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Co3zaHo B MHTEJUIEKTYaIbHOU U3/1aTesibckor cucteme Ridero

JloOpo moxayoBaTh B MUP KBAHTOBBIX BBIYKCIEHUH, e (PaHTACTUUECKHE BO3MOKHOCTH
Y HEBEPOSITHBIE TTPOPBHIBBI CTAHOBATCS peabHOCThI0. CeroqHsl y MeHsI €CTh yIOBOJILCTBHE IMpe/CTa-
BUTb BaM MOIO HOBYIO KHUTY, KOTOpas IMMOCBAIIICHA BaKHOU TEME — ACKOANPOBAHHIO KBAHTOBLIX KOIOB.

N3yyeHre u nprMEHEHUE KBAaHTOBBIX KOIOB WUI'PAET BAKHYIO POJb B Pa3BUTHUU KBAHTOBBIX
BbIYMC/ieHni. OHU TOMOTAIOT MPEACTABIATh U 00padaThiBaTh MH(POPMAIMIO HA OCHOBE KBAHTOBBIX
OUTOB, KOTOpPBIE MOTYT HAXOWUTHCS B CYNEPHO3UIIMN COCTOSTHUI. OfIHAKO, epe/i HaMU BCTaeT Mpo-
OemMa JeKOIMPOBAHMSI STUX KOIOB, YTOOBI MOy YUTh TOYHBIE PE3YJIbTAThl M COXPAHUTh MH(OPMALIUIO
B KBaHTOBBIX CUCTEMAX.

B 3T0i1 KHMre 51 XOTea Obl MPEACTABUTh BaM HOBBIA MOAXO[ K JEKOTUPOBAHHMIO KBAHTOBBIX
KOJI0B, OCHOBaHHbI Ha popmysie D = R * DQ. { mpoBen MHOKEeCTBO UCC/IEIOBAHUIN U SKCTIEPUMEH-
TOB, YTOOBI OHATH 3(P(HEKTUBHOCTD ITOW (POPMYIIBI U €€ MOTEHIMAT B 00IACTH KBAHTOBBIX BBIYHC-
JIEHU.

Bbl, kak ynTatenn, Oyaere HaClaXOAaThCs YBJIECKATEbHBIM IyTEIIECTBUEM B MUP KBAaHTOBBIX
KOJIOB W WX JICKOAMPOBaHMS. BaM mpeicTONT y3HATh O BaXXKHOCTH KBAaHTOBBIX KOJIOB, CTOJIKHYThCS
Cc IpodIeMoN IEKOAMPOBaHUS U HcclienoBaTh camy hopmyiy D = R * DQ. 4 npurnammaio Bac rmpuco-
eIMHUTHCS KO MHE B 9TOM 3aXBaThIBAIOIIEM ITyTEIIECTBUH, T/Ie MBI BMecTe OyJieM UCCIIeI0BaTh U pac-
KPBITh TIOTEHIIUAJ 3TOU (hOPMYJIbI.

BaxHO OTMETUTb, UTO 9Ta KHUTA MTPeJHA3HAYeHA KaK JIJIS CTICIIUAIMCTOB B 001aCTH KBAHTOBBIX
BBIYKCJICHUH, TaK U JUISI TeX, KTO TOJILKO HAYMHAET CBOE 3HAKOMCTBO C ITOM YBJIEKaTeJILHOM 00Ja-
CThIO0. §I cTapasics peCcTaBUTh MaTepyall JOCTYITHO M TIOHSATHO, YTOOBI KX IBII U3 BAC MOT TIOJTyYUTh
MaKCUMAJIbHYIO TIOJIb3Y OT YTEHUSI STON KHHUTH.

[TpuroroBbTECH K BOJHYIOIIEMY MPUKJIIOYEHUIO B MUPE KBAHTOBBIX BBIYMCIIEHUN U IEKOAUPO-
BaHM$1 KBAHTOBBIX KOAOB. 51 HAZIEI0Ch, UTO KHUTA OKaXeTCs AJIs BaC MHTEPECHOM U Nose3Ho. biaro-
Japio Bac 3a MPOsIBJICHHBIN MHTEPEC U NIOAJEPKKY, U JKEJIal0 BaM YBJIEKATEJIbHOTO YTEHUS !

C HauTyYIIMMU NTOKETTaHUSIMH,
BB
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PasraapiBass KBaHTOBbIE KO/Ibl: OTKpbITHE (hOPMYJIbI

IICKO,[II/IpOBaHI/IH KBAHTOBbIX KO10B

BBE,[IEHI/IQ B KBAHTOBbIE€ KOJbI 1 UX 3HAYMMOCTDb AJA KBAHTOBBIX BbIYMCJI€HHIL:

KBanrtoBrie KOIbI UI'PAOT KJIIOUCBYIO POJIb B PA3BUTUN KBAHTOBBLIX BeIuncyiennii. Knaccuue-
CKHEC KOMITBIOTEPBI UCTIOJIIb3YIOT OUTHI UL TIPEICTABIICHU S I/IHCI)OPMEU_II/II/I, KOTOPBIEC MOT'YT UMETb 3HaA-
yeaus O wm 1. B To BpEMA KaK KBAHTOBBIC KOMITIBIOTEPbI UCITIOJIb3YIOT KY6I/ITLI, KOTOPBIC MOT'YT OBIThH
B CyNepro3vnun, OOHOBPEMEHHO INPEACTABIAA 0 u 1. D10 TIO3BOISAET COBEpHIaTh MapaJlJICJIbHbIC
BBIYMCJIICHUA U 06pa6aTbIBaTb O0JIbIIE 0OHEMBI HH(pOpMaL[PII/I CyHIECTBECHHO 6bICTpeC, YEM KJIaCCH-
YCCKUE KOMITBIOTEPHI.

IIpo6aemMa qeKOoUPOBAHUSI KBAHTOBBIX KO0B H MONCK 3(P(PEKTHBHBIX PelIeHHii:

O,I[HaKO, Ha IIYTU UCTIOJIb30BAHW A KBAHTOBBLIX KOMITBIOTEPOB BO3HUKACT HpO6)ICMa ACKOONPO-
BaHNA KBAHTOBBIX KOJOB. Dta HpO6JICMa 3aKJII0Ya€TCA B BOCCTAaHOBJICHUH HCXOHHOﬁ I/IH(pOpMaLII/II/I u3
HWCKAXEHHOTO KBAHTOBOI'O COCTOsIHUA. B nmpouecce nepegavu nin 06pa6OTKI/I KBaHTOBOU I/IH(popMa—
U MOT'YT IIPOUCXOAUTD OH_II/I6KI/I, KOTOPBIC IPUBOJAT K UCKAKEHUIO COCTOAHUA KBAHTOBBIX OHUTOB.
HCHBIO ACKOAUPOBAHNA KBAHTOBBIX KOHOB ABJIACTCA BOCCTAHOBJICHUE KOppCKTHOfI HH(bOpMaL[I/IPI,
MHWHHUMU3UDPYSA BJIMAHNUC OIIMOOK.

Jlns pemeHus 3Toil npooiemsl Tpedyercs: pa3padoTaTh 3(h(PEKTUBHBIE METOIBI JEKOIMPOBa-
HUS KBAHTOBBIX KOJIOB, KOTOPBIE MO3BOJIAAT BOCCTAHABIMBATL MH(POPMAIIMIO C BBICOKOW TOYHOCTBHIO
¥ MaKCUMaJIbHO MUHUMU3MPOBaTh OMHMOKN. OHUM M3 TaKUX METOHOB SIBJISIETCS PMMEHEHNE KOM-
OWHAIIMY OTIepanvii BpallleH s M MCTIOIb30BaHKE IOTIOTHUTEIBHBIX KyOUTOB, YTO IO3BOJISIET JOCTHYb
3(ppEeKTUBHOTO AEKOAMPOBAHUSI KBAHTOBOIO KoAa 06e3 notepu MH(pOopMaIuu.
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Onepanyu BpalieHns 1 uxX poJb
B JIEKOJMPOBAHUU KBAHTOBBIX KO/I0B

O030p yHHTAPHBIX MATPHUI] U UX CBOICTB

YHI/ITapHLIe MaTpulbl UT'PAIOT BA)XHYIO POJIb B KBAHTOBLIX BBIYUCIICHUAX, 0COOEHHO B orepa-
HUAX BpalllcHUA U ICKOAUPOBAHUU KBAHTOBBIX KOIOB. YHI/ITapHaH MaTpula — 3TO KBaaAparHas Mart-
puylia, KOTOpasd O6J'IaI[8.CT CBOVCTBOM YHUTAPHOCTH, TO €CTb €€ IPMUTOBO COIIPAKCHHAA MaTpula
paBHa O6paTHOI71 MaTtpune 9TOM MaTpulbl, YMHO)KCHHOﬁ Ha KOMIUIEKCHOE COIIPSAKEHUE C,I[I/IHPI‘IHOfI
MaTpHlbL.

Marpuna A Ha3bIBaeTCs YHUTAPHOM, €CJIN BBITIOJIHAETCS YCIOBUE:
A*A=1

I ne:

A* — 3pMUTOBO COMNPSIKEHUE MATPULIBL A,
I — equHMyYHas MaTpuLa.

CBoiicTBa YHUTApHBIX MaTpHILL:

1. VHUTapHBIE MaTpULbl COXPAHSIOT HOpMY BekTopa: Eciii u — BeKTop 1 A — yHUTapHas Mart-
puna, To [l A * ull =llu |l. 910 CBOMCTBO MO3BOIAET YHUTAPHBIM MaTpULIAM COXPAHATH UIMHBI U YIJIbI
ME>X/1y BEKTOPAaMH B KBAHTOBBIX CHCTEMaXx.

2. VHUTapHble MaTpULbl SBJAIOTCS MHBOJTIOTUBHBIMU: YMHOKEHHE YHUTAPHOM MaTpULbl
Ha camy ceOsl 1aeT eIMHUYHYI0 Matpuiy: A * A = 1.

3. VHuTapHBIE MAaTPULIbI COXPAHSIOT CKaJIsIpPHOE Mpou3BeieHue: Eciu u u v — BekTopa, To cKa-
asipHoe npousBeneHue (A * u, A * v) = (u, v), rae (,) — 0003HauaeT CKalsipHOe MPOoU3BeieHre. ITO
CBOWCTBO MO3BOJISIET YHUTAPHBIM MaTPUIIAM COXPAHSTh BHYTPEHHIOIO CTPYKTYPY BEKTOPOB.

4. VHUTapHBIE MaTPUIIBl MOTYT OBITh ITPE/CTaBJIEHb B BUIE KOMOMHAIIMY TIOBOPOTOB | (ha3o-
BBIX C/IBUTOB: YHUTapHbIE MaTPULIBI MOTYT OBITh ITPEACTABIEHBI B BUE YMHOKEHHU I MATPULL TOBOPOTA
Y MaTpH1l (pa30BbIX CIBUTOB. DTO CBOMCTBO MO3BOJISET YHUTAPHBIM MATPULIAM U3MEHSATh COCTOSIHUE
KBAHTOBBIX CHCTEM 4epe3 MOBOPOTHI B pocTpaHcTBe [ uibbepra u n3MeHeHue ux ¢a3oBoil CTPyK-

TYpBL.

Hcnons3oBanue YHUTAPHBIX MATPUIL], TAKUX KaK MaTpurlla onepaunix’l BpalliCHUA R, HUI'pacT Bax-
HYI0 pPOJib B IIPOLECCE NEKOANPOBAHUA KBAHTOBLIX KOIOB, IIO3BOJIAA TOBOPAYMBATb COCTOSAHUS KBAH-
TOBBIX OMTOB U yCnimBarb KBaHTOBBI KOA U1 NOCJIEAYIOICTO ACKOAUPOBAHHWA.



. IBB. «PazragpiBast kBaHTOBbIE KOfIbL: OTKphITHE (DOpMYJIH. [leKomupoBaHre KBAHTOBBIX KOIOB»

IlonsTie onepanuil BpaleHnsi B KBAHTOBbIX CHCTEMAax

Onepariu BpalleHus1 MpeACTaBISIOT COOOM OIVH U3 OCHOBHBIX BUJIOB YHUTAPHBIX OMEPATOPOB
B KBAaHTOBBIX cucteMax. OHU TPUMEHSIIOTCS ISl U3MEHEHHSI COCTOSIHUI KBAaHTOBBIX OMTOB, BpaIlast
ux B nmpoctpancTBe ['mipbepra. Onepaiiuy BpalieHr st BHITOTHSIOTCS C TIOMOIIBIO MaTpUI] BpaIlleHUs,
KOTOPBIE ABJIAIOTCA YHUTAPHBIMUA MaTPULIAMHU.

B KBaHTOBBIX cHMCTeMaxX KBAaHTOBbIE OMTBHI MOTYT HaXOAWUTHCS B COCTOSIHUM CYTEPIIO3UIINY,
OIHOBPEMEHHO npeAcTaBiss 3HaueHus 0 u 1. Onepauuu BpanieHust MOTYT PUMEHSTBCS K COCTO-
SIHASIM KBAHTOBBIX OMTOB, U3MEHsIS1 X (DA30BYIO CTPYKTYPY M B3aUMHBIE YIJIBI MEKIY COCTOSIHU-
savu. Onepanyy BpallieHus BIUSIOT HA BEPOSITHOCTH U3MEPEHUI pa3IMYHbIX COCTOSIHUN KBAaHTOBBIX
OWTOB, MO3BOJISISI pEaIM30BaTh KOHKPETHbIE ONepalliy B KBAHTOBBIX BBIYHCIICHUSIX.

Omnepaiuy BpallieHusi MOTYT BpallaTh COCTOSIHUSI KBAHTOBBIX OMTOB BOKPYT ONpenesieHHOM
ocH B nipoctpadcTBe ['mnbbepra. Hanpumep, onepariysi BpaiieHus: MOXET TIOBOPAYMBaTh COCTOSTHHE
KyOuta Ha yron 6 Bokpyr ocu X, ocrt Y WIH OcH Z. DTO MO3BOJISIET U3MEHATh (pa3y U aMIUTUTYILy
COCTOSIHUSI KBAHTOBOTO OMTA, UTO BIMSET HA €ro MOBEACHNE MPH U3MEPEHHH.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.



https://www.litres.ru/chitat-onlayn/?art=70128562

	Разгадывая квантовые коды: Открытие формулы
	Декодирования квантовых кодов

	Операции вращения и их роль в декодировании квантовых кодов
	Обзор унитарных матриц и их свойств
	Понятие операций вращения в квантовых системах

	Конец ознакомительного фрагмента.

