaMM, OIPeie/IA0NIIMI BellleCTBEHHBII COCTaB, KaJIUITHbIC PYABL CO-
Iep>KaT 37IeMEeHThI-IIpUMecH. B VX 4110 BXOIAT B OCHOBHOM I'a/IOT€HV[bI, Ie/IOYHbIE I 1Ie/IOYHO3eMeIbHbIe MeTa/lIbl. KpoMe
TOTO, C IPUMEHEHIEeM COBPEMEHHBIX UyBCTBUTEIBHBIX METOZIOB XMMIYECKOTO aHa/IN3a B K/IMITHBIX PyAaX OOHAPyXKeH MUpO-
KU1 CHEKTP TSDKEJIbIX MeTa/IIOB U IIPUCYTCTBUE 6IaTOPOJHBIX METAJIIOB.

Cornacuo BeiBofamM H. M. CrpaxoBa [6], Bcsi COBOKYITHOCTD aKI[eCCOPHBIX KOMIIOHEHTOB, BCTPEYAIOIINXCS B Ia/IOTeHHBIX
OT/IOXKEHMAX, pasfielsieTcs Ha fiBe rpynnsbl. Ilepsyio (ranoduiabHylo) rpymnny obpasywor Br, ], Sr, B, Rb, Cs, Tl u HexoTopsIe
IpYyTyie, KOTOpble BHOCUICH B COMIEPORHBI BOJZOEM 113 MOPCKIX BOJ, IJie OHU Y>Ke IIpefiBapUTe/IbHO HeCKOIbKO CKOHI[EHTPU-
poBaHbl. Bropast rpynma (kacroduibHas) mpeacTasieHa 6ojee IMIPOKUM IepedHeM aneMenToB: Fe, Mn, P, V, Cr, Ni, Co, Cu,
Pb, Be u fip. IT0 9/1eMeHTBI TEPPUTEHHOTO TIPOMCXOKAEHMS, KOTOPbIE MIOCTYIIA/IN B OCONOHSIONIVECS BOZOEMBI ¢ bepera BMe-
CTe C IbUIbIO, 3aHOCKMOIT BETPOM, V/IM C PEYHBIM CTOKOM. B mopopax, o6oraleHHbIX TeppUT€HHBIM MaTepUaaoM, KOMUIeCTBO
K/IaCTO(MUIbHBIX 97IeMEHTOB MaKCHMAaJIbHO. B peleTkax CONMAHBIX MIHEPasIoB SIeMEHTBI 9TOJI IPYIIIbI HAXOAATCS B MICUe3aolIe
MaJIbIX KOJIMYeCTBaX.

XapakTeprcTIKa MUKPO/IEMEHTHOTO COCTaBa KA/IMITHBIX Py npuBoputcs B paborax H. H. Terepunoit [5], C. M. Kope-
HeBckoro [7], [I. E. Tappera [8], b. A. bauypuna [9], A. V1. Kynpsmosa [10]. ABTopaMy 0TMe4aeTCs BLICOKOE COfiep>KaHMe B Py-
max 6poma 1 pyoupust (0CO6eHHO B KapHA/UIUTOBOI OPOJie), IPUCYTCTBIE B KOHIIEHTPALMAX, IPEBbIIIAONINX K/IapK 3eMHOII
KOPBIL, 60pa, itof1a, cTpoHLus, Ty Cpefiu aKIIeCCOPHbIX 9/IEMEHTOB TEPPUTEHHOTO IPOUCXOXK/IeHsI, KOHLIEHTPUPYIOIIUXCS B
O0/IbIIIeN CTETIEH) B HEPaCTBOPVMOM OCTaTKe, Harbostee 4acTo BCcTpevarTcs Ba, Fe, Mn, V, Ti, Ni, Zn, Cu, Pb, Cr u HexoTOpsbI€
Ipyrue.

XapakTepucTka XMMUYeCKoro CocTaBa OTXOAOB MPOU3BOACTBA

CocTaB 1 CBOJCTBA OTXOf0B Ka/IMITHOTO IIPOM3BOACTBA 00YC/IOBIEHB, B IIEPBYI0 OYePefib, COCTABOM U CBOVICTBAMU MCXOf-
HBIX Ka/IMITHBIX PV, @ TAK)XKe UX NPpeoOpasoBaHMEM B TEXHOTIOTMIECKOM IL[MK/Ie IPOU3BOACTBA. [JIABHBIMM T€XHOTOTUYECKIMU
¢daxropamy GopMUPOBAHIA XUMUIECKOTO COCTaBa OTXOJOB SBJLAIOTCS U30UpaTebHOEe KOHIIEHTPUPOBAHIE OTAEIbHBIX KOMIIO-
HEHTOB MCXOJHBIX IIPUPOJHBIX PV, @ TAKXKe IPYMEHEeHNe Pas3INIHbIX XMMIUECKUX PeareHTOB.

TBepzble COMeOTXOMBI MIPECTABIAIT COOO0IT CBITYUYIO Cpeny, cofepkaityo 90 % u Ooree ramura, a TakxKe HeOO/bIIOE KO-
JIMYeCTBO PYTUX COJIENl ¥ HepacTBOPUMOro ocTaTka. OCHOBHBIM CIIOCOOOM YTIWIM3ALMI TBEPABIX Ta/IMTOBBIX OTXOOB BO BCEM
MIpe SIBISIeTCs CKIAMPOBaHIe UX B CO/IEOTBA/IAX HA MOBepXHOCTH 3eMy (Tabut. 2). CyMMapHast IO/ U BSITHUS 3€MeIIb IOf,
COJIEOTBAJIbI Ha KPYIHENIINX MUPOBBIX IPOM3BOACTBAX IpeBbimaeT 5600 ra. YacTh coneoTxon0B HaIpaB/IAeTCA Ha 3aK/IaKy IO -
3eMHBIX BBIPAOOTOK, @ TaKKe IOC/Ie PACTBOPEHNS 3aKaulBaeTCs B I/TyOOKIe TOPU3OHTHL. B paitoHax, rje 1o6b4a 1 IpousBOfICTBO
KaJIMA OCYIECTBIAIOTCA B HETIOCPENICTBEHHON O/IM30CTU OT MOPCKIMX 6acCeifHOB, IPYMEHSAETCS Y TUIM3AINA CONTEOTXOfI0B B MOpe.

Ta6nuua 2. Cnoco6bl yTMNu3auum TBepabIix coneorxoaos B mupe Ha 2011 r. (no [2])*.
Table 2. Methods of disposal of solid waste in the world in 2011 (according to [2])*.

Cnoco6 ytunusauum YacTb B 06LLemM ob6beMe oTXoaoB, %
CknagupoBaHue Ha coneoTBanax 81
3aknagka nyctot 9
PacTBopeHwue v BbiMyck B rmybokue CKBaxunHbl/Mope 10

* YyTeHbl NPOM3BOACTBA, A€ ocyLuecTBnseTcs 4obbiva pyabl LWaxXTHbIM CNOCOOOM.
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[1aBHBIM KOMIIOHEHTOM COCTaBa TBEPABIX OTXOMOB KAIMITHOTO IPON3BOACTBA SB/IETCS TaMNT. ITO 0OYC/IOBNMBAET JOMM-
HYIPYIOIIMI KOMIIOHEHT XVIMIUYeCKOro cocrasa coneorxonoB — NaCl. ITpu paspaboTke MeCTOPOXAEHNIT XTTOPUFHOTO TUIIA €T0
BaJIOBOE COfiep>KaHye MOXKeT JocTuraTb 95 % [11]. Hapsapy ¢ raimrom B cocTaBe coleoTBaa MPUCYTCTBYIOT APYyTue XIOPUIbI
- KCI (1,2-3,5 %) u MgCl (o0 0,2 %), a Taxoxe 10 2 % CaSO,, 1o 4 % HEPaCTBOPMMOTO OCTATKa 1 /10 6 % BOZIBI.

ITpu paspaboTKe KaIMITHBIX PyA CYIb(ATHOTO TUIA COCTAB TBEPABIX COIEOTXOA0B HECKOIBKO M3MEHSIETCSI B CTOPOHY 3a-
KOHOMEPHOT'O YBelTNYeHNsI JONNU CYIb(ATOB Kanbliyst 1 MarHyst. K npuMepy, Ha KaIuitHbIX IPOU3BOACTBAX [epMaHuy cpeHmit
COCTaB CONMeOTBanoB BKoYaeT B cebs 69 % NaCl, 15 % CaSO,, 7 % MgSO,, a Taxxe He6onbune nopunu KCI, MgCl, K, SO, n
HePacTBOPUMBIX IIMHICTBIX MIHEPAIoB [2].

IMyHuCTO-COMAHAA MMy/IbIIa IPEACTABIAET COOO0I CYCIIEH3MIO C BECOBBIM COOTHOIIEHMEM XXIAKOM (assl K TBepHoi ot 3:1
o 2:1. YKupkas cpena comeput paccon, oborautenHpiii rmasapiM o6pasom NaCl, menee KC1, MgCl, n SO,, Teppas conep-
XUT 15-70 % HepacTBOPMMOTO OCTaTKa, octanbHoe — MenkoaucnepcHas macca NaCl n KCI [12]. JKuaxue oTX0fb! KamuitHOro
IIPOM3BOACTBA — IJIMHICTO-COJIEBbIE IIIAMBI 1 M30BITOUHbIE PACCONIBI — CKIAAUPYIOT B TOBEPXHOCTHBIX IJTAMOXPAHIIMIIAX 1
pacconocbopHMKaX, UCIONb3YIOT IPH 3aKIafike OTPaOOTAHHOTO MPOCTPAHCTBA, A TAKXKE OCYIIECTB/LIIOT 3aKauKy B ITTyOOKIe
TOPU3OHTBI U COPOC B MOPCKue GacceiiHbl.

[IInamMbl IpefCcTaBIA0T c06071 ABYX(PasHYI0 CUCTEMY — CEAVIMEHTALMIOHHO HEyCTOMYMBYIO CYCIIeH3MI0. B pomu pucnepen-
OHHOII Cpefibl BBICTYIIAeT HACBIEHHBII PacCTBOP XIOPUOB HaTpyA 1 Kamys. JJucliepcHas cpepa, IPUCYTCTByIomasA B popme
«JOHHBIX OTJIOXKEHMIT», IIpefCcTaB/eHa HePaCTBOPUMBIM OCTaTKOM pynbl [13]. B Hero BxopaT cnepyromye KoMoHeHTbI, %: KCl
6-10; NaCl 5-24; MgCl2 0-7; CaCl2 0,03-0,10; CaSO, 2-5. HepacTBopuMbIit OCTaTOK ITama (5-28 %) 1o MuHepanornyeckomMy
COCTaBY COCTOUT IIPEUMYIIECTBEHHO 13 ITIMHUCTO-KapOOHATHOrO MaTepuana. [nunHucTas yactb (okono 60 % mo Macce) mpef-
CTaB/IeHa MOHTMOPUITIOHUTOM (~ 40 %) u xnopupgamu (~ 20 %). Kap6oHaTbl IpeacTaBIeHbl B OCHOBHOM Ka/IbIIMITOM U JOTIOMU-
toM. Kpome Toro, B 1ly1aMe IpUCyTCTBYIOT MarHe3UT M CHIMKATHI (KBapll, O/IeBOIT mmaT u ap.) [11].

CocTraB 000pPOTHBIX PacCOIOB Ka/IMITHBIX IIPOMU3BOJCTB TAKXKe 3aBJMCUT OT YICXOZHOTO COCTaBa PYA U e/ ICTBYIOLIEN TeXHO-
JIOTUY IIPOM3BOACTBA. YCPEHEHHBII COCTAB 000POTHBIX PACCOIOB (IOTALMOHHBIX (habpUK Oepe3HNKOBCKIX KA/TUITHBIX PYLO-
ynpasneanit BKMC, o gannpim H. H. Tetepunoit [5], mpenctasiien, %: katnonamu HaTpuA (7,2-8,1), xamA (5,0-6,0), Maraua
(0,1-0,3) n xampums (0,15-0,20); annonamu xopa (16,6-17,4), 6poma (0,05-0,07) u cynbdar-annonom (0,2-0,4). Joms dncToit
H,O cocrasnser 68,8-70 %. TexHonorndyeckye pacTBOPbI, BOSHMKAIOIME PV XMMUYECKOM CIIoco6e 060Talle s KaMuiTHbIX
PYE, MMeIoT 60J1ee BHICOKYIO TEMIIEPATYPY M CIIOCOOHBI COfepyKaTh OOoIblilee KOMNYeCTBO PACTBOPEHHDIX BEIIeCTB.

MUKpPOKOMITOHEHTHBII COCTAaB TBEPABIX TaJIMTOBBIX OTXOJ[OB, IJIMHICTO-COMEBBIX IIAMOB 1 M30BITOYHBIX PACCONIOB Ka-
JmitHbIX TpennpusiTuii Ha npumepe BKMC neranbHo onmcaH B pabore b. A. Baaypuna [9]. ABTopoM paccMOTpeHO cofiepKaHe
B FaJIMTOBBIX OTXO/AX, TBEPHOIT (pase IIMHICTO-COTIEBBIX LITTAMOB U BOJHOI BBITSDKKE 13 HUX, @ TAK)XKe B M30BITOYHBIX PaccoIax
CTIeYIOLIETO MIepeyHsi MUKpoateMeHTOB: Ba, V, Fe, Cd, Co, Mn, Cu, Nj, Pb, Sr, Cr, Zn, Br. CornacHo mpuBefeHHbIM B pabote
TaHHBIM, TaJIATOBbIE OTXO/BI B LIE/IOM B XOfie IIPOMBILIIEHHOT IIepepaboTKy He 060raiaTcst 60IbIIM KOTNYeCTBOM MUKPO-
KoMIOHeHTOB. Cofiep>kaHe TPUBEIEHHBIX 97IEMEHTOB B HIMX, KaK IIPaBUJIO, HE IPEBBIIIAET COEP>KaHMA B MCXOTHBIX KaTMITHBIX
pynax. Han6ornpias KOHIeHTpalys MUKPOKOMIIOHEHTOB Ha0JIIOlaeTCA B COCTaBe ITIMHUCTO-COJIEBBIX IVIAMOB, OHAKO B (op-
Max, CIIOCOOHBIX K BOZHOI MUTPALINY, IIPUCYTCTBYIOT B OCHOBHOM OPOM I CTPOHIIMIL, B MEHBIIIE CTEIIeHN CBIHEL], HUKE/Ib I
K06asbT. [IprMepHO aHATOTMYHBIIT COCTAB IPe0OIALA0INX MIKPOKOMIIOHEHTOB HA0/MI0AeTCS B M30BITOUHBIX PACCOTIax.

XapaxkTepucTmka XMMMYEeCKOro COCTaBa MOA3EMHbLIX BOA B PaiOHaX KaAMAHOIO MPOU3BOACTBA

Benyiee MecTO B HapyIIeHUM MCXOFHON TUAPOXMMIYECKOI 00CTaHOBKM OOMBIINHCTBO MCCIefOBaTe el OTBOANUT BO3Lel-
CTBIIO IIOBEPXHOCTHBIX HAKOIIMTe/IEl OTXOOB — IIVIAMOXPAaHIINIL X CONMeoTBanoB [12, 14-17 u np.]. indunerpyromuecs pac-
TBOPBI, COfieprKaliiyie 3HaYNTeIbHOE KO/IMYeCTBO PAaCTBOPEHHBIX BEIeCTB U 00/Iajjaolue MOBBIIIEHHO IJIOTHOCTHIO, IIPOHM-
KaIOT B 30HY aKTMBHOro BooobMena. Hanbosee oboramienHble BOFOPACTBOPYMBIMY COLSIMIL IIOA3EMHBIE BOJIBI IIOTPY>KAIOTCSI
B [Ty6OK1e TOPU3OHTBI BOJOIIPOHNI[AEMOI TOIIN. DTOMY CIIOCOOCTBYIOT GO/IbIIIAs MOLIHOCTD 30HBI AKTMBHOTO BOZOOOMEHA I
OTCYTCTBMeE B Hell BbIIep>KaHHBIX BOIOYIIOPOB.

B npouecce tpanchopmanyy IOf3eMHBIX BOJ 30HBI aKTMBHOTO BOJJ0OOOMeHa BBIEAOT Tpu crapuu [12, 14]. IlepBas
CTaJysl COOTBETCTBYeT MHMIbTPALUY CTOYHBIX BOJ Yepe3 30HY aspauuu. OHa XapaKTepusyeTcs MeTaMopdu3aryeit cTod-
HBIX BOJ] BCJIECTBIE TIPOIIECCOB PACTBOPEHNS, BBIIETAYNBAHNSA U COPOINIL, COMPOBOKIAINX UX IBIDKEHIE depes TI0-
POmbI 30HBI aspannn. Ha BTOpoIT cTafiuu IPOUCXONUT CMeIIeHIe MeTaMOP(GU30BaAHHBIX CTOYHBIX BOJ C BMEIIAMLIIMI BO-
IaMM BOJOHOCHOTO TOPMU30HTA. TpeThsi CTausi COOTBETCTBYET ABIDKEHNUIO BOJ, METaMOP(PM30BaHHOIO COCTaBa I MEPEHOCY
PacTBOPEHHBIX BelljeCTB B BOZOHOCHOM ropu3oHTe. Ha MHTEHCMBHOCTD 3TOTO mpoljecca BauseT psij GakTopoB, a MMEHHO:
HOBBILIEHHAsI TVIOTHOCTH paccorioB (o 1,2 r/cM?), 4TO crtoco6CTBYeT UX OBICTPOMY ONYCKaHWIO; Halmu4ye BOIU3Y [eliCTBY-
IOLIVIX BOJI03a00POB U 30H CHABYDKEHMS FOPHBIX IIOPOJ, B Pe3y/IbTaTe MOA3eMHOI paspaboTKy, Ifie 3HAYUTEIbHO ITOBBIIIAETCS
cKopocTb punbrpanun [12].

ViccmenoBaHusl XMMMYECKOTO COCTaBa IIOBEPXHOCTHBIX BOJ U IOJ3€MHBIX BOJ, 30HBI aKTMBHOI'O BOZOOOMEHA B pailoHax
PaspaboTKM Ka/IMITHBIX MECTOPOXK/ICHUIT B CBSISY C YXY/IIEHIeM KaueCcTBa STUX BOJI, YACTO JCIIONb3YeMbIX B MUTbEBbIX LI€/IIX,
IPOBOJATCA BO BCeX KajnenoObIBaonx pernoHax. ComocTaB/ieHne pe3yabTaToB 3TUX MCCTIeTOBAHNIT IIOKa3bIBAET MX CXOLMU-
MOCTb B 4aCTM TPaHCPOPMaLNM XMMIYECKOTO COCTaBa BOZ.

VIsydeHue cocTaBa CTOYHBIX BOJ, GIIBTPYIOLIMXCS C 00BEKTOB CKIA[POBAHNA OTXOJIOB Ka/IMITHOV IIPOMBIIIEHHOCTI 1 5B-
JISIIOIVXCS TIEPBOMCTOYHMKOM TpaHCHOpMaLMy COCTaBa MOfI3eMHbIX BOJI, IPOBOAMIOCH aBTOpOM B 2016 1. KommvecTBeHHBII X1-
MIYECKIII aHA/IN3 TEXHOI'€HHBIX PAcCOJIOB [I0KA3aJl, YTO OHY IPEJCTABIIAIT COO0 CBEPXKPEIIKIMII PACCOTT, B XMUMIYIECKOM COCTaBe
KoToporo gomunupyiot uonst Cl', Na* u K¥, Munepanusaius cocrasuna 6omee 400 r/amv’. CienyeT OTMETUTD, YTO COIIACHO Cy-
I[eCTBYIOLIMM METORMKAM, BBIITOMTHEHE XMMITYeCKOTr0 aHa/I3a PacCcOIOB MOJOOHO KOHI[EHTPALMy IIPOU3BOFUTCS IIOCPEICTBOM
UX pa3baB/IeHNs, YTO HOBBIIIAET BO3MOXKHOCTD oumbOKku. Kak npasuiio, npenenbHast KoHIeHTpaws pacconoB Cl—Na* cocrasa B
IIPUIIOBEPXHOCTHBIX YCIOBMAX HocTuraet 300-320 r/am’. Takke OTMeUeHO BIMAHME MOHOOOMEHHBIX IPOLIECCOB Ha POCT KOHIEH-
TPALMIl MarHus 1 Kaabliysl B OfI3€MHBIX BOZIaX, HAXOJSIIMXCSI B 30HE BIMSHUS KaIMITHBIX CTOKOB [18, 19].

58 BenkuH . A., KataeB B. H. 3aKOHOMEPHOCTV TEXHOTeHHOM TpaHC(OPMaLIMM XMMUYECKOro COCTaBa MOA3EMHbIX BOA, B palioHax
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VlccnemoBaHus cocTaBa CTOYHBIX BOJ] C COZIEOTBA/IOB M IIVIAMOXPAHWINIL, A TaKoKe X JaAbHEIIero BAMAHNA Ha COCTaB
MOI3eMHBIX BOJl Ha TeppUTOpUM BepxHekaMcKoro MecTopoxieHus coneit mposopgunuch E. A. Xaitpynunoit u H. I. Makcumo-
BuyeM [20-22]. CrouHble BOAbI, GUIBTPYIOLIMECA C HAKOIUTENEH COIEOTXOMOB, IO JAHHBIM aBTOPOB, IIPEACTAB/IAIOT cO00I
HaCblIII[eHHbIE X/IOPU/IHbIE Ka/T/eBO-HATPyeEBbIe PAacCOIbl C MuHepanusalueit 1o 326—440 r/gm® pu GUIbTpauy C COMEOTBAIOB
u 1o 139 r/pv?® mpu ¢punbTpannu us-mog fam6 nyramoxpaHwmiy. Hapsgy ¢ kpariHe BBICOKMMI KOHIIEHTPALMSIMU XIOPUOB
HATpMsI U Ka/si OTMedYeHO IHOBbILIEHHOE Cofep>kaHme Cynbdaros (2-3,7 r/aM?), Kamblins, MaTHKs, @ TAKXKe MIPOKOTO psifia
MUKPOKOMIIOHEHTOB: St, Mn, Pb, Ba, Cr, Zn, Li, V u gpyrux pegxux seMeHTOB.

PesynbraThl M3yyeHNs pOJIHMKOBOI PAsIPy3Ky IOA3EMHBIX BOJ IIEPBOTO OT ITOBEPXHOCTM BOJOHOCHOTO TOPM30HTA, Ha-
XOJAIUXCA MOJ B/VMsAHMEeM (UIbTpanuy ¢ 0ObeKTOB CKIafMPOBaHMsA OTXOMOB, ITOKa3aIM 3HAUUTEIbHYI0 TpaHC(POpMALIO
XVMMIYECKOTO COCTaBa IOfj3eMHBIX BOAI. IIpecHble ruapokapOOHaTHbIe Ka/IbljyieBble BOJBI CMEHAIOT COCTAB Ha XJIOPMIHBIIL Ha-
TPUEBbIT, MUHEpaIM3aLuA Bo3pacTaeT B JecATKM pas. [Jid wirocTpanyy MacmTaba TpaHCOPMALVM COCTaBa IIOJ3eMHBIX
BOJ 6bUIM TIpUBefeHbI K09 PUINMEHTbI KOHIIEHTPALUY KOMIIOHEHTOB XMMIIeCKOrO COCTaBa M3MEHEHHBIX BOJ] B CPAaBHEHUN C
¢doHOBbIMY 3HaYeHMAMM. Cpelyt MaKpPOKOMIIOHEHTOB HanbornbIie K09 GUIMeHTb KOHI[eHTpauuy oTMedeHsl i K*(2046) >
Cl(889,2) > Na*(275) > SO,> (179,2) > Mg*(50,1). Cpeny MUKPO3/IeMeHTOB BbljiefieH crepytomuii psan: Pb(87) > Sr(78) > Co(39)
> Mn(7). OTMeueHO MosABIeHNe B COCTaBe VI3MEHEHHBIX BOJ| PEIKO3eMeTbHBIX 3JIEeMEHTOB, He 3auKcupoBaHHBIX paHee (Tm,
Sm, Lu, Eu, Yb u gp.) [21].

VlccnemoBaHys XMMIYECKOTO COCTaBa MOfI3eMHBIX BOJ Ha TeppuTtopun ConkaMcKo-bepe3HIKOBCKOI IpaoIpOMBIIIICH-
HoIt armoMeparyu mposoanuce V. B. lykosoit u E. C. Yirakosoit [23, 24]. Ha y4acTkax BAMAHUS IPOMBIIUIEHHBIX 0OEKTOB
OTMeYeHO 3HAUNTeTbHOe YBeMNYeHIe MIHepaTu3allui TOI3eMHBIX BOJ, IIOBbILICHHbIE KOHIICHTPALNI XTIOPIUJ- U Cy/Ib(aT-aHu-
OHOB, KaTMOHOB HaTPMsI, Ka/IUs, MaTHUA U OOIIETo Keesa.

ITopo6HbIe pe3yIbTaThl MONTYYEeHBI UCCIeNOBATeAMIU TOA3eMHBIX BO B Vicnannu, lepmanyy, OpaHiuy u gpyrux crpa-
Hax. B pabote N. Otero [25] npencTaBieHb! pe3y/lIbTaTbl OIIPOOOBaHNA CTOYHBIX U IPUPOJHBIX BOJ, B HacceitHe p. JIbobperar
(Llobregat) Ha ceBepo-BocTOKe VicmmaHum, Iie pacronaraeTcs psp, MpefIpuATUi KaJIVITHON IIPOMBIIUICHHOCTH. B aHMOHHOM
COCTaBe OTMEYaeTCsI BBICOKOE COfiepXKaHue XIOPUJIOB U CYIb(aTOB, CPEY KATMOHOB JOMUHIPYIOT HATPUIL 11 Ka/Iuii, B MEHBbIIIe
CTeIleHM MarHmit 1 KanbLuii. Cpefyi MUKPOKOMIIOHEHTOB OTMeYEHO IIOBBIILIEHHOE COfiep>KaHye CTPOHINA, IPUCYTCTBUE Map-
raHIla, IIMHKA, MeJ ¥ CBMHIIA.

Pe3ynbraThl M3ydeHNs COCTaBa MPUPOLHBIX BOJ B pervoHe BepxHero PeiiHa, Ifie [onroe BpeMs eiiCTBOBAIM KaluiiHbIe
NpennpusITys b3aca, pefcTaBieHsl B paborax M. Bauer et al. [26], S. Durand et al [27], Y. Lucas et al. [28]. ABTops! oT™MeuatoT
BKJIAJ X/IOPU/HO-HATPUEBBIX U KA/TUEBBIX PACCOIOB B TPAHC(OPMALIMIO COCTABA IOA3EMHBIX BOJ, PETMOHA, OCOOEHHO BbIAE/ISI
POJIb MOHOOOMEHHBIX IIPOLIECCOB IIPY [[BYKEHIN TeXHOTEHHBIX PACCOIOB 110 BOZOHOCHOMY FOPM30OHTY, CMEHY COCTaBa BOJ, HA
X/TOpMHBIe Ka/bliyeBble 1 MarHueBble. Cpeful MUKPOKOMIIOHEHTOB OTMEYeHO IIPUCYTCTBYE PYOUANs, CTPOHLs, 6apust. Cxox-
Hble JaHHbIe 110 uccnefnoBanusaM B Tropunruu (lepmanins) npencrasieHsl B pabore Siefert et al. [29].

IleneHanpaBieHHbIe UCCIIETOBAHNA COLEPIKAHUA TOKEIBIX META//IOB B TEXHOT€HHBIX IMAPOXMMIYECKIX [TOTOKAX Ha Tep-
PUTOPUY TOPHOROOBIBAIOIINX IIPeRUPISTUIT Ypana mpoBogwnck Bb. A. Baaypunsim [30]. st BepxuekaMcKOro MeCTOpOXKzie-
HYS KQ/IMIHBIX COJIell aBTOP OTMeYaeT 91eMEeHTBI, Ybe COIepyKaHue B CTOKAX 3HAYMTEIbHO IIPEeBbINIaeT YCTAaHOBJICHHbIE IIpe-
IeNbHO TOMYCTUMBIe KOHI[eHTpanuy, Mr/mm*: Mn (220,5), Fe (99), Pb (11,8), Zn (8,1), Co (4,9), Ni (4,6), Cu (4,3), Cr (0,88).

TpaHchopmaLmsl XMMUYECKOro cocTaBa MOA3EMHLIX BOA

AHanus u 060611IeHMe U3/TI0)KEHHBIX TaHHBIX TTO3BOJIAET C/ieNaTh PsJ| BHIBOAOB. KpymHeliime KaluifHble MECTOPOXK/IEHN
MUpa XapaKTepU3yTCcs IpeobnafaHyeM COolell XTOPUAHOTO TUIA 1, BCTIECTBUE 9TOTO, CXOXKMM XMMUYECKMM COCTaBOM DY,
4YTO 00YC/IOBIIEHO eAMHCTBOM TeHeTIYeCKIX IIpoleccoB ux ¢popMmuposanua. OCHOBHBIM MUHEpPa/JIbHBIM KOMIIOHEHTOM paspa-
6aThIBaeMbIX Ka/IMITHBIX 3a/IeXKell B aOCOMOTHOM OO/BIIMHCTBE CIy4aeB sIB/ISeTCS CUIbBIH, IOAYNHEHHYIO PO/Ib UTPAIOT Kap-
H/UINT ¥ TPYIIa CynbdaTHbIX MuHepanoB. Cpeay IJTaBHBIX COIMYTCTBYIOLUINX MIHEPATbHBIX KOMIIOHEHTOB Ka/IMITHBIX COJIENt
HIOBCEMECTHO IPUCYTCTBYIOT TaJIUT M AHTUIPUT.

IIpeobnanarolee KOMMYECTBO MIPOMBIIUIEHHO pa3pabaTblBaeMbIX KaJMITHBIX PYJ AB/LAIOTCA 3a/Ie)KaMM TBEPAIBIX MCKOIIae-
MBIX COJIeli, TOOBIYa KOTOPBIX IPOM3BOANUTCA LIAXTHBIM CriocoboM. TexHomorny o6orauieHys, o CyTH, IpefcTaBIeHbl [BYMs
OCHOBHBIMM MeTOfaMU — (IIOTAl[MOHHBIM VM XUMWYeCKVM. Bce 9TO BKyIle oIpefie/igeT CX0XeCTb TeXHOJIOTMYEeCKIX IIPOLIeCCoB,
a TaKoKe IepedeHb, KOIMYeCTBO I COCTAaB OTXOJ0B IIPOM3BOACTBA.

O60611eHne MCCTeTOBAHNIT XMMIIECKOTO COCTaBa Ka/IMITHBIX Py, OTXO[0B UX IIepepaboTKY, a TAK)Ke Pe3y/IbTaToB OIIPO-
60BaHIs ITOfI3eMHbIX BOJ, 30HBI aKTMBHOT'O BOJOOOMeHa B paiioHaX JOOBIYN 1 IIepepabOTKY Ka/us B PAa3INYHbIX PETHOHAX MUPa
TI03BOJIACT BBIAENTD CIIEMYIOMINIT KOMIUIEKC XMMIYIECKIUX 9/1eMEHTOB, OIIPe/ie/IAI0MMX HalpaB/ieHye TpaHcHOopMaIny X1Mude-
CKOTO COCTaBa IOJI3¢MHBIX BOJ C y4eTOM VX PO/ B pOPMUPOBAHUY COCTaBa KaIUITHBIX PYH, CIIOCOOHOCTY K BOJHOJ MUTPALIIN
M OIIACHOCTY I yesioBeka (Taoi. 3).

K sedyujum maxpoxomnonenmonm coneti orHocsitcst Cl, Na, K. VIx mpeobaganye XapaKTepHO /LT MECTOPOKAEHMIT XJIO-
pUAHOro THIA — Haubosee MUPOKO PACIPOCTPAHEHHBIX 1 paspabareiBaeMbix. bonpinoe konmndectBo Na u Cl o6ycmoBieHo
IIVPOKUM PAaCIpPOCTPaHEeHNEM B KaIMITHBIX pyfax ramnta. Oco6eHHOCTDIO Ka/us AB/IsAeTCS BBICOKas COpOUPYeMOCTh B OYBAX,
HOPOJIaX, JOHHBIX OT/IOXKEHMAX, 3a/lep>KKa KOPHEBOI CUCTeMOil PacTeHMiT — KaK CefiCTBUe 3HAYMTEeTbHO MEHbIIAsl MHTEHCUB-
HOCTb BopHOI Murpanuu. Na u Cl cocTaB/IAI0T OCHOBHYIO [JOMIO TBEPABIX COMEOTX0A0B. HachlleHHbIe XIOpUIHbIe KalueBo-
HATpPUeBbIe PACCONBI COCTABIIIOT OCHOBHYIO YaCTh M30BITOYHBIX PACCOIOB IIPOM3BOJCTBA, XXIAKYIO (asy UrIama.

Bmopocmenennvie maxpoxomnornernmot coneit - S, Ca, Mg. Cepa (cynbdar-annon SO,) ABnAETCA BEMYIIMM CONEBHIM KOM-
HIOHEHTOM CY/Ib(aTHBIX KaMMIHBIX pyf. OfHaKo B HauboIee pacIpOCTPaHEHHBIX MECTOPOXKAEHIAX XIOPUFHOTO TUIIA COAEp-
KaHJe 3HAUUTEIbHO YMeHbIIaeTcs (IIPUCYTCTBYeT B aHTUAIPUTE, TA/IONENNTaX). B 0TX0#ax MpousBofCcTBa MPUCYTCTBYET IOBCeE-
MEeCTHO: B TBEPHABIX COJIEOTXO/IaX, B ITIMHNICTO-COJIEBBIX LI/TaMaX, B 0OOPOTHBIX M M30OBITOUHBIX paccomax. KanbIyil u MarHmit
BXOZAT B COCTaB IVIABHBIX Ka/JMIHBIX MUHepanoB (Mg — KapHa/UIUT, TONNTA/IAT, KU3EPUT, TaHTOeltHUT, KauHuT; Ca — mojnmnra-
JINT, COITYTCTBYIOIIMII aHTUAIPUT). B oTX0max nmpousBoacTBa KajabLuii IpeodiajjaeT B TBEPABIX CONEOTXOfaX (aHIMAPUT, TUIIC),
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Ta6nuua 3. NepeyeHb BO3MOXHbIX 31IeMEHTOB-MHAUKAaTOPOB BO3AEUCTBMUS KarnmMMHON NPOMbILINIEHHOCTU Ha XMMUYECKMUIA CoCcTaB Npu-
POOHBbIX BOA.
Table 3. List of possible tracer elements of potash industry, which impact the chemical composition of natural waters.

MIHTEHCMBHOCTb BOOAHOW MUrpaLmmn

pynna anemeHTOB OnemeHT (no [31], B c1<o6j<ax — KO3 PULMNEHT (Knartlzgtyn':(r:/ﬁcl)w:m)*
BOZHOWM MUrpaLum)
Cl OuyeHb cunbHas (644) 350 (4)
BepayLine MakpoOKOMMNOHEHTbI cornen Na CunbHas (4,2) 200 (2)
K CpepHsisa (0,43) -
S(SO,)  OueHb cunbHas 500 (4)
BTopocTteneHHble MakpOKOMIMOHEHTbI COen Ca CunbHas (3,3) -
Mg CunbHas (2,3) 50 (3)
Br OuyeHb cunbHas (203) 0,2 (2)
Fanorerb! | OueHb cunbHas (99) 0,125 (2)
Rb CpepnHsist 0,1(2)
Benyuwe . LLlenoyHeble meTannbl Li CpepgHsst 0,03 (2)
MWUKPOKOMMOHEHTbI conen
Cs CpepnHsis -
LLleroyHo3eMerbHble Sr Bbicokas (1,2) 7(2)
meTannbl Ba CpepnHsist 0,7 (2)
Mo CwvnbHas (4,4) 0,07 (3)
Zn CwunbHas (0,94) 1(3)
Cu Cpepghsisa (0,27) 1)
Ni CpegHsisa (0,13) 0,02 (2)
T;m(enb6|e meTanmbl Mn Cpeansisi (0,11) 0,1(3)
(,;:rcg;ow“;)'e K BoAron Co CpepnHsist 0,1(2)
T CpepgHsst —
Cd - 0,001 (2)
Pb - 0,01 (2)
AKLieccopHble Hg - 0,0005 (1)
MUWKPOKOMTMOHEHTbI CONen Fe Cnabas (0,02) 0,3 (3)
Ti Cnabas (0,005) 0,1 (3)
Taxenble meTannbl v Cna6asi (0,05) 0.1 (3)
(cnabble MurpaHTbl)
Cr Cnabas (0,08) 0,05 (2)
Zr Cnabas (0,017) -
B OuyeHb cunbHas 0,5 (2)
Se CunbHas 0,01 (2)
[MonymeTannbl 1 HemeTanmMbl As CpepnHsis 0,01 (1)
Sb - 0,005 (2)
Ge - -

*Mpusenenbl no N 2.1.5.1315-03 «[MpegensHo gonyctnmble koHueHTpaumm (MAK) xumuyecknx BelecTs B BOAE BOAHbIX OObEKTOB XO3AWCTBEH-
HO-NUTLEBOIO W KyNbTYPHO-ObITOBOrO BOAOMOMb30BAHNSAY.

MAarHuit — B IVIMHUCTO-CO/EBBIX IIIaMaX 1 M3OBITOUHBIX paccorax. [l OTX0f0B IepepaboTKy CYIb(ATHBIX MECTOPOXKEHMIT
XapakTepHa 66nbinas fona npucyrcrsusa Ca u Mg. [JonomHUTeIbHOE yBeMYeHNe KOHIIEHTPALMM B IIOfI3eMHbBIX BOJAaX MOXKET
IIPOSIB/IATHCA B IIPOLiecce MOHHOIO OOMeHa IIpy B3aMMOZENICTBIUY HACBIIEHHDIX XTOPUJHBIX Ka/lIieBO-HATPUEBBIX PACCOIOB C
00OMEHHBIM KOMIUIEKCOM TepPUTEHHBIX IIOPO.

K umcrny Bemymux MUKpOKOMIIOHEHTOB COJIENl OTHOCATCS 2a/102eHbL, U4e/I04Hble U ujesiouHo3emenvHble memannsl. Cpenn ra-
JIOT€HOB 0COOEHHO BBIfIe/IICTCS 6pom — HarbosIee pacpoCTpaHEHHBI MUKPOKOMIIOHEHT Ka/IMITHBIX PyA. BraodaeTcst B Kpu-
CTa/UIMYECKYIO PelIeTKy KaJMITHBIX MIHEPasIoB IyTeM n3oMopdHoro samertenus Cl BcaegcTre 6IM30CTY MOHHBIX PaflyCOB.
Bpom mmpoxo pacnpocTpaHeH Kak B CMJIbBUHUTAX, TAK M B KAPHAUIUTOBO Topofie. PaccessHHbIE 3/1eMEHTDI, XapaKTe€PU3YIOTCA
BBICOKOJI TIOJBV>KHOCTBIO B BOZHBIX PacTBOpax. B oTxomax 6poM B HamOOIbIINX KOHLEHTPALIAX IPUCYTCTBYET B 0OOPOTHBIX
pacconax KapHa/UINTOBOTO NMPOM3BOJICTBA, B MEHBIINX — B CTOKAX XMMMWYECKOTO MPOM3BOJCTBA CUIbBUHMNTA, €llle B MEHbIINX
- B cTOKaxX ¢IoTanoHHbIX ¢pabpuk. CyliecTBEHHO cofiepKaHye OpoMa I B Ta/INTOBBIX OTXO/AX, IIPIYeM B OTXOAAX KapHa/JIN-
TOBOTO IIPOM3BOACTBA OHO BBIIIE, Y€M B OTXOfAX CHIBBMHUTOBOrO [5]. Teoxumus fioda nsyueHa 3HAUNTEIBHO Xy>Ke, M3BECTHBI
(baKTbI 0OHAPYXKEHMs €T0 B CUIbBUHNUTAX, IPUCYTCTBYeT B BBICOKOMIHEPATN30BAHHBIX PAcCoIax. DIeMeHTbl 00/1a/jaloT OUeHb
CUJIBHOJL CTIOCOOHOCTDIO K BOTHON MUTPALIVIN.

K MMKpOKOMIIOHEHTaM-IIIe/IOYHBIM MeTa/UIaM OTHOCATCS PyOUAMIL, TUTHIL, Lie3uit. Py6uouii BKIo4aeTcs B KpUCTaJUINde-
CKYIO pellIeTKY Ka/IMITHBIX MMHepaJIoB ITyTeM n3oMop¢dHoro samemnteHns K BemencTBue 61m30cTH HOHHBIX paguycos. Han6osb-
IIMe COffepXKaHusi pyOuans XapaKTepHbI /Il KAPHA/UINTOBBIX PYA. PaccesiHHbIE 37IEMEHTBI, XapPAaKTEPU3YIOTCSI BBICOKOI IIOJ-
BIDKHOCTBIO B BOJHBIX pacTBopax. IIpu oborameHny KapHa/IMTa 3HAYNTEIbHAS 4aCTb pyouans — 0 70 % — KOHI[eHTPUPYeTCst
B TOTOBOM IIPOAYKTe 06O0ralleHns KapHa//INTOBOI PyAibl. B ramnToBble OTXOMBI 11 MITTAMBI TIEPEXOAUT 0 3 % PyOumus, ocTab-
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Hasl 9acTh IIEPEXOAUT B COCTAB IPOM3BOACTBEHHbIX 11[e7TOKOB. Kpome Toro, KoHIeHTpauus pybunms (6omee 4eM B 2 pasa Bblllle,
YeM B MICXOFHOM Pyfie) IPOMCXORUT B OTPAbOTaHHOM 9/IEKTPOIUTE, 00Pas3yoIeMcs B IIPOLecce SMeKTPOIM3HOTO IPOU3BOLCTBA
MarHys U3 KapHA/UIUTOBOTO KOHIleHTpaTa [5]. IloBbIlIeHHAsA KOHLIEHTPALUA UM s XapaKTepHa I COJIEHOCHBIX IuH. Lle3uti
MOYKEeT BXOAMTDb B COCTaB KPVCTA/UINIECKON PeIIeTKV KapHA/UINTA. DIEeMEHTBl XapaKTepU3yITCsA CpefHell MHTEeHCUBHOCTHIO
BopiHOU Murpanyy, Huskumu IIJIK u Beicokum kimaccom omnacHoctu (II).

ITpucyTcTBIE LII0YHO3eMeTbHbIX META/IIOB — CTPOHIINSA U 6apiist — XapaKTePHO MJIst KaIMITHBIX COTIE! M OTXOJOB VX Iepe-
paboTtku. CrmpoHyuti B KOHIEHTPALMAX, IPEeBbIIIAIONINX KIaPKOBbIE, COTEP)KIUTCS B COMEHOCHBIX IMIMHAX. B 0TX0max KannitHo
IIPOMBILIJIEHHOCTH IIpeo6rafaeT B M3ObITOYHBIX pacconax. ObmafaeT BBICOKON CIIOCOOHOCTHIO K MUrpanui. B sHaunTenpbHOM
KO/IMYeCTBE IPUCYTCTBYeT B COCTaBe CTOYHBIX BOJ, OOHAPY>KeH IPY M3y4YeHNM IOA3eMHBIX BOJ KaJMIIHBIX PerMOHOB. bapuii
IIPUCYTCTBYET BO BCEX BUJAX OTXOJOB Ka/IMIHOJ IPOMBIIUICHHOCTI. B pyne Hambosblee KOIM4eCTBO XapaKTepHO UL Kap-
Ha/UINTOBOII IIOPOJIBL, IIPUCYTCTBYET B pacTBOpUMOIL popme. B cimpBrHMTAX Mato- u HepacTBopuMble popmer [10]. Hanbons-
I KOHL[EHTPALUI XapaKTepHbI /151 TBEPAOI (asbl IMHICTO-COMEBbIX HUTaMoB. CTPOHUNMIT U 6apuii JOCTATOYHO MHTEHCUBHO
MUTPUPYIOT B IIOfI3€MHBIX BOZIaX.

Cpenu MMPOKOTO CIIEKTPa MAMENbIX Memasinos, IPUCYTCTBYIOLINX B KaTUITHbBIX COMAX, 10 MHTeHCHBHOCTYU BOJIHO MUTpa-
LIVIM BBIJIe/IA€TCA 2 TPYIIIBI 97IEeMEHTOB. B CIIMICOK 9/1eMeHTOB, CIIOCOOHDIX K BOTHOI MUTpaLy, BKIodeHsl Mo, Zn, Cu, Ni u fp.
(tabm. 3). 151 6O/MBIIMHCTBA XapaKTePHO HAKOIUIEHVIE B CONIEHOCHBIX ITIVMHAX VI HEPACTBOPMMOM OCa/jKe Ka/IMITHbIX PY/ U IIPU-
JIETAIOIINX TOPU3OHTOB KaMEHHOII COMI. B IpoM3BOACTBEHHOM IIpOLiecce Mpy OTMbIBKE 1 06OTallleHNN Py KOHI[EHTPUPYIOT-
Cs1 [TTaBHBIM 00pa3oM B TBepoil (ase IIMHICTO-COMEBBIX IIAMOB U HALIPABIAIOTCS Ha CKIaAMPOBaHIe B IITAMOXPaHVINIIA.
Braropaps cnoco6HOCTY K BOFHON MUTPALy MOTYT IIEPEXOAUTD B COCTAB SKMAKOI (hasbl pacCooB I IIOCTYIIATh B TOPU3OHTHI
IIPeCHBIX IOA3eMHBbIX BOA. Ilof BysiHMEM aTMOCQEPHBIX 0CaKOB 3TU IIPOLeCChl MHTeHCUPUIMpyoTcs. [pymna sneMeHTOB
o6mamaer Huskumu I[TIK u Beicokumu kmaccamu omacuoctu (II-111).

Ko BTOpOI rpyIIIie OTHECEHBI 7IeMEHTHI, 00/IA/JAIOLIIIe MAJION PACTBOPYMOCTBIO U C1ab0il CIOCOGHOCTBIO K BOFHON MUTPALIIL
Jl/1st HUX XapaKTepHO HAKOIUIEHNE B 3HAYNTEIbHBIX KO/IITIECTBAX B TBEPHOII (pase IIMHICTO-COIEBBIX MTAMOB (0COOEHHO [IsI )Kere3a
¥ TUTAHa, 00/IaIAOIINX BBICOKMMI K/IAPKAMIT), OTMEUIeHO IIOBBIIIIEHHOE COflepXKaHue ykene3a 11 xpoma B crokax BKMC [30].

B He6O/mpIINX KOMMYeCTBaX MPUCYTCTBYIOT B KA/IMITHBIX PYAAX HOMyMemanivl u Hememannvl. s 60pa XxapaKTepHO IpK-
CYTCTBYE B KAMEHHOII CO/I M COIEHOCHBIX IMIMHAX. B Ka/IMITHBIX COMAX OH KOHLIEHTPUPYETCS MIPENUMYILIECTBEHHO B CYIb(aTHBIX
PasHOBUIHOCTSX, MeHee XapaKTepeH JyId XIopugHoro paspesa. ObmajaeT 04eHb BBICOKOIL OJIBVDKHOCTBIO B Bofe. [l 6opa,
CeJIeHa U MBIIIbSAKA OTMeYaeTCs MOBBILIEHNE IOfIBIDKHOCTY B coeHbIX Bofiax [32]. B BKMC 3a¢ukcupoBaHO HOBBIIEHHOE CO-
Iep>KaHue repMaHyA B COICHOCHBIX IJIMHAX, IPUCYTCTBYE MBIIIbSAKA B IOACTIIIAIONIE] KaMeHHOIT comu [10].

Takum 06pa3oM, IpUMeHEHNEe CXOTHBIX TeXHOIOTHIT ZOOBIUM, IEPePabOTKI ChIPbs, CKIAAMPOBAHNS OTXO/IOB, OIpeesi-
€MBIX COCTAaBOM DY, OOIHOCTD KIMMATUYECKIX YCIOBIIT TEPPUTOPUIL PACIIONIOKEHNMS KPYITHEMIINX Ka/TUITHBIX [IPOM3BOACTB
Be[yT K CXOXKMM TEXHOTE€HHBIM M3MEHEHNAM B XMMMUIECKOM COCTaBe IPUPOSHBIX BOZ U IIpeob/IafaolieMy HAKOIJIEHNIO B HIX
OTIpeJieNIeHHOTO MepevYHs XMMIYECKUX 37IeMEHTOB.
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Regularities of the chemical composition of technogenic
transformation which groundwater undergoes in the areas of the
potash deposits development

Pavel Andreevich Belkin, Perm State University
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Valeriy Nikolaevich Kataev,

kataev@psu.ru

The urgency of the work. Potash salts are an important and needed resource. Its development is steadily increasing in view of the sufficient level
of security and the growing need for the world economy. Production and processing of potassic salts lead to changes in the chemical composition
of various components of the natural environment in the areas of deposits. In particular, these changes are typical for the aquatic component of
ecosystems, which include groundwater zones of active water exchange.

The purpose of the work is to determine a set of chemical tracer elements of the potash industry impact on the composition of the underground
waters in the active water exchange zone. The characteristic of the sources of these elements in the aquatic environment is also the purpose of the
present study.

Research methodology. This paper summarizes data on the largest potash deposits in the world. The peculiarities of their genesis, methods of mining
of ore deposits and their enrichment are described here. The work gives characteristics of the chemical composition of ores potash deposits, and waste
potash production. It also gives the results of hydrochemical studies of groundwater in different regions of the extraction of potassium.

Results. The analysis showed that the largest potash deposits in the world were characterized by a predominance of chloride salts. The main mineral
component of the developed potash deposits in most cases is sylvin, carnallite and a group of sulphate minerals play a subordinate role. The
predominant number of industrially developed potash ores is deposits of solid minerals of salts, which are produced by the mine method. Enrichment
technologies are, in fact, represented by the two main methods: flotation method and chemical method.

Summary. As a result of research, the complex of the chemical elements defining the direction of transformation of chemical composition of
underground waters was allocated. This complex is divided into leading (Cl, Na, K) and secondary (S, Ca, Mg) macro components of salts subject
to their role in the formation of potash ore composition, the ability to water migration and the danger to humans. The micro components of salts
(halogen, alkaline and alkaline earth metals), as well as accessory micro components of salts (heavy metals, semi-metals and non-metals) are among
these components.

Keywords: groundwater; chemical composition; deposits of potassium salts; technogenesis; industrial waste; geochemical indicators.
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AKTYaABHOCTB PaBOTbl OOYCAOBAEHA HEOOXOAMMOCTBIO MPEACTBPALLEHMS! BPEAAQ, HAHOCMMOTO COBPEMEHHOM MH(PPACTPYKTYPE OMACHLIMY FEOAOTUYECKM-
MU NMPOLIeCCaMU U SIBAEHUSIMU.

Llean pa6oToI: MOKA3aTh MPUHLMIMAALHYIO BO3MOYKHOCTL M3YY€HMsI OMACHLIX MPUPOAHLIX M TEXHOTEHHBIX TEOAOTMYECKMX MPOLIECCOB C MOMOLILIO KOM-
MAEKCHBIX reoOn3nyeCckmX UCCAEAOBAHMMN.

MeTOoAOAOIMSI MCCAEAOBAHMS: B KAYECTBE OCHOBHBLIX METOAOB MCMOAb3OBAAMChL SAEKTPOPA3BEAKA M MAAOTAYOMHHAs CEMCMOPA3BEAKA, HA OAHOM U3
OBLEKTOB MPUMEHSIAACL PAAVOMETPMST. DAEKTPOPA3BEACUHDIE PAGOTDLI MPOBOAMAMCH METOAOM BEPTUKAABLHBIX SAEKTPUYECKMX 30HAMPOBaHmii (B23). Ce-
CMOPAa3BEAKA BbLINMOAHEHA METOAOM MPEAOMAEHHDIX BOAH (MI1B) B KOMOGMHALIMM C MHOFOKAHAALHLIM AHAAM3OM MOBEPXHOCTHBIX BOAH (MASW).
PesyAbTaTbl. DPGPEKTUBHLIM METOAOM MO BLISIBAEHMIO MOA3EMHbLIX MYyCTOT, OOPA30BABWMXCS B PE3YALTATE AEMCTBUMSI MPOLIECCOB KAPCTOOOPA30oBaHmst
MAM 3a CYET FOPHBIX PABOT, MPU3HAHA MAAOTAYOMHHASI CEMCMOPA3BEAKA. DTO CBSI3aHO C PE3KMM M3MEHEHMEM YIPYrMX CBOMCTB B PANOHE MyCTOTHOTO
MPOCTPAHCTBA M 30H PA3YNAOTHEHMSI TPYHTOB, YTO BLIPKAETCSI B MOSIBAEHUM KOHTPACTHLIX AHOMAaAM MOHMXKEHHbIX 3Ha4Y€HU Ha POHE OTHOCUTEALHO
OAHOPOAHOTO PACMPEAEAEHMST B OKPY KAIOWMX MOPOAAX. DAEKTPOPA3BEAKA MOMOraeT B CTPYKTYPHOM M AUTOAOTMYECKOM PACYAEHEHUM IPYHTOB MO DAEK-
TPUYECKMM CBOMCTBaM, A TAK)KE MO3BOASIET BLIAGASITL TPEWMHOBATLIE Y OOBOAHEHHDIE 30HDLI. PaAOMETPMST AAET BO3MOYKHOCTb YTOYHUTL OBAACTM PACipo-
CTPaHEeHMs1 U IPaHMLIbI KOPEHHLIX MOPOA PAa3HOro COCTaBa.

3akarouenne. KoMNAeKCMpPOBaHME reoPU3NYECKMX METOAOB MO3BOASIET MOAYYUTL BOABLIE AAHHLIX OO U3MEHEHMSIX (PM3MUYECKMX CBOMCTB FPYHTOB, YTO
AQET BO3MOXKHOCTL OMO3HATh U BLIAGAUTL OBAACTM BO3AEMCTBMSI OMACHLIX FEOAOTMYECKMX MPOLIECCOB. Pe3yAbtarbl paBoT CBUMAETEALCTBYIOT O BLICOKOM
3P PEKTUBHOCTU reoOU3NYECKUX UCCAEAOBAHUI MPU U3YYEHUM OMACHLIX FT€OAOTMYECKMX MPOLIECCOB MPUPOAHOTO M TEXHOTEHHOTO MPOUCXOXKAEHMSI.

KatodeBble cAOBA: MOA3EMHbIE MYCTOTbI; KAPCT; Cypdpo3ust; MPOCAAKA IPYHTA; (PUALTPALIMOHHbLIE YTEYKM; MAAOTAYOMHHAS CEMCMOPA3BEAKA; SAEKTPOPA3-
BeAKaA.

BEAeHMe
OmnacHble reoornyeckie MpoLecchl U ABJIEHN MOTYT HAaHOCUTb 3HAYMTE/IbHBI yllepd cOBpeMeHHOI MHppa-
cTpykrype. OZHUM U3 TaKMX IIPOLIECCOB ABJIAETCS BBIIIeJIaYMBaHMe TOPHBIX IOPOX ¢ 00pa3oBaHUEM IOJ3EeMHBIX
IyCTOT WM KapcTa. Ha MOBepXHOCTHM MpOIL[ecchl KapCTOOOPa3oBaHNsI YaCTO IPOSB/IAIOTCA B BUJE BOPOHOK, 0OPa3yIOLIIXCs
py 06PYILIEHNN MTOfI3eMHbIX [OI0CTeit. VI3BeCTHBI C/Ty4an BOSHMKHOBEHN 110 BIHE KapCTa OIO/I3HEl U IPOBAJIOB, KOTZA MOf,
3eMJII0 YXOJMIIN LieJIble CEeIeHM s, MeJIeN O3epa M U3MEHANINCh TedeHNs peK. B pesynbrare 4enoBedecKoi AeATeTbHOCTI OSABU-
JIMCD TIOAI3EMHBIE ITYCTOTHI ICKYCCTBEHHOTO IPOUCXOXK/IEHNA — TOPHbIE BBIPAOOTKY VM TOHHENN, TAKXKe ABIAIINeCS 00'beKTaMu
IIOBBILICHHOI OIIaCHOCTH. TeXHOreHHOe IIpeobpa3oBaHyie Cpefbl 3a4acTYI0 IPUBOAUT K aKTMBM3ALMY IIPUPOJHBIX IIPOLECCOB,
IIPUBOJS K HeXXeIaTe/bHBIM HOCefCTBUAM. OCOOEHHO CIMIDHO 9TO NPOAB/IAETCA IPY HapPYIIEHUN peXVMa INOBEPXHOCTHBIX
U HOA3eMHBIX BOJ, B KaueCTBe IPMMEPOB MOXXHO YIIOMSHYTb 00e3BOXKMBaHNUe 1IN 3ab0/1aunBaHme OOMPHBIX TEPPUTOPUIL,
3aTOI/IEHNE TOHHe/ell U TOPHBIX BBIPAOOTOK, IPOPbIB IVIOTUH UCKYCCTBEHHBIX BogoxpaHumil. CocpefoTodeHHas GuIbTpa-
I1M51 BOZIBI M3 TIPOMBIIIIEHHOTO IIPY/ia-OTCTOMHMKA MOXKeT IIPUBECTU K Pa3MbIBY JaMOBI U 9KOJIOTMYECKOIT KaTacTpode. YToObI
IPeNOTBPATUTD BPell, HAHOCUMBIil T€0IOTMYEeCKMMI IIPOIieccaMy, HeoOXOAMMO MONyYeHNe BCeCTOPOHHEI MHPOPMALUN /I
U3Y4eHMsI CUTYalluu U KOHTPOJIA HaJ ee pa3BuTyueM. bypeHue M3bICKaTeNbCKIUX Y HAOMIOAAaTeIbHBIX CKBaXKVH II03BOIAET IO-
JIy4nTh HEOOXOAMMBIE JAaHHBIE, HO MOXKET OKAa3aThCsI C/IMIIKOM AOPOTUM VIV HEJOCTATOYHO A€TaIbHBIM. B aTOM ciydae 6omee
PALMOHA/IBHO IIPUBJIeYeH e Te0(I3NIECKIX METOOB KaK /I OIEPeXXAOMINX paboT, TaK U AJIst YBeIUIeHNs 001l feTannsa-
. TIpy 9TOM >KemaTebHO MPUMEHATh KOMIIIEKCHPOBaHIe HECKOTIbKIX METOJI0B, 6a30BBIMMU 13 KOTOPBIX SAB/IAIOTCA CEIICMO-
pasBefiKa 11 37IeKTPOpasBeKa.

['maBHas 11e7b pabOTHI — MOKA3aTh IPUHININANBHYI0 BOSMOXKHOCTD M3y4eHM OIACHBIX T€0IOIMYIECKIX ITPOIIECCOB € TIOMO-
I[bI0 KOMIUICKCHBIX reo(pu3nIecKux uccnefoBanmii. K OCHOBHBIM 3a/jadaM OTHOCUTCS BbIfieJieHVe reopU3NYecKIX aHOMaINIL,
CBA3aHHBIX C Cy(Do3melt, KaPCTOM, O3 MHBIMY TOPHBIMY BBIPAOOTKAMI JI MECTAMU [TOBBIIIEHHOI (PUIBTPALIUI U3 OTCTOI-
HIKOB-HAaKOIINTeNell IPOMBIIITIEHHBIX OTXO/IOB.

Mertoamka pabort

CeitcMmyecke U3MepeHNs IPOBOVINCH 24-KaHaIbHO MOpTaTUBHON Ludposoit ceitcMoctannueit CUHYC-24M (UT'®
YpO PAH, r. Exatepnu6ypr) ¢ TBeproTenbHO maMAThIo [1]. CeilcMopasBenouHble pabOThI BBIIIOMHEHBI 110 METOLVIKE KOMOVHN-
POBaHHBIX HAOMIOIEHNMIT METOIOM TIpenoMIeHHbIX BoH (MIIB) 1 MHOrOKaHaIbHOTO aHa/IM3a MOBEPXHOCTHBIX BOMH (MASW)
[2, 3] mna monydeHnA MHPOpPMAIVM IO CKOPOCTAM MPOJOIbHBIX I MOIIEPEYHbIX BOJIH. B KayecTBe JeTeKTOPOB CeMICMIYECKIX
KO/IebaHNIT NCII0/IB30BAHbI BepTUKanbHble cericmonpueMunku GS-20DX («leocmeiic Texuonomxuc EBpasusi», 1. Ya) ¢ yera-
HOBKOIT 4epes 2 M. HabmofeHns 0CyIeCTB/IANMNCD IO CHCTeMe BCTPEYHbIX U HATOHSIOLINX roforpadoB ¢ 7 MyHKTaMu Bo36y-
xpenus (I1B) Ha opHy cTosaHKY. [/ BO36y>K/ieHNsA KoMebaHNIT MICIIONb30BaNach KyBajja C MeTaJUTMYeCKOIT TTOJITTOXKKOIL B BUJE
mromaaky. OTMETKa MOMEHTA OCYIECTBIANAC OT IIbe30/jaTyyKa Vi IlepeflaBaach B CTAHLIMIO IO IePeroBOPHON TMHNN. BpeMs
IMCKpeTH3aLuy NOoMy4aeMoro curHaia t = 0,5 Mc, IIMHa 3alycy Noe3HbIX BomH — 0,512 c. g obecnedenns IyOMHHOCTI
IIpUMeHAINCh BBIHOCH I1B Ha 25 M 1 13 M OT Kpas KOCBI, JOCTUTHYTas IIybrHa uccnefpoBanuii cocraBmia 20 M. KagectBo
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HOJY4eHHBIX CeJICMOTPaMM IIPOBEPSIOCh HEIIOCPEICTBEHHO B IojIe. [/ MCKIIoUeHNA CefICMIYeCKIX MTOMeX MCII0/Ib30BaIoCh
HaKOIUIeHVe CUTHAIOB (CYMMUPOBaHMe) OT HECKOIbKVUX YAapOB, IIPU CUIbHBIX CETEBBIX IIOMeXaX BK/IIOYA/ICA PEXKEKTOPHBIN
¢wbTp. Ilepen HauasioM pabOThI Ha KaXK/I0il HOBOJI CTOSHKE IIPOM3BOMMIIACH 3aIIVICh MUKPOCeicMIYecKoro GpoHa.

[Tonesple 3amycy CEMICMMYECKNX TPACC IEPENMChIBANINCD M3 TTAMATHU CEIICMOCTAHIVY B KOMIIbIOTEP U KOHBEPTVPOBATINICDH
B cTaHfapTHbIe popmarsl cericMudeckoit samucu SEG-2 u SEGY. Best 06paboTka cericMOpa3BefOUHbIX JAHHBIX [IPOBOAVIIACH
110 CIeIMaNTN3IPOBaHHBIM HporpammaM. O6paboTKa celicMMYecKUX NaHHBIX pasfe/siiach Ha fiBa 9Tala B COOTBETCTBUM C TH-
TIOM LieJIeBBIX BOMH. AJroput™ 06paboTku ceiicMorpamMm MIIB sakimodancs B BBIOOPOYHOI! (GUIBTPALIUY CUTHAIIA, BBIIETICHUN
U TIPOCTIeKUBAHUM (a3 MPeTOM/IEHHBIX BOH, (a3oBOll KOPPE/AINY C MePBLIMY BCTYIVIEHUAMY M MOCTPOEHUM roforpados.
Tomorpadbl KOppeKTHPOBATIICH U YBA3BIBAMUCH MEX[Y cO0O0JI IT0 B3aMMHBIM BpeMeHaM, a 3aTeM IIepeCUNTHIBAIICh CIOCO60M
BpEMEHN 3a/ePXKKIL /IS TOCTPOEHNST CEIICMITIECKIX IIPe/IOMISTIONINX IpaHuI [4] n tomorpaduaeckum criocobom (kak pedpa-
IMpOBaHble BOIHBI) IISl OIY4eHA CKOPOCTHBIX pa3pe30B IPOJOIbHbBIX BOIH. BTOpBIM THIIOM Ije/IeBBIX BOJIH ABJLA/INCH BOTHBI
Pertesi, K KOTOPBIM HMPUMEHSICS BAPUAHT CYMMUPOBAHNS CIIEKTPOB B CKOJIb3sIIIEM OKHe JI/Is IIOMy4eHus 60mee KOHTPACTHBIX
IUCHEPCHOHHBIX KPUBBIX, KOTOPbIE 3aTeM KOHBEPTHPOBAINCh B CKOPOCTHOI pa3pes3 IONepPevHbIX BOMH. TakuM 06pasoMm, Mo
Ka>K/IOMY IPO]UIIIO MOMTy4eHbl KOHPUIYPALVS HPeTOMIIAIONINX IPAaHNI] M CKOPOCTHBIE CeliCMIYecKye pa3pesbl POJOIbHBIX U
IIOIIePEYHBIX BOJIH, II0 KOTOPBIM paccumMThIBamuch Koo duuments! [Tyaccona. IIpuMeHeHne CIeKTpanibHOTO aHaIM3a [IOBEPX-
HOCTHBIX BOJIH JyI1 M3Y4YeHN A Pas3/IYHbIX IPUPOSHBIX I UCKYCCTBEHHBIX 0O'beKTOB B HACTOsAIee BpeMs IIMPOKO IPAKTUKYETC S
3a pybesxoM [5, 6], a Taroke IPUHATO Ha BOOPY)KEHIEe OTedeCTBeHHbIMM reodusnukamu [7, 8].

O6paboTKa U MHTepIpeTalns CeliCMOPasBeJOUHbIX JaHHBIX OCYIIECTB/IIACh C HOMOIIbI0 Iporpamm Sinus24 (VIT® YpO
PAH, r. Ekarepun6ypr), Seisimager/2D u SeisImager/SW (Geometrics, USA).

BepTukanbHble a71eKTpUYecKlie 30HAMPOBAHNUA BBINOMHAMNCH anmapaTypoit ERA-MAX Ha yacTore 4,88 IT1 o cTtanpgapT-
Holt Metopuke. [Tpu pabore MCIIOMb30BANIUCh CTa/IbHbIE IIPUEMHBbIe 1 IMTAOLYe MEKTPOADI JINHOI 1,2 M 1 auamerpoMm 10
MM, COeVHNTeNbHbIe TpoBofa MapKu IIBP. [ nposenenns n3MepeHuil IpUMEHANACh YeThIPeXa7IeKTPORHAA CMMeTPUYHAA
(Il rromMbepske) 1IN AUIIONBHO-OCEBAsl YCTAHOBKA. PasHOCH M3MEHSUIICH OT 3 710 60 M, pasMep IPIEMHOI IMHIN PaBHSIICS 2 M.
ITpu nCII0/1b30BAaHNY UIOIBHO-OCEBOIT YCTAHOBKM pasMepsl gumnoneit AB u MN paBHsimach 1 M. Bennunna pasHocoB BbIOU-
pajach MCXOMs U3 HEOOXONMMOI ITTyOMHBI MCCIEOBAHNA ¥ BO3MOXHOCTI OeCIPEIATCTBEHHO PACTSAHYTDb JIMHUIO IUTAHUAL.
Bce pesynbraThl M3MepeHMit 3aMChIBA/IICh B II0/IEBOI SKypHAL. Kakyleecs yiebHOe 3leKTpUYeCcKoe CONPOTUB/IeHNe TPYHTa
BBIYVICIIATIOCH IO GopMyTIe:

p, = KAU/I,

rfie p,_ — Kaxyujeecs conpotusnenne, OM - m); K — koapdurment ycranosku; AU — pasHOCTb OTeHIMAN0B, MB; I — cuna Toka,
MA.
KoaddunmenT ycraHOBKY onpenensncs mo gpopmynam:

K=mn-AM - AN/MN pns usmepurenpHoii ycranosku Illmomoepike;
K =mnR/AB - MN py1s1 [UIIOZIBHO-0CEBOI YCTaHOBKI,

rae R — paccToAHMe MeXly IeHTpaMI IIPMEMHBIX ¥ MUTAIOIUX JUIOTIEN.

VIHTepnperanus pe3ynbTaToB U3MepeHMil IpoBefeHa B mporpamme Zond-IP [9], paspaboTanHoii B JlabopaTopyu MMITy/IbC-
HoIt 9mekTpopassenku BVUPT-Pynreodpusnka A. E. Kamunuckum. C MOMOIIBIO JAHHOI IPOrPaMMBI ObI/T BBIIIO/THEH KOMIUIEKC pa-
60T, BK/TIOYAIOINIT IEPBUYHYI0 06pabOTKY II0IeBOTO MaTepuasa, Ka4eCTBEHHYIO 1 KOIMYeCTBEeHHYI0 nHTepnperanuio. Ha sTa-
Ile Ka4eCTBEHHOI MHTepIpeTal[M pelllalch BOIPOCH N3y4eHNA XapaKTepa MPOCTPAHCTBEHHOTO U3MEHEeHM STIeKTPUUECKIX
CBOJICTB cpeppl. /st 9TOII ey 61N IOTyYeHbl paspe3bl KaXXYIXCs COIPOTUBIICHNUI, XapaKTepU3yoliiyie ISMeHeH e S7eK-
TPUYECKMX CBOJCTB C IIyOMHOI. [/ onpeneneHyst KOMM4YeCTBEHHBIX IIapaMeTPOB — MOIHOCTEI U YAE/NIbHBIX 9MeKTPUIeCKUX
conpotusnennit (YOC) 0CHOBHBIX ITaueK IOPOJ] Fe0JIOTMYECKOro pasdpesa — OblIa BBIIIOTHEHA OJfHOMEPHAs MHBEPCUsI JAHHBIX
9/IEKTPUYECKOTO 30HUPOBAHIISA 10 MPOGIIsIM. B pesy/praTe MHTEPIIPETALVI [TOTYYeHBI Fe03IEKTPIIECKIe paspessl, 0ToOpa-
JKAIoIIie 0COOEHHOCTIE CTPOSHMS 1 XapaKTep M3MEHEHVSI 9JIEKTPUIECKIX CBOVICTB OCHOBHBIX C/TO€B, CTATAOIIUX pas3pes.

B xauecTBe mapameTpM4ecKOro MaTepuana i TUTOMOTMIECKON MPUBA3KYU TeopU3NIeCKUX TPAHNUIl M T€OTOTNIECKOTO
VICTO/IKOBAHNA IOy YaeMBbIX CEIICMUYECKIUX U 3TIEKTPOMETPUYECKUX HAHHDIX MCIIO/Ib30BAHBI Pe3y/IbTaThl OyPEeHNs NHKEeHEePHO-
TeOIOIMYeCKMX CKBOKMH. MexaH1deckoe KOJIOHKOBOe OypeHye CKBaKMH BBIIOJIHEHO cTaHKoM YPB-2A-2 nuameTrpom 132 MM
€ 0T6OpPOM KepHa.

PesyAbtatnl nccreaoBaHmm

Kapcmosevie npoueccot

OTKpBITBIN KapCT MPOABNAETCA B BUfI€ BBIXO/A HA IHEBHYIO TOBEPXHOCTDb NIPOBA/IOB I BOPOHOK B KPOBJIE CAMUX KapCTy-
IOLIMXCSI TTOPOJ. 3aKPBITHII KapCT — 9TO IIOJIOCTU PA3NUYHOI (HOPMBI B KapCTYIOLEICS MOPOHeE, IePeKPbITbie MacCHBHBIMU
IIOPOZiaMM VIV PBIXIBIMK OcapgKaMu. I1o/IocTy MOryT OBITh 3aIlOJTHEHbI BO3YXOM, BOJOM, IeCYaHO-IIMHUCTHIMU cyddosu-
OHHBIMI 00pasoBaHMsAMU. K 3aKpBITOMY KapCTy, IO OIIPefje/leHNI0, MOXXHO OTHOCUTD IIEPEKPBITHIE CJIOSIMI OCAOIHBIX TOPOJ,
IpudyAIuBble GOPMbI IPEBHETO BBIBETPVBAHIS OBEPXHOCTHU KAPCTYIOUIMXCS IIOPOJ: KappPbl, CYXOO/IBI, BOPOHKI, 9PO3UOH-
Hble fonuHbL [1py nccnenoBanny Bcex Gpopm Kapcra 60JIbIION MOIYIIPHOCTDHIO IIOIb3YIOTCS re0(U3IYecKie MEeTOMIbI UCCTIENO-
BaHUIL, SABJAIOLIMECS Hanbojlee OlepaTUBHBIMM 1 JOCTaTOYHO MHpopmaruBHbiMy [10, 11]. CaMu KapcTyoLIecst HOPOSBI: U3-
BeCTHSIK, [JOTIOMUTBI, TUIICBI, COMM — 110 PU3NYECKUM CBOCTBAM SAB/AIOTCA TUINYHBIMY IPeICTaBUTEISIMIA CKATbHBIX TOPOZ.
Omnn 06/mafaloT cpefHelt ¥ BBICOKOJT aKyCTIYeCKOIT )KeCTKOCTBIO, IVIOTHbIE, HeMarHUTHbIE, Hepail0aKTUBHBIE (3a MCKITI0OYeHIeM
Ka/IMITHBIX COJIelt) ¥ BBICOKOOMHBIE. [10/10CTh, 3aII0/THEHHAST BIQXKHBIMI PHIX/IBIMY [1€CYaHO-T/IMHICTHIMYU TOPOJAMH, XapaKTe-
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PucyHok 1. Pe3ynbraTthl reocpmsnyeckux pabot Ha kapctoonacHoM y4vacTke (r. KyHryp, Mepmckui kpai). @ — CKOPOCTHOW CeCMUYECKUiA
pa3pes NpoforbHbIX BOSH; 6 — pa3pes koadduumeHTa NyaccoHa. 1 — HAaCbINHOW rPYHT CyrMMHKUCTOro coctasa (p = 23—-44 Om - M); 2 — rmuHa
antoBuanbHas (p = 10-17 Om - m); 3 — noacTunaroLme nopoapl (p = 280-2000 Om - M); 4 — OPUEHTUPOBOYHOE MOSIOKEHNE KPOBMMN KApPCTYHOLLMX-
Cs1 opoz No CENCMUYECKUM AaHHBIM; 5 — 30HbI NpeanonaraeMoro passuTus kapcTa.

Figure 1. The results of geophysical work on the karst-hazard area (Kungur, Perm region).

pusyerca semmunHaMn YO C okomo 20-80 OM x M 1 HEBBICOKVMMI 3HAYEHMAMHI CKOPOCTET MPOJOIbHBIX (fup =300-1500 m/c) u
nornepeyHbIx BoH (v, = 150-600 m/c).

Jlanee mpuBeeHbl MaTepyabl 0 N3YYEHUIO 3aKPhITOTO KapcTa Ha I0)KHOI okpanHe I. Kynryp Ilepmckoro kpas. Y4acTok
paboT HaxommTCs B Mexaypeube pek CouiBa 1 Vipews, Ha IV HapgmoiimenHoit Teppace p. CpuiBbL. B reonorndeckom paspese
yCTaHaBIMBAETCA YeThIPE TUIIA OT/IOKEHNI. IIoBepXHOCTD MOKphIBaeT YeTBEPTUIHDIN Q TepPacOBbIil KOMIIZIEKC, BK/TIOYAOLINIA
CYIIVHKM M IJIMHBI C TpaByieM. I10f1 aioByaIbHO- Ae/TI0BYaIbHBIM IJIMHMCTBIM IIOKPOBOM 3ajIeraeT FOPU3OHT KPYIHOOOI0MOY-
HBIX KapPCTOBO-00BAIbHBIX OT/IOKEHNIT MOILIHOCTBIO /10 10 M, B COCTaB KOTOPBIX BXOSIT CYIIMHKIY U [/IMHBI CO IjeOHEeM I I7IbI-
6amu KapOOHATHBIX I Cy/Ib(aTHBIX MOPOf. KpynHOo610MOUHBIE OT/IOXKEHNST 00PAa30BA/INCh B TEUEHNE JINTETIBHOTO BPEMEHIL,
HauyMHas ¢ HeoreHa N, BCTIEIICTBIE PACTBOPEHMs CyTbPATHBIX MOPOJ KYHTYPCKOTO APYCa M HAKOTIEHUs 067TOMKOB ClTabopacT-
BOPMMBIX KapOOHATHBIX ITOPOJ. PBIX/IbINT MOKPOB JTOXMUTCS Ha TUIICHI M @HTUPUTHI LIATAITHUHCKOI MTa4KM, TaM, T7je OHU pas-
PyIIEHBI Ha TOTOMUTHI HEBOMHCKON TTAYKY MPEHCKOTO TOPU30HTA KYHTYPCKOTo Apyca P k. O61mas MOIIHOCTb KapCTyOmMXCs
opog, 25-30 M. VIpeHCKnmit TOpM3OHT HOACTMIAeTCA MOLIHOI TOMIIE JOOMUTOB ¥ VI3BECTHAKOB HIDKHETO (DMIIMIIIIOBCKOTO
TOPU3OHTA KyHTYpCKOro sApyca P kP, YuacTok mccnemoBanms oTHOCUTCA K HIDKHECBUIBEHCKOMY PaiiOHy TMIICOBOTO U Kap6o-
HaTHO-TUIICOBOTO MHTEHCHUBHOTO KapcTa [12]. Ha reppuropuu KyHrypa 1 ero okpecTHOCTeN IIMPOKO Pa3BUTHI KAPCTOBBIE IIPO-
L[eCCBI, CBsI3aHHBIE C BBILIe/Ta4YnBaHNeM CYIbhaTHbIX TOpof. Tamble CHETOBBIE 1 JOXK/EBbIE BOADI, IPOHNUKAs 10 PYHIAMEHTHI,
BBI3BIBAIOT 0OBOJHEHNE U 0CaKy pyHaMeHTa cTpoenuit. Ocobble ycmoBus A/s Cy$h(HO3MOHHO-KapCTOBBIX IIPOL[ECCOB CO3/IaeT
TOBBILIEHHBIN YK/IOH 36MHOI TOBEPXHOCTH, ONPENeAIONINII CTOK IIOBEPXHOCTHBIX Bofi. O6C/IenyeMbli MMKPOpPAloH pacIoa-
raeTcs Ha OCTaHIle M3BECTHAKOB BOIM3M OOPBIBICTOrO CITyCKa B JOMMHY p. VIpeHb ¢ mepenanoM BbICOT 6omee 20 M.

Teo¢usuueckue nccnefoBaHNA IIPOBOAWINICH BO JBOPE I0OMa, Ha KOTOPOM 3aMe4eHO IIOSB/ICHUe TPEIUH, A1 YTOYHEeHUA
0e30IIaCHOCTH ero fajbHelieit skciyryaranym. OCHOBHOI 3afadell CTAaBUIOCh OIpefeieHNe YIaCTKOB, II0ABEP)KEeHHBIX IIPO-
I[eccy KapcTooOpasoBaHms, B HEIIOCPECTBEHHOIT O/IM30CTH OT HoMa. B cocTa paboT BXxOMIa KOMIIIEKCHAST MaIOITyOuHHAs
ceiicmopassezka (MIIB + MASW) u anektpopassenka metogom B93. Cericmmrdeckuit mpodub IpOXORNII BAOIb I0r0-3aafHO
CTeHBI, B 3 M ot foMma. [IpoBectn usMepenns B93 B6musu foma 66110 HEBO3MOYKHO 113-3a SKPAHUPYIOIIErO BIVAHUA CTaTbHBIX
KaHa/IM3aLMOHHBIX TPYO, YIOXKEHHBIX PSAIOM, I09TOMY TOYKY 30H/IMPOBaHNA BBIOUPaIICh co cMeleHeM. Hamnune acanpru-
POBaHHBIX JOPOXKEK 11 OETOHHBIX IUIOLIAZOK IIPUBEJIO K OTPaHMYEHNIO HEKOTOPBIX pasHocoB BO3. Pesybrarsl reodusndeckie
pabot, opopMIeHHBIe B BUJIe CEIICMIYECKIX Pa3pe3oB 1 KOIIOHOK B33, mpexncrapiens! Ha puc. 1.

IMony4ennsle rogorpads! He MO3BOJIAIOT OMTYIUTD IIPETOMISIONINE IPAHNUIIBL, TAK KaK O/IM3KY 110 BUAY K rogorpadam ped-
parupoBaHHbIX BOTH. OfHAaKO 10 M3MEHEHMIO CeiiCMIYeCKMX cKopocTeit 1 koadduunenTa [TyaccoHa (L yAanoch IPOCIeHUTh
TPU OCHOBHBIX CTPYKTYPHBIX 3JIeMeHTa paspesa. Bepxuuit cnoit (oT 2 5o 10 M) OTHOCKUTCA K PBIXIBIM TePPUTEHHBIM IPYH-
TaM (CYIJIMHOK, HAaCBIIHOJ I'PYHT) C MIOHVDKEHHBIMY CKOPOCTAMM NPORONbHBIX (v = 250-600 M/C) U HOIEepeYHBbIX BOIH (fus =
150-300 m/c) n HuskuMU 3Ha4eHMAMHU Koadduiyenta Ilyaccona (p < 0,15). Ipannija peIX/IBIX OTIOXKEHUI NPUOIU3UTEIBHO
COOTBETCTBYET CKOPOCTHOI U3O/IVHNUN v, =700 m/c (puc. 1). Bropoit u TpeTuii ropu3OHTBI CBSI3QHBL ¢ KAPOOHATHO-TUIICOBBIMI
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KapCTYIOMUMUCA TOPOJAMM, OTINYAIONIMMICS 110 CTPYKTYPHO-IIPOYHOCTHBIM XapaKTepUCTHKaM. PasnennTb kapbOHaTHBIE U
cynbdaTHbIe IOPOABI IO YIPYTUM CBOVICTBAM He IPefCTaBIACTCS BO3SMOXKHBIM. CKOPOCTI CeliCMUYECKUX BOJIH B 00euX pas-
HOBIJIHOCTSIX 3HAYMTEIHHO HIKE TUIIOBBIX CKOPOCTEll B MOHOMMTHBIX MOPOJAX. Tak, CKOPOCTH MPOSONBHBIX BOMH v, COCTAB-
na10T 700-1500 M/c, a MaKCUManbHasA CKOPOCTD IONIEPEYHbIX BOMH focTuraeT 650 m/c. Ha ckopocTHBIX paspesax MpOJOIbHBIX
BOJIH BBIJIEJIAIOTCA iBE Jlellpeccun B palioHax oTMeToK 30-40 M n 60-70 M. V30mmHNM CKOpOCTEl IONepeYHbIX BOIH U, HOCST
IUTIaBHBII XapaKTep, MOHOTOHHO Bo3pacTas ¢ mybuHoit. Hanbonee mokasaTe/bHBIM YIPYTUM NapaMeTPOM JJIs OIIpefie/eHNs
KaBepPHO3HBIX 30H U UJIeHTU(PUKAIVI NOf3eMHBIX IIYCTOT ABJAeTcA KoadduiuenT ITyaccona. Ero HopManbHble 3HaYeHNS IS
MOHOIUTHBIX ¥ €710 [VCTOLMPOBAHHBIX TOPOX cOCTaBIsAT 0,25-0,45; 3HadeHus (L < 0,15 CBUIETENBCTBYIOT O CUIBHOM pas-
YIUIOTHEHUY TPYHTOB, XapaKTEPHOM J/Is TPEIJMHOBATO-KaBEPHO3HBIX MOPOJ, a HyJIeBble U Ka)KyIIMecs OTpUIlaTe/IbHble 3Ha-
YeHMs (L MTO3BOJLIIOT BBIEMUTD IOA3eMHble MycTOTH! [13]. Ha momydenHoM paspese koad¢uiuenta IIyaccona BbIeISIOTCS
IBe 30HBI AaHOMaJIbHO HU3KMX 3HadeHuit Ha rry6une 12-18 m (ITK 30-40 M 1 60-65 M), roBOpsiLijyie O BO3MOXKHOM HapyIIeHNN
CTPYKTYPHOI! LIeJIOCTHOCTU 'PYHTOB ¢ 00pa3oBaHueM KaBepH M IOA3EMHBIX IIyCTOT. Pesymbrarel BO3 Ha oTMeTke 65 M (B-6)
HOATBEP>KIAI0T Ha/II4Me 371eCh KAPCTOBOI BOPOHKI, 3aII0JTHEHHOI! ITTMHUCTBIMI OT/IO>KEHNUAMY [0 TTy6uHBI 16 M. O HavyaBIIeit-
csl MpocajiKe TPyHTa CBUTETENbCTBYET IOAB/IEHNE TPEIMH Ha CTEHE JJOMa I B OIHOM U3 KBapTup. AHoManus B paitone 11K 30-40
M yKasbIBaeT Ha BepOsITHOE HAXOX/eHMe ellfe 6o/mee 00beMHOI KapCTOBOI IOOCTIL.

Iloo3emmvie svipabomru

Criepyroruit 06beKT MCCIeTOBAHMI IPEACTABIIIET COOOI 3eMebHbII YIACTOK IO CTPOUTEIbCTBO CHOPTUBHOTO KOMIIIEK-
ca B I. bepesoscknit CBeppnoBckoit o6mactu. OH pacronaraeTcsl Hajl IaXTHBIM H0JIeM Bepes3oBcKoro 3010TOpyAIHOTO MecTo-
POXJEHV U MOXKeT IIOfBepraThCsA IIPOCaJOYHBIM ABJIeHMAM. [OpHbIe BEIPaOOTKY IPOXOIAT 110 JaliKaM IUIarYorpaHuT-nopdu-
POB, CEKyIIMX BMeIAolIle BY/IKAaHOT€HHO-0Ca/JoOYHble Opoyibl. JJaiiky MPOHM3AHbI «IECTHUYHBIMM» KBapPLEBbIMU KUIAMM,
C KOTOPBIMM U CBA3aHO 307I0TOCY/Ib(UIHOE opyneHeHMe [14]. B reonorndyeckom cTpoeHNM mpuleraolieil K y4acTKy TeppuTo-
pUU IPUHUMAIOT YYaCTe BY/IKAHOT€HHbIE IIOPOJBI OCHOBHOTO COCTaBa — 6asanbTsl. YeTBepTUUHBIE IOPOJDL B Padpe3e yIacTKa
IIPEZICTABIEHDI C/I0EM 3/I0BMANIbHBIX CYITIMHKOB U CyIIeceil, KOTOpble, B CBOIO O4epefib, IePEKPHITH HACHIIHBIMM IPYHTaMM.
Cor/1acHO MMeIoIIeNics PYAHUYHO NOKYMEHTALUN, YIaCTOK pa60T HAaXOJWTCA B pallOHe BbIXOZIa HA IIOBEPXHOCTD Hamkm Ne 72,
Ha IUIOLAJM, He 3aTPOHYTOl TOPHBIMYU paboTaMI. B CBA3M ¢ HEJOCTATOYHO COXPAHMBIIVMICS apXMBHBIMU MaTepyaaaMu IO
IIOIPabOTAHHOCTI IIOBEPXHOCTH JI1 YCTAHOBJIEHMS 30H OIIACHOTO CABVDKEHNA bepe3oBCcKumil pyoTHIUK peKOMEH/[0BaJI IIPOBECTHI
UHKeHepHO-TeodusnuecKkme 13bIcKanus. leodusndeckue paboTbl MPOBOAWINCH Ha IPOEKTUPYEMBIX MECTOIIONIOXEHNAX 00b-
€KTOB CTPONUTENbCTBA 110 BBIABICHIIO BO3SMOXKHBIX ITyCTOT OT He YMC/LAIIMXCA Y He 3aJOKYMEHTVPOBaHHBIX TOPHBIX BBIPAO0TOK
U YCTPAaHEHMIO X BPEQHOTO BJIVISHIIS HA CTPOSIMecss 00BbeKThl. B 3ajaunm mccmefoBanmit BXOAWIO BBISB/ICHNE TEXHOT€HHBIX
M3MEHEHUIT, BBI3BaHHBIX NOAPabOTKOIT TeppUTOPIUYU TOPHBIMI pabOTaMI1, @ TAK)Ke OIpeielieHNe YCTIOBUII 3a/leTaHNsA KOPeHHBIX
TTOPOJ], ¥ TOKPBIBAIOIMX VX PBIX/IBIX OTIOXKEHMIA.

ITpoBopuBIIMecs: paHee aHAIOTMYHbIE MCCTeLOBAHN TI0Ka3aau BBICOKYIO 9 PeKTIBHOCTb OOHAPYKEHMs CTaphIX BBIpa-
60ToK ceiicMopasBenkoit MIIB, eciyu M3BeCTHO TOYHOE HOJIOXKEHME Ha MECTHOCTY aeK IUIaruorpanut-nopgupos [15]. Ina
JIOKa/IM3aLNy JaeK OOBIYHO UCIIOIb30BA/INCh MMEIOI[eCst MapKILeliflepCKIe I TOPHO-Te0/IOTYecKye IJIaHbl, a B CIy4ae UX OT-
CYTCTBUA — JaHHBIE IPYTUX reousndeckux MetopoB. Haubonee mpocThiM 1 HaJle>XKHBIM METOIOM BbIJE/ICHNA JJaeK OKa3anach
pafMoMeTpus, TaK KaK IUIaTMOTPAHMUTHI COJEP>KAT TMOBbIIIEHHbIE KOHIEHTPALMM €CTeCTBEHHBIX PaJjIOaKTUBHBIX 3/IEMEHTOB.
9Ta 0COOEHHOCTD TABHO UCIIONB3YETCs TIPK KapoTaXke 6YPOB3PbIBHBIX CKBOKMH B LIIaXTaX PYAHUKA, a Tellepb IPUMEHAETC U
ITpy U3bICKaHMAX. PaiuaninonHasA cbeMKa MHTEHCHBHOCTY TaMMa-M3/Ty4eHNs BbIonHAnack pagnomerpom CPII-88 c marom 2,5
M, TIpU TOCTPOEHUY IIPUMEHSIOCh TAyCCOBCKOE CrmakuBaHue. Ha puc. 2 mpefcTaB/IeHbl pesyIbTaThl Teopuandeckux pabor mo
OIHOMY U3 JMICCIeOBaHHBIX Ipoduielt, mepeceKImx Haitky Ne 72 B MecTe ee IIOfPabOTKIL.
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PucyHok 2. Pe3ynbTaThl MHXEHEPHO-reonormyeckmux u reopmnsnyecknx pabor B panoHe ctapbiX ropHbIX BbipaboTok BepesoBckoro me-
CTOPOXAEHUA. a — rpaduK UHTEHCUBHOCTY raMMa-n3nyyeHnst; 6 — CKOPOCTHON CENCMUYECKUN paspes3 1 reonormieckne KOMOHKN CKBaXMH (Mo
pe3ynbratam 6ypeHust); 1 — HacbIMHOW FPYHT; 2 — CYTTIMHOK 3MtoBUanbHbI; 3 — WeBGeHNCTLIN FPYHT C cyneckto; 4 — 6a3ansTbl.

Figure 2. Results of engineering-geological and geophysical works in the area of old mine workings of Berezovsky deposit.
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ITo rpaduKy raMma-cbeMKI MOYXHO YBEPEHHO BBIZEMUTH 00/1aCTh BBIXOZA [JaliK)i HA OBEPXHOCTb B MHTEPBajle OTMETOK
23-49 M (puc. 2, a). CrefoBaTe/lIbHO «IeIpecclisi» Ha CKOPOCTHOM paspese B uHTepBane 12-40 M (puc. 2, 6) o6ycnoBieHa rop-
HBIMI paboTamn, a He IpupopHbIMH npoueccamn. CrieffyeT HallOMHITb, ITO O PEBOIOLUY OTPAGATHIBA/INICH TONBKO BEPXHIIE
TOPU3OHTBI MECTOPOXK/IEHNS, CBEIeHNsI O KOTOPBIX He coxpaumnch. CkBaxkuna C-6, IpoOypeHHas B pailOHe aHOMAaJIui, He
TOLIa JO KOPEHHBIX IIOPOJI, HO BCKPbIIa MOLIHBII CJION XapaKTePHBIX CBET/IBIX CYITIMHKOB («Oe/IVKOB») ¢ [PAHUTHOIL JPecBOlL,
YKa3bIBAIOIIVX Ha IIPUCYTCTBIE OTPAbOTAHHOI Haliki. B MecTe, rje aHOMaIMsI OTCYTCTBYeT, CKBXXNHOM C-7 BCKPBIT TUIINY-
HBII1 paspes ¢ 6a3anbTamu B OCHOBaHUM (puc. 2, 0).

Ymeuxu us npomvuunennvix omcmoiiHuxos

Teopusuueckne nccrenoBaHmA YacTO BKIIOYAOT B COCTaB PabOT IpY MH)XEHEPHO-TeO/IOTMYeCKIX U3bICKAHUAX KPYITHBIX
IPOMBIIIJIEHHBIX 00'BEKTOB € SKOJIOTMYECKH OIIaCHBIM IMpou3BoacTBOM. OObIYHOE Lie/leBOe Ha3HAaYeHNUe TaKMX M3bICKaHMIT 3a-
K/II0YaeTCA B OIleHKe MHXeHEPHO-TeO0IOTNYeCKNX YCIOBUI B TPaHUIIAX MCCIIEyeMON TEPPUTOPUN: U3YdeHMe T€0T0T0-TUTOO-
IMYeCKOro pa3pesa, IUAPOreoorny, Gu3nKo-MeXaH4ecKIX CBOVICTB IPYHTOB, OIIpefie/leHye XYIMI3Ma I arpeCCUBHBIX CBOJICTB
TPYHTOB U BOJIBI, BBIsIBIEHIE HEOTarONMPUATHBIX (DU3MKO-Te0TOTNYECKUX sIBIEHIIL.

B cooTBeTCTBMM C ITaHMPYeMOIl peKOHCTpyKuueit taMoxpanmmina Cpenteypanbckoit [POC Heob6xonyMo 6110 ompe-
HeMUTh MecTa (PMIBTPALMOHHBIX yTeYeK M3 CYMIeCTBYIOMIMX CeKIMil MIaMOOTBaIa. EcTecTBeHHBIN penbed IUIOMIANKN M3bI-
CKaHUII HapyILIeH U MPeACTaBsieT co60it 2 ceKumy mmaMooTBana Ne 1, 3aronHeHHbIe BOKOIL, C OTPXAAOIMMI JaMbamMnt 1
ZoporaMy BOKpYT. BblcoTa CyljecTBYOIMX orpaxpamiux gamb6 2,5-3,0 M. B reomopdonornyeckoM OTHOIIEHUN IUIOIMIAfIKA
HAXOfUTCs Ha 1eBoM Oepery p. Jle6spkka. Ha paccrosiHuy mpumepHo 1,5 KM OT y4acTKa M3BICKAHMIT HAXOANUTCS 03. VIceTckoe.
B mpoecce BbIIONHEHNS MHXEHEPHO-TEOIOTNYECKMX M3bICKAHNUIL, OTTACHBIX CKIOHOBBIX IIPOL[ECCOB, TAKMUX, KaK OCBIIN 11 06-
BaJIbl, HE BBIAB/IEHO. B TMIpPOreosorn4eckoM OTHOUIEHMM TEPPUTOPUA PACHONOXKeHa B Ipefenax pasBUTHA IOA3EMHBIX BOJ,
TPELMHHOrO TIUIA. YCIOBHBIN BOLOYIIOP OIPEe/sieTCsi IIyOMHOI PacpOCTPAHEHNsI PErMOHAIbHON TPEI[MHOBATOCTI 11 Ha-
XOJUTCS Ha IIy61He opueHTHPpoBoYHO 50 M (10 GpOHAOBBIM MaTepuanaM). [IuTaHue OA3eMHBIX BOJ, OCYILECTB/IIETCS 3a CYeT
MHQUIbTpanyy aTMOC(EpPHBIX 0CAIKOB, OCHOBHOI 00beM MUTaHMA — B OCEHHe-BeCeHHMII IIepUOf, PasrpysKa — B MeCTHBIe Oa-
3MCBI ipeHrpoBanys. [Ipu mpoBeneHn U3bICKAHNUIT YPOBEHD IPYHTOBBIX BOJ, 3apuKCHpoBaH Ha Iry6uHe 2,2-3,0 M. ITo faHHBIM
XMMIYEeCKOTO aHa/N3a, II03eMHbIe BOLBI IMEIOT IPEVIMYIeCTBEHHO CYNIb(aTHO-TMAPOKapOOHATHO-HATPIEBO-MarHUEBBIIT CO-
cTaB. MuHepanmsalysa MOA3eMHBIX BOJ cocTapysAeT 693,14 mr/in. Ilo jaHHBIM OypeHus B Ipefenax MCCIeJOBaHHOTO paspesa
BBIJIe/ICHBI C/ISAYIOLYE 9/IeMEeHTHI (CBepXy BHU3).

TexnorenHblit TpyHT tQ, MpefiCTaB/eH e6HeM, IPECBOIl, CYI/IMHKaMM 1 06/TOMKaMM CKabHOTO TpyHTa (cmaHipl). Berpe-
YeH ITOBCEMECTHO BO BCEX CKBaYKMHAaX MOIHOCTDBIO 1,8-3,2 M. Cofiep>kaHMe M COCTaB KOMIIOHEHTOB MEHAETCA He3aKOHOMEPHO
B IUTaHe ¥ 110 IIy6uHe. TeXHOTeHHBIe TPYHTHI CPOPMUPOBAINCD IIPK CTPOUTENBCTBE U OOYCTPOIICTBE CYILECTBYIOIINX CEKIINIT
HITaMOOTBasIa. Bo3pacT OTCHIIKY IPEAIONOKNUTENBbHO 6omee 20 JIeT, ¥ HACHIITb OTHOCUTCS K CIKABIIVMCS TPYHTAM.

OntoBuapHbIe IPYHTH €MZ Npe/ICTaBIeHbl CyTIIMHKOM TYTOIIACTUYHON KOHCHCTEHIIUH KENTO-KOPUUHEBOTO 11BeTa. Mme-
10T IIHPOKOE PACHPOCTPAHEHUE B Pa3pese, MPOHICHBI Ha MTOJHY0 MOLIIHOCTE.

CkanbHble TPyHTHI ciaHIeB PO, 3a/1eraloT B OCHOBAHMY paspe3a, OT Ma/IONPOYHBIX (CHIbHOTPEIIMHOBATBIX) /10 TPOYHBIX.
BcTpedenpl BO Bcex CKBaXKIHAX.
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PucyHok 3. Pe3ynbraTbl UHXeHEPHO-reonorn4yeckmx u reopMsanyeckmx nsbickaHuin Ha gambe wnamoorsana Ne 1 CYIP3C. a — ckopocT-
HOW CENCMUYECKUI pa3pes; 6 — reoaneKkTpUYeckuii pa3pes Ha reonormyeckort ocHoBe (Mo pesynstatam 6ypeHust). 1 — HacbINHOW FPYHT; 2 — Cy-
TTIMHOK 3MioBUanbHbIV; 3 — KpUCTannMyeckme cnaHupbl; 4 — npenomMnsatoLas rpaHuLa; 5 — ypoBeHb rpyHTOBbIX BOA,.

Figure 3. The results of engineering-geological and geophysical surveys on the dam of sludge pit No. 1 (SUGRES - Sredneural’'sk hydro
recirculation power station).
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Teodusuyeckne yccnenoBanyst ObIIM MPOBELEHBI [0 BCeM AaM0aM, OrpakHAoOINM CeKIuy ItaMooTBana. Vcrnonp3osa-
ek BO3 ¢ munonpHO-0CeBOiT MSMEPUTENIbHOM YCTAHOBKON M MajIoIyOuHHas cericMopasBenka. CriokHas MHTepepeHIs
IIOBEPXHOCTHBIX BOJIH, 00yC/IOB/IeHHasI TeOMeTpyell penbeda, He ITO3BOINIA ITOTTYYUTb KaueCTBEHHbIE NVCIIePCUOHHBIC KPUBBIE.
BcnencTBue sTOro mpy MHTEpIpeTaIY MICIIONb30BAHBI TOIbKO Pe3y/IbTaThl 110 IPeTOMIeHHBIM BoHaM. [lomydeHHbIe roforpa-
(bl IO3BOJIAIOT IPOCIEAUTD OBHY CEIICMIYECKYIO IPAaHMIY U BBILEIUTD IBa OCHOBHBIX CTPYKTYPHBIX TOPU3OHTA. Bepxunii coi
(o1 1,7 £0 3 M) OTHOCKUTCA K PBIX/IBIM OT/IOXKEHVAM (HACHIITHOM TPYHT) C HUSKUMM CeMICMMYECKIMI CKOPOCTAMM v,= 200-400
M/c. CeitcMmdecKas MpenoMAIasA TpaHNIla IPOXOAUT IO MPOMEXXKYTOYHOMY MaJIOMOLITHOMY CTIOI0 3/II0BMAIbHBIX CYTTIMHKOB,
b0 B Crydae MX OTCYTCTBUSA — II0 KOPEHHBIM (CKaJIbHBIM) MOPOAAM, CKOPOCTb IIPOJOIbHBIX BOTH B KOTOPBIX COCTAB/IsAET
3000-4000 m/c. OmeKTpuYecKue 30HAMPOBAHNA MO3BOMAIOT YBEPEHHO BBIJIEIUTDh BCE MHXKEHEPHO-T€OTOTMYECKUe 3TeMEeHThI
paspesa, foBombHO KOHTpacTHbIe 10 YIC. Pesynbprarsl 06paboTkit reopusndecknx pabor 0popMIeHDI B BUfie CEICMIYECKNX I
re039NIeKTPMYECKIX Pa3pe30B ¢ HAHECEHHBIMY Ha HIX IIPEIOM/IAIOIVIMI I'PaHNI[AMI V1 T€OJIOTMYeCKOI OCHOBOII (puc. 3).

3HaYeHMA CKOPOCTel MPOOIbHBIX CeIICMMYECKIX BOMH B CJIAHIIAX /JOBOIbHO BLICOKIE (fvp = 2000-4000 m/c), Tak KaK KO-
peHHbIe IOPOAbI OTHOCATCSA MPEUMYIIeCTBEHHO K IPOYHBIM U CPeJHEIPOYHBIM CKaJIbHBIM I'PYHTaM. SIBHBIX HapyIIeHU CTPYK-
TYpBI IPYHTOB IO CEICMMYECKVM JAaHHBIM He HAOJIIOfAETCs, OfHAKO 3aMETHO HEKOTOPOE CHIDKEHNE CKOPOCTH IPOJOTbHBIX
BOJIH B MHTepBasie 0TMeTOK 50-80 M mpoduia. 3xech sxe GUKCUPYeTCs yMeHbLIeHe JOBOIbHO CTaOVIIBHOTO YIeTIbHOTO CONPO-
TUBJIEHVS CKaJIbHBIX TPYHTOB OT 550-600 1o 200 OM X M, YTO MOXKET CBUAIETENbCTBOBATD O IOBBILIEHNN TPEIINHOBATOCTY TOP-
HBIX [TOPOJ, 1 3aII0/IHEHNY IIOP KMCIOTHBIMI BOJAMU IIVTAMOOTCTOMHIKA. TakuM 06pa3oM, yTedKt U3 IPYAKOB-OTCTOIHIKOB
CBsI3aHBI C ITOBBILIEHHOI QUIBTPALMElT Yepe3 30HBI TPEIINHOBATOCTY KOPEHHBIX HOPOf. [JOTOTHNTENbHBIM TOATBEP)KIEeHIIEM
HO/IOKEHVIsI AHOMATUY IIOCTY>KIIa TeopafiapHasi ChbeMKa, I7je Ha BpeMEeHHOM paspe3e HaOTIOfA0TCs MHTEHCUBHbIe NHTEpde-
PEHIVIOHHBIE OTPAXKEHVSI B YKa3aHHOM MeCTe, CBUIETE/IbCTBYIOLINE O BHICOKOI 0OBOJHEHHOCTH BbIAE/ICHHO 30HBL.

3aKkAtoueHne

ITpepcraBiieHHBIe pe3y/IbTaThl IO3BOJIAIOT CHENATh BBIBOJ, O BOCTPeOOBAHHOCTY Te0(M3NYeCKUX UCCIeTOBAHUI IPU U3-
Y{IEHNH ONACHBIX FeOJIOTMIECKIX MIPOLECCOB MPUPOJHOTO 1 TEXHOT€HHOTO IPOUCXOXKAEHNS. PPEKTUBHBIM METOLOM IIO BbI-
SIBTIEHNIO TIOfI3€MHBIX ITYCTOT, 0Opa3OBaBIINXCsI B Pe3y/IbTaTe [e/ICTBU IIPOLIECCOB KAPCTOOOPA3OBAHNS WM 32 CYET TOPHBIX
paboT, crenyeT IpUSHATH MATOITYOMHHYIO CEICMOPasBenKy. DTO CBSI3aHO C PE3KVUM M3MEHEHUEM YVIIPYTUX CBOVICTB B pajioHe
IMYCTOTHOTO IIPOCTPAHCTBA ¥ 30H Pa3yIUIOTHEHM IPYHTOB, UTO BbIPayKaeTCA B MOAB/IEHNY KOHTPACTHBIX aHOMA/NI1 MOHVKEH-
HBIX 3HaYCHMII Ha (DOHE OTHOCUTEIBHO OFHOPORHOTO paclIpefie/ieHVsl B OKPY>KAIOLINX ITOpoax. DNeKTpopa3BefjKa IOMOraeT B
CTPYKTYPHOM M JINTO/IOTMYECKOM PaCcWIEHEHUN TPYHTOB II0 37IeKTPIYECKMM CBOVICTBAM, a TAK)XKe II03BOJIAET BBIJE/IATD TPeIly-
HOBaTble 1 0OBOJJHEHHBIE 30HBL. PainoMeTpust faeT BOSMOXKHOCTb YTOUYHNUTb O0/IACTI PACIPOCTPAHEHNSI M TPAHNUIIBI KOPEH-
HBIX IIOPOJl PAa3HOTO cocTaBa. KoMIlekcrpoBaHue pasHbIX Teopu3anuecKiX MeTOLOB MO3BO/IsACT HOTYYUTh GOIblIIe TaHHBIX 00
M3MEHEHVSIX PM3MYECKIX CBOJICTB IPYHTOB, YTO [JaeT BO3MOYKHOCTb PACIO3HATD U BBIETNTH 00/IACTH BO3LECTBIUS OMACHBIX
reoJIOTMYEeCKIX ITPOLIeCCOB.

Paboma svinonuena npu wacmuunoti noddepicke npoepammol pyHoamenmanvhvix uccnedosanuii YpO PAH, npoexmot
Ne 15-2-5-31 u Ne 18-5-5-38.
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Study of hazardous natural and man-made geological processes
using geophysical methods
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The relevance of the work is conditioned by the need to prevent damage to the modern infrastructure of dangerous geological processes and
phenomena.

The purpose of the work is to show the principal possibility of studying dangerous natural and man-made geological processes with the help of
complex geophysical studies.

Research methodology: electrical and low-water seismic explorations were used as the main methods; radiometry was used on one of the objects.
Electric prospecting works were carried out by method of vertical electric sounding (VES). Seismic exploration was carried out by the method of
refracted waves (IWS) in combination with multi-channel analysis of surface waves (MASW).

Results. The low-depth seismic exploration was recognized as an effective method for identifying underground voids formed as a result of the action
of the processes of karst formation or due to mining operations. This is connected with a sharp change in the elastic properties in the area of the
void space and areas of soil desalinization. This is expressed in the appearance of contrast anomalies of lower values against the background of a
relatively homogeneous distribution in the surrounding rocks. Electrical testing helps with the structural and lithological subdivision of the soil electric
properties, and also allows you to highlight the fractured and flooded areas. Radiometry makes it possible to specify the areas of distribution and
boundaries of indigenous breeds of different compositions.

Conclusion. The integration of geophysical methods allows getting more information about the changes of physical properties of soils. This gives
the opportunity to identify and highlight areas of exposure to hazardous geological processes. The results of the work indicate the high efficiency of
geophysical research in the study of dangerous geological processes of natural and man-made origin.

Keywords: underground cavities; karst; suffusion; subsidence; fluid leakage; shallow seismics; electromagnetics.

The work has been done at a partial assistance of the fundamental research program UB RAS, projects No. 15-2—5-31 and No. 18-5-5-38.
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CTOXACTUHECKOE MHTEPTTOAMPOBAHME BOAOHOCHDLIX
CBONCTB HEOAHOPOAHDLIX TEOAOTUHECKMNX CPEA HA OCHOBE
DOPAKTAALHDLIX NMPOLIECCOB

Oner AnekcaHapoBuy [bIWH, AsepbaiixaHCKNA rocyAapCTBEHHbIN YHUBEPCUTET HeddTU
engakadem@gmail.com 1 NMPOMBbILLIFTIEHHOCTHU
®dyan Papxapn ornbl MareppamoB AsepbaimpxaH, baky

oilgazgeology@gmail.com

AKTYaALHOCTB pa6oTBI O6YCAOBAEHA HEOOXOAVIMOCTBIO MCMOAL3OBAHWSI MPY OMMCAHMM MPOLIECCA (PMALTPALIMM MOTOKA (PAIOVAOB B HE(OTEHOCHLIX MAA-
CTax v rPyHTOBBLIX BOAAX CAYHYaMHbLIX MPOLIECCOB, OCHOBAHHBIX HA /A€BM-pacrpeAereHnm, GoAee TOYHO OMMCLIBAIOWMX MPOLIECC (PUALTPALIMM, YEM (hpaK-
TaAbHOE BPOYHOBCKOE ABMIKEHME fBM 1 (ppaKTaAbHbBI raycCOBCKUiA wym fGn, 0OCOBEHHO MPU PE3KMX U3MEHEHMSIX TEOAOTUHECKOM CPEALI.

Lleab pa6oTLI: NOKa3arh MPEMMYyLLECTBA UCMIOAL3OBAHUSI B F€OCTATUCTUKE CTOXACTUHECKMX METOAOB MHTEPIIOAMPOBAHUS MO CPABHEHMIO C AETEPMUHUCT-
CKMMM METOAAMM (B YACTHOCTM, KPUTMHI-METOAQ).

MeTtoAororma MCCAEAOBAHMA: TEOPETUYECKUI aHaAU3 U SKCMIEPUMEHTAALHOE MCCAEAOBAHNE METOAOB BEPOSITHOCTHOTO MOAEAMPOBAHMSI BOAOHOCHDLIX
CBOVICTB F€OAOTMHECKMX CPEA B YCAOBUSIX HEOMPEAEAEHHOCTM U OFPaHNYEHHOCTM AOCTYIMHOM MHChOPMAaLIMK O MPOHMLIAEMOCTU U MOPUCTOCTY MAACTOB.
Pe3yarTatnl. [10Ka3aHO, YTO AAS MOAEAVPOBAHMSI AUCTIEPCHOHHDBIX XAPAKTEPUCTMK HEOAHOPOAHLIX FEOAOTMYECKMX (POPMAaLMii HAaMOOAEE MOAXOASILUMM
SIBASIETCS] CTOXACTUYECKOE MHTEPMNOAMPOBaHME. VICroAb3OBaHMe MPY ONMCaHMM npouecca huALTpaumm (AIOMAOB NMPEANOAOYKEHME O FayCCOBCKOM pac-
MPEAEAEHUM SIBASIETCSI HEOOOCHOBAHHBLIM, OCOOEHHO MPU HAAMYMM PE3KMX M3MEHEHUM, MPUCYIIMX F€OAOTMYECKMM CTpaTUchmKaLmsimM. Takve usMeHeHms!
60oAe€e AAEKBATHO OMUCLIBAIOTCS (hPAKTAALHLIM A€BU-ABUKEHMEM fLm. YcToiumBoe AeBU-pacrpeAeAeHme MPUPALIEHUA UCCAEAYEMBIX (PUALTPALIMOHHDIX
XapaKTEPUCTMK HE(TEHACLILEHHDLIX 3aAeKeN MOKa3aA0 XOPOLIee COBMAAEHUE C SMMUPUYECKMMM AAHHLIMY MHOTOYMCAEHHDBIX (PU3NYECKMX U3MEHEHUIA
r€OAOTMYECKMX CTPYKTYP B LIMPOKOM AMaria3oHe NMPOCTPAHCTBEHHLIX MEPEMEHHDIX MO BEPTUKAAM U TOPU3OHTAAM.

BoiBoAbl. VicrioAb3oBaHue fLm-MoaeAelt NpeACcTaBAsieT MPUHLMIMAALHO HOBLIM MOAXOA B reoctatucTke. Haanmume «TspkeAbix XBOCToB» AeBu-pacrpese-
A€HVs1 NPUPALLIEHNI (OUALTPALIMOHHLIX XaPaKTEPUCTMK MAACTOB M CKEMAMHIOBOE PacrpeAeA€HUE NapaMeTPOB AAHHOTO PACNPEAGAEHMs! MO3BOAsIET pea-
rMpoBarTh Ha BHE3arHble U pe3Kkue M3MeHEHMsl CBOVCTB MOPOALI, 3(hPeKTMBHO BOCMPOU3BOASI HANAACTOBaHMsl M OCAAOYHLIE OTAOXKEHMs1 HA MOBEPXHOCTU
nAacta, XxapakTrepusysi HEOAHOPOAHOCTYM B LIMPOKOM AMArasoHe PacipPeASAEHMs MPOCTPAHCTBEHHDIX MePEMEHHDIX.

KaroueBble croBa: rMApaBAMHECKasi MPOBOAMMOCTD; MOPUCTOCTb; MPOHULAEMOCTD; (PPAKTAALHLIE MPOLIECCHI B TEOAOrMM; CTOXaCTUYECKOe MHTEPHNOAUPO-
BaHue; (ppaKkTaAbHOE GPOYHOBCKOE ABVYKEHME; (PPAKTAALHLIV FaQyCCOBCKUM WYM; (PpaKTaAbHOE AEBU-ABVIKEHME; MOKA3aTeAb XePCTa; TSHKEALIE XBOCTbI
pacripeaeAeHmsl.

BeAeHMe
CrcteMaTndecKoe M3ydeHne ¥ pa3paboTKa MeTOIOB BEPOATHOCTHOTO MOJIEMPOBAHNUSA BOIOHOCHBIX CBOJICTB Te-
OJIOTMYIECKVX CPeJ SIB/LSIETCSI BYKHOI M aKTYa/IbHOI Mpo61emMoit. I[TocTpoeH e IPOrHO3HBIX MOfieteit (pyIbTpariyn mo-
ToKa (prronioB TpebyeT, Ipexyie BCero, MCIONb30BAHNS NHGOPMALIUM O IPOHMIIAEMOCTI U MIOPUCTOCTI IJIACTOB, B TO BpeMs
KaK BO3MOYXHOCTb M3MEPEHVsI 9TUX CBOMCTB OrpaHMdYeHa HeOOMbUINM KOITNYECTBOM IIPOOHBIX 3HAYEHNIT B HEKOTOPBIX JOCTYII-
HBIX YYaCTKaX MCCIENyeMOil IIPOCTPAHCTBEHHOI 00/IACTU. B yClIOBUSX TaKoil HeolpefeeHHOCTI NH(OPMALUN UCIIONb30BAHIE
K/IaCCHYECKOTO IOfIXO/Ia, CBA3aHHOTO C TIPMMEHEHNeM IJIaJKOro CIZIXKMBaHMs (HaIpyUMep, KPUIMHI-MEeTOfa), CTAHOBUTCA Hey-
IOBJIETBOPUTENBHBIM, ITIOCKONBKY B 9TOM CITy4ae IM0OaIbHBIN IEPEeHOC CBOVICTB IVMIPABIIIECKOlT IPOBOJUMOCTY (BOJOHOCHOCTH)
JIaeT CTPOTO JIeTEPMIHIPOBAHHOE OIICaHe (IIBTPALVIOHHOTO IIOTOKA, KOTOPOe He MOXKET IPeBIETh VHTEPBAIBI C BBICOKOI
[IPOHMI[AEMOCTBIO ITOTOKA ¥ Gapbepsl ¢ HI3KOI MPOHNIaeMoCcTbi0. OneHKa Hanbomee BEPOSITHOTO 3HAYEHIST IIPOHNMIIAEMOCTH B
KaKZIOIT TOUKe 00/IaCTH MPOCTO HEJOCTATOUHA, TaK KAK IPABIOIOZO0OHOE MHTEPIIOIMPOBAHNE JO/DKHO YINTHIBATH 9KCTPEMYMBL
paciperieneHyst IPOHUIIAEMOCTH. ITa IpobreMa CTAHOBUTCS ellje 60JIee CIOXKHOII PV BHICOKOI BaprabenbHOCTH, IPUCYILElT ce-
IMMEHTaPHbIM I€0JIOTNYeCcKM 06pasoBaHmsAM. [IpoOHNIIaeMOCTD He ABIIAETCS ITIA/IKO M3MEHSIOMelicsl (PyHKIIMel TPOCTPAHCTBEH-
HOJI TOUKY, OHa MOYXET YBEMYUBATLCA VI YMEHBIIATbCA CKaYKaMU C PasHBIMM aMIUTUTYIaMI. B cuyTy yKasaHHBIX IIPUYMH Teo-
CTAaTVMCTUYECKNE OLIEHKI, ITO/TyYeHHBIe C IIOMOLIBIO [JIAZIKOTO CITIKMBAHIISI, HE MOTYT BBISIB/LITh BHYTPEHHIIE HEOJHOPOSHOCTIL.
JI/1s1 MOpieTMpOBaHMsT AVCIIEPCHOHHBIX XaPAKTEPYUCTUK HEOLHOPOAHBIX Te0JIOTMIecKuX GOpMALiii CTOXaCTUIECKOe MHTEp-
[IO/IMPOBaHNe SIB/ISIETCS HarbosIee MOAXOAAINM MeTORoM. CTOXaCTUYeCKIIT TOAXOJ, K MHTEPIIOIMPOBAHNUIO CBSI3aH C BBIYNUCITE-
HIfeM 3HaYeHMIT IPoLiecca MeX/y ero M3MepeHHBIMI 3HAYeHNAMY U UCIIO/Ib30BAHMEM CTydaliHOl (GyHKINNM, MMEIOIIeil CTPYK-
TYpY Bapuaiuu, OIU3KyI0 K MCXO[[HOIL.
PaHblIlte cTOXacTMYeCKOe MHTEPIIONMpPOBAHIE, UCIOIb3yeMoe IIPU OMMCAHUM MPOLecCOB GUIBTPAINYU IIOTOKOB (IIIONIOB
B He(pTEHOCHBIX IIIACTaX ¥ TPYHTOBBIX BOJAX, OBUIO OCHOBAHO Ha (paKTaJbHOM OPOYHOBCKOM ABVDKeHUMU (fractal Brownian
motion — fBm) wiu Ha ero npupaleHnsx — ppakTaTbHOM rayccoBckoM uryme (fractal Gaussian noise — fGn) [1, 2]. Otu mogenu
OIPee/ISIIOTCS € IOMOIIBIO TayCCOBCKOTO PaCIIpefieieHNsI M MOTYT B HEKOTOPBIX CIy4asX XOPOLIO ONMUCBIBATH T€OTOTMYEeCKIIe
¢dopmannn. OfHako B 001eM cy4dae IPeAIonoXKeHne 0 TayCCOBCKOM pacIIpefielleHUI sIB/IAeTCsI He0OOCHOBAaHHBIM, 0COOEHHO
PV HAIMYUM Pe3KMX U3MEHEHMI CBOVICTB, MPUCYIINX TeoorndeckuM cTparudukanmsam. Hanbonee ajekBaTHO Takme n3MeHe-
HMA OIMCBIBAIOTCA (pakTanbHbIM JleBu-uByokenneM (fractal Levi motion — fLm), 0oCHOBaHHBIM Ha ycToitunBoM JleBu-pacrpe-
JielleHNH, KOTOPO€ TOIbKO B YaCTHOM CIIydae COBIIAfaeT C rayCCOBCKMM (HOpMasIbHBIM) pacrpefenenueM [3, 4]. fBm-moperns
SIB/ISIETCST YACTHBIM CTydaeM 6ostee mpoKoro kimacca fLm-moperneit [5].
1. dpakTarbHbIE MPOLIECCH B FEOAOTMM
ITpu MopenupoBaHNy Iporiecca GUIbTPALNY ITOTOKA (IIONOB B pedepByapax HeTera3oBbIX 3aJIeXKell BOSHUKAET ITpobiie-
Ma MCCIefioBaHusA (GPaKTaIbHBIX CBOICTB BPEMEHHBIX PAJOB, IPENCTABAIONNX HabT0aeMble 3HAYCHNS IOKa3aTesell opu-
CTOCTHM ¥ TIpoHuIaeMoctu [6-9]. Takoro popa MccnenoBaHNA CBA3AHBI C HOHATHEM (HPAKTATBHOTO (CaMOMOZOOHOTO) CyJail-
HOTO Ipollecca.

72 VIOHb 2018 | BbINYCK 2 (50) MU3BECTUA YPATIbCKOIro roCYAAPCTBEHHOIO FOPHOIO YHMBEPCUTETA



O. A. Dyshin, F. F. Magerramov / News of the Ural State Mining University 2 (2018) 72-78 EARTH SCIENCES

®paxTajbHbIM (B IIMPOKOM CMBIC/IE) CTy4aifHBIM MTPOIIECCOM Ha3bIBAETCA MPOIeCC, KoppenAnyonHas ynkiusa R (¢, t,)
KOTOPOTO PaBHa C TOYHOCTDIO 0 MHOKUTENISA a4’ KOPPENALMOHHON QYHKI[UM TIPOIIEeCCa, CKATOTO B d pas:

R (t,t,)= E[ X(t)X(1,)] = aR (at,,at,). 1)
B cnyvae cranyonapHoro ¢ppakTanbHOro mporecca Boipaxenue (1) nmeer BUp:
R, (r) =E [X (t + T) X(t):l =dE I:X (a (t + r)) X (at):l =aR, (aT) , 2)

rfie E - 3HaK MaTeMaTH4eCcKOro OKMTAHMA.
BeipakeHne (2) MOXKHO pacCMaTpUBaTh KaK ypaBHEHIEe CaMOIIOf00us, pellieHieM KOTOPOTO SB/IAETCS CTeIIeHHAs (PyHKIINS

R, (T) =C,1", a>0.

@pakTaNbHBIMY IPOLIECCAMY TAKOTO TUIIA ABJIAIOTCA, B YaCTHOCTH:

1) xrmaccuyeckoe 6poyHOBCKOe fiBIbKeHMe (classic Brownian motion — cBm), xapakTepusyioliiee mpoliecc CIy4artHoro 6my-
xpanus (random walk), ¥am Tak Ha3bIBaeMblil BUHEPOBCKUIT ITpoliecc. MareMaTnyeckoe OXMflaHue 9TOrO Ipoliecca oIpefiens-
eTCs BBIpayKeHVeM

E[|x(1,)-x(1,)]=2/m -0

12
t, - t1| ’

I7ie G — CTaHAAPTHOE OTKIOHEHNe IIpoIlecca.
JIro60e mpupalieHye peanusanumy cBm-nporecca o6agaeT CBOMCTBOM CTaTUCTUYIECKOI caMoadpPpuHHOCTI

X(t+At)_X(t)él/\/;(X(t+rAt)—X(t)),

TaK KaK CTATUCTIYECKas MAEHTUYHOCTD B 9TQM C/Iy4ae JOCTUTAETCS PAs/IMYHbIM MaCIITAbMPOBAHIEM CUTHAIA [I0 OCH aBCICC
" 110 OCU OpAMHAT (COOTBCTCTBCHHO Brun \?‘:'/Ipa?)). CumBon é O3Ha4aeT, 4YTO ABE cny'{aﬁ[HbIe BC/IMYMHBI MMEIOT OAMHAKOBOE
pachpeyieneHe 1, B YaCTHOCTY, OJfHM U T€ JKe MaTeMaT4eCcKoe OXKIIaHMeE U JUCIIEPCHIO;

2) o6o6wennoe (ppakransHOe) 6poyHOBCKOE ABIDKEHME (fractional Brownian motion — fBm), ijist KOTOpOro

E[|x(r)-x(1)]=+2/m - o

e 0 < H < 1 - mapametp Xepcra. [IpupamieHie storo mporecca o6/agaet CBOCTBOM CTaTUCTUYECKON caMoadPUHHOCTI:

|H

tZ _tl

>

x(t+ar)-x(r) 21/ H(X(t+rat) - x (1)),

mns mo6oro r > 0. IIpu H = 1/2 fBm coBnagaet ¢ cBm.

3) mpousBofHas GppakTaIbHOrO GPOYHOBCKOTO ABIDKEHNS, HasbiBaeMas (paKTalbHBIM IayCCOBCKMM LiyMoM (fractional
Gaussian noise - fGn ).

Koppersinnonnas ¢GyHKums GppakTagbHOro rayCCOBCKOTO IITyMa OMVCHIBAETCS BBIPAKEHIEM

R (‘t) H(2H-1)x[ " “mpuH=0,5,
i 8(t) mpu H=0,5,

2H-2

rie 8(t) - dynkuus Tupaxa.
ITpu 0,5 < H < 1 nponecc X(f) xapakTepusyeTcs CIIeKTpalIbHOI MOIHOCTI0 (CM), KOTOpast OIMCBIBA@TCS BBIPAKEHUEM

S.(f)~1/2", 0<p<1,

re B=2H -1 pna fGnu f =2H + 1 pia fBm.
Hap;my C KOBapI/IaI_U/IOHHOIZ n KOppeHHI_U/IOHHOIZ (byHKI_U/IHMI/I cnyqaﬁHoro Imponecca g BaXKHbIM €T0 ITOKa3aTeIeM ABJIACTCA
Bapuorpamma (variogram) v IIOJIyBapyorpaMma (semivariogram), KOTopast OIpefenaeTcs Kak

v(D)=<{(g (K) 5. (k)}> 72

Ijie g, - 3HauYeHe k-it peanmsanym mporecca B j-ii ToUKe; [ — J1ar He3aBUCHMON ITepeMEHHOI; < -> — yCpeHeHNe 110 aHCaMOITIo
TPaeKTOPUI CY4aliHOTO IIpolecca g.

Obiwumn O. A., MareppamoB ®. ®. CtoxacTuueckoe MHTEpNonMpoBaHMe BOJOHOCHbBIX CBOMCTB HEOAHOPOAHbIX reoniormyeckux cpes 73
Ha ocHoBe ¢paKTanbHbix npoueccos // Ussectus YITY. 2018. Boin. 2(50). C. 72-78. DOI 10.21440/2307-2091-2018-2-72-78
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ITpn 0 < H < 0,5 (-1 < B < 0) mporjecc He umeet KoHKpeTHO! CM, a ipu H = 0,5 (§ = 0) oH mpeBparaeTcs B 6eblii rayc-
COBCKMII UIYM.

[Ipoueccet fBm u fGn B3aumocsasaubl. Ecu m,, m,, m,, m,, ... IPEACTAB/AIOT CO60I MOC/IENOBATENBHOCTD C IIaroM Af 1o
BpeMeHN 3HaueHuit fBm-mpoiecca, To mocnefoBaTenbHocTb [(m, — m)), (m, - m,), (m, - m,), (m_ - m,) ...]/At mpencrasnser
TOCTIEN[OBATebHOCTD 3HaYeHuit fGn-npornecca. VI Hao6opot, ecmm n, n,, ., n,, ... €CTh TOCIEAOBATENPHOCTD 3Ha4YeHMI fGn
-Tporiecca ¢ marom At 1o BpeMeHi, To [n,, n,+ n,, n, + n, + n, ...]|At 06pasyer nocnenosaTebHOCTh 3HAYEHNMIT fBm-Tporiecca.

Bormpocsl MofietnpoBaHus pacupefe/eHnsa IOPUCTOCTY ¥ IPOHUIIAeMOCTH B IBYX- U TPEXMEPHOM IPOCTPAHCTBE C IIpMMe-
HeHyeM (paKTanbHBIX IIpolieccoB Tuia fGn u fBm paccMoTpeHsl mogpobHo B pabore [10].

2. TeoctaTncTyeckme METOALI MHTEPIOAMPOBaHMS

B reocTaTncTVKe MCIONB3YIOTCA JIBA ITOAXOAA K MHTEPIOMMPOBAHNUIO: HeTEPMUHMCTCKUI 1 cToxacTudeckmit. Hambornee
PacIpoCTpaHEeHHBIM [IeTEPMUHMUCTCKIM METOROM sIB/ISIETCSI IPOLIEyPa, Ha3bIBaeMast KpueuHe-Merni000M, KOTOpast OCHOBAHA Ha
BapHUorpaMMe 1 UCIIONIb3YeTCs IIPK OLjeHKe IIOKa3aTesIell pe3epByapa B CIydae YCIOBHOTO MOJIEIMPOBAHYISI TOTOKA (DIIOM/IOB /IS
HpecKasaHys Hanboslee IPaBIoIof0OHOr0 3HAYeHNA KOHIIeHTpaluy (ionya B paccMaTpusaeMolt okpectHocTy [11]. laHHas
HpoLefiypa OCYIeCTBIAET CIIAXKEHHYIO MIHTEPIOJIALNIO, 06ecIiednBas HaVTYIIyIo OLIeHKY 3Ha4eHMsA UCCIIeyeMOro mpoljecca
B 3aJJaHHOJ OKPECTHOCTH, ¥ IPUBOANT K O0Iee ITIafIKON CTPYKTYpe BapMalyi, 4eM Y ICXOHOTO paclpefie/ieHIs IpoLecca.

B ciy4ae npucyTcTBMA TpeHAA (T. €. CUCTeMaTN4eCKOro M3MeHeHN A Ha0JIolaeMOl Be/IMYVHBI C I3MEHeHVeM KOOPHATEI)
B JAHHBIX M3MEPEHMII IPEAIIONIOKEHNE O CTALMOHAPHOCTY HAOMIONEHNIT BeTMIMHDI HerpaBoMepHO. CrcTeMaTyecKnii mpo-
CTPAHCTBEHHBIII TPEH[, ZO/DKEH ObITh IPOMOJIENMPOBAH U yAja/leH U3 JaHHBIX M3MEePEeHUIT IO TOCTPOeHNMs BapuorpaMm. VHade
BapUOTPaMMbl OYAYT BOCIIPOU3BOAUTD KPYITHOMACIITAOHBII TPEH, YTO MIPUBEMET K ITOTepe COOCTBEHHOI KOPpeAu Habmo-
IaeMojl BeIMYMHBI Ha 6osee MenIKoM MaciuTabe. bomee Toro, BapuorpaMMa JJaHHbIX, MMEIOIIVX CHCTeMaTHYecK1il TpeHs, Oyaer
HeCTallJMOHapHA I IIOTOMY He MOXKeT OBITh VICIIO/Ib30BaHa B FeOCTATUCTUYECKIX MOJIe/IAX KPUTHHTA.

ITocie MopenupoBaHuA IPOCTPAHCTBEHHOTO TpeH/a m(x) ¥ KOPPEJLALMOHHON CTPYKTYPBI HeBA30K R(x) = Z(x) — m(x)
II0/Ty9eHHOIT MHTEPIIO/LILIMIOHHOI OLl€HKe HEBs30K 100aB/IeTC s IPOCTPAHCTBEHHBII TPEH, /ISl IOy I€HNsI UTOTOBOTO 3Hade-
Hus Z(x).

Tl MopiennupoBaHMsA AVCIIEPCUOHHBIX XapaKTePUCTUK HEOTHOPOSHBIX Ie0/IOTMYecknx hopManmii Hanbonee HOAXOALINM
METOJIOM SIBJIAETCA CTOXACTMYECKOe MHTEPIIOIMPOBAHIE.

[/ MHTepIIOMMPOBaHY IOPUCTOCTY CKBaXKVH OOBIYHO MCIO/Ib3yeTCs IPOLiefypa, OCHOBaHHAas Ha MCIIONb30BaHUM (Ppak-
TQJIBHOTO OPOYHOBCKOTO [iBYDKEHMsI fBr1, KOTOPast COCTOMUT 13 C/IEAYIOINX aros [1].

1. IIpoBOpAT CTaTUCTIYECKMIT AHANMN3 HAHHBIX I3MEPEHA HOPMCTOCTY B BEPTUKATbHOM HAIIpaB/I€HNM ¥ ITPOBEPSIOT BO3-
MO>XHOCTb MCIO/Ib30BAHN /s MX ONMCAHMA TIpoliecca fGn.

2. B ciry4ae OIO>KMTEIBHOTO pe3y/IbTaTa Ha OCHOBE 9THX JAHHBIX BBIYMC/IAIOT 3HaYeHMe MoKasaTesnsa XepcTa H.

3. Ha ocHoBe nony4ueHHOTo 3HaueHyss H cTposAT mpotjecc fBm s sSHaYeHMit HOPUCTOCTH, PacIpeie/IeHHBIX B TOPU3OHTAb-
HOM HaIlpaBJIeHUI.

4. BeIYMCIIAIOT 3HAYeHNA IOPUCTOCTU CKBKMH Ha KaXKIOi ITTyOMHe Z, TeHepupys mpolecc fBm 110 9TuM 3Ha4eHNAM IIOpY-
CTOCTM C y4eTOM 3HaueHMs BeIM4MHbl H, onpepeneHHOro Ha mare 2.

Ha mare 2 mpouefypbl BBIYMC/IAIOTCA 3HAYeHNA [TOKa3aTesIA XepcTa C MCIOIb30BaHeM TaK Ha3bIBaeMOTO AHANU3A PemMAac-
wimabuposanus pasmaxa (rescaled range (R/S) analysis).

IlepponayanbHo R/S-ananus Obis IpuMeHeH K pany F,, F,, F,,... romoBbiXx 00beMOB IPUTOKA B pe3epByap, KOTOPbIli aNpoK-
cummpoBancs fGn-IporeccoM.

i

O6osnaunm uepes CE = ZF} KyMYZIATUBHYIO (HaKOIIEHHYIO) K TOAY i CYMMY 9TOTO pAfa.
Jj=1
ITycTb M3BeCTHA MPEALICTOPILA 3TOTO IPOIIecca 3a #1 MPeAbIIYIINX JIeT, HauMHasA C BpeMeHN £, KOTa 3aIlac pe3epByapa pas-

HAJCA S, M KOHYas BpEMEHEM f , KOTJIa 3allac CHOBA CTa/l paBHbBIM S. TpeH/oBas TMHMA SMITMPUIECKUX JIAHHBIX CF(tn), t=t+
nAt (o603naunm ee TL) 3afaeTcst ypaBHEHUEM

TL = CF(t)+%[CF(tn)—CF(t)],u = 0,1,2,.01.
nAt

[Tycts M m |m| - MakcumanpHoe nonokurensuoe (Boiute TL) oTknoHerne CF(t) n MakcManbHOE OTpULaTeNnbHOE (HIDKe
TL) orxnoHenue 1 R = M + |m|. ITycTb najee, Z — HesaBUCKMMAas lepeMeHHas (BBICOTA Haj yPOBHEM MOpsI), OIIChbIBaeMast fBimi-
wnu fGn-1poreccoM; Az — pacCTOsIHIE MEXIY ABYMs 3HaUeHNUAMMU z; nAZ (1 = 3, 4, ...) — J1aT, C KOTOPBIM BbIYMC/ICHbI 3HAYEHNS
Ru S, paBusie R (z, nAz) u S (z, nAz) coorBeTcTBeHHO. IIpn ycmoBuy, 4T0 MCCIERYEMBII Psf {Fj} omuceiBaeTcs fBm-nponeccom,
BBIIIO/IHAETCS MIPefie/IbHOE COOTHOIIeHNe [12]

lnlg} [(nAz) ! R(z,nAz)/S(z, nAz)] = const. (3)

W3 (3) cnepyer, 4TO IpK AOCTATOYHO OOJIBIIOM #1 3aBUCHMOCTD In (R/S) ot In (nAz) 6yaeT n306paxkaTbCst IPSIMOIL TMHMEIT C
YIJIOM HaKJIOHA (, TAKUM, 4TO tg ¢ = H.

Ecnu nccenepyemblit psj omicbisaeTcs fBm-mpoleccoM, To R/S-mpolefypa BBIIOTHAETCA HENOCPeCTBeHHO. Ec ske aToT
psin onuceiBaeTcs: fGn-IpoIeccoM, TO O BBIYNC/IEHVsI 3HAaYeHMIT R/S HEOOXOAMMO PerynnpoBaTh ero B fBm-mpouecc, mpons-
BOJIA MPOCTOE YMC/IEHHOE MHTETPUPOBaHIe TIOCIENOBATENIbHOCTH 1, 11, 1, ... 3Ha4eHMIt fGn-mpoliecca B IOC/IEAOBATENbHOCTD
[”1’ no+n,n +n, ...]At, mpencrassitomyto fBm-mporecc.

Takum obpasom, cHavasma psij TecTpyeTcs Ha fBm mmu fGn-mpoljecc myTeM IpoBepKu MnHeitHolt 3aBucumocty (In (R/S), In
(nAz)), nocne gero onpenenseTcs koapduuueHt H mo yriny HakIoHa rpadyKa 3TOit 3aBUCUMOCTL.

3HaveHMs BEIMUIMHBI R/S, ONy4eHHbIE I KaXXIOTO0 /1ara #AZ, BBIYUCIAIOTCA 110 GOpMYyIaM:
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R(z,nAz):max GF(z+u)— GF(z)+L(GF(z+u)—GF(z)) -

0<u<nAz I’lAZ
. u
— min GF (z + u) - [GF (z)] + E(GF (z + u) -GF (z))
L\ 12
Slz,nAz) = GF GF
(z n z) As 12 z+u) (nAz —nAz Zu: z+u
3pech GF(z),i=1,2, ..., m (m — 4MC/IO TOYEK MO BEPTUKA/IN, T. €. YMC/IO PACCMATPUBAEMBIX YPOBHEN ITyOMHBI Z) O3HAYAIOT

KyMY/IATUBHbBIE CYyMMBI P {Fj} Ha ITyOMHAX Z, KOTOPbIE BRIYUC/IAIOTCA TI0 popmyTam

2| In (KU ) —H,
GF(z)=Y | " |i=12..m,
Jj=1 g,
e K - 3a[JaHHOE 3HaYeHEe TU/[PAB/IIMYECKOIl IIPOBOJMMOCTI Ha rny6MHe Z, B TOPM3OHTA/TbHBIX TOUKAX j MEXK]TY IBYMS PasBe-
,E[O‘IHbIMI/I CKBaXMHAMIG; |, , G, — CPETHIE U IUCTIePCHA pAsa K ,ji=1,

[/ist MHTEPIOMMPOBAHNUSA 3HAYEHIIS K PUMEHUM METO]] CTOXACTUYECKOIT unreprnonauu. Hanbomnee pacnpocTpaHeHHbIM
ABJISIETCA Mermo0 Nocned08amenvHblxX czzywauﬂbtx oononnenuii (Successive Random Additions — SRA) [13]. B aTom MeTOfie 3Haue-
HIs IIPOLeCca [/IAJKO NHTEPIIONMNPYIOTCS B IPOMEXXYTOUHBIX TOYKAX MEX/Y CKBXIHAMIL, IIPU 9TOM KO BCEM IIPOMHTEPIIONN-
POBAHHBIM 3HAYEHUSIM H00ABILIOTCS CTyYailHble YIMC/IA TAK, YTOODI Bapyalysi IPUpPAIeHIiT YIO0BIETBOPs/IA CBOICTBY

E[Am, (rat)] = r"E[ am,, (ar)] . )

CrnyyaliHple Bapyaluy, YIOB/IETBOPAIONINE yPaBHEHUIO (4), [06ABIAIOTCA KO BCEM 3HAYEHMAM. [l TOro 4To6n! TpOVH-
TepIONMPOBAT 3HAYEHNS C KOPPE/ILMOHHOI CTPYKTYpOIt, IpUcyIeit fBm-TIpolieccy, HAYMHAIOT ¢ M3BECTHON JUCTIEPCHN ©,
MEXTy ABYMA CKBXMHAMM M FOOABJIAOT K ITTAIKO MHTEPIOMVMPYEMBbIM 3HAUeHNAM CTydaifHOe 4MCTI0, TeHepupyeMoe AaTdy-
KOM He3aBMCHMBIX 3HAYeHMiT ¢ pacrpefienenvieM N (0, cfﬁ, e o, =0, /2", Ora npolesypa NOBTOPAETCA [0 TEX MOP, MIOKa
MHTEpPIIONUpyeMble 3HaUeHNsI OyAyT omuceiBatbcs fBm-nponeccom. Ha n-M 111are 9Toit peKypCUBHOI MPOLEAYPBI CIydariHas
Bapyanus, fo6arAeMas K KKIOMY MHTePIIOMMPYyeMOMY 3HaUeHMIO, PaBHa

o =a /12" =gl /2"

3. CroxactnyecKkoe VHTEPrOAMPOBaHME Ha OCHOBE (hPAaKTaALHOTO /A€BU-ABVIKEHMS]

PaHblImle CTOXaCTUIECKIIE METOIBI MHTEPIONMNPOBAHNMS GUIBTPALMOHHBIX XapaKTEPUCTHUK HeTerasoBbIX 3a/IeXell MPOBO-
AWINCH B OCHOBHOM C MCIIO/Ib30BaHMEM (PPAKTaIbHOTO GpOyHOBCKOro ABInKeHust {Bm, sBsiomerocs 0600mmeHneM Kraccude-
CKOro 6pOYHOBCKOro IBIDKeHNs cBm, u ppaxranpHoro rayccockoro myma fGn — npoussogHoit ot fBm, KoTopsie 0cCHOBaHbI Ha
rayCcoOBCKOM (HOpManbHOM) pactipeneneHun [12]. B mociefHee BpeMst B TeOCTAaTUCTIKE WIMPOKO NPUMEHSIOTCS 6ortee obiye
METO/[bI VHTEPIIONIMPOBAHNS C MCIIO/NIb30BaHyeM (pakranpHoro asykenns Jlesn (fractional Levy motion — fLm), ocHoBaHHO-
TO Ha HETayCCOBCKOM YCTOIYMBOM pacipefeneHn JIeBy, JaCTHBIM CTy<IaeM KOTOPOTO SIB/ISIETCSI FayCCOBCKOE pacIIpefiesieHIe.
AHau3 reoNOrMYeCKUX JAHHBIX OCAJOYHBIX TIOPOJ TOKA3BIBAET, YTO U3MEHEHVSI CBOJICTB UX HMOBEPXHOCTHBIX CTI0OEB C 6Ob-
L0} TOYHOCTBIO OIMCHIBAIOTCS MACIITAOHO-MHBAPMAHTHBIMI MOJIE/IIMI Ha OCHOBeE fLm, IPVMBOZS K TOMY XKe K COCTOSATEIbHBIM
OLIEHKAM, T. €. TOYEIHBIM OLIEHKaM, CXOISIIMMCS 110 BEPOSITHOCTH |3, 4].

YcrortuuBsie JIeBu-paciipee/ieHysi IapaMeTPU3YIOTC ¢ MOMOLIbI0 nHgekca JIeBu 0 < o < 2 ¥ BK/IIOYAIOT KaK YaCTHBII
CITy9ali rayCcoBBl paciipenenenst pu a = 2. IIpu a # 2 ycroituuBble JIeBy-pacipenesieHyist IMEIOT MeJIEHHO 1 [JaTeKO IPOCTH-
paromyecs (Tak HasbIBaeMble «TsDKerble») XBOCTBI (P (|x| 2 5) oo s st 60/mbImx s ¥ 6eCKOHEUHbIe MOMEHTbI BTOPOTo (11 6oree
BBICOKOT0) TIOPsI/IKa.

K Tomy e ycroirauBble JleBu-pacIipeieieHyist IB/SIIOTCS IPee/IbHBIMI PACIIpefie/leHsIMI CYMM He3aBICHUMBbIX OfMHA-
KOBO pacIipee/leHHbIX (H. 0. p.) CIIyYailHbIX BEMYUH C 6ECKOHEYHOI JUCIIEPCHE, YTO AB/ISAETC 0000IeHIeM LeHTPaIbHOI
Ipele/IbHOI TeOPeMBbI, KOTOPasi CIIPABEJINBA B CIy4ae H. 0. P. CIyYailHbIX BE/IMYIH C KOHEYHOI fgucrepcueit. CuMMeTpiIecKoe
JleBu-pacripefiesieHie EHTPYPOBAHO OTHOCUTE/IBHO HaYa/la KOOPAVHAT U MMeeT GYHKINIO IVIOTHOCTH pacipenenenus (proba-

bility density function — PDF)
1 ¢~
£(x)= ] e
s

B fLm-mopenu mporecca X(t) ero npuparenus X(t + [) - X(t) umetor cummeTpudeckoe JleBu-pacrpenesieHne ¢ MHAEKCOM
a u mmpunoit C = C |[|. B cny4ae HesaBuCMMBIX IpypalleHnii MacirabHpii mapamerp H = 1/a. Ipu H # 1/a npupamenns
UMeEIOT 6eCKOHEeYHO-BPEMEHHYI0 KOPPeJIALNMIO, IIPK 9TOM B ciydae 1/a < H < 1 MMeeT MeCTO TepCUCTEHTHOCTD (COXpaHeHMe
BO3pacTaloLlell TeHeHINM), a B caydae 0 < H < 1/a — aHTUIEePCUCTEeHTHOCTD (CMeHa BO3pacTarolilell TeHAeHIN YObIBAOIIelt).

XapakTepHas I'MCTOrpaMMa IpUpalljeHNs IOC/IeoBaTebHbIX 3Ha4eHNIT IpoHuiaeMocty K gaHa Ha puc. 1[14].

0s (kx) dk.
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McTorpamma npupalleHus nocnenoBaTesibHbIX 3HaYeHUI NpoHuuaemocTu K. a — ructorpamma npupatieHnii AK anst nocrnefnoBaTenbHbIX
3Ha4YeHU NPOHNLIAEMOCTU, ONUCbIBaEMbIX ycTon4mebiM JleBu-pacnpegenervem ¢ a = 0,65 n C = 2,12. 3HaveHus K, uamepeHHble B ropu3oHTanb-
HOM HanpasneHun mexay ckBaxknHamu E7 n E8 Ha cnosix 2, 4 n 6 ¢ warom /= 0,025 M. [1Be paspbliBHbIE NIMHUM COOTBETCTBYIOT rayCCOBOW annpok-
cvmaumn. 6 — 3aBUCUMOCTb CTPYKTYpHOU dpyHkumm JleBu C (/) oT | Ans M3MepeHHbIX 3HaYeHW NpoHnLaeMocTu. [NpsiMasi MMHUS, XapakTepu3ayto-
was rpadomk 3TON 3aBUCMMOCTU B [BOVHbIX NOorapudMUYeckux koopamHaTtax, ykasblBaeT Hanuumne cteneHHoro 3akoHa C(l)«c M1 unnoctpupyet
XOPOLLYIO annpoKCUMaLIMIo B JOCTAaTOMHO LUIMPOKOM AnanasoHe NpoCcTPaHCTBEHHOro MacLuTaba, nogyepkmBas CKeinmnHroBoe noeeaeHne. Haknox
aTou npsimont H = 0,2 nokasbliBaeT aHTUMNEPCUCTEHTHOCTb MpoLecca.

Histogram of increment of successive values of permeability K.

KsanTtnnbHble onjeHku mapamerpos C u a nonydexst ®ama u Ponnem [15].

fLm-mopenu MoryT 6biTh 06061IeHbI Ha CTy4alt ABYX 1 Tpex usMepennuii. [lo cymecTsy, Takoe 06001ieHne TTOMTyYaeTCs
3aMEHOJ TIepeMeHHOI1 ¢ Ha BEeKTOp MO3MIUK 7, BBEJleHNeM BeKTopa | paccToAHus. VIcnonb3ys pacTsykeHHOe eBKINJ0BO pac-
crosinue | T =[(S L)+ (Syly)2+ 17" ¢ bakTopamu pactskenns S )?Sy< 1, IONy4nM pacIipefienieHye IpypaleHuii ¢ 60Jbleit mu-
pusOI C B BEpTHKATbHOM HAIIPABJIEHNN 110 CPABHEHMIO C TOPM3OHTA/IbHBIMU HAIIPAB/IEHNAMH, COIVIACOBAHHOE C BapMaLUAMNI
IIpoljecca Ha MOBEPXHOCTAX HAaIlJIACTOBAHMA MOPOAbI IIAcTA. TaKoil IOAX0 IPeAIoNaraeT OfHO 1 TO JKe 3HaueHMe ITapaMeTpa
H B onjenke C(I) mo BceM TpeM HaIpaBIeHNsM KOOPMHATHBIX OCell ¥ TIPMBOAUT K IIPOCTENIIIIell MOJEII, COITTACOBAHHOI C Te0-
JIOTMYeCKVIMU JaHHBIMY, KOTOpasi paccMoTpeHa ITanntepom [14]. OpHaKo 3Ty MOZe/Ib MOXKHO 06001IMTH Ha CTy4ait pasInaHbIX
3HaueHMI H B pa3HbIX HAIPaB/IEHNAX.

[ToAy4€eHHLIE pe3yALTaThl M UX MPUMEHEHNE

B pe3synbrare npoBeAEHHBIX UCCIEAOBAaHUN 1aHO 000CHOBaHUE HEOOXOAUMOCTU NPUMEHEHUs ycToiuuBoro JleBu-pacnpe-
J€JIeHUs 1715 CTOXaCTUYECKOro HHTEPIONUPOBaHUs (DUIBTPALMOHHBIX XapaKTepUCTHK HedTeHachleHHbIX cpel. [Tokasano, uto
¢bpaxranpHoe JleBu-nBueHue Ooliee aJeKBaTHO OIUCHIBAET PE3KHE U3MEHEHUS F€0IOrMYEeCKUX CTpaTH()UKALIIA.

3akAloyeHve

Vicnonb3oBanue fLm-Mopeneil IpeAcTaB/saeT IPYHIIINATILHO HOBBI MOAXON K OIMCAHMIO (IIBTPALMOHHBIX XapaKTe-
PUCTHK HeTeHAChIeHHBIX 3a1exeil. CylleCTBEHHO Ba>KHOE IPEVMMYIIECTBO 9TUX MOJEJel COCTOUT B TOM, YTO YCTOIYMBOE
JleBu-pacnpenenene NpupamnieHnii NCCIefyeMbIX XapaKTePUCTUK M UX CKEJIMHIOBOE MOBEJEeHNe IT0Ka3a0 XOpOouIoe COBIIa-
IeHye C SMIMPUIECKMMI TaHHBIMU [16, 17]. HemManoBaxkHy0 pojb 3eCh UTpaeT HaIM4Me «TSKEIbIX» XBOCTOB JIeBU-yCToil-
YMBOTO pacIIpefieNieHyst IpUpalleHNil, KOTOpble PearnpyioT Ha pe3Kiie BHe3aIlHble U3MEHEHMs CBOJICTB TOPOfbl, 3 deKTnBHO
BOCIIPOM3BOJA reoornyeckme crparuduxaiyi. KpoMe Toro, CKeilImHroBoe rnosefieHne IapaMeTpoB JaHHOTO paclpe/ie/e s
B BEPTUKA/JIbHOM U TOPM30OHTANTbHOM HAaIlpaBlIE€HUAX XapaKTepu3yeT IPUCYTCTBME HEOJHOPOJHOCTEN B IIMPOKOM Jyama3oHe
IIPOCTPAHCTBEHHBIX II€PEMEHHBIX, KOTOPbIe YaCTO BM3YaJIbHO HAOJIOAIOTCA B BIJE OCAJJOYHBIX OT/IOKEHWIT Ha IIOBEPXHOCTHU
I/TacTa. 3HAYEHMA CKEV/IMHIOBBIX IIapaMeTpPOB, OTPaKaIolIle aHTUIIEPCUCTEHTHOE TIOBeieHNe IIPOIIecca, TIO3BOLIOT MOJEN
PerucTpUpOBaTh CIyJaliHble KU CIEeKTpa WIN «IICeBJOLMKIbI», BbIAB/IAA TEM CaMbIM PUTMMYECKII XapaKTep HaC/IOeHNI Io-
ponpL.
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The relevance of the work is conditioned by the need to use random processes based on Levi-distribution in describing the process of filtration of
fluid flow in oil reservoirs and groundwater. These processes describe the filtration process more accurately than the fractal Brownian motion (fBm)
and fractal Gaussian noise (fGn), especially with sharp changes in the geological environment.

The purpose of the work is to show the advantages of using stochastic interpolation methods in geostatistics as compared to deterministic methods
(in particular, the creaking method).

Research methodology: theoretical analysis and experimental study of methods for probabilistic modeling of aquifer properties of geological media
under conditions of uncertainty and limited availability of information on permeability and porosity of reservoirs.

Results. It is shown that stochastic interpolation is most suitable for modeling dispersion characteristics of heterogeneous geological formations. The
use of the assumption of Gaussian distribution in describing the process of fluid filtration is unreasonable. It is especially unreasonable in the presence
of abrupt changes inherent in geological stratifications. Such changes are more adequately described by fractal Levi-motion (fLm). Stable Levi-
distribution of increments of the studied filtration characteristics of oil-saturated deposits showed a good coincidence with empirical data of numerous
physical changes of geological structures in a wide range of spatial variables vertically and horizontally.

Conclusions. The use of fLm — models represents a fundamentally new approach in geostatistics. The presence of heavy tails of the Levi-distribution of
increments of the filtration characteristics of the layers and scaling the distribution parameters of this distribution allows us to react to sudden and sharp
changes in rock properties. This effectively reproduces the strata and sedimentary deposits on the reservoir surface and characterizes heterogeneity
in a wide range of distribution of spatial variables.

Keywords: hydraulic conductivity; porosity; permeability; fractal processes in geology; stochastic interpolation; fractal Brownian motion; fractal
Gaussian noise; fractal Levy-motion; Hurst exponent; heavy distribution tails.
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Evaluation of rock mass characteristics is the basis for designing the technology of mineral deposits development, which indicates the relevance of
the work.

The purpose of the present work is to establish the laws of spatial distribution of rock mass properties. Their establishment requires the solution of
the following problems: determination of the probability of a trend; identification and elimination of emissions (local component) and construction of
a trend line.

The research methodology consists of using the tools of fractal geometry to determine the properties of a random spatial series. The use of the
apparatus of classical trend analysis, based on purely statistical analysis, in relation to the specifics of research data does not provide an adequate
solution to these problems. This paper discusses the results of implementing the fractal representation of the spatial series in case of the rock mass
strength distribution in the Yubileynoye deposit (Bashkortostan). The quantitative estimation of the trend line as a fractal object is to determine its
fractal dimension by the method of “fractal lengths”. Step-by-step implementation of this method allowed identifying areas of the rock mass with
natural variability of properties by depth. The variation of the values of a number (the random component) obeys an equation of the fractal Brownian
motion (FBM). Determination of the parameters of this equation makes it possible to predict the characteristics of the rock mass in those areas where
engineering-geological testing was not carried out. For this purpose, a statistical model of variability of the characteristics of the array, based on the
Monte Carlo method was developed. Implementation of the model allows us to add the spatial series (replicate sample), i.e., to predict the properties
of the array between the points of sampling.

Summary. The proposed techniques and software that forms the methodology of fractal analysis of variability of a rock mass at depth and along strike
of the deposit. The methodology provides additional information for engineering and geological studies of deposits, especially with a limited amount
of sample data. It allows increasing the reliability of the forecast of mining conditions for the construction of mines and mining operations.

Keywords: rocks; rock mass strength; fractal trend analysis.

ntroduction
The technology of mineral deposits development is largely determined by the properties of rocks, which compose the
rock mass. One of the most important goals of engineering-geological substantiation of design solutions is the prediction
of variability of rock properties along the stretch and depth of the deposit. This forecast is based on trend analysis. The classical
trend analysis solves the following problems [1]: assessment of the presence of regularity in the variability of the parameters
studied; identification and elimination of the local component of the series; establishment of the trend line; determination of
its natural and random component. The solution of these problems with the help of the correlation analysis does not provide a
reliable picture of the trend due to the natural variability of the array, which causes the presence of values that do not fit into the
framework of the accepted statistical function of the distribution of “popping up” meanings. Classical methods of estimation of
such local values using Bayesian regression analysis [1] or Hoeke-Brown criterion [2] are overly formalized. They do not take
into account the geological history of rock formation. Trend analysis based on the classification of rocks by properties [3] is a too
rough approximation. This analysis does not provide a high-quality design of mining technology. Consideration of the spatial
trend of rock strength from fractal positions provides additional opportunities.

Results

Let us consider the possibility of trend analysis on the example of the variability of rock strength by the depth of the
Yubileynoye deposit (Bashkortostan). Strength characteristics of rocks were determined by means of the laboratory studies of
cores extracted from exploratory wells. To assess the rock mass strength, corrections for rock pressure, humidity, scale effect and
fractured rock mass structure were introduced to the laboratory data [5-7]. Fig. 1 shows the spatial range of the strength of the
rock mass variability based on depth.

The appropriate computer software was developed for the classical trend analysis procedure. The first goal is to assess the
probability of a trend. The analysis of quite numerous methods of solving this problem [5] showed that the Wald criterion [1, 8]
was the most informative and reliable for spatial series of variability of rock properties. To test the hypothesis about the existence
of a trend according to this criterion is determined by the number of crossings of the graph of the variability of the index in its
median value. The computer program determines deviations from the median (“+1” or “~1”) and the number of intervals greater
than the median -7, and less than the median #,. The value of the criterion Z is calculated based on the mathematical expectation
and variance of deviations. The probability of trend absence is determined with the help of the normal distribution function. For
the given series, this probability is 0.077. Therefore, the probability of a trend (P = 0.923) is quite high.

Another goal is to determine the trend equation (line). Our experience in analyzing the spatial series of rock properties has
shown that even higher order polynomials were not able to reliably describe the natural variability of rock properties. The use of
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Figure 1. A chart of the strength of the rock mass according to the depth of the Yubileynoye deposit.
PucyHok 1. [lnarpamma npo4yHOCTH NOPOAHOro MaccuBa no rny6uHe KO6uneitHoro MmectopoxaeHus.

different methods of “alignment” is also associated with an unacceptable loss of information about the distribution of properties.
Additional important information is given by considering spatial series from fractal positions.

If a spatial series has fractal properties, the dependence of its length L(5) on the measurement step J is subject to the power
law (Richardson’s law) [7, 8]:

L(8) ~ 8¢ at B < 0. (1)

There are several ways to calculate the fractal dimension of a series. The method of fractal lengths is one of the most informative
and amenable to computer formalization [9, 10]. It determines the procedure for calculating L (). In this case, the whole series,
consisting of Ni members, is divided into intervals of [i§ — (i + 1) §]. Within each interval, the value of the < Y(i§) > function is
defined as the arithmetic mean of all points within that interval. The curve length at a given step 0 is calculated as the sum of the
function increments by the formula:

L(s)= i‘< Y (i8) > - < Y ((i-1)9) >\. )

i=1

The fractal dimension of the series is determined on the basis of linear approximation of the dependence (1) in double
logarithmic coordinates. From this equation follows:

InL()=pInd+Ina, 3)

where In o0 = const.

Here { is the angular coeflicient of the equation graph (3) associated with the fractal dimension of the series: d.= 1 - . Then,
ignoring the constant, you can write log L ~ (1 - d) log 8. Thus, to determine the fractal dimension of the d_series, it is necessary
to find the dependence of the length of the I series on the measurement step J. If in logarithmic coordinates this dependence turns
out to be linear, then the series will be a fractal, i. e., it will have the property of self-similarity. The parameters of equation (3) will
be determined by the method of “least squares”

For Fig. 2 the trajectories of the considered trend are shown at successive change of the measurement step. The results
obtained (Fig. 3) are a good match with the linear dependence (3). The coefficient of reliability of approximation is R* = 0.94.
Therefore, the considered series of variability of strength of the massif by the depth is a fractal object. Its total fractal dimension
isd.=1.82.

The obtained data refer to the entire strength chart. A step-by-step fractal trend analysis allowed identifying the intervals
of depths with a steady pattern of strength changes. For the purposes of mining technology design it is sufficient to determine
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Figure 2. The trajectory of the trend line with different measurement step.
PucyHok 2. UsmeHeHMe TpaeKTopuu NIMHUM TpeHAa NpY pasnUYHOM Luare u3mMepeHui.
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InL PY I I I I I Parameters of the trend line of different depths.
6,5 | MapameTpbl NMHMM TPeHAA pPa3NUYHbIX Y4aCcTKOB FMy6GuH.

| Parameters of the equation .
6.0 Depth intervals, m o, = kH + aq Corrglgtlon
55 F P VR coefficient
ol VT80T * ® 120-360 0.58 59 0.692

R? = 0,9408 360-1100 0.02 20 0.453

45 1100-1200 0.62 -634 0.604
apol 1200-1330 —-0.61 868 -0.758

Figure 3. The graph of the trend equation (2).
PucyHok 3. Npadmk ypaBHeHus (2) TpeHaa.

the tendency of strength change with depth in these areas, i. e. to use a linear equation of the form: o = kH + a [11, 12]. The
parameters of the equation in the selected areas are shown in the Table. These areas are marked with red lines in the Fig. 1.

While exploration drilling extraction of cores for testing rocks is extremely uneven. In particular, for the considered series
testing intervals reached 30-50 meters in depth [5]. At these intervals, the strength values of the pattern remain unknown. In
order to form a reliable trend of variability of rock mass strength in depth, such intervals should be filled in, i. e. to give a forecast
of strength at these depth intervals. As shown earlier, the considered strength series is a fractal object, therefore, it has invariance
to scale transformation (self-similarity) [13, 14]. Then for the solution of the specified problem it is necessary to use methods of
fractal geometry.

In this case, the variability of rock strength can be described by the process of fractal Brownian motion [15]. Its implementation
can serve as a method of the “middle displacement” [11]. The idea of this method is to calculate the random displacement of a
point located in the middle of a line segment connecting the nodal points. Then, the mean displacement of the obtained data is
determined 2, 4, 8, ... , 20""V2 segments, where # is the number of steps (iterations) required. With each modeling step, the length
of the considered segments decreases, and in this regard, the median displacements Ay should also decrease in proportion:
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Figure 4. Implementation of the “mean displacements” method.
PucyHok 4. Peanusauusa metoga «CpeAnHHbIX CMELLEeHUN».

1 2H-2
Ay(t):FcVI—Z g
4)

t=k/2"whenk=0,1, ..., 2"

where H is the index of the Gelder, H = 2 - d;; g is the normally distributed random numbers generated by the computer program
Microsoft Excel. The magnitude of the scale factor ¢ is determined by the variance of the original series §* = 770 MPa*

(5)

where |t, — ¢| is a forecast step (distance between node points).

To implement this procedure, a statistical (simulation) model based on the Monte Carlo method was developed [18]. By
averaging the multiple implementation of the model, the most probable points of the series are determined. Let us consider the
implementation of the program on a specific example. In the depth interval of 508—551 meters there are no experienced points.
Sequential replenishment (replication) of the sample in this interval is illustrated by graphs in Fig. 4.

The left graph shows the probabilistic strength values after two iterations of the model. After the fifth step, there is sufficient
information about the probable strength of the array in a given depth interval. In principle, you can get a smooth curve of strength
for any part of the array. At the same time, it should be noted that the zones of rock crushing, clearly fixed in exploration drilling,
should be excluded from consideration.

The next goal of the analysis is to assess the reliability of the forecast, i.e. to determine the natural and random components
of the trend. The variance of the trend’s natural component is determined as the difference between the total variance S, and its
random component S: S; =S, - .. For the series considered, the total variance as a measure of the variation in strength relative
to the total average is S, = 1972 MPa” The random variance is determined by the sum of squares of deviations of experimental
values from trend lines in the selected areas (Fig. 1). The value of the random dispersion is . = 118 MPa> In this case a natural
component of variance defined as the difference S. = 1854 MPa2 Therefore, it can be affirmed that the strength of rocks naturally
varies with the depth of their occurrence. Indeed, the natural component in the total variance exceeds 94 %. The average coefficient
of variation of experimental values from the trend line is 8.2 %.

Conclusion

Thus, fractal studies of spatial series allow predicting the measure of variability of rock properties expressed in their fractal
dimension. They allow allocating depth intervals with different trends of property changes with depth. They also make it possible
to replicate the sample by using a simulation model based on the method of “average displacement”. All of this allows us to obtain
additional information that increases the reliability of the design of mining processes.
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TpeHA-aHaAn3 CBOMCTB MOPOAHOIO MAacCMBA HA OCHOBE (PPAaKTAALHOIO
MPEACTaBAEHMSI MPOCTPAHCTBEHHLIX PSIAOB

Oner MeoprneBuy JlatbilweB., Ypanbckuii rocyaapCTBEHHbIN FOPHbIN YHUBEPCUTET
gtf.shs@ursmu.ru Poccus, EkatepuHOypr

Onbra OneroeHa Kasak
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OLeHKa XapaKkTePUCTUK MOPOAHOTO MACCHBA SIBASIETCSI OCHOBOW MPOEKTUPOBAHMSI TEXHOAOTMM Pa3pabOTKM MECTOPOYKAEHMI MOAE3HBIX UCKOMAEMBIX, YTO
CBMAETEALCTBYET 00 AKTYAALHOCTH Pa6oTLI.

LleAbto paboTbl SIBASIETCSI YCTAHOBAEHME 3aKOHOMEPHOCTEN MPOCTPAHCTBEHHOTO PACTIPEAEAEHMsI CBOVCTB MOPOAHOIO MAaccMBa. AAsl MX YCTAHOBAEHMSI
TpebyeTcsl peleHne CAEAYIOWMX 3aAa4: ONPEAEAEHME BEPOSITHOCTM HAAMUYMSI TPEHAQ; BLISIBAEHME U MCKAIOYEHUE BLIGPOCOB (AOKAALHOV COCTABASIIOWLEN);
MOCTPOEHNE AMHUM TPEHAA.

MeToAorOorMaA MCCAEAOBAHMI 3aKAIOYAETCSl B MCTMOAL30OBAHUM MHCTPYMEHTapusl (PPAKTAALHOW T€OMETPUM AAsl OMPEAEAEHUs] CBOWCTB CAyYallHOro
MPOCTPAHCTBEHHOTO psiAd. [pMMeHeHue annapara KAACCUYeCKOro TPEHA-aHaAM3a, OCHOBAHHOTO Ha YMCTO CTaTUCTUHYECKOM aHaAM3e, MPUMEHMUTEALHO K
creunuKke AAHHLIX MICCAEAOBAHUI HE AQeT AAEKBATHOTO PELleHMsT YKa3aHHDIX 3aAad.

PesyabTaTol M mx npumeHenme. B paborte 0OCY)KAAIOTCSI PE3YALTAThl PEAAM3ALMM (PPAKTAALHOTO TMPEACTABAEHUsI MPOCTPAHCTBEHHLIX PSIAOB HA
NMPUMEPE PACTPEAEAEHMs] MPOYHOCTM MOPOAHOTO MaccuBa tO6uAelHOro mectoposkaeHmst (bawkopToctaH). KoAMYecTBEHHAsI OLEHKA AVHUM TPEHAA
Kak (PPAKTAALHOrO OOLEKTA 3AKAIOYAETCSl B OMPEAEAEHUM €€ (PPAKTAALHOM PA3MEPHOCTM METOAOM «(PPAKTAALHLIX AAMH». [lowaroBasi peaamsaumsi
METOAA MO3BOAMAA BLISIBUTL YYACTKM MOPOAHOTO MACCMBA C 3AKOHOMEPHOM M3MEHUYMBOCTLIO CBOVCTB MO TAyOMHE. Bapuaumst 3Ha4eHmin psiaa (CAydaiHast
COCTaBASIIOILAST) TOAYMHSIETCS YPABHEHMIO (PPAKTAABLHOIO GPOYHOBCKOrO ABMYKeHUs ((PBA). OnpeAeAeH e NapameTpoB STOrO YPaBHEHMsI AAET BO3MOXKHOCTb
MPOrHO3MPOBATh XaPAKTEPUCTVKM MOPOAHOTO MACCMBA HA TEX YHACTKAX, FA€ MH)KEHEPHO-TEOAOTMYECKOTO ONPOOOBaHMSI HE MPOBOAMAOCL. AAsl STOTO
paspaboTtaHa CTaTUCTMYECKasi MOAEAb U3MEHUYMBOCTM XapAKTEPUCTMK MACCMBA, OCHOBAHHAsl HA meToae MoHTe-Kapao. Peaansaunisi MOAEAM MO3BOAsIET
AOTIOAHSITh MPOCTPAHCTBEHHDIE PSIALI (TMPXKMPOBATL BLIGOPKY), T. €. MPOrHO3MPOBATh CBOMCTBA MACCHBA MEXKAY TOHKaMyM OMPOOOBaHMsI.

BbiBoAbl. COBOKYMHOCTb MPEAAOYKEHHBIX METOAOB U KOMILIOTEPHLIX MPOrpamMmm (DOPMUPYET METOAMKY (DPAKTAALHOTO aHaAM3a WM3MEHYMBOCTM
XaPAKTEPUCTMK MOPOAHOTO MAcCMBA MO TAYOMHE U MPOCTUPAHMIO MECTOPOXKAEHMSI. METOAMKA AAET AOTIOAHUTEABLHYIO MH(DOPMALIMIO MPYU MHXKEHEPHO-
rEOAOrMHYECKMX MCCAEAOBAHMSIX MECTOPOXKAEHUM, OCOBEHHO MPY OrPAHNYEHHOM OObLEME BLIGOPOYHBIX AAHHDLIX, M MO3BOASIET MOBLICUTL HAAEXKHOCTD
MPOrHO3a rOPHOTEXHUYECKMX YCAOBUIM CTPOUTEALCTBA WAXT U AOOLIYM MOAE3HBIX MCKOMAEMDIX.

KaroueBble croBa: ropHbIe MOPOALI; MPOYHOCTL MOPOAHOTO MACCMBA; (PpPaKTaAbHLI TPEHA-aHAAMS.
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DAKTOPLI, BAVSIIOIUME HA HECYLIIVYIO CITOCOBHOCTD
PA3APOBAEHHDIX TOPHLIX TTOPOA OCAAOHHOIO INPONCXOXKAEHWEI

Cepren Hukonaesuny LLlabaes Kyabacckuii rocyaapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
shabaev81@rambler.ru um. T. ®. lopbavesa
Poccus, Kemeposo

AKTYaALHOCTL Pa6oTnI OOYCAOBAEHA TEM, YTO KAYECTBO ABTOMOOMALHLIX AOPOT OTKPLITLIX FOPHLIX PA3PABOTOK OKA3LIBAET 3HAYUTEALHOE BAMSIHME Ha
3PpeKTUBHOCTb PABOTBI KAPLEPHOTO ABTOTPAHCIOPTA, MPU 3TOM MCMOAL30BAHME BCKPLILHLIX VM BMELLAIOWMX TOPHBIX MOPOA MOXKET CHU3UTDL KarMTaAbHbIE
M 3KCMAYyaTaLMOHHbBIE 3aTparthl HA YCTPOMCTBO U COAEPIKAHME TMyTe COOBLEHMs!.

LeAr pa6oTni: OnpeAeAnTs (haKkTopbl, OKA3LIBAIOWME 3HAYUTEALHOE BAMSIHME HA HECYLLYIO CMOCOBHOCTL PA3APOBAEHHBIX FOPHLIX MOPOA.

Mertoaororna nccaeaoBanms. Ha ocHoBe aHaAM3a paHee BLINMOAHEHHDLIX MCCAEAOBAHUM AEAYKTVMBHBLIMY METOAAMM BLISIBASIIOTCS (DAKTOPLI, BAUSIIOIIME HA
MOAYAb YIMPYTOCTM PA3APOBAEHHDLIX FOPHDLIX MOPOA OCAAOYHOTO MPOUCXOXKAEHMSI, M OTMPEAEASIIOTCSI TE U3 HMX, KOTOPLIE UIPAIOT HAMBOALLLYIO POAL B ¢hOp-
MMPOBAHMM HECYILEN CMOCOBHOCTM. AABOPATOPHLIMY SKCMEPUMEHTAMY OMPEAEASIIOTCS 3AaBUCMMOCTY OGLEMHO MACCLI M CTATUHECKOTO MOAYAS! YTPYroCTi
PA3APOBAEHHDBIX TOPHBIX MOPOA PA3AMHYHOTO FPAHYAOMETPUYECKOTO COCTABA B 3aBUCMMOCTM OT MX BAAKHOCTM.

Pe3yanTaTbl. OnpeAeAeHO, HTO HAMBOALILIEE BAVISIHME HA HECYILYIO CTOCOBHOCTL OKA3LIBAIOT PA3MEP M MAOTHOCTL YNAKOBKM YaCTMLL PA3APOBAEHHOM rop-
HOV MOPOALI, €€ BA&KHOCTD, a TaK)Ke COAePYKaHUE B HEW MBLIAEBMAHDBIX M TAVHUCTLIX YacTyLL, MPY 3TOM 3Ha4YMUTEeAbHasl POAL MOCAEAHMX TPeX (PAKTOPOB AO-
Ka3aHa SKCMEPVMEHTAALHLIM MyTeM. DPAKTOpamm, KOTOPLIMM MOXKHO NMPEHEBPEUD, SIBASIIOTCSI (DOPMA, LIEPOXOBATOCTb, MPOYHOCTL U OKMMAEMOCTD YACTMLL.
BoiBoAbI. [1py MCMOAL30BAHUM PASAPOOAEHHDIX TOPHBIX MOPOA OCAAOYHOTO MPOUCXOXKAEHMST AASI YCTPOMCTBA KOHCTPYKTUBHBIX CAOEB AOPOXKHOM OAEXKAbI
TEXHOAOTMYECKMX ABTOMOOMALHBIX AOPOT AASI IPABUABLHOTO MPOrHO3MPOBAHMSI HECYILEN COCOBHOCTM HEOBXOAMMO YUUTLIBATL HE TOABLKO CTEMEHD (KO3h-
huLIMeHT) yrNAOTHeHMs U (MAM) OCTATOYHYIO MYyCTOTHOCTL, HO Taloke U UX hu3myeckme napamerpbl, @ UMEHHO rPaHyAOMETPUYECKMIA COCTaB U BAAKHOCTD,
B TOM YMCAE OMNTUMAALHYIO. B MPOTMBHOM CcAydae rnoAyyaemble pPesyALTaTbhl XapakTePUsYIOT AULIL YACTHLIE CAyYan AOCTUXKEHMST TOTO MAM MHOTO MOAYASI
YMPYroCT! ¥ MOTYT AATh COBEPILEHHO MHLIE PE3YALTATBI B CAyHa€e M3MEHEHMS AOOTO M3 OKA3bIBAIOWMX 3HAYMTEALHOE BAMSIHUE (DAKTOPOB.

KAtoyeBble cAOBA: TOPHLIE MOPOALI; MOAYAL YIPYTOCTM; HECYILAs! CIOCOBHOCTD; (hAKTOPLI; AOPOTY; OTKPLITLIE FOPHLIE PA3PAbOTKM.

BEAeHMe
B coBpeMeHHBIX yCI0BMAX Ha 3¢ QPeKTNBHOCTD pabOThI KapbepHOrO aBTOTPAHCIOPTA 3HAYNTEIbHOE BIIMSHIE
OKaspIBaeT KaueCTBO aBTOMOOMJIBHBIX JJOPOT OTKPBITBIX TOPHBIX paspaboTok [1]. IIpyu aToM ms cokpalleHMs Ka-
IMTaIbHBIX 1 SKCIUTyaTallMIOHHBIX 3aTPaT Ha CTPOMTENBCTBO U COflepKaHMe MyTell cOObIe N Ienecoo6pasHo UCIONb30BaTh
BCKPBILIHbIE 11 (M/11) BMeLaoLiye pasgpobieHHble TOPHBIe IIOPOJBL KapbepoB (paspe3oB) A/isi CTPOUTEIBCTBA 3eM/LTHOTO 110-
JIOTHA ¥ JJOPOXKHBIX OfIeXT [2].

JI/is1 ycTpolicTBa aBTOMOOM/IBHBIX HOPOT OTKPBITHIX TOPHBIX PaspabOTOK pas/nMdHble aBTOPBI IPEMIATAI0T UCIIONIb30BATh
pasnpobieHHbIe TOpHBIe TOPO/BI, GPAKLMOHNPOBAHHBIN 11ebeHb, achanbrobeTOHHbBIE U LleMeHToOeToHHBIe cMecH [3-9]. Op-
HaKO B IIPOEKTHOI TOKYMEHTAIM HaboIblilee pacpoCTpaHeH e MOMyIiI OBHOGPAKIIMOHHbII (COpTOBOII) 1ebeHb. B To xe
BpeMsA JJOPOXKHbIE OfEX/bI U3 IIeOHA ObICTPO paspymaTcs [1], mosToMy Iienecoob6pasHO OIpeNeNnTb IMapaMeTphl pasipo-
O/IEHHBIX TOPHBIX IIOPOJ], ONIPE/E/IAIONIe BO3MOXXHOCTD 11 3 (PEKTUBHOCTD MX IPUMEHEHVs /IS YCTPOICTBA KAPbEPHBIX OPOL.

[NocraHoBKa LeAM U 3aaa4

JI/151 OBBIIIEHNST HA/IeXXHOCTI IIPOTHOSMPOBAHNS HECYIIell CIIOCOOHOCTH Pas3fpoO/IeHHbIX TOPHBIX IIOPOJI, OT KOTOPOIt 3a-
BIICUT CPOK CITy>KOBI U KaueCTBO TEXHOJIOTMYECKUX IOPOT, HeOOXOMMO Y4eCTh MaKCHMaIbHOE KONYeCcTBO (PaKTOPOB, BIUAI0-
I[UX Ha Hee. B TO »Xe BpeMsI, B COOTBETCTBUI C TEOPYeil IVITAHNPOBAHISI SKCIIEPVIMEHTA, yIeT GOMBIIOro KOmniecTBa GpakTopos,
B TOM 4IC/Ie MAJIO BIMSIIOMIMX HA IapaMeTp ONTUMU3anuy (OTKIINK), YPe3MEPHO YBEINYMBAIOT TPYLOEMKOCTb SKCIIEPIMEHTA
(amcno ombiToB). CrefoBaTeIbHO, HEOOXOAVMO OIPEEIUTh TOT MIHIMAIBHBI HA60P (GaKTOPOB, KOTOPDIIT IIO3BOJIUT BCECTO-
POHHe OXapaKTepu3oBaTh OOBEKT MCCIeNOBaHMsA 6e3 YTOUHEeHMs ero HEKOTOPBIX MeHee 3HAUVMBIX MM He BCerfa IPOsBIIA0-
LIUXCS 0COOEHHOCTEIN.

OnpeaereHne haktopos

Jis1 onpenenenns paKTOPOB, BAMAIONMINX HAa HECYIYIO CIOCOOHOCTD pasapo6IeHHBIX TOPHbIX OPO, Lie/lecoobpasHo obpa-
TUTBCA K OCHOBAM CTPYKTYpOOOpasOBaHMUsA 3ePHICTBIX CPefl, PACCMAaTpPUBAaEMBbIX B MeXaHNKe IpyHTOB. Tak, B paboTe [10] rpyHT
paccMarpyBaeTcs KaK COBOKYITHOCTD 3epeH (JacTull), cBsA3el (KOHTAKTOB), IOp (IycTOT) 1 oTHOIIeHMIA. [Tpu 3TOM ITOf KOHTaK-
TaMI [IOHVMMAETCSI MHOXXECTBO TOYEK, KOTOPBIMU OJHA YACTHUI[A COIPMKACAETCS C FPYTUMI, @ OTHOLIEHME — 3TO BO3MO>KHOCTD
C/IeIOBAHMA OT OJIHONM YaCTULBI K APYTOJ Yepe3 KOHTAKTBL. B cOOTBETCTBUM C IIPUJIO’KEHHON CXEMOJ CBOJMCTBA YaCTULL XapaK-
TEePUSYIOTCA UX pasMepoM, POPMOIL, IIIOIIA/bI0 TIOBEPXHOCT, IIIEPOXOBATOCTDIO, INIOTHOCTBIO, CKMMAEMOCTBIO M ITPOYHOCTBIO.

Pa3mep 4yacTu] — Be/M4nHa, 00yCIOB/IMBAIOIIAS HECYIIYIO CIIOCOOHOCTD PasipoO/IEHHBIX TOPHBIX IIOPOJ, TAK KaK M3BECTHO,
YTO HPOYHOCTHBIE U ie(DOPMAL[IOHHbIE XaPAKTEPVCTUKI IPYHTA 3aBUCST OT COAEP>KAHNsI YaCTHI] TOTO WLV MHOTO pasmepa [11].

dopma gacTuI] TaK >Ke, KaK U UX pasMep, OKas3blBaeT BIMsAHME HA (PUSMKO-MeXaHMYECKNe CBOJICTBA IPYHTOB, 0COOEHHO
Ha X IPOYHOCTHBIe TTokasaTer [10, 12]. 3To 0cobeHHO IPOABIAETCS, KOT/jA OIHY YaCTUIBI IMEIOT YeTKYIO YITIOBaTyio (op-
My (HampuMmep, 1meGeHNCTbIe), @ APyrie — MAKCUMATIbHO OKATAHHYIO (HampuMmep, rpaBuiiHble). Tak Kak B AajpHereM OygyT
paccMaTpPMBATHCS TOIBKO YACTULIBI, IOYUeHHbIE IIyTeM ApoO/eHys (113Me/bdeH IsT) BCKPBILIHBIX I BMEIAIOMINX CKA/IbHBIX I
HOJTYCKa/IbHBIX TOPHBIX IIOPOJ, TO (hOpMa YacTHI| BO BHUMAaHNE IPUHATA He Oy/er.

ITnomanb MOBEPXHOCTM YaCTHUII, HECMOTPsI Ha BBIfiefleHNe JaHHOTO II0Ka3aTe/s B KaueCTBE OT/[e/IbHOTO CBOJICTBA, 3aBUCUT
ot pasmepa vactul 1 ux ¢popmsi [10, 13]. Takum 06pa3om, npaBuIbHee PacCMATPUBATD IUIOLA/Ib IIOBEPXHOCTI YaCTHUL] KaK
IIPOM3BOAHYIO OT MX (POPMBI 11 pasMepa, a 3HAYNUT, JAHHBII (PAKTOP FO/DKEH OBITH UCK/IIOYEH Y fa/IbHEIIIeM aHaII3e.

ITpu paccMOTpeHMH HIEPOXOBATOCTHU MOBEPXHOCTU YACTHUI] PA3NIHbIE TUIIBI HIEPOXOBATOCTU OOBIYHO OTHOCAT K IBYM
TPyIIIaM — CTEKJIOBUJHOI C Ma/bIM 3HaueHNeM KoadduIeHTa TpeHMs U LIePOXOBATOI ¢ KO3 PUIIVIEHTOM TPEeHNs, 3HAUN-
TEIbHO OTIMYAIOIUMCA OT Hy/sA [10]. JeifcTBUTeNbHO, MMEIOTCA TOPHBIe MOPOJbI, HAIPUMeEpP KBAapLUT, ApobIeHne KOTOPOit
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[03BOJISIET HOMYYNTh OOIOMOYHBIN MaTepuas, KOTOPBI YPe3BBIYAIHO CTOYKHO YITIOTHUTD, TaK KaK B XOfe YIUIOTHSIOLIETO
BO3JIEIICTBISA M3-3a MAJION LIEPOXOBATOCTI YACTHI] OHU JIETKO BBIAAB/IMBAIOTCA U3-II0f, YIUIOTHAIOIIEro opraHa. Ilogo6Hoe mo-
BeJleHNe XapaKTepHO ¥ JyIA YaCTHUL], MMEIOLIMX OKaTaHHYI0 popMy. Tak Kak paccMaTpuBaiOTCA pasfpoOIeHHbIe TOPHbIE IOPObI
MIPEVMYIIeCTBEHHO OCAaZOYHOI0 IPONMCXOKAEHNA, COCTOSAIINE M3 YIJIOBATHIX YaCTHUI] C IIEPOXOBATON TOBEPXHOCTHIO, TO MOKA-
3aTeJIb IIIEPOXOBATOCTIL PACCMOTPEH He OyfieT.

ITpoYHOCTD OCAOYHBIX TOPHBIX IIOPOJ MOXKET KOIe6aThCs B OUeHb MIMPOKNUX mpefenax — oT 1-2 go 250 MITa u 6omee [11].
Jauublit GakTop, C OGHON CTOPOHBI, HEOOXOMMO YIUTHIBATD, TAK KAK HAKOIIJIEHHBIN IPaKTUYECKIIT OMBIT TOKA3BbIBAET, YTO
00/1I0MOYHbIe MaTepUabl Je/ISAT Ha JIETKOYIUIOTHsEMbIe M TPYAHOYIIOTHsIeMble [14]. [leneHye BBIIOMHEHO C y4eTOM IPOY-
HOCTY MCXOHOJI TOPHOI HOPOABL, 13 KOTOPOII IONTy4YeH 06/I0MOYHBIT MaTepua B coorBeTcTBuu ¢ OJTH 218.046-01, ogHako
HeoOXOMIMO IIOHUMATh, YTO IIPOYHOCTH FOPHOI HOPOJBI ONIpefe/sieT ¥ MPOYHOCTD YacTuly. IIpouHOCTDb YacTuly, olleHnBae-
Mast, KaK IpaBuIo, 4epe3 Mapky 1o npourocty mo TOCT 8267-93%, o6ycmaBnmBaeT nx n3MeNb4aeMOCTD B IPOL[ecCe YIIOT-
HEHIA U MHOTOKPATHBIX HAIPY)XXEHNUAX B XOfie 9KCIUTyaTallul, YTO, KOHEYHO, BaKHO YIUTHIBATD TP YCTPOIICTBE 3eM/ITHOTO
MOJIOTHA ¥ HOPOXKHBIX OFEXT, TeXHONIOTM4ecKNX fopor B coorBeTcTBum ¢ CII 37.13330-2012 n CII 34.13330-2012. OgHako
P IOCTPOEHNUY MaTeMaTIYeCKOil Moenyt pOpMIUPOBAHNMSA HECYILell CITOCOOHOCTH Ha 3Talle KOHCTPYMPOBAHNUSA IPYHIMATD
BO BHUMaHIE 5TO CBOJICTBO OY€Hb 3aTPYAHNUTENbHO, TAK KaK MHTEHCUBHOCTD IIPOI[ecca M3MeTbUeHN s 3aBUCUT KaK OT IIPOU-
HOCTM YaCTHII, TAK X OT COOTHOLIEHMI JaCTHUI] PAa3/IMYHbIX Pa3MepPOB, YIC/IA IIPUIOXKEHNUII 1 Be/TNIIHBI paCUeTHOI Harpy3Ku
[14, 15]. B TO >Xe BpeMsi MMEHHO Yepe3 JAHHBII [I0Ka3aTe/Ib MOXXHO OTHECTI PasipOoOIeHHYI0 TOPHYIO HOPOAY K JIETKOYIIIOT-
HsIeMOII WU TPYAHOYIUIOTHsIeMOIL. IIpy 9TOM K TPYJHOYITIOTHsIEMbIM PasfpoOIeHHBIM TOPHBIM IIOPOAAM OTHOCST T€, KOTO-
pble TIOyYeHbl 13 M3BEP>KEHHDIX U MeTaMOP()MUIeCKUX TOPHBIX IIOPOJ MapKY [0 IPOYHOCTY Ha pasfaBluBaHue B LMIMHAPE
B BOJOHACBHII[EHHOM COCTOsIHUM (MapKu 1o mpounoctu) 1000 u 6oree, a K JIETKOYIUIOTHSEMBIM — IIOTTy4YeHHbIE 13 U3Bep-
JKEHHBIX U MeTaMOp(UYeCKVX TOPHBIX HOPOJ MapKi 110 IpoYHOCTY MeHee 1000 ¥ 0cafjOYHBIX TOPHBIX HOPOJ HE3aBUCUMO
OT MapKy I1o IpoyHocTy [16]. Tak Kak BCKPBIIIHBIE ¥ BMEIIAIONINe TOPHbIe IIOPOABI IPEMMYILIeCTBEHHO MO0 0Ca/JOYHOro
MIPOUCXOXKEHNS, MO0 U3BEPKEHHOTO MIN METAMOP(PIIECKOT0, HO C HU3KOI MApKOIL IO IIPOYHOCTH, TO IPOYHOCTD YACTHUL]
[IpUHSATA BO BHUMaHMe He OyeT.

B 3epHUCTBIX crcTeMax Py BO3AEIICTBIUM BHEIIHEI HATPY3KHU CKMUMAThCA (HedopMuUpoBaThcsi) OYAYT KaK caMy YaCTHUIIbI,
Tak 1 feopmanys OymeT IPOMCXORUTD 3a CYeT COMVDKEHMsI OTAEeNbHBIX YacTuil. Ho ecnu MORY/Ib yIPYrocTy 0CafOYHbIX rop-
HBIX ITOPOJ] COCTaBysieT oKomo 15 000-36 000 MIla [17, 18], To m/st 3epHUCTBIX Cpeft ATOT MOKasaTenb npubnusntenbuo B 100
pas MenblIe [14, 19]. B cBA3M ¢ 9TUM COKMMaeMOCTDb YaCTHUI] HACTOIBKO MaJla II0 CPABHEHMIO CO CKMMaeMOCTBI0, 00yC/IOB/ICHHON
COMVKEHMEM YaCTHL], YTO €10 MOXKHO IIpeHeOpeds.

IT10THOCTD YacTHL] — TOKA3aTeNb, 00YC/IaBIMBAIONINIT 060BEMHYI0 MAacCY pasfpob/IeHHOI TOPHOII IIOPOJBL, I ero, 6e3yC/IoB-
HO, B&)KHO YYUTBIBATb IIPU IIPOTHO3MPOBAHNUY 1 OLleHKe IVIOTHOCTH YIIAKOBKM YacTHI], KaK VI3BECTHO, BIVAIOLIEN Ha HECYIYIO
crioco6nO0CTS [20, 21].

ITops! (IIycTOTBI) XapaKTepU3yITCA BUIOM UX 3anonHenns [10]. M ecim B Hanbostee 061ieM BapyiaHTe IIOPBI MOTYT OBITD 3a-
IIO/IHEHBI BO3/IyXOM, KIJKOCTBIO, @ TAKXKe OBITH CBOOOIHBIMI OT BCETO ITOTO, B YC/IOBISIX 3€MHOI aTMOC(EPBI OHU 3aII0/THEHBI
BO3/[yXOM, BOZOI1 (He IpMHMMAsi BO BHUMAaHNMeE IPUMeECH, COfePIKaliecs: B Bofe), 6o u TeM u Apyrum. [Ipu aToM Heobxoxmmo
YYUTBIBATh, YTO BO3AYX M BOfA MOIYT OBITh KaK 3alljeM/IEHHBIMM (He coofIaromumucs ¢ arMocgepoit), Tak u Het [21]. na
ydeTa JaHHBIX OCOOEHHOCTelT B KadecTBe (aKTOPOB JIOTMYHO JICIIONIb30BaTh IIOKAa3aTe/IM BIAKHOCTU M IIOPUCTOCTH Pa3hpo-
O/IEHHBIX TOPHBIX IIOPOJ, IIPM 9TOM CYIIECTBYeT OLTHMA/IbHAS BIAXXHOCTb, 00YCIaBINBAIOLIAS JOCTIDKEHIE MAKCHMAIbHOI
00BEMHOIT MACCHI IIPU 3aJAHHOM PEXJMe YIIOTHSIONIET0 BO3HECTBIS, U IpefeibHas (MIHIMAIbHAS) HOPUCTOCTD, HOCTHU-
raemMasi Py yIUIOTHEHUY TIPY ONTYMATIbHON BIQKHOCTU. Y4eT JaHHBIX (aKTOPOB JO/DKEH OBITh 00s3aTeNleH, TaK KaK MHOTO-
YJC/ICHHbIE MCCIEOBAHNA [I0KA3bIBAIOT, YTO MIMEHHO OT HUX B OOJIbIIEN CTEIIeHM 3aBUCUT HecCylasi CIOCOOHOCTh TPYHTOB U
TOPOXKHO-CTPOUTEIbHBIX MaTepuanos [20, 21 u fip.].

Bce obpasyomniecst KOHTaKTHI MEX[Y YaCTULAMM YCTIOBHO [IE/AT Ha Te, KOTOPble MOTYT BOCIPUHMMATD PACTATMBAOLNE
YCWINSL, U Te, KOTOpbIe UX He BocIpuHuMaloT [10]. VI3 0CHOB MeXaHMKM IPYHTOB M3BECTHO, YTO CIIOCOOHOCTHIO BOCIPUHIMATD
pacTArMBaoLINe YCWIA 00/1alaloT IbUIEBATO-IIMHUCTBIC IPYHTBL, 11 OHA OIpeleAeTCs IPeMMYIeCTBeHHO YacTULIaMU, VMe-
oMy pasmep Meree 0,05 MM (mbuteBHHBIMU) U 0cobeHHO MeHee 0,005 (0,002) MM (rmmuucteiMu) [11]. Takum o6pasom,
ecnu B pa3apo6/IeHHOI TOPHOIL OPOJie COTEPIKATCs IbUIEBMIHBIE U [TIMHUCTBIE YACTHUIIBI, TO HEOOXOAMMO 3TO YIUTHIBATD IPU
IIPOTHO3MPOBAHNI ee Hecylell ciocobHocTi. HecMOTps Ha To, 4TO pasMep YacTHL] pacCMaTpuUBaeTCs B KadecTBe pakTopa 1 Ha
IIepBbIt B3ITLA] GOPMUPYETCs ero Ry0/Kart, Bce Ske HeoOXOMMO JaHHBII II0Ka3aTe/lb pACCMOTPETD B Ka4eCTBe He3aBUCYMOTO
(baxTopa, TaK KaK MeXaHWKa IIOBEIeHNs TAKMX METKIX YaCTHUI] OT/INIHA OT MEXaHUKY [TOBEIeHVS YaCTUI] GOJIBIIEro pasMepa.

Bce daxrtopsl, a Takxe nx ponb B GOPMUPOBAHMY HECYILel CIIOCOOHOCTHM pasfpOOTIeHHBIX TOPHBIX IOPOJ 0CALOYHOTO
IPOVCXOXKTEHsI CBefieHb B TaO7L. 1.

Ta6nuua 1. dakTopbl, BNUAIOLWKUE Ha HECYLLYIO CNOCOGHOCTL Pa3apo6eHHbIX FOPHbIX MOPOA 0CaA0YHOTO NMPOUCXOXKAEHUS.
Table 1. Factors affecting the bearing capacity of crushed rocks of sedimentary origin.

dakTop CTteneHb BNusiHMA dakTopa
Pa3MEP HACTULL D ..o e ettt e e e e e e e e e e e e e et e e e e e e 3HauuTenbHas
DOPMA HACTULL D .ottt ettt e et et e a e e aaeen HesHauutenbHas
LLepox0BaTOCTb HACTULL LLL ..ottt e e e e e e e e e ens HesHauntenbHas
[T To iR ToTon NN Lo 1 T o PP HesHauntenbHas
(021 F= L= oo SRS Loy 1 T U PPN HesHauntenbHas
MnoTHOCTL YacTuy, p ... 3HaunTenbHas
I [oT o1 T o To3 13 A TSP 3HauuTenbHas
BrIaKHOCTD W oottt e e e e e e e e e e e ettt e e e e e ee e e e 3HauuTenbHas
CopepxaHue NbNeBUAHBIX U TIIUHUCTBIX YACTULL N +..eeiivrieirieeeeieeeeeiieeeeenveeesnaeessnneeeessneaeenneas 3HauuTenbHas
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Ilnst coxpatens uncia GpakTopoB /IBa U3 HUX, 3 UMEHHO, TUTOTHOCTb YACTHI] M IOPUCTOCTH Pa3pO6IeHHOI FOPHOIT TIOPOfIbI,
3aMeHVM OJJHUM — TJIOTHOCTD YITAKOBKY 4acTu. [[AHHYI0 3aMeHy MOJKHO CJIe/aTh, TaK KaK IVIOTHOCTD YIIAKOBKI YaCTUIL ABJETCA
TOM BeHV[‘{I/IHOﬁ[, KOTOpast OMHOBPEMEHHO YIUTBIBACT U IVIOTHOCTD 9aCTULL, TIOPUCTOCTDH pa3)1p06HeHHOI7'I rOpHOﬁ[ TIOPOJBL.
Takum 06p330M, 3aBUICIMOCTDb MO}IyIIH prerCTI/I pa3ﬂp06HeHHbIX TOPHBIX IIOPOZ OCATOYIHOTO MPOVICXOXKAEHNA OT B/INA-
foux haKTOPOB MOKHO 3aImicaTh B 061[eM Bujie:

E=f(D,v, W,n).

ViccareroBaHus

JI/is1 IpOBEPKY [JAHHBIX, [IOYYEHHBIX 110 Pe3y/IbTaTaM BBIIIOIHEHHOTO 0630pa, 6BUI MOCTaB/IeH Tab0PaTOPHBIN IKCIIEPH-
MEHT, 3aK/II0YAOIINIICS B OIIPee/IeHNI 00'beMHOIT MACChl U CTATNYECKOTO MOAY/ISL YIIPYTOCTH Pa3ApOOIeHHBIX TOPHBIX IIOPOT,
0CaJJOYHOrO IIPOUCXOXKAeHNA (IIPOYHbII METKO3ePHYICTBIN IIeCYaHNUK, IPEUMYILeCTBEHHO Ha KBapLleBOM IleMeHTe) pas/IM4HOro
TPaHy/IOMETPUYECKOTO COCTaBa B 3aBMCUMOCTM OT MX BIQXKHOCTU U METOJa YIUIOTHsAIOLEro BosfericteuA. IIpu cTtatmdeckom
MeTofie YIUIOTHAIOIIEro BO3/IelICTBIUA Pasapo6ieHHas ropHble IIOPOAIbI YIUIOTHANINCD Ha IIpecce Mof, ianeHneM 2,5 MITa, a mpu
BUOPALIMOHHOM — IIyTeM VIUIOTHEHMs Ha BUOpOIUIOLaziKe IIpy aMIIUTyfe Konebanuit 0,40 + 0,05 MM 1 gacToTe Konebanuii 48
+ 3 I ¢ HOCTOSIHHBIM PUTPy30M, obecreunBaroyM faseHe 4 kIla. [paHynomerpudeckye coCTaBbl pa3apo6TeHHBIX TOPHBIX
[IOPOJ IIPUBEJEHBI B TAOI. 2, NX MapaMeTpsI — B TAOM. 3, pe3y/IbTaThl 9KCIIepUMeHTa — B Tab/1. 4-6 1 Ha puc. 1-6.

Ta6nuua 2. NpaHynomeTpuyeckue coctaBbl pa3fapo6neHHbIX FOpHbIX NOPoA.
Table 2. Granulometric compositions of crushed rocks.

Pa3mep oTBepcTuii (s4eek) cut, Mm

MNokasartenu, %

10 5 2,5 1,25 0,63 0,315 0,14 0,05 MoppoH
I'paHynomempuuyeckuli cocmas Ne 1
YacTHbI ocTaTok 35,8 11,2 11,0 11,0 7,0 5,0 5,0 6,0 8,0
[MonHkIN ocTaTok 35,8 47,0 58,0 69,0 76,0 81,0 86,0 92,0 100,0
MonHbIn npoxoa 64,2 53,0 42,0 31,0 24,0 19,0 14,0 8,0 0,0
I'paHynomempuuyeckuli cocmas Ne 2
YacTHbIn ocTaTok 55,8 6,9 6,1 59 5,1 3,2 3,0 5,2 8,8
MonHbIN ocTaTok 55,8 62,7 68,8 74,7 79,8 83,0 86,0 91,2 100,0
MonHbIA Npoxog 442 37,3 31,2 25,3 20,2 17,0 14,0 8,8 0,0
I'paHynomempuuyeckuli cocmas Ne 3
YacTHbI ocTaTok 35,8 7,9 7,1 6,9 6,1 3,9 41 7,4 20,8
MonHbIN ocTaTok 35,8 43,7 50,8 57,7 63,8 67,7 71,8 79,2 100,0
MonHbIN npoxop, 64,2 56,3 49,2 42,3 36,2 32,3 28,2 20,8 0

Ta6nuua 3. MNapameTpbl pa3apo6reHHbIX TOPHbIX NOPOA.
Table 3. Parameters of crushed rocks.

3HayeHvie napameTpa Ans pasapobrieHHON ropHO Mopoabl

MapameTpbl

rpaHyIoMeTPUYECKOro cocTaBa

Cpe,ﬂHeBSBeLLIeHHOG 3Ha4YeHne pasmepa 4yactuy, Mm

YaernbHas NOBEPXHOCTb HACTULL, MA/KT ......uivueeeeise e e e

MnoTHocTb YacTul, Kr/m®

OnTumarnbHas BNaxHOCTb, %, NpW CTaTU4ECKOM METOAE YNIOTHSIOLLETO
BOBLENCTBUS, 0 +uevernineeeiet et ee et e et e e e et e e et e e et e e s ente e e s snaeeeeaneeannnes

OnTumanbHas BMaXHoOCTb, %, Npy BUOPaALMOHHOM METOAE YMINOTHSIOLLErO

BO3OENCTBUSA, % vvevvnevernennnn.

1 2 3
6,937 9,304 6,455
2,329 2,359 5,085

2620
7,10 7,13 9,69
5,46 5,48 7,14

Tabnuua 4. Pe3ynbTraThl 3KCNepMMeEHTa Mo onpeaeneH1io 06bLEeMHOM MacChl MU CTaTUYECKOro MoAyrisi YNpyrocTu pa3apo6reHHON rop-
HOW nopoAbl rpaHynomMeTpuyeckoro cocrasa 1.

Table 4. The results of the experiment to determine the volume mass and static modulus of elasticity fractured rock particle-size
composition 1.

MeTog ynnotHsito- OnpepensiemMbii 3HaveHne napameTpa npv BNaXHOCTW pasapobrneHHo ropHo nopoAsl, %

LLiero BO3gencTauns napametp 3,50 4,00 450 4,75 525 550 5,75 6,00 6,25 6,50 6,75 7,00 7,25 7,50 7,75 8,00

O6bemHas mac-

ca, Kkr/m® 2120 2130 2120 2180 2260 2330 2330 2350 2320 - - - - - - -
BuGpaunoHHbIi Crartunyeckui

moaynb ynpyro-

ctu, MMa 266 250 235 235 258 262 251 238 263 - - - - - - _

ObbemHas mac-

ca, Kr/m® - - - - - - — 2100 2110 2100 2140 2130 2170 2160 2180 2170
CTraTunyeckui Crartunyeckui

mopaynb ynpyro-

ctu, MMa - - - - - - - 168 150 167 150 142 156 143 141 140
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Tabnuua 5. Pe3ynbraThl 3KCnepMMeHTa no onpeaerneHno 06beMHON Macchl M CTaTUHECKOro MOAYNS YNPYrocTn pasapo6reHHon rop-
HOM NopoAbl FpaHyIoMeTpUYecKoro cocrtasa 2.

Table 5. The results of the experiment to determine the volume mass and static modulus of elasticity crushed rock of granulometric
composition 2.

3HayeHne napameTpa Npu BNaXXHOCTW pasapobrieHHoN ropHon nopoapl, %
Metop ynnotHsito-  Onpepense- p panp pasap p poa

LIero BOSAGACTBAS  Mbll NapamMeTp 350 4,00 4,25 4,50 500 525 550 575 600 625 650 6,75 7,00 7,50 8,00

ObbemHas

macca, kr/m® 2090 2080 2090 2100 2140 2180 2230 2240 2230 - - - - - -
BubpaunoHHkIin CraTnyeckuii

Moaynb ynpy-

roctu, MMNa 310 250 251 209 212 235 206 210 205 - - - - - -

ObbemHas

macca, kr/m® - - - - - — 2060 2060 2100 2140 2200 2230 2250 2230 2240
Crartuyeckun Cratuyeckun

Moaynb ynpy-

roctu, MMa - - - - - - 195 167 185 170 157 177 160 167 152

Ta6nuua 6. Pe3yﬂbTaTbI JKCnepuMeHTa no onpegeneHuro 06bLEeMHON Macchbl U CTaTU4ECKOro Moayns ynpyroctu pas.qpoﬁneHHoﬁ rop-
HOW nopoAabl rpaHyrsioMeTpn4eckoro cocraBsa 3.

Table 6. The results of the experiment to determine the volume mass and static modulus of elasticity crushed rock of granulometric
composition 3.

MeTon ynnotHsio-  Onpenensembiit 3HauyeHne napamMeTpa npu BNaXHOCTW pa3npobreHHon ropHon nopoabl, %
LLiero BO3fevncTams napametp 475 525 575 6,25 6,75 7,25 7,75 825 850 8,75 9,25 9,50 9,75 10,00 10,25
Ob6bemMHas

macca, kr/m* 2130 2130 2130 2140 2150 2260 2310 2320 2320 - - - - - -
BuGpaumoHHbin - CraTuyeckuin
MoZAynb ynpyro-

ctn, MMa 282 303 282 264 270 277 270 271 271 - - - - - -
ObbemHas
macca, kr/m® - - - - - 2110 2120 2160 - 2150 2180 2200 2210 2220 2210

CTraTtnyeckui CTaTnyeckuin
mopaynb ynpyro-

ctn, MMa - - - - - 165 163 148 - 129 108 124 120 130 125
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PucyHok 1. 3aBUCMMOCTb 06BbEeMHOM Macchbl pa3gpobrieHHOW ropHOM NMopoabl FPaHyIoMeTpUYEecKoro coctasa 1 or ee BNaxHOCTU U
MeToAa YNIOTHAIOLWEro BO34eNCTBUS.

Figure 1. The dependence of the volume mass of the crushed rock of granulometric composition 1 on its moisture content and the
method of compaction.
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PucyHOK 2. 3aBMCMMOCTb CTaTU4eCcKoro mMoayns ynpyroctu pasnpoﬁneuuoﬁ ropHoﬁ nopoAabl rpaHyrioMeTpu4yeckoro cocraBsa 1 oT ee
BNMaXXHOCTU U MeTo4a yNnnoTHAKLWero BOGAeﬁCTBMH.

Figure 2. Dependence of the static modulus of elasticity of the fractured rock granulometric composition 1 of its moisture and the
method of sealing action.
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PucyHok 3. 3aBUCUMOCTL 06 bEMHON Macchbl pa3apobneHHON FoOpHOW NOpPoAbl rPaHyNIOMETPUYECKOro cocTaBa 2 OT ee BNaXHOCTU U
MeToAa YNIOTHAILEro BO3AeNCTBUSA.

Figure 3. The dependence of the volume mass of crushed rock of granulometric composition 2 on its moisture content and the method
of compaction.
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PucyHok 4. 3aBUCMMOCTb CTaTUYECKOro MoAyrnsl YyNpyroctu pasgpo6rneHHON ropHoM nopoAbl rpaHysIoMeTpUYeckoro coctaBa 2 oT ee
BNaXXHOCTU U MeToAa YNJIOTHSAIOLWEro BO30eNCTBUSA.

Figure 4. Dependence of the static modulus of elasticity of the fractured rock granulometric composition 2 from its moisture and the
method of sealing action.
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PucyHok 5. 3aBUCMMOCTb 00BLEMHOM Macchl pa3apo6neHHON ropHOW NopoAbl FPaHyNIoMeTPMYecKoro coctaBa 3 OT ee BNAaXHOCTU U
MeToAa YNIOTHAILLEro BO3AeACTBUSA.

Figure 5. The dependence of the volume mass of the crushed rock of granulometric composition 3 on its moisture content and the
method of compaction.
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PucyHok 6. 3aBUCMMOCTL CTaTM4eCKOro MoAyns YNpyroctu pasapo6reHHOW ropHoi nopoAbl rpaHyfioMeTpuY4ecKkoro coctasa 3 oT ee
BNaXHOCTW M MeTOAa YNIOTHAIOLLEro BO3AeNCTBUSA.

Figure 6. Dependence of the static modulus of elasticity of the fractured rock granulometric composition 3 from its moisture and the
method of sealing action.

PesyAnTtartol

[Tpy aHanM3e MOTyYeHHBIX Pe3yIbTaTOB YCTAHOB/IEHO CIEyIolee.

1. Bo Bcex cry4asix Ipu OFHOI 1 TOJ YKe BIKHOCTH PasgpOOIeHHOI TOPHOI IOPOABI OHOTO IPAHY/IOMETPUIECKOTO CO-
craBa (Hampumep, A cocrasa 1 - 6,1 %, cocraBa 2 - 5,8 %, coctaBa 3 — 7,9 %) o6beMHast Macca 11 CTATUIECKUIT MOAY/Ib YIIPy-
TOCTM BBIIIe TIPY BUOPAIIIOHHOM MeTOJie YIUIOTHEHMs, YeM HpH cTaTiudeckoM. Tak KakK CpeHeB3BELICHHBIII pasMep YacTHII,
BJI&KHOCTD ¥ COfIep>KaHNe NMBUICBUIHBIX ¥ TIVHUCTBIX YaCTUI] B IpefenaX pasgpo6lIeHHON TOPHOI IIOPOAbI OJHOTO COCTaBa
ABJIAIOTCA KOHCTAHTaMM, TO OT/IMYMEe CTaTM4eCKOr0 MOAY/LA YIPYrOCTH OODBACHASTCA Pas3ndiieM B IDIOTHOCTY YIIAKOBKM Ya-
CTHLI, IIpyYeM 4eM O07Iblile IVIOTHOCTD YIIAKOBKY YACTHL], TeM OO0IbIlle CTATHYeCKIIT MOLY/Ib YIIPYTOCTY, YTO TIOATBEPXK/AAETCS
pesy/ibTaTaMu BCeX HMpPeRbIAYIINX NCCIefOBaHMIL B To sxe BpeMst st pa3gpo6IeHHOl TOPHOI TOPOABI COCTaBa 1 yBenrudeHne
IVIOTHOCTY YIAKOBKM 4acTHIl Ha 11-12 % IpuBesIo K pOCTY CTaTMYECKOr0 MORY/IA yIpyroctn Ha 50-60 %, ms pasgpobaeHHOI
TOPHOI TOPOZBI COCTaBa Ne 2 IIOTHOCTD YIIAaKOBKY BO3pOc/a Ha 7—8 %, Ipu 3TOM CTaTUYECKUIT MOLY/Ib YIPYTOCTI YBETUIN/ICA
Ha 15-20 %, A1 pasgpo6IeHHOI TOPHOI TTIOPOJBI COCTaBa 3 yBemMdeHMe INIOTHOCTY YIaKOBKM Ha 8,5-9,5 % IpuBeso K yBe-
JMYEHNIO CTATUIECKOTO MORY/A yIPyrocTu Ha 75-80 %. TO CBUETENIbCTBYET O TOM, YTO POCT MOJY/IA YIPYTOCTH C yBeIMde-
HIfeM IVIOTHOCTY YIIAKOBKU /151 pasfgpo6/IeHHBIX TOPHBIX IIOPOJ] OT/IMYAIOLINXCS COCTABOB MIMEET PAs/TNIHYIO TEH/EHIINIO, YTO
06yCIIOB/IEHO OJHOBPEMEHHBIM BIMSHUEM APYIUX (PAKTOPOB, O YeM B paHee OMyOIMKOBAHHBIX pabOTax He OTMeYanoch. Tak,
Hanpumep, 1o gaHHbM C. A. Apedrea u 10. V. Jlens, Mmogynp ynpyroctu cnost u3 me6Hs paxunn 40-80 MM, yCTPOEHHOTO 110
croco6y 3aKIMHKM TOCTIe YIVIOTHEHUA KapbePHBIMU aBTOCAMOCBA/IAMU TIPY YBEMMYEHUY 0OBEMHOI MacChl IPUOTUSUTENLHO
Ha 30 %, Bospacraet ot 150 go 270 MIIa, a pesynbrars nccnegosanuii A. 0. lemroxuna, B. H. Imutpuesa, V. H. Kpyunnnna,
JI. I. HeBonuua 1 Apyrux oKasbIBaloT, 4TO TAKOE JKe yBeIudeHue 00beMHO MacChl BefieT K pOCTy MOAY/LA YIPyrocTu ot 120
1o 500 MIIa u 6onee.

2. [l KaX[oil 13 PacCMOTPEHHBIX pasfpOOTIeHHBIX TOPHBIX MIOPOJ XapaKTEPHO IPY OFHON M TOIl XXe 0O'beMHOIT Macce
CHIVDKEHME CTAaTNYeCKOrO MOJ Y/ YIIPYTOCTHU C yBeIMYEeHNEM BIaXKHOCTU. B 3TOM crydae cpefiHeB3BeIlIE€HHbIN pasMep 4acTHull,
IJIOTHOCTD YIIAKOBKY YaCTUIL U COfiep>KaHNe IbIIEBUHBIX ¥ IIMHNUCTBIX YaCTUIL B IIPefiesiaX pasfpobIeHHOI TOPHOI TOPObI
OJIHOTO COCTaBa eCTh BEMMYMHDI OCTOSHHBIE, CIeOBATeIbHO, YeM 00JIbllle BIaKHOCTD PasfApoOIeHHON TOPHOIT OPObI, TeM
MeHblIle CTaTUYeCKIT MORY/Ib yIpyroctu. [y pa3gpo6ieHHON TOPHOI HOPOJBI cOCTaBa 1 yBenudeHue BIaXHOCTH Ha 2,4 % (110
a6 COMIOTHOIT BeNMYMHE) CHUSWIO CTATUYECKIUIT MOAY/Ib YIPyroctu Ha 35-40 %, st pa3apo6IeHHOT TOPHOI ITIOPOJBI COCTABA
2 yBenmmdeHe BIaKHOCTY Ha 1,2 % fano cHibkeHue Ha 20-25 %, a [ist pas3fpo6/IeHHOI TOPHOIL OPOBI COCTaBa 3 BO3POCLIAs
Ha 2,2 % BIQXHOCTD IPMBEIA K MaJeHNI0 CTATUYECKOTO MOAYIIA YIPYrocTy IpUOIM3nTeIbHO B ABa pasa. K coxanenuo, B
nposefieHHbIX paHee C. A. Apedbessim, C. B. Boromonossim, V. B. 3pipsiHoBsiM, A. I. Komganoseiwm, 10. . Jlenewm, 10. B. Crenn-
HBIM U APYTVIMY UCCIEOBAHNUAX B 00/IACTU IIPOEKTUPOBAHMA U CTPONUTENBCTBA KaPbePHBIX aBTOMOOVIbHBIX JOPOT OTCYTCTBYET
uHdopManysa 06 ONTHUMAaIbHON BIAXHOCTYU IIPYMEHEMbIX 3ePHUCTBIX Cpef, a Takke GPaKTUUeCKOil BIaXKHOCTH, IPU KOTOPOIl
OIpefe/IIICh PU3NKO-MeXaHIdeCcKue XapaKTepucTuku. I[Ipy 9ToM M3BeCTHO, YTO ONTMMa/IbHAs BIAXHOCTD 3aBUCUT OT BUJA
U MTHTEeHCYBHOCTY YIUIOTHAIOIETO BO3JEICTBIA, 4 3HAYNT, ABJIACTCA IIepeMEHHOI BeIMYNHOIL, T. €. pakropoM. Taknm o6pasom,
HaHHBII (PaKTOP He IPUHMMAJICS BO BHUMAHME, UTO SBJISETCS CYLeCTBEHHBIM YIYIeHIEM.

3. PazpobeHHas ropHas Iopoyja TpaHyIOMeTPUUECKOTO COCTaBa 1 MMeeT cpefiHeB3BellleHHOe 3HaUeHe pasMepa YacTHI]
6,937 MM, a pasfpobeHHas FOpHas OPOfja IPaHy/IOMeTPUYECKOro coctana 2 — 9,304 MM, T. e. cocTaB 2 sABAeTCs 6oee KpyII-
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HBIM II0 CpaBHEHMIO ¢ cocTaBoM 1. I[Ipu aToM comeprkaHme IbUIEBUAHBIX ¥ IIMHUCTBIX YaCTUL] B 0OOUX CAyYasx mpuOnmsu-
TENbHO OfiMHaKoBoOe 1 cocTasyseT 8,0 % u 8,8 %. CrefgoBaTenbHO, pasgpobieHHast TOpHasi IIOPOoAa COCTaBa 2 B COOTBETCTBUM
C IIPOBEfIeHHBIM 0030pOM [JO/DKHA MMeTDb Oo/iee BBICOKOE 3HAa4YeHMe CTaTMYeCKOro MOAYIA YIPYTOCTU IO CPAaBHEHUIO C pas-
IpoO6IeHHOJT TOpHOII OpOfIoil cocTaBa 1. OfHAaKO, KaK BUJHO U3 Pe3y/IbTaTOB 9KCIIEPMMEHTa, 9TO He TaK. O6BACHUTD JTAHHOE
[IPOTUBOPEYNE MOXXHO, €C/IN JOIOTHNTEIBHO IIPOAHA/IN3NPOBATH INIOTHOCTD YIIAKOBKI YaCTHUL PasgpOOIeHHBIX TOPHBIX TOPOJ,
0601xX cocTaBOB. MaKcuMaibHas INIOTHOCTD YIIAKOBKM YaCTHUL] pasgpoOIeHHOI TOPHOII IIOPOIBI TPAHYIOMETPIIECKOTO COCTa-
Ba 1 paBHa 0,90, a coctasa 2 - 0,86. Takum 06pa3oM, INIOTHOCTD YIIAKOBKM YaCTHUL] Pasapo6/IeHHON TOPHOI TOPOABI cocTasa 1
npuOIM3UTENbHO Ha 5 % 607Iblile, 4eM COCTaBa 2, a 13 IePBOTO BHIBOJA ITOHATHO, YTO TaKOe yBeYeHe ITIOTHOCTY YIIaKOBKI
YacTUI, IPUBOJUT K 3HAUUTETbHOMY POCTY CTaTMYEeCKOTO MOJAY/IA YOPYrocTu. Ecmm paccMOTpeTb OfHY U TY >Ke IJIOTHOCTh
YIIAKOBKJI 9aCTUI] B PasfpO6/IeHHBIX TOPHBIX IIOPOfIaX 060X COCTABOB, TO 00'beMHas Macca Py BIOPAI[MIOHHOM METOZe YIUIOT-
HEHVsI PasfpoO/IeHHOI TOPHOIL ITOPOBI IPAHYIOMETPUIECKOrO COCTaBa 2, paBHast 2200 Kr/M’, JOCTUIraeTCs: IpU BIAKHOCTH
IpubIM3NTENbHO 5,4 %, a I71st pasApOo6IeHHOT TOPHOIT TIOPOABI COCTaBa 1 — P BAKHOCTY NPUOIU3UTENBHO 4,9 %. 3HAunT,
pasngpobmeHHast TOpHast TOPOfA COCTaBa 2 MMeeT 10 abCOMIOTHOI Be/IMYIHE BIaXXHOCTD Ha 0,5 % 60/blIyio, YeM pasapobiieH-
Hasi TOpHas Iopofa coctasa 1. B aToM cydae I0rMYHO, 9TO CTATMYECKMIT MOAY/Ib YIIPYTOCTH IIPK COCTaBe 2 IPUOINSUTEIBHO
Ha 15 % HMKe, 4eM IIpM COCTaBe 1, 4TO B II€JIOM COOTBETCTBYET BBIBOAY 2. MOXKHO CKa3aTb, YTO JAHHBIMU 9KCIIEPUMEHTAMU
IIOATBEPAVTD BJIVIAHUE KPYITHOCTYU YaCTUL] pa3apo0IeHHON TOPHOIL IIOPOABI HA ee CTaTUYeCKIUII MOIY/Ib YIIPYTOCTI He YAaI0Ch,
TAaK KaK Ha HECYIIYIO CIOCOOHOCTb KPOME KPYITHOCTI JACTHI] TAK)Ke OKA3bIBA/IN B/IVSIHIIE IVIOTHOCTD YIIAKOBKIL YACTUI] U BIIAXK-
HOCTD, a [IpyTie pe3y/IbTaThl MICCTIENOBaHMIA, TOCBALIEHHBIX M3YYE€HNIO 9TOT0 BOIIPOCA, OTCYTCTBYIOT.

4. Ecnyt OLIeHNTh HECYIIYI0 CIOCOOHOCTD pas3fpo6IeHHOI TOPHOI IOPOABI COCTaBa 3 [0 CPABHEHMIO C COCTABOM 1, TO MOX-
HO OTMETHUTb, YTO IPY BUOPALIMOHHOM METOJe YIUIOTHSIOIIEr0 BO3AECTBIS CTaTUIeCKIIT MOAY/Ib YIPYTOCTY Pa3apobIeHHOI
TOPHOJ MOPOJIbI COCTaBa 3 HECKONIBKO BBIIIE, a IIPY CTaTMYECKOM METO/Ie YIUIOTHAIOIIETO BO3/IENICTBYUA HECKONIBKO HIDKE, YeM
PasgpoOIeHHON TOPHOIT MOPOABL cocTaBa 1. IIpy 9TOM ¢ yu4eToM IpuOIM3NTENIbHO OAMHAKOBOTO CpeJHEB3BEIICHHOTO pasMe-
pa JacTuIy Ipy BUOPALVIOHHOM MeTOJe YIUIOTHSIOUIETO BO3/IeVICTBIS IVIOTHOCTD YIIAKOBKM YACTUI| IIPK COCTaBe 1 HECKOIBKO
BBIIIE, YeM IIPU COCTaBe 3, a IIPU CTATMIECKOM MeTOfie YIUIOTHSIOIIETO BO3/eICTBYSI, HA000POT, HECKOIbKO HIDKe. B TO e
BpeMsi BI&XKHOCTD Pa3gpo6/IeHHOI TOPHOIT IIOPOAbI COCTaBa 3 3HAYMTENbHO BbILIE, YeM COCTaBa 1, ClefoBaTe/IbHO, HeCylasi
CIIOCOOHOCTD [JO/DKHA OBITh 3HAUYUTENIBHO HIKe. OfHAKO 9TOT0 He HabMIOAaeTcsl, TaK KaK COfepyKaHue MbUIeBUAHBIX U IJIMHU-
CTBIX YaCTHI] B cocTaBe 3 Ha 12,8 % (1o abcomoTHOM Benn4mHe) 60JIbIle, YeM B COCTaBe 1, T. €. pOoABUIICA (GaKTOp COflep>KaHMsA
NIbUIEBUIHBIX ¥ IJIMHUCTBIX YaCTUII, KOTOPBI M YBEINYWII CTAaTUIECKUIT MOZY/Ib YIPYTOCTH, Ja’ke HECMOTPS Ha HeTaTMBHOE
BJIVAHNUE pyruX GakTopoB. VI3 0630pa MUTEPATYPHBIX MCTOYHVKOB ACHO, YTO CHELVAIbHBIX VICCTIEOBAHNIT, OCBSAIEHHBIX
3TOMY BOIIPOCY, HET, OAHAKO, KaK [I0Ka3bIBAIOT IPUBECHHbIE Pe3y/IbTAThl, JaHHBI (PaKTOP HEOOXOAMMO YUUTBIBATD IPY OLIEH-
Ke MOJY/IS yIIPYTOCTHU pasfpOoOIeHHBIX TOPHBIX TOPO.

BoiBoabl

Pe3ynbTaThl IPOBENEHHOTO SKCIIEPUMEHTa IIOATBEPAVIIY BIUAHYE TPeX (aKTOPOB Ha HECYLIYIO CIIOCOOHOCTD pasfpobieH-
HBIX TOPHBIX TIOPOJ, — IFIOTHOCTY YITAKOBKM YaCTHII, BIaKHOCTU U COTEP>KaHMA IbIJIEBUJHBIX M INIMHUCTBIX YacTul,. Bruanne
KPYIHOCTH YaCTHUI] BBISABUTD HE YAA/IOCh M3-3a COBMECTHOTO BJIMSIHIUS APYIUX (PAKTOPOB, B CBSISY C 4eM TPeOYIOTCS TOMOMTHI-
Te/IbHbIE MCCIIeOBAHMA.

Takym 06pasom, IpyU MCIIONb30BAaHUM Pa3EPOOTIEHHBIX TOPHBIX MTOPOX OCALOYHOTO MPOMCXOXKEHWS I/IS YCTPOICTBa
KOHCTPYKTMBHBIX C/IO€B JOPOXKHOI OFEXIbI TEXHOMTOIMYECKMX aBTOMOOUIBHBIX JOPOT /sl MPaBIIPHOTO IPOrHO3MPOBAHMS
Hecyllell CtocOOHOCTY HeOOXOAMMO YYUTBIBATh HE TONBKO CTelleHb (KO3 QUIMEeHT) YIZIOTHeHNs U (WIM) OCTaTOYHYIO ITy-
CTOTHOCTb, HO TaKXKe U UX (pU3MYecKue IIapaMeTpbl, a MMEHHO I'PaHy/IOMeTPUIeCKMIl COCTAB U BJIaYKHOCTD, B TOM 4MC/Ie OITHU-
MajbHYIO. B IpOTHBHOM C/Ty4dae nomy4aeMble Pe3yIbTaThl XapaKTEPU3YIOT JIMIIb YaCTHBIE CITyday IOCTVDKEHNA TOTO VJIM MTHOTO
MOJY/IsL yIIPYTOCTY 1 MOTYT JaTh COBEPIICHHO MHbIE Pe3y/IbTAThl B CTy4ae M3MEHEHN TI000T0 13 OKa3bIBAIOLINX 3HAYUTETBHOE
BMsIHME PAKTOPOB.
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The factors which influence the bearing capacity of the fractured rocks
of sedimentary origin

Sergey Nikolaevich Shabaev T. F Gorbachev Kuzbass State Technical University
shabaev81@rambler.ru Kemerovo, Russia

The relevance of the work is conditioned by the fact that the quality of open-pit mining roads has a significant impact on the efficiency of quarry
vehicles. At the same time, the use of overburden and host rocks can reduce capital costs as well as operating costs for the arrangement and the
maintenance of communication routes.

The purpose of the work is to determine the factors that have a significant impact on the bearing capacity of crushed rocks.

Research methodology is based on the analysis of previously performed studies by deductive methods. The factors which affect the modulus of
elasticity of fractured rocks of sedimentary origin are identified. Those, which play the greatest role in the formation of the bearing capacity, are
determined. Laboratory experiments determine the dependence between the volume mass and static modulus of elasticity of crushed rocks of
different particle size distribution. This depends on their humidity.

Results. It is determined that the greatest influence on the bearing capacity is the size and density of the packaging of the crushed rock particles.
Its moisture content, as well as the content of dust and clay particles in it are also important. The significant role of the last three factors was proved
experimentally. Factors that can be neglected are shape, roughness, strength and compressibility of the particles.

Summary. When using crushed rocks of sedimentary origin for the device of structural layers of road pavement technological roads for the correct
prediction of the bearing capacity we must not only take into account the degree (coefficient) of compaction and (or) residual voidness. We should
also consider their physical parameters, namely the grain size distribution and humidity, including the optimal one. Otherwise, the results obtained
characterize only particular cases of achieving a particular elastic modulus. They will give completely different results in case of changes in any of the
factors which have a significant impact.

Keywords: rocks; modulus of elasticity; bearing capacity; factors; roads; open mining.
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TBEPAEIOLUMNX 3AKAAAOYHDLIX CMECEN
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UxyH Yan? 2KvTanckuii reonornyecknin yHuBepcuTeT

Kutan, MNekuH
3[10HCKOW rocyaapCTBEHHbIN TEXHUYECKUI yHBepcuTeT, MCOwI
Poccus, PoctoBckas o6r., LLaxTbl

CrtaHucnae AnekcaHgpoBu4y MacneHHUKoB®

AKTYaABHOCTB PaBoTbl 0OYCAOBAEHA HEOOXOAMMOCTBIO MOBBILEHMSI MOAHOTbI UCMOAL30BAHMSI M3BAEKAEMOTO U3 HEAP METAAAMYECKOTO MUHEPAALHOTO
CbIPbsl Y KOMIMAEKCHOCTM €r0 MCMOAL3OBAHMSI MyTEM YBEAMUEHMST OOAACTU MPUMEHEHMS HOBbIX MPUPOAOOXPAHHDBIX M pecypcocbeperaommx TEXHOAOT UM,
VICTMOADL3YIOLIMX MAaAOUCCAGAOBAHHbLIE PEe3ePBLI MPOM3BOACTBA.

Lleab paboTbl: 0GOCHOBAHME TEXHOAOTMYECKON BO3MOXKHOCTM U LIEAECOOBPA3HOCTM MCTOAL3OBAHMS OTXOAOB OBOTaTUTEALHOTO M METAAAYPIUYECKOrO
MPOU3BOACTB AASI U3TOTOBA€HMST TBEPAEIOIUMX 3AKAAAOYHLIX CMECEe C MOBLIIEHMEM MX aKTMBHOCTM B aKTUBATOpax TUMa «A€3MHTerpaTop» OAHOBPEMEHHO
C U3BAEYEHMEM OCTATOUHLIX METAAAOB.

MeTOoAOAOIMSI ICCAEAOBAHMISI: AHAAU3 TEOPUM U MEPEAOBOTO ObITA, MPOMbILAEHHDLIA M AABOPATOPHLIA SKCMEPUMEHT, MHTEPPETALIMSI PE3YALTATOB UC-
CAEAOBAHUM.

Pesyabtatnl. [Tpypoao- U pecypcocbeperalomme TEHAEHUMN PA3BUTUSI TOPHOAOBBIBAIOLIMX OTPACAEN PEAAMIYIOTCS B YCAOBUSIX, KOTAA B MEPCrEKTUBE
MHOTMX FOPHOAOOLIBAIOWMX MPEANPUSTUM POCCUM HAMETMAACH TEHAEHLIMSI MEPEXOAA K MOAZEMHOM PAa3pPabOTKE PYAHLIX MECTOPOXKAEHMIA C UCMOAL3OBA-
HMEM KaMEPHbIX BAPUAHTOB TEXHOAOTUM C 3ArIOAHEHMEM TEXHOAOTMUYECKMX MYCTOT TBEPAEoWMMM cmecsimu. ChopmyAapoBaHa rnpobaema obecrneyeHmst
rOPHBIX PABOT CLIPLEM AAsI M3TOTOBAEHMSI TBEPAEIOWMX CMECEN, AOBbIYA KOTOPOTO OTKPLITLIM COCOBOM B CBSI3M C PAa3pyLIEHMEM 3EMHOM MOBEPXHOCTU
3KOAOTMYECKM HEKOPPEKTHA. [ToKa3aHo, YTo pelieHve NpobAeMbl obecrneyeHnst CHPLEM AAs IPUrOTOBAEHMSI TBEPAEIOWMX CMECEN B BUAE XBOCTOB 060-
TaleHNsl M METAAAYPIUM CBSI3aHO C HEOOXOAMMOCTBIO U3BAEUYEHMS U3 HUX PEAKMX M OAArOPOAHBIX METAAOB. [TPMBEAEHDI PE3YALTATbI MPOMbILIAEHHOTO
3KCMEePVMEHTa MCMOAL30BaHUSI MEXAHOXMMMUYECKOWM aKTUBALIMM METAAAOCOAEP KALLEro HEKOHAMLIMOHHOTO CbIPbsl, MO3BOASIIOIIEN U3BAEKATL METAAALI U
MOBbLIATL AKTMBHOCTL XBOCTOB AO COCTOSIHMSI, KOTAQ OHM MPOSIBASIIOT BsDKYyLME CBOMCTBA. OnyMcaHbl HarNpaBA€HUsT COBEPLIEHCTBOBAHMST aKTUBATOPOB AASI
AOCTVOKEHMS LIeAel MEXAHOXMMMNYECKOM TEXHOAOTUM.

3akarouenne. [peararaemasl TEXHOAOTMSI SIBASIETCSI PEAALHOM BO3MOYKHOCTLIO pewarh NpoBAeMbl obecriedeHms ChIpbeBoii 6asbl M OBAErYEHMs HAarpy3Ku
Ha OKPY’KAOLLYIO MPUPOAHYIO CPeAy. [OPHO-TEOAOTMYECKME YCAOBUSI M TEHAEHLIMM MPUPOAOCOEPEXKEHMSI AGAAIOT MPEATIOYTUTEALHBIMU BAPUAHTDLI TEX-
HOAOTUIA C 3arOAHEHMEM TEXHOTEHHDLIX MyCTOT TBEPAEIOWMMM CMeCsIMU. [1epCcrneKTMBHLIM HarpPaBAEHUEM YTUAU3ALIMM METAAAOCOAEPKALLETO HEKOHAM-
LIMOHHOTO CbIPbsl, MO3BOASIIOLIMM HE TOALKO M3BA€YL METAAALI, HO U MOBLICUTL AKTUBHOCTL XBOCTOB, SIBASIETCSI MEXAHOXMMMYECKasl akTUBaLMsl MPOLIECCOB
BLILIEAQYMBAHUST B A€3MHTErpaTope.

KaroueBbie croBa: METaA; MUHEPAALHOE CbIPLE; OTXOADI nepepa60ﬂ<vl; 6eToHHas1 CMECh; AE3UHTEIPATOP; MEXaHOXUMUYECKAsT aKTUBaLIMSL; BSDKYLLME CBOWCTBA.

BEAEHME
Ha coBpemeHHOIT cTafuy pasBUTVA TOPHOTO MPOU3BOJICTBA YBEMMUYMBAETCA aKTYaTbHOCTD IIPOO/IEM ITOTHOTHI
U3BJICYECHNA CHIPDA 13 HEAP VI KOMIUIEKCHOCTH €T0 MCII0b30BaHys. OObeKTVBHBIMY KPUTEPYUAMY HOTHOTHI UCIIOND-
30BaHNA Hefp ABJLAIOTCA IIOTEPY U pa3dyboXMBaHNe PYH, @ Pe3y/IbTUPYIOLIM KpUTepUeM — U3BJIedeHVe MeTa/UIOB Ha 3aK/TI0YN-
TE/IbHOM 9Talle TIepefl OTIPABKOI MOTPebMTeN0. IKOMIOro-9KOHOMMYIeCKast 3 PEeKTUBHOCTD TOPHOIIPOMBIIITIEHHOTO KOMIUIEK-
Ca XapaKTepyU3yeTcsl MaTepuajbHBIMU, 9HEPTeTMYECKMMI U IPOYMMU 3aTpaTaMM Ha IIPOM3BOJCTBO MIPOAYKINM IPU YCTIOBUM
COXpaHEeHM: 3eMHOJ TOBEPXHOCTI ¥ IPUPOIHDIX IKOCUCTEM.

ITpnobpeTaeT ImpaBa rpak/JaHCTBA IIOTIOXKEHIE, UTO PV ONIPefielleHNY TPUOBIIN OT JOOBIYM MONIE3HBIX MCKOITAEMBIX JIO/DK-
HBI YYUTBIBATbCA U T€ PECYPChl, KOTOpbIE He U3B/I€YEHbI U3 HEP, MY YK€ U3BJI€YeHBl, HO 0Ka3a/IMCh HEMCIIOIb30BAHHDBIMM.

IIpenmeToM nccnenoBaHMi CTAHOBUTCSA IIOMCK HEMCIIONIb3YEMBIX PECYPCOB COBEPIIEHCTBOBAHNA TOPHOTO IIPOM3BOJICTBA, B
TOM YJC/Ie HeTPAAUIIMIOHHbIE TEXHOTIOTUY FOOBIUM 1 TTepepaboTKI MIHEPAIbHOTO CBIPbs [1-2].

TeMolT MHOTUX MCCTeOBAHWIT TOC/IE[HET0 BPeMeHM CTAHOBUTCS IOUCK BO3MOXKHOCTI OOBEeUHEHNMST HEPEKO IIPOTUBO-
OOpCTBYIOLIVX HAIPaBICHNIT B Pa3BUTUM TOPHOTO TIPOM3BOJICTBA: YCKOPEHNUE TeMIIOB U YBeIn4yeHIe 00beMOB JOObIUM Py U3
HeJIp 1 COXpaHeHNe SKOMOTHM Ha 3eMHOII II0OBEPXHOCTH. Takoe IMPOTMBOCTOSTHME 0OBACHACTCA OTCTaBaHMEM BO3MOXHOCTEN
IepepabOTKY PYZ OT BO3MOXKHOCTeI! VX JOOBIUY, CBUJIETE/IbCTBOM 4eTO SBJIAETCS HellpepbIBHOE yBeIYeHe 00beMOB Iepepa-
60TKH pyI.

ITenbio HacToAIIel pabOTHI AB/IAETCA 0OOCHOBaHNE BO3MOXKHOCTI YBe/IMYEHN [MaIla30Ha IIPUPOJIO- U pecypcochepe-
TaloLMX TeXHOIOTUI Pa3pabOTKM C 3aK/IafIKOI TEXHOTEHHDIX IYCTOT TBEPHEIOMINMU CMECAMMU, U3TOTOB/ICHHBIMU Ha OCHOBE
YTUIU3MPYEMBIX XBOCTOB HepepaboTkyt pyA. OTIM4InNTeIbHOI 0COOCHHOCTDIO UCCTIeOBAHNS AB/ACTCA SKCIIePUMEHTaTbHOE 10-
Ka3aTelbCTBO BO3SMOXKHOCTY U3BJICUEHNI META/I/IOB 113 XBOCTOB OOOTallleHNs BBIIeTa4MBaHIEM B aKTMBATOPe, UTO ITO3BOJISAET
JICIIO/Ib30BaTh KOHEYHBI IIPOAYKT IepepaboTky 6e3 orpaHNYeHN T 10 CAHUTAPHBIM YCTIOBYIM.

MerTopomorust MCcIegoBaHmil MOFOOHOTO Pofa BKIOYaeT B cebst aHamm3 mpo6/IeMbl 1 OIBITA IPYMEHEHVsI TeXHO/IOTIYe-
CKIX pelleHN B IPaKTVKe Pa3BUTBIX MIPEAIPUATIIL, SKCIIepYMEeHTa/IbHbIe VICCTIeJOBAHVA 11 BbIIady 00OCHOBaHHBIX PEKOMEH-
JALuii 110 MCIIO/Ib30BAHNUIO B IIPAKTUYECKOI XO3AMICTBEHHOI JeATe/IbHOCTY TOPHBIX IIPeNIPUATHI.

PesyAsTatnl

Texymras obecneueHHOCTh 6a30BBIX OTpacieit SKOHOMMKM Poccynm pasBeaHHBIMY 3allacaMyl PYJHBIX MOME3HBIX UCKOIIA-
eMBIX IIPeNCTaB/IATCA YAOBIeTBOPUTENbHOM. B TO e BpeMsa HaMeTwnuch wm o6ocTpuanch mpobdnemsl MCBH 1BeTHBIX Me-
ta/U1oB. He obecrieden cOOCTBEHHBIM ChIpbeM Psifi MEEIUIABIIBHBIX 3aBOA0B Ypara: Kpacuoypanbscknmit, CpepHeypanbcKuii,
Kapabamuickuit, MegHOrOpcKuit. B C710)XHOM IOIOXKEHNH HAXOMATCS MeTaIyprudeckre kombuHatsl «[legenranukenns» u «Ce-
BEPOHUKETb.

M3BECTUA YPA/IbCKOI0 roOCYJAPCTBEHHOIO rOPHOIMO YHUBEPCUTETA MIOHb 2018 | BbINYCK 2 (50) 95



TEXHUYECKUNE HAYKU V. L Golik et al. / News of the Ural State Mining University 2 (2018) 95-101

Bes gocTatouHoI ChIpbeBOIt 6a3bl PabOTAIOT CBUHI[OBO-LIMHKOBBIE pyAHNKM UntnHCcKoI 06macty, [Ipumopss n CeBepHOTO
KaBkasa, onossiHHbIe — B XabaposckoM u [IpumMopckom Kpasix, BonbdpamoBsie — B IIpuMopckoM Kpae.

Cpenu Ipo4MX PyX BBIENAIOT XMMUYECKM BCKpbIBaeMble PY/bI IIBETHBIX METa/IIOB, KOTOPBIE IlepepabaThIBAIOTCs IUAPO-
MeTa/I/TyprU4eCKVMI METOJJaMI: MEfIM, 30710Ta, IIMHKA U JIp.

K Hacrosiiemy BpeMeHN GO/IBIIMHCTBO 3aI1aCOB PYJHBIX MECTOPOXKAEHMIT HE MOXKET M3B/IEKAThCSI OTKPBITHIM CIIOCOOOM He
TOJIBKO 110 9KOHOMMYECKMM COOOPaKEHNSIM, HO ellle U IIOTOMY, YTO OHM BCTYMAIOT B KOHQIMKT C 06ecIiedeHneM >KU3HEHHBIX
YCIIOBUIL /IS SKMBOTO BeljecTBa. [109TOMY rOpHBIM HMPeRUPUATHAM MPEACTOUT OCBOEHNE TEXHOIOIMIT pa3paboTKIL MECTOPO-
XKJIeHMII TTOA3eMHBIM Crtoco6oM [3-6]. BonbIMHCTBO Hay4dHBIX paboT B 06/1acTy HOBBIIEHNA 3PPEKTUBHOCTU Pa3pabOTKN
MECTOPOXK/IEHNII TTO/IE3HBIX MCKOIIaeMbIX IIOCBSIIEHbI TIPOoOIeMe 0beciedeH st IPEIIPUATUI CBIPbeM JI/IsI U3TOTOB/IEHIISI 3aKIa-
IOYHBIX TBEp/eoIuX cMmeceil [7-8].

OueBuHO, YTO TAKUM CHIPbEM MOTYT OBITH HAKOIIIEHHBIE 3aIIAChI XBOCTOB I1ePePabOTKI Py, HO IIPEISITCTBIEM IS VX VUC-
N10/Tb30BAHMA SIBJIAETCSA Ha/IN4Me B HUX MeTasnoB. CoBpeMeHHasl MPAKTIKA CBUMIETENbCTBYET, YTO IPOrPecc TeXHUKYU MO3BONMNUT
U3BJIeKaTb TepsieMble HbIHEe MeTaJIIbl, IleHHOCTb KOTOPBIX MOYKET IIPEBBIIIATh CTOMMOCTD M3B/I€4€HHBIX METaJINIOB.

Jonst Heu3B/IeYeHHBIX KOMIIOHEHTOB B XBOCTAaX 00O0TalleHIsI PYJ LIBETHBIX META/IIOB COCTAB/ISIET B CPEIHMX M MAKCUMA/Ib-
HBIX 3HaYeHUAX, %: o710Ba — 35 1 58; Bonbdpama — 30 u 50; nmHKa — 26 1 47; cBUHLA — 23 u 39; MmomubaeHa — 19 u 53; megu — 13
u 36; Hukena — 10 u 25. Ilokasarenb M3BIeYeHNA OCHOBHBIX 37IEMEHTOB B IIB€THOI MeTa/uryprum Poccun cocrasnser 65-78 %,
a MOIYTHBIX 91eMeHTOB — 0T 10 1o 30 %. V3Breuerne Mo, Cd, Sb, Se, Te, Re xose61eTcst B JOCTATOYHO MIMPOKOM AUAIIA30HE
3HadeHnIt. [TpakTU9ecKy MOTHOCTBIO OCTAIOTCA B XBocTax ¢roTanuu In, Ga, T1, Bi, Hg.

B mennoit mogoTpaciu Ypana HakomieHO 220 M/IH T XBOCTOB O0OoraiieHs, B KOTOpbIX cofepyxanue menu (0,34-0,37 %)
61m3Ko K KoHAnmonHoMy (0,35-0,5 %). Hanbompiyo 1ieHHOCTb B XBOCTaX 00OTalleHsl yPaIbCKUX PY/ IPEACTaB/IIOT cepa
(30-50 % oO111€i1 CTOMMOCTY XBOCTOB), iparoljeHHble MeTautbl (25-45 %), mexp (10-20 %) u rusk (10-15 %).

XBoCTBI 0OOOralleHysa MeJHO-HUKeIeBbIX pys Hopuibckoro pygHOro y3jia cofiep>kaT IIPOMBIIUICHHBIE aXKe /L1 COBpPeMEeH-
HBIX TEXHOJIOTUII epepaboTKy KOHIIEHTPAL[MY ITATMHOWU/0B, 30/I0Ta 11 cepebpa.

ITpu oboramennn BoabHpaMo-MonnbIEHOBBIX Py He M3BIeKa0TCst o 60 % memit, o 81 % BucMyTa, 10 62 % TaHTaIa,
30710TO, cepebpo u apyrue snemeHTsl. Ha ThipHBIAy3CKOM KOMOVHATE KOHAMIMOHHBIMY CIUTANTNCD PYAbI € conepxanueM 0,1 %
WO3. Ha 07110 KOHMIIMOHHBIX PYA IPUXOAUIOCH Bcero 14 % [0OBITOl TOPHOIT Macchl. B 9TUX pymax comepxutcst muib 34,6 %
I10/Ie3HOT0 KOMIIOHeHTa. HexoHuIoHHbIe PyAbI 86,5 % JOOBITON TOPHOIT MAacChl YXO[AT B OTBAJI, YHOCA 65,4 % Mertamna. Ot-
BaJIbl HEKOHAMIIVIOHHOI PYABI IIPECTAB/LIIOT COO0IT TEXHOTEHHbIE MECTOPOXK/IeHIIsI, IPUTOHbIE /ST OTPAOOTKI C MEHBIIIMNI
3aTpaTaMM, YeM MECTOPOXK/IEHNA KOPEHHBIX PY/.

B orxopmax MenHOIT, CBUHIIOBO-LIMHKOBOIT, HUKEb-KOGAIbTOBOI, BONMbGPaMO-MOIIOLEHOBOII, OTIOBSIHHOI, aTIOMIHIEBOIT
HOJOTPAC/Iell IPOMBILITIEHHOCTH COBEePXKUTCs 6oree 8,0 MIH T Menu, 9,0 MTH T LMHKa, 1,0 MJIH T CBUHIE, 2,5 MIIH T HUKeTIS, 33,5
miH T ALO,, 600 ThIC. T 0/10Ba, 200 ThIC. T MOM6IEHA, OKOMO 1 ThIC. T 30710Ta 1 12 ThIC. T cepebpa. PesepBbl M0/IE3HBIX KOMIIO-
HEHTOB B XBOCTaX IlepepabOTKM paBHOLIEHHDI Pe3y/IbTaTy SKCIUTyaTally MHOTMX HOBBIX MECTOPOXKIEHMIL.

K Hanbonee KpyIHBIM TeXHOT€HHBIM MECTOPOXKICHMAM OTHOCATCS XBOCTHI 0boramenus lasickoro, Hopmibckoro, Canmanp-
ckoro, YuammHckoro n ComHeynoro I'OKoB; mmaky MeTa/uryprudeckux 3aBofoB — CpemHeypaibcKoro, «9neKTpOoLHK», «Ile-
JeHTaHMKeTb», «CeBepOHIKe/Ib»; HeKOHAUIMOHHbIe pyxsl [arickoro, Cubaiickoro u apyrux [OKos Ypara.

CyMMapHasi [[eHHOCTb META//IOB B XBOCTaX 0OOTallleHNsI COMOCTaBMMA C L[eHHOCTDIO ITOTEHI[MAIbHBIX PECYPCOB MIHE-
PaIbHOTO CBHIPbA B Hefpax 1 6oree 4eM B 4 pasa IpeBbIlIaeT LeHHOCTb UAeHTU(UIIMPOBAHHBIX PECYPCOB Hefp, KOTOPbIE ITOKa
He VMCIONb3YIOTCA.

3a py6e>xoM 13 OTXOOB IIEPBIIHOI ITepepabOTKI C IIOMOIIbI0 HETPA[VIIMOHHBIX TEXHOIOIMII oIy vatoT 6ortee 40 % rogpo-
BOro o6pema Mefyt, 35 % 30710Ta U 3HAYUTEIBHYIO JOJIIO LPYTUX METAJIIOB.

B Poccnu exxerofHo o6pasyercs ot 2,5 0 4,8 MJIPJ, T OTX0H0B H00ObIUM 11 060TalIeHNs, 2 B OTBA/IAX U XPaHIINIIIAX TOPHOO-
ObIBaOLIIEN OTPACIN CTPAHBI HAKOIUIEHO 1 MJIPA T TBEPABIX OTXOROB. HakoIleHHbIe OTXOMBI IPeICTABIIIOT COO0I PECYPCHYIO
LIEHHOCTDb: CpeJjHee COflep>KaHue Meiu B XBocToXpanummiax cocrasusger 0,37 %, unnaka — 0,39 %, cepol — 21,9 %, 4T0 HepegKo
BbIIIIe 6OPTOBOTO UX COflep>KaHMsI Ha BOBJIEKaeMBIX B pa3paboTKy MecTOpokaeHMsAX. Tak, B CBep/yIOBCKON 00/IacTy yTUIU3U-
poBaHo 26,2 - 10° T 0TX0710B JO6BIUY U 0OOTaleHNA PYJ, C peanusanyell IpogyKIm.

Haubornee pacripocTpaHeHHbIT METOJ OYMCTKM XBOCTOB II€PepabOTKM OT METAJUIOB U COJIeli 3aK/II0YaeTCsl B IIEPEBOJiE X B
TBepAYIo $asy U pasfeneHnn KUAKOI 1 TBepAoit ¢as ¢ yTuiusanueit obpasyromerocst ocaaxa [9-10].

Hampumep, 3TOT IPUHIINII JISKUT B OCHOBE 37IEKTPOXMMUYECKON TeXHOJIOTUM C MI3MEHEHeM CBOICTB PacTBOPA IOf, B/IN-
SIHUEM 9JIeKTPMYEeCKOro MO/A B AradparMeHHBIX 9/IEKTPONIM3€EPax ¢ MCIOIb30BaHMEM CeeKTUBHBIX MeMOpaH. [lop meiicTBueM
37IEKTPUYECKOT0 MO/IA 3 Kamep obecconBanysa nonbl Na* 1 SO~ epexofiAT B KaMmepbl 06pa3oBaHyA MENOYM U KICTOTHI, T7Ie
COEAMHAIOTCA C reHepupyeMbIMu MeMbpanoit nonamy OH™ u H* 1 06pasyioT HeliTpanusyrolye Comu 1enodb 1 kucnory. Kpome
MeTaJUIOB U3 OCa/IKa U3BJIEKAIOTCS BEIleCTBA, SIB/IAIOLINECS LIEeHHbIM ChIPbeM [/ IPOMBIILTIEHHOCTH.

YpaH, Mefib, IMHK, 30/710TO ¥ HEKOTOPbIE IPYTrUe META/Ibl U3 XBOCTOB IepepaboTKI JOOBIBAIOT MPENMYIIeCTBEHHO IIyTeM
BBILIIE/IAYMBAHYISI, pelilasi OfHOBPEMEHHO MPO6/IeMy YIIPOUHEHNS ChIPbeBOTt 6a3bI U YAYUIIeHMs 9KOTIOTUH.

OKxoHoMMYecKast 3PGEeKTUBHOCTD 1 SKOTIOTMYecKasi 6€30IMacHOCTb Pa3pabOTKU MECTOPOXKAEHMIT 0becriednBaeTCs MyTeM
MIpUMEeHEHNS JI/IsI U3TOTOBJIEHNS TBEP/EIOIMX CMeCell XBOCTOB 00OTalleHNsI B paMKaX KOMOMHUPOBAHYS TPAUI[MOHHBIX TeX-
HOJIOTHII ¥ TEXHOJIOTMIA C BBIIIe/IauMBaHMeM. TaKasl TEXHOTOTHA IPOTUBOIIOCTAB/IAETCA TEXHONIOTYIAM C HEYIIPAB/IsAeMbIM BbIIIe-
Na4MBaHMEeM IOTEPAHHBIX PYJ, B HEPAX U XBOCTOXPAHM/INIIAX.

Omna BK/II0YaeT B ceOsl 371EMEHThI:

— BbleMKa O0raTbhIX PyL ¢ MUHMMAIbHBIMU [TOTEPSIMI 1 pa3ybOKMBaHIEM 32 CYET 3aIIO/THEHNS IIYCTOT TBEPAEIOLMMIL CMe-
CSIMM C BbIJaueli Ha IOBEPXHOCTD 1A TepepaboTKy;

— BbIIIle/IaYMBaHye META/IOB 113 XBOCTOB ITepepabOTKM B aKTVBATOPAX C MCIIOIb30BaHVeM aKTUMBUPOBAHHBIX (paKLuil B
Ka4eCTBe BAKYIINMX U MTHEPTHBIX 3aITO/THUTEIEN.

96 Tonuk B. U. n gp. Ucnonb3oBaHWe XBOCTOB 060raLleHnsa B NPUroTOB/EHUM TBEPAEKLLMX 3aKNaf0uHbIX cMecelt [/ U3BecTus YITY.
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1 2
NcxoaHoe McxoaHoe cbipbe
cbipbe 20 MM 100 %
M + peareHT

— —
MpoayKUMOHHBIV
pactBop 70 %
AKTVBMPOBaHHbIE M +
xBocTbl 50 % aKTMBMPOBAHHbIE

0,076 mm XBOCTbI

PucyHok 1. Ucnonb3oBaHue akTMBaTopoB. 1 — AN yNy4lleHUs KavyecTBa cMecen; 2 — Ans U3BMeYeHNs MEeTanmnoB 1 ynyylleHns KayecTsa
cmecen.
Figure 1. Use of activators.
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PucyHok 2. Cxema K pa3geneHuto MaccvMBa Ha 6e3onacHble yyact- PucyHok 3. CxeMa MogepHu3aumu ge3vHTerpaTtopa.’ — gesuHTer-
k. L. L, L,— npeaenbHbii no ycnosuto obpasosaHusi cBoAa ecte-  parop; 2 — B1M6poBosbyanTteny; 3 — ocHosaHue; 4 — BuGpomsonmpyo-
CTBEHHOTO PaBHOBECUS MPOIIET, (PaKTUHECKUIA 1 NAOCKOW KPOBMM CO-  Lijye Onopbl.

oTBETCTBEHHO; H — ry6uHa paboT; h, — BbicoTa CBOfjA €CTECTBEHHOTO  Figure 3. Scheme of modernization of the disintegrator.
paBHOBeCUA NpeaenbHOro nNponeta; h, — BbicoTa HOBOrO CBOAA.

Figure 2. The scheme to the division of the array into safe areas.

B 3aBUCMMOCTH OT COCTaBa XBOCTOB 000Tal[eHNsI aKTUBATOP WJIU TOMBKO MOBBILIAET aKTVBHOCTb KOMIIOHEHTOB CMECH WJIH,
KpOMe 9TOro, 00ecIe4nBaeT M3BJIeYeHIe META/UIOB Y3 YTMIU3UPYeMOro ChIpbs (puc. 1).

HepocTaTok TBepAEOIINX CMecel U3 yTUIN3MPOBAHHBIX XBOCTOB 00OTAIIeHNs — CPABHUTEIBHO MAJIasi IPOYHOCTD —MOXKET
OBITb YMEHBIIIEH ITyTeM PAIMOHAIBHOTO VCIIONb30BAHMs TOPHOTO faBaeHns. Eciu BripaboTaHHOE MPOCTPAHCTBO HAXOAUTCS
07 3aLJITOI 3aKMMHYBLINXCS CTPYKTYPHBIX TOPORHBIX 6/I0KOB, TO 6€30I1acHOCTb paboT MOXeT OBITh 0becIedeHa Py MeHb-
IIeJT IPOYHOCTH M3 TBEPHEIOLINX CMecelt. ITO IOTIOKEHMe peann3yeTcs Iy TeM pasfe/leHNs PyAHOTO IO/ Ha yIacTKIL, e obec-
revnBaeTCsl 3aK/IMHIBAHIE [TOPO]] B TIpefieiaX BOZHMKAIEro cBoaa (puc. 2).

Dnybokast  IepepaboTKa MeTa/UIOCOHEPIKAIET0 ChIPbs BO3MOXKHA C YCKODEHNHEM IIPOLIeCCOB WU3BJIEYEHNsI META/IOB B
aKTMBATOPaX.

MexaHOXMMMYIECKasT TEXHOIOTMs MCIIONb3yeT ABa BUfja SHEPIUU, HATIPUMED, B Ie3MHTETPaTOpe BbIIIeTAuYNBAIOIINIT pac-
TBOP 3AIIPECCOBBIBAETCS B TPEIINMHBI PA3pPYLIAIOLIVIXCA KPUCTA/IOB U 3BJIeKaeT 1o 80 % OT ICXOJHOTO COflep>KaHusA MeTa/l/IOB
B XBOCTaX. A IIOC/Ie M3BJIeYeHNsI METAJIIOB M COTIelt XBOCTBI 00OTaIleHN MOTYT ObITD MCIIONb30BaHbI €3 OrpaHIYeH N 10 TeX-
HOJIOTMYECKVM ¥ CAHUTAPHBIM CBOVICTBAM.

OKOIOIMYeCKIiT KOHTEHT COCTOUT B TOM, UTO YTIIM3ALUell CHIDKaeTCsA 00beM IepeXOofAlNX B MOOMIbHOE COCTOAHNE U
BIMSIIOLMX HAa 9KOCUCTEMBI TSKE/IbIX MeTa/ioB [11-14].

Vicnionp3oBaHme TBEPAELIOLINX CMecel Ha OCHOBE XBOCTOB 00OTallleH sl BK/TIOYA€eT TAIIBL:

lonuk B. U. n gp. Ucnonb3oBaHue XxBoCTOB 060ralLeHns B MPUroTOBIEHUM TBEPAEILLMX 3aKnafouHbix cMecert // Ussectua YITY. 97
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- pasfie/ieHMe PyLHOTO OIS Ha 6e30IacHble YYaCTKM BBIEMKOJT 6OraThIX Py KaMepaMiL [IepBOii O4epe C 3aK/IafKOI poy-
HBIMJ CMECSAMU;

— BbleMKa 0a/IaHCOBBIX PV C 3aK/IaJKOJ TBEPACIOLMMI CMECSIMM B YCTIOBUAX Pas3rpysKy;

— BbIIIIe/IAYVIBaHVe META/UIOB 13 OEHBIX 1 3a0a/IaHCOBBIX Py C MCHIOIb30BaHMeM (peHOMeHa TBEP/eHVI XBOCTOB BBILIe/Ia4/BAHVIAL.

B ropHoii mpakTyKe MPOMBIIIEHHOE MCIIOIb30BaHNME Ie3MHTErpaTopa OCyecTaeHo B 1980-X IT. B 1lenm 3aK/Ialo4HOTO
KOMIDTEKca C 3aK/IaffKoit okoo 100 000 m* myctot B rog. YcraHoBKa J1V-65 Opa 060pygoBaHa YeThIpeX- U TPeXPsFHbIMU POTO-
paMu ¥ IBUTaTeNAMM MOIIHOCTBIO 250 KBT 1 pacrionaranach B TpeX ypPOBHAX C IJIOIA/IbI0 OCHOBAHNUA 5 X 7 M.

B redenne 10 neT ycTaHOBKa 0becIevnBaa npupaleHne npodHocTu Ha 30 % 6ornblie, yeM 6asoBast 06paboTKa B IIAPOBOIL
MenbHUIe. Boixon mocne IY 55 % akTuBHOTrO Kjaacca ¢ JOpaboTKoM B BUOpoMenbHMLe 1O BbIxofa 70 % akTUBHON (pakumu
ITO3BOJIVJI CBECTHM Pacxof LieMeHTa /1o 30 Kr/m>.

ChIpbeM CTYKVIU TPAHYIMPOBAHHBIE KUCTIbIe XBOCTHI KaparaHAMHCKOTO MeTa/UTypru4eckoro sasoza. Ilo Bsoxyment cro-
COOHOCTM 9KBMBATIEHTOM | KT CTaHHAPTHOTO IeMeHTa M-400 6511 4 KT aKTUBMPOBAHHBIX XBOCTOB.

OKCIepUMeHTaIbHOE UCC/IejOBaHNe IIapaMeTPOB IIepeBojia META/IOB B PACTBOP OCYIECTBICHO Ha XBOCTaX OOOraleHIs
IIBETHBIX ¥ YEPHBIX METAJ/UIOB M YIJIEN C MCIO/Nb30BaHMeM fiesuHTerparopa JY-11, usrorosnenHoro B lleHTpe IpuKIagHON
MexaHoxumuu «ledect».

BrlmienaunBanme B Je3MHTErpaTOpe C MOC/IENYIOIMM BbIlle/TauMBaHNEM BHE €T0, 10 CPAaBHEHMIO C aTrTaljMOHHbBIM BbIIIe/a-
YUBAHUEM, YBENMYMBAET U3B/ICYEHIIE U3 XBOCTOB o6orameHns mo cBUHIY - B 1,4 pasa, o nuHKy — B 1,2 pasa, a u3 3abamaHCco-
BOJ pyfbl 110 CBMHIY — B 1,7 pasa, 1Mo UIMHKY — B 2,1 pa3a I JieflaeT 5TO Ha JjBa MOPAKa ObIcTpee.

B pacTBOp BbllIeauMBaHNA U3BIEKAIOTCA IPAKTUYECKY BCE COfleprKalllliecs B UCXOHOM ChIpbe MeTasnbl. IIyTeM yBennye-
HIA IIMK/IOB TIepepaboTKM MeTaslIOB B XBOCTAX COflepKaHNe MOXKeT ObITh OHIDKeHO 0 HopM ITJJK.

HoBas TexHOMOTMA HY>XJaeTCs B PelleHny KIacTepa TeXHOMTOIMYeCKMX IIpo6ieM, HallpyMep, OBBILIEHe CTOMKOCTI pa-
604ero opraHa Je3MHTErpaTopa, CeMeKTUBN3ALVISI I3BIEYEHIST METAJUIOB U COTIelT 13 KOMIUIEKCHOTO PacTBOPA; HEMTPaIi3alis
MaTOYHUKOB I T. I, KOTOpPbIE IIOJIy4aT pellieHNe 110 Mepe pasBUTUA 9TOro HalpasieHn [15-18].

CoBepIlleHCTBOBaHMe ITPOliecca Bhlllle/ladMBaHMA B Ie3MHTErpaTope 3aK/I0YaeTCA B YCHIEHUM CIAraloliX ero KOMIOHEHT
(Tabm. 1).

Il mpopUIaKTUKYU CIMIAHNSA 3ePeH MeTa/IOCOAEP)KAILero ChIPhs U MOBBIIIEHM CTeIIeH) KOHTAKTa peareHTa ¢ Chl-
pbeM Ha Hero BO3JIeJICTBYIOT BUOpalyell B TOPU30HTATBLHON IVIOCKOCTI 1 IOf0pachiBaHueM ¢ Konebanuamu ot 30 go 1500 I
IIpY aMIUIUTY/e TOPY3OHTAIbHBIX KoebaHmit oT 2 1o 50 MM ¥ aMIUIUTYze 50 30 MM.

Bubpomomaaka coctont us B6poBo3bynuTess, kopoba u Bubpousonupywomux onop. Kopob, ycraHoBmeHHbIT Ha yIIpy-
TYIO CUCTeMY, COBEpIIaeT BO3BPATHO-IIOCTYIIaTe/IbHble Kopebanus. IIpoliecchl MeXaHOXMMIIECKOI aKTUBALIMY 1 BbIIIle/TaunBa-
HIsI TOTIOTTHAIOTCS MOfI0pachiBaHMeM, B pe3y/IbTaTe Yero PyAHbIe YaCTHUIIbI TMIIAIOTCSA BO3MOXXHOCTI CIMIIATBCS MEXAY o601t
¥ IPUINIIATD K PabOdMM MOBEPXHOCTAM (pIC. 3).

O PeKTMBHOCTD U3B/IEYEHNs META/IOB 13 XBOCTOB OOOTallleHNs YBeIMUMBACTCA IPY UX TIPeBapUTeNbHO 06paboTke
PacTBOPOM CepHOII ¥ a30THOII KUC/IOT B CMECH C 9/IeMEHTAPHOIL cepoil. XBOCTBI B BYJje ITY/IbIIBI IIPY OTHOIIEHUY TBEPHOIL as3bl
K OKMIKOIL 1 : 2 M3Me/IbYaloT B CMeCH C 9JIeMEHTapHOI cepoil B Komudectse 12 % o kpynHoctu 100 % dpakmym 0,01 mm. O6-
PabOTKy XBOCTOB CMECBI0 KUC/IOT OCYIECTB/IAIOT IIPY MaCCOBOM COOTHOIIEHNUY MOC/IEAHNX 2 : 1 ¢ OBHILIEH)EM BOZOPOLHOIO
nokasarens pH fjo 3. B pesynbTare yopHble MIHEpaIbl META/I/IOB IIEPEBOJATCA B PACTBOPMMbIE KOMIIIEKCBI.

INonukpucrananyeckoe Chipbe B Je3MHTETPATOPE PAa3pyIIAETCs 110 TOBEPXHOCTAM CIIaeK KPUCTAJIOB 1 II0 TPaHuUIle pasfe-
7n0B (has, B pe3y/bTarTe 4ero Ipolecchl cenapupopanys ¢as moj BO3eiiCTBIMEeM BUOPAIMM U APYTUX METOMOB YIIPOLIAIOTCA, a
BBIXOJ] METAJUIOB B pacTBOP 3a c4eT Hojiee IIIyOOKOI IPOpabOTKM CTPYKTYPHBIX KOMIOHEHTOB YBEIMIMBACTCH.

ITpu coBMeleHNI IPOLIECCOB BBIIENTAYNBAHNS B Je3VHTETrPaTope 1 B mTaberne BOSHUKAET CUHEPreTHIecKuit a¢¢exr, 1mo-
CKOJIbKY aKTMBJMPOBaHHAA B IE3VHTErpaToOpe Macca MPOJO/DKAET OTAABaTh COfIepKallMecs B Hell MeTaJl/lbl, yBeIMIMBas U3BIIE-
JeHle MeTa/I/IOB 10 CPAaBHEHNIO C BBIIe/TaYBaHMe 000UMM CIIOCOOAMI B OT/E/TbHOCTIL.

JI71s1 9TOr0 XBOCTBI OOOTaleHNst KPYMHOCTBI0 200 Melll peryIbIupyIoT K0 cofepKanns TBeproit ¢aser 30 %, cHavama BbI-
I[e/aYMBAIOT B Ie3NHTErpaTope, a 3aTeM YKJIAAbIBAIOT B IITabem, 06pabaThIBalOT PaCTBOPOM CEPHOI KMCTIOTBI, IIPOMBIBAIOT
BOJIOJI U BBILIE/IAYMBAIOT PaCTBOPAaMI, HAaIIpUMep, CYIb(PuAoTproKkcocynbdara HaTpus ¢ KoHLeHTparueit 10-20 r/.

OKo/I0ro-sKoHOMIYecKast 3 GeKTUBHOCTD MHTeHCUUKALINY IPOLIECCOB BbILIE/IAYMBAHYA B Ie3UHTETPATOpe JOCTUTALTCS
TeM, 4TO U3 JOOBITOTO ChIPbsl M3BJIEKaeTCs OOIbIliee KOMMIeCTBO MeTaia [19].

VsBredeHne u3 XBOCTOB 0OOralljeHIsi META/UIOB /IO YPOBHS CAHUTAPHBIX TPeOOBAHUIT C BO3MOXXHOCTBIO MCIIONb30BAHIS
6e3 orpaHIYeHNIT paMKaIbHO IIOBBIIIAET OTHOTY UCIIONb30BaHMA pecypcoB [20].

[TpuHIMNManbHBIE OTINYMA HOBOJ TEXHOIOTUY 3aK/IIOYAIOTCA B CTIE/yIOIEM:

— JICTIO/Ib30BaHYVIe HOBOTO BMJIa BO3MIEIICTBMA Ha MUHEPaIbHOE ChIPbe — OO/IbIION SHEPIuy;

— BO3MOXXHOCTD M3BJI€YeHNA METaJUIOB O Oe30IIaCHBIX 3HAYECHUIL.

BoBnevyenne B MponsBoOACTBO OMEPTBIEHHDBIX, TPAKTUYECKN HEMCYEPIIAEMbIX MUHEPA/IBHBIX PECYPCOB CO3/1aeT HOBYIO MM-

Ta6nuua 1. Tunu3saumsa NpoLieccoB Bbillena4yvBaHUsi MeTanos.
Table 1. Typification of metal leaching processes.

Mpoueccel Llenb coBepLueHCTBOBaHWMS Cnoco6 ocyLecTBrneHus
MexaHunyeckasn ae3mHTerpaums yactul ¢ obpasosa- YBenuyeHve pabounx NnockocTen u MoBbliweHWe YacToTbl BUGpauum pabo-
HMEM HOBbIX paboyumnx NIOCKOCTe npenynpexaeHve CnmnaHus Yactuu Yero opraHa esuHTerpatopa
Xumunyeckasi obpaboTka cblpbsl nepes nogaden B YckopeHue npoLlecca nepeBofa MHrpe- MpepBapuTenbHas o6paboTka pacTBo-
fe3nHTerpaTtop [OVEHTOB B pacTBOp pOM peareHToB
BhlLLlenayvBaHne XBOCTOB Nocre Ae3nHTerpatopa YBenuyeHne nonHoTbl UCNosb30BaHUs! Mocnepytowwas o6paboTka pacTBOPOM
YMOPHOTO ChIpbst peareHToB
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Tabnuua 2. TexHoreHHble U pa3pabaTbiBaeMble BbillenaynBaHMeM MeCTOPOXAEHUS.
Table 2. Man-made and developed by leaching deposits.

MeTann MecTtopoxaeHue, TeXHONorus Pernox

Menb TexHOreHHble MeCTOPOXAEHUS! CBepanosckas o6n.
MypmaHckas obn.
KpacHosapckun kpan

l'ymelueBckoe, Nog3emMHoe BbllLenaymBaHme CepanoBsckas o6r.
Hukenb-kobanst AnnapeyeHckoe MypmaHckas obn.
XsocToxpaHunuiie Ne 1 KpacHosapckun kpan
O3sepo bapbepHoe
LinHk LLinakooTBan Ceepanosckas o6n.
Onoso TexHOreHHble MeCcTopOXaeHus -
Bonbdpam BapyH-HapbiHckoe BypsTtusa
CroKoViHUHCKOE Babarkanbckuii kpam
MonnbaeH ¢ ypaHom CTpenbLoBCKOe, MOA3EMHOE M KYYHOE BbiLLenavymBaHne YuTtuHckas obn.
TuTaH KpyurHuHCKOE, NepcrnekTriBa CKBaXKMHHOTO BblLLieNaynBaHms 3abarikanbckuii kpam

Hepaano—cmpbeBy}o 633y 1A HpOMI)IIlI)'[eHHOCTI/I n I/I36aB}IHeT oT HCO6XO}II/IMOCTI/I BOBJICUECHNUA B SI(CH)'[yaTaLU/HO HOBBIX M¢E-
CTOPOXK/IEHMIL.

B 2017 r. yenmmunmncsa 06'beM JOOBIUM 3aIIaCOB TEXHOT€HHBIX MECTOPOXKI€HNIA BbIIe/TaYMBAHVEM METAJIIOB U3 PY/L LIBETHBIX
MeTamnos (Tabm. 2).

Konuenuus rry6oKoi yTUIn3anuy OTXOf0B HepepaboTKI MeTa/TMIecKIX PYZ OTBeYaeT NMPUHLUIIAM B3aMMOJEICTBUA
4esmoBeKa 1 6mocdepsl 1 0COOEHHO aKTyaIbHA I pelleHns MpobieM AMBepCUPUKALN TOPHOTO IPOU3BOACTBA B YCIOBIUAX
PBIHKA.

3akAtoueHue

l"opHo;[o6bIBa101m/le NIPEAIPUATIA B LIEJIOM 3aBEPIIAIOT STAIl OTKPBITON DOOBIYM 6OraThIX PYyA M IPUCTYIAOT K IIO/I3€MHOI
paspaboTKe MECTOPOKIEHNIT. YCIOBYSI IOKATU3ALNN PYIHBIX TeIL, MacITabbl IPOM3BOACTBA U TEHAEHIN IPUPOJocHepexxe-
HUA O6HSbIBaIOT HpI/IMeHHTb BapI/IaHTbI TeXHOHOI‘I/If;I C 3aIIO/THEHMEM TE€XHOTE€HHDbIX HyCTOT TBep,[[eIOH.U/IMI/I CMECAMN.

9TO HOBBIIIAET AKTYaIbHOCTD IMPOOIEeMBl 0OecIiedyeH s TOPHBIX PabOT ChIpbeM /IS M3TOTOBIEHNS TBEPACIOLINX CMeCell.
Jo6bIua chIpbs /11 6€TOHHBIX CMecel 9KOIOTMYeCK) HeKOPPEKTHa, II09TOMY pellieHye IPOoOIeMbl CBA3aHO C YICIIO/Ib30BaHIEM
XBOCTOB O6OFaIHeHI/IH n MeTaHHYpFI/II/I. IH}'[}I 3TOTO HpeI[CTOI/IT pa3pa60TaTb TEXHOJ/JIOTUIO N3BJICYCHUA N3 HUX pe]IKI/IX n 6)'[211‘0-
POIHBIX METaJIOB.

OpHMM 13 HaIpaBIeHNUI rny601<017[ YTUIM3ALUN XBOCTOB oboraleHns ABISeTCI MEXaHOXMMMUYECKast aKTUBAIJ METa/IO-
co,uep)KaLuero HEKOHIMIIMOHHOI'O CprbH, II03BOJIAKOIIAA HE TOJIBKO M3BJ/JI€Yb METAJI/Ibl, HO U ITOBBICUTDb AKTMBHOCTb XBOCTOB [JO
COCTOSIHUA, KOTJIa OHY NIPOSBJIAIOT BSKYIIME CBOVICTBA.

Vicnionp3oBaHne B coCTaBaxX 0@TOHHBIX TBEPACIOLINX CMeceil OTXOLOB 000TraTUTEIbHOTO M MeTaJIyPIU4ecKoro mepenerna
yIydllaeT IPOYHOCTD M PEOJIOTMYEeCKIe CBOMICTBA TBEPAEIOIIMX CMeceil Ha UX OCcHOBe. IIpenaraeMas TeXHOIOINSA IIO3BOJLAET
IIOBBICUTD IIOJIHOTY MCIIO/Ib30BAHNA PECYPCOB Heflp, BO3Bpalliasd paHee OMEPTBICHHOE ChIpbe, COfieprKalljee IIOKa ellle TepseMble
MeTa//IN4eCKe KOMIIOHEHTHI.
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The use of tailings while preparing hardening filling mixtures
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The relevance of the work is conditioned by the need to increase the completeness of the use of metal mineral raw materials extracted from the
depths. The complexity of its use by increasing the scope of new environmental and resource-saving technologies is also important. Unfortunately,
the resource-saving technologies use little-studied reserves of production.

The purpose of the work is to substantiate the technological possibility and expediency of the use of waste from processing and metallurgical
industries. This is done for the manufacture of hardening mixtures with an increase in their activity in the activators of the “disintegrator” type
simultaneously with the extraction of residual metals.

Research methodology: analysis of theory and best practices, industrial and laboratory experiment, and interpretation of research results.

Results. Natural and resource-saving trends are implemented in the development of the mining industries. This happens under the conditions when
many mining enterprises of Russia may switch to underground mining of ore deposits. There is a tendency of using chamber versions of technology
with filling technological voids with hardening mixtures. The problem of providing mining operations with raw materials for the manufacture of
hardening mixtures was formulated. The production of raw materials is open. It is environmentally incorrect in connection with the destruction of the
earth’s surface. The solution to the problem of providing raw materials for preparing hardening mixtures in the form of enrichment tails and metallurgy
is associated with the need to extract rare and noble metals from them. The results of an industrial experiment using mechanochemical activation of
metal-containing substandard raw materials, are described. This activation allows to extract metals and increases the activity of the tailings to the state
when they exhibit binding properties. The directions of activators improvement to achieve the goals of mechanochemical technology.

Conclusion. The technology proposed is a real opportunity to solve the problem of providing raw materials and ease the load on the environment.
Mining and geological conditions and trends in nature conservation make the preferred technology options with filling man-made voids with hardening
mixtures. A promising line of utilizing metal-containing substandard raw materials. This not only allows to extract metals, but also to increase the
activity of tails, is the mechanochemical activation of leaching processes in the disintegrator.

Keywords: metal; minerals; waste recycling; concrete mix; disintegrator; mechanochemical activation; binding properties.
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MCMOABL3YEMbIX B A3EPBAMAKAHCKOM MEXXAYHAPOAHOM
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AKTYaALHOCTL Pa6oTnl 0OYCAOBAEHA MOAHOM PEKOHCTPYKLMEN FOPHOAOOLIBAIOWEN MPOMbILAEHHOCTM A3epbaiiakaHa. BBeaeHue B akcrayaraumio B
2007 r. B 3anaaHom pervioHe AsepbaiiakaHa komnanum AIMC (Azerbaijan International Mining Company) CTar0 CEPLE3HLIM WArOM B AEAE PEABUAU-
TaUMm 1 nNepeobOPyAOBaHMsI FOPHOAOOLIBAIOILEN MPOMBILAEHHOCTM CTPaHLI. B HacTosuee Bpemsl 3A€Ch YCTAHOBAEHBI M PaboTatoT 4 WapoBLE MEALHMLIbI
tura SAG u Ball, otavuatowmecs: NpocToToi 3KCNAyaTaumu v BLICOKOW 3(O(PeKTUBHOCTLIO M3MEALYEHMsI. B pesyAsTate MccaeroBaTeAbckmx paboT ObIAO
YCTAHOBAEHO, YTO OCHOBHLIMM MPUYMHAMM OTKA3a OOOPYAOBAHMsI SIBASIOTCSI M3HOC M M3AOM MEAIOWIMX WAPOB, & TAKKE MPEKAEBPEMEHHOE paspylieHue
pabounx noBepxHocrei AvcprepoB. CAGAOBATEALHO, MOBbILIEHNE M3HOCOCTOMKOCTM AUCPTEPOB Y MEXAHNUYECKMX MOKA3ATEAEV MEAIOLIMX WAPOB AASI MEADL-
HMLL SIBASIETCS1 aKTYaALHOWM 3aAayent.

Lleavto paboTui siBASIETCS OOOCHOBaHME BLIOOPA Matepuana AAsi (hyTEPOBKM PABOUMX MOBEPXHOCTEN AUCPTEPOB M MX TOALMHLI, OMPEAeAeHMsl Schchek-
TMBHOTIO 3HAYE€HMsI YrAa MoALEMA I\Vl(bTepOB, A TAKOKE PEXXMMHDLIX MapamMeTpPoOB 3KCNAyaTalUMm MEALHULILL.

Meroaororns nccreaoBanms. [TOAPOOHO M3yyeHa CXema PACTIOAOKEHMSI MOALEMHLIX AUCPTEPOB M FEOMETPUYECKMX MAPAMETPOB Ha S(PPEKTUBHOCTD
PaGOoTLl MEALHMLIbI, OLIEHEHO BAVISIHUE PACCTOSIHMSI MEXKAY MOALEMHBIMM MAOLIAAKAMM HA SKCIAYATALIMOHHDIE XaPAKTEPUCTVMKM MEABHULIbI, TAK KaK GOAbLIOE
PaCCTOsIHUE MPUBOAUT K OLICTPOMY UCTUPAHMIO (hyTEPOBOK NPy paboTe C TBEPAOV PYAOA.

Pe3syapTaTnpl. Ha OCHOBaHMM MHOTOYMCAEHHDLIX OMLITOB Y TEOPETUYECKMX PACHETOB YCTAHOBAEHO, YTO YTOA Pa3MeLlEHMs MOALEMHDLIX AUPTEPOB, PEKOMEH-
AOBAHHLIX 3aBOAOM-U3rOTOBUTEAEM, HE BCErAd OOECreUMBAET BLICOKYIO MPOU3BOAUTEALHOCTD, MOSTOMY OLIAO CAEAAHO MPEAAOXKEHME O €ro NepPecMoTpe.
YCTaHOBAEHO, YTO CYWECTBYIOWMI MATEPUAA AAsI (DYTEPOBKM MOXKET OLITL MPUMEHEH MPY U3MEALYEHMM BLICOKOTBEPALIX PYA. ABTOPAMM AASI USMEALYEHUSI
CYAB(PMAHBIX PYA C BLICOKOM TBEPAOCTBIO MPEAAOXKEHO pPaBoyme MOBEPXHOCTV AUCPTEPOB (PYTEPOBATL CMELIMAALHLIM KOMMO3MLIMOHHBIM MATEPUAAOM Ha
OCHOBE METAAAOPE3NHDI.

BuiBoAbI. AAsi 06ecrieveHmsl BLICOKOM S(PPEKTYBHOCTM U3MEALYEHUST PYALI MPEAAAraeTCsl YrOA MOALEMHOTO AMpTEpPA YCTAaHOBUTL B Mpeaerax 18-20°.
B kauyecrBe hyTEPOBAHHOTO MATEPMAAA AAsI TIOKPLITUSI PAGOYMX MOBEPXHOCTEN MPEANOXKEH HOBLIVi METAAAOPE3MHOBDIA KOMIMO3UTHBI MATEPUAA.

KatoyeBble cAOBa: MEAIOLIME WAPLI; AOATOBEYHOCTL (DYTEPOBKM; AUCPTEPDLI; YTOA MOALEMA; MHTEHCMBHOCTL U3HOCA; CKOPOCTb MEALHMLILI; PYAQ; M3MEALYE-
HMeE; WANPOBAHUE; MPOrPAMMA CUMYASILIM.

BEAEeHue
Ocnosannas B 2007 r., komnauns AIMC (Azerbaijan International Mining Company Limited — Asep6arimkanckas
MeXyHapopHast ropHOgo6ObIBatontas Kommanus, —AMITIK) 3aHuMaeT mepBoe MecTo B CTpaHe 110 IPOU3BOACTBY 30-
JI0Ta ¥ MEHOTO KOHLIEHTPATa, a TaKXKe I10 MX IocTaBke. Kommanusa ¢pyHkiyonnpyer B lenebeke — 3anagHoM pernone Asepb6ait-
mkaHa. Cxema nsmenbuenns nmeeT il SABC (SAG Mill/Ball Mill/Crusher). Obecnieyenne B OCHOBHOM COCTOUT U3 ILIEKOBOM
npobuky, MenbHULBI THA SAG ¢ mameTpoMm 5 M, mmnHoit 2,5 M u tuna Ball ¢ suamerpom 4 M, mHoit 5,82 M [1, 2].

V3BecTHO [3-5], 4TO IpoIecchl ApoOIeHNs 1 M3MeNbYeHNUS OTIIMIAIOTCS BBICOKVMIMU 3aTpaTaMi 3/IeKTPIYeCKO SHeprun. B
HEKOTOPBIX C/IyYasiX UX OIS COCTaB/saeT 6omee momoBuHbI (0K0mo 60-80 %) OT 001iux 3aTpaT Ha 060TaTUTENbHBIX IPENIPI-
tusix. CriefoBaTenbHO, Bce paboThl, HAlIPaB/IeHHbIE HA COBEPIIEHCTBOBAHNE TEXHUKY 1 TEXHOMIOTUY TIPOLIECCOB M3MeTIbYeHN,
CHIDKEHJIe S9HepronoTpebIeH s, AB/IAI0TCA aKTyaIbHbIMIL.

MenpHuma SAG uMeeT IepeMeHHbI CKOPOCTHOI IBUTATeNb 1 OTKPBITYIO IMPKY/IALMIO, a IIApOBast Me/IbHNUIIA NIMeeT 3a-
MKHYTYIO HMPKY/ISALIIO ¥ COeANHEHA C TUPOLUK/IOHOM. IIpon3BoanTebHOCTb MenbHNIBI cocTaBsteT 80-90 1/4, a ux paboune
TIOBEPXHOCTH IIOKPBITHI PE3MHOBBIMU ITPOKJIA/IKAMI.

B 2013 . Ha OCHOBe cOIIallleHNsI O B3aMHOM COTPYLHMYECTBe, OAINCaHHOro ¢ Kommauueit Tega (Mupus), AMIIK mo-
CTaBIMJI BOIIPOC O pa3paboTKe IyTeil YAy4YIUeHMs IPOM3BOACTBEHHOIO LIMK/IA B IIpoliecce U3MenbdeHus. o 9Toro BpeMeHn
MHJIEKC TOITOBEYHOCTH M IPOAYKTUBHOCTY MebHMUI TUIa SAG 6b1n1 cnepyromuM (tadn. 1).

Kax BupHO 113 Tab71. 1, dyTepoBanHbIe (pe3snHOBbIe) MU Tephl GYHKINOHNPOBAIY COOTBETCTBEHHO 973 11 904 u.

AHaAM3 MpobAeMbl

B pesynbraTe coBMecTHOTo aHanm3a Ha MenbHMIe SAG cenmanuctamu AMITIK u Tega onpenenensl ciefyromiye 0TKasbl.

1. VisnammBanue mudrepos MenbHuLbl SAG MHTEHCHBHOE 1 HepaBHOMepHOe. B TeueHme nepuona Habmonenns (CpokoM 6

Ta6nuua 1. NMpousBoauTenbHOCTb MenbHULbI SAG 1 [ONTOBEYHOCTb DYyTEPOBOK.
Table 1. The performance of the SAG mill and the durability of the linings.

MpounssoauTens Bpewmsi paboThbl, 4 MpounssoanTensHOCTb, T TBeppocTb no wkane Mooca
gﬁ’ﬁﬂ 973 80 855 3
ﬁpﬁm 904 79 092 3
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PucyHok 1. MprvHuMnuansHas cxema paboTbl MenbHULbI U YKnaaka nogkpenneHus MPKM.
Figure 1. Schematic diagram of the operation of the mill and laying reinforcement metal rubber composite material (MRCM).

Hefle/Ib) OBUIO YCTAHOBJIEHO, YTO M3HOC MIEPBBIX PSIZIOB (yTEPOBAHHBIX IIOBEPXHOCTEN COCTABIsT 55-60 %, BTOpoit psify — 45-50 %,
a Tpetnit — 75-80 %. D11t paKTOPLI IPUBOMAT K YACTOI 3aMeHe MUPTEPOB I, KaK CIeACTBIE, K BOSHUKHOBEHIIO IePEPBIBOB.

2. OueHb BaKeH MPABUIbHBII BBIOOP ITOCAJOYHOTO yI/Ia HOAbeMHIKA MeTbHULBI SAG. Yo/ OSULIMOHNPOBaHNs Ha Oase
VICTIIOTIb3yeMOIl MeTTbHUIIBI KOHCTPYKTUBHO NpuHMMaeTcs 0°. OfHaKo B pe3y/nbTaTe HellpepbIBHBIX HAOMIOIeH T, KOTOPbIE ObIIN
OIIpefie/ieHbl B 9TOM CJIydae IIpy [lepeMellleHI TPaeKTOpUY IapoB, OHY He 00eCIeuMBaloT MaKCHMaIbHON SHepruy yaapa B
HY>KHOII TOYKe.

3. ismenbuenne Ha MenbHNIIAX SAG BOOOILe He ABJIAETCA YLOBICTBOPUTE/IbHBIM.

4. OTCyTCTBME MeXaHU3MPOBAHHBIX M/IV aBTOMATN3MPOBAHHBIX CPECTB /I CMEHbI TU(TEPOB 3aTPYAHsET PYyIHYIO 0Opa-
60TKy mporiecca. ITo HOATBEP>KAAeT BXKHOCTb OTPAHIYEHMIT Beca Py IIPOEKTUPOBAHNUM U IIOfITOTOBKE TN(PTEPOB.

5. B cooTBeTCTBUY ¢ HACTOAIIEN TEeXHOJOTHE MembHUIIbI THIIAa SAG nepepabarbiBaeMas pyfa Iocie IpoOIeHNs OTIpaB-
JIIeTCA B KaMepy XpaHEeHN 1 CMEIIMBAeTCs ¢ KAMEHMCTBIMU 1 3eMIMUCThIMY YacTuaMu. B Teme6eke pyna nmogaeTcs Hemocpey-
CTBEHHO Ha MelbHMIY SAG 0T IIeKOBOI ApoOIIKIL. BBIIO OIpefeneHo, YTO 30/I0TOCOfieprKallyie PyAbl MMeIoT 0obLIoit boup-
nHpekc (15-17 xBT/T), a 0CHOBOII 3a11aCOB PYAbI ABJIAIOTCA TBEPAbIE CYIbQUIHbIE PYALI [6, 7].

6. CooTHOIIIEHMEe MEXIy PacCTOsTHIEM IO beMHbIX TU(TEPOB I UX BBICOTOI BapbupyeTcs B uHTepBane 1,85-2,01 B coot-
BETCTBUU C [eICTBYIOLIMMI CTAHIAPTAMIL, ¥ B 3aBUCHMOCTH OT IIPUPOJbI PY/bI HOAK/IAAKa MOXKeT ObITh B-B (BbICOKOII-BBICO-
koii) 1 B-H (BbICOKOI1-HM3KOII) BJOIb KOHCTPYKIMN. BBITIO ONpeseneHo, YTO KOMMIeCTBO MObeMHBIX ITPOK/IAOK B MEJIbHNUIIE
SAG pomxHO 61T 28-30 1IT. OfHAKO OHO cocTaBiAeT 24 mT. C APYroii CTOPOHBI, paCueTHOE COOTHOIIEHNE MEXY COCETHUMM
nogbeMHMKaMMI 1 BhIcOTOM A/B = 3,16, a TO u BbIlIIE.

7. logpemusie mudTepsl Ha MenbHMIAX SAG TaKoKe BBIIOMHAIOT 3a/1a4y 110 MObeMY IIAPOB C OPOUTHI, 3AIUIIAIOT U He I03BO-
JIAIOT MM OGBICTPO MSHAIIMBATHCS. PaccTOsIHIE MeXTY OIBEMHOI IUIOLIA/IKOI SKCIITyaTallMoHHOI SAG MenbHMLBL A = 427 MM. 91O
607IbI1I0E PAcCTOsIHME A1 MeNbHULIBI SAG 1 OHO IPMBOAKT K OBICTPOMY UCTUPAHNIO PYTEPOBOK IPK paboTe C TBEPHOI PYHOIL

Lleas paboTbl

Pabora nmocBsieHa BEIOOPY MaTepuana 1y GyTepoBKY pabouMx IOBEPXHOCTEN TUPTEPOB, ONpeIe/IeHII0 ONTHMaIbHOTO
3HAYeHM yITIa VX HOIbeMa.

Mertoani peweHyst mpodaem

OO6BIYHO /1 3ALNTHI PabOYNX TOBEPXHOCTET METBbHNL] IIPUMEHSIOTCS pasnuydHble pesuHsl [8—10]. C 1ebio pelreHns aTux
npo6reM crrennamictamn Tega u AMITIK 6b11a peyio>keHa HOBasi TEXHOJIOIMSA ITPOM3BOACTBA META//IOPE3MHOBOIO KOMIIO3M-
nyonHoro marepuana (MPKM) u ee npumeneHne g GyrepoBku nudpTepos MenpHULbI SAG.

B Hacrosmee Bpems kommanusa Tega Industries limited o6cy>xusaer 6oree 500 IpOMBIIITIEHHBIX METBLHULL II0 BCEMY MUPY.
C y4eToM IpUMeHeHVI HOBOI'O KOMIIO3VIIMOHHOTO MaTepyasa ObUIM BHECEHbI U3MEHEHNUA B KOHCTPYKIMY TUQTepoB: Ha Iep-
BOM 9TaIle ObIa PAaCCMOTpPeHa MpobiieMa perymupoBKI TOMIIUHBL (GyTepoBOK. Pe3nHOBbIE (pyTepOBKY TOJIINMHON 75 MM ObUIN
3aMeHeHbI KOMITO3UTHBIM MaTepyuanoM MPKM (MeTannmope3nHOBbI KOMIO3UIIMOHHBII MaTepua) ¢ TOMIIMHOM 90 MM.

VlcenenoBanys IpOBOAVIIICE C YYETOM HOJIOXKMUTETBHBIX PE3y/IbTaTOB 9KCIIEPYMEHTAIbHOI pabOoThI, BHAYajIe TOMIIMHA [10-
kpoirtuit MPKM yBemndena o 100 MM, a 3ateM o 130 Mm.

Fabubos . A. v ap. Pe3ynbraThbl ycoBepLUeHCTBOBAHMSA MenbHUL, TUNa SAG, ncnonb3yembix B AsepbangxaHckon MexayHapogHon 103
ropHogo6biBatowwen Komnanuu // Ussectusa YITY. 2018. Boin. 2(50). C. 102-106. DOI 10.21440/2307-2091-2018-2-102-106
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Yron 14°, 12,6 06/MuH Yron 26° 13,5 06/MuH Yron 35° 14,3 06/MuH

PucyHok 2. MogenupoBaHue npouecca Uamerb4eHus.
Figure 2. Modeling of grinding process.

B pesynbrare ucIbITaHMI OBIIO YCTAHOBIIEHO, YTO 3¢ PeKTUBHOCTD Ipollecca U3MeTbYeHNS B 3SHAUUTENbHOI CTelIeH! 3aBU-
CUT OT IIPaBUILHOTO OIIpefie/IeHN YITIa MOy beMHBIX TU(TEpPOB.

CoracHO peKOMeH/ALMIM 3aBOA-M3TOTOBUTEIISI, Pa3MePHI IIObeMHOTO udTrepa 6bimm mpuHaATh 210 X 250 MM (TOMIHA
1 BBICOTA), pasMep yITIa, CO34aBaeMOro BIOJb pafnyca, — 26°. [lajiee ¢ e/Ibo YIY4ILIeH YC/IOBIUA SKCIUTyaTallii U YBeIMYeHIA
BBIXO/ja TPOAYKIIMYU HaMU OBUIY CJle/TaHbl HEKOTOPbIe KOPPEKTUPOBKIL. B 4acTHOCTI, Ha BTOPOM 9Talle IIMPUHA U CTEIIeHb IOfb-
eMa M1 TepoB ObIIM OCTAaB/IEHDI 6€3 M3MEeHEHNMA, @ BLICOTA yBenudeHa ¢ 250 10 275 MM, YTOOBI TIOBBICUTD IIPOU3BOJUTENLHOCTD
Yl CHU3UTB 3aTpathl Ha 9Hepruio. Ha TpeTbeM sTame mmpuna 6pi1a 3adMKCMpOBaHa, BEICOTA MOFHATA € 275 0 325 MM, CTeleHb
Obl1a M3MeHeHa ¢ 26° 1o 14°. B aToM ciydae Hab/II0a/I0Ch yBeIMYeH e IPOU3BOAUTEIbHOCTH, IPOJO/DKITEIBHOCTI 9KCIUTyaTa-
L[MJ MeJIbHUIIBI U CHVDKEHMe 3aTpaT Ha sHepruio. Hawmydime pe3ynrbraTsl ObUIM HOMYYEHBI IPU 3HAUEHNAX YIVIa IOLbEMHOTO
nmn¢repa B mpepenax 18°-20°.

C 1e/1pI0 YMEHBIIEHVIsI HEPAaBHOMEPHOCTH U3HOCA M(TEPOB BO BpeMsI pasrpy3KH IUIOLIab CETKY BO BCTABKaX OblIa CO
BpeMeHeM M3MeHeHa. COITaCHO JONTOCPOYHBIM pe3yIbTaTaM, OBIIO TIPEIOKEHO nCIonb30Bath 210-325 YESP nst mogpeMHO-
ro nudTrepa u PM 130 (Tommusa 130 Mm) fns camoro nudrepa. Korga yron, o6pasoBaHHbII BIOIb pafnyca IOLbeMHOro mudre-
pa, cOCTaBIAeT 26°, COOTHOIIEHNE MY PacCTOSHIEM A MeX/y TU(TepOM ¥ BBICOTOII IO beMHOro nudTepa B ymenbImaeTcs
mo A/B =2,4.

[MpuHnUnUanbHast cxeMa pabOThI MeTIBHUIIBL 1 YKIafiKa nogkpemtennss MPKM mpusenena Ha puc. 1.

B opHOM HampaB/ieHNM yiuydlleHre paboTbl ObIIO CBSA3AHO C OIpefie/leHNeM YITIa TTO3ULMOHNPOBAHNS TOLbEMHOTO -
Tepa. 37iech OBUI YCTAHOBJIEH TPpajlyC pasMellieHNs IofgbeMHoro mudrepa cepuu 210 YTSP o 14°, a MX MOHTaXKHasA cUCTEMa
UJieaIbHO HACTpOeHa. B pesyybraTe nccnefoBaHmit 6510 YCTAaHOBIEHO, YTO TPU PsIia PACIIONOXEHNs Ha 000/I0UKe HOCAT {ud-
(bepeHIMaIBHBII XapaKTep usHOCca. I10 9TOII mpuYnHe 6bIIO MPEAIOKEHO I Pealn30BaHo Pa3HOOOpasye KOHCTPYKuuit dyre-
POBKU Hafi 0607104K0I1. B TO ke BpeMs ObUIN IIPMMeHEHbI HOBbIE BBIXO[JHbIE PEIIEeTKIL.

V3BecTHO, 4TO B IpOLjecce SKCIUTyaTallly CTeIleHb pasMelleHNs MOIbeMHBIX TM(TePOB UTPAeT BXKHYIO PONIb B IIPaBUIIb-
HOM OIpefie/IeHNN TpaeKTopuy yzaapa mapos. C 3TOM TOUYKM 3peHMs CKOPOCTb MEeJIbHUIIBI ONpefe/sIach npy 12,6 Nnkaax B
MUHYTY [/ MfIeaIbHOTO XPAaHeHMsI TPAeKTOPUY yAapa Ha MepBOil CTafuy MOAbeMHBIX MTepoB ¢ yra 14°. B xome paboTs
24 psifa MObeMHBIX TU(TEPOB MEIBHUIIBI B KQXKIOM LIMK/Ie MHTEHCUBHO YAPSIOT MIPOAYKT, IBUrAsACh IO TPAEKTOPUY U TIOJ-
HyMas mapbl. OJHAKO, TIOCKO/IBKY TIPOM3BOAUTENLHOCTD He Obla MOMTHOCTBIO Peann30oBaHa BO BpeMs MPOKATKM, KOMNYeCTBO
IIepMOJ0B YBEIMYMIOCH Ha 13,1 pasa/MMmH, Korja pasMep OLbeMHOro udTepa ObUT yBenudeH 1o 20°. B HopMaIbHbIX yCIOBUAX
9KCIUIyaTalUN, B pe3y/IbTaTe MPOJLO/DKUTENbHBIX UCCEHOBAHNUIT A/IsI IOffePXKAHNUS CTAOMIBHOI TPAEKTOPUY yapa, COOTBET-
CTBYIOLLIElT M3HOCY, UMK/ BPAIl[eHVsI MeTbHULIBI yBeM4IMBaIcs o 14,3 06/muH. OnTHManbHOCTb HMpoljecca OblIa MOKasaHa Ha
nporpamme cumynanyu (puc. 2). Ilpy 3ToM 1Conbp3oBanu MeTOAMKY, IpUBefeH Y0 B [11, 12].

Ha puc. 3 nokasansl 9 peKTUBHOCTD IPOU3BOAUTENBHOCTI BO BpeMst Habmomenus (01.05.2015-31.05.2017) u usmeHeHue
sHeprun [13], ucrionbayemoit [y u3MenbyeHns 1 T pyasl Ha ycraHoBKe Tuma SAG. V3-3a cHIDKeHUA IPOU3BOAUTE/IBHOCTH 32 CYET
CyIb(QUIHBIX PyA B MUHEPATbHBIX PeCypcax IpefyIaraeTcsi, YTobsl pabora BTOpoit MenbHNIBI SAG OCYIIeCTBUIACH B TEXHOIIO-
TUYeCKUX Mepax mpegocTopokHoctn [14]. Buauane SAG-1 6611 ocHamler 100-MuimuMeTpoBeIMH Itapamy, a B SAG-2 uMeroTcst
mapsl 125 MM, M3rOTOB/IEHHbIE B COOTBETCTBUM C TeXHOTIOrMeit [15].

PaboTas c 3T0il e pynoii, OH MPefoCTaBUI BOSMOXKHOCTb CpaBHeHMs paboTel mapoB 100 u 125 MM Ha SAG MenbHUIAX, a
CpaBHUTENbHbIE Pe3y/IbTaThI IPUBEIEHBI B TAO. 2.

Kak moxasano B Ta61. 2, KOJMYeCTBO IIPOLYKTa TOHKOTO VI3Me/IbYeHYIS B Me/IbHULIE C pasMepoM 1apoB 100 MM Bblllle, YeM y
apyroro. Ecin nsmenbunrenbHasA crrocoOHOCTb MebHULE (80 % KOHEYHOro IPOAyKTa MeHblle 75 MKM) rocne SAG AB/sAeTcs YIOB-
JIETBOPUTENBHOIA, TO /IS YBEIMYEHNS IPOU3BOAUTEIbHOCTI PEKOMEHYeTCs MCIIONb30BaTh SAG MeTIbHUITY C IapaMu 125 MM.

Tabnuua 2. CpaBHeHMne nokasarernen apheKTMBHOCTN paboThbl LWIApPOB.
Table 2. A comparison of the performance of the balls.

MenbHuLa MpoussoguTensHoCTb, TeepaocTb Mo MovyHocTb, Pasmvepsl Pasmep BbIxogHoro npoaykta SAG, MKM
T wkane Mooca KBT -y LapoBs, MM X > 500 150 < x < 500 X <150
SAG-1 80 4nb5 554 100 19,08 28,82 52,1
SAG-2 87 4n5 550 125 31,17 24,67 44,16
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PucyHok 3. MnogoBuTOoCTb M3-3a U3MEHEeHUs Ko3adhpuLMeHTa XKeCcTKOCTU pyAbl BO BpeMsi HabniogeHusi, rpacpvk MU3MeHeHUs1 IHeprum,
ncnonb3yeMbli Ans u3MernbyeHus 1 T pyabl Ha MenbHULE. 7 — KONMUYECTBO CYXOW pyAbl, T; 2 — KOIMYECTBO 3HEpruu, notpednsemon ans
n3menbyeHust, KBT/u.

Figure 3. Fertility due to changes in ore hardness factor during observation, the energy change graph used for grinding 1 ton of ore at
the mill.

BoiBoAbI

Takum 06pa3om, B pe3y/bTaTe IPOBEIEHHbBIX MCCTIER0BAHNMIT OBIIO OIIPEe/IEHO CIIeAYIOLee:

- L1erleco06pasHo B KadecTBe PyTepOBKY Ha ME/TbHUIIAX MICIIO/Ib30BATh META/TIOPE3MHOBBII KOMIO3UTHBI MaTepran (MPKM)
1A M3MeTbYeHMsA CYNbGUIHBIX PY C BBICOKOIT TBEPHOCTHIO;

— U1 obecredeHns BbICOKOI 9 eKTMBHOCTY U3MeTbYeHNA PY/bI IPEM/IaraeTcsl Yoy MObeMHOr0 MUQTepa YCTaHOBUTD B
npepenax 18-20°.

- JIconb3oBaHye mapos 100 n 125 MM Ha MenbHMIIAX SAG OIMTHAKOBOTO pa3Mepa I ITapaMeTpOB OIIPEieNIIO, YTO IPON3BO-
IMUTENbHOCTD IIAPOBOJ MeTbHMIIBI 125 MM Ha 9 % Bblllle, 4eM IapoBoii MenbHMIbl 100 MM. OffHaKO MPOIIEeHTHAA CTaBKa PY/BI O
150 MxM 6bU1a Ha 8 % MeHbIIIe.
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The relevance of the work is conditioned by the complete reconstruction of the mining industry in Azerbaijan. The commissioning of the AIMC
(Azerbaijan International Mining company) in the Western region of Azerbaijan in 2007 was a significant step in the rehabilitation and re-equipment
of the country’s mining industry. Nowadays the 4 ball mill type SAG and Ball have been installed and are in operation. They are easy to operate and
possess a high grinding efficiency. As a result of research it was found that the main causes of equipment failure are wear and tear grinding balls, as
well as premature destruction of the working surfaces of lifters. Therefore, improving the wear resistance of lifters and mechanical performance of
grinding balls for mills is an urgent task.

The purpose of this work is to substantiate the material selection for lining of working surfaces of the lifters and their thickness. To determine the
effective value of the angle of elevation of the lifters, as well as the operating parameters of the operation of the mill is also one of the goals of the
present research.

Research methodology. The scheme of location of the lifting elevators and geometrical parameters on the efficiency of the mill has been studied in
detail. The influence of the distance between the lifting pads on the performance of the mill has been evaluated. Large distances lead to rapid abrasion
of the linings in hard ore.

Results. On the basis of numerous experiments and theoretical calculations it was found that the angle of placement of lifting elevators, recommended
by the manufacturer, does not always provide a high performance. Therefore, a proposal was made to revise it. It is established that the existing lining
material can be used in the grinding of high-hard ores. The authors for the grinding of sulphide ores with high hardness of the working surface of the
lifters to line special composite material with refractory bricks on the basis of the metal rubber.

Summary. To ensure high efficiency of ore grinding, it is proposed to install the angle of the lifting elevator within 18-20e. A new metal-rubber
composite material is proposed as a lined material for covering working surfaces.

Keywords: grinding balls; lining durability; lifters; lifting angle; wear intensity; mill speed; ore grinding; grinding; simulation program.
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MATEMATUYHECKASI MOAEADL U PE3YABLTATLI PACHETA TEMITEPATYPDI
CTEHKW, OGPA3YIOLWLEN KAMEPY CIOPAHWS AMIBEALHOTIO
ABUTATENSI TOPHO-TPAHCITTOPTHOM MALUNHDI

EBreHuss BnagummpoBHa Psi6ko [oHeuKknin HauMoHanNbHbIN TEXHUYECKUI YHUBEPCUTET
railroader@yandex.ru YKkpavHa, [JoHeuk

AKTYaABHOCTb. [TOBEPXHOCTL KPBILKY LIMAMHAPA AM3EAs] TOPHO-TPAHCMOPTHOM MAlMHBLI CO CTOPOHDLI KAMEPDbI CropaHmsl UCTILITLIBAET NMePEeMEHHbIE BO
BPEMEHM BO3AEVICTBUSI Temrnepatypbl paboymx rasoB. MameHeHWe BO BpeMeHU Temrieparypbl paboymx rasoB BbI3LIBAET B LMAMHAPOBOM KpbILKE Me-
PE€MEHHbIE BO BPEMEHM IPAAVEHTLI TEMIMEPATYP, BCAEACTBME YEro BO3HMKAIOT MeXaHMYeckue HarpsbkeHus. [lepcrekTMBHLIM HanpaBAEHUEM SIBASIETCSI
VICCAEAOBAHME MapameTPoB 1 MPOLIECCOB, MPOTEKAIOWMX B AETAASIX CUAOBOM AM3EALHOV YCTAHOBKM 1 OKA3bIBAIOWMX BAMsIHME Ha GecriepeboiiHyio paboty
SKCMAYaTUPYEMbBIX TOPHO-TPAHCMOPTHLIX MALIMH.

LleAbto CTatby sIBASIETCS PaspaboTka METOAMKM PacyeTa TEMMEPATYPHBIX MOAEM CTEHKM, OOpasyiowWei Kamepy CropaHusi AU3eAst FOPHO-TPAHCTIOPTHOM
MalVHbI.

MeTtoaororma nccaeAoBaHMI OCHOBLIBAETCS HA MPUMEHEHNM YMCAEHHBIX METOAOB PelleHUs 3aAa4 HECTALIMOHAPHOW TEMAOMPOBOAHOCTU.

Pe3yaLTaTnl pa6oTul M 06AACTL MX NPpUMeEHEHMs. VICCA@AOBaHME TEMMEPATYPHbLIX MOAEN B AETAASIX CMAOBOM AU3EALHOM YCTAHOBKM MO3BOAUT YAYHLIUTD
YCAOBMS1 SKCTAYATALMM FOPHOTPAHCMOPTHLIX MALMH. AAsT BLIMOAHEHMSI MUICCAGAOBAHMIA paspaBoTaHa MaTeMaTHeckasi MOAEAb MPOLIECCA 3MEHEHMS! TEM-
nepatypbl B CAOSIX OTHEBOIO AHMIIA KPLILKY LIMAMHAPA AU3€ASl TOPHO-TPAHCMOPTHOM MALIMHDI, KOTOPAas! yYUTLIBAET CPEAHUI KOS ULIMEHT TENAOOTAAUM
B TE€YEHME LIMKAQ U TPAAUEHT TeMMepaTyp, M3MEHsIoWnics BO BpeMeHr. C MOMOILBLIO MaTeMaTUYeCKol MOAGAU ONPEAEAEHO M3MEHEHME Temreparyphbl B
CAOSIX KPBLILKY LIMAVHAPA. PAacCMOTPEHHAsi METOAMKA MOYKET MPUMEHSITLCS AASI OLIEHKM TEMAOHAIMPSDKEHHOTO COCTOSIHUSI A€TaAel AUBEALHDLIX ABUraTeAei
FOPHO-TPAHCMOPTHLIX MaWMH. OBAACTb MPUMEHEHMST MATEMATUHECKON MOAEAM HE OTPAHMYMBAETCSI TOALKO KPBILKAMM LIMAMHAPOB, MPY HEOOXOAVMOM
KOAMYECTBE MCXOAHDLIX AAHHLIX MOXXHO pellaTh CAOYKHbIE 3aAa4M TEMAOMPOBOAHOCTM B CMAOBOM AM3EALHOV YCTAHOBKE FOPHO-TPAHCMOPTHOM MALMHDL.
[MpoBeAeHHbIE 3KCMEPUMEHTAALHbIE MCCAGAOBAHMS MOATBEPYKAAQIOT AA€KBATHOCTL MaTeMaTMyeCkoi MOAEAV MPOLIecca M3MEHEHMs TeMrepaTypbl B OrHe-
BOM AHMIIE KPLILKM LIMAMHAPA AM3EALHOTO ABUraTeAsl FTOPHO-TPAHCMOPTHOM MalIMHDI.

KatoyeBble cAOBa: rOPHO-TPAHCMOPTHASI MALIMHA; CUAOBAsI AUBEALHASI YCTAHOBKA; LIMAMHAPO-TIOPLIHEBAs! TPYINa; KPLIWKA LUMAMHAPA; TEMIEpPATypHOe
MOAE; TEMAOOTAAYA; MATEMATUYECKAST MOAEAD.

BEAEHNE
B Hacrosmee BpeMs CUIOBOI IM3€/IbHBIN NPUBOJ, BCe Yallle IPYMEHAETCA CPeyl TOPHO-TPAHCIIOPTHBIX MAILNH.
ITprMeHeHUEM CHJIOBBIX [IY3€/IbHBIX YCTAHOBOK Ha TOPHOTPAHCIIOPTHBIX MAINMHAX, IIPOBefeHneM PaspaboTOK M MC-
CTIelOBAaHMII 3aHMMAIOTCA Takue opranusanuy, Kak JorYIV, Jourunpoyrnemant, Jpy>XKOBCKMIT MalIMHOCTPOUTENbHBII 3aBOJ,
AJIeKCaHIPOBCKIMII MalllMHOCTPONUTENIbHBII 3aBOJI, MeXXAyHapoiHble koMmanuu Ferrit, Becker, Sharf u np. [1-4]. besorkasHas pa-
60Ta CUIOBOJ IU3€/IbHOI YCTAHOBKYU FOPHO-TpaHcopTHON Manmusl (CIIY I'TM) 3aBUCKT, ITpe>Xfie BCEro, OT IIPaBUJIbHON 9KCIUTY-
aTaluy, TeXHIYeCKOro 00C/Iy)XMBaHA Y MICIPAaBHOCTY JeTajlell IVUIMHAPO-IOPIIHeBON IPpYyIIbl. TakxKe CyljeCTBeHHOE BIIIAHNE
Ha paborocrioco6HocTs CIY I'TM 0Ka3bIBaIOT Ka4eCTBO [[13€/IbHOTO TOIUINBA U €T0 CTPOTOe COOTBETCTBHUE IETHUM WIM 3UMHIM
THepHofiaM rofia, 4TO 0C060 aKTyaIbHO IPM SKCIUTyaTal[y TOPHOTPAHCIOPTHBIX MAIIMH B Kapbepax. [leTamy IVINHPO-TIOpIIIHe-
BOII TPYIIIbI ABJIAIOTCA Hanbosnee Harpy>keHHbIMYU yacTaMy CITY T'TM u noziBepyKeHbI BIUAHUIO MHOKeCTBa (PaKkTopoB [5].

AKTYaALHOCTL UCCAEAOBAHMSI

HecMoTps Ha 3HaYNTENBHBII 00BEM UCCIIEIOBAHNUI B 00/IACTI CO3[JaHMA U IIOBBIIIEHVA 3¢ (eKTUBHOCTY PabOThI CHIOBBIX
IM3eIbHBIX YCTAHOBOK, OffHOI 13 K/IIOYEBBIX IPOOIeM SIBISIETCSI COBEPLUICHCTBOBAHIE XaPAKTEPUCTUK [OPHO-TPAHCIIOPTHBIX
MAIINH, B TOM 4IC/Ie ¥ 9KOJIOTMYECKIX [6], HeoCTaTOYHOe BHIMAHNe YeleHO 0600CHOBAHNAM IIAPAMETPOB U PeXXMMaM paboThI
IM3€bHOTO NTPUBOJia TOPHO-TPAHCIOPTHOI MaIMHbL. I109TOMY OIHMM 13 IIepCIeKTUBHBIX HAIIPABJIEHNII AB/IAETCA UCCTIEN0Ba-
Hle TapaMeTPOB U IPOIeCCOB, IIPOTEKAMIINX B IeTA/IAX CUIOBOI IU3eNbHOI YCTAHOBKY U OKa3bIBAIOLIVX BMsHNUE Ha OecIe-
peboiinyo paboTy 9KCIUTyaTUpPyeMbIX TOPHO-TPAHCIIOPTHBIX MAIlVH.

B 30He MOBBIIEHHBIX TEMIICPATYp M MEXaHMYECKVUX HArPY30K HAXONWTCA LIVIMHAPOBAs KpBIIIKa (TOJMOBKA LVUIVHApPA) —
CTI0’KHas 10 KOHCTPYKIMM U HAarpy>KeHHas JieTanb ImHAposoro koMiviekTa CIIY I'TM. IToBepXHOCTD KPBILIKY IVIMHAPA AM3e-
JIs TOPHOTPAHCIIOPTHOI MAIIIMHbI CO CTOPOHBI Ta30B MCIIBITBIBAET IIepeMEHHbIE BO BpeMeHM BO3/IeIICTBIsI TeMIIePAaTyPbl paboUnx
rasoB. VI3MeHeHIe BO BpeMEeH! TeMIIepaTypbl pabOUuNX ra30B BbI3bIBAET B IIVJIMHIPOBOII KPBIIIKE IIepeMeHHbIe BO BpeMeHM Tpajiu-
€HTBI TeMIIEPATyp, BCIEACTBIE Yer0 BO3HUKAIOT MEeXaHMYeCKle HallpshKeHNs B MeTaule Kpbiky [7-10]. TlepemeHHbIe BO BpeMe-
HI MeXaHNYeCKle HAlTPsHKEeHNS BBI3BIBAIOT ITPOLIECC YCTAIOCTHOTO paspylleHMs MeTajla, KOTOpOe BbIpaXkaeTcs B MOCTEIEHHOM
PasBUTUY TPELIVH YCTATOCTH, YTO IPUBOJAUT Ha IPAKTUKE K TOSBIEHNIO CKBO3HBIX TPELIVH Y Pa3pyLIEHNIO KPBIIIKI.

[NocraHoBKa LeAM U 3aaa4

JIyis1 paspaboTKM MepONIPUATHIL, HAIIPABIEHHBIX Ha CHIDKEHIE TeMIIEPATypPHOI HANIPsHKEHHOCT AM3€/IbHBIX JIBUTATeINel
TOPHO-TPAHCIIOPTHBIX MAIINH, 32 CYET CHIDKEHNA BEPOSTHOCTI YCTAJIOCTHOIO PaspyLIeHNs MeTa/la HeOOXOUMO Ha IIePBOM
3TaIle MCCAEN0BaTh JMHAMUKY TeMIIEPATyPHBIX II07Iel, a Ha BTOPOM 3Talle MICC/IEfOBaHNI YCTAHOBUTD IMHAMMKY IT€pEMEHHBIX
MeXaHMYeCKMX HaIPSKeHMIT B OTHEBOI MOBEPXHOCTY KPBIIIKY IUAMH/PA, CBA3AHHYIO C JMHAMMKOI TeMIIepaTypHbIX HO/Iel B
HeM [11-13].

OpHOII U3 IIOCTAB/IEHHBIX B MCC/IEAOBAHMSAX 3a/1ad SIB/SIETCST Pa3paboTKa MaTeMaTHIeCKOM MOJEIN paciyeTa TeMIepaTyp-
HBIX IIOJIelf B MeTasUle KPBILUIKY, BBIOOP MCXOJHBIX NAaHHBIX /I pacyeTa TeMIIEPaTyPHBIX MO/ENl U IPAJMEHTOB TeMIIEPaTyp.
I[Ipu pelreHny STHX BOIPOCOB MOXET OBITh PellleH TaK)Xe BOIPOC TEIIOAKKYMYIUpYyoliero a¢¢exra KpbIKM HVIMHAPA U
BIUAHMA 9TOTO 9pPeKTa Kak Ha TeMIepaTypHOe TI0JIe B METAJI/Ie, TaK ¥ Ha IIEPEHOC TeIUIOTHI Yepe3 CTEHKY KPBILIKM OT OTpa-
6O0TaBIIMX Ia30B K OXJIAXKAAIOLIEIT XKMAKOCTHU. Pe3yIbTaThl 9TUX MCCIEOBAHNIT IO3BOJIAT YTOYHUTD METOAMKY TEIUIONEpeHOca
Yepes CTEHKM IVIMH/pa ausens [14].
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PacyeTnbl

VimeeTcst cTeHKa, obOpasyrolias KaMepy CrOpaHMs AMU3€/IbHOTO [JBUTATENsl TOPHO-TPAHCIOPTHON MAlIMHBI, TOMIIMHON O,
C OJJHOJ CTOPOHBI KOTOPOJI BO3ZEIICTBYIOT pabounme rasbl ¢ MU3MEHAIOLIENICA BO BpeMeH) TeMIIepaTypoii f(T), ¢ Apyroi ctopo-
HbI CTEHKU — OXJTaKaarmaAa XNIKOCTD C TeMnepaTypoﬁ tB, 3aJaeTCA Hada/lbHaA TeMHepaTypa CT€HKU tH. CTeHKy II0 TOJIIIVHE
pasobbeM Ha 1 CJI0€B, IIPU STOM TOJIIVHY KPajlHUX C/I0eB IPYMeM B JIBa pa3a MeHbIIIe 10 CPABHEHUIO C COCEHIMI CTIOSMIL,
YTO IIO3BO/IUT CYUTATh TEMIIEPATYPY KPalHUX C/I0€B PaBHOI TeEMIIEpAaType IOBEPXHOCTY CTeHKM. BenmunHa mara o spemMenn
OIIpe/ieNsIeTCS INTENbHOCTDIO LIMKIA PabOThl AU3€IbHOrO ABUraTens. [l pasbyMBKM IMK/IA Ha LIary 110 BpeMeHU yHOOHOI!
MOXeT OBITh 3aMeHa BPeMEeHM B CEeKYH/IaX Ha YIJIBI IOBOPOTA ( KOMIEHYATOTO Bajla AM3ers.

Hp]/[ BbIBO/JIE (I)OPMY)'I JUIA onpe,[[eneHMﬂ TeMHepaTypr B paSHbIX C/TOAX CTEHKMU I10CJ1Ie HeI(OTOpOI‘O quciia u1aroB I10 BpeMCHI/I
IIPUHYMAIOTCA CIefyIoliye 0003HaYeHIA:

—t,, A, — TEMIIEPATYPA B IEPBOM C/I0€ CTEHKI IOC/Ie OFHOTO 1Iara 1o Bpemeris, K (°C);
— by, 2, — TO 7K€ BO BTOPOM C7I0€ I10C/IE TIePBOTO 1ara 1o Bpemenu, K (°C);
= by, 2, — TO XK€ BO BTOPOM CJI0€ IOC/IE BTOPOro miara 1o spemen, K (°C);

e, jay, ~ TEMIIEPATYPa B j-M C/I0€ MOC/IE i-T'O IIara 10 BpeMeH, K (°C);

-t , - TeMIlepaTypa ra3os B IWIMH/PE B Ha4ajbHblil MOMeHT Bpemen, K (°C);

-t - TeMIepaTrypa rasos B IMIMHJPE IOCTeE i-To 1Iara o spement, K (°C);

- ocm — CyMMapHBIiT KO3 PUIMEHT TEIIOOTAAYN OT ra30B B LVIMHAPE K OTHEBOMY [AHMUIINY B HAYA/IbHbIIT MOMEHT BPeMeH,
Br/(m?- K);

~ 0L, — TO JKe MoCTIe i-TO 1Iara 1o Bpemenn, Br/(m*- K);

- 0, - K03 UIMEHT TEMIOOTAAYM OT OX/IAXK/[AIOIIEN BOIBI K CTeHKe Kpbiuiky, Br/(m*- K);

-t - TeMmeparypa oxnaxmatoeit Bogsl, K (°C);

- A - ko3 duimeHT TenIONPOBOJHOCTI MaTepuana cTeHky, Br/(m - K).

Jlanee paccMOTpUM BOIIPOC O TeMIlepaTypax B OTAEIbHBIX CHOAX CTEHKY IVUIMHIPOBOJ KPBIIIKY TIOC/Ie KaXKJOTO HIara 1o
BpeMeHM. JI7151 yI7I0B OBOPOTa KOJIEHYATOro Basia B Ipefenax ot 330° o 380° mpuHuMaeM A@ = 2° 171 yI7IOB IOBOPOTA KOJIEH-
yaroro Bana oT 380° o 540° — A@ = 5°% 114 yI/I0B IOBOPOTA KOJIEHYATOTO Bajia B Ipefieniax oT 550° no 270°- A¢ = 10° B pefenax
oT 275° mo 330° - Ag = 5°.

Temnepamypa 6 cnosx nocne nepeo2o uiaza no épemert. B cooTBeTCTBUU ¢ OCHOBHBIMY NTOTIOKEHVAMY METO/A 3/IeMeHTap-
HBIX 6a/IaHCOB IIOC/Ie IIePBOTrO IIara II0 BpeMeH! TeMIlepaTypa OyieT U3MEeHATHCA TONbKO B KPallHUX C/IOAX CTEHKIL.

KomaectBo TerioTs! (JIk), MOABOAMMOIT OT FOPAYNX Ia30B K OTHEBOMY JHMILYY, OIIpefe/iieM 1o 3akoHy Hplorona-Prxmana [15]:

Q=a [t ~t)FAT, (1)

rje ¢ - HavanbHas Temneparypa crenku, K (°C); F - mioutazb moBepXHOCTH Tenmoo6MeHa, M* AT, — TINTeNbHOCTD HEPBOTO
11ara 110 BpeMeHl, C.

Ko/mdaecTBO TemmoTs, OTBOANMOIL OT IIEPBOTO C/I0SI KO BTOPOMY C/I0K0, OYA€T PAaBHBIM HYIIIO, IIOCKO/IBKY OIPEeesieTCs
10 TeMIepaTypaM IIPefIIecTBYIOLIEro 1ara o BpPeMeH!, T. €. 10 Ha4a/JbHbIM TeMIepaTypaM cnoeB. IIocKombKy HadaabHbIe
TeMIIepaTypbl CTI0€B IPUHATHI OAMHAKOBLIMH, TO Ilepefiadya TeMIOThI TEIJIONPOBOAHOCTDIO OT IIEPBOTO C/10s KO BTOPOMY IOC/Ie
IIepPBOTO LIIara I10 BpeMeHM OyeT OTCYTCTBOBATb.

KonyecTBo HAKOTITIEHHOJ TETVIOTHI B IEPBOM CJTO€ 32 BpeMs TEIIo0OMeHa B TedeHne BpeMeny AT, OyjieT UMeTb BUJ:

AQl - AXZFPC (tm e H) (2)
ITo ypaBHenusuM (1) u (2) sanucoiBaeMm:

ar.o( ro t )FAT 7AX2FPC (tm A )’ (3)

rjie Ay, — TO/IIMHA CTI0A, M; P — ITIOTHOCTDh MaTepuaja CTeHKU, KI/M% ¢ — yfie/ibHasi MaccoBasi TEIIOEMKOCTh MaTepuaja CTeHKH,
Ibx/(xr - K); ¢, — oxXujlaemas TemIiepaTypa IepBoro cjosi yepes ot unrepsan spemenn, K (°C).

s ypaBHeHI/IH (3) HaxozMM OXMaeMOe 3HAYEHIE TEMIIEPATYPbI IIEPBOTO CNIOA £, , ONHOBPEMEHHO AB/IAIOLENCs TeMITe-
PaTypoil MOBEPXHOCTU CTEHKN:

2a, AT, 2a, AT,
tm, N tr, o AX oc + tu 1- AX oc . (4)

ITocrte mepBOro IIara o BpeMeH! TeMIIepaTypa MOCIeAYIOLUX CJI0eB, HA4MHAsL CO BTOPOT0, OCTAETCSI HEM3MEHHOIT 1 PaB-
HOIT £ .

Temnepamypa 6 c105x nocze 6Mopo2o wiaza no epemeru. Ilocie BTOpOro 1ara o BpeMeHy TeMIlepaTypa MU3MEHIUTCS B ABYX
CTI0SIX CTeHKM. TeMIepaTypy [epBOro /105 pacCYNThIBaeM TaK 5Ke, KaK U B IPefbIAyIeM CIoe — II0 6anIaHCy TeIIOTHI, IIPUHATON
9TUM CJIOEM U OTIIaHHOI‘/'I M.

Ko/mraecTBO TermoTsl, MoCTynaoliee K IepBOMY CJIOI0 CO CTOPOHBI Ta30B MOC/Ie BTOPOTO IIIara IO BPEMEeHN, ONIPefeseTCs
1o popmyie, anajornyHoi popmyie (1):

Q =a, ( e A AX)FAT (5)
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roe tr 1" TEMIIEpaTypa ra3oB I10C/I€ IIEPBOTO 1Iara 1o BpEMEHN.
KonunuecTBo Teriorsl, KOTOPO€ OTAAETCA IIEPBBIM CJIOEM BTOPOMY, OIIpEAEIACTCA 11O Cl)OpMy}'IeZ

tAT A B tAT 2A;
Q, = i —tni XAX % \FAT,. (6)

B popmyne (6) remneparypa Bo BTOPOM CII0€ IOC/IE IEPBOTO LIara 10 BpeMeHN £, ,, , KAK IIOKa3aHO BbILlIE, PABHA [, T. €.:

t —t
Qz — M}\FATZ. (7)
AX,
KomnmdecTBO HAKOIJIEHHOT! TEIJIOTHI B IIEPBOM C/I0€ ITOC/Ie BTOPOTO 1Iara o BpeMeH! OIpefie/IAeTCA IO Pa3HOCTY TEIIOTEI
Q1 n Qz, U 3TO KO/JINYECTBO TEIIZIOTHI 6YﬂeT N3pacxolOBaHO Ha M3MEHEHVE TEMIIEPATYPhbl IIEPBOTO C/I04. ypaBHeHI/Ie 6amaHca

TEIUIOTBI B 3TOM C/Iy4ae OyfeT aHa/IOrMYHbIM ypaBHeHuo (3). Vicnonbsys coorHoueHns (5) u (7), MOXKHO 3amucaTh:

t —t
ar.l (tr,] - tm, AX)FATZ - : )\FATZ 7AX2FPC (tzm Ax AT AX)’ (8)
AX,
rge tZAr Ax — OXldaeMas TeEMIIepaTypa II€pBOro C/10:A II0CJI€ BTOPOTO 11ara 1o BpeMeHN.

Tlocne HekoTOPBIX peo6GpasoBaHmit U3 ypaBHeHMIL (8) HAXOAMM UCKOMYIO BETMYNMHY I, pt A

2a, AT, 2MAT, 2a, At,  2\AT,
el B A
Axpc  AXpc - Axpe Ax.pc

241, A At, A
TemmepaTypa BTOpOTO /105 IOC/Ie BTOPOTO IIIara 1o BpeMeHV OIpefesAeTcs 10 6amaHCy TeIIOTh, IOCTyMaomell KO BTO-
POMY C/IOI0 OT IEpBOTO, ¥ OTBOAIMMON TEIJIOTHI OT BTOPOTO C/IOsA K TpeTbeMy. IIpy 3ToM TeMIepaTypa TPEeTbero CiIos I0ocye
BTOPOTO IIara M0 BPeMeHN f, .. ¥ TeMIeparypa BTOPOro C/I0s MOC/e [ePBOTrO Iara Mo BPEMeHM f, . PaBHbI HAYATHHOI
TeMIIepaType CTEHKM .
KonmyecTBo nopiBeieHHOI TENIOTHI OT IIEPBOTO CI051 KO BTOPOMY 3aIlMIIETCA YPaBHEHUEM:

Q tm,Ax _tH AFA
= T..
1 AX 2

2

Konmnuectso OTBe,Z[eHHOIU/I TEIIJIOTBI OT BTOPOI'O C/I0A K TPEThEMY I1I0C/I€ BTOPOT'O 1Iara 1o BpeMEHN 6y;[eT UMETDb BUMI:

t —
Q, =—"\FAt, =0.
AX,,

YpaBHeHMe TEIZI0BOro HajaHca B 3TOM CIy4ae 3allMIIeTCs B BUAE:

£ —t
At A A, 28x _
A )\FATZ - AXszC (tzm, wx tm, 28 )
X
Tor,ua T10C/I€ HEKOTOPBIX Hpeo6pa30BaHI/H71 "3 IIOCTIEAHEr0 YpaBHEHNA HAXOAVIM VICKOMYIO TEMIIEPATYyPy BTOPOI'O C/10s1 11O~

CJ1€ IBYX IIIaroB II0 BpEMEHN tZAr, ZAX:

AT, N AAT
Axipe ) M Axipe

2

t =t |1-

241, 24 "

Temmeparypa TpeThero u MOCIEAYUINX C/I0EB TOC/IE BTOPOTO 1I1ara [0 BpEMEH! PaBHA HAYaJIbHOI TEMIIEPAType CTEHKN £ .
JlanbHeiiliee IOCTPOEHNE YPaBHEHUIT /s OIpefe/ieHNsA TEMIIEPATYPhl B OT/ENbHbBIX CTIOSX CTEHKMU KPBIIIKY LVIMHAPa, 06pa-
3YIOLENl KaMepy CrOPaHusl CUIOBON IM3€IbHOI YCTAHOBKM FOPHOTPAHCIOPTHONM MAIUMHBI, IIOC/IE€ KaXKOro IIara 1o BpeMeHu
NPOM3BOJUTCS aHAJIOTMYHO YPABHEHNAM, U3/I0KEHHBIM paHee.

BeinonHuB Heo6x0MMbIe TPe0OPasoBaHIs, MOXKHO 3aMMCATh Psifi 061X GOPMYII /IS pacyeTa TEeMIIEPATYPBI B OTHETbHBIX
CIosIX.

1. Temneparypa B IepBOM CjI0€ IPY Pa3HOM YMC/Ie IIaroB 110 BpeMeHu i > 1:

@ AT 2\t 2MAT 2a, ; AT,
t,m & T t(!—l)m ax 1_ 2 |t t(H) 28 2 -t tr(**l) : (9)
‘ ’ A, pc szpc A AX,pc

[Tpy aTOM crtemyeT IpUHNMATD SHAYECHUE TEMIIEPATYPbI C MHIEKCOM £, .. , B KOTOPOM i < j, PABHbIM HaYajIbHOI TeMIlepa-
Type B CJI0e, TaKOlf, KaKoJl OHa Oblla B Hauase «IPOTOHKI». [Ipy 3TOM MOHSATIE «IIPOrOHKa» BK/IIOYAET B ceOs1 COBOKYIIHOCTD
pacuera TeMIIepaTyp B CI0AX IIOC/IE OIHOTO IIara 110 BpeMEH!.
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2. Temneparypa BO BTOPOM CJIO€ IIPY Pa3HOM YNC/Ie IIIaToB i 110 BpeMeH (i > 1):

AT, 2\AT, 2\AT, AT,

tAl'Z :tiflA‘(ZA 1_ - +t1fl T, 34 +tl*lA\'A . 1
e Axpe AX, (AX, FAX, )pe ) T AY, (AX, +AX, )pe T Ape (10)
KaK n B Hpe}IbII[yIIICM CHY‘{ae, B Bpra)KeHI/H/I TeMHepaTypr ttAr Ay HPI/I 1 <j 3HAa4YEHIe TeMHepaTypr i, iy, HPI/IHI/IMaeTCH
PaBHBIM HaYa/IbHOI TeMIIEPAType IPEABIAYILell IPOrOHKNU. DTO YCIOBIE MO>KHO BBIPA3UTD C/IEYIOIIM o6pa30M
b = t ,ecmmi< j. (11)
B popmyne (11) sHaueHne {, IPUHMMAETCA MO TEMIIEpPAType B C/I0€ TOCTIe MPebIyIell TPOTOHKM.
3. Temmepatypa B C/1051X, HaUuMHasl C TPETHErO 0 ABYX MPEANOCIEHNX, ONpeRersieTcs no Gopmyre:
2\AT 2\AT
ttAr,ij = t(;—l)Ar,JAX 1_ A A A’ - A A A‘ +
X, (Ax, +Ax,, Jpc  Ax, (Ax, +AX,., )pc
2)\AT, 2\AT,
+ t +t(r—1)Ar, (]—1)AXAX (12)

(i-1), (j+1)ax AX (AX +AX1+| )p AX, (AX] +AX,4 )pC

ITpu pacyerax o ¢popmyne (12) yunrbiBaercs ycnosue (11). Orpanndenne 1o 4uciy cnoes K popmyse (11) MOXHO BbIpa-
3UTb COOTHOIIIEHNEM:

3<j<(m-2),

I7ie M — YICTIO BBIIE/IEHHBIX CTIOEB B CTEHKE.

YpaBHeHN, IpUBeeHHbIE PaHee, CIIPABEIVBDI J/IA pacueTa TeMIIepaTypbl B CJIOAX CTEHKM, HAYMHASA C IIEPBOTO OT ITOBEPX-
HOCTM KPBIIIKY IVJIMHAPOB, 00pasyomieli KaMmepy cropanua. OHOBPeMeHHO C 9TUM OCYLIECTB/IAETCA IPOLecC TeIIO0OMeHa
CO CTOPOHBI OX/TXKIAIOLIEN KUAKOCTI. [Tpy 9TOM pacdeTHbIe 3aBUCUMOCTI AJIsI OIIPEMieIeHNs TEMIIEPATYPhL OYLy T OT/INIATHCS
OT IPEeABIAYIIUX TOIBKO A/ IBYX C/I0€B, MPUMBIKAIOIUX K IIOIOCTH OX/IaXKAeHus. Jlanee n3maraloTcs 3T pacyeTHbIE 3aBUCHU-
MOCTH.

JInsa mocTpoeHMs pacueTHBIX 3aBMCUMOCTEN ONpefe/leH s TeMIIEPATyPhl B IBYX C/IOAX CO CTOPOHBI OX/IaXKAIOLIeil BOJbI
MIPYHMMAIOTCS [IBa YCTIOBUA:

- TeMIlepaTypa OX/IaXKIAKoIlell BOTBI t HE M3MEHSETCS BO BpEMEHN;

— TOJILIMHA NOC/IeHETO (1-T0) CI0S IPUHMMAETCS PABHOI IIOIOBJMHE TOJIIIVHDI IIPEATIOC/ISTHETO CIIOA.

YpaBHeHMe 711 OIpeNIeNIEHN s TEMIIEPATYPBI OCTIENHETO CIOA MOCTIE i-TO IIara Mo Bpemenn ¢,

2\AT, 20 At 2AAT 2a AT,
txAT, o t(x—l)m, m 1- - - Y + t(;—l)Ar, (m-1) 2 —+ ts - —. (13)
AXoPE DX, PC AX,.pc AX,PC

YpaBHeHue 711 ONpe/ie/ieHNs TeMIIePATYPhI IIPE/IIOC/IEJHErO C/I0A IIOC/Ie i-T0 IIara 10 BpeMeHn £,

2\AT, AT
txAI.(mfl) = t(x’fl)An(m—l) 1- : - Ay’ - +
AXoy (AX oy + DXy JPE AXG, P
2\AT, AAT,
+t(” +t 1mm— (14)

1),(m-1)
"AX iy (X +AX s JPC AX;,.,pc

Taxum o6pasom, ypasaenus (9), (10) (12), (13) u (14) cocTaBIAIOT CUCTEMY ypaBHEHMII /L1 OIIpee/IeHN TeMIIepaTyphl B
CJI0SIX CTEHKMU ITOC/IE Psifia LIIaroB 110 BpEMeH.

ITpu stom ypaBHenus (9) u (10) — cucrema ypaBHeHMIT A — OIIpefeIA0T TeMIIEPAaTYpPy B ABYX C/I0AX OTHEBOT'O [HMINA CO
CTOPOHBI Ia30B B LWINHApE; ypaBHeHus Tuma (12) - cucteMa ypaBHEHNUI! B — onpenensior TeMiepaTypy B C/I05IX OT TPETHETO CO
CTOPOHBI TOPSTYMX FA30B [0 IPEAIIOCTeIHETO C/I0s OC/Ie Psifja IIaroB 1o BpeMeHu. YpaBHeHus (13) u (14) - cucteMa ypaBHeHUi!
C - ompene/A0T TeMIIepaTypy B IPeANOC/IeHEM I IIOCTeJHeM CI0SIX OTHEBOTO JHMUINA PV PasHOM YMCIIe MIATOB I10 BPEeMEH.

[/ mpoBefieHNA pacdyeToB IO NPUBEeHHBIM GOpPMY/IaM 3aIal0TCA CIeAYIolye MCXOHbIe JaHHBIe: 3HA4eHV IIaroB I10
BpeMeHU AT, TOMILMHBI CT0eB Ay , SHaYCHUA TEMIIEPATyPhl Ta308B £, , I CyMMApHOTo koo pumenTa TENNOOTHAYN O, , SHAYEHME
Ko:-)(b(bmumema TEIUIOOTHAYM OT oxnax(nafomem BOJIbI K CTEHKe oc 3Ha4YeHJe TeMIIePATypbl OX/IAXKAAIOIIEe BObI t a TaKkxe
HayajIbHble TEMIEPATYPbl B CTIOAX CTEHKM £,

PesyAsTartnl

C IoMOIIbI0 MaTeMaTU4eCcKOll MOZE/Y OIpefe/eHO VI3MEHeHJe TeMIIepaTyphl B CIOSAX KpbIKK IyanHapa (puc. 1). Ilpn
M3BECTHBIX TeMIlepaTypax OIpefe/IeHbl TPAMeHThl MeXly CIOAMI. 3Has IPajyeHThl TeMIIepaTyp, UCIONb3ys KIacCUIecKie
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Temnepatypa, °C

Homep crnoa

PucyHok 1. narpamma pacnpeferneHusi TeMmnepaTtypbl B CrosiX KpbIWKu uunuagpa COY N'MM.
Figure 1. Diagram of the temperature distribution in the layers of the cylinder cover of the power diesel engine of mining machine.
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PucyHok 2. Pe3ynbTaThbl 3KCNepuMeHTarnbHbIX UCCNeA0BaHUNA U CPaBHEHUE C AaHHbIMU MOAEJIMPOBAHUA. T — 3KCNEpPUMEHTarbHblE 3Ha-

YeHusl, 2 — TEOPETUYECKME 3HAYEHMS.
Figure 2. Experimental results and comparison with simulation data.

MeTOJ[bI pacueTa TeIUIOHAIPSDKEHHOCTH MaTepuasoB [16], MOXHO OIpelenTh TeMIIepaTypHble HAIPSDKEHNUS Ha OBEPXHOCTHU
LVTNHAPOBOI KPBILIKIL.

[/t mpoBepKy aZleKBaTHOCTY MaTeMaTHM4eCKOil MOJe/N IPOBefeHbl SKCIIePYMEHTaIbHbIE MICCTIeHOBaHNsI TeMIIEPATyPHBIX
I1071e}i KPBIIIKM LVJINH/PA AU3e/L TOPHO-TPAHCIIOPTHON MAILVHBI C IOC/IEAYIONIMM aHaIM30M U COIIOCTAB/IeHIEM ITOTTyYeHHBIX
PEe3Y/IbTaTOB C TEOPeTIYEeCKVIMI UCCIeTOBAHUAMIL.

B xavyecTBe 06'bEKTA MCCIETOBAHMIT MCIIONB30BAIOCH OTHEBOE [HMUIIE KPBIIIKY UMANHAPa ausens [149. B skcrepumenTe
NPelyCMOTPEHO MOCTOAHCTBO TeMIIEPaTypbl OKpYy>Katomieit cpefibl £, = 22 °C. IKCIepUMEHT TUIAHUPYETCA M peain3yeTcs pu
OfIHOBpEMEHHOM BapbMPOBAHUI IBYX (PAKTOPOB — TeMIIepaTypbl IOBEPXHOCTU HATPEBATEIBHOTO Mpubopa U BpeMeH! Harpe-
Ba MaTepyana KPbIIKY LVIMHAPA U3e/si TOPHOTPAHCIIOPTHO MAalIMHLL. /IS M3MepeHMs: TeMIepaTypbl B PasIM4HbIX CTI0SIX
KPBIIIKY VIMH/IPA UCTIOIb30BAINCH TEPMOIIEKTPUYECKIIE€ METO/[bI M3MEPEHNISI [PV IOMOIIM TEPMOITIEKTPUYECKNX TEPMOME-
TpoB (Tepmonap). IIpu aToM Beln4MHa TeMIIEpaTypl onpenensach no nokasanuam ALTI/ITAIT ZET Sigma 16/16 USB. Ilpu
M3MEPEHNSIX UCIOIB30BAIOCh TPU TEPMOIIAPBI, KOTOPbIe MIOMEIAIICh HA PA3INYHYI0 [TyOMHY U HAX