CemuHap 8. KBaHTOBbIE aJIrOpPUTMbI.

8.1 Auaroputm Joiiua (Deutsch).

Anroput™m  [lo#iua  coueraer

KBAHTOBbLIX

napaJiyie/iu3m

nHTepdepeHirer. PaccMoTpuM 1ienb npuBeieHHyIo Ha puc. 8.1.

[lycTh reiit Anamapa npuBOAMT NepBblii KyGHT B cynepnosuuuio uaa (|0) + |1))/v/2, a Bropoit
KyOuT B cocTosinue cyneprioauiy suja (|0) —|1))/v/2. D10 o3nauaer, uto refit Anamapa seficTeyer
Ha repBblil KyOUT B COCTOSIHUM |1), a Ha BTOPO# KyOUT B COCTOSIHUH |1).
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puc. 8.1.

BxosHoe cocTosiHMe TaKOH LelNH, eCThb IByXKYOMTOBOE COCTOSTHME BUJIA:

[¥0) = [01).

[Tocnie neficTBuii onepatopa Anamapa faHHOE IBYXKYOUTOBOE COCTOsIHUE OYeT HMETh BUJL

1) =

0) +[1)

0) — 11},

V2

V2

(8.1)

(8.2)

PaccMotpum seficTre onepatopa U Ha |z) (|0) —|1))/+/2, rae |) MoKeT pMHMMAaTh OJHO U3 IBYX

3Hauenuit: |x) = |0) wi |x) = |1)

O|12) (l0) - 11)] = {

’07 0@f(0)> - ‘07 1@f(0)>7
1, 0@ f(1)) =1, 1 f(1)),

st |z) = 0 (8.3)
st |z) = 1.

®yukuys f(x) npuHumaer 3Hauenus 0 uan 1, npu x = 0,1. PacecMoTpum mnocsieoBaTebHO

cayuaii |x) = |0)

ooy tor -] = {5 B2 f 61

Ananoruuno st caiyuas |z) = [1)

o[ 1) (o) - )] - {Hj R
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£(0) =0
7(0) 1} =t
F1) =0
£(1) = 1} = (=1

@10y (J0) — (1)) (8.4)

)WL) (0) = 1) (85)



O6benunsist paserctsa ([8.4]) u (8.5]) nosyuum
O [12) (10) = 11)] = (=17 |z) (j0) = 1))/ V2 (86)
Taknum o6pazom nociie eiicTBus Lenu U Ha IByXKyOUTOBOE COCTOSIHHE |1)7) MOJTYUHM

104D 0D ey £(0) = £(1)
) — [ahy) = V2 Ve
U ) = [4s) {i'oél”'oé”, ccan 1(0) £ F(1) (8.7)

JlelicTBYsi B COOTBETCTBHUH C 1I€Mbl0 MPUBEIEHHON Ha puc. 8.1. Ha nepBblil KyOUT refitom Anamapa,
HAXOJIUM:

+10) L ecom £(0) = (1) (8.8)
£ 1) 2B eenn £(0) # £(1) '

YuuteiBas, uto f(0) @ f(1) = 0ecan f(0) = f(1),u f(0) @ f(1) = 1, ecam f(0) # f(1) moxkHO
nepenucarts Boipaxkerue (8.8) B Buze

Hy @ [thg) = [1ha) = {

0) = 1)
5

Takum 06pa3om u3Mepsisi COCTOsIHUE TIePBOTro KyOUTa MOXKHO ornpeneauts 3Hauenue f(0) & f(1),
T.e. KBAHTOBasl LleMb JIA€T BO3MOXKHOCTb OINPEJeJUTh rJaoOajibHOe CBOWCTBO (pyHKIMH f(x),
MCMOJIb3Ysl TOJBKO OJIHO BbluhceHue f(x). DTo GbICTpee, UeM ¢ UCIOJIb30BAHHEM KJ1aCCHUECKOTO
BBIUUCJIUTELHOTO YCTPOUCTBA, KOTOPOe MoTpebyeT KaK MUHUMYM JIBYX BbIUHCJIEHHH.

B npocteiiluem BapuanTe 3ajgaua Jlofiua COCTOUT B CJleytOllleM |I| [Iyctb umeroTcsi ueTbipe

) = £[f(0) & f(1)) (8.9)

6uHapHble QyHKUMH f;(z) OT ABOMYHOH nepeMeHHOH x = 0,1 npu 3ToM QyHKUMH f1 U fo —
MOCTOSIHHBI M MPUHAMAIOT 3HaueHus1 fi(x) = 0, fo(x) = 1, a dyHkunn f3 U fy — NpuUHUMAIOT
caenytole 3Hauenus: f3(x) = x, fy(x) = —x. [lpu 31OM roBopAT, uto QYHKUMH f3 U fy —

cOanaHcupoBanbl. B 3anaue Jloilua Tpebyercst onpenesinTb K Kakoi rpymnmne (MOCTOsIHHbIE WJIH
cOajlaHCUPOBAHHbIE ) OTHOCHTCS (PYHKLMSA f;

Knaccnueckoe peliieHne Tako# 3a1auu npenoJiaraeT npoBeaeHre Kak MUHUMYM JBYX OTlepalinii
— Boiuncsienne f;(0) u f;(1). KBaHTOBBI aJropuT™ MO3BOJISIET PEILUThL 3aauy 3a OJIHY OIMePaLHIo.
KBaHTOBBIN KOMMbIOTEp paboTaeT Kak UepHbIH SIIMK (B KBAHTOBBIX BBIUMCJEHHSIX €r0 MPUHSATO
HasbiBaTh OpaKkyJi), BbIMOJHSS YHHTAPHYIO OMepaluio

0{ )@ ly) | = o) & ly e f(). (8.10)

Oneparop U npejcTaB/sieTcst YeTbIpbMsl MaTPULLAMH pa3MepPHOCTH 4 X 4, onpeae/sitolMMH UeTbipe

! Deutsch D. Quantum Theory the Church-Turing Principle and the Universal Quantum Computer. Proc. Roy.
Soc. London, 1985, V A400, Ne 1818, p. 57. [1eperox ¢ anrsuiickoro o pea. B.A. Canosuuuero: C6opH "KBaHTOBBbIN
KOMTIBIOTEP U KBaHTOBbIE BbiuncJeHus". MkeBek. Pen. »xypH. "Perynsapuas u xaotuueckas nuHamuka', 1999, c. 157.
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BO3MOXKHbIe (DYHKILMH f; ()

1 000 01 00
~ 10 1.0 0} _ » A 1000 _; )
00 01 0010
1 000 01 00
~ [0 1 0 0 _ ) _[1 00 0] _ -
Uy, = 000 1 = CNOT; Us, = 00 10 =CNOT(I ® NOT). (8.11)
0010 00 01

Kak cienyer M3 H3J/I0)KEHHOrO BbILIE aJropuT™Ma Juis pelleHus 3ajnaud Jlofiua noctaTouHo
TOJILKO OJIHOH onepauuu (KBaHToBasl Lenb 8.1). Ecan cocrosinue nepBoro KyouTta Ha BbIXOJE
et ([8.9) 0), To f1,2(x)— nocrosiuubie dynkimu. Ecam cocTosinne rnepBoro KyGuTa Ha BBIXOJE
uen |1), To f34(z)— c6anancuposanuble GyHkiuH. CylL1eCTBEHHO, UTO TPH STOM HE BBIUUCIISIOTCS
3HaueHus1 caMux yHKuMi. KBaHTOBBIA KoMmMbioTep BblaessieT "ryobajbHylo” HHpOpMALMIO U3
CYNePro3uLUH COCTOAHHH.

DKCNepUMeHTalbHO JaHHbIH aJropuT™ Obli peasin3oBaH Ha npocrteiiinx JIMP— KBaHTOBbIX
KOMITbIOTEpax

8.2 Aaroputm Hoitua — Jxko3ca (Deutsch-Jozsa).

JlanHblil aaroput™ OblT cHOpMyJIMPOBaH st OOLIEro cjydas, Koraa |z) u |y) siBAsiOTCS
BEKTOpPAaMH B 2"-MepHOM THJILOEPTOBOM TPOCTPAHCTBE |T) =  |Xo,&1,...Tp_1), |Y) =
Y0, Y1+ - - - Yn_1), a KBantoBbIii Opakys U JefCTBYeT HA MHOFOMEPHBINl BEKTOP COCTOSHHUS .
3anaua, B 1aHHOM aJropuTMe (hopMyJaUpyeTCsi MOJ0OHO NPebIIyLEMY aITOPUTMY U HMEET LeJIbIo
OMpeJie/IUTh SIBJISIETCS JIM JIBy3HAUHAast (PyHKIMS MOCTOSIHHON WM cOanaHCHPOBAHHOH, HMeIOLIeH
OJIHO 3HAUE€HHe ]IS OJIHOW TIOJIOBUHBI JIAHHBIX T W Jpyroe — i BTopoi. KBaHTOBbIH aaroputm
M03BOJISIET PELIUTh 3TY 3ajlauy 3a n-orepalilii, TOr/la KaK KJ1aCCHUeCKUE aJrTOPUTM UMEET pellleHHe
3a 2"-onepauui.

Anroput™ MozKeT ObIThb MPOJEMOHCTPUPOBAH HA TpUMepe cJleylollell urpbl. AJica, HaXoasCh
B AMcrepname, BoiGupaer uucjo x U3 0 + 2" — 1 u nocwliaer ero no noure bo6y B bBoctone.
Bo6 Bbiuncssier HekoTopyto (yHKUMIO f(x) U coobllaeT pe3yJbraT, KOTOPbIH MOMXKET ObITh HJIH
0, nnu 1. I1pu stom Bo6 o6eman nenosbsoBath GyHKUHMIO f, OfHY U3 ABYX THNOB: JIu6o f(x)—
MOCTOSIHHA /IS BCeX 3HaueHWil x, 6o f(x)— cOGasaHCHpoBaHa, NMPH 3TOM OHA paBHa | TOUHO
JUIS1 TIOJIOBUHBI BCEX BO3MOXKHBIX 3HaueHW# x v paBHa 0 a/s apyroit nosoBuHbl. 3agaua AJuchkl
OMpeJieIUTh JOCTOBEPHO KaKOH THI PyHKIMH BbIOpaH boGom 115t BbluKCIeHHH, 3aTPATUB MPU 3TOM
MHHHUMYM KOPPECTIOH/IEHIIHH.

B knaccuueckom ciyuae Asica MoxkeT moc/ath BoOy TOJNBLKO OJHO 3HaueHHE T B KaxKjIOM
nucbMe. [TosTomy Asnca Gyner BbiHY:KIeHa 3amnpocuTh boba no menbliei mepe 2"/2 + 1 pas,
Tak KaK OHa MOXKET MOJIyuuThb 2" /2 HyJsieil 1Jisi OKOHUATENLHOTO MoJydeHusi |, 00bSICHSIONIEro ei,

2K.A. Baaues, A.A. Kokun "KBaHTOBble KOMILIOTEPLI: HaexK bl 1 peasibHocTh”, Mockpa. Mxesck. R& C 2001 .

3Deutsch D., Jozsa R. Rapid Solution of Problems by Quantum Computation. Proc. Roy. Soc., London, 1992,
V A439, Ne 1907, p.553. [lepeBon ¢ aurauiickoro nox pen. B.A. CanosHuuero: C6opH. "KBaHTOBBII KOMIBIOTED U
KBaHTOBble Beluncyenus”. Moxesck: Pen. xypH. "Perynsipnast u xaoruueckast junamuka”, 1999, ¢.191.
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uT0o B06 Henodbayer c6anaHCHPOBaHHYIO (PYHKIHMIO, TOSTOMY JIYUIIHH KJIaCCHUECKHUI aJTOPUTM OHA
MOKeT MpUMeHsITh 2" /2 + 1 pa3. [ToguepkHem, uTo B Kax oM nicbMe Ajsirca nocwliaer boby n-6ur
UH(OpMALIHH.

Ecan Amica u bo6 moryr o6menuBatbest Kybutamu U ecau bo6 corniaceH BblUMCIUTL f(x)
MCII0JIb3YsT YHUTapHOe npeobpasoBanue Uy, Toraa Asmca MOXKET AOCTHUb CBOEH LEIH OIHOH
KOppeCMOoHIEeHIIMEH HCTTOb3Ysl CIEIYIOIIHI aTOPUTM.

Aumca umeer n-KyOUTOBBIF PErHcTp IS HAKAIJIMBaHUSI CBOEro 3anpoca W OJHOKYOHTOBBIH
perucTp, KOTopblii oHa npeacTaBJsieT boby st pasmellienust otBera. AJica MpUroTaBaUBaeT Kak
perucTp 3anpoca, Tak U PerucTp OTBeTa B COCTOSIHUM Cyrneprnosulnu. bo6 nposener BblunCIeHHE
f(x) c ucnosib30BaHKEM KBAHTOBOTO MapaJijien3Ma 1 MOMECTUT Pe3yJ/IbTaT B PETUCTpP OTBeTa. 3aTeM
Aumvica ocyliecTBIsieT HHTEPMEPEHIIMIO COCTOSIHUH UCMOJb3Ysi FelT Alamapa /i1t peructpa 3arnpoca
¥ 3aKaHUMBAET MCCJIeI0BAHHUS TTyTeM MPOBEJIEHHs MOJIXO/ISIIIEr0 H3MEPEHHUST C LIEJIbIO OTPeiesIeH st
SIBJISIETCS JIM f TIOCTOSIHHOH (yHKLMEH MM cOalaHCHPOBAHHOM.

[ToiaroBoe ucrnosiHeHe aJropuT™Ma MpeaCcTaBAeHO KBAHTOBOM LENbIO HA pUc. 8.2.

®n

H—I—

®Xn

0) = H

U
x Y &/)

| |
V) V) V) V.
puc. 8.2.

I/ICXOILHOG COCTOsIHHE €CTb

[%o) = [0)*" (1), (8.12)

rJie PEerucTp 3anpoca ornpeessieTcst n-KyOGuTOBbIM COCTOSTHHEM, KaXK/bli U3 KOTOPbIX HAXOJUTCS B
cocrosinnu |0). [Tocsie npumenenus [eiita Anamapa Ko BceM KyOUTaM Kak perucTpa sanpoca, Tak u
perucTpa oTBeTa BO3HUKHET COCTOSIHUE |11 ) BUA:

_ [z) [10) — 1)
|¢1>—Ie{0,1}n\/2_"[ 7% 1 (8.13)

Peructp 3ampoca Tenepb sIBASIETCS CyNeprosuliMell BCeX 3HAUYEHHH , a PErucTp OTBeTa
HaXOJUTCS B CYNepNosuiii cocTosiui [0) u |1).
3atem b6 Bbiuncsier HYHKIMIO f, HCMOJb3Ysi KBAHTOBBIN OpaKyJI:

U: |z, y) — |2,y f(z)). (8.14)

B pesyusibraTe 06pasdyercsi COCTOsIHUE [1)2) BUJA:

o (=)@ ) o) — 1)
o) =) NoT {\/5 } (8.15)

x
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Tenepp Ausica vmeer HaGoOp KyOMTOB, B KOTOPBIX pe3yJbTaT BbIUMCJEHHS (PYHKLUUM coOpaH B
aMIIUTYJle CYMepro3nllik KyOUTOBOTO COCTOsIHUSI. Ausiica jajee HCMoJsb3yeT HHTepdepeHiHio
cJlaraeMblX B CYMepriosuldk myTeMm JjeicTBusi [edita Anamapa Ha peructp 3anpoca. UrtoObl
ONpeNe/IUTh pe3yJbTaT JeHUCTBUs Npeobpa3oBaHuil Ajnamapa MoJIe3HO, BBIYHCJUTL JeHCTBHE
npeo6paszoBanusi Ajamapa Ha cocrosiiue |x). PaccmarpuBas cayuan = 0 u x = 1 pasienbHo,
Mbl BUJIUM, UTO JJIS1 OMMHOYHOTO KyOuTa

Hlz) =Y (-1)"|2) /v2. (8.16)

Takum o6pazom

1
H®n |.1'1 o $n> — \/2_n Z (_1)m1z1+---+xnzn 2. Zn> , (817)

YTO MOKET ObITh 3aMMCAaHO KOMMAKTHO B popme:

N

rae & - z— MoOUTOBOE BHYTPEHHee Mpou3Be/eHne x U z 1o moayJio 2. Menoabays (8.18) moxHo
3arucaTh pPe3yJibTaT BbIUMCJIEHUsT COCTOSTHUSA [1)3)

s = S0 % g (-1 oy [ (8.19)

)

o) = —= S22 12), (5.18)

Tenepb Anuca moxket HabJ0AATH perucTp 3arpoca. OTMETHM, UTO aMILIUTY/IA JIst COCTOsIHUS |0
ecth Y (—1)7@ /2n,

B cayuae, ecain f—koncranra, amnanryaa st |0)°" paBua +1 wan —1, B 3aBUCUMOCTH OT
3HaueHusi KOHCTaHThl f(z). Tak Kak cocrosiHue |i)3) UMeeT eIMHHUHYIO JUIMHY OTCIOfla CJIENyeT,
UTO BCE JPYrHe aMIJIMTY/bl 10/KHbBI ObITh paBHbl 0 U H3MepeHHe 1AaCT HyJIeBble 3HAaUeHUs /sl BCeX
KyOUTOB B peructpe sarnpoca. Ecau f cbanancupoBaHa Tora MoJ0KUTENbHbIH U OTPULATENbHBIN
BKJIag B ammauTymy ans |0)%" cokpaluaercsi, NpHBOAs K HYJEBOMY 3HAUEHHIO aMILIMTYbI, a
U3MepeHue J0JKHO aaTh pesysnbraT 0 xoTs Obl ofHOro KyOuUTa B peructpe 3arpoca. Takum
o6pasom, ecan Asca usmepsiet Bee 0, Torna QyHKIMS KOHCTaHTa, B IPOTUBHOM CJiyuae (yHKIHS
cOaJlaHCHPOBAHA.

Cymmapno anroputm Jloitua-/I>ko3ca BbINISUT CaeLyOlHM 00pa3oMm.

BxonHble naHHbIE:

>®

1. Opakyn U, KoTOpbIil oCyllecTB/sieT TpeoOpasoBanue |x) |y) — |z) |y @ f(z)) naa z €

{0,...2" 1} u f(x) € {0,1}.

2. f(x) — qmbo KoHCTaHTa AJIsi BCexX x, JMOGO — cbHajaHcHpoBaHa, Tak uto f(z) = 1 mid
T0JIOBUHBI 3HaueHnl U f(z) = 0 jis Apyroil NoJIOBUHBI 3HAUEHHH .

BbixoaHble naHHbie: O eciin f — KOHCTaHTA.
Bpems BbiuncaeHunit: o11o soiuncaende Uy.
Anroputm:
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1. ]0)*™ |1) — uHMLMaM3aLKs COCTOSHMIA,

2. — \/%7 S22 ) ['01/%1@ — CO3/laHHe CYNeprosuil|Hi C HCOJIb30BaHHeM refita Anamapa.
3. = Y (=1)/@|z) [%} — BblUHCJIeHHe f ¢ UCnoJib30BaHHeM opakyJia U.

4. =3 3 = L (—1)* (@) | 7) [%] — npeo6pasoBanue Anamapa.

5. — z— HU3MEpEHHe NJIs1 ITONYUEHH A OTBETA 3a/laUH.

8.3 Kaacchl KBAHTOBBIX a1rOPUTMOB.
Nmeetcst 3 KJlaCCa KBAHTOBLIX a/JITOPUTMOB

— aJITOPUTMbl OCHOBaHHblE Ha KBAHTOBbIX Bepcusix Pypbe npeobpasopanuii (lofiua, Hofiua-
Jxxo3ca, anroputm Lllopa dakropusaiiuu Lesbix Yuces, IMCKPETHBIH Jorapugm );

— aJICTOPUTMbI KBAHTOBOT'O IMTOHUCKA,;

— aJITOPUTMbI MOJIEJTUPOBAHUST KBAHTOBBIX CUCTEM.

8.3.1 KpaHTOBbBI€ aJrOpUTMbI, 0OCHOBaHHbIE€ Ha KBAaHTOBbIX Pypbe-npeodpa3zoBaHUsIX.

Huckpernoe Pypbe-npeobpazoBaHne 0ObIYHO OMNpeessieTcss Kak npeobpasoBaHue Habopa
X0y X1y, Tp_1 IN-KOMIJIEKCHBIX UHCEJ] B HAOOp KOMIUIEKCHBIX UHCET Yo, Y1, - - - Yn—1,
ornpe/ieJieHHbIX COOTHOLLIEHHEM

N—

1
= \/L_ $ ek (8.20)
7=0

Takoe npeo6pasoBaHHe UMeeT MHOTOUYHMCJ/ICHHbIE MPUJIOXKEHUS B PA3/JMUHBIX OTPACJSIX HAYKH.
PaccmotpeHnHoe Bbillle npeoOpa3oBatue Ajnamapa, ucrosibdyemoe B ajroputme Jloiua-JIko3ca
SIBJISIETCSl IPUMepPOM 3Toro kiaacca Pypbe-npeobpasoBanuii. Fimest B BULy, UTO Mbl onpejessieM
JUHeHHoe npeoOpa3oBanHue U Haa n-KyOMTamMM IyTeM JCHCTBMS HA BbIUUCJWTENbHBIH 0Oas3uc
cocrosinuii |5), rae 0 < j < 2" — 1 MO2KHO Hanucathb

2" —1

’ \/Q_n Z e27rz]k/2” > (821)

Mo2KHO NpOBepHUTH, UTO AHCKpeTHOoe Pypbe-npeoOpazoBaHie YHUTAPHO U (PaKTHUECKH MOXKET
ObITb peasM30BaHO Kak KBAaHTOBasl Lelb. boJsiee Toro, ecsu Mbl 3anucbiBaeM ero JedCTBHE Ha
CYTEepPIO3HULHIO

2n—1 2n— 2"—-1
i |j) — FTIEZ g  kY =Yy |k) (8.22)
; ) @ Z Z z; ; .

TO BHJHO, YTO MpeoOpasoBaHWe COOTBETCTBYET BEKTOPHBbIM 0003HaueHusiM st Pypbe-
npeoGpasosanus ([8.20)) wist cayuas N = 2",
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8.3.2 Auroputmbl KBAHTOBOT'O MOKCKA.

AnropuTM KBAaHTOBOTO MOUCKA pellaeT CJAEIyIOILYyIO 3a1auy:

3ajaHo NpPOCTPaHCTBO TIOMCKA cojepxKaulee N  3J€MEHTOB M HeT MpeABapUTeJbHON
MH(OpPMALIMK O CTPYKTYPe pPacriojiozKeHHsl 3JEMEHTOB B TPOCTPAaHCTBe roucka. HeobGxoaumo
B JIAHHOM [TPOCTPAHCTBE 3JIEMEHTOB HAUTH TAKOH, KOTOPbIH YI0BJIETBOPSET 3aJlaHHOMY CBOHCTBY.

Kunaccuueckuit anroputm tpebyer nopsiaika /N onepauuil 1Jisi OCyLLeCTBJIEHHUSI PellieHUs] TaKOH
3a1aun. AJITOPUTMBI KBAHTOBOTO MIOUCKA UCTI0JL3YI0T v/ N OrnepaLyii Uil 11aros.

8.3.3 AJuropuTmbl KBAHTOBOTI'0 MO€JUPOBAHHUS.

Koaccuueckue  KomnbloTepbl  MMeIOT — OOJibllide  TPYAHOCTH  MOJEJNMPOBAHUS  OOLIMX
KBAHTOBBIX CHCTEM B CHJy (DH3UUECKOH MPHUPOJbl KBAHTOBBIX MPOLIECCOB, UTO BbIpaKaercs B
9KCIOHEHUHMAJbHOM POCTE LIAroB MPH KJACCHUECKOM MOJIEJIMPOBAHUH KBAHTOBOTO 00'bEKTa.

8.4 KaaHTOoBOe Pypbe-npeobpa3oBaHue.

HuckperHoe Pypbe-npeobpa3oBaHre HabOpa KOMIIEKCHBIX YHCeN T, X1, ...,TN—1 B HaOOp
KOMIIJIEKCHBIX YHCeJT Yo, Y1, - - - , Yn—1 Ompesensiercs: paBenctsoM ([8.20))

KBanroBoe ®ypbe-npeobpazoBaHue eCTb aHaJIOTHUHOE MTPeoOpa3oBaHue, XOTs 0OLIENPUHATbIE
o603HaueHus1 s KBaHTOBbIX Dypbe-npeoOpazoBaHHil HECKOJbKO OTJHUalTcsl. KBaHTOBOE
dypbe npeobpaszoBanne oproHopMHUpoBaHHOro 6asuca |0)...|N — 1) onpeaesieHo KaK JHHEHHbBIH
OrneparTop Co CJASLYIOLMM JeHCTBHEM Ha 6A3UCHBIE COCTOSHUS:

) — %NZ <27TZJ/€ 1)|k> (8.23)

SKBHBaJIeHTHOQ, JlefcTBUE Ha I[TPOMU3BOJIbHOE COCTOSTHHE MO2XKET OBbITh 3aMHUCaHO B BUJIE

N—-1 N—-1
> owili) = >k lk), (8.24)
j=0 k=0

rje aMIUIMTYAbl Yj SBJSIOTCS JUCKpeTHbIMH Pypbe nMpeoGpasoBaHUSMH aMILIUTYA Zj. ITO
npeo6pa3oBaHne SIBJSETCS YHUTAPHBIM H, MO3TOMY, MOXKET ONpee/IsiTh AMHAMHKY KBAHTOBBIX
BbIUMCJICHUH.

B nocnenytomem N = 2", rie n — npousBoJbHOE Le0€e uyncao, a 6azuc [0)...[|2" —1)
— BbIUMCJIMTENbHBIN Gasuc Juisi n-KyOMTOBOrO KBaHTOBOTO KoMmbloTepa. [losiesno 3anucatsb
COCTOSIHUE |7}, UCIOJIb3Ysi OUHAPHOE NPEJICTABIEHHE § = J1]2 - . . jn'

J= 2" 52 4 20 (8.25)

Beenem Ttakke caenytoulee o6ozHadenue O jJpfoyq ... Jm IS TIPEACTaBJIeHUS OUHAPHON
(hyHKIIHH

Ge/24 o1 /A A G /2m
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B pesysabrate kBaHTOBoe Dypbe-npeobpasoBaHue MOKeT ObITb 3aJaHO B CJEAYIOLLEH MMOJE3HON
thopme npejicTaB/IeHUs B BUJIE TPOU3BEIEHHUS

1

91+ Jn) — T (10) + ™9 |1)) (|0) + > OIn-tin 1)) L.
(|0 + e2miQar2-n 1)) L (8.26)

DTO NpejcTaBIeHHe B BUJE NPOU3BENEHHsT HACTONBKO M0JI€3HO, YTO MOXKHO €ro paccMaTpHBaTh
Kak onpejenende KsaHToBoro @®ypbe npeoOpasoBaHust. DKBUBAJEHTHOCTb MPENCTABJEHHS B
dopme npoussenenust (8.26) u onpenenennst (8.23)) cienyer u3 cueayiomux 3jaeMeHTapHBIX
anreOpanyecKuX BblparkKeHHil

2" —1

Z exp(2mijk/2") |k) =

:\/1272 ZeXp 2mij Zk 2" [ky ... k) =

kn =0

7)) —

Q‘

1

_ 12n D Z HGXP(Qmjk‘e 270 [ke) =

k1=0 kn=0 (=1

1
> exp(@mijhe - 27) [ke) | =
k¢=0

i- 5

- -

(8.27)

2n

1
2n
— L 10Y 4 exp(2mi0 i) 1)) (10) + exp(27i0 1) 1)) ...

(]0) + exp(2mi0 J1jo - - - Jn) |1)) -

[10) + exp(2mij2~") |1)] =

~
Il

1

§‘
~ 3

ITpencrasienne Pypbe-npeotpasoanust B popme npousseetust ([8.26]) mossossiet jerko BbiBeCTH
3(bheKTHBHBIE KBAHTOBbIE LIeMH JIsi KBaHTOBBIX Pypbe-npeobpasosaniuil. Takue KBaHTOBbIE LENH
n3o0paxeHbl Ha puc. (8.5), Ha KOTOpoii relT Ry, 0603HauaeT yHUTapHoe npeobpazoBaHue BU1A

1 0
Ry = [O eQ’Ti/Qk] : (8.28)
N R L. IR HR 210, ..,
i) 1AHH R |} {RuH R, o) +e 1)
) H] - [ROHR o)+ 1y
] 2mwi0j .. ]
|Jn—]> H— R2 —|O>+e T, , ]n|1>
] 2mi0.j
L2 H— o) +¢”™™ 1)
puc. 8.3.
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UTobbl 1MoKasaTh, UTO HAPUCOBAHHbIE LIeMH JEACTBUTENBHO BbIUMCJ/SIOT KBaHTOBble Pypbe-
npeoOpa3oBaHusi, paCCMOTPUM H3MEHEHHUsl COCTOSIHMH, €CJIM HavyaJbHOE COCTOSIHME MMeeT BH]L

|71, - - - jn). [pumensisi reiiT Anamapa K rieppomy OUTY MOJTyUUM
1 L
— (10) + ¥O91 1)) g . . . jn 8.29
AR 1)) 12 n) (8.29)
Tak Kak exp(2mi0 j;) = —1 Korna j; = 1 v paBHa +1 B IPOTHUBHOM CJiyuae.

Hcnonbayst KOHTpoOJMpyeMbli [Ro-TeldT NPOU3BOAUM COCTOSIHHE:
1
V2

[IponosKkast BbluMCIeHHE IeACTBUI KOHTPOJIMPYeMbIX Rs, Ry 10 R,,-TeATOB, KaxIblil U3 KOTOPbIX
no6aBJisieT KeTpa-0OuT K (pase Koadduimenta npu |1) nepBoro Kyo6uta. B KoHlle 3T0# npotieypbl
MOJIYYUM COCTOSIHHE:

(10) + ™2 1)) 3. .. ) - (8.30)

— (]O> + 0152 dn ]1>) 17273 « - Jn) - (8.31)

V2

[Ipeo6pasyem aHaJIOTMUHON MPOLEAYPOH CaleytolInid KyO6uT. B pesysbrate nosyunum:

—= (10) + 2™ O 1)) (J0) + €O 1)) s ) - (8.32)

V2

Hpoao.rm(aﬂ rnocJsie0BaTeJIbHO AJId KaKa0Iro KY6I/IT8, HaXo0JHUM KOHEHYHO€ COCTOsSIHHE

1
,/2n

Wcnonbays nanee SWAP — ornepatopbl, COCTOsSIHHE KyGHTOB MPHBOKMTCs K hopmyute (8.26)), . e.
BbINosiHeHHOe Dyphbe npeobpazoBaHue.

(|0) + e2miO-drizdn 1)) ([0) 4 €2¥iOF2n 1)) . (|0) + €270 [1)) (8.33)
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