OT3bIB
oHIHANBLHOTO ONIIOHEHTA
Ha muccepTaro Boponaesa Anekcanapa MBanosuua
«McenenoBanne  pa3paboTKa TeXHOJTOTHUECKHX MPUHITUTIOB TTOBBIIIEHHS
(PYHKLMOHANBHBIX XapaKTePHCTUK TPHOOCOMPSKEHHIT IIPH HCTIOb30BAHIM
DLC-noxpeiThii, cTaGHIM3MPOBaHHEIX a30TOM, MPEACTABISHHYI0 Ha CONCKAHHE
YUCHOH CTEIEHU KaHIU/laTa TEXHWYECKUX HAYK I10 CIICLIMATBHOCTH
2.5.3. TpeHue u U3HOC B MaLITUHAX

1. AKTya/lbHOCTBb TeMbl IHCCEPTANMOHHOIO HCC/Ie 0BAHHS

Tema cosmanust HOBBIX (YHKIIMOHAIBHBIX MarepuanoB Bcerga Obula U Oymer
aKTyaNnbHOM KaK [JIsl IIPOMBILIEHHOCTH, TAK ¥ ¢ HAYYHO! TOUKHM 3peHus. B paccMaTprBaeMoii
AMCCEPTAMOHHOW paboTe pewiaeTcs 3ajaua CO3JaHWsg HOBOI'O BHAA H3HOCOCTOMKHX
TIOKPBITHI TPHOOTEXHUUECKOrO HA3HAYEHHS Ty TEM HCIIOIb30BAHKS TEXHOJIOTMH BaKyyMHOTO
MOHHO-TIJIa3MEHHOTI'0 HallbuleHus. [IpuMeHenne yriiepofHbIX HOHHO-TIIA3MEHHBIX TTOKPLITHIL
knacca DLC Ha KOHTAKTHBIX TOBEPXHOCTSX TPUOOCONPS/KEHUH MO3BONSET CYIIECTBEHHO
CHU3HUTE KOI(YOHUUEHT TPEHHUs H T0OMThCS BBICOKOI H3HOCOCTONKOCTH Npu TpeHHH. OiHAKO
K HaCTOALIEMY BPEMEHM HE yJIaeTcs TOIMy4YuTh CHUMOHO3 (H3UKO-MEXaHHUECKUX |
TPUOOJIOTHYECKUX ~ XapPaKTEPUCTUK HOHHO-IUIA3MEHHBIX MOKPBITHH ISl TOrO, 9TOOBI
SQ(heKTHBHO MNPUMEHATH MX B TSOKCIOHATPY)KCHHBIX  y3llaX — TpPEHHs. 3anpocsl
IIPOMBILLIJICHHOCTH Ha IPOBEIEHUE TAKMX MCCIEIOBAHMI BeCbMa MHOTOYMCICHHBI M HX
aKTyaqbHOCTb CO BpeMeHeM OyIeT TOILKO BO3PacTaTh, HAlPHUMED, [UIsi MOMIHBIX TYPOUHHBIX
DHEPreTUYECKHX YCTAHOBOK, UL BHIATEIe- M BEPTONETOCTPOCHHS, /Ui MHOTMOPA30BBIX
ITyCKOBBIX PAKETHBIX YCTAHOBOK M [UIA JAPYIMX OTpaciell U arperaroB, 3KCILTYaTHPYFOLIHX
Harpyxenmnele TpubdoconpsokeHus. llostomy Tema auccepTaLMOHHOTO WCCAEIOBAHUS, C
OJIHOH CTOPOHbI, BeCbMa aKTyallbHa M IMEPCICKTHBHA C TOUKM 3PSHHS paciiupeHus cdep
UCII0JIb30BaHMs TOKPBITHY DLC B y31aX Tpenus. A ¢ Ipyro# CTOpOHBI, NPeaCTaBIsieT coOoi
CJIOXHYIO MHOI'OYPOBHEBYIO HAay4HYt0 MpoOieMy, CBA3AHHYIO ¢ MYJIbTHIAPAMETPUUHOCTHIO
WOHHO-ITa3MCHHOW ~ TEXHOJIOTMM W HEPaBHOBECHBIMH, TPYIHO MPOrHO3MPYEMBIMH
MpONeccamMy, MPOUCXOMSIUMMHU B TUIA3ME [IPM HAMBLICHHMH MOKPHITUH W HA KOHTAKTHOI
IIOBEPXHOCTH ITOKPBITUH ITPU TPEHHUH.

2. Crpykrypa, 00beM H GpopmMa H3JI0KEHHSs! IHCCePTALMH
Juccepranus AWM. BopomaeBa cOCTOMT W3 BBEJEHHUS, IISITH IJ1aB, BOCEMHAIIATH
pasienos, OOLIMX BhIBOJOB, CIIMCKA UCIONB30BAaHHBIX HCTOYHHKOB M LIECTH MPHIIoKeHuiH. [To
rIaBaM M pasfienaM  Marepuaibl  pasMELUCHbl MPOMOPIHOHAIBHO, B COOTBETCTBHHM C
PeLIaeMbIMU 3a/1a4aMK MCCIIC/TOBAHHUS U JIOTHKOW HAayUYHBIX MOAXO/IOB, 3asBIEHHBIX B paboTe.
Cricok UCT0/1b30BaHHOM JTUTEPATyPhl HACUUTHIBACT 139 HAUMEHOBAHMH, M3 KOTOPAIX
74 NPUXOMUTCA HAa WHOCTPAHHbIE HCTOYHHKH. B TPHIOKEHUSX pasMeIleHbl pesyiIbTaThl
3KCIIEPUMEHTOB B BHIC 0a3 JAHHBLIX U IOJIyYEHHBIX IpaduyecKknux 3aBHCHMOCTEH (H3HKO-
MEXaHMYCCKMX U TPHOOJOTHYECKUX CBOMCTB IIOKPBITHH, a TaK)Ke HEKOTOPbHIE Pe3yJIbTaThl
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[UIAHUPOBAHUS ~ DKCIIEPUMEHTA M JOKYMEHTAILHOE CONPOBOXKAEHHE IPOBEIEHHBIX
HCCIENOBAHUN.
3. KpaTkasi XapaKTepUCTHKA CO/ieP:KAHHSI JHCCEPTALHH

Bo BBeseHHM 00OCHOBAHA aKTyalbHOCTh TEMBI padOTHI, cOPMYITHPOBAHBI 1Ie]h U
3aJa4d HMCCITICIOBAHMs, I[IPEACTABIEHBl HayyHas HOBH3HA M MPaKTHYeCcKas 3HAYUMOCTH
padoThl, MPUBEIEHBI OOBEKT M MpPEeIMeT FWCCIEIOBaHus, CHOPMYIUPOBAHLI TOIOKCHHS,
BBIHOCKMBIC Ha 3allUTy, MOATBEPIK/IEHA IOCTOBEPHOCTL PE3YIbTATOB M yKa3aH JIMUYHBIA
BKJIa/| aBTOPA B BBIOIHEHHBIC HcceoBanus. [Ipusoadarcs ceenenus o6 anpobaunu paboTsl
U IyOJIMKaLUsX, CTPYKTYpe U 00beMe TUCCepTaLku.

B mepBoii riaBe BbIIOJHEH aHAIU3 COBPEMEHHOTO COCTOSHHS METOHOB MOJyUeHHUs
YIJICPOAHBIX TOKPBITHH W HX WCIONB30BAHUS U TOBBILIEHHS PadOTOCMIOCOOHOCTH
HarpyKeHHbIx Tpuboconpsbkenuid. IlpuBenensl KimaccuuKarys, METOAbI MOIyYEHHS,
OCOOCHHOCTH CTPOEHHS, CBOMCTB M OONACTH HPUMEHEHHS YIJIEPOJHBIX MaTepHAIOB W
MOKpbITHH. OTMEUaeTCsl, YTO [EPCIEKTUBBI UX MIPUKIATHOTO HCIIOL30BAHUST TECHO CBSI3aHbBI
C TEXHOJIOTHSMH IOJYUYEHHS, ITO3TOMY I[PUMEHEHHE alMa3orolo0HOTO YIiepojia B BUIE
DLC-nokpbITuii TECHO CBA3aHO ¢ 0COOCHHOCTSMH H TIPEUMYILECTBAMH BaKyyMHON HOHHO-
IIa3MEHHOM TeXHOA0ruu. B 0030pe OopI10e BHUMaHUE YIEIeHO 0COOEHHOCTSIM TOBEJICHMUS
YIJIGPOAHBIX TOKPBITHH TPH UCIIOJIb30BAHHHM HA KOHTAKTHBIX MOBEPXHOCTSIX Y3JOB TPEHHI.
[TomuepkuBaeTcss, 4TO B COOTBETCTBMH C JIMTEPATYPHBIMH IaHHBIMH TPHOOIOIHYECKOE
MOBEJICHUE YTITICPOJIHBIX MMOKPBITHI KOHTPOJIUPYETCS IEPEXOAHBIM CII0eM, (POPMHUPYFOLLIAMCSI
B IIpolecce TPeHHs H IPEACTaBISIOMWUM 000 MOAU(DUUMPOBAHHBIA BEPXHMH CIIOH
MOKPBITHSA — KOHTAKTHBIA TPUOOCIION, COCTOSHHE KOTOPOI'0 B OOJNBIION CTCIIEHH ONpe/IeNsSeT
M3HOCOCTOMKOCTH MOKPbITHH DILC. Oco00 akTyasieH 3TOT BOMPOC ISt ITOKPHITHI CIIOIKHOTO
COCTaBa, HalpuMep, UL YIJIEPOIHBIX ITOKPBITHH, JETHPOBAHHBIX aTOMaMHU TIEPEXO/HBIX
METAJLIIOB. _

ITo pesynbraTtam o0030pHON MeEpBOH IJaBbl aBTOPOM C(HOPMYJIHPOBAHBI 3a1ayH
rcciieioBanys. B wacTHOCTH, OTMEYaercs, 4YTO YIpaBlieHHe IPOLECCOM  IMOJIYUYEHHs
BaKyyMHbIX HOHHO-ILIA3MEHHBIX ITOKPLITHH MPEICTABIAET cOOOH Cephe3Hyro MpodiieMy B
COBPEMEHHON WHIKEHEPUH MOBEPXHOCTH, CBS3aHHYIO C OONBIIMM KOJHYECTBOM (haKTOPOB
Pa3jIMyHOM NPUPOJIBI, ONMPENENMIONIUX paboTOCIIOCOOHOCTE TOKPbITHS. Ha pelenue 3roi
npoOieMbl HalpaBlieHa 3ajlaya YCTAHOBJICHHS YHHBCPCAIbHBIX 3aBHCHMOCTEH MEKIY
TPYNIIONW BapHaTHBHBIX TEXHOJOIMYECKHX ApaMETPOB U CBOMCTBAMHU IOKPBITHS, KOTOPBIE
IIOMOI'YT COKPAaTUTh OOIIee YUCIO YIPaBISIOWKX MapameTpoB. PeieHue 210 3amaun
HEBO3MOXKHO 0e3 peleHus MpoOieMbl cTaOMIIM3allMU TOIIIWHBI [TOKPHITUH, KOTOpas B
HACTOsIIIICe BPEMsl PEIIAETCs MyTEM HCIIO/Ib30BaHKs BOJOPOAA B BaKyyMHOM Kamepe, 4To
CO3J1aeT B3PbIBOOIIACHOCTh MPOllecca HalblIeHus. M ies npumenenus a3ora BMECTO BOI0poaa
JUI YCTPAHEHMsl MOXKAapo- U B3PBIBOONIACHOCTH MOHHO-IIIA3MEHHOW TEXHOJIOTHU SIBIISETCS
OJIHOM M3 HamOoIlee 3HAYUMBIX B HAYUHOM COJIEp)KaHUU AUccepTaliuu. [IOmoIHsIeT Tpruajy
OCHOBHBIX M HauOoJjlee IEPCICKTUBHBIX HaNpaBlIeHUW HCCIETOBAHWHA, BBITEKAFOLUIUX W3
[IPEICTABICHHOT0 0030pa, O00O0CHOBaHMWE aKTYyallbHOCTH CO3MAHHS M HCCJIEHOBAHUS
KOMOHWHHUPOBaHHbIX NOKpbITUI Ha Oaze DLC, B yacrnoctu, nokpeituii cucreM TIAIN/DLC u
CrAlISIN/DLC.
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Bo BTopoii rnase noapoOHo npeacTaBieHbl METOAMYECKHE 0CHOBEI paboTsl. Onucan
1 000CHOBaH BbIOOP MaTepHana IIOJIOKKH, OXapaKTepH30BaHBI MAaTepUasbl MCMapseMbIX
Karo[0B, MPEACTAaBICHBl PCKUMbI HAHECEHHs YITIEPOAHBIX IIOKPBITHH C pas/eleHueM
TEXHOJIOTHYECKMX I1apaMeTpoB Ha (HMKCHpOBaHHblE M BapHATHBHBIE. BapuaTuBHEIE

11apaMeTphl, TaKWe Kak JONS BBOJAMMOIO a3ora %N, TOK MHAYKIMOHHBIX KATyIIEK A,
NlaBneHye B padoveil kamepe P, BpeMs HalbUIEHHs f, pACCMaTPHBAIOTCS B JAUCCEPTALUM B
Ka9eCTBC OCHOBHBIX BXOIHBIX HECKPUIITOPOB MpU HU(DPOBOM aHaIHM3e IOJTYYCHHBIX 0as3
JaHHBIX METOJaMH MAIIMHHOIO 00yucHus. [IprBeIeHBI METOIMKH HCCIIEOBAHUS COCTABA,
CTPYKTYpbl M (DM3MKO-MEXaHHYECCKMX CBOMCTB TIIOJyYEHHBIX IOKPBITHH, METOIMKA
TPUOOJIOrMYECKUX HCTBITAHUI Ha TpeHHe CKOJBKEHHEM, a TaKKe M3JI0kKEHbl OO0Ime
MPUHIIAIEL  CTATHCTHYCCKONW 00pabOTKM OKCHEPUMEHTANBHBIX aHHbBIX, [JIaHKPOBAHUS
5KCTIEPUMENTa, METOIOB MALIMHHOTO 00YYEHUs, UCIIOJIb30BAHHBIX B JIHCCEPTAIIMH.

B Tperbeii riase npejicraBiensl pe3yabTaThl HCCIETOBAHHIA, BBITOJHEHHBIX 110 TPEM
HalpaBICHUAM. ODKCIEPUMEHTAIBHO I[10Ka3aHO, YTO a30T, B OTHOCHTEILHO HEOOIBIINX
KOJHMYECTBAX BBOAMMBIN B BAKYYMHYIO KaMmepy IpH HallblIeHUM YIJIEPOIHBIX HOKPBLITHH,
CTa0MIIM3UPYET POCT MOKPLITHUA 10 TOJIIMH B HECKOJIbKO MUKPOMETPOB, TOI/Ia Kak 0e3 a3ora
IOKPBITHE CAMOTIPOU3BOJIbHO PACTPECKUBAETCH MPU AOCTHIKCHUM KPUTHUECKOW TONITHHEI
~500 uMm. ITpu 3TOM yCcTaHOBIIEH MTOPOT 0JIM BBOJIMMOIO a30Ta, HIXKE KOTOPOTrO B MOKPHITHH
He 00pasyroTcs KapOOHUTpUaHbIE (a3bl, MOCKONBKY HX OSBJIEHHE HAPYIIAET CTPYKTYPHBIE
npuHIMnsl  Kareropud DLC-NOKpbITHH, yMEHbIIAeT MO0 aIMa3HOM  3JIEKTPOHHOM
KOHQHUIYpanuu sp° M yXy/IlIaeT KOMILIEKC CBOWCTB MOKPBITHA. PesyibraTel BTOPOTo
HarpaB/IeHUs UCCIEOBAHUN NPEICTaBIEHbl B BUIE MHOTOUUCIICHHBIX 3KCIIEPUMEHTATBHBIX
3aBUCUMOCTEN (PU3UKO-MEXaHUIECKUX CBOUCTB IOKPBITUH (MOYJIA YIPYTOCTH E, TBEPIOCTH
H, comporusiieHust ynpyroi H/E u nnactuyeckon H°/E® nedopmanuu) oT BapMATUBHBIX
napameTpoB TexHonoruu (%eN, A, P, t). Tperuli pasgen raBbl TOCBSINEH aHAIHA3Y
chopmMupoBaHHON 0a3bl KCIICPUMCHTAIbHBIX [AHHBIX M, B YaCTHOCTH, IOJYYEHHBIX
3aBUCUMOCTEN C MPUMEHEHUEM aITOPUTMOB MAITHHHOIO 00Y4YCHUsI U HEMPOHHBIX ceTei. B
KauecTBE Pe3yJIbTaToOB 3TOI'0 aHalk3a B JAKMCCcepTaluy MpeICTaRIeHbl JaHHBIC ONTHMH3aLlUH
PEKUMOB HOHHO-TUIa3MeHHOro cunTesa NoKpbITui DLC (3HaueHus napamerpos %N, A, P, 1),
[IPOrHO3UPYIOLIMX KOMILUIEKC MaKCUMAaJIbHbBIX 3HAYEHUH UX QHU3UKO-MEeXaHHUECKHX CBOWCTB
(E, H, H/E, H*/F?).

B gerBepToii ri1aBe padoTHl METOIBI IIOJIYUYEHUs!, 0OTOOpA, CUCTEMaTH3aIlMH U aHATH3a
IKCNEPUMEHTANIBHBIX JAHHBIX, UCMOIb30BaHHBIE B MPEABIAYILIEH IJIaBe /il ONTHUMH3aLUu
(Gu3MKo-MexaHUYeCKuX CBOMCTB MOKpbiTHH DILC, mpumeHeHBI K WX TPHOOIOTHISCKUAM
coiictBam. CdopmupoBana 0a3a JaHHBIX; [TOCTPOCHBI IKCIEPUMEHTANbHbIE 3aBHCUMOCTH
TPUOOTOTHUECKUX XapaKTePUCTUK — KOdpPUIIUEeHTa TPEHUsI [L U BEJIMUMHbBI H3HOCa L (JUTMHA
yTH TPeHHUs 0Opa3ua 10 pa3pyLUeHUs IOKPbITUS [IPU UCIIBITAHUSAX HA MAllTUHE TPEHUS ) — OT
BApUATHUBHBIX TEXHOJIOIMYECKUX IapamerpoB %N, A, P, f, a TakXke B 3aBUCUMOCTH OT
Harpy3Kd TpeHUs [, UCIONB30BAaHHOM IIPU HUCIBITAHUAX; BBIIOIHEH aHAJIA3 I10JIyYEHHBIX
INAHHBIX C UCIOJIb30BAHUEM AITOPUTMOB MAIIUHHOIO OOYYEHHs: MOJIYUYEHbI WHTEPBAIbI
3HaueHW#t mapamMeTpoB %N © A Ui oOecrneueHHus MaKCUMaJbHBIX TOKa3aTesci
TPUOOJIOTMYECKUX CBOUCTB | W L; mpoBefeHa Bepu(UKaIMs MOJEIbHBIX Pe3yabTaTOB Ha
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OCHOBE DKCIIEPUMEHTAJIBHBIX JIaHHBIX. BakHON cocTaBiistoliel YacThio U€TBEPTOM I7I1aBhl
ABIACTCA  pasjiesl, MOCBSIUICHHBIM HMCCIC/0BAHUIO KOMOWHHMPOBAHHBIX  JIBYXCIONHBIX
nokpeiThii cucreMbl CrAISIN/DLC ¢ Hapy:KHBIM aHTHOPHKIIMOHHBIM YIIICPOHBIM CIIOCM H
BHYTPEHHUM HM3HOCOCTOMKHM HMTPUIHLIM cjoeM. IlomydeHHble B 3TOM paszene
JAMCCEPTAIlK  Pe3yJIbTaThl COCTABUIIM SKCIICPUMEHTATBHYI) OCHOBY Ui MPUKIAIHOTO
HCITOJIb30BAHUS PE3YIIbTATOB PadOThI, KOTOPBIE TIPUBEAECHEI B IISITOM I1aBe.

Ilsitast riaBa [uccepTandy TOCBsIIEHA IPOLECCaM CHUHTE3a M MPOMBIIIIEHHOM
arpodanuu KOMOMHUPOBaHHbIX MOKPBITHH CrAISiN/DLC B npou3BOACTBEHHON IPAKTUKE.
Ha ocnoBe BBINOJHEHHBIX B Ja0OpaTOpuM  OKCIIEPUMEHTOB Oblia  paspaboTana
TEXHOJIOIMYECKash KapTa W HaHECEHbl IOKPHITUS Ha KOHTAKTHBIE MOBEPXHOCTU OIBITHOTO
oOpasia ysjia MexaHu3Ma yIpaBJIeHUs CTaOUIN3aTOPOM BepTosieTa. PecypcHble CTeHI0BbIE
MCTIBITAHUS y3Jia ObLIM TPOBENEHBl HA MCMbITaTeNbHOM yuacTke [TAO «PocTeeprom» u
MoKasald  JByXKParHO€  TIOBBIIIEHUE  M3HOCOCTOHMKOCTH  OMBITHOTO  o0pasia ¢
KOMOWHUPOBAHHBIM MOKPBITHEM (AKT NPOBEIEHHBIX UCIBITAHUMI MPUIOKEH K UCCEPTALUH
U pa3MeIteH B npuiaoxeHuu J1).

B 3ak/i04enHH PHBEIEHB OCHOBHbBIE PE3YNBTaThl U BBIBOJIBI IO IHCCEPTALIMOHHOM
paboTe, 1aHbl MEPCIIEKTUBBI JaTbHEHIITNX HCCITe/I0BAHUH.

B npusiokennsax npencrapieHsl B OCHOBHOM WILTIOCTPATHBHBIC MATEPHAITBI: BEIOOPKH
13 0a3 SKCIEpPUMEHTAIBHBIX JaHHBIX KOMOMHMpOBaHHBIX TOKpbITHH CrAISIN/DLC wu
nokpeitiii  DLC; rpaduku [OTy4eHHBIX SKCHEpUMEHTAIbHBIX 3aBucuMocTell  (0e3
CTATUCTUYECKOM 00paboTKN) (PU3MKO-MEXaHMUECKHMX W TPHUOOJOrHYECKHX CBOMCTB OT
BapHATUBHBIX TEXHOJIOTHIECKHX [1apaMeTPOB; 1I0JIHbIE Pe3y IbTaThl PErPeCCHOHHOrO aHaAINn3a
3aBUCHMOCTEN KOd(pduUUEHTa TPEeHUsl 4 B JBYX(PAKTOPHOM 3KclepuMeHte %N-A mpu
pa3sIHUYHBIX Harpys3kax TpeHus F, a Takke AKT O INpPOBENEHHWU CTEHAOBBIX HCIBITAHHIA
OIIBITHBIX 00Pa3LOB ¢ KOMOMHHPOBAHHBIMU MOKPLITHSIMH.

4. CreneHb 000CHOBAHHOCTH HAYYHBIX 10/10K€HHH, BHIBOJOB M PEKOMeHAIHIA,
c(popMy/THPOBAHHBIX B JHCCEPTALNH, HX TOCTOBEPHOCTH

Ha ocHoBe aHaiusza COBPEMEHHOIO COCTOSHMS HAy4HBIX MCCIEAOBAaHHN M
TEXHOJIOIMYECKUX pa3zpaboToK B 00JIaCTH MOJYYeHHs YIJIEPOMHBIX ajIMa3oro100HbIX
MOKPBITHN 110 BaKyyMHON HMOHHO-IUIA3MEHHOM TEXHOJOIHH M HX HWCIOJb30BaHUS IS
IOBBILLIEHUST PadOTOCIIOCOOHOCTH HArpy KEHHBIX Y3/I0B TPEHUS, aBTOp OOOCHOBAHHO H
KOPPeKTHO chopMyTUpOBa Mellb U 3aa4l UCCIICI0BAHU.

UccaenoBaHus MpPOBOJMIMCL € HCIIOIL30BAaHWEM COBPEMEHHBIX METOJOB M
o0opynoBaHMs Ui aHalli3a COCTaBa, CTPYKTYpPbl M CBOWCTB MarepwanoB. JlmarHocTHKa
coCTaBa IOKPBITUMA BBINIOJIHAIACH CIIEKTPOMETPUUECKUMU PEHTTEHOBCKHUMH METOIaMHU
(OTOPNIEKTPOHHOTO M 3HEProJUCIEPCUOHHOrO aHanmza. J[as uccieoBaHHs CTPYKTYPBI
MOKPBITHUH U TOJUTOJKEK UCTIOIB30BaHBI METOJIBI OITHUYECKOU U AIEKTPOHHON MUKPOCKOTIHH.
DU3MKO-MEeXaHUIECKHE CBOMCTBA MOKPBITUN OTNPEHENSUTHCh 1O METOMKAaM HEIPEPBIBHOI'O
WHACHTUPOBAHUSA, a TPUOOTOTMYECKHE CBOMCTRA — MyTEM MCIBITAHHN 00pa3IoB U M3IETAN
Ha CHEIMAJIM3MPOBAHHBIX CTEHIaX W MallMHaX TpeHus. MeTroauuyecKkue I10JXO0BbI,
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UCTIONB30BaHHBIE B paboTe, ¢ HAYYHOM TOUKH 3PEHHS SBISIOTCS KOPPEKTHBLIMH,
COOTBETCTBYIOLIMMU TPEOOBaHUAM MUPOBOIO YPOBHSI.

JdocToBepHOCTE H 00OCHOBAHHOCTBL IOMYYSHHBIX pe3yJBTATOB OasHpyeTcs Ha
(pyHIAMEHTANBHLIX  TIONOYKEHUSAX, COIOCTABNECHHBIX C OOLICHPHHATHIMU OTPACIEBBIMHU
3HAHWSAMM M JAHHBIMH, IIOJIYyYE€HHBIMH JIPYIMMM aBTOPAaMU M WCCIIELOBATEbCKUMMU
rpynnamMd. B pabore uCmosnp30oBazock COBpeMEHHOE OOOpYIOBaHME M METOJIbI,
aTTECTOBAaHHbIC METOJAMKM W  TIOBCPEHHbIE Cpe/cTBa  u3MepeHuit. IlomydcHHble
OKCIICPUMEHTAIbHBIE TAHHBIC 1T0/IBEPrajiCh CTATHCTUYECKOW 00padOTKe C ompejie/ieHHeM
3HAYCHWH JIOBEPUTE/IBHOIO MHTEpBala M JIMCHEPCHH Ul XAPaKTEPUCTHUKH — UX
aocroBepHocTd. CHopMyIHMpOBaHHbIC B XOJ€ HCCISIOBAHWN IOJOKCHUS W BLIABICHHBIC
3aKOHOMEPHOCTH  IIOATBEPKIACHBI ~ OKCIICPUMEHTAMH W CTEHIOBBIMU  PECYPCHBIMH
UCTIbITAHUSIMH.

S. Hay4yHasi HOBU3HA M IPAKTHYECKAs 3HAYAMOCTH Pe3yJILTATOB IHCCEPTALHHA

1. Ilpumenenwe a30Ta Npy HAHECEHUH YIJIEPOIHBIX MOKPHITHI 110 BAKYYMHOMH HOHHO-
NIa3MEHHOM TEXHOJIOIMH BMECTO TPaJWLMOHHO MCII0JIb3YEMOTO BOIOPOJA IMO3BOJSAET
M30€)KaTh CaMOIPOU3BOIBHOIO PACTPECKUBAHUS TIOKPBITHS IPH OCAKACHUU BIUIOTH J10
TOJILLMHBI B HECKOJIBKO MUKPOMETPOB. DKCIIEPUMEHTAILHO TTOKa3aHo, YTo 1pH 51oM DIC-
IIOKPBbITHE HE TepseT cBoel (ha30oBOM OTHOPOMHOCTH M COXPAHSAET BBICOKHH KOMILTEKC
CBOKMCTB, a ONACHOCTb BO3TOPaHHMs MU B3PbIBA, KaK [PH WCIOJB30BAHUM BOJOPOJA,
IIOJIHOCTBIO UCKITFOYAeTCsl.

2. Ha momy4eHHOM 3KCIEpHMMEHTATIBHOM Marephalie ajiMa3onoj00HBIX MOKPBITUI
OPOAEMOHCTPUPOBAHO, YTO IPUMEHEHHE COBPEMEHHBIX METO/IOB MAIIMHHOTO OOYUEHHUST W
HEHPOCETEBBIX aNrOPUTMOB MO3BOJSCT S(PHEKTUBHO ONTHMHM3UPOBATH TEXHOJOTMYECKHE
PEKUMbl HAHECEHHUS IOKPBITHH JUld OOECIIEUEHUS 3aJlaHHBIX (U3UKO-MEXAHUUECKHX W
TPUOOJIOTMYECKUX CBOMCTB MOKPLITHH. DTO OTKPHIBAET MEPCIICKTUBY MEPEX0ia HOHHO-
IJIa3MEHHOM TEXHOJIOTHUH, M3BECTHOW  CBOEW MYJIbTUIIAPAMETPUYHOCTBIO U
HEYCTOMYHBOCTBIO TUIA3MEHHBIX IPOLECCOB, HAa HOBYIO CTYIIEHb LIU(POBOrO YIIPABICHHS C
€0 BHEJAPEHHUEM B BBICOKOTEXHOIOIMYHbIE TIPOU3BOICTBA CTPAHDI.

3. B npakTHKe HayuyHbIX WCC/I€OBAHUN, MOBEJAECHHBIX [0 CTAJWH CTEHI0BBIX
IIPOM3BO/ICTBEHHBIX HUCIBITAHWH, BIIEPBhIE MCIIOIE30BAHO KOMOMHUPOBAHHOE ABYXCIIOWHOE
HOHHO-TIJIAa3MEHHOE [IOKPBITHE CrAlISiN+DLC, b heKTUBHO COBMelLarolIee
U3HOCOCTOWKOCTh M aHTU(PUKIHMOHHbIC CBOWCTBA. Pe3ysbTaThl 5TOr0 HanpaBIeHUs
UCCICIOBAHWH  TMO3BOJMIIM  CYIIECTBEHHO YBEIHUUTb pecypc paboTocnocoOHOCTH
Harpy’KeHHOI'O y3JIa TPEHUsL B CUCTEME YIPABIICHUS BEPTOJIETOM.

ITpakTHYeCcKaa 3HAYMMOCTD BBIOIHCHHON IMCCePTAIIMOHHON pabOThI 3aKIIFOYAETCA
B TOM, YTO TOJYYEHHBIE pPE3YJIbTaTbl JIEMNIM B OCHOBY KOHKPETHBIX I[PAKTHUYECKUX
PEKOMEHIAlMi, HanpaBIeHHbIX HA COBEPUIEHCTBOBAHUE PEKHUMOB BaKyyMHOTO HOHHO-
MJIA3MEHHOTO OCAXKICHHUS YTTIEPOIHBIX IIOKPBLITUH C IIENBIO YIIyYLIEHHS UX TPHOOIOI HYECKUX
XapakTepuCTUK — KOd(Q@UIHEHTa TPEHUS W W3HOCOCTOWKOCTH, YTO aBTOPY YIAJoCh
pean30BaTh B MPOIECCEe CTCHAOBLIX MCIBITAHUN MEXaHW3Ma yNpaBIeHus: CTaduIn3aropoM
BepTosniera MU-35 B aencTByromeM npoussoacrse komnannu [TAO «PocrBepromn».
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6. 3ameuaHus Mo AMCcepTALMOHHOMH padoTe

1. Ha rpajukax 3aBECHMOCTH CBOWCTB IOKPBITHI OT [APaAMETPOB HOHHO-IIA3MEHHOI
TeXHOIOruy (M. puc. 3.7 n rpapukn Ilpunoxenus b) mpuBoauTes ouers Gonbluoit pa3époc
OKCIIEPUMCHTAJIbHBIX [TdHHBIX, Y9TO BBI3BIBAET BOIIPOCHEI K HAJACKHOCTH M OOCTOBEPHOCTH
pesynbTraros. Criea0Bano Obl IPUBECTU PAaz0POC AAHHbIX MOCIE CTATHCTHYECKONW 00paboTKy —
C JLOBEpUTE/ILHBIMY UHTEPBAJIAMH U C YYETOM KBaJpaTHUHBIX OTKJIOHEHHUH.

2. W3 jmccepraumu He scHo, moueMmy uis mokpbithii DLC  Hcmons3oBaHbBI
HEUPOCETEBBIE METOIBI 00PAOOTKU JAHHBIX, a /ISl KOMOMHUPOBAHHBIX MOKPBITHI — METO/bI
PErpeccHOHHOTO aHaJU3a.

3. B gaHHBIX CKaHUpYHOUIEH 2SMeKTPOHHOW MHUKPOCKONHH, TIPEACTABICHHBIX B
auccepraiiy (eM. puc. 3.2 u 3.3), ctpykTypa nokpeituii DLC sBnsetcst ogHopoaHoii. B o
ke Bpems jlaHHble P®DC-apamusa (Tadn. 3.2) CBUAETEIBCTBYIOT O HEOAHOPOIHOCTH
MOKPBITHH Ha HAHOCTPYKTYPHOM ypoBHe. [ljis SCHOCTH B 3TOM Borpoce ObL10 ObI MOJIE3HO
IIPUBECTH PE3yJIbTaThl AUPPAKTOMETPUUECKOTO UCCIEAOBAHHUS TTOKPHITHIA.

4. B pabGore ObulM MCMONB30BaHbl /Ba BHIA Mo/iokeKk u3 cTaau 40XH2MA ¢
COpOUTHON U MapTEHCUTHON CTPyKTYypoid. OHM MMETH CYIIECTBEHHO Pas3jMYHbIC YPOBHU
MEXaHUYECKHUX CBOMCTB, MPUBEICHHBIE B TiIaBe 2 nuccepranuu (pasnen 2.1, C. 53). Onnako
pe3yJIbTaThl CPAaBHUTENBEHOTO BIMSHUS IOJIOKEK Ha MEXaHUYECKHEe WU TPHOOIOTHYECKHE
CBOICTBa MCCIIEJOBAHHBIX TIOKPBITHI HUT/E B JUCCEPTAllMM HE BCTPEYAIOTCS.

Beickaszannble 3aMedyaHus, OJHAKO, HE CHIKAIOT HAYYHOH 3HAYMMOCTH pPalOThI,
TIOCKOJIBKY HE 3aTParuBarOT IJIaBHbBIX [10JI0KEHUI U BBIBOJIOB aBTOPA.

O6mas oleHKa H COOTBETCTBHE MPeACTABICHHOIN padoThl KPUTEPHUAM,
HpeAbABJISIeMbIM K JHCCEPTALHAM H NACHOPTY CHEUHAIBHOCTH

Ouenusas auccepranmio A.M. Bopornaesa B I1elOM, CIEIyeT OTMETHTb, 4TO €&
pe3yNbTaThl XapakTEePU3YIOTCs aKTyallbHOCTBIO, [OCTOBEPHOCTHIO M HAy9HOH HOBH3HOM.
AKTyalTbHOCTb TEMbI UCCIIEA0BAaHUS 00eCTIeYMBAETCS MOTPEOHOCTHIO B HOBBIX M3HOCOCTOMKIX
¥ aHTU(QPUKIIMOHHBIX MaTepuaax U NOKPbITUSX, 001a1atoLnX 00J1ee BEHICOKAM KOMILIEKCOM
(YHKIIMOHATLHBIX CBOMCTB /ISl UCMOJIb30BAHUS KaK B CJIOKHO HarpyKeHHBIX y3JaxX TpeHus,
TaK U y3JlaX TPEHUS CIELMAIbHOIO Ha3HauyeHUs. AKTYalnbHOCTh PadOThI MOATBEP/KIAETCS
TaKke e€ BBIIOJNHEHHEM B paMKaxX HCCIEOBaTENbCKUX mporpaMMm Munoopuayku PO
(mmentudukarop mpoekta RFMEFI60718X0203PH®) u Poccuiickoro nayuHoro ¢onaa
(mpoekt Ne 21-79-30007). PaccmarpuBaeMas padoTa COIEPKUT HOBBIE OPUTMHAIbLHBIE
pe3yabTaTbl M Hay4HbIC IIOJIOKEHHS, YETKO apryMEeHTHUpOBaHHbIE B JUCCEpTallid H
BBIIBUT@eMble 71 3aIUTbl. DBOJBIIMHCTBO pe3yiabTaTOB AUCCEPTALMA  MOTYT ObITh
MCII0JIb30BaHbl HA IPaKTHKE, 0e3 crielranbHON afanTaliuy AJis IPOU3BOJACTBEHHBIX YCIOBUM.
K Takum pesynbTaTaM MOXKHO OTHECTH PEKOMEH[AIUU 10 BBIOOPY COCTABOB M APXUTEKTYPHI
MOKPBITHH, a TalkKke [aHHBIE 10 Ha3HAUEHWIO ONTHMH3MPOBAHHBIX ABTOPOM pPEKUMOB
BaKyyMHOI'0 HOHHO-IIJIA3MEHHOTO HAIbLIEHUS MTOKPBITUH.

JIoCTOBEpHOCTh ~ IIOJIYYEHHBIX B JHUCCEPTAlMM  PE3yJbTaTOB  OOecreyeHa
MCIOJIb30BAHUEM MEPE0BOI0 COBPEMEHHOIO HCCIIEA0BATEILCKOIO, TEXHOIOIMYECKOro M
MCIBITATEIIBHOTO 000PYI0BaHUS.
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HoBusHa ®  BaKHOCTH  CQOPMYTUPOBAHHBIX B  JAHCCEPTALMH  TOJIOKEHHH
CBUZICTEJIbCTBYET O BBHICOKOM Hay4HOH KBaTM(UKAIIAK aBTOpA.

Juccepraids BbIIOJIHEHA HA IUPOKOM OMOIHOTpaduueckomM Marepuaie. ABTOPCKHeE
BBIBOJIbI OCHOBAHBI Ha peE3ybTaTaX COOCTBEHHBIX OKCIIEPUMEHTAIBHBIX UCCIIeIOBAHHH.
Pabota wuMeeT KOPPEKTHBIN, JIAKOHMYHBIH, 1POGECCHOHANBHBIA CTHIb H3IOKEHHS,
oopmiieHa B COOTBETCTBHH C TpeOOBaHUSIMH. Marepuan AuMcCepTallHd [IPe/CTABICH B
CTPOrOH HAy4HOM TIOCIIENOBATENbHOCTH: aBTOpP  pacio/araer Haubonee BayKHbIC
PE3IOMUPYIOLIME BbIBOJABI B KOHLEC KaXKIOW TJIaBbl, OTMpENelisisi TEM CaMbIM IPENOChLIKH
MCCJICIOBAHUH CIIEAYIOLICH TTaBel. 1O 0OECIEUMBACT JIOTHIECKOEC MOCTPOEHHE paboThI,
BLIJIEIACT B3aUMOCBSI3H MEXKJy IJlaBaMH JUCCEPTAllMM U HOAYEPKUBACT 3aBEPIIEHHOCTD
Ka)X[IOH I'71aBEL.

CootBercrBue TemaTHKM paboThl, oONIacTedl HCCICNOBaHUS W MOJYy4YEHHBIX
pe3ynbTaTOB MNACMOpPTy Hay4dHOW crnenuanbHocTH 2.5.3 «TpeHue M HM3HOC B MalmHaxX»
Onpenensercss Mo CIeayrolIUM HampaBlIeHUsM: 1. 7. TpubOoTeXHHYecKHe CBOIiCTBA
MaTepHaioB, IIOKPEITHH U MOAU(DHUIIMPOBAHHBIX TOBEPXHOCTHLIX ¢j10eB; 1. 10. dusnyeckoe
U MaTeMaTH4YeCKOe MOJEIHUPOBAHUE IIPOLECCOB TPEHHMS W HW3HAIIMBAaHWs. Pacuer
ONTHMMHU3ALUUA  y3JI0B TPeHWS W  CIOXHbIX Tpubocuctem; 1. 16. Marepuaisl
TpUOOJIOIHYECKOro Ha3HaueHus. VMiccnenoBanus u paspaboTka.

[lyOmukanuu  aBtopa v aBTopedepar MOMHOCTBIO OTPAKAKOT  COJEp/KAHUE
nuccepranyi. OCHOBHBIE HAYUHBIE Pe3YJIbTATHI IUCCEPTAIMK Oy OIMKOBaHbI B 18 meuaTHbIx
paboTax, B TOM 4ucie 6 — B u3aHusX, pekoMeHnoBanHbix BAK npu Muno6pnayku PO, u 5
— B MEKIyHapomHbix 6asax uumtuposanud Web of Science u Scopus, a Taxke nonyuen 1
nareHT P®. Cpemnt ormyOMKOBaHHBIX PabOT COUCKATENsT WMEKOTCS [[BE aABTOPCKME
MoHOMmyOnmuKanui.  PesynbraTel  HWcciieioBaHuit  anpoOMpOBaHBI  HA  HECKOJBKHX
MEK/ 1y HAPOJIHBIX U BCepOCCHiicKuX KoHdepeHuusix B mepuoj ¢ 2019 mo 2024 r.r., uX CIucox
MpEeACTaBJIeH B AUCCEPTAMK U aBTopedepare. MIMeroTes cChUIKM Ha aBTOPOB U HCTOUHHKH
3aMMCTBOBaHUS MAaTepUATIOB.

3akiouenne

Huccepranmsa Anexcanjipa KMpanosnua Boponaesa «Mccienosanne u paspaboTka
TCXHOJIOTMYECKUX  [PUHIMIOB  IOBBILICHUS  (QYHKIHMOHAIBHBIX  XapaKTEPUCTHK
TPUOOCOMPSUKEHUH npu ucnonb3oBaHu DIC-moKpeITHE, CTAOMIM3UPOBAHHBIX a30TOMY
SIBIISICTCSl 3aKOHYEHHON HAYYHO-KBAJIM(UKALIMOHHOM paboTOM, B KOTOPOH M3JI0/KEHBI HOBbIC
Hay4HO 0OOCHOBAHHBIE PEILCHHUS, UMEIOINE CYIECTBEHHOE 3HAUCHUE [1/1s PA3BUTHS CTPAHbI,
U 3aKJIFOYAIOIIHECS B IOBBILICHUH pabOTOCIIOCOOHOCTH Y3JI0B TPEHHUsI [IHPOKOTO IHAIIa30HA
[[PUMEHEHUH 3a CYET HCIIOJb30BAHUS HMOHHO-IUIa3MEHHBIX alMa30l0100HbIX MOKPBITHIA,
TPHOOTEXHUYECKUE XaPAKTEPUCTUKU KOTOPBIX YIIyUIIE€HBI IIyTEM CTAOMIU3AIMH a30TOM U
OITHMHU3AIUU TEXHOJIIOIMYCCKUX [TapaMeTPOB HaHECCHHUS.

Cunrato, urto auccepraimMonHad pabora Bopomaea Auiekcanmpa Msanosuua
MOJTHOCTBIO COOTBETCTBYET TPEOOBAHUAM, IIPEILABIIEMbIM K KAHTUAATCKHM JAHCCEPTAIHAM,
B TOM 4uciie Kputepusam «Ilonoxenus o nopsake Npucy i ieHus YYEHBIX cTerenei» (19—
14), yreepxaennoro Ilocranosienuem [paButennctBa PO Ne 842 ot 24.09.2013 1. (pen. ot
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01.10.2018), a e& aBTOp 3aciy)XMBAacT MPUCYKAECHHsS YYCHOW CTENEHW KaHauIara
TEXHHYECKHX HayK IO creluaabHocTH 2.5.3. Tpenue u H3HOC B MallIWHaX.

Jlaro coryacue Ha BKJIFOUEHHE CBOMX IIEPCOHANBHBIX JaHHBIX B TIOKYMEHTBI, CBS3aHHbIC C
paboTOM TUCCEPTALOHHOTO COBETA, ¥ MX JabHEUIIYI0 00padOTKY.

OduranbHbIN ONIIOHEHT:

KaHIUIAT TeXHUYeckuX Hayk (crew. 05.02.04 — TpeHne 1 M3HOC B MaIllMHaX ), JOLEHT
Kadenpsl «MeTaiopexyIue CTaHKK ¥ HHCTPYMEHTBD)

®I'BOY BO «JloHCKO# rOCyAapCTBEHHBIN TEXHUUECKUH YHUBEPCUTET
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