OT3bIB
oHIHAIBHOIO ONMOHEHTA
Ha auccepraiuio Hacpernunosoit ['yneHas PammToBHEI

«MEJMATOPHBIN DJIEKTPOXUMNYECKWY CUHTE?R HAHOYACTUIL] ME-
TAJJIOB 11 UX HAHOKOMIIO3UTOB B OFEEME PACTBOPAY,
IIPEOCTABICHHYO Ha COMCKaHME YYEHOH CTENEHH JOKTOpa XUMUYECKUX HAYK
o cnenrajibHocTH 1.4.4. Ousuueckas XUMUS

AKTyaJIbHOCTb TEMbI JHCCEPTALIUH

Hccnenosannsa B 00NacTy HAHOTEXHOJOTMH MHTEHCHBHO BEAYTCS BO BCEM
mupe. CoBpeMeHHbIE XUMHWYECKUE TEXHOJOTUH, SHEPreTHKa, MUKDPO3IEKTPOHNKKA,
MEIWIMHA U IPYTHe OTPAC/IY NPOMBIIIIEHHOCTH 0a3UPYIOTCS Ha IIHUPOKOM [IpHAie-
HEHWU PasHOOOpasHEIX HaHoMaTepuaioB. OIHAKO BHEIPEHME HAHOMATEPHAasoB, B
JaCTHOCTH HAHOYACTHI[ METAJIOB, B 3KOHOMHUKY HacTO OIPaHHYMBAETCS HECOBEP-
[ICHCTBOM METOJOB HX Iony4eHus. HecMoTpst Ha pa3sHOOOpasne S5KOHOMHUYECKH U
5KOJIOrMYeCKA 00OCHOBAHHBIX CIIOCOOOB MOMYUYEHHMS U CTA0MIN3AMKA HAHOUACTHI] C
3a[laHHBIM HAa00OpOM (YHKIMOHANBHBIX XapaKTEPUCTUK OTHOCHUTENHEHO HEMHOTO.
Hawubonplree pacnpocTpaHeHHe MONYyYHIH METOIbI, OCHOBAHHBIE Ha XUMHYIECKOM
BOCCTaHOBJICHIM MOHOB MeTajlla B PACTBOPE. DTOT MOIXOM TOCTATOYHO S heEKTH-
BEH, He TpeOyeT MCIONL30BAaHMS CIOXKHOIO JOPOTOCTOSINETO OOOPYMOBAaHUSA, HO
BEeChbMa YyBCTBHUTEJIEH M TPYyAHO MaciutabupyeM. HeoOXomuMOCTh UCIIONB30BAHMS
W30BITOYHOTO KOJIMYECTBA BOCCTAHABIMBAIOIIUX BEIIECTB, YACTO TOKCUIHBIX, 1 OO-
pasoBaHue OOJBIIOrO KOJIMYECTBA MOOOYHBIX MPOIYKTOB, CTABAT BONIPOCH
3al11 OTXOZIOB M IMOBBIIMIAIOT SKOJIOTHYECKYIO Harpy3Ky Ha OKPYKAIOIIyIo cpey. B
3TOM OTHOINEHHUH DJIEKTPOXUMHUYECKUE CHOCOOBI, UCITONB3YIOIMINE B KaUECTBE BOC-
CTQHOBUTEJIS SJIEKTPUYECKUH TOK, 00IaIal0T PAOM OOBEKTUBHBIX [IPEUMYILIECTB.

Takum 06pazom, MOCTaBIEHHbIE B JUCCEPTAIIMOHHOM padoTe HacpeTauHoBoM
I'.P. 3aa4yn 1m0 yCTaHOBJIEHMIO 3aKOHOMEPHOCTEY MEIMATOPHOIO 3JIEKTPOXHMHUYE-
CKOr'0 CHHTE3a HAaHOYACTHI] METAIIJIOB X UX KOMIIO3UTOB U pa3paboTKa Hay4HLIX OC-
HOB MaciTabupyeMo, skonormdecku Ge3omacHod ¥ 3()(PEKTUBHOM TEXHOJIOTUH
ABJIFOTCS AKTYyalIbHBIMU U WX PeIlleHre OyZeT CIIocOOCTBOBATh Pa3BUTHIO (PHU3HYe-
CKOM XMMHH HaHOMAaTEepPHAaJIOB.
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O6mast xapakTepucTHKa padoThl

Hucceprannonnas pabora Hacpernunosoit I'.P., usnoxennas Ha 336 cTpanu-
[aX, COCTOUT W3 BBENCHHUS, YEThIPEX IJIaB, 3aKIIOUCHUS W TPUIOKeHws. [lepras
rjiaBa IMOCBAIIeHa 0030py HayUHBIX IMyOJHKAI|HM 110 TeME MCCIEHOBAHUS, B [IaBax
2-4 W3JIOKEHBI Pe3yJIbTaThl SKCIICPUMEHTATBHBIX U TEOPETHYECKUX UCCICIOBaAHUIA,
B muccepranuu 165 pucyHKoB, 23 TaGnMIE], CIMCOK UCIIONB30BAHHBIX UCTOYHHKOB
HacuuThiBaeT 642 HaMeHOBaHMUS.



Huccepranus u aBropedepaT ohopMIEHBI COTNTACHO TPEOOBAHUIM, IPEIbIB-
JSIEMBIM K HUM, W H3JI0XKEHEI SICHBIM HAy4HBIM SI3bIKOM. PUCYyHKH, TabIUILI, 000-
3Ha4YeHUs PU3UIECKUX BEJIUYMH COOTBETCTBYIOT TpeboBanusM I OCTa.

Huccepranponnas pabora Hacpernunooit I'.P. npencrasnsger coboii oruy-
HO BBICTPOCHHOE, 3aBEPIIIEHHOE HAy4YHOE MCCIIEI0OBAaHUE, TIOCBALICHHOE pa3paboTke
Hay4HbIX OCHOB HOBOI'O 3JIEKTPOXUMHUYECKOTO 3(PHEKTHBHOIO CII0CO0a KoIuue-
CTBEHHOI'O MOTyYeHHUS HAHOYACTHUI[ METAJIJIOB U MX HAHOKOMIIO3UTOB B 00ObeMe pac-
TBOpA.

OHeHKa HOBHU3HbI MIOJYYCHHBIX pe3yJ/ibTaTOB

ComnckareneM B X0Jie BBIIIOJHEHHUS TUCCEPTAMOHHON PabOTHI IOTyUYeHbl HO-
BbIE Pe3yJbTaThl, HauOOJIee 3HAYMMBIE W3 KOTOPBIX:

- PazpaGoTanbl Hay4HBIE OCHOBBI KOJOTHYECKH OOOCHOBAHHOIO MEIUATOP-
HOTO 3JIEKTPOXUMMUYECKOIO IOJIy4eHus HaHodacTul MetayuioB (Pd, Ag, Au, Pt, Rh,
Co, Cu), ux HanokomMmmnosutos (Pd+Ag, Pd+Rh, Pd+Au), a Takxe HAaHOKOMIIO3UTOB
MOHOMETAINIMYECKUX WU  OUMETAUIMYECKUX  HAHOYACTHL C  aJKUIAMHHO-
MOAA(DHUIMPOBAHHBIMYI CUIMKATHBIMUA HAHOYACTHIIAMHE, C TETPABUOJIOTEHOBBIMU Ka-
nukc[4]pesopurHamy, MUKI06Uc(IIapakBaT--(heHUIIEHOM), COTIOIMMEPOM TeTPABK-
OJIOTE€HOBOTO KAJIMKCPE30PLIMHA CO CTUPOJIOM, HAHOIEIUITFONIO30H, (Qyiiepenanti,
okcugamu Cu u oxcuno-runpokcunamu Fe, Zn, Ti, Co, Al B pactBope.

- Jloxazana 5 (heKTUBHOCTh NPUMEHEHUSI B Ka4eCTBE MEIUATOPa MPH HJiek-
TPOCHHTE3€e HAHOYACTHI] METANIOB HOHOB COEAMHEHNH, CIIOCOOHBIX K 00paTUMOMY
OJTHO- ¥ MHOTO3JIEKTPOHHOMY IIEPEHOCY, B UaCTHOCTH: METHIIBHOJIOIEH, TETPABUO-
JIOT€HOBBIe KAIMKCPE3OPIMHEI, COIIONMAMED TETPABHOIOT€HOBOTO KATHKCPE3OPIMHA
CO CTHPOJIOM, IHKJI00UC(IIapakBaT-T-QEeHIICH), MONEKYJSIPHBIA KUCIOPO, aHTpa-
ueH, ¢ymnepensr (C60, C70, 61-6uc(ammmn)-61(xapGouui)merano[60]dbyepes,
N-metun-2-(3,5-nu-tper-0yTun-4-runpokcu-hewwn ) pymiepeno-C60-[1,2-
clmupponuaMH),  METaJUIOKOMIUISKBl  KobamkTa ¥~ XpoMma,  OeH3UMUIA-
30[1',2":1,2]xunonmu0[4,3-b][1,2,5]0okcoauazono[3,4-f|xuHOKCATHH.

- Paspaborana 6e30TX0/[Has TEXHONOTHS Hony4enus Hanouactul Pd, Ag, Co,
Cu ¥ UX HAaHOKOMIIO3UTOB B YCIIOBHSIX Oe3auadparMeHHoro 3IeKTPOIn3a, OCHOBAH-
Has Ha MEIMaTOPHOM BOCCTAaHOBIIEHUU MOHOB COOTBETCTBYIOIIMX METAIIOB, FEHE-
PUPOBaHHBIX 71 Sifu B pe3yIbTaTe aHOIHOTO PACTBOPEHMS METAILIA,;

- Ilpemnoxen cmoco® MeOWATOPHOTO JIEKTPOCHHTE3a HAHOYacTUL Ag B
IBYX(a3HBIX KUIKUX CHCTEMAX;

- Jlokasana KaramuTHYecKas aKTHBHOCTH MOIYYEHHBIX METOIOM MeIHaTop-
HOTO 3JIEKTPOXMMHUYECKOT0 CUHTE3a HAHOYACTHI] METAIIIOB ¥ MX HAHOKOMIIO3UTOB B
peaKIUsIX BOCCTAHOBNIEHUS NT-HUTpodeHona u kpocc-couetanus Cy3yku Musypel.

B 1ieniom, nonmy4yeHHBIE aBTOPOM pe3yIbTaThl SBJISIOTCS HOBBIMY 3HAHUSIMUA B
obsacti GU3MUECKOH XUMUH, UMEIOT CYIIECTBEHHYIO TEOPETHIECKYIO 3HAYNMOCTb
1 BHOCST BKJIAJ B pa3BUTHE (PU3NUECKON XMMHUH HAHOCUCTEM.

IlpakTuyeckass 3HAYMMOCTH AHWCCEPTANMH OGYCIIOBIEHA pa3paboTKO
HAy4YHO-OOOCHOBAHHBIX IOIXOJOB K ITONYUYEHHIO KATAIUTUYECKHA aKTUBHBIX HAHO-
MaTepuajioB C UCIIOJIL30BaHMEM 3KOIOTAYECKU 0e30macHoro u 3hMeKTUBHOTO Crio-



coba MeAMaToOpHOrO 3MEeKTPOCHHTe3a. KpoMe 3TOro, MenuaTopHsIi 3JIEKTPOCUHTE3
IPEOCTaBILET BO3SMOXKHOCTD IIOJYyYUTh HaHOKOMIO3UTE HU-M, o6paszoBaHme Ko-
TOPBIX C MCIOJB30BAHUEM JIPYIHX METOAOB 3aTPYAHHUTENHLHO WM HEBO3MOXKHO. B
YaCTHOCTH, IIPY CO3JaHMM HAHOKOMIIO3UTOB, B KaUeCTBe CTAOMIIN3aTOPa UM HOCH-
Tens HY-M, B KOTOpBIX MpeImnonaraeTcst HCIOMb30BaHKHE CAMOT0 MeIHATOpA.

/LOCTOBEPHOCTL MOJYYEHHBIX Pe3yIbTATOB, 000CHOBAHHOCTH HAYYHBIX
NO/I0KeHHH H CIeJaHHBIX BBIBOAOB O0YCIIOBJIE€HA I'PAMOTHBIM U O0OCHOBAHHBIM
IPUMEHEHNEM KOMILIEKCa METOJIOB UCCIIENOBAHUS INEKTPOXUMUYECKUX TIPOIIECCOB
(LMKITMYeCKas BONBTAMIEPOMETPHUSI, MUKPOIIEKTPOIN3) H COBPEMEHHBIX buznge-
CKUX METOJIOB MCCiIeNoBanus (CreKTpockomnus Y@ u BUIUMON 06IaCTH, THHAMHYE-
CKOT'O CBETOPACCESHUS; MTOPOIIKOBAs PEHTIeHOBCKAs NUMPaKIIKs; aTOMHO-CHIIOBAS,
CKaHUPYIOIIasi, CKaHUPYIOLlas TPAaHCMUCCHOHHAS M IIPOCBEUHMBAIOIIAS MHKPOCKO-
IWSL; PeHTTEHOBCKAsk (POTORIEKTPOHHAS CIIEKTPOCKOTIHSE; PEHTTeHO(Ty OpeCIIeHTHBIH
ananus; 1H SMP). Jlng nporHo3upoBaHUs CTPYKTYPHI NMOJYyYEHHBIX KOMILIEKCOB
HCIIOJIb30BaHbl TEOPETUICCKUE PACUEThl METOAOM TEOPUH (YHKIIHOHATA 3JIEKTPOH-
HOH INIOTHOCTH, pealn30BaHHbIe B mporpamMme VASP.

OcHoOBHEBIE pe3yIbTaThl IUCCEPTALMK JOCTATOYHO [IOJHO H3JIOKEHBI B 43 cTa-
ThSIX B PELEH3WPYEMBIX HAYYHBIX POCCUMCKUX W MEXIYHApPOIHBIX H3MAHUAX U3
cnrcka BAK w unmexcupyembix B Gubmmorpaduyeckux 6azax JaHHBIX Scopus U
Web of Science u MHOTOKpaTHO 0GCYXIaIMCh Ha MEXTYHAPOIHBIX ¥ BCEPOCCHIi-
CKHX KOH(bEepEeHIIHsIX.

ABTOpe(EpaT COOTBETCTBYET COAEPKAHUIO AUCCEPTAIAH.

O6uue 3amedaHus 10 AMCCEPTANMOHHON padoTe

Kpanudukannonnas pabora Hacpernurnosoit I'.P. mpousBogut 61aronpusr-
HOC BIIE€YATIICHUE, OJTHAKO CIIeAyeT 0OpaTUTh BHUMAHUE aBTOpa Ha DAl [PEICTaB-
JICHHBIX HIDKE 3aMEYaHul:

1. Ha pwuc.2.4 npencrasnena [IBA 3aBHCHMOCTD /1Jis1 3J7I€KTpOJa B pacTBOpE, CO-
nepxatiem PdCl,. ITo-BuanMoMy, 5T0 TiepBas W3MepeHHass KpUBas U Ha Hell SBHO
BUJIHO Ha4aJl0 KaKOr0-TO BOCCTaHOBHUTEIBHOIO IIpoliecca, KOTOPOMY MOT OBI COOT-
BETCTBOBATE IIMK IIPHU IOTEHIMae 0KojI0 MuHyc 0,25 B, aHAIOTUYHO Tem, KOTOphIe
HabIIIOat0Tes B IpucyTeTBuE Meauaropa MVCA-C58 (puc. 2.5. xpuBsle 3-6). Kax
BBITTIAZICNIH Tocnenyromue [IBA B faHHBIX yCIOBUIX?

2. Ha ctp. 85 B moscHeHMAX K PUCYHKY 2.5 mamucano: «O6 o6pa3oBaHUM ua-
CTHI] METaJIIOB MEHBILIETO pa3Mepa TaKXe CBUIETENLCTBYET MEHEe aHOIHOe 3Hade-
HHE TOTeHImanoB peokucierust Pd’ na obparuoii Betsu LIBA-kprBoit mpu peBepce
[IOTEHIMaJIa C II€PBOTO W BTOPOrO IIMKOB BOCCTAHOBIIEHUS MenuaTopa». He moHsaT-
HO Ha OCHOBaHHWH KaKMX OKCIIEPUMEHTAIBHBIX JAaHHBIX CIOEJIaH BBIBOJ O BIMUSHUU
pazMepa 00pa3oBaBILINXCS YACTHIIL AT (Ks Ha IIOTEHIIHAI TUKA OKUCIICHUS.

3. ABTOpOM IpoBezieHa O4eHb 0OBEMHASI M KPOIOTIKMBAs paboTa 1o CHHTE3y H
OXapaKTepu3oBaHMIO 145 HaHOMAaTepHaloOB HA OCHOBE HAHOYACTHI[ 7 PasIMYIHBIX
MeTaJioB. VccienoBaHo BIMSHUE YCIOBHM 3JIEKTPOIH3d, COCTaBa 3JIEKTPONINTA,
IPUPOIBI PACTBOPUTEINS W CTaOUIU3aTOpa, IPUPOIE Menuaropa. Beeaenue B pabo-
Ty 4acTH C TeXHOJOTHYECKUMU PEKOMEHAAIUSMU, B KOTOPOU OLIIH Ol YETKO BBIJE-



JICHBI 3aKOHOMEPHOCTH BJIMSHUSA TOTO WIM MHOTO MapaMeTpa U WX B3aUMHOE BIIHS-
HHE Ha pasMepHLIE M KpUCTaUIOrpaduiecKue XapaKTePUCTUKH ITOTYYEHHBIX HAHO-
MaTEepUaIoB IS KaXJIOr0 U3 MUCCIENOBAaHHBIX METAJUIOB, CYIIECTBEHHO MOBBICUIIO
OBl MPAaKTUYECKYIO 3HAYUMOCTH PabOTEL.

4. ABTOpPOM HCIIOJIB30BaH LIEJbIA CIEKTpP BEIIECTB-MEIUATOPOB, He BCE U3 KOTO-
PBIX SIBJISIOTCS OOINENOCTYIIHBIMY U pacipocTpanéuHbsiMu. K coxanenuto, B padoTe
OTCYTCTBYIOT PEKOMEH/IALMKU 10 BEIOOPY TOTO MIIM MHOT'O MEIUATOpa U MpEenuMyIie-
CTBa €ro UCIOJIb30BaHUS.

5. JIasg HaHOMATepHaIoB BaXHEUIIUM SIBISIETCS] BOMPOC cTabuiIbHOCTH. B pabo-
T€ He MPUBOJATCA KOIMYECTBEHHBIE NaHHBIE O CTAOMIBHOCTU IOJNYUYEHHBIX CHCTEM
BO BPEMEHH.

6. CremyeT OTMETHTDH 4pe3MEpHOe KOIMYECTBO MPOIUTUPOBAHHLIX B JUCCEPTa-
1 pabot — Oosee 640, U3 KOTOPBIX PabOTHI OMyOIMKOBAHHBIE 3a TocienHue 10
Jet cocraBisAroT Bcero 20%. Cuuraro, 9T0 BO MHOTHX CIIydasX MOXKHO OBLIO OBI
CCBUIAThCSl HA 0030pHBIE PAOOTHL.

Juccepranys TIIATENBHO OTPENAKTHPOBaHA, MPAKTHYECKH HE BCTPEYAOTCH
OIT€YaTKH, He KOPPEKTHBIE BBIPAKEHUS U JPYTHe MOTPEITHOCTH TEKCTA.

O1MedeHHBIE BBIIIE HEIOCTATKH HE OKA3bIBAIOT CYIIECTBEHHOIO BIUSHUS Ha
ITIAaBHBIC TCOPETHUECKHE U IPAKTUUECKUE Pe3yJIbTaThl TUCCEPTAIMH U HE CHIDKAIOT
TNOCTOUHCTB HUCCIICIOBAHUS.

3akJIroueHue

B nenom, nuccepraums Hacpermurosoit I'. P. «MenuaTopHbIN 3eKTPOXH-
MUYECKUH CHHTE3 HAHOYACTHUIL] METANJIOB U WX HAHOKOMIIO3UTOB B 0OBEME PACTBO-
pa» mpezcTaBisgeT cOOOM 3aKOHYEHHYIO HayYHO-KBATH(GUKAIMOHHYIO PaboTy, BbI-
MOJIHEHHYIO aBTOPOM Ha BBICOKOM Hay4HOM YPOBHE, B KOTOPOH COIEPIKUTCS pellie-
HHE aKTyalbHOW HayYHOH IpoOieMbl NOMydeHHs (YHKUHOHATBHBIX HaHOMaTepHha-
JIOB, UMEIOIIEH BaKHOE XO34MCTBEHHOE 3HaueHHe. [ [oydeHHbBIe aBTOPOM pe3yJibTa-
ThI, BBIBOJ(BI ¥ PEKOMEHIALUH B TIOJHOM Mepe 000CHOBaHHI.

Hucceprannonnas paboTa COOTBETCTBYET KpUTEpusiM [IONOXKEeHHS O Mpu-
CYXICHUU YYCHBIX CTEIEHEH, YTBEP)KIEHHOI'O IIOCTAHOBIEHUEM IIpaBurtennbcTBa
P® ot 24 centsa6ps 2013 1. Ne 842 (co BceMH U3MEHEHHSIMU U JOIONHEHUSIMHU B
JCUCTBYIOIEN pelaKlmMu), B TOM ducie I.1. 9-11, 13-14, u macnopry cnennanbHo-
ctu 1.4.4. Ousndeckas XUMUS:

1. 4. Teopus pacTBOPOB, MEKMOJIEKYJISIPHBIE U MEXKYACTUYHBIE B3aUMOIEHCTBUS.
KoMmIietoTepHOE MOIENUPOBAaHUE CTPOCHUS, CBOWCTB U CIIEKTPAIBHBIX XapaKTepH-
CTUK MOJICKYJT U HMX KOMIUIEKCOB B IIPOCTBIX M HEMPOCTHIX KUIKOCTIX, a TAKKe
PaHHUX CTaJnM IIPOLECCOB PACTBOPEHUS U 3aPOBIIIE00pa30BAHUS;

1.5. Msyuenne Qpu3NKO-XMMHYECKUX CBOWUCTB H30JUPOBAHHBIX MOJEKYJ M MOJEKY-
NAPHBIX COCAWHCHUN NPH BO3JEHCTBHM HAa HUX BHEIIHWUX 3JICKTPOMATrHUTHBIX I10-
JIeH, TOTOKA 3apsHKEHHBIX YaCTHUII, & TAKKe SKCTPEMATBHO BBICOKUX/HUZKUX TeMIIe-
paTypax 4 JaBJICHUSX;



m. 7. MakpoKMHETHKa, MEXaHH3Mbl CIOXHBIX XUMHYECKHMX IPOLECCOB, busnko-
XUMHYeCKas TUAPOIHHAMUKA, PACTBOPEHUE W KPUCTAIIIU3ALINSL.

a ee aBTop Hacperurosa I'ynbnas PammroBHa 3aciy>kuBaeT IpUCy K ICHUS YUEHOM
CTCIICHU TOKTOpa XUMUYECKHUX HAYK IO CeNHAILHOCTH 1.4.4. dusnyeckass XuMUs.

OdunuaapHBIH ONIIOHEHT

ax.H. (02.00.05 Dnextpoxumus),

JOIIEHT, mpodeccop  Kadeapsl
«XUMHUECKUe TEXHOJIOTHUN
IOxmo0-Poccuiickoro  rocymap-

CTBEHHOI'O  IOJUTEXHUYECKOTO
yauBepcutera (HIIMA) wmenn -

M.N. I1narosa, _ Huna Bragumuposuna Cmuprosa

«17» anpens 2025 r.
CornacHa Ha 00pabOTKY MepCOHATBHBIX JAHHbIX.

H.H. Xomnoaxosa
«17» anmpens 2025 ¢
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