CemMuHap 5. YnpakHeHus

puc.5.1.

[Mpumep 5.1. Ky6ur (cnun-1/2) naxoaurcst B HeH3BeCTHOM
UMCTOM COCTOSIHUH [t)), BbIOpaHHOM CJlyuailHbIM 06pasoM 13
aHcamOJisi COCTOSIHUH OJIHOPOJHO pacrpesiesieHHbIX no cdepe
bsioxa. Boibupasi cayuaiinbiM 06pa3om, UTO JJaHHOE COCTOSIHUE
ecThb |p), ueMy paBHA B CpPE€JHEM TOUYHOCTb BOCIPOU3BEIEHHS
cayuaiiHoro Beibopa (fidelity) F', onpenensiemast cooTHollIeHHEM

F=[(g|y))??
Peuwenue:

B cuay oiHOpoiHOCTH pacnpejiesieHnst aHcaM6Jisi COCTOSIHUE
no cdepe bJjoxa, MOXKHO yTBepKAaTb, UTO BEPOSITHOCTb
HaXO0KJIEeHHsI COCTOSIHUSI BHYTPH TeJiecHOTo yrya df) Ha cdepe
bJsioxa paBHa:

1 1
dpy = — sinfdfdp = — dQ. (5.1)
AT AT

CpestHsisi TOUHOCTb BOCIIPOM3BE/IEHHST CIYUaiHOro BbIGOpa OMPEEsIeTCsl yCpeHEHHEM M0 BCEM
BO3MOXHBIM COCTOSIHUSIM [10) 1 |p). Eciin 0603HaUnTh ornepaiilio yepeaHeH st Mo COCTOSIHUSM |¢)
— Ejy), a 1o cocTosAHUAM [1)) — Ejyy, NOJYUnM

(F) =EwyEip) [ e [) ]

=Eyy Ejg) [(0 [)(¥ |9)]

=Ejyy Bl [ Sp(l9) (@ [¢) (¥))]
=Sp (BBl [l9) (¢ [¢) (¥1])
=Sp (Epyy [[¥) (1] Eiy) [l) (1))

1 1 R : 1 1 R .

- [(31) (3))

Taknum o6pasom ycpeiHeHHast TOUHOCTh BbiGopa paBHa (F') = 1/2.

[MIpumep 5.2. Ilocne cayuailHo BLIGPAHHOrO OJHOKYOUTOBOTO UHCTOFO COCTOSIHHSI (CM.
npuMep 5.1.) BBIMOJHSETCS M3MepPeHHe CMHHA BIOJb OCH z. DTO HU3MepeHHe MPUTOTABJIMBAET
COCTOSIHUE, OMUChIBAEMOE MaTPULEH MJIOTHOCTH

0= P (| Pt | ) + P (¢| Py | ), (5.2)
rie P | — MPOeKTOPbl Ha COCTOSIHUE CO CIIMHOM BBEPX W BHH3 10 OCH 2, COOTBETCTBEHHO. B cpesHem
C KAKOH TOUHOCTbIO F = <¢{ 0 ‘ @Z;> 3TOT OMEePaToOp MJIOTHOCTH MPEJCTAB/sIeT HaualibHOe [1)) —
COCTOAHUE?
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Peu enue:

o Hauana BbUKCAEHUH 0OBSICHUM MTOYEMY OepaTop MIOTHOCTH, KOTOPBIH MPUTOTABJIUBAETCS
B pesy/bTaTe H3MepeHHs MOxKeT ObiTb 3anucaH B (opMme, NMPUBEIEHHOW B YCJOBHHM 3aJauM.
HamnomHuM, uTo ec/ii KBaHTOBasi CHCTEMa HAXOJSIIASCS B UHCTOM COCTOSIHUM [¢)) MojBepraercs
rnpolleccy u3mMepeHus HabJaeMoi A, To COCTOSIHHUE [1)) PelyLIUpyeTCsi B COCTOSTHUE

P,
) = el

(9] P o)

rie P, — npoekTop Ha co6CTBEHHOE cocTosiHKe |A). DTo nperoaraet, uto ornepaTop MJIOTHOCTH
JUIS 3TOTO YHCTOrO COCTOSIHUS JI0JI2KEH TpaHC(OPMHUpOBATbCs K aHCaMOJII0 M0 BCEM BO3MOKHBIM
pesyJsibTaTaM HU3MepeHHs!

(5.3)

) (W] — > pn [ton) (nl | (5.4)

311€Cb P, — BEPOSITHOCTb OOHAPYXKEHHUSI COCTOSIHUSA |1),) B |¢). OnHaKo, Tak Kak [i)y,) (1,| — ecTb
npoektop P, M03TOMy orepaTop MJIOTHOCTH, KOTOPBIH MPUrOTaBIUBAETCS B Pe3yJ/bTaTe H3MepEeHHs
MOKeT ObITb SKBUBAJIEHTHO TPEJICTABJIEH B BUJIE

) (] — Y (| Po| ¥ P, (5.5)

ITO BbIpaKeHHe CIPaBeIIUBO, TONBKO €CJIM CHCTEMa UCXOIHO HAXOJIUIACh B UNCTOM COCTOSTHUH.
BeiGupast oneparop msotHoctd B opme ([5.5)) BbluMcseHHE TOUHOCTH BOCHPOM3BE/IEHHUS
OTpeAeNAeTCS BbIPAXKEHUEM

F=(|eo|y)
=(¢| (P (| Py | ) + Pi(| P )) [ ¢)
=(¢| Py [ ) (| Py [0) + (@] PL ) (| Py | )
=(u| Py |w) + (v| P, | )’

=pi + 1]
=p*+ (1 —p)’ (p=py)
=20 — 2p+ 1.

Uro6bl HAlTH cpejHee 3HAUEHHE TOUHOCTH BOCHPOU3BEIEHHS, Hy>KHO BBIUHC/IUTH KJacCHUECKOe
oXKpjaeMoe 3HaueHHe, YCPEJHHB MO BCEM BO3MOXKHBIM HarNpaB/eHHsM cocTosiHus [¢p). Tak kak
COCTOSIHUSA 1)) OJHOPOJHO pacrpejiesieHbl B npoctpaHcTse biuoxa (F) = Ejy[F] MoxeT ObiTh
HaHIeHO MyTeM MPEeANOoJIOKEeHHsT OT OJHOPOAHOCTH pacripesieseHus BepositHocTH p € 0 + 1. B
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pesyJbTate

+

l'lpumep 5.3. Ilnst JBYX-KyOHTOBOIO COCTOSIHHUSA:

1 1 V3 V3 1
|(I)> = E |T>A (5 |T>B+7 |l>B> \/— |l> ( |T>B+§ |~L>B>

1. Beruneants 04 = Spp(|®) (P|) v op = Spa(|P) (D))
2. Haiitu pasnoxenue [lImuara aisi cocrosinus |P)

Peu enue:

1. HactruHble wnypol
DTa yacTb 3a/lauM pelaeTces no onpeesaenuto. HauanbHoe cocTosiHMe CHCTEMbI €CThb!

%) = I1), (% 15+ 2 |¢>B) 75 1, (ﬁ s+ |¢>B)

=== (IM+ V3 1)+ V3 D +11D).

C yueToMm IaHHOTO paBeHCTBA OrepaTop MJIOTHOCTH MOKeT ObITh 3aMMCaH B BUJIE:

9) (2] =¢ (IT1)+ V3 1) + VB 11 + 1) (I11) + VB 1)+ VB [11) +111)

1 V3 V3 1 1TT)
—am iy g (Ve 83 Ve |ha
1 v3 v3 1) \ll)
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YacTuynbiil HITTYp MO NMepeEMEHHbIM CUCTEMbI B ecTb:

04 =Spp(|®) (P)
=( 15 [2)(®] 15 ) + (15 [2)(®] I )
1 { () T+ V311 (L + VB T+ 311 (Lh+ }
8 L GIN I+ VI U+ V3L AT+ 11 (L)

=< (411 {11+ 2V (1 + 2VB 10 (1] -+ 411) (1)
B /2 V3/4\ [((1]
=T 1) (\/3/4 1/2 ) (<u)'

B CHJTYy CHMMETPHUH CUCTEM AuB MOJYUHUM IJis1 op aHaJIOTUUYHOE BbIpaxKE€HHUE!

op =5pa(|®) (@)
=(Ta [@)(@]1a)+{La [2)(2]La)
_L { (I (11 + V311 (U + V311 (1] + 3 |1) (L)+ }

S8 L GBI AV L+ VB (111 (LD

= (410 (11 2V (1 + 2VB10) (1] + 411) (1)
) 12 VA (0]
=0 1) (\/5/4 1/2 ) (<¢|>'

2.Paznioxkenne [muara.
JTta uyacTh 3aJlaud TAKXKe pellaeTcsi 1Mo OMNPeieSeHHI0 C YUeTOM TOro, UTO CHauaja HY»KHO

MOBepHYTb 6asuc cucteMbl A, UyTOObI clle1aTh PeayLMPOBAHHYIO MaTpULYy [JIOTHOCTH 04
JMaroHanbHoi. YToObl BBIMOMHUTL 3TO, HEOOXOAUMO HAWTH COOCTBEHHbIE COCTOSIHMSI, KOTOpPbIE

JUaroHaJiM3yroT MaTpuLly pa:

1/2—X /3/4
V3/4  1/2 -\
1/4— X+ X —3/16 =0
M —\+1/16 =0

=0

A =1/2++/3/4

=y =%<H>Ai 1)),

Uto6bl M3MEHHTb 06a3uc, KOTOPbIH peasiudyeT 3T COOCTBEHHble BEKTOPbl KakK Oa3MCHbIE,
BOCIOJIb3yeMcst 00bIUHON popMyJI0i 3aMeHbl Hasuca:

D) = ZWW |®).
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Kosdduuuentsl passokeHusi B 3TOM BbIPayKeHHH SIBJSIIOTCSI COCTOSIHMSIMM CHCTeMbl B, Tak
KakK cKaJsipHoe TpousBejieHHe GepeTcsl TOJbKO Mo nepeMeHHbIM cucTeMbl A. Kosdduuments
PasJIOXKEHHUS eCTh:

(w*[2) =3 (1L + {11 [mA (1 |T>B+§|¢>B)+u>A (? !T>B+%Il>3>]
=2 (N5 + V31 + VBN + 11)5)
=L ) )
= 6
(W 1®) =5 (11— (UL [mA (% H>B+§u>3>+u>A (? |T>B+§|¢>B>]
=2 (1N +VEIL) 5~ VBIN) 5 — 1))
= 1) 1)
E|902>

Tenepb HeO6XOJlI/IMO HOPMHUPOBATDH MOJYUYEHHBIEC COCTOSIHHST B CUCTEME B.

@) =222 (1 + U100 + 1)
B
=D
(el = 22272 ({11, = W11 = 1)
V3
2
= ps.
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HMcnonbayst HOpMUPOBaHHbIE COCTOSIHUSA | ;) p = Ternepb MOXKHO 3aMKUCaTh PasJiozKeHHe

1 ~
N2 ‘901>B
LHMI/IILTa HCXOIHOTI'O UHUCTOT'O COCTOAHUSA I10 OpTOHOpMHpOBaHHbIM COCTOAHUAM CHUCTEM A H B

B V31 1 1++/3
(@) ={\/1+ [ﬂ(\T>A+IL>A)} \/@< 1 )(m +11)5)

V3 L (1-v3
5= )] 1%§< : )<|T>B—|¢>B>
:<¢®H

+1- %
s ) S5 1] [ (s +1105)]

(5 -] foe-a]

npl/lMep 5.4. PaccmoTpum onepaTop NJ0THOCTH /151 IBYX KyOUTOB BUJ1a

o= g1+3 1)),

rae [ — ennHuyHas 4 X 4-matpuua, a

[v7)=— f (M [ =10 11)

[Ipenmnosioxkum, uTo MPOU3BOAUTCS U3MEPEHHE TIEPBOTO CITMHA BJOJIb OCH 77, @ BTOPOTO CMIUHA BJOJb
ocu m, rae (1 - m) = cosf. KakoBa BeposTHOCTb TOro, uTo 06a cruHa OYAyT HAXOMUThCS B
COCTOSIHUM "CITMH-BBEPX" OTHOCHUTENLHO BbIOPAHHBIX OCEH?

Peuwenue:

Kak nokasato B mpumepe 5.2., BEPOSITHOCTb H3MEPEHHs COGCTBEHHOTO 3HaueHHst P, ecTh p =
Sp(P - 0). CooTBeTCTBHE MeKILy IPOEKTOPAMH KYGHTOB 1 TouKaMK Ha chepe BJioxa o3nauaer, uto
BEPOSITHOCTb MEPBOr0 U3MePEHHsT COCTOSIHUSA "CMIMH-BBEPX' BJIOJIb OCH 72 EPBOTO KyOUTA, a 3aTeM
M3MepEeHHUs1 COCTOSIHUS "CMIMH-BBEPX' BJOJb OCH 172 BTOPOTO KyOUTa €CTh:

p =Sps P%zSpA[(ﬁZQélB)eﬂ}

p =5pB [(%(1+rh-ag)> Spa K%(htﬂ-m)@lg) QH.

[Ipoektop P, neHCTBYeT KaK MOCTOSAHHBIH COMHOXKHUTE/b OTHOCUTEJLHO LLIMYyPa MO MepeMeHHbIM
cucTeMbl A, Tak Kak ero JedcTBHe TpUBHAJbHO B nojcucteme A. B cusy JuHeliHOCTH onepauuii
BbIYUCJICHHS LIMYyPa MOXKHO BbIHECTH 3Ty KOHCTAHTY U3 O] 3HAKA ONePALMKY BBIUMCIEHUS LIMypa

1 1
p =Spp Spa [<1A®§(l+rh-03)> <§(1+ﬁ'O'A)®IB> Q}

1 R 1 .
=Spp Spa {<§(l+n~aA)®5(1+m-03)®13) Q}
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HCHOJIbSyH BHIL 0 3aJJaHHOU B NpUuMepe MO2KHO BbIYHUCJIUTL 3TH LIIMYPbl TOYHO, OCHOBLIBASICh Ha
CBOHCTBAX JJMHEHHOCTH onepaunﬁr BbIUKCJICHHS LIMTypa U paBEHCTBE HYJIIO LITypa MaTPHULL Hayﬂn

= Sp5 Spa [(%(1+fl-a/;)®%(1+ﬁl'03)) (% 1AB+% |¢_><¢_|>]

1 . .
:3—QSpBSpA[(1+n-0A)®(1+m~03)]

L SpsSpa [(A+h-0n)® (1 +1-0s) () ()]

8
= SpnSpall @ 1]+ L (0| (14 h-04) ® (141 0m) |4
B L ET WU O A
1 1
=1+ g (- foalvr) v (U on [v7) + (U] A oa @ on [v7)

CpefiHue 3HAUeHHs KaK 0 4, TaK U 0 PABHBI HYJIIO B CHHIJIETHOM COCTOSIHHM |10~ ), UTO MOXKET ObITh
JIOKa3aHO KaK HerocpeICTBEHHbIMU BbIUHC/JEHUSIMH, TaK ¥ Ha OCHOBAHWH TOTO, UTO CHHIJIET — 3TO
ckassip (cnuH = (). EXMHCTBEHHbBIH UJieH, KOTOPbIH OCTaeTCs JJIsl BBIUMCJEHUS — 3TO MOCJeHee
cJaraeMoe B MOJIyueHHOM BbipaxkeHuHu. KIMeeTcs HECKOJIbKO BO3MOXKHOCTEH JI/1s1 BbiurcsieHus. [1o
BUIMMOMY MIPOCTEHIINH cr10co0 10Ka3aTh, UTO CMUH — () CHMMEeTPHUH CHHIJIETHBIE COCTOSIHUSI UMEIOT
onHy dopmy B Jt060M 6asuce. [109ToMy MOXKHO B35ITh CIIMHBI OTHOCUTEJIBHO Z-0CEeH: 11 = Z, M. =
Z cos f + xsin 0, Tak 4yTo:

<w"ﬁ-aA®rh-aB‘w’> :<w’|az®az’w’>cosﬁ+<w7‘az®0$‘w’>sin0
= —cos¥.

ITO NPUBOJIUT HAC K OTBETY:
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