OT3bIB
odumuansHoro onmoxrenTa Kionorosa Anaronus AHATOJIBEBHYA HA JIHCCEPTALMOHHYIO paboty
Kyssmunosa EBrenns JiMuTpreBrda «3aKOHOMEPHOCTH U3MCHEHUS CTPYKTYPhI, MEXaHHICCKHAX
W TpUOOIOTHIECKIK CBOMCTB MOHOJIMTHBIX M MHOIOCIOMHBIX TMOKPBHITHH Ha OCHOBE CHCTEMBI
Ti-Al-N npm wx snermpoBaduu Ta u Si», IpeICTaBICHHYIO HAa COMCKAaHHE YYCHOH CTCTICHH
KaHgu#aTa  (M3WKO-MaTeMaTH4ecKWx  Hayk 1o  cmenuaneHoctw  1.3.8.  QDuswuka
KOHJIEHCHPOBAHHOI'O COCTOSHUS

AKTYaJbHOCTH T€MBbI IHCCEPTANHOHHOTO HccaeaoBannsg. Hanecenue U3HOCOCTORKHX
3AIUTHBIX IOKPBITHH HA TOBEPXHOCTH NETajel ¥ MEXaHW3MOB JJId IOBBINICHHUS HX CpPOKa
CIyKObI IPUMEHSETCS B Pa3iHYHBIX O00NACTAX NPOMBIIIEHHOCTH. Ha ceropusmuuii JeHb
OJIHMM W3 CAMBIX PACIPOCTPAHEHHBIX MATEPHAIOB IS 3aIMUTHEIX MOKPEITHH aBigercs Ti-Al-N.
OnHaKo TOCTOSHHOE YBEJIMYEHWE CKOPOCTH 0OpaboTku M pabodymX TeMmIeparyp H3AeIHi
00ycCIOBIMBaeT HEOOXOIUMOCTE JATbHEHUIICIO IIOBBINEHUS XapaKTePUCTUK HCIOIB3YIONIMXCSA
nokpeituit,  OCHOBHBIME —~ HANMpPaBICHHAMH  YIy4YIIEHHS  (QHU3HKO-MEXaHHYECKUX |
TpUOOIOTHYECKUX CBOMCTB 3al[UTHBIX TOKPBITHI SBISETCS UX JICTHPOBAHKE JOIOIHUTEILHBIMU
3IIEMEHTAaMH, a Takke (POpPMUPOBAHHE MHOTOCIONHBIX KOMIIO3UAIMHA. B TO e Bpemsi, U3BECTHO,
YTO KOHIEHTPALUS JETHPYIOMIUX IpUMECEd M apXUTEKTypa MHOTOCIOMHBIX TNOKDBITHH, T.€.
KOJIMYECTBO, TONIIWHA U XUMUYECKHH COCTaB OTHENBHBEIX CIIOEB, OKa3bIBAIOT CYINECTBEHHOE
BIMSHUE HA KIIIOYEBLIC XapaKTEPUCTUKU NOKpBITHH. TakuM o00pa3oM, akTyalbHOCTh TEMBI
IUCCEPTAIINY HE BEI3EIBACT COMHEHUH.

AHanm3 coaepskaHusi amccepranuu. Jluccepramys COCTOMT W3 BBENEHHS, 5 IJIaB,
OCHOBHBIX BBIBOJIOB IT0 paboTe, criucKka JuTeparypsbl U3 213 manMenosanuii. Pabora usioxeHa
Ha 163 cTpaHHIax TEKCTa, COAEPKUT 96 PUCYHKOB H 5 TabIuIL.

Bo Bpegenuu 000CHOBaHA aKTYaJlbHOCTH HMCCHENOBaHMA, CHOPMYIUPOBAHBI IENL U
3agaqu pabOTHI, OCHOBHBIC TIOJIOJKEHHS, BEHIHOCUMBIC Ha 3alIWTY, II0Ka3aHa Hay4Has HOBM3HA,
OIIMCaHBI JIMYHBIA BKIIAJT aBTOpa U anpodanus paboTsL.

Ilepass rmaBa mocBsmeHa 0030py JHTEpaTypbl II0 TeMATHKE JIUCCEPTAIUM.
[Ipoanamu3npoBaHO COBPEMEHHOE COcTosiHMe wuccnenopanuit mokpeitit Ti-Al-N. Omnumcansr
KIIFOUEBBIC XapPaKTEPUCTUKHU JAHHBIX IIOKPBITMH, a TakKe HENOCTaTKH, OIPENEIAIOnIHe
HEOOXOMMOCTh HX JaibHelmeld Mogudukanuy. BeLBICHO BIMSHUC JETHPYIOIUX IpHAMeEceH
3aMeIeHnss Ha CTPYKTYpy u cBoiictBa mokpbituit Ti-Al-N. B xauectBe 57I€MEHTOB Ui
JerupoBaHus paccMoTpensl Y, Zr, Nb, Hf, V, Mo, W, Zr, Nb u Hf, a ocoboe BHEManue, Kax
Haubosiee mepcrekTHBHOMY, yaeneno Ta. IlpexcraBineH 0030p BIMSHHAS HEMETALIHYESCKUX
nerupyromux npumeceit (B, C, Si) Ha MUKPOCTPYKTYPY HOKPHITHH Ha ocHOBE crcTeMbl Ti-Al-N.
IIpoanammusupoBanbl pabOTHL, HANpABIECHHBIE HA MCCICIOBAHHE CBOMCTB MHOTOCIOHHBIX

HDOKpPBITHH Ha ocHOBe cucTeMs! Ti-Al-N.

WbTIM CO PAN
< OTHOATB 201 _r.
. Mo 5706/ <
MHOBKS /




Bo BTOpOIi Iri1aBe ONMHMCHIBAIOTCS MaTepHaibl, 000pyHOBaHHE W METOJbI HCCIEI0BAHMA,
HCIOJIB30BAHHBIE IPY SKCIICPHMEHTATFHOM M3yYeHHH [OKPHITHH Ha ocHOBE cucTembl Ti-Al-N
[IOIYYEHHBIX METOI0OM MarHETPOHHOI'O PACIIbUICHHUS.

B KkauecTBe IOUIOXKEK HCIIONB30BAIMCh MOMIOKKH m3 crmaBa BKS, cramu mapku
12X18H10T, tmrana mapku BT6, m MoHokpucrammmueckoro kpemuus (100). Ocaxpenne
TIOKPBITHIE IIPOBOIHIOCH Ha ycTanoske MIP-1M (MPIIM CO PAH) B cpenie 13 cmecH ra3oB Ar
u N, Ha Harpeaemble 10 425 °C MOUIOXKH ¢ IPHIOKEHHBIM OTPULATEIHHBIM HAPIKSHAEM
cvenrerns 80 B. C moMOmBIO ABYXMAarHeTpoHHOH cucreMs! ¢ mumeHsMu Ti/Al u Ta Opumi
Hanecensl MOKpHITHs Tijx.yAlcTayN BapsupoBanue cogepkanus Ta B KOTOPBIX 00ecIIeUHBAIOCH
M3MEHEHHEM MOIIHOCTH Ha MarHeTpoHe ¢ MumeHbio Ta. [Ipu ocaxaenun MOKPHITHH Tijy-
-AlyTaySi,N noBsIIIeHHE cOJepIKaBus Si JOCTHIalOCh IyTeM YBEIHYCHHs [UIACTUH KPEMHHUS Ha
nmoBepxHocTH Mumenu Ti/Al. HaneceHwe IPOMEXYTOYHBIX METAUIAYECKUX CIOCB B
MHOT'OCIIOMHBIX CHCTEMAX JIOCTHIAIIOCH MIPEKPAIIEeHHEM II0IaqH a30Ta B KaMepy.

B auccepranpoHHOi paboTe MCIOIB30BaHBI PA3IMYHEIE METOJMKH IUIA CIEIOBAHUS
SIIEMEHTHOIO COCTaBa, MOP(OJIOTHH IMONEPEIHOTO CEYEHMs, CTPYKTYPHl H ()a30BOro COCTaBa
IOKPBITHM, WX MHKPOCTPYKTYPHl W XMMHYECKOTO COCTOSHHS IIOBEPXHOCTH. J[ng 3TOro ObuiM
HCIIONIG30BAHEl  COBPEMEHHBIE  TPHOOPBL:  CKAHUPYIOUMHM  SJIEKTPOHHBIA  MHKPOCKOIL,
9HEPrOJIUCIIEPCHOHHBIA  CIHEKTPOMETpP, PEHTTEHOBCKMHM IM(QPAKTOMETp, IPOCBEYABAOIIII
DIIEKTPOHHBIA MUKPOCKOI ¥ PEHTTEHOBCKUH (DOTO3IEKTPOHHEINA CIIEKTPOMETD.

Vi3MepeHUs. TBEPHOCTH, IpHBeeHHOr0 Momyias IOHra, OCTaro4HBIX BHYTPEHHHX
HANPSOKEHMH M BA3KOCTH paspylICHHS TPOBOAMIM METOJaMH HAHOMHJECHTHPOBAHWS,
KOHTAKTHOH NpPOQHUIOMETPUM, BIABIHBAHMSA COHEPUYECKOr0 MHAEHTOpPa H  OJHOOCHOIO
pactsokerus. Jlns uccnenoBaHus TPUOOTOTMYECKUX XapaKTEPHCTHK IPUMEHSIIMCh CKpEeTd-
TECTHPOBaHHE, HCIBITAHHE Ha CyX0€ TPEHHE M0 CXeMe «map II0 JMCKY» M ONTHYecKas
MHKPOCKOITHSL.

B pmaHHOH riaBe HAriISgHO BMJHO, YTO IPUMEHEHHE KOMIUIEKCHOTO IIOAXOHa VIS
HCCIICIOBAHMs. CBOMCTB TOKPBITHH, MOJXYYEHHBIX METOAOM MAarHETPOHHOI'O pAaCIbLICHUS C
HCIIONB30BAHHEM COBPEMEHHOTO OOOPYZOBaHHUS U METOAMK II03BOJISIET IONYYUTH TOYHBIC U
HaJIe’KHbBIE PE3YIIbTATHL

31ech HEOOXOJUMO OTMETUTh YETKYIO JIOTMYECKYIO CBS3b MEXIY pasjellaMd B JaHHOH
rjiaBe, KOTOPYIO MOXKHO TPEACTABUTH B BHAE: OOBEKT —> METOJ (OPMHUPOBAHUSA —> METOLBI
HCCIICIOBAHMS — METOJIbI aHAIN3a Pe3yibTaTa. Taxas CTpyKTypa MpeacTaBlICHUS MaTepHaia B
rjaBe 2 MOJHOCTBIO COOTBETCTBYET CTAHJAPTaM OIMCAHMS MaTepUalioB ¥ METOJOB B HAYYHBIX
pabotax u oOecrmeuyndBacT MCUCPUBIBAIONIEe IMMOHAMAHUE TOro, Kak OBUIM IpPOBEJECHBI
SKCIIEPUMEHTAIBHBIC HCCIICIOBAHISL.

B TpeTbeii riiaBe mpeACTaBICHBI PE3yNILTATH HCCIECAOBAHMS BIMSIHUS colepKanus Ta B

mokpeITHsX TijxyAlyTayN B nuamazone ero konuenrpaumii or y=0 mo y=0,65 Ha HX



CTPYKTYpY, MEXaHUYECKHE H TPHOONOTMYECKME CBOHMCTBA. YCTAHOBICHO, YTO JIETHPOBAHHE
TAHTAJIOM TIOKDHITHH Ha OCHOBE cucTeMbl Ti-Al-N IPHBOJHUT K CHIDKCHHMIO CPETHETO pasMepa
KPUCTAIUIHTOB, H3MEHEHHIO BX IPEHMYIIECTBEHHON OpHEHTallky U (POPMHAPOBAHHMIO cTONOYaTON
3epeHHOM CTPYKTYphl C IpSMBIME TpaHunamu. [IokasaHo, 4T0 ¢ POCTOM COZAEpIKAHMS Ta
TBEPAOCTh U IpUBENEHHBIT Momyns IOHra cHmXAroTCS, a BS3KOCTH PaspylICHHS NOKPHITUH,
HAaNPOTHB, BO3PACTAET BCIEACTBHE H3MEHEHMs XapaKTepa MEKAaTOMHOHM CBA3H B TBEPAOM
pactBope Ti-Al-Ta-N. O6ocHoBaHO, €TO CHIXCHHE H3HOCOCTOWKOCTH HMCCIIEIOBAHHEIX
TOKDBITHH CBSI3aHO C WX CTPYKTYPHBIMH H3MCHEHHAMH. [loiydeHHBIC DPE3yIbTaThl XOpPOIIO
COTTIACYFOTCS ¢ JaHHBIMH TCOPETHYCCKUX PACIETOB, OMyOIHKOBAHHBIX B HAYYHOH JIUTEPATYPE.

B dermepToii IiiaBe IPUBEHEHBI pE3yIbTaThl HCCHeHOBaHUS TOKPHITHA  Tijx.y.
Al Ta,Si,N ¢ comepsxaruem Si otz =0 10 z = 0,30 u puxcuposannom conepxannn Tay = 0,10.
Ha ocHOBe aHaIIM3a IOJIYYEHHBIX PE3yJILTATOB B paboTe MPEMLIOKeH MEXaHUu3M, ONMCHIBAIOIHA
M3MEHEHHE MHKPOCTPYKTYPHI MOKPHITHH Tijxy-AlTaySi,N ¢ yBenuuyenmem conepkanust Si.
VcTaHOBIEHA 3aBHCHMOCTH MEXAHHYECKHX XapaKTEePUCTUK HCCIIEOBAaHHBIX IIOKPHITHH OT
MHKpPOCTPYKTYPHBIX M3MeHeHmi. [lokasamo, 4to pasnuyHas KOHIEHTpamus Si, Ip¥ KOTOPOH
TOCTHIaeTCsl MaKCHMAabHas H3HOCOCTOWKOCTh MOKPBITHH TijyyzAlcTaySi,N ma TBepnoi u
MSTKOH HOIIOXKKAX ONpPEHeIseTcs KOHKYPeHIIHEeH MeX/Ty U3MEHEeHUIMHI UX MUKPOCTPYKTYPHI H
HeCyIlel CIIOCOOHOCTH CHCTEMBI TIOKPHITHE/TIOATOKKA.

B nsaroit riiaBe IpEICTAaBIEHBI PE3yJIbTaThl HCCICHOBAHHSA BIHAHUS APXUTEKTYPEI
MHOTOCJIOMHBIX TOKDPHITHH Ha OCHOBE cHCTeMBl Ti-Al-N, COCTOSIHMX M3 YEpeayrOIUXcs
KEPAMUYECKHX ¥ METAJUIMYCCKHX CIIOEB, HA MX (H3UKO-MexaHIdeckue cBoicrsa. [lokaszano, 4ro
BBEJICHHE IPOMEKYTOUHBIX METAUIMYECKHX CJIO€B IIPUBOAMT K CHYKEHHIO TBEPIOCTH H
IPUBEICHHOTO0 MOyt FOHra BCIeCTBUE MX BKIIAJA B MEXAaHWYECKUH OTKJIMK ITOKDPBITHS IPH
HAHOMHIEHTHPOBAHUM. Y CTAHOBIEHO, YTO (DOPMMPOBAHKWE MHOTOCIHOMHOM  CTPYKTYPBI
[I03BOJIAJIO TIOBBICHTH COIIPOTHBICHUE PACIIPOCTPAHEHUIO CKBO3HBIX TPEIMH B IOKPBITHAX U UX
MOCHEAYIOIEE OTCIOEHHE OT IIOJUIOKKU TIPU NPHIIOKEHUM HArpy3Kd B INIOCKOCTH IOKPHITHA.
Janneii  sQdexkt 0O0yCIOBIMBACTCA CHUKEHHEM CKOPOCTH BBICBOOOXKIEHHMA OSHEPIUM
nedopManuy, a TaKKe IUCCHNAIMEN SHeprud paspylieHHus Ha TpaHUIAX pasfiena MexIy
CIIOSIMHU. BBISBIIEHO, YTO MPH MPHIOKSHUH HArpy3kyd HE TOJIBKO B IUIOCKOCTH IOKPBITHA, HO H
HOPMAJThHO K HeH, 3HAYWTEILHOE BIUSHHE HA CTOMKOCTh K PpaspylIEHMIO MHOTOCIOHHBIX
MOKpBITHIT Ha OCHOBe cucreMbl Ti-Al-N oxaseBaeT Hecymas CIOCOOHOCTE CHCTEMBI
MOKPBITHE/TOATIONKKA. MeHbIas Hecymasi ciocOOHOCTh, 00YCIOBIMBAET YBEIUYCHUE KPHBU3HEI
u3rnba MOKPBITHS IIPH MEXaHWYeCKOM HarpyKeHUH B pe3ylbTare 4Yero B HOKPBITHH
pa3BHBAIOTCSA GOJiee CHIIBHBIE PACTATHBAIONINE HANPSDKCHUS, a, CIIEI0BATeNbHO, 00pa3oBaHHUE
CKBO3HBIX TPCLIHH WU CKaJbIBAaHWE IIOKPHITUH IPOMUCXOAAT IIPH MEHbIIEeH IIPUIOKESHHON
Harpy3ke. YCTaHOBJICHO, YTO, B OTIMYME OT pPE3KUX TpaHHuIl pasfena B MHOIOCIOHHOM

nokpeitua  Ti-Al-Ta-N/Ta, dopmupoBanme muddy3HOH TrpaHHIBl  pasfena  MexIy



xepamugeckumu (Ti-Al-Ta-N) u wmerammaeckuvu (TiAl) crmosmu obecreunsaer Goiee
BBICOKYIO aJre3di0 W, TeM camblM, Oomee 35(QQeKTHBHOE IIOIABICHHE PacIpOCTPaHCHHUS
CKBO3HBIX TPELIHH.

Hayunas noBu3Ha pabOTHI 3aKITIOYACTCS B TOM, YTO BIIEPBEIE:

1. DKCriepiMEHTAIBHO HUCCIIEA0BAHO BIHAHHE COJAepkaHusi Ta B IMUPOKOM JHUAala3OHE
ero KOHIIEHTpanuil Ha cBoiicTBa mokpeituil Ti-Al-Ta-N, u o0ocHOBaHA CBS3b POCTa BSA3KOCTH
paspyienus TBeproro pactsopa Ti-Al-Ta-N mpu ysenwdueHHu cofepxanus Ta ¢ H3MEHEHHEM
XapakTepa MEKaTOMHBEIX CBsseil. [loimydeHa KOHIIEHTpallMOHHAd 3aBHCHMOCTH OCTaTOYHBIX
COKUMAKOIMX HanpsokeHuit B okpsiTHsax Ti-Al-Ta-N or comeprxanms Ta.

2. MeToIoM MareeTpoOHHOTO PacHbUICHAs HAHECEHBI ISITHKOMIIOHEHTHEIE TTOKpPBITHA Ti-
Al-Ta-Si-N ¥ ycTaHOBIEHBI 3aKOHOMEPHOCTH H3MEHEHMs MX MHKPOCTPYKTYPBI, MEXaHHYECKUX
U TpUGOJIOTHYECKIX XAPAKTEPUCTHK C yBeIMIeHHeM KoHIeHTparuy Si. [IpecTasieH MeXaHu3M
dopmupoBarus AByX(asHON aMophHO-HAHOKPHUCTAITIHIECKON CTPYKTYphI B IOKphITHax Ti-Al-
Ta-Si-N mpu MOBBINOEHHH COACPXKAHUSA Sl, ¥ YCTAHOBJIEHA POJIb MHKPOCTPYKTYPBI JaHHBIX
HOKPBITHH B H3MECHEHHH HX MEXAQHUIECKUX U TPUOOJIOTHIECKUX CBOMCTB.

3. TlpemiokeH KpUTEPHM CO3MAHUS ONTUMAIBHOM apXUTEKTYphl MHOTOCIOMHBIX
HOKPBITHH Ha ocHOBe cucTeMsl [i1-Al-N, OCHOBaHHBIM Ha aHa/IU3€ KOHKYPEHLMH MEXKTy
CKOPOCTBIO BBICBOOOXIEHHS OSHepruu JnedopManud M HecymeHd CHoCOOHOCTH CHCTEMBI
HOKPBITHE/TOMTONKKA.  [IpoeMOHCTpUpOBaHa  CBSI3b  (DM3MKO-MEXAHUYECKHX  CBOMCTB
MHOTOKOMIIOHEHTHBIX MHOTOCJIOHHBIX IIOKPEITHI Ha OcHOBEe cucTeMBI Ti-Al-N co cTpykTypoi
IpaHUIl pasjierna MeXKIY OTAEIbHBIMHA CIIOSIMA.

TeopeTHueckasi 3HAYUMOCTH JHCCEPTAMOHHON pabOTHI 3aKIOYaeTCd B PACIIMPCHUN
TEOPETHUYECKUX IPEACTABICHUI O (GU3MUECKUX CBOMCTBAX M MeXaHu3Max JedopMmanuu |
pa3pyIIeHHss MHOTOKOMITOHEHTHBIX W MHOTOCTOMHBIX IMOKPHITUI Ha ocHOBe cucTembl Ti-Al-N.
PesynbraThl HcciaenoBanuii, npuseeHnsle B pabote Kyssmunosa E.JI., BHOCAT CyIeCTBEHHBIN
BKJIAJl B PA3BUTHE COBPEMEHHBIX IIPEJICTABICHUM (GHU3MKH KOHIACHCHPOBAHHOIO COCTOSHHS O
BJIMSHUM 3JEMEHTHOIO COCTaBa MHOIOKOMIIOHEHTHBIX ITOKPBITHH Ha ocHOBe cucTeMbl Ti-Al-N
Ha HX CIPYKTYPY, MEXaHWYECKHEe M TpUOOIOTHYECKHE XapaKTEPUCTUKU. YCTaHOBIECHHBIE
(u3udeckue 3aKOHOMEPHOCTH ¥ BBIIBICHHBIE MEXaHM3MBI MOTYT OBITH BOCTPEOOBAHBI IS
IPOTHO3MPOBAHMS KIJIFOYEBBIX XapaKTEPUCTHK IOKPHITUH HA OCHOBE HHUTPHIOB IIEPEXOMHBIX
METAJIJIOB X MOT'YT CTaTh OCHOBOH JIIIsL pa3p360TKH 60.]'166 TOYHBIX TCOPCTHHCCKHX MO,I{CHG]:'L

Hpamnqecxaﬂ 3HAYHUMOCTDL 3aKiIro4yacrcs B OIIPCICIICHHH IIapaMCTpOB H pe}I{HMOB
HaHECEHMsI MHOTOKOMIIOHEHTHBIX 3al[UTHEIX ITOKPHITHH Ha OcHOBE cucTeMBl 1i-Al-N, KoTopsle
MOTYT OBITb BOCTpeOOBaHBI IpH paspaboTKE TEXHOJNOTUYECKUAX IIPOIECCOB IONYYCHHUS
IOKPBITUN C pasiM4YHbBIM COCTAaBOM M CTPYKTYPOH METOHOM MArHETPOHHOTO pPacIbUICHUS.

HOI{pLITHFI, paBpEiGOTaHHLIC B XO0J€ BBIIONHEHHA HAHHOTO JHCCCPTALIHOHHOI'O HCCIICOOBAHMA,



MOIYT OBITH MCIOTB30BAHBI Uil BHEAPCHHS Ha IPEIIPUATHAX —O0OpabaThiBaloImeH,
MEIUIMHCKOM, a9POKOCMIYECKOM U APYTUX OTpAciIell MPOMBIIITICHHOCTH.

CTeneHb JOCTOBEPHOCTH Pe3yIbTATOB Hecae oBaHuil. OO0OCHOBAHHOCTE C/ACTAHHBIX B
paboTe BHIBOJOB ¥ BBHOCHMBIX Ha 3allUTy IIOJOXKEHHH oOecredeHa HCIOIb30BaHHEM
COBPEMEHHBIX CPEJICTB MCCIISIOBAHHM, B TOM WHCIIE - ATTECTOBAHHBIX 000PYAOBAHMS U METOJI0B
HCCIEIOBAaHUM, CTATHCTWYECKMX METOJ0B 0O0paboTKM ¥ aHaik3a OKCIEPHMEHTAIbHBIX
PE3YIILTATOB, BOCIPOH3BOJAUMOCTBIO M COTIACOBAHHOCTHIO PE3YIIBTATOB, MOTYyYCHHBIX PasHBIMU
METOIAMM, COOTBETCTBHEM IOJYYSHHBIX PE3YJIETATOB C pe3yIbTaTaMH APYTHX aBTOPOB.

3amMeyaHud 0 JHCCEPTALMH

1. HecmoTpst Ha TO, 4TO B IJIaBe 3 OBUIO IIOKa3aHO, YTO cofepikaHue Ta OKaspiBaeT
CYIIECTBEHHOE BIMSAHME HA MEXaHWICCKUEe W TPHOOIOTHUeCKHe CBOMCTBA MOKPLITHH HA OCHOBE
cucremel Ti-Al-N B riaBe 4 WCIONB3yeTCs TONBKO OJHA KOHIeHTpanusd Ta, a e€ KOHKpETHOe
3HAaYEHHE HUKAK He 000CHOBBLIBACTCA.

2. Ilpn HaHeceHWM MOKPBHITHH HCHOIB3YIOTCS OIIPEJEICHHBIC 3HAYCHHUA TEeMIIEpaTyphl
HOJIJIOKKH, 00IIee M IapIialbHOe JaBJIeHHe ra30B, MOIIHOCTE Ha MarHETPOHAX U HANPSUKEHHE
cmentenus. Ogaako B paboTte He 000CHOBaH BHIOOP 3HAYECHUH ITHX BaXHEIX IAapaMCETPOB.

3. W3BecTHO, 49TO NPOYHOCTHHIE CBOMCTBAa Marepuasa CHIILHO 3aBHCAT OT pasMepa
KPHCTAJUIATOB, a IIPEPhIBAHUE POCTA CTOJIOUATHIX 3€PEH KEPAMUYECKUX CIIOEB METATTMYECKAMH
CIIOSIMH JIOJDKHO CHIDKATh CPEAHME pasMep KpucTamauroB. OJHAKO B IIaBe 5 OTCYTCTBYIOT
OIIEHKH CPEeJHEr0 pa3Mepa KPUCTAUIUTOB B MHOTOCIOHHBIX HMOKPHITHAX. BEIABICHHE BIHSHUSA
KOJMYECTBA M TOJIIMHL META/UIMYECKHX CII0OEB HA [JAHHBIA IapaMeTp Morjo OBl JaTh
TOTIOTHATENBHYI0 HHPOPMAIMIO O IIPOYHOCTHBIX CBOMCTBAaX NOMOOHBIX CHCTEM M YCHJIHTH
060CHOBaHUE IIPEUIOKEHHOTO MEXaHU3Ma [TOBBIICHUS TPEIUHOCTONKOCTH IIOKPEITHIA,

4. B BEIBOJIE 3 YCTAHOBIIEHO Pa3sHOE ONTHMAaIbHOE coiepkanue Si s noioxek BKS (z
=0,15) u BT6 (z = 0,12). («BpusiBieno, uro nerupopanue Si mokpeituid Ti-Al-Ta-N npuBogur K
HOBBINIEHHIO WX M3HOCOCTOHKOoCcTH. OnTHUMaidbHOE cojepixkanue Si, obecneduBaroliee
MaKCUMaJBHYI)  HM3HOCOCTOMKOCTh  IIOKPBITUH, OmIpelensieTcs KOHKYpeHIMeH  MeXay
HU3MEHEHHMSIMH MHUKPOCTPYKTYPBI M HECyIeH CIOCOOHOCTH CHCTEeMBI TOKPBITHE/TIOJUIOKKA.
MuHuManbHasT WHTEHCHBHOCTh M3HOCA IMOKPBITHM, HAHECEHHBIX HaA TBEPAYIO IOMIJIOXKKY H3
ciumaBa BK8 (H = 21 I'Tla) u MArKyro IOUIOKKY H3 THTaHoBoro ciapa BT6 (H = 3.5 I'Tla),
pocruraercs npu z = 0.15 u z = 0.12 coorBeTcTBeHHO.»). OHAKO B IONOKEHUAX Ha 3alIUTY
BIIMAHMWA THIIA ITOJJIOXKKH Ha OIITUMAJILHEBIH COCTaB HE OTpa}KGHO.

Crenannbple 3aMeUaHUs HE CHHIKAIOT ITOJOKHUTEIILHOM ONEHKH JUCCEPTAllMH B LIETOM H
HE CTaBST [10J] COMHEHHE 3alUINAcMble TTOTOKEHUS U BBIBOIBL

Copeprxanue aBTopedepara COOTBETCTBYET COJICPIKAHHUIO JIACCEPTAITUH.

Juccepranuonnass padoTa COOTBETCTBYeT NacmopTy cmenmansHocTH 1.3.8. Dusuka

KOHJICHCUPOBAHHOT'O COCTOSHUS ((pu3uko-maremaTuyeckue Hayku) nyHkry 1 («Teopetuyeckoe



M OKCIEPUMEHTAIbHOE H3ydeHHe (GH3MYECKOM IPUPOALI MW CBOWCTB HEOPTaHUYCCKUX H
OpraHMYecKuX COEIMHEHHH KaKk B KPHCTAUIMYECKOM (MOHO- M IIONUKDHCTAUIBI, TaKk ¥ B
aMOp(HOM COCTOSIHAHM, B TOM YHCIIe KOMIIO3HTOB M T€TEPOCTPYKTYp, B 3aBHCHMOCTH OT HX
XUMHYECKOT0, H30TOMHOTO COCTABA, TEMIIEPATyPhI M IaBICHHAY).

3akmiouenne. Jluccepranmonnas pabora KysemmuoBa Esrennms JIMuTpreBHya
npeJicTaBiiseT co00i 3aBEepIICHHYI0 HAyJHO-KBATU(QUKAIMOHHYIO paboTy, BBIIOJHECHHYIO Ha
AKTYaIbHYIO TEMY, COJCPKUT HAYYHYIO HOBH3HY M IIPAKTHYECKYIO 3HAYMMOCTh. CunTalo, 9410 M0
CBOEMY COJEP)KAHHIO, HAyYHOMY YpOBHIO peIllaeMbIX 3a/a4, HOBH3HE pe3yJIbTaTOB
WCCIIEIOBAaHMsS W  HAYYHO-IPAKTHYECKOM 3HAYMMOCTH JHcCepTaldsd  «3aKOHOMEPHOCTH
U3MCHCHHS CTPYKTYPBI, MEXaHHMYECKHMX M TPUOOIIOTMYECKHX CBOMCTB MOHOJMTHBIX H
MHOTOCJIOMHBIX TOKPHITHH Ha ocHoBe cucteMbl Ti-Al-N mpu wx neruposasmu Ta u Sin
cootBercTByeT TpeboBanusiMm BAK P®, npenssasigeMbiM K JUCCePTALEAM HAa COUCKAHUC yICHON
CTEIICHH KaHOUIaTa HayK corjacHo Il 9-14 «Ilomokenus o IMPHCYKIECHUH YYSHBIX CTEIICHEHY,
yrBepxaennoro Ilocranosnenuem IlpaButenscrBa PP ot 24.09.2013 Ne842 (B pemakuuu oT
18.03.2023 Ned415), a ee aBTop, Ky3smunoB EBrennit JIMutpueBud, 3aciiy KMBacT IPUCYKIACHUS
HCKOMOM y4eHOH cTerneHu KaHaumara GU3UKO-MaTeMaTHIeCKuX HaykK I0 creruansroctd 1.3.8.
®u3uka KOHAEHCUPOBAHHOTO COCTOSTHUS.

Cornaces Ha BKIIIOYCHHE CBOMX IEPCOHAIBHBIX NAHHBIX B JOKYMEHTBI, CBS3aHHBIE C
paboTo¥ AHUCCEPTAITHOHHOTO COBETA, U AalbHEHIITyI0 HX 06paboTKy.

OdunuaabHbIH ONIIOHEHT:
ITpodeccop xadempsl NpUKIALHON MEXaHWKH U  MarepuaioBeneHus DencpaabHOTO
rOCY/IapCTBEHHOr0 OIO/DKETHOTO 00pa3oBATENBHOTO YUYPEXKAEHUS BBICHIEr0 00pa3oBaHUs
"ToMcku#i TOCYIapCTBEHHBIM apXMUTEKTYPHO-CTpOMTENBbHEIM yHuBepcuter' (OIBOY BO
TI'ACY), moxtop ¢usuxo-maremarnyeckux Hayk (01.04.07 - Pusuka KOHICHCUPOBAHHOIO

COCTOSHHA), IIpodeccop

Haronuii AdaronseBud Kitonotos
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