OT3bIB
opuumansroro onmnoxenta Kamuter Bacunms ViBaHoBr4a Ha  JHCCEPTALMOHHYIO paboty
KYTILIOBA KOHCTAHTUHA  AJIEKCAH/IPOBHYA «PA3PABOTKA  TBEPJbBIX
U3HOCOCTOMKUX HAHOCTPYKTYPUPOBAHHBIX [MOKPBITUM Ti-Cr-Si-C-N U
Ti-Al-Si-C-N C BBICOKOM TEPMHUYECKOU CTABUJIBHOCTBIO 141
KAPOCTOMKOCTBIO», mpeAcTaBleHHOM HAa COMCKaHWe YYCHOH CTENeHH KaHaujata
TeXHMYECKHX HayK 1o crenuansHoctd 05.16.06 — Tlopouikosas METaTyprus ¥ KOMIO3HIHOHHBIC
MarepHabl
AKTYa/JbHOCTh TEMbI AHCCEPTALNN

Cpent  COBPEMEHHBIX TEHICHIMH MOBBILCHUS 3 eKTHBHOCTH  MeTanI000paboTKy
HanGoNee MEpCNEeKTHBHBIMA SIBISIOTCS  Credylolme: (GHHHMIIHAA - MEeXaHHdecKas obpaboTka
TBEpIBIX. [PEABAPHTEILHO TEPMOOOPAOOTAHHBIX 3ar0TOBOK, MHTEHCH(UKALUA  PEKUMOB
obpaborku u orkaz o1 COX. YkazaHHbIC TEHACHUMH YXKECTOHAIOT TpeOOBaHUS K PEXyLIEMY
MHCTPYMEHTY M, NpPEKe BCEro, K 3allMTHBIM MOKPHITHAM, KOTOPBIC IOJIKHBI YIAOBIETBOPATH
CHeYIOUIMM TOKa3aTelsM: BbICOKAs TBEPAOCTh Ha YPOBHE 30-40 ITla, »XapoCTOHKOCTb H
Tepmuueckas crabunbrocth cBbime 1000 °C, Hu3KuH k03 GUIHEHT TPeHUs ¥ BbICOKas
W3HOCOCTOMKOCTh., B HacTosiee BpeMs Haubojee MEPCHEKTHBHBIMH C TOYKH 3PCHHS BBICOKHMX
M3HOCOCTOHKOCTH, JKAPOCTOMKOCTH, MEXaHWYECKMX M TPUOONOrHYCCKHX CBOMCTB SIBISAIOTCS
MOKPHITHS HA OCHOBE KapOHIOB, HUTPHAOB ¥ OOPH/IOB MEPEXOAHBIX METALIOB, H, mpexJe BCero,
HAHOCTPYKTYPHBIE KOMIIO3HIHOHHBIE MOKPBITHA. OCHOBHAA npobnaeMa MOMyyeHus MOA00HBIX
MHOTOKOMITOHEHTHBIX MOKPBITHH COCTOMT B CIIOXKHOCTH BBEICHHS HEMETAIMYECKHX OIEMCHTOB
(B, Si, C) npu pacrbUIeHHH METAINYECKHX MHIICHEH. AKTyanbHOCTh pabOThI OMPEeIAeTCa 1
CHOKHOCTHIO Pa3paboTKM HAyYHBIX MOAXONOB pa3palOTKH HOBBIX COCTABOB H TEXHOTOIMHCCKUX
NPUHIMINOB  [OJydYeHHs TBEPABIX, HM3HOCOCTOMKUX, HAHOCTPYKTYPHBIX KOMITO3HMITHOHHBIX
MOKPBITHIl ¢ BHICOKHUMH (DU3MKO-XUMUYECKMMH CBOHCTBAMH, NPEHA3HAYCHHBIX A paboTel MpU
BBICOKHX TeMmIepaTypax, @ TakiKe BbIABJICHHS B3aUMOCBA3H MEKI1Y CTPYKTYpOH M CBOMCTBaMH
MOKPBITHH.

Hopu3Ha Hec/1e10BAHMI M M0Y4YeHHbIX Pe3y/IbTATOB, BLIBOA0OB H pexoMeHIauui

Haubonee BakHble Pe3yIbTAThl JUCCEPTAMOHHON pPadOThI, HECOMHEHHO, MPEACTABIAIOT
HAYYHYIO HOBH3HY: Pa3pabOTaHbl HOBbIE COCTaBBI HAHOCTPYKTYPHBIX KOMIOSHIHOHHBIX MOKPBITHH
B cuctemax Ti-Cr-Si-C-N u Ti-Al-Si-C-N ¢ Bbicokoit TBEprocThio 10 42 I'Tla u ’KapOCTONHKOCTBIO
10 1000°C. YeTaHoBeHo, uTo Bbicokas TBEpAOCTb MoKpbiTHs Ti-Al-Si-C-N Ha nojuioxkax Al O3
coxpansiercs ot 10 1300 °C 3a cuér obpasoBaHus KOMITO3UIIMOHHONW HAHOCTPYKTYpPbl THIIA
«rpebéHKn», B KOTOpOH pacTyimue OT TOMI0KKH HAHO KOJOHHBI KpHCTALINYecKoi  dasbl

(TiAl)(C.N) TomumuoH 10 — 30 HM OTACNEHBI APYT OT Apyra TOHKHMH npocioikaMu aMophHO#
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¢dassr TomnHoi 1 - 3 HM. [lokpertus Ti-Al-Si-C-N nHa nomnoxkax Al,Os mociie BakyyMHOTo
omxura B tevyenue 1 gaca npu 1000 °C xapakrepusyrorcs MakcuMymom TBépaoctd 49 ITla,
00yCIOBICHHBIM NEPeCcTPOHKOH CBsI3el BHYTpU aMOp(hHOH (ha3bl, HCUE3HOBEHHEM CIAa0BIX CBA3EH
Si-Si u C-C u dopmupoannem cBszeit Si-C-N. IlpemnokeH MexaHusM TpaHcHOpMaLHH
KOMITO3HLIMOHHOM HaHOCTPYKTYphbl THna «rpedéHku» Ti-Al-Si-C-N nokpbiTHS IpH BaKyyMOM
OTKHUTE, 3aKIovaroumMics B ToM, uto npu temneparype 1400 °C nmpoucxoauT paspylieHHe HaHO
KOMIO3HIIMOHHON CTOJI0UYATOH CTPYKTYpBbI, pacnaa aMophHOH a3kl 1 yBeIHUEHHE pa3Mepa 3epeH
kpuctamnyeckoit dassr (TIAI(CN) ¢ 18 g0 41 uMm. [lpu noBbiIEHHH TeMIEpaTypbl OTXKHIa JI0
1500 °C. B pesynabrare uHTeHCHpUKaUMH Au(dy3un aTIOMHHHUS K MOBEPXHOCTH, oOpasyeTcs
TOHKHI MOBEPXHOCTHBIH C/IOM INeKCaroHaabHOr0 HUTPH/A ATIOMHMHHA, KOTOPBIH MCHapsercs nmpu
1600 °C. npu coxpanenun B oobeme nokpeitust ['LIK ¢a3sr Ti(CN) ¢ Tekerypoi (111).

Hayunasi HOBM3HAa HCCIIEJOBAHMH ¥ TIOJYYEHHBIX PpE3y/IbTAaTOB IOJTHOCTBIO OTpaXKeHa B
BBIBOJIAX /IMCCEPTALIMH U PEKOMEHJALIMH TS IPAKTHKH.

3HauuMOCTh /151 HAYKH H MPOM3BOACTBA NMOJY4YeHHBIX Pe3yIbTATOB

1. B nenosurtapuu Hoy-xay HUTY «MUCuC» mox Ne 11-164-2010 OMC ot 12 mapra 2010
r. 3apeructpupoBad «Croco0 mosyyeHus CBEpXTBEPABIX HAHOCTPYKTYPHBIX IOKPBITHH B CHCTEME
(TiCr)-(AISi)-(CBN) ¢ mnoBblleHHOH TepMOCTaOMIBHOCTBIO ¥ JKApOCTOHKOCTBIO METOIOM
UMITYIbCHOTO MarHeTPOHHOTO pacnbUIeHHs KOMIO3UIMOHHBIX CBC-MHIIeHEH»

2. B MocKkoBCKOM rocy1apcTBEHHOM YHHBEPCHTETE NMPUOOPOCTPOCHHA W HHYOPMATHKH Ha
kaenpe «Hanomarepuansn MpoBeAEHBl HCIBITAHHS 8-MM KOHLEBBIX TBepAOCILIaBHBIX (pe3 (SGS
Tool Company. CILIA) 6e3 nokpeituii u ¢ mokpbitusimu Ti-Al-Si-C-N, Ti-Cr-Si-C-N u TiN npu
bpesepopannn crann X12M®, KoTOpble MOKa3ad¥ yBEeIHYEHHE CpOKa CIy:KObl HHCTpPYMEHTa C
nokpeitiem Ti-Cr-Si-C-N B 11,3 pa3a no cpaBHeHHIO ¢ HHCTPYMEHTOM 0€3 MOKPBITHS U B 7 pa3 1o
cpaBHeHHIO ¢ OasoBeiM nokpbiTieM u3 TiN. Iloka3aHo, 4TO NOBBHINIEHHBIE PEXYLIHE CBOMCTBA
00yCNOB/IEHBl HU3KUM  KOYPPHUIHEHTOM TpeHHss ¥ BBICOKOM H3HOCOCTOMKOCTBIO ITOKPBITHIH
TiCrSiCN:

3. B naboparopun «M3HOCOCTOHKHE TOKPBHITHA» YJBAHOBCKOIO TIOCYIApCTBEHHOIO
TEXHHYECKOr0 YHHBEPCHTETa IPOBEACHBI CPABHHUTENIBHBIE UCTIBITAHHS TBEPAOCIUIABHBIX PEXYIIHX
mnactus 13 crsiasa BK60OM ¢ nmokpertusimu Ti-Al-Si-C-N, Ti-Cr-Si-C-N, TiN, Ti-Si-N, Ti-Al-N
IpH NPoJ0bHOM TouyeHHH HepxkaBeromer ctanu 12X18H10T Ha HHTEHCHBHBIX pEKHMaX pe3aHHs
(V=150 u 180 m/Mun, S = 0,175 mm/06, t = 0,5 mm). Temnepatypa pexyuied KpOMKH JOCTHraua
1070 °C. VYcraHoBiaeHO, 4TO pexymue miactuHbl ¢ nokpeitieM Ti-Al-Si-C-N  oOnanaror
MOBBILEHHBIM 10 5.5 pa3 nepuoaoM CTOMKOCTH MO CpaBHEHHIO ¢ MOKpbiTHaMHU U3 TiN u a0 3 pa3s -
¢ nokpeitusimi Ti-Si-N u Ti-Al-N. TloBbllieHHbIE peXKyliHe CBOMCTBA IUIACTHH C IMOKPLITHEM

Ti-Al-Si-C-N no cpaHenuto ¢ nokpeitueM Ti-Cr-Si-C-N cBg3anbl ¢ uX 0Oosiee BBICOKOH
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TBEPAOCTHIO MPHU BBICOKUX TEMIepaTypax u TePMHYECKOH CTaOUIBHOCTBIO.

4.  PaspaGoranbl ~ 1a0OpaTOpHBI  perJaMeHT  Ha TEXHOJIOTHIO  HaAHECCHMA
MHOTO(YHKIHOHATBHEIX HAHOCTPYKTYPHBIX MOKPBITHH C [OBBILIEHHON TEPMOCTA0MIBHOCTBIO H
KAPOCTOHKOCTHIO B CUCTEME (TiCr)-(AlSi)-(CBN), a TaKxe mpoeKT TEXHOJIOTHUYECKON MHCTPYKLHH
Ha MPOLIECC HAHECeHHA MHOrO(YHKIHOHAIBHBIX HAHO CTPYKTYPHBIX nokpeituit B cucreme Ti-Al-
Si-C-N.

Crenenb 060CHOBAHHOCTH H 10CTOBEPHOCTH KAKI0I0 HAYHHOT0 MOIOKEHHIS

Kask10e HayqHOE TIONIOKEHHE, COCTaBIsIOLee Hay YO HOBH3HY, H0CTOBCPHO yCTaHOBIJIEHO
B OKCHEPUMEHTAX, KOTOpHIE BBIMOJHEHbI Ha COBPEMEHHOM obopyaoBaHuH. OTH Hay4HbIC
MONIOJKEHMS BHITEKAIOT M M3 HAYYHBIX T[UIOTE3 M paspabOTaHHBIX Mojiesieii, Ha OCHOBaHHH
JKCIIepHMEHTAIBHBIX JIaHHBIX. bonee TOro, MOMy4eHHBIC PE3y IbTaThl COrJacyioTcsi ¢ U3BECTHBIMH B
JUTepaType pe3ylbTaTaMy, NpEeAUIeCTBYIOIIMMH JaHHOMY HAydHOMY uccnenosanuto. Crexyer
00060 OTMETHTb, YTO HCC/IeIOBAHHS B 00IACTH TOHKUX IUICHOK CIIOXKHBI U TPYIOEMKH BCIIEJICTBHE
BBICOKO#l /MCIIEPCHOCTH CTPYKTYpBL [lns WMCCel0oBaHHs CTPYKTYphl AHMCCEPTaHT BBITIOJTHHIT
KOMIIIEKC MCCIeNOBaHMi €  HMCMOJb30BAaHHMEM MHKPOCKOMHMH Ha IPOCBET. JIoCTOBEPHOCTD
SKCIIePHMEHTAILHBIX JaHHBIX O0ecreyeHa HCMojb30BaHHEM COBPEMEHHOTO cepTU(UIHPOBAHHOTO
ofopynoBaHus W TPHMEHEHHEM  CTAaTHCTHYECKHX — METO/OB 00paboTKH  PE3yJIBTaTOB
IKCIIEPHMEHTOB.

Coorsercrie paboThbl TPefOBAHUAM, NPEABbSBIAEMbIM K AHCCEPTALHIM

BoinosnHensl Bce TpeOoBaHUS MNpeIbsSBISEMBbIE K JHCCEPTALHAM. [ToapoOno mpoBeAeH
AMTEpaTYPHbIA 0030p BCEX 3HAYUMBIX rmy6MKanmii, OTHOCSIIMXCA K 3a/[aHHOH TeMe AMCCepTalliy.
[TpoBesieH aHanu3 THX MyOIMKAUMH, NPaBHIBHO yCTAHOBICHBI 3a/1atl HceieloBanus, BRIOpaHBI
MCCNENyEeMblE COCTaBbl M METOIBl HX HCCICAOBAHMA. DKCMeprMEeHTAIbHbIE  Pe3YJIbTaThl
npeAcTaBieHbl YETKO, Kak B BHIE rpadukoB u (ororpaduii CTPYKTYp, TaK M TeKCTa HX
omuebIBatonero. PadoTa HANmMCaHa rPaMOTHBIM fA3bIKoM. [luccepTaums u aBTopedepar coaepxar
Tpebyemble pa3/ienbl i COOTBETCTBYIOT APYT APYTY.

OCHOBHbIE JOCTOMHCTBA H HEOCTATKH M0 COAEPRAHUIO AHCCEPTAIHH

Ocobo caeayeT OTMETHUTh BBICOKHH HAy4YHBIH YpOBeHb pabOThl M TO, YTO pabota
CIIAHMPOBAHA TAK, YTO 33 OTHOCHTENILHO KOPOTKHH CPOK AMCCEPTAHT CMOT [OJIHOCTBIO BBIOJTHHTH
0CTATOYHO O0bEeMHOE M TPYJOEMKOE HCCIEI0BaHUE H ony6iukoBarh ero. Bce ycnemHble
HAydHbie MOJ0KEHHs OTMEUEHB! BbIle. BpIMOIHCHHAs IHCCEPTALMOHHAA paboTta umeeT OOMbIIYIO
HEHHOCTh. [OCKOJIbKY [O3BOJIHIA BBINOJHHTE PSAJ Hay4HBIX [POCKTOB, B TOM YHCIE H
MEKIYHAPOAHBIX.

Bee 3avMeyanis K BHIIOTHEHHOMY HCCIEIOBAHUIO CKOpee HOCAT YTOUHSIONIMH XapakTep, KaK

3TO YacTO ObIBACT B CITyYae OTIMYHOH HAYYHOH pabOTHI.



Oana W3 3ajgay AMccepTaluH, «pa3paboTKa HOBBIX COCTABOB HAHO KOMIIO3HIIHOHHBIX
MOKPBITHH C BBICOKMM KOMIIJIEKCOM CBOMCTB, NPEBBILAIONIMM CYILIECTBYIOIIHE aHAIOTHY.
Jlis  ee  BBIMOJHEHWS — AMCCEPTAHT  HMCMONB30Ba/l  JIMTEPATYpPHbIC  JaHHBIE IO
ony6IMKOBAHHBIM MHTEPBAllaM XMMHUYECKOTO COCTaBa JIETHPYIOLIMX 37JeMEHTOB. M B 3THX
MHTEpBAlaX JMCCEPTAHT, MO KAKOMY — TO, U3BECTHOMY €My MPHHIHIY, B35/ MO OAHOMY
3HAUCHMIO COEPIKAHUS JIETHPYIOIMX SJIEMEHTOB. MOXKHO MpPEANoNOKHTh, 4TO 3TO He
pa3paboTka coctaBa. B3aThiil cocTaB MOKHO Ha3BaTh OJIHHM M3 BapHAHTOB CIUIaBa, U OH HE
00s3aTebHO OYAET ONTHUMAIBHBIM.

XUMHYECKMH COCTAB MCCIEyeMbIX MaTepHasoB JaH B Tpex Tabiuuax. B 1 tabmuue naH
COCTAB WMXTHI [UIs MOJyYEeHHs] MULIEHH, B Tabiui@ax 3 ¥ 4 JaHel cocTaBbl MOKPRITHH. Jlis
MOHUMAaHHsl TPOLEeccoB (OPMUPOBAHHS MOKPBHITUS HEOOXOAMMO OBLIO JaTh M COCTaB
MuiieHH. [l BceX coCTaBoB JIydlle cOlepyKaHue AaBaTh MM aT% HIIH MacCOBBIX %o, YTOOBI
MOIKHO OBLIO MOHATE U3MEHEHHS XUMHYECKOI0 COCTaBa 10 TEXHOJOTHYECKHM OIepalisaM.
OTHOIIEHHE METAIOB K COJAEP)KaHHIO METAIOMJOB IIMXTHI Ul TOJYyYEHHs MHIICHH
NPUMEPHO COOTBETCTBYeT 1 (coaepianue B at%). OTHOLIEHHE METAIOB K COACPIKAHHIO
METAILIONI0B TS OKpPBITHS TipuMepHO cootBeTcTBYeT 0,61 (conepkanue B at%). B mmxre
npuien Obw1 Ha kapbua (kapbonutpun)? lleneHanpaBieHHO YBENWYHIIM COAEPIKAHHE
METAIJIONI0B B TIOKpBITHH? ECIH BO3MOXHOCTH IOBBILIEHUS COJEP)KaHHs a3oTa B
MOKPLITHH [PH HaMbUIEHHH MOHATHO, TO, KaK YBEJHMYHIH COJEplKaHue yriepoia o
OTHOLICHHIO K CO/IePKaHUIO METAILIOB?

4. B pa6ore nmoapo6HO U IOCTOBEPHO OMMUCAHBI CTPYKTYPhI MOKPBITHH. B TOXNKE
BpeMs. XOTenoch Obl MOJMy4HTh M 00OOWIAIOLIME TIPEACTABJICHHS O MeXaHH3Me
(OpMHPOBAHMSI CTPYKTYpPBI TOKPBITHH, MYCTh JaXKe€ BbICKa3aHHbIE B BHJIE Hay4YHOH
runotessl. Kak popMupyercs ucciieayemsle MokpbiTHa? Ecin coctas Matepuana moKphITHs
IBTEKTHUYECKHH, TO B 3aBHCHMOCTH OT CKOPOCTH 3aTBEpACBaHMA MOXKET OBITh
saukcupoBana amopdHas CTPYKTYpa, HAaHO CTPYKTypa HIH MHKPOCTPyKTypa. Ilpu
MEHbLIEM COAEpPKAaHNH META/IOMIOB NIEPBOi 3aTBepaeBaeT KapouaHas (asa, Kak HMeroLas
60/1ee BBICOKYIO TeMIepaTypy IUIaBlIeHHs, NOCIeHeH 3aTBepaeBaeT (a3a 3BTEKTHYECKOIO
cocTaBa B aMOPHOM COCTOSIHUM, ECIIH €CTh COOTBETCTBYIOIIME CKOPOCTH OXJaxaeHus. [l
cootHowenuns 0,61 comepkanue MeTaIona0B Gosblle MX COAEpKaHWS B JBTeKTHKe. B
STOM C/yuyae MepBeIMH OYAYyT 3aTBep/eBaTh METAIOHABI, U 3aTeM (a3a IBTEKTHYECKOIO
CoCTaBa. DTHMH PacCykJECHUSAMH MOJKHO, BHIHMO, PYKOBOICTBOBAThCS IMpH aHAIU3C H
ONUCAaHUM CTPYKTYphl NOKpbITHHA. [Ipu TakoM oOmMcCaHWM HAAO OTMETHTB pOJb

1(hPy3MOHHBIX MPOLECCOB HA MOLT0XKKE MPpH (POPMUPOBAHUH TTOKPBITHSL.



5 CrieKTpOMeTp TI03BOIISET ONpPE/IeNATh COAepIKAaHHE KHCIOPOAa, TOTa o1eMy

HeT JAHHBIX MO COJAEPIKAHMIO KMCIOPOJa B TOKPBITHH 3aMETHO BIMSIOUICrO Ha MEPHO

pelieTKH U 3HAYCHHs] MUKPOTBEPIOCTH.

3ak/oueHHe

B 11e10M. HECMOTPS Ha OTMEUEHHBIE 3aMeYaHHsl, PeJICTABICHHAs TUCCEPTALHsA BBINOTHEHA
HA CaMOM BBICOKOM HAYYHO-TEXHHUECKOM YPOBHE H NPEICTaBiseT COOOH 3aKOHYCHHYIO HAyHqHYIO
KBaIH(HKALHOHHYIO paboTy.

PesynpTaThl AMCCEPTALMOHHON DPabOTHI, BBIHOCHMEBIC Ha 3alUHTY, [IPOLUTH  YCHELIHYIO
anpobauiio. [lo marepuanam AMCCEPTALMH MMECTCH 35 ny6aukauuil, B TOM uncie 6 crared B
peleH3NpyeMbIX HayUHbIX JKypHAIaX, peKOMEHIOBAHHBIX BAK, 28 Te31coB HOKIAI0B B COOPHHKAX
TpynoB KkoHpepenuuii u 1 “Hoy-xay”. Asrtopedepar MOJHOCTBIO OTPAKACT COACPKAHHE
JaMCCepTallMH.

BLINOAHEHHOe HCC/IENOBAHHE MMEET NPAKTHYECKYIO 3HAUMMOCTh. B MOCKOBCKOM
rOCYIapCTBEHHOM YHHBEPCHTETE MPHOOPOCTPOCHHUS H MH(OPMATHKH MPOBEICHBl HCIBITAHUS
KOHIIEBLIX TBEPAOCIUIABHBIX (pe3 0e3 TOKPEHITHH H €  TOKPBITHAMH. B naboparopuu
«M3HOCOCTOIKHE MOKPBITHS YIISHOBCKOrO TOCYJAapCTBEHHOIO TEXHHYECKOTO YHHUBEPCUTETA
MpOBe/IcHbl CPABHUTE/IbHBIE CTILITAHAS TBEPAOCTIIABHBIX PEXKYIIHUX TIACTHH 13 craBa BK6OM ¢
noxpeituamu Ti-Al-Si-C-N, Ti-Cr-Si-C-N, TiN, Ti-Si-N, Ti-Al-N.

VunThiBas aKTYaJbHOCTb BBINOJHEHHBIX MCCIIEI0BAHUM, HMEIOULYIOCS HayHqHYIO HOBU3HY H
MPAKTHYECKYIO 3HAUNMOCTh Pe3yJIbTaToB, CYMTAK0, YTO NPEACTAB/ICHHAA nMccepTalOHHas paboTa
yIoBieTBopsier BceM TpeGosanmsM 1. 9 TToNOKEHAsT O MPHUCYXKIACHHH YUEHBIX CTEICHEH,
yTBepsk1cHHOM [locTaHOBICHHEM NIPABATENbCTBA P® ot 24 centsbps 2013 r. Ne 842, a ee aBTOp
KYIILOB KOHCTAHTHUH AJIEKCAH/IPOBHY, 3acmyxuBaeT NpUCYKACHHA y4eHOH CTeneHu
KaHau/1aTa TeXHHYECKHX HayK Mo CIeIHalbHOCTH 05.16.06 — «ITopomkoBas MeTALIyprus H
KOMIO3HIIMOHHbIE MAaTEPHAIIBI».

JI.1.0. 3asenyiowuii 1abopatopueii « PU3HKOXUMHS ¥ TEXHOJIOTHA MOKPBITHI

UHcTHTyTa METAUTYPIHH U MAaTEepHAIOBEICHUS HIMCHH A. A. Baiikosa Poccuiickoi akaJeMHH HayK

; g 2 ... Kanuta Bacummii ViBaHOBHY
119991. Mocksa, JlennHcKkuit mpoexT, a. 49 Tem.: +7 (499) 135-96-81, vkalita@imet.ac.ru
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