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1. lens peasiM3anuy NporpaMmel

Ilenr Kypca - cdopmMHpoBaTh y Ciyuiatened 3HaHWS O (GU3MYECKMX OCHOBAax
COBPEeMEHHbIX KBaHTOBBIX TEXHOJIOIMH M MeTojax 06paboTKy KBaHTOBOH MH(POPMALHH.
B 1nekiMOHHOM Kypce pacCMaTPUBAKOTCS OCHOBHbIE TIOHSTHS KBAaHTOBOH MeXaHMKH,
CTaTUCTHUYeCKOH (QM3UKH, TEOPHH H3MEPEHHH W KJIacCHUecKoi MH(OPMaTHKH, HeobXouMEIe IS
BBeJeHUsI B rnpobieMaTHKy kBaHTOBO#M 06paborku wHpopmauuu. Kypc opueHTHpoBaH Ha
QIyLIaTeNei, MMEILIMX BhiCiiee 06pa3oBaHKe U 3HAKOMbIM C 06111MM KypcoM ¢usukH B popmare
CTaHJapTa CreyMaadcTa WM OakamaBpa, a Takke pabOTHMKOB  MpeANpPHSATHH,
CHeLIMATH3UPYIOLIMXCSA B 00/1aCTH KBAHTOBBIX ONTHYECKHUX T@XHOJIOTHH.

Yriop genaetcs Ha Gusuyeckue 3¢ deKTsI ¥ aHAJIOTHH, JieXalljie B 0OCHOBe 06CyX/jaeMbIX
TIOHATHIH W [IOMOTalolHe PaCKPBITh UX Cofiep)KaHue. B ux uucre:

- OCHOBHBIE TIOHATHS KBaHTOBOW HMHGopmaruu (KyOUThI, IepernyTaHHble COCTOSHMSA, KBaHTOBbIE
JIori4yecKue 3JieMeHThI H l'IpO‘-I.)

- 3¢pekTsl (KBAHTOBasA TE/ETOPTALIMsA, KBaHTOBBIA 0O6MeH u Jp.),

- HEKJIaCCHYeCKHe CBETOBbIE IO/,

- KBQHTOBbIE /IrOPUTMBI (MOMCK B Gase JaHHbIX, akTopHU3alLKs Ha MPOCTbIe MHOXMTE/HU U /P.)
- KBAHTOBas KpHrrrorpadusi,

- KBAaHTOBas KOppeKLusi oLmboK,

a TaKXKe HeKOTOpLIe APYTHe Pa3fiebl, B TOM YHCJIE Te, K KOTOPbIM OTHOCATCS HayUYHBIE HHTEPECH
Y OpUIMHa/IbHbIE PaboThl 3KCIIEPHMEeHTAIBHOM rpyTinel, rie paboTaeT aBTOp Kypca.

2. ©PopmManH30BaHHbIE Pe3yIbTaThbl 00yUeHHs

O6yuenue B MI'Y umenn M.B. JIOMOHOCOBa HamnpaB/IeHO Ha MOJTOTOBKY pabOTHHKa
BLICOKOW KBaTM(UKAL[UH, KOTOPBIH:

B mMojHOd Mepe o6najaer mnpogecCHOHANEHBIMM M JIMYHOCTHBIMH KaueCTBaMH,
ofecreyUBaOLMMHU eMy TIPHOPHTETHYIO BOCTPeOOBAaHHOCTh H yCTOHYMBYIO
KOHKYPEHTOCIIOCOOHOCTh Ha POCCHMHCKOM M MEX/YHapOJHOM pbiHKe Tpy/a W IIWDOKHe
BO3MOXKHOCTH CaMOpeayM3allid, B TOM YMC/Ie B HOBediuMx o0racTsX 3HaHWH, Haubonee
3HauMMBIX cdepax MpodeCcCHOHATBHO# eATeTbHOCTH U 0611]eCTBEHHOH XH3HH,

CTPeMHUTCSA K MPOJC/DKeHHIo o6pa3oBaHust 1 caMooOpa3oBaHHIO B TeYeHUe BCEeH JKU3HH,
criocobeH MaKCHMA/ILHO MPO/YKTHBHO HCIIO/MB30BaTh CBOH TBOPYECKHMH MOTEHL[Ma/l B MHTepecax
JTMYHOCTH, 00111eCTBa U rOCyAapCcTBa;

CO3HAeT OTBETCTBEHHOCTb 3a pe3y/bTaThl CBOEH NpodecCHOHALHOM W HayyHOH
JesTeLHOCTH Tepej CTPaHoi ¥ ue/0BeYecTBOM, 06/1alaeT akKTUBHOM IPaXIaHCKOH MO3WLHeH,
OCHOBaHHOM Ha JIeMOKPaTHYECKHX YOeXKIeHUsIX ¥ TYMaHHCTUYeCKUX 1[eHHOCTSIX;

yMeeT TMOpPOXJATh HOBBIE HJEH, PACUIMpsTh Cdepy COOGCTBEHHOH KOMIIETEHTHOCTH,
BbIpabaTHIBaTh ONTHUMA/ILHEIE CTPATErHH CBOEH JlesTebHOCTH; FOTOB peliaTh Mpo6/ieMbl B HOBBIX



M HeCTaHJApTHBIX NPOQEeCCUOHANBHBIX W >KM3HEHHbIX CHTYyalMAX C Y4eTOM COLMAbHOH M
3THYeCKOH OTBETCTBEHHOCTH 3a [PHHHMAaeMble PellleHHs.

Beimyckuuk MI'Y umenn M.B. JIoMOHOCOBa, 3aBeplIMBILKE 0OydyeHHe 1Mo mporpamMme
NoBbIlIeHHs KBaMpuKauuu «KBaHToBas obpaborka uH(OpMalMK ¥ KBAaHTOBbIE TeXHOJIOTHMW»,
J0/DKeH 06/1a/1aTh CIe[yIOLMMH YHUBEPCATbHBIMU U MPodeCcCHOHATLHBIMH KOMITeTeHLUAMH.

YHuBepcanbHbIe KOMIIETEHIIHH

a) MHCTDYMEHTa/IbHbIE:

croco6HOCThL UCIO/MB30BaTh 6a30Bble 3HAHWS M HaBBIKM yTIpaB/IeHUs MH(opMaLen s
pelieH|ss MCC/Ie0BaTeIbCKUX MPOdeCCHOHAMBHBIX 33fay, co6/M0/aTh OCHOBHBIE TpeboBaHMsA
uHdopmalHoHHoi besonacHoctu (MK-1);

€roco6HOCTE CAMOCTOATEILHO PHOOPETaTh C MOMOILLBI0 HH)OPMALIMOHHBIX TeXHO/IOTHH
M KCII0/Ib30BaTh B NMPAKTHYECKOH JeATe/IbHOCTH HOBBIEe 3HAHUS U YMEHHs], B TOM YMCJ/Ie B HOBBIX
0651acTsAX 3HaHMH, HEIOCPeJCTBEHHO He CBS3aHHBIX CO Cepoit JeATebHOCTH, PaclIUpATh M
yriybnsTh cBoe HayuHoe MUpoBo33peHHe (UK-2);

6) cucremHble:

CrocoBHOCTE K TBOPYECTBY, IIOPOXKAEHWIO WHHOBALMOHHBIX W/EH, BBIIBHXXEHHIO
camocTosTe/TbHBIX rurnoTes (CK-1);

CrocoBHOCTE K TOMCKY, KPMTHYeCKOMY aHamu3y, o0000LeHHI0O W CHCTeMaTH3aluH
Hay4yHOH MH(OpPMALMK, K MOCTAHOBKE LieJied MCC/TeJOBAHUA U BHIDOPY ONMTHMANbLHBIX ITyTeH H
MeTo0B ux gocTikeHus (CK-2);

crnocobHOCTE K CaMOCTOSTENbHOMY 00yueHMI0 M pa3paboTKe HOBBIX MeETO/IOB
MCC/Ie/JOBaHMs, K H3MEHEHHIO HAyYHOr0 M Hay4YHO-IIPOM3BO/JCTBEHHOr0 NPOGWIS eATe/IbHOCTH,
K MHHOBALIMOHHOW HayuHo-06pa3oBaTe/nsHO# aesTensHOCTH (CK-3).

IMpodeccuoHanbHbIE KOMIIETeHIHH

criocobHOCTL CBOGOAHO BNAJeTe pasfenamd (U3MKH, HeoOXOAWMBIMH i peLieHHs
Hay4HO-HCCJIE/[0BATe/ICKUX H HAyYHO-HHHOBALIMOHHBIX 3aja4 (ITK-1);

crocobHOCTE MCIIO0/IL30BaTh 3HAHHA COBPEMEHHBIX Npo6/ieM W HOBEHILMX [IOCTHXXEHHH
du3ukK B CBoel ipodeccrHoHamsHOM AesTensHOCTH (TTK-2);

CrIOCOBHOCTE ¥ FOTOBHOCTH MPUMEHSITH Ha MPAKTHKE HaBbIKHM COCTaB/IeHHUs U 0QOPM/IEHHS
HayYHO-TeXHUYECKOH JJOKYMEHTAL{{H, HayYHbIX OTYETOB, 0630pOB, J0K/1af0B U cTatel ([TK-4);

Croco6HOCTL MCMOMB30BaTh NpodecCHOHANbHBIE 3HAHUA B 0611acTH MH(POPMALMOHHBIX
TeXHOJIOTMH, COBPEMEHHBIX KOMITbIOTEPHBIX CeTel, NMPOrpaMMHBLIX MNPOAYKTOB M PecypcoB
MHTEpHEeTa /s pelleHus 33/ja4 NpodecCHOHANBHOM [IesiTe/IbHOCTH, B TOM YHCJIE HAXOAALIMXCH
3a npeyieiamu npodubHOM nofirotoBkH (IMK-5);
cnoco6HoCTE CBOOOAHO BhajeTh IMPOdeCCHOHAbHBIMM 3HAHWAMM JJI8 aHaau3a M CHHTe3a
¢u3snueckoit uHpopmaruu (ITK-6);

Pe3y/bTaTOM OCBOGHMS [MCLMIVIAHBI sB/IseTC] (OPMHPOBAHMA Yy CIyUIaTeseH
CrIelMaNM3UPOBaHHBIX KOMITETEHL[MH 10 npodecCHOHaTBHBIM 3HaHWAM B 00/1aCTH KBAaHTOBBIX
TE€XHOJIOTHH ¥ KBaHTOBOH 00paboTKH MHQOPMALIMH.



3. Cojiep)xaHHe NporpaMmabl

YyeOHEIH IaH

TIPOrpaMMBI TTOBBIILIEHHS KBATH(PHUKALIUK
«KBanToBas 06paboTka HH(pOpMaLHH H KBAHTOBBIE TEXHOIOIHH»

Cpok obyueHust — 72 yaca.

dopma 00yyeHHs — AUCTAHLIMOHHAS.

HaumeHoBaHHe
pas/iesioB

Bcero,
yac.

JucTaHi[MoHHbBIe
3aHATHSA, Yac.

Obs3arensHas
ayAMTOpHast
Harpys3ka

JIeKLIUK

TpaKTHY.
14
nabopar.
3aHSATHA

JIEKLIUH

NPaKTHY.
H
nabopar.
3aHATHS

Camocrto
ATe/nbHast
pabora,
yac.

Beegenue. Ky6ursl 1
OCHOBHbIE OIepaLiu HaJ,
HUMH

OcHoBHBIE criocoOsr
peanu3alMy KyobuToB.

BekTop cocrosiHMsi, BOJIHOBast

ymraps

[IpyHIMNT CyTepnosUliMH H
KBAHTOBas UHTepdepeHLHs.

0

I

Marpua U omneparop
TUTOTHOCTH.

OHTpOnMsE B KBaHTOBOH

MEXaHHKe

Teopema o 3arnpere
KJIOHUPOBaHHA KBaHTOBBIX
COCTOSIHHH.

OCHOBHBIE [TOHATHSA
K/JIaCCUYEeCKOM
Kkpunrorpaduu. Yacts 1.
(OCHOBHBIE MOHATHS
K1aCCHYEeCKOH
kpunrorpaduu. YacTs 2.

OCHOBHBIE MOHATHS
KBaHTOBOW KpPHITTOrpahHH.

INMporokons! B92 u BB84

ITpakTHYeCcKHe peaH3alHi H
aTaKh Ha CUCTeMbI KBAHTOBOI'O
pacnpejeneHus K/IHouei

(KPK).




7 | Hexnaccuyeckde COCTOSHMSA 5 1 0 1 3
CBeTa
8 | CocraBHble KBAHTOBBIE 5 1 0 1 3
CUCTEMBI H [TeperyTaHHbIe
COCTOSTHHS
9 | OcHOBHBIE MepEbI 5 1 0 1. 3
nepernyTbIBaHUs
[Mapagokc HHIITEHHA- 5 1 0 1 3
IToponsckoro-Po3eHa U
HepaBeHCTBa benna
1 | IIpoTrokon 3KepTa 5 1 0 2 2
1
1 | KBaHTOBas Te/leropTaLus 5 1 0 2 2
2 | xybuToB
1 | OCHOBEI KBAHTOBOM TEOPHH ] 1 0 2 2
3 | u3MepeHUH
1 | OcHOBHBIE MOJIETH 5 1 0 2 2
4 | KBaHTOBbBIX BbIYMCJIEHHH
CoBpeMeHHOe COCTOSIHHE U
TepCIIeKTUBBI KBAHTOBOM
00paboTkK MHpOpMaLHK
OO611jee KOMHYECTBO YacoB 68 14 0 18 36
Wroroeas arrecrauus 3ayeT (4 yac.)
YuebHO-TeMaTHYeCKHI TUTaH
NpOrpamMMbl NOBBIIIEHHS KBATH(PHKALUH
«KBanToBas o6paboTka nHpoOpMaIHu H KBAHTOBBIE TEXHOIOTHH»
Ne HaumeHoBaHHe pa3/iesioB H TeM Bcer | Aucranuuon | ObsizateneH | Camo
1/ 0, HbIE as CTOAT
n yac, | 3aHATHA, 9aC | aynyrTopHas | e/bHa
Harpyska A
nek1y | mpak | pabor
UH THY. a,
H yac.
nabo
par.
3aHs
THS
1 2 3 4 5 6 7 8




BBEJEHHUE. KYBUTEI U OCHOBHELIE
OIIEPAIIUU HAJl1 HUMMU.

Yro Takoe KBaHTOBad MHQOpPMALHsL.
KBaHTOBEIE OUTEI, JBYXypPOBHEBasi CHCTEMA.
OcHOBHBIE oOMepalud HaJ eAUHWYHLIMU
Kyburamu. IIpeobpasoBanue Apamapa,

uHTepdepomeTp Maxa-Llangepa.
Wurepdepomerp HOura. BpemeHHas u
TPOCTPaHCTBEHHas KOT€pPEeHTHOCTb.

IlpuHIMNT ~ CyIeprno3uLuHy, KBaHTOBast
uHTepdepenis. WurepdepeHuuss ogHoro
¢doroHa. 3akoH Mypa, poOJb KBAaHTOBBIX
s(pdexToB. buThl M HMX peanM3anyA.
Perucrpel. [lonsTHe MmamvHbl ThIOpHHTa.
Knaccuueckue Bbluuc/ieHus. Jlorudeckue
onepauuu. CroxeHue Mo Mojymo 2.
TpeboBaHus, rpeAbsB/sieMble K
KBAHTOBOMY  KOMIIeIOTEpY.  (OCHOBHEIE
npo6/1eMbl Ha ITYTH K €ro CO3/IaHHI0.
OCHOBHBIE CIIOCOBbI PEAJTM3AIINU
KYBUTOB.

BpemeHHas 5| MPOCTPaHCTBEHHAas
KorepeHTHOCTb. WHTepdepomerp Maxa-
anpepa. MaTepdepomerp FOHra.
IMonsipu3aliMoHHble  rpeobpa3oBaHus B
OITTHKeE.

[Tonsipu3aljMoHHbIe, TPOCTPAHCTBEHHbIE, U
¢a3oBo-BpeMeHHbIe KyOUTBL.

BEKTOP COCTOSIHMUS, BOJIHOBASf
OYHKIIHS.

YpaBHeHHe [IpeauHrepa, Teopus
npejcraBneHdit. OrnuMcaHWe COCTOSHHUA B
KBaHTOBOM MexaHMKe. BonHoBasg QyHKIMA.
[IpuHIMN  cymepno3viud. Dusnueckui
cveicn B®. Yucteie M CcMelllaHHbIe
COCTOsIHMA. BhluKcneHHe cpeHUX BeJTUUMH.
Amnanorus C K/1aCCHYeCKMMH
TMO/IAPU3aLIMOHHBIMH COCTOSIHUSIMH.
JIuHelHbIe oOMepaTopbl. OJHTpoOnUsA (OH
Hefimana. BeluMcieHue SHTPONMM  (QOH
HeiiMaHa u IlleHHOHA A1 JBYXYPOBHEBOH
CUCTEeMBL.

[MPUHLIAIT CYTIEPITIO3ULIMHA %1
KBAHTOBASA HMHTEP®EPEHIIHA.
KBAHTOBEIE COCTOSIHUAS BELICOKOH
PASMEPHOCTHU - KYJUTBL.

UnurepdepeHips OfWHOYHBLIX (OTOHOB H
HUHTeprpeTaLH{H HHTep(depeHIMOHHBIX
JKCIIepUMEHTOB.  BHTBI, HaTbl, [JHWTHL
OcCHOBHBIE MOJIe/Td KBAaHTOBLIX COCTOSTHUMN
BBICOKOH pasMepHocTH (D>2).




MATPHILIA U OITIEPATOP ILTIOTHOCTH.
CBoiicTBa  MaTpHljbl  IUTOTHOCTH,  €g
pasMepHoCTb. JHTponus ¢oH HelimaHa ans
CMeIIaHHBIX COCTOSHUM

SHTPOITUSA B KBAHTOBOH
MEXAHUWKE

SHTpOIHUs doH HeiimaHa, ee
HEeOoTPULaTe/IbHOCTb, MakCHMasbHOe
3HayeHHe. KBaHTOBas  OTHOCHMTe/bHas
sHTponus. HepaBeHcreo KneiiHa.

Komrio3uijoHHbIe CHCTEMBI.
Cy6ajAUTHBHOCTb U BOTHYTOCTb SHTPOITHH.
OHTponusi cMecud cocTosHui. CoBMecTHas
3HTPOIMA. YCJIOBHasA SHTpONHsA. B3aumHas
uHbopmartusi. [Tpumepsl. Pasmuuue mexay
K/IaCCHYEeCKOH ¥ KBAaHTOBOH HMH(OpMaIHei.

Hoctwkumas uHdopmaius. ArnpuopHas M
anocTepHOpHasi SHTPOITHH.

TEOPEMA 0 3AIIPETE
KJIOHUPOBAHUA KBAHTOBBIX
COCTOSIHUH. Ee cBsi3b C JOCTHKMMO
uHpopmaueit. 'panuiia w uHGopMaLus
Xoneso. [Ipumepel.

[Tepemaua (transposition) KBaHTOBOM
vH(opMauyu. [ToHsATHe KBaHTOBOrO KaHasia
CBSA3M. ToyHoCTh BOCIIPOU3Be/IeHUs
uHOpMaLHH (fidelity). Teopema
b.lllymaxepa 0  KOJUMpOBaHMM  IPH
OTCYTCTBHHM LIIyMa.




OCHOBHBIE [TOHATHA
KJTACCUYECKOHU  KPUITTOTPADUH.
YACTH 1.

Kpurrronorus, Kpunrorpadus U
KPHUIITOAHA/TH3. OcHOBHBIE 3a/jauM
kpunirorpadguu.  [TOHATHA ~ OTKPBITOTO
TEKCT3,  KDHIITOTPAMMbl, KIHO4a H
kpuntocuctemel. [lpuHuun Kepkxrodda.
[Tpuno>xeHus KpUrrrorpadu.

CuMMeTpUYHbIe KpHITTOrpaduyeckue
cucreMbl. KpurTocucTteMa C  OTKPBITBIM
KIIOUOM - acHMMeTpHsi IUMGPOBKH U

JeurdpoBky. ITporokon RSA.

[loHATHA KpHWNTOrpaguyeckoro MpOTOKO/IA
%} KpuIrrorpaduyeckoro AIrOpPUTMA.
KOppeKTHOCTE M I10JIHOTA NIPOTOKOJIA.
KpunToaHani3 ¥ OCHOBHblE BH/BI aTak.
[MoacyumMBaTe (HapylMTe M),
AKTMBHBI W IaCCUBHBIM, BHYTDEHHHH H
BHELIHHHA MO/CITYILHBATE/TH.
CreraHorpadus ¥ ee 3aJau.

Tunbl  cekpeTHOCTH  coobienuit (10
IIlexHoHy). be3yc/IOBHO H YC/IOBHO CTOHKHE

1115(01)9) S8 ITpumep: KOJ BepHama
(omHOpPa30BkIit 6/I0KHOT).
OCHOBHEIE [MOHATHUA

KJTACCUYECKOM  KPUITTOIPAPUU
YACTb 2. PacnpeaeneHuve  KIIOYei.
leHepalusi K/IHOYeH, WX XpaHeHHe |
YHUYTOXKEHHE.

OpHokmoYeBble (CUMMETPUYHBLIE) METO/bI
i poBaHHs. PaccerBaHKe U
repeMerMBaHHe. [TonsTue o
kpunrrocucremax DES u I'OCT 28147-89,
UX JOCTOMHCTBA M HefocTaTKu. OCHOBHBIE
npobieMbl CMMMETPMYHBIX TPOTOKOJIOB.
AyrenTH(dMKaLMA  CEKpPeTHOro  K/roya.
ATakM pa3jie/lbHbIX MUPOB.

JByxxmoueBsle (aCHMMETPHYHBIE) METO/bI
mM¢poBaHua. MexaHH3M pacnpejeieHns
K/IIouei 1o OTKpbITOMY KaHany no Y. JIupdu

U M.Xe/nnMaHy. [TonATHe o
kpurrrocucteMax RSA  u One-T'amans.
OJNeKTpPOHHas MOANKUCE.

OCHOBHBIE TTOHATHUSA KBAHTOBOW
KPUIITOI'PADGUMN.

[Tpo6nema pacnpejieneHus Kioua B
K/IaCCHYeCKOW KpUNTOrpaduu H IyTH ee
peLLeHus.

(DU3HYECKHe OCHOBLI KBAHTOBOTO
pacripe/ie/ieHHs K/Tlo4a: Teopema o 3arpeTe
KOIMMPOBaHHUs U HEPa3IMYUMOCTb




HeOPTOrOHa/IbHbIX COCTOSIHUM. Obiias
CXeMa MPOTOKOJ/Ia KBAHTOBOT'O
pacnpegenenus Kmoder (KPK).
OcHoBHbIe CBOHCTBA MO/SIPH30BAHHBIX
¢doToHOB. HeKoTOpBIE CBe/IeHHS U3 TeOPUH
KBaHTOBBIX W3MepeHuid. ConpshkeHHbIe
6a3ucel. Tpu cornpspkeHHbIX ba3zuca a1s
NOJIsiPH30BaHHLIX(OTOHOB.

[TPOTOKOJIBI BS2 1 BB84

[lpotokon BB84. Chipoit ¥ npocesHHBIH
tou. Koppekuuss owmbok W ycuneHue
CeKPeTHOCTH - Ha MpUMepe INpoToKosia BB84.
[logcnymmMBanue B  mnporokone BB84.
Crparterus TepexBaTYHK-PeTPaHC/IATOP.
Ctpaterus “3a/1epKaHHOro BbIOOpa”.
AKTUBHBIH  [OJC/yLUMBATeE W CXeMa
AYTeHTHQUKAL[H Bermana-KapTepa.
HejoctaTku nporokosia BB84.

[Iporokon BB92. Ero mnpeumyiectBa H
HeJOCTaTKHM Mo cpaBHeHHI0 ¢ BB84.

[TPAKTUYECKHUE PEAJIM3AIIMKM U
ATAKU HA CHUCTEMBbI
KBAHTOBOI'O PACIIPEJEJIEHUA
KJTFOYEH (KPK).

Kak mnpuroToBUTh KBAHTOBblE COCTOSHMS.

OcnabneHHsle  /a3epHble  WUMITYJILCHI.

Ouenka 0gHOGOTOHHOTO COCTOSHUSL TIPH

ocnabieHHH UMITY/TbCca KOTepeHTHOro TOJIs.

JBYX(OTOHHBIE MMITYJILCHI.

Crocobsl KO/IUPOBaHUSA KBaHTOBBIX

COCTOSIHH.

KogupoBanue mnossipu3auud. OnTHyeckue

BOJIOKHA, COXPaHSIOLIHe MO/SPU3aIHIO.

®da3oras KOJIMPOBKA. ®dapasieeBcKoe

3epkano. Portatop. Llupkyaarop. Cucrema

“Plug&Play”.

KopupoBaHue 110 yacrore.

[TopcnyuMBanue B KBaHTOBOH

Kpunrorpaduu. CyTs npobieMsl.

Be3yc/ioBHas ¥ MpaKTHYeCKas CTOMKOCTb.

UnguBuayanbHble (HEeKOrepeHTHbIE) aTaKH.

Crparerus rnepejaTyuK-peTpaHC/IsAToP.

CrpaTerusi  «rpoMexyTouHoro 0Oasuca».

CumMeTpUuHble HHIMBHAYa/IbHbIE AaTaKu.

Ouenka MakKCHMa/IbHOH B3aMMHOH

uHdopmaru Anmmca u boba, Anmvcel 1 EBbl

MpH OJJHOCTOPOHHMX coobLeHusX.

KpuTepuii cTOiKOCTH 151 mpoTokona BB84.

KorepeHTHbIe aTaki. KonleKTHBHBIE aTaKH.

Artaku Kacca « TpOSHCKMH KOHb».

ATaKH C NNOMOILBI0 CBETO/e/IUTE/IA.




HEKJTACCUYECKHUE COCTOsAHUA
CBETA

Pone Heknaccuyeckux mnoned B (u3MKe
KBaHTOBO#W HH(popmaiuu. Onpexpenenue (I)
HEKJ/IaCCHUeCKOro CBeTa ¥ ero HeJOCTaTKH.
HabimojaeMele NpH3HaKK HEK/IACCHUECKOro
ceera. Mepa Jlu. OnepaluoHaiTbHOE
onpezenenve (II) HekiaccMyeckKoro cBeTa.
g> - ¥ D -kputepuu. [IprMepsl: a3epHbIH
CBeT, TeIUIOBOE  HW3Iy4yeHHe, CMechb
BaKyyMHoro U K-oToOHHOr0 COCTOSHHH.

COCTABHBIE KBAHTOBBIE
CUCTEMBI MU TIEPEITYTAHHBIE
COCTOAHUA

CocTaBHbIe KBAHTOBbIE CHCTEMBI,
JBYXKOMITOHEHTHbIE KOppe/IMPOBaHHbIE
CUCTEMBL.

TeH30pHOe Npou3BefieHHe BEKTOPHBIX
MPOCTPaHCTB, OMMCaHHe COCTaBHBIX
KBaHTOBBIX cucTeM. TeH3opHOe
npou3BejeHye matpul. Poss I1C B
KBaHTOBbIX aropuT™Max. [IpUMepbI: HOHBI B
JIOBYLLIKAaX, KOPPE/IMPOBAHHbIE si/I€PHBIE
CTIMHBI B MOJIEKY/IaX, aTOM B ONITHYECKOM
pe3oHarope.

Onpepenenue (I) nepenyTaHHbIX
cocTosiHUH. [IpuMep NpUroToBIeHUs
aByxuactuuHoro [1C. PeayupoBanHas
MaTpHLja TUIOTHOCTH KomItoHeHT [1C.
Cocrosinua besna, Kak 4acTHbIA ciry4yan
IIC.

OnTuueckas peanu3auus [1C. OtpensHele
($OTOHEI ¥ KBa/IpaTypHBIE KOMIIOHEHTBI
nosisi. CoHTaHHOe NapaMeTpudeckoe
paccessHye (CIIP) cBeta, BO/IHOBast
¢dynkuus CIIP, ammmtyga 61ugoToHa,
KOpPpe/siLIMOHHEIe CBOMCTBA.
[lepenyTeiBaHHe MO BpeMeHH, BpeMeHHas

MOCT-CeJIEKLIUS. IIpocTpaHCTBeHHO-
YaCTOTHBIE, IIO/IIPH3aI[MOHHO-YaCTOTHBIE,
MOJISAPU3aLMOHHO-YT/IOBbIE LI
AMIUTHTYAHAsA [TOCT-Ce/IEKLHA.
OCHOBHBIE MEPHI
IMEPEITYTEIBAHUA

[MousTue nebura (ebit). KyOuTsl ¥ mebuTHI
KaKk TIpsMble H KOCBEHHBIE PEeCcypChl
KBaHTOBOH MHPOpPMALIMH.

Yucrole neperyTaHHble COCTOSIHUS.
Pasnoxenue IlIMHATa ABYXKOMITOHEHTHOMH
CUCTEMBL.  JHTPOMMsA  TIepeITyThIBAaHUS.
Crerieds  repenyTbiBaHMs.  JIOKa/ibHbIE
ornepalyM M KIacCHUecKHe CcoobIIeHus.




CMelllaHHble [eperyTaHHble COCTOSIHHS.
[TepenyTeiBaHMe  CO3JaHMS. [Tpumep:
cocrosiiusi BepHepa.

OuuijeHre mnepemnyTeiBaHUs. [IpoTokonbl
JBYCTODOHHEro ¥ OJIHOCTOPOHHero oomeHa.
HJuctwnsuus H KOHLIeHTpaLys
nepernyTbiBaHUs.

Kpurepui [Tepeca-XopoaeLKH.
CenapabenbHOCTh KBAHTOBBIX COCTOSIHHIA.
I[Tpumep: cocTosiius BepHepa. CBobGoaHoe u
rpaHHYHOe IepertyThIBaHue.

Paznoxkenwe IlImMugra © = mapameTp
®ejopoBa

Cocrosiius Besna. Ux npeobpa3sosanus npu
cMeHe 6asuca. IHBapUaHTBL.

[Tpunoxexue: MaTpHLa TUIOTHOCTH
HEMAaKCUMA/ILHO MeperyTaHHbIX COCTOSHUM.

=Y

TTAPAJTIOKC SUHIITEAHA-
[MOJ0JIBCKOI'O-PO3EHA 151
HEPABEHCTBA BEJUTA

[Mapagokc 3IIP B Bapuante boma.
AHTUCUMMETDHYHbIE  COCTOSIHHSA. Ux
WHBApHAHTHOCTb OTHOCUTE/ILHO [10BOPOTA
Basuca. AHamorus MexJay COCTOAHMAMH
YacTHI] co CITMHOM 1/2 U
MOSIPU3aIMOHHBIMU COCTOSTHUSIMM CBeTa.
Hepasencrea bemna. Knaccuyeckas Mogess
C JBYMsl J[MXOTOMHBIMH [lepeMeHHbIMH.
N3mepsiemass bemna. Mogene CKpBITBIX
rapameTpoB. KeaHToBast MO/Ie/Ib.
CrioHTaHHOe MapamMeTpHyecKoe pacCesHHe
U3 JABYX KPHUCTA/UIOB., Pom
HEKOMMYTHPYIOIIUX OI1epaTopoB.
*[apagokc beta ans Tpex HabnofaeMslx.
Cocrosius  I'puHbepra - XopHa -
Laitnunrepa. Teopema  bBemna  Ges
HEpaBEeHCTB.

IMapanokc 'punbGepra-XopHa-LlaiHrepa.

I[MTPOTOKOJ/ SKEPTA
OnucaHyde TIPOTOKOJA M €ro OCHOBHbIE
peaiM3alHy

—

KBAHTOBASA TEJIEMOPTALIUA
KYBUTOB
KormupoBaHue W  repejaya KBaHTOBBIX
COCTOSTHUH. IIpoTokon KBaHTOBO#M
resieriopTauy. TpeboBaHus, NpeAbAB/IseMble
HeMy: He HapylleHHe TeopeMbl O 3arpeTe
OHMPOBAHHUsS; HA/JM4YMe  HEHU3BECTHOro
XOHOTO COCTOSIHHS; HJI€HTHYHOCTh
BIXO/IHOTO COCTOSTHUS BXOJHOMY;
TCYTCTBHE CBEPXCBETOBBIX CHUI'HAJ/IOB,
0JIHOe M3MepeHHe oneparopa besua.




D630p HEKOTOPBIX  3KCIIePUMEHTA/IbHBIX
pe3y/LTaTOB [0 KBaHTOBOH Te/lerOpTalHH.
DKcriepuMeHTEl  rpynnsl  A.llainuHrepa;
FPYTIIbL ®.1e-MapTuHy; CPYIIIIBI
[Tx. Kumbia.

[lomHoe wu3MepeHwe cocrosHuM bemna.
DkcrniepumenT rpymnst .14,

“No-Go” - Teopema. Ee joKa3aTe/nnCTBO 110
/I.BaiiimaHy. Teneropraijust npH HaJHYHH
B3aMMOJIEHCTBHA ~ MEXAY  KBaHTOBBIMH
cucteMamH. Onepauust “CNOT” kak ripumep
TaKMX B3aUMO/IeHCTBHIA.

TemernopraliMsi COCTOSHHH, OMNHMCHIBAEMBIX
HenpepbIBHBIMH NlepeMeHHbIMH (J0MOJH.)

ok

OCHOBBl KBAHTOBOW TEOPUM
M3MEPEHUIA

Knaccuueckyie BEpOATHOCTHBIE MO/E/H.
[IpurorosieHue H H3MepeHHe
K/IaCCHYeCKOro  COCTOSIHUA.  AHasor
CMeLIaHHOro COCTOSTHMSL.
MapruHansHele  MoMeHThL.  CBs3b
MOMEHTOB M BeposiTHOCTeH. [Ipobrema
MOMEHTOB.

KBaHTOBblE BepOSTHOCTHbIE MO/ eJIH.
[IpsiMble M KOCBeHHble H3MepeHHsl.
OrbITHI IIITepHa H I'epnaxa.
JByXypOBHeBble CHUCTeMbl (TIPUMEphI).
dopmyna Pabu [ns  BeposSTHOCTH
nepexoza.

W3mMepuTe/bHbIA (bopHna) H
NpoeKUMOHHbIH ~ mnoctynatel  (doH
HelimaHa).

IToHsITHE 0 KBAHTOBOM TOMOrpaduH.

OCHOBHBIE MOJEJ/IM KBAHTOBBIX
BbBIYUCJIEHUN.

B yem npobniema? KomreroTepHoe
MOJe/IMpOBaHHe  (QU3MYECKMX IPOLIeCCOB.
ITHCcKpeTHU3aLiHs. OrpaHuueHue,
HaK/1aibIBaeMoe Ha KJIaCCHYeCKHH
koMmreioTep. [loMHOMUaNIBHBIA Kiacce 3aaay
P.

MogenvpoBaHue BPEMEHH. Anroput™m
KJIeTOYHOr0  aBTomarta. MojenmMpoBaHue
BEPOATHOCTH.  JKCIIOHEHL[MA/IbHbIA  pPOCT
pbbeMa  BBIYMC/IMTE/ILHOTO  YCTPOWCTBA.
Knacc 3amau NP.

DyleMeHTapHbIe JIOTHYECKHe OIepaliu Haj,
fburamu.  YHurapHocTh.  Popmanusm
[1ePAaTOPOB POXKAEHUS U YHHUTOXKEeHHUSI.

O/lelMpOBaHMe  KBAaHTOBbIX 3 {eKToB.
AHTOBBIA KOMITBIOTED M IIOCTPOEHHE ero




aMWJIbTOHHAHa. JlexorepeHTH3a1Mst
aHTOBOH CHCTEMBI. DBOJIOLMA COCTOSAHHS
KBAaHTOBOM KoMmmbioTepe. [IporpammHbId
yeTuuK (Kypcop). HefocraTku KoMmnbioTepa
HeoOpaTHUMBbIe ITOTepH 3Heprud. KBaHTOBLIH
eructp. Cnyyait NKyOUTOB.

bume TpeboBaHus, HeobxoguMble IS
ea/IM3alMi TOJHOMACIUTAOHBIX KBAHTOBBIX
oMIbIOTEpOB. Yc10BuA JJuBuHYeHCo.

CHOBHBIE ¢IH3HT-IECKHE MoJenu A
ea/IM3dllMH KBAHTOBBIX BBIUMC/IEHHH.

aHTOBBIM  KOMMBIOTED Ha  (DOTOHAX.
BEepPXIPOBOJHUKOBbIE KBaHTOBbIe
oMnbioTepbl. KBaHTOBbIE KOMIBIOTEPBI Ha
aHTOBBIX TOUKax. KBaHTOBLIE KOMITLIOTEDEI
Ha HeWTPaIbHBIX aToMaXx M HOHaXx B
TOBYILIKAX.

COBPEMEHHOE COCTOSAHHUE u
[TEPCITEKTUBBI KBAHTOBOX
OBPABOTKH UH®OPMALINU (KOW)
Crpykrypa KOU. KBaHTOBbIE BEIYHC/IATETH
% KBAaHTOBbIE CUMY/ISITOPBL.
OnToBO/IOKOHHBIE KAaHA/IBI CBA3H M CHCTEMBI
KPK. ArmocdepHble M KOCMHYECKHe
KaHambl cBsi3u M cucteMbl KPK. KBaHToBas
NaMATb ¥ KBAHTOBbIE MHTEP(eHChI.

4. Ma'repna.nbno-'rexnm{ecxne YCUI0BHA pea/IH3dlHH NMPpOrpaMMbl

Peanu3alus rnporpaMMel IUTaHMpyeTcss Ha Oaze ¢du3nueckoro daxkynsrera MI'Y. [lns
peaM3aldi [POrpaMMbl ecTh HeoOXOAMMbIA ayAMTOpHBIA (OHJ, Mo3BO/AIOLME paboTaTh C
MesoBoii (MapKepHOii) JOCKOM, IPOEKTOPOM, MEPCOHAIbHBIM KOMITBIOTePOM, JAOCTYN B KaOHHET
(hu3HYeCKHX JeMOHCTpaLMi 1 1labopaTopuu obLero GH3HYeCKoro NpakTHKyMa.

ATrecTalys y4aCTHHKOB OCYIIIeCTBseTCs B opme 3aueTa.

5. YueOHo-MeTOjHUeCKOe 0fecnedeHHe MPOrpaMMel

OcHoBHas NUTEpaTypa

1

Humbced M., Yanr W. KBaHTOBbIe BHIMMC/IEHHsI U KBaHTOBasi uH(popmarums. Moxorpadus.

ITep. c anrn - M.: Mup, 2006. - 824c.

[. Baymecrep, A. 3Oxeprt, A.Llaiiminrep ®u3Mka KBaHTOBOH MHGoOpMalMH. MocCKBa:

IToctmapkert, 2002. — 376c¢.

Jono/HUTeIbHAA IMTEpaTypa




1. [.Tlpeckwin. KsaHToBas WH(OpPMalWs ¥ KBAHTOBBIE BBIUMC/eHMA. PerynspHas u
Xa0THUecKas JMHaMHKa, MTHCTUTYT KOMITLIOTEPHBIX HCCTeoBaHuid, 2008, 464c.

6. TpeboBanus K pe3ysTaTam obyuyeHus

[IpyBOAMTCA MepeyeHs BOMPOCOB, BHIHOCUMBIX Ha aTTECTAaLMIO B jopMe 3aueTa, a Takxe
peKoMeH/lyeMble TeMsl ped)epaToB.

OLleHKa ypOBHS OCBOEHHMS MPOrpaMMbl OCYILECTB/SETCA aTTECTALMOHHOH KOMUCCHeH 110
NATHOANIBEHOM CHCTeMe.

OleHka KayecTBa OCBOEHHS MMPOrpaMMbl OCYLIECTB/ISETCA Ha 3auyeTe MOCPEeACTBOM
3alMTLl JOKI3/Jja C Mpe3eHTAlL[Held 10 TeMe, COOTBETCTBYIOLLEH NpPOrpaMMe M COrJIaCOBAaHHOM C
nperioiasateneM. Pe3ynbTaTbl 3all[UThl OMNpPEJE/IAIOTCA OL[EHKAMH «OT/IMYHO», «XOPOILIO»,
«y/IOBNIETBOPUTE/IBHO»,  «HEYJOBNeTBOPHTe/MbHO».  OLeHKHM  «OT/IMYHO»,  «XOpPOLIO»,
«y/IOB/IETBOPHTE/ILHO» 03HAYaKT CAAYy 3a4eTa.

KpHTEp!{ll OlleHHBAHHA 3allHThI JOK/id/id:

1. ABTOpCKas CaMOCTOSTETLHOCTD.

2. YerkocTb, 0O0OCHOBaHHOCTb, KOHKPETHOCTb M SICHOCTb M3JIOXKEHHsl COJepXKaHHs
CUCTeMbI 33JjaHuH, nabopaTopHeiX paboT, TeM HCCIeOBaHMH, COOTBETCTBHE AEeHCTBYHOLMM
HOPMAaTHUBHBIM TpPebOBaHHSAM.

3. Ymenue 0OOCHOBaTH M OTCTaMBAaTh KaK MpeUIOXKEHHbIe 3a/lauM, 1abopaTopHbIe
paboThl, TeMbI HCC/IeJOBAaHHI TAK W CUCTEMY Ha UX OCHOBe.

4. Wcronb3oBaHWe  COBPEMEHHBIX  METOJOB  /IMarHOCTHKM  obpa3soBaTenbHBIX
pe3yJIbTaToB.

5. BO03MOXHOCTb HHMBH/YaIH3aLMH pa3paboTaHHOH NMPOrPaMMBI.

6. Hcnonb3oBaHue HaBBIKOB, I10/TyYeHHBIX Ha [TPAKTHYECKHUX 3aHATUAX Kypca.

dopma 3amuTbLl JOKAafa — OuHas (Mpe3eHTaUMs IpOeKTa Iepej WieHaMH
aTTecTalHOHHOH KOMHCCHH, aBTOPaMH M CJTyLIaTe/IIMH [IPOrpamMMBbl).

7. CocTaBHTe/IH NMPOrPaMMBbI

Kymuk Cepreii IlaBnoBud, JokTOp. ¢M3.-MaT. Hayk, npodeccop Kadeapbl KBaHTOBOH
3/IeKTPOHUKH (pr3nueckoro dakyasTera MI'Y umenu M.B. JTomoHocoBa.



