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O(HUHATEHOTO ONIOHEHTA O THCCEPTALMOHHOM pabote CyxopykoBoi MpuHbI
BukTopoBHBI Ha TemMy «Co3nanne 6HOAKTHBHbIX nokpseituii TiCaPCON/(Ag,
AYTMEHTHH) ¢ aHTHOAKTePHAILHBIM 3((heKTOMY, IIPEICTaBIIEHHOM Ha
COUCKaHNEe y4EHOH CTENeHH KaHIHU/IaTa TEXHAIECKHX HAYK [0 CIIEHUaTbHOCTH
05.16.06 — «ITopoIKoBasi METALTYprisi B KOMIIO3HUIMOHHbIE MaTepHabDy

AKTYyaJIbHOCTh TeMbI IHCCEPTALHH

B Hacrosiiee BpeMst MeTOABI MOPOLIKOBOI METAIyPruHd  IIHPOKO
HCTIONB3YIOTCS TIPH CO3J@HWH Pa3IMYHBIX THIIOB HMMIUIAHTATOB. BO MHOrOM
Onmaromaps WM obecrieumBaeTcss BBICOKAs OMOJOTHYECKas U MexXaHH4YecKast
COBMECTUMOCTE UMILIAHTATOB C TKAHAMH YEJIOBEYECKOro OpraHu3Ma.

OnHako BHE 3aBHCHMOCTH OT BHIOB MMIUIAHTATOB H CIOCOGOB 1704
MPON3BO/ICTBA OCTACTCsl aKTyalbHOM MpobiieMa BOSHUKHOBEHHsS GaKTepHaIbHOM
MH(QEKIUM TpH ONepaTUBHOM XHPYPru4eCKOM BMEIIATeIbCTBE, CBS3aHHOM C
YCTAHOBKOM UMILIAHTATA.

B mnpencrasnenHoit paGore mpemmoxeHo asa HarpasjieHus: OopwOBI ¢
vuHpekuuen. IlepBelii 3TO HOBBIM KOMOWHHMPOBAHHBIH IOAXON K IIONyYeHHIO
METAJII-KepaMHYECKUX UMIUIAHTATOB C KOHTPOJIHMPYEMBIM XUMHYECKHM COCTABOM
M SYEUCTOH CTPYKTYypOH INOBEPXHOCTH, 0OECHeYHBAOIEll BO3MOXKHOCTE TOUHO
KOHTPOIMPOBATE 1103y BHOCHMOIO aHTUOMOTHKA M HAleXHO €& yIepKHUBaTh.
BHOaKTHBHOCTH MOBEPXHOCTH B 3TOM ciy4ae obecreynBaeTcss HaHECEHHEM Ha
TIOBEPXHOCTE  TOHKOTO HAHOCTPYKTYPHOTO MOKPBITHS coctaBa TiCaPCON,
0bJanaonero 6HOAKTHBHBIMU XapaKTePHCTHKAMH.

Bropoe  HampaBnenume  sBusiercs aIbTEPHATUBOM  MCIOJIE30BAHUIO
aHTHUOMOTHKOB 32  CYeT  BBeHEHHS B IIOBEPXHOCTh  HMMIUIAHTaTa
aHTHOAKTePHATbHOTO KOMIIOHEHTa, B YaCTHOCTH, cepebpa. O6a HamnpapieHus
00BEIMHSIOT COBPEMEHHBIE CIIOCOOEI MOIM(DUINPOBAHUS TIOBEPXHOCTH H3/EIHIA.

OnHako, Kak IOKa3al BBITOJHEHHEIH AUCCEPTAHTOM TIIIyOOKHH aHaIu3
HayYHO-TeXHWYECKOH HHGOPMaLMH, /I NPAaKTHYECKOH pealu3andd JaHHbIX
NpeVIOKEHUH B MEMMILMHCKYIO MpaKTHKY  HMeoIeiics UHpOpMaIuu
HEZ0CTaTOYHO.

B cBsizu ¢ atHM, akryansHOCTH PaGoTHI ONpeNesaeTcss He0OX0IUMOCTHIO
Pa3pabOTKN HOBBIX COCTABOB IIOKPBITHIA C BHICOKMM YPOBHEM aHTUOAKTepHAIBLHOM



AKTHBHOCTH JUISL YMEHBIIEHMS PHUCKAa OCIOXHEHHH W3-3a GaKTepHAIBHOIO
UH(QHULUPOBAHUSI.

AKTyalbHOCTh PabOTHI MOATBEPIKIAETCS TEM, YTO paboTa BEIMONHATACH B
paMKkax  rocynapcTBeHHOro koHrpakra Ne 16.513.11.3092, rpanta PODU Nel3-
03-12081 u mpoekra Ne K2-2014-012.

Ouenka  comepxammsi  auccepTauMM, HAay4HOH  HOBHM3HBI W
NPaKTHYECKO# 3HAYMMOCTH.

Jlnst MoCTHKEHMS IOCTAaBIEHHOW €M B IIEPBOH IiiaBe IOUCCepTaIlui
aBTOPOM  BEINOJIHEH — MOAPOOHEHIIMH aHANM3  CyliecTByIOmled  HAay4HO-
TEXHUYECKO# MH(OopMaruu. HMcronb308ano 216 HCTOYHHKOB, B TOM YHCIE OKOJIO
200 nHOCTpanHkIX. ['y6uHa noucka cocrasmia 6onee 10 jer.

IIpoBesileHHbIN aHANN3 JUTEPAaTYPHBIX NAHHBIX MOKA3al HEOOXOMUMOCTS
CO3MaHMsi ~ HOBBIX  BHJIOB  OHMOMarepwanoB,  oOJaNarOMX  BBICOKOI
aHTUOAKTEPUATIHOM M GHONOrUYECKOM aKTUBHOCTHIO.

Bo BTOpo# riaBe mpencTaBiieHbl XapaKTEPHCTHKH HCXOIHBIX MaTepHajioB
(monnoxexk, MUINEHeH-KaTOOB), NPHUBENEHHI METONMKH HOHHO-ILUIA3MEHHOTO
OCaXICHHUS  TOKPBITHH, CEJEKTMBHOIO JIa3€PHOTO  CIIEKAHWS, METONUKH
MCCIIeIOBAaHUST M Pa3HOOOpasHble COBPEMEHHBIE METO[bl NPOBEICHUS OIEHKHU
CBOWCTB MaTepuaos (Bcero Goee 15).

3neck cieyeT OTMETHTb, 4YTO CTPYKTYPYy W CBOMCTBA HCXOIHBIX W
MONyYeHHBIX B HTOTe MAarepHaJoOB H3y4ald Ha CaMOM COBPEMEHHOM
000pyZI0BaHNH, B YACTHOCTH: CKAHHUPYIOLIEM 3JIEKTPOHHOM MHKpockore S-3400N
(Hitachi, SImoHus), MUKpOCKOIIE ¢ aBTOMHUCCHOHHBIM karogom JEM7600F (JEOL,
JINOHWSI) ¢  TNIPUCTaBKOH  PEHTTEHOBCKOIO Mukpoanamsa INCAx-sight,
peHTreHodasoBom ananmusarope D8 Advance (Bruker, CIIIA), BakyymHom UK-
®ypse cnektpomerpe «Vertex 70v» (Bruker), HaHOTBepaoMepe Nano-Hardness
Tester (CSM Instruments, IllBeiinapusi), aBTOMATHYECKON MalIMHE TPEHUs
Tribometer (CSM Instruments, IlIBeiinapus), «ckpaty-tectep» (REVETEST,
CSM Instruments, IlIBeiitapus) u qpyrux.

B Tperbeli rnaBe mpencTaBieHBl 3KCIEpHMEHTATBHBIE pe3yabTaThl
ONTHMH3ALMN TEXHOJIOTHYECKUX MapaMeTpoB ocaxaeHus: Mokpbituii TiCaPCON-
Ag ¥ pe3ynbTaThl HCCIIEOBaHM COCTaBa, CTPYKTYPBI ¥ CBOMCTB MOKPHITHI. Bolin
ONMpoOOBaHbI pa3TMYHbIEe METO/BI BBEIEHHS cepebpa B COCTAB TIOKPBITHS.

HccnenoBanue monepeyHsIx U3I0MOB MOKPHITHH MeTogoM COM 10Ka3ajo,

410 NOKPEITUsE TiCaPCON HMEIOT IIIOTHYIO KOJNOHHYIO CTPYKTYypy. Jleruposanue
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ManbIMH JobaBkamu cepebpa (0,4%) He wu3MeHseT MOP(OJIOTHIO HOKPHITHIA.
YBenuuenue coxepxanus cepebpa B NOKphITHH (1-4%) npuBoauT K nerpamamuu
KOJIOHHOH CTPYKTyphl. Ilpu comepxanum cepebpa 1-4% Ha moOBepxHOCTH
TIOKPBITUH HabIonaeTcst 00pa3oBaHKe HAaHOYACTHIL cepebpa pazmepom 5-10 HM.
Wsydenne dazoBoro cocrasa moxpsItuii CBUJIETEILCTBYET O TOM, YTO OCHOBHOI
CTPYKTYPHOW COCTaBIISIOILEH MOKPBITHIA SBIISETCS ¢a3a xapGouuTpuia THTAHA.

B pesynbrate 3ieKTpPOXMMHYECKHX HCIIBITAHMI YCTaHOBJIEHO, YTO
nokpeiTHss TiCaPCON o6nanaror BBICOKOIL KOPPO3HOHHOM CTOMKOCTBIO 32 CYET
00pa3oBaHus Ha €ro MOBEPXHOCTH [UIOTHOM MACCHBHOM ILICHKH.

3MepeHne KpaeBoro yria cMauMBaHUS NOKa3aJl0, YTO TOKPBITHS
TiCaPCON-Ag mocne HambUIeHHS SBJISIOTCS rUApOGHUIBHBIME.  [TOKpBITHS
COXPaHSIOT TUAPO(UIBHBEIE CBOWCTBA B TeueHHe TPEX YacoB BBIAEPKKH Ha
BO3/yXe.

Pe3ynbTatel HecnenoBanus 6HOaKTUBHOCTH TIOKPBITHH METOJOM BBIAEPKKH
B (DM3HOJIOTHYECKOM PAaCTBOPE, HMHTHPYIOLIEM BHYTPEHHIOIO CPENy OpraHu3Ma, ¢
TMOCTENYIOIMM  aHANIM30M MPOIYKTOB pEaKUUH Ha IOBEPXHOCTH TIOKPBITHUS
CBHUIICTETIECTBYIOT O TOM, YTO MOBEPXHOCTH MOKPHITHH SBISETCS GHOAKTHBHON M
CIIOCOOCTBYET 0Opa30BaHMUIO CIIOSI AATUTA.

B uerBeproil riaBe mNpuBeseHBI pe3yNBTATHI HCCIETOBAHHS KUHETHKH
BBIXOJIa OaKTEpUIUAHOIO KOMIIOHEHTA (cepebpa) C TNOBEPXHOCTH MOKPHITHIA
TiCaPCON-Ag B 3aBucHMOCTH OT Pa3IMYHBIX CTPYKTYPHBIX ()aKTOPOB —
conepxkaHus cepeOpa, HANTMYMS MM OTCYTCTBHS HAHOYACTHII cepebpa Ha
TIOBEPXHOCTH M IIEPOXOBATOCTH MOIOKKHK. ITokasaHo, 4TO cpemmsis CKOPOCTh
BRIXOZla HOHOB 4epe3 3 CyTok HabmoneHWii yBemuumBaercs B 1,5 pasa mnpwu
YBEIMICHUN KOHLEHTPAaLUUK cepebpa B MOKPHITUU ¢ | 10 2% u B 7-8 pa3 npu
AOTIOTHUTEIEHOM YBETMICHHH [UIOLIA U IIOBEPXHOCTH B 2,1 pasa.

B msito¥i rmaBe mpexcraBneHsl pesynsraThl UCCJIEIOBAaHUM OCOOEHHOCTEH
bopmMHpoBaHUS  sTYEHCTOI CTPYKTYPbl METOIOM  CEJIeKTHBHOTO JIa3epHOTO
cnekanuss (CJIC) na mnoBepxHOCTM THTAaHOBOM momwIoXKH. B pe3ynbrare
OIIpe/IeJIeHBI ONTUMAJIbHBIE NapameTps nponecca CJIC.

WM3yyenne Tomorpadmu moBepxHOCTH NIOKPBITHH IOKa3ajo, 4YTO 3a CYeT
BapbUPOBAHHUS DPACCTOSHUS MEXAYy TpPeKaMH, MOXHO OOeCHequTh IIOJTyYeHHe
TIOKPBITHSA € pasMepOM OTKPBITHIX Mop B nuamnasore 0,83-5,11 mm’. Crenmansuo

C)OPMUPOBAHHBIH penbed) OBEPXHOCTH MOXKET GBITH 5} (EKTHBHO HKCIIOIB30BaH



JUIA 3aTPy3KH JICKapCTBEHHBIM IMPENapaToM C LENbI0 IPHAaHHS Marepuairy
NPOTHBOBOCTIATUTEIIEHBIX XapaKTEPUCTHK HETIOCPEACTBEHHO IIOCIIE HMILIAHTALIMH.

B mectoil rmaBe mpencTaBieHsI pe3ynbTATHI GHONOTHUYECKHX UCTIBITAHHH,
MPOBE/ICHHBIX B PoccuiickoM OHKONOrHYecKOM Hay4YHOM neHTpe umenu H.H.
broxuna u T'ocynapcrsennom HaydHOM LEHTpe MPHKJIaJHOH MHUKPOOHOIOIUU M
OuorexHonoruu. Pe3ysnpTaThl CBUJIETETIECTBYIOT O NOCTHIKEHHHM HA TOKPHITHAX
TiCaPCON-Ag BBICOKOM OuocoBMecTUMOCTH, OMOaKTHBHOCTH U
aHTHOAKTepHATBHOM aKTUBHOCTH.

OcHoBhasi HayuHasi HOBH3HAa paGoTBLI COCTOMT B pa3paboTke HOBOTIO
KOMOHHHPOBAHHOrO MOAXOAA K MOJYYEHHIO MMILIAHTATOB C KOHTPOJIUPYEMOM
Tonorpaduell IOBEPXHOCTM U  YCTAHOBJIEHHM 3aKOHOMEPHOCTEH  BIIMSHUS
ColepaHus cepebpa Ha CTPYKTYpy, (M3HKO-MEXaHWYECKHEe W OHOIOMMYECKHe
XapaKTEePUCTUKYU TOKPBITHIA.

Hosu3sna paspabortku noarsepsxaeso narenrom P®.

IIpakTnyeckasi 3HAYUMOCTHL PaGOTHI COCTOMT B pa3paboTke aBTOpPOM
1abOpPAaTOPHBIX PErIaMeHTOB Ha IIPOLECCH NOTY4YEeHHs] METAJUIOKEPAMHUYECKUX
MaT€pHalloB C BBICOKMM YPOBHEM OHOCOBMECTHMOCTH H OHOAKTHBHOCTH.
BaxxHOCTE s mpakTHKM  pa3paGoTaHHBIX MaTepHalioB  TOATBEPKIECHA
MCIIBITAHUSMH B 2-X Be[ly X MEIHUIMHCKUX [IEHTPaX CTPAHBL.

ocToBepHOCTE M 06OCHOBAHHOCTH OCHOBHBIX HAy4YHBIX IOJIOKEHHH H
BBIBOZOB  MCCEpTalMM  ONpENENSIOTCS  HCHOJB30BAHHEM  COBPEMEHHOTO
000pyNOBaHHS W  pa3NMYHBIX  ATTECTOBAHHBIX METOAUK  HCCIIEIOBAHMIA,
SHAYUTEIIPHBIM - KOJIMYECTBOM OKCIIEPUMEHTAIBHBIX NAHHBIX U IIPUMEHEHHEM
CTaTUCTUYECKUX METOJI0B 0OpabOTKH pe3yIbTaTOB.

3ameyanus no paGore:

1. B nurepaTypHOM 0630pe mpakTHUecKH OTCYTCTBYIOT MimocTpauuu ( 1
PHMCYHOK), YTO yXy/ILIAET €r0 BOCIIPUSTHE;

2. B asropedepare Hapsimy ¢ apyrumu (akropamu ykaseiBaeTcs, uTO
AOCTOBEPHOCTh H 0OOCHOBAHHOCTh PE3yJIBTATOB OMPE/EleTCs COMOCTABICHHEM
TIOMYHCHHBIX ~ pE3yNIbTATOB C pe3yibTaTaMHM JAPYTHX aBTOpPOB. B  Tekcre
AUCCepTalliH, OHAKO, TAKKE COMOCTABICHHUS OTCYTCTBYIOT;,

3. Mi3BecTHO, YTO HANpSIKEHWs B MMIUIAHTATAX, B TOM YHCIE B THTAHOBOI
OCHOBE, 3aMETHO CHIDKAIOT HX YCTAIOCTHYIO IIPOYHOCTh. [Ipu nasepHOM
CEJICKTHBHOM CTICKaHUM TAaKHUe HANPSOKEHUS] MOTYT OBITh 3HAYHTENbHBIME. OIHAKO
B IUCCEPTALIMH 3TO HEe 00CYKIEHO;



4. Pe3ynsTaThl MO KMHETHKH BBIXOJA cepeOpa cireoBaio GBI MOMBITATHCS
MCTIOJIB30BaTh NI ONpezeseHus KoahduureHToB nuddysuu.

B nenom, HecMOTps Ha clellaHHbIe 3aMeYaHus, [enb | 3a/1a4, HaMe4YeHHEIe
B Hayase paboThl, aBTOPOM YCIIENIHO BBINOJNHEHBL. ABTOpedepar COJIEPXXUT BCE
OCHOBHBI€ TIOJIOXKEHHUS TUCCEPTALIUH.

Juccepraims npomuta mpekpacHyro  anmpoGammio.  Ilo Marepuaiam
AMCCepTalMi uMeeTcs 32 myGnuKalum, B TOM 9Uciie 2 IMIaBbl B KHurax, 10 crareii
B PELCH3MPYEMBIX Hay4YHBIX JXXypHajaX, pekoMeHmoBaHHbIX BAK, 18 rtesucos
JIOKJIaJIOB B COOPHUKAX TPYNOB KoH(pepeHuui, | marent P® u 1 HOYy-Xay.

MoxHO KOHCTaTHpOBath, 4YTO IpelNCTABIEHHAs JUCCEPTAaLMsl  SIBIIIETCS
3aKOHYEHHOH Hay4HO-HCCIIeJOBATENbCKOM paboToif, B pe3yJibTaTe KOTOpPOMH
pa3paboTaHbl HOBBIE OHOAKTHUBHEIE HAaHOCTPYKTYPHPOBaHHbIE TIOKPHITUS C
aHTUOaKTepUATbHBIM 3B (eKToM.

3akiaouyenue

IIpencraBnennas muccepranvonsas paGora oTBeyaeT TpeOboBaHusAM 1I. 9
ITonoxeHus 0 NIPUCYKAEHUH YIEHBIX CTEIIEHEH, yrBepxa€HHOM [locTtanoBneHnEM
npasuTensctBa PO ot 24 cemrsiOps 2013 r. Ne 842, wu COOTBETCTBYET
cnenranbHocTd — 05.16.06 — «ITopoikoBas MeTamTyprus ¥ KOMIO3MIHOHHbIE
MaTepHaib», a e€ aBTop - CyxopykoBa Mpuna BuktopoBHa, 3aCJly >KUBaeT
NPUCYXKACHNUS el YYCHO! CTeNeHH KaHIUaTa TEXHUIEeCKUX HayK.

Odumanehelii onmoxent, npopeccop ®I’BOY BO

«MOCKOBCKHI aBHALIMOHHBIH HHCTUTYT (HaLlMOHAJIbHEW]
HCCIIeI0BATeNIbCKUN YHUBEPCUTET)», JI.T.H. A

’

U#—MTnsmun C.J1,

ITonnuce Cepres JAmutpuesnya Ilnsanuna ynocmaepmo S
Y4eHbli ceKpeTaph HHCTHTYTA <

2z Txrvs ot V‘
®I'BOY BO «MOCKOBCKHIi aBHAIMOHHBII e
MHCTHTYT (HALMOHATBHBINA HCCIIE0BATENBCKHI YHHBEPCHTET)Y;

125993, r. Mockga, Bonokonamckoe mocce, 1. 4,
e-mail: sshliapin@yandex.ru.



