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INCREASING THE EFFIC IENCY OF SMALL -SCALE DEPOSITS
DEVELOPMENT BY REDUC ING GOLD LOSSES DURING SAND
WASHING

ChebanA.Yu.

Mining Institute of the Khabarovsk Federal Research Center of the Far Eastern &@rdreRussian Acadenof Sciences,
Khabarovsk, Russia

Abstract Problem Statement (Relevance)Relatively low capital investments in organizing placer gold mining and

the possibility of a relatively quick payback of funds allow a significant number of small mining enterprises to operate
in this area. An increase in the share of fine gold in the sands involved in placer mining predetermines an increase in
metal losses with rinsing tailings. Mukitage sand processing technologies can reduce metal losses but the acquisition
and operation opecial enrichment equipment by small companies, given their low productivity, is not alwaysiecono
ically feasible. It is possible to reduce metal losses by rinsing the sluices of the washing unit more frequently; however,
using this solution to processetlentire volume of sand will lead to a significant increase in the downtime ofhthe e
richment equipmentObjectives. The research is aimed jasstifying an improved technological scheme for the tleve
opment of a smalécale gold placer using existing etmicent equipment, ensuring a reduction in metal losses due to
selective extraction and separate sequential processing of diffprality sands of the productive formatidResults.

The article proposes to extract sands from a corrgtieictured mining blck using a scrapetozer, with the extraction

of metatenriched sands being carried out only with a scraper bucket, and ordinary ssitids scraper bucket and a
bulldozer blade. Mixedjrade sands are stored in separate piles next to the washing ainity, mrdinary sands are
washed with a sluice rinse once a day; as they accumulate;anétdiled sands are washed periodically with a sluice
rinse twice a dayConclusions.The use of the proposed process flow will significantly increase the througgomut

ery of metal using existing equipment.

Key words:productive formation, sand delineation, selective mining, scrdpeer, washing, fine gold, metal recovery
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GEOMECHANICAL ASSESSMENT OF THE STABILIT Y OF QUARRY
SIDES DURING UNDERGROUND MINING OF BARRI ER PILLARS

Kalmykov V.N.*, Mazhitov A.M.*, Kravchuk T.S? Zoteev O.V?

!Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
2South Ural State University (National Research University), Chelyabinsk, Russia
3Institute of Mining of the Ural Branch of the Russian Academy of ScielYegterinburg Russia

Abstract. When developing steeply dipping deposits of valuable ores using thepiipemd underground methods, a
barrier pillar is formed in the sides and the bottom patheboundaryandis usually extracted last. If its resena®

mined by underground mining methods, the geomecharsitahtion changes significantlwhich complicates thesa
sessment of thandermined ledgestability. The main problem in the geotechnical assessment of the stability of u
dermined slopes is théngice of the most likely sliding surface, which will be determined by the combined effect of
openpit and underground mining, the morphology and size of the barrier pillar, the extraction technology, and the state
of the operpit and underground mideout spacesThe purpose of these studies is to develop a method for calculating
the stability of undermined quarry slopes during the extraction of barrier pillars. Two typical scenarios of underground
mining of barrier pillars in quarry slopes were studied aAgsult of these studies, the main methodological principles

for assessing the stability of undermined quarry slopes were formulated. The analysis of the conducted geomechanical
calculations showed that the potential sliding surface for the undermoyssl Istl a complex configuration, whiclvas
individual in each case and inclutithe intersection of possible sliding surfaces of the ledges, the slope itself, and the
zones of displacement formed by underground work. The application of the obtained ruogficatiguidelines will

allow for a practical assessment of the stability of the slopes for deposits developed by thi& apérunderground
methods.

Keywords:undermined slope®arrierpillars, sliding surface, methodology for assessing the stability of the sides slopes
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Fig. 1. Occurrence conditions of ore bodies (variant I)
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Fig. 3. Development of the sliding surface for a concoretfipping ore body (variant I)
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Fig. 4. Development of the sliding surface when the ore body is located at the bottom of the quarry (variant I)
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Fig. 5. Development of the sliding surface when the ore body is located at the side of the quarry (variant I)

X
/

/
¢ i
AN

®

:j\\\\\\\\\\
@\

5

N

. .

s o L R I A o L
tdB) smistetsj dzdd Yo jton e BOGJ Qzls@ 3 J dedw H dzw
Fig. 6. Development of the sliding surface (variant Il)

UAYATYAYZEESY daT1 @ g o= To | 4 1 {0 Y I N I Y N Y Y ¢ O O R



vrrtddyLr?2r Ll o1 Ry
] fjtcosd3s 90kdOdds] ©wWOMMBBIHdH ® ol ' Iz it £ 1 oAl HaD to 1 dzts fyls

Emists2 ydoetsmis: + dzj dzj dzld tisay §f mAsde® Odzts dDO o Asts t@HS s totsfgz) of 82 d dzdf diafz g df i
9 0j Isfw k& fls W20y dlo@sdn Isj! tg[Ch) tiats oypghsiisjdf. d dz' tilsts’ 90 tSftejHjdvils o
LOHOYJ?2 ftod Byjdl) bkmbs2uydpdh@bd COLsBOW jBBHis BOB' O
o5 ol odicEmgsH j dzj dzdJ HO&HBY j b "] ddd &Bjdr "de- j§ o
ftso jtondetsflsd MCtsdz 3§ ded W . Ctejlsdz 7 bkfmdtseod?2. | HOdjdg 2" dn

J fittotsd oOtdOdls) {§thistyisdd] t Jfphdtestegssyls do dzd wsdzed § M d
MECsd 3 ddy shdse Odts dzO oYY edidteln detsivls jPH ofify g dlagjvded v, ¢
sls f SHfc OBlsHSR 7 Isj dz BOdzts- B HozEAf S o ffipHY GaRias 0 G ttedznm OB
detsfyls! 8 fMHody j dzdw k¢ MO, dfdipssy jirdiglk h G shstyte s S ius@® B stels ©
jlsfmw k¢ dztsd3 MHedGe O COC 20 BQucdkdlE Pz dzs?2 f dzsh OHSj, ©OC
d o dzdy dzj Yofmisd k¢ tsias- uslf oS dshigzjdid g B 1§ Istfigg s JdzzO dzdzO W
fls j 2 tygslﬁasfsg&tetsqlsl fslsj dydO@s ek ® HiE®QuUeO O, <ylsts 9B Mo wL d
desfls: MCtsd ¥ j ddafd cgz®©sydpf? st d Gstgls] dzC d bkhss2 ydo sfitsd Bt
L2 kyj todfisudisy & Odj dzls 2 & OYGdgty nlz fiflastsi L j d3dz” 3 G stedyr 8 o' to
udoetsfisd ¢dommduj M dd disls st tslsse jOrizizy B0 d ayj MGtsdsts j flipfeo v 1 j 2
Nd dedw Mdaz ) kEyjlstsdj qodg dgj BEYTEW2vd CdsgO dL zuj ded d o dzd W dad v
Mots2Mise ftstesH © wjLEd Ol Ot ® @ tisC dhtf dsB)fisfgPo Aslstc OB 55 € d

I oltsd MizuOj f o jssrh s dgt fiplsr > fj ey e’ Rf tBHds t
ds fifrs ¢ ZOMMd Ui ME B2 djlssads), Gthdsss? (ks W
dv j Is fygw tSlj'tGJHJdZJdZCfJ ey  fdLd ¥ isERES gt udgdCse
fls” ojtlsdCOd dsets 5B d2OY J dedy | WfjceonH dd j B&@z&o@r fRfH &y @O d z0 o
I bt Mzzyoj, SCScHO o HbEKl sdBsjls B oftedinisdti &8 Bosddo B jL
wisdzs tedj dzlsdtcse Odzdz R f so | tansdewdn IS | L Ostsfisdz@ B dzjj ted B OBtsisCj Iso
5o jton detizls | dzBj@ s cBBtsy jIs B Is!  Cltefjodys @ dzj ? G PL  { SMisj R &zOHL S5teC
fiteintsHwh j2 o fdashmClkze j2 Jdozd PWsMCs2, fjtejrntsHWHh
Ctod o tsdzd dpjCRdrrizs . tssfnlé.szlwsls490®14ﬁ$ utHJtGOdZJ 2 f iz0® RO o tEZOMIs
ftod foMmitetsjddd o jtn dztﬁfrals;?dz clsg@cwﬂffj& G'Z'Sf'gl%sd §§§£®Jd@ioa BBé(‘
b §sttsH ftedctokl OLf §sHL j Bd ‘Sd’d34‘2té o c oL od fBmEj S

" 13 11 2020 -~ 439.
1 OF dzf U dad ] Qatedh jo w. ., 1 Odzv Hdzse 1. ).

¢ dzOdixfjLL Z dz' IsOIstse Cﬂﬁ@:ﬂMJJHHSdMYWSBCPuql&)QMMS Blsses ) EZyy lslsd3
j n Odzd yj ME&dd dzEe@mMizinbbtsd yd ol Jtc® wo jlsdzddMitsets Lcdslstsil
B tstoldftdwt CRLADGl, j ta@s 5 tf sis j dey o) @dy izl e d M S 4 5B g whidedsy MK ls
smls: MStsdz 3y § dedw H dzw q@%@g@?@;%@u%@@@z&@;@mqﬁﬁsﬁJndzdtzc;j
K W K G B I 9 she 54
E'zgdztsx dzlz CodeW ekt @y d éHéS‘édS Flgkgs G,éwp&dguqm[ Cog
2

4
9
Az dzz s gy jldstD) Bty i ey j bl B S ot

ts ftodL d3" lSBtGIZthZd‘”Cf fr]O

3 gy MR T e s
nNfsmss 5. 1 j € Odmmso 1. u.
RMMdzi Hise Oded™ Mo dHjlsj &z fr]lsaﬁ ﬁss%%gﬁd&& d3|§z§§i3 ISBJ Wiy g dad §
flsjqjd? oddwddw §sHLJ B - Slg  Eefx: ISt j tes iy 2
fsH©EOBOI" 0 0j BBscts BBMHMEIPEJ L mm%g t5¢SlsdsztGJ dzﬁdvqal A.@¢ dz@ls 56
! jodzgse s yjdzde O d jets teedy delsdysdd dsis s hdls j izt dasd 8D O dzdz A
kO COk! jwO, Gibsdz o Oj s tsgsko OdyOngls td@iizOlsdcodsj Mo
ibfqw  dztsC Odz dzOW szants?uq’atsfrJISJfr]CB@zg#jm@d@@smmo P Qidgtsi dzts o
olsstetsdy tyjdzde Oj smw EMlss?2 yds B B&S&BGHH@@@J@JB@@WJQLJBSOdzq

sd
fts
7 dz
d d
o qd
3 dz
dz
B

Y| dzts o3. Y lst;(%glr]cétstclsdzf J Ufr')Z({:fr(%lSZﬂOdg;(Z;BlB 211052213

] ©0Odzj j Gtetse j Hj dzdz-17] Iz Giphg i) JHJ L v Yd
dzso dzj 20 Cd e teOydw qnstsfr]ls %z%téa ‘g E%"f*“g‘éi?ﬂg
oj N desfmlsd HsttgoBouchqo:tsrqudm: g; CBSO RI ' d
ddudo Ojls ©OLBjE" HJWsSLdOYdd: d@ dZJHtG I'
tcOdzd & . ltedL 30 MOd3ts 2 HJlﬁtstG,d:s JISI&? ng :
desfydlsj dz dets o j telsdC Odz datsdsts tsfy J tsGt§tG dzdid@@a@ rGOdzBE

hjddj fodgepsdBOd d' = J SJstdQ@dZ’ dz"

dzOf W ) j ded 2 dzO tOL dzd ydats A - ¢ 8lzizsBOf gz dze5OMpd 9 O, d sE&BIM s | . 1 .
s twOMMsswddd ks lCsMO W tsisdd tizd @t ashgdatdts ¢ dzd dzd i sd R L HC
MCtsd B jddv, CtltsttOw IOy wplanq Isdiwisd is Bang? e s QOW P dz

207 T T 7TV T T VT TNV TN TN T TNV TNV T T ijiiylsidedi 6 T [iRiLd Uy TERilsbei Q.5 T RBL T T



sOdkzdzr Cs9 1 . 1., [OYdbtse o¢o. [ ., ¢

9. Yddzzteso ¢. 1. t OL OB t5ls C1®- &.5 Reatpdzy. (Zayadordlar GakdjikhazR ¢z, Sena-
cdd orjd¢d LOfOMBe o Mmdztse @idadrd.O. Stabilitysoldeforfie@sidesgl tusroes:acaz®
ftod d&3j toj d3j Hdets S sdzy j H Odzdz': = 3 ptiglis &f tdhe porthedzdgide of uthie Gue@nsky quarry
Hd&®HCOdzgH. Isjnrdz. dzOkC. [ Oc dzd shedrapdfganie | rahdh@tnye sistenSupsoiluseand

10. s Odzdzr €89 1.1 ., QOOYHIstsw.dw. [ [ tiassposystems]202212(1)33-45. (In Russ.)

CO yditsets? yjdtd EMnlss? 6dRywikisadlV.etwldlsttdicheskicukazahiy@tp® otsenke
ftoed HtHLj @Bdets?2 HESteOB Sls Wi L O Viskoglydzitigar deformaiyf, Gnfonisasingy’ i/ uppavieniyu
IS1€ s dzW . i €1PUsg & QR Bte G120. 127  ustoichivostyu bortov i ustupov, karerov, razrezov betk

Ml vyjteyddyjo0 v. a., s L dzj ytse Osowatvalov. Metgdishixkie Gkdzeiniyidirodplpgical
sfmdetsor ftotsedetsL © B j B d H jolidelinekiOnassessinghe rigkyds deformationdevelg-
Misd BGlsCtMmise : cifstdatz'cdc P B dhdzdGls ment, monitoring and managingthe stability of sidesand
etstemMec: L fuv 11 [ c¢cfqguvuv (6. 1. lrdges gumripssecbonsand 20peB of dumpiis OMethod-

12.8L dzj yso O v. w. [BGMdse Odzd ] I§gbab Gy toakldmstituge Bftdroplamtsod Intdgtaied
CodzBddzdtctso Odzdzts?2 tcOL tcOB 5§ j Develaplmentff ®linata Reshutcesdnsdods 202290 p.
totsy HJ dgfztsc tcOWfdOE dzd ssetstemC:  (IpRuss.) 11
¢fJluvuv dWssmMsea®e, M2009. 1127 Bronnikov D.M., Tsygalov M.N. Zakladochnye raboty v

shahtah: Spravochnik [Stowing works in mines: A refe
References ence look]. Moscow: Nedra, 1989, 400(n Russ.)

; 3 ; ; . Kaplunov D.R., Kalmykov V.N., Rylnikova M.V. Kuo-
1. Federal norms and rules in the field of industrial safet)ﬁ3 !
L - . khnol Cpmb nolagy].
ifiSafety rules for mining an’t\)#lroapn§ygetgpqg E‘%’ %gneral
(Order of Rostechnadzor No. 505 dated December 08, (I:}S?Cis) da |%/Ietally blls(%ﬂng House iocgé' dyp'

2020). . - .
2. Federal norms and rules in the field of indastsafety 9. Zinurov A\V. Razrabotka kombinirovannagkhnologii

iRules for ensuring the st %MK Z?pﬁ‘sg" VcPSr“O"aQ"i b&’r@‘é kar%r‘?Yé“a ﬁ’“@ede

; . dn.o
qguarries, sections andr-slope rrét;
der of Rostechnadzor of Russia No. 439 dated November te hn nauk [Develop ent Of a co Begichnofpgy l%

13. 2020 extracting reserves at the base of quarry backs (based on
! . coppersulfide depositsn the Urals). PhD dissertation].
Magnitogorsk, 1999.
10. Kalmykov V.N., Mazhitov A.M., Kravchuk T.S. Metle

and reducing the risks of developmentby the open ology of digital assessment of stability of quarries sides at

undergroundmethod. Sb. trudov po itogam konferentsii underground refining of the reserves of the contour. Sb.

S v, Proceedi fthaonference] Moscow,
¢cKombinirovannaya g¢eglobdangek hn o edkgtgrlﬁnt%a[ ‘?P b(lnh

X o o , 2025, pp uss.)
vyzovy pri osvoenii i sohranenii nefltombinedgeoted- "9, . .
nology: risksandglobal challengesn the developmenand 11. Cherchintsevd.S., Kuznetsoval.S. Geomekhanicheskie

conservatiorof mineralresourcesProceedings Magnito- osnovy prognoza obemnyh defo_rmatsiy i ustoic_:hivdsti 0
gorsk,2021,pp.27-28. (In Russ.) kosov gornykh porod. Monografiyj@gseomechagidoun-
4 Zalyablnov V Yu Vélikanov V S. Kovalenlo N.V dations of forecastingvolumetrc deformationsand stabi-

KAderov S.S.Calculationof thestability of thesidesof the ity of rock slopes Monograph] Magnitogorsk:NMSTU,
mining field usingthe computerprogram"Slope”. Sb. tu- 2007, 6(p. (In Russ.) _
dov Vserossiyskoy nauchno¥f z%q%spvg.'psegt%o%n%r\;@meigqmgt\f aFﬁ??]V h Ble
obespechenie dlya percdaﬁrrly irovanno rLsme
ingsof the All-RussiarScientific ConferenceSoftwarefor toroz demy M°”09 ubsta ntiafionot quarry pa-

. . Maani k2021.0D. ram_etersm thecombmeok_:levelopmenbf steepfalling de-
ﬂfe(:ﬁrgﬁir.l;jorganlzatlons] agnitogorsk2021,pp. &- posits Monograph.MagnitogorskNMSTU, 2009,112 p.

(In Russ.)

1 sMis 2§4410as; ¢ tod dzv Is O C10.1R.20B5dzd € O br) Bf df2h.1226028 dzO
Submitted24/11/2025; revised1(/12/2025; published25/25/202%5

3. GavrishevS.E., ZalyadnovV.Yu., KaderovS.S. Asses-
mentof thestability of thesides slopgdakinginto account
the reconstructionof the Svetlinsky gold depositquarry

sOdzdzr Ctso I wWyj MdzOaH SIS BBEdzGj ddaf yuj MSdr dOkE¢, ¥ j mMhtts,

] Ocdzd IssetsteMS d2 cetsMmizHOteMmise jdede" 2 Isjrdedu MSEd2 kdedo jtemdlsj
Email: prmpi@magturu ORCID 00090007-8631-5343

] O)ydlsse o¢telskztcif ©WIOtSHS olsju~ dzd U MSdr d2OESC, W j MMt

] Ocdzd IsseatsteMS d2 cetsmizHOteMmise jdade" 2 Isjrdedu MSd2 kdedo jtemdlsj
( mail: arturmazhitou@yandexru ORCID 0000-0001-82194264

sttOoaykz¢ vOls! wWiz@Odzige Plso P rdzd yj MSdr dOES, HBYJ dzls,

Sy deB e Odz MEd?2 etsmMizu Otemise j dzdz” 2 [k dzd o § todzlsigdle j (@dg@ipq tsdzO dz! dz'
yidveddme¢, {smmdw.

( mail: kravchuktg@susuru. ORCID 0000:000227953843

VUAYATYAYZEESY daT1 @ g o= To 1 4 1 (0T Y I Y Y Y N Y Y N Y Y Y~ O A A



vrrtddyLr?2r Ll o1 Ry

1lsjjo [dzicidOulgEssoldi~ dzd Ud sy dzOEC, §tosW jMm
R&zMisdlskls etcdzsets HJ ZO vicO@RLCBDEF e s 2@z 2] dzq ¢ Ofs 3 figf dizd iz o 5 2
Email: zoteev.o@mail.cLORCID 00090003-8521-0372

VyacheslavN. Kalmykov i DrSc (Eng.), Professpr
Nosov Magnitogorsk State Technical Universiagnitogorsk, Russia
Email: prmpi@magturu ORCID 00090007-8631-5343

Artur M. Mazhitov i DrSc (Eng.), Professpr

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

[ mail: artur.mazhitov@yandex.ru ORCID 000001-82194264

Tatiana S. Kravchuk i PhD (Eng.) Associate Professpr

South Ural State University (National Resealstiversity), Chelyabinsk, Russia.

{ mai | : kravchukt s @8082/9%3831. ORCI D 0000

Oleg V. Zoteevi DrSc (Eng.), Professpr

Institute of Mining of the UraBranch of the Russian Academy of Sciendgkaterinburg Russia.
Email: zoteev.o@mail.ru ORCID 006803-8521-0372

20 VT T T T TV VTV TN T TNV VTNV TN TN i iylsidedi 7 T [iRiLd U TeRilsbei Q.5 T BB T T



dgdH]j & d&z2dS 89 w. 1., 106dwsS 1 .1., ROOdse .

+ 0’ - -@o- (8 §2 + SACEE| 0~ P8-8¢ 0 -=P - | ~- 87
8- - £-j
RECYCLING-VMADNANINERRMATIONS AND WASTE

ISSN 19952732 (Print), 2418003 (Online)
v [ $69.715.002.68
DOI: 10.18503/199827322025-23-4-23-30

Reb[ (rJfl1o 1R vpgRRJPL[ VLY rchJl
R #duvtursflzm Juwm{IJArRLRLILLL O
rICRH11I?1IJ¢1Rc vlR I r{i¥g L rRY 1 {

udHjd ded S lE@cdcsh. RoOdzlso vzSldiz fi jLekE d

wdBdtemMCd?2 WjHjtOd d 2 bkddojtmdljlk, stOmdswins,
Y OcdzdlssetteMSd2 etsmizuOmise j dadal QRBJF&WHQQQC{PO‘ZMBEQHWHQB w5 fnd

0 edzs s O @Y OB SISCO dzsor 8 kjodsdsed? (LElsto dzj dzd¥ H dzd dzdzts &3
olstedydy & ShhitsHse Od* Bddedjor i M kzOetse, dMSd yos hign §ted
Odz' dzgs2 L OHOY] 2 sj s Ocdzzd ig ] v jshpo0s ' dfv ety o sy [KBCE B i &3 Y dats
Hj dzjdm{s2fmise HjWtsSteddso Odgdz’ R kW OBtedS Otse L Intsfeky Ctso
fMlsOo dzj d tjLbkd O dhhmdjHse Odzd?2 MismMse0 fsdzyj ddy §ikzl
Mfez® 1580 f) MHjtey Oddj & MCOdzHdw 0,12 &OM. %. 1 SwOyjmlse.
¢dd (BtedSjbdisoOdzdj), GBLOBGKSd &jlOddss HOodj ddj & (4§t
dMfsd Lo Odzd j &3 tOL OB fsls O g’  Sim 1 tg Bts Hsjj Wn ettt B dEE As-2 15 Biife O B
o' R litsHBe Odd d3ddzedj o’ 7 My zOetse fteso jHjdd 1+ CMijteddj dal
kdtetso Odzdz’ 7 L Ocsksoss  CBEWYjcEts fjMifce Oddy fkls€so HJ
di dets, ylsts fosydsfmls! fobklsCse §ofd csewyj?2 L Chsekzrdd RO
370380 10, O f§d&Ombdudshls: L dOoyj d@06&d ©OdEGsRd ks odksr s dy
Mos2Mmlse it Mince Odzdz’ 7 1§ tolfls SBac b agsy s  ddzkays Cafe y dpsfisls s das ¢
feso jHjddW fodkjykssyd & sShydess. {OmMMudlsodsy d 1My jtd
Zs¢d HJOMBjIstesds His T 4 &B@RHJoz) disdB) §FREZEYSMHEd] Mot Mige-0 fts
deglzd i MlstekSbb' (kW OBEdSOtse d dqLHjdd2 dO oMmj s Hsjr dsd
CqrMMmdzj Hso Odzd™ §SCOL Odzd, vyt feSesdstO, {§sdzyuj ddor JL
fejhi Wodv jd &3 ¢ fMoOtsyds?2] GREEEEsE | gy j 1©ds &Y dzd g b O &8 &L o
ZO Hdv dzOf &Z@e Cd dzO0 ftsojhndesiils! dLHjd&d2 ftd tj OddL Oydd C

sdzs yjor jOmmzgs@o dztsy g tf dzrual G H fipsdetiz )y ¢ Gdzy g dedpifeiz@pti) ¢ O dzH d § d,
f tcj Mo ©da W izt § ts gk GG P o 52 gl 5 O dzdzO

t OBtslO o' fsdzdzj d2O0 §Jted WJdzOdzmtsats?2 YHHjYCj tsMMd2MEs
WsdzH O dzOkSd o tc@I&KBROEB3. GttOdzZsO -~ 25

OudHjdz dzd CBOJ t@tsa .1,. 1., ROOdetse . 1., vk¢dadH . I

[ &z ydlsdtetse Oded W

RMMdzj Hso Odzdj Isjrmrdesdzsedd fdzeyj dzedvw ftetsosdzsCd dLim-Mistelzy
fsdz L so OdzdY 9 OHH(JMudondpins dfdiftischL s Mise R O . 1 ., Y EGdc
6. R., [ BYDIdipmMidsd [ Ottt dsmkzH Otchmisrm.)jszdscts |
fn s 9205. u. 23. 474, 23-30. https://doi.ordgl0.18503/19958732202523-4-23-30

ag F T£aa
C Ba
L—ms_

s tsdzlsy Ay Is if fsgedzy j dalrehtiv® Commons Attribution 4.0 License.

The content is available under Creative Commons Attribution 4.0 License.

www.vestnikmagtu.ru 7 T T T T T T T T T T TTT VNV TTT TV VTTT VT TTTTTTYTTTIVTTTTRITVNTOT


https://doi.org/10.18503/1995-2732-2025-23-4-23-30

s MU YL RR QIRLDBRE RYDARRL L (A NL30W [ I ROLLorm[ [ [ ]

RESEARCH ON THE TECHNOLOGY FOR P RODUCING WIRE
FROM ALUMINUM 1580 ALLOY CHIP WASTE FOR USE IN ADDITIVE
MANUFACTURING

Sidelnikov S.B?, [Zagirov N.N.}, Ivanov E.V}, Chukin M.V.? Bezrukikh A.l.%, Lopatina E.S*

ISiberian Federal Universitikrasnoyarsk, Russia
2Nosov Magnitogorsk State Technical University, Magnitogoralssia

Abstract. The development of new technologies for the manufacture ofleomggh deformed senfinished products

from recycled aluminum alloy waste, which exclude melting conversion during their implementation, is an urgent task
of metallurgical poduction. The objective of the work was to evaluate the possibility of obtaining and properties of
deformed semfinished products from chip waste of aluminum 1%8@y. The research results on a method far- pr

ducing rods and wire from chips of an expegirttal aluminum 1580 alloy with a scandium content of 0.12 wt. % are
presented. The main methods used are powder metallurgy (briquetting), metal forming (extrusion and drawing) and heat
treatment (annealing). Using the developed general technological stdretime thermal deformation treatment of bulk
aluminum alloy chip waste, experimenttudieshave been conducted on the technology for producing briquetted
blanksand hot extruded rods with diameters of 4.9 and 6.8 mm from 1580 alloy chips. It wasHautige strength of

the rods after hot extrusion is characterized by values of ultimate tensile strength38@BKPa, and plasticity by

values of elongation of 180 %. Such a level of mechanical properties of pressed rods ensured the possibility of co
tinuous production of wire with a diameter of 3 mm without intermediate anne8Bliagving routesof a wire with a

diameter of up to 1 mm from these rods have been calculated and experimentally tested. The mechanical properties of
the wire were determinednd the change in the structure of séinished products angdieces at all technological sga

es of thermal deformation treatment wetadied Researchas shown that the wire obtained from 1580 alloy chips

meets the requirements for welding wire made of aluminum alloys and can be used as a material for surfacing products
in the implementation of additive technologies.

Keywords additive manufacturingyulk chip waste, aluminum alloys with scandium, extrusion, drawing, wire, metal
structure and properties

The research was carried out with the financial support of the Russian Science Foundation and the Krasnoyarsk
Regional Fund of Science under grant No-12620133.
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USING CRUSHED SILICONE RUBBER WASTE AS ASOFTENING
ADDITIVE FOR LIQUID GLASS CORE MIXTURES OF HEAT -CURING

Leushin I.O., Vakhidov U.Sh., Subbotin A.Yu., Titov A.V.
Nizhny Novgorod State Technical UniversityanR.E. Alekseev, Nizhny Novgorod, Russia

Abstract Problem Statement(Relevance) The article describes a solution to one of the urgmiilems of foundry -

ductioni the problem of high residual strength of liquid glass mixtures oftedatig. Objectives The research is aimed

at practically determining the amount of crushed silicone rubber (CSR) waste in the mixture compositied feqié

effective softening, and the temperattirre mode of heat treatment of the cores to reduce the likelihood of gas porosity in
castings and maintain the main performance properties of liquid glass moulding cores at a hifeseiteBy testiry

standard samples, the best mode of heat treatment of liquid glass mixtures containing CSR waste in their composition was
determined, consisting of two stages. At the first st af
for1l5m nutes. The second stage includes heating the cores
The tests also showed that in order to obtain the best combination of operational properties of liquid glass cores of heat
curing, it is necssary to add from 2 to 4% (by weight) of CSR waste to the mixture to reduce residual Stheragital

Relevance The introduction of CSR waste into the composition of liquid glassdueiiy mixtures will allow the prod

tion of cores with high strengtgood gas permeability, low crumbling and residual strength.

Keywords production waste, core sand mixture, moulding core, liquid glass mixture, diffi@akdown, softening
additives
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Table 1.Compositions of core mixtures cured by tatage heat treatment with the addition of CSR waste
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INFLUENCE OF ELECTROD E MATERIALS ON THE Q UALITY
OF THE WATER TREATMENT PROCESS

Kopyova M.A., Ostapenko M.S., Tveryakov A.M.
Industrial Universityof Tyumen Tyumen, Russia

Abstract. This article presents an analysis of electrode materials used in gisatsdh the context of quality mareg

ment for water treatmemirocesses. Three primary materigigh aditanium, steel, and aluminuocommonlyutilized

for electrodemanufacturingare evaluated. The study includes a comparative assessment of their corrosion resistance,
operational stability during electrolysis, atahgterm performance under continuous electric current exposure. The
focus is placed on examining how these factors influence equipment reliability and water purification qualityl-The ana
ysis revealed that aluminum provides the best operational statitit the lowest standard deviation, making it the most
suitable material for electradgr electrodesAt the same time, titanium may be effective under specific conditions that
require high corrosion resistance, while steel can be used in mildly aggressivonments and offers favorableec

nomic characteristics. The findings suggest that selecting the appropriate electrode material significantly enhances the
quality of water treatment processesl dhe reliability of treatment plant3he results presésd in this study will be
valuable for further advancement of technologies and the development of more efficient water purification solutions.

Keywords:quality management, water treatment plant, electen)yelectrode materials, titanium, steslyminum, co-
rosion resistance, electrolysis, experimental research, mathematical modeling, process stability, material salection, w
ter purification nanotechnology, statistical analysis, standard deviation

For citation

Kopyova M.A., Ostapenko M.S., Tveryakov A.Nhfluence of electrode materials on the quality of the water
treatment proces¥estnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universiteta im. G.I. Nesbtwik of
Nosov Magnitogorsk State Technidadhiversity]. 2025, vol. 23, no4, pp. 40-47. https//doi.org/10.18503/1992732
202523-4-40-47

19 jnjdadj dz_rdzl;W dZtSBgJﬁ]lIJuJ dzd W QQqurJlsaO dzj

s dz! s n W
Oodzj dedj COuYJ Mls 9 Gy‘égs,gsaw dm“%g‘”%@fﬂ* c‘figzoqﬂ;i,‘h”,z
BHEE %&i@gﬁ? ¢ ¢ H%Q%%e&sm@
woW 2 %mo“%@%% ‘Ez‘%faﬂs%dzw 1
m WS BE ¢ s d

c
o=,
&

dz
e By
f Clstster - ' 'dsds Wop dzw ¥
SBBtclzH 59 ogzq[%z,, éﬁgs@gsdcdzudzs%%tﬂ tGLk”IlOE? '; liste s H dz" R
sl dz® flsOB ddz dzsfyls! 0O OB BLUE H Kigckd SQ%amqm
s¢d oetH' . [Hddd dL I i@@gyd%B&qW@g%J i mssq@t
5 e ot i s Of D O "y O dhf sd sz dr 2
MM & CesddL O oaBH" g, dj bkod S ©BJ MY
Vted d3j dgj ded j Bj st5H O 1+ dprCAs g S

11
s

o
3

72
Q—

s @q ° :
MsOdsEYBjls dhmfsd L5 Odd ", SPbe i LEAES | i, 1ot OlsO ¢
5B &ZOHOYls o' MEC 52 sznlsts?dzjag_s@dsiffgdzsc 84 ahg@ _terugts{“g@mdz,zo”
o jydetsiis! v o EfmMdzssdvwrs Mg WdSZOBTSGH‘Sod%d%JQQ BUsts & S dPazy | Is
eSLHj2MsadY. swdj IscE- )iBogh ey bE@FBE" &z KOs
lstesH e WzO§ dzy tBls dzO *WWJQ'SE@@%EJ"U'S& Gad BE &d 2 Hazw  da. d Mt
50¢ ¢0¢ sl dR Mshksw ddh-L OgdOdesMESBE § 2y deihs ' nio8 S Wit h -
e, BOLdn COC ©MOXYHJ d]l LSO 2hms 24P T Pt O€ Bl d &
dv s hde edhifmlse d wHwleds- ngdhd Uddriide wed e hd dg 4 " g csde da
GNREHYN ) 5 OSH) Lz C bl d: g ddnads J B HORE s | b B ¢ o
ftcd HM&dIJ d dz@dgqqﬁ]qtdzjzigus@st%%J %Iﬁ;a% e ] ts B 4salzH RO gzd L

dzf. fsHo jtoe O Isw  tOL lz" §f éadpf, | v t%fr]gi,tsciqs rthSLﬁjj-'
Nddde dma 1 WW]Cldodesflsd jd, &A

: nZHdoc ¢coc
dzds COuyuimbea O Bydmiscd oHH g 4 lsﬁt_ﬁ5 t%gdzfr}r%'O@B

@ A B § ey

d3j dzj dzd § BOIJ wdOdsSe, MoGARHIEYO ‘if@cﬁéﬁ”@'d@s@ ¥ Udsedid 0B ts1s ¢ o .
Edzq’ls; dz' dzgscts  otej d3j ded 5B/ mﬂér‘bﬂNa%JbOdz Ls%gla(azl 5B wesslse
~OBOCIjtedmisdS. fdzj SMde’ 2 0deOdzdL s steg syj MS d

UAYATYAYZEESY daT1 @ g g = To | 4 1 (0 Y I N I Y N Y Y 7 g O A O



s MU YL RR QIRLDBRE RYDARRL L (A NL30W [ I ROLLorm[ [ [ ]

& 7" HOddz R. | dMmfdzj Hise Oded dr devO i CdeStafd ot O Wisjfifiwls d® @ifs'ds d ¢ dz,
shdatsodz’ § Ikistjisdul Nedi n-OffspDlszd.j dsiesOL @daagdz] = fls df te + dzj €
fsd LsoOdzdj di3 + dzj ClstesHise o Mizestg Qg d+ &g Isugs & ¢ G M dls B 6 d
d tjLkd OIr 1 ¢MmYjtoddj dzls Odig' dids Gz’ dij " IsdQftdH, " . & A HJ
Cwlstste’ 7 B dzd dL EZyj dz 7 Ots O Cusjj el jffdsoE jof € 1l L izt uisfisoinr g -O dzdzts G |
BOjdOdss, dn (o jH]jdl] Mizpd sy db fzts g Ddsy Hige 2  f sHA
fsodd o kfdsedwn 1 dzj Slstetsczd j @d totso @da Jz dz' fltedelsyjj fidp@s ots iy dzfs B 5 d )
fsdzzuj dzdz’ 7 HOdzdz 7 BEHEIS H@ME Istddydedads, dzniP Yy o j sz toOL dzd Yy«
o' Btk OIS jitafjKoEcEsjHipth] Ud o Ok Odz, MlsOdz' , Odzéddid dsffig dets o Of dists
stejBlj 3" 2 Ektetsojde fisOs d dz dds fgsido jtddsedss I dFPis @ ag@d ug MS dn L
COoyjmsets tsydmis<cd otsHT ~dBdUiMEdy tjoScydd d Wdgt dud M
] Oy dzsfyls:  dMmfydzj Hise Odzd v L @S gzs O ji lsthj S Isdejs ddef 15 tz'kS t 81 L - [ dzv
i stejlsdud MSsd hd Mdj ddd dduedstEo ¥ GOk SeEe dmk® Hi | Clsdo ds
Ldzj SlstetsH 5t tc O Wtisd wfj Mk s tite d o3 Bz dzd Y § tetzr 50 Odzd ! BOK § BOIs d y
UJ dedz’ 7 HODYdzdaS Rl idsd L Oy d d e OR Hls) s ojddsusi vty § o ydmdzjsdv,
&' 7 MsOodyd?2, bkdzyhjddws JrOoR.s@eGd iy MdcRokddsd YdLduj me
Isdo dasfisd d tBiMmfjujddy o usKaRd Miglsjuf fnddl 23 Odt@Es@did ils d yj
osH’, Ykt Mismsemiselzjls 8 j0ddddddbdissd d Sodse d Wegtssz +,  Is
o tsHBMdzOB X j dad ¥ . dzjg 4 L dzOug dzd J , MlsOdzH Otelsdels | SIS
, , ulstSBf syjddls! L B@cdOE@E 1B dztcj € C
fobjtedod d &ibsn" dnNnEydH) q%iaﬁfd”. rdzv 1 lstsets dator dets &
[BI jCltsds dMfdzj H 5o @dafrC +vaflpv | B d3d goded & (o dzO" j of whisdzlz 4 O
stots H ts) S Is to gl deyaf@l tsuq’fnlscq’*gfﬁﬁdmdﬁgi]ﬁzﬁﬁ@ HdzZV COyHBEt &BOls
qd szr_gdztsaq’? tc OB ,®Is ' dzONdB s [§dfiyg H Delc Nagdl B it S imY] jdte d kisizizBIs ¢ Is
fsd LEzslsfw IsdlsOdz flsOdz qudesgdsﬁdFmddi@dudmqundu IstefdnL 2z dz' |
®OIls j ted Odzts o 5B ZOH O Is b dzf ¢ 0P 2o EPbiHd
ndBduj MSddid fets2 Mlse ORJ,S - gtslsl@]t&erJHdZdetqvt udz@duw Wwpemm"  dj Hd

sdo detsfipsi MMf@tssydmisSd otsHT .
sdlsOdz B' &z o' BEOdE o C @) M p=f erie e i Rdae [ arie
dzseo H dzv (i) dfjifCots@idzdfive sz B dzOH OJ Is a'5fr]

Ct82 CttotetsL disdedats? M2 C5Mis! 5y s OB B B#EY Bisis ¢ &’@dz%&ﬂ; BO M
Yylsts HjdzOjl jets dHJjOdz dg'jdg Hdzv d M lj’tsdzlLtsaOdzd

BOr oBHBYdMISSC J, GHJjtc@udd 3 g&”@_ ZQﬁZH B 5. 321 +
J

dz" | Cdmdzsisr , mMsdzd d Htekzedj nddsd y ngq’J 9 J flse O.
sdlOdsser j {dzjSlstesHr dagjels o t(szﬁ@dzaw)s (JdZBGS B,k

fpdzzy B  MlOBddz dzzé OOk oy J 9{2 S psCdn L

Yd dedw i dzOff tew 3 j dad W, Ylsts oH § 9 o ' LYY j-Qls g

dzr &d o Htetsyjmmj 1 dzjSCltetsdzdL @. [Hdz2OGCEl drn o MsC Ow

fls s d d3ts fgtts'y dath fn) i) qtssqLastqlsaolsggztGOdzduanBls

dr @OMMBets] f§toddj daj dzdJ . i e LdzOqum—)y @OMM"  &j H g
LdBy 0OV MmisOd L @ @bl %%zgz dzts; OtQISLQCkEﬁSdZJdZdJ 0

dzsMils d H Odzdzts G 5 Is W30 ldnSOFD dzOf ts H E%Z
CstetesL dd, dO oM xJ t_rctecfdsﬁf;u
Misj BO~R oBHBBYdmMis ¢ d Bd&ZOGBH O

EgO c{; B4 Hd
sdze 59 j fndzjdi OGte] szfn
S e ﬁ%ﬂ%%% gm o 2

ds 6 dedzr o3 maHoJcmmW@ouzﬁJmBzﬁzS@ls arfr]tsQISQ fr]lsOdeZJ
;&f@yﬁ% -

o

MtetsC Mmdzzy s -15@tc@dzd YJ dadztles

fisd ¢ CE®EBLO]O djdy nj Ul SGtGgOlsdat:dz?dad{SquTS ]

By jls fnlthﬁ]lsaledxdgglgrw@qd;m ddéJJ zgng?Z OJgs fUOOd_Z
(4l TSR G, (B L8 e B0

fisd CBEEhj2 fesosHddsmsd. % B & @

Odes s g2 Bdj ) §BHS ) B, & ﬁzis%é % %ﬁgz d(zc‘szgdzqdfﬁ

sqlsOdssds, j o5 qMysd L 5o Bdad ] ortetsu,;fr]fr]

&5 bhmsOdssC0On disyjls B! g % b H &JHgBquL

L E L e ot W b B T He
ud H G 4 H, , R

HEdG 5o | o dij€ds dob dzts s d . fnls d3 “‘S "2 dz(&“ s

s
Sl
%g

2728 [ Y Y N Y Y O I O IO R W 1 S 4o [ WA S RV o O I R A C R



stsf! vy 90 [Mis¢Of jdz2& 5 [ .., U
| Olbj 8Ol uj ME 5] d3TSHJdZdtGTSS®dZ€MdeZﬂ@SuJ fmtse

Ldzj CSsteddedfsy@ g C IstesdzdL © B BHT LOGa 5
shddsd ojhjMmiso Odsqd dstsy dzts oSy qmoslcvhﬁq—édﬁm% 56, 050890
dzj dzd 2, smMdeseo Odede' = 20 L ®Gtsdzj A OO Clstster 2 Mo
LT 90l Cddyuyjmbses o Hjdzj ez s j Réfd Bl 80 2 o tfeldsd o) Is v
Misotsdg + dzj Slstedyj MEsEts LOtQWw@t%tG(BZJdZJﬂ s i Jem
_Mit o
- nF’ (1) Cl=M %, % (3)

G HYT BOMMO o jNh jMmlse O, sfHszWBﬁqu Golofgy: d20 1 dzj CstetsH
GMi dsts dzj C b v te dzOW (g0 fytaizingd iFO) fls b O

s 5O 0 16 g 3" | dzjfifnls G5 dzd UPHFlse 5 1 1k 371 02 776%05 2371 0702
Stetsdetso, EyOMmlsekzshdn o Mg OCydd (H&W C@HHBEES o]
MlsoR)f;sMistsw dzdzOY A Ot OH) W (96H415895dz,§dz/ d31sdzJ

[ dzv tOLdz2" = bdfse LOcwYL ddlsj dzj 2 osd 434 to,
Njdzr 7 BB sOdzdzse, e Oded Q-MC d A Cla§3h5?;‘ﬁ¥4§66m/— ts?%ﬁﬂzopf%a
dzdj fwsetsHdlsmy M EZyjbtsd Jn ”dd3du4fn<+‘d Mo s2Mmilse, yYlsts
foLosdv jls ftjHMSOLOl! dn EZzuokEjdHdad 2s L s dmditsmisd tsls
otej d&3jdzd oewLH]j2Mlsadw d Mmddz lstsCO 0.014

#dMisj O [1tcOo dRjdedd'? UWJW%S%JG%ZWG—@— 23,71 0,02

9 Cdz¢ yols' Mmdzjubkehdj HEftdddlsjd d j Ofnf Scsr o _
i ZteOo dzj ded ™ Hdzv tOMY] 4O u’diztﬁ]sldztslsnt%dq’ BBls jote dagazOy sB OMY J ude
o jtendzsisd ;4 dzj ClstetsH 59 Bdadz dzsfls! sy MmO MO HJ ddW

i dBsHjdzd, kZuydlsr 90 h djs -nudwinds Qo' (fesPEIsIday MSd Meaf Odzd
hdr odhifmlse d dn tjOCygs Jdks Of @D Padfdls & &lzsis@, 089 %) .
HiS® bzt BJdzed?2 YCONdE d&ddidiydd

iZtcOo dgj dzadw, kydls' e504 @l PRI OMIHO IO d MO 2 L Cd2 H
d pH ttOMmMsotOd dO0 Mitswsmis' JEFOEYPH, Ut ECOLT 9 0jids- dO o

] ©O®BSOR ®*Olj BOIdyj Miccesgeh jdesehhegdL s ddsiis! tojL
Eudlsr 90w Isdf + dzj CltetsH dasadts OB & d @ded dafl v j cBO IsfigBOIls d y § fr
osHddisMis! , yYlts Mizh j Misog -dzd@ez @A jj &s" jdz@ dzf § G BB J MY Jy
dsmls! fwsyj mMno. Ctdzj BOdzd ¥ yBOfgEs2 sidP Hd, ybts +

bos ot babsh owreul nRs e

tdLkzd sO™ &OIsj B3Odyd M¢ Bs& W Y ol B uJ
RMOGHAE Y jtod i3j dzls Oz dz' j H Odzdet PMUd s CsetetsL dsdzdets? Mists2 € s
sttetesL d sdzdzOY Mlss2 (sMis! BOI tod

[ Ok tec dicj Hdgww dlsOdzH Ote MCttesfls! ¥ CwtetesL dd, CBBEOW ¢

i Hd, Bls¢ dzsdzj kO j d@uaclzh Oj smw o Yt Hj dzv d

s dlsOdz 23,71 0,021 (dziofgdt:ddsjzte, g teegﬁsil;]-tstsi *m;;iq@lstﬁi
so dz J OOdj ster s

4 ls O dz! 23,57 0,021 Gy Mlss2 CEsfls: , b d WOs ks

¢ dz¢ d3d dzd 23,61 0,014 isCttetethird S, Ctltte’ - ftetsls

tjL (o jtndshls! &Okj OO o
[ OfMuY s € ¥l dyqy fdased LooCeaddaifidts s distls®  C Gibs & o Ldzfsds dzs fyls + Is 5

{6 W6tdzd OmMsyddetse Ohdzsc s ] sy Misd
L i MC CE8igEl ¥ ddne S ©OL ekh
CV =% gD0%. (2) BOLjtedOdzO ( dZOfteddijte, o GCd »
& ¢ [ ©OMY 5O MCtthisd QS
54 1s O &0 d f§ & ta dglz cztz
o ~ Y
_ 80,021 . v, o= oen 0 4
Ve 3@0% & 0886 o = (5 )
glsOdz : dlsOdz :
20021 & v 8¢ C iglesLod dkd
CV:a ' &DO% @ 0891% [ sdzj C Iz dzw tc dzOW M &@8308)5) Oc Mig® dzg
QE§3,57+ stsdzd yd Mlsoe s 1 dzj CIstetsdztnes=2.H dzv  to j

www.vestnikmagturu 7 T T T T T T T T T T TTT VNV TT T TT T VTTT VT TTTTTTYTTTI VT TT T RITVTOT



s MU YL RR QIRLDBRE RYDARRL L (A NL30W [ I ROLLorm[ [ [ ]

) Sflst™ dzdzOF=1NOBOAFE s/ Bl | dzj ClstotsOdzso lsg, MsOdjd j d

] dzsls dgtsfls ' 8nds Oaldfngs = 7 or j; .
4CBtesmis: ¢ t)is@EAPISIS HC@HS/GBHdIid]Z-J Q@bistsdzlsd/zddzls: O ste @Bj H (
B . 'LI w ; 1
gdtszgdsggzioim5q¢g¢ TdmMssyded ¢ JdsOdedw M ] 6lzdzd te
[ sdzj € Iz dzv tc 4@ 269 BO figfy Ats dz (10; ¢) o 2 200
ssddyjMlsets + dzj C Iststs datsns= 3.H dzw It@disdz g*zlstwlsma dadqte o gzw(sh 0
l sissWY dzdzOF=NOBOABH s dz/ d3tsdzJ wco . tGG LtGO oq"te
] &zslsdatsfls: Od? eqatddyazy = 4 C o dzwwfn a,;@_ﬁdzdwds A LOc e
RS tetsfr]'dSTSLc$c(stGHde0GDﬁz‘F3|3cfdgdB/NGt§ﬁ’JmglsHthSHJd'-‘BJ Jdzdv  BOMMr  dd
v dlsOdz ;
OBy jtodsjlste d otsd sdjlste Hdv
v Qtslgﬁ;isO,ldoﬁz,d) . dzOIItGW>|4 q’ o fsyjMmmj {djlfhkets
[ Sdzj € b dzv tc MA@ U7.8BO figfh @ts dz BHe s . st o
sddujfise s 1 dj ¢ it dames 2.1 dav e OE R C%Gﬁamtéﬁs% : :
deyd dzlstcOydj ?
I EMissY dedzOF=A OBOAFE 5 dz/ d3‘%efg 59 t5 5 & 6Bj Hdzse Cbf SO
1 wssdsiis! SPBO@D s = 4 fls f ddzq G0 Oacs? o mH T . B lsts 58
dpeeshb, CEULSMBI D G O iaE: < s EOUdE gl -0 ©O
W o O i et qusJqum%i% A lﬁ% I‘%%ZSE < b .
a3q dzd d d 5 Oldz0 1) (2 Izgz_ujs '1?.\° ® HeashED 1Qfte T
ojlsMmise j dzdets d ulbts di3OlsjtedOdz 5§ if&? 1'” B ﬁf.‘;o? LyPie: s
z iy BadW: OdeO dzts ¢ d ydz' n KU@@&B@% Jg jB“n& mw&@ﬁ%@; q dzj
dzd H az'[12ls O dzg #ZO S 5.0 (6] jtj ydsdt
6 s cid cad 2 csgldsi s ME SN dgﬁf% a5
fr]tGOa dzj dzd® . ) Isd s Odzts o3 O Q% @ip0jd Mz
vdlsO deadz Jsfmw tyj d tqj d? Es 5%(53@ %da dzls O
Ods B, dags ® H Odzdzts ds tQOfljuyLs g B 2 3
ZO" 5 kSO YR )iz s o s w2 "o TS tﬁ%z dz 0 (2
dz3d dzd W ltedyddz0 { stsets By s ?EEJ fg; Frs] h% i c%q &t d
B d M bdfsd +djShktsddls AP qg@mb@dzmge
tcOL dzsd3dz 9 5L HJ (SZS qoy d

]

2
tdLkd sOIst Is j
ftotso j H] dedetscts o3
d

4

Is

sotso Ols! az0
S0 0% L ne o *W“;@ o
4 LLJ “zqg 9 )
L o 1 i *“”'@&?’5 e LR

O KD uc&y%lﬁ% ﬁ? "hJan,sML dzo {

zw
[%]ﬁ . 4 HtS:f_l 9" H
W_'

%t(%%él%df@ AOKO

stso W@y dets o' H
l dzdwdedj 3OIs
fesyd MmO sydm

q: a0

i vdlOdaser j L dzj SlstetsHT fmF Jﬁ@%% t@ S
ZOdBtSd ks 1 %W,jClsde daslg - K

qe jSkdoaent - g ek gy ‘g

o

kOddses d BwcOdduj msdn AN

(oL d s dzdzts 2 mhsgcsmbq q mbquﬁlusmmm JMJ@%&

e LR T

s Pheedsdson ded ud “aul\n|d31sdzﬁ(ﬁ4 w"tecgz%‘*w o T &b bin §
TulbOd d j | dzj StesHr , daj fHgedeewls %(@ﬁ% h%&'&tﬁmdz;Lo ('

Mssddshl: , feshj Gsdhstdtsy BESUL BB SRR ERa g Euomise

GjiLEd SOLT 6 HEdkEss j ydsmddH Bcé)aﬁsﬂzﬂjsm§‘3¥ﬁ@$9‘ﬁ3 té LOHJ

odlsdjd CowesL dd, dulsdss fifisded )j-¢

Cd M Isjujdedjds ote] B dad . L EH WBGSdZWJdEHOOBde
Todzs s dzdjorj L dzZjClstesHE- l]’tsQ(DLG)dchG.15 5 é;

YjlsOddj Himskzfdshisd d Y¥¥jSlsds dis mm:f f slste

Bso Odzd Bdzjj Mstsctets C(Bdstsdy L0 2MY ¢z ok oyd s dd

&g kfdse dw dd, ylkts' &qddBdL disSeRisoL S LeEo @ ‘
d;‘dgdz)ﬁéq’d;q’tsddgiodzlqudzésldzt;Jg]zgfd?ﬂs{ 4 od bqp@ﬁ@ L d§{ & fFfﬁ’] d34 H(gtsmng

9 4 L a3 o] W oW

9 BHT Ml oL dzd ydzr 3d {dZJCBIS'[GTSSH %%E%éong?z& q’lsOdz

Bdded2) d syjd€j dn Mo tS—?fr]lscJ thchdz

mbEICEnE:,  YusosHdGEns ) Baging dzw, é@a%q@qum

aJo[;t?tl;éHotsaOdqu: § &0l oq o dZJQlSIGISHO traOfr]fr]uq’lsraGulsfr]w W
i 1dzj Clstots dzq sty defgloiss Otled € z dzq to s © Rt Ll

Mddr bsCO d otjd3jdd ©LOBSGI' ; R="1 (6)

/0 Y Y N Y O A O O R W 1 S 4o [ WA S RV < T o C I R A C R



stsf! vy 90 [Mis¢Of jdz2& 5 [ .., U

CHYi ZHj dz desj Mf el dbidjddddigo &G ls PO/ [ ds
BOj e OzAT § R OWz) § 5§ J to] y dzts Oy R dg®g8 D [ o
(0,01 &) . (s HOMd j t mMtftslsdedlz ddd

totso Ols M beyc¢d Lwjddw L W¥X¥JCIs

d
0
[ dzv Isdls0dzo [jdhjj Mofteslsde djddj H-dzOoyoj

_ 0,0000500,2 ) 01140 g Bsiis:  d, dgiislse Glsbr (sl
0,01 ’ - %EH% ISJII%Z%Z uoitsglgw)l&izc? fsted o j Mls
” By 4 Ldzj ClstesdzdL O.
rav misodd (&Y 0&OddLO & sty &5 £OMMNUd
_0,000880.2 01 sar dsiisd, dnfsd Lkzv ¥ stdkdez
0,01 P=I°R, (7)
rdzv  Odz¢ d3d ded v ) . . y :
0.00002650. 2 H PiBsh dats s Jj 3@ 2O M iskisls d o dzj
Ry==—(oop  00052[ MNddzO bs{RIMEYBeE)Yo dzi ddd [ EOJ g

G ' silsjte s
It otcjdw Sy jtod d3j dzls O B@%S%ké;gtsé%ﬂé'dzcbdi‘) WTQE% *5%30?31 Jred
ZOftewy jdedd d ItsS Hddzvw CONH lgs(g’ 4dz;§lstet5HO fn
Bshi1 s ORYjtedjsed d 9tsdzltslso34lsts(g 6; H O dzdz’ j sL o
v s tsy§ @y Isd L d3j dzv § s mw deS]’tQWdezq’JTﬁl s00114, @&%L
yjmmj L dzj SltetsdzdL O Hdzv C OY H 5648 FgRls § e O dzO.
1 sMdzj L Oo jteh j dzdw 4£fr]¢gteq’d3;dzlso cggghwg 1
Ps te

stesH BEHjl GhHEslse) d dOs-dz0ddud | %178q§6|§di5" f
oteiyHidd?2. [T yjddd fnlﬂs}Usz*q;dz@%'q L;Jdd HdZW COYH
s BOLjtedOkO, yYbt foBEyjls o dZ‘ ddez
HsdzG 5o j ydgsMisd { dzj SlstesH o . 000 @052

[omMMO ®&jHd, ofHjd'EODW Y u@@qé},Oﬁ@u@Lsog, fslsjted Bsh dats
2y J twOmMmudsodil ddOthkds ¢OPKkGEJOEE? MmdjHnkzs h dj:
kOl j ted OdzO. _ . ilsdlsQua 4;01 Is

Cdzj Cbtedyud ME sy Mfteslsdo dzj dzfijis 0dz 8 ; Ills

ilsdls@ip 114 [ B i Odzs 3d dAR2. DIs

imso@178 [& RL 1ldhn HOdzdz' 7 o dHdzts, ylsts
T Odze dzd 8fQR052 [ 3. dagj ¥l d3jdz " dj lj'tslSJthf Bsh dzts iy ls
T dzv OdzOdzd uf & daz edizdst = of - R B &zO 4 5 M .'ItGBBdZJ L W Wg jSoisdi§ve o' otgd
B3 dzls O, By dets  d MY sdz L t59JOIs Us tg HakdS 6. flIFdzdelfisOlSd dqU f{ted dzv Is
me¢ds d O] BOsdUI M dn d&isiapgrs MEBBtcHbSod BgGEodN sknjis
flsttetsdadzs ¥ sy daSlz +WWjClsdoe desilsd OB &Jsazs&s@L ) fLEAZR L 50 Odzd W
GOl jted Odzse (IsdlsOds, MlsOd d Odzs d3d dad 2 tetsyj My
LdzjChtesdzdL ©. t OMdsls tzd d Lm]dztsai)cmOJolzqu s@@dzlzquzdzr" tGJLIzdles
HOGadz' 7 ) CtdCtejlsdy B yd¥Lodd: - o WY dadg B 4
9r_HJdZW“hJG_'TSﬁ”.Id3r olEdd MeO@Mydf QZ& dZjClkiesddL O,
BIJHT, orHjdvwvshizsihw dzO WOIs H Op SN 98 T fﬂL
Hiso . uvjifjt! fsoajHjd 0dOdYL, ! tsttSWJ @?M@E g r
Syj ddls: jet W %D lsaf & datislld 5 i deflz ¢

Iste s DM MO nmBjderd o Md » &OIsififed O (%
MU OO 15 U toBEdis A5G UOH jy Ongg(g
BiHd, orHjdshOWRY &0 ¢ ObBHON.,

e %Gis LstsQO
H%Q Odzmw tsH ded O3 JC[L d&z0 d
c: Ltﬁ dzcgwc wmmr

e%ss

L dzj SstetsH 5o q7fmtsfq:ts®a¢dﬂvts;lstjt§ _tG>1 1 ¢ tc Is s
ylsts ftetsyd My 1 dzj € Is te tslslrs{QL @Y, - y ﬁ” (g]lsjfn“ qgérdzls
B d2d d UdM&O 1 &j Cesdss, O % g
HO. 1 Hdv yjdtd 4WWJ(+‘[S§Z§ E]ls ér] qg;?fr]‘
sOCY § dzlzy des EZyg fls? Ht@'z‘ﬁefam , tS[SW JOng Bonojks
o sHddBsMis! d CttetetsL dw dzfn Htsdzctsfr]tstsudzr" ]

10 zOddL  dzj Clted ) MO di[;ta; % &%%ﬁgdzdzq’lsjdzl dg' 7 dfdzj Ht
tOMmMMmyudils Odzd tOdzj jozv fEtOPyteigseds » Mot¥ BGYjtejHI- 50
td OdzO tslsdzd YO Isfyw: Clzs antstetsfr]lsJ CstetesL dd, Byl HJ

isdlsQaA 1 04 [ d3 Ylsdlsj dz dgdo®dais@is ju dzv  d M sde- L 59 Od;

UAYATYAYZEESY daT1 @ g o= To | 4 1 (0 Y I N Y O Y Y I 7 - Y A O



s MU YL RR QIRLDBRE RYDARRL L (A NL30W [ I ROLLorm[ [ [ ]

ZdL dZr 7 EMsOdtse COR, tsMtse j datstc p M fipdnedzs orf v tc jHHIRAS,J oD diztEdsdzd 2
oBLHj2MadY OctjmMmdods 7 MmeifH: di §ghddIsELd s d.ls sy s ) s 0 jizzo | |
KOCY] HjBsdhstdiess OO0 dy-f sz KOs ddzasdzg fls § ©F dgp tap-tzfBS O
yjfmmj {djShktesddL O, HAOS sizsjips! M shisddtsd) sy dcshisd L @OREIsT
LdzOydlsj dz' dets fidePr ®hlali MCzs § o @Y diadf Bsfglis’O.L tsd3, Hdzv L WWJClisd
O dzs i3d dzd 2 f tetsH j dtsdzils to d o ts o0 jdEPsfodizoy Mt QL QR ISE d J s+ § MY dzb
kOl ft5 MsOBdd dsfisd: Jj¢tsyshs&sdhdd? dj oz bkydls' o Ols
BOMMr dijHd B" dzd B dzed B3O dz! dzsdgzlz & Y s M@ & dsHndsls | d3Ohiplg aelafjOsizts 0 , o
5 or MsCt?2 Iboydshsd d ME O sHszzdEsmjs\ydztom st te oy jiifdrgy jA ity ©OB
btesdzdL ©. mislsw Odzs G5teged DR o dpERjRis DU jR o' MsC 52 WHOGB hdej gzt i
feswodvls! BSd "¢ M dsddsfitiH§ s glsdlsisdkdd, & o BBIOMEPQ ks i H
ftetso jHY dgdzr 7 L Sy jted Bj destso Sctszdic) ff ¢z s\Qdss Y OMBezfilgs 2 j Is
Zzyh dd ;] ksySd Lt ddvY MsQdis dastls o rChsjsdzdr j dBDHIY ¥ dzts fiyls
Odzs B dzd 2 GtejHY sYlsdlsj d dzf o3lsdBO Isyjjts  OuRiBds" IsHIds" ORI s dsdzds o ) ls O dzq
9 Ldzj StesdzdL dz' 7 ftotsyj MBORG Y tliojH OalO pde@ntf g yid¥ Y@ MSdn Mmdzizy
Bddz detsfls! d d3dded 30dz dzOW 9 @te i Iy dseidzts ipls * i) =& jAVE dE tstudstsig d s dzdzO W
vOCdd BBKOL 5, O dzO dzd LO - fdeashipls)’ H Y fighsi® By Jf[figpfmdzj H 59
dZd2 fsC0L0d yYbt, dj MBsltY [d® doUsistg™ j ¢ts50 kzdawyd Y dafw ¢
CototebL dsdedets?2 Mlsts2 CsMmisd d- GdsHdsdsdadd2m Is'¢ of dzw | lsflp 26 B3 dgj 5B 0 SH
BOdz dz' d3 o' Btesd Hhv dMif & dydzsios®dgd velkz fisty) If Siwdfse 1 dzj Cls
d & bkfls@detse @@, dz0 fls OB d ezt digs@fsy j o dffuiad 3RGr sj o desdztse 2, ¢
@ZOw o OttdOldodatsiis: tcOBl’ .ol jHafj o BF Bk MK OF ydsaftsiPeial S S st
MlsOd dsckls B! dhYf sd Lipe ©OUD ez Ng § yd W qunc;qn
Efmzco VR, GH] 90y dzO o' MsC OV C(BKEKM ow 2 Is |
Odzs g dzd 2 MOy sfw dzyh des o' BB d ng@%qz S%Elfs ezt © B8
fiso O §tOCIsdud MCHdin Idftdcjdedisgtly fgiad(2 Stedy j o © [ . 1. UdUtSSfOU:&SﬂSOlSstG
9 jydesls!: d bydstsmls! OB rts;_soaimat@quwltsqujtsmtssf@;.oHpﬁ{q
sjtdezm iy 8Odzs kdz sO, 2018. 14:
1 OC dz¥ yd ded § 2. [Mdesor L dzj CltesndBdu MEdn dsdIst

RfMMdzj Hitse Odzd v , ftotse j HY @ade JEEETSQB@%Q én %&@WE&J{B quSfI']QIUBtSCBfﬂ

BiSlSr., fsLodzweEls fMH] d&ZOIs! SrSU LS?H WJ I%Cg 2 & thc@fndLs;lsO
BOIj e Odztso  Hdzv Misfls Os dz' - 3u@om4&4b%es*cﬁ%gq€ %@@Q@Lyq%%mggfm@dzdztsaj
Cdelsj SMisy EY§fteOodzj dzgdw  COUJ Mdgjoldsla d  gerpouijm Moo @défv  Hdzw MmO«
sydflsCd. CWWjClde dsils! S Misipsidudy ddesils b inle® s 1S y f Gtz dats fyls j 2
btotsHse dzOf oW Bz¥ o dzdW s Is 20 deg' b/ dz'Rl® @lst Is todstif ) =R s:Q -1 . [ .t
LdzOydls, &0 Bhjj COyjmket H@dliydsdétsroda®, fils@. Y Jj kzda
ydd etsHtssudhiscd. 4. slsthGtSLdW d L ONGEPsEy Is Ofidss s d 2

fjLEd OBr 1 Cffjteddgj dzlstso 0 %%du@@@f@ ISHVEOL. Iz dz!

dzj Mstslstew dz0 Moty orf MsC ks Ctsltr;td’ . eBm. L
GBI5 nwy o necE: ipEEDL) %@E ggiﬁ’gfg%%%‘ﬁwim‘l“
ded s f Odz® BJdedj 5. CIsts d3'$>IJ|S
dzd * Mess O ndezx s’ tSBtStG'ZrHBQGO |zuI|na1Al§'SKa§é&f c5t§ go}@n!ﬁﬁ A.D.,
00! ftod ftesjCldotse Odzd ds- M8, BHsR &, SR
' = MlsOdeyd?2. vijd3 daj &BJdedd fﬁhéﬁt BisHk GRLtafABIMS Procdedids B 5017 IEEE VI
IsOdzO0 o ftetstagdydniO (WIS sMY  EEam StatedPartFehip of Universities and Engerpri
Etotso dzj , Yylsts ftsHIse jtey HOpMY edptfHiZgctzahadziSdence RAteafi@ l9rthovalion
Gsfls: & o jets f5COL Olsj dzwa. SPUE 20172017.4. 199 202.

lsOdz §SCOLOFO dOdB Bd h ksl NS st hist s o i 5 BHEO drfzs o
ftej Hd dMMdzj Hse Odzdz R d3Olsf4thfOéﬁl§§Z®B J&B@fn@ﬁr&busmg%@ﬁ]qmm
p0Oj s dzO jy Hedkcse j ydsshisd 2 [ B?’é@ﬁts%
Hdzd Is j drtedgyd MMOR suydfmisSd. € st @«.t qs%r% @é%dﬁ ; 2 €
dzj sBRtSHJ @3 Ml Bisdzj J sh Ols j J OHzC
Haew | dzj ClsSteBH o , tstqudzlsqtglzwﬁ]J % y_/_j,;
d bttjBtoOdd” ¢ MetsC OB ﬁ]dzlzxsflts%tg 8

¢ dz¢ 3q ded 2, o fMmeat® Byt H9 »Zhan r{gftﬁl &M%ﬁ‘%&ﬁ&ﬁ%rﬁ&l%éﬁormameof
d2O0d dzz uh d 4 te nisOded 820 ldas K , A efey dawateased capacitivéeioniz

9 0tedOlsdo dztsfyls’ ¢ d SranQddSQ’ lfldﬁ?/QUn@llSoﬂEIéWtrﬁtaﬁialymﬁlmﬁmlsmﬁml
1 imBssstey dz0 jcets S dzsdzdetsls ' 895 ppSitsioRtsL d o dzj S Sltste’ A

AE T T T T T TV TV T TV VT VTNV TN VTN T ifylsidedi & T [iRLY U TePfibei Q.51 R BT T T



stsf! vy 90 [Mis¢Of jdz2& 5 [ .., U

10. Ktz R., Carlen M.
chemical capacitors // Electrochimica Acta. 2084). 45,

no. 15 16, pp. 2483 2498.

11. ) Jeuv HPRIAABSIcEZHIS Odzd j H dzw
v.1. [Bhd] ItcijBto Odedw. [ .
12. Fontana M. Corrosion engineering! & ts tg1987576p.

13. s M J 1. ststototsL W
fteddeydtr d 0O0ClkkzOdz dz j
1984.. 400 M
References 7.

1. Mokhracheva L.PTipovye matematicheskie skhemydmo
elirovaniya. Primery i zadachi: ucheb. posoljieypical
mathematical modeling schemes. Examples and problems:
textbook]. Yekaterinburg: Publishing House of the Ural
University, 2018, 144 p. (In Russ.) 8.

2. Zheiin LI, Amelina G.N., Strashko A.N., Voroshilov F.A.
Osnovy elektrokhimicheskin metodov analiza: ucheb.
posobie. Ch. [Fundamentals of electrochemical methods
of analysis: Textbook. Part 1]. Tomsk: Publishing House™
of the Tomsk Polytechnic University, 28, 101 p. (In
Russ.)

3. Rumyantseva V.E., Kokurina G.L., Chekunova MHD.
ektrokhimicheskie protsessy. (Korroziya metallov):
metodicheskie ukazaniya dlya samostoyatelnoy rahoti st
dentov vsekh spetsialnostey zaochnoy formi obucheni;ia1
[Electrochemical Process (Metal Corrosion): Method :
logical guidelines for independent study for studentxeof e
ternal study mode]. Ivanovo: Ivanovo State University of
Architecture and Civil Engineering, 2006. 23 p. (In Russ.)

4. Mukhin V.A. Korroziya i zashchita metallov: ucheb.
metod. posobie (dlya studentov IV kursa khimicheskog?n?"
fakulteta)[Corrosion and protection of metals: Educational
methodological guide (for 4th year Chemistry Faculty st
dents)]. Omsk: Omsk State University, 2004, 112 p. (In
Russ.)

10.

12.

) s5fls 2 §64z@ 0 2 5 ;

Pr i o-c i5 | Ferganaahh,dStalayp RDbstizbeaiyainauki © karbzii e | ect r

tekhnologii zashchity ot neyAdvances in the science of
corrosion and protection technologies]. Moscow: Ntash

snesfréplsi€, 1P80p2t5Hp! (In Russ.)
;6. & Ga@zaidindd A1y . dghdslnaz,0.Y2 Bardemans A.D.,

Tveryakov A.M., Ostapenko 8., Vasilyeva S.E. Redu

- @ 038 @ dedgtS gfipg the Risk pk Staff Failures. Proceedings of the 2017
i tc ts B dHEEVI.Forum."Stratepig Fadhdrship tof diojversities and

Enterprises of Hirech Branches (Science. Education. |
novations)", SPUE 2017. 2017:1902.

Petrova L.G., Timofeeva ®u., Demin P.E., Kosachev
A.V. Osnhovy elektrokhimicheskoy korrozii metallov i
splavov: ucheb. posobjEundamentals of electrochemical
corrosion of metals and alloys: Textbook]. Moscow:
MADI, 2016, 148 p. (In Russ.)

State standard GOST ISO 57P2002. Acauracy (tre-
ness and precision) of measurement methods and results.
Part 1. General principles and definitions. Moscow:
Standartinform, 2002. (In Russ.)

Zhang Z., Li Y., Wang X. Electrochemical Performance of
Ti and Al Electrodes in SeawatBased Capacitey Dein-

ization. Journal of Electroanalytical Chemistry.
2021;895:115422.
Ktz R., Carl en M. Primwmcipl es

chemical Capacitors. Electrochimica Acta. 2000;45(15
16):24832498.

State standard GOST 118242014. Equipment for Water
Tregment. Part 1. General Requirements. Moscow:
Standartinform, 2014. (In Russ.)

Fontana M.G. Corrosion Engineering. New York:
McGrawHill, 1987, 576 p.

Keshe G. Korroziya metallov.Fiziko-khimicheskie
printsipy i aktualnye problemy [Metal corrosioRhysice
chemical principles and current problems]. Moscowt-Me
allurgy, 1984, 400 p. (In Russ.)

f tod dg¥ 2@ (65 .{2z0s2iE]; ¢ CRFGEROME] € o O dz

Submitted16/04/2025;revised21/05/2025;published25/12/2025

ssf:vyo0 [ OtdWw
v i3 e S d2 ddzvkMmisted Odz dz 2
Email: aleks philizz@mail.ru

IMsOf j dzS 5 [ Otedi'C OulzHtd a1 OJso dzQ
vY 3j deMC d2 ddenkMmisted Odz dzr 2

Email: ostapenkom@tyuiu.ru. ORCID 000000023838 3815
ddzntcj I COdz G @atso F Yy -
zdzd o |
Email: tverjakovam@tyuiu.ru. ORCID 0041D0264442559

ve jtewlse

vE d3j deMC d2 ddzH zMisted Odz! dgr 2

Maria A. Kopyova i Postgraduate Student
Industrial Universityof Tyumen Tyumen, Russia.
Email: aleks_philizz@mail.ru

Maria S. Ostapenkoi PhD (Eng.)Associate Professor
Industrial Universityof Tyumen Tyumen, Russia

¢ 108 i e QedgHdiEsts o dzO

ddojtemdisils, wve djd, tsmifpdw.
ndzd Ui MS IR &OESC, HBYJ ds,
ddojtemdisils, ve djd, tsmifpdw.

dzd $20E§ ¢ Onbap ez, d deifk

m 1
i, vedjd, tsmdw.

Email: ostapenkoms@tyuiu.ru. ORCID 06000238383815

Andrey M. Tveryakov i PhD (Eng.), Associate Professbieadof the Oil and Gas Institute,
Industrial Universityof Tyumen Tyumen, Russia.
Email: tverjakovam@tyuiu.ru. ORCID 0040264442559

ULYATYAYZEESY (a1 @ g g = To | 4 1 (0 Y I N I Y N Y Y I 7y O A A



{1t o1 Jussep [ FodI] RS

- T ~«R*EP8-80-8 0«

ISSN 19952732 (Print), 2410003 (Online)
L[ $21.771.016 B
DOI: 10.18503/19982732202%5-23-4-48-53 (=4~ e

Csel it RrRIiprvuvofPwlordgd o1 R 1 [ IM[rfaforq [ B
LrerffruotrRY L B USIRESUWQ[1LSRM L[] [w
RY vtorvdrealtsmiuepf ol L

| BB lzdzsa ©, Jr Hteddz ¢. 1.
Sy destOdz MCd2 cetizH Ok dgPdadadz? d g fdadkp § eddlsj & ME d 2 j tzdzd gD lsf s

¢ dzdzs s Oy lzOMlstswh jj otej 3w bsdSdy BB lsOzdaduy MSd ®Oodsir ,
otse, wodwelsmw otfMistcjBtso Odedets? HtesHESCYdj2 o MmMtsotej d3d dzdzr ~
RBj dzdets I s ssdi osfteshm § tots i o@CHINHAsDA® dis Gigs Qo) MiftsdsHsdsifpdefse dzi j Is §
cdui mMEts?2 besuyutd Ljddw. g0k hdiseiPedd'd] de@ cisC Q) dimCy jsdats O dz ds
Y4 MmO dgj Md dscsj Isted ydzts?2 ~oizsH A2, § HszDig § dedzB d di3f) &5 O tzbizef 2 HE R
d dz_mlzt‘ d3q‘Ndz.cfd30rteJ£ affn drztsvy lsOQdﬂ30]tcm§1<ﬂ). 1 szdedEftPﬁJfr]dzJ H lsalo d;cﬂWs dztz g dzvizd Is v
Bdd3j sOdzdzd W MC 52 f teigltisfy "to duofactizs l{CA@S 20Mmslz] 3B Bdzp e dafl My fdiesC OIS €
dzj BOId ud M¢ 52, dzjof) cedintf ligiEf~Dc dafwOddd = MCtstshisj 2 o tedh j dzd W
heotse Byjte H! , dZOkz ydzOw dzso dL dzO tOBBIsT L OCdzs yoOjlsmo-9 dL k&
dzdv sOC dird LisdzsldnOlIs r dmmdzi Hse Odzed™w or weoaddzd HJWBtediOydtsdzdz |
Odz¢ Bz BOdz, sz yj dedzsets fo Ot SR O dedz'teds o 15l B | dzdfEhiiidsmg fois s dzts
HJ W stedz0 g ds Ot t5fdztsldn, W izAHasOIEO0 §ftod dzj Md di3d3zd sted ydes?2 JtesCddls¢j M
Cso d f BSHdddB {Qdasdil k] § Owo g g sy tejsdpdd), HO dgdSeity dzd " j dzd §
dzs?2 LOHOYd YssLotddls o BhsEh iz shdedks s ff)t@n®@gdy
sjd3 Mo j teh j difntsts dswo OtsE Il§ o j dedz

sz yjor | dijdgEantsi sted ydzOW §esS OlC 0O, § s H,dz00 6 dff sledfs.C 2@, § Ol to sk
d B4 MY zOsr , BJdJlsOdzdadydd@dy fGuisifde O df wpdide-2dsfisd, Mo Ot

RMMdzj Hso Odzd o' fisdzdzj d L O fMujls cwOdsO 1 dClse® mtedmls
240425 ©ls 25.04.2024)

O)|tsteBlzdztso O 11 . HuG2085 ¢ . | .

[ dz¥ ydlsdtetsea Odad W

| StBlzdatso O 1. uw$ S My rjrctefdily dbls Qdz desj dMmMdzi Hise Odedj ftetsyd MMO
Cd btdSdr fodtsf dqL ftfcdz@/atssl Vit Z[j@kf Blssetstem$ setls- ¢ sz
6t kZdzdo j tedis 5106 if &2 @.. 4. Z 885 hitpsidoi.org10.18503/1998732202523-4-48-53

s s dzlsy Ay Is B fsgedzy j daCreftiv® Commons Attribution 4.0 License.
BY

The content isvailable under Creative Commons Attribution 4.0 License.

AE T T T T T TV T TV T T T VNI VTNV T TN VTNV T ifylsidedi & T [iRLY U TePfibei Q.51 R BT T T


https://doi.org/10.18503/1995-2732-2025-23-4-

| steB 2ldzsw.O, 1T Hisd dz

EXPERIMENTAL RESEARCH OF THE PROCESSOF COLD
ASYMMETRIC ROLLING OF THIN STRIPSOF DIFFICULT -TO-FORM
ALLOYS

Gorbunova V.S., Vydrin A.V.
South Ural State University (National Research Universiielyabinsk, Russia

Abstract.Currently, thin bimetallic stripsconsistingof difficult-to-form alloys arein demandproductsin modernhigh-
techindustries.Thatis why theissueof the productionof suchstripsis relevantandshouldbe consideredrom a tech-
nologicalpoint of view. Basedon this, this articleis devotedto anexperimentabtudyof the processf asymmetriccold
rolling of bimetallic stripsobtainedby explosionwelding andconsistingof analuminum layerof D16 grade andatita-
nium layerof VT-1-0 grade The central objectivef the studyis to obtaina bimetallic strip madeof mentionedmatei-
alswith athicknessof 0.3 mm by introducingkinematicasymmetryinto therolling processexpressedh a mismatchof
the circumferentialrotationalspeedf theworking rolls. In turn, the scientific novelty of thework lies in the study of
the factorsinfluencingthe deformationof suchstrips.Theresultsof the studyrevealeddeformationfeaturesduringroll-
ing of the aluminumtitanium compositeobtainedby explosionwelding. In particular,thesefeaturesinclude: layerby-
layer deformationsstrip curvature,and captureconditionsduring asymmetricrolling with individual roller drive and
with onedrive roller. Furtherconsideratiorof this issue, aswell assolving the optimizationproblem will make itpos-
siblein the futureto first form anexperimentatechnologyfor producingsuchstrips,andthenimproveit to production.

Keywords:asymmetricrolling, cold rolling, thin strips, curvature difficult-to-form alloys, bimetallic strip aluminum
titanium, surfacequality, explosionwelding
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APPLICATION OF THE C OMBINED METHOD AASYMMETRIC
ROLLING - DRAWING IN A MONOLITHIC DIE oIN THE PRODUCTION
OF WIRE WITH FINE -GRAINED STRUCTURE

Kharitonov V.A., PesinA.M., Usanov M.Yu., Lokotunina N.M., Melikhov E.D.
Nosov Magnitogorsk State Technical UnivgrsMagnitogorsk, Russia

Abstract. The organization of a competitive production of wires for various applications with-gréimeed structure is
currently acrucial taskfor the hardwaremanufacturing sector of domestic metallurgy. This paper desciibes/el
method that enables increasing the efficiency of wire production without changing the existing technological scheme.
Numerical simulations were performed in the Defeé8bh software package for three variants of wire manufacturing
from 80R steel: drging in a monolithic diethe combined process d@told rollingi drawing in a monolithic dig and

a new process u ¢ hcold asyminetric rolling drawing in a monolithic di@ The distribution of accumulated strain
in the wire obtained by these methaslevaluated. A comparative analysis of the results shbat the lowest accum
lated strain valueareobtained in wiredrawn only in a monolithic didn the combined process of flattening (rolling of
a roundblankwith smooth rolls) followed by drawing a monolithic die, the accumulated strain level increagmif-
icantly due to rolling. The application of asymmetric rolling wathatio of the rotation speedsf the upperandlower

rolls equalto 2 or 5 further increasdhe level of accumulated strain.istdemonstrated that the processiodld asyn-
metric rollingi drawing in a monolithic di@allows for increasing the accumulated strain in the wire and thus produ
ing a finegrained structure without replacement of &éxésting equipment or infrastructure. Additionally, wide oppo
tunities for controlling deformation modes in both the mill stand and monolithic die are revealed, which opens up
promising ways for further improvement of the drawing process.

Keywords:wire, drawing, rolling, asymmetriolling, combined processes, modeling, accumulated strain.
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DETERMINATION OF THE OPTIMAL MODES FOR HO T ROLLING
OF AK4-1CH ALUMINUM ALLOY P LATES

Glinskikh P.l., Zamaraeva Yu.V.,Yakovlev S.I., Zavaliy E.A.

13sCKamenskUralsky MetallurgicaMWorks, KamenskJralsky, Russia
2Ural FederalUniversity named aftehe First President of RussiaNB.Yeltsin, Yekaterinburg, Russia
3M.N. Mikheev Institute of Metal Physics of the Ural Branch of the Russian Academy of Sci¥rkaterinburg, Russia

Abstract.Rolled highstrength plates made froAK4-1ch alloy are a common seffimished product for aviation pu

poses. However, one of the challenges of their production is the low relative elongation level and structural heterogene
ty in the height direction of thplates. The aim of this study isaohieve a stable level of mechanical properties while
increasing the relative elongation and reducing structural heterogeneity in plates with a thickness between 40 and 80
millimeters made from the Ak4ch alloy, by adjusting the hot rolling conditionsJ&C KamenskJralsky Metallurg-

cal Works. After examining the mechanical properties of plates with a thickness between 40 and 80 millimeters pr
duced using traditional methods, it was found that the average strength values, regardless of samplingsitjréfition,

cantly exceed the standard requirements. The average values of transverse and longitudinal elongation for these plates
also show a significant margin. In terms of height, the average elongation value is only 20% above the standard r
qguirement. Byexamining the macrostructure of a sample with reduced elongation, a light area was found in the center
of its crosssection. Examining the microstructure, it was determined that the light area had a larger grain size compared
to the periphery, with a diffence of 20%. Optimization of hot rolling process, such as adjusting the compression
scheme and relative compression in each pass, has led to an improvement in mechanical properties, including relative
elongation in height, as well as a reduction in stmadtheterogeneity.

The research was conducted within the framework of the state assignment of the Ministry of Education and Science
of the Russian Federation for the Institute of Metal Physics of the Ural Branch of the Russian Academy of Sciences.

Keywords:AK4-1ch alloy, plate rolling, mechanical properties, relative elongation, structure
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Table 1.Chemical composition of AK4.ch alloy, wt.%
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Table 3.Calculation of the serial compression scheme for the-A&ld alloy plate with a cross section
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Fig. 6. The macrostructure of the cressction othe sample under study, taken from a plate produced according to
optimized modes
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THE EFFECT OF THE SPEED ASYMMETRY ON TECHNOLOGICAL
PLASTICITY OF THE ALUMINUM -MAGNESIUM -SCANDIUM SYSTEM
ALLOY DURING ROLLING

Nikitina M.A., Pustovoytov D.O, Biryukova O.D., Pesinl.A., Baryshnikova A.M., Nosov L.V.
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract Problem Satement (Relevance) Aluminumnonheattreatablealloys of the aluminusmagnesiurmscandium

system are characterized by gowdldability, high mechanical properties, relatively low density, and the absence of
strengthening heat treatment (such as quenching and aging). However, the high cost of these alloys hinders their use in
various industries. Therefore, it is necessary teeltg processing methods that can increase the yield of the finished
product wth the expensive A2%Sc mastalloy. However, due to the low technologigahsticity of 5XXX series
aluminum alloys, edge cracking of sheets or strips occurs during hogrofllinich requires increasing the fractional
deformation. This, in turn, affects the final cost of seenifinished hotrolled product Accordingly, studying changes

in the technologicaplasticity of 5XXX series aluminum alloys during rolling is relevafitbjectives The work is

aimed atdetermining the parameters of the asymmetric rolling process, in particular tisespaled ratioduring pro-

cessing the 5XXX series aluminum alloy with scandium, ensuring an increaset@chhelogical plasticityf the ma-

terial while reducing the force during hot rolling maintaining the level of mechanical properties after cold rolling.

M ethods Applied. Hot and cold rolling were carried out on a unique industrial and laboratory mill DUO 400 of the
Zhilyaev Laboratory ofMechanics of Gradient Nanomateriaisthe NMSTU The forces arising during rollingwere

recorded by the software of the DUO 400 mill. The quality of the obtaiaedfinished rolled productsvasassessed

in accordance with GOST R 5752017. Surface hdness was determined by the Brinell method in accordance with
GOST 901259. Mechanical properties were assessed in accordance with the ASTM E8 stRedatt. At the rolls

speed ratid/,/V, in the range of 1-1.3, no defects were observed during hdiing. The rolling force decreased from

1400 kN to 1280 kN. Theechnological plasticitincreased, as evidenced by the decreased probability of edge cracking
with an increase in thpercentreductionduringh o t rolling. The values of mechani
Oop, U) wvaried wi #6#iMRa farultimatersteengtiie, 3764 1 6 2MPa f or oy BmElR7@ st r en
for rel at i WwPeactieal RelevgnaetAsymmetrid raing affects the change in thechnological plasticityf

5XXX series aluminum alloy i the expensive A2%Sc masteatloy. As a result, the number of passes during finish

hot rolling can be reduced (to one). This eliminates additional edge coolingaakihg, and also has a positive effect

on the cost o$emifinishedhotrolled productsnd their production time.

Keywords: aluminum alloy 1580, asymmetric rolling, hot rolling, scandisemifinishedhot-rolled productsscand
um-containing alloyflat rolled productsrolling force, technologicallasticity

The research was carried out at the expense of the Russian Science Foundation grant (Agreemer®-No. 23
30015, https://rscf.ru/project/239-30015/).
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RESEARCH ON THE RELA TIONSHIP BETWEEN TOO L MATERIAL
PROPERTIES AND THE CUTTING PROCESS: A CASE STUDY
OF TURNING 12H18N10T STEEL

Artamonov E.V., Shtin A.S., Tveryakov A.M., Vasilega D.S.
Industrial University of TyumerTyumen Russia

Abstract. Problem Statment (Relevance)Modern gas turbine engines impose high requirements to the materials
used in their constructions. Parts of such engines as turbine blades, discs, combustion chambers asdamhble
work in extreme conditions: at high temperatures, significant mechanical loads and aggressivObjectiaes. The

aim of the work is to study the properties of tool hard alloys VB8 (92%WC+8%Co), TiG510
(85%WC+5%TiC+10%Co) and TiCt#8 (78%WC+14%TiC8%Co) grades and their influence on the cutting process
characteristics of cryogenic structufal2 H1 8 N1 0 w+18%Cr+1®dMi+10%Ti+61,88%Feteel Methods Ap-

plied. When solving the above mentioned problems, theoretical and experimental mettstaidyaf metal cutting,
cutting tools and laws of physics of electrodynanfielsl were usedOriginality . The interrelation of physical andem
chanical characteristics of materials with mechanical characteristics of cutting process is est&#shiedlhe ca-
ducted research has shown that the intensity of tool wear, roughness vabaddaratkingof the processed surface are
correlaed Practical significance.The results of research in this area are of key importance for aviation and pewer e
gineering, wherehe reduction of production cost of parts while maintaining their reliability remains one of the most
important tasks

Keywords:cutting of materials, turning process, physical and technical characteristics of materials, hard &loys, m
chanical charactestics of the cutting process
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OBTAINING THE REQUIR ED SHAPE ACCURACY PARAMETER
FOR THIN LONG PARTS MADE OF 08H15N5D2T STEEL DURING
SEQUENTIAL PROCESSING BY SELECTING THE PARAMETERS
OF CUTTING MODES AND HEAT TREATMENT

Kolodyazhny D.Yu., Cherkashin S.O., Voronenko V.P.
Moscow State University of Technology STANKINloscow, Russia

Abstract. The article discusses the effectrivieting on the required shape accuracy (flatness) of thin long parts made of
08H15N5D2Tsteel during sequential machining. Flatness is a parameter of shape accuracy, which is characterized by
the degree of deviation of the surface from a perfectly flat state relative to an ideal body (an ideal body means a body
that has a certain degree dfape accuracy, confirmed by special techniquéss. affected by mechanical processing

and the ability of the metal to store the received energy in the form of stresses. The machining modes, if setected inco
rectly, introduce greater hardness into thedpict layers compared to the hardness obtained after heat treafimient
phenomenon is called riveting (or ov@reting). Heat treatment also plays an important role in obtaining the required
accuracy values. With a rationally selected heat treatmené,ntbel amount of riveting decreases with the same m
chining modes, as well as the likelihood of evieeting. The article conducts experiments on 08H15N5D2T steel sa

ples and presents the cutting modes used in production for end milling and flatymeiggdinding of manufactured

parts, as well as their effect on flatness under variouheae treatment modes. Conclusions are drawn based on the
results obtained.

Keywords: sequential processingyeting, flatness, corrosieresistant steel
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ASSESSMENT OF IMPACT TOUGHNESS, COLD RESISTANCE
AND STRUCTURE OF CARBON STEEL 20, REINFORCED
WITH 12CR18NI10TI STEEL BY LASER CLADD ING METHOD

Kolchin P.V.%, Kostylev K.A.}, Chernigin M.A.?

! Federal Research Center A.V. Gapoi@rekhov Institute of Applied Physics of the Russian Academy of Sciences,
Nizhny Novgorod, Russia
2 Nizhny Novgorod State Technical Unigity n a R.E. AlekseeyNizhny Novgorod, Russia

Abstract.Modern development of additive technologies alldarscreaton new composite materials with higher cha
acteristics, consisting of two or more different alloys. This opens up opportunities fofatiaming equipment and
structures that are more resistant to extreme operating conditions, such as low temperatures of the Far North and the
Arctic. This article assesses the cold resistance of a material consisting of steel 20, which is reinforsteewith
12Cr18Ni10Ti in order to form areas of viscoumétureduring brittle factureof the base material at low temperatures.

To achieve the stated objectives, bimetallic samples were manufactured, where the second material was applied by laser
wire cladding and located in the form of stripes on three sides of the samples surfazeththe used thmethods of

impact bending ®&ing, microstructural and fractographic analy3ike results show that reinforcement of BCC steel

with FCC alloy by additive laser cladding method alldauspresering viscous component in fracture of samples at the

level of 9% of crossection of samgl, at the selected reinforcement density, which increases impact toughness by 2.2
times at test temperature iB0A C . However, due to di f fteerecam stessasining gge+ oper t
struction, which reduce impact toughness at normal ¢éeatpre In this regards, thers a need to develop methods for
reduction of this negative influence by means of selection of more effective reinforcement scheme, heat treatment,
methods of computer modeling and combination of materials.

Keywords:cold resistance, multmetallic materials, additive technologies, laser cladding, reinforcement.

The study was carried out within the framework of the state assignment of the Center for Hydroacoustics of the
IAP RAS, topic FFURR0240 040 fADevel opmenhcbpl phyefcatlvanced acousti
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CALCULATION OF ADDIT IVE ELECTROMAGNETIC PROPERTIES
OF SOFT MAGNETIC DISPERSED-FILL ED COMPOSITE MATERIALS
FOR ADVANCED ELECTRIC MOTORS

Gulin A.E.}, Linkov S.A.Y, Shemetov A.Nt, Kuvshinov D.A?2, Efimov S.V3
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Abstract. The subject of the study is cores for new eneffigient electric motors used in industrial robots and metal
processingcomplexes. The aim of this work is to select and calculate amalpstructure of advanced soft magnetic
composites that ensure manufacturability and redimcof power losses in the motor's magnetic system over a wide
frequencyrange of supply voltag&.he theoretical foundations of modeling additive electromagnetisepties and the
assessment of the influence of the specific volume content and characteristics of the filler and binder matrixin the co
posite on the magnetic permeability of the matesate consideredA comparative analysis of heterogeneous medium
models was carried owtccording toJ.C.Maxwell, K.W.Wagner, OWiener, and M. Odelevsky.A computational
experimentwas performed The results indicatbthe possibility of applying linear approximatioa the calculated
curves of the dependences of the magnetic permeability of disfélseédtomposite materials on the specific volume
content of the filler This approacimay simplify the task of choosing the best solution to achieve the required magnetic
properties of the compositioms the future.The results of experimental studies of the physical and magnetic properties
of dispersesfilled soft magneticomposites under laboratory conditiomere presented as an experimental approbation

of this technjue. The potential advantagesd disadvantages using new materials in the manufacture of electrical
machines and devicegere analyzed. The performance indicators achieved on experimental samples revealefd an insu
ficient level of their magnetic permeility. Therefore, an important direction for developing this topic is the digital
synthesis of predictive models for new soft magnetic composite materials. This model must take into accouet the stru
tural state and the development of production technadbegt reduce design cosiisd production time of thelectrical
machinef requiredstandard sizes. These improvememisteelp overcome the constraints hindering the development
of autonomous transport and robat@mmplexes

Keywords:electrial machire, magnetic core, soft magnetic composite, electrical steel, materials science, makerial pr
cessinge&chnologies, mathematical model
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Table 2.Values of the relative volume contents of the ferromagnetic itlgy, matrix (n, ), and the residual
porosity} for samples of dispeestfilled composite materials

1R | AteOC Y my h, Meny| dicpr | deopu| Meonu| n n

sBwOL &S | BOMM| &3 g G/ Mmd &/ Mgd @ ! 2
1 160 10 11,8 17,5 3,93 5,51 24,55 | 0,287 [ 0,343 [ 0,657
2 160 5 9,4 13,3 3,75 6,48 23,01 | 0,422 [ 0,361 [ 0,639
3 160 3 6,0 8,2 3,62 6,97 15,80 | 0,481 | 0,379 | 0,621
4 71 10 11,7 17,1 3,87 5,51 24,34 | 0,298 | 0,333 [ 0,667
5 71 5 6,2 8,9 3,80 6,69 15,65 | 0,431 | 0,383 | 0,617
6 71 3 5,9 8,0 3,59 7,09 15,80 | 0,494 | 0,388 | 0,612
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Table 3.Values of the magnetic permeability of disperfitdd composite materials obtained experimentally
and calculated for the studied samples

1 sd3j to AteOS yd my mg Mg ¢ { Is dztsjindf! Isdzts
sBtOL \ BS & kO Mm% tsls € dzts dzj dz

1 160 10 119,46 117 2,10

2 160 5 319,03 310 2,91

3 160 3 447,94 480 6,68

4 71 10 64,35 63 2,14

5 71 5 378,95 367 3,26

6 71 3 418,27 453 7,67
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STUDYING THE EFFECT OF ELECTRON BEAM AND |ION PLASMA
TREATMENT ON THE STR ENGTH CHARACTERISTIC S OF AA7075
ALLOY

Panchenko I.A., Drobyshev V.K., Labunskiy D.N., Konovalov S.V.
Siberian State Industrial UniversjtMovokuznetsk Russia

Abstract. Problem Statement (Relevance)Aluminum alloys of the 707gradehave a high strengtto-weight ratio,
however, traditional methods of production of these alloys are associated with the risk of defects (micropores, cracks)
andheterogeneity of the material properties, which complicate its implementation in the existing technological cycles of
metallurgical productiorObjectives. The research is aimed atdrmiring the influence of iofplasma action modes on

the mechanical properties (microhardness) on the surface of AA7075 alloy samples. The main objective of the work is
to study the influence of optimal parameters of elecream and iofplasma action on the strgth characteristics of
7075aluminum alloy.Methods Applied. Modern research infrastructure facilities are presented as equipment, using
the similar electron source in an argon environmdsdtigue life, uniaxial tension, special purityits were usedor
mechanical tests. Using a Vickers microhardness téState standar@OST 945676), the microhardness distribution

was studied to find the optimal nitriding modes for 9 test samples of AA7075 @ltmynality. It lies in dotaining new

results on theevolution of mechanical properties of materials manufactured byasireadditive technologies under
energy impact on their surfadeesult. The microhardness valuesd strength properties were determined, on the basis

of which conclusions were made thre optimal nitriding modes, the effect of electimeam and combindtdeatmenbn

the strength and fatigue life of AA7075 alld3ractical RelevanceThe research results can be used to select the opt

mal temperature and time modes for the composititidinig, as well as to develop new materials with improved pe
formance characteristics.

Keywords:aluminum alloys 7075, tensile strength, fatigue, microhardnesislimifr electron beam treatment

The study was supported by the Russian Science FoundagionNo. 2279-10245, https://rscf.ru/project/229-
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OBTAINING HIGHLY DISPERSED MIC RO- AND NANOCELLULOSE
FROM COPPER-AMMONIA SOLUTION BY PRECIPITATION

Lukuttsova N.P., Karpikov E.G., Romanov N.K.
Bryansk State University of Engineering and Technal@jyyansk, Russia

Abstract Problem Statement (RelevanceHighly dispersed microand nanocellulose is a modern ddendly mae-

rial with a number of valuable properties that determine high interest for various fields of industrial production. Among
them we can distinguish polymer composites, water purification systesise engineering, and others. It should be
noted that the main problem of its largeale implementation is the high cost due to the complexity of modem-man
facturing methodsObjectives. The research is aimed déveloping of an effective method fortaming highly ds-

persed cellulose, available for implementation in modern laboratory and industrial conditions, by improving approaches
to chemical processing of cellulasentaining raw materialdviethods applied. The authors used the methods gf d

namic light scattering spectroscopy (DLS), -Furier spectroscopy, and other general laboratory research methods.
Originality. The originality of the presented approach is due to the possibility of homogenization of cellulose in the
form of a dissolved substance, leading to the partial elimination of kinetic difficulties caused by the heterophase nature
of the hydrolysis reactionnder the conditions of processing solid raw materials, due to the reaction at the interface of
the phases of the liquidliquid systemResult. An effective method for obtaining highly dispersed miand nanode

lulose by dissolving and precipitatingfibm a coppelammonia solution in an acidic environment has been developed.

As a result of the conducted research, a mechanism of ongoing interactions based on partial hydrolysis and sulfonation
of the precipitated product in thin films is proposed. Téienence functionality of the method of direct precipitation

from gradual acidification has been established, verified by intensive sulfonation of cellulose with sulfuric acid with a
reduced content of itg-crystalline modification. It was revealed thaethydrosol of highly dispersed cellulose isreha
acterized by a high coefficient of destruction of 2.97
size ranges from 70 to 800 nm with an average numerical diameter of 156 nm. Itihadieis possible to isolate the
smallest size fraction with an average diameter of 105 nm under the conditions of using-sipedowcentrifugation
method.Practical Relevancelt is expressed in the implementation of a new approach to the prodattighly dis-

persed cellulose, which contributes to the formation of additional ideas about the mechanism for optimizing-the cond
tions of use and processing of raw materials for the introduction of the presented product irgodbrgedustrial -

dudion.

Keywords:cellulose, highly dispersed cellulose, copparmonia solution, precipitation, degree of polymerization
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VALORIZATION OF KNOW LEDGE USING STANDARDIZATION TOOLS:
CURRENT STATE

Aronov 1.Z.%., Rybakova A.M, lvanov A.V.2

!Moscow State Institutef International Relations, Moscow, Russia
2Russian Standardization InstituMoscow, Russia

Abstract.In the modern economy, scientific knowledge plays important role for development of innovations.|The abi

ity to transform knowledge into economic resufirovides countries with significant technical and technologidal a
vantages. Therefore, the expansion of knowledge transformation channels seems to be an important reserve for
knowledge valorization through innovation transfer. Standardization docunhentdd not imply consensus in kec

nical committees are such a channel for knowledge transformation and can significantly contribute to increasing the
value of knowledge through innovation transfer. The article presents a critical analysis of the ateafttae appl

cation of standardization tools to increase the value of scientific knowledge. To carry out this study, the approaches to
the use of standardization tools for knowledge valorization and innovation transfer in the European Union riEU), Ge
mary, Italy, the Netherlands, etc., established in the regulatory documents of these countries and the EU, were critically
analyzed, standardization documents developed within the framework of accepted approaches were revieveed, and rel
vant generalizations we presented. The current basic EU documents containing recommendations for involving the
interested university and research community in standardization activities, as well as the experience of developing
standardization documents of the CWA type (workshgreements) for the purposes of innovation transfer aredeonsi

ered. In addition, the experience of participation of the university and research community in the creation of-standard
zation documents outside technical committees in Germany (DIN SPHE)Utdl/PdR) and the Netherlands (NTA)

for knowledge valorization is presented. Currently, China is also considering the possibility of usicgngensus
standardization documents for innovation transfer. It has been established that the IWA worksémg@igrorganized

within the 1SO framework pursue other goals not related to innovation transfer, since knowledge valorization is mainly
of a countryspecific nature. It has been shown that there is also an opportunity to usensemsus standardization
documents for the purposes of disseminating innovations such as preliminary national standards, technical reports
(spetifications) in Russialt has been established that Russia allows the use efamsensus standardization dec

ments such as preliminanational standards, technical reports (specifications) for the innovations dissemination.

Keywords:scientific knowledge, valorization, standardization, innovation, innovation tramsfgkshop agreement
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PRACTICAL APPLICATIO N OF ADVANCED STANDARDIZATION
METHODS TO REDUCE TH E DEFECT LEVEL IN OP ERATION USING
THE EXAMPLE OF BALL JOINT

Stolyarov F.A!, Gun I.G.2, Polyakova M.A

! NosovMagnitogorsk State Technical University, Magnitogorsk, Russia
2 JSC BelMagMagnitogorsk, Russia

Abstract. Problem Statement (Relevance)Ensuring the specified quality level of domestically produced automotive
components is a necessity and a serious cbtiyeeadvantage when supplying to an OEM enterprise. Suspension and
steering ball joints are among the most critical components in terms of ensuring the safety and comfort of vedicle oper
tion. The durability of ball joints in operation depends on mantofa, the main one of which at the moment is ensu

ing tightness in the difficult road and climatic conditions of the Russian Federation. From this point of nakewvaat

task is to set such requirements for the tightness of joints, the fulfillmentiohwould ensure the specified quality

level of ball joints during thejuality warrantperiod of vehick. Objectives. The research is aimed @isuring a spée

fied level of quality of ball joints based on the modernization of the sealing system testivagl for tightnessMeth-
odsapplied. The authors used such methodsr@ysis, DFMEA methodrive whys, forward standardization method.
Originality. A modernized method for testing the sealing system of ball joints for tightness is prdReseli.Based

on thetougheningof requirements and testing modes for tightness, the design of the sealing system of the stabilizer
I i nk 6 svasjmodernizedPractical Relevance.The obtained results made it possible to ensure the specified level
of quality duringthe quality warrantperiod of operation of the stabilizinks.

Keywords:advanced standardization, ball joint, tightness, test method, warranty period of operation
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IMocaencTBHA 0TKa30B (FE) 1711 cleayiomero 0o/1ee BbICOKOT0 YPOBHA 3JIeMeHTA H/H.IH
TPAHCHOPTHOIO CPEICTEA H KOHEYHOT0 MOJIB30BATENA

HerepmeTH4HOCTD, NOTeps (DYHKINI MAPHIIPA, IOABISHHE TOCTOPOHHIX CTYKOB / CKPHIIOB B
padboTe HoABECKII I BO3MOMKHAA JAcTIMHAA OTeps YIPABIAeMOCTH
(HeoDXOIIMOCTS MOJIPYITHRAHIIS).

A 4

BHI 0TKa3a 115 HeJeBoro 3.J1eMeHTa

PazpymeHie exna pH padoTe B 3KCTPeMalbHO OTPHIATEIBHEIX TeMIlepaTypaX/3KCTpeMalbHo
BHICOKIIX TeMIIepaTypax, mojl Bo3deiicTBHeM BHeIIHell cpells! (CTpya BHICOKOTO IaBIeHIIA,
a0pa3HBHT), O XIMITYeCKHIM Bo3IelicTBHEM (arpeccHBHBIE XKIIKOCTIL, IICIOIb3yeMas cMa3Ka,
TypeLKas Ip3b), Ipe3MepHoe cTapeHIe Mo AelicTBieM 030Ha. 3aTpyIHeHHAs YIpyTad
neopMaria yexmia.

l

Hpn'mna 0TKA34a 1.1 00J1ee HAIKOTO YPOBHA H/IH XapAKTEPHCTHKH

HezmgocTaTo4YHAasd 311aCTHIHOCTE Pe3IIHEI TeXTIAa. Henoctatodnas IEpMOCIOﬁKOCTB Pe3HHBI TeXTIa.
HeocTaTo4HAg TOJMIIIHA CTEHKH YeXTa. Pe3lHa Yexna XIMIYeCcKH aKTHBHA. TBCPHOCTB
PE3HHBI HEXIa HEIOCTATOTHA.

tdml r¥odzjdedy SCttedzsj o’ n ftodudd HMEAGRPEduaAsMIsd § sMtcj HMIso
Fig. 3. ldentifying root causes ofeaksusing DFMEA Analysis
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Table 2. Modernized modes of SBFT
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Fig. 4. Test bench for checking the tightness of ball joints

[ OdzdzOY BjlssHICO B' &ZO O-to
Bsls 5 ftsjCllz Hdv M-Il
flsj 3" h Otedzdtetse Mmsj s MEoOs
dz EZHSodzjlsotedlsj dz dz j toj L G N7z : :
HjWjSCldshmisd o ftsmisOsCOR Vi) @) (e fife )
kT v yk OolktsdsBddj 2 o IsjOyj
ydd, uybt dzgf ES ZOH'™ 8 Odztsfy!

RMMrtsHY dL 1 Isses, B’ dzBtcd
dzdL Oydd Sodfmstez¢ydd kY dzs
sMmdtso j EkxJiMmbesQedd" CIste]jHs &,
BEHjteddL Oydd &ilstsHdscd dhy M
[BE0BEICO gilbHdS (s §HhHOlK s BELEL QEFES s 0wso @ dd
nyjydoddnlOnd o ¢oobrke) g Dpnctbiiicshadni oding
dzj BOIsdSd h Otedzedtc® d WOletststsa hj?2 fI']tISJHr 9

65 Ot dr T Ehdsoqu s 1 Chy dk OOy ey ddx | B . bds 505 d dF
I sHjbadL e Odte ) g™ LOEMGI LS, v sosr  ghfr sOdd?2 oL dd

dqd@®& OB gz. 2 A s 5 q dsfj [ & Ehdafa dzd te
islstedyOlsj d dzOw s;gq;zwoxm@é q‘sf%%d.s %@%3 fn
| kOCtE Mbzyoj fMddy 0t lsmw (?t@lz jiﬁ HEEFeqhsqge
GjLddd UjodEO, Yt daj cOldo 20 b GO Pdls HOIs OY € &z dzp s d  d f
ftoddzj cOdzdw cttedzso ddz Yj R ezO o fysdfric Wit ddasflsfdzjfipzdtels o jOoseds o+ & h O
B HilOdY B ddsf siidd ¢ ftclcs2dz0 ¢ jtod3jlsdydetsmls
HJWBbted3Oydd etWtr yj - dzo; Table3.BaIIjointseallngtestresults

ikzo dz j dz0 OfMmistsls©O® 9 tcON jdzdw f Odzt yvO H tod =B
J &2q U uofm p oy g %énféisﬁ,d‘éd -

kj By jeOkteOn. 1 kOCtd fdk %%4 L.H#N
bfteesmisd tjLdd d ﬁ]scmOhgf% %&lstelﬁ dés @ﬁ ’[%:,0% ELC
BjLddd UYJjRdkO d otLotOl ) drts )deig% o)
sy dABl. [|  kEO¢ fde " O s T wd e ml%qt@ &
dzd S dztso j dzdw  h jdzd BjNHE Gl % dzts? u@.ﬂqmg Gl fﬂt
uj . v OCj fied ko) ddyj dadfd” o0 s dad @4131573%
O ydCdzse o' h Ojkmvw tdms deztsan G 16,090:8186 (| dz 0.
v0OCyj YHBLORO Ctsdzyj dzisicOydw 4sq@ag{@zsfnmlct§q%tsmg 1
cOfmsotstey f oBHEB2 HA&v diRd [ 56 dEed 15(110@15%(18 Qlsd, ez
bj B jteObktej. 1'BOdO ¢ fdzif SEED BRI “@fé@dzcdz;ﬁ@i:nggzw
44%, BeBifMfjudoOshow jdt HBOSHddod ,.Q.o:«w 7% G oy s
of G0ETGOm @B b) &Y I wOLER] oIRRLNAELY oI B n w2 o qn
L Oted .45 HilsOo dzj dz o dzj h eI PP B P Eod P s SOdRI™
hOtedzdteso Mlstsj ¢ MisOBddd MEOSB©EO, EMlsOdise dzj dzdgr 2 o
frlsOlsj dzezbelgls S bs i)

—

5*6
;4
3

UAYATYAYZEESY daT1 @ g o= To | 4 1 (0 I N Y O Y O I O 1 7 O A O



VIO gdRrreItflfr vskwR®RL 1 ¢t 6 RNITMUARCRYIQIAIRRCY 1 [T U] O

G

it dRAtslssecOWdd tBKOL Yytse §oshMddnsPc®y | § sdahis ek ty'dl O dzdbw fls O dzH
BifMlsOtOw CtdefistelzS ydw s Bwindgs ]t dzgis g © el &dza sSe dzi s to L
fts MisOdzn Otcls WisHs kiZj stz I gtso OdzdzOW C sdzmlstezC ydw 5 di3sH | t6

Fig. 6. Photos of samples aftertestings@ | d desi gn us i nigolddésgmudirgmddermzed rhethdd, B
oismodernizd desi gn usi ngismddeanzedaesidn usirgtmbderdized rdethod

R L sOBdzdy d tdmkzds sodz-od0dg®, d3musists diyfls Goy@w Cisdmiinez¢ ydd
Moz ¢ yftwsdiipf * sOded ] ¢ 5 dits kizgste ded leditgthds@ yj dedwv Istej Bso Oded 2 d
des2 d3j ssHAC ) 5 Mdzj Hjlde"Oddzg] if fie lisQ dadf{ d3dzO Mmdsj te B Is  wdatsfpls . |
otsHMBPLE] BBdZJj) 0,6 %, O dOEYRERO {tashHdstinsd Mz, j sk tdme jodz H j W
BBHA&OW otHO (SOfdd) o { tctyrsds Oty s A SiBC dgQ Hrdas@3 Igipwdz0e .
feslssy¢yd §O0dz yo. cOdzls@2drj edtsH. wOd3 YBSHABH dsY
[ dzv  Byjdbd SCttete] ¢ Isdets filgls do OUss daddayj fasfgjOr fifftetde® 7 h Otcded to ts ¢
dzr 7 BBKOL Yse dzj sSBRBHJHRS @lj’at@ind}iBCkCﬁlSiZ’ detiz & dz§ BERGzs defs fzls s o .

HeMisOlsydztsjy Stdzduyd Mlsets Yr lsse . gt(jjzgf?;&gﬂ@dﬁlsdﬁoédglgqmdzs

S ot Hjdjlshmg it Wetdzd] [ 1
. . 1. to2c@fjd 8. zOMMd Oslst®SEddv:
agt o /l]’;ts M deids. 1.1. 10d wdetse O;
nmngiﬂa 1) [ . ;oh d dlfPBiFts | d2Bj2, . @ dz.
¢ N 2 tOMW Isdas] Gt H,d)dd] H5CO0LOls

_— _ o . - o &z s h O
GH3 M) nd ) OLGHbNEG IR B DI | tieno0mdn | asu) nho hHeokq
Isdydetsj Blsk dzis tizj delf j BOVY  Is gy dats 0. dq%mgzdztsefngq: R.J. {lkds
dzd2 o tSledzESfqu_Bﬁdzﬂﬁz@q:lSJtGEfQ Hdl;élztsdwdz Oo lstsd3tsB d dz! dZ’:(fBW@i-JdZBIG'S
HidsO, o"BdtOj &3 2 o L OdazafMmd sd ©ls ftotso j HJ

& 7 sfrbkse ddd udmdo M]3 &JOWEQ%E?‘%?C{H@@‘J“tﬁ%@éifm%fgﬁ'fﬂé
HEo J ) & ds2 ojsvibdsmibd. 4" Cor ©o¢md) Udds 0 0flshss d

Fdv fodkbyj dzdzr & o tjL kd ks ki ® s SSEEly | HNOL ks O d wj m¢ d !
sOIstse L dzOuj ded?2 o3d dzd B3O dzvazts§ I@fFfffdts o st s s Ads®RCh . ¢ .,
i 2memlssjlshlsolzjls BJndZdquid%Ed?)mggzauﬂ HQOMH dgd Mls dadeC [ O¢ da
LOCOL yd Sistets oQiEv™M d € tsdzd u g fr]lsalszl uiffl Tzsg's dzd e jto
sfrisse HdzZvw COYHBEB Isj MlsO: ’ '

15 tjLbd sOOd Jhy’ Isadsd? Plsf'? ‘Bg%; omd;q'swtssdgqt@dg
Bj daj dzdzOW  C s dzhlstebkz € ydw Izq’dzts q‘sr[] R,[¢ 5
hOtedzd 6@ Miss26¢d d B Ij'tsisq’anJ; ﬁ % e
fosdLotrMmise O dL d3j dzj dedets? f LSk gusd G‘tsfr] ot&JnllsMZdz ISJndZdl
3dzj Isdzj 2 1 CMYf zzOlOYydd 9rW9dZJz@‘§7 Mdgd % bdedah- gAY . 4.
HyWJjCldzsmisd dz© 130, 6 j wd dal URute &, Efen BS. Ivdstigatidh lsftsuspendion a6 jint
dzj sdzj 2 L+ €My dzIzOlsqu’q’ dz O s mwpullout @reelsosedgiton §Edz méthod andsipertigl

slso jlsmMsakzjls yjdvd s €Oy Mmisgully./ International symposioum on innovate teasnol
gies in engineering and scienédanya, 2018 Pp. 1002

1 OC dz6 yJ dzd 4§ 1009

s 0¢ qds o5 w6y s Y wdssy 88 i pu SuediDongA Umversty.
fozj Chds?2 d Sfjtejy0shj?2 qmbo%@gﬁ&,gﬁ% zﬁg"pﬁg’{;ﬂ P njgersit.
CJ fLeatdvjl fter Mdls! @ity kdess b pauw‘i] 2 Bdadls® HDesign of
B2 fesHlzCydd o My |ZOISOUCfACfI’nboloylé%I‘BallJf)lntﬁeétéZESGﬁ)%&@'— O dzts
20 fteddj ted d35HJ ded L Oydd -Casdghdstie iz ¢ U d o d e Tgtedoderf 19 dgd s 2 |
dzs2 fMdMmisjdr hOse’ & hOissid@®so] Hsds(jS diObGdf2 " OLEs-5 " Ot

177172 I Y IO O A W g B S0 7 4o [ AT IR O R a5 Yo O I VR A C I



dlssdzvwtetseo A . § . ,

10.

11.

12.

13.
14.

15.

16.

VULYATVAVZEESY da1 @ o o= To | 1 (0T Y I O Y Y Y I O I O N |

n 02 dzts 9 M CirgeBgineering and scighde JAart2818: T0eR10001t . |
C 56§ - c6s EnBOeligdskH] PrzssDesigis gf & Bt Joint, Gbnsi
. ering Bdnlkirey @nd PUDOt BtdengthDongA University,

Kagatkinga B &. Stiedy @f fhefppodess jof forlmmg permanent

~0O - d i siptdp®all joins df gt tcamchdrcialhvéhiclel/estnik

Inditskogo gosudarstvennogo tekhnicheskogo universiteta

J i2j0dzB et 6 B to W1 8 2 0 0 PVestniktsai Ghe Irkutsk State Technical University].

Rutci A., Eren F.S. Investigation of suspension ball joint

d pulfnostefgras bagedzigris FES snéthizd gand $xjgerimental
h Otets o ' RstudyQrigetadiitnal sym@sidsiis dptsrayatejtethnologies
I

9dJMed dzjcecli o

LCMf &z OIs Oy d sdzdzts G 5 ts;fr]IzEthr]O
dsdzsedd o bttOdhf stols dz

Hisg j ise@Mind 2 M¢ B | ~dd@iryjdi: ts 2
Wit dydd,

Jtj dzB ZtcG: Jtoj dzB Etsc MC d 2te - ¢ 5 M ROG7Q 1T(1R4A)):2Rlzcltn Russ.z dzd o J
fmdls308. a4 . -78.5 5.
t OLtcOBBISC O, &sH] zdicse Odzd j
yd Mmse ftesdL oatsHMiso O

/ rR. Q1. yld RrR.¢. f[d
limMlsdedS [ Ocdzdlstsecsicm

MiBset kddejttmMdksilkso d&kB(4H)R
52-57.

Tian H.B., Liu X.H., & Yu Z.T. Study on the Ball Joint 7.
Sealing of Alumlnlum Control Arms // Materials Science
Forum.2011, pp.758 761. 8.

O dzZOdzdL MmEh jMmlseozs h A
dHddzj dzedwv d ©GMmdase dz' §
CJ ®B®Wwn hOoOttdzdtese § Jjtej Hatal 2
azj?2 [/ S5.1. sOdkdft ¢Bo, R! ¢ .

dzdStse, r1.¢. 1 jifglsitjoe
EHOMmlse j dedets 6 5

1 e @7 20#0.9%Ka.7
31-05-123. Environmental sealingst procedure. Sealing
bellows function test, Renault, 2007, 13 p. 9.
AK-LH 14. Suspension ball joint. Requirements ant tes
ing. Working Committee: AUDI BMW Daimler Chrysler
Porsche Volkswage004. 34 p.

7832.050.176, Robert Bosch Automotive Steering GmbH.

2016, 55 p.
jdsjtetsg. , 1 jdCddz ¢.

H 59 Odizfifyls

Efmdztse W A

OolssdtsB g sz hddz [/

o) H )G dasiistes] dad j 14.201 3 . 1T,

IB2Cts ,dpenjddStse . 5.
dzf sBRtsHd®Be s Ctdzdud i
dd ¢ J jdestesHMEBEtS Gfs
G kdzdoe jtemMdlsjlsO dds.
132.

References 12

Reimpell J. Shassi avtomobilyRulevoeupravlenie[Car

chassis: Steering]. Translated from German by Palyanol3-

V.N., ed. by Galbreikh A.A. Moscow: Mashinostroenie,
1987, 232 p. (In Russ.)

Mihailovskiy I.A., Gun 1.G., Salnikov V.V., Kutsependik 14.

V.l., Gun E.l, Vdovin D.S. Estimated determinatafrthe

strength indicators of ball joints of the vehicle chassis el 15.

ments by simulating a static test proce&hurnal
avtomobilnykh inzhenerov[Journal of Automotive
Engineers]. 2014;(2(85):224. (In Russ.)

Gun 1.G., Vakhitov A.R., Stolyarov F.A., Smirnov A.V.,
Mikhailovskiy I.A. Calculation of starting force of plastic

deformation when bending an outer tie rod ball stud by th&6.

simulation of static test&/estnik Magnitogorskogo Ges
darstvennogo Tekhnicheskogniversiteta im. G.l. Nas
va [Vestnik of Nosov Magnitogorsk State Technicali-Un
versity].2021;19(2): 2381. (In Russ.)

) s5fls 2 G3QaE@ 0 2 5 ;

ROo j fmlFdrvm. 2011MBF 1

Republic of Korea. 2014:14851.

Raes S., Devreese T., De Pauw J., De Beaets P. Design of
A Tribological Ball Joint TesteR015;6(1):15.

Gun 1.G., Mikhailovskiy I.A., Lapchinskiy V.V. Condtic

s s B ing tests dzf, atdi rtlstmbtl@ famhtvsuspignsion of @ager
Is tc joB 59 Oadaq Wto Setetntime | tipls selvicef tfaProgipssisnye
felhnotogii fiy Qransp@tayls sistemah :
{ sHest@ 2 rdasiiskiyt daRchtekihnicheskoy ¢ korderentsii
[ M- 1 J MRrogessivel tedmapdits tharentpiore sgstetrs: Gottection
Isj rdzd yud MS 56 5 of repdpdsof the fRixfHRudsi@ientfidand teghnical.co

Sbornik dokladov

ference].Orenburg: Orenburg State University, 2003, pp.
7578. (In Russ.)

Gun 1.G., Mikhailovskiy I.A., Osipov D.S., Kutsependik
V.l., Salnikov V.V., Gun E.l, Smirnov A.V., Smirnov
A.V. Development, modeling and improvemenpaoddic-
tion processes for ball joints of automobilesstnik Mg-
nitogorskogo Gosudarstvennogo Tekhnicheskogo Wnive
siteta im. G.l. Nosov@Vestnik of Nosov Magnitogorsk

[ .d M j Statk Ggchizisabltnivedzig2014;(1(45)):557. (In Russ.)
d Jfryaqtsfr?(jkmsﬁals 4 CIsstedz’ A0. EignHBdAiusX.H., Yu ZT. Study on the Ball Joint Sea
yd¢ dzq’ 1{4 MEtse s dzOG te zimgyd Gﬂchumlnluﬁh QQei@r6l IsAfns. delsteritds  Bctirice

Eyisde = L
Katmykow Yu.V9Q Mikhailovskiy IA., Salnikov V.V,

U tsydz" 2 Pedigjels BsAAnalySsfipfuekidsir methods of forming a
Ise B - { s ocnetids alRd basif quadity requirenhentdtigraigsembly
Mk B O ts M Isod haltiiats eftthe ot Sudpsrdienoticaygsiik Ma-

1. - z nibgoskogo GasOdarstvennogo TBekhnickeskogh Brive

siteta im. G.l. Nosov§Vestnik of Nosov Magnitogorsk
State Technical University2009;(4(28)):4/0. (In Russ.)

. 31-05-123. Environrental sealing test procedure. Sealing

bellows function test, Renau®007, 13 p.

AK-LH 14. Suspension ball joint. Requirements antt tes
ing. Working Committee: AUDI BMW Daimler Chrysler
Porsche Volkswage2004, 34 p.

7832.050.176. Robert Bosch Automotiseeering GmbH.
2016, 55 p.

Semenov V.K., Belkin A.E. Experimental study of leyst
resis properties of tread rubbers under cyclic loadimg co
ditions typical for automobile tireslzvestiya vysshih
uchebnyh zavedeniy. Mashinostrodilews of higher d@-
ucationd institutions. Mechanical  engineering].
2013;(2):914. (In Russ.)

Boyko A.F., Kudenikov E.Yu. An accurate method for
calculating the required number of repeated experiments.
Vestnik Belgorodskogo gosudarstvennogo tekligrolo
icheskogo universiteta im. V.Ghuihova[Vestnik of the
Shukhov Belgorod State Technological University].
2016;8128132.(In Russ.)

Submittedd3/06/2025;revised05/11/2025; published25/12/2025

lzdz RrR.
"B Qg s e3ts asdq dzd. M Gudz).Glzdezin 1.Yu., Mikhailovskiy I.A., Pesterev D.A.,

SR REE

1

ftod dzv s @112 @ 25 tzd € PRFARID s 0 O dzO



VIO gdRrreItflfr vskwR®RL 1 ¢t 6 RNITMUARCRYIQIAIRRCY 1 [T U] O

sz tctso A JHBWG OMEIEHM d y

[ Ocdzd IssetstemMS d2 cetsmMkzH OteMmise jdede] 2RISj Rzl B JRP ORI rFERBERS
Email: stolyarovf.a@yandexru. ORCID 0000-:0001-77858417

lzdz REeEBS! | jHAZOB BB § Jodechy d ifSedsay jdgmtste, G J dzgj wOdz dg" 2 H ( te
6 11 cu1jdzf ©Gcgé, [OcddktetstemMtc, t tmmdw.

Email goun@belmagru. ORCID 0000:00026201-661X

1 sdzv Ctso O [ Oted datH pSdisHdg jlojdetdzd yj MSdr dzOEZSE, HBYJ dzls,

] OcdzssetsteMS d2 cEtsfmMkzH OteMmise j dzdz] 2R BNBdz@ U] MOdLedBed B8R IS §
Email m.polyakova@magturu. ORCID 0000-:00021597-8867

Fedor A. Stolyarovi PostgraduatStudent,
NosovMagnitogorsk State Technical University, Magnitogorsk, Russia.
Email: stolyarov.f.a@yandex.ru. ORCID 006000177858417

Igor G. Gun i DrSc (Eng),Professor, General Director
JSCBelMag Magnitogorsk, Russia.
Email: goun@belmag.ru. ORCID 00@0026201-661X

Marina A. Polyakova i DrSc (Eng), AssciateProfessor,
NosovMagnitogorsk State Technical University, MagnitogoiRkssia.
Email: m.polyakova@magtu.ru. ORCID 0600021597-8867

47 T T T T T T TV T TNV TN TV VTNV TNV T T T iRy lsidedi SN T [IRLG U TEPlspei Q.5 T R BT T



1O0Odzgss nddzO . 1., 1 BESHWYY ¢. [,

ISSN 19952732 (Print), 2418003 (Online)
v $621.9.0
DOI: 10.18503/1998732202%5-23-4-147-155

cofr ] R Jirerepyrevld RYT[JRE
ANt fed bysid RYsBMOI L LT OYS Lt 3],
ROJ [ Ov@ARR 11 [ ANumftluoy sRr
0]

delss nd O sEshY 3] @fd dz, wODdets? ¢ . [ .

Lkd MCq2 cshmkHOLhlse jdedzr 2 bkdedo jtemdlsjls, vkdo, [ shhdw
2 ¢f crRBYjLOsLMCd?2 vkd MSd?2 k) j2dr 2 LOssHE, uvkdko, [ shfdw

¢ dedzts s Qu@five dIsd § Mo te]j d3j defite B8 d f s H3fM s olzj fipdztf MY sdz! L 50 Odzd j 3 yq W
MSLHOdzdY desor 7 fSHAosSHtse ¢ EZftwOodzj dzd¥ COyjMmlsoatsds dL Hj dzd 2
yqedzo. I rmeC¢dy btjBtsaOddw ¢ COydfMmlsalkz or M OJ w3k dzdfft Hg dz
JHddzes MmMdMmlsj B ydicsosets kftcOodzj dzdv ftetsdL oatsHMmlse j dedese s
stsdzr €5 fsHHjtYOdzdj btejBlzj BBsets ktesodzyr COyifmlsa® dLH- dzdv,
Hydedt Htedudde o SL dadsC dzthdsjcdadiz daE{tt OC @ Hlzd §56 L 9 Oy der = + ISOf 5o
adzv jIsw Ooalss@BOIdYj MEOY LOGCKEZLSO 9 OolstsdOIsdL qicso®dedets t
s5C o ItejBlzj BEHBOH GdatkzgJ ddfdftsdfL o sHdlsj dz desfylss ¥ . 1 dzw  § skyde -
Odzd ud MSdj HdMStsor j -sacfdpldgstefde iz " i QL Wit )Bucts®RinNIls$ B H Mis Oo dzj dz
sLoatsdzves hOv wBjMfjydls! COydMmlsets dL HJ dzd BY dzj ¥ g tc figH o - fs dgif Eralp!
sjid3 d BilssHBe Ctdstosdy dsoe'rn bjmrdbdsedyj mMSédrs ftosyj Mt
OctekzL € twWOLdJyde = dLHjdzd?2 o Wstedidd Stsdzf Oyso o IsjiG-dztsdztsa ¢
sOfr ©OLEZOBHI M - ¢ tsdzligl®ded Y j dzd 2 dz20 BEcOdz L ORo OO d t
sor s Bkdjtedrr = LOGtkzLBYydr » EMlstes2Mmise, dL dzy jjd2z0 d&J Is
HdMCtser n BlRdC jtedzr » LOGtekLsydzyr = EMmlstets2Mmlse Hdzw dL Hjd

jor j:CipamiefPse 5 dL Hj dzd?2 d3yfiptsaOls d fug H)E O s H MPlEdszL €0, 6
B | bdastsd j @EGRE Sy Ehsts?2 flse

Ol Odzlss Addz® [.)., 1BEBHYY 8025, I Of

f {1RC
] J Y ov
]

]

g0 sx

[ d&zv ydldttse Odad W

[ issHBsdsedw @\ MiflyouQ didamatiddi20 vk O ,Ctc ® alzdzis € @ C 3] @ atds ®wiBO 4 tc d
LOYydd ftesyj MhOazse PdRL §d1 ., J18esHwY ¢/ )i hOddddz [+0cddzd,ls s
CsfkHOkMmise j dedese s Isjndzduj MSsets  kdzdo j efmafds.) KO & . qI7-155 | . R .
https//doi.org/10.18503/1992732202523-4-147-155

s s dzlsy Ay Is B fsgedzy j daCreftiv® Commons Attribution 4.0 License.
BY

The content is available und€reative Commons Attribution 4.0 License.

UAYATYAYZEESY daT1 @ g g = To 1 4 1 {0 I N I Y O Y Y I I 1 7 O A O


https://doi.org/10.18503/1995-2732-2025-23-4-147-155

VIO gdRrreItflfr vskwR®RL 1 ¢t 6 RNITMUARCRYIQIAIRRCY 1 [T U] O

METHODOLOGY FOR ENSU RING THE QUALITY OF CAP-SHAPED
PRODUCTS CLOSE TO EQUIDIMENSIONAL DURING
THE AUTOMATION OF FE EDING PROCESSES

Pantyukhina E.V.*, Bogodyazh A.EZ, Vasin S.A', Bakhno A.L.?

Tula StateJniversity, Tula, Russia
2 pJSCimperial Tula Arms PlanfTula, Russia

Abstract. The developmemf modern industrial production using digital technologies requires the creation ofprew a
proaches to qualitfnanagementf mass produeditemsat all stages of their life cycle. High requirements for theigual

ty of manufactured products should contribute to the development and implementation of a whole range of measures in
a single digital management system of the production process that ensumely maintaining the required level of
product quality, but also its forecasting, including measures to prevent the causes of defdéws alination. One

of the important stages of production processes is the autdeticg of varioushlanksinto the automated equipment

of technological lines in the required position and the specified capacity. Mechanical disk feepiperorienting cb-

vices are widely used for piece blanks. The paper pretientaethodology that allow$o ensue the qualityof cap
shapedproducts, which is a set of modern systems and methods for monitoring new technological processes of their
production the structure of systems for automdteding of variouscap-shapedoroducts into technological equipment

in the requirecposition The stages of development of design limitations for gripping and orienting elementslof pro
ucts of mechanical disk hoppfredersare shownthe methodology of research and design of mechanical disk hopper
loading devices for caphaped producis described.

Keywords:quality of mass produced items, automédieding blanks orientation, hopper feedingenting device
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