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Mporpammy oucumnnuHbl paspabotan(a)(n) Kanades A.A. , AAKalachev@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

- 03HAKOM/IEHME C OCHOBAMW KBAHTOBOW TEOPUMN MHCpOPMALIMN;
- 03HAKOMNIEHME C OCHOBAMW KBAHTOBbIX BbIHMCNEHNIA;
- 03HAKOMIEHME C OCOBEHHOCTSIMM Pa3NIMYHbIX peann3aunii KBaHTOBbIX KOMMbIOTEPOB.

2. MecTo OUCLMN/MNHDBI B CTPYKTYpe OCHOBHOM o6pa3oBaTtenibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

[aHHas yuebHas aucuunnnHa BkntodeHa B pasgen " M1.[B.4 ObweHay4yHblin" OCHOBHOWA
obpasosaTtenbHol nporpammbl 011200.68 duanka 1 0THOCKMTCS K AUCUMUNANHAM MO BbIOOPY.
OcBavBaeTcs Ha 2 Kypce, 3 ceMecTp.

JdvcumnnmHa KBaHTOBbIE KOMMbIOTEPbI OTHOCUTCA K KypCaM no Bbl60py 06u1eHaquoro unkna
M1.[1B4 v aBnseTcsa norm4ecknm npoAoJ/I>KEHNEM N CUHTE3O0M TakKmMX OUCUUNINH KaK KBaHTOBas
MexaHuka, MHgopMaTnka, atTomHas ousnka, Teopus TBepaoro Tena n ontuka. I'IporpaMMa
AVCUUNNNHBI Npeanonaraet, 4To cnywarteny 3HakoMmbl, npex.ae BCcero, C OCHoOBaMM MHAPOPMAaTUKN U
HepeJ'IFITI/IBI/ICTCKOVI KBAHTOBOW MEXaHUKMW. KpOMe TOro, npeannonaraloTCsa 3HaHMA OCHOB aTOMHOM
pur3nku, CTaTUCTUYECKON Pr3nKn, TepMoaANHaAMNKN, PU3VKU TBEPLOOro Tena n onTuku.

3. KomneteHuuu obyyarowierocs, hopMmpyemblie B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwmne KOMNeTEHUNN:

PacwucpoBka
npuobpeTaeMon KOMNeTeHL MU

CcNocobHOCTb NCMNONb30BaTh B MO3HABATENIbHOW U

Lncpp komneteHLUN

OK-1 NPOdECCMOHANBbHOW AesaTenbHOCTV 6a30Bble 3HaHNS B 0bnacTu

MaTemMaTukn N eCTECTBEHHbIX HayK
OK-16 CnocoBHOCTb MCMONb30BaTh B MO3HABATENLHON 1
(0bLWeKyNnbTypHbIE NPOdECCMOHANBHOW OeATeNbHOCTM HaBblkW PaboThl C
KoMneTeHuunn) NHdpopMaumnen N3 pasnmyHbliX NCTOYHNKOB
MK-1

n HOCTb UCMONb30BaTb Bble T TUYECKM

(rpopeccuoranoiwe  19COHOCTs venopuosary Sasonne Tecpereorie
KoMMeTeHuunn) P P
MK-10
(NPOECCHOHANbHBIE CcnocobHOCTb MNOHMMATb 1 U3naraTb NonyYyaemyto MHopMaumo
KOMMETEHLIN) N NPeacTaBnsaTb pe3ynbTarbl U3NYECKNX NCCNEO0BAHWNIA
MK-2 CMOCOBHOCTb NPUMEHSTb Ha NpakTnke 6a3oBble
(MpodheccmonantHbie n OcpeCCI/IOHa}'IFI):HbIe HaBbIKN g
KOMMeTeHuunn) P

B peaynbtate 0CBOEHUS ONCUMMNINHBI CTYAEHT:
1. DONXEH 3HaTb:

OCHOBHbIE MONOXEHWs KBAHTOBOM TEOPUM MHAPOPMALIUK, Pa3NNYUS MEXOY KBaHTOBbLIMM 1
KNacCMYECKUM BblYMCNEHNAMI, OCHOBHbIE MOAENM KBAHTOBbIX KOMMbIOTEPOB M MOAXObl K MX
peanuaauum.

2. IONXEH yMeTb:

OPVEHTUPOBATLCS B COBPEMEHHbBIX OOCTUXEHUAX KBAHTOBOM MHADOPMATUKM
3. ONXEH BnaneThb:

HaBblKaMu peleHns NPOoCTeNWX 3a0a4 KBAHTOBOW TeOpUM NHpopmaLmnm
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MCNonb30BaTh B NO3HaBaTENbHOM M NPOGECCNOHaNbHON AesTenbHOCT 6a30Bble 3HAHUS B obnacTu
MaTeMaTUKN N eCTECTBEHHbIX HayK N HaBblk paboTbl C MHpOPMaLMER N3 PasnnyHbIX UCTOYHUKOB, a
TakXxe cnocobHOCTb NOHMMATb W U3naratb Nofy4Yaemyo MHOoPMaLMIo 1 NPeacTaBnsaTb pe3ynbTathl

dPun3n4ecknx nccnenoBaHuin.

4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Obwas TpyooeMKOCTb ANCLUMANHBI COCTABNSET 3a4eTHbIX(ble) eanHuL(bl) 72 yaca(os).
dopma NPOMEXYTOYHOro KOHTPONS AUCLMMINHBI 3a4eT B 3 CeMecTpe.

CyMMapHo no AMcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO ANs AOMnycKa K 3a4eTy
28 6annos.

86 bannos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHo" (yaooB.);

54 6anna n MeHee - "HeynoBNeTBOPUTENbHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunamHe/ MOAynto
TemaTtnyecknu nnaH gUCUUNIUHbI/MOAYNS

Bugabl n yachbl
Paagen ayauTopHOM paborThbl,
Henens WX TPy A0EMKOCTb Tekywume dopmbl
N .D.Mlt\:nl.:.)unr’l_lv;nbll CemecTtp cemecTpa (B yacax) 3{( 0|-|Tp$19|p
ay Nex ““I'IpaKmqecmeHaﬁopaToprle
L 3aHATUSA paborbl

Tema 1. OCHOBHbIE
1.|noHATUS KBaHTOBOM 3 2 2 0

Teopumn nHgopmaumun.

Tema 2. KBaHTOBbIE
2. nornyeckne aneMeHTbl. 8 2 2 0

Tema 3. KBaHTOBbIE
3.lonepauun n 3 2 2 0

n3MepeHmns.

Tema 4. KBaHTOBbIE
4. BbIYUCNEHUS. 3 2 2 0

Tema 5. KBaHTOBOE
5.lncnpaeneHne ownboK. 3 2 2 0

JlekorepeHTHOCTb.

Tema 6. Peanuzauun
6./KkBaAHTOBbIX 3 3 3 0

KOMIMbIOTEPOB.

Tema . Ntorosas 3a4et
. 3 0 0 0

doopma KOHTpons

NToro 13 13 0

4.2 CopepxaHvue oUCLUMNUHDI
Tema 1. OCHOBHbIE NOHATUS KBAHTOBOW TeOpUn MHCpOpMaLIMN.
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

Kybut. l'eomeTpryeckoe npencTaBneHne COCTOsHNS KybuTa. HYucTble U CMeLlaHHbIe COCTOSHUS
Kybuta. MNepenyTaHHoe cocTosiHNE ABYx Kybutos. Pasnoxeruve Wmuarta. Kputepnii
cenapabenbHocTn. Mepbl MHGOPMaLMK 1 NEPENYTAHHOCTU. DHTPOMUS U MHCpOPMALLMS.
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npaKkTudeckoe 3aHsitne (2 yaca(os)):
Pabota ¢ nutepaTypoii u peleHne 3anay
Tema 2. KBaHTOBble NOrMyeckue aneMeHTbl.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

OLnHoKybuTOBbBIE 1 ABYXKYOUTOBbLIE BEHTMNW. [TpeacTtaBneHme npon3BosibHOr0O MHOroKybnuToBOro
BEHTUNA Yepes3 04HO- U ABYXKyOuTOoBblE. YHMBEpCabHble Habopbl KBAHTOBbLIX BEHTUNEN.

npakTnyeckoe 3aHsitne (2 4aca(os)):

PaboTta ¢ nuteparypoit u pelweHne 3anad

Tema 3. KBaHTOBble onepauun 1 N3aMepeHus.
JNleKLLMOHHOe 3aHsiTue (2 Yaca(os)):

SBoNoUMS OTKPbITOM KBAHTOBOM cucTembl. [nHammnyeckoe otobpaxeHue. MNpenctaeneHne Kpayca.
KBaHTOBbIE KaHanbl. KBaHTOBble namepeHus. NpoekunoHHbie 1 POVM-namepeHns

npaktnyeckoe 3aHsitne (2 4aca(os)):
PaboTa ¢ nutepaTypoii u peleHne 3anaq
Tema 4. KBaHTOBbIe BblYMCNEHUSI.
neKuMnoHHoe 3aHsiThe (2 yaca(os)):

CeteBas Mo4enb KBAHTOBbIX BblYUCNEHWIA. BbluncneHne pyHkunin. KsaHToBbIV napannennam.
Anroputm Joiua. Anroputm 'poBepa. KBaHToBOE NpeobpasoBaHne dypbe. KBaHTOBbLI anroputm
HaxoxgeHusa nepuoga yHkumnn. Knaccbl cnoxHoctn. KsaHToBas Tenenoprauuns,
OLHOHArNpPaBNEHHbIE KBAHTOBbIE BbIYMCEHWS U KNACTEPHbIE COCTOSAHUS.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

PaboTa ¢ nutepartypoii 1 pelweHve 3anay

Tema 5. KBaHTOBOE McnpaBneHue ownbok. [,eKorepeHTHOCTb.
JNleKLMoOHHOoe 3aHsiTne (2 4yaca(oB)):

LekorepeHTHOCTb. MNepenyTbiBaHne Mexay KybuTom n okpyxeHueMm. MpocTtpaHcTBa, CBOOOAHbIE OT
nekorepeHuun. TeopemMa 0 HEBO3MOXHOCTU KNOHUPOBaHMS. KBaHTOBbIE KOAbl MCMPaBIEHNS
owwnbok. Koabl ¢ TpeMsi n ceMbio Kybutamu. YcTonumeoe k c6osiM BolumcneHne. MNoporoeas Teopema.

npakTnyeckoe 3aHsitne (2 4aca(os)):

PaboTa c nutepatypoii 1 pelweHve 3anay

Tema 6. Peannsauumv KBaHTOBbIX KOMMbIOTEPOB.
NeKuMoHHoe 3aHsiTne (3 yaca(os)):

Ycnosus, HGO6XOJJ,VIMbIe 015 BbINONHEHUS KBAHTOBbIX BblYNCNEHUN. FIMP-peanmsaLwM KBAHTOBbIX
Bbl4MCNEHNA. KBAHTOBbIE BbIYMCNEHNS HA MOHAX B nosyuwkKax. JInHEeMHbIE ONTNYECKME KBAHTOBbIE
KOMMbIOTEPDI.

npaktnyeckoe 3aHsitne (3 4yaca(os)):
PaboTa c nutepartypoii 1 peleHre 3anay

4.3 CTpyKTypa 1 copgepXxaHume caMOCTOSITe/IbHOM paboTbl AUCLMMINHBI (MOLYNSA)

Buabl
N Paspen Cemect Hepens | camocTostensHon [TpyA0eMKOCTb ;?«%%:L:?:;Eﬂg;
AducumnnuHbl pcemecha paborthbl (B yacax) 260TbI
CTYLEHTOB P
Tema 1. OcHoOBHble Pabota c
1.|MoOHATNA KBAHTOBOM 3 nnTepaTtypomn n 6 Ogﬁgﬁlf';"me
Teopun nHgoopmauunn. peweHne 3anad P

Pabort

5 Tema 2. KeaHTOBbIE 3 ﬂl;alfeopZT;pOIﬁ " 6 O6cyxaeHne

‘(nornyeckme anemeHTbI. WEeHN

peweHne 3anad pewe
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Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyA0eMKOCTb ;%%%:L:?:;Eﬂg;
AducumnnuHbl pcemecha paborthbl (B wacax) 260TbI
CTYLEHTOB P
Tema 3. KBaHTOBbIE Pabota c
3.lonepauuun n 3 nnTepaTypomn n 6 OSLEXLKM’D';HM
N3MepeHuns. peweHne 3anad P
PaboTa c
Tema 4. KBaHTOBbI o
' peweHne 3anad P
Tema 5. KBaHTOBOE Pabota c
5.lncnpaBneHne ownbok. 3 nnTepaTtypomn n 6 OSSZLKV?;HM
JlekorepeHTHOCTb. peleHve 3a8ady P
X
Tema 6. Peannsauun Paborta c Oe6u%H |/L|L|7|e Hihe
6.|KBaHTOBbIX 3 nuteparypou u 14 EOOGLIJ,GHIVIFI o
KOMMbIOTEPOB. peweHne 3anad
TEeMe.
WNtoro 46

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

C uenbio hopMUPOBaHNS 1 Pa3BUTMS MPOCPECCNOHANBbHBIX HABBIKOB 00y4atoLWMXCS, B pamMkax
y4ebHOro kypca npenycMoTpeHa caMocTosiTeNnbHas paboTa, Bkioyatowas B cebs He TONbKO peleHne
3a4ad, COoPMyNMPOBAHHBIX HA NEKLUMSX, HO 1 M3yHEeHUe HEKOTOPbLIX BOMPOCOB NO NnTepaTtype, B TOM
Yucne Ha aHrNMNCKOM A3blKe, C MOCNEYIOWNM BbICTYMNIEHNEM Nepea ayaAMTOpUeN.

6. OLueHOYHble CpeacTBa OJ1s TEKYLLLEro KOHTPONS yCrneBaeMoCTU, NPOMEXYTOUHOM
aTTecTauum rno UToram OCBOeHUs1 GUCLUNIMHBbI U y4yebHO-MeToauueckoe obecneueHne
CaMOCTOSITeNIbHOW paboTbl CTYAEHTOB

Tema 1. OCHOBHble NOHATUS KBAHTOBOW TeOpUn MHC(poOpMaLLMN.
ObcyxaeHne peleHnii , TPUMepPHbIEe BOMPOCHI:

Pasbop 3agay 13 rnaebl 1 METOAMYECKOrO NOCOOUS

Tema 2. KBaHTOBbIE OrM4yeckue aneMeHTbl.

Ob6cyxaeHne peleHnin , TPUMepPHbIE BONPOCHI:

Pasbop 3aaay 13 rnaebl 2 METOAMYECKOrO NOCobus

Tema 3. KBaHTOBble onepauun 1 NaMepeHus.

ObcyxaeHne peleHnii , TPUMepHbIe BOMPOCHI:

Pasbop 3apay 13 rnaebl 3 METOAMYECKOrO NOCOOUS

Tema 4. KBaHTOBble BbIYUC/IEHUS.

Ob6cyxaeHne peleHnin , TPUMepPHbIE BONPOCHI:

Pasbop 3aaay 13 rnaebl 4 METOAMYECKOrO NOCObUS

Tema 5. KBaHTOBOE McnpaBneHue ownboK. JleKkorepeHTHOCTb.
Ob6cyxaeHne peleHnii , TpUMepHbIe BOMPOCHI:

Pasbop 3agay 13 rnaebl 4 METOAMYECKOrO NOCOOUS

Tema 6. Peanusauum KBaHTOBbIX KOMMbIOTEPOB.

Ob6cyxaeHne peweHnii. CoobweHns no TeMe. , NPMMEPHbIE BOMPOCHI:

Pasbop 3agay, CBA3aHHbIX C 0OCOBEHHOCTAMU peann3aLnm KBaHTOBbIX BbIYUCIEHWI B Pa3NNYHbIX
douanyeckmx cuctemax. ObcyxaeHme cooblleHunit, NOAroTOBNEHHbIX CTyAeHTaMu No JaHHON TeMe.

Tema . UToroesasi popma KOHTpons

MpuMepHbIE BONPOCHI K 3a4eTy:
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KoHTpOonbHbIE BONPOCH!:

1. Ky6I/IT. I'eomeTpW-leCKoe npeancrtaeneHne CoCToAaHnA |<y6v|Ta. YucTtole U CMeLaHHble COCTOSAHUS
Ky6I/ITa. CTeneHb YMCTOThbl U CTEMNEHb COBNAAEHNS KBAHTOBOIO COCTOSIHUS.

2. MNepenyTaHHble, akTOpM30BaHHbIE 1 cenapabenbHble COCTOSHUS OBYX KybutoB. PasnoxeHune
lWmnaTa. Heobxooumblie n gocTatoyHble ycnoeusi cenapabenbHocT. Mepbl nepenyTaHHOCTU

3. [ByxkybutoBble BeHTUNUN. YCnoBHble NnpeobpasoBaHus. MNpeacraBneHne oByxkybuToBoro
onepatopa CU yepes nocnenoBaTenbHOCTb HYETLIPEX OAHOKYOMUTOBbLIX BEHTUNEN U OBYX BEHTUNEN
CNOT.

4. Teopema 06 yH1BEpcanbHOM Habope KBaHTOBbLIX BEHTUNEN
5. OcHoBHblE MOLENY KBAHTOBbIX KaHANOB U npeacTaeneHne Kpayca.

6. MNMpoekumnoHHble 1 POVM-uamepeHms

7. CeTeBas MOOeNb KBAHTOBbIX BbIYMCEHWNA 1 OCHOBHbIE 3NIEMEHTbI KBAHTOBOIO KOMMbOTEPA.
5. Anroputm [ownya.

6. AnropuTm ["poBepa.

7. KBaHTOBOE NpeobpasoBaHne dypbe.

8. KBaHTOBbI anropnt™ HaxoXxaeHms neprona OyHKUNN.

9. KeaHToBas Tenenopraums.

10. OgHOHanpaBneHHbIE KBAHTOBbIE BbIHUCIEHMS N KNACTEPHbIE COCTOSIHUSI.

11. LekorepeHTHOCTb. KBaHTOBbIE KOOI UCNPABNEHNS OWNOOK.

12. KBaHTOBbIV KOA, MCMPaBNSOWMIA aMnAnTyAHbIE UM 0a30Bble OWNOKK, C TPpEMS KybruTamm
13. OeBatnkybuToBbii koa Wopa.

14. YcTtoitumeoe k cbosim BoldmncneHme. Noporoeas tTeopema.

15. Ycnosus, HeobxoanMble ANS BbINONHEHWS KBAHTOBbIX BbIYUCIEHNI

16. XunakocTtHbih AMP-KBaHTOBbI KOMMbIOTEP.

17. TeepooTtenbHbln AMP-KBaHTOBbIN KOMMNbIOTEP.

18. KBaHTOBbIE BbIYUCNEHNS HA NOHAX B NTOBYLLKAX.

19. JInHenHbIN ONTUYeCKNiA KBAHTOBbIA KOMMbIOTEP.

7.1. OcHOoBHas nuTeparypa:

BeeneHue B kBaHTOBblE BbluncneHus, Kane, dunnun;lagonamm, PanmoH;Mocka, Muwenb;HukntuHa,
T. C.;AHOoxuH, A. B., 2009r.

BBepneHune B kBaHTOBbIE KOMNbOTEPDLI, BepMmaH, ['eHHagun 1.;Oynen, . [.;MainHbepw,
P.;UndppuHosny, Bnagumnp W., 2004r.

KBaHTOBbIE BblYMCNEHNS U KBAHTOBas MHgopmauns, HunbceH, Mainkn A.;Hawr, Vcaak J1.;Banbii, M.
H.;Octposckui, 1. M.;Banues, K. A., 2006r.

KBaHTOBbIE Bbl4MCNEHMS 1 CBA3b. VIHXeHepHbIn noaxon, Vimpe, Wanpoop;banax, ®epeHu;Kanayes,
A. A.;Camapues, B. B.;MutpodhaHosa, T. I'.;lMeTtpywkuH, C. B., 2008r.

KBaHTOBbIE KOMMNBIOTEPLI, MUKPO- M HAHOSNEKTPOHMKA (doM3nKa, TEXHONOrMS, AMarHoCTUKa 1
momenuposaHue), benoHoxko, M. ®., 2008r.

TBepaooTenbHble KBAHTOBbLIE KOMMbIOTEPDI HA AAepPHbIX cnuHax, KokuH, AnekcaHap AnekcaHapoBuy,
2004r.

7.2. JlononHuTenbHasa nuteparypa:

KBaHTOBbI BbI30B, [puHwWTENH, IXopax;3anoHu, Aptyp I.;Apuctos, B. B., 2012r.

KBaHTOBbIE CUCTEMBI, KaHanbl, MHGOpMauuns, Xoneso, AnekcaHap CemeHosund, 2010r.

Teopunsa oTKpbITbIX KBAHTOBbIX cUCTeM, bponep, XanHu-lNutep;letpy44none, dpaHyecko, 2010r.
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7.3. UHTEepHeT-pecypcChl:

Preskill J. Quantum computation and information (Caltech, 1998) -
http://www.theory.caltech.edu/people/preskill/ph229

INexumn David Deutsch - http://www.quiprocone.org/Protected/DD_lectures.htm

Nekumm Michael Nielsen - https://www.youtube.com/playlist?list=PL1826E60FD05B44E4

OTKpbITbIA MOPTan No KBaHTOBLIM KOMMboTepaM - hitp://www.quantiki.org/

CraTbsa B Bukmneaum no KBaHTOBbIM KOMMbioTepaM - http://en.wikipedia.org/wiki/Quantum_computer

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMNINHbI(MOAYNS)

OcBoeHmne ancumnnunHbl "KBaHToBblE KOMMbIOTEPDLI" NpeanonaraeT NCnonb30BaHMe CreayroLwero
MaTepuanbHO-TEXHNYECKOro obecneyeHus:

JlekumnoHHas ayaonTopumsa co CtaHoapTHbIM MPOEeKUMNOHHbIM o6opyuosaHV|eM

Mporpamma coctaeneHa B cootBeTcTBuM ¢ TpeboBaHnsmm GrOC BIO n yyebHbIM nnaHoM no
HanpasneHnto 011200.68 "®Pusunka" n marmctepckon nporpamme duamka atoMoB U MONEKYN .

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerncTpaumoHHbIii Homep 68716 2
1184

E
CtpaHnua 8 n3 9. _—— HITI

A
H

o



Mporpamma gucumnnuHel "KaHToBble KoMnbloTepbl”; 011200.68 dusuka; Kanayes A.A.

ABTOpP(bI):

Kanaues A.A.

" 201 __r.
PeueH3eHT(bl):

" 201 __r.
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