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MHTEepHeT-NonyAsipHOCTb KBAHTOBOW MHPOPMATUKMU

Go gle "quantum computer” Go gle "supercomputer”
[naeHas ctpadvua Google
Mouck KapTuHKu HoeocTu Bugeo oeee FETTITEE HosocTu Bugeo
Peayneratos: npumepHo 1 760 000 (0.20 cex.) Peaynetaroe: npumepHo 7 320 000 (0,18 cew )
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"guantum computer”

Peaynetatos: npumepHo 40 700 (0,02 cek.)

GOHS](’I "supercomputer”

"guantum computation”

AHEI,EI,EMI-"IF! Peaynetaros: npumepro 145 000 (0,05 cek.)

Peaynetartos: npumepHo 67 500 (0,03 cek.)

"guantum entanglement"

Peayneraroe: npumepHo 25 400 (0,04 cex.)
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B Poccuun

e CUTyallsi UMeeT CXO/JICTBO C KBAHTOBOMU
MeXaHHUKOU, reHeTUKOM, KubepHeTukou B CCCP.

e CrietMaJIbHOCTDb
BBeseHa B 2009 T.

e EnvHunnbl yueoHbix KypcoB (MI'Y, KT'Y, HHI'Y)

e HeboJsbl10€e 4ncio jabopaTopuu

e CuTyauust MeHsieTcs (HanpuMep, RQC)




[lpyrue cTpaHbl

* OguH npumep: KoHPpepeHuua Quantum Information 2013,
Benasque, Spain

e [lpumepHo 150 yyacTHUKOB, npnmepHO 80% eBpOonencKom MmoNoAEKN
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Timeline of quantum computing

From Wikipedia, the free encyclopedia

This is a timeline of quantum computing.

19708 [edi]

. 1970

. Stephen Wiesner invents conjugate coding
. 1973
. Alexander Holevo publishes a paper showing that n qubits cannot carry more than n classical bits of information (a result known as "Holevo's theorem” or "Holevo's bound”). Charles H. Bennett
shows that computation can be done reversibly
. 1975

due to the superposition principle
. 1976
. Polish mathematical physicist Roman Stanistaw Ingarden publishes a seminal paper entitled "Quantum Information Theory” in Reports on Mathematical Physics, vol. 10, 4372, 1976. (The paper
was submitted in 1975.) It 1s one of the first attempts at creating a quantum information theory, showing that Shannon information theory cannot directly be generalized to the quantum case, but
rather that it 1s possible to construct a quantum information theory, which 1s a generalization of Shannon's theory, within the formalism of a generalized quantum mechanics of open systems and a
generalized concept of observables (the so-called semi-observables).

1980s  [edi]

. R. P. Poplavskii publishes "Thermodynamical models of information processing” (in Russian)[” which showed the computational infeasibility of simulating quantum systems on classical computers,
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5 References

. 1980

. Yuri Manin proposed an idea of quantum computingl?!
. 1981

simulations!!

. Richard Feynman in his talk (and yet also in his famous lecture,/speech "There's Plenty of Room at the Bottom", too) at the First Conference on the Physics of Computation, held at MIT in May, observed that it
appeared to be impossible in general o simulate an evolution of a quantum system on a classical computer in an efficient way. He proposed a basic model for a quantum computer that would be capable of such
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HOBOCTU U Chyxu

HainpgeH cnoco® ycKopuTb 3anycK KBaHTOBbIX
KOMNbHTEPOB B 72 pasa
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CBOMX Apy3ed.
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KBaHTOBbIE KOMNBHOTEPbI FOTOBAT peBaHLU

B 3tom roay komnaHuAa D-Wave nnaHupyeT BbINyCTUTH
ObICTPEIA  KBAHTOBBIA  KOMMbLKTEP C npoueccopomM,
obreanHawmm 1024 Kybuta

Aram Wax

Cnysfa HosocTed IDG, HI:.-H:I-I:J]IZIICIK

FnaEHaq » HOBOCTK » MexOyHapoOHel2 NenN0BLI2 HOBOCTH »

18.06.2014 1, 18:48 | flw]w] N B tipacnrcs (Y

YyeHble paccKa3anu, KakumMu 6yayT KoMnbloTepbl
cneaywLlero noKoseHus

KEaHTOERIE.

Mo NPOrHo03aM - JECNeEpTOB  WHe COBCEM -
UHTaHTe TaKmke:
cKopo, neT 4depesd 10, MWKpPOCXEMBl B /




CnyX, KOTOPbIN XOTeN0Cb bObl
ONPOBEPrHyTb

 KBaHTOBbIE KOMNIBIOTEPHI - KOHKYPEHTHI
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YTO n3yyaet KBaHTOBAA

MHPOPMATUKA?




/
O4yepTUTb PaMKUN OYEeHb CNOXKHO

e KBaHTOBbI€ BbIYUCJ/IEHUS
 KBaHTOBag kpunrtorpadpus

e MartemaTuuyecKasi PU3MKa KBAHTOBBIX CUCTEM:
e KBaHTOBas 3allyTaHHOCTb
e KBaHTOBbIE KOppeJSIUU B L1eJIOM
e Teopusd MHOTO4YaCTUYHOU KBAHTOBOM MEXaHUKHU

¢ MO,Z[CJII/IpOBaHI/Ie KBAHTOBBIX CUCTEM

o [IpuioxeHud:
e KBaHTOBBIE HUTI'PbI
e KBaHTOBa“ TeJlernopTraguda

e KBaHTOBag Teopus HHPopMaLuu (0ocHoBonoJ0XHUK A. C. Xos1eBo)

e JKclepUMeHTaJIbHasA KBAHTOBasA MHPOPMaTHKaA




[1lnaH AOKNnaAaa

- KBaHTOBBIE BbIYUCJIEHUS
- ®opmanusm
«  Ycnexu v npo6J1eMbl
- BbryucauTesibHbIE 3a7a4H

- /Jlpyrve HanpaBJIeHHS ¥ BbIYUCIUTEIbHBIE 3a4a4u KU

- KBaHTOBas 3allyTaHHOCTb



KBaHTOBbIEe BblYNCNEHUA




OcHoBHaA naes

JKCNOHEHIUAJbHBIU POCT Pa3MEPHOCTH.

s Bcero auiib 50 KyoruTOB (MPOCTENIIMX ABYXYPOBHEBBIX KBAHTOBBIX
cucteM) Heooxoaumbl 18,014,398,509,481,984 6auT

e

P. ®enHmaH, HO. MaHuH

Henb3a nu ncnonb3oBaTb
KBaAHTOBbIE CUCTEMbI A1 HOBOTO
Tuna BblYUCNEHUN?

 Feynman R. Simulating Physics with Computers // Int. J. Theor. Phys.

1982. V.21. Ne6/7. P.467-488.

* Feynman R. Quantum Mechanical Computers // Found. of Phys. 1986.
V.16. Ne6. P.507-531.

*  MaHuH KO.U. Bbiincnnmoe n Hesblducnmmoe. M. Cosetckoe Pagno. 1980.

128c.




dopmanum rentoson moaenm KK

Pa3spaboTaHbl HECKONbKO MoAerien KBaHTOBbIX BblYUCIIEHUI (renToBas
Moaenb, aguabaTtnyeckne BolYUCIIEHUS, TOMOMOINMYECKMUE BblYMUCIIEHNS)
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CDOpN\a!'Il/BN\ naeaibHOro KBaHTOBOTIO

KOMMbIOTEpPa

e AHaJI0T KJIaCCU4eCKOT0 6UTa - KyOHUT (qubit, q-bit, KBAHTOBbIX OUT)
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e Het goctyna k amniautyzam. JIuib BepoOSTHOCTH U YHUTAPHbIE
npeobpa3oBaHUs (IOBOPOTHI)
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e Yrto OyzeT ¢ AByMd KyouTaMu?




TeH30pHOe npousseaeHue

» JIBa KybUTa

{ Cy | 00) + ¢, |01+ [10) + ¢, |11 e CP ® C? }

» MHOroKyOUTHbIE COCTOSTHUS
()"

» basucHble COCTOSIHUS — BCe BO3MOXKHbIE n-OUTHBIE CTPOKH

» PaamepHOCTb pacTeT 3KCNoHeHuunanbHO!




[Mpeobpa3zoBaHMe 0AHOro KybuTa
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ANbTepHaTUBHbIe NpeacTaBieHUuA
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[enTOBadA moaenb

e KBaHTOBBIM a/ITOPUTM 3a7aeTCA CXeMOM (BO3MOXKHO, 3aBUCAIIEN OT BXOJHBIX
JTaHHBIX)
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e Taky¥M 060pa3oM BbIUMCJIEHHUE — CIMCOK MaJIOKYOUTHBIX ONepandn

* Heo06x0MMO0O MaKCUMHU3HUPOBATh BEPOSAITHOCTb IPAaBUJIBHOTO OTBETA.

» Jlro6ag Kaccuyeckasi CXeMa MOKeT ObITh MpeBpallieHa B 00paTUMYIO U
npe/cTaB/ieHa KBAHTOBOU

e JloCTaTOYHO OJHO- ¥ IBYXKYOUTHBIX Ollepaluu
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[ne «cnpATaHa» BblYUCANUTENbHAA
MOLLb?

Jla>xe Ipy OAHOKYOUTHOM onepanuu MeHsa0Tcsa BCE aMninTyabl.

JKCIOHEHIUAJIbHBIN NapaJlIeIu3M.

Ha6op onepainui CuJibHO OrpaHUYEH.

e KaX/Jibl11 HOBbIU aJITOPUTM — «IIPOU3BEJIEHUE UCKYCCTBa».
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[1nA yero xopoLw KBaHTOBbIU

KomnbtoTep?

GDDgIE quantum zoo BEa
Feed Reader

Mouck KapTuHKK Bugneo Hoeocti KapTel Eweé - AHCTpYMEHTEI NonCKa

Peaynetatoe: npumepHo 4 000 000 (0,39 cex.)

Quantum Algorithm Zoo

math.nist.gov/quantum/zoo/ ~ [NepeBecTn 3Ty cTpaHuuy

22 anp. 2011 r. - A comprehensive list of all algorithms for quantum computers which
provide a speedup over the fastest known classical algorithms.

Algebraic & Number Thearetic - Oracular - Approximation and Simulation
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Anroputm LLopa (1994)

* AJITOPUTM pasJIoKEHUS YHCJIE HA
[IPOCThIE MHOKUTEJH

Lotas = eXp((64 / 9)1/3 N3 (In (n))2/3 )

Loare = N7 In(N)IN(IN(N))

Krnaccuaecknii koMmmbroTep meTaduioncHOro Auana3oHa (1015 OI1/CeK) IPOTUB
KBAaHTOBOI'O KOMITboTepa MerarepoBoro auanasona (1 MiH. on/cek)
Yucio gecsaTHIHbIX 3HaKOB | K=250 k=500 k=1000
k
TpynoemMkocTh 22 roga S MUIUTHAPAOB JIET | 4.10% jer
KJIACCHYECKOTO JITOPUTMA
(er)
TpynoémkocTb KBaHTOBOTO | 4 cek 18 cex 84 cex
anroputMa (CeK)
) o ———{H ] ln)
) ] : — ) Shor, Peter W. "Algorithms for quantum computation:
: - ' discrete logarithms and factoring." Foundations of
"7 ger, e "l Computer Science, 1994 Proceedings., 35th Annuall

Symposium on. IEEE, 1994.
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Anropuntm poBepa (1996)

Phase:
m = = ond 0= 10 J,.5.
qubits = =" 5 |z} = —|z) F =
e e oracle for r >0
b j2) = (—1/ @)

e PemlaeT nepeb6opHble 3a7ja4M C KBaJPaTUUYHbIM YCKOPEHUEM.

o Jlist KJIaccuyeckoro koMmmbioTepa (Hesb3s yeckoputb) O(N)

e Ausroputm I'poBepa O(\/ﬁ)

Grover, Lov K. "A fast quantum mechanical algorithm
for database search."Proceedings of the twenty-eighth
annual ACM symposium on Theory of computing. ACM,
1996.
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MoaennpoBaHue KBAaHTOBbIX CUCTEM

e Ha kBaHTOBOM KOMIIbLHOTEPpE BO3MOXHO ITOJIHOLLEHHOE
MO EeJINPOBAHHUE ITPOU3BOJIBHbBIX KBAHTOBbLIX CUCTEM

e [Ipu ycrielmrHoM ero co3/IaHUU HEKOTOPbIE 00JIaCTH HAYKHU U
TEXHOJIOTUM BbIMAYT Ha COBEPIIIEHHO HOBbIM YPOBEHD:

o Xumud
e HaHOTexXHOoJIOruu
e ®apmMakoJIOTUs U MeWIIMHA B 11€JIOM




Kak obcTtoaT aena c peannsaumnent

KBAaHTOBOro KommnbtoTepa?

[NoNHOUEHHbIN KBAHTOBbLIN
KOMMbIOTEP HE CO34aH

Ho 4TO e yxe ecTb?



KomnaHuna D-Wave

l'lonynnpnasl MEXAHUKA | HavkA OPYXUE TEXHONOTMH ABTOMOBWAN MACTEP-KNACC EUE
2 flocryno s
[ App Store

«KBaHTOBbIi KoMMbiOTED _ =
G «KBaHTOBbI KoMNbloTep Google» a B @: B
iapsmiaenes | POBAJIMA NEPBbIIA HONBLLIOI TeCT
mycop

Koraa «camonposo3raalleHHblii» KBaHTOBbIV komnbioTep D-Wave
Google nponoxut 2 6b1n1 NpeACTaBeH B NPOLLIOM FoAY, 370 cobbiTne Audi AG — nyuwivi cegan

Y3HAMN owx YCTPOEH MWP. HA TBOEM iPAD

ONTOBONIOKOHHbIA Kabenn 6u3Hec knacca no utoram

uepes3 Tuxu# okea CONpoBOXAaNoCh 6GonbluMM axmoTaxeM. Ewe 6bi: BCEPOCCUICKOTO roNI0CoBaHUsS
6 piE «ABTOMO6UNL FORa».

0O6opyaosanue, pabora BbIYMCINTE/IbHAA MallnHa OYAYLLEro 0T KOMNaHun ave bbi1a

LRI IR JOCTYNHA Kax /oMy, KTO FOTOB 3aNNaTHTb 3a Hee 15 MAIH

Kak AaTamaii HHT MOXeT HRonnapos.

BIWATh Ha Da3BUTHE " o

obuecrsa? >

Pobotbi-Teneseayuiue Gyayr
10MOpUTS B 3dupe

Ka pexoHcTpywpyeTca
BbICA/IKA COKO3HIKOB
8 HopManauu

Wccneposatenn ganu
camone:
«CTepeOCKONMYECKOe 3petiten

Ckameiiku c coneyHoit

33pAAKOH

Kanan 1M Ha Youtube
Bﬁcuneme 3awuTsl PayPal MOANKCHIBAACA H CMOTPH YHHKANbHbIE
obrapyxeHa yA3BUMOCTL POAMHKH, CHATbIE PEAIKUMEH KypHaNa

CKO/IbKO KHIOMETPOB:
dmﬁom;cm npoberator

Jina y6opku KocMuyeckoro
MyCOpa OyAeT UCN0/b30BaH
rapnyH

i

® KOMHbIOTep KOMITIaHHUH D-Wave He SIBJIAETCA YHUBEPCAJIbHbBIM
KBAdHTOBbIM KOMIIBIOTEPOM, 4 OCYLIECTBJIAET KBaHTOBBIU OTXKUT

NaTuuK MUNAIIEK ANNEAPAUT

e Jloka3aHO HaJIMYUe KBAaHTOBBIX 3QPEKTOB

* He nokasaHo yckopeHUe




nepCI'IeKTI/IBHbIe TEXHO/IOTUWN

KBaHTOBEIE TOYKHU

M OHBI B J1IOBYIIIKE

DOTOHBI

CBepXNpPOBOJHHUKOBbIE KyOHUTHI

NV-LLeHTPpHI B a/iMa3ax

v JIP.

(9 (9 @ 9 @ ¢




[lpenATCTBMA Ha NYTU peannsaumnm

TexHoJsiOTUU
W3roTOBJIEHUA He TpynHOCTH B TpynHocTu B
OTBEYaloT M3MEPEHUHU U [oJaBJIEHUH
Heo0XOANMBbIM KOHTpOJIe JleKorepeHTH3alUuu
TpebOoBaHHUAM

He ynaeTtca noctuyb
Heo6X0JHMOU TOYHOCTH
BBIIIOJIHEHHUS ONeparuu




JKcnepumeHTa/ibHble ycnexu

Timeline [=dit

In 2001, researchers were able to demenstrate Sher's algerithm te facter the number 15 using & 7-qubit NMR computer. 1!

In 2005, researchers at the University of Michigan buit a semiconductor chip that functioned as an ion trap. Such devices, produced by standard ithography technigues, may point the way to scalable quantum computing tools. %! An improved version was made in 2006 [e#tian needzd]
In 2008, researchers at Vale University created the first rudimentary solid-state quantum processor. The two-qubit superconducting chip was able to run elementary algorithms. Each of the two artificial atoms (or qubits) were made up of a bilion aluminum atoms but they acted like a single one that could occupy two different energy states. 140147
Another team, working at the University of Bristol, also created a silicon-based quantum computing chip, based on guantum optics. The team was able to run Sher's algerithm on the chip.*2] Further developments were made in 2010.143] Springer publishes a journal ("Quantum Information Processing”) deveted to the subject [44

In April 2011, a team of scientists from Australia and Japan made a in quantum . They successfully transferred a complex set of quantum data with full transmission integrity achieved. Also the qubits being destroyed in one place but instantanecusly resurrected in another, without affecting their superpositions. 4211421

In 2011, D-Wave Systems announced the first commercial quantum annealer on the market by the name D-Wave One. The company claims this system uses a 128 qubit processor chipset 7] On May 25, 2011 D-Wave announced that Lockhesd Martin Corporation entered into an agresment to purchase a
D-Wave One system[*%] Lockneed Martin and the University of Southern California (USC) reached an agreement to house the D-Vave One Adiabatic Quantum Computer at the newly formed USC Lockheed Martin Quantum Computing Center, part of USC's Information Sciences Institute campus in Marina del
Rey [*%] D-Wave's enginsers use an empirical approach when designing their quantum chips, focusing on whether the chips are able to solve particular problems rather than designing based on a thorough understanding of the quantum principles involved. This approach was liked by investors more than
by some acadenic critics, who said that D-Wave had not yet sufficiently demonstrated that they really had a quantum computer. Such criticism softened once D-Wave published a paper in Nature giving details, which critics said proved that the company's chips did have some of the quantum mechanical
properties needed for quantum computing (%157

During the same year, researchers working at the University of Bristol created an allbulk optics system able to run an fterative version of Shor's algorthm. They successfully factored 21 152

In September 2011 researchers also proved that a quantum computer can be made with a Von Neumann architecture (separation of RaM}. 5%

In November 2011 researchers factorized 143 using 4 qubits. (5% Photograph of a chip constructed &
by D-Wsave Systems Inc, mounted

In February 2012 [BI scientists said that they had made several breakthroughs in quantum computing with supsrconducting integrated circufts that put them "on the cusp of building systems that will take computing to @ whole new level "% and wire-bonded in a ssmple:
helder. The D-Wave processor is

In April 2012 a mulinational team of researchers from the University of Southern California, Delft University of Technology, the lowa State University of Science and Technology, and the Universty of California, Santa Barbara, constructed a two-gubit quantum computer on a crystal of diamend doped with designed 1o use 128

some manner of impurty, that can easily be scaled up in size and functionalty at room temperature. Two logical qubit directions of electron spin and nitrogen kernels spin were used. A system which formed an impulse of microwave radiation of certain duration and the form was developed for supereanduting logic elements that

exhibit controllable and tunable

maintenance of protection against decoherence. By means of this computer Grover's algorithm for four variants of search has generated the right answer from the first try in 85% of cases.1%% "
coupling to perform operaticns,

In September 2012, Australian researchers at the Universtty of New South Wales said the world's first quantum computer was just S to 10 years away, after announcing a global breakihrough enabling manufacture of its memory buiding blocks. A ressarch team led by Australian enginsers created the
first working “quantum bit” based on a single atom in siicon, invoking the same technological platform that forms the building blocks of modern day computers, laptops and phones. %71 [%2

In October 2012, Nobel Prizes were presented to David J. Wingland and Serge Haroche for their basic work on understanding the quantum worki—waork which may eventualy help make quantum computing possible. (5911

In November 2012, the first quantum teleportation from one macroscopic object to another was reported.!

In December 2012, the first dedicated quantum computing software company, 10Bit was founded in Vancouver, BC.1%3] 108it is the first company to focus exclusively on commercializing software appiications for commercially avaiable quantum computers, including the D-Wave Two processor. 10Bit's research demonstrated the abilty of
superconducting quantum annealing processors to solve reak-world problems 154

In February 2013, a new technique, boson sampling, was reported by two groups using photons in an optical lattice that is not a universal quantum computer but which may be good enough for practical problems. Science Feb 15, 2013

In May 2012, Google Inc announced that it was launching the Quantum Artificial Inteligence Lab, to be hosted by HASA's Ames Research Center. The lab wil house a S12-gubit quantum computer from D-Vave Systems, and the USRA (Universities Space Research Association) will invite researchers from around the world to share time on . The
goal is to study how quantum computing might advance maching learning. 5%

In early 2014 it was reported, based on documents provided by former NSA contractor Edward Snoviden, that the U.S. National Security Agency (NSA) is running a S79.7 million research program (fitled “Penetrating Hard Targets”) with the aim of developing a quantum compuler capable of breaking encryption vulnerable fo quantum computers.
The same year, a group of researchers from ETH Zirich, USC, Google, Microsoft published a report how to define quantum speedup, and reported that they were not able to measure quantum speedup with the D-Wave Two device. But, they did explicily not rule out that quantum speedups might be possible and might depend on the question
posed.[

2001 r. NpogemoHcTpupoBaHbl 7 KyoutoB Ha TexHonorn AMP
2011 r. NpogemoHcTpupoBaHbl 4 KybuTta (pasnoxunu ymcno 143

NHTepecHbI pesyrnbraTbl C ONTUYECKUMUN KBAHTOBbLIMU KOMMbOTEPAMMU
pasrioxeHbl Yucrna 15, 21)




HeKoTopble pecypcoemKkue

BblYUC/IUTENbHbIE 33434 Ha NYTU
nocTpoeHuna KK




a MoaennpoBaHue naeanbHbIX KBAHTOBbIX A

aNropMMTOB

B T S i
R R S super
B SR St s, s COMpUTers
1o S 7 &

e quantum
:j"; @,}_, ;‘&'r&_, informatics
B 19z

Kopobkos C

B. Angpees [0.1O.

[lepcoHanbHble KoMnbloTepbl: ~ 30 KybUTOB
Pekopg: 42 kyéut (Julich), cynepkomnbtoTep Jugene
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BbiuncnantenbHble TPYAHOCTH

* OcHoBHag npo6JsieMa pacrnapasiieJMBaHusl — 3aBUCUMOCTD 10
NaMATH.




Cynepkomnblotep «JIomoHOCOB»

e MomHnoctsb 1,37 I[Ipson/c
e 252 KkBaApaTHBIX MeTpa
e 2,8MBT

e Hcnosb3oBanucek 512 y3s10B: Intel® Xeon 5670 Westmere, 24I'b

e B cU/y TeXHUYECKUX TPYJHOCTEN UCIIOIb30BAJIUCh HE BCE MOIIHOCTH.
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KBaHTOBOE npeobpa3zoBaHue Pypbe
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Peannsauuma

e CraHJapTHBIA NOAX0M — MPI (Message Passing Interface).

* He nmogxoauT B cUJly 3aBUCHUMOCTH JIaHHBIX

* HcnoabsoBasca DISLIB (library to scale Data-Intensive applications on petascale

systems) .
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TpyAHOCTU NCNONb30BaHUA
CynepKomnbloTepoB

e Ha gaHHBIM MOMEHT CylIepKOMIIbIOTEPBI CX0KU C KOMIIbIOTEPAMU BpPEMEH
neppokapr.

Heo6x0AMMOCTb peructpayuu 4 T.I.

PerysisipHble TeXHUYECKHE IPOOJIEMBI
[IpodunakTrHyecKkre 3aKPbITHUS U BbIXO/bI U3 CTPOSI CyNIePKOMITbIOTEPOB
He y/J1aJI0Ch UCI0JIb30BAaTh BCE y3JIbl
pelnieHue olK6KK HacTpoek npodusiss MBC-100K 3auss10 2 aHs.

OTCyTCTBHE COBPEMEHHBIX Cpe/l pa3pabO0TKH, OTJIAAKU U T.IL
[locTosSIHHO MeHsOLIMECS OAX0/bl, TapaAurMmbl. OTCYTCTBHE CTaHAPTOB.
Jlaxke cTaHJlapTHBIE AKEThl KpaKWHe CJI0KHbI K OCBOEHUIO U HECTAOUJIbHBI.

3a py0OeKoM yiKe CTaJIkd YYUThIBATh 3aTPaThl HA pa3pabOTKy NPH OLleHKe
BBICOKONIPOU3BOAUTE/bHBIX CUCTEM.

e BriBoJ;: MOKa pa3yMHee COTPYAHUYATD C CYyNIEPKOMIIbIOTEPHBIMHU
CIelraJMCTaMU, 0COOEHHO JIJiSl pellleHUs] HeCTaHAAPTHBIX 3a/ad4.

e [lepeuuncsieHHble MPOOJIEMbI BDEMEHHBIE.




e
Pe3ynbTaThbl
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KONMYeCcBO MpoLieccoB / pa3mep 3agayun

* Ynanoch n36exaThb NpobJseM € IaMATHIO

e PeasnnsoBaHa paboTa ¢ 39 KyouTamMu

* Bpems oHOM OJHOKYOUTHOM onepanuu AJisi 38 KyOuTOB ~2 CeK.




MoaenmpoBaHuMe 3allyMIEHHbIX KBAHTOBbIX aITOPUTMOB

e KBaHTOBBIE YMbI — IVIdaBHOE NPENATCTBHUE Ha IIYTHU CO3AAdHHUA KK

e OcTaBasich B paMKax OMMCAaHHOTO GpOpMaiM3Ma, MOXKHO YYUTBIBATh TOJbKO
poCTble «kHePU3UYHbIE» MOJEJH IIYMOB

22n 24-11
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* HWmeertca peanusayuda gada MBC-100K, MBC-10I1, “/lomoHOCOB”

e Hcnonb3yeTtcs Dislib, U coocTBeHHas 6MbaroTeka SHMEM U aKTHBHBIX COOOLEHUU




be3 yero 6b121M 6bl HEBO3MOKHb
ycnewHble undppoBblie TEXHONOTUN?




Koabl KOppeKLUM KBAaHTOBbIX OLLMOOK
IR alima e
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e be3 ECC BbIYUCJIEHUId HEBO3MOXHbI
e QECC parT Hajzex bl Ha co3iaHrne KK

e “KBaHTOBad Mmarugd”:

e KOHTUHYYM OIIUOOK

e COCTOAHUSA HEU3BECTHO

e Koabl BCE paBHO paboTaroT!

e MbI «IIOPTUM» COCTOSIHHE, YTOOBI €0 UCIIPABUTD

™~




KBaHTOBaA Tomorpadpus

Mbl HE MOXEM NOoMyYnTb OOCTYMN K aMninTyaam
KBAHTOBOIO COCTOSIHWUS, KaK e Toraa y3HaBsaTb
pesyrbraThl 3KCrnepmMmMmeHTa?



/
KBaHTOBasaA Tomorpadpus

e Baz[aqa BOCCTAaHOBJIECHHUA 3HAYE€HHUA aMIIJINTYA COCTOAHHNA 110
NU3MEPEHHNIO MHOKECTBA €I'o KOIMUH

® KpI/ITI/I‘{ECKI/I HeO6XO,£[I/IMa AJIAd DKCIIEPUMEHTOB

® I/ISMepeHI/IH IIPOMU3BOAATCA B PA3JIMYHBIX 633PIC3X, IIO3TOMY
BO3MOZ’KHO ITIOJIHO€ BOCCTAHOBJIEHHUE

o Jlaxke AJis1 MaJIoro 4Yucja KyouToB (HanmpuMep, 5) 3agavya
pecypcoeMKasi
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Mpumep (ncnonb3osaH MBC-100K)

a) Kybwu oxrasap L, =1, L, =9/8=1.125 6) VYceuénnslii nxkocarap (popma dynnepena) L, =1, L, =234/233

|||||

1 kybur 2 KybuTa 3 kybuta | 4 kybuTa

Tetpasap (m = 4) 3/2=15 | 4442071458 | =~ 10.4 ~18.1
Ky6 (m = 6) 9/8=1.125 | ~ 35839 ~82 | ~165
Okrasgp (m = 8) 9/8=1.125  ~ 3.4867 ~ 7.9 ~ 16.3
Hopekasgp (m = 12) 36/35 Az 3.42 ~ 7.8 ~ 16.2
Vkocasgp (m = 20) 45 /44 ~ 3.39 ~ 7.8 ~ 16.2
@ynnepen (m=32) | =~ 234/233 ~ 3.38 ~ 7.7 ~ 16.1
(yceuéHHblii

nKocasap)
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KBaHTOBasA Kpuntorpapuma

Public classical authenticated channel

FYSN S

QuanmmhanneD

Eve

« KBaHTOBble COCTOAHUA HEBO3MOXHO
CKOMMpoBaTh

« CHoBa OorpaHu4yeHus NPUBeInN K NosiesHoMy
MCMOJIb30BAHUIO



BB&4

* B oT/IMYMU OT KJIacCUYECKOM KpUunTorpadru NpoTOKOJ OCHOBAH Ha 3aKOHAX
IPUPObI

¢ COS,Z[aHbI MHO>KeCTBO ITPOTOKOJIOB

¢ CY].LLGCTBYI-OT KOMMeEpPYEeCKHeE peain3aliliuu

Bennett, Charles H., and Gilles Brassard. "Quantum
cryptography: Public key distribution and coin

tossing." Proceedings of IEEE International Conference
on Computers, Systems and Signal Processing. Vol.
175. No. 0. 1984.







YTO TaKoe 3anyTaHHOCTb ?




[bx. benn: «KBaHTOBaga 3anyTaHHOCTb - 3TO
Koppensuus, Kotopas cunbHee nodou
KIlacCUYeCKOW Koppenaumn.»

A. lNepec: «KBaHTOBas 3anyTaHHOCTb - 3TO
TPIOK, UCMOSb3yeMbI KBAHTOBbLIMU
BONweObHNKamMu ona cosgaHuns
dbeHOMeHOB, KOTOpble HE MOTYT MOBTOPUTL
Kraccuyeckne BomnwebHMKN. »

Y. beHHeT: «KBaHTOBas 3anyTaHHOCTD -
9TO pecypc, genarLwmin BO3MOXHbIM
KBAHTOBYIO Tesfienopraumio.»




A. OkepT: «KBaHTOBas 3anyTaHHOCTL - 3TO
MHCTPYMEHT Ans 3allnLLEHHOWN CBA3N.»

[1. Wop: «KBaHTOBaga 3anyTaHHOCTb - 3TO
rnobarnbHasa CTPyKTypa BOSTHOBOM
dyHKUMK, paspellarowiasa dbicTpble
anropuTMbl.»

Cembs [opopeukn: «KBaHTOBas
3anyTaHHOCTb - 3TO HEOHBXOAMMOCTb
BRepBble MPUMEHNTb MONOXUTENbHbIE
oTOBpaxkeHusi B pusnke.»




9. WpeguHrep: [na 3anyTaHHOro

A. Einstein B. Podolsky N. Rosen

AnHwTenH/lNogonbcknin/PoseH:

COCTOAHNA «Hauny4lee BO3IMOXHOE «38I'IyTaHHaFI BOJIHOBasA CbYHKLI,I/IFI HE
3HaHME BCEro He BKIMKoYaeT Haulyyllee ornuncbliBaeT CbVI3I/I‘-IeCKy}O pearibHOCThb B

BO3MOXHOE 3HaHue yacteny.

NOSIHON Mepe.»

Die gegenwadrtige Situation in der Quantenmechanik / Can quantum-mechanical description of
E. Schrédinger // Naturwissenschaften.— 1935.— physical reality be considered

Vol. 23, no. 49.— Pp. 823-828.

complete? / A. Einstein, B. Podolsky, N.
Rosen et al. // Physical review.—
1935.— Vol. 47, no. 10.— Pp. 777-780.

Verschrankung
1935




OCHOBbl KBAHTOBOW 3aNYTaHHOCTU
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[1ByXLLEeNneBOn SKCMNEPUMEHT
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AMNINTYObl BEPOATHOCTU!




KBaHTOBaA cynepno3numns
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3agava dnmnuypa-Bangmana (1993)

JkcnepumeHT: P. G. Kwiat, H. Weinfurter,
T. Herzog, A. Zeilinger, and M. A. Kasevich
(1994-95)
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MOHO N1 Y3HaTb MHGOPMALUIO
bbicTpee CKOPOCTU cBeTa?

e UHpopMalus He MOXKET OBbITh IlepejlaHa ObICTpee
CKOPOCTH CBETA

e Ec/iM HApyILIXUTh 3TOT 3alpPeT, CTAHET BO3MOXXHO
OTHPABJISATH MOCJAAHHUS B IPOLIIOE!




MOoOXXHO N y3HaTb MHOpPMaLUUIo DbICTpee
CKOpoCTU cBeTa?




MrHOBEHHO Y3HaTb UHPOPMALMIO MOXKHO!

e [IpeacTaBUM 3KCIIEPUMEHT C IBYMS UTPaJIbHBIMU KapTaMHU (OZHA
KpacHas, 0/iHa YepHas):

e KapTbl nepeMeminBarOTCs, YTOObI HUKTO He 3HaJI U3 pacloJioKeHUe
e Anuvca 6epeT BcJienyw ofHY KapTy, oo apyryro.

b HaXOﬂHCb Ha IPOMU3BOJIbHOM PACCTOAHHH, AJirca MoXxeT Y3HATb KapTy Bo6a,
OTKPbIB CBOHO.
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[lepexon K 3anyTaHHOCTU

e MpbI IpeANnoI0XKUIU, YTO HE 3HAEM PaCIOJIOKEeHHE KapT
(eCTEeCTBEHHO, HUKAKOW KBAHTOBOU 3allyTaAHHOCTHU B HallleM
3KCIIEpUMEHTE HET).

e KBaHTOBag MexaHHKa (HpI/IHI_U/IH CYHepHOBI/IL[I/II/I) ITO3BOJIAET
BBIIIOJIHHUTbB 3TO IIPEAIIOJIOKEHHNE HA (l)I/ISI/I‘-IeCKOM ypOBHe!
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JKCcnepumeHTasibHOe HabatoaeHue

3aNyTaHHOCTWH




HepaBeHcTBa benna (1964)

[bx. benn: «KBaHTOBagA 3anyTaHHOCTL - 3TO

Koppensuusi, KoTopas cunbHee nodou
KITaCCUYEeCKOW Koppenaumn.»

John Clauser, Michael Horne,
Abner Shimony and Richard Holt
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Alice

(A(a) B(b)) + (A(d) B()) + (A(d) B(b)) — (A(a) B(H)) = % = 2v2 > 2




JKCNepuMeHTbl N0 HapyLeHUIo

HepaBeHCT

B benna

Freedman and Clauser, 1972

2003, violating on mesons




Mcnonb3oBaHUe KBAHTOBOM

3aNyTaHHOCTWH




KBaHTOBaA TenenopTaumAa

AUSTRIA

 [lepenaeTcss HeM3BECTHOE KBAHTOBOE COCTOSIHUE.
e HcnoJib3yeT 3anyTaHHOE COCTOsSIHUE

 HeobxoarMa nepenaya KJaacCUYECKOU
MHGOpPMaLIHH.
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Anvca v bob npoTuB cyabu. HUKaKuX cpeiCTB CBSA3M.
Anwvca 3anoJiHseT CTPOKH, o6 cToJ1011bI

CyZbsi BBIOWpPAeT NPOU3BOJIBHO CTPOKY U CTOJIOE]]
A. ¥ b. BEIUT'PBIBAIOT, €CJIU YUCJIA COBIIAAYT

MO>XHO JI BBIUTPATh?

Mcnosib30BaHMe 3alyTaHHbBIX COCTOAHUHA
[103BOJIdeT Bbiurparhb!!!
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YnquueHme BbIHNC/TUTE/IbHBbIX KOMMYHWKA LI,I/II7I

Heobxogumo nocumtatb cymmy outos: 10101 -> 11

\




Hay4yHble 3aaa4u




¢ FeHepauHH U AETEKTUPOBAHHUE 3dllYTAHHOCTH

e CTpyKTypa 3allyTaHHOCTU
e OnpejaesieHue, reOMeTpPUd, ...
e Mephbl 3allyTaHHOCTH
JleTeKTUpOBaHUe
MOHOTOHHOCTb
AJAJUTUBHOCTD

¢ HpI/IMeHeHI/Ie 3dllYTAHHOCTH

e PoJib 3anyTaHHOCTH B GU3UYECKHUX U
OUOJIOTUYECKUX ABJIEHUIX




BbluncneHums

e OT/IHUYUTH 3allyTaHHOE COCTOSAHUE OT He3allyTAaHHOTO — NP-
CJIOXKHAaAd 3a4a44

e BpIuMc/ieHHEe Mep 3allyTaAaHHOCTH IIOYTH BCEr/ia TpeodyeT
rJ100aJIbHOM ONTUMU3AlMM MHOTOIIapaMeTPpHUIeCKUX QYHKIIUU

* Hcnosb3yrTCs COBpeEMEHHbIE METOAbI ONNITUMU3ALUU (3BOJIIOLMOHHbIE
aJITOPUTMBbI, BBINYKJIash ONTUMHU3AIUS )

* O4eHb CJI0KHBIE 33J]a4¥ C BBIYUCIUTENBHOU TOYKU 3PEHUS
* Hcnonb3yrwTcs cynepKkoMIbOTepPbl, GPU

e BrbiuucseHre Mep KBAHTOBBIX KOPPEJISIMM BaXXHO ZIJI1 aHaJIU3a:
® KBAaHTOBBIX aJITOPUTMOB
® KOJIOB KOPPEKIUHU OIIHOOK,
* 3KCIepUMEHTAJbHBIX JAaHHbIX




e
BbiBOAbI

* KBaHTOBas KOMIBIOTED — He SBJISAETCA KOHKYPEHTOM CYyNIePKOMITBIOTEDA,
OJJHAKO, ero Co3/laHUe MO03BOJIMT pellaTh MHOTHE BaXKHbIe 33/1a4H,
HEJIOCTYIHbIE KJIACCUYECKUM BbIYUCJIUTENbHBIM YCTPOUCTBAM

* KBaHTOBasg MUHGOpPMATHUKA KPUTUYECKH HYKAAETCS B COBPEMEHHBIX
CYIIEPKOMIIbIOTEPHBIX BIYUCIEHUAX

e BpIYHCIHUTEJIbHbIE 3aa4u KW c10>kHBbI U HMHTEPECHbI C TOYKHN 3PpEHUA
BBICOKOIIPOHU3BOAUTEJ/IbHbIX BbIYMCJIEHUH

o ,Z[.HH «IPOCTBIX» 10Jib30BaTeJen CYIIEPKOMIIBIOTEPOB ITOKa UMEKTCA

onpegesieHHbie TPYAHOCTH

super
computers
&

quantum
informatics




