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OBI.I:t;A51 XAPAKTEPI1CTI1KA PABOTbI 

AKTyaJihHOCTh pa6oThI. 

YcoBeprneHCTBOBai-rne TeXHMKH OIITH"C£8CKHX 9KcrrepHM8HTOB B Te"C£eHHe rrocne,n;

HHX J18T II03BOJIHJIO Ha6JIIO,LI;aTb pa,n; HOBbIX 5IBJ18HHH 5IpKO Bbipa)K8I-IHOro KBaHTOBOrO 

xapaKTepa, KOTOpbie He HM8IOT 06'b5ICH8HHH c TO"C£KH 3p8HH5I KJiaCCH"C£8CKOH cPH3IIKM. 

K HX t:[I'.ICJIY OTHOC5ITC5I KBa,n;paTypHOe C:>KaTHe BaKyyMHbIX cpnyKTyar:i;Hit 9J18KTp0-

MarHHTHOro IIOJI5I, pa3rpynnMpOBKa II cy6rryaccOHOBCKa5I CTaTIICTIIKa cPOTOHOB, a 

TaK)Ke HapyrneHrre HepaBeHCTBa Konrn-lllBapr:i;a. ITo,n;o6Hhre 9KcrrepHMeHThI OTKphI

BaIOT B03MO)KHOCTb ,n;eTaJibHOro II3Y"C£8HH5I KBaHTOBbIX KOppeJI5IIJ;IIH, TeopeTM"C£8CKH8 

OCHOBhI OIIHCaHirn KOTOpbIX 6hIJIM 3aJIO)K8HbI B pa6oTaX BorOJII060Ba H rnay6epa. 

I1CCJI8,LI;OBaHH5I KBaI-ITOBbIX KOppeJI5IIJ;HH II03BOJI5IIOT, c O,LI;HOH CTOpOHbI, rrpoBe

p5ITb rrpe,n;cKa3aHH5I KBaHTOBOH 9J18KTpO,LI;IIHaMHKH, a, c ,n;pyroit CTOpOHhI, 5IBJI5IIOTC5I 

Ba)KHbIMH ,LI;JI5I pa3BHTH5I M8TO,LI;OB rrper:i;H3HOHHbIX OIITII"C£8CKHX H3MepeHHH II C03,n;a

HH5I HOBbIX CHCTeM OIITII"C£8CKOH KOMMYHHKaD;HH c rrpe,n;eJibHO HH3KHM ypOBH8M rnyMa. 

KpoMe Toro, B crrny H3BeCTHOil: o6rn;HoCTH 6o30HHbIX CHCTeM, HOBbre HeKJiaccM"C£eCKHe 

5IBJ18HH5I B OIITHKe CTHMYJIMpyIOT IIOMCK COOTB8TCTByIOrn;IIx aHanoroB B cpII3liK8 KOH

,n;eHCHpOBaHHhIX cpe,n;. 8To, B CBOIO o-qepe,n;h, CTaBHT 3a,n;a-qy II3Y"C£8HH5I 9cpcpeKTOB 

B3aHMO,LI;8HCTBH5I H8KJiaCCH"C£8CKHX COCT05IHHH CBeTa c KBaHTOBbIMH B036y)K,LI;8HII5IMH 

B cpe,n;ax. ,Il;aHHa5I rrpo6JieMa 5IBJ15I8TC5I O,LI;HOH H3 KJIIO"C£8BhIX, HCCJie,n:yeMhIX B ,LI;HC

cepTar:i;IIH. Ee perneHHe rrpe,n;cTaBnaeTC5I Ba:>KHhIM ,n;na c03,n;aHH5I HOBOit 9JieMeHTHOit 

6a3bI OIIT09J18KTpOHHKII M pa3pa60TKII HaHOT8XHOJIOrII"C£8CKHX ycTpOHCTB, TaKHX KaK 

KBaHTOBbI8 TO"C£KH, KBaI-ITOBbie rrpOBOJIOKII H CB8TO,LI;HO,LI;bI. 

B HacTo5Irn;ee BpeM5I oco6hrit HHTepec rrpe,n;cTaBnaeT II3y"C£eHrre pa3Jiff'-IHhrx He

KJiaccH"C£eCKHX CBOHCTB pacce.aHHhIX IIOJieil: H KOJie6aTGJihHbIX B036y:>K,II;8HHH cpe,II;hI B 

rrpou;eccax KOM6IIHaIJ;HOHHOro (6pMJIJII09HOCKOro) pacce.HHHH. 8To, B CBOIO o-qepe,n;h, 

Be,n;eT K reHepar:i;IIH HOBbIX n:,n;eli B MeTo,n:ax OIITH'IeCKOH crreKTpOCKOIIIIH. c 9TOH 

D;8Jlbl0 B ,n:rrccepTaD;IIH BrrepBbie HCCJie,n:oBaHbl KOppeJI5IIJ;HII BbICIIIHX rrop.a,n;KOB rro

neli pacce.aHIIH, TaKIIe KaK ,IJ;BYXMO,LI;OBOe rrna,n;paTypHoe C)KaTHe BTOporo rrop.a,n;Ka H 
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cyMMapHoe CMaTHe. 8TH HOBhie BH,LJ;hI I<BaHTOBhIX KOppeJUIIJ,HH neo6xo,n;HMhl ,n;mr 60-

.Jiee ,n;eTaJihHOro aHaJIH3a KBaHTOBOMexaHWieCKHX CBOHCTB H CTp08HH5I KpHCTaJIJIOB, 

HaHo06'heKTOB H T. ,n;. 

CJie,n;yroI1J,eM: cPYH,LJ;aMeHTaJihHOii rrpo6JieMoli, o6cyM,n;aeMoli B ,n;HccepTaU,HH, RB

.JIReTcR Konu,erru,uR KBaHTOBOli ¢a3hI, BrrepBhre c¢opMyJiupoBaHHa5I ,Il;HpaKOM. B03-

MOMHOCTh reHepau,HH pa3JIJiqHhIX H€KJiaCcHqecKHX COCT05IHHH CBeTa o6ycJIOBHJia HO

Bhlll IIHTepec K BOIIpocy 06 orrpe,n;eJieHHH IIOH5ITII5I ¢a3hI H ¢a30BhIX pacrrpe,n;e.JieHHH 

B KBaHTOBOH MexaHIIKe. B CIIJIY Toro qTo 3pMHTOB orrepaTop cpa3hI, COIIp5IMeHHhIH 

orrepaTopy qHCJia qacTIIIJ,, He MOM8T 6hITh orrpe,n;eJieH Ha 6eCKOHeqHOM rM.Jib6ep

TOBOM rrpOCTpaHCTBe, oco6oe BHHMaHHe K orrpe,n;eJieHMIO ¢a3hI rrpHBJieK He orrepa

TOpHhIH ¢opMaJIM3M, a ¢a30Bhl8 pacrrpe,n;eJieHH5I, CB5I3aHHhie c cPYHKIJ,H5IMH KBa3H

Bep05ITHOCTM, a TaK:JKe orrepau,HoHaJihHhili rro,n;xo,n;. B ,n;rrccepTaU,HH rrpe,n;cTaBJieHhI 

aBTOpCKHe M8TO,II,hI IIO.JiyqeHM5I ¢a30BhIX pacrrpe,n;e.JieHHH, OCHOBaHHhie Ha cPYHKIJ,MII 

BrrrHepa rr Ha HeoTprru,aTe.JihHhIX KBaHTOBhIX cPYHKIJ,IIRX pacrrpe,n;eJieHHli. 

HcrroJih30BaHue KBaHTOBhIX KoppeJirrpoBaHHhIX cocTORHIIH sJieKTpoMarHHTHoro 

IIOJI5I BeCbMa aKTyaJihHO H B TeopIIII KBaHTOBOH IIHcPOpMaU,MH. I1MeHHO B OIITHqec

KHX CMCTeMax 6bIJIH BrrepBbie BhIIIOJIH8HhI 3KCrrepIIMeHThI no rrepe,n:ar.re ceI<peTHOrO 

I<O,IJ;a B I<BaHTOBOH KpHIITOrpa¢HH H KBaHTOBOMY TeJierropTIIpOBarrnro cPOTOHHhIX co

CT05IHIIH, l.{TO OTKphrnaeT rrpIIHl:J;IIIII-IaJihHO HOBhie rrepcrreKTHBhI B T8XHOJIOrHII OIITH

qecKOH rrepe,n:aqrr rrH¢opMau,1rn. KJiroqeByro pOJih B TaKHX sKcrreprrMeHTax HrparoT 

KBaHTOBhie rreperryTaHHhie COCTO.HHM.H IIOJIR, rrp05IBJI5IIOIIJ,He H8JIOKaJihHhie KBaHTO

Bhie KOppeJI.HIJ,HII. 0,n;HaKO 3TH COCTO.HHH5I B 3HaqJIT€JihHOH CTerreHH rro,n;Bep".IKeHhI 

,n;er<areper-ui;rrH. ITpHqHnoll: ,n;eKorepem\HH B OIITHqecKHX cxeMax RBmrnTCR HaJIHqHe 

o6JiaCTeli rrorJIOIIJ,8HII.H y ;:J;II3JI8KTpHqecKHX MaTepIIaJIOB, H3 KOTOphIX c,n;eJiaHhI pa3-

JIIJqHhI8 ycTpolicTBa: orrTHqecKHe BOJIOKHa, cBeTo,n;eJIHTeJIH, 3epr<a.rra H ,n:p. ITosToMy 

aHaJIH3 BJIH.HHH.H ,IJ;II3JI8KTPHLieCKHX OIITHqecrrn:x ycTpOHCTB Ha KBaHTOBhie CBOHCTBa 

COCTO.HHHH 3JI8KTpOMarHHTHOro IlOJI5I 5IBJI5I8TC5I aKTyaJihHOH 3a,n:aqeli TeOpHH KBaH

TOBhIX OIITMqeCKHX 3KcrrepMM8HTOB. 

0,n;HH H3 IlO,ll,XO,IJ;OB K KBaHTOBOMY orrncaHMIO 3JI8KTpOMarHHTHOro IlOJI5I B ,II;II3JI8K-
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Tp:HKax c y-c-reTOM s¢¢eKTa IIOT€pb COCTOMT BO BK.JIIO"L£8HIU1 B paccMOTp8H:He KBaHTO

BOro pe3epByapa. TaKoe orrncamre ,rr,ocTaTO"<IHO xoporno OTpa:lKaeT ,rr,eKorepem::i;mo B 

6eCKOH€"LfHhIX O,II,HOpO,II,HhIX cpe,n;ax, Kor,n;a rpaHH"LfHhIMM s¢¢eKTaM:H MO::>I<HO rrpeHe-

6peqb. 0,rr,HaKO B 3a,rr,a-qax c npOCTpaHCTB€HHO H€0,II,HOpO,II,HhIMH cpe,rr,aMH c 3a,rr,aHHOH 

reoMeTp:He:H s¢¢eKT ,n;eKorepeHIJ;HH y:lKe He MO)K8T 6b!Th OIIHCaH B paMKaX TaKoro 

no,n;xo,n;a. I1o8TOMY ,II,JUI 8TOro CJiyqa51 6hIJI rrpe,II,JIO::>I<8H IIO,II,XO,II, K OIIMCamno IIOJI.H, 

ocHoBaHHhr:H Ha rrnaHTOBaHMH ypaBH€HH:H MaKcBeJIJia ,n;mr ,II,H8JieKTpMqecKHX cpe,rr, 

c nOMOIIJ;bIO cPYHKIJ;HH fp1ma, Y"<IHThIBarorr:i;e:H rrpOCTpaHCTB8HHYIO H80,II,HOpO,II,HOCTh 

CHCT€MhI ,II,H8JI€KTpHKOB. B ,rr,HccepTar:i;rrn pa3BHBaeTc.H MeTo,rr, npeo6pa3oBaHM.H co

CTORHHH 8JI€KTpOMarHHTHOro nOJI5I, OCHOBaHHhIH Ha ,rr,aHHOM rro,rr,xo,rr,e, M npHM€H€HH€ 

8TOro MeTO,II,a K rrpo6JieMe ,II,OCTOBepHOH rrepe,z:i;aqrr KBaHTOBbIX COCTO.HHHH nocpe,II,CT

BOM T€JienopTar:i;1m no CMeIJlaHHOMY KBaHTOBOMy KaHaJiy. 

:UeJib ,ll;HCCepTa:a;I:IOHHOH pa60Tbl COCT05IJia B C03,II,aHHH, pa3BHTHH H rrpHJIO

)K€HHH HOBhIX M€TO,II,OB I<BaHTOBOH T€0p:HH B3a:HMO,II,8HCTBH5I 8JI€KTpOMarHHTHOrO H3-

JIY"L£€HH5I c ,II,HCrreprHpyIOII:i;HMH H a6cop611pyIOII:i;HMH ,II,H8JI8KTpHqecKHMH cpe,rr,aMH. 

8TH M8TO,II,bl rrpe,n;Ha3HaqeHbI ,II,JI5I 113yqeHH5I KBaHTOBhIX KOppeJI5IIJ;HOHHhIX xapaK

T€pHCTHK COCTO.HHHH 8JI€KTpOMarHHTHOro IIOJI5I H IIOJI5IpH3aIJ;HOHHhIX B036y:lK,II,€HHH 

cpe,II,bl H attaJIH3a BJIH5IHH5I s¢¢eKTOB ,II,HCCimar:i;HH Ha 8TH xapaKTepHCTHKH, a TaK:lKe 

,II,JI5I HCCJI€,II,OBaHH5I crroco6oB Ha,II,€:lKHOH rrepe,rr,aqH KBaHTOBOH onTH"L£€CKOH HHcPOP

MaIJ;HH no 3arnyMJieHI-IhIM I<aHaJiaM CB5I3H. 

,Il;JI5I peaJIH3aIJ;HH nOCTaBJI€HHOH IJ;€JIH perneHhI CJie,II,yIOrr:i;He OCHOBHbie sa,n;a';JH: 

• Bhl5ICH€HH€ ycJIOBHfi B03HHKHOB€HH5I H€KJiaCCH"Lf€CKHX COCTO.HHHH I<BaHTOBhIX 

B036y:lK,II,€HHM KpHCTaJIJIOB rrpH OIITH"Lf8CKHX B3aHMO,II,8HCTBH5IX H cnoco6oB pe

rHCTpar:i;1111 H€KJiacc11qec1rnx xapaKTepHCTHK B3aHMO,II,€HCTBYIOIIJ;HX IIOJie:H; 

• Bhl5IBJI€HH8 pOJIH ,II,HCCHnar:i;HH B rettepar:i;HH BhICIIIHX KOppeJI5IIJ;HH M€):K,II,y IIO

JI.HMH B KOM6HHaI:i;HOHHOM ( 6pHJIJII08HOBCKOM) paccemrn11; 

• aHaJIH3 KBaHTOBhIX cPa30BhIX CBOHCTB 8JI€KTpOMarHHTHOro IIOJI.H Ha OCHOBe 
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rrnaHTOBbIX cPYHKIJ;MH pacrrpe,n;e.JieHM5! B cpa30BOM rrpOCTpaHCTBe M OIIMCaHMe 

crroco6oB ,n;eTeKTMpOBaHM5! ¢a30BhIX pacrrpe,n;e.JieHM:H; 

• IIOCTpOeHMe rrpeo6pa30BaHMH KBaHTOBbIX COCT05IHHH 9.JieKTpOMarHHTHOrO IIOJ15! 

B neo,n;Hopo,n;HbIX JmHeHHhIX ,Il;M9JieKTpMKax c ,ll;HCIIepcMeil: M a6cop6ri;IIeii; 

• MCC.Jie,n;oBami:e YCJIOBMH ,Il;OCTOBepno:H rrepe,n;aqM KBaHTOBhIX COCT05IHMM rryTeM 

Te.JierropTari;1rn no KBaHTOBOMY KaHa.Jiy B ,Il;MCCMIIaTMBHhIX cpe,n;ax. 

HayqHa.si: HOBH3Ha pe3y.JihTaTOB ,n;n:ccepTaI!HM COCTOMT B C.Jie,n;yIOIIIeM: 

• BrrepBhie BhIIIOJIHeH KBaHTOBhiil: KOppe.JI5IIJ;MOHHhIM ana.JIH3 COCT05IHIIH IIOJI5IpH-

3aI!MOHHbIX B036y:JK:,n;eHMH KpMCTa.JIJIOB rrpM pacrrpOCTpanemrn B HIIX KBaHTO

BaHHOrO 9.JieKTpOMarHHTHOro H3JiycieHII5!. ,IJ;aHHhIM aHa.JIH3 COCT05IJI B IICC.Jie

,Il;OBamrn KBa,n;paTypHoro C:JK:aTM51, cy6rryaccoHOBCKOil: CTaTHCTHKM KBaHTOBhIX 

B036y:JK:,n;eHMil: KpMCTa.JI.JIOB H MX KBaHTOBOil: rreperryTaHHOCTH c IIO.JieM HaKaqKM 

B 3aBHCMMOCTH OT HaqaJihHhIX COCTO.HHHil: II KOHCTaHT B3aIIMO,n;eil:CTBII5! IIOJieil:; 

• BrrepBhie ,Il;Jl5! reHepaIJ;IIM COCTO.HHMil: cyMMapHoro C:tI<aTH5! II ,Il;BYXMO,ll;OBOro 

C:JK:aTII.H BTOporo IIOp5!,n;Ka rrpe,n;.JIO:JK:eHO HCIIOJih30BaTh BhIHY.>K,n;emrne KOM6IIHa

I!HOHHOe pacce2rnIIe co CTOKCOBOil: H aHTMCTOKCOBOH Mo,n;aMII. B 9TOM rrpou;ecce 

rrpoaHaJIH3IIpOBaHhI ycJIOBH5! B03HHKHOBeHII5! TaKHX TMIIOB C:JK:aTII5! H Me:JK:

MO,Il;OBOii: KBaHTOBOH KOppeJI5IIII1H B 3aBHCHMOCTM OT CHJihI B3aHMO,n;e:HCTBH5! 

paccMaTpMBaeMbIX MO,II; II COCTO.HHH5! cPOHOHHhIX B036y.>K,n;eHIIil: pacceIIBaIOrri;eil: 

cpe,n;hr; 

• rrpe,n;JIO)KeH HOBbIH MeTO,II; ,Il;Jl5! OIIHCaHH5! ¢a30BhIX pacrrpe,n;eJieHHii KBaHTO

BbIX COCT05IHMil: 9JieKTpoMarHHTHOro IIO.Jia, OCHOBaHHbiil: Ha cPYHKIIIrn KBa3II

pacnpe,n;eJieHH5! Bn:rttepa. B paMKax 9Toro MeTo,n;a ,TI;JI5! pa3Jiff'-IHhIX cocToa

nn:il: IIOJI5! IIO.JiycreHhI aHaJIHTHqeCKMe Bhipa.>KeHH5! cpa30BhIX pacnpe,n;eJieHIIil:, 

,n;aH aHa.JIH3 ycJIOBHil: IIX npHMeHHMOCTII H BbIIIOJIHeHO cpaBHeHHe c cpa30BhIMH 

pacnpe,n;eJieHirnMH ,n;pyrHX IIO,Il;XO,Il;OB, Tarrnx KaK onepaTOpHhIH ¢opMaJIH3M 
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ITerra-BapHeTTa H rro,.n;xo,.n;, CB513aHHbIH c ¢YHIG.J;H5IMH XycHMH H rnay6epa

Cy,.n;aprnaHa. TaK:tKe rrpe,.n;JIO)KeHo ¢asoBoe pacrrpe,.n;eJieHHe, ocHoBaHHoe Ha He

oTpHI.J;aTeJibHbIX KBaHTOBbIX ¢YHKI.J;IUIX pacrrpe,.n;eJiemnr, H pa3pa60TaHa cxeMa 

reHepaII;irn TaKHX ¢YHKI.J;HH. Ha I:IX OCHOBe rrpe,IJ;JIO:tKeH crroco6 OIITHMaJihHOrO 

II3MepeHH.H ¢a30BbIX pacrrpe,.n;eJieHI:I:ii COCTO.HHIIH IIOJI.H; 

• BrrepBbie BbIBe,.n;eHhI YHI:IBepcaJibHbie COOTHOIIIeHII.H, CB.H3bIBarorn;I:Ie I<BaHTOBbre 

COCTO.HHI:I.H 3JieKTpOMarHIITHbIX IIOJie:ii Ha BXO,IJ;ax I:I BbIXO,IJ;aX JIIIHefiHoro Heo,n;

HOpO,IJ;HOro ,IJ;H3JieKTpW-IeCKOro -c.reTbipexrrOJIIOCHIIKa. 8TII COOTHOIII8HII5I rrony

'IeHbI KaK ,IJ;JI5I MaTpHI.J; IIJIOTHOCTII, TaK II ,IJ;JI.H o6o6rn;eHHbIX ¢YHKI.J;IIH KBa3H

BepO.HTHOCTI:I II crrpaBe,.n;mIBhI rrpH Jiro6oii: rrpOCTpaHCTBeHHOH II -c.raCTOTHOH sa

BI:ICI:IMOCTII K03tj;:>tj;:>III.J;HeHTa rrpeJIOMJieHII5I qeTbipexrrOJIIOCHIIKa, BKJIIO'-Ia5I 30Hbl 

rrornoII.J;emrn; 

• pa3BI:IT M8TO,IJ; ,IJ;OCTOBepHOH KBaHTOBOH TeJierropTaI.J;III:I COCTO.HHIIH 3JieKTpOMar

HI:ITHOI'O IIOJrn, 3aBHC.HII.J;HX OT HerrpepbIBHbIX IIJIII C'-IeTHbIX 6eCKOHeqHbIX rrepe

MeHHbIX. MeTO,ll; rrpIIMeHHM ,IJ;JI.H rrepe,IJ;aqII COCTO.HHHii: rrocpe,IJ;CTBOM pacrrpocT

paHemrn: KOppeJIIIpOBaHHbIX MO,IJ; ITO KaHaJiaM CB.H3I:I c IIOT8p.HMII. 

IlpaKTI'I-.:recKaH I'I HayqHaH n;eHHOCTb ,ll;IICCepTaI.I;IIII COCTOIIT B IICIIOJib30Ba

HHII C03,IJ;aHHbIX I:I paspa6oTaHHbIX M8TO,IJ;OB ,IJ;JI.H TeopeTI:IqecKoro aHaJIII3a II rrpe,IJ;

CKa3aHH.H HeKJiaCCIIqecrrnx 3¢¢eKTOB, B03HI:IKarorn;IIx rrpII B3aIIMO,IJ;eHCTBIIII KBaHTO

BaHHOro 3.Jier<TpOMarHIITHOro I:I3JiyqeHII5I co cpe,IJ;oii:, a TaK:tKe ,IJ;JI5I peIIIeHII5I rrpaKTH

-c.reCKIIX 3a,IJ;a"<I rrepe,IJ;a'-m, 3aII.J;I:ITbI II o6pa60TKII I<BaHTOBOH I:IHtj;:>OpMaI.I;HH. 

Pe3yJI1>TaT1>1 I:I rroJIO)KeHI:IH, BbIHOCI'IMbie Ha 3am;HTy. 

1. I1pe,IJ;CKa3aHbI 3¢¢eKTbI reHepaI.J;III:I C:tKaThIX COCTO.HHHH II COCTO.HHIIH c cy6rry

accOHOBCKOH CTaTI:ICTIIKOH ,IJ;JI5I I<BaHTOBbIX IIOJI.HpII3aI.J;IIOHHbIX B036pK,IJ;eHIIH 

KpHCTanJia B rrpOI.J;eccax pacrrpOCTpaHeHII.H KBaHTOBaHHOro 3JieKTpOMarHIIT

HOrO H3Jiy'IeHII.H. I10I<a3arrn, qTO B03HIIKaIOrn;ee rrpH 3TOM rrnaHTOBOe rrepe

IIJTbIBamre Me:tK,IJ;Y B036y1K,IJ;eHII.HMI:I KpIICTaJIJia I:I IIOJI8M HaKa"C.J:KII He .HBJI.H-
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eTC.H MOHOTOHHbIM BO BpeMerrn:, a llMeeT CJIO)KHhIH rrepHO,)];WieCKllH xapaKTep, 

orrpe,n;eJrn:eMhIH TeIIJIOBhIMll cPJIYKTyan;H.HMll KpHCTaJIJia. 

2. BrrepBhie ,II;OKa3aHO, 'ITO KOppeJI.HII;HH CTOKCOBOH ll aHTHCTOKCOBOH MO,)]; B BhI

HY)K,II;eHHOM KOM6nHaII;HOHHOM pacce.HHHH rrpliBO,II;.HT K 9c}?c}?eKTY reHeparwn 

C)KaThIX COCTO.HHliH BbICIIIliX rrop.H,II;KOB, a TaK)K8 KBaHTOBOro rreperryTbIBaHirn 

MO,)];. I1or<a3aHO, 'ITO CT8II8Hh I<BaHTOBOrO C)KaTH.H ll rreperryThIBaHH.H MO,)]; B 

3Ha'!llT8JibHOH CTerreHli orrpe,n;eJI.HeTC.H Ha'IaJihHhIMli COCTO.HHli.HMli MO,)]; H ypoB

HeM IIOT8pb B cpe,n;e. 

3. PasBnT rro,n;xo,n; K orrpe,n;eJieHHIO ¢asOBhIX pacrrpe,n;eJieHnH cocTO.HHHH 9JieKTpo

MarHnTHoro IIOJI.H Ha OCHOBe rrnaHTOBbIX cPYHKIJ;liH pacrrpe,n;eJiemrn. I1oKa3aHo, 

'ITO IIOJIJ1-Ia8Mhie B 9TOM IIO,ll;XO,)J;e ¢a30Bhie pacrrpe,n;eJier-nrn: ,)J;JI.H pa3Jili'!HbIX 

TllIIOB HeKJiaCCll'IeCKllX COCTO.HHHH IIOJI.H rrpnMeHllMbl ,)J;JI.H HHTeprrpeTaII;HH 9KC

rrepnMeHTaJihHhIX ,n;aHHhIX. 

4. IIpe,l];JIO)KeH MeTO,)]; rrpeo6pa30BaHli.H KBaHTOBhIX COCTO.HHHH 9JieKTpOMarHllT

HhIX ITOJieH: JiliHeHHhlMll ,II;H9JieKTpH'IeCKHMli 'IeThrpexrroJIIOCHliKaMli c rrpOli3-

BOJibHbIM rrpoc}?HJieM K09cpc}?mrneHTa npeJIOMJieHH.H. B paMKax 9Toro rro,n;

xo,n;a ycTaHOBJieHo, 'ITO CTeneHh ,n;eKorepeHTHOCTH KBaHTOBOro OIITli'IeCKOro 

Kana.rra, o6pa30Ba1rnoro ABYM.H pacnpocTpaH.HIOlII;HMliC.H KoppeJirrpoBaHHhIMH 

CB8TOBbIMH liMIIJJibCaMH no JIHHli.HM CB.H3H c IIOMexaMn, cyrn;eCTBeHHO B03pac

TaeT c pOCTOM Ha"l.IaJlbHOH KBaHTOBOH KOppeJilipOBaHHOCTll HMIIJJihCOB. 

5. PasBHT MeTo,n; 1rnaHTOB0:0: TeJierropTaII;liH cocTO.HH:nll. 9JieKTpoMarHHTHoro rroJI.H, 

saBHC.HlII;HX OT HerrpephIBHhIX rrepeMeHHhIX. BrrepBhre orrrrcaHhI Heo6xo,n;HMhie 

ycJIOBH5I ,II;OCTOBepHOH TeJierropTall,llH "l.repes KBaHTOBbie I<aHaJibI B ,)];HCCHIIaTHB

HbIX cpe,l];aX H IIOKa3aHO, 'ITO ypoBeHb ,ll;HCCHIIan;nH HaKJia,l];bIBaeT orpaHH'!eHne 

Ha BbI6op rrepe,n;aBaeMbIX COCT05IHllH. 

TaKHM o6pasoM, paspa6oTaHHhre B ,n;nccepTan;rrrr TeopeTn'!eCKHe IIOJIO)KeHn.H orrn

caHH.H rrnaHTOBbIX KOppeJI.HII;HOHHbIX xapaKTepHCTHK 9JieKTpOMarHHTHOro IIOJI.H B 
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,n;Mcc1manrnHhIX cpe,n;ax B coB0Kyrr11ocTM .HBJrnIOTC.H HOBbIM 1<pyrr11b1M 1-rny'!HbIM ,n;o

CTM)KeHMeM B o6nacnr o6m;Hx BOIIpOCOB KBaHTOBOH MexaHHKM lI MX rrpHJIO:JK8HlIH B 

KBaHTOBOH TeOplIH 1rn¢opMa:o;MH. 

Anpo6a:u;n.H pa6oTbI. MaTepMaJibI ,n;u:ccepTa:o;u:u: ,n;o1<na,n;hrnaJIMCb Ha Hay'IHbIX 

ceMMHapax JIT<I> OI1.5U1, ITomrTeXHWieCKoro HHCTHTyTa Penccenaep (CllIA), <I>II-

3wiec1<oro MHCTMTyTa ynu:BepcHTeTa MM. <I>. IlIMJIJiepa r. Mena, ¢u:3M'TeCKMX ¢a

KYJibTeTOB yHIIBepcu:TeToB MM. fyM60JI,Il,bTa r. BepJIMH II r. °YJihM (<I>Pf), r. ITanepMo 

II r. I1II3a (I1Tanu:.H); Ha Me:JK,n;y11apo,n;11b1x coBem;aHM.HX Me)K,n;yHapo,n;Horo :o;eHTpa 

TeopeTM'l8CKOH cPM3MKII (Tpu:ecT, IfraJIM.H) ITO KOH,Il,8HCHpOBaHHOMY COCTO.HHMIO Be

m;ecTBa, aTOMHOH M MOJieKyJI.HpHOH cPM3MKe (1990), no H8JIIIH8HHOCTM "IllyM B HeJIM

HGHHbIX CIICTeMax" ( 1995)' ITO KBaHTOBOH MHcPOpMa:o;IIM lI KBaHTOBbIM Bbl':IMCJIGHM.HM 

( 2002); Ha Me:1I<,IJyHapO,Il,HOH IIIKOJie ITO aTOMHOH II MOJieKyJI.HpHOH crreKTpOCKOIIMM 

UenTpa Hay':IHOii KYJibTYPbI "9TTope MaiiopaHa" (9pII'Ie, IfraJIM.H, 1991); na Me:JK

,n;yHapo,n;nhrx KOH¢epen:o;II.HX ITO C:JKaTblM COCTO.HHM.HM II COOTHOIIIGHII.HM Heorrpe,n;e

JI8HHOCTM ICSSUR (BaJITMMop, CllIA, 1993; BanaToH¢IOpe,n;, BeHrpII.H, 1997); Ha 

Me)K,Il,yHapO,Il,HOH KOH¢epeHIJ;lIII ITO 8JI8KTpOHHOH TeOpHII M KBaHTOBOH 3JIGKTpO,Il,II

HaMIIKe: 100 neT crrycT.H NATO ASI (9,n;IIpHe, Typ:o;II.H, 1994); Ha Me:II<,Il,yHapo,n;

HOM CGMIIHape no H8JIIIHGHHOH II KBaHTOBOH OIITIIKe (ITo3HaHb, IToJibIIIa, 1995); Ha 

Me)K,n;yHapo,n;Ho:ti: KoH¢epem:i;mr "MHTerpaJibI no TpaeKTOpH.aM" (,II,y6Ha, 1996); Ha 

Me)K,Il,yHapo,n;Hoii KoH¢epem:i;1rn ITO KBaHTOBOii OITTIIKe ICQO (Pay6wrn, Benopyc

CII.H, 2000); Ha IX Me)K,Il,yHapo,n;Hoil: 1<011¢epeH:o;MII "MeTO,Il,hl CIIMMeTpIIII B qrn3IIKe" 

(EpeBaH, 2001); Ha Me:JK,Il,yHapO,IJ,HbIX KOJIJIOKBIIyMax ITO lIHTerpMpyeMbIM CMCTeMaM 

II rrnaHTOBbIM CIIMMeTpM.HM (ITpara, l.Jexm1, 2001, 2002, 2006); Ha Me:JK,IJ,yHapo,n;HhIX 

COBem;aHII.HX ITO rrnaHTOBOH qm3MKe lI KOMMYHIIKalIII.HM QPC (,II,y6Ha, 2002, 2005, 

2007); Ha IV CeMIIHape rraM.HTII ,II,. H. KnbIIIIKO (MfY, Mocrrna, 2005); Ha MII

HMCHMIT03IIyMe "HecTaH,n;apTHble ITp06JieMbl KBaHTOBOH TeOpHH" (PY,II,H, Mocrrna, 

2005); Ha Me:JK,n;yHapo,Il,HbIX IIIKOJiax-ceMHHapax no ¢yH,n;aMeHTaJibHOii cPII3IIKe ,II;JI.H 

MOJIO,Il,bIX y'leHbIX "KBaHTOBbie H3MepeHH.H H ¢n3HKa Me3oCKOIIH':IecKnx cncTeM" 

KM<I>MC' 2005 (Cy3,n;anh, 2005) II "CoBpeMeHHbie 11a110Tex11onorn.H II HaHOcPOTO-
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1um:a ,IJ;JUI HayKII II TipOII3BO,IJ;CTBa" (B.rra,n;IIMHp, 2008); na IliKo.rre-ceMm-Iape ,n;mr 

CTy,IJ;eHTOB II aCTIIIpaHTOB "AKTya.JibHbie BOTipOCbI KBaHTOBOM 1rn<f>opMaU,IIII" ()J;y6Ha, 

2006); na XIII Me)K,IJ;yrrnpo,n;noii: Kon<f>epeHU,IIII TIO II36pam-rhrM Tipo6.rreMaM coBpe

MeHnoii: TeopeTw-recKoii: ¢n3HKII SPMTP 08 ()J;y6Ha, 2008); na TeMaTnqecKoii: KOH

<f>epem::t;nII TIO OTITOIIH<f>opMaTnKe TMO' 2008 (CI16fY I1TMO, CaHKT-I1eTep6ypr, 

2008). 

IIy6.JTHKau;1uI. ITo MaTep.rrn.rraM ,n;nccepTar:t;nII oTiy6.rrnKoBaHo 34 pa6oThI, B TOM 

qIIc.rre 25 pa6oT H3 Tiepeqmr n3,n;amiii:, peKOMen,n;oBaHHhIX BAK ,n;.rr.H ,IJ;OKTOpCKIIX 

,Il;IICCepTall,IIll. 

JI1r<IHbIH BKJia,n; aBTOpa. }fa BCex pa6oT, BbIIIOJIH8HHbIX B coaBTOpCTBe, B ,IJ;HC

cepTall,HIO BKJIJOqeHhI TIOJIO)K8HII.H H pe3y.JibTaTbI, TIOJiyqeHHhie .rrn6o JIIIqHo COHCI<a

Te.JieM, .rrn6o TIPII ero OTipe,n;e.JI.HIOill,8M yqaCTHII B TIOCTaHOBKe 3a,n;aq II paspa60TK8 

M8TO,IJ;OB IIX pemeHII.H. 

CTpyKTypa H o6'beM ,IJ;HCCepTau;1rn. )J;uccepTau,1rn COCTOIIT H3 BBe,n;eHH.H, qe

Tbrpex r.rraB, 3aK.rr10qemrn H CTIIICKa ll,HTHpyeMoii: JIHTepaTyphr, co,n;ep)Kalll,ero 185 

naIIM€HOBaHHM. 06Ill,IIM o6'heM ,IJ;HCCepTaU,IIH - 228 CTpaHHll,. )J;uccepTaU,H.H co,n;ep

)KlIT 58 pHCJHKOB. 

CO,LJ;EP)KAHHE PABOTbI 

Bo BBe,n;eHHM o6ocHoBaHa aKTya.rrbHOCTb ,n;HccepTar:t;HOHHOH pa6oTbr, c<f>opMy

JIIIpoBaHa ll,8.Jib, OCHOBHhie sa,n;aqu II apryMeHTHpOBaHa HayqHa.H HOBH3Ha IICCJI8,IJ;OBa

HIIM, TIOI<a3aHa TipaKTII"9:8CI<:a.H 3naqIIMOCTb IIOJiy"'IeHHbIX pe3yJihTaTOB, ,n;aHO KpaTKOe 

OTIIICaHHe co,n;ep)Kamre pa3,IJ;€.JIOB ,IJ;HCCepTall,HII. 

B rrepBoii rJiaBe IICCJie,n;oBaHhr ycJIOBH.H reHepar:t;HII rrna,n;paTypHO-C)KaThIX co

CTO.HHIIii:, COCTO.HHIIH c cy6TiyaccoHOBCKOM CTaTHCTHKOM KBaHTOBbIX B036pK,IJ;8HIIH 

KpHCTaJIJia B Tipor:i;eccax pacTipOCTpaHeHH.H KBaHTOBaHHOro 3.JieKTpOMarHHTHOro H3-

JiyqeHII5I II crroco6br perIICTpar:t;HH 3THX COCTO.HHHii:; H3J"IeHa rrpo6JieMa IIO.HBJI8HII.H 
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B Tarrnx rrpo:o;eccax rrnaHTOBOro rreperryThIBamrn: M8)K,Il;Y B3aHMO,D;8HCTBYIOIIJ;HMH IIO

JUIMH. 

B pasoe.!/,e 1.1 rrp1rne,n;eHhI orrpe,n;e.JieHH5I KBaHTOBhIX qmyKTyari;HOHHhIX n CTaTnc

TwrecKHX xapaKTepHCTIIK COCT05IHHH 6o30HHhIX ITO.Jiefi, MephI rrnaHTOBhIX KOppeJI5I

U:Hfi H H3.JI0)K€Hhl o6ru;rre rrp1m:o;rrrrbI OITIICaHM5I KBaHTOBhIX COCT05IHHH IIO.Jiefi M8TO,D;OM 

cpyHKTI;Hll pacrrpe,n;eJieHII5I KBa3HBep05ITHOCTH. 

Pasoe.I/, 1.2 IIOCB5IIIJ;8H 113yqemno KBaHTOBOH ,D;IIHaMIIKII ,D;BYXMO,D;OBOH 6o30HHOH 

CIICT8Mhl II 113yqem110 ¢.JIYKTya:o;HOHHhlX CBOHCTB B3aHMO,D;8HCTBYIOIIJ;HX B Hefi IIOJiefi. 

B Ka'-reCTBe Mo,n;e.JihHoro raMII.JihTOHHaHa IICITO.Jih30Ba.JIOch 611.JIIIHefiHoe orrepaTopHoe 

Bhipa)K8HHe, OIIIIChIBaIOrn;ee rrpo:o;ecChI B3aHMo,n;eii:CTBH5I cpOTOHOB c KBaHTOBhIMH IIO

.JI5IpII3alI;HOHHhIMH B036y)K,Il;8HH5IMII KpIICTaJIJIOB - cpOHOHaMII II.JIII 8KCHTOHaMH: 

r,n;e C1' C2 II c!' c~ - orrepaTOpbI YHII'-ITOIK8HII5I M pmK,II;8HII5I MO,II; IIOJI5I H3.JIY'-IeHirn M 

603e-B036y)K,Il;8HIIii: c qacTOTaMH W1 II W2, a 91 II 92 - COOTB8TCTBYIOI:o;IIe KOHCTaHThI 

B3anMo,n;eii:CTBII5I. B CJiyqae raMII.JihTomrntta ( 1) rroJiyqeHhI TOqHhre atta.JIIITHqecKIIe 

Bhipa)K€HII5I 8BOJII01I;HII 6030HHhIX orrepaTOpOB M8TO,JJ;OM KaHOHIIqeCKIIX rrpeo6pa30-

Barrnfi Boromo6oBa. 9TH perneHH5I rrpIIMeH5IJIIICh ,D;JI5I aHamI3a BpeMeHHO:fi 3aBIICII

MOCTH ,D;IICITepcII:fi KBa,n;paTyp - o6o6r:o;eHHhIX KOOp,II;IIHaT II IIMIIYJihCOB, xapaKT8pII-

3YIOI:o;IIX rrnaHTOBhie cpJiyKTya:o;IIII ITO.Jiefi, ,JJ;JI5I KOrepeHTHhIX, C)KaTbIX M cpOKOBCKHX 

HaqaJihHhIX COCT05IHIIM II pa3.JIIIqHhIX KOHCTaHT B3aIIMO,n;eii:CTBH5I. B IITOre IIOKa3aHo, 

qTo ,D;JI5I IICCJie,n;yeMhIX HaqaJibHhIX COCT05IHIIH cyrn;eCTBYIOT ,JJ;IIHaMIIqecKHe pe)KHMhI, 

orrpe,n;eJI5!€Mhie KOHCTaHTaMII B3aIIMO,D;8MCTBH5I, rrpII KOTOpbIX B03HIIKaIOT 8cpcpeKThl 

reHepa:o;mI C)KaTbIX COCT05IHIIH B IIO,D;CIICTeMax, II3HaqaJihHO rrp05IBJI5IBIIIIIX cpJiyKTy

au;IIII BhIIIIe BaKyyMHOro IIIyMa. 

B pasoeAe 1. 3 raMIIJihTOHHaH (1) IICITOJih30Ba.Jic5I ,D;JI5I IICCJie,n;oBaHII5I KBaH'rOBhrx 

8cpcpeKTOB, B03HHKaIOIIJ;IIX rrpII ,n;efiCTBHII 8JI€KTpOMarHHTHOro II3.JiyqeHII5I (HaKaqKII) 

Ha cpOHOHHhre B036y:>K,n;emrn B KpHCTaJI.Jie ( IIOJI5IpHTOHHa5I MO,D;€Jlh). B rrpe,II.IIOJIO)Ke

HHH 0 TOM, "ITO B Ha"IaJihHhlll MOMeHT BpeMeHH II3Jiyqe1rne HaXO,D;HTC5I B C)KaTOM co-
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CT05IHHH, a cPOHOHhI B COCT05IH1IH Terr.rroBoro paBHOBeCH5I, aHamI3HpOBaJIOCb Bpe

MeHHOe IIOBe,n;emre ,ll;HCrrepCHH KBa,n;paTypHbIX orrepaTopoB cPOHOHHOH ITO,JJ;CHCTeMhI 

H CTerreHh KorepeHTHOCTH BToporo rrop5I,n;Ka. B pe3y.rrnTaTe rroKa3a1rn, 'ITO B rrpo

:u;ecce 9BOJIIOIJ;HH CHCTeMhI B orrpe,n;e.rreHHhie rrepHO,JJ;hI BpeMeHH B CHCTeMe cPOHOHOB 

B03HHKaIOT COCT05IHH5I c rro,n;aBJieHHbIMH ITO cpaBH8HHIO c BaKyyMHhIM COCT05IHH8M 

cPJIYKTyau;H5IMH I<aK o6o6i:u;eHHOH KOOp,JJ;HHaThI, TaK ll o6o6r:u;eHHOro HMITYJibCa, 'ITO 

CBH,JJ;eTeJibCTByeT o B03HHKHOB8HHH C)KaTH5I. XapaKTep rroBe,n;eHH5I BO BpeMeHH Kop

pemr:o;HOHHOH cPYHKTI;IIH yKa3aJI Ha H3M8H8HH6 CTaTHCTH'IeCKHX CBOHCTB cPOHOHOB: 

B rrpou;ecce 9BOJIIOU:HH cPOHOHHa5I CHCTeMa, CTapTy5I OT xaOTH'I8CKOro ( cyrreprryacco

HOBCKOro) COCT05IHH5I, B orrpe,n;eJieHHbie 0Tpe3KH BpeMeHH rrepeXO,JJ;HT B cy6rryacco

HOBCKOe COCT05IHHe. 

B pasae.J/,e 1.4 mytieH ,n;pyroM: THrr ,n;Byx6o30HHoro B3anMo,n:e:HcTBH5I (1), orrH

cr:,rnaror:u;H:H npou;ecc pacrrpOCTpaHeHH5! MOHOxpoMaTH'I8CKOro CBeTa B KpIICTa.rr.rre, 

rrpH KOTOpOM tiaCTOTa cPOTOHOB, Herrocpe,n;CTB8HHO He B3aHMO,JJ;8HCTBYIOI:u;HX c ¢0-

HOHaMH, rrorra,n;aeT B 06.rraCTh o6pa30BaiiH5I 9KCHTOHOB. ,Il,JI5I HCCJie,npBaHH5I 9BOJIIO

:o;HH CHCT8Mbl IIOJie:H paCCMOTpeHO IIOB8,Ll;8HH8 BO BpeMeHH ( Kpocc )-KoppeJI5III;HOHHhIX 

cPYHKTI;HH BTOporo rrop5I,n:Ka H ,Ll;HCIIepCHH Irna,n;paTyp. B KatieCTBe HatiaJihHhIX co

CT05IHHH rromr H3JIY'I6Hll5I paccMaTpHBaJIHCb KOrepeHTHOe COCT05IHH8 ll COCT05IHH8 

C)KaToro BaKyyMa, Tor,n;a KaK 9KCIITOHhI B Ha'IaJihHhIH MOMeHT rrpe,n;rroJiaraJIHCh B 

COCT05IHHII T8IIJIOBOrO paBI-IOB8CH5! (xaOTWieCKOM COCT05IHHH). B HTOre IIOKa3aHo, 

'ITO rrpH KOrepeHTHOM HaKatIKe B CHCTeMe Ha6mo,n;a.rroCb rrepHO,II;ll'-IeCKOe H3MeHeHH8 

CTaTHCTH'I8CKHX CBOMCTB B3aHMO,n;e:HCTBYIOI:u;HX rro.rreM:, rrpH KOTOpOM 1I3Ha'IaJibHO 

xaOTH'IeCI<Oe COCT05IHH6 IIOJI5I 9KCHTOHOB B rrpou;ecce BpeMeHHOH 9BOJIIOTI;HH rrepe

XO,Il;IIT B KorepeHTHOe cocTO.HHHe, a rro.rre H3.rrytieHII5I rrepexo.n;ru B xaoTII'IeCKoe. B 

c.rry-qae, KOr,n;a rro.rre H3JIY'-IeHH5! rrpHrOTOBJI8HO B COCT05IHIIII c:rKaToro BaKyyMa, B3aH

MO,II;8HCTBHe rrpHBO,Il;HT K yBeJIII'I8H1IIO cyrreprryaccoHOBCKOrO xapaKTepa CTaTHCTHKH 

9KCHTOHOB, rrpII'-I8M Ha6mo,n;aeTC5! s¢¢eKT rrepexo,n;a 9KCIITOHOB H3 xaOTH'I8CKOro co

CT05!HII5I B cfKaToe. ITpe,n;.rrmKeHhI MeTO,Ll;hI perHcTpa:u;IIu H3MeHeHII5I cTaTIICTM'!eCKHX 

CBOHCTB IIOJieH B pe3yJioTaTe B3a1IMO,Ll;8HCTBHH. I1oKa3aI-IO, 'ITO rrepexo,n; KBaHTOBhIX 
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IIOJIHpH3aIJJ10HHbIX B036y)K,II.eHHH KpHCTaJIJia B COCTOmrne c cy6rryacconoBCKOH CTa

THCTHKOH BCJie,IJ;CTBHe B3aHMO,II.€HCTBHH c IIOJieM HaKaqKH MO)KHO perHCTpHpOBaTb 

MeTO,II.OM KOM6irnar.i;HOHHOro pacceHHHH Ha Tarrnx KpHCTaJI.rrax. ,D;mr IICCJie,IJ;OBamrn 

CTaTHCTH'-IeCKHX CBOHCTB 9.JieKTpOMarHHTHOro IIOJIH Ha BhIXO,IJ;e H3 KpHCTaJIJia rrpe,rr.

JIO)KeH MeTO,II; pacceHHHH rryqKa aTOMOB Ha CTOHqeH: BOJIHe 9TOrO IIOJIH, o6pa30BaHHOH 

pe3oHaTOpHOH CHCTeMOH. 9TOT MeTO,II; COCTOHJI B ,n;eTeKTHpOBaHHH cpyHI<IJ;HlI rrpOCT

paHCTBeHHOH ,n;eKorepeHTHOCTH MaTpHIJ;bI IIJIOTHOCTH pacceHHHOrO aTOMHOro rryqKa. 

I1oKa3aHO, qTO cpa3a cpyHKI.I;HH ,n;eKorepeHTHOCTH, orrpe,rr.e.rrmmr.i;aH C,lJ;BHr cpa3hI aTOM

HOH HHTepcpepeHIJ;HOHHOH KapTHHbI B 9KCIIepHMeHTe lOHra, ,n;aeT B03MO:>KHOCTb H3-

MepHTb qHCJIO cpOTOHOB B COCTOHHHHX <l>oKa, TOr,n;a KaK ,II.HCrrepcHH qHCJia cPOTOHOB 

,Il;JIH COCTOHHIIH c HeHy.rreBOH ,lJ;IICrrepcHeH orrpe,n;e.rrHeTCH MO,Il;yJieM cpyHKIJ;HH ,n;eKore

peHTHOCTH, KOTOpbIH COOTBeTCTByeT IIOCTOHHHOH BpeMeHH CHH)KeHHH BH,Il;HOCTH 9TOH 

KapTHHbI. 

B pasae.!le 1. 5 HCCJie,n;oBaHhI HeJIOKaJibHhie I<BaHTOBbie KOppe.JIHIJ;HH, B03HHKaIO

Iu;He B ,IJ;BYXMO,Il;OBOH CHCTeMe ( 1). B Ka'-IeCTBe Haqa.JibHbIX COCTOHHHH IIOJieii HC

IIOJib30BaJIHCb cyrreprro3HI.I;HH KorepeHTHoro H xaOTHqecKoro cocTOHHHH. TaKoH ra

yccoBCKHH BHA Haqa.JibHbIX COCTOHHHH II03BOJIHJI rro.rryqHTb aHaJIHTHqec1rne Bbipa

:>KeHHe ,IJ;JIH CTerreHH KBaHTOBoro rreperryTbIBaHHH IIOJieH, Mepoii KOTOporo HBJIHJiaCb 

.rrorapHcpMHqecr<aH OTpHI.I;aTe.JihHOCTh, IIOCTpOeHHaH Ha c.rre,n;OBOH HOpMe qacTHqHO 

TpaHCIIOHHpoBaHHoii MaTpHIJ;hI IIJIOTHOCTH. OrrHcaHHaH Mo,n;eJih H3yqaJiach c ToqKH 

3peHHH B03MO)KHOCTH yrrpaBJieHHH rrpou;eccaMH reHepaI.I;HH KBaHTOBOrO rreperryTbI

BaHHH Me)K,n;y IIOJIHMH 3a cqeT CTerreHH HaqaJibHOH xaOTHqHOCTH COCTOHHHH rro.rreH: 

( TeMrrepaTypbI)' a TaK:>Ke COOTBeTCTBYIOIJJ;ero BbI6opa KOHCTaHT HX B3aHMO,n;eHCT

BHH. B HTOre IIOKa3aHo, qTO IIOBe,IJ;eHMe JIOrapHcpMHqeCKOH OTpHn;aTeJihHOCTH He 

HBJIH€TCH MOHOTOHHbIM BO BpeMeHH, a HOCHT CJIO:>KHbIH rrepHO,lJ;HLieCKHH xapaKTep 

(pHc. 1). EcJIH o6a rro.rrH B ria'-IaJihHbIH MOMeHT naxo,n;H.rrHch B KorepeHTHhIX co

CTOHHHHX ( rrpH Hy.JieBOH TeMrrepaType)' TO CTerreHb rreperryTaHHOCTH HCIIbIThIBaeT 

OCI.I;HJIJIHIJ;MH c H3MeHeHHeM MaKCHMYMOB II MHHHMYMOB, qTo MO)KHO paccMaTpH

BaTb KaK CBOeo6pa3Hhie B0306HOBJieHHH H OCJia6.rreHHH KBaHTOBOro rreperryTbIBaHHH 
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Pnc. 1: BpeMeHHOe rr0Be,n;em1e 1rnaHTOBoro rreperryTbrnama.a Me*,TI;Y rromIMII, B Ha

'-IaJibHbIM MOMeHT HaXO,Il,HBIIIIIXC5I B (a) B KOrepeHTHbIX COCT05IHII5IX II (b) B KOre

peHTHOM II xaoTnqecKOM COCTORHH5IX c (n2) = 5. TiapaMeTpbI MO,Il,eJUI BbI6Hpa.JIMCb 

B e,n;IIHIIlJaX '!aCTOTbI W1: W1 = 1, W2 = 2, a 91, 92 = 0, 5; BpeMR ,n;aeTC5I B e,n;IIHIIIJaX 

(pnc. 1, a). Ycn.JieHne Terr.JIOBbIX cP.JIYKTyau;nli rrpHBO,Il,IIT K saMeTHOMY oc.Jia6.JieHHIO 

KBaHTOBbIX Koppe.JI5II!HH, B03HIIKaIOIIJHX Me}K,Il,Y IIO.JI5IMII B rrpou;ecce B3aIIMO,Il,eHCT

BII5I, M II3MeHeHMIO xapaKTepa rreperryThrnamrn. TaK, ec.JIH o,n;Ho M3 rro.Jieli B Ha

qaJibHbIM MOMeHT HaXO,lJM.JIOCb B xaOTM'IeCKOM COCT05IHIIM ( B TO BpeM5I KaK ,n;pyroe 

6bIJIO B KOrepeHTHOM COCT05IHHII)' KBaHTOBOe rreperryTbIBaHMe B CHCTeMe CTaHOBMTC5I 

CJia6bIM H B03HMKaeT y}Ke B orpaHH'-I8HHbIX BpeMeHHbIX IIHTepBaJiax c rrepIIO,lJMqec

KIIM H3MeHeHMeM MaKCHMYMOB (pHc. 1, b). Ecmi }Ke o6a rro.JIR II3Haqa.JibHO Haxo,n;H-

.JIHCb B xaOTH'!eCKMX COCT05IHII5IX, TO CyIIJeCTByeT KpMTM'!eCKa5I TeMrrepaTypa, BbIIIIe 

KOTOpOH KBaHTOBa.a rreperryTaHHOCTb IIO.JIHOCTbIO MC'le3aeT II CIICTeMa CTaHOBMTC5I 

cerrapa6eJibHOH. 

Pe3yJibTaTbI rrepBoli rJiaBbI ony6JIMKOBaHbI B pa6oTax [1, 2, 3, 4, 5, 8, 14, 15, 22, 

23, 34]. 

Bo BTopo:ii r.JiaBe IICCJie,IJ,OBaJiacb rrpo6.JieMa reHepan;MII C)!(aTbIX cocT05IHMH 

BbICIIIMX IIOp5I,1JKOB M KBaHTOBbIX rreperryTaHHbIX COCT05IHMM B KOM6IIHaIJMOHHOM 

( 6pMJIJII09HOBCKOM) pacceaHMH. 

12 



B pasae.JLe 2.1 I:I3y"'!aJII:ICb ycJioBI:I5.I B03HHKIIOBerrn£ 1rnaHTOB11x Koppemn.i;I:I:H Bbrc-

nmx IIOp5.I,IJ;KOB Me)K,IJ;y CTOKCOBOH I:I aHTI:ICTOKCOBOH MO,IJ;aMI:I B CTOXaCTH"'leCKOM rro,n;

xo,n;e, KOr,n;a B3aI:IMO,n;eiiCTBI:Ie pacce5.IHHhIX MO,IJ; rrpOI:ICXO,IJ;I:IT rrocpe,n;CTBOM cPOHOHHOrO 

pe3epByapa, orrI:Ic1rnaIOliiero I:I MexaHI:I3M rr0Tep1: 

iI = 1iwsa1as+i'iwAa~aA+ 2:)1wBkakkask-2:(ngkeLatakk +1it;;keLa1ask+s.c.), (2) 
k k 

r,n;e Cts, CtA H CtBk - COOTBeTCTBYIOliII:Ie orrepaTOphI YHII"'!TO)KeHI:I5.I CTOKCOBOit, aH

TI:ICTOKCOBOit I:I cPOHOHHOit KOJie6aTeJihHOit MO,II; c "'laCTOTaMI:I Ws, WA I:I WBk, a 9k I:I 

/'i,k - CTOKCOBhI II aHTI:ICTOKCOBhI KOHCTaHThI B3aI:IMO,IJ;eHCTBI:I5.I c pe3epByapOM. fa

MI:IJihTOHIIaH (2) OIIIICbIBaeT KOM6IIHaIJ;IIOHHOe pacce5.IHHe B rrapaMeTpII"'!eCKOM rrpII-

6JIH)KeHHH, Kor,n;a Jia3epHoe II3JIY"'!eHHe C"'!IITaeTC5I IIHTeHCIIBHhIM I:I rrpe,n;cTaBJI5IeTC5I 

c-Bhrpa)KeHHeM eL = EL exp(-iwLt) c KOMIIJieKCHo:H aMIIJIIITy,n;o:ti EL H "'!aCTOTOH 

w L. Ha"'laJibHhre cocT05IHH5I pacce5IHHhIX MO,II; Bhr6IIpaJIIICh B BII,n;e cyrreprro3HIJ;HH 

KOrepeHTHOro lI xaOTII"'leCIWrO COCT05IHIIH ( CJiy"'laii BhIHY)K)l;eHHOro KOM6IIHaIJ;IIOH

HOro pacce5IHH5I). C"'IIITaJioc1, 'ITO ¢oHOHHhIH pe3epByap Haxo,n;IIJIC£ B xaoTH"'!ec

KOM COCT05IHillI. I1HTepeCHOH oco6eHHOCThIO 9TOH MO,II;eJIIl 5IBlIJIOCh B03HIIKHOBeHHe 

cyMMapHoro C)I<aTII5I CTOKCOBOH II aHTHCTOKCOBOH MO,II;, rrpII OTCYTCTBlIII KaK pa3-

HOCTHoro C)KaTI'.rn, TaK lI KBa,rr;paTypHoro C)KaTII5I rrepBOro IIOp5.Ip;Ka Me)K,n:y 9TIIMII 

Mo,n:aJVrn. Ha pHc. 2 rrpIIBe,n;etthr o6JiaCTH H3MeHeHII5I BpeMeHII B3aHMo,rr;eiicTBII5I H 

¢a3hI ¢ = 2¢L + 'l/Js - 'l/JA, orrpe,n:eJI5.IeMOH COOTBeTCTBeHHO ¢a3aMII KOMIIJieKCHOH 

aMrrJIHTy,n;1r Jia3epa EL II KOHCTaHT B3aHMo,n;e:HcTBII5I g HK, rrpII KOTop1rx B03HIIKaeT 

cyMMapHOe C)KaTIIe, ,II;JI5I Ha"'laJihHhIX KorepeHTHhIX COCT05IHIIH CTOKCOBOH II aHTIIC

TOKCOBOH MOA rrpII pa3JIII"'!HhIX cocT05IHII5IX ¢ottOHHoro pe3epByapa. KaK BII,II;HO, 

c pOCTOM cPOHOHHhIX B036y)K,II;eHHH o6JiaCTII cyMMapHoro C)KaTII5I, cocpe,rr;oTO"'leH

Hhie OKOJIO 3HaL£eHil5I ¢a3hI ¢ = 0 rrpH MaJihIX BpeMeHax B3aHMO,II;eHCTBH5I Il OKOJIO 

¢ = 7r /2 rrpH 6oJibIIIHX BpeMeHax, 3aMeTHO yMeHhIIIaIOTC5I. KaK rroKa3aJI BhIIIOJIHeH-

Hhiit aHaJIII3, cyMMapttoe C)KaTii:e TaK)Ke B03MO)KH0 II )l;JI5I Ha"'!aJihHhIX xaOTHL£eCKIIX 

COCT05IHIIH CTOKCOBOH I:I aHTIICTOKCOBOH MO,IJ; IIOCJie HeKOTOporo BpeMeHHOro lIHTep-

BaJia c MOMeHTa BKJIIOL£eHII5.I B3aI:IMO,II;eiicTBII5I. 
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Prrc. 2: 06JiaCTh cyMMapHoro c.1KaT1u1 B rrepeMeHHhIX BpeMeHH B3aHMOAe:ti:cTBHH c 

MacrrITa6HhIM MHO.IKHTeJieM 1JELI2 H ¢a3hI ,II;JIH HaqaJihHhIX KorepeHTHhIX cocTOHHHH 

CTOKCOBOH Il aHTHCTOKCOBOH MOA c aMIIJIHTYAaMH l~sl, l~AI = V2 B 3aBHCIIMOCTH OT 

cpeAHero qnc.rra cPOHOHHbIX B036J.IKA€HHM (nB) B pe3epByape (HaqrrHaH c HJJIH c 

rnaroM 0,1). 

B pasaej/,e 2. 2 HCCJI8,Il;OBaHO B03HHKHOB€HHe B yrrOMHHYTOM BbIIIIe MOA€JIH KBaH

TOBOro rreperryThIBaHIIH Me.>K,n;y cocTOHHHHMH MO,n;. B Ka'-reCTBe Mephr rreperryThI

BaHII5I 6paJiaCh JIOrapIIcPMHqecKaH OTpnu;aTe.JihHOCTh, KOTOpaH B CJiyqa51 rayccOBa 

BIIAa Haqa.JihHbIX COCTOHHHH MOA rrpeACTaBJIHJiaCb HBHbIM aHaJIHTHqecKHM Bblpa)Ke

HII€M. IloBe,n;eHrre JiorapII¢Mnqecr<0fi OTpnu;aTe.JihHOCTH AJIH pa3.rrnqHhIX Ha'-IaJihHhIX 

COCT05IHHH CTOKCOBOM II aHTHCTOKCOBOM MOA rrpeACTaBJI€HO Ha pHC. 3. KaK BH,II;HO 

Il3 pHC. 3, a, AJIH HaLJaJibHhIX KOrepeHTHhIX COCT05IHIIM CTOKCOBOH Il aHTIICTOKCO

BOH MO,Il; COCTOHHHe HX IIOACHCT€Mbl CTaHOBHTC5I rreperryTaHHbIM (E > 0) c MOMeHTa 

BKJIIoqeHH5I B3aHMOA8MCTBHH, Il CT€II€Hb rreperryTaHHOCTH co BpeMeHeM MOHOTOHHO 

B03pacTaeT, cTpeMRCh K acrrMrrTOTnqecKoMy 3HaqeHHIO. B cJiyqae, KOrAa OAHO H3 

rroJietl: Haxo,n;HJIOCh B KorepeHTHOM cocTORHMII, a APyroe rro.rre - B xaoTnqecKOM co

CTOHHMII (pnc. 3, b), MJIII o6a IIOJI5I 6hIJIH B xaOTilLJ€CKHX COCT05IHM5IX (prrc. 3, c), 

KBaHTOBOe rreperryThIBaHHe M€)K,Il;Y HHMM B03HI1KaeT TOJihKO IIOCJie OIIP€A€JI€HHOrO 

BpeMeHH B3al1MO,II;€HCTBI15I. illyMhl cPOHOHHOro pe3epByapa CTp€M5ITC5I pa3pynrnTh 
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a) b) c) 

PIIc. 3: JiorapmpMwrncKaa OTpHu;aTeJihHOCTh E B 3aBHCHMOCTII OT MacrnTa6IIpo

BaHHoro Bp8M8I-HI B3aIIMO,IJ;8HCTBII5I ft H rnyMa cPOHOHHOrO pesepByapa (nB) ,D;JIR 

CJiyqaeB: a) o6e MO,D;hI B KorepeHTHhIX COCTORHIIaX; b) CTOKCOBa MO,D;a B rwrepeHT

HOM COCTORHHII, a aHTIICTOKCOBa MO,IJ;a B xaOTIIqeCKOM COCTORirnII; c) o6e MO,IJ;bI B 

xaOTJ1qecKIIX COCTORHIIRX. 

rrnaHTOBoe rreperryTbIBaHIIe, yMeHbrnaa cTerreHh rreperryTaHHOCTH. KpoMe Toro, cy

m;ecTByeT KpHTH"'-IeCKHH ypoBeHh cPOHOHHhIX IIIYMOB, rrpII KOTOpOM KBaHTOBOe rrepe

IIYTbIBaHIIe B cJiyqae HaqaJihHhrx xaoTHqecrrnx cocToaHIIif He rrpoHcxo,n;IIT. 

PasaeJt 2.3 IIOCBam;eH II3yqeHIIIO KOppeJIRII;IIll BhICIIIIIX rropa,n;KOB B CTOKCOBO

aHTIICTOKCOBOH CIICTeMe c yqeTOM KBaHTOBOfO COCTORHIIR cPOHOHHbIX BOs6y?K,IJ;8HIIll. 

c 9TOH u;eJibIO cPOHOHbI rrpe,n;cTaBJIRJIIICh 9cPcP8KTIIBHbIM O,IJ;HOMO,D;OBbIM IIOJI8M 6o-

30HOB, H raMIIJibTOHIIaH B3aIIMO,Il;8HCTBII.H c IIHT8HCIIBHhIM Jia3epHbIM II3JiyqeHH8M 

BhI6IIpaJIC5l B BII,IJ;€ 

(3) 

r,n;e gs II 9A - KOHC'raHTbI B3aIIMO,Il;8HCTBII5I JiasepHoro II3JiyqeHII.H c qacTOTOH WL II 

Ha'-IaJihHOH <j)asoif </JL C cPOHOHHOH MO,IJ;OH &v qaCTOTbI Wv ,D;JI5I reHepaII;IIII CTOKCOBbIX 

( fis) II aHTIICTOKCOBbIX ( fiA) cPOTOHOB paCC€ZlHH.H. 3aTyXaHII8 MO,IJ; J'-IIITbIBaJIOCb KaK 

II B pas,n;eJie 2.1. I1cc.rre,n;oBaJIIICh ycJIOBHZl reHepau;HII C?KaTbIX COCTORHHH BbICillIIX 

rropa,n;KOB (rrna,n;paTypHO-C:>KaThIX BTOporo rropa,n;Ka II cyMMapHO C)KaTbIX) M8)KAY 

CTOKCOBOH H aHTIICTOKCOBOH MO,IJ;aMH B rrpe,n;rrOJIO)K8HIIII, '-ITO B HaqaJibHbIH MOM8HT 
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cPOTOHHbie II cPOHOfIHa5I MO,Il;hl HaXO,II;IIJIIICb B rmrepeHTHbIX COCT05IHII5IX, l:JTO OTBe

-.:i:aeT 9KcrrepHMeHTaJibHOli cnTyau;:rrn 6pIIJIJII09HOBCKoro pacce5IHII5I. B IITore rroKa

saHo cJie,n;y10ru;ee. ITp:rr TaKnx Ha-.:i:aJibHbIX ycJIOBII5IX n rrpeo6Jiaroru;eM aHTHCTOKco

BOM B3aHMO,II;8HCTBIIII ,II;JI5I rmrepeHTHOH Jia3epHOH HaKaqKn c HaqaJibHbIMII cl>asaMH 

<h c::=. 7r / 4 :rr <PL ~ 37r / 4 BOSHHKaeT cyMMapHoe C)J:<aTne cTOKCOBoli II aHTIICTOKco

BOli MO,IJ;. B 9TOM CJiy-.:i:ae Ha-.:i:aJibHbIX COCT05IHHH MO,Il; B03HHI<:aeT II KBa,n;paTypHoe 

C)KaTIIe rrepBoro II BTOporo IIOp5I,IJ;KOB B CTOKCOBO-aHTHCTOKCOBOH IIO,lJ;CIICTeMe rrpn 

3Ha-.:i:emrnx HaqaJibHOH ¢a3bI HaKaqKH </> L B o6JiaCT5IX 6JIH3KIIX K 0 II 7r. y Bemr-.:i:e

HIIe IIIYMOB cPOHOHHOro pesepByapa, KaK H B CJiy-.:i:ae HX CTaXOCTH118CKOro B3aHMO-

,n;eliCTBII5I, rrpIIBO,lJ;HT K saMeTHOMY YM8HbIII€HIIIO CTerrenn C)KaTII5I H, TeM caMbIM, K 

paspyrneHHIO KBaHTOBbIX KOppeJI5ITI;Hll M€)K,Il;Y pacce5IHHbIMll IIOJI5IMII. 

PesyJihTaTbI BTopoli rJiaBbI orry6m:rKoBaHbI B pa6oTax [12, 13, 19, 32]. 

TpeTbH rJiaBa rrocBRIIJ;eHa 01rncaHIIIO tj)a30BbIX cBolicTB HeKJiaccII-.:i:ecKHX co

CTORHHH 9JieKTpoMarHIITHoro rroJIR. B Heil II3JIO)KeH aBTopcKIIli MeTo,n; rroJiy-.:i:eHn5I 

¢a30BbIX pacrrpe,n;eJieHHH, OCHOBaHHblll Ha I<BaHTOBbIX cPYHKTI;II5IX pacrrpe,n;eJieHII5I. 

B paaae.;ie 3.1 ,n;aeTC5I o63op pasJinqHbIX rro,n;xo,n;oB K orrpe,n;eJieHIIIO orrepaTopa 

KBaHTOBOH tj)a3bl II tj)a30BbIX pacrrpe,n;eJieHIIH. 

B paaaeJ1,e 3. 2 rrpe,n;cTaBJieH tj)asoBbIH rro,n;xo,n;, ocrroBaHHbIH I-Ia tj)yrrn:u;HII Bnr

Hepa. <I>asoBoe pacrrpe,n;eJieHne orrpe,n;eJIRJIOCb KaK MaprnHaJihI-Ioe pacrrpe,n;eJiem:re 

cPYI-IKIJ;IIII BnrHepa rryTeM ee IIHTerp11poBaI-IH5I no pa,n;HaJihI-Ioli rrepeMeI-II-IOli KOM-

IIJI€KCHOH aMITJIIITY,D;bI Ha ¢a30BOH IIJIOCKOCTH, rrpe,n;cTaBJI8HHOH B "rrOJI5IpHbIX" KO

op,n;nHaTax qepes IIHTeHCHBHOCTb (pa,n;IIyc) 11 ¢asy: a= Jal exp(ie) = VJ exp(ie). 

~JI5I qHCTOro I<BaHTOBOro COCT05IHI15I c 'IaCTHqHO orrpe,n;eJieHHOH tj)a30H, T. e. Kor,n;a 

J 'l/'J) = L::~=O bn eincp Jn), B 9TOM rro,n;xo,n;e rroJiyqeHo aHaJinTnqecKoe Bb1pa)KeH11e ,Il;JI5I 

¢a30BOrO pacrrpe,n;eJI8Hll5I C CHMM8Tpll30BaHI-IbIM OKHOM tj;}a30BbIX 3Ha118HHH 0 OTHO-

CHT8JibHO rp: 

(4) 
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r,n;e Ko9¢Q:nrn;ireI-IThI Q(W) ( n, k) orrpe,n;emnoTc.a ¢opMyJioit 

Q(W)(n, k) = t (-1)>--m2(1n-kl+2m)/2 I (A) ( v ) r(jn - kj/2 + m + 1)' (5) 
m=O ~ m A-m /m!(ln-kl+m)! 

B KOTopoit A= min(n, k), av= max(n, k). 

,II,aJiee ,n;aHO o6o6rn;emre Ha CJiyqafi ,D;BYXMO,D;OBbIX COCTO.HHI:IH I:I COOTBeTCTBYIOIIJ;I:IX 

MaprI:IHaJihHhIX O,D;HOtj)a30BbIX pacrrpe,n;eJieHI:IM, BKJIIOqa.a pacrrpe,n;eJieHI:I.H pa3HOCTI:I 

I:IJII:I cyMMbI ¢a3: 

(6) 

B pasaeAe 3. 3 I:ICCJie,I:i;oBam1cb ¢a30Bhie pacrrpe,n;eJieI-II:I.a pa3JII:IqHhIX cocTO.HHI:Iit 

9JieKTpoMarmITHOro rromi:, rrocTpoeHHhie Ha cPYHKU:I:II:I B11rHepa, I:I rrpoBO,D;I:IJICR I:IX 

cpaBHI:ITeJihHbIM aHaJII:I3 c ¢a30BbIMI:I pacrrpe,n;eJieHH.HMI:I, IIOJiyqaeMhIMI:I B orrepaTop

HOM ¢opMaJII:I3Me Tierra-BapHeTTa I:I KBa3I:IBepO.HTHOCTHOM rro,n;xo,n;e c cPYHKlJ;I:I.HMI:I 

XycHMI:I Q I:I fJiay6epa-Cy,n;apIIIaHa P. 

B napa2parfie 3. 3.1 aI-IaJII:I3:rrpoBaJII:ICh ¢a30Bhre pacrrpe,n;eJieHI:IR CMern;eHHhIX ¢0-

KOBCKI:IX cocTO.HHI:Iit la, N) = D(a) IN) c orrepaTopoM cMern;eHI:IR D(a) = exp(aat -

a*a). I1oKa3aHo, t.ITO ¢a3oBoe pacrrpe,n;eJieH:rre Pi};:?(e) BhrqI:IcJieI-rnoe no ¢op

MyJie (4), IIOJIO)I<I:ITeJihHO orrpe,n;eJieHO, I:IMeeT (N + 1) MaKCHMYMOB I:I Be,n;eT ce6.a 

rro,n;o6HO pacrrpe,n;eJieHHIO Tierra-BapHeTTa P6~B) ( e). CJie,n;OBaTeJibHO, B CJiy-.:rae CMe

rn;eHHbIX cPOKOBCKI:IX COCTO.HHI:IH pacrrpe,n;eJieHI:I.H P6~) ( e) I:I P6~B) ( e) HecyT, B oc

HOBHOM, O,D;I:IHaI<OBYIO ¢a30ByIO HHtj)OpMalJ;I:IIO. B TO )Ke BpeMR, y pacrrpe,n;eJieHI:I.H 

P6~ ( e) JII:III!b ,D;Ba IIII:IpOKI:IX MaKCHMyMa (,n;JI.H N 2: 1)' I:I II09TOMY orrpe,n;eJieHHa.H 

qaCTb ¢a30BOH I:IHcPOPMaIJ;HH TepReTC.H. 

B napa2parfie 3. 3. 2 I:ICCJie,n;oBaJII:ICh ¢a30Bhie pacrrpe,n;eJieHI:I.H C)KaThIX ¢0-

KOBCKI:IX COCTORHHM JN)(r,rp) = S(r, cp) IN), r,n;e orrepaTOp cEaTI:I.H S(r, cp) _ 

exp [r( a2e-2i<p - a,t2e2i'P) /2]' I:I CEaTbIX xaOTI:I'-IeCI<I:IX COCTORHI:IH c MaTpI:Iu;eit IIJIOT

HOCTH PST - L,N=O nN /(l + n)N+1 IN)(r,cp)(r,cp) (NI. 0Ka3aJIOCb, '-ITO ,D;JI.H CEaTbIX 

cPOKOBCKHX COCTO.HHHH BHrHepOBCKOe tj)a30BOe pacrrpe,n;eJieHI:Ie p~:) ( 8) He 3aBHCI:IT 

OT t.rncJia ¢oTOHOB N B rrepBoHaqaJihHOM ¢oKOBCKOM cocTO.HHHH :rr cyrn;ecTB8HHO OT-
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JUf'-IaeTCZI OT cl:>a30BbIX pacrrpe,n;eJieI-rn:H: p~~B) ( e) H p~~) ( e) TOJibKO npH MaJibIX N. c 

pOCTOM N pacnpe,n;eJiemrn PJ~B) ( e) H PJ~) ( e) CTpeM5ITC5I K PJ:) ( e). 

<Da30Bhie pacnpe,n;eJiemrn C)KaTbIX xaOTIP-IeCKHX COCTOZIHHH noJiyqaJIHCb H3 COOT

BeTCTBYIOIU;HX cl:>a30BbIX pacnpe,n;eJieHHH c:rKaThIX cPOKOBCKHX COCTOZIHHH cyMMHpOBa

HHeM no 'IHCJIY cPOTOHOB N c BecoBI>IM cl:>aKTopoM B03e-9ii:HmTe:ti:Ha nN / (1 + n)N+1. 

ITocKOJibKY PJ:) ( e) He 3aBHCHT OT N' TO BHrHepOBCKOe pacrrpe,n;eJieHHe P~1:{') ( e) 

C:rKaTOrO XaOTH'leCKOrO COCT05IHH5I COBIIa.n;aeT C pacrrpe,n;eJieHHeM pJ:) ( fJ). ,I(JI.a C:rKa

TbIX xaOTH'leCKHX COCTOZIHHH rrpH ycJIOBHH (2n + l)e-2r > 1 rrp5IMbIM HHTerpHpoBa

HHeM P-cPYHKII;HH no pa,n;HaJihHOH: rrepeMeHHOiI HaH:.n;eHo cooTBeTCTBYIOIIJ;ee ¢a3oBoe 

pacrrpe.n;eJieHHe PJ;l (e). IloKasaHo, 'ITO rrpH yBeJIH'leHHH cpe.n;Hero "'-IHCJia cl:>oTo

HOB n pacrrpe.n;eJieHHe PJ;l ( e) 5IBJIZieTC5I rrpe.n;eJibHbIM ct>asOBbIM pacrrpe,n;eJieHHeM 

,Il;JIZI pacrrpe,n;eJieHHH PJ~B) ( e) PJ~l ( e) H PJ;l ( e)' npH'leM pacrrpe.n;eJieHHZI PJ~B) ( e) H 

PJ~l ( e) CTaHOB5ITC5I 6oJiee Y3KHMH, Tor.n;a KaK pacrrpe,n;eJieHne PJ;l ( e) ynrnp5IeTCR. 

B napa2parjje 3. 3. 3 npoBe,n;eHo HCCJie.n;onamrn cl:>a30Bhrx cBoH:cTB ,D;BYXMO,IJ;OBhIX 

c:rr<aThIX cPOKOBCKHX cocTORHHii: THrra S ( r, <p) IN + q, N), r,n;e q - pa3HOCTh B 'lHCJie 

cPOTOHOB Me:rK,n;y ,D;BYMR Mo,n;aMn, a S(r, <.p) = exp[r(ahe-Zirp -htate2i'P)) - orrepaTop 

,IJ;BYXMO,D;OBOro C:rKaTH5I. I1oKa3aHO, 'ITO BCJI8,Il;CTBHe CHJibHOH KOppeJIZIII;HH Me:JI<,D;y 

MO,D;aMH COBMecnrne BHrHepOBCI<Oe ct>asoBoe pacrrpe,n;eJieHI:re, KaK H COBM8CTHbie ¢a-

30Bbie pacrrpe,n;eJieHHR IIerra-BapHeTTa H Q-cPYHKII;HH, 3aBHCRT TOJihKO OT cyMMhI 

ct>as: P(ea, eb) = P(e+ = ea + eb)· B HTOre ycTaHOBJieHo, "'-ITO BHrHepOBCKOe pac

rrpe,n;eJieHHe p(Wl(e+) H pacrrpe,n;eJieHHe Tierra-BapHeTTa p(PB)(fl+) ZIBJIZIIOTCR 6JIH3-

KHMH 110 cl:>opMe H HMeIOT (N + 1) JierreCTKOB, TOr,n;a KaK p(Ql(e+) ropa3,D;O mHpe 

u HMeeT JIHIIIh o,n;HH JierrecTOK ,Il;JIR Bcex N. B cJiyqae q = 0 Bee TpH pacrrpe,n;eJie

HHZI HMeIOT o,n;rrnaKOByro cPOPMY O,I:i;ttOro JierreCTKa. TaKHM o6pa30M, KaK H B CJiyqae 

CMeru;eHIIbIX cPOKOBCKHX COCTOZIHHH, HMeeTC5I cyru;eCTBeHHOe pasmI'!He B ¢a30BOM 

HHcPOpMaII;HH, KOTOpyIO HecyT pacrrpe,IWJI€HH5I p(W)(e+) H p(Ql(e+)· 

B napa2parjje 3. 3.4 Ha rrpHMepe KBa,n;paTH'IHO-aMITJIHTY,IJ;HhIX c:rKaTbIX cocTORHHii: 

uccJie.n;oBaHbI ycJioBHR IIOJIO:>KHTeJII>HOH: orrpe.n;eJieHHOCTH cl:>asoBI>rx pacrrpe,n;eJiem1H:, 

IIOCTpOeHHbIX Ha cPYHKII;HH BHrHepa. ~JI.a 'leTHhIX KBa,n;paTH'lHO-aMIIJIHTY,D;HhIX 
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C)KaTbIX COCTO.HHIIit ycTaHOBJieHa o6JiaCTb H3M8H8HII.H rrapaMeTpOB, r,rr,e ¢a30BOe pac

rrpe,rr,eJieHHe BHrHepa CTaHOBHTC.H OTpm.i;aTeJibHbIM H Kor,rr,a HeJib3.H roBopHTb o Ta

KOM pacrrpe,n;eJieHHlI KaK 06 HCTHHHOM pacrrpe,rr,eJieHIIlI. CJie,II,OBaTeJibHO, ¢a30B08 

pacrrpe,rr,eJieHHe BHrHepa ,II,JI.H qeTHbIX KBa,rr,paTHqHo-aMIIJilITY,II,HbIX C)KaTbIX COCT0-

5IHFiit M0)!{8T 6b!Tb orrpe,rr,eJieHO TOJibKO B orpaHIIqeHHOit o6JiaCTFI FI3M8H8HH.H rrapa

M8TpOB COCTO.HHH.H, B TO BpeM.5! KaK ¢a30BOe pacrrpe,rr,eJieHne BHrHepa ,II,JI.H HeqeT

HbIX KBa,rr,paTHqHO-aMIImITY,II,HbIX CMaTbIX COCTO.HHIIH Bcer,rr,a IIOJIQ)KFIT8JibHO orrpe

,II,8JI8HO. 

Pasaej/, 3.4 IIOCB5IIII;8H orrepart;HOHaJibHOMY rro,rr,xo,rr,y K OIIFICaHHIO ¢a30BbIX 

CBOitCTB 8JI8KTpOMarHIITHOro IIOJI.H. 

B napa2paifje s.4.1 c¢opMyJnipOBaH aBTOpcrrn:it MeTO,II, IIOJiyqeHH.H ¢a30BbIX pac

rrpe,n;eJieHFIH B orrepart;IIOHaJibHOM rro,rr,xo,rr,e Ha OCHOBe HeOTpIIrt;aTeJibHbIX KBaHTOBbIX 

cPYHKIJ;FIH pacrrpe,rr,eJieHHH 

pK (q, p) = (27r)-1 ~ j/ ¢~(q - ~)ei~P?jJ(~)d~12' 

rrpe,rr,Ha3HaqeHHbIX ,IJ;JI.H BhrqncJieHFI.H cpe,II,HFIX 3Ha1IeHIIit cPFI3HqecKHX BeJIFiqHH B 

KOOp,II,FIHaTHO-FIMITYJibCHOM rrpe,n;cTaBJieHFIFI ,II,JI.H I<BaHTOBOit CFICT8MbI B COCTO.HHFIFI 

1/J c yqeTOM xapaKTepa H3MepeHFI.H, sa,n;aBaeMoro CMOTpOBbIMFI cPYHKIJ;FIHMFI <i>k· 

Orrpe,rr,eJieHne ¢asoBoro pacrrpe,n;eJieHHH ,II,JI.H pac'IeTa cpe,n;Hero sHa'IeHFI.H Jiro6o:it 

Ha6JIIO,II,aeMOH B mr,n;e cPYHKIJ;FIFI ¢a30BOH rrepeMeHHOH CTpOFIJIOCb Ha MapnrnaJib

HOM pacrrpe,II,eJieHFIH IIOCJie HHTerpnpoBaHFI.H pK ( q' p) no pa,n;naJibHOH rrepeMeHHOH 

r = J q2 + p 2 B ¢a30BOM rrpocTpaHCTBe 

pK (B) = fooo pK (r COS B, r sin B)rdr. (7) 

IToJiyqeHHOe pacrrpe,n;eJieHFie o6Jia,n;aeT BC8MFI CBOHCTBaMFI IICTHHHOro ¢a30BOrO pac

rrpe,rr,eJieHFI.H. I1pe,n;JIO)K8HHbIH ¢opMaJIH3M o6o6m;eH Ha CJiyqa:lii ,II,BYX MO,II, c orrpe

,II,8JI8HH8M cooTBeTCTByIOm;ero MaprnHaJibHoro o,n;tto¢asoBoro pacrrpe,n;eJieI-nrn pas

HOCTH ¢as. Ha rrpIIMepe pacrrpe,n;eJieHFI.H pasHOCTH ¢as ,II,BYX cJia6hrx KorepeHT

HhIX rroJie:H B 8KcrrepnMeHTe rpyrrrrhr Man,n;eJI.H rroKa3aHo, qTo rrpe,n;JimKeHHbIH Me

TO,II, orrpe,n;eJieHHbIM BhI6opoM CMOTpOBbIX cPYHKIJ;HH MO,II,8JIIIpyeT IIOB8,II,eHne ,IJ;BYX 
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ai b1 
a1 b1 BS 

a2 b2 a2 b2 
aa b3 BS 

aa b3 

P:rrc. 4: CxeMa rnecTHIIOJuocH:rrKa H ero peaJI:rr3aIJ;:rr.H B B:rr,n;e :rr,n;eaJibHhIX 50 50 

cBeTo,n;eJIHTeJiefi (BS) H ¢a3oBpaIIJ;aTeJiefi: r.p1 = arccos (1/3), a r.p2 = r.pif2. 

pa3JIH'-IHhIX pacrrpe,n;eJieHHti:, rroJiy<-IaeMhIX B orrepaIJ;HOHaJibHOM rro,n;xo,n;e MaH,n;eJI.H :rr 

B orrepaTopHOM rro,n;xo,n;e Tierra-BapHeTTa. 

B napaeparjje 3. 4. 2 rrpe,n;cTaBJieH MeTo,n; rroJiy'-IeHH.H tteoTpHIJ;aTeJihHhIX KBaHTO

Bhix cPYHKTI;HH pacrrpe,n;eJieHHH c HCIIOJib30BaHHeM rneCTHIIOJIIOCI-IOro roMO)J;HHHOrO 

,n;eTeKTopa. Ha pHc. 4 rroKa3aHa peaJIH3aIJ;H.H rnecT:rrrronIOcHoil: cxeMhI Ha ocHoBe 

:rr,n;eaJibHbIX CBeTo,n;eJI:rrTeJieil: H ¢a30BpaIIJ;aTeJieii:, Ha Tp:rr BXO)J;HbIX KaHaJia KOTOpo:ti: 

rro,n;aIOTC.H CHJibHOe IIOJie reTepo,n;n:Ha, cnrHaJibHOe H 30H,ll;HPYIOIIJ;ee IIOJI.H. TioJiy'-Ia

eMOe B TaKoii cxeMe pacrrpe,n;eJieH:rre rrpe,n;Jio:tKeHo HCIIOJih30BaTh )J;JI.H 6oJiee TO'-!Horo 

H3MepeHH.H ¢a30BOrO pacrrpe,n;eJieHH.H CHrI-IaJlbHOro IIOJI.H. TaI<a.H rrpoIJ;e,n;ypa OCHO

BaHa Ha ,ll;BYX9TaIIHOM ll3MepeHHH ¢a3bI rrp.H pa3JIW:IHbIX COCTO.HHH.HX 30H,11;HpyroIIJ;ero 

IIOJl.H - BaKyyMHOro :rr C2KaToro BaKyyMa, II03BOJI.HIOIIJ;a.H yMeHhIIIaTh ,n;:rrcrrepcn:IO 

¢a3bI ITO cpaBHeHHIO c MeTO)J;OM KOrepeHTHOH HHTep¢epoMeTp:rr:rr. Tipe:rrMyIIJ;eCTBO 

,D;BYX9TarrHoro H3MepeH.H.H rrpo,n;eMOHCTpHpoBaHo Ha rrpn:Mepe c~<aToro cocTO.HHH.H 

rron.H :rr rroKa3aHo, '-ITO ,n;n:crrepc:rr.H rronr-rneMoro ¢a3oBoro pacrrpe,n;eneHH.H o6paTHO 

rrporropIJ;HOHaJibHa cyMMe cpe,D;HHX 3Ha'-IeHMH lJ:HCeJI cPOTOHOB c:rrrHaJihHOro H 30H)J;H

PYIOIIJ;ero rroJie:ti:: !:lr.p ::::::: N-1. 

Pe3yJihTaThI TpeTheii rnaBhI orry6JIHKOBaHhI B pa6ornx [6, 7, 9, 10, 11, 16, 17, 18, 

20, 21, 24, 33]. 
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B qeTBepTOM r.JiaBe Ila OCHOBe rrpeo6pa30Ba1uu:r KBaHTOBbIX COCT05IHHH IIOJieH 

Ha BXO,n;e-BbIXO,JJ;e HeO,IJ;HOpO,LI;HhIX ,ll;HSJieKTpHqeCKHX qeThrpexrrOJIIOCHHKOB HCCJie,n;o-

BaHa 3BOJIIOIJ;H5I KBaHTOBOro OIITff'-IeCI<OrO KaHaJia B ,JJ;HSJieKTpI:IqeCKHX cpe,n;ax ,LI;JI5I 

HCIIOJih30BaHH5I B 3a,n;at.rax KBaHTOBOH TeJienopTaIJ;HH. 

B paaaeJ/,e 4.1 H3JIO:JI(eH rro,n;xo,n; K KBaHTOBOMY OIIHCaHHIO 3JI6KTpOMarHHTHOrO 

IIOJI5I B JIHH6HHOM ,JJ;H3JI6KTpHKe c a6cop6u;I:Ie:0:, OCHOBaHHhIH Ha rrpe,n;cTaBJieHHH orre

paTOpOB IIOJI5I qepe3 cpyHKI!HH fpHHa BOJIHOBOro ypaBHeHHR, H rrpHBe,n;eHbI orrepa-

TOpHhie COOTHOIIIeHH5I BXO,n;a-BbIXO,n;a ,IJ;HSJieKTpI:IqeCKOro t.IeTbipexrrOJIIOCHIIKa c rrpo

H3BOJihHOH 3aBIICIIMOCThIO Kos¢¢m.J;HeHTa rrpeJIOMJieHII5I. 

PaaaeJ/, 4.2 rrocmuu;eH rrpeo6pa30BaHII5IM KBaHTOBbIX COCT05IHHH B mrneMHhIX ,JJ;H

SJieKTpI:IqeCKHX qeTbrpexrroJIIoCHHKax H rrocTpoeHHIO yHHTapHoro orrepaTopa rrpeo6-

pa3oBaHHH:. 

B napaeparfie 4. 2.1 c<j)opMyJIHpoBaHhI rrpeo6pa3oBamrn: ,IJ;JIR MaTPHI!hI IIJIOTHOCTH 

cocTORHHH sJieKTpoMarHHTHhIX rroJie:H II rroJie:H qeTnrpexrroJIIOCHHKa. YcTaHOBJieHo, 

qTQ orrepaTop HaqaJibHOH: MaTpHI!bI IIJIOTHOCTH Qin = Qin [ & ( w)' & t ( w)] ' rrpe,n;CTaB

JieHHbIH: B BII,JJ;e cpyHKI!HOHaJia OT CIIHHOpHbIX orrepaTOpOB rra,n;aIOIIIHX IIOJieH a( W) H 

II OJI ell: qeTbipeXIIOJIIOCHHKa g ( w)' o6'he,JJ;IIHeHHbIX B 6HcmrnopHbIH: orrepaTop 

&(w) = ( a(w) ) 
g(w) 

CB5!3aH c orrepaTOpOM MaTpHI!hl IIJIOTHOCTH Qout npeo6pa30BaHHbIX IIOJieH: COOTHOIIIe-

HHeM 

(8) 

r,n;e MaTpHrra npeo6pa3oBaHmr A(w) RBJI.HeTCR SU(4) MaTpI:IrreH:, sJieMeHThI KOTopoit 

onpe,n;eJI.HIOTC5I O,JJ;H03HaqHO rrpo<j)I:IJieM IIOKa3aTeJI5I npeJIOMJieHH5I II reoMeTpI:It.IeC-

KHMH pa3MepaMH qeThipeXIIOJIIOCHHKa. 

B napaeparfie 4. 2. 2 Ha ocHoBe rpyrrnoBoro rro,n;xo,n;a K onHcaHHIO 3aKoHa npeo6pa-

30BaHH5I COCTOHHIIH: IIOJieH B peaJibHOM qeTbipexrrOJIIOCHIIKe IIOCTpOeHbI CX€MbI ero 

3aMerrremrn cHcTeMoH: H,n;eaJibHbIX qeTbrpexnoJIIOCHHKOB. CxeMa 3aMerrreHHR orrpe,n;e-
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JI5IeTC5I Bnr6opoM Brr,rr,a tj)aKToprr3aIJ,rrrr MaTpHIJ,hI rrpeo6pa3oBaHH5I A ( w) MaTprrIJ,aMrr 

rpyrrrrnr SU(2), OTBeqaIOlll,rrx MaTprrIJ,aM rrpeo6pa3oBaHH5I HeKrrx rr,n;eaJihHnrx qeThI

pexrroJIIOCHHKOB. ~JI5I HJIJIIOCTpaIJ,HH ,II,aH rrprrMep ¢aKTOprr3aIJ,HH MaTpHIJ,bI rrpeo6-

pa3oBaHH5I qeTnrpexrroJIIOCHHKa c a6cop6IJ,rreH: Ha6opoM H3 ,II,BeHa,n;IJ,aTrr rr,n;eaJihHhIX 

qeTnrpexrroJIIOCHHKOB c II5IThIO Brr,II,aMrr yH:rrTapHnrx MaTprrIJ, rrpeo6pa3oBaHrr5I. 

B napaiparjje 4. 2. 3 npeo6pa30BaHH5I COCT05IHHH II OJI ell B qeTbipexrrOJIIOCHHKe 

c¢opMyJirrpoBaHbI ,II,JI5I s-yrrop5I,II,OqeHHhIX cPYHKIJ,HH KBa3HB8p05ITHOCTH B ¢a30BOM 

npocTpaHCTBe. B qacTHOCTrr, rroKa3aHo, qTo Kor,n;a rra,n;aIOlll,He IIOJI5I rr IIOJI5I qe

TnrpexnoJIIOCHHKa He HaXO,II,5ITC5I B KBaHTOBOM rreperryTaHHOM COCT05II-IHH, cPYHKIJ,H5I 

KBa3Jipacrrpe,n;eJieHH5I JICXO,II,5Illl,JIX IIOJieH 5IBJI5I8TC5I CBepTKOM 

(P) , _ g (P) -1 1, (D) -1 / . { 
d2 I } 

Pout (a,s)- j idetTdetAl2Rn (T g,s)Rn (A (a-g),s) (9) 

rrna3Jipacrrpe,n;eJieHJIH rra,n;aIOIIJ,HX IIOJie:H JI IIOJieH qeThipexnOJIIOCHJIKa, apryMeHThI 

KOTOpbIX rrpeo6pa30BaHhI, COOTB8TCTB8HHO, o6paTHbIMJI MaTprr:o;aMJI rrpeo6pa30Ba

HJI5I T JI rrornor:a;eHJI5I A. 3aKOH rrpeo6pa3oBaHJI5I rrporrJIJIIOCTprrposaH Ha nprrMepe 

IIOJI5I B N-tj)OTOHHOM COCT05IHJIJI <l>oKa, rra,rr,aIOllJ,ero Ha O,II,HOpO,II,HYIO ,II,JI8JI8KTpHqec-

KYIO IIJiaCTHHY c KOMIIJI8KCHOM rrpOHJIIJ,aeMOCTbIO JIOpeHIJ,OBCKOro TJIIIa. 

B pasaeAe 4. 3 JICCJie,II,OBaHa ,rr,eKorepeHIJ,H5I rrnaHToBoro KaHaJra, o6pa3oBaHHoro 

,II,BYM5I KOppeJIJipyeMhIMH HMIIYJibCaMJI CBeTa, KOTOpbre pacrrpOCTpaH5IIOTC5I ITO JIJI

HJI5IM CB5I3JI c ,n;:rrccmraIJ,Jieti. OrrepaTopnI yttW·ITOfKeHH5I ,II,Byx HeMoHoxpoMaTJiqec-

KJIX JIMIIYJihCHbIX MO,II, orrpe,n;eJI5IJIJICb qepe3 KBaHTOBhie orrepaTOphI HerrpepnIBHbIX 

MO,II, 8JieKTpOMarHJITHOrO rromr a[77] = fo00 dw17*(w)a(w) JI d[ry] = fo00 dw W(w)d(w), 

r,n;e 77(w) JI ry(w) -- HOpMJipOBaHHhie cPYHKll,JIJI, OIIHCbIBaIOlll,Jie orH6aror:a;:ae HMIIYJih

COB. PaccMaTpJIBaa JIHHHJI CB5I3H KaK qeTnrpexrro.rrIOcHJIKH c 3a,n;aHHhIMH MaTprrrraMH 

rrpeo6pa30BaHJI5I, rroJiyqeHa CHMMeTpJI'1Ha5I xapaKTeprrCTH'1eCKa5I cPYHKI1JI5I COCT05I-

HH5I IIOJie:H Ha BhIXO,II,ax B rrpe,II,ITOJIQ)KeHHH, '-ITO HaqaJibHOe KBaHTOBOe rreperryTaHHOe 

COCT05IHJie JIMIIYJibCOB 3a,n;aBaJIOCh KaK ,II,BYXMO,II,OBbIH Cfl\:aThIH BaKyyM. 

B napaiparjje 4. 3.1 rrpoa1rnJIJI3HpOBaHnI s¢¢eKThI ,n;rrccrrrrarrJIH Ha KBaHTOBYIO 

TQqHQCTh (fidelity) rrepe,n;aqH HaqaJihHOro COCT05IHJI5I HMIIYJihCOB rrpJI HX pacrrpoCT-
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paHemu1 rro mIHH5IM CB5I3H. IToKa3arm, 11To TO"IHOCTb cyru;ecTBeHHhIM o6pa3oM 3aBII

CIIT OT crreKTpaJibHOrO rrepeKpbITIIH rrporne,IJ,IIIHX H rra,IJ,aIOru;nx HMITYJibCOB, KOTOpoe, 

B CBOIO O''-repe,IJ,h, orrpe,n;eJI5I€TC5I 11aCTOTHOH 3aBHCHMOCTbIO Koa¢qm:u;neHTOB rrpOXQ)K

,Il,8HH5I JIHHHH CB5I3H. Orm3aJIOCb, qTo KBaHTOBaH TOtIHOCTh 6bICTpo yMeHbrnaeTCH c 

yBeJin-creHneM Ha-craJibHOro CLI<:aTHH, T. e. Ha-craJibHOro KBaHTOBoro rrepenyTnIBaHH5I 

HMITYJibCOB. 9To ,Il,8MOHCTpIIpyeT KpaHHe HeycToilqHBOe HeKJiaccn-crecr<:ae ITOB8,Il,8HHe 

COCT05IHH5I CHJibHO KOppe.nnpoBaHHbIX HMITYJibCOB. 

B napa2parjje 4. 3. 2 IICCJI€,IJ,OBaHO II3MeHeHHe CTerreHH KBaHTOBOH KOppeJIHD;HH pac

npocTpaHHIOI.Il;HXCH IIMITYJibCOB, npe,IJ,CTaBJieHHOH 9HTporrnHHhIMII MepaMII. B Ka

-creCTBe Mep KOppeJI5ID;HH HMITYJibCOB IICIIOJib30BaJIIICb ITOKa3aT8Jib KOppeJI5ID;HH II KO

repeHTHaH (KBaHTOBaH) 1rn¢opMaD;H5I. ,I(JI5I CJiy-cra5I CB060,IJ,HOro pacrrpocTpaHeHH5I 

O,Il,HOro II3 IIMITYJibCOB Ba)KHbIM CJI8,Il,CTBII8M 5IBHJIOCb H€OTp11:u;aTeJibHOCTb cPYHKD;IIII 

KOrepeHTHOH IIH¢0pMan;HII BO BCeH o6JiaCTII II3MeHeHII5I 3Hat.reHIIH Ko::i¢¢11:u;IIeHTa 

npOXQ)K,Il,€HII5I BTOporo KaHaJia CB5I3II, "'-ITO 03Ha-craeT coxpaHeHIIe KBaHTOBbIX KOppe

JIHD;HH MeLI<,IJ,y IIMIIYJinCaMII, T. e. IIMIIYJihCbI ocTaIOTCH B KBaHTOBOM rreperryTaHHOM 

COCTOHHIIII rrpII JII06oit rrpospatIHOCTII JIIIHIIII CB5I3II. 9TOT BbIBO,Il, corJiacyeTCH c 

KpIITepIIeM cerrapa6eJibHOCTII ITepeca-fopo,IJ,e:u;Koro ,IJ,JI5I TaKOH rayccoBOH CHCT8MhI. 

0,IJ,HaKO YM8HbIII8HIIe IlOKa3aTeJIH KOppeJI5ID;IIH, KaK BepxHero npe,IJ,eJia ,IJ,JIH CTeneHII 

KBaHTOBOH rrepenyTaHHOCTII IIMIIYJihCOB, rrpII yMeHbrneHIIII Koa¢¢II:u;IIeHTa rrpoxo)K

,IJ,eHHH CBII,Il,8T8JibCTByeT 06 OCJia6JieHHII HatiaJibHOH rreperryTaHHOCTII. 

B napa2parjje 4. 3. 3 BhIIIOJIHeH aHaJIII3 KoppeJI5ID;IIOHHhIX Mep ,IJ,JI5I ,D,Byx KBa3IIMO

HoxpoMaTII-crecKIIX IIMrryJinCOB, II3Ha-craJibHO npIIrOTOBJieHHhIX B ,IJ,BYXMO,IJ,OBOM cLI<a

TOM COCTOHHIIII, O,IJ,IIH H3 KOTOpbIX pacrrpOCTpaH5I8TC5I B rryCTOTe, a BTOpoli - -cre

pe3 ,IJ,II9JI8KTpII-crecKyIO IIJiaCTIIHY c KOMITJI8KCHOH rrpOHII:u;aeMOCTbIO JIOpeHLI;OBCKOro 

TIIrra. IToKasaHo, "'-ITO KBaHTOBaH TOtIHOCTb II rroKa3aTeJib KoppeJIHD;IIII ,IJ,JI5I rrporne,IJ,

IIIIIX ITOJieH B o6JiaCTH pe30HaI-ICHOM -craCTOThI, r,IJ,e ,Il,IICCIIITa:u;II5I 5IBJI5I8TC5I HaII60Jib

rneit, IIM8IOT "'-I8TKO BbipaLI<eHHbie MIIHIIMYMbI, a B CJiyqae OTpaLI<eHHbIX IIOJieH 3TII 

MepbI B yKa3aHHOH o6JiaCTII -craCTOT ,Il,OCTIIraIOT CBOIIX MaKCHMaJibHbIX 3HaqeHIIH. 

Pasae.;i 4.4 IIOCB5IID;8H rrpo6JieMe rrepe,IJ,a"!II KBaHTOBbIX COCT05IHIIH 9JI8KTpOMar-
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HHTHOro rro.mr MeT0,11,0M rrnaHTOBOH TeJierropTaII,HH. I1ccJie,D;OBaHHe OTHOCHJIOCb K 

rrepe,n;aqe COCTO.HHHM, 3aBHC.Hru;Hx OT HerrpepbIBHblX HJIH cqeTHblX 6eCKOHeqHblX rre

peMeHHbIX. KBaHTOBhIH KaHaJI pacrrpe,n;eJI.HJIC.H Me:*,D;Y rrepe,n;aroru;eil: H rrpHHHMaIO

ru;e:H: CTaHII,H.HMH OT HCTOqHHKa ,D;BYXMO,ll;OBOro C:>KaToro BaKyyMa no ,ll;HCCHIIaTHBHbIM 

JIHHH.HM CB.H3IL ,Il;JI.H TeJierropTaII,HII O,ll;HOMO,ll;OBOro KBaHTOBOro COCTO.HHII.H HCIIOJib-

30BaJiaCb CTaH,n;apTHa.H cxeMa, B KOTOpoil: CHa'-raJia Ha rrepe,n;aroru;e:H: CTaHII,IIH BbIIIOJI

H.HeTCZI rOMO,ll;IIHHOe ,n;eTeKTHpOBaHHe ,n;aHHOrO COCT05IHH5I H COCT05IHH5I cPOTOHa OT 

HCToqHHKa C:tKaTHZI. I1oJiyqeHHOe IIOCJie TaKoro rOMO,ll;HHHpOBaHHZI COCTOZIHHe ,n;py

roro cPOTOHa OT HCTO'-IHHKa C)KaTIIZI Ha rrpHHHMaIOru;eM: CTaHII,HH KOppeKTHpyeTCZI 

KorepeHTHhIM cMeru;errHeM B 3aBHCHMOCTH OT pe3yJihTaTOB ,n;eTeKTHpoBaHH.H. Y,n;a

JIOCb ,ll;OKa3aTb, '-ITO pe3yJihTaT TeJierropTaII,HH COCTOZIHHZI, OIIHCbIBaeMoro cPYHKII,Heil: 

Bnrnepa VVin ( /), c rroMoru;hIO ,D;BYXMO,ll;OBoro KBaHTOBoro KaHaJia c cPYHKII,He:H: BHr

rrepa WE ( 001 , 002) rrocJie ycpe,n;HeHHZI no BCeM pesyJibTaTaM roMO,ll;HHHhIX H3MepeHHH 

rrpe,n;cTaBJIZieTCZI cPYHKII,Heli BHrnepa BH,n;a 

3,II,eCb t H r - K09cPcPHII,H€HTbI rrporryc1<:aHH5I H 0Tpa)K8HH5I CB€TO,II,8JIHT8JI5I B rOMO

,ll;HHHOM ,n;eTeKTOpe (t + r = 1), a 6.(µR, vr) COOTBeTCTByeT BeJIHqHHe KOrepeHTHOrO 

CMeru;eHHZI COCTO.HHH.H KaK cPYHKII,HH pe3yJihTaTOB ,n;eTeKTHpOBaHHZI µR H Vr. 3a KpH

TepHH KaqecTBa TeJierropTaII,HH rrpHHHMaJiaCb KBaHTOBaZI TQqHOCTb ycpe,n;HeHHOro 

rrepe,n;aHHOro COCTO.HHHZI, KOTOpa.H B CJiyqae qHCTbIX KBaHTOBbIX TeJierropTnpyeMblX 

COCTOZIHHH B TepMHHax cPYHKllHM Bnrnepa orrpe,n,eJIZI€TC5I HHTerpaJIOM rrepeKpbITH.H 

B napa2pacfie 4. 4 .1 n3yqaJIHCh ycJIOBHZI ,n;ocToBepHoil: KBaHTOBoil: TeJierropTaII,HH 

COCTOZIHHH rrpH HCIIOJib30BaHHH Ha rrepe,n;aroru;e:ti: CTaI-III,HH cxeMbl 6aJiaHCHOrO rOMO

,ll;HHHpOBaHHZI t, r = 1/2. I1oKa3aHo, '-ITO HaHJiyqnrne ycJIOBHZI ,IJ;JIZI TeJierropTaII,HH B 

9TOM CJiyqae o6ecrre'-IHBaIOTC5I KorepeHTHbIM C,ll;BHrOM 

6.(µR, v1) = v'2 >.(µR - iv1)exp{i<P}, 
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0 0 

Pnc. 5: KBaHTOBa.a TffqHOCTh TeJierropTau;nn (a) C)KaTOro r<orepeHTHoro cocTo.aHn.a 

((o = 0, 5, CYo ~ 0, 7, T. e. Ti~ 1) H (b) O,IJ;HOcPOTOHHOrO COCTOSIHH.a (N = 1). 

r,n;e MHO:>KHTeJih A = IT2/T1j, a ¢a3a rp = r.p + argT1 + argT2 orrpe,n;eJI.aeTc.a, co

OTBeTCTBeHHO, ¢a3aMII C:>KaTHSI H K09cPcPHIJ;H8HTOB rrpoxmI<,n;enna JIHHHM CBH3H T1 

II T 2. 06cy)l<,n;aeMhIM MeTo,n; TeJierropTau;nn rrpoHJIJIIOCTpnpoBaH rrpnMepaMn rrepe-

,n;a'-m THIIH"':IHhIX COCTO.HHHM KBaHTOBOH Teopnn, TaKHX KaK C)!{aThIX (KorepeHTHhIX) 

COCTOHHHH H COCTOHHHM <Por<a. ,11,JIH HHX nafi,n;eHhI cPYHKIJ;HH Bnrnepa rrepe,n;aHHbIX 

COCTOSIHHH Ii I<BaHTOBa.a TOqHQCTb TeJierropTaIJ;HH. 

Ha pnc. 5 H306pa)!{eHbI KBaHTOBhie TQqHQCTH TeJierropTaIJ;HH C)KaToro COCTOHHHH 

H COCTOZIHHH <PoKa KaK cPYHKIJ;HH rrapaMeTpa C)!{aTHZI 1(1 Hat.i:aJibHOrO COCTO.HHHZI 

KBaHTOBoro KairnJia H Kos¢¢nri;neHTa rrpoxmr<,n;eHHH IT2 I rrpn jT1 I = 1. PncyHKH 

,n;eMOHCTpHpyIOT cJie,n;yrorri;ne ¢aKThI. IIpn HaJint.i:HH rroTepb B cBeTOBo,n;ax TOt.i:HOCTh 

TeJierropTaIJ;HH cyrri;ecTB8HHO M8HhllI8 e,n;HHHIJ;hI ,n;a)K8 rrpn ,LI;OCTaTOLJ:HO 6oJihIIIOM rrep-

BOHat.i:aJihHOM C:>KaTHH COCTOHHirn cPOTOHOB KBaHTOBoro KaHaJia. ToJihKO KOr,n;a rro

TepII He BeJIHKH ( IT2 I '.::::'. 1), KBaHTOBaH TOLJ:HOCTh 3Hat.i:rrTeJihHO rrpeBhrIIIaeT KJiac

crrqecKrrfi rrpe,n;eJI Te.JierropTaIJ;HH ( ( = 0). 9TO o6ycJIOBJI8HO cyrri;eCTB8HHblM OCJia6-

JieHHeM CTerreHH KBaHTOBOro rreperryThIBaHHH ,IJ;BYXMO,IJ;OBOro C:>KaToro Bar<yyMa rrprr 

yt.i:eTe rrpou;ecca ,n;eKorepenu;Mrr. CJie,n;oBaTeJihHO, rroTepn rrpn rrepe,n;a'-re KBaHTOBoro 

KaHaJia CHJibHO orpaHIILJ:HBaIOT rrpe,n;eJihI Ha,n;e)!{HOH TeJierropTaIJ;HH, qTO ,n;e.JiaeT Te-
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JICIIOpTaII,HIO cpaKTH'ICCKH 3aBHCHMOM OT rrepeAaBaeMoro COCT05IHH5.I. 

B napa2parfie 4.4.2 HCCJICAOBaHa rrpo6JieMa KBaHTOBOH TeJierropTaII,IUI COCTORHHM 

B cJiy-qae HCIIOJih30Bamrn He6aJiaHcHoro roMOAHHHoro AeTeKTopa. AHaJirr3 AaH AJI5.I 

o6o6rr:r,eHHOH cxeMhI TeJierropTaII,HH c HeCHMMeTpH"<IHhIM KBaHTOBhIM KaHaJIOM rrprrMe

HHTeJihHO K KOrepeHTHhIM COCT05IHH5IM. I1oKa3aHO, "<ITO TaKOH MeTOA o6ecrre"<IHBaeT 

KOppeJIRII,HOHHYIO TO"<IHOCTh (entanglement fidelity) rrepeAaqrr 3a C"LJ:eT BhI6opa K0-

9cpcprrr:r,rreHTOB rrporrycKaHH5I H OTpa:tKeHH5I CBeTOAeJIHTeJIR, a BMeCTe c 9THM H Kore

peHTHOro CABHra, B COOTBeTCTBHH c COCT05IHHeM KBaHTOBOro KaHaJia. ,Il;JIR peaJIH3a

II,HH TaKOH TeJierropTaII,HH Heo6XOAHMO, 'IT06hI rrepeAaIOIII,a5I CTaHII,H5I 6bIJia CB5.I3aHa 

c HCTO"<IHHKOM ABYXMOAOBoro c:tKaTHR c rroMOIII,hIO MeHee rnyMRrr:r,ero CBeTOBOAa. 

Pe3yJihTaThI "LJ:eTBepToli rnaBbI orry6JIHKOBaHhI B pa6oTax [25, 26, 27, 28, 29, 30, 

31]. 

PasiJe.11:bl 1.6) 2.3) 3.5 H 4.5 COAep:tKaT OCHOBHbie BhIBOAhl K Ka:tKAOM H3 rJiaB. 

B 3aKJIIU'IeHHH rrpeACTaBJICHhI HayqHhre rroJio:tKeHHR AHCcepTar:r,rrrr, BhIHOCH

Mbie Ha 3arr:r,nTy. 

CTIMCOK TIYBJIMKAIJ;MM 

[1] P. r. Ha3MHTAHHOB, A. B. qll:tKOB. KBaHTOBhie cpJiyKTyar:r,nH B ABYXMOAOBOH 

603e-cHcTeMe. ,Il;AH CCCP, T. 315, N2 4, cTp. 853-857 (1990). 

[2] A. V. Chizhov, R. G. Nazmitdinov. Time evolution of variances of quadra

ture operators in a two-mode boson system. Int. Journal of Mod. Phys. B 4, 

pp. 2335-2343 (1990). 

[3] P. r. Ha3MHTAHHOB, A. B. qH:tKOB. ,Il;e:MCTBHe C:EKaToro CBeTa Ha B036YIKACHH5.I 

B KpHCTaJIJie. I1HCbMa B )K8T<P, T. 52, BhIII. 7, CTp. 993-996 (1990). 

[4] B. XMeJihOBCKH, A. B. qH:EKOB. KoppeJIRII,HOHHhie CBOMCTBa 6o3e-cncTeM rroJIR

pHTOHHoro Tnrra. TM<P, T. 86, N2 2, cTp. 285-293 (1991). 

26 



[5] A. V. Chizhov, R. G. Nazmitdinov, A. S. Shumovsky. Quantum fluctuation and 

statistical properties of a two-mode boson system. Quantum Opt. 3, pp. 1-6 

(1991). 

[6] R. Tanas, B. K. Murzakhmetov, Ts. Gantsog, A. V. Chizhov. Phase properties 

of displaced number states. Quantum Opt. 4, pp. 1-7 (1992). 

[7] A. V. Chizhov, Ts. Gantsog, B. K. Murzakhmetov. Phase distributions of 

squeezed number states and squeezed thermal states. Quantum Opt. 5, pp. 85-

93 (1993). 

[8] A. V. Chizhov, B. B. Govorkov, Jr., A. S. Shumovsky. Statistical properties 

of phonons in polariton-like system at equilibrium. Mod. Phys. Lett. B 7, 

pp. 1233-1238 (1993). 

[9] A. V. Chizhov, B. K. Murzakhmetov. Photon statistics and phase properties of 

the two-mode squeezed number states. Phys. Lett. A 176, pp. 33-40 (1993). 

[10] B. K. MypsaxMeToB, A. B. LJ:rnKOB. C)KaThie <PoKoBCKfie cocT05IHII5I II ,n;eTeKTII

poBaHIIe rpaBIITaIJ;IIOHHhIX BOJIH. OrrTIIKa II crreKTpocKOIIII5I, T. 75, Bhm. 5, cTp. 

1035-1039 (1993). 

[11] A. V. Chizhov, B. K. Murzakhmetov. Properties of two-mode squeezed number 

states. Proceedings of the Third International Workshop on Squeezed States 

and Uncertainty Relations (Baltimore, Maryland, USA, August 10-13, 1993), 

NASA Conference Publication 3270, pp. 3-13 (1994). 

[12] A. V. Chizhov, J. W. Haus, K. C. Yeong. Higher order squeezing in a boson 

coupled two-mode system. Phys. Rev. A 52, pp. 1698-1703 (1995). 

[13] K. C. Yeong, J. W. Haus, A. V. Chizhov. Quantum-field coherence in a Raman 

amplifier. Phys. Rev. A 53, pp. 3606-3613 (1996). 

27 



[14] Fam Le Kien, A. V. Chizhov. Loss of spatial coherence in atomic deflection from 

an off-resonant quantized standing-wave field. Phys. Rev. A 53, pp. 3675-3678 

(1996). 

[15] A. V. Chizhov, G. Schrade, M. S. Zubairy. Q-representation of the field in a 

cavity with a moving mirror. Proceedings of the International Conference "Path 

Integrals" (Dubna, Russia, May 27-31, 1996), pp. 284-288 (1996). 

[16] B. K. Myp3axMeTOB, A. B. qIDKOB. ITpo6JieMa cpa3hI SJieKTpoMarttI:ITHOro rroJIH 

B KBaHTOBOH OIITIIKe. 9qA5I, T. 27, BbIII. 3, CTp. 747-796 (1996). 

[17] B. K. Myp3axMeTOB, A. B. qIDKOB. <Da30Bhre CBOHCTBa KBa,n;parn:-quo

aMrrmITy,D;HhIX C)KaThIX cocT05IHHil. TM<D, T. 107, NQ 2, cTp. 320-328 (1996). 

[18] M. G. A. Paris, A. V. Chizhov, 0. Steuernagel. Phase space distributions by 

three-port coupler. Optics Communications 134, pp. 117-120 (1996). 

[19] A. V. Chizhov, J. W. Haus, K. C. Yeong. Higher-order squeezing in a boson

coupled three-mode system. J. Opt. Soc. Am. B 14(7), pp. 1541-1549 (1997). 

[20] !_\. rami:or, B. K. Myp3axMeTOB, P. Tauach, A. B. ql:I:tKOB. <Da30Bbie pacrrpe,n;e

JieHHH ,IJ;JIH CMem;eHHOro cpOKOBCKOro l:I CMem;euuoro xaOTI:I'!eCKOrO COCT05IHHH. 

Orrnm:a I:I crreKTpOCKOIIHH, T. 82, NQ 2, CTp. 278-281 (1997). 

[21] A. V. Chizhov, B. K. Murzakhrnetov. Phase distributions and quasidistributions 

of amplitude-squared squeezed states. Proceedings of a NATO Advanced Study 

Institute on Electron Theory and Quantum Electrodynamics: 100 Years Later 

(Edirne, Turkey, September 5-16, 1994), NATO ASI Series B Vol. 358, pp. 

141-148 (1997). 

[22] A. V. Chizhov, G. Schrade, M. S. Zubairy. Quantum statistics of vacuum in a 

cavity with a moving mirror. Phys. Lett. A 230, pp. 269-275 (1997). 

28 



[23] A.V. Chizhov, G. Schrade, M.S. Zubairy. Dynamics of the field in a cavity 

with movable boundaries. Proceedings of the Fifth International Conference 

on Squeezed and Uncertainty Relations (Balatonfured, Hungary, May 27-31, 

1997), NASA/CP-1998-206855, pp. 485-490 (1998). 

[24] A. V. Chizhov, V. De Renzi, M. G. A. Paris. A two-step optimized measurement 

for the phase shift. Phys. Lett. A 237, pp. 201-205 (1998). 

[25] L. Knoll, S. Scheel, E. Schmidt, D.-G. Welsch, A. V. Chizhov. Quantum state 

transformation by dispersive and absorbing four-port device. Phys. Rev. A 59, 

pp. 4716-4726 (1999). 

[26] A. V. Chizhov, E. Schmidt, L. Knoll, D.-G. Welsch. Propagation of entangled 

light pulses through dispersive and absorbing channels. J. Opt. B: Quantum 

Semiclass. Opt. 3, pp. 77-83 (2001). 

[27] A. V. Chizhov, E. Schmidt, L. Knoll, D.-G. Welsch. Two-pulse correlations in 

noisy quantum channels. OrrTrrKa H crreKTpocKorrm1, T. 91, NQ 3, pp. 437-441 

(2001). 

[28] A. V. Chizhov, L. Knoll, D.-G. Welsch. Propagation of entangled pulses: cor

relation measures. Czechoslovak Journal of Physics 51, NQ 12, pp. 1279-1284 

(2001). 

[29] A. V. Chizhov, L. Knoll, D.-G. Welsch. Continuous-variable quantum telepor

tation through lossy channels. Phys. Rev. A 65, p. 022310 [9 pages] (2002). 

[30] A. V. Chizhov. Entanglement fidelity of coherent-state teleportation with asym

metric quantum channel. Ih1cbMa B )I{8T<l>, T. 80, BbIII. 11, CTp. 839-842 

(2004). 

[31] A. B. '-ImKOB. Koppe.mi:~rrOHHa.a TO'IHOCTh TeJierropTa~rrrr no cMeIIIaHHOMY 

1rnaHTOBOMY r<aHaJiy. l13BeCTH.H PAH. Ceprrn cPH3H'IeCKa.a, T. 70, NQ 3, pp. 403-

406 (2006). 

29 



[32] A. V. Chizhov. Entanglement in a Two-Boson Coupled System. TIIIChMa B 

:>K8T<I>, T. 85, N2 1, 102-105 (2007). 

[33] A. V. Chizhov, A. A. Gusev, L. A. Sevastianov, S. I. Vinitsky. Phase repre

sentation of quantum-optical system via the nonnegative quantum distribution 

function. TIHChMa B 9qA.5I, T. 4, N2 2(138), CTp. 330-335 (2007). 

[34] A. V. Chizhov, R. G. Nazmitdinov. Entanglement control in coupled two-mode 

boson systems. Phys. Rev. A 78, p. 064302 [4 pages] (2008). 

iloJiy<leHO 27 OKTl!6pll 2009 r. 



0TIIe"laTaHO MeTO,[\OM npHMOro penpO,L\YllHPOBamrn 

c opHrHHarra, npe,L\OCTaBJieHHOro aBTOpOM. 

Ilo.urmcaHo B rre'laTb 28. I 0.2009. 
<llopMaT 60 x 90116. EyMara ocpcernasi. Ile'!aTb ocpceTHasi. 

Yen. rre'I. n. 2,06. Y'l.-H3.U. JI. 1,81. THpalK 100 3K3. 3aKa.3 N2 56749. 

I-fa.uaTeJibCKHH or.uen 06oe.UHHeHHOro HHCTHTyTa .11.uepHblX HCCJie.D,OBaHHH 
141980, r. ,[J,y6Ha, MocKoBcKasi o6n., yn. )KonHo-K10pa, 6. 

E-mail: publish@jinr.ru 
www.jinr.ru/publish/ 



 
 
    
   HistoryItem_V1
   PageSizes
        
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
     Size: 5.709 x 8.465 inches / 145.0 x 215.0 mm
      

        
     AllSame
     1
            
       D:20230301152925
       609.4488
       Preprint_145x215
       Blank
       411.0236
          

     Tall
     1
     0
     1
     1161
     321
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     Uniform
            
                
         3
         AllDoc
         23
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     32
     33
     32
     33
      

   1
  

 HistoryList_V1
 qi2base





