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1. HosscHuTEAbHAA 3AIIHCKA

1.1. Lenp u 3ama4uu JUCIUILIMHBI

Lenp QUCUUIUIMHBL: OBJIAJICHUE CTYACHTAaMU-MaTEMaTUKaMH OCHOBaMH KBaHTOBOW MEXaHUKHU U
KBAaHTOBBIX BBIUMCICHUNA, M YMEHHEM NPHUMEHATh TAaKWe 3HAHWA JJIA PEIICHHs 3ajaad
MPaKTUYECKUX BHIYMCICHUM.

3a/aun AUCHUIUIMHBL. HAYYUTh TPUMEHSITh 3HAHUS 110 OCHOBAM KBAHTOBOW MEXAaHHKE IS
pelIeHUs 3a/1a4 MPAKTUYECKUX BBIUMCICHUH.

1.2. ®opMupyemblie KOMIIETEHIINH, COOTHECEHHBIE C ITITAHUPYEMBIMU PE3yJIbTaTaMU 00yUYCHHS
110 JTUCLMILINHE:

Koabi Conep:kaHue KOMIeTeHIIHIT IlepeyeHb IIAHUPYEMBIX Pe3yJIbTATOB
KOMIIe- o0y4eHUs MO TMCHUTUINHE
TEeHIUH
IIK-9 CITIOCOOHOCTH BBISIBUTDH | 3Hamb: OCHOBBI HEPEIATHBUCTCKONW KBAaHTOBOM
€CTECTBEHHOHAYUHYIO CYIIHOCTh | TEOPUM OAHOM W  HECKOJNBKUX  YaCTHIL,
npobjeM, BO3ZHUKAIOIIMX B  XOJ€ | MPUHIMUIBI  BBIYMACICHUA W 00pabOTKH
npodeccuoHaNIbHON JESITeNbHOCTH, | MHPOPMALK, CONEPXKALIMXCSI B KBAaHTOBBIX
TOTOBHOCTBIO HCIOJIB30BaTh [UId HX | aHCAMOJX;
peuieHus COOTBETCTBYIOIIUN | Ymemsb: MOCTPOUTH AITOPUTM, peaIu3yOLUi
€CTECTBEHHOHAYYHBIH anmapar CTaHIApTHbIE WH(YOPMALMOHHBIE IPOLECCHI
HaJ, KBAaHTOBBEIMH aHCAaMONsMHU (yHHUTapHAas
3BOJTIOLINA, U3MEepeHue u YacTUYHOE
W3MEpeHHe,  BBIUMCIICEHHWE  3allyTaHHOCTH,
TEJICOPTALHS, KBaHTOBBIC BEHTHJIN),

peanu3oBaTh KOMIIBIOTEPHYI0 MOJEIb 3TOTO
mpouecca W OLEHUTh €ro  CJIOXHOCTB,
MOCTPOUTh MAaTEMAaTHYECKYI0 U MPOTrPaMMHYIO
MOJIEJIb peabHOrO Iporecca Uil HECKOJIbKUX
3apsKEHHBIX YacTHIl BO BHEIIHEM TOTECHIUATIE,
B YaCTHOCTH, PEAJM3YIOLIYI0 CTaHAAPTHHIC
KBAaHTOBbIC BEHTHJIH, U CHIEJaTh NPaKTHYECKHUE
BBIBOJBI 10 HeH (Bpemst cpabaThiBaHUA,
JIOOPOTHOCTB, BO3MOHOCTb
MacCIITa0POBAHHS );

Braodemy: peanuzanyeil BEIYUCTUTEIBHBIX
ITOPUTMOB C MPUMEHEHNUEM CTaH AP THBIX
KBAaHTOBBIX BEHTHJICH, BEIYUCICHUEM
CTaHIAPTHBIX (PU3MUYECKUX BEITHMYUH (SHEPTHH,
KOOpJMHAT, UMITyJIbCa, MOMEHTa), a TAKKe
BEPOSATHOCTHBIX paclpeesieHuil s 3a1aHHBIX
KBAaHTOBBIX COCTOSIHMH MPOCTBIX aHCaMOJel n3
HECKOJIbKHMX YaCTHI] BO BHEIIHEM MOTEHIIMATIE.

IMIK-12 | crmocoOHOCTE CaMOCTOSITETIbHO W3y4aTh | 3Hamb: OCHOBBI HEPENSITUBHCTCKOW KBAHTOBOH
HOBBIE  pa3ienbl  (YHAAMEHTAJIbHBIX | TEOPHM OJHOW M HECKOJBKHX  YacCTHII,

HayK MPUHIUIEL ~ BBIYUCIEHUH W 00paboTKH
rH(pOpMaINHU, COJAEPKAIUXCS B KBAaHTOBBIX
aHCcaMOJIsIX;

Ymems: mocTpouTh aNropuT™M, peanu3yromuil
CTaHJAapTHbIE WH(POPMAIOHHBIE IPOIECCHI
HaJI KBaHTOBBIMH aHCaMOJIIMU (YHUTapHas

OBOJIOIIMA, HU3MCPCHHUC u YaCTUYHOC
HU3MCpPCHUC, BBIYHMCJICHHUC 3aIlyTaHHOCTH,
TCIICIIOPTALUA, KBaHTOBBIC BeHTI/IHI/I),

pCanM30BaTh KOMIIBIOTCPHYIO MOIACJIbL 3J3TOI0
mponecca )48 OLICHUTDH €ro CJIO’KHOCTD,




ITOCTPOUTh MAaTEMAaTUYECKYIO0 M MPOrPaMMHYIO
MOJIETIb PEANIbHOTO TIpolecca A HECKOIBKUX
3apsKCHHBIX YaCTHI[ BO BHEUTHEM TIOTCHIIHAJIE,
B YAaCTHOCTH, PCAM3YIONIYI0 CTaHIAPTHHIC
KBaHTOBBIE BEHTWJIH, U CAENATh MPAKTUIECKHE
BBIBOABI 1O HEH (BpeMs cpabaTeIBaHUS,
JIOOPOTHOCT®, BO3MO>KHOCTb
MaciTaOupoBaHus);

Braodemv: peanuzanuell BHIYUCITUTEIHHBIX
QITOPUTMOB C IPUMEHEHHEM CTaHIaPTHBIX
KBaHTOBBIX BEHTHJICH, BEIYACICHUEM
CTaHIAPTHBIX (PU3UICCKUX BEIIMINH (SHEPTHH,
KOOpJMHAT, NMITYJIbCa, MOMEHTA), a TAKXKe
BEPOSTHOCTHBIX PACIIPEIEIICHUH JIJIs 3aaHHBIX
KBAaHTOBBIX COCTOSTHHI TIPOCTHIX aHCAMOJICH 13
HECKOJIbKHX YaCTHI] BO BHEIIHEM TOTEHIIHATIE.

1.3. MecTo TUCHUIUIMHBI B CTPYKTYpe 00pa30BaTeIbHON MPOTrpaMMbl

Huctmmuimaa  «KBaHTOBBIE  BBIYHMCICHUS M KBaHTOBas KpuUNTOTpadus» OTHOCHTCA K
BapUaTUBHOW YacTH OJIOKA TUCIUILINH y4eOHOTO TUTaHa.

JIist oCBOCHHMSI TUCIUIUTHHBI HEOOXOIMMBI 3HAHUS, YMCHHS M BIAACHHS, cHOpMHpPOBAHHBIC B
X0JIe M3YyYCHHS CIACAYIOIMX IUCHMIUIMH. «JIuHeiHas anrebpay, «/luddepeHnmanbroe wu
WHTETPAIbHOE HCUUCIICHHE», «Teopusi BeposTHOCTe», «OOmas anredbpa U TCOPUS HYHCET,
«DyHKIIMOHAIIBHBIN aHAIU3).

B pesynbrare OCBOCHHWS JIUCHUIUIMHBI (POPMHUPYIOTCS 3HAHUS, YMEHUS H BIQJICHHUS,
HEOOXOAMMBIC JUIsI M3YYCHHs CIACAYIOIMX IUCIHUILIMH M IMPOXOXKACHUS NpakTuK: «Teopus
KoJaupoBaHus», «KOHEUHBIE MONS M HMX TPWIOKEHUS K KpUnTtorpapuu», «IIEMEHTHl -
aIMYECKOTO aHAJIM3a U €ro MPUJIOKEHUS K KpunTorpaduuny, IpeIIuIlIOMHas MPaKTHKA.

2. CTpyKTYypa AUCHHUILIMHBI

OO6mas Tpy10EMKOCTh AUCIUILTUHBI cOCTaBisieT 3 3.e., 108 4., B TOM uncie KOHTaKTHas paboTa
oOyyaronuxcs ¢ npenojaBarenem 42 4., caMOCTosITeNIbHas paboTa o0ydaromuxcs 66 u.

Busetr yae6HOM paboThI
(B yacax)
KonTakTHas = DOopMBI TEKYLIETO
Ne % EE % KOHTPOJISI yCIIEBAEMOCTH,
n/_n Paznen nucumIuMHBY/ TEMBI % E E - E (dhopma mpoMexKyTOUHOI
@) S 2 % E aTTecTaluu
= E = S g S g (no cemecmpam)
= = S il i

1 | O630p MaTeMaTHYECKUX 7 4 4 10 VYeTHbI ompoc

METO/I0B KBAaHTOBOH (pH3UKH
2 | AnreOpanveckuii anmapaT 7 4 4 12 YcTHbIl onpoc

KBaHTOBOW WH(OPMaTHKH
3 | DneMeHThI KBAaHTOBOH 7 6 6 16 YceTHbIl ompoc

MEXaHUKH
4 | KBaHTOBBI KOMIIBIOTED 7 2 4 10 YcTHBII onpoc
5 | DneMeHTHI KBaHTOBOU 7 2 4 10 YcTHBIN ompoc,

KpHnrorpadpuu TEOpPETUIECKUI

KOJUIOKBUYM 1

6 | 3au€r c onenkoi 7 2 8 KosokBuywm 2
7 | Uroro: 18 24 - 66




3. Coaep:xaHue TUCHUILTHHBI

Paszgea 1. O030p MaTeMaTH4YeCKMX METOA0B KBAHTOBOW (PU3MKHU

Tema 1. O030p 0CHOBHBIX IKCIIEPUMEHTOB 110 KBAHTOBOW MeXaHUKe

IIpeamer KBaHTOBOM MeXaHMKU. KOpIyCKyIsIpHO-BOJIHOBOM Lyalu3M IIpU OLIPEACIICHUU CBETA.
DKCIEPUMEHT C ITyJIEMETHOM CTpenbOoi. DKCIepuMeHT ¢ BoJiHaMH. Judpakuus. DKCIEPUMEHT
¢ anekTpoHaMu. KopmyckyJisipHO-BOJTHOBOM yain3M B MOBEACHUH 3JeKTpoHa. HTepdepeHmus.
Hab6nronenue 3a anexrponoM. [Ipuniun HeonpeneneHHocTH [ erizeHoepra.

Tema 2. O030p MaTeMATHYECKOI0 ANNAPATA KBAHTOBOW MeXaHUKHU

Cger. Yacrora cBera. @oToHbl. DOTOYMHOXKHTEIb, KaK IPUMEP TOTO, YTO CBET COCTOUT M3
gacTull. YacTHMUHOE OTpaKEHUE CBETa OT IOBEPXHOCTU CTEKJIA. AMIUIUTYJA BEPOSTHOCTH.
Merton ctpenok. PesynpTupytomas crpenka. Marepdepennus aMmauTy. BeposTHOCTh cOObITHS
KaK KBajpaT AJuHBl aMIumMTyabl. OTpaxkeHue cBeTa OT 3epkana. IIpoxoxneHue cBera u3
BO3/yXxa B BoAy. POKycUpyOIas JuH3a.  OJEKTPOHBl M UX B3aUMOJCHCTBHE. AMIUIUTYAA
dorona P(a-b). AmMmuryna snexrpona E(a-b). Ammauryma TOro, 4To 3JAEKTPOH HMCIYCTHT WA
noriotuT ¢otoH. Paccesnue cBera. AnTuyactuubl. [IpuHiun 3anpera.

Paznen 2. AnnredOpanyecknii annapat KBaHTOBOW MH(POPMATHKH

Tema 3. JeMeHThI JTUHEHHOH aaredpbl

BexTopHoe nmpoctpanctBo. KoopnnHaTel BeKTOpa B pa3HbIX Oasucax. Matpuua nepexoja.
EBK1MI0BO IpOCTpaHCTBO. YHUTApPHOE IPOCTPAHCTBO. JIMHEeHbIe oniepatopsl. MaTpuna
nuHeHoro omneparopa. @opmyna npeobpa3oBaHUs MaTpPULbl OorepaTopa IMpH MpeoOpa3oBaHUU
6asuca. CoOCTBEHHOE 4YHMCIO U COOCTBEHHBIM BEKTOp JIMHEHHOro omeparopa. JIMHeHHbIH
ornepaTop B KOMIUIEKCHOM IIPOCTPAHCTBE CO CKaJApHBIM Ipou3BeneHueM. CompsiKeHHbIN
oneparop. Marpuua conpsbkeHHOro oneparopa. CaMOCOINpsKEHHBINM ornepaTop. JpMUTOBA
MaTpuiia. YHUTapHbIA omeparop. YHutapHas Marpuiia. CBOWCTBA CaMOCOIPSKEHHOTO
oneparopa. CBolcTBa yHUTapHOTO oneparopa. I[IpuBeneHne mMarpuiibl JMHEHHOTO OnepaTropa K
quaroHalibHOMY BUIy. IIpuBeneHne NMpou3BOIBHON SPMHUTOBOM MAaTpHIbl K JAMATOHAIBHOMY
BUJy C TIOMOIIbIO YHUTApPHON MaTpHIlsl mepexona. Teopema o cBsi3u YHUTapHOW maTpuibl U u
spmuroBoii marpuiel H  (U=exp(iH)). TenzopHoe mnpowu3BeqcHUE JIMHEHHBIX MPOCTPAHCTB.
Ten3zopHOE Mpou3BeieHUE ONepaTopoB. TeH30pHOe npousBeaeHre Marpul. Oneparop Yomnma -
Anamapa.

Pa3gea 3. DiieMeHTHI KBAHTOBOH MEeXaHUKH.

Tema 4. DBorons BeKTOPAa KBAHTOBOI'0 COCTOSIHUS

ITpocTpaHCTBO KiIaCCMUECKUX COCTOSTHUM. [IpoCcTpaHCTBO KBAaHTOBBIX COCTOSIHMM. JIMCKpeTHOE
IIPEACTABICHUE TPOCTPAHCTBA COCTOSIHUM. J[MCKPETHOE MPEICTaBICHUE BOJHOBOIO BEKTOpA.
Buibl 5BOIIOIIMM BEKTOPA COCTOSIHUS: YHUTAapHAsl JAWMHAMUKA U u3Mepenue. [lonstue konnamnca
BOJIHOBOT'O BeKTOpa. M3mepenue kBaHTOBOTO coctosiHuA. [IpaBuno Makca bopna. KeT-Bekrop
P> u 6pa-Bextop <V| (cumBonuka J{upaka). YHuTapHas nuHamuka. YpaBHeHue lllpennnrepa
OTHOCHUTENBHO BekTopa |V>. Pemenue ypaBuenus llpenunrepa - 3BONIONNS BEKTOPA COCTOSTHUS
BO BpEMEHU |[P(t) >=exp(-iHt) |[¥(0)>. JluneitHOCTh HBOJIOIMH. PelleHue ypaBHEHHE
[IIpenuHrepa uisi OMHOMEPHBIX IOTEHIMAIOB, OJHO- M JIBYX- IMHOI'O ITOTEHIMana,. Marpuna
wiotHocty Jlanpay. YacTuuHOe M3MepeHMEe M YacTU4Has Marpuia IJIOTHOCTH. CMellaHHbIe
coctosinus. [TpoekTopsl. OTKpPBITbIE KBAHTOBBIE CUCTEMBI. [[€KOT€pEHTHOCTD.

Tema S. IIpuMeHeHNe TEH30PHOI0 IPOU3BEACHHU S

TenzopHOE Npon3BeAEHUE MPOCTPAHCTB, KBAHTOBBIX COCTOSHMM M oneparopoB. HesanyranHsle
W 3alyTaHHbIE COCTOSHUA. PU3MYECKUH CMBICH 3aIlyTAaHHOCTH M €€ CBS3b CO CIIOKHOCTBIO
BBIYMCIICHHM.



Tema 6. CoorBercTBHe PU3NMYECKUX BeJIMYMH IPMUTOBBIM OIEPATOPaAM.

OnepaTopLI KOOpAUHAT, UMITyJIbCa, DHCPIruu, MOMCHTA HMITYJIbCA. COGCTBCHHBIG 3HAUYCHUA U
JOMyCTUMbIe 3HaueHus ¢usznyeckoil BenuuuHbl. CoOcTBeHHbIE cocTosiHUS. [IpuMepst:
KOOPJAWHATHI, UMITYJIbC, SHEPTUs, MOMEHT. Jlenpra-¢pynkuus Jupaka u KOOpJUHATHBINA Oa3uc.

Pa3znen 4. KBaHTOBBII KOMIIBIOTEP

Tema 7. KBaHTOBBIN KOMIIBIOTEP

Brruucnenue ¢ opakysioM Ha KJIACCUYECKOM KOMIIbIOTEpe. KBaHTOBBIN KOMIBIOTEP U KBAHTOBOE
BblunciaeHue. KsaHToBbIl opakyn. Ilpumep: 3amaua mnepebopa. KBaHTOBbIE BEHTHIIU:
onnokyoutneie, CNOT, Toffoli, ¢a3zoBpamarens. KBantoBsie cxembl u3 (GYHKIIHOHATBHBIX
3JIEMEHTOB. MeTobl paboThl ¢ aHnuulaMi. KBaHToBast uncTka aHuwul. [loHATHE KBAaHTOBOTO
yckopeHusi. Anroputm ['poBepa s nepedopHOl 3agaun. ['eoMeTpUUECKHi CMBICI aIrOpUTMa
I'poBepa. THUNUYHOCTH T'POBEPOBCKOrO yCKOpeHHs. [IOHSATHE O HMXKHMX OLIEHKaX KBAaHTOBOW
cnoxHoctd. NP- 3amaum ¥ KBAaHTOBBIE  BBIYMCIICHUS. Anroput™m  3anku-Buznepa
MOJICJIMPOBAaHUS YHUTApHOW KBAaHTOBOM AMHAMUKH. [IOHATHE O KBAaHTOBOM MOJIEIMPOBAHUU
CUCTEM MHOTHMX YacTHII. [IpunokeHuss KBaHTOBBIX BBIYMCICHUW: CXEMa TeJIeOpTaluu
HEU3BECTHOI'O KBAHTOBOT'O COCTOSIHUS. 3allpeT Ha KJIOHUPOBAaHUE KBAHTOBBIX COCTOSTHUM.

Pa3nes 5. JieMeHTbI KBAHTOBOI KpunTorpaguu

Tema 8. DiieMeHTHI KBAHTOBOI KpUNTOrpaduu

O 3agaue CcekpeTHOM mepefayd JaHHBIX. 3ajaya pPACHPOCTPAHEHUs CEKPETHOTO KIIoYa.
Hcropuyeckne  cmocoObl  mudpoBaHus  AaHHBIX.  Kpunrorpadudyeckue  MPOTOKOIIBI.
Cummerpuunble mudpsl. CroiikocTs Kpunrtocuctembl. Teopema Illennona. Mcnonb3oBaHue
IICEB/IOCTYYafHBIX TEeHepaTopoB. KpumnrocucremMbl € OTKPBITBIM KitodoM. Ajroputm RSA.
Anroputm Illopa ¢akropuzanuu OonbimmMx uyucesn. KBaHTOBbIE KOJbl KOPPEKLIUH OIIMOOK.
[Tpotoxon BB84.

4. Oo6pa3oBaTe/ibHble TEXHOJOTHU
OO0pa3oBaTesibHbIE TEXHOJOTHH

Ne Buasbl yueOHbBIX
HaumenoBanme pasgesa N O0pa3oBaTe/IbHbIC TEXHOJIOTHH
n/n 3aHATHH
1 12 3 4
1 Paznmen 1. O630p Jlexmusa Jlexuus-nuckyccus
MaTeMaTHIEeCKHX METOJIOB
KBaHTOBOU (hU3HKH IIpakTnueckue Huckyccns
3aHSATHSA
CamocrositenpHast | KoHCynmsTHpOBaHHE U MTPOBEPKA
pabora JIOMAITHUX 33JJaHAN TTOCPEICTBOM
3JEKTPOHHOM HOYTHI
2 Paznen 2. AnreGpanueckuit Jlekusa Jlexuus-nuckyccus
arnmapar KBaHTOBOU
WH(POPMATUKH [IpakTuueckue Pemenwne u o0cyxaeHue 3a1a4y
3aHATHUS
CamocrositenpHast | KoHCynsTHpOBaHHE U ITPOBEPKA
paborta JIOMAIIHUX 33JJaHUN TOCPEACTBOM
3JEKTPOHHOM HOYTHI
3 Pasgen 3. DiemenTs! KBaHTOBOM | JIeKimst Jlexnmsi-muckycens
MEXaHHUKH.
[IpakTuueckue Pemenwne u o0cyxaeHue 3a1a4
3aHATHUA




CamocrositenpHast | KoHCYIbTHpOBaHME U ITPOBEpPKA
pabora JIOMAIIHUX 33/IaHUM TTOCPEACTBOM
SJEKTPOHHOMN HOYTHI
Paznen 4. KBanToBBII Jleknusa Jlekuug-nuckyccus
KOMIIBIOTED
IIpakTrueckue
Pemenune u o0cyxaeHue 3a1a4
3aHSITHSA
KoHcynasTHpOBaHHNE B IPOBEPKA
CaMocTosTeIbHas y p o POBEp
JIOMAIIHUX 33/IaHUM TTOCPEACTBOM
pabora N
3JEKTPOHHOMN HNOYTHI
Paznen 5. DnemenTs! kBaHTOBOH |JIektms Jlexuus-nuckycceus
KpunTorpadumn
P pag IIpakTrueckue
Huckyccus
3aHSITHSA
KoHcynasTHpOBaHNE B IPOBEPKA
CaMocTosTeIbHas y p o POBEP
JIOMAIIHUX 33/IaHUM TTOCPEICTBOM
paborta

3JIEKTPOHHOM MOYTHI

5. OuneHka IIaHNPYeMbIX Pe3yJIbTATOB 00y4YeHH S
5.1. Cucrema OLleHUBAHUS

dopmMa KOHTPOJIS Makc. KoJ1u4ecTBO 0aJ1JI0B
3a oany padory Bcero
Tekyuiuii KOHTPOJIb:
- oTIpoC 1 6ann 22 Gamna
- TEOPETHUYECKAN KOJUIOKBHYM | 38 6ammoB 38 6amioB
[IpomexxyTouHas aTTecTarus 40 6annoB
(KOJITOKBUYM 2)
HToro 3a cemecTp (AUCHUNJIMHY) 100 6amos
3auém c oyenxoil

[Tomy4eHHBIN COBOKYMHBIN pe3yibTaT KOHBEPTHPYETCS B TPAIUIIMOHHYIO IIIKATY OLIEHOK U B
HIKany oueHok EBponeiickoil cucteMsl nepeHoca u HakorieHus: kpenutos (European Credit
Transfer System; ganee — ECTS) B cOOTBETCTBHH ¢ TabIUIIEH:

100-6aypHas mkana | TpaauimoHHas mikana kana ECTS
95 - 100 A

8394 OTJINYHO B

68 — 82 XOpoIIOo 3a4TEHO C

56 — 67 D

50 55 yJIOBJIETBOPHUTEIHHO E

20-49 FX

0_19 HEYIOBJICTBOPHUTEIEHO HE 3a4YTEHO F

52KpI/ITCpI/II/I BBICTABJICHUA OLICHKH 110 JUCIHHUITIIMHE

Banawy/ Ouenka no Kpurtepun oueHkn pe3yibTaToB 00y4eHus MO THCIHUIIAHE
Mkana ECTS | aucuuninxe

100-83/ «3a4TEHO BrictaBisiercst obyuaromemycs, €M OH TIIyOOKO U IPOYHO
AB (oTHHIIHO)» YCBOWJI TEOPETUYECKUN U IIPAKTUYECKUI MaTEpHall, MOXKET

IPpOACMOHCTPUPOBATE 3TO HA 3aHATHUAX U B XOA€
MPOMEKYTOUHOM aTTeCTallUU.
OO0yJaromuiics NCYEPITHIBAIOIIE U JIOTHYECKH CTPOMHO M3JIaraeT
y4eOHBIN MaTepHuall, yMeeT YBA3bIBAaTh TEOPHUIO C MPAKTUKOI,
CIPABJIISIETCS C PellieHHeM 3aja4d IpogeCCHOHAIBHOM




Bbanany/
IIkana ECTS

Onenka mno
JUCHMILINHE

Kpurepun oneHkn pe3ybTaTOB 00y4eHHS 110 AUCIUIIIAHE

HaIPaBIEHHOCTH BBICOKOTO YPOBHS CIIOKHOCTH, IPABUIIBHO
00OCHOBBIBACT MPHUHSATHIC PEIICHHUSL.

CBo00HO OpHeHTHpYETCS B y4eOHOU 1 TIpodheCCHOHATEHOM
JTUTepaType.

OreHKa MO AUCIUTUIMHE BBICTABJISFOTCS 00YYaroIeMycs ¢
y4ETOM Pe3yJIbTaTOB TEKYIIEH 1 MPOMEKYTOYHOM aTTECTAIUH.
KomniereHuuu, 3akperi€HHbIe 3a JUCIUTIITNHOMN,
c(hopMHUPOBaHbEI HA YPOBHE — «BBICOKHI.

82-68/

«3a4TEHO
(xoporo)»

BricTaBisiercst oOyuaromemMycsi, €y OH 3HaeT TeOPETUIECKUN
MIPaKTUYECKUAN MaTepHall, TPaMOTHO U MO CYHIECTBY M3JIaract
€r0 Ha 3aHATHAX U B XOZ€ MPOMEXYTOYHON aTTECTAlVH, HE
JIOTTYCKasl CYIIIECTBEHHBIX HETOUHOCTEH.

OO6yuaromuiicst MpaBUIBHO MIPUMEHSIET TEOPETHUECKHE
ITOJIO’KEHUS TIPY PEHICHUN IPAKTHYECKUX 3a7a4
npodeccuoHaNbHON HANIPABICHHOCTH Pa3HOI'0 YPOBHS
CIIO’)KHOCTH, BiIajiceT HeOOXOAUMBIMH JUISL 3TOTO HABBIKAMH U
NprEMaMHU.

JlocTaToYHO XOPOIIO OPHEHTUPYETCS B yIeOHOH 1
po¢eCcCHOHANBHOMN JIUTEpaType.

O1eHka N0 AUCIMITUIMHE BBICTABIISIOTCS 00yYalomeMycs ¢
Y4ETOM pe3yJIbTaTOB TEKYIEH U MPOMEXKYTOUYHOU aTTECTALUH.
Kommerennuu, 3akperiéHHble 3a JUCIUILTHHOM,
chOpMHPOBaHBI HA YPOBHE — «XOPOIIHIAN.

67-50/
D,E

«3aYTEHO
(ynosneTBopu-
TEJIHHO)»

BricTaBnsercs o0yuaroreMycs, eciu OH 3HaeT Ha 0a30BOM
YPOBHE TEOPETUYECKUI U PAKTUIECKUI MaTEpHa, JOIyCKaeT
OTJENbHBIE OMMOKH NPH €T0 M3JI0KEHUH Ha 3aHSATHAX U B XOJIE
IIPOMEKYTOYHOH aTTECTaLlUU.

OOyuaromuiicst UCIBITHIBAET OINIPEENEHHbIC 3aTPyIHEHUS B
IIPUMEHEHUHN TEOPETUYECKUX TTOJI0KEHUN IIPU PELLICHUN
MPaKTUYECKUX 3a7a4 MPOeCCHOHANBHON HANPaBICHHOCTH
CTaHIAPTHOT'O YPOBHS CIIOKHOCTH, BJIaI€ET HEOOXOIUMBIMHU IS
3TOro 0a30BBIMHM HaBBIKAMH U IPUEMAMHU.

JleMOHCTpUpYeT 10CTaTOUHBIA yPOBEHb 3HAHUA yUeOHOI
JIUTEPATYpPBI IO JUCIHUIUIMHE.

OreHka 0 AUCLMIUIMHE BBICTABISIFOTCS 00YYalomeMycs ¢
YYETOM PE3yIbTATOB TEKYILIEH U MPOMEKYTOUHOU aTTeCcTalUu.
Kommerennuu, 3akperiéHHbIe 3a TUCIUTLTHHOM,
chopMHPOBaHbI HA YPOBHE — «IOCTATOYHBIIY.

49-0/
F,FX

HEC 3a4TCHO

BrictaBisiercst oOyuaromemycs, €CIM OH HE 3HaeT Ha 0a30BOM
YPOBHE TEOPETHUECKHUH U ITPAKTUYECKUN MaTEPHAJI, IOy CKAET
rpyObIe OLIMOKH MPH €0 U3JI0KEHNH Ha 3aHIATUSIX U B X0
MIPOMEXKYTOYHOM aTTECTALINH.

OOyuaronuiicst UCTIBITHIBACT CEPhEIHBIE 3aTPYAHEHHS B
[IPUMEHEHUHN TEOPETUYECKUX TTOJI0KEHUN IIPU PELLICHUN
MPAaKTUYECKUX 3a7a4 MPO(eCcCCHOHANBHON HANPaBICHHOCTH
CTaHapPTHOTO YPOBHS CIIO)KHOCTH, HE BIIaZIe€T HEOOXOAUMBIMH
JUIs1 3TOrO HABBIKAMM U ITpUEMaMHU.

HemoncTpupyeT (pparMeHTapHbIE 3HAHUS YUeOHOH JHTEepaTyphl
110 IUCLMILINHE.

OrneHka Mo AUCHUIUIHHE BBICTABISIIOTCS 00yJaromemMycs ¢
YYETOM PE3yIbTATOB TEKYILIEH U MPOMEKYTOUHOU aTTeCcTaIUu.
KoMmnerenunn Ha ypoBHE «OCTaTOYHBINY, 3aKPETUIEHHBIE 32
JUCIMIIIMHON, He c(hOPMHUPOBAHBI.




10

5.3. OneHouHbIe cpencTBa (MaTepuabl) IS TEKYIIETO KOHTPOJIS YCIIEBaEMOCTH,
HpOMe)KYTOqHOﬁ arTecralnu 06yan01111/1x051 10 JUCHUITIINHE

TexkymHii KOHTPOJIb
IIpumepnuvie 6onpocwl k meopemuueckomy xonoxkeuymy 1 (IIK-9, IIK-12):

1. KondurypanronHoe u ruiisOepTOBO MPOCTPAHCTBO COCTOSIHUM KBAHTOBOW CUCTEMBI.

2. KoopiuHaTHBIN U UMITYJIbCHBIN 0a31ChI THIILOEPTOBA MMPOCTPAHCTBA COCTOSIHUMN. J{enbTa-
bynkums Jupaka.

3. U3mepenue BosiHOBOrO BekTopa. MaTpuiia miiotHoctH Jlannay. Yactuunast Mmatpuia
IUIOTHOCTHU U €€ BbluKciieHue. JIMCKpeTHBIN U HempephIBHbIN BapUAHTHI.

4. Omneparopsl KOOPAUHAT, SHEPTUH, UMITYJIbCA, MOMEHTA UMIYJIbca. COOTBETCTBYIOIINE UM
Ha0JI0/TaeMbIe U X YPMHUTOBOCTb. Y HUTAPHBIH ornepaTop 3Bojifouuu. [Ipumep: koopanHata u
HMITYJIBC.

5. Ypasuenue lllpenunrepa u ero obuiee pemenue. [Ipodiema KBaHTOBOIO KOMIIbIOTEpA.
Pemenue ypasuenus Llpeaunrepa 1ist oqHOMEpHOIO citydast (O/1Ha U JIBE SIMbI). ATOM
BOZIOpPO/A.

IIpomeskyTOUHAs aTTecTALMSA (3a4€T C OLIEHKOM)

ITpumepnwie sonpocwt 015 konnoxeuyma 2 (ITK-9, I1K-12):

[TpoctpancTBo BonmHOBBIX GyHKIMI. KBantoBoe coctosHue. O6o3nauenus Jupaxa.
bur. Kyour.
[Ipasuno bopna. U3mepenue.
VYpasnenue Ipeaunrepa.
TeH3opHOE POU3BEACHHUE.
3anyTaHHbIEC U HE3aIlyTaHHbIE KBAHTOBbIE COCTOSHUS.
KBaHTOBbIE BEHTUIIN.
Marpuna iotaoctu Jlannay.
Omneparop KOOpAUHATHI U UMITYJIbCA.
. OIHOBpEMEHHO U3MepUMbIe GU3NYECKUE BETUUNHBI
. IIpeoGpazoBanue Pypne.
12. KBaHTOBBII KOMIIBIOTEP. AOCTpaKTHAs CXeMa.
13. KBanToBOe Bbruucienue. Opakyi U ero KBaHTOBBIN BapHaHT.
14. Cno>XXHOCTh KBaHTOBOT'O BBIUMCIICHUSI. KBAHTOBOE YCKOPEHHUE U €T0 TIPUMEPHI.
15. Anroputm I'poBepa ams pemenus nepeGopHoi 3a1aun. IHBEpCUM OTHOCUTEIBHO HYIIS U
LIEJIEBOTO COCTOSIHUS. [ 'eoMeTpruecKuii CMbICIT.

CoNoOA~RWNE

P
= O

Ilpumepnvie 3a0auu ors konrnokeuyma 2 (IK-9, ITK-12):

1. a) HaiiTu TeH30pHOE Mpou3BeneHue onepaTopos [laynu curma-x u curma-z.
0) BBIYMCIIUTH SKCIIOHEHTY oreparopa [laynu curma-y.
B) HailTW COOCTBEHHBIE COCTOSIHUS OllepaTopa UMITyJbCa.

2. a) HAWTH YaCTUYHYI0 MATPUILY IJIOTHOCTH MEPBOro KyouTa st cocrostaus (00> - [01> - |10>
+11>.
0) pewuts ypaBHeHue lllpeaunrepa s raMuibTOHMAHA, pAaBHOTO MaTpHIle Alamapa.
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B) MOYXHO JIM OJTHOBPEMEHHO C OJMHAKOBON TOYHOCTHIO M3MEPUTH HAOJIOaeMbIe: MPOESKIIHS
MOMEHTa Ha OCh X U UMIyJbC. OTBET 000CHOBATD.

3. a) peanm3oBaTh ANrOpuTM [ poBepa, MCIHOJB3Ys TOJBKO OJHOKYOUTHBIC BEHTHIIM H ONEPATOP
Toffoli.
0) BhIIIKCATH NOCIICIOBATENbHBIC Iaru anroputMa ['poepa npu padore Han ¢pynkuuei f(X,y)

= Xy.
6. YueOHO-MeTOAuYecKOe U MH(POPMAIIMOHHOE o0ecTieYeHne TUCIUITUHbI

6.1. ChnucoK MCTOYHUKOB U JIUTEPATyPbl

Jluteparypa

Ocnosnas

1. Xpennuxos A. 0. Beenenue B kBaHToBYI0 Teopuio nHpopmarmu / A. FO. XpeHHUKOB. - M.:
duzmataur, 2008. - 283 c.

2. @citnman Puuapp I1. [{ro)xuHa JEKIM: IECTh MOMPOIIE U MIECTh MocinoxHee / P. deitnman;
nep. annn. E. B. ®anesa u B. A. Hocenko. - 6-¢ u3a. - Mocka: BUHOM, Jla6. 3nanwmii, 2015. -
318 c.

Llononnumenvhnas

1. 1.A.KpoubGepr, 0.1.Oxuros, A.FO.UepHsBckuii.  AnreOpanyeckuii ammapar KBaHTOBOU
uHpopmatuku: yuyebHoe nocooue. MI'Y um. M.B. JlomonocoBa, ®Dak. BBIYHCI. MAaTEMATHUKU U
kubepuetukn. - MockBa: MAKC Ilpecc, 2011. - 55c.

2. 1.A.Kpoub6epr, FO.1.Oxuros, A.}O.Yepussckuii. KanTOBast nHpopMaTHKa U KBAaHTOBBII
KommbloTep: yueOHoe mocobue. MI'Y um. M.B. JlomoHocoBa, ®ak. BBIYMCI. MaTeMaTUKU U
kubepuetukn. - MockBa: MAKC Ilpecc, 2011. - 64 c.

3. d.A.Kpounb6epr, 0.1.Oxuros, A.FO.Uepusasckuii.  KsanTtoBas kpunrorpadus: ydeOHOe
nocobue./ MI'Y um. M.B. JlomoHOocoBa, Dak. BbIYMCI. MATEMaTUKH U KUOEpHETHKH. - MoCKBa:
MAKC Ilpecc, 2011. - 111 c.

4. ®eitaman Puuapn I1. @elinmanoBckue Jekiuu no ¢usuke: [yuebHoe nmocodue]. Beim. §8-9:
KBanToBast mexanuka / P. ®eitaman, P. Jleiiton, M. Cannc; nep. ¢ anra. I'. Y. Konbuioa; mos
pen. S. A. Cmoponunckoro. - U3a. 8-e. - MockBa: URSS: JIu6pokowm, 2014. - 523 c.

6.2. Ilepedens pecypcoB HHGOPMALOHHO-TEIEKOMMYHHUKAIIMOHHON ceTn «IHTepHeT»

1.ApxuB crarei o kBaHTOBOM MH(popmartuke - http://xxx.lanl.gov/, pazmen quant-ph

2. Ilepeuenbp coBpeMeHHBIX mpodeccuoHanbHbIXx 0a3 panHbIXx (BJl) u uHOpManmoHHO-
cnpaBouHbIx cucteM (MCC)

Neni/mm HanmeHnoBaHue
1 MextyHaponnble pedepatuBHble HaykoMeTpuueckue bJl, toctynHbie B paMkax
HaIlMOHAJILHOM noamucku B 2017 1.
Web of Science
Scopus
2 KomnproTepHbl€ ClIpaBOYHbIE IPABOBBIE CUCTEMBI
Koncynbrant Ilmroc,
l"apanT
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7. MaTtepuaJibHO-TEXHHYECKOe o0ecreueHne U CIUNIUHbI

Jiis MaTepuaIbHO-TEXHHYECKOTO 00eCTIeYeHNS AUCIUTUINHBI HEOOXOTUMBI:
e yueOHas ayAUTOpHUs,

® JI0CKa,

® [IPOEKTOp (CTallMOHAPHBII UK IEPEHOCHOM),

® KOMIIBIOTEP WU HOYTOYK,

nporpammuoe obecnieuenue (I10).

Ilepeuens nmporpammHuoro odecnevenus (II0)

Ner/ Hawmmenoanwme 110 [IpowsBoauTens Crioco6 pacmpocTpaHeHH
II

1 Microsoft Office 2010 Pro Microsoft JIMLIEH3MOHHOE

2 Windows XP wimu Windows 7 Microsoft JTUIECH3UOHHOE

3 Kaspersky Endpoint Security Kaspersky JIMIICH3UOHHOE

8. OGecneyenune 00pa3oBaTeIbHOIO NMpoIeEcca VIS JIUL C OTPAHUYEHHBIMH
BO3MOKHOCTSIMH 310POBbSI 1 HHBAJH/I0B

B xozne peanusanuy AMCUUILIMHBI UCIIOJIB3YIOTCS CIEAYIOIIUE TOIIOTHUTEIBHBIE METOIBI
00y4eHUs1, TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M MIPOMEKYTOUYHOM aTTeCTallMi 00Yy4Yaromuxcs B
3aBHCHUMOCTH OT UX UHAMBHIYaIbHBIX OCOOCHHOCTEH:

® JUIS CIEIBIX ¥ CTa00BUIAIINX:

- JeKIuH O(OPMIAIOTCS B BHUJE AJIEKTPOHHOIO JOKYMEHTA, IOCTYMHOTO C IOMOIIbIO
KOMITBIOTEPA CO CIICIUATN3UPOBAHHBIM IPOTPAMMHBIM 00ECTICUCHUEM;

- THCbMEHHBIC 3a/laHus BBIOJHAIOTCS Ha KOMIBIOTEPE CO CIENHATU3UPOBAHHBIM
POrPaMMHBIM 00€CIIEYCHUEM, U MOTYT OBITh 3aMEHEHBI YCTHBIM OTBETOM;

- obecrieynBaeTCsl MHIMBUIYalIbHOE paBHOMEpHOE ocBelleHue He MeHnee 300 mrokc;

- QI BBITIOJNHEHUS 33J]aHUsl TPH HEOOXOIAMMOCTH TMPEIOCTABIISICTCS YBEIHMYUBAIOIICE
YCTPOMCTBO; BOZMOYKHO TaKXKe UCIIOJIb30BaHHE COOCTBEHHBIX YBETUYUBAIOIINX YCTPOUCTB;

- MUCbMEHHBIC 3aJ1aHUsT OPOPMIIIOTCS YBETHUECHHBIM MIpU(TOM;

- 9K3aMEH | 3a4€T MPOBOASATCS B YCTHOM (pOpMe UITH BBIMOTHIIOTCS B MTUCbMEHHON (hopMe Ha
KOMITBIOTEPE.

® IS TIIYXUX U CIA0O0CIBIIIANINX

- JeKnuu OoQOpMISIOTCS B BHUAEC DJIEKTPOHHOTO JOKYMEHTa, JUOO TMPeaoCTaBISIETCS
3BYKOYCHJIMBAIOIIAS allfaparypa WHANBUAYATHHOTO OJIB30BAHUS;

- MIACbMEHHBIC 33JIaHUs BHIIOTHIIOTCS HA KOMITBIOTEpPE B MUCBMEHHOH (hopMe;

- 9K3aMeH U 3a4€T MPOBOJATCS B MUCBMEHHOW (opMe Ha KOMIIBIOTEpPE; BO3MOKHO
poBeJicHUE B JOopMe TeCTUPOBAHUS.

e IS JTUI] C HAPYIICHUSIMHU OITOPHO-IBUTATEIBHOTO arrapara:

- JeKIuu O(OPMIAIOTCS B BHUJIE AJIEKTPOHHOTO JOKYMEHTa, IOCTYMHOTO C TOMOIIBIO
KOMITBIOTEPA CO CIIeIHATN3UPOBAHHBIM IPOTPAMMHBIM 00ECTICUCHUEM;

- THChbMEHHBIE 3a/laHWsl BBIOJHAIOTCS HAa KOMIBIOTEPE CO CIENHATU3UPOBAHHBIM
MIPOrpaMMHBIM 00€CIIeUYeHUEM;

- 9K3aMeH | 3a4€T MPOBOATCS B YCTHOW pOopMe HITH BHITIOTHSIOTCS B TUCBMEHHOU (hopme Ha
KOMITBIOTEPE.

[Ipu HEOOXOMUMOCTH MPENYCMATPUBACTCS YBEIHUCHNE BPEMEHHU IS TTOITOTOBKH OTBETA.
[Ipoueaypa  TpOBEJCHHUS  MPOMEKYTOUHOW  arTeCTaluu I OOydaromuxcs

YCTaHABIMBAETCS C YYETOM WX HMHAWBHUIYaNbHBIX ICUXOPU3UYECKUX OCOOECHHOCTEH.
[TpomeskyTOIHAS aTTECTAIUS MOXKET ITPOBOIUTHCS B HECKOJIBKO ITAIOB.
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[Ipu nmpoBeneHun npouenypsl OLEHUBAHUS PE3YIbTaTOB OOyUYeHUS MperycMaTpuBaeTCs
UCIIONB30BAaHUE TEXHUYECKUX CPEICTB, HEOOXOMUMBIX B CBS3U C HWHIUBUAYATbHBIMU
OCOOCHHOCTSAMU OOYYaIOIIUXCs. DTU CPEICTBA MOTYT OBITh MPEIOCTAaBICHbI YHHUBEPCUTETOM,
WJIA MOTYT HCIIOJIb30BAThCSl COOCTBEHHBIE TEXHUYECKHE CPEICTBA.

[IpoBenenure mpoueaypbl OLEHUBAHUS  pE3yabTaToB  OOy4YeHUS  JIOMYCKaeTcs C
UCTIOJIb30BaHUEM JAUCTAHIIMOHHBIX 00Pa30BaTeIbHbBIX TEXHOIOTUH.

O6ecneunBaeTcss A0CTyN K MHGOPMAIIMOHHBIM M OMOIHMOrpaguIecKuM pecypcam B CETH
WuTepHer Ui Kaxkaoro oOydaromierocs B ¢opMmax, aJalTHPOBAHHBIX K OrPaHUYEHUSAM HX
3JI0POBbS U BOCTIPUSTHUS HHPOPMAIUH:

® JUIS CIENbIX U CIa00BUISAIINX:

- B [Ie4aTHOM (hopMe YBEITUYECHHBIM HIPUPTOM;
- B (hOpMeE IIEKTPOHHOTO JJOKYMEHTA;

- B popme ayaunodaiina.

e IS IIIyXHX U CIa0OCIbIIIAIINX:

- B IeYaTHOH opMme;

- B (hopme 31eKTPOHHOTO TOKYMEHTA.

e I O0YYAIONIMXCS C HAPYIIEHUSIMU OTIOPHO-ABUTaTEILHOTO afrapara:
- B IIeYaTHOU opMme;

- B (hopme 31eKTPOHHOTO TOKYMEHTA;

- B (hopme ayauodaiina.

VY4eOHble ayAUTOpUU Ui BCEX BUIOB KOHTAKTHOW M CAMOCTOSITENIbHOM paboThl, HayyHas
O0uOMMoTeKa W MHBIE MOMEMICHUS JJIsl OOy4eHHUsS! OCHAICHBI CIIEUATBbHBIM O00OPYJIOBAaHUEM U
y4eOHBIMU MECTaMH C TEXHHUYECKUMHU CPEJICTBAMU O0yUCHUS:

® JUIS CIENbIX U CIa00BUISAIINX:

- YCTPOMCTBOM Uil CKaHUpOBaHUs U uTeHus ¢ kamepoir SARA CE;

- nucreeM bpaiina PAC Mate 20;

- npunTepoMm bpaitis EmBraille ViewPlus;

® I TUIYXUX U CIa00CTBIIIANTINX

- aBTOMAaTU3MPOBAaHHBIM pabOYMM MECTOM JJsi JIOJeH C HapylmleHHeM CcllyXa H
cJ1a00CIIBIIIAIINX;

- aKyCTHYECKHI YCHIUTENb U KOJOHKH;

e I OOYYAIONINXCS C HAPYIIEHUSIMU OTIOPHO-ABUTaTEILHOTO afmapara:
- IePEIBIKHBIMHE, PETYJINPYEMBIMH dproHOMHYecknuMu napramu CHU-1,
- KOMIIBIOTEPHON TEXHUKOMN CO CIIeUAIbHBIM TPOrPaMMHBIM 00€CTIEYeHUEM.

9. MeToguyeckue MaTepuaJbl
9.1. Il;naHb! IPaKTUIECKUX 3aHATUN

Tema 1. O030p MaTeMaTHYeCKHX MEeTO0B KBaHTOBO# ¢usuku. (I1K-9, I1K-12)

Lenv 3anamus: cnenatb 0630p MaTeMaTHYECKUX METOJIOB KBAaHTOBOW (DPM3UKU:

1. PaccMotpeTs siBJ€HHE YaCTUUHOTO OTPAXKEHUS CBETA OT MOBEPXHOCTH CTEKJIA;

2. PaccMoTpeTb METOJX CTPEJIOK JUIsl ONUCAHMS aMIUIMTYJbl HaXOXJEHHs YacTHLbl B
HEKOTOPOH TOYKE;

3. HM3yuuts oTpa’keHHE CBETa OT 3epKaJa;

4. V3yuuTh npuHLHUI PaOOTHI (OKYCUPYIOIIEH JTUH3BL;

5. PaccMoTpeTh 3KCIIepUMEHT € AJIEKTPOHHOM ITYIIKOH.

KonumponvHuvie 6onpocuwi:

B uem nposBiseTcst KopnycKyJIsIpHO-BOJIHOBOM yaau3M cBeTa?

Onummure KCIEPUMEHT C ITyJIEMETHOM cTpesib0oii, ¢ BOJIHAMU U C AIEKTPOHAMH.

B uem nposBiseTcs: KopnycKyJIsIpHO-BOJIHOBOM Iyaju3M B ITOBEAECHNUHU IEKTPOHA?

Yro Takoe untepdepeHims’?

YTO MPOUCXOIUT, €CIIU B OIBITE C INEKTPOHHON MYIIKON 32 SIEKTPOHOM “‘HabiroaaTs”?

agbrwbnE
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6. B dem mposBiseTcst MpUHIMT HeonpeaeaeHHocTH [ eizendepra?

7. B uewm 3akitouaercs riaBHbIN 3akoH [Ipupoasi?

8. U3 uero oOpa3zyercs pe3ysbTUpYIOIas CTpeaKa?

9. Kak cBer oTpaxaercs OT 3epkaina?

10. Kak cBeT mpoxoauT 4epe3 2 MOBEPXHOCTH CTeKIa?

11. IToyemy o Mepe YTONIIEHHS CTEKJIa BEJIMYMHA OTPAXKEHHOTO cBeTa Konebuercs ot 0% 1o
16%°?

12. O6wsicHuTe AericTBUE HOKYCUPYIOLICH JTHH3HI.

13. Kak B aToMe Bo1opoja MPOTOH YJEP>KUBAET dJIEKTPOH?

Tema 2. Auniredpandeckuii annapat KBaHToBoii undpopmaruxu. (I1K-9, I1K-12)

Llenv 3amamusa: BCIOMHHUTb MaTepHall JUHEHHOW anreOpbl, HEOOXOAMMBIN Ui TMOHUMAaHHS
OCHOB KBaHTOBOW MEXaHUKHU.

Ipumepnusiii mun 3a0au, KOmopulil He0OX0OUMO pazodbpams HA 3aHAMUAX Osl OATbHeUule20
NOHUMAHUS MAMEPUANA:

1. HaiiTu xoopAMHATHI BEKTOpA B 33JaHHOM Oa3uce.

2. Haiitu maTpuiy 1MHEHHOro onepaTopa B 3aJJaHHOM Oa3uce.

3. Haiitu coGcTBEeHHOE YHCIIO M COOCTBEHHBIN BEKTOP JTMHEHHOTO OIepaTopa.

4. Jloka3zaTh CBOMCTBA YHHUTApPHOT'O OIEepaTopa.

5. Jloxazarh cBOMCTBa CaMOCOIPSKEHHOI'O OIlepaTopa.

6. IlpuBecTH MaTpHULbl JMHEHHOTO ONEPATOPA K IUATOHAJILHOMY BUTY.

7. Jlokasath TeopeMy O cBsi3u yHHUTapHOU Matpulsl U u spmutoBoii marpuisl H (U=exp(iH)).

8. PazoOpartp 3amauy 3.2, 3.4, 3.7 (ctp.9, HA.A.Kponbepr, F0.N.Oxuros, A.FO.UepHsaBckuii.
Anrebpanueckuil ammapar KBaHTOBOM WHGopMmartuku: ydeOHoe mocodbme. MI'Y um. M.B.
JlomonocoBa, ®ak. BBIYMCII. MaTeMaTuKu U kubOepHeTuku. - MockBa: MAKC Ilpecc, 2011. -
55c.)

Vkazanus no ewvinonrnenuro 3adanus: HEOOXOJUMO BCIIOMHHMTH ONPEAEICHUS YHUTApHBIX U
SPMUTOBBIX MATPHII.

Pazo6pare 3amauy 4.1, 4.2, 4.3 (ctp.11 H.A.Kponbepr, FH0.M.Oxuros, A.FO.UepHSBCKHUIA.
Anrebpanyeckuil anmapaT KBaHTOBOM uHpopmatuku: ydebHoe mnocobue. MI'Y um. M.B.
JlomoHocoBa, ®ak. BbIYMCI. MaTeMaTUKu M kubepHeTukH. - MockBa: MAKC Ilpecc, 2011. -
55c¢.)

Vkasanus no evinonnenuro 3a0anus; HeOOXOIMMO BCIOMHHTE onpeeneHue f(A).

9. Haiitu TenzopHoe npousBeaeHue marpui A u B.

10. Haiitu n-y1o TeH30pHYy!0 cTenens oneparopa W Yomma Anamapa.

Vkasanus no evinonnenuro 3a0anus; HEOOXOJUMO PA3JIOKHUTh YUCIA | U | B TBOUYHON CHCTEME.
11. PazoOpare 3amauy 1.3, 1.4 (ctp.14, JI.A.KponGepr, F0.N.Oxuros, A.FO.UepHsBCKuUii.
Anrebpanyeckuil anmapar KBaHTOBOM uHpopmatuku: ydeOHoe mnocodue. MI'Y um. M.B.
JlomoHocoBa, ®ak. BbIYMCI. MaTeMaTHKU M kuOepHeTukH. - MockBa: MAKC Ilpecc, 2011. -
55c¢.)

VYkazanus no evinonnenuio 3a0anus: HeoOXOAUMO BOCHOIb30BATHCS ONPEIEIEHUEM TEH30PHOTO
IIPOM3BEIEHUS TPOCTPAHCTB

12. Pazo6pare 3amauy 2.2 (ctp.17, HA.A.Kpou6epr, HO.N.Oxwuros, A.FO.YepHsBCKHIA.
Anrebpanyeckuil ammapar KBaHTOBOM uHpopmatuku: ydeOHoe mocobue. MI'Y um. M.B.
JlomoHocoBa, ®ak. BbIYMCI. MaTeMaTHKU M kuOepHeTukH. - MockBa: MAKC Ilpecc, 2011. -
55c¢.)

Vkazanus no ewvinonnenuro 3adamusa: ~ HEOOXOAMMO BCIOMHHUTH ONpEAEICHHE TEH30PHOTO
IIPOU3BE/ICHNUS OTIEPATOPOB.

13. Pazo6pats 3amauy 2.4, 2.3, 2.5 (ctp.17, H.A.Kpou6epr, FO.1.Oxwuros, A.FO.YepHaBcKHii.
AnreGpanyeckuil amnmapaT KBaHTOBOM uHpopmatuku: ydeOHoe mnocobue. MI'Y um. M.B.
JlomoHocoBa, ®ak. BbIYMCI. MaTeMaTHKU M kuOepHeTukH. - MockBa: MAKC Ilpecc, 2011. -
55¢.).
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Vkazanua no evinonnenuro 3adamus: HEOOXOJUMO BCIOMHHUTH CBOWMCTBA OIpeneiuTeNed U
OIpeZIeNICHUE ClIeAa MaTPULIbI

14. HaiitTu coOCTBEeHHbBIE 3HA4YCHHMsI U COOCTBEHHBIE BEKTOPHI omepaTopoB Ilaymm (3amada 8§,
ctp.40, J.A.KpoubGepr, H.N.Oxwuros, A.}O.UepHSBCKHIi. KBanroBas wuH(popmaTHKa u
KBAaHTOBBIM KOMITbIOTEP: yueOHoe mocobume. MI'Y um. M.B. JlomoHocoBa, ®ak. BBIYHCIL.
MaTematuku u kubepuetuku. - Mocksa: MAKC Ilpecc, 2011. - 64 ¢.)

15.lokazarb, yro matpulsl [laynu oOpa3ytoT 6a3uc B IpOCTPAaHCTBE IPMUTOBBIX MATPHIL.
Koumponvnvie sonpocswi:

Jaiite onpenenenre BEKTOPHOTO MPOCTPAHCTBA.

Kak HaiiTu KoOpAMHATHI BEKTOpPa B HEKOTOPOM 331aHHOM Oasuce?

Kak ompenenuts MaTpuily nepexoja Mexay AByms Oazucamu?

Kak onpenensiercst €eBKIMI0BO IPOCTPAHCTBO U YHUTAPHOE IPOCTPAHCTBO?

Jaiite onpeneneHue JUHEHHOTO OnepaTopa U €ro MaTpUIbI.

Kak mpeobpasyercst marpuiia oneparopa npu rnpeodpasoanuu 6azuca?

Jaiite onpenenenrne COOCTBEHHOTO 3HAUEHUSI M COOCTBEHHOT'O BEKTOpA JTMHEWHOTO
orepaTopa.

8. /laiiTe ompenenenue CONpsHKEHHOTO OrepaTopa.

9. Kakas maTpuia y CONpspKEHHOTO orepaTopa?

10. [aiite onpenenenrne CaMOCOMPSHKEHHOTO ornepaTopa?

11. TaiiTe onpeneneHne IpMUTOBON MaTPHUIIBI?

12. JlaiiTe onpeaeneHue YHUTAPHOTO onepaTopa?

13. Kakast MmaTtpuna 'y yHUTapHOW MaTpHUIIBI?

14. Tlepeuncnute CBOICTBA CaMOCOIPSHKEHHOTO OIlepaTropa.

15. IlepeuncnuTe CBOICTBA YHUTAPHOTO OIepaTopa.

16. Kakum 00pa3oM MOXKHO MPUBECTU MATPUILy TUHEHHOTO orepaTopa K AUaroHaJIbHOMY BUIY?
17. Kak cBsi3aHbl MeXy co0oit yuutapHas marpuna U u spmutoBa matpuisl H? (U=exp(iH)).
18. Kak onpeaensieTcsi TeH30pHOE MPOU3BEIEHNE IPOCTPAHCTB?

19. Kak HaiiTh TEeH30pHOE TPOU3BEICHUE MATPHIL?

20. Kak onpenenuTh S3KCIOHEHTY OT MaTPUIIbI?

21. Kak Haittu npousBoayto ot eXp(At).

Cnucox numepamypul:

JlononnumenvHnas

1. JI.A.Kponb6epr, 10.1.Oxuros, A.}O.UepHsBckuil.  AnreOpandeckuil ammapaT KBaHTOBOH
uHpopmatuku: yueOHoe nocooue. MI'Y um. M.B. JlomoHnocoBa, ®@ak. BbIYHMCI. MAaTEMAaTUKU U
knbepHetuxu. - Mocka: MAKC Ilpecc, 2011. - C. 7-38.

2. J.A.Kpoub6epr, F0.1.Oxuros, A.}O.Uepnssckuii. KpaHTOBas mHPOpMAaTHKa ¥ KBAaHTOBBIN
KoMmmbloTep: yueOHoe mocodue. MI'Y um. M.B. JlomonocoBa, ®ak. BbUKCI. MaTeMaTUKH U
kuOepuetuku. - MockBa: MAKC Ilpecc, 2011. — C.40.

NoakowhE

Tema 3. DBoJoMs BeKTOpa KBaHTOBOTO coctosinus. (ITK-9, ITK-12)

Lenv 3anamus: pazodparbcs B TOM, KAKUM 00pa3oM MOXET IPOUCXOIUTh SBOJIIOLUS KBAHTOBOTO
COCTOSIHUSI BO BpEMEHU

Pewumo 3a0auu:

1. Ne 5, ctp.39, Ne 6, Ne 10, Ne 11, ctp.40, NeNe 12,14,16, ctp.4l, [.A.Kponbepr,
I0.1.OxuroB, A.FO.YepHsaBckuii. KBanToBas uH(OpMaTHKa M KBAHTOBBIH KOMIBIOTEP:
yuebHoe nmocodue. MI'Y um. M.B. JlomonocoBa, ®ak. BBIYKMCI. MATEMATUKH U KHOEPHETUKH. -
Mocksa: MAKC Ilpecc, 2011. - 64 c.)

2. Haiitn mpoeknuto 3a1aHHOro cocTosTHUS ¥ Ha BTOpOM KyOHT.

Vkazanus no evinonnenuro 3aoanus: cienyetr U3MepuTh coctosiHue Y, kornga mepBblii KyOHUT
nepeieT B coctosguue | 0 >, a notom, Koraa nepBblii KyOUT nepeiiner B cocrostHue | 1 >.
Koumponvrvie onpocuwi:

1. Yro Ha3zpiBaeTCA MPOCTPAHCTBOM KIACCHUUYECKUX COCTOSTHUA?
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Kaxk onpenensiercss mpocTpaHCTBO KBAHTOBBIX COCTOSIHHI?

Kak Ha3bIBaeTCs 3JIEMEHT MPOCTPAHCTBA KBAHTOBBIX COCTOSIHUNA?

Yrto Takoe BoTHOBAs (YyHKIIHS?

OT KaKuX NepEMEHHBIX 3aBUCHT BOJHOBAsA (DyHKIHA?

KakoBa pazMepHOCTh IPOCTPAaHCTBA KBAHTOBBIX COCTOSIHUIL?

KakoBa pa3MepHOCTh IPOCTPAHCTBA KIACCUUECKUX COCTOSIHUI?

YTo UMEIOT B BUAY O] 3¢PHOM MPOCTPAHCTBEHHO-BPEMEHHOTO pa3perieHus?

B uem nposBisieTcst IUCKPETHOE PEACTABIEHNE IPOCTPAHCTBA COCTOSIHUM, T.€. KAKUM
00pa3oM MPOUCXOIUT MpOIlecC Mepexo/ia OT BOIHOBOM (QYHKIIMM K KOHEYHOMY BEKTOpY (3Ta
npolielypa emie Ha3bIBaeTCs MePEX0I0M K KyOMTOBOMY MPEICTABICHUIO BOJIHOBOW (DyHKIINN)?
10. Kakue ObIBaroT BUABI DBOJIOLUN BEKTOPA COCTOSTHUS?

11. Kak onpenensiercs: aMIIuTy1a B HEKOTOPbIN TOYKE B CJAEAYIOLIMNA MOMEHT BPEMEHH, €CIIN
MBI 3Ha€M aMIUIUTYbl BO BCEX TOUYKAX B MPEABIAYIINI MOMEHT U 3HAeM aMILTUTY/IbI [Iepexo/1a
U3 3TUX TOYEK B UCXOIHYIO?

12. B uem 3akioyaetcs yHUTapHas JWHAMUKa BEKTOpa COCTOSHUA?

13. Kak omnpenensieTcsi u3MepeHne KBAHTOBOTO COCTOSIHUS?

14. Yro Takoe KoOJIAnC BOJHOBOIO BEKTOpa?

15. B yem 3akimouaercs [IpaBuno Maxkca bopna (ocHoBHOM 3akoH [Ipupomsr)?

16. Kak onpenensitorcss ker-Bektop |V> u O6pa-Bekrop <W| (cumBonuka [lupaka)?

17. Kak 3anuceiBaeTcst 001IniA BUI OAHOKYOUTHOTO COCTOSTHUS?

18. Kak 3anuceiBaetcs oO1uii BUA IByXKYOUTHOTO COCTOSTHUS?

19. 3anummte ypaBuenue Llpenunrepa otHocuTenbHO BeKTopa P>

20. Kaxk naseiBaetcs H B ypaBuenuu Lllpeaunrepa?

21. Yemy paBasercss H B mpocTeiineM cirydae 4acTHIIBI B TOTEHIIHAILHOM T10J1e?

22. 3anumure pemeHue ypapHenus [lpenunrepa kak SBONIONMIO0 BEKTOpPA COCTOSIHHS BO
Bpemenn ( [P(t) >=exp(-iHt) [¥(0)>) ( B ciay4ae MOCTOSIHCTBA MOTSHIMATBLHOM SHEPTUH BO
BPEMEHH).

23. [Touemy TOBOPST O JTMHEHHOCTH SBOJIOLUH?

24. 3anummrte ypaBHenue lllpenunrepa st aroma Bogopo/a.

25. 3armmmre ypaBHeHue LllpenuHrepa ais MOJNEKYIBI BOAOPOAA.

26. 3anummre ypaBHeHue lllpenuHrepa ais OAHOMEPHBIX MOTEHIIUANOB.

27. 3anmmmte oOmui BUA pemieHus ypasueHnus Llpeaunrepa.

28. Kak onpezensiercs MaTpulia IIIOTHOCTH?

29. Yemy paBHSETCS paHT MATPHIIBI ITNIOTHOCTH?

30. Kak onpeznensiercs MaTpuiia MJIOTHOCTH CMEIIAHHOTO COCTOSIHUSA?

31. YeMm oTiiMyaeTcst YMCTOE COCTOSTHUE OT CMEIIAHHOTO?

32. Kakoe cocTosiHuE Ha3bIBaeTCsl HEKOTEPEHTHBIM?

Cnucox numepamypul:

OcHosHas

XpennukoB A. 0. Beenenue B kBaHTOBYI0 TeopHto uHpopmauuu / A. FO. XpeHHukoB. - M.:
®duszmaraur, 2008. — C. 6-60.

JlononnumenvHas

J.A Kpounb6epr, FO.1.Oxuros, A.}O.Yepnssckuii. KBaHTOBas MHPOpMAaTHKa U KBAHTOBBIN
KoMITbIOTED: yueOHoe mocooue. MI'Y um. M.B. JlomoHnocoBa, Dak. BBIUKCI. MATEMAaTHKH U
kubepHetuku. - Mocka: MAKC Ilpecc, 2011- C.39-41.

CoNoORWN

Tema 4. Ilpumenenne Ten3opHoro npoussenenus. (I1K-9, I1K-12)

Lenv 3anamus: pacCMOTPETh pa3IMYHbIE IPUMEHEHHS TEH30PHOTO IPOU3BEICHUS.
3aoauu:

1. SBnsercs mu cocrosane GHZ 3anmytanHbIM?

2. SBnsercs nu cocrostuue W 3amyTaHHBIM?
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3. Ssmsorcs nm omeparopsr CNOT, Toffoli, SWAP 3amyreiBaromumu? Hamucats MaTpuils!
ornepaTopoB. BBIICHUTH, NpeACTaBUMBI JU MaTPULIBI B BHUAE TEH30PHOTO IIPOM3BEICHUS
HEKOTOPBIX MATPHIL.
4. 3anaum 34, 35, 36, 37, 38, 39, crp.47, A.A.Kpoubepr, F0.N.Oxuros, A.}FO.YepHIBCKHUIA.
KBanToBas mHpOpMaTHKa U KBAHTOBBIA KOMIIBIOTED.
Konmponvnvie éonpocwi:
Yro Ha3bIBaE€TCs TEH30PHBIM IIPOU3BEICHUEM IIPOCTPAHCTB?
Uto Ha3bpIBaeTCsS TEH30PHBIM IPOU3BEIEHUEM KBAHTOBBIX COCTOSTHUI?
Yro Ha3bIBae€TCs TEH30PHBIM IIPOU3BEJCHUEM ONEPATOPOB?

Jaiite onpenenenne He3allyTaHHbBIX U 3allyTAaHHBIX COCTOSHUMN?

[TpuBeauTe npuMep 3alyTaHHOI'O KBAHTOBOT'O COCTOSIHUS?
B uem mnposBnsercs (pu3MUECKUIl CMBICT 3alyTaHHOCTH M €€ CBS3b CO CIOXKHOCTBIO
BBIYMCIICHUI.

Cnucok numepamypbi:
JlononnumenvHas

J.A Kpoub6epr, F0.1.Oxuros, A.}O.Uepnsasckuii.  KBantoBas uH(popmMaTuka W KBAHTOBBIN
KomrbloTep: yueOHoe mocobue. MI'Y um. M.B. JlomoHocoBa, ®ak. BBIUUCI. MaTeMaTHUKU U
knbepHetukn. - Mocka: MAKC Ilpecc, 2011- C.47.

oakrwdE

Tema 5. CooTBeTcTBHE (PU3NYECKNX BEJHYHH IPMHTOBBIM onepatopam. (I1K-9, I1K-12)
Lenv 3anamus: pa3o0paThCsi B COOTBETCTBUE MEXY (PU3MUECKUMH BETUYMHAMH U SPMUTOBBIMU
ornepaTropamu.
3aoauu:
Haiitu coOcTBeHHOE 3HaYeHNE M COOCTBEHHBII BEKTOP OIepaTropa KOOPIUHATEHI.
Haiitu co6cTBeHHOE 3HaUeHUE U COOCTBEHHBIM BEKTOP ONepaTopa UMITyJIbCa.
Haiitu coOcTBEeHHOE 3HaYCHHE U COOCTBEHHBIM BEKTOP ONEPATOpa KHHETUICCKOW YHEPTHH.
Jloka3zaTp, 4TO OIEpaTOp UMILYJIbCA IPMUTOB.
Jloka3ars, 4TO OnepaTop KOOPAUHATHI JPMUTOB.
Jloka3zaTp, 4TO OIEpaToOp YHEPIUH SPMUTOB.
Jloka3ats, 4TO OIepaTop IrpalueHTa HE SBISAETCS SPMHUTOBBIM.
Hanucats, kak 1€HCTBYET ONIEPATOP MOMEHTA UMITYJIbCA

meayuﬂ no BLINOIHEHUIO 3a0aHusl. HEOOXOAWMO BCIOMHUTH ONPEIEIIEHHE BEKTOPHOTO
IIPOU3BEICHUS.

9. PemmuTh CTanMOHAPHYIO 33719y JIJIsi CBOOOHON YaCTHUIIBI.

10.HaiiTi Matpuiy omeparopa OTpakeHHs BIOJIb BekTopa | & >. Jloka3aTb, 4TO OH YHHTapeH
(Bamaua Ne 42, ctp.50, HO.A.KponbGepr, HO.M.Oxwuros, A.FO.UepHsABCKHUIA. KsanToBas
MHPOpPMAaTUKa U KBAaHTOBBIN KOMIIbIOTEp: yueObHoe nocodue. MI'Y um. M.B. Jlomonocosa, @axk.
BBIYHCII. MaTeMaTuku U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 64 c.)

11.Peann3oBaTh Ha KBAHTOBOM KOMITBIOTEPE OIEPATOpP OTPaKeHHUS BJOJIb BekTopa | 0 >.
Vkazanua no evinonnenuto 3adanus: CKaHUpPOBaTb  KyOWTHI apryMeHTa clieBa Halpaso,
OJTHOBPEMEHHO C HYJIEBOH aHIIWION, HYKHOH Ui cOopa Mycopa, a pe3yJbTaT BBISIBICHHUS XOTs
OBl OJIHOI €MHUIIBI HAaKaIJMBaTh B CHEIUAIBLHOM KyOWTE IS, KOTOPBIN MOCIe CKaHUPOBaHUS
HY’)KHO HCTONBb30BaThCS AN u3MeHeHusl 3Haka (3amaua 44, JI.A.Kponbepr, F0.M.Oxwuros,
A JO.Yepnsasckuil. KBantoBas mHpopmaThka M KBAaHTOBBIM KOMIBIOTEP: ydeOHOe mocolue.
MI'Y um. M.B. JlomoHocoBa, @ak. BBIUUCI. MaTeMaTUKU M KubepHeTHkH. - MockBa: MAKC
ITpecc, 2011. - 64 c.).
Konmponvnvie éonpocw:

1. Kak onpenensercs onepatop KOOPIAUHATHI?
2. Kak onpezensiercs onepatop UMITyJIbca?
3. Kak onpenensiercst oreparop sHEpruu?
4. Kak onpenensiercs onepaTtop MOMeHTa?

NSO AWNE
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5. Kak 3anuceiBaeTcs UMIYJIbCHOE TIPEICTABIICHUE BOJTHOBOW QyHKIMHU (TIpeoOpa3oBaHuie
®ypbe 0T BOIIHOBOM (PyHKIUH)?

6. Kak nomyuaercs oneparop 3HEpruu U3 BBIPAXKEHUS IS KIIAaCCUUECKOW sHeprun?

7. Kak cBsa3aHbI MeXly OO0 KilacCHYeCcKHe 3HaYeHUsI (PU3NIECKOI BETMUMHBI 1 COOCTBEHHBIE
3HA4YEHUsl COOTBETCTBYIOLIETO IPMUTOBA oreparopa?

8. MOHO 1 U3MEPUTH OAHOBPEMEHHO KOOPIMHATY U UMITYJIbC BJOIb OJHON KOOPAMHATHON
ocu?

9. A ecnm paccMOTPETh KOOPAMHATY X, @ HMITYJILC BJIOJIb APYTOU ocu?

10. B xakoMm cMbICiie IOHUMAETCs OJHOBPEMEHHOE N3MepeHue?

Cnucok numepamypuol:

JlononnumenvHas

J.A Kpoub6epr, F0.1.Oxuros, A.}O.Uepnssckuii.  KBanroBas mH(popmMaTuka M KBAHTOBBIN
KoMITbtOTEp: ydeOHoe mocodme. MI'Y umm. M.B. JlomonocoBa, ®dak. BBIYMCII. MAaTEMaTUKH U
kubepuetuku. - MockBa: MAKC Ilpecc, 2011. — C.50.

Tema 6. KBanToBbiii komnsiotep. (T1K-9, ITK-12)
Llenv 3anamus: N3y4uTh abCTPAKTHYIO MOJIENIb KBAHTOBOTO KOMIIBIOTEPA.
3aoauu:
1. ®usnuecku peanuzoarb NOT .
2. ®usnuecku peanuzoBatb CNOT .
3. Peanmuzosare Gate Toffoli B Buge Quantum Gate Array C ucrojb30BaHHEM OIIEpaTopa
Anamapa, NOT u CNOT.
Koumponvhvie sonpocawi:
Onumure abCTpakTHYIO CXeMY KBAaHTOBOI'O KOMIIBIOTEDA.
Onumure, B 4eM 3aKIII0YAETCS KBAHTOBOE BBIUHCIICHHE.
Onummre BBIYHCICHHUE C OPAKYJIOM Ha KIaCCHYECKOM KOMITBIOTEPE.
Urto Takoe KBaHTOBBII OpaKy?
OnumuTe 3amady nepedopa.
Urto Takoe KBaHTOBBIE BEHTHIIN?
Kakne omHOKYyOMTHBIE KBAHTOBBIC BEHTUJIH BHI 3HAaETE?
Kakue nByXKyOUTHBIC KBAaHTOBBIC BEHTHJIH BBl 3HAETE?
Kakne TpexkyOuUTHBIC KBAHTOBBIC BEHTUJIHM BHI 3HAETE?
0. Kak cocTaBnstOTCs KBAHTOBBIE CXEMBI U3 (PYHKIIMOHAIBHBIX 3JIEMEHTOB?
1. Yro Takoe aHImIIa?
12. 3auem BBOAMTCS aHIWIIA TIPU Pearu3ayuu Ha K8AHMOBOM KOMNbIOmMepe onepamopa
ompadicenusi 80016 sekmopa | 0 >?
13. 3auem nmpou3BOAUTCSA KBAHTOBAs YHCTKA aHIIUILT?
14. Yro Takoe KBAaHTOBOE yCKOpEHHE?
15. B uem 3akmrouaercs anroputM ['posepa i nepebopHoit 3agaun?
16. OOBscHHUTE TEOMETPUUICCKUI CMBICH anroput™Ma ['posepa.
17. B uem 3axmouyaercs THIIMYHOCTh I'POBEPOBCKOIO YCKOPEHUS?
18. YTto BBI MOXETE CKa3aTh O HIKHUX OIIEHKAaX KBAHTOBOW CIIOKHOCTH?
19. Kak coorHocarcs NP- 3amauyn 1 KBAaHTOBBIE BHLIUMCIEHU?
20. Kakwe BBI 3HAETE ATOPUTMBI KBAHTOBOT'O MOJICITUPOBAHSI CHCTEM MHOTHX YaCTHIL?
21. B dem 3akirodaeTcs cxema TeJernopTalMi HEM3BECTHOTO KBAHTOBOT'O COCTOSIHUSA?
22. Yto mmeeTcs B BULy ITOJI 3alIPETOM Ha KIIOHUPOBAaHNE KBAHTOBBIX COCTOSTHHINA?

RBOooo~NoOwNE

Tema 7. DjieMeHTHI KBaHTOBO# kpunrorpadpun. (I1K-9, I1K-12)

Llenv 3anamus: TO3HAKOMHUTBCS C OCHOBHBIMU TIOJIOKEHUSMU KBAaHTOBOW KpUITOrpapuu
Konmponvhuvie 6onpocuwi:

1. K xakomy rogy OTHOCUTCS DPOXKJIEHHE KBaHTOBOM KpunTorpapuu?
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2. B uem 3akioyaercs riaBHOE IPEUMYIIECTBO KBAHTOBOM KpunTorpaguu mnepen
KJIACCUYECKOM?

B yem 3akitodaercs 3ajaya CeKpeTHON nepeiayu TaHHBIX ?

B yem 3akioyaercs 3a1a4a pacrpoCTpaHEHHUs CEKPETHOTO Kitoya?

Kakwue BbI 3HaeTe ucTOpuYeCcKre crocoObl MU(POBaHUS TaHHBIX ?

Kakossr untepecor Amnucel (Alice),bo6a (Bob) u Essi (Eve)?

Yro Takoe kpurnrorpaguaeckuii IpoToKo?

UYro Takoe cuMMETpHYHBIC IHU(PHI?

Jaiite onpenenenrne CTOMKOCTH KPUIITOCUCTEMBI.

10 Cdopmynupyiite Teopemy Lllennona.

11. B uem nposBisieTcs UCIIOJIb30BAHUE MICEBOCTYYaiHBIX T€HEPATOPOB?

12. Kak cBsi3aH BOIPOC O TICEBAOCTYYAHBIX TeHEpaTOpax C HEPEHICHHON MpoOIeMoii 0
paBenctBe P u NP nipoGnembi?

13. Yo Takoe KPUIITOCUCTEMA C OTKPBITHIM KIIFOUOM?

14. Onumure cxemy anroputma RSA.

15. Anroput™m Hlopa dakropuzanuu Gonpmunx yncen. KBaHTOBbIE KOABI KOPPEKLIUU OMIMOOK.
ITporokon BB84.

Cnucox numepamypul:

LononnumenvHas

J.A.Kpoubepr, H.N.Oxuros, A.FO.UepHSIBCKHUH. KBantoBas xkpunrorpadus: ydeOHOE
nocobue./ MI'Y um. M.B. JlomonocoBa, dak. BEIYUCII. MATEMAaTHKH M KHOCPHETUKHU. - MOCKBa:
MAKC Ilpecc, 2011. — C. 9-25.

©oOoNO O AW
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Mpunoxenus

Ilpunooicenue 1
AHHOTALNUSA AUCHOUTIJIINHBI

Jucunmimna «KBaHTOBbIE BBIUMCICHUS W KBAHTOBas Kpunrorpadus peamusyercs Ha
¢dakynpreTe HMHPOPMAIMOHHBIX CUCTEM M Oe3omacHocTH Kadeapoil (yHIaMEHTaIbHOH U
IIPUKJIAJTHOW MATEMAaTUKU.

[lenb AMCUUIUIMHBL: OBJAaJCHUE CTYAECHTAaMM - MaTeMAaTUKaMHU OCHOBaMM KBaHTOBOI MEXaHUKHU
Y KBAHTOBBIX BBIYMCIECHHUH, M YMEHUEM I[PUMEHATh TAKUE 3HAHUS JUIS PpELICHMs 3aaay
IPAaKTUYECKUX BBIUMCIECHUM. 3ajaun: HAy4UTh IPUMEHATh 3HAHUSA [0 OCHOBAM KBaHTOBOM
MEXaHHUKE JUIs pEIICHUs 3a/1a4 IPAKTUYECKUX BHIYMCICHUH.
JlucuumuivHa HarpasieHa Ha pOPMUPOBAHUE CIEIYIOIUX KOMIIETEHIIMHI:
e JIK-9 - cmocoOHOCTh  BBIABUTH  €CTECTBEHHOHAyYHYIO  CYHUIHOCTb  HIpOOJeM,
BO3HHUKAIOIIUX B X0/€ NPO(ECcCHOHANBHON NesTeNbHOCTH, TOTOBHOCTBIO HMCIIOJIb30BaTh
JUISL UX PELIEHMs] COOTBETCTBYIOLINI €CTECTBEHHOHAYYHbIH annapar;
e [IK-12- cmocoOHOCTh CaMOCTOSITENIFHO HM3y4yaTh HOBBIE pasfenbl (yHIAMEHTaTbHBIX
HayK.

B pe3ynbrare ocBOeHUS AUCUUIIIMHBI 00YyYaIOIIUICS JOKEH:
3Hnamb: OCHOBBI HEPENATUBUCTCKON KBAHTOBOW TEOPUM OJTHOW M HECKOJIBKMX YACTHLL, IIPUHIIMIIBI
BBIUMCJIEHUN U 00pabOTKU MHPOpMAIUK, COAECPKAILMXCS B KBAHTOBBIX aHCAMOJISIX;

Ymems: mOCTPOUTH aNrOPUTM, PEANHU3YIOUIMNA CTaHAAPTHbIE MH(MOPMALMOHHBIE MPOLECCHl Hall
KBaHTOBBIMHM aHCaMOJIIMU (YHUTapHas »HBOJIIOLMSA, H3MEPEHME U YaCTUYHOE H3MEpEHHE,
BBIUHUCIICHHUE 3aIlyTAHHOCTH, TEJICNOPTALUs, KBAHTOBbIE BEHTUIIN), PEAIU30BaTh KOMIIbIOTEPHYIO
MOJIeJIb 3TOr0 Ipolecca W OLEHUTh €ro CIO0XHOCTb, IOCTPOMTb MAaTEMaTUYECKyl M
IPOTrPaMMHYIO MOJIEJIb PEATIbHOIO MIpoLecca Ul HECKOJIBKUX 3apsDKEHHBIX YaCTULl BO BHEIIHEM
NOTEHLIMaje, B YacTHOCTH, PEAJM3YIOLIYI0 CTaHAAPTHbIE KBAHTOBBIE BEHTHWIH, U CJAEIaTh
IPaKTUYEeCKHE BBIBOJBI 1O Heill (Bpems cpabaTbiBaHUsA, JOOPOTHOCTb, BO3MOKHOCTh
MacIITaOupOBaHus);
Bnademwv: peanuzaniedl  BBIYHUCIHUTENBHBIX QJITOPUTMOB C MPUMEHEHHEM CTaHJapTHBIX
KBAHTOBBIX BEHTUJIEH, BBIYMCIEHUEM CTaHIAPTHBIX (PU3NYECKUX BETUYMH (IHEPTUH, KOOPANHAT,
UMITyJIbCa, MOMEHTA), a TaK)K€ BEPOATHOCTHBIX DPACHpPEIENCHUM A 3aJaHHbIX KBAaHTOBBIX
COCTOSTHUI MPOCTHIX aHCaMOJIel U3 HECKOJIBKUX YaCTUI BO BHEIIHEM MOTEHIIUAJIE.

[To nucuumuvHe mNpeaycMOTpeHa IPOMEXYTO4Has aTrecTanus B ¢Gopme 3auéra ¢
OILICHKOM.

OO11ast TPyA0EMKOCTh OCBOCHHUS AUCLUIUIMHBI COCTABISAET 3 3a4ETHBIE €TUHHIIBI.
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Ipunooicenue 2

JIMCT U3MEHEHUA
Ne | Teker akryanusanuu win npunaraeMsii Kk PITJ[ nokymeHT, [Hara Ne
COJIep KALINI N3MEHEHMSI IPOTOKOJIA
1 | IIpunoxxeHue k nucty usmeHeHuit Nel 20.06.18 13
2 | IlpunoxxeHue K TUCTY U3MEHEHHUH Ne2 28.06.19 13
3 | [lpunoxenue K TUCTY U3MeHEHUH Ne3 22.06.20 13
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[Tpunoxenue K aucty usmeHeHunit Nel

1. [lepeyenb nporpammuoro odecneuenusi (ITO) (k n.7 na 2018r.)

Tabnuya 1
Neri/mm Haumenosanue 110 [IpousBoaurens Criocob pacnpocTpaHeHHs
1 Microsoft Office 2010 Pro Microsoft JIMLIEH3HOHHOE
2 Windows XP uau Windows 7 Microsoft JMIICH3UOHHOE
3 Kaspersky Endpoint Security Kaspersky JIMIIEH3HOHHOE

2. Ilepeyenb coBpeMeHHbIX MpodeccnoHabHbIX 0a3 JaHHbIX (B/]) 1 nHPopManoOHHO-
cnpaBouHbIix cucrem (MCC) (k n.6.2 na 2018r.)

Tabnuya 2

Neri/m

HaumenoBanue

1

Web of Science
Scopus

MexnyHaponHsie pedepaTuBHble HaykomeTpuieckue bJl, moctymHbie B pamkax
HaIlMOHAIBHOM noAnucky B 2018 T.

Kouncynsrant ILmroc,
I"apant

KommbroTepHbIe CIpaBOYHbIE IPABOBBIE CUCTEMBI
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[Tpunoxenue Kk TUCTy U3MEHEHU No2

1. Ilepeuens nporpammuoro odecnevyenus (INO) (k n.7 na 2019r.)

Tabnuya 1
Nerr/im HanmenoBanme 110 [IpowsBoanTENH Crioco6 pactipocTpaHeHHs
1 Microsoft Office 2010 Pro Microsoft JIMIIEH3UOHHOE
2 Windows XP/ Windows 7 / Windows | Microsoft JIMIIEH3UOHHOE
10
3 Kaspersky Endpoint Security Kaspersky JIMIIEH3HOHHOE

2. Ilepeyenb coBpeMeHHbIX MpodeccnoHaIbHbIX 0a3 JaHHbIX (Bb/]) 1 MHpoOpManHOHHO-
cnpaBouHbix cucrem (MCC) (k n.6.2 na 2019r.)

Tabnuya 2
Neni/mm HaumenoBanue
1 MexnyHapoaasie pedeparuBable HaykoMeTpuaeckne b/, 1ocTymHbIe B paMKaxX HAIIMOHAIBHOM
nonamnucku B 2019 r.
Web of Science
Scopus
2 KommnbroTepHsie cipaBO4YHbIE IPABOBBIE CUCTEMBI

Koncynpranrt [Itoc,
I"apant
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[Tpunoxenue K TUCTy U3MEHEHU Ne3

1. O6pa3oBaTeibHbIe TexHOJOrNH (K 1.4 Ha 2020r.)

B mepuoa BpeMEHHOTO MPHOCTAHOBICHUS MOCEHMICHUS OOYYAIOIIUMUCS MOMEMICHUN U
tepputopun PITY mna opranmsanuum ydeOHOro Impolecca ¢ HPUMEHEHHUEM JIIEKTPOHHOIO
o0ydeHUsT W JUCTAHIMOHHBIX O0pa30BaTENbHBIX TEXHOJOTHH MOTYT OBITH HCIIOJIb30BaHbBI
cienyromue o0pa3oBaTesibHbIE TEXHOJIOTHH:

— BUJICO-JICKIINH;

— OHJIAWH-JIEKIIUH B PEKUME PEAIBHOTO BPEMEHH;

— DJICKTPOHHBIC YUCOHUKHU, yIeOHBIC TOCOOUS, HAyYHBIC U3IAHMS B SJICKTPOHHOM BHJIC H
JOCTYT K MHBIM 3JIEKTPOHHBIM 00pa30BaTeIbHBIM PeCypcaM;

— CUCTEMBI JIJIsl SJIEKTPOHHOT'O TECTUPOBAHUS,

— KOHCYJIbTAIIMH C MCIIOJIb30BAHUEM TEJIEKOMMYHHKAIIMOHHBIX CPE/ICTB.

2. Ilepeuenb coBpeMeHHBIX npodeccuoHaabHbIX 0a3 1aHHbIX (B/]) 1 nHpopManHoHHO-
cnpaBouHbIX cuctem (UCC) (k m. 6.2 na 2020r.)
Tabnuya 1

Ne HanmenoBanue
/o

1 | Mexnaynapoansie pedeparuBHble HaykomeTpuueckue b/, moctynHbie B pamkax
HaroHaJIbHOU moanucku B 2020 r.

Web of Science

Scopus

2 | KomnbroTepHbie cripaBOYHBIE IPABOBHIE CUCTEMBI
Koncynbsrant [Tntoc,
I"apanT

3. llepeuenn nporpammuoro odecneuenus (IO) (x n.7 na 2020r.)

Tabnuya 2
Ne Haumenosanue [10 [IpousBonuTensb Crnoco0 pacripocTpaHeHUs
n/m (ruyensuonnoe uru c60600HO
pacnpocmpatsiemoe)
1 Microsoft Office 2010 Pro Microsoft JMLEH3HOHHOE
2 Windows XP/ Windows 7 / Microsoft JIMIIEH3UOHHOE
Windows 10

3 Kaspersky Endpoint Security Kaspersky JIMIIEH3UOHHOE

4 Zoom Zoom JINLIEH3UOHHOE




