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foporue Konneru, [O6pbIN AeHb!

MNepepn Bamu nepsbii HOMEP XypHana, KoTopbI Mbl MOArOTOBUIIN
B HacTynuswem 2021 rogy. PoBHO rog Mbl ¢ Bamu npoxunu B Henpu-
BbIYHOM pUTMeE, HaBsi3aHHOM Ham naHgemuen. OHa CyLLeCTBEHHO 13-
MEHWna Xu3Hb, CKOppekTupoBana paboune nnaHbl GykBanbHO Kax-
poro. Yto-To oka3anocb B UTOre BNOSHE yAayHbIM, 4YTO-TO NoTpebo-
Barno KOPEHHOMN IOMKWU. B COOTBETCTBUM C NOKa eLle He OTMEHEHHbIM
(hopc-Maxopom XMBET U Hall xypHan. K KoHUy MWUHYBLUEro roga 3a-
METHO CHM3unacb NybnukauMoHHAs aKTMBHOCTb HaLUMX MOCTOSIHHbIX
aBTOPOB, HO Mbl YK€ Hayanu npeogonesaTth 3Ty KPU3UCHYIO CUTYaLMIO
3a CYET CBEXMX 3asiBOK W B UIOHE MMaHUPyeM BbIATU Kak MUHUMYM Ha
MPEXHWUN YPOBEHb.

3a npoweawwun 2020 rog pegkonnerns NpeanpuHana HemMano opraHU3aLMOHHO -TEXHUYECKUX La-
OB MO YKpPenneHuo Kayectsa nybnukyeMblx Matepmanos, N0 NPUBAEYEHUIO HOBbLIX, B TOM YuCne
3apybexHbix aBTopoB. Mbl npogonmkany pabotaTte Hag BKIOYEHWEM XypHana B nepeyeHb Boicwen
aTTeCTaLMOHHON KOMUCCUW C OBHOBMEHHBIM Ha3BaHMEM, W HaLLW YCUIUS, HECMOTPS Ha LOMTWIA Ka-
PaHTWH, YBEHYaNMUCb ycnexoM. Tenepb yxe He HYXHO Donblue yka3blBaTb U NPEXHee, M HOBOE Ha3Ba-
HWe B BaLLUMX OTYETHLIX JOKYMEHTaX, NOCKonbKy B nepeyHe BAK 3HaunTca HaumeHoBaHue «Hayku o
3emne n Hegpononb3oBaHuey. Mbl NOMEHSANN CalT U Ha HOBYIO NnaTgopMy NEPEHECNN apXmB Npo-
WnbIX HOMepoB. Tenepb Ntobo N3 aBTOPOB MOXET 3arpyxaTb CBOU CTaTbW HEMNOCPEACTBEHHO C rNaB-
HOW CTpaHULbI XXypHana, crneanTb 3a PEUTUHIOM CBOMX cTaTen, onybnukoBaHHbIx paHee. CTano ygob-
Hee 1 BbiCTpee 3HaKOMUTLCS C COAEPXKAHUEM KaK CBEXUX, Tak U apXUBHbIX HOMEPOB.

Mbl no-npexHemMy nybsivkyem cTaTby Ha PYCCKOM M aHIMIMACKOM A3blkax v npegnaraem Bam Boc-
Nonb30BaTbCA BO3MOXHOCTbIO NPeACTaBNAaTb pe3ynbTaTbl BalUNX UCCNEAOBAHUIA Ha A3blke MeXayHa-
pOAHOro obueHns ans Toro, YTobbl C HUMK 3HAKOMUACA Bonee LWMPOKUA KPYr BalumMxX 3apybexHbIX
konner. 3TO YBENUYMT LIMTUPYEMOCTb BalLnx paboT 1 Bally COBCTBEHHYH U3BECTHOCTb B Npodeccu-
OHamnbHOW Hay4YHOW cpefe. B cBoK oyvepeab peakonserus xypHana paboTaeT Hag NOBbLILLEHUEM €ro
kayecTBa, TLwaTeNbHO noabupas peueH3eHTOB M CKPYNyne3Ho BblYUTbIBas NpUCbiNnaeMble HaM CTa-
TbW. Mbl NOCTOSIHHO OBHOBMSIEM COCTaB peLieH3eHTOB M byaem brnarogapHbl 3a Balle XenaHue yyacT-
BOBaTb B 3TOM BaxHeunwweM nybnukaLmoHHOM npouecce, 6biCTpo 1 fobpoxenaTesisHO paccMOTPUM
BaLM npeanoxexus. KsanuguumpoBaHHoe Hay4HOe peaKTupoBaHUe NOAHUMAET NPECTUX YY4EHOro
W SBNSETCS OQHOBPEMEHHO Hanbonee aPdEKTUBHBEIM NYTEM K COBEPLUEHCTBOBAHMIO HALLErO XYp-
Hana. bygem pagbl nponTy ero BMecte ¢ Bamu, goporune aBTopb!.

JNlo6aukas Panca MouceeBHa,
rMaBHbIN pefakTop

5 | KonoHka rnaBHoro pegakTopa
| Chief Editor’s Column
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Dear colleagues,

We are glad to present you the first issue of the magazine prepared in 2021. A year has passed
since all of us began to live in an unusual rhythm forced by the pandemic, which significantly changed
our life and amended the working schedules of almost everyone. As a result some things turned out
to be quite successful, others had to be annihilated. Our journal also lives in the conditions of still
continuing force majeure. The publication activity of our regular contributors had noticeably dropped
by the end of the previous year, but now we are beginning to overcome the crisis due to fresh appli-
cations, and expect to catch up with the same level in June.

The past 2020 was marked by quite a number of organizational and technical steps taken by the
editorial board aimed at improving the quality of published materials and attracting of new contributors
including foreign authors. We pursued our efforts on our journal to be included in the list of the Higher
Attestation Commission with an updated title, and despite the lasting lockdown we succeeded. From
now on you don'’t have to indicate both the old and the new title in your reporting documents, since the
title “Earth sciences and subsoil use” has appeared in the list of the Higher Attestation Commission.
We changed the site and transferred the archive of previous issues to the new platform. Now the
authors can upload their articles directly from the main page of the journal and monitor the rating of
their articles published earlier. Viewing the content of both fresh and archived issues has become more
convenient and fast.

We continue to publish articles in the Russian and English languages and invite you to present
your research results in the language of international communication in order to facilitate a wider range
of your foreign colleagues to get acquainted with them. This way you will increase the citation index of
your works as well as improve your own prominence in the professional scientific community. In our
turn, the editorial board of the journal works on the improvement of journal’s quality carefully selecting
reviewers and scrupulously reading the articles submitted. The list of reviewers is constantly updated
and we will be grateful if you volunteered to participate in this important publication process. Your
suggestions will be given prompt and friendly consideration. Qualified scientific editing raises the pres-
tige of a scientist at the same time it is the most effective way to improve our journal. Dear authors, we
will be glad to make this journey together!

Raisa Moiseevna Lobatskaya,
The Editor-in-Chief
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Mixed crystalline basement of Junggar basin
revealed by wide-angle seismic evidence*
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Abstract: A wide-angle seismic reflection / refraction survey along a ~ 600 km long transect through the Junggar basin
from Emin to Qitai allows to receive several images near N-S trending blind faults, which are located at the lower part of
the upper crust, the middle crust and the lower crust within the basin and cut up the Moho. These faults, with high seis-
mic velocity and without obvious dislocation, are considered as “extensional faults” formed by north-south compression
and east-west extension. These deeply rooted faults provide channels via which basic to ultra-basic materials from upper
mantle migrate into the crust and mix up with the crustal material causing thin thickness, high seismic velocity, high den-
sity and high magnetic intensity after cooling in the crust of the basin.
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netic intensity structure, geological interpretation
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CmeLlaHHbIN KpUCTanIn4yeckum pyHaameHT
[XyHrapckom KOTNOBUHbI, BbIABMIEHHbIA METOA0M
LULMPOKOYrofibHOU cCencmMmopasBenKku*

© Li3toHbMaH Yxao?, BaHbuaso Cso°, CuHbga YaHkS, CaoustoHb Band, FOH CyHe, Baonu BsHb',
CanbkaH Yxan?, U.MN. Ctpenbyenko", LUaH Croi', XaH YxaH, UHuan YUxanK,

XyH6uH fMo', BxynaTtn HeynaHe™, YxyHu3uHb Ma"
aiill lenmp nepedosozo onbima Hayk o 3emne Tubemckozo nnamo, Kumatickasi akademusi Hayk, 2. [exkuH, Kumati
ahiilmyfuemumym usyqeHust Tubemckozo nnamo, Kumatickas akademus Hayk, 2. [MexuH, Kumali
abhmyyugepcumem Kumalickol akademuu Hayk, 2. NekuH, Kumali
blHcmumym aeonoauu u 2eoghusuku, Kumatickas akademus Hayk, 2. [MexuH, Kumaldi
cdefCunbyssiHckas HegpmsiHasi komnaHus, 2. Kapamad, Kumad
9LleHmp eeogpusuyeckux uccnedosaHull Celicmonoauyeckozo ynpaeneHusi Kumas, e. YxaHwxoy, Kumal
kMaccauycemckuli mexHonoauyeckuli uHcmumym, 2. Kembpuodx, CoeduHeHHble Limamsi Amepuku
"ncmumym 2eonoauu Celicmonoauyeckoeo ynpaeneHusi Kumas, . lNekuH, Kumad
hMpkymckuli HauuoHanbHbIl uccnedosamenbCKuli mexHuyeckuli yHusepcumem, . Mpkymek, Poccust

Pestome: LLnpokoyronbHas cencmopassegka METOAOM OTPaXKeHHbIX / MPEeNIOMIIEHHbIX BOSTH BAOMb IMHWK NONEPEYHOro
paspesa NpoTsKEHHOCTbIO ~ 600 kM Yyepes [xyHrapckui 6acceitH oT AMuHa o Lutas nos3sonseT nonyyunTb u3obpaxe-
HNEe HECKONbKKUX CnenbiX pas3fioMoB C NPOCTUPaHMEM C CeBepa Ha tor, KOTOpble pacnonoXeHbl B HUXHEW YacTn BerHeVI
KOpbI, B CPeHen W HWKHe YacTsax kopbl B npeaenax 6accenHa v paspesatotT Moxo. 31u pasnomsbl, obnagaoLime BbICo-
KOV CEMCMUYECKOW CKOPOCTBIO U HE UMEIOLLME SBHOW AUCIOKALMM MIacTOB, CYMTAKOTCS «pas3noMamu pacTskeHus», 06-
pa30BaHHbLIMM CXaTUEM C CEBEPA Ha Kor U pacTSXeHNeM ¢ BOCTOKA Ha 3anap. OTv rnyboko 3aneratoLume pasnombl obec-
MeynBaloT KaHanbl AN OCHOBHbIX M YNbTPAOCHOBHBIX MaTepManoB U3 BEPXHEN MaHTUW, KOTOPbIE MUTPUPYIOT B KOPY M
CMELLMBAIOTCA C MaTepuanom Kopbl, B pesynbTaTte 4ero kopa 6acceiHa CTaHOBUTCSH TOHKOM W npuobpeTaeT BbICOKYHO
CeyicCMUYeCKy0 CKOPOCTb, BbICOKYIO NMAOTHOCTb 1 BbICOKYHO MarHUTHYI MHTEHCUBHOCTb MOCHE OXNaXaeHus.

Knroyeenie cnosa: [IxyHrapckuin 6accemH, WMPOKOYronbHOE NpouMpoBaHMe MeTOAOM OTPaXeHHbIX / NpenomneH-
HbIX BOJH, CTPYKTypa CKOPOCTM, CTPYKTypa NAOTHOCTW, CTPYKTYypa MarHUTHOM HanpsikeHHOCTW, reoriornyeckas MHTep-
npeTauus

BnazodapHocmu: 370 UCCrefoBaHWe BbINOMIHEHO NPU COBMECTHOM Noaaepkke nporpaMmbl «KpynHble HauMoHamnbHbIe
Hay4YHO-TEXHUYECKME NPOEKThI N0 pa3paboTke KPYMHbIX MECTOPOXAEHWIA HEDTU 1 ra3a, a Takke MeTaHa YrosibHbIX nna-
cT0B (201172X05003-005)», HaunoHansHoro HayuHoro oHga Kutas (41888101), rpaHtoB «[Mporpamma cTpaTermnyeckux
npuopuTeTHbIX uccnegosaHuii (A) Kutainckoin akagemumn Hayk (rpaHT Ne XDA20070302)», «CoBmecTHble uccnegosa-
TenbCkne NpoekTbl MakuCTaHCKOro HayyHoro coHga v HauumoHanbHoro doHga ecTecTBeHHbIX Hayk Kutasa (rpaHT
Ne 41661144026)» n «PasBegka W UcCNefoBaHWE KOHTUMHEHTanbHOM cybaykummu B 3anafgHbix Mmanasx (rpaHt
Ne 41490611)». Mbl Gnarogapum nccnegosatenen LieHTpa reoduanyecknx uccnepgosaHuini CEA 3a ux ycepaHyto paboty
Mo MOSYYEHNI0 AaHHbIX LWMPOKOYTONbHOro oTpaxkeHust / npenomnenus. Mel Takke 6narogapvum goktopa louuH YxaH 3a
npefoCTaBneHNe rpaBUTaLMOHHBIX U FTeOMarHUTHBIX AaHHbIX.

Ans yumupoeaHus: Yxao Li3toHbMaH, Ca0 BaHbusso, YsHb CuHbga, Ban CaousioHb, CyH tOH, BaHb Baonu [ ap.].
CwmeLlaHHbIn KpucTannmyeckuin doyHaameHT [IXyHrapCKoM KOTIOBWHbI, BbISIBMIEHHbIN METOAOM LUIMPOKOYrONbHOW CENCMO-
pasBegku. Hayku o 3emne u Hedpononb3osaHue. 2021. T. 44. Ne 1. C. 8-29. https://doi.org/10.21285/2686-9993-2021-
44-1-8-29

Introduction

The Junggar Basin is a large-scale intracon-
tinental superimposed basin in northern Xinjiang
since Permian [1-3]. It is the most promising
area for petroleum prospects in China. In the
past decades, the researches on the Junggar
basin have given profound results dealing with
the tectonic background and the evidence for

existing theories [4-7]. Although a lot of geo-
physical and geological studies have been car-
ried out since the 1980s, there are still many
divergences of view in basin’s tectonic evolution
and the basement structure.

Xiao et al. [8] divided the evolution of the
Junggar basin into several stages: the early
Paleozoic intra-oceanic arc evolution, the Early

*Cratbs bGblna npegocTaBneHa pedakumen xypHana Earth Science Frontiers B pamkax cornalieHust Mexxay pedakuusimm
MpKyTCKOro HaLMOHaNbHOrO MCCnedoBaTeNbckoro TeXHWYeckoro yHusepcuteta (r. Mpkytck, Poccus) n Kutaiickoro
reonornyeckoro yHueepcuteta (r. MekuH, Kutain) 06 o6meHe Hay4yHbIMK CTATbSIMM OTKPLITOrO A4OCTyna.

leonorus, noMcku u passegka MeCTOpO)K,CIeHVIVI noJie3HbIX UCKOoNaeMbIX | 9

Geology, Prospecting and Exploration of Mineral Deposits


https://doi.org/10.21285/2686-9993-2021-44-1-8-29
https://doi.org/10.21285/2686-9993-2021-44-1-8-29

Hayku o 3emne u Hepgpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \_)

2021;44(1):8-29 I

Devonian and later Middle Devonian rifting evo-
lution of the Junggar ocean, formed from the
rifting of the early Paleozoic folded basement,
the relic ocean from Later Devonian to late Car-
boniferous, and the final accretion orogeny in
the late Carboniferous-early Permian. Wu [9]
considered that it was a rift in Permian, a de-
pression in Triassic-Old Tertiary, and a contrac-
tion and uplift stage after Neogene. You [10] di-
vided the basin into rift stage in Carboniferous-
Triassic, central uplift stage in Jurassic and
piedmont depression stage after Cretaceous.
Zhao [11] divided the basin into fault depression
stage in Permian and Triassic, depression stage
in Jurassic-Old Tertiary and shrinkage-uplift
stage after Neogene. Xiao et al. [12] considered
that the Late Carboniferous-Early Permian was
a marine foreland basin. Yang et al. [13] also
classified the Early Permian as marine foreland,
the Late Permian and Neogene-Quaternary as
continental foreland, and the Triassic-Paleogene
as oscillating continental basin. The main differ-
ences in the above-mentioned division opinions
lie in the understanding of whether the nature of
the basin is tensional or compressive in the Ear-
ly Permian and the nature of the depression ba-
sin in the Late Permian-Old Tertiary. These dif-
ferences have not narrowed, but have widened
in recent years. Sun [14] advocates that we
should abandon the understanding that the early
basin is collapse or tension and consider Jung-
gar as a Carboniferous-Permian foreland basin
based on the Triassic-Jurassic intracontinental
further subsidence, since the Cretaceous is
mainly the typical pre-revival period continental
basin, which unified only in the late Cenozoic.
On the contrary, Chen et al. considered that
Junggar Basin was a rift basin in the early stage
(P), a craton basin in the middle stage (T-E),
and a compression basin in the late stage (N-Q).

The basin’s basement composition is also a
controversial topic in the international communi-
ty. Some researchers proposed that the central
part of the Junggar basin is composed of a con-
jectural craton nucleus [1, 15]. Some others in-
terpreted the basin as a trapped oceanic litho-
sphere [4], a relict back-arc basin [16] or de-
formed Altai Paleozoic rocks [17].

According to previous geophysical research
in northwestern China, the average crustal

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

thickness of the Junggar basin is about 50 km,
while those of the Tarim basin and the Qaidam
basin are ~55 km [18, 19] and ~ 60 km [20],
respectively. The average P-wave velocity is 6.3
km/s in the Junggar basin [21], about 6.0 km/s in
the Tarim basin [19], and about 5.8 km/s in the
Qaidam basin [20]. Therefore, the Junggar basin
has a thinner crustal thickness and a higher av-
erage crustal velocity than the Tarim and
Qaidam basins. The formation mechanism for
such characteristics, as well as the high geo-
magnetic anomalies distributed in the central
part of the basin, is not well understood.

Recently, a comprehensive geophysical sur-
vey along a ~ 600 km long transect through the
Junggar basin from Emin to Qitai was carried
out (Fig.1). Along the profile, a wide-angle
seismic reflection/refraction was carried out to
obtain 2D velocity structure of the crust and up-
per most mantle. Based on the 2D velocity
structure as evidence for designing the starting
model of the 2D density structure and 2D mag-
netic intensity structure and constrained by
gravitational and geomagnetic anomalies along
the profile, the density and magnetic intensity
structure were obtained. Finally, we proposed
a comprehensive geological interpretation.

Seismic data and processing

Recently, a seismic reflection/refraction pro-
file as part of the ANTILOPE project was carried
out to constrain the seismic velocity structure
and physical properties of the crust and upper
most mantle (Fig. 1). The profile crosses the
Junggar basin from Emin in the northwest to
Qitai in the southeast margins of the basin. The
geometry of the profile was designed to optimize
recording of refractions at near-critical distance
and to provide velocity control for the near verti-
cal reflection experiments, particularly at Moho
depths to image the topography of the Moho.
Along the profile, wide angle seismic reflec-
tion/refraction with 8 chemical explosions (2 tons
of TNT for each) has been carried out, and 204
seismic receivers of DAS-1 & 2 models have
been used to record the signals (Fig. 2). All re-
ceivers were positioned by GPS, with a station
spacing of 1.5~3.0 km, depending on the topo-
graphic and tectonic complexity of the region.
The acquisition system shown in Fig. 2 can
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Fig. 1. Maps of the Junggar Basin:

a — topographic map of the Junggar Basin and its adjacent regions (shown is the location of about 600 km
long seismic refraction / wide angle reflection profile from Emin to Qitai through the Junggar Basin; the circled
numbers indicate shot points 1 to 8 of the seismic profile; the box indicates the region depicted in b);

b — the tectonic map of the target region
Puc. 1. Kapmbi [xyH2apcko20 6acceliHa:

a — monoepaghudeckas kapma [xyHeapcKol KOmio8UHbI U npusie2atujux patioHo8 (loka3aHo MecmornonoxeHue
npoghursisi celicMu4ecKo20 rpenomneHus / WUpoKoy2onbHo20 ompaxeHus nuHol npubnudumensHo 600 kum,
nepecekarowie2o [xyHeapckuli bacceliH om IMuHs do Lumas; yugpbl 8 Kpyxoukax ykassleaom oyaau
celicmuyeckoeo 83pbiga npoguns ¢ 1 no 8; pamkol ebideneHa obnacme, UsobpaxeHHas Ha puc. b;

b — mekmoHuyeckasi kapma yenegoeo peauoHa

provide us with needed coverage and seismic  the tectonic evolution of the basin. The seismic
illumination to study the structure and properties  records along the profile are shown in Fig. 3.
of the basement, the structure of the crust and  The ray tracing and theoretic seismogram are
uppermost mantle, and some deep faults partic-  shown in Fig. 4. The effective ray coverage is
ularly those cutting up the crust and controlling  shown in Fig. 5.
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Fig. 2. Observational system (a) and elevation (b) of the seismic
reflection / refraction profile from Emin to Qitai
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Fig. 3. Reduced seismic records:
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Fig. 4. Example of the ray tracing and theoretic seismogram:
—ray tracing; b — traveling time fitting; ¢ — amplitude fitting; d — seismic records
Puc. 4. [Tpumep mpaccuposku syyeli u meopemuyeckol celicMo2paMMbI:

a — mpaccuposka nyyel; b — annpokcumayus epemeHu pobeaa 80sIHbI;
C — annpokcumayus amnaumyosl; d — celicMozpamMmel

Identifying seismic phases is a key step in identification to increase accuracy. Five criteria
processing the seismic data. Due to relatively  for phase picking are listed as follows:
sparse shot and receiver spacing (compared 1) Identified phases must have connecting
with near vertical reflection), phase identification ~ sections and/or connecting waves with strong
was combined with wave group (energy parcel)  amplitudes;

l'eonorusi, NOMCKMU 1 pa3Befka MeCTOPOXAEHUN NONEe3HbIX UCKONaeMbIX | 15
Geology, Prospecting and Exploration of Mineral Deposits |




) ) | Hayku o 3emne u Hepgpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) i
AR RS 2 | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) \)

W E
8
5 6
%y
~ 9
S i - ——— ‘fn‘ ™~ >
T 0 PsT Ps g
3
g -
a
-4 - o ‘
-30 0 v 50 100 150 200 250 300
Emy Tuol Karamay Manas Hutub Chang) Miquan Pukang Jimsar  Qital
v v v v v v 1 [
0 S0 100 150 200 250 300 350 400 450 500 550 600km
0 - Pop— . 5 i A i n i " - ()
L”!’% ) — e — < . { 10 2 J < > . T ‘
- H v ' \" R g TR 1
104 \ / ; _/—::/.‘\,\ = 80 3 v 10
\ P : , f b : /
20 ’ Y M 20
) ' -  — ( in ¢ 1 — /
- + el ! \ ' o ———— % P o
= . \ %0 . g 70 Cy % 2 /\—-\/
; 40 g : : ' l’ ' . 40
a \ ' bl g . S N /
e 3 ]."?\ ' : ’ ' r - .
50 -~ I\l < [):'\ ' : L — 50
———_ A ]l‘ “1 Moho 5 g
604 . © = . =0 ¢ / 60
O M s o e oS § .
\ - Pty e\ /
704 b ke Sy 0
V s i )\ Pr } Velocit tour ww—— Interface  eesees Disconting - - - ferr {
1] In «
i : ( i t | 1 b /‘

Fig. 5. The example of seismic recorders (a) and the 2D velocity structure
of the crust and uppermost mantle (b) from Emin to Qitai:
a — seismic signals from SP Emin
The vertical axis indicates reduced travel time by T-x/6 in second and the horizontal axis is the distance in km
from the shotpoint. The seismic recorders show strong Moho reflection along the profile but no seismic reflection
from the Moho can be found at the two faults, F1 and F2, indicating that there is no wave-resistance interface
at and nearby these two faults. These faults, with high seismic velocity and without obvious dislocation,
are considered as the “extensional” faults, formed by north-south compression and east-west extension;
b — 2D velocity structure of the crust and uppermost mantle
The vertical axis is depth in km and the horizontal axis is distance in km. It was obtained
by ray tracing and theoretical seismograms for each shot point with an improved SEIS83
program under the condition of 2D lateral inhomogeneous medium
Puc. 5. llpumep celicMu4yecKkux peeucmpamopos (a) u 2D cmpyKkmypbi ckopocmu
KopbI u eepxHeli Yacmu maHmuu (b) om Amurs do Ljumas:
a— celicMuyeckue cueHarnbsl om CIT OMuHb
BepmukarnbHasi ocb — 3mo 8peMs npobeza 80/1HbI, yMeHbleHHoe Ha T-x/6 8 cekyHOy, 20pu30HmMasbHas 0Cb —
paccmosiHue om o4aza celicMUYecKo20 83pbiea, kM. CelicMuYyecKue peaucmpamophb! MoKa3bieaom CUTbHOE OmpaxeHue
om Moxo edosib npogpuns, Ho 8 pasnomax F1 u F2 celicmuyeckoe ompaxeHue om Moxo He 3apeaucmpupogaHo, Ymo
yKasblgaem Ha omcymemeue gpaHuubl pasdesia 80JITHO8020 CONPOMUBIEHUST Ha OaHHbIX pa3fiomax u psidoM ¢ HUMU.
Ob6nadas ebicokol celicMu4ecKoli CKOPOCMBHO U HE UMes IBHOU ducriokayuu, 3mu passioMsl paccmampuearomest
KaKk «pa3fiomMbl pacmsixeHus», 06pa3osaHHbIe CxamueM C cesepa Ha o2 U pacmsikeHUEM ¢ 80CMOKa Ha 3anad;
b — 2D-cmpykmypa ckopocmu 3eMHOU Kopbl U 8ePXHEU MaHmuu
Mo eepmukanbHoOl ocu omoxeHa aiybuHa, KM, N0 20pU30HManbHOU OCU — PaccmosiHUE, KM.
[JatHbie nonyyeHbl MemodoM mpaccuposku fyyel U meopemu4ecKux celicMoepamm O11si Kax002o oyaza
celicMU4eCKO20 83pbiBa C UCM0Ib308aHUEM YCOBEPUWEHCMBO8aHHOU npozpammbl SEIS83
8 ycriogusix dgymepHoU 60ko8ol He0OHOPOOHOU cpedbl
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2) The amplitude of the wave must be great-
er than that of the noise;

3) The apparent velocity for a phase must be
within a reasonable range;

4) The picked continuous travel-time curve
must be greater than a minimum length;

5) Seismic reciprocity must hold for the com-
plete observational system when we inter-
change the source and receiver positions.

Based on these criteria, we mainly identified
the following seismic phases: Pg, P1, Pc, Pm
and Pn.

(1) Pg Wave. Pg is a refracted wave that
travels in the top part of the crystalline base-
ment. The slope of its traveltime moveout curve
yields precisely the P wave velocity in the
basement. Generally, Pg can be traced to more
than 130 km away from the shot point. Some
significant differences in the reduced travel time
for each shot point have been observed due to
variations in the depth of the crystalline base-
ment. In the Zayier Shan at the western end of
the profile and Bogda Shan at the eastern end
of the profile where the crystalline basements
are almost exposed to the surface, the Pg wave
appears much earlier (Fig. 3). However, in the
middle segment of our survey line, the sediment
is thick and Pg arrives much later. The apparent
velocity of the Pg changes significantly at the
two ends of the profile especially the transitional
zones from basin to range, due to the undulation
of the top surface of the crystalline basement,
and changes little in the inner basin, showing
that the top surface of the crystalline basement
of the basin is flat. The apparent velocity of Pg is
about 6.0-6.2 km/s.

(2) P1 Wave. The P1 wave is the reflected
wave from an interface in the upper crust at a
depth of 21.0-28.0 km. The amplitude and con-
tinuity of this wave changed significantly along
the profile. Generally, the P1 wave is weak in
energy and poor in continuity. The average ve-
locity of the P1 wave is 5.8-6.1 km/s.

(3) Pc Wave. Pc is the reflected wave from
the interface in the middle crust, at a depth of
36.0-40.0 km. In the Zayier Shan and the Bog-
da Shan, the Pc waves are weak and can be
traced out to about only 40 km. In the Junggar
basin, the Pc waves are relatively strong and
have a good continuity. The Pc waves from Za-
yier Shan and Bogda Shan are different. The Pc
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waves from Zayier Shan (western branch of SP
Karamay) are relatively strong in energy and
good in continuity. It can be traced as far as
110 km, while that from the Bogda Shan is weak
and poor in continuity. The variation of the am-
plitude and differences in average velocity are
related to geological structure and material
properties of each tectonic unit, distinct from the
depth of the crystalline basement and undulation
of the interfaces. The average velocity deter-
mined for P2 is about 6.0-6.3 km/s.

(4) Pm Wave. Pm is the reflected wave from
the Moho discontinuity. Based on seismic rec-
ords, the Pm is characterized by its clear ap-
pearance, strong amplitude, good continuity,
and far-distance tracing. The Pm wave, howev-
er, has different waveforms, amplitudes and
travel-time curve patterns in different sections,
which suggest the existence of lateral crustal
heterogeneities in different tectonic units. How-
ever, the Pm waves in the sections between
150-185 km and 220-270 km are relatively
strong. This indicates that the Moho is undulat-
ed. In the basin, the Pm waves from SP Manas,
SP Hutub, SP Changji and SP Fukang (western
branch) have strong amplitude, excellent conti-
nuity and longer traceable distance, suggesting
that the Moho of the Junggar basin is highly re-
flective and sharp. The average velocity of Pm
waves is 6.2-6.7 km/s. However, we did not ob-
tain a clear Pm wave from the Bogda Shan.

Even though the seismic Pm wave from the
Moho in the Junggar basin is strong in energy
and good in continuity, there are some sections
where no clear Moho reflections have been ob-
served (i.e., the reflectivity is very poor).

(5) Pn Wave. Pn is the refracted wave from
the top part of the upper mantle. It can be used
to determine the velocity of the uppermost man-
tle. Furthermore, it can be used to determine the
Pm wave according to the geometric relation-
ship between the two. Pn waves have been rec-
orded at SP Emin (eastern branch), SP Kara-
may (eastern branch), SP Manas (eastern
branch), SP Hutub (eastern branch) and SP
Fukang (western branch) (Fig. 3). The Pn wave
arrives at a source-receiver distance of approx-
imately 200 km, with a velocity of about
8.0 km/s.

Additional wave groups P1'and Pc'were
recorded and discriminated in the eastern edges
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of the Zayier Shan (see SP Karamay and SP
Manas) and western edge of the Bogda Shan
(see SP Changji, SP Miquan and SP Fukang),
indicating the existence of some additional litho-
logic interfaces (C1' and Cc') in these regions (in
this notation, P1 and Pc are reflected waves
from interfaces C1 and Cc in the crust). P1" and
Pc' waves were not observed in the Junggar ba-
sin. This suggests that the crust of the Zayier
Shan and Bogda Shan is more complicated than
previously assumed, and provides some evi-
dence for mantle intrusion.

Reflected and refracted waves (Pg, P1, P2,
P3, Pm and Pn) have been identified on different
shot records and corrected from shot to shot
(Fig. 3). These phases featured by high ampli-
tudes provide a basis for dividing the crust into
three velocity layers, the upper, middle and the
lower crust. The first arrives at offsets of less
than 70 km imply lateral variations in velocities
at shallow depths (5.0 to 6.0 km/s) which can be
correlated with the surface geology (Fig. 1, b).
The velocity is estimated to be 6.2 to 6.5 km/s
in the upper crust (depth of 22 to 27 km), about
6.6 to 6.7 km/s within the middle crust (~ 23 to
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37 km), and 6.8 to 7.4 km/s in the lower crust
(from 30 to 52 km down to the Moho). An in-
crease in the average velocity throughout the
crustal column within the crust along the profile
is interpreted as an evidence for the increase in
mafic content at upper crustal levels and meta-
morphic grade in the middle to lower crust [18,
19]. The proposed layered velocity model is
non-unique but generates theoretical travel time
branches that are in agree (to within £0.1 s) with
the interpreted arrivals for all of the sections.

Velocity structure of the crust
and upper most mantle

Under the condition of 2D lateral inhomoge-
neous medium, we conducted ray tracing and
constructed theoretical seismograms for each
shot point with an improved SEIS83 program
[22], which are presented in Fig. 4, and obtained
the 2D velocity structure (Fig. 5, b). According to
the effective ray coverage (Fig. 6), we have ob-
tained not only the detailed velocity structure of
the crust, but also that of the uppermost mantle
(see the area within the blue dotted line in
Fig. 5, b).
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Fig. 6. Seismic ray coverage of the Emin — Qitai profile
The ray coverage of the transect is made by combining record sections of all shot points along the profile
with the respective parts of the ray tracing of the corresponding shot points and deleting all calculated
arrivals in the modeling which are not observed in the data
Puc. 6. [Mokpbimue celicMuyeckumu siy4amu npoghunsi IMuHb — umaii
[Nokpbimue mornepeyHo20 paspesa fy4Yamu npoussooumcs nymem 06beOUHEHUS y4acmKkos 3anucu
8cex 04azo8 celicMU4eCcK020 83pbiea 800/1b NPOUIIA C COOMBEMCMEYUUMU YacmsaMU mpaccuposKuU
ny4eli coomeemcmayujux 04a208 83pbiea U ydaneHuem npu MooenuposaHuu
8CeX 8bI4UCTEHHbIX MPUX0008 B0JIHbI, KOMOpPbIe He Habndarmcs 8 OaHHbIX
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Density and geomagnetic structures

Gravity and aeromagnetic data. To constrain
the density structure, we need some information
about the gravity. Based on the 1:200000
Bouguer gravity anomaly map of Xinjiang
(Fig. 7), there are two gravity gradient zones in
the northern and southern margins of the Jung-
gar basin, which clearly delineate the shape of
the basin. This is in agreement with the land-
scape and geological framework. The rock
magnetic strength is another important factor
one can use to distinguish rock types, together
with the P-wave velocity and density. The aero-
magnetic anomaly map of the Junggar basin
shows that the southern part of the basin (Ma-
nas terrain) has a stronger magnetism than the
rest of the basin.

Density and geomagnetic structures. Based
on the Bouguer anomaly and aero-magnetic
anomaly maps (1:200,000 scale), the 2D P
wave velocity structure, and the faults investi-
gated at the surface of the transect from Emil to
Qitai, we constructed a model for the density
structure. The starting model for the density in
each cell is given by the following velocity-
density relationship [23]:

2.78 + 0.56(1; — 6.0) (6.0 > 1}, > 5.5)
p =143.07+0.29(} —7.0) (7.5 > |} > 6.0).
3.22+0.20(1, —7.5) (85> 1, > 7.5)

Geological map
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Finally, the 2D density structure (Fig. 8, a) and
magnetic intensity structure (Fig. 8, b) were ob-
tained according to the Syn-Source theory and
through joint inversion of gravity with geomag-
netism and constrained by gravitational and geo-
magnetic anomalies along the profile (Fig. 7) [24].

Inference on the rock properties
of the Junggar basin

According to relationships among the veloci-
ty, density and rock type (Fig. 9) [25], and based
on the velocity distribution along the profile from
Xayar to Burjing [21] and from Baicheng to
Da Qaidam [19], basement rock types of the
Junggar basin were identified and catalogued
(Table).

The velocity is obtained from seismic data
generated by artificial earthquakes, and the
density and geomagnetic intensity are deter-
mined by joint inversion of gravity with geomag-
netism along the same profile. The results sug-
gest that the basement lithology of the Junggar
basin is complicated especially towards its cen-
ter. It is composed of mafic, ultra-mafic, and
acidic rocks, such as granite, schist, granulite,
gabbro.

Moreover, the Pb [23, 26, 27], Nd, and Sr
[28] isotope compositions of post-collisional in-
termediate and acidic plutons in the Junggar
basin show that these plutons originated from
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Map of gradient of Bouguer gravitational anomaly
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Fig. 7. The map showing geology (a), geomagnetism (b) and gravitation (c) along the profile
Puc. 7. Kapma 2eonozuu (a), 2eomacHemu3sma (b) u epasumayuu (c) edosnb pa3pesa
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Fig. 8. The density (a) and magnetic intensity (b)
of the crust and upper most mantle along the profile from Emin to Qitai
The initial density model was designed based on the relation between velocity and density. The density and magnetic
intensity were obtained by joint inversion of the gravity and geomagnetic anomaly based on the Syn-Source principle
of gravity and geomagnetism. The upper panel of the a is Bouguer's anomaly measured and calculated by fitting.
The lower panel is the density in g/cm?. It was obtained by forward modeling under a same frame obtained by velocity
structure for both the density and magnetic intensity. The upper panel of the b is magnetic anomaly measured
and calculated by fitting. The lower panel is the magnetic intensity in 0.01-A/m obtained by the same way
as the density modeling. For the detail description of the joint inversion, please see [24]
Puc. 8. [lnomHocms (a) u MaeHUMHasi HanpsikeHHocmb (b)
KOpbl U eepxHell Yacmu MaHmuu no npogusiro om IMuHs do Lumas
lMepeoHayanbHas Modens nnomHocmu bblna pa3pabomaHa Ha 0CHO8E COOMHOWEHUST MexX0y CKOPOCMbHO
u nnomHocmbio. [11omHoOCMb U MagHUMHas UHMeHCU8HOCMb Bblu MomyYeHbl coeMecmHol uHeepcuel
2pasumayuoHHoU U 2e0MacHUMHOU aHoMaruu Ha 0CHoge npuHyuna Syn-Source epagumayuu u 2eoMagHemu3ma.
B gepxHell yacmu puc. a npedcmasneHa aHomanus byee, usmepeHHas u paccyumasHasi mymem annpokcumayuu.
HuxHsist yacmb puc. a nokasbigeaem naomHocms, a/cme. [aHHble bbiiu nony4eHs! npsmbiv ModenuposaHuem 8 mol
XKe cucmeme omeyema, rnofy4eHHOU C MOMOWbI0 CMPYKMypbl CKOpOCMU, Kak 0518 miomHocmu, mak u 07151 MagHUmHoU
HarpspkeHHocmu. BepxHsas yacmb puc. b demoHCmpupyem MagHUMHYH aHOManuto, U3MEPEHHYH U paccyumaHHyto
nymem annpokcumayuu. HuxHsas yacme puc. b nokasbieaem macHUMHYI0 HanpskeHHocms, 0.01-Alm, nonyyeHHyr
mem xe crnocobom, 4mo u npu ModenuposaHuu niomHocmu. [TodpobHoe onucaHue coemecmHol UHEEPCUU CM. 8 [24]
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Fig. 9. Relationship among density, velocity and properties of various rocks at depth (after Liu et al. [25])
| — sandstone; Il — basalt; Il — granite; IV-1 — neutral to acid schist or gneiss; IV-2 — neutral to basic schist or gneiss;
V — granulite; VI — gabbro; VII — peridotite; VIIl — eclogite; A — upper crust; B — middle crust; C — lower crust
Puc. 9. Bzaumocesizb Mex0y nIOMHOCMbI, CKOPOCMbIO U ceolicmeamu
pasnu4Hbix Nopod Ha any6uHe (no Jlto u dp. [25])
| — necyaruk; Il — 6azanbm; Il — epaHum; IV-1 — om HelimpanbHo20 A0 KUC020 craHya unu eHelca;
IV-2 — om HelimpanbH020 00 OCHOBHO20 CriaHya unu eHelica; V— epaHynum; VI — 2a6bpo; VIl — nepudomum;
VIl — aknoeum; A — eepxHas kopa; b — cpedHss kopa; C — HUXHSIS Kopa

Basement parameters along the Emin — Qitai profile
MapameTpbl pyHaameHTa no npocunto AMuHb — Lintan

Range 0-135 | 135-160 | 160-210 | 210-250 | 250-355 | 355-405 | 405-445 | 445-540 | 540-610
Velocity 6.10 6.15 6.25 6.30 6.17 6.30 6.30 6.17 6.15
Density 2.65 2.65 2.65 2.74 2.65 2.65 2.65 2.65 2.65
Mag-intensity| 62-120 | 62-72 75-122 80-135 | 151-179 176 180 127 141
Granite,
Rock Granite | Granite Granite SCh'S.t’ Granite Granite Granite Granite Granite
granulite,
gabbro

the sub-oceanic mantle and not from a craton
continental basement. No known Precambrian
strata have yet been discovered around the ba-
sin. However, Paleozoic oceanic rocks and relic
oceanic sediments of the middle Paleozoic age
are widely distributed. To the south of the Kara-
may fault the paleocurrent is directed to the
north as shown by imbricated clasts and groove
marks in turbidities of continental shelf facies
from the Silurian age. This also suggests that
the provenance of these strata were pre-Silurian
continental blocks. Furthermore, the prove-
nances were probably not the small blocks
made up of mafic volcanic rocks that date to the
Ordovician or Cambrian ages [12].

The aeromagnetic anomaly of the Junggar
basin shows that the southern part of the basin

leonorus, noMcku u passegka MeCTOpO)K,CIeHVIVI noJie3HbIX UCKOoNaeMbIX |

(Manas terrane) has much stronger magnetism,
which is in agree with the magnetization of Pre-
cambrian schist, migmatites, granites, and horn-
blende schist. However, the results of joint in-
version of gravity with aeromagnetism show that
these high aeromagnetic anomalies may be
produced by ancient blocks or the NNE trending
faults resulting from modern north-south com-
pression. These faults potentially provide chan-
nels for deep material to move up into the crust,
and subsequently intrude laterally into different
sub-layers of crust. This would change the con-
tents of the Junggar basement, resulting in the
higher average velocity, density, and magnetism
observed in the crust of the basin. These intru-
sions may have originated as oceanic basalt
and tholeiite. Based on the 1:200000 gravity
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anomaly map of Xinjiang [29], there are two
gravity gradient zones in the northern and
southern margins of the Junggar basin, which
clearly delineate the shape of basin. This is in
agreement with the landscape and geological
framework. The 2-D velocity and density struc-
tures along the Xayar-Burjing profile indicate
that the crustal thickness is about 47 km in the
Junggar basin. This thickness however, includes
the 15 km thick sediments that have accumulat-
ed since the Devonian era. The thickness of the
Mesozoic and Cenozoic sediments alone is
greater than 11 km. Not taking into account the
sediments, the crustal thickness of the crystal-
line basement of the Junggar basin is only 32 km.
The 2-D density structure of the Xayar-Burjing
profile [21] shows that the density of the base-
ment roof of the Junggar basin is different in the
Wulungu and Manasi terrains; the density and
velocity of the former is 2.87 g/cm?® and 5.9
km/s, while that of the latter is about 2.85 g/cm?
and 5.8 km/s.

Geological Interpretation

Based on the 2D velocity (Fig. 5, b), 2D den-
sity (Fig.8,a) and 2D magnetic intensity
(Fig. 8, b), and combined with geological and
geochemical analysis [8] we developed a final
model as Fig. 10.

Vertically, the crust is composed of three
layers: the upper, middle and lower crust, bot-
tomed by the C1, C2 and Moho interfaces, re-
spectively. The upper layer of the upper crust
consists the deposited cover bottomed by the
interface G, and the lower layer bottomed by the
interface C1. The sedimentary cover ranges in
thickness from 1 km to 12 km and reaches a
maximum depth of 12 km, while the crystalline
basement ranges in thickness from approxi-
mately 12 km to 20 km and reaches a maximum
depth of ~ 30 km. The velocity in the deposited
cover undergoes large lateral variations, espe-
cially near Karamay, Hutub and Fukang (Fig. 5).
In addition, the density and the magnetic intensi-
ty also change greatly (Fig. 8). The crystalline
basement exhibits high velocity zones, including
a region near Hutub, at ~ 20 km depth, where
velocities are 0.1~0.2 km/s higher than sur-
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rounding medium, and so as the density and
geomagnetic intensity.

The middle crust, defined by the interfaces
Ci and Cz, is comparatively thin, with thickness-
es ranging from 4 km to 15 km and a maximum
depth of 37 km. Slight variation occurs on veloci-
ty, except for a low velocity zone beneath Kara-
may and Fukang, where the corresponding den-
sity is low. The middle crust has a dumbbell
shape, i.e. thin in the middle and thick at the two
ends of the profile.

Obvious lateral variations are obtained in the
lower crustal velocity. The most complex regions
lay beneath the Karamay and Fukang, which are
two active tectonic zones in the Junggar basin?.
Here, two low velocity zones with low densities
have developed, near which developed several
faults cutting up the crust. The lower crust is fur-
ther characterized by uniform thickness of
roughly 15 km, despite having heterogeneous
composition [21]. The crustal thickness of the
Junggar basin ranges from 46 to 56 km.

Below the Moho interface, the uppermost
mantle of the Junggar basin varies in shape of
the velocity contours. The contours at the up-
permost mantle are convex, indicating that the
velocity is higher at the center of the basin than
that at its either side [30]. It may further suggest
that the upper mantle material may inject into
the crust of the Junggar basin, because of the
similar rock distribution along the profile (Fig. 10,
Table). The Earth’s topography at short wave-
lengths results from active tectonic processes,
whereas at long wavelengths it is largely deter-
mined by isostatic adjustment for the density
and thickness of the crust [30].

On these interfaces, we found several sec-
tions from which the seismic waves are very
weak, indicating a lower reflection coefficient
(Fig. 3). This may reflect the presence of deep
faults, which could be confirmed by the com-
bined results of seismic velocity (wide angle re-
flection/refraction profiling, (Fig. 5), density, ge-
omagnetic intensity (joint inversion of gravity
with aeromagnetism (Fig. 8), P-wave imaging?
and seismic converted wave profile crossing the
northern part of the basin [24]. All these faults,
with little reflectivity and no obvious dislocation,

1Xu Y. Seismic tomography for northwestern China and its tectonic implication: Ph.D dissertation. Institute

of Geophysics, CAS, 1999.
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600km
0

from Emin to Qitai developed several N-S trending blind faults, which are located at the lower part of the upper crust,

the middle crust and the lower crust and cut up the Moho. These faults, with high seismic velocity and without obvious
dislocation, are considered as “extensional” faults, formed by north-south compression and east-west extension.
These deeply rooted faults provide channels for basic to ultra-basic rocks from upper mantle migrating into the crust
and mixed up with the crustal material, causing the crust of the basin with thin thickness,
high seismic velocities, high densities and high magnetic intensities
Puc. 10. M'eonozuyeckass unmepnpemayus npogusns om ImuHs do Ljumas
B sepxHel yacmu pucyHKa rokasaHbl 2pagumayUoHHbIE U 260MagHUMHbIE aHOMaruu, U3MepeHHbIe U paccyumaHHble

Meonorus, NoMcku u pasesefka MeCTOPOXAEHMI NONe3HbIX UCKoNnaeMbIX

fpu nomowu annpokcumayuu. B HuxHel yacmu, 20e rnoka3aH 2eonoauyeckuli hoH U daHbl ycroeHble 0603HaYeHusl,

Oaemcsi eeonozuyeckas uHmepnpemauus npoguns om AMuHs 0o Llumas Ha ocHoge 2D-cmpykmypbl cKopocmu,
2D-cmpykmypbl nnomHocmu u 2D-cmpyKkmypbl Ma2HUMHOU HanpsKEHHOCMU 8 COYemaHuU C 2e0102U4ECKUM
U 2e0xumu4eckum aHanusom. HYepHbie mpeyeonbHUKU 0603Ha4Yaom o4aeu celicMuyeckoeo 83pbiga. BOosb nonepeyHo-

20 pa3spesa 0nuHol ~ 600 km om SmuHs do Ljumas cchopmMupo8anock HECKOIbKO CEMbIX Pa3fioMos npocmupaHuem
C cesepa Ha 102, Komopble pacronoXeHbl 8 HUXHeU Yacmu eepxHel Kopbl, 8 cpedHel Yyacmu Kopbl U 8 HUXHEU Kope
u paspesatom Moxo. Obnadas 8bICOKOU CeliCMUYECKOU CKOPOCMbIO U He uMesi 8UOUMBbIX Aucrokayuli, 3mu pasnombi
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yeeo Kopa bacceliHa cmaHO8UMCS MOHKOU, npuobpemaem 8bICOKUE CElCMUYECKUE CKOPOCMU,
8bICOKYH0 MIIOMHOCMb U 8bICOKYH Ma2HUMHYH Hanps»KEHHOCMb
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are considered as “extension” faults. They de-
veloped with a high angle in the middle and low-
er crust and extended upwards into the lower
parts of upper crust. They were formed probably
by the collision of the Junggar basin with the
Tarim basin at the end of Permian [21].
Horizontally, the southern Junggar basin
along the profile can be divided into three sec-
tions, which are the western section (0-150 km),
the central section (150-420 km) and the east-
ern section (420-600 km), based on the velocity,
the density and geomagnetic structures (Fig. 8).
In the western section, i.e. the western mountain
area, the tectonic activities are more active,
where developed many faults. The velocity dis-
tribution is complicated with several low velocity
zones formed in the middle crust and lower
crust, respectively. The densities in the low ve-
locity zone are lower, but the magnetic intensi-
ties are complex, featured by high frequency of
geomagnetic anomalies. In the central section,
mostly the Junggar basin, the velocity, the den-
sity and geomagnetic intensity are consistently
high, especially in the lower part of the upper
crust and the middle crust. In this section, the
Moho interface sinks down and the uppermost
mantle uplifted. In the eastern part of our profile,
the velocity, the density and geomagnetic inten-
sity are relatively low at the eastern margin of
the basin, with two lower velocity zones devel-
oped in the middle and lower crust, respectively.
Geologically, the evolution of the Tianshan
Orogen and Junggar basin can be divided into
several stages: the early Paleozoic intra-oceanic

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

arc evolution, the Early Devonian and later Mid-
dle Devonian rifting evolution of the Junggar
ocean, formed from the rifting of the early
Paleozoic folded basement, the relic ocean from
Later Devonian to late Carboniferous, and the
final accretion orogeny in the late Carbonifer-
ous-early Permian [8]. We infer that this final
accretion orogeny in the late Carboniferous-
early Permian was so strong that some deep
faults with S-N direction were formed by S-N
compression and E-W extension. In such pro-
cess, the hot materials from upper mantle mi-
grated to the crust through the deep faults and
mixed up with the crustal materials in the central
basin, which could be further approved by the
high velocity, high density and high geomagnetic
intensity beneath the basin. The two low velocity
zones at both sides of the basin may be attribut-
ed to the heat from upper mantle.

The exchange of the materials or energy of
the uppermost mantle with those in the crust is
manifested by the heat evolution of the basin.
Based on the heat flow variations of the basins
in northwestern China since Paleozoic time [31],
the heat flow of the Junggar basin since Carbon-
iferous-Permian  reduced gradually  from
120~150 mW.m?2to 52 mW.m2 at present, while
that of the Tarim basin, the Qaidam basin and
the Sichuan basin almost keep the same value
of 45 mW.m2, even with a tendency of increase.
Therefore, we infer that the high heat value of
the Junggar basin may have been caused by
the hot materials from the upper mantle mixing
the crystalline basement of the Junggar basin.
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BbiaeneHne opraHoreHHbIX NOCTPOEK OCMHCKOro ropu3oHTa
no gaHHbIM 2D- n 3D-cencmopasBenKku B ceBepO-BOCTOYHOM YacCTH
Hencko-BoTyoGUHCKOWN aHTEKNU3bI

© P.C. YpeHko?, A.l'. BaxpomeeB”
ablHemumym 3emHoll kopsi CO PAH, 2. Mpkymck, Poccusi

Pe3rome: MecTtopoxaeHus Boctounon Cubupm aBnsitoTcs 04HUM U3 OCHOBHBIX LLEHTPOB A06bIUK YrieBoaopoa0B BOCTOY-
How yacTn Poccun. Bonbluas YacTb yrneBOLOPOAHLIX 3anacoB pacronaraeTcs Ha AaHHOW Tepputopun B npegenax He-
ncko-BoTyoBUHCKON aHTeKNU3bI, rae BaXHENWVMW NPOAYKTUBHLIMW 0ObekTaMn paspaboTku SBNSIOTCS OTNOXKEHNUS HUX-
Hero kembpwus. [MaBHas Lenb AaHHOro 1ccneaoBaHWs 3akniodanacb B 6onee nogpobHOM u3y4eHnn BHYTPEHHErO Npo-
CTPaHCTBA U OTNNYUTENBHBIX XapaKTEPUCTUK OPraHOreHHbIX NOCTPOEK KEMOPUNCKOTO BPEMEHM, @ Takke B ONpeaeneHun
MeTOAMK OOHapYXeHWst pudoreHHbIX MOCTPOEK MeTodaMu CEeMCMMYecKnx nccnegoBaHuin. Ctatuctudeckas obpaboTka
¥MetoLLerocs hakTMyeckoro MaTepuana no KonnekTopcKMM CBOWCTBaM Nokasana 04eHb HepaBHOMEPHOE pacnpefeneHue
MyCTOTHOCTM (NOPUCTOCTH). BbINo BbISIBIIEHO, YTO NOPbI BO3HWKIW B pe3ynbTaTe BhilienaqnBaHms opmeHHbix obpasoBa-
HUN B MeCTax pbIXNON YNaKoBKM 3ePEH ANUreHeTUYECKOrO AOIOMUTA, MO LLEMEHTVPYIOLLEMY BELLECTBY B MEX3EPHOBbIX
MPOCTPaHCTBax, N0 TPELLMHAM ¥ CTUNOMNMUTOBLIM LWBaM. [JONONHATENBHO ANS BbISBIIEHNUS] OPraHOreHHbIX MOCTPOEK B OCWH-
CKOM ropu3oHTe Ha TeppuTopumn Hencko-boTyoBuHCKOM aHTekNM3bl HA OCHOBaHUM CEMCMUYECKUX MCCNEAOBAHNI BblOENEH
psg MeToauK. BeigeneHne eamHnYHbIX pUdoreHHbIX NOCTPOEK B OCUHCKOM FOPU30OHTE HUXKHEro KeMOpus Ha OCHOBaHWM
aHanusa cemcmoamnnunTyq oCyLWwecTBnsAnock npu nomowwm 2D- n 3D-cericmopa3sseku. 10 AaHHbIM CENCMUYECKNX Ucche-
[0BaHU Ha TeppuTopumn Hencko-boTyoBMHCKOWM aHTEKMU3bI BbISIBIEHBI 30HbI PA3BUTUS KakK NNHEWHBIX, Tak U OAMHOYHbIX
kapboHaTHBIX MOCTPOEK. [loNONHUTENBHO BbINO BLISBNEHO, YTO B CKBAXMHAX, HAXOAALLMXCS B KOSbLEBOW aHOManuu, npo-
UCXOAMT NoBbilleHne 3hEKTUBHBIX TOMWWMH. [TOABOAS UTOMW 1 aHANU3MPYS CONOCTaBIEHHbIE MaTepuarnbl, MOXHO cae-
naTb BbIBOA O TOM, YTO OCHOBHbIM METOZOM NS BbIAENEHNS 30H KOMEL, MO CKBaXUHaM SBNSETCH METOL U3MEPEHUS UH-
TepBanbHOro BpeMeHu npobera npoAosbHoi BosHbI. KoMnnekcHbIN aHanu3 matepuanos 2D- n 3D-ceiicMopa3sBeku me-
ToZOM 06LLeit MyOMHHOM TOYKM, @ Takke pSLOM ApYrvX MEeTOAoB Mo onpeaeneHHOMY anropuTMy MO3BOSUN BbIAENUTb
B kapboHaTHOM pa3pese CeBepO-BOCTOYHON YacTu Hencko-boTyobuHckon aHTekNm3bl OTAENbHbIE 0Opa3oBaHMs opraHo-
reHHbIX (PUCOreHHbIX) NOCTPOEK.

Knioueenie cnoea: Cubupckas nnatdgopma, kapboHaTHble 06pa3oBaHusl, pudoreHHbIe NOCTPOIikK, pudoobpasoBaHme

Ans yumupoeaHus: Yperko P.C., Baxpomees A.l'. BbigeneHne opraHoreHHbIX NOCTPOEK OCUHCKOrO ropM30oHTa No AaH-
HblM 2D- 1 3D-ceiicMopa3Befku B CEBEPO-BOCTOYHOI YacTu Hencko-boTyobuHckoi aHTeknuabl. Hayku o 3emrie u Hedpo-
none3osaHue. 2021. T. 44. Ne 1. C. 30-38. https://doi.org/10.21285/2686-9993-2021-44-1-30-38

Identification of Osinsky horizon organogenic structures
by 2D and 3D seismic survey data in the north-eastern part
of the Nepa-Botuoba anteclise

© Roman S. Urenko?, Andrey G. Vakhromeev®
ab|nstitute of the Earth's Crust, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia

Abstract: The fields of Eastern Siberia belong to the one of the main centers of hydrocarbon production in the eastern part
of Russia. The main part of hydrocarbon reserves is located in the area within the Nepa-Botuoba anteclise, where the
Lower Cambrian deposits are major production objects. The main purpose of this research is to provide a detailed study
of the inner space and features of organogenic structures of the Cambrian period, as well as to determine the procedures
for detecting reef structures by seismic research methods. Statistical processing of the available factual material on reser-
voir properties has shown a very uneven distribution of cavernosity (porosity). It is found that pores were formed as a result
of leaching of shaped formations in loose packing locations of epigenetic dolomite grains, along the cementing substance
in the intergranular spaces, along cracks and stylolite seams. To identify organogenic structures in the Osinsky horizon of
the Nepa-Botuoba anteclise on the basis of seismic studies some additional methodologies have been selected. |dentifi-
cation of single reef structures in the Osinsky horizon of the Lower Cambrian based on the analysis of seismic amplitudes
was carried out by means of a 2D and 3D seismic survey. According to the data of seismic studies, the Nepa-Botuoba
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anteclise features the development zones of both linear and single carbonate structures. It is also revealed that there is an
increase in effective thicknesses in wells located in the annular anomaly. Summing up the results and analyzing the com-
pared materials, it can be concluded that the main identification method of ring zones in wells is the method of longitudinal
wave slowness measurement. A comprehensive analysis of 2D and 3D seismic survey data by the common depth point
method as well as by a number of other methods using a specific algorithm allowed us to identify individual formations of
organogenic (riphogenic) structures in the carbonate section of the north-eastern part of the Nepa-Botuoba anteclise.

Keywords: Siberian platform, carbonate formations, reef structures, reef formation

For citation: Urenko RS, Vakhromeev AG. Identification of Osinsky horizon organogenic structures by 2D and 3D seismic
survey data in the north-eastern part of the Nepa-Botuoba anteclise. Nauki o Zemle i nedropol'zovanie = Earth sciences
and subsoil use. 2021;44(1):30-38. (In Russ.) https://doi.org/10.21285/2686-9993-2021-44-1-30-38

BeeaeHue

Ha tepputopum Cnubupckoi nnatopmMbl 3Ha-
YyuTenbHble 3anacbl U pecypchl YrnesoaopoaoB
CKOHLLEHTPMPOBaHbI B KapOOHATHBIX OTNIOXEHUSAX
BeHAa U HwkHero kembpus [1]. OcHOBHbIE Npo-
6rnembl, BO3HMKAIOLLME MPU NOWUCKE 3anexen yr-
NEeBOAOPOAOB U NpK pa3seake, OLeHKe 1 nocne-
AytoLlen paspaboTke MECTOPOXAEHNI, CBSA3AHbI
C YpesBbl4alHO CIOXHbIM NPOCTPAHCTBEHHbLIM
CTPOEHWEM MYCTOT  BEHACKO-HWKXHEKEMOPUIA-
ckoro kapboHaTHoro cnos [2]. CnoxHoe cTpoe-
HMe KapboHaTHOro nnacta onpegenset Heobxo-
AMMOCTb CO3aHNA TPEXMEPHON reoniorn4yeckom
MOZEenn NpOoAYKTMBHOrO nnacta. WMHgpacTpyk-
Typa BCex AeTanbHblX Mogenen HedTerasonep-
CMEKTUBHOrO 0BbeKTa 3aksyaeTcs B MHTerpa-
UMW [aHHbIX, MOMyYeHHbIX B pesynbrate aHa-
nn3a KepHOBbLIX MaTepuanos, MaTepuanos reo-
cusnyecknx wmccneposaruii ckBaxuH (FTMC) u
pesynbTaToB Ha3eMHbIX reodm3nyecknx uccne-
[l0BaHW, B MepBY0 OYepedb CEeMCMopasBenku
meTodom obuien rnybuHHOM Touku. Kaxgbin
Habop OaHHbIX UMEET CBOW NPEUMYLLECTBA U He-
poctatku. [1oaTomy pesynbTathl UCCELOBaHNA
KepHa CKBaXMWHbl 40T Hanbornee NonHy u Jo-
CTOBEPHYIO MHGOPMALMIO O CTPOEHWUU, COCTaBe
W NIUTONOMMYECKMNX N NETPODU3NYECKMX XapaKTe-
PUCTMKAX NOPOZ, COCTABNSALWMX NPOAYKTUBHbIN
nnact. OgHako 3T AaHHble 0BbIYHO ABMSAOTCS
AMCKPETHBIMM YacTsMu 1 obnactamu [3].

MaTtepuansl MIC npakTtuyecku HenpepbiBHO
XapaKkTepU3yloT pa3pe3 aHanusnpyemMblx UHTEp-
BarnoB paspesa B TOYKaX CKBaXMH, HO UX Npume-
HUMOCTb K MCCINea0BaHNSIM TPELLUMHHBIX CUCTEM
kpanHe auckyccunoHHa. OanHble MTNC Takke guc-
kpeTHbl no nnowaan. Celcmmnyeckne AaHHble
(ocobeHHo B cnyyae 3D-cercmopasBenku) He-
npepbIBHbI NO NoWaau 1 No paspesy, HO UMELT
OrpaHnyeHns no paspeLuarolien cnocobHOCTM.
Wx mcnonb3oBaHne No3BONSET NPOrHO3MPOBaTh

CTPOEHUE TOPU3OHTOB B MEXCKBaXMHHOM MNpo-
CTpaHcTBe.

Martepuanbi
1 MeToAbl UCCnenoBaHUA

B xoge uccnenosaHus GbiM paccMOTPEHb
MeTodbl MPOrHO3MPOBaHUSA KapOOHATHbLIX Mo-
CTPOEK B OCUHCKOM FrOPU30HTE B CEBEPO-BOCTOY-
HOM 4acTn Hencko-BoTyobUHCKON aHTEKMMU3bI.
[laHHble METOAMKN UMEIOT NpaKTUYeCcKoe npume-
HeHWe 4N BblaeneHns kapboHaTHbIX NOCTPOEK B
WHTEpBane OCWMHCKOro ropudoHTa. pu Hanuca-
HUM cTaTby ObINM UCMONb30BaHbI MaTepuarsi
CENCMUNYECKUX UCCIeOBaHWA psga MeCTOpPOX-
AaeHunn BoctoyHon Cubupw.

Pe3ynbTtaThl uccnegoBaHus
n ux obcyxaeHue

PucpoeeHHble omimoxeHusi Herncko-bomy-
0buHckolU aHmeknu3bl. lNpobnema noOUcKoB W
pa3paboTku kapbOHATHBIX KOMNEKTOPOB HEPTM 1
rasa B nocrnegHue rogbl npuobpena akryanbHoe
3HayeHne. BaxHocTb gaHHoM npobnembl 06y-
CINOBNMBAETCS TEM, YTO C KaXablM rogoM yBenu-
YynmBaeTCH yAesnbHbIN BEC MECTOPOXAEHWUN, CBS-
3aHHbIX C KapOOHaTHLIMK KOMNEKTOPamu.

Hencko-botyobuHckas aHTeknusa 6onee no-
nyBeka SIBNSETCS OCHOBHbIM OOBLEKTOM HedhTe-
nouckoBblx pabot Ha tore Cwubupckoi nnat-
opMbI 1 BXOAUT B COCTaB O4HOMMEHHOW HedhTe-
rasoHocHon obnactu [1]. PaccmatpvBaembiin B
cTaTbe paloH BkMovaeT B cebs toro-3anagHyto
4acTb aHTeknu3bl. Ero TekToHmyeckoe passutue
oKa3ano 3Ha4uTeNbHOE BMUSHWE Ha YCIOBUS
HebTerasoHakoneHns n popMnpoBaHune 3ane-
xen yrnesogopogos. CyllecTBoBaHue 3[eCb B
TeYeHVe ANUTESNIbHOro reonorMyeckoro nepuoga
OTHOCUTENBLHO NPUNOAHATON 06nacTy NPUBENO K
hopmMmMpOBaHUIO KPYMHOW 30HbI HedTerasoHa-
konnexus (puc. 1).
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Puc. 1. PacnpocmpaHeHue pugho2eHHbIX 30H Ha meppumopuu Hencko-Bomyo6uHckoli aHmeknu3bi [4]:
30HbI: 1 — conu (a — conepodHoeo bacceliHa, b — npubpexHbIX nagyH), 2 — MOHKO nepecnaugaruuecs HepPagHOMEPHO
enuHucmble U aHaudpumosblie MUKpumossie 0010MUMbI U U3BECMHSIKU Cynpanumoparnu, 3 — 000MUmbl, U38eCmKosble
doslomumel numopanu u npunezarowel mesnkol cybrnumopanu, 4 — donomumel, pedko usgecmkosbie A0OMUMBbI
6uocmpomMHbIX mocmpoek, 5 — doromMumel, PeOKo u3secmkosbie A00MUMbI BUO2EPMHBIX TOCMPOEK, 6 — 00/1UMOo8bIe
u lumoknacmosble donomumsl ommenel (unu neckos 8epxHel numopanu), 7 — 8000pocreabie «heHecmposbiey
0onomMumel numopanu, 8 — 00I0MUMBbI € JIUH3aMU U 8KITKYEHUSIMU aHaudpumos u conel 6uocmpoOMHbIX MOCMPOEX,
9 — donromumel, usgecmkosbie AoIoMUMbI U 00IOMUMOBbIE U38ECMHSIKU MeX6UO2epMHbIX na2yH, 10 — YUKAUYHO
rnocmpoeHHas mosuja 0cado4HbIX KOMIIEKCO8 cybrumoparnu ¢ MarmoMOWHbLIMU CmpoMamoumamu numopanu
u cynpanumopanu, 11 — cybaaparnbHas akcro3uyus; numomunsi; 12 — kococoucmbie epeliHecmoyHbl, 13 — oonumossie
nak-, epeliHemoyHel, 14 — numoknacmosbie nak-, epelHcmoyHsbl, 15 — 6atiHdcmoyHbl, 16 — ppelimecmoyHsl,

17 — 6agbricmoyHsl, 18 — cnabo enuHucmsie mad-, akcmoyHabl, 19 — cmpomamonumsl, 20 — godopocresble namuHumel
¢ tpeHecmpamu, 21 — madcmoyHbI MaccusHsle (a), nuHsosudHocnoucmsle (b), 22 — obrnomku nopod, 23 — conu,

24 — aHaudpumel, 25 — cybasparibHasi 3KCrno3uyusi, 26 — bpexkquu pacmeopeHust aHaudpumos; 27 — MogepxHocmu
cybasparnbH020 pasmbiga; 28 — kpusbie [MIC: camma-kapomaix (a), HelimpoHHbIU 2amma-kapomax (b)

Fig. 1. Reef zone distribution in the Nepa-Botuoba anteclise [4]:
zones: 1 — salts (a — salt basin, b — coastal lagoons), 2 — finely interbedded unevenly clayey and anhydrite micritic
dolomites and limestones of the supralittoral, 3 — littoral and adjacent shallow sublittoral dolomites and calcareous
dolomites, 4 — dolomites and sparsely calcareous dolomites of biostromic buildups, 5 — dolomites, sparsely calcareous
dolomites of bioherm buildups, 6 — oolitic and lithoclastic dolomites of shoals (or sands of the upper littoral), 7 — algal
‘fenestral’ littoral dolomites, 8 — dolomites with lenses and inclusions of biostromic buildup anhydrites and salts,

9 — dolomites, calcareous dolomites and dolomite limestones of interbiohermal lagoons, 10 — cyclically built stratum
of sublittoral sedimentary complexes with thin littoral and supralittoral stromatolites, 11 — subaerial exposure;
lithotypes: 12 — cross-bedded grainstones, 13 — oolitic pack-, grainstones, 14 — lithoclastic pack-, grainstones,

15 — bindstones, 16 — framestones, 17 — bafflestones, 18 — weakly clayey mud-, wackstones, 19 — stromatolites,

20 - algal laminites with fenestres, 21 — massive mudstones (a), lenticular-bedded mudstones(b), 22 — rock fragments,
23 - salts, 24 — anhydrites, 25 — subaerial exposure, 26 — breccias of dissolved anhydrites; 27 — subaerial erosion

surfaces; 28 — logging curves: gamma ray logging (a), neutron gamma ray logging (b)
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dopmupoBaHme Kembpunckux pudoB CBsi-
3aHO C pacLBeTOM LuaHobakTepmanbHbIX Co0b-
wects (Renalcis, Girvanella, Epiphyton n ap.), a
Takxe C nosiBneHnem apxeouunat. B paHHeM kem-
6pun BoctoyHon Crbupwn cosgaHHas uMu pudo-
Bas cucTema nepecekana BCto nnatgopmy ¢ ce-
Bepo-3anaja Ha lro-BoCTOK 1 npefcTasnsna co-
6oVt LWMPOKY OTMESbHYI0 30HY, KOTOpyto obpa-
30BblBany MOLLHblE PUOBbLIE KOMMMEKCHI, Mo-
crnegoBaTeflbHO CMeLlaBlUMecs K CeBepo-BO-
CTOKY [5]. ®parmeHT 37O PUDOBON CUCTEMBI 3a-
XBaTbIBAET BOCTOYHbIA 6OpT coBpemeHHon He-
rncko-boTyobuHCKoM aHTekNM3bl. Ha 6onbLuen xe
4yacT aHTeknu3bl B (OpMMpPOBaHMM TOMMOT-
CKOro sipyca HwXHero kembpusi (OH BblaenseTcs
KaK OCWMHCKMA NPOAYKTUBHBLIN FOPU3OHT) OCHOB-
HYyl0 pofib UrparT HebosnbliMe MO MOLLHOCTH
MUKpOBMasibHble XOMMbl, POCT KOTOPbIX KOHTPO-
nuposancs coobuiectBamu LmaHobakTepun [6].
Kak npaBuno, 0CHOBaHWe 3TUX XOSIMOB CriaratoT
camble «rnyb6oKOBOAHBLIE» KYCTUCTble W CIOW-
CTble (hOPMbI KOMOHUI, CNOCOOHbIE pa3BUBaTLHCS
Huxe 6asuca gencTens BonH [7]. Beepx no pas-
pesy OHW CMEHSTCA MaCCUBHbLIMU UK cdepu-
yeckumy opmammn  KonoHun [8]. BeposTHo,
«ynnoLeHve» opMbl NOCTPOWKM NPUBOAMIIO K
POCTY €€ YCTOMYMBOCTM B YCIOBUSAX NOBbILLEHUS
AVHaMWYeCKOW aKTMBHOCTW BOQHOW Cpeabl, Bbl-
3BaHHOW YMEHbLUEHMEM rnybuHbl akBaTopum [9].
MukpobuanbHble XonMbl CO34aBarnv NoABOAHbLIN
nangwadgT, ocyecTBnsas GMOreHHy 130U
naryH B npocTpaHcTse [4].

B kpoBne oTNOXeHUs UHTEHCUBHO Npeobpa-
30BaHbl 3a cYeT cybaapanbHOro pacTBOpPeHUs U
NOBCEMECTHO NEPEKPLIBAKTCS MMUHUCTO-Kapbo-
HaTHbIMK Bpekynsamu, cogepaliMm MHOTOuNC-
NEHHble OBSIOMKM W3BECTHSIKOB, AOMOMMUTOB W
aHrMapuUTOB, 3aKMIOYEHHBIX B KAPOOHATHO-TNHK-
CTYH0 OCHOBHY0 Maccy [10]. iHorga Ha mecTe no-
CTpoek 06pasytoTCs KapCTOBbIE BOPOHKM, 3anon-
HEHHble NepekpbIBalWMMK consamu. Pudoren-
Hble 0Opa3oBaHNA MMEKT BecbMa creundguye-
CKoe nopoBoe NpocTpaHcTBO [11]. K nepBuyHbIM
OTHOCHATCS NYCTOTbl B OPraHU4ecKnx octaTkax u
MexrpaHynsipHole. Onpegenswowas ponb B
OLleHKe eMKOCTHON XapakTepuUCTUKU MOPOA Npu-
HaaneXuT BTOPMYHbIM nyctotam [12]. MNocnea-
HUe CBA3aHbl C UHTEHCUBHBLIMK MpoLieccamu ne-
pekpucTannmsauum, LJONoMUTU3aLmm 1 Bbillena-
ynBaHus. buoreHHble ponomutbl Gbinu Gonee

2021;44(1):30-38

NoABEPXKEHbl 3TUM MpoLeccam, YemM XemoreH-
Hble. OHM NoABepriMch CNOLWHOM NnepekpucTan-
nu3aumu, nHorga ¢ penukTaMmn PopMeHHbIX 06-
pa3oBaHun [13].

B xemoreHHbIX ponomutax npeobnagaet
paccesiHHas nepekpucTannusaums, nHorga npo-
Xunkoeasi. AKTMBHOE BbilLlenaymBaHue B 30He
csobogHoro BogoobmeHa Beno K BO3HWKHOBE-
HUIO KaBEPH Pa3NNYHON BENUYMHbLI [14].

Cratuctuyeckass obpaboTka wuMmetowerocst
hakTmyeckoro matepuana (KkepHa) no Konnek-
TOPCKMM CBOWCTBaM Mokasasia 04eHb HepaBHO-
MepHOe pacnpegesieHme nycToTHOCTW (MOpUCTo-
cTu). MNopbl BO3HUKNKN B pe3ynbTaTte Bbillenayu-
BaHWs POPMEHHbIX 06pa3oBaHNN B MECTAX PbIX-
NON YNaKOBKW 3epeH 3NuUreHeTu4eckoro Aono-
MUTa, NO LEMEHTUPYIOLLEMY BELLECTBY B MEX-
3epHOBbLIX MPOCTPAHCTBAX, MO TPELMHaM U CTu-
nonuToBbIM WBaM. Pa3mepbl 1x camble pasnuny-
Hble: oT nop 0,05 MM g0 kaBepH 2,5%3 cm [15].
Hanbonee WHTEHCHBHOE nNposiBrieHWE rnyouH-
HOrO KapcTa OTMEYEHO B LieHTPanbHOW YacTu u
Ha OTAENbHbIX y4YacTKax toro-3anagHoro nepu-
KIIMHANbHOrO OKOHYaHKs paccmaTpuBaemoro pe-
rMOHa, rae aKonornyeckue ycnosus bnaronpusr-
CTBOBanu MakCMManbHOMY Pa3BUTUIO OpraHuye-
ckoro mupa. CpegHue 3Ha4YeHUs OTKPbITON nopu-
CTOCTM 3Aecb coctasnsT 5,6-10,2 %, a npe-
[enbl, B KOTOpbIX Konebnetca aToT napametp —
0,8-19 %.

PudoobpasoBaHue B HUXKHEM KeMOPUK Npo-
MCXOOMNO B YCMNOBUSAX PErpeccuBHOTO LMKNa
ocagkoHakonnenus [1]. 310 06CTOATENBCTBO HE
NO3BONWNO NOCTPOMKaM ONUTENbHO  pPasBu-
BaTbCS BBEPX M CNOCOBCTBOBANO natepansHoOMy
pacnpoCTPaHEHNI0 OpraHoOreHHbIX KapboHaTHbIX
ropu3oHTOB. MakcMmanbHbIA POCT MOCTPOEK,
CKopee Bcero, Nponcxoamnn Ha obpatleHHow K 60-
nee rnybokow Yactn Mopsi cTopoHe [16].

BbideneHue eQuHUYHbIX PUGO2EHHBbIX r10-
CMPOEK 8 OCUHCKOM 20PU3OHME HUXHE20 KeM-
6pusi Ha 0OCHoBaHUU aHanu3a ceticmoamniaumyo.
OaHUM M3 OCHOBHbIX METOAOB BblAeNneHus u
KapTMPOBaHWUSA PUCGOrEHHbIX MOCTPOEK HUKHE-
kembpwuinckoro Bo3pacta sensetcs 2D- n 3D-cen-
cMopasBefka MeTtogom  obuwen  rnyGuHHON
TOYkW. 10 AaHHBLIM CencMUYeckux uccrnegosa-
HUN Ha TeppuTopum Hencko-boTyobuHckon aw-
TEKNU3bl BbIABMATCA 30HbI  Pa3BUTUS  KaK
NWHENHbIX, Tak W OAWHOYHbIX KapOOHaTHbIX
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nocTpoek. Bnepsble BONPOCHI SIOKaNbHOrO npo-
rHO3a OpraHoreHHbIX NOCTPOEK tro-BOCTOYHOIO
cknoHa Hencko-boTyobuHckon aHteknuabl (Mr-
HAMWHCKWIA pudp) MO AaHHLIM MHTepnpeTauum
2D-ceicmopasBefoyHbIx paboT Bbinu geTanbHo
paccmoTpeHbl B paboTte H.B. Mbiwesckoro [17].
Cnegylowmm BaxHbIM 3TanoM B pa3BuUTUK Npo-
Brnembl N0kanbHOro NPOrHO3a OpraHoreHHbIX No-
CTpoek Ha Tepputopum Hencko-boTyobuHcko
aHTEKNM3bl CTanu paboTbl reosioroB KOMNaHUM
«PH-3kcnnopenwHy» [18].

OcHoBHble 0COGEHHOCTU, BbISIBNEHHbIE NpK
aHanuae JaHHbIX CEMCMUYECKUX UccnegoBaHuig,
3aKntoyatoTcs B pazHoobpasnmn pudoreHHbIX no-
CTPOEK, @ WMEHHO B pPasfnuyMn UX pas3Mepos,
¢bopM, BONMHOBbLIX XapaKTeEPUCTUK, a TaKke CTPo-
eHusa n coctaBa. OCHOBHbIM XapakTepHbIM Kpu-

‘ q »
gmneaummmu

B pafioxe koneu

a
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Tepuem Ans BblAeNeHns OAMHOYHOW pudoreH-
HOW MOCTPOMKW SBNSETCS pasnuyme nnactoBblX
CKOPOCTEN B pUCOreHHbIX MOCTPOMKAX, KOTOPbIE
BapbupytoT B npegenax ot 7500 go 9500 mkc/m.
Takke O0TMeYaeTCs yMeHbLUeHUe aKyCTU4eCKOW
XECTKOCTU B paliOHe «KOMbLEBLIX aHOManumy»
(puc. 2).

Ha puc. 3 otobpaxeH npumep BblaenexHus
kapboHaTHBIX NOCTPOeK Mo AaHHbiM 2D- n 3D-
cbeMku. 1o TakMm npu3Hakam, Kak yBenvyeHve
aMNNUTYAbl NOMIOXUTENBHOMO OTPAXKEHUS KOMb-
LeBON (POPMbl U YMEHbLUEHWE aKyCTUYECKOM
XECTKOCTU, MOSBMSAETCA BO3MOXHOCTb WHTEp-
npeTupoBaTtb cemcMmyeckme aaHHble 2D- n 3D-
CbeMKU 1 0BHapyXmBaTb OOWHOYHbIE PUGOreH-
Hble MOCTPOMKM B KapOOHATHOM KOMMEeKTope
OCMHCKOIO rOpu3oHTa.

Puc. 2. flanHble 3D-cbeMKu ¢ ebidesieHueM pugho2eHHbIX TOCMPOEK 8 OCUHCKOM 2opu3oHme [19]:
a — paspe3 no kyby amnnumyd; b — paspes o Kyby akycmudeckozo umnedaHca
Fig. 2. 3D survey data with reef structures identification in the Osinsky horizon [19]:
a — section along the cube of amplitudes; b — section along the cube of acoustic impedance
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Puc. 3. CpasHeHue 0aHHbIx 2D- u 3D-celicmopa3eedku Yyepe3 pughoebie MOCMPOLIKU OCUHCKO20 20pu30oHma [11]
Fig. 3. Comparison of 2D and 3D seismic data through the reef structures of the Osinsky horizon [11]
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13 aHanusa BpeMeHHbIX TOMWWH HaOoCUH-
CKUX CcomneW crnepyet, YTo LeHTpasibHble YacTu
konew NpUypoYeHbl K 30HaM YBENUYEHWUS TOn-
LLMHbI CONEBOW NayKu. ATO rOBOPUT O BEPOSTHOM
YNNOTHEHUWU BHYTPEHHeW 4yacTu. [laHHbIn hakT
NOATBEPXAAeT  COOTBETCTBUME  BblAENEeHHbIX
OOBLEKTOB OAWMHOYHBLIM MNaTy-pudpam, rae BHYT-
PEHHEeW YacTbio ABMAITCA NaryHHbIe OTNOXEHNS
C MOHWKEHHbIMU (PUNbTPALMOHHO-EMKOCTHBIMU

-1000.00
— 5000.00
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csovicTBamu (puc. 4). Ha puc. 4 obnactu 3amkHy-
TbIX aHOManuin oToBpaKeHbl 3eMeHbIMU MUHW-
SMU KOHTYpa.

Mo w3MeHeHwo aMnnuTyabl B npegenax
«KonbLa» BbIAENATCH pasfuyHble aumanb-
Hble 30HbI (pUC. 5). 10 CKBaXMHHBIM JaHHBLIM 3TW
(baumanbHble 30HbI XapakTepusyrTcs pasfuy-
HbIMMW KONJIEKTOPCKUMU CBONCTBAMM.

Puc. 4. Pugho2eHHble nocmpoliku, ebidesieHHble 8 UHMepeasie OCUHCKO20 20pU30HMa
8 npedenax Hencko-BomyobuHckol aHmeknu3bi [20]
Fig. 4. Reef structures identified in the interval of the Osinsky horizon
within the Nepa-Botuoba anteclise [20]

Puc. 5. ®ayuanbHasi 30HanbHOCMb Kosey;:

BJ1- eHympupughbosas nacyHa 8 ueHmpe kosnbya; P — pughosbili epebeHs,
npedcmasneHHbIl opeaHo2eHHbIMU nocmpolikamu; K — kpaesas 30Ha pudba,
rnepexodHasi om pughoebix omnoxeHul K na2yHHbiM; 1 — eHepughosas nazyHa
Fig. 5. Facial zoning of rings:

BJ1-intra-reef lagoon in the center of the ring; P - reef ridge represented
by organogenic structures; K — marginal reef zone, transitional
from reef to lagoon deposits; J1— off-reef lagoon
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o CKBaXMHHBIM JaHHbLIM UccrnegyeMmoe ceu-
CMUYECKOE OTPaXeHWe NpuypoveHo K cpefHen
yactu nnacta OCi, rge npoucxogut Hambonee
CYyLleCTBEHHOE  M3MEHEHWE  KONMEKTOPCKUX
CBOWCTB. B ckBaxuHax, HaxoaaLmnxcsa B KonblLie-
BOW aHOManuu (KpacHas 30Ha), MPOUCXOanT Mo-
BbllleHe 3PDEKTUBHBIX TONLWMH. OCHOBHbIMM
MeTogamMun ANns BbiAEeNeHUs 30H KorneL, No Cckea-
XUHaM SBNATCA METOA HEMTPOHHOIO raMma-ka-
poTaxa W MEeTod W3MEPEHWUS WHTEPBaNbHOIO
BpemeHun npobera NpoaonsLHOM BOSHBI.

3aknoyeHue
KomnnekcHbln aHanu3 wmatepuanos 2D-
n 3D-ceiicmopa3sBeakM metogamu obLien rny-
OVHHON TOYKWM, HEWTPOHHOrO raMma-kapoTaxa,

Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \)
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

a TakKe W3MEPEHUS WHTEPBASIbHOrO BPEMEHU
npobera NpoAoSIbHON BOMHbI MO3BOMMA NO Onpe-
LeneHHOMY anropuTMy BblAenuTb B kapboHaT-
HOM pa3pe3e CeBepo-BOCTOYHOM YacTi Hencko-
BoTyobuHckon aHTeknuabl oTaenbHble 0bpaso-
BaHWUSA OpraHoreHHbIX (PUGOreHHbIX) NMOCTPOEK.
Ha ocHoBe pa3paboTok W Noaxoaos, KOTOpble
NOMOraloT BbISIBUTb OPraHOTeHHbIe MOCTPOWKM
kak aHomanueobpasywLme 06beKTbl reonoro-
pa3BefoYHbIX paboT No COBOKYMHOCTW MpPU3Ha-
KOB B BOSIHOBOM More, aBTopoM 6bifo uccnego-
BaHO HECKOMbKO MEPCNEKTUBHbIX y4acTkoB. [1o
pe3ynbTaTam JaHHOro UccrnefoBaHus Hbim noa-
FOTOBMEHbI PEKOMEHAALMM NO U3YYEHUIO HOBbIX
06bekToB, Hanboree 3Ha4YMMbIX MO KOMMEKCY
NPU3HaKOB.
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CTpyKkTypa NnOBEepXHOCTU BbICOKONPOOHOro
camopoaHoro 3onota lpunamypbs

© C.M. Papomckui?, B.W1. Papomckan®
abiHecmumym eeonoeuu u npupodononbs3oearusi [IBO PAH, e. bnazoseuwjeHck, Poccus

Pe3rome: Llenblo faHHOrO uccneaoBaHus SBASNOCh U3yYeHne CTPYKTYpbl MOBEPXHOCTU BbICOKONPOBHOro 3onota. MNpea-
METOM MCCNEeaoBaHNUS CYXUNu 30M0TOpyaHbIE MecTopoxaeHus Mpnamypbsi, 06bEKTOM 1ccneaoBaHus cTanu obpasupl
CaMOPOHbIX BbICOKOMPOBHBIX 30MOTUH € 3TUX MecTopoxaeHuin. B xoge paboTbl 6binu ncnonb3oBaHbl METOAbLI TEpMOAN-
HaMWKL 1 PEHTTEHOBCKOMN 3MEKTPOHHOW MUKpockonuw. B pesynbTaTte Bbina ycTaHOBREHa MHOTOCMONHAs CTPYKTypa no-
BEPXHOCTM BbICOKONPOOHBIX MMHEPANOB CaMOpOAHOro 3oso0Tta Npramypbs CO CneaylowumM YPOBHAMU: MOrPaHUYHBINA
CINON C HyNeBOW CTEMNEHBIO OKUcneHMs Au® B hopme MeTanmnmMyeckoro 30510Ta KenToro LBeTa; OKCUAHbIV Croli co cTene-
Hbto okucrneHns Autl B popme Auz0 croneToBoro LBeTa; OKCUAHBIA CRoii co cTeneHbto okucneHus Au* B popme Auz03
XeNTO-KOPUYHEBOrO UBETA; F’MAPATUPOBAHHbIM OKCUAHbIA CHOW CO cTeneHbto okucneHust Au*e B popme Au(OH)s kpacHo-
XENTO-KOpUYHEBOrO LBeTa. MeTogamu 3neKTPOHHOW MWKPOCKOMWM BbIAENSAIOTCH BHELIHWE CTPYKTYpbl MOBEPXHOCTU —
MIoTHblE OKcuaHble criov dhopmbl Auz203 1 pbixiible rMapaTMpoBaHHble cnou hopmbl Au(OH)s, Toraa kak BHYTPEHHME Criou
MeTannmu4yeckoro U 04HOBaNEeHTHOro 3010Ta He NPOCMaTPMBALOTCS. BaxXHbIMKU TEPMOANMHAMNYECKUMUN XapaKTepUCTUKaMI
NPEACTaBIeHHbIX YPOBHEN SBNAIOTCA 3HAYEHWS! CTAHAAPTHBLIX OKUCIUTESIbHO-BOCCTAHOBUTEMbHBLIX NOTEHUuanos E°,
onpegensowmx nx MuU3nKo-xMMMYeckne CBOWCTBA: AN MeTannuyeckoro 3onota E° = +1,68 B; ansa okcuaHoro cnos co
cTeneHbio okucrnenus Autl B oopme Au20 E° = +0,32 B; ons okcugHoro crost co cTeneHbto okucnexust Au*® B hopme
Au20s3 E° = +1,36 B; ans ruapaTMpoBaHHOrO OKCMAHOTO Crosi CO CTeneHblo okucrneHust Au*® B oopme Au(OH)s E° = +0,7 B.
PesynbTaThl NpoBeAeHHbIX aBTOPAMU UCCNeA0BaHMA CBMAETENBLCTBYIOT O TOM, YTO CTPYKTYpa NMOBEPXHOCTU MMEET He-
CKOMNbKO MOHVKALLMX OKUCTIMTENIbHO-BOCCTAHOBUTENbBHBIN NOTEHLMAN CMOEB, YTO 0DBACHSET reHepupoBaHue 1 obpaso-
BaHWe MUTPVPYIOLLMX (DOPM 30710Ta B YBMAXHEHHBIX MMNEPrEHHbIX YCIIOBUSX OKpYXKatoLLer NpUpoaHON Cpeapbl.

Knroyeenle cnoea: reoxvimus, 30070, CTPYKTypa NoBepxHOCTH, Mpuamypbe

Ans yumupoeaHus: Pagomckuin C.M., Pagomckas B./. CTpykTypa noBepXHOCTH BbICOKONPOBHOrO CaMopoaHOro 30510Ta
MNpuamypbs. Hayku o 3emne u Hedpornonb3oeaHue. 2021. T. 44. Ne 1. C. 39-47. https://doi.org/10.21285/2686-9993-2021-
44-1-39-47

Surface structure of Amur region high grade native gold

© Sergey M. Radomskiy?, Valentina |. Radomskaya®
ablnstitute of Geology and Nature Management, Far Eastern Branch
of the Russian Academy of Sciences, Blagoveschensk, Russia

Abstract: The purpose of the research is to study the surface structure of high grade gold. The subject of research is gold
ore fields in the Amur region. The object of the study is samples of native high grade gold grains from these fields. The
study uses the methods of thermodynamics and X-ray electron microscopy. The study results in revealing a multilayer
structure of the surface of high grade minerals of the Amur region native gold with the following levels: a boundary layer
with zero oxidation degree Au? in the form of yellow metallic gold; an oxide layer with the oxidation degree Au*! in the form
of purple Au20; an oxide layer with the oxidation degree Au*? in the form of a yellow-brown Au20s; a hydrated oxide layer
with the oxidation degree Au*? in the form of a red-yellow-brown Au(OH)s. The methods of electron microscopy have
allowed to identify external surface structures — dense oxide layers of the form of Au.O3 and loose hydrated layers of the
form of Au(OH)s, whereas the inner layers of metallic and monovalent gold are not visible. Important thermodynamic char-
acteristics of the presented levels are the values of standard oxidation-reduction potentials (E°), which determine their
physicochemical properties: for metallic gold E° = +1.68 V; for the oxide layer with the oxidation degree Au*! in the form of
Au20 - E° = +0.32 V; for the oxide layer with the oxidation degree Au*? in the form of Au203 — E° = +1.36 V; for the hydrated
oxide layer with the oxidation degree Au*® in the form of Au(OH)s — E° = +0.7 V. The results of the conducted studies
indicate that the surface structure has several layers that lower the oxidation-reduction potential, which explains the gen-
eration and formation of migratory forms of gold in humid hypergene conditions of natural environment.

Keywords: geochemistry, gold, surface structure, Amur region

For citation: Radomskiy SM, Radomskaya VI. Surface structure of Amur region high grade native gold. Nauki o Zemle
i nedropol'zovanie = Earth sciences and subsoil use. 2021;44(1):39-47. (In Russ.) https://doi.org/10.21285/2686-9993-
2021-44-1-39-47
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BeepneHue

30n0TO  cpeau  XMMWUYECKUX  3NEMEHTOB
MMeEeT CaMblii BbICOKMN OKUCIUTENbHO-BOCCTA-
HOBUTEMbHLIN MOTEHUMan, noaTomy 06bl4HO
BCTpeYyaeTcs B BMAE MUHepanoB CaMOpOLHOro
3onorta. [pn aTOoM OHO 0BnagaeT reoXMMNYECKon
LBONCTBEHHOCTbLIO NMPOSIBNSIEMbIX CBOWCTB: C Of-
HOW CTOPOHbI, HakannMBaeTcs B BUAE MUHepa-
NOB CaMOpPOAHON (POPMbl, C APYrod — akTUBHO
MUTpUpYyeT B NpupoaHow cpede [1], 4To fano oc-
HoBaHue B.W. BepHagckomy cuntath ero «BCroa-
HbIM 371eMEeHTOMY. [OBEPXHOCTb MUHEPArIOB Ca-
MOPOAHOro 30510Ta pasrpaHNYMBaET 3TU Kpan-
HWe (PopMbl NPOSBRSAEMbIX CBOWCTB U onpeae-
naeT ero nosefeHne B npupogHon cpepe. Lle-
Nbl0 AaHHON paboThl ABNSETCA U3YyYEeHUe CTPYK-
TYpbl MOBEPXHOCTU BbICOKONPOGHLIX MUHEpanoB
camopogHoro 3onota [lpuamypbs MeTogamu
TEPMOANHAMMKM 1 PaCcTPOBOMN 3NIEKTPOHHON MUK-
POCKOMWUM, MO3TOMY MNPEACTaBNAETCA aKTyanb-
HbIM MCCReaoBaTb 3aKOHOMEPHOCTM npouecca
MPUPOLHON CamMOOpraHnsaumMmn BbIAENEeHUN Mu-
HepanoB BbICOKONPOBHOrO CaMOPOAHOro  30-
nora.

Konuyectso atomoB 3onota, obnagaroLimx
130bITOYHON «CBA3AHHOWY 3Heprmen TAS 6onee
30 x/Monb, xapakTepuayeT NOBEPXHOCTHbLIE OK-
CVAHbIE CNOM MOHOB 30110Ta, @ KOMYECTBO aTo-
mMoB, 0bnagatLmx MUHUManbHON aHeprnen AH
meHee 15 [Ix/Monb, — BHYTPEHHWE MeTannuye-
CKue Crov aToMOB 30/10Ta Npu abCONOTHOWN TEM-
nepatype T, K, nameHenun sHtponum AS, [x/
Monb-K, 1 nameHeHun aHTanbnun AH, kx/monb
[2]. KpuTepuem HanpaBneHus NpoTekaHus Xnumu-
YECKMX peakumii Bbino BbIOpAHO 3HAYEHME M30-
6apHo-n3oTepMmyeckoro noteHumana (csobod-
HOW 3Heprun Mnbbca) AG° = -E°zF, k[x/monb,
KOTOPOE ONPEeAEnsoT: 3HaYeHWUss CTaHOapTHbIX
3MNeKTPOAHbIX OKUCNUTESNbHBIX NOTEHUManos E°,
B; konuyectBo anekTpoHoB z; uncno dapages
F, paBHoe 96500 Kn/monb. [1ns BOAHbLIX pacTBoO-
poB 6n1aropofHbIX MEeTanmoB Npu CTaHAAPTHbIX
TEPMOAMHAMNYECKMX YCMOBUSX (HaBneHun P =
105 Ma n Temnepatype T = 298,15 K) 3HayeHus
E° coctasnstot +(0,45-1,85) B, a gns cny4aes,
OT/INYaKOLLMXCA OT CTaHA4APTHLIX, NOTeHUMan pe-
aKLM OKUCNEHNS NPUHSTO 3annCbiBaTh MO MMEH-
HOMY ypaBHeHul0 HepHcTta. OTpuuatensHoe
3HayeHne AG® xapaktepusyeT TepMoauHamuye-
CK/ BO3MOXHOE 1 CaMOMNPOU3BONbHOE MpoTeKa-
Hue peakuun [3].
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MaTepuanbl U MeTOAbI UCCNeAOBaHUA

MaTepuanom Ansa [aHHOro WccnefoBaHus
nocnyxunu obpasubl BbICOKONPOOHOrO camo-
POAHOro 30nota MectopoxaeHun Mpuamypbs, a
WHCTPYMEHTaMn — MeTofdbl U METOAMKU 3reK-
TPOHHOW  MMWKPOCKOMMUW, peanu3oBaHHble Ha
PacTpoBOM 3MNEKTPOHHOM  MuKpockone P3IM
JSM-6390LV (JEOL, AnoHus), MHTEerpupoBaH-
HOM C MMWKPOPEHTrEHOCNEKTpanbHbIM 3HEpro-
OMCNEPCUOHHBbIM — aHanmaatopom  Oxford  IN-
CAEnergy (Oxford Instrument, AHrnusl) ¢ pexu-
mamu Bbicokoro (HV) u Huskoro (LV) Bakyyma u
fetektopamu BTopuuHbIX (SEI) n obpaTtHo pac-
cesHHbIX (BEI) anekTpoHOB npv annapaTtHOM
pa3peLleHnn 3 HM 1 NOLIaroBOM yBeSIMyeHnn 4o
300000 pa3 [4]. AHanusbl BbINK BbINOMHEHbI B
AHanNUTUYECKOM LEHTPE MMWHEPANOro-reoXMMu-
Yyeckux uccrefoBaHun MHctutyta reonorum u
npupogononb3oBaHus [BO PAH onepatopom
T.B. MakeeBon.

Pe3ynbTaTtbl uccnegoBaHus

Ha puc. 1. npeacrtasneH peHTreHorpaduye-
CKU CHUMOK MPUPOAHOro BbICOKONPOOHOro ca-
MOPOAHOro 30510Ta ¢ MecTopoxaeHun MNpuamy-
pbsl C CETKOW reoMeTpnyecknx pasmepoB nccne-
AyeMOW 30M0TUHbI. KayeCTBEHHbIN dHeproguc-
NEPCUOHHBIN CNEKTP 30M0TUHbI NPEACTABMEH Ha
puc. 2.

«Heonpepnensaemblii» 3nemMeHT BOAOPOA B
thopme monekyn Bogbl H20 u rugpokcuna [OH]
XapakTepu3yeT NepBbIi MUK CiEBa OT Havyana co
3HayeHneM B makcumyme 0,1 kaB [5]. T'mnoteTu-
4ECKYt BO3MOXHOCTb TOr0, YTO 3TO MOXET BbITb
nukom Bepunnus, Mbl He NOAAEPXKMBAEM BCnea-
CTBME  KMAPKOBbIX  KOMWYECTB  MOCREAHEro
0,01 %, 4TO HaMHOro — Ha TpW NopsiAka eauHUL
KOHLUEHTPaUMA — Hmke nopora OoBHapyxeHus
PEHTrEHOBCKMMW METOAaMM.

Cnepytowwmit nuk co 3HadeHmem 0,4 kaB npu-
HaZNeXuT aTtoMy Kucrnopoaa Ans Bcex hopm —
paguKanbHOW, OKCMOHOW M TUAPOKCUAHOW [6].
CTaHgapTHbIX NMporpaMMm A5 ONpefeneHus Ko-
NMYeCTB BOAOPOAA M KUCNOPOAa HET, XOTS mac-
coBasi [ons Kucnopoga MoxeT ObiTb onpefge-
neHa no pasHoctn 100 % u konn4ecTea U3BECT-
HbIX KOMMOHeHTOB. MaccoBble [onu 3omoTa
XapakTepusyTcs nukom 2,2 k3B n oTmeyeHbl
nporpamMmon Ha puc. 2. Ha puc. 3 nsobpaxeHa
MOBEPXHOCTb BbICOKONPOOHOW 30n0TUHBI Au20s3,
npeacTaBneHHas OKCUAHOW nneHkon. [pu aTom
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Puc. 1. Boicokonpo6Hasi 3010muHa
Fig. 1. A high grade gold grain
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Puc. 2. SHepz2oducnepcuoHHbIl cnekmp ebICOKOMPOOHOU 30/10MUHbI
Fig. 2. Energy dispersive spectrum of a high grade gold grain

rpaHnubl Ha oTorpacmm Nony4arTCs Pe3kuMm
M YeTKUMW BCREeACTBME NMOTHEWLWeN ynakoBKu
aToMoB, a cama cBobogHast MOBEPXHOCTb CTpe-
MWUTCS K MUHMManbHbIM 3Ha4yeHusM. Ha puc. 4
NOBEPXHOCTb 0OOpa3oBaHa ruapaTUPOBaHHbLIMU
okcuaHbiMn cpopmamm Au(OH)s, koTOpbIe UCMbI-

20kV X80  200pm 0001 10 37 SEI

Puc. 3. Bbicokonpo6Hasi 30/10muHa
meepOobix OKCUOHbIX hopm
Fig. 3. A high grade gold grain
of solid oxide forms

TbiBaOT Oonee AanbHOOEWCTBYIOWME CUMbl OT-
TaskMBaHWs MO CPABHEHMIO C CUMaMy B3aMHOTO
npuTshxeHus. B aTom cnyyae csoboaHas nosepx-
HOCTb YBENWYMBAETCH, CTAHOBUTCH PbIXIION, a
aTOMbl pacTankueatoT Apyr gpyra, noaTomy ¢oTo-
rpadousi nony4yaeTcs pasmbITON U HEYETKOW.

) \ )

20kV  X2,000 10pm 0003 1038 SEI

Puc. 4. Boicokonpo6Hasi 30/10muHa
PbIXJIbIX 2UGPOKCUGHbIX ¢hopMm
Fig. 4. A high grade gold grain

of loose hydroxide forms
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O6cyxneHue pe3ynbTaToB

3BECTHO, 4TO 30M0TO SBMSETCA CaMbiM
WHEPTHBIM XUMUYECKUM 3IEMEHTOM U 3aMblKaeT
3NEKTPOXUMUYECKNIA PAd HANPSKEHWA MHOUBW-
AyanbHbIX BELLECTB CO 3HA4YeHMEM cTaHaapT-
HOrO  OKWUCIUTENbHO-BOCCTAHOBUTENBHOMO  MO-
TeHumnana E° = +1,68 B. OgHako noBEpXHOCTHbIE
aTombl 30510Ta 06nagarT NOBbILEHHLIMU 3HEp-
TMAMK, YTO JaeT UM BO3MOXHOCTb B3aMmopgen-
CTBOBaTb C ApyrMMuU 3nemeHTamu, obpasys
MNEHKN OKCMAOB M ruapokcuaos [6]. TonwwmHa
3TUX NSIEHOK MOXET AOCTUraTb 3HA4YeHUn Mo-
psiAka HECKOSIbKUX HAaHOMETPOB, N XUMUYECKUN
COCTaB WX SIBNSIETCA pa3fNMyHbIM, TOr4a Kak Tos-
WMHa NMEeHOK MPONOpUMOHanbHa MacCOBOM
[0ne pacTBOPEHHOTO KNCIOPOAA B OKPY»KatoLLEen
Xuakon nnm razoobpasHon cpege [7]. B obiem
BUAE npeanaraemasi CTPYKTypa CTPOEHWSI Mo-
BEPXHOCTU BbICOKONPOOHOro 3010Ta npeacras-
neHa Ha puc. 5 [7, 8.

B ycnoBusx runepreHe3a noBepXHOCTb Camo-
POAHOrO 30510Ta KOHTaKTUPYET C KUCMOPOAOM U
OKUCNSIETCA BO3OYXOM B MPUCYTCTBUM MOJSEKYS
BOAbl C 06pa3oBaHNEM OKCUAHbBIX CNOEB, COCTO-
Awmx n3 Au20. KonnyecTtso okcuaoB nponopLu-
OHanbHO aKTMBHOCTM KMCMOpPOAa W  OKUCIU-
TeNbHO-BOCCTAHOBUTENBLHOMY MOTEHLUMANy BMme-
watowien cpeabl Eh. Hanbonee HeycTonumsbin
meTacTabunbHbin - dunoneToBbin  okenmg  Au20
(AG° = 13,11 k[Ix/monb) obpasyetca n3 AuOH
npv gervgpartauuy v QucnponopumoHupyeT no
cxeme 3AUt! « 2AU° + Au*3 c obpasoBaHieEM Me-
Tannuyeckoro 3onota Au® n Auz0s [9].

O

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) u
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

Nanee cnegyeT xento-6ypbin okeng Auz0s,
KOTOPbIN 06pa3yeTcs Kak Npu ANCNPONOPLMOHM-
poBaHum Au*t, Tak n npu Gonee rny6okoi aerna-
patauuu, BO3HMKAalOWeW Ha  MNOBEPXHOCTM
Au(OH)s. Yctonumsble manopacTBOpPUMbIE OK-
cugbl Au203 npefoxpaHsaT MUHepansl camo-
POAHOro 3010Ta OT AanbHEWLlero OKUCNEeHWS,
NaccUBMPYIOT MX NOBEPXHOCTb, Aenas ee UHepT-
HOW ONA peakuuid, NpOTeKarLwmnx B 3eMHOW Kope,
B pe3ynbTaTte Yero npMpoaHoe 30510TO He pearun-
pyeT ¢ GONbLIMHCTBOM XUMUYECKUX BELLECTB,
HaXOASALMXCA B 30HE XMMMWUYECKOWN 303NN 3EM-
Hou kopbl. Mnexnka Au203 obnagaeTt cnegyto-
WMMKM  TEPMOAMHAMUYECKMI  NapaMeTpamu:
AG = 78,7 kx/monb, AS = 134,3 [x/monb K
[8-10]. Hambonblien ycTONYMBOCTBIO M3 OKCU-
[0B 0bnafalT 3akpucTannu3oBaBLUMECS CMOM
Au203(Kkp.), UMetloLMe CTaHAaPTHLIM NoTeHuuan
obpasoBanus nbbca (AG® Au203(kp.) = 163,4
kx/monb) n E° = +1,36 B. Hanunuue cnos okcu-
[0B Ha CaMOPOAHOM 30110Te MOATBEpXAaeTcs
3NEKTPOXUMUYECKMU U XUMUYECKUMU  METO-
LaMu “ccnefoBaHus BeLwecTB No NposiBNSEMbIM
“MK CBOWCTBaM [7].

Mpn B3aumogencTBuM C BOOOW MUNWU yBRaxX-
HEHHbIM BO3ayXOM okcuabl Auz203 rugpatupy-
l0TCS, BCNEACTBUE YEro UX BHYTPEHHAS SHEPrus
MOHMXaeTcs A0 3HaYeHun AG® = 78,7 k[x/monb
n obpasylTCsa pbixnble amgOTEPHbIE MAPOK-
CUAbl KPACHO-XKENTO-KOPUYHEBOTrO LiBETA, UMELD-
wme opmynbl Au(OH)s nnu Ha[AuOs]. Mpu aTom
CTaHOAPTHbIA  OKUCIUTENBHO-BOCCTAHOBUTESb-
HbI MOTEHLUMan TakxXe CHUXaeTcsa OO0 3HaYeHuin

H.0

. IS

A0z Au*?

c

AG=1634 E"=+136

- I

a Au Au?

AG =10 E® = +1,68

Puc. 5. Cmpykmypa nogepxHOCMHO20 CJ1051 NPUPOOHbIX 8bICOKOMPOOBHLIX 30/I0MUH
caMopodHO20 30/10Ma Mo HanpaseJsieHUr K 8HEWHEMY CJIOH:
a — Xe/imoe Memarnu4yeckoe 30/10mo co cmeneHbto okucneHus Au®; b — gouoriemossiti okcud Au,0
OKUCNEHHOU hopMbl AU™L; € — Xenmo-kopuyHeabili okcud Au,03 okucrieHHOU ¢hopmbl Auts;

d — KpacHo-xesimo-kopuyHesbill 2udpamuposarHbili okcud Au(OH)s unu Hs[AuOs] okucneHHol ghopmbl Auts
Fig. 5. Structure of the surface layer of natural high grade gold grains of native gold towards the outer layer:
a — yellow metallic gold Au®; b — violet oxide Au,O of the oxidized form Au*l; ¢ — yellow-brown oxide Au,0O3
of the oxidized form Au*3; d — red-yellow-brown hydrated oxide Au(OH)s or H3[AuQ3] of the oxidized form Au*?
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E° = +0,7 B » noBepxHOCTb CTaHOBUTCS Gonee
XUMUYECKM aKTUBHOW, OTKpbIBas BO3MOXHbIE Ba-
PUaHTbI AN1S peakunii — NpUCcoeaunHeHus, 3ame-
LLleHns 1 pacTBopeHus [8].

B 30He runepreHesa npu 3HaveHusax E° < +0,7
B npowcxoasT peakuumn npucoeamHeHns n obpa-
3yl0TCS NMEHKN BbICOKONPOOHOro 30510Ta, KOTO-
pble aBTopbl paboT [11-13] Habntoganwu npu oca-
XOEeHUM 3050Ta U3 pacTBOPOB, MOITOMY ANA
30Hbl OKUCMEHHbIX pyA XapakTepHa npoba Bbille
cpeaHerd Mo MECTOPOXOEHUI W [axe Bbllle
cpeaHew ero npobbl AN CamMUX OKUCHEHHBIX pyA.
O6pasoBaHne Ha 30M0TUHKAX MMEHKN BbICOKO-
NPoBHOro 30510Ta AaHHbIE aBTOPbl CBA3bLIBAKOT C
NPOLLECCOM 3NEKTPOXUMUYECKON KOPPO3uK Mpw
Hanu4uMyM B BOAHOM NOTOKE OKUCIUTENEN U KOM-
nnekcoobpasosatenen. OgHako npeacTaBneHne
tO.11. UBeHceHa n B.W. JleBuHa o pocte 3onotu-
HOK He MMeeT NPaKTUYEeCKOro 3HavYeHus BCrea-
CTBME BO3AENCTBUA MasblX KOHLEHTpauui 30-
noTa B MPeCHbIX NOBEPXHOCTHbIX Bodax Mpuamy-
pba nopsiaka 2,510 monb/am3, koTopble uva-
CTUYHO 0OpasytoTcs M3 OTpaboTaHHbIX rMApPo-
TepMasibHbIX pacTBOpoB [14].

Takke nNpu 3HAYEHUSX OKUCIUTENbHO-BOC-
CT@HOBUTENbHBLIX CBOWCTB cpeabl Eh < +0,7 B
BO3MOXHbI peakuun YKpynHeHWs 30MoTa, Koraa
B3aVMMOLENCTBYOT OKCUAHBIE CIIOM NOBEPXHOCTY
30/10TUH, 30M10TO-KUCNOPOAHbIE CBSA3U 3aMeHs -
0TCA MEeTanNM4YeCKUMM 1 Npu 3TOM BbIZENATCS
aTOMapHbIN KACIOPOA W TennoBas 3Heprus, no-
CKOMNbKY BHYTPEHHSIS 3HEPrUS CBSI3M «30M0TO —
305n0T0» obpalyaetcs B HOMb. Mpouecchl MuHe-
panoobpasoBaHNs OCYLLECTBASKTCA Ha OKUC-
NEeHHbIX hopMax 3apoAbILLEBbIX KPUCTANNOB MU-
HeparnoB 30M10Ta W NPOTEKaKT C 3aMETHbLIMU CKO-
POCTAIMM MNP NOBbILEHHbIX KOHLeHTpauumsx. Kn-
HETUKa MWHepanoobpa3oBaHWs ONUCHIBAETCS
Teopuen GUHapPHbIX CTONMKHOBEHWIA, U CKOPOCTb
peakLmu NponopuynoHanbHa BEPOSTHOCTU CTOSK-
HOBEHWIN aTOMOB 30510Ta, OTHECEHHbIX K 0OLEMY
KONMYeCTBY CTOSIKHOBEHUI BCEX aTOMOB XWUMM-
4eckmx anemeHToB B cucteme [14, 15].

Peakunn 3ameLleHns NnpoTeKaroT B LUMPOKOM
WHTEPBANe OKUCNUTENbHO-BOCCTAHOBUTENBHOMO
noteHumana cpegpl Eh > +0,36 B 30HbI runepre-
HEe3a ANns MHOrOYMCIEHHbIX MOHOB, reOMeTpuYe-
CKMe W 3HepreTMYecKkme XapakTepuCTUKM KOTO-
pbix 611M3KkK K MoHaM 3omoTa. B nepsyto oyepenp
310 GnaropofHble MeTannbl, cpeau KOTOpPbIX

2021;44(1):39-47

Hanbonee pacnpoCTpaHEHHbIM $SBNSETCA Cce-
pebpo Ag*, a Takke MOHbI mean Cu?*, UMHKa
Zn?*, CTpOHUMS Sr¥* v psa OpYrMX SNeMeHTOB
[16, 17].

MNpn  3HAYEeHWsIX [OCTUraemMoro  OKUCIU-
TeNbHO-BOCCTAHOBMTENBHOMO NOTEHUMANa BHELW-
Hen cpeapbl Eh > +0,7 B HaumMHaeTcs obnactb pe-
aKUMA pacTBOPEHWSI MOpPaTMPOBAHHBLIX OKCWA-
HbIX CIOEB 30510Ta, KOTOPblE NPOUCXOASAT Kak
B MOA3EMHbIX, TaK 1 B MOBEPXHOCTHbLIX BOAAX.
Tak, poxgesast Boga MMeeT peasibHbIA OKUCIU-
TENbHO-BOCCTAHOBUTENbHLIN ~ NOTeHuman Eh
+(0,6-0,8) B, ckannuBasiCb Ha 3eMHON NOBEPX-
HOCTW, B 3aBUCMMOCTM OT NOACTUNALLMX NOpoa
OHa npuobpeTtaeT cnabokucnbii Xapaktep C
pH = 5-7 unun cnaboocHOBHON xapaktep ¢ pH =
7-9 [15, 18]. PacTBopssicb B HEN, aTMOCEPHBIN
KUCMOPOA MOBbLILIAET OKUCIUTENbHO-BOCCTAHO-
BUTEmNbHbIN NOTeHUnan pana cnabooCHOBHOM
cpeabl 4o Eh +1,24 B, ons cnabokucnon cpeabl —
o Eh +1,23 B. 3HayeHne makcmarnbHO BO3MOX-
HOro0 HachblleHnss aTMOCEPHBLIM KMUCIIOPOAOM
Takux Bog coctaBnset +2,07 B 3a cyeT KOHUEeH-
Tpauuu pacTBopeHHoro kucrnopoga 10 mr O2/am®
M KOHLEHTpauum pacTBopeHHoro o3oHa 0,8 mr
Os/am? [15, 19]. PacTBopeHHble (hopMbl 30510Ta
00pa3yoT KOMNMEKCHbIE COEONHEHNSI C KOOPAM-
HALMOHHbIM YACNOM 4 ANst KOHUEHTPUPOBAHHBIX
PacTBOPOB M KOOPAMHALMOHHBIM YMcriom 6 ans
pa3baBneHHbIX pacTBOPOB. KoMnnekcHoe cocTo-
HMe pacTBOPEHHbIX hopM Au*3 u Au*! cTabunu-
31MpyeTcs B NPUPOAHbIX BOAOTOKAX 3a CHET NOHU-
XEHUSI CTaHOapTHbIX 3HavyeHun E° npu obpaso-
BaHWM 3TUX COEAMHEHWA U MOXET ANUTENbHO
CywiectBoBaTb B ruapocgepe npu NOCTOSHHbIX
3HAYEHUAX (PU3MKO-XUMUYECKMX BENNYMH Eh 1
pH [20].

3akntoyeHue

YCTaHOBMBLLEECS TEPMOAVHAMWNYECKOE paB-
HOBECWe PacTBOPEHHbLIX M MUHEPanbHbIX OPM
3onot1a ans MNpuamypbs MeeT NOCTOSHHbIE 3Ha-
YEHWs:: CaMOpOaHble MUHepanbHble (hOpMbl 30-
nota 3aHumatoT 95,5 %, 4,5 % npuxoamTca Ha
CYyMMY OKMCMEHHbIX hopm 2,5 n 2 %-x pacTtso-
PEHHbIX MUrpupytowmnx ¢opm 3onota B [lpu-
aMypCKOW reOXMMMUYECKON NPOBUHLMK. Pr3MKo-
XUMUYeckne napameTpbl BMELLALWeEN npupog-
HOW cpedbl GnaronpuaTHbl Ans  NpPOLEeccoB
BOCCTAHOBMEHNS, MUHepanoobpa3oBaHus, rae
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CKOPOCTU peakLun BOCCTAHOBINEHWS NPEBbILLAOT
ckopocTn peakumn okucnenus: Cox | Ceoe < 1
[19, 21].

Pestomupys BbILLEN3NOXKEHHOE, MOXHO KOH-
CTaTUpOBaTb, YTO MOBEPXHOCTHBIV CION NPUpPoa-
HbIX 30S/10TUH COCTOMUT M3 aTOMOB M XUMWUYECKMX
COeAMHeHu 3onoTa, obnajarLwmx noBbILEH-
HbIMW 3HAYEHUAMW BHYTPEHHEN 3HEPrun, KOTO-
pble MOMHOCTLIO ONPeAENsoT Kak CTPYKTYpY, Tak
W NPOSIBMISIEMbIE XMMWYECKME CBOMCTBA JTUX
NPUPOAHBLIX MUHepanos. MNpu 3TOM cyLlecTByeT
onpeaeneHHas 3akOHOMEPHOCTb B YepeaoBaHUK
CTPYKTYPHbIX MOBEPXHOCTHbIX COEB: UHEPTHbIV
CNOV METanIM4Yeckoro 30n0Ta NoKpbIBaeT Mpo-
MEeXyToyHas mMeTtacTabuiibHas rpynna aTtomoB
Au*l, koTopas gucnponopuuoHupyeT Ha Gornee
okucneHHoe Au*3 n metannuyeckoe Au’. Cnoii
okcmaa Au203 MOXET 3aKpUCTanN30BbIBATLCS U
06pa3oBbIBaTb NPOYHYHO MIEHKY, NPeaoXpaHso-
LYK OT B3aWMOLENCTBUN C XMMWUYECKUMM dfie-
MEHTaMK, a Takxe BbICTynaTb B BuAe 3aTpaBKu
ANS pocTa MUHepana u3 pacTBOPEHHbIX MOHOB
30510Ta UNW Ans yKpynHEHUs 30N0TUH Npu B3au-
MOZENCTBUM OKCUAHBIX cnoeB Au203 pasnmnyHbIX
yactuu. M'mapatnpyacb B 30He runepreHesa, ok-
CUAHBIN cron obpasyeT pbixnble (oparMeHTbl am-
coTepHbIx rmapokenaoB Au(OH)s nnu H3[AuOs],
KOTOPbIE, PACTBOPSISICh, CNYXAT MCTOYHUKOM MK-
rPaLMOHHBLIX (DOPM KOMMMEKCHbIX COEAUHEHUN
3onora [19, 22].

Ob6pasoBaBLUMECS CTPYKTYPHbIE CMOWN OKCU-
[0B W M’MAPOKCUAO0B MOTYT ObITb NErko yaaneHsbl
C MOBEPXHOCTK 30510Ta MEeXaHU4YeCKUMU, drek-
TPOXUMUYECKUMU N XUMUYECKUMU METOAaMMU
[23, 24].

Ha ocHoBe pesynbTaTtoB NpPOBEOEHHOrO
NccrnegoBaHWs MOXHO caenaTb  criegytowve
BbIBOABI:
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1. YcTaHOBMNeHa MHOrocrionHas CTpykTypa
NOBEPXHOCTU BbICOKOMPOOHbLIX MWHEpanoB ca-
MopoAaHoro 3o51oTa lNpuamypbs Co crnegyowmmm
YPOBHSIMY:

— MOrpaHNYHbIN CNOM C HYNEeBOW CTEMNEHbLIO
okucneHua Au® B chopMe MeTannmnyeckoro 3o-
noTa XenToro LBeTa;

— OKCWAHbIA CNON CO CTENEHbI) OKUCMEHUS
Au*! B hopme Au20 hroneToBoro LBeTa;

— OKCUAHbIA CNON CO CTENEHbI OKUCMEHUS
Au*3 B hopme Au203 XenTo-KOPUYHEBOTO LIBETA;

— IMAPaTUPOBAHHbIN OKCUAHBIN COW CO CTe-
neHblo okucrnenns Au*® B dopme Au(OH)3
KPaCHO-XeNTO-KOPUYHEBOrO LiBeTa.

2. MeTOOOM 3MEKTPOHHON MUKPOCKOMUU Bbl-
[eneHbl BHEWHWe CTPYKTYpbl MOBEPXHOCTU —
MNOTHbIE OKCUAHbIe cnon hopmbl Auz03 1 pbix-
nble rugpaTupoBaHHble cnon gopmbl Au(OH)s,
TOr4a Kak BHYTPEHHWE Crou MEeTanMyeckoro u
OQHOBANEHTHOro 30/10Ta He NPOCMaTPUBAOTCS.

3. MeTogom TepmoaMHAMUKM OnpeeneHb
3HaYeHNs1 CTaHAAPTHbIX OKWUCIWTENbHO-BOCCTa-
HOBUTENbHbIX NOTeHUManoB E°, onpegenstoLmx
UX PU3NKO-XMMUYECKME CBOWCTBA:

— ons metannuyeckoro 3onota E°= +1,68 B;

— AN1S1 OKCMAHOTO CMosi CO CTENEHbIO OKMChe-
Husa Au*! B hopme Au20 E° = +0,32 B;

— AN1S1 OKCMAHOTO CMosi CO CTENEHbIO OKMChe-
Hus Au*® B dpopme Au203 E° = +1,36 B;

— ANS TMaPaTUPOBAHHOMO OKCUAHOIO Cosi CO
cTeneHblo okucnenus Au® B cdopme Au(OH)s
E°=+0,7 B.

4. CTpyKTYpa MNOBEPXHOCTU C MOHMXAIOLLLW-
MUCA 3HAYEHUSIMW YPOBHEN OKUCNUTENIbHO-BOC-
CTaHOBUTENBLHOTO Bapbepa 0BBbACHAET reHepu-
poBaHue 1 0bpasoBaHue MUTPUPYHOLLMX (HOPM
30/10Ta B YBNaXHEHHbIX TMMNEPreHHbIX YCNOoBUAX
OKpYXatoLLien NpMpoaHOW cpeapbl.
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Femmonoruyeckoe U MMHepanoro-netTporpadguyeckoe
uccrnenoBaHue cepneHTMHUTOB BocToyHoro CasiHa

© A.A. AuucumoBa?
3 pKymcKul HauuoHarbHbIl uccrnedogamernbCKuli mexHuYeckul yHusepcumem, 2. ipkymck, Poccus

Pe3srome: Llenb gaHHOro nccnefoBaHus 3akiioyanach B 3y4eHUn MUHEPanoro-neTporpaddniyeckmx xapakTepucTuk cep-
neHTUHUTOB BocTouHoro CasiHa Ans BbiSIBNEHNS UX Hanbornee AekopaTMBHbLIX pasHoBuaHocTeln. ObbekTamm nccnenosa-
HUS SBNSINUCL 06pa3sLbl CepneHTUHUTOB YnaH-X0o4MHCKOro 1 XOXIOpTOBCKOro MecTopoxaeHuin BoctouHoro CasHa. O6-
pa3ubl B KONMYECTBE LUECTM LWITYK M3y4anucb MaKpOCKOMUYECKM, 3aTEM 13 HUX ObIN cAenaHbl NONIMPOBAHHbLIE MNACTUHBI
ANS reMMOJIOMMYECKOro M3y4eHns 1 LWNndbl 4nst MUKPOCKOMMYECKOrO UccneaoBaHus. Bee nccnegoaHms NpoBOAUMIUCE B
HayuHo-nccnepoBatensckon nabopatopum reMmonorum VpkyTCKoro HauMoHanbHOro UCCneaoBaTeslbCkoro TEXHUYECKOro
YHMBEpCUTETA C UCMONb30BaHNEM CTaHAAPTHbIX FEMMOIOrMYeckux MeTogoB. lMeTporpaduyeckoe nsyyeHue Wwnmndgos npo-
BOAMMOCH C NOMOLLbI MUKpockona Axio Lab Al. Makpockonuyecku Gbinu BblgeneHsl ABe OCHOBHbIE AEKOPATUBHbIE pas-
HOBWOHOCTN CEPNEHTUHUTOB: NATHWUCTbIN CEPNEHTUHNT ronyboBaTo-3€MEHOTO LiIBETA U MAaCCUBHbIM CEPNEHTUHUT LiBEeTa OT
TEMHO-3eM1eHOro 40 YepHOro. MaTHMCTas TeKCTypa CepneHTUHUTa 0ByCnoBneHa MHOTOYMCNEHHBIMW BKMIOYEHUSMU PYA-
HbIX MVUHEpPanoB — MarHeTUTa 1 OKCUAOB xenesa. TeepaocTts ero — 4,5 no wkane Mooca, 6neck — matoBbIin. Takxke Obinu
nosnyyeHbl AaHHble 06 OCHOBHbLIX FEMMOOTMYECKMX XapaKTepucTukax obpasLoB, COOTBETCTBYOWME pe3yfbTaTam yxe
ony6nMKoBaHHbIX UCCMNEAOBaHNI CEPMNEHTUHMTOB IOBENMPHOIO Ka4YeCcTBa M3 ApYyrix MecTopoxaeHnii. Ha ocHoBe aHanusa
MUKPOCTPYKTYPbI U MUHEPANLHOTO COCTaBa ceprneHTMHUTOB BocTouHoro CasiHa 6o BbISIBNEHO MX COOTBETCTBUE MSATHU-
CTbIM ¥ MacCVBHbIM AeKOPaTMBHLIM Pa3HOBUAHOCTAIM CEPNEHTUHUTOB APYrMX MecTopoxaeHuin Poccumn. B gaHHbIN MOMEHT
3TOT MaTepuan He OLEeHeH Mo AOCTOUHCTBY, XOTS BMOSHE MOXET NPUMEHSATLCS B KA4YECTBE CKYNbNTYPHOIO M OBENNPHO-
NOAENOYHOro AEKOPATUBHOTO KaMHS.

Knro4yesnle crnosa: CEePNEeHTUHUT, aHTUTOPUT, XPU30TWUN, TN3apanT, MeTaMOp(bVISM, MeCTOpPOXAEHNA BoctouHoro CasHa

Ans yumupoeaHus: Auucumosa A.A. FemMonornyeckoe N MuHepanoro-neTporpaguyeckoe ccnefoBaHne cepneHTu-
HutoB BocTouHoro CasHa. Hayku o 3emne u Hedpornonb3ogaHue. 2021. T. 44. Ne 1. C. 48-55. https://doi.org/10.21285/
2686-9993-2021-44-1-48-55

Gemological and mineralogical-petrographic
study of the Eastern Sayan serpentinites

© Aleksandra A. Anisimova?
3lrkutsk National Research Technical University, Irkutsk, Russia

Abstract: The purpose of the research is to study the mineralogical and petrographic characteristics of the Eastern Sayan
serpentinites in order to identify their most decorative varieties. The objects of the study are the samples of serpentinites
from the Ulan-Khodinskoye and Khokhurtovskoye deposits of the Eastern Sayan. Six samples were studied macroscopi-
cally then polished plates were made from them for gemological examination and thin sections for microscopic examination.
All studies were carried out using standard gemological methods at the Gemmology Research Laboratory of the Irkutsk
National Research Technical University. The petrographic study of thin sections was carried out using an Axio Lab Al
microscope. Macroscopically, two main ornamental varieties of serpentinite were identified: spotted bluish-green serpen-
tinite and massive serpentinite of the color from dark green to black. The spotted structure of serpentinite is determined by
numerous inclusions of ore minerals including magnetite and iron oxides. Its hardness is 4.5 on the Moh’s scale, its gloss
is matte. The data on the main gemological characteristics of the samples corresponding to the results of already published
studies of gem-quality serpentinites from other deposits were also obtained. Having analyzed the microstructure and min-
eral composition of the Eastern Sayan serpentinites, their correspondence to the spotty and massive decorative varieties
of serpentinites from other Russian deposits was revealed. At the moment, this material is not duly appreciated, although
it may well be used as a sculptural and jewelry-ornamental decorative stone.

Keywords: serpentinite, antigorite, chrysotile, lizardite, metamorphism, Eastern Sayan deposits

For citation: Anisimova AA. Gemological and mineralogical-petrographic study of the Eastern Sayan serpentinites. Nauki
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BeeaeHue

CepneHTMHUTaMK HasbIBaOTCA FOpHbIe MNo-
poAbl, NpeacTasnswoLwme cobon NPoAYKT perno-
HaNbHOrO UMM KOHTAKTOBOro MeTamopduama 6o-
raTblX MarHueMm ynbTPaoCHOBHbIX UK kKapboHaT-
HbIX nopoa’. B OCHOBHOM OHUM COCTOSAT U3 MUHE-
panoB rpynnbl COUCTOrO CUMKata MarHus —
CeprneHTMHa: Xpu3oTuna, aHTuropuTa, nusap-
avtaun ap. [1]. XpusoTtun u nusapaut uMmeroT nae-
anbHYK CrouCTyl0 CTPYKTypy. B aHTuropute
CNOV NOCTPOEHbI U3 rpynn TeTpasapos, pasBep-
HYTbIX TO BBEPX, TO BHM3 OT NSIOCKOCTU crnosi. B
XpW30TUIIE CNOW CBEPHYTHLI B TPYOKY. QTN MUHE-
panbl NpeacTaBnsalT coboW CKpbITOKpUCTanu-
yeckvne amopHble Macchl benoro, xenToro, 3e-
NEHOro uBeTa unu nectpomn okpacku. MNpu nepe-
Kpuctannmsauum obpasyoTcs BOMOKHUCTbIE ac-
BectoBugHble arperatbl xpusotuna. Mopdono-
rmyeckass pasHOBWOHOCTb CEpreHTUHa, npea-
CTaBfieHHas COOTHOLUEHMEM aHTUropuTa v nnm3a-
pouTa, obycnaBnmBaeT CTPYKTYPHblE OCOBEHHO-
CTW CEPNEHTUHUTOB, a TaKXe BNNSET Ha HEKOTO-
pble OU3NKO-MeXaHNYECKNE CBONCTBA, Tak1e Kak
nopucTocTb [2]. B cocTaB cepneHTUHUTOB Kpome
MUHEpPanoB CEPNEHTUHOBOW rpynmbl MOTYT Takxe
BXOAUTb MarHeTuT, TPEMONUT, remaTuT, aNugoT,
kapboHaTt, Tanbk W Apyrve. PasHoobpasHas
oKpacka CeprneHTMHUTOB 0bycrnoBrieHa npume-
CAMW TapHWepuTa, PeBAMHCKUTA, KaonuHWTa K
APYrUX rMHUCTBIX MUHEPanos.

[ina GonblUMHCTBA MUccnenoBaTenen OCHOB-
HOW MHTEpPEeC CEPNEHTUHUT NPEACTaBNSAET KaK UC-
TOYHVK HedbpuTa [3—6]. OgHaKo 1 cam cepneHTy-
HUT LUMPOKO UCNONb3YeTCs B KayecTBe Aekopa-
TMBHOrO Matepuana. [logenoyHas pasHoBMA-
HOCTb CepNeHTUHUTA UMEET Ha3BaHWe 3MEeEeBWK
(OT nar. serpens — «3mes»). Takke CyLLecTByOT
Apyrue HasBaHUsi KaMHS B 3aBUCUMOCTU OT €ro
Pa3HOBUOHOCTEN, TaKne Kak MOXOBMK, KOPENCKUI
Xap, cepneHTUHoBbIM xagd u np. [7, 8]. MuHe-
panbl rpynnbl CEPNeHTUHA HApPSAY C KanbUUTOM,
CepuUMUTOM, TanbkoM ¥ KBapLEeM MOryT BXOAUTb
B COCTaB HedputonogobHOW Nopoabl, Ha3BaH-
HOM 3apybBexHbIMU nccnegoBaTensaMm «ncesao-
xag» [9]. Okpacka 3ameeByKa Yalle SBNseTCs 3e-
NEHON N UMeeT pasnuYHble OTTEHKU, HO MOXET

2021;44(1):48-55

ObiTb 1 xenTton, ronybosaton. boBeHUT — npo-
cBeumBawLWmi b6negHo-3eneHbin, Kento-3ene-
HbIM 00 ronyboBaTO-3€NEHOr0 TOHKO3EPHUCTLIN
MacCVBHbIA MaTepuan, WHorga npocBevuBalo-
WM. BunbsMcuT — CBETIbIA U TEMHBIA ronybo-
BaTO-3€MEHbIN MUHeparn, Hepeako NpocBeYuBa-
lOLLMIA, BCTPEYaeTcs B accoumaLm ¢ XpoMUTOM,
0ObIYHO COAEPXKMUT BKIOYEHMS ATOrO MUHEpana
n 6enoro 6pycuta. Pukonut — nonocatbin cep-
NeHTUH 6negHo- M TEMHO-3eM1eHOro LBeTa, Mac-
CuBHbIW. Nopuennodut — HenpospayHbin ap-
(bopoBUAHBIN CEPMNEHTUH 3ENEHLIX OTTEHKOB. Pe-
TUHONUT UMEET TEMHO-XENTYK CO CMOMUCTbIM
Bneckom okpacky. CaTenut — BONIOKHUCTLIN Cep-
MEHTUH C a(ppeKTOM Kolaybero rnasa. BepaaH-
TUK — CeprneHTUHWTOBas nopoda TeMHO-3ene-
HOrO LiBETa C NPOXWIkamu Kanbuuta2,

CepneHTMHMT obpabaTtbiBaeTca nerko
MArKO 3a cyeT Hebonblon TBEpAocTM (2,5-3,5
no wkane Mooca). OH 4OCTaTOYHO BA3OK, HEYYB-
CTBUTENEH K HarpesaHuto. Hanbonee npoceeun-
BalLue pasHOBUAHOCTM 3MeeBMKA MOXHO rpa-
HUTb. Bnarogaps CBOWM BblpaXeHHbIM [AeKopa-
TUBHbIM CBOWCTBAM 3TOT KaMeHb MaeanbHO noa-
XOAUT Ons pe3bbbl, a Takke UCNONb3yeTcs Kak
NOAENOYHLIN W AeKopaTUBHO-0BMLOBOYHBIN
maTepwuan. Tak, Hanpumep, B EBpone 13 cepneH-
TUHa M3roTaBnMBanM CTOMELHWLbI, Basbl, CO-
cyabl. B Poccumn 9T0T kKaMeHb NpUMEHSNCS npu
U3roTOBSIEHUM KAMHEPE3HbIX N34eNnn 1 BO (hro-
PEHTUICKON Mo3anke Ans OBMULIOBKN UHTEpbe-
POB BO ABOPLAX B COMETaHUU C APYrUMU MUHE-
panamu 1 meTannom. YpanbCkue CepneHTUHUTDI
MCNOSb30BaNUCh Ans 0BNNLOBKMA KONOHH, apXu-
TEKTYPHBIX COOPYXXEHWN N BHYTPEHHEN OTOENKM
3gaHui ([Bopeu Ccbes3goB, CTaHUMM METPO B
MockBe), a Takke B Ka4ecTBe No4esIo4HOro Ma-
Tepuana Ans CyBEHWPHbIX KaMHepesHbIX u3ge-
nun [10].

PasHoobpa3sne TEKCTYpbl, OKPACKM U PUCYHKA
CEPMNEHTMHOB HaNpsIMyto 3aBUCUT OT UX COCTaBa
U cTpoeHus. o TeKCTYpHO-AeKopaTUBHLIM Npu-
3Hakam J1.C. lNyTonosa v Ap. BbIAENAOT YeTbipe
TUNOBbLIX PA3HOBUAHOCTW:  KPYMHOMNATHUCTBIN,
MENKONATHUCTbIN, MATHUCTO-NONOCYATLIN («CTPYW-
4aTbli») U NPOXUIKOBO-NATHUCTLIN CanaToBbli
cepneHTuH [11].

! MuHepanbi: cnpaBoynnk. B 7 1. T. 4. Bein. 1. CUnukaThbl CO CTPYKTYPOW, NEPEXOAHON OT Lierno4eyHow k criouctoir. Crioun-
CTble CUnuKaThl (KAOSIMHOBbIE MUHEPATbI, CEPNEHTUHbI, MMPOUINNT, Tanbk, cntogsl). M.: Hayka, 1992. 599 c.
2CepneHTUH 1 cepneHTUHUT // LiBeTHble kamHu TpaHcbaiikanbckoro permoHa [AnekTpoHHbIn pecypc]. URL: http://lavrovit.ru

(10.12.2020).

leonorusa, nouckn u passegka MECTOPO)KHBHVIﬁ nosie3HbIX UCKOoNaeMbIX | 49

Geology, Prospecting and Exploration of Mineral Deposits


http://lavrovit.ru/

2021;44(1):48-55 |

KpynHONSATHMCTbIN CepneHTUH 0bnagaeT KoH-
TPACTHOW, NATHUCTON OT CBETNO-3eneHon (cep-
MEHTUH) OO TEMHO-3eMeHOW (XJI0pUT) U MOYTK
YepHOWN (pyaHbIii MUHEpan) oKkpackoii. MsaTHa ero
HeKpynHble — 1-2 cMm. [NaBHble MUHEpPanbl 3TON
Pa3HOBMOHOCTU — CEPMNEHTWH, MarHeTUT, XIOPUT,
BTOPOCTENEHHBLIM SABMNSAETCH PENUKTOBLIN OfNK-
BWH. 3a CYET NPUCYTCTBUS TOHKOAUCNEPCHBIX Ya-
CTUL, pyOHOro MaTepuana T8epgoCcTb 3MeeBuKa —
okono 4 no wkane Mooca. OH cnabo npocseyu-
BaeT B NMlaCTMHAX TOMLWWMHON 40 5 MM U TOHKMX
ckonax. CTpykTypa ero obycnosneHa anoonunsu-
HOBbIMM BnacTonopdupoBLIMIA  BbIAENEHUAMMU,
npeactaBfneHHbIMM 6aCTUTOM, XMOPUTOM U Mar-
HETUTOM. MUKPOCTPYKTYypa — HesicHoneTenb4a-
Tasl, HesAicHopeLleTyaTas, BonokHucTas. [aHHas
Pa3sHOBMAHOCTb UCMOMb3YETCS B KAYeCTBe Noae-
NOYHOrO U OEeKOPaTUBHO-0B/IMLIOBOYHOIO BbICO-
KokayecTBeHHoro matepuana. OCHOBHbIE MECTO-
poxaenus: Yycosckoe (Ypan, Poccus) un Kyronb-
ckoe (Kamuatka, Poccus).

MenKkonaTHUCTbIA CEPMNEHTUH UMEET TEMHO-
3eMeHy0 OKpacKy ¢ BOMOTHbIM OTTEHKOM. [po-
CcBeYyMBaeT B nnactuHax tonwuHon 4-5mm. K
rMaBHbIM MWHEpanaMm AaHHOW pPa3sHOBUAHOCTM
OTHOCSITCA1 CEPMNEHTUH, XJIOPUT, MarHeTuT, XIo-
MUT, BpenHepuT, K BTOPOCTENEHHBIM MUHEpa-
nam — nUpUT, TMAPOKCMAbI Xenesa, amdgubon.
MenKkonsaTHUCTbIN CepneHTMH obnagaeT neTenb-
4yaToN, AYEWUCTON, peLleTyaTon, NnonepeyHo-Bo-
NOKHUCTON MUKPOCTPYKTYPON. M13r1om ero Hepos-
HbI, Breck — MaToBbIN 40 XUPHOro. TBEpaoCTb —
3-3,5 no wkane Mooca. Ha TemMHo-3eneHom
thboHe BUAHBI NPOXMINKN MarHeTuTa pa3amepom 8—
10 mm. KameHb npumMeHsaeTcs ans 4ekopaTuBHO-
06MMLOBOYHLIX paboT, a Takke UCNonb3yeTcs B
KayecTBe MOAENOYHOro matepuana. Mectopox-
AeHve: HarganuHckoe (Asepbangxan).

[aTHMCTO-NONOCYaTLIN «CTPyAYaTbI» Ccep-
MEHTWH OTNMYaeTCs HepaBHOMEPHOW OKPacKoW B
CEpoBaTO-3eNEHHbIX TOHAX. [MaBHbIE €ro MUHe-
panbl — CepneHTyH, kapboHaT, MarHeTuT, Tanbk,
XNOPWT, @ BTOPOCTENEHHbIE — WOANHICUT, LIOW-
3uT, npenut. He npoceeunsaet. MUKPOCTPYKTY-
pa — bnactonopduposas, rpaHobnacrosas, BO-
NOKHWCTas, NucToBast. 3nom — HepoBHbI A0 3a-
HO3MCTOro. bneck — MaToBbIN [0 XMPHOro, 3a
cyeT kapboHata mHorga MOXeT OblTb CTEKMsH-
HbIM. Ha 3eneHom coHe HabnopaTcs Menkue
NATHa pa3mepamu 40 8 MM CBETIIO-CEpOro, Xen-
TOro UBeTa MnNu uBeTa OT TEMHO-3efleHOro Ao
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4yepHOoro. PUCYHOK JONOMHSAETCS CBETNO-CEPbIMU
UNW XENTOBaTbIMU TOHKUMW NPOXWUIKaMK Kanb-
uMTa, a Takke BKMOYEeHusSMU cepebpucTo-ce-
poro marHetTuta. JTOT KaMeHb — OEeKOPaTUBHO-
006nMuUoBOYHbIA.  OCHOBHOE MECTOPOXAEHME:
[Llabposckoe (CpegHuin Ypan, Poccus).

[MpOXUNKOBO-NATHUCTLIN  CanaToBbI  Cep-
NeHTUH — BnegHo-3eneHbIn ¢ canaTtoBbiM (du-
CTaLUKOBbLIM) (hOHOM 1 Gonee TEMHbIMU NATHAMM
pa3Mepom A0 3 MM B nonepeyHuke. [MnasHble ero
MUHepanbl — KanbUuT, CUAEPUT, XPU30TUI, cep-
NnoguT, 9NUAOT, BTOPOCTEMEHHbLIE — XIIOPUT,
TanbK, NPeHUT, cdeH, onueuH, amduodon, rua-
poKCUAabl Xenesa M MapraHua. He npocseuu-
BaeT. VIMeeT BOMOKHUCTYI0 MESIKONMUCTOBATYH
MUKPOCTPYKTYPY.  [leKkopaTUMBHOCTb  AaHHOro
KaMH$1 MOBbILLAKT AEHAPUTLI MapraHua. Micnonb-
3yeTcs kak NoAenoYHbIN U AekopaTnBHO-06nML0-
BOYHbIN MaTepuan. MectopoxaeHue: buptosa-
kaH (Tagxukuctan) [11].

MecTopoXaeHust CepneHTUHMUTA MHOroYMuC-
NEHHbI N O0BObIYHO NPUYPOYEHBbI K M3MEHEHHbBIM
mMaccuBam OCHOBHOMO W YrbTPAOCHOBHOIO CO-
ctaBa [12, 13]. OcobeHHO LMPOKO pacnpocTpa-
HEHbl OHU Ha Ypane, Antae, BoctouHom n 3a-
nagHom CasiHe, Xamap-[labaHe n B Apyrux me-
ctax [14]. N3yyeHnem cepneHTUHUTOB BocTou-
Horo CasiHa 3aHMManuMCb MHOMME uccnegoBa-
Tenu. Knaccumyecknmm B 3Ton obnactu aBnstoTcs
pabotbl B.H. JlogoyHukosa [15], M.®. LWecTona-
no.a [16], O.M. 'nasyHoBa [17, 18], H.J1. Jobpe-
uosa u ap. [19].

B BocTtouHbix CasiHax CeprneHTUHWUTBI pas-
NIMYHOTO KayecTBa LUMPOKO pacnpoCTpaHeHbl Ha
MECTOpOXAeHUsAX Hedputa (YnaH-XoguHckom,
XOXIOPTOBCKOM, XamapxyfauHckom). Ha Ynah-
XOAMHCKOM MECTOPOXAEHUN W3BECTHbI MPOsIB-
neHuns 6naropogHoro ceprneHTMHa B Buae marno-
MOLLHBIX OTOPOYEK B KpaeBbIX YacTaX HeppuTo-
BbIX 3anexen. 3MeeBnKM XOXIOPTOBCKOro MeCcTo-
POXOEHWS BeCbMa OOHOPOAHbI, XOPOLIO MPUHK-
MatoT MONMPOBKY, NpuobpeTtas npu 3TOM Npo-
3PaYHOCTb U MPUATHBIN F'YCTO-3€MNEHBIN TOH. 3Me-
€BUKN pa3HOOOpa3Hbl MO CTPOEHUIO M NO TOHAM
OKpackm.

B cBA3M C aKTyanbHOCTbIO BbILLEN3NOXKEH-
HOro MaTepuana Lenbio AaHHOro uccneaoBaHuns
CTano wusy4yeHume MuHepanoro-neTporpadguye-
CKMX XapaKTePUCTUK CEPNEHTUHMTOB BOCTOYHOMO
CasHa ans BbiBNeHUs Havbonee agekopaTue-
HbIX MX PA3HOBMOHOCTEN.

leonorus, noMcku u passegka MeCTOpO)K.EIeHVIVI noJie3HbIX UCKOoNaeMbIX

SOI

Geology, Prospecting and Exploration of Mineral Deposits



AHucumoBa A.A. lTemmonoruyeckoe U MMHepanoro-neTporpadguyeckoe uccnegoBaHue... |

V

O6BbeKkTbl U MeTOAbI
uccnenoBaHus

ObbekTamy NPOBEAEHHOTO MCCNeaoBaHUA
SBNANMCL 00pasubl CepneHTUHUTOB YnaH-Xo-
LMHCKOro 1 XOXHOPTOBCKOro MeCcTopoxaeHuii Bo-
ctouHoro CasiHa. Obpasupl B KONMYECTBE LLECTH
WTYK M3y4anucb MaKpOCKOMUYECKM, 3aTeM U3
HMX ObiMM coenaHbl NONMPOBAHHbLIE MMACTUHBI
ANS reMMOSIOTMYECKOro U3y4eHns 1 Wnindbl 4ns
MMKPOCKOMUYECKOro uccrnegosanus. Bece uccne-
[0BaHWs nposoaunucb B HayuyHo-uccnegoBa-
Tenbckoi nabopaTtopum remmonorum VipkyTckoro
HaLMOHANbHOIO MCCNeaoBaTenbCKoro TexHuye-
CKOro YHMBEpCUTETA C WCMONb30BAHWEM CTaH-
AAPTHBIX rEMMOOrM4ecknx metoaos. lNetporpa-
cunyeckoe u3yyeHue WNINEGOB NPOBOAMIIOCH C

nomMoLLbio Mukpockona Axio Lab Al.

Pe3ynbTtaTthl MccnegoBaHus
1 ux obcyxaeHue
MakpocKkonMyeckn aBTOPOM [aHHOW CTaTbu
BblAeneHbl BE OCHOBHbIE AEKOPATUBHbIE Pa3Ho-
BUOHOCTW CEPNEHTUHUTOB: NATHUCTLIA ronybo-

Anisimova A.A. Gemological and mineralogical-petrographic study of the Eastern Sayan... |
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BATO-3eMNEHbIN CEPNEHTUHUT U MACCUBHbBIA Cep-
NEHTUHUT LiBETa OT TEMHO-3EMEHOr0 10 YePHOroO.
MaTHMCTas TekcTypa cepneHTuHuTa 06YyCcnoB-
NeHa MHOrOYMCIIEHHBIMU BKIIOYEHUAMU TEMHO-
OKpaLLEHHbIX PYAHbIX MUHEPANOB — MarHeTuTa u
OKCWAOoB Xenesa. TBepaocTtb ero — 4,5 no wkane
Mooca, brneck — MaToBbIN.

B xoge pabotbl 6b1M NpoBeAEHbl reMMONo-
rmyeckne uccnegoBaHns NnoMpoBaHHbIX obpas-
LoB. Pe3ynbTaTthl npeactasneHbl B Tabn. 1. MNpu
CPaBHEHWW MOMNYYEHHbIX AaHHBIX C yxe onybnu-
KOBaHHbIMW paHee XapaKTepucTUKaMun HoBeNup-
HOro CepneHTUHUTa 13 MectopoxaeHus Ban Ma-
nexko (Mtanus) [20] oTMevaeTcs psag pasnuyui.
MOoXHO NpeanonoXuTb, YTO Pa3nuyms B OKpacke,
ONTUYECKMX CBOMCTBAX W yAeNbHOM Bece obpas-
LOB 0OYCNnOBfEHbl Pa3nMyneM MUHEpPasbHOro
coCTaBa W HenoCpPeaCcTBEHHO CTPYKTYPHbIM TU-
nom nopogoobpasyoLLero ceprneHTuHa.

Takxe aBTOpoM BbINM NpoBeAEHbI NETpOrpa-
dunyeckne nccnegoBaHns WNMQOB CEPNEHTUHU-
ToB BocTouHoro CasiHa. PesynbTathl [aHHOro
nccnefoBaHus npeacTasneHbl B Tabn. 2.

Tabnuua 1. CpaBHUTENbLHbIN aHanNnW3 reMMONIOrMYE€CKUX XapaKTepPUCTUK

CepneHTUHNTOB KOBEJTMPHOIo KayecTtBa

Table 1. Comparative analysis of gemological characteristics

of gem quality serpentinites

XapaKTeouCTHKa CepneHTUHUT NATHUCTbIN CepneHTUHUT MacCuBHbIN CepneHTnHuT
P P (BocTouHbIn CasiH, Poccus) (BocTtouHbin CasH, Poccus) | (Ban Manenko, Utanus) [20]
Liget CseTnbin ronyboBaTo-3eneHbIN TeMHO-3eneHbIn 3eneHoBaTO-XenThli
Mpo3payHoCTh poceeuvBaoLLmnii lNpoceeunBaoLLmii HenpospauHbiii
Ha rny6uHy 5-6 mm Ha rnybuHy 3-5 mm
Mokasarent 1,561 1,561 1,55
NPenoMIeHus
YnenbHblii BEC 2,63 2,61 2,5-2,67
yj;f;gif::::;ﬁ::ﬂ WNHepTeH WHepTeH WHepTeH

Tabnuua 2. Pesynbtathl netporpacdnyeckux uccnegoBaHuii CepneHTUHUTA
Table 2. Results of serpentinite petrographic studies

MwHepanbHbIN cocTaB
O6pasey MaBHble BTopocTeneHHble OnucaHue
MUHepansl MUHepansl
TekcTypa: naTHUcTan
CrpykTypa: nopcupobnactosasi, YeLLyN4aTO-BOSIOKHUACTAS
OcHOBHas TkaHb MOPOAEI NpeLCcTaBneHa YellynyaTo-BONIOKHUCTLIM
CepneHTUHUT MarHeTut
y Xpusotun 0 arperaTtom CepreHTUHa XpU3oTUNOM, B Macce KOTOPOro pacnpege-
NATHACTBINA 0 (meHee 10 %),
(90 %) NeHbl 3ePHUCTO-NATHUCTLIE CKOMMEHUst MarHeTuta. MarHeTut B co-
C2 OKMCIbl Xenesa y
OvpatenbHOM nepekpucTanusaummn obpasyeT nopdmpobnacTbl
pasmepoM 40 2,5 MM B AnuHY. B nopoge npoxoguT TOHKas ceTb
cybnapannenbHbIX MUKPOTPELLMH, 3ane4eHHbIX OKMCIamm xenesa
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CepneHTUHUT
MacCUBHbII
C5

Xpu3otun
(97 %)

MarHeTtut
(meHee 2 %),
OKMUCIbl Xenesa

TekcTypa: MaccuBHas

CTpykTypa: ToHKOYellynyaTas B KOMOMHALMM C MUKpOCHEPONUTO-
BOWN U paguanbHO-Ny4ncTon; nopcdupobnacrosas (3a cyeT pygHOro
MuHepana)

Pa3mepbl Mukpocheponutos: meHee 0,3 MM

OcHOBHasi TKaHb NOpPOAbI NpefdcTaBneHa XpWU3OTWUIIOM, WMEHLLUM
MPENMYLLECTBEHHO YeLly4yaTo-BONOKHUCTOE CTPOEHME, y4acTkamm
nepexogsliee B MUKPOC(EPONMTOBOE U pafauanbHO-NYYMCTOE.
B macce cepneHTMHa BCTpevaloTcs efauHuyHble nopdupobnacTbl
PY4HOro MMHEpana pa3mepom Ao 2 MM B AnuHy. B nopoge npucyT-
CTBYET TOYEYHOE CKOMMeHWe okncnoB xenesa. OauH 13 nopgmpo-
6nacToB MarHeTUTOB paccekaeTcsl TOHKUMU TpeLLMHamm, 3aneyeH-
HbIMW 3€PHUCTBIM XPU30TUNIOM

Ecnu cpaBHWTL NOMyYeHHble AaHHbIe C NUTE-  MPUYUCANTD K NSTHACTBIM TUMOBBLIM Pa3HOBUAHO-
paTypHbiMK [11], CTaHOBUTCS OYEBMAHBLIM, YTO  CTAM. Tak, Hanpumep, WU MarHeTUT-coaep-
MUHepasbHbIii COCTaB U MUKPOCTPYKTYpa YacTW  allero CEprneHTUHMTA MO KPYMHONATHUCTOM Tek-
ceprneHTMHUTOB BocTouHoro CasiHa coBnagaeT ¢ CType M MUHeparibHOMYy COCTaBy CXOX C Kpyr-
MUKPOCTPYKTYPOW U TEKCTYPO CEPNEHTUHUTOB  HOMSTHUCTBIM TEMHO-3eNEHbIM 3MEEBUKOM W3
paHee PacCMOTPEHHbIX PETMOHOB UM UX MOXHO  YycoBckoro MectopoxaeHus (puc. 1).

a

Puc. 1. CepneHmuHum KpynHonssmHucmbiti meMHO-3€eJ1eHbIl:

a — Xoxtopmosckoe MecmopoxdeHue; b — Hycosckoe mecmopoxdoeHue
Cmpykmypa — yewyliyamo-80/10KHUCMas U 4aCmUY4HO napasiesibHO-80/I0KHUCMas
MuneparnsHbit cocmas: xpusomurn (90 %), mazHemum (MeHee 10 %), xnopum, oKUC/bI Xerne3a, penukmossil 0nU8uH
Fig. 1. Large-spotted dark green serpentinite:
a — Khokhurtovskoye field; b — Chusovskoye field
Structure — lamellar-fibrous and partially parallel-fibrous
Mineral composition: chrysotile (90 %), magnetite (less than 10 %), chlorite, iron oxides, relict olivine

Puc. 2. CepneHmuHuUm MesiKonssmHUCMbIt MeMHO-3€eJ1eHbIU:

a — Xoxtopmosckoe mecmopoxdeHue; 6 — Haz0anuHckoe mecmopoxdeHue
Cmpykmypa — moHKoyewyt4amas 8 KoMbuHayuu ¢ MUKpocgheponumosoli u paduanbHo-yqucmol
MuHeparnbHbIl cocmas: ceprieHmuH (98 %), MazHemum, OKUC/IbI Xenesa, Xaopum

Fig. 2. Finely spotted dark green serpentinite:
a — Khokhurtovskoye field; b — Nagdalinskoye field
Structure — fine-flaked in combination with microspherolite and divergent

Mineral composition: serpentine (98 %), magnetite, iron oxides, chlorite
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CTpyKkTypa W MUHepanbHbI COCTaB oCTarnb-
HbIX WMGOB BNU3KKM C XxapakTepUCTUKamMu Men-
KOMATHUCTOrO TEMHO-3€MNEHOr0  3MeeBMKa U3
HarganuHckoro mectopoxagenus (cM. puc. 2). B
SAYenKkax peleTkn — KPUNTOKpUCTanIM4eckum
CEPNEHTVH ¥ penukToBbin amdudon. O6pasubl
npeacTaBneHbl MacCUBHON TEKCTYPOK, CTPOEHME
UX — TOHKOYeLynyaToe ¢ MUKPOCqeposIMTOBOM 1
paauanbHO-y4YUCcTON CTPYKTYPOMN.

3aknoyeHue
B pesynbTate npoBedeHHbIX UCCNELOBaHMI
aBTOPOM ObInK BblaeneHbl A4Be OCHOBHbIE OeKo-

| 2021;44(1):48-55

paTUBHbIE PA3HOBMAHOCTU CeprneHTUHUTOB Bo-
cToyHoro CasiHa. Ha ocHoBe aHanu3a MUKPO-
CTPYKTYPbl U MUHEPATbHOIO COCTaBa CEpreHTU-
HUTOB BocToyHoro CasiHa Obino BbISBNEHO WX
COOTBETCTBUE NATHUCTLIM M MaCCUBHLIM eKopa-
TUBHBIM Pa3HOBUAHOCTAM CEpPreHTUHUTOB ApY-
rMx MectopoxaeHun Poccun. B faHHbIN MOMEHT
3TOT MaTepman He OLEeHeH No AOCTOUHCTBY, XOTS
BMOSTHE MOXET NPUMEHATLCS B KAYECTBE CKYMbI-
TYPHOrO W tOBENUPHO-NOAENOYHOTO AEKOpaTUB-
HOro kamHsi. B coyetaHun ¢ gpyrumu Bugamu
LIBETHbIX KAMHEW ero MOXHO NPUMEHSITb TaKXKe U
ANst 06NNLOBKM MHTEPLEPOB.
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CoBepLieHCTBOBaHUE KOHCTPYKLUU U cnocoba npuMeHeHUs
3KCKaBaTOPOB C COPTUPOBOYHbLIMU KOBLUAMM

© A.I0. Yeban?

afHemumym eopHoeo Oena [JBO PAH, 2. Xabaposck, Poccus

Pe3stome: Llenbio 4aHHOrO uccnefoBaHus ABNSETCA NOBbILIEHWE NMPOU3BOANTENBHOCTY U S3KOHOMUYECKON 3dhPeKTUBHO-
CTU BedEeHWs rOpHbIX paboT C NPUMEHEHNEM IKCKaBaTOPOB C COPTUPOBOYHbLIMI KOBLLAMW HA OCHOBE BHEAPEHUS HOBOTO
TEXHUKO-TEXHOOMMYECKOro PELLIEHMUS, PacLLMPSIOLLLEro (hYHKLMOHaNbHbIE BO3MOXHOCTW 06opyaoBaHus. B xoge neeneno-
BaHWS NPOBOAMTCS aHaNM3 U3BECTHbLIX KOHCTPYKLIMA COPTUPOBOYHbIX KOBLUEW, yCTaHaBIMBaEMbIX Ha 9KCkaBaTopbl 1 0bec-
neyYynBaroLLIMX COPTUPOBKY MaTepuana 04HOBPEMEHHO C BeAEHWEM BbIEMOYHO-MOMPY304HOr0 npoLecca. 3aknioyaeTcs, YTo
NepCnekTUBHLIM HanpaBIieHNEM Pa3BUTUS COPTUPOBOYHbIX KOBLLEW SBMATCA KOHCTPYKUMKM € pabounmm Bapabanamu. B
AaHHoW nybnukauum aBTOpOM NpeanaraeTcs Ans PacCMOTPEHUS JKCKaBaTop C MOAEPHU3NPOBAHHLIM COPTUPOBOYHBIM
KOBLLOM, @ TaKXe TEXHOSIOrWS ero UCMNoMb30BaHNs, NO3BONAIOLLASA HAYMHATL NPOLIECC COPTUPOBKY FOPHOI MacChl B KOBLUE
BO BPEMs NOBOPOTa 3KCkaBaTopa K MeCTy pa3rpy3ku. MoaepHW3npOBaHHbIV COPTUPOBOYHDIN KOBLL CHabXeH LiapHUPHO
3aKpenneHHbIM NOABMXHLIM AHWLLEM, YNPaBASEMbIM rMAPOLMANHAPAMU, AN1S aKKYMyNMpOBaHUS NMPOCESHHbIX Yepes pa-
Boune BapabaHbl Menkux dpakumii. HakonneHHele B NOABMKHOM JHULLE Mefkue pakuum BbIrpyXarTcs B aBTocamo-
cBas, nocrne Yero NpocevBaHye NPOAOMKaeTCa HENOCPEACTBEHHO B Ky30B aBTocamocBana. [locne okoH4aHus npouecca
COPTWPOBKM NOABWXHOE AHWLLE 3aKPbIBAETCS U 9KCKaBaTOP pasrpyxaeT B Apyroe TPaHCMNOPTHOE CpeaCTBO OCTaBLUMeCs
B KOBLUE KpyrHble ppakumm, pasrpyska ocyLLeCTBASETCA nyTemM noBopoTa koswa. CoBMeLLeHne npouecca COpTUPOBKH 1
MOBOPOTa 3KCKaBaTopa NO3BOISAET COKPaTUTL BPeMsi paboyero uukna, YTo yBenmymBaeT NpOM3BOANTENBHOCTL Kak Bble-
MOYHOI MaLUMWHbI, TaK 1 aBTOTPaHcnopTa. [NprMeHeHne MoAePHN3NPOBAHHOTO COPTUPOBOYHOTO KOBLLA C NOABUXHBIM AHU-
LLeM UCKINYaeT NoTepu LIeHHOro MenkogpakLMoHHOTO MaTepuana B pesynstaTe NpockinaHns npu pa3BopoTe 3KCkaBa-
TOpa Ha pa3rpysky. [oABUXHOE AHULLE MOXET YCTaHaBIMBATLCA HA COPTUPOBOYHBIE KOBLUM M3BECTHBIX KOHCTPYKLWiA 6e3
X CyLLeCTBEHHON nepepenku. MNpuMeHeHne npeanaraemMoro TEXHUKO-TEXHOMOMMYECKOro peLleHnst No3BOMUT COKPaTUTb
yaenbHble N3OePXKN U NOBbICUTb 3P EKTUBHOCTL BeAeHWs paboT.

Knro4desble crioea: akckaBaTop, KOBLL, paﬁolme 63p86aHbl, noABMXHOE AHULLE, rOpHada macca, aBTocamocBarn

Ans yumupoeaHusi: Yeban A.t0. CoepLueHCTBOBaHUE KOHCTPYKLMM M cnocoba nprMeHeHNs! 3KCKaBaTOPOB C COPTMPO-
BOYHbIMU KOBLIAMWU. Hayku o 3emne u Hedpononb3oeaHue. 2021. T. 44. Ne 1. C. 56-62. https://doi.org/10.21285/2686-
9993-2021-44-1-56-62

Improving design and application method
of screening bucket excavators

© Anton Yu. Cheban?
aMining Institute, Far East Branch of the Russian Academy of Sciences, Khabarovsk, Russia

Abstract: The purpose of the study is to increase the productivity and economic efficiency of mining operations using
screening bucket excavators on the basis of the introduction of a new technical and technological solution that expands
equipment functionality. The study involves the analysis of known designs of screening buckets installed on excavators
that ensure material separation to be carried out simultaneously with excavation and loading works. It is noted that a
promising development direction of screening buckets is a design with working drums. The article presents an excavator
with a modernized screening bucket and its operation technology, which allows to start rock mass sorting in the bucket
while the excavator is turning to the place of unloading. The improved screening bucket is equipped with a hinged movable
bottom controlled by hydraulic cylinders to accumulate fine fractions screened through the working drums. Fine fractions
accumulated in the moving bottom are unloaded into a dump truck, after which screening continues directly into the body
of the dump truck. Screening finished, the movable bottom closes and the excavator unloads the coarse fractions remaining
in the bucket into another vehicle. Unloading is carried out by bucket turning. The combination of screening and excavator
turning reduces the operation cycle time, which increases the performance of both the excavator and dump trucks. The
use of a modernized screening bucket with a moving bottom eliminates the loss of valuable fine material as a result of
spilling when the excavator turns for unloading. The movable bottom can be installed on the screening buckets of known
designs and does not require their significant alteration. Application of the proposed technical and technological solution
will reduce unit costs and increase the efficiency of work.
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BeeaeHue

CyLLeCTBEHHO YCNOXHMBLUMECS B NOCNEAHNE
LEeCATUNETNS yCnoBms pa3paboTkn MecTopoX-
LEHWI TBEPAbIX NONE3HBIX NCKONAEMbIX Npu BO3-
pacTalowmnx TpeboBaHMSAX MNPOMBILNAEHHON WU
akonoruyeckon 6esonacHoct pabot TpebytoT
COBEPLUEHCTBOBAHUSA Kak TEXHOSOMMA TFOPHOro
NPOW3BOACTBA, TaK M ropHOro obopyaoBaHMs C
Lenblo obecneyeHns NpMemneMoro YpoBHs peH-
TabenbHoCcTM paboT [1-5]. MNoBbiweHne addek-
TUBHOCTW NPOU3BOACTBA MOXHO 0becneynTb ny-
TeM y4eTa npy NPOEKTUPOBaHUN TEXHWUKO-TEXHO-
NOMMYECKNX PELLEHN MPUHLMNOB ManoOTXOAHO-
CTU 1 pecypcocbepexeHuns, KoTopble nogpasy-
MeBalT obecneyeHne cenekuun npu BbleMKe
FOPHOW MaccChbl, CHUXEHWE 3HEProemMKOoCTU Mpo-
M3BOACTBEHHbLIX NPOLECCOB M KONMYECTBaA Nony-
yaemblx oTxogoB [6-9]. CoBepLueHCTBOBaHWE
ropHoro 06opyaoBaHNs N TEXHONOTMYECKUX CXEM
ero NPMMeHEHNs AOMKHO BbiTb HanpaBneHo Ha
yBENUYEHME ero NpoM3BOAMTENBHOCTU W MOBbI-
LeHne OyHKLMOHANbHOCTU. YBENMYEHNE NPOouns-
BOAWUTENbHOCTM 060PYAOBaHUA MOXET ObITb J0-
CTUrHYTO 3a CYET aBTOMaTu3auuu ynpasneHus
paboynM LMKNOM UMK €ro YacTblo, a TaKkKe CHU-
XEHWS HENpPOM3BOAUTENbHbLIX 3aTpaT BPEMEHM
[10-12]. lMoBblweHne (YHKLUMOHANBHOCTM NoA-
pasymMeBaeT COBMeLleHWe B OOHOM arperarte
(OYHKLWIA, paHee BbIMOMHABLUMXCA HECKOMbKMMM
MaLlMHaMM.

CocTtosiHue Bonpoca
M NOCTaHOBKa Npobnembl

Ha faHHbIn MOMEHT M3BECTHbI MHOTOYUCTEH-
Hble KOHCTPYKTUBHbIE CXEMbl BbIEMOYHOIO rop-
Horo obopyaoBaHus, MMEKLMe LONOMHUTENb-
Hble (OYHKLMM COPTUPOBKM U [/ unu apobnenus.
Tak, cdvpmon TAKRAF (FepmaHus) Bbinycka-
OTCS  POTOPHbIE 3KCKABATOPbl, OCHALLEHHbIe
ApobunbHbIM 060pynoBaHMem. Hanpumep, po-
TOpHbIA dkckaBaTop SRs(k)-2000 npoussoacTea
TAKRAF cO BCTPOEHHOW MOMNOTKOBOW Apobusi-
KOW MCNONb3yeTcs Ha yCpeaHUTENbHOM CKnage
pa3pesa «boraTbipb» (OK1OGACTY3CKWIA YroNbHbIN
H6acceiH) B kayecTBe ApobUbHO-YCpeaHNUTeNb-

HOro arperara, 4OBOASLLEro A00bITbIN KPYMHbIMM
OAHOKOBLLOBbLIMU 3KCKaBaToOpaMu yronb Ao Kpyn-
HocTn 0—300 MM 3a CYeT ero BblEMKW U3 HaBana
POTOPHBIM KOMECOM W nocnegyowiero goapab-
nuBaHus monoTkoson apobunkon [13]. Opobne-
HUE KPYMHbIX OTAESIbHOCTEW YrofbHOW Macchl
obecneymBaeT BO3MOXHOCTb MOCMeayLero
NPMMEHEHNS MOTOYHOW TEXHOMOrMM  TpaHC-
MOPTHO-NOrPY304HLIX paborT.

B pabote [14] npeanaraeTcst KOHCTPYKUMWS
[o6bIYHOrO komnnekca Ha 6ase rmgpasnuye-
CKOro OJHOKOBLLOBOrO 3KckaBaTopa, obecneyu-
Batolwas npeobpa3oBaHMe LMKIMYECKOTO MNpo-
Liecca BbleMKW B30OPBaHHOW rOPHOW Macchl B He-
NPepbIBHbLIA NPOLIECC ee NOrpy3kn B TpaHCMOpT-
Hble cpeacTBa. [JoObIYHOW KOMMMEKC OCHALLEH
KnaccurkaTopoM Ans BblAeNeHUs KPYnHbIX OT-
[ENbHOCTEN TOPHOM MaccChbl M Apobunkon Ans
pa3pyLleHnst KPYMHbIX OTAENbHOCTEN A0 KOHAM-
LIMOHHbIX pa3mepoB, HEOOXOAUMbIX ANs TPaHC-
MOPTMPOBKM BbIHYTOW FOPHOW MacChbl KOHBeNep-
HbIM TpaHcnopToM. M3BecTHa Takke KOHCTPYK-
TUBHaa cxema AoObIYHOro Kommnnekca ans pas-
paboTKN CNOXHOCTPYKTYPHBIX PYAHbIX MECTO-
poxgeHun [10]. JobbiyHoM komnnekc obopyao-
BaH KOBLLUOM, PYKOSITbIO M CTPENion C ruapouu-
NUHAPamMK ynpaBfeHus, knaccmrkaTopom ¢ no-
BOPOTHbIMW KONOCHMKaMK, Apobunkow ¢ perynu-
pyeMbIM pa3MepoM pasrpy304HON Lenm, Bubpo-
FPOXOTOM, pa3rpy304HbIM KOHBEWEPOM U CUCTE-
MOV NMHEBMOTpaHCNopT1poBaHus. Komnnekc Be-
LET CENEKTUBHYIO BbIEMKY KOHAMLMOHHBIX U He-
KOHOMLUMOHHbLIX PYyA, W3 KOBLUA pyAa Bbirpyka-
€TCA Ha KrnaccudumkaTop, KpynHble OTAENbHOCTH
pyabl OT Knaccudgumkatopa HanpasnsiloTcs Ha
apobunky. Mpn atom npu paboTte C HEKOHAMLM-
OHHOW pyaon knaccudgukatop u gpobunka
HACTPOEHbI Ha NOMyYeHne pyaHOW Macchl C pas-
Mepamy, KOHAULMOHHLIMKU ANs nepemeLleHus
pa3rpy304HbIM KOHBEWEPOM, C BblAENEHNEM Ha
B1OGporpoxote oboralieHHON NOMe3HbLIM KOMMO-
HEHTOM pyaHon menouu. Mpu paboTte ¢ koHaMLK-
OHHOW pyaou KnaccudmkaTop 1 apobunka HacTpo-
€Hbl ONna nonyyeHus Gonee Menkom pyaHou
Macchbl C Lienbio HanpaBnieHnsa Ha nocnegyoLlee

Pa3Begka u pa3pa60TKa MeCTOpO)K,D,EHVIVI noJie3HbIX UCKoNaeMbIX | 57

Exploration and Development of Mineral Deposits


https://doi.org/10.21285/2686-9993-2021-44-1-56-62
https://doi.org/10.21285/2686-9993-2021-44-1-56-62

2021;44(1):56-62 |

nepsuyHoe oboraileHvne. Takum obpasom, [o-
ObI4HON KOMMNMEKC MOXET BECTU BbleMKY, Ap06-
neHve v npeaBapuTENbHY0 COPTUPOBKY FrOPHON
maccbl. Hepoctatkamu obopyaoBanus, npeg-
cTaBrneHHoro B pabotax [10, 14], sBnswoTCs
CINOXHOCTb KOHCTPYKLMM, rPOMO3AKOCTb U BbICO-
kas CTOMMOCTb, YTO 3aTPYAHSIET ero BHeApeHue
B rOPHOE NPOM3BOACTBO.

KOHCTPYKTUBHO cCyLlecTBeHHO 6Gornee npo-
CTbiM 06opyaoBaHWEM, MNO3BONSAIOWMM COBME-
WaTb BbleMKY C COPTUPOBKOM W / unn gpobne-
HUEeM, ABNSAKTCA 3KCKaBaTOpbl CO chneuuasb-
HbiMW KoBWwamKn. Hambonbliee pacnpocTpaHe-
HME NOMyYunIn COPTUPOBOYHbIE KOBLUW. [1ogo06-
Hoe obopydoBaHWe WCNOMb3yeTcs B FOPHOM
[iene v CTpouTeNnbCTBe AN pasgeneHns ropHown
Maccbl Ha pasnunyHble pakuum Nnbo ans Bbige-
NEeHNsa U3 maTepmana KpynHbIX HEKOHOULMOHHbIX
(NOCTOPOHHMX) oTAenbHocTeN. INpu aTOM copTH-
pOBKa MOXET OCYLLIECTBMATLCA Yepes MOABMX-
Hble 1 HENOABWKHbIE NPOCenBatoLLe NOBEPXHO-
CTH, a TaKkke nocpeacTtsoMm paboumnx bapabaHos.
Ans  uHTEeHcudumKkauum npouecca HeKoTopble
KoBLM 060pyAOBaHbl BUOpaTopamu.

13BeCTHa KOHCTPYKLMSA KOBLUA 3KCKaBaTopa-
AparnamnHa [15], npegHa3Ha4yeHHOro aAnsa paspa-
BOTKM POCCHINHBIX MECTOPOXAEHUN MONE3HbIX
MCKOMaeMbIX, CodepxaLlimx B rOPHON Macce Ccy-
LLLIeCTBEHHOE KONUYeCTBO BanyHoB. KoBLU BKItO-
YyaeT OGOKOBble W 3afHIOK CTEHKWU, OTKUOHOE
AHULLE, a TaKkKe COPTUPOBOYHYIO peLleTky. Mpu
YyepnaHuu ropHast macca nepeg nocTynneHuem B
KOBLLI MPOXOAUT Yepe3 COPTUPOBOYHYIO peLleTky,
Ha KOTOPOW BanyHbl 3agepxusatotcs. pu pas-
rpy3ke nepBOHa4anbHO MyTEM MOBOPOTA OTKUA-
HOrO [HMLLA U3 KOBLUA pa3rpyxaetcs KOHOWUM-
OHHas ropHasi Macca, a 3aTeM B OTBan 3a cyeT
MOBOPOTa KOBLUA BbIrpyxatTcs BanyHbl. B pa-
6oTte [16] npefcTaBneHa KOHCTPYKUMS KoOBLUA
3KcKaBaTopa C NOBOPOTHbIM JHULLEM 1 NOBOPOT-
HOW COPTMPOBOYHOW PELLETKON CO LensaMm KBas-
patHon opmbl. [lpn yepnaHum Mmatepuana
[HWLLE 1 peLleTKa HaxoasaTCs B 3aKpbITOM Nosno-
XeHun. Menkue u cpegHune dpakumm Kybosma-
HOW pOpMbl MPOXOAAT Yepes KBadpaTHbIE LLENN
peLleTKku, 8 HeKOHAULMOHHbIE KPYMHble ppakLuum
nrnacTMH4YaToOn 1 Urnosaton opMbl 3agepXxunea-
l0TCA Ha Hen. [na pasrpyskn KOHAULMOHHbLIX
pakuui  OTKpbIBAETCA MNOBOPOTHOE [HMLLE
KoBLUa. 3aTeM NoBOpayvBaeTCs COPTUPOBOYHAS
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peleTka U1 BbIPYXXalTCA HEKOHOWLMOHHbIE
thpakumm, npu aTom nocpeacteom pebep, pacno-
NOXEHHbIX  BHYTPWM  KOBLUA, MNpOU3BOAUTCA
OYMCTKA COPTMPOBOYHOW PELIeTKM OT 3acTpsiB-
LUMX B HeW BKIOYeHU. [NaBHbIM HEOOCTaTKOM
KOHCTPYKLWIA C COPTMPOBOYHBLIMW peLLeTKamu,
YCTAHOBMEHHbIMWU HA BXOAE B KOBLU, SBNSETCA
TO, YTO pelleTka MOXeT NpensaTcTBOBaThb Mpo-
HUKHOBEHWIO B KOBLL FOPHOW Macchbl, 4YTO CyLle-
CTBEHHO CHWXaeT KO3UUMEHT HaNOMHEHWS
KOBLLIA ¥ MPOU3BOANTENIBHOCTb 3KCKaBaTopa.

3BecTHa KOHCTPYKLMSA KOBLUA C NPOCENBaL0-
WMM npucnocobneHmem B BuAe peLleTyaTou
NPOCTPAHCTBEHHON KOHCTPYKLMW C KPUBONMHEN-
HbIM OHULLEM M HOKOBBIMU CTEHKAMK, MOBTOPSIHO-
wymn chopmy kosLa [17]. MpoceunBatowee npu-
CnocobneHne WapHUPHO MPUKPENSIEHO K KOBLUY
W ynpaBnsieTcs nocpeacTBOM rMapOLMIMHAPOB,
NPW YepnaHuM OHO HaXOAMUTCS BHYTPW KOBLUA U
npuneraet K ero BHyTPEHHEN NOBEPXHOCTU. [1o-
Cfe HanofHeHUs KoBLIa U pasBopoTa 3KCKasa-
TOpa K MeCTy pasrpy3ku npocensatoLLee npucno-
cobneHne nNoBopayMBaeTCs Hapyxy, B pesynb-
TaTe Yero Menkue pakuum Yyepes npyTba Npo-
CbIMalTCs U3 KOBLUA, KPYMHble dpakuum octa-
OTCS B KOBLLE, a 3aTeM pa3rpyxarTcs B Apyroe
TpaHCMNoOpTHOE cpeacTBO. [N MNoBbIWEHNS 3-
(beKTMBHOCTM COPTMPOBKM KOBLU MOXET ObiTb
CHabxeH B1bpaTopom.

B pabote [18] npeactaBneHa KOHCTPYKUUS
KOBLUA C OHWLLEM, COCTOSILLMM U3 MPYTKOB, CO-
34a0LLMX NPOCeNBatoLLyt0 NOBEPXHOCTb, NPYTKK
pacrnonoXeHbl B MOMEPEeYHOM HanpaBNEHUN K
BoKOBbIM MOBEPXHOCTSAIM KOBLUA W pacnonara-
0TCSA Ha pacCTOSHWM Apyr OT Apyra C y4eTOM Be-
NMYUHBI copTMpyemMon dpakuun. [ns nosbiwe-
HUA 3 PEKTUBHOCTM COPTUPOBKU YaCTb NPYTKOB
HE MMeEeT XEeCTKOro CoeauHeHus ¢ BGOKOBbIMM
CTEHKaMU KOBLLA W B3aUMOAENCTBYET C BUbpaTo-
POM, 3a CYET KOTOPOro NPyTKM COBEPLUAIOT BO3-
BPATHO-MOCTyNaTenbHble ABWXEHWS B Hanpas-
nsawowwmx. [JaHHbIA KOBLU NpeanaraeTcs ycTaHaBs-
nuBaTb Ha 3kckaeaTop ¢ paboyum obopynosa-
HMem Tuna «obpaTHas nonata». Hanbonblee
pacnpocTpaHeHune Ans COpTMPOBKKN MaTepmanos
MOMy4Mnmn KOBLUK, OCHaLLEHHble pabounmu 6apa-
GaHamu, pasMeLleHHbIMU  Mexdy OOoKoBbIMM
cTeHkamm koswa [19, 20]. MNMpueog pabounx ba-
pabaHOB OCyLLeCTBNSAETCA Yepe3 peaykTop,
YCTAQHOBMEHHbIN B OOKOBOW CTEHKe KoBLUA.
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Habop pabounx 6apabaHoB obpasyeT nogobue
AHuWa koswa. MNpu yepnaHum matepumana pabo-
ynme 6GapabaHbl BbIK/HOYEHbI, MOCME MNOBOPOTa
JKckaBaTopa K MecTy pasrpy3ku paboune bapa-
GaHbl NpPMBOAATCS B OBWXEHME, YTO obecneyn-
BaeT COPTMPOBKY ¥ YaCTUYHOE U3MENMbYEHNE Ma-
Tepnana. KpynHble dpakuuu, ocTaBLUnecs
BHYTPW KOBLUA, pa3rpyxatTcs oTaensHo. B cny-
yae nonagaHus mexagy paboummu 6apabaHamu
KPYMHbIX OTAESNIbHOCTEW, NPEensTCTBYIOWMX KX
BpaLLeHuIo, BKIIYaeTca hyHKLMA pesepca npu-
Boaa, obecneuvBaroLlas yaaneHme 3acTpsBLUMX
KPYMHbIX OTAenbHocTen. KoBLM [JaHHOW KOH-
CTPYKLMM UCNONb3YHOTCS NPU BbIEMKE HEKOTOPbIX
BWAOB PYA, CTPOUTESbHBIX FOPHbIX NOPOA, Topda
[11, 19]. Tak, npu pa3paboTke HEKOTOPbLIX HUKE-
NEBbLIX MECTOPOXOEHMIA KOBLUKM C pabounmm Ha-
pabaHamu Mcnonb3ylTca AN OTAENEHUS HUKe-
NEBON pyabl (Menkue dpakumm) 0T NyCTbiX NOpoa
(KpynHble pakuum). HegoctaTkoM COpTMPOBOY-
HbIX KOBLUEW C npyTkaMu unu paboummu bapaba-
HaMW SIBNSETCS NPOCbINaHne MenKx (pakumii B
npowecce NOBOPOTa 3KCkaBaTopa Ha pasrpysky
npw paboTe C pbIXNON rOPHON Maccom.

O6Wwmm HegocTaTKOM KOHCTPYKUMIA, npea-
CTaBneHHbIX B pabotax [17-20], aBnseTcs yse-
nuyeHne BpeMeHn paboyero Lmka akckaBaTopa
B CBS131 CO 3HAYMTENbHbLIMI 3aTpaTamut BpEMEHN
Ha OCYLLEeCTBMNEHNE npoLecca COPTUPOBKM.

Matepuanbi u metoabl
nccneaoBaHus

B cBs13K ¢ Tem, YTO yxe CyLEeCcTBYOLLME MHO-
FOYUCNEHHbIE KOHCTPYKTUBHbLIE CXEMbI BblEMOY-
HOro ropHOro obopyaoBaHUS UMEKT psg Hemo-
CTaTKOB, LiENbl0 AAHHOrO MccrnegoBaHUs cTarno
MOBbILLEHNE NPOM3BOAUTENBHOCTM N 3KOHOMUYE-
CKON 3(PPEKTUBHOCTM BEAEHUS FOPHbIX paboT ¢
NPUMEHEHNEM 3KCKABaTOPOB C COPTUPOBOYHBIMU
KoBLUIaMK. [1ns peanusauum NocTaBneHHON Lienu
aBTOPOM ObIM pacCMOTPEHbI NYTU BHEAPEHUS
HOBOrO TEXHWUKO-TEXHOMOrMYECKOro  peLleHus,
pacLwmMpsoWero  (yHKUMOHANbHbIE BO3MOXHO-
CTM 060pyaOBaHNS.

Pe3ynbTaThl uccnegoBaHus
MOBbILEHNS NPOW3BOAUTENBHOCTN PaBOTHI
9KCKaBaTopa C COPTMPOBOYHBIM KOBLLOM MOXHO
AOCTMYb 3a CYeT COBMeELleHWs npoLecca
NoBopoTa 3KCKkaBaTopa K MECTY pasrpy3kum C

2021;44(1):56-62

MpOLIeCCOM COPTUPOBKM rOPHOW Macchl B KOBLUE.
B naHHOM cTaTbe npeanaraeTcs KOHCTPYKUMS, a
TakKke TeXHONornyeckas cxema paboTel rugpas-
NNYECKOro dKCKkaBaTopa C MOAEPHU3NPOBAHHbBIM
COPTMPOBOYHBIM KOBLUOM. [1poTOTMMNOM Mopep-
HU3MPOBAHHOIO COPTUPOBOYHOTO KOBLUA ABMSA-
€TCS KOHCTPYKUMSA, NpeacTaBneHHas B pabortax
[19, 20]. MmapaBnuuyecknn akckaBaTop 1 OcCHa-
weH pabounm obopynoBaHMEM Tuna «npsiMas
nonata» 2 (pucyHok). MogepHU3MpoBaHHbIN Cop-
TUPOBOYHbLIN KOBW 3 BKMOYaeT MNepefHo
CTEHKY 4 C pexyLmmmn 3ybbamu 5, 3aaHtow 6 u
BoKoBblEe 7 CTEHKW. B HIKHEN YacTm KOBLUA HAXO-
asaTes paboyne 6apabarbl 8 ¢ Banamu 9, onopbl
KOTOPbIX YCTaHOBMEHbI B OOKOBbIX CTEHKaX 7.
NpuBog pabounx 6apabaHos 8 ocyLlecTBnseTcs
OT rugpasnuyeckoro motopa 10 yepes pegyktop
11, yCTaHOBNEHHbI Ha 6OKOBOW CTeHKe 7. K HUX-
HeW YacTu 3afHen CTEHKM 6 MoAepHM3MPOBaH-
HOro0 COPTUPOBOYHOTO KOBLIA 3 LUAPHWUPHO Mpu-
KpenneHo NoaBuxHoe AHuLe 12 Ana akkymynu-
pOBaHUS NPOCEAHHbIX Yepe3 paboune bapabaHbl
8 menkux gpakumii. OTKpbIBaHUE U 3aKpbiBaHWE
NOABWXHOrO [JHWLA NPOM3BOAWUTCA NoCcpea-
CTBOM rMapouunmHapos 13.

PaboTa rugpaBnunyeckoro akckaeatopa 1 ¢
MOZAEPHU3NPOBAHHLIM COPTUPOBOYHLIM KOBLUOM
3 ocywecTnseTcs cnegyowmm obpasom. Pabo-
4yum 0bopyaoBaHNEM 2 BEOETCS YepnaHue 13 3a-
6051 14 ropHOM Macchl, TpebytoLwen CopTUPOBKM
no KpynHocTu (puUCyHOK, a). [Mocne 3anosiHeHus
MOZEPHM3NPOBAHHOIO COPTUPOBOYHOIO KoBLIA 3
BKNto4aeTcs npueog paboynx 6apabaHos 8, ko-
TOpble BCTPSIXVMBAKOT FOPHYK Maccy B KoBlle 3
AN MHTEHCMdMKaLMM npolecca COPTUPOBKM.
Menkune @pakumm ccbinatTcs Yepes npome-
XyTkn 15 mexay paboynmu bapabaHamu 8 v ak-
KYMYTUPYHOTCS Ha NOABUXHOM AHWLE 12.

Bmectumoctb  noaBwkHoro  gHuwa 12
[OMKHa obecneyntb NpMem Menkux pakumi B
ob6beme, KOTOpLIV NpocenBaeTcs Yepes pabouve
6apabaHbl 8 3a BpeMsi NoBOpOTa 3KkckaBaTopa 1
Ha pa3rpysky. [pu no3uuMoHNpoOBaHUM KoBLLA 3
HaZ Ky30BOM aBTOoCamocBana 16 rgpounnuH-
apamu 13 NpousBOAUTCA OTKPbIBaHWE NOOBWX-
HOro AHuWa 12 n HakomnseHHble Tam Meskue
thpakumm pasrpyxatoTcs, nocne Yero Nnpocemsa-
HWe MaTtepuana npouM3BOAWUTCA Hemocpen-
CTBEHHO B Ky30B aBTocamocBana 16 (pMCyHOK,
b). Takum 06pa3om, 4acTb NpoLecca COPTUPOBKM
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OKckasamop ¢ ycoeepuieHCMeo8aHHbIM COPMUPOBOYHbLIM KOBWOM:
a — YepraHue 20pHol Macchl 3Kkckasamopom, b — copmuposka 20pHOU Macehl U pa3epyska MeKux
¢hpakyuli 8 asmocamocsari; C — pa3apy3ska KpynHbix hpakyuli 8 asmocamocearn
An excavator with upgraded screening bucket:
a — digging rock mass with an excavator; b — rock mass screening and unloading of fine
fractions into a dump truck; ¢ — unloading of large fractions into a dump truck

npov3BOAMTCH BO BpeMmsi nosopoTa paboyero
obopygoBaHus 2 Ha pa3rpysky. [locne Toro, Kak
npocenBaHne Meskux gpakumn sakaHunBaeTcs,
BpalleHne paboumx 6GapabaHoB 8 npekpalia-
eTCs, NOABWXHOE AHMLLE 12 3aKpbIBaeTCs, a aKC-
kaBaTop 1 NO3ULMOHMPYET MOAEPHNU3NPOBAHHLIN
COPTMPOBOYHbLIN KOBLI 3 Haj aBTOCAMOCBASIOM
17, B KOTOPbIV NPOM3BOAUTCS pa3rpy3ka KpymnHbIX
(bpakumm ropHoM Macchbl NOCPeaCcTBOM NMOBOPOTa
KoBLUA 3 (PUCYHOK, €). [ns AONOMHUTENBHOrO CO-
KpalleHus BpemeHu pabodvero Lukna aKckaBa-
Topa uenecoobpasHo brnvke K 3aboto pacnona-
raTb aBTocamocBan 17, sarpyaembli KpynHbIMU
bpakumamm, nockosnbky bonee yganeHHoe pac-
NonoXeHne aBTocamocBana 16, 3arpyxaemoro
Menkummn ppakumsmm, obecneynT yBenumyeHue
BPEMEHW COBMELLEHNS NPOLLECCOB COPTUPOBKMU U
nosopoTa.

3aknioyeHue
Mpeanaraemoe B CTaTbe TEXHWUKO-TEXHOMOM-
YECcKoe peLIeHNe C NPUMEHEHWEM 3KCKaBaTopa,

OCHAaLLEHHOr0 MOAEPHU3NPOBAHHBLIM  COPTUPO-
BOYHbIM KOBLLOM, NO3BONSET NOBLICUTb NPOW3BO-
OUTENBHOCTb BbIEMOYHO-COPTUPOBOYHBIX paboT
3a CYeT Hayana npouecca COPTUPOBKM HeMo-
CPEACTBEHHOTO BO BpEMS MOBOPOTa 3KCKaBa-
TOpa K MecTy pasrpysku. [TpumeHeHne noaBux-
HOrO OHWLLA UCKMYaeT noTepu LIEHHOro Men-
kohpaKLMOHHOro MaTepuana B pesysfbtarte npo-
CbiMaHus U3 COPTUPOBOYHOIO KOBLLA NPKU pasBo-
poTe 3KCKaBaTopa Ha pasrpysky. [logBuxHoe
LHULLE MOXET YCTaHaBNMBaTLCSA HAa COPTUPOBOY-
Hble KOBLUM M3BECTHbIX KOHCTPYKLMIA 6e3 ux cy-
LLLIeCTBEHHOW nepeaenku, Y4To No3BOSUT NPOBO-
AUTb MoZepHu3aumio paboyero obopynoBaHus
akckaBaTopa 6e3 60MbLWMX KanuTanbHbIX 3aTpar.
YMeHbLUEHNE BpeEMEHU paboyero uukna akcka-
BaTopa 06ecneyunt CHMXKEeHNe NPOAOIMKNTENBHO-
CTW 3arpy3kM aBTOCaMOCBanoB. YBenuyeHue
NPOW3BOANTENBHOCTU FOPHOTO U TPAHCNOPTHOIO
0bopyaoBaHMA NO3BONUT COKPaTUTb YAENbHbIE
U3OEPXKN U NOBLICUTL 3PEKTUBHOCTL BEAEHNS
pabor.
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MmapoavMHamuueckue u ruapocTaTuyeckme Cunbl
Kak (hakTopbl, BAUSIOLME HA YCTOMYMBOCTb XBOCTOXPaHMUNULY,

© A.1U. Wapunos?

ACHeXUHCKUU ¢hu3UuKO-mexHuYeckul uHemumym, ¢unuan HayuoHanbHo20 uccnedosamensbcko20 s0epHo20
yHugepcumema «MOCKOBCKUU UHXeHEePHO-gusudeckul uHcmumymy, 2. CHexXuHck, Poccusi

Pe3rome: N3yyeHre npoLeccoB, NPOUCXOAALLMX B TOMLLE 3€MHOM KOPbI, BCErAa SIBMNANOCh akTyanbHOW TEMOI Ans ucene-
[0BaHU. Pe3ynbTaThl 3TMX UCCNe0BaHWI NO3BONUNM YenoBeky paspabaTbiBaTb 1 6e30nacHo akcnnyaTMpoBaTb MECTO-
POXOEHMS MONE3HbIX MCKOMAeMbIX B pasfuyHbIX ycroBusx. Poct noTpebneHns nssnekaemoro pecypca v yBenuyeHve
mMacwTaboB ropHOro NPOM3BOACTBA BbIHYXAAOT NPEANpPUATUAS UCKATh PELLUEHUS CMOXHBIX MHXEHEPHO-TEXHUYECKMX 3a-
[ad, OHOW U3 KOTOPbIX SBNSIETCS NpobneMa CABKEHUS FOPHBIX MACC U 3eMHOI NOBEPXHOCTM B 06NacTV BNUSIHUS MPO-
MbILLNIEHHOrO NPOM3BOACTBA, B TOM Ynce Aamb XBocToxpaHunuul. Llenbto gaHHOro uccneoBaHus SBMsNOCh NOBbILLEHWE
Ge3onacHoCTM akcnnyaTaumm gamb xsoctoxpaHunuw,. OBbEKTOM MCCNefoBaHMA CTanu orpaxaatolime aambbl XBOCTO-
XpaHunuwy oboratuTenbHbIX habpuk, NpeaMeToM UCCrEAOBaHNS — AedopMaLOHHbIE MPOLECCHI, NPOUCXOAsLIMeE B Tene
AamMb 1 Ha NoBEPXHOCTU 0TkoCcoB. OCHOBHBIMM METOAAMMW UCCNEAO0BaHNS], UCMONb30BaHHbIMK B paboTe, Obinu: n3yyeHne
cnocoboB BesonacHom akecnnyaTauum 4amb XBOCTOXPAHUIULL HA OCHOBE 3KCMNyaTaLMOHHbIX YCNOBUIA XBOCTOXpaHUNMLLUa
YYanmHCKoro MecTopoXaeHust C NPUMEHEHNEM COBPEMEHHBIX METOAOB OLIEHKM YCTOWYMBOCTU, aHanm3 n 0606LLeHmne oTe-
YECTBEHHOTO U 3apybexHOro onbiTa, a Takke U3y4yeHue akTyasibHbIX METOAOB reOMEXaHU4YeCcKoro MOHUTOPWHIa aedop-
MaLMOHHBIX NPOLLECCOB — MHXEHEPHO-Te0NOrMYecKknX, reon3nyecknx, MapKLLIENZEPCKUX U rugporeonormyeckunx. B cra-
Tbe onucaHbl reorpadmyeckue, rugporpagmyeckune, KnMMaTUiecKkne, reonornyeckne, ropHOTEXHUYECKNE YCNOBUS SKCMIY-
atauum xsoctoxpanunuwa AO «Yyanuuckun FOK». MNpepcrtaBneHo 060CHOBaHWE BAUSHUAS TMAPOANHAMUYECKMX U TUAPO-
CTaTUYECKMX CUI Ha YCTONYMBOCTb OrpaxaatoLmnx Aamb XBOCTOXpaHunuLL. Ha ocHoBe NoMyYeHHbIX AaHHbIX 1 MCMONb30-
BaHHbIX METOOB UCCNEeAOBaHNS CAENaH BbIBOA O TOM, YTO MMAPOAMHAMUYECKME W TMOPOCTAaTUYECKNE CUIbl SIBRSIIOTCS
OCHOBOMONarawLLYMM paspyLiatLLmmMi hakTopami, AENCTBYIOWMMM Ha 4ambbl. Pe3ynbTaThbl 4aHHbIX MCCNEA0BAHMIA MO-
ryT ObITb MPUMEHEHBI HA CTaANW NPOEKTUPOBAHUS TMOPOTEXHNYECKUX COOPYXKEHMWIA, TAaK KakK OHW JOMOJSHAT TEOPETNYECKNE
3HAHWS O BIUSIHAM XWOKMX OTXOOB Ha 6e30macHOCTb AaMb XBOCTOXPaHWUMULL, M 3EMISHBLIX MIOTMH, a Takke NO3BONST
06HapyXunTb AeopMaLMOHHbIE NPOLIECCH HA HaYanbHON CTaAUy pPasBuTUS U NMPUHATL PELLEHUS MO UX YCTPAHEHHIO.

Knroveenie crioea: XBOCTOXpaHUNHLLE, rmapocTaTUYECKe U IMAPOANHAMMUYECKWE CUMbl, famba, 0TBasbl, yCTOAYNBOCTD,
AO «YyanuHckui TOK», ounbTpaLnoHHbIA NOTOK, FPYHTOBLIE BOAbI, NEPenuB, 3po3ust

Ans uyumuposanus: Wapunos [.lU. MmapognHamuyeckne u rmgpoctaTMyeckme Cuibl Kak hakTopbl, BRusoLwme
Ha YCTOWYMBOCTb XBOCTOXpaHunuwi. Hayku o 3emne u Hedpononb3osaHue. 2021. T. 44. Ne 1. C. 63-72.
https://doi.org/10.21285/2686-9993-2021-44-1-63-72

Hydrodynamic and hydrostatic forces
as factors affecting tailing dump stability

© Dinar Sh. Sharipov?
aSnezhinsk Physics and Technology Institute, Branch of National Research Nuclear University
“Moscow Engineering Physics Institute”, Snezhinsk, Russia

Abstract: The study of the processes occurring deep in the earth's crust has always been a relevant research topic. The
results of these studies allowed development and safe mining of mineral deposits in various conditions. The growth in the
consumption of extracted resource and the increase in the scale of mining are forcing enterprises to search for the solutions
to complex engineering and technical problems, one of which is the problem of displacement of rock masses and the
earth's surface in industrial production-affected areas including tailings dams. The purpose of this study is to improve the
operation safety of tailing dams. The object of the study is embankment dams of dressing plant tailing dumps. The subject
of the study is deformation processes occurring in dam bodies and slope surfaces. The main research methods used
in the work are: the study of safe operation methods for tailing dams based on the operating conditions of Uchalinskoye
tailing dump using the modern methods of stability assessment, analysis and generalization of domestic and foreign expe-
rience, as well as the study of current methods of geomechanical monitoring of deformation processes — engineering and
geological, geophysical, mine surveying and hydrogeological ones. The article describes geographic, hydrographic,
climatic, geological and mining operation conditions of the tailing dump of Uchalinsky GOK (Ore Mining and Processing
Plant) JSC. The influence of hydrodynamic and hydrostatic forces on embankment tailing dam stability is substantiated.
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Based on the data obtained and the research methods used, it is concluded that hydrodynamic and hydrostatic forces are
fundamental destructive factors affecting dams. The results of these studies can be applied at the design stage of hydraulic
structures, since they will supplement theoretical knowledge about the impact of liquid waste on the safety of tailing dams
and earth-filled dams, as well as allow detecting deformation processes at their initial development stage and making
decisions on their elimination.

Keywords: tailing dump, hydrostatic and hydrodynamic forces, dam, dumps, stability, Uchalinsky GOK (Ore Mining and
Processing Plant) JSC, filtration flow, groundwater, overflow, erosion
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i nedropol'zovanie = Earth sciences and subsoil use. 2021;44(1):63-72. (In Russ.) https://doi.org/10.21285/2686-9993-

2021-44-1-63-72

BeeneHue

YcnewHoe pasBuTME 3KOHOMUKM 060K
CTpaHbl 3aBMCUT OT MHOMMX (DaKTOpPOB, B TOM
yucne u ot Konm4yectsa 1 boraTcTBa MECTOPOX-
[EHW NonesHbIX nckonaemblx. V3Bnekaemsbin 13
HUX Pecypc MUCMonb3yeTcs B BEAYLLMX NMPOMbILL-
NEHHbIX OTPACNSAX U SABMSETCH NCTOYHUKOM OLLlY-
Tumoro goxoga [1-4].

AKTVBHOE pa3BUTUE NPOMBILLSIEHHOTO NPON3-
BOACTBa, ocobeHHo nocne Benukon Oteve-
CTBEHHOW BOWHbI, 3HAYNTENBHOrO YBENUYMIO Mo-
TpebneHne AO06bIBAaEMbIX MOME3HbIX WMCKonae-
MbIX. B nocneBoeHHoe Bpems ans cTabunbHoro
1 YCKOPEHHOTO poCTa 3KOHOMUKM CTpaHbl Tpebo-
BanoCb pacLUMPEHNE MUHEpPanbHO-CbIPbEBOW
6a3bl, yBENUYEHWe NPOMBILEHHLIX 00BEMOB
MPOU3BOACTBA NOMNE3HbLIX UCKOMAEMbIX, YCOBEP-
LUEHCTBOBaHWeE TeXHonorni nepepaboTku n3ene-
Kaemoro Cblpbsl M pa3BUTUE MEXOTPACNEBbLIX OT-
HOLUEHWUI ONS UCMONb30BAHUSA LIEHHBLIX CBOWCTB
13BIIEKAEMbIX PECYPCOB B CMEXHbIX 0BnacTsix.
B HacToswee Bpems obLime NpuHUMNbI YKpenne-
HMSI 1 POCTa 3KOHOMMKM Ha OCHOBE MUHEParbHO-
CbipbeBOIN 6a3bl OCTATCS NPEXHUMU, B CBA3MN C
3TUM [OaHHaa TeHOEHUMs akTyanbHa M Mo ceW
AeHb [5-7].

Bce 3t obcToaTenbcTtBa BbIHYXAAKT rop-
Hble NPeanpusiTUS UckaTb HOBbIE MECTOPOXAae-
HMS, MO BO3MOXHOCTW MOBbILATE 06BEMBI NPO-
U3BOACTBA Ha CYyLECTBYIOLMX ropHOO0ObIBaID-
WMX NpeanpusaThsX, Y4To, B CBOK o4epenb, yBe-
NMYnBaeT KONMMYECTBO OTOMBAEMOW rOPHOWA
Macchl M XUOKAX OTXOAOB, MOMYYEHHbLIX B pe-
3ynbtate oboraweHus. ExerogHo M3 Hegp
3emnu ussnekatotcs okono 100 mnpg T nones-
HbIX McKomaemsblx, BkMoYas 20 Mnpa T ropHon
Maccbl FOPHO-XMMUYeckoro coipbs [8]. Cnoxue-
Lasica cUTyaumst, a Takxe aKkonornyeckue Tpebo-

BaHWs 3aCTaBnaloT ropHogobbiBatowme npea-
NPUATMS uckaTb GosbLIe NOAOTBANbHLIX TeppU-
TOPWIA 1 CNOCOBOB MX Pa3MELLEHNS.

CambIM pacnpocTpaHeHHbIM criocobom pe-
LLEHUS AaHHON NPobneMbl ABNAETCA CTPOUTENb-
CTBO CheuuanbHbIX HakonuTenei TBepAbIX WU
XWUOKMX OTXOA0B — XBOCTOXpaHUMML,. «XBOCTO-
XpaHUMULLe — 9TO KOMMIIEKC COOPYXEHWIA, npes-
Ha3HAYeHHbIX ANS CKNagvpoBaHWs TBepAObIX W
XWUOKUX OTXOLOB FOPHbIX NPeanpuaTAin LIBETHON
W 4YepHOW MeTannypruu, obpasyowmxcs npu
oboralleHnn NonesHbIX Mckornaembix»L.

OcCHoOBHbIMW MaTepuanamu npu CTpouTenb-
CTBE [aHHOTO TMAPOCOOPYXKEHUS ABNATCA
BCKPbILLIHbIE NOpoAbl (TBEpAble 0TX0Abl), KOTO-
pble UCNONb3YITCS MPU COOPYXKEHUN OrpaXKaato-
wen pgambol. B cBow ovepeab, BO3BOAMMAs
famba cosgaet HeobXoauMbIN pesepByap Ans
XPaHEHUS XKUOKUX OTX0Z0B 06O0raTUTEnbHbIX
habpuk 1 ABNAETCS rMaBHbIM CAEPXKMBAIOLLUM
anemeHToM Bcero obbekta. OT COCTOSHWSA
orpaxgatowien Aambbl 3aBUCUT BesonacHas aKc-
nayatauus XBOCTOXpaHUULLA, a Takke npune-
ratoLLmnX K HEN TeppUTOPUN.

YacTnyHoe unu nonHoe paspyLueHme gambel
sBNsieTCs Hanbonee pacnpoCTPaHEHHON NpUYK-
HOW aBapwi Npu 3KCnnyaTaumyM AaHHbIX 06bek-
TOB, Hanbonee U3BECTHbLIE Cy4an Takux aBapum
Bbinu 3adpukcmpoBaHbl Ha KaukaHapCckom ropHo-
oboratutensHom kombuHate (Poccust), Kapawm-
KEHCKOM TFOpHO-MeTannypruyeckom kombuHate
(Poccus), pyaHuke 3Onb-Kobpa (Yunu), waxte
«lpectaBenby» (MTanus), XBOCTOXpaHUNULLE B
KonoHTape (BeHrpus), 3HakoBbIMM CryyYasmu
CTanu Takke npopbiB NMOTWH B MapuaHe u B
BpymaguHbio (Bpasunus) u  gpyrve [9-16].
B pesynbrarte KpynHblx aBapuw xepTBamu cTa-
HOBUTCH MNpPOXMBAKLWeEe B HU30BbAX Aambbl

1XXenesnsikos I".B, N6ag-3age tO.A., MeaHos IM.J1. [u ap.]. TnapoTexHnyeckne COOPYKEHNS: CNpaBOYHMK / nog obLy. pes.

B.M. Hepgpuru. M.: Ctponnsgar, 1983. 543 c.

lFeoakonorus

64|

Geoecology


https://doi.org/10.21285/2686-9993-2021-44-1-63-72
https://doi.org/10.21285/2686-9993-2021-44-1-63-72

\.) Wapwunos [.LU. l’mapoanHaMmmyeckme v ruapocTaTtuyeckue cunbl Kak haktopbl, BNvsoLme. .. |
Sharipov D.Sh. Hydrodynamic and hydrostatic forces as factors affecting tailing dump stability |

HaceneHve, paspyLlaTCca BaxTOBblE MOCENKH,
MPOMBILLNEHHbIE 06BEKThI, CTPaAAOT U CENbCKO-
XO03ACTBEHHbIE Yyroabs. B Takux cnyyasax ocHOB-
HbIMW paspyLaloWUMK cunaMm SBRSTCA Mac-
COBbI CKOPOCTHOW NMOTOK NPOPBaHHOW XUAKOCTM
U nocneayroulee XuMmMyeckoe BO3enCcTeme Xxua-
Kux 0TxofoB. o aTon npuymHe Ha BCex aTanax
akcnnyaTaumm  NogoGHbIX  TMAPOCOOPYXEHWI
Heobxoaumo cTporo cobnogate Tpebyemble
TEXHOSOMMYECKNE pernameHTbl, HapyLleHue Ko-
TOPbIX MPUBOAUT K KaTtacTpouU4eckoMy 3KOHO-
MUYECKOMY U 3Kosormyeckomy yuiep6by. B cssu
C 3TUM LLENbO AaHHOW paboTbl SBNSETCSA NOBbI-
WweHne BesonacHocTu akcnnyatauuu gamb xso-
CTOXPaHWUMULL, HA OCHOBE WCCIeaoBaHWiA YCro-
BUIN akcnnyaTtauum xsoctoxpanunuwa AO «Yuva-
nuHckui TOK» 1 coBpEMEHHbBIX METOAOB OLIEHKM
YCTOMYMBOCTU AaMB XBOCTOXPaAHUMLL,.

O6beKT n meToabl UCCNeaOBaHUSA

Ha ocHOBE NPOEKTHLIX U UHXEHEPHO-M3bICKa-
TeNbHbIX AaHHbIX XBocToxpaHunuwa AO «Yua-
nuHckuiA TOK» M3yyeHbl NpUMEHSIEMbIE Ha MpoO-
U3BOACTBEHHOM OOBEKTe WHCTPYMEHTanbHbIe
HabnogeHna 3a gedopmaumnoHHbIMKM NpoLec-
caMu, NPOUCXOOSLIMMW Ha MNOBEPXHOCTN U B
Tene gambbl, a Takke MeToaukM No obpaboTke n
aHanusy pesynbTaToB HaTYpHbIX HabnoaeHuN.
MNpoBeneH aHanu3 reorpaduyeckux, rugporpa-
bryecknx, KMMMaTUYeCKnX, reoriormyeckumx, rop-
HOTEXHWYECKMX YCMOBUI 3KCMnyaTaummn YyanuH-
ckoro xBocToxpaHunuwa. Ocoboe BHUMaHWe
yOoenanocb rmgporpacdum u reonorun panoHa
pasmelleHns obbekTa, reorpaduyeckomy pac-
MOMOXEHUO BnKanWmX HaCeneHHbIX MYHKTOB,
penbedy MECTHOCTM U CNOCOBY YCTPOMCTBA XBO-
cToxpaHunuwa. Kpome nepeymcneHHoro npose-
[leH aHanu3 Takux XapakTepucTuK, Kak rpaHyno-
METPUYECKNA, MUHEPANOTMYECKNA U XUMUYECKUI
COCTaB OTBasIoB, NIOTHOCTb FPyHTA, NOPUCTOCTb
1 OUNbTPALMOHHBIE CBOWCTBA NOPOA Orpaxaato-
wen aambbl. MeToabl nccnegoBaHWUin BKITHOYAOT
TaKkke aHanu3 n 06obLLeHne 0TEYECTBEHHOIO U
3apy6exHoro onbiTa.

Pe3ynbTartbl paboT 1 ux obcyxaeHue

XBoctoxpaHunuue AO «YuanuHckun TOK»
pacnonioxeHo B 2,5 KM OT I. Yyanbl Ha BOCTOY-
HOM ckfoHe HOxHOro Ypana HXHbIX OTpPOroB
xpebTa MpeHabIK, KOTOPbIV ABNAETCA eCTECTBEH-
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HbIM BoZopaszenom p. benon u p. Yn. bnnxan-
LMe Xene3HOLOPOXHble CTaHuuu — r. Muacc B
100 km k ceBepy u r. MarHuTtoropck B 120 km K
tory oT r.Yvanbl. bnuxanwwve HaceneHHble
MYHKTbl HA CeBepe — C. Yyarnbl 1 C. YPryHoBo, Ha
3anape — c. Kynakbaeso u c. MinbTebaHoBo.

B rmgporpacpmyeckoMm OTHOLIEHUM pPaNOH
pasMeLLeHnss TropHO-06oraTUTenbHOro  KOM6u-
HaTa pacnonoxeH B BacceiiHe BEpPXHEro Teye-
HUS p. Ypan, npoTekatowen B 11 kM K ceBepo-3a-
nagy. B HenocpeacTeeHHoM 61M30CTM rmaporpa-
(puyeckas ceTb NpeacTaBneHa o3epamun u men-
KUMK pydbsiMu. B 3 kKM K ceBepy OT npomnio-
Wwagkn Haxogutcs 03. bonbwure Yvansl, Ha ce-
BEPO-BOCTOKE Ha paccTosHuM 2,5 kM — 03. Kapa-
ravnel. BogoobunbHbIX MCTOYHMKOB, CTEKARLLMX
B 03epa, He umeetcs. [[eomoponornyeckn Tep-
puUTOpPUA NpPUypoYeHa K toro-sanagHomy bepery
03. Manble Yyanb..

Penbed npomnnowagkm  HECMNOKOWHBIN:
HabngaTCa peskue NageHus B BOCTOYHOM,
Or0-BOCTOYHOM,  KXXHOM W HOro-3anagHom
HanpaBneHusx. MecTHOCTb panoHa xonmucTas.
Penbed nmeeT pesko BbipaXeHHbI COMOYHbIN 1
MENKOCOMNOYHbIN XapakTep. B 10ro-BoCTO4HOM K
loro-3anagHou YacTtsx Habngaetcs 3abonoyex-
HOCTb. ECTECTBEHHbIV pefibed CUMbHO N3MEHEH
TEXHOreHHbIMK NpoLieccamMu, CBSI3aHHbIMU C pas-
paboTKO MECTOPOXAEHUNA MONE3HbIX MCKonae-
MbIX.

Knumatunyeckue ycnosus paioHa onpegens-
0TCA ero LWMPOTHOW 30HanNbHOCTbLI, abCcontoT-
HbIMW OTMeTKamu penbeda M pPacrnonoXeHNem
BOCTOYHEE BbICOKOrO ropHoro xpebra Ypanrtay.
Knumar panoHa pesko KOHTUHEHTanbHbIA C XO-
NOAHOW NPOJOIMKUTENBHOW 3UMOW N KOPOTKUM
netoM. ABCONOTHbIE MWHWManbHbIE Temnepa-
Typbl BO34yXa XapakTepHbl AN 3UMHUX MECALIEB
nekabpsa n auBaps (-47 °C). OtpuuaTtenbHble
Temnepatypbl oTMeyanucb u netom (-5°C B
uoHe, -1 °C B aBsrycte). ABCOMIOTHbIE MaKCu-
ManbHble TemnepaTypbl OTMEYEHbl JIeTOM B
nione (+38 °C) n aumon B siHBape (+7 °C).

CpepnHsas ckopocTb BeTpa konebnercs ot
2,2-2,3 M/c (AHBapb, utonb, aeryct) go 3 m/c
(okT6pb). MakcumanbHas CKOpoCcTb BeTpa —
14 m/c. CkopocTb Hanopa BeTpa — 40 kr/m3. Mpe-
obnagatoLumMm BeTpamu SBMSIOTCS KXHbIN, KOro-
3anagHbli 1 3anagHbli B 3UMHUIA Nepuoa U 3a-
NafHbIN U ceBepo-3anagHbli B NETHUIA Nepuoa.
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KonuyecTtBo ocagkos onpefensercs LWnpoT-
HOM W BbLICOTHOM 30HANbHOCTbLIO, 3KCMO3MLMEN
CKIMOHOB MO OTHOLLEHWUIO K HanpaBfeHuo BeTpa.
CpenHsis MHOroNeTHAS BeiMyMHa CyMMbl ocad-
koB — 356—459 MMm. CpeaHsisi MHOTroneTHSAS BENK-
YMHa UcnapeHns C NOBEPXHOCTM CYLUW 1 BOAbI 3a
rog coctasnseT okono 0,613 m.

B reonornyeckom OTHOLLEHWM B OCHOBAHWU
XBOCTOXpaHWnuwia 3anerawTt. Topdbl Marno-
BMaXHble, YNNOTHEHHbIEe (TonwwmHa cnos — 0,5—
2 M B CeBepo-3anagHon yactu 4ambbl); CYrimHKu
W TMWUHbI 03€pPHO-00MOTHLIE B TBEPAOM W MO-
NyTBEPAOM COCTOSIHWUW; CYrMUHKW 3Mt0BUarnbHble
TBepable, NONyTBepAble C BKMIOYEHMEM APECBbI
n webHsa ot 15 go 40 %. CyrnuHkM nogctuna-
l0TCS  nopupUTaMn  CUMbHOTPELLMHOBATbLIMM,
ManonpoYHbIMM.

Caepxy anstoBumasnbHble OTNOXEHUS MPUKPLITHI
MOYBEHHO-PACTUTENBHLIM CroeM. ToswmHa noy-
BEHHO-pacTuTenbHoro cnost — 0,5-1,1 M. [paHy-
NOMETPUYECKUA COCTaB XBOCTOB MNpencTaBlieH
B Tabnuue.

B ropHOTEXHNMYECKOM OTHOLLEHUW LEVNCTBYHO-
wee xsoctoxpanunuwe AO «YuanuHckun OKy
OTHOCMTCA K HambIBHOMY Tuny. [NepBuyHas em-
KOCTb XBOCTOXpaHWUnNuLLA OpraHu3oBaHa 13 fByx
OTCEKOB C pasgenuTtencHon pambon mexay
HUMKW. JKCnnyaTauusi nepBoro OTceka XBOCTO-
XpaHunuia ocywectensetcs ¢ 1969 r., BToporo

XapakTepucTuka oTBanbHbIX XBOCTOB oboraiieHus
Characteristics of final tailings
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otceka — ¢ 1974 r. MNepBnyHaa gamba XBOCTO-
XpaHunuLia, NpuMbiKatoLas B BOCTOYHOW YacTu
K OTBany BCKPbILWHbIX CKamnbHbIX Mopog, OTChbl-
naHa 13 ckanbHoro rpyHTa amabasa v nopcupm-
TOB BblcoTOM 10—12 M c oTMeTKamm rpebHs 530—
534 m.

XBOCTOXpaHWnuwe npefHasHa4yeHo  Ans
CKNnagMpoBaHWs 0TBaNbHbLIX OTXO40B TEXHOMOM-
4eCcKoro npou3BoACTBa (XBOCTOB) M TEXHOMOMM-
4ecKoro BogocHabxeHusi oboratutensHon ¢ab-
pukn. ABCONIOTHLIM nepenag 0TMETOK NOAOLLBHI
OCHOBaHWs1 Aambbl XBOCTOXpaHWIMLa U3MEHs-
etcs o1 520 0o 525 M (1 HeCKonbKo BhIlWe Y BO-
CTOYHOTO Kpbina IXHON fambbl).

XBOCTOXpaHWMLLEe KOCOrOpPHOro T1na pacrno-
NOXEHO Ha paccTosHUM = 1,4 KM K tory OT rnae-
Horo kopnyca ¢abpuku. C BOCTOYHOW CTOPOH®I
XBOCTOXPaHWUNULLE MPUMbIKAET K LlEHTPanbHOMY
M BOCTOYHOMY OTBanam BCKpbIWHbBIX NOpPOA.
LleHTpanbHbIN OTBan B HaCTosILLee BpeEMS paso-
BpaH OO0 MPOEKTHbIX OTMETOK W BKIOYaeTcs
B COCTaB 3aMblkaeMOW €MKOCTU XBOCTOXpPaHu-
nuvwa. MpyHTbI 0TBana Ucnonb3oBanuch Ans oT-
Cbinku 4amb o6BanoBaHms 1 NPUrpPy3KknM HU30BOIO
oTKoCa.

B cooTBeTCTBUM C NPOEKTOM PEKOHCTPYKLMK
xBocToxpaHunuwa ¢ 2003 r. cknagupoBaHue
OCYLLECTBNSAETCA HaMbIBHbIM CNOCOOOM B aewn-
CTBYIOLLEE XBOCTOXPAHWUNWLLE, NPeaCTaBnsoLLee

Pasmep vactuy d, Mmm CogaepxaHue, %
0,15+0,1 -

0,1+0,074 19,47

paHynoMeTpuyeckuin cocTaB XBOCTOB 0,074+0,044 10,65

0,044+0,02 31,34

0,02+0,01 6,75

0,01+0,005 15,12

0,005 16,67
Cpegxui gnameTp Yactuy dep 0,036 Mm
YaenbHas Macca TBepablX YacTUL, Jime. 3,8 1/m®

MVIHepaﬂOI'MHeCKVIVI COCTaB XBOCTOB

Mupwut — 60,56 %
Xanbkonuput — 0,55 %
Cdpaneput — 1,05 %
Hepyaxble — 37,84 %

XMMUYECKNIN cOCTaB XBOCTOB

UnHk — 0,71 %
Cepa — 32,30 %
3onoto — 1,27 1/r
Cepebpo — 15,97 r/r
Menb — 0,19 %
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eaunHoe none. 3anofiHeHWe eMKOCTU MpPOU3BO-
AMTCA NO cxeme: oT Aambebl K npyay ¢ obpasosa-
HUeM nnsxa 13 XBOCTOB. HapalumBaHue orpax-
Aatowient Jambel Ha4YMHas ¢ NATOro spyca Nnpous-
BOAMTCS MyTem OTCbinku Aamb obBanoBaHus 13
KPYNMHOBMOYHBIX LeOEeHUCTLIX FPYHTOB OTBasnoB
C CYIMUHUCTBLIM 3anofiHUTENEM.

MapameTpbl 4amb 06BanoBaHus: WMPUHa NO
rpebHio — 21 M, 3anoxeHue otkocoB — 1:1. eHe-
panbHoe 3anoXeHue HU30BOrO OTKOCa orpaxaa-
towen gamoel — 1:3,5. [lambbl oTCbiNaHbl ¢ gpe-
HaMu anvHon 30 M M3 CKanbHOrO rpyHTa OTBa-
noB, pacnonoxeHHbIMK Yyepes 250-300 m no ne-
pumMeTpy Aambbl. [lpeHbl npegHasHayeHbl Ans
YCKOpPEHUS NPOLECCOB KOHCONWOaLMM XBOCTOB
MASHXKHOW 30HbI M OTBEAEHUS PUMbTPALMOHHbBIX
BO4 B ApeHaxHble KaHaBbl. Ha yyactke nosku
LIeHTpanbHOro oTBana M Ha OTKOCe BOCTOYHOIO
oTBana BbIMOSIHEHO YCTPOMCTBO MPOTUBOMIb-
TPALMOHHOIO 9KpaHa W3 reoTekCTUNna W npeay-
CMOTPEH HaMbIB 3KpaHa W3 XBOCTOB. [lpuHATas
KOHCTpYKUMs damb obBanoBaHWs MnO3BONSET
ynyywuts  AedopmMaLoHHO-Hanps)KeHHoe Co-
CTOSIHWE HaMbIBHOM Aambbl M YBENUYUTL BO3-
MOXHOCTb €e HapallyBaHUsi 4O MPOEKTHON OT-
MeTkM 582 m.

JKcnnyatauus  XBOCTOXpaHunuwia npeay-
CMOTpPEHa [0 OTMETKM 582 M, Ha KOTOpPOM Mno-
aab XBOCTOXpaHWnuMuia cocTtaBut 1,12 kM2,
MPOEKTHas EMKOCTb XBOCTOXpaHunuwa — 59 MiH
M3, NPOTSKEHHOCTb HANOPHOTO POHTa — 3,8 KM,
MaKCMMarnbHas BblCOTa HaMbIBHOW Aambbl — 62 M.

Ha orpaxaatoLlyto amby XxBocToxpaHunuLla
LEVNCTBYIOT BE OCHOBHbIE paspyLuatoLne Cunbl:
rmapocTaTnyeckoe AaBneHne Xuakux 0TX040B U
rmapoavHaMmyeckoe OBWKEeHUe (UNbTpaunoH-
Horo notoka. CrnefyeT yTOYHWUTL, YTO B pamMKax
ucecnegoBaHns hakTopoBs, BUSIOWMX Ha YCTON-
YMBOCTb XBOCTOXPaHWUMULL, rMapocTaTuyeckue u
rMapoAMHAMUYECKMe CuIbl  paccMaTpuBaoTCs
KaK UCTOMHWUKN MEeXaHWU4YeCcKoro BMMSiHUA, NPosiB-
nswwrecs B Buae (pusnyeckoro gaeneHus, ne-
PEMELLEHNS YaCTWL, FOPHbIX Macc, ABWKEHMS No-
TOKOB BHYTpW Mop orpaxaarowien gamobl u T. .
MNpouecc xummyeckon cyddosun aBnseTcs
OTAESIbHBIM  HanpaBfeHneM UccneaoBaHus U
paccMaTpMBaeTCA Kak OTAENbHbIA paspyLuato-
WM dhakTop.

[‘MaBHbLIMW UCTOYHUKAMW MMAPOCTATUYECKOrO
LaBneHns ABNSETCA XpaHUMas XMAKOCTb. B Hawlem
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cryyae paccmaTpuBaloTcst 0TXoabl oboraleHns
nonesHbIx uckonaemblx. [Ana HarnsgHoro npeg-
CTaBleHVs O BMUSAHUM [AHHOTO (pakTopa JocTa-
TOYHO BCMOMHUTb 3aKOH lackans, KoTopbli yka-
3blBaeT Ha 3aBMCUMMOCTb [aBMEHUs B XWUOKOCTU
OT NAOTHOCTYW XNAKOCTU, YCKOPEHNS CBOBOAHOIO
nageHus u rnybuHbl, Ha KOTOPOW onpeaenseTcs
[laBeHue.

[NoHMMaHVe BbilecKa3aHHOro [fdaeTt npeg-
CTaBfeHne O TOM, YTO orpaxgawowme aambbl
XBOCTOXPAHWMULL, U TPYHTOBbLIX MMOTUH MOCTO-
SHHO HaxXO4ATCA NOA OrpPOMHbLIM ruapocTaTuye-
CKUM JaBrneHneMm, BENnyHa KoToporo pacreT no
Mepe yBenumyeHns obbema Xuakux otxogos [16—
19]. Takxe cnegyeTt OTMETUTb, YTO MPK NOMHOM
paspyLIeHun orpaxagatoLien 4ambbl OT 3Ha4YeHUs
rMapocTaTUYecKoro AaBneHns 3aBUCUT CKOPOCTb
NOTOKa, a COOTBETCTBEHHO, M paspyLumTesibHas
cua npopBaHHOMN XMOKOCTK.

B cBoto ouepenb, rmgpocraTuyeckoe faene-
HUe ABNSETCH UCTOYHWUKOM rMOPOANHAMUYECKNX
CUM, BblpaXarLmxcs B Buae unbTpaumum v ne-
penuea. IMeHHO HeraTMBHOe Aencteue (Ounb-
TPaLMOHHOro NOTOKa ABNSETCH pacnpoCTpaHeH-
HOW NPUYMHOW MOSHOIO UMM YaCTUYHOIO paspy-
WeHns 4amb XBOCTOXpaHWUMULL, KOTOpPOe NposiB-
nsieTcs B BMAE BHYTPEHHEW cyddo3nm (asmxke-
HUSI XMOKOCTW B MOPOBOM MNPOCTPAHCTBE MPYH-
TOB) ¥ 3p03un (MOBEPXHOCTHOrO pasMbiBa, OT-
pbiBa M BbINOpa rpyHTOBLIX Macc) [20-24].

BHyTpeHHsss  cydpdposma  npencraenset
Hanbonee cepbesHylo yrposy, U cBsidaHa OHa C
TEM, YTO NPU MOBbLILLEHUN YPOBHS XUOKUX OTXO-
[,0B yBENNYMBAETCS (PUMbTPALMOHHBIN MOTOK OC-
HOBaHWs gambbl. Ycyrybnsercs cutyauus Tem
hakTom, 4TO Ha HayanbHOM 3Tane CTpouTesb-
CTBa OCHOBaHWS [amMbbl 30Hbl MOBbLILIEHHOW
punbTpaumm Bu3yansHO M TPaaUMLMOHHBIMUA Me-
TOo4aMu He O0BHAapYXMBAOTCA, YTO B AanbHew-
e aKecnnyatauum obbekta MOXeT NoBneYb 3a
cobon paspyLueHue rnapocoopyxenus [25]. Mpo-
BeJEHHble WCCneoBaHWs MOKasbiBaloT, 4YTO B
40 % cnyvasx npuyMHOM aBapumn rpyHTOBBIX NJ10-
TUH SBNAETCA BHYTPEHHAS Ccyddo3us Tena
orpaxgatoLLen CTEHKN UM OCHOBaHUA [26—-34].

Kpome Xuakux oTXo4oB eLle OAHUM UCTOYHU-
KOM MexaHu4eckon cypdosnu SBNATCH rpyH-
ToBble BOAbl. Ocobyto onacHOCTb OHM NpeacTaB-
NAT B Mepuog  CTPoUTENnbCTBA OCHOBAHWSA
fambbl.  VIMEHHO  (OMNbTPALMOHHBIN  NOTOK
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FPYHTOBbIX BOA NPUBOAMT K 06pa3oBaHWio 30H
MOBbILLEHHON PUNbTPaLMM B OCHOBaHUM Aambbl,
WHTEHCMBHOCTb KOTOPbIX MOXET MpUBECTU K
npoTeYKe ¥ pasmbIBY, CO3AaBas yrpo3y obpyLue-
Hus Bcero obwvekta [35-38]. Bcneactaume aToro
Npn NPOEKTUPOBaHWUKM NOZOBHbLIX COOPYXKEHUN
0c060 TLATENbHO U3yYalTCa rmaporeonornye-
ckue ycnosusi Mecta GyayLiero pacnonoxeHus
obbekTa.

K ruapogvHammyeckum cunam, BRAUSHOLWMM
Ha YCTONYMBOCTb ;aMB XBOCTOXPAHWUNNLL, Takxe
OTHOCUTCS MPOLECC nepenmeBa XuOKOCTU Yepes
rpebeHb BonHbl [39-41]. OcobeHHOCTb AaHHOro
npoLiecca 3aknovaeTcs B ObICTPOM pa3pyLUeHnUm
1 3p03nM BEPXHEW YacTn aambel. Bpemsi npote-
KaHWs npoLlecca 1 NocneacTsus paspyLleHus 3a-
BUCSAT OT CKOPOCTW MepeTeKkaHns XUOKMX OTXO-
[OB 1 MapaMeTpoB BETPOBbLIX BOMH. ABapuu B
CTPYKTYpe rnMapoysnos, HecobniofgeHne TexHo-
NOrMYeCcKoro pernaMeHTa pexuma paboT cu-
CTEMbl BOAOOTBEAEHNS U HECBOWCTBEHHbIE ANS
paioHa pacrnonioXeHuss oObekTa MNorogHble
YCNOBWSl, @ WMEHHO CWIbHble MOpPbIBbI BETPa,
Cny»aT OCHOBHbIMW NPUYMHAMK BO3HUKHOBEHWS
nepenuea [42]. Okono 33 % aBapwit Ha rPyHTO-
BbIX MMAPOCOOPYKEHUSIX CBA3AHO C JIOKaNbHbIMK
WNW MaccoBbIMW NEPENUBAMU XPAHUMOWN XNAKO-
CTN Yepes rpebeHb BOSHbI [43, 44].

3akntoyeHue
CTpouTenbCTBO M 3KCNyaTauust XBOCTOXpa-
HUNULY, TpebyeT peLleHns COXHBIX UHXEHEePHO-
TexHu4ecknx 3agad. OT pe3ynbTaToB MPUHATHLIX
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Mep 3aBUCUT LLeNOCTHOCTb 06beKTa 1 npunerato-
wux Tepputopun. [na obecneveHuns Gesonac-
HOW 3KcnnyaTauum NnogobHbIX rMAPOCOOPYKEHNI
HeoBX0AUM NOCTOSHHLIN MOHUTOPUHT U UHGOp-
MaTUBHOCTb  HaNPsHXeHHO-AehOpMaLMOHHOIo
COCTOSIHMS OorpaxaatoLient 4ambbl, NOMCK HOBbIX
crnocoboB n3yyeHus aedopmaLmnoHHbIX npoLec-
COB, MOMOSTHEHWE U NPUMEHEHWNE TEOPETUYECKNX
3HaHwW B 3TON 0BnacTu.

Mo pesynbTataMm npoBedeHHOW paboThl
MOXHO cAenaTb BbIBOA O TOM, YTO Ha AOMH0 BNK-
SAHUA TMOPOANHAMUYECKUX WM TMOPOCTaTUYECKUX
cun npuxoautes 73 % (40 + 33 %) aBapui rpyH-
TOBbIX famb 1 nnoTtuH. M3 atoro cnegyer, 4To B
pamkax nuccrnefoBaHUn (oakTopos, BIMSOLWMX Ha
YCTOMYMBOCTb XBOCTOXPAHWUIULL, WMEHHO 3TU
CUnbl SBNSIOTCA OCHOBHBIMUM - pa3pyLuatoLLMMu
thakTopamm, NPoABASAOLLMMUCS B BUAE NOCTOSH-
HOro OEenCTBUS MMAPOCTaTUYECKOro AaBMEHWUS,
ABWKEHUS OMNbTPALMOHHBIX MOTOKOB B TENE U B
OCHOBaHWW orpaxgatouien nambel, nepenvea u
3po3uu.

PesynbTatbl, npeacTaBneHHble B [aHHOM
Hay4YHoOW paboTe, JONOSHAT TeOpeTUYECKMe 3Ha-
HUS O BIIMSHUW XWMOKUX OTXOZOB U TPYHTOBbIX
BOA, C TOYKM 3peHUs AeNCTBUSA rnapoaMHaMuye-
CKUX W r’MAPOCTaTUYECKNX CUM Ha YCTOMYMBOCTb
[aMO XBOCTOXPaHWUMULL, M 3eMSISIHbIX MNOTYUH.
NpakTnyeckoe NpUMEHEHME OaHHbIX 3HaHWW Ha
cTaguun NPOeKTUPOBAHUSA MMAPOTEXHUYECKMX CO-
OPYXEHWI NO3BONUT 0BHAPYXWUTb NpoLecchl Ae-
hopmaumm Ha HavanbHOW CTaguu pas3BUTUS U
NPUHATb MEPbI MO UX YCTPAHEHWIO.
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MporHo3 nognopa NoA3eMHbIX BOA HA TEPPUTOPUAX
MCTOPUYECKUX LeHTPOB roponoB BoctouyHon Cubupwm

© I1.U. Ay3una?

3 lpKymcKul HayuoHarbHbIl uccrnedogamenbCKuli mexHuyeckul yHusepcumem, 2. ipkymck, Poccus

Pestome: Lienbio nccnegosaqus sensnack paspabotka MeTOAMKW ONepaTUBHOTO MPOrHO3a W3MEHEHUs rMapoaNHaMmnye-
CKOTO pexuma rpyHTOBbIX BOA B pesynbTaTe 6appaxHoro achdekta npy CTpOMTENbCTBE COOPYKEHUI C ryBOKMM 3anoxe-
Huem yHaameHToB. OCHOBHBIM METOAOM MOCMYXWIO CO34aHMe aHanMTUYecKon MOAENN B pesynbTaTe BapUaTUBHBIX
pelieHun ypaBHeHus Jlannaca. PeweHus pa3pabatbiBanuch B NpoLecce MCCNeAoBaHWA HAa TEPPUTOPUAX NCTOPUYECKMX
ueHTpoB MpkyTtcka u gpyrux ropogos BoctouHon Cubupun. B pesynbTate 6binv NOCTPOEHbI MPOrHO3HLIE CXEMbI TMyOuH
hopMUPOBaHKS YPOBHSA FPYHTOBbIX BOA M NPOBEAEHA OLIEHKa TEPPUTOPUIA NO YCNoBUAM noaTonnexus. PaspaboTaHa aHa-
nYTMYeckas MOAerb AN NPOrHo3a nognopa NoA3eMHbIX BOA, NPeACTaBnaoLWwas cobor NpocTyio 1 BNOMHE YHUBEPCanb-
Hbli CTPYKTYPY, KOTOpas MOXET ObITb UCMONb30BaHa AN NPOrHO3HbLIX PACYETOB HA TEPPUTOPUAX NCTOPUYECKUX FOPOAOB,
HaxXOAALWMXCA B aHaNOMMYHbIX reonoro-ruaporeonorMyecknx yenoeusx. Ha ocHoBe aHanusa umelowerocs matepuana
caenaH BbiBOA O TOM, 4TO 3HAYUTENbBHYIO POSb B (YOPMUPOBAHMM HOBOTO NOAMOPHOTO rOPU30OHTA UrpatoT NpeaBapuTe Mb-
Has BEpTUKanbHas NnaHMpoBKa TEPPUTOPUK, NPaBUIIbHBIA NoAXoa K Bbibopy TMna dyHAamMeHTa, a Takke Ce30HHble Ko-
nebaHus ypoBHA NOA3EMHbIX BOA.

Knroyeenie cnosa: noanop, ypoBEHb rPYHTOBBIX BOA, aHanUTMyeckast Moaesb, NPorHo3, 3arnybneHHbIn hyHaaMeHT
Ans yumupoeanus: AyauHa J1.U. MNporHo3 noanopa noa3eMHbIX BO4 HA TEPPUTOPUSX MCTOPUYECKMX LIEHTPOB rOPOLOB

BocroyHon Cubupu. Hayku o 3emne u Hedpornonb3ogaHue. 2021. T. 44. Ne 1. C. 73-84. https://doi.org/10.21285/2686-
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Predicting groundwater rise in historical
centres of Eastern Siberian cities

© Larisal. Auzina?
3lrkutsk National Research Technical University, Irkutsk, Russia

Abstract: The purpose of the research work is to develop a procedure for on-line prediction of the groundwater hydrody-
namic mode change caused by the barrage effect of deep foundation structure construction. The main method used is the
development of an analytical model as a result of variant solutions of the Laplace equation. The solutions have been
elaborated in the course of studies conducted in historical centers of Irkutsk and other cities of Eastern Siberia. As a result,
diagrams predicting the formation depth of groundwater level have been created, and the territories have been assessed
according to their flooding conditions. An analytical model has been developed for backwater prediction. The model is
rather simple, universal and can be applied for predictive calculations on the territories of historical cities located in similar
geological and hydrogeological conditions. The available material analyzed, it is concluded that preliminary vertical plan-
ning of the territory, correct approach to foundation type selection as well as seasonal rise of underground water play a
significant role in the formation of a new headwater elevation.

Keywords: backwater, groundwater level, analytical model, prediction, deep foundation

For citation: Auzina LI. Predicting groundwater rise in historical centres of Eastern Siberian cities. Nauki o Zemle
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BBeneHue 11]. B Poccun nogTannmBatoTcsd MHOrME Hace-

MogTonneHne, Bbl3BaHHOE Pa3fUYHBLIMK MPU-  JIEHHbIE NMYHKTbI B €BPONENCKON YacTh CTPaHbI,
YyMHaMK, OTMEYAETCS BO MHOIMMX ropodax Mupa, Ha Ypane, Ha [JanbHem BocToke, B Cubupu [12,
B TOM uucne B ropogax CoeguHeHHbix WTtatoB  13]. KpaiiHe crnoxHas cuTyaumst B 9TOM CMbIChe
Awvepukn, Benukobputanumn, ®paHuum, Fepma-  CnoXunacb Ha 3aCTPOEHHbBIX TEPPUTOPUSAX Kora
Hun, MHpun, KasaxctaHa, Kutas, Kopenn gp. [1-  BocTtouHon Cubupu. MpuumHbl pa3HoobpasHbi:

maporeonorus U UHxeHepHas reonorus | 73
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kaTacTpouyeckme nNaBOOKOBbIE — CUTyaLuu,
YyTEUYKM M3 CTapblX NOA3EMHbIX KOMMYHMKaLMK,
HepaboTalwLaa nvMBHeBas KaHanusauus, 6ap-
PaXHbIN 3hdeKT hyHaamMeHTOB rnybokoro 3ano-
XEHWS1 HOBbIX MPaX4aHCKNX COOPYXEHWUI, YacTo
UMeLWMX Noa3eMHble aBTOCTOSHKM [11, 14].

B 2002 r. NocynapcteeHHon gymon Poccui-
ckon ®enepauum 6b1n NpuHAT 3akoH «O6 06 bek-
Tax KynbTypHOro Hacneaus Hapogos Poccumny, B
KOTOPOM 0C060 OTMEYaeTCs KOHCTUTYLMOHHAs
0653aHHOCTb KaXaoro rpaxaaHuHa Poccuiickoi
degepaunn 3ab60TUTLCH O COXPAHEHWUU UCTOPK-
4ECKOro W KyfbTYpHOro Hacnegus crpaHbl. Npu
3TOM TOnbKO 3a nepuog 2000-2010 rr. B Poccuun
ObIno yHUYTOXEHO 6onee 2500 NamMATHWUKOB MC-
TOpUM 1 KynbTypbl. COCTOSiHME MOMOBWHbI Na-
MSATHUKOB, HAXOASALMXCA NO4 roCyLapCTBEHHOM
OXpaHoW, HeydoBneTBopuUTenbHoe, Ans 6onb-
e YacT HeobX0aAMMO NPUHATUE CPOYHBIX Mep
no cnacexuto. Mo gaHHbIM MuHUCTEPCTBA Kynb-
Typbl, NOYTW 65 % 06BLEKTOB KynbTypHO-UCTOPU-
4ecKoro Hacrneams B CTpaHe HaxoauTcs B npeaa-
BapuHOM WUNW aBaputHOM COCTOsIHUM!. Bonb-
LWMHCTBO 3[aHuUi, BO3pacT KOTOPbIX COCTaBNSET
6onee 100 net, noaBepraeTcsa HEraTMBHOMY BO3-
LENCTBMIO 3KOMOrMYECKMX (PakTopoB, B TOM
yucne noaronneHnto gyHaameHTos. [na ucro-
PUYECKOro ropofa (MM ero UCTOpUYecKon 4a-
CTN) OCHOBHbIM JOKYMEHTOM [JOJSIKEH CTaTb Npo-
€KT PEeKOHCTPYKLMWU ropofa C BblgeneHnem rpa-
HWUL, OXPaHHbIX 30H, YTO NO3BONUT CHATL PAS rpa-
LOCTPOUTENbBHBIX NMPOGeM, CBA3aHHbIX C Bblge-
NEeHNeM 3eMenbHbIX Y4acTKOB MO HOBOE CTPOU-
TENbCTBO Ha TEPPUTOPUAX UCTOPUYECKUX LIEH-
TpoB. py 3TOM [OMKHbI YYMTLIBATLCA PUCKK
NOATONSIEHNS UCTOPUYECKUX 34aHWiA Npu cosaa-
HUWM HOBBIX NOCTPOEK C rNyBOKNM 3anoXeHMeM
(pyHOaMEHTOB.

B cBsi3K ¢ aKkTyanbHOCTbIO ONUCAHHOW Bbille
npobnembl Lenbio 1ccneaoBaHus ctana paspa-
6oTka MeToaMKM OnepaTMBHOrO NPOrHo3a u3me-
HEHUS rMOPOAUHAMUYECKOTO PEXMMA IPYHTOBbIX
BOA, B pe3ynbTaTe 6appaxHoro addekTa, co3ga-
BAEMOro COOPYXXeHUSMU C pyHOaMeHTaMmu rny-
BOKOro 3anoxeHusl, AN NPUHATUS UHXEHEPHbBIX
PELUEHNA Ha HayanbHbIX CTagusax pas3paboTku
apPXUTEKTYPHO-CTPOUTENBHBIX NPOEKTOB.
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MeToab! uccnegoBaHus

Ha Tepputopusx ¢ He3Ha4YMTENnbHOW rnybu-
HOW MOSIOXEHMS YPOBHS TpyHTOBLIX Bog (YIB)
CTPOMTENbCTBO 34aHWIA, UMEILWUX (PYHOAMEHTbI
rnybokoro 3anoxeHusl, B pesynbtate bappax-
HOro adpdekTa NPMBOAMT K MOBLILEHWIO pUCKa
NOATONSIEHNS CMEXHbIX Y4aCTKOB C HaxoAsLmM-
MUCS Ha HUX COOPYXeHMsMU. BbappaxHbln ad-
ekt — ato noavem YIB nepepn nperpagon no
MOTOKY W €ro CHWXeHWe 3a He BCreacTeue ne-
PEKPbITUA  PUNbTPALMOHHOrO MOTOKA MNOA3EM-
Hbix Bog ([1B). B 3aBMCMMOCTH OT ruaporeosnoru-
YECKMX XapaKTEPUCTUK MepekpbITOro BOAOHOC-
HOro rOpu3oHTa M rabapuToB WHXEHEPHOrO CO-
OpPYXEHWUS BenuyMHa nognopa MOXET W3Me-
HATbCSA OT HECKOMbKUX CaHTUMETPOB 4O METPOB
W NpUBOAUTb K AedopmaLmsam rpyHTOBOro mac-
cuBa, NOATOMNNEHNIO TEPPUTOPUM U PACMONOXKEH-
HbIX PSAOM 34aHWUN U COOPYXEHUI, a TakxKe apy-
MM HebnaronpusATHLIM NOCNEACTBUAM.

Kak yxe oTMe4anocb, NnoaToneHne, CBA3aH-
Hoe ¢ GappaxHbIM 3ODEKTOM, LLUMPOKO Pa3BUTO
Ha TeppUTOPUSX COBPEMEHHbIX FOPOAOB, rae 3a-
CTpamBalTCA He TONbKO OKpauHHbIE MoLiaaw,
HO W UCTOPUKO-KYNbTYpHbIE 30HbI, OT Yero cTpa-
[aT (PyHAAMEHTbI CTapbIX 34aHuiA 1 4acTo pas-
pyLUAOTCA MUCTOpUYecKne nocTpomnkun. [lpose-
[EHHble aBTOPOM uccrnenoBaHus Bbinu Hanpas-
neHbl Ha BbIAENEHNE OCHOBHbIX MPUYNH U3MEHe-
HUSI TMOPOreonorMYecknx YCoOBUA TFOPOLCKMX
TEPPUTOPUI, a Takke (PakTopoB, ONPeaensoLLMX
hopmmpoBaHue rmapoaMHaMMYECKOro pexuma.

OCHOBHbIE MPWUYMHBI U3MEHEHUSI TUAPOreo-
NOrMYECKMX YCIOBUIA pasgenslTcs Ha ecTe-
CTBEHHbIE W TEXHOreHHble. ECTecTBEHHblE npu-
YMHBI — 3TO B NEPBYI0 OYepedb CE30HHbIE KOome-
6aHus BbiNageHus atmocgepHblx ocagkos. K
TEXHOTEHHbIM MPUYMHAM MOXHO OTHECTU aBa-
pUHbIe COPOCHI BOAbI M3 BOLOXPaHWUNULL AHrap-
CKOro Kackaga, B TOM uucne u3 MipkyTckoro Bogo-
XpaHunuwa, a Takke 6appax, CBsi3aHHbIA CO
CTPOMTENIbCTBOM U 3KCMIyaTaumen npoekTmpye-
MOFO COOPYXXEHWM C ryOOoKUM 3anoxeHneM gyH-
[AMEHTOB.

Pexumoobpasylowme daktopbl nogpasge-
NeHbl Ha pernoHanbHble U fokanbHble. Pervo-
HanbHble (akTopbl BkMovaoT nognop B ot

LIl NapnameHTCkuit dopym «McToprko-kynbTypHoe Hacneaue Poccumy // Cotos Manbix ropoaos Poccuiickoit ®enepaumm
[OnekTpoHHbIn pecypc]. URL: http://smgrf.ru/3-parlamentskij-forum-istoriko-kul-turnoe-nasledie-rossii/ (07.12.2020).
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KaHanoB, pek W Apyrx BOOOEMOB, OT yTeyek
NPOMbILLIIEHHbIX NPeanpuATUA ¢ GonbWMM No-
TpebneHnem BoAbl, Nonen unbTpauumn, oT MH-
bunbTpaumm yTeyek U3 KpynHbIX KONeKTopoB W
np. K nokanbHbIM (hakTopam OTHOCATCS Noanop
B ot achhekTa Gappaxa NOA3EMHbIX COOpYXe-
HUW, OT MHUNBbTPALMN YTEYEK U3 BOLOHECYLLMX
KOMMYHVKaLM 1 06pa3oBaHne BOPOHOK Aenpec-
CUM OT LEeWCTBUS pasfUyHbIX BUOOB [pEHaxen
MpW CTPOUTENbLCTBE W JKCMNyaTauum Coopyxe-
HUA.

B naHHoM paboTe akueHT caenaH Ha fokanb-
HOM TEXHOreHHOM pakTope, 06yCroBMEHHOM
CTPOMTENLCTBOM COBPEMEHHbIX 34aHWn ¢ nog-
3eMHbIMU  TOProBbIMW  KOMMEKCamu, MoA3eMm-
HbIMW CTOSIHKaMU 1 ApyruMu obbektamu rny6o-
KOro NOA3EMHOr0 3afioKeHUs, Bbl3blBaOLMY
noanop MNB 3a cyeT 6appaxHoro aggekTa.

Becbma crnoxHas cutyauusi, CBA3aHHas C
nognopowm NB, cnoxunack B ropogax BoctoyHon
Cubupu, B Tom uncne B MpkyTcke, Yepemxoso,
Yconbe-Cubupckom n apyrmux. Hanpumep, 8 Up-
KyTcke Bonbluas YacTb ropoACKOro LieHTpa npea-
cTaBneHa 3gaHuamy koHua XVIII — Havana
XIX B., ypoBeHb 1B Haxogutcs Ha rnybuHe 1,2—
5 M OT noBepxHocTW 3emnu [15]. HesHaunTenb-
Has YacTb CBOBOAHbIX OT 3acTpoek nioLwiagen,
Kak NpaBunio, NpefocTaBnseTcs Ans Coopyxe-
HUS KPYMHBIX TOProBbIX KOMMMEKCOB UM XUIbIX
LLOMOB C rny6oK1M 3anoxeHmeM yHAaMEHTOB U
NoA3eMHbIMU aBTOCTOSIHKAMU, YTO COMPOBOXAA-
eTca nepedOpMUPOBAHNEM CTPYKTYpbl (OUIb-
TpaunoHHoro notoka MB.

TeppuTopus nccnegoBaHuin HaXoQUTCS B ne-
PEXOAHON 30HE OT NNaTOPMEHHON PaBHUHbI K
Bainkanbckon ropHon obnactu. Penbed Teppu-
TOPUU YMEPEHHO pacyneHeH JoNvHamu pek u
pacnagkamu nepBoro u BTOpPOro nopsigkos. Bo-
[opasfenbHble NPoCTPaHCTBa UMEIDT MNOCKME
WNW OKpYyrnble BEepLUMHbI ¢ abCOMKTHON OTMET-
kon 480-520 m, mMakcumanbHasa rnybuHa pac-
yneHeHus gocturaet 160 m.

B rmaporeonormyeckom OTHOLLEHWM PaNoH
npuypouyeH k Upkytckomy 6acceniHy — Hanbonee
KpynHow cTpykType AHrapo-JleHckoro apTesnaH-
ckoro BacceiiHa nepBOro nopsiaka.

OCHOBHbIMY BOLOBMELLAIOLWMUMU OTNOXEHN-
AMU GBMSAOTCA NOpOAbl YETBEPTUYHOTO (rpa-
BUMHO-raneyHble, NecYaHo-rMuHUCTLIE NOPoabl),
OPCKOro (NecyaHuku, aprunnnTbl, anesponuTbl)
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M KEMOPUICKOrO (OONOMWTLI, COMEHOCHbLIE MO-
podbl) Bo3pacToB. OcafoyHble OTNOXEHUS
MMetoT BIIOKOBYID CTPYKTYPY, yHacrneOoBaHHY0
OT KpucTannuyeckoro yHaameHta [16]. B npe-
[enax uccrnefyemblx TeppuTOpun MNOSIOXeHue
6nokoB ropHbix nopog 06ycnosmno hopmmposa-
HUE OCHOBHbIX reOMOPONOrNYECKUX CTPYKTYP.
B coyeTaHuu ¢ cuctemamy TEKTOHUYECKUX pas-
PbIBOB M 3PO3MOHHON CETHI0 OHW OKasanu pella-
owee BNUsHNME Ha (HOPMUPOBAHWE COBPEMEH-
HbIX WHXEHEPHO-TMAPOreosIorMyecknx yCrnoBui
[15, 17, 18].

TunoBow paspe3 LeHTpanbHON TeppuTopum
r. ipkytcka wWMmeeT [BYXCINOWHOE CTpOEHWeE:
BEPXHAS YacTb NpefcTaBfieHa pPbIXMbIMU OTIO-
XEHUAMMN 4YeTBEePTUYHOrO BO3pacTa, HWXKHAA —
CKanbHbIMK  OpckuMK  oBpas3oBaHuamMu.  [pu
3TOM BEPXHSA YacTb COXeHa rpaBUNHO-raney-
HbIMW U NecYaHo-Cynec4aHbIMU OTNOXEHNSAMU
4eTBEepPTUYHOro BO3pacTa, 3HA4YUTENBHO OTNNYa-
oWMUMUCS APYr OT Apyra He TOSbKO CTPOEHUEM,
HO W (PUNbTPALMOHHBIMA XapaKTepPUCTUKAMM.
MepBbIMM OT MOBEPXHOCTM 3aneratT NecyaHo-
cynecyaHble nopoabl ¢ KO3 UUUEHTOM USb-
Tpauun K He Bonee 5-6 M/cyT., B 3TOM Croe U
opmupyeTca 3epkano rpyHToBblXx Bog. [pa-
BUMHO-raneyHble OTNOXEHNS UMeIoT ropa3ao 6o-
nee BbICOKME (OMNbTPaLMOHHbIE NokasaTenu K —
Ao 100-300 m/cyT. YpoBeHb 1B 4eTBEpTUYHOIO
BOAOHOCHOTO TOpPWU30HTa PacnofoXeH Ha rny-
BvHe 1,2-5 M OT NOBEPXHOCTU 3eMMN. [OPU3OHT
NOACTMNAETCH NecyaHnKamun, anesponuTamun u
YIUCTBIMK CnaHuamm topckoro Bospacta, K ko-
TOPbIX B TEKTOHUYECKN HApYyLUEHHbIX 30Hax o-
cturaet 100 m/cyT. npu cpeaHunx 3HaveHusx 0,5—
1,5 m/cyT. TlepekpblT BOOOHOCHbLIA  FOPU3OHT
BEPXHEYETBEPTUYHBIX OTSIOKEHUN TEXHOrEHHBIMM
rpyHTaMu cpegHen mowwHocTteio 1,5 m[11, 13, 15].

MogenupoBaHue Takux cutyauui B psige ro-
podoB VIpKyTCKOro paioHa C NpOrHO30M MNO4b-
ema YI'B Ha conpefesbHbIX TEPPUTOPUSAX OCY-
LeCTBNANOCL HeoAHOKpaTHO [11-13, 15, 17, 19],
Ha OCHOBaHWUM Yero Obifia BbiBe4eHa aMNmpuye-
cKasi 3aBUCUMMOCTDb.

MNocnenoBaTenbHOCTL M MeToaMKa paboThl
npeacTaBneHbl B JaHHON CTaTbe Ha NpuMepe He-
CKOJbKNX 0OBEKTOB, BbIOOP KOTOPbLIX 0BYCnoB-
NEeH TUNUYHBIMK AN AaHHOW TEPPUTOPUM reoso-
FMYECKUM CTPOEHMEM W TMAPOreonornyeckumm
ycrnosusimMu (puc. 1).
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Puc. 1. PacnionoxeHue knrovesbix (munoebix) yyacmkos Ne 1, 2, 3, e. Upkymck
Fig. 1. Location of key (standard) sites no. 1, 2, 3in Irkutsk

YyacTok Ne 1, pacnonoxeHHbIn B LieHTpanb-
HOW 30HEe UCTOPNYECKON 3acTponku r. NpkyTcka,
Obin npegHasHayeH ans cTpouTenscrtea 5-10-
3TaXHOro 34aHus C TPEXYPOBHEBOW MOA3EMHOW
aBTOCTOSIHKOM M NPOEKTHOW rnybuHOW 3anoxe-
HUs pyHaameHta 8-12 m. lNo utoram aHanusa
UcxofHbIx matepuanos [10-13, 15, 17, 18, 20]
Bbina copmmpoBaHa 6asa OaHHbIX, BKMHOYato-
was 13 atpmbyTMBHBLIX NO3MLWMIA No 96 ToYKaMm.

B pesynbtate cxematusauuv npupoOaHbIX
YCINOBUIA, KOTOPasi IPOBOAMIIACkL B COOTBETCTBUM
C CYLLECTBYHOLMMI POCCUICKMMM CTaHOapTamMmu?
W pekomeHaauusiMu, pa3paboTaHHbIMU B Kaye-
CTBE NPUIOXEHUI K HUMS, Bbina cocTaBneHa rma-
poAuHamuyeckas Mogerb.

BepTukanoHoe  CTpoeHne  0OGBOAHEHHOM
TONWM annoBuasbHbIX OTIOXEHUA Teppachl
MPUHATO ABYXCIONHBIM:

— BEpXHAs 4YacTb paspesa npencTasreHa
MAOTHLIM CYrMIMHKOM W CYMNechio C He3HaunTe b-
HbIMW NPOCNOSMU Mecka CyMMapHOW cpeaHen
MOLLHOCTBIO 2,45 M U1 KOI(PPUUMEHTOM DUNb-
Tpauum K = 1-5 m/cyT.;

— CPeaHsAs U HWKHAS YacTu paspesa npen-
CTaBfeHbl TPaBUNHO-raNeYHNKOBLIMU  BepXHe-
4ETBEPTUYHLIMM OTSIOKEHNAMMU MOLLHOCTbLIO OT 2
[0 5,1 M, 9BNAWUMNCA OCHOBHbIM KOMMEKTO-
pom B 1 umerowmmm 0gHOPOAHO-U30TPOMNHOE
cTpoeHune un K = 84,5 m/cyT., npn aTom nepedop-
mMupoBaHue YIB npoucxoguT B CyrfMHUCTO-CY-
necyaHbIx nopogax BepxXHemn YacTtu paspesa [17].

[paBWIHO-rane4YHMKoBbIE NOPOAbI NpaKTnYe-
CKM Ha BCeW uccnegyemon Tepputopum nogctu-
naKTCa 3HaYMTESIbHO MeHee MPOHMLAeMbIMK
3MOBUAnNbHbIMU - OTIIOXEHUAMMU  IOPCKOTO  BO3-
pacta ¢ K=0,5-1,5 m/cyT.

[MapaBnuyecknii pexum anmnoBrUanbHoro ro-
PU3OHTa paccmaTpuBaeTcst Kak Ge3HanopHbIi.
[Npn 3TOM He3HaumTenbHas pasHuLa mexay no-
SBMBLUMMCSA U ycTaHoBuBwMMcA YIB B psge
CKBaXWH, NpobypeHHbIX Ha Tepputopun ¢ 1966
no 2008 rr. (ot 0,05 go 0,4 m), BeposiTHEE BCETO,
CBSI3aHa C BNUSHNEM HaMopPHbIX BOA, KOPCKOTO BO-
LOHOCHOrO TOPU3OHTA, a Takke JoKanbHbIMU
NUH3amMn BOOOYMOPHbIX MOPO4 B BEpXHeYeTBep-
TUYHBIX OTNOXEHNSIX.

2CIM 104.13330.2016. WHxeHepHas 3aluuTa TeppuTopum OT 3aTONNEHUSI U NOATONNEHUS. AKTyann3MpoBaHHas peaakums
CHull 2.06.15-85 // KoHcopuuym kopekc [3nekTpoHHbin pecypc]l. URL: http://docs.cntd.ru/document/456054204

(07.12.2020).

3 |-|p0FHO3bI noaronneHna n pacyeT apeHaXHblX CUCTEM Ha 3acTpamBaeMblX U 3aCTPOEHHbIX TEPPUTOPUAX. CnpaBquoe

nocobue
https:/ffiles.stroyinf.ru/Datal/2/2697/ (07.12.2020).

k CHull 2.06.15-85 /I bBubnuoteka HOPMATUBHOW OOKYMEHTALUM

[OnekTpoHHbIi  pecypc]. URL:
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V

Takum obpasom, rugpogmHaMmuyeckass Mo-
Lenb TeppuTopuu NpeacTaBnseTcs B Buae
CXeMbl, M306paxeHHOM Ha puc. 2.

YknoH 3epkana B | umeeT pasnuyHble 3Ha-
YEHWS W 3aBUCUT OT TMOMOXKEHUS OCHOBHOW
ApeHbl (B OaHHOM cnyyae 3710 p. AHrapa), a
Takke psga KynomnbHbIX CTPYKTYp, CopMupo-
BaBLUMXCS Ha TEPPUTOPUK B pe3ynbTaTte yTeyek
U3 NOA3EMHbIX KOMMYHMKaumini. OCHOBHOE [BW-
XEHWe NoToKa HanpaBIieHo C Oro-BOCTOKa Ha ce-
Bepo-3anag, npu 3TOM YKIOH noToka | Bospac-
Taet ¢ 0,016 go 0,027.

[nact mogenupyeTcs B BUAE HEOrpaHUYeH-
HOW pacyeTHoW cxeMbl. IHpunbTpaumoHHoe nu-
TaHue MNPUHATO PaBHOMEPHLIM MO BCEW MMo-
wagun, ero BnusHne Ha mnameHeHne YIB Ah Ha
[@HHOM 3Tane MOAENUPOBaHUA He Y4uTbiBa-
€TCs, NOCKONbKY MHUNbTPALMOHHOE NMUTaHNE B
OQHOPOAHbIX MnacTax He BNUSET Ha XxapakTep
cTaumoHapHoro nognopa [21, 22]. B gaHHoM cny-
yae 3afaya paccmaTpuBaeTCs Kak CTauuoHap-
Has, 4eTEPMUHUPOBAHHAS, TO €CTb B paMKaXx Bbl-
LeNeHHbIX CTaauni pasBUTUASA NOANOPA OCHOBHbIE
anemeHTbl notoka B ocTalTCs HEM3MEHHLIMM.
lNporHo3 cTaunoHapHOro npouecca 3akniovaeTcs
B MOCTPOEHUN [OENPECCUMOHHbIX KPUBbLIX Ha 3a-
BepLUaloLLlen cTaguu OnpeaeneHHoro BpeMEH-
HOro MHTepBana, OTBEYAOLEro NPUHATLIM rpa-
HUYHBIM ycroBuaMm [23, 24].

PacnpegeneHve ypoBHe B 04HOMEPHOM Of-
HOPOAHO-MU30TPONHOM Be3HanopHOM nnacte npu
peLleHun cTaumnoHapHon 3agaym 6e3 yyeta wH-
(PUNbTPALMOHHOIO NUTAHUS ONUCLIBAETCA MOAM-
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0 2(Ah2 /2)
OX 2

Ha nepBoM 3aTtane cTtpounacb akTyarnbHas
MoZenb (COBPEMEHHbIE YCMOBUSA), HA BTOPOM —
NPOrHo3Has Modenb (ycnosus, copMupoBas-
mecs B pedynbTtate nognopa) [13, 25].

AHanu3 akTyanbHOW mMogenu ¢ ucnonb3oBa-
HMeM nporpaMmmHoro komnnekca Surfer 10 nos-
BONWN NpeacTaBuTb 0OLLYI0 KapTUHY CyLLIECTBY-
OLWKX MMOPOANHAMUYECKMX YCMOBUI, AeTanuam-
poBaTb HanpaBneHue ABUXEHUS NOToKa, onpe-
LEenUTb 3HaYEHNS rnapaBnnyeckmnx YKNoHoB 3ep-
kana lNB Ha pa3nuuHbIX y4acTkax uccrnegyemon
TEPPUTOPUM, a TaKKe CPeaHIo rnybuHy opmu-
poBaHus YI'B, koTopas B JaHHOM clly4ae cocTa-
BUNa 2,5 M.

lNporHo3Hoe MofenupoBaHue nokasano, 4To
MaKCUMarsbHbI NOABEM YPOBHS Ha yvacTke COo-
cTtaBuT okono 0,5 M, MUHUManbHas rnybuHa oT
YPOBHS BOAbl [0 MOBEPXHOCTW 3eMiM nocne
CTpouTenbCTBa CoopyxeHus — 1,7 m (puc. 3). Ta-
kuMm 06pa3om, B COOTBETCTBUM C CYLLECTBYIO-
WMMWN POCCUNCKAMW HOPMATUBHBIMW [OKYMEH-
Tamu TeppuTOpMs B OCHOBHOM OLIEHMBAETCS Kak
ymMepeHHo nogronneHHas. ObLee HanpaenexHne
ABMXeHusa notoka NB He nameHunocb, nokanb-
Hoe nepedopmupoBanHne YIB npousowno Bo-
KpYr NPOEKTUPYEMOrO COOPYXEHUS, YTO CBA3AHO
c passutuem nognopa B, 1 oxBaTnno 3Hayu-
TENbHY YacTb MMOWaan, 3aHATOW McTopude-
CKUMU 3aHUAMU (puc. 4).

(bukaumen ypasHeHus Jlannaca [21, 22]:

.

M

K1

x

l

Mc
M2

K2

Puc. 2. FTudpoduHamuyveckasi Modesib y4acmka ucciedosaHul:

Mc — MowjHocmb nomoka epyHmosbix 800 (cpedHee 3HayeHue — 5,02 m); L — K0aghgpuyueHm 8000HaChILLEHUS
gepxHezo cnos (0,92); K1 — koaghpuyueHm gunsmpayuu sepxHezo cnosi (1-5 m/cym.); Ko — koaghgpuyueHm
bunbmpauyuu HuxHezo cnos (84,5 m/cym.); My — cpedHsst MOWHOCMb HUXHe20 crosi (4,07 m)

B 0606weHHoU 2udpoduHamuyeckol Modeniu UCronb308aHb! yCPeOHEeHHbIE 3Ha4YeHUSs napamempos
Fig. 2. Hydrodynamic model of the site under investigation:

Mc — groundwater flow rate (average value is 5.02 m); y1 — water saturation ratio
of the upper layer (0.92); K1 — filtration coefficient of the upper layer (1-5 m/day); K, — filtration
coefficient of the lower layer (84.5 m/day); M, — average flow rate of the lower layer (4.07 m)

The generalized hydrogeological model uses average parameter values
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Puc. 3. U3onuHuu eenuvuHbl nodbemMa ypoeHsi epyHmosbix 8od Ah:

1 — usonuHUU 8enuYUHbI NOOBEMA YPOBHS 2pyHMO8bIX 800 8 pe3ynbmame nodnopa, wae — 0,05 m; 2 — nodnoxka
CO cxeMol pacrnonoxeHusi 06beKmoe UCMOPUKO-KybmypHO20 Hacnedus; 3 — MpoeKmupyemoe coopyxeHue
Fig. 3. Isolines of the groundwater level rise Ah:

1 —isolines of the groundwater level rise due to backwater, iteration 0.05 m; 2 — underlay
with the location diagram of historical and cultural heritage objects; 3 — project structure
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Puc. 4. Cxema palioHupogaHusi meppumopuu y4acmka Ne 1 no cmeneHu nodmonseHus:
1 — anmosuarnbHbie OMIIOXeHUS YemeepmuUYHO20 803pacma; 2 — 20pHbIe 8bipabomKu (CK8aXUHbI, KOI00UbI, Mo0sarbi);
3 — abconomHasi ommemka ypoegHsi nod3emMHbIX 800 rocre nodnopa (cmpoumenbcmea COOPYKeHUs);
4 — 2nybuHa hopMuposaHusi yposHs Mod3eMHbIx 800 rocne nodrnopa (cmpoumenbcmea COOPYKEHUS), M;
5 — ymepeHHo nodmonneHHass meppumopusi; 6 — criabo nodmonneHHass meppumopus;
7 — epaHuya ymepeHHo nodmonneHHol meppumopuu; 8 — IPOeKMHoe CoopyXeHuUe
Fig. 4. Zoning scheme of the site no. 1 by the degree of water logging:

1 — quarternary alluvial sediments; 2 — mine openings (wells, shafts, pits); 3 — absolute mark of the underground
water level after the groundwater rise (construction); 4 — depth of the underground water level formation after
the groundwater rise (construction), m; 5 — moderately waterlogged territory; 6 — weakly waterlogged territory;

7 — boundary of the moderately waterlogged territory; 8 — project structure
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OnuvcaHHbIA anropuTM NPUMEHSNCA U Ha apy-
X Uccnegyemblx yqacTkax, rae cutyaums ckna-
AblBanacb aHanorn4yHsIM 06pasom n TepputTopus
XapakTepusoBanacb kak MOATOMfeHHas ¢ pas-
NWYHBIM MNPOLEHTHBIM COOTHOLUEHWEM MNOA30H
CUNbHOIO, YMEPEHHOTO M cnaboro NoATONNEHNS.

YyacTtok Ne 2 pacnonoxeH B LieHTpasibHOM
yacTu r. MipkyTcka, B pycrnoBou yactu p. AHrapel.
30ecb NPOeKTUpYeTCs CTPOMTENLCTBO KMIOTO
mMaccuBa C 3anoxeHuem yHaameHta Gonee
6 m. MNoasemHas yacTb CTpoeHns ByaeT ucnonb-
30BaTbCA ANS NapKoBkM aBToMobunein. CBanHbiii
(byHOAMEHT YaCTUYHO NepPeKPLIBAET MNOTOK MPYH-
TOBbIX BOJ Kak Mo npowagun, Tak u B paspese.
lpoekToM MpedycMOTpeHa BepTuKanbHas nna-
HUPOBKa TEPPUTOPUM NYTEM FPYHTOBON OTChIMKM
MOLLHOCTbIO Bonee 2 M. B COBOKYMHOCTU MC-
nosib30BaHMe CBaWHOrO (PyHOaMeHTa M BepTH-
KanbHOW NMaHWPOBKN TEPPUTOPUM MO3BOMUT U3-
BexxaTb MaccoBOro MOATOMMEHUS TEpPPUTOPUM
HecMoTps Ha noabem YIB go 0,3 m (puc. 5).

Yyactok Ne 3 HaxoguTcs TakkKe B LEHTpe
r. Upkytcka, B pycrnoBoM 4acTu p. YLLAKOBKH,
npaBoro nputoka p. AHrapbl. [nybuHa 3anoxe-
HUA NIEHTOYHOrO (pyHOAMeHTa NPOeKTMPyeMOro
34eCb aAMWUHUCTPaTUBHO-AENOBOr0 LeHTpa co-
crasnsetr 4,5M. BepTukanbHoM nnaHMpOBKM
TeppuTOpUn He npesycmoTpeHo. B pesynbrate
npu Hes3HauuTenbHOM nogveme yposHs B go
0,2M 3HauuTenbHas 4YacTb TEpPPUTOPUU OKa-
XETCS B NOATONSIEHHOM COCTOSIHUM (puC. 6).

[MonyyeHHble pe3ynbTaTtbl MOKasanu, 4To
HaVMeHbLUee NOATONSIeHNe COOTBETCTBYET Tep-
pUTOPUM, Ha KOTOPOW NpeaycMaTpuBaeTcs npea-
BapuTenbHas NaHUPOBKa B BUAE OTCLIMKN Tex-
HOMEHHbIM FPYHTOM WM UCMOMb30BaHME CBAWHOMO
pyHoameHTa.

Pe3ynbTtathl MccnegoBaHus
M UX aHanus

B pesynbTate npoBefeHHbIX NCCNefoBaHWUN,
HanpaBMEeHHbIX Ha NPOrHO3 M3MEHEHWUS MMAPO-
reosiormMyecknx ycrnosmii, Gbinn BblgeneHbl Oc-
HOBHbIe NMPUYMHbBI ATOrO MpoLecca 1 PexmMmMood-
pasytoLme qakTopbl.

B npepnctasneHHon pabote Haubonee [Je-
TanbHO PacCMOTPEH BOMPOC MPOrHo3a SIokanbHOro
TEXHOreHHOro (haktopa, 0ByCnoBIEHHOTO CTPOU-
TENbCTBOM COBPEMEHHbIX 34aHWI C NOA3EMHbIMM
COOPYXXEHUAMM r1TyOOKOro 3anoXeHus, Bbl3blBato-
wmmm nognop B 3a cyet GappaxHoro aghdekTa.
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MopgenvpoBaHue pa3BuTus nognopa Ha psge
yyacTtkoB Wpkytcka n gpyrux ropogos Wpkyt-
CKOro paloHa, a Takke pesynbTaTbl Bapuatus-
HOr0 aHanUTUYECKOTO PELUEHWUS ypaBHEHUS
Nannaca ona NpuHATON pacyeTHOW CXeMbl (CM.
puc. 1), BKIOYAIOLWEro peLleHne cUcTembl ypas-
HEHWA B 4aCTHbIX NPOW3BOAHLIX Napabonuye-
CKOro TWMa npu 3agaHHbIX HavyanbHbIX U rpaHny-
HbIX YCINOBUSX, NOKa3anu, YTo HanbosnbLiee BAu-
SHUE Ha NoANopP UMET rMApPaBNYECKUN YKIOH
NOTOKa W LUMPUHA NPOEKTUPYEMOrO COOPYXKEHUS
(cm. puc. 3). CaenaHHble BbIBOALI MO3BOSNNN CO-
CTaBUTb K UCNONb30BaTh Creaylee aHanmTmu-
Yyeckoe pelleHve ans oueHkn nosbiweHus YIB
Ah [17]:

Ah =12
1,78
roe | — yknoH 3epkana [MB; B — wupuHa nognop-
HOW CTeHkM (Bbappaxa), m; 1,78 — ko3 pnUMEHT,
NONyYeHHbIN aHaNMMTUYECKUM NyTEM.

B3aTble ona pacyeta 3HaveHWs rpagueHToB
COOTBETCTBYIOT peanbHO CYLLECTBYHOLMM B
FPYHTOBOM NOTOKE BEPXHEr0 BOJOHOCHOIO ropu-
30HTa Ha uccnegyemblx Tepputopusx. Pacyert-
Hble 3HAYeHMUS LUMPUHbI 34aHWs cocTaBunm 15,
25, 50, 80, 110, 170, 200 m, 4YTO BMOMHE OTBE-
yaeT pasMepam NPOEKTUPYEMbIX B HacTosilee
Bpems 34aHui npu rnybuHe 3anoxeHns dyHaa-
MEHTOB 710 8 M (puc. 7).

HeobxoOMmMO OTMETUTb OrpaHWyYeHuss npu
NPUMEHEHUW JAHHOW (hOPMYTbI:

— YCNOBHO-OAHOPOAHAs  uSbTpaLMOHHas
Tonuwa;

— NepneHavKYNSApHOCTb 34aHWS U NOTOKa;

— COBEPLUEHHbIN BPE3 30aHus;

— NOCTOSIHCTBO WS OTCYTCTBME UHPUNbTPa-
LIMOHHOIO NUTaHMS.

lNepexon Kk pacyeTy nognopa OT HecoBep-
LWEHHOro Bpe3a MPOEKTUPYEMbBIX COOPYXEHWI
MOXET ObITb OCYLLECTBNEH NYyTEM NEpPECYETA IM-
nupunyeckoro koadduumenta 1,78 B npuseseH-
HOW Bbllle (hopmyrne B NPOLEHTHOM COOTHOLLE-
HUM C rnybuHON Bpe3a, kak 3To ObINO caenaHo
ans oobektoB Ne 2 n 3.

O6cyxaeHne NonyYeHHbIX
pe3ynbTaToB
YpoBeHHasi MNOBEPXHOCTb [PYHTOBbIX BOZ
NPUMHAANEeXnT K 4YMCNy BecbMa AMHAMUYHbIX
nokasatenen. Tak, 3a nepuog 1984-1997 rr. cpen-
HErofoBON YpOBEHb MO psdy HabnopgaTenbHbIX
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Puc. 5. Cxema patioHupoeaHusi meppumopuu y4acmka Ne 2 no cmeneHu noomonsneHusi:

1, 2 — annosuanbHbIe OMIIOXEHUS YemeepmMUYHO20 8o3pacma; 3 — CKeaxuHa: 88epxy — Homep, crieea — abconomHas
ommemka rnoe8epxHoOCMuU 3eMnu, crnpasa — abconromHas ommemka ypoeHs nod3eMHbIx 800, M; 4 — HanpasneHue
dsuxxeHus nomoka nod3emHbix 800; 5 — anybuHa (hopmuposaHus yposHsi Nod3eMHbIx 800 nocse nodnopa
(cmpoumenscmea coopyxeHus), 6 — abconromHas ommemka yposHsi mod3emMHbix 800 nocne nodnopa
(cmpoumenscmea CoOOPyXEHUsI), M; 7 — yMEPEHHO MOOMOMNIEHHass meppumopus;

8 — crnabo nodmonneHHas meppumopus; 9 — MPOEKMHoe COOpyXeHUe
Fig. 5. Zoning scheme of the site no. 2 by the degree of water logging:

1, 2 — quarternary alluvial sediments; 3 — well: at the top — number, on the left — absolute mark of the earth surface,
on the right — absolute mark of the underground water level, m; 4 — underground water flow direction;

5 — depth of the underground water level formation after the groundwater rise (construction), m; 6 — absolute mark
of the underground water level after the groundwater rise (construction), m; 7 — moderately waterlogged territory;
8 — weakly waterlogged territory; 9 — project structure
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Puc. 6. Cxema patioHuposaHusi meppumopuu y4acmka Ne 3 no cmeneHu noomonneHusi
YcnogHble 0603Ha4YeHuUs CM. Ha puc. 5
Fig. 6. Zoning scheme of the site no. 3 by the degree of water logging
See the legend on Fig. 5
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170 m

a0 m

15 m

0.3 0.4 0.5 0.6

lvapasnuueckui yemoH |
Puc. 7. Benu4uHa nodnopa nod3zemHbix 800 Ah npu pa3nuyHbIX 3Ha4YeHUsIX
2udpaenu4eckozo ykioHa | u wupuHe 30aHusi B, m
Fig. 7. Backwater value Ah for different values
of the hydraulic gradient I and the building’s width B, m

CKBaXWH, PacrnonoXeHHbIX B LLEHTPanbHON YacTu
r. MpkyTcka, nsmexuncs Ha 0,8-1 m. Benagy aaH-
HOro chakta npu paspaboTke TEXHOMOrNYECKUX
CXEM crefyeT y4uTbiBaTh, YTO NPOrHO3HOE NOMo-
xeHune YI'B moxeTt goctnyb 3HaveHun 0,9-1,4 m
OT NOBEPXHOCTM 3eMnn. B aTOM cnyyae 3Hauu-
TenbHas vyactb Tepputopumn Byget knaccugumum-
poBaTbCs Kak YMEpeHHO noartonsieHHas [12].
OcobeHHO Takon NPOrHO3 BaXXeH A5 LeHTparb-
HbIX YaCTen ropofoB, rae KpomMe COBPEMEHHbIX
MOCTPOEK MOATaN/MBAOTCA apXUTEKTYpHbIE na-
MATHUKK, Oonbluas 4YacTb KOTOPbIX SBMSETCA
HaLWOHaNbHbIM OCTOSIHUEM U HAXOOQUTCA B aBa-
PUAHOM COCTOSIHUM K3-3a ObICTPO pa3BMBalo-
wuxca  gedopmauuid  NoaseMHblX Yacten. B
HacTosLwee BpeMs ANs 3aWwuTbl hyHOAMEHTOB
NCTOPMYECKMX 3[4aHUIA ucnonbayetcss obmasou-
Has rMapou3onsiuMs, Nulb B HE3HAYUTENbHON
CTeneHu 3almLaLlas nx ot paspyLLmnTensHoOro
Bosgenctaus lB. Mpn aToM Hanbonee akTyasnb-
HbIMWU ONS FOPOACKOW cpedbl SBNSAKTCA npeay-
npeauTenbHble MEPONPUSITUSE B BUAE WHXEHep-
HOW NOArOTOBKM TEPPUTOPUI, A TaKKe 3aLUMTHbIE
APEHaxK, KOTOpble NPUMEHSIIOTCA B HACTosILLEe
BpPeMS B Npouecce CTPOUTENbLCTBA U AKcnnyaTa-
LUMX COOPYXEHUW, B TOM 4Yucne BepTuKanbHas
MNaHUpPoBKa, TO €CTb MCKYCCTBEHHOE MOBbILLE-
HWEe MNaHUPOBOYHbLIX OTMETOK TEpPPUTOPUM 3a-
CTPOVIKW, TMOPOHAMbIB, MPUCTEHHbIE APEHaXM
u np. [25-27].

[NepeyncneHHble acnekTbl npegonpeaenstoT
HeobXxoaMMOCTb OnepaTUBHOMO U Mpu 3TOM A0-

F'maporeonorus U MHXeHepHas reonorus

CTOBEPHOro NporHo3a namexHexus YIB npu ctpo-
UTENbCTBE COOPYXEHUW C NOCNEAYIOWEN UHXe-
HEPHON MOAroTOBKOW FOPOACKON TEPPUTOPUM U
pa3paboTKoN OENCTBEHHBIX 3aLUTHBIX Meponpu-
ATUN, YTO NPEeACTaBAETCS KpanHe akTyanbHOMN U
BaXXHOW NpobnemMon, peLueHme KoTopon Heobxo-
OMMO AN1S1 COXPAHEHWUSI WUCTOPUKO-KYIbTYPHOTO
Hacneams CTapuHHbIX ropogos Cubupu.

3akntoyeHue

PesynbTaTbl nNpeAcTaBneHHbIX WCCnegoBa-
HUMA U UX aHanu3 nokasanu, 4To Hambonee 3Ha-
yuTenbHOE BNUSHWE Ha BenuuuHy nognopa B
OKa3bIBalOT rMapaBnnyecknin ykrnoH notoka B |
W WKMPWHA NPOEKTUPYEMOro coopyxeHns B. Ba-
puaTMBHbIE pelleHns No3BONMNK BbIOpaTh aHa-
NMTUYECKYI0 MOAENb ANS nporHosa nognopa lNB.
CnepgyeT OTMETUTb, YTO NpeACTaBreHHas aHa-
nuTUYeckas Mogesib HOCUT BMOSIHE YHUBEPCarnb-
HbI XapakTep M MOXEeT WCNonb3oBaTbCa A4
nporHo3a nognopa B Ha TeppuUtopusx MHOrMX
NCTOPUYECKMX FOPOAOB, HAaXOAALMXCA B aHano-
FMYHbIX reonoro-rnaporeosiornyecknx yCrnoBusx.

3HaunTENbHYID ponb B (HOPMUPOBAHWUU HO-
BOro NOAMOPHOrO ropu3oHTa urpaeT npegsapu-
TenbHas BepTUKanbHas NMaHWpOBKa TeppuTo-
pUK, a Takxke MCrofb3oBaHMe cBalHOro gyHaa-
meHTa. Kpome TOro, npu oueHke riybuHbl ¢op-
MupoBaHus yposHsa 1B 1 nocnegywowen paspa-
60TKE NPOUNAKTUYECKMX W 3aALUMUTHBIX MEepo-
NpuATUA  HEOOXOOMMO y4MTbIBaTb CE30HHbIE
noabembl YI'B.
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YBaxaemble aBTOpbI!

TpeboBaHus K 0HOPMINEHNIO HAYYHbIX CTaTEN, U3NOXEHHbIE HIKE, pa3paboTaHbl peaakumen xyp-
Hana gns Toro, YTobbl NoMoyb Bam npegoctaBuTb Bce HeObXoauMble Ans nyGnukauum ceeaeHuns
n3bexatb Hanbonee pacnpoCTpaHeHHbIX OLUNOOK.

1. HayuHbI )ypHan «Hayku o 3emne 1 Hegpononb3oBaHWey» NpUHUMaET K Nybrukaumum HayyHble
maTepuansl B BUAe cTaTen no crneayowmum TeMaTukam:

— reonorn4yeckoe CTpoeHNe MECTOPOXAEHMWIA NONE3HbIX MCKONAeMbIX;

— TEKTOHUKA MECTOPOXAEHW, pyOHbIX Y3N0B, paioHOB;

— MUHEPanorus 1 reOXMmmst MECTOPOXAEHUI NOME3HbIX MCKONAeMbIX;

— reHeTnyeckne nNpobnembl HOPMUPOBAHUS MECTOPOXAEHWIA MONE3HBIX UCKOMAeMbIX U APYruX
reonornyeckmx 06 bLEKTOB;

— MUHepareHus (MeTannoreHuns): pyaHole 30Hbl, PaloHbl, Nosica, MeTannoreHn4eckune KapTol;

— MeToabl 1 METOAMKMN NMOUCKOB U Pa3BeaKkn MECTOPOXOEHMWIA NOSE3HbIX UCKOMAEMBIX;

— 3KOHOMMYecKas OLleHKa MEeCTOPOXOEHWUA MOSIe3HbIX MCKOMaeMblX, NpaBOBble OCHOBbI HEApPO-
MoNb30BaHus;

— (OU3MKO-TeonorMyeckne MoOAENN MECTOPOXOEHNI NOME3HBIX UCKOMAEMBIX;

— reOMHOPMaLMOHHbIE TEXHOMOMMM B Haykax 0 3emne;

— TEXHOMNOrNsA U TEXHUKA ropHO-BypoBbIX paboT;

— TEXHOMNOINA 1 TEXHWUKA pa3paboTKM MECTOPOXKAEHMIA NONE3HbLIX UCKONAEMbIX;

— TexHonorus oboraweHuns n nepepaboTkn MUHEPANbHOTO Chipbs;

— reMMOJIOrnst 1 TEXHONOTUS XyA0XEeCTBEHHON 06paboTKM MUHEPANOB M FOPHbIX NOPOA;

— rMApPOreosniorms U HXeHepHas reonorus;

— 6€30nNacHOCTb XN3HEAEATENBHOCTU B FOPHO-TEONOrMYECKON OTpacnu;

— reoaKosorms.

2. MNpuopuTeTHbIMK ANa nybnukaumnm aBNSOTCS CTaTbi B 0611acTU MEXOUCUUNIIMHAPHBIX U MyIb-
TUANCUMNIMHAPHBIX UCCed0BaHUIA, a Takke pesdynbTaTtel paboT ¢ UCNONb30BaHWEM LUGPOBLIX TEX-
HOMOMUN.

3. CTaTbM NpUHMMAIOTCS Ha PYCCKOM, @HIMIMNCKOM, KUTACKOM M MOHTIOSTbCKOM $3blKax OT aBTOPOB,
paboTatoLmMX B POCCUICKMX 1 MHOCTPAHHLIX By3aX, akageMUYeCcKUX 1 OTPacneBbIX HAay4YHO-UCCneno-
BaTENbCKMX MHCTUTYTAX, a@ TakKe NPOU3BOACTBEHHbLIX FOPHO-TEONOMMYECKUX OpraHn3aLusXx.

4. CTaTbsi CONPOBOXAAETCA:

— 3MEKTPOHHBLIMU BEPCUSIMU BCEX JOKYMEHTOB (CKaH), B TOM Yucne:

aBTOPCKOro 3asiBNEHMs, 3anofHEHHOrO 1 NOANNCAHHOTO BCEMI COABTOPaMK CTaTbU;

aBTOPCKOro 40roBopa;

aKTa 3KCMNepPTHOro 3aKMOYEeHUs1 0 BO3MOXHOCTU OTKPLITOW NyOMKaumm matepuanos;

cBefeHunii 060 BCEX aBTOPaXx Ha PYCCKOM W aHINUNCKOM SA3blkax C yKa3aHWeM Ha3BaHus By3a, op-
raHusauuy, yupexaeHus, 4OMKHOCTU U CTPYKTYPHOro nogapasfeneHunsl, Hanmuyms y4eHON CTEeneHu,
Y4€HOro 3BaHus, NOYTOBOrO M 3MEKTPOHHOrO aApecoB Kax4oro aBTopa craTby;

— LUBETHLIMW MOPTPETHLIMU (hoTOrpadmsiMin aBTOPOB Ha CBETIIOM OHE (Ae0BOW CTUIb) B XOPO-
wem kavectse B gpopmate *.JPEG;

— M0 XenaHuo aBTopa B CTaTbe MOryT ObiTb YKa3aHbl ero Npogunu B CUCTEMAX LUTUPOBAHUS U
npyrve ceegenus (npodunu B PUHL, ORCID, Scopus, B Apyrix cuctemMax LUTUPOBaHWS, MOXHO
NpeaoCcTaBUTb CCbINKY Ha NNYHYI0 CTpaHULy B IHTEpHeTe, BKMoYas CTpaHuLbl B COLMAnbHbBIX CETSX).

Obpauwaem Bawe sHUMaHuUe, 4mo 8cs nepeyucieHHas ebile UHgopmayus nybaukyemcs 8 xyp-
Harne 8 omkpbimom docmyre!

5. CTaTbM NPMHMMAIOTCA OTBETCTBEHHBLIM CEKpeTapeM B aNeKTPOHHOM Buae B hopmaTte Microsoft
Word ans Windows no anektpoHHon noute nzn@istu.edu. Wpudpt — Times New Roman, pa3vep
wpugta — 12 (cTpoku Yepes 1 uHTepBsan), nepeHoc CnoB — aBToOMaTUYeCckMi. lNapameTpbl CTpaHULbI:
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OTCTYNbI CBEPXY W CHKU3Y — 2,5 CM, creBa 1 cnpasa — 2 cM, ab3auHbii otcTyn — 0,6 CM, OpMeHTauUmMs
CTPaHULbl — KHUXHAS.

6. Obbem TekcTa — ot 10000 3HakoB, BKMOYas Npobenbl, UNCTPALMOHHBIN MaTepuan — oo 6
PUCYHKOB.

7. CTatby [OMKHbI OblTb CTPYKTYPUPOBAHbI U BbIMNOMHEHBI MO MEXAYHapOAHOMY CTaHaapTy
IMRAD. Crtpyktypa crateu: uHgekc Y[K, Ha3BaHvwe cTtaTbu, hamunus, ums, OTYECTBO aBTOPOB,
Ha3BaHWe yypexaeHus, rae BoinonHeHa paboTa, aHHOTaLUuWs U KIoYeBble CoBa Ha A3blke opurMHana
(pyccKkoMm / KUTANCKOM / MOHIONbCKOM) M aHIMIMACKOM A3blkaX, BBEAEHUe, LieNb UCCrnefoBaHns, mate-
puan n MeTofbl UCCneoBaHus, pesdynbTaTthl UCCNeoBaHNUSA U UX 06CyXOeHWe, BbIBOAL! UNK 3aKnio-
yeHwue, Bubnuorpadmyeckunii cnucok u references, kpuTepun aBTOPCTBA, KOH(NMKT MHTEPECOB U CBE-
[eHns 06 aBTopax (BCA MHGOpMaLWs NpefocTaBnseTcs O4HUM (PansioM, HasBaHHLIM CriedyoLwmm
obpasom: @amunus nepeoeo asmopa — llepebie mpu-4embipe crio8a HazgaHus.doc).

8. PexomeHgyemasn anuHa Ha3aHus ctaten — o 100 3HakoB ¢ npobenamu. HaseaHue ctatbu
LOMKHO ObITb NMULIEHO COKpalleHun, abbpeBmaTyp, onuchbiBaTb COAEPXaHWe CTaTbl TOYHO U KOH-
KPETHO, NPU 3TOM OHO [OMKHO BblTb 4OCTAaTOMHO ANMHHBIM, YTOOLI OQHO3HAYHO BbIPA3nTb FNaBHYHO
Uaer cTaTbh, U KOPOTKUM HACTOMBLKO, YTOOLI HX OAQHO CrOBO HENb3s BbiNo BbIOpOCUTL 6€3 noTepu
cMbIcna.

9. AHHOTaLMS OOMKHA OTpaxXaTb OCHOBHYIO MAEk CTaTbK, NOCKOSIbKY 418 B6onblLMHCTBA YnTaTe-
nen oHa SBNSETCS MaBHbIM UCTOYHUKOM MHPOPMaLMK O NpeacTaBneHHoM uccnegosaHun. O6bem
aHHoTauuu — 1500-2000 3HakoB, NpUMepHas CTPyKTypa: Lenb, MeToabl, npeameT, OObekT 1 pesyrb-
TaTbl UCCNEfOoBaHuUs, BbIBOAbI. He creayeT ccbinatbes Ha Tabnuubl U / N pUCYHKW, NpUBEAEHHbIE B
OCHOBHOM B TEKCTE CTaTbl, a TakKe UCNONb30BaHHYIO NUTepaTypy, MOCKOMNbKY aHHOTaLumM Takxke ny6-
NUKYIOTCS OTAENBHO OT CTaTbW. He ucnonb3yiTe B aHHOTaLWUK coKpalleHus, abbpesuatypel, a Takxe
bopmyrnibl, Tak Kak aHHOTauUMK B 6onbLUMHCTBE 6a3 AaHHbIX, HaynHas ¢ PUHLL, nybnukytotes B dhop-
mare, UCKNYatoLLem otobpaxeHue hopmyi.

KntoyeBble CrnoBa AOMKHbI OTpaxaTb CyTb MUCCreoBaHus, cnocobctBoBaTh paboTe NOMCKOBBIX
cuUCTEM, NO KONMYecTByY He npeBblwaTb 10 eanHUL, CnoBocoYeTaHus — He 6onee 3 eamHuL,

10. ®opmynebl B TEKCTE AOSMKHbI ObITb HabpaHbl B cneunansHOM pegaktope dopmyn. Bee akennu-
Kauum anemeHToB opMys Heo6X0AMMO Takxke BbINMOMHATL B peaaktope hopmyr.

11. Tabnuupbl AOMKHBLI coaepxaTb TONMbKO HeobxoauMble AaHHblE M NpeacTaBnsATb cobon 0606-
LLieHHbIe 1 cTaTUCTMYeckn obpaboTaHHble MaTepuansl C ykadaHnem 0603HaueHNst nepemMeHHbIX. Kax-
fas Tabnuua cHabxaetcs 3aronioskom. dopmat Tabnuy — KHWKHBLIA, HanpaeneHue WwpudTa — no ro-
PU3OHTanNM.

12. I'padhmueckne matepuarssl K ctatbe (PUCYHKM U hoTorpadmmn) NpeacTaBnsaoTCca B MUHUMASb-
HOM KonmuecTBe (He Bonee 6 egnHNL) 1 4OMKHbI ObITb BLINOSIHEHEI B COOTBETCTBUM C TPEGOBAHMSAMU
K reonormyeckon rpacuke. BeilbmpaeTtcs macluTab, npurogHeli 4N TMPaXWPOBaHUS, a pa3mep — He
bonee 170%245 mM. [padmyeckne matepuasnsl OMKHbI AONYCKaTb NepemeLleHne B TeKCTe U BO3-
MOXHOCTb M3MEHEHNS pa3MepoB. Kaxabln pruCcyHOK CONPOBOXAAETCA HaAMUCAMM B COAepXKaTenbHOW
4acTu 1 NOAPUCYHOYHOW MOAMNUCHIO, B KOTOPOW NpeacTaBnseTcs 00bACHEHNE BCEX Er0 fIEMEHTOB.
Ha3BaHusa pUCYHKOB 1 NOAPUCYHOUHBIE MOANMUCY AOMKHBI ObITb MAKCUMasbHO KpaTkue, OCHOBHAs MH-
hopmaumsa npefocTaBnsaeTcs B TEKCTE.

13. Ccbinkn Ha nuTepaTypHble NCTOYHUKM NPUBOASATCA B KBaApaTHbIX Ckobkax B nopsigke Bo3pac-
TaHus. bubnuorpaduyeckuit cncok opMupyeTcs No Mepe YNOMUHAHKS UCTOYHMKOB B TekcTe. Pe-
KOMeHAyeMoe KONMYEeCTBO MCTOYHMKOB B Brubnunorpaduyeckom cnmcke — He MeHee 20, 13 HUX He Me-
Hee 5 CCbINIOK Ha CTaTby U3 MHOCTPAHHbIX XXypHanoB. [pyn 3ToM camouUTUPOBaHUE aBTOpa He OOMKHO
npesbiwath 25 % ot 0bLero KonnyectTsa CTOYHMKOB 1 MNOMHOCTLIO UCKIOYAETCS CaMOLUTUPOBaHWE
XypHana. He gonyckaroTcs CCbINKM Ha 3aKOHbI, roCy4apCTBEHHbIE CTaHAapThl, MOMOXEHUs, Auccep-
Taumu 1 aBTopedepartsl, y4ebHUKN 1 y4ebHble Nocobus, CNpaBOYHMKM, COBAPK M 3HLMKIIONEANUM, a
Takke reonornyeckue kapTbl. [Mpn HeobxoanMocTH obpalleHnst K 3TUM UCTOYHMKAM CCbISIKY Ha HUX
cnegyeT pa3mellatb B MOACTPOYHOW CHOCKe. PegakuuoHHas Konnerns pekomeHayeT B CrucKe
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NUTEpPaTypbl CCbINATbCA Ha CTaTby U3 XXypHANoB, BXOAALWMX B MeXAyHapoaHble 6a3bl JaHHbIX MO r10-
6anbHbIM MHAEKcaM uuTupoBaHus (Scopus, Web of Science v apyrue).

14. Cnucok nuTepatypbl COCTaBnseTca B ABYX BapuaHTax. B Gubnuorpaduyeckom onvcaHum cta-
TbW HEOBXOAMMO YKa3blBaTb BCEX aBTOPOB. [1epBbili BapuaHT (bubnuorpaduyeckunin Cnmcok) ogopm-
nsieTcsa Ha sA3blke UcTovHuka B cootBetctBum ¢ FOCT P 7.0.5 2008. Btopoit BapuaHT (references)
ohopMmnseTcs B BUAE TpaHCNMUTepauum pycckoro TeKCTa B NaTWHULY C NepeBOAOM Ha aHIMUACKUN
A3bIK U CNYXUT NS OTCNEXMBAHWUS LMTUPYEMOCTU aBTOPOB. [puMepbl 0hOPMIEHNS UCTOYHUKOB B
cnuckax MOXHO NOCMOTPETL Ha HalleM caiTe B pasgene « TpeboBaHWs K CTaTbsiM».

15. lMNpu nogaye ctatby aBTOpaMU NPELOCTABNSAIOTCA HA aHIIMICKOM A3blke crneaylolime ane-
MeHTbl paboThl: Ha3BaHWe CTaTby, cBedeHus 06 aBTopax, aHHOTaUus, KnoveBble crioBa, bnarogap-
HOCTW, Ha3BaHMs TabnuL, 1 NOAPUCYHOYHbIE NognucK, Bubnuorpadus.

16. ABTOpbI CTaTen AOMKHbI NpuAaepxuBaTbcs 06s3aHHOCTeN, NpeaycMOTpeHHbIX «PeakumoH-
HOW NONUTUKOMN XypHanay.

17. Pegakums octaBnseT 3a coboi npaBo OTKMOHATbL CTaTbi, HE OTBEYatoLLMe yKa3aHHbIM Tpebo-
BaHuaM. NocTynatowye B pefakumio MaTepuansl BO3BpaTy He noasexar.

18. Pegakums octaBnseT 3a cobot NpaBo Ha Hay4YHOe U NUTepaTypHOe pedakTpoBaHue ctaTen
C NocneaywLMM CornacoBaHWeM ¢ aBTopamu.

19. MNpeacTaBneHHble CTaTbl NPOXOASAT NPOBEPKY Ha HanMuMe 3aMCTBOBaHMN.

20. XXypHan BbinyckaeTcs ¢ NepMogMYHOCTLI0 4 HOMepa B rof.

BHumaHwue! MNyb6nukaumusa craten asnsetca 6ecnnaTtHom.

Mb1 npuenawaem Bac k yyacmuto 8 HaweM npoeKkme 8 Kayecmeae asmopos, peknamodoamerel u
yumamernedu.

Mo Bonpocam ny6nukauuum obpawartbca no agpecy: 664074, Poccusa, r. UpkyTck,
yn. JlepmoHTOBa, 83, WpPKYTCKMN HauMOHaNbHbIN UCCNeAoBaTeNbCKUN TEeXHUYECKUM
yHUBepcuUTeT, peakonnerus, aya. E-317.

MmaBHbIn  pepakTtop JloGaukas Pauca MowuceeBHa, Ten.: +7 (3952) 405115,
e-mail: lobatskaya@gmail.com

3amecTtutenb rnaBHoro pepaktopa AysuHa Jlapuca UBaHoBHa, Ten.: +7 (3952) 405108,
e-mail: lauzina@mail.ru

3amectutenb rmaBHOro peaakTopa KpacHowTaHoB Cepren OpbeBuny,
Ten.: +7 (3952) 405101, e-mail: geo_info@istu.edu

Cratbm cnegyeT HanpaBnATb Yepe3 NIMYHbIN KaOMHeT Ha calmTe WWW.Nznj.ru unm oTBeT-
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Obpas3ey, oghopmneHus cmambu

YAK 549.09

MuHepanoro-TexHonorn4yeckue Tunbl pya
TomuHcKkoro mectopoxaeHua meau (KOxHbin Ypan)

© E.M. Kypuesckas?, M.B. AAxHoP, A.E. CeHuYeHKO"
aCHUUlN « TexHonozuu obozawieHus1 MUHepanbHO20 Chipbsi», 2. Mipkymck, Poccus
bpkymckuli HayuoHanbHbIl uccnedogamenbCKuli mexHuyeckul yHusepcumem, 2. Mpkymcek, Poccusi

Pestome: Llenb. Llenb gaHHoro nccnefoBaHns 3aknioyaetcs B U3yYeHUN TEXHOTOMMYECKUX TMNOB pya TOMUHCKOTO Me-
CTOPOXAEHNUS Medu, a Takke MUHepanbHOro CocTaBa BMELLAIOWMX NOPOA W PYA KaXAoro M3 TPpex TUMOB, BbISBIEHWN
MUHEPanorniecknx n CTPYKTYPHO-TEKCTYPHBLIX OCOBEHHOCTEN PyA, BbIBIIEHNM B3aMMOCBA3M M3MEHEHUS PyAHON MUHepa-
nu3auumn u cteneHn metamopduama ans kaxagoro Tuna pya. Meroabl. PygHele Tena ToMUHCKOro MeiHO-NMopdrpoBoro
MECTOPOXAEHWS, 3aneratLve B ANopuTax v KBapLeBbiX ANopuTax, NpeacTaBnsioT CO60M NPOXWIKOBbIE N MPOXMITKOBO -
BKpanmeHHbIE CKOMMeHNs B 30Hax Apobnexns. Ha MecTopoXXaeHny LIMPOKO Pa3BUTbl METACOMATUTLI KBapL -CEPULIMTOBOW
opmaumu. MsyyeHne TMNOB pya NPOBOAUNOCH C MCMOMb30BaHNEM MUKPOCKoNoB. PedynbTathbl. B pesynbTate BblaeneHo
TPW reonoro-TeXHONOIMYEeCKUX TUna pya B npepenax TOMUHCKOTrO MecTopoxzaeHus. NepBbii TUN NpeacTaBlieH nepeuy-
HbIMK CynbMUOHBIMM pydamu, KoTopble HabnoaaTea B cpegHeM Hinke rnybunbl 50-55 M. Mo coctaBy 3T0 XIOpUT-My-
CKOBUT-KBapLeBble mMeTacomaTtuTbl. Bmelaowme nopoabl npeacTaBneHbl CEPULMUTUIUPOBAHHBIMU, XTOPUTU3UPOBAH-
HbIMM 1 kapboHaTU3NPOBaHHbLIMK AnopuTamu. B coctase pya npeobnagatot xanbkonmput u nnpuT. MNpakTuyecku Bcsa Meab
COAEpPXKUTCA B xanbkonupute. BTopow Tvn — 370 pyaHbIe 30HbI BTOPUYHOTO Cynb(UAHOro oboraleHus. 3ToT TUM COXKEH
NepPBUYHLIMUA 1 BTOPUYHBIMK Cynbdugamu meaun. Bce nopogbl aprunnmanpoBaHHble 1 npeactaBneHbl MetacomaTutamu
pasnuyHoro coctasa. Bce Buabl nopog HecyT B cebe pyaHyto MuHepanusaumio. K TpeTbemy Tuny OTHOCATCS OKUCTIEHHbIe
pyabl, KOTOpble 06pasytoT 30HY OKUCMEHNS MecTOpoXaeHus. OHM OensaTcs Ha TPYU NOATUNA: TMUHUCTbIE, TMUHNCTO-LEeb-
HUCTbIE U1 LWeBHUCTbIe pyabl. [MMHWUCTBIE Pyabl 3aneratT B CaMbIX BEPXHUX YACTSAX KOPbI BbIBETPUBAHNS, MMUHUCTO-LIE6-
HUCTbIE PyAbl CnaraloT LeHTpanbHylo ee YacTb, a pyabl B WeOHUCTbIX 06pa3oBaHUsAX 0TMEUEHbI B HUXHUX FOPU3OHTAX.
lMNpencTaBneHo neTporpaduyeckoe onucaHne Kaxaoro U3 TUnoB. BoisiBNEHbl MUHepanornieckne u CTPYKTYPHO-TEKCTYp-
Hble ocobeHHOCTH pya. B pesynbraTte usyueHus netporpaduyeckoro CocTaBa Kaxaoro Tuna py4 ycTaHoBIIeHa pasnnuyHas
cTeneHbL meTamopdu3ma 1 BCreCTBME 3TOr0 — U3MEHeHWe pyaHOW MUHepanu3auun. BeiBoabl. [TpocnexunsaeTcs Bnus-
He MeTacomMaTUYeCKUX NPOLLECCOB, U3MEHUBLLWNX CTPOEHWE U MUHEPanbHbIA CocTas pya. [ins nepeoro Tmna pyasl Xapak-
TEPHO Hanu4ue NePBUYHbIX NOPOL — AMOPUTOB C HACKILLEHHON CyNb(UAHON BKPANIEHHOCTBIO U C HE3HAYNTENbHBIMU Me-
TacoMaTUyeckuMn U3MeHeHnsmMn. B 3oHe BTOpMYHOro oboralieHnsi nopodbl NpeTepnenyt MHTEHCUBHOE MeTacomaTuye-
CcKkoe n3meHeHme. Nopoabl 3TON 30HbI HACKILLEHbI TMAPOKCUOaMU Xenesa. [1ns 30Hbl UHTEHCUBHOTO BbIBETPUBAHUS Xapak-
TEepHbl FMWHUCTBIE U XITOPUTU3NPOBAaHHbIE NOPOAbI. PydHas MuHepanu3auns npeacTaBieHa WCKMHYUTENBHO OKWUCHEH-
HbIMK MuHepanamu. Cynbduabl eAMHWYHbL. Pasnnyms B MUHepanbHOM COCTaBe Tpex TUMOB py4 BNMAIOT Ha Bbibop cro-
coboB nepepaboTku pyael B npegenax TOMUHCKOrO MECTOPOXKAEHNS.

Knroueeble cnoea: TOMUHCKOE MECTOPOXAEHWE, MeHO-NOPPUPOBOE OpyLAEHEHUe, MeTaMopn3M, TEXHOMOrNYeckue
TUNbI pyA

BnazodapHocmu:

Mineralogical and technological types
of Tominskoye deposit copper ores (Southern Ural)

© Elena M. Kurchevskaya?, Marina V. Yakhno?, Arkady Y. Senchenko®
acNIPI TOMS (Scientific Research and Design Institute “Technologies of Minerals Separation”), Irkutsk, Russia
blrkutsk National Research Technical University, Irkutsk, Russia

Abstract: Purpose. The purpose of the article is investigation of the technological types of Tominskoe copper deposit
ores; examination of the mineral composition of the host rocks and ores of each of the three types; identification of miner-
alogical and structural-textural features of ores, research of the relationship of mineralization and metamorphism intensity
alteration for each type of ore. Methods. Ore bodies of the Tominskoye porphyry copper deposit occurring in the diorites
and quartz diorites are veinlet and porphyry-stringer clusters in crush zones. The deposit is characterized with the predom-
inant metasomatic rocks of quartz-sericite formation. Results. Three geological and technological ore types are distin-
guished within the Tominskoye field. The first type is represented by primary sulfide ores, which occur on average lower
than 50-55 m depth. By composition they are chlorite-muscovite-quartz metasomatic rocks. The host rocks are repre-
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sented by sericitized, chloritized and carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore compo-
sition. Chalcopyrite contains carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore composition.
Chalcopyrite contains almost all of the copper. The second type includes the ore zones of secondary sulfide concentration.
This type is composed of primary and secondary copper sulfides. All the rocks are dirty argillaceous and are represented
by metasomatic rocks of different composition. All types of rocks feature ore mineralization. The third type covers oxidized
ores, which form the oxidation zone of the deposit. They are divided into three subtypes: clay, claydetrital and detrital ores.
Clay ores occur in the uppermost parts of the crust of weathering. Clay-detrital ores compose its central part, while ores in
detrital formations have been found in the lower horizons. Each of the type is given a petrographic description. Mineralogical
and structural-textural features of ores are identified. The study of the petrographic composition of each type of ores
showed a varying degree of metamorphism that resulted in changes in ore mineralization. Conclusions. The influence of
metasomatic processes is indicated. The last have changed the structure and mineral composition of ores. The presence
of primary rocks — diorites with saturated sulfide impregnation and insignificant metasomatic alterations is typical for the
first type of ore. The rocks in the zone of secondary concentration have undergone intense metasomatic alteration. These
rocks are saturated with iron hydroxides. The presence of clay and chloritized rocks characterize the zone of intense
weathering. Ore mineralization is represented exclusively by oxidized minerals. Sulfides are rare. Variations in the mineral
composition of the three types of ores influence the choice of ore processing methods at Tominskoye ore deposit.
Keywords: Tominskoye field, porphyry copper mineralization, metamorphism, technological ore types
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