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OT3:bIB BEW~EH osrAHH3AIJ:IDI 

o ,n:HCCepTaIJ:HOHHOH paoore CaHrHHa MHXaHJIa Kipseaasa 

MHoroMoAoBLIe nepenyraansre COCTOHHHH B CBH3aHHhIX OllTHq~CKHX 

napaererpanecxax B3aHMoAeiicTBHHX H HX npHMeHeHHH B TeJIenOpTaU;HH 

npe,n:CTaBJIeHHOH na COHCKaHHe yqeHoH CTeneHH xannanara <pH3HKo-MaTeMaTHqeCKHX HaYK
 

no CneU;HaJIhHOCTH 01.04.21 - JIa3epHaJI <pH3HKa.
 

B nOCJIe,n:HHe ,n:eCHTHJIeTIDI B orrraxe aKTHBHO H3yqalOTCH <pH3HQeCKHe CBoHcTBa, cnocofisr 
renepanaa H npHMeHeHIDI HeKJIaCCHQeCKHX CBeTOBhIX nOJIeH B C)I(aThIX, nepenyraansrx H r.n, 
COCTOHHHHX. flo Mepe HaKOnJIeHIDI caezteana 0 TaKHX noJIHX H 0 B03MO)I(HOCTHX, KOTopDIe 

OTKPhIBalOTCH ,n:JIH BDICKOqyBcTBHTeJIhHhIX H3MepeHHH H ,n:JIH HOBbIX MeTo,n:OB 06pa60TKH 

HH<pOpMaI.J;HH, CTaJI aKTYaJIhHhIM sonpoc 0 IllHpOKOM HCnOJIb30BaHHH orrrasecxoro napaJIJIeJIH3Ma, 

T.e. 06 HCnOJID30BaHHH B ,n:aHHOM xpyre HBJIeHHH MHorOMo,n:OBbIX, B TOM ~CJIe rrpOCTpaHCTBeHHO 

MHorOMo,n:OBhIX CBeTOBhIX rrOJIeH - HOCHTeJIeH orrraaecxax H306pa)l(eHHH B cymecrseano 

HeKJIaCCHQeCKOM COCTOHHHH. 

B rrpe,n:CTaBJIeHHOH ztaccepranaa aBTOp TeOpeTHQeCKH HCCJIe,n:yeT B03MO)l(HOCTH nonysars H 

rrpeotipasonsmars smoroaonossre nOJIH B napaxerpaaecxax KpliCTaJIJIaX C neneaanpaanenno 

C03,n:aHHOH npononsaoit ,n:OMeHHOH CTpYKTYPOH, B KOTOphIX HMelOTCH yCJIOBIDI ,n:JIH o,n:HOBpeMeHHO 

nporesaromax CBH3aHHhIX napaaerpasecxax nponeccon B3aHMo,n:eHCTBHH MHorHX BOJIH. Pa60Ta 

HaI(eJIeHa na 061>e,n:HHeHHe nOAXo,n:OB <pH3HKH KBaHTOBhIX H306pa)l(eHHH H MeTo,n:OB HeJIHHeHHOH 

onTHKH, rrOBDIIIIalOrn;HX 3<p<peKTHBHOCTb napaaerpaaecsax B3aHMo,n:eHCTBHH. TaKHM 06pa30M, 

rrpenxer HCCJIe,n:OBaHHH HBJIHeTCH COBpeMeHHhIM H aKTYaJIhHhIM. 

0630P JIHTepaTypDI, ,n:aHHbrH: BO BBO,n:HOH rnaae 1, xoponro COCTaBJIeH H aarracan H 

OXBaThIBaeT OCHOBHDIe cospeaeaaue pe3YJIbTaThI, He06xo.n:HMble asropy ,n:JIH coficraennoro 

HCCJIe,n:OBaHHH. TaK KaK HCCJIe,n:OBaHHe Haxo,n:HTCH na CTDIKe HeCKOJIhKHX HanpaBJIeHHH 

(napaaerpasecsaa orrraxa, KBaHTOBDIe H306pa)l(eHHH H KBaHTOBaJI HH<popMaU;HH) MO)l(HO 

OTMeTHTh 60JIhiliOH 061>eM rrponenannoro pasfiopa nareparypsr. 



B fJIaBC 2 anrop npennaraer cxexsr Maccncztyer xsarrroayro cTaTMcTMKy nonea ,n:JISI,n:Byx 
KOHKpeTHhIX KOHqmrypaU:MH CBX3aHHhIX napaxerpa-recxax B3aMMo,n:eHcTBMH norryrasrx CBeTOBhIX 
norra. 

Bcero KOM6MHMpyroT nars norm paanasnsrx, HO B3aMMHO cornacosaaasrx qaCTOT. ABTop 
npMHMMaeT, xro nonyrasra CMHXpOHM3M,n:JISI scex B3aMMo,n:eHcTBMH MO:>KeT 6hIThofiecrre-ren 
nonoopoa perYJISIpHOH MnM cnyqaHHOH npoztonsnoji ,n:oMeHHoH crpyicrypsr xpacranrra. 
Hcrouteaae zmyx KnaCCMqeCKMX nona HaKa~M CqMTaeTCX npeHe6pe:>KMMhIM, orafiaroutae 
KBaHTOBaHHhIX nonea nonararorca Me,n:neHHhIMM (npaaenaerca ycpezraenae no MX 6hICTpOH 
MO,n:yJISIU:MM na zteranax ,n:oMeHHoH crpyxrypsr). 

B nepsoii cxexe oziaoapeaeaao nztyr ztsa CBX3aHHhIX npouecca CnOHTaHHOrO 
napaaerpa-recxoro pacceaaas nona aaxasex Mnpouecc B3aMMHOrO pacceaaaa nsyx M3 rpex 
BTOPMqHhIX nomr, sa Ka:>K,n:hrn nponecc oraesaer CBOX nOCTOXHHM CBX3M. ABTop nonyxan B 
aHanMTMqeCKOM sane pemenna KaK,n:JISI raasenfepronsrx oneparopon, TaKM.D:JlSI BonHOBhIX 
q,yHKU:MH rpex noneii, H nanren HX aarponaa q,OH HeHMaHa. Haafionee HHTepeCHhIM peaynsrarosr 
aztecs XBJISIeTCX npencxasauae saasnrensaoro KBaHTOBOrO nepenyrsmanaa na OCHOBe 
accneztosanas ycnosnsrx aarpomra B 06naCTM MX orpanarensasrx 3HaqeHMH, T.e. npa 3HaqeHMSIX, 
HeB03MO:>KHhIX ,n:JISI KnaCCMqeCKMX ycnosasrx snrponan IlIeHHoHa. Pacxer rnrcnepcaa pa3HOCTeH 
xsanparypnsrx asmnaryn nozrrsepxnaer nann-rae sna-rarensaoro nepenyrsraaaaa B'rex :>Ke 
06rraCTXX q,M3MqeCKMX napasrerpoa. 3aMeTMM, qTO sneer, 6hillO 6hI nonesno ztart, q,M3MqeCKyro 
mrrepnperanmo aaaztermoro B pacxerax B03paCTaHMX "nonesnoro" nepenyrsraaaaa npa pOCTe 
naneaaoro CMemeHMX sorm B O,n:HOM M3 KaHanOB B3aMMo,n:eHCTBMX. 

Ilpyraa paccuorpeanaa B r JIaBC 2 KOM6MHau:MX nponeccos BKnIOqaeT O,n:HO CnOHTaHHOe 
napaaerpasecxoe pacceaaae Cnocnenyioutea KOHBepcMeH Ka:>K,n:OH M3 nonyseansrx qaCTOT nnepx 
Cysacraex TOH :>Ke KrraCCMqeCKOH HaKa~M. <PM3MqeCKM 3Haqfl:MhIM XBJISIeTCX nsrsoz;0 TOM, qTO 
snecs a) MO:>KHO o,n:HOBpeMeHHO nony-nrrs 3q,q,eKTMBHoe nepenyrsraanae KaK B nape nona HM3KMX 
qaCTOT, TaK MB nape aorm CqaCTOTaMM, npe06pa30BaHHhIMM nsepx, M6) MMeeTCX 
,n:OnOrrHMTenhHhrn KBaHTOBhrn pecypc, CBX3aHHhrn CTaK:>Ke 3q,q,eKTMBHhIM xsanparypasoa 
nepenyrsraauaex Me:>K,n:y BOnHaMM, OTHOCXmMMMCX K HM3KOqaCTOTHOH M BhICOKOqaCTOTHOH napax. 

Tnaaa 3 nOCBXIII:eHa reopna KBaHTOBOH renenopranaa nepertyrannoro COCTOXHMX ztayx 
MO,n: CBeTOBoro noJISI, xoropoe poxcraercs B 06hJqHOM pe:>KMMe napaaerpasecsoro paccesaaa. B 
xasecrae pecypca zma KBaHTOBOrO xaaana acnonssytorca ztae nap norm, npMrOTOBrreHHhIX B 
CBX3aHHhIX rrapasrerpasecxax rrpoueccax BTOpOro rnna M3 paccraorpennsrx B rnase 2. <PaKTMqeCKM 
cxesra CKOMnOHOBaHa KaK,n:Be napannensnsrx cxexsr renenopranaa nenpepsransrx nepeveaasrx, 
HO B pacserax KBaHTOBhIX CTaTMCTMqeCKMX xapaxrepacrax yaarsrsaerca nonasni Ha60p 
napaaerpos KOppeJISIU:MM scex 3a.n:eHcTBOBaHHhIX nonea, ABTOp o606III:Mn TeOpeTMqeCKMe 
nocrpoenaa, xoropsre npMBoMT K y,n:06HhIM COOTHomeHMXM,n:JISI sepaocra F aocnpoasseneaas 
BXO,n:HOro KBaHTOBoro COCTOXHMX (npMMeHXeMhrn B ztaccepranaa TepMMH TOqHOCTh Ka:>KeTCX HaM 
He snonae y,n:aqHhIM, T.K. OH mMpOKO acnonssyerca B q,M3MKe B OTnMqaIOIII:eMCX csrucne), M 
noxasan, xro npennoacenasrti anroparsi renenopranaa n03BOJISIeT ,n:OCTMqh 3HaqeHMH BepHOCTM, 
snaxarensao npeBOCXOMIII:MX KnaCCMqeCKOe aaaseaae. 

06rraCTM 3HaqeHMH napaxrerpoa CBX3aHHhIX napasrerpasecxax B3aMMo,n:eHCTBMH M 
sxozuroro nepenyraanoro COCTOXHMX, B KOTOphIX MMeeTCX 3q,q,eKTMBHM renenopranna, 
orrpeztenensi aBTOpOM B zmyx B3aMMHO ,n:onorrHmOIIlMX nonxoziax: CMcnOrrh30BaHMeM napauerpa 
BepHOCTM Maa OCHOBe BhJqHCneHMX ztacnepcaa CyMM Mpa3HOCTeH xsazrparypasrx aMnnMry,n:. 
TIonO:>KeHMe 3TMX 06rraCTeH, nOKa3aHHOe na pacymcax 3.5 M 3.7, HaxO,n:MTCX B xopomea 
KaqeCTBeHHOM cornacna. 

B r JIaBC 4 KBaHTOBoe onacanae CBX3aHHhIX napaaerpasecxax B3aMMo,n:eHcTBMH 
HeCKorrhKMX BOITH, nocrpoennoe B rnase 2, npaxeaaerca K sanase 0 napaaerpasecxov yCMrreHMM 
axornroro MOHoxpOMaTMqeCKoro M306pa:>KeHMX, xoropoe noztaercs na xpacrann na O,n:HOH M3 



KOM6HHHpyromHX qaCTOT. Bee rrOJUI, KpOMe BOJIH HaKaqKH, Terreph CqHTaIOTC5111IHpOKOIlonOCHhIMH 

(MHOroMO):{OBhIMH) KaK BO BpeMeHHOM H3MepeHHH, TaK H B norrepesaoxr CeqeHHH scex BonHOBhIX 

<ppOHTOB H MOryr paCCMaTpHBaThC51 KaK HOCHTeJIH 3aBHC51mHX OT BpeMeHH OIlTHqeCKHX 

H306pa)l(eHHH. TeOpH51 OCTaeTC51 JIHHeHHOH (roxaee, JIHHeapH30BaHHOH), H CTpOHTC51 B paxxax 

rrpHH5lThIX B ):{aHHOM xpyre sanas ztonyntenatt: napaxcaansnoe rrpH6JIH)l(eHHe, OTHOCHTeJIhHa51 

Y30CTh CIleKTpOB BpeMeHHhIX qaCTOT, qrO Il03BOMeT pa3)'MHhIM 06pa30M ynpocrars aHaJIH3 

apeaennoro H npocrpancrseanoro CHHXpOHH3Ma. 

KOJIHqeCTBeHHO paCCMOTpeH O):{HOBpeMeHHhIH nepeaoc BXO):{Horo H306p~eHH51 na nee 4 
KOM6HHHpyromHe qaCTOThI C o):{HoBpeMeHHhIM yCHJIeHHeM. I1cCJIe):{oBaHhI KOH<pHrypal(HH, B 

KOTOphIX napauerpasecxaa KpHCTaJIJI novemaerca B 6JIH)l(HeH HJIH ):{aJIhHeH 30He, xorzra na 

KpHCTaJIJI nocrynaer nenocpencrseaao BXO):{Hoe H306pa)l(eHHe HJIH ero ofipas <Dyphe. ABTOp 

H3yqHJI aneprerasecxoe OTHOIlleHHe CHrHaJIa K Ill)'MY BO scex xaaanax H BhI51BHJI KOppeJI5ll(HH 

qHCeJI <pOTOHOB B Mo):{ax HeKJIaCCHqeCKoro xapaxrepa. Pe3YJIhTaThI rJIaBhI 4 MO)l(HO 

paccaarpaaars KaK o606meHHe rrpaanexasruax panee fionsuroe BHHMaHHe cxex 
napasrerpasecxoro nepeaoca H306pa)l(eHHH H3 HH<ppaKpacHoro naanasoaa B BH,[{HMhIH na cnysaa 

60JIhillerO xacna qaCTOT. 

Cymecraenaoe o606meHHe reopaa renenopranaa nepenyraaasrx COCT051HHH napsr BOJIH, 

Pa3BHTOH B rnase 3, na KBaHTOByro ronorpadiasecxyro TeJIerrOpTal(HIO nepenyranasrx OrrTHqeCKHX 

H306pa)l(eHHH ):{aHO B ['JIaRC 5 pa60ThI. KaK H B rnane 4, rrOJI51 CHrHaJIa H nona KBaHTOBoro KaHaJIa 

CqHTaIOTC51 IIIHpOKOrrOJIOCHhIMH (MHoroMo):{oBhIMH) KaK BO BpeMeHHoM H3MepeHHH, TaK H B 

nonepesnoxr CeqeHHH ncex BOJIHOBhIX <ppOHTOB. Bxozmsre nepenyraansre H306p~eHH51 

rrpHrOTaBJIHBaIOTC51 rrocpeztcreosr napaaerpasecxoro yCHJIeHIDl HCXO):{Horo H306p~eHH51 B 

xorepearaox COCT051HHH. TIPH 3TOM B031illKaeT ):{oIlOJIHHTeJIhHhIH rro cpaBHeHHIO C H3BeCTHhIM 

crrysaea .renenopranaa H306p~eHHHB xorepearrrou COCT051HHH <pH3HqeCKHH rrapasrerp, 

CB513aHHhIH C nonepexaoa ):{JIHHOH KOppeJI5ll(HH B nepenyranasrx H306pa)l(eHH5lX. ABTOp ):{eTaJIhHO 

HCCJIe):{yeT sepaocrs renenopranaa H ztaer pexosreazranaa rro OrrTHMaJIhHOMY COrJIaCOBaHHIO 

nonepesnsrx MacIIITa60B rrOJIeH CHrHaJIa, KBaHTOBOrO KaHaJIa H rrHKCeJIOB Ha6JIIO):{eHH51. 

HOBH3Ha pe3yJIhTaTOB, rrOJIyqeHHhIX B rnase 5, COCTOHT B TOM, rrro cxesra 

ronorpadrasecxoa renenopranna H306pa)l(eHHH ofiofimena aa crryaaii nepenyranasrx BXO):{HhIX 

rrOJIeH, qTO npeztcraanxer OqeBH):{HhIH mrrepec ):{JI5l rrapaJIJIeJIhHhIX rrpOTOKOJIOB KBaHTOBOH 

HH<popMal(HH. 

B xasecrae 3aMCQaHHH OTMeTHM cneztyromee. 

Ilpanezremrsre B rnase 3, rrOCB51meHHOH renenopranaa, aa pHC. 3.5 3HaqeHH51 BepHOCTH 

HH)l(e KJIaCCHqeCKOrO npenena, xoropsre peaJIH3yroTC51 ):{~e npn 3HaqHTeJIhHOM neperryrsraanaa B 

KBaHTOBOM KaHaJIe, cneztyer, rro nameay MHeHIDO, CB513hIBaTh He C TerrJIOBhIM xapaxreposr 

CTaTHCTHKH CHrHaJIhHOrO Ii XOJIOCTOrO rrOJIeH, a C TeM, qrO 60JIee )l(eCTKa51 KOppeJI5ll(H51 xsanparyp 

3THX rrOJIeH 6hICTpee aapymaerca ):{o6aBJI5leMhIM Ill)'MOM. 

YKa)l(eM aa norpenmocrs li3JIO)l(eHH51B rnase 4. TaK KaK npeofipaaosaaae <pHJIhTpal(HH 

KBaHTOBaHHOrO rrOJI5l BH):{a (4.23) aHaJIOrHqHO rrpe06pa30BaHHIO CMerneHH51 rrOJIeH na CrreKTpaJIhHO 

3aBHCHMOM ):{eJIHTeJIe, TO B 06meH 3aIlHCH B BhIXO):{HOM none ):{OJI)l(HhI npacyrcrsoaars 

):{orrOJIHHTeJIhHhle BaKyyMHhle BKJIa):{hI, COXpaH51IOmHe KOMMYTal(HOHHhle COOTHOIlleHH51. OHH He 

rrp051BJI51IOT ce651 TOJIhKO npa pacsere HOpMaJIhHO ynopazto-reansrx BhIpa)l(eHHH ):{JI5l narimonaexsrx, 
qTO, rrO-BH):{HMOMy, liMeeTC51 B BH):{y B ):(aHHOM MeCTe patiorsr, HO He orosopeno 5lBHO. 

B rnase 5 npn aaanase sepaocra renenopranaa neperryraaasrx H306pa:>KeHHH rrHKCeJIhI, 

OTHOC51mHeC51 K Ka)l(,[{OMy H3 nepenyranasrx 6JIH3Hel(OB, soofime rOBOp51, MoryT BhI6HpaThC51 

He3aBHCHMO, H 6hIJIO 6hI )'MecTHo 06Cy):{HTh noseneaae KOppeJI5ll(HH C yserox 3TOH B03MO)l(HOCTH. 

Czrenaamre 3aMeqaHH51 He CTaB51T nozr COMHeHHe pe3YJIhTaThI, nonyaeanue aBTopOM, H He 

BJIH51IOT na BhICOKyro ouenxy pa60ThI. Ilaccepranaa M.IO.CaHrHHa 5lBJI5leTC513aBeprneHHhIM 

TeOpeTHqeCKHM HCCJIe):{oBaHHeM B COBpeMeHHOH H aKTyaJIhHOH 06JIaCTH orrTHKH. Ilposeneansre B 



pafiore pacsersr OCHOBaHbI na COBpeMeHHOM TeOpeTMqeCKOM annapare. )J;OCTOBepHOCTb 
peaynsraroa 060CHOBaHa KaqeCTBeHHblMM Ou:eHKaMM Mnpeztensnsraa nepexonana K M3BeCTHbIM 
3aKOHOMepHOCT5IM, MHe BbI3bIBaeT COMHeHMM. Pa60TaBbIIIonHeHa na BbICOKOM HayqHOM yponne M 
coziepaorr p5l,ll; HOBbIX Mrrpaxrasecxa 3HaqlfMbIX BbIBO,ll;OB. 

OCHOBHble pesyns'rarsr ,ll;MCCepTaU:MM ,ll;OKna,D;bIBaITMCb na Me)l(,ll;yHapO,ll;HbIX MpOCCMMCKMX 
KOH<pepeHU:M5IX, orrytinaxoaaasr B Be,ll;YIIJ:MX OTeqeCTBeHHbIX Msapytiesorsrx )l(ypHaITax. 
Asropetpepar BepHO orofipazcaer conepacaaae zraccepranaa. 

Pesynsrarsr MBbIBO,ll;bI pa60TbI MoryT 6bITbpeKOMeH,ll;OBaHbI K McrrOrrb30BaHMIO B Hncrnryre 
06IIJ:eM <pM3MKM PAH MM. A.M. Ilpoxopoaa, el>M3MKo-TeXHMqeCKOM MHcTMTYTe PAH MM. 
A.eI>.llo<p<pe, MOCKOBCKOM rocynapcrnemroa yaasepcarere MM. M.B.JIOMoHocOBa, CaHKT­
Ilerepoyprcxoa rocynapcraennon yaasepcarere Mztpyrax OpraHM3au:M5IX, 3aHMMaIOIIJ:MXC5I 
Mccrre,ll;OBaHM5IMM B 06rraCTM OrrTMKM MKBaHTOBOM 3rreKTPOHMKM. 

Ou:eHMBa5I patiory B uenoa, MO)l(HO cnenars BbIBO,ll;, ~O ,ll;MCCepmU:MOHHoe accneztoaaaae 
CaMrMHa Maxaana IOpbeBMqarro cnoesry aaysaovy ypOBHIO, naysnoii MrrpaKTMqeCKOM 
3HaqlfMOCTM pesynsraroa ynoanersopaer TPe60BaHM5IM BAK (rr.8 "I1orrO)l(eHM5I BAK Pel> 0 
rrOPMKe rrpacyaoienns ysensrx creneaeii Mysensrx 3BaHMM"), rrpe,ll;'b5lBJI5leMbIM K ,ll;MCCepmU:M5IM 
na COMCKaHMe ysenoa crenena xanzranara <pM3MKo-MaTeMaTMqeCKMX HaYK rro crreU:MaITbHOCT5IM 
01.04.21 - nasepaaa <pM3MKa M05.27.03 - KBaHTOBa5I3rreKTPoHMKa, a ee aBTOp HeCOMHeHHO 
sacnyxomaer rrpacyzcteaaa yseaoa crenena KaH,ll;M,ll;am <pM3MKo-MaTeMaTMqeCKMX HaYK. 

OT3bIB COCTaBrreH 3aBe,ll;YIOIIJ:MM Ka<pe,ll;pOM 06IIJ:eM <pM3MKM I Caaxr-Ilerepfiyprcxoro 
rocynapcraennoro YHMBepcMTem npotpeccopoxr, ,ll;OKTOpOM <pM3.-MaT. nayx ll.q.MameKoM M 
rrpodieccopov, ,ll;OKTOpOM <pM3.-MaT. HaYK ll.B.CoKorrOBblM. OT3bIB paccxorpea Myrsepacien na 
sacenaaaa Ka<pe,ll;pbI 06IIJ:eM <pM3MKM I Caaxr-Ilereptiyprcxoro rocynapcraeanoro YHMBepcMTem 
(rrporoxon NQ 8 OT 26 anpena 2011 r.). 

3aBe,ll;YIOIIJ:MM Ka<pe,ll;pOM 06IIJ:eM <pM3MKM I 
caH.rcr-Ilerepfiyprcxoro rocynapcraennoro YHMBepc~Teja. j _, 
,ll;OKTOp <pM3.-MaT. HaYK, npotpeccop 1/~.MameK 

)J;OKTOp <pM3.-MaT. nayx, npotpeccop 1l.B.CoKonoBV
26 anpeJI5l2011 r. 




