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Beaymed opranusauun — ®I'BYH «MHCTHTYT (H3MKH NPOYHOCTH M
matepuasiosenennss CO PAH» na auccepraumonnyio pabory JleGegesa
Amutpusi  Hocudouua «PopmupoBanue CTPYKTYpbl H  CBONCTB
KOHTAKTHOH MOBEPXHOCTH NMOPOLIKOBLIX NOKPbLITHI cueTrembl Ni-Cr-B-Si ¢
YJAbTPAAHCNEPCHBIMU  N00aBKaMU», NPEACTABJIEHHON HAa COHCKaHHUE
Y4EHOH CTeNeHW KAHIMIATA TEXHHUYECKHX HAYK MO0 CHeHHAJILHOCTH
05.16.09 — MaTepunanoBenenue (MalmHOCTPOEHHE)

AKTYa/IbHOCTh T€MbI IHCCEPTALHH

Huccepraunonnas pabora JleGenesa JI.M. cBsizana ¢ OfHUM U3 CTpaTeruyecku
BA’KHBIX  JUIsi  IOCyIapCTBa  HAlpaBACHUM  UCCACMOBAHMI 10  IOBBIICHUIO
SKCIyaTallHOHHOW HaJeXKHOCTH JeTajled MalldH M MEeXaHU3MOB, PabOoTAIOIIUX B
YCJIOBUSX MHTCHCUMBHOIO M3HAILMBAHHUS KOHTAKTHPYEMBIX MOBEPXHOCTEH Map TpeHus.
JI71s NOBBILIEHUS W3HOCOCTOMKOCTH KOHTaKTHPYEMbIX [OBEPXHOCTEH, Kak paBUIIO
MPUMCHSIOT ~ CIELHAIbHBIC [OPOIIKOBbIE MaTepualibl, KOTOPble 006EeCrneYnBaroT
oOpasoBaHue yNpoOYHIOWMX (a3 W yIy4lIAlOT CTPYKTYPY MOKPBITHSL. YnpouHeHue
JIOCTUIaeTCs MyTeM (OPMHUPOBAHMS B TOPOIIKOBBIX MOKPBITHSX YJbTPAIUCIIEPCHOMN
CTPYKTYPbI B KOHTAaKTUPYEMOH MOBEPXHOCTH Ha ocHoBe cuctembl Ni-Cr-B-Si, kotopas
obecrieunBas  HampaBIeHHOEe  MOAMGUUMpYIOIIEE  BIWSHHE,  OOeCcHeuuBaeT
3HAYMTEIBHOE TOBbILIEHHE (QU3MKO-MEXaHUYECKUX M IKCIUTyaTALlMOHHBIX CBONCTB
MOKPBITHH U3 MEPCIIEKTUBHBIX MOPOIIKOBBIX KOMITO3ULIMOHHBIX MATEPHAJIOB.

Takoii moaxox sBAsieTcsi aKTYaAbHBIM M MOATBEPXKIACTCS AKTUBHBIMMU
aHAJOrMYHBIMU UCCIICIOBAHUSIMH, BBITIOJHIAEMBIMU 3a pybexoMm.

CrpykTypa u coxepxanue paGoThbl

Jucceprauus COCTOMT M3 BBEJCHHS, YETbIPEX pAa3fesoB, OCHOBHBIX BBIBOJIOB,
CIIUCKA HCIOJIb30BAHHON JIMTEPATyphl M3 85 HAUMEHOBAHWUM W IPUIIOKEHUH, B
KOTOPBIX ~ NMPUBE/JCHbI  KOMUW  JOKYMEHTOB, MOATBEPKIAIOUIMX [PAKTHYECKYIO
3HaYUMOCTh paboThl. OOwmi o0bem auccepraunu — 142 cTpaHuibl, B ToM ducie 41
pUCYHOK, 8 TabJaUL U 3 MPHUITOIKEHMUSI.

Bo BBeaeHnn aBTOpOM paGoTBI OGOCHOBBIBAETCS aAKTYalbHOCTH BHIGPAHHOM
TeMbl. Ha OCHOBE BBINOJIHEHHOrO aHajM3a, aBTOPOM paboThbl HAYYHO 0GOCHOBAHO
(opmyaupyoTess  neab  mccaea0BaHMI  —  YCTAHOBIEHHME — 3aKOHOMEPHOCTEH
(OpMHpOBaHHMS  CTPYKTYpbl M (PUKLHOHHOIO  B3aWMOJEHCTBHS  KOHTAKTHBIX
IMOBEPXHOCTEH [PU TPEHMH CKOJIBKEHMS MOKPBITHUH M3 criaBoB cuctembl Ni-Cr-B-Si ¢
ynpTpaaucnepcHbiMu jobaBkamu wmnunene CoAlL,Oy u CuAl,O4, dopmynaupyroTes
3a/1a4d, KOTOpble HEOOXOAMMO peIIUTh Ul €€ YCIEUIHOrO JOCTHUIKEHUS, a TaKKe
00OCHOBBIBAETCS ~ HEOOXOAMMOCTh — BCECTOPOHHEIO — W3y4eHHs  Naphl  TPeHHsl



«MOAM(ULMPOBAHHOE TOKPBITHE — METAIUIAYECKOE KOHTPTENO»,  C OLEHKOH e
H3HOCOCTOHKOCTH U MUKPOI€OMETPHH 00€HUX KOHTAKTHPYEMBIX IIOBEPXHOCTEH.

B nepBoii rnase npencraBieH aHaIM3 JIMTEPATYPHBIX HCTOYHHKOB 10
BbICOKOOHEPreTUYECKUM  TEXHOJOTMSIM ~ HAHECEHMS!  [OPOIIKOBBIX  MOKPBITHI;
[IpOAHATIM3UPOBAHbl  METOJbl  MCCJIEOBAaHUs COCTaBa, CTPYKTYPBl M  CBOMCTB
M3HOCOCTOMKHX ra30TEPMUYECKUX MOKPBITHH.

Bo BTOpo#i riaBe nNpHBENEHBl XapaKTEPUCTHKH HMCCIENyeMbIX MaTepHaloB,
TEXHOJIOTMYeCKHe ornepannu uX MOJIFOTOBKH, PEKUMBbI HaHEeCeHHMUS
MOZM(GUUNPOBAHHBIX [TOKPBITHH, MpeJCTAaBIEeHbl MCMONb30BAHHbIE AHATUTHYECKHE
METOZbI W PE3yJbTaTbl HCCICAOBAHUN HCCIIENO0BAHUS CTPYKTYPhI W pacrpeneseHus
MHMKDPOTBEP/I0CTU MATEPUAIOB KOHTAKTHBIX TOBEPXHOCTEH.

B Tperveii riaBe npuBeieHbl pe3yabTaThl  MHKPOPEHTTEHOCIEKTPaIbHBIX
HCCIIEIOBAHUH  Tlepexo/ia MarepuanoB KOHTAKTHBIX IOBEPXHOCTEH IpY TpeHHH
MOJM(ULMPOBAHHEIX MOKPBITUH C KOHTPTENAMH U XapPaKTEPUCTHKH HX DPUKLHOHHOIO
B3aMMOJIEHCTBHUSI.

B uerBepToii raaBe NpuBOLSTCS pe3ysbTaThl UCMILITAHMI HA TPEHHE CKONBKEHHE U
MCCIIEIOBAHMH  B3aMMOCBSI3H  MHKpOpenbeda —[OBEPXHOCTENH  MOAMGBUIIMPOBAHHBIX
MOPOLIKOBBIX MOKPBITHH W METANIMUYECKUX KOHTPTE.

B 3aksmo4uennu chopmymmpoBaHbl OCHOBHBIE BBIBOJIBI ITO paGoTe.

Hay4nas nosusna pa6orel, 060CHOBAHHOCTb H J0CTOBEPHOCTD NOJIy4eHHbIX
pe3y.abTaToB.

ABTOpOM paloTbl HAa OCHOBE BBINIOJHEHHBIX HCCIEI0BAHMI YCTAHOBIIEHDI
FPaHULbI TOMUHHUDYIOLIErO BIMSHUS YJIbTPaAUCIepCHbIX a06aBok (mo 0,02%) B
IOPOLIKOBBIX MaTrepuaiax Ha CTPYKTYpY M MHUKPOTBEPAOCTH MOKPBITHH cucTeMbl Ni-
Cr-B-Si: ysenuuenue muxporsepaoctu B 1,1...1,3 pasa u H3HOCOCTOMKOCTH B 1,3-1,4
pasa [pu NMpaKTU4ECKH HEMEHSIOUIEHCS MUKPOCTPYKTYPhI MOKPLITHs. BBISBIEHO, 4TO
[IepexoN MaTepuasa MOKPBITUS K KOHTPTENy W 0OpaTHO BiIMseT Ha (HOPMHUpOBaHME
MHUKPOr€OMETPHUH KOHTAKTHBIX IOBEPXHOCTEN TPEHHUs MOJUMULIHPOBAHHOTO MOKPBITUS
¥ METAIMYECKOrO0 KOHTpTEJTa. YCTAaHOBJIEHBI M Hay4YHO OOOCHOBAaHbI HOBBIE
3aKOHOMEPHOCTH (DPUKLMOHHOTO B3aUMOIENCTBUS METAIMYECKUX  KOHTAKTHDIX
MOBEPXHOCTEH TPEHHS CKONBLXKEHHS C M3HOCOCTOMKMMH MOAMMDHIHPOBAHHBIMH
MOPOLIKOBBIMK  MOKPLITUAMH. [lepedncieHnbie pe3ynbTaThl COCTABISIOT HAYYHYIO
HOBH3HY M TEOPETHYECKYI0 3HAYMMOCTbL BbINOTHEHHBIX HCCEPTALHOHHBIX
UCCJIelOBAHUM,

3HAYUMOCTD /UIS HAYKH Pe3yJIbTAaTOB HCCIIENOBAHUI 3aKII0YAeTCS B TOM, YTO
MIOJyYCHHbIE  pe3yJIbTaThl  PAa3BUBAIOT  TEOPETHYECKME  OCHOBBI  MOBBILIEHHUS
IKCIUTyaTallMOHHBIX XapaKTePUCTHUK JIETalled MallMH, COAEPXKALIMX [apbl TPEHHs,
paboTa KOTOpBIX BCELEIO OMpejesseT HAaAKHOCTh M JONCOBEYHOCTH MALIMH M
MEXaHU3MOB, 3KCILTyaTHpyeMbiX B Poccuiickoit ®eneparum.

[IpakTHyeckast 3HAYUMOCTDH PaboOThI

[lonydeHnbie B jguccepranuy pesyibTaThl  MO3BOJAIOT HAy4HO OGOCHOBATH
TEXHOJIOTHIO  TOJTIyHCHMSI MOKPBITHH, MOAM(PUUMPOBAHHBIX  YJIbTPAAUCIIEPCHBIMU
nobaBkamMH, — 00ECreYMBAIOT  BO3MOKHOCTH  pa3paboTarb  CrocoOsbl noxdopa
METaJNTMYECKOr0 KOHTPTEe/Ia /IS TOBLILIEHHUS H3HOCOCTOMKOCTH ITaphbl TPEHHUS.

[losmy4enHble npakTHYecKHe pe3ylbTaThl HCIOJB30BAHBI TP BBIMIOJHEHUH
mpoekra No 6781 Monna conedcTBus pasBUTHIO MasbIX OPM MPEANPUATHI B HAYYHO-
TEXHHUYECKOH cepe.

[§]



B uenom juccepraunonnas paGora HanucaHa TEXHHYECKHM IPAMOTHBIM SI3BIKOM,
M3JIOKEHHE MaTepuajla JIOrHYeCKH OOOCHOBAHHOE, PUCYHKH, CXEMbI, WJLIIOCTPALIMH,
TaONIMLEL B JOCTATOYHOH Mepe pacKpbIBAIOT M3naraemblii MaTepuai. PaGora xoporuo
CTPYKTYPUPOBaHa, U3JI0KEHHE MaTepualla YeTKOe U MOC/Ie10BaTEIbHOE.

OGocHOBaHHOCTEL M JI0CTOBEPHOCTL HAYYHBIX MOJI0KEHHIH, BBLIBOJOB H
pPeKoMeHIauMi, chopmMyIHPOBAHHBLIX B JHCCEPTAUMM IOATBEPKIAIOTCS ABTOPOM
[IPUMEHEHHUEM Pa3JIMYHBIX COBPEMEHHBIX anpOOMPOBAHHBIX METOI0B UCCIEIOBAHUMN U
00pabOTKU pe3yIbTaToB, a TAK)XKE UX COOTBETCTBUEM, SKCIIEPUMEHTAILHO MOy YeHHbIM
pesysbTaTtam, NOATBEePKAAILINM J0CTHKEeHHEe ¢hOPMYTHPOBAHHOM e paGoThl.

Pesynbrarel MccenoBaHuii NOKIAABIBAINCE HA DPA3TMUHBIX MEXKIyHAPOIHBIX,
BCEPOCCHHCKMX M PErMOHANIBHBIX HaYYHO-TEXHMYECKMX KOH(MEPEHIMSIX, OCHOBHOE
coaepaHue aucceprauuu onydinkosano B 30 Hayuynbix paGorax, B TOM yucie; 8
CTaTbiiX B pEUCH3HPYEMbIX JKypHaJ/ax, pekomMeHaoBaHHbIXx BAK P® aas
Ony0/IMKOBAHUS MATEPHAJIOB AHCCEPTALMOHHBIX paboT, 21 Te3ucax JOK/IAA0B Ha
Hay4YHO-TEXHHYECKUX KOH(pepeHuunsnx.

3ameuanus no AuccepTaUHONHOI paboTe.

HecmoTpst Ha BbllIenepeuncIeHHbIe JOCTOMHCTBA BBIMOTHEHHOH paGoThl, 10 eé
CONCPKAHMIO U U3JIOKEHHUIO UMEIOTCS CIICYIOLIUE 3aMEYaHUS

Tema akTyasnbna, HO HeT 060CHOBAHMS peIIAeMOM MPOGIIEMBI.

Hay4nasi HOBH3HA: HAaNKMCaHO, YTO U3MEHEHUH CTPYKTYPBI HET, @ «YCTAHOBJIEHO
BIIMSIHUE ....... Ha CTPYKTYpY...... ».

He mnousaTHO, 4TO mMOHMUMAETCsI MOJ TEPMHMHOM «KOAQJIECLEHLHS ...... 7», Kak
meronom  MPCA  wusydena  mukporeomerpws....?, Kakue  3aKOHOMEPHOCTH
(QPUKLMOHHOrO B3aHMO/EHCTBHS [I0BEPXHOCTEH YCTAHOBIICHDI?

[To10:keHNsl BLIHOCHMbIE HA 3ALIMTY: HENOHATHO KAKUE Pe3yJIbTaThl B IIYHKTE
2, KaKO# aHaIU3 B MyHKTE 4 1 Kakasi B3aMMOCBSI3b XapakTepPHCTHK B [TyHKTE 5.

I'naBa 1 Hanucana rpaMOTHO, HO U3 JIMTOG30PA JOJKHbI BHITEKATh LeJIb U 337241
paboThl, Yero He caesaHo.

B rnaBe 2 npusejien TOJIbKO OJKMH THII IOPOLIKOBOrO Matepuana, a apyrue? B to
K€ BPEMsl TPaAMLMOHHAS MOArOTOBKA LLTU(OB 3a4eM-TO ONKCaHa O4YeHb MOAPOOHO.
HenownsTHo 3auem npusenensl horo 2.2, 2.3,a, 2.4,a, 2.5 u 2.6?

B naparpage 2.2 na pucynkax 2.7, 2.8, 2.9, 2.11 NOKpBITHS He BHIHO.
HemnonstHo kakoii coctas matepuana yxasan B tabuuie 2.3

Msxonst u3 Goto Ha puc. 2.13 He criemyeT, uTo craib cTana Gosee OJIHOPOJIHOM
Kak yka3aHo. Hemonstno, 4to nokassiBaior Pucynku 2.14 n 2.15?

Nmeromnecss 3ameyannsi 1no AncceprauMoHHOH paGoTe CcKopee HOCST
PEKOMEHIATEbHbIH XapaKTep M He CHHKAWT 00wmeld BBICOKOH OIEHKH
AHCCEPTAUHOHHONH padoThl.

3akarouenne

Cuuraem, 4To aucceprannonnas pabora «PopMUPOBaHUE CTPYKTYPhI H CBONHCTB
KOHTaKTHOM  MOBEPXHOCTH IIOPOLIKOBBIX MOKPLITHH  cucTembl Ni-Cr-B-Si ¢
YJIBTpaJiUCIIEPCHBIMHU no0aBKaMm, SIBIISIETCS 3aKOHYEHHOH Hay4yHO-
MCCJIEI0BATEIbCKON  pabOTOM, BBINOJHEHHOW Ha aKTyalbHylo Temy. HayuHble
pe3yJIbTaThl, ITOJY4YSHHbIC IUCCEPTAHTOM UMEIOT CYILECTBEHHOE 3HAYEeHHE I HAyKH U
IPaKTUYECKYI0 LEHHOCTh. BBIBOABI W 3aKIIOYEHHS JOCTATOYHO OOOCHOBAHBI WU
JOCTOBEPHBI.



Pabota no cBoemy cozneprkaHuio, UeNsM ¥ 3a1a4aM, T10J0KEHUSIMH, BBIHOCHMBIMH
Ha 3alIATYy W HAYYHOHW HOBM3HOH, COOTBETCTBYIOT MPEACTABIEHHON CIELUAIbHOCTH.
ABTopedepar U omyOnMKOBaHHbIE paboThl aBTOPA OTPAXKAIOT OCHOBHBIE MOJIOKEHHS
JUCCePTALMOHHON paboThl. Pe3ynbTaThl paboThl B JOCTATOYHON Mepe anpoOUpOBAHbI
Ha Hay4HBIX MEPOIPUATUSAX PA3IUYHOTO YPOBHS,

Hucceprauuonnas pabora MONHOCTHIO OTBe4yaeT kputepusiMm «IlonoxeHus o
MOPAZKE MPUCYXKICHUS yUYEHBIX creneHei (. 11.9), npeabsaBiseMbIM K KaHIUAATCKUM
aucceprauusaM, a e€¢ aBtop — Jlebenes JImurpmii HocudoBuu  3acayxusaer
NPUCYKACHHUS YYEHOH CTeNeHH KAHAUAATA TEXHHYECKHX HAYK M0 CNelHAIbHOCTH
05.16.09 — Marepuna/ioBeeHne (MAMIMHOCTPOEHHE).

3akirouenne coctapus Capaes IOpuit HukonaeBud — 10KTOp TeXHMYECKMX HAyK,
JOLEHT, BeAyLIMH HayuHbld coTpynHuk JIKM MDIIM CO PAH.

Hucceprauuonnas pabora JleGenesa JILU. s3aciymena u  obcyxiaeHa Ha
pacliMpeHHOM HAy4yHOM ceMuHape JIabopaToMH KOMITO3MLIMOHHBIX MaTepUasoB
M®IIM CO PAH (ITpotokon Ne 9 o1 24.07.2014 r.).

.
[Ipencenarens HayqyHO-TEXHUYECKOTO CeMUHApa /\l
) /|

Jlaboparopyun KOMIO3ULIMOHHBIX MATEPUAIOB, A.T.H. ‘/7 B.E. OBuapeHnko

Cexperapb Hay4HO-TEXHHYECKOIO CEMHHApA, 4 l/ Y —
M.H.c. JIKM, k.T.H. e, 7/ E.H. Bositurun

OT3bIB cOCTaBuUII, B.H.C., A.T.H. IO.H. Capaes
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