OT3bIB

oduiansHoro omnmoneHta Mapkosa Onera MBaHoBu4a Ha TUCCEPTALMIO
Hemunosa Esrenus Branuvmuposrya "ONEKTPOHHBIE SBJICHUS TIEPEHOCA B
YCJIOBUSIX KBAHTOBOIO M KJIACCHYECKOTO Pa3sMepHBIX 3(P(EKTOB B TOHKHUX
IUIEHKaX BHCMYTa", IPEICTABICHHYI0 Ha COMCKAHME YYEHOW CTeIeHH
IOKTOpa (PU3UKO-MaTeMaTHYeCKUX HayK IO crenuanbHocTH 1.3.8 dusuka
KOH/IEHCHPOBAHHOIO COCTOSIHUS ((H3UKO-MaTeMaTUUECKUE HAYKH)

uccepranuonnas pabora Jlemunosa Eprenns BiaaauMupoBrda NOCBAIICHA
YCTAHOBJIEHUIO  OCHOBHBIX  3aKOHOMEPHOCTEH  BJIHMSHHMS  KBaHTOBOIO U
KJIACCHYECKOr0 pa3MepHBIX 3()QeKToB Ha 3JIEKTPUYECKHE ITapaMeTphl TOHKHUX
IUIEHOK BECMYTa. AKTYaJIBHOCTE JUCCEPTAIMOHHOM paboThl 000CHOBBIBAETCS TEM,
4TO KBAaHTOBBIM M KIACCUYECKMI pasMepHbie 3((eKThl SBIAIOTCS 0a30BBIMH B
[OHAMAHUU KUHETUYECKHMX CBOMCTB TOHKWX TJICHOK. YHUKAIbHBIA JJIEKTPOHHBIH
SHEPreTHYECKUM CIIEKTP BUCMYTA, IPUBOASIIIM K MaJIOH KOHIIEHTPALUK HOCUTEIeH
3apsiia ¥ OONBIION [UIMHE BOJHEI 1€ Bpoiiis, aenaeT BOSMOXHBIM HaOIIONEHUE
KBaHTOBBIX 3()()eKTOB. Y COBEpLUIEHCTBOBaHHUE CIIOCO0A NOIYYEHHUS KaueCTBEHHBIX
MOHOKPHUCTA/UTMYECKUX IUJIEHOK BHCMYTa BBIBEJIO KCCIEIOBAaHUS KWHETHYECKHUX
ABJIECHUN B IUIEHKaX BHCMYTa Ha HOBBIA KauyeCTBEHHBII ypOBEHb, MO3BOJIAIOIINHI
VYECTh BIHMSHHUE TOBEPXHOCTH, T[PaHUL] KPUCTAJIUTOB U MEXaHWYECKHX
nedopManuii Ha IIOABAXHOCTE ¥ H3MEHEHNe KOHLIEHTpalluy HocuTesel 3apsa. Bee
3TO JeNaeT JUCCEPTAIMOHHYI0 paboTy BeCbMa aKTyalbHOM.

OO6mas xapakTepucTuKa padoThl.

JluccepTalmsi ~ COCTOMT W3  BBEJCHWs, JHUTepaTrypHoro  o63opa,
OKCIIEPUMEHTAIBHON YacTH, COCTOSINEHM K3 S5 TJaB, 3aKIIOYCeHHs MU CIHUCKa
HCIIONB3yeMOM nureparypbl. OOmuii o0beM auccepranuu - 261 cTpaHuna,
comepxur 123 pucyHka, 6 Ttabmun u Oubimmorpaduro, BKIroyaronyoo 320
HanuMEHOBaHUMN.

PesynpraTel omyGnukoBaHsl B 68 paborax, w3 HHX 33 myOnuxauuud B
M3JaHKuAX, peKoMeHnoBaHHbEX BAK u mpupaBHEHHBIX K HHM, 1 MoHOrpadus, 4
nareHra P® u mpescrapieHs! Ha Gonee yeM 20 MEXITyHApOAHBIX M POCCHICKMX
KOH(epeHIUIX.
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Bo BBegenum chopMynupoBaHbl aKTyalbHOCTh, LENH U 3ama4yd paboThI,
O00OCHOBaHBl METOABI HCCIIEAOBaHMs, C(HOPMYIHPOBaHL HAy4dHas HOBH3HA H
IPaKTUYECKass 3HAYMMOCTh palbOThl, NPENCTaBICHbI BBIHOCUMBIE HAa 3allUTy
nojoxenus. [lpuBeneHbl CHHMCOK KOHQEpEeHIM W CEMHHAPOB, Ha KOTOPLIX
anpoOUpOBaHO CoAep)KaHHe pabOoThl, CIMCOK IyOJUKAIMii aBTOpa, B KOTOPBIX
U3JI0’KEHO OCHOBHOE COZIepKaHUE TUCCEPTAIINH.

IlepBasi rnaBa coepXXUT 0030p JHTEPATYPhI, MOCBSIIEHHBIN OMMCAHUIO
KPUCTAJUIMYECKON CTPYKTYpPHl, XUMHYECKOW CBSI3U, JHEPreTHYECKOTO CIEKTpPa
HOCHTENIEH 3apsa KpPUCTAUIOB BUCMYTa, TEOPUHU KIACCHYECKOTO M KBAHTOBOIO
pasmepHOro ¢ ¢pexra. OTpakeHO COBPEMEHHOE COCTOSIHUE MCCIIEIOBAHMM SIBICHHIM
IIEPEHOCa B TOHKMX IUIEHKaX I[IOJyMETAJUIOB, MOJyYEeHHBIX paHee IpPYTHMH
aBropamd. Ha  ocHOBaHWM aHanW3a JAaHHBIX  HAYYHOM  JIKTEPATYPHI
chopMyIHpOBaHBI IEJH U 3a1a49H JUCCEPTAIMOHHOTO UCCIIENOBAHMS.

Bo BTOpoii ri1aBe npeacTaBieHbl KpaTKas TEOPHUS MIPOIECCOB POCTa TOHKOM
TUIEHKH ¥ OINKMCAaHHE PA3JINYHBIX METOJOB ITONYYeHHs] TOHKHMX IIJIEHOK BHCMYTA.
OrtpakeHbl NperMyIIIeCTBa U HeTOCTATKH JAHHBEIX METONOB. B ri1aBe npencTasneHo
OIKMCaHHUEe He TOJIBKO paHee H3BECTHBIX MCIIOIb3YEMBIX B pab0Te METOIOB KOHTPOJIS
CTPYKTYPBl TOHKMX IUIEHOK (aTOMHO-CHJIOBasi W OJJIEKTPOHHAS MHKPOCKOIIHS,
PCHTTEHOCTPYKTYPHBIA aHalli3), HO ¥ HOBBIE, pa3pabOTaHHBIE B paMKaxX MaHHOM
paboTEl, CIOCOOBI M3MEPEHHUS Pa3MePOB KPUCTAIIMTOB, ONPEAEIIEHNS UX B3aUMHON
KPHCTaJIOrpahMueCcKoi OPHEHTAIINH, & TAK)Ke TOJIIMHBI TOHKUX ITUIEHOK.

B Tperpedi  rjaBe  mpuBeneHBI — pe3yNbTATHl  KCCIELOBAHUS
rabBAaHOMarHWTHBIX M TEPMOJJIEKTPHYECKHX  CBOMCTB  OJOYHBIX U
MOHOKPHUCTAININYECKUX IUICHOK PA3IMYHON TONIIMHBI YUCTOTO BUCMYTA, BUCMYTa,
JIETHPOBAHHOTO TEJUTYPOM U IIEHOK TBEPAOI'0 PacTBOpPa BUCMYT-CYPbMa.

B 4erBeprToli riaBe MpOBOIUTCS aHAIN3 W3MEHEHUN IOABMXHOCTH U
KOHIIEHTPAIlMM HOCHTENEH 3apsia, pacCUMTAaHHBIX Ha OCHOBE VAEIBHOIO
COIIPOTHBIICHHS, MarHeTOCONpPOTUBICHUSA,  Ko3pdumuenra  Xomia
nuddepeHnnanTbEHON TEPMODIC.

IIsitag rjaBa NOCBSINEHA aHANHM3Y SKCIEPUMEHTANBHBIX PE3yNLTATOB 10
HCCIIEIOBAaHUIO KBAHTOBOIO pa3MepHOro 3ddekTa B TOHKUX IUIEHKAX BHCMYTa, a
TaKKe MOAU(UKAIMAM SHEPTeTHYECKOro CIIEKTpa HOCHTENEH 3apsia B TOHKHX
IUIEHKaxX BUCMYTa.

B 3ak/a04eHHMH TPUBOISITCS OCHOBHBIE pE3YIbTAThl U BBIBOALI II0
IIPOBEIEHHOMY HUCCJIEIOBAHUIO.

OcHoBHbIE Hay4YHbI€ Pe3yJabTaThl, OJYYCHHbBIC AaBTOPOM.



Hanbonee BaXHBIMU pe3ysibTaTaMd pPaOOTHI, UMEIOIIMMH HECOMHEHHYFO
HAy4YHYI0 LIEHHOCTb, CIENYeT INpPU3HATh MPEICTABICHHbIE IKCIIEPUMEHTAIIbHbBIE
J0Ka3aTeNIbCTBA BBIICHEHHBIX MPUYHH CIeAYIOMUX (haKTOB:

—Pa3IuYHOIo IIEPHOa OCHMIUISIILUN IEKTPUUECKUX U T'aJIbBAHOMArHUTHBIX
CBOMCTB TOHKHX IJIEHOK BHCMYTa, HaOJIF01aeéMOT0 Pa3IUYHBIMU aBTOpPaMH IIPH
UCCIIEIOBaHUSAX KBAHTOBOTO pa3MepHOro 3ddexra;

—pa3bpoca MakKCUMalbHON TOJIIMHBI IUICHOK BHCMYTa, IOJNYyYEHHBIX B
paboTax pa3IMYHBIX aBTOPOB, IS KOTOPHIX €llle HAOMI0Ja0TCs OCHMUISIIAOHHBIE
3aBHCHUMOCTH 3JIEKTPUYECKUX U TajIbBAHOMAarHUTHBIX KO3(DPHUIINEHTOB;

—OTCYTCTBHE YMEHBIIEHMS KOHLEHTpPAllUd HOCUTeNed 3apsana Ipu
YMEHBIIEHUH TOJIIUHB TOHKUX IUUIEHKAaX BHCMYTa, MPEICKa3aHHOTO Teopuen
KBaHTOBOI'O pa3MepHOro 3¢ dexTa nepexoaa noryMeTauI-TIoIyTPOBOIHHUK.

BaxsbiM, 11 QU3UKHM MOBEPXHOCTH IIOJYMETAJUIOB, SIBISETCS U
OoOHapy>XeHHOe BO3pacTaHWE KOHIIEHTPAllMH HOCUTENEeH 3apsiia JJjist TOJIIIHH
IJICHOK BHCMYyTa MEHbBIIE 25 HM C IPEUMYILIECTBEHHBIM POCTOM KOHIEHTpaIuu
JBIPOK B OTHOIIIEHUU 3JIEKTPOHOB.

O00ocHOBaHHOCTh HAYYHBIX IOJIOJKEHHI, BHLIBOIOB H PEKOMEHIALMIA,
chopmMy/JIMpOBaHHBIX B  JHCCEPTAUHH, OO0ECIEYMBAETCS  TIIATEIbHBIM
TTAaHUPOBAaHUEM JKCIEPHUMEHTOB 10 MCCIIEJOBAHUIO SBJICHHM MepeHoca B TOHKHUX
IUICHKaX BHCMYTa, B TOHKHX IUIEHKaX JIETMPOBAaHHOTO TEJUIypOM BHUCMYyTa U B
TOHKHMX IUIEHKaxX TBEpPJAOr0 pacTBOpa BUCMYT-CypbMa, KOHTPOJEM CTPYKTYPBI
HCCIIELY EMBIX o0pa31oB, CpPaBHUTEIHHBIM aHaJIN30M MOy YEHHBIX
OKCIEPHMEHTAIBHBIX PE3yJIbTATOB (B TOM YHCJIE C paHee OIyOJIMKOBaHHBIMHU
paboTaMu) B ciydae, KOTAa TaKoe CPaBHEHHE KOPPEKTHO, WHTEpIIpeTanuei
MOJIyYeHHBIX PE3yJIBTATOB B paMKax OOIIeNpPU3HAHHBIX TEOPHH.

Hayuynasi HOBH3Ha MOJIy4YeHHBIX pPe3yJbTATOB OINpPENEssieTCs B MEPBYIO
o4Yepenhb MOJy4eHHON Ba)KHON MHQOpMAaIMeil 0 CTPYKType, NeheKTHOCTH, TOHKUX
TUICHOK BHCMYTa, BIIMSHHUS IIOBEPXHOCTH M MaTepHalla MOJJIOKEK, YTO MO3BOJIMIIO
BBISIBUTH ¢bakTopsl, OKa3bIBaroOIIe BIIUSTHUC Ha  DJIEKTpUYECKHue,
raJlbBAaHOMarHUTHBIE " TEPMOIJIEKTPUUYECKHE CBOMCTBa M3y4aeMbIX
HHU3KOpPa3MEpPHBIX 00BEKTOB. McIoNp30BaHe MOHOKPUCTALNIMIECKUX U OJOYHBIX
IUICHOK C Pa3iW4YHBIM pPa3sMEPOM KPUCTAIUIUTOB MO3BOJIMIIO Pa3[EiUTh BIHSHUE
IIOBEPXHOCTH MU JE(PEKTOB CTPYKTYpPHI Ha HM3ydaeMble CBOMCTBA, YTO IO3BOJIAIIO
HEMIPOTHUBOPEYUBO UHTEPIPETUPOBATH HE TOJIBKO HaOJI0jaeMble B paMKax JaHHON
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JUCCEPTALMOHHOM pabOThI, HO U ONMHMCAHHBIE IPYTUMH aBTOPaMH 3aKOHOMEPHOCTHU
IIPOSIBIICHUS] KBAHTOBOT'O pa3MepHOro 3¢ ¢eKTa B TOHKUX IUICHKaX.

JlOCTOBEpPHOCTh  MOJIYy4eHHBIX JKCIEPHUMEHTAJBHBIX Pe3yJabTaToB
obecrieunBaeTCsl HUCIOJIB30BAaHUEM COBPEMEHHOTO HAYYHOIro OOOpYIOBaHHS st
KOHTPOJISL CTPYKTYpPBI U COCTaBa HUccieayeMbIx oOpasnoB. MccnenoBanue siBiIeHUM
IIEpeHoca  IMPOBOAWIOCH B INIMPOKOM HHTEpBajle TeMIepaTyp ¥ WHIYKIAH
MAarHUTHBIX IIOJIEH IO KITACCUYECKON METOIMKE Ha IIOCTOSTHHOM TOKE U ITOCTOSTHHOM
MarHuTHOM TIOJIe.

Teopernueckasi 1 NpakTHYECKasi 3HAYNMOCTh

ITony4yennsle pe3ynbTaThl B HACTOAIIEH paboTe MOIYT CIIOCOOCTBOBATH
pasBuTHIO QyHIaMEHTATBHBIX 3HAHUM 0 QU3MYECKUX SIBIECHUSIX B TOHKUX ILIEHKAX
U IOBEPXHOCTH  IOJyMEeTauioB. IIpoBeneHHBI  aHAIM3  MOJYYEHHBIX
OKCIEPUMEHTANIBHBIX [JaHHBIX paCLIUpSIeT TEOpPEeTHUECKHuEe TPEICTABICHHUSI O
BO3JIECTBUM KJIACCHYECKOIO0 U KBAHTOBOTO pa3MepHBIX 3G (dEKTOB Ha SBIEHUS
mepeHoca B IolyMerauiaXx. Pa3paboTaHHble B JaHHOW paboTe HOBBIE CIIOCOOBI
OIIpeieIeHUs pa3MepPOB OJIOKOB TOHKOIUIEHOYHBIX 00pa3IloB, KOHTPOJIS X COCTaBa
¥ TOJIIMHBI OBITh IPUMEHEHEI TPH HCCIIEA0BaHMIX IPYTHX ITOTOOHBIX MAaTEPHAIIOB.

B xayecTBe 3aMe4aHHii MOKHO OTMETHTD CJIeaylolee:

. B pacuere KoHIEHTpanmum L-37€KTPOHOB HCIOJB3YETCS KBAAPAaTHUUHBIA 3aKOH
nucnepecud (5.5). B To e BpeMs U3BECTHO, YTO VIS 3JEKTPOHOB B L-TOYKE 30HEI
bpuiirosHa BUCMyTa IUCTIEPCHOHHOE COOTHOIIIEHHE UMEET HEKBAAPATUYHEIN BUI.
B cBs3u ¢ aTUM BO3HHKaeT BOmpoc 00 OGOCHOBAaHHH NPHMEHMMOCTH JAHHOIO
IPUOIIIKCHHS.

. Ilpm pacuere mnapruwaneHBIX aAuGGEPEHIMATBHBIX TEPMO3IC BEIPOXKIECHHBIX
3JIEKTPOHOB U IBIPOK McHONb3ytoTcs Gopmyinsl [Tucapenko (4.12), (4.15). Oanako
Isi 00eCHeueHns] CBS3HOCTH H3JIOKEHHS CIIEN0Bal0 OBl apryMEHTHPOBATh HX
IIpUMEHCHHE.

3ameyaHue 10 TEPMHHOJOTHMHM. B  TeKcTe OUCCEpTAllMUd  MPHUCYTCTBYET
HEMOCIENOBATEIbHOCTh B HAaWMEHOBAHHM KITIOYEBOM (DH3UYECKOW BEIMYHHBIL.
Hcnone3oBaHue TEPMHHOB  «TEPMOJIC», «KOIDMHUIIUEHT TEPMODICH W
«mrddepeHIManbHas TEPMO3C» 6e3 YETKMX ONpENeNIEHU W pa3TpaHryYeHus] uX
(HU3MIECKOr0 CMBICITA CHIDKAET CTPOTOCTH H3JIOKEHUS. DTO MOXET 3aTpPyIHSATH
BOCIIPUATHE TEKCTa U MPUBOJIUTH K TEPMUHOJIOTHIECKOH Ty TaHUIIE.



5

4. B menom, S3BIK M CTHIb M3NIOXEHHS B AMCCEPTAlMM SICHBI M JOCTYIHBI IS
BocTIpusATHS. BMecTe ¢ TeM, B paboTe BCTpedaroTCs OTAeNbHbIE CUHTAKCHYECKHE U
CTUIMCTHYeCKUe Heno4€Tel. Hampumep, Ha cTp. 213 HEKOPPEKTHO MOCTPOEHHOE
npeanoxenne «4HuciaenHo pemas ypaBHeHus (5.5), (5.6) u (5.7), (5.8), 3mas
KOHIIEHTPALMK 3JI€KTPOHOB U JIBIPOK B TOHKOM MIEHKE BHCMYyTa, MOXXHO HaWTH
IIOJIOKCHUSI  DHEPIeTHYECKUX  OKCTPEMYMOB  BAJEHTHOM 30HBI M 30HBI
IIPOBOZAMMOCTH» CO3/1aeT CTUIIMCTHYECKYIO IIEPOXOBATOCTh U 3aTPYIHSET YTEHHUE.
Ha ctp. 162 nomymena rpammaTudeckas ommnbka: «Cuctema ypasrenui (4.1)—(4.4)
COCTOUT M3 YETHIPEX YPAaBHEHHM C CEMH HEM3BECTHBIMUY» (MPABUIIBHO: C CEMBIO
Hen3BeCTHbIMHM). TaxKe B TEKCTe IPUCYTCTBYIOT OIEYaTKy (Hapumep, Ha cTp. 91
CJIOBO «COCTAJIBJISLIAY ).

5. B ocHOBHOM, B JMCCepTally BCEe PHCYHKH Ka4eCTBEHHO BBINONHEHBI M XOPOLIO
NOSACHAIOT MaTepual [l yiIydileHus 4UTaeMOCTH ClieoBajo OBl JopaboTarh
pucyHOK 2.37: yBenMYMTh WWPHUGT IONNUCEH U TOBBICHTH KOHTPACTHOCTb
3JIEMEHTOBY.

Bmecre ¢ TeMm, chenmaHHBIE 3aMedaHHMs M HMEIOINMECS TeXHHYECKHe
HETOYHOCTH HE yMallSFOT 3HAYMMOCTH JaHHOTO HccienoBaHUs. PaccmarpuBas
AUCCepTalHOHHY0 paboty Jlemunosa E.B. B nienom, cnenyer oTMeTUTh, 4TO OHA
ABJIACTCA 3aKOHYEHHOM Hay4HO-MCCIENOBaTEIbCKOM paboToi, obinamaromei
aKTyalbHOCTBIO, HOBH3HOM, HAYYHOM U MPAKTHYECKON 3HAYNMOCTBIO.

W3 Tekcra muccepTalMM M aBTOpedepara CIEAYeT, 4TO COAep/KaHHe
auccepranoHHol pabortel Jlemunoa E.B cooTBeTcTBYeT macmopry Hay4HOI
cnenuanbHocTH  1.3.8. @u3uka KOHISHCHPOBAHHOTO COCTOSHHS ((pH3HKO-
MaTeMaTU9YeCKHe Hayku) (myHKT 2 «TeopeTudeckoe M SKCIEPHMEHTAIBHOE
HCCIeI0OBaHNHe (U3UYECKHX CBOMCTB YIOPSAOYEHHBIX M HEyNOpSAI0UYeHHbIX
HEOPraHWYeCKUX U OPraHMYECKHX CHUCTEM, BKIIIOYas KIACCHUYECKHE M KBAHTOBbIE
KHUOKOCTH, CTEKJIa DPa3IMYHOM IIPUPOABI, JUCIEPCHBIE W KBAHTOBLIE CHCTEMBI,
CHCTEMBl ITOHW)XEHHOM pa3sMepHOCTH», NMyHKT 7 «TeopeTwdeckuwe pacueTsl U
OKCIIEPUMEHTAIIBHBIE H3MEPEHMS 3JIE€KTPOHHOM 30HHOW CTPYKTYpPBI, IUHAMHUKU
PeETKH ¥ KPUCTAIUIMIECKOX CTPYKTYphl TBepabix Teim»). ComepixaHue
AUCCEpTallK ¢ HeOOXOAMMOH IOJIHOTON OTpaxkeHO B aBTopedepare. OCHOBHOE
Hay49HOE CONEp)KaHHWE MUCCEPTALUU, BBIBOABI AUCCEPTAIIMOHHOTO MCCIIEN0BAHUS U
IIOJIOXKEHHUsI BBIHOCHUMBIE Ha 3alllUTy INPEACTaBI€Hbl B MyOJUKALMSIX B HU3JaHHIX,
pekoMennoBaHHbIX BAK u npupaBHEHHBIX K HAM.

Cumraro, uro nauccepraums JlemupoBa E.B. "ONeKTpOHHBIE SBIEHUS
NEPEHOCa B YCIIOBUSX KBAaHTOBOIO M KIIACCHYECKOro pa3MepHBIX 3(h(deKToB B
TOHKHX IIJICHKax BHCMYTa", MpeICTaBICHHAass Ha COHCKAHHWE YYEeHOH CTeleHu






