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Be.D.ym:eH. opramnau;1rn 0 Ha;nJHO-rrpaKTJ:lqecKOM 1(eHHOCTH .D.HCCepTaI.J;HH 

lio6poea lleaua liopucoeuqa 
Ha TeMy «IIpocTpaHCTBCHHhie KoppeJIBD;HH B 6u«I>oTOHHhIX H KJiaccuqecKHX IIOJIBX», 

rrpe.D.CTaBJieHHOM Ha COHCKaHHe ;nieHOM CTerreHH KaH.D.H.D.aTa <Pm1:1Ko-MaTeMaT1:1qecKHX HayK 

no crre[(HarrhHOCTH 01.04.21- ml3epml5I <l>1:131:1Ka 

A1nyaJibHOCTb TeMbI ;:i;uccepTau;uu: 
Erraro.D.apsi: 6ypHOMY pa3BHTHIO Krracc1:1qecK1:1x TerreKOMMYHHKa[(HOHHbIX 1:1 KBaHTOBbIX HH<l>opMa[(HOH

HbIX TeXHOJIOrHil,Ha rrpOTSI)l(eHHH rrocrre,IJ;Hero ,IJ;eCSITHJieTHSI B03poc HHTepec K BbICOKOpa3MepHbIM OII

TJ:lqecKHM CHCTeMaM KaK KBaHTOBOM, TaK 1:1 KJiacc1:1qecKOM rrp1:1pO.D.bI.YBeJIH"l!eH1:1e pa3MepHOCTH CHC

TeM-rrepeHocqJ:IKOB HH<l>opMa[(HH U03BOJISieT IIOBbICHTb CKOpOCTb rrepe.D.aq1:1 ,IJ;aHHbIX, HJIH, B crry-qae 

o6MeHa qepe3 rrpOTOKOJI KBaHTOBOM CBSl3H - yserr1:1q1:1Tb .D.aJibHOCTb ceKpeTHOM CBSl3H. CospeMeHHbie 

rrpOTOKOJibl rrepe.D.a"LIH HH<l>opMa[(HH -qepe3 O.D.HOMO.D.OBbie OilTH"l!eCKHe BOJIOKHa rrpaKTJ:lqecKH .D.OCTHrJIH 

TeopeTH"lleCKOM rrporryCKHOM crroco6HOCTH rrp1:1 HCIIOJib30BaHHH I10AApH3aI.J;HOHHO-<l>a30BOro KO.D.Hpo

BaHml c rrocrre.D.yiom:HM crreKrparrbHbIM yrrrrOTHeHHeM CHrHarra. 0.D.HHM 1:13 B03MO)l(HbIX rryTeil .D.AA 

yserr1:1qeHHSI rrporryCKHOM crroco6HOCTH BOJIOKOHHbIX JIHHHR CBSl3H MO)l(eT CJIY)l(HTb rrp1:1MeHeH1:1e rrpo

CTpaHCTBeHHbIX rrorrepe"l!HbIX MO,D., pacrrpocTpaHSIIOIIl;HXCSI no MHOroMO,D.OBbIM BOJIOKHaM.B .n.1:1ccepra-

1(HOHHOR pa6oTe Eo6posa H.E. H3;nJaIOTcsi: rrpocrpaHcTBeHHhie MHOroMepHbie c1:1cTeMhI KaK KBaHTO

soif, TaK 1:1 KJiaCCH"l!eCKOM rrpMpO.D.bI. ,[(AA reHepa[(MM KBaHTOBbIX 6n<l>oTOHHbIX rrorreH. MCIIOJib30BaI-I 

rrpo[(ecc CITOHTaHHOro rrapaMerp1:1-qecKoro paccesi:HHSI (CTIP). HecMOTpSI Ha TO, "l!TO qacTOTHO-yrrrOBOR 

crreKTP CITOHTaHHOro rrapaMeTpH"l!eCKOro paccesi:HHSI BCeCTOpOHHe HCCJie.D.OBaH KaK B 3KCrrep1:1MeH

TaJibHbIX, TaK 1:1 B TeopeTH"lleCKHX pa6oTax oco6blli HHTepec rrpe.D.CTaBJISieT H3;nJeHHe pa3JIO)l(eHHSI 

lliMH.D.Ta .D.JISI yrrrosoro crreKTpa 61:1<PornHHOro rroAA CTIP. ilHTepec Bbl3BaH rrraBHbIM o6pa3oM TeM, 

qTO rrpH pa6oTe B IIIMH,D.TOBCKOM 6a3HCe B03MO)l(H0 rrorr;nieHHe qJ:ICTbIX MHOrOMepHbIX KBaHTOBbIX co

CTOSIHHR, rrpH 3TOM 3<l><l>eKTHBHOCTb reHepa[(HH ,IJ;aHHblX COCTOSIHHM cpaBHMMa c IlOJIHOR 3<P<l>eKTHBHO

CTblO reHepa[(HH 61:1<l>OTOHHbIX nap rrpo[(ecca CTTOHTaHHOro rrapaMeTpM"LieCKOro pacceSIHHSI. 

TipocTpaHCTBeHHbie KOppeAA[(MH B 6n<PoTOHHbIX 1:1 KJiaCCH"lleCKMX IIOJISIX aKTYaJibHbI He TOJibKO B 3a,IJ;a

qax CBSl3H.B HaCT051m;ee BpeM51 OHM TaK)l(e HaXOMT IIIHpOKOe rrp1:1MeHeH1:1e rrpH IlOCTpoeHHH 61:1orror1:1-

qecKHX KBaHTOBbIX ceHcopoB, B 3a,IJ;a"Liax MeTporrornH 1:1 KBaHTOBOR mnorpa<P1:11:1. 

CTpyKT)'pa u co;:i;ep~auue ;:i;uccepTau;uu 



KaH,n:H,n:aTCKruI pa6oTa co.n:ep)l(HT 97 CTPaHnu; TeKCTa, BKmoqaeT B cefo1 57 pHC}'HKOB H COCTOHT H3 

BBe,n:eHH51, 4 rnaB, 3aKmoqeHH51 H CnHcKa 1rnTepaTypb1, BKmoqa10mero 93 HaHMeHoBaHH51. Ofoop JIH

TepaTyphI pacnpe.n:erreH no rrraBaM. 

Bo eee~eHHH pacKpbITa aKTYaJihHOCTb TeMaTHKH ,n:HccepTa:U:HOHHoro Hccrre,n:oBaHH51, c<)lopMyrrHpoBa

Ha OCHOBHruI :u:errb, no,n:qepKHYTa HOBH3Ha norryqeHHbIX pe3yJihTaTOB, a TaK)l(e H3JIO)l(eHa HX TeopeTH

qecKruI H npaKTHqecKrur 3HaqHMOCTb. DpHBe,n:eHbI norro)l(eHH51, BhIBOCHMbie Ha 3amHTy, no,n:qepKHyTa 

JJ:OCTOBepHOCTb pe3yJihTaTOB H npOHJIJIIOCTPHPOBaHa HX anpo6a:a;H51. 

rJiaBal nOCB51meHa 3KCnepHMeHTaJibHOMY HCCJie,n:oBaHHIO npocTpaHCTBeHHblX KOppeJ151:U:HH, B03HH

KaIOmHX B yrrroBOM cneKTpe 6HQlOTOHHOro nOJI51. f eHepa:a;H51 6HQlOTOHHOro nOJ151 ocymecTBJI51eTC51 B 

npo:u;ecce cnoHTaHHOro napaMeTpHqecKoro pacce51HH51 (CDP). B OTJIHqHe OT nmpOKO H3yqeHHbIX KOp

peJI5I:u;Hii, npHcymHx qacTOTHo-yrrroBoMy cneKTPY npo:u;ecca CDP, B nepBoii rrraBe aHarrH3HPYIOTC51 

Me)l(MOJJ:OBbie KOppeJ151:a;HH B 6a3HCe npOCTPaHCTBeHHbIX MOJJ: lliMH.ZJ:Ta. DpH 3TOM qacTOTHruI MO,n:a HC

crre.n:yeMoro nOJ151 51BJ151eTC51 QlHKCHpoBaHHOH. DoKa3aHO, qTo B HCCJie,n:yeMOM crryqae co6CTBeHHbIMH 

MO.ZJ:aMH HCCJie,n:yeMoro HCTOqHHKa 51BJ151IOTC51 nonepeqHbie npOCTPaHCTBeHHbie MO.ZJ:bl 3pMHTa-faycca. 

DpoeK:U:HOHHbie H3MepeHH51 B Bb16paHHOM 6a3Hce pearrH3YIQTC51 c HcnoJih30BaHHeM MeTo,n:a ynpaBJ151e

MbIX Qla30BbIX rorrorpaMM. B nepBoii rnaBe ,n:eMOHCTpHpyeTC51, qTo npH onpe.n:erreHHbIX napaMeTpax 

3KCnepHMeHTaJibHOH ycTaHOBKH npocTpaHCTBeHHbie MO.ZJ:bl lliMH,n:Ta reHepHpyeMoro 6HQlOTOHHOro 

nOJ151 6JIH3KH K KJiaccHqecKHM npOCTPaHCTBeHHbIM nonepeqHbIM MO.ZJ:aM 3pMHTa-faycca .ZJ:J151 3JieKTPO

MarHHTHOro nOJ151 CB06o,n:HOM npocTpaHCTBe. DpoH3BO.ZJ:HTC51 aHaJIH3 cneKTpa npocTpaHCTBeHHbIX MO.ZJ: 

6HQlOTOHHOro noJ151 c npHMeHeHHeM MeTO.ZJ:OB caMOKaJIH6pYIQmeiic51 TOMOrpa<jlHH, qTo .n:aeT B03MO)l(

HOCTb BOCCTaHOBHTb co6CTBeHHbie 3HaqeHH51 HCCJie,n:yeMoro pa3JIO)l(eHH51 lliMH,n:Ta, a TaK)l(e O.ZJ:HOBpe

MeHHO o:u;eHHTb 3KCnepHMeHTaJibHbie norpeIIIHOCTH BblIIOJIH51eMbIX npoeK:a;HOHHbIX H3MepeHHH. 

r Jiaea2 nOCB51meHa H3yqeHHIO npOCTpaHCTBeHHblX KoppeJ151:U:HH B none KBa3HTenrroBoro HCToqHHKa. 

TeopH51, npe,n:cKa3bIBaIOmrur cooTBeTCTBYIOmHe Me)l(Mo,n:oBbie KoppeJ151:U:HH, npe.n:rro)l(eHa eme Ha 3ape 

KBaHTOBOH OnTHKH, o,n:HaKO 3KCnepHMeHTaJibHOe HCCJie,n:oBaHHe cneKTpa npocTpaHCTBeHHblX Koppe

J151:U:HH BbrnorrHeHo BnepBbie B npe.n:crnBrreHHoii ,n:Hcceprn:u;HoHHoii pa6oTe. B ,n:Hcceprn:u;HH npoBO.ZJ:HT

C51 aHaJIHTHqecKHH pacqeT KOppeJ151:U:HOHHOH Ql}'HK:U:HH BTOporo nop51,n:Ka no HHTeHCHBHOCTH c yqeTOM 

nepe,n:aTOqttblX Ql}'HK:U:HH onTHqecKHX 3JieMeHTOB, HCnOJib3yeMbIX B 3KCnepHMeHTaJibHOH ycTaHOBKe, 

npoH3BO.ZJ:HTC51 no.n:po6HhIH aHarrH3 3KcnepHMeHTaJihHhIX OIIIH6oK. B 3aKJIIOqeHHe BTopoii rnaBbI c,n:e

rraH BbIBO.ZJ: 0 KaqecTBeHHOM corrracHH Me)l(.ZJ:y pa3JIO)l(eHHeM KOppeJ151:U:HOHHOH <PYHK:U:HH nepBoro no

p51,n:Ka no npOCTPaHCTBeHHbIM MO,n:aM .ZJ:J151 KBa3HTenrroBoro HCToqHHKa H pa3JIO)l(eHHeM KOppeJ151TOpa 

BTOporo nop51,n:Ka no npOCTPaHCTBeHHbIM MO.ZJ:aM lliMH,n:Ta ,lJ;J151 crryqrur 6HQlOTOHHOro nOJ151, HCCJie.n:ye

MOro B nepBoii rrraBe. 

rJiaea3 nOCB51meHa 3KCnepHMeHTaJibHOMY aHaJIH3y OTKJIHKa ,n:eTeKTOpa npOCTpaHCTBeHHbIX MO.ZJ:. B 

rrraBe paccMaTPHBaIOTC51 ,n:eTeKTOpbI, pa6oTaIOmHe Ha npHH:U:Hne yrrpaBJ151eMbIX Qla30BbIX rorrorpaMM, 

HCCJie,n:yIOTC51 OCHOBHbie THnbI rorrorpaMM, aHaJIH3HpYIQTC51 HX .ZJ:OCTOHHCTBa H ue.n:ocTaTKH. Dpe.n:rro

)l(eH opHrHHaJibHbIH no.n:xo.n: ,n:rr51 KarrH6poBKH ,n:eTeKTopa npocTpaHCTBeHHbIX Mo,n:. Oco6eHnocThIO 

no.n:xo.n:a 51BJ151eTC51 npe,n:cTaBrreHHe ,n:eTeKTopa B KaqecTBe a6cTpaKTHoro HeH,n:earrbHoro npoeKTopa, 

BHYTPeHH5151 CTPYKTypa KOToporo HeH3BeCTHa. KpoMe Toro, npe.n:rraraeMhIH no.n:xo.n: no3BOJ151eT Boc

CTaHOBHTb OTKJIHK ,n:eTeKTOpa npocTpaHCTBeHHbIX MO.ZJ: Ha 3a,lJ;aHHYIO BXO.ZJ:HYIO npocTpaHCTBeHHYIO 

MO.ZJ:Y (B rrraBe paccMaTpHBaIOTC51 TOJibKO MO.ZJ:bl 3pMHTa-faycca) 6e3 Heo6xo,n:HMOCTH npHroTOBJieHH51 

,n:aHHOH BXO.ZJ:HOH MO.ZJ:bI. BMeCTO npHroTOBJieHH51 BXO,lJ;HbIX MO.ZJ: 3pMHTa-faycca BbICOKOro nop51,n:Ka 

npe.n:rraraeTC51 HCnOJib30BaTb Ha BXO.n;e .n:eTeKTOpa CMemeHHbie rayccOBbl pacnpe.n:erreHH51 HHTeHCHBHO

CTH, no OTKJIHKY Ha KOTOpbie MO)l(HO BOCCTaHOBHTb MaTpH:U:Y HCCJie,n:yeMoro ,n:eTeKTOpa. 

r JiaBa4 nOCB51meHa 3KCnepHMeHTaJibHOMY H3yqeHHIO .ZJ:ByxQlOTOHHOH HHTep<jlepeH:U:HH OT ,n:Byx HC

TOqHHKOB B cxeMe lOHra npH HCnOJib30BaHHH pa3JIHqHbIX 6HQlOTOHHblX COCT051HHH Ha Bxo.n:e HHTep

<)lepoMeTPa lOHra. Oco6eHHOCTbIO pearrH30BaHHoii B ,n:HccepTa:U:HH 3KcnepHMeHTaJibHOH ycrnHOBKH 

51BJ151eTC51 B03MO)l(HOCTb nJiaBHOH nepeCTPOHKH KBaHTOBOro COCT051HH51 OT COCT051HH51(12,0)+10,2)),.n:o 

COCT051HH51 ll,1), r.n:e o603HaqeHHe jm,n)cooTBeTCTByeT TOMy, qTQ m QlOTOHOB HanpaBJ151IOTC51 Ha nep-



BbIH HCToqmfK cxeMbI I0Hra, a n - Ha BTOpoli. B rnaae npo)J,eMOHCTPHPOBaHO 5IBJieHHe caepxpa.3pe

rneHmI - JJ.Byi<paTHOe )'MeHbIIIeHHe nepHO)J,a HHTep¢epeHI1HOHHOH KapTHHbI no cpaBHeHHIO c KJiaCCH

qecKOH HHTep¢epeHI1HOHHOH 3aBHCHMOCTbIO npH <i>HKCHpoaaHHhIX napa.MeTPaX ycrnHOBKH. TaK)l(e 

npo)J,eMOHCTPHPOBaHa ycTOHqttBOCTb KBaHTOBOro HHTep¢epeHI1HOHHOro pacnpe.n;eJieHHH npH BHece

HHH )J,OnOJIHHTeJibHOH <l>a.3bl B 0)1,HH H3 HCTOqHHKOB cxeMbI I0Hra, npH HCnOJib30BaHHH BXO)J,HOro co

CTOHHHH 11, 1 )Ha BXO)J,e cxeMbI. 

HayquaH uoBuJua, o6ocuoBauuocTb u ,!J,OCTOBepuocTb uayqubIX noJiomeuuif, BbIBO,!J,OB u peKo

MeH,ll,aI.J;Hif, c4JOPMYJIHpOBaHHblX B )J,UCcepTa11uu 

Bee pe3yJihTaTbI, rmnyqeHHbie a JJ.MccepTau11.u, HBJIHIOTCH HOBhIMH. ,n:ocToaepHOCTh H o6ocHoBaHHOCTh 

pe3yJibTaTOB nO)J,TBep)l()J,aeTCH BbICOKHM ypoBHeM npoBe)J,eHHbIX 3KCnepHMeHTOB, a TaK)l(e ny6JIHKa

IIH5IMH pe3ynhTaTOB B BeJJ.YIIIHX <l>M3HqecKHX )l(ypHanax. OcHOBHoe COJJ.ep)l(aHMe JJ.Mcceprn1IHH ony6-

JIHKOBaHo B 5-TH CTaTbIDC B peueH3HpyeMbIX )l(ypHanax, BXOJJ.HIIIHX B cnMCOK BAK. 

B JJ.MCcepTaIIHH npMcyrcTayeT MHO)l(eCTBO opMrHHaJihHbIX 3KcnepMMeHTaJihHbIX pe3yJihTaToB, B Kaqe

~TBe OCHOBHbIX MO)l(HO OTMeTHTb CJie)J,yIOIIIHe: 

BnepBbie HCCJie)J,OBaHbI npOCTPaHCTBeHHbie KOppeAAIIHOHHbie CBOHCTBa yrnoaoro cneKTPa 6H<i>OTOH

HOro IlOJIH B 6a.3HCe MO)J, 3pMHTa-raycca c npHMeHeHHeM MeTO)J,OB CaMOKaJIH6pyIOIIIeHCH TOMOrpa

<i>HH. 

BnepBbie M3yqeHbI npocTpaHCTBeHHbie KoppeJIHIIHOHHbie 3aBHCHMOCTH B 6a.3MCe MOJJ. 3pMHrn-raycca 

)J,JIH KBa.3HTerrnoaoro HCToqHHKa H3JiyqeHHH. 

Pa.3pa60TaH H onpo6oBaH OplffHHaJibHbrH MeTO)J, KaJIH6pOBKH .n;eTeKTopa npOCTPaHCTBeHHbIX MO)J,, HC

nOJib3yIOIIIHH 6a.3HC CMeIIIeHHbIX BXO)J,HbIX rayccOBbIX COCTOHHHH, npH BOCCTaHOBJieHHH OTKJIHKa )J,e

TeKTOpa B HeCMeIIIeHHOM 6a.3HCe. 

BnepBbie npo)J,eMOHCTPHPOBaHa ycrnliqHBOCTb KBaHTOBOH HHTep¢epeHI1HOHHOH KapTHHbI )J,JIH BXO)J,

HOro COCTOHHHH 11,1) npH BHeceHHH )J,OilOJIHHTeJibHOH <l>a.30BOH 3a)J,ep)l(KH B 0)1,HH H3 HCTOqHHKOB HH

Tep¢epoMeTpa I0Hra. 

3aMeqauuH H HC)J,OCTaTKH B )J,HCCepTa11uu H aBTOpe4JepaTe 

1) 06cy)l(JJ.aH npo6neMy caepxpa.3perneHHH OITTHqecKHX H306pa)l(eHHH (HanpHMep, Ha CTP. 9 H Ha CTp. 

80), CJie)J,OBaJIO 6bI ynoMHHYTb pa60TbI, Jie)l(aIIIHe B OCHOBe )J,aHHOro HanpaBJieHH5I, B qacTHOCTH, CTa

TbIO M.Kolobov, C.Fabre, Phys. Rev. Lett. 85, 3789 (2000). 

2) He CMOTPH Ha TO, qTO B pa6oTe HCCJie)J,yIOTCH HCKJIIOqHTeJibHO npocTpaHCTBeHHbie KOppeJIHIIHH no

neH:, CJie)J,OBaJIO 6bI YKa.3aTb HBHO apeMeHHbie napaMeTpbI HCCJieJJ.YeMbIX CHrHaJIOB, nOCKOJibKY COOT

HOIIIeHHe 3THX napaMeTPOB BJIH5IeT Ha npHMeHHMOCTb HCnOJib3yeMbIX npe)J,nOJIO)l(eHHH. 

3) B KaqecTBe peK0Mett.n;au1rn K .n;anbtteH:rneMy Hccne.n;oaamuo, 6hmo 6b1 HHTepectto cpaaHHTb npo

cTpaHCTBeHHyIO CTpyKTYPY co6crneHHbIX MO)J, 6H<i>OTOHHbIX noneH:, HCCJie)J,OBaHHyIO B pa6oTe, c HX 

BpeMeHHOH MO)J,OBOH CTPYKTypoH: (TaK)l(e npe)J,CTaBHMOH Ha6opoM <l>YHKIIHH 3pMHTa-faycca), a TaK)l(e 

MOJJ.H<i>HIIHPOBaTb MO)J,OBOe pa.3JIO)l(eHHe c yqeTOM pacnpOCTPaHeHH5I CBeTa B cxeMe c orpaHHqeHHOH 

arrepTypoH:. 

3uaquMOCTb pe3yJibTaTOB )J,JIH uayKn H npOH3BO)J,CTBa 

Pe3yJihTaTbI JJ.HCceprn1IHOHHoro HCCJie)J,oBaHHH MoryT HaHTH npaKTMqecKoe npMMeHeHHe npH no

CTPOeHHH BbICOKOCKOpOCTHbIX TeJieKOMMYffHKaIIHOHHbIX CHCTeM, HCnOJib3yIOIIIHX KOJJ.HpOBaHHe Ha 

npOCTPaHCTBeHHbIX nonepeqHbIX MO)J,ax CBeTOBOfO nOJI5I, TaK)l(e HCilOJib30BaHbl B CHCTeMax KBaHTO

BOH KpHnTorpa<l>HH. ITonyqeHHbie pe3yJihTaTbl no HCCJie)J,OBaHHIO KOppeAAIIHH B npOCTPaHCTBeHHOM 

cneKTpe TenJIOBbIX HCTQqHHKOB H KBaHTOBbIX KoppeJIHIIHH B cxeMe I0Hra MoryT 6hITb npHMeHeHbI )J,JIH 

nocTpOeHHH «CKpbITbIX» 061,eKTOB pa.3JIHqHOH npHpOJJ.bl B 3a)J,aqax MeTPOJIOrHH H cneKTpOCKOnHH. 



3aKJII0'1euue no pa6oTe 

,U11ccepTaIJJfOHHIDI pa6orn Bo6poaa MaaHa Bop11coa11qa «I1pocrpaHCTBeHHb1e Koppem1u1111 B 6mpo
TOHHbIX H KJiacc11qecKHX TIOJUIX», npe;::t;CTaBJieHHa.51 Ha COHCKaHHe yqeHOH CTeneHH KaH;::t;H;::t;aTa <l>H3HKO
MaTeMaTHqecKHX Hayi<, 51BJI51eTC51 3aBeprneHHOH HaycIHO-KBaJIH<l>HKaI.J;HOHHOH pa60TOH. 

ABTOpe<l>epaT COOTBeTCTByeT TeKCTY pyKOTIHCH H B TIOJIHOH Mepe orpIDKaeT co.uep)l(aHHe .u11ccepTaI.J;HH. 
OcHOBHbie pe3yJibTaTbl ony6JIHKOBaHbl B OTKpbITOH neqaTH H .UOJIO:>KeHbI B BbICTynrreHmIX Ha pOCCHH
CKHX H Me)l()l;yttapo;::t;HbIX KOH<l>epeHI.J;H51X. 

Ha ocHoBaHHH Bb1rne113no:>KeHHoro cq11TaeM, qTo npe.ucTaarreHHIDI .u11ccepTau110HHIDI pa6oTa y.uosrre
rnop.si:eT Tpe6oaaHH.sIM BAK, npe.Un.sIBJI51eMbIM K KaH.UH.UaTCKHM .u11ccepTau11.si:M, 11 coorneTcrnyeT Tpe-
6oaaHH.sIM n. 9 «I1orro:>KeHH.sI o nop.si:.uKe np11cy)l()l;eH11.s1 yqeHbIX cTeneHeil», yrnep)l()l;eHHoro ITocrn
HOBJieHHeM ITpaBHTeJibCTBa P<l> OT 24.09.2013 r. ,N"Q 842, npe.Un51BJI51eMbIM K .UHCceprnu11.si:M Ha co11c
KaH11e yqeHOH CTeneHH KaH.UH.UaTa Hayi<, a ee aBTOp 3aCJIY)l(HBaeT np11cy)l(,UeHH.sI HCKOMOH yqeHOH 
CTeneHH. 

Pe3yJibTaTbI HCCJie,UOBaHmI .UOJIO)l(eHbI .UHCCepTaHTOM Ha HaycIHOM ceMHHape na6opaTopHH KBaHTOBOH 
onTHKH Kacpe.upbI 06II(eii cpH3HKH-1 CaHKT-I1eTep6yprcKoro rocy.uapcrneHHOro ytt11aepc11Tern 07 an
perr.si: 2017 ro.ua. 
0T3bIB no.uroTOBJieH npocpeccopoM Ka<l>e.upbI 06II(eM: cpH3HKH-1 CI16fY, .uoKTOpOM cp11311Ko
MaTeMaT11qecKHx Hayi< forry6eaoM: TaTb51HOH IOpbeBHoM:. 
0T3bIB paccMorpeH 11 yrnep:>K.UeH Ha 3ace.uaHHH Ka<l>e.upbI 06II(eM: <l>113HKH-1 CaHKT-I1eTep6yprcKoro 
rocy.uapcrneHHoro yHHBepcHTeTa (npoToKorr NQ 3 OT 11 anpeAA 2017 ro.ua). 

0T3blB COCTaBHJia 
npo<Peccop Kacpe;::t;pbI 06II(eil cpH3HKH-1 

no.un11cb T. IO. fony6esoii 3aaepmo 

3aae.uyroll(11:ii Kacpe.upo:ii 06II(e:ii cpH3HKH-1, 
.u.cp.-M.H., npocpeccop 

no.un11cb 11. "ll. MarneKa 3aaep.s110 
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