OT3bIB
0pHUHAILHOI0 ONMOHEHTa HA JHCCEPTALHOHHYIO paboTy
3auposa Pycrama PaBunesnua

«I1oJIH3IeKTPOJHTHDBIC JTAHTATOHAHBIE KOJJIOHAHbIE YaCTHIbI 1S
OHOMENHIHHCKHX H 0HOAHATHTHYECKHX LieJiei», MpeJCTABJEHHYIO HA COHCKAHHE
Y4eHOI cTeneHH JOKTOPAa XHMHYeCKHX HAYK Mo cnenuanbHoctd 1.4.4. ®usuveckas
XHMHSA

HuccepranyionHas pabora 3aupoBa P.P. mocBsimeHa  pelIeHHIO  KPYITHOM
MEXIMCUMIUIMHADHON Ipo0jeMBbl, Haxo[smielcs Ha CTBIKE (U3HYECKON XHUMUH,
KOJUIOWJHOM XMMWH, XWMHH KOOPAWHALMOHHBIX COEAUHEHWH, OUOMEIMULMHBI U
OHOAaHAIUTUKH — CO3JAaHMIO THAPOQUIBHBIX HAHOPA3MEPHBIX CHCTEM Ha OCHOBE
rupo@oOHBIX XeNAaTHBIX KoMIuiekcoB JjanTaHoumoB(II), coxpaHsOmUX U Jaxke
YCHIMBAIOIUX YHUKAILHBIE JTIOMUHECIICHTHBIC U MarHUTHO-peIaKcalluOHHbIE CBOMCTBA

OTHX 3JICMEHTOB.

XOpomo HM3BECTHO, YTO HOHBI JaHTAaHOUIOB (B ocobennoctu Eu®t, Tb3*, Sm3",
Yb**, Gd**) obnamaroT HMCKIIOUUTENBHBIMU (OTOQUIMYECKMMHU M  MAarHUTHBIMH
XapaKTEepUCTHKaMHU. i1 coelMHEeHU Ha UX OCHOBE XapaKTEPHbI Y3KHE DMHUCCHOHHEIC
TIOJIOCE], OOJBLIME CTOKCOBBI CHIBUIM, IJIUTEIBHBIC BPEMCHA JXH3HH BO30YKIEHHOTO
COCTOSHMS, YTO IIO3BOJIAET HCIIOJIB30BATH BPEMA-PA3pEIIEHHYIO (IyOPUMETPHIO IJIA
nogasineHuss ¢ona Ouonormueckux obpasnoB. Kommrekcet Gd(III) ¢ cemsro
HECITapeHHBIMU 3JIEKTPOHAMU HEe3aMeHUMEI IMpH paspaﬁo’nce KOHTPACTHEIX arcHTOB IJIs
MarHUTHO-pE30HaHCHOH ToMorpaduu. OJHaKO KITIOUEBBIM OTPAaHUYEHHEM SIBISETCS TO,
9TO «TOJIBIE» HOHBl JAHTAHOMIOB OHOJOTHMYECKH YY)KEPOJHBI, TOKCHYHBEI M II09TOMY
HEOOXOAMMO HMX HCIONIB30BaHHE B BHJE MPOYHBIX XEJIATHBIX KOMIUIEKCOB.
XenaTHpOBaHHWE  JAHTAaHOMIOB  OpraHMYECKUMM  Jiuraugamu  (P-IMKETOHATHI,
(ranouuaHuHbl, KaluKcapeHbl, (HOCHHHOKCHIBI) pemaeT mpobieMy CeHCHOMIH3aIlnH
JMIOMUHECHEHIIMM (aHTeHHBIH 3¢¢ekt). OnHako OONBIIMHCTBO TaKUX KOMIUIEKCOB
ABIAIOTCS  TUAPO(POOHBIMH. OHM  IIpeKpacHO pacTBOPUMBI B OPraHUYECKUX
PAacTBOPUTENAX, HO NPAaKTHUYECKH HEPaCTBOPUMEI B BOJE, YTO HCKIIIOYAET UX IPIMOE

IIpPUMEHCHHE B qJHBIfIOJ'[OFquCKI/IX cpenax.



VI3BeCTHEIE TOAXO/BI K HMMOOHITH3AIMH KOMILIEKCOB JTaHTAHOHIOB Ha IOBEPXHOCTD HIIH
B 00BEM MOIMMEDPHBIX, CHJIMKATHBIX MM KapGOHATHBIX YACTHI CTPAjalOT ABYMSA
$yHIaMEHTalIBHEIMH HETOCTATKAMU: HU3Kas 3arpy3ka (QYHKIMOHAIBHOTO KOMILIEKCA U
ONOKMpPOBaHWE JIOCTYNA aHaiuTa K UyBCTBUTENBHOMY JIAHTAHOMITHOMY LEHTDY
MOMMMEPHOM HIM KPEMHE3EMHOH MaTpuliel, U4TO Pe3KO CHIKAET 4yBCTBHTEIBHOCTE

CCHCOpPOB.

JUsL  pelieHust BBIIENEPEYMCIeHHBIX mnpoGieM 3aumpos P.P. mpemnaraer
MHHOBAllMOHHOC pEIIeHHe MO3BOJAIONIEE I0Jy4aTh CTaOMIBHBIE TrHAPODUILHEIE
HAHOYACTHIIBI «11p0-0007104Ka», T AAPOM CIYKHUT CaM XeJIaTHBIH KOMIUIEKC MEeTalLIa.
J1o penaer paboTy KpalHe aKTyaJbHOM JUIs CO3JaHHMS YHUBEPCAIBHOM ITAT(OPMEI
mnst quarHoctuky (MPT, GuoBu3yanusanus) ¥ aHATUTHYECKOTO KOHTPOJIS, Y4TO, B CBOIO
O4epenb, KPUTHYCCKH BaXKHO JUId pa3sBUTHUA MEPCOHAIM3UPOBAHHON MEIMIMHEI U

9KOJIOT'HYECKOIr0 MOHHTOPHHTIA.

Hayynag HOBH3HAa H 3HAYMMOCTb PaloTHI TMPEXIE BCEr0 ONpENENseTCs TEM,
YTO JHUCCEPTaHT CYUIECTBEHHO PaCIIMpHI TPaHMIB IPUMEHHMMOCTH Merojaa Layer-by-
Layer, cucremaTnyecku o0ocHOBal U pazpabortan Metox in situ LbL (layer-by-layer na
CaMOreHEPHUPYIOIEMCS TeMIUIaTe). ITOT METO B KOPHE OTIIMYAETCS OT BCEX M3BECTHBIX
NOAXOAOB TaK KaK in Sifu IeHEpalus Aapa MPOUCXOAUT IyTEM pe3Koi 3aMeHEI
opranudeckoro pactsopureid (JIM®PA/IMCO) Ha Bomy, mpu KOTOpOH rHApodhoGHLIH
XeJIaTHBIA KOMIUIEKC JIAHTAHOMJA HYKIEUPYEeTCs B HaHOpa3MEpHBIE uacTHLBl 0e3
NpeABApUTEIBHOr0 CHHTe3a TeMmiara. CraOuwiM3anus HaHOpPa3MEPHBIX YacCTHII
OCYIIECTBJISIETCS aHUOHHBIM TomHaiekTpoauToM (PSS), ancopOupyromumMes Ha sapa 3a
CYET YACTUYHOIO JEXEJaTHPOBAHMS MW BO3HUKAIOLIEro IOJOXKHUTEIBHOTO 3apsja.
HapamuBanue JOMOMHHTENBHBIX IOJMHAIEKTPOIUTHEIX cinoés (PEIL, PSS u 1p.)
NO3BOJIIET ~ YIPAaBIATE  3apsAZOM  IIOBEPXHOCTH, KOJUIOHAHOM  YCTOHYMBOCTBIO,

OMOCOBMECTHUMOCTBIO U CEJIEKTHBHOCTHIO CEHCOPHOI'0o OTKJIMKA.

PaspaboTaHHBIH METOX OJTHOBPEMEHHO PEIIAeT TPU BaKHEHIIHE 3a1a4u: IepeBo/l
ruApoGOOHEIX JTAHTAHOMAHEIX KOMIUIEKCOB B TMAPOGMIILHBIE KOJJIOUABI, OTCYTCTBUE

matpuyHoro osddexra (Aapo camMo ABIAETCA (QYHKIMOHATBHBIM  MAaTEpPHAJIOM);



IIPOHHUIIAEMOCTH HOHKBHEKTPOJIHTHOI\;I 000J10YKH AJIsL MaJIbIX MOJICKYJI U HWOHOB, 4TO

AcjacTt HYBCTBHTGHBHBIﬁ HOEHTP OOCTYIIHBIM JJIs aHaJINTa.

Taknm 06pasom, aBTOp He TOIBKO HPEMIOKAI [E€HEPUPOBATH (DYHKIHOHAIBHOE
ANPO in sifu W3 CAMOrO XeNaTHOTO KOMILIEKCA JIAaHTAaHOWIA, HO W HAa TNpUMeEpe 5
JIAaHTAHOMOB U OOJBIIOrO YHCHIA IUTAaHIOB Pa3IMYHBIX THIIOB JOKa3al YHUBEPCATHHOCT
METO/Ia, yCTAaHOBHJI KOPPEJISALUK MEKIY CTPOCHUEM JIMTAaHAOB, YUCIOM THAPATAllUH U
(DYHKIMOHATBHBIMYE CBOHCTBAMM 4acTHIl. Pa3paGoraHbl MeTOmsI moiydeHus Goiee 100
BHJIOB HAHOYACTHIl M NPOAEMOHCTPHpOBaHa MX pabOTOCIIOCOOHOCTH B CEHCOPHKE,

Tepmomerpur, MPT u ki1erounoit Bu3yanuzaumm.

IIpakTHYecKasi 3HAYMMOCTb IIOMYYCHHBIX PE3YJIHTATOB  IOATBEPHKIAETCS
pa3pabOTKOM KOHKPETHBIX aHAJTUTHYECKMX METOAMK. TaK aBTOPOM CO3/JaHBl CEHCOPEI
And  ompeneneHus aHTHOMOTHKOB, HoHOB Meau(Il) u mectuumna rmdocara c
HaHOMOJIAPHBIMH  mpeJieiaMu  oOHapyxeHus. Co3maHHBIE HAHOTEPMOMETPHl ¢
OTHOCHTEJIBHOM 4yBCTBUTENBHOCTBIO 10 8,3% °C™' B husunonoruueckoM auanasone (20—
50°C) mo3BONAIOT B PeajbHOM BPEMEHH IHCTAHLMOHHO KOHTPOJIMPOBATH TEMIIEPATYPY
Ha CyOKJIETOYHOM YPOBHE. DTO KPUTHUECKH BAKHO VIS (POTOTEPMHYECKONM M MarHATHOM
TUIIEPTEPMUU  paKa, MOHHUTOPMHIA BOCHAIHUTEIBHBIX IPOLECCOB, (YHAAMEHTAIBHBIX
HCCIIeIOBaHuK KJIETOYHOro Merabonusma. IlomyyeHsl KOHTpacTHble areHTHl ains MPT,
IPEBOCXOJAIME KOMMEPUECKHE aHalord 10 3(¢eKTUBHOCTH (pElIakCHBHOCTH) B

HECKOJIBKO pas.

JlocTOBEPHOCTL MOJIyYeHHBIX pPe3yJbTAaTOB HE BEI3EIBACT coMHeHul. PabGora
BBIIIOJTHEHA HA BBHICOKOM 3KCIIEPUMEHTAILHOM YPOBHE C UCIIOIE30BAHHEM COBPEMEHHEIX
METOJIOB: AMHAMHYECKOTO H 3JIEKTPO(OPETHYECKOTO0 PacCesHHs CBETa, MaJOYIJIOBOTO
paccesHus pEHTICHOBCKUX JIydel, MpOCBeYNBAIOLIeH U KPHOIIEKTPOHHONH MHKPOCKOITHH,
aTOMHO-CHJIOBOH MHKPOCKOIHH, CIEKTPOQIyOpHUMETPHH (CTAHOHAPHONH W BpeMs-
pa3pelIEHHOI), PelakCOMETPHHN SIEPHOTO MarHUTHOrO pesonanca, ICP-OES, KkBaHTOBO-
XMMUYECKHX pacy€ToB. JIaHHBIE XOPOIIO BOCIPOU3BOASATCS, KOPPEITUPYIOT MEXKIY co00i

H COINTaCYHOTCA C IUTCPaTYPHBIMH JaHHBIMH.

HpH [IPOYTEHHU JUCCEPTALMH Y OMNIIOHEHTa BO3HHKIH CICOYIOIIHEC 3aMCUaHUs U

BOITPOCEKIL:
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JlutepaTypHelli 0030p HamMcaH XOpPOIIO, OJHAKO HEOKHIAHHO 3aBeplIaeTcs
TEXHUYECKUM pasznenoM 1.6 KinaccubuumpoBaHHBIM CHOHCOK JIMIAHNOB, HX
CTPYKTYphl M 00o03Ha4eHus. [lo MHEHMIO pelieH3eHTa, JUTepaTypHEIl 0630p B
JNOKTOPCKOW JTUCCEPTAlMH JOJDKEH 3aBepllaThes OOOOIIEHMSMH U BEIBOJAMH,
0asHpYHOLIMMUCS HA YK€ BBIIOJIHEHHBIX WCCIENOBAHMAX M OOOCHOBAHHEM
AKTYaJbHOCTH BBIIIOJIHEHHUS JUCCEPTALIMOHHOIO HCCIEN0BAHHS.

Meronuxa in situ LbL apnsercs kirodeBoil 1uis JaHHON paGOTEL U IPECTaBIIseT
HECOMHEHHBIH HHTEpEC Ui [IpYTrHMX uccienoBareneii. Tem He MeHee, B
9KCIEPUMEHTAJIBHON YacTH METOAMKA ONHCAHA HEJOCTATOYHA IOAPOOHO.

Crp. 128-129: IloTepu JIOMHMHECHEHTHOIO KOMILIEKCA Ha KaKIOM JTalle
HAaHECCHUS MOIUIICKTPOIUTHONW 00O0IOYKH, OLIEHEHHEIE IO (IIyOpHMETPHUECKUM
M3MEPEHHAM pPacTBOPOB CYIIEPHATAHTOB, COCTaBMIN MeHee 1%. Bruto HaiimeHo,
YTO TUAPOAMHAMUYECKHNA paJlyC IMOJYyUYEHHBIX YACTHIl 3aBHCUT OT KOJIMYECTBA
CJIOEB ITOJIUAJIEKTPOJIMTOB M CO BPeMEHEM HabMIOACHUs ero yeenuueHue. Kakos
MEXaHU3M 3TOr0 [IMHAMHUYECKOro mpouecca? UTo NPOHCXOAUT €  SOpOM,
COCTOSIIUM M3 KOMIUIEKCa JJaHTaHOu1a?

Kakumu 3KCIEPUMEHTAILHEIMH METOAaMHU J0Ka3aHo YaCTUYHOE
JeXe/laTHPOBAHUE HOHOB JIAHTAHOM0B, KOTOpOe M 00ecrednBaeT HeoOXO0 UMbl
3apsijl 171 afcOpOLUY IIEPBOTO CII0SI OTMAICKTPOIUTA?

Kakue HOBBIE KOMIUIEKCHI JIAaHTAHOMJIOB OBUTH TMOJIYYEHHEI B XOJ€ BBIIOJHEHHUS
OUCCEPTAlMOHHON paboThl Kak MWHIMBUIYalbHBEIE (a3bl, KaK OHU OBLIM
OXapaKTepu30BaHBI U Kak OBIIO J0Ka3aHO ux crpoeHue? Kak mpoBommiace DFT-
ONTHUMH3ALMS CTPYKTYpP KoMILIeKkcoB? Kakue Moenu W orpaHHYeHHs H3HAYAIbHO
3aKJIaBIBAJIUCE?

MokHO M UMMOGHIM30BATh KOJUIOMIHBIE PACTBOPEL, B TOM UHCJIE JIOCTATOYHO
HeCTaOUIIbHBIE OJHOCIOMHBIC MWIM MAJIOCIOWHBIE HA IIOAXOSIIME TBEPJbIE
NIOBEPXHOCTH HJIM B THAPOTeIHM M UCIOJB30BaTh HX [UIS AHAIUTHYECKHX
onpeneaeHuin?

PaspaboraH psaj aHATUTHYECKUX METOHK ISl OLPEIE/ICHUS Pa3IMYHBIX aHATUTOB
B BOJIHBIX pacTBopax. IIpoBoauicsa nu aHamu3 B pealbHBIX 00BEKTaX, MMEIOIIHX

CIIOXKHBEIN COIEBOM (DOH, TAKUX KaK UTheBas BOJA, pe4yHas BoJaa, MOpcKas Bojaa?



8) Ilomyyenbl xoHTpacTHEIE areHTHl 111 MPT, mnpeBocxoisime KOMMepYecKue
QHAJIOTH 110 3 PEKTHBHOCTH B HECKOIBKO pa3. [IpoBOAMIOCE 1M X HCCIEI0BaHUE
in vivo?

9) TexcT muccepTalliyd HamuCaH, B LIENOM, XOPOLIMM HAay4YHBIM SI3BIKOM. OJHAKO
BCTPEUAIOTCS H3JIHUINHE OMOUMOHAIBHEIE OLICHKM M HEyJauyHBIC BBIPAXKECHUS,
HalpuMep, «3actpoiika o0nema rerepodase». Ha crp. 165 HempaBWIBHO
HCIIONB3YETCsl TEPMHH «METANIOOPraHUYEcKHe», Tak Kak B paccMaTpHBaeMbIX
COCIMHEHHUSAX HET CBA3M MeTall-yriiepond. IlpaBuibHO mHcaTh «MeTalI-

OpPraHHu4YCCKHEY .

BrimensnoykeHHBIE 3aMeuyaHMsT M IIOJKEJIAHWS HE HOCST [MPUHIOHUITHAIBHOI'O
XapaxKrepa, HE BIHAIOT Ha 3HAa4YUMOCTH JII/ICCCpTaLII’IOHHOﬁ pa6OTI:I H HOCAT

PEKOMEHIaTeNbHEII XapakTep.

Bricokuii ypoBeHb UCCIIEJOBaHUS MOATBEPXKIEH CITMCKOM IMyOMHKAIui M0 Teme
AuccepTaunoHHONW paboTel. OCHOBHEIE pE3yJIbTAaTHl JAUCCEPTALUU OIMYyOJIMKOBAHLEI B
nepuox 2011-2023 romer B 25 craTeiaX B JKypHalaxX, peKoMeHAOBaHHBIX BAK mpu
MunoGprayku Poccuiickoii ®enepanuu, 4To BIOJHE JOCTATOYHO I JOKTOPCKOM
aucceprauud. OTMETHM, YTO aBTOp ONYyOJMKOBAl HECKONBKO OO30pHBEIX pabor, a 18
crarell omyOJMKOBaHEI B JKypHalax IEpBOro KeapTwisd. bosee Toro, paGora momyumia
IMMPOKYrO ampobanuio M OBUIa TIpelcTaBieHa Ha OOJNBIIOM YHCIE POCCHICKMX U

MEKIYHApOIHBIX KOH(EPEHIIHIA.

Ha ocHOBaHMM IIPOBEACHHOTO aHATH3a MOXKHO YBEPEHHO KOHCTATHPOBATH, YTO
quccepranonHas  pabora 3ampoBa Pycrama PaBuneBnua  «IloJHRIEKTPOTUTHEIE
JIAHTAaTOM/HEIE KOJUIOMJIHBIE YaCTULBI JIs OHOMEIMUMHCKUX U OHOAHAIMTHYECKHUX
Leleil» SBIAETCS 3aBEPUICHHOH Hay4YHO-KBaIM(DUKAIMOHHON paboToil, B KOTOpOi
COZIEPIKUTCS PEIIEHHE KPYNHOM Hay4yHOH mpobiembl — co3aHHe TIHUAPOQUIBHBIX
HaHOPa3MEPHBIX CHCTEM Ha OCHOBE I'MIp0o(OOHBIX XEIaTHBIX KOMILJIEKCOB JIAHTAHOW/IOB,
COXpaHAIOIIMX YHHMKAJIbHbLIE JIIOMUHECLUEHTHBIE M MarHuTHele cBoiictBa. Pabora
coorBercTBYeT IyHKTaMm 1, 4, 5 nmacnopra cneuuancHoctd 1.4.4. @usnyeckas XUMHS
(xumuueckne Hayku). Ilo cBoeif aKTyaJbHOCTH, HAy4YHOM HOBH3HE, OOBEMY U
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TIPaKTHYECKOM 3HAUMMOCTH IHCCEPTALIHS MOTHOCTBIO COOTBETCTBYET TpeOOBaHMAM I1. 9-
11, 13, 14 «llonoxkeHHA O TPHCYKICHUM YUEHBIX CTEICHEH», YTBEPXKICHHOTO
ITocranosnenueM mpaBuTenscTBa PO® Ne 842 or 24.09.2013 r., mpenssBiIseMBIM K
JIOKTOPCKUM JMCCEpTalMsiM, a ee aBrop 3aupoB PycToM PaBuiieBUY 3aciyKuUBaeT
IIPUCY’KACHUA YUEHOM CTEMeHH JOKTOpa XUMHYECKMX HayK IO CrenuanbHocTH 1.4.4.

dusnueckaqa XUMU4.

22.05.2026

®enun Branumup [lerposuy

Jlokrop xuMuueckux Hayk no cnemuansHoctd 02.00.01 (1.4.1.) — Heopranumdeckas

xumun, npodeccop mo cremuansHocTd 02.00.01 (1.4.1.) — HeopraHumdyecKkas XUMHS,

akanemuk PAH

3asenyromuit jaboparopueii MeTtann-opraHu4ecKuX KOOPAWHALMOHHBIX IIOJTHMEPOB
deslepalbHOTO  FOCYApCTBEHHOrO  OIO/DKETHOrO  yupeskIeHus Hayku MHCTHTYT
neopranuyeckoii xumun uM. A.B. Hukonaesa Cubupckoro otaeneHus Poccuiickoi

akazemuu Hayk (MHX CO PAH)

DeKkTpoHHBIN aapec: cluster(@niic.nsc.ru
Tenedon: +7 9139350320

Anpec: 630090, HoBocubupck, npocnekt JlaBpenTsesa, 1. 3



