3AKJIIOYEHHE TUCCEPTAIIMOHHOI'O COBETA 24.1.135.01,
co3aaHHoro Ha 0aze @enepaIbHOrO rOCYJapCTBEHHOTO OI0IKETHOTO YIPEXKACHUL
Hayku MHCTHTYTa HU3UKH MPOYHOCTH U MaTepuaioBeneHuss CuOUpCKOro oTae/IeHus
Poccuiickol akazieMuH HayK, 110 JUCCEPTALHA Ha COUCKaHNE YUEHOU CTEIIEHH
KaHOuIaTa HayK

arTeCTallHOHHOEC OCII0 Ne

peleHue auccepTanuonHoro cosera ot 28.11.2025, Ne290

O npucyxnennu KyssmuHoBy Esrenuio [mutpueBudy, TrpaxaaHUHY
Poccuiickoit ®@eneparun, y4eHOH CTelneHH KaHmupara (GH3UKO-MaTeMaTHYeCKHX
HayK.

Huccepraus «3aKOHOMEPHOCTH H3MEHEHHs CTPYKTYpPBI, MEXaHHYEeCKHX U
TpUOOJIOrH4eCKUX CBOHCTB MOHOJIUTHBIX M MHOI'OCIOHHBIX IOKPBITHH Ha OCHOBE
cucteMsl Ti-Al-N npu ux nerupoBanuu Ta u Si» no crnenuansHocTd 1.3.8. Ou3nka
KOH/IEHCHPOBAaHHOI'0 COCTOSIHMA NHpHuHATAa K 3augure 29.08.2025 (mpotokon Ne 274)
JIUccepTanuoHHEIM coBeToM 24.1.135.01, co3ganHpiM Ha Oaze @enepalbHOrO
roCyIapCcTBEHHOr0 OHOKETHOro yupexnaeHuss MHCTHTyTa GU3UKM IPOYHOCTH H
MaTtepuanoBegenus Cubupckoro otaeneHus Poccuifckodt akagemun Hayk (MOIIM
CO PAH), 634055, r. Tomck, np. Axagemudeckuit, 2/4; npuxa3 PocobpHazazopa o
CO3JaHMH JHccepTaionHoro Nel925-1671 ot 10.09.2009; mpukaz o6 H3MeHEHUH
coctaBa mauccepranuponHoro coseta Nell53/HK or 30.09.2015; mnpukaz o0
H3MEHEHHH cocTaBa quccepranuonHoro cosera Ne 569/HK ot 01.07.2019; mpukas o6
U3MEHEHHH cocTaBa JauccepranuoHHoro cosera Ne331/HK ot 12.04.2021.
ITocnenuue wW3MeHeHHWs BHeceHBI mpukazoM MunobOpHayku Poccuu Ne669/HK ot
09.07.2024.

Couckarens Kyzemunoe Eezenuii [mumpuesuy, 19 ampens 1997 rona
poxpenus, B 2025 roxy oxonuun acriupantypy UOIIM CO PAH no cnenmansHOCTH
1.3.8. ®usuka KOHAEHCHPOBAaHHOTO cocTosHUs (cBumeTenscTBO Ne A-01/25 or
28.07.2025).

JluccepTallisl BEIONHEHA B J1a00paTOpHUH (PM3UKK MTOBEPXHOCTHBIX SBJICHHH
NoIIM CO PAH.

B macrosmee Bpems KyspmuuoB E.JI. pabotaer B nabopaTopuu
CTPYKTypHOTO au3aiiHa mepcrekTuBHbIX Matepuanos MOIIM CO PAH B gomkHOCTH
MJTaJIIEr0 HAyYHOT'O COTPYIHUKA.

Hayunsiit pykoBoauTens — TOKTOp Gu3nko-MareMatnyeckux Hayk Illyrypos
Apryp PyOuHoBHY, BeIylIWii HaydHBIH COTpPYAHMK Jaboparopuu (QU3HKH
noBepxHOCTHHIX sBneHuid MOIIM CO PAH.

OdunuuansHbIe OIITOHEHTHI:



KnonmoroB AHaToanii AHATOJbeBHY, MOKTOpP (DH3MKO-MaTEeMaTHYECKUX
Hayk, mpodeccop, PemepasbHOE rocyAapcTBEHHOE OrOKeTHOE 00pa3oBaTelbHOE
ydperkaeHne BbIcIiero odpasoBaHMs "TOMCKHE rocynapCTBEHHBINM apXHUTEKTYpPHO-
CTPOWTENBHEIN yHHUBepcuTeT"', mpodeccop KadeIpbl NPUKIATHOM MEXaHHKH H
MaTepuajioBeIeHNUs,

I'penanépoB Auexkcanap CepreeBH4, [OKTOp TEXHHYECKHX HayK,
denepaTbHOE TroCylapcTBEHHOE OIO/DKETHOe YydpexiaeHue Haykd HMHcTuTyT
CHIIBHOTOYHOM 3yekTpoHHKH CHUOMpCKOro otheseHus PoccHACKOM akaJeMuH Hayk,
3aMeCTHTelIb JUPEKTOpa 110 HaydHOH paboTe, cTapIiuii HAyUYHBIH COTPYIHUK,

JIaJTH TIOJIOKUTENIEHBIE OT3BIBBI HAa JUCCEPTALUIO.

Beaymas opranmszauus — PefepajibHOe rocyJapcTBeHHoe OIOMKETHOE
yupeskaeHde Haykun WHCTHTYT MeTa/UIyprHH H MaTepHaloBedeHHS HM. A.A.
baiikoBa Poccuiickoii akageMun Hayk, I'. MoOCKBa — B CBOEM IIOJIOKHMTEIBHOM
oT3bIBe, moamnucaHHoOM KoamakoBbiM AJsiexceem I'eoprueBH4yeM, ITOKTOPOM
TeXHHYECKUX HayK, WIeHOM-KoppecnongeHToM PAH, TImaBHEIM Hay4YHBIM
COTpYIHHUKOM, 3aBefyromuM jabopaTopuedl NpPOYHOCTHM M IUIACTHYHOCTH
METATHYECKHX ¥ KOMITO3UI[MOHHBIX MaTepHajoB M HaHOMaTepUalIoB, yKazaja, 4To
OUCCEPTAITUS SBJISETCS 3aKOHYCHHBIM HAy4YHBIM HCCIENOBAHMEM, BBIIIOIHEHHBIM Ha
aKTyaJIbHYyI0 TeMy Ha BEICOKOM Hay4HOM YpOBHE. B HEH COIEpXHUTCS pelleHue psana
AKTyaJbHBIX 3a/1ad, BHOCAIIUX CYIIECTBEHHBIH BKJIAJ B Pa3BUTHE TEOPETHYECKHUX
MpeacTaBieHHH 0 (QU3MUECKUX MEXaHW3MaX, JIeXallluX B OCHOBE H3MEHEHHUA
KITIOUEBBIX CBOMCTB IOKPHITHI Ha OCHOBE cUCTeMBI Ti-Al-N mpu ux nerupoBaHHH H
($hopMHUpPOBaHUHM MHOTOCIIOMHON apXHUTEKTYphl, a TAKKe 0 METOJaX CO3[aHHsS HOBBIX
3aIIATHBIX MOKPBITHH, 001aJalolX MOBBIIIEHHON U3HOCOCTOMKOCTEIO. [0 ypoBHIO
pelaeMBIX 3a/1a4, HAy9YHOH HOBH3HE, TEOPETHYECKON U NPaKTHYECKOW 3HAYMMOCTH,
00BEMy TOIYyYEHHBIX Pe3yJIbTATOB IUCCEPTAINs COOTBETCTBYET BCEM TPeOOBAHHAM
«[Tosoxenws 0 IPUCYKICHHH y4eHBIX CTeNeHei» a ee aBTop — Ky3eMuHoB EBrenuit
JIMUTpHEBHY — 3aCIyKHBAET IPHUCYXICHHS YJIeHOH CTEIeHH KaHAu[aTa (pU3HKO-
MaTeMaTHIeCKMX HayK 1o crenuansHocTd 1.3.8. Du3HKa KOHIEHCHPOBAHHOIO
COCTOSIHHSL.

Couckarens uMeer 22 omyOnukoBaHHBIE paOOTBI, B TOM HHCIE IO TEME
JCCepTaIWK OIyOnuKoBaHo 12 paboT, ¥ Bce OHU OIyOIMKOBAHEl B PELEH3HPYEMBIX
Hay4HBIX U3JaHUIX.

[TyOnuKanyu 1mo TemMe TUCCEPTaLUU B orcypHanax us nepeuns BAK:

1. KyssmunoB, E.JI. Biusaue conepxanus Si B mokpertusax Ti-Al-Ta-Si-N
Ha WX paspyiienue npu ogroocHoM pactsbkernuu / B JI. Kyssmunos, A.P. Illyrypos,
AJO. Jlep6un, A.B. ITanun, A.W. Imurpues // 13B. By3oB. @uzuxa. — 2024. - T. 67,
Ne 11. — C. 97-106. B pabore H3M0XKEHBI PE3YJBTATHl HCCIIEJOBAHHMA BIUAHUA
nerupoBaHus kpemuueM nokpeiTui Ti-Al-Ta-N Ha UX paspylueHne IPH PacTsHKEHHH.
Bxnan couckarens — 70 %.

2. KysbmuuoBs, E.JI. MukpocTpyKTypa 1 MeXaHU4eCKHe CBOMCTBA MOKPBITHH
Ti-Al-Ta-N, moly4eHHBIX METOIOM CHIBHOTOYHOI'O HMMILYJIBCHOTO MarHeTPOHHOI'O
pacneurenns / E.JI. Kysomunos, A.JO. Iep6bun, A.P. llyrypos // W3B. By30s.



Qusuka. — 2024. — T. 67, Ne 5. — C. 100-107. B paboTe H3I0KEHBI pe3yIbTaThl
HCCIIeIOBAHUS BIUSHUS YaCTOTHI MMITyJIbCOB Ha MUKPOCTPYKTYPY ¥ MEXaHUYECKUE
cBoiictBa nmokpeiTui Ti-Al-Ta-N HaneceHHbIX MeTogoM HiPIMS. Bxiag couckarens
- 50 %.

B 3apybesichvix sicypnanax, yumupyemuix 8 UHOeKCUposanHvix bazax OaHHbIX
Scopus u Web of Science:

3. Kuzminov, E.D. Tuning of mechanical properties of Ti;Al,N coatings
through Ta alloying / A.R. Shugurov, E.D. Kuzminov, A.M. Kasterov, A.V. Panin,
A.l. Dmitriev // Surf. Coat. Technol. — 2020. — Vol. 382, — P. 125219. B pabote
W3JI0’KE€HBI Pe3yNbTaThl UCCIIEIOBaHUA BIUAHUA cofepikanus Ta B mokpeITHAX Ti-Al-
Ta-N Ha uX CcTpyKTypy U (HU3UKO-MeXaHW4IeCcKHe cBoMcTBa. Bxian couckarens — 40
%.

4, Kuzminov, E.D. The effect of multilayer architecture and Ta alloying on
the mechanical performance of Ti-Al-N coatings under scratching and uniaxial
tension / A.R. Shugurov, E.D. Kuzminov // Metals. — 2021. — Vol. 11, Ne 8. — P.
1307. B pabote H3MOXKEHBI pPe3yJbTAThl HCCIENOBAaHUS BIUSHUA MHOTOCIOWHON
apPXUTEKTYPhl W JIECHPOBAaHUS TAHAJIOM Ha IIOBEJEHHE IIOKPBITUH IIpH CKpeTd-
TeCTUPOBAHUU U OJTHOOCHOM pacTskeHuH. Briaz couckarens — 50 %o.

5. Kuzminov, E.D. Improvement of mechanical properties and adhesion of
Ti-Al-Si-N coatings by alloying with Ta / A.R. Shugurov, E.D. Kuzminov, Y.A.
Garanin, A.V. Panin, A.I. Dmitriev // Lubricants. — 2022. — Vol. 10, Ne 8. — P. 178. B
paboTe HU3I0KEHBI Pe3yIIBTAThl HCCISIOBaHUS BIMAHUS coJepxKaHusd Ta B OKPBITHAX
Ti-Al-Ta-Si-N Ha #X MexXaHW4YeCKHe CBOWCTBA U IIOBEJEHHE IIPU CKpeT4-
TecTupoBaHuu. Bxnazg couckarens — 40 %.

6. Kuzminov, E. Effect of Ta content on scratching behavior of Ti-Al-Ta-N
coatings on titanium substrate / A. Shugurov, E. Kuzminov // Metals. — 2022. — Vol.
12 — P. 1017. B paboTe u310X€HbI pe3yIbTaThl UCCIEIOBAHUS BIUSIHUS COAEPKAHNUA
Ta B mokpeitusx Ti-Al-Ta-N H mpu CKpeT4-TECTUPOBaHMM Ha MSTKOHW TUTaHOBOH
o utoxke. Bxian couckarens — 50 %.

7. Kuzminov, E.D. Effect of the pulse frequency on the structure, mechanical
and tribological properties of Ti-Al-Ta-N coatings deposited by HiPIMS / A.R.
Shugurov, A.Y. Derbin, E.D. Kuzminov // Vacuum. — 2024. — Vol. 230. — P.
113636. B paboTe W3M0XXEHBI pe3yIbTaThl UCCIEN0BAHNUS CTPYKTYPBl, MEXaHUYECKHUX
¥ TPUOOJIOTHYECKUX XapaKTepUCTHK MOKpbITHH Ti-Al-Ta-N, HaHeCEHHBIX METOJOM
CHJIBHOTOYHOI'O HMIIYJIbCHOTO MarHeTPOHHOI'O pacHbuleHHs. Bxiax couckarens —
30 %.

8. Kuzminov, E.D. Mechanical and tribological properties of Ti-Al-Ta-
N/TiAl and Ti-Al-Ta-N/Ta multilayer coatings deposited by DC magnetron
sputtering / A.R. Shugurov, E.D. Kuzminov // Surf. Coat. Technol. — 2022. — Vol.
441. — P. 128582. B pabore wuccireqoBaHO BIHSIHHE XUMHYECKOIO COCTaBa
METaUIHIECKHX TIO/ICIIOEB B IOKPEITHIX cucTeMbl Ti-Al-Ta-N Ha HX MEXaHUYECKHE H
Tpubosioruyeckue cBoicTea. Bkinan couckarens — 50 %o.



9. Kuzminov, E.D. Effect of N, to total pressure ratio on the structure,
mechanical and tribological properties of magnetron-sputtered Ti-Al-Ta-Si-N
coatings / A.R. Shugurov, E.D. Kuzminov, A.Y. Derbin, A.V. Panin, A.I. Dmitriev /
Surf. Coat. Technol. — 2024. — Vol. 492. — P. 131198. B pabote u3/I0KEHEI
pe3yNbTaThl UCCIeOBaHNS BIMSHUA NapLUAIbHOIO AAaBISHMA a30Ta IIPH OCaXIECHHU
nokpeituid Ti-Al-Ta-Si-N MeTo0M MarHeTpOHHOIO PACHBUICHUSA HA WX CTPYKTYpPY,
MeXaHH4YeCKHe | Tpuboormyeckue cBoicTBa. Bxiay corckatend — 30 Yo.

10. Kuzminov, E.D. The effect of Si content on microstructure and
mechanical properties of Ti-Al-Ta-Si-N coatings / A.R. Shugurov, E.D. Kuzminov,
Y.A. Garanin, A.V. Panin, A.I. Dmitriev // Vacuum. — 2023. — Vol. 216. — P. 112422,
B paboTe W3NOKEHBl pE3YNBTATHl HCCIENOBAHMS BIMAHHA CconepxaHus Si B
nokperTusx Ti-Al-Ta-Si-N Ha WX CTpYKTypy M MeXaHWYecKHe CBOWcTBa. Bxian
couckatens — 40 %.

11. Kuzminov, E.D. Microstructure and mechanical properties of Ti-Al-Ta-N
coatings alloyed with Si / A.R. Shugurov, E.D. Kuzminov, Y.A. Garanin, A.V.
Panin, A.l. Dmitriev // Russ. Phys. J. — 2023. — Vol. 65. — P. 1762-1767. B paborte
HCCIIEI0OBAHO BIMSHME JIETHPOBaHHS Si Ha CTPYKTypy M MEXaHHYECKHE CBOMCTBA
nokpeituit Ti-Al-Ta-N. Brnag couckatens — 30 %.

12. Kuzminov, E.D. Effect of Si content in Ti-Al-Ta-Si-N coatings on their
fracture under uniaxial tension / E.D. Kuzminov, A.R. Shugurov, A.Y. Derbin, A.V.
Panin, A.I. Dmitriev // Russ. Phys. J. — 2024. — Vol. 67. — P. 2056-2065. B pa6ote
rccaenoBano paspyiieHue mokpelTuil Ti-Al-Ta-Si-N mpu 0ZHOOCHOM pacTsDKECHHH
TIpH BapbUpOBaHKH KoHUeHTparmu Si. Bknan couckarens —70 %.

HemocToBepHBIX  CBEAEHHMIt B  auccepTallil 00  OIMyOJIMKOBAHHBIX
comckaresieM paboTax HE COIEPIKHUTCS.

Ha mucceprammio U apTopedepaT IOCTYNMIM IIOJOXHUTETbHBIE OT3BIBBI C
3aMeYaHUAMH: JOKTOp (DM3MKO-MaTeMaTHYecKUX HaykK, JOLEHT, Ipodeccop HaydHO
obpasoBatensHOoro 1meHtpa b.I. DBelinbepra #WHXEHEPHOW IIKONBI SAAEPHBIX
TEXHOJOTHH (elepalbHOro ToCyJapCTBEHHOIO aBTOHOMHOIO 00pa3oBaTeNIBHOTO
yupexIeHns BBICIIero o0pasosanus «HHalloHanbHBIH HeceqoBaTenbekui ToMeKui
nonutexHuueckuii yausepcurer» (r. Tomck) Buelixep I'ainna AJiekceeBHa — B
apropedepaTe OTCYTCTByeT HH(OpMalus 00 OCHOBHEIX paboyMx MapaMerpax
MarHeTPOHHOTO OCaXeHUsI MOKPHITHH, a TakXke 00 ONTHMAJIBHBEIX TEXHOJIOTHYECKAX
pEXHMMax; OTCYTCTBYFOT KONMYECTBEHHOE JaHHBIE O BIMAHHH cojepxkanus Ta Ha
pasMephbl KpucTa/uTUToB. [Ipy 3TOM yKaszaHHas 3aBHCHMOCTH Ha3BaHa OJHHM HX
(akTopoB, OOYCIABIMUBAIONIMX IOBEJEHHE TBEPAOCTH IIOKPBITHA C POCTOM
comepxkanus Ta; He coobuaeTcsi, KakuM o0pa3oM Oblia IpOBEIEHA OLEHKA CTeNIeHH
NOKPBITHS TTOBEPXHOCTH KPHCTAIIUTOB (a3od SiNy M TOJIMHBI 3THX IPOCIOEK;
JOKTOp  (M3MKO-MAaTeMaTHYeCKMX Hayk, Ipodeccop, mpodeccop Kadenps:
MaTepUalloBeIeHUsS U WHAYCTPUH HaHOCHCTeM, (DemepabHOrO ToCyIapCTBEHHOIO
OIOIKETHOTO 00pa3oBaTEeIBHOTO yUpeXKACHUA BEICIIIETO oOpazoBaHus
«BopoHeXCKHil TocyIapcTBeHHBIH yHuBepcuTeT» (. Boponex) lapunckuii bopuc



MuxaiinoBnd — XoTsd aBTOp NOApoOHO omHCHIBaeT BiausHHE Ta u Si Ha cBoiicTBa
IIOKPBITHH, B aBTOpedepaTe HEAOCTATOYHO PACKPHITE BO3MOKHEIE OTPAaHUICHHUS UITH
npoOneMBl, CBS3aHHBIE C TEXHOJOTWEH HaHeceHWs TakWxX [OKPBITHH B
IIPOMBIIIEHHBIX ~ YCIOBMAX; MOXHO OblIo OBl Oolee mOAPOOHO OCBETUTH
IIEPCIIEKTUBEl JANbHEHIINX HCCIENOBAaHUN, HAlpUMEp, H3YYCHHE ITOBEICHUA
IIOKPEITUM IIpU OSKCTPEMAllbHBIX TEMIlepaTypax WIH B arpeCcCHBHBIX Cpelax;
KaHAuoaT (GU3UKO-MaTeMaTHYeCKHX HayK, [IOLEHT KadeApsl TBEPAOTENEHON
3NMEKTPOHUKU DelepalbHOr0 TocyAapcTBEHHOro OrOMKeTHOro 00pa3oBaTeIbHOro
yYpexaeHHs  Belcllero  oOpasoBaHus ~ «BOpPOHEKCKMH  roCymapCTBEHHBIN
TeXHUYeCcKHi yHHuBepcuTeT» (I. Boponexk) KocTouenko Anekcanap Bukroposuy
— IIpu OOCY)XIEHHHM TBEPAOCTH IOKPBITHUH C Pa3IMYHONW CTENEeHBIO JIETUPOBAHUS
BECbMa IOAPOOHO PaCCMOTPEHO BIMSHHE XapakTepa MeKaTOMHBIX CBSI3€H, IIPU 3TOM
OTCYTCTBYeT noapoOHoe obcykIeHrne OUCIOKAIMOHHOI0 MeXaHH3Ma IIacTHYeCcKOH
nedopMandd. B YacTHOCTH, B cllydae HaHOKPUCTAUIMYECKOH CyOCTPYKTYpBHI,
KOTOpo# 00Jaar0T HccaeqOBaHHbIe MTOKPBITHS, BeCbMa BeposATHA CMEHa MeXaHu3Ma
nacTU4decKol nedopmanuy Ha Oe3qUCIOKAIIMOHHBIN, IPUBOISINIAS K 3HAYUTEILHEIM
M3MEHEHHSAM TBEPAOCTH; IIpH OOCYXZeHHUH ocobeHHOCTell CyOCTpYyKTYpHI
MHOTOCITOWHBIX TOKpeITHH Ti-Al-Ta-N/TiAl yxaseBaercss nuddy3HBIH XapaxTep
MEX3EpPEHHBIX TpaHull Mexnay Kpucrayumurtamu Ti-Al-Ta-N u TiAl, oxHako
9KCIIEpPUMEHTANIBHBIE J0Ka3aTeIbCTBA 3TOMY (HalpyMep, aHaIW3 MEXIIJIOCKOCTHBIX
paccTOSHUH B OOJIACTH TpaHUI] 3epeH) OTCYTCTBYIOT; NOKTOpP TeXHHYECKHUX HayK,
npodeccop, npodeccop kadenprl «TexHOMOrHsS MamMHOCTPOeHUD» DenepanbHOro
rocyIapcTBeHHOro  OOKeTHOro  0o0pa3oBaTE/IBHOIO  YYPEKICHUS  BBICIIErO
obpazoBanus «Kysbacckuil rocymapcTBeHHEIH yHUBepcuTeT uMenn 1.0. ['opbadyeray
(r. KemepoBo) CmupHoB Ajtekcanap HukonaeBHY U KaHIUAAT TEXHUYECKUX HaYK,
JIOLICHT Kadenps «Texnonorus MAaIIMHOCTPOEHHUS» @enepalbHOro
rOCy/IapCTBEHHOr0  OIO/PKETHOTO  00pa30BaTENbHOIO  YUPEKAECHHs  BBICIIETO
o6pazoBanus «Kysbacckuii rocy1apCTBEeHHEIH yHUBEpcUTeT MMeHH T.D. 'opbaueBar
(r. Kemeposo) IIumonos Makcum BaagumupoBuu — B paboTe INpUBEIEHO
YTBEPIKACHHE, YTO «IPH HCIOJB30BAHUHM MSTKOH THTaHOBOM mnomioxku BT6
MaKCHMyM H3HOCOCTOMKOCTH nocturaercs npu z = 0,12». OgHako mo rpaduxy,
IIPUBEJIEHHOMY Ha pucyHKe 116, HHTEHCHBHOCTH M3HOcA IpH 3HaueHUsx 0,12 u 0,2
IIPaKTUYECKHA COBIIQIAIOT, MPU 3TOM Ui 3HadeHHd 0,15 OTKIOHEHHS IEPEKPEIBAIOT
TOYKH, TOAy4eHHbIe mnsa 3Hadenuit 0,12 u 0,2; Ha pucyHke 140 He HpHUBeAEHBI
OTKJIOHEHMS Mg THCTOTpaMM WHTCHCHBHOCTH H3HOCA; [JIOKTOp  (DH3HKO-
MaTeMaTHYeCKUX HayK, BEOYIIWH HAy4YHBIH COTPYIHMK J1abOpaTOpHH YITIEPOIHBIX
Ha"oMaTepuanoB PeepaibHOro rOCyAapCTBEHHOTO OI0KETHOr0 00pa3oBaTEIEHOI0
yupexxaeHus  Beicmiero  obpasoBanust — «KeMepoBCKHMH — rocyAapCTBEHHBIN
yauBepcuteT» (r. Kemepoo) ®@egopos Hropr AmnekcaHIApOBHY — aBTOP
BEITIOJTHSIET COIOCTABIEHWE TIOJMYyYEHHBIX pe3yJbTaToB C IIPEICTAaBIEHHBEIMH B
nuTepaType  JAaHHBIMUH  TeopeTmdeckux  pacuéroB. ComocTaBieHue  OBLIO
KOJIMYECTBEHHBIM HIIH MHTEPEC MPEACTAaBISUIU OOIIHe 3aKOHOMEPHOCTH? Y UUTBIBAIIH
aBTOPEI TIPH CONOCTABIEHUH SKPaHUPYIOUIHHA 3G (HEKT, KOTOPEIA BHOCST, HallpHMeD,



metammueckue cea3u? (F. Gao et. al. Hardness of covalent crystals. Physical Review
Letters 2003, 91); DOKTOp TeXHHUYECKHX HayK, IOLEHT, 3aBeAyIOLHii 1abopaTopuen
HaHotexHonoru#t Metamtyprun OI'AOY BO «HamumonaneHel nccienoBaTenbCKUi
ToMmckuit  rocymapcrBeHHBI — yHHBepcuteT» (I,  Tomck) Kyko MWibs
AJleKcaHAPOBHY ¥ KaHAWAT (U3UKO-MaTeMaTH4ecKux Hayk, Crapliuii Hay4dHBIA
coTpynHuk jab. HaHoTtexHonorud meramryprud PI'AOY BO «HanuonaisHBIN
uccreaoparenbeckuii  TOMCKHAH  TocymapcTBeHHBIH yHuHBepcuter» (r.  ToMmck)
Xpycranés AntoH IlaBnoBHY — 13 aBTOpedepara, HallpyMep U3 OIIUMCAHHUA IIaBHI 1,
HE COBCEM IIOHSATHO, Ha YeM OCHOBaH BHIOOp TOJIIWHEI ¥ MaTepHalla IOMJIOXKKH I
co3maBaeMbIX IOKpbITHE; CrnenoBao OBl YTOYHHTh €OHHHUIEI H3MEPEHHSA
KOHIIeHTpalu# (X,y,z) B OMUCAHUK BTOPOI IIaBBl, TaK KaK 3TO HEMHOIO IIyTaeT IpH
3HAaKOMCTBe ¢ paboToif; MOKTOp (GH3UKO-MaTeMaTUYeCKUX HayK, CTapLIMi Hay9IHBIH
coTpynHuK Jsaboparopun Ned @DenepadbHOTO TOCYAapCTBEHHOIO OFOKETHOTO
yupexIeHns Hayku VIHCTHTYT TeopeTHUecKOH W NpHKiIanHoi mexaHuku uMm. C.A.
Xpuctuanosuda Cubupckoro ornelenus Poccuiickoit axagemuu Hayk (T
Hosocubupck) IMosnusiko TI'eopruii AnexceeBuu — B omucanum k puc. 26
TOBOPHUTCSI O BEPTHKAIBHOCTH CTOIOYATOH CTPYKTYpHI 3epeH, B To BpeMa Kak COM-
n300pakeHre JEMOHCTPUPYET 3aMETHBIN HaKJIOH CTPYKTyphl. Bo3HMKaeT BOIIPOC — a
KaKoBa TMpPHYMHA OTKJIOHEHHS OT BepTHKanu? HescHO Takke 110 KaKoMy METOIY
u3MepsIach TBEpAOCTh. Hampumep, H3MepeHHe TBEpJOCTH 10 bpHHEI0 aJeKBaTHO
IPUMEHEHNWI0 Marepwana sl MOANIMIHUKOB. MMUKpOTBEpAOCTh TOBOPHUT 00
HU3HOCOCTOMKOCTH. Bbu1o ObI TMONE3HO yKa3aTh Mapku IpuOOpOB, € I[TOMOIIBIO
KOTOPEIX IIPOBOJIWINCE U3MEPEHUS TBEPAOCTH, CKPETU-TECTUPOBAHHUE H T.[I.

Bribop  odHUHANBHBEIX  ONIOHEHTOB K BeAylleH  OpraHH3alu{
000OCHOBBIBAE€TCA TeM, YTO O(QUIMAIBHBEIE OIIOHEHTH! SBIAIOTCA IPHU3HAHHBEIMH
CIEIHATUCTAaMH B 007acTH (U3HKKM KOHJEHCHPOBAHHOI'O COCTOSHKSH, HMMEIOT
myOnuKanuy, OJIM3KHe K TeMe MUCCepTallMOHHON paboTsl, SABIIAIOTCS COTPYIHHKaMH
PA3MUYHEIX OpTraHU3alldii ¥ He MMEIOT COBMECTHBIX ITyOIMKalhii ¢ COHCKAaTeleM U
HAy4YHBIM pYKOBOAWTENEeM. Bemymias opraHusalus [IHPOKO H3BECTHA CBOUMU
HAYYHBEIMH JOCTIDKCHUSMH B 00JAaCTH HAHECEHMS IIOKPBITHM H TOHKHX IUICHOK
METOJ/IOM MarHeTPOHHOTO PACTbUICHHS U HCCIelOoBaHUs UX cBOHCTB. CoMcKaTeasb U
HAYYHBIM PYKOBOJUTENb COUCKATeNIss He paboTaloT B JaHHOW OpraHM3allid H He
ABJAIOTCA YYACTHUKAMH HAyYHO-HCCIIEIOBATEeIbCKUX paboT, BEyLIMXCS B ITOH
OpraHu3allyy.

JuccepTallMOHHBIH COBET 0TMe4YaeT, YTO HA OCHOBAHHH BbIMOJHEHHbBIX
COHCKAaTeJIeM Hcc/leloBaHmii: pazpaboTaHa HaydHas UIes JIETMPOBAHHS KDEMHUEM
MHOTOKOMIIOHEHTHBIX OJHOCIOMHBIX W MHOTOCTOMHBIX TOKpBITHH cucTemsl Ti-Al-
Ta-N, moiy4aeMbBIX METOJOM MAarHeTpOHHOTO PpAaCIbLICHMs, [/ IOBBIMIEHHST HX
TBEPJOCTH W M3HOCOCTOMKOCTH; MNpeNJIOKeH MEXaHHU3M, 3aKIIOYalOlIHHCT B
cerperanyy KpeMHHS 110 TPaHUIaM KPHCTAIUTOB OCHOBHOM (a3pl oKphITHi Ti-Al-
Ta-Si-N ¢ obpazoBanmemM aMOpGhHOro HUTpHIA KpeMHHUS U (OPMHMPOBaHMs B HHX
IByX(a3Hoi aMOp(hHO-HAHOKPUCTAIIIUIECKOM CTPYKTYPHI; A0Ka3aHa



OIpeAeIAIoIas Poib JIETUPOBaHUSA KpeMHHeM NOKpbhITUH cucteMmbl Ti-Al-Ta-N B
MTOBBIIIEHHH MEXaHHUYECKUX M TPHUOOJIOTHYECKHX CBOMCTB; HOBble MOHATHSA He
BBOJHJIHCS.

Teopernyeckasi 3HAYHMOCTb HCCAeA0OBaHHH 00OCHOBaHA TeM, YTO
AOKA3aHbI IIOJO0XKEHUS, PACUIUPSAIOLIHe [IPEeICTaBIeHU] 0 (QU3MIECKUX CBOMCTBAX U
MexXaHu3Max JehopMaluid W pa3pylUIeHHss MHOTOKOMIIOHEHTHBIX W MHOTOCIOHHBIX
oKpeITUM cucteMbl Ti-Al-N; nmpuMeHHTe/bHO K Npo0JjeMaTHKe AHCCepTallHH
pe3yJbTATHBHO MCMOJIb30BAH KOMIUIEKC COBPEMEHHBIX 3KCIIEpUMEHTAIBHEIX
METOJIOB MCCIICIOBAaHUS CTPYKTYpPHI U CBOMCTB MHOI'OKOMIIOHEHTHBIX OIHOCIIOMHBIX
M MHOTOCJIOMHBIX  ITOKPBITHM;  HM3JIOKEHbI  [OKA3aTeJIbCTBA  ITOBBILICHHUS
H3HOCOCTOMKOCTH M TPEIMHOCTOMKOCTH IOKPHITHI Ha ocHOBe cucTeMbl Ti-Al-N 3a
CUeT JIETUPOBAHUS TAHTAIOM W KpeMHHeM M (OPMHUPOBaHMA MHOIOCIOMHOM
ApXHUTEKTYPHI; PACKPBITBI CIOXKHOCTY B (OPMUPOBAaHUH TpeOyeMOM CTPYKTYpPEHI
THOKPBITAH  Tijxy.,AlTa,Si,N 1py ¥X JIerHpoBaHMH KpPEMHHEM B IIpOIECCe
MarHeTPOHHOI'O OCXKACHHS; H3Y4eHbl KOHIEHTPAllMOHHbIE 3aBUCHMOCTH KIIFOUE€BBIX
CBOHMCTB IOKpPEITHi cucTeMsl Tijy.,AlTa,Si,N; nposenena moaepHu3auus METO/a
pacueta  TOMINMHEL  aMopGHON  mpociodiku B jAByX¢asHOH  amopdHO-
HaHOKPHCTAJUIMYECKOH CTPYKTYpe MOKPEITHIH.

3HaYeHHE TOJIyYeHHbIX COHCKATeJeM pe3yJbTAaTOB HCCAEeAOBaHHA AJIs
NPaKTHKH TOATBep:KAaeTcs TeM, 4TO pa3spaboTaHbl HayYHBIE ITOJIOXKCHIS,
KOTOpBEIE MOTYT OBITH HCIIOJNIB30BAaHBI IIPH IONYYEHHH HM3HOCOCTOMKHX 3allATHBIX
MTOKPBITHH Ha OCHOBE HUTPUIOB MEPEXOAHBIX METAIUIOB C 3aJaHHBIM KOMILIEKCOM
KIFOUEBBIX  XapaKTEePUCTHUK;  ONpeJesdeHbl  IEPCIEKTHBEl  IIPAKTHYECKOTO
HCIIOJIE30BaHHMs MIPEJIOKEHHOTO B TUCCEPTALIMOHHON paboTe HAyYHOI'O PEIIEHHUS I10
JIETHPOBAHUI0 MHOTOKOMITOHEHTHBIX OJHOCJIOMHBIX M MHOTOCIOMHBIX IOKPBITHA
TAHTAJIOM W KPEMHHEM IS IMOBBILICHUS TPEIIUHOCTOMKOCTH M H3HOCOCTOMKOCTH,
co3xaHa Mojenb 3()(EKTHBHOIO HCIIOAB30BAHMs KPEMHHS M TaHTala B KadyecTBe
JIETUPYIOINX 3J€MEHTOB MHOTOKOMIIOHEHTHBIX OJHOCIOMHBIX M MHOIOCJIOMHBIX
HOKpEITHH cucTeMbl Ti-Al-N; mpeacTaBiieHbl PEKOMEHJAIMH IO  BEIOOPY
OTHOCUTENBHOM TOMIIHHEI CII0EB B MHOI'OCTIOMHBIX CTPYKTYpax.

OueHKa J0CTOBEPHOCTH Pe3yIbTaTOB HCC/IeJOBaHHs BbIABHJIA: B pabdoTe
NpHMEHEHbl COBPEMEHHbIE METOIbl HCCIENOBaHUE Ha CepTHOHIMPOBAHHOM
HAyYHO-HUCCIIEIOBATEIbCKOM 000pyJOBaHHH; HAesi OasHpyeTcs Ha aHaluse H
0000IIEHHH COBpEMEHHBIX HAYYHBIX JIMTEPATyPHBIX MCTOYHHKOB, KacarOIIUXCH
BIMSHUS JIETHpOBaHWS ¥ (OPMHPOBAaHMSA MHOTOCIOHMHOM apXHTEKTYpPEI Ha
MEXaHMYECKHE U TPUOOJIOrHIecKre XapaKTepUCTHKH MTOKPEITHA Ha OCHOBE CHCTEMBI
Ti-Al-N, ocaXOeHHBEIX METOJOM MAarHeTPOHHOIO pAacHblICHUS;, HCHOJb30BaHO
CpaBHEHHE IOJYYCHHBIX OKCIEPUMEHTAIBHBIX JaHHBIX C pe3ylbTaTaMH [IpYIHX
uccjaefoBaTellied MO TeMaTHKe JUCCepTalldd; YCTAHOBJIEHO Ka4eCTBEHHOE
COBIIAJIEHHE aBTOPCKUX pe3yJbTAaTOB C pe3yJbTaraMH, IIPEICTaBICHHBIMU B
HE3aBHCHMBIX  HCTOYHHMKAX TI0 TEMaTHKe  JIUCCEPTallMH;  HCHOJb30BAHBI
COBpeMeHHEBIE METOAUKH cOopa 1 00pabOTKH SKCIIEPUMEHTAIBLHBIX TaHHBIX.



JIMYHBIH BK/IaJ COMCKATEJISI COCTOUT B aHAIM3E JIUTEPATYPHBIX HCTOYHHUKOB
II0 TEeMe J[WCCEpTal[i, HENOCPEACTBEHHOM IIOIYYeHUHM TIOKPBITUHA METOIOM
MarHeTPOHHOI'O DAacIbUICHHS, MOIy4eHHH U 00paboTke SKCIEepHMEHTAIBHBIX
JIaHHBIX, (POPMYIHUPOBKE BEIBOLOB U IIOJIOXKEHUI IUCCEPTAINH, IAYHOM YYaCTHH B
anpobaluy pe3yNbTaTOB MCCIENOBaHMSA, a Tak)Ke B HAIIMCAHWH HAyYHBIX CTaTel,
COJIepXKalliX Pe3yNbTAThl HCCIIEOBAHUH,

B xoje 3auuThl ObIIM BBICKA3aHEI CIEIYIONIHE KPUTHUECKHE 3aMedaHus: 00
OTCYTCTBHE B paboTe O0OOCHOBaHHS BLIOOpa TEXHOJNOTHYECKHX IAPaMETPOB
OCaXJeHHs HcclefoBaHHBIX NOKpeITUH. Couckarens Kysemunos E.[l. orBetun Ha
3a/laHHBIE MY BOIIPOCHL M COITIACHIICA C KPUTHYECKUMU 3aMeYaHHUIMHU.

Ha 3acemanun 28.11.2025 nuccepTallMOHHBIN COBET IPHHAI pEIIeHHEe — 3a
pellleHHe HayyHOM 3aJayd 110 pPa3BUTHUIO COBPEMEHHBIX IIPEACTABICHHUH O
3aKOHOMEPHOCTSIX M3MEHEHHSI CTPYKTYpbhl, MEXaHHYeCKHX M TPHOOIOrMYECKHUX
CBOMCTB IIOKPBITMUMA Ha oOcHOBe cucteMmbl Ti-Al-N, HaHeCeHHBIX METOIOM
MarHeTpOHHOIO paclbLIeHHUs, IPY UX JIETHPOBAHHUU TAHTAIOM U KPEMHUEM, a TaKKe
(GOpMHPOBaHMK MHOTOCIOHHOH apXHUTEKTYpbl, KOTOpask MOXET CIYXKHTh HAy4HOM
OCHOBOH Uil CO3[aHUA 3alUTHBIX IIOKPBITHH C YIy4IIeHHBIMH XapaKTepHCTHKAMH,
npucynuTsh KysemunoBy E.Jl. yueHyr0 cTeleHb KaHAuAaTa GU3UKO-MAaTeMaTUYECKUX

HayK.

IIpy mnpoBefeHHH TaWHOTO TOJOCOBAaHUS OUCCEPTAIMOHHBIA COBET B
KonuyecTBe 21 denoBeka, U3 HAX 5 OOKTOPOB IO CIENHMATbHOCTH paccMaTpHBaeMOit
JUCCEepTALlMK, YYacCTBOBABIIMX B 3acelaHuH, U3 28 YelIoBeK, BXOIIIINX B COCTaB
COBETa, MOIOJHUTENBHO BBEIEHHBIX Ha pa3oBylo 3amury — (0 deloBex,
[porosocoBaiu: 3a — 21, mpotus — 0, HeAeCTBUTENBHEBIX OronIeTeHeH — 0.
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