B3/10M 1 cepTudmKaLMA KBaHTOBOM
KpnnTorpadum

Trojan-horse attack experiment

Alice =

4% reflection

: Phase
modulator

L,

\

(
= Variable

l | attenuator I_/I_‘JN;\

—) ] W) ~—
L, .
Fine length

adjustment
to getL,=L;

Received
OTDR

A Vakhitov et al., J. Mod. Opt. 48, 2023 (2001)

%

readout

Cumulative
click probability

Bagum Makapos

Gates since probe pulse




5 ;//‘//‘//"/ |

£l JN%/////%//)J/ |
<l

& vd - oY &l | |
‘ \( o= 4 2 = ) = - 3 C | | |
& =i - bR ke

4] f AN N, | ‘

|| 7 7NN Shiah;

Commercial QKD

1st generation (circa 2008}
ID Quantique Cerberns system

Classical encryptors:
L2, 2 Gbil/s

L2, 10 Gbit's

L3 VPN, 100 Mbit's

WDMs

Key manager

QKD to anothernode (4 km)

QKD to anothernode (14 km)

v swissgquantum. com
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|. Gerhardt, . Liu et al_,
Mat. Commun. 2, 349 (2011)




POCCUMNCKMM KBAHTOBbIV LLEHTP




KRBaHTOBAaA CcBA3b B Poccuu

C 2014 ropa B Poccunm 3anyLueH npoeKkT B 061aCcT Ha3eMHOM KBAHTOBOM CBA3MW.
NuBHecTuummn ao 450 000 000 pybnen

31 mana 2016 roaa coTpyaHMKamm PoccMincKoro KBaHTOBOrO LeHTPa Oblnia 3anyLueHa
nepBan POCCUMUCKAA IMHUA KBAHTOBOW CBA3M, CO34aHHAA Ha 6Ga3e ONTOBO/IOKOHHOM CETH

Touyku — otaeneHuns NasnpombaHka Ha Koposbem Bany u B HoBbix YepemyLuKax.

PacctoaHne mexay 3aaHnamm okosio 30 Km




BbICOKOCKOPOCTHOM KBaHTOBbIN WwudpaTop MY

Ha 6a3e texHonormm, CO3gaHHOM B pamKax
npoeKkta PoHAa NepCcneKTUBHbDbIX
uccneposaHunmn, byager cospaH
BbICOKONPOU3BOAUTENbHDbIN WndpaTop ¢
KBAHTOBbIM KaHAa/IOM pacnpeaeneHus
Kpuntorpadunueckux Karueum ana 6oictpon n
abcontotTHo 6e3onacHO nepeaaun
nHPopMaL MM NO ONTOBOJIOKOHHbIM JIMHUAM
casn. *

http://www.tadviser.ru/index.php/%D0%9F%D1%80%D0%BE%D0%B4%D1%83%D0%BA%D1%82:%D0%92%D1%8B%D1%81%D0%BE%D0%BA%
D0%BE%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D0%B9_%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D
0%BE%D0%B2%D1%8B%D0%B9_%D1%88%D0%B8%D1%84%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%9C%D0%93%D0%A3




WcnbiTaHna cnctembl 417 KBAaHTOBOM 3aLWMTb|
ﬂefpe,a,aqm AaHHbIX Ha BOJIC «PocTtenekoma»

«Pocrenekom» opraHmnsoBasn B Poccuu onbiTHYIO CeTb Nepeaaym AaHHbIX C KBAHTOBbIM
wudppoBaHuem*

29 anBapa 2019 ropa «Poctenekom» coobuimn, 4To ycrnewHo NpoBes BTOPOW 3Tan UCNbITAaHUN
OTEeYeCTBEHHbIX 000PYyA0BaHMA U PELlEeHNIN AN OPraHn3aumnMmn KBAaHTOBOW 3aLLUTbI Nepeaayn
NAHHbIX HA AENCTBYIOLLEN BOJIOKOHHO-0NTUYECKOM InHMKM cBA3M (BOJIC). YyacTHMKamm
TeCTUpPOBaHMA cTanun Poccmimckmi KBaHToBbIM LeHTP (PKLL), Komnanmn QRate n «C-Teppa
Cndclln»**

*

http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F_(%
D1%88%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)#.C2.AB.D0.A0.D0.BE.D1.81.D1.82.D0.85.D0.BB.D0.B5.D0.BA.D0.BE.D0.BC.C2.BB_.D0.BE.D1.80.D0.83.00.80.D0.BD.D0.88.D0.B7.D0.BE.D0.B2.D0.80.D0.BB_.D0.B2_.D0.A0.D0.BE.D1.81.D1.81.D0
.B8.D0.B8_.D0.BE.D0.BF.D1.8B.D1.82.D0.BD.D1.83.D1.8E_.D1.81.D0.85.D1.82.D1.8C_.D0.BF.D0.B5.D1.80.D0.B5.00.84.D0.80.D1.87.D0.B8_.D0.B4.D0.80.D0.8D.D0.BD.D1.8B.D1.85_.D1.81_.D0.BA.D0.B2.D0.80.D0.BD.D1.82.D0.BE.D0.B2.D1.8B.D0.BC_.D1.88.D0.B8.D1.84.D1.80.D0.B
E.D0.B2.D0.B0.D0.BD.D0.B8.D0.B5.D0.BC

ok http://www.tadviser.ru/index.php/%D0%9F%D1%80%D0%BE%D0%B4%D1%83%D0%BA%D1%82:QRate_%D0%A0%D0%IA%D0O%A6_%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B7%D0%B0%D1%89

%D0%B8%D1%89%D0%B5%D0%BD%D0%BD%D0%BE%D0%BI9_%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%BE%D0%BI_%D1%81%D0%B2%D1%8F%D0%B7%D0%B8#2019:_.D0.98.D01.81.D0.BF.D1.8B.D1.
82.D0.B0.D0.BD.D0.B8.D1.8F_.D1.81.D0.B8.D01.81.D01.82.D0.B5.00.BC.D1.8B_.D0.B4.D0.BB.D1.8F_.D0.BA.D0.B2.D0.B0.D0.BD.D1.82.D0.BE.D0.B2.D0.BE.D0.B9_.D0.B7.D0.80.D1.89.D0.B8.D01.82.D1.8B_.D0.BF.D0.B5.D01.80.D0.B5.
D0.B4.D0.B0.D1.87.D0.B8_.D0.B4.D0.80.D0.BD.D0.BD.D1.8B.D1.85_.D0.BD.D0.B0O_.D0.92.D0.9E.D0.9B.D0.A1_.C2.AB.D0.A0.D0.BE.D1.81.D1.82.D0.B5.D0.BB.D0.B5.D0.BA.D0.BE.D0.BC.D0.B0.C2.BB



http://www.tadviser.ru/index.php/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B0%D0%BD%D0%B8%D1%8F:%D0%A0%D0%BE%D1%81%D1%82%D0%B5%D0%BB%D0%B5%D0%BA%D0%BE%D0%BC
http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:%D0%97%D0%B0%D1%89%D0%B8%D1%82%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:%D0%94%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5
http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:%D0%9E%D0%BF%D1%82%D0%BE%D0%B2%D0%BE%D0%BB%D0%BE%D0%BA%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://www.tadviser.ru/index.php/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B0%D0%BD%D0%B8%D1%8F:%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%86%D0%B5%D0%BD%D1%82%D1%80_(%D0%A0%D0%9A%D0%A6,_Russian_Quantum_Center,_RQC)
http://www.tadviser.ru/index.php/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B0%D0%BD%D0%B8%D1%8F:%D0%A1-%D0%A2%D0%B5%D1%80%D1%80%D0%B0_%D0%A1%D0%B8%D0%AD%D1%81%D0%9F%D0%B8

B 2011 roay POCCMNCKMIN KBAHTOBbIN
ueHTp (Russian Quantum Center, RQC)
— TaKoe Ha3BaHWe HOCUT HOBaA

opraHusauma — noay4Yua rpaHT ot

«CKonkoBo» Ha 435 mnH pyb., 1 3To
nepsble U NocneaHue
«rocyapcTBeHHble» AeHbr1, KOTopble
npusieKana KomnaHusa. Bcero 3a Bce
Bpems paboTbl LueHTp noayuun 1,5 mappa,
pyb. MHBECTMLMIN, B TOM Yncne 565 mnH
py6. ot [a3npombaHKa.

https://www.rbc.ru/magazine/2018/01/5a3ccf2e9a79474240f50294



KBaHTOBbW KOMNbIOTEP B POCCMM ROABKUTCA Yepes Tpu roaa
PaHee npeanonaranoch, Y10 Ha 3To NoTpebyeTca NATL NeT
7 maa 2018

B 2011 roay POCCMNCKMN KBAHTOBbLIW
ueHTp (Russian Quantum Center, RQC)
— TaKoe Ha3BaHWe HOCUT HOBaA
opraHmM3auma — NOAY4YUAN FPAHT OT

«CKonkoBo» Ha 435 mnH pyb., 1 3To
nepsble U NocneaHue
«rocyapcTBeHHble» AeHbr1, KOTopble
npusieKana KomnaHusa. Bcero 3a Bce
Bpems paboTbl LueHTp noayuun 1,5 mappa,
pyb. MHBECTMLMIN, B TOM Yncne 565 mnH
py6. ot [a3npombaHKa.

https://iz.ru/734210/mariia-nediuk/kvantovyi-kompiuter-v-rossii-poiavitsia-cherez-tri-goda



https://iz.ru/734210/mariia-nediuk/kvantovyi-kompiuter-v-rossii-poiavitsia-cherez-tri-goda
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OT uccnenoBaHUM K peasibHOMY NPUMEHEHUIO

B Poccuun nnaH pa3BUTUA KBAHTOBbLIX TEXHOI0MMIN pa3paboTtaH ao 2024 r.

[MnaH npegycmaTpuBaeT BNOXKeEHUA B 3Ty obnactb 6onee 43 mapp pyod.

[MTpOeKT « A0POXKHOM KapTbl» B Mae npeactasmnam POCCMNCKUN KBAaHTOBbIN

ueHTp (PKLU) n HUTY MUCKHC coBmecTHO € NpmUBAEYEHHbIMM IKCNEPTAMM.

[Tpumepsl:

* Volkswagen ¢ Google n D-Wave ncnonb3ytoT KBaHTOBbIE KOMMNbIOTEPDI
ANA peweHna 3a4a4 onTMmMm3aLnm ropoackoro Tpadpuka.

 [lpyras npobsema— NoCTpoOeHNE EMKUX aKKYMYNATOPOB (EMCKOCTb>B
10 pa3) anAa coznaHusa anektpomodbunen. OAHOM M3 OCHOBHbIX chep
NPUMEHEHUA KBAHTOBbIX KOMMNbIOTEPOB HA NEPBbIX 3Tanax Ha3bIBaOT

moaenmpoBaHmMe HOBbIX MaTepPUManoB.
https://www.kommersant.ru/doc/3976880



https://www.kommersant.ru/doc/3976880

/2018 roa. KBaHTOBbIN KOMMbIOTEDP W
CUANTENb

YcTpaHEeHbl MOMEeXU Ha
NYyTU K KBAHTOBOMY
KOMMNblOTEPY
Co3aaHHbIN
OoTeYeCTBEHHbIMMU
dU3MKamMmn ycunmTenb
3HAaYUTENIbHO YCKOPUT
paboty
BbIYUCAUTENBHOM
MaLlnHbI byayulero




KBaHTOBO-yCTOMYMBAsA KpMNTOrpapums

Cenyac cywecrtsyeT 6 pa3/INyHbIX
noaxoa0Bs:

e Lattice-based cryptography

e Multivariate cryptography

eHash-based cryptography

e Code-based cryptography

eSupersingular Elliptic Curve Isogeny
cryptography

e Symmetric Key Quantum Resistance

ExxerogHana koHdepeHunsa PQCrypto (https://twitter.com/pgcryptoconf, 10th edition in 2019)

(no maTtepuanam PHDays 2019)

Onnn 1l a*|0)+ p*|1)


https://twitter.com/pqcryptoconf
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https://en.wikipedia.org/wiki/Lattice-based cryptography*

QUANTUM-
SECURE

Lattice-based
cryptography

SecurEy b related 1o the difficuly of rding
the nearest point in a lotice with hundreds
of spatiol dimensiona fwhens the lotice
point is associcied with the peirabe ke,
ghwen an arbitrary koosion in gpoce
jassociated with the public key].

@ Code-based
cryptography

Thea private key is ossockated wish on
1_:1'|nrf.-::|-|r\-||-r.|'|n-_a oo |;|r.::| i r.ml-.vlic |u_:-'-
with o scrombled ond ermonecus version of
the code. Secwity is boaed on the haed-
nass of decoding o geneml| Inear coda

Multivariate
cryptography

These schemas redy on the hardness of
sobdng systems of mulivariole pobynomial

KBaHTOBO-yCTOMYMBAA KpunTorpadus

[Tpumenp:

e L attice-based cryptography —
pelwieT4yaTaa Kpuntorpapuma™

e Cymtaerca be3onacHoun B
NpPeanosIoKEHNN, YTO HEKOTOPbIE
XOPOLLUO U3YYEHHbIE 3a1a4M
BbIYNCANTE/IBHOWN PELLUETKN HE
MOTYT ObITb 3pPEKTUBHO
peLLEeHbI.

(no matepmnanam PHDays 2019)*

https://www.wired.com/2015/09/tricky-encryption-stump-quantum-computers/ **



https://en.wikipedia.org/wiki/Lattice-based_cryptography
https://www.wired.com/2015/09/tricky-encryption-stump-quantum-computers/

[TocTkBaHTOBadA Kpuntorpadma (wiki)

* yacTb KpMNTOrpadmnm, KOTopas OCTaéTCcA aKTya/IbHOM U NPU NOABAEHUMU
KBAHTOBbIX KOMIMbIOTEPOB N KBAHTOBbIX aTaK, MOCKOJIbKY NO CKOPOCTHU
BbIYMCNEHMA TPAANLMOHHbBIX KPpUNTOrpadnyeckmux airoPMTMOB KBAHTOBbIE
KOMMbIOTEPbI 3HAYUTE/IBHO NPEBOCXOAAT KNACCUYECKME KOMMbIOTEPHbIE
apPXUTEKTYPbI

* COBpeMEHHbIe Kpuntorpadpuveckmne CUCTemMbl CTAHOBATCA NOTEHLMANIBHO
VA3BUMbIMMU ANA KpUntorpadumuvyeckmnx atak. bonblWMHCTBO TPaAULMOHHbIX
KPUNTOCMCTEM ONUPAETCA Ha Npobaembl GaKTOPU3aLMM LLENBIX YUCEN UMK
334341 ANCKPETHOro N10rapudmMmMpoBaHus, KOTopble ByayT Nerko paspewwmmel
Ha A0CTAaTOYHO H60ONbLIMX KBAHTOBbIX KOMMNbIOTEPAX, MCMONb3YIOWMX aJITOPUTM
LLlopa.lt2l MHorne kKpnntorpadsbl B HacToALee Bpema BeayT pa3paboTKy
aNropmuTMOB, HE3AaBUCMMbIX OT KBAHTOBbIX BbIYUC/IEHUWN, TO €CTb YCTOMUYMBDIX K
KBAHTOBbIM aTaKaM.



https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B0%D1%82%D0%B0%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D1%86%D0%B5%D0%BB%D1%8B%D1%85_%D1%87%D0%B8%D1%81%D0%B5%D0%BB
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE%D0%B5_%D0%BB%D0%BE%D0%B3%D0%B0%D1%80%D0%B8%D1%84%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%A8%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F#cite_note-shor-algorithm-1
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F#cite_note-djb-intro-2

[ocTkBaHTOBas KpunTorpadmsa

* CyLLEecTBYIOT KNnaccnuyeckne Kpuntocuctembl, onmpatowimeca Ha
BbIYNCANTENBHO CNOXHbIE 334a4U U UMEIOT PAa CYLLLECTBEHHbIX OTIMYUMN OT
K1aCCUYECKUX CUCTEM CUNBbHOM KpunTtorpadummn. N3-3a sToro ux ropasno
CNOXKHEee pelmnTb. ITU CUCTEMbI HE3aBUCUMbI OT KBAHTOBbIX BbIYUC/IEHUN, W,
cnegoBaTeNIbHO, MX CYMUTAOT KBAHTOBO-YCTOMYMBBLIMM (quantum-resistant),
NN «NOCTKBAHTOBbIMM» KPUNTOCUCTEMAMM.

* [TocTKBaHTOBAA Kpuntorpaduma B CBOO ovepedb OTAINYAETCA OT KBAHTOBOM
Kpuntorpadum, KOToOpaa 3aHMMAETCA MeTOAaMM 3aLLLNTbl KOMMYHUKaLUWUWN,
OCHOBAHHbIX HA NPUHUMNAX KBAHTOBOW PU3UKMW.

https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%DO
%B2%D0%B0%D1%8F %D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D
1%8F



https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F

KBaHTOBO-YCTONYMBbIE aCMMMETPUYHbIE aITOPUTMbI

KBAaHTOBO-YCTOMYMUBbBIX aCUMMETPUYHbIX aZITOPUTMOB
o4yeHb mano. Hanbonee nssectHbinM U3 HUX NTRU,
OCHOBaHHbIX Ha lattice-based shortest vector problem:

e NTRUENncrypt ana wmndppoBaHma
e NTRUSign ana undpposon noanmncu

*https://www.onboardsecurity.com/products/ntru-
crypto

(no maTtepunanam PHDays 2019)



https://www.onboardsecurity.com/products/ntru-crypto
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[TpnnoxeHunA

“300MNapK A3bIKOB MPorpamMmmpoBaHna’” -
https://www.americanscientist.org/article/programming-your-

B quantum-computer

S13bIKM KBAHTOBOIO NPOrpamMMmMpoOBaHNA B BUKUNEQUN
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%B
D%D1%82%D0%BE%D0%B2%D0%BE%D0%B5 %D0%BF%D
1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%
B8%D0%B5

KBaHTOBagd ceTb
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%B
D%D1%82%D0%BE%D0%B2%D0%B0%D1%8F %D1%81%D
0%B5%D1%82%D1%8C



https://www.americanscientist.org/article/programming-your-quantum-computer
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C

KBaHTOBaA MHPOPMATUKA

Pasaen HayKu, BO3HUKLLINK B KOHLUE XX BEKA HA CTbIKe KBAHTOBOW MEXaHUKU, TEOPUM
aNrOPUTMOB U TEOPUN MHPOPMALUMN.

B KBAHTOBOM MHDOPMATUKE U3Yy4atOTCA 0OLWMe NPUHLMMbI U 3aKOHbI, yPaBAAOLWMNE
ANHAMUKOM CNOXHbIX KBaHTOBbIX cuctem!ll, Mogenbio Taknx cuctem asnaerca

KBQHTOBbIM KOMMbIOTEP.

KBaHTOBasA MHGOPMATMKaA BKItOHaET B ceba BONPOChbl KBAHTOBbIX BbIYMC/IEHNIN U
KBQHTOBbIX a/ITOPUTMOB, GU3MKY KBAHTOBbIX KOMMbKOTEPOB, KBAHTOBOU KpMnTtorpaduun n
KBAaHTOBOM TEOPUU MHPOPMALMKU, HENOCPEACTBEHHO KacaeTcA OCHOBAaHMM KBAaHTOBOM
TEOPMUU, B YAaCTHOCTU, NPobaEeMbl USMEPEHMI N ONUCAHUA AEKOTEPEHTHOCTH.
BaxKHenWwmnm dusnyecknm aBaeHmem, KoTopoe U3yyaetTca B KBAHTOBOM MHPOPMATUKe,
ABNAETCA 3aNyTaHHbIE KBAHTOBbIE COCTOAHUA U NOPOXKAAEMbIE UMW HE/IOKANbHbIE
CBOWCTBA KBAHTOBOW GU3NKU MHOTUX TeN.



https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0#cite_note-1
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BA%D0%BE%D0%B3%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B7%D0%B0%D0%BF%D1%83%D1%82%D0%B0%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C

"~~~ HoBsas pa3paboTKa BbiBeNa POCCUINCKUIA KBAHTOBbI
KOMMbIOTEP HAa MMPOBOI YPOBEHb

Co3gaHune ycnnmtena ¢ MUHUMa/IbHbIM
YPOBHEM LLUYMa CTaN0 OAHON U3
KNto4YeBbIX 33134 B XO4,e NOCTPOEHUSA
KBAaHTOBOro KOMnMbloTepa.

dun3mkKun nabopatopum
"CBepxnposogsaLime metamartepuansl”
HUTY "MNCnC" n aByx nuctmtytos PAH
CO3/[3/11 CaMbI/ Ka4eCTBEHHbIN B MUPE
YCUAUTENb CUTHaNa ANA KBAaHTOBOTO
KOMMbOTEPA. YCTPOMUCTBO MOXKET
NMPUMEHATLCA TaKXKe B pagnoTeneckonax
n gpyrmx npubopax, paborarowmx co

doTo npecc-cayk661 HUTY "MUCKC". cBepxciabbim pagnmonsnyyeHnem.



http://misis.ru/university/news/science/2018-01/5139/
http://misis.ru/

®un3nKu caenanmn ns cBepxnpoBoaHMKa "'Korta
LLipéauHrepa"” ana KBaHTOBbIX KOMMNbIOTEPOB

MaTepuasnbl c 0cobbiMM CBOMCTBAMU MOTYT
CNYXNTb Ana GU3n4eckon peanunsaymm kybuTa.

®Pn3nkum pa3paboTtann HOBbIN NEPCNEKTUBHbDIN
TMN KYBUTOB M3 CBEPXNPOBOAALLErO MaTepmana.
3TO AOCTUXEHME NMPUBAUNKAET 3Py KBAHTOBbIX
BbIYUCNEHUN.

MoapobHOCTN oNMCcaHbl B HAY4HOM CTAThE,
onybanKoBaHHOM B }KypHasie Science rpynnow Bo
rnase ¢ Yna-/InH Yanem (Chia-Ling Chien) un3
YHuBepcuteta [XKoHa XONKUHCa.

Unntoctpauma Johns Hopkins University



https://science.sciencemag.org/content/366/6462/238
https://physics-astronomy.jhu.edu/directory/chia-ling-chen/
https://hub.jhu.edu/

o

8 o

OUT, KaK 3HameHuUTbIN KoT LLIpéanHrepa, MoXKeT HaxoAUTbLCS B
KOMBUHaLUMK ABYX, Ka3a/10Cb Obl, B3aMMOWCKAOUYAIOLLLMX COCTOAHUM

MaTtepunanbl ¢ 0CObbIMN CBOMCTBAMM MOTYT
CNYKUTb ANA GU3NYECKOU peanmnsaumm
KybuTa.

®Pun3nkm paspaboTtasnin HOBbIN
NepCcnekTUBHbLIN TUMN KyOuToB 13
CBEpPXNpoBOAALLEro maTepuana. 3710
AOCTUXKEHUE NpUbAnKaeT 3py KBAHTOBbIX
BbIYNCNEHUN.

MoapobHOCTM ONMCaHbl B HAy4YHOM CTaThe,
onybaMKOBaHHOM B XKypHane Science
rpynnow Bo rnase ¢ Yna-J/inu Yanem (Chia-
Ling Chien) n3 YHuBepcuteTta [KoHa
XONKKHCa.



https://science.sciencemag.org/content/366/6462/238
https://physics-astronomy.jhu.edu/directory/chia-ling-chen/

77~ f13blKM nporpammupoBaHuAa ANA
" KBAaHTOBOro KOMnbloTepa

HeCcKo/bKO neT Ha3aa
IBM aana BO3MOXKHOCTb
NtoOboMyY NOAKNOYNTLCA
K 5-KybutHOMmy
KOMNblOTepy. B npoeKTe

3apeructpuposanucb /0
000 yenosek.
http://www.research.ib

. m.com/quantum/
Mpomomun A0pa UOHHO20 KBAHMOB020 KoMmnbtomepa. lon Quantum Technology Group, Caccekckuli yHusepcumem



https://phys.org/news/2017-02-blueprint-unveiled-large-scale-quantum.html
http://www.research.ibm.com/quantum/
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Quantum Starts'Here I NN (<& BM npeactapnzer

obnayHyto nnatpopmy
KBAHTOBbIX
Bbl4UC/IEHNI NOA,
Ha3BaHuem IBM
Quantum Experience,
4TO6bI NO3BONNTD
nccnepoBaTenam u
Hay4yHOMY
coobuecTBy
KCMNEPUMEHTUPOBATD
Ha KBAHTOBOM
npoueccope, YToO bl
MOMOYb OBHAPYXKUTb
HOBbIE NPUAOXKEHUSA
ANA 3TOUN TEXHONOTUMN.



https://www.youtube.com/watch?v=KZf4BSmgdO4&feature=youtu.be
http://ibm.com/quantumcomputing

IBM aHOHCcUpyeT 06a1auHYyI0 naathopmy
KBaHTOBbIX BbIYUC/IEHUMN

Slgn In to IBM Q Experience (Tech Xplore) —IBM o6bsBuaa o

pa3paboTKe nnathopmbl
What is IBM Q Experience? Learn more KBAHTOBbIX Bb|l_|y|cf|eHy|[/'|’ KOoTopaA
MNO3BOJIUT MNOJIb30BATENAM

dBb Google G+ GitHub noay4artb AOCTyn U
NPOrpaMmmmpoBaTb CBOU 5-
KyOUTOBbIN KBAaHTOBbIN
KomnbtoTep Yepes UHTepHer.

Yy

KomnaHua, nonydmnswan Ha3ssaHue IBM Quantum Experience, yTBep»XaaeT, 4To 3TO
nepBas B MUpPeE CUCTEMA, KOTOpPaA NO3BONAET BHEWHUM NOJb30BaTeNns M paboTtathb C
KBAQHTOBbIM KOMMbIOTEPOM Yyepes3 obnako.

https://quantum-computing.ibm.com/



https://quantum-computing.ibm.com/
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Programming Your

Quantum Computer

BY BRIAN HAYES

The hardware doesn't yet exist, but languages for quantum
coding are ready to go.

COMPUTER - TECHNOLOGY - INFORMATION THEORY



/7~ [pe yuuTbCA NPOrPaMMMUPOBAHMUIO Ha KBAaHTOBOM KOoMNbloTepe*

1. Introduction to Quantum Computing by St Petersburg State
University (Coursera)

2.QC101 Quantum Computing & Quantum Physics for Beginners
(Udemy)

3. Quantum Computing: Theory to Simulation and Programming
(Udemy)

4. Quantum Computing Courses (Udemy)

5. The Quantum World by Harvard University (edX)

6. The Building Blocks of a Quantum Computer by TU Delft (edX)
/. Quantum Computing Introduction by TU Delft (edX)

8. Turn Quantum Computing Knowledge into Action (MIT xPRO)

* https://digitaldefynd.com/best-quantum-computing-courses/



https://digitaldefynd.com/best-quantum-computing-courses/

~ Microsoft Quantum Development Kit Samples*

Getting started

If you're new to quantum or to the Quantum Development Kit, we recommend starting with the Getting Started samples.

Going further

As you go further with quantum development, we provide several different categories of samples for you to explore:

Algorithms: These samples demonstrate various quantum algorithms, such as database search and integer factorization.
Arithmetic: These samples show how to coherently transform arithmetic data.

Characterization: These samples demonstrate how to learn properties of quantum systems from classical data.
Chemistry:

Diagnostics: These samples show how to diagnose and test Q# applications.

Error Correction: These samples show how to work with quantum error correcting codes in Q# programs.
Interoperability: These samples show how to use Q# with different host languages.

Mumerics: The samples in this folder show how to use the numerics library.

Runtime: These samples show how to work with the Q# simulation runtime.

Simulation: These samples show how to simulate evolution under different Hamiltonians.

We also encourage taking a look at the unit tests used to check the correctness of the Quantum Development Kit samples.

Docker image



https://github.com/Microsoft/Quantum

Cepeucel IT Jiy

M¢T" Mockosackud gusuko-mexHuyeckull uHCmMumym Monek &
HauuoHansHeId uccnedosamenesckull yHUBepcUumem

- s, Srraep ) Ten. cnpasouruk  J

Nonnepxate MOTH

O ®U3TEXE ~ OBPA3OBAHWE - HAYKA 1 MHHOBALIMA ~ HOBOCTW HAYKWU

MOTKWM / Hayka v wHHoBauww [/ [JlabopaTopwu u HayyHble LeHTpel [/ JlabopaTopwa MCKYCCTBEHHBIX KEAHT 0BbIX CUCTEM

| B O naGopatopun ﬂaﬁopaTopMﬂ MCKYCCTBEHHbIX KBAHTOBbLIX CUCTEM

B Haww naptHeps JNabopaTopusa MCKYCCTBEHHbIX KBAHTOBbIX

B Hoeoctu cuctem (MKC) cozpaHa B anpene 2014 roga no
pe3ynbTaTaM OTKpbITOro KoHkypca MOTH,
MpoBeAeHHOro B Uensax peanusaymv nporpammbl

AbOPATO
URYCGTH

B HayuHble ceMuHapbl

B CotpyaHuku NOBbILLEHNsI KOHKYpeHTocnocobHocTtun "5-100".

Hay4HbIX nccneaoBaHun B obnactu
SKCMEPUMEHTaNbHOM  (U3MKM  HAHOCTPYKTYp U
B CMW o Hac pa3BUTHE CBEpPXMNpOBOAHUKOBbIX KBaAHTOBbIX
TEXHOMoruit, a TaKke obyyeHne CTY[NeHTOB U
acrnMpaHToOB COBPEMEHHbIM MeTo/aM 3KCrepuMeHTanbHoM duankn. C MoMOLLbi0 KBAHTOBbIX TEXHOMOMUIA
B ranepes MOXHO oBecrneynTb peBOSIOLMOHHbBIE MPOpbIBbl B 0BNAcTU BbIYUCIEHWIA B MHTEpecax COBPEMEHHOro
MaTepuanoBeaeHus, KpunTorpaduv, ONTUMM3aALMM pPasnnyHbLIX npoleccoB. Bce 3To onpepensiet
HECOMHEeHHYI0 BaKHOCTb M NepcneKTUBHOCTb 3aaad, pellaembix nabopatopuein UKC.

J]
(

B My6nukaumn OcHoBHble 3agaun nabopatopum UKC - nposepeHue K iﬂ HT :] B h
G

B KoHdepeHumm ﬂ ETE VI

B Hawwu BbinyckHUKK

B ObopynosaHue




foe yuntbca rporpaMmmmpoBaHUIO Ha KBAHTOBOM KomnbloTepe B Po.
~~ BaXXHO — yuntbca 6ecnnaTHoO, He N1IaTUTb 3a NOBbILLEeHue
KBanupuKaLun: AeHbru ¢ Bac BO3bMyT, a KBaanduKauma — saLue geno

MIT Online Courses

I I I H Bl Massachuseits

I I Institute of
Technology

Join for Free

MIT Ha 6ecnnaTHbIX OHNAWH Kypcax
Coursera, moxHo B class central https://www.classcentral.com ' uantum-mechanics

pecypcobl github, gitlab
O6A3aTeNbHO - INEKTPOHHbIE KHUTWU, BCMOMHWUTb KBAaHTOBYIO MEXAHWUKY, C/1eAMUTb 3@ HOBOCTAMM,

NPoOrpamMmmmMpoBaThb



https://www.classcentral.com/subject/quantum-mechanics

