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1. HosicHUTEJIbHAS 3aNHCKa
1.1. Lenp u 3ama4uu JUCIUILIMHBI

Heﬂb 0ucuunﬂunbt: OBJIAZICHUC CTyACHTAMHU-MAaTCMAaTHUKaMH OCHOBaMH KBAaHTOBOM MEXaHHKHU
U KBAHTOBBIX BBI‘-II/ICJIGHI/If/’I, U YMCHHUCM IIPUMCHATHL TaKWC 3HAHUA [JIA PCIICHHUA 3ajad
MPAKTUYICCKUX BBIYMCIICHHUIA.

3adauu oucyunIuHBl. HAYYUTh TPUMEHITH 3HAHUS 1O OCHOBAM KBAHTOBOW MEXaHMKE JJIS

pEeIICHUA 3a4a4 IMPAKTUICCKUX BBIYHCIICHHI.

1.2. Ilepedenp MIaHUPYEMbIX PE3yJIHTATOB O0YUYEHUS MO AUCLUILIMHE, COOTHECEHHBIX C
WHJUKATOpaMU JOCTUXKEHUS KOMIIETSHITNI

Komnerenuus NuauxaTopsbl Pe3yabTarsl 00yyenust
(Ko ¥ HAMMEHOBAHWE) KOMIIeTeHITH A
(koo m
HaMEHOBaHHE)
ITKVY-3. Cnocoben [KVY-3.2. 3namyb: OCHOBBI HEPENATUBHCTCKOW KBaHTOBOH
OCYIIIECTBIISATH MOUCK, PaccmarpuBaet TEOPHH OJHOW M HECKOJBKHX YacCTHUL, MPHHIHIIBI
W3yYeHHUe U pa3paboTKy COIIMOTEXHUYECKHE | BRIYUCICHUH ©  0o0paboTkn  wH(OpMaIuH,
HOBBIX TEOPETHYECKUX HIIH CHCTEMBI KaK COJEPKALIMXCS B KBAHTOBBIX aHCAMOJISIX;
MIPAKTHUYECKUX MPOoOIIEeM, CJIOKHBIE Ymems: mocTponuTh aIrOpUTM, pPEANTHU3YIOIIMN
CBE/ICHUM, OTHOCSILUXCS K nHGOPMALMOHHBIE | CTaHOApTHbIE MH()OPMALMOHHBIE IPOLECCH HAX

PELICHUIO TEKYIINX HAY4YHBIX
HCCIICIOBAaHUMH,
IMPOU3BOJACTBCHHLIX 3a1a4; B
WH(GOPMAITMOHHBIX Cpeaax
HaxXoduTh, CO31aBaTh
OCHOBHBIEC 3JIEMEHTHI
OyqyImx MaTeMaTHIeCKIX

CHUCTEMBI JUIS
CO3JaHus MoJieJiel
pa3HOro THIIA.

KBaHTOBBIMU aHCAMOJISIMU (YHUTApHAs 3BOJIIOLIUS,
M3MEpEeHHe U YaCTUYHOE U3MEPEHUE, BEIYUCIICHUE
3aIllyTaHHOCTH, TeJenopTanus, KBaHTOBBIE
BEHTWJIM), PEaIN30BaTh KOMIIBIOTEPHYIO MOJEIb
3TOr0 Ipolecca M OLEHUTb €r0 CI0XKHOCTD,
MOCTPOUTh MAaTE€MaTHYECKyl0 W IPOTrpaMMHYIO
MOJZEIb PEATBHOrO Tpolecca Uil HECKOJIBKHX

CTPYKTYp WIH 3apsDKEHHBIX YaCTHIl BO BHEIIHEM IIOTEHIMANE, B
KOHCTPYKTHBHBIX YaCTHOCTH, peau3yIoNIyIo CTaHJIapTHBIE
MaTeMaTHYECKHX MOJAEIeH KBAaHTOBbIE BEHTHWJIM, M CIeNaTh NPaKTUYECKUE

BBIBOABI 10 Hel (Bpemsi  cpabarbiBaHus,

JOOPOTHOCTH, BO3MOXXHOCTh MacIITaOMPOBaHUS);
Braoems: peanmzanell BBIUUCITUTEIBHBIX
ITOPUTMOB C IPUMEHEHUEM CTaHIAPTHBIX
KBAaHTOBBIX BGHTHJ’ICIZ, BBIYHUCJICHUEM
CTaHJAPTHBIX (PU3NUECKUX BETMYUH (IHEPTHUH,
KOOpJIMHAT, UMITYJIbCa, MOMEHTA), a TAKKe
BEPOSITHOCTHBIX pacIpeleNeHni ISl 3aJaHHBIX
KBaHTOBBIX COCTOSIHUHM MPOCTHIX aHCaMOIen u3
HCECKOJIBKHUX YaCTHUI] BO BHCHTHEM IMOTCHIINAJIC

IIKVY-3.3. 3namb: OCHOBBI HEPENSATUBUCTCKOM KBAaHTOBOU
Brinenser TEOPUH OJHOM M HECKOJBKHX YacTHUL, IPUHLHIIBI
WHPOPMALIMOHHBIE | BHIYUCICHHA W 00paboTKM  MH(MOpMAIuH,
MIOTOKH, COJEePIKALINXCSI B KBAHTOBBIX aHCAMOJISX;

ONpEeAENsAeT TOUKH | Ymemsb: TOCTPOUTH aITOPUTM, PpPEATU3YIOMUI
oudypraruii. CTaHAapTHbIE WH(OPMAIMOHHBIE IPOILECCH HaJ

KBaHTOBBIMH aHCAMOJIsIMH (YHUTapHAS SBOJIIOLHS,
U3MEpEHNE U YaCTUYHOE U3MEPEHHE, BEIUMCIICHUE
3allyTaHHOCTH, TeJIeTIopTaIus, KBaHTOBBIE
BEHTWIIN), PEa30BaTh KOMIIBIOTEPHYIO MOJEIh
3TOr0 IpoLecca M OLEHUTb €r0 CI0KHOCTB,
MIOCTPOUTh MATEMaTHUECKyl0 W IPOTrpaMMHYIO
MOJISJIb peajbHOro Ipolecca JUlsl HECKOJIbKHX




3apsHKCHHBIX YaCTHUI] BO BHEIIHEM MOTCHITHAJIE, B
YaCTHOCTH, peaTu3yIoNIyIo CTaHJIApPTHBIE
KBaHTOBBIC BCHTWIM, W CHEIaTh MPaKTHUECKUC
BBIBOJIBI 1O HeW (Bpemss  cpabOaThIBaHUSA,
JIOOPOTHOCTH, BO3MOKHOCTh MacIITaOUpOBaHUA);
Braoems: peanmzanuell BIYUCITUTEIBHBIX
aJITOPUTMOB C TIPUMEHEHUEM CTaHJIAPTHBIX
KBaHTOBBIX BEHTHJICH, BEIUMCIICHUEM
CTaHIAPTHBIX (PU3NICCKUX BEIIMUNH (SHEPTHH,
KOOpIWHAT, UMITYJIbCa, MOMEHTA), a TAKKe
BEPOSATHOCTHBIX PACIIPECIICHUH IS 3aJaHHBIX
KBAaHTOBBIX COCTOSTHUH TIPOCTHIX aHCAMOJICH 13
HECKOJIbKHX YaCTHI] BO BHEITHEM ITOTEHITHATIE
[IKVY-3.4. Crpour | 3uams: OCHOBBI HEPENATUBUCTCKOW KBAaHTOBOM

MaTeMaTHYECKUE TEOPUHU OJTHOW U HECKOJBKUX YACTHII, TPUHITUITHI
MOJICITH BEIYHCIICHUA W 00paboTkn  WHGOpPMAIHH,
Pa3IUYHBIX TUIIOB, | COACPIKANINXCS B KBAHTOBBIX aHCAMOJISX;

HCCIIeAyeT UX. Ymems: TOCTPOUTH aNrOpUTM, peEATNU3YIOIIUHA

CTaHJapTHbIE MH()OPMALMOHHBIE IPOLECCH HAX
KBaHTOBBIMU aHCAMOJISIMU (YHUTApHAs 3BOJIIOLIUS,
M3MEpeHHe U YaCTUYHOE U3MEPEHUE, BEIYUCIICHUE
3aIyTaHHOCTH, TEeJICOPTALMS, KBaHTOBBIE
BEHTWJIM), PEaIN30BaTh KOMIIBIOTEPHYIO MOJAEIb
3TOro IMpolecca U OLEHUTh €ro CIO0KHOCTb,
MOCTPOUTh MAaTE€MaTHYECKyl0 W IPOTrpaMMHYIO
MOJENIb PeajbHOro mpouecca AiIsl HECKOJIBKHX
3apsKEHHBIX YacTHUI] BO BHEIIHEM MOTEHIHale, B
YaCTHOCTH, peau3yIomyIo CTaHJIapTHBIE
KBAaHTOBbIE€ BEHTWJIM, M CIeNaTh MPAaKTUUECKUE
BBIBOJIBI 1O HeW (Bpems  cpabaThIBaHUA,
JIOOPOTHOCTB, BO3MOXXHOCTh MacIITaOMPOBaHUs);
Braoemy: peannzanyeii BRIYMCITUTENHHBIX
ITOPUTMOB C IPUMEHEHUEM CTaHIAPTHBIX
KBaHTOBBIX BEHTUJIEH, BEIUMCIEHUEM
CTaHJAPTHBIX PU3NUECKUX BEITMYUH (IHEPTHUH,
KOOpJAMHAT, UMITYJIbCa, MOMEHTA), a TAKKe
BEPOSITHOCTHBIX pacIpeleNeHni ISl 3aJaHHBIX
KBaHTOBBIX COCTOSIHUHM MPOCTHIX aHCaMOIen u3
HECKOJIbKHMX YaCTHIl BO BHELTHEM IIOTEHIIHMAIIE

1.3. MecTo TUCHUIUIMHBI B CTPYKTYpe 00pa30BaTeIbHON IPOrpaMMBI

JuctumimHa «KBaHTOBbIE BBIYMCIEHUS M KBAaHTOBAs KpUNTOrpadus» OTHOCUTCS K YacTH,
dopmupyeMoil ydacTHHUKaMH 00pa3oBaTelIbHBIX OTHOIIEHUH OJO0Ka IUCHMIUIMH Yy4eOHOro
IUIaHa.

Jlis ocBOEHMS JUCLHMIUIMHBI HEOOXOAMMBI 3HAHUS, YMEHUS U BIAJIeHUs, CPOPMHUPOBAHHBIE B
XO0Jle W3YYEHMs CIEAYIOIUX AUCUUIUINH. «JIuneitHas anrebpa», «luddepeHunaibHoe u
UHTErpaibHOe ucuHcieHuey», «Teopus BeposTHocTel», «OOmas anredbpa U TEOPHs YUCEI»,
«DyHKINOHABHBIN aHaMM3», «MaTeMaTndecKkiue OCHOBBI COBPEMEHHOU (PU3UKN».

B pesynbrare oOCBOEHHMS AMCUMIUIMHBI (OPMHUPYIOTCS 3HAHMS, YMEHMS U BIaJEHUS,
HEOOXOJUMBIE AJIi M3yYeHUs CIEAYIOIIUX IUCHUIUIMH M IPOXOXACHUS NpakTuk: «Teopus
KoaupoBaHus», «KoHeuHble MO M MX NPWIOKEHUS K Kpunrorpagum», «JIEeMEHTHl p-
aJMYeCcKOro aHaju3a M €ro MNpuiioXKeHus K Kpumnrorpapum», IIpomsBoicTBeHHasl MpakTHKa
(HayuHno-uccnenoBarenbckas paboTa).



2. CTpyKTYypa JUCUMILIIHHBI

OO6mas Tpy10€MKOCTh AUCIUIUIMHBI COCcTaBisgeT 3 3.€., 108 4., B TOM 4mclie KOHTaKTHas padboTa
oOyyarouxcs ¢ npenojaBatenem 42 4., caMocTosiTeNbHas padoTa oOy4daromuxcs 66 u.

Bunbt yueOHoi paboThI
(B yacax)
Korraxraas w DOpMBI TEKYILETO
Ne % EE % KOHTPOJISI yCIIEBAEMOCTH,
W Pazgen qucrumuimHbl/ TeMbl % E § E (hopMa IpoMeKyTOTHOI
O 8 ;\ E E arrecraiquu
= E = 2 g S g (no cemecmpam)
= 2 R o L =&
g 2E |55 8¢
= = & i Ml
1 | O630p MaTeMaTHIECKHUX 7 4 4 10 YcTHBI orpoc
METO/IOB KBAaHTOBOH (pH3HKH
2 | AnreOpanveckuii armapat 7 4 4 12 YcrHbli onpoc
KBaHTOBOW WH(OPMATHKHI
3 | DneMeHTHI KBAaHTOBOM 7 6 6 16 YcrHBIH ompoc
MCEXaHUKHU
4 | KBaHTOBBII KOMIIBIOTED 7 2 4 10 YcTHbIl onpoc
5 DJ1eMEeHTHI KBAHTOBOM 7 2 4 10 YcrHbIH ompoc,
Kpunrorpapuu TEOPETUYECKUI
KOJUTOKBUYM 1
6 | 3auér c oneHkoi 7 2 8 KomnokBuym 2
7 | Urtoro: 18 24 - 66

3. Coaep:xkaHue THCHUTLTHHBI

Paznea 1. O030p MmaTeMaTH4eCKUX METO/10B KBAHTOBOH (pU3NKH

Tema 1. O630p 0CHOBHBIX IKCIIEPUMEHTOB 110 KBAHTOBOI MeXaHUKe

ITpenmeT kBaHTOBON MeXaHUKU. KOpIyCKyJIspHO-BOJIHOBOM Ayaau3M IIPH ONPEICIICHUU CBETA.
OKCHEpUMEHT € MyJEMETHON cTpenb0oil. DkcnepuMeHT ¢ BosHamMu. [{udpaknus. DKCepuMeHT
¢ anekTpoHaMu. KopmyckyJisspHO-BOJTHOBOM yaian3M B MOBEAECHUU 3JeKTpoHa. HTepdepeHuus.
Hab6monenue 3a snexkrporom. [Ipunnun Heonpenenennoctu I eitzendepra.

Tema 2. O030p MaTeMaTH4YECKOI0 aNNAPATA KBAHTOBON MEXaHUKH

Cser. YacroTa cBera. @oToHBl. DOTOYMHOXUTENb, KaK MPUMEP TOTO, YTO CBET COCTOUT W3
gacTull. YacTMYHOE OTpa)KEHUE CBETAa OT IOBEPXHOCTHU CTEKJIA. AMIUIUTYJA BEPOSTHOCTH.
Merton ctpenok. Pesynbtupyromas crpenka. Matepdepenius ammiutya. BeposaTtHOCTs coObITHS
KaK KBajpaT AJuHBl aMIuMTyAbl. OTpakeHue cBeTa OT 3epkana. IIpoxoxneHune ceera u3
BO3/yXxa B Boay. DoKycUpyOIIas JUH3a.  ODJEKTPOHBI M WX B3aUMOJEHCTBUE. AMIUTUTYAA
¢potona P(a-b). AMmmuryna snekrpona E(a-b). AmrumTyna Toro, 4To 3JMEKTPOH HUCIYCTHT WA
noriotut ¢potoH. Paccesnue cBera. AnTnyactuubl. [IpuHiun 3anpera.

Paszpnen 2. AnreOpanyeckuii annapar KBaHTOBO HHpopMaTUKH

Tema 3. DneMeHTHI JTUHEHHON aaredphl

BekropHoe mpoctpancTBo. KoopanHaTsl BeKTopa B pa3HbIX Oa3ucax. MaTpuia nepexosa.
EBKNIMIOBO IPOCTPAaHCTBO. YHUTApPHOE IPOCTPAHCTBO. JIMHEHbIE onieparopsl. MaTpuia
auHelHoro omnepatopa. @opmyna mpeoOpa3oBaHUs MaTPHULBI OllepaTopa MpU MpeodpazoBaHUU
6a3uca. CoOCTBEHHOE 4YHMCIO U COOCTBEHHBIM BEKTOp JIMHEHHOro onepatopa. JIMHEHHBIN
ornepaTop B KOMIUIEKCHOM IIPOCTPAHCTBE CO CKaJApHBIM Ipou3BeneHueM. ConpsKeHHbIN




omnepatop. Marpuna comnpsikeHHOro ormneparopa. CamoconpspKEeHHBIM omepaTop. DpPMHUTOBA
MaTpulla. YHWUTapHbId omneparop. YHuTapHas wmartpuua. CBOHCTBA CaMOCOIPSKEHHOIO
onepartopa. CBoiicTBa yHUTapHOro oneparopa. [IpuBenenue MaTpuipl JMHEMHOIO orepaTopa K
JuaroHalibHOMY BUIy. IIpuBeneHne Npou3BOIBHON 3PMHUTOBOM MAaTpHIbl K AMATOHAIBLHOMY
BUJY C ITOMOILBIO YHUTApPHOM MaTpullbl nepexona. Teopema o cBA3M yHUTapHOM MaTpuusl U u
spmuroBoii marpuisl H  (U=exp(iH)). TenzopHoe mnpousBencHUE JIMHEWHBIX MPOCTPAHCTB.
TensopHoe nmpousseneHue oneparopos. TeH3zopHoe npoussenenue marpul. Oneparop Yomma -
Anamapa.

Pa3gea 3. DiieMeHTHI KBAHTOBOH MEeXaHUKH.

Tema 4. JBoJIIOLMS BEKTOPAa KBAHTOBOI'0 COCTOSTHUS

[TpocTpaHcTBO KiaccMuecKuX cOCTOSHUM. [IpocTpaHCTBO KBaHTOBBIX COCTOSIHUM. JluckpeTHOe
NpeCTaBICHUE NPOCTPAHCTBA COCTOSHUU. JIMCKpeTHOe MpeAcTaBiIeHHE BOJHOBOTO BEKTOPA.
Bunel sBONIOIIMK BEKTOpA COCTOSIHUS: YHUTapHas OuUHAMHUKa U u3Mmepenue. [lonstue kosamnca
BOJIHOBOT'O BeKTOpa. M3mepenue kBaHToBOro cocrosinusd. IIpaBuio Makca bopna. Ker-Bekrop
|[Y> u 6pa-Bexrop <Y¥| (cumBonuka Jupaka). YautapHas quHamuka. YpaBHeHue Lllpenunrepa
OTHOCUTEIIEHO BekTopa |V>. Pemenue ypaBuenus llIpenuHrepa - 3BOTIONUS BEKTOPA COCTOSHUS
BO BpEMEHHU [P(t) >=exp(-iHt) |¥(0)>. JluneiiHOCTh 3BOIOIMU. PelieHue ypaBHEHHE
[penuHrepa I OMHOMEPHBIX IOTCHIIMAJIOB, OJHO- M JIBYX- SMHOTO NOTCHIIMANa,. Marpuna
wiotHocTy Jlangay. YacTuuHOoe M3MepeHHEe M YacTUYHas MaTpuia IIOTHOCTU. CMelIaHHbie
cocrosiHus. [IpoekTopel. OTKPBITEIC KBAHTOBBIE CUCTEMBI. [|eKOTepeHTHOCTD.

Tema 5. IIpumMeHeHre TEH30PHOT0 MPOU3BEACHUS

Ten3opHoe MPoOU3BEIEHUE MPOCTPAHCTB, KBAHTOBBIX COCTOSIHHIA | OlepaTopoB. HesamyTaHHbIC
U 3alyTaHHbIE COCTOSHUS. DHU3UYECKHI CMBICT 3aMyTaHHOCTH U €€ CBS3b CO CIIOXHOCTBIO
BBIYMCIICHH.

Tema 6. CooTrBeTcTBHE (PU3MYECKUX BeJUYMH IPMHUTOBBIM ONEPATOPAM.

Omnepatopbl KOOPAMHAT, UMITYJIbCA, SJHEPTHH, MOMEHTAa HMITYyJibca. COOCTBCHHBIC 3HAYCHHUS
JIOMyCTUMbIe 3HaueHus ¢usnyeckoil BenuuuHbl. CoOCTBeHHbIE cocTOsiHUS. [Ipumepst:
KOOPJMHATHI, HMITYJIbC, SHEPTHs, MOMEHT. Jlenbra-¢yHkims Jupaka u KOOpIMHATHBINA Oa3ucC.

Pasnen 4. KBanToBblil KOMNIBIOTEP

Tema 7. KBaHTOBBIN KOMIIBIOTEP

Brruncnenue ¢ opakysioM Ha KJIacCU4eCKOM KOMIbIOTEpe. KBaHTOBBIN KOMIIBIOTEP U KBAaHTOBOE
Bblunciaenre. KsaHToBbil opakyn. Ilpumep: 3amaua mnepebopa. KBaHTOBbIE BEHTHUIIU:
onnokyoutneie, CNOT, Toffoli, ¢a3ospamarens. KBantoBeie cxembl U3 (yHKIHOHATBHBIX
3JIeMeHTOB. MeTtoabl paboThl ¢ aHuuulaMu. KBaHTOBas uncTka aHwLl. [ToHsTHE KBaHTOBOTO
yckopeHus. Anroput™ I'poBepa 11t nepebopHoif 3a1aun. ['eoMeTpuyecKil CMbICT alropuTMa
I'poBepa. THUNUYHOCTH TPOBEPOBCKOrO yCKOpeHHs. [IOHSATHE O HMKHUX OLEHKaX KBAaHTOBOM

CJIOKHOCTH. NP- 3aa4d MW  KBAHTOBBLIC BBIYUCJIICHUS. AJ'IFOpI/ITM 3anku -BH3Hepa
MOACIIUPOBAHUA YHI/ITapHOﬁ KBaHTOBOM JUHaAMHKHU. IlonsiTHE O KBaHTOBOM MOACIIMPOBAaHNN
CHUCTEM MHOTHUX YaCTHII. HpI/IJ'IO)KeHI/IH KBAaHTOBBIX BBIYHCICHHI: CXema TCJICTIOpTaAlluUn

HEU3BECTHOTO KBAHTOBOTO COCTOSIHUS. 3allpeT Ha KJIOHUPOBaHHE KBAHTOBBIX COCTOSTHUH.
Paspnen 5. DiieMeHTHI KBAaHTOBOM Kpunrorpaduu

Tema 8. JiieMeHTBI KBaHTOBOM KpunrTorpaduu

O 3amaue cekpeTHOW Iepefadd JaHHBIX. 3aJada paclpOCTPAHEHUs CEKPETHOIO KIIoYa.
Hctopuueckue  crmocoObl  mu@poBaHus  AaHHbIX.  Kpunrorpadguuyeckue  mpOTOKOJIBI.
Cummerpuunble mugpsl. Ctoiikocts Kpunrtocuctembl. Teopema Illennona. Mcnonb3oBaHue
TNICEB/IOCTYYafHBIX TE€HEpaTopoB. KpUNTOCHCTEMBI € OTKPBITBIM KitO4oM. Ajroputm RSA.



Anroputm Illopa ¢akropuzanuu OOTBIIMX YHUCET.
[Tpotoxon BB84.

4. OOpa3oBaTe/ibHble TEXHOJOTHU
OO0pa3oBaTe/ibHbIE TEXHOJOTHH

KBaHTOBBIE KOJBI KOPPEKIIUU OIIMOOK.

Ne Buasbl yueOHbIX
HaumeHnoBaHue pa3jieiia

Oo6pa3oBaTeibHbIE TEXHOJIOTUHI

n/n 3aHATHH
1 |2 3 4
1 [Pazgen 1. O630p Jlexrus Jlexnus-nuckyccust
MaTEMaTHYECKUX METOJOB
KBaHTOBOH (hU3HKH IIpakTrueckue Huckyccus
3aHATUA
CamocrostenpHas |KoHcynbTupoBaHue U poBepKa
pabota JIOMAIITHUX 33JJaHUH TOCPEICTBOM
3JIEKTPOHHOM MOYTHI
2  |Paszmen 2. AnreOpandeckuii Jlexus Jlexnus-nuckyccust
anmapar KBaHTOBOMU
UHQOPMATHKH IIpakTnueckue Pemrenue u o6cyxaenue 3aaad
3aHATUA
CamocrosTenpbHass  |KoHcynbTHpOBaHuUE U TPOBEPKA
pabora JIOMAITHUX 3aJJaHUH TOCPENCTBOM

3JIEKTPOHHOM MOYTHI

3 Pasnen 3. DineMeHTh KBAHTOBOH |JIeKITusg

Jlekuug-nuckyccus

MEXaHHUKH.
IIpaktuueckue Pemenwne u oOcyxenue 3ama4q
3aHATHUS
CamocrostenbHass  |KoHCynpTUpOBaHME U IPOBEPKA
paborta JIOMAIITHUX 33J]aHUi MTOCPEICTBOM
3JIEKTPOHHOM MOYTHI
4 Pasnen 4. KBautoserii Jlekiusa Jlekuug-nuckyccus
KOMIIBIOTED
IIpakTnueckue
Pemenwne n oOcyxneHue 3a1a4d
3aHATHUS
KoHcynpTHpoBaHue u mpoBepka
CamocTosTenbHas Y p ° 11 rposep
JIOMAIITHUX 33J]aHUi MTOCPEICTBOM
pabora

3JIEKTPOHHOM MOYTHI

5 Pasnen 5. DneMmeHTh KBAHTOBOH |JIeKIms

Kpunrorpapuu
p pag IIpakTnueckue

3aHATUA

CamocrosTennpHas
pabora

Jlekuug-nuckyccus
Huckyccus
KoncynsTrpoBanue u nposepka

JIOMAITHUX 33J]aHUi MTOCPEICTBOM
AJIEKTPOHHOH MOYTHI

5. OneHka mIaHNpPYyeMbIX pPe3yJIbTATOB 00y4YeHH s
5.1. Cucrema orieHUBaHUA

®opMa KOHTPOJIsI Makc. KOJIn4ecTBO 6aJJIOB
3a oany padory Bcero
Texkyniuii KOHTPOJIb:
- orpoc 1 6ann 22 6anna
- TEOPETUYECKUH KOJUIOKBUYM 1 38 6ayuioB 38 6aioB




IIpoMexyTouHas arTecTanus 40 6annoB
(KOmmoKBHYyM 2)

Hroro 3a cemecTp (IUCIUTLTHHY) 100 Gamos
3a4éT c OLCHKOM

[Tomy4yeHHBIN COBOKYIHBIN PEe3yJIbTAT KOHBEPTUPYETCS B TPAAUIIMOHHYIO IIKAJTy OLIEHOK U B
nIKaay oreHok EBponeiickoii cucteMbl mepeHoca u HakorieHus kpeautoB (European Credit
Transfer System; ganee — ECTS) B COOTBETCTBHM ¢ TaOJIUIICH:

100-0amipHas mkana | TpaguipoHHas mKajaa Ilkana ECTS
95-100 A

8394 OTJINYHO B

68 — 82 XOPOIIO 3a4TEHO C

56 — 67 D

50 55 YIOBJIETBOPHUTEIHLHO E

2049 FX

019 HEYIOBJICTBOPHUTEIHHO HE 3a4TCHO F

5.2.KpuTepun BbICTABJICHHS OLICHKU MO TUCIUILINHE

Bbamiasl/
IIkana ECTS

Onenka no
JTUCHHUILINHE

Kpurtepun oueHku pe3y/1bTaToB 00y4eHHs 10 JMCHMILIUHE

100-83/
AB

«3a4TEHO
(OTITIIHO)»

BricTarnsercs o0yyaroeMycs, e OH rIyOOKO U ITPOYHO
YCBOWJI TEOPETHUECKUM U MPAKTUIECKUN MaTepuall, MOKET
MIPOAEMOHCTPUPOBATH 3TO Ha 3aHATHUSX U B X0O/€
IIPOMEKYTOYHOH aTTECTaLUU.

OO0y4Jaromuiics KCYEPIIBIBAIOIIE U IOTHYECKH CTPOIHO U3TaraeT
y4eOHbII MaTepHal, yMeeT yBsI3bIBaTh TEOPHIO C IPAKTHKOH,
CIIPaBIISACTCS C pElICHHEM 3a]ia4 MpodecCHOHATLHON
HaIpaBJICHHOCTU BBICOKOI'O YPOBHS CJIOKHOCTHU, ITPABUJIBLHO
00OCHOBBIBAET NMPUHSTHIC PEIICHUSL.

CB000THO OpHEHTUpYETCS B yueOHOW U TpodhecCHOHATBHON
JTuTepaType.

OneHka 0 AUCLUIUIMHE BBICTABIISIIOTCS 00YYaloeMycs ¢
y4€TOM pe3yJIbTaTOB TEKyIIEeH 1 MPOMEKYTOUHOH aTTeCTallu.
Kommerennuu, 3akperiéHHbIe 3a TUCIUTLTHHOM,
c(hopMHPOBaHBI HA YPOBHE — «BBICOKHID».

82-68/

«3aUTCHO
(xoporo)»

BricTaBnsercst o0yuaromneMycsi, €Tl OH 3HaeT TEOPETUIESCKHUIA 1
NPaKTHYECKUH MaTepuall, F(PAMOTHO U 110 CYLIECTBY M3JIaracT
€ro Ha 3aHITHUSAX U B XOJI€ MPOMEKYTOUHOM aTTECTAlNU, HE
JIOMyCKasi CYyIIECTBEHHBIX HETOUHOCTEM.

OO0yyJaromuiics: TPaBUIBHO MPUMEHSET TEOPETHUECKIE
MOJIOKEHUS MPU PELIEHUU TPAKTUUECKUX 3a]1a4
poeccCHoHaIbHON HAMPABICHHOCTH Pa3HOTO YPOBHS
CJIOKHOCTH, BJIaJIe€T HEOOXOUMBIMH JIJISl 3TOTO HABBIKAMU H
puémMaMu.

JlocTaTouHO XOpOIIO OPUEHTHPYETCS B YIEOHOH H
pohecCHOHaIBHON TNTEpaType.

OreHKa Mo AUCIUTUIMHE BBICTABIISIFOTCS 00YYarOIEeMycsl C
YY4ETOM PE3yIbTATOB TEKYILEH U MPOMEKYTOUHOU aTTeCcTaluu.
Komnerenuuu, 3akpemiéHHble 3a TUCHUTLTHHOM,
c(hOpMHUPOBaHBI HA YPOBHE — «XOPOIIUIY.

67-50/
D,E

«3aUTEHO
(ymomieTBOpH-
TEJIHHO)»

BricTaBnsercs o0yuaromeMycs, eciu OH 3HaeT Ha 0a30BOM
YPOBHE TEOPETHUECKUM U IIPAKTUYECKUI MaTEpHaJI, 10y CKaeT
OTJeNbHbIE OIIMOKH NPU €ro U3JI0KEHUH Ha 3aHATHAX U B XOJIE
MIPOMEKYTOYHOH aTTeCTallu.

OO0yyJaromuics UCTIBITHIBAET ONPEIeNIEHHBIC 3aTPyAHEHUS B
[MPUMEHEHUH TEOPETUUYECKUX MOJI0KEHUH MTPU PELICHUH
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Banasl/ Ounenka mo Kpurepun oneHkn pe3ybTaTOB 00y4eHHS 110 AUCIUIIIAHE
Hlkana ECTS | nucuuniiune

MIPAKTUYECKUX 3a7a4 NPoeCcCCHOHANBHON HANPaBICHHOCTH
CTaHIAPTHOT'O YPOBHS CIIOKHOCTH, BJIaJIeET HEOOXOIUMBIMH ISt
3TOro 0a30BBIMHM HaBBIKAMH U IPUEMAMU.

JleMOHCTpHpYeT T0CTaTOYHBIA YPOBEHD 3HAHUS yIeOHOM
JIUTEPATYpHI IO JUCLUILUIMHE.

OneHka N0 AUCIMIUIMHE BBICTABIISIOTCS 00yYaromeMycs ¢
y4ETOM pe3yJIbTaTOB TEKYILIEH U MPOMEKYTOUHON aTTECTALIH.
KomniereHnuuu, 3akperi€HHbIe 3a JUCIUTIITNHOMN,
chopMHPOBaHBI HA YPOBHE — «IOCTATOYHBIIY.

49-0/ HE 3a4TeHO BricTaBnsercst o0yuaromeMycsi, e OH He 3HaeT Ha 6a30BOM
F,FX YpOBHE TEOPETUYECKHUH U IPAKTUIECKII MaTepra, JOMyCKaeT
rpyObIe OIIMOKY MPH €0 U3JI0KECHNUH Ha 3aHITUSX U B XOJC
MPOMEKYTOYHOH aTTeCTalllH.

OO0y4Jaromuiics NCTIBITHIBAET CEPhE3HBIC 3aTPYAHECHUS B
MIPIMEHEHUHN TEOPETUIECKHUX TTOJI0XKESHHN TTPH PEIICHIH
MPaKTUYECKUX 3a7a4 MPOeCCHOHANBHON HANPaBICHHOCTH
CTaH/IaPTHOTO YPOBHS CIIO)KHOCTH, HE BIIaZIeeT HEOOXOAUMBIMH
JUTSL TOTO HABBIKAMH U TIPUEMaMH.

HdemoncTpupyeT (hparMeHTapHbIe 3HaHUS YIeOHOH JHUTepaTyphl
0 JUCLIUILINHE.

OneHka Mo AUCIUTUTHHE BBICTABISIFOTCS 00YYaromeMycs C
YYETOM PE3yIbTaTOB TEKYILEH U MPOMEKYTOUHOU aTTeCTalUu.
Komnerenuuu Ha ypoBHE «OCTaTOYHBIIN), 3aKpETUIEHHBIE 32
JCIMILTNHOHN, He cChOPMHUPOBAHBIL.

5.3. OneHouHbIe CpesicTBa (MaTepUabl) ISl TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH,
MIPOMEKYTOUHOM aTTecTaliy 00y4arouxcs o JUCIUILTNHE
Texkymmii KOHTPOJIb
Ilpumepnsie 6onpocwl Kk meopemuuecKkomy KoanoKeuymy 1

1. KongurypanronHoe 1 rTuiib0epTOBO MPOCTPAHCTBO COCTOSIHUI KBAHTOBOW CHUCTEMBI.

2. KoopinHaTHBIN U UMITyJIbCHBIN 0a3MChl THIILOEPTOBA MPOCTPAHCTBA COCTOSTHUM. JlenbTa-
bynkus J(upaxka.

3. U3mepenue BoIHOBOro BekTopa. Marpuna miiotHoct Jlanaay. Yactuunas matpuna
IJIOTHOCTH U €€ BblUKcCeHue. JJMCKPETHBINA U HEMPEPBIBHBIA BAPUAHTHI.

4. Omneparopbl KOOPAUHAT, SHEPTUU, UMITYJIbCA, MOMEHTA UMITYJIbca. COOTBETCTBYIOLINE UM
Ha0II0/TaeMbIe U X YPMHUTOBOCTh. Y HUTAPHBIN onepaTop 3Boitonuu. [Ipumep: koopanHata u
VIMITYJIbC.

5. Ypasnenue llpeaunrepa u ero obuiee pemenue. [lpodiema KBaHTOBOro KOMIIBIOTEPA.
Pemenue ypasuenus lllpenunrepa s 0ofHOMEPHOTO citydas (0/1Ha U JIBE SIMbI). ATOM
BOIOPOZA.

IIpomeskyTouHas aTTecTanMs (3a4€T C OLEHKOMH)
Ilpumepnvie eonpocwl 014 KOINOKEUYMA 2

1. TlpoctpancTBo BonHOBBIX (pyHKIMI. KBanTOBOE cocTrosinne. OOo3HaueHus /[upaxka.
2. bur. Ky6wur.
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3. IlpaBuno bopna. 3mepenue.

4. VYpauenue llpenunrepa.

5. TeH30pHOE NpOU3BEICHHE.

6. 3amyTaHHBIC U HE3aITyTaHHBIE KBAHTOBBIE COCTOSTHHUS.

7. KBaHTOBBIE BEHTUIIH.

8. Marpuna miotaoctu Jlangay.

9. OmnepaTop KOOpAMHATHI U UMITYyJIbCA.

10. OnHOBpEMEHHO U3MEpUMbIE (PH3UUECKUE BETUUINHBI

11. TIpeo6pazoBanue Dypre.

12. KBaHTOBBII KOMIIBIOTEpP. AGCTpaKTHAsI CXeMa.

13. KBantoBoe Bbruucienue. Opakyi U ero KBaHTOBBIN BapUaHT.

14. CnoXXHOCTh KBaHTOBOT'O BhIUMCIICHUSI. KBAHTOBOE YCKOPEHHUE U €r0 IPUMEPHI.
15. Anroputm I'poBepa ans pemenus nepeGopHoi 3anaun. VIHBepcuU OTHOCUTENBHO HYJIS U
IIEJIEBOTO COCTOSIHUA. | €OMETPUYECKHIA CMBICIL.

Ilpumepnuie 3a0auu ona Koan1okeuyma 2

1. a) HaliTu TeH30pHOE Ipou3BeneHue onepatopos [laynu curma-xX u curma-z.
0) BBIUKCIIUTH SKCIIOHEHTY onepaTtopa [laynu curma-y.
B) HAlTH COOCTBEHHBIE COCTOSIHHSI OTIEpaTOpa UMITYJIbCA.

2. ) HAWTH YaCTUYHYI0 MATPUILy IUIOTHOCTH MEpBOro Kyouta st coctosaus [00> - [01> - |10>
+11>.

0) peuuth ypaBuenue lllpenunrepa uis raMiuiIbTOHHAHA, PABHOTO MaTpulie Anamapa.

B) MOXXHO JIH OJHOBPEMEHHO C OJMHAKOBOH TOYHOCTHIO M3MEPHUTH HAOIIOJaEMbIC: MPOCKIHS
MOMEHTA Ha OCh X U UMITyJIbC. OTBET 0OOCHOBATb.

3. a) peanu3oBaTh aIroput™M ['poBepa, HCHOJB3Ys TOJBKO OJHOKYOUTHBIC BEHTUIIM M ONEPATOP
Toffoli.
0) BbIIIKCATh MOCIICAOBATENbHBIC Iaru ainroputMa ['poepa npu padore Han dpynkuueit f(X,y)

= Xy.

6. YueOHO-MeTOoAMYECKOE M HH(POPMALIMOHHOE 00ecnieueHUue TUCIHIIIMHBI
6.1. Cnucok MCTOYHMKOB U JIUTEPATYpPbI

Jluteparypa

OchosHnas

1. Xpennuxos A. 0. Beenenue B kBanToBYI0 TeopHto nHpopmarmu / A. FO. XpeHHUKoB. - M.:
®usmataur, 2008. - 283 c.

2. @ciinman Pugapy I1. JlrooxrHA TEKIUH: MIECTh MOMPOIIE U MECTh ocioxHee / P. Delinman;
nep. anri. E. B. ®anesa u B. A. Hocenko. - 6-¢ u3a. - Mocka: BUHOM, Jla06. 3nanwmii, 2015. -
318 c.

JlononnumenvHas

1. 1.A.KpoubGepr, F0.1.Oxuros, A.FO.UepHsaBckuii.  AnreOpanyeckuii ammapar KBaHTOBOU
uHpopmatuku: yueObHoe nocooue. MI'Y um. M.B. JlomonocoBa, ®@ak. BbIYHMCI. MAaTEMAaTUKU U
kubepHetuku. - Mocka: MAKC Ilpecc, 2011. - 55c.

2. 1.A Kpounb6epr, 10.1.OxuroB, A.}O.Uepnsasckuii. KanToBas nHpopMaTuka U KBAaHTOBBIN
KoMIiptoTep: ydeOHoe mocobome. MI'Y um. M.B. JlomonocoBa, dak. BBIYMCI. MaTEMaTUKH U
kubepHetuku. - MockBa: MAKC Ilpecc, 2011. - 64 c.



3. J.A.KpoubGepr, F0.N.Oxwuros, A.FO.UepHsBCcKwHii.
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nocobue./ MI'Y um. M.B. JlomoHocoBa, Dak. BHIYMCI. MATEMAaTHKU U KHOEpHETHKH. - MoCKBa:
MAKC IIpecc, 2011. - 111 c.

4., ®eiinman Puuapp [1. delinmanoBckue Jiekiuu no ¢usuke: [yueOHoe mocooue]. Boim. 8-9:

KBanroBas mexanuka / P. ®@eiiuman, P. Jleliton, M. Cannc; nep. ¢ anrn. I'. WM. Kombutosa; mog

pen. A. A. Cmopoaunckoro. - M3m. 8-e. - Mocksa: URSS: JIu6pokom, 2014. - 523 c.

6.2. Ilepeuenpb pecypcoB HHPOPMAITMOHHO-TEIEKOMMYHUKAITMOHHOU ceTh « HTEepHET»

1.ApxuB crareii 1o KBaHTOBO# nH(popmartuke - http://xxx.lanl.gov/, pasmen quant-ph

[Tepeuens coBpemeHHBIX Tpodeccronanbubix 06a3 nanubix (b1) u napopmannonHo-

cupaBouHbix cucreM (MCC)

Neri/it HanmenoBanue
1 Mexaynapoansie pedeparuBHbie HaykomeTpuaeckue bJ1, noctymHbie B pamkax
HalMoHaAJILHOU moanucku B 2019 r.
Web of Science
Scopus
2 | KoMIblOTepHBIE CIIPABOYHBIC IPABOBBIC CHCTEMBI

Koncynpranr [toc,
I"apant

7. MaTtepuaJIbHO-TEXHHUYECKOe 00ecreueHne TN CIHTITHHbI

,Z[J'ISI MaTCpruaJIbHO-TEXHUYCCKOT'O obecrieyeHns JAUCHUITIINHBI H€O6XOZII/IMBIZ
e yueOHas ayAUTOpUS,

JI0CKa,

MIPOEKTOP (CTallMOHAPHBIN WK EPEHOCHOM),
KOMIIBIOTEP WU HOYTOYK,

nporpammHoe obecrieuenue (I10).

Ilepeyens nporpammuoro odecneyenns (IIO)

Ne Hanmenosanne 110 [IpousBogurens | Crmocob pacmpocTpaHeHUs
n/n
1 Microsoft Office 2010 Pro Microsoft JIMIEH3MOHHOE
2 Windows XP / Windows 7 / Windows 10 | Microsoft JIMIIEH3UOHHOE
3 Kaspersky Endpoint Security Kaspersky JIMIIEH3UOHHOE

8. Obecneyenne 00pa3oBaTeIbHOIO NMpoLeECcca VIS UL C OTPAHUYEHHBIMH
BO3MOKHOCTAMMU 3/10POBbA U UHBAJIMAOB

B X0J€ par3anv TUCHUILNIMHBI UCITOJB3YIOTCA CICAYIOMUE JOTTOJIHUTEIIBHBIC METOAbI

00y4YeHHsI, TEKYIIEro KOHTPOJISl YCIIEBAEMOCTH U MPOMEKYTOUHOM aTTecTallui O0ydYaroluXcs B
3aBUCUMOCTH OT UX UHIAUBUIYATBHBIX OCOOCHHOCTEH:

JJIsA CIICIIBIX U CJ'Ia6OBI/II[$IH_II/IXI

KBanToBas kxpunrtorpadus: ydeOHOE
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- JeKUUH O(OPMIISIIOTCA B BHJE 3JIEKTPOHHOTO JIOKYMEHTA, JOCTYIHOTO C IOMOIIBIO
KOMITBIOTEpA CO CHEIHMATHM3UPOBAHHBIM ITPOrPAMMHBIM 00eCTIeUeHHEM;

- [HUCBMEHHbBIC 33JaHUS BBINOJHAIOTCA Ha KOMIBIOTEPE CO CHELHMAIM3UPOBAHHBIM
IPOTPaMMHBIM 00ECTIEYCHHEM, HITH MOTYT OBITh 3aMEHEHBI YCTHBIM OTBETOM;

- o0ecrieunBaeTcs UHANBUAYalbHOE paBHOMEPHOE ocBellieHrne He MeHee 300 rokc;

- JUIS BBIIOJHEHUS 33aJaHHUS TNPH HEOOXOJMMOCTH TPEAOCTABISCTCA YBEINYHMBAIOIIEE
YCTPOHCTBO; BO3MOYKHO TAK)K€ MCIIOJIb30BaHUE COOCTBEHHBIX YBEIMUMBAIOIIUX YCTPOUCTB;

- MUCHbMEHHBIE 3a7]aHNs O(POPMIISIOTCS YBEIIMYECHHBIM HIPUPTOM;

- 9K3aMEH M 3au4€T MPOBOAATCSA B YCTHON (hOpMeE UM BBIIOIHSIOTCA B TUCBbMEHHON (hopMme Ha
KOMIIBIOTEPE.

® JUIS TIIYXUX U CIa0OCIBIIIAIINX:

- Jekuud O(OPMIISIIOTCS B BHJIE JJIEKTPOHHOTO JOKYMEHTa, JHOO MpPedOCTaBIIsAETCS
3BYKOYCWJIMBAIOLIAsl annapaTypa HHAUBUYaIbHOTO [10JIb30BaHMS;

- MUCHbMEHHBIE 3aJJaHUs BBITIOJIHAIOTCS HA KOMITBIOTEPE B MUCHbMEHHOM (hopme;

- 9K3aMeH M 3au€T MPOBOAATCA B IHUCbMEHHOW (hopME Ha KOMIIBIOTEPE; BO3MOXKHO
npoBesieHue B (hopMe TEeCTUPOBAHMSL.

e JUIs JIML C HAPYLIEHUSIMU OIIOPHO-/IBUTaTEJILHOIO annapara:

- JeKUuM O(OPMISIIOTCS B BHJE 3JIEKTPOHHOTO JIOKYMEHTA, JOCTYIIHOTO C IIOMOUIbIO
KOMIIBIOTEpA CO CIIELUAIN3UPOBAHHBIM IPOrPAMMHbBIM 00ECIIEUEHUEM;

- THUCBMEHHbIC 33JaHUS BBINOJHSIIOTCA Ha KOMIIBIOTEPE CO CHEIHATU3UPOBAHHBIM
MIPOrpaMMHBIM 00€CIIEYeHUEM;

- 9K3aMeH M 3au4€T MPOBOAATCS B YCTHON (hOpMe UM BBIIOIHSIOTCSA B TUCbMEHHON (hopMme Ha
KOMIIBIOTEPE.

ITpu HEOOXOIUMOCTH MpelycMaTpUBAETCs yBEIMUEHUE BPEMEHH /IS TIOATOTOBKU OTBETA.

[Ipouenypa  mnpoBeaeHHs  MPOMEXKYTOUHOM — arrecTauuu  uid  oOydaroluxcs
YCTaHABIMBACTCSI C Y4YETOM HX HMHIUBUAYAIbHBIX ICUXO(PHU3MUECKUX OCOOEHHOCTEH.
[TpomexxyTouHast arTecTalysl MOXKET IPOBOJUTHCS B HECKOJIBKO 3TAIOB.

IIpu npoBeneHNH NPOLEAYPHl OLEHUBAHUS PE3yIbTATOB OOyuUeHHs MperyCcMaTpUBaeTCs
UCTIOJIb30BAaHNE TEXHUYECKHX CPEICTB, HEOOXOAMMBIX B CBSI3M C HWHIWBUAYAIbHBIMU
0COOEHHOCTSAMHU O0yYaroIuXxcsi. DT CPEJCTBa MOTYT OBITh MPEJOCTaBIEHbl YHUBEPCUTETOM,
WJIM MOTYT MCIIOJIb30BaThCSl COOCTBEHHBIE TEXHUYECKUE CPEICTBA.

[IpoBeneHre mpoueAypbl OLIEHUBAHHMS  pPE3yJabTaToB  OOy4deHHs  JIONyCKaeTcs ¢
MCIIOJIb30BaHUEM JTUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTHH.

ObecneunBaeTcs A0CTYN K MH(MOPMAIMOHHBIM U OMOIMOrpauyeckuM pecypcaMm B CETH
WuTepHer s Kaxkaoro oOywaromierocst B gopmax, aJaNTUPOBAHHBIX K OTPAHUYEHUAM HX
3J10pOBbsI U BOCTIPUSTHS UHPOPMALIUU:

® IS CJIENBIX U CIA0OBUISAIIUX:

- B [Ie4aTHOM (hopMe YBEITNYEHHBIM HIPUPTOM;
- B (hOpMeE IJIEKTPOHHOTO JOKYMEHTA;

- B (hopme ayauodaiina.

® I TUIYXUX U CIa0O0CTBIMIANTNX:

- B IeyaTHOH popme;

- B (hopme 31eKTPOHHOTO TOKYMEHTA.

e s O0YYaOUIMXCs C HApYIIEHUSIMU OTIOPHO-/IBUTaTEILHOTO anmnapara:
- B IeYaTHOH popme;

- B (hopme 31eKTPOHHOTO TOKYMEHTA;

- B hopme aynuodaiina.

VY4eOHble ayAUTOpUU Ui BCEX BUJIOB KOHTAKTHOW M CaMOCTOSITENIbHOM paboThl, HayyHAast
6u0IMoTEeKa W MHbIE MOMEIICHUs JJs1 0Oy4eHHUs OCHAIEHBI CIEeUATBbHBIM 00OpPYJOBAHUEM U
y4eOHBIMH MECTaMH C TEXHUYECKHMHU CPEACTBAMHU O0YUICHUS:

® IS CHEMNBIX U CIIA00BUAAIINX:
- YCTPOMCTBOM Il CKaHUPOBaHUs U uTeHus ¢ kamepoil SARA CE;
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- nucreeM bpaiins PAC Mate 20;
- npuntepoMm bpaitns EmBraille ViewPlus;
® I TUIYXUX U CIa00CTBIIIANINX !
- aBTOMATHU3MPOBAaHHBIM pPAOOYMM MECTOM JUIsl JIIOJCH C HapylIeHHeM CcliyXa |
C1a0OoCBIIIAIINX;
- AKyCTUYECKHI YCUIIUTENb U KOJIOHKH;
e U 00yYarOUIMXCs C HAPYIIEHUSIMU OIIOPHO-/IBUTaTENILHOTO anapara:
- IepeIBKHBIMU, PETYJINPYEMbIMH 3proHoMuueckuMu napramu CH-1,;
- KOMIIBIOTEPHON TEXHUKOHN CO CIIEHUAIBHBIM TPOTPAMMHBIM 00ECIICYCHHEM.

9. MeToau4eckue MaTepuasbl
9.1. IlnaHbl NPaKTUYECKUX 3aHATUN
Tema 1. O030p MaTeMaTHYECKUX METOI0B KBAHTOBOI (pU3MKH.

Llenv 3anamus: caenaTh 0030p MaTEMaTHYECKUX METOJ0B KBAHTOBOM (DU3UKHU:

1. PaccMmotpeTh siBJ€HHME YACTUUHOTO OTPAYKEHUS CBETA OT IIOBEPXHOCTH CTEKJIA;

2. PaccMoTpers MeTON CTpENOK /il ONHCAHMSI AaMIUIMTYAbl HAXOXKJIEHUS YacTHIbl B
HEKOTOPOH TOYKE;

3. H3yuuTh oTpaxkeHHe CBETa OT 3epKaja;

4. W3y4uTth NpuHIHI PaOOTHI (HOKYCHUPYIOIIECH JIMH3HI,

5. PaccMOTpeTh SKCIIEPUMEHT € AJIEKTPOHHON MYIIKOM.
KoumponvHuie 6onpocui:

B yem nposiBisieTcs KOPIMyCKyJIsIpHO-BOJHOBOU Ayanu3M cBera?

Onummre SKCIEPUMEHT C ITyJIEMETHOH CTPenb00ii, C BOJTHAMH U C DIIEKTPOHAMH.

B yem nposiBisieTcs KOpIMyCKyJIspHO-BOIHOBOW Ayain3M B OBEIEHUU AJIEKTPOHA?

Uro Takoe uHTEephepeHns?

YTo NpOMCXOAUT, €CIIU B OTIBITE C AIEKTPOHHON MYIITKOH 3a 3JIEKTPOHOM ‘‘Habmoaaty”?
B uem nposBisiercs npuHIuMn Heonpeaenennoctu [ 'eitsendepra?

B dem 3akmrouaercs riaBHbIN 3aKk0H [Ipupoabi?

N3 gero o6paszyercs pe3yJbTUpyroIias CTpeaka?

Kak cBert oTpaxaercs oT 3epkana?
10 Kak cBer mpoxoauT uepe3 2 MOBEPXHOCTH CTEKIa?
11. IToyemy o Mepe yTONIIEHHS CTEK/Ia BEIMYMHA OTPayKEHHOr o cBeTa Konebuercs ot 0% 1o
16%7?
12. O6wscHuTe AelicTBUE (HOKYCHPYIOLIEH JTUH3HI.
13. Kak B aTOMe BOJIOpO/a MMPOTOH YEPIKUBACT dJIEKTPOH?

CoNoOA~WNE

Tema 2. Anredpandeckuii annapat KBaHTOBOWH HH(OPMATHKH.

Lenv 3anamus. BCIOMHUTH MaTepUall TMHEWHON anreOpbl, HEOOXOAMMBIH JIJIsi TOHUMAHUsI OCHOB
KBaHTOBOI MEXaHUKHU.

IpumepHoviti mun 3a0au, KOMopwll HEOOXOOUMO pA30OpamMb HA 3aAHAMUAX Ol OAlbHEUUe20
NOHUMAHUS Mamepuaia.

1. HaiiTi KoopauHATHI BEKTOpPA B 3aaHHOM Oa3uce.

2. Haiitu maTpuiy TMHEHHOrO onepaTopa B 3aJJaHHOM Oa3uce.

3. Haiitu coGCTBEeHHOE YHCIIO M COOCTBEHHBIN BEKTOP JTHHEHHOTO OIepaTopa.

4. JlokaszaTh CBOMCTBAa YHHTApPHOTO OIepaTopa.

5. Jloka3aTh CBOMCTBA CaMOCOMPSHKEHHOTO OTepaTopa.

6. IlpuBecTH MaTpHUIbl JMHEHHOTO ONEPATOPa K IUArOHATILHOMY BUTY.

7. Jlokasath TeopeMy O CBsi3u yHHTapHOU Matpuilsl U u spmuTtoBoii marpuisl H (U=exp(iH)).
8. PazoOpartp 3amauy 3.2, 3.4, 3.7 (ctp.9, H.A.Kponbepr, F0.N.Oxwuros, A.FO.UepHsaBckuii.
AnreGpanyeckuil anmapaT KBaHTOBOM uHQopmatuku: yde6Hoe mocodbue. MI'Y um. M.B.
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JlomonocoBa, ®ak. BbIYMCI. MareMaTuku U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. -
55¢.)

Vkazanua no evinonnenuro 3adanus: HEOOXOAUMO BCIIOMHHUTH OIPENEICHUS YHUTAPHBIX U
SPMUTOBBIX MATPHII.

Pazobpate 3amauy 4.1, 4.2, 4.3 (ctp.11 J.A.KpouGepr, FO.N.Oxwuros, A.FO.UepHsABCKHUIA.
Anrebpanueckuil ammapar KBaHTOBOM HHQOpMaTHKu: ydeOHoe mocobue. MI'Y um. M.B.
JlomonocoBa, ®ak. BbBIYMCII. MaTeMaTuku U kubOepHeTuku. - MockBa: MAKC Ilpecc, 2011. -
55c¢.)

Vkasanus no evinonnenuro 3a0anus; HeOOXOJMMO BCIIOMHHTH onpeeneHue f(A).

9. Haiitu Ten3zopHoe npousBeaenue marpun A u B.

10. Haiitu n-yto TeH3opHyto cteneHb oneparopa W Yomma Anamapa.

Vkasanus no evinonnenuro 3a0anus: HEOOXOJUMO PA3JIOKHUTh YUCIA | U | B TBOUYHON CHCTEME.
11. PazoOpars 3amauy 1.3, 1.4 (ctp.14, [.A.Kpou6epr, FO.N.Oxuros, A.}O.UepHSBCKUH.
Anrebpanueckuil amnmapar KBaHTOBOM uHGopmaruku: ydeOHoe mocobue. MI'Y um. M.B.
JlomonocoBa, dak. BBIYMCII. MaTeMaTuku U kubOepHeTuku. - MockBa: MAKC Ilpecc, 2011. -
55c¢.)

Vrazanus no evinonnenuro 3a0anus: He0OXOIUMO BOCIIOJIB30BATHCS OMPEIEICHUEM TEH30PHOTO
IIPOM3BEACHUS TIPOCTPAHCTB

12. Pazobpare 3amauy 2.2 (ctp.17, JA.A.KpouGepr, HO.N.Oxwuros, A.FO.UepHSBCKUii.
AnrebpanyecKuil ammapar KBaHTOBOW HHQOpMaTHKU: ydeOHoe mocobue. MI'Y um. M.B.
JlomonocoBa, dak. BBIYMCII. MaTeMaTuku U kubOepHeTuku. - MockBa: MAKC Ilpecc, 2011. -
55c¢.)

Vrkazanusa no ewvinonnenuro 3adamus:  HEOOXOAMMO BCIIOMHUTH ONpEAENiEHUE TEH30PHOTO
IIPOM3BEACHUS OIIEPATOPOB.

13. Pa3zobpats 3amauy 2.4, 2.3, 2.5 (ctp.17, H.A.Kponbepr, F0.1.Oxuros, A.KO.YepHsaBCKuUii.
Anrebpanueckuil ammapar KBaHTOBOM HWHQOpMaTuku: ydeOHoe mocobue. MI'Y um. M.B.
JlomonocoBa, ®ak. BBIYMCII. MaTeMaTUKu U kubOepHeTuku. - MockBa: MAKC Ilpecc, 2011. -
55¢.).

Vkazanua no evinonnenuro 3adamus: HEOOXOJMMO BCIOMHHUTH CBOMCTBA OIpeneiuTeNell u
orpeziesieHue cliea MaTPUILIbI

14. Haiitnu coOcTBeHHble 3HaueHHUsI U COOCTBEHHbIE BEKTOpbI omepaTopoB Ilaynm (3agaua 8,
ctp.40, H.A.Kponbepr, 0.M.Oxwuros, A.FO.UepHsBckuii. KBanroBas wuHpopmaruka wu
KBAaHTOBBII KoMmIbloTep: ydeOHoe mocobue. MI'Y um. M.B. JlomonocoBa, ®ak. BbIYHCI.
MaTeMaTuku U kubepHeTnku. - MockBa: MAKC Ilpecc, 2011. - 64 c.)

15./Joka3atb, uro MaTpulisl [Taynau oOpa3yroT 6a3uc B IpOCTPaHCTBE S3PMUTOBBIX MATPHIL.
KoumponvHuie 6onpocuwi:

Jaiite onpeneneHre BEKTOPHOTO MPOCTPAHCTBA.

Kak HaifTu KoopHaTHl BEKTOpa B HEKOTOPOM 3aJJaHHOM Oa3uce?

Kak onpenenuts MaTpuily nepexojia Mexay 1ByMs Oazucamu?

Kak ompenensiercst eBKIMI0BO MPOCTPAHCTBO U YHUTAPHOE TIPOCTPAHCTBO?

Jaiite onpeneneHue JMHEHHOTO ONepaTopa 1 €ro MaTpHIIbI.

Kaxk mpeoOpa3zyercst MaTpuIia orneparopa rnpu npeodpazoBanuu 0aszuca?

Jaiite onpeneneHre COOCTBEHHOr0 3HAYEHHUsI M COOCTBEHHOT'O BEKTOPA JIMHEHHOIO
orepaTopa.

8. aiiTe onpe/eneHue CONMpsKEHHOTO OIepaTopa.

9. Kakas maTpuma y conpspkeHHOTO orieparopa’?

10. [TaiiTe onpenenenne CaMOCONPSKEHHOTO orepaTopa?

11. JTafiTe onpeneneHre dpMUTOBON MATPHUIIHI?

12. JlaiiTe onpeneneHne yHUTapHOTO oreparopa?

13. Kakast MmaTpumay yHATapHOW MaTpPHUIIHI?

14. Tlepeuncnure CBOHCTBA CaMOCOIPSKEHHOIO OIepaTopa.

15. TlepeuncauTe CBOMCTBA YHUTAPHOTO OIepaTopa.

NoabkowhE
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16. Kakum oOpa3oM MO>KHO TTPUBECTH MaTPUILy JIMHEHHOTO ONiepaTropa K AuaroHaaIbHOMY BUIY?
17. Kak cBsizaHbl MeX1y co0oit yantapHas marpuna U u spmutoBa matpuubsl H? (U=exp(iH)).
18. Kak onpeaensieTcsi TeH30pHOE MTPOU3BEIEHNE IPOCTPAHCTB?

19. Kak HaiiTu TEeH30pHOE MPOU3BEICHUE MATPHIL?

20. Kak onpeaenuTs 3KCIIOHEHTY OT MaTpUIIbI?

21. Kak Haittu npousBoaHyto ot eXp(At).

Cnucox numepamypul:

Jlononnumenvuas

1. JI.A.KpoubGepr, 0.1.Oxwuros, A.lO.YepHsaBckuii. AnreOpandeckuid ammapaT KBaHTOBOM
uHpopmaruku: yaebnoe nocodue. MI'Y um. M.B. JlomonocoBa, @ak. BBIYHCI. MaTEMATUKH U
kubepueruku. - Mocka: MAKC Ilpecc, 2011. - C. 7-38.

2. J.A.Kpoub6epr, F0.1.0Oxwuros, A.}O.Yepussckuii. KBanToBas mHpOpMaTHKa U KBAaHTOBBII
KoMITbtOTEp: ydeOHoe mocodme. MI'Y umm. M.B. JlomonocoBa, ®dak. BBIYMCII. MAaTEMaTUKH U
kubepuetuku. - MockBa: MAKC Ilpecc, 2011. — C.40.

Tema 3. 3BOJI]OIII/IH BEKTOpPAa KBAHTOBOI'0 COCTOSIHUS.

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

Pewumyo 3a0auu:

1. No 5, ctp.39, Ne 6, Ne 10, Ne 11, ctp.40, NeNe 12,14,16, ctp.41, [.A.Kponbepr,
H0.1.OxuroB, A.FO.YepHsABCKHIA. KBanroBas uHpopMaTHKa M KBAHTOBBIM KOMIIBIOTED:
yuebHnoe nocoobue. MI'Y um. M.B. JlomoHocoBa, ®ak. BBIUMCI. MATEMAaTHKU U KHOCPHETHUKH. -
MockBa: MAKC IIpecc, 2011. - 64 c.)

2. Haiitn mpoeknuto 3a1aHHOTO cocTostHusI ¥ Ha BTOpOIA KyOHT.

Vkazanus no evinonmnenuro 3aoanus: cienyer u3Meputh coctosiHue ¥, korna mepBblii KyOUT
nepeiiier B cocrosiHue | 0 >, a moTom, KOra nepBeiid KyOuT rnepenaer B coctosuue | 1 >.
Konmponvnwvie 6onpochwi:

Urto Ha3bIBaeTCs MPOCTPAHCTBOM KIIACCUUECKUX COCTOSIHUIM?

Kak onpenensiercss npocTpaHCTBO KBAHTOBBIX COCTOSIHUNA?

Kak Ha3pIBaeTcs 2IEMEHT MPOCTPAHCTBA KBAHTOBBIX COCTOSIHUN?

Yro Takoe BoHOBas PyHKIHUA?

OT KakMX epEeMEHHBIX 3aBUCUT BOJHOBAs (PYHKIIMS?

KakoBa pazMepHOCTb IPOCTPaHCTBAa KBAHTOBBIX COCTOSIHUI?

KakoBa pa3MepHOCTh MPOCTPAHCTBA KJIACCUYECKUX COCTOSHUN?

YTo UMEIOT B BUy MOJI 36pHOM IIPOCTPAHCTBEHHO-BPEMEHHOTO Pa3perieHus?

B uem nposBisieTcst IUCKPETHOE MPEACTaBIEHUE TPOCTPAHCTBA COCTOSIHUM, T.€. KAKUM
00pa30oM MPOUCXOAMT MPOILIECC MEePeXo/ia OT BOTHOBOM (DYHKIIMM K KOHEUHOMY BEKTOPY (3Ta
IpoLeaypa ele Ha3bIBAeTCs EPEX0I0M K KyOUTOBOMY IPEICTABICHUIO BOJTHOBOM (QYHKIMH)?
10. Kaxkue ObIBatOT BUBI 3BOJIIOLIMU BEKTOPA COCTOSIHUSA?

11. Kak onpezensieTcst aMIIuTy1a B HEKOTOPBIN TOUYKE B CIEAYIOIUNA MOMEHT BPEMEHH, €CIIU
MBI 3Ha€M aMIUIUTY/]Ibl BO BCEX TOUKAX B MPEBI YN MOMEHT M 3HaeM aMILIUTY/IbI Iepexoa
U3 3TUX TOYEK B UCXOIHYIO?

12. B yeM 3akiro4aeTcst yHUTapHas JAWHAMHKA BEKTOPA COCTOSHUSA?

13. Kak omnpenensieTcss u3MEpeHHE KBAHTOBOTO COCTOSTHHSI?

14. Yro Takoe KoOJIanc BOJTHOBOTO BeKTOpa?

15. B yem 3akmouaercs [IpaBuno Maxkca bopHa (ocHoBHO# 3akoH [Ipupobn)?

16. Kak onpenenstorcss ket-Bektop V> u 6pa-Bextop <V| (cumBonuka upaka)?

17. Kak 3anucbeiBaeTcs 00muiA BUI OJHOKYOUTHOTO COCTOSTHUS?

18. Kak 3anucsiBaeTcs 0OIMiA B IBYXKYOUTHOT'O COCTOSHUS?

19. 3anmummte ypaBaenue lllpenuHrepa oTHOCHTENBHO BEKTOpa |V>.

20. Kak nHazpiBaercst H B ypasuennn llpemunarepa?

21. Yemy paBHsercs H B mpocTeiileM cirydae 4acTHIIbI B TOTEHIIHAILHOM ToJe?

©CoNok~wWNE
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22. 3anumure pemeHue ypapHenus llpenqunrepa kak 3BOJIONUIO0 BEKTOpPa COCTOSHUS BO
Bpemenu ( [P(t) >=exp(-iHt) |¥(0)>) ( B cmyuae MOCTOSHCTBA MOTECHIIMATBHON SHEPTHH BO
BPEMCHH).

23. [Touemy TOBOPST O JTMHEHHOCTH 3BOIOLUU?

24, 3anumute ypaBHenue lllpenunrepa st aroma Bogopo/a.

25. 3anummmre ypaBHenue Llpenunrepa asst MOJEKYIBI BOJOPOIA.

26. 3anumurte ypaBHenue lllpenunrepa st OATHOMEPHBIX TOTEHIUANIOB.

27. 3anummre o0muil Bux pemeHus ypasuenus Llpenunrepa.

28. Kaxk onpezensiercss MaTpuia INIOTHOCTH?

29. Yemy paBHSETCS paHT MATPHIIBI INIOTHOCTHU?

30. Kak onpenensercs MaTpulia IIIOTHOCTH CMEIIAHHOTO COCTOSIHUS?

31. YeM oTiiMyaeTcst YMCTOE COCTOSHUE OT CMEIIAHHOTO?

32. Kakoe cocTosiHiE Ha3bIBACTCSl HEKOT€PEHTHBIM ?

Cnucox rumepamypul:

Ocnosnas

XpennukoB A. 1O. Beenenne B kBanToBYyI0 Teopuro uHpopmanuu / A. FO. XpeHHUKOB. - M.:
®duszmariur, 2008. — C. 6-60.

JlononnumenvHnas

J.A.Kpounbepr, F0.1.Oxuros, A.}O.Yepusasckuii. KpantroBas nHhpopMaTuka U KBaHTOBBII
KoMIbtoTep: yueoHnoe mocodue. MI'Y um. M.B. JlomoHocoBa, Dak. BEIYUCIL. MATEMATHKH U
kubepuetuku. - Mocka: MAKC Ilpecc, 2011- C.39-41.

Tema 4. [IpuMeHeHre TEH30PHOT0 MPOU3BeEAEHMSI.

Llenv 3anamus: pacCMOTPETh Pa3IMYHbIE IPUMEHEHUSI TEH30PHOTO POU3BEICHHUS.
3aoauu:

1. Ssnsiercs mu coctossane GHZ 3amyTaHHBIM?
2. SBnsercs nu cocrostuue W 3amyTaHHBIM?
3. Smsrores mu oneparopsl CNOT, Toffoli, SWAP 3anyreiBaronmu? HanwcaTs MaTpHIibl
ONepaTopoB. BBIACHUTH, MNpeICTaBUMbBI JIM MaTpULbl B BHUJAE TEH30PHOI'O IPOU3BEIACHUSA
HEKOTOPBIX MaTpHI.
4. 3amauum 34, 35, 36, 37, 38, 39, ctp.47, A.A.Kponbepr, F0.1.Oxwuros, A.FO.YepHIBCKUIL.
KBanrtoBas nH(opMaTruka u KBaHTOBBI KOMITBIOTED.
Konumponvuvie gonpocwi:
Uto Ha3bIBaeTCs TEH30PHBIM MPOU3BECHUEM IPOCTPAHCTB?
UYto Ha3bpIBacTCA TEH30PHBIM MPOM3BEIEHUEM KBAHTOBBIX COCTOSHUMN?
Uto Ha3bIBaeTCs TEH30PHBIM MPOU3BECHUEM OIEPaTOpPOB?

JlaiiTe onpeneneHne He3alyTaHHbIX U 3aIlyTaHHBIX COCTOSHUMN?

[TpuBenuTe npuMep 3allyTaHHOTO KBAHTOBOT'O COCTOSTHUS?
B uem mnposBnserca (u3MuecKuil CMBICT 3alyTaHHOCTH M €€ CBS3b CO CIOXKHOCTBIO
BBIYMCIICHU.

Cnucok numepamypbi:
JlononnumenvHnas

J.A Kpoub6epr, F0.M.Oxuros, A.}O.Uepnsasckuii.  KBantoBas uHdopmaTHKa M KBaHTOBBIH
KoMIiptoTep: ydeOHoe mocobme. MI'Y um. M.B. JlomonocoBa, ®ak. BBIYMCII. MaTEMaTUKU U
kubepHetuku. - Mocka: MAKC Ilpecc, 2011- C.47.

ocarwnE

Tema 5. CooTBeTcTBHE (PM3HYECKMX BeJMYUH IPMHUTOBBIM OllePaTOPaM.

Lenv 3auamus.; pa3o0dpaThCs B COOTBETCTBUE MEXAY (DU3MUECKUMU BETUYHMHAMU U SPMHUTOBBIMH
oriepaTopamu.

3aoauu.

1. Haiitu coOCcTBEHHOE 3HaYCHHE U COOCTBEHHBIN BEKTOP OlepaTopa KOOPIUHATHI.
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Haiitu coOcTBEeHHOE 3HAYCHUE M COOCTBEHHBIN BEKTOP OTIEpaTopa UMITYJIbCa.
Haiitu coGcTBeHHOE 3HaYeHNE M COOCTBEHHBII BEKTOP OlepaTopa KWHETUYECKON SHEPTUH.
Jlokasars, 4TO OIepaTop UMITYJIbCa SIPMUTOB.
Jloka3aTh, 4TO OnepaTop KOOPAUHATHI 3PMUTOB.
Jlokasars, 4TO OIepaTop YHEPTUUA SPMUTOB.
Jloka3aTp, UTO onepaTop IrpaiMeHTa HE SBJIAETCS 3PMUTOBBIM.
Hanucatp, kak J€HCTBYET OnepaTop MOMEHTa UMITYJIbCa

YKa3aHu;l N0 BbINOJIHEHUI0 3a0aHus: HEOO0XOIUMO BCIOMHUTH ONpEAETICHHE BEKTOPHOTO
IIPOU3BE/ICHUS.

9. Pemmth cTanmoHapHYIO 3314y JJIs1 CBOOOIHOMN YaCTHIIBI.

10.Haiiti mMaTpuily omeparopa OTpakeHHS BIOJIb BEKTOpa | a >. Jlokas3arh, YTO OH YHHTapeH
(3amaua Ne 42, ctp.50, HO.A.KponbGepr, H.M.Oxwuros, A.FO.YepHsABCKuUii. KBanToBas
nH(popMaTHKa U KBAaHTOBBIM KOMITbIOTEP: yueOHOe mocodue. MI'Y um. M.B. JlomonocoBa, dax.
BBIYHUCII. MaTeMaTuKH U kubepueruku. - Mocksa: MAKC Ilpecc, 2011. - 64 ¢.)

11.Peann30BaTh Ha KBAHTOBOM KOMITBIOTEPE OIIEPATOP OTPasKEeHHS BIOJIb BekTopa | 0 >.
Vkazanus no ewvinoinenuro 3adanus: CKaHUPOBATh  KyOWUTBI apryMeHTa CjeBa HAIpaBo,
OJIHOBPEMEHHO C HYJIEBOHM aHIIMIION, HY>KHOM JUisi cOopa Mycopa, a pe3yJIbTaT BBIABICHUS XOTS
OBl OJHOM eIMHHIIBI HAKaIUTMBATh B CIIEHMAIBHOM KyOWTE IES, KOTOPBIH MOCIe CKaHUPOBAHUS
HY’)KHO HCIOJb30BaThCS AN u3MeHeHusi 3Haka (3amaua 44, JI.A.Kponbepr, 10.M.Oxuros,
A YO Yepnussckuii. KBanToBas mH(OpMaTHKa ¥ KBAaHTOBBIA KOMIIBIOTEP: y4eOHOE TMOcoOHe.
MI'Y um. M.B. JlomonocoBa, ®@ak. BbIUKCI. MaTeMaTUKu U KuOepHeTuku. - MockBa: MAKC
ITpecc, 2011. - 64 c.).
Konmponvnvie 6onpocuwi:

1. Kak onpenensiercs oneparop KOOPAUHATHI?

2. Kak onpenensercs onepaTop UMITyJbca?
3. Kak onpenensiercst oneparop sHeprun?
4

3)

Nk~ WN

Kak ompenensiercs onepatop MOMeHTa?

Kak 3anucpiBaeTcst UMIyJIbCHOE MPEICTaBICHUE BOIHOBON (PYHKINH (TpeoOpa3oBaHue
®ypre OT BOJIHOBOU PpyHKIINN)?
6. Kak momyuaercs ornepatop HEPTrUU U3 BRIPAKESHHUS IS KIIACCUYECKOW dHEPTHH?
7. Kak cBsa3aHbl Mexly 000 Kilaccuueckue 3Ha4eHNs (PU3NYecKOi BeTUYUHBI U COOCTBEHHBIE
3HAUEHUsI COOTBETCTBYIOILEIO APMUTOBA Ooreparopa?
8. MOoHO 11 U3MEPUTH OJJHOBPEMEHHO KOOPAMHATY U UMITYJIbC BJIOJb OAHOM KOOPAMHATHON
ocu?
9. A ecnu paccMOTpPETh KOOPAMHATY X, @ UMITYJILC BJIOJIb APYTOi ocu?
10. B xaxoM cMEBICIIe TOHUMAETCSI OJTHOBPEMEHHOE H3MepeHue?
Cnucok numepamypuol:
JlononnumenvHas
J.A Kpoubepr, FO.M.Oxuros, A.}O.UepHsasckuili.  KBanTtoBas mHdopMaTHKa M KBaHTOBBIH
KoMIibtoTep: yueOHoe mocobue. MI'Y um. M.B. JlomoHnocoBa, ®Dak. BBIYHCI. MaTEMaTUKH U
kubepHetuku. - MockBa: MAKC Ilpecc, 2011. — C.50.

Tema 6. KBaHTOBBII KOMIIBbIOTEP.

Lenv 3ansamus: W3y4uTh aOCTPAKTHYIO MOJIENb KBAHTOBOTO KOMITHIOTEPA.
3aoauu:
1. ®usnyeckn peammzoats NOT .
2. Gusnuecku peanuzoatb CNOT .
3. PeanmuzoBare Gate Toffoli B Buge Quantum Gate Array C ucrojib30BaHHEM OIepaTopa
Anamapa, NOT u CNOT.
Konmponvhwvle 6onpocwi:
1. OnummuTte aOCTPaKTHYIO CXEMY KBaHTOBOT'O KOMITBIOTEPA.
2. OnuumuTe, B 4YeM 3aKJIH0YAETCs] KBAHTOBOE BBIYMCIICHHE.
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3. OnumuTe BBIYHCIECHUE C OPAKYJIOM Ha KJIACCUYECKOM KOMIIBIOTEPE.

4. Yro Takoe KBaHTOBBIN OpaKys?

5. OnumuTe 3amady nepedopa.

6. Uto Takoe KBAaHTOBBIC BEHTUIIH?

7. Kakue ogHOKYOUTHBIE KBAHTOBbIC BEHTUJIH Bbl 3HAETE?

8. Kakue nByXKyOUTHBIC KBAHTOBBIC BEHTUJIH BBl 3HACTE?

9. Kakue TpexxyOuTHBIC KBAHTOBBIE BEHTUIH BbI 3HAETE?

10. Kak cocTaBisitoTCsl KBAHTOBBIE CXEMBI U3 (PYHKIIMOHAIBHBIX 3JIEMEHTOB?

11. Yro Takoe anmmnuia?

12. 3adyem BBOAWTCS aHIWILIA MIPH Pearu3ayuu Ha K8AHMOBOM KOMHAbIOMepe onepamopa
ompasicerusi 80016 sexkmopa | 0 >?

13. 3auem nmpou3BOAUTCSA KBAHTOBAS YHCTKA AHIIUILII?

14. Yrto Takoe KBaHTOBOE YCKOpEHHE?

15. B uem 3akmrogaercs anroput™m ['poBepa s nepeOopHOit 3agaumn?

16. OObsacHUTE TeOMETPUYECKUI CMbICH anroputMa I'posepa.

17. B dem 3akitoyaeTcs TUIIMYHOCTH TPOBEPOBCKOTO YCKOPEHHUS?

18. Yto BBl MOKETE CKa3aTh O HIKHUX OI[EHKAaX KBAHTOBOM CII0)KHOCTH?

19. Kak cootHocstcss NP- 3amaun 1 KBAHTOBBIC BBIYMCIICHUS ?

20. Kaxue BbI 3HaeTE QITOPUTMBI KBAHTOBOT'O MOJICIIMPOBAHUS CUCTEM MHOTUX 4acTuIl?

21. B dem 3aKiIIOYaeTCs CXeMa TeJNeNOpPTAlMK HEM3BECTHOTO KBAHTOBOT'O COCTOSIHUS?

22. Yro umeercs B BUJy MO/ 3alIPETOM Ha KJIOHHPOBAHHUE KBAHTOBBIX COCTOSTHUIN?

Tema 7. D1eMeHTHI KBAHTOBOM Kpunrorpagum.

Llenv 3ausamus: TTO3HAKOMUTHCS C OCHOBHBIMH TTOJIOKEHUSIMHA KBAHTOBOM KpUTITOTpaduu
Konmponvuvie gonpocwi:

1. K xakomy rogy OTHOCUTCS pPOKJICHHE KBaHTOBOM KpuUnTorpaduun?

2. B dem 3akirodaeTcs INIaBHOE IPEUMYIIECTBO KBAHTOBOM Kpunrorpaguu mnepesn
KJIaCCUYECKOM?

B 4em 3akitouaercs 3a1a4a CeKpeTHON nepeaayu JaHHbIX?

B uem 3akirouaercs 3a1aya pacpOCTpaHEHUs! CEKPETHOTO Kitoya?

Kakue BbI 3HaeTe uctopuyeckue cnocoObl NM(PPOBaHUS JAHHBIX?

Kakosbl natepecsl Anucel (Alice),bo6a (Bob) u Essl (Eve)?

Yro Takoe KpUnTorpapuueckuii mpoTokon?

Uro Takoe cCHMMETpUYHBIC TH(PHI?

JaiiTe onpenesnenne CTONKOCTH KPUIITOCUCTEMBI.

10 Cdopmynupyiite Teopemy lllenHoHa.

11. B ueMm nposiBiIsieTCsl UCMIOIB30BaHKE TICEB/IOCTYYalHbIX TeHEepaTopoB?

12. Kak cBsi3aH BOIPOC O TICEBAOCTYYAHBIX TeHEpaTOpax ¢ HEPEHICHHOW POoOIeMoit o
pasenctBe P u NP npoGnemsi?

13. Yo Takoe KPUIITOCUCTEMA C OTKPBITHIM KIIFOUOM?

14. Onumure cxemy anroputma RSA.

15. Anroputm [llopa dakropuszanuu Oonbnx yrcen. KBaHTOBbIE KOJIbI KOPPEKIIUU OLUIHOOK.
[Tporoxon BB84.

Cnucok numepamypuol:

Hononnumenvras

J.A.Kponbepr, 0.1.Oxwuros, A.FO.YUepHsaBckuii. KsanToBass kpunrtorpadus: ydeOHOE
nocobue./ MI'Y um. M.B. JlomoHocoBa, Dak. BBIYMCI. MATEMaTUKH U KUOEpHETHKH. - MoOCKBa:
MAKC Ilpecc, 2011. — C. 9-25.

©CoOoNO AW
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INPHJIO’KEHUA

Ilpunooicenue 1
AHHOTALNUSA AUCHOUTIJIINHBI

Jucunmmna «KBaHTOBbIE BBIUMCICHUS W KBAaHTOBas Kpunrorpadus peanusyercs Ha

dakynpTeTe HMHPOPMAIMOHHBIX CHUCTEM M Oe3omacHOCTH Kadenpoil (yHIaMEHTATBbHOU |
IIPUKJIAJTHOW MATEMAaTUKU.
Llenb TUCHUIUIMHBI: OBJaJIeHUE CTYACHTAMU - MaTeMaTUKaMU OCHOBaMM KBaHTOBOI MEXaHUKHU
U KBAaHTOBBIX BBIYMCICHUH, W YMEHHEM NPUMEHSTh TaKuWe 3HAHUSA JJs peIleHUs 3a1ad
MPAKTUYECKUX BBIYMCICHUHN. 3a/aui: HAYYUTh MPUMEHSATh 3HAHHUS 0 OCHOBaM KBAaHTOBOM
MEXaHUKE JUIS peIICHHs 3a/1a4 IPAKTUIECKUX BHIYUCICHUN.

JucnuniuHa HarnpasjieHa Ha (GOPMUPOBAHUE CIEIYIONINX KOMIETCHIIUMI:

[IKY-3. CnocobeH oCyuiecTBIsATh MOUCK, U3yUeHHE U pa3paboTKy HOBBIX TEOPETHUECKUX
WIM TPAKTHUYECKUX TMpOOJIeM, CBEACHUN, OTHOCAIIUXCS K PEUICHUI0 TEKyUIMX Hay4YHBIX
UCCIICIOBaHM, TPOM3BOJCTBEHHBIX 33/1a4; B MH(OPMAIIMOHHBIX Cpelax HaXOIWTh, CO37aBaTh
OCHOBHBIE  DJJIEMEHTBHl  OyIyIIUX MaTeMaTHUYeCKUX CTPYKTYp WM  KOHCTPYKTHUBHBIX
MaTEMaTUYECKUX MOJCIICH.

B pe3ynbraTe 0cBOCHUS TUCHUIUIMHBI O0YYaIOUTHICS TOJIKEH:
3namb.: OCHOBBI HEPETIATUBUCTCKON KBAHTOBOM TEOPUH OJHON M HECKOJIBKHUX YaCTHUL, IPUHIUIIBI
BBIUKCIICHUH U 00paboTKu nHGOpMAIUH, COACPKAIIUXCS B KBAHTOBBIX aHCAMOJISIX;

Ymems: moCTpOUTh aNropuT™M, pealu3yroIuil cTaHJapTHbIE NHPOPMAIIMOHHbBIE IPOLECCHl HAJl
KBAaHTOBBIMH aHCaMOIIsIMU (YHUTapHas »HBOJIOLHUSA, H3MEPEHHE U YaCTHUYHOE H3MEpEeHue,
BBIUHMCIICHHE 3aITyTAHHOCTH, TEJICOPTALMS, KBAHTOBBIC BEHTHIIN ), PEAIN30BaTh KOMITBIOTEPHYIO
MOJieJIb 3TOr0 Tpollecca U OLEHUTh €ro CJIOXKHOCTb, IMOCTPOUTh MaTEeMaTHYECKyl0 U
IPOrpPaMMHYI0 MOJIENb PEAJIBHOTO IpolLecca JJIsi HECKOJIbKUX 3apsKEHHBIX YaCTHI] BO BHEIIHEM
MOTEHIIMaje, B YacCTHOCTH, PEAIM3YIONIYI0 CTaHIApTHbIE KBAHTOBBIE BEHTHJIM, U CHAENATh
NpaKTUYECKHe BBIBOJIBI 1O Hell (Bpems cpabaTbiBaHHs, ITOOPOTHOCTh, BO3MOXKHOCTb
MacITaOMpOBaHHUs );
Brademwv: peanuzanueidl BBIYUCIUTENBHBIX alTOPUTMOB C TPHUMEHEHHEM CTaHIapTHBIX
KBAHTOBBIX BEHTHJIEH, BBIYMCICHUEM CTaHAAPTHBIX (PU3HMUECKUX BEIMYUH (IHEPIUH, KOOPIUHAT,
UMITYJIbCa, MOMEHTA), a TaKK€ BEPOATHOCTHBIX DPACIPENCIICHUH I 3aJaHHBIX KBaHTOBBIX
COCTOSIHUHM MPOCTHIX aHcaMOJIel N3 HECKOJIBKUX YaCTHI] BO BHEITHEM MTOTEHIHAIE.

[lo nucuumniIMHE mpenycMOTpPEeHa MPOMEXYTOYHasl arrectanus B ¢dopMe 3auéra ¢
OLICHKOM.

OO0mmast Tpy10eMKOCTh OCBOSHUS TUCIUTUTHHBI COCTABIISIET 3 3a4CTHBIC CTUHUIIBL.
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Ipunoocenue 2

JUCT UBMEHEHUMIA
No | Texkcr akTyanuzaiuu uiau npuiaraeMeii kK PIT nokymenr, Hara No
COAEPIKALLIMI U3MEHEHHUS MPOTOKOJIA
1 | Ilpunoxxenue K nucty usMeHeHui Nel 22.06.20 13
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[Tpunoxenue K aucty usmeHeHunit Nel
1. Crpykrypa gucuunjunsl (1.2 aias npuema 2020r.)

OO0mas Tpy10€MKOCTh JUCHUILIMHEI cocTaBisieT 3 3.€., 114 4., B TOM uuciie KOHTaKTHask padoTa
oOyuaromuxcs ¢ npenojasarenem 42 4., caMocTosITelbHas padoTa o0yJaromuxcs 72 4.

Tabnuya 1
Bunbt yueOHoi paboThI
(B yacax)
Korraxraas w DOpMBI TEKYILETO
Ne % EE % KOHTPOJISI yCIIEBAEMOCTH,
W Pazgen qucriumuimHbl/ TeMbl % E § E (hopMa IpoMeKyTOTHOI
@) S > % § aTTecTaluuu
= E E %, § 5 g (no cemecmpam)
: | E5 |25 a¢%
= = & il i
1 | O6G30p MaTeMaTHIECKUX 7 4 4 10 YcrHBIH ompoc
METOJIOB KBAHTOBOH (pH3MKHU
2 | AnreOpanveckuil anmapat 7 4 4 12 YcrHbli onpoc
KBaHTOBOW WH(OPMATHKHI
3 | DneMeHTHI KBAaHTOBOM 7 6 6 16 YcrHBIH ompoc
MEXaHUKH
4 | KBaHTOBBI KOMIIBIOTED 7 2 4 10 YcTHbI onpoc
5 DJ1eMEHTHI KBAaHTOBOMH 7 2 4 10 YcrHBIH ompoc,
KpHUITOTpaduH TEOPETHYECKUIT
KOJUTOKBUYM 1
6 | 3auér c oneHkou 7 2 14 KomnokBuym 2
7 | Aroro: 18 24 - 72

2. Oopa3oBaTteybHbIe TexHoOJ0Ornu (K 1.4 Ha 2020r.)

B nepuoa BpeMEHHOro HMPHOCTAHOBJIEHUS MOCELIEHUS O0YyYaroIIMMHUCS MOMEIIEHUN U
tepputopun PITY g opranuzanum ydeGHOro mpolecca ¢ NPUMEHEHHEM 3JIEKTPOHHOTO
o0ydeHHs W JUCTAHLIMOHHBIX O0pa30BaTEIbHBIX TEXHOJOTUH MOTYT OBITH HCIIOJIb30BAHbI
cieayroue 00pa3oBaTeIbHbIE TEXHOIOTHH:

— BUJICO-JIEKIIUH;

— OHJIAMH-JIEKLIUU B PEKUME PEATBHOIO BPEMEHH;

— DJIEKTPOHHbBIE YUEOHUKH, yueOHbIE TOCOOUS, HAyYHbIE U3aHUS B AIIEKTPOHHOM BHUJE U
JIOCTYTI K UHBIM 3JIEKTPOHHBIM 00pa30BaTeIbHBIM pecypcam;

— CHCTEMBI JUIsl 3JIEKTPOHHOTO TECTHPOBAHMSI,

— KOHCYJIBTALlMH C UCTIOIb30BAHUEM TEJIEKOMMYHHUKAIIMOHHBIX CPEJCTB.

3. [lepeuenn coBpeMeHHBIX NpodeccnoHaNbHbIX 0a3 1aHHbIX (B/]) 1 nHGopManHoOHHO-
cnpaBouHbix cucrem (MCC) (k m. 6.2 na 2020r.)
Tabnuya 2

Ne HanmenoBanue
/1

1 | MexnayHapoaasie pedepaTuBHble HaykomeTpudeckue b/, nocTymnHbie B paMkax
HarmoHaJILHOU noanucku B 2020 r.

Web of Science

Scopus

2 KOMHLIOTepHBIC CIIPAaBOYHLIC IIPABOBLIC CUCTCMBI
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Koncynpranr [ltoc,
["apanT

4. Ilepeuenn nporpammuoro odecneuyenus (IIO) (k n.7 na 2020r.)

Tabnuya 3
No Haumenosanwue [10 [TpousBogutens| Crnocobd pactpocTpaHeHUs
/11 (ruyenzuonnoe uru c60600H0O
pacnpocmparsiemoe)
1 Microsoft Office 2010 Pro Microsoft JIMIICH3UOHHOE
2 Windows XP/ Windows 7 / Windows 10 |Microsoft JHMLIEH3MOHHOE
3 Kaspersky Endpoint Security Kaspersky JIMIICH3UOHHOE
4 Zoom Zoom JIMLICH3UOHHOE




