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Transport sector is the key consumer of cast semi-finished products (automotive industry), which accounts for more than 60%o of global cast production

n PyCAJI . (ast semi-finished products account for nearly % of world aluminium products consumption n
I PYCAJI

. Rapid demand growth for electric vehicles will significantly impact cast products consumption in the next few decades. The development of this segment will also Afé%ﬂﬂ?ﬁﬁﬁ“

contribute to the increased consumption of aluminium in general and dramatically change the balance of semi-finished products in use, in particular we expect the increased

share of primary casting and decrease in secondary casting

. Strengthening trade protection and the need to diversify supply chain accelerate localization processes
Snezhana Ravlyuk . There is continued dependence on imported cast parts and end products in the Russian market. At the same time, future development of the Inga Simonenko
RUSAL segment is attributed not only to further localization, but also possible manufacture of electric vehicle components for export RUSAL
Russia . Trends on sustainable development and commitment of major OEMs to carbon neutrality goals encourage the development of new solutions to utilize more scrap. Existing Russia

technological restrictions on scrap segregation, its availability and utilization make low-carbon aluminium the best choice to reduce carbon footprint M

* Ha nutble I'IOI'IdeaﬁpI/IKaTbI NPUX0AMTCA NOYTH 4 Bcero MUpOBOro norpeﬁneva AIlOMUHUEBBIX NPOAYKTOB.

* KntoueBbiM noTpebutenem nutbix nonyhabpukatoB SIBASETCS CEKTOP TPaHCMOPTOCTPOEHUS (B MepBylo
ouepenb — aBTONPOM), Ha KOTOpbIA NpuxoauTcs bonee 60% nuToii NpoayKLMKM B MUpE.

+ CywwecTBeHHOE BAMAHWE HA JasbHelillee pa3BuTUe I'IOTpeﬁl'IEHVIFI NMTbS B MUpe B banxanwiee fecstunetue
ﬁy,D.ET 0Ka3blBaTb ObICTPOX POCT CMPOCaA Ha 3ﬂ€KTp0M06MJ’IM. Pa3BuTie 370r0 CerMeHTa He TOMLKO CI'IOCOﬁCI'By@T
pocty I'IOTpeﬁl'IEHMﬂ a/llOMMHKA B LENOM, HO U CYLIECTBEHHO MEHAET COOTHOLIEHME pa3NnyHbIX TUNOB
ucnonb3yemblx NonygabpukaTos, B YACTHOCTM OXMAAETCS POCT LOAM MEPBUYHOTO NUTbS M COKpaLLeHue
BTOPUYHOroO.

* Ycunenue TOProeoro npoTeKkuMoHn3mMa u Heo6X0aMMOCTb AMBGPCMqJMLlMpOBaTb LIENOYKY NOCTaBOK YCKOPAKT
JI0KaNn3aLmnio Npon3BoaCTBa

* Ha poccuifckoM pbiHKE B 3HAYMTENbHOW CTEMEHW COXPAHSIETCS 3aBUCMMOCTb OT MOCTABOK MMMOPTHbIX
NUTBIX KOMMOHEHTOB M FOTOBbIX M3eNWiA. B To e BpeMs nepcnekTMBbI Pa3BUTUA CErMEHTA CBS3aHbl He
TONbKO C fanbHelileld nokanu3aumeld, Ho U C BO3MOXHOCTMU Pa3BUTUS NPOU3BOACTBA KOMMOHEHTOB [1s
3NeKTpOMOBMNEl A5 3KCNOPTHBIX NOCTaBOK

* TpeHp Ha yCTolunBOE pa3BUTME M LW MO YIepofHOi HeilTpanbHoCTH KpynHedwmx OEM ctumynupytot
pa3paboTKy HOBbIX PelUeHuid, koTopble NO3BOAST BOBNeKkaTb Gonble noMa. TekyliMe TeXHOMOTUYeckue
OrpaHnyeHns no COpPTUPOBKE NOMa, ero JOCTYNHOCTM M €ro BOBNEYEHWS OCTABNAIOT aNlOMUHMIA C HU3KUM
YINepoaHbIM CEAOM HaUNyuLLelt anbTepHATUBON ANS CHUKEHNS YrnepoaHoro cnefa M

CHexaHa Pasnok Unea CuMoHeHKo
\PYCAJT PYCA/T
Poccus Poccus
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New technological challenges for the aluminum casting market in the Russian Federation and the CIS n
FPoe A/ nr ; \ PYCAJI
s T countries ‘
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«Foundry «RosALit» LLC s a part of the automobile holding SOLLERS. The foundry successfully implements joint projects with both domestic and foreign automakers. Ai‘é‘é’éﬂﬂ'ﬂﬁi’;“

Overall capacity is 16 000 tonnes per year. The main activity of «Foundry «RosALit» LLC is the production of aluminum die casting and complex parts, machining, design
and manufacture of tooling. Aluminium casting has a wide range of possible application: gravity die casting, low and high pressure casting.

Equipment in place: automated HPDC machines IDRA, robotized gravity die casting machines Kurtz, cutting equipment Evolut, decoring machine FILL, high-precision machining centers Heckert, COMAU,

Farhad Azizolsoltani GROB, universal x-ray control and tomography machine Yxlon Multiplex, spectrometer Columbus.
«Foundry «RosALity LLC Unique technological infrastructure and professional background allow RosALit to implement large-scale localization and import substitution projects and hold leading positions in the aluminium
Russia casting market.. ®

Hoeble mexHon02u4ecKue 8bi308bl pbIHKA iumeliHoli npodyKyuu u3 antomuHus 8 PO u CHI

000 «/lueitHblit 3aBog, «PocAJluT» Bx0amMT B aBTOMOGMAbHBINA XonauHr SOLLERS. 000 «/luteitHbliit 3aBoa «PocAJTUT» yCnewHo peanusyeT COBMECTHbIE MPOEKTbI, Kak C
0TEYeCTBEHHbIMM, TAK W C MHOCTPAHHbIMKM aBTONpon3BoAuTENAMM. 6Lt 06beM NPOM3BOACTBEHHBIX MOLHOCTEN — 16 ThIC. TOHH B rof, OCHOBHbIM HAanpaBneHUeM AesTeNbHOCTH
000 «/luteitHblit 3aBoa «PocAJluT» ABNSIETCS NPOU3BOACTBO allOMMHMEBLIX OTIMBOK M [eTaned CNOXHbIX (OpM, MexaHuuyeckas 0bpabotka, pa3paboTka M M3roToBneHue
ocHacTku. Mpon3BOACTBO aNlOMUHUEBOTO IUTbS 06/1AZAET WHMPOKUMU BO3MOXHOCTAMM: a/IIOMUHUEBOE JIUTbE METOAAMM IUTbS B KOKMSb, IUTbS MO HU3KUM U IUTbS NOZ BbICOKUM
[NaBNEHMEM.

B npou3BoacTBE MMeeTcs Becb HEOOXOAMMbINA CMEKTP TEXHONOTMYECKOro 060pYAO0BaHMS: aBTOMATM3upOBaHHble KoMnnekchl IDRA Ha 6ase MawwH uTbS NOA AABNEHUEM,
POBOTM3MPOBAHHbIE KOMMAEKChI /1Sl TPaBUTALMOHHOMO NuTbst «Kurtzy, 0bpe3Holi komnnekc «Evolut», BbiouBHON komnnekc FILL, BbiCOKOTOUHblE 0BpabaTbiBalowme LieHTpbI
«Heckerts, «COMAU», «GROB», yHuBepcanbHas — cucteMa
peHTreHKoHTpons u Tomorpadmu Yxlon Multiplex, cnektpometp
Columbus.

YHukanoHas ana Poccun TexHuueckast 6a3a M npodeccuoHanbHbIi
OMbIT paboTbl Ha aBTOMOGWMBHOM pbIHKE MO3BOSOT OCBaWUBaTb
MPOEKTbl  NOKANM3aLMM W WUMMOPTO3aMELLeHNs,  YAepXuBas
NIMAEPCTBO HA pbIHKE NKOMUHUEBOTO UThS. M

@apxad Acuconbconemanu
000 «/lumeliHbili 3a800
«PocAllums»

Poccus
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000 «MHcmumym neakux
mamepuasnos u mexHosnoauii»
Poccus

High-strength casting aluminium alloys developed by RUSAL for automotive appliance rE -

Alloys of the Al-Zn-Mg alloying system are the strongest of the used aluminum alloys, which is ensured by a large proportion of the strengthening MgZn2 phase in
these alloys. It should be noted that this group of alloys have the main application for the manufacture of products produced by deformation, and alloys of the Al-Zn- Afc%ﬂﬂ?ﬁﬂ?“
Mg system are included in the 7xxx group.

In addition, alloys of the Al-Zn-Mg system are also limitedly used as casting and included the 7xx group. However, the use of this group of alloys is extremely limited due to their low casting properties.An increase
of casting properties is possible in the case of an increase of the proportion of the eutectic component in the alloy; for this purpose, RUSAL has developed alloys of the Al-Zn-Mg-Ni-Fe alloying system for low-
pressure die-casting and the Al-Zn-Mg-Ca-Fe system for high-pressure die-casting.

The presence in those alloys of the eutectics (AL) + Al9(Fe, Ni) and (AL) + ALLOFe2Ca improves casting properties, in particular, increases fluidity and reduces the tendency to hot cracks.

The alloys developed by RUSAL provide a high level of mechanical properties without using a hardening operation. Thus, the strength of alloys of the Al-Zn-Mg-Ni-Fe system after aging reaches 400 MPa with a
relative elongation of 5 %, and the strength of alloys of the Al-Zn-Mg-Ca-Fe system reaches 250 MPa with a relative elongation of more than 10 %.

A feature of high-strength alloys of the Al-Zn-Mg system is the ability to vary the ratio of Zn and Mg for controlling the mechanical properties of the alloys depending on the strength
and ductility requirements for the casting.

The use of a line of high-strength aluminum alloys developed by RUSAL allows not only to reduce the weight of aluminum parts from alloys of the AL-Si system by changing the design,
but also to replace parts from cast iron and steel. Also, compared to cast iron and steel parts used in the automotive industry, aluminum parts provide not only significant weight gains,
but also better corrosion resistance.

Despite the higher cost of aluminum alloys in comparison with cast iron and steel, replacing castings from iron and steel with castings from high-strength aluminum alloys can reduce
the cost of manufacturing the final product. This is related with that the production of the same part from an aluminum alloy requires approximately 2 times less weight than cast iron or
steel at significantly lower costs for redistribution.

The use of high-strength aluminum alloys can reduce the cost of manufacturing auto components, vehicle weight and carbon dioxide emissions. ®

BbicokonpouHele numeliHble anrmuHuessie cnaasel paspabomku PYCAJI ons npumeHeHus 8 asmomobusiecmpoeHue

Cnnasbl cuctembl nernpoBanus Al-Zn-Mg sBnsiloTcs Haubonee NpoyHbIMM U3 MCMOb3YeMbIX ANIIOMMHMEBBIX CMNABOB, YTO 06eCcreynBaeTcsl 3a CYeT BONbLIOK JOM YNpouHsiowei dasbl
MgZn2 B 31ux cnnasax. (negyeT OTMETUTD, YTO HaubOMbLIEE MPUMEHEHWe AAHHAs rpynna CAaBoB NOAYYMNa /1S M3FOTOBNEHNUS M3AENHIA, NonyYaeMbix AedopmaLmel, U CnnaBbl CUCTEMbI
Al-Zn-Mg BxopsT B 7XXX rpynny.

Kpome Toro, cnnasbl cuctembl Al-Zn-Mg orpaHU4eHHO MCMOMb3YIOTCA U B KA4eCTBe NUTeHbIX U GopMupyHT 7xx rpynny. OfHaKo NpUMeHeHMe AaHHOW rPynnbl CNIABOB KpaliHe OrpaHUyeHo,
4TO CBA3HO C UX HU3KWUMM NUTEIAHBIMU CBOMCTBAMM. 10BbILIEHME NUTEIHBIX CBOWCTB BO3MOXHO B CNTy4ae NOBbILIEHMS JONM IBTEKTUYECKON COCTaBNAIOLEN B CnaBe, Ans 3Toi uenu 8 PYCAT
6blnn pa3paboTaHbl CniaBbl cucTeMbl ernpoakus Al-Zn-Mg-Ni-Fe ans nnTbs nop HU3KuM aaBneHueM u cuctembl Al-Zn-Mg-Ca-Fe ans nuTbs nop BbICOKMM aBNeHUeM.

Hannuve B BbiwenpuBeneHHbix cnnasax 38TekTuk (AL) + AL9(Fe, Ni) u (Al) + Al10Fe2Ca ynyywaet nuTeitHble CBOICTBA, B YaCTHOCTM, MOBBILUAET XMAKOTEKYYECTb U CHUKAET CKIOHHOCTb K
rOPSYMM TPeLLuHaM.

Pa3spaboranHble B PYCA/1 cinaBbl 06ecneyunBaloT BbICOKMA YPOBEHb MeXaHUYeCKuX CBOACTB 63 MCnob30BaHMs onepaLmu 3akanku. Tak npoyHoCTb cnnasos cucteMbl Al-Zn-Mg-Ni-Fe nocne
crapenus gocturaet 400 MMa npu OTHOCUTENBHOM YIMHEHNM HA YPOBHE 5 %, a NPOYHOCTb CNiaBoB cucTembl Al-Zn-Mg-Ca-Fe gocturaet 250 MIMa npu oTHOCTENBHOM yaAMHEHWM Bonee
10 %.

OcobeHHOCTbIO BbICOKOMPOYHbIX CNNaBOB CUCTEMbI Al-Zn-Mg ABNAETCA BO3MOXHOCTb BAPbMPOBATb COOTHOLIEHKE Znu Mg M yNpaBnATb MEXaHU4YECKUMU CBOWCTBAMM CMNABOB B 3aBUCMMOCTH
oT TpeﬁOBaHMﬁ N0 NPOYHOCTU U NNACTUYHOCTM K KOHEYHOMY U3LENUID.

an/IMeHEHVIe JIMHENKK BbICOKOMPOYHbIX a/IlOMUHUEBBIX CMJIaBOB pa3pa60TK|4 PYCAJ1 no3BonsieT He TONbKO CHU3UTL MacCy aNtOMUHUEBBIX netaneli u3 cnnasoB cucteMbl Al-Si 33 CYeT M3MeHeHus KOHCTPYKLAK, HO 1
3dMEHUTb [I€Ta/n, U3roTaBIMBAEMbIE U3 YYyTyHA U CTaNu. KpOMe TOr0, B CPABHEHWUM C YYryHHbIMKU U CTallbHbIMKU AETANAMU, UCNONTb3YEMbBIMU B aBTOMOﬁVIJ’IECTpOGHVIG, aNOMUHMEBbIE AeTanu 06eCneymBaloT He TONbKO
3HauYMTENbHBIN BbIUIPbILL B BECE, HO M 3aMETHO NYULLYI0 KOPPO3UOHHYIO CTOMKOCTb.

HecMoTps Ha GoAiee BbICOKYH0 CTOMMOCTb aIlOMUHMEBbIX CTIABOB MO CPABHEHMIO C YYrYHOM W CTaJIbio, 3aMEHa OTAIMBOK M3 YyryHa U CTaj Ha OTAMBKM U3 BbICOKOMPOYHbIX aNlOMMHMEBbIX CMIABOB NMO3BONSET CHU3UTL
3aTpaThl Ha NPOM3BOACTBO KOHEYHOM MPOAYKLMM. ITO CBA3AHO C TEM, YTO Ha U3TOTOB/IEHME OLHOI M TOW e AeTanu U3 aloMUHMEBOTO CMlaBa TPEGYETCs Mo Macce NPUMEPHO B 2 pasa MeHbLUE, YeM YyryHa i CTanu
MY 3HAYMTENILHO MEHbLUMX 3aTpaTax Ha nepenen.

anMEHEHME BbICOKOMPOYHbIX aTOMUHUEBBIX CN1IABOB NO3BONAET CHU3UTb 3aTPATbl HAa MPOMU3BOACTBO aBTOKOMMOHEHTOB, YMEHbLWNTL MaCCy aBTOMOOUNS U COKpaTuTb BblﬁpOCbl yrnekucnoro rasa.m
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rﬂ PYCAIJI

The demand for cast parts is continuously growing. New applications for the automotive industry, telecommunication (5G), etc. are challenging further developments

of casting processes and new alloys. Beside the functional properties and costs of an alloy, the recycling performance and carbon footprint become more and more Agc'%gﬂugﬁmﬂ

Casting processes and requirements of foundry alloys: status and world best practices
" ‘PYCAJI gp q f foundry alloy. p

important. Selected examples are showing the current status and an outlook into the future. H

lMpoueccol numes u mpebosaHus K AumeliHbIM CN1ABAM: MeKyWee COCMosHUe U yqyuiue Muposbie NpaKkmuku
Leopold Kniewallner

Rusal Marketina GmBH Cnpoc Ha uTble AeTanu NOCTOSHHO pacTeT. HoBble MPUMEHEHHS CMNaBOB ANS aBTOMOBMIBHO NPOMBILLNEHHOCTY U TENEKOMMYHUKaLMIA (5G) SBASIOTCA BbI30BOM /1St AaNbHEMIWETO Pa3BUTHS
usal Marxeting Gm NUTEIHOTO NPOM3BOACTBA M CO3AaHMS HOBbIX CMNABOB. TOMMMO (YHKLMOHANbHBIX CBOHCTB M CTOMMOCTM CMAIABOB, BCE BOMIbLUEE 3HAYEHWE NMPUOBPETAOT Takue acneKTbl, Kak BOIMOXHOCTb
Switzerland nepepaboTKy 1 «yrepoaHblit cnens. MpeacTaBneHHble NPUMEPbI MOKAXYT TeKyLee COCTOAHUE AeN W NepCnexTUBLI Ha Byaywiee, M

Jleonone0 KHusanneHep
Pycan Mapkemutxz IMbX
Leetiyapus
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I | l PYCAJI Contemporary methods of melt cleanliness control

The reasons to control metal cleanliness

The main problems of metal cleanliness control
Simple methods of controlling melt cleanliness
More intricate methods to control

New developments in melt cleanliness control B

rE PYCAJI

ANOMUHUEBAS
AcCcoumnALUna

Ilia Baranov
RUSAL ETC

Russia *  3ayeM KOHTPONMPOBATb YUCTOTY pacniaga
*  OcHoBHble NpobaeMbl KOHTPOAS YUCTOTbI pacniaBa
+  [IpocTble MeToAbl KOHTPONS
. bornee CIoXHblE METOfbI KOHTPONSA
. HoBble HanpaBnexusi B KOHTPO/E YUCTOTbI pacniasa M

CospemeHHble MemoObl KOHMPOJIA HUCMOMbI pacniasa

Unesa bapaHos
PYCAJI UTL|
Poccus
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/ The advantages of using fluxes during aluminium smelting

SOUNIHY L €O rﬂ PYCAII

Foundry Ecocer company manufactures materials for aluminium smelters, casting and die-casting. The search for causes of defects in castings is challenging due
to a wide range of aluminium brands and factors that influence the melt treatment. The cleanliness level of molten aluminium depends on the control of chemical Agc'%gﬂugﬁmﬂ
(composition and elements) and physical properties (hydrogen content, dissolved chemical impurities and inclusions). These inclusions can be of two types:

intermetallic and nonmetallic.

Flux is the first step to ensure the cleanness of the melt treatment by preventing excessive oxide formation and removal of nonmetallic inclusions. Foundry Ecocer company has developed a series of high-
performance fluxes in granulate or cans, which guarantee precise and constant dosing of flux with a more homogeneous and overall reaction.

Lorenzo Stoppani
Foundry Ecocer
Italy

ﬂpeUMytuecmea ucnose3oeaHus dJIIIOCOB 8 O4YUCMKe aJIloMUHUeesbIX cnjyiaeoe

Komnanus Foundry Ecocer npou3Boaut MaTepuanbl s atoMUHUEBbIX 33BOLOB, Tbs M IUTbs NOZ AaBneHueM. [ouck nepBonpuumHbl AedeKTOB B OTAMBKAX NPEACTABAAET COBOH CNOXHYHO 33auy M3-3a WKPOKOTO
[Mana3oHa MapokK afoMUHUS U HaKTOPOB, KOTOPbIE BAMSIOT B MPOLECCe NAaBNeHUs. YpOBEHb YUCTOTbI PACTIABNEHHOTO ANKOMUHWS 3aBUCUT OT CTEMEHMU KOHTPONS XUMUYECKUX (COCTaB W
XMMUYECKWE INEMEHTBI) U (U3MYECKUX CBOWCTB (COLEPXKaHMe BOJOPOAA, PACTBOPEHHBIE XUMUYECKUE MPUMECH W BKIIKOUEHHUS). BKIIIOYEHMS MOXHO pasfenuTb Ha MHTEPMETauYeckue U
HeMeTannuyeckue.

Ontoc - 310 Nepablii War B 06ecneyeHnm YUCTOTbl pacniaBa 3a CYeT NPeLoTBPaLLEHNS Ype3MepHOTo 06Pa30BaHNA OKCUAOB U YAANEHUS HEMETaNNMIeckuX BKNKYEHUA U3 pacnnasa. YTobbl
noBbIcTb 3deKTUBHOCTL paboTbl datoca, Foundry Ecocer paspabotan cepuio BbicOKOIQdEKTUBHBIX DIOCOB B BUAE FpaHyn uau 6aHOK, KOTOPbIE TapaHTUPYIOT TOYHOE U MOCTOSHHOE
L031poBaHue Gntoca ¢ bonee 0AHOPOAHON W NOAHOM peakuyeil. M

JlopeHuyo CmonnaHu
@aHopli Ikouep
Umanus
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SMARTT - Innovative process control for rotor degassing of aluminium melts

The production of Aluminium castings globally is dominated by the automotive industry. To ensure that the correct casting quality is achieved, a more effective and

technically sound melt treatment is essential, followed by a well-designed and controlled pouring practice. Automotive industry requests process reproducibility and Ao EB A
so any melt treatment adopted must be capable of achieving consistent levels of cleanliness and hydrogen control. Many quality management systems also require a

100 % record of production data, so again a sophisticated melt treatment with data storage capabilities becomes more attractive.

rE PYCAIJI

SMARTT - innovative degassing control - offers a comfortable interface to program all necessary treatment steps, it reads or measures the starting conditions before every rotary degassing
and predicts the best treatment parameters for different schemes. An integrated report system stores all data per treatment in Excel format and enables the melt shop manager to run
further analysis on the process.

The use of SMARTT for degassing processes provides a melt on a constant hydrogen level independent from inconsistent starting conditions in a foundry. SMARTT enables the foundry to
always reach this in a cost-effective way, there is no need for compensating these variations in overrunning the treatment which wastes time, inert gas and graphite consumables.

In upgassing - often used in wheel foundries - even small changes in environmental conditions or melt temperature have an enormous impact on the hydrogen content after the treatment.
These complex relationships can only be managed by a mathematical model. SMARTT, based on the batch degasser software, is an intelligent solution to handle
data for rotary degassing. B

SMARTT - Innovative process control for rotor degassing of aluminium melts

Bo BceM Mupe 0cHOBHOM 06beM NPOW3BOACTBA ANOMUHMEBBIX OTIMBOK NMPUXOAMTCS Ha aBTOMOOMIBbHYHO NPOMBILNEHHOCTb. [1s 0becneyeHns BbICOKOrO KayecTsa
MTbe Heobxoamm 6onee 3QMEKTUBHDINA M TeXHUYECKM 0HOCHOBAHHbINA MPOLLECC pacnaaBa C NOCIEAYHOLMM KOHTPONMPYEMbIM METOAOM pasnueku. g asTonpoMa
BaXHa BOCMPOMU3BOAMMOCTb NMPOLIECCa, U Npu Ntob0i pacnnaske fOMKeH 06eCneynBaTbCs COOTBETCTBYIOLMIA YPOBEHD YUCTOTbI U KOHTPONS M BOAOPOAA. [INs MHOTUX
cucTeM KoHTpons kauectea Tpebyetcs 100% 3anucb MPOM3BOACTBEHHBIX AAHHbIX, MO3TOMY BCe OOMbLYID NOMYASPHOCTb NPUOBPETAET YCOBEPLIEHCTBOBAHHDI
npoLiecc pacnnasa, No3BOMSOLLMA COXPAHSTb Takue AaHHbIE.
SMARTT - MHHOBALMOHHOE YNpaBfeHMe NPOLECCOM Aerazauum
- obecneunBaeT yaobHbI MHTEpdEC AN NPOrPaMMMPOBAHUS
BCEX HEOOXOAMMbIX 3TanoB 06paboTkW, CUCTEMA CYMTbIBAET
WM WU3MepsIeT CTapTOBble YCI0BMS MEPeL KAKLOW 04YepeaHom
[ferasaupeit v npeanaraet Haubonee onTUManbHble NapameTpbl
ANS PA3NMYHbIX CXeM. VIHTerpupoBaHHas cucTeMa OTYETHOCTY
XPaHWT BCe faHHble B Gopmate Excel, a coTpyaHuK nnaBunbHOro
Liexa MOXeT NPOBOANTb AabHEALWMIA aHanM3 npoLecca.
Mcnonb3oBanme SMARTT pna  perasaumu  obecnevumsaet
MOCTOSHHbIA YPOBEHb BOAOPOAA NMPW NNABNEHMM, KOTOPbIA He
3aBUCUT OT CTApTOBbIX YCMOBMIA B nTeliHOM Lexe. SMARTT -
3T0 U 3KOHOMMYECKM SPQEKTUBHBIA MHCTPYMEHT Bnarogaps
PaLMOHaNbHOMY Pacxofy BPEMEHHbIX PeCypCoB, UHEPTHOTO rasa
U rpaduTOBbIX GOPM.

Y70 KacaeTcs HaCbILLeHNs ra3oM — 4acTo UCMOMb3YeTCs NPU IUTbe
KOMeCHbIX OMCKOB - fAaxe HebonbluMe M3MEHEHMS BHELIHUX
YCII0BHUIA MM TeMNepaTypbl MNABAEHNS 0Ka3blBAOT 3HAYUTENbHOE
B/MSIHME HA COAEepXaHue BOLOPOAa nocne npoecca 06paboTku.
(Tonb CNOXHBIMM CBA3AMW BO3MOXKHO YMPaBAATb TOMLKO MpU
noMowy Matematuueckod mogenu. SMARTT, B OCHOBE KOTOPOrO NEXMT NMpOrpamMMHoe
obecneyeHue aerasauuy, IBASETCS ONTUMaNbHLIM UHCTPYMEHTOM Ans 06paboTku faHHbIX
npv ferasauuv. |

=
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Handbook of Aluminum Materials*

rE RUSAL rE PYCAJI

Expertsm who work in the aluminium sphere often need quick access to precise information on aluminium alloys and materials. There are up-to-date foreign databases
with relevant data on aluminium alloys, including electronic format while for Russian alloys most of the information is outdated, difficult to obtain and or contains Ao EB A
various and sometimes contradictory data.

LMTI

The Russian Aluminium Association together with the Light materials and Technologies Institute LLC and with the support of leading scientists and experts launches Handbook of Aluminum
Materials, a unique industrial single data base on aluminium alloys.

Ruslan Aliev The Handbook is targeted for subject experts: design engineers, engineers, manufacturing technicians, production managers, sales managers, marketing specialists and other consumers
. . A of aluminium products. The document will include structured and consistent information on the alloys used in Russia, i.e. alloy composition, intended use, production form and semi-
ng ht Materials and TeChr’Olog les finished goods, normative and standard characteristics, special properties, developers and manufacturers. National, industrial requlations and standards (all-union state standards, industrial

Institute LLC standards, technical specifications), foreign standards (1ISO,ASTM, ASM, EN, Eurocode and other), national and foreign guidance and reference materials will form the basis of the Handbook.
Russia

The Handbook is created first of all as a digital resource with user-friendly interface, easy navigation, filters, possibility to compare two and more alloys, add new information and receive
feedback.

The Handbook will contribute to the competence development in the field of aluminium application (construction, machinery manufacturing, energy, aviation,
shipbuilding, space, etc.) as well as become an information base for test laboratories and regulators and facilitate the promotion of Russian manufacturers in
export markets. B

CnpasoyHUK anroMuHUesbix Mamepuanos™

[lng cneumanucTo, pabotatoLumx B antOMUHMEBbIN OTPACIM, YaCTO BO3HUKAET NOTPEBHOCTb B TOUHOIA, BbICTPO AOCTYMHOH MHOPMALIMM NO aNIOMUHUEBLIM CMIABaM U
MaTepuanam. M ecnu B OTHOLLEHNM 3apyBEXHbIX CMNABOB CYLLECTBYIOT akTyasbHble 6a3bl AaHHbIX, B TOM YWCIE B 3MEKTPOHHOM BUAE, TO B OTHOLIEHUM OTEYECTBEHHbIX
MapOK NMPUXOAMTCA NONb30BaTbCA MO TPYAHOLOCTYNHOM U He BCErfia akTyaNnbHOM MHDOpMaLmeli (MHOrOTOMHbIE CMPABOYHUKY, M3faHHble 30-40 net Ha3ap), imbo
60MbLUMM KONMYECTBOM PA3HOPOAHOI, 3a4aCTyo NPOTUBOPEYMBON MHDOPMALIMM B UHTEPHETE.

AntomuHreBas Accoumaums, COBMECTHO € MHCTUTYTOM nerkux Matepuanos u TexHonoruit (M/IMuT) npu noafepxke BeayLimx 0TpacieBblX Y4eHbIX U CMEeLMan1cTos
3aMycKaeT NPOeKT No co3aaHuto CnpaBoyHMKa ANloMUHKEBbIX MaTepHaNoB - YHUKANbHOW eAMHOI OTPACNeBoit 6a3bl AaHHBIX MO ANOMUHMEBLIM CIABaM.

CnpaBoYHMK OPUEHTMPOBAH HA OTPACNEBbIX TEXHUYECKMX CMIELMANNCTOB: MPOEKTUPOBILMKOB, KOHCTPYKTOPOB, TEXHONOTOB, AMPEKTOPOB NMPOU3BOACTB, A TaKKe Ha
CMeLManuCcToB No NPoAAKaM/3aKynkaM, MapKeTO/IOroB U ApYrux noTpebuTeneit anoMUHMEBOI NPOZYKLMM.

OH bynet cofepxatb CTPYKTYpUPOBAHHYI MOCIEA0BATENbHYID MHQOPMALMIO N0 HEOBXOAMMbIM U UCMONb3yeMbiM B POCCMM CMNaBaM, T.e. COCTaB, Ha3HaueHue,
dopMbl Bbinycka ¥ nonyhabpukartel, HOPMATUBHBIE M TUMMYHBIE CBOWCTBA, CELIMANbHbIE CBOWCTBA, Pa3paboTumky 1 U3rotoBuTenn. Matepuanom Ans HanonaHeHus
CnpaBoyHuKa ByayT HaLMOHaNbHble, 0TpacneBble HopMaTkBbl U cTanAapTbl (TOCTbI, OCTbl, TY), 3apybexHble craHaaptel (ISO, ASTM, ASM, EN, Eurocode u mpyrue),
HaLMOHANbHbIE W 3apyBexHble METOAMYECKME U CTIPABOYHbIE MaTepUasbl.

CnpaBoYHMK CO3AAETCH B NEPBYI0 04EPELb KaK 3NEKTPOHHbIN pecypc (MHTEpHET-pecypc), co BCeMM COBPEMEHHbIMM TPEGOBAHUSMM K NPEAOCTABAEHMIO MH(OPMALMK
- UCNONb30BaHHe YAOOHOM HaBMraLwMK, NOUCKOBOM CTPOKM, BUALTPOB, CPaBHEHUS ABYX M GOJIEe CMNaBoB, GOPMbl ANS BHECEHMS HOBOW MHQOPMALMK U 0BPATHOI
CBAY U Ap.

CI'IpaBOl{HI/IK NOMOXET B Pa3BUTUM KOMMeTeHLmi NPUMEHEHUSA aNIOMUHUA UHXEHEPHO-TEXHUYECKUMU CNELUaNUCTaMh CMEXHbIX 0Tpa01e|7| (CTpOMTeJ'IbCTBO,
MaLlUHOCTPOEHKE, S3HEPTETUKA, aBUaLMA, CYLOCTPOEHUE, KOCMOC U }J,p.), 6y,u,eT I/IH(DOpMaLlI/IOHHOﬁ 0a30i fNA UCNbITATENbHbIX na()opaTopMﬁ W perynatopos n NOMOXeT
B NPOABUMXEHUM OTEYECTBEHHbIX npowsao,umeneﬁ NPOAYKLIMM U3 anOMUHKSA HA IKCMOPTHBIX PbiHKAX. M

PycnaH Anues
000 «MHcmumym neakux
mamepuasnos u mexHosnoauii»

Poccus
* Co-author: Alexander Zazhigalkin, Aluminium Association, Russia

Coasmop: AnekcaHOp 3axcuzankuH, AntoMuHuesas Accoyuayus, Poccus
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Poccus

New casting alloys of Al-Ca system developed by RUSAL

The paper presents the effect of Ca in the concentration range of 2-5% on structure, mechanical and corrosion properties of Al-Ca-Mn-Zn alloys developed for use
in as-cast state. A positive effect of Zn on the increase of Al-Ca strength properties due to increase of amount of (AL)+Al4(Ca,Zn) eutectic phase is demonstrated. The Afc%ﬂﬂ?ﬁﬂ?“
influence of casting temperature and mold temperature on the mechanical properties of the plates received by HPDC-process is shown. The solubility limit of Mn in
aluminium solid solution at different crystallization conditions is determined in order to prevent the formation of unfavorable Mn-containing phases. Good corrosion
properties of Al-Ca alloys are confirmed by the results of salt-spay chamber test. The preferable field of application for Al-Ca alloys are thin-walled HPDC castings. ®

rE PYCAIJI

Hoevbie numeiiHbie cnnaesi paspabomku PYCAJT, ocHoeaHHbie Ha cucmeme nezuposarus Al-Ca

B pabore paccMotpeHo BausHue cofepxanus Ca ot 2 10 5% Ha CTpYKTYpY, MeXaHU4Yeckue U KOpPO3MOHHbIE CBOWCTBA IUTelHbIX CNaBoB Al-Ca-Mn-Zn, npefHa3HaueHHbIX 4151 UCNONb30BAHMS
B /IMTOM COCTOSIHMM. [ToKkasaH nonoxuTenbHbiid 3bdexT Zn Ha noBbilueHue NpoyHocTH Ca-copepxKallmx CNaBoB 3a CYeT yBenuyeHus obbemHoi fonu 3sTektukm (AL)+Al4(Ca,Zn). MokazaHo
BNMSHWE TeMnepaTypbl 3anuBkH, TeMnepaTypbl GOpMbl Ha MexaHu4eckue CBOWCTBA 00pasLoB B BUAE MAACTUH, MOMYYEHHbIX METOAOM NUTbA NOZ AasneHueM. OnpeseneHa npenenbHas
pacTBOPUMOCTb Mn B TBEpOM PacTBOPE MpU PasnuyHbIX YCNOBUAX KPUCTANNM3aLMKM C LENbl UCKoYeHns 06pa3oBaHus HebnaronpusatHbix Mn-copepxkalumx
das. MpuBeaeHbl pe3ynbTathl KOPPO3UOHHBIX UCMbITaHMIA cnnasos Al-Ca, noaTBepxaatoLLMe UX BICOKYH KOPPO3MOHHYIO CTOIKOCTb. Haubonee npeanoututenbHas
0611aCTb NPUMEHEHNS CNNABOB - TOHKOCTEHHbIE OT/IMBKY, U3TOTABNWBAEMbIE METOLOM NUTbS NOf, AaBneHreM. M
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Prospects for subsitution of cast iron and steel by aluminium alloys in transport engineering

rE PYCAJI

T P . . . . . . .. . . . . ANIOMUHUEBAA
KAMAZ Today about 30% of aluminium is used in automotive industry with general trend for further increase of aluminium components in various segments, including ~ “Accouuauus

transport sector. Aluminium ranks second in terms of percentage content in overall vehicle weight and is used in block components and suspension, cylinder blocks and
other engine mounts. Due to the optimum combination of mechanical properties, corrosive resistance and low volume weight aluminium alloys are widely used in the entire production
process: casting, forging, die-forging and rolling.

Ernst Zakirov New strong aluminium alloys can fully substitute ferrous alloys, which are traditionally used in structural vehicle parts: body, chassis and its elements, engine parts.

KAMAZ

Russia The presentation contains information on KAMAZ experience in the development and adoption of new ALSi7 alloys for cylinder heads castings and shift from steel 08ps to AlMg3 for fuel

tanks. It also provides data on promising new areas of aluminium alloys application as structural material for KAMAZ trucks - research, development and technological works have been
launched to substitute cast iron VCH50 wheel centre by silumin ALSi7 with captive steel inserts. ®

ﬂepcneKmuebl 3aMeHbl Yy2yHa U cma’iu Ha aJIkMUHueeble cnjiaebl 8 MpaHCNOPMHOM MAWIUHOCMpoOeHUu

Okono 30% Npon3BOAMMOr0 alOMUHKUA UCNONb3YETCA CETOAHA B aBTOMOﬁMI'IECTPOEHMI/I, Npu 3TOM 0TMEYaEeTCA 061uii TPEHLA yBENUYEHUA NPUMEHEHUA KOMMOHEHTOB
13 aNlOMUHKA, B TOM YUCIE B TPAHCMOPTHOM CEKTOpE.

CerofiHs antoMUHUiA - BTOPOIA MaTepUan No NPOLEHTHOMY COAEPXKaHHI0 B 06LLEM BECe aBTOMOBMS, KOTOPbIA NPUMEHSIETCA NPU NPOU3BOACTBE NIEMEHTOB Ky30Ba,
NOABECKM, @ TAKXKe 3aroTOBOK 6/10Ka LMAMHAPOB W APYIUX Y308 ABUraTeNs.

Enaro,uapn ONTUMANbHOMY COYETAHUIO MEXAHMYECKUX XaPAKTEPUCTUK, OTHOCUTENbHO BbICOKO KOpp03I/IOHHOﬁ CTOAKOCTM W HU3KOM YAENbHOM BECE, allOMUHKUEBDIE
CNNasbl HALLIK WKMPOKOE NPUMEHEHNE HA BCEX NEPEAENAX 3arOTOBMTENbHOIO NPOU3BOACTBA: NNTbE, KOBKA, LUTAMNOBKA, NPOKAT.

HoBble npouHble Cnasbl U3 anlOMUHMUS CMOCOBHbI MONHOCTbIO 3aMEHUTb YepHbl€ CnNaBbl, TPAAMUUOHHO MCNONb3YEMbIE ANA NPOM3BOACTBA TAKMX OTBETCTBEHHbIX
3N1eMEHTOB aBTOMOBMNS, KaK Ky308B, A€TaNy paMbl, LWACCK, Y3708 XOA0BO YaCTU U ABuraTens.

B npe3senTyemoii pabote nokasaH Tekywuii onbit kKomnauu MAQ «KAMA3»
N0 0CBOEHMIO HOBbIX CNaBOB AlSi7 Ans 0TAMBOK ronoBoK 610Ka LMAUHAPOB,
a Takke nepeBOf M3roTOBNeHMs TomauBHbIX 6akoB co cranu 08nc Ha
anoMuHmii AlMg3.

Takke npuBefeHa MH(MOPMALUM NO NepCreKTUBHBIM  HANPaBNEeHUSM
UCMONb30BAHMS ANOMMHUEBBIX CMNABOB B KAYeCTBE KOHCTPYKLMOHHBIX
MatepuanoB ana rpy3oBukoB KAMA3: Tak Ha CeropHsiluHui JAeHb
uHuumumpoBadbl HWOKTP no 3ameHe Matepuana CTynuupl koneca M3
BbICOKONPOYHOTo 4yryHa Mapku BY 50 Ha cunymun knacca AlSi7 ¢

3aKNafHbIMK CTanbHbIMK BCTaBKamuy. M

SpHcm 3akupos
KAMA3

Poccus
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Structural Al Casting for High Volume Production - Trends in Automotive Industry* n S——
The car emissions, especially the CO2 emission, contribute greatly to global warming. In order to help tackle this problem that can lead to an increase in the climate \ L
change and to long term negative health impacts. Lighter vehicles generally consume less fuel in comparison to their heavier counterparts, and therefore produce ~ ANIOMUHWEBAS

. Lo . . . . . . . . . . AcCcoumnALUna
lower CO2 emissions. Aluminium is regarded as one of the lightweight materials that can be integrated into the vehicle body structure, with an increased tendency in
the last 40 years towards integrating more aluminium in the vehicles’ structures.

This presentation covers the cost structure of HPDC in high volume production as well as new technologies as follow:

Matthias Warkentin - The RheoCasting Process
Ford Werke GmbH - GIGA casting approach
Germany - Alloys without heat treatment (e.g. Nano alloy, RUSAL-Ford AMAP Project).

KoHcmpykuyuoHHoe anomMuHuesoe UmMbE€ 0N KPynHOCepuiiHo20 npou3sodcmea - mMmeHOeHuuu
asmomob6usIbHoli npoMbiwIeHHocmu™

ABToM06UNbHbIE BbIBPOCHI, 0c06eHHo CO2, cnocobeTaytoT robanbHoMy notenneruto. Heobxoanumo pelwartb 3ty npobaemy, Befib OHa MOXKET NPUBECTU K 3HAUUTENIbHBIM
U3MEHEHWAM KNUMaTa, a B JONrOCPOYHON MEPCNEKTUBE - K HEraTMBHBIM MOCIEACTBUAM AS 3L0POBbA YenoBeka. TpaHCMOpTHbIE CPEACTBA MeHblUei Macchl
MOTPeBAAIOT MeHbLUE TONAMBA NO CPABHEHMIO C BONee TAKENbIMU aHaNOraMu 1, COOTBETCTBEHHO, IPOM3BOAST MeHbluMii 06beM Bbibpocos CO2. AnloMuHKit sBRseTcs
OfIHUM U3 Haubonee Nerkux Matepuarnos, KOTOPbIA MOXET ObiTb MCMONb30BaH B Kapkace aBToMobuns. 3a npowenwue 40 NeT [0AS aNOMUHUS B TPAHCMOPTHBIX
CPencTBax HeyKNOHHO BO3pacTaeT.

B noknaje 3aTparuBaloTcs BONPOCH], KACAKOLMECA UTbs MOZ BbICOKUM JABNEHWEM ANsl KPYMHOCEPUIAHOTO MPOM3BOACTBA, A TaKKe BHEAPEHME HOBbIX TEXHONOTMN:
-RheoCasting (peonutbe)

- GIGA nutbe

- Cnnasebl, He Tpebytowme TepMoobpaboTku (HaHocnnasbl, npoekt RUSAL-Ford AMAP) B

Mammuac BapkeHmuH
®opad Bepke
lepmaHus

Il International Conference on Aluminium Casting -1 MeXAyHapoaHaa KoHdepeHuMa N0 aNKOMUHUEBOMY JIUTbIO



An overview of the commercial technical support offered to our existing and new customers in the global arena of aluminium manufacturing. Global experts for

localised domestic support. H ANIOMUHWEBAS
ACcoumnAumna

I | l PYCAJI Introduction to Rusal’s Customer Support Technical Sales Managers and the benefits to your business @ rE -

Cepesuc mexHuyeckoli noddepxku PYCAJI u ebi200b1 021 sauie20 6usHeca

0630p KOMMepYeCKoli TEXHUYECKON NOALEPKKM, NPELNAraeMoil HAWMM HbIHEWHWM U ByoywwnUM KneHTaM BO BCeM MUpe. [nobanbHbie 3KCNepThl NS NOKANbHON TEXHUYECKOI noaaepxKu. M

George English
Rusal Marketing GmBH
Switzerland

Lbxopoxn UHznuw
Pycan Mapkemutxz IMbX
Leetiyapus
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Education and Research at the Foundry Institute of RWTH Aachen University

The lecture presents the activities of the Foundry Institute of the RWTH Aachen University in research and education with focus on the cast material aluminum and

the equipment available for this purpose. B ANOMUHMWEBASA
ACcoumAumna

rE PYCAJI

O6yuyeHue u Hay4Hble uccedo8aHusl 8 UHCMumyme aumeosl 8 AxeHe

Dr- Ing. Uwe Vroomen B noknape npeacrasneHa uHQOpMaLMs 0 AeATeNbHOCTYU MIHCTUTYTa nnTbs (AXeH) B YacTV NPOBEAEHMS HAYYHbIX MCCNeA0BaHMIA M 00y4eHus, rae 0C000e BHUMaHUE YAENSeTCs IMTOMY allOMUHHIO

Foun dry- Institute o f the RWTH M COOTBETCTBYIOLLEMY 060PYL0BaHMI0. B
Aachen University
Germany

Yee BpymeH
PeliHcko-Becmgpanockulii
mexHuyeckul yHusepcumem AxeHa
lepmaHus

=

=
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r Research Activities on Aluminium alloys in Leoben (Austrian Foundry Research Institute) @ n PYCAL
Research Activities on Aluminium alloys in Leoben (Austrian Foundry Research Institute). B L

ANKOMUHUEBASA

HAAEAR

HayyHo-uccnedosamenvckas 0esmenbHOCMb 8 061aCMU A/IIOMUHUEBbLIX CN/IA808 8 ABCMPULICKOM Hay4YHO-
uccnedosamenibCKoM UHcmumyme sumeltiHo2o dena (/leobeH)

Univ. Prof. Dr Peter Schumacher HayuHo-uccnenoBaTenbckas AeATeNbHOCTL B 06NaCTH aNlOMUHMEBbIX CNABOB B ABCTPHICKOM Hay4HO-MCCNE0BATENbCKOM MHCTUTYTe NuTeliHOrO Aena (leobex) M

lMumep Lymaxep

* Co-author: Dr. Peter Hofer-Hauser and DI Gerhard Schindelbacher
Coasmop: NMumep Xogep-Xaysep u lepxapd LLluHdenvbaxep

Il International Conference on Aluminium Casting 2-9 MeXXpyHapoaHas KoHdepeHuUs No antoMUHUEBOMY JIUTbIO



Dr Anupam Agnihotri
Jawaharlal Nehru Aluminium
Research Development & Design
Centre (JNARDDC), India

AHynam AzHuxompu
AntoMuHuesblii Hay4yHo-
uccned0oeamenscKuli U NPOEKMHbIU
ueHmp um. [hrasaxapnana Hepy
UHous

Indian Aluminium Casting industry: strategy for sustainable development

rE PYCAIJI

India has played an important role in the global SDGs and will also be integral to realizing them. Because of the size of its population, its stage of development

and its fast-growing economy, there can be no sustainable world without a sustainable India. Sustainable manufacturing is increasingly the focus of governments, AA‘C'%“SEL',TEE;’;"
regulations, and aluminium casting industry needs to align. According to “CENSUS OF WORLD CASTING PRODUCTION 2019” World production of aluminium castings

was 17,205,447 metric tons while India produced 1,364,652 metric tons. And India stands second after china in production of aluminium casting. In India around 4600

units manufacture ferrous and non-ferrous metal cast components for varieties of applications and these units are present in clusters across the country catering to the specific end-use
markets. Increasing awareness of environmental issues and the efficient use of natural resources are the need of the hour.

The main concerns for Indian casting industry are energy inefficiency and increasing environmental norms. Therefore, there is a need for an integrated approach like green manufacturing
technology. Green manufacturing practices help minimise the emissions, efficient raw material and energy usage, optimum process utilization, the recovering and recycling of waste and
the substitution of harmful substances. Essentially, green manufacturing is the epitome of the sustainable development strategy and the circular economy in modern manufacturing. |

Cmpameaus ycmoiiyueo2o pocma u paseumus aumeiiHo2o cekmopa 6 UHouu

MHaus urpaeT BaxkHyto ponib B AOCTUXEHNM r106anbHbIX Lienieit YCTORYMBOTO pasBUTUS U SBNSIETCS HEOTbEMNEMON YaCTbio NPH MX peanu3aumu. He MoxeT bbiTb
yCTOl4MBOrO MUpa be3 yCToiunBo passuBatoLLeiics MHaum, uTo 06bACHSETCS YUCNIEHHOCTbIO ee HaceneHus, ypoBHEM pasBUTUS CTPaHbl M BbicTpopacTyLued
3KOHOMMKOIA. IKONOrMYECKN paLMOHaNbHOE NPOM3BOACTBO — B LIEHTPE BHUMAHMUS NPaBUTENLCTB, PEryNSTOPOB, U ANIOMUHWEBAS IUTEAHAs OTPaUIb AOMKHA

3T0 y4mTbIBaTb. COMNACHO CTaTUCTMYECKUM AaHHbBIM Nepenncu 06bemMoB uTeitHoro nponssogcTea Census of World Casting Production-2019, B mupe 6bino
npou3seneHo 17 205 447 ToHH nuTelAHOI NPOAYKUMK, TOTAA Kak B MHAnM - 1 364 652 ToHH. Mpu 31oM UHANA aBnseTcs BTopbiM nocne Kutas kpynHeifwumm
npou3BoAMTENEM anloMMHMEBOrO NUTbS. B cTpate okono 4600 npeanpusTHid, KoTopble NPOM3BOAAT IUTENHbIE KOMMOHEHTbI U3 YEPHDIX W LIBETHBIX METANOB AN
Pa3NUYHbIX OTPACen MPOMBILLNEHHOCTH. Takue NPeANpUSTAS NPeACTaBAeHb! B KNACTepax no BCel CTpaHe U YAO0BNETBOPAIOT NOTPEOHOCTM KOHEUHbIX noTpebuTeneit.
MoBbiwweHue HHHOPMUPOBAHHOCTM 06 IKONOrMYECKMX acnekTax M IQHeKTUBHOE MCMONb30BaHME NMPUPOAHDIX PECYPCOB — 3T0 TpeboBaHKe BpeMeHH.

Hu3kas 3HeproadGekTMBHOCTb M BCe Boniee CTporue 3konoruyeckue TpeboBaHUs ABNAKTCS OCHOBHBIMM BbI30BaMM AN1St UHAMICKOW IMTEAHON NPOMBILLNEHHOCTH.
Heobxoanm KOMNNEKCHBIV NOAXO0S, HanpuMep, BHEAPEHUE TEXHONOMMIA IKONOTMYECKM YUCTOTO NPOM3BOACTBA. [10A06HbIE NPOM3BOACTBEHHbIE MPAKTUKM
MOMOraloT CHU3UTb 06beM BbIBPOCOB, PaLMOHaNbHO UCMONb30BATb ChIPbE M SHEPryI0, ONTMMM3MPOBATL NPOLIECC YTUAN3ALMM, B TOM YNCIE OTXOA0B, @ TAKKeE
3aMeHNTb BpeaHble BewecTsa. TakuM 06pa3oM, «3eneHoe NPOM3BOACTBOY - 3TO NIyYLUMIA NPUMEp CTPaTer1n YCTOMYMBOTO Pa3BUTUS U LIUPKYNSPHON SKOHOMMKM B
COBpeMeHHOM Mupe. M
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-,'- The recycling of aluminum in Russia. The place of recycling in the processes of the closed cycle economy n YCAL
-t -'.- +  The historical reference, the origins of recycling; ‘
3ABOO ANKOMUWUHHMEBBIX »  The formation of the Recycling industry in Russia; ATIOMUHHUEBAS

CNABOB *  The current state of the industry of Aluminium recycling in Russia;

o The structure of the industry;
»  The technological provision of the industry;
o The development perspectives of the Industry;
Andrey Eydenav *  The Recycling sector in the Aluminium Association, development ways;
.. *  The World trend: the creation of the closed cycle economy.Recycling is the main link. H
JSC Aluminium Alloys Plant

fussia PeyuknuHe antomuHus e P@. Mecmo peyukiuHza 6 3KOHOMUKe 3aMKHYMO020 UUKAA
. WcTopuyeckas cnpaska, UCTOKM PELIMKNMHTA
. (DopMMpoBaHHe OTPACIM peLnKnuHra B PO
. CoBpeMeHHOe COCTOSHUE OTPACTM PELMKIMHT anloMUHms B PO
. CrpykTypa otpaciu
. TexHonoruyeckoe ocHalLeHue oTpacu
. MepcneKTMBLI pa3BUTUS OTPACIU
. CexTop «PeLuKAMH B AItOMMHWEBO ACCOLMALIMM, MYTH Pa3BUTHS
. MUpOBOIA TpeHp: Co3AaHMe IKOHOMMKM 3aMKHYTOTO LnKN. PELMKAMHT - rMaBHoe 38eHo M

AHOpeli LibideHos8
AO «3a800 antoMuHUE8bIX CN1A808»
Poccus
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AKRON
/A\®HOL8ING

Alexey Saldaev
Akron Holding
Russia

Anexkceti Canoaes
AKpoH XonouHz
Poccus

Recycling, disposal and re-use of aluminium alloys for the production of new products

Fabrication of metal goods often generates waste no matter how innovative or efficient are the technological processes. The difference lies in the quality and quantity AA‘&“&EL‘KEE‘;"

of waste. Large volumes of aluminium scrap and nonferrous waste generated by Russian enterprises require in a market economy a more balanced approach to waste
management.

In Russia nonferrous alloys production like in all developed countries is carried out in accordance with unified all-union state standards regardless of the dry mix type. To ensure the
production of high-quality secondary alloys the enterprise should possess and install technological processes to recycle various aluminium containing materials for further aluminium
alloys production. Commercial and industrial structures capable of monitoring all phases from raw material collection to alloys and finished goods production are the ideal variant to meet
all abovementioned criteria.

Akron Holding being the leader in ferrous and non-ferrous scrap collection and recycling in Russia and CIS states, provides continuous collection and recycling of ferrous and non-ferrous
scrap as well as utilization of different types of vehicles, facilities, buildings, the company also manufactures and sells rolled metal products. ™

lMepepabomka, ymunusayus u emopu4yHoe ucnob308aHue aJIOMUHUEBbIX CN/IAB08 0/1 npou3800cmea
Hosoli npodyKyuu

an/I npou3BoacCTBe u3nenuii U3 MeTanna Bceraa 06pa3y}oTcsl 0TXOAbl HE3aBMCUMO OT NPOrpeccMBHOCTU U 3¢¢EKTMBHOCTM NPUMEHAEMbIX TEXHONOTMYECKUX
npoweccos. OTAKumMe 3aKNKYAETCS NULLb B KONMYECTBE M KAYECTBE 3TUX OTXOA10B. bONbLLON 06BbEM NOMOB M OTXOA0B LIBETHbIX METANINOB U CNIABOB, 06p33y|0UJ,MXCﬂ
Ha npeanpuaTmuax POCCMM,TpEﬁYET B yC10BMAX prHO‘{HOﬁ 3KOHOMMKM 60s1ee B3BELIEHHOMO NOAXOAA K MX MCMONb30BAHMIO B HapoaHOM X03fMCTBE.

B Poccuu, Kak 1 Bo Bcex NPOMbILNEHHO Pa3BUTbIX CTPAHAX, NPOM3BOACTBO LIBETHLIX CMJIaBOB OCYLLECTBNAETCA NO €ANHbIM FOCTaMm, He3aBMCMMO OT BUAA UCXOAHOV
wmxThl. lng obecneyeHus NPOU3BOACTBA KAYECTBEHHBIX BTOPUYHbBIX CNNABOB npe,unpwmmo-nepepaﬁquMKy HeobX0aMMO 0061aaTh TEXHONOMMYECKUM npoueccom
nepepaﬁoTKM Pa3nnUYHbIX MaTEPUANoB, COAEpPXaLinX ANIOMUHKA, C LEeNbIo NPUrOTOBNEHNUA U3 HUX BbICOKOKA4YECTBEHHbIX a/IlOMUHUEBBLIX CNNABOB. MneanbHbiM
BapuaHTOM And obecneyeHus BbILENEPEYNCNIEHHDIX TpeﬁOBaHMVI ABNAETCA KOMMEpYECKO-NPOU3BOACTBEHHAA CTPYKTYPA, KOHTPONUPYIOLLAA BCE 3Tanbl Ha4MHaAa C
pO3HI/NH0171 3aroTOBKM Cbipbsl 10 NPOMU3BOACTBA U BblMyCKa CNJiaBOB U roTOBO npoayKunu.

AkpoH XonauHr, fBnssice MAepoM no obbemam 3aroToBKM M nepepaboTku
IOMa YepHbIX U LiBETHBIX METANN0B Ha Tepputopum Poccuiickoi Menepaumu
u ctpad CHI, obecrieunBaeT HempepbIBHYIO 3aroTOBKY W nepepaboTky foMa
YEPHBIX U LBETHbIX META/NIOB, 3aHUMAETCS YTUIU3ALMEN PA3NUUHBIX BULOB
TPAHCMOPTHBIX CPEACTB, 3AaHHIA M COOPYXEHUH, 3 TaKKe NPOM3BOACTBOM W

peanwaauueﬁ MeTannonpokara. |

rﬂ PYCAIJI
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Production monitoring of castings for reject reduction

rE PYCAJI

Automatic inspection of castings with Inline-CT is gathering more and more relevance. Examples in the automotive sector are chassis parts, combustion engine parts

(cylinder heads, engine blocks e.g.) and new parts within the electric power train. Those parts are automatically inspected with Inline-CT, which means that both the Afc%ﬂﬂ?ﬁ%“

image acquisition and the evaluation of the images is done fully automatically.

New technologies in the field of X-ray enable more and more applications where a 100% inspection in the cycle time of the process is possible. The use of Inline-CT also gathers a lot of

Christian Kretzer different data of the part which can be used to optimize the production process and to reduce rejects.
Fraunhofer EZRT
Ger. many This contribution describes how modern Inline-CT systems can look like, how they work and show the benefits of using 3D techniques for the inspection process.®

MoHnumopuHz npou3e800cmea om/uBoK C Ueslblo CHUX(EeHUs bpaka

ABTOMaTMueCKUit KOHTPONb 0TAMBOK Npyu nomoly Inline-CT cTaHoBuTCS BCe 6onee akTyanbHbIM. B aBTOMOGUNECTPOEHUM 3TO AeTanu paMbl U
[ABMraTens BHyTPEHHero CropaHus (LMNMHApKUYeckue ronoBKki,6noKu ABUraTens U Ap.),a Takke HOBbIE KOMMOHEHTbI 3HEprocucTeMbl anekTpoMobune.
Inline-CT ocywecTBnseT ux aBTOMaTU4ECKMI A MOHUTOPWHT, YTO NO3BOASIET NONHOCTbIO ABTOMATM3UPOBATb NONYYEHUe U30BPAKEHUA U UX OLIEHKY.

HoBble TexHonoruu X-nyueit pacwupsiior chepy npumeHenus, rae BoamoxeH 100% MOHWTOPUHT B TeyeHMe NPOM3BOACTBEHHOMO LMKNA.
Ucnonb3osanue Inline-CT takke 0becneynBaeT cOOp MHOXKECTBA PA3IMUHBIX AHHbIX KaKOro-1M60 KOMMOHEHTA A5 NOCEAYHOLEN ONTUMU3ALMUM
npovecca NpoM3BOACTBA U CHUXEHUs Bpaka.

B naHHOM [I0KNaje pacckasbiBaeTcs O TOM, YTO MPEACTaBAAIOT CoBOi coBpeMeHHble cucteMbl Inline-CT, npuHumnbl paBotbl u npeumyliectsa 3D
METO/0B MK OCYLECTBNEHUN MOHUTOPHHTA, B

Kpucmuan Kpemuep
Fraunhofer EZRT
lepmaHus

*Co-author: Dr. Steven Oeckl, Fraunhofer EZRT, Germany
Coasmop: Cmusep Okn, Fraunhofer EZRT, [epmaHus
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I P F New materials in additive manufacturing for die castin n
R U M J 9] g . PYCAJT
ANIOMUHUEBAS
Impact of conformal cooling in die-casting and which materials will be available in future when printing is done at a 500°C preheated build-chamber. ® AccoumALUA

Hoebie mamepuanel 0515 a00umueHo20 npou3eo0cmea npu iumese nod 0aesieHuemM

Marc Dlmter Bo3pelicteue KOH¢0pMHOF0 OXNaXAeHUa Npu NUTbe NOA AABNEHWEM U MEpCneKTUBHbIE MaTepuanbl, KOTOpble 6yﬂ,yT AOCTYMHbI B 6y11yu1eM, Koraa nevatb 6y,EI,ET OCyLLecTBNATLCA B

TRUMPF Laser- und Systemtechnik npensaputensto pasorperoii go 500°C TepMokamepe. B
Germany

Mapk lJummep
Komnanus Trumpf
lepmaHus
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Trends towards larger die-casting machines - opportunities and challenges

( 1 y l l PYCAJI
BUH LE R Structural components have clearly gained in importance in the automotive industry in recent years, with a trend towards ever larger parts. The last two years have L

also seen a tendency towards 5G parts being produced in the die-casting process, same for large battery housings for electric vehicles. These are clear opportunities Afc%ﬂﬂ?ﬁ%“
for the die-casting industry, all of them with high volume potential. In addition, the car manufacturers are radically rethink their production methods to simplify the
assembly process and to reduce footprint.

We have expanded our Carat portfolio to meet these market needs. The Carat 560 and 610 with locking forces of 56,000 kN and 61,000 kN and a shot weight of 105 kg aluminum are
available now. Furthermore, we announced the portfolio expansion to include the 84,000 kN Carat 840. This will open up completely new applications, allowing die casting to provide
cost-effective solutions for even larger parts. ®

Michael Cinelli
Biihler AG
Switzerland

TenOeHyuu pazsumus MawuH 0718 UMbs N00 0ae/ieHUeM - 803MOXCHOCMU U Npobiembi

3a nocnesHMe HECKONbKO NeT BO3POCIO 3HaYeHMe CTPYKTYPHBIX KOMMOHEHTOB B aBTOMOﬁMneCTpOGHMIA, 6onee Toro, HabNIOLAETCA TEHOEHUMS K UX YKPYNHEHMIO.
MpoweaLume napy neT NOATBEPAUM TPeHA Ha 5G aBT03anyacTH, U3roToBAEHHbIE METOLOM NITbS N0 AABAEHMEM, KAK U 1S KOPMYCOB aKKyMynSTOPOB 31€KTPOKApOB.
Mbl BUAMM OYEBMAHBIE BO3MOXHOCTM 1S NUTbS NOA AaBneHueM. bonee Toro, aBToNpou3BoaMTENM NepecMaTpUBalOT Cnocobbl NPOM3BOACTBA U C60pKM C Lenbto

044 1 CHWXEeHWA yrnepoaHoro cnena.

MbI paclumpunu IMHeNKY MalMH Ans uTbs Nog AaBneHveM Carat Ans Toro, 4to6bl COOTBETCTBOBATb NOTPEBHOCTAM pbiHKA. [ocTynHbl ycTaHosku Carat 560 v 610 ¢
ycunueM 3axuma ot 56 000 go 61 000 kH, Macca 3arpy3ouHoii nopumu - 105 kr antoMutHus. B 6avxaliwee Bpems nnanupyetcs o6HoBneHue nuHeliku ao Carat 840
¢ ycunumeM 3axmuma 84 000 kH. 310 oTKpoeT HoBble 0671aCTU NPUMEHEHMS, T IUTbe NOA AaBNeHMeM byaeT 0becneynBaTb BHELAPEHUE IKOHOMUUYECKM IDDEKTUBHBIX
peLLeHMi NP U3TOTOBAEHUM KPYMHbIX aBTOKOMMOHEHTOB. M

Maiikn Yunennu
bronep Al
Leetiyapus
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AV ku rtz e r s a Equipment of Kurtz company. New tendencies and trends @ r1L YO

Kurtz GmbE 1)KURTZ GmbH presentation

. . . ANIOMUHUEBAS
2)Scope of application for KURTZ equipment ACCOLIMALUSI

)
)
3)Kurtz machines in foundry business
4)New developments

)

Vitaly Andreev 5)Our advantages. B
KURTZ GmbH
Germany O6opyodosanue komnaHuu KURTZ, Hogbie meHOeHyuUU u HanpasaeHus

1)Mpe3enTauns komnanun KURTZ
2)Ccepbl npumeHeHus obopynosanus KURTZ
MawwwuHbl Kurtz B nuTeiiHoM 6usHece
HoBble pa3paboTku

3
4
5)Haww npeumywecrsa. B

- R

Bumanuti AHdpees
Komnanus Kypmuy, 3pca
lepmaHus

*Co-author: Koryagin Alexander Borisovitch, KURTZ ERSA, Germany
Coaemop: KopsiauH AnekcaHop bopucosuy, KomnaHus KURTZ ERSA, lepmaHus
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’ Key aspects of the training foundry specialists at NUST MISIS

M M CVl C o The process of training foundry students at NITU «MISS» is carried out within the framework of the Federal State Educational Standard 3 (FGOS 3) and developed on its
basis its own educational standard NITU «MISIS» under the methodical guidance of the Federal Educational and Methodical Association (FUMO) in the field of higher ~ AtloMuHMEBAS

rE PYCAJI

education on UGSN 22.00 «Materials Technology» in the direction of «Metalurgy». ® AecommAL
OcHoeHble acnekmeol 06yyeHUs u no020moeKu cneyuanucmos-aumeliwukos 8 HUTY «MUCuC»

Vladimir Belov .

NUST MISIS Mpouecc 0byyerns cryneHToB-nuTerwmkos B HUTY «MUCUC» ocywectnsetcs B pamkax MeaepanbHOro rocyaapcrBeHHOro 0bpasosarenbHoro craHaapta 3++ (OroC 3++) u paspabotaHHoro
Ha ero ocHoe cobcTBeHHoro obpasosatensHoro craHgapta HATY «MUCUC» noa meTopuueckum pykooactBoM (DenepanbHoro yuebHo-MeTogmyeckoro obbesnHenmns (PYMO) B chepe

Russia Bbicwwero 06pazoBanms no YICH 22.00.00 «TexHonoruu MaTepuanos» no Hanpaenexuio «<Metannyprusy. M

Bnaoumup benos _
HUTY «MUCuC» 7 ey Z8
Poccus : =

*Co-author: Titov Andrey Yurievitch, NUST MISIS, Russia
Coaemop: Tumos AHdpeli lOpvesuy, HUTY «MUCuC», Poccus
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CAMAPCKWM
NOAUTEX

OOl HvsepCH ST

Konstantin Nikitin
Samara Polytech
Russia

KoHcmaumux HukumuH
Caml'TY
Poccus

Integration of digital technologies in training and science activities for casting industry personnel of
transport engineering and aerospace clusters ’

rE PYCAJI

The example of Samara Polytech Department of Casting and High Performance Technologies shows that efficient training as part of “bachelor-master- post-degree Agc'%gm?ﬁ%ﬂ
student” system for multi-product enterprises can be achieved only through a comprehensive programme involving:

- proactive work of Samara regional office of the Russian Casting Association

- availability of research area “Genetic Engineering Technologies in Alloys” to prepare highly trained personnel

- establishment and development of Casting Technologies Centre supported by the University and industrial partners

- providing employment for talented students and graduates

Today the Casting Department of Samara Polytech provides programmes for bachelor training (4 fields of study), master’s degree training (1 field of study) and post graduate training. The
efficiency of training is achieved by comprehensive education plans on metallurgy, casting welding and additive manufacturing. ®

Uumezpauyusa uyugposbix mexHonoz2uli 8 y4ebHbili U HAy4YHbIl Npouecc No020MosKu Kaopoe 0/
Memannypauyecko:o U J/umeliHo20 npou3eoocme npeonpusmuii MAWUHOCMPOUMENbHO20 U
a3poKOCMUYECKO20 K/1acimepos

Ha npumepe pestenbHocTn kadenpbl «/luteitHble U BbICOko3IQdekTHBHbIe TexHonoruuy MTBOY BO Camapckoro rocyaapCTBeHHOrO TEXHUYECKOTO YHUBEpCUTETA
noKa3aHo, 4to 3P deKTBHAs NOATOTOBKA KAPOB B CHUCTeMe «bakanaBp-MarucTp-acnupanT» Ans NPeanpusTUiA MyNbTUNPOU3BOACTBEHHOMO LMKNA OCYLLECTBAAETCA
TONbKO Yepe3 KOMMNEKCHYH0 NPOrpaMMy B3aMMOAEACTBUS N0 CIEAYHOLMM HanpaBNeHUM:

- aKTMBHas pabota CamMapckoro pernoHanbHoro oTaeneHus Poccuiickoit accoumaLm UTEALLMKOB;

- HaNM4ue YCTONYMBOTO HaYYHOTO HanpaBNeHNs «TEXHONOMMM FeHHOW MHXEHEPUM B CMNIaBax», 00eCNeYnBaloLLEro NOATOTOBKY KaApPOB BbICLUEH KBATU(DUKaLIMK;

- OPraHM3auus 1 passuTMeE NpU NOAKEPXKE PEKTOPATa YHUBEPCUTETA U MHAYCTPUAbHbIX NApTHEPOB LIeHTpa NUTeNHbIX TEXHONOTHA;

- Co3aHue pabounx MecT Aisi TaNaHTAMBbIX CTYLEHTOB W BbIMYCKHUKOB KadeApbl B kayecTBe KaApoBOro pe3epsa.

Ha Tekywmit MOMeHT Ha nuTeiiHo# Kadeape Camapckoro nonuTexa Begetcs
NOATOTOBKa 6akanaBpoB Mo 4-M HanpasneHnam bakanaspuara, 1-My Hanpasnexmio | 7 v |
MarucTpaTypbl M acnupaHTypbl. I eKTUBHOCT NMOATOTOBKM B AOMONHEHWE K i

Bbll€CKa3aHHOMY o()ycnosneHa MHTErPUPOBAHHBIM y'-leﬁHbIM njiaHaM Oﬁy'-IGHVIFI no
MeTannypruu, NIUTbto, CBapOUHbIM M aAAUTUBHBIM NPOU3BOACTBAM. u

((@ ot

OnopHeiit yHneepeutet
A PHBIl YHHBERC
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New generation of automotive engineers. Development of new competences and modern
technologies in aluminium application

l I l PYCAJI
. . . . . . . . ANIOMUHUEBAS

The document includes information on the competence development of new generation of automotive engineers and creation of a comprehensive ACCOLIMALUSI

educational and training system. Such system should unite schools, institutes of higher education and industry representatives and implies organization

of strategic sessions and training, establishment of design engineering bureaux at leading universities as well as conduction of research and development activities.

As part of Student Formula project students from technical universities participate in the development of a racing car and will further take part in official racing events

Dmitry Onishchenko among Russian universities. The presentation also talks about aluminium alloys application in automotive industry. Aluminium is widely used both in load-carrying structures
. . and interior elements. Modern technologies make it possible to use various connection types, so that complex constructions with different types of materials can be applied.

Doctor Of Engmeermg, Professor Aluminium is more and more often used in load-carrying structures, suspension, passive car safety elements, powertrain, etc. PIM or powder injection molding is one of the

Bauman Moscow State Technical University — most leading-edge technologies today. m

Russia

Hoeoe nokoneHue asmomo6ubHbIX UHXeHepoe. Pa3zsumue koMnemeHyuii u COBPEeMEHHbIX mexHoaozulii
npuMeHeHus aJloMuHus

B npesenTaumu npeacraBneHa MHOOPMALMA O Pa3BUTUM KOMMETEHUMI HOBOTO MOKONEHUS aBTOMOOMIbHBIX WHKEHEPOB M CO3AAHUM KOMMNEKCHOM CUCTEMb
NOArOTOBKM KaapoB. Takas cMCTeMa LOMKHA 0BbEAMHSATb WKOAY, BY3bl, 0TPAUTb KAAPOB M NOAPA3YMEBAET NPOBEAEHUE CTPATETMUECKMX CECCHI U 0BYYEHUS, CO3AaHHeE
KOHCTPYKTOPCKOTO 610po Ha 6ase BeyLuMX YHUBEPCUTETOB, a Takxe nposeaeHme HAP.

B pamkax YHMBepCUTETCKOM FOHOYHOW CepuM CTyAEHYeCKMe KOMaHAbl BEAYLMX TexHuuyeckux BY30B CTpaHbl CO3AAIOT CNOPTUBHDINA aBTOMOOMIbL B COOTBETCTBUM
C TEXHUYECKUM PErNaMeHTOM 1 B AAnbHEMLEM MPUMYT y4acThe B ODULIMANBHBIX FOHOYHBIX COPEBHOBAHUSAX CPeau POCCHICKMX YHUBEpCMTETOB. B npeseHTaumm
peub TaKKe WAET O MPUMEHEHWUM AMKOMUHWEBLIX CMNABOB
B ABTOMOOMNbLHOW MPOMbILAEHHOCTA. AMIOMUHMIA LWMPOKO
MCMONb3YETCA KaK B CUNOBLIX KOHCTPYKLIMAX, TaK W 31EMEHTaxX
UHTEpbepa aBToMobUNS. CoBpeMeHHbIE TEXHONOTUM enatoT
BO3MOXHBIM MCMO/b30BAHME PA3NNYHbBIX TUMOB COEAMHEHUH,
YTO NO3BOASIET MONYYUTb COCTABHYIO KOHCTPYKLMIO C
MPUMEHEHWEM Pa3fMYHbIX TUNOB MaTepuano. Bcé vale mbl
MOXEM BCTPETUTb aIOMUHWIA B HECYLLEN CUCTEMe, NOABECKE,
3NeMeHTax NaccMBHON 6E30MaCcHOCTH, CUNOBLIX YCTAHOBKAX,
3NeMeHTax MHTepbepa M Ky30BHbIX naHensx. OmHo# u3
NepCneKTMBHOI TEXHONOMMM, LUIMPOKO PacpOCTPaHsoLLElics
B HacTosillee BpeMs, SIBNSETCS AUTbe MOA AABNEHMEM
MOMMEpOB, HaNOHEHHbIX nopoLukamu (PIM). M

/\ SuHRaTH

( j Y REC

21

LAmumpuii OHuweHko, e : g
0.m.H., npogeccop MI'TY um. baymaHa
Poccus

Il International Conference on Aluminium Casting 2-9 MeXXpyHapoaHas KoHdepeHuUs No antoMUHUEBOMY JIUTbIO



