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Abstract Problem Statement (Relevance)hesimilar properties of fluorite and calcite make their flotation separation
difficult during the beneficiation of mediumand highcarbonate fludte ores. The chemical affinity between fluorite
and calcite, resul t ipaatipnsfinrthe erystalHattice maodessokboth minemlt, deianjines their
physial and ©iemical characteristics, limits the efficiency of their selective flotation separation, and necessitates new
approaches to improving reagent regim@bjectives. The research is aimed atlentifying adsorption centers in the
structures of fluorite and calcite for the development of selectively acting reagents in the beneficiation of refractory
fluorite ores.Methods Applied. The results were obtained using the Mater&tisdio software package (Forcite Plus
module), the Charge Equilibration (QEQ) method for calculating atomic charges in clearmg minerals, and the

Ewald method for evaluating Coulombic interactioBsiginality. For the first time, a comparative aysik of the st

face reactivity of fluorite and calcite is presented based on the study of Mulliken atomic charge distribution snd the a
sessment of electron population effects oRXJaonds (where Xs F, O, C) in the crystal lattices of the minerals under
separationResult. Molecular dynamic modeling identified active chemisorption centers in fluorite and calcite; repr
sented by Ca atoms with total charges of 1.41 e for fluorite and 1.45 e for calcite, respectively. It was established that
the contrast irflotation separation between fluorite and calcite is practically absent and can be achieved only through
the selection of modern flotation reagents with predetermined properties identified by molecular dynamic calculations
of the reactivity of the valuablfluorite componentPractical Relevance Improved selectivity in the flotation oef

fractory fluorite ores can be achieved by preliminary deactivation of calcite at the beginning of the processing cycle,
followed by flotation of activated fluorite.
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FEATURES OF THE INTE GRATED UTILIZATION O F SELF-HEATING
COAL -MINE WASTE DUMPS

Guzeev O.A!, Ponamaryova E.A!, Pytalev |.A?

Ynstitute of Physics of Mining Processes, Donetsk, Donetsk People's Republic, Russia
2Nosov MagnitogorsiState Technical University, Magnitogorsk, Russia

Abstract. This work is devoted to identifying and describing the features of the integrated utilization-béastig

coatmine waste dumps. The research employed methods of scientific analysis andzgdioerahs well as scenario

based design. Selfeating coamine waste dumps are presented as multifunctional technogeniegmoces chaca

terized by the trinity of energy, material, and spatial resources. Distinctive features of such dumps halentifed, i

the main ones being their thermal state, lithological and mineralogical composition, and the location of the dumps rel
tive to geodynamically active zones. It is demonastrated that during the exploitation of the energy resource, a self
heating oalmine waste dump can be used both as a heat generator and a heat accumulator, while in the processes of
exploiting material or spatial resources, it can serve respectively as a source of oxidized rocks and as an accumulative
landform element. As a geatenological feature of the integrated utilization of gefting coamine waste dumps, the

priority exploitation of their energy resources has been identified, including the utilization-cémmmable heat gene

ated by the dumps and renewable heat mctated by the neasurface rocks due to solar radiation absorption. As a
biotechnological feature of the integrated utilization of-belfiting waste masses, the creation of favorable conditions

for the longterm heatgenerating activity of the waste dumgicrobial population has been highlighted, which eerr

sponds to the principles of bioethics. The identified features should be taken into account during the development and
implementation of scenarios for the integrated utilization oftsediting coamine waste dumps in the Donbas.

Keywords:coalmine waste dumps, sdifeating, integrated utilization, technogenic -gesources, microbial poga#
tion, heat extraction, oxidized rocks, landform element.
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ENSURING FLEXIBLE QU ALITY MANAGEMENT OF MINERAL RAW
MATERIALS SEPARATED FROM SUBSTANDARD ORES DURING THEIR
TRANSPORTATION BY CO MBINED TRANSPORT SYSTEMS

Cheban A.Yu.

Mining Institute of the Khabarovsk Federal Resedenter of the Far Eastern Bramuftthe Russian Academy of Sciences,
Khabarovsk, Russia

Abstract Problem Statement Relevance).The growth in mining volumes and increasing pit depths necessitate the
improvement of technological schemes with a transitimicombined transportation systems, such as {cockeyor

and truckrail haulage. During the opagit mining of complexstructured deposits, a significant amount of substandard

ore is extracted together with marketable ore. At the same time, blastifigagmentation of ores of certain formation

types generate fine ore fractions enriched with valuable components, the content of which is sufficient for economically
viable processingObjectives. The research is aimed at substantiation of an adaptivediegical scheme providing

flexible quality management of mineral raw materials through the separation of productive fine fractionsbfrom su
standard ore mass at an upgraded hepgeavator transfer station during its reloading from dump trucks to railway
transport.Result. The proposed adaptive scheme, incorporating an improved transfer station equipped with vibrating
grizzly feeders and other classification equipment, makes it possible to separate productive fractions of rational size
depending on the mdtaontent in the substandard ore mass. The recovered fine ore is accumulated in a storage bunker
and subsequently transported to the processing plant, where it is treated together with market@blecligons.
Regulation of the size range of the sepaddine fractions enables the production of higipeality mineral raw matéer

als compared with existing technological solutions. The integration of ore transfer and classification processes ensures
relatively low operating costs and a short payback pddodnodernization investments. Application of the proposed
technology makes it possible to additionally direct for beneficiation mineral raw materials containing more than 4%
metal recovered from the subsurface, while also reducing the environmental ahpacing operations.

Keywords: complexstructured deposits, deep open pits, substandard ore;railidkansportation, transfer station,
screening, productive fractions
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HYDRAULIC DRIVE OF A DRILLING RIG AS A CO NTROL OBJECT

Tselishchev V.A., Tselishchev D.V.
Ufa University of Science and Technology, URajssia

Abstract. Problem Statement (Relevance)The stidies are aimed at understanding which features of the theory®f stru
turakparametricsynthesis are applicable to the actuator drive of a drilling rig, which factors ofanitgtia control signals

and compensation of combined external disturbancaseimie the formation of integrated hydromechanical and @lectr
hydraulic effects that provide correction and regulation of the static and dynamic characteristics of hydraulic mators for th
rotation and feed drives of drilling too®bjectives. The purposef the study is to determine directions for improving the
performance characteristics of a drilling rig with a hydraulic drilling tool drive through the implementation of Bydrom
chanical regulators in order to increase accuracy, stability, and contitgllaidiéthods Applied. The main disturbing,

control, and regulating effects acting on the hydraulic drive of the drilling tool are consi@eiggdality . Current trends

toward the digitalization of drilling processes, maintenance, planning, and opeeatioding determine the necessity of
considering the hydraulic drive system of the drilling tool integrated with avoard digital computer as the object of
researchResult. New hydromechanical regulators for the adaptive drilling process control syistgioposed: a pressure
regulator, a power regulator, a dynamic pressure regulator, and an LS regulator. The result is achieved through the colle
tion, processing, and utilization of data on the power consumption of the drilling rig drive during trapsiating modes

under random loading conditions and during idling. The obtained data are used in the corresponding control task of the
regulator, which adjusts pump operation by changing its capBcégtical RelevanceThe studies have made it possibl

to form a structural basis for hydraulic drive regulators of drilling rigs aimed at correcting static and dynamic characteri
tics and to prepare the foundation for the synthesis of regulator structures.

Keywords:hydraulic drive, drilling rig, control stem,hydromechanicalegulator, structure synthesis, pressure @gul
tor, power regulator
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Fig. 5.Hydraulic drive of the drilling rig: a is with pressure regulator: 1 is pump; 2 is internal combustion engine;
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13 is rocker arm, 14 is hydraulic distributor, 13 is spool plunger
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NON-TRANSPORT OVERBURDEN MINING TECHNOLOGY
FOR STRATIFIED DEPOSITS IN THE PERMAFROST ZO NE

Maksimov M.S.
N.V. Chersky Mining Institute of the North of the Siberian Branch of the Russian Academy of Sciences, Yakutsk, Russia

Abstract.The article presents the results of research on adapting thieamsport overburden mimj technology to the
conditions of the cryolithozone, conducted at the Mining Institute of the North of the Siberian Branch of the Russian
Academy of Sciences (MIN SB RAS), Yakutsk. Considerable attention in scientific research is devoted to improving
nontransport mining methods. As is well known, Aoansport mining technology is the most eeffective compared

to other mining technologies. However, most studies are focused on deposits located in temperate latitudes rather than
in permafrost regions he negative temperature of rocks at such deposits gives them high strength, making drilling and
blasting operations a mandatory technological process for rock preparation prior to excavation. However, after blasting,
the fragmented rock mass tends to refegsevhich significantly complicates excavation and reduces the efficiency of
nontransport mining technology. As a result, the development of such refrozen permafrost rocks by draglin@consider
bly increases the operating cycle time and leads to a subk@trease in the overall productivity of the excavator.

This problem is common for coal enterprises in the Arctic region and determines the need for the search gad develo
ment of special technological solutions. The article presents studies of thiicsigatures of noftransport mining
technology for permafrost rocks (using the Kangalassky brown coal deposit as an example) under the severe natural and
climatic conditions of the North. These studies are aimed at solving problems related to the tigtimimhadaptation

of existing as well as new efficient methods for mining coal deposits in the cryolithozone. The developed methods and
technological solutions are intended to reduce the adverse effects of the refreezing of blasted permafrost mocks and t
ensure the efficient operation of excavation equipment under permafrost conditions.
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Fig. 1. Graphs of rock temperature variation in the working face during different periods of the year:
a is springsummer periods is autumnwinter period; 1 is air temperature;
2 is rock temperature ite working face
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TECHNOLOGICAL TRANSF ORMATION OF MINERAL RAW MATERIAL
EXTRACTION AND ITS PROCESSING DEPTH IN THE DEVELOPMENT
STRATEGY OF THE RUSSIAN FAR EAST (2026-203%)

Pugachev I.N., Arkhipova Yu.A.

Khabarovsk Federal Research Center of the Far Eastern Branch of the Russian Academy of Sciences (KhFRC FEB RAS),
Khabarovsk, Russia

Abstract. Technological transformation based on competitive mining and deep processiimgerdl resources involves

the introduction of innovations in mineral extraction and processing, as well as the promotion of technological tran
formation through government policy and international cooperation. The prospects for further developmepteand im
mentation of these technologies will enable the industry to remain competitive and meet contemporary cHallenges.
anticipation of the development and adoption of the Strategy for the-soaimmmic development of the Far Eastern
Federal District unti030, with a forecast up to 2036, the authors address the complex task of substantiatind-the deve
opment strategy of the Russian Far East for the next decade amid emerging challenges, threats, and opportunities. The
strategy is expected to encompass satgaelopment, infrastructure, transportation, mineral resource extraction, and
advanced technologieShe mineral resource base of the Far Eastern Federal District is examined, demonstrating its
potential for establishing major metallurgical facilitiesdahereby transforming the territory into a sglffficient re-

gion. The study also reveals existing infrastructure constraints, including the lack of transportation routes and power
transmission networks to prospective areas, as well as insufficient pablexploration activities, despite the fact that

many deposits remain underexplored or poorly studibe. market environment of Russia and the AXaific coun-

tries is analyzed with regard to the priorities of scientific and technological development.

Keywords:mining, mineral resource base, infrastructure, development strategyteblgbroducts, Far East.
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Table 1 Reserves, production, and share of the main mineral resources of the Far Eastern Federal District

in the national balance as of January 1, 2024 [8]
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MATERIAL COMPOSITION OF COPPER SLAGS
FROM THE POLEVSKOY M ETALLURGICAL PLANT

Erokhin Yu.V.!, Makarov A.B.?, Zakharov A.V.%, Khiller V.V. %, Leonova L.V}

7avaritsky Institute of Geology and Geochemistry, RAS Ural Branch, YekaterinbusgiaRu
2Urals State Mining University, Yekaterinburg, Russia

Abstract. Problem Statement (Relevance)The Ural region has been the metallurgical center of Russia for approx
mately 300 years, and over this long period, a large amougtagfincluding copperhas accumulated there. Studying

their material composition is a relevant issue, as their mineral composition must be assessed before disposal. Many
slags are potential ore that can be further processed. The Polevskoy Metallurgical PlaiO@0)24as anajor po-

ducer of blister copper. A small copper slag dump remains, created in the final years of the plant's operation, and its
material composition remains barely studied. Currently, the slag dump pollutes the environment and, therefore, there is
a needfor its disposal. Objectives. The research is aimed at studying the material (mineral) composition of copper
slags of the Polevskoy Metallurgical Plaktethods Applied. The geochemical composition of the slags has been d
termined using an Agilent 7700Xass spectrometer (South Ural Federal Scientific Center of Mining and Geophysics,
Ural Branch of the Russian Academy of Sciences), and the chemical composition of the minerals has been determined
using a TESCAN MIRA LMS, S6123 scanning electron microsoojie an INCA Energy 450 XMax 80 energy
dispersive unit from Oxford Instruments (Institute of Geology and Geochemistry, Ural Branch of the Russian Academy
of Sciences). The latter device has also been used to take photographs of the rairignaddity. The study of the

material (mineral) composition of slags has been carried out using the modern nomenclature of the Commission on New
Minerals of the International Mineralogical Association and using the methods of classical mineRasgly. The
mineral@y of copper slags from the Polevskoy Metallurgical Plant, which are stored in a small dump at the western
foot of Dumnaya mountain, has been studied. It has been found that they are represented by two types of slags that are
different according to their meralogical and geochemical characteristidse first type is composed of a fayalite and
pigeonite aggregate with the presence of magnetite, glass, forsterite, chalcocite, cuprostibite, domeykite and copper.
The second type is represented by a fayafitk augite aggregate with the presence of magnetite, breithauptiteland su

fides (idaite, cubanite, bornite, chal copyrite, mgal ena
ical trend, and the second byaasit® trend. It has beenoncluded that the first type of slag has been obtained as a
result of the remelting of Acement copper o, andpthe se

persulphide ores of the Zuzelski depo§itactical RelevanceThe studieccopper slags can be put into additional-pr
cessing. They differ from each other according to their magnetic properties (the second type of slag is highly magnetic
and can be easily separated). From the first type of slag, copper (with associated gotd}eparated, as well asgna

netite concentrate containing titanium, vanadium and chronfisom the second type of slag, it is possible to separate
sulfide concentrate containing not only copper, iron, zinc, but also lead and usahkglflotation Magneic separation

can be used to separate magnetite concentrate, which also additionally contains titanium impurities and 5% ZnO

Keywords:fayalite, pigeonite, magnetite, sulfides, mineralogy, slBgfvskoyMetallurgical Plant.

The research was carried oat the expense of a grant from the Russian Science Foundation and the Government of the
Sverdlovsk Region, No. 24-20061, https://rscf.ru/project/227-20061 /.
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Table 1.Geochemical composition of slags of Polevskoy plppm

s 1 2 sdfr 1 2 sdyr 1 2

Li 12,3 16,1 zr 26,2 37,8 Eu 0,96 1,65
Be 0,80 1,19 Nb 0,80 1,13 Gd 2,99 5,85
B 8,71 8,39 Ag <0,10 0,69 Tb 0,47 0,96
Sc 18,0 18,8 Mo 4,08 6,42 Dy 3,32 6,43
Ti 1363,0 1734,0 cd <0,22 <0,22 Ho 0,78 1,56
\Y 158,0 165,0 In 0,31 0,90 Er 2,42 4,65
Cr 117,0 58,6 Sn 2,87 4,85 Tm 0,35 0,70
Co 42,9 445 Sb 7,91 24,3 Yb 2,50 4,36
Ni 19,8 7,88 Te <0,30 <0,30 Lu 0,39 0,72
Zn 587,0 2301,0 Cs 0,38 0,34 Hf 0,79 1,16
Ga 6,59 9,11 Ba 278,0 199,0 Ta 0,25 0,38
As 439,0 4550 La 14,7 20,1 W 8,30 9,77
Se <2,35 <235 Ce 21,5 23,8 Pb 39,8 181,0
Rb 6,75 8,35 Pr 2,34 3,94 Bi <0,10 0,35
Sr 60,9 54,2 Nd 11,2 20,2 Th 1,02 1,45
Y 28,4 63,7 Sm 2,43 4,15 U 1,85 2,49
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Fig. 1. Appearancef copperslagof thefirst type A BI9BSEt | ) duwdy [ TESCAN MIRA
Fais fayalite, Gl+Pgtis pigeonitein glass Photos LMS, S6123
in BSEmode SEM TESCANMIRA LMS, S6123 Fig. 2. Copper spherule in a sulphide rim and cuprostit
inclusions: Cu is copper, Fa is fayalite,
Pgt is pigeonite, Mag is magnetite,
Cc is chalcocite, Cusb is cuprostibite. Photos
in BSE mode, SEM TECAN MIRA LMS, S6123
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Table 2.Chemical composition of olivine and pigeonite, 9.

édtch?; Sio, Tio, AlLO, FeO NiO MnO MgO Ca0 u b B3
AOW dzd Is
1y 31,80 - - 55,70 0,61 0,78 10,70 0,41 100
1¢td 30,79 - - 61,23 - 0,79 6,65 0,54 100
2y 32,18 - - 55,87 - 0,66 10,87 0,42 100
2Ctdg 3078 - - 61,77 0,68 0,83 5,45 0,49 100
ABtefmilsjtedls
3y 40,75 - - 8,45 0,38 - 50,42 - 100
3Ctd 36,96 - - 30,28 - 0,63 31,95 0,18 100
1 dytsdzd Is
4 41,94 0,44 8,91 37,60 - 1,21 3,71 6,19 100
5 41,96 0,43 9,67 36,24 - 0,90 3,27 7,53 100
stedMmMlsOdzdes s d d&3d ud MS dJ W stcdilz dzr
1y (Fey.49Mdo.s0MNg oNig.08C3,01)2.0d Siz.0d04]
1€t (FeL6aMdo.3MNo,0C3.092.0d Siz.odO4]
2y (Fe1.40MJo.5:MNo,0C & 01)2.0d Si1.0094]
2¢1tg (Fe1.6aMJo.2dVIN0,0C30 0Ni0,092.0d Siz.0d04]
3y (Mg 88 .1MNig.002.01Sio.0f04]
3¢t (Mg od-€.6dMN0.01C&.01)2.0d Siz.0004]
4 (FeL2dCa.2Md0.2Al 5.13MN0.04T10.002.0d (Si1.72Al 0.28)2.0096]
5 (Fe124Ca 39Mdo.20M 0.10MN0,03Ti0.01)2.0d (Si1. 727l 0.28)2.00%]
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Fig. 3. Appearancef copperslagof the secondype Fig. 4. Structure of sulfide spherule: Cbn is cubanite,
Fais fayalite Mag is magnetite Aug is augite Ida is idaite, Gn is galena, Mag is magnetite.
Photosn BSEmode SEMTESCANMIRA LMS, Photos irBSE mode, SEM TESCAN MIRA
S6123 LMS, S6123
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Table 3.Chemical composition of fayalite and augite, %.

é;gj S0, AlLO, FeO Zno MgO BaO Ca0 K,0 o bz BB
AOW dzd Is
1y 29,96 - 59,49 7,14 2,69 - 0,72 - 100
1¢tdg 29,98 - 58,59 8,10 2,37 - 0,96 - 100
2y 29,97 - 59,53 7,46 2,17 - 0,87 - 100
2Ctg 28,87 - 60,05 8,11 2,09 - 0,88 - 100
dpoacdls
3 45,26 4,85 28,74 4,17 0,50 0,98 14,76 0,74 100
4 45,00 5,16 27,73 4,81 0,34 1,15 14,98 0,82 100
5 46,95 4,78 26,62 5,41 0,38 1,02 13,78 1,06 100
6 47,12 5,28 25,73 4,92 0,56 1,07 14,36 0,96 100
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2 ¢ tg (Fer.66ZN0.20MJ0.11C 0920 Siz.0d04]
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INFLUENCE OF THE DRA WING ROUTE ON THE COMPETITIVENE SS
OF STEEL-COPPER WIRE

Terentyev D.V.,Kharitonov V.A., Shemetova E.S., Usanov M.Yu., Platov S.I.
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract The bimetallic wire manufacturing process involves two stages: the production of the blank (rod) amd the fi
ished product (wire). Based dime research and development conducted at the Nosov Magnitogorsk Mining ard Meta
lurgical Institute, scientts havedeveloped a technology for producing steabper rod using solighase metal bah

ing and implemented it ane of the enterprisés Magnitogorsk. This technology has significantly improved theeadh

sion of thesheathto the core and the stabilibf the wire rod drawing process. However, the issue of reducing the cost

of bimetallic wire prodution remains unresolvediherefore, the calculation of an efficient drawing route is of great
importance, as it should ensure the production of-ljigddity wire with minimal manufacturing costs. For the analysis,

an existing route for producing wire with a diameter of 1.15 mm has been selected, which includes three processing
stages and 20 drawing passes at one of the enterprises in Magnitogorsk. In adgitigposed drawing route has been
considered, developed using a methodology created at our university, based on the evaluation ofdtraiststate of

the wire in the deformation zone. The calculation results make it possible to obtain wire afuinedrguality level

with minimal energy and material consumption. An analysis of the existing and proposed drawing routes has showed
that the latter ensures process stability (safety factor values remain below the limiting values), the requiredtwyire quali
due to uniform deformation across the wire crsastion, and high productivity by increasing die life and reducing the

total length of wire passing through the dies. At the same time, the number of drawing passes has been reduced by 7 (or
35%), and eletricity consumption has decreased by 23%. This also leads to a 35% reduction in equipment purchase
costs and depreciation expenses.

Key wordssteelcopper wire, drawingoute, pass multiplicity, competitiveness
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Table 1.Existing route for drawing steebpper wire with a diameter of 1.15 mm, 1st stage

W\ BdB3ite fitclmntsHO 0 (¢ 1 2 3 4 5 6

rdQdste ftesosdzsCd, R 7,10 6,50 5,90 5,30 4,77 4,30 3,96
IBYOIsdd JHnddzgdydetsi, % 16,19 17,61 19,30 19,00 18,74 15,19
[BYObd] MEz®kBOLdsj, % 16,19 | 3095 | 4428 | 5486 | 6332 | 68,389
178wy SO jHddad ydzOw 1,19 1,21 1,24 1,23 1,23 1,18
4z BBOtcdzO 9" sWyC O 1,19 1,45 1,79 2,22 2,73 3,21
l sz e sdz o sdzs € Gl OH 6,0 6,0 6,0 6,0 6,0 6,0

sti WWdydj das Istej dad ™ 0,08 0,08 0,08 0,08 0,08 0,08
wlsjfjdg daj tc@» dals d3j to dafs fi 2,37 2,16 1,95 1,99 2,02 2,54
] dztsh OH!  Bis FusdgetsC d 39,59 33,18 | 2734 | 2206 | 17,87 | 1452 | 1232
vind dzd j ovts dztfq j dad 4,94 4,58 4,21 3,55 3,00 2,23
vinddzdj esmdsyj dd¥w Mk dad 4,94 9,52 13,73 | 17,28 | 20,28 | 22,551
L O tew yJddj o tstizis u; dzd W 14,89 16,74 19,08 19,85 20,66 18,14
ltojHjd&z fesydesilsd ftots o] 41,00 4285 | 4498 | 4746 | 50,03 | 52,69 | 54,91
sl Wjiddj dzls L Of OMO f tofs | 2,81 2,62 2,42 2,46 2,49 2,97
| BtedsOdz detsj  dzOf°te ™ ¥ j ded J 27,03 27,17 27,14 28,90 30,70 35,66
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st dalst pOglshdaso, zjBjilss§OSy, u) OO dzt

s OB dzdyBh 2Mlso s h d2 &GO tekls oty ddy MlsOdi-283jfHjdsPH Jfdztse sdz
Table 2 .Existing route for drawing selcopper wire with a diameter of 1.15 mm, 2nd stage

W\ BdRBite it rtsHO 1 2 3 4 5 6 7

OB st fteseo sdzs€ d,| 3,96 3,60 3,30 3,05 2,82 2,58 2,35 2,15
I BYOIsdy JjHddd ydatsyj , 17,36 15,97 14,58 14,51 16,30 17,03 16,3
IBYOlsd)y MEzdBdBOtedats] , 74,29 78,40 81,55 84,2 86,80 89,04 90,83
17wy 0O jHJded ydzOw 1,21 1,19 1,17 1,17 1,19 1,21 1,19
g4 ZdB3dB30tcdzOw 9" Iswy €O 3,89 4,63 5,42 6,34 7,57 9,13 10,91
l sdzkgtsdz o tsdzs€ d, @ 6,0 6,0 6,0 6,0 6,0 6,0 6,0

st wWdydydels Istej ded 0,08 0,08 0,08 0,08 0,08 0,08 0,08
wisjfjde jid dz®fp ldztf d3 2,20 2,41 2,66 2,67 2,36 2,24 2,36
] &zsh OH' (EBcIskzsSd 10,18 8,55 7,31 6,25 5,23 4,34 3,63
vinddzdj o Bdzsyg ded Vv, 2,16 1,77 1,46 1,30 1,24 1,12 0,95
uvinddzdj o Bdzsyj ddw f 24,67 26,44 27,9 29,20 30,44 31,56 32,50
L Of teW 3 j dag flad B ts 28 g/ d 21,18 20,68 20,02 20,75 23,77 25,82 26,04
ltcjH]d&z flesydetsimisd, 57,59 60,15 62,57 65,07 68,03 71,28 74,52
s Wwdydjdals L Of Of¢ 2,66 2,85 3,06 3,08 2,80 2,70 2,80
| Btled3Odz' detsj  dzO W X Ji 36,61 39,47 42,37 44,32 44,26 4546 48,48

v OB dzdyBh BMlsezs h d2 &GO tokzls oatsdsyj ddy MlsOdzj-28j i idsPH Jfdzse sdz
Table 3.Existing route for drawing steebpper wire with a diameter of 1.15 mm, 3rd stage

\ sdRBite fjtcjrBBHO 1 2 3 4 5 6 7
F JORj stc fteso sazsG d,| 2,15| 1,95 1,77 1,61 1,47 1,35 1,24 1,15
[BYOIdj JjHdddyds,, 17,74 | 17,61 17,26 16,64 | 15,66 15,63 13,99
[BYOIsdy MEzdBROtedzs , 17,74 32,22 43,92 53,25 60,57 66,74 97,01
1 "W SO jHdded ydzsOW 1,22 1,21 1,21 1,2 1,19 1,19 1,16
g4z B3Ot dzOw 9" Iswy C O 1,22 1,48 1,78 2,14 2,54 3,01 3,5
l sz e sdz o sdzsC d, @ 6,0 6,0 6,0 6,0 6,0 6,0 6,0
st WwWdydjdals Istej ded 0,08 0,08 0,08 0,08 0,08 0,08 0,08
glsjfjde daj ttOd datsd3j 2,15 2,16 2,21 23 2,46 2,47 2,78
] dztsh OH! f Bis Slstzs S g 2,99 2,46 2,04 17 1,43 1,21 1,04
v ind dzd B ud tedz , S 0,88 0,75 0,64 0,54 0,46 0,4 0,33
uvinddzdj o Bdzsyj dedv i 0,88 1,63 2,27 2,81 3,27 3,67 4,00
1Oty jdedj ottty d 29,31 30,57 31,53 32,02 31,83 33,17 31,59
ltojHj &z fletsydesmisd, 7825 | 8213 | 86,11 | 90,12 | 94,04 | 98,12 | 101,89
sl wWwdydjdids L Of Om( 2,61 2,62 2,67 2,75 2,89 2,90 3,17
| B dB30dz datsj  dzO eV ¥ J 4894 | 5156 | 5458 | 5810 | 6221 | 6495 | 7030

sOBdEZdqY® A dZOG O] 3" 2 d&BOwh ekl oatsdsyj ddw MlsOdzj d3j Hdzc2 ftetse sdz
Table 4.Proposed route for dramg steelcopper wire with a diameter of 1.15 mm

kit §iwjo] 0] 1 ] 2 ] 3] 4] 5 6] 7] 8 910 11]12] 13
. {O®) 5t § si7,10] 6,02| 513 4,38 | 3,76 | 3,24 | 2,81 | 2,44 | 2,13 | 1,87 | 1,64 | 1,45 | 1,29] 1,15
[ByOlsd] JHdd 28.11| 27.38| 27,10| 26,31] 25,75| 24.78| 24.60| 23,80 22,92| 23,09| 21,83|20,85 20,53
[ By Olsdj Mk 28.,11| 47,79| 61,04] 71,95 79,18 84,34| 88,19| 91,00| 93,06| 94,66 95,83|96,70 97,38
I " kwyCO 130 1,38 | 1,37 | 1,36 | 135| 1.33 | 1,33 | 1,31 | 1,30 | 1,30 | 1.28 | 1.26] 1.26
b BBEOE O o 139 | 1,92 | 2,63 | 357 | 4.80 | 6,38 | 8,47 | 11,11] 14,42 18,74 23,98|30,29 38 12
sz ke sd ¢ 60 | 60 | 6,0 | 60 | 60 | 60 | 6,0 | 6,0 | 60 | 60 | 60 | 60| 6
S5 %Wy q ] dzls 0,08 | 0,08 0,08 0,08| 0,08 0,08 0,08] 0,08 | 0,08 0,08 0,08 |0,08] 0,08
bls) 0 dz  dzj 16 127 | 131 1,33 | 1.37| 141 | 1.47 | 1.49 | 1.54 | 1.61 | 1.60 | 1,70 | 1,79| 1.83
h

ng;‘s OH' ¥ 853956 28,46| 20,67 15,07| 11,10| 8,24 | 6,20 | 4,68 | 3,56 | 2,75 | 2,11 | 1,65 | 1,31| 0,55
Vg &d ] o 6 @& 716 | 550 | 429 | 332 | 2,60 | 2,03 | 1,63 | 1,29 | 1,03 | 0.85 | 0,67 | 0.54] 0.55
vindddJ ofds 7.16 | 12,66| 16,95 20,28| 22,88| 24,91| 26,54| 27,83 28,85/ 29,70| 30,37|30,91] 0,52
lfr] |Z %@Ots qZBJ‘ , 1 y y y i y y i} i} i} y ] 3
‘QS}IZZEZS" d aad J 25,17| 26,59| 28,50| 29,90| 31,57| 32,71| 34,87| 36,20| 37,35| 40,14 40,60|41,35 1,1
;t(f;‘zgsésdz 185 WU|y1 0d 44,53| 4824 52,21| 56,35| 60,70 65,18| 6995 | 74.87| 79,91 85,33| 90,75|96,21 1,04
stsLWWdydj dals

oy i g 170 | 1,74 | 1,76 | 1,82 | 1,85 | 1,92 | 1,04 | 2,00 | 2,07 | 2,06 | 2,17 | 2,26 99,06
L e g33®d2‘ dats J 18,83| 21,65| 23,71| 26,45| 29,13| 32,47 34,88 38,67| 42,56| 44,19|50,13 |54,86 0,45
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Table 5.Comparative analysis of the indicators of the existing and proposed drawing routes

wkh jMmoe|l toj HdOC CU Wi §o dats
1 5C 0L Olsj dzd BOLh o O tok ftoj HdzZOG O]
otsdzsyj| o sdzsyj| 3Oth tclzls©O© o ts
ssdzdyjmMlsots fotskwy j& (SCtsdzdyd fyls 20 13 35,0
uvinddzdi otdzsyj dzdw Mk BBOtdztsy , 40 31 23,0
ssdzdyj Mlsots o sdzs¢ 20 13 35,0
4 dsdzOtedzOW Hdzd 20O ftetso sdzts S d dzO 5,71 4,04 29,0
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Fig. 1. Change in the safety factor depending on the number of drawing routes
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SELECTION OF LAYOUT SOLUTIONS FOR A CONTINUOUS BAR MILL
FOR SHKH15 BEARING STEEL

Moller A.B., Tulupov O.N., Levandovsky S.A., Mikhakev S.V., Mikhalev A.V., Savva A.D.
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract. Problem Statement (Relevance)lhe increasing quality requirements for bearing steel wire rod intended for
subsequent drawing and productiorrolfing elements for smalbbatch bearing manufacturing necessitate the dpvelo

ment of technological solutions for compact casting and rolling facilities. When processingectialh square billets

(up to 42742 mm), the i rfsidédinensorevariation amdrbomieotdity), temperaueeigat i o n
dients, and instability of heating and cooling conditions on rolling process stability and product quality (geometry, su
face defects, and microstructure formation in ShKh15 steel) becomes ingtgasgnificant.Objectives. The aim of

this study is to substantiate the technology for rolling wire rod with diameters-a851@m, primarily from ShKh15

bearing steel, and to determine the equipment requirements for a continuous bar mill considdinmtations of po-

duction area and output capaciiethods Applied. The research methods included the analysis of deformation and
speed conditions during rolling, assessment of technological risks, and numerical simulation of form change and power
paraneters in the initial passes when selecting billet dimensions and stesdt Dependencies between the filling of

the first groove and the power parameters on the billet dimensions and temperature were established. Thelimiting va
ues of billet rhomboiitly, at which stable biting conditions are maintained and the risk of defect formation is minimized,
were determined. Requirements for induction heating were substantiated, including the need to synchronize the heating
rate with the minimum rolling starpeed, as well as requirements for tstage wire rod cooling (Stelmdype line) to

ensure the required microstructure st®ectical Relevance The practical relevance of the results lies in the pdssibi

ity of applying the proposed solutions inthedesi and adj ust ment of equirgiment f o
coolingcoi l i ngdo | ine i nt en dqualityWwire rod ftomm 8hKipl siedluct i on of hi gh

Keywords:wire rod, ShKh15 steel, continuous bar mill, billet rhomboidity, induction heatifigpaiss design, Stelmor
line, power parameters.
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Table 2.Power and energy parameters of the first pass
at different heating temperatures
of the 42742 mm bill et
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INFLUENCE OF ASYMMET RIC CRYOGENIC ROLLIN G ON THE
MICROSTRUCTURE AND M ECHANICAL PROPERTIES OF A CoCrFeNi
HIGH -ENTROPY ALLOY

Wu Y. % Yu H.*? Pesin A.M.? Pustovoytov D.O?

ICentral South University, Changsha, China
“Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract Problem Statement Relevance) The CoCrFeNi higlentropy alloy (HEA) is a lovstackingfault-energyma-

terial, which facilitates twin formation during plastic deformation at cryogenic temperatures. Its equiatomic composition
and simple singlphase faceentered cubic (FCC) structure make this alloy one of the most promising candidates for i
dustrial apgtations. However, intheasast condi ti on, the CoCr FeNi HEA exhit
MP a) and ultimate tensile strength (4500 MPa). Convent
strengthening potential of the Cd-eNi HEA, therefore, its mechanical and service properties require further anprov

ment. One promising approach to enhancing the mechanical properties of the CoCrFeNi HEA is asymmetric cryogenic
rolling. Cryogenic deformation can promote the formatiomariotwins, while velocity asymmetry between the rolls can
facilitate the formation of shear bands with a high dislocation density and induce a transition in the deformatien mech
nism from dislocation slip to deformation twinning. Therefore, investigatiegdeformation and strengthening nmeech

nisms operating in the CoCrFeNi HEA during asymmetric cryogenic rolling is of significant scientific and practical inte
est.Objectives. The research is aimed at investigation of the effect of asymmetric cryogeinig asilthe microstructure

and mechanical properties of the CoCrFeNi kegltropy alloy.Methods Applied. The CoCrFeNi HEA was produced at

the Central South University (Changsha, China) using vacuum levitation melting. The microstructure and mechanical
properties of the alloy were studied both in thecast state and after three different rolling conditions: (1) symmettic rol

ing at room temperature (25AQBPAC)2) asdgmmé)riacycibdpdge ci
AC) . T h aic caysggnicmodliig experiments were also carried out at Central South University (Changsha, China)
using a fowhigh reversing mill with work rolls of equal diameter (80 mm) and a specified roll speeg] rafioL, 3 . Lig-

uid nitrogenwasised to create cryogenic rolling conditions. I n
were rolled in several passes to final thicknesses of 2.4, 1.8, 1.2, and 0.6 mm. Tensile tests were performed-using a Sh
madzu AGSX 10 kN universal testm machine. The homogeneity of elemental distribution was evaluated by -energy
dispersive spectroscopy (EDS) using an Oxforilax20 unit. Electron backscatter diffraction (EBSD) analysis was ca

ried out using a Nordlys Max3 detector attached to a-d800Ffield-emission scanning electron microscope. EBSD data

were processed using Aztec Crystal software. The microstructure of samples subjected to a total reduction of 80% was
additionally examined using a Philips CM200 figlohission gun transmission electnmicroscope (FEETEM). Results.

The CoCrFeNi HEA subjected to asymmetric cryogenic rolling with a total thickness reduction of 80% achievéd the hig

est strength among the three rolling conditions, reaching 1.45 GPa. It was established that this sepgtiorestulted

from the formation of nanotwins generated by the accumulation of stacking faults during asymmetric cryogenic rolling.
Practical RelevanceThe results of this study can be used to optimize plastic deformation regimes for the CoCrFeNi high
entropy alloy and improve its mechanical performance for applications under extreme service conditions.

Keywords: CoCrFeNi highentropy alloy, asymmetric cryogenic rolling, roll speed asymmetry, deformationp-micr
structure, mechanical properties.
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ASSESSMENT OF THE FEASIBILITY OF TRIP STEELS APPLICATION
IN THE MANUFACTURING OF ROCKFALL PROTECTI ON RING-NET
BARRIERS

Konstantinov D.V.", Korchunov A.G.}, Ogneva E.M?, Komkova D.A?

!Nosov Magnitogorsk State Techniddhiversity, Magnitogorsk, Russia
2M.N. Mikheev Institute of MetaPhysics of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg, Russia

Abstract.Problem Statement (Relevance)The protection of transport and civil infrastructure in mountainous regions
against rockfalls and debris flows requires the daumlent of highly efficient protective barrier systems. Conventional
ring-net barriers manufactured from highrbon steel often reach the limit of their energy absorption capacity due to
the materi al 6s dynamicinmpactcldading,ithisyfragently meduts in localized brittle fracture of the

rings and subsequent barrier perforation. Therefore, the search for new materials capable of combining high strength
with adaptive ductility is of considerable practical importar@bjectives. The aim ofthis study is to investigate and

justify the feasibility of using Transformatidnduced Plasticity (TRIP) steels for the production of iveg barrier
components in order to enhance their energy absorption capdeitgjods Applied. The study has beeroeducted

using computer simulation in the Abaqus. A firiement dynamic model has been developed to simulate thecintera

tion between a rigid indenter with a mass of 300 kg and a fragment of-adtirigarrier at impact velocities ranging

from 10 to 20 n's. Comparative simulations have been performed for barriers manufactured from conventional Grade
80 steel and metastable TRIP700 steel. To describe the TRIP effect, a constitutive model accounting-rfatestrain
dependent yield strength and ductile daenagteria has been employedriginality. For the first time, the concept of
applying TRIP steels in wirproduct manufacturing for engineering protection systems has been proposed and substa
tiated. It was established that the striegkiced transformatih of retained austenite into martensite in regions of stress
concentration provides a mechanism of dynamic strengthening, preventing premature strain localization at ring contact
nodesResult. The simulations demonstrated that the use of TRIP700 stzebses the energy absorption threshold of

the structure by more than four times compared with conventional solutions. It has been shown that plastic énergy diss
pation (ALLPD) is the dominant energy absorption mechanism in TRIP steel, enabling compltefahe impacting

object with minimal elastic rebound. In contrast, Grade 80 steel has exhibited a tendency toward instantaneous failure
upon reaching critical impact velocitig3tactical RelevanceThe obtained results support the implementationRHPT

steels in the production of higgirength wire for rockfall protection systems. The proposed material enables the deve
opment -aodfapitsiedefd0 protective barriers with enhanced reli
impact eergy even under rigid anchoring conditions or in the event of damping element failure within anchor systems.

Keywords:computer simulation, transformatidmducedplasticity steel ring-net barriers, geotextiles
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Fig. 2. Time history graph of the total internal energy (red lineLA) and the total kinetic energy
(blue line ALLKE) forring-net barriersnade ofGrade 80 stedleft) and TRIP700 steel (right)
for indenter speed 10 m/s
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Fig. 3. Time history graph of the total plastic strain (red line ALLPD) and the total elastic strain
(blue line ALLSE) forring-net barriersnade ofGrade 80 stedleft) and TRIP700 steel (right)
for indenter speed 10 m/s
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Fig. 5. Time history graph of the total internal energy (red line ALLIE) and the total kinetic energy
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SIMULATION AND EXPER IMENTAL STUDY OF DIE LECTRIC FLUID
FLUSHING DURING WIRE ELECTRICAL DISCHARGE MACHINING

Fedorov A.A., Bredgauerlu.O., PolonyankinD.A., Garanin D.V., Bobkov N.V., Ostash S.V.
Omsk State Technical Universjt9msk,Russia

Abstract. Wire electrical discharge machining (WEDM) is widely usedriachanical engineerinfpowever, wire ele-

trode breakage remains one of the key issues reducing process effiGirmbyof the hydrodynamics of the dielectric

fluid in the machining gap makes it possible to identify critical machining conditions and minimize the probability of
wire breakage. The lack of information regarding the location of weld bridge formation and its influence orrshort ci
cuits and wire breakage, aslvas contradictory data concerning the conditions required for stable dielectric fluid
flushing, determine the relevance of this studifie aim of this work is to experimentaksyudy dielectric fluid flows

during WEDM in order to identify the regionselr ¢ a fiwel d bridgedo is formed and
Computational fluid dynamickas beenemployed to model fluid flows, followed by laboratesgale and fulkscale &-
periments conducted on a Sodick VZ300L machine tool. The scientif@tyaf the study lies in identifying the region
where opposing dielectric fluid flows collide within 1
region is located approximately 5% below the geometricimidht of the workpiece. Based on thmslation results, a
hypothesis is proposed regarding the localization of the weld bridge formation zone that leads to wire breakage.
practicalrelevanceof the obtained results lies in the possibility of optimizing the dielectric fluid supply systéme i
interelectrode gap, reducing the likelihood of wire breakage, and increasing WEDM productivity. Considerimg the o
tained findings, further research should focus on modeling the conditions for debris particle removal from the- interele
trode gap undevarious flushing modes (such as disabling one of the nozzles or increasing/decreasing flushing pre
sure) to prevent the formation of a recirculation zone. Another promising direction is the development of adaptive real
time control algorithms for dielectrifluid flushing parameters.

Keywords:wire electrical discharge machining (WEDMyjre breakage, weld bridge, dielectric fluid flushing, fluid
flow modeling, short circuit
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Fig. 1. Designed 3D model for computer simulation (a)l &) top view of the workpiece
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Fig. 7. Frame numbers and corresponding timestamps on the video recording of dielectric fluid flushing at different
moments in time: a is frame 2779 (19.034msjs frame 2783 (19.062 S); is frame 2791 (19.116 s);

G is frame 2796 (19.150 g);is frame 2798 (19.164 s);is frame 2804 (19.205 s); is frame 2807 (19.226 s);
L is frame 2832 (19.397 s)
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