3AKJIIOYEHUE SKCHEPTHONH KOMUCCHUU

no 3aummre gucceprauun Jmurpus Cepreesuua benosa ma Ttemy: «Paspaborka
BBICOKOTBEP/IbIX HAHOCTPYKTYPUPOBAHHBIX KepaMHKOMeTamInuyeckux nokpbuituil (Ti,AI)N-Cu u
(Ti,AI)N-Ni ¢ [OBBIIIEHHOW BS3KOCTBIO  pa3pyllIeHUs JUIA  YBEJIWYEHHS CTOMKOCTU
TBEPJIOCIUIABHOTO HHCTPYMEHTA B paA3JMYHBIX YCJIOBUSX pe3aHHs», INPEJACTABIEHHON Ha
COMCKaHHE Y4YCHOH cremeHd 1o cnenuanbHoctd 05.16.06 — «llopomikoBas Meramayprus u
KOMIIO3UIMOHHBIC MaTepuanb» U coctosBuieiics B HUTY «MUCuC» 10 nexadpst 2019 roza.

Huccepranus npunsta Kk 3aumte J{uccepranunonnsim cosetom HUTY «MUCHC» 16
cenTa0ps 2019 roaa nmporokos Ne 11.

Hucceprauus  BbhIMOTHeHa Ha  Kadeape  (QyHKUMOHANBHBIX ~ HAHOCHUCTEM |
BpIcOKoTeMIeparypHbiX Mmarepuanos HUTY «MHUCuC» MunucrepcTtBa HayKM M BBICLIETO
obpazoBanus Poccuiickoii Mexepanuu.

Hayunbrii pykosonutens - biannkoB Mrops Bukroposuy, H0KTOp TeXHMYECKHMX Hayk,
npoeccop Kadeapwl GyHKIMOHAIBHBIX HAHOCHCTEM W BBICOKOTEMIIEPATYPHBIX MATEpPHAIIOB
HUTY «MUCuCy.

DKcnepTHasi KoMHccus yTBepikieHa JluccepraumonnsiM coBetom HUTY «MUCuC»y»
(mportokost Ne 11 ot 16.09.2019) B cocrase:

1. JleamoB Esrenuii AsnexcanapoBud, mpodeccop, IOKTOp TEXHHYECKHX HayK,
3aBeAYIOLIMHA Kadenpoii NOpomKoBOi MeTa/uTypru ¥ (yHKIMOHAIBHBIX MOKPbITHIL, JIUPEKTOp
Hay4no-yue6noro nenrpa CBC HUTY «MUCuC» - npeacenaresib KOMUCCHH:

2. Epemecsa JKanna BiaaumMupoBHa, JOKTOp TeXHHYECKHX Hayk, Tpodeccop kadeapsr
NOPOIIKOBOM METaIyprut U QyHKIHOHAIbHBIX MOKpbITHiE HUTY «MUCHC »;

3. Ulraucknit JImutpuii Bnagumuposud, npodeccop, J0KTOp (GU3MKO-MaTeMaTHIECKHX
HayK, DIABHBIH Hay4uHblil coTpyannk Hayuno-yueGunoro nenrpa CBC, mpodeccop kabeapsr
ITOPOIIKOBOM MeTaTypruu ¥ GpyHKUnOHAIBHBIX TOKpbITHit HUTY «MUCHC »;

4. ®omunckuit Bauecnas IOpbeuy, npodeccop, J0KTOp GU3UKO-MATEMATHHYECKHIX Hayk,
IaBHBIH HAYYHBIA COTPYAHMK Kadenpbl (H3MKH TBepioro Tena W HanocucteM (MucTHTyT
Ja3€pHbIX M IUIA3MEHHBIX TEXHOJIOTHH), delepanbHOe ToCylapcTBEHHOE aBTOHOMHOE
0OpasoBare/IbHOE yupexkIeHHe BbIclIero o0paszoBaHns «HaruoHaIBHBIN HMCCIeI0BATEIbCKHI
siICpHBIA yHUBepcuTeT « MUDI »;

5. JlozoBan Amnekcanap AueKcaHIpoBuY, Tpodeccop, JIOKTOp TEXHHUYECKHUX HayK,
npopeccop  kadenpsr  «TexHONOrMM M CHCTEMBI  ABRTOMATH3HPOBAHHS IPOCKTHPOBAHHS
METaJITypPrUeCcKHX IPOLEeccoBy (eaepaibHoe rocyIapcTBeHHOE aBTOHOMHOE 00Pa30BaTelbHOE
YUPOKACHHUE BbICLIETo 00paszoBanus «MockoBckuil aBuaimonnslii uHCTHTYT (HaumoHaibHbIi
UCCJICZIOBATCIIBCKUN YHUBEPCUTET) .

B kadsecrBe Benyuwiedf oprammsammm yTBepiIeHO (eaepaibHOE rOCY/1apCTBEHHOE
YHUTapHOE IPEAIpUATHE «llenTpanbHbIi Hay4HO-UCCIIe10BaTEIbCKU I UHCTUTYT
MatnHocTpoeHus» (PI'YIT LIHUMUTMarr), r. Mockaa.

DKcHepTHas KOMHCCHS OTMEYAeT, YTO Ha OCHOBAHMM BBIMOJIHEHHBIX COUCKAaTeJIeEM
HUCCJICIOBAHUIM:

® pa3paboTaHbl  CHOCOOBI  TIOJIYYEHHS  MOHHO-TUIA3MEHHBIX BaKyyMHO-/IyTOBBIX
KCPAMHUKOMETAJUIMYECKUX TIOKPBITHH Ul YIPOYHEHHs TBEPIOCIUIABHOTO PEKYIIEro
HUHCTPYMEHTA U PACIIMPEHHS OOJIACTH €r0 TeXHOJIOIHYECKOTO IPHUMEHEHHS;



M3y4eHbl  MPOLECCHI  CTPYKTYypo- ¥ (azoo0pasoBaHus  NpH  OCAXK/IEHHH
MHOTO(QYHKIMOHAJIBHBIX YIPOUHSIOUINX HaHOCTPYKTYPHPOBAHHBIX MOKPBLITHH ¢ HU3KHM
YPOBHEM MaKpOHAINPSKEHHH, MMOBLIIIEHHBIMUA XapaKTEPUCTUKAMU TBEPIAOCTH, BSI3KOCTH
paspyuieHHsl, TPUOOJOrHYECKMMU CBOHCTBAMM M aATN€3MOHHON MPOYHOCTHIO COEIMHEHHUs
C MHCTPYMEHTAJIbHOW OCHOBOIA;

JlI0Ka3aHa IMEPCICKTUBHOCTb HMCIIOIb30BaHUs pa3pabOTaHHBIX KEPAMHMKOMETAJIMYECKUX
HOKPBITHH Ha TBEPIOCIUIABHOM HMHCTPYMEHTE JUIsl TOBBILICHHS pecypca ero paboThl B
YCJIOBHSIX HENIPEPBLIBHOTO M IPEPBIBUCTOTO PE3AHUSI.

Teopernyeckast 3HaUMMOCTh UCCIIEIOBAHUS OOOCHOBAHA TEM, YTO:

paspaboTaHbl HOBBIE COCTaBbl HAHOCTPYKTYPUPOBAHHBIX KEPAMMKOMETAIMYECKHX
nokpeituii B cucreMax (Ti,Al)N-Cu u (Ti,Al)N-Ni co 3nadenusimu tBépnoctu 10 54 I'lla
M BBICOKOM BA3KOCTBIO pa3zpylleHHs (OTHOCHTeNbHas paboTa  IIaCTHYECKOTO
ne(pOpMUpOBaHHs  NAHHBIX  HOKpbITHH  60-65% u  65-70%, COOTBETCTBEHHO),
OIPE/ICNIACMBbIE  HAHOCTPYKTYPUPOBAHHEM HHUTPUIHOM COCTABJISAIONICH MOKPBITHH H
HAJIMYMEM B X COCTaBe METALTMUCCKOH (asbl;

MCCJICJIOBAHbl  NPOLECChI  CTPYKTYpo- W (asooOpasoBanus 1pu  (HOPMHPOBAHUU
KEPaMHUKOMETAJNTMUECKUX TTOKPLITHI METOAOM HOHHO-IIJIA3MEHHOTO BaKyyMHO-yTOBOTO
OC&XK/IEHHs. YCTaHOBJIEHBI IPAHUIbI KOHIICHTPAIIMN MEAH U HUKEN 10 3-9 at.% u 1,5-12
ar. % coorercTBeHHO B NOKpbITHsX (Ti,Al)N-Cu u (Ti,AI)N-Ni, obecneunBaromnme
(opmupoBanue H30MOP(HON IIOTHOH HAHOKPHCTAIMYECKOH CTPYKTYPHI € PasMepoM
3¢peH Kepamuueckod (aswl 15-25 HM, pa3JeleHHBIX MPOCIOWKAMH PEHTreHOoaMO(HOI
METaAJUTHYCCKON KOMIIOHEHTBI pa3MepoM 2-3 HM;

YCTAHOBJICHO, YTO pa3pa0OTaHHbIE MOKPBITUS OTIHYAIOTCS BBICOKOH CKJIOHHOCTBIO K
CaMOIIaCCHUBALlMHM, HHU3KHM 3HAYEHHAMH IUJIOTHOCTEH TOKOB MACCHBHOIO COCTOSHUS M
BBICOKOH YCTOWYHMBOCTBIO K MUTTUHIOBOH KOPPO3HH IO MPUYKHE OBICTPOTO T1epexoa OT
3apOXK/ICHUSI TUTTUHIA B CTAMIO €r0 PEernacCHBalluy;

oOHapyxeH OS(QQPeKT pelaKcalud MaKpOHANPSKEHHH B  KepaMHKOMETAJIHYCCKUX
TOKPBITHAX, CBSI3aHHBIA C JEMIQUPYIOINM BIHSHHEM META/UIMYECKoH (asbl, u
ABJIAIOIEHCS  OAHUM M3  (BAKTOPOB, ONPENENSIONMX KX BBICOKYIO aJIre3HOHHYIO
MMPOYHOCTH C UHCTPYMEHTAJIbHOM OCHOBOIA;

YCTaHOBJICHA T€pPMHYECKas CTaOMIBLHOCTh HAHOCTPYKTYpHBIX nokpbituii (Ti,A)N-Cu u
(TL,ADN-Ni Brmtote 0 700 °C, 4to 00yc/0BIEHO GIOKHPOBAHHEM METAILTHYECKOMH
(¢azoii npoueccor pexpucramusannn kpuctamutos (Ti,AI)N.

3HaueHune NOJYYCHHBIX COHCKATCJIEM PpPE3yJabTaTOB HCCJIECHOBAHUS  [JIs IMPpAaKTUKH

IMOATBEPKIACTCS TEM, YUTO:

NOJTy4E€HBl MOHHO-IIJIA3MEHHbIC BaKyyMHO-AYTOBbIE HAHOCTPYKTYPHBIE HM3HOCOCTOHKHE
nokpertust (Ti,AN-Cu u (Ti,A)N-Ni, couerarome B ceGe BBICOKYIO TBEPAOCTH (110
50 I'lla) n BA3KOCTH paspyiieHusi (OTHOCUTEIbHAs paboTa IJIACTHYECKOM nedopmanuu
65-70 %). JlaHHbBIe MOKPBITUS 00JALAIOT BBICOKOM ajre3weil ¢ MOIIOKKOIL (~90 H),
KOT€3MOHHBIM XapaKTEPOM pPa3pyLICHHs ¥ UMEIOT OTHOCHTEIBHO HU3KHE KOO()PUIMEHTHI
tpenust 0,5 u 0,45, coorBercTBeHHO. ONTHMAaIbHBIE PEKUMbI OCAXKICHHS IMO3BOJISIOT
[IOJIyYHTh TOKPBITUS C 3aJaHHBIM COCTABOM, O0O0JaJafOlMM HauOoJiee BBICOKUMHU
OKCILTYaTallMOHHBIMU XapaKTEPUCTHKAMH;



pa3paboTanbl  crnocoObl  MONYHYEHHS — WOHHO-IUIA3MEHHBIX  BAKYYMHO-IYTOBBIX
KEPaAMHUKOMETAITMYECKUX TTOKPBITHH /11 TBEPAOCIUIABHOTO PEXKYIIEr0 MHCTPYMEHTA
paciMpenHoi obnactu npumeHeHus (marent PP No2573845, 2014 r., mareutr PO No
2613837, 2015 r.). Co3mgansl Texuuueckue ycaoBust TY 1960-001-02066500-2018 u
TEXHOJOTHYECKU MPOLECC Ha IUIACTHHBI TBEPAOCIUIABHBIC C HAHOCTPYKTYPHbIM
KEPAMUKOMETAIMYeCKUM  1oKpbitueM.  Ha  mpeanpuatun OO0  «IIpoynoctsy»
OCYWIECTBJICH BBIIYCK ONBITHON MApTUM PEXKYIIEro TBEPAOCIUIABHOTO HHCTPYMEHTA C
pa3spabOTaHHBIMHU HOKPBITUSMH U TIPOBEJIEHBI MX HCIIBITAHUS B YCIOBUSIX KOHKPETHBIX
IIPOU3BO/ICTB;

UCIBITAHUS] CMEHHBIX TBEPJIOCIIABHBIX IUIACTHH ¢ pa3paboTaHHBIMHU HAHOCTPYKTYPHBIMU
KEPAMUKOMETAJUINYECKMUMU  TOKPBITUSIMM B YCJIOBHSIX  IIPEPBIBUCTOTO  pe3aHMs,
nposenéuusle OAO HITO «I JHUUTMAIL», OO0 «Kommanus PUTC» u OO0 «HIID
«Kapar» 1ipu dpeseposanun crameit DI1302111, craneii 50 u 40X M HempepbIBHOI
ToKapHOi o6paborku craneit 09T2C u 35XI'CA mnokaszanu yBelIHYCHHE CTOWKOCTH
uHcerpymenTa ot 1,4 1o 3,0 m ot 1,2 10 7; ot 1,7 10 6,0 u 9.8 pasa, cooTBeTCTBEHHO, [UIs
cucreM TBepbli cruiaB-nokpeitue (Ti,AI)N-Cu u (Ti,A)N-Ni. [TonyueHnsle pe3ynbrarsl
CBHJICTEJILCTBYIOT O BBICOKOH 3()(EKTMBHOCTH [JaHHBIX MOKPBITHH Ha TBEPIOCILIABHOM
PEXYIIEM HHCTPYMEHTE [UIsl IOBBILICHHs pecypca paboThl KaK [PH HENPEPLIBHOM, TaK U
IIPEPBIBUCTOM pe3aHuu;

MCHBITAHUST KEPAMMKOMETAIUIMYECKUX TOKPBITHI B Pa3IMYHBIX YCIOBUAX TPEHUS H
DPO3MH  CBHMICTENIBCTBYIOT 00 HX BBICOKOH H3HOCOCTOMKOCTH M DPO3HOHHOM
COTPOTHBJICHHH TIPH aOpPa3UBHOM M TuaApoadpasuBHOM Bo3ieHcTBHsX. COBMECTHO C
VMAII PAH nokasana nepcreKTHBHOCTb HCIIONB30BAHMS JAHHBIX TIOKPHITHH B KAUECTBE
YIOPOUHSIIOIINX U  BBLICOKOHATPY)KEHHBIX ~YYaCTKOB TIPOTOYHOH wuacTH jerasei
IOTPY>KHBIX JIOIACTHBIX HACOCOB.

Onenka 10CTOBEPHOCTH Pe3yJIbTaTOB UCCIIE0BAHUS BBISIBHIIA:

AU OKCHEPUMCHTAIbHBIX HMCCIEJOBAaHUH HCIOIB30BaHbl IEPENOBOE AHATUTHYECKOE
000py/IOBaHHE ¥  COBPEMEHHBIC METOJbI  (PU3MKO-MEXAHHYECKUX MCCIIeNO0BAHMIL:
PEHTIeHO(DA30BbII U PEHTIEHOCTPYKTYPHBIH aHAIN3, CKAHMPYIOWIAS U TIPOCBEYHBAIONIAS
SJICKTPOHHAs MHUKPOCKOIHS, CHEKTPAIbHBIC METO/IbI; H3MEPUTEIILHOE MHIEHTHPOBAHHE,
TPUOOMETPHUSL, CKIICPOMETPHUS U JIP.;

MPOBCJCHHBIC TCOPCTHYECKUE MCCIICI0BAHUS TIOCTPOEHBI HA U3BECTHBIX M IIPOBEPAEMbIX
JIAHHBIX, OMyOIMKOBAHHBIX B TPY/IaX OTCYCCTBEHHBIX H 3apyOEKHBIX aBTOPOB, B KOTOPBIX
M3JI0KCHA HayYHAsi KOHICIILH TOy4E€HHs] HAHOCTPYKTYPHBIX TOKPBITHIA;

uues  paborel  Oasupyercss Ha  0OOOIIEHMM MHPOBOTO  OMBITA B OOJIACTH
MaTepHaIOBE/ICHUS HAHOCTPYKTYPHBIX MATEPHAIIOB, U3YUEHHUs MPOLECCOB CTPYKTYPO- U
(azoobpazopanus npu Gpopmuposanuu PVD nokpbituii;

B 00CYXKICHHM pE3ysIbTaTOB HCIOJIB30BAHbl JAHHbIE, ONYOINKOBAHHBIE MO TEMATHKE
YIPOYHEHUS TBEPJOCIUIABHOTO PEXyLIero MHCTpymeHTa aBropamu: A.C. Bepemraxka,
C.H. I'puropees, I'.C. ®ykc-Pabunosuy, B.I1. Tabakos, B.A. Mosuan, A.D. Pogrebnyak,
J.A. Thornton, S. Veprek, J. Musil, P.H. Mayrhofer, L. Hultman;

YCTaHOBJIEHO KaYECTBEHHOE COBIA/IEHUE PE3YJILTATOB JUCCEPTAHMOHHOIO HCCIIENOBAHHUS
C pe3yJbTaTaMH, NPECTABICHHBIMU B HE3aBUCHMBIX UCTOUYHUKAX 10 JAHHOH TeMaTHKE



(J. Musil, A. Akbari, M. Bromark, V. Valvoda, P.H. Mayrhofer, J.A. Thornton, L.
Hultman, B.I1. Tabakossim, C.H. I'puropresbiM, Z.G. Zhang).

Jliccepranus sBigeTCs MOJHOCTBIO 3aBEPIICHHOM Hay4HOM paboToi. B Heil 0600111eHbI
pe3ynbTaThl MCCIIE0BAHUM, MOJYyUYEHHbIE JTHYHO ABTOPOM, JHOO IPU €ro HernocpencTBEeHHOM
y4acTuH. ABTOpPY pabOTbl IIPHHAIICKHT OCHOBHAA pOJb B MOMYYEHHH U 00pabOTKe
OKCIEPUMEHTAJIPHBIX JIaHHDBIX, MX aHajlu3¢ M 000OIIEHMH BCEX IOJYYCHHBIX pPE3yJIbTaTOB,
(bOpMYITHPOBAaHUH BLIBOJIOB, HATMCAHUH CTATEil.

Comuckarens omy6mukoBai 14 paboT 1o Teme aucceprauuy. V3 Hux - 12 B u3manusx,
Bxosmmux B 6asel Web of Science, Scopus; 14 (12 crareii u 2 narenra P®) - B u3gaHmsx,
BXOJISILIUX B pEKOMEHAYeMbIi nepeyenb BAK P®.

[Tynkr 2.6 [TonoxeHns npucysKIeHUs YUEHON CTENEHU KaHIH/IaTa HayK, YICHON CTeleHH
nokropa Hayk HUTY «MUCuC» couckarenem yueHoii cTeleHn He HapylIeH.

Huccepranus benosa JImutpust CepreeBuua COOTBETCTBYET KpuTepusM 1. 2 [Tonoxenust
0 nopsiake npucyxjaenus: yuyensix creneneid B HUTY «MUCuCy», tak kak B Heil HA OCHOBAHHH
BBITIOJIHCHHBIX  aBTOPOM  MCCIICZIOBaHWM  pa3paboTaHbl TBEPAbIE HAHOCTPYKTYPUPOBAHHBIE
kepamukomeTasindeckue moKpeitus (Ti,A)N-Cu u (Ti,AI)N-Ni ¢ NOBBIIIEHHOH BS3KOCTBHIO
paspylmieHus, MPEJAHa3HAYCHHbIC ISl YBEITHMYEHUS CTOMKOCTU TBEPIOCIIABHOTO MHCTPYMEHTA B
Pa3JIMYHBIX YCIOBUSX PE3aHUS.

DKCnepTHas KOMMCCHs TIPHHsUIA PEIICHHE O BO3MOXKHOCTH InpucyxkiaeHus J1.C. benoBy
YYCHON CTEIeHH KaHIM/aTa TEXHHYECKHX HayK 10 crenuaibnoctu 05.16.06 — «Toporkosas
METAJIIIyPrusi ¥ KOMIIO3UIIHOHHBIE MaTEPHAITLI».

[Ipu npoBeieHuH TalfHOTO rOJIOCOBAHMS YKCIEPTHAS KOMHMCCHS B KOJIHYECTBE 4 UeI0BeK,
y4aCTBOBABLIMX B 3aCCAaHNH, U3 5 YEJIOBEK, BXOJAIINX B COCTAB KOMHCCHH, TIPOTOJIOCOBAIA:
3a - 4, IPOTHUB - HET, HEICHCTBUTENBHBIX OIOJIETEHEH - HeT.

Ilpeacenarens DKCrepTHOW KOMHCCHH E.A. JleBamioB



