KOMITTIEKCHAA NMEPEPABOTKA

MWUHEPAJIbHOI'O CbIPbA

OT OLUEHKW 4O OTPABOTK MECTOPOXAEHNA
C NOJIYHEHVEM TOBAPHbBIX NMPOAYKTOB
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NHCTUTYT «TMPEOMET»

OXBaTbiBaeT CaMbii LUINPOKUN B CTPaHe
CNeKTp pa3paboToK B 06nacTn peakmx
METaJlIoB OT TEXHONOTNIN Ao6bIuN,
nepepaboTKun, BblAeNEHUA N OUNCTKN
NErKNX pefKunx, paccesHHbIX,
TYronnaBKux 1 pefKo3emesbHbIX
MeTanNoB A0 Co3haHNA GYHKLNOHANbHbIX
CMNaBOB, COeANHEHNI N N3AENUNA

Ha UX OCHOBE /1A 3JIEKTPOHHOW, aTOMHOW,
XUMNYECKOW, aBUaLIMOHHOW, KOCMUNYECKOWN,
0O6OPOHHOW 1 ApYrux
BbICOKOTEXHONOrMYecKmnx otpacsen
NPOMbILLNIEHHOCTN.

BEAYLUMW LIEHTP PA3BUTUA HAYKI
N TEXHONOT MATEPUAJIOB HA OCHOBE PM /1 P3M

BewecTtBa ma;gmaﬂal
ocoboi uncrotbl (3o 7N) iyl

Matepuansi
Ans npeobpasosaresneii
MeTtannuueckune 1 HakonuTenem sHepruu

CnnaBbl N NOPOLLKN

YnpaBneHue
TEXHOTEHHbIMM
YucTble okcuabl MeTannoB oTXofamu
N CONYTCTBYOLLMX
OENCHIcE TeXHosornyeckmne
MaKpOHanpaB/ieHUA
Pazpabotka

1 KOHCTPYMpOBaHue
TEXHOJIOrMYEeCKOro
obopynoBaHuA

MonyueHne
KOHLIEHTpaTOB
PMwu P3M

)

MepepaboTka
PYLAHOTO Cbipbs

AHanUTNYeCKnin KOHTPONb

Ha BCex 3Tanax TeXHoNornu:
OT BXO[LHOTO KOHTPOJIA CbipbA
[0 FOTOBOW NPOAyKLUMK
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('0’ KOMMNETEHU MW OTAENEHNA KOMMJIEKCHOW MEPEPABOTKW PYOHOTO CblIPbA

TMPEOMET

POCATOM TexHonornyeckum ayguT
LENCTBYIOLNX NPON3BOACTB

Pa3paboTka TEXHONOrMM 1 KOPPEKTUPOBKA
TEXHONOIMYECKNX PErNaMEHTOB
nepepabatbiBalOWUX NpeanpuaTun

BHeapeHmne peweHnn
471 ONTUMMU3aLMUM NPOLECCOB

HayuHo-TexHnueckoe conpoBoOXKAeHme
AeATEeNbHOCTY NpeanpuATUn

DopmmpoBaHme OTYETOB
O Hay4HO-uccnegoBaTenbCckon paboTe
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TEXHOJIOTW MNOJTYHMEHWA
PEAKOMETAJIJIbHbIX
KOHLIEHTPATOB

MPOMU3BOACTBO
PM W P3M

KOMMETEHUWW B TEXHONOTMAX MOJIYMEHWUA CbIPbA AJ14 PM U P3M

XnbuHckasa rpynna JloBosepckoe . q
MeCTOPOXAEHNI OMTOpPCKOoE

Annyans

®

®ocdorunc
(CapatoBckan 0611.)

MoHauunt

YyKTyKoHCcKoe
(r. KpacHoypurmck) T

BbILLENIAYVBAHVWE @ PA3JEJNIEHWE @  COPBLMA @ OKCTPAKUMA @ OCAOUTENIbHO-
DA3 OUNBTPALIMOHHBIE
METOAbI

Pazpabotka PaspaboTka BblaeneHue \ Monyuerve
TEXHONOTNN TEXHOJIOMMN NMHAMBUAYaNnbHbIX coeiHeHnn

oboralleHus nepepaboTKu PM/P3M PM/P3M
KOHLIeHTpaToB 1 Apyrux W N30eNIN N3 HUX

LUEeHHbIX MeTal1IoB
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I Buixoa, %
CopepxaHue, r/t

70
)
50
40
30

BbIXO[,%

20
10

NCCJIEOOBAHUE PYOAHOTO CbIPbA

N3YHEHUE XUMINYECKOTO N TPAHYJIOMETPUYECKOTO COCTABA

NCXOAQHAA MPOBA

Pacnpegenenue Au, %

- I a—1l

-1+0,5

-0,5+0,25

-0,25+0,1 -0,1+0,044  -0,044+0,020 -0,020+0,010 -0,010+0

CopepxaHue Au B UcxofHow pyae, 1/t

FPAHYJTIOMETPUYECKII
AHAJIN3

COOEPXAHWE, /T

AHAJIMTUYECKOE OBOPYJOBAHUE

XUMWUYECKNI AHATIN3

MOZE/Tb

MPOU3BOAUTEJ1b

CneKTpOMEeTpP SMUCCUMOHHbIN C
WHAYKTUBHO-CBA3aHHOW NNasmoi

Agilent 725 ICP-OES

Agilent Technologies

CnekTpodoomeTp AA-240FSVGA77, : ;
aTOMHO-abCcopPOLVOHHbIN Contra 300 Verian Anailk dena
AHanusaTtop yrnepogau cepbl EMIA 920V Horiba
Dypbe-cneKkTpomeTp MH$pPaKpacHbIN Nicolet iS50 jihemmoishen

Scientific

1. O6ocHOBaHVIE NApPaMETPOB PACKPbITUA LEHHbIX MUHEPanoB
2. OnpepeneHue KoNMyecTsa CTafuii U KPYMHOCTU NPoBeAeHs
PYAOMNOArOTOBUTENbHBIX 1 CENapaLMOHHbIX MPOLIeCCOB
3. OnpepeneHue oNTUManbHOW KPYMHOCTY PacKpbITHS,
MOAaNbHOCTN pacnpefeneHuns LeHHbIX KOMNOHEHTOB
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N3YHEHUE MWHEPAJIBHOT'O COCTABA

FTMPEAMET ABTOMATU3NPOBAHHbIN
POCATOM AHATNU3ATOP MNPOB

O6ocHOBaHue
6naronpuATHbIX

N HebnaronpuUATHbLIX
¢dakTopoB

ANA cenapauyoHHbIX
npoLeccos,

BINAIOLLNX

Ha oboraTmocTb pya

N KayeCTBO KOHLEHTPATOB

MNpepBaputenbHoe
obocHoBaHuMe
paunoHanbHOn
TexHonornm
nepepaboTku pyabl

ABTOMATUUECKUI pacueT
CTENeHn packpbiTMa MUHEpPaoB
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g: OCHOBHbIE METO/bI
' OBOTALLEHUA

APOBJIEHNE Y ¥ ‘ rPABUTALINA

POXOYEHUE =% « MATHUTHAA U 2JTEKTPUYECKAA

N3MEJTIbYEHWE > L CEMAPALMA
s - ONOTAUMA

BCTTOMOTATEJIbHbIE
[MPOLIECChHI

KINACCUOUKALNMA
CrYWwEHWE
OUIbTPALINA
MNMPOBOIOAIOTOBKA

MPOU3BOAUTE/IbBHOCTb TEXHOJIOTMYECKOTO OBOPYAOBAHWMA MO3BOJIAET MPOBOAUTDL JIABOPATOPHDbIE,

! : ﬁ YKPYMNHEHHBIE W MOJTYNPOMbILWJIEHHBIE NCTBITAHNA




Y
0y
(74
TMPEOMET
POCATOM

MPEMMYLLEECTBA TEXHOJIOTW

KOMIETEHU W B TEXHOJIOTUAX TTOJTYHEHWNA BEPUTITNA

OnbITHO-NPOMBbILLSIEHHASA

TEXHOJIOMA NONlyYeHUsi r’MapoKcmnaa
6epunnusa No WenoYHoW aBTOKIaBHOW
TEXHONOMMK C UCNONb30BaHNEM METOAA
MeMOpPaHHOro 3eKTpoanann3a

M /icnonb3oBaHue as N3rotoBeHns NMPOMbILLJIEHHOIO

W BbicoKnin skonornyeckuim noteHuman obopynoBaHua 6o5ee AOCTYMHbIX MaTepUanos

B «HeuyBCTBUTENIBHOCTLY K GTOPY, cofep aLiemycs
B MICXOAHOM KOHLIeHTpaTe

(cTanb 3 unu ctanb 20K, ctanb 12X18H10T, noannponuneH)
M VicknioueHve onepauun niaBreHns KOHLEHTpaTa,

B 3aMKHYTbIV LMK MO BOAE Yl OCHOBHOMY peareHTy — Lijesioun BbiNapKM LLESIOYHbIX PaCTBOPOB
B Bo3MOXXHOCTb NOJIHOW aBTOMaTU3aL1K npoliecca B YTUnunsaums XuagKkux n TBEpabix Be-cogepalijnx oTXoaoB
M 3alUyiTa NepcoHasna oT BO3AeNCTBUA coeanHeHNn 6epunnus M [MonyyeHune roToBoW NPoayKLMM BbICOKOTO KauecTsa

Ob6oraujeHune

f

bl
noTauus)

lmapokcng Be
Okcnp Be

BEPUNNIAW BkntoueH

B MepeyeHb aePpULMNTHbIX
BMAOB TBEPAbIX NOSE3HbIX
NcKonaembix

(yTB. pacnopsxeHvem
[paBuTtenbcTBa PO ot
16.04.2024 1. N2 939-p).
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Pa3paboTaHa 1 BHeApeHa B MPOMBbILLIEHHYIO
3KCMNyaTaunio KOMMIeKCHaa TEXHONOrnsA

No nepepaboTke NUTUEBOrO PyaHOro

cbipbA Ha 3abankanbckom NOKe

KnioueBble Hay4YHO-TeXHoJiornyeckme komneteHymm

s OborauieHne n nepepabdoTka (CNOAYMEHOBbIN KOHLEHTPAT, KOHLEHTpaT
CNIOANCTbIX IUTUEBBIX PYA, TINTUEBDIV KOHLIEHTPAT 13 PAcCOJsIOB)

= [1pon3BoacTBO KapboHaTa 1 rmapoKkcuaa NMNTus

= [1pOM3BOACTBO METANNNUYECKOTO NUTUA BbICOKOW YaCTOTbl U CMJIAaBOB

= YTUnm3auma oTxofoB NPOon3BOACTBA UTUA

= [lepepaboTka cnogymeHoBOW pyabl Konmo3epckoro MectopoXxaeHus

= [lepepaboTtka pya LLlaBa3canckoro mectopoxaeHus

= VI3BneueHune nutua us pacconos (bonnenn)

NNTW BKntoueH B nepeyeHb aedu-
LUUTHbIX BUAOB TBEPAbIX NONE3HbIX
ncKonaemblix (yTB. pacnopsxeHnem
MNpaButenbctea PO o1 16.04.2024 1.
N2 939-p).

B Poccum otcyTcTByeT fobblua
NUTNEeBOro cbipbsa. OcyliecTBnseTca
nmnopt u3 Kutaa, Ynnun, ABctpanuu.
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METOAbI UCCNEAOOBAHNA METOAbI UCCNEAOBAHNA

: = ATMOCOEPHOE BbILETAYNBAHUE = KYYHOE BblLLEJTAYMBAHWE
.ﬁ'l _ = ABTOKJIABHOE BbILLIEJTAYMBAHUE = [IOA3EMHOE BbILETAYNBAHUE
“'-h ] = XJIOPUPOBAHWE .

«#.  OBbEKTbl UCCIIEQOBAHUA .- OBbEKTbI NCCJIEAOBAHUA

B TexHonoruyeckue 3abanaHcoBble PyAbl
1 OTBaJibl MUHEpPaJNIn30BaHHbIX NMopona;

B XBOCTbl M NPOAYKTbl TEXHONOrMYECKON
nepepaboTku pyabl;

=t m Pygbl v pyaHble KOHLEHTPaTbl LIBETHbIX,
peaKux 1 61aropoaHbIX MeTanIoB B BOAHbIX U HEBOAHbIX cpe/iaX;

| TBépﬂble OoTXOoA4bl Npon3BoACTBa 3TUX METAJIJTOB.

o ' | anpOﬂHble, noa3emMHble 1 LaXTHble BObl C aHOMaJ1IbHO
BbICOKMMU cojepXaHNAMU MOoJ1e3HbIX KOMIMOHEHTOB;

B MecTopoxaeHus, 3aeratolye B cJIOKHbIX FrOpHO-reosiorn4ecknx
ycnoBusx, OTpaGOTKa KOTOPbIX TPaANUMNOHHbIMIN
cnocobamm cumTaeTcs HepeHTa6ean0|7|.




TEXHONOTN 1 MAJTOTOHHAKHOE TIPOSBOACTBO
BbICOKOUYUCTbIX COEANHEHWIA PM A P3M
(FMAPOMETAINYPITMYECKUME CINOCOBbI)

e

JIABOPATOPHbIX
SKCTPAKTOPOB
cMecuTenbHo-
OTCTONHOrO TUNa

TMPEOMET
POCATOM

TEXHOJIOTMAa
MeTop mmngocmom 3KCTpaKumm no3sonsaet
pa3aennTtb 6nM3Kne no CBONCTBaM MeTansbl
‘3‘,’(‘319,,'2(‘,{%’,',*3,'3" N rNy60oKO OUMNCTUTb NX OT CONYTCTBYIOLLMX
s LeHTpob6exHoro TMna npumecen (pegko3emesibHble MeTassbl,

| . LUBETHbIE METAJ1J1bl, TYrorylaBknMe MmeTasijl bl).

\ " MPEMMYLLECTBA
Zt-Hf  Co-Ni = BbICOKas CEIeKTUBHOCTb, MO3BONAIOLLASA
pasgenvTb 6M3KMe Mo CBONCTBAM Sf1eMeHTbI
La-Ce-Nd -P3M | = I3BJIeUEHNA META/NIOB M3 CUMbHO
pa3baBneHHbIX PAaCcTBOPOB
= pereHepaLa 3aTpayeHHbIX peareHToB
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JlaHTaHTepMus
Ln,O, +La - La,0,+2Ln

Kanbuuntepmusn

LA LnF, (sl) +(3)/2Ca () »

Ln(l) + (3 )/2 CaF, (s)
Anromorepmusa

MeXOy+AI -+ xMe+Al,0.+Q
Nntuntepmun

LnCl(I) + 3Li(g) =Ln(s) + 3LiCl(])

TEXHOJIOTUW METAJIJTIOTEPMUNYECKOTO BOCCTAHOBJIEHWA PM U P3M
TEXHONOIW BbICOKOTEMIMEPATYPHOTIO 3JIEKTPOJTIN3A Mg, Ca, Ce, Nd, Pr, Ge

PAGUHUPYIOLLUWIU NEPENJIAB
(vivnun QUCTUNNALNA)

PM v P3M O YPOBHA 99,99%

P3M
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TEXHOJIOTNA N NMPOM3BOACTBO CI1J1ABOB

= Jluratypsl (Ni/Co/Fe/Al/Cu) + P3M
HomeHKnaTypa 100 sugos
ob6bem Bbinycka 15 1/rog

= MeTannorugpvaHblie cnnasbl
(AB,, AB,n AB, BJA)

= [1peunsnoHHbie (CneymanbHble) CriaBbl

= QYHKUMOHANbHbIE N KOHCTPYKUMOHHDIE,
B T.4. B2-cnnasbl

= KaponpouHble HUKeneBble CaBbl
Cnnasbl C NaMATbIO GOPMblI

= TAkenble NnceBao- Cnasbl

Ny

Nccnepgyem cnnasbl oT 0,5 Kr.
O6bembl npounssoacTBa bonee 20 1/rogA.
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MEPEPABOTKA TEXHOTEHHOI'O MNHEPAJIBHOIO CbIPbA

MEPEPABOTKA OTPABOTAHHbBIX TIUTUN-UOHHbBIX AKKYMYNIATOPOB

TexHonorns rmapomMeTansyprnyeckon nepepaboTku

«4YepHOM MaCCbl», MOTyYEHHOW B pe3ynbTate onepaunm

MO N3MENbYEHUIO INTUN-MOHHbBIX aKKYMYNATOPOB Pa3HbIX TUMOB.
[o3BonaeT BblAENNTb 1 BEPHYTb B MPOU3BOACTBEHHbIN LINKIT

KpUTUYECKne meTanbl: KapboHaT nutuaA, Cynbdata KobanbTa
N HUKena 6aTapenHoro KayecTsa.

LiZCO3 COSO YNCTOTA 99.5%

4 NCIMOJIb3YETCA

. B COBPEMEHHbIX
bATAPEMHOE N | SO AKKYMYSISTOPAX
KAYECTBO

MeTof »KUAKOCTHOW SKCTPaKL MM OTPaboTanm Ha MOAENbHbIX
PacTBOpPax C MPUMEHEHNEM CENEKTUBHDIX IKCTPAreHToB

MO OTHOLLEHWIO K LIBETHBIM METAJI/1TaM Ha SKCTPAKLMIOHHOM
Kackage 13 AeNnTeNbHbIX BOPOHOK.

I'IpoeKT HAXOAATCA B BbICOKOW CTENEHN FOTOBHOCTU

ANA MaclwTabrpoBaHNA 13 NabopaToOPHbIX YCII0BUIA
Ha NPOM3BOACTBO.
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"“ v PA3BUTUE HATPABJIEHWA INMPO3BOLCTBA

"’ PEATEHTOB )19 PEAKOMETAJ/TbHOW OTPACITN

TMPEAMET 4 A a7 N S S.-
POCATOM

B 3KCTpaUMOHHbBIX NpoLeccax pa3geneHunsa pP3m KNoYeByro Posib UFPakoT SKCTPAreHThbl.
NHCTUTYT BEAET akTUBHYIO HayUYHO-MCCIIef0BaTeNIbCKYI0 paboTy No nepexony j/n
Ha OTeYeCTBEHHbIE aHaOr . A

YA W VBN, G L A - LR

I

MuHepanbHOe NPUPOAHOE Cbipbe TexHOreHHOe MUHEepPasIbHOE Cbipbe

m TexHONornsa n3BnevyeHus AparoueHHbIX MeTaJIJ10OB L I'Iepepa60TKa 1 Ae3akTtnBaulunAa He¢Te3arpﬂ3HeHHbIX LJlaMOB

® TexHonorma nepepaboTky NonnmeTanINYecknx pya \"~ 7,1 = [lepepaboTKa IMTUN-UOHHBIX aKKYMYNATOPOB ¥
m CopbUNOHHbIE TEXHONMOMNN N3BIEYEHUA NUTUSA “. s 70 m MepepaboTka OTXO[0B TBEPAOCMNABHbIX MHCTPYMEHTOB, C 1
m TexHONoOrMmM gesakTnBaLmm LMPKOHOBOIO KOHLIEHTpaTa, ,'/;s_f . ™ nepepaboTka OTXOAO0B TUTAHOBOIO NPOU3BOACTEA,

nonyueHua ZrOCL, ZrO, ‘ ‘ OTXO[O0B NPON3BOACTBA MAarHNTOB
= TexHONOrMN NonyyeHUa cynbdaTta xenesa m [lepepaboTKa 3NeKTPOHHOrO JioMa

= TexHonorum oborateHns n nepepaboTku
6epunanincogepikallero cbipba

= TexHonoruna nepepaboTku guatommuTa
c noslyyeHvem SiCl, v Xuakoro ctekna

= TexHonornm nepepaboTKn cnogymMeHOBOro
KOHLeHTpaTa 1 nonyyeHua kapboHara Li

= TexHonoruu nepepaboTky LMPKOHOBOIO KOHLIEHTpaTa

= TexHonoruna nepepaboTKM NMPUTHbIX OrapKoB

= TexHonornm nepepaboTkm pocdorumnca

= TexHonornum nssneyeHnsa P3M

TG R

= [epepaboTka WindoBaHHbIX OTXOAOB MPON3BOACTBA
MOCTOAHHbIX peKO3eMeNbHbIX MarHUTOB




HAMNPABEHWA PA3BUTA KOMMNNEKCHOW NEPEPABOTKA MUHEPAJIbHOIO CbIPb#
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MepepaboTtka Pa3BuTtue HanpasneHus PasBuTne HanpasneHua

TEXHOTreHHbIX OTXO[0B NPOoOn3BOACTBA peareHToB Nosy4yeHusa YNCTbIX MEeTaNIoB

Li, Cd, Ni, Ti, Na ANA peAKoMeTasIbHON OTpac/u 1 CMJIaBOB MeTogaMu
3NeKTpon3a N MeTanioTepmmmn

YucTble coenHeHns, MeTabl JKCTpareHTbl
ansa pasgeneduna PM n P3M
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[1oANOKKN UCAONb3Y0TCA

B MPOU3BOACTBE SMNMTaKCUANbHbBIX
FETEPOCTPYKTYP C GOTOUYBCTBUTEBHBIM
CNoemM KagMnmn-pTyTb-TENNYP

LNA N3roTOBNIEHUA MAaTPUYHbIX
doTONPMEMHDIX YCTPOUCTB
NHOPaKpPaCHOro AnanasoHa.

ONOTN N MANTOTOHHAMHOE MNMPOW3BOACTBO
ONYNPOBOAHWMKOBbIX MATEPUAJIOB IPYMMbl A2B6

MoHoKpucTannnueckue NoQIoKKM ¢ Kprctasuorpapuyeckon
opwueHTauuen [111] anameTpom 4o 55 MM C IIOTHOCTBIO ANCIOKALIN
MeHee 5x104 cm-2 N3rotaBnMBaloT N3 KpUCTaJUv1oB
Kagmun-LinHk-Tennyp, BbipaLleHHbIX MeTogom bpumpkmeHa.

_—
NOONOXKU KUT SMNUTAKCUAJIbHbBIE
TY 1778-333/0-0198396-11 CTPYKTYPbI KUT/KPT

TY 1778-341/0-0198396-12
TY 1778-342/0-0198396-12
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Pa3spaboTaHbl TeExHONOrMN
N OpraHn30BaHO NPOM3BOACTBO
ONTUYECKMX MaTepranos Nk obnactu

Ha OCHOBE rajioreHMaoB cepebpa 1 TannuA.

« CUHTE3 conen

* POCT KPUCTasoB

« U3rOTOBJIEHME ONTUYECKUX DNTIEMEHTOB
aJIMa3HbIM TOUYEHUEM

MOHOKPUCTANNbI

rAJIOTEHUADI KPC-5 (1Br-Ti) 1 KPC-6 (TICI-Tign)
TAJUINA
CEPEBPA

ONTUYECKWE 2NNTEMEHTbDI
UMK-OUAMA30OHA

Mpusma

(zarotoBka) us KPC-6 (TICI-TIBr)
OkHO

13 KPC-5 (TIBr-TlI)
CeeToaenuTenbHOE KOMbLo
13 KPC-5 (TIBr-TlI)

Mpusma

MHMBO u3 KPC-5 (TIBr-TII)
Mpusma

n3 KPC-5 (TIBr-TII)

ONTOBO/TOKHO
MK-OMAMNA30OHA
B T.4. F(PaiMeHTHOro

nonynrPoBOAHMKOBBIE
AETEKTOPHbBIE SJIEMEHTbI
MOHUN3UPYIOLLIUX U3JTYHEHUA
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IV MexayHapoaHas
HAay4YHO-NPaKTUYeCcKaa KoHpepeHUUA

«Pegkne metannbl U matepumanbl Ha UX OCHOBE:
TEXHOAOTMNWN, CBOUCTBA N NPUMEHEHNEY

ANPENE 2026, MOCKBA

B ®OKYCE OBCYXXAEHWA HAYYHASA NMOBECTKA
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TMPEOAMET
POCATOM

OTAENIEHME KOMIMJEKCHOW
[TEPEPABOTKU PYOHOTI'O CbIPbA

NHCcTuTYT «MpeamMeT» - BeAylwas opraHusaums
MaTtepuanoseayeckoro npodunsa Mockopnopaumm
«PocaToM», cneuuanusupyowasca Ha paspaboTke
HOBbIX MaTepuasioB Ha OCHOBE peaKuX MEeTasnsioB,
NX COEANHEHUIN U CNNABOB, BbICOKOUYUCTbIX
BELLLECTB, NOJyNPOBOAHNKOBbLIX MaTeEPUANOB,
HaHOMaTepManoB N HAHOTEXHOJIOMUNA.

r. MockBa, yn. dnektpoaHas, a.2, cTp.1




