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THE BRACHISTOCHRONE PROBLEM APPLIED IN THE STUDY
ON A CONVEYANCE DESCENDING TRAJECTORY IN OPEN PIT MINING

Velikanov V.S.? Dyorina N.V.3, KocherzhinskayaYu.V.?, Mamay N.V.}, Logunova T.V.?

! Ural Federal University named after the first President of Russia B.N. Yeltsin, Yekaterinburg, Russia
2 Ural State MiningUniversity, Yekaterinburg, Russia
% Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract.Problem Statement (Relevance)The paper considers the dependence between stability and efficiency

of exploitation of deep pits and a relevaglection of mining technology and facilities. When the pit becomes
deeper, minerals transportation conditions are characterized as more complicated, entailing a longer conveying
distance, greater rock mass hoisting height and lower performance of goodaquipment. The paper analyzes

the existing designs of hoists and inclined conveyors. It contains a logical rationale for applying the céassic br
chistochrone problem to simplify a description of conveyance movement. The paper shows one of promising
solutions to improve open pit transport with conveyances, moving along guidance rails. The descending route is
approximated to the brachistochrone, nameelgurve of fastest descefthe authors of the paper present tha-an

Iytical dependence to determine maiharacteristics of the conveyance descending in open pit mining. The data
are used to design a mathematical model of the descending route, as they prove an optimum profile of the route
for conveyancesObjective: To show advantages of applyitige brachitochrone in conveyance descending to
deliver auxiliary materials to zones of open pit minihgethods Applied. The applied integrated approach is

used to solve the issuelks application in the research implies functioning of scientific analysis meticods,

piling data from the published studies, analytical dependence and a system afabsiical Relevance This
approach may be used to offset a negative effect of an increased depth of mining on economic performance of
the mining plant, when operatirdgep pits. Mining and conveyor systems of pits are modernized and revamped
by introducing promising means of delivery of auxiliary materials adapted to the maximum to the exis@nAg infr
structure in the pit.

Keywords:brachistochronepit, open pit miningconveyance, conveyor, transport, hoist
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ANALYSIS OF TECHNICA L SOLUTIONS FOR INCR EASING
EFFICIENCY OF VENTIL ATION OF DEEP OPEN PITS

[Sergeev V.M, Gerasimenko T.E?, Evdokimov S.1.}, Gerasimenko N.F?

! North Caucasian Institute of Mining and Metallurgy (State Technological University), Vladikavkaz, Russia
2 Kuban State University, Krasnodar, Russia

Abstract. Problem Statement.An increase in efficiency of open pit ventilation and the elimination of stagnant zones are
of particular relevance with an increase in depth of open pit mining. It is possible to increase efficiency of ventilation by
intensifying air flows in the pit spa and implementing technical solutions aimed at involving natural air flows into local
flows created by the operation of ventilation urbjective. The research is aimed at developing a technical solution that
improves efficiency and simplifies the vgation of open pits, reduces energy and material costs, and studying efficiency
of the developed method using a computer simula@oiginality. Compared to the known similar solutions, the vantil

tion units in the developed method are placed at tHerhaif the open pit, creating a directed vertical flow, and along the
sides of the pit, creating a spiral air flow, whose speed is controlled by changing the air flow rate and pressuretiby the ven
lation units.Findings. When implementing the developed hd, all conditions are created to maintain the movement of

air masses throughout the depth of the open pit, their functioning and control, and, consequently, efficient vesttilation d
pending on the place and depth of miniAtactical RelevanceThe computr simulation of air flow velocities contributes

to evaluating efficiency of the open pit ventilation with a various number and power of ventilation units, and to selecting
the optimal modes for actual conditions of open pit mining.

Keywords:open pit, vetilation methods, ventilation intensification, ventilation efficiency, optimal ventilation conditions
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Fig. 2. Open pit ventilation process flow chart:
1 is ventilation units; 2 is an upstream
helical line; 3 is air jets
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COAL FROTH CONCENTRA TE DEWATERING PROCESSES

Lavrinenko A.A., Golberg G.Yu., Khamzina T.A.
Institute of Comprehensive Exploitation of Mineral ResourBessian Academy of Sciences, Moscow, Russia

Abstract. This review is aimed at identifyingdvantages and disadvantages of applied filtering equipment and seeking
ways to intensify coal concentrate dewatering, when increasing a share of fine particles to produce clean filtratersuitable f

a recycling water supply line of plants. The paper dassiprocesses and equipment of leading Russian and foreiga man
facturers currently applied at beneficiation plants for coal concentrate dewatering. Vacuum and hyperbaric disc filters are
noted to be mostly used, while the latter are characterized bgigific performance; therefore, it is feasible to use them

for dewatering rather difficuto-filter suspended matters. Chamber and belt filter presses are comparatively raee yet. D
canter centrifuges are operated at some coal preparation plants faerdeyvaixtures of coal froth and fine gravityreo

centrates. The paper contains the values of cake moisture and solids content in the filtrate for the processes under conside
ation, and soligphase specific output for dewatering by filtration. The authessrnibe advantages and disadvantages of

the equipment and methods for intensifying dewatering. It is shown that the use of flocculants on vacuum diso-filters pr
vides for an increase in the rate of separation of suspended matters and a decreaseds toatsoli in the filtrate. To

exclude thermal drying from the process cycle, hyperbaric filters may be used with a superheated steam supply system. An
important condition for increasing efficiency of froth concentrate dewatering is a preliminary fristicti@s. One of the
promising methods is the jet supply of flocculants to the froth. It is noted that the problem of dewatering the froth conce
trate to produce a clean filtrate suitable for supplying to the recycling water supply line of coal prepiratfohas not

been solved yet. This leads to increased complexity of the process flow chart and a decreased yield of marketable products.

Keywords:coal froth concentratelewateringvacuum disc filtershyperbaric filtersfilter pressesdecanter centrifuges
flocculation froth destruction
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STUDY ON THE PHYSICAL AND CHEMICAL REGUL ARITIES
OF THE KISH GRAPHITE FLOTATION P ROCESS

Fadeeva N.V., Orekhova N.N., Kolodezhnaya E.V., Nigmatova N.N.
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract.Problem Statement (Relevance)Graphite is a nopolar, noametallic mineral that playan important role

in many technological processes in various industries. An alternative source of flake graphite is kish graphité& from me
allurgical production. Flotation is used to separate grajgloitéaining raw materials in order to isolate flake gitap#\

main area of improving the flotation process is aimed at intensifying surface properties of graphite flakes inghe separ
tion process and adjusting flotation modes using more efficient reagesubject of the studyis kish graphite from a

blast urnace shop of an iron and steel worRbjective of the research is to study the possibilities of increasing the
flotation concentration of kish graphite by determining physical and chemical regularities of the flotation using a ce
trifugal impact mill fo grinding and complex reagents based on dimethyl ethynyl carbinol, an active subStégice.

nality lies in the study of the regularities of the flotation using preliminary mechanical activation and new reagents,
previously not used for the flotation of graphite, the most difficult type of flake graphite for the concentration, namely
blast furnace kislgraphite. The authors have studied the influence of the method and duration of kish graphdte disint
gration, the content of solid particles in the slurry and the type of the complex reagent on the flotation paReneters.
sult. Dry grinding and mechanicattvation in a centrifugal impact mill provides a selective disintegration and Bicrea

es the reactivity of graphite particles. This leads to an increase in the mass fraction of carbon in the combimed conce
trate by 19.77% and a decrease in the conterteofrtagnetic fraction by 22.15%. Flotation reagentsdkand MIKS

show different flotation activity in respect of coarse and fine products of an air classification. During the flotation of
coarse products, the reagents show a greater selectivity to graptiie during the flotation of fine products, the sele

tivity to graphite is lower, but the concentrate is cleaner in terms of the mass fraction of magnetic particles and the ca
bon extraction is higher. The results obtained will be used to developsthgriaphite flotation technology in column
flotation machines, which are characterized by increased flotation selectivity due to secondary concentration processes
in the froth layer.

Keywords:iron kish, kish graphite, flotation, complex reagents, dimettlyynyl carbinol, foaming, centrifugal impact
grinding, dynamic classification
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DEVELOPING AND STUDY ING THE PROCESS OF DRECT
EXTROLLING OF RODS F ROM ALUMINUM ALLOY 6 082

Sidelnikov S.B., Bersenev A.SGorbunov Yu.A, Zagirov N.N., Lopatina E.S.,
Voroshilov D.S., Durnopyana A.V.

Siberian Federal University, Krasnoyarsk, Russia

Abstract.Improvement of technologies for the production of long deformed-8eistied products from aluminum alloys

in rods, sections, wire, and other types of the products is a currently redbjestive of metallurgical production. This is
especially important for manufacturing extruded products of a smaltsectien, since their production technologies are
currently characterized by relatively high labor and energy intensity. This papebeeswow the problem of reducing

these technical and economic indicators is solved by using the direct extrolling method contributed to manufacturing such
extruded products from the melt in a single cycle and in one processing unit of continuouslyl Ggrprgieent. To &

complish this objective regarding the production of rods from aluminum alloy 6082, the authors carried out theoretical and
experimental studies, whose results contributed to recommending the developed technology for implementati@n in prod
tion. Thus, using the variational principle of minimum total power and power balance, the authors determined feasibility
and main technological parameters of the direct extrolling process for producing rods of a smadiatimssrom the

alloy under wudy. The experimental studies carried out on the GBEcombined processing unit (combined casting,
rolling and extrusion) showed that mechanical properties of rods from alloy 6082 produced by the direct extrolling method
met the requirements of intetitmal standards and were comparable to the properties of rods from this alloy manufactured
under production conditions by hot extrusion. It has also been found that in case of rolling and extrusion on a unit with a
caliber of 19142 mm onmaxt mamrdlorseamd t#“i®d die doews not e
trusion according to the conventional technology an extruder with a force of 20 MN is used. The results of therstudies pe
formed are also recommended for developing the technotwgi?td production of calibrated rods from alloy 6082 man
factured by drawing of hot extruded rods manufactured by direct extrolling.

Keywords:aluminum alloys, direct extrolling, extrusion, rods, power parameters, annealing, mechanical properties
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Table 1.Chemicalcomposition of alloy 6082 as per EN 533
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Al Si Mg Fe Cu Mn Cr Zn Ti ltedd3d md

Bsdzjj O,
dzj Bdzjj

{ mMdets 0,7-1,3 | 0,61,2 0,5 0,10 | 0,410 | 0,25 | 0,20 | 0,10 Ld

sOBdZdYPrOdzdyd MSdd Mos2MmMlsa® fteklsitse dqL M dzOsa O 6082
Table 2. Mechanical properties of rods from alloy 6082
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Fig. 1. Process flow chart of combined rolling and extrusi®@rafdcombined casting,

rolling and extrusion unit CCRE.5(B)
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Table 3.Data for calculating the combined treatment process
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Table 4.Technicalperformance of combined treatment units
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Fig. 2. Changes in excess power coeffici&atdepending on friction condition®is for combined rolling
and extrusion unit CRR200;B is for combined casting, rolling and extrusion unit CCRE;
9 is for combined casting, rolling and extrusion unit CEGRE

UAYATYAYZEESY daT1 @ g g = To | 4 1 (0 Y I N Y Y Y Y A I Y T % O A O



{1t o1 Jussep [ FodI] RS

4 Yyjdz ¥ OdOdzdL O wtstgdysquomdm;d;phWdzchJ IHQddgBod s " j 2 daC
Ldzj eetsmddzsar 7 §f OtO®R Ktetso o fntsad34“4

52 5B 08RO Cddn f is dz' L 5 0jO-da@) , GO 'egung(b (L 1)h

e Ow dtsH j dzf to jif fchists eO@dRE™Y o

“hdyde n COddetOn o[fntitsdb1 dZCfImst jz%mdsf

btcOo dzj dzd 2, oG dzs YO h j 2 £L® dzfij ©

Bsh desflsj2 d o 0td Oy tsdadats j teG)sdz,J d; feddydyo

Bq dzd Bz GO § tszdats?  dstsh datslsd:  bh (4 3(( 211nA8+2|)3(L§ L%)H;

. 12( 2hA+ 2h)°
U(NaofN fnfLN ﬁN)aE ( +)
i Hdzw fddzr, Hj2Moalksh j2 dzC

GHNyof BSh dztsfls® o dzz Nifgijdgilad 7 d dz;

desmyls:  MmdNe 7 figdsjh Lodds i s ¢ dzoqtevvugc)r;?cé%A 4bh &
S©§ Gdv O NS Sy E S S ) S[%zh/m)
Hd BOW 9 Ok OB dBsh desfyls .

Cdv sfe)ngdz dagv sy s S ATA qL%'”AchEté\th% Lﬂ)‘
Bsh deshisd (MY sd L 58 Odg fnd(ZJle)a ChJ W tsds (h )}
(' " 22 A 1 +
Ny iz 0, 58iHdV Eon(A+]) §

\Y

>

3|r18(|_1 +L§) (L1+L3) B

+
2bh 12(2hA+ 2h2 75

Niy & ﬁo,5a‘15‘v+ v 1 dF

Fiyte |ngabh4/2h A+1) e 0 \
. bhae (A3 g
N -AY 1s3dfy S
Fe a L L, 1)
No 0%fi0 @dF & 2h* (A+1) 20 (A+1) @

Fe
GHLp T HdzdzO L tsdz" L ORo Ok tod
GHEBI T ddasj dehdoe deibs: M 66RASES L Hsldl S BEE@miyigey e d o
MHo digion sy islsdo dzj dadd  dd 15 QO qth ol EBOUd d
VOV iftesj Sydd Metshlsd ls“u g3 s © dzgz0 dzo
COMOkj do dzz® o dztsfC tsfls E s § 5% Wt

E‘ng}e %fr] tsaf;,lo f Otc ©

e teishs BBk j sflso j dadzs “&ch@&% Dyt es nd O
o dzj " dzj 2 Misttetsds i Mz § to & dEOEA2000R] w2161 O OSC
ftso jtondatslsj 2 toOWsta deOd (6 Sstfersifdgsaizr h dzj dedzts 2 & i Oteiss o € §
dzd j sl def s Cydw qsdzdzm%'zlsdg}fq %% WdsddzdJ e 5GH- L OIS

Lo j

d fr]l]’tGOIBB‘qdzBQ
Stej dzedw dzO C OMOIsj dz! dzlzs - € q‘SLi: cﬂt‘Sff]"lS(th(gghgag Cffl?ls Y dz
Bts?2 Itsy¢j CtdzsOCIsds? l]’tsa;t dl]’thSSISquzfr]W H@Y Hol

tihjddj o0tdOy( s dzadzs? bt@rHouaummmw@mm4mAa Ho
f ts dzlz yaf Eydzj dedzr 2 BOMMd o H Qupde ddd yfdas ~o j zdz@ | flzed 2 S Stots
fpd dz, Hj 2 M® o &3® BREEG d CRIEZS,d3> = 0d 3® =11, @2 @C Y j “H-dzv st
o LOsdMmMddisiisd ol B L 60O LdiCmdsom=7 He-0d3, @®isOS 4 jetcd L 2+ h
uyd Mo ffeisfiPlsCalOded v d M Shfpislegdy dz'n d | w® Z30udd ftd o +
Yd SO dmEsdy = o4 dzd yd dzis- & Isitg teZ2djv . B " 1daO \jfiptfdsvdz! L dzj tc 6 5«
9 0dy ftod ©OMYJISOR 1 daj toctfstffedgsHy@F dfsOBOR] Isteso :

B2 P 7 i 77 7 i 77 i v i i i i i i v v i v rryryyvulijiglsidedi 7 T [iRid O i@ Q. 57T RO T T



dsgdHjd& d&z2dS 89 w. 1., Jjtemjdzijo ¢.w., JBRZAds 5. ¢., 1 0O0cdts

vsO0Bdzd Y@z e smMddzsear §j OO Ister ftod BBttOBBISC] Mfdz0e O 6082
Table 5. Power parameters duritigeatment of alloy 6082
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Fig. 3. General view of combined casting, rolling and extrusion unit C2RE1 isa holding furnace;
2 is a feed system; 3 is a roll with the pass; 4 is a ridged roll; 5 is a die; 6 is a die holder; 7 is a support;
8, 11, 12 are joints; 9 is a tilting hydraulic cylinder; 10 is a vertical hydraulic cylinder; 13 is an extruded product
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ANALYSIS OF THE META L FLOW DIAGRAM IN FL AT
BAR FORMING PROCESSES

Solomonov K.N?, Tishchuk L.I.%, Bakhaev K.V 2

! Branch of Rostov State Transport University, Voronezh, Russia
Z Lipetsk State Technical University, Lipetsk, Russia

Abstract. The paper describes the development of a specific softwareaguitied to simulate a metal flow chart in

hot forming processes of shaped flat bars. It contains an assessment of conventional kinematic metal flow diagrams:
normal and radial oned\ virtual experiment conducted in DEFORM, showing good results in pléstining,
demonstrated that at any parameters of an upseteing p
matic diagram, consisting of zones of the flow along the normal to the circuit and zones of a radial flow.|To deve

op an algorithm of alculating the flat bar upsetting parameters, it is assumed to consider as acceptable a normal
kinematic diagram of a metal flow in friction conditions accompanying hot die forging and pressing of aluminum
alloys with lubrication. Following this assumptioBQUI software suite was developed to simulate a metal flow
chart along the contact plane of the tool and the bar. To carry out a computer simulation of a 3D contact stress
drawing and, as a consequence, boundary lines of the metal flow, it is suggesseddOMPAS automated design
system, where a stress problem may be converted to a displacement problem. It is possible due to a projection of a
solid model representing a similar 3D contact stress drawing on a plane of the contact between the todlaand the
giving an image of the boundary line of the metal flow on the contact plane. The comparison of the results in
KOMPAS and EQUI shows a good agreement.

Keywords:flat bar, forming, upsetting, metal flow chart, 3D contact stress drawing, frictiefficient, software suite
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STUDY OF MECHANICAL AND TECHNOLOGICAL PR OPERTIES
OF COPPER-SILICON CARBIDE COAT INGS

Serebriakov I.S?, Latfulina Yu.S.? Naprimerova E.D?, Myasoedov V.A?, Samodurova M.N?

1SARDOU SA, SainSoupplets, France
2South Ural State University (NationBesearch University), Chelyabinsk, Russia

Abstract. The idea of metal matrix composites has been implemented to facilitate the application of brittle materials.
Composite materials are materials with at least two constituent parts, one of which is thétel aher one is a diffe

ent metal or another material. Composite manufacturing techniques can be divided into three types: solid state, liquid
state, and vapor deposition. In recent years, gas dynamic cold spraying technology (CS) has becomepmvecofithe
manufacturing processes for composite coatings. Blending various powders and spraying them onto a substrate is a
widely used method. Because of the low deposition temperature during CS, there are no significant reactions when
spraying mixtures ofomposite powders. There are other advantages, such as lower oxygen content and higher density
of the resulting coating. These advantages help to reduce shrinkage in any subsequent heat treatment. In case of two
metals forming a composite, post depositi@mat treatment can result in the formation of intermetallic compounds in a
controlled environment. In case of a combination of metal with hard particles, metal acts as a matrix allowirg the intr
duction of the hard particles and resulting in hifgmnsity ad functional coatings. Composite coatings can be deposited

by CS in three different ways: deposition of powder mixtures, deposition of composite powders produced by-agglome
ation or mechanical milling, and deposition of coated powddrs study focuseen the production of coppérased

composite coatings by cold spraying. Copper coatings are used in storage containers for hazardous materials because of
their good corrosion resistance. The objectives of this research were to determine the possipiityircd aopper

ceramic coatings on a steel substrate and the optimal amount of ceramics in the mixture, to study the properties of the
obtained coatings, such as hardness, ceramic content, and a microstructure of the coatings.

Keywords:gas dynamic cold spying, copper, silicon carbide, functional coatings, steel
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No. FENU20200020).

For citation

Serebriakov |.S., Latfulina Yu.S., Naprimerova E.Blyasoedov V.A., Samodurova M.Nstudy of Mechanical
and Technological Properties of Copysilicon Carbide CoatingsVestnik Magnitogorskogo Gosudarstvennogo
Tekhnicheskogo Universiteta im. G.l. Nosdvastnik of Nosov Magnitogorsk State Technical Unitgis 2022,
vol. 20, no. 4, pp67-82. https//doi.org/10.18503/1998732-202220-4-67-82

1o inided i fsCter sd2 M fsorh jdedg o L CH
4 HJdadJ TOEOCljtedmisdCOkd [ 13] .

MsdzZsH dzts] G OL SHd OB ud MCBtctZ2Od | dzfoded p dz{ B PIS) Y COLT
o dOMlstswh d2 Bskj dzls d B4 Jdko dij dntg Bibd™d  dig Qi tetzom lytes o j to n dats |
dzj dzd § dzO ftesdLotHMSo®= sy MY u Odedsf 51 e B '0kdB fju  H s
Mistets dad § ds, mqomsms;m;@bbb%snsds[dng] JTes®Bt t@sdd- Hj Bt

desfils: 8 d Is. H dzJ dzns dz LQ sMisOlstsydz § dz
A ¢ HOddse s qfrlf’]dzcl'z”‘se q %%Bc“% gtsézogléq" L d
Ud dzd § tflsddod? dz' = ISJ_" rqfﬁ' QQ%qu';)
HdzW MmtsL HOdzd W QISd_31]’1SL dyq’ f fn H dgw Gon
Hd d SCOtBdHO ¢Ctoj dsded Wi - szchz Eldziscts f
Isd 30 dz! dz' = 3 = OdAffmy B)C s W © . 5
4 260@GBHB dMMd H OO %@&Sf% Qaydz‘{% q‘édd;@fms‘fq |
Misd ojHEIMW d&dseddd O _
otsEts Mtstsel fllse ®tsdzlh cfﬂz.fr]l§é‘5 fn &4 H J%Z%, %de*‘lsliOJ Is fy v

9 0dzd?2 o H Odzdzts? B@@@@@@Wm@ﬁzﬂ&ﬁxdﬁmbl ~  fdted d3d daj
dzdj wBjHde 7 sCter Isd?2 Hdzﬁstewzgsc%@@@mdzqqumdz&&aﬁgsdzlscii
[11-17] d VvYH] o[ a6y miEse , i sd Lj B = o rseOdzd dzc
Ldzj Slstetslsj Rded U MEsE s dzOLRde@Ivsjoded e f BHISB ™ | Mis BB ZOH O Is
sfdteos smw &0 ¢ dzommd ud Medds) iFidsdyH ' s&@dzs P dzd v ded L € d d

GET T T TV T T T T T 17T 7T 7T 7 7T 7T 7 7 7T 77777777 ijifglsidedi G 1[iRi.d u T=PRwi.Qi07.7 17747 1



djtcjBtowCtseg R.d., [OWbEdzddzO S. 4., 1 0fteddij tets

10dBtsdzj j © Oy dzr &8 7 Gric @Uslssjiste d dgJsls € © BE ts €zfsts dzd H Asyd
MstezS ydd Stdzlsj 2 dzj 6O wzezwi IsmotdrQidls) dalf v Is ts{HN 5 dzff 6 fsB @5y | dzdzts
dtsets W H,j todzveokzw I8 tsydzd oC0s teHetds.L ([s2AEZzOY28] , GHJ Gjdzd?2 of
flsts2 Cofis: , d3j 7 Oded Wi MS OWH df*ts ShyEasi@dzd ¥ MO B 6 F B dzth Ml § H
d Mok Misddshis: M sCickz NGO df 3¢ § fzisis dztf 3p § Aed3q .

d2' 3 BOLjtedOkOB], kOCdBRL S QPEds]jjHgsdsdzdds ¢ BI85y dzd $ s
Cdzd dz@ 0[] 18 A jdz ¥ 1sOC 52 ¢ifi3g jHiafst dztopjiisiz G qlOf dzr 8-  SHF
wodzw s lsipw o MsC OV (ot JBda®) s THmypueLds st e Odzs; my |
Slsdzd ydd lasask éfifihng fif sdefisteEmdR@d 2 s §r MsCs2 OHE L d 5dad
Cter sdw Issdz "j (ltsdh Jdsyngsdid) sedodlfsmisdsj*dedwdLdzj wo
dqdadsj ctedtetso Odzedzts G s d34HdzPqutas Bt Clyd Ys.dz © de@did B fSdz! dats  H-
MistsMmisj dedats 2 d3j H ek 21]. 5 B 15 dzisUS el édls?tslziga(alsl v ¢ O¢ mBkoflse
ltej Ho Oted Isj dz dz § dhﬁ@z;&@g@ WOl 165 0L

dzd, ubt dLGtslstsstszde -BJ Hydg) fi7ls fr}‘%‘rﬁdkz?ﬂHgtsal%‘%d}hdzdlz -teOo d
dets?2 4 B3 dz@  frEsHOR CWJSSMNG;dSM % s ¢ 2O bz fj dzd

Mlss?2 LOHOYJ 2, OC Qoaz d = r
dzOw ff]lSiSQngr]lsl [ 22] L%BJ% ™n Bf@t%gfr](?tstg%"fr] 0L

X . . 9 I]’0 Bdlz JlStSH
i v G0ds) ) dads gsgmrb{ﬁgwgrdg ] L bgdzmbr:
Hislzedj d3jlstsHT teg M j dzdw H JtSEs ?3 CD;LL i1 O
Colstter | LOC dzt yOs¥ Isfw 9 J b ﬁ]jg tsﬁ\ﬁs1 ( H dzw
fdzsw Bhls @dzda@lz s S5H dzts PS J.f&.ﬂ q‘é e . e 6 oL
ded j &3 G j dzdvw o QOuu;fr]lsaJ Bl '[s(éjztggr J %E% q’frllOd3(
fsfjdzj HEs W d B dzOtcON d o Odad | Bq* rrsﬁ Hf mw dscly
Bkj B2 Ilstdh ddz C{fr]u’-llﬁ,dleSL.?[s EPRE e éﬁ o
2426]. Clstsls HeokoilsOf dt 2 tf??r%‘) s’ [HHE %Z@\QZ fnls d .2
ud dzd ofﬁjtthSCOqunlsajdzdzm.r-.tS I;ésc%hﬁslsf: & o 2

fsCtr, sd0¢C ¢ 0OC dmfsd Ls%omﬁ'Ht’é-sz[q%zla ﬁf’kats szo qm
OLBO tjLSts kojddyded®jks étsdﬁ%

L Lt 5 dgBe .IsdJ ) Wid *gtSHdztsx
oes " 'gmf@aqud%g ts@]uwf%g%té AN Iy O

lsj dz' des, MCtstesfls! kH R EAL AN A UL TS dedzo
MO &3 Btsdz § (dzlsj dzfd o @ats : & q Yeeet v
Misdy, OS d fHdsyjs. OO, @ qoydas POty " &F OdZ“
o jddyde Ojls oHGJthsdzdzlzBdZ'E]Ls&nsa@ﬁm;ﬂerqtsgtgrlsqw

70 T T T T

—@— M2 Ha CTamk
—§— M2[b H2 HEPRABSIOMEH CTAMH
60 — —€@— M2mE Ha AMOMMHEUK

—H — aam Ha e

50 |- /.\' -

40 +—

30 -

Anresua, MIla

20 -

10 -

0 1 1 1 |
0.5 1 1.5 2 2.5 3

Jaenenne B kamepe, Mlla

tdmMéHEjLdY BiHdZ » IBCtr Isd2 dzO MlsOdz! dzr n, dzj ey O j s h
fl ftedd®idzgj dzgdj &3 ¢6jdzdw o COyjmlsej twOBBYjEs 0L O |

Fig. 1. Adhesion of copper coatings on steel, stainless steel, aluminum and copper substrates using helium
as working gas3?]

qga, O
32]

www.vestnikmagturu 7 7T T T T T T T T T T VTTT VT TTTTTTYTTT VT TTTTTTYTTT VT TT T RGN



s{myJJ LA RROS[RI (SOt t RGOS [

1t MteOodzj ded® M Yo H' HEh dsdgfy digdn R) HisDP dzthp BL d  dBJ Y H 2
ANjtedzOdzin iy d Hw. [ 10] fiftiste 6fsQ &ls2 O dadssi MEE(dRMmls ™ J
ByHdz § YCEIsdw M orMmiC R PEY) W digks 3 e Htgs dmidj H
CMmist 8 dsckls B! oz wpdrOmisad d ffsEdLLr 900@ded § dBylsts o3
OLtslsO o COyjMmbsej OB BYUJEBHIEAL My Hdzw fMmdMmlsj &5 t©OL dz
reedd  COdpjdedidsd el L Zdzy MO BRBY OCIskzOdz dets d Istey |
fs5C0OLOdkd, ybt RtsEsh OV Ofiffffdjdn' s offd deidz [§2504, 02653 6.2

d fsCte'sdjd3 @y il B Is! 1 Sldrddad &P (ladilg’ Gofs dldgﬂlfnhcufr)w
Metsteshmisd yOMmisdy BtsdjJ I0yddplly Wz r f BHAETDI %8 & ldzd 56
Odzs &3sddzed j o' = MY &zOotse ( 8@&131%(%3 daﬁtsditésm@wu&zq 4 sfls O
dzj 6y @0 j 5 hj2 flsOdd 316L f@E&ERFEEES O %1&1q5®43di|s®dzj dz
[ 2" pGHjlsOd dsct dfrﬂr}dzqfrhfﬁaﬁ%godz& nf R dzOdz;fr]szq’“
ftecsmMse Btsdzr h OW yoOMmls! O(?L SR SN iS50z’
mMotsdr dMMmdzj Hise Odzd W 7 yd Mdzj dzdets J HJdZC{thSS dze[;

d diBjlstsH Ctsdzj ydg' 7 1 dzj B dzls ®Isjtod Ocdzr , 1 t5H GHsoARdQ) o  d
AzSbk®tslsts d Hte. [34] MY sdz Litsodeozd dags fifdzjtscdatjl Y ts o
BsHj dzdtetseo Odzd j H dzv Qs¢mbmqqt§t%q4dzcﬁg 8% iBbm-s ¢ on
Fhta by HR R g AT et

W 9 J Md oy 7

dMftsd L soOdzdj s o dzgso ! fsO (& D Hazts %‘@qfﬂz fsniso
fdzj Hise Oded § dzOdzj Md dad W frJOBsz dm= " U lsc{u BiHd GO &

detso j ydfmdzj dedes e s to O fiyy jinls @ O @zd G Btsyjd ME I 3 ¢ st idz@ o {f digsH dets 6 t
Cs?2 ttsojtendesmisd, B ' dztgf - ip@c&cﬁt,lemmlcogmwsglgobgomg@wgeai/o
ctsod®dz vOS 3§ B dzd q’fr]fr]' oG

fsojcndsmisd fndsyCd chgﬂ%% 'cﬂf&“ﬁ)wé’qﬁ% -9
dzOB dzs Hjdzd?2 L O uomlsquOd3d>99é$ Hd 'tft>Qt£f'lsq’df <0g
Yyomlsdesmisd, M ksuySd Ltej dad¥ qw t&gzgé a:r]dgz W oL

! 2 i

2O L WY jClsdo dashls! tsfno“c;dzq‘w

[y k" et tsded 50 digw ‘?sdz% %Sgd@%‘”%%o( Y7 § digtiats)
TOded L digh jeddive d qtetsqdmmlch} R ) %
Gz yj dedz 7 M) dmisd L 5o Bed j s Wz&'ﬁ dizs ¥ SRS dO-d MY 5¢
OBOLdodts?2 tjLCd, &gz Y'ss q
b & oGl G ABAQUS Bxpl 7 oFE "qal%tatsmd.sazwmé?gw: zsdds
Zdtese Odzdw d fescdesL dtsis o qdzf 9 Qpyd wJ thSOZth t s dziz u J
sdv d fsHEEYCK2. (L kBdadds d31504H,;Gou:cH§f s d L C M
Iso j oy HPY dgd jo dAds sy J § gtegaqcﬁ;ifctcfwissctqmu@mdﬁtédz f5H o j toc dzlz
et WOClkst®, oddwsh jcuSBdE®@BiStEddismls! OHejL dd.
1T dzts tsB dzOtelzy j dzts, ylstsys tcOMII @i i) s Qfdstmplon8 i d L 5B &
dz' j dzOftewy j dadW dzj L dzO o lsigdde: ditis doldlsf viesdids AUBRONES MfinitdsO M d dz'
Ldedz ¥ fetsydesiis! f s tcFaeus® ) [Rsiegisiitdse O ted fzsy 4 S, 4
5OCY ) bkejHdljd ds fModH EifdshEdrEsC js OsgaBL oyt t©OL

(0] B

it dMm3dy2se j tor dets Mls 'ts BificOBdetsyXdzfizs 2 d3j dz€ d-ifiss Op e Ddz sz  ©®) dzigy 8 d
SBtOBSISOdzdzs? Ctolzf dzf d3 OBwLOL Joatsds ( B)
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Fig. 9. Stressstrain diagrams of specimens Cu+SiC F400 90/10 cut vertically
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Fig. 10.Stressstrain diagrams agpecimens Cu+SiC F400 90/10 cut horizontally

350 350
300 . 300 —
200
? s
20 % 150
-+ 150 100
9 100 50
50 0
0 0 0,05 0,1 0,15 0,2
0 0,1 0,2 0,3 e
e
(0] B

tdim.etdjlHded 2 GctOW dikj WaOH dg® v ¢ dlBdbeCEOA Oy sH0/ 10, Yot jL Odzdz’ » o
RO tcOo dzffolzd s P) szls Ozt dets 3 RO tcOo dzj dedd ( B)
Fig. 11.Average stresstrain diagram of specimens Cu+SiC F400 90/10 cut vertid@lgndcut horizontally §)

72720 N N Y Y O O O I O g S0 4o [ ISR (/YRS O A R4 T TG I SR A OB I



djtcjBtowCtseg R.d., [OWbEdzddzO S. 4., 1 0fteddij tets
450 450
400
350 )
B
300
?250
E i —L1
sz — 7} —
150 B L3
- 1 100
50 ‘ 50
il 0
. 01 02 03 04 05 0 01 0,2 03 04 0,5
lj €
(O] B

{t df. @Y S d dzaj @ seiidd qCHSIEBICL0Y30 / 20, ©OLtjL Odzdz’ & o ¢
@Ot e Qo dzffazdalj 61O S Odz! dzs B dzOf tsOo dzj dzd d ( B)

Fig. 12.Stressstrain diagramsf specimens Cu+SiC F400 80/20 cut in a transverse dire@iandcut vertically g)

350 ao0
200 350
300
250
250
200
" & 200
150
150
100 100
50 50
o
° 005 ot 015 oz o 0,08 01 015 032 035 03 035
5 =

[ df).e@3H dzd 2 ¢ tc OV ¢S Wdsow ds®@ vy dj FRoSIC B0y 800 / 20, ©OL G L Odzdz & o
2O tc 0o dzjalzdalj EOJ S Odz dzs s dzO§ e Qo dzj dzd d ( B )
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APPLYING AN ALPHABET ICAL APPROACH TO DET ERMINE
THE AMOUNT OF INFORMATION CONTAINE D IN STANDARDS

Kazantseva T.V?!, Kazantseva N.K}, Polyakova M.A?, Pidzhakova E.N, Aleksandrov V.A?2

!Ural Federal University named after the first President of Russia B.N. Yeltsin, Yekaterinburg, Russia
2Nosov Magnitogorsk Stateethnical University, Magnitogorsk, Russia
$Ural State Agrarian University, Yekaterinburg, Russia

Abstract.In the current conditions of digital transformation, a role of standards increases significantly. Standards precede
innovations and become the basistheir introduction. A current pool of national standards includes over 30,000 doc

ments. However, how is it possible to estimate the amount of this information more definitely? The authors propose a
method for estimating the amount of information edméd in the standards using the example of standards related to non
ferrous metallurgy group 77.120 in accordance with theR@iBsian Classifier of Standards. The amount of information

was determined using the i nt riondfuocrenda tviaolnu ei no ft hfiet hsat aensdtairn
tive sample of standards from group 77.120. The study used a stratified sample, where the parent population was divided
into homogeneous parts (strata) according to a certain attribute, and then systesatdjde random sampling wasrpe

formed. An indicator of the stratification of the database under study was taken as nine subgroups of group 77.120:
77.120.01, 77.120.10, 77.120.20. 77.120.30, 77.120.40, 77.120.50, 77.120.60, 77.120.70, 77.120.98s as ietle

intervals for the adoption of the existing standards: 19971®; 19861989, 19961999, 2002009, 201019, 2020

2022. The sample size was 155 standards or 20% of the entire base of standards of group 77.120. The study revealed that
for the 0701979 and 1980989 time intervals the estimated amount of information w@%8ess than the number of

current standards adopted within the specified time intervals. The reverse is true f80291the estimated amount of
information in this periods by approximately 12% higher than the number of standards. The data obtained for individual
subgroups and time intervals allow us to conclude that, as a rule, the standards adopted after 2010 have a muech larger est
mated amount of information.

Keywords:information, amount of information, standard, symbol, information cardinality, classification group,-classif
cation subgroups, time interval
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Fig. 1. Number of pages in the standards included in the sample
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Fig. 2. Distribution of all the standards of the sample and the estimated total amount of information
of such standards by the time intervals of their adoption expressed as a percentage
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DEVELOPMENT OF A NEW INDICATOR FOR ASSESSING
THE QUALITY OF ROLLE D STEEL PRODUCTS FORENAMELING
AND METHODS FOR ITS DETERMINATION

Golubchik E.M., Chikishev D.N.
Nosov MagnitogorsiState Technical University, Magnitogorsk, Rassi

Abstract.The current materials market dictates the need for maintaining an acceptable balance of interests between pr
ducers and consumers. This is especially true when mastering the production procpesdscts with an increased

level of consumer properties. One of the highly profitable types ofrodlled steel products is rolled products for
enameling from 08YUuR steel grade (as per the Russian Standard). Consumer requirements for such produéds provid
the exclusion of a Afish scaled defect in the finished
this defect, the hydrogen embrittlement (HE) index is used as stated in the regulatory documents. At the same time, the
existing quality assessment indicator for rolled steel products does not fully characterize the tendency of rolled products
to develop the Afish scaleo defect, which is attribute
the influenceof the human factor. Scientists of Nosov Magnitogorsk State Technical University (NMSTU) andt specia

ists of PISC Magnitogorsk Iron and Steel Works (PJSC MMK) proposed a new indicator of the quality of rolled steel
products for enameling, namely the volufreection of structurally free cementite, to assess the tendency of rolléd pro
ucts to cause fAfish scal eso, and developed the method
forming a clear opinion on the tendency of rolled steel mtedto hydrogen trapping and fully correlates with tle h

drogen embrittlement values. The authors determined the threshold range of such values, excluding the defect in the
enameled product. The developed methodology served as a basis for identifyioggraos e s f or t he fAf i s
and ways to minimize it, when manufacturing rolled products for enameling. In particular, when organizing the hot rol

ing process, new technological solutions were proposed for cooling the steel surface on the disidratgele of a

hot rolling mill. The developed new eftd-end technology for rolled steel products from 08YuR steel grade (as per the
Russian Standard) ensures the yield of 99.8%.

Keywords:cold rolled steel products, enameling, microstructure, progettiglrogen trapping, quality
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