
PETIEH3U.S

or npoo. AoH KopHenh TphropoB

Omuocuo: KoHxypc 3a npncbxAaHe Ha o6paaoearenHara n HayqHa creneH ,,AOKTOP" 3a HylxAilre Ha

l4ttcturyta sa Koc^ hqecxnVlzcnegaaHhrr r TexHoaorrn-V1'RV1T npra EAH e o6nacr Bt4cule o6paeoeaHre:
TexHrqecxr Hayxr4, flpo$eoaonanHo HanpaBneHhe: Erexrporexxuxa, e.nexTpoHxKa n aeToMarhKa,

floxropcxa nporpaMa: Aerol arr4gr,ipaHh cl4creMr 3a o6pa6orxa Ha nH$oprvraqnl n ynpaoneH[e c
eAr4HcrBeH xaHArAar rn. ac. A4enrHa Milresa or ceKLlhF KM xtrvr UKIAT.

Tema uo ducepmaqunmo: ,,llonynpoBoAHr4KoBr4 KBaHToBr4 AMV c npoMeHnilB cbcraB noA B.nilRHile Ha

nocronHHo eneKTpt4r.rHo no.ne c noreHq[an 3a Ha3eMHil h KocMilr{ecKu npn6opnu nphnoxeHtan", Hay.{eH
KoHcynraHr npoQ. A-p flrannnrup Teo4ocree npra 14KhT, EAH

.{rcepraqronnara pa6ora e o6ct4eHa Ha cnellilar'V3npaHo 3aceAaHne Ha Hayvnrn ceMhHap Ha cexqilF
"KocMr.{ecKo Mareprano3HaHhe" npu AKAf - EAH na 28.02.2019 r. n AonycHara Ao 3aqura cbc 3anoBeA
No: 47/t4.03.2019 cbrnacHo H3t4cKBaHhFra na 3PACPE, r npaeunHuta 3a HeroBoro nprnaraHe 3a
yqacThe B KoHKypca.

1. O6u4a xdpaKmepucmuKa na npedcmoeeHume Mqmepudnu

flpe4craeenara Ailcepraqrn npeAcraBr pe3ynrarh Ha cepho3eH n sa4ta6or{eH rpyA e o6aacrra
Ha KBaHToBara reopnn h no-cnel{ha.flHo KBaHroBt AMvl (aW) a nonynpoooAHt4t-ll4 c npoMeHrilB cbcraB,
Ha 6asara Ha eQexra Ha Stark onhcBau KBaHroBoro orMecrBaHe h pa3peueHara nonynaqrn Ha 3apf,At4
3aeAHo c t43non3BaHero Ha aroMr4cn4rrHara reophff Ha ch.nHara Bpr3Ka (TB) ca oqeHeHh h onpeAeneH[
cbcroflHt4nra Ha enexrpoHhre h AynKhre s (QW) h KBaHroBt4 rovxra (QD) B HaHoKpt4cra.nHh crpyKryph c
nocronHeH h npoMeHnilB clcraB. Tennarrxara e pa3rbHara npo$eoaoHanHo v cepho3Hara noAroroBKa
Ha KaHAilAara e o6nacTra e Heocnopntaa. lpueuAHo crporo reopernqHhfl xapaKTep Ha AucepraLlvATa n
MHoxecrooro nphnoxeHrn Ha eQexra Ha Stark, p,erafinno onilcaHh 3aeAHo ctc no4po6Ha nrreparypHa
cnpaBKa npilAaBar Ha Ahcepraqrnra Qyn4anneHTanHo-npil.noxeH xapaKrep, Karo B ToBa qrc,no Ha nbpBo
MFcro 6eaycaoaHo ce orxpofiBar nonynpoBoAHhKoBr4Te na3epu. .{ncepraqrnra e 6asrpaua Ha

n3c,fleABaHhn v v13ev1cneHilf, Ha nonynpoBoAHl,lKoBl4 HaHocrpyKrypl4, B qacTHocr xeTepocTpyKTypt4 14

npor3TnJal4rre ycrpoilcrBa Karo KBaHToBl4 8M14, CBpbXpeUerKt4, KBaHTOBI4 TOI{KX H }K14t-114. on4Canu Ca n
MeroAhre 3a rflxHoro nonyqaBaHe - Molecular Beam Epitaxy (BEM) ra Metalorganic Chemical Vapour
Deposition (MOCVD). fioco.{eHh ca A Apy:rr ycrpoficrea 6azupanu Ha Stark-eSeKra, B r{acrHocr

Aerexropl4 a rnQpavepBeHara o6nact, c.nbHqeBr K/|er(vl, onr[qHI norneHu ycrpoilcrea v
npeBKnoqBare.flil Karo HanphMep onn4qecKhfl rpaH3rlcrop (SEED) - Self-Electro-optic-Effect Device
paapa6orenu or David Miller e Eea aa6oparopililre npes 1986 roAVHa.

EQexra Ha Stark - Lo Surdo KaKTo ro3r4 na Zeeman ca qacr or KBaHToBara reopilF Kot4To

4eQrnrpar xapaKTepa Ha eMilchoHno-a6cop6r4hoHHnre cneKrpr4 Ha uhpoK Knac nonynpoBoAHh6oBt4
npu6opu, Karo rnaBeH o6exr Ha [3cneABdne ca ycrpofiea 6azupaau Ha e.fleMeHril or rpyna lV r lll-V
cbeArHeHilRra. B 4rcepraLlilRTa ce pa3rpaHr4qaBar ABa ocHoBHr4 AAna - o6qa ra cneqilanHa Ltacr B

npu6nv'nwenHo clorHoueHile 60 : 40 o/o xoeto npeBpbqa pa6orara B ornhqeH At4AaKrilLteH Marepran
3a cryAeHTh or ropHrre cnelp4a,nh3ilpaHil KypcoBe, KaKro h 3a cneqra Aucrv4 B o6lacrra.

Hayvnnre ny6nuxa4uu Ha KaHArAara ca orpa3eHh npeAHMHo B cnucaHilR c t4MnaKr Qaxrop e

cbaBTopcrBo c t43BecrHt4 BoAeu-lr yqeHh e o6,flacrra v cpoAtvl raKhBa, qe cnoMeHa yqacn4ero na npo$.
C. Bnaee, npoQ. Braxrop Balacxo, npoS. Becenrn.QoHuea, npoQ. Poo,rr_1a f xunnoaa r 4p.

.{ncepraqtoHHt4rr rpyA e HanilcaH MHoro 4o6pe, qilcro 14 rpaMorHo Ha 138 crpaHhLlh, BK,floqBa
57 Surypn r 5 ra6nrar-1u. Toil ce 6asupa u na 7 HayqHil ny6nuxaqun Ha aoropKara, Karo 4 or rRx ca



caMocronTenH14. LlxrhpaHla ca o6qo 190 nrareparypHh r43ro'{Hr4Ka, BK.nor{t4TetHo v co6ctseHil pa6oru.
AeropeQeparbr cbAbpxa 58 crpanrqu, 42 Snrypu v 4 n6nu4u, qhvro HoMepa orrooapnr Ha re3ta B

Ailcepralt,ilnra. Ctt4rnr orpa3flBa crerHaro v AcHo cbAbpxaHnero Ha Aucepraqrnra il AaBa npeAcraBa
3A OCHOBH]4TC MOMCHTil B HCfl.

2. Xapaxmepucmu<q Hq HoyqHamo, HayqHo-npunutHamo u nedaeoeuqecxo deiluocm Ho

xaududamo

,Qrcepraqrnra ce cbcrot4 or yBoA, Llen il 3aAaqr Ha AhcepraqrnTa, o6u4a vacr or ner rnaBl,
Cneqraana qacr or rpv fnaBt, 3axrpqenne v npnlocu, nphnoxeHun, qr4rhpaHa nilreparypa h
ny6nnxa4nn, \tATarA r anpo6ar4un. Tn e QoxyoapaHa il3qnno Bbpxy t43cneABaHero Ha e,fleKTpoHHara
crpyKrypa Ha AlxGaL-xAs/AlyGal-yAs/AlxGal-xAs (QW) c nocronHeH il npoMeHnuB xr4Mt4'.teH cbcraB, c t4

6es npnaoxeHo nocronHHo eneKrpr4qHo no.ne B nepneHAilKynflpHo HanpaBneHhe Ha rHrep$efica. gpe:
reoperhqHo MoAenilpaHe Ha eneKrpoHHrre v onrveln ceoicrea Ha re3r ct4creM[ ca npeABilAeH[
onrilMa,nHhre croilHocru Ha peA BaxHh napaMerpil B ToBa '{ilc.fto KoHqeHTpaLlvoH+u npoQunn,
Kpl4Tl4tf Hl,l croilnocrN ua cna6n no,nera no orHoueHile Ha eHepruitnnte HhBa Ha pa3,ril4qH14 ergoee (QW)
r np.

.Qrcepraqnnra ce 6agrpa Ha 7 nayvHr ny6nnxa4nn Ha KaHArAara, KaKro cneABa cnopeA
HoMepa B cnrcbt{Ht4+ Ancr (crp. 58 e AeropeQepara): ny6aulxaqn+ Ns 1 or !997 e B nbneH reKcr
Marephanh or MexAyHapoAHa xoHSepeHqnn (e 5r), ny6nvtxa4ua Ne 2 or 1998 r. e floxna4r Ha EAH c
ABaMa pelleH3eHrh; ny6arxaqran Ns 3 or 1999 r. e s peQephpaHo MexAyHapoAHo cnhcaHre c ilMnaKr
Qaxrop, ny6nnxa4ua Ne 4 or 2OtIr. e B nbneH reKcr Marepuanu or 6rlrapcxa xon$epenqrn c
MexAyHapoAHo yqacrue, ny6lrxaqrn Nq 5 or 2013 f. e B nb,neH reKcr Marep[ann or 6tarapcxa
xoHQepeHqna, ny6nuxa4ras Ng 6 ot 20L4 r. u ny6nuxar4nn Ne 7 or 2017 r. ca B 6tnrapcxo cnrcanne. B 5
or ny6arxaqiltaTe AoKropaHrKara e caMocroflTe,neH aBrop, a a 6 - e nbpBt4 aBrop. hsaoxeFtrre $axrra
caM14 no ce6e cr roBopFT HeABycMilcneHo 3a ponnra Ha KaHA[Aara B h3rorBfiHero Ha BbnpocHhre
rpyAoBe.

B Veo4Hara qacr HaKparKo ce o6ctx4a aKryanHocrra Ha npoBeAeHhre h3cneABaHtan.
llpnHqrnno HoBrre Qrsrvnr ceoficrea Ha nonynpoBoAHr4KoBr4re HaHocrpyKryph (B cpaBHeHr4e c re3r
Ha o6ennnr nnarepranu) ril npaBnr yHhKa,neH o6exr xaxro sa QyH4aneHra.flHt4 $usraunra A3creABaHVAt
TaKa h B HayqHo-nph,noxeH acneKT 3a cb3AaBaHe Ha KaLtecrBeHo HoB14 nnu nogo6peHt4 Ha3eMHn il
KocMt4qecKh npn6opn e o1nacru Karo onroe.fleKTpoHhKa, Qoronnxa, MilKpo- r HaHo- eneKTpoHhKa,
uHQopnnaqroHHh rexHonorvvt r 4p. Taxa nocraBeHilre qen il KoHKperHure 3aAar{t4 Ha AhceprallnoHHuA
rpyA ca ncno Qopnnyrvpa+V.

B O6ulara qacr ce AaBar ocHoBHr4 cBeAeHhfl 3a KBaHroBo orpaHilveHt4n eQexr ua llapx e

nonynpoBoAHhKoB14 KBaHToB14 AMA, KaKTO h Bb3MOX{HOCTTTe 3a HeroBoTo eKcnepIMeHTa.nHo
h3MepBaHilf,. OnrcaHa e eneKrpoHHara crpyKrypa Ha o6ennHr A3B5 nonynpoBoAHt^qn A eneKpoHHilre
caoilcraa Ha A3B5 (Qw) c pe3Ku t4 Hepe3Kh ranrepQeficr. l'lpe4craaeH e il3non3BaHhfl reopernqeH
MeroA na sp3s* TB c orqrraHe Ha cnnHa il B3ailMoAeilcreilero caMo MexAy nbpBt4 cbceAh. floxagano e
xax TB MeroAbr ce xonn6rnnpa c MeroAa 3a cburIBaHe na fprnoenre Qynxr4r,rr Ha ranrepQehcute n c
npn6arxert4ero Ha BhpryanHilF Kpr4cran. |llo4po6nocril 3a MeroAa ca AaAeH[ a f'lprloxeH ua !,2 u 3.

2.L. CnequanHa qocm

B rasu qacr ca peanil3xpaHr4 ceAeMTe (7) sa4avra npo[3rt4qat4r or Ha6ean3aHtaTe qenil Ha

A[cepraqHfiTa, a uMeHHo rrpa6oreaHe Ha MoAen Ha ch,flHara Bpb3Ka Ha eneKrpoHH14Te cbcroFHt4R B

QW c nocrof,HeH I npoMeHn]4e cbcraB, c n 6ez npilnoxeHo nocronHHo ereKrprr{Ho none.
CnequanHara qacr (Peaynrarn) 3anolrBa c r,flaBa uecra, B KoRTo ca H3noxeHh KoHKperHHTe

l43no,n3BaHx KoMnlorbpHil MeroAr4 n anropvrMn 3a npecMflTaHe Ha e,fleKrpoHHara crpyxrypa na (QW) n



ca AaAeHil r43non3BaHilTe npn npecMf,TaHufiTa IB - napannerpn. OrrnraHero Ha Bnvr+Huero Ha

eneKTpr4r{Horo no.ne e AaAeHo a flpraoxeuue 4, a qacr or co$ryepnrn KoA - B flpraoxenre 5. Tear
pe3ynrarr noKphBar nnaHHpaHara aa4ava No. 1

l-raaa ce4nna e nocBereHa Ha h3cneABaHe Ha 6asoeilfl MoAen Ha npaBobrbrHu QW c nocrof,HeH

cbcrae. flpoeegeHure ca 3a nbpBr4 nrr c TB MeroAa qhc,neHh npecMFTaHhR Ha cBbp3aH[re eneKTpoHHr4

cbcrof,Hr4R, cabp3aHtare Aynqecrh cbcronHr4fl r rexHrre npocrpaHcrBeHh pa3npeAeneH]4R 6ee n c

npxnaraHe Ha Ha4lbxHo eneKTpt4r{Ho no,ne. Te noKa3Bar, qe h3no.[3BaHhre anroprrbM A

napaMerpr43auhH aaBaT aAeKBarHh pe3ynTarh il MoraT Aa ce npilnoxaT 3a u3'{1,rc.neHnF H nph no-
cnoxHx HaHo-xerepocrpyxTyp14, KaKBHro ca QW c npoMeHn14B cbcraB.

Pasme4anr ca QW or rhna Alo.goGao.oqAs/AluGal-uAs/Alo.soGao.s+As c pasarvHV uupvHt (GaAs:

1.'J.,22 u 44 noaocnon) ra xynesa KoHqeHrpaL{rn Ha Al e QW, pa3Aen 7.2. [lpecruerHaru ca r QW or rrna
Al6.36Ga6,6aAs/AluGal-rAs/Alo.aeGao.o+As c paaarvnu gtn6otuHu v - 0,0.03,0.06,0.12 npr eAHaKBa

tur4pxHa or 44 nnoxocnon, pa3Aen 7.3. Bnnannero Ha nonero ce oxa3Ba no-cr4.frHo nph no-ul4potn AMII,

KaKTo 14 npr4 no nnvrtr nrvrra (c no-Br4coKa KoHLleHTpaLlvATa v Ha Al), f'lolyveHa e crofiHocrra Ha

Kpr4l4r{Horo no.fle, npr Konro r4HTeH3hrerbr Ha ocHoBHr4fl onrrqeH npexoA (C1-HHL) pnsxo orcra6ea.
3axno.{eHrero e, qe no orHouJeHhe Ha eQexra na llapx, ruxphHara Ha npaBo}rbnHara QW (c
nocronHeH ctcrao) ce oKq3ea MHoeo no-cul,eH $oxmop om dun6oquuomd il, t.e. KeaHmoeo
oepoHuLteHomo omMecmeqHe Ho l\apx - Quontum-confined Stark shift @CSSI npu eduoxeo cmoiluocm
Ho npunoteHomo nol,e ce noenunea MHoeo no-culrHo om wupuHamot omKonKomo om dvn6oquuomq.
Teau peayararh noKpr4Bar nnaHhpaHhre 3aAaqr No. 2, 7.

B rnaea ocMa ce H3cneABa eneKTpoHHara crpyKrypa sa QW c npoMeH/u4B xhMilr{eH cbcraB nph
npnnoxeHo eneKrphr{Ho none nepneHAhKynepHo na rnrepQeilca. flo4po6Ho ca pa3rneAaHh QW c
napa6oarveH KoHL{eHrpaqroHeH npoQna, QW c 4ra$ysv+ Ha rHrepQeilcrre, aHa.noroer n qnQpoan

QW 6es h npr nphnoxeHo eneKrpr4qHo none nepneHArKynnpHo Ha rHrepSefica.

2.2. llopa6onuqHo KeoHmolo ttMo om muno Al6.36Ga6.6aAs/AluGal-uAs/Alo.goGao.oq As, pozden 8.L.1.

C mero4a Ha chnHara Bpb3Ka (TB) ce r3cneABa eQexra Ha Stark (SE) npra rHBepcHa
napa6onnvna noreHl{ilalrHa flMa. Tyx xoHr-lenrpaqhflra x xa Al e 6aprepure e x = 0.36 r Bap[pa
napa6onnuuo c Haqa.nHa crofiHocr 0.02 e .neBile 14 AeceH xpafi Ha RMara 4o 0.12 B cpeAara xa QW.
Peayrrarure 3a napa6onuvna QW ce cpaBHnBar c aHa,[on4r{Hrre 3a npaBobrbnHa QW
(Alo.rsGao.e+As/AluGal-uAs/Al6.j6Gae.5aAs, r.e. flph x = O), xaro h ABere ca c ulxpr4Ha ot 44 MoHoc.non.
tAz\ncnenn ca ocHoBHl4re eHeprrh Ha onrilqeH npexoA E(C1-HH1), E(C1-LH1), E(C2-HH2) 6es r a

nphcbcTBIe Ha nocToFHHo eneKTp14r{Ho no/re, KaKTo 14 npocTpaHcTBeHhTe pa3npeAeneHhn 3a

cBbp3aHrre cbcroflHHr B 3oHara Ha npoBoAr4ruocr EC1 il BbB Ba,neHTHara 3oHa EHH1. l4squc.neHhrra ca B

MHoro Ro6po cbr,nacile c HanilqHilTe eKcnepilMeHra.nHr AaHHil. flpra eAHaKBH crofiHocrn Ha

nphnolxeHoro eneKrp14r{Horo no,fle eHeprrilHrre HhBa h npocrpaHcrBeHtaTe pa3npeAeneHrF Ha

cBbp3aHilTe cbcrosHr4R ca no-qyBcrBuren+vl npn napa6o.flr4qHara, orKo.flKoro npil npaBobrunnara (QW).
flpecMernarara croilxocr Ha Kphrilr{Horo none e no-Hr4cxa aa napa6oahqHara (QW) orxonKoro 3a

npaBorr-b.4HaTa. I

2.3. tlopa6onuqnu (QW)c pq3nuqHu wupuHu u dun6oqunu

flpecnnernarrre napa6onrvnH QW c pa3n14qHa wvpnHa or rilna Al6.36Ga6.6aAs/AluGar-

yAs/Als.35Ga6.6aAs ca c KoHL{eHrpaL{hFra x Ha Al e 6apreprre or 0.35 v Bapvlpa napa6onnvHo or 0.02 e

neBn+ r AeceH xpail Ha RMara go 0.12 B cpeAara Ha QW, Karo ul,tpt4Hhre ca tt, 22 u 44 ML (npn
eAHaKBa 4tn6ovrana), paa4en 8.1.2.

l-lpecnnerHarrre napa6olvteHtt QW c pa3nilqHa 4tn6ovuHa ca or runa Ale.36Ga6.6aAs/AlrGal-

yAs/Als.36Ga0.6+As, KbAero y Baphpa napa6oarvno or 0.02 B .neBun ta AeceH xpafi xa flMara Ao pa3nhqHh



crofiHocrh Ha y (0.03, 0.06, 0.1.2) B cpeAara Ha RMara, nph eAHaKBa uuprHa or 44 MoHocnon, pa3Aen
8.1.3,

3aeilcnll ocna or eneKrp[r{Horo no,ne e no-ro,rrnMa 3a eHeprrtare Ha npexoA (C1-HH1) ra (C1-
LH1-), orxorxoro 3a (C}-HHZ\, Ha6ao4aeaHo KaKro npu napa6onveHn (QW) c pa3nhqHa wApAHa, raKa il
npn napa6onllqHtt QW c pasnrvHa 4ta6oruua. A ryK, KaKTo nph npaBobrb.nHt4re QW, ce norobplxAaBa,

'{e B,nt4nHhero Ha eneKTpht{Horo none e no-o4.frHo nph no-ur4poxrre napa6onuvHvl FMt4, KaKTo I nph no-
n.nrrKhre (r.e. c no-ercoKo cbAbpxaHue na Al). Kpnrrvnara croilHocr Ha no,nero 3a npexoAa (C1-HH1)
npr napaSonuLtHtt QW c uilphHa 44 ML e oKono TIkY/cm, npr 4ra6ovrHa Ha f,Mara y = 0.06.
Kprrrunara crofiHocr Ha no,nero 3a cbull4fi npexoA (C1-HH1) npr napa6onuqHn QW c pa3nhqHa

4tn6ornHa e no-Hr4cKa 3a no-nnhrKvl AMV (c no-roannna KoHq,eHTpaLl,ilF y (Al) e cpe4ara Ha nnnara).
Pesynrarrre B pa3Aen 8.1. noxpraear nnaHilpaHilre 3aAaqh No. 3, 6, 7.

2.4.,QuQysnLt KeoHmoeu nnu, posden 8.2

KsaHroeil flMtt c puQywa Ha rnrepQeitcute ca il3cneABaHlt 3a npbB ntr c TB MeroA npu
npnnaraHe Ha nocronHHo HaAnblKHo eneHTpr4qHo no.ne or AoKTopaHTKara I cbaBTopt4 npee 1999 r.
(ny6nraxar-[,rn No 3 or cnhcbKa, qhrilpaHa I reKcra xato 127]). flo4o6nr,r FMx eKcneprMeHra,nHo ca 6nnn
Beqe ycraHoBelu n or Apyrr aeropr [178].

Vlzcnegaaaure B Ahcepraqilf,ra QW ca c 4raQysraonHu A\^rxvlHtl (LD) or O,IO,20,50 ra 1OO A
npil norera or -25 po 25 kV/cm cbc crbnKa or 5 kV/cm. Konqeurpaqvl+ra Ha Al na paacrolHne z or
qeHrbpa Ha HMara ce onpeAenn or y-Hile @a) n 3alnctt or KoHl{eHTpaqhrre Ha Al e FMara h I
6apraepnre npeAx guQytnata, or nbpBoHaqa,nHara uhptaHa Ha flMara h orAbnxhHara Ha gn$ytna Lp,

V1t\ucaenn ca eHeprrHre Ha cBbp3aHHre cbcroflHVA 3a eneKrpoH (C1); rexxa AynKa (HH1) ra

neKa Aynxa (LH1), npocrpaHcrBeHhre pa3npeAe.fleHr4f, za Cl u HHl- ra orMecrBaH[f,ra Ha llapx sa
eHeprl4ilre Ha npexoA E(CL-HH1-) r E(C1-LHL). VcraHoeeHo e, qe Ko.nKoro e no-ronflMa AbnxuHara Ha
gu$yznn, TonKoBa e no-ct4.flHa 3aBrcr4Mocrra Ha eHeprhnreCL, HH1 n LH1 or cy'nara Ha e,fieKrpt4rrHoro
nole. Axo no.nero e orpt4qarenHo, npoMeHHTe Ha eHeprhf,Ta c LD ca no-cu[Hll 3a e/teKTpoHhre, a aKo e
no,rlo)l{hrenHo - 3a AynKhre. C napacreaHe Ha 4r$ysroxnara AbnxhHa ce no4o6pnear
xapaKTepficrhK14re Ha lJ-[apx-ornnecrBaHero Aoro.nKoBa, qe Aoph HaAMxHaBar re3r 3a npaBobrbnHra QW.
Teen pesyrran4 noKphBar nnaHhpaHnre 3aAar.tr No. 4, 6

2.5, Anonoeoeu u quQpoeu KeoHmoeu nMu, paeden 8.3

Excnepnnneura,nHhre rpy4Hocnr npil il3pacrBaHe Ha aHa,noroBr noreHqhanHA AMV ca cBbp3aHil
c HeAocrarbLtHo npeqh3Hhff KoHrpo/r Ha cbcraBa s o6nacrra Ha flMara. A.nrepuarreeH noAxoA, HapeqeH
npn6lrxeHnenar4raQpoBaracnnaB,3aMeHRaHanoroBt4reQWcnocneAoBare/tHocrorFMl4 n6apuepnc
eAHa il ctqa 4tn6oqilHa, Ho c nporpaMilpaHa nocneAoBare,nHocr or ui,npvHl4. B anreparypara
aHanoroBrre u qrQpoer QW qecro ce cMRTar 3a eKBilBa,neHrHt4.

B 4ncepraqilRTa ce cpaBHflr re3h ABa noAXoAa 3a KphcranHo r43pacrBaHe r{pe3 MoAenrpaHe Ha

nphMepa Ha (QW) or rhna AlAs/AlxGal-xAs/AlAs npil npnnolxeHo eneKrpt4r{Ho none, Koero ce npaBh 3a
nbpBl4 ntr. lJJuprnnre Ha aHa.noroBara r,r r-paQpoea QW ca no 36 nnonocnoa (702A), a noaero ce npilnara
xtru 6aprepnrre aoHr(or AlAs Ha 5 nnonpc.noe or Kparqara Ha f,M[Te. l4snoaseaHhre 3a qhclteHhre
npecMnraHilfl no,nera ca or -200 4o +200 kV/cm cbc crbnKa 5 kV/cm. Peeynrarrre 3a ABere FMh ca
cpaBHeHh noMexAy vM, KaKro v c npaBobrbnHa (QW) AlAs/GaAs/AlAs ctc cbl4ara uhprHa.
Az'tucneHute B At4cepral{r4fira crofiHocru 3a orMecrBaHufira na l{apx 3a npexoAa E(C1-HH1) a

aHa.noroBil, t4r$poer h npaBobrbnHV nMV (Ta6n. 5) ca cpaeneHr c HaMepeHil excnepvMeHTanHV vlnv
143tf14c,neHh croilnocrn orApyrh aBropr4. VcraHoseHo e KaqecrBeHo clorBercrBne crfix. Maxap v1 Man(vt,
cbu{ecrByBar pa3nhKli B orMecrBaHhnra Ha lJ-[apx npn ABara rxna qW. C HapacrBaHe Ha e,ne6rpilr{Horo
none HapacrBa h orMecrBaHero Ha llapx 3a eHeprililre Ha ocHoBHhre npexoAt4 E(C1-HHL) ra E(C1-LH1-).
EQexrur e no-RcHo t43pa3eH aa rlraSpoerre, orKo.nKoro 3a aHanoroBhre QW nph Bct4qKt4 l43c.neABaHil



no.nera. f'lpr ercoxr no,nera rosr eQexr Bce naK e no-cna6, orKo.rrKoro np14 npaBobrb,flHara QW, Tesil
pe3ynrarh noKpilBar nnaHhpaHhre 3aAaqil No.5, 6,7.

Bptaxara MexAy SE - QW h B qacrHocr cb3AaBaHero r onrilMr43hpaHe na npu6opr c Ha3eMHo t4

KOCMI4qeCKO npunolKeHhe ca oTpa3eHh He caMo B nilTeparypHa cnpaBKa no TeMaTa npeAcTaBeHa B

O6qara qacr, pa3Aen L.4, ao h B qf,nocrHara pa6ora. CnonneHarrre Ha HFKo.nKo Mecra e Cnequaanara
uacr (paa4enn7 n 8) nprannepnr nphnoxeHVA Ha u3cneABaHhre QW,4aear noreHqran 3a reHeplpaHe
Ha HoBt4 KoHqenqhr n 6aznpanu Ha rRX ycrpoilcraa o o6oapunno 6t4eqe. f'lonyvenure B A[cepraqilFra
pe3ynrarr ilMar He camo QyH4aMeHra.fleH/ Ho onpeAeneHo I HayqHo-npilnoxeH xapaKTep.

4. Kpumuunu 6enexxu u npenopbKu

Btnpexu il3t4cKBaHngra Ha noBeqero peL{eH3eHTil il3non3BaHhre cbKpau-{eHhf, Aa ca Ha

6tarapcxr, ToBa He BVHarv e aAeKBarHo-Bb3MoxHo r,r e o6qr AVHVA 3arpyAHf,Ba nnaBHvll npoqhr Ha

ArcepraL{ilnra. flprruep- flapKF, OlJ-[, K}K,.{Kfl r r,H.

5. 3axnpqenue

.QrcepraqnoHHt4Fr rpyA npeAcraBf, ceph03Ha cryAVA 6asnpaula ce Ha n3evcneHn+ v
npor3TltqaqilTe or rRX BaxHh np]4Hoch g o6,nacrra Ha HaHoKoMno3hrHr Marephanr c nocrof,HeH r
npoMeHnt4B xhMhqeH cbcraB v 6aznpannre Ha rffx nonynpoBoAHl4KoBr4 ycrpoficrea c pa3nilqHa Qoprvra
Ha noreHL{t4a.flHa FMa, 3oHHa crpyKrypa h KoHLleHrpaL{hR Ha Hochre,nrre. Or npeAcraBeHilre B

AhcepTaqilFra npl4Hocl,r, nbpBl4nr ilMa MeToAonorHLteH xapaKrep, cneABau{ilre Tph - HayqeH, a

nocneAHhnT nerr e c HayqHo-nphnoxeH xapaKrep. L{errre 14 npoh3n4qaqnre or rRX 3aAaqh ca
il 3 nb,n H e H I c 143 K.n toLt ]4Tene n n p oQe c t1 o H a,n n3r M.

Haxparxo, AilcepraL{xoHHhn Marepilan h BK,flor{eHrre Hayr.tHr4 crarnv n AoRnaAn Ha

MexAyHapo4Hr xonQepeHqhh o$opnnnr crerHara nnoHorpaQravHa cryAHF onhcBaqa x npeAcKa3Baqa
ceoftcraara Ha noreHqhantu flMn nphnolxeHil 3a pa3nilLrHra ycrpoilcrBa c pa3nhqHh napaMerpr.
Teoperrvuoro MoAenilpaHe 6asrpaHo Ha llapx eQexra 3aAaBa HoMhHa.nHhre napaMerph Ha

nocroflHHoTo nph,floxeHo eneKTpl4rtHo none v BrlvqH4ero My Bbpxy eneKTpoHHhTe n onrilqHil cneKTph
Ha re3r ycrpoilcrea. Hayvnara npoAyKqhn Ha aBropKara e orpa3eHa e Scopus (lD: 6507273382) c 12

AoKyMeHra qnrilpaHx o6qo 19 nbril, Karo pa6ora s,,Surface Science" or 1999 unna 10 qhrrpaHilF, a
pa6ora ny6ntxyaaHa e ,,Superlattices and Microstrucures" or cbu.{ara roAilHa nnna 5 qrrrpaHnn. B

,,ReseorchGate" nattnparvre 10 nylnuxaquu, 20 4utnpaHtfl v1 382-nna qvraretl. BtnpocHrre HayqHr

Qopynnr h Mex{AyHapo4an 6dzn AaHHh ca co.nilAeH xprareprft 3a HayqHilR t4Hrepec, or3ByK n KaqecrBo
Ha reMarhKan n ny6nnxyBaH[Te Marephanil, 3a ctxarentle, HAKon no(anHn ny6nnxa4uvt v re3n Ha

noBeqero MelKAyHapo4Hr xonQepeHqilh He ca orpa3eHh B Te3h 6azu-gaaau.

flpe4craaeHrre v3cne4latn+ v no,nyqeHhre BaxHh pe3ynrarr B eAHa MoAepHa v
cbl4eBpeMeHHo K.nac[qecxa o6racr Ha Qnsrxara, KaKTo vt go6pua oBByK B cBeroBHara nhreparypa Mr
AaBar nbnHo ocHoBaHhe Aa cq[raM, qe KaHA[Aara orroBapfl r npeh3nbnHf,Ba ]43t4cKBaHuf,Ta Ha 3PAC e

Peny6nrxa Starapnn, KaKro h na f'lpaennHrKa 3a HeroBoro nphnoxeHhe A rosl na VlKVlT na EAH. Ha
Ta3h 6aza, y6e4nre.nxo npeparaM r Ha Veaxaen oro Hayvxo )Kyplr Aa 6rge nphcbAeHa
o6pasoearerHara x HayqHa creneH doxmop Ha rn. ac. A4ennxa Mhreea.

,Qara 23.04.2019 r.


