3AKJIIOUYEHUE SKCIIEPTHO KOMUCCHHA
1o 3amute aucceprannu Kykymkuna Jmutpus FOpbeBuya Ha TEMY:

«Pa3paboTka GU3NKO-TeXHHYECKUX OCHOB 3JIEKTPOHMIIYJILCHOT0 METOAa CHHTE3a
HAHOYACTHI METAJIOB H CILIABOB B JKHAKOM JHIJIEKTPHYECKOI cpee»,
IIPEICTABIICHHOM HAa COMCKaHUe yueHOH ctenenu mno crennaibHocTh 05.27.06 - TexHomorus u
000pynoBaHue s IPOU3BOICTBA IIOIYIPOBOIHHKOB, MATEPHAIIOB U IPHOOPOB IEKTPOHHON
TexHuKH, cocrosieiics B HUTY «MUCuC» 23.12.2019 r.

Juccepranus npuHsaTa K 3amure JluccepranuoHHbiM coBeToM HUTY «MHCuC»»
14.10.2019 r., ITporokos Nel2.

Jluccepranus BbIMONHeHa Ha Kadenpe «PagmosneKTpoHHKA, TETEKOMMYHHKAIHH H
HAHOTEXHOJOruKM»  DenepanbHOr0 TOCYyNapCTBEHHOTO  OIOMKETHOTO  00pa30BaTENLHOrO
yUpEXKIEHHUs BbIclIero obpa3oBaHus «MOCKOBCKHM aBHAIMOHHBIM HHCTUTYT (HAIMOHAJIBHEIM
HCCIeI0BaTeNIbCKH yHuBepeuTeT) (MAM)».

Hayunslii pykoBOIUTENb — JOKTOP TEXHHYECKUX HayK, Jlaypeat mpemuu [IpaBuTenscTBa
PO, IloueTHsli pabOTHHK BBICIIEr0 NpodeccHoHaNbHOrO oOpa3oBaHus, mpodeccop Cremios
Bnagumup BrnagumupoBuu - pabotaer 3aBemyroomum Kadempoit «PammosnexkTponuka,
TEJIEKOMMYHHMKAIlMM M HAHOTEXHOJOTHMH» DenepaabHOro rocyZapCTBEHHOTO OIOPKETHOTO
00pa30BaTEIPHOTO YUPEXKAEHHS BEICIIEr0 00pa3oBaHus « MOCKOBCKHI aBHAIMOHHBIA HHCTUTYT
(HanMoHANBHEIN HccenoBaTenbekuii yuusepeuteT) (MAN)».

OxcneptHas KoMmHccHs yTBepxkaeHa JluccepranuonnsiM cosetom HUTY «MHCuC»r»
(ITpotoxon Ne 12 ot 14.10.2019 r.) B cocrase:

1. Koxwuros JleB BacuibeBU4 — MOKTOp TEXHHYECKUX HAyK, mpodeccop, kadempa
TeXHOJIOrMH MaTepHanioB 31eKkTpoHuku HUTY «MUCuCy.

. Mypamos Buxrop HukomaeBu4 — HOKTOp TEXHHYECKMX Hayk, Impodeccop,
Kadepa HOoIyIIPOBOIHUKOBOM IIEKTPOHUKH U GU3UKH 1101ynpoBoaarkoB HUTY «MUCuCy.

3. AcraxoB Muxanun BacunbeBHY — JOKTOp XHMMHUECKHX Hayk, mpodeccop,
3aBeAyroIui kapenpoit pusudeckoit xumuun HUTY "MUCuC".

4. [Mandunos IOpuii BacuneeBu4 — [OOKTOp TEXHHUYECKHX Hayk, mpodeccop,
3aBeflylolMi Kadenpoil 31eKTpOHHBIE TEXHOJOTHH B MamMHOCTpoeHHH MITY um. H.D.
baymana.

5. bensunn Anekceii ®enopoBHd — OOKTOp TEXHHYECKHX HayK, mpodeccop,

HavasbHUK otraena UTO «Pammoporonukay AO «lleHTpanbHBIH HAYYHO-HUCCIIEI0BATEIbCKUN
TEXHOJIOTHYECKUN UHCTUTYT « TexHoMa.

B kauecTtBe Bemymiell opraHusanuu pexoMeHnayeTcs DenepalbHOE TrOCYAapCTBEHHOE
OroukeTHOE 00pa30BaTENbHOE YUPEXKICHHE BBICIIET0 00pa3oBaHUS «POCCHUCKHIA XMMHKO-
TEXHOJIOTHYECKUH yHUBepcuTeT uMeHu JI.11. MenneneeBay.

OkcnepTHass KOMHUCCHS OTMEYaeT, YTO Ha OCHOBAaHUHM BBIIOJIHEHHBIX COMCKATEIEM
HCCJIEIOBAHHH:

e pa3paboTaHbl (PH3UKO-TEXHHYECKHE OCHOBBI Ipolecca (POPMHUPOBAHUSA HMITYJIECHOTO
paspsia B DJIEKTPOLHOM pa3psIHOM IPOMEXYTKE, OMEIIEHHOM B JIU3JIEKTPHYECKYIO
cpeny (OMCTHIUIMpOBaHHAas BOJA, OSTHIOBBIH CHOHPT, riuuepuH). PaspaGorana u
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M3TOTOBJIEHA HJIEKTPOMMITYJIbCHAS YCTAHOBKA MOTy4eHHs HAHOYACTHI MeTaioB (Ag, Ti,
Ni, Cu-Co) B XHAKOH OUIIEKTPUUECKOHN CPELIE;

[IpeUIOKEH HOBBIM METOJ| CHHTEe3a HAHOYACTHIl B KUIKOW TUAJIEKTPUYECKOH cpene B
pe3yJIbTaTe 3pO3WU JJIEKTPOAHBIX MAaTEpHAIOB IOJ BO3LECHCTBHEM HAHOCEKYHIHBIX
HUMIIyJIbCOB, BO3HHKAIONMIMX B Ta30BOM IMY3bIPbKE, HAXOIAIIUMCA B IKHIKOH
JHAIeKTpUYecko cpene. Merox mo3Boise€T MONYy4YaTh HAHOYACTHIIEI METALIOB C
3aJaHHBIMH CBOMCTBAaMH, BBICOKOM YHCTOTOH M COXpaHATh HX B JKHUIAKOH cpeme 0e3
HCIIOJIb30BaHMS IOBEPXHOCTHO-aKTUBHBIX BemecTB (IIAB). OnpeneneHsl peXHMBI
paboThl yCTAaHOBKH, OOECIeYHBAONIAE MOJTyYeHHE HAHOYACTHIl cepebpa CO CpeIHHM
pasmepoM 10 HM, C Y3KHM paclpeAeiIeHHEM IO Pa3MEpaM M BBICOKOH BPEMEHHOM
CTaOMIIBHOCTBIO B PacTBOpE, a TAKXKE HAHOYACTHUIIBI HUKEJA, THTAHA M CILIaBOB (MEIb -
KoOaneT);

JI0Ka3aHa MEePCHEKTUBHOCTh HUCIOJIb30BAHUA HAHOCEKYHIHBIX MMITYJILCOB B JIOKAIBbHBIX
MHKpOOOBhEeMax IPOBOJHMKA, HAXOISLIErOCSs B JJIEKTPHYECKOM LEMH C paspsIHBIM
IPOMEXXYTKOM st (GOpMHpOBaHHMS HAHOYACTUI[ METAUIOB B JKHIKOH cpere.
HccnenoBanel uX ajekTpodm3uydeckue M Omonormdeckue cpoicrsa. Ilokasano, 4ro
HAHOUYACTHIEI cepedpa UMEIOT BIIEKTPHUYECKUN 3apsi, KPHUCTAIMYECKYIO CTPYKTYpy U
061a1ar0T 6aKTEPUIIUAHEIMA CBOMCTBAMH NP KOHIEHTpauusx oT 10 MI/murp ¥ BbIire
IpH pacIpeieNIeHdy YACTHIL 10 pa3MepaM B Auana3oHe oT 5 HM u 10 50 HM;
paspaboraHa JsabopaTopHas TEXHOJOTHS MOAH(QHUKAMK IOPOBOrO IPOCTPAHCTBA
YIIEpOJHBEIX MATEPUAJIOB C YyIeNbHOM moBepxHOCThIO 6Gomee 1000 M>/r, KOTOpas
II03BOJISIET HAHOCHTH TOHKME CIOM HHUKeJs Ha [OBEPXHOCTh TKaHU THHa bycodput u
cepebpa, B BHIE YCOB (HHTEH), IeHIPUTOB, HAHOYACTHUI] H MOCTHKOB, 00€CIICUMBAIOIIAst
CHIDKEHHE BHYTPEHHErO COIMPOTHBICHHS KOHIEHCATOPOB Ha JBOMHOM JJICKTPHYCCKOM
clloe ¢ yOenbHOM 3HeproéMkocteio 15-20 Br*w/kr. HauMmeHbliee BHYTpeHHEE
conpotupienue (~0,45 OM) mocTHraeTcss IpH OCKACHHH HAaHOYACTHIl cepebpa mpu
HCIIOJIB30BaHUH MTepeMEeHHOro HanpspkeHus 20B.

TeopeTHueckas 3HAUUMOCTh UCCIIE0BaHMS 00OCHOBAHA TEM, UTO:

JokaszaHa W (Qusuuecku OOOCHOBaHA HJES YMEHBIICHUS BPEMEHH JIIEKTPUYECKOrO
UMIyJIbca Ha PpA3MYHBIX OJTalax €ro pasBUTHA (OT MEPBHYHOIO HMITYJIbCA Ha
BO3YLIHOM ITPOMEXYTKE 10 KOHEYHOTO MMITyJIbCa Ha Pa3psaHOM IMPOMEXKYTKE) 3a CUET
BApHUPOBAHHS EMKOCTH KOHJEHCATOpa B KOJeOATeTHHOM KOHTYPE M CBOWCTB JKHAKOH
IUSNMEKTPHYECKOd  cpembl.  OKCIEPHMCHTATPHO  IIOKa3aHO, YTO  IIEPBHYHBIH
MHUIMCEKYHIHBI HMMIYJIbC C  33JalOLIero  KOHIEHcAaTropa IpPEBpallacTesd B
HAaHOCEKYH[HBIM HMMIIyJEC B paspsmHoM IpoMexyTke. IlpemioxeHHoe TEXHHYECKOE
pemreHHe o6ecmeYmyio MOBBIUEHHE J(QQEKTHBHOCTH HCMOJB30BAHAS BBIOPaHHBIX
MaTepHAIIOB JIEKTPOAOB IS MTOTyUeHHs HAHOYACTHII B XKHIKOH Cpene;

pe3yJIbTATHBHO HCIIOJIB30BAHBl JJIEKTPOHHAsS CKAaHUpylollas W IPOCBEYHBAIOIAs
MHUKPOCKOIIHS, CKaHHpyHoLas TyHHEIIbHAs MHKPOCKOITUA, CIIEKTPOMETPEI
JIMHAMHYECKOI0 M CTATHYECKOro paccessHus ceTa. IlokazaHo, 4To HaHOYACTHIIBI COCTOSAT
M3 KPUCTAUIMYECKOro cepebpa, Oe3 3aMeTHOH IIPUMECH OKCHIOB U COJICH, HMEIOT
cpenuuii pasmep uactun 10 HM. PaspaGorama Meropmka KOHTpPOJS KOHIEHTpAlluu
PacTBOPOB HAHOYACTHUII cepedpa Ha 6a3e NOBEPXHOCTHOTO IIA3MOHHOTO PE30HAHCa;



YCTaHOBJIEHO BJIUSTHUC KOHCTPYKTHUBHBIX )5 TCXHOJIOTHYCCKUX napameTpoB
(TATENBHOCTh  Pa3pANHOTO HMITYJbCa, BEIUYMHBI pa3psAAHOrO IIPOMEXYTKa U
AMIUTATYABl HANpsOKEHWs Ha JJIeKTpoAax) IMOJIyYeHHsT HaHOYacTUll cepeOpa Ha
pacrpeneneHHe YacTHI[ IO pa3MepaM, a TaKKe CeIUMEHTAI[IOHHYIO YCTOHYHBOCTH
THAp030JIei cepedpa. OCHOBHBIM IIPEUMYILECTBOM pa3paOOTaHHON 3JIEKTPOMMILYIECHOM
YCTAHOBKH ABJISICTCA BO3MOXHOCTD IMOJIYYCHUSI HAHOYACTHUI] U3 YUCTBIX METAJUIOB 3a CYET
3aMeHBI 3JIEKTPOJIHBIX MATePHAIIOB;

pa3paboTaH mmpomecc MoAM(HKAIMKM HAaHOYACTHLAMHM cepedpa M HHUKEId IIOPOBOIO
IIPOCTPAHCTBA YIIIEPOJHBIX MATEPHAJIOB ¢ YAENBHOM moBepxHOCTHIO Gonee 1000 M2/r st
CHH)KEHMS BHYTPEHHETO COIPOTHBIEHHS KOHIEHCATOPOB HA JIBOMHOM 3JIEKTPUYECKOM
CIIo€;

YCTaHOBIEHBI OCOOEHHOCTH BO3JeiicTBHS cepeOpa Ha KIETOYHBIE CTPYKTYPBHI,
HAXOJAINMECH HA PA3sHBIX THIAX [TOBEPXHOCTH C IENBI0 OMO3AINUTHI, KaK JUIS HU3IEIHi
MHKDPO3JIEKTPOHHKH, TAK M I 0COOOUNCTEIX TEXHOJIOTHYECKUX TOMEILEHUH.

3HaueHHe IOJIYUEHHBIX COHCKATCJIIEM DpPE3YyJIbTaTOB MCCIEAOBAaHUS [UIsI IPAKTHKH

IIOATBEPXKAACTCA TEM, YTO:

paspaboTaH 3JEKTPOUMIIYJIECHBIH METOJA IONTyYeHHs METAUINYECKHX HAHOYACTHIl B
JKHUIKOH cpele, CO3[aHO OIBITHO-IIPOMBIIUICHHOe obopymoBanue. OGopynoBaHue H
TEXHOJIOTHsI MPOHM3BOJACTBA THAPO30JiA cepeOpa ¢ KoHmeHTpanueit 35-50 mr/mutp
BHenpeHsl Ha mpexnpusatan OOO ApreHtex, r.Bonorma. Pesynbrarhl BBINOJIHEHHOH
paboTHl HCIONB3YIOTCA B ydeOHOM mpomecce Kypca Jeknuid «Hanomarepuans! H
HaHOTCXHOJIOTHUH B IIPONU3BOACTBC I/I3,Heﬂlflﬁ 3HCKTpOHHOﬁ TECXHHUKH

IpeCTaBIeHBl PEKOMEHIAIMH 110 IPHMEHEHHIO KOJUIOUIHBIX PacTBOPOB METAJUIOB UL
pemieHusa pa3jIM9dHbIX IIPaKTHYCCKUX 3aaad. I[J'ISI 3JICKTPOHUKH, B 4YacCTH CO3JaHUsd
BCTPOEHHBIX HCTOYHHKOB TOKa M TEXHOJOTHH 3aIlUTBI JJIEKTPOHHBIX CPEICTB OT
GHOKOPPO3HH, 4 TAKKe GHOTEXHOJIOTHH, B YaCTH CO3aHUs OHOIMIHBIX MaTepuaioB Oe3
MYTareHHOTO BO3JEHCTBHSI Ha KIETOYHBIE CTPYKTYPEI,

JuEccepTanuoHHas pabota BbinonHeHa B pamkax [THUOP «Mccnenoanue u paspaborka
KOHCTPYKTHBHO-TEXHOJIOTHYECKHX peIIeHHH, O00EeCIeYnBAOMIUX CO3JaHUE CHCTEM
HAKOILTEHHS! 3JIEKTPHYECKON SHEPIUH C YIEIbHOM dHeproéMKocThio 220-500 Br*w/kr u
BBIIIE JJI TPYOOIPOBOJHOIO TPAHCIIOPTA» BBIIOIHIEMOM IpH (HHAHCOBON MOAIEPIKKE
rocyaapcTsa B auie Muno6paayku Poccun. CormnalieHue o IpeIoCTaBIeHHH CyOCHINH
No14.577.21.0275 ot 26.09.2017 r. VHuKanbHbI HAeHTH(GHKATOp paboT (IpoeKTa)
RFMEFI57717X02753. |

OlLieHKa JOCTOBEPHOCTH Pe3yJIbTaTOB HCCIIEIOBaHMS BEIIBHIIA:

I SKCIEPHMEHTANBHBIX paboT pe3yipTaTsl IOJyYeHbl HA CEPTHQUIMPOBAHHOM
000pyI0BaHHH, IIOKa3aHa BOCIIPOU3BOAUMOCTD PE3YJILTATOB HCCACIOBAHUS B PA3IHYHEIX
yCIIOBHSAX;

HJIEH, HCIIOJIb30BaHHbIC B AHUCCEPTAlMK, 0a3sHpYIOTCS Ha aHAIM3€ IKCIEPUMCHTAIBHBIX
MaTepHaJIOB M IIEPEOBOTO OIBITA B 00JACTH IOJIyYE€HH HAHOYACTHIL,

HCIIOJIb30BAHbI KaK aHAJMTHYECKHE, TAK U PaCUETHhIE JaHHBIE JPYTHX aBTOPOB, KOTOPHIE
COBIANAIOT C  OKCIEPUMEHTAIBPHBIMH  HMCCIENOBAaHMAMHM,  IMOJNYYCHHBIMH B
JIUCCEPTAIIMOHHOH pabore.



JInuuerii BKIAJ coOMCKATeNns COCTOMT B TOM, YTO PE3yJbTaThl, COCTABHUBIIHE OCHOBY
AUCCEPTAllMH, IOTYYCHbl JIMYHO aBTOPOM WM IIPH €0 ONpENENSIONEM yYaCTHH. ABTOpOM
BBINIOJIHCH aHAIN3 COBPEMEHHOIO COCTOSHHSA B 00IACTH MOMydYEHHS HAHOYACTHUII MaTepuajioB U
NIPAMEHCHHS JTaHHBIX MAaTepHalloB, COBMECTHO C HAy4HBIM PYKOBOAHTENIEM BEIOpaHBI
HalpaBNCHUs MCCIEA0BAHHA, CHOPMYIHPOBAHBI 3a[a9d M HAMEYEHBI IYTH HX peleHus s
TOTY4CHHS  HAHOYACTHL ~METAIOB €  3afaHHBIMH  CBOMCTBAMH. ABTOp IIPUHAMAJT
HETOCPEICTBEHHOE y4acTHE B NPOCKTUPOBAHUM 3JIEKTPO-UMITYJILCHOH yCTAHOBKH JUIS CHHTE3a
HaHOYACTHIl B JKUIKOH Cpele, TMPOBOIMT H3MEPEHHS IIONyYCHHBIX pacTBOPOB, MPUHUMAII
y4acTue B pa3paboTKe ¥ COOPKH PYJIOHHON YCTAHOBKH HAHECEHHS METATHUECKHX HaHOYACTHII,
MOIU(HUIUPOBAT YIIEPOIHbIE MOPUCTHIE MAaTepHalbl HAHOYACTHIAME METaJJIOB, 3aHHUMAJICS
COOpKOM 3KCIEPHMEHTANBHEIX SYEEK HAKOMHTENEH 3HEPIUH Ha JBOHHOM 3JIEKTPUIECKOM CIIOE,
IIPOBOJIHII U3MCPEHHUST IIOJTYYCHHBIX 00pa3loB U 00pabOTKy pe3yabTaToB, TOTOBUI o0pasusl as
OHONIOTHYECKHX MCCIIEI0BaHHIA.

Marepuaner auccepramuu omy6inkoBass: B 31 Hay4HOH paboTe, U3 HUX: 7 B M3NAHUSX,
BXOZAIMUX B peKOMEHAyeMbId nepedeHb BAK PO u 9 — B m3nanumsx, Bxoasmux B 6a3s1 Web of
Science, Scopus.

Iynkr 2.6 TlonoxeHus upucyxneHHs YICHOH CTCNCHM KaHIWJATa HayK, YYeHOM
crenenu 1okropa Hayk HUTY «MHCuC» couckarenem y4eHo CTeneHn He HapyIlEeH.

Huccepranus Kykymkuna J.JO. cooTseTcTBYyeT KpuTepuam 1. 2 IlonoxeHus o mopsake
TpUCYXNeHNs y4ueHplX creneHed B HUTY «MUCuC», Tak Kkak B Heil, Ha OCHOBAHHH
BLIIONHCHHPIX ~ aBTOPOM ~ MCCIIC[IOBAaHWHM, CONEPXKUTCS pEUICHHE 3ajaud, WMEIomel
CYLIECTBCHHOE 3HAY€HHE B 00JACTH HAHOMATEPHAIOB U HAHOTEXHOJIOTHH IS JIEKTPOHHKH U
OuoTexHONOTHH. J[NIsl 3NMEKTPOHHKH, B YACTH CO3MAHHS BCTPOCHHBIX HMCTOYHHKOB TOKa H
TEXHOJIOTHH 3aIllUThI 3NEKTPOHHBIX CPENCTB OT GHOKOPPO3HH, & TAKKE OHOTEXHOJIOTUH, B YaCTH
CO3JaHHsI OMOLMIHBIX MaTEPHATOB (€3 MYTAT€HHOTO BO3MEHCTBUS HA KIETOUHEIE CTPYKTYPBL.
[omyyennsle B paboTe pe3ynbTaThl HMEIOT BAKHOE Hay4yHOe 3HAYCHHE U SBISIOTCH
[NEPCICKTHBHBIMU B PCIICHHH IIPAKTHYCCKHX 3a1ad, B YaCTHOCTH, CO3IAHMS TEXHOJIOTHi
HaKOMICHH, XpaHECHHs W TPAaHCIOPTa 3JICKTPUIECKOH DHEPIUH, a TAK)KE CO3JaHUS OHOIMIHBIX
MATCPUATIOB /Il NPOQUIAKTHYECKOH MENWIMHEL M 3alIMTH  3NEKTPOHHBIX CPEICTB OT
OHOKOPPO3HH.

OKcneprHas ~ KOMHCCHsS — IpHHSIIA PEHICHHE O  BO3MOXHOCTH  IPHUCYKICHUS
JL.FO. KyKyIIKHHY y4eHOH CTeNeHH KaHIuIaTa TeXHHUeCKIX HayK 110 crenuanbaocta 05.27.06 -
Texuonorus 1 06opy0BaHye IS IPOU3BOACTBA HONYIPOBOAHHKOB, MaTEpHAIIOB U NMPHOOPOB
BIICKTPOHHOH TEXHHKH.

IIpu npoBeneHNH TalfHOTO rOJIOCOBAHHMS KCIIEPTHAS KOMUCCHS B KOJTHYECTBE 5 YeJI0BeEK,
Y9acTBOBABIIMX B 3aCCNaHMM, M3 5 (NATH) YENOBEK, BXOMAIIMX B COCTAB KOMHCCHH,
IIPOrOJIOCOBAJIH: 34 - 5 , IPOTHUB - HET, HEEHCTBUTENbHBIX OIOJIJIETEHEH - HeT.
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