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XAPAKTEPMCTMKAPABOThl 

AKTYaJihHOCTh TeMbl 

Op;Hoii II3 Ba)KHeiiurnx 3ap;a'I conpeMeHHOH q>H3IIKH BhlCOKIIX rrneprIIH 

.lIBJI.lieTC.lI nocTpOeHHe 3aMKHJTOH TeopIIII CIIllhHOB3aHMop;eHCTBJIOI.QlIX 'Ia

CTIID; - ap;poHoB. B HacT011r.u;ee npeM.lI o6rn;errpHnHaHHo, 'ITO KBaHTO

BM XpoMop;nHaMHKa (KX.U) - Hea6errena KarrII6poBO'IHM TeoplI.lI nna

IIMop;eHcTnyror.u;Hx r:i;BeTHbIX KBapKOB lI I'JIIOOHOB - .lIBJij[eTCJI peaJibHOH 

TeopIIeii: onllcbIBaror.u;eii aTy o6rraCTh. CBOHCTBO acHMnTOTH'IeCKOH CB0-

6op;hr - rrorapH<pMII'IeCKOe yMeHbIIIeHHe acpcpeKTlIBHOH KOHCTaHThl CBJI31I 

Ha MallhlX paCCTO.lIHIIJIX - no3BOJIIIJIO npHMeHHTh arrrrapaT TeopIIH B03My

r.u;eHIIH npH orrncaHIIH npor:i;eccoB c 6orrhrnoii nepep;a'Ieii HMnyrrhca Q2 -

)KeCTKHX npor:i;eccon. Op;HaKo, mo6oii )KeCTKHH npor:i;ecc 3aBHCHT KaK OT 

60JibllIIIX, TaK H OT MallhlX paCCTO.lIHIIH, 'ITO npO.lIBJij[eTC.lI npH HaHBHOM 

HCnOllh30BaHHII nepTyp6aTHBHOH TeopIIH B BIIp;e 60JihllIHX rrorapHq)MOB 

~ ( a 8 In Q2 / M;t, rp;e M; - Macca ap;poHa, 'ITO CBHp;eTeJihCTByeT o He

npanoMepHOCTH np.lIMOI'O npHMeHeHH.lI TaKOI'O nop;xop;a. TeopeTII'IeCKyro 

OCHOBY )l;ll.lI KoppeKTHOI'O aHaJIII3a TaKHX npor:i;eccoB COCTaBiIJIIOT cpaKTOpII-

3aD;HOHHhle TeopeMhl, no3BOJij[lOI.QIIe panp;elIHTh acpcpeKThl, o6ycrronrreHHhle 

)l;HHaMHKOH 60JibllIHX II MallhlX paCCTO.lIHIIH, B OTp;ellhHhle MHO)KIITeJIH rrpH 

pac"!eTe Ce'IeHIIH II aMnlIIITyp;. BKrrap;hl COOTBeTCTBJIOil.l;He MaJihlM IIMnyrrh

CHbIM HHBapnaHTaM He Bhl'IHClIIIMhl no TeopHH B03Myrn;eHIIH, OHH aKKyMy

lIHpyroT HenepTyp6aTiIBHyro HHq>OpMaD;IIIO O npor:i;ecce. B pa3HhlX ClIJ'Ia.lIX 

HM COOTBeTCTBJIOT MaTpII'IHhle 3JieMeHThl OT HeJIOKaJibHhlX orrepaTopoB 

KBapKOBhlX H rrrrooHHhlX norreH no ap;poHHhlM cocTO.lIHH.lIM ( CTPYKTYPHhle 

cpyHKD;HH), no ap;poHy H na.KyyMy (norrHOBhle <PYHKD;HH), a TaK)Ke HeKoTo

phle KoppeJij[IJ;lIOHHhie q>yHKD;HII cpyHp;aMeHTaJihHhlX rrorreH (MIOJIJiepoBCKHe 

"pa3pe3aHHhle" nepIIIHHhl), COOTBeTCTBYIOI.I.Uie <PYHKD;H.lIM cpparMeHTa.D;lIH. 

B OTCJTCTBHH noJIHOI'O nOHlIMaHH.lI p;o CIIX nop HeJICHOI'O MeXaHH3Ma 

KOH(paHHMeHTa, a 3Ha'IHT H noJIHOH TeopHH CHllhHOH CBJI3II, no3B0Jlj[l()

r.u;eii npoBO)l;HTh pac'IeThl n IIH<ppaKpacHOli o6rraCTH, oco6yro pOllh IIrparoT 

nop;xop;hl, KOTOpbre nocrrep;onaTellbHO J'IlIThlBaIOT HenepTyp6aTHBHhle acp

cpeKThl. B HacT011rn;ee npeM.lI KX,U npanHrra cyMM .lIBJij[IOTCJI, rro-BHp;IIMoMy, 

caMbIM MOil.l;HhlM MeTO)l;OM no lI3BJie"9:eHIIIO HlI3K03HepreTII'IeCKHX xapaKTe

pHCTlIK ap;pOHOB, II HaH6orree 6JIH3KIIM K CTaHp;apTHOli TeopHH B03Myrn;e-
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HIIH. HoBhlll IIHrpep;IIeHT aToro 11op;xop;a - aTo Ha6op HeIIepTyp6aTIIBHhlX 

BaKyyMHhlX KOHp;eHcaToB, 11apaMeTpm3yIOI.QHX crrm1rnyro CTPYKTYPY xpo

MO)];IIHaMII'IecKoro BaKyyMa. IIcrrollb3J.lI MIIHIIMallbHOe 'IIIClIO 0TIIX 11apa

MeTpoB, 6hllIII ycrreurno Bhl'IIIClleHhI MHOrIIe CTaTII'IeCKIIe II )];IIHaMII'IeCKIIe 

xapaKTepIICTIIKII ap;poHOB. 

. TeMOll HaCTO.lII.Qen )];IICcepTan;lIII .lIBll.lieTC.lI 06061.QeHIIe II rrp1IlI02KeH1Ie 

·MeTop;a KX,IJ; rrpaBIIll cyMM K BhI'IIIcrreHIIIO HerrepTyp6aTIIBHhlX xapaKTe

plICTIIK IIHKITI03IIBHhlX. rrpon;eccoB - q>YHKIJ;IIH pacnpep;erreHIIJI ._ ( II IIX MO

MeHTOB) rrapTOHOB B a~poHax II q>OTOHe )];ll.lI IIOll.lipII30BaHHOro II Herro

rriipII3(>BaHHOro rrry6oKoHeyrrpyroro pacce.lIHIIJI. 

OcHOBHble oap;a"IH p;nccepTan;nn 

1. Bhl'IIICITIITh BelIII'IIIHY CIIHrrreTHOll aKCIIallbHOll KOHCTaHThI, BXO)];JI~en 

B nepB:&m MOMeHT rroll.lipII30BaHHOH cTpyKTypHon q>yHKn;lIII · rrpoToHa gf, 

Y'IIIThlBa.lI "aHoMall:&Hyro" rrpIIpop;y 0TOll xapaKTepIICTIIKII, IIpII IIOMOlIJ,lI 

IIOCTp.oeHIIJI rrpaBIIll cyMM, OCHOBaHHhIX Ha MO)];IIq>IID;IIpoBaHHOM orrepaTop

HOM pa3lI02KeHIIII )];ll.lI COOTBeTCTBYIOI.Q~ro KOppell.lITopa. 

2. IIocTpOIITh rrpaB~rra cyMM )];ll.lI MaTplI'IHhl~ arreMeHTOB rroxarr:&HhIX 

rITIOOHHhlX orrepaTOpOB C RCIIOJib30BaHIIeM lIHTepIIOll.lIIJ;IIOHHOrO HYKlIOH

HOro' TOKOM C .lIBHhlM BBep;eHIIeM rrrIOOHHhlX CTeIIeHell CB060)];hI. 

3. :gocTpOIITb orrepaTopHoe panrro::tKeHIIe )];ll.lI ·'IeT:&IpexTo'Ie'IH~n q>yH

KIJ;IIII lpIIHa _ arreKTpoMarHIIT~hlX TOKOB_ B rrry6oKOHeynpyron KIIHeMaTIIKe 

µ;ll.lI rrorr.lipII30BaHHOH CTPYKTypHoii q>yHKIJ;HII q>oTOHa 9i: IIcrrorr:&ny.lI · aHa

lIIITII'IHOCTh ITO BIIpTyarr:&HOCTII q>OTOHa-MHIIIeHII 0KCTparrorrIIpoBaTb pe-

3YllbTaT K crry-qaro peallbHOro q>OTOHa. 

4. Pa3BIITb MeTO)]; IIOCTpoeHIIJI MO)];IIq>Hii;IIpOBaHHOro orrepaTOpHoro 

pa3rro2Kemur )];ll.lI aq>q>eKTHBHOH TpexTo'Ie'!Hon · Koppell.lIIJ;IIOHHon q>yHKn;lIII 

C HerroKarr:&HhIM onepa-i·opoM·B t-KaHallh'HOH.BepIIIIIHe, c'y-qeTOM"HerroKallb-. ~ ' 

HhIX BaKyyMHhlX KOH)];eHCaTOB,. B c11y-qae· HyrreBo.ro. nepep;aHHOr?· IIMIIYllhCa 

B cocTaBHon Bepm1rne. 

5. IIcrrorr:&3J.lI pa3BIITyro TeXHIIKY rrocTpOIITh npaBIIrra cyMM µ;rr.lI pac

rrpep;e.![eHIIJI BarreHTHhlX KBapKOB B 7r-Me3oHe II cpaBHIITh pe3yrr:&TaT C 0KC

rrep1IMeHTallhHbIMII p;aI1HhlMII. 
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Hay"IHbie peoyJibTaTbI H H0BH3Ha 

,Il;1IccepTan;IIJI rrocB.lII.QeHa pa3BIITIIIO MeTop;a KX,IJ; rrpan1Irr cyMM )];ll.lI 

aHalIII3a IIHKll~3lIBHhlX rrpon;eccoB B paMKax KX,r:t;, a IIMeHHO Bhl'IIIClleHIIIO. 

rroll.lipII30BaHHhlX II Herroll.lipII30BaHHhlX CTpyKTypHhlX q>yHKIJ;IIll ap;poHOB 

II q>oToHa. IIorry-qeH:&I crrep;yro~1Ie pe3yrr:&TaThl: 

1. II pep;rro::tKeH MeTop; Bhl'IIICrreHlI.lI 'CIIHrrreTHon aKc1Iarr:&HOll KOHCTaHThl 

IIpOTOHa G1), OIIIIpaIOlIJ,HllC.lI Ha IICIIOllb30BaHIIII KIIpallbHOll aHOMalIIIII B 

)];IIBepreHn;HlI CIIHrrreTHOro aKCIIall_hHOro TOKa, KOTOphlll II03BOll.lieT CBeC~II 

Bhl'IIIClleHIIe K on;eHKe MaTpII'IHoro arreMeHTa rrceB)];OCKall.lipHoro rrrIOOH

Horo orrepaTopa no rrpOTOHHOMY COCTO.lIHIIIO. 

2. IIocTpoeHhl rrpaBIIlla cyMM OCHOBaHHhle Ha MO)];IIq>IIn;HpOBaHHOM orre

paTOpHOM pa3lIO)Ke:s:IIII )];IT.lI COOTBeTCTBYIOI.Qell ,aMIIlIIITY)];hl, C IICIIOllb30-

BaHIIeM HYKlIOHHOro TOKa B KOTOphlll .lIBHO BBep;eHhl rrrIOOHHhle CTerreHII 

CB06op;hl, 'ITO COOTBeTCTByeT BhlCIIIell q>OKOBCKOll KOMIIOHeHTe B BOlIHO

BOll q>yHKIJ;lIII rrpoToHa. IIorry"<IeHHall on;eHKa Ha G1) xopoIIIo corrracyeTc.lI 

C IIMeIOlIJ,IIMIIC.lI 0KCIIep1IMeHTallbHhlMII p;aHHhlMII. 

3. IIpep;rro::tKeH rrpocTon pen;errT on;eHKII 61IrroKarr:&HhlX BKrrap;oB cooT

BeTCTBYIOI.QllX rrorapliq>MII'IeCKIIM HeaHaITIITH'IHOCT.lIM (B OTCJTCTBIIII KOH

TaKTHhlX -qrreHOB) OCHOBaHHhlll Ha lIOKallhHOll p;yarr:&HOCTII. 

4. IIocTpoeHo orrepaTopHoe pa3rro2KeH1Ie )];ll.lI 'IeThlpexTo'Ie"<IHOll Koppe

ll.lIIJ;IIOHHon q>yHKIJ;IIII arreKTpOMarHIITHhlX TOKOB B rrry6oKOHeyrrpyron K1IHe

Ma T1IKe, )];ll.lI TeH30pHon cTpyKTYPhl cooTBeTCTBYIOI.Qen noll.lipII30BaHHon 

CTPYKTYPHOll q>yHKIJ;lIII 9i. 
5. C IICIIOllh30BaHIIeM )];IICIIepclIOHHhlX COOTHOilleHIIll II MO)];elIII )];ll.lI 

CIIeKTpallbHhIX IllIOTHOCTell Hallp;eHa 9i C IIpaBIIllhHhlM IIOBep;eHIIeM 110 BIIp

TYallbHOCTII q>OTOHa-MIIIIIeHII, "<ITO p;orrycKaeT 0KCTpaIIOll.lIIJ;IIIO K crry-qaro 

pearr:&Hor,o:q>oToHa. 
.: .... ~. -~ -·· 

6. Ilpep;h:oieH arr:&TepHaTIIBHhlll 11op;xop; K Bhl'IlICITeHIIIO ap;pmiHoii KOM

rroHeHThI q>oTOHHhlX CTPYKTYPHhlX q>yHKIJ;llll, ocHoBaHHhlll Ha aHarrmie 60-

perreBCKIIX npaBIIll cyMM )];ll.lI TpeXTO"<Ie'IHhlX Koppell.lITOpOB. 
•· 

7. Pa3BIIT MeTO)]; IIOCTj>oeHIIJI orrepaTOpHoro pa3lI02KeHIDI )];ll.lI TpexTo-' 

-qe-qHon Koppell.lIIJ;IIOHHOH q>yHKn;HII npII HyrreBOM nepep;aHHoM IIMnyrr:&ce c 

HerroKarr:&HhlM onepaTopoM B "M.HrKon" BepIIIIIHe. 
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8. IlocTpoeHO o6o6rn;eHHOe TO.tKl];CCTBO Yopµ;a µ;JUI COOTBCTCTBy10mero 

KOppeJUITopa, 1103BOJUIIOI.I.J;ee 'laCTII'IHO Y'lIITbIBaTb BKJiaµ;hl KOHTaKTHhlX 

'llICHOB II BCJIII'IIIHJ HCJ'ITCHHhlX CTCIICHHhlX IIOIIpaBOK. 

. 9. .Ilpep;JIO.tKCH MCTOI]; Bhl'IIICJICHIIJI l];BJXIICTJieBhlX p;IIarpaMM Bep_Il.lIIH

HOro TIIIIa, B03HIIKaIOI.I.J;IIX npII aHaJIII3e TpCXTO'lC:'IHblX KOppemIIJ;IIOHHbIX 

<pJHKIJ;IIll. 

10. Ilorry'leHbl 6operreBCKIIe _npaBIIJia cyMM ;IJ;lI.lI IIJIOTHOCTII KBapKOB B 

IIIIOHe C Y'ICTOM HClIOKaJII,HhlX KOHl];CHCaTOB. Haiiµ;eHHa.lI X-3aBIICIIMOCTI,. 

xoporno corrracyeTC.lI C 0KcnepIIMCHTOM B IIIIIpOKOll o6rraCTII 61,epKeHOBCK~ll 

nepeMCHHOII. 

IlpaKTH'IeCKcUI qeHH0CTb µ;HccepTaqHH 

IlocTpoeHIIe npaBIIlI CJMM µ;JUI IICCB)l;OCKalI.lipHoro rJIIOOHHOro <popM<paK

TOpa npII HyrreBOM nepe;a;aHHOM IIM11yrr1,ce C HOBbIM HJKJIOHHbIM TOKOM 

MO.tKeT fihlTI, o6o6rn;eHO l];lI.lI Bbl'IIICJICHIIJI MaTpII'lHbIX 0JICMCHTOB KBapK

rJIIOOHHhlX onepaTopoB TBIICTa-4, BXO)l;.lII.I.J;IIX CTCIICHHOll nonpaBKOll B npa

BHJIO cyMM rpocca-JirreBerrrrIIH CMIITa (F3) II nepBbIH MoMeHT F1• I1cnorr1,-

30BaHIIe He3aBIICIIMoro paCCMOTpeHIDI IIMIIJJII,CHbIX IIHBapIIaHTOB, Il03BO-
-!.( 

JUieT rrerKO crrep;IITI, 3a HeaHaJIIITII'lHOCT.lIMII 110 nepe;a;aHHOMY IIMIIYJil>CY II 

COOTB°CTCTBJIOI.I.J;IIM o6pa30M MO)l;II(pIIIJ;IIpOBaTI, onepaTOpHoe pa3JI021~HIIe. 

I1c11orr1,30BaHIIe )l;BOHHoro npeo6pa3oBaHII.lI BopeJUI yrry-qrnaeT KaK Teope-. . 

TII'leCKYIO, TaK II <peHoMeHorrorII'leCKYIO 'laCTb npaBIIJI cy~M. 

BhlITOlIHCHHOe. IICClIC)l;OBaHIIe CTp)'KTJpHOll (pJHKIJ;IIII .<pO~OHa )l;IIKTJCT 

arr1>TepHaTIIBH1>IH no;a;xo;a; K Bhl'9:IIcrreHIIIO HenoJUipII30BaHHOH II noJUipII30-

BaHHOH aµ;poHHhlX KOMllOHCHT, OCHOBaHHbIX Ha IIOCTpoeHIIII npaBIIJI cyMM 

)l;lI.lI Tpe:XTO'lC'IHhlX KOppeJUIIJ;IIOHHbIX <pyHKIJ;IIll. 

Pa3BIIThlll MeTo;a; nocTpoeHIIJI MO)l;II<pIIIJ;HpoBaHHoro onepaTopHoro pa3-

rro.tKeHIIJI )];JUI KOppeJUITOpOB C HCJIOKaJibHl,IM onepaTopoM Ha CBCTOBOM KO

Hyce, C J'ICTOM HCJIOKaJII,HI,IX BaKyyMHblX KOH)l;CHCaTOB, Henocpe)l;CTBCHHO 

npIIMCHIIM )];JUI HaXO.tK)l;CHII.lI napTOHHbIX pacnpe;a;erreHri B MC30Hax II 6a

pIIOI_IaX c· T.lI)KCJihlMII.KBapKaMII ( 8-KBapKaMII). 
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Anpo6aqu.H pa6oTbI 

OcHOBHbie_ pe3yJI1>TaTbl µ;uccepTaIJ;IIII ony6mIKOBaHhl B pa6oTax, yKa-

3aHHhlX B cnncKe ny6mrnaunn. Omr µ;0Krraµ;1,rnam1c1, Ha ceMirnapax B Jia6o

paTopnn TeopeTn'lecKOII <pII3IIKII OI1JII1. Ha 6-oM Me.tKp;yHapo;a;HoM CeMn

Hape no CmrnoBbIM JIBrreHII.lIM B <PII3HKe BhlcOKIIX 8Heprnii (IlpoTBirno. 

1995), Ha Me.tKµ;yHapop;HOII Hay'IHOII. KoH<pepeHIJ;IIH OT;a;erreHH.lI Hp;epH011 

<PII3HKII P AH "<PyHp;aMeHTaJibHhle B3aIIMoµ;eiicTBII.lI 8rreMeHTapHhlX 'l!a

CTIIU" (MocKBa, 1995), Ha Me.tKµ;yHapop;HOM Ce1,nrnape ''KBapKII-96" (Hpo

crraBJib, 1996). 

O6'beM u cTpyKTypa µ;uccepTaquH 

,IlIIccepTaIJ;IIOHHa.lI pa6oTa COCTOIIT II3 :irne;a;emrn, Tpex rrraB OCHOBHOro 

co;a;ep.tKaHII.lI, 3aKJIIO'leHII.lI, 'leThlpex npIIlIO.tKCHIIII II 12 pncyHKOB, COJJ;ep

)KIIT CilIICOK lIHTepaTyphl (107 CChllIOK). Ofr1>eM ;a;nccepTaIJ;mI 106 CTpaHI~U-

CO~EP)KAHME P ABOTbl 

Bo aaeµ;eHHH ;a;aeTc.lI KpaTKHII o63op H3BecTHhlx no;a;xo;a;oB K aHammy 

.tKeCTKHX npoueccoB B paMKax KBaHTOBon XpoMo;a;nHaMIIKII, a TaK2Ke pe-

3yrr1>TaToB 11orry'leHH1>1x B MeTo;a;e KX,U npamrn cyMM II3 aHamma p;Byx- u 

TpeXTO'le'lHl>IX Kopperr.lIIJ;IIOHHl>IX <pyHKUHH. Crro.tKHOCTII B03HIIKaiomue npu 

IICClIC)l;OBaHIIII IIOCJIC)l;HIIX B crry-qae Marroro nepe;a;aHHOro IIMnyrr1,ca B O)];HOiI 

II3 BepIIIIIH ;a;eMOHCTpIIpyIOTC.lI Ha npOCTOM CKalI.lipHOM npIIMepe. IIOKa3aHct 

npo11;e;a;ypa IIOCTpoeHII.lI MO)l;lI<pIIIJ;IIpOBaHHOro onepaTopHoro pa3JIO.tKeHII.lI 

;a;rr.lI 0T_oro crry'la.H. TaK.tKe II3JiaraeTc.lI KpaTKoe co;a;ep.tKaHIIe ;a;nccepTa11;rn1. 

. B. rJiaBe 1 Bhl'lIICJI.lICTC.lI CIIHrJieTHa.lI aKCIIaJibHa.lI KOHCTaHTa npOTOHa 

G~), CB.lI3aHHa.H c nepBhlM MoMeHTOM 11orr.Hp1monaHH01i cTpyKTypHoii <pyH

KIJ;IIII gf(~r-Q2), 0KcnepIIMCHTaJibHOe lI3MepeHIIe KOTOpoii B npo)l;OJII,HO no

lI.lipimo~itfaoM rrry6oKOHeynpyroM pacce.lIHIDI npnBeJIO K ,, CIIIIHOBOMY KpH-

3IIcy" B na'pTOHHOll MO)l;CJIII. 

B pa3p;elie 1; lICIIOJII,3J.lI aHOMaJIIIIO B ;a;IInepreHIJ;HII Cirnrrre.THOro aKCII

aJII,HOro TOKa, HaXO)l;lITC.lI CB.lI31, Me.tK;a;y MaTpH'lHI,IM 0lICMeHTOM Hc>-nnepe,o; 

OT nceBp;OcKarr.lipHor~ rrriooHHoro onepaTopa Gf,/lf,v II HeKoTophlM 0<p

<peKTIIBHhlM <pOpM<paKTopoM, paBHhlM G~) npII HyrreBOM nepe;a;aHHOM HM-
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nyrrbce, B c1rny OTCYT~TBillI 6e3MaCCOBhlX Me30HOB B CilHrrreTHOM aKcnam,

HOM KaHarre. B pa:J;a;erre 2 o6cy:aq:i;aeTc.lI npo6rreMa BbI6opa HYKIIOHHoro TOKa 

)];II.ll Bhl'IIICIIemrn MaTpII'IHhlX arreMeHTOB rrrIOOHHhlX orrepaTopoB II IIpIIBO

JJ;.lITC.lI apryMeHThl B nOIIb3Y ucnoITb30Bamrn IIHTepnOII.lIIJ;IIOHHOro rrpOTOH

HOro norr.lI C .lIBHbIM BBe;a;eHIIeM rrrIOOHHhlX CTerreHeH CB06o;a;hl 

7Ja( x) = Eijk ( ui( x )C,µui ( x)) 1s,µCJ a/3 (gG~/3( x )tad(x)) \ 

KOTOphlii cooTBeTCTByeT BhlCllleii q>oKOBCKOH K0MnoHeHTe B BOIIHoBo:ii q>yH

KUIIII HYKIIOHa. 

B pa:J;a;erre 3 BBo;a;ir~c.lI no;a;xo;a;m.r:i;M Kopperr.lIIJ;IIOHHM q>yHKIJ;II.lI ;a;rr.ll II3BIIe

'!eHII.lI IIHTepecy10meii BeIIII'IIIHhl II CTpO.lITC.lI 6operreBCKIIe rrpaBIIrra cyMM 

;:i:rr.lI Be;a;ymeii TeH3opHoii cTpyKTYPbI, cBo6o;a;Hoii oT. q>IIKTIIBHbIX KIIHeMa

TII'leCKIIX CIIHryrr.llpHOCTeii, npII yMepeHHhlX nepe;a;aqax Q2 B t-KaHarre. ,Ue

MOHCTpIIpyeTC.lI Heo6xo;a;IIMOCTb MO/];Ilq>IIKaIJ;IIIl onepaTOpHoro pa3II02KeHII.lI 

rrpu MaIIbIX Q2. ·. 

. B pa3;a;erre 4 Bhl'IIlCII.lIIOTC.lI 6nrroKaIIbHhle CTerreHHhle nonpaBKII C IICnOIIb-

30BaHIIeM BCIIOMoraTeIIbHhlX rrpaBnrr cyMM ;a;rr.lI·CO0TBeTCTBYIOIIJ;IIX Koppe

II.lIIJ;IIOHHbIX·q>yHKIJ;IIH. B o 6meM crryqae · cq>opMyrrnpoBaH npocToii MeTo;a; 

or:i;eHKil 6IIIIOKaIIbHbIX BKrra;a;oB, ~CHOBaHHhlH Ha IIOKaIIbHOH ;a;yarrbH0CTII. 

I(o6aBO'IHhlH qrreH IIMeeT BII;a; • 

n/ d n-1 wadd _ So n {80 SS 

BL - Q2 + mt - Jo s + Q2' 

r;a;e s0 - rropor KOHTnHyyMa B t-KaHarre, a m1 - Macca Hn2Kaiilllero cocTo

lIHH.lI. OTOT per:i;errT rrpIIMeHnM Harrp.lIMYIO B crry'IMX, Kor;a;a OTCYTCTBYIOT 

KOHTaKTHbie 'IIIeHbI B COOTBeTCTBYIOIIJ;IIX BKrra;a;ax, TaK KaK B rrpncyTCTBilll 

rrocrre;a;Hnx rrponexo;a;IIT "rrepeKa'!Ka" :JaBIICilMOCTn OT rrepe;a;aHHoro nM

rryrrbca, n HaIIBHOe IICIIOIIb30BaHne M02KeT rrpnBoµ;IITb K Ollln6Ke. 

AHarrII3 npaBIIrra cyMM ;a;aeT 3Ha'!eHIIe p;II.ll CIIHrrreTHOH aKcnarrbHOH KOH

cTaHTbI c~> ~ 0.2, 'ITO xopOllIO corrracyeTC.lI c nMeIOIIJ;IlMilC.lI aKcrrepnMeH

TaIIbHbIMII ;a;aHHbIMII. 

B pa:J;a;erre 5 c;a;erraHbI 3aMe'!aHII.lI OTH0CIITeIIbHO nMeIOIIJ;IlXC.lI B IIJITe

paType BbI'IIICIIeHII~ G~). O6cy2K;a;aeTC.lI B03M02KHOCTb o6o6meHil.lI noi:i;

xo;a;a p;II.ll Bhl'IIICIIeHIIe MaTpll'IHbIX arreMeHTOB KBapK-rIIIOOHHhlX orrepaTO

poB TBIICTa-4, Bxo;a;.lIIIJ;IIX cTeneHHOH rrorrpaBKOH B rrpaBnrro cyMM fpocca

.JirreBerrmrn CMIITa ( F3) II rrepBhlH MOMeHT F1. BhlrrncaH cooTBeTCTBYIO-

6 

.{ 
j 

fr.\ 
I! 

\U .\f 
' 

mnii Kopperr.lITOp Il Bhlp;erreHa Be;a;ymM TeH30pHalI CTPYKTypa B cncTeMe 

6ecKoHe'IHOro IIMrryrrbca. HaMe'!eHhl ;a;arrbHeiilllne rrpnrro2KeHil.ll. 

B rJiaBe 2 Bhl'IHCII.lleTc.lI crrnH :JaBncnMaH cTpykTypHaH q>yHKUil.ll rro

II.llpn:JoBaHHoro BIIpTyarrbH0ro q>OTOHa gI(x, Q2 ,p2), B qacTHOCTil ee a;a;~ 

p0HHa.lI qa~Tb. 

B pa:J;a;erre 1 ;a;a10Tc.ll KpaTKne cBe;a;eHil.ll o HeKoTophlx q>oTOHHhlX cTpyK

TYPHhlX q>yHKIJ;Il.lIX n Ba2KH0CTil yqeTa.a;a;poHHOH KOMnoHeHThl q>OTOHa p;II.ll 
aKcrrepIIMeHTaIIbHbIX ycrroBnH. ,UerraeTC.lI Ha6pocoK MeTo;a;a IlCII0IIb:JyeMoro 

;a;rr.ll Bhl'IIICIIeHil.ll. 

B pa3;a;erre 2 IICcrre;a;yeTC.lI '!eTbipeXTO'le'IHa.lI Kopperr.lIIJ;IlOI;[HalI q>yHKIJ;Il.ll 

arreKTpoMarHIITHbIX TOKOB. ,UII.ll TeH30pHoii CTPYKTYPhl cooTBeTCTBy10meii 

norr.llpII30BaHHOH cTpyKTypHoii q>yHKr:i;nn if. cTp0IITC.ll onepaTopHoe pa3-

rro2KeHIIe no o6paTHhlM CTe~eH.lIM BrrpTyarrbHOCTII q>OTOHa-MIIllleHII. O6cy-

2Kp;aeTC.lI MOp;IIq>IIKaIJ;II.lI npII BBeµ;eHI,:Il HerroKaIIbHhlX KOHp;eHCaT0B. 

B pan;a;erre 3 IIcnorrb3Y.lI aHarrrrTII'IH0CTb no BIIpTyarrbH0CTII q>oToHa

MIIllleHII nanIICbIBaeTC.lI p;IIcnepCII0HHOe .C00TH0llleHrre II CTpOIITC.lI Mo;a;errb 

cneKTparrbHhlX nrroTHOCTeH B TepMrrHax a;a;poHHoro cneKTpa. Ifo cpaBHe

Hil.ll c TeopeTrr'leCKIIM Bhlpa2KeHrreM Haii;a;eHHhlM B KX,U, Haxop;.lITC.lI napa- . 

MeTphl cneKTparrhHOH nrroTHOCTII II, crre;a;oBaTeJibHo, - CTPYKTYPHM q>yH

KUil.ll BIIpTyaJibHOro q>OTOHa C y<i:eTOM a;a;poHHOH KOMnOHeHThl 

gI(x,Q2,p2 ) = O:;m NcNJ(Q:) 

x{-[x2 - (1- x)2] + [x2 
- (1 - x)2] [1n (x2(s~~ p2)) +(so~ p2)] 

1 [r 2· (1 )2] Sij 4 2 O:s c2 1]} . 
+(p2-mi)2 x - -x · 2+ 277r (Jr )x2 ' 

r;a;e s0 - nopor KOHTIIeyyMa B BeKTOpHoM KaHarre, mp-:· Macca p-MenoHa. 

.B pan;a;erre 4 06cy2Kp;aIOTC.lI npe;a;errhl npIIMeHIIMOCTII IIOIIy'leHHOro pe-

3YJibTaTa Il B03M02KHOCTb :lKCTpaIIOJI.lIUIIII K MaCC0BOH noBepXHOCTII q>o

T0Ha. IIorry'ieHHOe Bhlpa2KeHIIe p;II.ll a;a;poHHOH KOMIIOHeHThl IIMeeT BII}l; npe

;a;erra rroKarr~:a:oif ;a;yarrbHOCTII }l;II.ll CTPYKTypHOH q>yHKIJ;IIII noII.llpil30BaHH0ro 

p-MenoHa. OTOT _q>aKT p;IIKTyeT rro;a;xo;a; p;II.ll Bhl'IIICIIeHil.ll a;a;poHHOH KOMno

HeHThl q>oToHa, ocHOBaHHhlH Ha aHarrIIne 6operreBCKIIX npaBIIJI cyMM p;II.ll 
TpexTo'!e'!Hoii: KoppelI.llIJ;IIOHHOH_ q>yHKUIIII c :s:erroKarrbHhlM onepaTopoM Ha 

CBeT0BOM KOHyc'e. ,Il;II.ll KoppeKTHOro Bhl'IIICJieHil.ll nocrre;a;He:n: B _MeTo;a;e npa

BIIJI cyMM Heo6xo;a;rrMa panpa6oTKa MOp;IIq>IlUIIpOBaHHoro onepaTopHoro 
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pam102Kemur }];JllI TaKOH aMIIJIIITY)l;hl, 'ITO rrocrre;a;oBaTem,Ho rrpoBO}];IITCJI B 

rJiaBe 3 }];JllI pacrrpe)l.eJieHIIJI BaJieHTHbIX KBapKOB B 7r-Me30He. 

B pa3p;erre 1 BaJieHTHalI rrapTOHHalI IllIOTHOCTb B IIIIOHe 3aIIIICbIBaeTCJI B 

BIIp;e MaTpII'IHOI'O tmeMeHTa OT HeJIOKaJibHOI'O CTPYHHOI'O orrepaTopa TBIIC

Ta-2 c oTpm:J;aTeJibHOH C-'IeTHOCTbIO 

o(½n,~½n) = u(½n )t+~[½n,-½n]u(-½n) + (A - -A), 

II ~ P-yITopK;rJ;O'IeHHaJI GKCITOHeHTa, KOTOpalI o6ecITe'IIIBaeT KaJIII6poBO'I

HYIO IIHBapIIaHTHOCTb ITapTOHHOI'O pacITpe;a;erreHIIJI II A - paCCTOJIHIIe Me)K

;a;y ITOJIJIMII Ha CBeTOBOM KOHyce. 

B pa3p;erre 2 BbIITIICaHa Heo6xop;IIMaJI KopperrJID;IIOHHaJI q>yHKD;IIK W c Bbl-· 

;a;erreHHo:ii: Be;a;yrn;eiI TeH30pHo:ii: cTpyKTypoiI Ha cBeTOBOM KoHyce, KpaTKO 

OITIIChlBaeTCJI MeTO}]; BbI'IIICJieHIIH. O6oCHOBhlBaeTCJI Heo6xop;IIMOCTb BBe

;a;eHIIJI HeJIOKaJibHbIX BaKyyMHhlX KOHp;eHCaTOB, 'ITO CBJI3aHO C CIIHI'YlIKp

HOCTJIMII ITO 6bepKeHoBcKo:ii: ITepeMeHHo:ii: ITPII ITOCTpoeHIIII oITepaTopHoro 

pa3JI02KeHIIJI ITO JIOKaJibHbIM OITepaTopaM. 

B pa3p;erre 3 BhlITIICbIBaIOTCJI HeJIOKaJibHhle BaKyyMHhle cpep;HIIe Heo6xo

}];IIMbie Ha ;rJ;BYXITeTJieBOM ypoBHe, KOTOphlM orpaHII'IIIBaeTCJI aHaJIII3. 

B pa3p;erre 4 Bhl'IIICJieHhl TeopeTIIKO-B03Myrn;eH'IeCKIIH 'IJieH II HeITepTyp-

6aTHBHhle ITorrpaBKII. B ITepTyp6aTIIBHOH 'IaCTII ITOJIBlllIIOTCJI rrorapIIq>MII

'IeCKIIe HeaHaJIIITII'IHOCTII, Kor;a;a-aKTIIBHhlH KBapK HeceT ITpeHe6pe2KIIMO 

Marry1o' }];OJIIO IIMITYJibCa Ha'IaJibHOI'O a;a;poHa, - CBII}];eTeJibCTBO Heo6xo

}];IIMOCTII peq>opMIIpOBaHIIJI ITepBOH.a'IaJibHOI'O OITepaTOpH0I'O pa3JI02KeHIIJI. 

Borree Toro HopMIIpOBKa ITapToHHo:ii: ITJIOTHOCTII B ITIIOHe JJ dxu,r( x) = 1 
HapyrneHa ITPII y'IeTe TOJibKO o6hl'IHbIX CTeITeHHhlX IIOITpaBOK, Tor;a;a KaK 

II3 T02Kp;ecTBa Yop;a;~ BbIBep;eHHOI'O B pa3p;erre 5 II IIMeIOrn;ero BII}]; 

Wµv = i2 j d4xd4yeipix+iqy (0IT {j!(x), o(y + ½n,y - ½n ),jz\o)} 10) 

= i j d4xeipix (;:) [eiqx(0IT {j!(x,x-An),j~\O)} 10) 

-(0IT {jz(x),j~\0,An)} 10)] 

+½ f 1arj d4xd4yeipix+iqy (;:) (0IT {j!(x),Q(y + ½n,y -½n, T) ,j~\O)} 10) 

+(A- -A), 
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crre;a;yeT, 'ITO OHO ;a;orr:iKHO TO'IHO BbIIIOJIHJITbCJI B KX.U. 3;a;ecb jt ( 0, An) 
- plwp;BIIHYTbIII ITIIOHHbIH TOK Ha cBeTOBOM KoHyce, a g - HeK0Topb1ii 

KBapK-I'JIIOOHHbIII oITepaTop. 

B pa3p;erre 6 oITncaHa rrpon;e;a;ypa Mo;a;nq>nKan;nu pa3JIO:iKeHIIJI. B pa3p;erre 

7 Bbl'IHCJieHbI Ba2KHbie 6urroKaJibHhle CTeITeHHbie ITOITpaBKII ( KOHTaKTHhle 

'IJieiibI)' IIOITpaBJIJIIOIUIIe ITOBe;a;emie ITapTOHHOII ITJIOTHOCTII IIpII OTHOCII

TeJibHO MaJibIX .• r. Ilocrre IIX y'IeTa HOp,MIIpOBO'IHOe ycrroirne BOCCTaHaBJIII

BaeTrn. 

B pa3p;erre 8 C ITOMOIUbIO pe3yJibTaTOB ITOJiy'IeHHbIX B ITpe;a:1,1;a;ymux pa3-

;a;errax aHarrn3npy10TcJI ITpamma cyMM ITPII pa3JIII'IHhlX .3Ha'!eHimx Koppe

JIJID;IIOHHbIX }];lIIIH q>rryKTyan;HH BaKyyMHbIX HOJieII. J1CITOJib3YJI T02K}];eCTBa 

Yop;a;a ;a;erraeTCJI on;eHKa Ha 'IaCTb BKJia;a:oB I'JIIOOHHOI'O KOH)l:eHCaTa B ITpa

BIIJia cyMM. IIpoII3Bop;IITrn cpaBHem1e pe3yJibTaTOB c 0KcITep1iMeHTaJib

HbIMII p;aHHbIMII II Haxo;a;uTcJI xopornee cornacne B rnnpoKoii· o6rracTu II3-

MeHeHIIJI 6bepKeHOBCKOH ITepeMeHHOH. 

B oaKJIIO'IeHHH cq>opMyrrnpoBaHhl OCHOBH~Ie pe3)'libTaThl ;a:nccepTa

D;IIII II HaMe'IeHbI HeKOTOphle ;a:arrbHeiirnne ITpIIlI02KeHIIJI. 

HeK0TOpbie TeXHII'leCKIIe ;a:eTarru BhIHeceHbI B IIpHJIO.>KeHH.H. B npn

rro2KeHIIII A ITpe;a:cTaBJieHbI HeKOTOpbie ITOJie3Hbie HHTerparrhl Heo6xo;a:n

Mhle B ;D:OITOJIHIITeJibHOH q>aKTOpIInan;mI 60JiblllIIX II MaJihlX paCCTOJIHIIIi 

n o6hl'IHbIX q>eIIHMaHOBCKIIX ;a:narpaMMax c Y'TeTOM Bima;a;oB HIDKaiirnux 

Tpex TBIICTOB. B npnrrmKeHIIII B OITIIcaH o6muii MeTo;a; ITorry'lemrn p;Boii

HbIX CITeKTpaJibHbIX IllIOTHOCTeH n BhlITUCaHhl Heo6xop;IIMhle q>opM)'lihl. B 
npnrrmrrnHIIKX C u D on11caHbI ;a;eTarrn MeTo;a;a BbI'IIIcrremrn ;a;nyxITe·TrreBhlX 

BeplllIIHHhlX ):IIIarpaMM, ITOJIBJIJIIOIUIIXCJI B na;a;a'IaX q>opMq>aKTOpHOI'O TIIITa. 

.) ,-;• 
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