
0T3biD OcpHUHaJibHOfO ormoHeHTa 

Ha .n:HccepTauHIO HacpeT.IJ:HHOBOH BeHepbi <l>aTHXOBHbi 

«(f>OTOJJICKTp H'lCCKaR CfiCKTpOCKOfiHR KBa3HO)J.IIOMCp11b1X COCJ].HHCHHH 

p-TaS3, NbS3(1) u Ko.3Mo03», 

npeLJ.CT3BJieHHYIO Ha COHCK3HHe y'-leHOH CTelleHH 

KaH.IJ:H.IJ:aTa cpH3HKO -MaTeMaTHqecKHX Hayr< 

ITO CIIei.J,HaJibHOCTH 01.04.07- cpH3HKa KOH.IJ:eHCHpOBaHHOIO COCT05IHH5I 

AKl)'tlJib ii OCTb TCMbl 

)KcnepH.MeHTaJlbHOe HCCJie.IJ:OBaJ·Uie 3JieKTpOHHOIO Tp3HC110pTa B KBa3HOLI.HOMepHbiX 

cHcTeMax npe.n:CTaBn5!eT B HanrH .IJ:HH oco6hrn HHTepec, o6ycnoBneHHbiH npe:lK,ll.e Bcero 

lPYH.IJ:aMeHTaJihHOCTbiO .IJ:3HHOH rrpo6neMbi, perneHHe KOTOpOH Tpe6yeT paCCMOTpeHH5! 

MHKpocKOIIH'-!ecKHX MexaHH3MOB uenoro p5!LI.a HHTepecHeil:wHx cpH3H'!eCKHX 5IBJieHHH. B 

pei.J,eH3HpyeMOH .IJ:HCCepTaUHH npe.n:nmi<eH H peaJIH30B3Hbi HOBbie IIO.IJ:XO.IJ:bl K Bbl5IBJieHHIO 

OC06eHHOCTeH 3HepreTW·IeCKOf0 CITeKTpa KBa3HO.IJ:HOMepHbTX MaTepHaJIOB. )TO II03BOJI5IeT 

onpe.n:em!Tb K3K OCHOBHbie napaMeTpbi CIIeKTpOB, T3K H BJIH5!hHe Ha HHX :-.1eTOLJ.OB H yCJIOBHH 

pocTa H3y"tfaeMhiX CTPYKTyp, a TaK:>I<e xapaKTepa H ypoBH5! HX nempoBaHmL Y)Ke 3TO Kpan<Oe 

nepeqHCJiei-IHe l103BOJI5IeT C.IJ:eJiaTb BbJBO.IJ: 0 HeCOMHeHHOH aKTYaJlbHOCTH .IJ:HCCepT3l.J,HH 

B.<!>. HacpeTLJ.HHOBOH . 

)J.HccepTaUHOHHM pa6oTa B.<l>. HacpeT.IJ:HHOBOH rrocB5II.neHa peweHHIO KOMrrneKca 

B33HMOCB5!33HHbTX TeXHOJIOfHLJeCKHX, 3KCITepHMeHTaJibHbTX H TeopeTHLJeCKHX 3a.IJ:aLJ, 

BKJIIOqaiOII.J,HX 13 ce65! C03.IJ:3IIHe, HCCJie.IJ:OBaHHe H Ol1THMH3aJ~HIO xapaKTepHCTHK HeCKOJibK11X 

KBa3HO.IJ:IIOMepHbiX M3TepH31lOB. }J,HCCepTai.J,H5! COCTOHT H3 BBe,[J.eHH5!, '!eTbipex fJiaB, 

33KffiOLfeHH5! H CIIHCK3 UHTHpyeMOH JIHTepaTypbJ. 

Bo Buc)J.CHHH o6ocHoBaHa aKTYaJibHOCTb rrpoBO.IJ:HMbTX Hccne.n:oaaHHH, ccpopMynH

ponana I.J,eJlb, H3Y"CfHa5I HOBH3Ha H rrpaKTl1LJeCKa5I 3H3"CfHMOCTb pa60TbJ, IIpHBe.IJ:eHbi OCHOBHbie 

HayqHbJe l10JJO){<eHH5!, BbiHOCHMbie Ha 3all.lHTy. 

rJiaBa 1 rrpe.IJ:CTaBJI5IeT C060H o630p JIHTepaTypbi 110 TeM3THKe .IJ:HCCepTauHH. 

Dpi-meneHhi rro.n:po6Hbie cBe.n:eHH5! o6 Hccne.n:yeMbiX KBa3HO.IJ:HOMepHbiX coenHHeHH5!X TaS3, 

NbS3(I) H K0.3Mo03. OrrHcaHo BJIH5!HHe pa3JIH'!HblX cpaKTopoB, TaKHx KaK cpnyKTyauHH H 

HeH.IJ:eaJibHblH HeCTJIHHI, Ha ITJIOTHOCTb COCT05!HHH B6JIH3H Kpa5I rraJ:i:epJICOBCKOH Il.leJIH. 

PaccMoTpeHbi cpH3HqecKHe ocHOBhi cpopMHpoBaHH5! BOJIH 3ap5!.IJ:OBOi1 ITJIOTHOCTH H BbiiiOJIHeH 

aHaJIH3 pe3yJihT3TOB pa60T, l10CB51Il.leHHbiX l-l.3y"tfeHM10 naJ:i:epJICOBCKOH meJIH B 3THX 

coe.n:I--meHlurx. DpoaHanH3HpoBaHbi pa3JIHqHbie MeTO.IJ:bi 3KCrrepHMeHTaJihHoro H3y"tfeHH5I 

3HepreTHqecKOfO cneKTpa .IJ:aHHbTX CTpyr<Typ, Oco6oe BHHMaime npH 3TOM y.UeJieHO 

cpOT03JieKTpH'-IeCKOH C!1eKTpOCKOTIHH KBa3HOLJ.HOMepHblX COe.IJ:I·-!HeHHH . 



Bo BTopoil rJiane rro,n:po6Ho om-rcaHbi Mero,n:on CHHTe3a KpHCTaJIJIOB TaS3, NbS3 H 

K03Mo03 11 HX nerHpOBa:Im5!., H3J10)KeHhi MeTOJI:hi rrpHroronneHH5!. HCIIOJ1h3yeMhiX B H3MepeHID£X 

o6pa:mon (B TOM l.JHcne npoue,n:ypa H3rOTOBJ1eHH51 KOI-ITaKToB). B :noH: mane TaK)J(e 

npe,UCTaBJieHO ,UeTaJibHOe Ol1HCaHHe 3KCnepHMeHTaJibHOH ycTaHOBKH, Ol1HCaHbl pa3J1Hl.JHhie 

pe)KHMbl H3MepeHH51 cpOTOllpOBO,UHMOCTH. 06pameHO BHHMaHHe H Ha OC06eHHOCTH IIOJI)'"'IeHIUI 

BOJ!bT-aMnepHbiX xapaKTepHCTHK H H3MepeHH5!. TeMrrepaTypHblX 3aBHCHMOCTeH 

cpoTOIIpOBO,UHMOCTH HCCJTe,n:yeMbiX CTpyKTyp. 

B Drane 3 npe,n:CTanneHhi, Ha MOH B3fJUI.Ll, Ha116onee 3Hal.JHMhle pe3ynr,TaThl 

,UHCCepTaUHH. IlpHMeHeHHe aBTOpOM OpHrHHaJibHOH MeTO.D,HIGl cfJOT03J1eKTpl1l.JeCKOH 

CIIeKTpOCKOilHH II03BOJIHJ10 C ,UOCTaTOl.JHO BhlCOKOH TOl.JHOCTbiO OIIpe,n:eJIHTh BeJIHqr-rHy 

rraH:epnconcKoH: menH n poM6HqecKOM KBa3HO.UHOMepr-roM rrpono,n:HHKe TaS3. Y6e,UHTeJihHO 

IIOKa3aHO, l.JTO rrpH HH3KHX TeMrrepaTypax (T < 50 K) OHa COCTaBJ15l.eT He MeHee 0.2 3B. 

Br,mnneuo 11 o6bHCHeHo BJIHHHHe yponH5!. nerHponaHH5!. MaTepHana Ha crreKTp 

cfJoTOnpOBO,UHMOCTH H, B YaCTHOCTH, Ha pa3MbJTHe Kpa5!. CIIeKrpa cfJoTOilpOBO,UHMOCTH. 

06napy)KeHbi mryrpHmenenr,Ie cocT051HHH, CB5!.3aHHhie c neo,n:noqacTI1l.JHbiMH 3<!JcpeKTaMH. B 

HOMI1HaJibHO <IHCTbiX o6pa3UaX IIpH B036y)J(JJ:eHHH JIHHeHHO l101UipH30BaHHbiM 113JiyqeHHeM 

06Hapy)KeHbl IIHKH q)OTOIIpOBO,UHMOCTH. IlOKa3aHO, <fTO aMIIJIHTy,n:a 3THX IIHKOB napbHpyeTCR 

KaK np11 npHJlO)J(eHHH 3JleKTpHqecKoro rronR, TaK 11 ,n:ononHHTeJlbHOH rro,n:cneTKH. AHaJIH3 

3T<CIIepHMeHTaJlhHhiX ,UaHHbiX II03BOJll1Jl c,n:enaTh BbiBO,U 0 MexaHH3Me cpopMHpOBaHHR 3THX 

oco6eHHOCTei1 crreKTpa. 

B r Jiane 4 rrpHne,n:eHbi pe3ynr,TaTbi rro,n:po6Horo 3T<crrepHMeHTaJihHOro Hccne,n:onaHIUI 

cpoTorrpono,n:HMOCTH eme ,n:nyx KBa3HO.UHOMepHbiX MaTepHa.riOB . Orrpe,n:eneHa neJIHYHHa 

3HepreTwrecKoH men11 B rony6oH: 6poH3e. IlonyqeHHoe 3HaYeHHe Haxo,n:HTCR B xopomeM 

COfJiaCI111 C pe3yJibTaTaMH ,n:pyrHX, BbiiiOJIHeHHblX C IIpHMeHeHHeM HHhiX MeTO,UHK, 

Hccne,n:osarmJ:i. Cne,n:yeT .uorronHHTenbHO OTMeTHTh, YTO 3TH 3KcrrepHMeHTbi, rrorpe6onanm.He 

113Mepeiil151 BeCbMa CJia6oro cpOTOOTKJlHKa o6pa3UOB, CBH,UeTeJibCTBYJOT 0 BbiCOKOM 

3KcrrepHMeHTaJibHOM MaCTepcTne rromamHTHOH. TaK)Ke 6r,ma orrpe,n:eneHa nenHYI1Ha 

onTH<recKoJ:i menH n KBa3110JJ:HOMepHOM rrpono,UHI1Ke NbS3(I) 11 11ccne,n:onaHa ee TeMrrepaTypHM 

3aBHCHMOCTh. BenHYrma men11 cornacyeTcR c ,n:aHHhiMH ,n:pyr11x pa6oT, rrocBRll(eHHhiX 

H3MepeHHIO .uamwro rrapaMeTpa. 3To eme pa3 rro,n:rnep)J(JJ:aeT np11MeHHMOCTh MeTo,n:a 

cpOT03JieKTpHqecKOH CIIeKTpOCKOIIHH ,UJUl aHaJII13a 3HepreTHl.JeCKOf0 cneKTpa KBa3HO,li,HOMepHbiX 

rrpoBOJJ:HHKon c nonHoJ:i 3apR,n:onoJ:i rrnoTHOCTH. Eme o,n:HHM na)KHhiM pe3yJihTaTOM, orr11caHHhiM 

B 3TOH mane, 51BJUieTCH 06Hapy)J(eHI1e 3aBHCRl.U11X OT IIpHJIO)KeHHOfO 3JieKTp11YeCKOfO IIOJIR 11 

ypoBHH ,n:orrorrHHTenr,rmH: rro,n:cBeTKI1 nHyrp11menenhiX cocT05l.HHH. IloKa3aHo, YTO TII1K 
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lPOTOI1pOBO,UHMOCTH, COOTBeTCTB)10ll{HH 31-leprHH lPOTOHa 0.6 3B, Ha6mo_uaeTC51 TOJlbKO B 

ycnOBHHX I1pHJIQ)KeHH5! K o6pa:m,y ,UOCTaTO'IHOfO CHJibHOfO 3JleKrpH<IeCKOfO IIOJ15!, 'ITO 

I103BOJIHJ10 C,UeJlaTb BbiBO,U 0 ero COJlHTOHHOH rrpHpO,Ue . 

,ll,OCTOBCpHOCTb H HOBH3113 pC3YJibT3TOB )J,HCCCpT3U,HH 

DepeqrrcneHHhie Bhiille OCHOBI-Ihie pe3yJihT3Tbi ,nrrccepTaUHOHHOH pa6oTbi rronj"'eHbi 

BIIepBbie. 0HH I10,UTBep)l()J.eHbl I10,Up06HbiMH 3I<CIIepHMeHTaJibHbiMH HCCJie,UOB3HH51MH 

Ha6mo,naeMbiX HBnermH. 11 OIII1CbiBaiOTCH B paMKax o6w:errp11HHTbiX TeopeTI1<JeCI<HX Mo.n.eneii. B 

pMe en yemen Bbll10J1HeH ai-HU1113 B03M0)f(J-IbiX aJib TepHaTI1BI-IbiX M11KpOCI<OII11<JeCK11X MeX3HH3MOB 

Ha6mo,naeMhiX 3cpcpeKTOB 11 Ha ocHone cpani-Iei-IH51 crreKTpanhi-IhiX, TeMrrepaTypHbiX H ,npyrrrx 

OC06eHJ-iOCTeH 3<lJq)eJ<TOB 060CHOBaHI-IO c_uenaH BbiBO,U 0 ,UOMHI-!Hpyroll{eM MeX3HH3Me. 

CTcrreHh o6ocHosaHnocTH nay'-IHbiX noJIOJKCHHH H HhJBO)J,OB 

3alll.rrruaeMhie HayqHbie nono)f(eHI15! o6o6rumoT pe3ynhT3Tbi 3KcrreprrMeHTaJihi-IbiX 

HCCJ1e,UOBai-I11H H HX 3HaJIH33 C j"'eTOM TeopeTH<JeCKHX MO,UeneH, a,neKB3HIO COfJ13CYJ'OTC51 C 

oci-IOBHbiMH BbiBO.U3MI1 pa6oTbT. OcnoBI-Ibie pe3yJibTaTbi, rrpe,ncTanneHI-Ibie B ,nrrccepTaUHOHHOH 

pa6oTe, HeO,UHOKpaTHO ,UOKJia,UbJBaJIHCb Ha pOCCHHCK11X 11 Me)J<,UyHapO,UHbiX KOH<iJepeHQH51X, Ha 

Hay<JHbJX CeMI1HapaX H orry6J1HKOBaHbl B peQeH3MpyeMbiX )I<ypHaJI3X. 

IJpaKTH'-lCCH.:an 3113'-IHMOCTh pa60Thl 3aKJIIO'IaeTC5! B pmpa60TKe H peaJII13aQHH 

MeTO)J.I1KH lPOT03JleKTpll'-leCKOH CIIeKTpOCKOI111H rrp11Mei-IHTeJ1bHO K CHCTeMaM C BOJli-laMH 

3apH,noooi1 nnoTHOCTI1. B pa6oTe orrpe.n.enei-I u:enhiH p5!.U rrapaMerpon 31-!epreTH'-IecKoro crreKTpa 

3TI1X CHCTeM . 

3aMe•ranun 

1. B rraparpa<!Je 1.10 BBO.U11TCH I10H5!TI1e «<PoTorrpono.n.HMOCTh» 11 c.n.enaHo 3TO, I-Ia MOH 

B3fJ151)J., ue BITOJ1He KOppeKTHO, ITOCKOJlhKY He IIpHH51Ta BO BI-IHMai-IHe B03M0)f(I-l0CTb H3MeJ-IeJ-IH5! 

npOBO,UHMOCTH Bell{eCTB3 ITO,U ,UeHCTBI1eM CBeTa IIpH HeH3Mei-II-IOH KOHQeHTpaUHH HOCHTeJieH 

3ap5!,Ua (TO, 'ITO J-Ia3biBaeTC5! «f.!-<lJOTOIIpOBO,UHMOCTb» ). 

2. Heci<OJibKO pm ronopHTC5! o CB5!3H oco6eHI-IOCTeii: crreKTpon <PoTorrpoBOJJ.HMOCTH H 

Ka'IeCTDa HCCJle_nyeMhiX o6pa3UOB, HO npH 3TOM He II051CH51eTC5!, KaKa.H 11MeHI-IO xapai<TepHCTHKa 

o6pmua 11MeeTC5! D DH.UY. 

3. MHe He y,nanOCb ITOH5!Tb CMbiCJI <!JopMyJlbl (3.3) H paccy)f(_neHI1H Ha CTp3HHU:e 71 

oTHOCI1TeJ1hHO 3aBHCHMOCTH nenH'-IHI-Ibi <PoTorrpono,nHMOCTH OT TOnll{HI-Ibi o6pmua. Bo3MO)f(HO, 

3TO CD5133I-IO C 1-IaJIH'IHeM cyruecTDeHHOH oneqaTKH. 
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4. J1MeeTC5I HeCKOJlbKO CTHJTHCTHl.feCKHX ITOrpelliHOCTeH, KOTOpbie ITO,[{l.faC 3a-rpyJJ:HHIOT 

ITOHHMaHHe HaiTHCaHHOfO- B Kal.feCTBe npHMepa npHBe}.l,y OUeHKy HarpeBa o6pa3Ua H3JTY1.feHHeM 

(c. 55) 11 OI111CaJ-JJ1e H3Mepermi1 MOW,HOCTH JTHHeHHO ITOJT5Ip1130BaHI-IOf0 113JTY1.feHH5I ITOCpe,[{CTBOM 

6onoMeTpa (c. I 05), a TaK)Ke Bhrpa)Kemre «H3JTyl.feHHe MOHoxpoMaTopa» (c. 90, 96, I 0 I, 128). 

5. B rJTaBe 4 H B COOTBeTCTB)'lOill,eM pa3JJ:eJTe aBTOpe<lJepaTa Ha OCHOBaHHH aHaJTH3a 

ITOJTYl.feHHbiX B 3TOH rJTaBe pe3yJlbTaTOB C}.l,eJTaH BbiBO,[{ 0 11pHMeHHMOCTI1 pa3BHTOfO MeTO,[{a 

«JJ:JUI HCCJleJJ:OBaHH51 rrai1epncoBCKOH w,enH B KBa3HOJJ:HOMepHbiX coeJJ:HHeHH>IX c B3I1». 

ITonararo, LITO BBHJJ:Y Ba)l<HOCTH 3Toro 3aKmol.feHH51 norHLJHO 6bmo 6br 110MeiD!Th 110p5IJJ:OK 

CJ1e,[{OBaHI15I JJ:BYX 3aKJTI01.fHTeJ1bHbiX rJTaB ,[{HCCepTaUHH. 

YKa3aHHbre 3aMeLJaHH51 He HMeroT pewarolll,ero 3Hal.feHHH 11, pa3yMeeTC5I, He CTaBHT rroJJ: 

COMHer-me OCI·IOBHbie pe3yJThTaTbi ,[{HCCepTaUHOHHOH pa60Tbi. 

OuermBa5I JJ:HccepTaumo B uenoM, cneJJ:yeT OTMeTHTh BbiCOKHH nayqHbiH ypoBeHb 

BbiiTOJTHeHH51 npeJJ:CTaBJTeHIWH pa60Tbi, KOMITJTeKCHbiH 110,[{XOJ], K 11pOBe,[{eHHIO HCCJTe}.l,OBaHHH H 

6onbWOH o6beM HOBbiX HayqHhiX pe3yiTbTaToB. ABTopecpepaT 11 11y6nHKauHH aBTopa npaBHJThHO 

H B 110111-iOH Mepe OTpa)KaiOT COJJ:ep)KaHHe J],HCCepTaUHH. 

ITo cTel1eHH 3aBepllleHHOCTH HCCJTeJJ:oBaHHH, aKTYMhHOCTH TeMbi JJ:HCcepTaUHH, HOBH3He 

H CTeneHH o6oCHOBaHHOCTH HaYl.fHbiX 110JTO)KeHHH, BbiBO;:J:OB H peKOMeH,.::{a!UfH, 

ccpopMyiTHponai-IHbiX B ,[{HCCepTaUHH, peueH3HpyeMa5I pa60Ta COOTBeTCTByeT -rpe60BaHHJrM, 

npe,[{b5IBJ15IeMbiM K KaH,[{H,[{aTCKHM ,[{HCCepTaUH5!M, ycTaHOBJleHHbiM I10JTO)KeHHe~I 0 110pH.J.Xe 

11pHcy)KJJ:eHH5I y'-IeHbiX cTe11eaei1, a ee aBTop - HacpeTJJ:HHona Benepa <l>aTHXOBHa -

HeCOMHei-!HO 3aCJTY)KHBaeT 11pHCY)KJJ:eHH5I ei1 yl.feHOH CTel1eHH KaH,[{HJ],aTa <lJIDIJKO

MaTeMaTWJeCKHX HaYJ< 110 Cl1eUHaJTbHOCTH 01.04.07- <lJ!13HKa KOH,[{eHCHpOBaHHOfO COCTO(I"l.TUcr 

3aBe,[{yrOW,HH na6opaTOpHeH HeJTHHeHHbiX 011THl.feCKHX 11 

<lJoT03JTeKTp11LJeCKHX 5IBJTei-IHH B 110Jly11pOBOJ],HHKaX 

<l>TJi1 HM. A.<l>. Ji1ocp<1Je, 

J],OKTOp tPH311KO-MaTeMaTHl.feCKHX HaYJ< 

110 C11eUHaJTbHOCTH 0 1.04.I 0 «<lJH3HKa 110JlynpOBO, 

yn. I1oJlHTeXHHLJecKa5I 26, CaHKT-I1eTep6ypr, 194 

Ten. +7 921 7948907, e-mail: bel@epi.ioffe.ru 
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