OT3b1B 0O(PHIHANILHOIO OTINIOHEHTA
Ha aucceprauuio Usanosoii Anexcanapsl CepreeBHbl
«Bausinue NerupoBaHus H MOAH(DHKALIHH CTPYKTYPbl HA TEPMO3JIEKTPHYECKHE
CBOHCTBA CKYTTEPYAHTOB H FaJOreHHAHBIX NEPOBCKHTOBY», PEACTABJIEHHYIO HA COMCKAHME
YU€HOMH CTeNneHH KAHAHAATA (PHIHKO-MATEMATHYECKHX HAYK MO CNEUHAJILHOCTH

1.3.11. ®u3nka noJynpoBOAHHKOB

Hucceprauvionnas  pabora MpaxoBoii  Anekcanapel  CepreeBHBI  NOCBSILIEHA
KOMITJIEKCHOMY HMCCJIEIOBAHHIO BYX IPYII TEPMOSJIEKTPHUECKHUX MATEPHAJIOB — In-3am0MHEHHbIX
CKYTTEPYAUTOB W TaJIOTEHUIHBIX  MEPOBCKHTOB, XapaKTEePHU3YIOIIMXCSI  BBICOKOI
YyBCTBUTE/IbHOCTBIO K YCJIOBHSM TMONy4YeHHMs, (a30BbIM MNPEBPAILEHUIM U H3MEHEHHIO
MHKPOCTPYKTYPbI. BbIOOp 00beKTOB MCCe[oBaHys SBISETCS 0OOCHOBAHHBIM, KAk C TOYKH 3PEHHs
byHnamenTanbHOW HAayKWM, TAK M ¢ TO3HIMM MX [OTEHUMANBHON TEXHOMOrHYECKOM
npuMeHMMOCTH. CKyTTepyauTsl u  Sn-conepikallie IEPOBCKHTHI PACCMATPUBAIOTCS  Kak
NEPCNIEKTUBHbBIE TEPMODJIEKTPUYECKHE MaTepHasbl HOBOTO MOKOJEHHsI Onarofapsi BO3MOKHOCTH
LIeJICHATIPABJIEHHOTO yNPABJIECHUS UX CTPYKTYPOH HAa MHKPO- H HAHOMACIITAOHbIX YPOBHSX, YTO
HATpsIMy0 BIMSET HA MapaMeTphl TEMJIOBOIO M 3JIEKTPOHHOIO TpaHcnopra. Creayer oTMETHT,
YTO A5t OOOMX KJIACCOB MaTepHasiOB XapakTepHA BbIPAKEHHAs 3aBUCHMMOCTb (yHKIHOHAIBHBIX
CBOMCTB OT YCJIOBMH CHMHTE€3a — TEMIEPAaTYPHBIX PEXHMMOB, CKOPOCTH OXJIAXIEHHS, YHCTOTHI
MCXOAHBIX KOMIIOHEHTOB, CTENEHH IOMOICHM3alMM, a Takke (AaKTOPOB, ONPENESIOLINX
dopmuposanme nedextoB u BropHuHBIX (a3. B 3TOM KOHTekcTe muccepraumoHHAs paboTa
OTIIMY4€TCsl  KOMIUIEKCHOCTBIO TIOAXOHA: aBTOP HE OrpaHHYMBAETCS  HCTIONBL30BaHHEM
CTAaHIAPTHBIX METONMK, a TIOC/IENOBATEIbHO aHANU3UPYeT, KakuM OO0pa3oM H3MEHEHHs B
METONMHECKMX MOIXOAX K IMOJYYEeHUIO 00pas1ioB ONPeNeNsiOT KOHEYHY 0 MUKPOCTPYKTYPY U eé
BIIMSIHHUEC HA TEPMO3JIEKTPHYECKHE XapaKTePHCTHKH HCCIEAYEMBIX CHCTEM.

PaGora BbimONHEHAa Ha BBICOKOM HAYYHOM YDOBHE C TPHMEHEHHEM KOMILIEKCA
aHAIUTUIECKHX METOZOB, OOECNeYMBAIOLINX JOCTOBEPHOE OMpenesienne (ha3oBOro COCTaBa,
MOP(HONOruK 1 CTPYKTYPHBIX XaPAKTEPHCTHK MOJyHEHHBIX MATEPHAIIOB, 4 TAKKe KOHTPOJb UX
M3MEHEHWH B MPOLECCE CHHTE3a, TEPMHYECKO 0OpabOTKM M SKCIIOHMPOBAHMs Ha BO3ZYXE.
Hcnonb3oBaHue pEHTTeHOBCKOH AM(PAKLHH, pPaMaHOBCKOI CMEKTPOCKOINMH, CKaHHPYIOLIEH
3JIEKTPOHHOI MHKPOCKOTIMH M PEHTIEHOBCKOM (DOTO3/IEKTPOHHOM CIIEKTPOCKOINH B COYETAHNH C
M3MEPDCHHAMH  MMapaMeTpoB  TEMJIOBOIO M  3JEKTPOHHOTO  TpPAHCHOpPTAa 0OEcreYrBaeT
METO/IHYECKYI0 0OOOCHOBAHHOCTb MCCIIENOBAHMS U COMIACOBAHHOCTD MOJNYYEHHBIX pe3yJLTaToB.
MexpucunnnusapHblit XapakTep MPOBEAEHHOIO MCCNEIOBAHMS MO3BONAET MOCIENOBATEILHO

paccMaTrpuBaTk BOIPOCHI [1)]-‘131/[1([—{ TBép,[[Ol"O T€lla, XHMHHA MaTepHaJIOB W TEXHOJOIMYeCKUX
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ocobenHocTeil nony4enusi o6pasuos. Takoii mogxon obecrnedynBaeT yCTaHOBIEHHE B3aUMOCBS3H
MEXJy  YCJIOBUSIMH  CHHTE3a, CTPYKTYpHbIM  COCTOSSHHEM W (YHKUHOHAJbHBIMH
XapakTepHCTHUKAMH HCCIEAYyEeMBIX CHCTEM, 4YTO IOBBILIAET JOCTOBEPHOCT U KOPPEKTHOCTb
HHTEPNPETALIHH MONMYYEHHBIX OJaHHBIX.

Huccepraimonnass pabora COCTOMT W3 BBEdEHMs, MITH INaB W 3akimoueHus. Pabora
conepxxut 148 crpanui, Bkiurodas 61 pucynok, 12 Tabmuiu u crnucok jurepatypel u3 257
HaUMEHOBaHMIA.

Bo 6sedenuu obo3nauena akTyanbHOCTb UCCIIEN0BaHMUS, CHOPMYIUPOBAHBI LENb U 3a1a41
paboThI, pacKphITa METONOIOrHYECKAsi OCHOBA, ONPE/eIEHbI NOJIOKEHHS, BBIHOCHMbIE Ha 3alIHUTY,
a TaK)Ke MPUBEJIEHbI CBEJIEHUs O JOCTOBEPHOCTH M anpoballuy Pe3yILTaToB.

Ilepeas 2naea conepkut 0030p THTEPATYPHBIX JAHHBIX O CKYTTEPYAUTAX U MEPOBCKUTAX,
BKJIFOYAsi OCOOEHHOCTH CTPYKTYPbI, MEXaHU3MbI QOHOHHOTO PACCESIHHS, BIUSHUE JIETUPOBAHUS Ha
9JIEKTPOHHBIE CBOWCTBA M OCHOBHBIE TMOAXOIBI K KOHTPOJIO MHKPOCTPYKTYPbI NPH CHHTE3E.
Ocoboe BHHMaHKE y/IeNeHO BOMPOCaM CTaOMIBHOCTH TaJOTEHHU/HBIX NEPOBCKUTOB M BIIHSHHUIO
yCJIOBHH NONyYeHuUs Ha UX (a3oBOe MOBEAEHHE,

Bmopas 2nasa nocesmena MeTonam MOJyYEHUs HCCIENYEMbIX MaTePUAJIOB M BKJIIOYAET
ONMHMCaHHE TPUMEHSIEMBIX TOAXOMNOB Y CKYyTTEPYJUTOB — IUIABKH, MEXAHHYECKOrO TOMOJA,
CNMHHUHIOBaHMS pACIjlaBa M HCKPOBOTO IUIA3MEHHOTO CreKaHusi. PaccMOTpeHbl yCIOBHS
nony4eruss nepoBckutoB CsSnls u rubpumebix Csi.:MA.Snls. ITogpoGHO npencTaBieHb!
HCIOJIb3YE€MbIE METOAUKH CTPYKTYPHOIO, MHKPOCKOITMYECKOIO U CIIEKTPOCKOMUYECKOr0 aHAIHN3a,
METO[bl H3MEPEHHsI TPAHCTIOPTHLIX XapaKTEPHUCTHK M MPOLENYPBI KOHTPOJs (a30BOro cocrasa
o6pa3uos.

Ipemps 2naea conepuT pe3yNbTaThl HCCIEAOBAHMS BIUSHHUS TEXHOJIOTHYECKUX PEKUMOB
Ha (DOPMHUPOBaHHE MHMKPOCTPYKTYPhI CKyTTepyAMTOB. [I0Ka3aHO, YTO pasnuuus B YCIOBHSIX
IJ1IaBKH, CKOPOCTH OXJIAXKOCHHS H napaMeTpax HOCHC.HYI‘OU_IGFO CIIEKaHWA IMPUBOOAT K H3MCHEHHID
pacripenenenus U pasmepos InSb-xmouennit. 3T MHKPOCTPYKTypHBIE OCOOEHHOCTH OKA3bIBAIOT
ONpeAeNAoIIee BIHAHHE HA TEIUIOBOM TpPaHCNOPT M BeIMYHMHY napamerpa Z7, uTO
MOATBEPIKAAETCS COBOKYTHOCTBIO CTPYKTYPHBIX ¥ TPAHCIIOPTHBIX M3MEPEHIH.

Yemeépmas 2naea nocesiena ananusy crabunsHocTH neposckuta CsSnl; mpu KOHTAKTe
¢ Bo3nyxoM. Ha ocHOBE HaHHBIX PEHTreHOBCKOH AM(paKiMu, PAMAHOBCKOH CHEKTPOCKOHH M
PEHTTEHOBCKOH (YOTOINEKTPOHHO#H CHEKTPOCKOIHH MPOCIEKEHA MOCEN0BATENLHOCT (ha30BbIX
NPeBpallleHHid ¥  W3MEHEHHWE  BaJIeHTHOTO  COCTOSHHsSI  OJIOBA4,  CONpPOBOXNKIAOLIEECS
(opmupoBanneM BTOpHYHBIX (a3. VYCTaHOBNEHO, YTO MarTephanl OOJAZaeT BBICOKOIL
4yBCTBHTEJIPHOCTBIO K BO3AEHCTBHMIO BO3/yXd, YTO MPHBOAMT K 3aMETHBIM H3MEHEHHSM ero

CTPYKTYPBI U CBOMCTB y>€ Ha PAHHHX 3TaIaxX KCIIOHUPOBAHMSI.
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IIsmas 2nasa paccmaTpuBaeT 0COOEHHOCTH HHU3KOTEMIIEPATYPHOrO CHHTE3a IMOPUIHBIX
nepoBckuToB Cs1.xMA.Snl;. ABTOp nokasbiBaer, 4To BBIOOP YCJIOBHIl CHHTE3a MO3BONSET
crabunu3uposatb Sn** M COXPaHUTh MEPOBCKMTHYKO CTPYKTYpy. [IpencTaBieHbl pe3ymbTaThi
TPAHCIOPTHBIX M3MEPEHUH Ul Cepuu 00pasloB, NEMOHCTPHUPYIOLIHE BIHSIHUE OPraHM4YECKOro
KOMIIOHEHTa HA 3JIEKTPONPOBOAHOCTL, KO3hduimeHT 3eebeka ©  TEMIONPOBOAHOCT.
Ilony4eHHble NaHHbIE MOATBEPXKAAKOT MEPCHEKTHBHOCTh NAHHOTO KJIACCAa MATepPHAsioB Ul
JaNbHEHIINX MCCIENOBAaHUI B 00NaCTH TEPMO3IEKTPHYECTBA.

B saxnmiouenuu orpaxeHsl OCHOBHbIE pe3ynsraTbl M OOO3HAYEHBI MEPCIIEKTUBBI
NaNbHEHIIHX UCCENOBAHMA.

B pesynsrare nposenénHoro uccienosanus Mpanosoit A.C. mony4eH KOMIUIEKC HOBBIX
JaHHbIX O B3aUMOCBSI3W METOMOB TOJYYEHUs, MHKPOCTPYKTYPHBIX OCOOEHHOCTEH U
TEPMOJJIEKTPUYECKUX CBOKCTB /IBYX KJIACCOB MaTepUanoB — In-3amofHEHHBIX CKYTTEPYAMTOB H
Sn-conepkalkx raJoreHHIHbIX NMepoBCKUTOB. OCHOBHbIE Pe3yJIbTaThl PaGOTHI 3AKIIOYAIOTCS B
ClIENYIOIEM:

YCTaHOB/NEHbl 3aKOHOMEPHOCTH (DOPMHDPOBAHHS MHKPOCTPYKTYPBI IN-3amoiHEHHBIX
CKyTTEPYyAUTOB B 3aBHUCHMOCTH OT METOHOB cuHTe3a. Ilokazano, uto cdopMmupoBaHHBIE MpH
PasIMYHBIX PEXUMaX MHKPOCTPYKTYPHbIE OCOOEHHOCTH OIPENENSAIOT XapakTep PpACCesTHHs
(hOHOHOB Ha PasHBLIX CTPYKTYPHBIX YPOBHSX M OOECMEYHBAIOT JOCTHXEHHE BBICOKMX 3HAYEHMIA
TEPMO3NIEKTpHYeCKOil 3¢ dexTuBHOCTH, nocTurarommx ZI' =~ 1,3 npu TeMmnepatypax mnopsiaka
700 K.

Kommnnexcroe uccnenosanmne nerpananmm rneposckura CsSnls MO3BONMIO MPOCTENHTH
MOC/IEN0BATENbHOCTE  (ha30BBIX MEPEXONOB NpH OKCTIOHHPOBAHHH MaTepuaia Ha BO3IYXe,
YCTaHOBHTb HM3MEHEHHE BAJICHTHOIO COCTOSIHMSL OJIOBA U MOSIBJIEHME BTOPUYHBIX (ha3,
CYLIECTBEHHO BIHMAIOIINX HA JIEKTPOHHBIE U ONITHYECKHE CBOHCTBA.

Paspaborana Hu3KOTEMIepaTypHas METONMKA CHHTE3a TMOPHIHBIX IEpPOBCKHTOB
Cs1sMA:Snls, obecneumBaromas crabuwmmsammio Sn** M TPENOTBpAINEHHE MEPeXOna B
BbICOKOTEMIIEPATYpHYI0 Moau(pukamuio. MccnenoBanbl s1eKTpUYeckue U TEIUIOBbiE CBOWCTBA
MOy YE€HHBIX COCANHEHHH, yCTAHOBJIEHO BIIHSHHE OPraHMYECKOTO KOMIMOHEHTA HA MEXaHH3MBI
3IEKTPOHHOIO M TETIOBOrO TpaHCNopra. Brepseie MojyueHbl AaHHBIE O TEPMOSIEKTPHUECKHX
napaMeTpax nojnukpucTamnieckoro MASnls, nns koroporo rocturayTo 3nauenue Z7'= 0,10 npu
423 K.

IIpi ob1Ielt MONONHUTENBHOI OLEHKE BBHINONHEHHOTO MCCIIENOBAHUS CJIEAYET OTMETHTH
PsiA. BOTIPOCOB, KOTOPBIC, HA MOW B3MISN, HYXNAIOTCS B HONOJHHTENLHOM YTOYHEHHH IS
yCuIIeHUs YU3NIECKOI HHTEPIIPETALIMH PE3y IETATOB H MOBBILIEHHS METOAMYECKOI NPO3PavyHOCTH

NpencTaBI€HHBIX JaHHBIX.



1. B pabore HemocTatouHO MoagpoGHO PaCCMOTPEH BOMPOC TEPMHUYECKOMN CTaOMILHOCTH
uccnenyembix marepuanos. Jlns nmoaTBepikaeHHs YCTOWYMBOCTH IOMYyYEHHBIX XapaKTePUCTHK
11eneco00pa3HO MPOBECTHU UCIIBITAHNUS, BKJIFOYAIOIIME HECKOIBKO LIMKIIOB HArPEBA M OXJIAXKIEHHNS,
a TaKXKe JUTMTENIbHYIO BBINIEP:KKY 00pa3noB npu pabounx temneparypax. OTCYyTCTBUE JaHHBIX O
CTaOMIbHOCTH MMKPOCTPYKTYPhI H BO3MOXHBIX M3MEHEHMSX €€ COCTOSHMSI MPH TEPMHYECKOil
Harpyske OrpaHMYMBACT MOJHOTY OLIEHKH SKCILUTYyaTallMOHHOM MPUTOJHOCTH MAaTepHajioB |
3aTPyAHSET BbIBOJbI O NOJITOBPEMEHHON COXPAHHOCTH UX (DYHKLIMOHAIBHBIX CBOMCTB.

2. B psine npencTaBieHHbIX rpaUKOB TEMIIEPAaTyPHBIX 3aBUCHMOCTEH M CTPYKTYPHBIX
XapaKTepUCTHK OTCYTCTBYIOT CBEAECHUS 00 3KCNEPUMEHTANBHBIX MOrPEIIHOCTAX TG0 0 pasbpoce
3HAYEHHH, TMOJYYEHHBIX Ui HECKONBKMX O0pa3LoB, CHHTE3UPOBAHHBIX TPH OIMHAKOBBIX
YCIOBHSIX.

3. OmucaHue METONMKH HM3KOTEMIIEPATyPHONO CHHTE3a TMOPHIHBIX MEPOBCKHTOB B
OCHOBHOM COCPEIOTOYEHO Ha BBIOOpPE TEMIIEPATyPHOIO PEXHMA, OIHAKO OCTAETCS HESCHBIM, B
KaKOH CTeNMeHH BapbUPOBAHWE ra30BOil aTMOC(eEphI, CKOPOCTH HArPeBa M BPEMEHH BbLIEPIKKHM
BIMACT HAa (OPMHUPOBAHME KOHEYHOH CTPYKTypsl Marepuana. C y4éTOM  BBICOKOIA
9yBCTBUTENBHOCTH NMOAOOHBIX COENMHEHHH K YCIIOBHSM BHEIUHEH Cpesibl 1enecoobpasHo Gbuo
ObI MPHBECTH OLIEHKY BOCTIPOM3BOIMMOCTH IIONy4aEeMbIX CBOHCTB IJIsl pa3HbIX NapTHii 06pasLoB
b0, no KpaiHeil Mepe, ykasaTb AManasoH BapuaLMil TPAHCIIOPTHBIX xapakrepucrtuk. Takas
uHpOpMarms no3sonmuia Obl Gosiee MONHO OLEHWTh HANEKHOCTh METONMKH H yCTONYMBOCTH

TOJIyYEHHBIX PE3YJIBTaTOB.

IIpuBeieHHbIE 3aMeUaHHsT He 3aTPATHBAIOT CyTH 3aIUITAEMBIX TIONIOKEHHUIA, BBIBOZIOB U He
BIIMAIOT Ha OOLLYIO MOJIOKUTENBHYIO OLIEHKY MOJYYEeHHbIX pe3ynsTaToB. WX y4ér mo3Bosun Obi
Chenath MHTEPHpeTaunuio Gu3Myeckux MexaHWsMOB Goliee MOJHOM, a METONMYECKY0 HYacTb —
Gonee npospaunoif. Bmecre ¢ Tem auccepraums mpencTaBiser  coGoit 3aBepLIEHHOE
HCCJICIOBAHNE, BBINOJTHEHHOE HAa COBPEMEHHOM 3SKCIEPHMEHTAJbHOM ypoBHe. Jlucceprarius
OTBe4aeT TPEOOBAHMSM, YCTAHOBIEHHBIM MOCKOBCKHM MOCYAapCTBEHHBIM y HUBEPCHTETOM HMEHH
MB. Jlomonocosa. ConepxaHue IHCCEPTALMH COOTBETCTBYET MACIOPTY CHELHUATBHOCTH
1.3.11. ®usnka nonynpoBOAHUKOB (M0 (PH3HKO-MATEMATHYECKUM HAYKaM), a TAKKE KPHUTEPHAM,
onpeneneHHsM . 2.1-2.5 TlonoxeHus O NMPUCYKIEHHH y4YEHBbIX cTereHeif B MOCKOBCKOM
roCyAapCTBeHHOM yHuBepcurere umeHu M.B.JlomoHOcOBa, a Takke OQopMmieHa, COMACHO
npunoxerusm Ne 5, 6 ITonoxxenus 0 qucceprauMoOHHOM coBeTe MOCKOBCKOTO roCyaapCTBEHHOIO

yHusepcurera umenu M.B.JIomoHoCOBa.



Couckarenr HBanoBa Aunexkcanapa CepreeBHa 3aciy)XKHBaeT NPUCYKOCHUS YYEHOH
CTEMeHM KaHaunara (U3UKO-MAaTEeMaTHUYECKUX HayK Mo crheuuanbHoctd 1.3.11. PDusmka

MOJTy TPOBOJTHUKOB.

OduumanbHbIi ONMOHEHT:
Ilpopeccop HHCTHUTYTa MNEPCIEKTHBHBIX MaTEPHAJOB M TEXHOJOTMH  (henepasbHOro
rOCyAapCTBEHHOTO aBTOHOMHOIO O0pa30BATENbHOrO YuPEKAEHHUS BBICIIErO 0Opa3oBaHMs
«HauuoHanbHblif  MCCIENOBATENbCKHIT YHUBEPCUTET «MOCKOBCKHH WMHCTHUTYT 3JEKTPOHHOI

TEXHHUKI), NOKTOP TEXHUYECKHX HayK, /
JOKTOP TEXHHUYECKHUX HAyK IIItepn Makcum FOpbesuu

05.12.2025r.

KoHTakTHbIE HaHHBIE: _

Ten.: 8 (499) 710-14-98, e-mail: m.y.shtern@org miet.ru

CneunanbHOCTh, 10 KOTOPO# OPHLIHAILHBIM ONIMOHEHTOM

3alUIIEeHA AUCCePTALIMS:

2.2.3. Texnonorusi u 060pynoBaHHe Misi MPOM3BOACTBA MATEPHAJIOB M NPUOOPOB 3MEKTPOHHOI

TEXHHKH.

Anpec opHULHANBHOIO OMIOHEHTA !
124489, r. Mocksa, . 3enenorpan, ruowmans [llokuna, nom 1
Ten.: 8 (499) 710-14-98

9J1. mouTa: m.v.shiern(@ore miet.ru
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