MHHOBPHAYKH POCCHUHA

®DenepaibHoe rocy1apCTBEHHOE 010/KETHOE
00pa3oBaTeIbHOE Y4PEKACHHE BBICLIEr0 00pa30oBaHusl
«CeBepo-KaBka3ckuii ropHO-METaLTyprHYeCKHii HHCTHTYT
(rocyaapCTBeHHbIH TEXHOIOMMYECKNIT YHUBEPCHTET)»
(PI'bOY BO «CKI'MH (I'TY)», CKITMHU (I'TVY))

«@rar KaBkaszar X@&XXOH - METALIYPrOH  MHCTHTYT
(maza3zaxaaoH TEXHOJIOTOH YHHBEPCHTET)»

yi. Hukonaesa, 1.44, r. Bnanukaska3s, PCO-Ananus, 362021,
OKIIO 02069601, OI'PH 1031500350111, UHH 1501002522
Ten.: (8672) 407-101  daxc: (8672) 407-203
E-mail: info@skgmi-gtu.ru http://www.skgmi-gtu.ru

YTBEPX/IAIO:
IIepBrIii IPOPEKTOP- IPOPEKTOP 1O

MP @I'bOY BO «Cesepo-
S SRLARCSRE — () HO-Me TAITY PrHYECKHi

\yAapCTBEHHBIN
KUl YHUBEPCUTET)

s YA e

Ne J:///

oT

=}
5(5 L~ (C.B.Tamaunena
0

2025 r.

OT3bIB
BEJIVILEN OPT AHU3AL U

Ha jaucceprauuoHHyto paborty IlepmskoBa [Imutpuss Cepreesuua,
BBIIIOJTHEHHYI0 Ha TeMy: «Pa3paboTka TEXHOIOTHYECKOTo Npollecca U3rOTOBICHHUS
mieHoK ZnO:Al jans nnaHapHBIX MEMPHUCTOPHBIX MaTpUIl ¢  (OTOMMOIHBIM
CEJIEKTOPOM», TMPEACTABIEHHYIO Ha COHCKAaHWE YYEHOM CTeneHW KaHAuaaTa
TEXHUYECKUX HAyK MO CIeUUanbHOCTH 2.2.2 DNeKTpOHHAass KOMIIOHEHTHas 0aza
MHKPO- U HAHO3JIEKTPOHUKU, KBAHTOBBIX YCTPOMCTB.

AKTyaJ'leOCTb TEMbI HCCJIEJOBAHUA U aHAJJU3 coaepKaHus paGOTbI

Pabora nocesllena penieHnIo akTyaibHON 3a1aui — yIyullleHUIO CBONHCTB U
METOJOB CHHT€3a M3BECTHBIX MaTepHajloB, MAJSl CO3MAHMS I1E€PCIEKTUBHAIX
YCTPOUCTB U Pa3BUTUS MUKPO3IEKTPOHUKU. ABTOpP ONMCHIBAET METOIbI CHHTE3a U
CBOHCTBA INIEHOK ZnO JIETUPOBAHHBIX ATIOMHHHUEM [IPUMEHUTETBLHO MEMPHCTOPAM
¢ poromuonnsM cenekTopoM (M®C). HecMoTpst Ha ITyGOKYIO HCCIeI0OBAHHOCTD
CBOMCTB OKCHJa LMHKA, OOOCHOBAaHHOCTh BBIODAHHOM TeObl He BbI3BIBAET
COMHEHHMH, OHa ITOATBEPXKIAETCS BO3PACTAIOLIUM WHTEPECOM K pa3paboTke
HEHPOMOP(MHBIX YCTPOHCTB, K KOTOPbLIM oOTHocuTcs M®C, B cBsI3M cC
HEOOXOAMMOCTBIO TOBBIIIEHHS] IIPOM3BOAUTENLHOCTH U 3HEpProddQheKTUBHOCTH
MHKPOJJIEKTPOHHBIX ~ YCTPOHCTB.  ABTOPOM  TOJYEPKHUBAETCS  BaXKHOCTb
UCIIOJIb30BAHUS HOBBIX MaTEPUANIOB U KOHCTPYKLHH, a TakKe BO3MOXKHOCTH
UCIIOJIb30BaHMS JIEKTPOHHO-ONTUYECKUX TIPUHIUIIOB A 00pabOTKH, XpaHEeHHS U
nepenayn uHpOopmanuu. B paGoTe pelmaetcs BONPOC Iepexofa OT TEOPHH
NpakTHKe, Yepe3 pa3paboTKy TexXHOJOTHUYECKOIO MPOLecca CHHTE3a IIICHOK
OKCHJla LIMHKa ¥ pa3pabOTKy aBTOMAaTH3HPOBAHHOTO O0OPYIOBAHWA IUIA CHHTC3a
STUX TIIEHOK, YTO B COBOKYIHOCTH IOIKHO TPUBECTH K CYLICCTBEHHOMY POCTY
BOCIIPOM3BOIUMOM mapaMeTpoB. B paboTe Mcronb30BaHbl METO/IBI HCCIIEIOBAHMS,
BKJTIOYAIOIIIHE PEHTT€HOBCKYO 11(PaKTOMETPHIO, ATOMHO-CHUJIOBYIO



MHKDPOCKOIIMIO, CIIEKTPO(MOTOMETPUIO U UeThIPeX30HAOBLIH MeToa. OmucaHa
pa3paboTaHHasi MOJIe/Ib POCTa IJIEHOK.

ucceprauus Ilepmsaxkosa J[.C. wu3noxena Ha 125  crpanuuax
MAaIIHHOIUCHOTO TEKCTa, CONEPKUT 52 pUCYHKA, 3 TaOIUUBI U 2 MPUIOKEHHUS.
Crniucoxk nmutepatypsbl BKiItodaeT 101 HauMeHOBaHue.

Bo BBeaeHHHM pacKkpbiTa aKTyalbHOCTh BBIOPAaHHOM TEMBI HCCIIEOBAHUM,
chopMyaHpoBaHbl  1leJib, OOBEKT, TpPEeAMET W METOAbl  HCCIIEeIOBAHUIL.
[Ipencrasnensl Hay4Has HOBHM3HA, MPaKTHUYECKasi LIEHHOCTh U anpoOaius paboTsl,
U3JI0)KEHBI OCHOBHBIE ITOJIOKEHNUS, BHOCMbIE Ha 3alUTY.

B mepBoii riaBe mpencrtaBiaeH 0030p JIMTEPATYpPhl 0 TEME AUCCEPTALMH,
OOOCHOBBIBAIOIMI  AKTYalbHOCTh Pa3pabOTKH HEHPOMOP(HBIX YCTPOHUCTB, B
gacTHOCTH, M®C, U NepcreKTMBHOCTh METAJNIOOKCHUAHBIX IOJIYIPOBOIHNUKOB,
Takux Kak ZnO. PaccMoTpeHbl OCHOBHBIE METOIbLI CHHTe3a IUIeHOK ZnO:Al,
BKJIIOYasl CIPEU-ITUPOJIU3 U 30JIb-Iellb, OTMEYEHBI UX OCOOECHHOCTH, TPEUMYLIECTBA
U HENOCTaTKH, a TaKXke crenuduKa JerHpoBaHMs allOMUHHEM. B 3akitroueHue
rJ1aBbl  CHOPMYNIMpPOBAaHa HEOOXOIUMOCTh  Pa3pabOTKU  TEXHOJIOTHMYECKOTO
periamMeHTa W pEeLIeHUH Ui ONTHUMHU3ALMM TPOLecca W3TOTOBIEHUS IIJIEHOK
Zn0O:Al nns npumenenus 8 MOC.

Bo BTOpoii raaBe wmsnaraetcs omnwucaHue OOBEKTA UCCIEIOBaHUIA,
ONMCBIBAIOTCS KOHCTPYKLMM aBTOMAaTU3UPOBAHHBIX YCTAHOBOK, METONMYECKHUX
OCOOEHHOCTEH MPOBEIEHHBIX MCCIIENOBAHUI M AIEKTPOPU3IMUECKHX HW3MEPEeHHIL.
OmuceiBaeTcss Mertonvka cuHTe3a ZnO:Al  30ib-renb METOJOA0M, CHpei-
IMAPOJIU30M M cMellaHHBIM MeTtogom CII3I.

Tperbsi ry1aBa MoCBsAllEHA M3YYCHHUIO BIMSHUS JIETMPOBAHMS ATIOMHHIEM
(Al) na cpolictBa mneHok ZnO, MOJy4YEHHBIX Pa3HBIMU METOAAMHU (30Jb-Tellb,
crnpeii-nuponus, CII3I). B rnaBe mpexncTaBneHbl pe3ysbTaThl CPaBHUTETBHOTO
aHaM3a KPUCTAIOrpaMuecKUX, ONTHYECKUX U 3JIEKTPUUECKMX CBOMCTB TUICHOK
Zn0O:Al B 3aBucHMOCTH OT KOHUeHTpauuu Al. JlokazaHO 3ameleHHe HOHOB Zn
noHamu Al.  OmucaHa o0coOEHHOCTh —CIpeH-NIMPONU3a B BUAE pPEXUMA
PEBEPCUBHOIO pOCTa IUIEHKH TPH CUHTE3€ U3 OPraHHUYECKUX IPEKYpPCOpOB.
PaccMOTpeHBl peXHUMBI OTXKHMIa M WX BIMSHHME HA CBOMCTBA IUIEHOK. Takke
obcyxaeTcs, Kak JernpopaHue Al BIMSET Ha 3JEKTPUYECKYIO MPOBOJUMOCTD,
MIPO3PAaYHOCTH IIJIEHOK U UX MPUTOTHOCTE 111 co3nanus MOC.

B uermeproii rnaBe omuceBaeTcst  anpoGauus  pa3pabOTAHHOTO
TEXHOJIOTMYECKOT0 TIIpolecca HU3rotoBiaeHuss mieHok ZnO:Al mns co3pgaHus
(GOTOCENEKTOPHBIX MEMpPUCTOPHBIX CTPYyKTYyp (M®C). B  Heii [Ipe/ICTaBJIeH
pa3paboTaHHbIi 1a0OPATOPHBIM TEXHOJOTHUECKUH periaMeHT, BKITIOYAromuii 21
TEXHOJIOTMYECKYIO OTepallfio, U OMUCAHBI Pe3yJbTaThl anpoOalii MONyYeHHbIX
niaeHok B M®C. Taxxe obcyxkIaeTcss NpeaioKeHHas KOHCTPYKLMs TIaHapHOM
MEMPUCTOPHOH MAaTPULbl ¢ (OTOJHOAHBIM CEICKTOPOM W aHANU3UPYIOTCA eé
OCHOBHBIE INPEHMYIECTBA, TAKWE KakK MOMABIEHUE TOKOB YTEHKM M YIIydllICHUE
paboYuX XapaKTepHUCTHK.

Hayuynasi HoBHu3HA.

Hayunas HoBu3Ha paGoOTHI 3asBieHa M MOAKPEINICHA PAZOM TONYUSHHBIX
pe3ynpTaToB.  BhbifenseTcs  yCTaHOBIGHHE CBA3H  MEKIY JIeTHpOBaHHEM



ATFOMUHAEM W H3MEHEHHEM  JJEKTPOPU3UUYECKMX  CBOMCTB  IIJICHOK.
DKCIepUMEHTAJIbHO MOATBEPKAAETCS 3aMELICHHe LMHKa aJlOMHUHHEM B Yy37ax
pelieTKd OKCHUIA, YTO SIBJSETCS HETUIMUYHBIM JUISl NMOJOOHBIX METOAMK CHHTE3a.
Omnpenenena »Heprus akTUBaUUU JOoHOpHOW mnpumecu ZnO:Al (0,142 >B) B
temrnieparypHom auanazoHe no 500 K. Ilokazana peanuzanuss peBepCUBHOIO
pexuMa CIpel-MUPOIU3HOro Ipolecca o0pa30BaHUsl TOHKUX TIUIeHOK ZnO:Al.
OnucaH HOBBIM MHOIOCTAAUNHBIN CHPEN-NUPOJIU3HBIA METOJ MO3BOJISIOLINN
IIOHU3UTH TeMIlepaTypy cuHTe3a 10 573 K u u3roraBiuBaTh BEICOKOKAUE€CTBEHHbBIE
IIEHKU. [IpennoxeHbl OpUIrHMHAJIbHBIE KOHCTPYKTUBHbIE peuueHuss B MOC,
nokasaHa UX 3(Q¢eKTUBHOCTh B OopbOe C TOKaMU yTeukd. KOHCTpYKTHBHBIE
pelleHnss  BKJIIOYAIOT  yYCOBEPLUCHCTBOBAHWUS  TEXHOJOTMYECKUX  Orepauuit
periiaMeHTa JUIsi U3roToBJIeHUs! (hOTOCENEKTOPa, TTO3BOJISIONINE YIIYUYIIUTh JOCTYII
U pacluupuTh pabouyuil [Auamna3oHa [JIWH BOJIH IaJalollero M3JIydeHHs
(boTocenekTopa MEeMpPHUCTOPA.

I[IpakTH4yeckass 3HAYUMOCTb PaboOThI

Pesynbrarel  paboTel  BHenpeHsl B AO «HUMDT». Paspabotan
1a00paTOPHBIA TEXHOJOTUYECKUN perjaMeHT, MPUTOAHBIA O W3rOTOBJIEHHS
(hOTOCENeKTOPHBIX ~ MEMPHUCTOPHBIX  Marpuil. [lpemynokeHa  KOHCTPYKIIHS

aBTOMATU3UPOBAHHOM YCTaHOBKH cripei-muposnusa, MOBBILLIAIOLLIAS
pou3BOAUTENBHOCTE. [IpencraBiena wmertonuka OOpbOBI ¢ yTeYKaMu B
MEMpPHUCTOpPAX,  YTO  TOBBIIIAET  HANEKHOCTh U  (PYHKIHUOHAIBHOCTH

pa3pabaThiBaeMbIX YCTPOMCTB.

CreneHb 00OCHOBAHHOCTH H /IOCTOBEPHOCTH OCHOBHBIX [MOJIOMKEHHIA,
BbIBO/JIOB H peKOMeHaHii

Hay4nble Mono)XeHuss U BBIBOJBI, MpUBEJeHHbIE B padoTe, MOJyYeHBl Ha
OCHOBE  JIOCTaTOYHOIO 00BEMa TEOPETUUYECKUX U  IKCIIEPUMEHTATBHBIX
HCCIIEIOBaHUH, BBIIIOJIHEHHBIX C UCIIOJIb30BaHWEM IMOBEPEHHBIX M KaTHOPOBaHHBIX
CPEICTB HM3MEPEHMH, HCIIOIb30BAHUEM COBPEMEHHBIX METOMO0B 00paboTKH
OKCIIEPUMEHTANIBHBIX [JaHHBIX, HEIPOTUBOPEYMBOCTHIO TOJYUYEHHBIX PE3yJIbTaTOB
U3BECTHBIM (U3UUYECKUM IPEJICTABICHUSIM M TEOPHUSM, a TaKXKe COIJIaCHEM C
pesynbTaTaMy Ipyrux ucciegonateneil. OmyOIuKoBaHO HOCTATOUYHOE KOJTHUYECTBO
CTaTel B PELEH3UPYEMBIX U3JIaHUAX, BKIFOUAs KypHAJIbI, HHIEKCUpyeMble B 0a3ax
Scopus 1 Web of Science, 4To rOBOPHUT O BBICOKOM CTemeHH MNPOPabOTKH U
3HAQYUMOCTH IOJYUYECHHBIX PE3yJIbTaTOB.

Pexomenaanuu no UcnoJib30BaHUIO Pe3yJibTATOB IHCCEPTALHH

PesynpraTel nucceTaliid HaydHBIX pa0OT COMCKATelNls 3aK/IiovaeTcs: B
YCTaHOBJIEHUU PEXHUMOB CIPEH-MIUPONIU3HOTO TIpoliecca 00pa3oBaHUs TOHKHX
BBICOKOOJHOPOIAHBIX IIeHOK ZnO:Al; onpeneneHnyd Tuna U MeXaHH3Ma
JJIEKTPUYECKONM  IMPOBOAMMOCTHM  OKCHUAHBIX TUIeHOK ZnQO,  JIernpoBaHHBIX
alfoMHHKMEM, B uHTepBase Temmneparyp 298 - 500 K; B paspaboranHom
1ab0paTOPHOM TEXHOJOTMYECKOM periiaMeHTe MpOIecca M3rOTOBJIEHUS [UIEHOK
7ZnO:Al; B pa3pabOTaHHBIX TEXHUUECKUX CPEJCTBAX, aBTOMATU3UPYIOLIUX TTPOLece
CHHTE3a METAUIOOKCUIHBIX IJIEHOK METOJIOM CIpeH-TTHpOIN3a; MPealoKeHHbIX
KOHCTPYKTHBHO-TEXHOJIOTHYECKHX PEIUCHHUAX A H3TOTOBICHHA TEXHOTOTHUICCKOH
CTPYKTYpbl ~ MeMpuctopa ¢  (HOTOMWOMHBIM  CEJISKTOPOM  HAa  OCHOBE



BBICOKOIIPOBOASAILIMX U ONTUYECKH MPO3payuHbIX mieHok ZnO:Al.

OueHka QuccepTalMOHHON PaGoOThI

ITo Teme muccepranun omy6aukoBaHo 10 Hay4HBIX paboT, B TOM 4HciIe 3 B
U3naHusX, pekomeHnoBanHbix BAK P® u 4 — B usganusix, KOTOpele BXOISAT B
MEXyHapOJHble peepaTuBHbIe 6a3bl JAHHBIX M CHCTEMbI IMTUPOBAHUS SCOPUS U
Web of Science. ITomydeHo 3 maTeHTa Ha moNe3Hble Mojenu. MsnokeHue
JUCCEPTALMIO  XapaKTePU3yeTCsl JIOTMYHOCTBIO UM II0CIIENOBA- TEJbHOCTBIO
PElICHUs] TIOCTaBICHHBIX 3a1ad. BeiBoael cdopmynupoBanbl B 6 MyHKTax u
COOTBETCTBYIOT 3a/lauaM HCCIe0BaHks. ABTOpe(epaT MOTHOCTHIO COOTBETCTBYET
MarepuaiaM JUCCepTalluu.

3aMeydaHUsl 10 JUCCEPTALUIO

1. B TeopeTruueckoil yacTH IUcCepPTALMU IPOU3BENEH aHAIH3 BO3ZMOKHBIX
coenuHeHuit ZnO u Al, Tak Kak OJHOH M3 3amay paGoThl ABISAETCS YIydIlCHHE
SJIEKTPUYECKUX XapaKTepUCTUK ZnO 3a CUET JErMpoBaHUS aTlOMHHHEM. ABTOp
BBIZIENAET BO3MOXKHBIC COENWHEHHMs MO guarpammam coctosuus ZnO — AlL,O; u
ZnO — Al, 4To siBNsieTCS MPUEMIIEMBIM, HO (oJlee MPaBUIIBHBIM pEeIeHHeM ObLIO
OBl TPOM3BECTH COOCTBEHHBIH pacyéT AMarpaMmbl coctostus  Zn-O-Al ¢
noMoIibio 6a3el naHHbIX Thermo-Calc unu FactSage.

2. B pabore omucaHpl TIPEHMYINECTBA M HOBLIECTBA pa3pabOTAHHBIX
YCTaHOBOK, B YaCTHOCTH YCTAaHOBKa CIIpeH-MUpONIM3a, a HMMEHHO BBICOKas
CKOpOCTb TIEpEMEIEHUsT KapeTKh M 3-X COIMeJbHbIM almapar pacblIeHHs
a’po30J1s, KOTOPbIE HUKAK HE UCIOJIB3YIOTCS ISl co3aHus ciiost ZnO.

3. Pacuyér onTMManbHBIX MapamMeTpoB CIpPeH-MMPOJiN3a MPOM3BEAEH Ui
PacTBOPOB HA OCHOBE M3OMPONHIOBOIO CIIUPTA, HO B paboTe NMPUMEHSIOTCS TaKKe
BOZHBIE PACTBOPBI NPEKYPCOPOB, OTIMYAIOIIHMECS, IIOTHOCTBIO, KO3(M(PULIUEHTOM
ITOBEPXHOCTHOI'O HATSKEHUS, TEIUIOEMKOCTBIO U T.J. J[aHHOE 3aMeuaHue 4acTHYHO
HUBETHPYETCs. OOJBIIMM BPEMEHEM HCIIApEHHs IS Kaljld BOJHOTO a’spo30Jisi I0
CPaBHEHHIO C M3OMNPOMUIOBEIM CHHUPTOM, YTO OJHO3HAYHO HE TMO3BOJUT
UCIIApUTBCS  BOASHBIM KaIUIIM  a3pO30JIsi 1O COCTOSHHS IMOPOIIKA U JeflaeT
BBIOpaHHbIE NapaMeTphl CIPeH-MUPOIH3a TPUEMIIEMBIMH, HO He ONTHMATbHBIMH.

4. 3asenserca pasnuune rpaHun ZnO/Cu,O wu Cu,0O/Sn0O,, HO He
IIPEeICTaBICHO JIUTEPaTyPHBIX WIH JKCIEPUMEHTAIIbHBIX JIaHHBIX,
AGMOHCTPUPYIOIINX 3TH pas3luyusi, He OOBACHEHO oTcyTcTBHE (hoTodddexTa Ha
rpanuie Cu,O/SnO,. IlpoBoaunucey U HUCCIEIOBAHUS MO M3MEHEHHIO nopsijika
cuHTe3a cino€B or SnO,/Cu,O/ZnO no ZnO/Cu,O/SnO,, 4TOOHI MIOJATBEPAUTH
3G (eKThl Ha rpaHHIE BIHSHAEM MNPHPOABI BELIECTB, a HE BJHUSHUEM METOLOB
CHHTE3a Ha rpaHulry?

5. B pabote npucyTCTBYIOT rpaMMaTHuecKye 1 opdorpahrHUeckrie OmnOKHy.

3akioyenue

Hucceprauus IlepmsikoBa J[. C. mnpeacraBnsier coboii 3aBEPUICHHYIO
Hay4YHO- KBaJH(PUKAIMOHHYIO PaGoTy, BBITIOJHEHHYIO aBTOPOM CAMOCTOATENBHO
Ha aKTyaJlbHYlO TeMy. MccrenoBaHus MpoBeneHbl Ha JOCTATOYHO BBICOKOM
HAy4HO- METOIMYIECKOM YPOBHE, ¢ OONBLINM KONUYECTBOM 3KCIIEPUMEHTANIBHAIX
JAAHHBIX U KOMITBIOTEPHBIX CUMYJISIIIIA.



Juccepraunonnas pabora Ilepmsakosa Imutpusi Cepreesuya: «PaspaboTka
TeXHOJIOTHYECKOIrO TMpOILEcca HM3TOTOBAEHUA IUIeHOK ZnO:Al a1 miaHapHbBIX
MEMPHUCTOPHBIX ~ MaTpull ¢  (OTOAMOOHBIM  CEJIEKTOPOM», COOTBETCTBYET
KPUTEPHUSIM ~ aKTyalbHOCTH TEMBI, HOBHM3HBl M JIOCTOBEPHOCTH pe3yJIbTaTOB,
oTBe4aeT TpeOoBaHuAM 1. 9 IlonoxeHHs O mMOpsIKE MNPUCYKAEHHUS YUEHBIX
CTeTICHEH, YTBEPKIEHHOIO IIOCTaHOBJIeHHeM [IpaBuTenscTBa Poccuiickoil
@enepain ot 24.09.2013 1. No 842, mnpembsaBiaseMbIM K KaHIAAATCKUM
JAUCCEpTallMsM, a €€ aBTOp 3acly’XKMBaeT IMPHUCYXKACHUS YUYEHOH CTENeHH
KaHAMgaTa TEXHUYECKMX HayK [0 CHeuuManbHoCTH 2.2.2  DiIeKTpOHHas
KOMITOHEHTHas 6a3a MUKPO- U HAaHO3JIEKTPOHHUKHU, KBAHTOBBIX YCTPOMICTB.

OT3BIB COCTaBHII:
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