OT3hbIB
opHLMAIFHOrO OIIOHEHTa HA JccepTaloHHyio pabory Kysemunosa Esrenus
JMurpueBuya  «3aKOHOMEPHOCTH  U3MEHGHHA  CTPYKTYpPBl, MEXaHUYECKUX |
TpUOONOrHYECKAX CBOMCTB MOHONHMTHBIX M MHOPOCIOMHBIX TOKPBITHA Ha OCHOBE
cucremsl Ti-Al-N mpu mx nermpoBanuu Ta u Si», NpejACTaBIeHHOH Ha COMCKAHKE
YYEHOH Clrenenu Kanauaara Gu3nKo-MaTeMaTUYeCKUX HayK B JMCCEPTAIMOHHBIN COBET

24.1.135.01 o mayunoii crienmansHocty 1.3.8. Ou3nka KOHAEHCHPOBAHHOIO COCTOSHUA

AKTYaJIbHOCTh THCCEPTALMOHHOH padoThI

Monudukanus MOBEPXHOCIW MaTepUalloB IIyTEM HAHECEHMs TOHKUX IUICHOK M
MOKPBITUM TIpejicraBiseT coboil OofHO W3 Hauboyiee TICPCIEKTMBHBIX HAIPaBICHUH
COBPEMCHHOW Hayku W TexHuKkH. HaHecenue cj0eB TONILIMHONW OT HAHOMETPOB JIO
MUKPOMETPOB O3BOJISIET CYLIECTBEHHO U3MEHUTH (PU3NKO-XMMUIECKHE XapaKTEPUCTUKH
MCXOJIIOro Marepuana, obecrieuuBas HOBBIE BO3MOXKHOCTH Ul HPOMBINUIEHHOCIH |
Texnosoruit. Cpeii MHOKECTBA METO/IOB OCAXKICHUSI IIOKPBITUH 0c000e MECTO OTBEAECHO
BAKyYMHBIM ~ HOHHO-IJIA3MEHHBIM ~ TEXHOJIOTHSAM,  O00eCHedMBaloliUM  IOJyYCHHE
BBICOKOKAYECTBCHHBIX (QYHKIHMOHAILHEIX TOKpBITU. HecMoTps Ha CTpeMUTENBHOE
pPa3BHUTHEC COBPEMCHHOW HAYKH, METOMOB OCAXACHHS M PA3NHUUYHBIX TUIIOB IIOKPBITHUH,
npoOIEMBI, Kacalonuecs BOMPOCOR TPEHUS M M3HOCA, IIPOAOJDKAIOT OCTaBarhes KpaiHe
aKTyalbHbIMU.

Hacrosinas auccepranydontas paboTa MocBAIIeHa 0CAXKAEHUIO IIOKPLITHHA Ha OCHOBE
cuciemsl Ti-Al-N, mpeiaras HOBBIC TIOJIXOMBI K YIYYIITECHHIO WX (M3UKO-MEXaHUYECKUX
1 TPHUOOTOTHHECKUX XapaKTEPUCTUK TIOCPEICTBOM JIeTUpoBanus Ta u Si, a TakxKe IyreM
GopMupoBanus MHOTOCIOHHBIX apXUTEKTyp. PaccMorpeHue BOIMPOCOB ONTUMH3ALMU
CIPYKTYPBl ¥ CBOHCIB TIOKPLITHI KpaifHe WHTepecHO JUIs pa3iIudHBIX oOTpaciel
IPOMBILUICHHOCTH, BKJIIOYash MalllMHOCTPOCHHUE, aBUALlMOHHO-KOCMHUYCCKYIO O1pacilb U
MEJIMIMHCKYIO TEXHUKY.

AHa/IM3 CO/IEP:KAHUA JIHCCEPTANHOHHONH padoThl

Jluccepranus u3noxena Ha 163 cTpaHullax ¥ COCTOUT M3 BBEICHUS, MSATH pa3/IeioB,
BBIBOJ(OB, CIIMCKA JIATEpaTyphl U3 213 HauMCHOBaHMIA.

B0 BBeJeHUHM 1PEJICTABIEHBl AKTYAJIBHOCTL IPOBOJIMMBIX MCCIEIOBAHUHI, CTENEHb
pa3pabOTAHHOCTA TEMBI, LeJdb MW 3aJaud  HCCIEJOBaHU, HayuHas HOBM3HA, ,
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TCOPCTMYCCKAS M IPAKTUYECcKas 3HAUMMOCTh MCCIEOBAHMM, MCTOIOJIOIUA U METOIBI
UCCIIC/OBAHMS, IIOJIOXKCHHMSA, BBIHOCHMBIE Ha 3all(MTy, CTEINEeHb JIOCTOBEPHOCTH,
aTIpobalis pesyJbTaTOB MCCICIOBAHMUs, IIepeUeHb NIeYaTHBIX paboT aBropa, TUYHBIHN
BKJIaJl COMCKATEIIS, COOTBETCTBIE JUCCEPTAIMM TACIIOPTY CIIELHATPHOCT! U (QHHAHCOBAS
ITOJIJIEPIKKA JaHHBIX UCCIIEIOBAHMH.

B nepsom pasjesie aBTOPOM IIpOBeJeH IIyOOKMil aHanmu3 COBPEMEHHOU
nuTeparypel, Kacaromeicss HOKpeITMA Ti-Al-N, a TakkKe BIMSAHHA JIETHPYIOLIUX
IIpUMECEH 3aMEIleHUs W HeMETA/LIMYECKUX IpHMeced Ha MX CTPYKTYpY M CBOMCTBA.
Kpome 31010, TIPOBEJICH aHalIM3 BIMAHMS MHOIOCIOWHOM apXUTCKTYpPEl M MaTepuala
TOHKMX IIPOCJIOCK Ha CBOWCTBA MOKpBITHI. Ha OCHOBaHMH mHMTEpaTypHOro 0030pa
OCyllecIBIIEHA [1I0CTAaHOBKA L€/ U 33/1a4 MCCIICA0BAHMS.

Bo BTOpOoM pasjese IIpeACTaBIeHO OIIMCAHUE MaTepHrala MOI0KEK, UCII0Ib3YEMBIX
JUlsl HAHECEHHWs TIOKPBITHI, IOJIOTOBKA IIO/JOKEK IIeped HallbUIEHHEM, METOJMKa
HAHCCCHUsI IIOKPBITHMA, a TaKyKe METOAMKHM HCCIEOBAHUS HUX CTPYKTYDBI, (DU3MKO-
MEXaHUYECKUX U TPUOOJIOrMYECKUX CBOUCTB.

Tpernii pa3zges MOCBSILEH MCCIE0OBAaHUIO BIUSAHUA cofiepkanus Ta Ha CTPyKTypy,
GU3MKO-MEeXaHUYECKHE W TPUOOIOIrHUECKHIE XapaKTEPUCTUKY [TOKPEITHi crucTemsl Ti-Al-
Ta-N. VYcranopieHo, 4ro Jieruposanve Ta IPUBOJUT K POCTY IapaMerpa pelieTky
Teepporo pactsopa Ti-Al-Ta-N, H3MeHEHHUI0O [IPEUMYLIECTBEHHON OpueHTaluu
KPUCTAJLUTUTOB, TpaHchopmanuu V-o0pasHOW 3epeHHOH CTPYKTYypbl B CTOIOYATYIO
CIPYKTYPY € BEPTHKaIbHBIMU TpanuiaMu. Bee 911 (hakTOpEl OTpaskaloTesl Ha U3MEHEHUH
TBEPAOCIH, MOLYJISL YIIPYTOCIH, BI3KOCTH PaspyLIEHHs U TPELIMHOCTONKOCTH.

YerBepThlil pasjies 1OCBSIIEH UCCIEJOBAHUIO CTPYKIYPBI, HU3UKO-MEXaHUUECKUX
u Tpudomorudeckux cBoHcIB MOKpeITHH cuctembl TiAlITaSiN. Omnpepneneno, uro npu
BBCACHMU Si IMPOMCXOIUT E€ro Cerperanusi Ha IpaHUlax KpUCTAIIIMTOB OCHOBHOMN (a3sl,
npuBojidll@asl K (OpPMHUPOBAHMIO  JIBYX(asHoH — amophHO-HaHOKPUCTAJITMYECKOMH
CIPYKTYpPbl — CHHTE3UpyeMbIX  HOKpeItud. [lokasaHo, uro Ipd  ONTUMAIbHON
KOHLEHIpauuu Si Habmojgaelcs YIydlIeHHE MEXaHMYeCKUX U TpUOOIOrMYECKUX
CBOMCTB IIOKPLITHA.

B nsrom pasgesie IpejCTaBlIEHbl PE3YJILTATHl HCCIEA0BAHUS MUKPOCIPYKTYPEI,
MEXaHUYECKUX U TPUOOIOIrMUECKHUX CBOKMCTB MHOTrOCHOMHBIX NMOKPBITHI Ti-Al-N/TiAl,

Ti-Al-Ta-N/Ta  u  Ti-Al-Ta-N/TiAl, Ti-Al-Ta-Si-N/Ta wu  Ti-Al-Ta-Si-N/TiAL



YcranoBieHo, 9yTo GopMUpOBaHUE MHOIOCIIOMHBIX IIOKPBITUI Ha OCHOBE CUCTeMEI Ti-Al-
N npensrtcTByer HEIPEpPBIBHOMY poCTy croji04aThiXx 3€peH B KEepaMUYECKUX CIIOSX,
oOyciioBnuMBasl 3apo/IbllIco0pa3soBaHue M POCT HOBBIX KPUCTAJIMTOB B IOCIEIYIONIMX
KepaMuyeckux cnosx. IlokasaHo, wuro, HecMOrps Ha CHUKEHME MEXaHWYCCKUX
XapaKTEPUCTUK, MHOTOCTIONHAS apXUTEKTypa IOKPLITHH Ha ocHOBe cuctembl Ti-Al-N,
TIO3BOJISIET CYIISCTBECHHO IMOBLICUTH MX TPEIIMHOCTOWKOCTE W aJre3HOHHYIO MPOYHOCTb.
Brispieno, 4To yBelIMYCHUE KOJIWYECTBA CIOEB B MHOTOCIOMHBIX MOKPBITHUAX, 4 TAKKE
IIOBLILIEHME TONIMHE METAIIMYECKUX CI0EB HE IIPUBOLUT K IIOBBILIEHUIO UX CTOMKOCTH
K pazpylIEHHUIO TIPY MEXAaHMYECKOM HAarpy KE€HUMHU BCIIEACTBUE CYIIECTBEHHOIO CHUMMKEHMS
Heeyliel criocodHocry. llpoxemoncTprupoBano, 4rto Oonee BBEICOKOM CTOMKOCTBIO K
u3HaniMBanuio obnanaioT nokpeiTHa Ti-Al-Ta-Si-N/Ta mo cpaBnenuio ¢ MOHOJIMTHBIM
nokperrveM Ti-Al-Ta-Si-N u muorocnofineimn komrosuuuamu Ti-Al-Ta-Si-N/TiAl

OcHOBHBIE pe3yNIBTATH AUCCEPTAllMOHHON pabOThl OTpayKeHbl B pa3/iellc BBIBO/bI.

JlocToBEepHOCTH U HOBH3HA MOJY4YeHHBIX Pe3yJILTATOB

JocToBepHOCTHL U 000CHOBAHHOCTD IIOJIYYEHHBIX PE3yJIbTATOB ODecleurBacICcs 3a
Cyll  HCIIOJIB30BAHMS ~ COBPEMEHHOW  ceprU(UUMUPOBaHHOM  npubopHOH  0asel,
IPUMCHEHUEM  COBPEMEHHBIX CTaHIAPTU3UPOBAHHBIX  METOJOB, HHTEplIpelalvei
IOJIy4EHHBIX PE3YJILTaTOB Ha OCHOBE CYLIECTBYIOIIMX (U3MUECKUX TEOpHi, a TaKxke
YJIOBIETBOPUIEIBHLIM COBIA/ICHUEM pE3YJBTATOB JKCIIEPUMEHTOB C pE3yJbTaraMH,
IPEJICTABIICHHBIMU B IUTEPATyPHBIX HCTOYHHUKAX.

Hanbonee wuH1EpecHBIE PE3YNBTATH, COOTBEICTBYIOIIME TMPHU3HAKY HaydHas
HOBHM3HA, MOKHO BBIJCIIUTD CIICLYIOLLUE!

1. DKCIEepUMEHTAIbHO HCCIEHOBAHO BIMSHHE COJEpKaHus Ta B IOKPBITUSX
TiwAlLTaN B guanazone oty = 0 jjo y = 0,65 Ha ux QyHKIHOHATIBHEIE CBOMCTRA M
HOJITBEPIK/ICH TIPE/ICKA3aHHBIM Ha OCHOBE TEOPEIMHYECKUX pPAcCHYETOB pOCT BA3KOCTH
paspyumienust TBepporo pacrBopa Ti-Al-Ta-N ¢ yBemwdenmeM cojepkanus Ta,
00y CIIOBJIICHHBII H3MEHEHHEM XapaKTepa MEeKa TOMHBIX CBS3CH;

2. Iloka3aHo, 4YTO OCTArOYHBIC CHKUMAIOIIME HAIPSKEHHS, pasBUBAIOIIMECH B
nokpelTusiX T Al Ta,N B mpouecce ux ocakaeHus, AeMOHCTPUPYIOT MapaboTuIecKyIO
3aBHCUMOCLB OT cojepxkanust Ta B nuanasone oty =0 go y = 0,65 ¢ MakcuMyMoM IIpH y

=0,35:



3. IlonydeHsl NATHKOMIOHEHTHBIC MOKPBITHS TiiyyAlTa,SiN m ycranosjieHsl
3aKOHOMEPHOCTH M3MEHCHMS UX MHUKPOCTPYKTYPBI, MEXaHMUECKUX U TPHOOIOTHYECKHX
XapaKTEPUCTHK C YBEJIMUECHUEM COEpKaHUA KPEMHNS;

4, BrisBien MEXAHU3M (popmupoBanus By X(hasHou amop(pHo-
HAHOKPUCTAJUIMYECKON CTPYKTYpBl B TMOKPBITUAX Tiixy.AliTa,Si,N mpu mnoBbiuenuu
cojiepkanus  Si, M IPOJAEMOHCTPUPOBaHA OIPENENAIONAas pojib MUKPOCTPYKTYPBI
JIAHHEIX TIOKPBITHH B M3MEHEHMH UX MEXaHUYECKUX M TPUOOTOIHYECKUX CBOHCIB;

5. YcranosieHno, 4To OINTHMAaJIbHAs apXUTEKTypa MHOTOCIOMHBIX ITOKPBITHH Ha
ocuone cucremsl Ti-Al-N ornpezensercs KOHKYPEHLMEH MEKIY CHIKECHHMEM CKOPOCTH
BLICBOOOXK/IEHHST ODHEpPruy jgehopMaliid M yMCHBIICHHMEM HECYIIEH CIIOCOOHOCTH
CUCTCMBI TIOKPBITHE/TIOMIIONKA [IPU YMEHBINEHWH TOJIMHB KEPAMMYECKUX CJIOCB U
YBCITUYCHMH TOJILMIEI METATIMYECKHUX CIIOEB.

6. BrisiBlieHa B3aUMOCBSI3b MEK/Y CTPYKTYPOI I'paHuUll paszesna MeKIy OTAe/IbHBIMU
CIOSIMH U (DU3UKO-MEXaHHMUYCCKUMU CBOMCTBAMH MHOI'OKOMIIOHEHTHBIX MHOTOCIOHHBIX
nokpertyit Ha ocHoBe cucteMbl Ti-Al-N. ITokazano, yto ¢opmupoBaHuc AUGPY3HBIX
rpaHuil pasjena Mexay kKepamuueckumu cinosMmu  Ti-Al-Ta-N u  MeramiMuecKMM#
ciosmu TiAl criocobcTBYET CyIIECTBEHHOMY TIOBBILIEHUIO H3HOCOCTOMKOCTH IOKPBITHH.

Hay4ynasi 3HaYNMOCTh U NPAKTHYECKasl HEHHOCTH

Hayunas 3mpayumocrs palOoThl  3aKIIOYacTcss B Pa3BUTUM  TEOPETUYECKUX
npe/crapiIcHui 0 pu3nKe KOHACHCHPOBAHHOTO COCTOSHUA W MEXaHU3Max JehopMaluu
u paspymeruss nokpsituit Ti-Al-N. ChopmynupoBaHHbIE B JUCCEPTAlMOHHON padoTe
BLIBO/ILI OOCCIIEHMBAIOT BECOMBIM BKIIaJ B pPa3sBUTHE COBPEMEHHBIX IPEACTaBICHUN
QU3NKH ~ KOHJICHCHPOBAHHOTO  COCIOSHUS O  BIMSHUKM  DJJIEMEHTHOIO  cOCTaBa
MHOIOKOMIIOHEHTHRIX TIOKPRITMH Ha ocHOBe cucreMsl Ti-Al-N Ha HuX CTpyKTypy,
MexanuMgeckue ¢ TPUOOJIOTMUECKHE CBOWCTBA. Y CIaHOBICHHBIE 3aKOHOMEPHOCTH
BOCTPCOOBANBI JUISI TIPOTHO3UPOBAHUS KITIOYEBEIX XapaKTEPUCTUK MOKPLITUH Ha OCHOBE
HUTPHJIOB TIEPEXOJHBIX METAUIOB M MOTYT clarh OCHOBOH j1si paspaborku 0ollee
TOYHBIX TCOPETUUECKHUX MOJIENEH.

IIpakruyeckass 1UeHHOCTHL paboOThI  COCTOMT B OlIPEAENEHUH  PEeKUMOB
MargerpoHHOr0 HaHECEHHsS MHOIOKOMIIOHEHTHBIX 3alllMTHBIX IIOKPBITUH Ha OCHOBE
cucieMsl Ti-Al-N, oGiafiaioimx MOBBIIIEHHEIMY MEXAHUYECKUMU U TPUOOJIOTMUECKUM I

CBOMCTBAMMU. Hpeuﬂomeﬂm BapHaHTEI M3HOCOCTOMKMX MOHOJIMWTHBIX W MHOTOCIOWHBIX



nokpertuit Ti-Al-N/TiAl, Ti-Al-Ta-N/Ta u Ti-Al-Ta-N/TiAl, Ti-Al-Ta-Si-N/Ta u Ti-Al-
Ta-Si-N/TiAl, xoropsle MOryT HCHOJIB30BaThCSA IS BHEAPEHHUS Ha TMPEANPUATHAX,
CBA3AHHBIX C H3TOTOBIEHMEM METAJUIOPEKYIIEro U MITAMIIOBOTO HHCTPYMEHTA,
MEJMIMHCKUX — M3JEJIMH, a Takke B  aBTOMOOWIBHOM M aBHAKOCMMUYECKOHN
IPOMBIIIICHHOC L.

OCHOBHBIE pE3yJIBTAThl JUCCEpPTAllMKA OMyOnMKoOBaHB B 12 meudarHeIX paborax, W3
HUX 2 ClarbU B JKypHajlaX, BXOIsUMX B IICPCUYCHb PELIEH3UPYEMBIX Hay4HBIX JKYPHAIOB
v u3lanuit u3 ciimcka BAK, 8 crareit B skypHajaX, BXOISILMX B IepBbii Q1 1 BTOpOH Q2
KBApTHWIL M UHJIEKCUpYEMBbIX B 0azax janHeix Web of Science u Scopus, a taxke 2
Clalby B U3JlaHusaX yerseproro Q4 kBapTuis.

CooTBeTcTBHE COlepKaHUA aBTOopedepaTa colepKAHUIO AUCCEPTALHH

Apropedepar OnmyONnMKOBaHHBEIE  pabOTEHI OTpaXKaloT  COJIEpXKaHue
AUccepralioHHoNl paboThI.

CooTBeTcTBHE JUCCEPTAIUH BHIOPAHHON CIENHANLHOCTH

Juccepranuonnas padora IO CBOEH IedIM, 3ajxadaM, COJACPKaHMIO, METOJIaM
MCCIIC/IOBAHUA ¥ HayuyHOM HOBU3HE COOTBEICIBYET II. | nacnopra crenuaisiocty 1.3.8.
@Du3nKa KOHJICHCUPOBAHHOTO COCTOSHUS ((U3MKO-MareMalruuyecKue HayKd) B YacTH
«DKCTIEPUMEHTAIIEHOI0 M3yueHMs] (PM3MYECKON IIPUPOJbI M CBOMCTB METalIOB M HUX
CILIABOB, HEOPraHMYECKUX U OPraHUYECKUX COETMHEHUM, TUIICKTPHUKOB 1, B TOM YHUCIIE,
MAT€pUAIOB CBETOBOJIOB KaKk B TBEpPAOM (KpHUCTalUIBl, IOIMKPHUCIaUIbI), TaKk MU B
aMOpP(HOM COCTOSIHMUM B 3aBHCHMOCTH OT HMX XMMHMYECKOTO, H30TOIMHOIO COClaBa,
TEMIICPATYPBl U JIABICHUSD).

3amMe4aHHs N0 AUCCepPTaLHOHHON padoTe

1. B pazjerne 2, n. 2.2 npejicraBieHa MeToUKa HAHECEHUs MOKPHITHi. [IpuBeeHs!
KOHKpEIHbIe 3HaYeHUs paboyero M MaplualbHOro JaBleHus, INIOTHOCTh MOIIHOCTH Ha
MUIIIEHAX, IOT€HLMaJl CMEILEeHMs, TeMllepaTypa IIO/UIOKEK B IIPOLEcce HAHECEHUS.
M3BecrHO, YTO BCE 3T [1apaMeTphl OKa3bIBAIOT BIIMSHUE Ha CBOWCTBA CHHTE3UPYEMBIX
HNOKpeITHi. M3  kakux cooOpakenuil BbIOpaHBl JaHHBIE YCIOBHUSL OCAXKIIECHHUS,
IIPOM3BO/IMIIACE JIU ONITUMM3AIMS PEKUMOB OCAKICHMS?

2. B npouecce ocaxaenus (pazgen 2, m. 2.2) Ti-Al-Ta-Si-N nokpreiTuii 1ist BBeIeH s
B UX cocraB KpeMHus Si Ha rmoBepxHocTh muuieHu Ti/Al (55/45 ar.%) nomeiianuces

rracTuHbl Si. Kakux pazmepoB Obutd Si IUIACTUHBI, BIUSET JIM pa3Mep 3TUX IUIACTUH Ha



napamMelIpel MOpeHust paspsiia, CradMILHOCTL paboThl M KOHIEHTPAIMIO JJEMEHTOB B
UTOTOBOM ITOKPBITUH?

3. B pazzene 2, m. 2.5 yka3aHo, 4TO IapaMeTphl CKPEeTY-TECTUPOBAHHNS TI00UPATHCE
HUCXO/sl M3 XapaKTCPHUCTUK CHCTEMBI IIOKPBITHE-TIOMIOKKA u B Tabmune 2.1
IPC/CIABICHR  JaHHbIC lapaMmerpbl. CKOpOCTh HArpyXeHHs JJId pPasHBIX TUIIOB
IOKpPBITUHA u3mensercs ot 2 1o 5 H/mun, makcumansHas Harpyska ot 30 g0 55 H, anuHa
napanuusl or 7 po 10 mm. M3meHenue naHHBIX ITapaMerpoB OyAeT orpaxarbes Ha
pesyliblalaX MU3MepeHusl a/re3MOHHOM MPOYHOCTH OJIHOTO M TOro e IMokperius. Kak
MOXKIIO CpaBHUBAThL aJre3MOHHBIC CBOMCTBA IIOKPBITUH, €CIIM YCIOBUS MCILITAHUSA
pasimuaiorca? [IpoBojunncs 11U U3MEpPEHUs aAre3MOHHON MPOYHOCTH [IPH OJJMHAKOBBIX
napaMerpax CKperd-recrupoBaHus?

4.B pasgene 3, m. 3.1 B T1abmume 3.1 TNpUBEAEHRI KOHKPEIHBIC 3HAYCHMS
DJIEMEHTHOTO COCTaBa JUIs pasjMyHbIX cocraBoB HOKPBITHH Ti Al TayN. Kaxkas
[IOBLOPSIEMOCTE  ITPOIECCa HANBUICHUS [0 3JIEMEHTHOMY COCLaBYy CUHTE3UPYEMBIX
HOKPLITHIA? M3MeHATcs U CBOWCTBA IIOKPBITHM, €CIH KOHIICHTpAIlMs TaHTana OyeT
Oosbine wiiM MeHbine XoTs Obl Ha 1 aT1.%? JIeWCTBUTEABHO M JUIS Ka)KIOro clrydas
1adIIo/1actCs CLOIPOLEHTHAs! BOCIIPOM3BOAUMOCTh KOHIICHTPALIMI 3JIEMEHTOB UK BCE-
TaKi UMEC1CA KaKoH-10 pazdpoc?

5. Ha pucynkax o1Cy1CTBYIOT JOBEPHTEILHEIC HH1CPBAJIbI, HAlpUMep, puc. 3.2, 3.6,
39,3.10uT. 1.

6.B pasgene 5, n. 5.4 na pucynke 5.13 mpexacrasiensl COM-uzobpaxkeHus
IIOBEPXHOCIH TpeKoB u3Hoca. Ha ognoM mu3 cHumkoB (5.13-B) ykazaHel 06IacTh
IOJUIOKKH W OKCHAHOTO cijiod. IIpoBoAMIMCE JIM M3MEPEHUs 3JIEMEHTHOr0 COCTaBa
IIPEJIITOJIaracMoro OKCUIHOIOo citosi? YMecTHo OBII0 OBl IPUBECTH KapThl paciipee/icHus
DIICMEHTOB  J@HHBIX oOacrelt ¢ TpuUOOTPEKOM M JI0KA3aTE/IBCTBO 0OpazoBaHuUs
OKCHJ{HOTO CJIOSL.

3axiiroyenue
IlpejicraBiennple  3aMeUaHHst HE CHIDKAIOT OOIIYIO ITOJIOKUTENLHYIO OLEHKY

AuccepralnuMn, KOTOpasl BBIIOJIHEHa Ha BBICOKOM Hay4dHOM ypoBHe. Jluccepranus
Kyssmunosa Esrenus JIMurpueBrya Ha COMCKAHUE YYCHOM CTEIIEHH KaHu/ara GU3nKo-
MaTeMaTUYCCKUX Hayk o0Jajaer BHYTPEHHMM EIMICIBOM, COJIEPXKHUT HOBBIE W
JOCIOBEPHBIC  PE3YJIBTATHI M SIBISETCS 3aBEepPIHIEHHON HAy4HO-KBaIM(DUKALMOHHOM

pabdoroit.  OCHOBHBIE  HAy4HRIE PE3YJIBTATBl  TUCCEPTAIMU  ONYOIMKOBAHBI B



PELIEH3UPYEMBIX HAyUHBIX M3JaHUAX B JOCTaTOYHOM KomuuecTBe. CumTaro, dTO
muccepraunonnas padora Kysemunosa E.JI. «3aKOHOMEPHOCTH M3MEHEHHUS CTPYKTYPH,
MCXaHUYECKUX M TPUOOIOrMYECKUX CBOHCTB MOHOJIUTHBIX M MHOTOCIOWHBIX MMOKPBITUIA
Ha ocHose cucTeMsl Ti-Al-N npu ux aeruposanun Ta u Si» Mo akTyalbHOCTH, 00BEMY
paboThl, Hay4YHOH HOBH3HE, TEOPETUIECKOM M MPAKTUYECKOH 3HAYMMOCTH TOJHOCTHIO
orBeyaeT TpeOOBaHMAM, IPEIBIBISIEMBIM K KaHOMAATCKAM  JIUCCEPTAllMAM |
coorsercryer kpurepusMm 1L 11.9-11 «llomoxeHuss o HOpUCYXKIEHUMH YUEHBIX
creneneit», yreepaxiaénnoro Ilocranosnenuem llpaButensctBa PO or 24.09.2013 T.
(B pen. ot 16.10.2024 r.), a eé aBrop — Ky3sMuuos Esrennii JIMUTpreBdy 3aciiy>KuBaeT
OPUCY)KICHUA Y4YEHOH CrelneHu KaHAuAara (U3NKO-MAaTeMaTUYeCKUX HayK II0

crnenmanbaocTy 1.3.8. «@u3uka KOHAEHCHPOBAHHOTO COCTOSIHUS .

CornaceH Ha BKIIIOYEHHE CBOMX [ICPCOHAJIbHBIX JAHHBIX B JTOKYMCHTEI, CBA3aH HEIE C

paboroii JuccepTaliMoHHOro COBETa, 1 UX AalbHENLIYyIO 00paboTKy.

OdpuuuanbHbIH ONIIOHEHT:

JOoKrop  TEXHMYECKMX  HAyK, 3aMECIMTENlb
IUpEeKTOpa 10 HayyHoll pabore, crapumi
Hay4HBIH COTPYTHUK DeepanbHOro
rOCyIapCTBEHHOr0  OIO/DKETHOTO  YUPEXKICHUS
Hayku MHCIUTYT CHILHOTOYHOM SIEKTPOHMKH
Cubupckoro ormenenus Poccuiickoii akamgeMuu
HayK, HaydHasd creuvagsbHocTs 1.3.8. dDusuka

KOHJACHCHUPOBAHHOI'O COCIOSITHUA

634055, r. Tomck, IpocHeKT AkajgeMudeckuii 2/3
E-mail: as.grenaderovi@hcei.ru
Tenedon: 8(3822)-49-17-74
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3aMecTuTelb IMPEKTOpPa 10 Hay4HOH pabore. K- (p -M.H. A.B. barpakos



