KBaHTOBBIE HEMPOHHBIE CETU U

ACCOIINATUUBHAA ITaMATDH

Anvmrrpuit Hosurkmia,
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OCHOBBI KBAHTOBBIX BEIUNCACHUU

» Kyoutbl

EnnHuIiieit KBaHTOBOM MH(MOPMAIUM SBJISICTCS KYOUm

KyOuT MOXKHO NpeACTaBUTh KaK CUCTEMY C 2-Ms
COCTOSIHUSIMM, HAllp. COUH 1/2 WM AByXypOBHEBas CUCTEMA.

CocrosiHre KyOuTa OMUCHIBAETCS BEKTOPOM U3 2X
KOMITOHEHT:



OCHOBBI KBAHTOBBIX BEIUMCACHUU

s KBaHTOBBIE I'€UTHI

= KBaHTOBKIE relThI ABISIOTCS aHAJOraMu OyJIE€BCKHUX
onepanun AND, OR, NOT, u T.1.

= KBaHTOBBIN I'elT, ASUCTBYIONIUI HAa N KyOUTOB 3TO
YHUTAPHBIN Omeparop

= [Ipumep: rerit NOT:



KBaHTOBBIE AaATOPUTMBI

Aaroprm CaliMOHA ITONCKA IIEPHOAA (DYHKITIH

Aaroput™ [llopa pazroxeHNA Ha TPOCTHIE
MHOKATEAH

AAropHTM rroncka ['posepa

Aaropr™m Aottaa — Axxo3a



Aaroputm Illopa

m KArouesas MACH: KBAHTOBBIN HﬂpﬂAAeAI/ISM




AaropurMm CaiimoHa




AAFOPI/ITM IIlopa: oCHOBHBIE IIAaTH

1. BpIOpars ciiy4aliHbIM OCTATOK @ IO MOAYIIO0 N
2. IIpoBeputs HO/l(a, N)=1

3. HawTu nmopsaok » ocrarka a 1o MoayJito N

4. Bcnu r yeren 1o Bbruncauts HOJI (a”?- 1, N)

OnpenenaeHne: MUMHUMAJILHOE 7 Takoe 4To a'=1 (mod N)
Ha3bIBACTC MOPSIKOM a MO MOAYJIH0 N

[TopsiioK SBISIETCS NEPUOAOM (PYHKIIAU

f(x)=a* (mod N)



AaroputMm Illopa

L

— Y x> F(x) >
.

KsanTosoe npeoopazosanme Pypsoe:



Aaroputm I'poBepa

s Ilownck B 0a3ze u3 [N 3JIEMEHTOB 3a BpeMsI O(\/N)

» Omnpeaeanm omreparop U

for all z # w

The steps of Grover's algorithm are given as follows. The person running the algorithm makes
use of s which denotes the uniform distribution over all states,

and an operator Us which is defined as follows:

Us,=2|s)(s| - I




Aaroputm I'poBepa

s OCHOBHOU ILIMKA

. Initialize the system to the state

. Perform the following "Grover iteration” r(N) times. The function r(N), which is

7/2), Is described below.

asymptotically O(N
1. Apply the operator Ul,.
2. Apply the operator Us.

. Perform the measurement Q. The measurement result will be Ay with probability
approaching 1 for N>>1. From Ay, W may be obtained.




Pdusnueckue peasn3annuu

lonnbie AOByIIIKN
JAEPHO-MATHUTHBI PE3OHAHC
Onruydeckue pe3oHATOPH
Ax03edPCOHOBCKHE KOHTAKTEI

KBagToBBIE TOUKH
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Pdusnueckue peasn3annuu

s PoTOHHBIN KBAHTOBBIN KOMIIBIOTED
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Pdusnyeckue peasn3anuu

m VloHHAa4 sAekTpOMAarHUTHAA AOBYIIIKA
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PDusnyeckue pearn3anuu

o TBGpAOT@ABHbIG KBAHTOBBIC TOYKU

Gate Charge sensor Quantum dots

Depleted region __
in 2DEG
Quantum dot
Ohmic contact : - ’
to 2DEG ' InGaAs

Nitrogen-
Alea1_xAS[ . vacancy
D colour centre
GaAs

Figure 4 | Quantum dot and solid-state dopant qubits. a, An dot. Scale bar, ~5 nm. ¢, The atomic structure of a nitrogen-vacancy centre
electrostatically confined quantum dot; the structure shown is several pm in the diamond lattice, with lattice constant 3.6 A. Figure copied from figure 1
across. 2DEG, two-dimensional electron gas. b, A self-assembled quantum of ref. 111 with permission.
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PDusnyeckue pearn3anuu

m A)xo3edpCcOHOBCKIIE KOHTAKTHI

Figure 5 | Superconducting qubits. a, Minimal circuit model of junctions consist of Al,O; tunnel barriers between two layers of Al. e, Charge
superconducting qubits. The Josephson junction is denoted by the blue X’.  qubit, or a Cooper pair box. f, Transmon, a derivative of charge qubit with
b-d, Potential energy U(®) (red) and qubit energy levels (black) for charge  large E,/E. (courtesy of R. J. Schoelkopf). The Josephson junction in the
(b), flux (c), and phase qubits (d), respectively. e-h, Micrographs of middle is not visible at this scale. g, Flux qubit (courtesy of J. E. Mooij).
superconducting qubits. The circuits are made of Al films. The Josephson h, Phase qubit (courtesy of J. M. Martinis).




KBaHTOBBIE HEMPOHHBIE CETHU

s Hamboaee m3pecTHbIe apxuTeKTYpH KBAHTOBBIX HC
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KsanroBasa ACCOIINATNBHAA IIAMATDH

s KBamroBas accoruarusuas cetd [lepymra (2000)
= bazupyercs Ha Moaenu Xondunaa

= HenpepsiBHOE 000011€HME | amMmuiIbTOHAaHA
Xomdwunaa

= [onorpaduyueckuil MpUHIAI

= [Iponienypa sk3aMeHa 4epe3 IBYXTOUCUHYIO
dyHkIuMo I prHa

= Koinarnc BodHOBOM (PyHKIIMH KaK CXOIUMOCTH K
aTTPaAKTOPY
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KBagToBas HENPOCETH

s KBanrosas Henipocets (bepman u Ap, 2002)

= [IpenHasnaueHa 11 BLIYUCICHUSA CTEICHU
KBAHTOBOM 3aIlyTAHHOCTH

= PaGoraeT Bo BpeMeHH
= SIBIsIETCA CETHIO MPSMOTO PACTIPOCTPAHCHUS

= CoCTOMT M3 IBYXYPOBHEBBIX KBAHTOBBIX OOBEKTOB
1 JJMHEWHBIX OCIMILIATOPOB
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KBagToBas HENPOCETH

m KBanrosas meripocers (bepman u Ap, 2002)

= | aMMJIBTOHMAH CUCTEMBI:

.
m.@; x;

2
Lmx

1
5 2()

H=k(0 T8 4 )F 2 ﬂ'ixi (0., t0,)+

s Cxema ceru:




KBanTroBas acCcornmmarnBHaA ITAMATH

s KBanroBas All Bertyper (1998, 2000, 2003)

= bazupyercsa Ha anropurme [ posepa
= 3allOMHHACTCS M N-MEPHBIX OMHAPHBIX BEKTOPOB

= Cnenmann3upoBaHHbIM KBAHTOBBIU aJITOPUTM
oOyueHus ga€t oneparop P

= MMeeT 5KCIIOHEHIIUAIbHY0 €EMKOCTh ~2"
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KsanroBasa ACCOIINATUBHAA IIAMATDH

Bentyps! (mpumep)

A very simple example will help clarify. Suppose
that we have a set of patterns 2 = {000,011,100,110}.
Then using equation (10) memorizes the pattern set as
the quantum state

A= | | | |
Pl0)=—]000)+—|011)+—|100)+—[110). 12
0) =-1000)+~{011) +~[100) +—[110).  (12)

Now suppose that we want to recall the pattern whose
first two bits were 10. Applying equation (11) gives

Gi,(%|ooo)+%|01 1) +2]100)+ 2 |1 10))

=l 1 | [ 1 | ST

=(100),
and we have thus achieved our goal. We can now
observe the system to see that the completion of the
pattern 10 1s 100.



KBanroBbIe ABA€EHUA B OMOAOIrMUECKUX

HEUPOHAX U CETAX




KBanTOBBIC SBACHUA B OMOAOI'MUECKUX
HEUPOHAX U CETAX

s MukpoTpyooUKn
= CoCTOosIT U3 OCIKOBBIX MOJIEKYII
TyOyJIMHa
=« BHemHun guaMmerp oKoso 25
HM, BHYTPEHHUU — OKOJIO 15
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KBauTOBBIC SBA€CHUA B OMOAOI'MTUECKUX
HEUPOHAX U CETAX

s Cucrema AGHAPHTHBIX MIKPOTPYOOUEK




