
OT3bIB

o SuqraanbHoro orrloHeHTa o Arlcc epraul4oHHofi p a6 ore
f op6ynosa ArerccaHApa lOprenuua

(MT4KPOPEAKTOPHOE vCTPOfr CTBO, I4HTETPT4PyIOIIIEE
@OTOKATAII4TLITIE CKOE MOAEJIHPOBAHI4E
EI,IOTPAHC O OPMAIITIU K CEHOEI,IOTUKOB pI

IIP OE OIIOtrf OT OBKI/ B (D OPMATB (JIAE OPATOPIIfl HA
MI4[IEHI,I),

lpeAcraBlesgofi Ha cor4cKaHvre yueuoft crerreHr4 KaHAI,IAara rexHI,IqecKI4x HayK

no cnequaJrbHocr-f,rrl 1.3 .2 - npu6opbr Lr MeToAbr 3KcnepI4MeHT€uIbHOfi. $UZUXU U

I .4 .2 - aHalrLrrl4qecKa.q xlrMprfl,

Arcrya.irrnocrr rerurr. ConpeueuHoe pa3BpITLre aHaJfirrvqecKl4x MeroAoB aHarrv3a I4Aer no

rryrr4 co3AaHr4{ yHrrBepca-rrbHbrx nnar$opvr c o6rqraiu Ha3BaHI4eM <la6oparopurfl,Ha rIo,4JIoxKe)

Bo MHofr4x o6racr.sx HayKr4 rz npoMblruJreHHocrlr, B ToM ql4crle e o6racru 6uoue4uquHcKl4x

paspa6orox. OAnzu v3 [LrHaMl,z'rrHo pa3BuBaroquxc-s MeroAoB flBlrflercfl, Macc-crIeKTpoMerpl4s

B correraHr.{z c Marpr4r{Ho- v rroBepxHocrHo- aKTI{BIrpoBasHofi la:epnofi

Aecop6uueitluouuza\ueft. Taruv o6pa:orr,r, npeAJloxeHHaq n pa6ore reMa He BbI3bIBaer

coMHeHr4fl, nocKonr,Ky HanpaBneHa Ha pa^:pa6orxy MpIKpopeaKTopHoro ycrpoilcrna,

rro3Bonrrcuero Ha oAuofi rroAnoxKe BbIrIoJrHrrb ecro Heo6xoAIrMyIo [octleAoBareJllHocrb

onep aqufi [plr MoAen vp oBalourv 6 u orp anc Q opM arII4 rr neKap crBeHHbIX cp eAcrB.

Flayqnaq Hoeu:Ha. B 4racceprauuonHofi pa6ore BnepBr,Ie npeAcraBneso o6ouroBaHl4e

TexHuqecKrrx peruenufi, npr4MeHseMbrx rrpr4 MoAenI{poBaHIrI4 or<ucnrarelr,nofi

6uorpauc$opMaur4t4 nceuo6uourKoB. Paspa6oraHa MeroAl4Ka Sororarall4Tl4qecKoro

oKr4creHuq r4ccneAyeMbrx coeAr.rHerruitu r,rx aAAyKTon c 6elxorr,t B nyHKax-MllKpopeaKTopax Ha

MAIAI4 Mr4[reHrz. floKasaHa e$Qerrunnocrb rroBepxnocrnofi rrao4rz$urcauuu HaHorracrI4II

TiO2 noJrr4AzMerr.{Jrgr.rJroKcaHoM, o6ecne.rusarcqeM Sopuzponanue [poroHapoBaHHlrx

MoneKyn anarrlrranpr{ orcyrcrBrrr4 Karr4oHr4poBaHHbrx aIAyKToB, OrAemuo cneAyer orMeruTb

paspa6oraHHyro Mero4raxy Syur(ur.roHaJrrT3aurzrz noBepxHocrrl MAJI[IzI-uI4rreHrr MeraJrJI-

a$SuHHrrvr cop6enrort, rITo rlo3BoJrr4Jro ee BKJIIoqL{Tr B Kar{ecrBe oAHofo Lr3 oraIIoB

npo6ono4roroBKr4 Ar.fl Macc-crIeKTpoMerpllu,

flpaKruqecrcaq guaqur{ocrr rton) {eHHbrx pe3ynbraron 6eccuopHa, TaK KaK oHI,I BHeApeHbI I{

r4crronb3yrorc.s e ra6oparopr4r4 MoneKynspuoft roxcuxoJrorur4 ri 3KcnepaMenra:u,nofi TepanI4I4

Ofyll (HI4I4 fll3tl) @MEA Poccun u n ra6oparopusx xr.rMr4qecKofi z roxcutcororzqecxofi

Ar4afHocrr4Kr{ r4 MeAr4rrr4HcKr.rx npo6neru xr.rMr4qecKoft 6esonacHocrr'r @fBY HKI-IT uu. C,H.

fofiaroea OMEA Poccr'ru.



Crpyrcrypa Aracceprauuu. [uccepraqr4.s cocrorzT rr3 BBeAeHI4s, B KoropoM Aaerct KparKafl

xapaKTepr'tcrr4Ka o6tactu r4ccJreAoBaHuq aBTopa, (foprvlynnpyrorcq uenb I'I 3al:a-r:a pa6orrt a

npr{BoA.srcll ocHoBHr,re AocrI4)KeH:afl 1prccepraHTa, o6sopa ocHoBHr,IX 3KcnepI4MeHTaJIr,Hbx

MeroAoB I,I Mero.4rrK, oKcIIepr4MeHTaJIbHbrx pe3ynbraron v o6cyxgeHl4.fl floJryrreHHrIX aBTopoM

pe3yrrbraroB, pa3AeJreHHbrx Ha 3 uanrr, cnIacKa qzrupoeaHuofi nl'ITeparypbl (2I\

HanMeHoBanuit) u 4 npruoNe:uuit, Pa6ora rr3JroxeHa Ha I43 ctpauwlax MaInI4HorII4cHofo

reKcra, BKJIIoqaer 65 pracynros u 9 ra6ruu.

B nepnofi rJraBe Ar4ccepraqr4rr aBTop paccMarpl4Baer 14 cl{creMarl43l4pyer

coBpeMeHHbre AaHHbre s o6ractu 6uorpanc$opvraquz rcceHo6uorl4KoB, MoAenIrpoBaHZI4

6uorpanc(fopMarllru xceHo6raoruxos Lr MeroAbI Ia4enruQzxaquu rpoAyKroB

6zorpanc$opMarlr4r{ Ha ocHoBe Macc-crreKTpoMerpLtu; oIII4 cblBaer ocHoBHbIe MeroAbI

MoAenrrpoB asus. 6uotpanc$opnlaUzrz KceHo6Iaorzxon; orll4cblBaer oco6eHHocrI,I HaHoqacrl,Iu

Tioz, BbrcTynarculr4x B ponr4 Qoroxaranr,rrr4rrecKoro MaTeplrana; orII4cE'IBaer MeTOAbI

rroHrr3aIII4I4 MAn.4I4 u IIAIIAI4.

Bropar fJraBa nocB;rqeHa orrrrcaHlrro r4cnoJlb3yeMblx n pa6ore MarepI4aJIoB,

ocHoBHbrx 3KcneplrMeHTarlbHbrx MeTOAOB II MeTOAI4K, npUMeH.SeMbIX I'nfl BbIIIOJIHeHII.f,

ocHoBHbrx llccle4onannfi, flpune4eH crrr4coK r4 KparKlre rexHlrrIecKl4e xapaKTepI4crI'IKI4

o6opyAonaurrtt, ucilotrl*yeMofo l.ns. peanv3aIILII4 MeroAoB 3neKTpoxl{MuqecKofo oKLIcJIeHI4tI,

Soror<arallrruqecKoro oKr4cJIeHrrs., Macc-crleKTpoMerptrLr, uroMHo-cI4JIoBofi uuxpocxorrrr!1,

onruqecr<ofi MtrKpocKorrr.rrl, cr<aHzpyorqefi srerrpoHnofi MI4KpocKonI4I4, 3Hepfo-

Ar4crrepcuouuofi cnelcrpocKonr4rr, verall-a$Qunuofi sKcrpaIII4I{ ua cop6enrax, vto4uQuKa:!:aLl

uo6una qeroBeKa anKr4nrlplroilIr4Mrr areHTaMI4 u tfepueurarl4BHoro ruAponl43a.

flana 3 uaupaueHa Ha o6sop 3KcneprrMeHTaJlbHbx pe3ynbraron u o6cyrrAeHl4e

rIoJIyrIeHHbrx 3aKoHoMepHocreit, llora:auo, tITo Qoror<araru,ITl4r{ecKoe oKI{cJIeHI4e

HaHorracrvqauu TiOz npv Y@ o6lyugHrrlr MolKer IrcrloJIr3oBarlct Ans MoAenl4poBanr4fl

oKlrcJrr.rreJrurofi 6uorpancsoprraquz. Eolee rofo, IloBepxHocrr, TiOz MoNer Bblcryrlarr, B

ponr4 oMlzTTepa r{oHoB upu IIAJIII'I-MC aHaJrvBe. flpo4euoncrplIpoBaHo, rrro cop6enr na

ocHoBe KonnarIcI4poBaHHF,IX MOHOCIOeB CTeapaTa IIAHTaHA MOXeT IICIIOJIb3OBUTbCS. Antr

cnequ{uuuofi ercrpaxquu xnopcoAep}Kaulux aMyKToB I43 MHoroKoMIIoHeHTHr,x o6pa:qon

HenocpeAcrBeHHo Ha MAJI[Z-u[ilreHtr. Or4em,no cneAyer orMerl4Tb BbIcoKyIo

rryBcrBr,rrerbHocrb MeroAa [AnAI4-MC c I4cronb3oBaHl{eM 3OO rIoKpbITLIfl TiOz

uo4z$raqupoBaHHoro IIAMC Ha rrprrMepe AereKrl4poBalvrs. aMl4oAapoHa (ynepeuuo

perr4crpr4pyerct 1 Qr/xuefiry).



Kan lro6oe pa3HocropoHHee rr MHororrJraHoBoe rrccJleAoBaHl{er Al{ccepralluq He

Jrr{IIreHa orlpeAeJreHHr,Ix HeAOCTaTKOB.

1, B pa6ore BcrperlaloTcfl oner{arKu I,I HerorlHble Spa:u, Ha crpaHnUe 25 Spasa:

((.. .cycrreH3rr.f, TaK)r(e rroABepfanacb HerIpepr,IBHbIM I4MrlynbcaM I'IK-la:epa. ' ' >,

croBocoqeraHr4e HerrpepbrBHr,re r4Mnynbcbl He I{Meer ftnsrzuecroro cMbIcJIa. floAnucr,

K pr4cyHKy 6: <@ororara-[Lrrr.rqecKrre npoqeccbl B rIonynpoBoAHI,IKax), Ha caMoM AeJIe,

Ha rroBepxHocrlr rroJryrrpoBoAHr4Kon. Tepntun <nefirpal> He -sBr.flerc.a o6rqeupzH.[TblM

s o6racru uccJIeAoBaHI{t na3epHoil nrtasN4lr'

2. B n.3.4.2 orrr4cbrBarorcs pe3ynbrarEr MoAeJIIrpoBaHI4t ocBeqeHHocrl{ creHoK nyHKI4

npu peaJrrr3alluu (poronaralurrzqecKofo oKI4cJIeHufl. B 3aBkrcI'IMocrI'I or reoMerplr[

nyHKr4 yr yrlonofi Ar4afpaMMbr paclpeAereHl4s ITHTeHcI{BHocrI4 tl3nyqeHllt yO

cBeroArroAa. llpu gToM, rrpoqecc Qoroor<ucleHl4fl AoJIXeH rlpoxoAlrrb npl4 luaJrnrluvr

pacrBopa B JryHKe, Qopua rroBepxHocrr4 Koropofo Ha rpaHLIIIe c Bo3AlxoM He flBr-flerc.f,

n:ioctrofi. O6pa:yerc.rr MeHr4cK, xoroprrfr, B 3aBI4cI{MocrI4 or KpaeBoro yrra, Mox{er

Bbrcrynarb B KarrecrBe AorronHr4Telrnofi paccelrBaro:l\efr, utn Soxycupytorqeft rznsF,l.

Hacxoluco cI{JrbHo r^anilrilre JII4H3br B Bzne MeHI4cKa Moxer rIoBJII,Itrb Ha

p aBHoM epH o cTb o cB euIeHI4-s CTeHKI4 nyHKI{ nlanurera?

3. O6ny.reHue o6pasqon V(D usryreHr4eM, KaK rlpaBlrno, corpoBolKAaerc.f, HafpeBoM 3rl4x

o6pa:uon 6laro4apr Br,rcoKoMy xos$$r,rqrzenry nofnorleHlr.f,. cyl, no

npeAcraBnennofi n pa6ore un$opnraqrrr{, cBeroAuo1ur,t[ MoAynb ycraHoBJIeH Ha

oxna)KAarorUyro cr4creMy, Ho ,4aHHbrx o reMneparype oxlaNAarorqefi cucreMbl,

pacrBopa B nyHKax r,r caMoro nJraHllrera Bo BpeMfl SoroxaralllTl4rrecKoro oKI,IctIeHI{.s

He rrpr4BeAeno. flponoAr4Jrrrcb nr4 v3Mepenve vIrr4 oIIeHKa reMneparypbl pacrBopoB B

nyurax?

4. Mox<uo nH noAXoA, rrpeAJroxeuur,rfi e pa6ore [pLI co3AaHvu <ota6oparoplrl4 Ha

rroArrolKKe)> PCpRg6, r4crroJrb3oBarb [nfl. pa:pa6orxz MAnAI4 znrz IIAIIIVIMLrmentr,

p eanr{3}Toqrzx MeToA M ac c - crreKTp oMeTpr{u c Bp eMeHHbIM p a3p eueuuerra ?

Aeroperpepur ilvccepragv aAeKBarHo orpaxaer ee coAeplrasIae. OcnoBHbIe Marepl4anbl

Ar4ccepraur4rr ony6:ruxonaHbr B 6 uayuuux crarb.f,x n sapy6eNHbrx 14 oreqecrBeHHEIX

xypHanax, peKoMeHAoBaHHbrx BAK P@; oHr4 AocrarorrHo IIoJIHo orpaxarcT coAepxaHlre

pa6ortr. Pesylrrartr pa6oru anpo6uponaHbr Ha npeAcraBIzreJrLHbIX Me)KAyHapoAHbrx lI

ncepoccnficrnx lcon$epeHrlr.rrx. fly6nvraqus npuHIII4[vaJIbHbIX pe3ynbraroB B BeAyrUux

Mr4poBbrx HayqHbrx r(ypHanax rroATBepxAaeT IIpI4OpI4TeT aBTOpa 14 HOBLI3Hy nOnyqeHHbIX I4M

pe3ynbraroB. flolyuenHr,re oKcnepr4MeHTaJIEHbIe AaHHbIe v rexnra'recKtlfi pe3ynbrar



onpeAel.f,roT HayrrHylo r4 [paKTLItIecKyIo UeHHocTb pa6oTbl, a ,IcrIoJIb3oBAHVe coBpeMeHHbIX

SKCnepr{MeHTaJrbHbrx MeTOAOB Ir MeTOAI4K, a TaK xe HayqHo-uccJleAoBaTenbcKoro

o6opylonaHzr, rroATBepxAaror AocroBepHocrb nonyqeHHblx pe3ynbraron. B qelou, aBTopoM

rrpoAenaHa MHororrJraHoBar, BecbMa 3Haq[TeJIbHafl no o6telty tI TpyAoeMKocrI4 pa6ora npIE

rrpoBeAeHI.rI{ oKcrIepI4MeHTaJIbHbrx IzccreAosaFII4fi .

Pesyntraru Ar{cceprar\krkr flBJr.f,rorc.f, opI4fI4HanbHbIMH vr coorBercrByror

rrocraBJreHHblM rlensM, a ee BbIBoAr,r sBnflrorcr y6e4ureJIbHbIMI{ I4 HocflT npllHulrttfialrHrrfi u

rleneHarrpaBleunufi xapaKTep. Teua [ccJIeAoBaHLLf, coorBercrByer 3asBJIeHHbIM Hayr{HbIM

cneqrraJlbHocrrM. Curarato, rrro rrpeAcraBneHHa.s ALIacepraIIVoHHafl pa6ota

<MrEr<popeaKTopHoe ycrpoftcrno, uHTefpr4plroulee ftoroxarall4TllqecKoe MoAenllpoBaHlre

6uorpaHc$opMaur.rr4 xceno6nourKoB r,r npo6ono4roroBKy n Sopnrare <la6oparopnfl, Ha

MtrrrrgHr{) IIo aKTyai]LHocrlr, rIeHHocrl4 noryrreHHEIX pe3yJlbraroB, uayuuofi HoBI43He,

npapuueclcofi 3Har{r,rMocrrr, o6terray s nofirofi Mepe yAoBnerBopser rpe6onauzxu,

rrpeAT,rBn.f,eMbrM K KaHAr,rAarcKr4M ArzcceprallrItM s (lIonoxeHI4I,I o noptrAKe rtpvcyxAeHu-s

yrregbrx creneneft>>, yrBeplKAeHHoM rIocraHoBJIeHI4eM llpanurem'crna Poccnficxofi

(De4epaqura Is 842 or 24 cenra6pr 2013 r. (nynr<ru 9-I4), a ee aBrop, f op6yuon Alercan4p

Ioprenuu, sacnylrszBaer rrpr4cyx4unufl euy y-reuoft creneHll Kalr4rz-I,ara rexHI4rIecKI4x HayK no

crerlr4aJrbHocrflM I.3.2 - npu6opu r4 MeroAbI sKcrlepvMenralrnofi $usuxu u 1.4.2 -
AH ANLITI,IqE CKAfl . XI4MlTfl ,

O$uqraanrHrrfi onnonenr:
AoueHT xaQe4prt la:epnoft xLrMLrv u na3epHofo

I,IH cruryr a xr4Mrrvr ClI6 f Y
MaTepr{ano

AoKTop Qusut<o-ruareMarnqecKlrx HayK

2023 r.

o6ssaaHocrefi Tercr AoKyr{eHTa MerrIeH

A.B. flosorourufi

A4pec: 19903 4, r. Canxr-llerep6ypr,
VnunepcurercKa.fl na6epexuat, 7 -9

Oe4epalrnoe rocyAapcrBeHHoe 6roANeruoe o6pa-:oeareJlbHoe yqpexAeHue Bblclnero
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