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OT3bIB onno HEHT A KanarnHHKOBOH AneKcaH,llpbl MHXaHJIOBHhl 

Ha .uHcceprnnHoHH)'IO pa6oTy oHJihIKa BnMHCJiaBa PoMaHOBHqa 

«)J,HHaMHKa ,llH3JieKTpHqecKOH TIOilllPH3al.lHH TIO.ll .ueiicTBHeM 3JieKTpHqecKoro rromI Teparepnoaoii 

qacTOThl B TOHKOH IIJieHKe THTaHaTa 6apmI-CTPOHI.lHSI 

" KpHCTaJIJie THTaHaTa CTPOHI.lHSI», 

rrpe,llCTaBJieHHYIO Ha COHCKaHHe yqeHOH CTerreHH KaH,llH,llaTa cPH3HKO-MaTeMaTHqecKHX HayK 

no cneUHaJihHOCTH 01.04.07 (cPH3H:Ka KOH,lleHCHpOBaHHOro COCTOSIHHSI) 

)J,RcceprnuHoHHM pa6orn EHJihIKa B. P. rrocagmeHa noH:cKy nyTeii caepx6hlcTporo R3MeHeHRSI co

CTOSIHHSI cerHeT03JieKTpHKOB H po.ucrneHHbIX MaTepH:aJIOB. B pa6oTe, BhIIlOJIHeHHOH COHCKaTeJieM B 

MTY M.HP3A " c npRBJieqeHneM o6opy.uoaaHHSI OMBT P AH, rrpe.ucrnaneHhI pe3yJihTaThl no.u

po6Horo 3KCnepH:MeHTaJihHOrO " cl>eHOMeHOJIOrHqecKoro HCCJie,llOBaHHSI B03MO)KHOCTH rrepeKJIIO

qeHHSI nom1pH3al.lHH a MO.lleJihHOM cerneT03JieKTpRKe - THTaHaTe 6apRS1-CTPOHI.lHS1 BST, a TaK)Ke 

B03MO)KHOCTH HH.llYUHpOBaTh nom1pHoe COCTOHHH:e B IlOTeHUHaJihHOM cerneT03JieKTpRKe THTaHaTe 

CTpOHUHH STO. 

04em;a a>•mya.llbHocmu 

AKTYaJihHOCTh npHae.ueHHhIX a .uaHHOH .uRccepTaUROHHOH pa6oTe Rccne.uoaaHRH o6ycnoaneHa 

60JihIIIHM HHTepecoM K npo6neMe CBepx6hICTporo, IlHKO- " cy6nHKOCeKyH,llHOro ynpaBJieHml 

CilOHTaHHOH IlOJIS1pH3aUHeH cerneT03JieKTpHKOB. flHIIIh B 2017 ro.uy anepBbie 6bIJIO IlOKa3aHO 3KC

nepRMeHTaJihHO, qTo TaKOe nepeKJIIOqeHHe B npHHUHne B03MO)KHO, O,llHaKO ero HMe)KHM peanR- . 

3al.lHSI, a TaK)Ke onpe.ueneHHe Kpyra MaTepHaJIOB, B KOTOpbIX TaKOe ynpaBJieHHe B03MO)KH0, rrpe.u

CTaBJUllOT co6oii 3a.uaqu, HM KOTOpblMH aKTHBHO pa6oTaIOT HCCJie,llOBaTeJIH B Be,llyIIIHX HayqHhIX 

ueHTpax MHpa. B caoeH: pa6oTe B Kaqecrne KOpOTKOro B03,lleHCTBHH, KOTOpoe npHBO,llHT K H3MeHe

HHIO COCTOSIHHSI MaTepnana, COHCKaTeJib HCilOJih30BaJI MOlUHbie 0,llHOnepHO,llHbie HMilYJibChl Tepa

repuosoro ,llHana30Ha. TaKHe HMilYJihChl CTaJIH .llOCTYilHhl B na6opaTOpHblX ycJIOBHSIX JIHIIlh He

,llaBHO, qTo TaK)Ke .uenaeT pe3yJihTaTt, nonyqeHHhie coHcKaTeneM, aKTYaJihHhIMH. TaKRM o6pa3oM, 

KaK IlO,llXO.ll K peIIIeHHIO HayqHoii II o6neMbI, TaK " nonyqeHHbie pe3yJihTaThl, HBJIHIOTCSI KpaH:He 

aKTYaJihHhlMH. MO)KHO Q)KH:,llaTb, qT nonyqeHHbie COHCKaTeJieM pe3yJihTaTbl OKa)KYT BJIHHHHe Ha 

pa3BHTH:e ,llaHHOH o6JiaCTH 3HaHHH B 6mt)KaHIIIee BpeMSI. 

Cmpy1'mypa u cooep:JICaHue pa6ombl 

)J,HccepTal.lHOHHM pa6orn H3JIO)KeHa Ha 132 CTpaHHUax " COCTOHT H3 BBe,lleHHSI, qeTbipex rnaa, 3a

KJIJOqeHHH H CTIHCKa UHTHpOBaHHOH JIHTepaTypbI. Bo BBe,lleHHH rrpRBe,lleHa HHcPOpMaUHSI 0 ueJIH 

,llHCCepTaUHOHHOH pa60Thl, aKTYaJibHOCTH, HayqHoH: " rrpaKTHqecKOH 3HaqHMOCTH pa60Thl, JIH:qHOM 

BKJIMe aarnpa, anpo6auHH H .llOCTOBepHOCTH rronyqeHHhlX pe3yJihTaTOB. IlepBM rnaaa npe.UCTaB

JISleT no.upo6HbIH o63op JIHTepaTyphl, BTOpM rnaaa IIOCBHIUeHa OTIHCaHHIO 3KCnepHMeHTMhHhlX 

MeTO.llRK, TpeThSI " qernepTM rnaBhI S1BJIS110TCS1 opnrnHaJihHhIMH. B TpeTheH: rnaae H3JIO)KeHhI pe-
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·1y:1bTa1b1 pa6or 110 11aCi.110.1c111110 11 a1ia.1H'3\ ; 11rna:--111K11 He:11rnei1Ho-011THLJecKoro OTK.1HKa certte

TO'J.1eKrp1·14ecKol-'t 1ueHK11 HST 1ia Bln:1eflcnrne reparepuoBbl\IH H\rn)'JibCa\IH c Hanp5DKeHHOCTbJO 

f!OJ151 .J.O 23 \ ,IR/C\1. LfernepTa51 l.JaB(l llOCB511lleHa Hcc:1e;lQBaHJ!I{) oco6eHHOCTeH Hll.J)'UHpoBaHHOH 

n:parepuoRbL\lll 11\111y.1bca:--111 . un1a\111K11 R 111..'Hrpoc11\1\1eTp114HbI\: cpc;:i.ax - B no;:i..10iKKe MgO. HC

no.1bJ)C\1ofl .J.151 puC1(1 IJ.ll:ll\)I\ cerne1ol.lt'l\Tpm;:on. a TaKiKC 13 llOTCHIUia.1bHO\I cerneT0),1CKTpHKe 

STO. 

B KOHUe : ll·ICceprn I UIOll HO fj paliOTbl 11 pl t BC;lCHO '33K:ll{)LICH He. 13 KOTOpOM nepetIHCJieHbl OCHOBHble 

pe3yJibT3Tbl paoOThl. a TllKil\C CllHCOK .:rn I cpar: pbL 131\:llOLJafOlUHi1 160 HaH:\1CHOBaHH51. B TO:\! LJHC.1e 

ny6,1HKa1urn cmrop,111P ·1e\1c .u1ccepra1u10111-1ofi palioTbI. 

Oi{elll\.ll l/()()l/J/lhl II OOC/ll()(li:j)//llC/!11/ 

Bee npc.1cTas.1c1111 blc 11 :111cccpraH1rn1J 1wl-'t pafanc -~KcnepH\ICHTa.1 bH hie pe1ynh TaTbl 51B.15IKHC51 

opHrHHU.' ll,llbl\111 II llllBhl\111. cl 11:\ : 1oc lllllCpllOCTb !l\.),]TBCpiK.' taerc51. B TOl\l LIHC.1C. ;J,CT(l;lbHbl\I TCO

peTHLJCCKl!\I ( fj)e110\1c11<Y1011i'1ec1-:11\1) a11a:11noi\1. Cpe;u1 pe·~y:11,TaTOB c:1e;:i.yeT Bbl.'Je.11nb: 

• Hao:11<.x1e1111c c . 1o;i;:Hufi .u111a\11-1K11 11c. 11111eilJ.10-om11qecKoro OTKJlHKa B n .1eHKe cerHeTo'J.1eK

Tp11Ka BST Ha Btn.1cflnB11c rq:<11 :p1toBht\1 1i;-..1r1y:1bco\1. Ha ocH0BaH1111 KOToporo c.::i.e .1atto BaiK

Hoe ~aK:1w'le1rnc u ; ui11a\111 11ccKo\1 lH\tc11c111n1 1io.:rnp1narurn cen1eT0).1eKTp11Ka. B ..'laHHO\! 11c

cne:tos~1111H1. 110\lll\lU ca\1010 pc·iy. 11>1ma. B<lil<Hbl\I 51B: l5leTC51 npe;:i.:1mKeHHblf! flO,'.J,XO;J, K HHTep

npentLUIH lKc11cp11\1e111 a: 1i,1-1i,1x :l<11111i,1x c y'lcTO\t \IHorn;lO\ICHHoro cocT05!111rn n.1eHK~1 BST. 

• Ha6.1Kue11111.: .JJ1Ha\111 qccK01 o 11e.11u1di110-onTw1ecK01 o 0TK: n1Ka ueH Tpoc1-1\-n1eTpHLIHOro !\tare

pHa.ia MgO Ha 1 epa1 ep110Boc Bo ·30) il\.1CH11c. cmnmrnorn c ·Jcpcj)eKTOM pacnpoCTpm1cHH5!. 06Ha

p~nKc1rnc II 00b51Cl!CIJllC Ta"·n r n 'HjHjlCKTa npc:tcr<:rn:15!t'TC5! B<tiKHbl'.\! ;]..151 KOppeKTHOH HHTepnpe

TalHJll m1a: 1or11t111b1:-.: ·iKc11cp11\1c111tlB H Gy. 1yu1c\1. 

• Onpe.·1c: 1e1rne Toro. 'ITO B 1111: ty1uqxrnaH11: 10 Tcpan:puon1>1\111 m111y:1bCaI\IH .::tHHa:-.111Ky He.i11-

1-1el-'t1-10-011Tw1cci-:01 o 011c 111Ka BS I 11 STO oc11os1wf1 RK: ia:1 BHOCMT HOHHa51 c11cTe\ta. 

HoBH3Ha paliorb1 11 lllU) 'Je1111 i,1:-.: pc 3: . 1i,raToB ·3~11citotrnerc51 B ro:-.1. 4To co11cKaTeJ1eM 1rncpHh1c obL1 

oGHap)iKCIJ p51. l )(jHjlCKlllB. llll \11111\aJOllUl\: H llCllTpO· II Ht'Llt't·npoc1L\IMeTpHLJHbIX cpe;:i.ax 110.'.l ;1en

CT1H1e\I Tepa1 epuoB1>1:-.: ll\r11y. ri,cou 11 01>1.10 11pe.uo;1.:eHo OOMICHemie 1THX 'JCl)cpeKTOB. Bee pe·iy.1h

TaTbI 11po1u. 111 anpOllc11ll!IO II Ohl.Ill npC. lCTUB. ICllbl COIICKolTC;le\I Ha poccuikKHX H MCiIOyHapOJHb!X 

KOHcpepe11 Ll1151>:. I lo pc 3) . 1 hTUI a\1 11ce.11..'. lOKll 11Jii coi10.:aTc:151 011y6.: 111KoBaHo 4 cTaTbM B peuc1n11-

pye'l-rh1:-.: r1ay'111h1x ih") p11a.1a:-.: i n 11cpc lf11 ~1 BAK. 

Pe1 .. :o.11el/(hl/fllll llo 11cllo.11>1or,- l11!!110 />t' JL 11>mw11or; 11 u1>1rm1Jur1 011ccepnw1111u 

Pe3y.1hTaThl ;u1cccp1a1u1011Hoii p~1Gtn1,1 \1011.:~w per;m1eH.lOBaTb r; 11cno.1h1onaH111D B 11cc.1Je;:i.osa

rcJ1bcKofl pa\iorc 11ay'l111,1:-.: 11: 11e\i111>1:-.: y'1peii,,(c111Jii. ·wHH\JaK)IJH!XC51 HCc.1e;:i.onaHH5!\ll1 B 06:1acn1x 

cjrn111KH ccn-1c10-~; 1cKTJ1llKOB 11 ut1r11K11 Km1.1cHc11poBaHHbl\: cpc_1 cocT051HH5J: <!>Tl1 11\1. A.ct>. Hocp

cj)e. Ha fjHl31.PICCJ(l)\J ljlllK).lhTClaX f\.ff:.. · M\I. ~vl.B. Jlo'.\IOHOCOHa H cnorY. Yp<!>Y. 110<!>PAH H\1. 

A.M. flpPXOptrna. I\ ~1TY \lJIP ' ):\ II .Lp)ll!X op1amnawrnx. 

J ll. \I l' t/ LI JI 11>1 

K pa6cnl' \10;1-:1Io u1,1cKa m1hc.1e; 1:1011u1c Bo11pocb1 11 ·rn\1eLJai11ui: 

I. Ha Puc . 16 (6) 11p1rnc. 1c111>1 Hpc'l1CHHh1c ~an11c11\1on11 1rn1cHc111HJOCTH !Br .J.:151 KpHna1.10B Si H 

GaAs. H Ha 11:-.: ocullBa1-n111 )TBCpiK: Lacrc51. LJTU \l(U).I51UMH 1·Br B GaAs He Ha6:110; rneTC}I. B oT.rn-
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YHe OT Si. kh TeKcrn II in lltl;lllllCll I\ pltC)llK) !IC BlltUHe IIOH51THO. 0,.1111-IaKOBa J111 HJKala HHTCH

CHBHOCTll rnr : l.15! : LH):\ oop~noR'! lai\ih:C in TeKC:.lTHC ll0ll51THO. Obi.la J!H npe.1npHH5!Ta nOflbJTKa 

Bbl..'J,eJl [flb lfl c11nrn:ia. IHl.'l)'lCllllOrn ,' l.151 Cia,\s. BK.1a:L. llll..1)"11l1pOB3HHbltt repaiepUOBbli\[ 803,J,eH

CTBHC\!'? )l:rn Trnrn \IOil\110 Obl.!ll Ubl B1,1'lccT1> cHrn<1.1. no; 1yYaC\lbtil B rrp11cy1crs1u1 1eparepuonoro 

11\tll):Jbca 11 B crn o rcyrc 11rnc. 

2. cPOp\l) .'la (28) llpC.lCTClB:I>ICT coooii Bblpa/!\CIHIC ;L:UI lll!TCHUl8HOCTl1 rBf B nplfC)TCTBllll 

BHCUlllCl'O ).leKlpll'ICCKUI () 110.151. Hey 1\LHa!-Hl. }IB:15llOTC51 :Ill HC:lHHCMHble BOCllpHHi\IYl1BOCTl1. BX0-

.151UU1e B ·ny c!mp,1y.1y. :Leiic1B1nc.1b111,1,111 11.111 KO\IJLICKCHbJ\111 ne.111YHHa\HL KaKoBo nornowc1rnc 

B 11cc:1c.'1; C\IO\l \!ff! cp11a.1c 11a 'lacnn c 11u:w10illCI o Il\111y:1bca ·ioH.:n1po1:iamrn? BmKeH 1111 yc1e1 no

r: IO Ille HI l >i'.) 

3. Ha puc. 22 (o) 11p1rnc. 1cw1 l<liH!Cll\fllCTh 'IaCTOTbl 11e:11rncil1-10-onnF1ecKoro OTK:111Ka OT Te\mepa

TYPbl. Koropa51 .lC\10Hc1 p11pycr y \1c11i,u1c1111c np11 yBc1111Ye111rn re\meparypbI. YTBepi!<;iaeTC51. LJTO 

TaKoe flOBC;lCIHIC :--:apal\TCj)l-IO Tl51 lllU}fp!!hl:\ K0:1c6amlii B ccrneTO':UeKTp11KC. 0.1ttaKO l1'l TeKCTa 

He 1mO.lHC 51CHO. 51B. l}llOIC51 . Jll .Hll Kn.1c\ia111rn BbillY/J\;JCl!llbl.\lll ~f 11qJC'lOHaHCHbl:\IH. 11.111 OHH COOT

BCC-rB)IOT o;rnoli IH c!llll!Ollllbl\ \10. l B llCC.IC.l)C\10\1 \1Urcp11a:1e. l\.1o/!\HO :m O/l\11,J,3Tb flOHlDKCHl151 

ttaCTOThl Ko:1c6a1mil B c:1yt1ac ll!>lll) il\,lCllllbl:\ ( HCpc·ioHaHCHblX:) K0.1e6aHHH'? 

-L Ha P11c. ::1.2 (a) llJ!llBC.lCl!bl lalll!Cll\IOCTll Cll01lrn1rnoi1 II m1.1y1mpoBaHHOH rBI" B BST. I !pH IJO

BblHJellllll TC\lllepa1: pi,1 ,lll 12() (' CllOlllaHllLl51 ll~!· )\ICHbl!IaCTC51!lpllJ\lepHO82 pa'3a. B TO Bpe:v15! 

Kai\ 11 ·n1e11c1111c rnu: 1wp0Ba1111nil I 'Bl· cyutcnnc11110 \ICI1b1ue ( ~ 15%). MoJe: rnpoBaH11e (P11c. 35) 

.1aeT llpll\1Cp110 pairnoc ).\lCllblllCIH!C Cll! IU.L' IOB l\Lll\ cnomallHOH. T3K 11 llH,'lYJIHpOBamioro l"Bl' c 

pocTO\I Tl'\111cpar: pi,1. Ka1\11\111 :to110:1111nc.11>Hh1.\111 c!mKropoa,\111 \10/KHO ObLlO Obi o6b51CHIHb Ta

Koe pacxrni-::tcH 11c? 

IlepetJIIC.'lCHllblC Bblllll' llC.WCIUTKll llC Cllllil\~llOT llCHllOCTll :taHHOH ;u1ccepTau110HHOH pa60Tbl 

Jl,11ccepTaLUIOllHLl5! pal)Oi<l 51B.IHCTC51 lal\OHLICllllbl\I IIa)l!llbl\l ~1cc:1e,'lOBaIH1C ,\I. 06.1a;:iaeT '-!eTKOH 

c-rpyK1ypoii. cB1uc1 c.1 bC myc1 o .111 '1110\1 BK: ia,1c annlpa B pa·nnn11e HayK11. Pe3y.·1bTJTbt. 11peJ

CTaB:1eH H1>1e B ,u1cccprau1101rnoii p<tOOIC. OCHOlmHb! Ha '3H'1'1l!Te.'lbHO!\I OObC'VIC )KCncpH\teHTalb

HbIX ~ (aHHhl:\. 110.1: qc1111i,1:--: anrnpm1 11a coupc\1crn10\1 06opy,1osaHHH B MTY MHP1A H B OHBT 

PAH. fhnyqe11111,1l· pny.11;rn11,1 11 npc:1:1(rt1\Cll11a51 111nep11peTa1urn HC nponrnope'-!aT npm~e..te1111b1\1 

B paooTc pny.1L>rn1 a\1 a11a:11n1i'1ccK11:--: pacLienrn 11 t111c:1eHHoro \lo,1cn11p0Bamu1, TaKiKC 0H11 xo

powo COi .' laC) IUTC51 c l)CllOHJIJ,1\111 J\llllllClllU151\lll. llJ1llH51Tbl\lll B HaCT05llllCC Bpe\151 8 ,13HHOM 06-

.1aCTll lla\ l\ll. 

B aBTOpcr.jiqxnc llCJl\t) c<Jlnp\1:.111poB~t111>1 llc.lb If aKrya: 1b!IOCTb pa6oTbl. omicaHbl :-.1eT0..1bl 11ccne

..10BaH1rn. 11p1rnc.1c11a 1111cjJOp\l:lll1!5! () .l\lCTOBC]lllllCTll rllU)YellHbl:\ pe-3)'.lbT3TOH. l-l'l.'10)!\CJ!bl Hayq

Ha51 IIOBlf'lHa M npal\lll'IL'CKa5l rn:l'lll .\l()L'lb paOOlhl. npl1BC.'lClla Jlll(j)Op\l31(H51 0 .lHlJHO\I BK.W,Je 3B-

1opa. : Kam11b1 11a: '1111,rc 110.1oil\c111151. ni,111oc11\11>rc 11a 'Hlflllll y. np1mc;tem1 1rncpop\rnUH5! 06 aHpooa

mrn pa6oTbl. OllllCallbl c [ p)KI ypa l! o0·i,c\I .ll!CCC]naw111. a TaKiKe KpaTKOC CO;lCpiKaHHC pa6mbl no 

LJaBa\I II OCHO!Hlbll.' pc·sy.11>ra11,1 II llbll\lUbl .u1ccqna1LllOl!llOll pa60Tbl. /\BTOpccj>epm 110:1110CTbK) 

(npa/!rncr co.'lCpiKa1111c :u 1cccp 1a1u101111oi'i 1x10011>1. 




