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OT3bIB

Bellyllero npeAnpusTH HAa JHCCEPTALHOHHYI0 paGory 3aiispa Jlunua Ha
TeMy «PH3HKO — XHMHYECKHe MOJEJH MeXaHH3IMOB peajiM3anlul KaTOAHBIX
MHKpOpa3psiioB npH NpOBeAeHHUH MpoIeccoB MHKPOIYTrOBOI0
OKCHIHPOBAHHS», NPEICTABJICHHYI0 HAa COMCKaHME YYeHOHl CcTemeHH
KaHIHJaTa XHMHYE€CKHX HayK mo cnemuanabHocTH 05.17.03 - «TexHoJiorus
3JIEKTPOXHMHUYECKHX MPOLECCOB H 3aIIHTA OT KOPPO3IHH».

AKTyaJIbHOCTb TeMbI JHCCEPTALHH.

B Hacrosinee BpeMs MMKPOILYrOBOE OKCHAMPOBAHHE (MZIO) npusnexno
BHUMAaHHE KaK TEXHOIOTMYECKHH TMpolecc (QOPMHUPOBAHMA OKCHIHO —
KCpaMUYECKUX TIOKPBITHHA C BBICOKMMH ()YHKIIMOHAIBHBIMH CBOMCTBAMH HA
U3JIETUAX U3 JIETKUX KOHCTPYKIIMOHHBIX CILIABOB.

Ipouecc MO peanusyror mpu 60mbIIHX HaNpsDKEHUSIX © peanu3alreil Ha
IIOBEPXHOCTH paboyvero sJIeKTpoAa aHOIHBIX KOPOTKOXKMBYIIIUX TIaA3MEHHBIX
MHKpOPa3psAMI0B, KaK OBI IIEPEMEIAIOIIMXCSI [0 €70 TIOBEPXHOCTH.

Cuuranochk, 4YTO NpPM MPOBEIEHWH 3TOTO oporecca ¢ IIpoIyCKaHWeM
TIEPEMEHHOI0 TOKa MEXAY 3NIEKTPOJaMU HEBO3MOXHO pealn30BaTh KATONHBIE
MHUKpOpaspsbl. BbiiBleHHe ycnoBHil MX peanusauiy, HECOMHEHHO, IT03BOJIUT
yriyOWTh HAIlM TpENCTaBIEHHUS O MeXaHH3Me IIpoTeKaHnus mnponecca MJIO,
YCTAHOBUTH YyCJIOBHS IIONYYCHHsS HA AIIOMHHHEBBIX U MATHMEBBIX CIUIABAX
IOKPBITHH € BBICOKOH aHTHKOPPO3HOHHOM CIOCOGHOCTBIO M anresved K
METaJIJIMYECKON OCHOBE.

CrenoBarensHo, muccepranvoHHas pabora 3aiiapa JIuHHa, mocBsmeHHas
paspaboTke QU3UKO — XMMHYECKOH MOZEIM MEXaHH3MOB peanu3anuy KaTogHbIX
MHUKpOPaspAN0B U yCTAHOBJICHHUIO YCIOBHUH yIIpaBleHNs Hepruel, BEIIEIIeMOil B
HUX, TpH mpoBeneHun mnpouecca MJIO amoMUHUEBBIX M MAarHHEBEIX CILJIaBOB,
SBJISICTCS aKTyaJIbHOM 3a1auei.

O60cHOBAaHHOCTL HAYYHBIX N0JIOXKeHH I, BLIBOJIOB H PEKOMeH Al Hii.

Hayunsle mnonoxenms, BbIBOmBI u PEKOMEHIaIluK, IpUBENEHHbLIE B
paccMmaTpuBaeMoit paboTe, BIIOJHE 0GOCHOBAHEI, IIOCKOJIBKY ' aBTOPOM TIPOBENIEH
HEeOOXOIUMBIA KOMILIEKC VCCIICIOBAaHMM, BKIIIOYAIOIIUN 6GONBIIOE KOIMYECTBO
1ab0paTOPHEIX IKCIIEPUMEHTOB, YTO TIO3BOJIHIIO €My IOCJIe CO3JaHUsl MMePBUYHOM
MO peanu3aluy  KaTONHBIX ~MHUKPOpPaspsioB  pa3paboTaTs ¢u3nKo —



XUMHUYECKHEe MOZIENH DPa3iIMYHBIX MEXaHH3MOB WX 3a)KUTaHUS Ha IIOBEPXHOCTH
pabouero aexTpoa.

JlocTOBEpPHOCTh pe3yJbTaToB paboThI.

JlOoCTOBEpHOCTh pe3yJIbTaTOB pabOTHI He BEI3BIBAET COMHEHWH, MOCKOJIBKY
BCE€ 3KCIIEPUMEHTAIbHBIE UCCIIEJOBAaHUA aBTOPOM IIPOBENEHEI IIPU HUCITOJIE30BaHHUH
COBPEMEHHBIX METONOB MHCCIENOBaHUA, B COOTBETCTBUM C JEHCTBYIOIIUMHU
rOCyJapCTBEHHBIMU CTaHIapTaMU HWJIM MHOTOKPAaTHO aIlpoOMpOBaHHBIMH Ha
IIPaKTUKE METOOUKAaMU, Ha COBPEMEHHOM aHAJUTHIECKOM 000pYIOBaHUH.

Kpome Toro, moiydeHHble B paboTe pe3ynbTaThl HAaXOMATCS B ITOJTHOM
COOTBETCTBHM C pe3yJbTaTaMé JpyIHMX HcclefioBaTelel, 3aHHUMAaBIIUXCS
u3ydyeHueM IpoueccoB MJIO, u axTuBaluMedl MeTaNInYecKOi MOBEPXHOCTH INPHU
xemocopb1uy Ha Hel ¢ropa. B gactHOCTH, npu pa3pabOTKE CBOMX MOIENBHBIX
IIPEICTaBICHUN [HUCCEPTAaHT ONMUPAICA Ha KOPPEKTHHIA MEXaHU3M 3a)KUTaHUS
aHOIHBIX MUKPOpPa3psI0B IIpH NpoBeaeHuu npoieccoB M/IO.

Hayuynasi HoBH3Ha.

CouckareneM MOKa3aHO, 4TO MU pealu3alliil MHTEHCUBHBIX KAaTOIHBIX
MHKpPOpPa3ps0B Ha IOBEPXHOCTH PabOUEro 3eKTpoaa MpH MPOBeIeHUH Ipoliecca
MJIO B aHOOHO — KaTOXHOM pPEXUME€ HEOOXOIUMO 00S3aTeNIbHOE BBINOJIHEHHE
OIHOI'0 U3 CJIENYIOIIUYN YCIIOBUN:

1) Masioe KOJIMYECTBOM CKBO3HBIX IOp B TMOKPHITHH. IIpu 3TOM co3maeTcs
YCIIOBHE JUIS BBIAEIIEHUS TOCTATOYHOM MOIITHOCTH B MUKPOPa3psIaax;

2) coznaHre 3(QGEKTUBHOTO JIOKAJIBHOTO KaToja, COCTOSIIEr0 B OCHOBHOM
U3 KaTHOHOB Bogopoa. IlocienHee nerko nocturaeTcsi B KUCIBIX Cpeliax;

3) xemocopbielt (¢TOpa Ha JIOKAIBHBIX MECTaX METAIMYECKOH
IIOBEPXHOCTH, YTO IPUBOJUT K CO3IAHUIO JJEKTPOHHOM «IIAKKW» B 3THX MECTax
¥, KaK CIE[CTBHE, YBEIIMYEHUIO BEPOATHOCTH HH)KEKTUPOBAHHS 3JEKTPOHOB B
I1apoByIo a3y, CO34aHHYIO B CKBO3HBIX ITOpaxX MOKPBITHS BCIEICTBUE HKOYIEBOTO
TEIUIOBBIACICHHUS.

Kpome toro, muccepranT 3aisap JIMHH BBICKa3al NPEAINONOXKEHHE, YTO
OCHOBHOH IpUYHHOHN (HOpMUPOBaHUS IOKPHITHI Ha aJIOMHHHEBOM UM MATHHEBOM
CIUIaBaX, MMEIOIIUX BBICOKYIO aIr€3HI0 K UX METAIMYECKHM OCHOBE, SBIISETCS
Hanu4ue npoboeB mapoBoi (a3l Manoi MOILIHOCTH MPU KATOMHON IOJISPHU3AIAH
pabouero snekrpona. [Ipo6on BOIU3M METATHYECKOH OCHOBBI JHA CKBO3HEIX IIOD
IIPUBOIAT K 00pa30BaHUIO aTOMOB, a 3aTeM THAPOKCHIOB METAJIOB B IEJOYHBIX
AIIEKTPOIUTAX, 3aMOIHAIONMX 3TH Mopsl. [Ipu aHOmHOM monspusalmu pabodero
JNEKTPOZa, KOIrAa DJJIEKTPOJIUT B CKBO3HBIX IIOpaX HACHIIEH aHWOHAMU
THIPOKCHIA aTFOMUHKS MIIM MarHus, a MOIIHOCTb, BbIAeNsseMas B MUKpopaspsaax
HeJOCTaTOYHa IS BBIHOCA OOJBINEN YacTU MaTepHalla W3 MOp Ha IMOBEPXHOCTH
IIOKPBITHS, YBEIMYUBAECTCS KONMYECTBO paciulaBa OKCHUIOB AIIOMHHUSA WIIU
MarHus, 3alOJHSIOIIET0 OTH IOPB, B TOM 4HCI€ U MPONOJBHBIE IOPEHI,
pacnosio)xeHHble BOIM3H U Ha IpaHUlle pazjelia CIilaB — IOKPBITHE.



3HAYHMOCTh Pe3yJbTATOB I HAYKH H MPAKTHKH.

3HaYUMOCTh PE3YJNbTATOB ISl HAyKH M IIPAKTUKU 3aKJIOYaeTcs: a) B
YCTaHOBJIEHHBIX aBTOPOM YCIOBUSAX M JAWHAMUKE OOpPa30BaHUSA ILIA3MEHHBIX
KaTOIHBIX MHKpPOPa3psAloB Ipu IpoBeldeHHH npouieccoB MJIO ¢ mpoiryckaHueMm
IIEPEMEHHOTO TOKa MEXIy 3JeKTpoiaMy; 0) BO BIUSHUN MOIIHOCTH, BBIIEIAEMO
B KaTOJHBIX MUKpOpa3psiax, Ha MOp(OIOTHIO M MUKPOCTPYKTYpy MHOKpeiTuil. Ha
OCHOBaHHWH 3TOT0, COBMECTHO C paHee HAKOIUIEHHBIMH 3HAHUSMH, MOTYT OBITH
chopMHpOBaHbl Hay4Hble IIPEACTABIECHUS O POJM Pa3IMUHBIX (PaKTOpOB IIpU
TIOJy4eHUH AHTUKOPPO3UOHHBIX, W3HOCOCTOMKMX TIOKPBITUM Ha  JIETKUX
KOHCTPYKLIMOHHBIX CILIaBaX.

JluccepTaHT, OHO3HAYHO, YCTAHOBHII, YTO P HEOOXOAUMOCTH TOTYIeHHUS
BBICOKOTIOPUCTBIX ~ IOKPBITMA Ha  IOBEPXHOCTH  M3AETHA W3  JIETKUX
KOHCTPYKIIMOHHBIX CIUIABOB, 4YTO, HAalpUMep, HEOOXOAMMO TMPH CO3NaHUH
IOKPBHITHI Ha MMILIAHTaTaX, KOTOPBIE UCIIONB3YIOTCA B XUpypruu, mporecc MJIO
CIIEyeT TMPOBOIUTH C pealn3allieil HHTeHCUBHBIX KaTOTHBIX MUKPOpPa3psioB Ha
IIOBEPXHOCTH pabodero aeKTpoa.

PesynpTarel paboThl auccepTaHTa OBLUIM KCIIONB30BAHBI MIPU BBIOTHEHUH
rOCyJIapCTBEHHBIX KOHTPAKTOB.

Pesynprarel paboTEl Takke MOTYT OBITH HCIIOJIB30BAHBI B CIEIYIOIIAX
HHCTUTYTaX W TNpeanpuatusx: JlaqbHEeBOCTOUYHBIN (henepanbHbli YHHUBEPCUTET
(IB®Y) - r. Bnaguoctok, LleHTpanbHBIII HHCTUTYT aBHAIMOHHOIO
MoTopoctpoerus uM. IL.U. bapanosa - r. MockBa, OAO «Mn» - r. Mocksa, OAO
«ABuagsurarens» - TI. Ilepmb, OAO «Kmumos» - r.Canmkr-Ilerep6ypr, OAO
«HayuHno-mipon3BoacTBeHHOEe 00BenuHeHne «CarypH» - T. Peiomack, OAO
«MockoBcKkoe MallIMHOCTPOUTENbHOE Npeflipusitue nMeHu B. B. UepHblimépay - T.
MockBa, OAO «Ky3znernos» (OpBI. OAO «MoTtopoctpoutens») - r. Camapa,
OAO «Ydumckoe MOTOPOCTPOUTENHFHOE IPOU3BOJACTBEHHOE OOBEAMHEHHE) -
r.Yda.

Ouenka cogep:kaHus TUCCEPTALUH.

[uccepranusi COCTOUT U3 BBeACHUS, 3 YacTei, 7 rjaB, OCHOBHEIX BBIBOJIOB,
CIHCKa HCIOJIb30BaHHBIX MCTOYHHUKOB U3 160 HamMeHOBaHUM, M3I0KeHa Ha 136
CTpaHHIlaX, COAEPXKUT 7 TabuIl, 42 pUCYHKA.

B Tekcre nmmccepranmu CcoOJIOfeHA JIOTMYECKas II0CIEN0BaTEIbLHOCTD
W3JI0’KEHUS MaTepuaa.

B mepBoii wacTu [aH JUTEpaTypHBIA 0030p, COCTOSHHE K CTENEHb
IpopabOTaHHOCTH TeMBl HucciefoBaHus. Kputudeckuidl aHanus3 JUTEpaTypPHBIX
JaHHBIX X IIO3BOJIWJI AUCCEPTAHTY YETKO CQOpPMYJIHUPOBATH OCHOBHYKO IIETh
HCCIIeJOBAHUS M 33/1a4d, PEIIUTh KOTOPBIe OBLIIO HEOOXOAMMO IS €€ JOCTHIKEHUS.
Bo Bropol YacTH IIpUBEIEHBI OIMCAaHUE TEXHUKH IKCIIEPUMEHTOB, METOJUK MU
nabopaTtopHOTro 000pYAOBaHUS, HAa KOTOPHIX NMPOBOIWINCH HCCIAEIOBAHHUS, JAHBI
OCHOBHBIE METOAVKHN KOHTPOJISI M UCCIENOBaHUS COCTaBa M CBOMCTB MOKPBITHMH.

TpeTss 4acTh BKIIOYAET Pe3yNIbTATHI ONBITOB M UX O0CYKIEHUE.

B nmuccepranuu oueHb 4eTKO cOpMyIHpPOBaHa HAYyYHAs HOBM3HA PaOOTHL.
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3aKaH4YMBAEeTCs JUCCEpTallds BBIBOJAMH M CIMUCKOM HCIIOJIb30BAaHHOU
JIUTEPaTyPHI.

ITo nuccepranuy UMeeTCH PAL 3aMeYaHHUM:

1. He mposemen mporecc MJIO MarHueBoro cruiaBa B INPUCYTCTBUU
NaOH+NaF, a nve NH4F. D10 no3Bonuno 61 60jiee TOYHO YCTaHOBUTH BiusHue F
Ha TOpeHHe KaTOJHBIX MHKpOpaspaloB, T.K. KaTuoHsl NH, B KaTomHbIi
TIONyTIepHO] B IET0YHOM cpejie MOTYT SBIAThCS HCTOYHMKAMHM MpoToHoB NH; '

NH, +e—N,+NH; +H"

2. JuccepTaHT yTBEpKIOAET, UTO HA MOBEPXHOCTH MAarHUEBOTO CIUIaBa B
BOIHOM pacTtBope, coiepxameMm 20 r/m NHyF, ropsT TONBKO WHTEHCHBHBIE
KaTomgHble MUKpopaspsasl. (CiaemnoBaTeabHO, POCT TMOKPHITUS Ha ITOBEPXHOCTH
crutaBa MJIS mpoucxomuT MpW KaTOLHOM TOJsApu3anuu pabodyero 3JIeKTpopa.
[Tomy4aeTcs, 4TO aBTOpP YCTAHOBWJI HOBBIA crmoco® — «karoaupoBanuey. K
COXKaJICHHIO, OH HE 3aMedaeT dTOI0 «OTKPHITUS» M He IPUBOAUT HUKAKOTO
00BSCHEHMS.

3. JluccepTaHT HE YYUTBIBAET B CBOEW paboTe CyIlecTBOBaHHE
OGapbepHOTO cJI0s Ha TpaHUlle pasfena CIUlaB — IMOKphITHe. BMmecTe ¢ TeM, B
OonpIIMHCTBE cTarel Kak 3apy0eXHBIX, TaK M POCCHHCKHX YYEHBIX €ro
CYIIIECTBOBAaHUE B IMOKPHITUAX, CHOPMUPOBAHHBIX Ha ATFOMUHHUEBBIX U MarHHUEBhIX
crutaax MetonoM MJIO, noxazano. Ilpu 3ToM yKa3bIBaeTCsA, YTO HMEHHO
JIOKaNbHBle IPOOOM BTOr0 CJIOS MNPUBOLAT K CYIIECTBOBAHHUIO ILTa3MEHHBIX
MHKPOPa3psAA0B Ha MMOBEPXHOCTH PabOUEro 3IeKTpoIa.

4. B nanHo# pabore HeT 00BsAcHEHHs 3¢ ¢deKTa yBEIHISHUS CKOPOCTH
BBICOKOTEMIIEPATYyPHOI'O OKUCIICHHUs CILIaBa y-TiAl ¢ yMeHbIIEHHEeM MapIHalbHOTO
IaBJIEHUS KACIOPOa B Ta30BOM Cpejie.

5. ABTOp IaHHOM IUCCEPTALUH IUIIET: «YCTAaHOBJIEHO, YTO TOJIBKO MPH
HaJIMYUU KaTOIHBIX Pa3psIoB ¢ HEOONBIION SHepruei, BhIIEIIeMOil B HUX, MOXKHO
[I0Jly4aTh Ha AQIIOMUHHEBOM M MarHHEBOM CIUIaBaX IIOKPHITUS C BBICOKHMH
AHTUKOPPO3UOHHOM CITOCOOHOCTBIO M ajre3Wed K METAIMYEeCKOH OCHOBEY.
OpnnHako, He yKa3bpIBaeT 3HaU€HUE MaKCUMAJIbHO JOITYCTUMOM SHEPrHH.

Vka3aHHBIE 3aMe4aHUS HU B KOEH Mepe He YMalIOT OOIIero XOpOIIero
BII€YATIIEHUS OT IIPEICTaBIeHHON pabOoThI.

3aiiap JIuHH ykasan Ha mapaMmerp, KOTOPBIH MTO3BOJISIET IONXYyYaTh TOJICTHIE
(6bnu3kue K MpeaeabHOM TOMIIMHE) aHTUKOPPO3UOHHBIE TIOKPBITHS Ha BEHTHIILHEIX
MeTalllax M CIUIaBaX Ha MX OCHOBE, HMEIOIIMX BBICOKYIO alre3uio K
METAJIMYECKONA OCHOBE, C MUHUMAJIBHON KOHILIEHTpaluel IOKaTbHBIX Je(EKTOB B
HuxX. OH 1okasan HEOOXOOUMOCTh pa3iudaTh CKOPOCTH OOpa3OBaHMS OKCHIHOIO
IIOKPBITUSL OT CKOPOCTHU POCTa €ro TOJLIUHBI.

ITy6nukanum, oTpaskaloniue OCHOBHOE COAepKaHHe JHCCePTAIHH.

OcHoBHOE conepkaHue paboThl OIyOJIMKOBAaHO B Hay4HOM mevartu. [1o Teme
JHccepTallil aBTOPOM OIyOJIMKOBAaHO 5 cTaTell B peleH3MPYEMBIX JKypHalax,
pexkoMenoBaHHBIX BAK 1 myOnukanuii HaydHBIX pe3ynbraroB: «Dusmka u
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XAMUSL 00pabOTKH MaTepHanoBy - 2 craThi, «Kopposus: MaTtepuans! U 3amuray -
1 crates, «llepcnexTuBHBIE MaTepuans» - 1 craths, «Surface and coatings
technology» - 1 crtates (Web of Science). Kpome Toro, xparkoe comepxaHue
OCHOBHOMH 4acCTH ero paboThl U3JI0KEHO B 2 Te3UCaX.

Takum oOpasoMm, HayyHas OOIECTBEHHOCTh HMeNa BO3MOXHOCTH
O3HaKOMHUTHCS C ero paboTamu.

ABTopedepar.
Hamucan $CHO, 4€TKO M IONHOCTBIO OTpa)kaeT OCHOBHOE COIEp)KaHHE
IYCCepTalHH.

3akiouenue.

Ilocne NpoBeOEHHOrO  AMCCEPTAHTOM  JOKJIaga M  OTBETOB  Ha
MHOT'OYMCJIEHHBIE BOIIPOCHI CTaJ0 OYEBUAHBIM, YTO OH XOPOLIO BIIAIEET
MaTepHalIoM.

Huccepranmonnas pabora 3aiiapa JlueHa KBamuduuUpyeTcss Kak
3aKOHYEHHAsl HAy4YHO-HCCIIEIOBaTENbCKasi paboTa, BBIIOJIHEHHAS HAa BBICOKOM
Hay4YHOM YpOBHeE, oTBedaeT BceM TpeboBaHmsIM BAK PO (m. 9 «IlonoxeHus o
IPUCYXKIEHUU Y4YeHBIX creneHei» or 24.09.2013 Ne 842), mpembsaBiseMbM K
KaHIUJATCKUM TUCCEPTALIUSIM.

Cam aBTop paboTsl — 3aiiap JIuHH, 6€3yCIOBHO, 3aCTyKUBAET IPUCYKACHHUS
€My Y4EeHOM CTElleHM KaHAMWIaTa XMMHYECKHX Hayk Io crenuansHoctd 05.17.03
«TexHonorus 371eKTPOXUMUIECKUX IIPOLIECCOB U 3AIUTA OT KOPPO3IUMY.

JuccepranuonHas paboTa U OT3bIB 00CYXIEHE M 0N0OPEHHI Ha 3acelaHuH
ceMuHapa naboparopuu Koppozuu u anekrpoxumuu AO «HUDGXU wum. JLA.
Kapnosa», npotokosn Ne§ ot 22 oktss6pst 2015 r.

OT13bIB cCOCTaBHII:

KaHIUJAT TEXHAYECKUX HayK,

3aBeyIOIIKH JabopaTopueil KOpPO3UH U IEKTPOXUMUN
aKIMOHEPHOTO O0IIIecTBa

«Opznena Tpynosoro KpacHoro 3Hamenu
Hay4YHO-UCCIIeI0BaTEeNbCKUN (DU3NKO-XUMHUYECKUN
uHCTUTYT, uMenu JI. 5. Kapnosay»
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