OT3bIB
0GHUIIUATIEHOTO OMNIIOHEHTa Ha AUCCEPTalMOHHYIO paboTy
3anspa JlnnHa « DU3UKO-XUMHYIECKHAE MOJIENIM MEXAHU3MOB pealn3alyu
KaTOIHBIX MUKPOPa3psSA0B NPU NPOBEJEHUH IIPOIIECCOB MUKPOAYTOBOTO
OKCHAMPOBAHUS», IIPEICTABICHHYIO HA COUCKaHUe YUEHOU CTeTIeH! KaHauIaTa
XUMHAYECKUX HayK Mo crienuanbHoctu 05.17.03 — TexHONOrMs

AIIEKTPOXUMHYECKUX IPOLIECCOB U 3aIUTa OT KOPPO3UH

AKTvaJleOCTb TEMbI.

MoauduippoBanue  MOBEPXHOCTH  SABISETCS  BaXHOM  3ajadeif
COBpeMEHHOM Hayku O Marepuanax. OgHuM u3 HaumbOojee MepCleKTHBHEIX
METOJIOB ClIeflyeT CUUTaTh IUIa3MEHHO-3JIEKTpONUTHYI0 00pabotky (I120) mu
Mukpoayrosoe okcuaupoBanue (MJIO). IlomoOGHoe BO3JeiCTBHE ITO3BOJISIET
CHHTE3UpOBaTh HAa  IIOBEPXHOCTH  METAUIOB  BEHTHJIBHOM  I'PYIIIBI
HAHOCTPYKTYPHPOBAaHHbIE OKCHIHbIE KOMIIO3HUTHEIE CJIOH, KOTOPHIE 110 MHOTHM
II0Ka3aTeJsIM IPEBOCXOIAT IMOKPHITUS, CHOPMHPOBAHHBIE WHLEIMM METOIAMHU.
Coueranne (QyHKIMOHANBHBIX CBOMCTB (BBICOKas TBEPAOCTh, H3HOCO- U
KOPPO3UOHHOCTOMKOCTD, 3JIEKTPOU3OJILUOHHBIE CBOMCTBA, A CIENUATBHBIX
XapaKTePUCTUK) MENaeT BO3MOXKHBIM HCIIOJNB30BaHHE MOIAMGUIMPOBAHHbIX
U3/ieNUi BO MHOTUX O0JIAaCTSIX MPOMBIILIEHHOCTH.

IIpy 3TOM BCEe BO3MOXHOCTH METOJa, AaKTMBHOE TEXHOJIOTHYECKOE
HCIOJIb30BAHHE KOTOPOI0 HAyaaoch JHIF B 90-X rojax IpoOIIIOro BeKa, a
TaKXKe €ro (U3MKO-XUMHUYECKHe acleKThl W3y4eHBl JANeKO He MONHOCTHIO. B
4aCTHOCTH, NPUMEHUTENIBHO K aHOJHO-KaTOAHOMY pexumy mposenenus MJIO
OCTalOTCS OTHOCUTENBHO MAaJIOM3YyYE€HHBIMH MPOIECCHl, INPOUCXOIIIINE B
KaTOOHBIM momynepuox. Takke He MO KOHIA BBISCHEHA POJb KaTOXHBIX
pa3psoB B GOPMHUPOBAHUH TTOKPEITHHA.

Temarvka paGoTBl HaXomWTCA B pycle npnopHTeTﬁmx HanpaBJICHAMN

Pa3BUTHUS HAYKH U TEXHUKHA U COOTBETCTBYET IEJIOMY psaay IIYHKTOB Hepefmﬂ



KpUTH4ecKuX TexHosorui Poccuiickoin ®enepanyy, onpenenéHHBIX YKa30oM
Ipesunenta PO ot 7 urons 201 1r. Ne899.
Bcé mepeduclieHHOE CBUAETENbCTBYET O HECOMHEHHOH aKTyalbHOCTH

TEMBI, BHIOPaHHOM COMCKaTeNeM.

B xonxe BeImONMHEHUSA AUCCEPTAlMOHHOI'0 HCCIICAOBaHHs aBTOPOM OpLTH

I1OCJICAOBATCIIBPHO PEIICHBI CJCAVIOIHNEC 3aaYH:

- YCTaHOBJEHO BiIMsHME pH 3JeKTponuTa Ha HMHTEHCHBHOCTh TOPEHHUS
KaTOIHBIX MUKpopa3panoB npu MJIO criiaBoB Ha OCHOBE MarHus, aJlOMHHHS U
v-TiAl;

— oIpefieNIeHbl YCIOBHS OTHOBPEMEHHON pealTi3allii aHOHBIX U KATOIHBIX
MHKpPOpa3ps/ioB Ha IOBEPXHOCTU pabouero anmekrpoma mpu MJIO nérkux
KOHCTPYKIJMOHHBIX CILJIaBOB;

— pa3paboTaHbl MOAENbHBIE MpPEACTAaBICHHS O MEXaHHU3MaxX pealu3al[iy
KaTOJHBIX MHUKPOPaspsIOB M IOJyYEHO 3KCIIEPUMEHTAIBHOE TI0 ITBEPIKICHUE
BBIIBUHYTBIX THUIIOTE3 NpH IpoBeneHMH MJIO criaBoB Ha OCHOBE aIFOMUHUS,
MarHus 4 Y-TiAl B pa3inuuHBIX 3JIEKTPOJIUTAX;

- BBIABJIEHO BJIMSHME HMHTEHCHBHOCTH TOPEHHS MHKPOPaspsiaoB Ha
CTPOEHHE, CKOPOCTh POCTa IOKPHITUH, UX aHTHKOPPO3MOHHYIO CIIOCOOHOCTH U
aire3uio K METANTNIECKOH OCHOBE;

- paspaboTaHBl MOJENbHBIE MNPEACTaBICHHS O MeXaHHW3Me O0Opa3oBaHUS
IIOKPBITUH C BBICOKMMH AaHTUKOPPO3HOHHOHN CIIOCOOHOCTBIO M aATe3Wed K

METaJUIMYE€CKON OCHOBE Ha aJJIOMHMHHEBOM M MarHUEBOM CILIaBax.

J0CTOBEpHOCTh NOJIYYEHHbIX pe3yJbTaToOB olpefensercs
HCIIOJIb30BAaHNUEM KOMILIEKCA COBPEMEHHOIO aHAJMTHYECKOTO 000pPYIOBAHUS 1
METOJ0B HCCIIEOBAHMS, METPOJIOTMIECKAM OOECIeYeHHEM H3MEPHUTENbHBIX
NprOOpOB, BOCIPOM3BOAMMOCTBIO PE3YJbTaToB. MHTepIperamus JaHHBIX
OasupyeTcss Ha COBPEMEHHBIX NPEJCTABICHUIX 00 OCHOBHBIX MEXaHU3Max
MJIO, yROBNETBOPUTENBHO COINACYeTCS C pesyNbTaTaMH paboT APYIHX

uccienosanuii B obmactu MJIO nérkmx KOHCTPYKI[MOHHBIX CIUIaBOB, B



YaCTHOCTH, BIHAHHCM KaTOJHOM COCTaBIISIOIIEH INEpEMEHHOIO TOKa Ha

CTpOCHHE U CBOMCTBA (POPMUPYEMBIX TOKPHITHIA.

Hayunas noBu3Ha. Ha moii B3z, cymecTBo Hay4HOW HOBH3HBI PabOTEHI

MOJXXeT OBITh CBEICHO K CIEAYIOIMINM MO3ULIUSIM:

1. PazpaboTanbl MoJieIbHBIE IIPECTABICHUS O MEXaHU3MaX U C(HOPMYITHPOBAHEI
YCIIOBHS 3a)KHTaHHs KaTOJXHBIX MHKPOPa3psanoB mpr MO anroMWHHMS, MarHus
¥ FIX CIUIABOB, A TAKXKE CILIABA HA OCHOBE v-TiAl

2. Iloxa3aHa BO3MOXKHOCTh YNPAaBIIEHUS SHEPTUei, BEIAEISIEMOH B KaTOMHEIX U
AHOIHBIX IUIA3MEHHBIX MHUKpOpa3psax, 3a cuéT uaMeHeHus pH anekTposmra,
€ro KOHLEHTPalUX U XUMAYECKOH MPHUPOII KOMITOHEHTOB.

3. YcTaHOBIIEHBl OCHOBHBIE IIPHUYHUHBI, IPUBOAANINE K OOPa30BaHMIO Ha
QIIOMUHMEBBIX M MAarHMEBBIX CIUIaBaX IIOKPBITHH, WMEIOUIMX BBICOKYIO
aHTHKOPPO3HOHHYIO CIIOCOOHOCTH M aAre3MI0 K MeTalUIM4eCcKOi OCHOBE IpH

nposenennu npoueccoB MJIO B AK pexumax.

IIpakTHYecKas IEHHOCTh

3HaueHHe MOTy4eHHBIX COUCKATEeNIeM pe3yJIbTaTOB HCCIEHOBAHUS IS
NPUKIAafHbIX LeJed IMOATBEPXKIAeTCs HaIM4UMeM COAepXKalmXxcs B paboTe
KOHKPETHBIX PEKOMEHJAIMi 10 (OPMHPOBAHUIO IOKPHITHM C 3aJaHHBIMH
CBOMCTBAMH, a TaKK€ MCIONb30BAHUEM TEOPETHYECKUX IIONOKEHUH W
SKCIEPUMEHTANBHBIX JAHHBIX @M BBHIIOJNHEHHH psAfia TOCYIapCTBEHHBIX

KOHTPAaKTOB.

Oﬁmaﬁ OIICHKA COACPsKAaHHUA NHUCCEPTAILINH

Ilenp AMCCEPTAMOHHOrO HCCIENOBaHWUS - paspaboTka  (HU3UKO-
XAMMYECKOH MOJENM MEeXaHM3MOB Deald3aliid KAaTOTHBEIX MHKPODa3pSAOB H
YCTaHOBIICHUE YCIIOBUM YNpPaBICHWs OHEPrHed, BBIACNIEMONM B HHX, NpH
nposesiennd MJIO N€rkuX KOHCTPYKIMOHHBIX CIutaBoB- B AK pexume.
IlosicHUTe/IbHAsT 3alIMCKAa COCTOMT M3 BBENCHHs, 3 4vacTeid, 7 IVaB, BEIBOJOB,
CIIMCKa HCIOJIb30BaHHEBIX UCTOYHHUKOB U3 160 HauMEeHOBaHMI U H3JI0KEHA HA 7

CTpaHHUIIaX, BKI0Yas 7 Tabmui u 42 pucyHKa.



IlepBast wyacTh, cocTosmas U3 3-x TJaB, IpeAcTaBIseT coboi
JHTEPATypHBIN 0030p, B KOTOPOM IIPOAHAIN3UPOBAHbI: HMEIOLINECS JaHHBIE O
MeXaHH3MaxX BO3HMKHOBEHUS aHOJHBIX INIa3MEHHBIX MHUKpOpa3psaoB (riasa 1);
BJIMSTHAE KaTOJHOM COCTaBIAIOLIEH nepeMeﬁHoro TOKa Ha KMHETUKY IIpoliecca
MJIO (rnaBa 2); pojib KaTOAHBIX MHKpPOPAa3psSIOB INPH HAarpeBe aKTHBHOTO
3NIEKTPOJA IS MOTUPHUINPOBAHUS TOBEPXHOCTH METAUTMIECKAX TTOBEPXHOCTH
U3JIEMIA METOZOM 3JIETPOXUMHUKO-TEpMHUYECKOH 00paboTku (TaBa 3).

Bropas 4acTe TOCBSIIEHA ONMCAHUIO MCCIEAYEMBIX MAaTepHaoB,
SKCIIEpUMEHTAIBHOTO 000PYI0OBaHM U METOIUK HUCCIIEN0BaHuUs (TIaBbl 4 U 5).

B Tperbeit wacTH mpuBENEHBI SKCIIEPUMEHTABHBIE Pe3yJbTATBl U HX
obcyxaerne. OnucaHbl MOJIeIbHBIE MIPEICTABICHUS O MEXaHU3MaX peajIi3alliu
KaTOJHBIX MHKpPOpPa3psAloB, IpEACTaBICHBl JaHHblE SKCIIEPHMEHTOB B HX
noaTBepxxaeHue (rnasa 6). Jlan aHau3 BIMSHUIO HHTEHCHBHOCTH KATOIHBIX U
aHOMHBIX MHKpPOpPa3psioB Ha CTPOEHHE, aHTHKOPPO3MOHHYIO CIIOCOOHOCTE
HOKPBITUHN U UX a[re3uI0 K JIErKUM KOHCTPYKIIMOHHBIM cIiiaBaM (riasa 7).

IIpencraBnsgercss BecbMa MHTEPECHOW W WHGOPMATUBHON IPUMEHEHHAS
COMCKAaTEeIEM METOAMKA ONpeJe]IeHUs] HHTEHCHBHOCTH TOPEHHsST MUKPOILYTOBBIX
pa3panoB C OJHOBpeMEHHbIM cHATHeM BAX mpolecca OKCHAMpOBaHHS.
3aciryKuBaeT BHUMaHUS IOATBEPXKAeHUE TOro (GakTa, YTO IOSBIEHUE BUIUMBIX
KaTOJHBIX pa3psafoB Ipu InpoBemeHuM MJIO ykaspiBaeT Ha JOCTHXKECHHE
MOKPHITHEM MAKCUMAJIbHO BO3MOXHOH (IIpeieNTbHOM) TONINKHEL, IPU KOTOPOH
COXPaHSIOTCS €r0 BBICOKUE (yHKIMOHANBHBIE CBOWCTBA. BOIblIy0 HAayYHyIO U
NPaKTHYECKYIO 3HAYMMOCTh UMEET 3aTPOHYTHIM B paboTe BOIPOC O POJIM MOHOB

(bTopa JUIsL aKTUBAIlUU METAJNIMYECKOM NOBEPXHOCTH IIPU OKCUAUPOBAHUM psaa

METaJUIOB. .
Marepuainsl auccepTanyyu anpoOHPOBaHEI TOCPEICTBOM ONYOIMKOBAHUS
5 craredi B BeAyIMX DEIEH3UPYEMBIX HAYYHBIX JKypHalaX, BKIIOYEHHBIX B
nepedens BAK, 2 TesucoB noknanos Ha Beepoccuniickux KOH'(I)epeHLII/IHX.
ABTopedepar W NpencTapieHHBIE PaGOTHl B MONHOH Mepe OTPaKaroT

OCHOBHOC COACpKaHUE IUCCEpPTAIIHHU. Temartnka COOTBETCTBYET MACIIOPTy H



¢dopmyne HayuHoH crnienuanbHOCTU 05.17.03 TexHONOTHS 3JIEKTPOXUMHUYECKUX
IPOLIECCOB M 3alllUTa OT KOppo3uH, myHkTtam 1, 3, 4, 6, 7 obOmactu
HUCCIIeNOBaHUM.

B memom paboTa HMpOM3BOAMT IOJIOKHUTENBHOE BIIEYATIIEHHE, ONHAKO il

IMpUCYIIXU U OTACIIbHBIC HEAOCTATKH.

3amMeuyanus no padore.

1. Crnemyer oTMeTHTL Hanuude B paboTe CBOEOOpa3HOro MOCTPOEeHHUs (pas,
OII€YaTOK M TEKCTOBBIX OIMOOK. C aBTOPCKUM CHHTaKCHCOM — IIO-BHIAUMOMY,
O0yCIIOBICHHEIM [JJBOMHBEIM II€pEBONOM (WCIIOJB30BAHUEM HEPOTHOTO IS
CoOMCKaTeNs A3bIKa) — MOXKHO IpHUMHUpHThCs. Ho, HanpuMep, 3arooBokK IaBkl 2:
«Ponb KaToAHOM COCTAaBIAIOIIEH NEPEMEHHOIO TOKa HA KWHETHKY ITPOTEKaHHS
nporecca MJIO»; ny0isx MCTOYHMKOB HMHpOpMauuu B GuOIHOrpadmdeckoM
crucke (1. 40 u 99); oTcyTCTBHE «IETEHIB» K PUCYHKY 2 (c. 29); maHHBIE O
TOJIIMHE €CTECTBEHHOH MaccuBHpyroled miéHkd Ha Al mo 20 mxm (c. 23);
naccax 06 okucieHun B atMocdepe aprona (c. 118, va camom jene — B asore!)
TpeOYIOT KOPPEKTHPOBKH.

2. Ha ctp. 94 npu cpaBHeHMH BHJa BOIBTAMIIEPHBIX XapakTepucTuk MJIO
ciaBa J[16 B INENOYHOM M KHUCIOTHBIX 3JIeKTpoiuTax (pUCyHKH 32 — 34)
BEPOSITHO TPOITYIIEHa OTChUIKA K puc. 21 co ctp. 79.

3. He scHO, mo4eMy XapocTOMKOCTh OKCHAUpoBaHHOro Y-TiAl McmbIThIBAIH B
BaKyyMe, a OCTalBHBIX CIIaBOB, MOABEPrHyTHIX MJIO, — Ha Bo3myxe? (c. 70
JYccepTallim)

4. OueHvBanM 1M COOTBETCTBME NAHHBIX H3MEPEHHH TOJIIMHBI TOKDHITHI,
Npou3BeACHHBIX  TommuHOMepoM ISOSCOPE FMP10, u pe3ymbraTos,
TOJIyY€HHBIX TIPH TOMOIIM ONTHYECKOrO M 3IEKTPOHHOIO MUKPOCKONA (KpoMe
Ciiyvas M3MEPEHHs TONIIMHEI BBICOKOIIOPUCTOrO MOKpPHITHA Ha v-TiAl, Tme
3ahrKcHpoBaHO pacxoxaeHue 6onee 70%).

5. B paspgene 6.3 mpusenens! GpoTorpaduu paspsmoB, MONyYeHHBIE Ha pa3HBIX
Marepuanax B Pa3MYHBIX O3JIEKTPOJMTAX, 4YTO HE COBCEM YIOGHO s
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comoctraBneHusi. Kpome Toro, HeoOXomumMo JaTh IOSACHEHMS, Kak
IubQGepeHIMPOBaId  TUIIMYHBIE KAaTOAHBIE W aHOAHBIE MHKPOPa3psbl,
[TOKa3aHHbIE Ha pUCYHKax 26 u 29.-

6. 3ameyanue mo Tabn. 3 crp. 102: yem oOycioBiIeHa pa3HUIA B JAHHBIX
onpeneneHuss (a3oBOro cocraBa IOKPHITHS Ha cruiaBe MJIS, momydeHHBIX
CUMMETPUYHON M acHUMMETpU4HOH CbEéMkax? VYTBepxaenue «M3 3THX
3KCIIEPUMEHTANBHBIX JaHHBIX CJHENYeT, YTO B OCHOBHOM (TOpPH[ MarHus
HAXOJUTCS BO BHEIIHEM CJIO€ MOKPBITHA. ..» TpeOyeT apryMeHTaIHH.

7. Z[OKaBaTeJ'IBCTBa HEBO3MOXXHOCTH OLIEHKH CKOPOCTH 00pa3oBaHMUs IIOKPBLITHUA

II0 CKOPOCTH POCTa €ro ToiamwuHsl (c. 105-107, Tabm. 4-6) mpeacTaBIAIOTCS

HEOYEBUHBIMH. 3/1€Ch, BUIUMO, TEPMHUHOJIOTHYECKAsT IIPOOIeMa: HYXHO OBLIO
pa3fieNIuTh MOHATHS «POCT TONIUMHBEI IOKPHITHS» M «CKOPOCTH CHHTE3A
(oOpazoBaHus) MaTepuana NOKPHITHI.
8. B pasnene 7.1 npeacTaBieHbl 04eHb CKyIIble CBEIEHHs 00 U3yYEeHNU BIUSHUS
MHTEHCUBHOCTH KaTOJHBIX ¥ aHOAHBIX MHMKPOPa3psIOB Ha aHTHKOPPO3UOHHYIO
CIIOCOOHOCTB U a[re3UI0 MOKPHITHH. B 4acTHOCTH, ecTh OT/JeNbHbIE MaHHbIE O
NUTTHHTOBOX KOPPO3UH IS OKCHIUPOBAHHOTO B PA3IIMYHEIX NEKTPOJIUTAX IIPH
aHOOHO-KaTogAHOM pexume MIJIIS, pa3po3HeHHBIE [OaHHBIE WCIBITAHHH B
COJIAHOM TyMaHE OKCHAMNPOBAHHOIO B PasiMYHBIX 3JEKTPOIUTAX U IPU Pa3HBIX
pexxumax J[16. Onenka ajare3uu NpeAcTaBlieHa cpefHel BeaumduHoi — 80 MIla
JUIL aHOJHO-KAaTOAHBIX DPEXUMOB 0€3 pealu3al[i¥l MHTEHCHUBHBIX KATOIHBIX
MUKpopaspsaoB U 30 Mlla 1y MOKpHITHI, IONYYeHHBIX B aHOIXHOM PEXHME
mis crmasa  J[16. IlpexctaBmsercs, 4to mna o6oGiieHwil, ClleJIaHHEBIX,
Hanpumep, Ha ¢. 108 wmm B n.4 paspgena BeiBoxsl, mmeromeiics hakTypsl
HEJ0CTAaTOYHO.

Yxa3zaHHbIE 3aMEYaHus, TEM He MeHee, He CHIKAIOT HayJHOH [IeHHOCTH U
NPaKTUYEeCKOH 3HAYUMOCTH [MCCEPTAlMOHHOM paGoThl, HEe YMAIIIOT ed

JIOCTOHMHCTB.



3ak/Ir04eHHe MO JUCCePTANNH

Ha ocHOBaHHH BBINIEH3IOKEHHOTO, CUMTAI0, YTO IHUCCEPTAlMOHHas paboTa
Baiisipa JIuHHA SBIISETCS 3aBEPLUIEHHON HayYHO-KBaTHU(PHUKALIMOHHON pabOTON U B Hel
OpefcTaBleHbl HaydHO OOOCHOBaHHBIE De3yJbTaThl, HMMEIOIIUE CYLIECTBEHHOE
3HaYeHHe IS Pa3BUTHUS TEOPUM U TEXHOJOTHMU IUIa3MEHHO-3JIEKTPOIUTHON
ob6paboTku MarepuanoB. Pabora orBedaeT TpeOoBaHusAM I.I. 9 — 14 Ilonoxenus o
NPUCYXIEHUU YUEHBIX cTeneHer B penakuuu Ilocranosnenus Ilpasurenscrtsa PO ot
24 centsa6ps 2013 r. N 842, cooTBETCTBYyeT macmopTy Hay4HOH CIEeUalbHOCTU
05.17.03 — TexHOJIOTHS JIEKTPOXUMHYECKUX MPOIECCOB U 3alUTa OT KOPPO3UH, a e€

aBTOD 3aCIIY>XHUBACT IPUCBOCHUS CMY yqéHOﬁ CTCIICHU KaHAnJiaTa XUMHYCCKHUX HaYK.

OduuuanbHbIH ONMOHEHT

JIOKTOp TEXHUUECKUX HaYK, JOLEHT, Ipodeccop
xadenpsl « TeXHONOTUU MPOU3BOACTBA IPUOOPOB U
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rOCyIapCTBEHHbIA TEXHOJIOTUYECKUNA YHUBEPCUTET
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