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1. Boeµ;enue 

Cy~ecTBYIO~aJI KBaHTOBaJI TeopH.11 .IIBlIJieTc.11 q>aKTH'IeCKH HayKo:ii:, npep;CKa:3bIBaIO

~e:ii: peoyJibTaTbI 6yµ;y~Hx HOMepeHHH, ecJIH 'mmecTHo'Ha'IaJibHOe cbcTOJIHHe [l]. B 

KJiaccH'IecKo:ii: MexaHHKe pe11Ia10TC.1I TaK)Ke oap;a'IH peTpocKai3aiutJI; HanpHMep, Bl,I'IH

cn.1110Tc.11 npOllIJible oaTMCHHJI JlyHbI. YpaBHCHHe illpep;HHJ:-'epa TO,Ke 'n'oi:rnorrJieT HafrrH 

BOJIHOBYIO q>yHK~HIO 1/J(t) (npH ycnOBHH, 'ITO oap;aHO COCTOJIHlie"B MOMeHT to) KaK B CJIY-. 

'Jae t > t0 , TaK Ii B cny'Iae t < t0 [2,3]. 0AHaKO KBaH.ToBoMy'peTpocKa:3aHnIO npen.11T

CTBYIOT Tpyp;HO,CTH, CBJIOaHHble c oap;aHHeM KBaHTOBbro ~OCTOHHmi, oco6eHHOCT~im 

KBaHTOBbIX HOMepeHHll H 6opHOBCKO:H BepO.IITHOCTHOll HHTepnpeTaiJ;ne:ii: BOJIHOBOII qiyiI

K~HH. B 'IacTHOCTH, B 6opHOBCKoii: 'TpaKTOBKe pe~b Hp;eT ci ~~poJITHOCTJIX 6~y~hx 

cny'Ia:HHbIX co6:i:rTHH, HO ~e II~OlllllbIX (KBaHTOBbIM co6~-r'ireM -~a.DbIBaeT~ iio.11Bne~~e 

npH HOMepeHHH Toro HJIH HHOro OHa'JeHHJI Ha6n10p;aeMo:ii:). 

0TMCTHM, 'ITO npo6neMa peTpOCKa:3aHHJI He CBJIOaHa Hem:icpep;CTBeiiHO c T-' HJIH 

C PT :mmapHaHTHOCTJIMH, llOCKOJibKY noi:nep;HHe .IIBlIJIIOTC.11 'YT~ep:i1q:(eHHi~H O npeJ~Ka

OaTeJibHbIX aMillIHTyp;ax BepO.IITHOCTH [4]. 

Iloµ;po6HO Tpyp;HOCTH KBaHTOBoro peTpOCKa:3aHHJI o6cy:>Kp;aIOTC.II B paaµ;enax 2 H 3 

Ha npHMepe p;Byx BOOMO~Hl~X (Ho He~a'IHbIX) noµ;xoµ;oB K l:lTOlI npo6JieMe. 

B OCHOBY noµ;xoµ;a pa:3p;eJia 2 IlOJIO:>KeH npHH~n B03MO:>KHO '6onee TCCHO~ aHaJIOrHH 

C o6bl'IHO:H nocTaHOBKO:H KBaHTOBOlI npep;CKa:3aTeJibHOll 3ap;a'IH: 3ap;aHO COCTOJIHHe q>H-

3H'ICCKOll CHCTCMbI B Ha'IaJibHblll MOMCHT BpeMeHH t; (i OT initial), HallTH BepO.IITHOCTH 

pOOHbIX 3Ha'IeHHll Ha6n10µ;aeMOll npH ee HOMepeHHH B MOM~HT t1 > t; (f OT final). 

IloKOObIBaeTC.11, 'ITO µ;n.11 peTpOCKOOaHHJI BMCCTO o6bI'IHOro H3MepeHri:JI ~a6n10µ;ae~oii: 

Tpe6yeTC.II µ;pyra.11 H3MepHTCJibHaJI npo~eµ;ypa. BooMO:lKHbIM ee npHMepoM JIBJIJICTCJI 06-

pa~eHHoe BO :speMCHH o6bI'IHOe H3MepeHHe.0p;HaKO 0TOT npHMep npaKTH'ICCKH Heocy-



B paop;eJie 3 o6cy:lKp;aeTCJI nop;xop; BaTaHa6e [4,5,6,1], OCHOBaHHhIH Ha llCilOJib30Ba

Hllll IlOlUITlliI anocTepn:opHO:ii: BepO.IITHOCTll ( CM. p;aJie~ nop;paoµ;eJI 3.1 ). IloKaobIBaeTC.II, 

'ITO llCilOJib30BaHHe 3Toro IlOlUITlliI B KBaHTOBOM CJiy'Iae HenpaBOMepHo BBHAY paµ;n:

KaJibHOro OTJIH'Illil KBaHTOBoro llCilbITa.HlliI (n:aMepeHIDI Ha6JIIOp;aeMOH) OT llCilbITaHHJI 

(pom,IrpbIIIIa) B KJiaccn:'!eCKOH TeOpllll BepO.IITHOCTe:ii:. O6cy:lKp;aIOTC.II Henpn:~MJieMbie 

CJiep;cTBlliI aToro nop;xop;a, Oj:IHO ll3 KOTOpbIX OTMe'IaJI Ca.M BaTaHa6e. 

B paop;eJie 4 npeµ;JiaraeTCJI peaJIHnB.qlliI peTpOCK&3aHIDI, llCilOJib3YI<>~aJI ll3MepeHn:e 

BOJIHOBo:ii: <l>YHKqn:n:, KOTopoe oTJIH'IaeTCJI OT nnMep~HH.II Ha6nIOp;aeMo:ii:. Ilpn:BOAJITC.II 

npn:MepbI HaMepeHIDI BOJIHOBOH q>YHKqllll ll JIHTepaTypa no aTOMY Bonpocy. 8To ll3Me

peHn:e Il03BOJI.IIeT 3aMeHHTb o6bI'IHYI<> IlOCTaHOBey aap;a'IH KBaHTOBoro npeµ;cKaoaHHJI 

(o6cy:lKµ;aeMyI<> B paoµ;eJie 2) 6onee npocTo:ii:: aap;a.Ho Ha'IaJibHOe cocTOJIHn:e 1/);, B 6yp;y

~n::ii: MOMeHT t1 HaMep.lieT~ TO:lKe COCTO.IIHHe 1fJ(t1 ), a He Ha6JIIOp;aeMaJI. PeTpOCKaoaHn:e, 

aHaJiorn:'IHOe aTo:ii: HOBo:ii: nocTaHOBKe, HJIJII<>CTp,n:pyeTCJI aap;a'!e:ii:: aap;a.Ho cocTOJIHn:e B 

MOMeHT t1, HaMep.lieTCJI COCTO.IIHHe B MOMeHT t; < t1. BoJiee CJIO:lKHbIH Bapn:aHT aT~ro 

peTpOCK&3aHlliI CM. B noµ;paoµ;eJie 4.4. , 

B paoµ;eJie 5 npep;JiaraeTCJI npnJio:lKeHHe KBaHTOBoro peTpocKaoaHn:.11 p;JIJI,npoBepKn: 

npn:HqHIIa npH'IllHHOCTH, YTBep:lKp;aIO~ero, 'ITO CJiep;CTBHe MO:lKeT Haxop;HTbC.II JIHIIIb B 

6ygy~eM o,:rHOCHTeJibHO CBOe:ii: npH'IHHhI. 

2. CTaHµ;apTHaJI cxeMa KBaHTOBoro npeµ;cxaoaHHB H ee 

peTpocxaoaTeJihHhIH aHanor 

2.1. O6bI'!HaJI Il0CTaH0BKa KBaHTOBOH oap;a'llI peTpOCK&3aHlliI TaK0Ba. C Il0M0~bIO 

HeKOTOpOH 3KCnepHMeHTaJibHOH ycTaH0BKll npHr0T0BJIJieTCJI Ha'IaJibH0e COCTO.IIHHe q>lI-
. . \·: . 

'3H'IeCKOH CI1CTeMbI s, TaK 'ITO B M0MeHT t; C0CT0.IIHHe oniicbIBaeTC.II BOJIHOBOH q>yH-
' . ' " ' . , ,· ~ 

Kqne:ii: 'Pi lIJilI MaTpuqe:ii: llJI0TH0CTI1 p;. _IlpnrOTOBJieHne npoucxop;HT B lIHTepBaJie (t\, t;), 

t\ < t; ( CM. puc. 1 ), u A0JI:lKH0 0aK0H'IlITbC.II B. M0MeHT t;: ll0CJie t, ClICTeMa S He /J;0JI-
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:lKHa B3aHMOp;e:ii:CTBOBaTb C npn:roTOBJIJIIO~e:ii: annapaTypo:ii:, TaK KaK aBOJIIO~ IlOCJie t;· 

j:IOJI:lKHa OilllCbIBaTbCJI ypaBHeHHeM illpep;UHrepa i011p(t) = Hip(t) AJIJI HaOJIHpOB~Oll 

S (raMHJibTOHHaH H He cop;ep:lKHT nepeMeHHhIX npnroTOBJIJIIO~e:ii: annapaTypbI). C no

MO~bI<> aToro ypaBHeHIDI MO:lKH0 TeopeTH'IeCKH npegcKaoaTb COCTOJIHHe s B M0MeHT 

t1 > t;: 

1p(t1) = exp(-iH(t1 - t;))ip;, (1) 

npn: ycJI0BHH, 'ITO B HHTepBaJie ( t;, t j) CllCTeMa S OCTaeTCJI H30llllpOBaHHOH. Op;HaKO 

BMeCTO 1p(t1) o6bI'IHO HaMep.lieTCJI HeKOTOpa.lI Ha6JIIOµ;aeMaJI F, HanpHMep, H~YJibC 

CHCTeMbI. 8To ocy~eCTBJIJieTCJI nyTeM B3aHMop;e:ii:cTBlliI s C HaMepnTeJibHOH annapa

Typo:ii:. OHo AOJI:lKHO Ha'!aTbCJI He pa.Hbllle MOMeHTa t1 ('IT06bI He MelllaTb 3BOJIIOqHH 

n:aoJinpoBa,HHo:ii: S) n: 13aKOH~TbCJI B HeKoTopbI:ii: MOMeHT t1 > t J ( CM. pnc. 1 ). 

ProyJibTaToM HnMepeHrur F 6ygeT peaJIHaaqrur (noCJie t J) KaK0ro-To 13Ha'!eHIDI f 

Ha6JII<>p;aeMo:ii: F (KaKoe-To noJio:lKeffil;e cTpeJIKH npn:6opa). Ilpmicxoµ;nT pep;YKqIDI (nJIH 

Konnanc) cocTO.IIHIDI SB op;Ho n:a co6cTBeHHbIX cocTO.IIHHH If) Ha6JIIOp;aeMo:ii: F, cooT-, 

BeTCTBYI<>~ee f: ip( t J) -+ If). IloJIBJieHn:e f ecTb CJiy'!a:ii:Hoe co6bITHe. MHoroKpaTHbie 

n:aMepeHIDI c aHcaM6Jie11,1, HIJ 60Jlb11Ioro 'IHCJia N; cucTeM S µ;agyT 'IHCJIO N;(f) cncTeM, 

pegyqn:poBaBIIIlIX B If), 'ITO noaBoJIJieT HaHTH Bepo.lITHOCTH paoHbIX 13Ha'!eHH:ii: f: 

P(f +- i) = N;(f)/N;. 

ti lt t, f 'I - t 

P~c. 1. B HHTepBaJie (t~, t;) cucTeMa S npuroToBJIJieTCJI B HeKo

TopoM C0CT0.IIHlIH 'Pi. B HHTepBaJie ( t J, ti) II0Mep.11eTCJI Ha6JIIOp;a

eMaJI. B HHTepBaJie ( t;, t J) nponcxoµ;uT aBoJIIOqWI 1rooJIHpOBaHHo:ii: 

ClICTeMbI s' He noµ;BepraIO~e:ii:CJI Boop;e:ii:cTBHIO npurOTOBJI.IIIO~e:ii: 

u HnMepuTeJibHo:ii: annapaTypbI 
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P(f +- i) eCTb BepoJITHOCTb. CJI)"IaHHOro co6bITHJI, KOTopoe npmrcxoµ;HT noCJie MO

MeHTa t I, ll OHa OaBHCllT OT COCTOJIHHJI t/J( t I), B KOTOpOM s Haxoµ;HTCJI nepeµ; HOMepe

HHeM F. B ·KBaHTOBOK MexaHHKe nocTymrpyeTCJI CJieµ;y10~ee TeopeTH"Iecxoe Bhlpa:iKe

HIIe µ;rut P(f +- i): 

P(f +- i) = IUlt/J(t1))12. (3) 

3aMe"IaHHe. IlpnroTOBJieHHe MO:iKeT 6bITb ocy~eCTBJieHO nocpeµ;CTBOM HOMepemrn 

HeKOTopoii: Ha6rr10µ;aeMOli Ill noCJieµ;yIO~ero OT6opa (<l>HJibTp~HH) Tex CHCTeM, KOTO

phle peµ;ynnpoBaJIH B oµ;Ho HO co6cTBeHHbIX cocTOJIHHK Ii) Ha6moµ;aeM011 .I: tp; = Ii). 

BooMO:iKHbl µ;pyrne cnoco6bl npuroToBrremrn (cM., HanpHMep, [7]). 

2.2. OnmneM aHaJIOrll'IHyIO CXeMY peTpOCKa:3aHHJI. ,D;orr:iKHO 6bITb oaµ;aHO COCTOJIHHe 

'Pl B MoMeHT ti. 3To oaµ;aHHe (aHrrrnii:cxue TepMHHbl retroparation HJIH postparation, 

npnµ;yMaHHble no aHarrOrHH C preparation [1]) µ;oJI:iKHO HMeTb :14ecTO B HHTepBarre ( t I' t1) 

( CM- pnc.l ), "IT06bl He Mella Tb 0BOJIIO[IHH HOOlIHpOBaHHOK s B HHTepBarre (t;, t I). B pe

oyJibTaTe COOTBeTCTBYIO~eii: nponeµ;ypbl µ;oJI:iKHO CTaTb HOBeCTHbIM COCTOJIHHe 'Pi B 

MOMeHT t I µ;o Ha"Iarra aToii: nponeµ;ypbl. Iloµ;"IepKHeM, "ITO onncaHHaJI Bblme nponeµ;ypa 

npnroToBrremrn (preparation) µ;rut naµ;aHHJI 'Pl He roµ;HTCJI: oHa µ;aeT onpeµ;erreHHoe co

CTOJIHHe nocrre cBoero oaBepweHHJI. He roµ;HTCJI n H:JMepeHne xaxoii:-rrn6o Ha6rr10µ;aeMoK 

F: OHO µ;aeT BepoJITHOCTH l(flt/J1)12, Ho no HHM Hem,oJI ynHaTb 'Pl (xpoMe Moµ;yrreii: Haµ;o 

:JHaTb e~e n 4>anbl aMnlIHTyµ; l(flt/J1) ). 

Ecrru naµ;aHO 'Pf, TO C noMO~bIO ypaBHeHHJI Illpeµ;uHrepa MO:lKHO TeopeTH"IeCKH 

peTpocxanaTb COCTOJIHHe SB MOMeHT t; < ti [2,3]: 

t/J(t;) = exp(-iH(t; - t1 ))t/J1 (4) 

Mo:iKHO IIOCTYlIHpOBaTb no aHaJIOrIIII c (3), "ITO cy~eCTBYIOT ;TeopeTH"IeCKHe peTpoBe-
\'• 

poJITHOCTH,paBHble 

l(ilt/J(t;))l2 
• (5) 

·oµ;HaKO KaKOMY 0KCIIepHMeHTaJibHOMY H:JMepeHIIIO OHH COOTBeTCTBYIOT? 8To He MO:iKeT 
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6bITb o6bl"IHbIM HOMepeHHeM Ha6rr10µ;aeMOli j B COCTOJIHIIH t/J( t I): TaKOe lI:JMepeHHe 

µ;orr:iKHO Ha"IaTbCJI B MOMeHT t; n OaKOH"IIITbCJI nocrre t;, "ITO OOHa"IaJIO 6bl, "ITO B lIHTep

BaJie ( t;, t I) ClICTeMa He 6bIJia 6bl HOOlIIIpOBaHHOK n ee COCTOJIHIIe B MOMeHT t; HeJib:JJI 

6blrro 6bl onncaTb 4>opMyrroii: (4). Hy:iKHaJI HaM nponeµ;ypa µ;orr:iKHa Ha"IaTbCJI µ;o t; II 

:JaKOH"IlITbCJI B MOMeHT t;, T.e. µ;oJI:iKHa nponcxoµ;IITb B HHTepBarre (t:,t1) (cM. puc. 1). 

Peµ;ynupoBaHHOe COCTOJIHIIe µ;oJI:iKHO IIOJIBrutTbCJI µ;o MOMeHTa t;, "ITO MO:lKHO oanucaTb 

KaK Ii) +- t/J(t;) (peTpopeµ;yKI:IHJI). B Ka"IecTBe Taxoii: nponeµ;.ypbl roµ;urrocb 6bl o6pa~eH

Hoe BO Bp·eMeHII o6bl"IHOe HOMepeHIIe Ha6rr10µ;aeMoii:, Ha:30BeM ero peTpOHOMepeHIIeM. 

,UpyraJI BOOMO:lKHOCTb - nponeµ;ypa npnroTOBJieHHJI - ncnOJib:JyeTCJI B panµ;erre 4. B 

0TOM panµ;erre Mbl o6cyµ;IIM peTpOH:JMepeHIIe. 

3aMe"IaHIIe. B cepHII cTaTeii: AxapoHoBa H µ;p. ( CM., HanpnMep, [8,9]) npeµ;rrararrcJI 

TaK Ha:3bIBaeMhlli ClIMMeTpII"IHblll noµ;xoµ;, B KOTOpOM ClICTeMa s npIIrOTOBJIJieTCJI BHa

"IaJie (is preselected) rrpu t; II rroo:iKe (is postselected) rrpn t I nµ;earrbHhlMH noMepeHIIJIMH 

Ha6rr10µ;aeMOK A B MOMeHT t; H Ha6rr10µ;aeMoii: B B MOMeHT ti. Oµ;Haxo, KaK rroµ;"Iep

KHBarrocb Bblllie, o6bl"IHOe H:JMepeHIIe B rrpH t I He orrpeµ;errJieT COCTOJIHHJI ClICTeMhl µ;o -

ti. Co6cTBeHHble cocTOJIHHJI lb) Ha6rr10µ;aeMoii: B BO:JHHKaIOT (npoucxoµ;IIT peµ;yK[IIIJI 

B HHX) noCJie Ha"Iarra HOMepeHHJI B, HO He µ;o Hero. Postselection µ;orr:iKHO pearrnnoBhl

BaTbCJI µ;pyroii: rrponeµ;ypoii:, rrpIIMepoM KOTopoii: Morrro 6bl 6h!Tb peTpOIIOMepeHIIe c 

OT6opoM (cp. :JaMe"IaHIIe B KOH[le 2.1). 

2.3. JfoBeCTHO, "ITO KBaHTOBOe HOMepeHHe Ha6rr10µ;aeMOK JIBJIJieTCJI Heo6paTIIMhlM 

rrponeccoM [10,1]: Bee crroco6hl perncTp~HH MIIKpO"IaCTH[I HCIIOJib:JYIOT Heo6paTIIMhle 

rrponeccbl (Tnrra panpJIµ;a B C"IeT"IIIKe reii:repa), nµ;y~IIe c BoopacTaHneM BHTpomm. 

3TO OHa"IIIT, "ITO o6pa~eHHblll BO BpeMeHH rrponecc (peTpmmMepeHue) rrpaKTlI'IeCKII -

Heocy~eCTBHM. , 

2.4. ,Urut cpaBHeHIIJI c rroµ;xoµ;oM BaTaHa6e ( CM. crreµ;y10~uii: panµ;err) rrpnBeµ;eM orrpc

µ;erreHIIe peTpOBepOJITHOCTII, OCHOBaHHOe Ha rIIIIOTeTII"IeCKoii npo1:1eµ;ype peTpOl!:JMC

peHHJI. IlycTb B MOMeHT ti H?:1errocb Ni cncTeM B cocTOJIHIIII 'Pl· Ifo HIIX N1(i) rncTcM 
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peTpopeµ;yQnpy10T B cocToHHne Ii) B llHTepnaJie (t:, t;). Ilo aHaJiornn c (2) onpeµ;eirneM 

peTpOBepOHTHOCTb R(f -> i) cneµ;yIO~llM o6panoM: 

R(f-. i) = NJ(i)/Ni . (6) 

8To ecTb BepOHTHOCTb cny'laUHOro co6bITllH, KOTopoe nponcxoµ;nT µ;o MOMeHTa ti. 

3. PeTpoeepO.HTHOCTH KaK anocTepuopHble eepO.HTHOCTH 

3.1. IIoHHTlle anocTepnopHoii: BepOHTHOCTll MOil(eT 6bITb noJICHeHO cneµ;yIO~llM npn

MepoM ([11], µ;pyrne npnMepbI CM. n [12]). lIMeeTCJI HeCKOllbKO YPH c mapaMll panHoro 

QBeTa. BbITaCKllBaHllIO mapa ll:J ypHbI npeµ;mecTByeT pO:Jbirpbim ypHbI, ll:J KOTOpoii: 

6ygeT BbITa~eH map (0TO MO)l(HO cµ;enaTb C nOMO~bIO 6pocaHllJI nrpaJibHOll KOCTll, Ha

npnMep ), TaK 'ITO ypHe i npllnllCbIBaeTCJI BepOHTHOCTb Pi (anpnopHaH BepOHTHOCTb ). 

IInBeCTHa BepOHTHOCTb 'p(f +- i) BbITa~llTb map QBeTa J ll3 ypHbI i (y~nOBHaJI Be

poHTHOCTb co6bITWI J npn ycnonnn ocy~ecTBJieHnH co6bITllH i). Mo)l(HO nocTaBRTb 

ciieµ;y10~y10 naµ;a'ly. 3aµ;aHo (nnnecTHo), 'ITO BbITa~eH map QBeTa Jo (HanpnMep, 6e

nbiii:), TaK 'ITO co6bITlle Jo y)l(e He cny'laii:Hoe, a CBepmnBmeec,r. KaKOBa BepOHTHOCTb 

Toro, 'ITO map Jo 6bm BbITa~eH ll:J ypHbI i? 8To BepOHTHOCTb ·co6bITllJI cny'laUHoro 

.II npomnoro no OTHOmeHllIO K co6bITllIO Jo, ll no0TOMY eCTb OCHOBaHne Ha:JBaTb ee pe

Tpoi3epOHTHOCTbIO P(fo -> i). ,Il;pyroe Ha:JBaHlle: ycnOBHaJI BepOHTHOCTb i npn ycnOBllll 

f. KoHe'IHo, P(f -> i) He panHa Ha'laJibHoii: anpnopHoii: nepoHTHOCTn Pi• 8To anocTe

pnopHRH BepOHTHoc'Tb i. Ee MO)l(HO HallTll 0KCnepnMeHTaJibHO, T.e. npoll:JBO)l;JI 6onbmoe 

'lncno ncnbITaH.Hii:, 'ITO MO)l(HO 6bino 6bI Ha:JBaTb peTpo0KcnepnMeHTOM. Oµ;HaKo ar10-

CTepnopHy10 BepoHTHOCTb P(f -> i) MO)l(HO Bbipa:JllTb 'lepe:J Pi ll P(f <- i) C noMO~bIO 

paBeHCTBa Baii:eca [11,12]: 

P(f <- i)p; = P(f -> i)Pi , (7) 

rµ;e Pi = Li P(f <- i)p;. 06e 'lacTn (7) paBHbI nepoHTHOCTll P(f n i) nepece'leHnH 

( COBMe~eHllH) co6bITllll i n J. 
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3.2. BaTaHa6e no aHaJIOrllll onpeµ;erureT KBRHTOBYIO peTpOBepoHTHOCTb KaK aIIO

CTepnopHyIO BepoHTHOCTb cneµ;yIO~llM o6panoM [5,6]. 

PaccMoTpllM HeUMaHOBCKllll aHcaM6nb N cncTCM S. Ero cocTOJIHne B MOMCHT ti 

onncbIBaeTCH MaTpnQeii: nnoTHOCTll 

p = LPili)(il, (8) 
i 

rµ;e cocTOHHllH Ii) 06pany10T nonHblll Ha6op. B MOMeHT ti R:JMCpHeTcH Ha6n10µ;aeMaJI 

F, n cpeµ;Hee 'lncno cny'laeB, Korµ;a F npnHnMaeT :JHa'leHne J, paBHO 'J!i, rµ;e 

Ni= EPU <- i)N;, N; =Np;. (9) 

·3µ;ecb P(t <- i) ecTb npeµ;cKanaTCllbHaJI BepOHTHOCTb (2), KOTOpaH TpaKTYCTCJI KaK 

ycnoBHaJI BepOHTHOCTb J npn ycnOBllll i. PeTponepOHTHOCTb )Ke BaTaHa6e onpeµ;enHCT 

KaK ycnoBHYIO nepoHTHOCTb i npn ycnonnn f. Torµ;a cornacHo paneHCTBY Baii:eca 0Ta 

anocTepnopHRH nepm1THOCTb W(f-> i) Bbipa)l(aeTCH 'lepro P(t <- i) n p;: 

W(f-> i) = P(f <- i)p;fpj, Pi= EPU <- i)p;. (10) 
i 

IIcnonb:JYH (2), (9) n Bbipa)l(eHne N; = p;N µ;n,r cpeµ;Hero 'lncna cncTeM B cocTOHHllll 

Ii), MO)l(HO onpeµ;eneH.He (10) nepenncaTb B nnµ;e (cM. [4] n [1], rrr. 2.6) 

W(f-> i) = N;(j)/Ni, Ni= Pi· N. (11) 

3.3. B CBJl:Jll c onpeµ;eiieHlleM (10) BOOHllKaeT Bonpoc: MO)l(HO nu TpaKTOBaTb 

P(f <- i)=l(Jlip;(t1)12 {cM. (2), (3)). KaK KBRHTOByIO yciIOBHYIO nepoHTHOCTb? 8To 

noHHTlle o6cy:iKµ;aJIOCb B llllTepaType, CM., HanpnMep, (13-15]. KnaHTOBaJI ycnoBHaJI 

BepOHTHOCTb orrpeµ;en,reTCH C nOMO~bIO µ;nyx rrpoeKTOpOB P1 ll P2, COOTBeTCTBYK>~llX 

µ;ByM co6bITllHM 1 n 2 (1 JIBnHeTCH ycnoBlleM 2), n MaTp.lIQbI nJIOTHOCTll p COCTOJIHllH 

CllCTeMbI (cM., HanpnMep, (8)), KOTOp8.ll onpeµ;en,reT KBRHTOBYIO BepOHTHOCTHYIO Mepy 

Pi(2) = Tr(PiP2Pip)/Tr(Pip). (12) 
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PaccMoTplIM '!aCTHhIH cJiy'Iau, Korµ;a 

P1 = lt/J;(t))(t/J;(t)I, P2 = lf)(fl, 

Torµ;a Pi(2) npeBpa~aeTCJI B 

p (2) = (t/J;(t)lf){flt/J;(t))(t/J;(t)IPlt/J;(t)) = 1Ult/J-(t))l2 
1 (t/J;(t)IPlt/J;(t)) I ' 

T.e. B BTOM cJiy'!ae Pi(2) He t3aBlIClIT OT p II paBHO P(f +- i). B o6meM cJiy'Iae (12) 

t3aBllCllT OT p, Hanpn:Mep, npll 

Pi= li')(i'I + li'')(i"I, (i'li'') = o. 

Taxn:M o6pat30M, P(f +- i) MO:lKHO paccMaTpn:BaTb KaK 'IaCTHhIH cJiy'IaH KBaHTOBOH 

ycJIOBHOH BepOHTHOCTlI (12). 

3.4. CpaBHllM onpeµ;eJieHn:e (10),(11) c onpeµ;eJieHlleM peTpOBepOHTHOCTll R (cM. 

(6)). W(f ----+ i) onpeµ;eJixeTCJI c noMOlllhIO P(f ----+ i) lIJilI 'IlICJia N;(f). 8To 'IllCJio 

cncTeM, Hali;:\eHHhIX B cocTOHHlllI If) npn: o6bl'1HOM llt3MepeHn:lI F npn: ycJioBn:n:, 'ITO 

BHa'IaJie cocTOHHlle 6bIJIO Ii). B To :lKe BpeMH onpeµ;eJieHn:e R Tpe6yeT lIHhIX 1mMepn:

TeJihHhIX npo~eµ;yp. Onpeµ;eJieHIIe BaTaHa6e coµ;ep:lKIIT HeHBHoe rrpeµ;rroJio:iKeHIIe o Bo::3-

MO:lKHOCTn:, B cJiy'Iae KBaHTOBoro peTpocKatlaHHH, o6oHTllCb o6bl'1HbIMll llCIIbITaHUHMll

ll3MepeHllHMll. Oµ;HaKo KBaHTOBhIH cJiy'IaH n:MeeT paµ;n:KaJibHoe OT~ll'In:e 
0

0T KJiaccn:-qe

cKoro. BhITaCKllBaHlle 6eJioro mapa 03Ha'!aeT, 'ITO OH 6bIJI 6eJihIM ll µ;o lICIIbITaHUH. 

He TaK o6CTOllT µ;eJIO B CJiy'Iae KBaHTOBOrO llCIIbITaHlIJI-ll3MepeHllH Ha6JIIOµ;aeMOH. ToT 

q>aKT, '1TO·ll3MepeHlle CIIllHOBoro orrepaTopa Bz µ;aJio 3Ha'1eHIIe +1/2 (peµ;yK~lIH B co

CTOHHlle <P+) He 03Ha'!aeT, B006llle roBOpH, 'ITO µ;o ll3MepeHllH '!aCTllll;a ( CaMa II0 ce6e) 

llMeJia TaKYIO npoeK~llIO CIIllHa; T.e. Haxoµ;n:JiaCb B COCTOHHllll </J+: COCTOHHlle <P+ IIO

HBJIHeTCH IIOCJie MOMeHTa t J-Ha'!aJia lI3MepeHllH. BoJiee Toro; q>aKT peµ;yK~llll B <P+ He 

II03BOJIHeT Y3HaTb, B KaKoM COCTOHHllll ClICTeMa 6bIJia µ;o t,. B 
0

iBaHTOBOM peTpOCKatla

Hllll HCJib3H o6oHTllCb TOJibKO TeMll lI3MepeHHHMlI, KOTOphle HY:lKHbI µ;Jix orrpeµ;eJieHllH 

rrpeµ;cKatlaTeJihHbIX BepOHTHOCTeH ( CM. 2.2). IloGTOMY HCJib3H C'IllTaTb rrpn:eMJICMbIM 
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onpeµ;eJieHlle peTpoBepOHTHOCTll -qepro o6bl'1Hble BepOHTHOCTlI, Tpe6y10mn:e TOJibKO 

o6hl'1HhIX ll3MepeHn:H. 

3.5. OTMe'1eHHaH Bblllle paµ;lIKaJibHaH oco6eHHOCTb KBaHTOBoro ll3MepeHUH HBJIH

eTCJI TaK:lKe oµ;HOH :113 nplI'IllH OTJilI'IllH KBaHTOBoro peTpOCKatlaH:IIH OT peTpOCKatlaHllH 

B KJiaCClI'IeCKOH MexaHn:Ke. PeTpOCKatlaHlle rrpOllIJibIX 3aTMCHlIH JlyHhl Ha OCHOBe ll3-

MepeHllH HaCTOHlllllX 3Ha'1eHlIH ee KOopµ;HHaTbl (~eHTpa lIHep~lllI ) X 1I CKOpOCTlI ii 

B03MO:lKHO IIOTOMY, 'ITO JlyHa o6Jiaµ;aJia TaKllMll ,Ke X ll ii lI Herrocpeµ;cTBeHHo rrepeµ; 

ll3MepeHIIeM. ,Il;JIH KBaHTOBOll '!aCTlI~bl HeBepHbIM JIBJIHeTCH He TOJibKO npell;IIOJIO:lKCHlle, 

'ITO -OHa o6Jiaµ;aeT oµ;HoBpeMeHHO orrpeµ;eJieHHbIMll x u ii. HeBepHO TaK:lKe (B o6meM 

cJiy'Iae), 'ITO -qacTn:~a µ;o lI3MepeH:IIH lIMeJia TY orrpeµ;eJieHHyIO KOOpµ;n:HaTy x, KOTopax 

6bIJia noJiy'IeHa B pe3yJibTaTe
0

l13MepeHUH, O6hl'1HOe ll3MepeHn:e Ha6JIIOµ;aeMOll roµ;uTCH 

µ;JIH rrpeµ;CKatlaHllH, HO He µ;JIH peTpOCKatlaHllH. 

3.6. ,no ClIX nop KpllTUKOBaJIOCb OCHOBaHne rroµ;xoµ;a BaTaHa6e K orrpeµ;eJieHUIO pe

TpOBepOHTHOCTll. Ceu'Iac Mbl o6cyµ;uM ero HeIIplleMJICMble CJieµ;CTBlIH. 

IlepBoe oTMe'IaJI caM BaTaHa6e (5,6]. Ilpeµ;cKatlaTeJibHaH BepoxTHOCTh P(f +- i) = 
= l(flt/J;(t,))12 

orrpeµ;eJixeTCJI ll;BYMH cocTOHHlIHMll Ii) II If) II µ;nHaMUKOH GBOJIIO~im B 

UHTepBaJie (t;, t, ). PeTpoBepoxTHOCTh BaTaHa6e W He 06Jia11;aeT aHaJIOril'IHhIM cB011-

CTBOM: OHa 3aBlIClIT eme 11 OT BeJilI'IlIH Pi, KOTOpble MO:lKHO BbI6paTb rrpoll3BOJibHO ( CM. 

(8)). IloKa:lKeM Ha nplIMepe K KaKlIM HerrpneMJieMbIM CJieµ;cTBlIHM GTO rrpnBoµ;uT. IlycTb 

Beep; paBHbl HYJIIO, KpoMe oµ;Horo (KoTopoe Torµ;a paBHO 1). B GTOM CJiy<Iae 113 (10) 

cJieµ;yeT, 'ITO W(f ----+ i) = l µ;JIH JII06oro f, T.e. W(f ----+ i) He tlaBlIClIT m1 OT f, HI! oT 

µ;UHaMlIKlI. 

BaTaHa6e Il03TOMY 3aKJII0'1lIJI, 'ITO peTpOCKatlaHlle B KBaHTOBOlI MexaHllKC HCB03-. ' . 

MO:lKHO ( quantum physics is irretrodictable). Rama KPllTl!Ka IIOKatlhIBaeT, 'ITO cJic,IJCT 

C'Il!TaTb Hen1meMJieMhIM (HeB03MO:lKHbIM) noµ;xoµ; BaTaHa6e K peTpOCKatlaHl!IO. 

BTopoi\: Heµ;ocTaTOK COCTOl!T a TOM, 'ITO W(f----+ i) He COBIIaµ;aeT, Boo6mc r<>B<>pll. 
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1, 

C 

l(ilUti,tJ)lf)I2, U(ti,tJ) = exp(-iH(ti -ti)), 

T.e. ecTeCTBeHHbIM TeopeTil'leCKUM :Bbipa,KeHneM µ;m1 peTpoaepO.!ITHOCTU, aHanorw1-

HbIM nocTyJiaTy (3) µ;JI.II npeµ;cKa:JaTeJibHOH BepO.!ITHOCTU • .JleiicTBUTeJibHO, c IlOMOl.llbIO 

COOTHOWeHU.11 

U(ti, t1) = u-1(ti, t1 ) = u+(ti, t1 ) (13) 

JierKO IlOKa:JaTb, 'ITO 

l(ilU(ti, t1 )l/)12 = IUIU(t1, ti)li)J2. (14) 

Ilpaaa.11 'laCTb (14) paBHa P(f +- i) cornacHo nocTyJiaTy (3). Ifo onpeµ;eJieHn.11 (10) 

CJieµ;yeT, 'ITO W(f-+ i) He paBHO P(f +- i) , B0061.1.1e roBop.11, u noaToMy He paBH.!leTC.11 

Jieaoii 'lacTn (14). 

Cy1.1.1ecTayeT eµ;nHCTBeHHbIH 'laCTHhIH cJiy'laii, Korµ;a 'IUCJieHHoe oHa'leHne 

W(f -+ i)1 oKaJLrnaeTCll PaJYMHhlM. tho cJiy'laii, Korµ;a · Bee Pi paBHhI: Pi = p ( cJiy-

'!all oµ;nHaKOBbIX anpuopHbIX BepO.!ITHOCTell µ;JI.II Ka,Kµ;oro Ha'laJibHOro COCTO.!IHU.11 [4); 

BeJibUH<paHTe [1) Ha::lbIBaeT aTo garbling condition). Torµ;a u PJ = p u no (10) cJieµ;yeT, 

"ITO W(f -+ i)=P(f +- i). Ilpeµ;noJio,KeHne paBHbIX Pi ncKyccTBeHHo u BOOMO,KHO 

TOJibKO B CJIJ'lae µ;ncKpeTHoro u KOHe'IHOro MHO,KeCTBa OHa'leHUH i. EcJIU i npnHUMaeT 

6ecKOHe'IHO MHoro µ;ucKpeTHbIX OHa'leHnii, TO ycJIOBUe Pi = p HeCOBMeCTUMO c ycJIOBUeM 

LiP• = 1. 

4. HoMepenHe BOJIHOBOH cf>ynKn;HH H KBaHToeoe peTpocKaoanHe 

lfoMepeHneM BOJIHOBOH q>yHKIJ;UU Ha::lbIBaeTC.11 :lKCIIepnMeHTaJibHa.11 npo11;eµ;ypa, no

OBOJI.!IIOl.lla.11 yoHaTb BOJIHOBy10 q>JHKIJ;HIO (T.e. ee Moµ;yJib u paoy, HanpuMep, lt/J(x)I n 

argt/J(x)), KOTOpa.11 OIIUCbIBaJia COCTO.!IHUe CUCTeMbI µ;o Ha'!~~ ;}TOH npo11;eµ;ypbI. CHa

'laJia 6yµ;yT npnBeµ;eHbI npnMepbI TaKUX UOMepeHUH, a OaTeM BapnaHTbI KBaHTOBbIX 

npeµ;cKa:JaHUll u peTpOCKa::laHUH, UCIIOJibOJIOl.l.lUe ;}TU HOMepeHU.11. 
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4.1. IlpocTeiiwnM .!IBJI.!leTC.11 npIIMep noMepeHWI cnnHoaoii BoJIHoBoii q>yHKIJ;nn x(m), 

oaauc.111.1.1eii OT nepeMeHHOH m, npnHnMaIOl.lleii Bcero µ;Ba oHa'leHWI: m = ±1/2 (cJiy'laii 

cmrna 1/2). Moµ;yJiu u q>a::ibI µ;ayx KoMnoHeHT x( +1/2) u x(-1/2) onpeµ;eJI.11IOTC.11 µ;ByM.11 

napaMeTpaMu B n </>, eCJIU onycTUTb Hecy1.1.1ecTBeHHYIO o6lllJIO qiaoy u HOpMnpoBaTb X 

Ha eµ;nHney: 

X = . 2 • ( 
cosf ) 

sin Jexpi</> 
(15) 

B 061.1.1eM CJIJ'lae CilUHOBOe COCTO.!IHUe OilUCbIBaeTC.11 2x2-MaTpmi;eii IIJIOTHOCTU p, KOTO-

pa.11 MO,KeT 6bITb paoJio:lKeHa no IIOJIHOMY Ha6opy 2x2-MaTpl!Il; 1, ux, l1'y, Uz (MaTpIIIJ;bI 

IlayJiu): 

1 - -
p = 2(1 + (a-), ( = Tr(up) . (16) 

Cpe;a;Hee OHa'leHire ( onepaTopa a- (yµ;BoeHHbill onepaTop CIIHHa) MbI 6yµ;eM Ha::lbIBaTb 

BeKTOpOM IIOJI.!lpUOaIJ;UU. Ma (16) CJieµ;yeT, 'ITO ( onpeµ;eJI.!leT p. 1IncToe COCTO.!IHHe 

(15) OIIUCbIBaeTC.11 eµ;UHU'IHbIM BeKTOpOM ( co cq>epn'leCKHMH yrJiaMH B, ¢>. B CJIJ'lae 

CMeWaHHoro COCTO.!IHH.11 1(1 < 1, H KpOMe () H </> OHO OIIHCbIBaeTC.11 e1.1.1e µ;JIHHOH (. 

B HOBeCTHOM OllbITe Ill TepHa-repJiaxa IIJ'IOK 'laCTHIJ; C IIOJI.!lpUOaIJ;Ileii ( paoµ;eJI.!leTC.11 

B MarHHTHOM IIOJie Ha µ;_Ba IIJ'IKa. BepO.!ITHOCTH OTKJIOHeHWI Bµ;OJib ( +) H npOTliB (-) 

HanpaaJieHH.11 ii, xapaKTepnoy101.1.1ero MarHHTHoe noJie, paBHbI P±, rµ;e 

1 -
p± = -(1 ± (·ii), 2 . 

T.e. P± OaBHC.!IT OT npoeKIJ;liH ( Ha ii. lfaMepeHne :lTliX BepO.!ITHOCTell B ycTpOHCTBaX 

IlITepHa-repJiaxa C TpeM.11 HeOaBHCHMbIMli HanpaBJieHWIMH ii IIO3BOJI.!leT HaHTli BeKTOp 

( ( CM., HanpnMep, [16,17]) • .IJ:pyroii cnoco6 HOMepeHWI ( UJIH p OCHOBaH Ha HGMepeHHli 

cµ;Bnra cpeµ;Hero HMIIJJibCa 'laCTHIJ;, KOTOpbill BOOHHKaeT IIOCJie npoxo:lKµ;eHH.11 'laCTH

IJ;aMH WTepH-repJiaXOBCKoro MarHHTHoro IIOJI.11 [18). 

CJio:lKHee noMepnTb BOJIHOBy10 q>yHKIJ;HIO ip(x). C aToii npo6JieMon cB.11oaH naBe

CTHbIH Bonpoc IlayJin: MO,KHO JIH HaHTH t/J( x ), HOMep.!1.11 IIJIOTHOCTH Bepo.11THOCTH lt/J( x) 12 

u l~(P)l 2? KoHTpnpnMepbI IIOKa::lhIBaIOT, 'ITO B 061.1.1eM CJIJ'lae aTo HeBOOMO:lKHO (cM., 
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HanplIMep, [19]). Ho MO:lKHO IIDMepIITb 'lj;(x) rro-µ;pyroMy. HanpnMep, MO:lKHO CHa'laJia 

rrpoIIDBeCTil lIDMepeHile xoopµ;nHaThl ( crre~aJibHhIM o6pa:JOM, CM. [20], App.A.), 'IT06hl 

orrpej:lelmTb BepO.IITHOCTb HaJCO:lK)];eHIIJI 'laCTIID;id B MaJIOM o6'beMe w. 3To µ;aeT rrpn6Jrn

:3llTeJibHO_l¢(x)I, rµ;e x ecTb o;eHTp w. ,Il;llll Haxo:lKµ;eHn.11 arg'lj;(x) Haµ;o n:JMepnTb cpe

µ;Hnii nMnyJibc 'laCT~, KOTOphle pej:lyo;npOBaJIII B o6'beM w IIOCJie rrepBoro Il:JMepeHil.11. 

06:Jop pa::3HhIX rrpeµ;JIO:lKeHilli no IIDMepeHllIO BOJIHOBOll <PYHKD;IIII 6hIJI µ;aH PoiiepoM 

[19]. CrrncoK JIIITepaTyphl B 0TOM oooope MO:lKeT 6h1Tb µ;orroJIHeH CChIJIKaMII [21-27]. 

4.2. ,Il;o CIIX rrop pe'lb WJia 06' IIDMepeHIIII COCTOJIHli.11, B KOTOpOM CIICTeMa Haxo

µ;nJiaCb µ;o Ha'laJia 0TOro Il:JMepeHli.11. EcTeCTBeHHO IIOCTaBIITb Borrpoc: BO:JMO)KHO JIII 

TaKOe IIDMepeHne COCTOJIHIIJI, KOTOpoe ero He Il:JMeHJieT II µ;aeT MaTpney IIJIOTHOCTU 

CUCTeMhl IIOCJie ll:JMepeHli.11. 3Ta rrpo6JieMa poµ;CTBeHHa TaKOll :Jaµ;a'le: MO:lKHO JIU U3Me

pUTb COCTOJIHUe, llCIIOJib:Jy.11 TOJibKO oµ;Hy q>U:JU'leCKYIO CUCTeMy, a He aHCaM6Jib CUCTeM 

B oµ;nHaKOBhIX COCTOJIHll.lIX? 3aMeTHM, '!'.TO ecJIU COCTOJIHUe He U:JMeHJieTC.11 rrpu ero 

11:JMepeHUU, TO ll:JMepeHue C aHCaM6JieM MO:lKeT 6h1Tb :JaMeHeHo IIOBTOpHhIMU 11:JMepe

Hli.lIMU, rrpoU:JBO)J;UMhIMU C O)];HOll CllCTeMoii. 

EcTb HecKOJibKO rrpeµ;Jio:lKeHuii Taxux U:JMepeHuii. AxapoHoB, AHaHµ;aH u Baiiµ;MaH 

{ AAB) ·rrpeµ;JIO:lKUJIU ncrroJIWOBaTb ":Ja11111Ty" (protection), He rro:JBOJIJIIO~IO cocTo.11-

HUIO U:JMeH.IITbC.11 BO BpeM.11 U:JMepeHli.11 [28-30]. lix KOHKpeTHhle peaJiu:Jao;uu,":Ja11111Th1" 

KpUTllKOBaJI~Cb B [31,32,18]. BhIJIO OTMe'leHo, 'ITO AAB IIpej:IIIOJiaraIOT 11:JBeCTHOll He

KOTopy10 rrpeµ;BapuTeJibHYIO UHq>OpM~llIO 06 ll:JMep.11eMOM COCTOJIHUU, B TO BpeM.11 KaK 

:Jaµ;a'la COCTOUT B 11:JMepeHllll IIOJIHOCTbIO HeU:JBeCTHOro COCTOJIHU.11. B 0TOM OTHOWeHUU 

rrpeµ;Jio:lKeHue AAB HarroMnHaeT IIDBeCTHhlll cJiy'laii, xorµ;a Mhl :JHaeM, 'ITO cocTO.IIHue 

JIBJIJieTC.11 c_o6CTBeHHOH q>yHKD;Ueii HeKOTOpoii Ha6JIIOµ;aeMoii, HO He :JHaeM, KaKOll UMeHHO 

q>yHKD;neii. Torµ;a uµ;eaJibHoe u:JMepeHue aToii Ha6JI10µ;aeMotno:JBOJI.11eT onpeµ;eJIUTh aTy 

co6CTBeHHYIO q>yHKD;llIO, He U:JMeHJIJI ee (rrpn'leM U:JMepeHU; A~_~TaTO'IHO npou:JBO)];UTb 

C oµ;Hoii CUCTeMoii). 

Poiiep [17] rrpeµ;JIO)KUJI corrpOBO:lK)J;aTb U:JMepeHue COCTOJIHll.11 TaKOll npoo;eµ;ypoii, 
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KOTOpa.11 B0:3Bpa111aJia 6hl IIDMeHeHHOe IIDMepeHUeM COCTOJIHUe B TO COCTOJIHUe, B KOTO

poM CUCTeMa 6hIJia µ;o U:JMepeHU.11. Ilo:J:lKe aBTOp CaM rrpU:3HaJI HeKoppeKTHOCTb CBoero 

rrpeµ;Jio:lKeHli.11 [33). 

ThKuM o6pa:JOM, noxa HeT y6eµ;uTeJibHhIX rrpeµ;JIO:lKl!Hllli TaKUX lmMepeHuii (HeimBe

CTHhIX) COCTOJIHUJI, KOTOphle 6hl 0TO COCTOJIHUe He ll:JMeHJIJIU. 

4.3. Ilpe:lKµ;e,'leM lIDJIO)KUTb Hawy peaJIU:JaD;UIO KBaHTOBoro peTpOCKa:JaHu.11, OTMe

TUM O)];HO cy111ecTBeHHOe OTJIU'IUe peTpOCKa:JaHU.11 (xax KBaHTOBoro, TaK II KJiaCCU'le

CKoro) OT npeµ;cKa:JaHU.11. Ilpeµ;cKa:JaH11e MO:lKeT 6h1Tb cµ;eJiaHO )];JI.II MOMeHTa t I, Haxoµ;.11-

111eroc.11 B 6yµ;y111eM OTHOCUTeJibHO 0KcnepuMeHTaTopa, u OHO MO:lKeT 6b!Tb rrpoaepeHo 

0KCIIepUMeHTaTopoM, Korµ;a OH )];O:lKUBeT µ;o MOMeHTa t,. PeTpOCKa:JaHue Tpe6yeT q>IIK

cupoBaHU.11 ( :Jaµ;aHU.11) COCTOJIHU.11 npu t 1 . 3To BO:JMO:lKHO, TOJibKO ecnu t I HaJCO)J;IITC.11 

B npOWJIOM 0KcrrepnMeHTaTopa. PeTpoaKcnepnMeHT )];OJI:lKeH 6b!Tb BbIITOJIHeH 0Kcnep11-

MeHTaTopoM Bero rrpoWJIOM, II COOTBeTCTBYIOll\llll 0KCIIep11MeHTaJibHbill MaTep11aJI µ;oJI

:lKeH cy111ec'l'_B0BaTb B a11µ;e npoToKoJia (:Jan11c11). 3Ta PB.?HUD;a Me:lKµ;y npeµ;cKa:JamteM 

11 peTpOCKa:JaHUeM eCTb CJiej:ICTBUe q>aKTa HepaBHOITpaBHOCTII 6yµ;y111ero II npownoro 

("cTpeJia apeMeHu") [34-36). 

4.4. Ilpuaeµ;eM rrpocTeiiw11ii npnMep npeµ;CKa:JaHll.11 n peTpOCKa:JaHU.11, UCITOJib:JyIO

ll\UX 11:JMepeHIIJI "IIOCTOJIHll.11. 

Ilpeµ;CKa:JaH11e: a IIHTepBaJie (t:, t;) U:JMep.11eTCJI COCTOJIHlle np11 t; 6e:J ero I!:JMeHe

Hli.11, TaK 'ITO' CTaHOBIITCJI I!:JBeCTHbIM COCTOJIHI!e tp; B MOMeHT t;. B llHTCpBaJie ( t I' t,) 

11:JMepJieTCJI TO:lKe COCTOJIHUe tf;( t f ), HO µ;onycKaeTCJI 11:JMeHeHue COCTO.IIHIIJI npn 11:JMC'

peHIIII. CocTOJIHlle tf;(t,) MO:lKeT 6h1Tb cpaBHeHO c npeµ;cKa:JaHHhIM U(t /, t;)t/;;. 

PeTpOCKa:JaHlle: B MOMeHT t, IIDMepJieTCJI COCTO.IIHUe 1PJ· li:J npoTOKOJia y::JHaC'M, 

KaKoe 6bIJIO COCTOJIHUe tf;(t;) B MOMeHT t;. CpaBHIIBaeM tf;(t;) c peTpOCKa:JaHHbIM co

CTOJIHlleM U(t;, ti )t/J,. 

3TOT rrp11Mep IIMeeT TOJibKO IIJIJIIOCTpaTIIBHbill xapaKTep, IlOCKOJibKY HY:lKHO cyMC'Th 

11:JMepUTb COCTO.IIHlle tp; 6e:J ero 11:JMeHeHIIJI ( CM. no 0TOMY noaoµ;y 4.2). Taxnc KBaHTO-
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Bbl~ "cxana.Hlra" noxo:llm Ha KJiaccn:'lecxn:e npe;a;cxanamra n: peTpocxanam1.11: cocTOHHn:ii 

JlyHbl. PaaHn:n;a COCTOllT B TOM, 'ITO B KJiaccn:Ke COCTOHHlle OilllCblBaeTCH KOHe'IHblM 

'lllCJIOM napaMeTpOB x, v, a B KBaHTOBOll MexaHn:Ke - 6ecxoHe'IHOMepHbIM BeKTOpOM 

rn:Jih6epToBa npocTpaHcTBa t/J(x). 

4.5. MmKHO npeµ;JIOlKllTb Bapn:aHT peTpocxanamrn, llCilOJibt3JIOll.\llll llt3BeCTHble pe

aJilltlyeMble npon;e;a;ypbl Ht3MepeHn:ii. BMeCTO llt3MepeHmI COCTOHHllH 1Pi 6e::3 ero llt3Me

HeHllH MOlKHO llCilOJIWOBaTb npon;eµ;ypy npuroTOBJieHllH COCTOHHllH aHCaM6JIH CllCTeM 

B llHTepBaJie (t:, ti) . .IJ:eiicTBllTellbHO, B pet3JllbTaTe npuroTOBJieHIIH COCTOHHlle aHcaM-

6JIJI CTaHOBllTCH llt3BeCTHblM B KOHIJ;e npn:rOTOBJieHllH, B MOMeHT t;, 'ITO HaM n: HJlKHO. 

<l>n:KCllpOBaHlle COCTOHHllH t/J f MOlKHO oCyll.\eCTBllTb Bbl6opoM aHCaM6JIH B COCTOHHHll t/J f 

Im HeKOTOporo MHOlKeCTBa aHCaM6Jieii, COCTOHHHH KOTOpbIX 6blJill llt3MepeHbl t3apaHee. 

PeaJillt30BaTb 3TO npeµ;JIOlKeHlle MOlKHO, llMeH npOTOKOJI cJieµ;y1011.\ero Ha6opa axcnepn:

MeHTOB (H3). 

B MOMeHT t; npn:roToBJIH~TCH N1 cn:cTeM S B oµ;HoM n: TOM JKe cOCTOHHllll li1)

HanpuMep, ji1) MOlKeT 6b1Tb co6cTBeHHblM cocToH11n:eM onepaTopa (a(1) c co6cTBeH

HhlM 3Ha'leHn:eM + 1, r;a;e (1 - HeKOTOpbl:ii: eµ;n:Hll'IHblli BeKTOp ( COCTOHHHe C BeKTOpOM 

Il0lIHpn:3an;n:n: (1). , B MOMeH; t f H3MepHeTCH COCTOHHlle 3TllX N CHCTeM. IlocKOJibKY 

li1) OilllCblBaeT 'lllCToe COCTOHHlle, TO COCTOHHlle aHcaM6JIJI B MOMeH'l" t1 TOlKe ;ll;OlllKHO 

Oilll:CblBaTbCH HeKOTopoii BOJIHOBOli q>yHKIJ;lleii t/J1(t1)-

.Il:aJiee, B MOMeHT ( npn:roTOBJIHIOTCH N2 cn:cTeM B cocTOHHnll ji2) (BeKTop noJIHpn:

;1an;un: (2)- llt3MepHeTCH COOTBeTCT,BJIOll.\ee COCTOHHlle B MOMeHT t1. ll TaE: µ;aJiee -

npn:roTOBJIHeM Nn cn:cTeM B coCTOHHllll lin), ll3MepHeM nx COCTOHHne 1Pn(t1) B.MOMeHT 

t f, ... - noKa He llC'lepnaeM MHOlKeCTBO BCeB03MOlKHblX Ha'laJibHblX COCTOHHllli. 

IIocxoJibKY KalKµ;oe npn:roTOBJieHn:e onpeµ;eJIHeT cocT~~HHe lin) c HeKoTopoii own:6-

xoii (own:6Kn: onpe;a;eneHllH BeKTopa noJIHpU3aIJ;llll), TO ;a;dcTaTO'IHO npn:roTO~llTb KO

He'IHOe 'IHCllo cocTOHHllH lin), KOTOpble ;a;eiicTBllTellbHO 6blllll 6bl panHhlMll c y'leTOM 

'own:6xn:. 
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llMeH npoTOKOll H3, M~lKHO paccMOTpeTb tlaµ;a'ly npeµ;cxanaHllJI: B MOMeHT t; Bbl-

6paH aHCaM6Jib B cocTOHHllll lin), ero coCTOHHlle B MoMeHT ti onn:cblBaeTCH B npoToKoJie 

HeKOTOpbIM BeKTOpOM 1Pn ( t f ), KOT Op bill MOlKHO ~paBHllTb C npeµ;CKa:JaHHblM 'u ( t f, t;) lin). 

.Il:JIH peTpOCKa:JaHllH Haµ;o = npoTOKOJia H3 Bb16paTb aHCaM6Jib, COCTOHHlle KOTO

poro npn: ti onllCblBaeTCH tlaµ;aHHblM BeKTopoM lfn)- YtlHaeM = npoToxona, B KaKOM 

npn:roTOBlleHHOM COCTOHHllll 'lfn(t;) 3TOT 8¥CaM6llb Haxoµ;n:JICH B MOMeHT t;. CocToHHne 

1Pn(ti) MOlKHO cpaBHUTb c peTpOCKa:JaHHblM U(t;, t1 )lfn)-

3TOT no;a;xo;a; K peTpocxanaHn:10 ncnollb3JeT Taxue npon;eµ;yphl nony'leHllH cBeµ;eHn:ii 

0 COCTOHHllHX CUCTeMbl B MOMeHTbl t; ll ti, KOTOpble, C O;ll;HOli CTOpOHbl, He MeWaJOT 

3BOlIK>IJ;Ull ll30lIUpOBaHHOH CllCTeMbl B llHTepBaJie (t;,t1), a C ;a;pyro:ii: CTOpOHbl, MoryT 
•-. ' l • 

6b1Tb peaJill30BaHbl. 

3aMe'laHue. IloJIOlKllM, 'ITO 3BOlIIOIJ;llH B llHTepBane ( t;, t f) npon:cxoµ;n:T corJiaCHO ypa

BHeHlllO III peµ;n:Hrepa n: npnroTOBJieHHOMy cocTOHHlllO I in) COOTBeTCTByeT 1Pn ( t f) = 
= U,( t f, t;) lin). Ecnn: n:MeHHO cocTOHHlle 1Pn ( t J) q>n:xcupyeTCH B MO~eHT t Ji To eMy 

;ll;OlllKHO COOTBeTCTBOBaTb B MOMeHT t; COCTOHHlle U(t;,t1)1Pn(t1) = lin)• ll3lIOlKeHHblll 

H3 ll03BOJIHeT npoBepllTb 3TO TeopeTll'leCKOe YTBeJ:>lK;ll;eHn:e, llOCKOllbKY OH He npe;a;no

naraeT o6Ht3aTellbHOro O;ll;HO-O;ll;H03Ha'IHOro COOTBeTCTBllH COCTOHHllll MOMeHTOB t; ll t1. 

5. PeTpOCKa~aHHe H npoBepKa npHHUHna npH'IHHHOCTH 

Ilo;a; "npuHIJ;UIIOM npll'lllHHOCTn:" (IIII) ::3µ;ech noHUMaeTCH JTBeplKµ;eH:0:e Tllna "cne;a;

CTBlle ,He MO:llWT 11axoµ;n:TbCH B npOWlIOM (xoHyce) OTHOCHTellbHO CBoeii IlpU'lllHbl, HO 

TOllbKO B 6y;a;yll.\eM (xoHyce)". TepMUH "npll'lllHa" ynoTpe6JIJieTCH ;a;anee B Y3KOM q,u

tlll'leCKOM CMblCJie: npll'lllHa eCTb Bapbn:pyeMblll (no BOlle axcnepnMeHTaTopa) BHeWHllll 

noTeHIJ;llaJI llllll TOK, HanpnMep, 3lleKTpoMarHllTHble (cp. [37], rn.lV, § 20.6). Cne;a;

CTBlleM Ha:JblBaeTCH COCTOHHlle CllCTeMbl, IDJMeHJieMoe npll'lllHOH. 3aMeTUM, 'ITO IIII 
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onpeµ;eIDieT HanpaimeHHe BpeMeHH mrn "cTpeny BpeMeHH" [34-36] (xax Hanpaimemxe OT 

npwunn.I K CJieµ;CTBmo ). 

IHI o6bl'IBO paccMaTpnBaeTCJI Ka.IC caMoo'!eBnp;HbIH n umpoKo ncnorrwyeTCJI B q>n

onKe, B 'laCTHOCTll, npn BblBoµ;e Ta.IC Hal3bIBaeMhIX µ;ncnepcnOHHblX COOTHOWeHnii [37]. 

Oµ;Haxo npoBepxa nocrreµ;Hnx He ooHa'laeT npoBepKy IHI, nocKOJibKY µ;ncnepcnoHHble co

. OTHOWeHIUI MoryT 6b1Tb norry'leHbl llCXOp;.11 HO npeµ;noCbllIOK, He coµ;ep:lKa~HX IHI ( CM., 

HanpHMep, [38]). Me:lKµ;y TeM npn~HllllaJibHasI BOOMO:lKHOCTb npoBepxn (verification) 

rum onposep11Ce111U1 (falsification) BIDKHa wm mo6ou uay>1uou mnOTeJLI. Cornacuo K.Ilon

nepy YTBep:lKµ;eHne MO:lKeT paccMaTpHBaTbCJI Ka.IC Hay'IHOe (B OTJill'llle OT HeKOTOpbIX 

peimrHOl3HhIX YTBep:lKp;eHHH, Hanpm,i:ep ), TOJibKO eCJIH OHO MO:lKeT 6b1Tb q>aJibCll(pllllll

poBaHO (39]. 

5.1. ApryMeHTHpyeM, no=.ieMy HMeHHO peTpOCKal3aHHe p;Oll:lKHO 6b1Tb HCnOJib0OBaHO 

p;IDI npoBepKH IHI. 

IlyC':rb B llHTepBarre (t', t"), pacnoJio:lKeHHOM BHyTpH (t;, tf ),BKJIIO'laeTC.ll ll BblKJIIO'la

eTcir MarHHTHoe none B, KOTopoe noBopa'IHBaeT cnHH (~peueccll.11). BapHaun.11 aToro 

noJI.11.MO:lKeT HOMeH.llTb 6yµ;y~ee CilllHOBOe COCTO.llHHe, HanpHMep, COCTO.llHHe B MOMeHT 

t1. Op;HaKO npH [!TOM p;Oll:lKHO noµ;paoyMeBaTbCJI MOi:t'laJIHBOe (.11BHO He oroBapHBae

Moe) npeµ;norro:lKeHHe: cnHHOBOe COCTO.llHHe µ;o BKJIIO'leHll.11 IlOlllI, HanpHMep, B MOMeHT 

t; p;Oll:lKHO 6b1Tb q>llKCllpOBaHHblM ( cp. [34] rrr. 2, §6). 8To eCTb 'laCTHblH crry'laii TJ:>e6o

BaHH.ll, 'ITO µ;pyrHe o6CTO.llTeJibCTBa, KpOMe paccMaTpHBaeMoii npll'IHHbl, p;Oll:lKHbl 6b1Tb 

HeH0MeHHblMll. ,Il;eiicTBHTeJibHO, eCJIH µ;onycKaeTCJI BapHaull.11 COCTO.llHll.11 ip(t;) ' TO lll3-

MeHeHHe ip(t1) MO:lKeT 6b1Tb npnnHcaHo aToii Bapnaurm, a He BapHaunH B. Ho BMecTo 

q>HKCHpoBaHll.11 ip(t;) Mbl MO:lKeM q>llKCllpOBaTb ip(t1), 'ITO 6yµ;eT 013Ha'laTb oaµ;a'ly·pe

TpOCKal3aHll.ll. B TaKOM cny'lae npH'IHHa B He MO:lKeT HOMeHHTb 'ITO-JIH6o B 6~y~eM, 

T.e. noCJie MOMeHTa t" BblKJIIO'leHll.11 B, nocKOJibKY 6yµ;y~ee· IIO ycJIOBHIO (pllKCllpOBaH~. 

CocTO.llHHe t/J( t;) He (pllKCHpyeTCJI B oaµ;a'le peTpOCKal3aHll.ll n MOrJIO 6bl HOMeH.llTbC.ll npn 

BapHaUHH .B. Ho IIII YTBep:lKp;aeT, 'ITO OTO HeB00MO:lKHo: npH'IHHa He M'.m1w1.· npvH0BO-
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p;llTb crreµ;CTBHe µ;o CBoero BKJIIO'leHU.11. 8To YTBep:lKµ;emre MO:lKHO npoBepUTb B naµ;a'le 

peTpOCKal3aHll.ll. 

Ilpe:lKp;e Bcero OTMeTHM, 'ITO ypaBHeHHe IIlpeµ;HHrepa npuBOµ;HT K peoyJibTaTy, npo

TllBOpe'la~eMY IIII. C noMo~bIO oToro ypaBHeHll.11 MO:lKHO pewHTb MaT
0

eMaTH'lecxy10 

naµ;a'ly peTpOCKal3aHll.ll (cM. [2,3]): HaHTll tf;(t;) npu oap;aHHOM tf;(t1) c MarHUTHbIM no

JieM B, BKJIIO'leHHOM B HHTepBarre (t',t"), t;"< t' < t" < ti (raMHJibTOHUaH coµ;ep:lKHT 

'IJieH BOaHMoµ;eiicTBll.ll µB(t), ji. = µii). IIorry'luM pa13Hble t/JB(t;), ecrrH B BapbHpyeTc.11. 

ThKHM o6paooM, BblnOJIH.lleTCJI onpeµ;eJieHHe npH'lllHHO-CJieµ;CTBeHHOH CB.ll3U: Bapblipy

eMa.11 npU'IHHa jj npoU0BOp;UT COOTBeTCTBeHHO U0MeH.llIO~eec.11 crreµ;CTBUe ( cnHHOBoe 

COCTO.llHHe B MOMeHT t;). Ho aTa CB.lll3b UMeeT MeCTO B CHTyauun, xorµ;a crreµ;cTBUe 

npeµ;weCTByeT npH'IUHe u noaT0MY OHO He IJ;Oll:lKHO 6blJIO 6bl ImMeH.llTbC.ll corrracHO IIII. 

Ecrrn noµ;BepraTb COMHeHIIIO npuMeHUMOC'J'.b ypaBHeHH.ll IIIpeµ;HHrepa (a IJ;ll.ll aToro 

HeT oCHOBaHuii), To MO:lKHO cµ;erraTb axcnepuMeHTaJibHYIO npoBepxy IIII. ,llrr.11 aToro 

Haµ;o BblnOJIHllTb µ;Ba H8 ( CM. BblWe paoµ;err 4) C ABYM.ll pa13Hb1Mll 3Ha'leHIIBMU jj. Ifo 

npoTOKOJIOB 0THX µ;Byx H8 Haµ;o Bb16paTb p;Ba aHCaM6JI.ll CUCTeM B 0µ;1maKOBOM co

CTO.lliimx 'PJ B MOMeHT t1 n npoBepHTb, pa13Hble JIU 6blmI COOTBeTCTBYIO~Ue npnro

TOBJieHHble COCTO.llHll.11°[1TUX µ;Byx aHCaM6rreii (noµ;BepraIO~llXCJI p;eliCTBUIO paoHblX B). 

B Taxoii cnTyau1m xa:lKeTCJI UHTYHTHBHO o'l:eBnp;HbIM He IIII, a µ;pyroe yTBep:lKµ;emie: 

"t/J(t1) MoryT 6b1Tb oµ;uHaKOBblMU npu paoHblX B, TOJibKO ecrru tf;(t;) 6blm1 paoHbIMu". 

8To YTBep:lKµ;eHue npoTUBope'IHT IIII, noToMy 'ITO 03Ha'laeT KOHCTaTaUl!IO HaJil!'ll!JI 

npll'IUHHO-CJieµ;cTBeHHOll CB.11311 B ycJIOBll.llX, xorµ;a npU'lllHa n03)Ke crreµ;CTBII.11. 

3aMeTnM, 'ITO IIII He Mo)KeT 6b1Tb npoBepeH, ecrru HaCTO.ll~ee axcnepl!MeHTaTopa 

(ero "Tenepb" urru "ceii'lac") _Haxoµ;HTCJI rµ;e-To µ;o MoMeHTa t", T.e. none B BblKJIIO'ra

eTc.11 B ero 6yµ;y~eM. Torµ;a OH CMO)KeT HOMepUTb C0CTO.llHUe B M0MCHT t 1 > t", µ;0lKl!B 

µ;o MOMeHTa t1. Ho OH He MO)KeT q>UKCllpOBaTb (no CBoeii Borre) TO l!Jll! l!HOC C0CT0JI

Hlle CllCTCMbl nocrre t" ( CM. 4.3). ThxuM o6paooM, q>IIKCl!pOBaTb C0CT0.IIHl!C Cl!CTCMbl. B 

aTOM crry'lae MO)KHQ TOJibK0 µ;o Ha'larra µ;eiicTBl!.ll npH'IHHbl, HO HC nocnc Hero. D :lTOii 
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CHTY~ll CJieµ;CTBIDI npll'Ill:Hl,I MoryT Haxoµ;nThCll TOllhKO B 6YAy~eM OTHOCHTellhHO 

npwrnHhI, HO He B CllllY IIII, a llOTOMY, 'ITO :3Tll Cllep;CTBIDI BMeCTe C TeM Haxoµ;JITCll B 

6YAy~eM OTHOCHTellhHO "Teneph" axcnepllMeHTaTopa. 

-ABTOP npmmaTeneH npo4>. P .Xaary, KOTOphIH CTHMynnponan aTy pa6oTy, n 6naro

µ;apeH npcxt>-1 M.li.Iloµ;rope~KoMy I n npo4>. II.3xcHepy :la nonroHhie o6cyJKµ;eHIDI. 
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retrodiction- meets difficulties related with :·peculiarities of: the measurement 

.,\ . ,, ... , , ,. . ·.··,•, . , . . . , , ,, 

· of·quanium ooservables, _These difficulties are eluci9ated in detail when discussing.· 
tw~' unsuccessful· .. appro~ches:- ·. to . the:! : quantum· retrcidictfon. Another : approach 

.. , _ , I is· sugg~sted h~re which fises: th,e_ me~sure~ent of t_h~ ~a~e· function o( a physicai' 
system instead of the obseryabJe measurement. As an application of th1s refrodiction, 

... we_ propcise. ·111e:~erificatid11"'of the i"ausality-:principle, stating th,~c'the· cause must_ 
precede the effect:. . - . . . . - . . . . . . . • . . . 
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. The · iri'~esiigation· · has been 
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