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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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FEATURES OF THE BEHAVIOR OF ROCKS IN THE UNDERGROUND
FIELD DEVELOPMENT
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Abstract. The article is devoted to detailing the principles of geological
management based on the assessment and consideration of the geomechanical
features of the behavior of rocks during the underground mining of ore deposits.
Goals and objectives. The problem of mining of mineral raw materials is insufficient
consideration of structural factors when assigning parameters of ore extraction
technology. The purpose of the article is to systematize the main provisions
of environmental and resource-saving geological management in relation to
underground mining of ore deposits. Methods — generalization and systematization
of theory and practice, analysis of the results obtained and forecasting the
possibility of their application in underground mining. The results of the study —
summarized the principles of geological management based on the consideration
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of geomechanical features of rocks. Information is given on the theory of the
processes of development of subsurface reserves, management of the state of
arrays, and ensuring the stability of workings in discrete rocks. The condition of the
strength of the wedging of structural blocks of rocks is formulated. The conditions
for ensuring the geomechanical balance of the massif due to the separation into safe
sections and methods for calculating stable spans of flat roof outcrops are given.
A classification of methods for calculating roof outcrops from the conditions of
the formation of the arch of natural rock equality is proposed. The classification
of array management methods in the repayment stage has been clarified. Options
for combining technologies with insulation, laying and leaching of ores are
considered. A technology is recommended with the issuance of the richest ores
on the surface and the processing of the rest in underground blocks, in which the
movement of solutions is carried out and controlled with the prevention of contact
of solutions with the biosphere. Conclusions — the problems of completeness of the
development of mineral resources, waste-free extraction of valuable components,
the creation of new environmental technologies are becoming a priority criterion for
the effectiveness of mineral extraction technologies. Taking into account structural
factors when assigning parameters of ore extraction technology contributes to the
humanization of the processes of environmental and resource-saving geological
management.

Keywords: Geological management, geomechanics, underground mining, ore
deposits, structure, management, condition of massifs.
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AnHoTaums. Kipicne. Makana KeH OPBIHIAPBIH KEPACTHI OHIIPY KE31HIE Tay
JKBIHBICTAPBIHBIH MiHE3-KYJIKBIHBIH TCOMEXAHHUKAIBIK CPEKINeTIKTEpiH Oaramay
JKOHE €eCeTKe aJy Heri3iHae reonaiganaHy NPUHIMITEPIH erKel-TerKei
KepceTyre apHaiuraH. Maxcammap men minoemmep. MUHEpPAIABl IIHKi3aTTHI
OH/IIpYy Macelieci KeH OHAIPY TeXHOIOTHSACHIHBIH MapaMeTpiepin Oenriney ke3ine
KYPBUIBIMABIK ~ (aKTOpiapabl KETKUTIKCI3 eCKepyldeH IIbIFaabl. Maxaransiy
Makcamvl - KEH OPBIHJAPBIH JKepacTbl WIepyre KaThICThI SKOJOTHSUIIBIK JKOHE
pecypc YHeMIEUTIH reo MaigaaHyIelH HETI3Tr epekenepid Kyueney. Odicmepi
TEOpHs MEH NMPAKTHUKAHBI JKAJIbUIAY JKOHE KYHeey, albIHFaH HOTIKENIep/Ii Talnaay
YKOHE OJIap/Ibl )KePACThI KeH OPBIHIAPBIH UTepy/Ie Maiaany MyMKIHIITIH Oomxkay.
3epmmeyoiy nomuoicenepi Tay KBIHBICTAPBIHBIH T€OMEXaHUKAIBIK €pEKIIeNiKTepiH
ecKepe OTBIPBIN, T'eo MaiiamaHy MPUHIMOTEPIH JKanmbliaiael. XKep KoitHaybl
KOpJIapbIH WTepy MPOIECTEPiHIH TEOPHSICH, MACCHBTEP/IIH JKal-KyWiH Oackapy
YKOHE TMCKPETTI KBIHBICTAPIAFBl AKYMBICTAPIBIH TYPAKTHUIBIFBIH KAMTAMAaChI3 €Ty
Typaisl akmapar OepinreH. Tay >KbIHBICTAPBIHBIH KYPBUIBIMABIK OJOKTapBIHBIH
KenTery OepiKTiriHiH IapThl TYKbIpbIMaairad. Kayinci3 aiiMakrapra 66y apKbIsl
MAaCCHBTIH TEOMEXaHUKAJBIK TEIe-TeHIITIH KamMTaMachl3 €Ty IIapTTapbl JKOHE
IIaTBIPABIH TETiC OETKEHIePiHIH TYPAKThl apATBIFBIH €CETITEY SICTepi KeNTipiIre .
Tay >KbIHBICTApBIHBIH TaOWFH TETe-TEH/IIK KONMACHIHBIH KaJIBINTACY JKaFIaibIHaH
MaTBIPABIH OETKEHJepiH ecenTey oMiCTepiHIH KIacCU(UKAIUACH YCHIHBUIFaH.
OTey caThICHIHIA MACCUBTI OacKapy omICTEPiHIH KIACCU(PUKAITUAICH HAKTHUIAHBI.
Texnomorusanmapasl KEHAEPAlI OKIIayJdayMeH, TOceyMeH >JKOHE IIaiMaiayMeH
OipiKTipy HYCKaNaphl KapacTeIpbutanbl. EpiTinainepain 6nochepameH jkaHaCybIH
OO IBIPMaiA, epITIHAIEPAIH KO3FAIBICH OaKbIJIAHATHIH KEeP aCThI OJIOKTAPBIHIAFbI
eH Oail keHmepi kep OeTiHe MIBIFapy JKOHE KaJIFaHIapbIH OHJICY TCXHOJIOTHSICHI
ycoIHBIIa B! XKep KoiHayBIH TOIBIK UTEPY, KYHIBI Kypamaac 0eTiKTep/Ii KalIbIKChI3
aIry, JkaHa SKOJIOTHSUTBIK TEXHOJIOTHSIIAPIbI KYPY MOCENECiHIH — KOPBITHIHIBIIAPHI
madganel  Kazoamapabl OHIIPY TEXHOJOTHSUIAPBIHBIH — THIMAUITIHIH — OackM
KpuTepuiiine aifHananpl. Ken eHipy TEXHOJIOTHICHIHBIH MTapaMeTpiiepin Oenriney
Ke31H/1e KYPBUIBIMABIK (haKTOPIapIbl €CETKe aiTy SKOJIOTHSIIBIK KOHE pecypCTapbl
YHEMIEHTIH Teo maiamany MpomecTepin i3TUICHIIPYTe BIKITAl STEI.

Tyiiin ce3nep: l'eonmorusiplk nmaiinanany, reoMexaHUKa, XKep acThl Urepy, KeH
OPBIHIAPHI, KYPBUIBIMBI, 0aCKapybl, MACCUBTEP/IIH JKaFTalbl.
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AnHoTanms. Bsedenue. Ctarbs TOCBSIIEHA JETAIW3ANUN TIPUHIIUIIOB
T'e0I0JIb30BAHNS, OCHOBAHHBIX Ha OIICHKE M yUeTe TeOMeXaHNIeCKIX 0COOEHHOCTEH
MTOBEIEHUS CKAJIbHBIX TIOPOJ ITPH ITOI36MHOM pa3paboTKe PYIHBIX MECTOPOXKICHHIA.
Lenu u 3adauu. llpoOmeModl HOOBIYM MHHEPATBLHOTO CBHIPhS  SBJISCTCS
HEJIOCTAaTOYHBIA yYeT CTPYKTYPHBIX (DaKTOpOB TpH Ha3HAYEHUH IapaMeTpoB
TEXHOJIOTUU J00brYM pyd. Llenmpro ctarem sBiseTCS CHUCTEMaTH3allisl OCHOBHBIX
MOJIOKEHUW TIPUPOIOOXPAHHOTO M PECypcocOeperaromero TeonoiIb30BaHus
MIPUMEHUTENBHO K TOA3eMHONW pPa3paboTKe PYIHBIX MECTOPOXACHUH. Memoosi
— 0000mmeHne W cHCcTeMaTh3alus TEOPHH W TPAKTHKH, aHAIN3 MOJYYEHHBIX
PE3YIBTATOB M IPOTHO3MPOBAHNE BO3MOKHOCTH WX MPUMEHEHUS MPH MOJ3EMHOM
pa3paboTke MECTOpOXKICHUH. Pesyromamvt  ucciedosanus — 000OIIECHBI
MPUHIMIIEI  TEOIONIb30BaHMsI, OCHOBAaHHBIE Ha Yy4YeTe TIeOMeXaHHYEeCKHX
OCOOCHHOCTEH CKaNbHBIX TOpoA. [IpuBeneHBl CBENEHHS O TEOPHH IPOIIECCOB
OCBOGHHS 3amacoB HEJp, YIPAaBIEHWH COCTOSHHEM MAacCHBOB, M OOecledeHUH
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YCTOHYHMBOCTH BBIPAOOTOK B AMCKPETHBIX moponax. CPopMymupoBaHO yCIOBHE
MIPOYHOCTH 3aKJIMHHUBAHUS CTPYKTYPHBIX OJIOKOB mopoj. [lpuBeneHsl ycioBus
oOecrieueHUsl TEOMEXaHMYECKOH COaJlaHCUPOBAHHOCTH MacCHBa 3a  CUET
pasnencHusl Ha 0e30IacHbIC Y9aCTKH W METOMABI pacdeTa yCTOMYHMBBIX MPOJIETOB
IJIOCKUX OOHaXeHWH KpoBiH. [IpemiokeHa kiaccuuKaIiis METOIOB pacdeTa
oOHa)KEHUH KPOBJIH W3 YCIOBHUS 00pa30BaHMS CBO/Ia €CTECTBEHHOTO PaBHOBECHS
mopoji. YTOouHeHa Kiaccu(uKanus criocoOOB YIpaBICHUS MacCUBOM B CTaJWU
noranieHus. PaccMoTpeHs! BapuaHThl KOMOWHUPOBAHHS TEXHOJIOTHI C H30JISIIIUCH,
3aKJIaJIKOM W BBIIIEIAYMBAHUEM PyA. PEKkOMEH0BaHA TEXHOJIOTUS C BblJauyeil Ha
TTOBEPXHOCTH Hambojee O0TraThIX pyx U MepepadOTKON OCTANBHBIX B MOA3EMHBIX
OJIoKax, MPU KOTOPOM NBIKEHHUE PACTBOPOB OCYIIECTBISIETCS W KOHTPOIHUPYETCS
C MPENOTBpAIICHHEM KOHTAaKTa PacTBOPOB C OMocdepoil. Bvisodvl — TpoOIeMbl
MOJTHOTBI OCBOCHHS HEJp, OE30TXOJHOTO W3BJICUCHHS IIEHHBIX KOMIIOHEHTOB,
CO3JJaHHsl HOBBIX MPUPOJOOXPAHHBIX TEXHOJIOTUN CTAHOBITCA MPUOPUTETHHIM
kputepueM S(PQPEKTUBHOCTH TEXHOJOTHH J00BIYM MHHEPAJIBHOTO  CHIPbS.
Y4eT CTpyKTYpHBIX (AaKTOpPOB TIPH HA3HAYCHUH TApaMETPOB TEXHOJIOTHH
JIOOBIYM  pPyA CIIOCOOCTBYET TyMaHHW3allUd TIPOIIECCOB MPHUPOIAOOXPAHHOTO U
pecypcocOeperaroIero reomnoib30BaHus..

KaroueBbie caoBa: reoroiib30BaHUe, F€OMEXaHHKA, MMOJ3€MHas pa3paboTka,
PYAHBIE MECTOPOXKIAEHUS, CTPYKTYpPa, YIIPABIEHHUE, COCTOSIHUE MaCCUBOB.

Introduction. In the volume of production of metal-bearing mineral raw
materials there is a large share of ores from the massifs of deposits, which by their
parameters are classified as complex-structured. These deposits owe their genesis
to geotectonic processes, are characterised by complex geodynamic phenomena in
the process of development and require attention during design and development
(Palyanitsina, et al., 2021; Korshak, et al., 2019; Korshak, et al., 2020).

The ore-bearing massif is an energy-rich system that is stable as long as it is not
disturbed by mining operations. As a guarantee of the safety of mining operations, the
preservation of the area of the earth surface separating the zone of life and the zone of
mineral extraction is accepted. Technologies that ensure the safety of the earth surface
are both environmental protection and resource-saving (Golik, et al., 2015).

It has been theoretically substantiated and proved by centuries of practice that
rocks of the rock type exposed by mine workings form stable structures when they
are exposed by mining operations, provided that a natural collapse vault is formed
above the workings from structural rock separations wedged along curvilinear
surfaces (Pshenin, et al., 2023; Kusimova, et al., 2023; Korshak, et al., 2023).

The information about the massif accumulated during exploration and
replenished during field operation allows optimising the development indicators
at the design stage and adjusting them (Golik, et al., 2023; Sinitsin, et al., 2023).

Previously published works (Golik, etal., 2023; Sinitsin, et al., 2023; Malyukova,
etal., 2023) show that the management of the state of stress-strain massif'is reduced
to the following:
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* the parameters of mining operations are determined by the geomechanics of
the array;

* filling voids with solidifying mixtures is a reliable way to control stresses;

* control efficiency is improved by increasing the volume compression of the
deposit.

The purpose of research in this area of mining is to systematise the main
provisions of geo-use in relation to underground mining of ore deposits represented
by complex-structured rock massifs.

Methods. The basis of the management methodology of the developed ore-
bearing massifs is the assessment of the state of the natural and technogenic system,
the stability of which is disturbed by mining operations at the stage of clearance
excavation. Many researchers take as a guarantee of environmental safety the
preservation of the earth surface separating the zones of living matter habitat and
the zone of mineral raw material extraction (Gridina, et al., 2023; Gridina, et al.,
2022; Rodionov, et al., 2022).

The data bank of arrays is completed by systematisation of geo-use data in
specific conditions of the developed deposit, obtained in the course of complex
researches, the tools, volume and quality of which are regulated.

The possibility of forming load-bearing structures under the condition of a
reliable natural cave-in vault from wedged rocks is determined at the design
stage, specified during field development and used as a basis for optimisation and
adjustment of ore extraction indicators (Karlina, et al., 2023).

The processes occurring in rock formations are described by models, including:
the state of the rock massif when interfered with by mining operations, correction
of the massif balance by dividing it into areas not dangerous in terms of stresses,
etc (Rodionov, et al., 2022).

Since it is desirable to maintain a flat roof of the excavation to reduce clogging
of ores separated from the ore massif by rock, the stability of mine workings is
assessed differentially for the mining systems used.

The degree of environmental hazard of the technologies is determined by
calculations depending on the ratio between the volume of voids formed by the
excavation and the properties of the filler of the excavated space (Gridina, et al.,
2022; Gendler, et al., 2016).

On the basis of the analysis of the theory and practice of the deposit development,
recommendations are given to improve the performance of its development, taking
into account the peculiarities of the behaviour of stress-strain rock massifs, which
differ from other massifs by petrographic and structural heterogeneity.

Research results. In rocky rocks, rock fracture occurs with the formation of
structural blocks that behave as rigid bodies with elastic contact in compression,
which is described by the model (Komashchenko, 2015):
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where 6, - main stresses in vertical direction, MPa; O,5- main stresses (their
horizontal component), MPa; Oy - STIESSES for the upper layer of previously
undrained rocks, MPa; k - stress distortion coefficient by tectonic structures; -
stresses in the zone of influence of cleaning works, MPa; - residual strength of rocks,
MPa; / ,...- span size (for the case when the flat form of outcrop is preserved),
m; x,...x_ - characteristics of structural blocks; o, , - compressive strength of the
embedding massif, MPa; B - size of the collapse zone (width), m; H - size of the
collapse zone (height), m; H_ - height of the embedding massif, m; H_ - height of
the zone of influence of cleaning works, m.

The condition of the rock massif is described by the condition [12]:

ok, = ], Adx,d x,dx) > IR= [/ f-x{(d h,+ d )

min
where o - stresses in the zone of influence of mine workings, MPa; K_ - stress
correction factor; [, [ - spans of rock outcrop, m; x,...x - rock characteristics;
P - ore losses, fractions of units; R - ore dilution, fractions of units; h — height of

3
the deposit massif, m; !1{ — height of the. zone of inflyence of mine workings, m.
8e mechanical ]‘tT)lal te flg)r ¢ massit under stuéily uring mining ope%ahons

is ensured by its division into sections. In these sections, into which the array is
divided, the stresses do not reach the critical value (Fig. 1).

hli hc H

Lf=Lo Lf=Lo

L prev.

Fig. 1. Dividing the array into sections: L~ according to the condition of the formation of the
arch of natural equilibrium; L .~ actual; L — flat roof; H- depth of work; &, — height of the arch of
natural equilibrium at the limit span; /2, — height of the new building
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In order to reduce clogging of ores with rock, it is important that the roof of the
mine workings within the vault does not collapse, but maintains a flat shape. In
homogeneous fractured rocks, the stability of the roof is determined by the ability
of the bearing element of the rock structure in the roof (Fig. 2).

Quasi-flat with gravitational-tectonic

field
Quasi-flat with gravity field Disturbed rocks
Undisturbed rocksSlab or beam in roofing Slab or beam with fractures
Pillar system

Supporting element in
the roof

Discrete with mv&t;;;tectomo—s&uctmal
el
Slab or beam disturbed
Pillar system
Jammed rocks

Fig. 2. Typification of rocks by the ability to form load-bearing structures in the roof

Classification of array management methods is carried out according to the
principle of the mined-out space condition (Table 1).

Table 1 — Classification of void repayment methods

Classes Groups Options
With isolation of mine Lintels Wooden, rock
workings by enclosing Concrete
them
With rock caving to fill the | Forced collapse Separate with ore or together
excavated space
Controlled self-collapse Separate with ore or together
With filling of the Solid mixtures Chamber and layer systems
excavated space with Bulk solids From surface and from mine workings

compensating materials Underground leach tailings | With natural colmatisation or hardening

The advantages of the isolation method are explained by lower costs, while the
disadvantages include difficulties in controlling the condition of the extinguished
massif to guarantee safety in case of a hypothetical rock collapse and alienation of
land in the zone of influence of mining operations.

The main disadvantage of the hardening mixtures method is the relatively high
cost and scarcity of embedding materials (Kondrat'ev, et al., 2022).

A special case of the technology with embedding is the formation of artificial
massifs by natural solidification of block leaching tailings. Natural binders bind
them into a concrete structure with a strength of up to 1 MPa.
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Combined methods are based on the joint use of technologies with isolation,
embedding and leaching of ores. The filling of voids with the embedding material
reduces stresses in the required proportions, with the means of regulation being the
embedding mass (Zhikharev, et al., 2023; Kaverzneva, et al., 2023).

The environmental hazard of the technology depends on the ratio of void
volumes and the material used to fill the excavated space to compensate for the
voids:

_ Vr

i

where V, —excavation filling volume, m?; me g —production volume,m?®.
A combination of two technologies (hardened tailings and hardened backfill) is

shown in

K

Fig. 3
V.utV,
K‘z - 3 aK ne s
Vn

where Vioia ™ total volume of voids that were filled with tailings.

1 1

2 1
2 2

Fig. 3. Combination of technologies for repayment of the developed space: 1 — leaching tails;
2 — hardening mixtures

The general scheme of combining technologies (isolating voids and laying
hardening mixtures) is shown in Fig. 4:

~ Vriu + Vioia
=Ty

where V  — total void volume.
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Fig. 4. Combination of technologies with hardening bookmark and leaching tails: 1 — leaching
tails; 2 — hardening mixtures; 3 — unfilled voids

The discussion of the results. The possibility of increasing field development
indicators is determined by the reserve extraction project. This project must be
optimized according to a number of criteria (ecological and economic criteria).
The result of this optimization is that the goal of the project changes. Instead of
developing and selectively extracting reserves as quickly as possible, the goal
is shifting towards obtaining maximum total income from field development
(Kondrat'ev, et al., 2016; Kondratiev, et al., 2022; Evdokimov, et al., 2024).

The optimal combined technology is one in which the richest ores are brought
to the surface for processing, and the rest are processed by underground leaching.
In this case, the movement of solutions is carried out in a closed environment of
pipelines, which prevents the possibility of their contact with the biosphere.

For rock masses, vertical stresses are most often less than horizontal stresses.
In this case, the geostatic distribution law can be well used to calculate such vertical
stresses. This is due to the fact that structural and petrographic heterogeneities also
influence the emerging gravitational and tectonic forces, their character and nature.
Such stresses that arise in arrays can be regulated by changing the direction of
the stresses and changing the magnitude of these same stresses. Another way to
influence stress is to adjust the bearing capacity of rocks. It can be carried out in
space and time.

Stresses can be converted to static from dynamic by preventive weakening of the
array. At the same time, it is possible to significantly reduce the cost of backfilling
work by up to 1.4 times. This can be done by transferring this backfill mass into
a state of triaxial compression from a uniaxial state. The load-bearing capacity of
the void-filling material at 2—3-fold volumetric compression increases according to
A.L. Trebukov at 2-3.7, D.M. Bronnikov — 2-3, M.N. Tsygalov - 3.5 times.

Thus, technologies with ore breaking by exploding explosive charges provide
stress control by varying the parameters of drilling and blasting operations. The
uniformity of ore crushing is ensured by optimizing the value of the line of least
resistance by regulating the time of crack formation. If the deceleration interval is
less than the optimal time, the energy consumption for crack opening increases.
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If it becomes more necessary to expend energy to restore the previously achieved
equilibrium (Gendler, et al., 2018).

The parameters of seismic waves are controlled by changing the boundary
conditions on the external and internal fracture contours and the acoustic rigidity
of the medium. Loosening is created by selecting the deceleration values and
the specific charge consumption in the wells. Loosening is formed between the
contour of the ore-bearing massif and the charge. It plays the role of a screen. The
deceleration interval time should be no more than 25 ms. With such a time, the
superposition of stresses from neighboring series of explosions of charges will be
eliminated.

The regulation of natural and man-made stresses in the massif makes it possible
to increase work safety, reduce ore dilution and improve its beneficiation rates.

The results of the study echo the conclusions of specialists in this area of mining
(Ilyushin, et al., 2019; Demenkov, et al., 2023).

Conclusion. As the Earth's population increases, the relevance of the problems
of complete development of subsoil, waste-free extraction of valuable components,
creation of new environmental technologies, etc. will increase. Nature and resource
conservation is becoming the main criterion for the efficiency of mineral extraction
technologies.

The conditions for developing deposits will become more complex, and
competition in the mineral resources market will intensify. Special methods of
extraction will be further developed, as they are more consistent with the principles
of a humane attitude to the subsoil.

The criterion for the correctness of ore mining technologies will be the
preservation of the earth's surface, as a guarantor of the isolation of dangerous
underground mining processes.

The implementation of the principles of geouse contributes to the humanization
of the processes of environmental and resource-saving geouse.
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