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Ha Arrcceprarlrou Hyrc pa6ory Kynpeeeofi Onrrn BnaAnMHpoBHbI
<<(DoplrnpoBanue H cnoficrBa HaHocrpytcryprrpoBaHHbrx cJroeB

arroAHoro oKcIrAa THTaHa>>,

rrpeAcraBJrenHofi na collcmaHne yueHofi crerreHn

Ka rrAlrAara Snrnrco-MareMarnrlecKux HayK

Ho c[eqrraJrbnocrrr 05.16.08 - HanorexnoJrorn[ H HarroMarepnaJrbl

(matepnaJrbr AJrfl aJreIcrpoHHKH u rfioronnrcn)

9rcneprusa Al4cceprarlur,r H aBTopeQepara rrpoBoAwrncb B coorBercrBlll4

c rpe6oBanvntMr flotoxeHurr o npucyx4emnr4 1..reHbrx crenesefi H rpncBoeunr

1'.{eHbrx snauufi, yrBepxAeHHoro Yrasord flpesn4eura Pecrry6JrHKH Eenapycr

560 (n peA. Yrasa flpesnAeHra Pecrry6Jrr,IKH Eenapycr

190), H flonoxeuut o coBere ro 3arrIHTe Ancceptalq^wir,
nocrbrroBJrenpreM Bucuefi arrecrauuonuofi KoMtrccHH

PecrrybJrnKa Eenapycr or 22.02.2005 Ng 19 (n peA. rlocraHoBrrenrrn BAK

or 19.08.2022 Nt 2).

Coomeemcm6ue codepucawufl duccepmaquu s(m6neHnort
uccnedo6aHuflcnequilnbuocmu u ompacnu HayKu co ccnmnxort Ho oflnacmt

n acnopma cne quunbH o cma

.{ucceprarl}rff flocBflrrleHa ycraHoBJreHnro 3aKouoMepHocrcfi Qopur,rpoBaHur
cJroeB HaHocrpyKrypupoBaHHoro flqeucroro H rpyduaroro oKcHAa rI{TaHa Ha

noBepxHocrn ToHKax rureHoK, rfionrru I,r Maccr,rBHbD( o6pasqoB H3 Tr{TaHa rlppl I4x

sneKTpoxHMHrIecKoM aHoAHOM OKIICJIeHIII{ Vr OnpeAeJreH}re oco6ennoctefi llx

rraopQoJronan u cnoficrn, nepcneKTuBHbrx AJIfl npHMeHeHHfl B yctpoficrBax

Marur{THofi 3anuclr uHSopuarIHH vr crlcreMax oqracrKl.I BoAbr or oprauurleeKltx
v

3arpfl3HeHHH.



B pa6ore npoBeAeH alaraJrlns H paccMorpeHa npo6neMaruKa Qopr"rnpoBauu.tt
BbrcoKoynopxloqeHHbrx cJroeB HaHocTpyrcTypprpoBaHHofo flrreHcToro

rroBepxHocrrr roHKr{x rureHoK, Sonrrurpy6uaroro oKcuAa rHTaHa Ha
H

H

MaccuBHbD( o6pasqor H3 Tlrrana rryreM I,Ix gJreKTpoxrrMr{rrecroro aHoAHoro

OKHCJIEHVTfl. YctaHoBJreHbr 3aKOHOMepHOCTH BItutflH't4fl pexHMoB

oJreKTpoxaMr[qecKoro aHoAHoro oKI{cJIeHHfl Turrana Ha crpyKrypy, rvropQoJlorulo H

csoficrna SopnanpyeMbrxcJIoeB oKcHAa rHTaHa. flpeAcraBJreH MexaHLI3M

oKcHAa rHTaHa. kIcc.[eAoBanbr onrnltecKrle,o6pasoBanr,rfl rpy6uatoro
eneKTperHbre n QoroKararr.rrrirrecxl{e cnofictsa cJIoeB HaHocrpynTypupoBannoro

oKcr4Aa rr{TaHa. llpeAJroxeH pflA repcneKTuBHbrx npnMeHeunfr

HaHOCTpyKTypHpOBaHHOTO OKCLIAa THTaHa.

Co4epxanne Auccepraqlair coorBercrByer tr. 1, 2, 5, 6, 7 pasAerralll.Z

nacflopTa c[eq[aJrbHocrrr 05.16.08 HanorexrroJrornrr H HanoMarepuaJrhl
(mareprraJrbr 4Jrrr sJrercrponnKn u Qoronnrcn): <<1. MeroAbr QoprrrnpoBaHl4fl
HaHopEBMepHbD( crpyKryp (nauocrpyKryp) ri HaHocrpyKrypr{poBauHbtx

Marepu€uroB (uaHoruarepnaJroB). 2. CsoircrBa HaHopa3MepHbD( crpyKryp H

HaHocrpyrrypnpoBauHbrx MarepuaJloB. 5. BnnrHI,Ie BHeIuHax sos4eficrsufi Ha

csoficrna HaHoMarepuaJroB H HaHocrpyKryp. 6. [poqeccbl H essertrr

B3ar{MoAeficteufl HaHoMarepnilroB n HaHocrpyKryp c H3Jlflerrvltrvtl,z' pa3Jll{tlnofi

nprpoAbr. 7. 3aroHoMepHocrLr SynrqnonrlpoBannn H rpHMeHeHI{e

HaHOMarepHaJroB H HaHOCTpyKTyp.>.

Bnaecre c reM, couracHo pa34e.ny VI <<ParrpaHrrrenufl no o6nacrqu

[ccJre4onannfi>> nacfiopra cnellu€Lnbnocrrl 05.16.08 HaHorexHoJIorHH vI

HaHoMarepr{arrbr (naarepr{aJrbr Arrfl, oneKTpoHI{KH H SorcHuKH), nocKoJlbKy B

Ar,rcceprarluu npeAcraBJreHbr pe3yJlbrarbl HccJleAonauufi o6qeQpl3uqecKoro

xapaKTryd, To pa6ory B rIeJroM cJIeAyeT ornecrll K Qra:uro-MareMarl'rrlecKllM
rrayKaM.

Taruu o6pasou, rroJroxenvrfl vr BbrBoAbI [peAcrasneHnofi Aucceprar1nvr
noJrnocrbro coorBercrByrcr nacnop,ry cuequ€Inbnocrrr 05.16.08

rraHoTexHoJronln r.r HaHoMaTeprraJlbr (r"ratepuanbl AJIf, gJIeKTpoHrrKI'r ra smouurul).

Hayrtttotrt ercnad coueKamenr s peu,teHue HayqHofr sada.tu c o4ewxoil ezo

SHfl.rUJWOCmU

HayrHsrfi BKJTaA corrcKareJrfl cocronr B paspa6orKe MeroAnKLr

QoplanpoBanrs BbrcoKoyflopf,AoqenHbD( HanocrpyKTypupoBaHHbrx cJIoeB oKcHAa

Trrrana c AgofiHHMra creHKaMu rpy6or, a raKxe ouucaulrn MexaHrrcMa

o6pasoBaHr.rfl rpy6uamo orcnga tpltaHa npu enexrpoxuMl{tlssKsrd aHs4Hsild

oKr,rcJreHrru THTaHa B eJreKTpoJrHTax Ha ocHoBe pacrBopa $ropn4a aMMoHlIt B

STI4JIEHHIUKOJIE.



KottxpemHue HayqHue pesynbmumil (c yxazaHueM ux HOBUSHb', u

npaKmuqecxoil sHaquJvtocmu), 3a Romopbte coucKamenru Moilcem 6otmo

np ucyilcdeu a ucKorwan y qeHan cmeneHb

flucceprarlr{oH HAfl pa6om coAepxr{r HoBbre pe3ynbrarbl, 3aKJlroqarcukregfl'

B LrccneAoBaHr{H uop$ororrdrrecKlrx [apaMerpoB, QororaraJrnruq,ecKl4x,

orrrgqecKr4x 14 oneKTperHbrx csoficrs cJIoeB aHoAHoro oKcHAa TuraHa',

ycraHoBJreHHH Brrvfl]Hr4s, crpyKTypbr vr gJreMeHTHOrO cocraBa

HaHocrpyKTypr,rpoBaHHbrx cJroeB oKcIaAa rvrrana Ha ux QoroxaraJrvrrvrLrecKyro

aKTI4BHocrb u SynxIII4oHaJIbHbIe csoEcrsa.

llpogeuoHcrpr4poBaHa Bo3MolKHocTb HcrIoJIb3oBaHI4fl

BbrcoKoyrropf,AoqeHHbrx HaHOCTpyKTypI4poBaHHbIX CJIOeB OKCI',IAa rr4TAHA B

KarrecrBe Marprarl Anfl HaHece Hvrfl, SeppovrarHI,ITHbIX nJIeHoK Co/Pd I4 I43MeHeHLIfl

TeM caMbIM I4x MarHIaTHbIX csoficre.

Ouucag MexaHr,r3M rpancSopMarIr4H rrepBoHarl€ulbHo o6pasyrcurxcf,

B OKCr{AHOM CJIOe HaHopa3MepHbrx noprrcrblx feKcafoHallbHblx flrreeK THfIa

rrqeJrgHbrx cor B HaHorpy6xra npu gneKTpoxHMI{qecKoM aHoAHoM oKI4cJIeHvrkr

TvrraHa B ?JreKTpoJrHTax Ha ocHoBe pacrBopa Qro PnAa aMMoHr4fl, B STI4JIeHTJII{KOJIe'

paspa6oraHa MeroAHKa ynemau elnvfl, yAelruofi [nouIaAI{ noBepxHocrH

oKcuAa rlrraHa Ao 100-400 vr2lcrvr3 uyreu QopvrrapoBaHu.fl cJIoeB oKcHAa rvraKa c

Anofiuuuu creHKaMr4 rpy6or. llpoAeMoHcrpHpoBaHo, rrro TepMr{qecKaf,

o6pa6orKa rrpu 450-750 oc rpy6.raroro oKcr4Aa rvrana c BHeITIHVM AvraMerpoM

rpy6or< 150-250 nvr, IlonyqeHHofo 3JreKTpOXr.rMr{qecKHM aHoAHbIM OKI4CJIeHI4eM

rgraHa rrpr4BoAr4r K o6pasoBaHr4ro B yxe cSopvuapoBaHHblx rpy6xax ABycreusoft

crpyKrypbl.

flpoAervroHcrpr4poBaHo, rrro SneKTpoxHMI,IqecKoe aHoAHOe oKI4CJIeHI{e

TVTaHa B 3neKTpoJrurax Ha ocHoBe Sropra4a aMMoHI4fl B STIaJIOHTJII4KOJIO Ilpld

Harrpsx e1vrv SopnroBKrl 65-7 5 B conpoBo)KAaercfl BcrpaI{BaHHeM B aHoAsufi

oKcr{A TUTaHA aroMoB yfnepo Ia a KoHrIeHTpaIIUe ir 4-5 ar.o/o H3 sJIeKTpOJIHTa'

llpaxrraqecKatr 3HaqrdMocrb pe3yJrbraroB AlaccepralruoHsofi pa6oru

3aKrroq aercfl,B ycraHoBJreHrrr,r oTITIaMaJIrHbIX pelKHMoB $opuupoBaHl{t IloKp:Hruit'

H3 cJroeB HaHocrpyKTypupoBaHHoro oKcIaAa rvrraHa c srrcoxofi crerreHbro

ylopf,AoqeHHo crr4) pasnurofi aKr'sHofi rroBepxHocrbK) H sHcol.ofi

$oroxar arr4TuLrecxofi aKTHBHocrbIo KaK B yJlbrpaQuonetonofi, TaK LI B Bl4Auvrofi

qacr'r crreKTpa; orrr4caH,H Mexa."u''a o6pasoBa*."fl' tpy6uaroro oKcuAa rvrra*a)

ocHoBaHHOI.O Ha JroKaJrH3arIHr4 gireKTpoxrrMr{qecKoro oKI',ICJIeHH-fl TUTAHA B Mecrax

6aprepHoro cJrofl y Ana trop; ycraHoBJIeHI'Iu o[TI4M€tlIbHbIX pexLIMoB [oJlyrleHufl

Qoprr,rosaAarouefi uarpr4rlbr r43 rropHcrofo oKcr,rAa rkrra]Ha Anfl seppol'tarHl4THofo

cJrofl co/pd, qro o6ecneqlrBaer rroBbrrrreHHe KooprlHrusHofi cI4JIbI raxofi

crpyKTypbr sa Z0 - 25 o/o to cpaBHeH'ro co cnJIoIIrHbIMLr cJIosMrI'



Tarnna o6pasou, Ar{cceprarrurfi, Kynpeesofi Onrru BnaAnur{poBHbr
npeAcraBJlfler co6ofi 3aBepmeHlrylo Haflnyro pa6ory, orBeqamntyro rpe6onaHnflM

flonoxeHnfl o npncyxAeHnr4 frenbD( crenenefi n npprcBoeuur{ freHbrx snanrafi, a
ee aBTop 3acJryxnBaer npncyr(AeHur eMy HcKoMofi crenenu KaHAr{Aara QrcprKo-
MareMarurlecKl{x HayK rro c[eqzuurbnocrr{ 05.16.08 HaHorexnoJronru vr
HaHoMarepr{a.nbl (naareprraJrbr Nrfl gJreKTpoHHKH n SorouraxH), sa:

MexaHr.r3M o6pasorianufi. rpy6.ratoro oKcHAa rHTaHa, ocHonannrrfi Ha

FrHTer{cnSurcaqnu SJreICTpOXHMnrreCKOrO OKI,ICJIEH'Hfl TVITAI{A

s o6racrl{ 6aprepHoro cJrofl y Ana flopr rAe noBhrruena rrrrorHocrb [poreKaroqero

auoAHoro roKa, BcJreAcrBHe qero rroBbrruaercfl, TeMneparypa gTHx o6nacrefi.

flpn reMneparype 6aprepnoro cJrofl Bbrrue paccqnTarrHoro noporoBoro 3uaqeunfl

HMeer Mecro nepexoA or s.Iencrofi reKcaroHzurrnofi nopucrofi crpyrcrypbr
r rpy6uarcfi;

- ycraHoBneHue yBeJlrfielanfr Ha ropflAor (n 5-10 pa3) yAenbrrofi nnorrlaArr

aKrusHofi noBepxnocrrr HaHocrpyKTypr{poBaHHoro cnofl oKcrAa rfiTama rtpu

Qop*rupoBaHHH ABycreHHoro lpy6.raroro oKcr{Aa ruTarra tro cpaBHeHHrc c
oAHocreHHbrM rpy6uarrnvr oKcHAoM THTaHa;

- ycraHoBJIeHHe BJII,IflHtrfl, npnMecHoro yrurepoAa Ha Qoroxaraflrrrr{rrecKyro
aKTrIBHocrb ABycrennoro tpy6uatoro oKclrAa rr4Tana H yBerrurrennfl ero

QororatalrllTllrlecrofi aKTuBHocru Ha 40o/o n BHIrrMofi .racrn cneKTpa w B 1,5 -

2 paza B yJrbrpa$noretonofi qacrr cneKrpa;
ycraHoBJIeHHe noBbrruenr{fl KooprlurnsHofi cnrrrlt Ha 20 - 25 %

Sepponalr{HrHblx cJIoeB Co/Pd Ha noBepxHocrpr Sopnno34Ailroqefi rvrarpnrlEr H3

nopucroro oKcrdla rHTaHa c nopaMu Ar{aMerpou 20 - 30 HM r{ ToJrrqunofi creHoK

nop 60 - 85 nu.

Pexomenda4ua no npuKmuqecKoMy ucnoilbsoeaHarc pe:rynbmamoe
Parpa6oraHnbre B paMKax BbInoJrHeHI{rr Ar{cceprarluonHofi pa6orbr Mero4br

Qopt*tnpoBanraf, $ororcaraJrr,{TnrrecKu aKTHBHbrx B ynbrpaQnoneroBoM n BHWTMoM

Anana3orre cnoeB HaHocrpyKTypl{poBaHHoro oKcHAa rnrama Moryr 6rrm

npl{MeHeHbr B Mecrax soAoga6opa B ycrpofictnax Nrfl, oqr4crKu BoAbr. Pesynrrarbr

AHATTT4SA onTrrqecKax CBOHCTB CJIOEB oKcHAa TITITAH.A

c'pa3Jllr.rnofi rvropQorornefi rroBepxHocrrr cBr4AereJrbcrByror o [epcreKTuBHocrr,r

nx ucnoJrb3oBar{r,Iff B KaqecTBe aHTr{oTpilKarcrqffi noKpbITI{H. ManrnTnbre
Marepu€ulbl, HaHeceHHbIe Ha SopMo3aAaroulue Marpr{ubl }r3 cJroeB oKc}rAa r}rrarra,

nepcneKTHBHbr Nrfi npllMeHeHH.jf, B cl{creMax Blr3y{UIu3arlHH pac[peAeJreHrrf,

MarHHTHrrx norefi H ceucopil( MaTHHTHbIx ryHHeJrbHbD( nepexoAoB. Pesynrrarbr

ucnoJrb3yrorcfl B yre6nona npoqecce Ha raQe4pe MHKpo- n HaHoeJreKTpoHnKr4

EfyHP (nonyten t aKT o npalffHqecKoM l,{cronb3oBaHrar{ pe3yJrbraroB n yrednou

npoqecce).



3ailertanun no duccepmilquu

1 . B nepnofi HraBe Aprcceprarlnn HeKoropbre yrBepxgeHufl rpe6yrot

noATBepxAaro utrptx c cbIJIoK.

2. B nepnofi HraBe Aucceprallnu npeAcraBJleHa r,rH$opnaar\Hl o

BceBo3Molr(Hblx o6nacux rrpHMeHeHH-tr oKcu.qa rHTaHa, Ho He paccMarpuBarorcfl

ero KoHr(ypeHTHbre npeHrvfyrrlecTBa repe.4 aH€uroraMr4. Tarxe no4po6no

paccMoTpeHbr MeToAbr noxrreH'I/'fi, HaHocrpyKrypHpoBaHHbrx cJroeB oKcrIAa

THTaHa, oAHaKo nu6op MeroAa sJreKTpoxr{MuqecKoro anoAnpoBaHlrfl

rreAocrarouHo o6ocuoBau.
3. Bo nropofi ruraBe Ancceprarlrru rpu paccMorpeHnr.I MeroAoB

onpeAeneHrds csoficre c$oprranpoBaHHbrx oKcHAoB HeKoropbre rIpI4Be.qeHHbIe

oulrcaHr4fl fl BJIflror c x ugdstrorrublMu.

4. B rperrefi HraBe rtpu onncamnra MexaHH3Ma Bo3HHKHoBeHTITI

ropu3oHT€rrrbHbrx pe6ep Ha rpy6uarux crpyKrypax He xBaraer noflcHflIorqax

B nsrofi rnase Auccepraunn npu o6cyx4eHulr QororatannTnrlecroff

pI{cyHKoB, rrro no3BoJruJro 6u 6onee nonno H rny6oro noHuMarb npoficxoAtlrlue

npoqeccbr.

5 .
aKTr,rBuocrr{ oKcr{Aa rlrraHa B oTHoirennn opraH}rrrecKnx 3arpfl3HeHufi He onncaH

MeroA orleHKra aHTHMH4po6noro Bo3Aeficrnus recroBrrx o6pa3IIoB.

TeKCTe AHCCepTAIIH'Id He BCe OCHOBHbTe eAHHHIIbT r{3MepelJvIs,

Mex.q/Hapo4nofi cucreMe eATIHHII (CH); He Bcer4a rpI4BeAeHhI

norperuHocrn H3MepHTeJrbHoro o6opyAoBaHvfl Lr H3MepeHHbtx BeJIHqrtH.

7. MoAelbHbre cxeMarr,rqecKne uso6paxenvrfi. HaHorpy6varoro oKcnAa

THTaHa orpaxaror He Bce oco6euHocru crpyKTypbl peaJrbnbrx oKcprAHblx cJroeB.

8. B rIeJroM pa6ora oQoplaneua xopo[Io, oAHaKo cJIeAyeT orMeruTb

HeKOTOpbre norperuHocTr{, a HMeHHo:
- ucnoJrb3oBaHHoe coKparqeHue n3C (cry. 40) ne coAepxvrrcfl, B nepeqHe

cofparqenufi;
- HeKOTOpbIe pUCyHKH pIMeIOT HeBbICOKOe KaqeCTBO.

OqenprBafl, cAeJraHHbre 3aMeqamvlfle seo6xoAnMo orMerlaTb, tITo oHH

He sarparurBaror ocHoBHbre pe3yJrbrarbl pa6oru il 3auII4IItraeMbIe IroJIoxeHH"fl vl

He, BJrr{rrror Ha o6nryro rono)KuTeJrbHylo oqeHKy ArlccepralrnoHHofi pa6oru.

Coomeemcmeae Hayqrrort rceanufraKor4ua coucwamefln yuenoil cmenewu,

Hfl Romopyrc oH npemerudyem

,,{ncceprarlnn Kynpeenofi O.B. .flBJulerc,fl KoMnJrercHofi caMocro.flTeJrbHo

BbtnoJrrretrtroft H 3aBepuemoft uayruoft paGotoft H coorBercrByer BceM

rpe6onaHnnM BAK, npeAbflBJrfleMbrM K AI,IccepraIII{flM Ha coHcKaHHe yteuofr

creneHlr KaHAlrAara Susuxo-MareMaruqecKl.rx HayK. flo coBoKyrHocru

rrpeAcraBJreHHbrx HoBbrx AocroBepHbrx H HafIHo obocsoBanHbD( p$ynbraroB,

6.
rpHBeAeHbr

B
B



ypoBHfl H AoKJIaAaMLI no TeMe

apryIvIeHTHpOBaHHbtX BbIBOAOB,

H PrHTeprrpeTaqHH noflyqeHHbrx oSopnaneHHrI

[oATBepxreHHbD( Haf{HbrMu rry6nnraq}rrMu B NcypHilnax BbrcoKoro HafrHoro

Arrcceprarlwr4 Ha Ha) {Hbrx rcon$epeHuuttx,

HCrIOJrb3yeMbrx MeToAoB

p$yJrbTaToB, KaqecTBeHHofo

r{ccJreAoBaHHfl

Aucceprarlrru vr aBTope$epara MoxHo cAenarb BbrBoA o ToM, trro HafIHal

lcnaru$nKary4n cor{cKarerrfl. Kynpeesofi O.B. coorBeTcrByer yreuofi crerleHu

KaHAHAara Snsnrco-MareMaraqecKlD( HayK no cnequa.JlbHocrrr 05.16.08

HaHorexnoJroruH H lriamoMarepnanrbr (rvrarepniulbr Arfl eJreKTpoHHKH u Qoronrn u).

OrurrB orrrroHrrp5norqefi opranu3artrr4r{r, rroAroroenenurrfi sKcneproM

x.Q.-u.H., AorIeHToM flerponnna A.8., Ha3HaqeHHbrM rrpuKa3oM reHepanrHoro

.qrapeKTopa focy4apcrBeHnoro HayrrHo-npora3BoAcrBeHHoro o6reAuHeulitfl

<HayrHo-npaKTruecrufi qeuTp Haqraonanurofi aKaAeMr,rH HayK Eenapycn ro

MareputuroBe4euuro)) Nb 37 or 19.11 .2024, paccMorpeH H yrBepxAeu Ha HalqHoM

co6panrau (nporoKoJr }lb 7 or 28.11.2024), Ha KoropoM concKarerrb Kynpeena O.B.

BbrcTylnila c AoKJraAoM.
Ha gace AaHraLT rpucyrcTBoB€LIIH:

Bcero 28 .reroBeK, H3 Hrrrx rr3 Hr,rx - 4 Aoxtopa HayK n 10 KaHAHraroB HayK.

Pesymrarbl orlipblToro rolilco BaHHfl,;

(3a>) - 14, ((nporuB> - Her, (Go3AeplraBlrmxcn) - Her.

llpe4ceAareJrb

4.$.-u.H., AotIeHT
3aMecTr{TeJrb reHepElJrbHofo

AupeKropa fO (IiltrI HAH Eenapycn
rlo MaTepuilIoBeAeHHro)

Srcnepr
r.S.-u.H., Ao[eHT
craprrrufi uayurrrfi corpyAHEK orAeJIa

Kprro reuHbrx HccneAonanprfi

Y.renrrft cerperapb Ha 3aceAaHHFr

r.$.-u.H., AorIeHT

A.B. KapnuHcrIEfi

A.B. flerpon

3aBe4yrcrlufi na6opatopraefi Snsnrcn
MaTHHTHbIX MarepI,I aJIOB A.JI. X.ttyaKeBuq


