Decmusanv nayku 6 MI'Y
28 oxmsaops 20006 e.

Hauano 3pbsl KBAaHTOBBIX
KOMIIbIOTEPOB

“There’s plenty of room at the bottom.”
— Richard Feynman™

“...it seems that the laws of physics present
no barrier to reducing the size of computers
until bits are the size of atoms, and quantum
behavior holds dominant sway.”

— Richard Feynman™

Richard P. Feynman

Y R.P.Feynman, “There’s plenty of room at the bottom,”
Engineering and Science, vol. 23, pp.22-36 (1960).

" R.P.Feynman, “Quantum mechanical computers,”
Optics News, vol. 11, pp. 11-20 (1985).
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Logarithm of the number of transistors per
chip as a function of calendar year and the
processors that achieved these transistor
densities.

Adapted from: G.D.Hutcheson, J.D.Hutcheson,
“Technology and economics in the semiconductor
industry,” Scientific American, January, pp.54-62 (1996)

The number of atoms needed to represent
one bit of information as a function of
calendar year. Extrapolation of the trend
suggests that the one-atom-per-bit level is
reached in about the year 2020.

Adapted from: R.W Keyes, “Miniaturization of
electronics and its limits,” IBM Journal of Research and

Development, vol. 32, January, pp. 24-28 (1988).
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BUTHI 1 KyOUTHI

Kinaccuueckuit 6ut KBanrtoBsIii ouT (qubit”)

& £ Q‘ \

9This term was coined by Schumacher (Phys. Rev. A51, 2738 (1995)
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¢ Kiraccuueckue jJorugeckKue
NJIEMEHTBI

DyHIaMeHTaTbHBIN Ha0op daemeHToB (NOT, AND, and OR)

Ot snemeHThl (kpome NOT) sBistorest JJoTuaeckn
HEOOPATUMBIMMA

Heobpatnmvbie 57eMEHTHI TEHEPHPYIOT SHEPTHIO PH PAboTe
Heobparnmble 25eMEHTH MOKHO CKOHBEPTUPOBATH B 00pATHMBbIC

pNOT i) CNOT i) Toffoli gate
abclat’cd
000|000
001|001
010(010
011|011
100|100
101|101
110(111
11110 111110

FIG. 5.  Truth tables and graphical representations of the elementary quantum gates used for the construction of more
complicated quantum networks. The control qubits are graphically represented by a dot, the target qubits by a cross. i) NOT
operation. ii) Control-NOT. This gate can be seen as a “copy operation” in the sense that a target qubit (b) initially in the
state 0 will be after the action of the gate in the same state as the control qubit. iii) Toffoli gate. This gate can also be seen
as a Control-control-NOT: the target bit (c) undergoes a NOT operation only when the two controls (a and b) are in state 1.

KBaHTOBOE BEIYMCINUTENHHOE YCTPOUCTBO (ITPOIIECCOP) CTPOUTCS U3
HpOCTCﬁIlIPIX KBAaHTOBBIX JIOTHYCCKHX 5JICMCHTOB, pa6OTaIOH_II/IX CUHXPOHHO
110 BpEMEHU

Source: V.Vedral, M.B.Plenio, Progr. Quant. Electron., vol. 22, pp. 1-40 (1998)
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[: IIpocToe KBaHTOBOE
BBIYMCIIUTEIILHOE yCTpOHCTBo

FIG. 6. Plain adder network. In a first step, all the carries are calculated until the last carry gives the most significant
digit of the result. Then all these operations apart from the last one are undone in reverse order, and the sum of the digits
is performed correspondingly. Note the position of a thick black bar on the right or left hand side of basic carry and sum
networks. A network with a bar on the left side represents the reversed sequence of elementary gates embedded in the same
network with the bar on the right side.

Source: V.Vedral, M.B.Plenio, Progr. Quant. Electron., vol. 22, pp. 1-40 (1998)
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g KiroueBoe nperumMyIiecTBo
KBAHTOBBIX KOMIIBIOTEPOB

B ®ynnameHntanbHas padota Deutsch (1985)

¢ KBanrtoBrie KOMIIBIOTCPEI MOI'YT €CCTCCTBCHHBIM
00pa30M BBINOIHATH (BHIUUCIISTE) TUHAMUKY
CYIICPIHO3UITNA KBAHTOBEIX COCTOAHHUN BIIJIOTE A0
KOHCYHOI'O N3SMCPCHUA
B Takou “KBaHTOBBIW HAPAIVIEANZM MOKET

IIOTCHINAJIBHO CIYKUATH OCHOBOM AJITOPUTMOB,

KOTOPbIC Pa0OTAOT CYIIECTBEHHO ObICTPEE

JIFOOBIX CAMbBIX OBICTPHIX KIACCUICCKUX

aJrOPUTMORB




_‘ KK B3j1aMbIBa€T CEKPETHBIE KObI
iV =
=’ OBbICTpEE IMIOOBIX Kiaccuueckux JBM

Classical ~ exp{A[L"?In23L]}

~ 10" instructions: 8 months
(1994)

Quantum~ L2
r~ 10" operations: seconds

™ o w
#ofbits, L,
RSA129 © factored

Uenmonsayeres anropurm Llopa (Shor) amst hakropruzanyy Heibx Yrce

‘, DKCIEPUMEHTAIILHBIE TIPOTOTUIIBI
# KBAHTOBBIX KOMIIBIOTEPOB

Atoms-based QC NMR-based QC Solid-state based QC

Readout qubits

Qubit I_S implemented as n-Ge ground plane  Read-out Channel Thermal bath of
the spin state of one of oriented spins
the nuclei in the atoms

comprising each

molecule of the sample




ﬁ Y CTPOUCTBO KOMIIBIOTEPA
Ha “OBITOBOM ypOBHe

Main storage

Function kg_y_

Surge
control device\

P ~ (input / output error)
e Peripherals
Supplementary (hardware)
— data

De- bugging
tool

KBaHTOBast Kpuntorpadus




A4 CoBpemeHHas KPUITOTpadus

OCHOBAHA HaA.

Teopusa crnoxHOCTH
Kitou sBisiercst myOnyHbIM

Teopus nabOpMaITN

Knrou sBisiercs CCKPCTHBIM

C TOMOIIBIO ATOTO KIIH04Ya MOYKHO
BBIYHCIIATD JEKOIUPYIOIINNA KITFOY,
OJTHAKO MPY TTOMOIINA OYCHb

CJIOXKHOTO aJIrOpPUTMa

Tonbpko 1Ba mapTHEpa 3HAIOT KoY/

B aToM ciyyae cekpeTHOCTh
nokaszaHa (Teopema lllenHona)
CekpeTHOCTh HE JI0Ka3aHa [Tpumep:

Message: 011001001
Key: 110100110
Coded message: 101101111

[Tpumep:

127 x 229 = 29083

¢ KBanToBas kpumnrorpadus:
3aMedaTeabHas UIes

B KBanToBas MeXaHHKa YTBCPKIACT, YTO JIF00BIC KBAHTOBEIC
N3MCPCHUA NU3SMCHAIOT COCTOAHUC HBMCpHCMOﬁ CHUCTCMBI

¢ KBaHTOBBIMU HOCUTEISIMU MH(DOPMAIIAU SBIISIFOTCS OANHOYHBIE
dboTOHBI

¢ Ecnun EBa nonsiTaeTcs MoJAcayliaTh «KBAHTOBbIA KaHAJ JAHHbIX ",
OHa OyJIeT BBIHY KJIEHA MPOBOAUTH N3MEPEHNS Ha
MHINBUATYJTbHBIX ()OTOHAX.
OHaK0, KBAHTOBASI MEXAHNKA YTBEP/KIACT, YTO KAXKI0E
M3MEPEHNE BO3MYIIAET KBAHTOBYIO CUCTEMY.

[TosTomy «uTeHne/moacaymBaane’ nHGOpMaI B KBAHTOBOM
KaHajie TpeTbum JinioM (EBa) n3mMeHseT Koppeasiuy MexK Iy
JAaHHBIMU AJiickl 1 booa.

Taxum o6pazom, Anrca n bod MOTYT onpeAeInTs HATndne
HOJICIYIINBAHNS NHOOPMAIM B KBAHTOBOM KaHAJIE IIyTEM
cpaBHEHMS (10 MyOIMIHOMY KaHaJly) YacTh X KBAHTOBOTO
CUTHAJA.




¢ KBaHnToBas kpunrorpadusi:
3aMedaTenabHas uaes (IIpoaoJnk.)

N

KBaHTOBBII KaHaJI HE UCIIOJB3YETCs AJIs Iepelaull CaMUX JaHHbIX,
HepeaaeTes TOIAbKO KU sl IEKOAUPOBAaHNUS NH()OPMALINN.

Ecnu xiatoy 0611 yKpazieH (moaciyiman), Asinca 1 oo mpocto
UTHOPUPYIOT €ro (Ipy 3T0M UH(GOpMaLVsl HE TEPSIETCS).

Ecnu nepeaHHbIi K04 yCHEIIHO NPOIIes IPOBEPKY, OH MOKET OBITH
VICIIOJIB30BAH JUIsl ICKOAUPOBAHMSI TAHHbBIX.

KOH(bI/II[eHLII/IaJ'IBHOCTL KIIHroYa IIPOBCPACTCA A0 HCPCAaun JadHHBIX.

HanexaocTs KBaHTOBOW KpunTorpaduy OCHOBAaHA Ha MPUPOJIC
KBAHTOBOM (DM3WKH U FApaHTUPYETCS €€ 3aKOHAMMU.

IIpoToKkoJ niepe1aun KBAHTOBOTO
kiro4a (QKD)

1) [Tepemaua ceiporo Kiroga | /
* Anuca KoIupyeT Kaxablii OUT HHGOpMaIMu clIy4aitHOl OyKBOH 1

u nepeznaer ee booy
* bo0 u3mepsieT nmonydeHHyIo OyKBY B CilyyaiiHOM 6a3suce Od — \
2) CornacoBanue 6a3ucoB (pOpMHUPOBaHHE MIPOCESHHOTO KIIFOYa)

* B06 cooburaer Airce 6a3uc, KOTOPBIH OH HCIIOIB30BAJ IIPH U3MEPEHHSIX

* Anca 0TOMpaeT TONBKO Te COOOIIEHNUS, B KOTOPBIX OBbLIT HCIIOIB30BaH 3TOT 6a3uc




_‘ r DKCHEPUMEHTAJIbHAS pPeaT3aLIMs
»' poTokoiaa QKD

Ch. H. Bennett and G. Brassard, “The Dawn of a New Era for Quantum Cryptography: The Experimental Prototype Is Working!,”
Sigact News 20, No. 4, 78 — 82 (Fall 1989).

¢ Kommepueckoe Ipou3BOACTBO

= 9
CUCTEM KBAHTOBOU KpHHTorpa(bHH

Kommanng ocaosana B 2001 r. xak
spin-off oT yauBepcutera r. JKeHensl

Ipomyxmys
¢ CucreMsbl 1151 KBAHTOBON

Kpunrorpaduu (Ha ONTUIECKOM
BOJIOKHE)

¢ ['eHepaTop CIly4anHbIX YHCEI

¢ JleTekTop OAMHOYHBIX (HOTOHOB
(1.3 mxMm 7 1.55 mkm)

Konraxraas nadopmaims:

email: info@idquantique.com

web: http://www.idquantique.com




A4 Peanusanus npoToKona KBaHTOBOM
KpunTorpapuu Ha pacCTOSHUN 67 KM

RMP 74, 145-195, 2002, Quant-ph/0101098

Cnoacu0o 3a BHUManue!




