OT13bIB
o(HUIIUATBHOTO OIIIOHEHTa Ha TUCCEPTAIMOHHYIO paboTy
Hacperaunosoii I'ynbHa3 PamnToBHbI «MeAuaTOPHBIH 3JIEeKTPOXUMUYECKHH
CHHTE3 HAHOYACTHIl MeTA/JIOB M HX HAHOKOMIIO3UTOB B 00beMe pacTBOpPa»,
NMpeaCTaBJCHHYI0 HA COUCKAHUE YUYCHOH CTeleHH NOKTOPAa XMMH4YeCKHX HAyK II0
CIeHAJIbHOCTH
1.4.4. ®nu3uueckast XUMHUS.

O6mas xapakTepucTHKA padoThI

JucceprarionHas pabora HacperanHosoii I'yjibHa3 PaludTOBHBI BEINIOJIHEHA B
WHCcTUTYTE OpraHuueckod # (QU3NYECKOH XUMHHA HMEHH A.E. Apbysoa -—
000COOJIGHHOM ~ CTPYKTYpHOM TofpasfeneHu @DenepalbHOro  rocyaapcTBEHHOrO
OIO/DKETHOTO  yupexkaeHus Hayku «DemepalpHBId  UCCIENOBATEIbCKUNA  LIEHTD
«KazaHckuii Hay4HbIl EHTp PoccUiiCKON akaleMUn HayK».

JuiccepTraius u3aoxeHa Ha 336 cTpaHUIlaX TEKCTa, COCTOUT U3 BBEACHUSA, 3 IVIAB,
3aKJIFOYCHMS, CITUCKA IUTHPOBAHHOU JUTEpaTyphl, BKIOYaroIero 642 HauMEHOBaHWI,
TIPUIOXKEHMUS, COEPXKUT 165 prcyHKOB, 11 cxem, 23 TaOnuIEL.

Bo BBeneHuum  00OCHOBaHAa  aKTyaJbHOCTh  M3YyYEHHSA  3aKOHOMEPHOCTEH
GopmupoBaHus CTpykTypel Hanouactul] (HY) c¢ wncnons3oBaHmeM 3JIEKTPOJIM3a
HEBOIHBIX W CMEIIaHHBIX PacTBOPOB, COOPMYJIMPOBAaHBI LENb M 3a7a4dd, KOTOPEIE
HEOOXOMMO PELINTh UL IOCTIDKEHUS II0CTaBICHHOH Nenu. OTMEYEHEl pe3y/IbTaThl
paboTHl, YKa3bIBAIOIIUE Ha €€ HayYHYIO0 HOBU3HY U NIPAKTHYECKYIO 3HAYMMOCTE.

B mepBoit riaBe mpencrtaBieH NOAPOOHBIM aHANWU3 JIUTEPATYypPHBIX UCTOYHUKOB, B
KOTOPBIX PAcCMaTPHUBAIOTCS OCHOBHBIE METOIBI IOTyYEHMsS HAHOYACTUI[ METAIIOB C
aKIIEHTOM Ha  JJIEKTPOXMUMHUYECKHe crocoOpl. ONUcaHBl  OCHOBHBIE — METOJBI
WCCIIEIOBAHUS, TIO3BOJISIFOIINE C BBICOKOM CTEIEHBIO JOCTOBEPHOCTH XapaKTEPU30BaTh
HAHOUYACTHUI[BI C ITO3MI[MM X COCTaBa, CTPYKTYPHl ¥ MOP(OJIOTUH, MPOaHAIU3UPOBAHA
BO3MOKHOCTh IIPUMEHEHHUS YKa3aHHBIX HAHOYACTHUI] B KAYECTBE KATaM3aTOPOB PEAKIIUM
BOCCTaHOBJIEHHUS n-HUTpodeHoIa 1 Kpocc-coueTanus Cy3yKu-Musypel.

Bo BrOpoMpaszene IJaBBl ONUCAHBI OCHOBHBIE MOAXOABI II0 MEIUATOPHOMY
DIIEKTPOXUMHUYIECKOMY  CHHTE3y,  BKJIIOYas  pE3yJbTaThl  OKCIEPHMEHTATIbHBIX
UCCIIENOBaHKM ¢ IPpUMEHEeHNEM pa3paboTaHHOro MeTona. KpoMe Toro, pacCMOTPEHEI BCe
COEIMHEHHUS, HCIONB30BAaHHEIE B  KA4eCTBE MEAMATOPOB  DJIEKTPOXUMUYECKOTO
BOCCTAHOBJIEHHS TPEKYypPCOPOB HAHOYACTUI[ METaJlJIOB, OIIMCAHBl OSKCIICPHUMEHTHl C
npuMeHenueM [[BA-uccrnenoBaHMM MEIMATOPHOTO TIpolecca ¥ 3JICKTPOCHHTE3a

MOHOMETAJNIMYECKUX HAHOYACTHII. PeBy.HBTaTBI HCCIICIOBAaHUM, a TaKKe XapaKTCPUCTUKU



MOHOMETA/UTMIECKUX HAHOYACTHUIl, IpPEJCTaBIeHBl B paszene 3. OTHenbHO NPUBEIECHO
OTMCAaHNE MEIMATOPHOTO CHHTE3a OMMETAUINYECKUX HAHOYACTHIl, HAHOKOMIIO3UTOB Ha
OCHOBE HAHOYACTHI[I C pa3IMYHBIMU HOCUTEISIMH, a TaKXe IPUEMBI IIOJyUYCHHUS
HAHOYACTHUI] B HECMEILIMBAIOIIUXCS JKUIKOCTIX. B OTHENbHOU TpeThe IIIaBe OIMMCAHEI
PE3yJIBTAThl KCCIIEIOBAHUM KAaTATUTHIECKIX CBOMCTB METAILICOJEPIKAIIIX HAHOCHUCTEM B
peakIusIX BOCCTAaHOBJIEHUS n-HATpoGeHoIa U Kpocc-coueTtanus Cy3yKu-MuUsyphl.

Kaxnmas riaBa 3akaHYMBaeTCs BEIBOJAMH. B KOHIE JUCCEPTAllMd HMEETCSA
3aKJTI0YCHHE 0 paboTe B LIEIOM.

[To o6BEMy, CTIpPyKType, COHEpKAHWIO, HAYYHOH HOBHU3HE MU IIPAKTUYECKON
3HauMMocTH pabota coorBeTcTBYyeT TpeGoBanwiM BAK mpu MunuctepcTBe Hayku U
BEICIIEro obpa3oBanus Poccuiickoit @enepariuu, NpeabsIBIIEMbIM K AUCCEPTAIMSIM Ha

COMCKaHHUE YUEHOH CTEMEHH TOKTOpa XUMUYECKHUX HayK.
AKTYyaJIbHOCTb T€MBI ANCCEPTALHH

Ucrionb30BaHrne HAHOYACTUIlI METAJUIOB B KAadyeCTBE KaTalM3aTOPOB IPOLECCOB
XUMHWUYECKOW OTpaciy W OHEPreTHKY, BEIIECTB aJpPECHOM [IOCTaBKM JIEKapCTB B
MeIULIMHE, MaTEPUAIOB AATYMKOB B 3JEKTPOHHON MPOMBIIUIEHHOCTH, CHENA(PUIECKUX
peareHTOB OOHApPY>KEHUS M OINpPEIeICHNS B aHATUTUYECKON MPaKTUKE U IIP. TO3BOJISIET
3HAYUTEIHHO MOBBICUTH 3()()EKTUBHOCTh MPOIIECCOB, COKPATUTH IPOU3BOJICTBO OTXOOB,
BpelnHble BBIOpOCE B atMmochepy. OmHMM U3 crIoco00B IOMYYEHHS HAHOYACTHIL
METaJUIOB SBJISETCS XUMHUYECKOE M 3JIEKTPOXMMUYECKOE BOCCTAHOBIIEHHE, MHTEpPEC K
KOTOPOMY B IIOCJEIHEE BpEMsS BO3POC B CBSA3U C OTHOCUTENBHOU IIPOCTOTOM
TEXHOJIOTUYECKOTO0  OGOpPMIICHHS, JOCTYIHOCTBIO, BBICOKOH 3G (EeKTUBHOCTEIO.
HampaBneHreM COBEPIIEHCTBOBAHUSA TEXHOJOTHM 3JICKTPOXUMUYECKOTO IOy USHHU
HAHOYACTHI] METAJJIOB SBISETCS  pelleHue NpoOJaeMbl YTWIM3AIUN O00pa3yIoIUXCs
MoOOYHBIX TPOAYKTOB ©  OTXOAOB, @ TakKe MPeJOTBpalIeHHE alIcopOuuu
bopMUPYIOMKXCS YaCTHUI] Ha MTOBEPXHOCTH 3JIEKTPOIOB. B 3TOM CBA3M MOCTaBICHHAS B
pabote HacpermunoBoii I".P.1ienp — paspaboTka HayuyHBIX OCHOB HOBOTO 3((heKTUBHOTO,
9KOJIOTUYECKH IIPHUBJIEKATEIBHOTO, YIOOHOrO M IMPOCTOr0 Crocoda KOJIMYECTBEHHOTO
TIOJIy4eHUsT HAHOYACTUI[ METa/UIOB M KX HAHOKOMIIO3UTOB B 00BEME BJIEKTPOIIHTA,a
TAK)KE OIIEHKa BIHSHUS CTPYKTYPHBIX XapaKTePUCTUK Ha KaTAIUTHYECKHAE CBOMCTBa

qaCTHll — ABJIACTCA, HCCOMHCHHO, aKTyaJIBHOﬁ.



HoBu3Ha Hcc/IeI0BAHHS H MOJIYyYeHHBIX Pe3yJbTaTOB, BLIBOXOB H
pexoMeHIanui, chOpMyTHPOBAHHBIX B JHCCEPTALHH

Pa3paboTaHBl HayuyHBIE OCHOBBEI HOBOI'O METOJA JJIEKTPOXMMUUYECKOrO CHHTE3a
HAHOYACTHI[ METAJIOB M WMX KOMIIO3UTOB B pacTBOpe. IIpelcTaBieHHBIE pE3YJIBTATHI
JEMOHCTPUPYIOT YHHUBEPCAIBHOCTE, 3¢ eKTUBHOCTD " HKOJIOTUYECKYO
IPUBIEKATEIFHOCTh MeToja. VICIoNB30BaHUE MeAMaTopa IT03BOJIUIO MPaKTHYCCKU
HCKIIFOUUTH aCcOpOIMI0 MeTallla Ha OJJIeKTpoJe MU obecneunTs (HOPMUPOBAHHE
HAHOYACTHUI[ METAIOB B 00BeMe pacTBopa. [IprMeHeHHe MeAMaTOpPOB II03BOJAET
IPOBOJIUTH JIEKTPOXUMUYECKOE BOCCTAHOBJIEHHE HEPACTBOPUMBIX W MaJOPacTBOPUMBIX
CoJIell METa/IoB, IMPEKypPCOpOB METAUIOB, HMHKAIICYJIUPOBAHHEIX B MHUIICIAX WIH
UMMOOWITU30BAHHEIX Ha HETOJBIKHBIX HOCHUTEIAX, MOJTyyaTh HAHOKOMIIO3UTEI
MOHOMETA/UIMYECKUX W OumMmeraymmuecknx HY ¢ ankuIaMUHO-MOIU(PHULIAPOBAHHEIMU
cunukaTHeiMu ~ HY,  TeTpaBHOJIOTEHOBBIM 51 KaJnKc|[4 |pe3oprHaMy,
uKII06uc(mapakBaT-1-HeHUIEHOM), COIIOJIIMEPOM TETPABUOJIOTEHOBOIO
KaJIMKCPE30PIMHA CO CTHPOJIOM, HAHOLEIUIION030H, ¢ymiepeHamu, okcumamu Cu u
oxcupo-ruppokcumamu Fe, Zn, Ti, Co, Al. Pa3zpaborana 0e30TXomHas TEXHOJIOTHs
[IOJTyYEHHUss HAHOYACTUI] METAJUIOB U MX HaHOKOMIIO3UTOB, OCHOBAHHAs Ha MEIUATOPHOM
BOCCTAHOBJIEHUN HOHOB METaJUIOB, TEHEPUPOBAHHBIX i1 Sif B Pe3yJbTaTe aHOIHOTO
pacTBOpeHMs MeTamta rpu Oe3nuadparMeHHOM dneKTponuse. OXapaKTepr30BaHbl U
HCCIIEI0OBAHBl KaTATUTHYECKUE CBOMCTBA HAHOYACTHL] METAJUIOB U X HAHOKOMITO3UTOB B

peakIisIxX BOCCTAHOBICHUS n-HUTpo(deHoa 1 Kpocc-codeTanus Cy3yKku-Musypsl.

3HAYAMOCTD I HAYKH W IPOU3BOJACTBA MOJYYeHHBIX aBTOPOM JHCCEPTANH
pe3yJibTaToB

HacpernunoBoii ['.P.roimydeHbl pe3ybTaTel, NPEACTaBAIOIINEC 3HAYUMOCTH UL
Hayku B 00JacTH CHUHTE3a HAHOYACTHUI[ META/UIOB OSJICKTPOXUMHYECKUM METOJIOM C
HCIIONIE30BAHUEM  BEIIECTB-MEIUATOpPOoB. Takod MOAXOA TIO3BOJISAET pPEaan30BaTh
MIPaKTUYECKH O€30TXOAHBIE IIPUEMBI IOy YCHHS HAHOPa3MEPHBIX YacTHIL.

K mpakTWdecKd BaKHBIM pe3yJbTaTaM pabOThl CIENYeT OTHECTU IIPUEMBI
MEIUATOPHOTO  CHHTE3a HAHOYACTHIl  METajUIOB, IIO3BOJIAIONIME  pealnu30BaTh
npeUlaraeMblii  aBTOPOM MEAHATOPHBIN CHHTE3, XapaKTEPU3YEeMBIH 9KOJOTHYCCKOH

IIPUBJICKATCIIBHOCTBIO U SKOHOMHUYECKOHU HCH@COO6pa3HOCTBIO.
O00CHOBAHHOCTb H AJOCTOBCPHOCTD HAYYIHbIX HOJIO)KeHHﬁ, BBIBOJOB H 3aKJIYeHUH

Haﬂé}KHOCTB IIOJTy4YCHHBIX aBTOPOM W MPEACTABJICHHBIX B NUCCCPTAlMH NaHHBIX

OCHOBEIBAa€TCA Ha MPHMCHCHHMM KOMIUIEKCA COBPEMEHHBIX  JJICKTPOXMMHYICCKHUX



(XpOHOIIOTEHIIMOMETPHS, JIMHEHHAd W  I[MKINYecKas BOJbTAMIICPOMETPHA) U
Gr3nYecKuX(PEHTTEHOCTPYKTYPHBIM ~ aHalIW3,  pPEHTIEeHOBCKas  (DOTOINEKTPOHHASA
CIIEKTpOCKOMuUs, cmekTpockormmss Y@ u  Buaumoil obnactv, [IUHAMHUYECKOE
CBETOpACCesHIeE, MTOPOIIKOBas PEHTIEHOBCKAs MU(GPaKIys, PEHTIeHO(IyOpECIEHTHBIN
aHaliu3, pa3JUuYHBIE BHUIBl MHKPOCKOIHMM, B 4HCIE KOTOPBIX ATOMHO-CWIOBAas H
pa3IMYHbIC BAPHAHTHI SJIEKTPOHHON MUKPOCKONUY (CKaHUPYIOIIas, TPAHCMUACCHOHHAS U
IIPOCBEYMBAIOIIAs, TPABUMETPUIECKUEC M BOJIIOMETPUYECKUE U3MEPEHHsS) METOAOB C
HCIIOJIB30BAHMEM COBPEMEHHOr0 000pYyIOBaHMS. AHAIU3 SKCIEPUMEHTAIBHBIX JTaHHBIX
MIPOBOAWICA C IPUMEHEHHEM METONOB MaTEMATUUYECKON CTAaTUCTHUKH.

PesynbraTel paboThl OBLTH MPEICTaBICHBI U 00CYKAECHB! Ha KOH(GEPEHIIUIX Pa3HOro
ypOBHS, B T.4. Ha X OPyMKUHCKOM CHUMIIO3UyMe IO anekTpoxuMun (Mocksa, 2015 1.) u
JIPYTUX MEXIyHapOIHBIX KoHGepeHuax. Pabora nognepsxana rpantamu POOU u PHO.

[Tonoxenwns, BEIHOCHMBIE Ha 3aIlUTY, BIIOJHE 0O0CHOBAHHI, a LI€/Ib UCCIIEJOBAHN,
TIOCTaBJICHHAs! aBTOPOM, JOCTUTHYTa. JlyccepTanonHas paboTa BKIFOYAET 1OCTaTOYHOE
KOJTMYECTBO MCXOAHBIX HaHHBIX, COACPKUT HEOOXOJUMBIE IIOSICHEHUS, PUCYHKUHU
Tabnuiel. MaTtepuan IUCCepTalliy M3JI0KEH I10CJIE0BAaTENbHO, YETKO CTPYKTYPUPOBAH
¥ aKKypaTHO opOpMJIeH. 3aK/IFOUYCHUE U BBIBOJBI, CAEaHHBIE aBTOPOM II0 MaTepuajiam
JIICCEPTAallMM, IIOJMHOCTBIO OCHOBBIBAIOTCS Ha pe3ylbTaTaX TEOPEeTUYECKUX U
9KCIIEPUMEHTANBHBIX UccleqoBaHud. OCHOBHBIE PE3yJIBTATHl JUCCEPTALMU OTPa’KEHEI B
43 Hay4HBIX CTaThAX B POCCUHCKHMX Hay4HBIX )KypHaJIaX U3 MEPEUHS, PEKOMEHIOBAHHBIX
BAK. Ily6mukamyu 1 aBTopedepaT 0TpaxaroT OCHOBHOE COAEPIKaHUE TUCCEPTALlMOHHON
paboTHL.

Hecmorpss Ha ofmiee xopolmee BI€YaTIEHHE, KOTOpPOE IPOM3BOLUT padoTa
HacpetrmunoBoii ['.P., o comepxaHuio quccepTaluy UMEIOTCs CIeQyIollye 3aMeYannsa U
BOITPOCHI:

1. B HEKOTOpBIX CiTydYasX YIIOMHHAIOTCS MPOTEKAIOMIAE Ha 3JIEKTPOAAX IIPOLECCH
obpa3zoBanus HOBoM (aser (TBepmodt u raszoobpasnoif). Kak 310 cormacyerca c
IIOCTABJICHHBIMHA aBTOPOM 3aJladaMM TIOJIY4YEHHS BBICOKOAMCIIEPCHBIX IIPOIYKTOB
HCKJIFOYUTENIEHO B 00BEME JIEKTpOIuTa?

2. Hackompko cTaOWIBHEI 1 0OpaTUMBI B YCIOBUSX BHEIIHETO 3JIEKTPOMAarHUTHOIO
HOJIS TPUMEHSEMbIE aBTOPOM MEIHMATOpel U cTabuiusaTopsl? Haseproe, OBUIO OB
1eJ1IecO00pa3HBIM MPOBECTH PAHKMPOBAHUE HCCIIEIOBAHHBIX MEAUATOPOB II0 KPUTEPHUIM
3¢ (HEKTUBHOCTH.

3. B HEKOTOPHIX CIydasX pasMep CHHTE3UPYEMBIX HAHOYACTHUI] COCTABISET 2, 4 U

T.0. HM. MOXHO JM CUHTATh 3TU O0Opa30BaHMSA KPUCTAUIMUYECKUMH CTPYKTypamu?



Kakoro Tuma TBepasle pacTBOPHL, (HOPMUpPOBAaHHE KOTOPHIX MPOJEKJIApHpOBal aBTOD,
00pa30BEIBAIUCH B CITydae IMOIydeHUs] OMHAPHBIX METANIMYECKUX CUCTEM?

4. KakoBBI IPUYMHBI YTPAThl CTAOMIBHOCTH CUHTE3MPOBAHHBIMH  IHACIEPCHBIMHU
cucteMaMu? Krpaer nu 37ech poib U3MEHEHHUE 3apsia IIOBEPXHOCTM HAHOYACTHUI[ U
U3MEPSUINCE JIM B JAHHOM ClIydae COOTBETCTBYIOIIHE XapaKTEpUCTHUKH, HAIpumep, & —
MOTEeHLIa?

5. C yueroM QopMUpOBaHUS KOJJIOWTHBIX CHUCTEM B pacTBOPE U HAJIOXKEHMS
3JIEKTPUYECKOTO IOJIS B MPOIECCE IEKTPOIN3a UMEET JIM MECTO IEKTPOPOPETHIECKOE
IEpeMEINICHAe HAHOYACTHI, MHIELT ¥ T.A.7 MOXET M OHO CIIOCOOCTBOBATH
00pa3oBaHUIO CJI0EB, OJIOKUPYIOIIIX IIOBEPXHOCTE 3JIEKTPOLOB?

6. TepMUH «IUCIICPTUPOBAHKEY, PABHO KaK M «aHOJHOE PACTBOPEHHUE» METAIlIa,
IIPUMEHSETCS aBTOPOM ISl 0OBSCHEHUS! pasHBIX ABICHUH M IpolreccoB. BMmecTe ¢ TeM
XOTEJIOCH OBl IOHATD, SBJISIOTCSA JIM OHH, IT0 MHEHHUIO JMCCEPTaHTa, PAaBHO3HAUHBIMU U
KaKOBaMX B3aMOCBS3b?

7. B muccepTanuy MpUCYyTCTBYIOT HEKOTOpPBlE HEMHOTOYMCIICHHBIE 3aMEUYaHUs II0

othopMIIeHHEO paboTHI, Ha KOTOPEIE AUCCEPTaHTy yKa3aHOo B JIMUHOH Oecene.

3aKJII0oueHHe

OTMeYeHHBIE HENOCTaTKA HE 3aTparvBaloT CYILIECTBA TEOPETHYECKUX U
MPaKTUYECKUX PE3yJIbTaTOB pabOThl M HE CHIDKAIOT €€ IEHHOCTH KaK CEphE3HOIO
HayyHOro wuccienoBanusa.  [lucceprannonHas pabora Hacpermunosoir I'P.  mo
SKCIIEPUMEHTAIPHOMY YPOBHIO, HAy4HOM HOBHU3HE M IIPAKTHYECKOW 3HAYMMOCTH
0TBEYaeT BCeM TPeOOBAHUAM, IIPEIBSIBISIEMBIM K JOKTOPCKUAM IUCCEPTALIMSIM.

JucceprammonHas pabora HacpernuuoBoit I'.P. Ha Temy «MeauaTopHbIi
DIIEKTPOXUMHUYECKUN CHHTE3 HAHOYACTHIl METAJIOB M WX HAaHOKOMIIO3UTOB B 00BEME
pacTBOpa» COOTBETCTBYET IIAaCmopTy crenuanpHocTd 1.4.4. Ousnyeckas xumus (I.1.
DKCIePUMEHTATEHO-TEOPETHUECKOE OIPEJCICHUE JHEPreTUYECKUX U CTPYKTYpHO-
JUHAMUYECKHX MTapaMEeTPOB CTPOCHUS MOJIEKYJI U MOJIEKYJISIPHBIX COCAVHEHUH, a TakKe
UX CICKTPAJbHBIX XapaKTepucTHK; I.5. l3yueHne QU3NKO-XMMHUYECKUX CBOWCTB
H30JIUPOBAHHBIX MOJEKYJ U MOJEKYJSIPHBIX COCIUHEHWH IIPU BO3NEHCTBMM Ha HHX
BHCIIHMX OSJEKTPOMATHATHBIX IOJEeH, IIOTOKAa 3apsUKEHHBIX YacTHIl, a TaKiKe
OKCTPEMaJbHO BBICOKMX/HM3KHMX TeMIlepaTypaX M HaBICHUAX;I.6. XUMHUYECKHe
IIpEeBpAaIleHus], TTOTOKA MacChl, SHEPTUU U SHTPOIUU NPOCTPAHCTBEHHBIX U BPEMEHHEBIX
CTPYKTYp B HEpPaBHOBECHBIX cHUCTeMax; I1.7. MaKpOKMHETHKA, MEXaHU3MBI CIIOJKHBIX

XHUMHYECCKHX IIPOLECCOB, (t)I/I?.I/IKO-XI/IMI/I‘—ICCKa}I ruapoguHaMuKa, pPacTBOPEHUE U
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