yp J1bCKU n MunmucTepcTBO Haykv 1 BoicLero obpa3osanus Poccuiickoit Oepepadiym.

- DepnepanbHoe rocyfapcTBeHHOe aBTOHOMHOE 06pa30BaTeNbHOE YUpeXAeHUe
(Den.epaﬂ bHbIU Bbiclero 06pasoBaHua «Ypanbckui hegepanbHbiil yHUBEpCUTET
YHMBepCMTET umenm nepeoro Mpesvpenta Poccum B.H. EnbumHay (Yp@Y).

WNHCTUTYT HOBBIX MaTepuanoB 1 TEXHONOTWI.
umeHu nepsoro lNpesupaeHTa

Poccum B.H.EnbumHa yn. Mupa, 28, EkatepuHbypr, Poccust, 620002,
MHCTUTYT HOBLIX MaTepuanos Ten./dakc: +7 (343) 374-53-35, 375-44-39
M TeXHONorun e-mail: inmt@urfu.ru, www.urfu.ru
77.04. 404 N I3 R0 - I/ 9F
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Ha aBTopedepaT auccepTanHOHHOMH paGoThl Bornmkosa Cepres AHaTo/ibeBHYA
«Pa3paboTka KOMIUIEKCHON TEXHOJIOTHH IIOJy4EHHsS CTalM BBICOKOH YHCTOTHI B
YCTIOBHUSIX COBPEMEHHBIX CTaJICIUIaBUIBHBIX IIEXOBY, MPEACTABICHHOM Ha COMCKaHHE
YYCHOM CTENEHH JOKTOpa TEXHHYECKHX HayK M0 CHENHAIbHOCTH 2.6.2 -
«MeTamtyprus 4epHbIX, IBETHBIX M PEIKHX METAIIIOBY

Yucrora cranu sBiaseTcss BaXHBIM (AKTOpPOM €€ KayecTBa M MOTPEGHOCTH B 0

0Jiee

YUCTBIX CTalIsIX paCTéT C KaXXIbIM I'OJI0M. OTCYTCTBI/IC obmero oaxoaa IOJIYYCHHUS «YUCTOM

CTajin» H yqéTa BCEX TIIPOUCXOOAIINAX IMPOIECCOB B €IMHON TEXHOJIOTHYECKOH IIEN0YKe

«BBIIJIABKA - BBINYCK IUIABKH - BHENeYHas o0paboTKa - pa3jiMBKa CTAIW», MPUBOJAT K

OIUOO0YHEIM PEHICHUSAIM I10 ce0ECTOMMOCTH CTalH HIIH IIPOU3BOJHUTECIIBPHOCTH II€Xa. B

3THUX

YCJIOBHSIX CYIIECTBEHHO IIOBBIIMIAETCS HEOOXOIMMOCTH IMOMCKA HOBBIX IOAXO0J0B K PEIIEHHUIO

YKa3aHHBIX I'Ip06J'[CM U TIpOBCIACHHSA JaIbHEUIINX HCCIIeIOBaHUM (bPISI/IKO-XI/IMPI'-IeCKI/IX

3aKOHOMepHOCTCﬁ IOBEJICHHUSI HEMETAINIMYECKHUX BKIIIOYEHHUH OT BBHIIUIABKHU 10 KpHUCTAJIU3AllMA

Metaiuia. Takue HccienoBaHus HEO0OX0IMMO IIPOBOAUTH IJIsI KOHTPOJIS IIPOIECCOB oﬁpasoaanm

HEMETAJUIMYECKUX BKIIOYEHHH B NEpHOI AKTUBHOH pa60T1>1 C JXHIKUM U KPUCTAJLUIA3YIOIIUMCS

METAJLJIOM.

Hecmotpst Ha MHOrouMcneHHBIE paGOTHI OTEYECTBEHHBIX H 3apyOEXKHBIX YUSHBIX,

KOTOpBIC TIPOBOJIM/IN MCCIICIOBAHMS B JAHHOW 00JacTH Ha BBIITaBKE, BHEINEYHOH 06pabo1

K€ H

pasnuBke ctand 3a mocneanue 30 sier, TpeGyeTcs KOMIUIEKCHBIH MOAXO ¢ YYETOM TEOpHH H

MPAaKTUKKH TPOIECCOB IIPOM3BOACTBA CTAM /IS JAJbHEHINEro peIleHHs paccMaTpHBag
npobiieM.

Taxum oGpa3som, nmpe/cTaBieHHas JUCCepTalMOHHAs paboTa, MOCBSIIEHHAS pa3pal
KOMIIISKCHOH TE€XHOJIOTHH IOJTy4EHHs CTAIH C TIOBBIIEHHBIMA TPEGOBAHUIMH K €& YHCTOT
COZICPXKaHUIO HEMETA/UIMYECKUX BKIIOYCHHH, NPUMECEH M Tra30B B YCIIOBHSX COBpPEMER
CTaJICTUIABUIIBHBIX II€XOB C YYETOM BCEH TEXHOJIOTHYECKOM IIENIOYKH, HECOMHEHHO SIBJIS

aKTYaJIbHOM.

MBIX

OTKE

€ 110

THBIX

€TCA




IIpencrasnenHas pabora 061a1aeT HayYHON HOBU3HOM:

1. JlanpHelimee pa3BUTHE TOJYYHJIO MCIOJIb30BAHWE YHHKAJIbHOIO — amlapdrHo-

IIPOrpaMMHOI0 KOMIUIEKCA, B TOM YHclie, CO3/IJaHHBbIE MPOrpaMMHBIC TIPOAYKTBI Ha OC

UCKYCCTBEHHOI'O HHTEJUICKTa, ITO3BOJIAIOMIMEC pa3pa6aTbnsaTb WHHOBAIlHOHHBIC TCXHOEFI/IH

IIPOM3BOJICTBA YMCTBIX M CBEPXYMCTHIX CTallel, 00ecreynBaTh uX CTaOUIBHOE H ekt
(yHKIMOHUPOBAaHHE B YCIOBHSX PEAJbHOIO COBPEMEHHOTO CTANCIUIABUIIBHOTO MPOM3BOLL
OCHOBHOE JIOCTOMHCTBO KOTOPOTO, B BO3MOXKHOCTH OBICTPOTO ONpPE/IEIICHUS! KPUTUYECKUX T
B pa3pabaThiBaeMbIX u JIEHCTBYIONIMX TEXHOJIOTHSX, ONMpeensioTcs 3)QeKTHBHBIE CIIO
pelLIeHUs BO3HUKAIOMIMX POOJIeM KaueCTBa YMCTBIX U CBEPXYHCTHIX CTANICH.

2. BrnepBbie yCTaHOBIEHO W HAy4yHO OOOCHOBAHO MpeESbHOE COJACPIKAHHE BpE)
57€MEHTOB BCTa/lM, PACKUCICHHON AQIIOMHHHEM H MOJMGMHIMPOBAHHON KaJbIHEM

COOTHOILICHHUS OKCHIOB Kaablus K amoMuuuio ot 0,6 1o 1,0: obmero kuciaopoaa — He

HOBE

HOE
CTBA,
ouek

COOBI

THBIX

JUIS

0JICC

0.0020 macc. %; cepsl — He Gonee 0,0030 macc. % u marnus — He Gosee 0,0008 mace. %,

TIPEBBIIIEHAE KOTOPHIX IPUBOJUT K CHHXKCHHMIO Ka4ecTBa FOTOBOM METALIONPOLYKIHHA 32
bopMupPOBaHHUS W3OBITOYHOTO KOJIUYECTBA HEMETAJUTMYECKHUX BKIIOYCHHUH.

3. TlocpencTBOM NMpUMEHEHHS KOMIUIEKCHOTO MOAX0/a K YUETY MOCTYIUIEHHS KHCIIQ

CU€T

pona

U3BHE OT BCE€X BO3MOXHBIX HCTOYHHKOB, y’I'O‘IHéH BKJIaZl OrHEYIIOPHOIro Marepualia

IIPOMEXKYTOYHOI'O KOBIIIA U €Tr0 (bHSHKO-XHMI/I‘ICCKHX CBOMCTB B nponoecce oOmmero BTOPHUYHOI'O

OKHCJIEHMs paclljlaBa [pHd [POM3BOJCTBE BBICOKOKAYECTBEHHOM CTalld, PAaCKHCICHHON

AJTFOMUHHEM, YTO obecnieynBaeT MNEPCIICKTUBY pPa3sBUTHUSA TEXHOJIOTUH MNOJIYYCHHUS CTalIg

CBEPXHHU3KHM COACPXKaHUEM BKJIFOUECHUH.

" co

4. B pamkax pa3paboTK{ HOBOH KiIacCH()UKALMM YUCTOTHI PACKUCICHHOW ATIOMHHHEM

CTAJIA AJI1 NPOMBIIUJICHHOIO INPUMEHEHHS BBEJICH HOBBIU TECPMHH «CyIIEpUYHCTas CTallb»

(anmmmen narenToM Poccuiickoit @enepanuun), cozxepxameii B cymme menee 500 atomoB

KHCJIOpO/ia, Cephl, BOIOpoaa, a3ota i docdopa Ha 1 MiH. aTomoB xene3a (Macc. %): [O]ogumi <

0,00150 %: [S] < 0,00150 %; [H] < 0,00015 %; [N] < 0,00500 %; [P] < 0,00800 %.

«Cynepyucras CTalby B 3 pa3a yuile «9ucToi crammy» no ['ymseBy A.IL

3 HOCpClICTBOM pacIIMpeHHOr0 ¥ YJIYYIIEHHOI0O MOHUTOPHHIA COCTAaBOB Pa3IMBAEMBbIX

Cp€aHE- U HU3KOYTJIICPOAUCTBIX MapoOK cTajied, UX ra30HACHIINEHHOCTH, YACTOTHI 10 HAIWYHUIO

A1203, TEXHOJIOTHH M TEXHOJIOTMYHOCTH MpoIecCa pa3/IMBKH, INMPUMEHHUTEIBHO K IHAIIa30HY

UCXOHBIX (H3MKO-XHMHUYECKHX CBOMCTB, a UMeHHO: ocHOBHOCTH I1IOC 1,04-1,25 u BA3KoCTH

0,03-0,12 ITa‘c, BeIMYKMH TEIUIOBOTO MOTOKA Y€pe3 CTEHKH KPHCTALIM3aTOpa U X U3MEHEHHUH B

NpoIecce pa3IMBKM, OBUIM YCTAHOBJICHBI YCJIOBHS 00pa3oBaHHs IPOJOJIBHBIX JAePEKTOB

HENPECPBIBHOJIUTOI0O METaJlUIa, ONIPEAC/ICH MEXaHHU3M HX (bOpMPIpOBaHHﬂ A NIPEIOKEH AITQPUTM

KOPPEKTHPOBKA CKBO3HOM TEXHOJOTHH JUIi MHHMMH3aUMH 00pa3oBaHHs JE(EKTOB H

aBapuitHocTH Ha YHPC.




6. Pa3paboTaH U BHEIPEH HOBBIN AJITOPUTM KOPPEKTHPOBKH TEXHOJOTHYECKUX PEIKHUMOB

IIPOM3BOJICTBA BHICOKOKAUECTBEHHON CTAIH, Oa3UpyIOMHUiiCs Ha HEPEPHIBHOM MOHHUTOPHUHIE H

KOHTPOJIE MMapaMeTpPOB KIIFOYEBBIX 3JIEMEHTOB BCEH TEXHOJIOTHYECKOM LIETOYKH OT BBIILUIABKH J10

Pas3InBKH, y‘-IHTbIBa}OHIIfIﬁ B3aUMOCBA3aHHOCTb p860TI:-I OTZCIBHBIX arperaToB IO pEHIGHHUIO

3a4a4 IOJIY4CHUS YUCTOM CTaJId C 3aJaHHBIMH HU3KUMH COJCPXKaHUAMH KHCIO0pOJa, CGEphI,

MarHusi ¥ BOJOPOJa, YIpaBJIeHHs Ka4eCTBOM IMOBEPXHOCTH HENPEPBHIBHOIUTOIO METalla yepes

MOHUTOPHHI' W ONTHMH3AIHIO XapaKTCPHUCTHUK I[IIOC 1o OCHOBHOCTH M BSI3KOCTH H

[103BOJISIOLIUMA paspa6aTmBaTb HOBBIC TEXHOJIOI'MH, a TAKXE COBEPIICHCTBOBATH UMEIOIIHUEC

H.

7. TlokazaHsI BO3MOXHOCTH Hu npeuMyniecTsa  pCUICHUA 3aj1a4 pa3p860TKH

aBTOMATU3UPOBAHHBIX CHUCTEM, IIpeiiaraloliuX OINTHMHU3UPOBAHHBIE  KOPPEKTUPYHOIIHE

JIEUCTBHS T10 NOAACPXKKAHUIO TEXHOJIOTHH IOTYICHUA CynCp‘-IHCTOﬁ CTaJIk B 3aJJaHHOM TPEHJIIC HaA

BCEM €€ NPOTSHKEHHWH OT BBIIUIABKH MOJYIPOAYKTa B CTAJICIUIABHJIBHOM arperar¢ a0

HENIPephIBHOW  pa3JIMBKH, C PpaclpoCTpaHEHHEM IMpeIaraéMbIX pEIIeHHH  Kak

Ha

TEXHOJIOTHYECKUE 3aJa4vd, TaK M Ha 3aJa4du obecrnieueHUst TpCGyEMOﬁ IIPOU3BOAUTEIIBHOCTH

paboTel  00OpYIOBaHHS, TIIOJYYEHHS BO3MOXXKHO HHU3KHX pacxolOB MaTepHAOB H

3HepFOHOCHTCJIeﬁ .

Taxum 06pa30M, TEOPETHYECKAsA 3HAYUMOCTHb pa60T1>1 COCTOUT B pPa3BUTHUH HAYHHBIX

OCHOB CKBO3HOM TEXHOJIOTHH TMOJIYUCHHSA BBICOKOKAQYECTBEHHOHN pacxncnenﬂoﬁ AJIFOMHU]

HUEM

CTajli ¢ HHU3KHUM COJCPKKAHUEM HEMCTAIIHYCCKHUX BKJIFOUYCHHH, HpHMCCCﬁ H Tra3oB, B paMKax

Pas’BUTOrO aBTOPOM YHHKAJIBbHOI'O KOMIUJIEKCA ammapaTHbIX CpE€ACTB, MOJICIH pad

B3aUMO/JICHCTBUS KOMIIOHEHTOB MeETaJlJla, IIJIaKa M Ta30BOM (ba31>1 C IEJIBKO KOHTPO

ryéTa

1 "

YIpaBJICHHUS OKHCIICHHEM CTaJIk C y‘IéTOM BHEIITHHUX IMOTOKOB KHCJIOpO/J1a B METAJLI. Hpezmouceﬂa

METOJMKa IIOMCKAa M OLIEHKH KPUTHYECKHX 30H B TEXHOJOTHH TOCTYIUICHHS H3IIH}
KHCIIOPO/ia, KOTOpasi MOXKET BUIOH3MEHSATHCS U MOJECPHH3HPOBAThCS B OYAyIEM, Y4TO O3B
DaCIIMPHTh M PAasBHTh KAaK W3BECTHbIC, TAK M JONONHEHHbIC IAHHOM pabotoii mom
IIPOM3BOJICTBA YUCTHIX cTanel. TeopeTHyeckue pe3yabTaThl pabOTHl MOTYT OBITH HCIIOIB30
JUis  pa3pabOTKM HOBBIX MapoOK CTald B IIPHOPHTETHBIX HANpABICHHSX pasB
IPOMBIIIJIEHHOCTH: MAalIHHOCTPOCHUH, YJHEPreTHKE, TPAHCIIOPTE | JIp.

IIpakTHyeckas 3HaUUMOCTh TPECTABICHHOM JUCCEPTAllMOHHOM paboThI 3aKioyae
TOM, 4YTO MOJyYeHHble B paboTe Hay4yHble pe3yJIbTAaThl SBISIOTCS OCHOBOM CO3]I
COBPEMEHHOIO MOJX0/1a B pa3paboTKe H BHEIPEHUH TEXHOJOTHH MIPOU3BOJACTBA YHCTHIX CT
B INIPOMBIIUICHHOCTH. [IpeanokeHbl HOBBIE TEXHOJOTHYECKHE PEIICHHS IMPH IPOH3BO]
CBEPXYHCTBIX CTaJei, MO3BOJSIOUIME CYIIECTBEHHO CHH3HTh TPYAOEMKOCTH H IIOBb
TEXHUKO-9KOHOMHYECKHE IOKa3aTeld Ha METAUIypPrHYeCKHX IMPEINPHATHSIX, MPOU3BOJIS
BBICOKOKQYECTBEHHYIO ~ CTalb. Pe3yiabrarhl auccepTalMOHHOH  paboThI  MOTYT

HCITI0JIb30BAHbI MIPU NMPOCKTUPOBAHUUA HOBBIX M MOJICPHU3HPYEMBIX CTAJICIUIABUIIBHBIX LIEX

[ITKOB
OJIUT
XObI
BaHbI

HTHUSA

rcs B
AHHUS
e
ICTBE
ICHTH
AIIHAX
OBIThH

0B, a




TaK)Ke yYTeHbl TNpH paspaboTke 0a30BOM aBTOMATH3alM¥ MOHMTOPHHIA W  KOHTPOI
TEXHOJIOTHYECKHX [1APaMETPOB IIPOU3BOICTBA BHICOKOKAYECTBEHHOM CTAIIH.
[loka3aH HOBBIA NyTh NMPUMEHEHHS KOMOMHAIMM YrIyOJIEHHOrO aHajiu3a JAHHHIX H
TPaJIMIIMOHHBIX METOJOB HCCIEIOBAHHH B METALIyprHYeCKOM IPOM3BOJCTBE JUIS BBIABJIEHHUS
MEPBONPUYHH TPOOJEeM U BbIOOpA 3HAYMMBIX TEXHOJIOIMYECKHX IapaMeTpoB JUIS KOHTpOJSA
TEXHOJIOTHH ¥ pa3paboTku 3P GEKTUBHBIX MEPOIIPUSTHHA.
JIoCTOBEPHOCTh U OOOCHOBAHHOCTH PE3yJIbTATOB M HAYYHBIX BBIBOJIOB IIPE/ICTaBICHHOM
paboThl 0becreueHb! OOIBIIAM 00BEMOM BBINOITHEHHBIX SKCIIEPUMEHTOB, BOCIIPOU3BOIUMOLTHIO
¥ HENPOTHBOPEYMBOCTBHIO PE3YJIbTATOB; OOJBIIMM KOJIHYECTBOM OKCIEPUMEHTAIBHBIX U
IPOMBIIUICHHBIX IUIABOK; JOCTaTOYHBIM OOBEMOM TEOPETHYECKHX, IMPOM3BOJCTBCHHBX H
OIBITHBIX JaHHBIX; METALIOrpaduIeCKUMH HCCIIEOBaHUSIMHU IPHPO/IBI 1€(EKTOB, CBI3aHHBIX C
HEMETAUIMYECKAMM  BKJIOYEHHSMH,  KOJMYECTBEHHOM  OLEeHKH  (aszoBoro  co¢rasa
HEMETA/UIMYECKHX BKJIIOYEHHH B mpobax MeTalyla ¥ B BHJAE OTJIOKEHHH OT pa3IMBOHHBIX
crakaHoB YHPC; anekBaTHOCTHIO TEPMOJMHAMHUYECKHX M MareMaTH4YeCKHX MOJEIEeH,
IIPOBEPEHHBIX ITYTEM COMOCTABJICHHSI PACUYETHBIX JAHHBIX C pe3y/bTaTaMH IPOMBIILIEHHBIX
MCIIBITAHHWM, @ TAKXKE C JAHHBIMH JTUTEPATYPHBIX HCTOYHHUKOB.
Bcero mo marepuanam auccepTanuu omyOnukoBaHo 51 medarHas paboTa, B Yucie
kotopeix 16 B m3manmsx u3 [lepeunss BAK, 10 crareii B XypHanax, WHIEKCHPYEMbIX B
MeXIyHapoaHbIX 0a3ax maHHeIX Web of Science, Scopus, 0juH naTeHT Ha U300pETEHHE U (0JTHO
CBHJIETEIILCTBO O PETUCTPAIMHU TporpamMMsl 11st DBM.
K npencrasnensoit pabote HMEIOTCS CIIEyIONIHE BOIPOCH U 3aMEYaHHs:
1. Ha ctp. 15 aBrOopedepara ykazaHo «BriOpaHbl Lie/ieBbIe 3HAYECHHUS 110 COJAECPIKAHHIO B
KOBIIIEBOM IIIAKE OKCHJIOB C IEJIBIO MONYYeHHS TEMIIEpaTyphl IUIaBlieHus ero ot 1455 10(1470
°C: Ca0/Si0Oz > 5,0; CaO/Alz03 < 1,9; SiO2 < 10 macc. %; Al2O3 > 24 macc. %». Koneyno B
3TOM Clly4yae IUIaK OyJeT >XHMIKOMOABMXXHBIM, HO Okcua Al,O3 sBisercs ampOTepHBIM H
HaunHasg ¢ 16-18 macc. % HauMHAeT MNpOSBIATH KUCIOTHBIE CBOMCTBA, YTO CKaXETCd Ha
sdexTuBHOCTH paduHUpoBanus MeTasuia. HeoOXxoauMo naTh MOsSICHEHHSL.
2. Hanee Ha ctp. 17 ykazaHo: «BpimonHeHHBIE pacuéThl U pabOTHI N0 ONTHMAIBHOMY
BBITYCKY TIUIABKU JUISL CTAlM, PACKUCICHHOW AIIOMHHHMEM, W3 CTaJCIUIaBUIIBHOTO arperara
NO3BOJIMIM pa3paboTaTh CIEAYIOIHE MEPONPUSTHS ¥ PEKOMEHJAlMH, OJHA W3 KOTOPBIX
crenyomas: 2 — B KaueCTBe PACKUCITHTENS AIFOMUHHUS IPUMEHATh JuTol amomuauid mo [[OCT
295 BMecTo (eppoaTIOMHHHS OPHKETHPOBAHHOrO». IIpH TNONYYEHHH «UHCTOM CTaimy»
UCIIOIB30BAaHUE «TPS3HOT0» OPUKETHPOBAHHOTO PACKUCIMTENS MPUTUBOIOKA3aHO, M JaHHBIH
BBIBOJI cliesiaH He MeHee 10 jeT Hasaj, aBTOpPOM JaHHOTO OT3biBa. HoO jxenmaTtenbHO BCe|TakH

ITOSICHUTD C TOYKH 3pEHHUS aBTOpPa pa60TbI JaHHYIO PEKOMEH/IAIHUIO.




3. Ha crp. 18 aBropedepara ykazaHO, YTO «COBEPIIEHCTBOBAHHE TCXHOJIOI“I/I(I‘ 1o

MHHUMHU3AIHU o6pa303amm Mar"He3uajbHOW IIIUHEIN BBITJISIAUT CJICAYIOIUM 06pa3

[IJJAKE€ TIOBBIIIATHE KOHIICHTPAIIHUIO AlbO3 ¥ He HCHoJIb30BaTh MaTte€puajibl C ITOBBIIICH

conepxkanieM MgO; B MeTasle MHHHMHU3MPOBaTh KOHIEHTPAIMIO PACTBOPEHHOIO AllloM
[Al] 1 He MPUMEHSTH MaTepPUAIbl C OBBIIEHHBIM coziepykaHueM Marausy. OnHako nanee 4

yKa3bIBaeT, 4TO «BBIMOTHEHHBIN PSiI MEPONIPUATHH € YYETOM BCEX TEXHOJIOIHYECKHMX aCIIg

B
HBIM
MHUS
BTOP

KTOB

IIPpOU3BOACTBA YHCTBIX crajei B CTaJICpa3JIMBOYHOM KOBIIE€ IIO3BOJIHII CTa6PIJ'lPI3Hp0)BaTI:

rpanuisl KoHueHTpauun B nutake MgO c 4,0-12,0 mace. % no 4,5-8,5 macc. %. JKenarte
M0Ka3aTh 3T0O MOMEHT OoJjiee moApoOHO, T.K. B HACTOsIIEE BpeMs J0Ka3aHO, YTO MarHe3uall

mnuHeab  (MgO-AlO3) cmocoGcTByeT  00pa3oBaHMIO —TIapHHCaXa Ha  IOBEPXH

JIBHO

IbHas

OCTH

CTaJlepa3IMBOYHOrO KOBINA, YBEIWYMBAas CPOK €ro CiIyXObl M NPENATCTBYS 0Opa30BAHHIO

HEMETAUTHYECKUX BKJIIOYEHUH. TOJIBKO B 3TOM ciy4dae HEOOXOIUMO COOJIOJATH CICAYIOIINUE

peKOMEH IalliK: MOBBIIATh cojepkanue B nuiake MgO no 3navennit 7,5-8,0 % u AL,O3 Gonee

15 %.

VkazaHHBIE 3aMEYaHHS HE CHIXKAIOT B I[E€JIOM IOJIOKUTEIILHON OLICHKH JII/ICCCpTaIIHGEHOﬁ

pa60TI:I, KOTOpas NMOJIHOCTBIO COOTBETCTBYET KPUTECPHUSAM [Tonoxenus o IIPUCYXICHUH Y4

HBIX

crenenei, yreepkaenHoro ITocranoBnenneM IlpaButensctBa Poccuiickoit @enepanuu ot 24

ceHTa6ps 2023 r. No 842, npeabsaBIseMbIM K JOKTOPCKHM JMCCEPTAIUsM, a e€ aBTop, BoTHHKOB

Cepreii AHATOJIbeBHY, 3aCTy)KHBAeT NPUCYXKICHUS €My YYEHOM CTemeHH JOKTopa

TEXHHYECKHX HayK IO CHenHaTbHOCTH 2.6.2 - «MeTtauryprusi YepHbIX, IIBETHBIX H P@

METaAJIJIOB».

Jlupextop VHCTUTYTa HOBBIX MaTEPHAIIOB U

Texnonoruit ®I'AOY BO «VYpansckuii

benepanbueli YauBepcuteT M. [leporo
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