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[o6pbi AeHb, yBaXaeMmble Yntatenu!

OuepenHoM HOMEP HaLLErO XypHana NPoAOKaeT yXKe CIIOXMBLLY-
t0Cs TpaAMUMio NyBnmnKaumm Hay4HbIX cTaTen POCCUMIICKMX M 3apybex-
HbIX YYEHbIX MO LUMPOKOMY Kpyry npobrnem reofniormvyeckux Hayk He
TOSbKO Ha PYCCKOM, HO U Ha Apyrux ssbikax. CerogHsa Mol nybnukyem
CTaTbW HaLUMX KUTANCKUX KOMMEr, KacaloLmecs YpesBbl4alHO UHTE-
PECHbIX Pe3yfbTaToB reoMH(OPMAaLMOHHLIX UCCedoBaHUA Npu no-
CTPOEHUM U UCMONb30BaHMK rpaca 3HaHUN 1 aHanu3a 6onbwnX AaH-
HbIX, COBMeLLeHHOro ¢ 3D-4D-MoaenmpoBaHueM, Ha KPYMHbIX PyaHbIX
MeCTOpOXaeHnax Kutas, a Takke CTaTbh MOHFOMbCKUX U CUBMPCKMX
rMaporeosioroB No OLEHKE 3anacoB TePMarbHbIX U XONOAHbIX N043EM-
HbIX BO/.

Bonbluon 6nok ctaten 3Toro HoMepa XypHana NocBsALWEH pasnuyHbIM NpobnemamM passeiku 1
pa3paboTKn MECTOPOXKAEHMUI NOSE3HbIX UCKOMAEMbIX: TEXHONOTrMYECKUM acnektam BypeHus Tpanno-
BOW WHTPY3uM HepTerazokoHgeHcaTHoro CpeaHeboTyoBMHCKOrO MEeCTOPOXAEHNS, UCMOMb30BaHMIO
6eCnMnOTHLIX TPAHCMNOPTHLIX CPEACTB B YCNOBUSX OTPbITLIX FOPHBIX PaboT, HaxoaKam yrien B AOHHbIX
OTNoXeHusix bankana, ra3ogMHaMMYecKUM XapakTepucTukaMm MnnacToB B paloHe arnMa3oHOCHOW
Tpyokun «Mup», reoman4eckum MccneaoBaHUAM MOPCKUX aKBaTOPUA U UHXEHEPHO-rE0NOMMYECKUM
nccneaoBaHmsM Npu 4obblve NonesHbIX MCKONaeMbIX OTKPbITbIM ClOCOOOM.

HeunsameHHO LWMPOKMM OCTaeTcs U reorpacMyecknini OXxBaT aBTopaMu XypHana pyaHbIX TeppuTo-
pui, BKroYawowmn Cnbupb, JansHuin Boctok, MoHronuo u Kutai. Mybnukaums B TedeHne nocnea-
HUX TPEX NEeT CTaTel He TONMbKO Ha PYCCKOM, HO M Ha aHIMUIUCKOM S3blKe CYLLECTBEHHO MOBbLICKNA
WHTEPEC K HaLeMy XypHany 3apybexHbIX Konner u, kak cneacTene, ero oowumn pentuHr. PegakumoH-
Has Konnerusi NOCTOAHHO paboTaeT Hag NoaAepXaHWeEM BbICOKOrO YPOBHS MyONMKyEMbIX CTaTen, B
CBS31 C YeM Mbl 0bpaLlaemcs Ko BCeM NMOCTOSHHBIM U NOTEHLManbHLIM aBTOpaM XypHana ¢ npocbboi
C NOHMMaHWEM OTHOCUTbLCA K TpeOOBaHMSAM, KOTOPbIE Mbl NPEeAbSBSEM K Balwum paboTam, cTapasch
HEe onyckaTb MNaHKy COBPEMEHHOrO YPOBHS Hay4YHbIX Nybnukaumin. XXgem ot Bac ctaTen ¢ uHTepec-
HbIMW FIYBOKMMI UCCNEAOBAHNSIMU U HEOPAUHAPHBIMK pe3ynbTaTamu.

YKenaem BceM BaM OrpOMHbIX yCNexoB Ha Bnaro reonornyeckon Hayku!

Nobaukasa Panca MouceeBHa,
rmaBHbIN pefakTop
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From the Editor

This issue of our journal continues the established tradition of publishing scientific articles by Rus-
sian and foreign scientists on a wide range of problems in geological sciences both in Russian and
other languages. Today we publish the articles by our Chinese colleagues dealing with the highly
interesting results of geoinformation research in the construction and use of a knowledge graph and
big data analysis combined with 3D-4D modeling at large ore deposits in China, as well as the articles
by Mongolian and Siberian hydrogeologists concerning the assessment of thermal and cold ground-
water reserves.

A considerable number of the articles in this issue is devoted to various problems of exploration
and development of mineral deposits including technological aspects of drilling a trap intrusion of the
Srednebotuobinskoye oil and gas condensate field, use of unmanned vehicles in open mining, coal
discovery in Lake Baikal bottom sediments, gas-dynamic characteristics of layers in the area of the
diamond-bearing pipe Mir, geophysical research of sea areas, and engineering and geological re-
search under open-mining of minerals.

We are determined to preserve the wide geographical coverage of the ore territories by the journal
authors including Siberia, the Far East, Mongolia and China. The publication of articles in English as
well as in Russian over the past three years has significantly increased the interest of foreign col-
leagues for our journal and, as a result, raised its overall rating. The editorial board keeps working in
order to maintain a high level of the published articles. In this connection we request all the permanent
and potential authors of the journal to treat the requirements for your works to be met with understand-
ing as we try to sustain the high modern level of scientific publications. We are looking forward for your
articles with thought-provoking in-depth research and extraordinary results.

Wishing you a great success for the benefit of the geological science!

Raisa Lobatskaya,
The Editor-in-Chief
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Construction and applications of knowledge graph
of porphyry copper deposits

Yongzhang Zhou?, Qianlong Zhang®, Wenjie Shen®, Fan Xiao9, Yanlong Zhange,

Shiwu Zhouf, Yongjian Huang9, Junjie Ji", Lei Tang', Chong Ouyang!
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a-dh-iGuangdong Provincial Key Lab of Geological Processes and Mineral Resource Survey, Guangzhou, China
eiGuangdong Institute of High Quality Resources and Environment, Guangzhou, China

9Guangdong Xuanyuan Network Tech. Inc., Guangzhou, China

Corresponding author: Yongzhang Zhou, zhouyz@mail.sysu.edu.cn

Abstract. A knowledge graph is becoming popular due to its ability to describe the real world by using a graph language
that can be understood by both humans and machines using computer technologies. A case study to construct the
knowledge graph of porphyry copper deposits is presented in this paper. First of all, the raw text data is collected and
integrated from selected porphyry copper deposits and porphyry-skarn copper deposits in the Qinzhou Bay — Hangzhou
Bay metallogenic belt, South China. Second, the text's entities, relations, and attributes are labeled and extracted with
reference to the conceptual model of porphyry copper deposits in the study area. The third, a knowledge graph of porphyry
copper deposits, was constructed using Neo4j 4.3. The resulted knowledge graph of porphyry copper deposit has the basic
functions of an application. Furthermore, as part of a planned integrated knowledge graph from a single deposit, through
an upper-geared metallogenic series, to a high-top metallogenic province, the understanding from the present study may
be extended to mineral resource prospectivity and assessment beyond today. The interrelationship between the earth
system, the metallogenic system, the exploration system, and the prospectivity and assessment (ES-MS-ES-PS) should
be completely understood, and a knowledge graph system for ES-MS-ES-PS is needed. The key scientific and technolog-
ical problems for achieving the ES-MS-ES-PS knowledge graph system are included in the progressively relative system
of the domain ontology and knowledge graph of ES-MS-ES-PS, the automatic construction technology of complicated ES-
MS-ES-PS domain ontology and knowledge graph, the self-evolution and complementary techniques for multi-modal cor-
relation data embedding in the ES-MS-ES-PS knowledge graph, and the knowledge graph, big data mining and artificial
intelligence based on ES-resource prospectivity, and assessment theory, and methods.

Keywords: geological knowledge graph, geological big data, prospectivity and assessment of mineral resource, domain
ontology, porphyry copper deposit

Funding: this work was supported by the Major Project of the National Natural Science Foundation of China (U1911202);
Guangdong Provincial Key R&D Project (2020B1111370001); Guangdong Provincial Science and Technology Commis-
sioner Project (GDKTP2020053500).
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MocTpoeHue n npumeHeHne rpada 3HaHUK
MeAHO-NopPMpPOBLIX MECTOPOXAEHUN

FOHuxaH Yxoy?, UsHbnyH Yxan®, BaHbuse WaHLS, ®aHb CaoY, AHbNyH YxaH®,
Lny Yxoy', FOHU3AHbL XyaH?, ListoHbuse Lau", Nai Tad', YyH OysaH
a-dh-yyygepcumem um. CyHb SimceHa, e. [yaHdxoy, Kumali

a-dhH] JemparibHasi nabopamopusi Cryx6bl 260/102UYECKUX MPOUECCO8 U MUHEPasIbHbIX PECYPCO8
nposunyuu lyaHOyH, 2. ['yaH4wxoy, Kumad

& yaHOYHCKUL UHCMUMYm 8bICOKOKa4YeCMBEHHbIX PECYPCO8 U OKpyxatowweli cpedsl, 2. [yaHuxoy, Kumal
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ABTOp, OTBETCTBEHHLIV 3a nepenucky: Yxoy KOHWxaH, zhouyz@mail.sysu.edu.cn

Pe3srome. 'pach 3HaHMIA CTaHOBUTCS MONYsSPHLIM Bnarogapst CBoe cnocobHOCTH ONMChIBaTb C UCMOSIb30BaAHNEM KOMIb-
IOTEPHbIX TEXHONOMMIA pearnbHbIn MP NPY MOMOLLM A3blka rpadoB, MOHATHOMO Kak MAsSM, Tak U MawuHam. B gaHHo
cTaTbe NpeacTaBneH NpUMep NOCTPOeHMs rpada 3HaHMA Me4HO-NOPGMPOBLIX MECTOPOXAEHWA. Bo-nepBbix, Heobpabo-
TaHHble TEKCTOBbIE AaHHble COBpaHbl U UHTErPUPOBaHbI MO BbIOPaHHLIM MECTOPOXAEHWUSIM MeHO-NOPGUPOBLIX U CKap-
HOBO-NOP(UPOBLIX MEAHLIX MECTOPOXAEHWUA B METANSIOTEHNYECKOM Nosice 3anMBoB LinHbwkoy — XaHuxoy HOxHoro Ku-
Tas1. Bo-BTOPbIX, TEKCTOBbIE CYLLHOCTU, OTHOLLEHWS U aTpUByThl NOMEYEHBI U U3BMEYEHBI CO CChINTKOW Ha KOHLeNTYanbHyio
MoZenb MeaHO-MoPdUPOBLIX MECTOPOXAEHWI B panoHe uccredoBaHns. B-tpetbux, rpad 3HaHMn MeaHO-NopgupoBbIX
MecTopoxaeHui 6bin nocTpoeH ¢ ucnonb3oBaHnem Neodj 4.3. MNonyyeHHbIN rpad 3HaHUN MECTOPOXAEHUS MeAHO-NOp-
MpOBbIX pya UMEET OCHOBHbIE (hYHKLMM NpunoxeHusi. Kpome TOro, Kak YacTb 3annaHWpOBAHHOIO WHTErPUPOBAHHOIO
rpadpa 3HaHU OT eAMHUYHOTO MECTOPOXAEHNS TPAHCIIMPYETCA Yepe3 MeTannoreHMYeckyo Cepuio 40 KpYnHOM meTanno-
FEHUYECKON MPOBUMHLMM, MO3TOMY pPe3ynbTaThl HACTOSALLErO UCCNeoBaHNs MOTyT ObiTb CO BPEMEHEM PacnpOCTPaHEHbI
Ha NepCcneKTMBHOCTb U OLEHKY MUHEPASIbHBLIX PECYPCOB APYrX MECTOPOXAEHUIA. B3auMocBsab Mexay 3eMHOW CUCTEMOW,
MeTanyoreHM4YeCKon CUCTEMON, CUCTEMON pa3BelKM W oLeHkM nepcnekTuBHocTu (ES-MS-ES-PS) gomkHa 6bITb nonHo-
CTbi0 NOHSATa, @ AN 3TOro HeobxoammMa cuctema rpadpa 3HaHuin ang ES-MS-ES-PS. KntoyeBble Hay4Hble 1 TeXHOMOrn4e-
ckue npobnembl 4ns co3gaHus cuctemsl rpada 3HaHuii ES-MS-ES-PS BknoueHbl B NPOrPeCcCUBHYI0 OTHOCUTENBHYH CH-
CTEMY OHTONIOMMM MPeaMEeTHON obnacTu u rpada 3HaHui ES-MS-ES-PS, TexHonormm aBTOMaTU4ecKoro MoCTPOEHUs
CINOXHbIX OHTOMNOrWIA NpeaMeTHoN obnactn MS-ES-PS u rpadha 3HaHwii, camopassuTie 1 4ONONHUTENbHbIE METOAbI ANS
BCTPaMBaHus faHHbIX MHOrOMOAanbHOW Koppensaumm B rpad 3HaHun ES-MS-ES-PS, a Takke noctpoeHue rpada 3HaHui,
WHTENNEKTYanbHbIN aHann3 60nbWMX AaHHBIX U UCKYCCTBEHHbIA UHTENEKT HA OCHOBE NEPCMNEKTUBHOCTU PECYPCOB 3EM-
HOW KOpbI, TEOPUM N METOOOB OLIEHKM.

Knroyeenle cnoea: rpad reornornyeckux aHaHuii, GonbLIXE reonorMYECKUE AaHHbIE, NEPCNEKTUBHOCTD W OLEHKA MUHE-
pasnbHbIX PECYPCOB, OHTOJIOMS NMPeaMeTHOM 061acTi, MeAHO-NOPUPOBOE MECTOPOXAEHME

®uHaHcupoeaHue: JaHHOe UccneoBaHve NPoBoAMIOCH Npu nogaepxxke OCHOBHOO NpoekTa ocyaapcTBeHHOro doHaa
ecTecTBeHHbIX Hayk Kutaa (U1911202), ctpaTernyeckoro Hay4HO-UCCMEA0BaTENBLCKOrO NpoekTa NpoBMHUMK [yaHOyH
(2020B1111370001), npoekTa ynonHOMOYEHHOrO Mo Hayke U TexHonoruam nposuHumu MNyanays (GDKTP2020053500).

Ans yumuposaxus: Yxoy HOHUYxaH, YxaH LiaHbnyH, WaHbe BaHblze, Cao ®aHb, YxaH AxbnyH, Yxoy Wuy [u ap.]. Mo-
CTPOEHWE W NMPUMEHEHWE rpacha 3HaHUN MeHO-NOPdMPOBLIX MECTOPOXAEHWIA // Haykn 0 3emne n Hegpononb3oBaHue.
2021. T. 44. Ne 3. C. 204-218. https://doi.org/10.21285/2686-9993-2021-44-3-204-218.

Introduction

In the present era of big data, data grows ex-
plosively, and it tends to be massive, heteroge-
neous, and loosely organized, bringing serious
challenges to effective access to information and
knowledge. The fundamental way out is to extend
the human brain with the help of machine and
machine learning, which urgently needs a lan-
guage that people and machines can understand
together [1-3].

The knowledge graph is one among these
technologies. It is an integral part of artificial in-
telligence technology, known as interpretable ar-
tificial intelligence. With its powerful semantic
processing ability and open organization ability, it
provides an effective tool for knowledge organi-
zation and intelligent applications of information
in the era of big data. Since the knowledge graph
was formally proposed by Google in 2012, it has
attracted much attention of researchers and has
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been widely used in intelligent search, intelligent
Q & A, personalized recommendation, and so on
[4-12]*.

This paper presents a case study to construct
the knowledge graph, with a porphyry copper
mine as a carrier. It introduces the construction
algorithm of the geological deposit domain
knowledge graph and discusses the extended
idea of knowledge graph to Earth system - Metal-
logenic system - Exploration system - Prediction
and evaluation system.

Methodology

The basis of the knowledge graph is a semantic
network to reveal the relationship between enti-
ties [13]. It describes the real-world things and
their relations in the way of “graph” and stores
them in the database in the way of “entity-rela-
tionship — entity” triple. As a network, it consists
of nodes and edges. A node represents an entity:
all kinds of things, existence, and concepts in the
real world, which can be either a concrete entity
or an abstract concept, such as a known ore point
or an abstract porphyry copper concept. Edge
represents the relationship between entities,
which is represented as attributes in many
scenes, such as the location of ore point, rock
mass, element content or mineralization time,
and process of an ore occurrence. Figure 1 is the
representation diagram of knowledge graph en-

tity, attribute, and relationship.
The complete knowledge graph architecture
includes Knowledge acquisition, Knowledge

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)
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representation, Knowledge storage, Knowledge
modeling, Knowledge fusion, Knowledge Com-
puting, Knowledge operation, and maintenance,
etc. It is included among the next key technolo-
gies and processes:

Ontology modeling. The data model of the
knowledge graph is established. In the ontology
model, it is needed to construct the concept, at-
tribute, and relationship of ontology. The process
of ontology modeling is the basis of the
knowledge graph. The high-quality data model
can avoid many unnecessary and repetitive
knowledge acquisitions, effectively improve the
efficiency of knowledge graph and reduce the
cost of domain data fusion.

Knowledge acquisition. In the real world,
knowledge exists in structured, semi-structured,
and unstructured data. Through knowledge ex-
traction technology, different structures and types
of data can be extracted into structured data that
can be understood and calculated by computer.
Knowledge acquisition is to extract knowledge
from data of different sources and structures,
form structured knowledge and store it in the
knowledge graph. For text data, the extraction
problems of knowledge acquisition include entity
extraction, relationship extraction, attribute ex-
traction, and event extraction.

Knowledge storage. The underlying storage
method is designed to store all kinds of
knowledge, so as to support the effective man-
agement and calculation of large-scale graph
data. The objects of knowledge storage include

Dabaoshan copper

deposit

Wall rock alteration

m \

Isotopic age

Dabaoshan

rmck mass

Fig. 1. Schematic diagram showing the entity, attributes, and relations of a knowledge graph
Puc. 1. Cxemamuyeckasi duazpaMmma, nokasblearowjasi CyujHocms, ampubymsi u omHoweHusi epagha 3HaHUl

1 Peak labs. About OpenKG.CN. Professional Committee of Language and Knowledge Computing Chinese Information
Processing Society of China. Available from: http://wp.openkg.cn/?page_id=77 [Accessed 28 February 2021].
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basic attribute knowledge, association knowledge,
event knowledge, time sequence knowledge, and
resources knowledge et. The quality of
knowledge storage directly affects the efficiency
of knowledge query, knowledge calculation, and
knowledge update in the knowledge graph.

Knowledge fusion. Knowledge fusion aims at
generating new knowledge and integrating the
knowledge from loosely coupled sources to form
a synthetic resource to supplement incomplete
knowledge and acquire new knowledge. It is an
interdisciplinary subject of knowledge organiza-
tion and information fusion. Hidden or valuable
new knowledge can be obtained, the structure
and connotation of knowledge be optimized, and
knowledge services be provided, through the ac-
quisition, matching, integration, mining, and other
processing methods of knowledge on many scat-
tered and heterogeneous resources.

Knowledge operation and maintenance. It is
necessary for the real scene to iterated or evolve
and improve the full knowledge graph according
to the application feedback, the emerging
knowledge of the same type, and the new
knowledge sources after the initial construction of
the knowledge graph. In the process of
knowledge operation and maintenance, it is
needed to ensure that the quality of the
knowledge graph can be well controlled and
gradually enriched. The operation and mainte-
nance process of a knowledge graph is an engi-
neering system, covering the whole life cycle of
knowledge graph from knowledge acquisition to
knowledge computing.

Usually, three basic steps are needed in the
construction of a knowledge graph: (1) Infor-
mation extraction, which extracts entities, attrib-
utes, and relationships among entities from un-
structured and semi-structured data sources. (2)
Information fusion, which eliminates the ambigu-
ity of concepts, eliminates redundant and wrong
concepts and ensures the quality of knowledge.
(3) Knowledge processing, which includes quality
evaluation or reasoning expansion of knowledge
to obtain structured and networked knowledge
system.

Structured data and text ones are the main
sources of knowledge. The more commonly used

I 2021;44(3):204-218

tools for acquiring knowledge from structured da-
tabases are Triplify, D2RServer, OpenLink,
SparglMap, Ontop, etc. Knowledge graph visual-
ization has Citespace, Protégé, Neo4j, and so on.
Citespace is an information visualization software
developed by using java language. Based on co-
citation analysis theory and pathfinder algorithm,
Citespace measures the literature (collections) in
specific fields to find out the key path and
knowledge inflection point of discipline evolution.
By drawing a series of visual graphs, the potential
dynamic mechanism of discipline evolution can
be analyzed, and the frontier of discipline devel-
opment be explored. Protégé is open-source soft-
ware for ontology editing and knowledge acquisi-
tion developed by the Center for Bioinformatics,
Stanford Medical School, based on Java lan-
guage. Protégé is an ontology development tool
and a knowledge-base editor. Itis the core devel-
opment tool of ontology construction in the se-
mantic web. It provides the construction of ontol-
ogy concept class, relationship, attribute and in-
stance, and shields the specific ontology descrip-
tion language. Users only need to construct a do-
main ontology model at the conceptual level.
Neo4j is a high-performance NoSQL graphic da-
tabase, which stores structured data on the net-
work. Itis a high-performance graph engine, with
the advantages of embedded, high performance,
lightweight, and so on [14-16]2.

Knowledge graph of porphyry
copper deposits

The main processes are involved in con-
structing the Knowledge graph of porphyry cop-
per deposits as following:

(1) Raw data acquisition. In the Qinzhou
Bay — Hangzhou Bay metallogenic belt of South
China, six porphyry copper deposits and
porphyry skarn-type copper deposits are se-
lected as the experimental objects. The Dexing
copper deposit, Yongping copper deposit, Qiba-
oshan copper deposit, Baoshan copper deposit,
Dabaoshan copper deposit, and Yuanzhuding
copper deposit are included among them. The
relevant geological and mineral survey and pub-
lished academic papers are systematically col-
lected to form the initial data.

2Neo Technology, Inc. Neodj, the world's leading graph database. Neod4j Graph Database. Available from:

http://neodj.com/ [Accessed 28 February 2021].
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(2) The initial data acquisition, and the entity,
relationship, and attribute annotation and extrac-
tion based on the conceptual model of porphyry
copper deposit. The Xuanyuan data annotation
system is used for data annotation. The annota-
tion system is a general annotation system based
on GUI, which allows the annotation file to be di-
vided into multiple annotation tasks and allows
multiple users to annotate and review. The sys-
tem provides data annotation services, including
batch storage and management of annotation
files, auxiliary tools to simplify the difficulty of
manual annotation, and machine annotation for
specific fields.

The data extracted from the text is classified
and standardized into three tuple formats with
five columns: entity, entity type, relationship, at-
tribute and attribute type. The entity is an exist-
ence of a deposit, an actual deposit, such as the
Dexing porphyry copper deposit. The entity type
is the type of deposit, such as porphyry copper
deposit. Attribute is the attribute of deposit, which
is used to describe the characteristics of deposit.
Attribute type is the type of attribute. A section of
the standardized CSV data is shown in Table.

(3) Graph generation. Python is used to read
data and write them into the Neo4j graph data-
base. Create a new local database in neo4j,
name the database, and then import the existing
data in CSV format into the py2neo database to
generate a knowledge graph (Fig. 2).

The knowledge graph resulted from this case
has the basic application function of a normal
knowledge graph. In Neo4j, Cypher statements
can be used to query the whole database, spe-
cific label query, shortest path query, where pred-
icate query, keyword query, relational query,

Standardized data (part)
CraHpapTv3oBaHHbIe AaHHbIe (Y4acTb)

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

attribute addition and deletion, label addition and
deletion, etc.

Query alabel, for example, that has a directed
relationship with a node. Input: match
(a:"Porphyry copper deposit {name:'Dexing cop-
per deposit'}) — (b) return a, b, the nodes con-
nected with the Dexing Copper Mine are gotten
(Fig. 3), from which the geological information
and metallogenic conditions related to the for-
mation of Dexing copper mine are demonstrated.

Prospect: Knowledge graph
of ES-MS-ES-PS

The case above is part of the ongoing exper-
iment to build knowledge graph series from single
ore deposit, through metallogenic series, to
metallogenic province, aiming at providing a
demo for future large-scale construction and ap-
plication of knowledge graph of ore deposits.

It is reasonable to build the knowledge graph
of porphyry copper deposit for the first since its
metallogenic model is classic and well recog-
nized by almost all geologists. It is also the main
theoretical model for prospecting for porphyry
copper deposits. The workload of building an on-
tology model is relatively controllable. Based on
the existing geological survey reports and other
unstructured and semi-structured data, through
ontology construction, knowledge extraction,
knowledge disambiguation, and knowledge fu-
sion, the knowledge graph of porphyry copper de-
posit may well be constructed.Similarly, the
knowledge graph of epithermal metallogenic sys-
tem (Fig. 4) and Qinzhou Bay — Hangzhou Bay
metallogenic belt (Fig. 5) can be constructed.

Individual deposits, metallogenic series, and
important metallogenic areas (belts) contain

Entity Entity type Relationship Attribute Attribute type
Yuanzhuding deposit Porpg)érgoii(;pper Magmatism Diorite granite Types of magmatism
Dexing deposit Porpg)érgocsli(;pper Metamorphism Phyllite Types of metamorphism
Yongping deposit Porphyry Cppper Wall rock alteration Silicification Types of wall rock
Deposit alteration
: . Porphyry Copper , , , Carboniferous . .
Qibaoshan deposit Deposit Stratigraphic evolution series Stratigraphic type
Dabaoshan deposit Porphyry C_opper Element enrlchment Cu .Types of element .
Deposit and depletion enrichment and depletion
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Fig. 2. Knowledge graph of porphyry copper deposit
from Qinzhou Bay — Hangzhou Bay metallogenic belt, South China
Puc. 2. pa¢h 3HaHuUli MeAHO-NMOPEhUPOBbLIX OMJIOKEHUL Memasjlo2eHU4ecKo20 nosica
3anueos LuHb4xoy — XaH4yxoy, FOxHbIl Kumat

typical relationships of deposits at different levels.
The single deposit belongs to the metallogenic
series and the important metallogenic area (belt),
and its attributes are inherited. The metallogenic
series and the important metallogenic area (belt)
are intersecting, and their attribute relationship is
complex. The construction of a knowledge graph
system of individual deposits, metallogenic se-
ries, and important metallogenic areas (belts) can
provide valuable support for the construction of a
larger knowledge graph of Earth system - Metal-
logenic system - Exploration system - Prediction
and evaluation system.

The prediction and evaluation of mineral re-
sources is one of the important directions in the
application of geological science and has formed
a unique theory and method system [17, 18]. But

generally speaking, the existing metallogenic
prediction theories and methods are mainly com-
posed of two parts. The first is the mineral predic-
tion model, which is the metallogenic prediction
elements and criteria established by summariz-
ing the metallogenic law of typical deposits and
geophysical, geochemical, and remote sensing
anomaly characteristics. The second is the math-
ematical model of prospecting information extrac-
tion and fusion, that is, the mathematical model is
used to quantify and fuse the corresponding pre-
diction elements in the prediction model, so as to
finally estimate the size of metallogenic potential.
Most of the research focuses on the mathemati-
cal model of prospecting information extraction
and fusion. The research on the mineral predic-
tion model mainly depends on the knowledge
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drive of geological experts, i.e., a quantitative
mineral prediction model is formed based on the
main metallogenic geological characteristics and
prospecting indicators (including geology, geo-
physics, geochemistry, and remote sensing) of
several typical deposits.The traditional approach
is flawed. First of all, its starting point is based on
the characteristics of metallogenic geology and
metallogenic law, that is, the characteristics of
metallogenic system itself, without considering
the correlation between metallogenic system and
other earth systems such as disaster system and
climate system, which may lead to the omission
of some important prediction elements and the in-
completeness of prediction model. Secondly,
over reliance on the knowledge driving of geolog-
ical experts reduces the effectiveness of the pre-
diction model.

The future mineral resources prediction and
evaluation should fully understand the relation-
ship among the Earth system, the metallogenic
system, the exploration system and the prediction
and evaluation system (ES-MS-ES-PS). It is an
important development direction to establish the
associated knowledge graph system of “ES-MS-
ES-PS”.

The key scientific and technical problems fol-
lowing need to be solved in order to establish the
knowledge graph system of ‘ES-MS-ES-PS’:

(1) Progressive correlation system of the ES-
MS-ES-PS knowledge graphs. The knowledge
graph progressive correlation system of the Earth
system - Metallogenic system - Exploration sys-
tem - Prediction and evaluation system is not well
understood yet. Behind them are the Earth,
Metallogenic, Exploration, and Mining Sciences,
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which are both systematic and intricate. This lim-
its the integration of data and knowledge, and
also the exploration of the potential of the system.
Based on the system association framework of
the knowledge graph, the interpretable prediction
and evaluation of mineral resources can be
formed through the digestion and fusion of
knowledge co-index and the community detec-
tion and correlation based on graph theory.

The ES-MS-ES-PS can be regarded as self-
contained but interrelated systems. Logically, the
earth system includes the metallogenic system,
which inherits the attributes and relations of the
earth system. The earth system has a larger ex-
tension, and the metallogenic system has a more

specific connotation. The exploration system and
the prediction and evaluation system are the cur-
rent expert knowledge systems. They are not
completely coincident with the actual metallo-
genic system, and there is an intersection be-
tween them.

(2) The ontology construction of ES-MS-ES-
PS. Geological big data are considered as the
main research object. Firstly, a machine learning
algorithm is used to model and associate the
knowledge of the Earth system, metallogenic sys-
tem, exploration system, and prediction and eval-
uation system under the guidance of the ontology
model of ES-MS-ES-PS. Speech tagging has
done for text data. Then, the candidate entity
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pairs and relationship features are extracted, and  ontology of ore controlling elements in the fields
the factor graph model method is used to trainthe ~ of ES-MS-ES-PS as a bridge, the ES-MS-ES-PS
extraction rules, which are used to extract the do-  are organically linked.
main entities and semantic relationships of the Through machine learning, semantic analy-
ES-MS-ES-PS according to the results of part of  sis, visual analysis, and other intelligent methods,
speech tagging. Finally, the extracted entity and  the ES-MS-ES-PS are analyzed. The in-depth
semantic relationship are stored in the form ofthe  development of knowledge graphs in the field of
graph database, and the knowledge base of ES-  exploration systems and prediction and evalua-
MS-ES-PS is established and visualized. The tion systems provides multi-source, multi-dimen-
corresponding knowledge graph and data shar-  sional, spatiotemporal, multi-scale information
ing platform of ES-MS-ES-PS are established in  and knowledge intelligent services for mineral re-
order to realize the information retrieval, acquisi-  source prediction and evaluation, improves the
tion, sharing, and logical reasoning of the breadth, accuracy, and efficiency of deep-sitting
knowledge base of ES-MS-ES-PS. prospecting information identification and extrac-
Furthermore, taking the geological ontology tion, and links and integrates prospecting infor-
of ore controlling elements in the fields of ES-MS-  mation in the fields of ES-MS-ES-PS. All above
ES-PS as a bridge, the ES-MS-ES-PS are organ-  will lead to the occurrence of the smart prediction
ically linked. Furthermore, taking the geological of mineral resources based on ES-MS-ES-P.
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(3) Automatic extraction technology of large-
scale geological knowledge graph relationship.
In the process of automatic acquisition of geolog-
ical knowledge and construction of knowledge
graph, relation extraction is the core and the only
way to accomplish this task. The purpose of
relation extraction is to extract the relationship
between entities from unlabeled self-owned
texts, and then structure the entity and relation-
ship into structured knowledge, and extend it into
a knowledge graph accordingly. The traditional
relational extraction method is based on the con-
struction of a supervised extraction system, and
its training and deployment rely heavily on large-
scale manually labeled data, which consumes
huge time and manpower. This project develops
and constructs a remote supervised relation ex-
traction system to make up for the problems ex-
isting in the traditional supervised model. At the
same time, it explores the introduction of multi-
source external information to eliminate the noise
problem in remote supervision and alleviate
the impact of long-tail data, so as to obtain a
more robust geological knowledge extraction
system.

(4) Evolving and improving itself of knowledge
graph embedding multi-modal association data.
Heterogeneity is an unneglectable problem to
construct an opening geological knowledge
graph. The traditional way to solve ontology het-
erogeneity is ontology integration. Ontology inte-
gration directly merges multiple ontologies into a
large ontology, and each heterogeneous system
uses the unified ontology. In this way, the inter-
action between them can be carried out directly,
thus solving the problem of ontology heterogene-
ity. However, the integration of ontology is time-
consuming and laborious and lacks automatic
method support. With the change of multiple on-
tologies, the integration process needs to be re-
peated and the cost is too high. In addition, the
integrated ontology is not universal and flexible
for different applications. Therefore, ontology in-
tegration is not suitable to solve the distributed
and dynamic multi ontology application problems
in the knowledge graph. In fact, most applications
only need to realize the interoperability between
ontologies to meet the requirements, and com-
plete integration is not necessary. This project
studies the ontology mapping method based

I 2021;44(3):204-218

on multi-modal association data embedding.
It achieves ontology interoperability by establish-
ing mapping rules between ontologies. At the
same time, it introduces a large number of texts,
images, and numerical information in the
knowledge base, improves the quality of mapping
and matching, and realizes the effective comple-
tion of the knowledge graph.

(5) Data acquisition, access, and fusion
mechanism based on the knowledge graph.
Community structure is popular in the geological
knowledge graph. Community refers to a group
of nodes that are closely related to each other
within the community, and their relationship with
nodes outside the community is relatively loose.
It has many applications to obtain and query com-
munity data, identify community structure, ana-
lyze the structure and function of the whole net-
work, and predict the interaction between various
elements of the network, such as geological net-
work analysis, identification of special geological
phenomena, deposit prediction, etc. Traditional
community detection only considers the struc-
tural features with neglecting the necessary se-
mantic information on the knowledge graph. This
project will study the community detection algo-
rithm for knowledge graphs, and introduce attrib-
ute-based retrieval, which can effectively improve
computational efficiency.

(6) The construction norms and standard sys-
tem of the geoscience knowledge graph. The
standardization of geological knowledge graph is
greatly important to improve construction effi-
ciency, ensure data re-use in multiple fields, and
give full play to knowledge graph analysis and
technical value. This project studies the overall
framework of the geological knowledge graph,
mainly focusing on knowledge acquisition,
knowledge representation, knowledge modeling,
knowledge fusion, knowledge storage, knowledge
computing, knowledge operation and mainte-
nance, natural language processing, and other
related supporting technology fusion, covering
the whole life cycle of the knowledge graph,
providing guarantee for technology development
and application.

Conclusions
It may be concluded through the analysis
above that:
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(1) Knowledge graph represents the objects
and their relationships in the objective world with
the mathematical model of the graph, which
makes knowledge and data easier to exchange,
circulate, and process between computers and
between computers and people. Compared with
a traditional relational database, a knowledge
graph is more flexible and more suitable for a big
data environment. In the era of big data and arti-
ficial intelligence, there is an urgent need for a
language that people and machines can under-
stand together to extend the human brain.

(2) The construction of the knowledge graph
of porphyry copper deposits is a good experi-
ment, it may be well extended to the epithermal
metallogenic system and the Qinzhou Bay -
Hangzhou Bay, metallogenic belt, South China,
resulting in a complete knowledge graph system
from the single deposit, through metallogenic
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series, to an important metallogenic area (belt).
Then a greater knowledge graph system of Earth
system - Metallogenic system - Exploration sys-
tem - Prediction and evaluation system may be
expected.

(3) The future mineral resource prediction
and evaluation should fully understand the rela-
tionship among the Earth system, the metallo-
genic system, the exploration system, and the
prediction and evaluation system. A more univer-
sal metallogenic prediction system may be estab-
lished through open integration and deep mining
of different systems or geological big data.

The transformation of quantitative prediction
and evaluation of mineral resources may be pro-
moted by the establishment of the associated
knowledge graph system of the Earth system -
Metallogenic system - Exploration system - Pre-
diction and evaluation system.
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B atom rogy ncnonnunock 90 net Bblgatowiemycs reonory Knras, 4enoseky, KOTOpbIA B TEY4EHNE
MHOIUX NeT SABMANcA pekTopom Kutanckoro yHuBepcuteTa Hayk o 3emne B YxaHe u [NekuHe, akage-
Muky Yxao MaHga. bnarogaps ero noaaepxke 6onee 30 net Ha3ag HaYanoCb COBMECTHOE U3YyYeEHME
KOHTUHEHTanbHbIX PUGTOBBIX 30H Y4eHbIMU VPKYTCKOro HaLMOHaNbHOro NCCNefoBaTeNbCKOro TEXHU-
yeckoro yHmsepcuteta u Kutanckoro yHuBepcuteTa Hayk o 3emne (r. YxaHb). OTU UccnegoBaHus
ycnewHo npogosxanuce 6onee 20 net. PeaakuMoHHbIA COBET XypHana «Hayku o 3emne v Hegpo-
Nonb30BaHWe» CepaeyHo no3apasnseT akagemuka Yxao MNaHga ¢ obunenHon gaton! Mel xenaem
eMy eLle JONrUX NeT akTUBHOW 1 NNOAOTBOPHON AEATENBHOCTU, 300P0OBbSA U MTMYHOrO cyacTbs! Hike
XypHan nybnukyeT cTaTbio y4eHUKOB akagemumka Yxao MaHaa, NocBALLEeHHY0 ero obuneto.

This year marks the 90" anniversary of the outstanding Chinese geologist, long-term rector of the
China University of Geosciences in Wuhan and Beijing, Academician Zhao Pengda. Thanks to his
support, more than 30 years ago, scientists from the Irkutsk National Research Technical University
and the China University of Geosciences (Wuhan) began a joint study of continental rift zones. These
studies have been successfully continued for over 20 years. The editorial board of the journal "Earth
sciences and subsoil use" cordially congratulates Academician Zhao Pengda on his anniversary! We
wish him many more years of active and fruitful work, health, and personal happiness! We wish him
many more years of active and fruitful work, health, and personal happiness! Below the journal pub-
lishes an article by the students of Academician Zhao Pengda, dedicated to his anniversary.
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Resource-environment joint forecasting using big data mining
and 3D/4D modeling in Luanchuan mining district, China
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Abstract. The Fourth generation industrial age and 5G + intelligent communication in the "Fourth Paradigm of Science" in
the 21t century provide a new opportunity for research on the relationship between mining development and environmental
protection. This paper is based on the theory of metallogenic geodynamics background, metallogenic process and quanti-
tative evaluation and chooses the Luanchuan district as a case study, using deep-level artificial intelligence mining and
three/four-dimensional (3D/4D) multi-disciplinary, multi-parameter and multi-scale modeling technology platform of geosci-
ence big data (including multi-dimensional and multi-scale geological, geophysical, geochemical, hyperspectral and high-
resolution remote sensing (multi-temporal) and real-time mining data), carrying out the construction of 3D geological model,
metallogenic process model and quantitative exploration model from district to deposit scales and the quantitative predic-
tion and evaluation of the regional Mo polymetallic mineral resources, the aim is to realize the dynamic evaluation of high-
precision 3D geological (rock, structure, hydrology, soil, etc.) environment protection and comprehensive development and
utilization of mineral resources in digital and wisdom mines, it provides scientific information for the sustainable develop-
ment of mineral resources and mine environment in the study area. The research results are summarized as follows:
(1) The geoscience big data related to mineral resource prediction and evaluation of district include mining data such as

© Wang Gongwen, Zhang Shouting, Yan Changhai, Pang Zhenshan, Wang Hongwei, Feng Zhankui, Dong Hong, Cheng
Hongtao, He Yagqing, Li Ruixi, Zhang Zhigiang, Huang Leilei, Guo Nana, 2021
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3D geological modeling, geophysics interpretation, geochemistry, and remote sensing modeling, which are combined with
GeoCube3.0 software. The optimization of deep targets and comprehensive evaluation of mineral resources in Luanchuan
district (500 km2, 2.5 km deep) have been realized, including 6.5 million tons of Mo, 1.5 million tons of W, and 5 million
tons of Pb-Zn-Ag. (2) The 3D geological modeling of geology, mineral deposit, and exploration targeting is related to the
mine environment. The data of exploration and mining in the pits of Nannihu — Sandaozhuang — Shangfang deposits and
the deep channels of Luotuoshan and Xigou deposits show a poor spatial correlation between the NW-trending porphyry-
skarn deposits and the ore bodies. The NE-trending faults are usually tensional or tensional-torsional structures formed in
the post-metallogenic period, which is the migration pathway of hydrothermal fluid of the related Pb-Zn deposit. There is a
risk of groundwater pollution in the high-altitude Pb-Zn mining zones, such as the Lengshui and Bailugou deposits con-
trolled by NE-trending faults are developed outside of porphyry-skarn types of Mo (W) deposits in the Luanchuan area.
(3) Construction of mineral resources and environmental assessment and decision-making in intelligent digital mines: 3D
geological model is established in large mines and associated with ancient mining caves, pit, and deep roadway engineer-
ing in the mining areas to realize reasonable orientation and sustainable development of mining industry. The hyperspectral
database is used to construct three-dimensional useful and harmful element models to realize the association of explora-
tion, mining, and mineral processing mineralogy for the recovery of harmful elements (As, Sh, Hg, etc.). 0.5 m resolution
Worldview2 images are used to identify the distribution of Fe in the wastewater and slag slurry of important tailings reser-
Voirs, so as to protect surface runoff and soil pollution.

Keywords: geoscience big data, 3D/4D modeling, quantitative prediction and evaluation, resource and environment, in-
telligent mine, Luanchuan district

Acknowledgements: this year is Mr. Zhao Pengda's 90" birthday. We write this article to congratulate him! The first
author's scientific research and teaching work in recent 20 years is closely related to the higher education postgraduate
textbook “Quantitative Geoscience Methods and Applications® edited by Mr. Zhao (2004). In this textbook, "joint prediction
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\-) Wang Gongwen, Zhang Shouting, Yan Changhai, et al. Resource-environment joint... | AL R
Pe3rome. [pombiLLIeHHAs 3pa YETBEPTOro NOKONEHWS M UHTENNEKTyanbHas cBs3b 5G + B «4eTBEPTON NapagurMe Haykuy»
XXI| Beka OTKpbIBaAOT HOBbIE BOSMOXKHOCTU ANS UCCNe0BaHWii B3aMMOCBA3UN MexXay pa3BuTueM ropHoaobbIBatoLLen Npo-
MBbILUSTIEHHOCTW W 3aLLMTO OKpYKaloLlen cpefbl. 3Ta CTaTbsl OCHOBaHa Ha TeOpUW METaNNOreHNYeCcKon reoamHamMmKm,
MeTannoreHMyYecknx NpoLeccax u KoNMYeCTBeHHOW OLeHKe Ha npumMepe panoHa JlyaHbyyaHb B Ka4ecTBe TeMaTUYeCKoro
UCCMeaoBaHMs C UCNOMb30BaHWEM FNYyOWHHOTO UCKYCCTBEHHOTO MHTENMNeKTa u TpexmepHoro / yeTtbipexmepHoro (3D/4D)
MEXANCLMMIIMHAPHOrO, MHOrONPOMUITBHOTO NapamMmeTpUYecKkoro N MHOromacluTabHoro MogenMpoBaHus bonbwmnx gaH-
HbIX, BKMOYast MHOroMacwTabHble reonormyeckme, reousnyeckme, reoXMMUIeckue, rmnepenexkTpasnbHbIe U BbICOKOpas-
peliarLe JaHHble AUCTAaHLMOHHOMO 30HAMPOBaHUS (Pa3HOBPEMEHHBIE), AaHHbIE O J00blYe NOMEe3HbIX MCKOMaeMbIX B
peanbHOM BPeMEHM, C BbINMOMHEHNEM NOCTPOEHUS TPEXMEPHOWN reonorMyeckon Mogenu, Mogeny MeTannoreHn4eckoro
npouecca W KonNWYecTBEHHOW MOAENW pa3Benkn OT NOKanbHOro panoHa A0 MacluTaboB MECTOPOXAEHUS, a Takke KOnu-
YECTBEHHOTO MPOrHO3MPOBAHWS U OLIEHKU pervoHanbHbIX NONIMMEeTannYecknx MMHepanbHbix pecypcos Mo. Liens uccne-
[lI0BaHUs 3aKIYaeTcs B peanu3aumm AUHaMUYECKON OLEHKM BbICOKOTOYHOW TPEXMEPHOM reonormyeckon moaenu (rop-
Hble NOPOAbI, CTPYKTYpa, TMAPONOrus, NoYsa v T. A.), OXpaHbl OKpyXatoLel cpedbl, KOMMIEKCHOrO OCBOEHUS U UCMOIb30-
BaHWS MUHeparbHbIX PeCypcoB B LMGPOBOW cpeae. ViccnenoBaHue OpuEeHTMPOBAHO Ha NPeaoCTaBneHe Hay4yHoN WH-
chopmaLmm No yCTONYMBOMY Pa3BUTUIO MUHEPASIbHLIX PECYPCOB M rOPHOA0DLIBAIOLLEN OTPACnM B M3y4aeMOM pPeruoHe.
PesynbTaThl MCCNegoBaHUA 3akntovatoTes B criegyrolem. 1. bonblume faHHble reoHayk, CBA3aHHble C NPOrHO3MpoBaHneM
1 OLEHKOW MMHEpanbHbIX PECYPCOB B UCCIedyEMOM pavioHe, BKMOYaloT AaHHbIE TOpHbIX paboT, Takme Kak TpeXMepHoe
reonornyeckoe MoaenupoBaHue, MHTepnpeTauus reousnki, reoXmMmns 1 MogenmpoBaHne AUCTaHLUMOHHOMO 30HAMPOBa-
HUS, KOTOpble 00 beanHeHbI ¢ nporpaMmMHbiM obecneyernem GeoCube3.0. MpoBeaeHbl ONTUMM3ALMS TMYOUHHBIX AaHHbIX
1 KOMMIIEKCHas OLleHKa MUHeparibHbIX PecypcoB B paiioHe JlyaHbuyaHb (500 km?, rny6uHa — 2,5 kM), B TOM yucre 6,5 MiH
TOHH Mo, 1,5 MiH T W 1 5 MiiH T Pb-Zn-Ag. 2. TpexmepHoe reonornyeckoe MogenvnpoBaHne reonorum, MectTopoXxaeHumn
MonesHbIX NCKONaeMbIX W recnoropassefoyHbiX paboT CBA3AHHO C OKpyxaloLen cpedon pyaHuka. [laHHble pa3senku v
A06bl4M Ha Kapbepax mectopoxaeHun HaHHuxy — CaHgaouxyaH — WandaH n B rmybokux pycnax mectopoxaexun Jly-
oTyowaHb 1 Curoy nokasbiBatoT criabyto NPOCTPAHCTBEHHYIO KOPPENALMIO Mexay NopMpPOBO-CKapHOBLIMI MECTOPOXAE-
HUSMW CeBepPO-3anagHoro NPOCTMpPaHus U pyaHbIMKU Tenamu. Pasnombl ceBepo-BOCTOMHOMO MPOCTMPaHMs 0bbl4HO npea-
CTaBNSOT CODON CTPYKTYPbl PACTSHIKEHWUS UIN PACTSKEHUSA-KPYYeHUsl, ChOPMUPOBaHHbIE B MOCT-METaNNOreHNYEeCKNiA ne-
pvog v ABNSIOLMECS NYTAMU MUrpaLuy rngpotepmanbsHoro Pb-Zn dntomga cooTBeTCTBYOLWErO MECTOpoXaeHns1. CyLue-
CTBYET PUCK 3arpsi3HEHNsI MOA3EMHbIX BOZ B BbICOKOFOPHbIX 30HaxX f00bl4M Pb-Zn, Takux kak MecTopoxaeHus JIeHrwyn n
Balinyroy, KOHTPONMpyeMbIX pasnoMamm CEBEPO-BOCTOYHOMO NPOCTUPaHKS 1 paspabaTbiBaroLymxca 3a npegenamm ve-
cTopoXaeHun nopcduposo-ckapHosoro Tuna Mo (W) B paioHe JlyaHuyaHb. 3. MogenupoBaHue MUHeparbHbIX Pecypcos,
OLIEHKa COCTOSIHMS OKpYXaloLlen cpelbl U NMPUHATUE peLleHU B MHTENNEKTYanbHbIX LMMPOBbLIX PyAHUKaX: TpexMepHas
reosiornyeckas Mogenb CO34aeTCs Ha KPYMHbIX PyAHUKaX U CBA3aHa C APEBHUMM FOPHLIMU NeLlepamm, Kapbepamu 1 rny-
BOKVMMM JOPOXHBIMU COOPYXEHUAMU B paioHax fobblum Ans obecnevyeHns pasyMHON OpUeHTaLnm 1 yCTONYMBOTO pasBu-
TWS ropHOAO06bIBaIOLLEN NPOMBILLNEHHOCTU. [MnepcnekTpanbHas 6asa AaHHbIX MConb3yeTCs Ans NOCTPOeHUs Tpexmep-
HbIX MOZENeN None3HbIX ¥ BPEAHbIX ANEMEHTOB C LieNbio peanu3aumnm B3anMoCBA3WM MUHepanorum, passegku, obeium n
nepepaboTk1 NoNesHbIX MCKonaeMbIX ANs U3BNeYEHNs BpedHbIX anemeHToB (As, Sb, Hg u 1. a.). UcnonbaytoTtcs nsobpa-
xeHus Worldview2 ¢ pa3pewenvem 0,5 M ansa onpegenexns pacnpegenenns Fe B CTOYHbIX BOAAX U LUMamax BaXHbIX
XBOCTOXPaHUIMLL, NO3BONSIOLLME 3ALUMTUTL NOBEPXHOCTHbBIN CTOK U 3arpsi3HEHME NOYBbI.

Knroyeenie crosa: 6onbluve gaHHble reoHayk, 3D/4D-mogennpoBaHme, KONMYeCTBEHHbIN NPOTHO3 W OLEHKa, PeCcypchbl 1
oKpyXatoLuas cpefa, MHTennekTyanbHas 4obbiva, panoH JlyaHbuyaHb

BnazodapHocmu: B 3ToM rogy rocnoguHy Yxao MaHga ucnonusietcsa 90 net, n aTa ctaTbsl HanucaHa, 4Tobbl N03ApaBUTh
ero ¢ tobuneem. NepBble Hay4HblE KCCNEOOBaHUA 1 NpeNofaBaTeNibekas AedaTeNIbHOCTb aBTopa 3a nocnegHve 20 net
Obinu TECHO CBSA3aHbI C Y4EOHWKOM NSt aCMUPAHTOB BbICLWIUX Y4ebHbIX 3aBeeHu «KonnyecTBeHHbIE METOAbI FE0NOro-
reom3nYECKX HayK U UX NPUMEHEHUS» MOA peaakumel rocnoguHa Yxao (2004). B aTom yuyebHuKe «COBMECTHOE MpoO-
FHO3MPOBaHME W KONMYECTBEHHAs OLIEHKA PECYPCOB U OKPYXaKoLLEn cpeabl» pacCMaTpUBalOTCS Kak O4HU U3 BaXKHENLLMX
3MEMEHTOB COEPXKaHWNS KONIMYECTBEHHbIX reofioro-reousnyeckmnx nccnegosanui B XXI seke. iccnegoBatenbekuii npo-
Liecc B paMKax HanucaHus JaHHOW cTaTbk nopaepxanu npodeccop KnewtoHn Jony (YHuepcuteT Anbbeptsl, KaHaga),
npocheccop YaH JTnuxanb (YHusepcuteT Keebeka, Kanaga), npodeccop [dxoH KappaHsa (rnaBHbIM pedakTop xypHana
Natural Resources Research), npodeccop XaH (YuusepcuteT XbtocToHa, CLUA), npoceccop Oy AncyH, goueHT Llao N un
poktopaHT [y LiauHro. Takke 6narogapto akagemumka Mo CroaHbcioe, akagemuka Yxan FOnwasH n akagemuka Yxao MaHga
3a nogaepxky. bnarogapto CyH Aoy, Ma YxaHb00, XaHb Li3sHBan, BaH LWUusHb, Xa KOnnsH, Mo Bo, KOHb Xy, MaH W, Oy
CwHb, JTio TouHb, J1. B. Benge, JIn YxyHMmuH n YxaH MyouHb M3 X3HaHbCKOrO MHCTUTYTa reonorndeckon cnyxobl 3a ux
noAaepxky. KomaHaa BbinyCKHUKOB NEPBOro aBTOpa Takke oKasana 3HauMTerlbHy NOMOLLb U NOAAEPXKKY B TPEXMEPHOM
MOZENMPOBaHUU, MHTEPNPETALMN JaHHbBIX AUCTAHLMOHHOIO 30HAMPOBAHMS, MPOrHO3MPOBAHUK U OLIEHKE PECYPCOB, a TakkKe
B aHanu3e MeTanyioreHM4Yecknx NpoLeccoB. Xouy UM BbIpa3uTb CBOK UCKPEHHIOW BrnarogapHocTb. PaboTa bbina Beinon-
HeHa npu noaaepxke HaumoHanbHOM nporpaMmel KIYEBLIX UccnefoBaHui 1 paspaboTtok Kutas (Ne 2017YFC0601204).

Ans yumupoeaHus: Bax 'yHB3Hb, YxaH LWoyTuH, AHb YaHxai, MaH YxaHbwaHb, BaH XyHBan, ®aH YxaHbkyn [1 ap.].
CoBMeCTHOE NpOrHO31pOBaHNE PECYPCOB U OKPYXatoLLen Cpebl C UCMONb30BaHMEM UHTENNEKTYanbHOro aHanmsa 60nb-
wmx AaHHbiX 1 3D/4D-moaenupoBaHus B ropHofobbIBatoLLIEM paiioHe JlyaHbuyaHb, Kutan // Hayku o 3emne v Hegponons-
3o0BaHue. 2021. T. 44. Ne 3. C. 219-242. https://doi.org/10.21285/2686-9993-2021-44-3-219-242.
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Introduction

In the 215 century, the intelligence and intelli-
gent manufacturing of the fourth generation in-
dustry age promoted the rapid development of
new engineering innovation, 5G + communica-
tion, cloud computing, and other real-time intelli-
gent decision-making, provided scientific and
technological support for the Fourth Paradigm of
Science (Data-Intensive Scientific Discovery)?,
and also provided a new opportunity for compre-
hensive research on mining development and en-
vironmental protection. The geoscience system
research of lithosphere, biosphere, hydrosphere,
and atmosphere becomes the core content and
frontier field.

Zhao put forward that the exploration and de-
velopment of mineral resources in the 215 cen-
tury must achieve the unity of social, economic,
and environmental benefits [1], which require the
joint evaluation of mineral resources and environ-
ment, and the combination of mineral mapping
and mineral exploration. Since 2011, 117 key dis-
tricts in 16 regional metallogenic belts in China
were implemented to deep (less than 1000 m)
mineral exploration based on the 1:50000 geo-
logical mapping. A series of metallogenic theories
and technologies were constructed, for example,
Ye et al. [2] built theory and method of prospect-
ing prediction in mineral exploration zone, and
the ore-forming dynamic background, process,
and quantitative evaluation of large and super-
large deposits [3-5]. The 13™ five-year national
key research and development plan "deep re-
sources exploration and exploitation” has pro-
moted the deep (less than 3000 m) resource pro-
specting, prediction, and evaluation of key dis-
tricts in China [6-15].

Most European countries and the United
States have established the "industry and univer-
sity" research alliance of geosciences using the
interdisciplinary 3D/4D modeling. The alliance
proposed 3D/4D modeling and atrtificial intelli-
gence technology as the basis of mineral explo-
ration and extraction of geoscience information in
recent years [16-20]. For example, OneGeology
team developed the 3D geoscience modeling us-
ing artificial intelligence and big data with Loop

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

3D methodology (RFG, 2018). Australia devel-
oped the GlassEarth (1998), Uncover (2006) and
BigEarth (2018) plans to explore 1000 m, 3500 m
and 10000 m potential mineral deposits in deep,
respectively, and the Loop3D technology is de-
veloped as the future 3D/4D geoscience model-
ing platform. The United States Geology Survey
made 2013-2023 deep exploration plan to con-
struct 3D/4D geological modeling for the re-
sources and environment protection in USA. Mira
Geoscience international mining company devel-
oped 4D wisdom management platform with the
combination of 3D exploration and big data for
the real-time-mining. Geological Cloud 3.0 devel-
oped by China Geology Survey can build real-
time and multi-scale (region, district, camp, de-
posit) geological mapping and the 3D borehole,
orebody and mining modeling. Based on the
metallogenic system and mineral system theo-
ries, 3D/4D modeling has been used to construct
an exploration model of mineral deposits [13, 14].

The aim of this study is to realize the dynamic
evaluation of high-precision 3D geological (rock,
structure, stratum, and orebody) modeling and
environment protection, and enhance the com-
prehensive development and utilization of min-
eral resources in digital and intelligent mines us-
ing geoscience big data, geodynamic back-
ground, metallogenic process and quantitative
evaluation of large and super-large deposits [21-
30]. The result provides a scientific basis for the
sustainable development of mineral resources
and mine environment in the study area.

Geological setting
and deposit features

The Luanchuan district (25 km x 20 km x
2.5 km (depth) in 3D space) is located in the
northeastern part of the Qinling Orogen Belt. The
Qinling Orogenic Belt extends for more than
2,200 km in NW-trending distribution and sepa-
rates the North China Craton from the South
China Craton (Fig. 1). The main strata exposed
in the study area include the Neoproterozoic
Luanchuan Group and the Taowan Group, the
Mesoproterozoic Guandaokou Group, and the
Neoproterozoic Kuanping Group from the north to

1 Gray J., Szalay A. A transformed scientific method: technical report. Mountain View: National Research Council — Com-

puter Science and Telecommunications Board; 2007.
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Fig. 1. 3D geological model of the Luanchuan district
Puc. 1. l'eonozuyeckas 3D-modesnb patioHa JlyaHb4yaHb

south [21, 22]. The Luanchuan Group as the main
hosting stratum for ore body has a thickness of
~3100 m and consists of carbonate-clastic rocks
formed in a shallow-marine environment, of
which ~2,050 m (Sanchuan (Pt3S), Nannihu
(Pt3N), Meiyaogou (Pt3M) and Yuku (Pt3Y) For-
mations from the bottom upwards) is associated
with Mo and Pb-Zn-Ag-Au mineralization (Fig. 2).
The regional structures in the Luanchuan district
define a network of NW- and NE-trending faults.
The Luanchuan Group is in a faulted contact with
or unconformably overlain by the Taowan Group.
The Luanchuan and Zhuyuangou faults consti-
tute the boundaries of the tectonic framework of
the Mo deposits. The intersections of the NE-
and NW- trending faults control the intrusions and
spatial distribution of small acidic-intermediate
plutons and are the structures controlling the
vein-type Pb-Zn-Ag deposits. During the Juras-
sic, small-scale granitic stocks, dikes, and brec-
cia pipes were formed, whereas, during the Cre-
taceous, large-scale batholiths were developed
[6]. The plutonic rocks in the Luanchuan district
consist of Late Proterozoic syenite and Jurassic

granite. The latter one consists of either massive /
extensive granite batholith or stocks / dikes of
granite porphyry, and they are known to be asso-
ciated with Mo-W-Pb-Zn mineralization in the
study area.

There are five large Mo polymetallic deposits
and more than 20 small / medium Pb-Zn deposits
in the study area (Table), and all the large Mo
polymetallic deposits are hosted by the Luan-
chuan Group. The molybdenite Re-Os and sphal-
erite Rb-Sr isotopic dating showed Mo and Pb-Zn
mineralization occurred at ~145 Ma and ~139
Ma, respectively [6, 20]. Most of the hydrothermal
vein-type Pb-Zn deposits in the district have a
close Spatio-temporal relationship with the
porphyry-skarn deposits. All Jurassic granitic
stocks, including those host the Mo-W minerali-
zation at Nannihu, Shangfanggou, Shibaogou,
and the Huangbeiling, are shallow-level and con-
sist of granodiorite, monzogranite, and granite
porphyry stocks which are correlatedto one bath-
olith at the depth [27]. The magmatic evolution
from granodiorite to monzogranite and to granite
porphyry reflects an increase in silica and alkalis,
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Fig. 2. The workflow of 3D targeting and mineral resources calculation in the study area
Puc. 2. Pa6oyuli npoyecc 3D-uyenenonazaHusi u nodcyema 3anacoe rnosie3HbIX UcKkonaembix
Ha uccnedyemoli meppumopuu
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Optimization of main targets of Mo and Pb-Zn mining zones in Luanchuan district
based on GeoCube software integration
OnTUMM3aLMA OCHOBHbIX Lienemn 30H Aobblun Mo u Pb-Zn B paioHe JlyaHb4yaHb
Ha OCHOBE MHTerpauum nporpammHoro obecneyeHns GeoCube
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Target

Number

Target

Location
X,V,2)

Target
delineation

Minerals

Mineral
resources
(reserve)

104t

Al

Daping

553400,3748700,1040

The surrounding area of Daping rock
mass is a shallow concealed section,
and the ore is predicted to be found
100 m below the surface. The exposed
rock mass and Mo polymetallic ore vein
on the surface have strong alteration,
developed fault structures and folds,
and obvious geophysical anomalies.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 30
Pb-Zn 120

A2

Niandaogou

549100,3751300,920

The northeast of shibaogou rock mass
is a shallow concealed section. It is
predicted that ore can be found 200 m
below the surface. There are concealed
rock mass (lying on the north side of
shibaogou rock mass). The NE trending
structure has significant ore control

and geophysical anomaly.

Estimation domain: hydrothermal

vein Pb Zn deposit

Pb-Zn,
Mo

Mo 30
Pb-Zn 110

A3

Zhazigoul

547500,3750400,1100

The northwest of shibaogou rock mass
is a shallow concealed section. It is pre-
dicted that ore can be found 200m be-
low the surface, and there are con-
cealed rock mass (shibaogou rock
mass is NE trending laterally). The NE
trending structure controls the ore sig-
nificantly, and the geophysical anomaly
is obvious.

Estimation domain: hydrothermal

vein Pb Zn deposit

Pb-Zn,
Mo

Mo 40
Pb-Zn 120

A4

Danangou

542200,3753000,1340

The southwest of the ore type Shang-
fang is a concealed ore section. The
predicted target area is as deep as
500 m above sea level, with concealed
rock mass. The NE trending structure
controls the ore significantly, and the
geophysical anomaly is obvious.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 10
Pb-Zn 100

AS

Lengshui
West

541300,3758300,920

There is a concealed ore section in the
west of Lengshui. The predicted target
area is as deep as 600 m above sea
level, with concealed rock mass, signifi-
cant ne structural ore control and obvi-
ous geophysical anomaly.

Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 10
Pb-Zn 100
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A6

Huoshenmiao
East

532400,375750,560

The east of huoshenmiao is a
concealed ore section. The predicted
target area is below 300 m above sea
level, with concealed medium acid rock
mass and basic rock mass distributed,
with obvious geophysical anomaly.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 30
Pb-Zn 110

A7

Yuku North

544900,3749400,860

The north of Dongyu reservoir is a
shallow concealed section. It is pre-
dicted that ore can be found 200 m
below the surface of the target area,
with concealed medium acid rock
mass and basic rock mass distributed,
with obvious geophysical anomaly.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 40
Pb-Zn 100

Bl

Huangbeiling
West

540990,3750800,1250

The West and northwest of Huang-
beiling are Pb Zn prediction prospecting
targets, and there is mo prospect in the
northwest. Concealed rock bodies are
distributed, and geophysical anomalies
are obvious.

Estimation domain: porphyry skarn Mo
ore and hydrothermal vein Pb Zn ore

Pb-Zn,
Mo

Mo 40
Pb-Zn 80

B2

Hongdonggou
Eastsouth

539800,3747400,1100

The southeast of hongdonggou is

a Pb Zn prospecting target area. The
characteristics of structural ore control
are obvious; Small acid rock bodies
are distributed in taowan group,

with obvious geophysical anomalies.
Estimation domain: hydrothermal vein
Pb Zn deposit

Pb-Zn

Pb-Zn 70

B3

Baishadong
EastSouth

554500,3755300,980

The southeast of baishadong is a Pb Zn
prospecting target area. NW and NE
trending structures have significant ore
control characteristics; The strata

of the exposed pipeline mouth group
may have Yanshanian rock mass or
dyke in the deep, and the geophysical
anomaly is obvious.

Estimation domain: hydrothermal vein
Pb Zn deposit

Pb-Zn

Pb-Zn 60

accompanied by increasing Mo-W and decreas-
ing mafic components. The outcropping Nannihu
granite porphyry stock covers about 0.12 km? at
the surface, with porphyritic monzogranite at
shallow levels. The types of hydrothermal altera-
tion at the Nannihu deposit include: (1) potassic
alteration, with biotite and feldspar as predomi-
nant hydrothermal minerals; (2) silicification is
widespread in the porphyry and wall rocks and
particularly associated with the quartz-(sulfide)
stockworks or veinlets; (3) sericitization is formed

by replacement of feldspar and biotite to sericite,
with disseminated pyrite and quartz-sericite vein-
lets; and (4) carbonation is associated with re-
placement of mafic minerals by carbonates. How-
ever, it is magnesian skarn in Shangfang Mo-W-
Fe deposit with the mining engineering discovery
in recent years, the early stage is associated with
porphyry mineralization, and the serpentine, talc
and phlogopite are the main secondary which af-
fected the metallurgy process especially the Mo
rate of recovery in digital mines. Therefore, the
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complex skarn mineral system needs high-pre-
cious 3D multiple minerals modeling to support
the digital and intelligence mines in the study area.

Methodology

The methodology of geoscience big data in
the study area is related to mineral resource pre-
diction and evaluation [31-52], including 3D geo-
logical modeling, forward calculation, and con-
strained inversion of the 3D geophysics interpre-
tation using the geological model and metallo-
genic model with Loop 3D methods, geochemis-
try, and remote sensing interpretation, etc., com-
bined with self-developed GeoCube3.0 software
with seven integration methods [6, 14].

The procedures for 3D modeling and integra-
tion of spatial features for generation of explora-
tion targets involved four stages: (1) 3D geologi-
cal modeling for understanding the district-scale
ore-forming geological bodies; (2) 3D modeling of
large Mo-W-Pb-Zn deposits for understanding
metallogenic model; (3) 3D modeling and extrac-
tion of exploration criteria representing potential
targeting using big data of geoscience datasets,
such as (a) gravity and magnetic features, (b) Ju-
rassic mineralized granite porphyry stocks, (c)
NW- and NE- trending ore-controlling faults and
(d) Luanchuan Group ore-controlling strata; and
finally (4) integration of features representing ex-
ploration criteria using boost weights-of-evidence
(boost WofE).

Geosciences Datasets. 3D geological models
of the Luanchuan district (25.0 km x 20.0 km x
2.5 km) were constructed from geoscience da-
tasets with a uniform geological coding system
(Fig. 1). The geoscience data comprise nine ge-
ological cross-sections, a 1:10,000 scale geolog-
ical and topographic map, 1:25000 gravity and
magnetic interpretation, and AMT and CSAMT
sections [21, 23, 24], 1500 boreholes (the maxi-
mum depth is 1832 m) with 36,000 geochemical
data and 937 hand specimens at the subsurface
(channel), and 9,870 surface geophysical survey
points (gravity, magnetic, and topographic).

The 3D study area measures 25 km in the
E-W direction and 20 km in the N-S direction,
and the elevation range of the borehole and
geophysical datasets varies from 1500 m to
-1000 m. The Micromine, ArcGIS, MapGlIS, Auto-
CAD, Aess, GOCAD, and self-development

I 2021;44(3):219-242

GeoCube2.0 were used to implement the geosci-
ence datasets. The methodology was delineated
by Figs. 3 and 4.

3D modeling of deposits and geological
model. The Nannihu, Sandaozhuang, and
Shangfang deposits are the largest porphyry-
skarn Mo deposits in the Luanchuan district.
These deposits have been explored to depths of
more than 900 m. The Mo reserves for each of
them are about 700,000 t (the depth is 1500 m).
Therefore, 3D modeling of Mo deposits in the dis-
trict is very important for the analysis of the spa-
tial correlations with geological and metallogenic
features, e. g., optimum 3D space distance of
spatial correlation between Jurassic granite
porphyry stocks and large Mo deposits.

The 3D explicit modeling is used to construct
the geological model with borehole, channel, and
cross-section datasets, and 3D explicit modeling
is used to construct the alteration and grade mod-
els with GOCAD 18.0 software (Fig. 5).

Integration of exploration criteria and potential
targeting. The integration of exploration criteria in
the study area is implemented by combining the
exploration model and feasible exploration crite-
ria in 3D space (the depth is 3000 m).

The boost WofE method was used to inte-
grate exploration criteria (metallogenic infor-
mation of metallogenic model) for identification of
potential Mo polymetallic targets with GeoCube
2.0 software [23]. The uncertainty of deep poten-
tial targets was analyzed by gravity and magnetic
and MT image joint modeling.

Uncertainty analysis of 3D geological model-
ing and targeting. The 3D geological modeling
and mapping have several uncertainties includ-
ing the multiple scale geological boundary and
geometry in 3D space. In this paper, the following
uncertainty analyses were delineated:

(1) The Flac3D simulation was used to con-
struct the uncertainty of ore-bearing and ore-con-
trolling geological bodies including the porphyry
stocks and NW-trending faults (Fig. 6, a).

(2) The experimental metallogenic dynamic
laboratory was implemented to quantify the verti-
cal and horizontal parameters (dip, width, strike,
etc.) of the thrust nappe structure in the Luan-
chuan district (Fig. 6, b).

(3) The potential targeting was interpreted by
the key exploration criteria using metallogenic
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and exploration models and mineral systems.
The A-type targets generally include known Mo-
W deposits and several Pb-Zn deposits with al-
most exploration criteria; the B-type targets gen-
erally include few Pb-Zn deposits with main ex-
ploration criteria. The deep targets are supported

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

by the multiple parameters of geophysics and
concealed porphyry stocks and near NW- trend-
ing faults. Therefore, the geological and metallo-
genic genesis exploration criteria in this paper are
associated with the mineral systems of Mo-W-Pb-
Zn deposits in the study area.
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Fig. 3. The geological and geophysical datasets and 3D modeling using Loop joint interpretation [15]
Puc. 3. Habophbi 2eonozo-2eoghusuyeckux daHHbIx u 3D-modenuposaHue

C ucnosib3oeaHuemM coeMecmHo

Ui usmepnpemayuu Loop [15]
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Fig. 4. The geochemical and geophysical datasets to identify key
metallogenic bodies in multiple exploration zones
Puc. 4. Habopbi 2eoxumuyveckux u 2eopusuyeckux daHHbIx Onsi onpedesieHus
K/ro4YesbiX Memasio2eHUYeCKUX mes 8 HeCKO/IbKUX 30HaX pa3eedku

The mine environment evaluation. The mine
environment correlated with the geological set-
ting, mining development including three large
Mo-W pits and Pb-Zn subsurface channels,
and >200 tailings ponds in the study area (Fig. 7).
There are four main factors related to mine envi-
ronmental assessment, which are summarized
as geological environment background, mining
development, mine geological environment prob-
lems, and geological disasters. The geological

environment includes structural geology (such as
complex structure, strong fault structure develop-
ment, and joint development), hydrogeology and
engineering geology; the mine geological envi-
ronment problems include aquifer damage, water
pollution, and soil pollution; the mine density,
open stope area, slope and waste rock treatment
of mining development [53-55]; The frequency of
secondary disasters in geological disasters is re-
lated to the above three.
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Fig. 5. The 3D geological and orebodies model located in the three large Mo polymetallic deposits

(Nannihu, Sandaozhuang, and Shangfang) in the study area [15]

Puc. 5. Meonozuyeckas 3D-modenb u 3D-modenb pyOGHbIX mes, pacnosioXeHHbIX Ha mpex

KPYMHbIX MOIU6AeHO0ebIX MoIUMemasyiudeckux MecmopoxoeHusIx
(HanHuxy, CaHOao4xyaH u LLlaH¢haH) e paiioHe uccnedoeaHus [15]
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Fig. 6. The 3D simulation using the Flac3D platform and experimental metallogenic dynamic laboratory
to analyze the 3D metallogenic model in the study area
Puc. 6. TpexmepHoe ModesiupoeaHue c ucnosb3oeaHueM nnamgopmsl Flac3D u akcnepumeHmanbHol
MemarnnozeHu4yeckol QuHamu4eckol sjabopamopuu 01151 aHanu3a mpexmepHou
MemarnnozeHu4eckol Mmodenu 8 palioHe uccnedosaHusi

In terms of mine environment assessment, re-
mote sensing multi-temporal high-resolution and
hyperspectral technology and GIS remote sens-
ing monitoring of mine geological environment,
Beidou global positioning system and GPS asso-
ciated mine micro-seismic monitoring, real-time
radar pit, and land subsidence dynamic monitor-
ing, and UAV multi-stage geophysical multi-

parameter dynamic monitoring has been demon-
strated in mines of the study area.

The mine geological environment in the Luan-
chuan ore concentration area has serious envi-
ronmental problems before 2010. The ore fields
in the Sandaozhuang, Nannihu, and Shangfang
Mo-W deposits, the Luotuoshan polymetallic de-
posits, and Lengshuibeigou lead-zinc deposit are

WWW.Nznj.ru

I 231


http://www.nznj.ru/

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

2021;44(3):219-242 |

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

3759000¥

3756000

7440007

3756000Y

i~ 3753000v

750000

B 37440007

Fig. 7. The 3D NW-trending ore-controlling faults model with different dips
and overlay the remote sensing image in the study area
Puc. 7. 3D-M00enb pyOOKOHMPOIUPYHOUUX Ppa3sioMoe ceeepo-3anadHo20 MpocmupaHusi C pasHbiMu
yanamu HaKoHa, Hallo)XeHHasi Ha u3obpaxeHue AucmaHUUOHHO20 30HAUpPoeaHUsi e palioHe ucciedoeaHus

too centralized, resulting in serious groundwater
pollution of the Lengshui Town, extensive cover-
age of soil dust, and even a microclimate of local
mineral dust haze in the open stope [56]. Chi-
tudian Pb-Zn deposit is widely distributed, with
hundreds of stolen mining holes, and the current
situation of historical problems is worrying. After
decades of underground disorderly mining in the
early years, a large number of extremely complex
underground mining caves had been formed un-
der the Sandaozhuang pit. At present, Luan-
chuan district has 5 five large and medium-sized
tailing ponds associated with Mo (W) mines (Fig.
8), more than 100 small and medium-sized
polymetallic tailing ponds, and more than 20 de-
posits undermining. Therefore, the environmental
assessment of mining development needs real-
time supervision and even 4D control of digital
and green and wisdom mines.

According to the characteristics of high min-
ing density and wide distribution of tailing ponds
in the study area, the iron alteration of the Nan-
nihu camp with 0.5 m resolution of Worldview?2
image is extracted by using remote sensing geo-
science Envi5.4 software. Among them, large tail-
ing ponds and open stope generally contain iron
contamination (Fig. 8). It can be seen from the
images of tailing ponds associated with
Sandaozhuang, Nannihu, and Shangfang Mo-W

deposits (Fig. 8) that the tailing ponds with abnor-
mal iron pollution have secondary utilization
space. In view of the system that needs to in-
crease the minimum beneficiation index of tail-
ings, restrict the diffusion of harmful elements
(water and dust) that are soluble in water such as
Sb and Hg in multiple ways.

In order to avoid water and dust pollution,
closed beneficiation technology and wastewater
recycling technology provide technical guaran-
tees for the construction of green mines. The
fourth generation of industrial reform and innova-
tion of Luoyang Mo mining group leads and has
a number of green beneficiation technology pa-
tents, which has preliminarily realized the envi-
ronmental protection and treatment of mine dust.

Results

The optimization of deep targets and evalua-
tion of mineral resources in Luanchuan district
(500 km?, 2.5 km deep) have been realized as the
following aspects:

(1) The Luanchuan Mo polymetallic district
has 6.5 million tons of Mo, 1.5 million tons of W,
and 5 million tons of Pb-Zn-Ag using the big data
integration 3D targeting (the depth is 2500 m)
with boreholes dataset and channel engineering
dataset, geophysical and geochemical datasets
(Fig. 9, Table).
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Fig. 8. The Worldview 2 images (0.5 m resolution) in the main deposit zones
Puc. 8. CHumku Worldview 2 (pa3peweHue 0,5 M) 8 OCHOBHbLIX 30HaX MeCMOPOXOeHUsI

(2) The mining of subsurface moderate and
small Pb-Zn deposits generally affects the sur-
face and subsurface water pollution where sec-
ondary NE-trending faults exist, but the large
Mo-W deposits with pit mining have little effect
on the environment which have a series of geo-
logical protection, mining monitoring, and real-
time control of geological disasters. The regional
NW-trending compression torsion structures
have stable geological body features including
large nappe structure framework, batholith, and
stocks development, but the NE-trending faults
have active and tensional features (Figs. 10
and 11).

(3) The NW-trending and NE-trending faults
are key factors to control the Mo-W mining pits
and subsurface Pb-Zn mines in the study area,
and the late NE-trending faults related to miner-
alization can lead to the subsurface water pollu-
tion in the Pb-Zn deposits which are near to the
Mo-W porphyry-skarn deposits.

(4) Figure 10 shows the intelligent control of
digital mine obtained by tailings pond in Chitudian
town. Deep mining serves the sustainable devel-
opment of mining enterprises through accurate
3D ore body modeling and accurate roadway

design (Fig. 10), and green mining technology
promotes the rational development and utilization
of tailings ponds.

Conclusions

(1) Geoscience big data and atrtificial intelli-
gence technology provide an opportunity for the
development of new theories, technologies, and
methods of earth observation and information ex-
traction, promote the development of geoscience
theories and methods from qualitative description
to quantification, visualization, simulation analy-
sis, virtual reality, and even artificial intelligence,
and become one of the effective ways for the joint
evaluation of mining development and environ-
ment. It provides scientific and technical support
for the construction of "green mine, digital mine
and smart mine" of "real-time mining". The Luan-
chuan geoscience big data used in this paper re-
lates the research contents of two first-class dis-
ciplines: geology, geological resources, and geo-
logical engineering, covering geology, deposit,
exploration, hydrology, engineering, mining, ben-
eficiation, mine safety, and other disciplines. Its
multi-temporal remote sensing images, dynamic
mining information, hydrological environment
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monitoring, and other monitoring have the dy- this paper analyzes the genetic model of deposit
namic characteristics of big data. scale correlation ore field and even ore concen-

(2) Using three-dimensional visualization tration area scale and constructs three-dimen-
technology and mathematical modeling method,  sional exploration variables, including: (a) use
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Fig. 9. The Mo and Pb-Zn-Ag priority targeting using GeoCube software in Luanchuan district
Puc. 9. OnpedeneHue npuopumemHbix yenel no Mo u Pb-Zn-Ag ¢ ucnonb3oeaHuem
npozpammHo20 obecneveHuss GeoCube e patioHe JlyaHbuyaHb

. @ 0 Q 8 Oes Psow Qe Q=e Voron Fewis- 30 ams [Jaw £ 1am
* - e ' 4
[

< F

\ (\'SlmSFn]bOhO!c\34|p2“.C5"11w‘-'{) S "T L
? %
< - '

{SimSul[b0|i0[c 134[p2:\C5144 bk

e
Sun[b0|10]c134[p2:\C3: % -1}
&

T p
Cr

(fSImSUR(bO(I0]c 134|p2:\C30:\c2005496: 1 # /L -1

=

Fig. 10. Digital mine 3D platform based on high resolution remote sensing and channel
engineering in Chitudian deposit in Luanchuan district
Puc. 10. Qugppoeas waxmHas 3D-nnamehopma, ocHo8aHHast Ha OaHHbIX QUCMaHUUOHHO20 30HOUPO8aHUS
8bICOK020 pa3peuwleHust U MPOeKMuposaHus kaHanoe Ha MmecmopoxdeHuu YumyduaH e patioHe JlyaHbYyaHb
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Fig. 11. Three-dimensional engineering model of high-precision exploration drilling,
orebody and channel mining in Chitudian Xigou lead-zinc Mine (location in Fig. 10)
Puc. 11. TpexmepHas uHxeHepHasi Modesib 8bICOKOMOYHO20 pa3gedoyHo20 bypeHusi, paspabomku pyOHbIX
men u KaHaJsi08 Ha C8UHU,080-YUHKO8OM pydHuKe YumyduaH Cuzoy (pacrnonoxeHue cM. Ha puc. 10)

geological and geophysical forward and inverse
modeling method assisted by rock geochemistry
to comprehensively interpret metallogenic ter-
ranes. It can better identify the favorable sections
of concealed granite porphyry and porphyry-
skarn Mo-W mineralization in Yuku, so as to pro-
vide an important basis for subsequent deep pro-
specting practice and exploration engineering de-
ployment; (b) Flac3D simulation is used to ana-
lyze the geometric shape and influence domain
of three-dimensional intrusive rock mass, which
can deeply analyze the metallogenic system of
porphyry Mo, skarn Mo (W) and hydrothermal Pb-
Zn-Ag-Au ore bodies, so as to provide a scientific
basis for the comprehensive evaluation of digital
mine resources; (c) using high-resolution remote
sensing to extract iron pollution information and
correlate mining pollution can dynamically moni-
tor the treatment and restoration of ecological en-
vironment.

(3) Using the metallogenic system theory,
combined with the multi-parameter and multi-
method modeling of three-dimensional metallo-
genic geological body, it is better to reveal the
Shibaogou porphyry Mo deposit in the Chitudian
area. Temporal and spatial distribution of skarn
Mo-W-Zn-Pb deposits and the distal Yindonggou
and Xigou hydrothermal Pb Zn Ag Au deposits
and quantitative evaluation of resources [6]: Mo
(W) industrial ore bodies are built from 1200 m to
400 m above the surface, and the vertical depth

of lead-zinc ore bodies is 600 m; The deep Mo-W
prediction target area in the Yuku section is 2.5
km, which is the most favorable section for Mo
(W) prospecting in the ore concentration area and
the section with the largest value of industrial ore
body. The main concealed ore body is 200 m be-
low the surface.

(4) Based on the 3D models of geological
bodies such as strata, fault structures, and ore
bodies in the Luanchuan ore concentration area,
it is recognized that the NW-trending fault struc-
tures usually have compression and torsion char-
acteristics, which inherited the thrust nappe tec-
tonic environment in the southern margin of the
North China Craton, and the groundwater pollu-
tion in the metallogenic section of the existing
mines is not developed. After the metallogenic
period, the fault structure cuts through the sur-
face, resulting in the infiltration of surface water
into the mining section, resulting in secondary hy-
drogeological pollutions, and even erosion, re-
sulting in geological disasters such as mining
roadway collapse. Therefore, in terms of hydro-
geology, it is necessary to avoid the excavation
of NE structures, prevent the water pollution of
NW-trending ore bodies, and take ban measures
when necessary. In addition, the vein-type Pb ore
body in the east of Chitudian area which is in the
east of the southwest section of Shibaogou Mo
polymetallic deposit should be avoided as much
as possible at the intersection of NW trending
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nappe structure and its associated NE trending
fault structure for the mining of Zn ore body, be-
cause it is usually the collection section of
groundwater sources, it is necessary to avoid
groundwater disorder and pollution.

(5) The modeling and analysis of three-di-
mensional multi-parameter (geological, geophys-
ical, geochemical, and hyperspectral) geological
bodies in the study area greatly improves the re-
liability of borehole core logging and the mining
of quantitative massive information and enriches
the content of lithology logging of previous explo-
ration boreholes. For example, hyperspectral
core scanning in the Shangfang deposit, from ex-
ploration mineralogy to beneficiation process
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mineralogy, has laid the foundation for real-time
mining. In recent 20 years, China's mineral sur-
vey and exploration have accumulated a large
number of core data. Using the data mining of
core physical properties, lithology, and spectral
continuity, we can systematically carry out deep
prospecting and resource evaluation in the study
area: such as the mining and development of
useful elements, including the exploration, devel-
opment, and application of associated elements
such as Cu, Ag, Au, and Re; Analysis of harmful
elements (As, Sb, Hg, S): prevent man-made dis-
asters in the mining industry, such as pollution of
waste ore and pollution of tailings pond dust to
air, groundwater, surface water, and soil.
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XynbXWUIH XanyyH palwaaHbl opabiH
HeeLeA YHanras erex acyyaang

OamauH Cypmaaxas?, YnH6aT ApuyHaa®
abMoHaonbiH 2udpoaeonoauydbiH xonboo HYTEE, YnaaH6aamap xom, MoHaon ync
Xon6orgox 3oxuory: Cypmaaxas [JamauH, surmaajavdamdin@yahoo.com

XypaaHayd. Monron YncelH BynraH anmruiiH HyTart opwmx XynbXUAH XanyyH pallaaHbl OpAblH Maporeonornini ap-
NVYIAH ye WaTHbl cyganraar aHx 1973 ong ssyyncaH. 1973 oHbl cyganraaHaac XOWLW eHeer XypTan cydanraaHbl axun
xuirgaaryii GaiicaH. XapuH 2020-2021 oHgyyaap bynran aimruiiH 3acar gaprelH caHaaunaraap YNACbiH TOCBWIH
XepeHreep XynbXwiiH pallaaHbl HeeL, TOrTOOX 30pPUIITOOp MMAPOreonoruiH aluMrnanTblH XalryynblH ye WaTHbl cyganra-
ar ABYynX, alWurnanTbiH HeeLMAr YANAB3pnanuinH B 33parnanaap aHx yaaa ToOUCOH. Tyc pallaaHbl OpAblH reonoru-
CTPYKTYP, TMAPOreoXnMm, rmaporecTePMUAH FOPUMbIH OHLLMOMMIAT UIPYYIC3H TyXam eryynHa.

Tynxyyp ya: YHOC3H ycaxcaH xaraparl, Tycrnax xarapar, Tepen, YAnaBapuiiH 33par, alurnanTblH Heell, XanyyH pallaaH

Wwnanuiin xyebd: Cypmaaxas [., ApuyHaa Y. XynbxuinH XxanyyH pallaaHbl OpablH Heewuep YHanra3 erex acyyaang.
Nauki o Zemle i nedropol'zovanie = a3ap3ylH wWuHxnax yxaaH 6a ea3pbiH x3enuliH awuenanm. 2021;44(3):243-252.
https://doi.org/10.21285/2686-9993-2021-44-3-243-252.

HYDROGEOLOGY AND ENGINEERING GEOLOGY

Original article

To reserves estimation of Khulj hot spring

Damdin Surmaajav?, Chinbat Ariunaa®
abMongolian Association of Hydrogeologists, Ulaanbaatar, Mongolia
Corresponding author: Damdin Surmaajav, surmaajavdamdin@yahoo.com

Abstract. The first prospect evaluation hydrogeological survey of underground mineral thermal waters formed by Khulj
hot spring in Bulgan aimag, Mongolia was conducted in 1973. And since then no research has been conducted.
However, in 2020-2021, the Governor of Bulgan aimag initiated a hydrogeological exploration study of Khulj spring in
order to determine its mineral thermal water resources. The works were funded by the state budget. It was the first time
that the mineral thermal water resources of Khulj spring were estimated and classified to the category B in accordance
with the degree of geological and hydrogeological study. Conducted exploration works allowed to investigate and specify
geological-structural, hydrogeochemical and hydrogeothermal features that determined the formation of the mineral
thermal water deposit.

Keywords: water-bearing faults, echelon fractures, industrial-genetic type, resources, mineral and thermal waters

For citation: Surmaajav D., Ariunaa Ch. To reserves estimation of Khulj hot spring. Nauki o Zemle i nedropol'zovanie =
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MMAOPOrEONOINA U MHXXEHEPHAA TEONOTUA

HayuHas ctatbs
YOK 553.78(437)

K Bonpocy oueHKu 3anacoB MeCTOPOXaeHMs
TepmanbHbIX BOA UCTOYHMKA XymnbX

Oamgun Cypmaaxas?, YnH6aT ApuyHaa®
abMoHaonbckas accoyuayus 2udpoeeosno2os, 2. YnaH-bamop, Moxaonus
ABTOp, OTBETCTBEHHEIV 3a nepenucky: Cypmaaxas damauH, surmaajavdamdin@yahoo.com

Pe3rome. [epBble NOMCKOBO-OLIEHOYHbIE MMOPOreonornyeckne UCCneoBaHns yyactka MUHEpanbHbIX TEpManbHbIX Noa-
3eMHbIX BoA, CPOPMUPOBAHHOTO UCTOYHUKOM XynbX B aiimake bynraH, MoHronus, 6einv npounssegeHsl B 1973 rogy. C
Tex Nop B TeYeHMe ANUTENbHOTO BPEMEHM HUKakUX paboT He npoBoawunock. OgHako B 2020-2021 rogax no nHuumaTee
rybepHaTopa alimaka bBynraH Obina npoBedeHa rMaporeonornyeckas pasBedka [Ans ONpeaeneHuss 3anacoB
MUHEpanbHbIX TEpMarnbHbIX BOA MeCTOpoXaeHust Xynbx. PaboTel npoBefeHbl 3a CYET CPEACTB rocyaapCTBeHHoro 6roa-
xeTa. BnepBble caenaHa oLeHKa 3anacoB MUMHepParbHbLIX TepManbHbIX BOL MECTOPOXAEHUS XynbX, KOTOpbIe B COOTBET-
CTBUW CO CTEMEHbIO reosioro-rmaporeosiornieckoin N3y4eHHOCT OTHeCeH bl K kaTteropum B. Mpy npoBeaeHnn passenoy-
HbIX paboT M3y4YeHbl U AeTanu3npoBaHbl reoNoro-CTPYKTYpHbIE, MMAPOreOXMMUYECKNE 1 MMAPOreoTEPMMYECKNE OCOOEH-
HOCTW, NpegonpeaenveLimMe OPMUPOBAHNE MECTOPOXAEHUS MUHEPATbHbIX TEPMAnbHbIX BOA.

Knroyeebie cnoea: 00BOOHEHHbIE pas3niombl, onepdwlne TpeLllnHbl, I'IpOMbILIJJ'IeHHO-FeHeTVI‘-IeCKI/IVI TMN, 3anachkl,
MWHEepanbHble, TepMalibHble BOAbI.

Ans yumupoearus: Cypmaaxas [1., ApuyHaa Y. K Bonpocy OLeHKM 3anacoB MECTOPOXAEHUS TEPMarbHbIX BOL UCTOY-
Huka Xynbx // Hayku o 3emne v Hegpononb3sosanue. 2021. T. 44. Ne 3. C. 243-252. https://doi.org/10.21285/2686-9993-

2021-44-3-243-252.

Opuwwun
MaHai OpHbl XanyyH, XyWTaH pallaaHbl ra-
poreonory,  rMaporeoxumu,  rMaporeoTepm,
GanbHeonorMH  HexUenuiur — cygnax, apa

NPraguMnH dMYMrad CyBMNraaHg X3parnoxXuiH
33paryada, pallaaHbl 3KOCUCTEMMWAH TIHLBIPT
Gangnoir xagranax, HeeUWIr Hb TOrTOOX, ra3pbiH
T'YHUA fynaaHbl COPraargax apymMM XYUYumUr awim-
rnax siesgan Jyxan 6angar [1-6].

XYyNbXUWH pawaaH Hb 39pT [A433p Yedac
HYTTUAH Wprag, ragaafblH asHYuH, KYYN4YuH,
9PASMTAIH  MOProAWMH  COHMPXIbIr  TaTCaH,
3MUUN-ra33 CyBUraaH epreH xaparnaraax ban-
CaH MaHan OpHbl angapTtan pallaaHyyablH Har
6onHo.

1927 oHg B. A. CmupHOB aHx ygaa Xyfb-
XWAH XanyyH palwaaHbl Bynart Xamxunt Xuiik
XUMWUIAH Hanpnarbir LUMHXI3H XYXap-
TYCTOPOryTan XanyyH pawaaH 60noxbir Torto-
ocoH 6on B.H. lNonos, H.A. MapuHoB Hap
XyNbXWAH paLlaaHbl OpuMbIH TanbamnH reonoru-
rMOporeoniorMH  3ypruir  30XMOH, YYync Xo-
OPOHAbLIH XOTropT Gamgar ragruinr TortooX, Tap
XOTFOPbIH X3MX33r TOOLOX 60CO0 TIHXNArMAH
paryy 16 KM-T cyHacaH, 3 KM ©preHTaln rax Tor-
ToocoH 6avHa. E. B. MNuHHekep, . M. LLinensep,

B. N. MNucapckuii Hap XUMWWH Hanpnarbir Ha-
PUMBYNAH CyAamk LaxuypbliH XYYTUAH aryynrbir
aHX TOAOPXOWncoH [7]. 1974 oHp ruaporeoso-
TMAH 3pAWIAH ye LWaTHbl cyganraar JokTop 3.
HapaHrapanuiH ygupanarbiH Jop ABYYX xany-
YH palaaHbl opAablH Heeuunur XoHorT 328.32
OO METP X3MXKIITINraap awmrnax 60nomxKTon
rax y3caH 6awnpar [8]. MoHron opHbl palaaHsbl
cynanraa 1990 oHooC eHeer xyptan OGapar
XWATAC3HIYW. XapwH palwaad cyeBunang sBx
SAMUNYYNArYaWiH - TOO  XWUMJIC XKUMG  ©CeH
HAM3rgaXk Oanraa Hb MaHanm OpPHbl ©HeerunH
TynramgcaH acyyanyyaelH Har 6onnoo. Xysb-
XWUAH  XanyyH pawaaHbl Heel, LuaBpblH
SMUUIIFIdHMIA YaHap, HYYpblH YCHblI GanaHchbir
36B TOMTOOCHOOP Laaluup palaaH CyBWUMnblH
TOMOOXOH Loruonbop baiiryynax cyypb cygan-
raa OOMHO rax y3ax baviHa.

CypanraaHbl apra, apraynan
BynraH anmruind Morog cymblH Teseec 6a-
PYyH yparw 2 KM 3aiTal, ganauH TyBLUH33C
nasw 1450 m epreraceH eHgep rasapt Xyfb-
XWAH XanyyH pallaaHbl opg opwwuHo. Moroa
CyM Hb aumruiHxaa CamnxaH, OpXOH, wnwwwr-
©unpep, lNypeaH Oynar cymyyartan, ApxaHran
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aMruiitH ©n3nnT cymTai Tyc Tyc xun 3anrax 6a
YnaaHn6aatap xotooc 6apyyH 3yrt 350 km, byn-
raH aiumruiH TeB bynraH xotooc 6apyyH ypari
158 km, JawmHymnaH cymaac 6apyyH xonw 130
KM-UAH 3anTtan opwgor (3ypar 1).

XyNbXWAH XanyyH patiaaHbl opablH HeeLuir
6MHe XWIC3H cyaanraaHbl M3433NyyauUNr awum-
rMaH HArTroH OYrHaXx, TawnaH, matepuanyyabir
LyrnyynaH cyypb Ma33nan 60nroH awwmrnacaH
Bereep xanyyH pallaaHbl Opao4 6peMAaceH rma-
pOreofiorMinH LIoOHOryyaaa TYPLWUATLIH LiaBXxa-
NTbIF TYBLUHUA XOEP OyypanTTai Xunx HeewLmir
rMapaBnUKUAH  apraap, onbopnonTelH  yWn
axwnnaraaHbl a4aanan gaax 60nomxwT Yyagea-
PblH 0334 Xs3raap Oyty xanyyH pawaaHbl 6an-
ranuiH 6asnar [1, 2, 9-11], HexeH canbargax
Heeuunir 6anaHCbiH apraap TOOLCOH.

TAHUX TOMOST
- byaran aiimar

* Cynanraannl tanbai

| 2021:44(3):243-252

leonorvnH 1:50000 xypaaHryinantan 3yp-
TMAr cyganraaHg cyypb 6onroH awwurnacaH 6a
CypanraaHbl aBLag XynbXWiiH XanyyH pallaaHsbl
opablH 6ycag oplmx xanyyH, XywTaH bynar, xa-
NyyH paliaaHbl Unpan, LooHoryyaas temnepa-
Typ 6ONOH yHAparblH rOPUMbIH aXUrNanTyyablr
xucaH. Cypanraavbl Tanbamg OGyn  ycT
uaryyannH 6ampnaneir y3yynas (3ypar 2). Xa-
NyyH pallaaHbl TapxanTbiH TanbanH XamXa3Hg
XanyyH paiwaaH unapcaH 6 uooHor banraa 6a
YYH33C H3r LOOHOTMAT MOHUTOPUHIMIAH BOMrox
TOHOMMOH YCHbI Temnepatyp OONOH TYBLIHWIA
©6pUNenTUMH M3al3annyyauir aey baliraa 6a
9HAXYY CydanraaHbl XYpadHO XSHANT  LUWH-

XUNrasHWN 3opuynantaap AaxuH HAr LLOOHOMMIr
epemMaex 63anTracaH.

0510 20 30 40
™ Kit70NMET

3ypaz 1. CydanzaaHbl man6aliH 6alipwusn
Fig. 1. Location map of the area under investigation (a layout plan)
Puc. 1. PacnonoxeHue uccrnedyemoli meppumopuu (cumyayuoHHbIU nsiaH)
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TAHWX TOMIAr

CynbhaTbH HailpnaraTai XyiTaH ycTai xyaar

[aparacaH yooHor

j @  XuMuitH Hafipnara TOAOPXOWryii XyWT3H ycTai xyaar
CynbhaTbiH HapnaraTas xanyyH paluaaHbl LOOHOr

o [uapokapGoHaTblH HafpnaraTail XyiTaH Gynar

CynbaTbiH HaiipnaraTai xanyyH patuaasbl dynar

3ypae 2. Ycm yaeyyduliH 6alipnanbiH 3ypa2
Fig. 2. Location of water supply facilities
Puc. 2. PacnonoxeHue 06ekmoe e0odocHabxeHus

CypanraaHbl yp AyH 6a xananuyynar

XanyyH pawaaHbl opOblH 2udpo2e01o02uliH
Hexuesn. XanyyH pawaaH wunapy bairaa 6yc
HYTTIUAH  TeOMOPEOSIOTMAH  OHLJIOTUAr @By
y33x34 1967 oHbl 1 capg Tynaa yynbiH rasap
XeOnenTeep raspblH ragapryya  XoWHOOCOO
yparwaa 4urnantan 45 km-uiAH ypT xarapan
yyccanunr MoroapiH xarapan raHa [9, 10, 12].
MorogblH xarapan Hb Morog cymblH 3yyH Tang
OPreH XeHAMWNr yycracaH Hanx 6a XynbxuinH xa-
NyYH pawaaHbl Bynraac ax aBcaH XynbXWNH
ron ypcaH OpxoH rong uytragar. [asap
XOANenuAH naaBxTan Byc HyTar yypaac Xynb-
XWAH pallaaHbl YHACOH Xarapsbir XeHONeH or-
TOSICOH TyCnax XaraprblH OrTIONL10/100p Xany-
YH YC 3e6raeH rapy nupax 6010MXUIAr YYCracaH.

Iwgporeonormiti 1:50000 xypaaHryinanTai
3yprunr 30XMOX [Japaax YCT Jdasxparyyabir
anraH y3yynas (3ypar 3). TyxanH Tanbang
TapxcaH YynyynrMiH yc aryynard KOMnekTop
WWHX YaHapaap Hb HYX CYBWWH ycaXcaH [aB-
Xapra, aH UaBblH ycaxcaH Oyc, aH LaB-CyAnblH

ycaxcaH xarapan rax aHrunab. XynbXunH xa-
NyyH pawaaHbl 6yc HYTTMAH X3MX33H4 topa-
TpuacklH HacTam gyHanar 6a cyypunar Havpna-
ratan Oypor sraaH, caapan eHrMiiH aHaeswT,
aHgesut-nopupnt  TOOHMN Ty, TyhOpeky
TapxcaH. tOpa-TpuacbiH Hactan banxman 4yny-
ynar Hb XynbXWiH XanyyH pallaaHbl opyuMpg
[6epeBaerYnMintd  Hacta  annBKu,  ansBu-
MPOSIOBUWMH rapantan C3BCrap Xypacaap Xyyu-

rocaH.  AnnioBuMWH - rapanTal xypgac  Hb
MX3BYNAH XyNbXUAH TONbIH - Aaryy XeHaung
TapxcaH Oereeg anc, Xxanmpra, 93nC3HU3p,

WwaspaHupaac 6ypaax 6a xypaacHbl HUUT 3y3a-
aH 40-60 ™. AnnioBK-NPOMIOBUNH rapantaw
XypAac Hb YYNblH XOPMOW Tyy XamnrblH Xaxyy
63n33p XWXKUr FON FOPXWHbI TyNapUn OpPYMOOop
Tapxax 6a ancaHuap, WwaspaHuap, xanpra 6o0-
noH 6yn YynyyHyyaaac TOrTOHO. XypACbiH HUAT
3ysaaH 20-30 m [9, 10]. AnntoBuiAH rapanTtai
XYPACaHA aryynargax ycT [aBxaprblH 3y3aaH
AoyHOaxaap XynbXUAH XanyyH pallaaHbl opyvm
25 m.
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XYNBXUAH XANYYH PAWAAHBI OPAbIH HYTAI
A3BCTIPUAH FEONOMU-TMAPOrEONOMMWAH 3YPAT
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TAHMX TOMODI

1. Ye aryynary uynyynruas nuronoru

ANNoBUWAH rapanTail A8peBABNMiH XyRaac
Q /AaXb HYX CYBUIRH YCAXCaH fasxpara

Ixaitpra, xafipraHuap, anc, Gyn vynyy/
MponiosuiK rapanTait epeRAerMit Xypaac

dpQ [AAXb HYX CYBUIRH yCaXCaH nasxpara
Ixaitpra, ancaHuap. Byn uynyy/
Towac, KOparnin nacrai Morog GopMauwitn aH uasxcan
GRNXMAN Hynyynruin an uasein Gyc

- Xap XYPaH, Xap CAAPaNn eHrwitH aHABIUTYYA, AHAGINT-NOPDUPHTYYA,

TIAHNA Ty, AAUUT. TPAXMPHONKT, PHOMKT, TYPOPeKw

Tpwac, KOparnin nacran Homron mamBapuin
84 UaswcaK BAanXMan Yynyynruitk aH uaseliH Byc
- Ixap caapan, Xap XypaH SHrWiH SHABIHTLIH Tych FONNOH Ve
M3LLINIOP AHAGIUT, TPAXHAHASIUT, TPAXHT,
LE TPAXPUONNT, PHONWT, RAUMT/

BB Nopvin wacTaih 3xpyawe synyynnun ak Lasein Gy
JPHIONWT, PHONWT-TYCh, PUORBLINT. TPXAWT-TYGh, AHOEIT-TY e/

Il Yer uar

727 opasin xun

_ﬂ XynbKMitH XanyyH paiwaane: Gynar
T’ 1. fl2an Gynar. 2. Xenanew Gynar
m maporecnormitk Loowor /aaparacam/

s Lloowor: [1a3n Tana WOOHOrWitH Homep
018 %, 1175 3yyH TanA: XyPTEPT yHADara fic, XyBaapsT TyBuiH GyypanT. s
1865 07538° BapyyH Tana: XYpTB3pT yCHs! TOMTCOH TYBWIMH, M,
XyBaaphT 3PACHIIT, /A - YCHL Temnepatyp. °C
kg Xanyyn pawaan: [1333 Tana UOOHOMMit Ayraap Gono
15 ® p7sge  YCAXCAN YynyYnrN AMTONOM,
$ 3yyH Tana: ynapara, nic, 6apyy Tana SpAICKMAT. rin

------ Xanyy pawaansl Nbe30MeTDHIN 828D, M
b
/" Xanyyn pawaansi ypcransin wrnsn
10, (33pbiH 00PX YCHBI XMMUAH Haupnara
@ rwapokapboHarLiK HaipnaraTai

D cymay
Cynuthatuiv HaipnaraTait

Cynehar-xnopeik Haipnararai

TWAPOKaPBOHaTHN HaRpnaraTai Gynar

P n b i i Gynar

<
]
@  Xvmwin Haiipnara ToA0PXORNOOrY#
®
0
3
®

Cynucharbin KalipnaraTaii Xyns»aritn XanyyH pauaan: Gynar

V. TeONOrU-TeKTOHMKMIAH THMX TIMAINN

#—%_4 MoronuiH rasap xeanenteep yyccaH
WMH3X3H Xarapan

Xanyyw ycuir 386 raps Gyit xarapan
TorrooracoH xarapan

------ Taamarnacan xarapan
~ == C38Crap XyPACAAP XyWMIACAH Xarapan /aans xarapan/
~——  [0NOrM-rmaporeonorit SYCInNTwin wyram
V. Bycan
——  XyneXuitH ronsin 3x
) Morog cymix Tes
@ Hyyp, Tyynu wop
1% Xanyyw pawaamsi 9pran TORPHSI HAMAnKCan TanGan
Cmcm Xanyys pawaansi BaHK Xypax MOAOH 3am
Hamanxcau TanGai
[] Xaitryynoin asnem ranGait

Bapunrawcan Tanbai

3ypae 3. XynbxuiiH xanyyH pawaaHbl 6yc HymauliH 2udpo2eosio2ulit 3ypaz
Fig. 3. Hydrogeological map of the area of Khulj hot spring
Puc. 3. Fudpozeonozuyeckasi kapma palioHa XyibXUHCKO20 MECMOPOXOEHUs
mepmalsibHbIX N003eMHbIX 800

XyNbXWAH XanyyH palwlaaHbl YHAC3H xarap-
NbIF X6HANEH rapcaH X3 X343H Tycnax xarapan
Bangruir XynbxunH XanyyH pallaaHbl opAblH
AoBcrap 3ypart 3 y3yynaB. QHAXYY CyAanraaHbl
XYP33HA XWWATAC3H reoUsuKUiNH cydanraaraap
3apum xarapnyyz TOrTOOr4COH.

XyNbXWAH XanyyH pailaaHbl opg Hb Yync
XOOPOHAbIH TArw E€poonTon XymnbXWWH XOTro-
PbIH XOUT Mepreuer, A3HX 433p bapyyH ypaaac
3YYH XOWLL YATN3C3H Xarapsbir garax 6anpnaxa
[13]. XanyyH pawaaHbl unpan 6onox Gynar Hb
yr gawxaac 130 rapyn meTpunH 3anMTan [0B
coHayyn gotop 6anpnagar (3ypar 4).

WWW.Nznj.ru

MorogbiH xarapang TyncaH TEKTOHUKUNH
TacpanT 3BOPANUIAH cynapcaH Gycasp xanyyd
pallaaH 3eergeH rapy 3Hd Tanbang aH uaB-
CYANbIH XanyyH YCHbl OpAblH XypumTnaneir ui
6onrogor (3ypar 5).

XanyyH pawaaH Hb 6.0-30.0 mM-uiH ryHaac
L6PeBAeryYMiiH CIBCIap XypacaHa unpax bereep
TemnepaTtyp Hb r'yH pyyras Hamarggar [14, 15].
2020 oHA rapracaH MOHWTOPWHIUIAH LLOOHOIT
yc Hb 10.0 M-uiH ryHa 43.2 °C, 20.0 M-WiiH ryHg,
55.6 °C, 30 M-uitH ryHg 55.9 °C, 40 M-uiH ryHg
55.9 °C, 50 m-uiH ryHg 55.8 °C, 60 M-uiH ryHg
55.8 °C TemnepatypTan baiis.
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3ypae 4. XynbxuliH xanyyH pawaaHbl 6ynaz
Fig. 4. Khulj hot spring — the source of underground thermal waters
Puc. 4. UIcmoyHUuK mepmanbHbIXx N003eMHbIX 800 XyNbX

TAHUX TOMA3M
1. Yc aryynary uynyynruitn nuronorm
Anniosviin rapanTait A8PEBASTUNIH Xypaac
Qq . AaXb HYX CYBWFAH yCaiKcaH fasxpara
Ixaipra, xavipranuap, anc. byn wynyy/
MpoNioBUiiH rapanTait AepeBABriMitH Xypaac
dpQi AaXb HYX CYBUIH yCa)CcaH aasxpara
Ixaipra, ancsHuap, Byn uynyy!
II. Yer uar

7] oesin xun
®  Xynexuiin xanyyH pawaansl Gynar

e Maporeonoruith LLOOHoT /Aaparacan;
Llooror: [334 Tana YooHoHiiH HomMep
a1 175  3VYH Tana: XypTeapT yHapara nic.
65 “075-36° XyBAapT TYBLUMH ByypanT,
BapyyH Tana: XYPTB3PT YGHbI TOFTCOH TYBILMH, M,
XYBAapET 3PAACKUNT, 1/ - YCHB! Temnepartyp, "C
TG XanyyH pawaan: [133a Tana LOOHOMIH Ayraap
15 ? 07567 OGONOH yCaKCaH Yynyynriith nuTonorm,
3yyH Tana: yHapara, nic,
BapyyH Tang spaICKMAT, N
—————— XanyyH palwaaHsl Nbe3oMeTpHIH 8Haep, M

XanyyH pawaaHsl yperansii unrnan

lIl. Ma3pbiH ACOPX YCHBI XMMUIAH Havpnara
(1 Cynecpatein HalipnaraTail
(P Cynvchar-xnopbiH Halpnaratai
8 Cynbthateii Hanpnaratain XyneimiH
XanyyH pawaansi Gynar
IV. T2050rM-TeKTOHWKMIH TAHUX TaMAIT
«_ MoroasiH rasap x8ANeNTesp yycooH
LWMH3X3H Xarapan

»seooee XanyyH yebir 3eeH rapy Gy xarapan

TorTooracoH xarapan

—————— Taamarnacan xarapan

~—-——- C3BCr3p XypACAaP Xy4MracaH xarapan /nana xarapan/
——  TeonorM-ruaPOreNoritn 3yCANTUIAH Wwyram

V. Bycan

XyNWHIH FONbIH 3X

nnnnn XanyyH paluaaHbl 3praH TOAPHbI HaMankcaH Tanbait

Cmm XanyyH pawaaHbl BaHH XYP3X MOAOH 3am

3ypae 5. XynbxuliH xanyyH pawaaHb! opObiH 2udpozeosio2uliH 3ypa2 (Macwmab 1:2000)
Fig. 5. Hydrogeological map of Khulj mineral thermal water deposit (scale 1:2000)
Puc. 5. Fudpozeonozuveckas kapma XynbXUHCKO20 MECIMOPOKOeHUs
mepmalsibHbix Nod3emMHbIx 800 (Macwmab: 1:2000)

XanyyH pallaaHbl XUMWWH HavWpnara fapaax S pOyraap caph Xyaruwidr navgax UsBapnax
TOMbEOrOOpP MNAPXUNMAMAIHI. awurnantag 6antragar 6a xygart xanyyH pa-
_S0473C119 i@ q9To570C. LaaHbl YCHbI Temnepatypbir 8, 9 ayrasp capa

06 (Na+1077 Caze P XAk y33xag 0.5 M-uitH ryHg 31-34 °C, 1.0
BynruiiH  axaHA ycHbl Temnepatyp 8, 9 M-WIAH TyHA 32-34 °C, 1.5 M-uiiH ryHz 35-36 °C,
nyraop capa 16.4-26 °C, GynruiH ypcau Hb o s ryHa 36-39 °C, 2.9 M-WitH ryHg 36.8—
GanranuiH BaHHaHg opAor. BaHHbIH ryH Hb 2.90 37.5 °C Gaiinaa (3ypar 6)’. Xyaraac rapax ypca-
M, epreH Hb 2.50 M, ypT Hb 2.60 m. Xygar 6on- LbIH XaM*a3 0.7 ni/c.
FOH yXaX MOZOOP AOTOPSIOH Xallfara XMAC3H.
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3ypaz 6. XynbxuliH xanyyH pawaaHbl ycaHO opdo2 8aHHbI 00MOPX YCHbI mMemnepamypbIH 20PUMbIH Y3yya3m
Axuananm xulicaH xyaayaa: 2020.06.09 — 2021.07.10
Fig. 6. Diagram of the temperature regime of water in the bath of Khulj hot spring
Observation period: from June 9, 2020 to July 10, 2021
Puc. 6. fluazpaMmma memnepamypHo20 pexuma 800bl 8 8aHHe XYJIbKUHCKO20 20psi4e20 UCMOYHUKa
lepuod HabmodeHus: 9 utoHs 2020 e. — 10 urons 2021 a.

OrepnuiH 6yc odx aH uaeblH (ryH 6yc) xa-
rapnyyaran xonbooToMroop XanyyH pailaaHsbl
opaooc 1-9 KM-MIH 3anTai XyMTaH yctan Gynry-
yo wnapgar. XanyyH pawaaHbsl opgooc 300.0
M-WUIH 3aiig Baipnax XeHaneHrvinH GynarT yCHbl
Temnepatyp 4.7 °C, yHpgapra Hb 0.7 nlc,
apaacxkunT 6aratam uaHrar ycrtai. CyganraaHbl
Tanbang Ganpnax XyMTOH ycTanm YCT LUaryya
WX3HX Hb YHAC3H udynyynart Ganpnax 6a ycH
Temnepatyp 4-7 °C. XanyyH pawaaHbl bynraac
oviponuooroop 200 m 3ang H6anpnax mpraH Apu-
yHaarmnH xawaaH epeMAceH XyarvnH ryH 18
M, XyOrMAH YCHbl Temnepatyp 15 M-WWH ryHg
11.5 °C Gereeq 6ua TyC LOOHOIT COPUSIbIH LLAB-
XanT Xuinxag Temnepatyp HamargaH 11.8-12 °C
XYPTan HAaMaraax HancaH [16].

XYNbXUNAH XanyyH pallaaHbl OpA Hb XUMUIAH
HanMpnarbiH XyBbf, OHLIOW H3r Tepeng xampar-
Aax MoHron yncelH XanyyH pallaaHbl aHrnsbiH
Har Teneenen 6ongor [17, 18]. Cynbdat-
HAaTPUWH aryynratai, 6ara SpAdCKUNTTIN,
eHaep TemnepaTtypTaW, WYNTNAr YaHapTau, La-
Xuypnar yctan XanyyH pawaaHbir XynbXunH
Bve paacaH Tepen yycragar [14, 19]. XynbxuidH
XanyyH pawaaHbl Havpnara 90-334 XUNUNAH
XyrauaaHg rofl  aHWOH, KaTWOHbl aryynra
eepunergeeryn 6anmHa. [9xg43s  uUaxuypbiH

WwWw.nznj.ru

XyunuitH aryynra H2SiOs 1974 oHO eMHex OHy-
yoblHxaac 2 pgaxuH 6ara GancaH. bugHun cy-
[anraaHbl  XYP39HO XUWTACOH  LUMHXUITA3HA
1974 OHOOC ©MHEX OHYYAblH XWWrOC3H LUWMH-
XUMTA3HUN OYHTIN WXKKN aryynratav 6ainHa.

XanyyH pawaaHbl Heeu mooucoH b6atdarn.
XyNbXUAH XanyyH pawaaHbl opabliH Tanbaii
400 x 150 M. Tyc TanbanH xamxaaHg 1974,
2016, 2019, 2020 oHnyypap 15-202.6 M-unH
F'YHTAW TMOPOreonorunH  3pan-xanryyneiH 14
LLOOHOI, MOHWUTOPWUHIMAH 2 LLOOHOT 8peMaex To-
HornocoH [20]. AwwurnanTblH 4 LOOHOIT 24-72-
120 uyarvinH TyBLUHMIA X0Ep ByypantTam TypLuu-
NTbIH WAaBXanT XWX, EPeHXUI XuMK, baktepuo-
nory, uaupar ugaBxut 60amc, XyH4 MeTansbiH
aryynroir - M3praxnuiuH nabopatopuynag  To-
LOPXOUIDK OYTHANT rapracaH. XynbXWnH palua-
aH CyBWMNbIH XyArwAr 3 n/c-uiH yHaapratan-
raap (1974 oH), Xynbx pecoptblH xyaruir 1.0
n/c-viH yHpapraTavraap (2016 oH), xawryyn-
awurnantelH xygruir 1.8 n/c-wiiH yHpapraTtai-
raap (2020 OH)-wiH yHOapraTanraap awumriax
Gereen TyC OpAblH X3MX33HA MAPABIMKUNH
apraap pallaaHbl awmnrnanTblH HEeLMIAr TOOL0X
YUnABapnanuinH B 33parnanasp xoHort 501.12
WOO MeTp X3MX33raap asy awwurnax 6o-
NOMXXTOWN.
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AyrHant

XyNuXWAH xanyyH pawaaH Hb XaHrawH
LUMHOXAH OpreranninH XacarT rasap xegfienuiH
noaeBxmTanm  6ycsg  Gawmpar  asortat,  cyn
3PASCKCIH, Laxuypnar xanyyH pawaaH 6ereep
XUMUAH ~ HaWpnaraapaa  cCynbar-HaTpuiH
Bynart 6artgar yump TYYHWIAr XynbXunH Tepen
F3K OHUrownoH aurungar. CTpykTyp rugporeo-
NOTVAH cyaanraaHbl YYAHI3C aBY Y3B3S XanyyH
pallaaHbl OpA Hb TPUAC-OPUIAH HacTal aHae3nT
nopcup, aHaeanT 6asanbT 600X YHACIH Yvyny-
YAMMAH 0934 X3C3ArT CIBCTap Xypacaap Xy4yu-
rocaH Xoép Adaxb opumHg Gemberep ragapryy
YYCraX TOITCOH Aang aH LaB-CyAnblH XanyyH
palaaHbl opg 60sHo.

1974-1975 oHp rnaporeonorvitH cydanraa-
Hbl @XIbIl XWX, TYC XanyyH pallaaHbl opabir
OMK WNpyynasg TyxalWH XanyyH pallaaHbl

| Hayku o 3emne v Hepgpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \)
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Heeunnr 202.6 M-MAH TYH33C OPrUSIOH rapax
[apantrad yCHbl yHAaapraap awwurnax 6onox
Taamar Heeuundr xoHort 397.4 wWoo MeTp rax
TOOL|COH.

2020-2021 oHA, XMUC3H cydanraaraap xany-
YH pallaaHbl awurnanTtblH HeeLunr yiunaBapin-
anuiH B 33parnanasp xoHort 501.12 woo meTp
awwurnax 6onoxweir 6na TOOLOOOB.

[9ap aypacaH cyganraaHbl Yp AYHT YHASC-
N3H gapaaxb AYTHINTUAT XMIDK GOMHO:

1. XyNbXUAH ~ XanyyH pallaaHbl OpAblH
xanbap, X3aMXK3ar HapuBYnaH TOLOPXOMIXK 3y-
parnax ernee.

2. XyNbXWAH XanyyH pallaaHbl OpAblH awu-
rmanTblH HEBUMWr aHX yaaa ywnasapnanuviH B
39parnanaap xoHort 501.12 woo mMeTp awwmrnax
OONOMXTON 3 TOOL,00NOB.
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HeoTekToHMYeCcKne ycnosus hopmMmpoBaHusa M nokanusauus
3anacoB nof3eMHbIX BOA nepeyrnyoneHHbIX y4acTKOB
AONUHbI pekn Knuton

AHHa UropeBHa KypaHuuesa?, lOpuit KoHcTaHTMHOBKY MlaHkuK®, Onbra OnerosHa HaymoBa®
aCAQ «YpaHeeonozopassedka» AO «Poczeonoausi», AHeapckas skcneduyus, 2. Mipkymck, Poccus

afncmumym 3emHol kopbl CO PAH, 2. Upkymck, Poccus

ABTOp, OTBETCTBEHHI 3a nepenucky: KypaHuyeBa AHHa MropeBHa, kuranicheva.ai@mail.ru

Pe3stome. Llenb HacTosLLero uccnefoBaHWs 3aknvanach B BbISIBIEHWW OCHOBHbLIX HEOTEKTOHUYECKMX OCODEHHOCTEN
chopmupoBaHus NepeyrnydneHHbIX JOMWH, FAE NPOUCXOANUT NOKanNu3aums NpecHbIX Noa3eMHbIx Bog. OBbekTom u npea-
MeTOM uccrnefoBaHus ctano Kutonckoe MeCcTopoXaeHne NuTbeBbIX NOA3EMHbIX BOA, PAcnonoXeHHoe B nepeyrnybneH-
HOM JonuHe p. KNTom, CroXeHHOW KOHCTPaTMBHLIM anmioBUEM, MMAPOreosiornyeckne n ruaporeoXuMnyeckne ycrnoems
JaHHoro mectopoxaeHus. iccneposaHue nepeyrnybneHHON anmoBranbHON AUCNOKALMM BbINOIIHEHO HA OCHOBAHWUM aHa-
nusa paboT, ocyuiecteneHHbIx 3a nepuog ¢ 1956 no 2020 rr. Ha KNTOWCKOM MEeCTOPOXAEHWUN NPECHBIX NMOA3EMHbIX BOZ,
pacnonoXeHHOM Ha tXXHON OkOHewHocTH Cubmpckoi nnaTtdopmbl B npegenax MpkyTcko-YepemxoBcKkon paBHUHLL. B xoae
paboTbl GbINO U3Yy4EHO NPOUCXOXAEHUE AMCNOKaLMM, 0Opa3oBaHHON NepeceyeHneM BOMH NOrPYXEHWIA 1 onyckaHui Ban-
KanbCKOro W CasiHCKOrO HanpaBfEHWiA, CONPOBOXAALLMXCA NOKanm3aumen noa3emHbix Bog. OnucbiBaemasi nepeyrnyo-
neHHasa gonuHa umeeT MolHocTb 9-39 M, npeacTaBneHa BanyHO-rpaBUNHO-ranevyHMKoBLIM MaTepuanom ¢ necyaHbIM
3anonHutenem. CpeaHuii KoauUMeHT UnNbTpaLuM N0 MECTOPOXAEHMIO paBeH 122 m/cyT., cpeaHuin ko3 ULMEHT Bo-
AonpoBoaumMocTtn — 3400 M2/cyT., 3a ero npefenamu nokasaTeny ymeHbLuaoTcs. KauecTBeHHbIN COCTaB NOA3EMHbIX BOA
yOOBNETBOPSET CTaHAapTaM, HO Ha HEKOTOPbIX y4acTKkax BO3MOXHA MOBbILLEHHAs MUHepanu3aLms, BbICOKOe codepaHue
xenesa u mapraHua, 06ycnoBneHHOe NoATOKOM MOA3EMHbIX BOA U3 HUKE3aneratLyx PCKMX BOJOHOCHBIX FOPU3OHTOB.
ABTOpamu BbINOHEHO 0606LLEHNE n3MeHeHNs 3P PEKTUBHON MOLLHOCTM BOLOHOCHOTO rOPU30HTA W aHanus bnaronpusT-
HbIX YCMOBUI ANs (hOPMUPOBaHUS MPECHbIX NOA3eMHbIX BOA B npedenax AenpecCUOHHOWM CTPYKTYpbl C LieNblo X035i-
CTBEHHO-MUTLEBOIO BOAOCHAbXeHUS HaceneHus.

Knroueenie cnoea: Kutoiickoe MeCTopoXaeH1e NUTbEBLIX NOA3EMHbBIX BOA, nepeyrnybneHHbIe y4acTku JOMUHbI PEKK
KuTon, KOHCTPaTUBHBIA anmioBuii

Ansa yumupoeaHus: Kypanuyesa A. U., NaxkuH HO. K., Haymosa O. O. HeoTekToHuYeckue ycnoBus (hopMUpoBaHus
1 NTOKanmM3aums 3anacoB Nog3eMHbIX BOA NepeyrnybneHHbIX y4acTkoB AonuHbl peku Kuton // Haykn o 3emne v Hegpo-
nonb3osaHue. 2021. T. 44. Ne 3. C. 253-260. https://doi.org/10.21285/2686-9993-2021-44-3-253-260.

Original article

Neotectonic formation and localization conditions
of groundwater reserves in over-deepened sections
of the Kitoy River valley

Anna |. Kuranicheva?, Yuri K. Lankin®, Olga O. Naumova®

a-¢JSC Urangeo of JSC Rosgeo, Angarsk Expedition, Irkutsk, Russia

3Institute of the Earth's Crust, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia
Corresponding author: Anna I. Kuranicheva, kuranicheva.ai@mail.ru

Abstract. The purpose of the study is to identify the main neotectonic formation features of over-deepened valleys where
fresh groundwater is localized. The object and the subject of the study is the Kitoy deposit of drinking groundwater located
in the U-shape valley of the Kitoy river, which is composed of constratal alluvium, as well as hydrogeological and hydroge-
ochemical conditions of the deposit. The study of the over-deepened alluvial dislocation is carried out based on the analysis
of the works performed at the Kitoy fresh groundwater deposit for the period from 1956 to 2020. The deposit is located at
the southern margin of the Siberian platform within the Irkutsk-Cheremkhovo plain. The article studies the origin of the
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V

dislocation formed by the intersection of waves of pitching and subsidence of the Baikal and Sayan directions accompanied
by the groundwater localization. The described over-deepened valley is 9-39 m thick. It is represented by boulder-gravel-
pebble material with sandy aggregate. The average filtration coefficient for the deposit is 122 m/day, the average water
permeability coefficient is 3400 m2/day, whereas beyond its limits the indicators decrease. The qualitative composition of
groundwater meets the standards, but some areas feature increased mineralization, high content of iron and manganese
due to the inflow of groundwater from the underlying Jurassic aquifers. The authors made a generalization on the variations
of the effective thickness of the aquifer and analyzed the favorable conditions for the formation of fresh groundwater within
the depression structure for the purpose of water supply for drinking and household uses.

Keywords: Kitoy portable groundwater deposit, over-deepened sections the Kitoy river valley, constratal alluvium

For citation: Kuranicheva A. I., Lankin Y. K., Naumova O. O. Neotectonic formation and localization conditions of ground-
water reserves in over-deepened sections of the Kitoy River valley. Nauki o Zemle i nedropol'zovanie = Earth sciences and

subsoil use. 2021;44(3):253-260. (In Russ.). https://doi.org/10.21285/2686-9993-2021-44-3-253-260.

BBepeHue

CoBpeMeHHOE BOAOCHAbXeHMe HaceneHus
r. AHrapcka OCyLLeCTBNSIETCA 3a CYeT MoBepX-
HOCTHbIX BOA P. AHrapbl, KOTOpbIE UCMbITLIBAOT
BbICOKYKO aHTPOMOrEeHHYK Harpy3ky v noasep-
XEHbI 3arpsi3HeHno. Builwe ropoga no TeyYeHumio
PEKWN PaCMoNOXeHbl pasnuyHble NPeanpusaTus un
ropoackas arnmomepauus r. ipkyTcka, 4to sBns-
€TCS NPUYMHON NOCTOSIHHOMO YXyALWEHUs Kade-
CTBa NOBEPXHOCTHLIX BOA. B ManosoaHble roasl
YPOBEHb PEKM CUIbHO NadaeT 40 TaKoN CTENEHM,
YTO YaCTUYHO OrONSIETCS OroNoBOK Bogo3abopa.
Takne cnyyam Habnioganucb B 2017-2019 rr.
OT0T hakT MOXET BbI3BaThb B ONpeAeneHHbIe ne-
puogbl npekpalieHne fobblum Bogbl. OcobeHHO
onacHO npekpaLleHne NoCTaBku BOAbl B CUCTEMY
BOAOCHAOXeHMst ropoga B 3UMHMIA nepuog, Tak
Kak 9TO MOXET BbIBECTW €€ U3 CTPost W nocny-
XWUTb OCHOBAHWEM ANS BO3HWKHOBEHMWS YpE3BbI-
YanHon cutyaumu. MNoatomy Ans X039UCTBEHHO-
MUTLEBOrO BOAOCHAOXEHUS HaceneHus r. AHrap-
Cka HY>XEH HafdeXHbl1 UCTOYHWK BOAbI C XOpO-

MM Ka4yeCTBOM, HE MOABEPXKEHHLIN 3arpsiaHe-
HUIO. TakMM UCTOYHMKOM sBnsetcs Kutonckoe
MECTOPOXAEHME NMUTLEBbIX NOA3EMHbIX BOA [1, 2].

Obuwas BenuunHa pasBedaHHbIX U OLEHEH-
HbIX MO TPMHAALUATK y4acTkam 3anacoB NOA3em-
HbIX BOO B pavoHe . AHrapcka cocTaBnsieT
223,929 Tbic. M3/cyT. (Tabnuua).

bonblas yacTb y4acTkoB (BOCEMb U3 TPUHA-
AuaTn) passegaHa no pesynbTaTam aKcnnyata-
UMM OencTByloWmMX Hebonblmnx BoA03abopoB
M MCMOMb3yeTcs Heapononb3oBaTensaMu Ans
BOAOCHabXeHMs1 KOHKPETHbIX BogonoTpebute-
nen. Cymma 3TuMX 3anacoB COCTaBMNSET BCEro
16,229 Thic. M3/cyT. Hanbonee nepcnekTUBHbLIM
NCTOYHNKOM NMUTLEBOTO U XO3IMCTBEHHOTO BOJO-
cHabxeHua r. AHrapcka ssnsetca Kutownckoe
MECTOPOXAEHNE NUTLEBbIX NOA3EMHbIX BOA.

K OaHHOMY MeCTOpOXOEHMIO MUTLEBLIX NOA-
3eMHbIX BOf, OTHOCATCS NSATb Y4aCTKOB, U3 HUX
yeTtblpe  (HwkHekuToMCKUN-1,  3OPUKUTOWMCKUIA,
3onoTtHukoBckun, BepxHekuTonckui-1) Bblge-
neHbl B npeaenax KMTonMckoro MectopoXxaeHust

MecTopoxaeHns NMTbEBbLIX NOA3EMHLIX BOA, pa3BeAaHHble B paoHe r. AHrapcka
Portable groundwater deposits explored in the area of the city of Angarsk

HasBaHue mecTopoxaeHus nogsemHbix Bog, (MI1B) 3anachl NoA3eMHbIX BOA, ThiC. M3/CyT.
Kutonckoe MIMB, HuxHekuTonckuin-1 yyactok MINB 35,567
Kutonckoe MIMB, 3opukutonckuin yyactok MINB 0,016
Kutorickoe MIB, 30110THMKOBCKO-KMTOMCKMIA y4acTok MINB 0,017
Kutonckoe MIB, BepxHekuTonckun-1 ydactok MIMB 53,4
Kutonckoe MIB, Bropou yqacTok MIMNB 118,7
KocmoHasTckoe MINB 0,3
OpuHckoe MINB 6,5
Manoenosckun yyactok MINB 0,174
tOro-BoctouHoe MINB 0,726
Cyxosckoe MIB, Cyxosckuin-1 yyactok MINB 0,8
HIMC-Anrapckoe MIMB 0,044
3Be3aHbIn y4acTok MINB 0,285
CasBareeBckoe MINB 7,4
WToro 223,929
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B 2014 r. Ero 3anacsl coctaensoT 207,667 TbiC.
M3/cyT., ele 80 TbiC. M3/CyT. UCKMIOYEHbI U3 ToC-
yaapcTBeHHOro 6anaHca, Tak Kak no HUM HEBO3-
MOXHO OpraHu3oBaTb 30Hbl CAHUTAPHOW OXPaHbl.

Martepuanbi u metoabl
uccnenoBaHus

MecTopoxaeHue pacnonoxeHo B npearop-
HOW YacTu JonuHbl p. Kuton B 16 kKM 3anagHee
r. AHrapcka (puc. 1). Jlokanusaums pecypcoB
MPeCHbIX NOA3EeMHbIX BO4 HA JaHHOM y4yacTke
Heap cBA3aHa ¢ 0COBEHHOCTAMM HEOTEKTOHUYe-
CKOro pa3BuUTKSA paccmaTpuBaeMoin TEpPUTOPUM.

WcToku p. KUTOM HaumMHaloTCs B ropHOCKNag-
yaton 30oHe CasHckoro xpebra. 3atem gonuHa
BbIXOQUT Ha HOXHYI OKOHeYHoCTb Cubupckon
nnatdgopmbl 1 B npegenax Npkytcko-Yepemxos-
CKOW paBHUHbI CrINBAETCA C AONMHON P. AHrapsbl.

CornacHo C. C. BockpeceHckomy n M. T.
'pocceanbay, Baosb npearopbs CasH Bbigens-
€TCs OBE 30Hbl COBPEMEHHOMO (HEOTEKTOHMYE-
ckoro) nporumbaHus, npoctuparowmecs napan-
nenbHo nogHoxuio BocTtoyHoro CasHa. 370
Benbckas n AHrapckas 3oHbl. Kutonickoe mecto-

nic formation and localization... | AU AP A

pOXAeHUe NUTbEBbIX NOA3EMHBIX BOA, pacmnoso-
XeHO B npefenax benbckon HeOTEKTOHUYECKOW
30HbI. OHa npoxoauT oT p. Onxu Yepes cpegHue
TeyeHus MpkyTta, Kutos, bonbwon n Manown be-
1on Ao HanbonbLero pacumpenuns gonuH p. Oku
M 3umbl. AHrapckasi 30Ha NpoOCTMpaeTcs Mpu-
MepHO BOOMb NMHUK ropogoB UpkyTck — Yepem-
x0B0 — 3anapu — 3uma. [ina obenx 30H B gonu-
Hax pek C HaubomnblUMM HEOTEKTOHUYECKUM
OnyCKaHMEeM XapaKTEPHO LUMPOKOE pa3BUTHE
NONM, HU3KNUX HAAMONMEHHBIX PEYHbBIX 1 03EPHbBIX
Teppac ¢ (hOpPMMUPOBAHMEM HA MHOMUX y4YacTKax
TOMNWM KOHCTpPATMBHOrO annwoBus (nepeyrnyo-
NEeHHble Y4acTKN JOMUH C BIOXEHHbIMU Teppa-
camu), rae nNpoucxoauT nokanusauus nogsem-
HbIX BOA. 30HbI OMyCKaHWI pa3aeneHbl NoNorum
BONMHOOOPA3HbIM MNOAHATMEM, rAe npeumyLle-
CTBEHHO PacnpoCTPaHEH rEHETUYECKN nepcrpa-
TUBHbIA annioBuii HebonbLwon mowHocTu. LWap-
HUPbI 30H HECKOSIbKO pas3 MorpyxarTcs U BO3Abl-
MatoTCH, YTO CBA3AHO C HanM4Mem BOSH NOrpy-
XEHWN W OMyCKaHui, napannenbHbiXx xpebTam
BaiikanbCKOro HampasfieHUst U nepecekatoLmx
CasiHCKOe HampaBfieHMe MovTW nog npsiMblM
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Puc. 1. Cxema pacnosoxeHusi Kumoiicko2o mecmopoxdeHusi no83eMHbIX 800
Fig. 1. Location map of the Kitoy groundwater deposit
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YrnoM. OTU [1BE€ CUCTEMbl BONHOBBIX ABWXEHWI
npu B3aWMOLENCTBUM CO3[anu CBOeobpasHyto
pewletyatyro  MopocTpykTypy WpkyTtcko-Ye-
PEMXOBCKOW paBHUHbI (puC. 2).

Pe3ynbTathl MccnegoBaHus
1 Ux obcyxpeHue

B mecTtax nepeceyeHunst 30H OnyckaHUn casiH-
ckoro M 6avrkanbCKoro HanpasneHun obpasy-
oTCA Hambonblune KaHO30MCKUE Oenpeccuu:
3umuHcko-OkuHckasn, CpepHebenbckas, Kuton-
ckas u gpyrve [3—6]. Kutonckoe mectopoxaeHue
MPUYPOYEHO K OQHOMY U3 nepeyrnybrneHHbIX
y4yacTKOB [JOSMHbI p. KUTON, CIOXEHHbIX KOH-
CTPaTMBHLIM anftoBUEM MOLLHOCTBIO OT 9 [0
39 M, npeacTaBneHHbIM BanyHO-rpaBUMHO-ra-
NEeYHWKOBLIM MaTepuanom C necyaHbIM 3anos-
HUTENEM, UMEIOLLMM BbICOKME (PUNbTPALIMOHHbIE
nokasatenun (puc. 3, 4). KpatHoe yBsenuyeHue
3P EeKTMBHON MOLLHOCTM BOLOHOCHOMO rOpu-
30HTa B npefenax AenpecCUOHHOW CTPYKTYpbl
cchopmmpoBano ocobo 6naronpuaTHbIE YCroBuUS
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ANS noKanuaaumm NpecHbIX NoA3EMHbIX BOA, KO-
TOpblE NO3BONSAT BECTU BOAOOTOOP M3 CKBAXWMH
B ycuneHHom pexumel [1, 7-16].
PaccmaTtprBaeMblii y4acToK HeAp pacnoso-
XeH Bonuan npegropbs CasiH, 0TKyaa Hanpas-
NEH MOLUHBIV NOA3EMHBIV CTOK, KOTOPbIW fIOKanu-
3yeTcs B BOSIHOBbIX Aenpeccusix benbckow 30HbI,
3a cyeT Yyero copmmpoBaHo Kutonckoe MecTo-
pPOXOEHWE NUTbEBbLIX NOA3EMHbIX Bog [17, 18].
Boapl 6biBalOT HE TOMBKO NPECHbIE NO COCTaBY,
HO 1 — fganee oT lNpucasiHbs — COneHble, Tak Kak
Tam NPOUCXOAUT pasrpy3ka CoseHbIX, CONOHOBa-
ThIX BOZ, HVPKE3aneratoLwmx PCKUX BOAOHOCHbIX
FOPU3OHTOB, YTO COrNacyeTca C AaHHbIMU MMAPO-
XMMUW TE03KONOrMYECKMX MCCNeaoBaHUN U Kap-
TorpadmpoBaHmst MacwTtaba 1:200000.
paHMLa Mexay HEOreHOBLIMM U YETBEPTUY-
HbIMW OTIIOXKEHUAMM MPOBOAMUTCA YCNOBHO. B
TOMNWWE HEOreHOBbIX OTNOXEHWA HeNb3s Bblae-
NUTb  OTAENbHble  BOAOHOCHBLIE  FOPU3OHTHI,
MOXHO §UWb OTMETUTb PAd O0COBEHHOCTEN,
CBOWCTBEHHbIX flaHHOMY Komnnekcy [19, 20].
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Puc. 2. BonHbi Me3o3olicko- KaliHo3olickux nodHsimuli (1) u onyckaHut (2),
nod enusitHUeM Komopbix 6bi1u oghopmiieHbl 2/1a8HbIE 0CO6EHHOCMU MOPGHOCMPYKMYphbI
Bocmo4Ho-Cubupckoli 8038bIWEHHOU nnamgopmeHHOU pagHUHbI (no 0. M. AdameHko, 1971)
Fig. 2. Waves of Mesozoic-Cenozoic uplifts (1) and subsidence (2)
under the influence of which the main morphostructural features of the East Siberian
elevated platform plain were formed (according to O. M. Adamenko, 1971)

1 KnumenTos M. M., BorgaHos I. A. O6was rugporeonorusa: y4edHuk ans sy3os. M.: Heapa, 1977. 357 c.
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Fig. 3. Hydrogeological map of the Kitoy potable groundwater deposit
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Puc. 4. udpozeonozuyeckutl paspe3 Kumolickoeco Mecmopox0eHUsi NUMbeebiX N003eMHbIX 800:
1 — 8000HOCHbIU 20PU30HM COBPEMEHHbIX allo8uasbHbIX OMIOXKEHUU (8allyHbl, 2a/1€4YHUKU, NECKU); 2 — 000HOCHBIU
20PU30HM COBPEMEHHbIX BEPXHEYEMBEPMUYHBIX aliro8uasbHbIX OMIIOXKEHUU (2aneyHUKU, Necku, epasull);

3 — B0OAOHOCHbIU 20pUSOHM HEO2EH-4emeepMUYHbIX anneuarbHbIX OMaoxXeHul; 4 — emopol 8000HOCHBIU aaneHcKul
Komnnekc (necyaHuku); 5 — audpoeeornoauyeckasi CKeaXUHa: 88epXy — HOMEP CK8aXUHbI; crieea 8 Jucnumene — debum,
ni/cym., 8 3HameHamersie — MOHUXeHUe, M; Cripasa 8 yuciumere — cmamuyeckull yposeHb, M, 8 3HaMeHamerie —
MuHepanu3sayus, e/om3; 6 — HabrmodamesnbHas ckgaxuHa; 7 — y4acmoK C ymeepX0eHHbIMU 8 meppumopuarbHol
usnu eocydapcmeeHHoU KOMUCCUU 10 3anacam rosie3HbIX UCKOMaeMbIX IKCrlyamayUuoHHbIMU 3anacamu mod3eMHbIX 800:
criega 0pobu — UHOEKC 2e0102U4eCcK020 8o3pacma 8000HOCHO20 rnodpa3sdeneHus; yugpbl 8 Yucaumene — obujue
3anachki cyMmbl kamezopull (8 10° M3/cym.), 8 3HameHamerse — docmueHymbili 600oombop Ha onpedeneHHylo 0amy
u uHOekc muna 800kl o ee ucronp308aHuK, 1 — numsesas; 8 — sudpozeonoeuyecKkas CK8axuHa Ha pa3pe3e: 3aKkpacka
coomeemcmeyem XuMU4eCcKoMy cocmagy 800kl 8 0rpobosaHHOM UHmMepsare 2iybuHsbl; crneea — debum, 1/c,

U MOHUXXEHUEe YpOo8HST 800bI, cripasa — MuHepanu3dayusi no03emHbIx 800, 2/; 9 — npedronazaemas epaHuua 6000HOCHO20
Heoz2eH-4emeepmuy4Ho20 2opudoHma; 10 — npednonazaemsili yposeHb nod3emMHbix 800; 11 — yposeHb nod3eMHbIX 800;
12 — gasyHHO-2arney YHble OMIOXEHUS C necyaHbIM 3anonHumenem; 13 — necyaHuku; 14 — cyneck; 15 — necku
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Fig. 4. Hydrogeological section of the Kitoy deposit of drinking groundwater:
1 — aquifer of modern alluvial deposits (boulders, pebbles, sands); 2 — aquifer of modern Upper Quaternary alluvial
deposits (pebbles, sands, gravel); 3 — aquifer of Neogene-Quaternary alluvial deposits; 4 — second Aalenian aquifer
complex (sandstones); 5 — hydrogeological well: at the top — the well number; on the left in the numerator — flow rate,
I/day, in the denominator — decrease, m; on the right in the numerator — the statistical level, m, in the denominator —
mineralization, g/dms; 6 — observation well; 7 — the site with operational reserves of groundwater approved by the
Territorial or State Committee on Mineral Reserves: on the left of the fraction — index of the aquifer subdivision geological
age; numbers in the numerator — total reserves of the sum of the categories (in 10° m¥/day), in the denominator —
achieved water intake for a certain date and the index of the water type according to its use, /71— drinking water;
8 — hydrogeological well in the section: the shading corresponds to the chemical composition of water in the sampled
depth interval; on the left — flow rate, I/s, and lowering of the water level, on the right — groundwater salinity, g/l;
9 — prospective boundary of the aquiferous Neogene-Quaternary horizon; 10 — estimated groundwater level;
11 - groundwater level; 12 — boulder-pebble deposits with sandy filler; 13 — sandstones; 14 — sandy loam; 15 — sands

CornacHo pesynbTataM peBM3WMOHHO-3aBe-
poYHbIX paboTt 1993 r., cpeaHnn KOIMULNEHT
bunbTpauMm N0 MECTOPOXAEHUK  paBeH
122 m/cyT., cpegHuii KoaghuUUEHT BOLOMNPOBO-
anmocTn — 3400 mM%/cyT. Takue BbICOKME Nokasa-
TENW BbISBMEHbI Ha TEPPUTOPUM MECTOPOXae-
HUS, 3@ ero nNpegenaMu OHW yMeHbluakoTes [1].
o ka4yecTBY BOAblI MECTOPOXAEHNSA YOOBNETBO-
psAOT cTaHgapTam. Ha HeKkoTopbIX ero yyactkax
BO3MOXHa MOBbILLEHHAS MUHEpanu3auus, BbICO-
KOe codepxaHue xenesa, MapraHua, MOXeT
ObITb 1CNoNb30BaHa BOAOMNOArOTOBKA.

3akntoyeHue
Takum obpasom, aBTOpbl 0bpaLlaT BHUMa-
HMe Ha TO, YTo obpa3oBaHMe NOAOBHBIX MECTO-
POXOEHWUN NOA3EMHbIX BOA, NPOMCXOAMT 3a CYET
HEOTEKTOHWYECKMNX BOMHOBLIX Konebanwmii. po-
BEAEHHbIA aHanu3 Takke NO3BOSMA MPeanoso-
XWUTb, YTO €CTb U ApYrue y4acTkm benbCckomn 30Hsbl
COBPEMEHHOr0 npornbaHusl, Ha TeppuToOpun Ko-
TOPbIX MOTYT HAXOAUTHLCA TaKWe Xe nepeyrnyod-
NEHHble aucrnokauuM ¢ BogaMu [OCTaTOYHOro
KONM4ecTBa 1 ka4yecTBa, KOTopble MOryT BbITb UC-

Nonb30BaHbl B BOAOCHABXEHMN.
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Technological solutions for drilling a trap intrusion section
on the Srednebotuobinskoe oil gas condensate field, East Siberia
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ab L C Taas-Yuryakh Neftegazodobycha, Irkutsk, Russia
Corresponding author: Yevgeniy V. Tuzov, TuzovEV2@tyngd.rosneft.ru

Abstract. One of the largest trap intrusion provinces, Siberian traps, is located in the East-Siberian Platform in Russia. A
trap intrusion zone usually has abnormally low reservoir pressures and natural fractures. Consequently, trap drilling is
associated with fluid losses that can be catastrophic. The section of trap intrusion is a part of a @ 174 mm production
casing section of the Srednebotuobinskoe field. The basic well design of this section also includes the Osinsky horizon,
which features an abnormally high reservoir pressure zone. The latter creates incompatible with drilling conditions envi-
ronment due to the presence of catastrophic loss zones in traps. Time spent on drilling a trap intrusion zone accounts for
up to 30 % of the total well drilling time. The abovementioned geological issues in directional wells become the key topic
in solving it. The method to resolve this issue is an integrated approach employing all the technologies and technical
facilities aimed at finding a technological solution. First of all, in order to optimize the well construction cycles and reduce
the complications, all the wells were classified in three categories as per the type of behavior in trap intrusion. This allowed
to work out multi-level activities, that depended on severity of losses and non-operational time spent on drilling through this
section. An alternative well design was developed and trialed on several wells, which showed positive results on decreasing
non-productive timing. The main concept of this design was significantly different from the basic well design that was used
in the past on the Srednebotuobinskoe field. The main difference was isolation of traps from the high pressure Osinsky
horizon lower section with a @ 245 mm casing string, which allowed safe splitting of two incompatible drilling zones. The
economic effect of this solution allowed saving of up to 10.4 days or 15 % of the construction time in the wells of first
category. These results were reviewed at the Technical Committee of the Company and agreed to implement the alterna-
tive well design on first category wells on the Srednebotuobinskoe field. In addition, for the rest of well categories the
Drilling Team has produced and successfully implemented the preventative measures that allowed drilling through traps
with lost circulation material. It is worth to mention that this method assumed a by-passing mud-cleaning system on the rig
to allow building up a solid phase thus stemming the losses while drilling. For all the categories of the wells the Drilling
team has selected and trialed different types and designs of drilling bits that would allow drilling hard rock such as dolerite
section in traps with minimal number of runs. For the last five years the Drilling team together with the bit producing com-
panies have designed a new type of PDC cutters that would allow to enhance durability as well as improve drilling speed
both in dolerite formations and in overlying formations in the Production casing section. The Drilling team has also managed
to reduce the number of trips associated with early bit wear decreasing them from five to two runs and create an experi-
mental basis for drilling the entire section of the production casing in one run. From 2019 team continue looking for further
solutions that would allow to improve bottomhole assembly elements balancing between durability and drilling rate in dif-
ferent types of formations above and below traps. A range of proposed technological solutions significantly reduced the
impact on the well construction performance by preventing and reducing the downhole losses events in the section of trap
intrusion on the Srednebotuobinskoe field.

Keywords: well design, lost circulation material pill, cementing, trap intrusion, dolerite, drilling, drilling bit
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PASBE[KA 1 PASPABEOTKA MECTOPOXOEHMI MONE3HbLIX MCKOMAEMBbIX

HayuHas ctatbs
YOK 622.248.3

TexHonornyeckue peleHns B OypeHUn TpannoBon MHTPY3UK
Ha CpeaHeb0TyoOMHCKOM HehTera3oKoOHAEeHCaTHOM
mecTtopoxaeHun (BoctouHaa Cubupb)

EBreHuit BuccapuoHosuy Ty3oB?, TaTbsiHa lOpbeBHa KyTy3oBaP®
ab00O0 «Taac-fOpsix Hegpmezasodobeiyay, 2. Mpkymck, Poccusi
ABTOp, OTBETCTBEHHHI 3a Nepenucky: Ty3oB EBreHuin BuccapmoHosuy, TuzovEV2@tyngd.rosneft.ru

Pe3tome. OfHa 13 caMblX KpyMHbIX TPanmnoBbiX NPoBMHLUMIA Cubupckue Tpannbl pacrnonoxeHa Ha Boctouno-Cubumpckoii
nnatcopme. 30Ha pacnpocTpaHeHust TPANMOBbLIX MHTPY3UI, KaK NPaBuno, MMEET aHOManbHO HU3KWE MNacToBble AaBne-
HUS 1 eCTeCTBEHHYIO TPELLMHOBATOCTb, BCEACTBMUE YEro NPOXoAKa UHTPY3MBOB COMPOBOXAAETCA MOrMOWEHUSAMMU NPO-
MbIBOYHOW MAKOCTM BMIIOTb 40 KaTacTPOUYECKMX. YHacTOK TpanmnoBoii MHTPY3umn Ha ckBaxuHax CpegHeb6oTyobmHcKkoro
MECTOPOXAEHUS HAXOAUTCS B CEKLMM SKCNITyaTaunoHHoW obcagHoi konoHHbl @ 174 Mm. ba3oBasi KOHCTPYKUUS CKBaXWH
[aHHON CeKUMM TaKxkKe BKMHYaeT B ce0s1 OCMHCKWI TOPU3OHT, B KOTOPOM MPUCYTCTBYET 30HA C aHOMAsIbHO BbICOKMM Mna-
CTOBbIM JaBfieHMEM, CO3aloLLas YCNoBusl, HE COBMECTUMbIE C BypeHMeM n3-3a NPUCYTCTBMS 30H KaTacTpoduyeckmx no-
TMOLLEHNIA B y4acTKe TPanmnoBOW MHTPY3uu. BpemeHHble 3aTpaTbl MO NpOXoake 30H MHTPY3um coctasnsoT Ao 30 % ot
obwero 6anaHca LMKNOB CTPOUTENbCTBA CKBaXWH. BollensnoxeHHas npobremartuka reonormyeckux OCMOXHEHWUNA B
HaKIIOHHO-HANPaBMEHHbLIX CKBAXWHAX SIBSAETCA NPUOPUTETHOW 3adayeit, 1 MeTogmka 60pbbbl C HUMK NpeacTaBnseT co-
©0oW KOMNMEKCHBIA NOAXOA BCEX TEXHOMOMMIA M TEXHUYECKUX CPEACTB, KOTOpble 0bpalLeHbl kK 04HO Lenu. Tak, Ans ontu-
MMW3aLMK LMKIOB CTPOMTENBCTBA CKBAXKMH U CHUXKEHUS KONWYECTBA OCINOXHEHMI Obina NpoBeeHa Knaccudukaums Tpan-
MOBOW MHTPY3UW MO TPEM KaTEropusiM, KOTopasi No3sonuna pa3paboTate MHOrOYPOBHEBLIN Psa MEPONPUSATUIA MO NpoBe-
[EeHM0 paboT B TPaNMoBbIX UHTPY3WSX B 3aBUCKMOCTYM OT XapakTepa MorfoLLEHNIA U aBapUAHOTO BPEMEHM, MOTPAYEHHOro
Ha MPOXOXAeHWe AaHHOro yyacTtka. beina paspaboTaHa anbTepHaTMBHAs KOHCTPYKLMS CKBaXMH, @ Takke MPOBEAEHbI
OMbITHO-MPOMBbILUMIEHHbIE UCMBITAHWUS NO €€ NPUMEHEHUIO, KOTOPbIE NoKa3anu NoNoXWUTENbHbIN pesynbTaT No CHKEHUIO
aBapuiiHoro BpemeHn. OCHOBHAs KOHLENUWS AaHHOW KOHCTPYKLMW 3HAUNTENbHO OTNNYAETCs OT NPUHATON 6a30BOW KOH-
CTpyKUMM ckBaxwuH Ha CpeaHeboTyobuHCKOM MecTopoxaeHun. OgHOM M3 OTNUYUTENBHBIX OCODEHHOCTEN SBUMOCH TO, YTO
y4aCTOK TPanmnoBON UHTPY3UM pasgensncs OT HUXKHEro y4acTka aHOMaslbHO BbICOKOrO MacTOBOrO AABMEHUS OCMHCKOTO
ropu3oHTa 0b6CcagHoOM KOMOHHOW @ 245 MM, YTO NO3BONMNO Pa3obLNTL HECOBMECTUMbIE 30HbI BypeHns. DKOHOMUYECKUI
3peKT OT NPUMEHEHUS JaHHON KOHCTPYKLMM Ha CKBaXvHax nepsoi kateropun coctasun go 10,4 cytok unm 15 % ot
BCEr0 LMKIa CTPOWUTENbCTBA CKBaXMHbI. Ha Hay4YHO-TEXHUYECKOM COBeLlaHun Obin pacCMOTPEH U OueHeH 3pdekT oT
NPUMeHEeHUs anbTepHaTUBHON KOHCTPYKLMKU Ha HEKOTOPbIX U3 KYCTOBbIX NMOLLAAOK, @ Takke NPUHATO pelleHne o Thpa-
XupoBaHuu ee Ha CpenHebOTYOOMHCKOM MecTopoXaeHWW. [ns ocTanbHbIX KaTeropunm ckBaxwH Obln paspaboTaH u
yCMeLwHo BHeApeH KOMMIEKC MeponpuaTAiA Mo NPEeBEHTUBHOW KoNbMaTaLWy NOrnoLiaoLwmMx MHTePBanoB B 30He UHTep-
Bana NpoXoXAeHMs TpannoBbIX UHTPY3uiA. CnegyeT 3ameTuUTb, YTO B AaHHbIA KOMMIIEKC BOLLMA MeToguka ¢ GypeHnem ¢
HapaboTkol TBepAON (hasbl 13-3a LMPKyNsaLMM B 06X04 cucTeMbl O4MUCTKM BypoBOro pactBopa, YTo nossonuio 6onee
3(hpekTMBHO NPOBOANTL KOMbMaTaLMIO y4acTka KaTacTpoUUECKMX NOrMOLeHWiA. [Ins BCex KaTeropui CKBaxuH Gbinm
anpobupoBaHbl pasnuyHble An3aiiHbl 4ONOT, KOTOPbIE MO3BONMIM Obl NPOXOAWTb YYACTOK TBEPAbIX AONEPUTOB TPANMNOBOWA
VHTPY3UK C MUHUMAsbHBIM KONUYECTBOM CMycKoB. 3a NocnefHue nstb net BypeHns TEXHONOrMYeckon KOMaHOoM CoB-
MECTHO C Npou3BoaMUTENsaMU JoN0T bbin nogobpaH u paspaboTtaH HOBLIM TMN pesuoB gonot PDC, Gnarogaps vyemy He
TONBKO YNyYLIUIACh M3HOCOCTOMKOCTb, HO M 3HAUMTENIbHO MOBLICKIIACh CKOPOCTL BYpeHUst Kak B Joneputax TpannoBom
WHTPY3UW, TaK 1 B BbILLENEXaLMX MriacTax B CEKUUM MOA SKCMyaTauMoHHY0 06CaHy0 KONMOHHY. YAanoch CHU3UTL KO-
MNYECTBO CNYCKO-NOABEMHBIX ONepaLnii, CBA3aHHbIX C paHHUM U3HOCOM A0MNO0Ta, C NATU 40 ABYX U CO34aTb SKCNepUMeH-
TanbHYl OCHOBY 4151 NOMCKa BO3MOXHOCTU BYpeHnst BCe CEeKLIMM 3KCMyaTaLMOHHON 06CagHON KOSIOHHEI B OAMH CMYCK.
C 2019 ropa Begetcst Noadop aneMeHToB paboyelt KOMMNOHOBKK, KOTOPLIA NO3BONKUN Bbl cbanaHcMpoBaTb M coYeTaTb B
cebe anemeHTbl U3HOCOCTOMKOCTM M CKOPOCTY MPOXOAKM MPU OYpeHMU pasninyHbIX FOPHbLIX Mopofd, NPUCYTCTBYIOLUX B
[aHHON cekumu. B pe3synbTaTte BBeleHUs AaHHOMO KOMMNMeKca MeponpusTuii yaanocb MUHUMU3UPOBATL BO3HUKHOBEHWE
MOrMNOLLEHWA MPU NPOXOXAEHUU TPANnoBON MHTPY3WUM HA BCEX KYCTOBbLIX MNMNOLWAAKaXx U CyLleCTBEHHO COKPaTUTb CPOKU
CTpOWTENBCTBA CKBaXWH Ha CpeaHeboTyoBUHCKOM MECTOPOXAEHNM.

Knioueeble crioea: KOHCTPYKLIMS CKBaXWH, KOTNbMaTaLMOHHas nayka, LeMEHTMpOBaHUe, TpanmnoBasi UHTPY3Usi, AONEepUTI,
BypeHue, NopoaopaspyLLaoLLMiA UHCTPYMEHT

Ans yumupoeaHus: Ty3os E. B., Kytysosa T. l0. TexHonornveckue pelleHus B 6ypeHnmn Tpannosoi UHTpysum Ha Cpea-
Heb60TYOOMHCKOM HedTerasokoHaeHcaTHOM MectopoxaeHun (BoctoyHas Cubups) // Haykn o 3emne u Hegpononb3osa-
Hue. 2021. T. 44. Ne 3. C. 261-270. https://doi.org/10.21285/2686-9993-2021-44-3-261-270.
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Introduction

Trap magmatism is a distinct type of continen-
tal magmatism, which is characterized by huge
volumes of basalt eruption during a geologically
short period (first few million years) over large ter-
ritories [1]. Several studies are devoted to the ge-
ological structure of trap intrusions of the Siberian
Platform by M. M. Odintsov, I. I. Krasnova, V. S.
Obruchev, V. S. Masaitis, et al. These studies of-
fer several hypotheses regarding trap intrusion
characteristics, such as:

— Eruption of traps potentially occurring in up-
lift conditions with predominantly a central erup-
tion type;

— Ingress of dolerite sills through the monocli-
nal dip from Kansk-Taseevo depression, which is
a localized trap magmatism zone;

— Crystalline basement fault zone;

— Deep magma-conductive faults, which de-
fine maximum trap thickness zones, yet do not
delineate separate magmatic bodies or elements
of their morphology [2].

In East Siberia, within the boundaries of the
Srednebotuobinskoe Oil Gas Condensate Field,
traps are represented as intrusions in sedimen-
tary deposits. The field is located along the edge
of a trap body and has mostly evenly distributed
interval thickness yet differing interval depths
(Fig. 1). In the Srednebotuobinskoe Oil Gas Con-
densate Field, trap intrusion thickness varies

Absolute depth mark, m
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significantly from one well pad to another ranging
between 140 and 450 m along the borehole [3, 4].

Trap intrusion intervals are composed of hard
rock, dolerite, which is found in various rock for-
mations. Given the physical-mechanical strength
of a trap intrusion: p = 2930 kg/m?, hardness cat-
egory 100-150, 600-700, abrasiveness category
1-3, medium-to-hard, drilling in the interval has
some complicating factors [5, 6]:

— Total losses (Fig. 2);

— A reduced rate of penetration to 0 m/h;

— Critical wear of drilling bits;

— Extra trip to replace polycrystalline diamond
compact (PDC) bits with tri-cone bits;

— More extended well construction period as
trap intrusions are drilled by tri-cone bits;

— Destroyed and left in hole bit’s parts.

A combination of the above factors resulted in
significant time lost in drilling such intervals [7, 8].
To optimize drilling in trap intrusion intervals,
three categories of traps behavior were identified:

— Wells where losses occurred immediately
after penetrating the top of traps, were referred to
as Category 1 of trap behavior (10-20 % of the
well stock)?;

— Wells drilled with lost circulation material pill
(LCM) without any losses were referred to as Cat-
egory 2 of trap behavior. Once the hole was
cleaned of LCM, however, losses occurred again
(70-80 % of well stock);
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Figure 2. Losses in trap intrusion: a geological concept
Puc. 2. Meonozu4eckass KOHUenuus Nno2sI0WeHus1 8 mpanmnosou UHmMpy3uu

— Wells drilled without any problems were re-
ferred to as Category 3 of trap behavior (10-20 %
of the well stock).

The above-described geological challenges
constitute a priority issue to be addressed, and
the methodology for resolving the problem re-
quires an integrated approach with a range of
technologies and operational ways to achieve a
single goal. This goal, is to optimize the well con-
struction cycle and to reduce the number of com-
plications, in order to achieve this, a multi-tier ac-
tion plan was developed to improve drilling oper-
ations in trap intrusions.

Materials and methods of research

Alternative Well Design. The underlying ob-
jective for improving drilling technologies is to re-
duce the well economics and cost per meter
drilled in certain intervals while maintaining the
overall quality of the drilling operations. The cur-
rent well design was optimized by adjusting the
245 mm casing shoe depth to provide additional
isolation mechanical for the trap interval [9, 10].

Alternative well design, therefore, entails sig-
nificant potential for resolving geological issues
that are not technology-induced. The critical ar-
eas for further studies include:

— Selection of an optimal cementing solution
for an extended 245 mm casing, without using a

stage cementing collar and applying light cement
slurry and LCM [11];

— Selection of 293/219 mm bit design allowing
drilling with higher Rate of penetration (ROP) in
the surface casing and production casing inter-
vals, as well as the selection of bottomhole as-
sembly (BHA) components with an alternative
logging while drilling signal channel that will allow
pumping viscous LCM pills.

Based on the situation in 2020, a decision
was made to conduct a set of pilot tests: drill five
wells according to the alternative 3-casing design
[12, 13]. Figure 3 shows a comparison of the two
well techniques. The alternative design isolates
two of three incompatible drilling zones (both
traps and Olekminsky formation) from the Osin-
sky Horizon [14].

The Osinsky Horizon contains hydrocarbons
and requires a blowout preventer as an additional
barrier before penetrating it. To ensure the relia-
bility of cementing 245 mm casing, two-stage ce-
menting is planned using a stage cementing col-
lar>. The main advantages of this solution in-
clude:

— Separation of two incompatible drilling inter-
vals: trap intrusions and Osinsky [15, 16];

— Reduction of the non-productive time due to
losses in trap intrusion interval (up to seven days
on specific well pads);

2 CemeHoB H. 5. PaspaboTka MeToaoB BbiGopa W ynpaBneHust TEXHONOMMYECKUM NPOLIECCOM U30MALMU MOrMOLLALLINX

nnacToB: AuCC. ... kaHa. TexH. Hayk: 05.15.10. M., 1984. 290 c.
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OKK - 1 wellhead
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Olekminsky Formation
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Fig. 3. Comparison of two well designs:
a — current three-string design; b — alternative three-string design
Puc. 3. CpaeHeHue d8yXx KOHCMPYKY UL CK8aXUH:
a — mekyuwasl mpexKoIoHHasi KOHCMPYKYUs; b — anbmepHamueHasi MpPexKoIOHHas KOHCMPYKUUS

— Reduction of well costs through lower con-
sumption of cement and drilling mud;

— Reduced cementing length of 178 mm cas-
ing and avoidance of inter-casing pressures [17].

Key disadvantage: increased cost due to a
longer 245 mm casing and use of a stage ce-
menting collar.

Based on the results of drilling two alternative
design wells on a pilot well pad in 2021, in com-
parison with three wells drilled in 2020, the follow-
ing dynamics (Fig. 4) can be observed:

— Surface casing interval drilling time reduced
by eight days;

— Production casing interval drilling time was

0 10 20 30
0 . . .

40

reduced by 2.6 days, while the depth of the pro-
duction casing interval increased by 230 m.

A comparison of the drilling results of five
wells with the current design and alternative de-
sign indicates a reduction in drilling time by 8.6
days per well; due to a reduced time spent on loss
elimination in trap intrusion intervals.

Development of Losses Fighting Concept.
Losses encountered while drilling in trap intrusion
intervals are often catastrophic (Fig. 5), i. e. a to-
tal loss of mud circulation is observed. Given the
physical-mechanical strength of trap intrusions
(circa 52,000 psi), the interval is drilled at a low
penetration rate (0.3 to 3 m/h).
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Fig. 4. Reduction dynamics of well construction time at a pilot multi-well pad
Puc. 4. JuHamuka CHUXeHUs1 CPOKO8 Cmpoumesnibcmea CKeaXuH Ha 3KcrepuMeHmasnbHoU Kycmoesou niowadke
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Fig. 5. Average mud loss per well on drilling pads in 2021 (6 months), m?
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no kycmoesim nnowadkam e 2021 2. (6 mecsiyes), m°

A review of current drilling data revealed a
connection between loss occurrence and the po-
sition of traps within the cross-section. Deeper
trap intervals result in higher losses. Losses are
also pad-specific and depend on pad location
within the field. The probability of intensive losses
is high on well pads located in the North of the
Srednebotuobinskoe Field. Attempts at analyzing
and determining loss dependence on azimuth or
deviation did not yield any results. High deviation
angle in drilling resulted in a longer trap interval
in the well, which created a more significant com-
plication with more losses and more cement
plugs installed. It should be noted that cement
quite frequently provided only temporary isola-
tion, and losses recurred later. This can be ex-
plained by the fact that subsequent drilling under
the trap interval exposed cement to significant vi-
bration resulting from the rotating drill string,
which consequently caused the glue to fall off
from cracks [18].

The first step was developing preventive
Measures for Drilling Trap Intrusions. To develop
a concept for fighting losses in trap intrusion in-
tervals, a complex strategy was developed and
tested: preventive LCM for mitigation of risks of
mud losses [19]. The strategy includes prelimi-
nary treatment of drilling mud 50 m before pene-
trating into trap intrusion top and in the process
of drilling in the trap intrusion in line with the fol-
lowing scheme:

— Remove screens from shale shaker and
treat active mud system with BAROFIBRE

COARSE: 8 kg/m3, CF-1: 20 kg/m?, BARACARB
150: 50 kg/m3, BARACARB 600: 50 kg/m?;

— Prepare LCM pill (10 m®) as follows:
BAROFIBRE COARSE: 20 kg/m3, CF-1. 30
kg/m3, NUT SHELL MEDIUM; 50 kg/m3, STOP-
PIT: 15 kg/m3;

— Ensure rheological parameters of mud,
which prevent LCM particles from dropping out
and forming seal plugs;

— For the period of drilling with LCM-contain-
ing mud, avoid using screens <5 mm in the cir-
culation system of the BHA.

—Once the bottom of trap intrusion is
reached, install shale shakers screens to take
LCM out and clean drilling mud for further drilling.

The preventive LCM strategy showed a posi-
tive result in category three wells with trap intru-
sions. When attempting to drill trap sections,
which refer to category 2, using preventive activ-
ities, there was no success as mud losses oc-
curred straight after washing out LCM.

The second step was developing preventative
Measures in case of total losses in Trap Intrusion
Intervals. In the event of a complete loss of circu-
lation, it is required to stop circulation and align
the circulation system to the mud pit (to drill with
a “floating water column”) for utilizing the liquid
phase. “Floating water column” principle envis-
ages drilling with technical water taken from the
mud pit simultaneously adding brine (CL-180000
mg/l) into the annulus from the fill-up tank at a
rate of 1 m3 every 30 minutes.
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If the circulation is partially restored, circulate
the well via the deep clean circulation system
tank and add the remaining brine into circulation
to maintain its concentration at CL-180000 mg/I.

If the tripping is required, the well should be
filled up with salt-saturated mud (double the well
volume).

These measures yield a positive effect in sav-
ing in water consumption (given the unavailability
of technical water), in chemical consumption, and
in time required for mud conditioning.

The third step was conducting the Pilot Tests
with Litefill and with two-phase solutions. During
pilot tests, various litefill and two-phase solution
(HALKER) were trialed. Based on the results of
the tests, we noted that the effect of decreasing
the number of cement plugs per well, but due to
the time required for mixing and the risk of prem-
ature setting in a drill string, a decision was made
not to use these chemicals. Attempts to select the
isolating material guarantee 100 % isolation did
not bring any sound results.

Development of Drilling Bits approaches to
drill in Trap Intrusions. Starting from commercial
production drilling in the Srednebotuobinskoe Oll
Gas Condensate Field, drilling in trap intrusions
was performed according to the following ap-
proach: drilling above the trap intrusion, drilling in
the trap intrusion, and drilling below the trap in-
trusion.

Trap bodies were drilled with tri-cone bits as
PDS bits with classic cylinder bit inserts but did
not allow us to achieve desired ROP results, and
there was also fatal fatigue after drilling 10-15
meters into the trap body [20]. The drilling tech-
nology is based on the following: once a trap in-
trusion interval was penetrated, the BHA was
pulled out to change bit type from PDC to tri-
cone. Tri-cone bits (code LADS 637) were used
to drill through the trap intrusions. Due to high
trap body strength, the ROP was in the range of
0.7-3.2 m/h. On average, drilling in a trap body
(thickness: 150-200 m) was taking from 3 to 12
days.

As a result of the continuous use of tri-cone
bits, problems with bit parts breaking off and fall-
ing to the bottomhole occurred quite often. The
problem was significant when additional time was
required to retrieve lost details from the well (1.5
to 3 days on average). To solve the problem and

I 2021;44(3):261-270

to optimize the drilling process in trap intrusions,
a range of suitable PDC bits were developed (se-
ries FT716 and SKH1616D-A1D) and (MDS1616
and MDS1617).

As a result of the adaptation of new bit de-
signs, improvements were made in the efficiency
of drilling intervals before traps and in traps using
PDC bits. Were achieved the following indicators:
an average gap of trap intrusion drilled by PDC
bits is from 30 to 70 m, ROP is from 3 to 4 m/h.

In addition, new bit designs were developed
with the following results: Tektonic 219.1mm se-
ries: in trap intrusions with a thickness of up to
140 m, ROP was 4 m/h; StingBlade series: in trap
intrusions with a thickness of up to 130m, ROP
was 4.5 m/h, and in 152 m thickness, ROP was
4.5 m/h. Due to high-quality drilling performance,
the bits were used for drilling in trap intrusions. A
chart was developed with a complete description
of the required parameters for more effective drill-
ing.

Thanks to the high resistance of Stinger in-
serts to mechanic impact and wear, StingBlade
bits ensure 100 % trap intrusion drilling in one
trip. New records were set in drilling trap intrusion
thickness of up to 400 m in one trip:

— Average ROP in the interval before the trap
intrusion is 16.4 m/h;

— Average ROP in the trap intrusion interval is
5.08 m/h;

— Average ROP in the interval before trap in-
trusion and trap intrusion is 9.52 m/h.

A specific feature of the bits is cone-shaped
diamond inserts (Stinger), an innovative, up-
graded solution for blades that is significantly
more effective than any other PDC bit. The insert,
located in the center, ensures even load on a
bit and more effective rock destruction, which in-
creases bit life and penetration rates. Bits of this
series have demonstrated that they can drill the
trap intrusion intervals in a single trip (Fig. 6).

Research results and discussion

Implementation of the above measures al-
lowed us to minimize mud losses when drilling in
trap intrusions on all well pads and to reduce well
construction period and costs.

1. The “alternative design” application on five
pilot wells indicated that the average time re-
quired for well construction is 8.6 days less than
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Stringer insert
Cone shape

Thicker diamond
layer

Higher wear
properties and shock
strength

Fig. 6. Design of a StingBlade series bit
Puc. 6. fJu3atiH donoma cepuu StingBlade

the time needed for the construction of conven-
tional design wells on the same well pad. The de-
sign yields a positive effect only for Category 1
wells (10-20 % of the stock).

2. Time spent drilling above and in traps is
108.8 hrs (4.5 days), allowing to drill them in a
single stage rather than two in the past.
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3. The application of StingBlade bits reduced
drilling time to 64.6 hrs (2.7 days). Non-produc-
tive time (NPT): -1.8 days and saving time for trip-
ping to replace the bit.

4. The application of LCM pills shows a posi-
tive economic effect in Category 2 and Category
3 wells (in time reduction by up to 2 days and in
the cost of drilling mud chemicals).

5. The search for reliable mud motor systems
which allow the usage of high concentration LCM
and drill solids would allow to drill all three sec-
tions of Production casing interval in a single
stage and achieve further improvement in drilling
time and economics.

Summary

The pursuit of technological solutions to the
current problem in trap intrusion allowed Drilling
Engineering Team to look at the problem from dif-
ferent prospective. Namely, alternative casing
design implementation revealed several weak
points in the old casing design and their potential
to lead to issues like Well Control, etc. The trial of
Alternative casing design allowed to expand of
this solution to other neighbor fields once eco-
nomic upside was weighed against the cost of the
casing design. The introduction and implementa-
tion of preventative measures like drilling with
LCM solids allowed us also revisit traditional drill-
ing in fractured formations.
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OuHamuyeckoe mopanbHoOe ynpasneHue ABMKeHMeM 6eCnunoTHbIX
TPAHCMNOPTHbLIX CPEACTB B YCNOBUAX OTKPbITLIX FTOPHbIX paboT

MBaH Bnagummuposuy Ynuepun?, Bopuc AHapeeeny ®egoceHkoB’
abKysbacckull eocyOapcmeeHHbIli mexHudeckuli yHueepcumem um. T. ®. lopbayesa, 2. Kemeposo, Poccus
ABTOp, OTBETCTBEHHEIN 3a nepenucky: PegoceHkoB bopuc AHgpeesuy, rafwaveletsve@mail.ru

Pe3tome. Llenbio AaHHOTO UCCNeaoBaHUA ABMSNOCH NPEACcTaBrieHne psaaa acnekToB COBPEeMEHHOW KOHLENUuUy aBToma-
TU3MPOBAHHOIO AMHAMWYECKOrO0 MOAANbHOMO yNpaBneHNs kKapbepHbIMM BECNNNOTHBIMU TPAHCMOPTHLIMU CPEeACTBaMU B
YCNOBWUSIX OTKPbITBIX FOPHBIX paboT. B 4aCcTHOCTK, B NpOrpaMmMHO-annapaTHblii KOMMEKC, BXOASLLMIA B COCTaB rnobansHom
CTPYKTYPbI «YMHbIN Kapbep», 3anoXeHbl YCIOBUS COOTBETCTBUS (POPMbI ONPEAENIEHHbIX TEKYLLMX TPAEKTOPWiA (UX AEBU-
auuu BNEBO UNu BNpaBo OT HOMWHAMBLHON OCEBON TPAEKTOPWUM) MH(OPMALMOHHBIM «TPAEKTOPHBIMY YMpn-curHanam. B
Xof4e vccnegoBaHns Bbiny MCNonb30BaHbl METOAbI BEMBMET-NPeobpa3oBaHnini OQHOMEPHbBIX CUrHAnoB, POPMUPYIOLLMX
TekyLLmMe TpaeKkTopun 6ecnmnoTHLIX TPaHCMOPTHBLIX CPEACTB, B (hOpMaT BPEMS-4aCTOTHBIX pacnpegeneHuii knacca Koana.
CxemaTW4yHO paccMOTPEHO POPMUPOBAHNE TEKYLLIMX TPAEKTOPWI BeCnMnoTHOrO TPaHCMOPTHOTO CpeacTBa Npw WX AeBu-
auuv BneBso / BNpaBO OT HOMUHAMBHOW OCEBOW TPAEKTOPUW Ha NPSMOMMUHENHBIX M UCKPUBIIEHHbIX MapLupyTax. OTMeyeHo,
YTO OTCNEXMBAHKE TEKYLLMX TPAEKTOPUI HA KapbepHbIX MapLUpyTax OCYLLECTBNSAETCS C YHETOM XapakTepa TPaeKTOPHbIX
curHanos. CdopmynmMpoBaHo OTANYMe BBOAMMOTO B pAaCCMOTPEHWE ANHAMUYECKOr0 MOAanbHOro ynpaenexns 6ecnunot-
HOro TPaAHCMOPTHOrO CPEACTBa OT CTaTUYECKoro. B noAcucTeMbl aBTOHOMHOIO U BHELLIHETO YNpaBrieHnst BBEAEHb! dpar-
MEeHTbI, 0oToGpaxatowwme 1D-curHanbl B BeBneT-cpeae. Mpu 3TOM B aBTOMATU3MPOBAHHOW CUCTEME yNpaBneHns UCMosb-
3yI0TCA Takne anemMeHThl annapaTa BeliBneT-npeobpa3oBaxuii, kak BelBneT-yHkumm Mabopa, anroputm BevBreT-nomcka
COOTBETCTBYUS, BpeMs-4acToTHbIE pacnpefenexns knacca KoaHa. B pesynbtaTe nccnenoBanui 6einv cchopmynmpoBaHsi
KpuTEepun (popMMpPOBaHNS TEKYLLIMX TPAEKTOPUIA CUCTEMON YNpaBIieHUs B BUAE ee peakumuil Ha crnopagmnyeckue Bo3MyLLe-
HUS, BbI3BaHHbIE BO3HUKHOBEHMEM Ha MapLUpyTe CTaTUYECKUX UnK AUHAMWUYeckux npensTcTBui. Pa3paboTtaH anropntm
AVHaMUYECKOro MOZAMNbHOTO YNpaBrieHNs TEKYLLMMW TpaekTopusiMn. BBedeHO NOHATVE NPSAMbIX 1 0BPaTHbIX NEPEXOAHBIX
MpOLECCOB CUrHaNoB AeBuauuy TpaekTopuin 6ecnunoTHOro TpaHcnopTHOro cpeactea. OnucaHa npoueaypa OueHkW na-
pameTpoB MoganbHoro perynsropa. PaspaboTaH anroputm nepecyeta MaTpuubl MOAANbHOTO perynstopa B Buae Le-
MOYKM MocrefoBaTeribHO peanusyeMblx MaTpUYHbLIX npoueadyp. B saknioyeHne oTMETUM, YTO Ha OCHOBE MPOBEAEHHbIX
nccnefoBaHuin paspaboTaHa aBTOMaTU3MPOBaHHAs CUCTeMa MOAANbHOMO yrpaBneHus NpoLeccoM AeBuaLmun TEKYLMX
TpPaeKTopui, NO3BONAIOLLASA BbIMOMHATL (OYHKLMM yNpaBneHns AMHaMUKON onepaTUBHOMO 1 6e30nacHoro TpaeKTopHOro
nepemeLLeHns 6ecnmnoTHbIX TPAHCMOPTHbLIX CPEACTB MO KapbepHbIM MapLUpyTam B KOH(IIMKTHOW cpede OTKPbITbIX rop-
HbIX paboT.

Knro4vesnble cnoea: KapbepHble MapLlipyThl, 6ecnunoTHble TpaHCNOPTHbIE CPeCTBa, ANHaMNUYeCkoe MoadanbHOe ynpaB-
JNleHne, TpaekTopumn, nesmnauua, BEVBMETHI

duHaHcuposaHue: paboTa BbINOMHeHa Npu PUHaHCOBOW Mogaepkke MuHMCTEPCTBa Hayku 1 BbiCllero obpa3oBaHus
Poccuitckon ®epepauum B pamkax cornatueHms Ne 075-11-20 19-034 o1 22.11.2019 . ¢ [MAO «KAMAS3» no koMnnekcHoMy
npoekTy «PaspaboTka 1 co3faHne BbICOKOTEXHOMOMMYHOrO NPON3BOACTBA aBTOHOMHBIX TshXenbIX nnatdopm aAns 6eantop-
HOM J06bIYM MOMe3HbIX UCKOMAeMbIX B CUCTEME “YMHbI Kapbep™», npu yyactum Kysbacckoro rocygapCTBEHHOTO TEXHM-
yeckoro yHusepcuteTa um. T. ®. l'opbayeBa B YacT¥ BbINOMHEHUS HAYYHO-UCCNER0BATENLCKUX, OMbITHO-KOHCTPYKTOPCKMX
1 TEXHOMOTMYeCcKknx pabor.

BnazodapHocmu: aBTOpbI BbipaxatoT GrarogapHoCTb COTpyAHMKaM VHCTUTYTa MHAOPMALIMOHHBIX TEXHOMOMMIA, MaLLK-
HOCTpOEeHMs 1 aBToTpaHcnopTa Kysbacckoro rocyaapcTBEHHOrO TEXHUYECKOro yHuBepcuTeTa um. T. ®. Mopbayesa 3a co-
AeVicTBME B NOATOTOBKE NyGnMKaLmm.

Ana yumupoeaHus: YnyepuH U. B., depgocenkos B. A. InHammyeckoe MoganbHoe ynpasneHve ABumxeHueM becnunot-
HbIX TPAHCMOPTHBIX CPEACTB B YCMOBUSAX OTKPbIThIX FOPHbIX paboT // Haykm o 3emne n Hegpononb3oBaHue. 2021. T. 44,
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© YnuepuH U. B., depocenkos B. A., 2021

WWw.nznj.ru | 271


http://www.nznj.ru/
https://doi.org/10.21285/2686-9993-2021-44-3-271-284
mailto:rafwaveletsve@mail.ru
https://doi.org/10.21285/2686-9993-2021-44-3-271-284

Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \)

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

Original article

Dynamic modal control of unmanned vehicle
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Abstract. The purpose of this study is to present a number of aspects in the modern concept of computer-aided dynamic
modal control of unmanned quarry vehicles in open pit mining. In particular, the software and hardware module that is a
part of the “Smart Quarry” global structure deals with the conditions of matching a form of specific current trajectories (their
deviation to the left or right of the nominal axial trajectory) to information “trajectory” chirp signals. The study employs the
methods of wavelet transforms to convert one-dimensional signals that generate unmanned vehicle current trajectories
into the time-frequency distributions of Cohen’s class. The formation of unmanned vehicle current trajectories under their
deviation to the left / right from the nominal axial trajectory on straight and curved routes is considered schematically. It is
noted that the tracking of unmanned current trajectories on quarry routes is carried out taking into account the nature of
trajectory signals. The difference between the introduced dynamic modal control of the unmanned vehicle and the static
one is formulated. Some fragments displaying 1D-signals in a wavelet medium are introduced into the autonomous and
external control subsystems. The computer-aided control system uses such elements of the wavelet transforms technique
as Gabor wavelet functions, the wavelet matching pursuit algorithm, and Cohen’s class time-frequency distributions. The
research results in formulating the criteria for forming the unmanned vehicle current trajectories by the control system in
the form of its reactions to sporadic disturbances caused by the occurrence of static or dynamic obstacles on a route. The
algorithm of dynamic modal control of current trajectories has been developed. The concept of forward and reverse tran-
sient processes of signals of unmanned vehicle trajectory deviation has been introduced. The estimation procedure of
modal controller parameters has been described. The algorithm has been developed for modal controller matrix recalcu-
lation, which has the form of the chain of sequentially implemented matrix procedures. It should be noted in conclusion that
a computer-aided system for modal control of current trajectory deviation has been developed on the basis of the performed
research. It enables to implement the functions of controlling the dynamics of technological and safe movement of un-
manned vehicles along the quarry routes in a conflict environment of open pit mining.

Keywords: quarry routes, unmanned vehicles, dynamic modal control, trajectories, deviation, wavelets
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BeeneHue

[Ans yctonunsoro n aheKTUBHOro pa3BnTus
FOPHbIX TEPPUTOPUI, Ha KOTOPbIX pPasMeLleHbl
FOPHOPYAHbIE NPeanpuUaTUs, B TOM YUCIE Yrofb-
Hble W pyaHble pa3pesbl ANs OTKPbITON 406bIYM
MOMe3Horo 1CKoMaemoro, BeCbMa BaXHbIM (pak-
TOPOM SBASIETCS BHEAPEHWE HOBEWLLEN FOPHO-
TPAHCMOPTHON TEXHUKWU, K KOTOPOW OTHOCUTCH
nonyvawulee Bce bonbluee pacnpocTpaHeHue
aBTOHOMHOE TpaHcnopTHoe obopyaoBaHue U B

nepayto odepedb 6ecnunoTHbIe aBTocaMocBansl
BonbLwon 1 cBepx60sbLION rPy30N0AbLEMHOCTM.
B cBS3K C 9TUM Hay4Has TeopeTnyeckas u npak-
T4yeckas OpMbl MCCrnefoBaHUA NOBeAEeHNS Ta-
koro poga OBObEKTOB B KOHMNMKTHOM cpeae
NPeACTaBnAT COBON Ype3BbIYANHO aKTyasibHble
acnektbl  (OYHKUMOHMPOBAHWUS  COBPEMEHHbIX
NPOU3BOACTBEHHbIX CUCTEM.

B npefcraBneHHOM uccnegoBaHun paccMoT-
PEHbl MPUHLMNBI AMHAMUYECKOTO MOAanbHOro
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ynpaBrieHus  nepeasuxeHnemM  6ecnunoTHbIX
TpaHcnopTHbIX cpeacTs (BTC) [1-5] no npsimbim
W UCKPUBINEHHBIM TEXHOMOMMYECKUM MapLupyTam
B Kapbepax B YCIOBUSAX OTKPbITbIX TOPHbIX
pabot. TexHonornyeckne mapLupyTbl 3afalTCs
B TaK Ha3blBaeMOM ¢hopmate cnnanH-hpenmoB
(S-tbpenimoB) [6, 7], TO ecTb B hopmaTe nosioc
ABWXEHWS B BUAE UCKPUBIEHHBIX (BbINYKIIbIX MK
BOFHYTbIX) CMlaiH-OKOH.

Marepuanbi u metoAbl
nccnenoBaHuA

PaccmoTpuM BoMpockl, CBA3aHHbIE C Xapak-
TEpUCTUKaMN CUrHamnoB, POpMMpPyEMbIX B NpO-
rpamMMHO-annapaTHoOM KOMMMeKce npou3Boa-
CTBEHHOMN CTPYKTYpbl «YMHbIA Kapbep» M oTpa-
Xalowmx AMHAMUKY Tekywmux Tpaektopuin (TT)
BTC Ha TexHONOrM4yecknx mapLipyTax.

B AupekTopusx nporpamMmHo-annapaTHoro
KOMMMeKca 3anoXeHbl YCNOBMS COOTBETCTBMUS
AMHamuKu onpegenexdHon TT, To ecTb ee feBua-
UMM BneBo / BNpPaBO OT HOMMUHANbLHOW OCEBOW
Tpaektopun (HOT), WMHGOPMALMOHHBIM «Tpa-
eKTOPHbIM» CUHYCcOMAanbHO MOLOOHLIM CUrHa-
nam X(t): BneBo — curHan ¢ nagatoLei MrHoBeH-
HOW 4acToTOW, BNpaBO — C Bo3pacTawowen. B
Teopun 006paboTkM CUrHaNMBHOM WMHGOPMaLMK
Takoro pofa CurHanbl UMEHYHTCA «4npn-curHa-
namuy [8, 9], To ecTb curHanamu, U3MeHsLU-
MUCSi C MFHOBEHHON BPEMSs-3aBUCUMON 4acTo-
TOW.

Ha puc. 1 Ha npsamom S-hpenme u3obpa-
XEeHbl ABe AeBuaLunoHHble TT ¢ ykasaHuem nps-
MbIX (oTknoHsowmxca ot HOT) u obpaTHbIx
(BosBpaLatowwmxca k HOT) TT. B nporpaMmHo-
annapaTtHOM KOMMJeKce, BXOASLWEM B COCTaB
aBTOMaTM3MPOBaHHOW CUCTEMbI AWUCNeTYepu3a-
LMK CTPYKTYPbl «YMHBbIV Kapbep», NPsSMbIM 1 06-
paTHbIM MepexofHbIM npoueccaM, Kak ykazaHo
BbllLe, CTaBATCA B COOTBETCTBME OOHOMEPHbIE
(ckansipHble) MHGOPMALIMOHHbIE YMPN-CUrHATbI —
curHansl x(t) ¢ Bpemsi-3aBucumon yactoton. o
XapaKTepy 3TUX CUTHamNoB, a TaKkke No UX MHOrO-
MepHbIM BeBneT-oTobpaxeHusm [8, 9] B noacw-
cTeMax BHellHero (B cocTaBe aBTOMaTu3upo-
BaHHOW CUCTEMbI AMCNEeTYEpU3aLmnmn) 1 aBTOHOM-
Horo (ycTaHoBneHHoro Ha 6opty BTC) ynpasne-
Hua (MCBY u MNCAY) ocywecTenseTtcst npouecc

2021;44(3):271-284

dopmupoBaHus n otcnexunsanna TT nepemelte-
Hua BTC no cooTBeTCTByIOLWEMY MapLipyTy B
Kapbepe.
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Puc. 1. Cxema 803HUKHOBEHUSI 803MY W €HHbIX
npsiMbix (GesuayUuoHHbIX) U hopmupoeaHus
0b6pamHbIx 80occmaHaeiugarouuUx mpaekmopuu
6ecnusomHo20 mpaHcrnopmHo2o cpedcmea
Ha npsiMoM y4acmke S-¢hpelima npu yxode
meKyujux mpaekmoputii 8Jiego u ernpaso
0m HOMUHaJllbHOU oceeoli mpaekmopuu
Fig. 1. Diagram of origin of disturbed forward
(deviation) trajectories and formation of reverse
restoring trajectories of an unmanned vehicle
on the straight section of the S-frame when
a current trajectory moves to the left and right
of the nominal axial trajectory

lMpuHyun ~ cmamuyecko2o  M0o0asbHO20
ynpaeneHus. CTaTuyeckoe mogasibHoe ynpasne-
Hue [10-12] noagpasymeBaeT NpUHyAMTENbHOE
pa3meLLeHne nosncoB 0bbekTa ynpasneHns Ha
KOMMSIEKCHOW NIOCKOCTU C MOMOLLbIO MaTpuLbl
NonHon obpaTtHoM cBA3M No cocTosiHuio [10, 12].
O6beKTOM ynpaBneHnsa 34ech SABNAETCA CUrHan
o TT BTC Ha mapuwpyTe. MNpuHyauTensHoe pas-
MeLLEHWe MOMCoB HeobxoauMo Ans yaoene-
TBOpeHns TpeboBaHus obecneynTb COOTBET-
CTBYIOLLEE KayeCTBO perynupoBaHus [11, 12], To
ecTb hopMupoBaHue onpegeneHHon TT Ha
MapLupyTe.

MpuHyun  QuHamuyecko20  MoOasIbHO20
ynpasneHus. OTNn4YMe AUHaMU4ecKoro mogarsb-
HOro ynpaBfeHusi OT CTaTU4ECKOro COCTOUT B
TOM, YTO BO BPEMSI NepexoHoro npotecca npo-
MCXOOWT CMEHa nokanusauum psga nontcoB Ha
KOMMIEKCHOW NIIOCKOCTU, TO eCTb nepedopma-
TUPOBaHWe CO3BE3OWS MNOMCOB. JTO, B CBOK

1 SAE J3016. Taxonomy and definitions for terms related to driving automation systems for on-road motor vehicles: ground
vehicle standard. SAE International, 2016. Issued: January 2014; revised: September 2016. 30 p.
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oyepefb, BeAeT K BapbMPOBaHUIO KayecTBa pe-
rynMpoBaHWs B CBA3WN C M3MEHEHUEM XapakTepa
MEPEMEHHBIX COCTOSHMSA [12] obbekTa ynpasne-
Hua. Takoe BapbupoBaHWe obycnosnuneaeTcs
AVHaMUYECKUM U3MEHEHNEM 3HAYEHWIA dneMeH-
TOB MaTpuubl obpaTHoM cBsi3n. MNogobHoe anHa-
MUYecKoe U3MeHeHve hopMbl CO3BE3ANS NOSHO-
COB NPMBOAWT K AMHAMUYECKOMY W3MEHEHMIO
TTBTC.

®opmuposaHue 0esUAUUOHHbIX MEKYWUX
mpaekmoputl. PaccmoTpum nogpobHee npouecc
opmupoBanua TT npu ux gesnaumsax ot HOT.

Ha puc. 1 npuBeaeHbl cnegytowme o603Ha-
yeHus: LSF (local spline frame) — nokansHbIn S-
tpenm; LSSF (local sub-spline frame) — nokanb-
HbIN cy0-S-bpeiim; AT — aBTOHOMHas Tsxenas
nnatgopma (bTC); HOT — HommnHanbHas oceas
Tpaektopus aswxeHus ATIT; LFTP / RFTP (left
forward transient process / right forward transient
process) — COOTBETCTBEHHO MpsiMble Mepexoa-
Hble npoueccbl gesuaumn TT asuxkenus BTC
Bneso / Bnpaso ot HOT; LRTP / RRTP (left re-
verse transient process / right reverse transient

.
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process) — COOTBETCTBEHHO 0bpaTHbIe nepexod-
Hble npouecchbl BoccTaHoBnennst HOT npu gesu-
auum TT gemxenuns 6TC Bneso / Bnpaso ot HOT.

Ha puc. 2 B coBMeLLeHHOM BUEe CXeMaTUyHO
n3obpaxeHbl UCKPUBNEHHbIE S-dpenmbl ¢ TT,
yxogswmmu Bneso u snpaso ot HOT. Cnnow-
HbIMW TOHKAMMW NUHWUSMKU M306paxeHbl aBe nu-
Hunm HOT pBmxenunsa BTC.

Ha dparmeHte S-thperma, yxogsuiero no
KPMBOW BMNpaBo, To4kamu Ar 1 Br OTMeYEHbI TOYKM
nepernba curHana neBow 1 NpaBovi NPSIMON Tpa-
€KTOpuK, a Toukon E; — Touka nepernba Ha npa-
Bon obpaTHOW TpaekTopun. Ha mapupyTe ¢ ne-
BbIM UCKPUBIIEHWEM aHaslorMyHble TOYKW nepe-
rmba Ha NeBON M NPaBOV NPSIMON TPAEKTOPUSX —
3T0 TOYkM Al 1 By, a Toukon C; oTMeYeHa To4Ka
nepermba Ha npaBov NPAMON [EBMALMOHHON
TpaekTopuun. Toukn nepernba Ha TT ygosneTso-
PSAIOT TPaekTopusiM, (OPMUPYEMbIM B COOTBET-
CTBUM C anepuvogmuyeckum npoLieccoM BTOPOro
nopsaka [11, 12]. K Hum otHocsATea TT ¢ curHa-
naMmu, COOTBETCTBYIOLMMUW NEBLIM MPSAMOMY U
obpaTHOMY nepexofHbIM npoueccam, a Takke

Puc. 2. UckpueneHHble S-ghpeliMbl ¢ MeKywuMu mpaeKmopusiMu, yxo0swWumu eJiego U ernpaeo
om HOMUHaJlbHOU oceeoli mpaekmopuu, u3obpaxeHHble 8 coeMelweHHOM sude
Fig. 2. Curved S-frames with current trajectories moving to the left and right
of the nominal axial trajectory shown in a combined form
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npaBoMy MPSIMOMY Ha MapLupyTe C NeBbIM UC-
KpmBneHneMm. Ha maplipyTe € npaBblM UCKPUB-
NeHveM No anepuoanmyeckoMy npoLeccy BTOporo
nopsigka (opMmMpyeTcs TPAeKTOPHbIN CUrHasn Ha
neBoM npsMom yyactke TT, a Ha npaBon LeBua-
LIMOHHOW TpaeKkTopuu — Ha ee NpsiIMOM u obpar-
HOM y4acTKax.

Toykn akTMBauUMM npouedypbl MOOanbHOro
ynpasneHus — 310 Touku Cr u Dy Ha nesow v npa-
BOW TPAEKTOPUSX COOTBETCTBEHHO. TOYKM aKTu-
BaLWW MOJANbLHOrO yNpaBneHns Ha AeBUaLNOH-
HblX TT BTC Ha maplpyTe C neBbIM UCKpUBIe-
HMeM oTMeyeHbl Kak Dy n Ej cOOTBETCTBEHHO Ha
TT, oTknoHmBLLeiics Bneso / Bnpaso ot HOT.

O6paTHbIi NEPEXOAHBIA NMPOLECC B peXnMe
MOJanbHOro ynpaeneHus Ans neson Aesuauu-
OHHOW TpaekTopun Ha S-hperime C nNpaBbIM UC-
KpMBneHneM, (opmMmpyembli B pexmme anepumo-
AMYeCcKOoro npouecca nepeoro nopsgka, MMmeet
TaKoW e xapakTep, Kak 1 Ans npaBow aesuauu-
oHHOM TT Ha S-hpenme ¢ NeEBLIM UCKPUBIIEHWEM.

C uenbo MHpopMaTUBHO NOMHOW U CEMaHTH-
Yyecku npoapayHon obpaboTku curHanos B NCAY
n NCBY B nporpaMMHble KOMMMEKCHI NOCNEAHNX
BBEAEHbl oparmeHTbl, obecneuymnsatowme op-
MUPOBaHWe BeWBneT-npeobpa3oBaHNn ¢ MX
anemeHTamu: BemnBnet-pyHkumamu [9, 13-15],
anropuTMOM BeWBET-NoMCKa COOTBETCTBUS [9,
16], KBagpaTW4HbIMW BeWBReT-pacnpeseneHun-
amu knacca KoaHa [9, 17-19].

Pe3ynbTathl MccnegoBaHus
n ux obcyxpeHue

[NepexodHbie npouecchl 8 cusHanax desua-
YUOHHbIX meKywux mpaekmoput. Cnegyet oT-
METWUTb, YTO hOPMUPOBAHME OEBUALMOHHBLIX TT
0byCcnoBneHo BO3HWUKHOBEHMEM Ha paboyem
MapLLpyTe AMHAMMUYECKOro NPensaTCTBUS, Hanpu-
Mep B BuAe rpynnbl MOYLWMX MIOAEN, CTaLMoHap-
HOro NPenaTCTBUA TWNa BPEMEHHO YCTaHOBIIEH-
HbIX CPEOCTB OCBELLEHUS, 3NEKTPOTEXHUYECKMNX
pacnpegenuTensHbIX YCTPOWCTB C BO3AYLIHbIM /
kabenbHbIM OTBEAEHMEM UMK NEeXalux Ha Jo-
POXHOM MOSOTHE HerabapuTHLIX KyCkoB nopoabl /
yros.

O61besn TpaHCMOPTHBIM CPEACTBOM ANHAMU-
YECKOro MUnu cTaTU4eckoro NPensTCTBMS BbINON-
HAETCS C YY4ETOM CneayoLwmx NonoXeHUN.

1. Curnan gesuaunoHHon TT paccmatpuvBa-
€TCS COCTOALLUMM U3 ABYX YHACTKOB (NEePEXOHbIX

2021;44(3):271-284

NPOLLECCOB): HAYaslbHOrO yyacTka TpaekTopuun B
BUAE NPSMOro NepexofHoro npouecca u KoHey-
HOro — B BMAe 06paTHOr0 NepexogHoro npo-
Lecca. HavanbHbI y4acTOK TPAeKTOPHOro Cur-
Hana npeacTtasnseTr cobon aBTOHOMHO-Cropa-
OVYECKUA NPOLECC, KOHEYHbIn — MNPUHYAMn-
TenbHO-MOAAanbHbIN.

B 3aBucumocTn OT CTOpOHbI 06be3ga npe-
NATCTBUA OLHOMEPHbIN TPAEKTOPHbLIN YMPN-CuUr-
Han dopmmpyeTca Nnbo ¢ nagaroLiet MrHOBEH-
HOW 4acToToW (puc. 3), YTO COOTBETCTBYET OT-
knoHeHuto TT Bneso ot HOT, nubo ¢ Bo3pacTa-
towien (puc. 4) — npu atom TT BTC oTknNoOHsETCS
Brnpaso oT HOT.

Ha puc. 3, a nokasaH npsiMoi NepexoaHbli
npouecc Ana gesuauuMoHHon Tpaektopum BTC
npw ee oTknoHeHunn Bneso ot HOT B LeHTpupo-
BaHHOM BWUe; 30€eCb Xe NpeacTaBneH PEeKOoH-
CTPYMPOBAHHBIN NO anropuTMy BeWBET-Noucka
cootBeTcTBuA (BI1C-anroputMy) TpaekTOpHbLIN
CUrHan aToro pexuma, a Takke owmnbka annpok-
cumaumu. pn aTOM curHan npsiMoro nepexog-
HOro Npouecca UMeeT BUA YMpn-CurHana ¢ naga-
loLLEeN BpeMs-3aBMCUMON MITHOBEHHOW YacTOTOW.
Ha puc. 3, b npuseaeHa kapta BurHepa (Bpems-
4yacToTHoe pacnpefenexue Burhepa) [9, 16, 20]
aTOro Npouecca.

Ha puc. 4, a npeacrasneH npsamMoun nepexoa-
HbIN npouecc ansa gesuaunonHon TT BTC npu ee
OTKMoHeHuu Bnpaso oT HOT B LLeHTPUMPOBAHHOM
BUAE; 30eCb Xe — PEKOHCTPYWMPOBAHHbIA Tpa-
€KTOPHbIA CUrHan aToro pexumma u owmubka an-
npokcumaumu. MNpu 3ToM curHan npsiMoro nepe-
XOZHOro mpouecca UMeeT BuA Yvpn-curHana c
BO3pacTalolen Bpems-3aBUCMMON MTHOBEHHON
yactoton. Ha puc. 4,b npuBegeHa kapTa
BurHepa nepexogHoro npouecca B BUAe BpeEMS-
4aCcTOTHOrO pacnpefenexHus.

Ha BevBnet-kapte (W-kapTe, cMm. puc. 4, b)
ovHamukn TT BTC nokasaH 3acrKCMpOBaHHbIN
3KCNepMMEHTaNbHO BOCXOAALMIA NPSAMON nepe-
xoaHbIn npouecc (BMMMM), To ecTb aBTOHOMHO-
cnopaguyeckun  (ACIIM), npu  peanusauuu
HaYyanbHOro yyactka aesmaunordHon TT BTC npu
ee OTKnoHeHun Bnpaso ot HOT B dopmate
BemBneT-pacnpegeneHns Burdepa. B wuacTtHo-
CTW, NPX 3TOM MrHOBEHHAs 4actoTa YMpn-Cur-
Hana nepexogHoro npolecca MeHseTcs B Aua-
nasoHe 3,24-6,13 I,
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Puc. 3. OOHOMepHbIl mpaeKmopHbIU cuzHan onsA desuayuoHHOU mpaekmopuu 6ecnusomHo20
mpaHcrnopmHo20 cpedcmea fnpu ee OMKJIOHEHUU 8/1€80 OM HOMUHaJIbHOU ocesoll mpaekmopuu:
a — UCXOO0HbIU cugHar, €20 annpoKcuMayus u owubka annpokcumayuu;

b — kapma BuzHepa cuzHana 8 nepexodHOM pexume
Fig. 3. One-dimensional trajectory signal for the unmanned vehicle deviation trajectory
when the latter deviates to the left of the nominal axial trajectory:

— initial signal, its approximation, and approximation error;
b — Wigner map of the signal in the transient mode
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Puc. 4. OOHOMepHbIll mpaeKMOpPHbIU cuzHan ons desuayuoHHOU mpaekmopuu 6ecnuiomHo20
mpaHcrnopmHoeo cpedcmea npu ee OMKJIOHEHUU 8MPaso 0m HOMUHabHOU ocegoll mpaeKmopuu:
a — UCXOO0HbIU cuzHar, e20 annpokcumMayus u owubka annpokcumayuu;

b — kapma BuzHepa cuzHana 8 nepexodHoOM pexume
Fig. 4. One-dimensional trajectory signal for the unmanned vehicle deviation trajectory
when the latter deviates to the right of the nominal axial trajectory:

— initial signal, its approximation, and approximation error;
b — Wigner map of the signal in the transient mode

Kpome Bpemsi-4acTOTHOro pacnpegenexus
BN, koTopbld BbI3BaH BO3OENUCTBMEM HA
MNCAY BTC cnopagn4eckoro Bo3myLleHus, 0by-
CMOBIEHHOrO HanMyMeM Kakoro-nmbo npensar-
cteust Ha nyt1 BTC, Ha W-kapTe B COBMELLEHHOM
BUAE TaKkKe 0TOOpaXeHbl BpEMSA-4aCTOTHbIE pac-
npegenenus TT BTC, ABMKyLWMXCA NO NPSMbIM
TPaeKTopMsIM, KOTOpble COOTBETCTBYIOT Tpa-
eKTOpHbIM curHanam (TT-curHanam), To ecTb
curHanam, COOTBETCTBYHOLWMM AuHamuke TT, ¢
yactotamu 2,5 1 2,03 'y. Kpome Toro, 3geckb xe

npeacTaBneHbl BpeMs-4acToTHble pacnpeaene-
HUA CWUrHanoB, onpeaensowmx asmkenne bTC
No NPsSIMbIM TPAEKTOPUAM B CTapT-CTOMHbIX pe-
Xumax Ha vactotax 0,99 n 0,82 'y npu npeogo-
NeHMn NpPensTCTBUA B BuAe BbIOOWMH, KOYEK K
TOMY NoAobHbIX yxaboB 6€3 N3MEHEHUS Tpaek-
TOPUK NEpPEMELLEHNS.

OTmeTnM, 4TO BOCXOASLLMIA 0BpaTHbIN nepe-
xoaHbi npouecc (BOIM), To ecTb npuHyau-
TenbHo-moganbHbln (MMIMT), npuHAT B aBTOMa-
TW3MPOBAHHOW CUCTEME MOLANbHOIO YpaBneHns
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TakuM xe no gpopme, yto 1 BIMMI Ha HayanbHOM
yyactke TT BTC, ¢ uenbto hopMmpoBaHus npo-
LIeccoB, BOCCTaHaBNMBAOLWMX HOMUHANbHYO TT
BTC, B ecTeCTBEHHOM BMAE — C TOYKM 3PEHUSA
(PYHKLMOHMPOBAHMS 3NEKTPONPUBOLOB XOL40BOM
yacTu.

2. Boibop aBTOMaTM3MPOBAHHOW CUCTEMOMN
(ee komnnekcamu MCBY wnu MNCAY) HanpaBne-
HMs 0b6be3ga (Bneso / BNpaBo OT NPENnATCTBUSA)
OCyLLeCTBNAeTCA Npu napameTpax, npuBeneH-
HbIX Ha puc. 5: 3gecb W — (opoHTasbHbIN pa3Mep
npenaTcTBUs; Fmin — MUHUManNbHOE paccTosiHWe
Ha BuMOe B NnaHe mexay nepefHum Bamnepom
BTC u 6nuxanwen K HeMy AONYCTUMOW TOYKON
npenaTcTeBus; Ar — TOYKa akTuBaumu npouecca
MOZanbHOro ynpasneHus; V — pacctosHue oT
nuHum HOT o npaBon kpaiHen ToYKu npensT-
CTBUS Ha ero ppoHTansHon npoekumu; ACIIIM —
aBTOHOMHO-CNOPaAMYeCcKnin NepexofHbli Npo-
Liecc (CooTBETCTBYET HayanbHOMY y4acTKy AeBu-
aunoHHon Tpaektopuu); MMM — npuHyawn-
TeNbHO-MOAAMbHbIA (COOTBETCTBYET KOHEYHOMY
y4acTKy AEBUALMOHHON TpaekTopmmn). AKTBaLMS
NPWHYAUTENBHO-MOAANIBHOrO MpoLecca BO3HU-
KaeT B TOYKE MaKCUManbHOro OTKIIOHEHUS X(f)max
LEBUALMOHHON TPAEKTOPUM NOZ BIIUSIHUEM aBTO-
HOMHO-CMOPaanN4eCKOro BO3MYLLEHMS.

Mpn ukcauum nugapHo-pagapHO-CoHap-
HbiM y3nom MNMCAY BTC kpuTepranbHOro 3Have-
HUS PaCcCTOSHUS [0 NPenaTcTBus Fmin CcUCTEMA
MPOBEPSIET BbINOSIHEHNE COOTHOLEHWI: V < W/2 —
B 9TOM cfnyyae 06be3q BbIMOMHSAETCS cnpaea,
nnn 'V > W/2 — obbe3q cnesa.

Mpun obbesge npenatcTBusa 6ecnunOTHUKOM
MNMCAY topmmpyeT AEBUALIMOHHYIO TPAEKTOPUIO
B COOTBETCTBUM C anepuognyecknumM npoLeccom

Chicherin I. V., Fedosenkov B. A. Dynamic modal control of unmanned vehicle movement... |
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BTOpOro nopsaka [11, 12, 16], obecneunBas Tem
caMblM NIaBHOCTb U akKypaTHOCTb 06be3aa. MNo-
nobHas hopma 06be3ga AaeT BO3MOXHOCTb U3-
Bexatb ctonkHoBeHuss BTC ¢ 6optom yctyna,
HaxoAsALWMMCS cnpasa, a 419 BO3BPaTHOro [ABM-
xeHusa BTC B 3aboit unu gns sBctpeyHoro 6ecnu-
NOTHOro aBTOCaMocBana — nafeHus ¢ ycryna.

Kak ykaszaHO Bbllle, Ha puc. 5 cxemaTuyHo
nokasaHa TpaeKTopusi, KOTOPY (PopMUpyeT cur-
Han MMM, OkoH4YaHne Takoro obpaTHOro npo-
Lecca MKCupyeTcs B MOMEHT perncTpaumm 3Ha-
4yeHuss owmnbKn paccornacoBaHus curdana TT ¢
curHanom-nuHnen HOT B kopugope 5 % oT 3Ha-
YEHUs1 TPAEeKTOpPHOro curHana X(t)max B MOMEHT
aKTUBaLMK npoLiecca MOAAnNbHOro ynpasrieHus.

MNpn Havane npouecca gesuauun TT BTC,
BbI3BAHHOrO aBTOHOMHO-CMOPaAUYECKUMN BO3-
MYLLEHMSIMIU, HEOOX0AMMO 06EeCcneynTb CHIKe-
Hue ckopocT BTC no obpaTHoi 4BYX3KCMNOHEH-
LiMasibHOM 3aBUCMMOCTU (BHaYane — MeasieHHoe
CHWXEHWe, 3aTeM NadeHue LOCTUraeT CBOEro
MaKCMMasbHOrO 3HavyeHusl, Mocne 4ero Temn
CHUXEHUS CKOPOCTU — ee Mpou3BOAHas — na-
[laeT; CKOPOCTb NpU 3TOM CTabuUnusmpyeTtcs Ha
HOBOM, MOHWKEHHOM YPOBHE).

3amMeTuM, 4YTO pe3Ko M3MeHSATb ckopocTb BTC
B MOMEHT Havana Aesmauum (Hanpumep, Ha4atb
thopmmpoBaTth e No TMNy NepexogHoON xapakTe-
PUCTWKKM, COOTBETCTBYIOLLEN anepuognmyeckomy
3aKOHY NepBoro nopsiaka) Henb3s, Moo ato byaer
03HavyaTb peskoe TopmoxeHne BTC B MOMEHT
Hayana obbesga NpensaTcTBMS, YTO MOXET Mo-
BfieYb 3a coboV BO3HMKHOBEHWNE BO3MYLLEHUN B
BUAE OnacHoro kpeHa / onpokuapiBanus BTC, a
Takxe HeraTMBHOrO BO3EWCTBUS Ha NepeBo3u-
MbIVA TPY3 U NaccaxupoB.

'_\ F N
W (_/ W2
@ \ - [ \J( 0-5 % X{t)max
Val NN Y
HOT N
P - \\{\_ = (s MMIIN
[

ACTMN

Puc. 5. Cxema e3aumMHO020 pacrosioxeHusi 6ecrnuiomHo20 mpaHCcMopmHo20 cpedcmea
U npensimcmeusi Ha €20 Mymu ¢ HaJl0XeHHbIM u3o6paxeHuem npaeoli deguayuoHHOU mpaekmopuu
Fig. 5. Diagram of relative position of the unmanned vehicle
and an obstacle in its way with the overlay image of the right deviation trajectory
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B MOMeHT akTuBauum npouecca MoaanbHOro
ynpaeneHus ckopocts BTC moxeT 6biCTpo BO3-
pacTtaTb — Npu NeBon AeBuauum — no anepuoau-
4yeckoMy npoueccy nepsoro nopsgka [11, 16],
4TObbl 13bEexaTb CTONMKHOBEHWUS CO BCTPEYHbIM
BTC. Ho ckopocts BTC mMoxHO yBenuuueaTtb u
Bonee nnaBHO — Korga nuaapHo-pagapHo-Co-
HapHbIi y3en 6opToBon nogcuctemsbl NMCAY He
obHapyxwusaeT BcTpeyHoro BTC wunu gpyroro
TpaHCNopTa Ha 3Ha4YUTESIbHOM PaCCTOSHUM (Kpu-
TEPUN 3TUX NOHATUI B 3aBUCUMOCTU OT TEKYLLEN
mrHoBeHHow ckopoctn BTC Beoasatcs B [TICAY u
MNCBY anpwvopw) ot paccmaTpusaemoro 6TC.

Mpu npasowt gesunaummn TT BTC ot HOT B Mo-
meHT aktuauum ACIIM ckopocte BTC MoxeT
CHUXAaTbCA OTHOCUTENIbHO BbLICTPO (B COOTBET-
CTBMW C anepuonyeckuMm npoLieccoMm MnepBoro
nopsigka), ecnu pasmep V « W/2 (cm. puc. 5).
OTO O3HayaeT, YTO AeBMauuss Ha HavanbHOM
yyactke TT BTC 6yaeT He3HauMTENbHON OTHOCH-
TensHo HOT. TMIMM, cBA3aHHLIN C yBenuye-
Huem ckopoctn BTC, MOXHO npu 3TOM MPOBO-
AnTb No Nbomy 13 AByX cLieHapueB: BbiICTpoMy
UnNu MegneHHoMmy.

B cnyyae xe V <= W/2 BTC Takke AOMKHO
CHUXaTb CBOK CKOPOCTb, HO BCIEACTBUE BbIHYX-
LEHHOro KpyTOro NpaBoro NoBopoTa Ha Havasb-
HOM y4acTke (B nepexogHom npouecce ACIIIM) —
Bonee nnaBHO, B COOTBETCTBMM C anepuoguye-
CKMM npoueccoM BToporo nopsigka. MMM gon-
XEH NpoTekaTb N0 anepuoanmyeckoMy npoueccy
NepBOro nopsiaka, npu aTtom 6ornee CKOPOCTHON
Bo3gpaT TT BTC k nuHumn HOT nossonset n3be-
XaTb CTOMKHOBEHMS C npaBbiM BOpTOM ycTyna
WnNu nageHus ¢ ycTyna npyu npoTUBOMOMOXHOM
pacnonoxeHun 6opta. Mpn NPOTUBONONOXHbIX
COOTHoLEeHnAX V 1 W/2 cuctemoit hopmupyeTcst
curHan Ha obbesa NpensTCcTBUSA CreBa.

Anieopumm ynpasieHus mekywumu mpaek-
mopusamMu  6ecnuiomHo20  mMpaHCcrnopmMHo20
cpedcmea. YnpasneHue npoueccamv AUHaAMM-
yeckoro hopmupoBaHus TT BTC B aBTOMaTuau-
POBAHHOW CUCTEME NPOW3BOAUTCH B BeWBIET-
cpeqe [4]% Ha ocHOBe anropuTMa AUHaMU4YecKoro
mMoZanbHoro ynpasneHnus (puc. 6). Cnegyet oT-
METUTb, YTO B 3TOM anropuTMe NOMMUMO MPUHY-
AMTENbHO-MOZAsbHbLIX — Npouedyp  3anoXeHbl
Takke W npoueaypbl peanusauuy aBTOHOMHO-
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Ccropagu4eckmx nepexoaHbIX NpoLeccoB ¢ nx 06-
paboTkon B BenBnet-cpeae. Mpu aTomM pesynb-
TaTbl 06paboTkK Aanee ncnonb3yTesa Ansa gop-
MupoBaHus npeactoswero MMM, Uenbto aaH-
HOro anropuTMa ABNseTca AuHamuyeckoe ¢op-
MUpPOBaHME NPAMOro 1 06paTHOrO NEPEXOaHbIX
npoLeccoB curHanos gesuauun TT BTC.

Ha puc. 6 npuBeaeHa 6rnok-cxema anroputma
MOZarnbHOro ynpaeneHus npoueccom opMmupo-
BaHns TT BTC. 3gecb 0603Ha4YeHWsI TaKoBbI:
W-kapTa — popmat oTobpaxeHunn 1D-curHanos
B BuAe pacnpegenenui knacca Koaxa; 3MXY -
anektponpueog xogoson yact; HOT — HomMuHanb-
Has oceBasi Tpaektopus; TT — Tekywlas(-wme)
Tpaektopus(-pumn); TT-curHan — TPAEKTOPHbIN
CUrHan, To eCTb CUrHam, COOTBETCTBYIOWMNA Au-
Hamuke TT; Q¢! — obpaTHas maTtpuua ynpaens-
eMoCTH; fg — yacToTa TpaeKTOpHOro curHana npu
nesvauuu TT; Ug — TekyLlee HanpsikeHue, noga-
BaemMOe Ha 3MeKTponpuBOo4 XOOOBOW 4acTu;
BTC — 6ecnunotHoe(-Hble) TpaHCNOPTHOE(-Hble)
cpenctso(-Ba).

B 6nokax 1 n 2 COOTBETCTBEHHO MPOM3BO-
OATCS perucTpaums HOMUHANbHOTO pexuma u
€ro MHOromepHoe oTobpaxeHune B BuAe KapTbl
BurHepa (W-kapTbl). B 6noke 3 ocyuiectensercs
3afjaHue periMa a1 HOMUHAMNBHOTO pexumMa
nswxenuns BTC. Mpoueaypa B 6110ke 4 oTBeYvaeT
3a pasrpaHuyeHve ABYX TUNOB NPAMbIX Nepexoa-
HbIX NPOLIECCOB: BO3HUKHOBEHME 3hheKTa aBTo-
HOMHO-cnopagunyeckon gesuaummn TT BTC nubo
Bneso oT HOT (Bbixog «ga»), nmbo Bnpaso (Bbl-
X0[4 «HeT»). B 6nokax 5, 17 npounssogutcs perv-
cTpauusi O4HOMEPHOro TPAEKTOPHOrO YMPMN-Cur-
Hana BTC, COOTBETCTBYHOLIEro NEPEXOLHOMY
npoueccy aesuauumn TT oTHocutensHo HOT co-
OTBETCTBEHHO C Nafalwlen M Bo3pacTawoLen
yactotou. [pn atom B nepeom cnyyae TT oTkno-
HseTCsa BNeBo oTHocuTensHo HOT, BO BTOpPOM —
BnpaBo. B 6nokax 6 n 18 cuctemon BbINOMHNA-
toTca onepauumn pacyeta W-kapT BO3MYLLEHHbIX
PEXMMOB 1 DrKCaLMS NX OTOBPaKeHUIA OTHOCU-
TENbHO HOMUHanNbHbLIX perMoB. B npouenypax
6nokos 7-10 ans neson gesnaumm TT n 6noka
19 Ans npaBon peanuayTcsa onepawuy no onpe-
penexHnto napametpos BOIMM, To ectb NOCToOsH-
HbIX T1 1 T2(CM. puc. 6), 1 HUCXOASALLEro 06paTHOro
nepexogHoro npouecca (HOMMM) (noctosiHHow T).

2 SAE J3016. Taxonomy and definitions for terms related to driving automation systems for on-road motor vehicles: ground
vehicle standard. SAE International, 2016. Issued: January 2014; revised: September 2016. 30 p.
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Bnokun 11 n 20 oTBeYaloT 3a BbINOMHEHWE pacye-
TOB NapaMeTpoB MoJasbHOro perynsartopa (ane-
MEHTOB Matpuubl K B Lenu obpartHoi cBsA3n no
cocTosiHuio). B 6nokax 12 n 21 peanusytotcs
npoLiecchl MOAENMPOBaHUS 006paTHbIX Nepexoa-
HbIX MPOLECCOB B 3aMKHYTOWN CUCTEME aBTOHOM-
HOro yNpaBneHnsa ¢ ModanbHbIM perynsatopom. B
6nokax 13 v 22 BbINOMHAETCS onpeneneHne Te-
KyLLEro HeCTaLMOHAPHOro HaNPSXKEHUS Ha 3MeK-
Tponpusoae xogoson Yactu BTC. B 6nokax 14,
23 n 15, 24 nponsBoaaATCAa onepawuu no npeob-
pa3oBaHuio B Lncpo-aHanorosom npeobpasosa-
Tene uMpoBOro curHana HanpskeHus B aHasno-
roByto oopMy M nogave HanpspKeHus 3NeKTpo-
npvMBOA4a XOA4OBOM YacTu Ha GNOK ynpaBfeHus.
®yHKuMM 6110koB 16, 25, 26 1 27 3aKknoyaTCcs B
BoccTaHoBneHun HOT ansa BTC.

OueHka napamempos mMo0arnbH020 peayrs-
mopa. Pa3paboTtaH anroputMm nepecyeta mat-
puULbl MOAANbLHOTO perynsaTopa B BUAE LEMOYKM
nocrnefoBaTenbHO  peanusyemMbliX MaTpUYHbIX
npoueayp (cMm., Hanpumep, 6110kn 8—12 Ha puc. 6
ans cnydvas gesvauum TT BTC BneBo oTHocwH-
TenbHo HOT). lMNpu atom oTMeTUM creaytoulee:
[NS NeBoW AeBMALMOHHOW TpaeKkTopum BOCCTa-
Hasnueatowmit BOMIM npoucxoant nop aewn-
CTBMEM [BYX YBENWYEHHbLIX MOCTOSHHbLIX Bpe-
MEHM NO ABYX3KCMOHEHLMaNbHOW 3aBUCUMOCTH,
KOTOpble Ha3Ha4yalTCs aBTOMATU3UPOBAHHOM
CUCTEMON M OCTAKTCA MOCTOSHHBLIMU, MPU 3TOM
o6a BeLLeCTBEHHbIX OTpPULUATENbHBIX MOMCca ne-
PEXOAHOro npouecca no4KMMarTCs K MHUMOW
ocu jIm Sp (9TO cooTBETCTBYET BOMEe NnaBHOMY
nepexoay 13 obnactu makcumasbHoW AeBuaLum
B obnactb BoccTaHoBneHus curdana HOT, a
napa MHUMbIX MOMOCOB AMHAMWUYECKON MOAENM
TT BTC gomkHa pacxogauTbCst N0 MHUMOW OCK 1
HenpepbIBHO MeHATbCA B xoge MNMIN. Mpwu atom
HY)XHO MOMHWTb, YTO Ha BOCCTaHaBMMBAOLLUM
anepuoanyecknin CKansipHbl curHan Haknagbl-
BaeTCs CMHycomaanbHo nogobHas Ympn-cocTas-
nsaLwas, oTeevarolwas 3a opueHTauui gesua-
umm TT BTC oTtHocuTenbHo HOT.

Ons npason pesuaumoHHon TT BTC npw
HOTMM, nmetoLiem Bna MMnynbCHOWM NEPEXOLHON
XapaKTepPUCTUKN anepuogMYeckoro 3BeHa nep-
BOr0 Nopsiaka, mpouecc maeT nog OencTBueM
YMEHbLUEHHON MOCTOSiHHOW BpemMeHn T, no-
CKOMbKY BbIATY M3 06nacT MakcumarbHbIX Ae-
BMALMOHHbIX 3HAYEHU TPAEKTOPHOro CurHana B

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \_)
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CTOPOHY €ro HOMWHambHbIX 3HAYeHWn cnegyeT
3HauMTenbHO ObiCTpee BcrneacTBuMe Heobxoau-
MOCTMK 0becneuntb 6e30nNacHOCTb NepemMeLLeHNs
BTC no mapuwpyty. [No3TOMY BELLECTBEHHbLIN OT-
puLaTENbHbIA NOMNC N0 MOAYMK AOMMKEH Bbl-
pacTM M ocTaBaTbCsl MOCTOSIHHbIM B TeYeHue
BCEro npoLecca BOCCTaHOBIIEHWUS HOMMWHamb-
HOro pexuma, a napa MHUMbIX NOMNOCOB — COMU-
XaTbCs M 0CTaBaTbCA BapbUpyeMbIMK BO BpEMS
nepexoaHoro npoecca.

Takum obpasom, peanusauus nepemeHHon
coctasnsowen BOMM npu neson BoccTaHaBMM-
BatoLLev Aesvaumn TT onpegenseTcs nATbio no-
niocamu (AByMS MHUMbIMI, COOTBETCTBYHOLLUMM
LIeHTPUPOBAHHOMY CUHYCOMAANbHOMY TPAEKTOop-
HOMY CuUrHany, O4HUM HyNeBbIM U ABYMS BELLE-
CTBEHHbIMW OTpULATENBbHLIMU, XapaKTepUayto-
LWMMKU NEPEXOLHYI0 XapaKTePUCTUKY anepuoau-
4yeckoro 3BeHa BToporo nopsiaka), a HOIMM npwu
npaBon Aesumaumun, BoccTaHaenuaatowen HOT-
curHan — Tpems (4ByMS MHUMbIMU, TaKKe Xapak-
TEPU3YIOLWMMUN LLEHTPUPOBAHHBLIN CUHYCOoMAanb-
Hbln TT-CurHanm, U OOHWUM HyneBblM, COOTBET-
CTBYIOLMM WMMMYNbCHOW MEPEXOAHON XapakTe-
PUCTUKE anepumoamMyecKkoro 3BeHa NepBoro no-
psaka).

CnepyeT OTMETUTb, YTO BCE MEPEXOAHbIE
MPOLECChl B TPAEKTOPHbIX CUrHanax sBAsTCS
CTPYKTYPHO M NapameTpuyecKkn HecTaumoHap-
HbIMK, TO €CTb MPOTEKAOT B cpede C U3MeHsie-
MOW CTPYKTYpPOW MOSIOCOB U C BPEMS-3aBUCU-
MbIMWU MTHOBEHHbLIMI 4acTOTaMu B BuAE YMpn-
curHanoB. CTpyKTypHasi  HecTauMOHapHOCTb
onpegensieTcs BeedeHWeM B 0BbeKT ynpasne-
HUS (TO eCTb B CMrHambl, COOTBETCTBYOWME TT
BTC) gononHuTeNbHbIX NOMKOCOB, @ NapameTpu-
yeckas XxapakTepusyeTcsi HenpepbIBHON Bapbu-
PYEMOCTbIO 3HAYEHWN MHUMBIX COMPSKEHHbIX
MOMCOB BO BPEMSI MEPEXOAHbIX MPOLECCOB B
TT-curHanax.

Huwxe B kayecTBe npumMepa paccMoTpeHa
npoueaypa peanusaumm anroputma MoganbHoro
ynpaBneHus npoLieccom hopMmMpoBaHns gesua-
UMoHHbIX TT BTC, B TOM 4Mcne TeXHonorus npu-
HYOWTENbHOW noKanusauuM M penokanusauum
MOSIOCOB PA30MKHYTOW CUCTEMbI @BTOHOMHOIO
ynpaBfeHus B YCMOBUSAX HECTaLMOHaPHbLIX Mpo-
LIECCOB B CMUCTEME «3MEKTPONPUBOA — XOO0Bas
yactb BTC», B BO3MYLLEHHOM pexume npu npa-
BOM BOCCTaHaBNMBAKOLWEN HOMUHAnNbHbIA TT-
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curHan gesuauuun (Npu nepexogHoMm npouecce
Tvna HOIM). B gaHHOM npumMepe ucnonb3yercs
HEeLEHTPUPOBAHHbLIA TPAEKTOPHbIN CUrHam, npu
3TOM paccmaTpuBaemMasi cuctemMa MMeeT 4ert-
BEPTLIN NOPSAAOK.

Pacyetr napameTpoB MopanbHOro peryns-
TOpa, TO eCTb onpeaeneHwe mMaTpuubl 0bpaTHOM
cBs3n K no NonHoMy BEKTOPY NepeMeHHbIX COo-
CTOSIHUSA, CBOOUTCA K ee pacyeTy no dgopmyne
AkkepmaHa [21], npeacTasnstowen cobon npo-
u3BedeHne Tpex maTpuu: nepBon — BCroMmora-
TeSIbHON, BTOPON — BNOYHOM 1 TPETbEN — NOMU-
HOMMWanbHOW:

K=[o o o 1]zt am,
roe Qc! — obpaTHas maTtpuua ynpaBnsieMocTy:
a(A) — MaTpUYHbIA NOMMHOM, CPOPMUPOBAHHBIN
B COOTBETCTBUM C TeopeMoi Kannun — XamuntoHa

[12] nyTeM 3aMeHbl B XapaKTepuUCTUYECKOM Mo-
NMHOME nepemeHHoW Jlannaca s Ha maTpuuy
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cocTosiHms A; Qc = [B |AB | ... |]A™1B] — maTpuua
ynpasnsemocTtu, rae A u B — matpuubl coctos-
HUS 1 yNpaBneHus.

OueHka ynpaBnsemMocT pPa3oOMKHYTOW Cu-
CTeMbl aBTOHOMHOrO ynpasfieHus (obbekTa B
BO3MYLLEHHOM pexume) no kputepuo Kan-
maHa — JlyeHbGeprepa [11, 12]: Tak kak rank
Qc = n (nopsigok obbekTa), unu det Q¢ # 0, To cun-
cTemMa MOMHOCTbI0 ynpaensiemMa, Mo3Tomy mno-
ntocbl 06beKkTa MOryT BbITb pasmeLLeHbl B HObIX
TOYKaX S-MAOCKOCTU MPUHYAWUTENbHO NPU 3aMbl-
KaH1M 0ObEKTA MHOrOMEpHOW 0BpaTHO CBA3bHO
Mo COCTOSIHMIO B Buae matpuupl K.

Torga obpatHas matpuua ynpaBnsemMocTu
Q. onpepensieTcs Kak

-1 . T
Q. =Adj(Alg Q. )/detQ,.
Cnep,oaaTeano, ManVI‘-IHbIIZ NOJINHOM

nveeT BuUg a(A) = A* - di A3+ d2 A2- d3 A + dal,
roe | — equHUYHas MaTpuua.

0 1% 4 0 +1 1

O P /a0 SR e e 0
00T -0 (T 4T 7) o (0 -J) o (T "=-)-T "+ ~-T ")+1
R S e WL L ST S WALy, S\ PE B UL B

Mo Buay a(A) MOXHO 3amMeTuTb, 4TO B 0Ob-
eKTe ynpaBfieHns BMUSHWE Ha NepexoaHbIn npo-
LleCC MMEIOT ABa MHUMBIX COMPSKEHHbIX Nosoca
(OHM B OMHaMWKe BapbUpYKOT 4acToTy w Tpa-
€KTOPHOro Ympn-curHana) v BeLLeCTBEHHbIA OT-
puuaTenbHbli, COOTBETCTBYIOWMIA NapameTpy T,

k=[0 0 0 1], a(A):[O‘(T'lwz_

[aHHas maTpuua HenpepbIBHO NepecynThl-
BaeTCs C 3aaBaeMbiM BPEMEHHbIM LLiaroM B
Xofe nepexoaHoro npouecca, 4YTobbl obecne-
YNTb €ro YMpn-xapakrep.

3aknoyeHue
PaccuutbiBaemble nNapameTpbl MOAanbHOro
perynatopa no3BonsT 3agaBatb Tpebyemble
BapbMpyeEMble MOJIOCbl  3aMKHYTOW CUCTEMbI
ynpaBrieHus ¢ NosiHOM obpaTHON CBSA3bIO NO CO-
CTOSIHUIO, KOTOpble OnpeaensieT aBTomMaTu3npo-

KOTOpble (POPMMPYIOT 4YaCTOTHYK COCTaBNsHO-
Wy, a Takke onpegensioT ObICTPOAenCTBUE
npoLieaypbl KOMNEHcaUUM OTKNOHEHUA TPAEKTO-
pun BTC ot HOT.

B pesynbTate nonyyaem matpuuy K mogans-
HOro perynatopa suaa

1)‘ (@2 -1 ‘(T'l —1)} :[Kl ‘KZ |K3 |K4].

BaHHas cuMCTeMa MOAanbHOro ynpasfieHWs Mo
3agaHHOMYy anropuTMmy (Cm. puc. 6).

Takum obpasom, paspaboTaHHas aBTomaTu-
31poBaHHas cucTeMa MOZasbHOro ynpasfeHns
npoueccom aesunaumm TT BbINOMHAET (PYHKLUM
ynpaBneHuss OnHaMMKOM onepaTMBHOTO M 6e3-
onacHoro TpaektopHoro nepemelyexdns bTC no
KapbepHbIM MapLipyTam B YCMOBUSIX OTKPbITbIX
FOpHbIX paboT, 4TO, B CBOK 0OYepedb, Cnocob-
CTBYET NPOBEAEHMIO MPOM3BOACTBEHHOIO MNPO-
Liecca Ha adhekTMBHOM 1 6e30nacHOM ypoBHE.
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Haxoaku yrnen TaHxonckoro nons
B AOHHbIX oTnoxeHusx KOxHoro bankana

Oner Muxaitnosuu XnbictoB?, AHapei Bnagumuposuy BaitHep-KpoTos?,

Anekceii BanepbeBuy Kutaes®, TaTbsaHa BnagumupoBsHa Norogaesa®
adflumHonoaudeckull uHcmumym CO PAH, e. Upkymck, Poccus

blpkymckuli HayuoHanbHbIl uccnedogamenbCKuli mexHudyeckull yHugsepcumem, . Mipkymcek, Poccust
balikanbckul 2ocydapcmeeHHbIl 3anosedHuK, n. TaHxod, Poccus

ABTOp, OTBETCTBEHHI 3@ Nepenucky: XnbictoB Oner Muxaiinosud, khloleg4d5@yandex.ru

Pe3tome. Llenbio gaHHoro nccnegoBaHus Bbino oxapakTepusoBaTh NEPBbLIE HAXOOKW YTNEHOCHBIX MVH W YrNen B JOHHbIX
otnoxeHnsx KOxHoro bankana n NpoBecT! Nx COMOCTABMIEHNE C YINIEHOCHBIMUA HA3EMHbIMU OTIIOXKEHUSMU TaHXOWCKOro
nons. CpaBHUTENbHbIN aHanM3 NUTOMNOTMYECKOro COCTaBa U LBeTa AOHHbIX OTMIOXEHWUA N Ha3eMHbIX pa3pesos, a Takke
cofepKaHve opraH1Myeckoro yrnepoaa u nanvuHoONorVyeckuii aHanua no3Bonmny nposecty nx koppensuuio. Ha 900-meT-
poBoii rmybuHe o3epa aBTopamu ObINo 0GHAPYKEHO 3aneraHne yrneHoCHo TOMLWM B in situ (St56), nocne Yero npoBeaeHa
UX cTpaTurpadmyeckas Koppensauusi C Ha3eMHOW YacTbio YINEHOCHON TaHXOMCKON CBUTHLI. OBHapyxeHHble 06IOMKM yrien
B AOHHBIX OTMOXEHWSIX MPAKTUYECKM NO BCEW NMUHUM pacnpoCTpaHeHUst TaHXOWMCKOro nonsi, 0COGEHHO Y B KOPEHHOM
3aneraHum Ha noABOLHOM CKIOHE HXHOW KOTMOBMHBI Ha rmybuHax o3epa go 1300 M, AokasbiBAlOT pacnpocTpaHeHue
YrneHoCHON 06acTy TaHXOMCKON CBUTBLI B MOABOAHON YacTU 03epa Ha MPOTSKeHUM Beero cknoHa (5—15 km ot Bepera) n
NOATBEPXAAT NMowaAb pacnpocTpaHeHns TaHXOMCKOro naneoo3epa Ha 3HauMTENbHOW 061acTu KOHTYpa COBPEMEH-
Horo KOxHoro barikana. Haxogkv yrneHOCHON TOMLLM Ha 3TUX, a Takke pasHbiX NOAAOHbIX rybuHax, TO eCTb NPy pasnuy-
HbIX YCNOBKSX NO AABIIEHNIO U TeMnepaType, NO3BONAIT NPeanonoXnTb, YTO Camm YW U YINEHOCHbIE aprunnuTbl MOryT
ABNATLCA 0OBbEKTOM reHepauuy BTOPUYHO-MUKPOBHOrO MeTaHa. TO HEOOXOAMMO YYUTbIBATL MPW NOWUCKaX CKONMEHUN
rasoBbIX YrneBoAopOA0B M ra3oBbiX NMApaToB, a Takke B OLEHKax LuKna meTaHa B 03epe bankan.

Knroyeenble crniosa: yrnu, MeTaH, HeoreHoBas TaHxomnckas cauTa, KOxHbIn barikan

®uHaHcupoeaHue: paboTa BbIMONHeHa Npu nogaepxke rpaHta PH® 19-17-00226 «PekoHCTpyKUWSt MeXaHn3MOB op-
MMpOBaHMS NpobremMaTUyHbIX ayTUreHHbIX kapboHaToB B 0OCTAHOBKaxX AuareHesa M KatareHesa, CBA3aHHbIX C reHepa-
Lmen / okucneHmem yrnesofopoaosy.

BnazodapHocmu: aBTopbl GnarogapHbl 4OKTOpY reorpadmyeckux Hayk E. B. Beapykosow v IM. . lleTyHoBoOW 3a npose-
[EeHWe NanMHONOMMYECKOrO aHanmaa v onpegenieHne crnopo-nbinbLEBbIX CNEKTPOB.

Ana yumuposanus: XneictoB O. M., BanHep-KpoTos A. B., Kutaes A. B., lMorogaesa T. B. Haxopku yrnen TaHxonckoro
nons B AOHHbIX oTnoxeHusx KOxHoro baiikana // Hayku o 3emne u Hegpononb3osaHue. 2021. T. 44. Ne 3. C. 285-292.
https://doi.org/10.21285/2686-9993-2021-44-3-285-292.

Original article

Occurrence of Tankhoy field coals
in South Baikal bottom sediments

Oleg M. Khlystov?, Andrey V. Vainer-Krotov®, Aleksey V. Kitaev®, Tatiana V. Pogodaeva®
ad] imnological Institute, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia

bIrkutsk National Research Technical University, Irkutsk, Russia

°Baikal State Nature Reserve, Tankhoy, Russia

Corresponding author: Oleg M. Khlystov, khloleg45@yandex.ru

Abstract. The purpose of the study is to describe the first finds of coal-bearing clays and coals in the bottom sediments of
the southern basin of Lake Baikal and compare them with terrestrial coal-bearing deposits of the Tankhoy field. Compara-
tive analysis of the lithological composition and colour of bottom sediments and terrestrial sections, as well as the concen-
tration of organic carbon and conducted palynological analysis allowed their correlation. At the lake’s depth of 900 m the
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authors discovered a coal-bearing strata in situ (st 56), which later was stratigraphically correlated with the terrestrial coal-
bearing part of the Tankhoy suite. The fragments of coal found in bottom sediments basically along the entire Tankhoy
field, especially bedrock coals on the underwater slope in South Baikal up to 1300 m deep prove the distribution of the
coal-bearing part of the Tankhoy suite in the sublacustrine part of the lake throughout the entire slope (from 5 to 10 km
offshore) and confirm the distribution area of the Tankhoy paleclake over a significant area of the contour of modern
southern basin of Lake Baikal. The finds of coal-bearing strata on these and other various sub-bottom depths, i.e. under
various pressure and temperature conditions, suggest that coals themselves and coal-bearing mudstones may be a gen-
eration facility of secondary microbial methane. This should be taken into account when searching for gas hydrocarbon
and gas hydrate accumulations as well as assessing methane cycles in Lake Baikal.

Keywords: coals, methane, Neogene Tankhoy suite, Southern Baikal

Funding: this work was supported by the Russian Science Foundation grant 19-17-00226 “Reconstruction of formation
mechanisms of problematic authigenic carbonates in diagenesis and catagenesis settings associated with hydrocarbon
generation / oxidation”.

Acknowledgements: the authors thank Doctor of Geographical Sciences E. V. Bezrukova and P. P. Letunova for carrying
out of the palynological analysis and determination of the spore/pollen spectra.
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BeeneHue

Ocafgo4Hble yrneHocHble OTNOXeHUs TaHXxo-
MICKOr0 TPETUYHOro MoNs MPOCREXMBAOTCS Ha
tokHoM Oepery balikana BAOMb NOAHOXMA
xpebta Xamap-abaH B mexaypeube LLiaHxanxu
1 MbICOBKWM HEMPEPLIBHON MOSIOCOM LUMPUHOW [0
8 km [1]. B nocnegHue rogbl B pesynbtate Jo-
MOMHUTENbHbIX BrocTpaTUrpauyecknx n nNuTo-
noro-thaumasnbHbiX UccnefoBaHnn Bbinu yTou-
HEHbl CTPOEHME W UCTOPUS Pa3BUTUA ITUX OTNO-
XEHW NOCPEACTBOM [eTanu3aumm BO3pacTHbIX
rpaHuu nepecTpoiikm penbeda Mpubarkanbs ot
onuroueHa o nnvoueHa [2-4].

Boonb 6eperosoi nonocel KOxHoro bavikana
M3BECTHO HECKOMNbKO €CTECTBEHHbIX 0OHaXeHUI
YIMEHOCHbIX TOMLY BUAMMOW MOLLHOCTbIO B fAe-
cATKM MeTpoB. OHKM Takke NoACeYEHbl CKBaXW-
Hammn 0o rny6uH 400 n 6onee meTpoB. MowHo-
CTW YronbHbIX nnactoB konebniotcs ot 0,6 go
7m[1, 3]

OTnoxeHnst 4OCTAaTOYHO XOPOLLO U3Y4YEHbI C
buocTpaturpadmyeckon TOUKM 3peHus. B pa-
6ote L. M. Mawyk n H. W. Akynosa [2] nogpo6Ho
OXapaKkTepu3oBaH OAMH M3 OMOPHbIX Pa3pe3oB
TaHXoWcKon cBuTbl No peke OCUHOBKE — paspes
LaxTepckast ropka, roe B eCTeCTBEHHbIX 0bHa-
XEHMSAX ONUCaHbl CMOW YN MOLIHOCTbI [0
2,5 M. Criou yrns HakMoHEeHbI B CTOPOHY 03epa W
NepekpbITbl  «ronybbiMMy muHamu. LiBeT no-
CNedHUX Ha KOHTaKTe C YrMsMU MEHSETCH W
NnepexoguT K YepHO-KOPUYHEBBIM OTTEHKaM.
Yrnn B OCHOBHOM NpeacTaBneHbl BUTPUHUTOM.
o nanMHONOrM4yeckuM [OaHHbIM YCTaHOBIIEHO,

YTO BO3pACT TaHXOMCKOW CBUTLI, codepxallei
3TN YrofibHble NMacTbl, ONUroLEeH-paHHeMKoLe-
HOBbIN. POPMMPOBAHME CBUTHI MPOUCXOAMNO B
apesHem TaHxoiickom 6acceiiHe, B npegenax
koToporo npeobnagan 03epHO-60M0THLIN NaHAa-
WwadT. Ha BO3BbILEHHbIX MPEAropHbIX PaBHUHAX
npouspacTanm XBOWHO-LIMPOKOSIMCTBEHHbIE Neca,
coctoswme us gyba (Quercus), byka (Fagus),
Bsi3a (Ulmus), nagy6a (llex). Mpumecbo B aTMX
necax asnanuce cocHa (Pinus), nuxta (Abies),
enb (Picea), keap (Cedrus) n Tcyra (Tsuga).

[pyron OMOPHbIN paspes, BCKPbITbIA MNpU
CTpOUTENbLCTBE OPOrK B paioHe pekn Muwmxu,
noapobHo onucaH B pabote A. Anb-Xamypaa ¢ co-
aBTopamu [4, 5]. B pa3pese BblaeneHo wecTb na-
4ek, U onpegeneHo Bpems ux PopMUMpOBaHUS:
1) nonudaumansHasi, oxpuctas (BepXHUM 30LEH,
MbiNbLa LWMPOKONUCTBEHHBIX MOPOA); 2) «CUHUX»
[MWH (BEPXHWUIA ONWUIOLEH, MNbifbla LMPOKOUCT-
BEHHbIX Nopog); 3) aneBpuToBas C NPOCNOSAMM
Byporo yrns (HWKHUA MUOLEH, MbiNbla TEMHO-
XBOMHbIX W LUIMPOKONMCTBEHHbIX Nopog); 4) nec-
YaHO-aneBpuToBas C (parMeHTaMu «CUHUX»
[MWH (CPeaHU — BEPXHWIA MUOLLEH, NblNbLia CBET-
NOXBOWHBIX COCHOBO-NIUCTBEHHWUYHBIX U TEMHO-
XBOMHbIX NIECOB C XOPOLIO Pa3BMTbIM TpaBsHO-
KyCTapHUKOBbIM nogneckom); 5) necyaHas; 6) Ba-
NyHHO-raneyHas (kapTep, CNopbl M NbinbLa pac-
TUTENBHOCTK, BNIN3KON K COBPEMEHHON). TpeTba
nayka OTHECEHa K TaHXOWCKOW CBUTE, YeTBep-
Tasi — K OCMHOBCKOW.

OO6Las MOLLHOCTb HEOreHOBbIX OTMOXEHUN
TaHXOMCKOWN CBUTbI Ha CyLle JOCTUraeT HeCKoMb-
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Kux coTeH MeTpoB. [Ipegnonaraetca Takxe
NOABOAHOE MPOAOIMKEHNE OTNOXEHUN, KOTOpOe
oLeHMBaeTCs B MNOABOAHOW YacTu o3epa [0
1,5 k™ [6, 7]. OgHako [0 CUX NOP BELLECTBEHHbIX
[l0Ka3aTenbCTB PacnpoCTPaHEHUS TaHXOWCKOM
CBUTbI MO BOAaMu 03epa Ha BOCTOYHOM CKITOHE
n abuccanbHon paBHuHe KOxHoro Baiikana He
6bino. WckntoyeHne cocTaBnseT BU3yasibHOE
HabniogeHne ¢ rnyboKoOBOAHbLIX annapaToB
«Mup» yrnen B CKNoOHe MOABOLHOW BO3BbILLEH-
HocTn MypuHckas 6aHka Ha rnybuxe 850 m [8].

M3BecTHO, 4TO Ha aHe o3epa bavikan npucyT-
CTBYIOT CKOMMEHWs YrneBOAOPOAOB B BuAae
Hed T, rasa u rasosbix rugpatos [9-11]. Yawe
BCEro 970 MeTaH. B ra3oBbIx rugparax oH OT/u-
4yaeTcs aHomanbHbIM pasHoobpa3snem u3oTon-
Horo cocTaBsa yrnepoga (ot -20 go -70 %o), 4YTo
CTaBWUT BOMPOC 06 UCTOYHMKAX UM 0B bekTax ero
reHepauuun [12-14]. Ecnu ana cpefgHen Kotno-
BMHbI 03epa Hannyme Ha AHe NPUPOAHBIX HedTe-
NPOSIBIIEHUA MOXET AaTb OTBET Ha 3TOT BONPOC,
10 Ans KOxHoro baiikana Bonpoc ocTaeTcs OT-
KpbITbIM. He4aBHO B OOHOM U3 rPsi3eBbIX BYSIKa-
HOB toxHoro baiikana (Kegp) 6bin obHapyxeH
BTOPUYHO-MUKPOOHBIA MeTaH. ABTOpbI Npeano-
naratoT, 4To ero obpasoBaHue CBSA3aHO C NPUCyT-
CTBMEM B HKeNexallem paspese OTNOXEHWH
YrMEHOCHOW HEeOreHOBOW TaHXOWCKOW CBUTHI, KO-
TOpas U MOXET BbITb O4HWM U3 reHepaTopoB Ta-
KOro aHOMarnbHOro MeTaHa B rasoBbIX ruaparax.
MNogoobHoe siBneHue, npu KOTOPOM YrAv MOryT
ObITb MICTOYHMKOM TaKOro MeTaHa, 0bHapyXeHo B
OQHOM M3 MMOPATOHOCHLIX PANOHOB BO3BbILLEH-
HocTn Anbept (Anscka, CLA) [14, 15]. Tem He
MeHee BelleCTBEHHbIX JoKa3aTeNbCTB pacnpo-
CTpaHeHWs1 TaHXOMCKOM CBUTLI o4 Bogamu HOx-
Horo baiikana He ObIno, Kak M gokasaTenscTs
HaNW4Ms yrreHOCHON TOSMLLM Ha NOAAOHHBIX Y-
BuHax, roe no TemnepaTypHoMy pexumy (50—
70 °C) MOXeT reHepupoBaTbCs NOAOOHLIN METaH
[16]. Onsa KOxHoro Baiikana 3aTo rnyGuHbl OT Co-
TEeH METPOB [0 [OBYX KWNOMETPOB HWKe AHA
o3epa.

Takum obpasom, uenbio JaHHOW paboTbl
cTasn NoWCK BELLEeCTBEHHbIX JoKa3aTeNnbCTB pac-
MPOCTPaAHEHNS YrMEeHOCHON 4acTu TaHXOWCKOW
CBUTbI B MOABOAHOM YacTu 03epa NocpeacTBOM
XapaKTepuCTUKN NepPBbIX HaXO4OK YrNeHOCHbIX
MWH WU yrnen B JOHHbIX OTnoxeHusx HOxHoro
Bankana.

2021;44(3):285-292

Martepuanbi u metoabl
uccneaoBaHuA

O6bekTOoM MccneaoBaHUs SBNSNOCL Npo-
CTPaHCTBEHHOE pacnpefeneHne HaxodoK yrns
TAHXOMCKOM CBWUTbI Ha pasfnyHbIX rybuHax B
nepBbIX MeTpax [OOHHbLIX OTMOXEHUN HKHOTO
CKIMOHAa O[HOMMEHHOW KOTMOBMHBLI 03epa ban-
kan. Metoguka uccnefoBaHus 3akniovanachb B
aHanuse undgposon mofenu peneda fHa, no-
CTPOEHHON MO BbICOKOpa3pelLanwmum 6atumeT-
PUYECKUM [aHHbIM W JaHHbIM AUCTAHLMOHHOIO
30HOMPOBAHMS CyLIW, MOUCKE MOMOXUTENbHbIX
thopm 1 nx reonormyeckom onpoboBaHUM rpasu-
TauMoHHbIMK Tpybamn anametpom 127 MM 1
ANVHON 00 5 M (aHanor ogHOPENCOBOro yaapHoO-
kaHaTHoro GypeHust). PaboTbl npoBoaunucL Ha
yyacTke MOABOAHOrO CKMOHa M abuccanbHow
PaBHWHbI HA TpaBep3ax Mexay CTaHumsamu TaH-
xor n MbicoBasi. Bcero 6bino otobpaHo cemb
KEPHOB, B KOTOPbIX BCTpeYeHbl 06pasupbl yrnen
(pncyHoK).

ManMHonornyecknin aHanus u onpegenexHune
COEePXaHWs opraHn4yeckoro yrnepoga npousso-
OVNUCb NO CTaHAapTHbIM MeToauKkam, npuBe-
AEHHbIM B nybnukauusax [17, 18]. O6pasubl npo-
XOAUNU npefBapuTenbHylo NpobonoaroToBKY.
[na nanuHonorMyeckoro aHanunsa onpegensncs
KONMWYECTBEHHbI M KA4YeCTBEHHbI  COCTaB
CMOpPO-NbINbLEBbLIX CMNEKTPOB HA MUKpOCKOnNe.
[ns cogepxaHns opraHM4eckoro yrnepoga uc-
Nonb3oBancs MeTof KaTasMTUYEecKoro BbICOKO-
TEMNepaTypHOro  okucnewus obpasua npwu
950 °C ¢ nocneaywowWmnMm ONpeaeneHnem yrne-
KMCMOro rasa c NOMOLLbI0 MHEPPaKpacHOro AeTek-
TOpa Ha BbICOKOTEMMNEpPaTypHOM aHanusaTtope
yrnepoga Vario TOC Cube.

Pe3ynbTaTthl MccnepoBaHus
n Ux obcyxaeHue

NepBOHa4YanbHO reonornyeckoe onpobosa-
HWe BENOCb C LIENbI0 OTKPLITUS HOBbLIX rmapaTo-
HOCHbIX MOABOAHBIX CTPYKTYp pasHOro pasmepa
(rmapaTHBIX XONMOB WK rPSA3EBbIX BYNKAHOB).
Ho B psine kepHOB Obinn BCKPbITHI CIIOW C Yrio-
BaTbiMM OOnoMKaMu yrns pasmepamu A0 He-
CKOMbKMX CAHTUMETPOB B NOMNEPEYHOM CEYEHNME.
Yrnn Obinn TEMHO-CEpble, YepHble MaToBble C
TOHYaWLLMMK MponsiacTkamn GnecTawero yrns.
O6nomku yrnein bbinn BCTPEYEHbI B KEpHaX Kak B
TypOMAMTOBBLIX CMOSX Ha CKMOHE W rpaHuue
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Lugppoeasi modens penvegha 4acmu IO)KHoeo BaUKana
Cepoti 3anugkoli mokasaHa rnnowadb pacrnpocmpaHeHUs y2reHOCHbIX OMIIOKEHUU Ha cywe;
yepHbie Kpyau ¢ benoll okaHmMoeKol — mecma 0bHaxXeHul yanell maHXoUCKoU ceumsi Ha Cywe:
1 — Ulaxmepckas 2opka, 2 — Muwuxa;
6esible Kpyau ¢ YepHOU OKaHMOBKOU — KepHbI ¢ 0610MKaMU yasis Ha CKITOHe;
St65 u St56 — kepHbI Ha MOOB8OOHbIX 8038bILIEHHOCMSIX
Digital elevation model of a part in the southern basin of Lake Baikal
Grey tint shows the distribution area of coal-bearing deposits on land;
black circles with white edging indicate sites of Tankhoy suite coal outcrops on land:
1 — Shakhtyorskaya gorka, 2 — Mishikha;
white circles with black edging indicate cores with coal fragments on slope;
st65 and st56 are the cores on sublacustrine elevations

c abuccanbHon paBHuHOM (rnybuHa go 1400 m)
Ha HebonbLlmx Byrpax BbLICOTOM MeHee 5 M, Tak
M Ha NOABOAHbIX BO3BbILLEHHOCTSAX BbICOTON 60-
nee 10 m Ha rnybuHax 1300 m (st65) n 900 m
(st56). B kepHe st65 oHM nexanu B nepemeLlaH-
HOM CIl0€, COCTOsILLEM M3 Menkux (0T 1 4o 5 Mm)
06110MKOB NSIOTHOW «roflybon» rmuHbl B MaTpuLe
M3 BSI3KOW CEPOMN [NMHbI C MPUMECHI0 Mecka.
MolHocTb cross coctaBuna 5cm. OTOT cnow
Obln NepekpbIT CAOMCTEIMU CEPbIMU FNIMHAMKN U
ONMBKOBO-CEPbIM ~ AMATOMOBBIM ~ UfoM.  Bos-
MOXHO, 3TOT CMOW SBNSETCS ANCTaNbHOW YacTbio
rpsSi3eBYNKAHNYECKOro NoToka. B kepHe st56 Obin
BCKPbIT pa3pes3, B KOTOPOM Ha croe yrnsa 3ane-
ranu npocrnou YraucTblX U aneBpuTUCTLIX TMWH
TEMHO-KOPUYHEBOTO, TEMHO-CEpPOro  LIBETOB.
Bbiwe Hux pacnonaranucb «ronyobie» MuHbI,
KOTOpble NEepeKkpbIBannCb CEpbIMU  aneBpuUTm-
CTbIMW FMINHaMM U METPOBbLIM CIIOEM OJSIMBKOBO-
Ceporo AnMaTomMoBOro una. Takoe NosiokeHue u
coyeTaHwve yrnei u rmuH rosoput o6 ux 3anera-
Huu in situ. MogobHoe YepenoBaHne oTmevaeTcs
W Hamu, ¥ opyrMmn uccnegoBatensmu Ha obHa-
xeHumn LLaxTepckas ropka [2]. Tpybka npo6ooT-
6opHuMKa He cMorna NpobuTb BECh CNOW YNs, HO,
CyAst N0 APYrMM KepHam 3TOro paloHa, nnoTHble
«rony6bble» TnWMHbI pacnpocTpaHeHbl MO BCEW
BO3BLILLEHHOCTU M NOA YIISIMU CTOUT TaKXKe OXW-
AaTb Hanu4ne NogoGHbIX rMKH.

B TEMHO-KOPMYHEBBIX FMHAX Ha OBHaXeHUN
LlaxTepckas ropka u KepHe StS56 onpegeneHo

cofepaHue opraHuyeckoro yrnepoga. OHo co-
ctaBuno 5,91 n 4,01 % cootBeTcTBeHHO. CTOUT
OTMETUTb, YTO B 0BbIYHBIX rMKnHax KOxHoro ban-
kana aT0T nokasaTtenb konebnercs B uHTepBane
0,33-0,53 % [19].

JononHutensHo Ana  cTpaTurpadmnyeckon
MPVBSA3KN YINEHOCHBIX aprunsiuToB N «ronybbix»
[MNH KepHa St56 Gbin BLINOMHEH NanNMHONOrnye-
CKU/ aHanu3, KOTOpbIM nokasan, 4to obnactb
ocafKkoHakonneHuna npeacraensna cobon 6ono-
TUCTO-03€epPHbIV NaHawadT, rae npucyTCTBOBanu
6epe30B0-enoBble peaKonechs, OfIbXOBHUKOBbLIE
rpynnMpoBKK, cocHa u kegp cnbupckun. ObHapy-
XEeHbl 3epHa NbifbLbl Tennonobusbix apeBec-
HbIX pacTeHun: Tcyru (Tsuga), nunel (Tilia), Ayda
(Quercus), unbmbl (UImus).

Takum 0bpasom, NMTONOTMYECKUA COCTaB W
NPUCYTCTBUE BHELLHE CXOXWX YrMen, LUBET MMiH,
COAEPXKaHMe OpraHM4eckoro yrriepoga, 6rnmskui
COCTaB MblIfbLibl CyXOMyTHbIX M NOABOAHbLIX OOHa-
XEHWUN SBMSETCA KOCBEHHBLIM [0Ka3aTeSlbCTBOM
O[LHOBO3PaCTHOCTU Ha3eMHbIX pPa3pe3oB U HUX-
HeW YacTu kepHa stb6, 3Ta 4acTb MOXET ObITb OT-
HeceHa K HeOreHOBOW YrieHOCHOW YacTu OTMo-
XeHun TaHxomckoro nons (TaHxomckas U ocu-
HOBCKasl CBUTbI).

O pacnpocTpaHeHUM YrieHOCHbIX TonLw, TaH-
XOMWCKOro nons nogpobHo roBopunoch BO BBEAE-
HUK K pabotam [1-4]. B nocneaHee Bpemsi BO3-
MOXHOE Hanu4yue yrnemn nog Tonwen JOHHbIX OT-
NOXeHu cTano obbekToM uccnefoBaHus Ans
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NOHWMaHUS WX y4acTUs B reHesnce BTOPUYHO-
MUKPOBHOro MeTaHa 1 yrneBoaopooreHepaLmu
B Lenom Ha KOxHom barikane [13]. OgHako Haxo-
LOK KOPEHHOrO 3aneraHus ruH 1 yrnen TaHxon-
CKOW CBWUTbI B rNyOOKOBOAHOM 4YacTu 03epa
(kpome cknoHa MypuHckow 6aHku (850 m)) obHa-
pyXeHo He 6bino. OTobpaHHble Hamy 0BfTOMKM
yrmen B OOHHbIX OTIIOXEHUAX Ha TpaBep3e OT
cTaHumm TaHxon Ao MbicoBon (npakTuyecku no
BCEN JIMHUWM pacnpocTpaHeHuss TaHXOWCKOro
nons), a 0COGEHHO YrNN B KOPEHHOM 3aneraHum
Ha NOABOAHOM CKIMOHE OXHOW KOTMOBWHbI (Ha
rnybuHax go 1300 M HUxe ypoBHS 03epa), AoKa-
3bIBAlOT PacnpoCTpaHEHWe YrNeHOCHON 4acTu
TaHxonckoro nonst  (OTNOXEHWUS  TaHXOWCKOW
CBUTbI) B MOABOAHOW YaCcTN 03epa Ha MpoTsxe-
HUM Bcero cknoHa (5-15 km oT Gepera) n nog-
TBEPXAAKT nrowaab pacnpocTpaHeHns TaHxo-
ICKOro naneoosepa Kak 3HaunUTeNbHYH YacTb CO-
BpemMeHHoro KOxHoro bavkana [20].

Ctonb pasHoobpasHoe pacrnosiokeHne Haxo-
LOK YIMEeHOCHOW ToMLWK (Mnn ee cnegos) no rny-
6vHe o3epa (oo 1300 m) n nogaoHHOW rNyOUHe
(Im — ~1KmM) no3BonsieT NPeanonoXutb, YTO
Camu Y 1 yrieHOCHbIe aprunnnTbl MOryT Haxo-
AUTBCA B Pa3fMYHbIX YCMOBUAX MO AaBIEHMIO
W TemnepaTtype ¥ SBNATbCS cybCcTpaToM Ans re-
Hepawuun OOMNONHUTENbHbIX ra3o0bpasHbiX yrne-

2021;44(3):285-292

BOOOPOZOB, YTO NOATBEPXKAEHO HaxogkaMu BTO-
PUYHO-MUKPOBHOrO MeTaHa Ha OQHOM U3 rpside-
BbIX BynkaHoB KOxHoro bavikana — Bynkaxe Kegp
[13]. Camu xxe yrneHocHble ToNWww (yrnu u «rony-
Oble» rMuHbI) MOryT NonagaTh B 30HY KOPHEW rpsi-
3eBoro BynkaHusma B KOxHom bavikane u 6biTb
4acTbl0 rpsideBynkaHnyeckon Gpekymn, BbIOPO-
LLIEHHOW Ha NOBEPXHOCTb JHa 03epa.

3akntoyeHue

o NUTONOrMYECKUM, FreOXMMUYECKUM, Nanu-
HOMOMMYECKAM [aHHbIM U 0bLiemMy CTPOEHMI0
BCKPbITbIA NMOABOAHbIN pa3pes C YrofbHbIM nna-
CTOM OTHOCUTCSl K BEPXHEM YacTu TaHXOWCKOM
CBUTbI U ABNSETCS HernybokosanerawLwmm Ko-
PEHHbIM BbIXOLOM [AaHHOW CBUTbI, NePEKpPbITbIM
METPOBbIM FOSIOLEHOBLIM CNOEM AMaTOMOBOIO
una. Ctonb Hernybokoe 3aneraHue yrineHOCHbIX
LPEBHUX OTNIOXKEHUI NO4 AHOM Hapaay € rnyouH-
HbIM UX PacrnpoCTPaHEHNEM BaXHO ANS MoucKa
yrnew B rpsi3eBynKaHNYeCcKo Bpekunm rpsizeBbix
BYSIKAHOB 9TOW 4acTu o3epa, MX Heobxoammo
YYMTbIBaTb 1 NPU MOMCKaxX CKOMSIEHUA MeTaHa U
rasoBblX rMApaToB. YN U YrMEHOCHblE aprun-
NUTBI MOTYT ABNATHCS 06 BEKTOM reHepaLmu BTO-
PUYHO-MUKPOBHOrO MeTaHa, YTo Takke Heobxo-
OVMO y4uTbIBaTb B OLIEHKaX LMKNa MeTaHa B
o3epe baiikan.
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[asoanHaMuyeckas XxapakTepucTMKa BMeLlaloLWwmx nopoa
rny6oKUX ropu3oHTOB LIAXTHOro nons Tpyoku «Mup»

CeeTnaHa AnekcaHapoBHa AHHUKoBa?, Anekcein Muxaitnosuy AHHUKOB
abHemumym «Skymuunpoanma3s» AK «AJIPOCA» (IMAO), e. MupHbii, Poccus
ABTOp, OTBETCTBEHHEI 3a Nepenucky: AHHMKoBa CBeTnaHa AnekcaHapoBHa, yannikovasa@yandex.ru

Pe3tome. Lienbto JaHHOTO MccnegoBaHNs SBASNOCh U3yYEHWE ra30anHaMNYECKUX XapaKTEPUCTK ryDOKMX rOpM3OHTOB
WwaxTHoro nons Tpyoku «Mup» ans obecnevyeHms NpoMbILLIEHHOW 6e30nacHOCTW Npy CTPOMTENLCTBE Y BO30OHOBNEHUM
A06b14M Ha MecTopoXaeHun. B ocHoBy paboTbl nernu NpoBeaeHHbIe Npu BypeHnn NoMHTEpBanbHble HAaTyPHbIE dKkcnepu-
MEHTbI, @ Takke nocnegyoulee nsyyeHuwe kepHa. MiayyeHme OCHOBHbIX ra3oauHaMUYecknx napameTpoB rny6okux ropu-
30HTOB MECTOPOXAEHMS BbIMOMHEHO NPY BYPEHUM OMbITHLIX CKBAXWH, MO KOTOPbLIM NPOU3BEAEHO NOUHTEPBaNLHOE Onpe-
[eneHne pacxofoB MacToBbIX ra30B C NPUMEHEHUEM MaKePHbIX YCTAHOBOK M KOMMNMEKCHOro 060opyaoBaHMs ans uccne-
[0BaHus, 0TOOP Npob rasoB Ans onpegeneHus X XMMUYECKOro cocTaBa, Takke Obin BbIMOMHEH rasoBbi kKapoTax. B
pesynbTaTe NpoBeAeHHbIX paboT Hbina chopMmnpoBaHa ra3ognmHamMmmyeckas xapakTepucTika TonbayvaHckon CBUTbI B Npe-
Jenax waxTHoro nons Tpyokn «Mup». BblgeneHbl MHTEpBarnbl KONMEKTOPOB, ONPEAENeH XxapakTep Ux driongoHacelLLe-
HUSA. YTOYHEH XMMUYECKUI COCTaB NNacToBbIX ra30B, U3y4eH XapakTep W MHTEHCUBHOCTb ra3oBbIgeNeHNs — Kak npu bype-
HUKW, TaK U MPU NPOBEAEHWUN MOUHTEPBANbHbIX UCMbITaHUA. TOroM NpoBeAEHHbIX UCCeL0BaHNA SBUNOCH BblgENeHne
30H, OT/IMYHBLIX MO (hNIOUOONPOSBIIEHNSIM, @ TAKKe COMOCTABIIEHNE PAcCMaTPMBAEMOr0 MECTOPOXKAEHUS C U3YYEHHBIM
paHee MecTopoxaeHueM Tpybka «HTepHaumoHanbHasy. ViTorn npoBeeHHbIX paboT OyayT SBNATECS OCHOBOW ANS Bbl-
MOMHEHMUS NPOEKTHBIX MPOTrHO3HBLIX PACYETOB, a TaKXKe MPUHATASA OCHOBHBIX NMPOEKTHBLIX PELLUEHUI NPY CTPOUTENLCTBE Ka-
nUTanbHbIX FOPHbLIX BbIPaboTOK, 0OCOBEHHO B YacTu onepexaroLlei Aerasaumm ropHoro Maccuea. YYeT BbliAeNeHHbIX B
npeaenax TonbayYaHckoW CBUTbI 30H, OTMUYHBIX MO XapakTepy (MnionA0HACKILEHNS, NO3BOMNUT Y4ECTb U MUHUMU3NPOBATh
BO3MOXHbIE HEraTUBHbIE PaKTOPBbI.

Knioueenle cnoea: Cvbupckas nnatdopma, MupHUHCKoe kuMGepnuToBoe none, kuMbepnuTtosasi Tpybka «Mup», Tonba-
yaHcKas CBWTa, ManoaebuTHble TpelLMHoBaTble KOMMNeKTopbI

Ansa yumupoeaHusi: AxHnkoBa C. A., AHHWKoB A. M. MasoguHaMuyeckas xapakTepucTuka BMeLLatLLmx Nopog, rinybokmx
FOPU3OHTOB LWAxTHOro mons Tpybkm «Mup» // Haykn o 3emne n HegpononbsoBanue. 2021. T. 44. Ne 3. C. 293-300.
https://doi.org/10.21285/2686-9993-2021-44-3-293-300.

Original article

Gas-dynamic characteristics of the host rocks
of Mir pipe mine field deep horizons

Svetlana A. Yannikova?, Aleksey M. Yannikov®
abYakutniproalmaz Institute, PJSC ALROSA, Mirny, Russia
Corresponding author: Svetlana A. Yannikova, yannikovasa@yandex.ru

Abstract. The purpose of the research is to study the gas-dynamic characteristics of deep horizons of the Mir pipe mine
field to ensure industrial safety under construction and production resumption at the field. The study is based on the interval
field experiments carried out during drilling and subsequent study of the core. The main gas-dynamic parameters of the
deep horizons of the field were studied during the drilling of pilot wells that enabled to perform interval determination of the
flow rates of formation gases using packers and complex research equipment, gas sampling for the determination of chem-
ical composition of gases, and gas logging. The conducted works resulted in the formulation of the gas-dynamic charac-
teristic of the Tolbachan formation within the mine field of the Mir pipe. Reservair intervals were identified and the nature
of their fluid saturation was determined. The chemical composition of formation gases was clarified and gas release nature
and intensity were studied both under drilling and interval testing. The result of the research carried out was identification
of zones with different fluid manifestations, as well as comparison of the field under investigation with the previously studied
International pipe. The results of the conducted research works will form the basis for performing design forecast calcula-
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tions, as well as for making the main design decisions under construction of capital mine workings, especially in terms of
advanced degassing of the mountain range. Consideration of the zones identified within the Tolbachan formation, which
feature different nature of fluid saturation, will allow to take into account and minimize possible adverse factors.

Keywords: Siberian platform, Mirny kimberlite field, Mir kimberlite pipe, Tolbachan formation, small debit fractured reservoirs

For citation: Yannikova S. A., Yannikov A. M. Gas-dynamic characteristics of the host rocks of Mir pipe mine field deep
horizons. Nauki o Zemle i nedropol'zovanie = Earth sciences and subsoil use. 2021;44(3):293-300. (In Russ.).
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BeeaeHue

KumbepnutoBas Tpybka «Mup» BCKpbiTa 0f-
HUM M3 KpPYNHEMLWMWX B MUPE anMasHbIX Kapbe-
poB. B pesynbTate 3aToOnneHus LeiCTBYIOLEro
NOA3EMHOr0 pyAHWKA MECTOPOXAEHUs WU3-3a
HeraTUBHbIX rMApPOreoMexaHU4eckmx nNpoLeccoB
[anbHenwas oTpaboTka MeCTOpOXAeHUs CBS-
3aHa ¢ B0306OHOBNEHMeM [o6blyHbIX paboT, B
TOM uncne u Ha rnybuHax 1000-1400 m oT gHeB.-
HOW NOBEPXHOCTH.

Mpy nepexoae Noa3eMHbIX ropHbIX paboT Ha
6onbLuve rnybuHbl BO3HUKAT NpobremMbl OCBO-
€HNS MECTOPOXAEHWA, CBA3aHHblE C MOBbILLE-
HWeM ropHOro AaBfeHus, ra3o- U rMapoauHamu-
YECKMMKN ABNEHUAMM, Y4TO 0BycnoBnmBaeT pas-
BUTWE re0TEXHOMOMIN, YYUTBIBAIOLLMX BO3HUKHO-
BEHWE OnacHbIX 30H paspyLieHuii maccvsa [1-3].
B cBs3n ¢ 9TUM nepBOCTENEHHON 3agayen npu
CTpOUTENBLCTBE U BO30OHOBNEHUU [06LIYM CTa-
HOBWUTCS obecrnevyeHne npPOMbINEHHON 6e3-
onacHocTn paboT. BaxHon cocTaBnsoLen aaH-
HOWN 3aJja4n SABMSETCS U3yYeHue rasoamHamunye-
CKUX YCIOBUIA MECTOPOXAEHNS C AeTalnbHOCTbIO,
obecneyvBaroLLel BbINOMHEHNE pacyeToB Moro-
PU3OHTHbIX MPUTOKOB NS1aCTOBbIX ra30B.

CornacHo npoBefeHHbIM paHee uccnenoBa-
HUAM, rMaBHbIM OOBHEKTOM, OCMOXHSIOWMM [J0-
ObluHble paboTbl Ha rnybuHax 1000-1400 m ot
LAHEBHON NOBEPXHOCTM, Ansa Tpybkn «MHTepHa-
LIMOHanbHas» — MECTOPOXOEHNS, HAXOASALLEerocs
C WU3y4aeMbIM MECTOPOXAEHMEM B paMKax of-
HOro KumGepnmMToBOro nons, sensetcs Tonba-
YaHCKMN BOLOHOCHbI KOMMNIEKC, NPUYPOYEHHbIN
K ogHouMeHHow cuTe [4]. Umetowwascs B HacTo-
siliee Bpemsl MHpopMaL s O ra3oanHaMUYECKnX
YCNOBWSIX B MHTepBasie TonbGa4yaHCKON CBUTbI B
npegenax WaxTHoro nons Tpybku «Mup» Hepo-
cTaToyHa. B cBS3n ¢ 9TUM Uenblo AaHHOW pa-
60Tbl BbiOpaHa razoguMHaMuyeckass xapakTepu-
CTUKa TonbavyaHCKON CBUTbLI B npeaesiax OKomo-
TpyboyHOro npoctpaHcTea Tpybkn «Mup» — Ko-
PEHHOr0 MECTOPOXAEHWUS anMasoB, OTHOCSLLE-
roc K MWUPHUHCKOMY KUMOepnuToBOMY MOfio,

BXOASLLEMY B SAKYTCKYHO aniMa3oHOCHYIO NMPOBUH-
umto [4]. OcBoeHME MECTOPOXKAEHUSI OCNIOXKHEHO
CYpPOBbIMW MPUPOAHO-KNUMATUYECKUMMN YCNOBU-
MU U cneumduyeckummn akropamu: 60onbLLION
rmybuHON Kapbepa, ra3oBOCTbO, BOAOMNPUTO-
kamu [5, 6].

N3yyaemoe mecTopoxaeHve ABnsSeTcs rnas-
HblIM B OZHOMMEHHOM KUMOEPNUTOBOM Mofne W
XapakTepusyeTcs YHUKanbHbIMU napameTpamu
anmMas3oHOCHOCTU W LieHHOCTU [o6biBaeMoro
cblpbsi. Ero oTKpbITME NOCNYXUO TOYKOW OT-
cyeTa B CTaHOBMEHUM anma3sofobbiBatoLLei npo-
MbILMEHHOCTU B UenoM. [anbHenwas oTpa-
6oTka 4aHHOro MECTOPOXAEHUS CBSI3aHa C BO3-
obHoBneHvem [[o6bl4M Noa3emMHbIM Cnocobom
[7-12].

Marepuanbi u metoabl
nccnepnoBaHuA

B npouecce conpoBoxaeHus OypeHus B
nepuog ¢ 2019 no 2020 rr. 6bINO BbISCHEHO,
4TO rnybmHa 3aneraHus KPOBMAM OT AHEBHOW No-
BEPXHOCTU 0ObeKTa usyyeHuss — TonbavaHckomn
CBUTbI — B Npefenax LWaxTHOro nons Tpyoku
«Mup» coctaensetr 1030 m (abcontoTHasg oOT-
mMeTka kpoBnu — -690 m). OnpegeneHve KpoBnu
Ton6avaHckon €BUTHI B npouecce BypeHus He
npeacTasnseT 60MbWON CMOXHOCTA B CBSA3N C
Hann4yMem permoHanbHOro Mapkepa — ManomoLy-
HOro nnacTta KameHHom conu. [nybuHa 3anera-
HUS NOAOLWBbLI OMNpedensnack TOMbKO nocne
YTOUHEHUS WU KOPPENAUMM BbINOMHEHHbIX None-
BbIX MCCNEeaoBaHUN KepHa v komnnekca reodu-
314eCKMX uccnegoBaHuni CkBaxuH. B pesyneTate
ObINo yCTaHOBNEHO, YTO NOAOLUBA CBUTLI B Npe-
[enax waxrtHoro nons Tpybku «Mup» HaxoguTcs
Ha rnybuHe 1410 M OT OHEBHOW MOBEPXHOCTY
(abcontoTHas otmetka — -1072 m). Tonbava-
cKkas CBMTa COrnacHo 3aneraeT Ha nopogax anb-
SIHCKOW CBUTbI, NEpeKpbiTa Nopoaamu ONeKMmuH-
ckow cauTbl [13, 14].

MNocne BblgeneHus rpaHuy TonbavaHckomn
CBUTbI B pa3pese Obln BbINOSIHEH KOMMIEKCHbI
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aHanu3 nNpoBeAeHHbIX MOUHTEPBarbHbIX UCTbITa-
HUN, NOCTaHOBKM KOMMMEKCHOro obopyaoBaHus
ANSA uccrnefoBaHus, ra3oBOro KapoTtaxa, a Takxe
COMOCTaBSIEHNE XMMWYECKOrO CoCTaBa npupoa-
HbIX ra30B, onpeaeneHHbIX Mo 0TOBpPaHHbLIM NPo-
6am B npouecce BbinonHeHns 6ypexns. Boigene-
HWe KONMMEKTOPOB OCHOBLIBASIOCh HA KAYeCTBEH-
HOW WHTEepnpeTaumMn NpoBeOEHHOro KoMnsekca
reoou3nYecknx UCCnefoBaHUA CKBaXWH, none-
BbIX MCCMeaoBaHNN KEPHOBOro MaTepuana u pe-
3yfnbTaTax MOMHTEPBANbHBLIX OMbITHO-UNbLTPa-
LIMOHHBIX UCMbITAHUN C UCNONb30BaHWEM Makep-
HbIX YCTaHOBOK.

M3yyeHne WHTEHCMBHOCTW ra30BbligeNeHuUs
6110 BbINONHEHO NOCPEACTBOM NPOBEAEHUS NO-
MHTEPBarnbHbIX OMbITHO-PULTPAUMOHHLIX pa-
60T C MCnonb30BaHMEM MaKEPHbIX YCTAHOBOK.
Bcero 6b1n10 BbINOMHEHO CEMb NOCTaHOBOK. Pac-
CMOTPUM KaXXayt M3 HUX B OTAENbHOCTM.

[epBasi NnocTaHOBKA BLIMNOHEHA B WHTEp-
Bane 1031-1101m oT OHEBHOM MNOBEPXHOCTMW.
MNpoBedeHbl ucnbiTaHua konnektopos Ne 1-5.
Bpems oTkpbiTOro nepuoga coctasuio 150 MuH.,
Bpems 3akpblToro — 300 MUH. Bpems oTKpbITOro
1 3aKpbITOrO NEPUOLOB NPU BCEX NOCMEAYOLMNX
UCNbITaHMSIX ObINO HEM3MeHHbIM. 3aMepeHHoe
nnacToBoe AaBneHune cocTtasuno 44 krc/cm?, ge-
OWUT NnacToBbIX ra3os — MeHee 10 m3/cyT.

Btopass noctaHoBKa BbINOMHEHA B WHTEp-
Bane 1085-1144 M OT OHEBHOW MOBEPXHOCTW.
MNpoBeneHbl ucnbiTaHna konnekropos Ne 5 u 6.
3amepeHHOe MnacTtoBoe AaBfieHME COCTaBWIIO
97 krc/cm?, [ebut nnacToBbIX rasoB — MeHee
10 m3/cyT.

TpeTbs NocTaHOBKa BbINOSIHEHA B MHTEpBare
1124-1197 m OoT AHeBHON noBepxHocTw. [MpoBe-
AeHbl ucnbitaHus konnektopoB Ne 7 n 8. 3ame-
PEHHOe NnactoBoe fasrieHne coctasuno 143,4
Krc/cM?, AeBuUT NNacToBbIX ra3os — 72,3 M3/cyT.

YeTBepTas NOCTaHOBKA BbINOMHEHA B MHTEP-
Bane 1182-1249 M OT OHEBHOW MOBEPXHOCTW.
MNpoBeneHbl ucnbiTaHus KonnektopoB Ne 9 u
10. 3amepeHHOe nnacTtoBoe [AaBrfieHue cocTa-
BuNo 122,2 krc/cm?, 0ebut nnacToBbiX rasoB —
136,5 m3/cyT.

[aTas nocTaHOBKa BbINOMHEHA B MHTepBarne
1244-1301 m oT AHeBHOM nosepxHocTu. lNpose-
[eHbl ncnbiTanus konnekropos Ne 10-12. 3ame-
pPeHHOe nnacToBoe AasneHue coctasBuno 150
Krc/cM?, AeBuUT NNacToBbIX ra3oB — 134 M3/cyT.
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LLlecTast noctaHOBKa BbIMOSIHEHA B MHTEpBane
1297-1349 m oT gHeBHOM noBepxHocTu. lNpose-
AeHbl ucnbiTaHus konnektopos Ne 12-14. 3ame-
PEHHOE NnacToBoe AasneHue coctasuno 139,2
krc/cM?, nebuT nnacToBbIx rasos — 20,5 M3/cyT.

Ceabmasi NocTaHOBKa BbINOMHEHA B UHTEp-
Bane 1344-1401m OT OHEBHOM MNOBEPXHOCTM.
MNpoBeaeHbl UcnbiTaHna konnektopos Ne 14-17.
3amepeHHOe NacToBOe [AaBfieHWE COCTaBMIIO
143,5 «krc/cmM2, [ebut nnactoBbiX rasoB —
136,5 m3/cyT.

Pe3ynbTaTthl uccnegoBaHus
n Ux obcyxaeHue

Jlutonornyecknn  coctaB  TonbGavaHCKoOW
cuThl (€11th) B npegenax waxTHoro nons Tpyoku
«Mup» N0 OCHOBHbLIM NMTOTUMNAM UAEHTUYEH CO-
CTaBy BMeLLatoLwux nopog Tpyoku «HTepHaum-
OHanbHasi». CBUTa CNOXeHa NPenMyLLECTBEHHO
kapboHaTHbIMKM MOpoAaMK, MpeAcTaBneHHbIMK
N3BECTKOBUCTLIMMW, OKPEMHENBIMU, FMUHUCTBIMM
AONIOMUTaMK, a TakkKe OOoNoMUTaMU pasnmyHon
cTeneHu nenuToMopdHocTU. anoreHHsle n Tep-
pUreHHo-kapboHaTHble NMopoAbl 3aHMMaKT Moa-
YMHEHHOE nonoxexue [9, 15]. BoinonHeHHoe pa-
Hee, B NpeablayLimMx UCCnegoBaHusIX, pasgene-
HWe CBUTbI Ha [iBe nayku [4] cnpaBegnuneo n 4ns
“3y4aemon nnowiagm:

— HWXHAS Navka — KapboHaTHas, npeacras-
neHa NNOTHLIMU MENKO-TOHKO3EPHUCTbIMMW A0S0~
MUTamu, CIIOUCTLIMW 4ONTOMUTaMKM C NPOCNOAMM
[MUHUCTBIX AONIOMUTOB U 3aCONOHEHHbIX A0N0-
MWTOB U aHIMAPWUTOB; HEPTEHACHILLEHHOCTb NPO-
SIBNSETCA B BUAE NATEH (BbINOTbI MO TPELLMHAM,
nopam) TEMHO-KOPUYHEBOTO LIBETA;

— BEPXHSA Mayka — ranoreHHo-kapboHaTHas
MOLLHOCTbI0 125 M, C ComneHacbIleHOCTbO A0
50 %, C BKNOYEHUAMM TBEPAbIX BUTYMOB; B pas-
pe3e nayku Bblgensetca 9 nnactoB KameHHOM
COMN CYMMapHON MOLLHOCTLI0 6onee 60 M.

HeobxoanMmo oTMETUTb, YTO BEPXHSA navka
He obnagaeTt kakuM-nmbo 3Ha4YMMbIM PnonLo-
HACbILLEHWEM 1 MO CBOEW CYTU SBNSETCS BOAO-
yrnopoM [AN151 HacCbILWEHHbIX XMOopuaHO-Kanbuume-
BbIX PACCOOB TONGa4aHCKOW CBUTLI 1 «NOKPbILL-
KovW» Ana OpMUPOBAHNS HECTPYKTYPHbLIX ras3o-
BbIX CKOMSIEHWI U ra30HACBILLEHHbIX KONIEKTOPOB.

Hannune B npegenax waxTtHOro nons Tpyoku
«Mup» TEKTOHMYECKMX HapYLUEHUA CnoCcob-
cTBYyeT 06pa3oBaHMI0 HECTPYKTYPHbBIX NUTOSOrO-
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TEKTOHUYECKN 3KPAHUPOBAHHbLIX CKOMMEHWUA yr-
NEeBOAOPOAHBIX ra30B, HO AaHHbIE CKOMNeHMs Oy-
AyT UMETb BECbMa OrpaHNYeHHbIE pa3Mepbl, YTO
3aBUCUT OT NMTONOro-haumasnbHblX 0CO6EHHO-
cTet o6bekTa n3yyeHus [16].

[a3oamMHaMmuyeckast XapakTepucTuka OTno-
XEeHWst TonbayaHCKON CBUTLI OCYLLECTBMEHA Ha
OCHOBe uccrnenoBaHuid, nposefeHHbIXx B 2019-
2020 rr. no ckBaxmHe Ne 309, Tak Kak gaHHas
CKBaXVHa BCKPbI1a OTIOKEHUS HA MOSTHYH MOLL-
HOCTb. 10 pe3ynbTaTtaM MHTepnpeTauuu npose-
LEHHbIX WUCCNefoBaHW B npefenax LaxTHOro
nons Tpy6km «Mup» 6bino BbigeneHo 17 nnacTos-
KONNEKTOPOB, 6 M3 KOTOPLIX ABNSAIOTCA ra3oHachl-
WeHHbIMK, @ 11 — CNOXHON PIOMOHOW Hacbl-
LLEHHOCTH, TaK Kak cogepxaTt npupoaHble pac-
COfbl, YrNeBOAOPOAHbBIE rasbl, ManbTbl U HEPTM.

BblgeneHHble KOMNEeKTopbl COCTOAT M3 OT-
LenbHbIX NPONAcTKOB, BCEro Mo pesyfbTaTam
noneBbIX UCCNEeOOoBaHUA KepHa U MHTepnpeTa-
LMW NPOBEAEHHOrO KOMMNMeKca reodmanyecknx
nccrneaoBaHu CKkBaXuH bbin BolaeneH 41 nHtep-
Ban, XapaKkTepu3yLMACH  KOMNEeKTOPCKUMMU
ceonctBamn. MOLIHOCTb OTAEMbHLIX NNacTOB-
KONnneKkTopoB usmeHsietcs ot 0,2 4o 12 M. Xapak-
TepUCTKa BblAENEHHbIX KOMNEKTOPOB MpuBe-
JeHa B Tabn. 1.

B pesynbTarte KOMMMEKCHOro aHanmnaa npose-
AEHHbIX paboT B paspese TonNb6aYaHCKON CBUTI
WaxTHoro nons Tpybku «Mup» 6bIno BblgENeHo
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4yeTbipe 30Hbl, pasnunyHble No niongoHachkILe-
HUIO N BENWYMHE NNacToBbIX AaBneHnn. Kaxaas
30Ha XapakTepu3yeTcsl CIOXHbIM CTPOEHWEM W
COCTOMT M3 HECKOMbKMX XapaKTEPUCTUYECKUX NH-
TepBanoB (PUCYHOK).

3oHa Ne 1 Bbigensetca B uHTepeane 1044-
1057 m (abcontoTHble oTmeTkm — -705,3 /
-718,3 M) 1 xapaKkTepu3yeTcs HaMeHbLUM Mna-
CTOBbIM [JaBneHuem, pasHbiM 40 krc/cm?, co-
cTouT u3 konnektopos Ne 1 u 2. HecmoTpsa Ha
HU3KYI0 MOPUCTOCTb B 30HAX AUHAMUYECKOro
BMSIHWSI TEKTOHNYECKMX HAPYLIEHWUA, B JAHHOM
30He BO3MOXHO HaKOMMeHWe MUKpO3anexe
NnacToBbIX ra3osB, OOYCMOBNEHHOE HaNMyneMm
OTKPbITOW TPELLMHOBATOCTY.

3oHa Ne 2 pacnonaraetcss B WHTepBane
1057-1179 m (abcontoTHble OTMETKM — -718,3 /
-840,3 m). lnacTtoBoe faBneHue B npegenax
30HbI M3meHsietca ot 50 o 120 krc/cm?2. Hanbo-
nee HanopHbIM siBnseTca konnektop Ne 7, Tak
Kak OH MUMEET CMELLAHHYK PacCONbHO-ra30BYo
HACbILEHHOCTb. 30Ha BKMHOYAET KOMMEKTOPSI
Ne 3-7. HecmOTps Ha HEBLICOKYH MOPUCTOCTL B
30Hax AMHAMMWYECKOrOo BIUSIHUS TEKTOHUYECKMX
HapyLIeHWn, B JaHHOW 30HEe TaKKe BO3MOXHO
hopmmpoBaHmMe «O0MNONHUTENBHON EMKOCTUY W,
cneposaTtenbHo, 06bEMOB MMacTOBOro rasa wu
NPUPOAHOrO HacbILWEHHOro paccona. Brnpouyem,
[AaHHOE 3aMevaHune cnpaBeanMBo U Ans cnegy-
tOLLIMX 30H.

Tabnuua 1. XapakTepucTuKka KONnekTopoB TON6a4aHCKOro koMnmnekca
Table 1. Characteristics of the Tolbachan formation reservoirs

Howmep konnektopa KpoBns, m Mopowsa, M | MowyHocTte, M| lMopuctocTb, % MNpumevaHue
1 1044 10495 3,8 2-7 ["a30HaCbILLIEHHBI
2 1050,2 1055,1 4 6-9 ["a30HAaCbILLEHHbIN
3 1057 1068 7,6 7-15 ["a30HACbILLEHHbIN
4 1070 1085,8 9,9 8-20 ["a30HACbILLEHHbIN
5 1089,2 1113 22,1 4-18 ["a30HACbILLEHHbIN
6 1114 1160 24,8 5-12 ["a30HACbILLEHHbIN
7 1162 1179 7,8 8-20 ["a30-BOA4OHACHILLEHHBI
8 1184,5 1208,8 13,6 11-26 ["a30-BOA4OHACHILLEHHBI
9 1218,8 1240 11,8 7-12 BogoHachILWEeHHbI
10 12428 1254,8 9,5 4-14 BogoHachblILLeHHbIN
11 1262,6 1280,2 8,2 7-24 ["a30-BOOHACHILLEHHbIN
12 1291,8 1300,8 54 4-16 ["a30-BOOHACHILLEHHbIN
13 1316 1326,8 5 5-16 BogoHachILWEeHHbI
14 1336 1346,8 8 8-26 BogoHachblILLeHHbIN
15 1354,2 1355,6 1,4 10-19 BogoHachblILLeHHbIV
16 1373 1379,4 1,6 11-20 BogoHachblILLeHHbIV
17 1385,4 1395 3,8 9-37 ["a30-BOJOHACHILLEHHBbIN
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3oHa Ne 3 BuigensieTcs B uHTepBane 1184,5-
1280,2 m (abconoTHeole oTMeTkm — -8458 /
-941,5 m). lnacTtoBoe AaBneHue B npegenax
30HbI cocTaBnseT 120-150 krc/cm?. 3oHa BKIHO-
yaeT konnektopbl Ne 8-11. [JaHHasa 30Ha sBNS-
eTcs bonee raso- U BOAOOOMNBHON, YEM 30HbI
Ne 1 n 2. OTnnunTenbHOM 0COBEHHOCTBLIO OTIO-
XEHWUN TonbGaYaHCKoON CBUTLI B Npeaenax okono-
TPpyOOYHOrO  MpoCTpaHCTBa  KMMOEpPNUTOBOWA
TPpyOkn «Mup» SBNSETCS OTCYTCTBUE «CYXUX»
konnektopos. Konnektopbl Ne 10 n 11 umetot
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CMELLAHHbIN TUM HaCbILLEHUS 1 NNacToBOe AaB-
NeHne, NpeBblllatoLLee AaBneHne KonnekTopos-
aHanoros (Tpy6kn «HTepHaLnoHansHas») B ye-
Tbipe pasa.

3oHa Ne 4 HaxoauTcsa B MHTepBane 1285,2—
1407,3m (abcontoTHble oTMeTkM — -946,5 /
-1068,6 m). lNnacTtoBoe gaBneHne B npegenax
30HbI cocTasnser 139-143 krc/cm2. 3oHa BKto-
yaeT konnektopbl N2 12—17. [a30HaCbILLEHHOCTb
[aHHOW 30HblI CONOCTaBMMa C ra3oHachblLLEHHO-
CTblo 30Hbl N 3, BOJOHACLIWEHHOCTb Xe ee
Bbiwe Ha 20-30 %.

Kak BMAHO 13 NpyBEeAEHHOro ONncaHus, AaH-
Hble 30Hbl OTNWYAKTCA ApYr OT Apyra nnacro-
BbIM [JaBMEHWEM, NMPUYEM Er0 U3MEHEHME He
obycrnoBneHo rnybuHON 3aneraHus KOMMeKTo-
POB, YTO NOATBEPXAAET NPaBUILHOCTb BblAENe-
HUS B npegenax TonbayaHCcKoW CBUTbl UMEHHO
BOAOHOCHOTO KOMMMeKca, TaK Kak W3y4yaembln
00bekT obnagaet BcemMn HeobXoauMbIMK Kave-
CTBEHHbIMW W KONMYECTBEHHBLIMU XapaKTepPUCTu-
kamu?.

MNpupoaHble NnacToBble rasbl YrieBoAOPOA-
HOrO COCTaBa, COAEPXallMecs B KOMmeKkTopax
TonGa4YaHCKOM CBUTbLI, U UX XMMUYECKUIA COCTaB
npvBeaeHbl B Tabn. 2.

3akno4yeHue

Ha ocHoBe 06paboTku 1 aHanu3a BbINOMHEH-
HbIX NMONEBbLIX PaboT M 3KCMEPUMEHTOB, U3yye-
HUSI PE3yNbTAaTOB HATYPHbIX HAbMNAEHN K pe-
3ynbTaToB ONPO6OBaHUA C MX NOCNEAYHOLLEN NH-
TepnpeTaumMen npaBoOMepHeIM OyaeT caenatb
PS4 cnegyowmx BbIBOA0B 1 0606LLeHuI.

1. MNogTBepxaeHa ra3oHOCHOCTb Nopog Tor-
6avaHckon CBUTLI, NPOM3BEAEHO BblAENEHNE ra-
30HAaCbILLEHHbIX KONMEKTOPOB, YTO B CBOK O4e-
pedb MNO3BONSIET TOBOPUTb O CYLLECTBEHHOM
ponu obbekTa n3y4eHns B HOPMUPOBAHMM CIIOX-
HbIX YCNOBWI 0TpaboTKM 3anacoB Tpyokm «Mwup».

Tabnuua 2. PeaynbTaTbl XMMMYECKMX aHaNU30B Npobd nNnacToBbIX ra3oB (CkBaxuHa 309)
Table 2. Results of chemical analyses of formation gas samples (well 309)

WHTepBan: CpefiHee cofdepxaHue KOMNOHeHTa B Npobe, 06bemHas gons, %
Csuta OT JHEBHOW NOBEPXHOCTU CoHs CsHs CsH1o CsH12
a.0., M (MeTaH) (aTaH) (nponan) (ByTaH) (neHTaH)
1033,0-1408.,8 m
Tonb6avaHckas 694,3/-10701 m 93,99 5,25 0,60 0,13 0,03

1 KnumenTos IM. M., KoHoHos B. M. MeToauka rMaporeosiortnyeckux ccreaoBaHuit: y4ebHuk ans ctygeHTos. M.: Beicwas

wkona, 1989. 448 c.
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2. B uenom no paspesy HMxHsIS kapboHaTHas
nayka Tonba4aHCKoW CBUTbI U3-3a HanNn4us pas-
NIMYHBIX  CTPYKTYPHO-TEHETUYECKMX TUMNOB, a
TaKKe U3MEHYMBOCTU NUTONOrMYECKOro cocTaBa
1 PUNbTPALMOHHO-EMKOCTHBIX CBOWCTB CNOCO6-
cTBoBana (OPMMPOBAHUIO BbIOENEHHBIX 30H
pasnunyHoro cnoungoHackiweHus. dopmmposa-
HUE KONMEKTOPOB Pa3fMyHbIX TUMOB 06YCnoB-
NEHO pasHogaumanbHbIM XapakTepom OTMoXe-
HUIA. JTO NPOSIBNSETCSA B 3HAYMTENBHOW HEOHO-
POAHOCTU CTPOEHMS. VIHTEHCUBHO NPOSIBUBLLK-
eCsl NpoLecChl 3aneynBaHns NepBUYHLIX NyCTOT
KanbUUTOM, aHTMOPUTOM, COMblO, @ Takxe nepe-
KpUCTannusaumMm nepBUYHOrO Ocadka 3Hauu-
TENbHO YCMOXHWUNWM CTPOEHME MOPOBOr0 Mpo-
CTPaHCTBA, 3@ CYET Yero BbICOKOMOPUCTbIE pas-
HOCTW YaCTMYHO YTpaTM/IM CBOK eMKOCTb. [1po-
LlecCbl AONOMUTM3aLINN, BbILLENAYNBAHUS U TPE-
WrHoobpa3oBaHus obecneynnn passuTue [0-
MOMHUTENbHBIX BUAOB MYyCTOT, cnocobcTBOBaNM
hopMMPOBAHUIO CIIOXHbBIX TUMOB KOMNEKTOPOB U,
cnepnoBaTefibHo, (POPMUPOBAHUIO «INH3-MUKPO-
3anexemny».
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3. KonnekTopbl Tonba4aHCcKow CBUTLI Xapak-
TEpU3YKTCA 4OCTAaTOYHO BbICOKOW ra3oobmnbHo-
CTblO U BbICOKUMMW NNACTOBbIMU AaBrieHusamu. B
CBS3Y C 3TVM Npu AanbHenwei paspaboTtke rny-
GOKMX FOPM3OHTOB B OTNOXEHMSIX TonbayaHCckomn
CBUTLI HEOBXOAMMO NpeaycMaTpmBaTh Onepexa-
owee OypeHwe Ons pasgerasauum BMeLLato-
wero maccua. [poekTupoBaHWe AerasaunoH-
HbIX CKBaXWH, pacyeT AJIMH KOHAYKTOPOB, Onpec-
COBOYHbIX JaBIIEHUN N YCTbEBLIX 0OBSA30K HEOO-
XOAUMO NPOU3BOAUTL C YY4ETOM BbIENEHHbLIX B
pa3pese TonbavaHCcKomn CBMTHLI 30H [17-19].

4. XapaKkTepucTuka 1 BblaesrieHne KonmekTo-
poB B TonbGayaHCKoW CBMTE B NpeAenax LaxT-
Horo nons Tpyoku «Mup» SIBNSieTCA OCHOBOWA Kak
ONS TeKylwen rasogMHaMUYeckon Xapaktepu-
CTUKW YCIOBUN MECTOPOXAEHUS, Tak U Ansa no-
crnegyoLwmx MccnegoBaHuin, HanpasfieHHbIX Ha
nosbieHne aetanusaummn [20], Heobxoanmon
ANs yyeta 0COBEHHOCTEN CTPYKTYPHO-TEKTOHM-
4ECKOro CTPOEHNS 0ObeKTa U3YyYeHUs.
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MposiBneHne curHana Bbi3BaHHON NoNsApu3aLum
Ha MHOTOPa3HOCHbIX YCTAHOBKAaX B YCNOBUAX aKkBaTOPUM
¢ rnybuHoun mops go 100 m

EsreHuit BanepbeBuy AreeHkoB?, AnekcaHap AHaTonbeBny CUTHUKOB®,

Enena HukonaesHa BoaHeBa®

afncmumym Hegpmeaa3o60U eeonoauu u eeogpusuku um. A. A. Tpogpumyka CO PAH, 2. Hogocubupck, Poccusi
bO00 «Cubupckas 2eohusuyeckas Hay4HO-npou3sodcmeeHHas KomnaHus», e. Mipkymek, Poccusi
JlumHonoauyeckuti uHemumym CO PAH, e. Mipkymck, Poccus

ABTOp, OTBETCTBEHHEI 3a nepenucky: AreeHkoB EBreHnin Banepbesuy, AgeenkovEV@ipgg.sbras.ru

Pestome. Lienb gaHHom paboTbl 3akmnoyanach B MANOCTPaLMM NPOSIBIIEHNS CUrHana Bbi3BaHHOW NONspu3aLmy B curHane
nepexogHoro npoLecca A MHOropa3HOCHbBIX OCEBbIX 3MEKTPUYECKMX YCTAHOBOK B 3aBUCMMOCTM OT pasHoca U pa3MepoB
WCTOYHUKA Ha pasHbiX rMybuHax NOrpyXeHWs yCTaHOBKWM ONs yCrioBWii aksatopum ¢ rmybuHon mops go 100 m. B xoge
uccneaoBaH1s NCMonNb30Baroch peLleHne NpsMON 3aayun HEYCTaHOBMBLLErOCS 31EKTPOMArHMTHOrO Nons Ans NnpoBoas-
LMX NONAPU3YIOLLMXCS Cped C OnMMcCaHueM AUCNepcuy yAernbHOro 3NeKTPUYECcKoro conpoTuaneHns dopmynon Koyna —
Koyna. Bbinio npoaHanuaMpoBaHo U3MEHEHWE curHana nepexogHoro npotecca AU(t), KOHEYHON pa3HOCTM CcUrHana nepe-
xofHoro npouecca A2U(t) u TpaHcopmaHTbl PL(t) — oTHoweHua A2U(t) k AU(t) — B 3aBUCUMOCTY OT pasMePOB MHOTopas-
HOCHOW yCTaHOBKW. B xode mccnegoBaHnst MCNOMb30BaNMCh YCTAHOBKU C ANMHOWM UCTOYHMKA — FOPU3OHTASIbHOW 3a3eM-
neHHon anekTpuyeckor nuHum AB — ot 50 go 500 M, a Takxke ASIMHOW NPUEMHUKOB — TPEXANEKTPOAHBIX 3N1EKTPUYECKMX
nvHuin MON — ot 50 go 500 M 1 paccTosiHEM MexXay LieHTpaMi UCTOYHMKA W MPUEMHMKA (Pa3HOCOM), KpaTHbIM AfHE
uctoyHuka: (3/2)-AB, 2-AB, (5/2)-AB, 3-AB, (7/2)-AB, 4-AB, (9/2)-AB, 5-AB. CpaBHMBanucb curHanbl OT MPOBOASALLEN W
npoBoAsLLEN nonsapuaytoLerics mogenu. MHoropaaHocHas yCTaHOBKa HAXOAMMAck BHYTPW NPOBOASLLEN CPEAbI C NPOBO-
JSLWMM NonsapuayoLmMmes ocHoBaHWeM. MNpoBoasLLas cpefa accoummpoBarnach C TOMWeR MOPCKOW BoAbl B LUeNb(OBbIX
obnactax ¢ rmyéuHamu mopst o 100 M. MpoBoasLLee nonspusytoLeecs OCHOBAHWE NpeaCTaBnsAno cobomn reonorn4eckyto
cpeay (3emMnio), NepekpeITyo Crnoem Bogbl. BoinonHeHHbIE B pe3ynbTaTte NpoBedeHHbIX paboT pacyeTbl NOKasbiBaKOT Npo-
SIBMEHWNE Pa3NUNYHbIX COCTABNSIOLLMX NEPEXOAHOro NPOLECcca, CBA3aHHBIX CO CTaHOBMEHNEM 3MEKTPOMArHMTHOrO Noss u
C NPOSIBNIEHNEM HU3KOYACTOTHOM AUCTIEPCUM SNIEKTPOMArHUTHBIX CBOMCTB 3EMITU, BbI3BAHHOW Kak rasibBaHUYECKNUM, TaK 1
BUXPEBLIM TOKOM. OTI COCTaBNSALLME NO-Pa3HOMY MPOSIBIAIOTCA HA MHOrOPa3HOCHbBIX YCTAaHOBKAaX Ha pasHbIx rmybuHax
norpyxeHus. Takum obpa3omM, MOXHO yTBEPXAaTb, YTO COCTABMAIOLLME NEPEXOAHOMO NpoLecca, CBA3aHHble CO CTaHOB-
NEHNEM 3N1EKTPOMArHUTHOTO MOMS W C ranbBaHUYECKU U UHOYKLMOHHO BbI3BaHHOW Nonsipu3aumeit, no-pasHoMy nposiens-
I0TCS1 HA MHOrOPa3HOCHbIX YCTAHOBKAX PasHbIX Pa3MepoB, MOTPYXEHHbIX HA pa3Hyko rybuHy. Bbi3BaHHas nonspusaums
AN YCIOBWIA aKBaTOPMIA MPOSIBNSETCS ABOSKO, Tak KaK OHAa CBsi3aHa U C rafnbBaHUYECKUM, 1 C BUXPEBBLIM TOKOM. PaHee
MPU NPaKTUYECKUX N3MEPEHUSAX MPOSIBMEHNE NHOYKLMOHHO BbI3BAHHO NONSpM3aLnmy paccMaTpyuBanoch Kak NposiBNeHNe
MOMEX, HO 3TOT CUrHaN MOAENMUPYEMbIN 1 €r0 MOXHO paccMaTpuBaTh Kak MHEOpPMaLMIo O BbI3BaHHOW nonsipusaumm. dak-
TOpPOM, BRWSIOLLMM Ha XapaKTep NpOsIBNEHUs CUrHana Bbl3BaHHOW MONSApU3aLMmM B CUrHane nepexogHoro npouecca, sie-
NSIETCs BbICOTA YCTAHOBKM Hag AHOM Ah u pasHoc r. Ah — 3T0 paccTosiHue Mexay YCTaHOBKOM U JHOM MOpS (Nonsipuayto-
LLMMCS OCHOBaAHWEM MOZENW); I — PACCTOSIHUE MEXAY LEHTPaMM UCTOYHUKA M U3MepUTens (TPexaneKkTpoaHoW M3Mepu-
TEeNbHOM NUHKUK). B 3aBUCUMOCTM OT BbICOTHI YCTAHOBKM M pa3HOCa CUrHan Bbi3BaHHOW Nonspusaumy B TpaHchopMaHTe
P1(t) MOXeT NPOABNSATLCA B BUAE Kak BOCXOASILLEN BETBU HA MO3AHUX BPEMEHAX, TaK U HUCXOASLLE BETBY, NEPEXOASLLEN
B OTpuUaTesbHble 3Ha4yeHus P1.

Knroueenle cnoea: ienbd, CTaHOBIEHUE MOMS, ranbBaHUYEcK) Bbi3BaHHAsA NONAPU3aLINS, MHAYKLMOHHO Bbi3BaHHas Mo-
nApu3auus, nepexoaHsbIi npouecc, Mogens Koyna — Koyna, akeanbHas reoanekTpika, MHOropa3HocHasi 0ceBast 3neKTpy-
Yeckas yCTaHOBKa

®uHaHcuposaHue: paboTa BbiMoMHeHa npu noagepxke [porpammbl yHAAMEHTANbHLIX HayYHbLIX MCCRefoBaHuMi
Ne 0331-2019-0007.
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Induced polarization signal manifestation
in multi-spacing installations in offshore areas
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Abstract. The purpose of the work is to show the manifestation of an induced polarization signal in the transient electro-
magnetic signal for multi-spacing axial electrical installations depending on the spacing and sizes of the source at different
depths of installation for the offshore conditions of sea depth of up to 100 m. The study uses the solution of the direct
problem of a transient electromagnetic field for conducting polarizable media with a description of electrical resistivity dis-
persion by the Cole — Cole formula. Analysis is given to the change in the transient signal AU(t), final difference of the
transient signal A2U(t) and transform P1(t) (ratio of A2U(t) to AU(t)) depending on multi-spacing installation size. The study
involves installations with a source length (a source is a horizontal grounded electrical line AB) from 50 to 500 m, receiver
length (receiver is represented by three-electrode electrical lines) from 50 to 500 m, and distance between the centers of
the source and receiver (spacing) multiple of the source length: (3/2)-AB, 2-AB, (5/2)-AB, 3-AB, (7/2)-AB, 4-AB, (9/2)-AB,
5-AB. Comparison is given to the signals from conductive model and conductive polarizing model. A multi-spacing instal-
lation was placed inside a conductive medium with a conductive polarizing base. The conductive medium was associated
with the layer of sea water in offshore areas with sea depths of up to 200 m. The conductive polarizing base was repre-
sented by a geological formation (ground) covered by a layer of water. Calculations performed as a result of conducted
research works show the manifestation of various components of the transient process associated with electromagnetic
field formation and manifestation of low-frequency dispersion of the electromagnetic properties of the earth caused by both
galvanic and eddy currents. These components manifest themselves in different ways on multi-spacing installations at
different depths. Therefore, it could be argued that the components of the transient process associated with the transient
electromagnetic field, galvanically induced polarization and inductive induced polarization manifest themselves in different
ways in multi-spaced installations of different sizes immersed at different depths. Induced polarization manifests itself in
two ways for water area conditions as it is associated with both galvanic and eddy currents. Previously, when performing
practical measurements, the manifestation of inductive induced polarization was considered as interference manifestation.
But being simulated this signal can be considered as information about induced polarization. The factor influencing the
manifestation character of induced polarization signal in the transient signal is the installation height above the bottom Ah
and the spacing r. Ah is the distance between the installation and the seafloor, which is a polarizing base of the model. r is
the distance between the centers of the source and the meter represented by a three-electrode measuring line. Depending
on the installation height and spacing the induced polarization signal in the transform P1(t) can appear as an ascending
branch at later times, as well as in the form of a descending branch that turns into negative values of P1.

Keywords: shelf, transient electromagnetic (TEM) field, galvanically induced polarization, inductive induced polarization,
transient, Cole — Cole model, marine geoelectrics, multi-spacing axial electrical installation
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BeeaeHue

MpeacTaBneHHas paboTta 3aBepliaeT pag
nybnukaumi, kacaroLmxcs NposiBlieHns curHana
BbI3BaHHOW nonspusauuu (Bl1) B curHane nepe-
XOZHOro npotecca Ans ycroBuMi akeaTopuin C
rny6uHoit mopsa fo 100 M3, AkTyamnbHOCTb wc-
crnefoBaHus onpeaenseTcs OQHUM M3 COBpe-
MEHHbIX HanpaBfeHW NOUCKOB HOBbLIX KPYMHbIX
MECTOPOXAEHUA MOME3HbIX UCKOMAeMbIX —
WwenbgoBbIX 0OpamMneHn  KOHTUHEHTamNbHbIX
nnatdopm [1, 2]. [Ina oTeyecTBeHHON HedTera-
30BOV reonorum nepcreKkTUBHON Tepputopuen
SIBNAETCA Wenbd CeBepHbIX MOpeW, rnybrHa ko-
TOPbIX HA 3HAYMTENBHON NOLLaAM akBaTOPUNA He
npesbiwaet 100 m.

[poBeaeHue anekTpopasBeoYHbIX paboT Ha
Wwenbge Mopen HanpasfeHO Ha U3yYeHue anek-
TPOMarHUTHbLIX CBOWCTB reonornyeckon cpegbl,
HaxoAsLlencs nog BOAHbIM CMOeM, TakuMX Kak
NpoBOAsALWME N MONSAPU3ALMOHHBIE XapakTepu-
cTukn. Cnon BoAbl 6€3 AONOMHMTENBHOMO pac-
CMOTPEHMS — CUMbHO NPoBOASALLAs OAHOMa3Has
W OQHOPOAHas cpefa, He nonapuaytowasacs npu
NPOTEeKaHUW BHELLHErO TOKa UM BO3HUKHOBEHWM
BHELLHEro HanpsKeHus.

Mpu n3yyenun BI1 cywectBeHHoe BnNusHWE
Ha M3MepeHNs OKa3blBaeT 3NeKTPOMarHUTHas
nHayKumns. Mpn n3amepeHnsix BO BpeMeHHON 06-
nacTh nocre BbIKIYEHUS TOKa B TEYEHNE HEKO-
TOPOr0 BPEMEHU MPOUCXOAUT CTAHOBMEHME
3MNeKTPOMAarHUTHOro nons B 3emrne 1 ans onpe-
LENEeHHbIX BpeMeH HabnogaeTca cynepnosuums
WHAYKUMOHHBIX U NONSApU3aLMOHHbIX 3h(eKToB
[3]. OanH 1“3 cnocoboB yMeHbLUEHWS MposiBre-
HUA CUrHana WHAYKUMM B CUrHane nepexogHoro
npouecca npu paboTe B oceBon obnactu 3asem-
NEHHOW anekTpuyeckon nuHum (33J1) — TpaHc-
bopmMaums UsMepeHUn TPEXANEKTPOAHON M3Me-
putenbHon nuHun MiM2Ms. Takvue nsmeputens-
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Hble JIMHUM W TpaHCOPMaHTbl WUCMOMNb3YHTCS
Aons maydennss Bl npu Ha3eMHbIX M3MEPEeHUsX
AnddepeHLnansHO-HOPMUMPOBAHHEIM - METOL0M
anektpopassegku (QHM3I)* [4—6] 1 akBanbHbIM
AnddepeHLnansHO-HOPMUPOBAHHEIM - METOL0M
anektpopasseakv (AQHM3) [7-11].

Ha aksatopusx ADHMO ncnonb3yeT oceBble
MHOrOpPa3HOCHblE YCTAHOBKU C OJIMHOW WUCTOM-
Huka ot 300 go 1000 m, psag TpexanekTpOAHbIX
namepuTenbHbix nuHuin (MiM2Ms) ot 200 pgo
600 m ¢ pasHocom oT 600 go 1500 m [12]. Ha
KaXOOW TakoW W3MEpPUTENbHOW fMHUKM NPOBO-
OATCA M3MEpPEeHUs curHana nepexogHoro npo-
uecca AU(t) (1) mexgy anektpogamn Mi-Ms u
BTOPON KOHEYHOW PasHOCTU CUrHana nepexos-
Horo npotecca A2U(t) (2) mexay anekTpogamm
M1-M2 n M2-Ms. 3atem nocne o6paboTku curHa-
nos AU(t) n A?U(t) paccunTbiBaeTCA OTHOLLIEHUE
KOHEYHOW Pa3HOCTW CUrHamna nepexogHoro npo-
Luecca K curHany nepexogHoro rnpouecca -—
TpaHcopmaHta P1L(t) Ha nuHum MiMa2Ms (3)
[4, 5].

AU mym, = AU M, + AU mymy, (1)

AZU(t)M1M2M3 B (2)
= AU(t)MﬂVIZ - AU(t)M2M3’
AZU(t)M1M2M3

Pl(t)MleMS - W - (3)

AU mym,— AU M, M5

T AU MMyt AU()Myms
B nonyyeHHon Takum obpa3om TpaHcdop-
maHTe P1(t) B no3gHen ctaguu CTaHOBNEHWUS B
obLem curHane nepexogHoro npouecca nogas-
NAETCH CUrHas, CBS3aHHbIN C BUXPEBLIM TOKOM.
MoseneHue AU(t), A2U(t) n P1(t) Bo Bpemsi nepe-
XOAHOr0 npouecca Ha TPEX3NeKTPOA4HOW ycTa-
HOBKE, pPacrnonoXeHHoN B oceBon obnactu 33J1,
pa3bsacHANOCh B nybnukaumsx [7, 13] Ha npu-
Mepe [BYX reoanekTpuyeckux mogenen. [Ons

1 BopHesa E. H., AreeHkoB E. B., CutHukoB A. A. MNposiBneHne HU3Ko4aCTOTHOM AMCNepcHi SNEKTPOMArHUTHBIX CBOMCTB
3eMnn B M3MEPEHUSIX NEPEXOLHOro NpoLiecca Ha MOpCKux akBaTopusix rmybuHon go 100 m // Hayku o 3emne u Heppo-
nonb3oBaHue. 2019. T. 42. Ne 4. C. 461-475. https://doi.org/10.21285/2686-9993-2019-42-4-461-475.

2 AreeHkos E. B., BogHesa E. H., CuthHukos A. A. BnusiHue NpoJomKMTeNIbHOCTM MMMYNbCa U BPEMEHN U3MEPEHNSI Nepe-
XOQHOrO MpoLecca Ha NPosiBIIeHe HU3KOYACTOTHOW AMUCMEePCUN 3NEKTPOMAarHUTHbIX CBOWCTB 3eMNK B U3MEPEHUSX Ha
aksaTopusix ¢ rmybuHoin o 100 m // Haykm o 3emne u Hegpononb3oBanue. 2020. T. 43. Ne 1. C. 49-58.

https://doi.org/10.21285/2686-9993-2020-43-1-49-58.

3 AreeHkoB E. B., CutHukoB A. A., BogHeBa E. H. BnusiHue pasmMepoB yCTaHOBKW Ha NPOSIBNEHUE HU3KOYACTOTHOI Auc-
Nepcun 3NeKTPOMarHUTHLIX CBOWCTB 3eMIN B M3MEPEHUsIX Ha akBaTopusix ¢ rmybuHoi go 100 m // Hayku o 3emne u
Heapononb3oBaHue. 2020. T. 43. Ne 3. C. 325-338. https://doi.org/10.21285/2686-9993-2020-43-3-325-338.

4 Nerenpo M. 1O0. Teopusi u TexHonorus aucdepeHLmMans-HO-HOPMUPOBaHHON reoanekTpopasBeaku ANlst M3y4YeHns nons-
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0fHOM 13 HUx curHan Bl rmaBHbIM 06pa3om cBasi-
3aH C ranbBaHWMYeCKUM TOKOM, ANS Apyroh — C
BUXpeBbIM. [Ina nepBoro cnyyas B NosgHen cra-
AUV NI0THOCTb BUXPEBbLIX TOKOB BblpaBHUBAETCSH
B HWXXHEM MOMYNPOCTPaAHCTBE U NPOCTPAHCTBEH-
Hasi HEOQHOPOAHOCTb ANEKTPOMAarHUTHOro Nons,
co3fjaBaemMas BMXPEBbIM TOKOM, CTPEMUTCH K
Hyno. [103ToMy Ha 3TOM CTaguu nNepexogHoro
npouecca TpaHcopmaHTa P1(t) onpegensercs
nonem rasibBaHU4eCKu BbI3BAHHOW NONApu3aLmnm
(BMI). NHayKUuMOHHO BbI3BaHHAA Monspusaums
(BMNW) B oceson obnactn 33J1 nposiBnsercs B
CMEHe 3Haka curHana nepexogHoro npouecca
AU(t) [14], a ona TPEX3NEKTPOAHON N3MEepUTENb-
HOW YCTaHOBKM — B CMEHEe 3HaKka BTOPOMN KOHeu-
HOW Pa3HOCTU cUrHana nepexogHoro npouecca
A2U(t) v TpaHcdopMaHTbl P1(t) [13]. OnucaHHble
Cfly4aun nokasanu, Kak TpexaneKkTpogHas usme-
puUTenbHas NIMHUA, PacronoXeHHas B 0CeBOMN 00-
nactn 33J1, no3BonseT BblAENUTb BPEMEHHbIE
WHTepBasbl NpeobnagaHnus cCUrHanoB CTaHoBIIe-
Hus, B n BINW Bo Bpems nepexogHoro npo-
uecca. OgHaKo HYXHO NOAYEPKHYTb: HECMOTPS
Ha TO, yto BI1 BO3GYyXgaeTca BMXPEBbLIM WS
ranbBaHWYECKUM TOKOM, npupoga curHana Bl
n Bl ognHakoBa — 3TO 3nEKTPOdU3MYECKMe,
3NEKTPOXMMUYECKNE U ANIEeKTPOKMHETUYECKME
penakcaumnoHHble NpPoLecckl B MHOrodasHou re-
TeporeHHomn reonoruyeckon cpege [15-19].

XoTs umeeTcs BONbLUOW ONbIT NONEBbLIX W3-
MEPEHWUI Ha pa3fUyHbIX akBaTOPUSX, OCTAOTCH
HE SICHbl BO3MOXHOCTM U OrpaHUYEeHNUsT CbeMKM
AOHM3 c nogsogHon GyKCMpyemon CUCTEMOIA
ANs m3yyexus Bl npu ncnonb3oBaHUM pasHbIX
YCTAHOBOK W FMyBUHbI UX NOTPYXEHWUS B BOAHbIN
CIow.

Llenb faHHOro MccrnefoBaHUs 3aknoyaeTcs
B UNMOCTpaumu nposiernexHuns adpdekra Bl B cur-
Hane nepexogHOro npouecca Ha MHOropasHoc-
HOW OCEBOW 3MEKTPUYECKON YCTAaHOBKE Mpu pas-
NUYHBIX rNyBuMHax ee MOrpyXeHuss B BOAHbIN
cnov. ABTopamm 6binn NpoBedeHbl pacyeTsl ne-
pexofHoro npouecca AU(t), KOHEYHON pasHOCTH
curHarna nepexogHoro npouecca A?U(t) u TpaHc-

Tabnuua 1. Mogenb npoBoasLien cpeabl
Table 1. Conductive medium model
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opmaHThl P1(t) ANs pasHbIX N0 pa3mepam arek-
TPUYECKMX YCTAaHOBOK M UX MOSIOKEHWI B BOOHOM
cnoe. [INs YACNEHHOro 3KCNepUMeHTa MpuHATa
MoZenb [BYXCIONHOro nosynpocTpaHcTea. lep-
BbIN CMOW, acCOLMMPYIOLLMIACA C MOPCKOW TOf-
Wen, — CWUIbHO NPOBOASALLMIA HENonsapu3syHo-
wmmcs, nmeet mowHocTb 50 n 100 m. Ero ocHo-
BaHWe — reonornyeckne obpasoBaHus NPoOBOAS-
Wwre nonspusyrowmecs. Viccnegosanocb nsme-
HEHWe cuUrHana npu nonspusyeMocT OCHOBaHUA
0n15 %.

Marepuanbi u metoabl
nccnenoBaHuA

B ocHoBe uccnenoBaHus nexar pesynbTaTtbl
PELLUEHNS NPSAMON 3adayn OT OAHOMEPHOW Mpo-
BOAALLEN MNONSApU3yoLencs cpegbl ong ropu-
30HTaNIbHON 3NEKTPUYECKON KOMMOHEHTbI He-
YCTaHOBMBLUETOCS  3M1IEKTPOMArHUTHOro  Mons.
ABTOpamMu MCNOMb3oBancsa MeToqd JMHENHOW
punbTpaumn peLieHns 3agadn 3nekTpoMarHuT-
Horo ctaHoBneHus [20]. Mpu pacyeTax nepBoHa-
YanbHO BblYMCAANACE YaCTOTHAs XapakTepu-
CTMKa CWUrHana B LUMPOKOM AMana3oHe 4acToT,
3aTem nytem npeobpasoBaHus Oypbe nonydya-
NOCb pelleHne BO BpemeHHown obnactu. BIl
cpedbl  yyuTbiBanacb YacTOTHO  3aBUCUMbIM
yOeNbHbIM  3NEKTPUYECKUM  COMPOTMBIIEHUEM
(YOC) no chopmyne Koyna — Koyna (4) [18]:

p(@) = po (1 - 282 @
1+(iwT)°
rae po — YOC Ha nocTtosHHOM Toke, OM-M;
n — KO3(PPUUMEHT NONAPU3yEMOCTH, JONK ef.;
T — NOCTOSIHHAsi BPEMEHM, C; C — NOKasaTenb CTe-
nexu, 6.p.; w — Kpyroeas yacroTa, ¢ 1.

[ns uncneHHoro akcnepumeHTa Obina Bbl-
BpaHa npocTtas cpefa — ABYXCNOMHOE NOsynpo-
CTpaHCTBO. BoAHbIN crnon — XxopoLo npoBoas-
wun, ¢ YOC 0,25 Om-M, Henonspuayowmncs.
MpoBoasLas reonormyeckas cpega — ¢ YOC 1,5
OM-M, CBOMCTBEHHbIM MOPCKMM Ocagkam. lNons-
pU3yemMoCTb reosiormMyeckon cpeabl U3MeHsnach
1 6bina 3agaHa 0 unun 15 %. MowHocTb BoAbl CO-
craensna 100 m (Tabn. 1, 2).

Crioi YaenbHoe anekTpuyeckoe KoacpbcpuumeHt MoluHocTb crnos
conpotusnexune p, OM-m nonspuayemoctu 1, % h, m
1 0,25 0 100
2 15 0 o0
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Tabnuua 2. Mogenb npoBoasLiei cpeabl C NONAPU3YIOWNMCA OCHOBaHNEM
Table 2. Conductive medium model with a polarizable base

YhenbHoe anekTpuyeckoe KoatpdpmumeHt [MocTosiHHAA MNokasaTtenb MoluHocTb
Cnown CONpPOTMUBIIEHNE nonspu3yemocTu BPEMEHW cTeneHu cnos
0, OM'M n, % T, C c, 6.p. h, m
1 0,25 0 - - 100
2 15 15 1 0.5 o0

[1ns yncneHHoro akcnepuMeHTa UCnonb3oBa-
NOCb HECKOSIbKO YCTAHOBOK C AfTMHON UCTOYHMKA
AB, pasHon 50, 100, 250 n 500 m, psgom nsme-
PUTENbHBIX NIMHWA C OJIMHOW, PaBHOW [fnHe
MCTOYHMKA, PAcMoNOXEHHbIX B 0CEBON 0bnactu
Ha pasHocax, KpaTHbiX ero anuHe: (3/2)-AB,
2:AB, (5/2)-AB, 3-AB, (7/2)-AB, 4-AB, (9/2)-AB,
5-AB (puc. 1, Tabn. 3). Takum obpasom, pac-
CMaTpMBanuCb YCTaHOBKM, AN KOTOPbIX pasHoC
3aBUCUT OT AJIMHbI UCTOYHMKA. YCTAHOBKW pas-
MeLLanMcb Ha NOBEPXHOCTW BOAHOIO Cros, B €ro
cepeauHe 1 Ha NOBEPXHOCTW OCHOBaHWS (3eMin)
(cm. puc. 1).

A B M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 h

Ha MHOropasHOCHbIX YCTaHOBKax Ha KaXaom
TPEXanNekTPOLHON WU3MEpPUTENbHOW NMHUKU NpPO-
BOAMNMCH pacyeTbl nepexoaHoro npotecca AU(t),
KOHEYHON Pa3HOCTU CUrHana nepexogHoro npo-
uecca A?U(t) u TpaHcopmaHTel P1(t). CurHan
paccyMTbiBancs 0T MOAENMN ABYXCIIOMHOIO Nosy-
npocTpaHcTBa. lepBbl CNOM — Mopckas BoAa
CUMbHO NPOBOASLLAS HENONAPU3YHOLLASICA MOLL-
HocTbio h1 50 unm 100 m ¢ Y3C 0,25 Om-Mm. Oc-
HOBaHWe — reonornyeckme obpasoBaHnst NPOBO-
aswme nonspusytowmecsa ¢ YOC 1,5 Om-m 1 no-
napusyemoctbto n 0 unmn 15 % (cm. puc. 1), Bpe-
mMeHeMm penakcaummn 1 0,5 C, nokasarenem cre-
nexun ¢ 0,5 6.p.

>
r

B p=0250mMm n=0

h1

Boga

her = /2

L=AB L/2 L

-100

3emMnsa

p=150mm n=0uiu15%

-150 I : I .

-100 0 100 200

300 400 500 600 700

X, M

Puc. 1. Cxema anekmpu4eckux ycmaHO8OK:
AB — UCMOYHUK; MleMg, M2M3M4, M3M4M5, M4M5M6, M5M6M7, M6M7M3, M7M3M9, MgMngo—
mpexanekmpoOHble U3MepumenbHbie NUHUU; T — pa3HOC (paccmosiHue Mexady UeHMPOM UCMOYHUKa
U UeHmpoM mpexanekmpoOHoU usmepumernsbHoU uHUU)
Fig. 1. Electrical installation diagram:
AB — source; MleMs, M2M3M4, M3M4M5, M4M5Me, M5M6M7, M6M7M3, M7M3Mg, MgMngo— 3-electrode measuring Iines;
r — spacing (distance between the center of the source and the center of the 3-electrode measuring line)

Tabnuua 3. XapakTrepucTUKM yCTaHOBOK YMCNEHHOro 3KCNepuMeHTa
Table 3. Characteristics of numerical experiment installations

[nuHa nctoyHunka AB, m PasHochbl I, M OnuHa nameputens Mi-Mz, M2-Ms, m
50 75, 100, 125, 150, 175, 200, 225, 250 25, 25
100 150, 200, 250, 300, 350, 400, 450, 500 50, 50
250 375, 500, 625, 750, 875, 1000, 1125, 1250 125, 125
500 750, 1000, 1250, 1500, 1750, 2000, 2250, 2500 250, 250

WwWw.nznj.ru

I 305


http://www.nznj.ru/

2021;44(3):301-311 |

CvrHan nepexogHoro npouecca pacCyuThbl-
Barncs Ha Bpemenu ot 1 mc go 16 ¢ nocne 6ecko-
HEYHOro MMMynbca ToKa (UMNynbC BO3OYXae-
HUS — PyHKLMS XeBucanaa).

PesynbTathl uccnegoBaHus
1 Ux obcyxpaeHue

BHayane Heo6x0aMMO OTMETUTb, YTO OKa3a-
nocb ygobHo aHanu3npoBaTb pacyeTbl, UCMOMb-
3ya He rmybuHy NorpyxeHus yCTaHOBKU B BOA-
HbI CNOW, a BbICOTY YCTaHOBKW Haf AHOM akBa-
TOopuMn  (NONSAPU3YIOLLMMCA  OCHOBaHWEM), no-
3TOMY [JasibHelllee M3NOoXeHe W BbIBOAbI MO-
CTPOEHbI Ha OCHOBAHWMN TaKOW TEPMUHOSIOTUM.

PesynbtaTbl pacyeToB npeacTaBrieHbl B
Buae rpacmkoB P1(t) Ha BCcex pasHocax M BCex
BbICOTaX YCTAHOBKW Haf OHOM akBaTopuu Ans
NONSPM3YIOLLEroCA U HENOMAPU3YIOLErocs oc-
HoBaHus. ['padmkm ANa OHHbLIX YCTAaHOBOK NOKa-
3aHbl CMMOLWHON NNHWEN, ANS YCTaHOBOK, pacno-
NOXEHHbIX B CepefMHe BOAHOW TOMWM — LUMPO-
KUM NYHKTUPOM, A1 YCTaHOBOK, PacnOnoOXeH-
HbIX Ha MOBEPXHOCTW BOQHOIO CMost — NYHKTUP-
HOW NuHKen (puc. 2-5). TOHKUMKU CepbiMU NIUHK-
MU MoKasaHbl rpadmkn Ans Mo4enu ¢ Henons-
PU3YIOLLMMCS OCHOBaHUEM.

0,64 -

P1, 6.p.

0,6 vy
0,001 0,01 0.1 1
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Hy>XHO OTMETWUTb OCHOBHbIE TEHAEHLMM MPO-
siBneHna curHana Bl B curHane nepexogHoro
npouecca. [Ina ycTaHOBOK, HaxogsLMXca Ha
[iHe, TO eCTb Ha NOBEPXHOCTM NONSAPU3YIOLLEroCcs
ocHoBaHwus, curHan Bl npossnseTca B Buae cur-
Hana BINI ansa scex pasHocos. Korga mexay no-
NAPU3YIOLLMMCA OCHOBAHMEM W YCTAHOBKOW Mo-
ABNAETCA HEMoNApUsYIOLLMIACA crnow (Mpu nogb-
€Me yCTaHOBKM HaJ AHOM), Ha pa3Hocax, pacno-
NOXeHHbIX Bnvxe K MCTOYHKKY, Bl nposienseTca
B Buae curdana BlA. Yem Bbilie nogHumaeTtcs
yCTaHOBKa Hag AHOM, TeM obwwupHee obnacTb
BI, cBsA3aHHas ¢ BuxpeBbIM TOKOM. [1pu yBenu-
YeHWW pa3HOCa MHTEHCUBHOCTb NMPOSIBMIEHNS CUT-
Hana Bl ymeHbluaeTcs, a npy ewe 6onblLeM ero
yBenuuyeHumn curian Bl npossnsaeTcs kak curHan
BIMI. HyXHO HanoMHWTb, YTO B paccmaTtpuBae-
MbIX YCTAHOBKaxX AJIMHA UCTOYHMKA onpeaensiert
Pa3HOCHl YCTAHOBKW, MO3TOMY pasHOC noapasy-
MeBaeTCs Kak BEeNn4unHa, 3aBucsLwas oT AMWHbI
NCTOYHMKA. Takum 0b6pasom, Ha OCHOBE BbINOSI-
HEHHbIX Pac4yeToB BWAHO, YTO OT BbLICOTHI yCTa-
HOBKW HaZ AHOM MOPS 1 OT pasHOca 3aBWUCUT BUA
nposieneHns curHana Bl1 B curHane nepexoa-
HOro mpouecca — NPOsIBNIEHNE €ro B BUAE CUT-
Hana Bl nnu BIW.

BhicoTa YCTaHOBKW Hag MOPCKUM OHOM, M
100

— -50

---0

0, 50 1 100 (h 0%)

0,001 0,01 0,1 1 10 100
tc

Puc. 2. UsmeHeHue cuzHana mpaHcghopmanmsi P1(t) dns nonapusyowe2ocs ocHoeaHus (3emnu) 15 %
8 3asucumMocmu om pa3Hoca U ebicOmbl ycmaHoeKuU Had AHOM Mopsi (3emiel)
(OnuHa ucmo4Huka — 50 m; dnuHa pa3Hocoe — 75, 100, 125, 150, 175, 200, 225, 250 m;
ebicoma ycmaHoeku — 100, 50 u 0 m npu eny6uHe akeamopuu 100 m)

TOHKUMU cepbIMU NTUHUSIMU MOKa3aH cueHan P1(t) dns nposodawel Hermonapuayrowelcss cpeosbl
MHOeKchl Kpuebix: 8 0brracmu paHHUX 8peMeH — npugedeHHasi 8bicoma 011 yCmaHO8KU, Pacnoio)eHHOU
Ha rnogepxHocmu 800bl; 8 0bnacmu Mo30HUX 8peMEH — rMpusedeHHasi 8bicoma Ol yCmaHO8KU,
pacnonoxeHHoU 8 cepeduHe 800HOU MoauU
Fig. 2. Variations of the transform P1(t) signal for a polarizable base (ground) is 15 %
depending on installation spacing and height above the seafloor (ground)

(source length is 50 m; spacing lengths - 75, 100, 125, 150, 175, 200, 225, 250 m;
installation height — 100, 50 and 0 m at offshore area depth of 100 m)

Thin grey lines show the signal P1(t) for a non-polarizable conductive medium
Curve indices: in early times area — reduced height for the installation located on water surface;
in later times areas — reduced height for the installation located in the middle of the water layer
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Puc. 3. UsmeHeHue cuzHana mpaHcghopmaumsi P1(t) dns nonapusyowezocs ocHoeaHust (3emnu) 15 %
8 3aeucumMocmu om pa3Hoca U ebicOmbl ycmaHo8KU Had AHOM Mops (3emiel)
(dnuHa ucmoyHuka — 100 m; dnuHa pasHocoe — 150, 200, 250, 300, 350, 400, 450, 500 wm;
ebicoma ycmaHoeku — 100, 50 u 0 m npu 2ny6uHe akeamopuu 100 m)
[NosicHeHuUs K pUCYHKY CM. Ha puc. 2
Fig. 3. Variations of the transform P1(t) signal for a polarizable base (ground) is 15 %
depending on installation spacing and height above the seafloor (ground)
(source length is 100 m; spacing length — 150, 200, 250, 300, 350, 400, 450, 500 m;
installation height — 100, 50 and 0 m at offshore area depth of 100 m)
See Fig. 2 for the legend
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Puc. 4. UsmeHeHue cuzHana mpaHcghopmanmsi P1(t) dns nonapusyrowe2ocs ocHoeaHus (3emnu) 15 %
8 3asucumMocmu om pa3Hoca U ebicombl ycmaHoeKu Had AHOM Mopsi (3emiel)
(0nuHa ucmo4Huka — 250 m; dnuHa pasHocoe — 375, 500, 625, 750, 875, 1000, 1125, 1250 m;
ebicoma ycmaHoeku — 100, 50 u 0 m npu 2ny6uHe akeamopuu 100 m)
[NosicHeHUSs1 K pUCYHKY CM. Ha puc. 2
Fig. 4. Variations of the transform P1(t) signal for a polarizable base (ground) is 15 %
depending on installation spacing and height above the seafloor (ground)

(source length is 250 m; spacing lengths — 375, 500, 625, 750, 875, 1000, 1125, 1250 m;

installation height — 100, 50 and 0 m at offshore area depth of 100 m)
See Fig. 2 for the legend

CpaBHWTb NoBeeHNE CUrHANoOB A5 yCTaHo-
BOK pa3HOro pasmepa Afs pasHom rnybuHbl ak-
BaATOPMM OKa3anocb BO3MOXHbLIM Ha OCHOBE OT-
HOLLEHWS BbICOTbI YCTAHOBKW K pasHocy (npuee-
[EHHAs BbICOTA YCTAHOBKM).

[pacomkn (cM. puc. 2-5) o603Ha4eHbl 3HaYe-
HMEM NPUBELEHHON BbICOTbI. Ha 6onee paHHMX
BpemMeHax rnokasaH MHOeKC Ans yCTaHOBKM, pac-
MOMOXEHHOW Ha MOBEPXHOCTM BOAbI, HA Bonee
NO3OHUX BpPEMeHax — WHAOEKC (KypcuBOM) Ans
yCTaHOBKW, pacrnosiOXXeHHON B cepeivHe BOLHOM
Tonwwy. [ina ycTaHOBOK, Haxo4daLWMXCA Ha [He

aKBaTopuu, NpUBEAEHHAs BbICOTa paBHA HYSO —
WHOEKC He NpUBOAMTCH. JTa BENMYMHA BO3pac-
TaeT Npu noagbeMe YCTAaHOBKA Hag LHOM W
yMeHbLUAEeTCs NpU yaaneHum n3MepuTens ot uc-
TOYHMKA, TO ECTb NPW YBENUYEHUM pasHOCa.

[ns oceBbIx YCTAHOBOK yAanocb nokasaTb
obnactu, B KoTopbix Bl nposiBnseTtcsa B Buae
curHana Bl vnmn BMA v npoucxoanT nepexoq
OT OfHOro BMaa nposisnexus curHana Bl k apy-
romy. Xapakrep nposisneHust curHana Bl B cur-
Hane nepexofHoro npowecca B 0ceBon obnactu
MCTOYHKKA onpeaenseTcs npuBeeHHON BbICOTOM

WwWw.nznj.ru

I 307


http://www.nznj.ru/

2021;44(3):301-311 I

0,64
—_043

— f__‘_

‘\\

P1,6.p.

0,21

-0,6 T T
0,001 001 0,1 1 10 100
t,c

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

005 0,044

_\—/0029 ig 025 :fl 022 \’O_'UZ

[T
0,001 0,01 0,1 1 10 100
tc

Puc. 5. UsmeHeHue cuzHana mpaHcghopmanmsi P1(t) dns nonapusyowezocs ocHoeaHust (3emnu) 15 %
8 3aeucumMocmu om pa3Hoca U ebicOMbl ycmaHO8KU Had AHOM Mops (3emiel)
(dnuHa ucmoyHuka — 500 m; dnuHa pasHocoe — 750, 1000, 1250, 1500, 1750, 2000, 2250, 2500 m;
ebicoma ycmaHoeku — 100, 50 u 0 M npu any6uHe akeamopuu 100 m)
[NosicHeHuUs K pUCYHKY CM. Ha puc. 2
Fig. 5. Variations of the transform P1(t) signal for a polarizable base (ground) is 15 %
depending on installation spacing and height above the seafloor (ground)
(source length is 500 m; spacing lengths — 750, 1000, 1250, 1500, 1750, 2000, 2250, 2500 m;
installation height — 100, 50 and 0 m at offshore area depth of 100 m)
See Fig. 2 for the legend

yCTaHOBKW. BO3MOXHO BbIAENUTL WHTEPBAsbI
NpMBEAEHHON BbICOThI, ANS KOTOPbIX OAWHAKOBO
nposinexune curdana BlN. OHW onucaHbl Huxe.

Ecnu BbicOTa yCTaHOBKM Hag 3eMnen, npuse-
LEHHas K pa3Hocy, Ah/r (rae Ah — 310 TONLWMHA
BOAHOrO Cnosl, OTAENSAOLWEro YyCTaHOBKY OT reo-
normyeckux obpasoBaHuA, a I — pacCTosiHWe
MeXay LEeHTpaMu UCTOYHMKA U TPexanekTpon-
HOW U3MEPUTENBbHOW NIMHWN) UMEET 3HAYEHUS OT
0 o 0,2 (HebonbLas BbIcOTa UK BonbLUuKe pas-
HoCbl), TO curHan Bl nposiBnseTcs B Buae cur-
Hana Bl — nonoxutenbHble 3HAYEHUS1 TPaHC-
thopmaHTbl P1(t) BO BpeMsi No3gHeN cTagum ne-
PexoAHoro npotecca.

Ecnu Ah/r umeeT 3Havenns 6onbue 0,3 (6onb-
Las BbICOTa UK Marsible pasHoChbl), To curHan Br1
nposiengeTca B Buae curHana BIW — otpuua-
TeNbHble 3Ha4yeHus TpaHcopmaHTel PL(t) B
BpPeMS NO34HEN CTagun NePexoHoro npoecca.

Ecnun Ah/r nmeeT 3HayeHus ot 0,2 go 0,3, To
3Ha4eHuns TpaHcgopMmaHTbl P1(t) Bo BpeMs no3a-
Hel cTaguum NepexogHoro npouecca OMM3KM K
HYMI0 — MOXHO NPEANONOXMUTb, YTO COCTaBNAI0-
wme curHana B, cBA3aHHbIe C ranbBaHNYeCKUM
1 BUXPEBbLIM TOKOM, KOMMEHCUPYIOT ApYyr Apyra.
Mpn TakoM NOMOXEHUN U3MEPUTENS U3yYeHue
npoueccos Bl ctaHOBUTCA 3aTpyQHUTENBHBIM.

3akntoyeHue
Ans ycnosui aksatopuit curHan Bl, ceasaH-
HbIl C ranbBaHWYECKUM W BUXPEBbLIM TOKOM,
ABOSKO MPOSIBNSIETCA B CUrHane nepexogHoro

npouecca, B 3Ha4eHUSX BTOPOW KOHEYHOW pasHO-
CTW CMrHana nepexogHoro npowecca n ux TpaHc-
dopmaHTe. PaHee npu npakTU4yeckux usmepe-
HUAX nposisnexne Bl paccmatpuBanocb kak
NposiBIIeHNe NOMeX, HO 3TOT CUrHan Moaenupye-
MbIN U €0 MOXHO paccMmaTpuBaThb Kak MHGopMma-
umio o BIl. B 3aBucumocTn oT BLICOTHI YyCTa-
HOBKW, NpUBEAEHHON K pa3Hocy, Ah/r curHan BIl
B TpaHcopmaHTe PL(t) MOXeT NposiBNATLCS B
BUAE KaK BOCXOASLLE BETBM HA NO34HUX BpEME-
Hax, Tak U HUCXOASLLEN BETBU, Nepexoasilen B
oTpuuaTtenbHble 3HavyeHns P1. [Ing onpeaenex-
HOW BbICOTbI YCTAHOBKW Haf, 3eMI1eN 1 pasHOCOB
curHans! BMNA v BIT moryT komneHcupoBsaTb Apyr
opyra. Takoe MOMoXeHWe W3MepUTENs MOXHO
Ha3BaTb HEONTUMAsbHbIM Ans u3yyeHns BI1.
Bua nposisnexuns Bl B curHane nepexogHoro
npouecca (nposinexune Bl B Buge curHana B
unu BIW) onpenensetcs senuunHon Ah/r. Ecnu
Ah/r nmeet 3HayeHns ot 0 go 0,2 (HebonbLias
BbICOTa Mnn 6onbluve pasHockl), To curHan Brl
nposiensetca B Buae curHana Bl — nonoxwu-
TenbHble 3HayeHus TpaHcgopmaHTel PL(t) BO
Bpems NO34HEN CTaguu NepexogHoro npowecca.
Ecnu Ah/r umeet 3HaveHus 6onbwe 0,3 (6osb-
Las BbICOTa UK Marsble pasHochkl), To curHan Brl
nposiensetca B Buge curdana BIIU — oTtpuua-
TenbHble 3Ha4YeHus TpaHcdopmaHTbl PL(t) BO
Bpems No3gHen CTaguu nepexogHoro npowecca.
Ecnu Ah/r umeeT 3Hayenuns ot 0,2 go 0,3, To 3Ha-
4yeHus TpaHcgopmaHTbl P1(t) BO BpeMsi no3gHew
cTaguv nepexogHoro npowecca 6msku K HynHo.
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Taknm 06pa3oM, MOXHO 3aKIYUTb, YTO 3Ha-
YeHMeM BbICOTbl YCTAHOBKU Haf, 3emsien, npuse-
LEHHOW K pa3Hocy, Ah/r MOXHO NMPOrHO3MpoBaThb

I 2021;44(3):301-311

BUA nposieneHua curHana Bl B curHane nepe-
XOAHOro npouecca.
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CoBeplueHCTBOBaHMEe KOMMNIeKca CpeacTB NS rpaBUTaLMOHHON
nepepadboTKN NONIMMMHEPANbHbIX FMTMHUCTLIX NECKOB
poccbinein Mpuamypbs

Haranbs lNeTpoBHa XpyHuHa?
alHecmumym 2opHoeo dena [JBO PAH, e. Xabaposck, Poccusi

Pe3tome. Npobnema nepepaboTkn NeCKOB MONMMMHEPANbHBIX POCCHINHBIX MECTOPOXAEHUI [anbHEBOCTOYHOTO PEroHa
npeacrTaBnseT cobo CMOXHYI0 TEXHUYECKYHD U TEXHOMOrMYeckyto 3agadvy. OtmeyeHo npeobnagaHne BbICOKOTMMHUCTBIX
pocChinei € NOBbILIEHHBIM COAEPXaHWEM LiEHHbIX KOMMOHEHTOB MESKMX U TOHKMX paKLWiA, Npu 3TOM coepxaHue Men-
Koro 3os10Ta opakuum paamepom meHee 0,5 MM Ha HEKOTOpPbIX 06bekTax gocturaet 6onee 90 % ¢ npeobnagaHnem Gonb-
e Yactblo hpakumin pasmepom MeHee 0,3 mm. MNoaTeepxaeHa HEOOXOAMMOCTb YCOBEPLUEHCTBOBAHNS TEXHONOMMIA 1
TEXHWYECKWUX CPeacTB Ans nepepaboTkn BbICOKOMNMHUCTLIX NECKOB POCCHINEN C NMOBbILLEHHbIM COAEPKaHNEM TOHKOAMUC-
MePCHbIX N HAHOPa3MEpPHbIX YacTuUL, LEHHbIX KOMMNOHEHTOB. B CBA3K C 3TMM ULenbio JaHHOTO McCneaoBaHus SBNSeTCs
060CHOBaHMe NOAXOA0B K MOCTPOEHMI0 (HEHOMEHOIOMMYECKON MoAenn nepepaboTkn BbICOKOMNIMHUCTLIX MECKOB POCCHINEN
rpaBUTaLMOHHbBIMK METOAaMM Ans 06eCneyeHns COXPaHHOCTM KPUCTANIIOB U CHUXEHUSA NOTEPb LEeHHbLIX KOMMNOHEHTOB NpU
CHUXEHHOW 3HeproeMkocTu. Ha ocHoBe NpeanoxXeHHON 3KCNOHEHLMAaNbHOW 3aBUCMMOCTU U3MEHEHUS YaeNbHOM Mexdas-
HOW NOBEPXHOCTWU MUHEPAsbHbIX YaCcTUL, OT TEPMOAMHAMUYECKOrO NOTEHLMANa CUCTEMbI YCTAHOBIIEHO, YTO Onpeaensito-
LYK POfb B NMPOLECCE MUKPOAE3NHTErpauum MUHeparbHbIX YacTuL, B YCNoBUsX TypBynusaumm, HULUMPYEMOIA Nagato-
LLiel CTpyen Ha NMOCKYI NMOBEPXHOCTb KaBUTALMOHHOMO peakTopa, UrpaeT B3aMMO3aBUMCMMOCTb CKOPOCTU UCTEYEHUS W
pacxofa rugpocmecyt B yCrioBusX yBENUYEHUS BPEMEHW BO34eNCTBUSA. B pesynbTaTe pacyeToB yCTaHOBMEH POCT yAENb-
HOW Mexda3HON NOBEPXHOCTM YacTul B nHTepBanax 1,8—-3,3 pasa B 3aBUCUMOCTW OT perynmpoBaHus pacxoga ruapo-
CMeCU, NIOTHOCTU TMAPOCMECHU U BPEMEHM UHMLIMMPOBaHUS. NpeacTaBreHHble MaTeMaTuyeckme 3aBuCMMOCTY NO3BONST
ynpaBensTb NPOLECCOM NpW MPOBEAEHWUN UCTIbITaHUIN KaBUTALMOHHOTO peakTopa, OLEeHUTb Ka4yecTBo U xapakTep paboTsl
YCTaHOBKM, @ Takke OTPEerynupoBaTb W BHECTU HeoBXoaMMble M3MEHEHUS B KOHCTPYKUMio. lNpegnoxeHa obuwas cxema
nepepaboTkn pocchinel ¢ MCMONb30BaHWEM PSAda MHHOBALMOHHBLIX YCTAHOBOK HOBOTO TUMa, B TOM YM1CIie Ha OCHOBE CO-
yeTaHus TypbyneHTHOCTU 1 KaBUTaLWK NPY HU3KOW 3HeproemKkocTu. BosaencTeme Ha ruapocMecit BbICOKOTIMHWCTbIX Nec-
KOB rMapOANHaMUYecknx apeKToB, MHULMUPYEMbIX TypByneHTHbIMM adbdekTamm 1 kKaBuTaumen, cnocobHo obecneymnTsb
HafEXHOCTb MUKPOAE3MHTErpaumnmn-aucneprupoBanns, obecneyms CyLLECTBEHHOE CHUXEHME TEXHOMOTMYECKUX NOTEPb
LIEHHbIX KOMMOHEHTOB. Pe3ynbTaTbl AaHHOW paboTbl MOTYT ObITb MCMONb30BaHbI ANs AanbHENLLEro pa3BUTUS TeopeTuye-
CKMX MOAXOAO0B K ONUCaHWI0 KaBUTALMOHHBIX NPOLLECCOB, MOAENUPYEMbIX B NpeanaraeMblx YCTaHOBKaX.

Knroyeenle cnoea: BbICOKOIMMHUCTOCTb, MONIMMUHEPATIbHOCTb, A€3UHTErpauys, TypbyneHTHOCTb, KaBUTaLMs, KaBuTaLu-
OHHBbI peakTop, HU3Kasl BHEeProeMKOCTb, LIEHTPOGEXKHBIN KOHLEHTPaTop

Ana yumuposeaHus: XpyHuHa H. 1. CoBeplueHCTBOBaHWE KOMMIEKca CpeaCTB Ans rpaBuMTaLMOHHON nepepaboTku no-
NUMUHepanbHbIX FAWHUCTBIX NeckoB pocckinen Mpuamypbs // Haykn o 3emne v Hegpononb3oBaHue. 2021, T. 44. Ne 3.
C. 312-322. https://doi.org/10.21285/2686-9993-2021-44-3-312-322.

Original article

Improving the complex of technical facilities for gravitational
processing of polymineral clay sands of Amur river basin placers

Natalia P. Khrunina?
aMining Institute, Far Eastern Branch of the Russian Academy of Sciences, Khabarovsk Russia

Abstract. The problem of processing sands from polymineral placer deposits of the Far Eastern region is a complex
technical and technological process. The predominance of high-clay placers with high content of valuable components of
small and thin fractions is noted. At the same time the content of fine gold fractions smaller than 0.5 mm reach more than
90 % at some sites with the predominance of fractions smaller than 0.3 mm. The necessity to improve the technologies
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and technical facilities for processing placer high-clay sands with a high content of fine and nanoscale particles of valuable
components is substantiated. Therefore, the purpose of the study is to substantiate approaches to the construction of a
phenomenological model for processing of placer high-clay sands by gravitational methods to ensure safety of crystals and
reduce the loss of valuable components with reduced energy intensity. On the basis of the proposed exponential depend-
ence of variation of specific interfacial surface of mineral particles on system thermodynamic potential, it has been found
out that interdependence of hydraulic fluid efflux and flow rates plays a decisive role in microdesintegration of mineral
particles under conditions of turbulization initiated by the jet falling on the flat surface of the cavitation reactor. The calcu-
lations performed allowed to estimate the growth of the specific interfacial surface of particles in the intervals of 1.8-3.3
times depending on regulation of hydraulic fluid flow rate, its density and initiation time. Presented mathematical depend-
encies will allow to control the process when testing cavitation reactor, assess installation quality and operation nature, as
well as adjust the design and introduce necessary changes. We propose a general processing scheme for placers with the
use of a number of innovative installations of a new type including those based on the combination of turbulence and
cavitation at low energy intensity. The impact of hydrodynamic effects initiated by turbulent effects and cavitation on hy-
draulic fluid of high-clay sands is able to ensure reliable microdesintegration-dispersion and provide a significant reduction
in technological losses of valuable components. The study results obtained can be used for further development of theo-
retical approaches to the description of cavitation processes modeled in proposed installations.

Keywords: high content of clay, polyminerality, disintegration, turbulence, cavitation, cavitation reactor, low energy inten-
sity, centrifugal concentrator

For citation: Khrunina N. P. Improving the complex of technical facilities for gravitational processing of polymineral clay
sands of Amur river basin placers. Nauki o Zemle i nedropol'zovanie = Earth sciences and subsoil use. 2021;44(3):312-

322. (In Russ.). https://doi.org/10.21285/2686-9993-2021-44-3-312-322.

BeepeHue

B Hactoswee BpeMsi 3HAUUTENMbHYK 4YacTb
annioBnanbHbIX NPUPOAHBIX U TEXHOTEHHbIX NO-
NUMUHEparnbHbIX MecTopoXaeHun [lanbHeBo-
CTOYHOrO pernoHa cocTaBnsoT MMUHUCTbIE U Bbl-
COKOFMMHUCTBIE POCCHINK, B KOTOPbIX OOMbLUYO
[011t0 3aHUMAET codepkaHne TOHKOAMCMNEPCHOro
M HaHOpa3MepHoro 3omnoTta. Ha HekoTopbix
yyactkax oObekToB MecTopoxgeHun Konuad,
Kamenuctbin, Kegposka, Pokocyesckuid, AHroun-
kaH, KawnravaH, bnarogaTHoblii-ManHypa, Man-
CKUM, AHTYaHCKOIN NNoLlaau KxXHOM Yyactu Xaba-
POBCKOTO Kpas CcodepXaHuWe Menkoro 3ofoTa
bpakumn pasmepom meHee 0,5 mm gocturaet
6onee 90 % c npeobnagaHvem 6osbLUEN YACTbIO
bpakumn pasmepom meHee 0,3 mm. Takxe, co-
rMacHO [JaHHbIM reonornyecknx nuccnegoBaHun,
3010TOHOCHbIE poccbiny [lansHero BocTtoka Poc-
cun cogepxat B HekoTopblx crydasx g4o 90 %
rMUHUCTON opakumun. B HacTosiwee Bpems no-
Tepu MENKOro U TOHKOTO 30510Ta B NPOLECCe 3KC-
nnyaTauumn BbICOKOTIMHUCTBLIX POCChINe Nopon
pocturatot 80 % [1, 2]. ObocHoBaHa BO3MOX-
HOCTb COBMECTHOW nepepaboTkn 30110TOCOAEp-
Xalmx pyg U TEXHOTEHHbIX OTXO40B POCCHINHOW
30M10T0A00bIYM: 3TO [AaeT BO3MOXHOCTb pac-
cmaTtpuBaTb B KOMMEKCE MUHepanbHO-Chipbe-
Bble 6a3bl Kak 3anacbl €4MHOT0 MECTOPOXOEHMS.
[laHHbIn  nogxon  obecneynBaeT  CHUXEHWe

yOenbHbIX KanuTanbHbIX BIIOXEHWA U 3KcnyaTa-
LIMOHHbIX 3aTpaT 3a CYeT yBENUYeHnUs nponssos-
CTBEHHON MOLLHOCTM npeanpusatus. KMcnonb3o-
BaHWE HECOBEPLUEHHbIX TEXHOMOMMIN OPaXKHOWN U
rmapaBnuMyeckon paspaboTky  30/10TOHOCHbBIX
NECKOB MNPUBOAMT K 3HAYUTENbHLIM MNOTEPSM
MEIKOro, TOHKOTO 30/10Ta 1 30510Ta B CpocTKax!
[3, 4]. OcHoBOMONAraLLMM 3KONOrMYECKN YNCTHIM
U peHTabenbHbIM HanpaBsieHWEM Pa3BUTUS TEX-
HOMOrMA MOXET CTaTb NPOLLECC, CMOCOBHLIN OCy-
LWEeCTBUTb MUKPOAE3NHTErpaunto BbICOKOTMTUHU-
CTbIX MECKOB rpaBMTALMOHHLIM Cnocobom C
HaVMEHbLUMMW SHepreTUYecKUMmn 3atpaTamm.

B ynnoTHEeHHON BbICOKOrMMHUCTOW Cpefe Ya-
CTMUbI NECKOB W MMWHepasibHbIX KOMMOHEHTOB
MMEIT [O0CTAaTOYHO MNPOYHbIE  CTPYKTYpHbIE
cBs3n. Psapg paboT nocBsLleH TekyLiemy cocTos-
HUIO W NEPCrneKTMBaM PasBUTUSI TEXHOMOMMN U3-
BIIeYeHUs 30510Ta C UCMOSIb30BAHNEM aKTUBUPO-
BaHHOro yrnepopga [5], uccnegosaHuio pacnaga
3aMOpPOXEHHbIX NOpoZ NoJ BO34EeNCTBMEM XUMU-
YyecKux nonewn n BOAHOW cpefdbl [6], Bbilenaym-
BaHWIO 30710Ta XMOPOM [7], UHTEHCUBHOMY Lua-
HUPOBAHMIO 30/10Ta U3 rPaBUTALMOHHBIX KOHLLEH-
TpaToB B annapaTax 6apabaHHoro Tvna [8]. Uc-
NoNb30BaHWEe aKTMBMPOBAHHOIO yrrepoga Mo-
XEeT UMEeTb MeCTO B CUIMY CBOMX HENTpanbHbIX
BO3JENCTBUA HA OKpYXatLLlyl cpedy, HO npu
MCMOSIb30BAHNUN BbILLENAYMBAIOLLNX PACTBOPOB

1dponos 0. . Kypc konnouaHoi xumum. MoBepXHOCTHbIE ABMEHUS U AUCTIEPCHbIE CUCTEMBI: Y4eBHWK Anst CTYOEHTOB
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W APYrMX aKTUBHBIX peareHToB HEOOXO4UM y4yeT
3KONOMMYECKNX acnekToB BO3AENCTBUA XUMUYE-
CKMUX KOMMOHEHTOB. B HacToslee BpeMsl pasBu-
BAKOTCA MCCneaoBaHNWs MO YCOBEPLUEHCTBOBA-
HUIO 3Konornvecku 6onee GesonacHbIX rpaBuTa-
LIMOHHBIX MeTodoB nepepabotkm [9, 10]. U3-3a
OTPULUATENbHOrO BAUAHUSI HA TEXHOMOMMYECKUI
NPOLECC OKaTbILWEN FMUHbI, 0OpasyroLmMxca Ha
HaKMOHHbIX FPOXOTax C KPYroBowW amnnuTygoun
konebaHuiA, a Takke NpoLecca OKOMKOBaHMS Npw
npMmeHeHun ckpybbep-byTtap ans 6onee nonHo-
LleHHOW paboTbl KOMMNMEKCA PEKOMEHA0BAHO UC-
Nonb3oBaTb ABa ABYXAEYHbIX MPOMbIBOYHbIX [O-
PU3OHTasIbHBIX FPOX0Ta C IMHEMHON aMNIMTYA0M
konebaHun. Takke Ona YaCTUYHOrO YCTPaHEHUs
[aHHbIX HeJoCTaTKOB MpeanoXeHa YCTaHOBKA
Haver Hydro-Clean, npegHasHavyeHHas gns ot-
AENEHUs MUHUCTBIX arperaToB OT KpUcTannmye-
CKOW YaCTy MUHEPAnbHOTO Chipbs NYTEM UX e3-
MHTErpaLun ¢ NPOMbIBKOW NOA BbICOKMM OaBne-
HueMm Bogbl [11]. K HegocTtaTkaM LaHHOW KOH-
CTPYKLMM MOXHO OTHECTY CNIOXHOCTb M3roTOBIE-
HUSI U 3KCNlyaTaumn, a Takke AONONHMTENbHOE
3HepronoTpebneHne, 3aTpaunBaemMoe Ha Bpa-
eHne poTopa W OOMNOMHUTENbHYIO nodavy
Boabl. Kpome TOro, nmpvMeHeHWe OaHHOW KOH-
CTPYKLMK Ha 0OBbEKTAX C NPEUMYLLIECTBEHHO TOH-
KOAMCNEPCHBIMI YaCTULAMUN LIEHHbIX KOMMOHEH-
TOB HEe 06EeCNeYnT CHIKEHNE X NOTepb. AHanu3
paboTbl 6apabaHHbIX Ae3WHTErpaTopoB U rma-
PaBMNYECKNX LLEHTPOBEXHBIX OE3NHTErPaTOpPOB,
KOTOpble SBNSOTCA Hanbonee M3BECTHBIMW HO-
BEMLUVMM U UCMbITAHHBIMW B NPOU3BOACTBEHHbIX
YCNOBWUSIX KOHCTPYKLMSIMU, MOKa3blBaET, YTO AaH-
Hbl€ YCTaHOBKM NPUMEHUMbI 4N NpeABapUTENb-
HOW [e3nHTerpauuy rmuHncTbiX neckos [12]. K
HegocTaTkam MX 3KCniyaTauum MOXHO OTHECTH
Hen3bexHoe OKOMKOBbIBaHWE C 0Opa3oBaHMEM
FMUHUCTBIX OKaTbILEeR NpW NOBbLILLEHHOM COoAep-
XaHWKM mMuHbl B neckax. OgHako Hago OTMETUTb,
YTO TaHreHumanbHbI ¥ NPOTUBOTOYHBIA MPUH-
UMM nogayun nynbnbl B rMapaBnnyeckne LeHTpo-
BexHble 4e3nHTerpaTopkl, a Takke UCMonb3oBa-
HME KaBUTUPYIOLLMX SMTIEMEHTOB Ha BHYTPEHHEN
NOBEPXHOCT Npu onpeaeneHHon gopaboTke
NO3BONSIOT HAAEATLCA HA CYLLECTBEHHOE AOCTU-
XeHne Heobxogumoro addekta npu MCNosnb3o-
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BaHWUW Ha BbICOKOTTIMHUCTBIX pocchinsX. Pa3su-
BAlOTCA HETPaaWUMOHHbIE BbICOKO3HEPreTUYe-
CKMe MeTofbl MCCnegoBaHUa Oes3uHTerpauun u
BCKPbITUS TOHKOAUCNEPCHBIX MUHEPATbHbLIX KOM-
NSIEKCOB Ha OCHOBE M3MNyYatoLLnX CUCTEM, B TOM
yucne ynbTpassBykoBblx [13, 14]. TeM He mMeHee
LaHHble TEXHOSOMMK B CUNBbHOW CTEMNEHN 3HEPro-
3aTpaTHbl U NOKa He Haxo4saT LUMPOKOro npumMe-
HEHWs B NMpousBoacTBe. M3BecTHbl uccnenosa-
HUA 06oraTUMOCTV MaTepmana, nosy4eHHOro no-
CPELCTBOM TEXHOMOrUM, BKIKOYaoLWen Tpu no-
crnegoBsaTeflbHO  Yepeayrolmeca craguu  us-
MEenbYeHUs ¥ rpaBUTaLmMy NpU NOMOLLM LIEHTPO-
BexHOro KoHLUeHTpaTopa, KoTopas NoATBepAMa
9 (heKTUBHOCTb W3BMEYEHUS HAHOPa3MEPHOro
30Mn0Ta rpaBuTauMoHHbIM crnocobom [15]. Pag
nccnefoBaHWii NOATBEPXKAAET KOMMNIEKCHOE UC-
NONMb30BaHWe rpaBUTALMOHHLIX METOAO0B W3-
MeSIbYEHNS U LLEHTPOOEXHOW Knaccugmkaumm ¢
ucnonb3oBaHveM annapata Knelson u apyrux?
[16, 17]. B paboTax [18-23] oTmMevatoTCa 4OCTU-
XeHus B 0bnactu pasBuTUS TEXHOMOMMIA rpaBu-
TaLWOHHOTIO M3BNEeYEHNs 30/10Ta U ONUCHIBAKOTCS
nyTW pa3BUTUA NPOLLECCOB NepepaboTkun nones-
HbIX MCKOMaeMbIX MOCPEACTBOM MPOrHO3MpPOBa-
HUSI U NPaKTUYECKON A0paboTkuM € UCnonb3oBa-
HUEeM CTaHdapTU3npoBaHHoro Tecta. O6Luit He-
[0CTaTOK MpeAcTaBfieHHbIX pa3paboTok 3aksto-
4aeTCs B CPaBHUTENbHO HU3KON 3(PhEeKTUBHOCTM
npouecca npu nepepaboTke rMUHUCTLIX NEeCKOB
POCChLINEN C NOBBILEHHLIM COAEPXKaHNEM TOHKO-
AMCNEPCHBIX M HAHOPa3MEePHbIX YacTUL, LIeHHbIX
KOMMOHEHTOB U BbICOKOW 3HEpProeMKocTu. Bax-
HbIM (DaKTOPOM nNpu [e3nHTerpauuyM neckos
PYZAHO-POCCHINHBIX MECTOPOXOEHUN TaKXKe SBNS-
€TCs HeJonyCTUMOCTb MepeusmenibyeHns ans
obecneyeHns COXPaHHOCTW KPUCTaNNNYeCKow
CTPYKTYPbI LLleHHbIX KOMMNOHEHTOB. B paboTe [24]
npeanaraeTcs cxema nepepaboTku C yBenuyeH-
HbIM YXCNOM CTaAWUN M3MENbYEHUS U Knaccupu-
Kauum Npu HEBOMbLUMX SHEPrUAX U3MENbYEHUS.
MNpeanoxeHa KOMOMHUPOBaHHas cxema nepepa-
60TKM CbIpbs, BKIOYAOLWAsA MEXaHOAKTUBALIMOH-
HO€e U3MernbYeHune B NpoLecce rmapoXMMmmM4eckon
L0BOAKM.

AHanu3 yHKUMOHANbHbIX 0COBEHHOCTEN W3-
BECTHbIX pPeLleHuin NoATBEPANS HEOBX0ANMOCTb

2Knelson™ semi-continuous gravity concentrator // Flsmidth.com. [OnekTpoHHbIn pecypc]. URL: https://www.fls-
midth.com/en-gb/products/precious-metals-recovery/knelson-semi-continuous-gravity-concentrator. (16.05.2021).
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YCOBEPLUEHCTBOBAHNUSA TEXHOMOMMN W TeXHUYe-
CKMX CPEACTB ANa nepepaboTku BbICOKOTMMUHM-
CTbIX NECKOB POCChINEN C MOBbILEHHLIM coaep-
XaHWeM TOHKOAMCMEPCHBbIX W HAHOPa3MepHbIX
4acTUL LEHHbIX KOMMOHEHTOB. PeHONOrN4eckum
nyTeM ornpegeneHo «y3koe» MecTo B npoueccax
nepepaboTkn — 3T0 HegocTaToyHas apdEKTUB-
HOCTb MUKPOZE3WNHTErpaumn rmUHUCTLIX NEeCcKOB
POCChIMHBLIX WU PYOHO-POCCHINHLIX MECTOpOXae-
HUA. B cBA3K C 9TUM Uenbio npeacTaBneHHOro
uccnenoBaHus ABnseTcs 060CHOBaHWE MOAXo-
[0B K MOCTPOEHUD (PeHOMEHOSIOrM4eCcKon Mo-
fenu nepepaboTkM BbICOKOMMMHUCTBIX MNECKOB
poCCbINen rpaBUTALMOHHBIMKW MeTodamu [Ans
obecneyeHnss COXPaHHOCTU  KPUCTannoB W
YMeHbLUEHNS NOTEPb LIEHHbIX KOMMNOHEHTOB Npu
CHWKEHHOW 3HEProeMKOCTH.

Martepuanbi u metoabl
nccneaoBaHumn

OOHMM 13 rMaBHbIX acrnekToB 0O0CHOBaHUS
NnoaxoAoB MNOCTPOEHUst (DEHOMEHONOMMYECKON
MoZenun npouecca MUKpoAe3VHTerpauun sBns-
€TCsl pacCMOTPEHME ONMCaHWM U METOAMUK pac-
yeTa Ae3nHTerpauum MUHEpanbHbIX KOMMOHEH-
TOB B XMOKOW cpeae C LWaasLmm BO34eNCTBUEM,
VHULMMPYIOLLEM 3(DMEKTBI BIUSHUS HA MUKPO-
ypoBHe. ccrnegoBaHus gesvHTerpaumm neckos
C NOBBbILEHHbLIM COAEPKAHWEM TMINH Nexart B 00-
nacTn MNPOUCXOAALMX  (DU3UKO-MEXAHUYECKMX,
(PUBNKO-XMMUYECKMX W TMOPOANHAMUYECKMX SIB-
NEHW Npu B3auMogencTenm paboumx opraHoB
UNW aKTUBMPYHOLLMX PacTBOPOB C NOPOAHOI Mac-
con. K H1uM oTHocATCS pa3HoobpasHble ahekThl
MOHWXEHNS NPOYHOCTW BCNEACTBME BMSHUS NO-
BEPXHOCTHO-aKTUBHOW CPefbl, MHULMMUPYIOLLEN
MOHWXeHWe YAEenbHON CBOBOAHON MOBEPXHOCT-
HOW 3Heprun TBepaoro Tena. B pabore [25] yka-
3blBAETCS Ha pacLUMPEHNe NPUMEHEHNSI TMapaB-
NTMYECKOTrO, TEPMUYECKOrO U KOMOUHMPOBAHHBIX
cnocobo0B, a Takke Ha NPOXOXAEHME CTaanm 3KC-
NepUMEHTanbHbIX WCCNeaoBaHWA M MPOMBILL-
NEHHbIX MCMbITAHUIA 3NEKTPOPUINYECKUX U XN-
Mun4yeckmx cnocobos paspywerus. [laetca 0606-
LweHne 3akoHoB Kupnuyesa — Kuka n PUTTUH-
repa, B COOTBETCTBUM C KOTOPbIMK 0BLLIME 3HEP-
rosatpaTbl CKnafblBalTCA M3 ynpyronnactuye-
Ckux gedopmauuin paspyliaemoro obvema
maTepuana n paboTbl, pacxogyemoi Ha obpaso-
BaHWe HOBbIX MoBepxHocTen. B pabote [26]
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PACCMOTPEHbI TMNOTE3bl U3MENBbYEHNS Takke C
y4ETOM MPONOPLMOHANBHOCTW 3HEPTN U3Menb-
YEHUS MO OTHOLLEHMIO K BHOBb 06pa30oBaHHOM No-
BEPXHOCTU U 06bEMY M3MENbYEeHHOr0 MaTepu-
ana. YuuTbiBaeTcs KMHETUKa U ONUTENbHOCTb
npouecca. WM3BecTHbl paboTbl, CBA3aHHbIE C
0600LLeHneM MaTemaTUYECKNX MOAENE apo-
ANHAMWUYECKMX U KaBUTALMOHHbIX SIBMEHWUIA NO-
CPeaCTBOM 3fIeKTpOpaspsaHbIX WU yNbTpasByKo-
BbIX BO34eWCTBUN [27, 28], BNUAHUA KOHCTPYK-
TUBHbIX 0COBEHHOCTEN BpallaloLLMXCs KaHanos
TNa «KoHy3op-anddysop» [29]. B paboTe [30]
npeanoxeHa NnpubnmxeHHas Mogenb BUXPEBOTO
NOTOKa, MHULMMPYEMOrO BO34enCcTBMEM ra3oob-
pasHOro NpPoaykTa, 3aBUXpPUTENER N CTePXHEN.
YCTaHOBMEHO, YTO 3HEpPrus BUXPEBOro MOTOKa
NPOMopuUMOHanbHa pacxody MNOTOKa, PasHOCTU
LABMNEHWI Ha BXOAE W BbIXOAE YCTPOWCTBA.

Pe3ynbTaTthl uccnenoBaHuim
n Ux obcyxaeHue

AHanu3s nokasarn, 4To OCHOBHbIMU pa3pylLua-
oWMMKU adpdhekTamn Npyu MUKpOAE3NHTErpaLmm
MWUHepanbHON COCTaBMSALWEN rMapocMecen SB-
nsaTesa TypbyneHTHOe pe3oHaHCHOe BO3byxae-
HUe W KaBuTauus, NPUBOAALLME K OECTPYKLMM
OMCNEPCHO-arperaTHoro COCTOSHWUS MMAPOCMECH
W paspyLUEHUI0 MeXaHUYECKUX CBA3EN TBEPAOrO.
Kpome TOro, 371 ABNEHNS MOXHO UHALMMPOBATL
NOCPEeACTBOM TEXHUYECKUX CPEeAcTB, He npube-
ras K JONOMHUTENbHBLIM 3aTpaTaM 3MeKTPOSHEp-
. OeHOMEHOMOrMYecknin noaxon BKMYaeT
[iBa 3Tana MateMaTu4eckoro OnMcaHus npowec-
COB, B MOSIHOM UMKne obecneymBarowmx gocTa-
TOYHYI0 OECTPYKLUMIO FMUHUCTBIX YacTul, nocpea-
CTBOM TypOynusauum u nocnegyiowen Kasura-
umun. B gaHHOM cTaTbe OrpaHUYMMCs paccmoTpe-
H1em npoueccos Typbynusauuv gns Beibopa uc-
XOAHbIX MapaMeTpoB perynupoBaHus npoLecca
B Havane uukna obpaboTku rugpocmecu B ycra-
HOBKe C Lenbio obecneyeHns ee 3ahHEKTUBHO-
cTu. [Npu nonagaHum CTpym ruapocMecu Ha poB-
HY0 MOBEPXHOCTb, PACMOSIOKEHHYI0 NepneHau-
KyNSipHO Majarolen cTpye ruapocMecu, gasne-
HWe CTpyW Ha NoBepxHOCTb P ByaeT 3aBuceTb OT
PaABHOBECHOW MNOTHOCTU TMAPOCMECU P, pac-
xofa rugpocmecu Q, ckopocTu cTpym V u onpe-
AEenuTcs no opmyne

P=p,-Q-V. 1)
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PaBHOBecHas NMOTHOCTb OMNpeaenseTcs ¢
y4eTOM 06BbEMHOMO COAEpXaHUs B rMAPOCMECH
TBEpPAOro M BoAbl. Pacxon ruopocmecy 3ana-
eTCs, @ CKOPOCTb CTPYW ONpeaensieTcs B 3aBuUCH-
MOCTM OT pacxoAa W AuameTpa BXOAHOro ceve-

HUs conna dex NO hopmyne
4Q
= (2)

IMesa npenBapuTENbHYIO CXeMy KOHCTPYK-
TUBHOIO BbIMOSTHEHWUSA YCTAHOBKW, OCYLLECTB-
nseM MOAenupoBaHWe MaTeMaTU4eckon Mo-
penv TypbyneHTHOro acpdhekTa, NPoMCXoasLLero
npv nogaye CTpym ruapocMecy B 3aKpbITy0 eM-
kocTb 1 (puc. 1). TypbyneHTHOCTL ByaeT gocTu-
ratbCq MNOCPEACTBOM TMAPOAMHAMUYECKON CO-
cTaBnsioLLen cTpyn 2 n opMbl NOBEPXHOCTU 3,
Ha KOTOpYIo OHa NajaeT B YCTaHOBKE Ha NepBOM
aTare.

Puc. 1. Cxema myp6ynu3ayuu cmpyu
Ha nepeol cmyneHu 2eHepamopa
Fig. 1. Diagram of jet turbulization
at generator’s first stage

B paccmatpuBaemon cpefe npoucxoauT m3-
MEHEeHMWe arperaTHoro COCTOSHUS BeLecTB, npe-
MMYLLECTBEHHOE KONMMYECTBO KOTOPbIX Haxo-
AMTCS B KOHAEHCUPOBAHHOM COCTOSIHUM U He-
Bonblloe KonuyectBO — B rasoobpasHoMm, no-
3TOMY pasnuyns Mexagy U3MEHEHUSMMN BHYTPEH-
HEW SHeprum YacTuL U U3MEHEHUSMU SHTPOMUM
CUCTEMBl 3TUX YacTUL He3HauuTenbHbl. [ns
onpeaeneHus napameTpoB npoLiecca, npoucxo-
ASILLero B KaBWTALMOHHOM peakTope, MCMofb-
3yeM 3aBWCUMOCTb, BKITHOYAKOLLYIO OLEHKY 13me-
HEHWUA OEe3NHTErpUpyemMon TBepaoi COCTaBnsto-
wen rugpocmecu. 3aBUCUMOCTb  M3MEHEHUS
yOenoHon Mexd)a3HOM MOBEPXHOCTU BHOBb 06-
pa3oBaHHbIX YacTul B pesynbrate Typbynusa-
LMK, BO3HUKLIEN NpK NonagaHuy noToka ruapo-
CMecu Ha noBepxHoCcTb 3 (CM. puc. 1), MOXHO

npeacTaBuTb NO aHanorum [2] B Buae ypaBHeHUs
1

dSy, = dSoy, €5, ©)
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roe Soye — NNOWaAb HaYanbHOW YAENbHON Mex-
cazHol NoBEpPXHOCTM YacTul, M, E — Tepmoau-
HaMUYeCKWI NOTeHUMan CUCTEMbI; 0 — yaenbHas
MOBEPXHOCTHAs  3HEPrus  4vactuy, paBHas
0,0795 kr/m?,

N3meHeHVe TepMOaMHaAMMUYECKOro NoTeHUm-
ana cucTeMbl BblpaxaeTcs 3aBUCUMOCTbIO

dE = W - ndt, 4)

roe W — MOLLHOCTb 3Heprum noToka ruapocMec;
N — KO3(PUUNEHT MONE3HOro OencTsus ycra-
HOBKW, NpuHMMaemelit 3a 0,5; t — Bpemsi Bo3aen-
CTBWS NOTOKA MUHEPANbHOW MMAPOCMECH NPU MNO-
nagaHwy Ha NoBEPXHOCTb Typbynm3auum.

MowHoCTb aHeprum notoka rugpocmecn W,
BO3[ENCTBYIOLLEr0 Ha NMOBEPXHOCTb Typbynuaa-
umu (cMm. puc. 1, nos. 3), MOXHO BbIpasuTb Yepes
[laBfeHne noToka rmgpocmecy P 1 nnowagpe no-
BEPXHOCTU Typbynusauum Sm NpsamMo NponopLm-
OHasIbHOW 3aBUCMMOCTbLHO

W=P-S,. (5)

YacTtb cTpyun BeepoobpasHo pacxoguTcs, oT-
paxasiCb 3aTeM OT CTEHOK Kopryca 1 3f1IEMEHTOB,
PacrnofiOXeHHbIX BbIWE YPOBHA MOBEPXHOCTM
(cm. puc. 1, nos. 3), nagaeT BHU3, nonagas Ha 3a-
OCTPEHHbIE BbICTYMbl BEPTUKANbHbLIX NaCTUHYa-
TbIX KaBMTALMOHHLIX 3MEMEHTOB. W3MeHeHus
yOoenbHOW MexdasHOM MOBEPXHOCTU 4YacTul,
TBEPOOrO KOHTPONUPYKTCA C MOMOLLBK YyCTa-
HoBkM Analysette 22 nepes nogaven rmgpo-
CMECU 1 Nnocrne NpoXoXaeHNUs NoToka Yepes pe-
aktop. [lmanasoH usmepsieMblx Yactul, cocTas-
nset ot 0,08 go 2000 mkm. lNpeacTaBneHHble
MaTemMaTu4eckme 3aBUCUMOCTM NO3BONSAT yNpaB-
NATb NPOLIeCCOM NPU NPOBEAEHUN UCTbITAHUN,
OLEHWUTb KavyeCTBO M xapaktep paboTbl ycTa-
HOBKW, a TaKXe OTPErynupoBaTb U BHECTU HEOD-
XOOUMbIE U3MEHEHUSI B KOHCTPYKLIMIO.

PaccmoTpum npumep pacuyeta yaenbHow
Mexda3HON NOBEPXHOCTU MUHEPAIbHbIX YacTuL
B pesynbTaTe Typbynusauum notoka rmapocmMecu
Ha NepBoOW CTYMEeHW Npu nonagaHuy B peakTop
MUKpoAe3uHTerpaumun. MameHsiowmeca ucxoa-
Hble napameTpbl: BpeMs Bo3genctsus — 2 u 4 c;
NPV paBHOBECHOW NIOTHOCTM MAPOCMECH B nep-
BoM cnyvae — 0,1 TBepgoro u 0,9 Bogbl, pacyeT-
Has MNOTHOCTb MAPOCMECU COCTaBUT BESIUYMHY
1076,3 kr/m3; Bo BTOpOM cnyyae — 0,2 TBepaoro
n 0,8 Bogbl, pacyeTHas NNOTHOCTb rMapPOCMecH —
1152,6 kr/m3.  KoadpdmumueHT nonesHoro Aeil-
CTBUS YCTAHOBKW N NpuHUMaeM pasHbiM 0,5.
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YaenbHas NOBEPXHOCTHAs 3HEPrust YacTuy o
paBHa 0,0795 kr/m2. MnoLiaab NOBEPXHOCTU Typ-
bynusaummn Sm npu paguyce, pasHom 0,1 m, co-
CTaBuUT

Sy, =mR? =3,14-0,1 = 0,0314 M2, (6)

NcxogHyo yaenbHylo MexdasHyr nosepx-
HOCTb MUHEpParnbHbIX YaCTUL, NPUHUMAEM PaBHON
Soyo = 1,345-10° ML, [lnameTp BXOAHOIO CeYeHMs
conna dex NpuH1Maem pasHbiM 0,05 M. [lnana3oH
M3MEHeHMs pacxoda rmapocmecn Q NnpMHUMaem
paBHbiM 0T 0,02 go 0,1 mM3/mMuH unu ot 0,00033
no 0,00167 m%/c. Ha pwuc. 2 npencTaeneHa 3asu-
CUMOCTb yAeSlbHOM MeX(a3HOW MNOBEPXHOCTM
MUHEparnbHbIX YacTuy Sye OT pacxoga rmapo-
cmecy Q, nonyyeHHas pacyeTom no TeopeTnye-
ckomn chopmyne (3).

2,0 4
40 /
3,0

20

Sya- 105, M

—

1,0

0 002 o004 008 008 01
3, MEMHH
Puc. 2. 3asucumocmsb ydenbHoli mexghasHoll
noeepxHoCcmMu MuHepasbHbIX Yacmuy,
om pacxoda eudpocmecu
Fig. 2. Dependence of specific interfacial surface
of mineral particles on hydraulic fluid flow rate

pacbmkm 1 1 2 (CM. puc. 2) nony4veHsbl pacye-
TOM C MCXOAHbIMW [aHHbIMW: BpeMs BO3aeM-
CTBUS — 2 C, pacyeTHas NI0THOCTb ruapocmect —
1076,3 kr/m® onsa rpacmka 1 v 1152,6 kr/m® ans
rpadouka 2. M'pacuku 3 1 4 nonyyeHbl Npu TeX e
[aHHbIX W BpeMeHu Bosgencteus 4 c. Cyuwe-
CTBEHHYI0 POnb UrpaeT BpeMeHHOWN (pakTop 1 Co-
LEPXaHWe TBepaon COCTaBMsWEN — MUHe-
parnbHbIX YacTuL — B Xuakon ase. PedynbTarthl
TEOPETUYECKMX pacyeToB MoKasanu, 4To npwu
BPEeMeHW BO3aeWCTBua 2 ¢ yaenbHas mexdas-
Hasi MOBEPXHOCTb YacCTWL YBENMYMBaEeTCs B
cpeaHem B 1,8 pasa B 3aBUCMMOCTY OT NSIOTHO-
cTv rmapocmecu. MNpu BpemeHun Bo3genctens 4 ¢
yoenoHas MexdasHas noBEpPXHOCTb Yactul
yBenuynBaeTcs B cpeHeM B 3,3 pasa B 3aBUCK-
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MOCTW OT NMOTHOCTU ruapocmecu. Onpeaensito-
L0 pOIb B NpoLiecce MUKpOAe3nHTerpaLum Mu-
HeparbHbIX YacTuy B ycrnosusx Typbynusaumu
UrpaeT poCT BPEMEHW BO3AEWUCTBUA C Yy4eTOM
TEPMOAMHAMNYECKOro NoTeHuana cucTeMel, 3a-
BUCSILLErO OT pacxoda rugpocmecu Q, ckopocTu
CTpy¥ V 1 faBneHns CTpyu Ha NOBEPXHOCTb.

[ns peanu3auum NOCTaBnNeHHOW Lenu pac-
CMOTpPEHbl  KOHCTPYKTUBHbIE OCOBEHHOCTM HO-
BOr0 TEXHWYECKOro PELUEHUs, pacLuMpsoLero
(pyHKUMOHaNbHBIE BO3MOXHOCTWM 060pYyaoBaHUS
C UCNoNb30BaHneM TypbynuayoLLero peaktopa c
anemeHTamu kasutauum [31]. HavanbHbI aTan
paboTbl BKMHOYAET KOMMNOHOBKY 3MEMEHTOB reo-
TEXHOMOrMYeCcKoro Komnnekca Ans noAroTOBKM
pasmblBa MMUHUCTLIX NeckoB B 3aboe (puc. 3, 4).
PelweHve Bonpoca NoBbILEHUS NPOU3BOAUTENb-
HOCTW U TeXHonornyeckon adeKTMBHOCTM BO3-
MOXHO 3a CYET NPUMEHEHUNS YCTAHOBKM 3CTakaj-
Horo Tuna [32] ansa oxsata 60bLWMX MO NoLWaam
pa3mepoB MNOSIMroHa.

Komnnekc [32] BknoYaeT cpeacrea ansa ocy-
LLLeCTBNEHNS pasMbiBa NECKOB, NEPBUYHON Ae3-
WHTErpaumMm u Knaccuukaumm B Maccuee mno-
CPEACTBOM TMAPOMOHWUTOPA W YCTaHOBKW dCTa-
KafHOro Tuna, OCHaLeHHOW ABYXKOBLUOBLIM MO-
pynem. MNoaroToBneHHbIE FAIMHUCTBIE NECKW MO-
[alTCA NocnefoBaTenbHO Ha aBTOMATUYECKYH
YCT@HOBKY rpaBuTaLOHHOro oboraiieHns [33] u
TOHKOCIIOMHBIN ABYXYPOBHEBbIN LUSIIO3 (CM. PUC.
3). ABTOMaTMyecKasi yCTaHOBKA rpaBMTaLMOH-
Horo oboraieHus [33] ocHalleHa MHOrOsipyCHON
ynaefnvBalwoLen MNOBEPXHOCTbIO, Kaxabl Apyc
KOTOPOW OCHALLEH MHOTOPSAHbIMU 3fIEMEHTAMM,
pacLupsoLLmMm 06LLYH0 NnoLwaib ynaBnmBaHus
KOHLUEHTpaTa, a Takke JdaTyMkamu KOHTPONs
HAKOMMEHUs1 KOHLEHTpaTa M aBTOMaTU3MPOBaH-
HbIM CMOMOCKOM. XBOCTbI NO4ATCS NocrneaoBa-
TENbHO Ha MEPBYK CTaguMd MUKPOAE3uHTErpa-
LUMU NOCPEACTBOM KaBUTALMOHHBLIX pPeakTopoB
[31] n 3aTem Ha cTaguio rpaBuTaLMOHHOIO 060-
ralieHns NoCpeaCcTBOM LEHTPOBEXHBIX KOHLEH-
Tpatopos. Npu HeobxoaAMMOCTM CTagun MUKPO-
Le3VHTErpaumnn n LeHTPOBeXHOro pasgeneHuns
hpakumin NOBTOPSATCA 4O NOMHOIO U3BNEYEHUS
LIeHHbIX KOMMOHeHTOB. PeakTtop [31] ocHalueH
AN PY30pOM, Ha BbIXOAE KOTOPOro XeCTKO 3a-
(pukcupoBaH ruapoaMHaMUYECKU pacnpenenu-
Tenb-TypbynuaaTop notoka 1 B BUAE MHOrorpaH-
HOW 4YaCcTUYHO NepoOpUPOBaAHHON NOBEPXHOCTMH,
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HWXe OCHOBaHMS KOTOPOMN YCTAHOBMEHA NOCKas
NOBEPXHOCTb 4 KPeCTOBMHbI Ans Typbynuaauum
W KaBUTaLMOHHbIE 3leMeHThl 2. Yepes pacnpe-
penutenb-Typbynmsatop 1 NOTOK nogaetcs Ha
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NIOCKyt NOBEPXHOCTb 4 KPeCTOBWHbLI U pacnpe-
[ensietcs B NPOMeXyTKax BAOSIb NOBEPXHOCTEN
BepTUKamNbHbIX MNACTMHYATLIX KaBUTALMOHHBIX

3r1eMeHTOoB 2 (CM. puc. 4).

PAsMbIE MUHHCTHIX NECKDE,
NepBHYHaA QEEHHTErpaLmMa
W knaccudmrEauma
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Fig. 3. Operation scheme of a geotechnological complex
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Puc. 4. KasumauuoHHbIii peakmop 0515 Mukpode3uHmezpayuu:
a — obwuti sud peakmopa; b — paspes A-A Ha ¢puzype (a),
8U0 ceepxy Ha 8epmuKasibHbIE MacCmMuUH4Yamble KagumayuoHHbIe 371eMEHMbI

1 — pacnpedenumens-myp6ynusamop Nomoka; 2 — eepmukarbHble MIacmuH4Yamble KagumauuOHHbIE 31eMeHMbI;
3 — KasUMaUUOHHbIE MOPOXKU YCMaHOBeHbI M0 CrIUPasu 8 30He KOHy30pa; 4 — Nockasi oeepxHoCMb mypbynusayuu

Fig. 4. Cavitation reactor for microdesintegration:

a — general view of reactor; b — A-A section on the figure (a), top view of vertical plate cavitation elements

1 - flow distributor and turbulizer; 2 — vertical plate cavitation elements;
3 — cavitation horns installed in a spiral in the confusor zone; 4 — flat turbulization surface
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13BECTHbIE LUMPOKO NPUMEHSEMbIE TEXHOMO-
MU UMEIT KOIPAULMEHT U3BMIEYEHNS LIEHHbBIX
komnoHeHTOoB 0,6-0,75, npegnaraemas xe Tex-
HOMOMMS CyLEeCTBEHHO BNMSET Ha U3BIleYeHue
MeSIKUX (hpakLmnii LLEHHbIX KOMNOHEHTOB U obec-
neyvBaeT koapguumeHT ussnevenna go 0,85.
o yKpynHEHHbIM OLEHKaM 3KOHOMUYeckast ad-
(PEeKTMBHOCTb MpeadfiaraeMon TEXHONormm no
CPaBHEHWIO C M3BECTHBIMW TEXHONOTUSMU Ha OC-
HOBE rpaBUTALMOHHbIX METOAOB W3BfIEYEHUS
LIeHHbIX KOMMNOHEHTOB a(pdhekTnBHEE B 3—5 pas.
Mcnonb3oBaHue yCTaHOBOK, paboTa KOTOpPbIX OC-
HOBaHa Ha HOBOM MpuWHUMNE (POPMMPOBAHMS
TypOynu3aumu 1 KaBUTaLMOHHbLIX SBIEHWIA B MA-
ponoTtoke, obecneynt apdekTMBHOE paspylue-
HMEe MWHepasibHOW COCTaBNAKLLEN NPU HWU3KOK
9HEeproeMKoCTH, KoTopas onpefensercs oTcyT-
CTBMEM BPALLAIOLMNXCA SNEMEHTOB BHYTPU KOp-
nyca KaBWTALMOHHbLIX pPeakTopoB. YCTaHOBKa
obecneynT 1 BbICOKYH 3KOMOrMYecKyr addek-
TUBHOCTb NYTEM CHUXEHWUS UCMONb30BAHWS TOK-
CUYHBIX PaCcTBOPOB A1 BbILLENAYNBaHMS.

3aknio4veHue
Ha ocHoBe npeanoXeHHOW 3KCMOHeHLMarnb-
HOW 3aBWCUMOCTU M3MEHEHUS YOENbHOW MeX-
(bas3HON NMOBEPXHOCTN MUHEpPanbHbIX YacTul OT

2021;44(3):312-322

TEPMOAMHAMWNYECKOro NoTeHuuana CUCTeMbl
YCT@HOBJIEHO, YTO OMNpefensiwee BUsSHWE B
npouecce MUKpoAe3uHTerpaumm MuHepanbHbIX
yacTuy B ycnosusax Typbynusauuu, nHuLumpye-
MOW najalrolen CTpyenm Ha MNioCKyl MnoBepx-
HOCTb KaBMTaLMOHHOrO peaktopa, UMeeT B3au-
MO3aBWUCUMOCTb CKOPOCTM UCTEYEHNS M pacxoaa
rMOPOCMECH B YCIOBUSX YBESNUYEHUS BPEMEHU
BO3JenCTBNSA. B pesynbTaTte pacyeToB yCTaHOB-
NEH poCT YAEenbHON MeX(a3HON MOBEPXHOCTU
yacTuy B cpegHem ot 1,8 go 3,3 pasa B 3aBUCK-
MOCTM OT perynupoBaHus pacxoda ruapocMmec,
NAIOTHOCTU TMOPOCMECU W BPEMEHU BO3AEN-
ctBus. lNpeacraBneHHble MaTeMaTUyeckue 3a-
BUCUMOCTM NO3BONAT YNPaBAaTb NPOLECCOM Mpu
NPOBELAEHUN UCTIbITAHUIA KaBUTALMOHHOTO peak-
TOpa, OUEHWUTb KayecTBO M xapaktep paboTbl
YCTaHOBKM, a Takxe OTperynupoBaTb WU BHECTU
HeobxoauMble U3MEHEHUSI B KOHCTpyKUmio. Pe-
3ynbTaThl, NONyYeHHbIE B JaHHOW paboTe, MoryT
BbITb UCNONb30BaHbl AN AanbHEWLWero passu-
TUS TEOPETUYECKMX NOAXOA0B K ONUCAHUIO KaBu-
TaLMOHHbIX NPOLLECCOB, MOAENUPYEMbIX B Npesa-
naraemblX yCTaHOBKax, HOBWM3HA KOTOPbLIX MOA-
TBepxaeHa nateHtamu [2, 31-33]. [laHHble ucC-
crnegoBaHus TPeOYOT Takke U CBOEro pasButus.
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Mpouecc hopmupoBaHusa ocbinen Ha Hepaboumx 6opTax KapbepoB
U ero BrMsiHue Ha BOCCTaHOBNEHUE PacTUTENIbHOCTH

KoHcTanTuH Maenosuu Manaiiga?, Bopuc Jleonnagoeuy Tansramep®
ablpkymckuli HauuoHasbHbIl uccredosamenbCKull mexHuyeckul yHusepcumem, . Mipkymek, Poccusi
ABTOp, OTBETCTBEHHI 3a nepenucky: Mananga KoHctanTuH MNaBnosud, galanna82@yandex.ru

Pestome. Lienbto npoBeaeHHbIX UccrnefoBaHnin SBASNOCh M3yYeHne 3akOHOMEPHOCTeN (DOPMUPOBAHMS OCbINEN W OLEHKa
VX BIIMSIHAS HA CamMo3apacTaHWs HapyLLEeHHbIX 3eMenb nocrne oTpaboTkn MECTOPOXKAEHUA CTPOUTENBHOMO KaMHs. ABTO-
pamu BbInn M3yyeHbl NPoLECCH NPUPOAHOTo 06pasoBaHUs OCkInel, onpeaeneHa ux CroucToCcTb U rpaBUTaLMOHHAs Cop-
TMPOBKA, YCTaHOBINEHbI (hakTopbl, 0BycnasnueatoLme npouecc obpywerns ycTynos. [py nomMoLwm moaenupoBaHns npo-
Liecca ocbineobpa3oBaHus yCTaHOBEHA 3aBUCMMOCTb AaSIbHOCTW pasfeTa nopoabl OT BbICOThI YCTYMOB, YIII0B MX OTKOCA,
a TaKxe OT Maccbl OTAEIbHbIX KYCKOB. YCTAHOBMEHbI Yribl 0TKOCA YCTyna ¢ HaMbomnbWwuM 1 C HAUMEHBLUMM Pa3feTom
nopogdbl. MogenuposaHue nokasano BAvsiHWE YrioB 0TKOCa yCTyna 1 napaMeTpoB OCbINu, 06pa3oBaBLLENCS Y NOAHOXNS
YCTYMOB, Ha AanbHOCTb pasneTta 06noMKoB. BeigeneHs! Tpy ApKo BblpaXeHHble CTagun (popMUpOBaHWS OCbINEN Y NOLHO-
XWS yCTynoB, onpegeneHbl Yribl, NP KOTOPbIX MPOUCXOAWT nepexod OT OAHOW CTaguu ocbineobpasoBaHus K APYroW.
[aHbl pekoMeHZaLmMmM no ynyyLeH o YCoBKi caMo3apacTaHns U MUHUMKU3aLmMW HeraTuBHOro chaktopa ocbineobpasosa-
Hus. [na dopMMpoBaHNs Cos PhiXibiX OTAOXEHUIA HA rOPU30HTaNbHBIX NMoLWagKkax yCTynoB npegnaraeTcs MCrnosb3o-
BaTb He MPWBE3EHHYI0 TEXHOTEHHYK CMeCb MMM NOTEHUMAanbHO NMOAOPOAHbIE TPYHThLI, @ NOPOAbI U3 OChIMK, YTO PE3Ko
coKpallaet 3aTpaThbl Ha pekyrnbTuBaumio. C Lenbio NOBbILIEHUS MHTEHCMBHOCTW Camo3apacTtaHus 6opToB KapbepoB peko-
MeHIyeTCs yBenmymBaTh BbICOTY YCTYMNOB U WKpuHY 6epm 6e3 nameHeHMs NnpoekTHOro yrna oTkoca bopTa kapbepa. [ns
CHW)XEHWS HEraTMBHOIO BIMSIHWS OCbiNeobpasoBaHMs Ha NPOLECC BOCCTAHOBMEHUS pacTUTENLHOCTY Ha BopTax y NoaHo-
XWUs yCTYNOB npeAaniaraetcs (popMmMpoBaTh TpaHLeto Ans cbopa ocbinaoLmxes Nopoa Unu KaMmHe3aLUTHbIA Ban.

Knro4vesnble cnoea: OTKPbITbl€ TOpHbLIE pa6OTbI, Kapbepbl, HapyLlleHHble 3eMINn, OCbIﬂ606p83OBaHMG, pekynbTnBaum4,
camo3apacTtaHue

Ans yumupoeaHus: Manaiipa K. 1., Tansramep b. J1. MNMpouecc hopmupoBaHus ockinei Ha Hepabounx 6opTax kKapbepoB
¥ ero BNusiHWe Ha BOCCTaHoBreHne pactutensHocTy // Hayku o 3emne u Hegpononb3oBanue. 2021, T. 44. Ne 3. C. 323-
332. https://doi.org/10.21285/2686-9993-2021-44-3-323-332.

Original article

Scree formation on nonmining flank of an opencast
and its impact on vegetation restoration

Konstantin P. Galaida?, Boris L. Talgamer®
ablrkutsk National Research Technical University, Irkutsk, Russia
Corresponding author: Konstantin P. Galaida, galanna82@yandex.ru

Abstract. The purpose of the conducted research is to study the regularities of scree formation and assess their impact
on self-vegetation of disturbed lands after mining of building stone deposits. The processes of natural formation of scree
have been studied, their layering and gravitational alignment have been determined, the factors causing pit bench collapse
have been identified. Simulation of the scree formation process allowed to establish the dependence of rock spreading
distance on bench height, bench slope angles, as well as on the weight of individual pieces. The slope bench angles with
the largest and smallest rock spread distance were found. The simulation showed the influence of the slope bench angles
and parameters of the scree formed at the foot of pit benches on the range of debris spread. Three distinct formation stages
of scree at the foot of the benches are identified. The angles of transition from one stage of scree formation to another are
determined. Recommendations are given to improve the conditions of self-vegetation and minimize the negative factor of
scree formation. To form a layer of loose sediments on horizontal bench sites it is proposed to use rocks from scree, which
can dramatically reduce the cost of reclamation rather than imported man-made mixture or potentially fertile soils. In order
to increase self-vegetation intensity on the flanks of opencasts, it is recommended to increase the bench height and berm
width without changing the design angle of the opencast flank slope. To reduce the adverse impact of scree formation on
vegetation restoration on the sides at the bench foot, it is proposed to form a trench collecting falling rocks or a rock-
protecting wall.
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BeeaeHue

Ocbinu ABNATCA XapakTepHbIM 3M1EMEHTOM
NPUPOAHOro rOpHOro naHAwadgTa, BCTpeyarTcs
NOBCEMECTHO U CYLLECTBEHHO BMMSIIOT Ha pacTu-
TeNbHbI NOKPOB B MeCcTax WX (POpMUPOBaHMS.
Noa ocbiNgMKU NOHMMAKT CKOMMEHNst 06IOMKOB,
CKaTbIBaIOLLMXCA MO CKMOHY nog AencTBueM
CUNbI TSHKECTW 1 OTNAraloLLMXCs y ero NOAHOXUS.
BaxHenwumn ycnosuamn gns  obpasoBaHus
ocblnen SBMATCA KPYTOM YKIOH 3eMHOW Mo-
BEPXHOCTU, 0BMIME CKanbHbIX BbIXOOOB KOPEH-
HbIX MOPO4, CYXOW WM MOPO3HbLIN KNMMmart C UH-
TEHCUBHbIM HAKOMMEHWEM MPOAYKTOB huanye-
ckoro BbiBeTpuBaHMS=3, OcbinM O4YeHb Xapak-
TEePHbI 4N5 BbICOKOTOPHOW 30HbI, TO €CTb TOW, rae
NPOAYKTbI BBIBETPMBAHUS HE 3aKPEeNnATCa pac-
TUTENbHOCTbIO.

Ob6pa3soBaHue ocbinen NpogomKaeTes 4o Tex
nop, nMoka MX YKNOH He CTaHeT MeHbLie yrna
€CTECTBEHHOro oTkoca. «XKMBble» OCbINK Xapak-
TEPHbI A1 CKIIOHOB Kpyye 65°, OTHOCMTENbHO
MOABWXHbIE — ANS CKIOHOB C KPYTU3HOM 45-65°.

KonntoBuin ononsaHns MMeeT npusHaku rpa-
BWTALMOHHON COPTUPOBKM MaTepuana no pas-
Mepy: BBEPXY OCbINK ocTaeTcs bonee Menkui,
webHeBbIN MaTepuan, a K Hu3y, K NOAHOXMIO,
HapacTaeT KONMYeCTBO 1 pa3mep KPYMHbIX rMbib,

NOCKONMbKY OHW obnagatoT Gonbluent maccoit (1,
COOTBETCTBEHHO, KMHETUYECKOW 3Hepruen) n B
npoLiecce ABUXEHUS CKaTbIBAOTCS Aanblue Mes-
KX KYCKOB NMOPOAbI.

Mo kpynHocTM 06GMOMOYHOrO MaTepuana
oCbinu B camoM o6LleM Buae NoapasgensoTces
Ha rnblboBble, WebeHoYHbIe N ApecBsHble. [Mbl-
6oBble OCbiNK POPMUPYIOTCSA 3a CYeT paspylue-
HUS MacCMBHbIX NOPOA (MHTPY3WBHbIX MOPOA,
naB, KpUCTanNMYeCKMX CnaHueB, MacCUBHbIX 13-
BECTHSIKOB, MECYAHWKOB) ¥ NPUYPOYEHbI NPENMY-
LLeCTBEHHO K BbICOKOrOpHbIM paiioHam. MeHee
NPOYHbIE, B OCHOBHOM 0CaZl04HbIe Nopoabl 0bpa-
3yl0T cpeaHeobnomMoYHble (LWeBHUCTbIE) N Men-
K0OGIOMOYHbIE (ApecBsiHble) ockinu®=3,

MHOrokpaTHOCTb aKTOB OCbINaHUSA CO34aeT U
HEKOTOPY CIIOUCTOCTb BO BCEM Tene ocbinu —
rpybyt0  HAKMOHHYID rPaBUTALMOHHYIO CIOW-
CTOCTb, 6NK3KYIO K yrniam eCTECTBEHHOro oTkocas
[1, 2].

[aHHbIn npouecc opMUPOBaHUS NOATBEP-
XOaeTCsa HaTypHbIMU HabngeHnamMu 1 mogenu-
poBaHuem (puc. 1).

HecmoTps Ha TO 4YTO npouecc 0bpa3oBaHWs
ocbinew BCTpeyaeTcs NoBCEMECTHO U MHOrUe aB-
TOpbI yaensT 6onblUoe BHAMAHWE CKIIOHOBbIM
npoLieccam, B TOM 4ucre yCTOMYnBOCTM 6opTOB

Puc. 1. Ocbinb Ha Kbee «ypOBUHa»
Fig. 1. Scree at the Burovshchyna opencast

1 Bentoyerko W. C. Dkonorua KpacHogapckoro kpas: y4eb. nocobue. KpacHopap: M3a-so Kyblray, 2010. 356 c.
2 ExoBa A. B. llutonorusi: yue6Huk. Tomck: Maa-so TrY, 2009. 336 c.
3 MNonoe K.B., MycTtoeuT O.E. O6wwas reonorus: y4eb. nocobue. Mocksa — bepnuH: Qupekt-Meaua, 2016. 48 c.
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1 YCTYNOB KapbepoB Ha pabouunx yyacTtkax* [3, 4],
NPOTUBOKAMHeNagHoW 3awuTe OT o6BasibHO
OCbINHbIX ABNeHWn [5-10], gedopmaLym 0TKOCOB
C YY4ETOM YXYALLUEHUS reofIorMyeckmnX 1 ropHOTeX-
HUYECKMX YCNOBUI pa3paboTKn MECTOPOXAEHNN
C Ka4eCTBEHHO HOBbIMU NOAXOAAMMU K obecneye-
HUIO ycTon4mMBOCTM BopToB Kapbepos [11, 12], a
Takke BO3MOXHOCTU NPOAYKTMBHOMO UCMOMNb30-
BaHWs OCbINaBLUerocs maTtepuana c uesnbio co-
34aHnsa 6naronpusaTHLIX YCNOBUW AN caMo3a-
pactanus [13-15], cam npouecc opMmnpoBaHms
ocbinei Ha Kapbepax no JobblYe CTPOMTENBHOTO
KaMHS HeJOCTATOYHO WU3YYeH.

BaxHbIM (hakTopoMm, BAMSAIOLLMM Ha npoLiecc
camosapacTaHusi 6epm ycTynoB B kKapbepax, siB-
nseTcs ocbinarwasaca gnuTensHoe Bpems C Bbl-
Lenexatimx ropusoHToB nopoaa. Ocbinu nospe-
XOAKT MUOHEPHY PacTUTENbHOCTb, NOSBUBLLY-
tocs Ha Bepmax, u, paspacTaschb, NPensaTCTBYIOT
CaMOBOCCTaHOBIEHUIO PAaCTUTESIbHOro NOKPOBa.

Matepuanbi u meToabl
nccneaoBaHun
C uenbto uccnegoBaHus npouecca opmu-
POBaHWs Ockinel Ha 6epmax kapbepoB 1 noucka
NyTEN YMEHbLUEHWUS €r0 HEraTUBHOMO BIINSIHWS
Ha camo3apacTaHue 6epm 6bino0 NpoBeaeHO du-
31M4ecKoe MogenmpoBaHmue 3Toro npotecca.

MogeneHblid yeTyn
5

Touku cbpoca obpasuos, M

MogensHas ockins

2021;44(3):323-332

[na mogenupoBaHus npouecca ocbineobpa-
30BaHMs MCNOSb30Banu Matepuarn, npuBe3eH-
HbIW C KApbepoB, B BUAE KaMHel cpefHen pak-
LmK, 13 KoTopbix 6bino otobpaHo 30 obpasuos
pasmepom 5-10 cm n maccon ot 0,2 go 2,9 kr.
MogenbHbii  ycTyn 6bin cobpaH #3  [OCOK
40x150 mm gnuHown 6 m B hopMe xenoba wupw-
Hon 300 MM ¢ BbicoTOM cTeHoK 150 mm. O6pasubl
cbpacbiBanuch no xenoby Ha 6eToOHHOE OCHOBa-
Hue, GnM3Koe MO CBOWMM XapaKTepUCTUKam K
ckanbHoMy. B npouecce nccnefoBaHus U3mMeHs -
nueb BbicoTa (0T 1 go 5Mm), a Takke yrmbl
HaKII0Ha OTKOCOB yCTYnoB (puc. 2). [oBepxHOCTb
OCbINM MOAENMPOBANMN C NMOMOLLb MHOTOCOW-
HOW (paHepbl, U3MEHSAS ee MONOXeHNe OTHOCK-
TenbHO NOBEPXHOCTM BEPMbI U 3amepsas yrnbl. B
3aBMCUMOCTM OT yKa3aHHbIX Bbllle napameTpoB
yCTaHaBnMBanacb [anbHOCTb pasfieta KyckoB
nopoabl OTHOCUTENbHO MOAHOXUSA YCTyNa v npu-
HUManoCb CPpeAHEB3BELLIEHHOE 3HAYEHME.

Pe3ynbTaTthl uccnenoBaHuim
n Ux obcyxaeHue
Bcero 6bino nposegeHo 6onee 3120 3ame-
POB CO COPOCOM C pa3sHOi BbICOTbI OKOMO 2,5 T
KaMHEW NpW WUCNONb30BAHUM Pa3fIMYHbIX MO-
LenbHbIX NapameTpoB YCTynoB. PesynbTaTbl UC-
CnegoBaHuii NpuBedeHbl Ha puc. 3.

Touka cbpoca obpasuos, M

MogensHas ockins

Puc. 2. Uccnedyembie napamempsbl npoyecca ocbineobpa3oeaHusi 8 3asucumMocmu:
a— om yena omkoca ycmyna; b — om yanoe omkoca ycmyna u OCblIrnu; C — 0m 8bICOMbI OCbIMU
L — danbHOCMb pasnema kamHel, M; H— ebicoma ycmyna, M; a — Y2051 0mKoca ocbinu, epad.; 8 — yeon omkoca ycmyna, 2pad.
Fig. 2. Studied parameters of scree formation depending on:
a — bench slope angle; b — bench and scree slope angles; ¢ — scree height;
L —rock spread distance, m; H — bench height, m; a — scree slope angle, degree; 8 — bench slope angle, degree

4 AHaHbeB B. TN, Motanos A. [1. NkxeHepHas reonorus: y4ebHuk ans By3oB. M.: Beicwas wkona, 2005. 575 c.
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Puc. 3. 3asucumocmsb GanbHOCmMuU passema KamHell om ya2na omkoca ycmyna npu pas/iuyHol ebicome ycmyna:
1-1m2-2m3-3Mm4-5m
Fig. 3. Dependence of rock spread distance on bench slope angle at different bench height:
1-1m;2-2m;3-3m;4-5m

3aBuCUMOCTb AanbHOCTU pasneTa KaMHeN OT
yrna oTkoca ycTyna rnokasblBaeT, 4To Mo Mepe
yMeHblUeHWss yrnoB oTkoca yctyna ¢ 70-75°
[anbHOCTb pa3neTa KaMHen NOCTENEHHO yBenu-
ynBaeTCs, AOCTUras MaKCUManbHbIX 3HaYeHUN

npu yrnax 40-50°, a B ganbHenwem HeCKosbKO
ymeHbLaetcs. C yBenmyeHneM BbICOThI yCTyna
pasfneT KaMHen yBenu4nBaeTcs He3aBUCUMO OT
yrnoB oTkoca. OgHako 60bLnii pasneT oTMeYa-
eTcs npu yrnax, 6nuskux k 50° (puc. 4) [16].
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BuicoTa yeTyna, M
Puc. 4. 3asucumocmsb GanbHOCMU pa3siema kaMHell om 8bICOMbI ycmyna npu pa3/uYHbIX yasax omKoca ycmyna:
1-45°%2-50°3-55%4-60°%5-65%6-70%7-75°
Fig. 4. Dependence of rock spread distance on bench height at different angles of bench slope:
1-45°%2-50° 3-55%4-60°%5-65%6-70%7-75°
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/13 pe3ynbTaToB UCCNegoBaHUA MOXHO Cae-
naTb BbIBO4 O TOM, YTO NPU YCTOWYMBBLIX NOPO-
[ax, no3BonsoWwmx opmuposatb 6onee Kpy-
Tble YCTYnNbl, pa3neT 0610MKOB, NagatoLyux ¢ Bbl-
Wwenexawmx ropusoHtos, 6Oyagetr 3ameTHO
MeHblle, a nnowagb, NoaBeprawLlascs Hera-
TUBHOMY BO3aeicTBUIO 06110MKOB, ByaeT MUHK-
MasibHOM.

B pabotax [17, 18] npuBeaeHbI 3aBUCUMOCTH
KoahpmumeHTa TPeHUs OT pasmepa KamHen u
YCTAHOBMEHO, YTO YeM MeHblue pasmep Kycka
NopoAbl, TEM Bblle KOIPEUUMEHT TpeHus. ng
YTOYHEHMSI 3TON 3aBMCUMOCTU ObINIo 0TOBpPaHO
LeCTb MoAenbHbIX 06pa3uos (Tpu obpasua mac-
con 0,4-0,5 kr n Tpn — maccom 1-1,3 kr), KoTO-
pble cObpacbkiBanuchb C MOAESIbHOrO YCTyna BbICO-
TOW 2 M C NOBTOPeHMEM He MeHee 60 pas. [Mpu
3TOM onpegenanacb CpegHss AanbHOCTb pas-
neta. B pesynbTaTe 6bI10 BBISBNEHO, YTO C yBE-
NNYEHNEM MaccChbl KaMHEN HE3HaAYUTENbHO yBe-
nuynBaeTcs 1 ux pasnet no 6epme (puc. 5).

B pabote [17] pacCMOTPEHO BNUSHUE CROX-
HOro penbeda MOBEpXHOCTU YCTyna Ha Aarnb-
HOCTb OTCKOKa KyckoB nopogbl. [na onpeaene-
HUS BNUSHUS HA pasneT KaMHen chopMMpPOBaB-
LIecs y NOAHOXMSA yCTyna OChINu Npu mMogenu-
pPOBaHUM MCMOSb30BaNM MHOrOCNONHYIO (haHepy,
BbIMOMHSAOLLYI0 POSib MOBEPXHOCTM OCbINK C pas-
HbIMW yrnamu oTkoca. PesynbTaTbl UcCnenoBa-
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HWI, NpefCTaBeHHbIE Ha puc. 6, Nokasanwu, 4Yto
C NOSIBMEHWEM OCbINABLLIENCS NOPOAbl Y NOAHO-
XWS ycTyna pasneT nagatoomnx o6rnoMKoB C Bbl-
LenexaLimx ropusoHTOB CYLLECTBEHHO YBENW-
ymBaetcs. JTO, B CBOW ouvepenb, Oyaer Hera-
TWBHO BNMATb HA PaCTUTENBHOCTb.

HapactaHue ocbinen y nogHOXMS YcCTyna
NPOWCX0AMNT NO-pa3HOMY Ha BCEX aTanax opmu-
poBaHus. Ha nepBoHayarnbHOM 3Tane ocCbinb aK-
TUBHO pacTeT B AnuHY go yrna 20-25°, nanee
OHa pacTeT NpeuMyLLecTBEeHHO BBEPX A0 yrna
35-40°, 3aTeM ocbInb pacTeT NPUMEPHO OAMHA-
KOBO W B ANUHY, U B BbICOTY (puc. 7). 3Has aToT
thakT, MOXHO NO TEKYLLEMY COCTOSIHUIO YCTaHO-
BWUTb, B KAKOW CTagun hOpMMUPOBaHUSA HAXOAUTCH
OCbIMb, YTO KOCBEHHO MOXET yKa3biBaTb Ha CPOK
CTOSIHWSI FOPHOM BbIPAabOTKM (B TOM Crnyyae, ecnu
Ha (hOpMMpPOBaHME OCbINeN He BAWSAKOT rOpHble
paboTbl U JONOMHUTENBHO He BeeTCs 3achinka
Bepm).

3HaHus 0 npouecce hOpMUPOBAHUS OCbINW
[al0T BO3MOXHOCTb OnpeaensThb, kak byaeT pas-
BMBATbCH PACTUTENbHOCTb HA CamMuX OChINSAX W
Ha 6epmax. Ecnn ocbinb HAXOAUTCA Ha Havanb-
HOM 3Tane (POPMUPOBAHUA U aKTUBHO pacTeT
B ANMWHY, TO PacTUTENbHOCTb, NOSIBMBLUASCS Y
NOAHOXMS ocbinu, ByaeT noaBepraTbCs HeraTmBe-
HOMY BMUSIHMIO OCbINAKOLLENCs NOpPoabl U 3achl-
nateca obnomkamu. Ecnu ocbinb HaxoauTcs
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Puc. 5. 3asucumocmsb GanbHocmu passiema kamHell om ux Macchbl
npu pa3nuyHbIX yaaax omkoca ycmyna (ebicoma ycmyna — 2 M).
1-30°%2-50%3-60°
Fig. 5. Dependence of rock spread distance on their weight
at different angles of bench slope (bench height is 2 m):
1-30°%2-50° 3-60°
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B cpefHew pase (opMUpOBaHUS, TO pacTUTENb-  puar, OCbINAKLWMUIACA C BbllLenexalynux ropu3oH-
HOCTb Yy MOAHOXWS OCLIMU MOXET yCneTb OKpe-  TOB, He OyaeT umeTb BOMbLLION NOTEHUMaNbHOM
NHYTb A0 TPETLEro aTana (PoOpPMUPOBaHUS, YTO B 3HEPrM u By[eT 3aepxuBaTbCs yxe copmu-
[anbHenwem G6naronpuaTHO CKaXETCS Ha NpPo-  POBABLUEWCS PaCTUTENbHOCTbIO.

Lecce camo3apactaHusi. OBMOMOYHbIN MaTe-

3

* 1
7

v/ N
v/ N

JantHoCTh pa3neTa KaMHER, M

B
7
' 2
\g
2
1
0.5 1
D T T T T T T 3 1
0 10 20 30 40 50 &0 70

¥ron OTKOCE OCHIMM, rpag.

Puc. 6. 3asucumocms danbHOCMU pa3ssiema kamHel no 6epme om yana omkoca ocbinu
npu pasnuyHbIX y2nax omkoca ycmyna (ebicoma ycmyna — 3 m):
1-45°%2-50%3-55%4-60%5-65%6-70%7-75°
Fig. 6. Dependence of rock spread distance along berm on scree slope angle
at different bench slope angles (bench height is 3 m):
1-45°%2-50°% 3-55%4-60%5-65%6-70%7-75°

20-25°

Puc. 7. lpoyecc ¢hopmuposaHusi ocbInu:
1 3marn — ocbinb hopmMupyemcs PEUMyW,eCmeeHHO 8 ONUHY; 2 aman — OCbifb POPMUPYEMCS 8 OCHOBHOM 8 8bICOMY;
3 aman — ocbinb hopmupyemcsi pasHoMepHo 8 O5IUHy U 8bicomy
Fig. 7. Scree formation:
stage 1 — scree is formed mainly in length; stage 2 — scree is formed mainly in height;
stage 3 — scree is formed equally in length and in height
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[ns ouUeHKN BNUAHWUS BbICOTbLI OCbINK Ha pas-
neT KamHel 6bINoO NPoBeAEHO MOAENMpOBaHue
npouecca C MCNONb30BaHWEM LUUTOB (haHepsl
pa3HOro pasmepa (CM. puc. 2, ¢), 4TO NO3BOMMUIIO
MpwW paBHOM Yrfie U OQHOWN BbICOTE YCTyna co3aa-
BaTb Pa3sHyl0 BbICOTY OCbINW. YCTAHOBMIEHO, YTO
npn HeGONbLLIOW BLICOTE OChINK Pa3neT KaMHEN
yBENMYMBAETCH, @ C HapacTaHWeM ee BbICOTbI
pasfneT 3aMeTHO YMeHbluaeTcs. OTO CBA3AHO C
TeMm, YTo Npv HeBGONbLUOW BbICOTE OCbINK Nagato-
LMe KaMHU OT Hee OTCKaKWBAaKT B CTOPOHY OT
MOAHOXMA YyCTyna, a C YBENMYEeHUWEM BbICOTbI
OCbINW KaMHW NO HEN Cron3atT U CKaTbIBaOTCS
(puc. 8).

Mpouecc ocbineobpasoBaHus Ha Kapbepax
no Oobblde CTPOUTENBHONO KaMHA MAOET Hews-
MEHHO, M 0CbINK Ha Bepmax kapbepoB HaXoaATCS
B BMXKEHUU U CO BPEMEHEM MEHSIOT CBOW Npo-
punb. bbINo ycTaHoBNEHO, YTO Npouecc popmMu-
POBaHUS UMEET TP SPKO BbIPaXEHHbIE CTaguu.
lNepBas cTaams xapakTepuayeTcs pOCTOM OCbINy
B ANMHY OO0 yrna a = 2-25°, nanee ocbineobpa-
30BaHvie NepexoauT BO BTOPYHO CTaAunio, Ha KOTo-
PO OCbINb pacTeT yxe BBepx A0 yrna a = 25—
40°, nocne 4Yero NpoLecc NepexoauT B TPETbO
CTagumio, Korga ocCbifb pacTeT paBHOMEPHO U B
AJIMHY, 1 B BbICOTY. C NosiBNeHWeM ocbiny Aasb-
HOCTb pasfneTta KamHen yBenuymMBaeTcs, M npu
yrnax oTkoca yctyna 8 = 55-65° n yrne ocbinu
a = 25° BenuunHa pasneta L nmeet makcmmanb-
Hoe 3HayeHune. C pOCTOM BbICOTbI OChINK pa3neT
KaMHeN CyLLLEeCTBEHHO CHUXAETCS.

2021;44(3):323-332

Takum obpasom, pesynbTaTtbl UCCNELOBAHUN
nokasanu uenecoobpasHoOCTb CO34aHus y noj-
HOXWS ycTyna TpaHwewu rinyéuHon 0,5-0,8 M nnu
NPeLOXpPaHUTENBHOrO Bana BbICOTON 1-2 M, Ko-
TOpble MO3BONAT YAEPXMBATb OCbINALLYOCA
nopoay, MMEILLY MakcuManbHbI pa3neTt Ha
HavanbHOW cTagunm (HOPMMPOBAHUSA OChINKU, U
TEM CaMblM YMEHbLINTL MOBpEXAeHne hopmu-
pyloLencs pactutenbHocTu. [lanee no mepe 3a-
CbiMaHWsl TpaHLIEeN yxe MosBMBLUAsACA pacTu-
TeNbHOCTb Ha bepmax ycrneeT 3aMeTHO OKpe-
NHYTb W OygeT NpOTMBOCTOSATb PaCLUMPEHUIO
ocbInu. KoMmnnekc mMeponpusatii No Co3gaHuio
TpaHLwew unu Bana cnegyeT NpoM3BoAUTbL Cpasy
rnocne 3aBepLueHns fobblYHbIX paborT.

MNMopogabl Ha kapbepax Mo 4obbl4e CTpouTenb-
HOr0 KaMHS JOCTaTOYHO YCTOMYMBBLIE M MO3BO-
nAT hopMMPOoBaTL Yron noralieHHoro ycTyna®
[o 60-70°, uenecoobpasHo NpUHUMAaTL BLICOTY
ycTynoB 25-30 M C OCTaBneHUeM npegoxpaHu-
TenbHbIX 6epm WwupunHon 10-12 m.

Ona co3gaHus 6naronpuATHLIX  YCMOBWIA
camo3apacTtaHus Hepaboumx OGopToB cregyet
Ha Gepmax ycTynoB OCTaBNATb CMOW PbIXJbIX
OTNOXeHUn MoLyHocTeo okono 0,4-0,5m [19,
20].

Benay HebonbLwoi LEeHHOCTM [obbIBAEMOro
Ha Kapbepax CTPOWUTENbHOrO MaTtepuana uene-
co0bpa3HO OCTaBnATb pa3pbiXNIEHHbIE NOPOAbI
Ha 6epmax 6e3 3a4NCTKN CKaNbHOrO OCHOBAHMUS.
JTOT MaTepuan cO BpeMeHeM OyaeT Hacbl-
WaTbCA MENKUMM (PPaKLMAMU U OPraHNKOW, YTO
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Puc. 8. 3asucumocmb GanbHocmu passiema kamHeli om ebicombl OChINU
npu yane ocbinu 40° u ebicome ycmyna 3 M (y2on omkoca ycmyna — 65°)
Fig. 8. Dependence of rock spread distance on scree height
at the scree angle of 40° and the bench height of 3 m (bench slope angle is 65°)

5 MiHcTpyKumsa no HabnoaeHnsim 3a gecdopmanmsimMn 60pToB, OTKOCOB YCTYMNOB U OTBASIOB Ha kapbepax U pa3paboTke Me-
ponpusTUin No obecneyveHunio nx ycTonumoctu. YTB. MocroptexHagsopom CCCP 21.07.1970.
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CTaHeT CcnocobCTBOBATL 3aKpenneHuio pacTu-
TenbHoCTU [21, 22]. Ecnv npoekToM pekynbTnea-
LMW NpedyCMOTPEHO HaHeceHue Ha BepMebl no-
LLOPOAHOrO Crosi UM NOTEHLMansHO Nnogoposa-
HbIX MOPOA, TO UX CrneayeT HAHOCUTL 3a TpaH-
Ween WNuU orpaxgarwmum BanoM, Ans Toro
4yTOObI 0BpYLatoLLascs NOpoaa UX He 3ackinana.

3aknoueHue

B 3aknoyeHve BbILWEN3NOXEHHOTO MOXHO
caenatb crnefytoLme BoiBoAb!:

1. MapameTpbl ocbinen, obpasylowmuxcs y
NOAHOXMSA YCTYNOB, B NEPBYO 04epefb 3aBUCAT
OT MX BbICOTbI, YrMOB OTKOCOB M COCTaBa Nnopoa.
YcTaHoBneHo, 4TO npouecc opMMpoBaHUS
oCbinen UMEeeT TpU APKO BbIPaXEHHbIE CTaUN.
Ha nepsoin ctaguu ocCbinb pacTeT B ANMHY [0
yrna a = 20-25°, nocne 4ero ockineobpasoBaHne
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NnepexoauT BO BTOPYK CTaauilo, Ha KOTOPOW
OCbINb pacTeT yxe BBepx 4o yrna a = 25-40°, a
3aTemM B TPeTblo CTaaMio, KOrga ocbinb pacteT
PaBHOMEPHO W B ANWHY, U B BbicoTy. C nosiene-
HMEM OCbINW AanbHOCTb pasneTa KamHewn yBenu-
ymBaeTcs U Npu yrnax otkoca yctyna 8 = 55-65°
W yrne ocbinu a = 25° ocTUraeT MakcuManbHbIX
3HaAYEHUN.

2. [Ina yckopeHus npouecca camo3sapacTa-
HUs 6epm Ha Hepaboumx GopTax kapbepa peko-
MeHAyeTCsi co3aaBaTb Ha HMX CNON PbIXMbIX OT-
noxeHun mowHoctblo 0,4-0,5 M, a Ans npegoT-
BPaLLEHNS1 MOBPEXAEHNA OPEBECHON NMOPOCHN Y
NOAHOXMUA YCTYNOB — (DOPMUPOBATL TPaHLUE
ans cbopa ocbinawwmxcs nopog wnu genatb
KaMHE3aLLMTHbIN Basn M3 PbIXMbIX OTNOXEHUN C
LleNbl0 YMEHbLUEHUS AanbHOCTU pa3feTa KyckoB
nopoabl.
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YcTpoincTBO Ans OypeHus nnaBneHnem ¢ O4HOBPEMEHHbIM
WK NocneayroLmM pacluMpeHeM CKBaXuH BO Nbay

Oanun Bacunsesuy Cep6un?, AHgpen Hukonaesny Omutpues®,

Hukonai UBaHoBuy Bacunbes
a-cCankm-ITemepbypackull 20pHbiIl yHUSepcumem, 2. CaHkm-llemepbype, Poccus
ABTOp, OTBETCTBEHHI 3a nepenucky: CepbuH OaHun Bacunbesuy, serbin_dv@pers.spmi.ru

Pe3rome. ABTOpamMmn paccmMaTpyBaeTcs HOBasi TEXHOIOMS BCKPbITWS NOANEOHWKOBBIX BOJOEMOB, 0becneymBatoLLas ako-
NOTNYECKYH0 YUCTOTY NPOBEAEHUS Te0Noro-pa3sefoyHbIX paboT, B OCHOBY KOTOPOI 3aMOXKeHbI pe3ynbTaThl NepPBbIX BCKPbI-
TWiA NoaneaHukoBoro o3epa Boctok B AHTapkTuae (dpespanb 2012 roga v sHeapb 2015 roaa). MNepBoovepeHon Lienbo
JanbHenLnMX uccnefoBaHWii NoaAneaHWKOBOrO o3epa BocTok sBnsieTcs B3siTUE YUCTbIX NPOO 03epHON BOAbl U JOHHBIX
OTIOXEHUI, ANs 3TOro Heo6X0AMMO NPSIMOE NPOHUKHOBEHME B 03ep0. CyLlecTBYET psaa ycnosuii, 6e3 cobnoaeHms KoTo-
pbIX HEBO3MOXHO [JasibHelLiee NpoBeAeHNe UCCMEefOBaHNN 03epa C UCMOSIb30BAHUEM CKBAXWHbI YMCTOrO AOCTYNA Ha
BypoBom komnnekce «Boctok». B cTatbe 0606LeHbI rNMaBHbIE pe3ynbTaThl, B TOM YUCHE TEXHONOMMYECKNE N TEXHUYECKME
peLueHus, KoTopble 3alLuLieHbl naTeHTom Poccuiickon ®epepauum. MNogpobHO paccMOTPEHO HOBOE YCTPOMCTBO Ans by-
peHus NnaBneHMeM ¢ OQHOBPEMEHHbBIM PacLUMPEHWNEM NEAOBON CKBaXMHbI. [laHHOE YCTPOMCTBO 06beaAMHSET ABA TEXHO-
nornyecknx npouecca: bypeHne — 3a cHeT KOHTaKTHOTO NNABMEHUS, a TaKkKe YBENMMYEHNE AUAaMETPa CKBAXMHbI — 3@ CHET
CO3[aH1a BUXPEBOro NOTOKa NOCTOSIHHO MOAOrPEBaEMOro TENSIOHOCUTENS B Npu3aboliHoi 3oHe. Tennoson cnocob pas-
pyweHusi Nbaa obecneynBaeT 3KONOMMYECKYH YUCTOTY NPOLIECCa BCKPLITUS NOANEAHNKOBLIX BOGOEMOB W ABMSIETCS Npu-
OPWTETHBIM METOOM, BBIFOAHO OTMNYAIOLLMMCS OT CYLLLECTBYIOLLMX. YCTPOWCTBO MONYYMUIO Ha3BaHUe «TennoBon OypoBon
CHapsig-paclunpuTenby. Bo BpeMsi ce30oHHbIX paboT 64-i1 Poccuiickol AHTapKTUYECKOW SKCneanummn Obinm NpoBedeHbI
CTeHOo0Bble UCMbITaHKs Takoro yctporctea TECP 132/400, peaynbTaThl KOTOPLIX NOATBEPANUNN, YTO OHO CMOCOOHO obec-
ne4utb BypeHve amametpom 132 MM C OAHOBPEMEHHBLIM paclupeHem o 400 mwm.

Knro4veenble cnoea: AHTapKTM,EI,a, noanegHMKoBoe 03epo BocTok, TepMO6yPOBOI7| CHaps4 Ha rpy3oHecylem kabene, 6y-
peHne niaBnieHneM, 6ypeHme nbaa

Ana yumuposanusi: Cepbun [. B., Omutpues A. H., Bacunbes H. . YcTpoinctso ans 6ypeHus nnaesneHmem ¢ 04HOBpe-
MEHHbIM WK NocneayoLwyM pacllMpeHneM ckBaxuH BoO Nbay // Haykn o 3emne u Hegpononb3oBanue. 2021. T. 44. Ne 3.
C. 333-343. https://doi.org/10.21285/2686-9993-2021-44-3-333-343.

Original article

Device for fusion drilling with simultaneous
or follow-up reaming of wells in ice

Danil V. Serbin?, Andrey N. Dmitriev®, Nikolay . VasilievF
a-tSaint-Petersburg Mining University, Saint-Petersburg, Russia
Corresponding author: Danil V. Serbin, serbin_dv@pers.spmi.ru

Abstract. The paper deals with a new opening technology for subglacial reservoirs, which ensures environmentally friendly
geological exploration. The technology is based on the results of the first openings of the subglacial Lake Vostok in Ant-
arctica (February 2012 and January 2015). The primary goal of further studies of the subglacial Lake Vostok is to take
clean samples of lake water and bottom sediments, which requires direct penetration into the lake. There is a number of
conditions to be met in order to conduct further studies of the lake using a clean access well at the Vostok drilling complex.
The article summarizes the main results including technological and engineering solutions protected by the patent of the
Russian Federation. A detailed consideration is given to a new device for fusion drilling with simultaneous reaming
of an ice hole. This device combines two technological processes: drilling due to contact melting, and an increase in the
diameter of the well due to the creation of a vortex flow of a continuously heated coolant in the bottomhole zone. The
thermal method of ice breaking ensures the ecological cleanliness when opening subglacial reservoirs and is a priority
method that favorably differs from the existing ones. The device was named a “thermal drill reamer” (TDR). During the
seasonal work of the 64! Russian Antarctic Expedition bench tests of the TDR 132/400 were carried out, the results
of which confirmed that the device is capable to ensure 132 mm drilling with simultaneous reaming up to 400 mm.
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BeeaeHue

AHTapkTMOa — 3aragoyHas M ManogocTyn-
Has, nog ee nbaamu — 6onee 400 nognegHUKo-
BbIX 03ep [1, 2], KOoTOpble ANUTeNbHOEe BpeMms
HaXOAATCA B M30MSALMM OT OKpYXatoLLen cpeabl U
onpeaensioTcs Kak CKonneHue Boabl BO BnagnHe
KOPEHHOro noxa nog negHvkamu [3, 4]. Takue
03epa cofepxaT B CBOMX 0cafKkax MHOopMaLmo
06 nctopun hopMUpPOBaHUSA NEAHUKOB, KNUMa-
TUYECKMX W3MEHEHUSIX W HaNMUMuuM  OPEBHMX
opm xu3HU. OCHOBHLIMU HaNpaBnEHNSMI UC-
cregoBaHuiA NOANEAHUKOBBIX BOJOEMOB SABNS-
t0TCA M3ydYeHne bropasHoobpasus opbl 1 da-
YHbI MOAOBHLIX NPUPOAHbIX 06BEKTOB; nccneno-
BaHWe 3aKOHOB 3BOMIOLMWN XWBbIX OPraHM3mMoB
[2, 5], KOTOpPbIE Ha NPOTSXXEHUN HECKOSBKUX MUST-
FTMOHOB NET He UMeSN KOHTaKTa ¢ aTMocepoun;
nccnegoBaHe 3eMHON KOpbl NOA NEASHBIM Ly-
TOM AHTapKTVAbI C LieNblo NO3HaHWS ee cocTaBa
W CTPYKTYpbl 4O Havana npoLecca onefeHeHus
toXKHOro nonsipHoro pernoHa (30-40 mnH net
Has3azg); oTpaboTka TEXHOMOMMIA U MHXEHEPHbLIX
PELLUEHWI B 3EMHbIX YCMOBUSIX A5 UX Nocneayto-
Lero NpUMEHEHNS B KOCMWYECKUX MCCrenoBa-
HUAX MO MOWUCKY XMBbIX OPraHM3MOB Ha APYrux
obbektax ConHeuHow cuctembl [3]. M3yyeHune
NOASIEOHMKOBEIX ~ BOOAOEMOB — HaxoguTcs B
HayanbHOW CTaguu: elWe He UCCneaoBaHbl
BOMPOCHI O CyLLECTBOBAHMM W pa3Hoobpasuu
XWU3HK, @ TaKKe BOMNPOCHI, CBA3AHHbIE C ra3oBbIM,
M30TOMHBIM W MAPONOrMYECKUM PEXUMOM 03€ep
[6]. HanTh oTBETHI HA BONBLUNHCTBO NOCTABMEH-
HbIX BOMPOCOB BO3MOXHO TOMbKO MPW MNPSIMOM
nccnegoBaHWM BOZOEMOB, @ KOHKPETHO — B OTO-
BpaHHbIX Npobax 03epHON BOAbI M AOHHBIX OTNO-
XeHun. Bce aTn nccnegoBaHUs yYeHbIM TOMbKO
NPeacTONT NPOBECTU, U OHW OOSKHbI ObITb Bbl-
MOMHEHbI C y4eTOM psiia 0COBbIX peKoMeHAaLMI
Y YCNOBWI, pa3paboTaHHbIX MEXAYHAPOLHLIMM 1
HaUMOHanNbHLIMK OpraHM3auusMu, No YPOBHSM
akonormyeckon 6e30nMacHOCTM  MPOBOAUMBIX
Hay4Ho-uccnegoBaTtenbckux pabot. B vacTHo-
CTW, NMPOHUKHOBEHUS B MOAJSIEOHWUKOBLIE BOAO-
eMbl  JOMKHbl  MCKNoYaTb  Bronormyeckoe,
XUMUYECKOE M TENMOBOE 3arpsisHEHUs, a Takxke
Aectabunumsawymio razosbix rugpaTos [6, 7].

B HacTosiee Bpemsi BbiAenseTcs Tpu npo-
eKTa uccrnenoBaHus nognegHUKoBbIX BOLOEMOB
AHTapKTMObI: POCCUICKMN MPOEKT MPOHUKHOBE-
HUS M oTHopa Npob BOAbl M OOHHLIX OTNOXEHWN
o3epa Boctok, npoekt BennkobputaHum no umc-
crnefoBaHuio o3epa AncyopT (aHes.. Ellsworth) n
aMEPVKAHCKMIN NPOEKT NO MPOHUKHOBEHMIO U OT-
6opy npob noa NegHWKOBLEIM NOTOKOM BunbsiHC
(aHen.: Whillans Ice Stream) B 3anagHon AH-
TapkTmae [6].

Tak kak Anst AHTapKTUAbl XapakTepHbl 0c000
OCMNOXHEHHblE YCroBWS, Haubonbluee pacnpo-
CTpaHeHue Nonyuunu MexaHU4eCKnii 1 TeNOBOW
cnocobbl BypeHnst CKBaXuH BO NbAay C NPUMeEHe-
Huem BypoBbIX CHapsSAOB HA rPY30HECYLLEM Ka-
6ene unu ¢ ucnonb3oBaHMeM rmbkon Tpybbl C
HAKOHEYHWKOM Ans BypeHus ropsyerd BOLOW.
K coxaneHwuio, B HacTosiLLee BpemMs HU OfHa pas-
paboTaHHas TexHonorus OypeHust CKBaXMH
CKBO3b J1HVMKOBbIA MaccuB C MOCreaylLwmm
BCKPbITUEM NOANEAHMKOBBLIX BOLOEMOB, obecne-
ymBaloLlas BXO4 B MOASIEOHUKOBOE MPOCTPaH-
CTBO, He 0TBEYaeT TpebOBaHNAM SKOMOrN4ECKOM
6e3onacHoct. O6WMM pUCKOM Ans BCEX TPeEX
NPOEKTOB creayeT cyuTatb BO3MOXHOE 6uoso-
rmyeckoe 3arpsisHeHune nccnegyemMbix 06bekToB,
B TO BPEMSI Kak OCTasIbHble PUCKM 3aBUCAT OT UC-
NoNb3yeMON TEXHOMOMMM NPOHUKHOBEHUS B NOA-
NEeAHUKOBYHO cpedy 1 0COBEHHOCTEN N3y4aeMblx
BooeMoB [8-11]. Tak, 4ns NPOEKTOB C NPUMEHE-
HUEM TexHoNorMn BypeHus ropsyen BogoW o4ve-
BUOHBIM SIBNSETCH TENSIoBOe 3arpsi3HeHve, a
Takxe B CBSA3N C HEOONbLUMM Nep1oaOM BPEMEHN
L1 TEXHONOTMYECKMX Onepauun nosiBNseTcs
puck notepu OGypoBOrO M Hay4HO-WUCCNeoBa-
Tenbckoro 060pyaoBaHUA K3-32 BO3MOXHOTO
NPMMOPaXMBAHNA K CTEHKAM CKBaXXWHbl WK
CyXeHus cTona. [Ing npoekToB GypeHnsi CKBO3b
neaoBbIN MacCcMB KONOHKOBLIMM BYpOBLIMK CHa-
psiAaMu Ha rpy3oHecywieMm kabene, npegycma-
TPUBAIOLLMX MPUMEHEHWNE HU3KOTEMMEPATYPHON
3aIMBOYHOM XKMOKOCTU, BO3MOXHbLIM 3arpsidHe-
HUEM SBNSETCS NPOHWUKHOBEHWE 3TOW XUAKOCTU
B NOANELHWKOBOE NMPOCTPAHCTBO BOAOEMA.

N3 BCex W3BECTHbIX NOANELHMKOBBLIX O3€p
HanMboMbLUNI UHTEPEC AN1S UCCIeJ0BaHNS Bbl3bl-
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BaeT pesikToBoe 03epo BocTok, koTopoe ABns-
eTca camblM rnybokuM U cambIM KpPYMHbIM U3
noaneaHnKoBbIX 03ep Ha 3emnel, [2, 13]. Bype-
Hue rnybokon ckBaxuHbl 5[ Ha cTaHuuu «Bo-
CTOK» BbI0 Havato B 1990 rogy. B koHxensum-
OHHOM NbAe Ha uHTepBane 3620-3666 M BbisiB-
neHo GumopanbHoe pacnpefeneHue Kpuctan-
OB C pasHoW Kpuctannorpapuyeckon opueHTu-
POBKOW. [laHHbIA XapaKTep OPUEHTUPOBKM Kpu-
CTannoB He CBOWCTBEHEH [Ns O3epPHOro fbAa,
4TO CBMAETENLCTBYET O NPOTEKaHWUK B 03epe Bo-
CTOK TaKuX NpoLLeCCOB 3aMep3aHusi, KOTopble pa-
Hee He Habnganuce [14, 15].

B despane 2012 roga poccunckummn yye-
HbIMM GbIS1I0 NPOBEEHO NEPBOE BCKPbITUE 03Epa
Boctok, 3atem B sHBape 2015 roga ocyuiecTs-
NEHO MOBTOPHOE BCKpbITUE [16-18]. CkBaxmHa
5[ 3anonHeHa HM3KOTEMNEpaTypPHOW XUAKOCTbIO
(cmecb aBuaumoHHoro tonnmea TC-1 n peoHa
F-141b) B o6beme 60 m3. Mcnonbayemas 3anu-
BOYHas XMOKOCTb obnajaet psgoMm HepocTat-
KOB: MMEET BbICOKYK MPOHMKAIOLWY Crnocob-
HOCTb (0COBEHHO B NOPUCTON (DUPHOBOMN 30HE U
TpelmMHOBaTbIX NbAax), a Takke He COOTBeT-
CTBYET COBPEMEHHbBIM 3KONormyeckum Tpebosa-
HuaMm. Kak nokasanu pesynbTaTbl paboT no
BCKPbITWIO NOANEAHUKOBOrO 03epa BocTok, npw
A depeHymansHom aasneHnmn -0,2 MMa Boga
noaHUMaeTcs B CKBaxuHy Ha 30 M B KOSbLIEBOM
3a3o0pe Mexgy NMoBEPXHOCTbID CHapsiga U CTeH-
KaMy CKBaXMWHbl M OBrOHSIET €ero, NoAHUMAasiCh
Bbllle Hero npumepHo Ha 15 M. B npouecce
nogbema BoAbl B KOSbLEBOM 3a30pe MPOUCXO-
AVT aKTUBHOE NepemeLlvBaHme BOAb! C 3anvMBoY-
HON XWAKOCTbIO, YTO NpUBOAUT K 0Bpa3oBaHmio
amynbeumn. Takas TEXHONOMMS BCKPbITUS HE COOT-
BETCTBYeT TpeboBaHMSIM Hay4YHOro Mmpa o npo-
BEAEHMWI0 JaHHbIX reonoro-pa3segoyHbix pabor,
CKBaxunHa 5[, 3anonHeHHasi CMeCbo KepocuHa u
tpeoHa, nocne 30 net 6GypeHnsi UMEET BbICOKUI
YPOBEHb 3arpsi3HEHNS, a ee UCNoNb3oBaHNe Ans
NPOHNKHOBEHUS B 03ep0 BocTok Heponyctmo
[19, 20].

Takum obpasom, JanbHenwee wuccrnenosa-
HMe 03epa Hemno3BONUTENbHO 6e3 BbINOMHEHMS
KIOYEBbIX YCOBUIA: 3KONOrmyeckon 6e3onacHo-
CTU paboT; YCTOMYMBOCTM CTEHOK HUKHEN YaCTy
CKBaXMHbI, 3aMNOfTHEHHON 03€PHON BOAOW; HA4EX-
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HOCTW 1 6€30TKa3HOCTM paboTbl BCEX MeXaHu3-
MOB W CMCTEM YCTPOWCTBA AOCTaBKW Hay4YHO-UC-
cneposaTenbCckon annapaTypel [21-23].

Martepuanbi u metoabl
uccneaoBaHuA

Hanbonee uenecoobpasHbiM 1 apdekTmB-
HbIM ONS M3yYyeHWst NoANeaHMKOBOro o3epa Bo-
CTOK siBnsieTcs BypeHne HOBOWM rnyboKON ckBa-
XWMHbI YACTOrO JOCTyna Ha CTaHuuu «BoCTOK»,
r4e B HacTosllee BpeMsi BeLyTCA WcCrnefoBa-
HWUS, HanpaBneHHble Ha 0TPabOoTKy TEXHONOruM
BCKPbITWS 1 NogaepxaHus B pabodemM COCTOSHUM
HWXHErO y4acTKa CKBaXWHbl Ha BPEMSI U3YYEHMNS
NoAJSIeAHNKOBOrO 03epa, YTO HE TONbKO NO3BOSUT
nonyy4nTb abCoONTHO YHUKANbHY WHGOPMa-
M0 MO Pa3fiMyHbIM HAYYHbIM AUCLUNANHAM, HO
W B HEMasoW CTeNeHN ykpenut npectk Poccum
B @HTapKTUYECKNX UCCMEeSOBaHNSX.

TexHonoezusi  8ckpbimusi  1001€OHUKOB8020
os3epa Bocmok. YueHbimn CaHkT-[NeTepbypr-
CKOro ropHOro yHuBepcuteta paspabotaHa Ho-
Basi TEXHOMNOMMS NOArOTOBKW CKBaXMHbI, 3a5IMTON
akonorndecku 6GesonacHoW HMsKoTeMnepaTyp-
HOW XMOKOCTbIO  (MONMAMMETUIICUIIOKCAHOBOW
XWAKOCTBIO), C MOCNEeayoLWMM BCKPbITUEM 03epa
Boctok. PaspabortaHHas TexHomorus npegy-
CMaTpvBaeT pacLUMpPEeHMEe HWXKHEro YydvacTka
CKBaXWHbI, YTO CO3AACT YCNOBMS AN KOHTPONu-
pPyeMOro nogbema 03epHON BOAbI Ha BbICOTY [0
10 M 1 NO3BONUT CYLLECTBEHHO CHU3UTb Koneba-
HUS YPOBHSI BOAbI B CKBaXVHE Npu NpoBeaeHuu
CMyCKO-NOABEMHbBIX Onepauui, a Takke UCKIH-
YMT 3arpsisHeHne 03epa nNpu nposedeHun pabot
W NpUMep3aHue K CTeHKaM CKBaXMHbl JOCTaBOY-
HOro CHapsiaa ¢ MoAyf1eM, OCHALLEHHbIM Hay4HO-
uccnegoBaTesibCkON  annapaTtypon, npegynpe-
ot 0bpasoBaHve amMynbCun BO BpEMS nogbema
CHapsiga.

TexHonorms NoAroTOBKM CKBaXWHbI C Nocne-
OyHOLLMM BCKPbITUEM NOANEAHNKOBOrO 03epa Bo-
CTOK BKJTOYaET YeTblipe aTana:

— BypeHne CKBaXWHbI KOSIOHKOBLIM 3M1EKTPO-
MexaHuyekum cHapsgom (KOMC-132) ¢ octa-
HOBKOW Ha paccTosHMM 1 M OT NOBEPXHOCTM
03epa;

— paclMpeHne CKBaXxuHbl Ha 9-MeTPOBOM
yyacTke Npu3abonHON 30HbI MeXaHU4YeCcKUM pac-

1 AHTapkTuka. Ffeomopdonoruyeckuii atnac. Cl6.: Kapta, 2011. 256 c.
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lwMpuTeNemM C NEPUOANYECKUM W3BEYEHUEM
npoaykToB GypeHus (negoBbld Wnam) Ha no-
BEPXHOCTb;

— BypeHve nnaBneHnem nocnegHero MeTpa ¢
OLHOBPEMEHHbLIM paclUMPEeHNEM TEMNOBLIM CHa-
psiaoM 6e3 n3BneveHns npoaykToB 6ypeHus (Ta-
nasi Boga) Ha NoBEPXHOCTb;

— BCKpPbITUE NOANEAHNKOBOro 03epa, Kanub-
pOBKa HWXXHEro METPOBOIO y4acTka CKBaXXWHbI 1
NoAorpeB 03epHOMN BOAbI B CKBaXWHE (puc. 1).

Mocne BCKpbITUA NOANEAHWKOBOrO 03epa
crneumanbHbIM akyCTUYECKUM Hay4HO-uccneso-
BaTenbCkuM  0BopygoBaHMEM — MPOBOAMTCA
OLieHKa COCTOSIHUS paCLLUMPEHHOrO y4acTKa CKBa-
XWHbl. [lpn yooBNEeTBOPUTENBHOM COCTOSHWM
yyacTka JocTyna B 03epO BbINOMHATCA Hame-
YeHHble UCCNeaoBaHus.

Pa3paboTaHHasi TEXHOMOMMs 3KOSOrMYECKM
6e30nacHOro BCKPbITUA NOANEAHNKOBOrO 03epa
BocTok BkfovaeT yBenuueHue guameTpa Hux-
Hero yyacTtka ckBaxuHbl 40 400 MM Ha BbICOTY [10
10 M. PaclumpeHue cTBofa CKBaXuHbl 4O pacyeT-
HOro AuMaMeTpa OCYLLEeCTBNSETCA C NpUMEHe-
HWEM MEXaHW4eCcKOro 1 TennoBoro pacwmpuTe-
new. Ha BTOpoM aTane TexHONormm noaroToBKu
CKBaXMHbI Ha rnybuHe oT 10 o 1 M OT rpaHuLbl

a :

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

«nef — 03epo» MCNonb3yeTcs MeXaHW4ecKui
pacLunpuTenb, Ans KOTOpPoro Heobxoaumo Bype-
HUE NWUNOT-CKBaXWHbI CTaHOAPTHBIM KOSTOHKO-
BbIM 9M1EKTPOMEXaHWNYECKUM CHapsAoM (MepBbin
aTtan). Tennosow cHapsg (paclwuvputens) uc-
nonb3yeTcs Ha TpeTbeM aTane bypeHus nocnes-
HEero MeTpa Mexzay CKBaXXMHON 1 03ePOM C OfJHO-
BPEMEHHbIM pacCLUMPEHNEM CKBaXWHbI 3a cyeT
CO3[aHNA BUXPEBOr0 MOTOKAa LMPKYNALMOHHOW
XXVUOKOCTM (Tanon BoAbl) C NOCTOSiHHLIM €€ MoJo-
rpeBoM. [1aTEHTHLIN NOUCK CYLLECTBYIOLMNX TEX-
HUYECKUX CPedcCTB, NpeaHa3HavYeHHbIX Ans yse-
NYyeHns amameTpa CKBaXKWHbl MeXaHU4eCKUM
WM TennoBsbIM cnocoboM, nokasar, YTo HU OAHO
U3 U3BECTHbIX YCTPOMCTB HEe NMOAXOAUT AN OCy-
LleCcTBNEHNs pa3paboTaHHON TEXHONOMMM NOAro-
TOBKM CKBaXMHbl. B CBSI3M C 3TWM BO3HMKNA
Heob6XoaMMOCTb pa3paboTkM TennoBOro CHa-
psiaa onsa 6ypeHus nnaBneHneM ¢ OHOBPEMEH-
HbIM PacCLUMPEHWEM CKBaXMWHbl BO fbay. Takom
MEXaHU4ecknn paclumputesis Bbin CnpoeKkTUpo-
BaH W U3rotoBneH cotpyaHukamm CaHkT-leTep-
Byprckoro ropHoro yHuBepcuteTa W yCnewHo
NCNbITaH B CKBAXHbIX YCMOBMSX BO Bpemsl ce-
30Ha 63-n Poccumnckon AHTApKTUYECKOW JKCne-
ouumn.

Puc. 1. Cxema eckpbimusi nodnedHUK08020 o3epa Bocmok:
a — ¢huHanbHasi cmaousi 6ypeHus ckeaxuHbl; 6 — 0bpa3ogaHuUe pacwupPeHHO20 y4acmKa CK8aXUHbI;
C — aman pacwupeHus mepmobyposbim cHapsdom; d — MOMeHM 8CKpbImMus 03epa
1 — 3anugoyHas xudkocms; 2 MexaHu4deckul pacwupumens; 3 — mennoeol bypoeoli cHaps0
Fig. 1. An opening scheme of the subglacial Lake Vostok:
a — final stage of well drilling; b — formation of the reamed section of the well;
c — stage of reaming with a thermal drill; d — moment of lake opening
1 — drilling fluid; 2 — mechanical reamer; 3 — thermal drill
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TexHuyeckne cpeactea Anst BCKPbITUSA Noa-
NEAHVMKOBOro 03epa OOMKHbI OTNIMYaTLCS BbICO-
KOW HaOEeXHOCTbIO0 M 6E30TKa3HOCTLI0 BCEX MEXa-
HU3MOB, YTO JOCTUraeTcs 3a CYeT MCNONb30Ba-
HUS CYLLECTBYIOLLMX, @ TaKKe BHOBb CMPOEKTUPO-
BaHHbIX, TLATENbHO MPOBEPEHHbIX WM WUCMbITAH-
HbIX y3110B 6ypoBOro cHapsaa.

Tennoson GypoBoW cHapsd AOMKEH OTBe-
yaTb CreayLMM TEXHUYECKUM TpeboBaHUAM:

— NPOCTOTa M HAAEXHOCTb KOHCTPYKLMK;

— NErkocTb MOHTaXa ¥ AeMOHTaxa CHapaaa;

— AMaMeTp B TPaHCMOPTHOM MOMNOXEHUN —
0o 132 mm;

— BO3MOXHOCTb
ckBaXuHbl 4o 400 mm;

— NOCTOSIHCTBO ~ AMameTpa  PacLUMPEHHOro
y4acTKa CKBaXWHbI N0 BCEW ONUHE;

— CKOpoCTb OypeHus nnaBrieHMem COOTBET-
CTBYET MHTEHCMBHOCTMN PaCLLUMPEHNS CKBAXKMHbI;

— paboynn uHTepsan rnybuH — go 4000 wm;

—notpebnsiemass MOLLHOCTb 3SIEKTPO3HEP-
rum — go 10 kBr;

— KONMYECTBO TOKOBEAYLUMX XM — 6 LWT.;

— BO3MOXHOCTb OMEPATUBHOIO KOHTPONS W
ynpaBneHus napameTtpamu bypeHus.

0O630p cepunHO BbiNyckaembix BypoBbIX CHa-
PALO0B U paclumpuTenen, NPoOBELEHHbIN C y4ETOM
cneundukn TexHonormn BeaeHnss BypoBbix pa-
60T 1 ncnonb3yemoro 060pyaoBaHMs, Nokasar,
YTO HM OAMH U3 HUX HEe MOXET OblTb NPUMEHeH
MNPV NOArOTOBKE CKBAXWHbI ANsi NPOHUKHOBEHNS
B NOANIEAHMKOBOE 03€pP0, Tak Kak BCE OHW He OT-
BEYAIOT TEXHNYECKUM TPeOOBaHMAM.

Mo pesynbTatam o630pa nocTaBneHa 3a-
[laya: co3gaTb CKBaXMHHbLIN TennoBon BypoBoi
CHapsiA-pacLLUMPUTENb HOBOW KOHCTPYKLMK, B3SIB
3a OCHOBY yxe pa3paboTaHHble U MCMbITaHHblE
BypoBble cHapsdbl Ha rpy3oHecyliem kabene,
KOTOPbIE MO CBOMM XapaKkTepucTukam Hambonee
Bnm3kM K NpeabsaBNsSEMbIM TEXHUYECKUM Tpebo-
BaHWSM.

KoHcmpykuyusi mepmobyposozo cHapsiOa 0ns
bypeHusi nnasneHuUeM ¢ OOHOBPEMEHHbIM UU
nocnedyrwum pacwupeHuem nedoeol ckea-
JKUHbI. TennoBon cHapaa npegHasHaveH ans oy-
PEHUS MNaBNEeHMEM CKBaXXMH BO NbAY CNMOLWHbLIM
3ab0eM C 04HOBPEMEHHbLIM UMW NOCneLoBaTENb-
HbIM MX paclwupeHneM. 3a KOHCTPYKTUBHbIE OC-
HOBbI B35iTbl CO3AaHHbIE M YCMELIHO 3apeKOMEH-
foBaBlwmne cebs BypoBble TennoBble cHapsabl

paclupeHnst  auameTpa
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TONTA-14M, TB3C, TEXC, CITIY [3]. OcHos-
HbIM OT/IMYMEM TENNOBOrO CHapsiaa Ans bype-
HUSA NNaBneHneM ¢ OQHOBPEMEHHBLIM UK nocre-
AYOLWMM pacLIMPEHNEM CKBAXWH OT CYLLECTBYI0-
LMX CHapsOoB SBNSETCA Ucnonb3oBaHne pabo-
4yero opraHa C BblIMOSTHEHHBIM B HEM KOSMEKTO-
POM U rMOpaBAUYECKUMU KaHanamu, KOTOpbIn
no3sonsieT 06bEANHUTL TEXHONOMMYECKNE MPO-
ueccbl OypeHWs U pacluMpeHUsi CKBaXWHbI, a
Takke OTAenbHble CUCTEMbl 3NEKTPUYECKOro
HarpeBa LMPKYNALMOHHOTO oTceka U paboyero
opraHa.

Tennosow cHapag Ana 6ypeHns nnaBneHnem
CMMOLWHbIM 3a60eM C OHOBPEMEHHBIM UMK MO-
crneayoLmm pacluMpeHneM CKBaXUH COCTOUT U3
NATU OTCEKOB: kKabenbHOro 3amka 1, anekTpuye-
CKOro 0TCeKa 2, HaCOCHOro oTceka 3, LMpKynsumu-
OHHOro oTceka 4 1 paboyero opraHa 5 (puc. 2).

AN

2

2

m) 37-

b
o)

N

5

N

o

N
Puc. 2. lpuHyunuanbHas cxema
mepmobypoeo2o cHapsida
(pucyHok sbinonHeH 6e3 cobndeHuss Macwmaba)
Fig. 2. Schematic diagram of a thermal drill
(the figure is made not to the scale)

[nsa kpenneHus Takoro cHapsaa K rpy3oHecy-
wemy kabento ncnonb3yeTcs CTaHAAPTHbIN Ka-
BenbHbI 3aMOK, BXOASLLMIA B UCMONb3yeMble By-
poBble CHapsabl. B anekTpuyeckom oTceke Bbl-
NOMNHSAETCH COEAMHEHNE TOKOBEAYLUMX XU rpy-
30Hecylero kabens ¢ aHepronoTpebutensMmu
cHapsiga. Takke B HEM 3aKpensieH aaTyuk oce-
BOW Harpy3ku Ha 3260V 1 3NeKTPOHHLI Bnok ans
onepaTUBHOrO yNpaBneHns CHapsiaoM.

Mpouecc OypeHWs nbaa OCyLiecTBNSETCA
KOHTaKTHbIM MnaBneHWeM (KOHOYKTUBHbIM Ten-
noobmeHom) cnnowHbIM 3aboemM 3a cyeT nepe-
[ia4yn TennoBOW 3HEPruM OT HarpesaTens neao-
BOMY MacCuBY, a NPOLECC paCLUMPEHNS — 3a CHeT
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CO3[aHus BUXPEBOro NOTOKA ropsiyet XuaKoctu
B Npu3aboNHON 30HE, NMpM 3TOM paspylueHue
NbJa OCYyLLEeCTBNSAETCS 3a CHET MMAPOANMHaMUYeE-
CKOro BO3JENCTBUSA Ha CTEHKWU CKBaXMHbI U KOH-
BEKTUBHOrO TennoobmeHa npy NpUHyAUTENbHON
LIMPKYTALMM XKUOKOCTH.

TepmobypoBon cHapsag ans 6ypeHus nnas-
NEHVEeM CnoWwHbIM 3ab60em ¢ OAHOBPEMEHHbBIM
unu nocnegylowmm  pacliMpeHneM  negoBbiX
CKBaXkWH [24] BKMOYaeT kabenbHblii 3amok 9 ans
KpenneHus ero Ha rpysoHecyluem kabene 10, umn-
NMHOPUYECKUIA KOPMNYC 2, B HWKHEN YacTu KOTO-
poro BbINOSHEHbI 3aBOpHbIE TOPU3OHTasbHbIE
okHa 11. B kopnyce 2 pa3melleH HacCOCHbIN OT-
CeK 7 C YCTaHOBMEHHbIM B HEM HacocoM 8. Hux-
HSS1 YaCTb HACOCHOrO OTCeKa 7 coeanHeHa C LieH-
TpanbHON OBOWHOW Tpybon 3, cocTosiwen wu3
HapyXHOW BOLONOABLEMHON TPYObl 5 U BHYTPEH-
HEeW BogoHarHeTaTenbHon Tpy6bl 4, HA BHELLHEN
CTOPOHE KOTOPOW 3aKpenneH HarpeBaTenbHbIN
aneMeHT 6, nNpeacTaBnsawLWmMA cobon HarpeBa-
TenbHbI kabens KHMC HX (puc. 3).

dopmupytoLmii 3aboit pabounin opraH 1 6on-
TOBbIMW COEAMHEHNSIMU XECTKO KPEenuTCs K Kop-
nycy 2. Pabouwii opraH 1 BbINOMHEH B hOpME Lin-
NUHApPA C 3aKPYrNEHHbIMU HWKHUMKU KpasiMu 1
CMIIOLUHOW TOPLEBOM NOBEPXHOCTbLID. BHYTpM pa-
6ouyero opraHa 1 BbinonHeH komnnektop 12. B
HUXHEN YyacTn paboyero opraHa 1 u3 konnekTopa
12 BbINOMHEHbI AyroobpasHble kaHanbl 14, BbIXo-
ASLMe Ha NoBepxHOCTbL paboyero opraHa 1, pac-
MOMOXEHHbIe AnaMeTpansHO MPOTUBOMOMOXHO
OTHOCUTENBLHO ApYr Apyra. BHyTpu pabouero op-
raHa 1 XeCTKO 3aKpensieH KonbLeBOW Harpesa-
TenbHbIN anemeHT 13 [25].

[yroobpasHble kaHanbl 14 manoro guameTtpa
(4-5 MM) BbINOMHEHbI Takum 0bpasom (CM. puc.
3), 4TO NOABOA HarpeToro TennoHocuTensa 15 K
CTEeHKaM CKBaXHbl 16 OCyLLeCTBNAETCS TaHreH-
umanbHO. Hanunyne konnektopa 12 1 BbINOMHEH-
Hble B Hem AyroobpasHble kaHanbl 14 cnocob-
CTBYKOT CO3[aHUKO PEerynmpyemMoro BUXPEBOro
notoka 17 » paBHOMEPHOW Mogaye HarpeToro
TennoHocutens 15 K cTeHkam CKBaXuHbl 16, 4TO
obecneymBaeT NOCTOSAHCTBO AnMaMeTpa No BCEM
pagunanbHbIM HanpasneHuam [25].

lNpuHyun pabomsi mepmobypogoeo cHapsida
0nsa 6ypeHus nnasneHuem ¢ O0OHOBPEMEHHLIM
unu  nocnedyrowum pacwupeHuem 1edosol
ckeaxuHbl. Pabota TepmobypoBoro cHapsaa

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

\

0

-

hand

Y

N

N

(VR NIIEN

Puc. 3. Cxema mepmobypoeozo cHapsida
Ons 6ypeHusi nnasneHUemM ¢ 00HO8PEMEHHbIM
usiu Noc1edyrujUM pacwupeHueM CK8aXUH:

a — obwuti sud ycmpolicmea;

b — paboyuti opeaaH, 8ud ceepxy
Fig. 3. Diagram of a thermal drill for fusion drilling
with simultaneous or subsequent well reaming:
a — general view of the device;

b — working body, top view

ocyLecTBnseTcs cnegytowmm obpasom. Mocne
NOCTaHOBKYM TENIOBOro CHapsaa Ha 3abon noga-
€TCS HanpshkeHne Ha KONbLEBON HarpeBaTeslb-
HbI anemeHT 13 paboyero opraHa 1 npu BbIKNiO-
YEeHHOM Hacoce 8, npu 3TOM NPOUCXOAUT KOH-
TakTHoe nnaeneHve nbaa. Korga tanas Boga B
npouecce yrny6ku cHapsiaa nepekpoet 3abopHble
OkHa 11 Hag BEPXHWM TopLOM paboyero opraHa
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1, BKNIOYAIOTCA HAcoc 8 n HarpeBaTenbHbIN afe-
MEHT 6 LeHTpanbHon aBonHon Tpybbl 3. Boga
NogHMMaEeTCs No BOAONOABbEMHON Tpybe 5, npu
9TOM HarpeBaeTcs 3a CyeT OTAayM TemnnoBoW
3Hepruu HarpesaTenbHbIM 31IEMEHTOM 6 1 nona-
[laeT B Hacoc 8, nocne 4yero nogaeTcs Hacocom
8 B BoJOHarHeTaTencHy Tpyby 4, 13 koTopon
nonagaeT B konnektop 12, 3abupas 4yactb Ten-
NOBON 3Heprun oT paboyero opraHa 1, a 3aTem
BbIXOAMT B 3aTpyOHOE NPOCTPaHCTBO Yepes Ay-
roobpasHele kaHanbl 14. MNogorpetas Boaa, Bbl-
XOAsA M3 kaHanoB 14, onnaenseT CTEHKU CKBa-
XWHbI 16, NpK 3TOM TeNnnoBas SHeprus 3aTpayu-
BaeTCs Ha NPOrpeB NbAa 4o TemnepaTypbl aso-
BOro nepexoga v ero nnasnexue. lNocne yero
BOAA nonagaeT B cHapsa vepes 3abopHble OkHa
11 n uukn nosTopsieTcs. Takum obpasom ocy-
LecTBnseTcs npusaborHasa LUMpKynauus Tenno-
HocuTensa 15, Npu 9TOM MPOUCXOLMUT ero NocTo-
SIHHbIN Harpes.

OpueHTauusa UMEHHO AyroobpasHbIX KaHa-
nos 14 obecneunBaeT 3aKkpyyvMBaHMEe MNOTOKA
TennoHocutens 15 BOKpPYr ocu CKBaXWHbl MO
TUMNY «CerHepoBa KosbLay, YTo NPUBOAUT K paB-
HOMEPHOMY BO3AENCTBUIO U PACMPOCTPAHEHMNIO
rMOPOANMHAMUYECKMX U TEMMOBbIX MOTOKOB B Npu-
3ab0iiHOI 30He.

Mpn BbIKNOYEHHOM Hacoce 8 yCTPOWCTBOM
MOXHO NPOM3BOAMTL TONMbKO BypeHue nnasne-
HMEM CKBaXMWHbl 6e3 ee pacluMpeHusi, B 3TOM
cryyae CKOpOCTb MPOXOAKM [OCTUraeT Makcu-
MasibHbIX 3HAaYEHWUIN, Tak KaKk 3aTpaTbl TEMNOBOK
3Hepruu HanpaeneHbl Ha npouecc bypenus. Mpu
CTaLMOHApPHOM pa3MELLEHUN TennoBOro CHa-
psiAa Ha 3agaHHOMN rnybrHe MOXHO NPOM3BOAUTD
obpa3oBaHMe nOKanbHOM MOMOCTU (KaBEPHbI)
MWHUMasbHOW MO BbICOTE M MaKCUMasnbHOW MO
MPOCTUPAaHUIO.

Pe3ynbTaTthbl uccnegoBaHus
1 ux obcyxpaeHue

IHTEHCMBHOCTb paCLUMPEHNS CKBaXMWHbI BO
Bpemsi BypeHust 3aBUCUT OT TemnepaTypbl nea-
HUKa, MOLLHOCTW HarpeBaTenbHbIX 3f1IEMEHTOB U
NPOU3BOAMTENBHOCTU Hacoca. lpu M3BECTHbLIX
3HAYEHWSAX Ha3BaHHbIX MapameTpoB 0ObeEM
pacnnaeneHHoro nbda 3a eAuHWULY BpeMEHW
onpegenseTcs no pasHOCTW TemnepaTyp BbIXO-
ASLLEro 1 BXoasLero TennoHocutens. Temnepa-
Typa BbIXOOSALEr0 MNOTOKA HE MeHSeTCs BO

2021;44(3):333-343

BPEMEHM, a TemnepaTypa BXOAALEro TenmoHo-
cUTENs 3aBUCWUT OT AMaMeTpa pacluMpeHus u
onpegensieTcs aHanutuyeckun. MponssognTenb-
HOCTb Hacoca BMMSIET Ha BPeMs MNaBfieHus,
dopmy n o0bbemM yyacTka paclmpeHus, no-
CKOMbKY OT MHTEHCMBHOCTW LMPKYNSUMM Tenno-
HOCMTENs B CHapsiAe 3aBWUCUT ero Temneparypa.
[oaToMy BO BHUMAHWE NPUHUMAETCS HE TeMMe-
paTypa BXOASLLEro noToka, a pasHoCTb TeMne-
patyp.

Ha paHHyl0 KOHCTpyKkumio Tennosoro 6ypo-
BOr0 CHapsiaa NonyyeH naTeHT Ha n3obpeTteHne
RU Ne 2700143 C1.

Npu npoBeaeHnn Ce30HHbIX BypoBbIX paboT
64-n Poccunckon AHTapKTUYECKOM 3Kcreauumnm
6bina cobpaHa u ucnbiTaHa MOAENb TENnoBOro
CHapsiga ons 6ypeHus nnaBneHWeM C O4HOBpeE-
MEHHbIM MM NOCMeaylLWnM  paclMpeHNEM
CKBaXMWH. epBble 3KCNepUMeHTanbHble uccne-
[OBaHUA nokas3anu, 4To pa3paboTaHHast KOH-
CTPyKUMs TennoBoro GypoBoro cHapsiga oTBe-
YyaeT 3aaBMIEHHbIM TEXHUYECKUM TPpebOoBaHMSAM 1
OH crnocobeH ocyLLecTBNATL NpoLuecc bypeHns ¢
OAHOBPEMEHHbLIM PAaCLUMPEHNEM CKBaXWHbI BO
nbay. Takke UCnbITaHNA BbISBUN 1 HEQOCTaTKM
cobpaHHOM Moaenu: noTtepu Tenna B paboyem
OpraHe u LMPKYNsSLUMOHHOM OTCEKE; HU3KOE AaB-
NeHne Hacoca; HepaBHOMEPHOCTb Harpesa Mo-
BEPXHOCTK paboyero opraHa. B cBs3n ¢ aTum co-
TpyaHukamu  CaHkT-lNeTepbyprckoro  ropHoro
yHMBepcuTeTa gopaboTtaHa Mogesnb A4aHHOro by-
POBOro CHapsiaa, a B OyayLmx ce30HHbIX pabo-
Tax Poccuickon AHTapKTU4ecKown akcneguuuu
OyayT NpoBEAEHbI €ro CTEHAOBBIE Y CKBAXUHHbIE
NCNbITAHWS.

3akntoyeHue

PaspaboTaHHbIi TennoBon cHapsg ans 6y-
PEHUS NNaBfieHNEM C OLHOBPEMEHHBLIM MM Mo-
crnegyoLmnM paclMpeHmeM 1efoBbiX CKBaXUH
COOTBETCTBYET BCEM TpebOBaHUAM TEXHUYe-
CKOro 3afjaHusl, Tak kak obecneunBaeT aKonoru-
yeckyto 6e30nacHOCTb NpK BbINOMHEHUN BbILLE-
yKasaHHbIX reonioro-pa3sefoyHbix pabor.

OCHOBHbIMM ~ JOCTOMHCTBAMM  [AHHOTO
YCTPOWCTBA SBNSIOTCA CMOCOOHOCTb OJHOBpE-
MEHHO CO CTabunbHOW MNPOXOAKOM CKBaXWHbI
NPOU3BOAUTL PaCLUMPEHNE €€ CeYeHWs, BECTM
obpasoBaHue moKanbHbIX MOMIOCTEN, a Takke
TO, YTO OHO HafexHo B paboTe, UMeeT HU3Koe
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3HepronoTpebrieHne 1 NPOCTYI0 KOHCTPYKLMIO.
[Npu ero ncnonb3oBaHUK JOCTUrAETCS CHUXKEHNE
3HeproeMKocTu npouecca bypeHus ¢ ogHoBpe-
MEHHbIM pacluMpeHnem 3a cyeT bonee paBHO-
MEpHOro pacnpefeneHnss mapaBiMyeckux u
TEennoBbIX NOTOKOB MO Nowaau kak 3abos, Tak 1
CTEHOK CKBaXMHbl, @ Takke 3a CYeT MpuUHyau-
TeNbHON Npy3aboNHOM LMPKYNALMM TENOHOCK-

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

Tensi. Co3paHne BUXPEBOrO NMOTOKA TEMNOHOCU-
TEens No3BonsieT 06pasoBaTh CTEHKN CKBAXUHbI
NOCTOSIHHOTO AMameTpa Ha BCEM yyacTke Gype-
HWUS MPU MOCTOSIHHOW CKOPOCTW BypeHus.. JTu
NpeuMyLLecTBa MOBLILAKT 0Oy TEXHONOoru-
Yeckylo KymnbTypy AaHHOTO nmpouecca W Mo3Bo-
nsatoT obecneynTb peanusauuio NPOBEAEHUS He-
06Xx0AMMbIX reonoro-pas3BefoyHbIX pabor.
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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, pa3mep
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, BKMYas Npobenbl, UNNCTPALMNOHHbLIA MaTepuan — oo 6
PUCYHKOB.

7. CTatby [OMKHbI OblTb CTPYKTYPUPOBaHbI M BbINOMHEHLI MO MEXAYHapOAHOMY CTaHOapTy
IMRAD. Crtpyktypa crateu: uHgekc Y[K, Ha3BaHvwe cTtaTbu, hamunus, ums, OTYECTBO aBTOPOB,
Ha3BaHWe yypexaeHus, rae BoinonHeHa paboTa, aHHOTaUMS U KIOYEBbIE CII0Ba Ha S3blke OpuriHana
(pyccKOM / KUTANCKOM / MOHIONBbCKOM) W aHTIIMACKOM A3blKax, BBeAEeHMe, Lenb UCCnefoBaHus, maTe-
puan n MeTofbl UCCneoBaHus, pesdynbTaTthl UCCNeoBaHNUSA U UX 06CyXOeHWe, BbIBOAL! UNK 3aKnio-
yeHwue, bubnuorpadmyeckunii cnucok u references, KpUTEPUM aBTOPCTBA, KOH(NUKT MHTEPECOB U CBE-
[eHns 06 aBTopax (BCS MHGOpMaLWs nNpefocTaBnseTcs OgHUM (hainoM, Ha3BaHHbIM CreayoLUM
obpasom: @amunus nepeoeo asmopa — llepebie mpu-4embipe crio8a HazgaHus.doc).

8. PexomeHgyemasn anuHa Ha3aHus ctaten — o 100 3HakoB ¢ npobenamu. HaseaHue ctatbu
LOMMKHO ObITb NMULIEHO COoKpalleHun, abbpeBmaTyp, onuchbiBaTb CoAepXaHue CTaTby TOYHO U KOH-
KPETHO, NPU 3TOM OHO [OMKHO BblTb 4OCTAaTOMHO ANMHHBIM, YTOOLI OQHO3HAYHO BbIPA3nTb FNaBHYHO
Uaer cTaTbh, U KOPOTKUM HACTOMBKO, YTOOLI HWM O4HO COBO Hesnb3s ObINo BeIbpocuTs 6e3 notepu
cMbIcna.

9. AHHOTaLMS OOMKHA OTpaxaTb OCHOBHYK MAet CTaTbW, NOCKOMbKY AN 60MbLUMHCTBA YuTaTte-
nen oHa SBNSETCS MaBHbIM UCTOYHUKOM MHPOPMaLMK O NpeacTaBneHHoM uccnegosaHun. O6bem
aHHoTauuu — 1500-2000 3HakoB, NpuMepHas CTPyKTypa: Lenb, MeToabl, npeameT, OObekT 1 pesynb-
TaTbl UCCNEfoBaHuUs, BbIBOAbI. He cneayeT ccbinatbes Ha Tabnuupbl 1 / N pUCYHKK, NpUBEAEHHbIE B
OCHOBHOM B TEKCTE CTaTbl, a TakKe UCNONb30BaHHYIO NUTepaTypy, MOCKOMNbKY aHHOTaLumM Takxke ny6-
NUKYIOTCS OTAENBHO OT cTaTbu. He ucnonb3yite B aHHOTaLMM CoKpalleHns, abbpesuaTtypbl, a Takxe
bopmyrnibl, Tak Kak aHHOTauMK B 6onbLIMHCTBE 6a3 faHHbIX, HaunHaa ¢ PUHLL, nybnukyrotes B dop-
mare, UCKNYatoLLem otobpaxeHue hopmyi.

KntoyeBble crnoBa AOMKHbI OTpaxaTb CyTb MUCCegoBaHus, cnocobctBoBath paboTe NMOUCKOBbLIX
cuUCTEM, NO KONMYecTByY He npeBblwaTb 10 eanHUL, CnoBocoYeTaHus — He 6onee 3 eamHuL,

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

11. Tabnuupbl AOMKHBLI coaepxaTb TONMbKO HeobxoauMMble AaHHblE M NpeacTaBnsATb cobon 0606-
LLieHHbIe 1 CTaTUCTUYEeCKM 0bpaboTaHHble MaTepmarnsl C ykazaHneM 0603HaYeHns nepeMeHHbIX. 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 KonmyecTBe (He bonee 6 eanHML) M 4OMKHbI ObITb BbINOHEHLI B COOTBETCTBUM C TPEOOBAHMSAMM
K reonormyeckon rpacpuke. BeilbmpaeTtca maclutab, npurogHeli 4N TMPaXWPOBaHUS, a pasMep — He
bonee 170%245 mM. [padmyeckne matepuasnsl OMKHbI AONYCKaTb NepemeLleHne B TeKCTe U BO3-
MOXHOCTb M3MEHEHUS pa3MepoB. Kax bl pucyHOK CONMPOBOXAAETCA HAAMUCAMU B coepaTenbHOou
4acTu U NOAPUCYHOYHOW MOAMNUCHIO, B KOTOPOW NpeacTaBnseTcs 00bACHEHNE BCEX Er0 3/IEMEHTOB.
Ha3BaHusa pUCYHKOB 1 NOAPUCYHOUHBIE MOANMUCY AOMKHBI ObITb MAKCUMasbHO KpaTkue, OCHOBHAs MH-
hopmaums NpeaocTaBnseTcs B TEKCTE.

13. Ccbinkn Ha nuTepaTypHble NCTOYHUKM NPUBOASATCA B KBaApaTHbIX Ckobkax B nopsigke Bo3pac-
TaHus. bubnuorpaduyeckuin cncok opMupyeTcs No Mepe YyNnoMUHAHUA UCTOYHMKOB B TekcTe. Pe-
KOMeHAyeMoe KONMYEeCTBO MCTOYHMKOB B Brubnunorpaduyeckom cnmcke — He MeHee 20, 13 HUX He Me-
Hee 5 CCbINIOK Ha CTaTbl U3 MHOCTPaHHbIX XXypHanoB. [pyn 3TOM camoLMTMPOBaHKWE aBToOpa HE AOMKHO
npesbiwatb 25 % oT 06Lero KONMYecTsa MCTOYHUKOB U MOMTHOCTBIO UCKNIOYAETCH CamoLMTMpOBaHue
XypHana. He JonyckaroTcs CCbINKM Ha 3aKOHbI, rOCy4apCTBEHHbIE CTaHAAPThI, NOMOXEHNS, Auccep-
Taumu 1 aBTopedepartsl, y4ebHUKN 1 y4ebHble Nocobus, CNpaBOYHMKM, COBAPK M 3HLMKIIONEANUM, a
Takxe reonornyeckue kapTbl. [pn HeobxoguMocTn obpalLeHns K 3TUM UCTOYHMKAM CCbINKY Ha HUX
cnegyeT pa3mellatb B MOACTPOYHOW CHOCKe. PegakuvoHHas 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 u gpyrue).

14. Cnucok nuTepatypbl COCTaBnseTca B ABYX BapuaHTax. B Gubnuorpaduyeckom onvcaHum cta-
TbW HEOBXOAMMO yKa3blBaTb BCEX aBTOPOB. [1epBbili BapuaHT (6ubnuorpaduyeckuin cnmcok) ogpopm-
nsieTcs Ha A3blke UcTovHmka B cootsetctBum ¢ FOCT P 7.0.5 2008. Bropon BapuaHT (references)
ohopMmnseTcs B BUAE TpaHCNMUTepauum pycckoro TeKCTa B NaTWHULY C NepeBOAOM Ha aHIMUACKUN
A3bIK U CNYXUT NS OTCNEXMBAHWUS LUMTUPYEMOCTU aBTOpOoB. [puMepbl 0hOPMIEHNS UCTOYHUKOB B
cnuckax MOXHO NOCMOTPETbL Ha HalleM calite B pasgene « TpeboBaHus K cTaTbsMy.

15. lMNpu nogaye ctatby aBTOpaMU NPELOCTABNSAIOTCA HA aHIIMICKOM A3blke crneaylolime ane-
MeHTbl paboTbl: Ha3BaHWe cTaTby, CBeAEeHWs 06 aBTopax, aHHOTaUWs, KIoyeBble cnosa, bnarogap-
HOCTW, Ha3BaHMs TabnuL, 1 NOAPUCYHOYHbIE NognucK, Bubnuorpadus.

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

17. Pegakums octaBnset 3a coboin npaBo OTKMOHATL CTaTbl, He OTBEYAOLLME YKasaHHbIM Tpebo-
BaHuaM. NocTynatowwme B pefakumio MaTepuansl BO3BpaTy He nognexar.

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

19. MNpeacTaBneHHble CTaTbi NPOXOASAT NPOBEPKY HA HanMuMe 3aMCTBOBaHMN.

20. XXypHan BbinycKkaeTcs ¢ Nepuoan4HOCTLI0 4 HOMepa B roj.

BHumaHwue! MNyb6nukaumusa craten asnsetca 6ecnnaTtHom.

Mb1 npuenawaem Bac k yyacmuto 8 HaweM npoeKkme 8 Kayecmeae asmopos, peknamodoamerel u
yumamernedu.
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Obpas3ey, oghopmneHus cmambu

YOK 549.09
MuHepanoro-TexHonorn4yeckue Tunbl pya
TomuHcKkoro mectopoxaeHua meam (KOxHbin Ypan)

EneHa MuxannosHa KypueBckas, MapuHa BnagucnaBoBHa SIXHOP,

Apkagun EBreHbeBnY CeH4YeHKo®

aCHUUlN « TexHonozuu obozawieHus1 MUHepanbHO20 Chipbsi», 2. pkymck, Poccus

bpkymckuli HayuoHanbHbIl uccnedogamenbCKuli mexHudeckuli yHugepcumem, 2. Mpkymcek, Poccusi
ABTOp, OTBETCTBEHHI 3a nepenucky: AxHo MapuHa BnagucnasosHa, ymar@istu.edu

Pe3rome: Ll,enb. U,eJ'Ib AaHHOro uccnenoBaHnA 3akn4aeTca B U3y4eHUN TEXHONOINMYECKUX TMNoB pya TOMMWHCKOro me-
CTOPOXAEHNS Medu, a Takke MUHepanbHOro COCTaBa BMELLAIOLWMX MOPOA W PYA KaXA0ro M3 TPEX TUMOB, BbISIBIIEHWN
MWHEPanornyeckmx 1 CTPYKTYPHO-TEKCTYPHbIX 0COOEHHOCTEN pyA, BbISBIIEHNM B3aUMOCBSA31 M3MEHEHUS PYAHON MUHepa-
nu3auum 1 cteneHn metamopdmama ans kaxgoro Tuna pyn. Merogbl. PygHble Tena TOMUHCKOrO MeHO-NMOpgMpoBoro
MeCTOpOXaeHud, 3aneraroine B AMopmuTax n KBapuesblX AMOpuUTax, npeacrtasnaroT cobon NPOXWUIKOBbIE N NMPOXWUNKOBO -
BKpaniieHHble CKOoNneHnsa B 30HaxX ,qpo6neH|/|;|. Ha MECTOPOXAEHUN LLMPOKO Pa3BUTbl METACOMATUTHI KBale-CepI/ILl,I/ITOBOI7I
chopmaumu. syyeHne TMNOB pya NPOBOAMUIOCH C UCMONb30BaHNEM MUKPOCKONOB. Pe3ynbTaThbl. B pesynbTate BblaeneHo
TPpX reonoro-TexHoNiorM4ecknx Tuna pya B npegenax TomuHckoro MeCTOpPOXAEeHNA. I'IepBb||7| TN npeacraeneH nepeuy-
HbIMM CYNbGUAHBIMKA pyAamu, KOTopble HabnaaTcs B CpeaHEM Hike rmybuHbl 50-55 m. Mo cocTaBy 310 XNOpUT-My-
CKOBUT-KBapLieBble MeTacomaTtuTbl. Bmellatowme nopogbl npedcTaBneHbl CEPULMTU3MPOBAHHBIMU, XTOPUTU3UPOBAH-
HbIMM 1 kapboHaTU3NpOBaHHbLIMM AnopuTamu. B cocTaBe pya npeobnagatoT xanbkonmput u nnpuT. MNpakTuyecku BCs Meab
COQEPXKUTCA B Xanbkonupute. BTopoi Tvn — 370 pyaHbIe 30HbI BTOPUYHOTO CynbdMAHOro oboraleHus. AToT TUM CHOXKEH
NEPBMYHLIMU 1 BTOPUYHBIMK Cynbdugamu meaun. Bce nopoabl aprunnmanpoBaHHble U NpeacTaBneHbl MeTacomaTuTamu
pasnu4Horo coctaea. Bce Buabl nopog HecyT B cebe pyaHyto MuHepanusaumio. K TpeTbemy Tuny 0THOCATCS OKUCTIEHHbIE
pyabl, KOTOpble 06pa3ytoT 30HY OKUCMEHNS MecTOpoXaeHus. OHW OensaTcs Ha TPWU NOATUNA: TMUHUCTbIE, TMUHNCTO-Leb-
HUCTbIE U U.l,e6HVICTbIe pyAbl. MnHKCTBIE PyAdbl 3aneratT B CaMblX BEPXHUX HaCTAX KOPbl BbIBETPUBAHUA, FJ'IVIHVICTO-LIJ,eﬁ-
HUCTbIE pyAbl cnarakoT LUeHTpalbHYylo ee 4acTb, a pyAdbl B IJ.|,€6HI/ICTbIX 06pasoBaH|/|s|x OTMeYeHbl B HUXKHNX TOPU3OHTaX.
MNpenctaBneHo neTporpauyeckoe onncaHne Kaxaoro U3 TMNoB. BeiSBNEHbI MUHepanornyeckme 1 CTPYKTYPHO -TEKCTYp-
Hble 0COBEeHHOCTU pya. B pesynbTaTe usyyeHns netporpachmyeckoro CoctaBa Kaxaoro Tuna pya yCTaHOBNEeHa pasnnyHas
cTeneHb MeTamopduama 1 BCrieACTBUE TOTO — M3MEHEHUEe pyaHO MuHepanu3aumn. BeiBogsbl. MNpocnexvsaeTcs Bnvs-
H1e MeTacoMaTU4ECKMX NPOLLECCOB, M3MEHMBLUMX CTPOEHWE U MUHEPAnbHBIA COCTaB pyA. [lns nepeoro Tmna pyasl Xxapak-
TEpPHO Hanu4me NEPBUYHBIX NOPO — AMOPUTOB C HACBILLEHHON CyNb(UAHON BKPANIEHHOCTBIO U C HE3HAYUTENbHBIMMU Me-
TacoMaTU4eckuMmn U3MeHeHsIMK. B 30He BTOpWYHOro oboratlieHnst nopodbl NpeTepnenyt MHTEHCUBHOE MeTacoMaTuye-
CKoe 13MeHeHme. MNopoabl 3TON 30HbI HACKILLEHBI TMAPOKCUAAMU Xenesa. [Ins 30Hbl MUHTEHCUBHOTO BbIBETPUBAHUS Xapak-
TEepHbI FMWHUCTBIE U XTTOPUTU3MPOBAHHLIE MOPOALI. PyaoHas MuHepanuaaunst npeacTaBrieHa WCKIMHYUTENBHO OKWUCHIEH-
HbIMK MuHepanamu. Cynbduasl eAMHWYHLL. Pasnnyms B MUHEPAbHOM COCTaBe Tpex TUMOB pyZ4 BNMAIOT Ha Bbibop cro-
coboB nepepaboTku pyael B npegenax TOMUHCKOrO MECTOPOXKAEHNS.

Knrodesnbie crioea: TOMUHCKOE MeCTOpPOXAEHWE, MeAHO-NOpthMpPOBOe OpYAEHEHWe, MeTaMopdU3M, TeXHonornyeckne
TWMbI py4

®uHaHcupoeaHue:

BbnazodapHocmu:

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
bIrkutsk National Research Technical University, Irkutsk, Russia

Corresponding author: Marina V. Yakhno, ymar@istu.edu

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-
sented by sericitized, chloritized and carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore compo-
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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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