Ilymenuxun I1.B.

Ceepxceemosas
nepeoaua
CUZHAJI08

Camuszoam, 2021 ..




ITyrenuxun 11.B.
CaepxcBeToBas nepefaaya CHrHaJI0B

Annomayusn. Paccmorpena mMomuduKamus TPaguldOHHOM
YCTAHOBKHU AJI TCIICIIOPTAIUU KBAHTOBOI'O COCTOSHUA KyGI/ITa. Ha
Hepezla}omeﬁ CTOPOHE HM3MCHCHA Ha IMPOTHBOIIOJIOXHYIO IIOCJIC-
nosarenbHOCTh reiitoB CNOT u reiita Axamapa. Moguduiupo-
BaHHas YCTaHOBKa ITO3BOJIACT TCICIIOPTHUPOBATH TCICPh YKE HE
IMPOCTO HEU3BCCTHOC COCTOAHUC Ky6I/ITa, a COCTOSAHUC 3allyTaHHO-
CTH Ky6I/ITOB. Ha CTOPOHC IICpcaaTiurKa YCTAaHOBKa IICPCBOJIUT
IBa Ky6I/ITa B COCTOSHHC 3aIllyTaHHOCTH, B PE3YyJIbTATC YCTO U HaA
CTOpPOHC IIPHUCMHHUKA JIBa Ky6I/ITa TaKXK€ OKa3bIBAKOTCA B COCTOMA-
HUMU 3aIlyTaHHOCTH. ITokazana TakKe BO3MOKHOCTH HEToCcpea-
CTBEHHOW CBEPXCBETOBOW IEpeaayd KJIacCHYeCKOW MHpopManuu
¢ nomoipto rerita CNOT.

A modification of the traditional setup for teleporting the
quantum state of a qubit is considered. On the transmitting side, it
is changed to the opposite sequence of the CNOT gates and the
Hadamard gates. The modified installation allows you to teleport
now no longer just an unknown state of the qubit, but a state of
entanglement of qubits. On the transmitter side, the installation
translates two qubits into a state of entanglement, with the result
that, at the receiver side, two qubits also end up in a state of en-
tanglement. It is shown also the possibility of direct superluminal
transmission of classical information using the gate CNOT

Knruesnie cnosa. TEOpEMa O 3aIpeTe KHOHHpOBaHI/IH; TelT
CNOT; HenokaabHOCTB; nepeaayda uadopmaiuu; no-cloning theo-
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BBenenue

SIBneHue 3alyTaHHOCTH HEMOCPEACTBEHHO CIIEAYET U3 Ma-
TEMAaTUYEeCKOTO (opMalu3Ma KBaHTOBOM MexaHHMKH. B cooTBeT-
CTBUU C IEPBBIM IOCTYJIATOM KBAHTOBOW MEXAHHKU COCTOSHUE
KBAaHTOBOM YaCTULbI MOJHOCTBK) OINMUCHIBAECTCS €€ BOJIHOBOM
¢dbynkueil. OqHAKO B HEKOTOPBIX CIIy4asX KBAaHTOBBIM YacTHUIIAM
He ynaéres MpUMHUCATh MHIMBUAYATbHBIE BOJIHOBBIC (DYHKINH, a
TOJNBKO OJIHY Ha BcexX. Takoe COCTOsSHHME 4YacTHL Ha3BaHO 3amy-
TAHHOCTBIO. DTO COCTOSIHME yJaJ0Ch IOJYyUYUTh HAa pEAIbHBIX Ya-
CTULIAX, HAIIpUMEp, B TaK Ha3bIBAEMBIX IIpPOLIECCAX MapameTpuye-
CKOTO pacraja, npeoOpa3oBaHus ¢ MOHMKEHHEM YacToThl (down
CONVersion) Ha crenuaiIbHbIX KPUCTALIAX.

@dusnueckoe MPOSBICHUE 3alyTAaHHOCTH B (hopManu3me
KBaHTOBON MEXaHUKE IMOJIyUYUJIO COOCTBEHHOE MMsI — HEIOKallb-
HOCTb KaK aHTaroHW3M TaK Ha3bIBAEMOMY JIOKAJIbHOMY peau3mMy
DHHIITeHA, KOTOPBIA HE JOMYyCKall MPOCTPaHCTBEHHOMOJ00HOM
3aBUCHMOCTH MEX]y 3allyTaHHbIMU yacTuliamMu. OH npeanosarai,
YTO HKCIEPUMEHTAJIbHO HalOIto/1aeMasi CBSA3b MEXY YacTHIIAMH
Ha caMoM Jene (GOpMUPYETCS B MOMEHT UX 3allyThIBaHUSA U CO-
XpaHsAeTcs 0 KOHIa ombITa. TO €cTh, Cciay4allHBIMU COCTOSIHHSA
qacTUI] (POPMUPYIOTCS B MOMEHT MX pazfeneHus. B manpHeimem
OHHM COXPAHSIOT IOJyYEHHBbIE NPU 3alyThIBAHUU COCTOSIHUSA, W
«XPAHATCS» ATH COCTOSIHMUSI B HEKUX dJIeMEHTax (hU3nueckom pe-
alIbHOCTH, OIHUCHIBAEMBIX «OMOJHUTEIBHBIMU MapaMeTpaMu,
MTOCKOJIBKY M3MEpPEHHS HaJl pa3HECEHHBIMU CHCTEMaMHU HE MOTYT
BIIMATH JIPYT HA JIpyra:

«Ho onHO mpenmnonoxkenue npeacTapisercss MHE Oeccrop-
HbIM. PeanpHoe monokeHue Belel (COCTOSHUE) CHUCTEMBI S; HE
3aBUCHUT OT TOTO, YTO MPOJAEIBIBAIOT C MPOCTPAHCTBEHHO OT[E-
néHHOM oT He€ cuctemoit Si» [4, €.290].

«... TaKk KaK BO BpeMs U3MEPEHHUS ITH JBE CUCTEMBI yXKe He
B3aUMOJICHCTBYIOT, TO B pe3yjbTaTe Kakux Obl TO HH ObLIO OIe-
pauuii HaJ MEepBOM CUCTEMOW, BO BTOPOM CHCTEME YK€ HE MOKET
MIOJIYYNTHCSI HUKAKUX pealbHBIX U3MEHEHUID» D, €.608].

K ncroxam BO3HMKHOBEHHS TaKUX B3TJIS0B HA KBAHTOBYIO
MEXaHMKy MOXXHO II0 IpaBy OTHECTH MapajoKc ONHIUTEHHa-
[Togonbckoro-Pozena (OIIP-mapagokc), KOTOpble CUUTAIHM, YTO
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KBaHTOBAasi MEXaHUKa HETIOIHA, IIOCKOJIbKY OOHApyKeHHasl CBEPX-
CBETOBasi KOPPEJSALMS 3allyTaHHBIX YacTHI] JOIyCKaeT OJHOBpE-
MEHHOE OIpE/IEICHINE HEKOMMYTUPYIOLUX TapaMeTPOB CUCTEMBI,
3anpeniaeMoe GpopmManu3mMoM Teopuu. FIMEHHO 3TH mpeanooxe-
HUS Y NOJIYYWJIM B JAJIbHEHIIEM Ha3BaHME JIOKAJIBHOIO peain3ma
OWHIITENHA:

«Hacuet Toro, 4To MOHMMAaTh 1101 HEJIOKAJIbHOCThIO B KM,
TO B HAy4HOU Cpezie, sl CUUTAI0, CIOKUIOCh HEKOTOPOE COrIaco-
BaHHOE MHEHHE Ha ATOT cueT. OOBIYHO MOJI HeNOKaIbHOCThI0 KM
MOHUMAIOT TO 00CTOATENbCTBO, UT0 KM MmpOTUBOpEUYUT MPUHIU-
Iy JIOKaJIbHOTO peayin3Ma (€ro eue 4acTo Ha3bIBAIOT IMPUHIUIIOM
JOKAIbHOCTH OWHIITeNHa). [IpuHuun nokampHOrO peanu3ma
YTBEPKIAET, 4TO €CIM JBe cucreMbl A M B mpocTpaHcTBEHHO
pas3feNenbl, Tora Mpy MOJHOM ONMUCAaHUU (DU3MYECKON peabHO-
CTH, JEUCTBUS, BBIMOJHEHHBIC HAJ[ CUCTEMON A, HE JOJIKHBI W3-
MEHSTH CBOMCTBA crcTeMbl By [3].

HenokanbHOCTh, MTHOBEHHAsl KOPPEIALUSA MEXKIY 3allyTaH-
HbIMU KBAaHTOBBIMHU YaCTHLAMU SBJISIETCSI OJHUM U3 CaMbIX 3ara-
JOYHBIX SIBICHUH QU3UKHA. BykBabHO €€ CYIIHOCTH MOYKHO BBIpa-
3UTh (pa3oit "cBsA3b ecTh, HO €€ HeT". IIposiBrsieTcs aTa cBsI3b NpU
nepeiaye Tak Ha3bIBaeMOW KBAaHTOBOM MH(pOpPMaIIMU MEXAY 3aIly-
TaHHBIMHU [apaMU KBAaHTOBBIX YacTHIl. [Ipyu n3mMepeHnn cocTosHUS
OJIHOM W3 YacTHIl Mapbl BTOpas 4acTUIla MTHOBEHHO M Ha TPO-
CTPAaHCTBEHHOIIOI0O0HOM PAacCTOSIHUU TaKXe IMepexXoJuT B co0-
CTBEHHOE COCTOsiHME, Oy/ITO M HaJ Hell Mpou3BeleHa onepanus
n3Mmepenus. [Ipu 3ToM cocTosiHME BTOPOM YacTHULBI CTPOrO KOp-
penupoBaHo ¢ cocTosiHheM nepBoi. [lomydaercs, yTto nepsas 4a-
CTHIIAa KaK Obl MepenaeT BTOPOM YacTHIlE HEKOTOpYyr HH(OpMa-
LIUIO CO CBEPXCBETOBOI CKOPOCTHIO.

CoOCTBEHHO HOCHUTENb 3TOW WHGOpPMAIUU 3apETUCTPHUPO-
BaTh B HACTOSIIEE BpeMs HE yJaloCh, TO3TOMY Iiepenadya HHpop-
Mallui MOCPEACTBOM HEJOKAJIBHOW CBSI3U CUUTAETCS HEBO3MOX-
HoMl. Ha posib HOocuTeNs 3TOI HEylTOBUMOM KBAaHTOBOM HMH(pOpMa-
MU MOXET MPETEeHJ0BaTh TUIIOTETUYECKAas YacTHIa — TaXHUOH,
TaKk)xe He OOHApYKEHHBII HU B OJJTHOM DKCIIEPUMEHTE.

BwmecTte ¢ TeM BO3HHMKaeT HEKOTOpask B3aUMOCBSI3b SBJICHUIA:
€CJIM IPOUCXOINUT KaKOe-TO B3aMMOJIEHCTBHE CO CBEPXCBETOBOM
CKOPOCTBIO, KOTOpOE OOHAPYKEHO B PEaTbHOM (PU3UYECKOM IKC-
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MEPUMEHTE — KBAHTOBAs TEJEMOPTAIMs, TO Mbl 0053aHbl TIPH-
3HaTh, YTO CYIIECTBYET M HEKUU PEAIbHO CYIIECTBYIOIIHNA (U3H-
4eCKUl, MaTepuanbHbId Hocumens 3Toi mHPopMmarmu. CremnoBa-
TEIBHO, 00JICHA CYHUIECTBOBATh U BO3MOXKHOCTH CBEPXCBETOBOIL
nepeaayy yKe He TOIbKO MUCTHYECKOW KBAaHTOBOW MH(MOpMAIHH,
HO U pealibHOM, KJlacCu4ecKoi HHpOopMaIuu.

Kak u3BecTHO, siBIIeHHE KBAaHTOBOU TelenopTaiiu o0Hapy-
KEHO HCKIIIOYUTENIbHO MaTeMaTUYECKUMHU CPEJICTBAMHM B paMKax
KBaHTOBOW MH(MOPMATUKU. YPAaBHEHUS JIFOOBIX OMYCTUMBIX YHH-
TapHBIX MPeoOpa3oBaHUN KBAaHTOBBIX CHUCTEM, TO €CTh, IIpeodpa-
30BaHMM, HE MPUBOAALINX K MEPEX0y KBAHTOBBIX YacCTHIl B COO-
CTBEHHBIE COCTOSIHMSI, HE COZAEprKaT IapameTpa BPEMEHU U pac-
CTOSIHUH. DTO BEJET K €CTECTBEHHOMY NPEANOI0KEHUIO O MIHO-
BEHHOI nepeqaue COCTOSHUN 0ObEKTOB CBSI3aHHOM, €IMHON KBaH-
TOBOW CHCTEMBI IPYT OPYTY, IpUYEM Ha JIF0OOM pacCTOSHHH.

Ha ocHoBe ananmuTuueckux ypaBHEHUU Obuia pa3paboTaHa
YCTaHOBKA JUIS IIEPElayul COCTOSIHUS OT OJHOM 4aCTHIIbI 3aIlyTaH-
HOM mapsl K Apyroi. IlepegaBaeMoe coCTOSIHME SIBISIETCS MPOU3-
BOJIHBIM M MOXKET OBITh HEM3BECTHO Iepexaromieit cropone. Ho
npobjemMa He B 3TOM: Jjake 3Has COCTOSIHME IepeaaBaeMol da-
CTHIIbI, Mbl HE MOXEM MTHOBEHHO Y3HaThb COCTOSHUE YaCTHULIBI,
IepelaHHOE YAAIEHHOW CTOPOHE. DTO BO3MOXKHO JIMIIB C UCTIOJIb-
30BaHUEM JOIOJIHUTENbHOM, Kiaccuyeckol nHpopmanuu. Muaue
rOBOPsI, CYUTAETCSI CTPOrO JOKa3aHHBIM, YTO CBEPXCBETOBAs Iie-
penaya Kiaccuyeckoi MH(opmalnuu MmocpecTBOM KBaHTOBOH Te-
JIENOpTAallMM HEBO3MOJKHA. | TTaBHBIM aHAJIMTUYECKUM KPUTEpUEM
B OTOM BOIIPOCE CTajdu TAaK Ha3bIBa€Mble HEpPaBEHCTBa bemia,
YTBEPXKAAIOIINE, YTO HUKAKUE BEPOSTHOCTHBIE KOPPEISALUU He-
BO3MOXKHBI 0€3 CBEpXCBETOBOM Nepeaaun HHGOpMaIuu.

CoOcTBeHHO, oHATHE "HepaBeHcTBa bemna" mopoauna cra-
1bs1 JI.benna "Tlapagokc Ditamreitna [lomonsckoro Pozena" Obuta
onyonukoBaHa B 1964 roxy, B el benn npoussén TmaTenbHbIN
aHanu3 1oBoAoB DiiHmTelHa, [Togonsckoro u Pozena. On yoenu-
TENbHO TOKa3aJl, 4TO TEOPUU CO CKPBITBIMH IIEPEMEHHBIMH B
MIPUHLIMIIE HE MO3BOJISIOT OOBSICHUTD PE3yJIbTaThl, IOJIYYEHHBIE B
peaJIbHBIX KCIIEpUMEHTax. ben npumeén kK BeIBOLY:

"B kBaHTOBOW TEOPUU C JOMOJHUTEILHBIMH MMapameTpamMu
IUI TOTO, YTOOBI OMPEACTUTh PE3yJbTaThl WHAWBUIYATbHBIX W3-
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MepeHuil 6e3 Toro, 4To0bl U3MEHUTh CTATUCTUYECKHE TpecKa3a-
HUS, TOJKEH ObITh MEXaHU3M, MIOCPEICTBOM KOTOPOTO HACTpOiKa
OJIHOTO U3MEPSIIOLIET0 YCTPONCTBA MOKET BIUATH HA UTEHUE APY-
roro OTJAJIEHHOrO MHCTpyMeHTa. Kpome Toro, 3aa1elicTBOBaHHBIN
CHTHAJI JIOJDKEH PAaCIpPOCTPAHSITHCS MTHOBEHHO ..." [1].

JpyruMu ci10BaMH, €CJIM Mbl ¢ IO3ULUU TEOPUH C TOIOJIHU-
TENbHBIMU IIapaMeTpaMu OyAEeM YyTBEPXAaTb, YTO PE3YJIbTAThI
U3MEpPEHUN HaJ KaKIOW 4aCTULEH MOJTHOCTBIO HE3aBUCUMBI APYT
OT JIpyra, HE3aBUCHMBI B (PU3MUECKOM CMBICTIE, a BCE COBIAICHUS
SABJIAIOTCS CTaTUCTUYECKMMM CIEACTBUSMM, TO €CTh, IO CYIIE-
CTBY, OHM BCETO JIMIIb CJIydyallHble COBIIAJICHUS, TO B 3TOM Cllydae
MBI OyZieM BBIHYKJICHBI IIEPEJIOKUTh BECh I'PYy3 3TOH ciy4alHOCTH
Ha HEKUM MEeXaHW3M, YHOMSIHYThIM bemtom. 10T MexaHusm 10Ji-
KeH 00J1a/1aTh CIIOCOOHOCTBIO MOICTPAuBATHCS 10T U3MEPEHUS CO
CBEpXCBETOBOW cKopocThlo. CliejoBaTenbHO, Takas TEOpHUs
OIATH-TaKA IPOTHUBOPEYUT CIIELUATIBbHOW TEOPUH OTHOCHUTEIBHO-
CTH U 1T03TOMY Toe oTBepraer JIIP-aprymeHTsi.

Eme ogun 3ampeTr Ha CBEPXCBETOBYIO Ilepejady Kilaccuye-
CKOW MH(OPMALIMK HAKIIAJBIBAET TEOpPEMa O 3alpeTe KIOHHPOBa-
Hus Kyouta. KinoHupoBaHue MOrio Obl O3BOJIMTH MHOTOKPATHbI-
MU M3MEPEHUSIMU KJIOHOB OIPENEIUTh COCTOSHUE TEIENOPTHPO-
BaHHOTO KyOuTa.

Bwmecte ¢ TeM, BOIIpOC O HENMOCPEICTBEHHOW Nepenadye UH-
(dopmanmu Kak TakKOBOM SIBISIETCA JI0 CUX MOP JUCKYCCHOHHBIM. B
OJIHOM U3 paboT ATOT BOMPOC POPMYIMPYETCS B IBHOM BHUJIC:

"ITogpasymeBaer Ju nepenada HeJlOKaJbHOW HMHGpoOpManuu
ABTOMATUYECKU CBEPXCBETOBYIO CUTHANM3anui0?" [2, 11.1.1]

3nech, Kak BUIUM, (DaKTHYECKM MEXJy KBAaHTOBOHM (HENO-
KaJIbHOM) M KJlacCMuecKod MHpopmanued He MPOBOAUTCS SIBHOM
rpanunbl. KoHcratupyercsi, yTo cama 1o ce0e nepegada CBepX-
CBETOBOM HMH(pOpMalMy HE NPHUBOJUT K BO3HMKHOBEHMIO Iapa-
JIOKCOB MPUYMHHOCTH, €CIH 3Ta HHpopmarus Hedocmynna. KBan-
ToBas HH(OpMalUs, Mo KpailHel Mepe, B HAaCTOsIee BPEMS TaKo-
BOH U sBigercsa. OTcrofa BOSHUKAET NHTEPECHAsE UHTEPIPETas
HEJIOKaJIbHOW WH(pOpPMAIMK, KaK OJHOW M TOW Xe WHMOpMaIuu
OJTHOBPEMEHHO MPHUCYTCTBYIOIEH B JIBYX pa3HbIX 00JacTsiX Mpo-
cTpaHcTBa. JTa MHGOPMAIHS KaKk Obl 0OBEAMHSIET 3TH 00JACTH,
OHa CTaHOBHTCS "MIPOCTPAHCTBEHHO paciMpeHHoi" [2, rin.6.3].
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HecmoTpst Ha Bce 3TH TOBOJBI, apryMEHTBHl MOKHO IPOBe-
cTr (yHAaMEHTAIBHYIO Mapajulelb MEKIY KBAaHTOBOM M KIJIACCH-
yeckoil mHpopmanueii. X0oTs HOCUTENb KBAaHTOBOW HMH(pOpManuu
B SIBHOM BHJIE, B OKCIIEPUMEHTE HE 3apETHCTPUPOBAH, €CTh THUIIO-
TETHYeCcKasi BO3MOKHOCTh HCITOJIb30BaHHUs KBaHTOBOH MH(poOpMa-
VM JJIs1 CBEPXCBETOBOM nepeiaun MH(GOPMALUH KIaCCHYECKOM.

Co3nanne 3anyTanHbIxX cocTosiHmii reiitom CNOT

[ToMrMO KOCBEHHO CBEPXCBETOBOWM CHUTHAJIM3ALUMA T10-
CPEICTBOM TENETOPTAIIMH COCTOSIHHSI 3aITyTAHHOCTA MOYKHO pac-
CMOTPETD €Ie OJUH TUIIOTETHYECKUMA CITOCO0 HEMOCPEICTBEHHOM
CBEPXCBETOBOM KOMMYHUKauu. C 3TOU HEIbI0 YIOOHO HCIIONb-
30BaTh kBaHTOBbIE TreiiTbl CNOT, KOTOpbIE MO3BOMISIIOT MOTYYHUTh
COCTOSTHUE 3allyTaHHOCTH BMECTO MapaMETPHUYECKOro pacmaja.
MareMaTnyeckoe OIMMCaHUE ITOTO MpoIecca JOCTATOYHO HArIsI-
Ho. Cxema rerita CNOT mnpencraBnena Ha puc.la — nzobpaxenue,
yaiie BCero MCIojab3yeMoe B JIuTeparype, Ha puc.10 — nsobpaxe-
HHE IelTa, UCII0JIb30BAHHOTO B CXEME TPAJWLIMOHHON KBAaHTOBOM
Tenenopranuu (IepeBepHyTo).

CNOT _ . b —CNOT|—B

a

a) b)
b \\ W B a O A
Puc.1. Cxema reiita CNOT

OO0o3HaueHUs BXOJOB M  BBIXOJIOB  IE€PEBEPHYTOrO
n300pakeHUs1 TeWTa, HCIOJb3yeMOro Jajee B CXeMe puc.2,
MOJTHOCTBIO ~ COOTBETCTBYIOT ~ €r0  TPaJMIMOHHON  Taliuie
cocTOosiHUM (HMKEe). MaTteMaTH4eckl 3TOT KBaHTOBBIM orepaTop
OIIHMCBHIBAETCSI BBIPAKEHUEM:!

Pab)=|a,a®b),

rae aPb o3Hauaer JOrHUYECKOE CIOXKEHHE MO0 MOAYIo 2.
Kak BUIHO W3 BBIpaX€HMS, YIPABJISIOMMUNA CUTHAI MPOXOJIUT CO
BXOJla Ha BhIX0J 0€3 u3MeHeHui. Marpuiia mpeodpazoBaHus rei-
ta CNOT umeer Bun:
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[Momaaum Ha ynpapnstommid u ynpasnsiembiii Bxogsl CNOT
1Ba (pOTOHA, COOTBETCTBEHHO, B CIEAYIOILUX COCTOSIHUAX:

v =5 (0)+/1)
vi)=10)

OTO cocTosiHME CHCTeMBI (DOTOHOB Ha BXOZE reita Oyaer
OIUCHIBATHCS YPaBHEHUEM U MaTpUIICH BHUJIA:

) =25 (0) )20} = (0} @0) + 1) ©10))-

1
:%@00)+o|01>+1410>+0|11>):% 2
0

[Tocne npoxoxxaeHus GOTOHOB uepe3 TeUT OyAeT MOITydeHO
HOBOE COCTOSIHUE CUCTEMBI:

100 0Y1 1
110 1 0 0fo0] 1]o0
ve)=T10 0 0 111" Flol7
001 0)\0 1

:%QO0>+|11>)¢IWA>®|‘//B>

3HaK HEpPaBEHCTBA O3HAYaeT, YTO Ha BBIXOJE MOJIYYEHO 3a-
nyTraHHoe (OenyoBCKoe) cOCTOSTHHE (POTOHOB: YIPABISIONIETO U
YIPaBISIEMOTO, TTOCKOJIBKY TAKOE COCTOSIHHE HE MOXKET OBITh (haK-
TOPU30BAHO, TO €CTh, HE MOXKET OBITh NMPEICTABIECHO KaK TEH30p-
HO€ MPOU3BEJCHHE COCTOSHUN HE3aBUCUMBIX (poTOHOB. M3 3TOTO
Cpasy e CJeIyeT, YTO BXOJHON YNPAaBISIOLUINI CUTHAT HA BBIXOJ
B HEM3MEHHOM BH/JIE€ BCE-TAKH HE MPOIIEIT.



CocTOosIHUS KBAaHTOBBIX HacCTull ¢ HCJIOKAJIbHBIMHU CBOMCTBa-
MU B KBaHTOBOW MEXaHHKE M3BECTHBI KaK COCTOSIHMS IOJHOM 3a-
IIyTaHHOCTH — COCTOsAHMA bea:

\¢i>=%(joo>i|11>)

v*) == (01) £[10))
V2

JIBa U3 3TUX COCTOSHUU B JTUTEpAType M3BECTHHI MOJ COO-
CTBEHHBIMH MMeHaMu: y  — "DIIP-cocTosHue" 1 ¢' — "cocTosiHME
HIpEAUHIePOBCKOro KoTa". YacTUIlbl B COCTOSIHUM 3allyTaHHOCTH
BeIyT ce0s KaK eAMHOE 1[E0€ HE3aBUCUMO OT PACCTOSHUS MEXITY
HUMH, JIEMOHCTPUPYS MOJHYIO U MIHOBEHHYIO B3aUMOCBs3b. OJi-
HAKO MpHUBEAEHHBIE YEThIpE COCTOSIHMS benna — 3To JHIlb 4acThb
BCEX BO3MOXKHBIX COCTOSIHUM 3aIlyTAHHOCTH, UX YaCTHBIN Cydan.
Kak u unctbix coctosuuii benna, Takux o0MKUX COCTOSTHUM Takxke
YeTbIpe:

¢“* =a|00) £ f|11)
y** =a|01) £ B/10)

B nmutepatype reiit CNOT onwuceiBaeTcss MOMHUMO ypaBHe-
HUN TaKxke TabJauIled UCTUHHOCTH, B KOTOPOM, OJHAKO, HE OTpa-
KEHO ATO CBOMCTBO IelTa — CO3JaBaTh 3allyTaHHbIE COCTOSHUS.
To ectp, Tpamummonnas Tabmmna uctuHHOCTH Teiita CNOT He-
MOJIHA, W JIOJDKHA OBITH JIOTIOJIHEHA CTPOKaMH, OTPaKaroLIMMU
CO3/IaHUE 3aITyTaHHBIX COCTOSIHUHN. B KOHeI moJHOM TaOIHIIBI CO-
crossauii reiita CNOT moimkHBI OBITH 100aBIIEHBI CIEAYIONIHNE JIBE

CTPOKHU:
Taomuua cocrosauit reitta CNOT

a b A B

0 0 0 0

0 1 0 0

1 0 1 1

1 1 1 0
o0 A1) | [0) | ¢ =af00)+ pl12)
a| 0) + ,B|1> |1> we = a| 01> + ,B|10>




OTH CTPOKH TOKA3bIBAIOT, YTO MPH ONpPEACIEHHBIX KOMOU-
HaIUsAX BXOJHBIX CHUTHAJIOB HAa BBIXOJE 00paszyeTcsl 3amyTaHHOE
COCTOSIHME, KOTOPO€ HE SIBJIACTCS JIOTUYECKUM CIIOKCHHEM TI0
MOy 2. 3amyTaHHbIE COCTOSIHUS MPHUBEACHBI B 00IEM BUJIE,
YACTHBIM CJIy4aeM KOTOPBIX SIBJISIFOTCSI 3alyTaHHBIC COCTOSHHUS
Benma ¢ u y*, s koTopsIx o= P = 1/72. D0 momonHeHne pac-
mmpsiet nousrue reiira "Controlled NOT" (CNOT, "ympasiisemoe
HE"), mockonbKy €ro ympaBiisieMblid BXOJ IPH OMPeaeIEHHBIX
YCIIOBUSIX CTAHOBUTCSI YIIPABIISIONIUM.

Tesenopranus 3aMyTaHHOCTH

KBanrtoBas Tenenopranusi, TO €CTb, MTHOBEHHAs Iepeaaya
KBaHTOBOT'O COCTOSIHMSI OT OJHOW 4aCTHULBI K IPYrOd — 3TO CBEp-
LIMBIIMKCA 3KCIEPUMEHTaNbHbIN (pakT. B mpornecce Tpaaunuon-
HOM "KBaHTOBOW TeJIEMOPTALlMH COCTOSIHHS'" YacTHUIIbI (KYOHUTHI)
npeoOpa3yroTesl B CHENHUAIbHON yCTAaHOBKE, TJI€ OHU IOCIIEI0Ba-
TEJIbHO W3MEHSAIOT CBOM COCTOSIHMS. EciM HEMHOro BHAOU3ME-
HUTb KJIACCUYECKYIO YCTAaHOBKY, TO MOYKHO IMOIBITAThCS OCYILE-
CTBUTH €LI€ OJHU BAPUAHT TEJICNIOPTALUU — "TENENOPTALUIO CO-
CTOSIHUSI 3amyTaHHOCTH". DTO OoJyiee 0oOmMiA ciydaid TeJaenopra-
IIUH, KOT'/1a TeJIENOPTUPYETCsI HE COCTOSIHUE OJIHOTO KyOuTa, a co-
CTOSIHME 3aIlyTaHHOCTH Mapbl KyOUTOB, YTO, BEPOATHO, MO3BOJIUT
IIOJIyYUTh HOBBIM MHTEPECHBIN pe3ynbTar. g TakoW pacIIupeH-
HOM TejenopTaluyd B CXeME TPaJWLUOHHOW YCTaHOBKHU CIEIyET
noMeHATh Mectamu TedT CNOT u reiit Anamapa, Kak 1Moka3zaHo
Ha puc.2.

\
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s \ vy s
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Puc.2. YcraHoBKa IS TENETIOPTAIIUH 3aITyTAHHOCTH

[Ipn omucanum mporecca TeaenopTanuu OyneM CUYUTATh,
YTO B €0 OCYIIECTBICHUU MPUHUMAIOT Y4acTHUE TPaIUIMOHHBIE
nepcoHaxxku — Ammca u bo6. [Tomernm nngekcamu A u C KyOuTHI,
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npuHaIexkanme Anuce, a uaaekcamu B u D kyOuThI, coOoTBET-
CTBEHHO, puHaAiexkaniue booy. BomHoBbIe GyHKIIMM ABYX 3amy-
TaHHBIX M1ap OMHUCHIBAIOTCS YPABHEHUSIMHU

|‘PAB>:%QOAOB>+|1A18>)

|\PCD>:%QOCOD>+|1010>)

TOFI[a Ha CTOpPOHC Anucel HCXOAHBIC, HAYaJIBbHBIC COCTOA-
HUsA CUCTEMbI Ky6I/ITOB, Y4aCTBYIOIIUX B TCJIICTIOPTALIMN 3allyTaH-
HOCTH, MOKHO 3aIlliucaThb CJICAYIOIIUM 06pa30M:

2|LP0> = Q0>c +|1>C)®Q0>A +|1>A)=

=10)c(0), +[2),)+ 1) (0), +11),,)

31eck MBI COBEpIIAEM Kaxkyleecss HapylieHue Gpopmanuzma
TEOPHH, MOCKOJIbKY (POTOHBI AJIMCHI 3aIlyTaHbl C COOTBETCTBYIO-
mmMu Goronamu boba, mosTomy, kazanock Obl, HE MOTYT OBITh
OInucaHbl COOCTBEHHOM BOJIHOBOM (yHKuuMell. OHaKO MpH OTCYT-
CTBHHM BO3JeHCTBHIA Ha GoToHbl boba st Anmcel e€ GpoToHbI HU-
YeM He OTJIMYAIOTCS OT OOBIYHBIX, HE3ayTaHHbIX (DOTOHOB, U OHA
MOKET paboTaTh C KaXJbIM U3 HUX Kak ¢ OObIYHBIM (poTOHOM. B
3TOM cllyyae HE3aBUCHUMbIE (POTOHBI AJMCHI OMUCHIBAIOTCS BOJ-
HOBBIMU (DYHKIUSIMU:

2= (0.)+11.)

)= 5 (0c)+ 1)

[Mponyctum kyoutr C Anmcel yepe3 redt Anmamapa. B pe-
3yJIbTaTe MOJy4aeM HOBYIO (DYHKIIMIO CUCTEMBI

2\/§|\P1> :q0>c +|1>c)'qO>A +|1>A)+q0>c _|1>c)'qO>A +|1>A) 1)

PackpbiBaeM CKOOKH y MpaBbIX COMHOXKUTEIIEH

242)%,)=(0), (0); +2)c)+[2),(0); + [V }+
+|0>Aqo>c _|1>c)+|1>Aqo>c _|l>c)

PackpbiBaem ocTaBiinecss CKOOKM U COOMpaeM OJHOTHUITHBIE
YJIeHbl YPaBHEHUS
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242/%,)=(0),|0) +[0)J1); +[1),J0) +[1),J1)c +
+|O>A|O>c _|0>A|1>C +|1>A|O>C _|1>A|1>C

[Tocne rpynnupoBKY U COKPAIICHHUS ITOTy4aeM
242'%;)=20),]0), +2J1),/0).
3nech Mbl B paMkax ¢opmanu3mMa KBaHTOBOM MH(OPMAaTUKU
BBITIOJIHWJIA XOTSI M1 OYEBHJIHBIE, HO HE BIOJIHE 0OOCHOBAHHbBIC Ma-
TeMaTUYECKHE OIepaliy: COBIAJAIONINE YICHbl YPaBHEHUS MbI

CJIOKWJIA, a YJICHbI, UMCIOUC MMPOTUBOIIOJJIOKHBIC 3HAKHU, COKpa-
Tuin. MHade 3amuch JOJIDKHa ObLIa UMETH BU:

2\/§| ‘Pl> = 2| 0>A|O>C + (1_1)|O>A|1>C + 2|1>A| 0>c + (1_1)|1>A|1>C
Ho mocite COKpalICHUs 1TOJTYy4aeM BBIPAKCHUC
\/§| lI11> = qO>A + |1>A)O>C
3aMeTI/IM, 4YTO IOJY4YCHHasaA BOJIHOBas Q)YHKHI/II/I BBITJIAOUT

Ha HGpBLIfI B3I AOBOJIBHO CTPAHHO!

) == (0,0:) +[1,0:) @

DTO COCTOSIHUE HE SIBIISICTCS 3allyTaHHBIM, HO JIOOOE COB-
MECTHOE HM3MEpeHHe BCerJa JacT HYJIEBYIO (TOPU30HTAIBHYIO)
nossipusanuio porona C. Kaszamock Obl, ()OTOHBI HE3aBHCHMBI,
MO3TOMY JHOOOMY pe3yibTaTy HU3MepeHHs A JO0IKEH COOTBeT-
CTBOBAaTh TaKoW e Jto0oi pesynbrar usmepenuss C. Ho mpuun-
HOW 00pa3oBaHusl cocTosHUA (2) sABisieTcs AelcTBUe reiita Ana-
Mmapa: ¢oton C B pe3ynbTaTe MOMPOCTY MEPEmEN B Mpeenax Cu-
CTEMBI B OpTOrOHaNIbHOE cocTostHUE [O¢).

[Tponyctum nonyyeHHyto napy (2) uepes redt CNOT. s
yoOCTBa MepennieM HOBOE COCTOSTHIE B MATPUIHOM BHJIE:

%)= (0.)+[1.))@10c) = [0,)®J0c) + 1) loc) =

:%(ﬂvoc>+0|0A1c>+]11A0c>+°|1Alc>): i2

o — O
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[Tocne mpoxoxaenust poroHoB Anuckl yepe3 redt CNOT
COCTOSIHUE B MAaTPUYHOM BHJIE OyIET UMETh BH/I:
1 0 0 0)1 1

110 1 0 ool 11]0| 1

(7 — | = 11

%) J210 0 0 11| V2|0 \/z(joo>+| )
001 0)o 1

B nupakoBckoii opme BomHOBas (GYHKIHS TEHEPh yKE HE
MOXeT OBITh IPE/ICTAaBICHA KaK TEH30pPHOE IMPOM3BEICHHUE JBYX
HE3aBUCHMBIX BOJIHOBBIX QyHKIUH poToHOB A 1 C, 4yTO 03HaUaeT
3aIyTaHHOE COCTOSIHHME 3TuX (POTOHOB (UncTOe cocrosHue bemna
¢", COCTOSHUE MIPETUHTEPOBCKOTO KOTA):

)= " = (00)+[11)) |11 Bv2)

Jlnisi KOHTPOJISL TPOJENIaeéM BCE ATH KE NMPEoOpa3OBaHHS B
nupakoBckoit hopme. Mcnonbs3zyem BoipaskeHue (2):

#,)=5(0,00) +[1.0¢)

[Tponyctum sty napy uepe3 reditr CNOT u cpasy xe B cooT-
BercTBUE ¢ Tabmwmiel coctosamid reita CNOT momydaem To ke
caMoe HOBOE€ COCTOSIHUE CUCTEMBI:

o1
[¥,)=¢" = ﬁquOC>+|1A1c>)

Wrak, ABymMs crioco6amu Mbl TOJYYMJIM OAMH U TOT XKe pe-
3ynbTaT: Ha cTopoHe Anucel Gpotonsl A u C nepenuu B 3amyTaH-
Hoe cocTosiHue. OIHAKO Kax/abli U3 3TUX (OTOHOB 3allyTaH Tak-
’KE ¥ CO CBOEH MCXOJHOM Mapoil, MOITOMY BCJIEICTBUE YHUTAPHO-
CTH TNPOBEACHHBIX INpeoOpa3oBaHUl HEM30EKHO 3almyTaHHBIMU
OKa3bIBalOTCS M (HOTOHBI, epeaHHbie booy:

|¥s) :%QOBOD>+|1810>)

Ecnmu Anmca He nenaer Haj CBOMMHU (POTOHAMHM HHUKAKUX
W3MEPEHUH, TO COCTOSHUE 3aITyTaHHOCTH COXPAHUTCS W Ha CTO-
pone boGa. Oto o3Hauaer, uro goroHam boba mepemano 3amy-
TaHHOE cocTosiHne. B aTOM ciydae Bce m3mepenus y boba ¢doto-
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HoB D u B Oynyr naBate 100% mapHbBIX TPOXOKICHUN TIPU JTIO-
00if OprEeHTAITUH TIOJIIPU3ATOPOB.

Ecmu xe Anuca mpousBenér M3MepeHHe Haja JIOObIM U3
CBOMX (POTOHOB, TO €€ (HOTOHBI MEPENUTYyT B COOCTBEHHBIE COCTOS-
HUS C Pa3pyllI€HUEM 3allyTaHHOCTH, U TOYHO TaK € 3allyTaH-
HOCTb pa3pymutcs U Ha ctopoHe boba. Teneps Ha cTopone boba
IpU JTF0O0M TOJIOKEHHH MOJISIPU3ATOPOB MAPHBIX MPOXOXKICHUN
oyznet tonbko 50%. Takum o6pa3oM, bo6 MrHOBEHHO y3HAET, YTO
Anuca npousBena U3MEpEHHE CBOUX (POTOHOB.

Koneuno, MOXHO MpeAnonaokuTh, 4To Ha ctopoHe boba 3a-
IIyTAaHHOCTb MOXXET MMETh MHOW BHUJ, MOCKOJbKY Ha CTOpPOHE
Anucel hoToHbl ObLTH TpomyIieHsl yepe3 redt CNOT:

#:) = 5 (0ut) +[1:05)

Opnako 3TO HMYEro HE MeHsAeT mo cymiectBy. [Ipocto B
3TOM Cllydae MapHBIX MPOXOXKACHUI HEe OyAeT BOOOIIe, IOATOMY
MO-TIPE)KHEMY COXPaHSAETCS BO3MOXKHOCTH OIPENEIUTh H3MEHe-
HUeE cocTOsiHUM (pOoTOHOB Ha cTopoHe Aunnchl. Teneps yxe BO3HU-
KaeT oOpaTHbIN 3 (DEKT: Mpu OTCYTCTBUH U3MEPEHUN y ATTUCHI Ha
cropore boba OyayT ToabKO paBHOBEpOsTHBIC M3Mepenus |01) u
|10). HampoTuB, npu HaJUYUK MU3MEPEHUH y AJIMCHI Ha CTOPOHE
Boba OyayT HabmromaThes Takke W mapHbie mpoxoxacHus |00) u
|11).

[TockonbKy uzmeneHue COCTOSHUS 3alyTAaHHOCTH Ha IpO-
CTPaHCTBEHHOIIOI00HOM YJalleHUH SIBJISIETCS (PU3MUECKU Oemek-
mupyemuim, TO 3TO 03HA4aeT MIHOBEHHYIO, HEIIOKAJIbHYIO, CBEPX-
CBETOBYIO Nlepeauy Kraccuieckoti UH(GopMaIum.

KBaunrtoBbliii cemadgop

CuuTaercs, 4TO TJIABHOW MPOOJIEMON MpPH HCIOIb30BAHUU
3alyTaHHOCTH JJIsl Tiepeadl HHPOPMaIUi CIUTACTCSI HEBO3MOXK-
HOCTh perucTpanuu (HakKTUYECKOTO COCTOSHUSI KBAHTOBBIX YACTHI]
1, KaK CJIEACTBUE, HEBO3MOXKHOCTh Pa3IMUCHUsI UX HEHU3BECTHBIX
coctossHuil. E1ie oJlHO orpaHnyYeHne Ha TaKoe pa3InueHue co3/a-
€T 3ampeT Ha KJIOHWPOBAaHWE KBAHTOBBIX YACTHUII: HAIMYWE KOMUH
Y4acTHUIl JaBaJI0 ObI BO3MOXXHOCTh MHOKECTBOM HM3MEpPEHUH orpe-
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JENIUTh UX COCTOSIHUE, TO €CTh, BBISIBUTH PA3IMUME MEXKIY YaCTH-
11aMU, TepeaBaeMbIMU OT NiepeaTuriKa K MPUEMHUKY.

Takum 00pazom, MOXKHO CUMTATh, YTO JJISI MIPHHUMAIOIICH
CTOPOHBI TJIaBHOM MpoOIeMOl sBiseTCs MpodiieMa pa3indyuMo-
CTH, TO €CTh, BO3MOXXHOCTH PA3JIMYUTh MOCHUIAEMBIC MEepeIaTIH-
KOM CHUTHAJIbl, KBAHTOBbIE coCcTOsiHUA. [lepenaTunk u3MeHseT co-
CTOSIHUSI CBOMX YACTHUII, YTO MPUBOJUT K U3MEHEHUIO COCTOSTHUS
yAanéHHbIX, TPUHUMAEMbIX MPUEMHUKOM YacTHIl, TO €CThb Iepe-
naéT UM KBaHTOBYIO WH(popmanmio. CuuTaercs TBEPIO yCTaHOB-
JICHHBIM, YTO MPUEMHUK HE CIIOCOOEH Pa3IMYUTh KBAHTOBBHIE Ya-
CTHIIBI TI0O UX U3MEHEHHBIM COCTOSHUSM, HE CIIOCOOCH HETOCpe/I-
CTBEHHO '"TIPOYMUTATH" ITH M3MEHEHHUS KBAaHTOBOTO COCTOSIHHS Ya-
CTHIIBI, TIPEBPATHB MX B KJIACCHUSCKYIO, YATAEMYIO HH(POPMAITHIO.

Paccmorpum Bo3mokHOcTH Teiita CNOT mis mucnosip3oBa-
HUS B peXUMe QUIBTPAIUH, CEICKIINNA (POTOHOB B PA3IIUIHBIX CO-
CTOSIHUAX — MX Pa3NIU4YeHHs. DTOT TedT, KaK OTMEYEHO BBIIIE,
OCYIIIECTBIISIET JIOTUYECKOE CIIOKCHHE CHTHAJIOB MO MOXYIO 2,
MpUYEM CUUTAETCS, YTO CUTHAJNl Ha YIPABISIONIEM BBIXOJE PaBEH
CUTHAJTy Ha YIIPABJISIFOIIEM BBIXOJIC MPOCTO BCIEACTBHE TOTO, YTO
3TO ofHa U Ta ke JuHus (& = A). OgHaKO 3TO CIIPaBEITINBO TOIb-
KO JUIi OPTOTOHAJIBHBIX COCTOSIHHU YIPABIISIIONIETO KyOHUTA.
YupaBrnsomuid KyOUT B npou3601bHOM COCTOSTHUH OylIeT 3amyTaH
C yIpaBIsieMbIM KYOHTOM, nomepsiem CBOE MEPBOHAYAIBHOE CO-
CTOSIHUE U TIEpeHIeT B COCTOSTHUE 3aITyTaHHOCTH.

Takum o6pazom, reit CNOT oxa3biBaeTCsi 4yBCTBUTENb-
HbIM K HAmpaBlICHHUSIM MONSPU3AIMU KaK YIPaBIsSIEMOro, TaKk H
VIPAaBISAOMETro (OTOHOB, U ITO, BEPOSITHO, MOXET TO3BOJIUTH
MPUEMHHKY SIBHO 3apETUCTPUPOBATH STH HAPABICHHUS.

Jljis omnpeneneHHOCTH Ha30BEM ''Hecylled' HeIOKaJbHYIo
CBs13b ()OTOHOB, MEPEAAIIIYI0 KBAaHTOBYIO HH(popManuto. B kaye-
CTBE HeCcylel mepenaBaeMoil mHpopmanuu yaoOHEe BCEro Hc-
T0JIB30BaTh YMCTOE 3aMyTaHHOE cocTosHue bemna ¢, cocTosHue
LIPEAUHTEPOBCKOrO KOTA:

" == (00)+[11)

Co0TBETCTBEHHO, U3MEHEHHE YIJIa HAKJIOHA MOJISIpU3aTopa
y nepenaTiyuka Ipyu U3MEPEHUH COOCTBEHHBIX (POTOHOB U3 3aIly-
TaHHBIX MMap MOXXHO Ha3BaTh ()a30BOM MOMYISIIIUEH HEITOKAITbHOU
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Hecyen. [Ipu Takol MOAysiMKM Ha CTOPOHE NPUEMHHUKA TaKkKe
IIPOUCXOIUT M3MEHEHHE YIJla HAKJIOHA NOJspu3aluuu (OTOHOB.
BoT 3Ty (ha3zoByl0 COCTaBIAIONIYI0 HEJIOKAJTbHOW HECylled Ha
CTOPOHE NPUEMHUKA U IO3BOJISIET BBIIEIUTH KBAHTOBBIM T'EUT
CNOT.

B ocHOBY MOnynsLIMM IOJIOKEHO clenyolee sBieHue. Jlo-
TMYECKUN aHalu3 SIBJIEHMS 3allyTaHHOCTH C TOYKM 3pEHMS KBaH-
TOBOW TEOPUM IPUBOJUT K BBIBOJY, YTO OINEPEKAOLIEE U3MEpe-
HUE 3alyTaHHBIX ()OTOHOB B OJIHOM KaHaJle, B MepeJaTdyuKe Mpu-
BOJMT K CO3JIaHUIO BO BTOPOM KaHaje, B IIPUEMHHUKE JBYX CMe-
LIaHHBIX IJIOCKO-TIOJIIPU30BAaHHBIX ITOTOKOB C B3aUMHO IEPIIEH-
JTUKYJISIpHBIMU noJisipu3anusaMu. CoO6cTBEHHO 3 (PeKT MOTyISALIH
HECYIel COCTOUT B U3MEHEHUHU UX yTJja MOJISIpU3alui.

Ha puc.3 npuBeznena npocreiiimas cxema 3KCIepUMEHTa 10
IIPOBEPKE KBAHTOBOM KOPPEISILIMY, IEMOHCTPUPYIOLIAsi MEXaHU3M
MOJYJISILIMM HEJIOKaJdbHOM Hecymel. McTrounuk S ucnyckaer napy
3aryTaHHbIX (OTOHOB Vi U Vo, KOTOPBIE BCTPEUAIOT HA CBOEM ITYTH
nBa nossipuszaropa | u Il, pacnonoxeHHble NepHEHIUKYISPHO, TO
€CTh C B3aMMHBIM YIJIOM, paBHBIM 7/2. Ha pucynke ¢otoH Vi He
MOKa3aH, IMOCKOJbKY CUMTAEM, YTO OH yXe ObUI U3MEpPEH CBOUM
nosispuzatopoM |. [locne xomnarnca BoaHOBOM (QyHKIIMU (OTOHOM
Vi Ha mossgpuzaTope | BTopoil GOoTOH V, mpuoOperaeT OAHY U3
JIBYX BO3MOYKHBIX MOJISIpU3ALMNA: HapajuieIbHYyI0 WIM NEepreHIu-
KYJISIPHYIO K HalpaBJIEHUIO MOAYJIHPYIOLIEro nojspusaropa .

I II

v,

{3 ——>

Puc.3. OGpa3oBanue KpeCTOBOM MOIAPU3ALIUU

Bocnone3yemcsi KBaHTOBO-MeXaHUYeCKOW (GopMyInol, na-
IOIEH BEPOSITHOCTH MPOXOXKICHHS (POTOHA Uepe3 MOJIIPU3aTop,
€CITU YTOJI MEX/Ty TIOJISIPU3aTOpaMH PaBeH 6.

P(0)=cos’(0)

OdeBHIHO, B pacCMaTPUBAEMOM CIy4ae CO8MECMHbIX TPO-

XOXJIeHn! (POTOHOB HE OyIeT:
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P,(6)=cos’ % =0

OpHako 4Yepe3 KKl U3 MOJIIPU3aTOPOB HEKOTOPBIE (o-
TOHBI TpoitayT. HabmonaTenu, Haxoaduecs psSaoM ¢ Mospu3a-
TOpaMu, 3a(QUKCUPYIOT BEPOSITHOCTh MPOXOXKICHHUS (HOTOHOB,
paBayio 1\2. Eciu wcrounuk ucmyctut, Hampumep, 1000 doro-
HOB, TO 4epe3 KaKIbI U3 MOJIIPU3aTOPOB MPOMAYT POBHO I0JIO-
BuHa — 500 ¢doronoB. Ho 310 OynmyT HekoppenupoBaHHbIE (HOTO-
HBL: Cpeiu map He OyJeT HU OJHOW, B KOTOPOil 0JMH U3 (POTOHOB
MpOLIEN Yepes MoNSIpU3aTop OAHOBPEMEHHO CO BTOPBIM (DOTOHOM,
MIPOLIE/IIIUM Yepe3 APYroil noasipusarop.

Hao0opoT, ecnu monsipu3aTopsl mapaienbHbl, TO €CTh YToll
6 MexX Ty HUIMH PaBeH HYIIO, TO 4epe3 MOJISIPU3aTOphl OyIyT Mpo-
XOIHMTh TOJIBKO MapHbIE (POTOHBI: €CIU MPOHAET MEepPBbIi (OTOH,
TO BTOPOi OyAeT CIPOEKTHUPOBAH B KOJUIMHEAPHYIO MOJSPU3ALINIO
U TaK K€ MPOUJIET Yepe3 CBOM MOISIPHU3aTOP C BEPOSTHOCTHIO 1.
[Ipenmonoxum, 4TO MEPBI MOISIPU3ATOP HAXOJUTCS BIUIOTHYIO
K MCTOYHHUKY S, a BTOPOW — Ha HEKOTOpOM ynaineHuu. [lorTomy
(OTOHBI B HaIpPaBJIICHUU BJIEBO OYyIyT M3MEpPEHBI cpa3y ke IpH
BBUIETE U3 UCTOYHUKA. Eciin 3TOT POTOH TpoiineT uepe3 CBOi mo-
JSIPU3ATOP, TO B 3TOT )K€ MOMEHT UX MapHble (HOTOHBI IPUOOPETYT
MOJIAPU3ALUIO0, TAPAIIENbHYIO, KOJUIMHEAPHYIO NIEPBOMY IMOJISIPU-
3aTopy. DTO 03HAYaeT, YTO BBIXOAHON MOTOK B CTOPOHY BTOPOTO
noJsisipu3aTopa Oy/eT COCTOSTh CJIOBHO ObI U3 IBYX (DOTOHHBIX TO-
TOKOB. IlepBbIii U3 3TUX NMOTOKOB — 3TO MOTOK IUIOCKO IOJISIPU30-
BaHHBIX ()OTOHOB C HM3BECTHHIM HAIIPABIICHHEM TOJSIPU3AINA —
napajuieNbHOM MepBoMy mossipuzatopy. byaer u BTopoil moTok —
13 (OTOHOB, KOTOPBIE UMEIOT IPYroe HalpaBieHUE TOJSPU3ALIH.
[TorpoGyeM BBISICHUTD, KAKOE UMEHHO.

VYcTaHoBUM Ha MyTH NoToka (GoToHOB monispusarop |l, ma-
paimenbHbIil mepBomMy. O4eBHIHO, YTO M3BECTHBINM HaM MOTOK U3
IJIOCKO MOJIIPU30BaHHBIX (POTOHOB MPOUJET Uuepe3 MOoIIPU3aToOp C
JIOCTOBEPHOCTHIO. 3BECTHO Takke, 4To 3TO poBHO 1\2 OT 0O1Iero
grciaa BceX (OTOHOB, HCIYINICHHBIX HCTOYHUKOM B JaHHOM
HanpasieHuu. VccrienoBaTens Ha 3TOH cTOpoHE 3apUKCHPYET
3T0T QakT. Ho OH MOXeT He 3HaTh, YTO (OTOHBI B MOTOKE UMEIOT
OIpeJie/IeHHbIE HAPABJICHUS MOJISPU3ALMN U CKAXKET, YTO depe3
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nossipuzarop npoxoaar 1\2 or Bcex ¢oroHoB B motoke. OH (uc-
clle[IoBaTeNb) HE pa3fenseT 3TOT MOTOK Ha JBa M CUUTAET, YTO
4yepe3 MOoJIpU3aTop C BeposTHOCThIO 1\2 mpoxoaut Jto0oi u3
npuiereBmuX (GotoHoB. Ho MBI 3Haem, 4To B OOIIEM IMOTOKE
HMMEETCS U3BECTHBIM HAM IMOJIOTOK, KOTOPBIA HNPOUJIET YEPE3 I10-
JSPU3ATOP C BEPOATHOCTHIO 1, M uX 0OO0IIee KOJUYECTBO PaBHO
TOMY KOJIMYECTBY, KOTOpoe 3adukcupyeT uccienonarens. Cieno-
BaTeJIbHO, OCTANIbHBIE (DOTOHBI HE MPOUIYT Yepe3 MoJspu3aTop, a
OyayT 3aaep>kanbl ¢ BeposTHOCTBIO 1. To ecTh U3 ocTanbHBIX ¢o-
TOHOB 4Y€pe3 MOJISIpU3aTOp HE MPOUAET HM OAMH. DTO O3HAYAET,
YTO CPEIHSAS BEPOATHOCTH (POTOHOB B OCTAIBHOM MOTOKE paBHa 0.
[TosTOMY MBI MOXEM C YBEPEHHOCTBIO CKa3aTh, YTO BECh 3TOT IO-
TOK COCTOMUT M3 IUIOCKO IMOJIIPH30BaHHBIX (DOTOHOB C IMOJISPH3a-
LUEH, MEePIEeHIUKYISIPHOW HANpPAaBICHUIO HALIETO MOJISIPU3aTOpa
(M, COOTBETCTBEHHO, IIEPBOI0O IMOJISIPU3ATOPA), MOCKOJIBKY 4Yepes
MOJISIPU3ATOP C JOCTOBEPHOCTBHIO HE MPOXOJAT TOJIBKO MEPIIECH/IU-
KYJISIPHO MOJISIPU30BaHHbIE (DOTOHBI.

DT0 00CTOSITENHCTBO HE JOKHO BBI3BATh OCOOBIX BO3paxe-
HUW U BIOJIHE 00BsICHUMO. DOTOHBI, KOTOPBIE HE MPOIUIA Yepe3
NEPBBIA TOJAPU3ATOP, KOJUIAIICUPOBAIM, OYEBUAHO, IIOJIYYHB
HalpaBJIeHUE MOJSPU3ALMH, TEPIEHIUKYIIPHOE MEPBOMY IMOJS-
pu3aTopy U ObUIM MM morjomieHsl. [lapHblit uM (HOTOH aBTOMATH-
4YecKu OBl CIIPOEKTHPOBAH B TAKOE )K€ HalpaBieHHE MOJspHU3a-
LU U TOXe ObLJI MOTJIOIEH BTOPBIM MOJISIPU3ATOPOM.

Nrak, MBI MOKEM C JOCTATOYHOM YBEPEHHOCTBIO 3asiBUTh,
YTO B pPaccMaTpUBacMOW CXEME OHKCIEPHUMEHTa II0 BTOPOMY
HaIpaBJIEHUIO, BIPABO U3Iy4YarOTCs JBa MOTOKA IJIOCKO MOJSPHU-
30BaHHBIX (DOTOHOB: C BEPTHUKAIBHOW M C TOPU30HTAIBLHON MOJs-
pu3aryeil (OTHOCUTENBHO MEPBOTO TMOJIsipU3aTopa). ITo 00CTOS-
TENBCTBO HE NMPOTHUBOPEUNUT MATEMATUKE KBAaHTOBOW TeopuH. Ilo-
HATHO, YTO 3TH IMOTOKU MPEACTABIISIIOT COOON CIydailHYI0 CMECh,
B KOTOPOH (POTOHBI C OPTOTOHAIBHBIMH MOJSPU3ALUIMHU BCTpE-
YaOTCS B CIIY4allHOM MOCIEN0BATEIbHOCTH.

DTy cMech W3 OPTOTOHAJIBHO MOJIIPU30BAHHBIX (POTOHOB
MOKHO BpalllaTh, HaKJIOHsS Mojspu3zatop | BOIM3M mepenaTyuka.
B npocreiiem ciyyae Mbl MOKeM BbIOpATh J1Ba (PUKCHPOBAHHBIX
HampaBJIEHUs, KOTJIa TOTOKH BEPTUKAIbHO-TOPU3OHTAIIbHBIE U
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HUMEIOT HAKJIOHBI +45 rpagycoB K FOPU30HTAIU. DTO MaKCUMAalb-
HO BO3MOXKHBIE I'PaJjalliM yTJIOB.

[Tycts ans mepenaun MHPOPMALMU TEPEIATUMK HA CBOCH
CTOpPOHE u3MepseT (POTOHBI U3 3allyTaHHBIX Hap OJHUM M3 3THX
HOJIOXKEHUH: BEPTUKAIBHBIM WM HAKIOHEHHBIM 1011 45° mossipu-
3aTopoM. B 3TOM ciiydae Ha cTopoHe NMpUEMHHKA (DOTOHBI TaKXKe
00pa3yloT Ba pa3HbIX CHTHAJIA, KAXKAbIH U3 KOTOPBIX COCTOMT M3
IBYX TaKUX K€ OPTOTOHAJIBbHBIX MOJSPU30BAHHBIX IIOTOKOB B BU-
JIe BEPTUKAJIBHOIO M HaKJIOHHOro moxa 45° "kpecros". Cienosa-
TEJIbHO, U3MEpPEHH Ha CTOpPOHE NpPUEMHMKA JOJDKHO OBITh, IO
MEHBLIEH Mepe, YEeThIpE, MMOCKOJIbKY OH IPUHUMAET YETBIPE pas-
JMYHO NOJSIPU30BaHHBIX (POTOHA: BEPTHKAIBHO, TOPU3OHTANIBHO,
nox yriaom +45° u nox yriom —45°. I'naBuas neinb NpuéMHHUKA —
pa3IMYUATh 3TH JBa OPTOrOHAIBHO IOJSPU30BAHHBIX IOTOKA-
Kpecra.

[TonnpoGyeM BBIICHUTB, BO3MOXKHO JiM 3T0. [Ipousseném us-
MEpPEHHUsI YETHIPEX BO3MOKHBIX COCTOSHUN C IMOMOILBIO OJHOW U
TOU K€ CXEMBI.

Ilepeoaua cucnana nyna

CHayana paccCMOTPUM CMECh M3 JIByX TOTOKOB OPTOTOHANIb-
HO TIOJIAPU30BAHHBIX (DOTOHOB: C BEPTUKAIHLHOW M TOPU30HTAIIb-
HOM nosisipu3anuen, BepTukanbHbiii "kpect”. [lonpoOyeM ncnoss-
30BaTh €ro JUIA Mepeaadn curuana "Hois', "aer”, false, rouka az-
O0yku Mop3e u Tak ganee. Kaxaplii u3 ¢OoTOHOB 3TOM cMecH UMeeT
00 BEPTUKATLHYIO TOJISAPU3AIUIO, JMOO TOPHU30HTAIBHYIO.
[Iponyctum 3Ty cmech yepe3 reir CNOT: motok mocrymaer Ha
YIPaBISIOMMA BXOJ TeiTa, a HAa yOpaBiIseMbl BXOJ MOAAAUM
(OTOHBI C TOPU3OHTANBHOW Tomsipu3amueir. C BBIXOJOB TeiTa
CNOT ¢oToHBI TTO/1at0TCS HA JIBA COOTBETCTBYIONINX HAKIOHEH-
HBIX Ha 45 TpaaycoB pacHICIIISIONIMX —MOJIIpU3aTopa C
+ Beixogamu (I11 u 12 Ha puc.4). [Ipoussenem uzmepenus GpoTo-
HOB 3TOTO TIOTOKA.

H3mepenue eepmuxanvhoii cocmasnawuieii. NOmoKa
npamozo "'kpecma''. J11i1 BEpTUKAIHHO MOJIIPU30BAHHOTO IMTOTOKA
Ha BXOJIe reliTa IMEeeM BXOJIHOE IBYXKYOUTHOE COCTOSTHUE:

\ >—|1 ®| 0) =0 00) +0/02) +110) +011)
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OTOT BEKTOP B MaTPUYHOM BHJE, B BUE CTONONA KO u-
IIMEHTOB 3aIHIIEM B CJIEIYIOIIEM BH/E:

O O

| ¥a) =11 ®[0)=

0

CrnenoBarenbHo, mocne mpoxoxaeHus uepe3 redr CNOT
BOJHOBas (YHKIMS B MaTpPUYHOM BHUAE OyneT mpeoOpa3oBaHa
CIICAYIOIIUM 00pazoMm:

|ouy =

0

o O -
[EEN

0
0
0

= O O

0 0
0 0
1 0

0 01 0AO) (1

B nupaxoBckoii ¢popme 3Ta BOJTHOBASE PYHKIIMSI MOXKET OBIThH
MpeACTaBICHa KaK TEH30pHOE MPOU3BEACHUE JIBYX HE3aBHCHUMBIX
BOJIHOBBIX (DYHKIIUH, TO €CThb, NIapa HE SBJSETCS 3alyTaHHOM:

W) =10 =[1) ®|1) ®

Otu 1Ba poToHa (U3 MOTOKA U yHpaBisieMblil (OTOH HA BbI-
XO07Ie) MOCTYMAIOT Ha JIBa HAaKJIOHEHHBIX MOA 45 rpaaycoB pac-
HICTUIFOIINX TOJISIpU3aTopa, KaXIelidi U3 (OTOHOB — Yepe3 CBOM
nosnspuszarop. Ilockonbky (OTOHBI HE3aBUCHMBIE, TO uYe€pe3 3TH
OJTMHAKOBO OPHEHTHUPOBAHHBIEC IMOJIIPH3ATOPHI Ha OJHOMMEHHBIE
BBIX0J1bI TPOUAET 10 50% (OTOHOB € YNPaBIISIONIETO U YIPaBIIs-
emoro BbixojioB reiita CNOT. BeposSTHOCTh MapHOTO MPOXOXKIe-
HUS, TO €CTh, KOTJ]a Ha OJIHOMMEHHBIE BBIXO/Ibl Pa3HbIX MOJIIPHU3a-
TOPOB MpoiAyT o0a (oTOHA Maphl, COTJIACHO 3aKOHY Maiyca 0y-
JIeT paBHa:

F>11:coszz><cosz7zzl><1:l
4 4 2 2 4

DTO 04YEBUAHO, OCKOJIBKY B 0a3uce Mojiaspu3aTopoB (oro-
HBI ONKCHIBAIOTCS OJJUHAKOBBIMU BOJIHOBBIMH (DYHKIIUSIMU

v)=—5(0)+[1)
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Takum 00pa3zoM, MOCKOJBKY (POTOHBI HE 3alyTaHHBIE, COB-
NMajieHu Mpu MPOXOXKISHUM uepe3 mnoisipu3aTopsl Oyner 50%
(25% — 06a mpouutm Ha wiroc, 25% — oba MpouUId HAa MUHYC).

H3mepenue zopuzonmanvHoli cocmaensouieli. NOMoKa
npamozo "'kpecma''. J1jis TOPU30HTAIBHO TOJSPU30BAaHHOTO (ho-
ToHa Ha ympasistomeM Bxoje reiita CNOT u ropu3oHTaIBHO TMO-
JSIPU30BAaHHOTO ()OTOHA HA YNPABIIIEMOM BXOJI€ UMEEM BOJIHO-
BYIO (DYHKITHIO:

|\¥2) =|0)®| 0) =1/00) +0/01) +0/10) + (11

WNnu B MaTpu4HOM BUAE:

1
0
#8)=l0)el0)=|
0
Ha Beixone CNOT monydaeM ¢yHKIIUIO B MATPUYHOM BHJIE:
1 0 0 0Y)1 1
01000 0
%4=0 0 0 1]0|7]0
0 01 0\AO 0

B aupaxoBckoi ¢opme 3Ta BONHOBasE QYHKIUS TaKKe MO-
XKET OBITh MPEJICTaBICHA B BUE TEH30PHOTO MPOU3BEICHUS IBYX
HE3aBUCHUMBIX BOJIHOBBIX (DYHKIIUM, TO €CTh, Mapa TaK K€ HE SB-
JIsI€TCA 3alyTaHHOM:

‘ out>_|00 _|O>®|O> (4)

[TockonbKy (OTOHBI Ha YIPABISAIOMIEM U YIPABISEMOM BbI-
xonax reiita CNOT He3zaBUCHMEIE, TO MPH UX TPOXOXKJICHUH Ue-
pe3 HaKJIOHEHHBIE Ha 45 TpajlycoB MOJSAPU3ATOPHI TAKXKe OYyAET 1o
25% coBnanenuil. BomHoBbele GyHKIMU (OTOHOB OYAyT HMETH
BUJ

v)=—75(0)-11)
V2

BeposiTHOCTh MapHOTO MPOXOXKIEHHSI, TO €CTh, KOTIa Yepe3
OJTHOMMEHHBIE BBIXO/IbI MOJIIPU3ATOPOB PO IyT 00a GoTOHA, KaK
U B NIpEBIAYILIEM ciIydae, OyeT paBHa:
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11 1
Ro=7ox5=~
2 2 4
To ecTh, 1 B 3TOM clyyae COBMAJCHUN MPU MPOXOKICHUH
yepe3 mossipuzaropsl oyaer 50% (25% — oba mporuIu Ha ITF0COo-
Bbl€ BBIXOABI, 25% — 00a mpoluIM Ha MUHYCOBBIE BbIXOJbI). Ho
Ka)KJIbIH M3 TOJY-TIOTOKOB cocTaBisieT 50% ot obmiero koaude-
cTBa (DOTOHOB B MOTOKE, MTO3TOMY B MX TOJTHOM KOJIMYECTBE Map-
HbIE COBIAJICHUS TaKke OyAyT paBHbI, COOTBETCTBEHHO, Poo 1 P11.
To ecTh, XOTSI B K&KJOM IMOJIY-TIOTOKE BEPOSATHOCTH IMTAPHOTO MPO-
xoxzaenust paBHa 50%, B MMOJHOM MOTOKE 3TO KOJMYECTBO COCTa-
BUT TONbKO 25%. CiemoBareilbHO, OO0IEe COBMECTHOE OIHO-
HMMEHHOE MTPOXO0XKICHHE, TAKUM 00pa3oM, COCTaBUT
1 1 1
PlZH—OO I:?I.l + I:)00 4 + 2
Takoe 50-mporieHTHOE coBMageHUe 0003HAYMM KaK CHTHAI

"noin", "Het", false, Touka a36yku Mop3e u Tak gaiee.
Ilepeoaua cucnana eounuyot

B cnmyyae moBopoTa mossipu3aTopa mnepeiaTynKa Ha BXOJ
MIPUEMHUKA MOCTYIIAT JIBa OPTOTOHAIBHO MOJIIPU30BAHHBIX MOTO-
Ka ()OTOHOB C HAKJIOHEHHOW Ha 45 rpasycoB BEpTHKaIbHOW U TO-
PHU30OHTAIbHON NoJsipu3anuen (HakiaoHHbIH "kpect"). [lonpoOyem
WCIIONB30BaTh €ro JJIA Mepeaadd curHana ''equHuna’, "ma", true,
tupe a30yku Mop3e u tak fganee. Cmech B 3TOM ciaydae OyJIer co-
JiepKaTh JIBa MOTOKA (POTOHOB C BOJHOBBIMU (DYHKIUSMU:

)= (0)+]1)

)= (0)-In)
V2
Hsimepenue cocmasnawoweii W' nomoxka Haknonnozo
“"kpecma''. JIna 5TOM COCTaBISIONMIEH Ha YIPABISAIONIEM BXOJE
reiita CNOT u ropu3oHTanbHO MOJISIPU30BAHHOTO (POTOHA HA €ro
VIIPaBJISIEMOM BXOJIe UMEEM BOJHOBYIO (YHKIWIO M € MaTpud-

HYIO Qopmy:
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1 1

%) =75 (0)+D)elo)- f|0>®|0>+ﬁll>®|0>=
1

1 0

—E(ﬂoo)+o|01>+]41o>+o|11>)= .

0

Ilocme ux IIPOXOXKACHUA UEPE3 reuT IIOJIYy4M COCTOSHHUEC B
MaTpu4IHOM BHU/JEC:

100 0Y1) (1
010 0[o0| |0
[ ¥au) = 000 11| |0
001 0)\o) (1

B nupakoBckoli ¢opme BoaHOBas (QyHKIHUS TENeph yxKe He
MOJKET OBITh MPEICTaBJICHA KaK TEH30PHOE MPOM3BEIEHHUE JBYX
HE3aBHCUMBIX BOJHOBBIX (DYHKIIHI, YTO O3HAYaET 3aIlyTaHHOE CO-
cTosinue GoTOHOB (uncToe cocTosHue bemna ¢°, cocTosnue mpé-
JMHTE€POBCKOTO Kora)'

o) = ¢ 000>+|11>)¢IWA>®IWB>

[Tockonbky (I)OTOHLI 3alyTaHHbIE, TO MIPU UX MPOXOXKIACHUU
yepe3 HakJIOHEHHBIE Ha 45 rpalycoB MOJIsSpU3aTOPBl 00a Beerna ¢
€IMHUYHONU JOCTOBEPHOCTBHIO IMPOMAYT HAa OJHOWMEHHBIE BBIXO-
nel. M Ha TTI0COBOM M HA MHUHYCOBOM BBIXOJbI (DPOTOHBI MPOMAYT
OJTHOBPEMEHHO C BEPOATHOCTBIO:

P.=P_=

++ -

BeposTHOCTH pa3HOMMEHHBIX POXO0KIEHUI PaBHBI HYJIIO:
P =P,=0
Takum 0Opa3om, coBNasieHU TP MPOXOKIACHUHN Yepe3 T0-
nspuzarop 6yaer 100% (50% — o0a mpomuIM Ha IUIFOCOBOW BBI-
xo011, 50% — 06a mponuTM Ha MUHYCOBOU BBIXO):

P+++P__=£+£—l
2 2
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[To xonmuuecTBy (oTOHOB 3T0 cocTaBUT 50 poTonoB K3 100
IUTSL KOKIOTO W3 COBMAJCHUH JUIS TAHHOTO MOJy-TIOTOKA WIN U3
200 map ¢GOTOHOB B IOJTHOM TOTOKE.

H3mepenue cocmasnarwowein. VY nomoka HAKIOHHO20
“"kpecma''. Jlyis 5TON COCTaBIAIONICH MOTOKA HA YIPABJISIIOLIEM
BXOJIC T'eiiTa W TOPH3OHTAIBHO IMOJIIPHU30BaHHOTO (HOTOHA Ha
yIIPaBJIIEMOM BXOJI€ TeliTa IMEEM BOJHOBYIO (DYHKIMIO U €€ MaT-

puuHyI0 GOopMYy:

;)= (0)-1)el0)= [0} @l0) - @) -
1
= %(ﬂoo) +0/01)~110)+0]11)) =
0

[Tocne ux mpoxoxaenust yepe3 reiit CNOT monyuum cos-
MECTHOE COCTOSTHUE B MATPUIHOM BHUJIC:

1 0 0 01 1
‘W_>201000=0
/1o 0 0 1|-1 0

001 0L0 -1

U B 5TOM cnyuyae B AupakoBCcKol (hopme BOITHOBAS (PYHKIIHS
HE MOXeT OBITh MpeJCTaBlieHa KaK TEH30PHOE IPOWM3BEICHHE
JIBYX HE3aBHCHUMBIX BOJHOBBIX (PYHKIIM, YTO O3HAYAET 3amyTaH-
HOE cocTosiHue (HOTOHOB (YuCTOE cocTostHue bemna ¢ ). Dta Bo-
HOBas (PYHKIIHS UMEET CIETYIOIIUNA BUL;

e =9 =5 (00)-[11))=|v) Sy

[Tockonbky (OTOHBI 3amyTaHHBIE, TO Yepe3 HaKIOHEHHBIE
Ha 45 rpaaycoB NOJIAPU3ATOPBI, KaK U B NPEABIAYLIEM ClIydae,
npoitér 50% nap ynpaBiSIOLUX U YIIPaBIsIEMbIX (POTOHOB C BbI-
xona reidita CNOT. To ecTb, Ha OJJHOMMEHHBIC BBIXOJBI PACIICII-
JSIIOIIMX TTOJIIPU3aTOPOB 00a (POTOHA MPOHAYT C BEPOSITHOCTHIO:

1




[To xonmuecTBY (POTOHOB 3TO BHOBBH cocTaBUT 50 poTOHOB
n3 100 mmg kaxaoro u3 COBIAJCHUN. BeposTHOCTH pa3HOMMEH-
HBIX MPOXO0X/ICHUH B 3TOM CIy4yae TaK)Ke PaBHbI HYIIIO:

P =P.,=0

Taxum 06pa3om, Kak U B MPEIbIIYIIEM CIy4ae, COBNAICHUN
IIpH MPOXOXKIAEHUH yepe3 nossgpuzarop oyaer 100%, (50% — oba
MPOIUIA HA TUTIOCOBBIN BbIxoa, 50% — 006a mponuis Ha MUHYCO-
BBIif BBIXOJ), TO €CTh, JUII CYMMAapHOTO MPOXOXKICHHs (HOTOHOB
JBYX IOJIy-ITIOTOKOB 3Ta BennunHa coctaBuT 200 ¢oronos u3z 200:

Takoe 100-mporieHTHOE COBMNAJEHUE, TO €CTh MAPHOE IMPO-
xoxsenue Bcex poronos, To ectb, 200 poronor u3 200 B nmpuse-
JICHHBIX YHCJIOBBIX IIpUMEpax, Mbl 0003HAYMM KaK CUTHaJI 'eIu-
Huna", "na", true, Tupe a30yku Mop3e u Tak jnasee.

Kak BumumM, nepenatauk GopMHpYET J1Ba OTUCTINBO Pa3iiu-
YUMBIX JUIA NpuéMHUKa moToka. IlepBoe u BTOpoe M3MepeHws,
BEePTUKAIBHBIA KPECT JAIOT B MPHEMHHUKE KOJIUYECTBO COBIIAJIE-
Huit (50%), HagEKHO OTIMYArOIIeecs OT KOJIMYECTBA COBIAICHUM,
KOTOpO€ MaroT TpeThe U uerBéproe usmepenus (100%), nakiaoH-
HbIil kpect. CocTosiHUS (POTOHOB Ha CTOPOHE mepeaaryuka Qop-
MUPYIOTCS, HalPUMEpP, MOBOPOTOM PYKOSTKH IOJIIPU3ATOpa — B
BEPTHKAIbHOE UM HAKJIOHHOE TMoNlokeHrne. PoToHaM Ha CTOPOHE
MPUEMHHKA 3TH COCTOSHUS TIEPEJArOTCS CO CBEPXCBETOBOW (He-
nokanbHO#) ckopocThio. KBanToBsiil rediT CNOT mo3BomsieT pasz-
JUYHUTH 3TH MOAYJIHMPOBAHHBIC COCTOSHUS 3aIlyTaHHBIX (DOTOHOB,
OTIPEICTTUTh B KAKOM TOJIOKEHUH Ha CTOPOHE TepeaTiynka Haxo-
JIJIACh PYKOSITKAa TOBOPOTHOTO TOJISIPH3ATOPA.

Tabnuma coCTOSHUN I CUTHAIIOB

Curnaan 0 Curnan 1
Haramk 1+ Jatunk 2+ Jatuuk 1+ Jatunk 2+
0 0 0 0
0 1 - -
1 0 - -
1 1 1 1

O0600111eHHO pe3ynbTaThl U3MEPEHHI MOKHO CBECTH B JBE
TaOJIMIBI COCTOSHUN: Uit curHaioB 1 u mus curHaitos 0. Ilo-

25



CKOJIbKY BO3MOJKHBI 4 KOMOMHAIIMHM CUTHAJIOB Ha BBIXOJAX HM3MeE-
puTenei, 1Jis HUKHEro YPOBHS TOCTOBEPHOCTH JOKHO MTPOU3BO-
IUTHCS U3MEPEHHE KaK MUHMMYM 4-X TIOCJIEJOBATEIbHBIX (HOTO-
HoB. CornacHo kojonkam Curnan 0 oOs3arenbHO OynyT 3aduk-
CHpOBaHbI MPOTUBO(a3HbIE POTOHBI. [pyrumu cioBamu, HaTM4ne
npoTrBOGa3HbIX (OTOHOB (Pa3HOMMEHHBIX COBIAJICHHI) O3HAYa-
€T IoJiyueHue npueMHukoMm curtaia 0. OueBHaHO, UTO U Iepe-
JaTYUK ¥ IPUEMHUK MOXKHO JIETKO aBTOMAaTHU3UPOBATh, UCIOIb30-
BaTh KOMIBIOTEPHYIO TeXHHMKY. Hambonee CIOXHBIM sIBISETCA
(dbopMUpOBaHHE HECYILEW, TO €CTh CO3JlaHuE U pazzaeneHue ¢o-
TOHHBIX TIAp MEXIy MEpeJaTYuKOM M TNPUEMHUKOM, CO3JaHHE
cBOeoOpa3HOro 1moaoous TenerpadHbIX MPOBOJIOB.

Ho 31ech BO3HHKAET cephe3HBIN BOIIPOC: KAKHM Ke 00pa3oM
HEeyJOBUMasi, HEOLTyTUMasi KBaHTOBasi HHGOpMaIKs BAPYT MO3BO-
JUJIa BCE-TaKW IepenaTh HWH(OPMAIMIO KIACCHYECKYIO, Belle-
cTBeHHYI0? BeposTHO, 4TO B JaHHOM Ciy4ae, MO BCEil BUIUMO-
CTH, yAaJlochb 00OMTH 3ampeT Ha KJIOHUpoBaHuE (HoToHA. XOTS O
€IMHCTBEHHOM Cllydae KJIOHUPOBaHHUS OBLIO HM3BECTHO U paHEe:
3TO KJIOHHpOBaHWE (PoTOHA B OAa3MCHOM COCTOSHWUHU. Takoe KIo-
HupoBanue ocymectsiseT reiit CNOT. Dra onHa-enuHCTBEHHAS,
OyKBaJIbHO KpOIIIEYHAsi BO3MOXKHOCTH CO3JIaHHSI KJIOHUPOBAHHOTO
¢doToHa AOMYyCTHJIAa BO3MOXKHOCTb Iepelad KJIacCHYeCKOM HH-
dbopmaruu, GopMaNbHO aXke W HE Hapylias TEOpeMy O 3ampere
KIIOHHUPOBAHUS KyOuTa.

OnumieM Takyl0 BO3MOXHOCTb Iepefaud HMHGOpMaluu B
BUJe HEOONBIION HUCTOPHUH C TPAAUIMOHHBIMH YYaCTHUKAMH
Anucoit 1 bobom, KOTOpbIe pelniau OCYIIECTBUTh NIepejady CUr-
HAJIOB MOCPEJICTBOM KBAHTOBOI'O HeJOKajdbHOro cemadopa. Ilo-
yemy cemadop, a HE TPaJULUOHHbIE TEJEHOpTalMs WU Teje-
rpad? Jleno B TOM, 4TO /1Ba OPTOrOHAJIBHBIX CHUTHAja — BEPTH-
KaJbHBIH M HAKIIOHHBIA KPECThl MOJSPU30BAaHHBIX (POTOHOB J1O-
BOJILHO CHJIBHO HAallOMHHAIOT MOPCKOH cemadop, Korjma marpoc
pa3MaxuBaeT (uaxkamu, odpaszys pazHble QUrypbl. O4eBHAHO,
YTO pa3HUIA HAKIOHOB B 45 rpaaycoB COOTBETCTBYET MAaKCH-
MaJIBHOW Pa3IMIMMOCTH TOJIOKEHHS TaKuX KpecToB. KoHewHo, B
3TOM Cllyyae HCIOJIb3yeTcss He Mopckas cemadopHas az0yka, a
a30yka Mop3e, TOCKOIBKY Y TakuX (PJIAKKOB TOJIBKO JIBa TOJIO-
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KEHHUs, XOTS BO3MOXKHO U CKOJIb YTOJJHO MHOTO IPOMEXYTOUYHBIX
IOJIO’KECHHUH.

Wtak, nas Takoro 3KCIEPHUMEHTa OHU COOpaiu MOJENb
KBAaHTOBOT'O HEJIOKAJIbHOTO ceMadopa MPUMEPHO TaKOro BHIA,
KaK Moka3zaHo Ha puc.4. Ha o1nHaKOBOM pacCTOSHUU OT ceOs OHH
YCTaHOBWJIM MCTOYHUK 3aITyTaHHBIX (POTOHOB S, KOTOPBIN HCITYC-
KaeT HEMpPEPBIBHYIO MOCIEI0BATEIBHOCTh (DOTOHHBIX Map Vi U V.
CBou momydeHHbIE (OTOHBI AJHca MPOMYCKAeT yepe3 Bpamiae-
MBI ToJsipusarop. UtoOwl nmepenars boby coolmienue ¢ momo-
mpto a30ykn Mop3se, Annca MOBOpayMBaeT CBOI MONAPH3ATOP B
OJIHO U3 JIBYX IIOJIOKEHMI. BepTUKaIbHOE IOJIOKEHHUE TOJIIpU3a-
TOpa 03HayaeT TOYKY (HOJIb), HAKIIOHHOE 1o 45 TpaaycoB — THpE
(emuuuity). Ha cBoeit cropone boO mpuHUMaeT BTOpbIC W3 Tap
3amyTaHHble (DOTOHBI M TPOMYCKAeT MX Yepe3 KBAHTOBBIA T'eHT
CNOT, nopmaBast Ha ero ympaBJISIOUINA BXOJ MOJyYEHHBIE 3aIy-
TaHHBbIE (POTOHBI, a HA YIPABISIEMBI BXOJ — (OTOHBI C TOPU3OH-

TAJIbHOW MOJIAPU3ALIUEH.
<—V

0 g X
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¢ ¥ ==
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AJmnca bo6

Puc.4. KBanToBBIi HeTOKaILHBIN cemadop

C BbIXOJa relTa ynpapisIOMUNA U yHpaBIsSeMbli (OTOHBI
bo6 mponyckaer uepe3 HakJIOHEHHBIE MOA 45 TpaaycoB pacuien-
JISIOLIME TOJSPU3aTOPbl U ¢ TIOMOIIbIO YCTPONCTBA COBIAJCHUS
M3MepseT MapHble perucTpaium, koraa o6a GpoToHa OgJHOBPEMEH-
HO TIPOILIH JIMOO HA OJHOMMEHHBIC UX BBIXOJIBI (TUTFOCOBBIC WITH
MHUHYCOBBIE), 100 Ha pasHOMMEHHbIe. KOHEYHO, HCTONb30BaHKE
pacIlEIUISIONINX TOJSIPU3aTOPOB HE 00s3aTENIbHO, MOCKOJIBKY
BCSIKOE TIPOXO03KJIEHUE HAa OJWH BBIXOJ] TOKIECTBEHHO OTCYTCTBHUIO
TAKOT'0 TPOXOKJAEHUS HA IPYTroi. Y CTPOMCTBO COBIAICHHS Bblla-
€T mH(pOpMAIIMI0O O MPOLIEHTHOM COOTHOIIEHUHM MapHBIX peru-
ctpanuii. Ecnu Bce ¢hOTOHBI MapHO MPOILIH Yepe3 OJHOUMEHHBIC
BbIXOAB! mossipuzatopoB (100%-Hoe coBmanenue), To bob 3amu-
chIBaeT Tupe (eauHuIy). Eciu oJHOMMEHHBIX PErucTpanuii ToIb-
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ko 50%, To bo0 3anmuckiBaeT Touky (HOMb). [lockonmbKy coBmaze-
HUSL (POPMUPYIOTCS MPH KOJUTAIICE BOJIHOBBIX (DYHKIMHA 3amyTaH-
HBbIX ()OTOHOB Vi H Vo, TO Takas mepeaada TekcTa a30ykoit Mopse
MPOKCXOJUT CO CBEPXCBETOBON CKOPOCTHIO [7, 6].

3aKjaouyeHue

B zaxirouenue cnepyer crenarb, BUAMMO, HEOXKHIAHHBIH
BbIBOJ. OCTarOTCSl COMHEHHUSI B OKOHYATEIbHOM U yOeAUTEIbHOM
JI0Ka3aTeNIbCTBE TOTO, YTO KBAHTOBAs HEJIOKAIBHOCTb MOXET
OBITH HCIIOJIb30BaHA JIJIsl CBEPXCBETOBOM Iepeaadn WHGOopMauu
— CITUIIKOM y>K MHOT'O BOIPOCOB BO3HUKAeT B (PU3HKE MPH TaKOH
Bo3MOkHOCTH. Ho, ecnu mpuBen€HHbIE BBIKIAJAKH HEBEPHBI, TO B
yéMm ommbka? Bo3MokHO, OHa 3aKII0YEHAa B TPAKTOBKE 3allyTaH-
HOCTU. B yacTHOCTH, BUAMMO, TOJIBKO 3KCHEPUMEHT MOXKET IMO/I-
TBEPAUTH, YTO MPH 3ayThIBAHUH Map 3allyTaHHBIX (DOTOHOB Ha
OJIHOM CTOPOHE NPUBEAET K 3aIlyTAHHOCTH M UX YAAJIEHHBIX I1ap.

Kpome Toro, ecnu mocmotrpers autepatypy nmo CNOT, To
MOKHO BCTPETHTHh YTBEPXKJICHHUS, YTO HA BBIXOJEC I'elTa ()OTOHBI
3alyTaHbl 6ce20a U BO BCEX PEKHUMax. B 3ToM ciyuae cenekius
(OTOHOB Ha BBIXOJAxX MPEAJI0KEHHON CXEMbI HE TIO3BOJIUT pa3iiu-
YUTh WX HUCXOJHOE COCTOSIHHE W mepefauu uHpopmanuu He Oy-
IeT.

Hpyrumu cnoBamu, ypaBHeHus (3) u (4) Toxe, BHUAUMO,
MPEJICTABIISIOT 3alyTaHHbIE COCTOSHUS (POTOHOB, XOTS 3TO JO-
BOJIbHO CTPAaHHBIE COCTOSIHUS 3alyTAHHOCTU. [[eHiCTBUTENBHO, B
3TOM ciiydae 006a (poToHa HaXOJATCS B COOCTBEHHBIX COCTOSHUSIX
Y UMEIOT TOYHO ONpPEAENEHHbIE MOISPU3aLUU, a UX COBMECTHOE
COCTOSIHHE SIBJISIETCSI TEH30PHBIM NPOM3BEACHHEM, O3HAYAIOIINM
OTCYTCTBHUE 3allyTaHHOCTH, BOMPEKM MHOTOYHUCICHHBIM 3asiBlie-
HHUSM OT UMEHM KBaHTOBOM MexaHuku! Takas 3amyTaHHOCTb, €CIIN
OHa JIEHCTBUTEIILHO UMEET MECTO, BeCbMa KpacouHa. DoToH ¢ 10-
CTOBEPHO M3BECTHOW MOJISIpU3ammeil 6e3 Kakoro Obl TO HU OBLIO
BJIMSHMS M3BHE MMOBOpPAYMBaeT €€ B MPUEMHHUKE Ha TJia3ax dKcIe-
pumenTaropa. M cpasy ke CTaHOBUTCS OYEBUAHBIM, YTO TaKas
3aIyTaHHOCTh C em1€ OOJbIIeH MPOCTOTON MO3BOJISIET MPOU3BECTH
CBEpXCBETOBYI0 Tepenady uHpopmanuu. [ToBopaunBas mossipu-
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3aTop y (OTOHA B IepeAaTyrKe, Mbl MOJy4aeM Ha BBIXOJE TaKoe
e BpauieHne (poToHa B IPUEMHHUKE.

B mobom ciiydae paccmorpeHHasi cemadopHas KBAHTOBAS
CUTHaJM3alus, "CTpaHHas 3alyTaHHOCTh' WJIM YIPaBISIEMOE Iie-
PEKIIIOUEHHE COCTOSIHHMS 3allyTaHHOCTH Tapbl yAAlIEHHBIX (OTO-
HOB (paKTUYECKH CO3JAIOT PAJl CephEIHBIX (PU3MUECKUX MpodiieMm,
napajiokcoB. [losBisieTCsl BO3MOXHOCTD c8epxceemosoii nepea-
4H KJIaccu4uecKoil mHpopMaiuu, 4to Ae-(pakTo BCTyHaeT B MPOTHU-
BOpEYME CO CHEUHUAIBHON TEOpUE OTHOCUTENIBHOCTH. [Ipsimo ro-
BODsI, OIIPOBEpTaeT e€ OCHOBHBIE MOJ0KeHUsI. CTaHOBUTCS HElleH-
CTBHUTEJIBHBIM BBIBOJ M3 OCHOBHOTO IOCTYJIaTa TEOPHHU — O TIpe-
JIEIBHOCTH CKOPOCTH CBETa M HEBO3MOXKHOCTU CBEPXCBETOBOI
nepeaayn B3auMOJCHCTBUS WM CUTHaJoB. OTBEpraroTcs NMpHH-
LUl OTHOCUTEILHOCTH OJHOBPEMEHHOCTH, mpeolOpazoBanus Jlo-
peHIa.

KoneuHno, Takyr CHUTHAJIM3alMIO JOBOJBHO CJIOXKHO MC-
MOJIb30BaTh B JaJbHEH KOCMHUYECKOH CBSI3M, XOTS 3TO OBUIO OBI
caMbIM MEpPCHEKTUBHBIM €€ MpuiioxkeHueM. [ Takoi cBsi3u Tpe-
Oyercs co3aTh HeKoe (POTOHHOE MM0100Me OOBIYHOM TenerpadHON
JIMHUU CBSI3U (TIPOBOA, ONITOBOJIOKHO), YTO CBSA3aHO C 3aMETHBIMU
TEXHUYECKUMHU TPyAHOCTSAMHU. Ho €€ 1ocTaToOYHO MPOCTO MCIOIb-
30BaTh JUIsl KOJUPOBAHHOM mnepenaun uHpopmauuu. VMcTouyHuk
3aIyTaHHBIX (DOTOHOB TEPENaeT MX OTHPABUTEIIO U TOIYYaTEIIo,
Harpumep, 1o oObIYHON BOJIOKOHHO-ONTUYECKON JTMHUHU, OO0 CO
cinytHuka. llepemaya wmHpOpMaruy TpPOW3BOIUTCS JMOO HEMO-
CPEACTBEHHO IMyTeM ONMMCAaHHON ceMadOpHOW CUTHAU3ALUH, JIH-
00 mepenaveil OTKphITOro Kitoua. JIroboe mocTopoHHEE BMelIa-
TEJbCTBO B CEAHC CBSA3M cpa3y ke OOHapy>KUBaeTcs 10 Hapyle-
HUIO KOHTPOJBHBIX CYMM M MOKET OBITh HE3aMEeTUTEILHO Tpe-
cedyeHo. OueBUAHO, 4TO /1B€ paccMoTpeHHble Bbile MCO Ainncel
u boOa, cBs3aHHBIE TaKMM KaHAJIOM CBSI3H, MOTYT JBUTATHCS OT-
HOCHUTEJIBHO JIPYT ApyTa ¢ J11000# CKOPOCThIO, 4TO, COOCTBEHHO, U
BeZIET K BOBHUKHOBEHHIO CBEPXCBETOBBIX MAPAIOKCOB TEOPUHU OT-
HOCHUTEJIBHOCTH.

Kak m3BecTHO, CBEpXCBETOBYIO CHTHAIIM3AIIUIO TEOPHUS OT-
HOCUTEJIbHOCTH HEPEJIKO TPAKTYEeT KaK CUTHAJIM3AIMI0 BO BpeMe-
HU, KaK nepeaady WHPOpPMauy B MPOIUIOE, TO €CTh, KaK HEKHA
BapUaHT MamuHbBl BpeMeHU. OJHAKO 3TO HEBEpHBIA MOIXO.
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CBerCBCTOBaSI CUrHaJin3anus OmpoBCpracT OCHOBBI CIICHIUATIb-
HOH TEOPHUHU OTHOCUTCIBHOCTH, IIOOTOMY U BCEC e€ BBIBOAbI B 9TOM
CJIy4dac TaKKC CTAHOBATCA HGI[GI;'ICTBI/ITGJIBHBIMI/I.
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