CemuHap 4. MaTpuua nJaoTHOCTH

4.1 OO6ume onpeaeseHus:

[Iepexoa oT cucTeMbl, COCTOSILIEH U3 OJIHOTO KyOUTa, K CHCTEME, COCTOSIIIEH U3 IByX KyOUTOB,
COJICPKUT TMPUHUMITHAJBLHBIA IAT, NPUBOMASLLMA K HEOOXOJAMMOCTH HCIOJb30BaHHS MaTpPHULbI
MJIOTHOCTH (UJIM oTiepaTopa MJAOTHOCTH ) /ISt OTTUCAHHUS TAKOH COCTABHOM CUCTEMBI.

B cooTBeTcTBUM C Hl€0/I0THEN KBAHTOBOH MEXaHUKH, CBOUCTBA JI0OOH CUCTEMbI ONPEIesIIOTCS
BEKTOPOM COCTOSIHMSI B [W/AbOEPTOBOM MpOCTpaHCTBE, MPH 3TOM HEOOXOJMMO YuecTb BCe
B3aUMO/JIEHCTBHSI, KOTOPBIM MOJIBEp:KEHA paccMaTpuBaemasi cutema. B stom cmbicse TpebyeTcs
MOCTPOUTb BEKTOP COCTOsIHMA Bcell BcesenHoil. KoHeuHo, peasibHOe oOnucaHue CHUCTEM
OrPAHUUMBAETCS U MPOCTPAHCTBEHHBIMU PAMKAMH U BbIJICJIEHUEM TOJIbKO UACTH B3aUMOJEHCTBHI,
CYIIECTBEHHBIX C (M3MUECKOH TOUKH 3peHus. Jlpyrumu cioBamu, U3 Bceil BceseHHoit
"Bblpe3aercsi'HeO0JIbIIAs YacTb, KOTOpasi U nojBepraercst u3yueHuto. COOTBETCTBEHHO OoJiblIasi
YacTb OIMYyCKaeTcsi B COOTBETCTBMU C OINpeesJeHHbIMH MOJIe/bHBIMU JlonyllleHusiMu. OaHako
KBAHTOBAs TeOPHS IPUBOJIUT B ITOM CJIydae K psiy CJAEACTBUH, KOTOPbIE MPSIMO MPOTHBOIMOJIO0KHbBI
thopymsipoBKam o611ell TeopuH. Tak Mpu pacCMOTPEHHUH TOJLKO YaCTH OOJIbILIONH CHCTEMBI:

— COCTOSIHHS MOJCHUCTEM He SIBJSAIOTCS JyuaMH B [M1bO€pTOBOM MPOCTPAHCTBE;
— M3MEpPEHHS B [TOJICUCTEME He SIBJIAIOTCA OPTOMOHAJIbLHBIM TPOEKTUPOBAHUEM,;
— 3BOJIIOLUSA MOJICUCTEMbI HE OTNPeAeNAeTCs YHUTAPHbIMHU PeoOpa3oBaHUAMH.

Paccmorpum juist ipumMepa jiBe 6eCKOHEUHO yjiaJleHHbIe (T.e HEB3aUMOIEHCTBYIOIHE ) CHCTEMDI,
CBOHCTBA KOTOPbIX 3a/1al0TCst BeKTopamu cocTsiHui |A) u | B). CocTosiHue 06 beIHEHHON CHCTEMDI,
BKJIIOUAIOLILEH KaK MepBYI0, TaK U BTOPYIO CUCTEMbI, XOPOILIO OMPEE/sieTCsi BEKTOPOM COCTOSTHHS
|W;,) = |A) ® |B) B o6benunenHoM [uib6eproBom npoctpaHcTBe. CBelieM paccMaTpUBaeMble
CHCTeMbl BOEJMHO, B pe3yJsbTaTe Yero OHM TI0JyYaroT BO3MOXKHOCTb B3aMMOJEHCTBOBATH JPYT C
apyrom. BaanmosefictBue npuUBeseT K 9BOJIOLMH HAaualbHOTO cocTosiHus | Wy, ), B cocTosinue |W),
3aBHCsIllee OT BPeMeHH

Win) = [A) @ [B) — |¥(1)) . (4.1)

DBOJIIOLIKS — eCTh Mpolecc NpeodpazoBaHust JUHEHHBIMH OlepaTopaMH BEKTOPA COCTOSIHHS
CHOBa B BEKTOP COCTOsIHHSI (He COBMAAIONIMi ¢ HCXOHbIM ). PasBeem cucteMbl Ha GeCKOHEUHbIE
paccTosiHust (T.e. MpeKpaTHM UX B3auMojericTBue). OObeHeHHasi cHCTeMa OyJIeT ONpeesisiThest
BEKTOPOM COCTOSTHHUSI, KOTOPbIH 0003HAUNM | W4 )

Vin) = [A(@)) @ |B(B)) — [Wour(e, 3)) - (4.2)

Cocrosiie |W,,)— 3aBUCUT OT MepeMeHHbIX O0GOMX MOJACUCTEM. YUHTbIBasi, 4TO HaGop
HayaJbHbIX cocTosiHui |A,) ® |B,) B o0bemviHeHHOM [WibOEPTOBOM MPOCTPAHCTBE MOJIHBIN,
coctosiiue |W,,;) MOXKHO MPE/ICTABUTh B BUJIE:

Wout) = camla, B) |An(a)) @ |Bu(8B)) (4.3)

n,m
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B cOOTBETCTBHH ¢ IPUHLUIIOM CYTIEPIIOHLMH |Cppp|? IAET BEPOSTHOCTH HAXOMK/IEHHUS CHCTEMbI
A B cocTosiHuM |A,) ¥ OJHOBpEMEHHO CHCTeMbl B B coCTOsiHUM |B,,) moc/e B3aUMOJEHCTBHS.
JIpyruMu cJloBaMH, HEKOTOPOe KOHKPETHOe KOHEeUHOe COCTOsiHMe CcHUCTeMbl A, Hampumep, |Ax),
KOPpEeJIMPOBAHO C KOHEUHBIMH COCTOSIHMSIMH CHCTEMbI B. DT0 03HaUaeT, UTO HEBO3MOXKHO 3aMuicaTh
KOHEUHOe COCTOSIHHE B BHJE MPSMOTO MPOU3BeleHHs cocTossHul cucteMbl |A) u |B), |Vou) #
|A) ® |B), KoTopble 3aBeCHH Obl TOJBKO OT MEPEMEHHBIX KaXK10H CHCTEMBI.

Takum o6paszom, GopmyJsHpyeTcst yTBEp:KIeHHe, KOTOPOe HHOTAA Ha3biBAIOT MPUHLUIOM
Hecenapa6eJbHOCTH:

- ecau dge cucmemol 83aumM00eiicmeosal 8 NPOUAOM, MO 8 00U eM CAYUae HeBO3MONHO
npunucams 00UH 8eKmMop COCMOAHUS A000L U3 08yx nodcucmen.

[lyctb, Hampumep, JMlIb OIHA CcHUCTeMa M3 ABYX (Hampumep, A) moapepraercsi mporeccy
M3MepeHus rnocJje B3auMojeicTBus. B pesdysbrate cucrema A Gyner oGHapy»KeHa B COCTOSIHHH,
KOTOpOE He SIBJISIETCS] YUUCTBIM COCTOSTHHEM. B 9TOM cilyyae roBopsiT 0 cMeIaHHbIX COCTOSTHHUSIX.
Mo2KHO cKa3aTb, YTO TOT (haKT, UTO CHCTeMa B He MojiBepraeTcs npoleccy u3MepeHusi, TPUBOJIUT K
roTepe KOrepeHTHOCTH B cHcTeMe A.

Pacemotpum cucremy u3 2-x kyoutoB A u B, HaxoAslMXcsi B HEKOTOPOM KBaHTOBOM
coctosiiud. OpToHOPMHpOBaHHBINH Oasuc s KyoutoB A W B 0603HauMM, COOTBETCTBEHHO
{10} 4, |14} u{l0)5, |1)5}. Ilpu 31TOM Han KyGuTOM A MPOU3BOASATCS H3MepeHHsl, a KyOuT B
— HenoctyneH. Heo6xoanMo copMy/iMpoBaTh MPUHLMIBI, KOTOPbIE TO3BOJSAT XapaKTepU3oBaTh
pe3ysbTaThbl HabJ0AeHUs KyOuTa A.

[lycTb, 1i1st npuMepa, UMeeTcst IByX-KyOUTOBOE COCTOSIHUE BHJIA:

(W) a5 =al0), @[0)5 +b|1), @[1)5. (4.4)

DT0 03HAyaeT, 4To KyOHThI ObLIH MOJBEPIKEHbI HEKTOPOMY BO3JIEHCTBHIO, MPHBEIIIEMY K
o6pasoBanuio coctostiust ([4.4]) u cienoBaTesibHO OHU CKOppenpoBaHbl. Tak, ec/iu ClpoeKTHPOBAThH
cocrositue ([4.4)) na 6asnc kyoura A, To ¢ BeposiTHOCTBIO |al? Gyser nosyuen pesyabrar |0), u
u3MepeHue npurotoBut cocrosinue [0) , ® |0), u3 (4.4)), a ¢ BepositHocTbIO [b|? Gyner mosyuen
pesyibtar |1) , ¢ penykumeit (4.4) B cocrosinme |1) , ® |1) 5

CyllleCTBEHHO, YTO €CJH jajiee MPOBOJUTb HM3MepeHHsi KyOuTta B, TO rapaHTHPOBAHO C
BEPOSITHOCTbIO PAaBHON elMHHULE, OblIo Gbl 0OHApy:KeHO cocTosiue |0) 5, €caH NpeBOHAUaJIbHO
obHapy:eHoe cocTosinue |0) , M, COOTBETCTBEHHO, |1)p, ecau mpu u3MepeHun Kybura A Obla
1oJIyueH pesyJbTat |1) 5.

B o6uiem_cuyuae, neficTBHe CcaMOCOMPSKEHHOrO omeparopa F tonbko He Kyout A B
COCTOHHI/IH(. ) orpeieisieTest onepaTopom FA®] 5, e 15 — e MHHYHbII OrIepaTop, AeHCTBYIOLIHII
Ha kyout B. CpejiHee 3HaueHHe HabJII01aeMOi F' B cocrositmu () €CTh:

(F) = ap(¥| Fa@ 15| W), = |a|*(0| F|0), + [b]>(1] F|1),. (4.5)

Kak BHIHO 3TO BbIpa)KeHME OTJHYAETCS OT BLIUMCJEHHs CPEJHEro 3HaueHHsl B UHCTOM
kBaHTOBOM coctostii (i| F | 7). Beipaenne ([4.5]) nmepenuchiBatoT ciieyiolmm 06pasom:

(F), = Sp(Fa-ba), (4.6)
rJie OMepaTop o4 ONpeJeaet COOTHOLIEHHEM

oa = |al*|0) (O], + [b* 1) (1], (4.7)
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1 Ha3blBAeTCsl OMepaTopoM MJIOTHOCTH it KyouTa. M3 onpenenenus ([4.7]) sicHo, uto oneparop o
o6Js1afaeT caeyolMMHU CBOHCTBAMU:

— orneparop o— CaMOCOINPSI2KEHHbIH,
— coOGCTBEHHbIE UMCJ/Ia OflepaTopa ¢ HeOTPULLATEbHbI,
— Spo =1, tak KaK |¥)— HOpMHPOBAHO.

BBenennblil ¢rnoco6 onMcaHUs 4acTH CHCTEMbl CYLIECTBEHHO OTJIMYAeTCsl OT OIHCAHHUS
KOTePEeHTHOH cyreprio3uiu coctostHuil [0) u |1) 1Jisi M30JMpOBaHHOTO KyOHTa M ONMHUpaercsi Ha
noHsATHe aHCaMOJIs1 COCTOSTHUI.

YroObl Jyullle MOHATH CYTh PA3HUIbI MEXKTY UNCTHIMHU M CMEIIAHHBIMUA COCTOSTHUSIMH HATIOMHHUM
pesayJsibTaThl 3Kcnepumenta ltepHa-Tepnaxa anst vactuu co cnunom 1/2.

PacemoTpum mydok yacTHIl cO CIMHOM 1/2, MPOXOASIIMX Uepe3 HeOJAHOPOJIHOE MarHHUTHOEe
rnoJie, TpajIi€HT KOTOPOro HarpaBJjieH BJ0Jb OCH z. B obuiem ciydae mydyok pacluenssiercst Ha
JIBa, KaXKIbli U3 KOTOPBIX COOTBETCTBYET OJIHOMY H3 BO3MOXKHBIX COCTOSIHUH crivHa |0) uJH
|1). Ecaiv ofuH M3 MyuyKoB yAa/quTh, TO OCTaBLIMECS YACTHULBI OYAyT HAXOAUTHCS B COCTOSIHHH,
COOTBETCTBYIOLIEM JIMIIb OJIHOMY COCTOSIHHUIO (puc. 4.1.)

Ecau nanatiouii nydok CopepKUT
TOJILKO YacCTHLbl cocTosiHusi |0), TO OH
NpoHIeT CKBO3b YCTaHOBKY (puc. 4.1.)
6e3 MoTepu MHTEHCUBHOCTH. Ecau
OCb YCTAaHOBKHM HAKJOHUTb (HU3MEHUTb
HampasJeHHe TpajdeHTa  MoJsi), TO
TOJIBKO UYacCTb TMyuKa MPOHAET (QUIBTP
M TIPOLIeAIMHA MyuyoK OyaeT MeHee
HHTEHCUBHBIH, UeM Ma alolui.

Ecnn napaioumii nydok CopepKHUT
CMUHBI OPUEHTHPOBAHHbBIE BJOJIb JPYTOH
ocH 2/, TO TyTeM [OBOPOTA YCTAHOBKH
MOXKHO ~ HAWTH  TaKyld  OpPHEHTaLHMIO
MarHurta, TpH KOTOPOH MporycKaeTcs
BECh MyYOK.

Eciu B onbite [lltepua-Iepnaxa
MOXKHO ~ HAWTH  TaKyld  OpPHEHTaLMIO
YCTaHOBKM, TMPH KOTOPOH JAHHBIA My4OK MOJHOCTbIO TMPOMYyCKAeTcs, TO TOBOPSIT O YUCTOM
CMIMHOBOM COCTOSIHMM Tyuka. B uucToM cocTosiHMM cOBMeCTHOE COCTOSIHUE BCeX YaCTHLL
npeacTaBjasieTcsl ¢ NMOMOILbIO OJHOr0 BeKTopa coctosiHuda. [IpencraBnennbiii Ha puc. 4.1
(UJIBTP MOKHO paccMaTpUBaTh KaK CrocoO MPUrOTOBJEHHS MyUKa YaCTHIL B YHCTOM COCTOSTHUH.

YucTble CHMHOBBIE COCTOSIHMS He SIBJSIIOTCS HauOoJee OOLIMMH COCTOSIHHSIMH, B KOTOPBIX
MOKeT HaXOAMTbCs aHcamOJsib yacTull. [lycTb JBa myuka yacTHIL He3aBHCHMMO TPHUrOTOBJIEHBI B
YUCTBIX cocTosiiusX |0) u |1), coorBercTBeHHO. [TycTh mydyok yacTuil ¢ cocTostHueM |0) COCTOMT
M3 My UACTHL, a C cocTosiHueM |1) — U3 mo uactuil. HanpaBum o6 benHeHHbI My4OK HA QUILTD
Irepua-lepnaxa, y kotoporo OyneM MeHSITh HarpaBJjeHHe rpaauenTa noJisi. OMNbIT MOKA3bIBaeT,
UTO HEBO3MOXKHO HAaHTH OpHEHTALMIO (UJILTPA, NMPH KOTOPOH uepe3 Hero MpoxXoiuT Bech MyvyoK

puc.4.1.
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noJiHocThlo. Takum 06pa3oM, 0OBEAMHEHHBIH IMy4yOK, M0 ONpPEIEJIEHHI0, He SIBJSIETCS YMCTHIM
CMHHOBBIM COCTOsIHHEM. TaKkue COCTOSIHUS HA3bIBAIOTCS CMELIAHHBIMU COCTOSITHUSIMM.

CMmelllaHHOE COCTOSIHHE HEBO3MOXKHO OIMHMCATh C MOMOLILLIO OJIHOTO BEKTOPA COCTOSIHUI, TaK KaK
B IPOTHBHOM CJlyuae Hallloch Obl HanpaBJieHHe (GUIILTPA, IPH KOTOPOM BECh MyUYOK MPEOJIOJIEET €r0
6e3 ocJ/1abJeHusl.

CMelllaHHOe COCTOSIHHE HEJIb3sl MPEJCTaBUTh U B BUJE JIMHEHHOH CyNeprio3ullid COCTOSTHUH
a|0) + b|1). Iast nocTpoeHusi TaKo# Cyrneprosuiiid HeoOX0AMMO 3HATh MOJYJIH KOS(PUIIHEHTOB
a M b 1 UX oTHOCHTesbHYIO agdy. KBampaTel Mojyseil KO3(h(HUUHMEHTOB B STOM CJlyuyae U3BECTHbI
la|?> = ny/n; [b]* = na/n; n = ny + ny. OnHaKO, TaK Kak 06a MydyKa MPUroTOBJIEHbI HE3aBUCHMO,
ME2KJ1y HAMU He CYLIIeCTBYET ONpeJieJIeHHOr0 (ha30BOro COOTHOLLIEHHUST, a 6e3 3HaueHHUst (hasbl Heslb3st
MOCTPOUTD CYMEPIO3ULIMIO COCTOSTHU.

CylleCTBEHHOE OTJIMUME UHCTBIX M CMELIaHHBIX COCTOSIHHH MOXKHO MPOJEMOHCTPUPOBATL U HA
paHee TNpPHUBEJEHHOM MPUMepe, B KOTOPOM 0OKa3aHo, YTO MPHU MU3MEPEHHH 0, B OJHOKYOHTOBOM
cocrostnun (|1,) + [1.))/V/2 ¢ BeposSTHOCTbIO paBHON eIMHHMIE CJedyeT pesyabtaT |T,). A Tak
Kak aHcaMmMOJib CIHHOB, B KOTOPOM COCTOsiHUSI |T.) M ||.) TIpUCYTCTBYIOT PaBHOBEPOSITHO C
BEPOSITHOCTBIO 1/2 pejIcTaBiIsieTCst 01epaTopoM MaTpHLbl 110THOCTH Braa (M. (1.7))):

1 1

o= 3L+ 511 (Ll = 5 (48)

NpoeKUHusd Ha COCTOTIHHUE ’ch>, B 9TOM CJiyuyae €CTb

(b (al) = Sp(I1a) (1] @) = 5. (49)

YTo oT/IHUaeTCsl OT UUCTOrO COCTOSIHUSA, B KOTOPOM TaKasi BEpOSTHOCTb paBHa 1.

O6cy:keHHe KOppPeJHPOBAHHOTO JBYX-KyOuToBoro cocrosnus |¥),, (14.4) TtpusnanbHo
006006111aeTCs1 HA TPOU3BOJIbHOE COCTOSIHHE JIIOOOH CUCTeMbl, COCTOSIIEH M3 JIByX MOJACHCTEM A
1 B. [uib6epToBO npocTpaHcTBO o6beluHeHHbIX A U B coctosnuil ectb Hy ® Hp, rne Hy —
[nab6epToBbl NpocTpaHcTBa yacted A U B, COOTBETCTBEHHO, C OPTOHOPMUPOBAHHBIMU Ga3UCAMH
|n) 4 1 |m) 5. Takum 06pa3oM, MPOU3BOJIbHOE HOPMHPOBAHHOE UMCTOE COCTOSIHHE B TPOCTPAHCTBE
H, ® Hp MoxeT ObITb IPEJICTABJEHO B BUJIE:

P)ap = o 1) 4 @ [m) 5, (4.10)
(U[0), = lamml* = 1. (4.11)

Cpennee 3Hauenue HabmobGnaemoll Fy ® Ip, ornepaTop KOTOPOH JeHCTBYeT TOJbKO Ha
nojicucTeMy A onpejie/isieTcsi paBeHCTBOM:

(F), = (U|Fa@15|T), 0= ahptum(k| F|n), = Sp(Fapa), (4.12)
k,n,m
rae
64 = Spp (1) 45 a5 (V) = anmai,, In), (kl, - (4.13)
n,m,k
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[oBopsT, UTO OMEpaTOpP MAaTPHULbI MJIOTHOCTH MOACHCTEMBI A 10JydaeTCsl MyTeM BblUMCIEHUS SP
o nojicucreme B.

Ha ocHoBanuu () MOKHO YCTAHOBHTb, UTO OMEPATOP MATPHULbI MJIOTHOCTH MOJCHCTEMbI
YJIOBJIETBOPSIET CJIE/IYIOLIMM CBOUCTBAM:

a. 04— CaMOCOHpﬂ}l(eHHblﬁ onepartop g4 = Q:E‘, 4yTo CJIeAYyeT HENOCPEACTBEHHO U3

onpenenenus ((4.13))

6. 0—MOJOXKHUTEJIbHO ONpeeeHH bl oneparop, T.e. COGCTBEHHbIE YHC/Id HEOTPULIATEIbHBI.
OTO yTBepKJAEHHE CJle[yeT M3 OMNpee/eHHsl CPEeIHEro 3HAUEHHs] 04 B IPOU3BOJIBHOM
cocrosinuu |¢)

(¢

04 ‘ €> = Z anmazm@ ‘n><k ‘€> = Z lagm|* =0

n7m7k m

B. Sp @A =1
JlanHoe yTBepaKIeHHE CJIe/lyeT U3 yCA0BUSI HOPMUPOBKHU cocTostiust |W¥) , » (4.11]).

Takum o6pasom, ecau Ja)Ke COCTOSHHE 11€JI0H CHCTeMbl siBJsieTcsi JiydoM B [WibGeproBom
MPOCTPAHCTBE, TO COCTOSIHUE MOJICHCTEMbI B 00LIEM CJlydyae He siBJsieTcst JiyuoM B [MabGepToBoM
MPOCTPAHCTBE, a SIBJISIETCSI CMEChI0 COCTOSIHHUI. B yacTHOM ciryyae cocTosiHie MOACHCTEMbI MOKET
0Ka3aTbCsl JIydOM H B 3TOM CJlydyae SIBJSETCS YHCTBIM COCTOsSIHUEM. ECJ/IM COCTOsIHME MOACUCTEMBI
SIBJISIETCS UMCTBIM CcOCTOsHHeM |W),, Torjaa onepaTop MaTpulbl MJIOTHOCTH g4 = |¥), 4 (V|
SIBJISIETCS OTepaTopoM MNPOeKTHPOBaHMs. Marpuiia MJOTHOCTH UYHCTOTO COCTOSIHUSI SIBJISIETCS
HJIEMITOTEHTHBIM OI1EePaToOpoOM 9% = g.

Tak kak omnepaTop 04 MNOJICHUCTEMbI CAMOCOMNPSI)KEHHbIA, TO OH MOXKET ObITb MPUBEIEH K
JMaroHaJbHOMY BUJLY:

oA =Y _paln)(n|, (4.14)

el <p, <lud p, =1

B o6liiem ciyyae (B CMeIIAHHOM COCTOSIHUH ) 04 # 04 H
Spoh =Y ma<Y p=1 (4.15)
n n

[TpuHATO TOBOPUTH, UTO 04— €CThb HEKOTepeHTHAsl CYyMeprio3hls COCTOSHUH |n), MPH 3TOM
HEKOTePEHTHOCTh 03HAUaEeT, UTO OTHOCHTEJNIbHbIE a3kl HAG0pa COCTOSIHUH |n) SKCTIEPUMEHTATLHO
HEHU3BECTHBI.

B 6asuce cocTosiHuil, B KOTOPOM 04 JMaroHaJjbHa, cpejHee sHaueHue Jio0oi HabJI01aeMon F
MOXKET ObITb OMpPeIeJIeHO COOTHOLLICHUEM:

<F> :Spﬁ~@:an<n‘F

n) (4.16)

Takum 06pazom, Kak U npexje MOKHO UHTEPIPETHPOBATh OfepaTop 0, Kak olucaHue aHcamoOJsi
UHCTBIX KBAHTOBbIX COCTOSIHUE, B KOTOPBIX COCTOSIHUE |n) MPUCYTCTBYET C BEPOSITHOCTDHIO P,

B o6uiem cayuae, coctosinusi A U B TMOACHCTEM 11eJI0H CUCTEMbl KOPPEJUPOBAHbI WJIH, ellle
rOBOPSIT, SIBJISIIOTCS 3anyTaHHbIMHU (entangled) coctosiHusimu.
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4.2 JBoJwouus onepaTopa NJ0THOCTH.

JBoJIIOLMSA oTlepaTopa MJAOTHOCTH JIETKO ONpeiesieTcsi B c/ydae, Korja aBe nojacucteMbl A u B
He CBSI3aHbl JIPYT € IPYroM. [aMUJIbTOHHAH B 9TOM CJlyuae UMeeT BUJL:

Hap=Hs@ I+ 14 Hp, (4.17)

rie Hy n Hp— orepaTopbl, JAeHCTBYIOLIME B TMPOCTPAHCTBE BEKTOPOB COCTOSIHUH A U B,
COOTBETCTBEHHO.

OnepaTop 3BOJOLMHU s 00 bEIMHEHHOH CUCTEMBI B 3TOM CJlydae eCTb NpsiMoe NPOU3Be/IeHHE
011epaTopoB 3BOJIIOLMHU BEKTOPOB COCTOSIHUE cucteM A U B:

Uap(t) = Ua(t) @ Up(t). (4.18)

BeKTOp COCTOsIHUA O6'be[[I/IH€HHOI/UI CHCTEMbI B l'[pOI/I3BOJ]belﬁ MOMEHT BPEMEHH MOXKET ObITb
NpeacTaBJI€H B BUIEC:

(W(t) ap = Z A [N(1)) 4 @ (1)) 5., (4.19)

/1€ BEKTOPbI COCTOSTHUH
()4 = Ua(t) [n(0))4,  [m(t))p = Un(t) [m(0)) (4.20)

Onpee/siioT HOBBIH OPTOTOHA/bHBIH 6asuc, Tak Kak U4 (t) u Ug(t)— yHutapHble onepatopbl. Takum
00pa3oM, orepaTtop MaTpHLLbl JIOTHOCTH MOJACHUCTEMbI A eCcTb

0(t) = Y Gumti, [0(1)) 44 (m(t)] = Ua(t)0a(0)UL (1) (4.21)

n,m,k

B uacTtHOM ciyuae, B 6a3uce COCTOSIHUI, B KOTOPOM 0 4(0)— AHaroHaJsbHa, MoJyunm:

04(t) =Y puUa(t) [n(0) 4 a (n(0)| UL (2). (4.22)

Ecnu onepatop [amusibrona H He 3aBUCHT OT BpEMEHHU, TO

o(t) = exp (—% ﬁt) 6(0) exp (% Ht) , (4.23)
Hn3 KOTOpOFO C.He[[yeT ypaBHeHHe:
6 -
ih 2 = [H, g] . (4.24)

JlaHHO€ ypaBHEeHHe 4aCTo Ha3biBalOT ypaBHeHHeM JIMYBHJLIS, TaK KaK OHO HMEeT BHJ COBIAIAIONIHH
C ypaBHEHHEM JBHKEHHS B (ha30BOM MPOCTPAHCTBE Jyisi (DYHKLHK pacripeiesieHtsi BEPOSITHOCTH B
KJIACCHUECKOH MeXaHHKe.

Ypasuenue ([4.22)) cipaBe1/11Bo ToJbKO 1pH BbinosHenuu yeaosus ([4.17)). Bosee o6 cayuai
Oy/leT paCCMOTPEH TO3/IHEe.
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4.3 Bektop noasipusauuu. CnuHoBasi MaTpuvLa NJAOTHOCTH.

J1o1s1 1eTasbHOro ONMUCAHUS YHCTBIX CITHHOBBIX COCTOSIHUI BBOJUTCS BEKTOP NnoJsipusauuu P,
KOMITOHEHTbI KOTOPOTO ONPEENAI0TCA KaK CpeiHue 3HaueHus Mmatpuit [ lay.n

P ={0;); i=uwy,zuml, 2 3. (4.25)

B s.-mpencraBienun, ¢ ydyerom siBHOro BHaa MaTpuil [layjd mogyunM Jjuisi myuka udacTHL,
HaXOJSMXCS B YHCTOM |0) COCTOSTHUM:

0 1)\ /1
P, = (0|0, ]0) = (1,0) (1 0) (0) =0 (4.26)
P, ={0|o,|0)=0; P.=(0|0.]|0)=1.
Anajiornyto JUIS aHcamOJs YaCTHLL, HAXOJALIHUXCA B UHCTOM COCTOSIHHUHU ’1>1
Py =(1o.]|1)=0; P,=(1l]o,|1)=0; P.=(l]o.|1)=—-1 (4.27)

B o6oux ciyuasix BEKTOpPbl MOJISIPU3ALMK  MMEIOT €IMHUUHYI0 JJIHHY, HO HAarpaBJ/ieHbl
MPOTHBOMOJIOXKHO.

Paccmotpum Terepb uHCTOe HOPMHPOBAHHOE OJHOKYOMTOBOE COCTOSIHHE, —SIBJISIIOLLEECS]
cyneprioautire coctosinuit |0) u |1):

W) = a1 |0) + as 1) = cos g 0) + e® sing 1) = (620;519(/02/)2)) (4.28)
B stom cJiydae TII0JIy4YuM [Jis1 KOMIIOHEHT BEKTOpa
z A [oJIApU3alliu
}; Px:<\11‘am‘\ll>:sin9(:os<p,
Py = (¥|o,|¥) =sinfsingp, (4.29)

D

P, = <\If‘az ’ \Il> = cos¥f.

Bektop  nosisipusauuu,  KOMIOHEHTbl ~ KOTOPOro
onpenesitoress  BbipaxkeHusimu - ([4.29)) Takke umeroT
eIMHUYHYIO JUIMHY, a rapameTpbl 6 U ¢ SIBJSIOTCS yryaMu

y cpepuuecKoil  CHCTEMBI  KOOPAWHAT,  OMNpEeIsiioLiHe
Hanpasjenue P (cMm. puc. 4.2.). Ecam BbiGpaTh HOBYIO
cuctemy KoopauHat (a',y’,2') Tak, uto ocb 2z’ Oblia
napaienbia P, To BbOHpas 0oCh z' B KauecTBe OCH
KBAHTOBAHMUs, 10JlyYUM B HOBOH cucTeMe KoopauHat P,y = 0,
P, = 0, P, = 1. Ecin HanpaBuTb MyyoK uepe3 (QUILTP
[LItepna-Iepnaxa, pacnoJioxkeHHbl#l MapaJjiiesibHO BEKTOPY
P, T0 BeCh MyuOK MPOMLET Uepe3 HILTP TOJHOCTIO.

PaccmoTpuMm Ternepb BEKTOp MOJISPU3ALIUMK MTYyUKa CIHHOB, MPUTOTOBJEHHOIO M3 JIBYX MyuKOB,
B KOTOPBIX 71 YaCTHIL TIPUTOTOBJIEHBI B COCTOSIHUHU |0), @ 1o B COCTOSIHUM |1) HE3aBUCHMO JPYT OT

apyra. B coorercrauu ¢ (4.16])
Py = (o) = SpFo = p1{0] 07| 0) + po(1] 0| 1), (4.30)

/
/
/
2
\ 4

S

puc.4.2.
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rae p; = ni/n, po2 = na/n, n = ny + ng. Beiunceaennss P; no ((4.30)) npuBoasT K cieaytoiiemy
pe3yJbTaTy:

P,=0, P,=0, P,=p —ps=(n —ny)/n. (4.31)

Kak BHIHO JuiMHA BEKTOpa MOJISIPU3aLlK MEHbILIE eIMHULbI U MTPONOPLHOHATIbLHA PA3HOCTH YHC/Ia
CITMHOB B cocTostHUSX |0) 1 |1).

B o61iiem ciyuae, Korja MmyqyoK MpUroTOBJIEH MyTeM CMELIMBAHUST 4 YACTHIL B COCTOSIHUM |V 4)
M. ([4.28)) u np uactuw B coctosinnu | U ), KOMIOHEHTBI BEKTOPA [10JISPU3ALIAH PABHBI:

Po=pa(Va|loi|Wa)+ps(¥p|o; | V) =pa P +pp PP, i=1,2,3. (4.32)

3nech pa = na/n; pp = np/n;n = ny + ng, a PiA i PiB onpenestoTes BbipaxkenueM ((4.29)).
CoortHotuerne (4.32)) B BEKTOPHOM BHji€ €CTb!

P = pAP* + pp PP, (4.33)

1pu stom | PA| = |PB| = 1. MonyJib BEKTO a P B (4.33) on eJleJISIeTCs COOTHOLLEHUEM:
p Yy p p

|ﬁ| =+ P2 = \/p?4+2pApB(ﬁAﬁB)+p2B <
< \/piJrQPApB +p23 =/ (pa+pp)? = Vi=1. (4.34)

Takum oOpasom, 1yiMHa BeKTOpa MoJsprU3allyd CHCTEMbl YACTHLL, HAXOAALIMXCA B CMELIAHHOM
COCTOSIHUH YJIOBJIETBOPSIET YCJIOBHIO:

0<|P|<1. (4.35)

Makcuma/bHO BO3MOXKHOE 3HAueHHe |]3| = 1 pocrturaercs, Korja My4oK HaxXOAWUTCS B UHCTOM
COCTOSIHUH, a VISl CMELIaHHbIX COCTOSTHUH |]3| < 1.

CrnuHOBasi MaTpula MJIOTHOCTH SIBJSIETCS] IBYMEPHOU SPMHUTOBOH MaTpHLIEH, KOTOPYIO MOXKHO
NpeJCTaBUThb B BUJIE IMHEHHOH KOMOUHALMH eIMHUUHON 2 X 2 MaTpulbl U MaTpull [laynu o;:

3
o=al+> byoy. (4.36)

k=1

B 3T0OM BbIpaxkenuu Kos3pOULMEHTDI a, by, ba, bs OJJIEKAT ONpeeseH 0. YUnuTbIBasi, uTo Sp o = 1,
noJiyunM a = 1/2. ¥Ymuoxas (4.30)) Ha o; U BbUHCsIst Sp 00, NONYUHM:

3 3
Spooi = (01) =P =Y b Sp(oiop) = > by~ 26 = 2b;, i =1,2,3 (4.37)
k=1 k=1
Tak Kak ¢ yuetoM cBoictB marpull [laymu Sp (o;0%) = 20;. Takum o6pasom, b, = F;/2. B
pe3yJibTate BUJL CTMHOBOK MATPULIbI MJIOTHOCTH €CTb:
1, . 5 1[(1+P. P,—iP,
Q—Q(I+U-P)—§<Px+ipy 1_Pz)' (4.38)
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Mcxonst W3 moJiydeHHOro BblpaxkeHusi det o = }1(1 — P?%). Takum o06pasoMm, YycJoBHe

TOJIOZKUTEJBHOCTH COOCTBEHHBIX 3HaUeHHH ¢ ecThb det o > 0 nn P? < 1.
B cayuae uncrtoro coctosinus | A), onepatop mI0THOCTH eCTh OlepaTop NpoeKTuposanus o) =

|A) (A, u, 0603Hauast BeKTOp NnoJsipusaiu coctosinust |A) uepes P4 naxoaum:

|AY (A| = = (147 - PW) (4.39)

| —

B peaysibrare

(A|o| A) = Sp{|A) (4 Q}:iSp{(1+5~ﬁ(A))(1+5~ﬁ)}: (14 PW.P).  (4.40)

N | —

JlaHHBIN pe3ysbTaT MOXKHO HHTEPNPETHpPOBaTh cJaeaylolM oOpa3om. Ecsan nydok uvacTuil
onpejessieTcss MaTpuueidl MJOTHOCTH @, TO 3TOT MYYOK MOXKET [POXOAUTb uYepe3 (UJBTP
[IrepHa-Tepnaxa suiib Haxodsicb B uMcTOM coctosiHuu |A). Jlpyrumu cjioBamu, ecjid QUILTP
OPUEHTHPOBAH MapaJlyieIbHO BEKTOPY P@ 10 BEPOSITHOCTb TOrO, UTO YacCTHLA MyuykKa MPOHIET
yepe3 pULTP ONpeessieTcsl CKalsipHbIM MPOU3BEIeHHEM PA . P BepoaTHOCTh MakCUMaJbHa,
ecin P OPUEHTHPOBAH MNapaJsJe/bHO TPAIUEHTY T0Js (]3(‘4)) M MHUHHMMaJibHa, B CJlyyae ero
aHTHNapaJ/yIe/IbHOH OpHUEHTALMKU. B yacTHOCTH, eC/M MydyoK He MOoJISipU30BaH (]3 = 0), To s

Jo6oro uabTpa:
(Al o] A) =1/2. (4.41)

B cootsercteun ¢ (4.38) P,, P,, P. npeictap/isiior co6oil TOT MHHMMAJIbHBIA HAG0p NaHHbIX,
KOTOPbIH HEOOXOIMM /IS OTIpe/ieJIeH st MaTPHUILb TVIOTHOCTH CriUHA 1/2.

Takum o6pasom, HayasbHOW HWH(pOpPMAlLIMEH O MyuKe SIBJASETCS 3HAUEHHE TPeX KOMIOHEHT
BEKTOpa P.Ecan BEKTOP P u3BecteH, TO (4.38]) comep:kuT BCIo HHPOPMALIHIO O TTyUKe.

Ecom | P| = 1, 10 crcTema (MydoK) HAXOAUTCS B YHCTOM CITHHOBOM COCTOSIHHU. B 5TOM caryuae
JIOCTATOUHO ABYX NaPAMETPOB [lsl OIHCAHHS CHCTEMBI (HarpumMep, Yl 6 i ¢ Bektopa P).

Ecan \]3\ < 1, TO MyuyoK HAXOAUTCS B CMEUIAHHOM COCTOSIHMH. Takhe COCTOSIHUS
XapakTtepuaylotes TpeMst napamerpam (| P, 8, o).

4.4 Pasaoxenus lmuara (Schmidt)

Teopema. [Iycmo |W)— wucmoe cocmosnue cocmasHou cucmemo. A + B. Toeda
cywecmsyom opmoHOPMUPOBAHHbLE COCMOAHUSA |ia) cucmemol A u OpMOHOPMUPOBAHHbLE
cocmosinus |ig) cucmemol B makue, umo

(W) = Ailia)lin) (4.42)

ede \;i— HeompuyameavHole uucia, yoosiemsopsiowue yciosuo S N2 = 1. \;— Hasol-
%

saromcs Koagpuyuenmol [[Imuoma.
JlokaxkeM TeopeMy B cJjyuae, Korma A M B HUMeOT NPOCTPAHCTBO COCTOSIHHE OJHOH
pPa3MepHOCTH.
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[lyctb |j) 1 |k)— o6pasyroT MpOU3BOJIbHBIE OPTOHOPMUPOBAHHbIN Gazuc st cucteM A u B,
COOTBETCTBEHHO, Tor/a | W) MoXKeT ObITh MPEICTaBAEHO B BUJIE

Wag) =D apli) k), ap = (jk|Vas). (4.43)
4k

Ha6op uucen aj; o6pasdyer spMHUTOBO-CONPSIAKEHHYIO KOMIJIEKCHYIO MATpHULLy @, KOTOPYIO MOXKHO
MPUBECTH K MaroHaJbHOMY BUy. [IpencraBum matpuily a B BUle a = udv, rie d— AdaroHajbHasi
MaTpHL C HEOTPHLIATEJbHBIMU 3JIEMEHTaMHU, a u i v— yHuTapHble MaTpuibl. Torna (4.43)) moxkHO
nepenucaTh B BUJE

|Wap) = Z uijdiivir; |5) [k) - (4.44)
ij,k
[Tepeonpenenum 6asuc coctosiHuii B A u B

|ia) = Zu]z 1) u lig) =Y vi|k), (4.45)

k

1 0603HauuM d;; = ;. B pesyJsbrate u3 (4.44{) naxonum:

(Wan) = > Nilia)lin). (4.46)

B cuiy ynurapHocTH w u v, HaGopbl cocTosiHuit |ia) u |ip) B (4.45]) oGpasywr nosmyro
OPTOHOPMHMPOBaHHyl0 cuctemy wian Oagzuc Ilmunra. D10 M onpenensieT cojepKaHue
teopembl (4.42)).

Uncsio Henysebix 3nauennit ); B (4.46) nin (4.42)) nasebizaercst uncsiom Hlmuara st
coctosiiust |Wyp). DTO UMC/IO XapaKTepU3yeT CTeleHb 3aryTaHHOCTH COCTOSIHME CJIOXKHOH
CHCTEMBI.
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