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Abstract: The article examines the advantages of using high benches in
open pit mining as a key solution to improve efficiency in the later stages of mine
operation. High benches help reduce overburden removal, increase productivity
by shortening blasting cycles, and lower costs associated with transporting waste
rock. Special a#éntion is given to the use of emulsion explosives (EEs), which
provide more effective rock fragmentation at high benches and enhance safety.
The article also addresses slope stability issues and the necessity of applying
geomechanical monitoring technolegito minimize the risk of slope failures. The
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application of high benches contributes to extending the lifespan of mines and
improving both their economic and environmental performance.

Keywords: High benches, opé&pit mining, emulsion explosives (EESs),
blasting operations, economic efficiency, reduction of operating costs, slope
stability
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Abstract: The conditions for reducing the content of a useful component
in ore, increasing the depth and undistributed fund of deposits necessitate the
introduction of "Mine to Mill" technology, which must be adapted to each
specific mining enterprise and allowstiopizing production costs. The aim of
the study is to develop a methodological approach to optimizing the production
chain from mining to ore crushing, by eliminating the first stage of crushing by
improving drilling and blasting operations.

Keywords: Drilling and blasting, mingtoi mill, quarry, crushing,
crushing, rock mass, cost optimization.
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Abstract: Modern trends and prospects for the development of
metallurgical production in Russia in view of geopolitical changes are analyzed.
On the basis of the analysis of statistical data, scientific works and expert opinions
the problematic sides of the metatjical production functioning are revealed, its
contribution and importance in the Russian economic system are evaluated.
Suggestions on the key promising areas of metallurgy development in Russia are
formulated.

Keywords: metallurgical production, produoh index, development
factors, personnel, fixed assets, investments, investment climate.
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THE ENERGY OF INTERMOLECULAR INTERACTION DURING
TWISTING OF A TWO TLAYER STRUCTURE INTO A NANOTUBE
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Abstract: The process and causes of twisting of a singédled nanotube
differ from multiiwalled structures. This must be taken into account when
modeling a twolayer nanotube. Modeling the twisting of structures into
nanotubes is necessary in the study and utadelsmg of the mechanical and
optical properties of materials. Also, preliminary modeling is an integral part of
the process of creating functional materials. In this article, an energy model of
folding a nanotube bilayer is considered.

Keywords: nanotubemodeling, chrysotile, bilayer.
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JUSTIFICATION OF THE ECONOMIC EFFICIENCY OF THE

TRANSITION TO PNEUMATIC IMPACT DRILLING WITH A

REDUCTION IN DRILLING DIAMETER TO 200 MM AT THE
QUARRIES OF JSC SSGPO
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Abstract: This work is devoted to the study of the economic efficiency of
the transition to pneumatic impact drilling with a reduction in drilling diameter to
200 mm at the quarries of JSC SSGPO. The paper discusses the basic principles
and technologies of this tilng method, as well as a comparative analysis of the
economic indicators of the use of this technology in comparison with traditional
drilling methods. The influence of this method on the economic efficiency of the
enterprise and possible ways to optienthe process are also considered. The
results and conclusions of this study can be used to make informed decisions to
improve production efficiency at the quarries of JSC SSGPO.

Keywords: drilling and blasting, diameter reduction, economic efficiency,
drilling methods, process optimization.

dtsotc] dzj dedets ] G tstcdesHtsBr 9 O h j | ftetsdL o
C fworh jdeds 1 WWJiClsdodetsMmisd syl Mmtse


mailto:anara.itesova@bk.ru

Ctsdzlsj SMisy odzgj Hicj dedj detso’™ m Isjnrmdasdztsc d 2
9 Oy dztsfyls HdzvY C bz def sy sse dzsMmis d

tcOyYydsdzOdz! detsets dMmf sdz! L so Odedw toj Mztcmse .
] J SO fttse jHjdts dMMmdzj Hiso Odzd § , f sy
1 JSIdodesmlsd fjtej"tsHO dzO {fdzj o ZGslzH O
H B stcO BzBBEdd® «€682pBOr ¢ cuuyll [e.
steOHdydtsdzde § d3j IstsHT Blztej dzdw dzO € Ot

os=g
=0

o' MSCdkd LOwOOBd d dzgjo' MECtB2 fc
fsmlssY dzdzs e s tsfsO® yjdz dz0 1 dzj tec sdasid s
COMmEBslstjls! Od s, tefdipseodiy jj M dshadslsir | 5
cOMEsHT d kojddydls! ortOeslsCE. 1 H
fdzj o BskHOdetsy BRtejdzdd M Edgdde M jdedd &3
ftojHflsOod jlsmy §jtemMfjSlsdody &5 dzOf tcOo
HilOd dsets OdzOdzd L O.

Kjdz ¥ HOdhatso®daffimdi v j kMY B8 sHdsoe

I WWjSldodesmisd fjtejrttHO dzO@ Hdzj o dZgslzH O
HJOd3j stc® BEktjdedw HEts 200 dBEEZ dzO C Otc! j to
1 Ists?2 Y4 dzd B ' dzd f sfmis Oe dzj dz Mdzj Hizs h (
fr]lzhc;fr]lsalz*fﬁq"" dzff M sHdE® SBE@Qtc'jj tcO~n , dL zy
st j dedesisd ff dzj 9o BszH Otcdetsets Blztej dadw M
200 B3, tyjdedls: 1 Ctsdtsdizduyi Mz 1+ WWJcClso

tdLikzdz sOIsr dMmMmdzj Hse OdzdW s lzls BT Is!
sB sMdats 0 OflAfr h ffiplso deso tsects Bj sSsHO B Rt dzd
odej Htoj dzadWw 2O ftojHftedWIisdWirn CcttcdzgsSHESB' 9
OdzOdzdL d tOmyjlsr ftsLotsdzwils ftodded BBOIs!
d dzdzts © Oy d ts dzdz’ = Isj - detsdztsc d 2 f  yJ dz' ]
Colc | dZlssmf sfsB detsmisd ftej HftoedwWisdw.

J de@sfiy h d 2 | daBs dt€r dzB dzrter  dzfntisdd H fif 4c@ o dzj dz
tc @zd ydzr dzf B jLyQ@iiE o34 dzwagtelHh dzk 2 HsB@B i BtisH d Is v
f Sls ¢ O dzjdHnte O dgdA'ts H P | teflz@rd JjsCoigkdz dziz 3] dzdzts G 1S
H dd§) Is D@ (d2d3)d3j offzd fomfdf” § & jofts@ifaftsy dzf Hz' dzf &S tids O
Z HaQigs tc ON Ols | dz!j diad @ &g WHgpitoecDM 45/50.

DM45/50 7 B HAd® (s 2 dztEifls OdgQlzd cuyldststaz fig ts@ o éded yJ M S d
o jrtalzd d30 i tf d3y dz@LtcdpO Y j dgEsE L @A H 2B B 5 dzo O Cc
d dzdf dpjdzsts z H O tc dgtsdzdsy . B Bfigdz ®IOF HHdOBIs ¢ s Bdz to
Is 8O di3d dzis 2zfi® ,J1O® fj) dalzHNBOIs ditsf) | &' Ot glzO dEdsC® to Iz
f LS dzv jdsls ' B Azl oz' B deddizZ3 d3 5 Bdgdfdsts L O - s H jdatzdfiz] Bfix &
z Usjts d3 tofig 0O tis tG Iz

4 SL HOo Ojtaldsyd dzef dizs tzeh ¢z O d s EP) & 21 .
1 eafsH HEBdzs G s to jChEfigits tc ©  to @o dzdayd Hny Ustg 3" ) «
sz Miseo dzw j lasifw & fj ] Blals GO ISy alzfdzr 2f GHBIEO H dzw
B jtalzd W o ditsldg H O tc dzgf © tztlzj dleE@micd dz' BJHItOs ddi siIs 1
225 d3dz ®{d des2z 8, 4sHt=ig OF 5 H dgtsdz] dB Bfals 5B tc
dBdasts L Or s Hjdasdflg] .B Iz to

o dfmisj dfe dyfamfs'e " eBpznts @ W 6 p Isdztslsigss  y dzts )



fgé@uﬁs&m@‘lﬁﬁﬁlﬂsafn@dﬁbiwmﬁiﬂfﬂ@mnﬁﬂ9¢H‘1’Ej5d2’ dat

s OB ddz@lzC MMis®M4A45/ BY d3P H JiififsinO dzd Ws s dzB G 15
H Q@Bj dzd "H 2 & ©® 0 fisjindioH doy(ds dzj tiztsial,tc z 6 §i3ts Wats 4 ds'o d3
Mmdindz § d3 g sMif ©9 dzwcjOlds ts totlzlf 5 fif ety H dzlasstc dztstindsy .
LY @o dzj dzddsd otEN@g B3] ¢ WYdzrdazd" | gz dzy § Is fpeizd M
 fG@ dzj dzd & cets Gd 1 tfEvdztLotdP daff $idsO latdftgfz dzidz® dz'  dzts
§ JJtE dzv YOIs ! 3O jiaferj xch o5 i dsle” § dzd ¥ ol QI
s o sHJIsj dzisdes ilshisiRed afff j D M= e d3gkls d W dz" §
stz Odfdry dzd Wiz fdydssls s Istz0 BT js tc ORis d3F Ldxiz0 M
f 3B dz' d3dzS QgPo | dptc O b dg OB dBjr hfGgjls ,8 Oylsis ¢
sBMif 4 ud o ®PIls ts Birdrdzdsly j dz! Wi tRls . € 5 d3

] s H 2 30 dzd2? 2z Spdp s dzMntseOd dnJ @By § ud o O |
retdz 2 skt C oy Offggklz) dzls Gediz ¢ M & tygziztsiedfip O dzd W
1 frydsts j dzdz@v] 3D ¢ if Wpdidss dzd tc s a @ &2 tdedddey | &2@ , OB
L dg@f Is , H tshlizy O ] dapRypte Bls! M ZdzO ©IDIs sy j M S (
) dsfiy BOL ARz @®Ejtds dztf Y & M ¢ dxlg ¥ dseBApzdffit o  didts € 5
Z Hetis o &1 dzPE O j ls[fyv 1B s 2 tc QoY d odd fpdzef O,
¢ 0o dzd yJ MUMOG sOpB@f " j 2 cqdr HysthHs ] J L yJj t
B'ldets ) J d3daf de dpdsYj .

dilsOdzs ¢ DMLY /j5H Y didiftsdz s 3y vz, dz s U435 digls s o
fydshy d3, MYisud o O¢ & ¢ O fmdegifiplds'” twlfgistcO. dzj
LOIsO dqozoB { tlzh GdslkzS , F @& jO dz" § dzOM Us jj figlafofn
H diSiP dzy d s dzdaes@ asdzd did #) © B dzfp dzdisfst@ d3O0d® U P sjHL J t6
ts Oelzd Y d 1s2] dz'YdREz, I SOfHOdS d Odezd 900kt d
Y dddelzh c O - dz2€ du g OC @Mmizdzr d ls @ i3d 2 - Oy dzO
o W@ N dn fipudzVH- j 5]l dftpdidi] @ ala® cias yi§ 64 v § Jf 50 lislg te)
dzfoLs Bz o tetc st @S S wils j 2 dzif dzd¥ Oo dzf @deRs
ts iyl dzdztsimdsda® o dzd Y J GOz} dzéztizie ©dfzs Is@;tc Of e L C
Bsopts @asals s dzatze 65 § dz' Cda) j f sH@Bdsd L O 4 B jHdef
B JoUWf OmMdzsmisd .

UHOGuasON Ols § dz' joiljj Jeflaiigdigdy ¢ & isfhejimlis e ,
o Ckdy OW

i oar MsC Qs migTjsdzg 2 tis  1dggits fistB jj ud o Agjdsts j B T
i taito d ¥ J dzdbp s 6 Hstdcdf dzff) dzls © delSp Edidafat 2 casdz@ to W
¢ ey dz0 Y dediztsi2 H @O Isojtai® dets A dL. dzj

i L WWJCIlsdo dzts iylslzr = otsha fifyidsic deslaci@d Ols j dz' dz
B bjtalzd | | ESYHAYES b 2 Qdz | s H , §sue0
seaeiH " §  dzd AT QO L ts@ @dzd W jOiF SIS GHGHE s o dz' 3 H
tc@ad ydzr g Sthesdgtr’ MEkBOSEOE § FHSCJ.

T d3d dz' M jHj 2etisio d jzy GO st 2 M) tc fotxlz] ffad ®
dztls ste ' o3¢ d dpcietizielR® d3dj daflrigic dile e ON Ols j dzj datfj B
BsHls I§:d3i'd3 g H joMls 0 d 3 @z0" € IchdegzOO tjv] B t5d
1L WG Isd o dztisditz L dsfg Otetat|{ ¢ d 1 diz j jd3ls a2 LB ota® das{H s as.ls A

i edBCtsiis: d dzf detdlfdds’ : dg jilsls pdedakstspyls BT Is



OH A d tets o OWzZA=BE 'dzv odzd G @L Aso &z d dz'de® AL
s jtotef Is s te d off JOOFUSls thitseits dz o3 tc @mipwy dz' © ) tefs B, y OV S dz
fy lastef Is § dz! fristoctsts to GBLjoty] %z 2] fLdieH s @ BT ~ .

I Btsdzj jSddedieOB®Is sdEfzH 59 Odzd fzkz dd o Bdzff)J :
dzjtCIs tsto ' Ay O Vindiziz dgst©O h Ols j dz'j dizd ji | dgistgB ' 1§ § dz
1 Cois dzd Y J M H{dzr e, @& txmlzyf 63 SeRgj Isipdaftey ¢ sB @A@Y | B 50
dzdiLd ZtcIOBIO d3 tade® st EOEZzdzE 3 d 0 B dzdf) .

J COyj mesd dzd dgO j d3 1C) itceOLdtz'dapOIstsj o j h j
sfdeseo ] OBBRRdOydets?2 Mmj dzdlster i 1H.B @ ddizPdzd
Il fsLeotsdwjls thkh jMseodvwis! ftedcetslstse dzj
O B MlsOr ftosdLosHMlsa® oLt ader » OB
L dzOjudiisdets Zftetsh Ojls d EZHjhjodzwjlils Isjn dzats
tcOBBsls, O IsO¢Y] MoatsHdIls ¢ &d ded &3O dz' dzts 2
i j tchtsdzO dzO. 1 OtWHE M (totsdy’ " dzj dzdats 2 B j
CtcOdzz dzdIs© ¢ OB dzZE HOjIsw totsMmis 1 € tsdzts dzg
cOBBIs. ltwsojHW ofMmMj dzgjBBRaBHJdMA J tOMyYJ s

v OB diy@&E&S OL OlIsjdzd 11 ¢
1 sCOL Olsj dz DM75 DM45/50

ltesdL otsH(d
Bhicso SEts MO 232 251

Ud nded Ud M ¢
Mesteshls! Bt 0,56 0,48

l GsHisdzy d Is |

shdzs o dz' - st 1,79 2,08
i3d dz

] BHtS9 OW
ftesdLoBHdIs] i 134 560 145 580

Bkicso ¢ © ilkd
] T A8H GBSt

G v, I s 35 32
[ d dzd d3O dz’ dzt

L 2Oy 4 dzd J H dZ

e elsdo dzj dzd 10.2 10,2

fsHish 9 | Wkihls B
t OMmyd s dzOw

[ a1 We 9,8 7.8
d4JIsCO ME o ( 6*5 6*5

Lo rg;d dz0 m e 22.4 22
[ dzd dzO LIOB 4 3
f omMnoO L O 1031 814

MS o OYigdz] tEHH {




l esHtsdzy jdzadj IsOBdzdyr 1

[ OMMO L«
¢ o O d dzj
fehd s o 526 522
QSD gGl

tOfMyjls SOfdod d r d {CMfdzokoydsd
Btcsor & DMTGRIESH0.

tOMyjl Mssddsiisd SeBttkzHts Oddw
sfbkh jmlsodv jlsMY MdzjHksh & SBLOL 8d. 1 O
sBtclzH 59 Odad v, yd dz@ JHdqdzdy' tBtSGZHEBSO O
LOf Ofpdz’ j yOMmisq, dsdlsOy sftejHjdvjlshw

dIssd ii3sMmlis sBBtckzH o Odzed v , dmf sdz' L zj
o OtcdOdzlstse, Gt Hj dv | B Heidls @ 4 dip dizsj dzdz'
L OltcOlsT 5 Hobkds o Otcd Odzls Ods.

v OB dzdiy@&Bdd jHjdzdzm | L OlsteOlsr

1 O0d d&3j dzts 9 O dz ltcdo j Hj dedzr j
DM75 34141237 6 0 Is dzc
DM45/50 2237244640Is dzaG .

1 O thdso Odzdd Ytetse jHJdzdzesets OdzOdzd L O
lSH(D Ot CHO@lcdalz’ dzsj] BRztoj dedj By dzts

|ZHOtGIleStGOh Olsj dz! dzts g Blztej dzd J stcj Bz j |
dzdzj dzgdw Isjr Y j twOBBls, Ylsts ftodotsHdIs
BdZzOGEHOteW z dzlz yh j dedets 2 M stetsMmis d

j Clsdodetsisd tOBBIsT tBstclkiwtc®O® @Y dz' e
j dzd | o adgdgjsls tsBi j &3 ttOBBSls, o' f tsdz
otoj d&3j dzd, yYbts o jHjls & ko jdzd yj dac
~ndzsdzse dd o OO @RS dzt dzscts Blztej ded W
Yddzr drLdesfpz d IstejBlk¥ls d3jdz' h jaots
1’, Ybsts of Byl stpdy sy j tz@fn SH O
OGSHOtY BBdzj J dOHJYdets?2 1 WWJ¢
dzdzts 2 T dntc HADGjdAls dz" A3 Blztej dzad J A3, 9t ¢
hOjlsmw, Ykt ftsLocdwijld g Ite@ladldH
sotsC ftwsdLotsHmMIss O

dzj H tolp §lzd gets dzts ¢ 'l © tiz® "Olslgsdz’ dzs e s B Iz to
2 dzz yh d Is Emdztse d w sStczHO® HA&V tcC
ydd d orf ndztstf dz' A GOL 59, Ylsts  dts
JoOidtsMmMisd d fYwsoerh jdeds HtotsdL oatsHJIL
sfdeso Odad d o " h¢jlssLtcdst®y j oty dBts WheH j dzC
Yylsts fjtoj ricHtc Odz®@Is zdz'Odetsigis B ztoj dzd |

(©)

G O Ton FSE IS Sw
&‘_Jmmn_:wnE_:WI_:SSEE_:‘:_:
olﬁﬁ—“ ORI 0O O%%
RO~ ° 800" 0T §
ﬁ_q—ﬁq—I



1 Csdzsdzd yd MG 2 Istsy ¢ d L toJ ded W d By 4
CodzS o] dzlstsmf ssB detsmisd Gt Hftedwisdw, fr
LWWJSIsdodesmisd ftesdL oatsHMmlse O.

B Ho " ff wdrs)fiied] H o @HzdP g B | dz2® dz S SshgzlzO W

]

Yl O das W uj M3 &% d o tahjfifiss{H @ gdlgds fHdRjtc fatzd | B Iz

MSJ‘JdZdﬂSdSISEB@@EWﬁGBdSGS g &-O0t [ cuu |}
dz0dzd iy Mgl iz ¥ h 6[H 5 odf jaifz O Iff Bdz)s e @loys] ts dzdz" j
 jedity 2t © Bisd dEiziEimls Ol S D , © GEFEC] J
Oy d tsdzde §H "t Ofy %ﬂm¢m$@@m54&1@6mbi )
J o BskzH Otedz” d3 B Eztcj dad 4 d3.
4@cowqwgmcqacb%mmmb@@stwmmw@amw B L

W j s toyIgels | H Gldads S s@&B Ez) Is) dej @ dzsdz  H
d dzdwvdLtptse dIsj dz' dasindzdVtc @us Ofisda@j tcOQ@ tc 1
Odzd do j W jedzdzts dzfsH ts B biptf i3 dzis p § Idfigists Is tdgjCAdny
N dets istc | dzday 3 Elaj O to deeiafty jdiElz tizj dglzd §3d3 1s ke @ O
dwvw Ot dRiz ‘dg0tc KO tedh [ c 4 bl ¥ &z s Hig(dd3ts
9 Ols 'ded UsidfikC dBid dedatnfisistellz H tse8 Bded "M U] B8
tslstso § iz dzp gz@s Is§ 1) mEEPERs e d j 2 .
[ Odzizj 2 " jdzj HOSMY P dadisic shc@rDdyz dzdivls 3t Qs ¢
OWRA[ L v alalpef o dgteidd H O tc dewlaty BEPO ST EBH LMo lsOC
s 2 jLCHisi] o dats i iz  da" R dzu j 1§ fifls ¢ of y j dniS s
zgﬁéw: dafs 3¢ 9 s ) € j% Is dio WitisHnts § dzdotiis) ¢ tOfaef @
B W

RIsOUzy tcg dedg d3tif tlzj Otc pslaty BEPE O DOtcd [ ¢ v o |

d d3jls demsiLdztsls ! fiplf tglsC Is d o de dgly fYigdBedz o3 Mt s o
LWPCIsd o dzts figfs! o s Hffiiddse O Y Jfud ksBA UG s p dsEPL
f taijf tod W Is ofswo dov Bdzjfiipghs olzdzt£cls o' dz

4 didekls j ©Oktr

= o
B %e

SN0 o Fa=s SHFg 6
& g &
ﬁ;g(%gjﬁ%

ﬁzc

;i

j;Quc{lsdzdzfQ Codif dzj €M 5 BRtcBoL ter o

ltedd3j dgj dzedd o MsCdr EMlskzf se dzO tslis
2024

3. [ jlssHduyj ME sy tczCtsotsHMise s ¢ C Izt
ftosj SIsdeso Odede 5 Cktemlz cf OLtelkzh jdadj ¢



22.235
Ferdl ClLRC 1otofruvt ]l Jrvuvut
(1t u) Fordl 1¢ SanprsuvrlIl [t
toa1 0 (LRE (19 [ OB IRO[ dm
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Abstract: Study of methods for increasing the productivity of git
transfer warehouses using a combination of various excavation and loading
mining machines in order to increase the economiccieffcy of mining
operations.

Keywords: open pit, mining equipment, mining.
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JUSTIFICATION FOR THE DEVELOPMENT OF THE SORSKY IRON
ORE DEPOSIT

sdesBted?2 R. |.
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igor.gowaB5@gmail.com
Konobry I.V.
JSC"SSGPO, Rudny Kazakhstan
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sfdeseo ] S ijtsdzsedyj MSdrs HOdzdz 7 ftotsj CIlstsdz
COte! jJtocO, HYoHMyudlsOdze L Of OMmrd3'{f tsodhyCL telztcdE
f StctsH ) Codzlsiztej COte! j 160. ltetsd il @ sH
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Abstract: The report contains the technological parhefproject of opén
pit mining of iron ore deposits of the Sorsky type. Based on geological data, the
project has established the depth and boundaries of the quarry, calculated mineral
reserves and volumes of overburden in the contour of the quarry.dih@riming
and transport equipment of the Sorsky quarry is being selected.

Keywords: quarry, project, boundaries, stripping coefficient, development
system.
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DEVELOPMENT OF TECHNOLOGY FOR REGULATING THE
REGIME OF MINING OPERATIONS IN QUARRIES USING
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Abstract: In a number of deep quarries, the technology of internal dumping
has been successfully used for quite a lomg, when part of the rock is placed
in stationary internal dumps in the spent part of the quarry. This has a number of
undeniable advantages: cost reduction due to transportation costs; saving of dump
areas. However, the use of internal temporary dummsder to reduce current
expenses against the background of an unfavorable market situation has not yet
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been practically implemented and requires scientific research. At the same time,
the following is carried out: preparation of ore reserves ready t@vaxion with
the extraction of rock into a temporary internal dump with minimal movement
and after price stabilization, temporary volumes are transported to external
dumps. This idea has the following advantages: reducing the cost of ore extraction
for a period of low product prices by reducing the cost of overburden
transportation; allows you to temporarily abandon the organization of a bulky
overburden transshipment warehouse in a cramped work area. However, the main
drawback is that the overburden ibgcted to double transshipment and, in fact,
double dumping: first bulldozer, then excavator. Therefore, it is necessary to
conduct research and identify the possibility of organizing temporary internal
dumps in the working area of the quarries of JISCEB3G

Keywords: quarry, dump, regulation of mining operations, technology,
sustainability.
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Abstract: In this paper, the authors analysed the influence of the strain
temperature of pure oxygginee copper CUOF on the process of its pressure
welding underupsetting conditions. The study used physical and numerical
simulation techniques. The physical modelling used a Gleeble 3800 metallurgical
process simulator with the PocketJaw module in the standard configuration for
SICO (Strain Induced Crack Openingkt® In the experiment, instead of a
uniform material, specimens consisting of two parts were prepared and bonded
together. The analysis was car°C.iThed ou
numerical analysis of the upsetting operation was carriethdbe commercial
computer programme FORGEENXxT 2.1. ba
FEM. The quality of the bonding of the material was assessed on the basis of
microstructure analysis of the welded area. Specimens in which no traces of
discontinuity vere detected in the analysed area were considered to be completely
bonded. It was found that, for the adopted upsetting test conditions, complete
welding of Cu OF occurs at temperatures higher than°640

Keywords: upsetting operation, welding, FEM, oxyd&mee copper.
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There are many processes in manufacturing technigues that require the
bonding of metallicmaterials. A common way of bonding is metal welding
performed by various techniques: resistance spot welding, explosion welding,
friction welding or induction welding. The aforementioned processes are
characterised by the fact that additional heat, geserat different ways, is
supplied to the weld zone of the materials. Another welding method is pressure
welding, commonly used in the production of pipes or pipe profiles extruded in
bridge dies [1]. This process is commonly used for profiles made of ralumi
alloys [2 4]. Copper and its alloys are also subjected to plastic processing in
extrusion technology, but the literature on the subject focuses on the processes of
forming solid profiles (without internal holes) [5, 6]. Nevertheless, in industrial
prectice, pipe profiles are made of copper alloys and pure copper using the
extrusion technology [7]. In order to correctly design the extrusion process of pipe
profiles in bridge dies, it is necessary to know the thémezhanical conditions
under which thematerial separated by the bridge of the die will be properly
welded during extrusion. In this paper, the authors analysed the influence of the
strain temperature of pure oxyddéree copper on the process of its pressure
welding under upsetting conditioriBhe physical tests involved the upsetting of
a specially prepared specimen consisting of two parts with a cylindrical cross
section. The laboratory tests were complemented by a numerical analysis of the
process, in which the distribution of temperature dnydirostatic pressure
occurring in the area where the material was welded was determined.

The authors of this study carried out physical modelling of the welding
process under upsetting conditions of a material consisting of two parts for pure
oxygeri free copper. The modelling used a Gleeble 3800 metallurgical process
simulator with the PocketJaw module in the standard configuration for SICO
(Strain Induced Crack Opening) tests. In this configuration, a cylindrical
specimen 86 mm long and 10 mm in diamateunted in copper jaws is subjected
to the upsetting process. In the experiment, instead of a uniform material,
specimens consisting of two parts were prepared, the shapes of which are shown
in Figure 1. The test specimens were prepared using a tiglethfiebn the key
and shank diameté16.00 H7n6 (Fig. 1 detail A and detail B) in order to tightly
seal the weld surface before heating the specimen to the strain temperature. To
avoid the introduction of oxides or other contaminants into the weld zone
immedately prior to the initial bonding process of the two parts, the working



surfaces of the specimens were chemically cleaned with a 60% aqueous nitric acid
solution by etching for 3s. By preparing the specimens in this way for the welding
simulation, oxidéfree surfaces were obtained in the contact zone of parts A and
B, which, under favourable therfinmechanical conditions, should be welded
during the upsetting process.
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Figure 1i Shapes and dimensions of the specimen used to physically simulate
the welding process during plastic strain

A

26,00 H7/n6
6,00 H7/n6

A Kitype thermocouple was mounted to the lateral surface of the
specimens prepared as above to measure the temperature of the specimen during
the experiment. The set was then placed in the testing chamber of the device in
jaws suitable for mounting specimens with an external diameter of 10 mm. A view
of the specimen placed in the device during the experiment is shown in Figure 2.

Figure 2i View of the specimen during the welding experiment aP800



The upsetting tests were carried out in a chamber under reduced pressure to
limit oxidation of the specimen surface. Due to the resistive heating system of the
specimen in the jaws, there ist@mperature gradient along the length of the
specimen, but in the central part of the specimen with a length of about 10 mm,
there is a constant temperature throughout the material. Physical simulations were
carried out for a total of 9 specimens, 7 of ethivere subject to upsetting by
reducing their length by 10 mm at temperatures of: 520, 570, 600, 640, 660, 700
and 800C, while two were subject to upsetting by reducing their length by 5 mm
at temperatures of 600 and 660 The upsetting time was 0.1 si@n the length
was reduced by 10 mm and 0.05 s when the length was reduced by 5 mm. Figure
3 shows a view of the specimen after the welding simulation at a temperature of
660 C and a length reduction of 10 mm.

Figure 3i Example view of the upset specimen after the welding simulation at a
temperature of 66C and a length reduction of 10 mm

The strained specimens were cut along their axes, and metallographic
specimens were etched using nital (a mixture of nitric aciceéimd alcohol) on
the cut surfaces. The specimens were observed using a Nikon Eclipse MA200
optical microscope to identify whether or not a bonding of the material had been
obtained. The observations of the microstructure were carried out ol cross
sectiors of the specimens in the area of visible specimen strain. The area of
bonding was analysed in detail in each case. Example images of the bonding zone
are shown in Figure 4.

a) b)
Figure 41 Sample images of the microstructure of deformed samptég iarea
of the connection zon¢a) at 54@C and 10 mm reduction in length, (b) at 830
and 10 mm reduction in length



The microstructure images presented in Figure 4 confirm that appropriate
strain conditions are necessary to achievelr@reakable, continuous bonding.

As can be observed in Figure 4a, wh e
reduced in length by 10mm, a complete bonding was not achieved, as evidenced
by t he visi bl e di scontinuity. lEncr e

maintaining the same strain parameters allowed obtaining the continuity of the
bonding (Figure 4b). No visible trace of discontinuity was observed throughout
the specimen area. The visible structure is uniform throughout the observation
area.

As mentiored earlier, in order to obtain a good quality welded bonding
during plastic strain of the material, in addition to a properly chosen temperature,
it is necessary to have the right condition and stress values present in the bonding
zone. During the physicaimulations, the temperature of the material was
continuously controlled, but the stress values occurring in the material interface
are the result of its strain resistance and the plastic flow directions of the material.
In the upsetting test, there isstate of compression in the direction of the
specimen's axis, but at the same time the diameter of the specimen increases as its
length is reduced, so in the plane of the weld, the material elongates along the
radius and at the same time the circumferaridbe specimen. A good indicator
to assess the state of stress occurring in the weld zone is the value of hydrostatic
pressure in the volume of the material being strained. This parameter cannot be
measured under the conditions of physical simulatioheptocess, so additional
numerical analyses of the course of the upsetting operation with welding of the
material were carried out.

The analysis of the copper welding process under upsetting conditions was
carried out using the commercial computesgramme FORGHXT 2.1. based
on the Finite Element Method FEM. The model specimen consisted of two
cylindrical parts with a diameter of 10 mm and lengths of 44 mm and 45 mm
(Figure 1). ‘

The computer programme FORBYXT 2.1. allows the thernio
mechanical isnulation of, among other things, plastic processing processes. A
detailed description of the temperature, energy, $tsasen functions as well as
the therm®mechanical and friction laws used in the calculations can be found in

[8].

In this paper, a #trmd viscoplastic strained body model, which is based on
large plastic strain theory, was used to simulate the upsetting operation. For the
generation of the finite element mesh, tetrahedral elements were used. For the
numerical simulations, the number mddes in the volume of the model charge
was assumed to be 6,929, while the number of tetrahedral elements was 32,816.

The value of the friction coefficient between the tool surfaces and the
strained materi al was equaltbdweenghe 0. 3
tools and the materi al Kwhiktharea wansted t c
coefficient between copper and the surroundings was eqaalftdV/n?K.



During the simulation of the upsetting operation, the following initial
conditions were asimed: ram feed rate of v=10 mm/s; initial temperature of the
mo d el charge was ¢ han €eambienthtempetatere was n g ¢
25AC, while the t€ol temperature was

The initial temperature of the model charged was selected on the basis of
the results of the physical tests, the selected temperature ranges corresponded ta
the temperatures at which partial and complete welding of the material occurred.

3 b i B

[C] [ C]
a) b)

o iiﬁ:

[C] [ C]
c) d)

Figure 5i Distribution of temperature values on the longitudinal section o
welded copper specimens at a temperature of a3 H) 600C; c) 640C; d)
660 C

Figure 5 shows the distributions of the temperature values, while Figure 6
shows thalistributions of the hydrostatic pressure values obtained in the upsetting
simulations of the pure oxygefnee copper specimens for four different initial
temperatures of the charge: 570, 600, 640 and@@Bour longitudinal sections
were madeparallel to the material axis at the interface between the surfaces of
the welded specimens.

The data shown in Figure 5 illustrate that, for all analysed cases, the highest
increase in temperature was observed at the interface between the surfaces of the
bonded specimens. The temperature decreased as one moved away from the
interface between the surfaces of the specimens. This type of temperature
distribution favours a permanent bonding of the welded surfaces.
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Figure 61 Distribution of hydrostatic pressure values on the longitudinal section
of the welded copper specimens at a temperature of aL3%»®B00C c) 640C
d) 660C

Based on the analysis of the data shown in Figure 6, it can be concluded
that thelargest area with the highest hydrostatic pressure values was obtained in
the bonding zone of the specimens with the lowest initial temperatureQp70
This is due to overcoming the highest strain resistance due to the lower initial
temperature of the chge. The hydrostatic pressure value of approximately 70
MPa obtained in this area is favourable for this process, as high hydrostatic
pressure values favour the welding of the material.

Figure 7 shows the distributions of hydrostatic pressure valuehdor t
temperature range analysed in this paper, while Figure 8 shows the distributions
of temperature values occurring along the diameter of the interface area of the
welded specimens. In both figures, the position (0O mm) corresponds to the
longitudinal axiof the specimen, while the symbols L and R indicate the left and
right sides of the interface zone of the two parts of the specimen, respectively.
The lines along which the temperature and hydrostatic pressure values were read
are shifted along the specimaxis in each direction by approximately 0.5 mm.
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Figure 71 Hydrostatic pressure values along the diameter of the interface area
of the welded specimens for individual temperatures

The data shown in Figure 7, it can be concluded that the highestkfity
pressure values occurred in the central interface zone of the surfaces of the welded
specimens. As one moves away from the specimen axis, the value of hydrostatic
pressure decreases. This is related to the specificity of the upsetting testhin whic
the material is reduced along the specimen axis and elongated towards the radius.
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Figure 8i Temperature values along the diameter of the interface area of the
welded specimens for individual temperatures



From the data shown in Figure 8, fllows that the differences in
temperature values on both sides of the surface of the welded specimen do not
exceed 10C. These differences are due to the shape of the specimens used in the
experiment and are greater for higher upsetting temperaturesefiperature
values calculated in the numerical tests after upsetting are higher than the initial
ones due to the heat gain related to plastic strain. This phenomenon under physical
experiment conditions is minimised by the specimen temperature conteahsys
in the Gleeble metallurgical process simulator. Hence, a difference in the values
of total forces during upsetting can be observed under physical and numerical
simulation conditions (Table 1).

Table 1 summarises the parameters of thermal and mechapgsgtting
operations with CUOF welding. The data presented in the table shows that full
bonding of the specimens occurred after upsetting with a reduction in specimen
length of 10 mm at a temperature of 82@nd higher. Tests carried out at lower
straindid not result in material bonding.

Table 1 Summary of the results of the physical modelling of the welding process
of the copper specimens, together with the complementary results of the
numerical simulations

Temperature Change| Maximum | Maximum | Hydrostatic| Condition
in force at force at | pressurein| ofthe
specimern upsetting | upsetting the weld weld
length | (physical | (numerical zone after
experiment) simulation) upsetting
°C mm kG kG MPa T
520 1900 i T None
570 1850 1660 45086 6! Partal
600 1800 1550 45086 6! Partal
640 10 1500 1400 408661 Ful
660 1470 1320 40866171 Ful
700 1100 I | Full
800 600 i T Full
600 5 1240 i T None
660 930 T T Partial

Conclusion

Based on the analysis of the test results, the following final conclusions
were drawn:

i use of appropriate values fegmperature and strain under upsetting
conditions allows obtaining a good quality bonding of thé @&t material

i both the value of the hydrostatic pressure and the temperature of the
material have a significant influence on the copper welding in the unustst



i partial bonding of the material during the upsetting test was obtained
r a range of copper Qandhydrosthtic gressurp e r ¢
|l ues i n the ;range of 45065 MPa

i complete bonding of the material during the upsetting tastoabtained
for the initial temperature from 640 to 800C and the hydrostatic pressure value

of 40063 MPa

i based on the observation of changes in the hydrostatic pressure value,

it can be concluded that the parameter determining the bonding of theainateri
the temperature value occurring in the welded area.

fo
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ANALYSIS OF THE EFFECTIVENESS OF REPLACING RAILWAY
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Abstract: The article is devoted to the analysis of the efficiency of cargo
transportation in a quarry using rail and road transport. The key parameters of
economic and environmental efficiency are considevexbsess the feasibility of
replacing railway trains with quarry dump trucks. A comparative analysis of the
cost of transportation per torik@lometer, fuel and maintenance costs, as well as
carbon dioxide emissions was carried out.

Keywords: quarry tramsport, railway transport, dump trucks, economic
efficiency, environmental efficiency, CO2 emissions, transportation cost, ton
kilometer.
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HYBRID CARS AS AN IMPORTANT STEP TOWARDS
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Abstract: In the modern world, the problem of ecology is becoming
increasingly urgent, and transport is one of the main polluters of the environment.
In this regard, hyld cars are becoming increasingly popular as an important link
on the way to fully environmentally friendly transport.

Hybrid cars combine two types of enginés electric and internal
combustion, which allows them to operate more efficiently and econdynical
Thanks to the use of an electric motor in hybrid cars, the emission of harmful
substances is reduced, which has a positive effect on the environment. Given the
growing interest in environmentally friendly technologies, hybrid cars play a key
role in ceating a more sustainable and green future for our planet.

Keywords: hybrid cars, ecology, design, impact, cars.
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Abstract: The article describes the rich natural resources, natural reserves,
rivers and mountains of Zhambyl region. Species of rare plants and animals, types
of minerals are listed. The future of ecotourism development in Zhambyl region
has been opened.

Keywords: Zhambyl region, Taraz, Talas, Asa, Shu
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EFFICIENCY AND BENEFITS OF ENVIRONMENTALLY CLEAN
TRANSPORT WITH NO AIR POLLUTION
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Annotation: The article discusses the economic efficiency of
environmentally clean modes of transport that do not pollute the atmosphere. It
includes a bicycle, troligus, tram, electric train. In the future environmentally
friendly modes of transport will develop.

Keywords: environmentally friendly transport, bicycle, trolleybus, tram,
electric scooter, metro.
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THE STUDY OF INFLUENCE OF TEMPERATURE AND BORON
OXIDE ON THE REDUCTION OF CHROMIUM BY THE
THERMODYNAMIC SIMULATION
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Abstract: the results of thermodynamic simulation of the process of
chromium reduction from an oxide system of the following composition was, %:
43/ 38 CaO; 2825 SiQ; 0i 8 B,Os; 18 CrOs; 3 AlOs; 8 MgO. The basicity
(Ca0)/(SiQ) for all compositions of the system was 1.5. Ferrosilicon of the
FeSi65 brand was used as a reducing agent. The simulation was performed using
the HSC Chemistry 6.12 software package (Outokumpu, Finland), into the
databae of which the thermodynamic constants of the CrO compound were
entered and corrected for CaQy. It was found that an increasing in the process
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14i14.6 Si; 06.5 B; 23.726.1 Fe. The modeling results can be used to develop
a technology for smelting complex alloys ¢aining silicon, chromium, and
boron.

Keywords: thermodynamic simulation, chromitinand boroncontaining
oxide system, silicothermy, temperature, degree of chromium reduction
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THE STUDY OF THE PROCESS OF CARBOTHERMAL REDUCTION
OF ELEMENTS FROM THE SYSTEM Mn 20si SiO2i BaOi FexO3
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Abstract: the results of theoretical and experimental studies of obtaining a
complex ferroalloyi bariuni containingsilicomanganese were presented. The
pure oxides MpOs, SiO,, BaO, FgO; were used as batch materials, and coal was
used as a reducing agent. The experimental studies were carried out iit a high
temperature Tamman furnace. It was found that for obtainingpsianganese
with a barium content of 0i9%, the ratio Si/(Mn+Fe) in the ferroalloy is ~ 0.3.

Keywords: oxide system, carbon, briquetting, Tamman furnace, reduction,
barium, silicomanganese, complex ferroalloy
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RESOURCE ASSESSMENT OF CONTACT ENDURANCE OF ALLOYS
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Abstract: The paper casiders aspects of an original approach to
determining the resistance of a material to contact fatigue. A test procedure
reflecting the intensity of accumulation of structural damage in the surface layer
of the metal was used. It is shown that based onelaeapproach, it is possible
to guarantee the prediction of the minimum wear period.

Keywords: contact wear, resource assessment, alloy steel, surface
hardening by diffusion method.
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DETERMINATION OF THE RATIONAL ANGLE OF THE
UNLOADING SURFACE FOR CONTAINERS

vdzj 2C Jdzse u. ¢ .
t Hdzd dzZMCd2 ddegHEMisted Odz dzr 2 Edzdo j g
tleukeno?016@mail.ru
Tleukenov T.A.
Rudnenskyndustrial University, Rudny Kazakhstan

b dzdetsIs Oy JeO z Yydats?2 MisOls' j ftoj Hdztsy j dz dz
fn) BsCtsots?2 ,tcOLBO®? tizh j Mise dzv j Isfv
tcOMYf sdzsy j dzgdes B3z ff tSH Fedzsds o fiststetsdzlz
shdso Odzdd fJteseo jHJ dzdzgsets tOMyUdsO d orf
sftcjHjdzjdz Eetsdz HdZO Ctsdzlsj 2 dzj 6O, Ctslsts
fesdLoBHdIsj dzetzBinE Y . fted t©OL

sdzg yjor j tfipRiico G5 j ¢ tstoldds dils j1QAQK B G oz L
Ctsdzmistez S yqdvw, dOHJydzsMmis! , fetsMisslsO, HC

Abstract: A scientific article proposes a new version of a container with
lateral unloading, which is carried out thanks to the bottomtéatat an angle in
the direction of unloading the rock mass. Based on the calculations and
experiments performed, the container bottom angle was determined, which
ensures maximum productivity during unloading.

Keywords: open pit mining, container, unloadj, design, reliability,
simplicity, bottom, corner.
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Abstract: This work is devoted tan investigation of the current state of
the art of ultrasonic processing of ultradisperse materials. Based on a review of
the scientific literature, a new technology to improve the quality of bars of various
ferrous and ndiferrous metals and alloys, imcling a combination of radiahift
rolling and pogtdeformation ultrasonic treatment, was developed.

Keywords: ultrasonic treatment, severe plastic deformation,
microstructure, mechanical properties, radial shear rolling.
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Abstract: This work is devoted to the study of the influence of a combined
technology, including both praeat treatment and deformation on a radiaéar
rolling mill, on the mechanical properties change of L63 brass. The conducted
studies have shown thatfter preliminary heat treatment, namely annealing at a
temperature of 500AC, and Ssubsequer
temper at ur e o fish&ad llhg mil thereas an imalease in the
strength properties of brass with a decreasesimpldstic properties within the
norm.

Keywords: combined technology, piraeat treatment, radiahear rolling,
brass, mechanical properties.
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FEATURES OF SOLVING THE PLANAR PROBLEM OF PLASTICITY
THEORY UNDER CONDITIONS OF PLANAR ASYMMETRIC
LOADING
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Abstract: A planar rolling theory problem has been analytically solved
using the method of argument of functions of a complex variable. The solution is
shown from the point of view of the asymmetry of the process, the
counterdirectional flow of metal, which alloweds to consider the applied
problem as the interaction of multidirectional zones in the deformation focus.

Keywords: asymmetry, equations of the plane theory of plasticity,
tangential stresses.
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Abstract: The principal way to improve the mechanical gptuysical
properties of metals is to adjust their chemical composition and reduce the grain
size. In this paper, the mechanism of dispersed hardening of 12X18H10T steel by
introducing fine particles of boron carbide into the melt during casting on a
centrifugal casting machine is studied. It was proved in the work that when
implementing the proposed method of introducing boron carbide into the melt,
due to the high rate of metal crystallization and the influence of centrifugal forces
on refractory particlesit is possible to control the distribution of embedded
particles over the volume of the melt.
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