OT3bIB
oGUIIMAIEHOTO ONITOHEHTA Ha TUCCEePTAallMOHHYI0 padoTy Helt Bun AyHr
«2nexkTpodopeTHIecKre KOMITO3UIIMOHHBIE HAHOTUIEHKH U3 MOAU(DULIMPOBAHHBIX
OKCHIOM MEIH yTJIEPOIHBIX HAHOYACTHI]: CUHTE3, CTPYKTypa, CBOUCTBAY,
MpeICTaBIEHHYO Ha COUCKAHUE YUSHOU CTETIeHN KaHauaaTa PU3UKO-
MaTeMaTUYeCKUX HayK IO crienuanbHocTy 1.3.8. Ou3rnka KOHAEHCUPOBAHHOIO
COCTOSIHUS

1. AKTyalbHOCTH TeMbI HCCJIeJOBAHUSA

PazpaboTka HOBBIX (YHKIIMOHATBHBIX HaHOMaTepHUAaJIOB 1St
OKOJIOTHYECKOT0 MOHHUTOPUHIA U 3€JIEHOM XWMWH IIPENCTABIIET 3HAUYUTEIbHBIN
Hay4YHBIH U MpakTHYeCKui uHTepec. MeTon 31eKTpopOpeTHUECKOrOo OCAXKICHHUS
SBIIAETCS MEPCIIEKTUBHBIM OIXO0IOM ISl CO3JaHUSI KOMITIO3UIIUOHHBIX CTPYKTYP C
yIpaBlIsieMbIMU cBOMCTBaMH. OcoOyI0 3HAYUMOCTh IPUOOPETAIOT HAHOMATEPHUAJIBI
Ha OCHOBE YIVIEPOJHBIX HAHOYACTUL, MOIU(DHUIMPOBAHHBIX  OKCHUIAMHU
[IEPEXONHBIX METAJJIOB, @ TaKXKe MCCleloBaHWe MX (YHKLUHMOHAIBHBIX CBOWCTB,
9TO U COCTaBIsET OCHOBY IHUCCEPTAIIMOHHOTO HCCIIEIOBaHUs couckaress. Takum
obpa3zoM, TpeAcTaBiIeHHass paboTa SBISETCS aKTyalbHOH H COOTBETCTBYET
COBPEMEHHBIM TE€HJEHLUSIM Pa3BUTUS HAHOTEXHOJIOTUH.

2. CTpykTypa M 00beM AuCCEPTALHH

Huccepranusi MpeacTaBisieT co0Od  3aKOHYEHHBIH HAy4HBIA  TPYJ,
U3JI0KEeHHBIM Ha 145 crtpanumax. Paborta comep)XuT BBeleHHE, 4 TIJIaBHI,
3aKJIIOUYEHHe, CIIMCOK COKpAaIlleHWH U 0003Ha4YeHUN U CIUCOK JUTEepaTypsl U3 159
HUCTOYHUKOB. MmrocTpaTuBHBIN Matepuas BKItodaeT 70 pUCYHKOB U 2 TaOJIHULIBL.
Huccepranus COOTBETCTBYeT Tacmopty crenuaisbHocTH  1.3.8.  Dusuka
KOHJIEHCUPOBAHHOTO COCTOSTHUS.

Bo BBeneHHU couckaresieM BCECTOPOHHE OOOCHOBaHA aKTyaJlbHOCTh TEMBI,
COOTBETCTBYIOIAasl IPUOPUTETHBIM HANPABICHUSIM Pa3BUTUS COBPEMEHHOU
HAaHO(QOTOHUKU W MaTepHaioBeneHus. YeTko chopMynmpoBaHa Melb paboThI,
3aKjIrOYarollasics B pa3paboTke  3JIeKTPodhOpeTHHecKoro MeToda CHHTE3a
KOMITO3ULIMOHHBIX HaHOIUIeHOK CNPs/CuQO c¢ ympaBnsemMbiMi QYHKIHOHATBHBIMA
cBorcTBaMU. KOHKpPETU3UPOBAHHBIA KOMILIEKC 33134 HCCIEIOBAHUS MTOJTHOCTBIO
COOTBETCTBYET  IIOCTaBJIE€HHOM  ILenud. ['paMOTHO  OmpeneseHbl  O0BEKT
HCCIeNOBaHUA — KoMmmo3uuuoHHble HaHoruieHKH CNPs/CuO, u mnpemmer
HCCIENOBAaHAA — WX CTPYKTypHBIE, OINTHYECKHE U JJIEKTPOKATAIUTHUYECKUE
XapakTepucTUkU. CHCTEMHO TMPENCTaBIEHbl O3JIeMEHThl HayJHOW HOBU3HBI,
BKJItO4asi oOHapyXeHue pasmepHoro ¢oroaddexra U pa3zpaboTKy OpUTHHATIBHON
MeTOonuKH cuHTe3a. [IpakTrdeckas 3Ha4UMOCTh pabOTHI TOATBEPKACHA TaTeHTaMU
U [EePCIEeKTUBAMU [IPUMEHEHHUS B CEHCOPHBIX YCTPOHCTBAX M CHUCTEMaX OUYUCTKH
BO3IyXa.



B mepBoil IyaBe mpeicTaBleH (yHIaMEHTaIbHBIA JTUTEPaTypHBIN aHalIn3
COBpPEMEHHBIX JOCTIKSHHH B 00nacTd yrIepOJHBIX HAHOMATepualos U
KOMTIO3MIIMOHHBIX CTPYKTYp. JeTaqbHO MpOaHaTH3MPOBAHBI SIEKTPOOUIHIECKUE
M ONTHYecKWe CBOWCTBA YTJIEPOAHBIX HAHOYACTUI[ M HAHOTPYOOK, a TaKKe
IOy TIPOBOIHHKOBEIX ~OKCHIOB IEPEXOAHBIX METAJIOB. Ocoboe BHUMaHHE
YIeNeHO OCOOGEHHOCTSAM IpOTeKaHWs —(QU3MKO-XMMUYECKUX — MPOLECCOB B
ru6punaex cucremMax CNPs/CuO. Kputndecku OLEHEHBI COBPEMEHHBIC METOIBI
CUHTE3a HAaHOKOMIIO3UTOB, C 000CHOBaHUEM MIPEUMYLLIECTB
snexkTpodopeTrdeckoro ocaxaenus. CucTeMaTH3UPOBaHBI TaHHBIC O B3AUMOCBA3H
CTPYKTYphl M (YHKIHOHATHHBIX CBOWCTB HAHOKOMIIO3MTHBIX MAaTepHaloB A
CEHCOPHBIX MMPUIIOKEHUH.

Bo BTOpOIi rnaBe pa3paboTaHa U JeTalu3MpoBaHa OpPUrMHANbHAS METOAMKA
MONyYeHHs KOMIIO3WIMOHHBIX HAHOIUIEHOK. ONTHMH3MPOBAHBI IAPAMETPRI
YIIBTPa3ByKOBOIO JHWCIEPIUPOBAHMS [N TOCTHIKEHHS CTAOMIBHBIX KOJIIONIHBIX
crcTeM. YCTAHOBJIEHBI KOPPEJSIIIMOHHBIE 3aBMCHMOCTH MEXAY PEeKHMaMU
nenrpudyruposanus (70-12000%g) U AUCTICPCHOCTBIO YTJIEPOAHBIX HAHOTACTHI.
Pa3paGoTaHbl METOIUKU 3IEKTPOGOPETHIECKOro OCaKACHU, o0ecrieunBaroIIe
hOpMHUpPOBAHHE MHOTOCIOMHBIX CTPYKTYp C 3aIaHHOW TOJIIMHOH. Coznmansl
ClIelMaIM3APOBAaHHbIE  OKCIIEPUMEHTANbHbIe YCTAHOBKH IS  HCCICAOBAHMA
CEHCOPHBIX U DJIEKTPOKATAIUTHIECKUX CBOMCTB.

B TpeTbell riiaBe METOAaMH JIEKTPOHHONW MUKPOCKOIIUH 1 ATOMHO-CHJIOBOU
MMKPOCKOITMH yCTAaHOBJIEHBI KOJIMYECTBCHHBIC 3aBHCHUMOCTH MOP(HOTOTUYECKHUX
XapaKTepUCTHK OT MapaMeTpoB CHHTe3a. [loka3aHo, YTO yBENWYCHHE CKOPOCTH
nentpudyruposanus ¢ 70 mo 12000xg mpUBOAUT K YMEHBIICHHMIO CPEIHETO
paszmepa yacTtuil ¢ 65 10 23 HM. KOMIUIEKCOM CIIEKTPOCKOMMYECKUX METOZI0B (K-
®yppe, P®A, KOMOWHALIMOHHOE paccesHWe) JIOKa3aHa MoIu(DUKALUSA
TIOBEPXHOCTH YTTIEPOIHBIX HAHOYACTHII OKCHIOM MENIH.

B  derBepToif  r7aBe  IIPOBENEHO  KOMIUICKCHOE  HCCIICNOBaHME
DYHKIHOHATGHBIX ~CBOICTB ~CHHTE3HPOBAHHBIX —MATEPHAOB. YCTAHOBJIEHSI
3HAueHHs] (hOTOUYBCTBUTENBHOCTH ILTeHOK B Y@ (40 MB/BT-cm?), BUIMMOM (130
MB/BT-em?) 1 MK (200 MB/Bt cm?) nuamasonax. OOHapyeH M KOIMYECTBEHHO
oxapakTepru3oBaH 3(hdeKT pe3oHaHCHOro ycmmenus ¢orto-3JIC mpu TosImMHE
UIEHOK, cou3MepuMoit ¢ mumuo# BomHel MK-m3myuenus. JlokasaHa BbICOKas
3IeKTPOKATAIUTUYECKas aKTUBHOCTH B IpOIeccax Pas3jiOKEHUs U30MPOIUIOBOTO
cnupta ¥ GyTuanmerata ¢ 3GdeKTHBHOCTEIO0 cBbime 90%. DKCIEPUMEHTANBHO
MOATBepKIEeHA  AJeKBaTHOCTh  pa3pabOTaHHOM — TEOPeTHYECKOH — MOZEIH
3IEeKTPOITPOBOIHOCTH.

3. HoBH3Ha npoBeJeHHbIX HCCAeJOBAHHIA H MOJTYyYeHHBIX pe3yIbTaToB
Ha OCHOBaHWW BBIONHEHHBIX OKCIIEDHMEHTAIBHBIX  HCCIIENOBaHUM
COUCKATeIeM IOJIyYeH Psi 3HAaYMMbIX HOBBIX Pe3yJIbTaTOB, B TOM YHCIIC!
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— oOHapy)XeH pa3MepHbIi HoTOdPEeKT Ha pe30HAHCHOM IOTJIOMIEHHH TIPU
nepeotpakerHrnd UK mznydenus (1.06 MkM) Ha reTeporeHHBIX I'PaHMIAX pasaeria
dha3 Bo3ayx/IIeHKa/TIOIIOKKE, COMPOBOXKaAaeMbIi poctoM (hoTo-2/1C ot 17+2 MB
10 122+2 MB npu u3MeHeHn: TOMIwHEI mieHok oT 200£10 aM go 2000+£100 HM;

— J0Ka3aHO, YTO BBICOKAas CKOPOCTh JAErpajallid MOJIEKYJSIPHBIX TI'a30B
M30MPOITUIOBOTO CIUpPTa M OyTWianeraTa Ha I[OBEPXHOCTH KOMIIO3HUIIMOHHBIX
HaHoruteHOK CNPs/CuO o0ycioBieHa MEXaHH3MOM 3JIEKTPOKAaTaTUTHYECKOTO
pa3IoKEeHUS.

4. CTeneHb 000CHOBAHHOCTH M JOCTOBEPHOCTH MOJy4€HHbIX I0OJIOKEHHH,
OCHOBHBIX pPe3yJIbTATOB H BbIBOJOB
PesyneTaTel paboOThl SBISIFOTCS JTOCTOBEPHBIMH U OOOCHOBAaHHBIMH, YTO
MOATBEPKIAETCS PUMEHEHHEM COBPEMEHHBIX aHANUTHUeCKHX MeTonoB (COM,
ACM, POA, HNK-Dypre CTIIEKTPOCKOTIHS), BOCTIPOU3BOIUMOCTBIO
IKCIIEPUMEHTATBHBIX TaHHBIX U KX COOTBETCTBUE TEOPETUUECKUM MOIEIIAM.

5. IIpakTHYecKkasi 3HAYUMOCThb

[TpoBeneHHOe nuccepTalioHHOe HccienoBanne Helt Bun AyHr obiagaet
CYIIECTBEHHON MPAaKTHYECKON 3HAUUMOCTBIO, KOTOpas MPOSIBIISETCS B pa3paboTke
HOBBIX (DYHKIHOHAIBHBIX MaT€PUANIOB JJIS CEHCOPHOW TEXHUKU U HKOJIOTUYECKUX
npuMmenenuii.  Co3naHHble — KOMIO3WIMOHHBIE — HaHomuleHKH  CNPs/CuO
IEMOHCTPUPYIOT YHUKAJIbHOE COYETaHUE ONTHYECKUX, OJJIEKTPUYECKHX U
KaTaIUTUYECKUX CBOWCTB, UYTO MOATBEPKIAETCS BBHICOKOW UyBCTBUTEINBHOCTBIO B
uHppakpacHom pguanazoHe (mo 200 MB/Bt-cM?) W 2I€KTpOKaTaIUTHYECKOU
aKTUBHOCTBIO B  TIpolleccax pas3jioKeHWs OpPraHUYeCKUX 3arpsi3HUTENEH.
PaspaboranHas TeXHOJNOrHs CHHTE3a T[I03BOJISIET TMOJMy4aTh MaTepUalbl C
3alaHHBIMH XapaKTePUCTUKAMM, YTO OTKPHIBA€T MEPCHEKTUBBI I CO3JaHUS
HOBOTO TMTOKOJICHUSI CEHCOPHBIX YCTPONCTB U CUCTEM OUHUCTKH BO3IyXa.

6. ABTOopedepart nuccepTanuy

ABTopedepaT OUCCEPTAllMOHHONM pPabOTHI  IOJHOCTBIO  COOTBETCTBYET
YCTaHOBIIEHHBIM HOPMATUBHBIM TPEOOBAHUAM U aJ€KBAaTHO OTPaXKaeT COAEPIKaHUe
ouccepTanmuu. B aBTOopedepaTe CHCTEMHO M IIOJHO H3JIOKEHBI OCHOBHBIE
IIOJIOKEHUS W pe3yibTaThl HMCCIEIOBAaHUSA, HYETKO COHOpPMYJIHpPOBaHBI Hay4Has
HOBHM3HA U TIpaKTUYecKas 3HA4YMMOCTb paboThl. JIorndecku BBICTPOEHHOE
H3JI0KeHWe Marepuanga o0ecrnevyuBaeT IOCIeAOBAaTeIbHOE  IIPENCTaBIIEHHE
TEOPETUYECKUX M DKCIEPUMEHTAIBHBIX  PE3yJbTaTOB,  HEMOHCTPHUDYS
OOOCHOBaHHYIO B3aWMOCBS3b MEKIY 3aJauaMy HCCIEJOBaHHUA M IIOJYYEHHBIMH
pe3ynbratamMu. [IlpuBedeHHbBIE KOJIMYECTBEHHBbIE MJaHHBIE M XapaKTePUCTHUKH,
K/IIOUeBBIE OJKCIIEPUMEHTAlbHbIE 3aBUCHUMOCTM M TIpadUKH HalOT IIOJHOE
IpeCTaBIeHue O MpoBedeHHON paboTe. CoOmrogeHUEe TpeOOBaHUM K HAyYHOMY
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CTHIIIO W3JIOKEHWS, MCIOIb30BaHHE KOPPEKTHOM HAy4YHOW TEPMUHOJIOTHHM H
obecreueHre UYETKOCTH (OPMYTMPOBOK IO3BOJSIOT HAyYHOMY COOOIIECTBY
aeKBATHO OLEHWTH BKJIA[ COHCKATelds B pa3BHUTHe JaHHOHW OONacTd 3HAHHM.
ABTopedepaT COOTBETCTBYeT BceM (HOPMATbHBIM TPEOOBAHHAM BAK mo o6bemy,
CTPYKTYpE M COIEPKAHHUIO IPEACTABIEHHBIX CBEICHHUM.

7. Anpo6anusi padoThl
OcCHOBHbIE pe3yIbTaThl paboThl OBUIA HpencTaBaeHbl Ha 10 POCCHHCKMX H
MEKIYHApOIHBIX KOH(epeHIMsx. 110 MaTepHanaM AMCCEPTALMH OIyOIMKOBAHO
17 me4arHeIX paboOT, B TOM YHCJIe 7 CTaTed B PELEH3UPYEMBIX JKypHalIax (3-8
w3nanusx, nanekcupyeMsix B WOS u Scopus, 4 — B xypHanax [lepeuns BAK) u 1
TIATEHT Ha H300peTeHHe.

8. 3ameuanus

HecMOTpsl Ha BBICOKHH YPOBEHB BBINOTHEHHON pabOThI, MOXKHO OTMETHTbH
HEKOTOphIE YaCTHBIE 3aMEYaHNsI, He yMaJIAIoIIKe ee OOIel [IeHHOCTH::

1. B mpelCTaBIeHHOW [MCCEPTALMOHHON paboTe BaKHO ObLIO OBl
MOOPOOHO  OCBETHTH  BIHSHHE  yJNBTPa3ByKOBOTO  OHUCHEPrMpOBaHUA — Ha
CTPYKTYpHbIE M3MEHEHHUs. B YIJIEPOAHBIX HAHOYACTULAX. OTOT IO3BOJIHMIIO OBl
CyIMTh O (OPMHUPOBAHWH CTPYKTYpPHBIX NE(QEKTOB B YITEPOTHBIX HaCTUIAX,
KOTOpbIe MOTYT BIUSTEH HA CBOMCTBA MOTy4EHHBIX 00OPa3IIoB

2 B pasmere 3.3, TDOCBAIIEHHOM  MEXaHU3MY MoaudUKaUN
TTOBEPXHOCTH YIJIEPOIHBIX YacTHI OKCHAoM Memu (cTp. 97), mHpeacTaBieHa
JIOCTaTOYHO yOeauTenbHas TeOpeTUIECKast MOJIEJIb, OTIMCBHIBAOLLAS

SIeKTpO(H3MUeCcKre POLecChl B KOMIIO3UIMOHHBIX MeHKax. OnHako, 1t 6onee
rTyGOKOro MOHHMAHHMS BO3MOXKHBIX SIBICHHH, TpeGoBamoch Obl y4HTHIBATE H
TernobU3MYeCKUe MPOIECCH, KOTOpble HEM30€KHO JOJDKHBI BO3HHMKATh IIPH
3MEKTPOGOPETUIECKOM CUHTESE.

3. B mpoBeleHHOM HCCIENOBAHUM JOKA3bIBAaeTCs (HOPMHUPOBaHHE
nByxdassoit cuctembl (CNPs/CuO), oJHaKO KOJIHYECTBEHHOW OLEHKM TOJIIHHBI
OKCHUIHOTrO cJosg He MpuBomuTcs. Ee ompeneneHwe, K TpuUMepy, METOIOM
[IPOCBEYUBAIOIIIEH JTEKTPOHHONW MHKPOCKOIIHH BBICOKOTO PAa3pelIeHHs, MOITIO OB
NOTONHATENBHO — TTOATBEPAUTh  NPENNOKEHHBI — MEXaHHM3M  MOIU(HKALHK
YTIEPOTHBIX JACTHUILL.

4. BBUTO GBI [IOJTE3HO ONpPENeNUTh THI YIIEPOIHBIX TPYOOK, KOTOpBIE
MOTYT XapaKTepU30BaThCs PA3NMYHOM XHPANBHOCTBIO  (METaUIHYeCKHe U
IOy TIPOBOTHUKOBBIE), & TAKIKE OIPENEUTh HX BIUSHUE B OOLIYIO MIPOBOJUMOCTD
KOMITO3HITHOHHBIX MIJIEHOK.



9. 3ak/r04eHHe

VkazaHHBlE 3aMeuYaHdss He YMEHbBIIAIOT LEHHOCTH BBIIOJHEHHBIX aBTOPOM
WCCIeNOBaHU M He BIMAIOT Ha OCHOBHBIE BBIBOABI PaOOTHI M 3allHINAcMbIe
nonoxxkeHus. Takum oGpasom, auccepranuss Heilt Bun AyHr 1Mo akTyalbHOCTH,
HOBM3HE, MacIITa0y BBITTOJHEHHBIX UCCIENOBaHUM U COBOKYMHOCTHU IOJYYEHHBIX
pe3ynpTaToB OTBedaeT TpeOoBaHMsAM HIl. 9-14 «IlomoeHUS O HPUCYKIECHUH
yueHblx cTeneHein» BAK Munucrepcrsa obpasoBaHus W Hayku PO,
YTBEepIKIEHHOT0 ocTaHoBIeHneM [IpasutensctBa Poccutickoit Peneparmu Ne 842
oT 29.04.2013 (co BceMH TOCTEOYIOIMMHI H3MEHEHUSAMH), TMPENBIBIIEMBIM K
KaHIWIATCKAM JHCCepTalusM, a ee aptop, Hell Bum AyHr, 3aciyXuBaeT
IPUCYKIEHHUsS YYEHOM CTemeHW KaHaugara (U3MKO-MaTeMaTHYeCKUX HayK IIO
crenyanbHoCTH 1.3.8. Ou3nKa KOHIECHCUPOBAHHOI'O COCTOSHUS.

OdunmansHbINA OMIIOHEHT:

TOKTOpP (hHU3UKO-MAaTEMATUUECKUX HAYK JAmutpuit CeprquHq/Hl}@peB
(Hay4yHas crennabHOCTE 1.3.8. @uszuka A \\‘ / A <)
KOHJEHCHPOBAHHOTO COCTOSIHUS), IOLEHT, / 1//[,\ /}4\_/ ,
npodeccop aenapTaMeHTa sAePHBIX [ (f}'L'/"\," -
TEXHOJIOTUH UHCTUTYTa HAYKOEMKHUX .

TEXHOJIOTUM U IePENOBEIX MaTEPHAIIOB «Jz?» ,/Z 2025 r.

benepaTbHOrO rocy 1apCTBEHHOIO
aBTOHOMHOI'O 00Pa30BaTEIbHOIO YUPEXKICHHUS
BEICIIIETO 00pa30BaHus «/]aTbHEBOCTOUYHBIN
dbenepansabil yHUBepcuTe™ (PI'AOY BO
«1OBY»), r. BraguBocTok

CremuansHoCTh, 10  KOTOpPOH — OQHUIMAIBHBIM  OIIIIOHEHTOM  3alllMIIeHa
nuccepranus: 1.3.8. Ou3znka KOHAEHCUPOBAHHOIO COCTOSHHUS.

Anpec: 690922, r. BnagusocTok, o. Pycckuit, kamiryc IB®Y, xopm. L, ka6. L552

Ten.: 8 (423) 265-24-29
E-mail: shtarev.ds@dvfu.ru

[Tonmucs  mpodeccopa.~AefapTaMenTa ANEPHBIX  TEXHOJIOIMH  HMHCTUTYTa

HayKOEMKHUX - nepenoBblx - Mmarepuanos  ®IAOY  BO
«JlanipHEBOCTOU} %HI/IBepCI/ITCT» [IIrapeBa Jmutpus Cepreesuya
YIOCTOBEpSIO: #- H
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