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Ha aucceprauvonHylo pabory IIpsixunoit Buxtopum HWropeBubi
«DOpMHpPOBaHHE M JBOMIOLHS 3apHKEHHBIX JOMEHHBIX CTEHOK B
MOHOKpHCTa/NIaX HHoOaTa JUTHA M TaHTajara JMTHS», IPEACTaBIeHHYIO
Ha COMCKaHHe yUYeHOM CTerneHH KaHaujaaTa (pU3MKO-MaTeMaTHYeCKHX HayK
o cnerranbHoCcTH 01.04.07 — @u3KKa KOHAEHCHPOBAHHOIO COCTOSHHSA

HMucceprauunonHas pabora [Ipaxunoii B.M. nocpsineHa 3KCIepUMEHTATbBHOMY
uccre10BaHuo GOpMUPOBAHUS U SBOJIIOLMU JIOMEHHOM CTPYKTYPBI ¢ 3apsKeHHBIMH
JIOMEHHBIMH CTEHKaMH B MOHOKPHCTA/UIaX CErHeTO3eKTpUKOB HHobara mutus (LN)
u Tta"tamata JutHa (LT) ¢ pe3ko yBEeNIHYEHHOH 3JI€KTPONPOBOAHOCTHIO
MIOBEPXHOCTHBIX CJIOEB, a TAKXKe IPH HAJTMYUY rpajienTa cocraa. M3zyueHo BausHue
HOHHO-IIJIA3MEHHOI0 OOYy4YeHHs U OTKMra B BaKyymMe Ha 3JI€KTPOIIPOBOJHOCTH H
ontudyeckue csoiictBa LN u LT, a Takke Ha H3MEHEHHE IIOPOrOBBIX TMOJIEH
nepexoueHus nonaspusauuu. McenenoBaHbl 3BOMIOLHA JOMEHHOM CTPYKTYPHI IPH
MepeKIIOYeHHH TIONSpH3aluid U (GOPMHpPOBaHHE 3apSHKEHHBIX JOMEHHBIX CTEHOK B
LN u LT nocne noHHO-IIa3MeHHOTro 00my4eHHs Z+ MOJAPHON TMOBEPXHOCTH H B
HuoOare JIMTHS C IOBEPXHOCTHBIMH CIIOAMH, MOJM(HUIMPOBAHHBIMH OT)KHIOM B
BakyyMme. Mi3yueHbl 0COO€HHOCTH HCXOIHOH JOMEHHON CTPYKTYpbl, 00pasylolerncs B
pe3ynbTate oxnaxaeHus Hiwke Ttemmneparypel Kiopu, B LT ¢ pasnuuneiv
[IPOCTPAHCTBEHHBIM  paclipefieieHdeM cocrasa. Kpome TOro, HccienoBaHo
H3MeHeHHe (OpMBI H30/IMPOBaHHBIX JOMeHOB ¢ rimybmnoit B LN u LT c¢
MOBEPXHOCTHBIMH  CJI0AMH,  MOAM(DHLMPOBAHHBIMH  BBICOKOTEMIIEPaTypPHBIM
OTXKHUI'OM.

AKTYaJIbHOCTb TeMbI JHCCEPTALIUH

Hutepec K HCCIEOBAHUIO OJHOOCHBIX CErHETORIEKTPUKOB ceMeHcTBa
HHOOaTa JUTHA W TaHTajJara JIMTHA OOBACHAETCH BO3MOXKHOCTAMH HX IIHPOKOIO
NpUMeHeHus, Onarofaps  YHHKaJIbHOMY  COYETAaHHIO  3JIEKTPOOINTHYECKHX,

HEJIMHEHHO-OIITHYECKHUX, AKYCTHHYECKHX H IIHBE303JICKTPHYECKHUX CBOWMCTB, a TaKkKe



BO3MOYKHOCTH CO3JIaHHs KOHTPOJIHMPYEMOM JOMEHHOH CTPYKTyphl (ZIOMEHHas
uikeHepus). Huobar nuTHA M TaHTANaT JATHA, OOJNamarolde CpPaBHATE/IBHO
NpoCTOif JHOMeHHOH cTpykTypoii co 180° HOMEHHBIMH CT€HKaMH H BBICOKHMH
Temneparypamu KiopH, ABISIOTCS MOAEIBHBIMH OOBEKTaMH I HCCIIeI0BaHHUIA.

IToBBILIEHHBII MHTEpPEC K MH)KEHEpHUH JIOMEHHBIX CTEHOK CBs3aH C TeM, YTO
3apsUKEHHBIE JOMEHHBIE CTEHKH C BBICOKOH IPOBOJMMOCTBIO MOIYT OBITh
MCIIOb30BaHbl B Ka4yecTBe IIOJBHXKHOIO SJIEKTPOHHO-aKTHBHOTO HHTepdeiica B
HenpoBoadieM MaTepuaie. Hanu4ue cBsA3aHHBIX 3aps/ioB Ha 3apsyKEHHON JOMEHHOM
CTE€HKE IPHUBOJHUT K YBEJIHYEHHIO HX JIEKTPOMPOBOAHOCTH Ha HECKOJIBKO IOPSIKOB
10 CPaBHEHHUIO C 3JIEKTPONPOBOAHOCTBIO caMoro Matepuana. Cos3jlaHue B KpHcTallie
MPOCTPAHCTBEHHO HEOAHOPOJHOrO pachpefeNeHus HocuTened obecrnevynBaer
9} dexTHBHYIO KOMIEHCALMIO [ENOJAPH3YIOIEro IojA, YTO HEeoOXOAMMO JUIs
cTaOHJIBHOTO CYLIECTBOBAHHS 3apsKEHHBIX JIOMEHHBIX CTEHOK.

dopmHpoBaHHE JIOMEHHOH CTPYKTYpbl B INPOCTPAHCTBEHHO HEOAHOPOJHBIX
YCTIOBHSX ABJIsAeTCS (QyHAAMEHTAIbHOM 3aa4eif, MOCKOIBKY IPOIECC MePeKIIOUeHH s
MOJIIPH3ALMH MOXKET pacCMaTpUBaTHCA Kak aHayior ¢a3oBOro MpeBpalleHus MepBoro
poxa. DkcnepuMeHTalnbHO HabimonaeMble pasziuyHble 3(QQEKTs! nepecTporkH
MeTacTaOMJIBHBIX JOMEHHBIX CTPYKTYP C03Jai0T 6a3y I/ BbIpabOTKH MPaKTHYECKHX
NPUEeMOB JIOMEHHOH wuHXeHepud. Takum oOpazoMm, HCCIeloBaHHE [IPOLECCOB
KOHTPOJIUPYEMOI'0  CO3JaHHSl 3apsDKEHHBIX JOMEHHBIX CTEHOK HMMeeT Kak
(GyHIaMeHTalIbHOe, TaK U MPUKIaZHOe 3HaYeHHE.

CTpykTypa M coaepxaHHe paboTsl

JucceprauuoHHas paboTa COCTOMT U3 BBEJCHHS, 5 IJ1aB, 3aKIIOYCHHs, CIIUCKA
COKpalLleHHH ¥ yCIIOBHBIX 0003HaUeHHUH, cCIucKa JuTepaTypsl. O0uwmii 06beM paboThl
cocraBnseT 125 cTpaHul, BKItouas 78 pucyHKOB, 4 TabNIULIbI, CIHCOK JIUTEPAaTypPhl U3
156 nammeHoBaHui. B kaxnoi rnaBe chopmynupoBanel BeIBOABL. ConepixaHue

JUCCEPTALlMH H3JIOXKEHO JACHO, 'PaMOTHO H NMOCIEA0BATE/IbHO, BEIBO/BI JIOTHYHBEI.



B niepBoii r1aBe npuBesieH 0630p COBPEMEHHOIO COCTOSHHMSA MCCIIEN0BaHHUM 10

TeMe. B Hell mpencTaBleHbl OCHOBHBIE OCOOEHHOCTH CErHETO3JIEKTPHKOB,
COBpEeMEHHbIe MpeCTaBIeHHs 00 3BONIOIMH JOMEHHON CTPYKTYPBI, B TOM YHCIIE MTPH
MEepeKIIOYeHHUH TOJIAPU3ALUMN B HEPABHOBECHBIX YCIIOBHAX, XapaKTePUCTHKH
HEHTpaIbHBIX ¥ 3apSUKEHHBIX JOMEHHBIX CTeHOK. IIpuBeneHbl cBeneHHs 00
ucenenyemMbix LN u LT, ocobeHHOcTSX MX cocTaBa M JOMEHHOH CTPYKTYPBL
Onucansl 3¢ dexTs!, BosHukaromue B LN u LT B pesynbrare pa3sH4YHbIX BapUaHTOB
BBICOKOTEMIIEPATYPHOI'0 OTHKHIA.

Bropas rnaBa sBaseTcs METOOWYECKOH H COACPXKHUT XapaKTCPHCTHKH

uccieayeMblx 00Opa3lioB, ONHCAHHE SKCIIEPUMEHTAIBHBIX YCTAHOBOK M METOIHMK.
HccnenoBanuck MOHOKPHCTAJUIHYECKHE IUIACTHHBI HHoOaTa JHMTHUS W TaHTajgaTa
nutuss KoHrpysntHoro cocrasa (CLN u CLT), Bbeipe3aHHble INepHeHIUKYIISPHO
nossipHoi ocu. IlmacTHHBI MojaBepraluck TpeM BHAaM BozneicTBusM: (1) HOHHO-
miasMeHHoOMY oOiydenuto Z+ nonspHo# nmoepxHoctd CLN u CLT, (2) omxury B
Bakyyme CLN, (3) BeicokoTeMmneparypHoMy oTxury B mapax jgutus CLT (vapor
transport equilibration, VTE). I3MeHeHHe IMTETBHOCTH BO3JAEHCTBHI MO3BOJIAIIO
NPOCTPAHCTBEHHO HEOJHOPOJHO HM3MEHATh COCTAaB M 3JIEKTPONPOBOJHOCTh
HccrexyeMbIX 00pa31oB.

Tperbss rnaBa ImOCBsAIIEHA MCCIEAOBAHUIO BIMAHHUA HMOHHO-IJIA3MEHHOIO

o0syyeHHsT Ha 53JIEKTPOIPOBOJHOCTh W ONTHYECKOE IIOIVIONIEHHEe, a Takxke Ha
3BOJIIOLIMIO IOMEHHOH CTPYKTYphl U (PopMHUpOBaHHE 3apsHKEHHBIX JOMEHHBIX CTEHOK
B CLN u CLT.

BeisBiien 3¢Q@eKT NOHWKEeHHA IOpPOroBOrO HANPSIKEHHUS IepeKIIoueHHs
noyisipuzaiid B CLN u CLT mnocne HOHHO-IJIa3MEHHOTrO OOIMy4YeHHs 3a CcueT
YMEHBIIEHUs TOJILHHBI MEPEKIIOYaeMOro CJIos U HEOJHOPOJHOrO pacrpeieneHus
9JIEKTPUYECKOr0  IOJs,  BHI3BAHHOIO  YBEJIIMYEHHEM  3JI€KTPONPOBOAHOCTH

00JTy4EeHHOTO CJIOA.



IToka3ano, yto npu nepexnoueHud nonapusauud B CLN u CLT nocne uonso-
IIa3sMeHHOro o0my4eHHs oOpa3yroTcs H30JMpPOBAHHBIE JOMEHBI AHOMAJIbHOMN
¢opmer.  IloneBas 3aBHCHMOCTH (OPMBI JOMEHOB OOBSCHEHA HEOJHOPOIHBIM
pacrnpeieieHHeM TNEepeKIIoYaloliero IO Ha JOMEHHOH CTeHKe, BBI3BAHHBIM
Hea(GEKTUBHBIM SKPaHUPOBAHHUEM JEMOJIAPU3YIOIIETO MOJIS.

OO6HnapyxeHHOe (OPMHPOBAHHE 3apsXKEHHBIX JIOMEHHBIX CTEHOK XBOCT-K-
XBocTy npH nepeximoueHud nonspuzauud B CLN u CLT B6au3M rpaHuusl cios,
MOAMGUIIMPOBAHHOIO HOHHO-IUIa3MEHHBIM  OOJy4eHHEeM, OTHECEHO 3a CueT
HECKBO3HOTO MPOPACTaHHs M CIUSAHHSA JIOMEHOB, 00pa3yIoLIMXcs Ha HeoOITy4eHHOH
MOJIAPHOM MTOBEPXHOCTH.

YerBepras [y1aBa IOCBAIIEHA HCCIEOBAHHUIO OCOOEHHOCTEH 3BOJIIOLIHH
JNOMEHHOM CTPYKTYpel H (OPMHPOBaHHsA 3apsHKEHHBIX IOMEHHBIX CTEHOK B
mractTuHax CLN nocie omkura B BaKyyme IpH pa3iIM4YHbIX TEMIIepaTypax.

B oroxoxenHom B Bakyyme CLN, ofHapykeHO [Be CTaguH NepeKIoYeHH s
MOJIApH3alMK B pacTymeM mojae: (1) poct HaHOZOMEHOB, 0Opa3oBaBIIMXCH I10]1
ACHCTBHEM NMUPO3JIEKTPUYECKOrO IOJIs NPH OXJIAXKACHUH II0CiIe OTKUra BOIM3u Z-
NOJIAPHOM TMOBEPXHOCTH, M (2) oOpa3oBaHME€ H pOCT JOMEHOB BOIM3M Z+
nosepxHocTH. [TokazaHo, 4To hopMHUpoBaHHE ABYX 3apsKEHHBIX HOMEHHBIX CTEHOK
Ha MEepBOH cTaZud 00YC/IOBIEHO aHOMAIBHBIM CIMSHHEM HAHOJOMEHOB B 0OBeMeE,
BBI3BaHHBIM YBEJIMYEHUEM I10J151 C IITyOHHOM.

Ob6Hapy)xeHHOe TNOHW)K€HHE [OPOTOBOr0  HANpshKeHHs  BOMM3M  Z—
nosepxHocTH CLN mocie oTkura B BakyyMe 00yCJIOBJIEHO IIOJIEM, CO3/1aBaeMbIM
IPalieHTOM KOHIEHTPALUH 3KPaHUPYIOIIMX 3apsAfoB BONH3H MOIM(GHIIHPOBAHHOTO
MOBEPXHOCTHOIO CJIOS C YBEIMYEHHOH 3JIeKTPONPOBOAHOCTEIO.

B oroxokenHoM B BakyyMme CLN BOIH3H MOAH(DUIMPOBAHHBIX MOBEPXHOCTEH
OOHapy>eHbl JEHJIPHUTHBIE MIOMEHBIl, YTO CBS3aHO C YMEHBIIEHHEM MOJi M
B3aMMOJEHCTBHEM 3apsSUKEHHBIX JIOMEHHBIX CTEHOK CYOMHMKPOHHBIX HECKBO3HBIX

JOMEHOB.



[IsTas riaBa MOCBSIIEHA MCCIENOBaHHIO OcobOeHHocTell (opMupoBaHuUs

JOMeH-HOM cTpykTypel B IutactTiHax LT ¢ mnpocTpaHCTBEHHO HEOAHOPOIHBIM
pacnpezie/ieHHeM COCTaBa, IMOJY4YeHHBIM B pesyisrare VIE omkura m oTKura Ha
BO3/yXe€.

B LT ¢ HeogHOpOAHBIM paclpejelieHHeM cocTaBa, mnoixydeHHBIM VTE
OTKHMI'OM, B HCXOIHOH MONUIOMEHHON NOMEHHOH CTPYKType, popmupyrowmeiics npu
¢da3zoBoM mepexone, o0Opa3yrOTCs IPHIIOBEPXHOCTHBIE MOHOINOMEHHBIE CIIOH,
00yCIIOBIICHHbIE CYIIECTBOBAaHUEM IpaJiMe€HTa COCTaBa. YBEIMYEHHE UIMTEIHLHOCTH
OT)KHI'a MPUBOJAMT K HCYE3HOBEHHIO IIOJIMJOMEHHOTO CcJIosi M 00pa3oBaHHIO
3apsUKEHHOH JIOMEHHON CTEHKH.

ITokaszano, 4TO JUId 3apsHKEHHBIX JOMEHHBIX CTEHOK TO0JIOBa-K-rojoBE C
MOBBIIIEHHOH  3JEKTPONPOBOAHOCTBIO H3MeHeHHe (OpMBI MOA  JAeHCTBHEM
MHPONEKTPUIECKOTO TMOJA IpPH OXJAKACHHH CYyIIECTBEHHO MEHbILE, YeM IS
3apsKEHHBIX JJOMEHHBIX CTEHOK XBOCT-K-XBOCTY.

BrisBiieHa Koppesiys H3MEHEHUs ¢ INTyOHHON JTOKaJbHOrO cocTaBa H (pOpMbI
CeYeHHH JOMEHOB, PacTYIIHX OT 3apsHKEHHOM TOMEHHOH CTEHKH K IMOBEPXHOCTH, M10]]

JIeiCTBHEM MMAPOSJIEKTPHYECKOI'O IOJIA IPH OXJIAXKACHHH.,

Hay4ynast HOBH3Ha pabOThl COCTOMT B CIIEIYIOLIEM:

[IpomemoHCcTpHpOBaH addexT BHYTPHOOBEMHOTO NEPEKITIOYEHUS
nojspu3alMd M (QOPMHUpOBaHHMA  3apHKEHHBIX  JOMEHHBIX  CTEHOK B
MOIH(DUIMPOBAHHBIX IUTACTHHAX C [OBBIIEHHOH 3JIEKTPOIPOBOJHOCTBIO B
MOBEPXHOCTHBIX CIIOfIX.

OOHapy:keH poCT H30JMpPOBAaHHBIX JOMEHOB B ¢opme 3Be3 U
MHOTOYTOJIbHUKOB C BOTHYTBIMH yIUIaMH, a Tak)Ke BETBJIEHHE pacTyLIHX JOMEHOB B
MOAU(ULUHUPOBAHHBIX IUIACTHHAX. DTH OCOOEHHOCTH (OpMBI OOBSICHEHBI 3a CYET
HEOJHOPOJHOr0 paclpe/ielIeHHsl OCTaTOYHOr0 AETOAPU3YIOILEero Mo Ha JOMEeHHOH

CTEHKE B YCJIOBUAX 3alla3/IbIBAHUS S3KpaHUPOBAHHS.



ITokazaHo, HYTO YyBEJIMYEHHE 3JIEKTPONPOBOJHOCTH B  IOBEPXHOCTHBIX
MOIM(HUIIMPOBAHHBIX CIIOAX MPHBOAMT K 3HAYMTEIBHOMY YMEHBLIEHHIO IOPOTOBBIX
HaNpsUKeHHUH 3a c4eT HEOAHOPOJHOTO pacipe/ie/IeH s NoJid B oObeMe.

IIpakTHYecKasi 3HAYUMOCTD

BrIsiBIeHHBIE 3aKOHOMEPHOCTH BIIMSHUS HMOHHO-IUIA3MEHHOro OOIyuYeHHs H
OT)KHra B Bakyyme Ha (opMy IOOMEHOB M 00pa3oBaHHE 3apsyKEHHBIX JIOMEHHBIX
CTE€HOK MOTYT OBITH MCITO/IB30BAHBI VISl Pa3BUTHS METOIOB IOMEHHOH HHIKEHEPHH.

[TponemoHcTpUpOBaHa BO3MOXKHOCTb OOBACHEHHS INPOLECCOB (POPMHPOBAHMS
JIOMEHHBIX CTPYKTYP C 3apsXKeHHBIMH JOMEHHBIMH CTE€HKaMH H H30JIHPOBaHHBIX
JIOMEHOB pa3HooOpasHoi ¢(opMel B paMmkax oOIIero KHHETHYECKOro I0AX0/a,
HCTIONIB3YIOIEr0  AHAIOTHIO MEXJAYy PpOCTOM JIOMEHOB IpH IEPeKIIOYEHHH
TNOJIApU3alMKU M 3apobiniel (a3 npH (GazoBoM NpeBpalieHuH 1-ro posa.

3amumaeMble MOJIOKEHHs OTPAXAIOT HAYYHYIO HOBHU3HY W IPAKTHYECKYIO
IeHHOCTh  paboTBl M  NOATBEPXK/JEHBl  IIPEJCTABIEHHBIMH  pe3yJibTaTaMu
HCCIIe/IOBAHHH.

JlocToBepHOCTH NTPOBEIEHHBIX HCCIIeIOBaHHN oOecriequBaeTcsi MpUMEeHeHHEM
NIPOBEPEHHBIX M KaJIMOpPOBAaHHBIX CpPEICTB H3MEpEHHi, aTTeCTOBAHHBIX METOIHK
H3MEPeHUH, Ha/IeXKHOH CTaTHCTHKOH SKCIIEPHMEHTOB, IPUMEHEHHEM COBPEMEHHBIX U
HE3aBUCHMBIX METOJ0B 00pabOTKH SKCHEPHUMEHTAIBHBIX JaHHBIX, COIVIaCHEM C
pe3y/JbTaTaMH JPYyTrMX aBTOPOB H HENPOTHBOPEYHBOCTHIO M3BECTHBIM (DH3HYECKUM
mozensaM. Pe3ynpTarel, monydeHHBbIE B XOZe MHUCCEPTALHOHHOIO HCCIIENOBAHMUS,
NpOLLTH anpobauuio, ObUTH NPECTABICHBl HA MEXKIYHApOAHBIX H BCEPOCCHICKHX
KOH(epeHI X, omyOINKOBaHbEI B CTaThiX B XypHalaxX, pekoMeHnoBaHHBIX BAK u

MHIeKcUupyeMbIx 6azamu aanHbeIx Web of Science u Scopus.

3axsouenue no aucceprauun [paxunoit B.A.



Huccepramus Ilpsxunoit B.HM. «®opMupoBaHHE M 3BOJIIOLHUA 3apXKEHHBIX
JIOMEHHBIX CTEHOK B MOHOKpUCTA/IaX HHOOATa JINTHS M TAHTaJIaTa JIMTHSA» SABISAETCA
3aKOHYEHHOM Hay4yHO-KBaTH(UKALMOHHOH paboroii. BeBOABI AuccepTaluy
JOCTAaTOYHO 0OOCHOBAHBI.

CopneprxaHue quccepTalii COOTBETCTBYET MaclopTy Hay4HOH CIEeLHaTbHOCTH
01.04.07 — dusnka KOHAEHCHPOBAHHOTO COCTOSHHA. ABTOpedepaT AucCepTaliH
COOTBETCTBYET €€ COACP)KaHMIO U aJIEKBATHO OTPa)KaeT MOJIy4YeHHbIEe Pe3yJIbTAThL.

PaGoTa HamucaHO rpaMOTHO M OTBedYaeT KpuTepHaM myHkTa 9 ITonmoxeHus o
MPUCY)KACHUU YYEHBIX CTeNeHeH, NpeabABIseMbIM K KaHIUIATCKUM JHMCCEPTaLUsIM,
a ee aprop [Ipsaxuna B.W. 3aciyxuBaeT npucyXIeHUs Y4EHOH CTENEHH KaHIuzIara
bu3uko-MaTeMaTHYecKuX Hayk mo crnepguansHoctd 01.04.07 -  ®Dusuka

KOHACHCHPOBAHHOI'O COCTOAHHA.
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