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Teopirn 1rnaHTOBhlX H3MepeHIIfi HMeeT CBOIO MaTeMaTHqeCKyIOupe

,ll;hlCTOpHIO, ROTOpan HaqaJiaCb eme .n;o, B03HHRHOBeHirn caMofi RBaHTO

BOH Mexa.HHRH. B. 1912 ro~ ,n:. rHJib6epT ,ll;ORa3aJI TeopeMy [1], B 

COOTBeTCTBHH C ROTOpoii BCRRHfi CHMMeTpHqHhlfi ( T.e. y.n;oBJieTBOpR

IOIIIHfi ycnoBHIO < Atp1111'2 
1
>=,< 1/'1 IA?/'2) orrepaTOp A B rHJib6epTO

BOM rrpocTpaHCTBe, HMeIOIIIHfi HH}l{HIOIO rpaHb m H BepXHIOIO rpaHb 

M, .n;orrycRaeT rrpe.n;cTaBJieHHe. B BH.n;e 

r.n;e E( d).) -:-- He1<0TOpaJI rrpoeRTOpH03HaqHaJI Mepa, R<>TopaJI, B 06-

merrpHHRThlX B qJH3HqecROH JIHTepaType o6o3HaqenHRX, HMeeT BH,ZI; 

E(d>.) = I>.>< >.id>.. 

B 1921 ro.n;y T. KapneMaH, IIhlTaJICh rrepenecTH 3TH pe3yJihTaThl na 

HeorpanHqeHHhle CHMMeTpHqHI,Ie orrepaTOphl, tj)aRTHqecRH paCCMO

TpeJI cnyqafi,OTBe'!aIOIIIHii, RaR Mhl Terrepb IIOHHMaeM, IIpH6JIH}l{eHHhlM 

RBaHTOBhlM H3MepeHHRM. B ero pa6oTax, B qacTHOCTH, 6hlJIO ycTaHO

BJieHo, qTo ,ll;JIR HeorpaHH'leHHhlX CHMMeTpH'IHhlX orrepaTopoB crreR

TpaJibHoro pa3JIO}l{eHHR, rro.n;o6Horo rrpe.n;hl~IIIeMy, He cymecTByeT [2]. 
BcRope, o.n;HaRo, 6hlJIO 3aMeqeHo, 'ITO ,Zl;JIR IIOJiy'leHHR crreRTpaJibHOro 

pa3JIO}l{eHHR Heo6xo.n;HMO orpaHH'IHTbCR caMOCOII!)R}l{eHHhIMH orrepa

TopaMH ( caMOCOIIpR}l{eHHble orrepa-ropbl COBIIa.n;aIOT C CHMMeTpH'IHblMH 

JI~IIIb B cJiyqae ROHeqHoMepHbIX rHJib6epTOBbIX rrpocTpaHCTB [3]). Te

opHIO STHX orrepaTOpoB pa3BHBaJIH ,n:}l{. tj)oH He:liMaH, M. CTOyH H .n;p. 

y}l{e C yqeTOM HY}l{.ZJ: cpopMHpOBaBIIIeficn B 3TH ro.n;bl RBaHTOBOfi Mexa

HHRH. B HacTonmee BpeMR rrpHHRTO cqHTaTh, qTo BCRROfi cpn:3n:qecRofi 

Ha6JIIO,n;aeMoi1 OTBeqaeT HeROTOphli1 caMOCOIIpnmeHHbl:li onepaTOp 

j +oo 

A = -oo >.i>. >< >.jd>., 

a TaR}l{e COOTBeTCTBYIOIIIee eMy pa3JIO}l{eHHe e.n;HHHD;bl 

1 = j i>. >< >.jd>., 



,n:efiCTBYIOil(He B rmu,6epTOBOM IIpOCTpaHCTBe COCTORHHfi CHCTeMhl. B 
COOTBeTCTBHH C Teopnefi H3MepeHnfi q>OH HettMaHa [4] 3JieMeHTapHhle 

am,TepHaTHBhl, BXO,lVIIl(He B pa3JIOlKemre e,n:nHHI{hl 

E(d>.) = I>.>< >.id>., 

nMeIOT cJie,ZJ;yIOil(Hfi q>H3ff'lecmifi CMLICJI: cpe,n:Hee 3HaqeHne 3THX orre

paTOpOB 

< 1flE{d>.)11f >= 11f(>.)12d>. 
OilHChlBaeT BepORTHOCTI, o6HapylKHTI, CHCTeMy B6JIH3H TOqKH >.. 

B 1940 ro.n:y M.A. Haii:~apK nonyqnn pn.n: HHTepeCHhlX pe3yn1,rn

TOB [5], OTHOCRil(HXCR K 6onee o611(eMy cnyqaIO CHMMeTpnqHI,IX one-
' . 

paTopoB, KOTOphle .n:onroe BpeMR cqnTaJIHCI, HMeIOil(HMH JIHIIII, qncTO 

MaTeMan1qecKoe 3HaqeHne. 

ToJibKO B 70 - e ro,n:LI, B OCHOBHOM 6naro,n:apn pa6oTaM E.B . .LJ:3BHca 

(6], a TaKlKe K. Kpayca (7] H A.C. XoneBo [8], 6hlno oco3HaHo, qTQ 

CHMMeTpHqHI,Ie onepaTophl H CBR3aHHhle C HIIMH HeOpToroHaJII,Hhle 

pa3JIO}KeHHR e,n:HHHI{hl, RBJIRIOTCR a,n:eKBaTHOfi MaTeMaTnqecKoil: MO

,n:eJibIO ,UJIR OilHCaHHJI npH6JIHlKeHHhlX KBaHTOllhlX H3MepeHHH. 11c

IlOJil:,30BaHHeM np~CTaBJieHH51 o npu6JIIDKeH111,IX H3Mepemrnx, 61,mo, B qa

CTHOCTH, CHRTO q>OpMaJII,HO rrpaBHJibHOe, HO npoTHBopeqall(ee IIOBCe

,n:HeBHOMY OIIhlTY YTBeplK,n:eHHe O HeB03MOlKHOCTH O,UHOBpeMeHHoro H3-

MepeHHR KOOp,UHHaThl H HMnyni,ca qacTHI{hl - KOOp,UHHaThl 11 HMIIYJibC' 

MoryT 6hlTI, ll3BeCTHhl O,UHOBpeMeHHO, eCJill KalK,Zl;aR 113 HllX ll3MepR

eTCR C HeKOTOpott, OTJill~rnott OT HYJIR OIII116Kofi [8]. .LJ:aJiee, 6hlJIO 

ycTaHOBJieHo, qTo, TaK )Ke, KaK H ,UJIR npocTpaHCTBeHHOfi, BpeMeHHOil 

KOOp,Zl;llHaTe MOlKHO npnnucaTb HeKOTOphlfi orrepaTOp {rrp116JIU}KeHHOfi) 

Ha6n10.n:aeMoil: [8], qTo TaK Ha3hlBaeMLie KOCBeHHhle ll3MepeHllR rrony

qaIOT ecTecTBeHHoe onucaHne B paMKax 3Toro rro.n;xo.n:a [8] 11 ,n:p. 

Ilo CBOeMy BH,n:y HeopToroHaJibHOe pa3JIOlKeHne e.n;HHll:U:hl HllqeM 

He OTJI111IaeTcR OT o6hlqHoro 

1 = j M(d>.) = j I>.>< >.id>.. 

E.n;HHCTBeHHM pa3Hlln;a cocTOHT B TOM, qTo BeKTopLI I>. > Tenepi, He 

rrpe,n;rroJiaraIOTCR opToroHaJibHhlMll 

< >.i>.' >= w(,\, ).') =/- 8(). - >.'). 

2 

Ilo 3Tofi rrpnq11He coBoKynHocTb BeKTopoB I). >, CBR3aHHhlX c Heop

ToroHaJibHhlM pa3JIOH<eHUeM e,n:llHHD;hl, HHor,n;a Ha3hlBaIOT nepenoJI
HeHHOii: CllCTeMOH 6a3llCHhlX BeKTOpOB. KBa,n:paT MO,ZJ;yJIR BeJillqllHhl 

w( >., >.') OIIIICLIBaeT CTerreHI, Hepa3JIHqHMOCTll pe3yJibTaTOB ll3Mepe

HllR >. n >.', B TO BpeMR KaK 3JieMeHTapHan aJihTepHaTnBa M(d).) rro 

-npe)KHeMy OTBeqaeT BepoRTHOCTll perncTpa:u;InI CHCTeMhl B6JIH3H 

ToqKll ). , 

< 1/JIM(d>.)11f >= l1f(,\)l2d>.. 
OcTaBIIIMCR qacTb .n:aHHOfi pa6oThl 6y,n:eT rrocBRil(eHa o6cylK,n:e

HHIO llHTepnpeTa:u;110HHOll ( T .e. q>H3HqecKOH) CTOpOHhl ,n;eJia, KOTOpan, 

no MHeHlllO aBTOpa, BIIJIOTI, ,n;o HaCTORil(ero BpeMeHH ell(e He,UOCTa

ToqHo xopoIIIO npopa6oTaHa 1• B qacTHOCTH, Mhl IIOCTpOIIM rrpocTyIO 

,Zl;ByMepHyio Mo,n;eJib, OIIHChlBaIOil(YIO npn6JilllKeHHLie·KBaHTOBhle ll3Me

peHllR ' a TaKlKe o6cy.n;IIM, noqeMy II KaKIIM o6pa30M CTOXaCTH3IIpy

eTCR BeKTOp COCTORHHR CHCTeMhl, no,n;BeplKeHHOii: .B03,ZJ;eficTBHIO II3Me

pI1TeJibHOro ycTpOHCTBa, BhlIIOJIHRIOil(ero rrp116mrlKeHHOe KBaHTOBoe 

ll3MepeHue. 

.Ll:JIR o,n;HoqacTnqHI,IX COCTORHHfi I 1f >, 

11f >= E Ckl1Pk >, 
k 

r.n:e < 1Pil1Pk >= Dik, orrepaTop q11cna qacTnn;, Haxo,zvrl1(11xcR B cocTo

RHHH l7Pi >, MOlKHO npe,n;cTaBIITb B cne,ZJ;yIOil(eM'cIIMBon11qecKoM Bime
2 

Ni = l1Pi >< 1Pil• 
,1 B 3TOll CBJl3H IIOKaaaTeJihHO MHemi:e ,l],lK. BeJIJia - aBTopa 3HaMeHHTUX 

HepaBeHCTB BeJiml. B KBaHTOBOii: MexaHHKe - 'KOTOphltl: IIHCaJI: ,, Romi;eIIUHJI 

"H3Mepeu1rn" HaCTOJlhKO TJMaHHa, qTQ ee IIOJIB.llef!He. B q>H3HqeCK08 TeOpHH_ HR 

CRMOM <l>YH,D;RMeHTRJILHOM ypouue npe,llcTaBnJieTCH BeCbMa HeOlKH,l(aHHbIM. 

BoaMOlKHo, M'enee'ynHBJIJieT TO o6cTOJITeJihCTBo,· qTo MaTeMaTHKH, ,l(JIJI KOTOpHX 

HYlKHhl J!Hlllh npocThle aKCHOMhl 06 o6'heKTaX, He onpe,lleJieHHUX HHKaKHM .llPYfHM 

c11oco60M, ,YXHTpHJIHCh HaIIHCaTL MHOfO pa6oT 110 KBaHTOBOil: TeOpHH H3MepeHH8, 

pa6oT, KOTOpbie q>ll3HKH - 3KCIIepHMeHTaTOphl qHTaTb He coqJIH HYlKHhIM." [9] 
2IlpH HCIIOJih30BaHHH Teopernito - noJieBux 060:maqeHHit ,l(JIH <>.l(HoqacTHqHux 

BeKTOpOB COCTOJIHHJI onepaTop qnCJia qacTHU aaIIHChIBaeTCJI B 6oJiee IIpHBhlqHoil: 

q>OpMe qepea onepaTOphl po)K.l(eHH.ff H )'HHqTOlKeHHJI qacTHU-
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,UettcTBIITeJu,Ho, B 3TOM cJiyqae ,zi:JIH cpe,zi:Hero qncJia qacTIIU, Haxo

.na:ru:nxcJI B cocTOJIHIIII It/ii >, 6y,zi:eM nMeTb 

Ni=< t/ilNdt/i >= ICl, 

II, B qacTHOCTII, 

< 1PklNil1Pk >= 8ik, 
qTo BIIOJIHe COOTBeTCTByeT IIHTYIITIIBHOMY IIOHIIMaHIIIO rrpouecca H3-

MepeHHJI qHcJia qacTHU. 

,UorrycTHM Terrep1,, qTo pe3yJibTaT H3M.epemrn ROJIHqecTBa qacn1u, 

Haxo,na:ru;HXCJI B i-M COCTOJIHHH,He BIIOJIHe o,zi:H03Ha'IeH. TaR, HarrpH

Mep, MOlKeT IIp01I30HTII B 3RCIIepHMeHTe, o6cylK,zi:aBIUeMCJI <l>eitHMaHOM 

[11], r.zi:e orrpe,zi:eJIHeTcJI, qepe3 RaRoe H3 OTBepcTHii B 3RpaHe rrpoJieTeJI 

3JieRTpOH C IIOMOill;I,IO pacceIIBaIOIIJJIXCJI Ha HeM <pOTOHOB; eCJIH ,zi:JIHHa 

BOJIHhl <pOTOHOB He .zi:ocTaToqHo MaJia .D:JIH Toro, qTo6hl Ha6JIIO,zi:aTeJII, 

Mor CRa3aTI, COBepmeHHO orrpe,zi:eJieHHO, B6JIH3H RaRoro H3 OTBepCTHii 

B 3RpaHe Ilp01I30illJIO pacceJIHHe. IloHJITHO, qTo B 3TOM CJiyqae qHCJIO 

qaCTHU, rrpoxo,na:ru;Hx qepe3 RalK.D:Oe H3 OTBepCTIIH B 3RpaHe, 6y,zi:eT 

orrpe,zi:eJIHTI,CJI c ROHeqHoii, OTJIIIqHott OT !!YJIH omH6Roii. 

HeTpy,zi:Ho IIOCTpOIITI, ClIMMeTpnqHI,Ie orrepaTOphl ( ROTOphle B pac

CMaTpnBaeMOM CJiyqae ROHeqHoMepHoro rrpocTpaHCTBa COCTOJIHIIH 6y

.zi:yT, R TO¥Y lKe, II caMOCOIIpRlKeHHhlMH), OIIIIChlBaIOru;IIe rrpH6JIIIlKeH

Hhle lI3MepeHHR TaRoro TIIIIa. 

IlpelK,zi:e qeM nepeil:TII l{ o6cylK,zi:eHIIIO 3TIIX BOIIp,ocoB, CJie,zi:yeT 

OTMeTIITb, qTo ycTaHOBRa, o6cylK,zi:aBillaJICJI <l>eitHMaHOM, pa6oTaeT c 

OTJIIIqHott OT e,zi:IIHHUhl 3<p<peRTIIBHOCTbIO, IIOCROJII,l{y qaCTI, co6hlTHil: B 

3TOM cnyqae Boo6m;e HeB03MOlKHO HHTeprrpeTIIpOBaTI, Ral{ H3MepeHHe 

Roop,zi:nHaT 3JieRTpoHa. B CBR3H C 3TIIM ,zi:aJiee Mhl 6y,zi:eM npe,zi:rr6Jia

raTb, qTo: 1) He paccMaTpIIBaIOTCR co6hlTIIR, B ROTOphlX 3JieRTpOH 

paccenBaeTcJI cpa3y Ha o6onx cpoToHax, 06nyqa10m:nx pa3Hhle oTBep

CTHR B 3RpaHe, 2)ecJin cpoTOH H 3JieRTpoH npoJieTaIOT qepe3 o,zi:Ho 

II TO lKe OTBepcTne, TO OHR o6JI3aTeJibHO B3alIMO,zi:eil:CTBJIOT .zi:pyr C 

.zi:pyroM. CooTBeTCTBeHHO Hao6opoT - OTCJTCTBHe B3aHMO,zi:ettcTBHJI 

RBJIHeTCR ClirHaJIOM O TOM, qTo OHII npoJieTeJilI qepe3 pa3Hhle OTBep

CTHJI B 3RpaHe.' Kopoqe roBopJI, ,zi:aJiee 6y,zi:eT o6cylK,zi:aTbCJI TOJibRO Ta

RM Bhl60pRa H3 TIOJIHoro aHCaM6JIH co6hlTH1i, .D:JIH ROTopott HeROTOpaR 

4 

( cymecTBeHHaJI) HH<pop:r.rnunR O Roop,zi:HHaTaX 3JieRTpOHa IIOCTynae~ 

B MaRpoo6cTaHOBRy. 

EcJIH Tenep1, Mhl .nonycTHM, qTo BepoRTHOCTI, o6HapylKHTI, <pOTOH 

Ii' HcnymeHHhlH B HanpaBJieHlilI i - ro OTBepCTHR, paBHa Pi' TO Bepo

RTHOCTI, Pi = 1 - Pi perncTpaUHH 3Toro cpoToHa B6JIH3H .zi:pyroro oT

BepcTHR H 6y,zi:eT xapaRTepH30BaTb cTaTHCTnqecHyIO omn6Ry .zi:a1rnoro 

H3Mepemrn (p; 2:: p;). OnepaTOphl,.IIpH6JIH}l{eHHO xapaRTepH3JIOIIJ;He 

qncno qacnru, uaxo,na:mnxcR B cocTORHHRX lt/i1 > H lt/i2 >, MOlKHO 

Tenep1, npe,zi:cTaBHTb B BH,zi:e 

N1 = .Pl 17/11 > < 7/11 I + Pil1P2 > < 1P2 I, 

N2 = P2lt/i1 >< t/i1I + P2lt/i2 >< t/i2I, 
r.ne lt/i; > - Be1nop co~TOJIHHR 3JieRTpoHa, npoxo.nmuero qepe3 1 - e 

ornepcTne. B 3TOM cnyqae 

N; =< t/ilNdt/i >= Pil < t/idt/i > 12 + Pd < 1J,jlt/i > 12. i =I- j, 

qTO BIIOJIHe OTBeqaeT CMhlCJIY paCCMaTpHBaeMoro npn6JIH}KeH·Horo H3-

MepeIIHJI 3 • 

CocTORHHJI <pOTOHOB, HCIIhlTaBmnx pacceJIHHe, HaX0,nHTCR BO B3a

HMHO - o,n:H03Ha'IH0M C0OTBeTCTBHH C C0CT9JIH~JIM~ :rneRTpOHOB 

l<I>1 >= C1lt/i1 > +Cilt/i2 >, 

l<I>2 >= C2lt/i1 > +C2lt/i2 >, 

C03.ZJ.aIOIUHMCH TIOCJie 0ROHtJaHHJI npouecca lI3MepeHHJI. C <pH3Hqe-

CR01l:, T0ql{H 3penHR l<I>i > JIBJIRI0TCJI cocTOJIHHJIMH ,3JieRTpoHa, npo

me,n:mero "cpa3y qepe3 o6a" 0TBepcTHJI B 3RpaHe c Ten,neHuueit no

RaJIH3aUHH l<I>; > B6JIH3H lt/i; > . 
Ilpe,n:cTaBJIJieTCJI ecTeCTBeHHhlM orrpe,neJIHTI, onepaTOphl l13Me

peHl1JI 

P1 = A1lt/i1 >< t/i1I + A1lt/i2 >< t/i2I,· 
3 MHTepecHO OTMeTllTh, 'ITO orrepaTopaM rrptt6JillllteHHOro 'lllCJia tiaCTllU MOJKHO 

COIIOCTaBHTh He'leTKlle BhlCKa3bIBaHHJI, rrpllHllMaJOI11lle llCTllHHOCTHble 3Ha•1eHllJI B 

llHTepBaJie OTO .ZJ.O 1, JIOrHKa KOTOphlX o6cyJK.ZJ.aJiaCh B pa60TaX [11 - 13]. 
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P2 = A2l1/J1 >< 1/J1I + A2l1/J2 >< 1/J2I, 

l<I>; >= P;l1/J > . 

B 3THX TepMnHax 

C1 = A1 < 1/Jil1/J >, C1 = A1 < 1/J2l1/J >, 

C2 = A2 < 1/J2l1/J >, C2 = ii2 < 1/J1l1/J >. 

OnepaTOphl N; npn6nnmeHHoro qncna qacTHIJ. MOlliHO Tenep1, npe.n;

cTaBHTb B BH,Ue 

N; = P/P;, 

IlOTpe6oBaB 

Pi= IAl2. Pi= lii;i2. 

B qacTHOM cnyqae, Hor,na P; RBJIRIOTCJI onepaTopaMn npoe1nnp0Ba

HHJI 

P/ = P;, P;2 = P;, 

Mhl HMeeM Teopn10 TOqHhlX H3Mepemrlt cpoH HeiiMaHa,B ROTOpoii 

N; = P;. 

CocTORHHR, o6pa3yR>:rn;necR nocne oRoHqaHHJI rrpo11.ecca H3Mepe

HHR, B 06:rn;eM cnyqae He opToroHaJibHhl 

< <I>1 l<I>2 >= c;c2 + c;c2. 

Mepo:l1 HX HeopToroHaJibHOCTH RBJIJIIOTCR aMTIJIHTY.Uhl BepoJITHOCTH 

C; ~ A; o6HapymnTb, - RBaHThl B6nn3n "nocTopoHHnx" oTBepcTHH' 

B 3RpaHe. 

IlocTponM HeopToroHaJibHoe pa3nomeHne e,nnHHIJ.hl, co,nepma:rn;ee 

BeRTOphl I <I> 1 > n I <I>2 >,, rronarM .UJIJI rrpocTOThl n HarnR,n;HocTn, qTO 

C;, C;, A;, A; - ,ne:l1cTBnTeJibHhl,e qncna. IlycTb e,nnHnqHhle BeRT<>phl 

j<I>; > HMeIOT OTHOCHTeJibHO 6a3HCHhlX BeRTOpOB 11/J; yrnhl HaRJIOHa a H 

6 

/3' ROTOphle, 6e3 HapyrneHHJI 06:rn;HOCTH, MOlliHO cqnTaTb ll3MeHR10IIl;H-

1P2 <I>2 

<I>1 

I .-::::::I[ ...., , 1P1 

Pnc.1 

MHCJI B HHTepBaJie OT O ,no 1r / 4 ( CM. pHC. 1). 

B 3TOM cnyqae 

l<I>1 >= cosal1/J1 > +sinal1/J2 >, l<I>2 >= sin/3I1/Ji > +cosf3I1/J2 >, 

N1 = cos
2 

al1/J1 >< 1/J1l + sin
2 

al1/J2 >< 1/J2l, 

N2 = sin
2 ,Bl1/J1 >< 1/J1l + cos

2 
,Bl1/J2,>< 1/J2l, 

npnqeM Bhl6op a, ,B = 0 cooTBeTCTBYeT ToqHoMy orrpe,n;eneHHIO oTBep

CTHJI, qepe3 RoTopoe npornen aneRTpoH, a a, ,B = 1r / 4 - cnTya11.nn, 

Ror,na ,ll;JIHHa BOJIHhl (pOTOHa HaCTOJibRO BeJIHRa, qTo Hnqero onpe,n;e

JieHHOro O TpaeI{TOpHH 3JieRTpOHOB CRa3aTb HeJib3JI. 

l1cROMOe HeOpToroHaJibHOe pa3JIOlliirnne e,n;nHHrthl MOlliHO nony

qnTb rroqTn cpa3y me, ecnn Bocnon1,30BaTbCJI n,n;ee:l1 Ha:l1MapRa o TOM, 

qTo BCJIROe HeopToroHaJibHOe pa3JIOllieHHe e,n;HHHIJ,hl MOllieT 6hlTb npo

,UOJillieHo ,no opT0roHaJibHOro C IlOMOIIl;blO HeROTOporo pacrnnpeHHR nc

XO,nHOro (3,nec1, _i__ 2- MepHoro) rnn1,6epTOBa rrpocTpaHCTBa COCTORHH:ll: 

[5] 4. B ,naHHO~ cnyqae Mhl MpllieM cqnTaTb, qTQ HMelOTCJI e:rn;e ,n;Ba 

4CyTb 3TOil: H,n:eH CBO,n:HTCJI K TOMY' 'IT06bI,YBeJIH'IHBaJI 'IHCJIO H3MepeHHil: npo

CTpaHCTBa COCTOJIHH8 ( c IlOMOJUblO nae,nemrn HeKOTOpbIX ,U:OilOJIHHTeJibHbIX CTe

neHeil: cno6o,n:u), npeo6paaonaTb "nepenonHeHHyro" cncTeMy aeKTopon, oTneqa

IOJUHX iieopTOrOHaJibHOMy paaJioJKeHHK> e,n:HHHUbI, B IlOJIHYIO CHCTeMy 6a3HCHbIX 

BeKTOpon. 
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e,n:irnnqm,1x BeKTopa l<l>3 > ll l<I>4 >, opToroHaJihHhIX K l<I>1 > ll l<I>2 > 

<l>3 1P2 <I>2 

<I>1 

l/;1 

<I> 4 

COOTBeTCTBeHIIO, yKa33HHblX Ha pHC. 2. 
YnoMHHawmeeCJI B TeopeMe HattMapKa pacnrnpeHne 3,ZJ;ecb cBo

,ZJ;HTCR K BBe,ZJ;eHlllO eme O,Zl;HOM CTeIIeHll CB060,ZJ;hl, npIIHHMaIOmeii: 3Ha

qeHHR S1 ll s2, C IlOMOrn:bIO KOTOpbIX MOlliHO npoHyMepoBaTb COCTOR

HllR, HaTRHYThle Ha 6a3HCHhle BeKTopbI l<I>1 >, l<I>2 > II l<I>2 >, l<I>4 > . 
CooTBeTCTByIOrn:ee opToronaJibHOe pa3JIOllieHIIe e,ZJ;IIHIIUhl HMeeT TOr,ZJ;a 

BII,Zl; 

1 = (l<I>1 >< <I>1 I+ j<l>3 >< <l>3j) Q9 ls1 >< s1 I+ 

(l<I>2 >< <I>2I + j<l>4 >< <l>41) Q9 !s2 >< s21- (1) 

IlocKOJibI<Y 

l<I>1 >< <I>il + l<I>3 >< <l>3I =· 1, 

l<I>2 >< <I>2I + l<I>4 >< <l>4I = 1, 

TO llCKOMOe HeopTOfOHaJibHOe pa3JIO}KeHIIe e,ZJ;IIHllUhl MO}KHO npe,Zl;CTa

BIITh B q>opMe 
1 4 

1 = - Y: l<I>i >< <I>d. · 
2 i=l 

IloJie3HOCTh HeopTOfOHaJibHhIX pa3JIO}KeHllit e,ZJ;llHIIUhl COCTOllT. npelli,ZJ;e 

Bcero B TOM, qTo OHII Il03BOJIRIOT nepeqncJIIITb BCe 3JieMeHTapHbie aJib-

8 

TepHaTIIBhl, OTBeqaIOrn:IIe B03MO}I{HbIM pe3yJibTaTaM OT,ZJ;eJibHhIX II3Me

peHIIit. <l>II3HqecKnii: CMhICJI onepaTopoB N1 ll N2 , cooTBeTCTByIOrn:IIx 

anbTepHaTHBaM l<I>1 >< <I>1I H l<I>2 >< <I>2I, Mhl yllie o6cylli,ZJ;aJIH Bhlme. 

KopoTKO roBopn, OHII xapaKTepII3YIOT 3KcnepnMeHT~JihHYIO CIITya

UIIIO, KOr,ZJ;a /1 -,II )2 - KBaHThl HCTihITaJUi pacceJIHHe II O!Beqa!OT 

YTBeplli,Zl;eHHHM: qacTIIUa npornna qepe3 nepBoe HJIH qepe3 BTOp()e 

OTBepCTIIe COOTBeTCTBeHHO, BhICKa3aHHbIM C OTJmqublMH OT eii,HHHU:bl 

BepoRTHOCTHMll pi = cos
2 a,p2 = cos2 /3 (cM. pttc. 1). IloJib3YHCh_ 

PHC.2, MOlliHO cpa3y }Ke BbIIlIICaTb, no aHaJIOflIII C npe,ZJ;hl,ZJ;yrn:HM cJiy

qaeM, onepaTOphl N3 II N4 , OTBeqa1omne aJihTepHaTIIBaM l<I>3 >< <l>3I 
II l<I>4 >< <l>4I . 

N3 = sin
2 all/Ji >< l/J1I + cos

2 all/J2 >< 1P2I, 

N4 = cos
2 /317P1 >< l/J1 I+ sin

2 /317P2 >< 1P2I-
HeTpy,Z1;Ho· noHHTh, qTQ OHII cooTBeTCTBYIOT OTl)HQaHHIO yrneplli,ZJ;e

HIIit Ni ll'N~; IlOHIIMaeMOMY B CMbICJie BepOHTHOCTHOit JIOflIKH, ccpop

MYJIIIpOBaHIIOii B pa6oTax [11 - 13]. HaripIIMep;· _ecn~ Ni HBJIReTCH 
1, ,, 

yTBeplli,ZJ;eHHeM o TOM, qTo qacTnua npornna qepe3 nepBoe ornepcTue 
' .f ,_ 

C ,Zl;OCTOBepHOCTb!O Pi II qepe3 BTopoe - C ,Zl;OCTOBepnocTb!O Pi, TO 

N3 HBJIReTCH OTpIIUaHHeM nepBOfO BapllaHT~ (T.~ •. yTBepmie~HeM: 

qacrnua He npo'~Jla '-Iepe3 nepBoe OTBepcrne) C ,Zl;OCTOBepHOCThl~· 

1 - p1 II o;pIIUaHIIeM BToporo - c ,ZJ;OCTOB~p~ocTb!O 1 - p1 • I1m,;:MII 

CJIOBaMII, qeM 6onee ,Zl;OCTOBepno HeKOTopoe y~:ee~m,ZJ;eHHe, TeM MeHee 
I , " 'f ·: l, ., 

,Zl;OCTOBepHO ero OTpm1;anIIe II Hao6opoT. IloHHTHO, qTo IIMepeHIIH, 

OTBeq~IOrn:IIe N3 II N4, peaJIII3YIOTCH B Tex CJIY.;aRX, KOr,ZJ;a /1 - ll /2 -
KBaHTbI He HCTihIThIBaIOT pacceRHHR Ha qacTHUax; IlJ)OXO,Zl;HllJ;llX qe

pe3 OTBepCTIIR B 3Kpane ( OTCYTCTBHe CHrHana' 0 B3aIIMO,ZJ;eHCTBHH. -

Tollie rnrnan!). ToT cpaKT, qTo JII06oit II3 ~JieMe~TOB II~·phl N1 , ·N3 IIJIII 

N2, N4 B paBHOit CTeneHII IlO,Zl;XO,Zl;HT ,Zl;JIR 'on~~aIIIIR CT~ne'Irn JIOKaJIII30-

BaHHOCTII qacTIIU B6JIII3II o,ZJ;noro· II~ cocToH~Htt'. ll/J1 > ll jl/;2 >, CBH3~H 

C TeM q>OpMaJibHbIM o6CTOHTeJibCTBOM, qTo' .3TII orrepaTOpbI KOMMJT~-
. ' ' , 

PYIOT 

[N1, N3] = [N1, 1 - N1] = 0, [N2; N4] = [N2, 1 - N2] = 0. 

I1MeHHO I103TOMY OHII MOfYT 6bITh .nH~fOHaJIII30BaHJ,I O,Zl;HOBpeMeHHO 

B O,ZJ;HOM ll TOM llie - B ,ZJ;annoM cnyqae B j'lj,1 >, jl/;2 > - 6a3IIce. 
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B TO me BpeMJI, HeTpy.n;Ho rrpoBeplITI,, 'ITO .n;Ba mo6hlx .n;pyrRX orre

paTopa, HarrpnMep N1, N2, He ROMMyTnpyioT n, cJie.n;oBaTeJibHO, oT

BetJ:aIOT rrpR6JIH}KeHHhlM Il3MepeHJIJIM l{OOp.n;RHaT, ROTOphle He MoryT 

6hlTl, BhlIIOJIHeHhl O.z:{HOBpeMeHHO. TaRHM o6pa30M, "rrepeIIOJIHeHHhlii" 

Ha6op BeRTopoB cocTOJIHHti l<I>1 >, l<I>2 >, l<I>3 >, l<I>4 >, B IIOJIHOM 

COOTBeTCTBilil C TeopeMoii HattMapRa [5], pa36IrnaeTCJI Ha .n;Be rraphl 

l<I>1 >, l<I>3 > n l<I>2 >, l<I>4 >, JIBJIJIIOmneCJI 6a3HCHhlMH BeRTopaMR 

.ll:BYX pa3JIIl'IHhlX rHJII,6epTOBhlX rrpocTpaHCTB, B l{OTOphlX .n;etiCTBYIOT 

orrepaTophl N1, N3 Il N2, N4 COOTBeTCTBeHHO. B RatJ:ecrne llH.l];eRCOB St 

Il S2' BXO.n;Jimnx B opToroHaJII,HOe pa3JIO}KeHne e.n;IIHIID;hl ( 1), B .n;aHHOM 

cJiytJ:ae, O'IeBil.l];HO, CJie.n;yeT B3JITI, ,1 II /2 

St = 'Yt, S2 = 12, 

ROTOphle OTB~_tJ:aIOT pa3HhlM ( MaRpOCKOIIII"lJeCKII pa3JIIl'IIIMhlM) aJII,Tep

HaTIIBaM. IloIIhlTRa peaJIH30BaTI, I13MepeHile C JtJ:aCTileM ,060IIX 1 -
KBaHTOB ( cJiytJ:aii, Ror.n;a 3JieKTpoH pacceI1BaeTCJI cpa3y Ha ,060I1x 1 -
KB~HTa~), IIP~,B0.l];IIT K TOMY, 'ITO aJil>TepHaTIIBhl, OTBetJ:aIOmile rrpoxo

}K,z:{eHIIIO 3JieKTpoHa :'1epe3 rrepBoe, II BTopoe OTBepcTile, Ha'IIIHaIOT HH

TepcpepnpoBaTI, CTOJII, ClIJII,HO, 'ITO rOBOpIITI, 0 KaKOM - JII160 TO'IHOM 

IIJIII IIpI16JII1}KeHHOM Il3MepeHIIII KOOp.z:{RHaT CTaHOBIITCJI 6eccMhlCJieH

HhlM. Ilcbl~MY 3Tii c~fo.ITHJI II 6hlJIII lICK~IO'IeHI,I Il3 Harnero paccMO

TpeHJIJI c· caMoro HatJ:aJia. 

06paTHM~JI TeIIe~'I, K BOIIpocy O CTOXaCTII3~D;IIII BeKTOpa COCTOJI-
'. 

HRJI CHCTeMhl, Bhl3BaHHOMY rrpou;eccoM Il3MepeHHJI. 

PMpyrneHile HHTepcpepeHu;noHHott KapTHHhl, o6c,ym.n;aBrneecJI B 

RHnre <IiettiIMaH'a, MO}KHO o6nJICHIITI,, eCJIJI rrpnHJITi. BO BHHMairne 

COOTHOIIIeHne Heorrpe.n;eJieHHOCTeii <pa3a - 'IHCm/qacTHD;. B ca_MOM 

.n;eJie, ~cJin BHernHeMy Ha6JI10.n;aTeJIIO ,n:ocTyrrHa nHq>OpMan;IIJI ~ tJ:IICJie 

tJ:a.CTHD; B TOtJ:Ke A ( B .n;a.HHOM ·~JIY'I~e '3TO - o' IIJIH 1), TO .l];JIJI Hero 

rroJIHOCTl>IO yTepJIHhl cpa30Bhle cooTHorneHnJI Mem.n;y oT.n;eJibHhlMII co

cTaB~iomnMn BOJIH.OBOrO IIaKeTa. cho IIpllBO.l];llT K TOMJ, 'ITO IIOCJie 

ycpe.n;HeHIIJI BOJIHOBO.ii cpyHKD;IIll B TO'II<e A no aHCaM6JIIO Ha6JIIO.l];eHHH 

Bee llHTepcpepeHD;IIOHHhle tJ:JieHI,I IIC'Ie3aIOT. 

HarrpIIMep, rrycTi, .n;o H3MepeHnJI IIMeeTcJI BeKTop cocTOJIHHJI l'lj., >, 
rrpe.n;cTaBIDIIOmHtt' co6o:i-l: CJMMY HeKOTOphlX HHTepcpepn:py~mnx .n;pyr 
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\ l 
: 1 

-I' l 

c .n;pyroM aJibTepHaTIIB l'lj.,i > 

l'lj., >= LCil'lj.,i >, 
j 

r.n;e l'lj.,i > - co6crneHHhle BeKTOphl 3pMI1TOBcRoro orrepaTopa Ha6JI10-

.n;aeMott A · 
Al'lj.,i >=•ail'lj.,i > · 

Tor.n;a rrocJie rrpoBe.n;eHRJI Il3MepeHRJI IIOJIJ'IIIM 

i'lj., >--> L eicJ,, Ci l'lj.,i >, 
J 

r.n;e ¢i - cJiytJ:ai11rne, ne CKoppeJinpoBaHHhle .n;pyr c.n;pyroM cpa3hl, 

.l];JIJI KOTOphlX 5_ 

< ei (r/,j-r/,k) >= 8ik• 

8To IIPIIBO.l];IIT K TOMY, 'ITO B BhlpameHHll .l];JIII MaTpllD;hl IIJIOTHOCTH · 

BCe HHTepcpepenD;HOHHI,Ie 'IJieHhl IIC'Ie3aIOT: 

< l'lj., >< 'lj.,I >=I:< cjc; > l'lj.,i >< 1/Jkl = I: ICil2 l'lj.,i >< 'lj.,il• 
j,k j 

B TOM cJiytJ:ae, Kor.n;a IICT01IHHK tj)OTOHOB OCBemaeT rrepBoe OTBep

CTile, CTOXaCTH~eCKHH BeKTOp COCTOJIHHJI, 06pa:iy10mniicJI IlOCJie Toro, 

KaK IIHq>OpMaD;HJI O TpaeKTOpHII 3JieKTpona IIOCTJITHT B MaKpoo6cTa

HOBKY, 6y.n;eT HMeTI, BH.z:{ 

11/J' >~ ei"'1 l<I>1 > +e.i"'3 l<l>3 >, 

r.n;e ¢1, <f>3 ---: cJiyqafiHhle, IIOJIHOCTl>IO necKoppeJinpoBaHHhle ,n:pyr c 

.n;pyr()M cpa3hl ,
6

• q o,n:cTaBJIJIJI JIB Hoe BhlJ>amemre .n;JIJI I <I> 1 > II I <I>2 >, 
53,n;ecb' CK06KM < , > o6o3Ha<IaJOT ycpeJ.lHeHife ITO aHCaM6JIIO Ha6JIIOJl,eHMlt. 

IIocKOJlbKY BeKTOphl COCTOJIHHlt, Boo6me roBopJI;' c11y1rnltHhl, He l!CK.i11oqe110 no

JIB11e1rne ",n;BOltHux" cKo6oK. HanpMMep, BbipaJKeHne << xjiJ, >> O3HaqaeT, 

qTo aMnJIMTy,n;a < xliJ, > ycpe,n;HJieTcJI no HeKoTopoMy Ha6opy c11yqafi11ux 

napaMeTpoB. 
63,n;ech H Jl,aJiee Mbl mnneM CHMBOJI ~ BMeCTO CTpororo paBeHCTBa JJ,JIJI Toro, 

qTo_6hl He BhlilMChlBaTb JIBHO HOpMHpOBoqnult MIIOJKMTeJih, KOTOpbilt 11erKO BblqM-, 

CJIJieTCJI M3 ycJIOBMJI 

< iJ,'liJ,' >=< iJ,liJ, >= 1. 
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HaXO,ZIJIM 

17/J' >~ ( cos o:ei<l>i + sin o:ei</>3
) < ?/J117/J > l?/J1 > + 

( sin o:ei<l>i + cos o:ei</>3
) < ?/J2 l?/J > l?/J2 > • 

B1i1pruKemrn, CTORm;:1:1e B CK06Kax, - o6o3HaqHM nx C1 n C3 - YJJ.O

BJieTBOpRlOT JCJIOBHRM 

Os;< C1C; >s; 1, 

rJJ.e Hil}l{HRR Il BepXHRR rpaHIU(hl /1.OCTilra10TCR rrpH 0: = 0 H 0: = 71" / 4 
COOTBeTCTBeHHO. 

lfacTHqHaR CKoppenHpOBaHHOCTh K03cpcpuu;ueHTOB pa3JIOllieHHR cny

qaii:HOH BOJIHOBOH cpyHKUHil - OTJIHqHTeJILHaR qepTa rrpn6JIH}l{eHHhlX 

Il3Mepemri1. .IJ:e:iiCTBilTeJILHO, KOrJJ.a peqJ, HJJ.eT 06 OJJ.HoqacTHqHhlX 

KBaHTOBhlX COCTORHilRX, cornacHO 061i1qHofi CTaTHCTHqecKOH HHTep

rrpeTaUHH BOJIHOBOif q>JHKUHil, pe3JJILTaTOM H3MepeH
1
HR MO}l{eT 6hlTh 

OJJ.HO H3 JJ.Byx: JIH6o N = 0, JIH6o N = 1. IIocKOJILKY B o6onx cny

qaax qncno qacTHU Il3BeCTHO ToqHo, TO cpa30Bhle COOTHOilleHilR MelliJJ.Y 

OT,Zl;eJIJ,HhlMil KOMIIOHeHTaMH BOJIHQBOro rraKeTa ,Zl;OJI}l{Hhl 61i1Ti, · IIOJIHO

CTJ,10 yTepRHHhlMil. HarrpHMep, rrpn ll3MepeHHH KOJIHqeCTBa qacTHU, 

HaX0/1.RlUilXCR B cocTORHHRX l?/J1 > H l?/J2 >, BOJIHOBaR cpyHKUHR cn

CTeMhl 

17/J >= l?/J1 > +l?/J2 > 
rrepexo.n;nT B 

17/J' >= ei</>i l?/J1 > +ei</>2 l?/J2 >, 
r.n;e ¢1, ¢2 - HeH3BeCTHhle cnyqa:iiH1i1e, ·coBepmeHHO He CKoppennpo

BaHHhle JJ.pyr C .n;pyroM cpa3hl, pacrrpe.n;eJieHHhle p,aBHOMepHO B llHTep

BaJie OT ,HYJIR .n;o 271". IloHRTHo, qTQ n1061i1e KoppeJIRunn Melli.n;y rrepBofi 

ll BTopo:ii KOMIIOHeHTaMH .BOJIHOBOro rraKeTa B 3TOM cnyqae IIOJIHOCTJ,10 

IlCKJilOqeHhl 

< C1C; >=< ei(<1>i-<1>2 l >= o. 
TaK}l{e He COCTaBJIReT npHHUHIIHaJILHhlX 3aTpJJJ.HeHHfi OIIIlCaHHe 

rrpouecca CTOXaCTil3aUHll BeKTopa COCTOJIHHR CilCTeMhl 17/J > ll B cny

qae caMoro o6mero Il3MepeHnR, 3aKn10qa10merocR B nocneJJ.oBaTeJIL~ 

Hott rrpoBepKe peaJIH3aUHH aJILTepHaTHB I <I>1 > < <I>1 I, I <I>2 > < <I>:i I, • • •, 
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JJ.JIR uoTOp1i1x BeKTop1i1 cocToRHHR l<I>i >, l<I>; >, ... upn i. =f. j, He 

o6H3aTeJILHO cqHTaTL opToroHaJILHhlMll. .IJ:ettCTBilTeJILHo, IIOCJie npo

BeJJ.eHHR rrepBoro H3MepeHHR BeKTOp COCTORHHR CilCTeMhl,. oqeBH.n;HO, 

rrpeo6pa3yeTCH cne.n;yIOlUHM o6pa3oM: 

17/J >- 17/J' >= ~i"'1 l<I>1 > +ei¢i (l,J, > - < l<I>117/J > l<I>1 > ). 

3.n;en B1i1palliem1e, cToRmee B cKo6Kax, nrpaeT pom, BeKTopa I <I>2 > Il3 

rrpe.n;1i1.n;ymero rrpHMepa 2 - MepHoro rrpocTpaHCTBa cocTORHilfi. EcmI 

o6o3HaqHTL ero CHMBOJIOM I <I>' >, To rrepexoJJ., Bhl3BaHHhlii: BTOphlM 

ll3MepeHHeM, MO}l{HO rrpeJJ.cTaBHTh B Bn.n;e 

l<I>1 >--+ l<I>~ >= ei</>2 < <I>2l<I>1 > l<I>2 > + 

ei¢2 (l<i>2 > - < <I>2l<I>1 > l<I>2 > ), 
-

l<I>' >--+ l<I>" >= ei"'2 < <I>2l<I>'> l<I>2 > + 

ei¢2 (l<I>' > - < <I>2l<I>' > l<I>2 > ). 

TaKHM o6pa30M, IIOCJie BhlIIOJIH€HllH BTOporo Il3MepeHilR CilCTeMa 
' OKallieTCR B CJI€.n;Jl01U€M COCTORHilll: 

17/J >--+ 17/J' >--+ 17/J" >= ei</>1 l<I>~ > +ei¢1 !<I>~ >, 

n T • .n;. IloJJ.cTaBJIRR B OKoHqaTeJILHy10 q>opMyny BMeCTO BeKTopoB 

17/J >, l<I>i > nx pa3JIOllieHHR B opTOHOpMnpoBaHHOM 6aance 17/Ji > n 

npHBO/1.R no.n;o6H1i1e qneHhl, Mhl MollieM Tenepn' 11afiTH HBHoe BhlpruKe

Hne .n;JIR cnyqafiHhlX Koaq>q>nuneHTOB Ci(</>1 , 4>1, </>2, ~2, ... ), 3a.n;a10mnx 

BeKTOp COCTOHHHH CHCT€Mhl nocne rrpoBe).l;eHilH n ll3MepeHntt 

(n) ·. - ., ,. , 
17/J >= I:Ci(<P1,<P1,~--)l1Pi >. 

; ~ . 

Hamn 3aKJIIOqHTeJILHhle 3aMeqaHilH OTHOCRTCR K IlHTeprrpeTaIJ;Illl 

CTOXaCTHqecKHX BeKTopoB cocTORHHH. IIocKOJILKY npn ycpe.n;HeHHH 

no aHCaM6JIIO Ha6n10.n;eHnfi BC€ IIHTepq>epE!HUilOHHhle qneHhl coKpa

maIOTCR, KBaHTOBaR C~CTeMa, ~6na.n;aIOJ:UaH CTOXaCTllqecKIIM . BeKTO

poM COCTORHIIH, oqeHL Harrorro,MimaeT KJiaccnqecKyIO. Ilp,ll 3TOM BO3~ 

HilKaeT co6Jia3H cqHTaTL, qTQ TaKaR CllCTeMa, KaK n KJiaccnqecKaH, 
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6y,neT yllie "caMa no ce6e" o6na,naTb xapaKTepIICTIIKaMII, OTBeqa10-

ru:i1'MII HeKOTOphIM 3HaqeHIIRM lI3MepReMOit Ha6JIIO,naeMott (npIInIICaH

HhIM, pa3yMeeTcn, no aaKoHy cnyqan). B HeKoTopoM CMhICJie 3To TaK 

II ecn,, XOTR 3.zi:ecb n cne.nyeT c.nenaTb HeKoTophle oroBopKII. 

PacCMOTpIIM KBaHTOBYIO CIICTeMy, Haxo.nnmy10cn B 2 - MepHOM 

rrpocTpaHCTBe COCTORHIIH, HaTRHJTOM Ha 6a3IICHhle BeKTOphI 11 > II 

~> . 
< 111 .>=.< 212 >= 1, < 112 >=< 211 >= 0. 

IlycTb 

11 > +12 > 
la>= v12 , 

1 > -12 > 
lb>= 

8TIIM BeKTopaM COOTBeTCTBYIOT onepaTOphI Ha6n10,uaeMhIX N II 0, 

Nii>= iii>, 

Ole>= cic >, 

i = 1, 2, 

C = p,,b. 

Ecmi: B HaqaJibHhltt MOMeHT CIICTeMa Haxo,n:IITCR B cocTORHIIII ja >, 
TO nocne npOBe,neirnn ll3Mepemfa. npII6opoM ~IIna N Olla' nepett.neT 

B COCTORHIIe 
1 . ' 

11/J >= y12(e!71 jl > +e'72 j2 >), 

r.ne "fi -::. cnyqaiiHhle qIIcna. AHanorIIqHo, npII II3MepeHIIII npII6opoM 

0, COCTORHIIe 11 .> npeo6pa3yeTCR B 

' ' 1 '' ·:, 
jcp >= v12( ei"'ja > +ei13 lb > . 

Cornacao Hamett. IIHTepnpeTaUIIII, cnyqatiHhIH BeKTop OTBeqaeT 

pacnpe,neJieHIIIO BepORTHOCTett 

1 
~l = 2' 

1 ' 
P2 = 2 

Toro, qTQ cIIcTeMa aaxo.nincn B · cocTORHIIRX jl > n · 12 > cociT'BeT

cTBeHHo. Aiianoni:qHo, cToxacrn:qecmi:ti :sei{Top jcp ·> oT11eqaeT cnTy

aunH, Kor.na cncTeMa aaxo,nnTcn "cairn no ce6e" nn6o B cocToJiann 

la >, nn6o :s cocTonnnn lb>, TaK qTo nocne,ny10mee BMemaTeJibCTBo 
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Ha6JIIO,UaTeJIR CBO,UHTCR JIIIIIlb I{ TOMY' qTo ero 3a)UIIIM qIIcJIOM "CTaBRT 

B H3BeCTHOCTb" 0 TOM, B KaKOM IIMeHHO COCTORHIIII npe6bIBaeT CIICTeMa 

B .naHHhIH MOMeHT BpeMeHII. 

ToHKOCTb, ,o KOTopott Mhl ynoMRHJJIII BhIIIle II KOTopan HJ}l{.ll:aeTCR 

B ,UOilOJIHHTeJibHOM KOMMeHTapIIII, COCTOIIT B cne.ny10meM. HeTpy.nno 

npoBepHTb, qTo BeKTOp jcp > MO}l{HO npe,n;cTaBIITb TaKllie B BII,ne 

1 . 
jcp >= v12(C1ll > +C2l2 >), 

r.ne 
ei"' + ei/3 

C1 = y12 ' 
. i/3 e"" - e 

C2 = y12 

Koacpqrn:uneHThI C1. n C2 06na.na10T B ToqnocTn TeMn llie cBott

cTBaMn, qTO ll K03<p<pH
0

UlleHThI eh1 II eh2 B' BhlpallieHIIll .ll:JIR 11/J >, 
KOTOphle TOJlbKO II perncTpnpyIOTCR B SKCnepnMeHTe.' MMeHHO, 

< C;*C; >= 8;;, i,j = 1, 2;. 

TaKHM o6pa30M, CKa3aTb, qTO CHCTeMa HaXO,UllTCR ,, caMa IIO ce6e" 

B COCTORHHH, 06Jia,na10meM HeKOTOphIM 3HaqeHneM Ha6JI10,naeMoii, MO}l{HO, 

BOo6me roBOpR, I Jllllllb C TOit oroBOpKoit, qTo npn 3TOM yllie 3a,naHo ee 

MaKpOOKpyllieHne. TaK, B paccMaTpHBaeMOM. npnMepe COCTORHHR 

11/l > n lcp >, xorn n pa3JinqnhJ (TaK KaK jei7,j = 1, IC;I, B o6meM 

CJiyqae, OTJIHqaeTCR OT 1), TeM He MeHee Be.ll:JT ce6R a6COJIIOTHO OJJ:H

HaKOBO BO BCeX ,MhICJIHMhIX H peaJibHhIX 3KCIIepnMeHTax. 

MHTepecHO 'oTMeTHTb, qTo B o6menpHHRTOM B KBaHTOBOH Mexa

HHKe cpopMaJIH3Me o6onM CTOXaCTnqecKHM BeKTOpaM COCTORHHR co

OTBeTCTByeT o,nHa H Ta }l{e MaTpnua IIJIOTHOCTH 

P =< 11/J >< 1/JI >=< lcp ><cpl>= 

1 1 1 1 
211 >< lj + 212 >< 21 = 21a >< aj + 21b >< bj. 

B CBR3H C 3THM .n' 8cn'aHI,R [14] BBeJI IIOHRTHR "HaCTOJIIIl;eit" (proper) 

n "HeHacToJimett" (improper) cMecn ,nJIR Toro, qTo 6hl pa3JinqaTb Ma

Tpnuy IIJIOTHOCtn, OTBeqa10my10 "CBOeMy" lI "He CBOeMy" II3Mepe

HlIIO. ToT <paKT, qTo CTOXaCTnqecKOe onncaHne II03BOJIReT pa3JlllqaTb 
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I :, 

3TH COCTOHHHH (" CBOHM" HBJIHeTCH TaKOe IIpe,n;CTaBJieIIHe MaTpHUhl 

IIJIOTHOCTH, IIpH KOTOpOM ICil = 1) cne,n;yeT cqHTaTI, ero ,Zl;OCTOHH

CTBOM. 

HaKoHe:a:, e:rn:e O,Zl;HO 3aMeqaHHe OTHOCHTeJII,HO CTOXaCTHqecKHX BeK

TOpOB COCTOHHHH. PaccMOTpHM cne,n;yro:rn:yro TeopeTn:qecKyIO CHTya

UHIO. IIycTI, HeKTO IIpHmeJI B Ka3HHO H pemHJI ChlrpaTI, B pyneTKy. 

IIpe,n;IIOJIOmHM, qTo HOMep, Ha KOTOphl:lt OH CTaBHT, B CHJIY HeKOTOphlX 

oco6eHHocTe:lt ero xapaKTepa, BLI6HpaeTCH coBepmeHHO cnyqail.Ho. 

Ilpe,n;rronomHM TaKme, qTo X03HHH Ka3HHo pacrronaraeT B03MOmHo

CTHMH BJIHHTI, Ha HCXO,ZI; Hrphl. }KenaH ,Zl;OCTaBHTI, CBOeMy rocno y,n;o

BOJibCTBHe, OH BCHKH:lt pa3, rrocne Toro RaK c,n;enaHhl CTaBKH, B03,n;eil.

CTByeT Ha pyneTKY, yBeJIHqHBaH BepOHTHOCTI, BhlIIa,n;eHHH Heo6xo,n;H

MOro HOMepa. Tor,n;a pacnpe,n;eneHHe BepoHTHOCTeil. BLIHrpan, rrpH3 

6y,n;eT MeHHTb_CH OT Hrphl K Hrpe COBepmeHHO cJiyqafi.JIUM o6pa30M, 

XOTH HHKaRHMH MaTeMaTn:qecirnMH MeTo.n;aMII 6LIJIO 6hl He B03MOmHO 

ycTaHOBIITI, 3TOT <paKT. 

HeqTo rroxomee IIMeeT MecTo II B paccMaTpHBaeMoM cnyqae. BeK

Topy COCTOHHIIH 

I
.,. 1 . . 

. 'I-' >= J2(e'"Y111 > +e'"Y212 >) 

OTBeqaeT_ pacrrpe,n;eJieHIIe BepOHTHOCTe:lt 

1 , 1 
p1=2,p2=2 

o6Hapy.lRHTb CIICTeMy B COCTOHHHHX 11 > H 12 >. B TO me BpeMH ,Zl;JIH 

BeRTOpa 
1 . 

l'P >= J2(C1ll > +C2l2 >) 

IIMeeM ,n;JIH 3THX .lRe co6LITIIii 

1 1 
Pt = 2 + 8, P2 = 2 - 8, 

r,n;e 8 =:= cos(~-cr) - cnyqail:Hoe qHcJio, y,n;oBJieTOpHIO:rn;ee Tpe6oBaHHHM 

1 1 . 
-- < 8 < - < 8 >= 0. 2 - - 2' 
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l.JHCJIO 8 COOTBeTCTByeT cnyqa:ltHOMY Bhl6opy HrpoRa B pyneTRY 

B npe,n;LI,n;y:rn;eM rrpHMepe, o,n;HaKo, B OTJIHqHe OT 3Toro cnyqaH, ero 

3HaqeHHe Terrepb HHKOMY He Il3BeCTHO. B HeROTOpOM (xoTH, pa3yMe

eTCH, H He B 06:rn;errpHHHTOM B KBaHTOBOil: MeXaHHKe) CMhlCJie, qHCJIO 8 
rrpe,n;cTaBJIHeT co6oil. HeKOTOphlH "CKphlThl:lt 11apaMeTp"' OTBeqaro:rn:Hil: 

3a CTOXaCTH3aUIIIO pe3yJil>TaTOB H3MepeHHil:. 

IIocne,n;Hee COOTHOIDeHHe OIIHChlBaeT CHTya:a:HIO, Ror,n;a H3MepeHHe 

THIIa N BhlIIOJIHHeTCH cpa3y me rrocne OROHqaHHH B03,Zl;eilcTBHH Ha 

CHCTeMy IIpH6opa Q. 3aMeHa H3MepHTeJibHOro ycTpoilCTBa IIpHB0,Zl;HT 

R cne,n;yro:rn;eMy ( HeHa6mo,n;aeMOMY) H3MeHeHHlO BeKTopa COCTOHHHH 

1 · 1 · 
l'P >= J2(c111 ~ +c212 >)--+ J2(c~11 > +c~12 >), 

r,n;e c; = ehiCj, 1c;1 - cnyqaitHoe qHCJIO. IloMeHHB IIpH6ophl 0 
H N ,n;pyr C ,n;pyroM ,n;Ba pa3a, Mhl, oqeBH,Zl;HO, CTOXacT_H3yeM BepoHT

HOCTH o6HapymHTb cHcTeMy KaR B cocTOHHHHX I 1 >: H 12 >, TaK H B 

cocTOHHHHX la> H lb>'. 
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KoCTeHI<O B._<I>: . .. . . 
. 0 ripH6JimKe~HhlX KB~HTOBhlX H3~epeHH51X . 
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. '06cy~aeTC51 KOH~enu;H51 np116;mKeHHhlX H3MepeHHH B KBaHTOB0H Me
XllHHKe. C noMO!QhIO KOHKpeTHhlX· npHMepoB ~aeTC51 cpH3HtiecKa51 HHTepnpe-·. 
TahH51 HecaMOCOilp51)KeHHhlM onepaTopaM Ha?JIIO~aeMhlX. 

Pa6oTa BhinoAHeHa B Jia6opaTOpHH ~hlqHCJIHTeJihHOH TeXHHKH H aBTO;_ 
MaTH3:lIJ;HH Qvl.S[l,f. . ~, . . . . . . . 

. . · IIepeBo~ aBTopa 

Kostenko B.F. 
On Approximate Quantum Measurements 

-, -. " < ., 

· .'Theory of approximate quantum measurements is discussed. With the help 
of- some· examples the· physical · interpretation of nonselfadjoint operators 
of physical observables is done.· · 

. ._ . . 
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