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CBEPXCBETOBAA IIEPEJAYA HH®OPMAIINHU
SUPERLUMINAL TRANSMISSION OF THE INFORMATION

Annomayun: PaccmoTpeHa MomuQHKanus TPaIUIMOHHOW YCTAaHOBKH JUIS TEJICMOPTAIHH
KBaHTOBOTO COCTOSHHMsSI KyOurta. Ha mepenaromell cropoHe H3MEHEHAa Ha TPOTHUBOIIOJIOKHYIO
nocnenoBarenbHocTh reiitoB CNOT u refita Anamapa. MoandunupoBaHHas yCTaHOBKA ITO3BOJISIET
TEJIEIOPTHPOBATH TETIEPh YXKE HE MPOCTO HEM3BECTHOE COCTOSIHHE KyOHTa, & COCTOSTHHE 3aITy TAHHOCTH
KyouToB. Ha cTOpoHe mepenarynka yCTaHOBKA MIEPEBOAUT JBa KyOUTa B COCTOSIHUE 3aIlyTaHHOCTH, B
pe3yibTaTe 4ero W Ha CTOPOHE NpPHEMHHKA JBa KyOMTa TakKe OKa3bIBAIOTCS B COCTOSHHU
3amyTaHHOCTH. [loka3zaHa Tak)Ke BO3MOXKHOCTh HEIMOCPEJICTBEHHOH Tepeladn  KIacCHUeCKOu
nHpopmanuu ¢ nomoipto reiita CNOT.

Abstract: 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 entanglement. It is shown also the possibility of direct transmission of classical
information using the gate CNOT

Knrwouegvie cnoea: teopema o 3anpete kionupoBanust; reit CNOT; HernokanbHOCTD; Tiepeaaya
nH(popManuu
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BBenenue

SIBneHure 3amyTaHHOCTH HEMOCPEACTBEHHO CJEAyeT U3 MaTeMaThuyeckoro Gopmanuszma
KBaHTOBOM MEXaHUKH. B COOTBETCTBMM € INEPBBIM IOCTYJAaTOM KBAaHTOBOM MEXAHUKH COCTOSIHHE
KBAaHTOBOW YaCTHIIbI TIOJHOCTBHIO OMHUCHIBAeTCA €€ BONHOBOM (yHKIMeHd. OIHAKO B HEKOTOPHIX
ClIly4asiX KBaHTOBBIM YacTHUIlaM He YAA€TCs MPUIHNCATh HHIWBUIYalbHBIC BOJHOBBIE (DYHKIWHU, a
TOJIBKO OJHY Ha BCe€X. Takoe COCTOSHHE YaCTHI] Ha3BAaHO 3allyTAHHOCTBIO. DTO COCTOSIHHE YAAJIOCh
MOJIYYUTh HA PEAIbHBIX YACTHUIAX, HAIPUMEpP, B TaK Ha3bIBAEMBIX IIpolieccax MapaMeTPUUYECKOTo
pacmaja, mpeoOpa3oBaHus ¢ TOHKEHUEM 9acTOThI (down conversion) Ha CICIIMAIBHBIX KPUCTAJIAX.

dusznueckoe MpOSBICHUE 3alyTaHHOCTH B (opManu3Me KBAHTOBOW MEXaHHKE ITOIYyYHIIO
COOCTBEHHOE€ HMSI — HEJIOKAJbHOCTh KaK aHTaroHM3M TaK Ha3bIBAEMOMY JIOKAIBHOMY pealu3My
DOHHIITEeHA, KOTOPBIM HE JAOMyCKal MPOCTPAHCTBEHHOMOAOOHOH 3aBUCUMOCTH MEXY 3aIlyTaHHBIMU
yactuamu. OH mpeznosarai, 4To SKCIEepUMEHTaIbHO HaOrofaeMasl CBA3b MEXAYy YacTHIIAMHM Ha
camoM jene (opMupyeTcs B MOMEHT UX 3allyThIBAaHMS U COXpaHSAETCS OO0 KOHIA OmbiTa. 1O €cTh,



CIIy9alfHBIMU COCTOSTHUSI 4acTHI (OPMHUPYIOTCS B MOMEHT WX pa3jielieHus. B mampHeinieM oHU
COXPaHSIOT MOJYYEHHbIE NPU 3aMyTHIBAHUU COCTOSIHUS, M «XPAHATCS» 3TH COCTOSHHUS B HEKUX
JJIeMEHTax (PU3UIECKON PEeaTbHOCTH, OMMCHIBACMBIX «IOMOJIHUTEIIBHBIMU TTApaMETPaMM», MMOCKOJIBKY
W3MEPEHUS HaJl pa3HECEHHBIMHM CUCTEMAaMH HE MOTYT BIMSTH APYT Ha Apyra:

«Ho onmHO mpeamnoniokeHue MpeACTaBIseTCs MHE OeccriopHbIM. PeallbHOE MOJOKEeHHE Belen
(cocTostHHME) CHCTEMBI S2 HE 3aBHCHT OT TOTO, YTO MPOJENBIBAIOT C MPOCTPAHCTBEHHO OTAEIEHHON OT
He€ cuctemont S1» [4, ¢.290].

«... TaK KaK BO BpeMs U3MEPEHUs 3TH JIBE CUCTEMBI YK€ HE B3aUMOJCICTBYIOT, TO B pe3yJibTare
Kakux Obl TO HM ObUIO omepauuii Haja THEpBOM CHCTEMOM, BO BTOPOH CHCTEME YXKE HE MOXKET
MOJTYYUTHCSI HUKAKUX peaIbHBIX U3MEHEHU» [5, ¢.608].

K ucrokam BO3HMKHOBEHHS TaKMX B3TJISIOB Ha KBAaHTOBYH0 MEXaHHUKY MOXXHO IO TIpaBy
oTHecTH mapaaokc OJiHmTelHa-Ilogonsckoro-Po3ena (DI1P-mapamokc), KOTOpbIE CUUTAIH, YTO
KBaHTOBass MEXaHHWKA HEIOJIHA, ITOCKOJIEKY OOHApYKCHHAsI CBEPXCBETOBAs KOPPEISAIUS 3aIlyTaHHBIX
YacTUl JOIYCKAeT OJHOBPEMEHHOE ONpEIEIeHUE HEKOMMYTUPYIOIMIMX MapaMeTpPOB CHCTEMBI,
3anpemaemMoe hopmanuzMoM Teopur. VIMEHHO 3TH MPEANOJIOKEHUS W TMONYYWIM B JaldbHEHIIEM
Ha3BaHUE JOKAJIbHOTO peanu3Ma DUHIITeHA:

«Hacuer TOro, 4ro mMoOHMMAaTh MOJ HEJOKAIbHOCThIO B KM, TO B Hay4yHOU Cpeie, 1 CUUTAIo,
CJIOKHIIOCH HEKOTOPOE COTJIACOBAaHHOE MHEHHE Ha 3TOT cueT. OOBIYHO MOJ HeloKambHOCThI0 KM
MMOHUMAIOT TO OOCTOSITENbCTBO, 4TO KM MpOTUBOPEUYUT MPUHIHUITY JIOKAJBHOTO peain3ma (ero ee
YacTO Ha3bIBAIOT MPHUHILMUIIOM JIOKAIBHOCTH OWHINTeWHa). [IpuHIMI JOKampHOrO peanu3Ma
YTBEP)K/IA€T, UYTO €CIU JIB€ CUCTeMbl A W B mpoCTpaHCTBEHHO pa3leieHbl, TOTJa IMPHU TOJTHOM
onucaHuu (HU3NYECKON peanbHOCTH, IEHCTBUS, BBIMIOJIHEHHBIE HAJl CHCTEMOMN A, HE TOJKHBI U3MEHSThH
cBolcTBa cucteMbl By [3 — ccplika ycrapenal.

HenokanbHOCTh, MIHOBEHHasi KOppEJALMS MEXAY 3alyTaHHbIMA KBAaHTOBBIMH 4YacTHULAMU
SIBJIICTCS OJTHUM W3 CaMbIX 3araJIoYHBIX SBICHUH (HU3HKU. BykBallbHO €€ CYIIHOCTh MOKHO BBIPA3HTh
¢bpa3oii "cBs3b ecTh, HO €€ HeT". [IposiBnsieTcs 3Ta CBA3b MpU Mepenadye Tak Ha3blBaéMO KBaHTOBOU
nH(pOpMALIUY MEXTy 3allyTAHHBIMH IMTapaMU KBAHTOBBIX YacTHUIl. [Ipy U3MEepEeHUN COCTOSIHUS OTHOU U3
YacTUIl THapbl BTOpas 4YacTUIa MTHOBEHHO M Ha MPOCTPAHCTBEHHONMOJOOHOM pAacCTOSHUU TaKke
MEepPexXoUT B COOCTBEHHOE COCTOSIHHME, OYITO W HaJ HEil mpow3BeleHa omepanus usmepeHus. [lpu
3TOM COCTOSIHUE BTOPOM YaCTHIBI CTPOTO KOPPEIUPOBAHO C cocTosiHueM IepBoil. [lomyuaercs, 4ro
mepBasi yacTHIla Kak Obl mepefaeT BTOPOM YacTHIIE HEKOTOPYH HH(OPMAIMIO CO CBEPXCBETOBOU
CKOPOCTBIO.

CoOCTBEeHHO HOCHTENh 3TOM WH(GOPMALIMU 3apETHCTPUPOBATH B HACTOSIIEE BPeMs HE YJAIOCh,
MOATOMY TIepeaada WH(OpPMAIMK TMOCPEICTBOM HEJOKAJIBHOW CBSI3M CUMTAETCs HEBO3MOKHOW. Ha
pOJIIb HOCHTENSI 3TOW HEYJIOBUMOW KBAaHTOBOW HMH(OPMAIIMM MOXKET MPETEHAOBATH THIIOTETHYECKAS
YyacTHIla — TaXMOH, TaKXe He 0OHAPYEHHBIH HU B OJHOM SKCIIEPUMEHTE.

Bmecte ¢ TeM BO3HMKAaeT HEKOTOpas B3aUMOCBS3b SIBICHHUM: €CIU MPOUCXOIUT KaKOe-TO
B3aMMO/JICHICTBHE CO CBEPXCBETOBOW CKOPOCTHIO, KOTOpPOE OOHApPYKEHO B pealbHOM (PU3UUECKOM
AKCIIEPUMEHTE — KBAHTOBAs TENEMOPTAIMS, TO MBI 0053aHbl TPU3HATH, YTO CYIIECTBYET M HEKHIA
peajbHO  CYHIECTBYIOMMH  (U3HUYECKUN, MaTEpPHAIbHBIA  Hocumenb  ATOW  HMH(POPMAIIHH.
CrnenoBatenbHO, 00/1J/CHA CYIIECTBOBATh U BO3MOXKHOCTH CBEPXCBETOBOH Mepenadd yKe He TOJIBKO
MHCTHYECKOW KBAHTOBOHM MHGOPMAIINH, HO U PEAIbHOM, KITACCUYECKON HH(OpMAaITUH.

Kak wu3BecTHO, sBIEHHME KBAaHTOBOW  TENICTIOPTAIMU  OOHAPYKEHO  HMCKIIOYHUTEIHHO
MaTeMaTHYEeCKUMHU CPEACTBAMU B paMKaX KBAaHTOBOM MH(POPMATHKHU. Y paBHEHUS JHOOBIX TOMYCTUMBIX
YHUTAPHBIX TMPEoOpa3oBaHUil KBAHTOBBIX CHCTEM, TO €CTh, MpeoOpa3oBaHUil, HE MPUBOIALIUX K
Mepexo/ly KBAaHTOBBIX YACTHI] B COOCTBEHHBIE COCTOSIHMS, HE COJEpXKaT I[apamMeTpa BpPEeMEHH U
paccTosiHui. DTO BENET K ECTECTBEHHOMY MPENINOJIOKEHHIO O MTHOBEHHOM Iepefadye COCTOSHUMN
00BEKTOB CBSI3aHHOM, €JMHON KBAHTOBOM CUCTEMBI JPYT APYTY, IpUYEM Ha JI0OOM PaCCTOSTHUH.

Ha ocHoBe aHanuTHYECKUX ypaBHEHHI ObUTAa pa3paOoTaHa yCTAaHOBKA IS MEpeIadyd COCTOSHUS
OT OJIHOW YaCTHIIBI 3aIyTaHHOU mapsl K Apyrou. [lepenaBaeMmoe cOCTOSTHUE SIBISETCS] TPOU3BOJIbHBIM U
MOXKET OBITh HEM3BECTHO Mepeaarormieil cropoHe. Ho mpobnema He B ATOM: Jaxe 3Has COCTOSHUE
repeaaBaeMoON YacTHULbl, Mbl HE MOYKEM MIHOBEHHO Y3HAaThb COCTOSIHUE YAaCTHLBI, MEPEJaHHOE



YAQJICHHOW CTOpOHE. DTO BO3MOXKHO JIMIIb C HMCHOJb30BAaHUEM JIOTIOJHUTEIBHON, KIACCUYECKOM
uHpopmanuu. lHaue TOBOpsA, CUMTAETCs CTPOTO JIOKAa3aHHBIM, YTO CBEPXCBETOBas Iiepeaayda
KJIaCCHYeCKOH HH(OpMaIMy MOCPEICTBOM KBAaHTOBOHM TeJEMOpPTAlMA HEBO3MOXKHA. [ JTaBHBIM
AHAJTUTUYECKUM KpPUTEPHUEM B HTOM BOIIPOCE CTajdud TaK Ha3blBaeMble HepaBeHCTBa benna,
YTBEPXKAAIOIINE, YTO HUKAKHUE BEPOSITHOCTHBIE KOPPENIALMM HEBO3MOXKHBI 0€3 CBEpXCBETOBOMU
nepenayu uHGopMaIuu.

CobcTBeHHoO, nousitue "HepaBeHcTBa benna" nopoawna crares [.bemna "[lapamoke DiiHmTeitna
[Tomonbckoro Po3ena" 6puta omyonukoBana B 1964 rony, B Heit benn npoun3sén TiarenbHbI aHATU3
noBoJ0B DifHiTeiHa, [lononbekoro n Po3ena. OH yOeauTenbHO MOKa3ajl, YTO TEOPHUH CO CKPHITHIMU
MEPEeMEHHBIMH B TPHUHIIMIIE HE TMO3BOJSIOT OOBSICHUTH pPE3yJbTaThl, MOJTYYEHHBIE B PEANbHBIX
sKcriepuMeHTax. benn npummén k BeIBOIY:

"B KBaHTOBOW TEOpWUU C IOTMOJHUTEIbHBIMU MapaMeTpamMH s TOrO, YTOOBI OMpPENeIHUTh
pe3ynbTaThl UHIMBUYAJIbHBIX U3MEPEHHM 0€3 TOro, 4ToObl U3MEHUThH CTATUCTUYECKUE MPEICKa3aHMs,
JOJKeH OBITh MEXaHW3M, IMOCPEICTBOM KOTOPOTO HACTPOIKa OJHOTO H3MEPSIOIIET0 yCTpPOMCTBa
MOXXET BJIMITH Ha UYTEHUE JPYroro OTJAJIEHHOro HMHcTpyMeHTa. Kpome Toro, 3amelicTBOBaHHBIN
CUTHAJI JOJDKEH paclpOCTPaHITLCA MTHOBEHHO ..." [1].

Jpyrumu cioBamMu, €ClIM Mbl C HO3HIMHM TEOPUM C JOMOJHUTEIbHBIMU IapameTpamMu OylieM
YTBEPKaTh, YTO PE3yJbTaThl U3MEPEHUN HaJ KaXIOW YaCTHUIEH MOJHOCTBIO HE3aBUCHUMBI JAPYT OT
Ipyra, HE3aBHUCHMBI B (U3UYECKOM CMBICIIE, a BCE COBNAACHUS SBISIIOTCS CTAaTHCTUYCCKUMHU
CJIEICTBUSIMHU, TO €CTh, I10 CYLIECTBY, OHH BCETO JIUIb CIIyYallHbIE COBINAJCHUS, TO B 3TOM CIIy4ae MbI
OyZieM BBIHYXJIEHbI NEPEJIOKUTh BECh I'Py3 ATOM CIydyallHOCTH HAa HEKMM MEXaHU3M, YHOMSHYTBIN
bennoM. DTOT MexaHW3M [OIKEH 007aJaTh CIOCOOHOCTHIO MOACTPAMBATHCS MOJA H3MEPEHHS CO
CBEPXCBETOBOM CKOpOCThiO. Clie1oBaTeNbHO, TaKash TEOPUSl OMSATh-TaKH MPOTHUBOPEUMUT CIIELHUATbHON
TEOPHUH OTHOCUTENBHOCTU U MO3TOMY TOk€ oTBepraet DIIP-apryMeHTsI.

Eme oauH 3ampeT Ha CBEPXCBETOBYIO Iepenady KIacCHYECKOM HH(pOpMalluu HaKJIaJbIBacT
TeopeMa O 3ampere KIOHHpoBaHMs KyOuTa. KioHupoBaHue MOTio Obl MO3BOJUTH MHOTOKPAaTHBIMH
M3MEPEHUSMH KJIIOHOB OIPEJICIUTh COCTOSTHUE TEJICOPTUPOBAHHOTO KyOHTa.

BwmecTe ¢ Tem, BOIpoc 0 HEMOCPEACTBEHHOU Tepenaye HHPOPMAIMKM KaK TAKOBOU SBISIETCS /10
CHX TIOp JUCKYCCHOHHBIM. B 01HO#1 13 pa®ot 3TOT Bonpoc popmynupyeTcs B SBHOM BUJE:

"[TogpasymeBaeT M Tiepenada HETOKaIbHOW HWH(GOPMAIIMH aBTOMATHYECKU CBEPXCBETOBYIO
curHanuzanuio?" [2, ri.1.1]

3nech, Kak BUIUM, (AKTHUECKHM MEXKIy KBAaHTOBOM (HEJIOKAJTbHON) M KIACCUYECKOU
uHpopManueii He NPOBOAUTCSA SBHOW TpaHuibl. KoHcTaTHpyercsi, 4To cama 1o cebe mnepenava
CBEpXCBETOBOW MH(GOpPMAIMU HE NMPUBOAUT K BO3HUKHOBEHHUIO MapaJOKCOB MPUUMHHOCTH, €CIU 3Ta
uHpopmanus Heoocmynua. KBantoBas napopMmariys, mo KkpaifHeli Mepe, B HaCTOsIIEee BpeMs TaKOBOM
u sBasieTcs. OTcro/1a BOZHUKAET HHTEPECHAs: MHTEPIIpeTalys HeJOKallbHOM HHpOpMaIiK, KaK OTHOM U
TOM e WH(POPMAILIUK OJHOBPEMEHHO MPUCYTCTBYIOMIEH B BYX pa3HBIX 00JacCTsIX MPOCTPAHCTBA. JTa
nHpopManus Kak Obl 00BEIUHSAET ITH 00JIACTH, OHA CTAHOBHUTCS '"TIPOCTPAHCTBEHHO PACHIUPEHHON"
[2, 111.6.3].

Hecmotpst Ha Bce 3TU JOBOJBI, apryMEHTHl MOKHO IMPOBECTH (PyHIaMEHTANIbHYIO Napauieib
MEX]ly KBAHTOBOM M KJIacCHYecKOi nHpopmarueir. XoTs HOCUTEIh KBaHTOBOM MHPOPMALIUU B SBHOM
BHJI€, B JKCIEPHUMEHTE HE 3apErMCTPUPOBAH, €CTh TMIIOTETUYECKAs] BO3MOXKHOCTh MCIOJIb30BAHMS
KBaHTOBOM MH(OpMAIUK JUIs CBEPXCBETOBOU Nepeaayd HH(OpMAIMH KIACCUYECKOH.

Co3nanme 3anyTaHHbIX cocTossHUI reiitom CNOT

IToMMMO KOCBEHHOUN CBEPXCBETOBOW CHUTHAIM3ALUWU ITOCPEACTBOM TEJIEMOPTAUMUA COCTOSHHUS
3alyTaHHOCTM MOKHO pAcCMOTPETh €Ile OJWH TUIOTEeTHYECKUH Crocod HEemocpeaCTBEHHON
CBEpXCBETOBOM KOMMyHHKAru. C 3TOH 1Lenpio yIOOHO HCmonb30oBaTh kBaHTOBBIE reidTel CNOT,
KOTOpPBIE€ MO3BOJIIIOT TOJYYUTh COCTOSHHE 3alyTaHHOCTH BMECTO MapaMETPUUYECKOro pacraja.
MaremaThueckoe ONHMCaHME JTOro Ipolecca JAocTaTodHo HarsiaHo. Cxema reiita CNOT
npejcTaBieHa Ha puc.la — m3zoOpakeHue, yallle BCEro MCIOJb3yeMOoe B JHUTepaType, Ha puc.1o6 —



n300pakeHNe TelTa, WCIONB30BAHHOIO B CXEM€ TPAJAWLIMOHHOW KBAaHTOBOH TEJIENOPTALUU
(mepeBepHyTO).

CNOT
a A b—CNOT—B

a) b)
Puc.1. Cxema reiita CNOT

O0603HaueHUsT BXOJIOB M BBIXOOB NIEPEBEPHYTOTO H300paKEHUS TelTa, NCIOIB3YEMOT0 Jaiee B
CXeMe€ pHC.2, TOJHOCTBIO COOTBETCTBYIOT €ro TPAAMIMOHHOW TaONuIle COCTOSHHM (HUXKeE).
MareMaTuuecku 3TOT KBAaHTOBBIN OTIEPATOP OMUCHIBACTCS BHIPAKECHUEM:

P:_-.la. b)= |a,a D b)
b

rne a@b o3HadaeT JOTMYECKOE CloKeHHue 1Mo Moaymto 2. Kak BHIAHO W3 BBIPAKCHHS,
YOPaBISIONUI CUTHAT MPOXOJUT CO BXOAAa Ha BhIXoJA 0Oe3 m3MeHeHui. Martpuia npeodpa3oBaHus
reiita CNOT umeer Bun:
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[Momamum Ha ynpamastommii u ynpasnseMblii Bxoasl CNOT nBa ¢(oToHa, COOTBETCTBEHHO, B
CIEAYIOIIUX COCTOSTHUSIX:
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[Mocne nmpoxoxaeHust GOTOHOB Yepe3 TeUT OyIeT MOTydeHO HOBOE COCTOSTHHE CUCTEMBI:
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3HaK HEPAaBCHCTBA O3HAYACT, YTO HA BLIXOAC IIOJYYUYCHO 3allyTaHHOC (66J'IJ'IOBCK06) COCTOSIHUC
(OTOHOB: YIPABJIAIONMIETO ¥ YIPABISIEMOTO, ITOCKOJIBKY TAaKOE COCTOSHHE HE MOXET OBITh
(1)aKTOpI/I3OBaHO, TO €CTb, HC MOXKCT OBITH MpEACTaBJICHO KaK TCH30PHOC IMPOU3BCACHUC COCTOSIHUU
He3aBUCUMBIX (poToHOB. U3 3TOTO Cpasy ke cieayer, YTO BXOAHOW YIPaBJIsIOMINN CUTHAI HA BBIXO]] B

HCU3MCHHOM BHUJC BCC-TAaKH HE HpOH_IéJ'I.




CocTosHUS KBaHTOBBIX HacCTull C HCJIOKaJIbHBIMH CBOMCTBaMH B KBAaHTOBOM MEXaHUKE M3BECTHBI
KaK COCTOSIHMS TTOJTHOM 3aIIyTAHHOCTU — COCTOAHUA benna:

%)= (00} £ 11))
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JIBa u3 ATUX COCTOSHUW B JIMTEPAType M3BECTHHI MOJ COOCTBEHHbIMH MMeHamu: Yy — "DIIP-
cocrosHue" u ¢* — "cocTosiHKE MIPETMHTEPOBCKOro KoTa", YacTUIBI B COCTOSIHUM 3aITy TAHHOCTH BEYT
cebsl Kak eauHOE LEJI0€ HEe3aBHUCHUMO OT pACCTOSHUS MEXAY HUMH, JEMOHCTPUPYS TMOJHYIO U
MIHOBEHHYIO B3aUMOCBs3b. OJJHAKO NMPUBEAEHHBIE YEThIpE COCTOSIHUS beia — 3To JIHIb Y4acTh BCEX
BO3MOXHBIX COCTOSIHUHM 3aIlyTAHHOCTH, UX YaCTHBIA ciaydail. Kak u uncThix cocTtosinuid bemna, Takux
OOIIMX COCTOSTHUN TaK)Ke YEThIpE:

9= = |00} £ |11}
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B murepatype reiitr CNOT omnucbiBaeTcss TOMUMO YPaBHEHHMI TakyKe TaOIHUIICH MCTUHHOCTH, B
KOTOpPOM, OJTHAKO, HE OTPAKEHO ATO CBOMCTBO I'€lTa — CO3/1aBaTh 3allyTAHHBIE COCTOSAHUA. TO €CTb,
TpaauIoHHas Tabimia ucTuHHOCTH Teiita CNOT HemonHa, U JO0JDKHA OBITH JOTMOJHEHA CTPOKAMH,
OTPaXKAIIIUMHU CO3JIJAaHUE 3aIMyTAaHHBIX COCTOSIHUM. B KOHEIl MOJHON TaOMWIlbl COCTOSIHHMA TelTa

CNOT nomxHbI OBITH TOOABICHBI CICAYIONINE TBE CTPOKHU:
Tab6muua cocrosauii reiitra CNOT

a b A B

0 0 0 0

0 I 0 0

1 0 1 1

1 1 1 0
alO)yx A1) | |0) | ¢ =a|00)x A1)
a0l | 1) | w=a]01)+ f4]10)

OTH CTPOKU MOKA3bIBAIOT, YTO MPH ONPEAEIEHHBIX KOMOMHAIMAX BXOAHBIX CUTHAJIOB HA BBIXOJIE
oOpa3zyercst 3allyTaHHOE COCTOSHHE, KOTOPOE HE SIBJISETCS JIOTMYECKUM CIIOKEHHEM II0 MOIYJIO 2.
3amyTaHHbBIE COCTOSHMSI MpPHUBEACHBI B OOLIEM BHUAE, YaCTHBIM CIIy4aeM KOTOPBIX SBISIOTCS
3amyTaHHBIC COCTOSHMS bemma ¢ u y*, ams xotopsix o=f=1/\2. DT0 IONOIHEHHE pACIIHpSET
nonsatue reiira "Controlled NOT" (CNOT, "ynpaisemoe HE"), mockonbky ero ymnpaBisieMblii BXOJ
MIPH OTIPENIEIEHHBIX YCIOBHUSIX CTAHOBHUTCS YIIPABIISIOIIHAM.

TeﬂenopTauuﬂ 3allYyTAHHOCTH

KBantoBas tenenopranus, TO €CTh, MTHOBEHHAs Ieperada KBAaHTOBOT'O COCTOSIHUSI OT OIHOM
YacTHUIIBI K JIPYTOl — 3TO CBEPUIMBIIMICA SKCIEpUMEHTANbHBIN ¢akT. B mpormecce TpaaunnoHHON
"KBAaHTOBOH TEJICTIOPTAIIMN COCTOSIHHSI" dYacTHIbl (KyOUTBI) TIpeoOpa3yroTcs B CIEIUATBHON
YCTaHOBKE, T'JI€ OHU MOCJIEIOBATEIbHO M3MEHSIOT CBOM COCTOSIHUS. ECiM HEMHOro BHIOW3MEHUTH
KJIACCUYECKYIO0 YCTAaHOBKY, TO MOKHO IOMNBITAThCS OCYIIECTBUTH €II€ OJJHU BAPUAHT TEJIETNOPTALUN —
"TeenopTalui0 COCTOSHUS 3almyTaHHOCTH'. DTo Oonee oOwmuUi ciay4ail Tenemopranuu, Koraa
TEJIEIOPTHPYETCSI HE COCTOSIHUE OJHOTO KyOHWTa, a COCTOSHHE 3allyTaHHOCTH IMapbl KyOHWTOB, 4TO,
BEpPOSITHO, TO3BOJMUT TMOJYYUTh HOBBIM HWHTEpPECHBIM pe3ynbTaT. JlJisi TakoW paclIMpeHHOMN
TEJIENOPTAllUd B CXEME TPAJMIIMOHHON YCTaHOBKH cieayeT nmoMmeHsTh mectamu redt CNOT u reir
AJnlamapa, KaK okKa3aHo Ha puc.2.
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Puc.2. YcranoBka AJIg TEICIIOPTAalUU 3aIlyTAHHOCTH
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[Ipu onucanum npoiiecca TeaenopTanuu 0y1eM CUUTaTh, YTO B €r0 OCYIIECTBICHUH MPUHUMAIOT
y4dacTHe TpaJuIHOHHbIE mepcoHaxu — Anuca u bo0. Ilometrum wunmekcamu A u C KyOUTHI,
npUHAIexKanme Anuce, a uHaekcamu B u D kyOUTBI, COOTBETCTBEHHO, MpuHaanexaimme boOy.
BosHOBBIE (QYHKITHH IBYX 3aITyTaHHBIX ITap OMUCHIBAIOTCS YPaBHEHUSIMU
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Torna Ha CTOPOHC Anncer HCXOOHBIC, HAYAJIBbHBIC COCTOAHHNA CHUCTCMBI I(Y6I/ITOB, Y4aCTBYIOIHUX
B TCJICIOpTALlMN 3allyTAHHOCTH, MOKHO 3aIluCaTh CICAYIOIHUM 06pa30M:

%) ={0)c + 1) )@ (0), +11),)=
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31ech MbI COBEpIIaeM Kaxyllleecss HapylleHne popmaanuzMa TEOpUH, MOCKOIbKY (HOTOHBI AJTUCHI
3aryTaHbl ¢ COOTBETCTBYIOMMMHE (oToHaMu boba, mo3ITomy, Ka3aioch Obl, HE MOTYT OBITH OITUCAHBI
COOCTBEHHOW BOJHOBOM (yHkuMen. OAHAaKO MpU OTCYTCTBUM Bo3AeHCTBUI Ha (oTtoHbl boba mms
Amucel e€ (HOTOHBI HHYEM HE OTIMYAIOTCS OT OOBIYHBIX, HE3aIyTaHHBIX (DOTOHOB, W OHA MOXKET
paboTaTh ¢ KaKABIM U3 HUX KakK ¢ 0ObIYHBIM (poTOHOM. B 3TOM cityuae He3aBHCHMBIE (POTOHBI AJTUCHI
OIHCHIBAIOTCS BOJIHOBBIMM (DYHKIIUSAMU:

12.)=2=(0.)+ 1)
o) = 0c) +1e))

[Tponyctum kyoutr C Anmchel yepe3 redT Anamapa. B pesynbrare moigydaeM HOBYIO (YyHKITHIO
CUCTEMBI

239) = (0), +[).)(0), 1), )+ (o) [+ (0), +[1).)

PackpbiBaeM CKOOKH y MpaBbIX COMHOXKUTENEH

22¥)=[0), [0}, +[1)e)+[1) (0}, + 1) )+
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PaCKpHBaCM OCTaBIIIHECSA CKOOKHU U c061/1paeM OOHOTHUIIHBIC YJICHBI YPABHCHU A

22 %) =10),[0)c +10),[1)c +[1),J0) +[1), 1) +
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0} =1}, [0
ITocse rpyNIMUPOBKY U COKPAILEHUS TIOIyYaeM
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BHCCB MBI B paMKax (1)OpMaJII/13Ma KBaHTOBOM I/IH(bOpMaTI/II(I/I BBINIOJTHHUIIN XOTA U OYCBHUAHBIC, HO
HE BIIOJHE OOOCHOBAHHBIE MaTEMAaTHYECKHUE Oorcpanru: COBIAAAOIMNWEC YJIICHBI YPAaBHCHHA MBI

CJIOKWJIA, a YICHBI, UMCIOIHC IMPOTHBOIIOJIOXKXHBIC 3HAKU, COKPATHUIIH. HMHuaue 3ammch J0JDKHA ObLIa
UMCTBh BU/:
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Ho nocie COKpalICHUS ITOJTYyYaCM BBIPAKCHUC
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3aMeTI/IM, 4TO IMOJIyUYCHHAsA BOJIHOBAA (1)YHKI_II/II/I BBIT'JIAAUT HA HepBHﬁ B3I AOBOJIBHO CTPAHHO!:
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OTO COCTOSIHME HE SBIIAETCS 3allyTaHHbIM, HO JII00O€ COBMECTHOE HM3MEpPEHHE Bcerjza OacT
HYJIEBYIO (TOpU30HTaANbHYI0) nossipu3auio potona C. Kazanocs 0bl, HOTOHBI HE3aBUCUMBI, I03TOMY
JI000MYy pe3ysbTaTy U3MEpeHHs A JOJKEH COOTBETCTBOBATh TAKOM K€ JIOOOH pe3yibTaT U3MEPEHMUS
C. Ho mpuuuHoil oOpa3oBaHusi coctossHUS (2) sBisieTcs neicTBue reiita Anmamapa: ¢oton C B
pe3yJbTaTe MONpPOCTy Mepeles B Ipeeaax CUCTEMbl B OPTOrOHalIbHOE cocTosiHue |Oce .

[Iponyctum mnonyyennyto mapy (2) uepe3 reidit CNOT. dns ymoOcTBa mepenuiieM HOBOE
COCTOSIHUE B MAaTPUYHOM BHJIE:
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[Tocne mpoxoxkaenust poroHoB Aymcel yepe3 redt CNOT cocTossHEE B MATPUYHOM BHIE OyIeT
HUMETH BUA:
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B nmupakoBckoit ¢opme BoJHOBas (DYHKIHS TEIEph YXKe HE MOXKET OBITh MPEICTAaBICHA Kak
TEH30pHOE MPOU3BEICHHE BYX HE3aBHCHUMBIX BOJHOBBIX (QyHKUUH GoToHOB A M C, 4yTO O3HA4aer
3aIllyTaHHOE COCTOSHUE 3THX (POTOHOB (uucToe cocrosuue bemra ¢F, cocTosHME MIPETUHIEPOBCKOTO
KOTa):

[#:)= 6" == (00)+|11))= |1y v2)
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JIJist KOHTpOJISI TPOJIeTIaeM Bce ITH JKe MpeoOpa3oBaHUS B IUPAKOBCKOUM (opme. Hcmonbyem
BBIpakeHHE (2):

|¥,)= f(]o 0c)+[1,0.))
[Tporyctum a1y mapy depe3 redt CNOT u cpasdy ke B COOTBETCTBHE C TaONMICH COCTOSHUMN
reiita CNOT noxyyaeM TO k€ caMoe HOBOE COCTOSIHUE CUCTEMBI:

|
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Wrak, 1ByMs cioco6amMy Mbl MOJYUMJIA OJMH M TOT K€ Pe3yJIbTaT: Ha CTOPOHE AJIMCHI (POTOHBI
A u C mepenum B 3amyTaHHOE cocTosiHME. OJHAKO KaKIBbIH U3 3THX (POTOHOB 3aIyTaH TAaKXKe M CO
CBOEH HCXOAHOM mapoil, MO3TOMY BCIEACTBUE YHUTApPHOCTU IPOBEACHHBIX MpeoOpa3oBaHUi
HEN30€KHO 3aITyTaHHBIMU OKa3bIBAIOTCS U (OTOHEI, Tiepeaanubie booy:
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Ecim Anmca we nemaer Haag CBOMMH (OTOHAMH HUKAKUX HW3MEPEHHH, TO COCTOSHUE
3alyTaHHOCTU COXpAaHWUTCA M Ha cTopoHe boba. DTo o3Hauaer, uyrto ¢doTtonam boba mnepenano
3armyTaHHOe cocTosiHue. B aToMm ciyuae Bce m3mepenust y boba ¢gororoB D u B O6ynyt gaBate 100%
MApHBIX MPOXOKICHUH MPH J1000H OpHEHTAIIMU TOISIPU3ATOPOB.

Ecmu xe Anmca mpousBenéT uM3MepeHHe Haj JIOObIM W3 CBOMX (DOTOHOB, TO €€ (HOTOHBI
MepeIyT B COOCTBEHHBIE COCTOSHUS C pa3pyllIeHUEM 3allyTaHHOCTH, U TOYHO TaK K€ 3allyTaHHOCTh
paspymuTcs u Ha ctopoHe boba. Tenepp Ha cropoHe boba mpu 1000M TOJIOKEHUH TOISIPH3ATOPOB
napHbIX npoxoxaeHuid Oyaer tonbko 50%. Takum oOpa3zom, bob6 MrHoBeHHO y3HaeT, uTo Aunmca
MIpOM3BeJIa U3MEPEHNE CBOUX (DOTOHOB.

KoneuHo, MOXXHO TIPEONOKUTh, YTO Ha cTopoHe boba 3amyTaHHOCTh MOXKET UMETh MHOM B/,
MOCKOJIBKY Ha cTOpoHE ANMCHI (POTOHBI OBLTH MpomnymeHs! yepe3 reut CNOT:
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OnHaKo 3TO HUYETO HE MEHSET MO cymecTBy. [IpocTo B 3TOM ciiyyae mapHBIX MPOXOXKACHUHN HE
Oyzer BOOOIIE, MOATOMY IMO-TIPEKHEMY COXPAHSIETCS BO3MOXKHOCTH OIPENCIUTh H3MCHECHUE
cocTossHUHM (POTOHOB Ha cTOpOHE AnUChl. Terneps yke BO3HUKACT 0OpaTHBIN 3PQEeKT: Mpu 0OTCYyTCTBUU
n3MepeHuit 'y Amucel Ha ctopoHe bob6a OyayT Toiapko paBHOBeposiTHbie m3Mmepenus |0l wu [10e .
Hanportus, npu Hanuuuu u3mepeHuii y Anucel Ha ctopoHe boGa OymyT HabmoAaThes TaKkKe U MapHbIE
npoxoxaeHus (00 u |11 .

[TockoNbKY u3MeHeHue COCTOSHUS 3allyTaHHOCTH Ha MPOCTPAHCTBEHHOIOJOOHOM YJalleHUH
sBIsieTCT  (DUBMYECKH — demeKkmupyemviM, TO OTO O03HAYyaeT MIHOBEHHYIO, HEJOKAIbHYIO,

CBEPXCBETOBYIO Nepeiauy Kidccuyeckol nHHOPMAIHH.
KBanToBblii cemagop

Cunraercs, 4YTO TJaBHOM NpOOIEMO MpH HCHOJIB30BAHMU 3aNMYTAaHHOCTH Ui Mepeladu
nH(pOpPMAaLIUK CUUTAETCS HEBO3MOXKHOCTb PETUCTpAlMU (PaKTUYECKOTO COCTOSIHHMSI KBAHTOBBIX YAaCTHII
U, KaK CJEJICTBUE, HEBO3MOXKHOCTb PA3JIMUEHUS UX HEM3BECTHBIX cocTOsHUM. Ellle oqHO orpanndeHnue
Ha TaKoe Pa3JIMYEeHHE CO3/A€T 3alpeT Ha KJIOHMPOBAHWE KBAHTOBBIX YACTHI]: HAJIMYME KOIUK YaCTHI]
naBaio Obl BO3MOYKHOCTh MHOXKECTBOM H3MEPEHUH OMNPEAETUTh MX COCTOSHHE, TO €CTb, BBIIBUTH
pasinuue MeXxay 4YaCTULAMU, IEPEIABAEMBIMH OT IIEpeAaTYNKa K IPUEMHUKY .

Takum 00pa3oM, MOXXKHO CUMTaTh, YTO MJIsi NPUHUMAIOUICH CTOPOHBI TJIABHOHM MpoOiIemMoit
ABJIsIeTCS MpoljemMa pa3IMuYuMOCTH, TO €CTh, BO3MOXXHOCTH Pa3IMYUTh MOCHUIAEMbIE MEpelaTIYMKOM
CUTHAJIbl, KBAHTOBbIE COCTOSIHUA. llepenaTunk U3MEHSET COCTOSHUSI CBOMX YAacCTHII, YTO MPUBOAMT K
W3MEHEHUIO COCTOSIHUSl YJAIEHHBIX, NPUHAMAEMBIX NPUEMHHUKOM YaCTHUL, TO €CThb MEPENAET UM
KBaHTOBYI0 HH(popmarnuio. CuuTaeTcss TBEpIO YCTAHOBJICHHBIM, 4YTO NPUEMHHK HE CIIOCOOEH
pa3IMYUTh KBAaHTOBBIE YACTHUIIBI MO MX HM3MEHEHHBIM COCTOSHHUSM, HE CIHOCOOEH HENOCPEICTBEHHO
"mpounTars" 3TH M3MEHEHWS KBAHTOBOI'O COCTOSIHMSI YacTHLIbI, IPEBPATUB MX B KJIACCHUYECKYIO,
quTaeMyto nHpopmaIuio.

Paccmorpum BozmoxkHOocTH reiita CNOT amnst ucronb30BaHus B pexxuMe (GUIbTpalnu, CEICKIUH
(OTOHOB B Pa3IMUHBIX COCTOSTHUSX — UX Pa3IMYeHHsl. DTOT €T, KaK OTMEUYEHO BBIIIE, OCYLIECTBIISET
JIOTHYECKOE CIJI0)KEHHWE CUTHAJIOB [0 MOAYJIIO 2, MPUYEM CUUTAETCA, YTO CUTHAJI Ha YIPABIIAIOIIEM
BBIXOJIE PABEH CUTHAJIy Ha YINPABIAIOIIEM BBIXOJE MPOCTO BCJIEACTBUE TOTO, YTO 3TO OJHA U Ta XKeE
muHus (a=A). OIHAKO 3TO CHPABEMJIMBO TOJBKO JJIsi OPTOrOHAJIBHBIX COCTOSIHMM YMPaBIISIONIETO
KyOuTa. Ynpasistonuii KyOuT B npou3goibHoM COCTOSIHUM OyZeT 3allyTaH C yNpaBiIsieMbIM KyOUTOM,
nomepsiem CBOE NIEPBOHAYAILHOE COCTOSIHUE U TIEPEUIET B COCTOSIHUE 3aITyTAHHOCTH.

Takum o6pazom, reirr CNOT oka3piBaeTCsl 9yBCTBUTEIBHBIM K HAITPABICHUSAM TMOJISIPU3AIIIN KaK
yIpaBIIEMOr0, TaK U YIPABJISIOMIEro (JOTOHOB, U 3TO, BEPOSTHO, MOXKET IO3BOJIUTh TPUEMHHKY SIBHO
3apEeruCTPUPOBATH 3TU HAIIPABJICHUS.

s ompeneneHHOCTH HazoBeM '"Hecymied" HENOKaIbHYI0 CBSI3b (POTOHOB, IEPEHAONIYIO
KBaHTOBYI0 HH(popManuio. B kauecTBe Hecymel mnepenaBaemMoil HHGOpMAIMU yao0HEe BCETo
HCIIONIB30BATh YHCTOE 3allyTaHHOE cocTosiHue bemta ¢, cocTosHue MPETUHTEPOBCKOrO KOTa:
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CoOTBETCTBEHHO, M3MEHEHHUE YIVIa HAKJIOHA IOJISIpU3aTOpa y IEpeJaTdyuka NpU HU3MEPEHUU
COOCTBEHHBIX (DOTOHOB M3 3aIlyTaHHBIX AP MOXKHO Ha3BaTh (ha30BOW MOMIYJSIIHEH HEJIOKAaJIbHON
Hecymed. Ilpu Takoil MomyylALMM HAa CTOPOHE NPUEMHHUKA TAKKE MPOMCXOAUT HM3MEHEHME YIUIa
HaKJIOHA ToJigpu3auu (GOTOHOB. BOT 3Ty (ha30ByI0 COCTaBISAIONIYIO HEJIIOKAJBHOW HECyIed Ha
CTOpPOHE IPUEMHHKA U MTO3BOJIAET BbIAECIUTh KBaHTOBBIN redT CNOT.

B ocHOBy Monymauuu MONOXKEHO cheayrouiee sBiaeHue. Jlormueckuid aHanmu3 sIBICHUS
3allyTaHHOCTM C TOYKM 3pEHUs KBAHTOBOM TEOPUM MPUBOAUT K BBIBOAY, 4YTO OIEpeXkarolice
M3MEpEeHUE 3alyTaHHbIX (POTOHOB B OJJTHOM KaHaje, B MepeIaTUMKe MPUBOJIUT K CO3JaHUIO BO BTOPOM
KaHajle, B MPUEMHHUKE JByX CMEIIAHHBIX IUIOCKO-TIOJSPU30BAHHBIX IIOTOKOB C B3aUMHO
MEPIEHANKYISAPHBIMU  TToNsipr3anusiMu. CoOCTBEHHO AP (GEeKT MOMYISAIUN HEeCyIed COCTOMT B
W3MEHEHUH UX yTJa MOJSPU3ALHNH.

Ha puc.3 npusenena npocrteiiias cxema 3KCIEpUMEHTA 10 IPOBEPKE KBAHTOBOM KOPPEIIALINH,
JIEMOHCTPHUPYIOIIAs MEXaHU3M MOMAYJALIMU HEJTOKaJIbHOW Hecymied. MCTOYHMK S uchyckaer mapy
3alyTaHHBIX (POTOHOB VI M V2, KOTOpPBbIE BCTPEYAlOT Ha CBOEM MyTW JBa mnoispuzaropa | u II,
pacIoyIoKEeHHbIE NEPIEHANKYIISIPHO, TO €CTh C B3aMMHBIM YIJIOM, paBHbIM 7/2. Ha pucynke ¢oToH vi
HE MO0Ka3aH, MIOCKOJIbKY CYMTAEM, YTO OH y>Ke ObLT u3MepeH cBouM nossipuzaropoM l. Ilocne komnarnca
BOJIHOBOH (pyHKuMu (HoTOHOM Vi Ha mojsipuzaTope | BTOpoii (HOTOH V2 mpuoOpeTaeT OAHY M3 JIBYX
BO3MOXXHBIX  MOJISIpU3ALIANA:  NapajUIeJIbHYH0  WIM  NEPHEHIUKYJSIPHYI0O K HaIlpaBJICHUIO
MOZYJIMPYIOILEro nmoysipusaropa I.
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Puc.3. O6pa3oBanue KpeCTOBOM MOJSPU3ALIUN

Bocrnonbs3yemcss KBaHTOBO-MEXaHMUYECKOW (HOPMYJION, Maromiei BEPOSTHOCTh TMPOXOXKICHUS
(hoToHa Yepe3 MOoNSAPU3aTOP, ECIU YIoJ MEXKIY MOJIIPU3aTOpaMu paBeH 6:

P(6)=cos*(6)
OueBUIHO, B pACCMATPUBAEMOM CITydae COBMeCHHbIX TIPOXOXKACHUN (DOTOHOB HE OyIeT:
(o \
; S 7T
P (6)=cos’| —|=0
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Onnako depe3 KaXIbli M3 MOJSPU3aTOPOB HEKoTopbie (GoTOHBI mpoiayT. Habmromatenw,
HaxOJSIIMeCS PAIOM C TMOJSIpU3ATOpaMH, 3aPUKCUPYIOT BEPOSTHOCTH MPOXOXKIACHHS (OTOHOB,
paBayto 1\2. Ecmm wucrounuk wucmyctut, Hampumep, 1000 ¢oToHOB, TO dYepe3 KakIblii U3
MOJISIPU3AaTOPOB MpOoUAYT poBHO mosioBMHA — 500 ¢oronoB. Ho 310 OyayT HekoppenupoBaHHBIC
(dhoToHBI: cpenu map He OyJeT HU OAHOW, B KOTOPOW OAWH M3 ()OTOHOB MPOMIEN Yepe3 MOJIIPU3aTop
OJTHOBPEMEHHO CO BTOPHIM (DOTOHOM, MPOUIEIINM Yepe3 IPYTroi Moyspu3aTop.

HaoOopoT, ecnu mosnsipu3aTopsl HapajuiedbHbl, TO €CTh yroyl 6 MeXIy HUMU PaBeH HYJIO, TO
4yepe3 MOoJspu3aTophl OyAyT MPOXOJUTHh TOJIBKO MapHbIe (DOTOHBI: €CIM MPOMAET MepBblid GOTOH, TO
BTOpPOM OyJeT CIPOEKTUPOBAH B KOJUTMHEAPHYIO TOJSPHU3AIMIO M TaK JKE€ TMPOWAET dYepe3 CBOM
MOJISIPU3ATOP € BEpOSATHOCTHIO 1. [Ipeanonioxkum, 4To mepBblil MOJIIPU3ATOP HAXOAUTCS BIUIOTHYIO K
HCTOYHUKY S, a BTOPOU — Ha HEKOTOpoM ynaneHuu. [loaromy (GoToHBI B HampaBieHUH BJIEBO OyIyT
U3MEpPEHBI cpa3y ke MPH BbUIETE U3 UCTOUHUKA. Ecnu 3TOT (DOTOH MpoiiaeT uepe3 CBOW MoJsIpu3aTop,
TO B 3TOT K€ MOMEHT HX MapHbIe (JOTOHBI MPHUOOPETYT MOJISAPU3ALINIO, TAPAIIIEIbHYIO, KOJUTHHEAPHYIO
NIEPBOMY MOJSIPU3ATOPY. DTO O3HAYAET, YTO BBIXOJHOM IMOTOK B CTOPOHY BTOPOrO IOJISIpU3aTOpa
OyIeT COCTOATH CIOBHO OBl M3 JIBYX (POTOHHBIX MOTOKOB. [lepBbIif M3 3THX MOTOKOB — 3TO MOTOK
IJIOCKO TIOJSIPU30BAHHBIX (DOTOHOB C M3BECTHBIM HAMPABICHHEM MOJPU3ALUN — MapauIelbHON
nepBoMy MoJisipu3aTopy. byner u BTopoit moTok — u3 GOTOHOB, KOTOPbIE UMEIOT IPYro€ HallpaBICHHE
nossspusanuu. [lompoOyeM BBISICHUTH, KAKOE UMEHHO.



YcTaHOBUM Ha ITyTH MOTOKA (GOTOHOB Nossipuzatop 11, mapamnensHpiii nepsomMy. O4eBUAHO, UYTO
U3BECTHBIH HaM MOTOK W3 IUIOCKO TMOJIIPU30BAaHHBIX ()OTOHOB MPOWIET uepe3 MOJsApU3aTop ¢
JOCTOBEPHOCTHIO. MI3BECTHO TakXke, 4To 3TO poBHO 1\2 oT o011ero yrcia Bcex GOTOHOB, HCIMYIECHHBIX
UCTOYHHMKOM B JaHHOM HampabieHMHU. MccienoBarens Ha 3TOi cTopoHe 3adukcupyeT 3ToT (akr. Ho
OH MOXXET HE 3HaTh, YTO (POTOHBI B MOTOKE MMEIOT ONpECIICHHBIC HANpaBJICHUS MOJSAPU3ALUU U
CKaXKeT, 4TO uepe3 mossgpusaTop npoxoisaTt 1\2 ot Bcex ¢poToHOB B motoke. OH (MccienoBarenib) He
pa3fenseTr STOT MOTOK Ha JBa M CUYHMTACT, YTO UYEpe3 IMOJISIPH3ATOp C BEPOSTHOCTHIO 1\2 mpoxomut
nr000# u3 mpunereBmMX (oToHoB. Ho MBI 3HaeMm, 4To B OOILIEM MOTOKE MMEETCS M3BECTHBIM Ham
MOJINOTOK, KOTOPBIN MPOMIET uepe3 Mossipu3aTop ¢ BEPOSITHOCTBIO 1, U UX o0I1ee KOJIMYECTBO PABHO
TOMY KOJIMYECTBY, KOTOpoe 3aukcupyeT uccienoparens. CiaenoBaTenabHO, OCTalbHble (DOTOHBI HE
MPOHIYT Yepe3 Mossipu3arop, a OyayT 3a/iepskaHbl ¢ BEpOSITHOCTHIO 1. To ecTh U3 OCTaNbHbBIX (POTOHOB
yepe3 MOJSIpU3aTOp HE MPOMAET HU OJMH. DTO O3HAYAeT, 4YTO CPEIHSS BEpOSTHOCTH (POTOHOB B
octajgbHOM MOTOKe paBHa (. IlosTOMYy MBI MOXEM C YBEPEHHOCTHIO CKa3aTh, YTO BECh ATOT MOTOK
COCTOUT U3 IJIOCKO MOJISIPU30BAaHHBIX (POTOHOB C MOJISIpU3aLMel, TepIEHIUKYIAPHOI HalpaBIEHUIO
HaIIero nojsipuszaropa (U, COOTBETCTBEHHO, IEPBOI0 MOJISPU3ATOPa), MOCKOJIbKY Yepe3 MOSIpu3aTop ¢
JIOCTOBEPHOCTBIO HE MPOXOJIAT TOJIBKO MEPIEHIUKYJIISIPHO MOJISPU30BaHHBIE (POTOHBI.

310 00CTOSITENHCTBO HE JOJKHO BBI3BaTh OCOOBIX BO3PAKEHUW U BIOJIHE 00BICHUMO. DOTOHBI,
KOTOpblE HE TMpOLUIM Yepe3 MEpPBbI MOJAPU3aTOpP, KOJUIAIICHPOBAIM, OYEBHUJHO, IIOJY4YUB
HampaBJICHUE MOJSPU3ALNNH, TEPICHIUKYIIPHOE NEPBOMY MOJSPHU3ATOPY M OBUIM WM MOTJIOIICHBI.
[TapHblii UM (HOTOH aBTOMATHUYECKH ObLI CHPOEKTHPOBAH B TaKOE )K€ HAIlpaBlieHHE MOJSpU3ALUN U
TO3K€ OBLJT MOTJIONIEH BTOPBIM IMOJIIPU3aTOPOM.

Htak, MBI MOXEM C JIOCTaTOYHOM YBEPEHHOCTHIO 3asBHTh, YTO B PAcCMaTPUBAEMON cXeMme
9KCIIEPUMEHTA 110 BTOPOMY HAIPABIIEHUIO, BIPABO M3yUYalOTCs JIBA MOTOKA MJIOCKO MOJISIPU30BaHHBIX
(OTOHOB: C BEPTUKAIBHOM M C€ TOPU3OHTAIBHOM TMOJsIpu3anel (OTHOCHUTENIBHO IEpPBOro
noysipu3aTopa). IT0 00CTOSATEIHCTBO HE MPOTUBOPEYUT MaTEMaTHUKE KBAHTOBOM Teopuu. [loHATHO,
YTO 3TU TMOTOKH IPEJCTABISAIOT COOOM ciyyaiiHyl0 cMech, B KOTOPOl (POTOHBI C OPTOrOHAJbHBIMHU
MOJIAPU3ALUSAMHU BCTPEYAIOTCS B CIIy4aiiHOM MOCJIE10BATEIbHOCTH.

OTy cMechb U3 OPTOrOHAJIbHO MOJIAPU30BAHHBIX (POTOHOB MOXKHO BpallaTh, HAKJIOHSAA
nonspuzarop | BOmm3m mepematumka. B mpocteifmem ciydae MBI MOXKEM  BbIOpaTh  J1Ba
(UKCUPOBaHHBIX HAIIPABICHMS, KOT/Ia IOTOKH BEPTHKAIBHO-TOPU30HTAIbHBIE U UMEIOT HAKIIOHBI +45
IpagycoB K TOPU30HTAIN. DTO MAaKCHMaJIbHO BO3MOXKHBIE TPa/Ialivi YIJIOB.

[lyctes s nepepaun MHGOpMalLMU IEpelaTYMK HAa CBOEH CTOpOHE H3MepseT (POTOHBI M3
3allyTaHHBIX Map OJHUM M3 3TUX T[IOJIOKEHWM: BEPTUKAJIbHBIM WIM HAKIOHEHHBIM mof 45°
noJjsipu3atopoM. B 3TOM ciyuae Ha cTOpoHEe NMpUEMHHUKA (OTOHBI TaKXKe 00pa3yroT JBa pa3HBIX
CUTHaJa, KaX/bIil U3 KOTOPBIX COCTOUT U3 ABYX TAKUX KE OPTOTOHAJIBHBIX MOJIIPU30BAHHBIX ITOTOKOB
B BHJIC BEPTHUKAJIBLHOTO M HaKJIOHHOTO Toxa 45° "kpecros". CienoBarenbHO, U3MEPEHU Ha CTOPOHE
MIPUEMHUKA JIOJKHO OBITh, TI0 MEHBIIEH Mepe, YeThIpe, MOCKOJIbKY OH MPUHUMAET YEThIPE Pa3IndHO
MOJISIPU30BAaHHBIX (POTOHA: BEPTUKAIBHO, TOPU3OHTAIBHO, MOJ yriom +45° m mox yriaom —45°.
I'maBHas nenb NpuEMHIKA — Pa3IMUUTh 3TU ABa OPTOrOHAIBHO NOJISPU30BAHHBIX IOTOKA-KPECTA.

[ToripoOyeM BBIACHUTH, BO3MOXHO JM 3T0. IIpom3BenéM u3MepeHus 4YeThIPEX BO3MOXKHBIX
COCTOSIHUI C MOMOILBIO OJHOM U TOM KE CXEMBI.

Ilepeoaua cuznana nyns

CHayana pacCMOTPUM CMECh M3 JIByX MOTOKOB OPTOTOHAIBHO IOJSIPU30BAHHBIX (POTOHOB: C
BEPTUKAIBHOW M TOPU3OHTAIBHON TMOsipu3anye, BepTukainbHbiid "kpect". [lonmpodyeM ucnonb30BaTh
ero Juisi mepenaun curHana "Homb', "Her", false, Touka a30yku Mopse u Tak nmanee. Kaxknpri us
(hOTOHOB 3TOI cMecH UMeeT JIM00 BEPTUKAIBbHYIO MOJSIPU3alNIo, JTUO0 TOpU30HTaIbHYI0. [IponycTum
3Ty cMmech depe3 redT CNOT: moTtok mocrymaer Ha ynpasisStOLIMM BXOJ IeiiTa, a Ha yHpaBisieMbli
BXxoA momamuM (GOTOHBI ¢ ropu3oHTaNbHOW momspusanuei. C BeixomoB reiira CNOT doTonbI
MOJAIOTCS Ha JBa COOTBETCTBYIOIIMX HAKIOHEHHBIX Ha 45 TpaaycoB pacIIEIUISIONINX MOISPU3aToOpa C
+ Beixoaamu (I11 u 12 Ha puc.4). [IpousBenem n3meperus: GOTOHOB ATOTO TOTOKA.



Hzmepeuue 8€pmuKaJle0l7 cocmaeﬂﬂlomeﬂ nomoka npamozo "ercma". I[J'Iﬂ BEPTUKAJIBHO
IIOJIIPU30BAHHOI'O IIOTOKA HA BXOAEC reura UMeeM BXOIHOEC I[BYXKY61/ITHOC COCTOsIHHUE:
w2} =|1)®|0) =0/00)+0|01) +1]10) + (11)
9T1oT BCKTOP B MAaTPUYHOM BHIC, B BHIC CTOJ'I6I_Ia KOS(I)(bI/IHI/ICHTOB 3aIMaIeM B CICOYIOIIEM
BUC:
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CnenoBarenbHO, ociue npoxoxaeHus yepes redt CNOT BosiHOBast GyHKIUS B MAaTPUYHOM BHJIE
OyneT npeoOpa3oBaHa CiIeAyIOUIMM 00pa3oM:
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B ampaxoBckoil ¢gopme 3Ta BOJTHOBasS (PYHKIUS MOXKET OBITh TPEACTaBICHA KaK TEH30pHOE
MPOM3BEICHNE JIBYX HE3aBUCUMBIX BOJHOBBIX (DYHKIIUH, TO €CTh, Tapa HE SIBISETCS 3aIyTAaHHOM:

o) =11 =1y @11) (3)

Ot nBa ¢oroHa (M3 TMOTOKA W yIpaBiseMblii (OTOH Ha BBIXOJE) IMOCTYMAIOT Ha JBa
HAKJIOHEHHBIX MOJ 45 TpajycoB pacIICIUISIONIMX NOIIpU3aTOpa, KaKabli U3 (OTOHOB — Yepe3 CBOU
nonsspuzatop. [lockonbky (OTOHBI HE3aBUCHMBbIE, TO 4Yepe3 3TU OJUHAKOBO OPUEHTHUPOBAHHBIC
MOJISIPU3aTOPEl  HAa OJHOMMEHHBIE BBIXOABI Hpoinér mo 50% ¢(oToOHOB ¢ yIpaBisIOMIEro U
yrpasisgemMoro BbeixoJoB reiita CNOT. BepodaTHOCT MapHOro MNPOXOXKIECHWS, TO €CTh, KOrja Ha
OJTHOMMEHHBIE BBIXO/IbI Pa3HBIX MOJIIPU3ATOPOB MPOHIyT 00a GOTOHA Maphl, COrMIAaCHO 3aKOHY Maiyca
OyJzeT paBHa:

B, =cos”

T T 1 1
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DTO OYEBUIHO, MOCKONBKY B 0asuce MOISIPU3aTOpOB (POTOHBI OMUCHIBAIOTCS OJMHAKOBBIMU

BOJIHOBBIMH (DYHKLIMSIMU

wy=—=(0y+1))
V<

Takum 00pa3zoM, MOCKONBbKY (POTOHBI HE 3allyTaHHbIE, COBMAJEHUN NpU MPOXOKICHUM uYepe3
nossipuszaropsl 0yaet 50% (25% — o6a nponutn Ha miroc, 25% — o0a MpouuId HA MUHYC).

H3mepenue zopuszonmanvuoit cocmaenawuieii. nomoka npamozo "kpecma''.  Jlns
TOPU30HTAJIBHO TMOJIAPU30BaHHOTO (oTOHA Ha ympasisomeM Bxozae reifta CNOT u ropuzoHTaIbHO
MOJISIPU30BAHHOTO ()OTOHA HA YIPABIIEMOM BXOJI€ IMEEM BOJHOBYIO (DYHKITHIO:

%) =0)®|0)=1]00)+0]01)+0{10)+ 0] 1 1)

Wmm B MaTpUiIHOM BHU/JEC:
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Ha Beixone CNOT nonmydaeM (yHKIIUIO B MATPUYHOM BH/JIE:
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B nmupakoBckoit ¢gopme 3Ta BONHOBasS (DYHKIHS TakKe MOXKET OBITh IMPEICTaBICHA B BHJIC
TEH30PHOTO TPOM3BEJCHHS [IBYyX HE3aBHCHMBIX BOJIHOBBIX (YHKIHI, TO €CTh, Mapa TaK >Xe€ He
SIBJISIETCSI 3aITy TAHHOM:

|¥;.:) =[00) =[0)®]0) @
[TockonbKy (HOTOHBI Ha yHpaBisiomeM U ynpasisieMoM Beixoaax reifta CNOT He3aBUCHMEIE, TO
MpHU WX TPOXOXKJACHUHU dYepe3 HAKIOHEHHBIE Ha 45 TpalycoB MOJSApU3aTOpBl Takxke Oymer mo 25%
coBnajieHuii. BoinHoBele pyHKIIMK (OTOHOB OyyT UMETH BUJ
‘/\:L 0}—|1})
== (0)-I1)
BeposTHOCTP MapHOro NPOXOXKAEHUS, TO €CTh, KOIJA 4Yepe3 OJHOMMEHHBIE BbBIXOIbI

MOJISIPU3AaTOPOB MPOKAYT 00a (POTOHA, KaK U B MPEABIIYIIEM cydae, OyIeT paBHa:
1 1 1

D

=

2 2 4
To ecTh, 1 B 3TOM cly4yae COBIAJCHHI MPHU MPOXOXKIECHUHU uepe3 moispuzatopsl oyaer 50%
(25% — oba mpomum Ha IUTIOCOBBIE BBIXOABIL, 25% — 00a HmpoIUIM HAa MHUHYCOBBIE BbIXOJbI). Ho
KKl U3 TONMY-TMIOTOKOB cocTaBisieT 50% oT olriero konuyecTBa (POTOHOB B IMOTOKE, TTOITOMY B HX
MIOJTHOM KOJIMYECTBE TapHbIE COBIAJCHUS Takke OyIyT paBHBI, COOTBETCTBEHHO, Poo u Pi1. To ecTs,
XOTS B KaXJOM MOJy-IIOTOKE BEPOATHOCTh MApPHOT0 MpoXoxaeHus paBHa 50%, B MOJTHOM MOTOKE 3TO
KOJIMYECTBO COCTaBUT TONBKO 25%. CiemoBaTensHO, 001ee COBMECTHOE OJHOUMEHHOE MPOXO0KICHHE,
TaKuM 00pa3oM, COCTaBUT
Bi.00 =Py + Py :l+l:l
w00 = F1 T Fo0 T TS
Takoe 50-mpolileHTHOE COBIAJCHHE 0003HAYMM KaK CHTHAN "HOJB'",
Mop3e u Tak jnanee.

T", false, Touka a30yku

Ilepeoaua cuznana eounuywt

B cnydae mnoBopora mnoaspusaropa IepeaTYMKa Ha BXOJ IPUEMHHMKA MOCTYIAT JBa
OPTOTOHAJILHO TOJIAPHU30BAHHBIX MOTOKAa (POTOHOB C HAKIOHEHHOH Ha 45 rpalycoB BEpPTUKAJIbHOH U
TOPU3OHTAIILHON moJsipu3anuei (HakiIoHHBIN "kpect"). [TonmpoOyem HCmoap30BaTh €ro Il nepeaadn
curHana "eamaumna", "ma", true, Tupe a30yku Mopse u Tak nmanee. Cmechb B ITOM ciy4ae Oyner
COJIeprKaTh JBa MOTOKa (POTOHOB C BOJHOBBIMU (DYHKLIUSMHU:
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Hsmepenue cocmasnsarowein ¥ nomoka naxnonnozo "kpecma'. J{ns 510ii cocraBnsmoomieii Ha
ynpagisitorieM Bxojie reiita CNOT u ropH30HTaIBHO MOJIIPU30BAHHOTO (POTOHA HA €T0 YIPaBISIEMOM
BXOJ/I€ UMEEM BOJIHOBYIO (DYHKIIMIO U €€ MAaTPUUHYI0 POpMYy:
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Ilocme ux MMPOXOKACHUA YCPE3 reuT IMOJIyYHUM COCTOSAHHC B ManI/I'-IHOM BUJC.
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B nupaxoBckoil ¢opme BomHOBas (PyHKLHUS TeNepb YK€ HE MOXET ObITh INpeJcTaBlieHa Kak
TEH30pHOE TPOW3BEJCHUE JIBYX HE3aBHUCHMBIX BOJHOBBIX (DYHKIMIL, YTO O3HA4YaeT 3amyTaHHOE
cocrosiHue (HOTOHOB (drcToe cocTosiuue bema ¢, cocTosHNe MPEANHIEPOBCKOTO KOTA):

w5 )= 6 = —=(00)+ 1)) = |, @[ ws)

[Tockonbky (HOTOHBI 3aIyTaHHBIE, TO MPU UX MPOXOKACHUHU Yepe3 HaKJIOHEHHBIE Ha 45 rpaaycoB
MOJISIPU3AaTOPBI 00a BCErzia ¢ €AMHUYHON JOCTOBEPHOCTHIO NPOMIYT HA OJTHOMMEHHBIE BBIXOAbI. 1 Ha
IUTFOCOBOM M Ha MUHYCOBOH BBIXO/1bI (POTOHBI IPOIIYT OTHOBPEMEHHO C BEPOSITHOCTHIO:

1| 1
V2| 2

BeposTHOCTH pa3HOMMEHHBIX IIPOXO0XKACHUN PaBHBI HYJIIO:
P_=P_=0

P._=P =

TakuMm 0o0pa3om, COBNAJICHUN TIPH MPOXOKACHUH 4epe3 mossipuzarop oymer 100% (50% — oba
MPOLIUIX Ha TUTF0COBOH BBIX0M, 50% — 00a mpoITH Ha MUHYCOBOW BBIXOJ):

P__+P__:%+%:1

[To xommuecTBY oToHOB 3T0 coctaBuT 50 doroHOB M3 100 IS KaXIOTO W3 COBIAICHUHN st
JAHHOTO MOJTy-1oToka wiu u3 200 nap GoTOHOB B OJIHOM MOTOKE.

H3zmepenue cocmasnaroweii ¥~ nomoka naxnonnozo "kpecma'’. Jlns 3TOM cocTaBisrONIeH
MOTOKA Ha YIMPABIISAIONIEM BXOJI€ TeiiTa U TOPU30HTAIBHO TOJSIPU30BAHHOTO (POTOHA HA YIIPABISIEMOM
BXOJI€ TeliTa UMEEeM BOJHOBYIO (DYHKIIHIO U €€ MaTpUIHYIO (hopMYy:

[#2)=75(0)-ID)eloy=—7 o) elo)- I lo) =
s

1
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[Hocne ux mpoxoxaenust yepe3 redt CNOT momayuyum COBMECTHOE COCTOSHUE B MAaTPUYHOM
BUJIE:

100 0Y1) (1)
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U B 3TOM cityuae B TUPAaKOBCKOM (opme BOITHOBAS (DYHKIMSI HE MOXKET OBITh MpeJCTaBlIeHa KaK
TEH30pHOE TPOM3BE/ICHUE JIBYX HE3aBHCHUMBIX BOJHOBBIX (YHKIMH, YTO O3HA4aeT 3alyTaHHOE
cocTosiHue POTOHOB (YrcToe cocTosHue bemna ¢). Dta BonHOBast PyHKIMS UMEET CIETY IO BU:
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[TockonbKy (HhOTOHBI 3amyTaHHBIE, TO Yepe3 HAKIOHEHHBIE Ha 45 rpayCcoB MOJSPU3ATOPHI, KaK U
B TIIpeAbIAyIIeM ciydae, Tpornér 50% map ynpaisiolinX U ynpaBisieMbIX (POTOHOB C BBIXOJA reiiTa
CNOT. To ecTp, Ha OTHOMMEHHBIE BBIXO/Ibl PACHICIUIIONINX MOJISPU3ATOPOB 00a (hOTOHA MPOUAYT C
BEPOSITHOCTBIO:

P:P :—:l
2

[To xonnuecTBY POTOHOB 3TO BHOBB cocTaBUT 50 GoroHOB M3 100 A5 KaKI0r0 U3 COBIAJACHUM.
BeposiTHOCTH pa3HOMMEHHBIX MPOXOXKIACHUI B 3TOM ClTydae TaKKe paBHBI HYJIIO:

P_=P_=0

Takum 00pa3oM, Kak W B MPENbIOYIIEM CIIydae, COBIAJCHHN TIPU MPOXOXKICHUH dYepe3
nonsipuzarop Oyner 100%, (50% — oba mpomuu Ha MIrOCoBbIM BeIxon, 50% — o0a mpouutn Ha
MUHYCOBBIH BBIXOJ), TO €CTbh, JJISI CyMMapHOTO MPOXOXKICHHS (DOTOHOB JBYX IOJY-TIOTOKOB 3Ta

BennurHa coctaBuT 200 potonos u3 200:

P.+P =—+—=1

lJl»—-
b |

Takoe 100-mipolieHTHOE COBIAJIEHNE, TO €CTh MAPHOE MPOXOXKICHUE BceX (POTOHOB, TO €cTh, 200
¢dotonoB u3 200 B MpUBEIECHHBIX YUCIOBBIX MpUMeEpax, Mbl 0003HAUUM Kak curHan "eguHura', "mga",
true, Tupe a30yku Mop3e u Tak gaiee.

Kak BuauMm, mepematdyvk (GopMmHpyeT OBa OTYETIMBO PA3TUYUMBIX ISl MPUEMHHUKA TOTOKA.
[TepBoe u BTOpOE M3MEpEHUs, BEPTHKAIBHBIM KpPECT NAOT B NMPUEMHUKE KOJIMYECTBO COBMAJACHHI
(50%), HaméXHO OTIMYAIOIIEeCs OT KOJMYECTBa COBIAJEHHUI, KOTOPOE NAl0T TPeThe U 4YeTBEPTOE
n3mepenus (100%), naknonusii kKpecT. CocTostHUs (POTOHOB HA CTOPOHE MepenaTiynka (OpMHUPYIOTCS,
HarpuMep, MOBOPOTOM PYKOSITKH MOJSAPU3aTOpa — B BEPTUKAJIBHOE WM HAKJIOHHOE IOJIOYKEHUE.
@doToHaM Ha CTOpPOHE MPHUEMHUKA STHU COCTOSIHHUS TMEPENAlOTCS CO CBEPXCBETOBOU (HEIOKAIBHOM)
ckopocthio. KBantoBbiii TedT CNOT mno3BoisieT pa3iauduTh 3TH MOIYJHMPOBAHHBIE COCTOSIHHS
3armyTaHHBIX (DOTOHOB, OMpENeNuTh B KAaKOM IIOJIO)KEHHWU HA CTOPOHE TNepeqaTdyhka HaXOIWiach
PYKOSITKAa IOBOPOTHOI'O MOJISPU3ATOPA.

Tabmuma coOCTOSHUN UIST CUTHAJIOB

Curnan 0 Curnan 1
Jarunk 1+ Jatuuk 2+ Harunk 1+ Jatauk 2+
0 0 0 0
0 1 - -
1 0 - -

|

1

|

1

O060011eHHO PEe3yIbTaThl U3MEPEHUI MOYKHO CBECTH B JIBE TAOJMIIBI COCTOSTHUM: JJIsl CUTHAJIOB |
u ans curdanoB 0. [TockoiabKy BO3MOKHBI 4 KOMOWMHAIIMK CUTHAJIOB Ha BBIXOJAX M3MEpHUTENEH, A
HIDKHETO YpPOBHSI [JOCTOBEPHOCTH JOJDKHO IPOM3BOIUTBCS HU3MEPEHHE KaK MHUHHUMYyM 4-X
nocnenoBareiabHbIX (GoToHoB. CornacHo konmonkam Curnan 0 oOsi3atenbHO OyAyT 3aUKCHPOBAHBI
npotuBodasupie PoToHBI. Jpyrumu cioBamu, Haaudue NPOTHBO(DA3HBIX (POTOHOB (PA3HOMMEHHBIX
COBNAJICHUI) O3HA4YaeT MOJy4YeHHe NpueMHUKOM curHaia 0. OueBHAHO, YTO M NEpelaTUUK U
IIPUEMHUK MOXKHO JIETKO aBTOMAaTH3MpOBaTh, HCIOJIb30BAaTh KOMIBIOTEPHYIO TeXHHMKY. Hambosee
CJIO’KHBIM SBIISIETCS (POPMHUPOBAHUE HECYILEH, TO €CTh CO3JJaHNE U pa3jieieHre (POTOHHBIX Map MEXIy
nepeaaTIuKoOM M IIPUEMHHUKOM, CO3/IaHHE CBOCOOPA3HOTO 101001 TenerpadHbIX MPOBOIOB.

Ho 3mech BO3HUKAaeT cephe3HBI BOMPOC: KaKUM K€ 00pa3oM HEyJIOBHMas, HEOULyTHMas
KBaHTOBass MH(oOpManus BAPYr IO3BOJNMJIA BCE-TaKM IepeAarbh HHPOPMALUIO KIACCHUYECKYIO,
BellecTBEHHYI0? BeposTHO, 4TO B JaHHOM Cllydyae, 10 BCeW BUIAMMOCTH, yJIAIOCh OOONTH 3amper Ha
KJIOHUpoBaHHe (poToHa. XOTS O €AMHCTBEHHOM Cilydyae KJIOHUPOBaHMs OBbLJIO M3BECTHO U PaHEe: 3TO
KJIOHHpOBaHHe (HOoTOHA B 6a3UCHOM cocTosiHMH. Takoe kioHupoBanue ocymectsisieT reiir CNOT. Ora



OJTHA-€JIMHCTBEHHAs, OYKBAJbHO KpOIIEYHAs BO3MOXKHOCTH CO3/IaHUSl KIOHHPOBAaHHOTO (HOTOHA
JIOMYCTUJIa BO3MOXKHOCTh TepeiauM KiacCuueckod mHGpopMmanuu, ¢GopMalbHO Jake U HE Hapyluas
TEOpEMY O 3alpeTe KJIOHUPOBAHUS KyOuTa.

OnumeM Takyl0o BO3MOXXKHOCTb Iepefaud HHpOpMaluMud B BHJAE HEOOJBIION HCTOpUH C
TPaJIMLIUOHHBIMU ydacTHUKaMH Auncoil u boOom, KOTOpble pemmian OCYLIECTBUTh Iepenady
CUTHAJIOB TIOCPEJCTBOM KBAaHTOBOTO HeJOKalbHOTrO cemadopa. [louemy cemadop, a He TpaIuLOHHBIE
Tenenoprauus uiau tenerpad? Jleao B TOM, YTO JBa OPTOTOHAIBHBIX CHTHAla — BEPTUKAJIBHBIA U
HaKJIOHHBIN KpPECThI MOJSAPU30BAHHBIX (POTOHOB JJOBOJILHO CHJIBHO HAIIOMMHAIOT MOPCKOM cemadop,
KOTJla MaTpoc pa3MaxmBaeT (rakkamu, o0pasys paszHbie Gurypsl. O4eBHIHO, YTO pa3HHIIA HAKIOHOB
B 45 rpagycoB COOTBETCTBYET MaKCUMAaIbHON Pa3INYMMOCTH IOJIOKEHUS TaKuX KpecToB. KoHeuHo, B
3TOM Cllydae HMCIOJIb3yeTcss He Mopckas cemadopHas a30yka, a a30yka Mop3e, IOCKOIBKY y TaKHX
(1aXKKOB TOJBKO JBa IOJOXKEHUS, XOTA BO3MOXXHO M CKOJIb YIOJHO MHOTO IPOMEXKYTOUHBIX
TTOJIOKEHU .

WTtak, 111 Takoro 3KCIEpUMEHTa OHM cOOpajy MOjEeiIb KBAHTOBOI'O HEJOKAJbHOrO cemadopa
NPUMEPHO TAaKOTO BHJA, KaK IOKa3aHo Ha puc.4. Ha OJMHAKOBOM pacCTOSHUHM OT ceOs OHU
YCTAaHOBMJIM  HMCTOYHHMK  3alyTaHHBIX (OTOHOB S, KOTOpPBIH  MCIyCKaeT  HENpPEepPBhIBHYIO
MIOCJIEA0BATENbHOCTh (POTOHHBIX Map vi ¥ v2. CBoM moiydeHHbIe (OTOHBI AJnca MPOIYCKaeT yepes
BpalaeMblii nossipuzarop. YtoOsl nepeaats boOy coobuienne ¢ momoipto a3dyku Mop3se, Anuca
[IOBOPAYMBAECT CBOM NOJAPU3ATOP B OAHO W3 JBYX IIOJOKECHHMI. BepTukambHOE NOJIOKEHUE
NoJIIpU3aTopa O3Ha4yaeT TOYKY (HOJIb), HakJIOHHOe moj 45 rpagycoB — Ttupe (eaunuily). Ha cBoeit
cTopoHe boO mpuHHMaeT BTOpbIE M3 Map 3amyTaHHbIE ()OTOHBI U MPOIMYCKAET MX Yepe3 KBAaHTOBBIN
reir CNOT, nogaBas Ha ero ynpaBJSIOIIMH BXOJ IOJIy4YEHHBbIE 3amyTaHHblE (OTOHBI, a Ha

yTpaBISIEMbIN BXOA — OTOHBI C TOPU3OHTAIBHOM MOJIIPH3AIHEH.
— v
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Annca bod

Puc.4. KBaHTOBBIN HeJOKAJIBHEIN ceMadop

C BBIXO/a reiiTa ynpasisolui U yrnpasisieMblii poToHsl bob npomyckaer yepe3 HaKJIOHEHHbIE
noAa 45 rpaaycoB pacllEIUISIONINE MOJISIPU3aTOPhl U C MOMOILBIO YCTPONUCTBA COBHAACHUS H3MEPSET
MapHBIE PETUCTPAINH, KOTa 00a (OTOHA OJTHOBPEMEHHO MPOILTH OO0 Ha OJHOMMEHHBIC WX BBIXOBI
(TTrFOCOBBIE MM MHHYCOBBIE), TMOO Ha pa3HOMMEHHbIe. KOHEYHO, MCIONb30BaHUE PACIIETUISIONINX
MOJIAPU3aTOPOB HE 0053aTEIbHO, MOCKOJIbKY BCSKOE NMPOXOKJICHHE HAa OJUH BBIXOJ TOKJIECTBEHHO
OTCYTCTBHIO TaKOTO MPOXOXKJIEHHUS Ha APYroil. YCTpPOHCTBO COBMaAeHHS BBIAAET HH(OpPMAIHIO O
MPOIICHTHOM COOTHOLICHWH TMapHBIX peructpanuii. Ecimm Bce (OTOHBI MapHO MpOHUIH dYepe3
OJTHOMMEHHbIE BbIXOABl moysipuzatopoB (100%-Hoe coBmagenue), To boO 3amuceiBaeT THpE
(emunmity). Ecnu omHomMeHHBIX peructpanuii Tonbko 50%, 10 B0oO 3amuckiBaeT TOYKY (HOJB).
[Tockonbky coBnaaeHus GOpMHUPYIOTCS MPU KOJUIANCE BOTHOBBIX (DYHKIMI 3ayTaHHBIX ()OTOHOB VI U
V2, TO TakKas rmepejgada TekcTa a30ykoil Mop3e mporCXOIHUT CO CBEPXCBETOBOM CKOPOCTHIO.

3akjaueHue

B 3axmouenue ciemyer caenatb, BHAMMO, HEOXHIAHHBIA BBIBOJ. OCTalOTCS COMHEHHS B
OKOHYATEIIbHOM M YOeIUTEIbHOM J0Ka3aTelbCTBE TOTO, YTO KBAHTOBAs HEJIOKAJIHLHOCTh MOKET OBITh
WCIIONb30BaHa [Jisi CBEPXCBETOBOM TMepenadd WHQOpMAlMM — CIWIIKOM Y MHOTO BOMPOCOB
BO3HUKaET B (U3HKe NpU TakoW BO3MOxHOCTU. Ho, ecnu mprBeI€HHBIE BBIKJIAKU HEBEPHBI, TO B UéM
omuOka? Bo3MOXHO, OHa 3aK/II0Y€HA B TPAKTOBKE 3allyTaHHOCTH. B 9acTHOCTH, BUIUMO, TOJIBKO
AKCIIEPUMEHT MOXET MOATBEPAUTh, YTO NPU 3aMyThIBAHUHM TMap 3amyTaHHBIX ()OTOHOB Ha OJHOM
CTOpOHE MPUBEAET K 3aIlyTAHHOCTH M MX yJAJIEHHBIX T1ap.



Kpome Toro, ecimu mocmotpets sureparypy o CNOT, To MOXHO BCTPETUTH YTBEPKACHHS, YTO
Ha BBIXOJIe TelTa (POTOHBI 3amyTaHbl gcec0a U BO BCEX pexHuMax. B aTom ciayuae cenekuus (GOTOHOB
Ha BBIXOJAX NPEJIOKEHHON CXEMbl HE MO3BOJUT Pa3IMYUTh MX HCXOAHOE COCTOSHUE M Mepenauu
nHpopmanuu He Oyer.

Hpyrumu cnoBamu, ypaBHeHus (3) u (4) Toxe, BUAMMO, NIPEACTABIAIOT 3allyTAHHBIE COCTOSHUS
(OTOHOB, XOTS TO JOBOJBHO CTPAHHBIE COCTOSIHUS 3allyTaHHOCTH. [lefCTBUTENIBHO, B 3TOM Cilydae
00a (oToHa HAXOIATCA B COOCTBEHHBIX COCTOSHHSX M MMEIOT TOYHO OIpENeIEHHBIC TOISIPU3AIH, a
UX COBMECTHOE COCTOSIHUE SBJISIETCS TEH30pHBIM IPOM3BEJCHHUEM, O3HAYAIOIIUM OTCYTCTBUE
3alyTaHHOCTH, BOIPEKHM MHOTOYMCIEHHBIM 3adBJICHUSM OT MMEHM KBaHTOBON MexaHuku! Takas
3aIlyTaHHOCTb, €CIM OHAa JAEUCTBUTEIBHO HMMEET MECTO, BecbMa KpacoyHa. POTOH ¢ JOCTOBEPHO
M3BECTHOH MoJisipu3anueii 6e3 Kakoro Obl TO HU ObUTO BIMSHUS M3BHE IMTOBOPAYMBAET €€ B MPUEMHUKE
Ha Trja3ax ’KcnepuMmeHrtaTopa. M cpasy ke CTaHOBHUTCS OYEBUAHBIM, YTO TaKas 3allyTaHHOCTb C eIlé
0o0JbIlIEH MPOCTOTON MO3BOJSET MPOU3BECTH CBEPXCBETOBYIO Nepenauy uHpopmauuu. [loBopauusas
noJjisipu3aTtop y (oToHa B mepeiaTyMKe, Mbl IOJy4yaeM Ha BbIXOJIE TaKoe )K€ BpalleHue (GoToHa B
MIPUEMHUKE.

B moOom cinydae paccMoTpeHHas ceMadopHas KBaHTOBas CUTHaJIM3alMs, ''CTpaHHas
3alyTaHHOCTR" WJIM YIPaBISIEMOE MEPEKIIOYEHHE COCTOSHUS 3allyTaHHOCTH TMaphl YJalEHHBIX
(OTOHOB (DaKTHYECKH CO3JAIOT PAJ CEpbE3HBIX (PU3MYECKHX MpobieM, mapanokcos. [losBisercs
BO3MOYKHOCTBb C8epXC8emogoll Tepeaadn Kiaccudeckod uH(OpManuu, 4ro Ae-(hakTo BCTYIMAET B
IPOTUBOPEYHE CO CIEUUaTbHOW Teopueil oTHocuTenbHOCcTH. IIpsMo roBopsi, ompoBepraer eé
OCHOBHBIE N0JI0’KeHUs. CTAaHOBUTCS HEAEUCTBUTEIBHBIM BBIBOJ U3 OCHOBHOTI'O MOCTYJIaTa TEOPUU — O
MPEJEIbHOCTH CKOPOCTH CBETa M HEBO3MOYKHOCTH CBEPXCBETOBOW Iepelaud B3aMMOACUCTBHS MU
curHanoB. OTBepraroTcs NPUHIMIT OTHOCUTEIBHOCTH OJHOBPEMEHHOCTH, MpeoOpa3oBaHus JlopeHna.

KoHeuyHo, Takyl0 CHTHaJU3alMI0 JOBOJBHO CJOXHO MCIIONB30BaTh B JaJbHEW KOCMHUYECKOMH
CBSI3U, XOTS 3TO OBLIO OBI CaMbIM TMEPCHEKTHBHBIM €€ mpruiokeHueM. [ Takoil cBs3u Tpebyercs
co3iath Hekoe (OTOHHOE Momobue OObIYHOM TenmerpadHOl TUHUM CBS3U (MPOBOJA, ONTOBOJIOKHO),
YTO CBSI3aHO C 3aMETHBIMM TEXHMUYECKMMHU TpyAHOCTsMHU. Ho €€ mocTtaTouHO IPOCTO MCIOJB30BaTh
Ul KOAMPOBAHHOW mepenaun wuHpopmanuu. VCTOYHMK 3amyTaHHBIX (DOTOHOB mepenaer Hx
OTIPABUTENIO M TOJYyYaTeNt0, HAIpUMeEp, MO OOBIYHOM BOJOKOHHO-ONTHYECKOW JMHHUH, JHOO CO
cnytHuka. Ilepegaua wuHpopmanuu NpPOU3BOAUTCA JIMOO HENOCPEACTBEHHO IIyTEM OIMCAHHOM
cemaopHOil  cuUrHanMzanuM, JKUOO Tepenadeld  OTKpbITOro Kimoya. Jlroboe mocTropoHHee
BMEIIATEIbCTBO B CEAHC CBS3U Cpa3y K€ OOHapy>KMBAeTCsl M0 HApYLICHUIO KOHTPOJIBHBIX CyMM H
MOJKET OBITh He3aMeUTUTENbHO npeceueHo. OueBuaHO, YTO Be paccMoTpenHble Bbime MCO Anucsl n
boOa, cBsi3aHHBIE TakMM KaHaJIOM CBSI3U, MOTYT JABMraTbCs OTHOCHTENBHO JAPYr Jpyra ¢ Jr00oH
CKOpPOCTBIO, 4YTO, COOCTBEHHO, W BEJET K BO3HHUKHOBEHHMIO CBEPXCBETOBBIX MapaZoOKCOB TEOPUHU
OTHOCHUTEJIBHOCTH.

Kak n3BecTHO, CBEPXCBETOBYIO CUTHAIM3ALUIO TEOPUsI OTHOCUTEIBHOCTH HEPEIKO TPAKTYET KaK
CUTHQJIM3ALMI0 BO BPEMEHH, Kak IepeAady MH(GOpPMaluu B NPOILIOE, TO €CTh, KAK HEKHIl BapHaHT
MaluHbl BpeMeHU. OJIHAKO 3TO HEBEpHBbIH Noaxof. CBEpXCBETOBas CUTHAIU3aALUSA OINPOBEPracT
OCHOBBI CIIEI[MAJILHONW TEOPUH OTHOCHUTEIBHOCTH, ITO3TOMY U BCE €€ BBIBOABI B 3TOM CIIydae TaKKe
CTaHOBSITCS HEACUCTBUTEIHHBIMHU.
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