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1. MosicuuTEeNLHAA 3aNIHCKA
1.1. Heapb 1 320294 AUCHUILIHHBI

Ilenv Oucyunnunvl: OBNAICHUE CTYJACHTAMH-MaTeMaTHKAaMH OCHOBAaMH KBAaHTOBOM MEXaHUKH H
KBAHTOBBIX BBIYMCIICHUM, U YMEHHUEM MPUMEHATH TAKHE 3HAHUS JJIs PELICHUS 3a/1a4 MPAKTHYECKUX
BBIYMCIICHHI.

3adayu oucyunauHbl: HAYYUTH TPUMEHSATh 3HAHMUS [10 OCHOBAM KBAHTOBOW MEXAaHUKE JJIsl PEIICHUS
3a/1a4 MPAKTUYECKUX BBIYMCIICHUM.

1.2. [lepeyens MIaHNpPyeMbIX pPe3yJIbTATOB 00yUYeHHS 10 JUCIUIIHHE, COOTHECEHHBIX €

HHANKATOPaAMHU JOCTUKCHUS KOMIIeTeHI Uil

Komnerenums Nuaukaropsbl Pe3yabTaThl 00yueHus
(ko1 ¥ HAUMEHOBAHHME) KOMIIeTeHI U
(xom m
HaNMCHOBaHHE)
IIK-3. Cnocoben IIK-3.2. 3Hamb: OCHOBBI HEPENSTUBUCTCKOW KBAHTOBOM
OCYIECTBIISITH TIOUCK, PaccmarpuBaer TEOPHH OAHOM M HECKOJBKHX YacTUIL, HPUHIUIBI
M3y4eHHe U pa3pabOTKy HOBBIX | COIMOTEXHUYECKHE | BBIYMCICHUN u 00paboTKu uHpOpMAIHH,
TEOPETUUECKUX WIN CHCTEMBI KaK COJEeP)KAIINXCSI B KBAHTOBBIX aHCAMOJIAX;
MPaKTUYECKUX MpodIIeM, CIIO’KHBIE Ymemv: mocTpoWTh  aNrOpUTM,  peamU3yIOLIHN
CBEICHHH, OTHOCSIIUXCS K MH(QOPMALMOHHBIE | CTAaHAAPTHBIE HMH()OPMAIMOHHBIE MPOLECCHl HAaJ

PELICHHIO TEKYIIIMX HAyYHbBIX
HUCCJIEIOBAHUN,
MPOM3BOJCTBEHHBIX 3a]Iay; B
nH(GOPMAITMOHHBIX Cpefax
HaXOJIUTh, CO3JaBATh
OCHOBHBIE DJIEMEHTHI OYAyIIUX
MaTEeMaTHYECKHX CTPYKTYP
WM KOHCTPYKTHBHBIX
MAaTEMaTHYECKUX MOJEIEH

CUCTEMBI JUIS
CO3JIaHUs MOJIelIed
Pa3HOTO THIIA.

KBaHTOBBIMH aHCAMOISIMH (yHHUTapHas SBOIIOIHS,
U3MEPEHUE M YaCTUYHOE HU3MEpPEHUE, BBIYUCIICHHE
3alyTaHHOCTH, TeJIeopTalys, KBaHTOBbIE BEHTUIIN),
peanu3oBaTh  KOMIIBIOTEPHYID  MOJENIb  3TOT0
Ipolecca M OLICHUTHb €ro CIOXHOCThb, IOCTPOMTH
MAaTeMaTU4eCKyld U INPOTPaMMHYK)  MOJEJb
peanpHOro Impouecca sl HECKONbKUX 3apsKEHHBIX
YacTUL BO BHEIIHEM IMOTEHIMaJe, B YAaCTHOCTH,
peanu3yIoly0 CTaHIapTHbIE KBAHTOBBIE BEHTUIIH, U
cAenaTh MPAaKTHYECKHWE BBIBOJBI 1O HEW (Bpems
cpabaThIBaHUS, JIOOPOTHOCT®, BO3MO>KHOCTh
MacITaOHUpPOBaHUs);

Braoems: peanuzanyeil BBIYACIUTEIBHBIX
AJITOPUTMOB C IPUMEHEHUEM CTAHIAPTHBIX
KBAaHTOBBIX BEHTUJICH, BHIYUCICHUEM CTaHJAPTHBIX
(u3MUecKuX BeIMYMH (SHEPTUH, KOOPIUHAT,
HAMITYJIbCa, MOMEHTA), a TAKXKe BEPOSITHOCTHBIX
pacrpeneneHui A1 3aJaHHbIX KBAHTOBBIX
COCTOSIHMI MTPOCTHIX aHCAMOJICH U3 HECKOJIBKUX
YaCTHUI[ BO BHEIIHEM ITOTEHIMAJIE

[1K-3.3. Brinenser
MH(QOPMAILIIOHHbIE
MOTOKH, OIpeesieT
TOYKH OUdypKaIuii.

3Hamb: OCHOBBI HEPEJSITUBUCTCKOW  KBAHTOBOM
TEOPUHM OAHOM M HECKOJBbKHX 4YacTUL, NPUHLUIBI
BBIUMCIICHUN u 00paboTKH uHpOpMAITUH,
COJIeP)KAIMXCSI B KBAHTOBBIX aHCAMOJIAX;

Ymems: mocTpouTh  aNrOpuTM, peaATU3YIOLIUI
CTaHJApTHbIE WH(QOPMAIMOHHBIE MPOIECChl  HAJ
KBaHTOBBIMH aHcamMOIsiMu (YHUTapHAsT SBOIIOIHS,
W3MEpPEHNE U YacTHYHOE H3MEpPEHHUE, BBIUMCIICHUE
3aIyTaHHOCTH, TEJIENOPTAINs, KBAHTOBBIE BEHTUIIH),
peann3oBaTh  KOMIIBIOTEPHYIO  MOJENb  ATOTO
IpoLecca M OLEHUTh €ro CI0KHOCTb, MOCTPOHUTH
MaTeMaTHUYECKyl0 M MPOrpaMMHYI0O  MOJEIb
peanbHOro Tpoliecca UId HECKONBKUX 3apsyKEHHBIX
YacTHLl BO BHEIIHEM MOTEHIHA&JE, B YacTHOCTH,




peaM3yIONIyI0 CTaHJApTHBIE KBAHTOBBIE BEHTWIIH, U
cAenaTh MPAaKTHUYECKUE BBIBOJBI 1O HEW (Bpems
cpabaTbIBaHUA, JIOOPOTHOCTB, BO3MOKHOCTh
MacITaOupOBaHNUsA);

Braoems: peanuzanyeii BEIYUCIUTEIBHBIX
QITOPUTMOB C TIPUMEHEHHEM CTaHJIAPTHBIX
KBaHTOBBIX BEHTIJICH, BEIYACICHHEM CTaHIAPTHBIX
(hM3UIEeCKUX BETMINH (SHEPTHH, KOOPIUHAT,
HAMITYJIbCa, MOMEHTA), a TAKXKE BEPOSITHOCTHBIX
pactpeneneHui 11 3aJaHHBIX KBAHTOBBIX
COCTOSTHHH TTPOCTHIX aHCaMOJIeH W3 HECKOJIBKUX
YaCTHIl BO BHEIITHEM MTOTCHIIAAIIC

I1K-3.4. Crpour
MaTeMaTHYEeCKHe
MOJIEJIN Pa3IUIHbIX
THUIIOB, UCCIIETYET
uX.

3Hamb: OCHOBBI HEPENSTUBUCTCKOW KBAHTOBOM
TEOPUH OAHOW M HECKOJBKUX YacCTUL, MPUHLUIIBI
BBIYUCIICHHH u 00paboTKH nHbOpMAITHIH,
COJICPIKAIIUXCS B KBAHTOBBIX aHCAMOJISIX;

Vmemwv: mOCTpOUTH  aNrOpUTM, peaTU3YHOUIUI
CTaHIapTHbIE WH()OPMAIMOHHBIE TPOIECCH HaJ
KBaHTOBBIMU aHCaMOJIIMU (YHHUTapHAs 3BOJIIOIHS,
U3MEpPEHUE U YaCTUYHOC H3MEPEHUE, BBHIYUCIICHHE
3aIyTAaHHOCTH, TEJIENOPTAINS, KBAHTOBBIE BEHTUIIN),
peanu3oBaTh  KOMIIBIOTEPHYIO  MOJEIb  3TOTO
mpolecca M OIICHUTh €ro CJIOXKHOCTh, IOCTPOUTH
MAaT€MAaTHYECKyl0 M NPOrpaMMHYIO  MOJEib
peanpHOro mpouecca sl HECKONbKUX 3apsSKEHHBIX
YaCTHUI[ BO BHEIIHEM IMOTEHIIMAJe, B YaCTHOCTH,
peanu3yIoNyl0 CTaHIapTHbIE KBAHTOBBIE BEHTWIH, U
cAenaTh MPaKTHYECKHUE BBIBOJBI 1O HEW (Bpems
cpabaThIBaHUs, JIOOPOTHOCTB, BO3MOXHOCTb
MacITaOUpPOBaHUS);

Braoemy: peanuzanyeld BBIYUCIUTENBHBIX
AJITOPUTMOB C IPUMEHEHUEM CTaHIAPTHBIX
KBaHTOBBIX BEHTWJICH, BEIYMCICHUEM CTaHAAPTHBIX
(h3nuecKuX BeIWYWH (SHEPTHH, KOOPAHHAT,
HAMITYJIbCa, MOMEHTA), a TAK)Ke BEPOSITHOCTHBIX
pacrpeeneHuii A 3aJaHHBIX KBAHTOBBIX
COCTOSIHHIA ITPOCTHIX aHCAMOJICH U3 HECKOJIBKUX
YacCTHUI] BO BHEIIHEM MOTEHIMAJIE

1.3. MecTo iucuMIIMHBI B CTPYKTYpe 00pa30oBaTeIbHOI MPOrpaMMbl

Jucuunimza «MaremaTrudeckoe MOJEIMPOBAHUE KBAHTOBBIX CHUCTEM W KBAHTOBBIE BBIYMCIICHUS»
OTHOCUTCS K 4acTd, GOpMHUPYEMON yJaCTHUKAMH OOpa3oBaTEIbHBIX OTHOIICHUN OJIOKA JUCITUTUINH

y4eOHOro IJaHa.

I[J'ISI OCBOCHUA JUCHUITIIMHBI H€06XOI[I/IMBI 3HaHUA, YMCHUA W BJIAACHUA, C(l)OpMPIpOBaHHI)Ie B XO0I€
U3yUYeHHs CIeNyIOIUX IUCUUIUIMH: «JIuHelHas anrebpay», «/luddepeHnuanbHoe U HHTETpaabHOE
ucuncnenuey, «Teopus BeposTHOcTel», «OOmas anredpa u Teopus uucen», «DyHKIHOHAIbHBIN
aHanu3», «MaremaTnyeckue OCHOBBI COBPEMEHHON (DU3UKU».

B pesynbrare ocBOeHUS TUCHUIUIMHBI (POPMUPYIOTCS 3HAHUS, YMEHUS U BIIAJCHUSI, HEOOXOAUMBIE IS
U3YYEHHUs CIENYIOIINX IUCLUHUIUIMH U NPOXO0XKIEHUS NpakTUk: «Teopus koaupoBaHus», «KoHeuHble
IIOJIA U UX IMPUITOXKCHUSA K KpI/IHTOFpa(‘bI/II/I)), «DIeMEeHTBI P-aaAuvdEeCKOTro aHajlin3a U €ro IMPUIOXKCHUA K
kpunrorpadun», [IpouszBoacreennas npakruka (Hayuno-uccrnenoBatensckas padboTa).




2. CTpyKTypa AUCHMILINHBI
OO6mmas TpyA0€MKOCTh TUCIUTUINHBI COCTaBIsAeT 4 3.e., 144 akajgemMuyeckux daca (oB).

CrpyKTypa AMCIMIIMHBI 1JIs1 04HOH opMBbI 00yUeHust

O6beM IUCHUIUIMHBI B (OpME KOHTAaKTHOM paboThl 0OydYaloImUXCS C MeJarornyecKuMu
paOoTHHKaMu W (WIM) JHMIIAMH, TPUBJICKAEMBIMH K peau3alii 00pa3oBaTEeIbHON MPOrpaMMbl Ha
MHBIX YCJIOBUSIX, IPU MPOBEACHUH YU€OHBIX 3aHATHUI:

Cemectp | Tum yueOHBIX 3aHATUI KomnuectBo
4acoB
7 Jlexknuu 24
7 [IpakTnueckue 3aHATHS 32
Bcero: 56

O0beM TUCHMITIMHEI B (pOpMe caMOCTOSTEIbHON pabOThl 00YJAIOIUXCS COCTABISIET 88
aKaJIeMUYeCKHX Jaca(oB).

3. Coneprxkanue TUCHUTITHHBI
Paznen 1. O030p MaTeMaTHYeCKUX METO0B KBAHTOBOM (PM3NKHU

Tema 1. O030p 0CHOBHBIX IKCIIEPUMEHTOB 110 KBAHTOBOI MeXaHHMKe

[Ipeamer KBaHTOBOM MeXaHUKH. KOpIyCKyJIspHO-BOJHOBOM Ayaldu3M IIpM OIPEIEICHUU CBETA.
DKCIEpUMEHT C MYJIEMETHON CTpenb0oil. DKcrepuMeHT ¢ BoimHamu. [udpakius. DKCHEpUMEHT ¢
anekTpoHamu. KopmycKynsipHO-BOJTHOBOM Jayalu3M B TIOBEIEHUHM OJIieKTpoHa. HHTepdepeHmms.
Ha6monenue 3a anekrponom. [Ipuniun neonpenenennoctu [ eitzendepra.

Tema 2. O030p MaTeMAaTHYeCKOI0 ANINAPATA KBAHTOBOI MeXaHUKH

Cger. Yacrora cBeta. @oToHbl. POTOYMHOXKHTEIb, KakK MPUMEP TOrO, YTO CBET COCTOUT U3 YACTHULL.
YacTuyHOE OTpa)K€HHE CBETa OT MOBEPXHOCTU CTEKJIAa. AMIUIUTYJa BEPOATHOCTH. MeETOJ CTpEJoK.
PesynpTupyromas crpenka. MaTepdepenuns ammuty. BeposTHOCTh COOBITUS Kak KBaapaT AJTUHBI
amMruTyel. OTpakeHue cBeTa oT 3epkaia. [Ipoxoxknenne cBera u3 Bo3ayxa B Boay. Dokycupyromias
JMH3a. OJEKTPOHBI U MX B3auMopencTBue. Ammiuntyaa ¢orona P(a-b). AMmmryna snekrpona E(a-
b). AmmummTyzaa TOro, 4TO JIEKTPOH UCIYCTUT WX MOTJIOTUT (oTOH. PaccesHue cBeTa. AHTUYACTHUIIBI.
[TpuHumn 3anpera.

Paznes 2. Anredpandeckuii annapar KBaHTOBOH MH(pOPMAaTHKH

Tema 3. DneMeHTHI THHEHON anredpbI

BexTopHoe mpoctpancto. KoopanHatel BekTopa B pa3HbIX 0a3zucax. MaTpuia nepexoja.

EBKIMI0BO IPOCTPaHCTBO. YHUTAPHOE IPOCTPAHCTBO. JInHelHbIe oniepatopsl. MaTpuna

nuHeitHoro oneparopa. @opmysa npeodpazoBaHUsl MaTPHUILIBI OllepaTopa NMpu Mpeodpa3oBaHuu Oasuca.
CoOcTBEHHOE YHCIO M COOCTBEHHBI BEKTOp JMHEHHOro omeparopa. JIuHeHHbIH omnepaTtop B
KOMIUIEKCHOM IPOCTPAHCTBE CO CKaJApHBIM IpousBeneHueM. ConpsbkeHHBIM omnepaTop. Marpuina
COIpsDKEHHOro omneparopa. (CaMOCONpPSDKEHHBIM —omepaTrop. OpMHUTOBa MaTpulia. Y HUTApHBIN
onepatop. YHutapHas marpuiua. CBOICTBA CaMOCONPSKEHHOTO onepaTopa. CBOHCTBAa YHUTApPHOTO
oneparopa. IIpuBeneHne marpuipl JMHEWHOTO OmIepaTopa K IuMaroHanbHoMy Buny. Ilpusenenue
MIPOU3BOJBHOW JPMUTOBOW MAaTpHUIbl K JUArOHAJIbHOMY BUAY C MOMOIIBIO YHUTApHOW MaTpPHIIbI
nepexona. Teopema o cBs3u yHutapHodl Marpunbl U u spmutoBod Marpunsl H  (U=exp(iH)).
TeH3opHOE NPOM3BEACHUE JIMHEMHBIX IPOCTPAHCTB. TEH30pHOE NPOU3BEIACHUE ONEPATOPOB.
TenszopHoe npousseaenue matpuul. Oneparop Yomma - Axamapa.

Pa3gea 3. DjieMeHThI KBAHTOBOH MEXaHUKMU.



Tema 4. IBoJIONMS BEKTOPAa KBAHTOBOI'0 COCTOSIHHUS

[IpocTpaHcTBO KilaccHuecKUX cOCTOSIHUM. IIpocTpaHCTBO KBAaHTOBBIX COCTOSHUM.  JluckperHoe
IIpE/ICTAaBICHUE IPOCTPAHCTBA COCTOSHUM. J(MCKpETHOE MpeACcTaBlIeHUE BOJIHOBOIO BEKTOpa. Bunsl
3BOJIIOLIMM BEKTOPA COCTOSIHUA: YHUTAapHAas JHMHAaMUKa U n3Mmepenue. [loHsaThe kosutarnca BOJHOBOTO
BekTopa. M3mepenue kBaHTOBOTO coctosinus. [IpaBuno Makca bopna. Ker-Bektop [¥> u Opa-
BekTtop <V| (cumBosimka {upaka). YHuTapHas nuHamuka. YpaBHeHnue lllpenuHrepa oTHOCHTENTHHO
BekTopa [V>. Pemenue ypaBuenus Lllpeaunrepa - 9BOMIOIUS BEKTOpa COCTOSIHUS BO BpemeHu  |'P(t)
>=exp(-iHt) |¥(0)>. JluneitHocts 3BoMONMK. Perienne ypaBuenue llIpeauHrepa st OMHOMEPHBIX
IIOTEHLIMAJIOB, OJHO- M JIBYX- SIMHOIO IOTeHUHMaina,. Matpuua miuotHoctu Jlanmay. Yactuunoe
M3MEPEHUE M 4YacTHU4Has Marpuua IoTHOCTU. CmemanHble coctosiHus. I[IpoexTopbl. OTKpbITHIE
KBaHTOBBIE CUCTEMBI. J[€KOTr€pEHTHOCTb.

Tema 5. IlpyMeHeHMe TEH30PHOT0 NIPOU3BeEAEHHS

TeH3opHOEe NpPOM3BENEHUE NPOCTPAHCTB, KBAHTOBBIX COCTOSHUI U omeparopoB. HesanmyraHHble u
3alyTaHHble COCTOSAHUS. DU3NYECKU CMBICIT 3aIIyTAHHOCTHU U €€ CBA3b CO CI0KHOCTHIO BBIYUCIICHU.
Tema 6. CoorBercTBHe (U3NYECKHUX BeJHYHMH IPMHUTOBBIM OllepaTopaM.

Omneparopbl KOOpAMHAT, WMITYJIbCAa, JHEPTUHU, MOMEHTa umnyiabca. COOCTBEHHbIE 3HAUEHUS U
JOIYCTUMBbIE 3Hau€HUs (pu3nueckoil BennyuHbl. COOCTBEHHBIE cOCTOSIHUS. [IpuMmepbl: KOOpAMHATHL,
UMITYJIbC, SHEpTUs, MoMeHT. JlenbTa-GyHkius [lupaka u KoopauHaTHBIN O6a3ucC.

Pa3znen 4. KBaHTOBBII KOMIILIOTEP

Tema 7. KBaHTOBBIII KOMIIBIOTEP

Brruucnenue ¢ opakynoM Ha KIACCHYECKOM KommbioTepe. KBaHTOBBIN KOMIIBIOTED M KBAaHTOBOE
BbuncieHne. KBantoBsiif opakyin. [Ipumep: 3anaya nepedopa. KBaHTOBBIE BEHTUIU: OJIHOKYOUTHBIE,
CNOT, Toffoli, da3oBpamarens. KBanTOBBIE cXeMbI M3 (DYHKIIHMOHAIBHBIX 3JIEMEHTOB. MeETObI
pabotel ¢ anuumuiamu. KBaHTOBas uncTka aHuwul. [loHSATHE KBaHTOBOIO YCKOPEHUS. AJTOPUTM
I'poBepa mist mepebopHOi 3amauu. ['eomerpudeckuii cmbicin anroputMma ['poBepa. TummuHOCTH
TPOBEPOBCKOr0 ycKopeHus. [loHSATHE O HMKHHX OIIeHKaX KBaHTOBOW cioxHocTu. NP- 3amaum u
KBAaHTOBBIC BBIUMCICHUSA.  AJTopuT™M 3anku-BuszHepa MOJenMpoOBaHMs YHUTAPHOW KBAHTOBOM
nuHaMuKH. [loHSTHE O KBAaHTOBOM MOJEIHUPOBAHUM CHUCTEM MHOTHX YacCTHLI. [Ipunoxenus
KBAaHTOBBIX BBIYMCIICHUI: CXeMa TeJICTIOPTAIllMd HEU3BECTHOTO KBAaHTOBOTO COCTOSHUS. 3ampeT Ha
KJIOHUPOBaHUE KBAHTOBBIX COCTOSIHUM.

Pa3nes S. DeMeHTbI KBAHTOBOM KpUNTorpadpuun

Tema 8. D1eMeHTHI KBaHTOBOI KpUNTOrpaduu

O 3ajmaue cekpeTHOM mepeaayu JaHHbBIX. 3aJada paclpoCTpaHEHHsI CEKPETHOTO Kitoya. Mcropuueckue
ciocoObl mMdpoBaHus JaHHbIX. Kpunrorpadpuyeckue mnporokoiasl. CuUMMeTpHuYHBIE HIM(PHI.
Croiikocth kpuntocuctembl. Teopema lllennona. Vcnonb3oBaHue mceBAOCTyYalHBIX T€HEPATOPOB.
Kpunrocucremsl ¢ OTKpbITBIM KitouoM. AnroputM RSA. Anroputm lopa dakxtopuzanuu 607bIIHX
yrcen. KBanToBbIe KO/bI KOppekuu omnook. [IpoTokon BB84.

4. O6pa3zoBaTe/ibHbIe TEXHOJIOTHH

HJ'ISI IMPOBEACHU A 3aHAMUL JIeKYUOHHO20 muna 110 JTUCHUIIIIMHEC ITPUMCHAIOTCA TaKHUE O6p2130BaTeJ'IBHI)Ie
TCXHOJIOTUHU KaK JICKIUA-AUCKYCCH.

HJ'ISI MMPOBCACHUA NpAKmuiecKux 3aHAMUL HCIIOJIB3YIOTCA TaKHEC 06pa30BaTeJ'H)HBIC TEXHOJIOTHMH KakK:
AUCKYCCHA, PCHICHUC U O6cy)KIleHI/Ie BOIIPOCOB U 3a/1a4.

B paMKax camocmosimenbHou pa601’l’lbl CTYACHTOB IIPOBOAUTCA KOHCYJIBTHPOBAHHUC M IIPOBCPKaA
JIOMAIlHUX 3aJJaHUM noCcpeACTBOM BHGKTpOHHOﬁ ITOYTEI.
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B nepuon BpEeMEHHOro NPUOCTAHOBIEHHS IIOCEIEHUS OOYy4YalOUIMMHUCS MOMELICHUH WU
teppuropuu PITY nis opranuzanuu yaeOHOTro mpoiiecca ¢ IpUMEHEHHEM 3JIEKTPOHHOTO 00y4eHUs U
IUCTAHIIMOHHBIX ~ 00pa30BaTENIbHBIX TEXHOJIOTMH MOIYT OBITh  MCIIOJB30BaHbl  CIEIYHOIIUE
00pa3oBaTeNbHbIC TEXHOIOTHH:

— BUJICO-JICKIINH}

— OHJIAWH-JIEKIIUY B PEKUME PEAIIBHOTO BPEMEHH;

— 3JICKTPOHHbIE YUeOHUKH, yueOHbIe 10COOUs, HayYHbIE U3/IaHUs B 3JICKTPOHHOM BHUJIE U JIOCTYII
K MHBIM 3JIEKTPOHHBIM 00pa30BaTeIbHBIM PeCcypcam;

— CHCTEMBI JUISl DJIEKTPOHHOTO TECTUPOBAHHS;

— KOHCYJIBTALIMM C UCIIOJIb30BAHUEM TEJIEKOMMYHHUKAIMOHHBIX CPEJICTB.

5. OneHka JIAHUPYeMbIX Pe3y/JbTATOB 00y4eHHUs

5.1 CucreMa oueHNBAHUSA
DopMa KOHTPOJISA Makc. KOJTHYeCTBO 0AJIJIOB
3a ogny padory Bcero

Texyimumii KOHTPOJIb:

- ompoc 1 Gann 22 Ganna

- TEOPETUYECKUH KOJJIOKBUYM | 38 6amioB 38 6amoB
[IpomexxyTouHas aTTecTauus — 3a4€T ¢ OLICHKOM 40 6aioB
(KoJIOKBHYM 2)
HToro 3a cemecTp 100 Gamos

IlosrydeHHBI COBOKYIIHBIN pe3ylbTaT KOHBEPTUPYETCS B TPAAULMOHHYIO IIKAIY OLIEHOK U B
KTy OIIeHOK EBporieiickoii cucteMsl nepenoca u HakoruieHus kpeautoB (European Credit Transfer
System; nanee — ECTS) B cOOTBETCTBUM € TaOIULICH:

IIxana
100-6annpHas mkana | TpaauiioHHas 1IKaia
ECTS
95— 100 OTJIMYHO A
83-94 B
68 — 82 XOpOIIO 3a4TE€HO C
26— 67 OBJIETBOPUTEIILHO D
50 - 55 YA P E
20-49 FX
HEYJIOBJIETBOPUTEIBHO HE 3a4TE€HO
0-19 F
5.2 Kpurepuu BbICTaBJIeHHUS OLEHKHU MO JUCIUIIMHE
Bauibl/ Ouenka nmo Kpurepuu ouenku pe3yabTaToB 00y4eHuUsl 10 JMCUMIJIMHE
IMIkana | gucHUIIMHE
ECTS
100-83/ OTJIMYHO BricTaBnseTcst o0yJaronemycs, eciii OH TITyOOKO B TPOYHO YCBOUI TEOPETUIECCKUH U
A.B IIPAKTUYECKUH MaTepHal, MOXKET IIPOJEMOHCTPUPOBATh 3TO HA 3aHATUAX U B XOJI€

IIPOMEXYTOYHOM aTTecTaluy.

OOyuaronuiicst NCUEPIBIBAIONIE U JIOTHIECKH CTPOWHO M3JIaracT y4eOHbIH MaTepHa,
yMeeT YBA3bIBaTb TEOPHIO C IPAKTUKOM, CIIPABIISETCS C PELIEHUEM 3a1ad
npodeccHoHAIEHOM HANPaBJIeHHOCTH BBICOKOTO YPOBHSI CIIO’KHOCTH, NIPABUIILHO
000CHOBBIBAET IIPHHSTHIE PELICHHUS.

CB000OIHO OpUEHTHPYETCS B yueOHOH M npoecCHOHaNIbHOM InTeparType.

O1eHKa [0 AMCIMINIMHE BBICTABIIIOTCS 00yYaronieMycs ¢ y4éToM pe3yIbTaToB
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Bamasl/ | Ouenka no KpuTepuu oneHKH pe3yJibTaTOB 00y4YeHHsI 10 TUCHUTIIIHHE

HMIxana | gucHUIIAHE
ECTS

TEKYLIEH U IPOMEXKYTOUHOM aTTECTALIMH.
KomnereHuuny, 3aKperui€HHbIe 32 JUCHUILTMHON, COPMUPOBAHBI HA YPOBHE —
«BBICOKHII».

82-68/ XOpOIIIO BricTaBisiercst o0ydarolieMycsi, €Clii OH 3HaeT TEOPEeTUUECKUl U MpaKTHUeCKuit
C MaTepHa, IPaMOTHO U 10 CYILECTBY M3JIaraeT ero Ha 3aHATUSIX U B XOJe
MPOMEKYTOYHON aTTECTALUU, HE IOMyCKasl CyIECTBEHHBIX HETOYHOCTEM.
OOyuaronuiicst MpaBIIIbHO MPUMEHSET TEOPETHIECKUE TTOJIOKEHUS [IPU PEIICHUH
MpaKTHYECKUX 3a/1a4 Ipo(heCCHOHATBHOM HANPaBICHHOCTH PAa3HOTO YPOBHS
CJIO’KHOCTH, BJIaZieeT HEOOXOAMMBIMHE IJISl 3TOTO HaBBIKAMU M IPUEMaMHL.
JlocTaTo4HO XOPOIIO OPUEHTHPYETCS B y4eOHOU U MpodecCHoHaTBFHON InTepaType.
Or1eHKa 10 AUCIMIUIMHE BBICTABILIIOTCS 00yYaromeMycs ¢ y4€ToM pe3yIbTaToB
TEKyLIeH U IPOMEXKYTOUHOM aTTECTALIMH.

KomnereHuuny, 3aKperui€HHbIe 32 JUCHUILTHHON, COPMUPOBAHBI HA YPOBHE —
«XOpOLLUI».

67-50/ YIOBJIETBO- BeicraBmnsiercst o0y4aromemMycsi, €ciii OH 3HaeT Ha 0a30BOM ypOBHE TEOPETUUECKUI 1
MpaKTHYECKUI MaTepuall, JOMYyCKaeT OT/AeNIbHbIE OIIMOKH ITPU €r0 H3JI0KEHHH Ha
3aHATHUSX U B XO/I€ IPOMEXYTOUHOH aTTECTAlUU.

OOy4aronMicst NCTIBITHIBACT ONIPEACIEHHBIC 3aTPyJHEHHS B IPIMEHEHUH
TEOPETHUYECKUX MOJIOKCHHH NPH PEIICHUHN MPAKTHUCCKHUX 3a7a4 MPOoQeCcCHOHATbHON
HAIpaBJIEHHOCTH CTAHApPTHOTO YPOBHS CIIO’KHOCTH, BIAJCET HEOOXOIUMBIMH IS
3TOr0 0a30BBIMH HaBbIKAMU M IPUEMaMH.

JleMOHCTpHpYET AOCTATOUHBIN YPOBEHb 3HAHUS YIEOHOM INTEPaTyphl 10 AUCIUIUINHE.
O1eHKa M0 AUCIMIUIMHE BBICTABILIIOTCS 00yJaronieMycs ¢ y4éTOM pe3yIbTaToB
TEKyLIeH U IPOMEXYTOUHOM aTTECTALIMHU.

KomnereHuuny, 3aKperui€HHbIe 32 JUCHUILTMHON, COPMUPOBaHBI HA YPOBHE —
«IIOCTaTOYHBIN».

D,E pUTENBHO

49-0/ HEYIOBJIET- BricTaBnsiercs oby4aromemMycsi, €cii OH He 3HaeT Ha 6a30BOM ypOBHE TEOPETUUECKUI
U MIPaKTUYECKUI MaTepHal, A0IyCKaeT rpyOble OIMOKH MPH €ro M3JI0KEHUH Ha
3aHATHUAX U B XO/JI€ HpOMe)KyTOHHOﬁ aTTCCTAllUH.

OO0y4arouuiicss UCTIBITHIBAET CEPhE3HBIE 3aTPYTHEHUS B IPUMEHEHUH TEOPETUIECKUX
MIOJIOXKCHUH TIPH PEIICHUH MPaKTHIESCKUX 33729 IPOo(ecCHOHAIFHONW HAPaBICHHOCTH
CTaHJAPTHOTO YPOBHS CIOXHOCTH, HE BIIaJleeT HEOOXOAUMBIMU JIJISl STOTO HABBIKAMH U
NpUEMaMH.

JemoHCTpHUpyeT (pparMeHTapHbIe 3HAHUS YU4eOHOM TUTEPaTyPHl IO AUCITUILTHHE.
Or1eHKa M0 JUCHUIUINHE BBICTABISIOTCS 00yJaromeMycsi C YI6TOM pe3yIbTaToB
TEKyLIeH U IPOMEXYTOUHOM aTTECTALIMHU.

KommereHnny Ha ypoBHE «JI0CTaTOYHBIN», 3aKpEIUIEHHBIE 32 TUCIUIUIMHON, HE
c(OpMHUPOBAHBI.

F,FX BOPUTEIBHO

5.3 OmueHounble cpeacTBa (MaTepHajbl) Ui TEKYLEro KOHTPOJISI YCIHEBaeMOCTH,
NMPOMEKYTOYHOM ATTECTANMHU 00Yy4aI0IUXCS MO0 JMCIUIIIHHE
Texkymmii KOHTPOJIb
Ilpumepnwie 6onpocwl kK meopemuueckomy KonoKeuymy 1
1. KondurypanronHoe 1 rujibOEpTOBO MPOCTPAHCTBO COCTOSIHUI KBAHTOBON CHUCTEMBI.

2. KoopauHaTHBIN ¥ UMITYJIbCHBIN 0a3HChI THIIHLOEPTOBA MIPOCTPAHCTBA COCTOSTHUN. [lenbra- QyHKIUs
Hupaka.

3. 3mepenue BoaHOBOro Bektopa. Matpuna rmotHocty Jlannay. YacTuuHas MaTpulia IIIOTHOCTU U
€€ BbIUHCIIeHNE. JIUCKPETHBIN U HETIPEPBIBHBIM BapUAHTBHI.

4. Omneparopbl KOOPAWHAT, SHEPTUH, UMITYJIbCa, MOMEHTA UMITyJIbca. COOTBETCTBYIOIINE UM
HaO0II01aeMBbI€ U X SPMHUTOBOCTh. Y HUTAPHBINA omnepaTop 3Boitonuu. [Ipumep: koopauHaTa u
WMIYJIbC.
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5. Ypasuenue lllpenunrepa u ero obmee pemenue. [Ipodiema kKBaHTOBOTO KoMIibloTepa. Pemienne
ypaBHenus Llpenunrepa 1y1st oqHOMEpHOTO citydast (OHa U JIBE siMbl). ATOM BOJIOPO/IA.

IIpome:kyToUuHas aTTecTauMs (3a4€T C OLEHKOM)
Ilpumepnuie éonpocel 0nsa Konnokeuyma 2

[IpoctpancTBO BoTHOBBIX (hyHKIM. KBaHTOBOE cocrosiHne. O6o3HaueHus upaxa.
bur. Kyowur.

[IpaBuno bopna. M3mepenue.

Vpasuenue llIpeaunrepa.

TenzopHoe npousBeieHUE.

3anyTaHHbIC U HE3aIyTaHHbIE KBAHTOBBIE COCTOSIHUSI.

KBaHTOBBIE BEHTUIIH.

Marpuua miotHoctu Jlannay.

9. OmepaTop KOOPAMHATHI U UMITYJIbCA.

10. OnHOBpEMEHHO U3MEPUMBIE (PU3NUECKUE BEITMUUHBI

11. IlpeobpazoBanue dypoe.

12. KBanToBbIi KOMIIBIOTEp. AOCTpaKTHAs CXeMa.

13. KBanToBoe Bbruncienue. Opakys U ero KBaHTOBbI BAPUAHT.

14. CnoxHOCTh KBAaHTOBOT'O BblUKC/IeHUS. KBaHTOBOE yCKOpPEHHUE U €r0 IPUMEPBHI.

15. Anroputwm ['poBepa st penienus nepedopHoil 3a1auu. IHBepcuU OTHOCUTENBHO HYIIA U
LIEJIEBOI0 COCTOSIHUSA. | €OMETpHUUECKUI CMBICIL.

NN R W=

Ilpumepnuie 3a0auu ona Konnoxeuyma 2

1. a) HaiiTU TeH30pHOE Mpou3BeAeHHE onepaTopoB [laynu curma-x u curma-z.
0) BBIYMCIIUTH IKCIIOHEHTY orepaTtopa [laynmu curma-y.
B) HalTU COOCTBEHHBIE COCTOSIHUS OTepaTopa UMITYJIbCA.

2. a) HaWTH YaCTUYHYI0 MATPHIly IUIOTHOCTH TEpBOro Kyburta mmst coctosaus [00> - [01> - [10>
+[11>.

0) pemth ypaBHeHue lllpeannrepa s raMuIbTOHHAHA, paBHOT'O MaTpHile Axamapa.

B) MOXKHO JIH OJHOBPEMEHHO C OJIMHAKOBON TOYHOCTHIO HM3MEPUTh HAONIOAAaeMble: MPOEKLUs
MOMEHTA Ha OCh X U UMITyJIbC. OTBET 000CHOBATD.

3. a) peanu3oBaTh aaroput™M ['poBepa, UCHONB3YS TOJBKO OJHOKYOUTHBIE BEHTHJIM M OMEpPaTOp
Toffoli.
0) BbIMKCATh MOCIE0OBaTeIbHBIC IIaru anropuTMa ['poBepa mpu padore Haa pyukuuen f(x,y) = xy.

6. YueOHo-MeTOAMYecKOe M HHPOPMALMOHHOE 00ecnedeHne TUCIUTITTHHBI
6.1 CnHcOK MCTOYHMKOB M JIUTEPATyPbl
Jlureparypa
OcHnognas
1. XpennukoB A. 0. Beaenue B kBaHTOBYyI0 Teoputo mHpopMmanuu / A. FO. XpeHHUKOB. - M.:

®usmatiaut, 2008. - 283 c.

2. Oecituman Puyapp I1. J{ro’kuHa JIeKIuii: miecTs Momnpolle U mects nocioxHee / P. @eitnman; nep.
anri. E. B. @anesa u B. A. Hocenko. - 6-e u3a. - Mocksa: BMUHOM, JIa0. 3xaunwuii, 2015. - 318 c.
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Llonoanumenvhas

1. O.A.KponGepr, I.N.Oxwuros, A.[O.UepHsSBCKuUii. Anrebpanyeckuii anmapar KBaHTOBOM
uHpopmatuku: ydeOHoe mocobme. MI'Y mm. M.B. JlomoHocoBa, ®dak. BBIYHCI. MaTeMaTUKH U
kubepHetuku. - Mocka: MAKC Ilpecc, 2011. - 55¢.

2. J.A.KpoubGepr, 10.N.Oxwuros, A.FO.YepHsABCKHUIA. KBanToBass mHbOpMaTHKa M KBAHTOBBIN
KoMIploTep: ydebHoe mocobme. MI'Y um. M.B. JlomonocoBa, ®ak. BBIYHCI. MATEMAaTUKH H
kuoepHetuku. - Mocka: MAKC Ilpecc, 2011. - 64 c.

3. I.A.KponbGepr, F0.1.Oxuros, A.}O.Yepusickuii. KpanTtoBas kpunrorpadus: yaedHoe mocoowue./
MI'Y um. M.B. JlomoHocoBa, Dak. BbUKCI. MaTeMaTHKU U kubepHeTnku. - MockBa: MAKC Ilpecc,
2011.- 111 c.
4. ®eciinman Puuapn I1. delinmanoBckue Jekiuu o Qusuke: [yueOHOe mocoOme]. Brpim. 8-9:
KBanToBast mexanuka / P. @eiitaman, P. Jleiiton, M. Canjc; niep. ¢ anri. . M. Konbutoa; mox pex. f.
A. CmopoauHckoro. - M3a. 8-e. - Mocksa: URSS: JIubpokowm, 2014. - 523 c.

6.2 IlepeyeHnb pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTu « AHTEpHET.
ApxuB cTaTeil Mo KBaHTOBOM nH(popmatuke - http://xxx.lanl.gov/, paznmen quant-ph
HammonanesHas anekrponnas 6udnuoreka (HOb) www.rusneb.ru
ELibrary.ru Hayunas snexkrponnas 6ubnuoreka www.elibrary.ru

6.3 IIpodeccuonajbHble 6a3bl JAHHBIX H HH(OPMAITMOHHO-CIIPABOYHbIE CHCTEMBI

Joctyn k npodeccuoHanbHbIM 06a3aM JaHHBIX: https:/liber.rsuh.ru/ru/bases

WHopmanoHHbIE CIIPABOYHbIE CUCTEMBI:
1. Koncynsrant Ilmroc
2. Tapanr

7. MaTepHaJIbHO-TEXHMYECKOe o0ecreyeHne M CUMITHHbI

Hns  obecrieueHuss  TUCIUIUIMHBI  HUCHOJB3YyeTCS ~ MaTepUalbHO-TEXHHMYECKas  0aza
00pa30BaTEeNbHOTO YUPEXKJEHUS: y4eOHble ayJIUTOPUHU, OCHAIIEHHBIE JOCKOH, KOMIIBIOTEPOM WIIU
HOYTOYKOM, TMPOEKTOPOM (CTAallMOHAPHBIM WJIM TIEPEHOCHBIM) Ui JAEMOHCTpalud Y4eOHBIX
MaTepUasoB.

CocraB nmporpaMMHOT0 00€CTICUeHHUS:
1. Windows

2.  Microsoft Office

3. Kaspersky Endpoint Security

8. O0ecneuenne 06pa3oBaTEJBLHOIO MpoLecca JJIS JIML ¢ OTPAHUYEHHBIMH BO3MOKHOCTSAMH
310POBbSI H HHBAJIWI0B


https://liber.rsuh.ru/ru/bases
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B xoxe peamuzanuM JUCHUIUIMHBL HCHOJB3YIOTCSA CIEAYIOIIME JONOIHUTENbHBIE METOJIbI
00y4eHHs, TEKYIIEro KOHTPOJS YCIIEBAEMOCTH M IPOMEXKYTOUYHOM aTrTecTaluu OOy4yalolmMXcs B
3aBUCUMOCTH OT UX MHIUBUIYalIbHBIX OCOOEHHOCTEMN:

® Ui CJEMBIX W CHA0OBUIAIINX: JIEKIUH O(GOPMIIIOTCS B BHJIE AJIEKTPOHHOTO JOKYMEHTA,
JOCTYIHOI'O C IOMOLIbIO KOMIIBIOTEpA CO CIELUAIN3UPOBAHHBIM IPOrPAMMHBIM 00€CIIEYEeHUEM;
MUCHMEHHBIE 33/IaHUS BBIMOJHAIOTCA Ha KOMIBIOTEpE CO CHEIHMAIM3UPOBAHHBIM MPOTPAMMHBIM
obecreyeHneM WIM MOTYT ObIThb 3aMEHEHbl YCTHBIM OTBETOM; OOECIIEUMBAETCS WHAMBHUIYyalbHOE
paBHOMepHOe ocBenieHue He MeHee 300 JroKC; JUIsi BBIMOJTHEHUS 3aJaHusi MPU HEOOXOIMMOCTH
IIPEJOCTABIIAETCS YBEIMUYMBAIOLIEE YCTPOWCTBO; BO3MOXKHO TaKXKe MCIIOJIb30BaHHE COOCTBEHHBIX
YBEIMYMBAIOUINX YCTPONCTB; MUCbMEHHBIC 3aJaHUs 0(OPMIIIOTCS YBETUYEHHBIM HIPU(PTOM; SK3aMeH
1 3a4€T NPOBOAATCA B YCTHON (hOpMe MM BBINOJIHAIOTCS B MUCbMEHHOH (popMe Ha KOMIIbIOTEpE.

® Uil TIIYXUX M CIAOOCHBIIAIUX: JIEKIUU OQOPMIISIOTCS B BUJE DJIEKTPOHHOIO JTOKYMEHTA,
00  MpeaocTaBiIsgeTCs  3BYKOYCWJIMBAIOLIAsl — anmmapaTypa HHAWBUAYAJIBHOTO  TOJH30BAHUS;
IIMCbMEHHBIE 33JaHUs BBINOJHSIOTCS Ha KOMIIBIOTEpE B INHUCBMEHHOH (opme; 3k3aMeH U 3auéT
MIPOBOJISATCS B MUCBMEHHOM (hOopMe Ha KOMITBIOTEPE; BO3MOKHO MTPOBEICHUE B (hOpME TeCTUPOBAHMUSL.

® Ul JIMILl C HapyLICHUSMU OIOPHO-JBUTATEIBHOIO ammapara: JIEKIUU Oo(QOpMIISIIOTCS B BHJIE
JIEKTPOHHOI'O JIOKYMEHTa, JOCTYIIHOTO C IIOMOIIBIO KOMIBIOTEPA CO CIEHUATU3UPOBAHHBIM
NpOrpaMMHBIM ~ OOecrieueHHueM; THChMEHHBIC 3a/laHUs  BBIOJHSIOTCS Ha KOMIIBIOTEPE CO
CIELUAIU3UPOBAHHBIM POTPAMMHBIM 00€CIIEUEHUEM; FK3aMeH U 3auéT MPOBOJATCS B YCTHOH (hopme
WM BBITIOJIHSIOTCS B MIMCBMEHHOM (popMe Ha KOMITbIOTEpE.

ITpu HEOOXOMMOCTH MpeycMaTpUBAETCs YBEJINUYEHUE BPEMEHHU AJIs IIOATOTOBKU OTBETA.

[Iponienypa mpoBefeHHs MPOMEKYTOYHON aTTECTAMH Ul OOyYaroIIUXCs YCTaHABIMBACTCS C
y4€TOM UX MHAMBUIYAIbHbBIX ICUXO(PU3NUYECKUX 0coOeHHOCTeH. [IpoMexyTouHas arrecranus MOXET
IIPOBOJIUTHCS B HECKOJIBKO ITAIOB.

IIpu mnpoBeseHUMM TpOLEAYPbl OLEHMBAHUSA pPE3YAbTaTOB OOY4YEeHHs IpeaycMaTpUBaeTCs
MCTIOJIb30BaHNE TEXHUYECKHUX CPE/ICTB, HEOOXOJUMBIX B CBS3HM C WHAWBUIYAIBHBIMA OCOOCHHOCTSIMHU
oOydJaroluxcsi. OTH CpeAcTBA MOIYT OBITh IPEJOCTABIECHbl YHUBEPCUTETOM, MJIM MOTYT
HCII0JIb30BaThCsl COOCTBEHHBIE TEXHUUECKHUE CPEJICTBA.

IIpoBenenue npouenypsl OLEHUBAHUS PE3YAbTaTOB OOYyUYEHMs JOIMYCKAeTCs C UCIOJIb30BaHUEM
TMCTaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHA.

ObecneunBaercs AOCTYN K HH(MOPMAIMOHHBIM U OubnmorpaduyeckuM pecypcaMm B CETH
WuTepHer 1 Kaxaoro odydaromerocs B (opMax, aalTUPOBAHHBIX K OTPAHUYEHUSIM UX 3[J0POBBS U
BOCTIPHUATHS HHPOPMALIUU:

oIl CIENbIX W CIa0OBHASIIMX: B TMedaTHOW (opme yBenudeHHbIM Immpudtom, B (opme
3JIEKTPOHHOTO JIOKYMEHTa, B (hopme ayauodaiina.

® JUUIsl TIIYXUX U CJIa0OCIBIIAIUX: B Ie4aTHOU ¢opme, B GopMe IEKTPOHHOTO JOKYMEHTA.

® 1151 00Y4JaIOLINXCsl C HapyIIEHUSIMH OIIOPHO-/IBUraTeIbHOTO amnmapara: B meyaTHoil gopme, B
(opMe IMEKTPOHHOTO JJOKYMEHTa, B (hopme ayaunodaiina.

VY4yeOHble ayTUTOPUM A BCEX BHUJOB KOHTAKTHOM M CaMOCTOATENBbHOM pPabOThI, HaydHas
OuOIMoTeKa W WHBIE MOMEIIEHUs Ui OOYy4eHHs OCHAIEHBbl CHEeIHalbHBIM 00O0pYJOBaHUEM U
y4EOHBIMU MECTaMU C TEXHUYECKMMHU CPEACTBAMHU O0YUEHUS:

® JIJIsl CJIETBIX U CIA0OBUASIINX: YCTPOMCTBOM JJII CKAHUPOBAHUS M UYTEHUS ¢ Kamepoil SARA
CE; nucruieeMm bpaitng PAC Mate 20; npuntepom bpaiins EmBraille ViewPlus;

eIl TIHYyXUX W CJIA0OCHBIIAIIUX: aBTOMATU3UPOBAHHBIM pabO4YMM MECTOM JUIsl JIIOAeH ¢
HapyLIEHUEM CITyXa U C1a00CTBIIIAINX; aKyCTUYECKUN YCHUIINTENb U KOJIOHKU;

e isi OOy4arolmMXCs C HapyLIEHUSMHU OINOPHO-IBUTATENILHOTO ammapaTa: MepeIBUKHBIMHU,
perynupyeMbIMu dproHomudeckumu napramMu CH-1; KOMIOBIOTEPHON TEXHHUKOW €O CHEILUAIbHBIM
MIPOrpaMMHBIM 00ecTIeYeHUEM.
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9. MeToanueckue MaTepuabl

9.1 IlnnaHbl NPAKTHYECKUX 3AHATHH

Tema 1. O030p MaTeMaTHYECKUX METOI0B KBAHTOBOM (PU3UKH.

L]env 3anamus: cienaTh 0030p MaTeMaTHUYECKUX METOJO0B KBAHTOBOM (DU3UKHU:

1. PaccMOTpeTh sIBIEHME YaCTUYHOI'O OTPAKEHUS CBETA OT IOBEPXHOCTHU CTEKIIA;

2. PaccMoTpers MeTOZ CTpENOK AJI ONMMCAaHWS aMIUIUTYIbl HAXOXKJICHHUS YacTHIbl B HEKOTOPOMH
TOUKE;

3. HM3yuuTh oTpakeHuE CBETa OT 3epKaja;

4. W3yunuts npuHIHI paboThl (HOKYCHPYIOIIECH JTUH3HI;

5. PaccMOTpeTh 3KCIIEPUMEHT C 3JICKTPOHHOM MYIITKOH.

Koumponvnvie onpocwi:

B yem nposiBisieTcs KOPIyCKYIsIPHO-BOJHOBOW Ayainn3M cBeTa?

Onummure SKCIEPUMEHT C MYJIEMETHOM CTpenb0Oil, ¢ BOJIHAMU U C 3JIEKTPOHAMM.

B yem nposiBisieTcss KOPIyCKYISIPHO-BOIHOBOW Ayain3M B OBEIEHUU dIIEKTPOHA?

Uro Takoe uaTEepdepeHius’?

UTO NpOUCXOANT, €CIIU B OTBITE C ANEKTPOHHON MYIIKOH 32 JIEKTPOHOM “‘HalnroAarh”?
B uem nposBasiercst npuHun HeonpeaeneHnocTu ['eitzendepra?

B yewm 3akmtovaercsa rnaBHbIN 3akoH [Ipupoab?

N3 gero ob6paszyercs pe3yabTUpyroIias cTpenka?

Kak cBet oTpaxkaeTcst oT 3epkana?

10. Kak cBeT npoxoauT yepe3 2 HOBEPXHOCTH CTeKIIa?

11. ITouemy mo Mepe yTOJIICHHSI CTEKIIa BEIMYMHA OTPaKEHHOTo cBeTa kojebnetcs ot 0% mo 16%?
12. O6bsicHuTe NeiicTBrE HOKYCHPYIOMISH JTUH3BI.

13. Kak B aTrome BO10pO/1a IPOTOH YIEPKUBAET FIEKTPOH?

WO E WD =

Tema 2. Auredpanyeckuii anmnapatr KBaHTOBOW HH(pOpMaTUKH.

Llenv 3anuamusa: BCIIOMHUTb MaTepuall JMHEHHOW anreOpbl, HEOOXOAMMBIM Jii MOHMMAHUS OCHOB
KBAaHTOBON MEXAHUKHU.

Ipumepnsiti mun 3a0ay, KOMOpwl HEOOXO0UMO paA30Opamv HA 3AHAMUAX OAi  OdlbHelue20
NOHUMAHUS MAMePUand:

Haiitu koopanHaThl BEKTOpa B 3aJJaHHOM Oa3uce.

Haiitu matpuny 1MHeiHOro oneparopa B 3a/laHHOM Oazuce.

Haiitu co6cTBEeHHOE YMCI0 M COOCTBEHHBIN BEKTOP JIMHEHHOIO Olleparopa.

Jloka3aTh CBOMCTBAa YHUTApHOTO OIEpaTopa.

. Jlokazarp cBOICTBa CaMOCOIIPSKEHHOIO OIlepaTopa.

[IpuBecTu MaTpHIlbl TMHEHHOTO OllepaTopa K TUaroHalIbHOMY BUITY.

Jloka3zaTte TeopeMy O cBA3u yHuTapHOi Matpuuel U u spmurtoBoi Mmatpunbsl H (U=exp(iH)).
Pazobpare 3amauy 3.2, 3.4, 3.7 (ctp.9, MH.A.KponbGepr, FO.N.Oxwuros, A.}O.UepHsBCKuii.
Anrebpanueckuii annmapaT KBaHTOBOM nH(popmaTuku: yuebHoe nocooue. MI'Y um. M.B. JlomoHOCOBa,
®dak. BEIYHCII. MaTeMaTUKu U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 55c¢.)

Vkazanus no ewvinonnenuro 3a0anus:  HEOOXOIUMO BCIOMHHUTH OINPEAEICHUS YHUTApHBIX U
SPMUTOBBIX MaTPHLI.

Pazobpars 3amauy 4.1, 4.2, 43 (ctp.1l JA.A.KponGepr, FO.N.Oxwuros, A.}O.YepHIBCKHIA.
Anrebpanyeckuil anmnapaTt KBaHTOBOM HH(popmaTuku: yueOHoe nocodue. MI'Y um. M.B. JlomonocoBa,
dak. BbIUUCI. MaTeMaTukH U KubepHetuku. - Mocksa: MAKC Ilpecc, 2011. - 55c¢.)

Ykazanus no evinonnenuro 3a0anus; HEOOXOIUMO BCIIOMHUTB onpeaeneHue f(A).

9. Haiitu TeH30pHOE NpousBeacHUE MaTpull A u B.

10. Haiitn n-yro TeH30pHYIO cTerneHb onepatopa W Youma Anamapa.

Vkazanus no evinonnenuto 3a0anus; HEOOXOIUMO PA3I0KUTh UUCIIA 1 M ] B JBOUYHOU CHCTEME.

© N U AW
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11. Pazo6parp 3amauy 1.3, 1.4 (crp.14, HA.A.KpouGepr, HO.N.Oxuros, A.}O.UepHSBCKUH.
Anrebpanueckuil anmapat KBaHTOBOH HH(popMaTHKH: yueOHoe mocodbue. MI'Y um. M.B. JlomoHocoBa,
dak. BBIYKCII. MaTeMaTUKU U KkubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 55c¢.)

Vrkazanua no ewvinonnenuro 3aoanus: HEOOXOAMMO BOCIIOJIB30BaThCS ONPEIEICHUEM TEH30PHOIO
MIPOU3BEICHUS TPOCTPAHCTB

12. PazoOparp 3amauy 2.2 (ctp.17, J.A KpoubGepr, H.N.Oxwuros, A.KO.UepHsaBCKHiA.
AnrebpandecKkuii anmapat KBaHTOBOM HHGOpMaTHKU: yaeOHoe ocodue. MI'Y um. M.B. JlomoHnoCOBa,
®dak. BbIYKCII. MaTeMaTuku U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 55c¢.)

Vkazanua no evinonnenuto 3a0anus: HEOOXOUMO BCIIOMHHUTH ONPEJCICHUE TEH30PHOTO
IIPOU3BE/ICHNUS OIIEPATOPOB.

13. PazoOpare 3amauy 2.4, 2.3, 2.5 (ctp.17, J.A.KponbGepr, FHO.N.Oxurop, A.}O.UepHSBCKUH.
Anrebpanueckuii anmapaT KBaHTOBOW nH(popmaTuku: yuebnoe nmocooue. MI'Y um. M.B. JlomoHOCOBa,
dak. BpIYKCI. MaTeMaTUKu U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 55¢.).

Vkazanua no evinonnenuto 3adanus: ~ HEOOXOJUMO BCIIOMHUTb  CBOMCTBAa ONpPEENMUTENECH U
orpeziesieHUE cliefia MaTPUIIbI

14. Haiitn coOCTBeHHBIC 3HaUCHUSI U COOCTBEHHBIC BEKTOpHI oreparopoB [laymu (3amaua 8, ctp.40,
J.A.Kponbepr, FO.N.Oxuros, A.FO.UepHsBckuii. KBanToBass uH(pOpMaTHKa W KBaHTOBBII
KoMmbioTep: yueOHoe mocobume. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTEMaTUKH U
kubepHetuku. - MockBa: MAKC Ilpecc, 2011. - 64 c.)

15.J1oxa3atb, yro Matpuiiel [laynm oOpa3yror 6a3uc B IpOCTPAHCTBE IPMUTOBBIX MATPHIL.
Koumponvnvie sonpocawi:

JlaiiTe onpeneneHne BEKTOPHOrO MPOCTPAHCTBA.

Kak HaiiTh KOOpAMHATHI BEKTOPAa B HEKOTOPOM 3aJaHHOM Oazuce?

Kak onpenenuts MaTpuily nepexoja MeX1y AByMs Oasucamu?

Kak omnpenensieTcst eBKINI0BO MPOCTPAHCTBO U YHUTAPHOE MPOCTPAHCTBO?

JlaiiTe onpenenenye JIMHEWHOro OIepaTopa u €ro MaTpUIbL.

Kak npeoOpa3zyercs maTpuiia onepatopa npu npeodpazoBanuu 6azuca?

Jaiite omnpeerieHne COOCTBEHHOTO 3HAUCHUSI M COOCTBEHHOTO BEKTOPA JTMHCHHOTO OIepaTopa.
Jlaiite onpezenenue CONnpsHKeHHOTO OIeparopa.

Kakas marpuna y conpsbkeHHOTo oneparopa?

0. [laiiTe onpeneieHne caMOCONPsKEHHOTO oneparopa’?

11. daiiTe onpeaesnenre SpMUTOBON MaTpUIIbI?

12. JlaiiTe onpeneneHne yHUTapHOro oneparopa?

13. Kakasg MaTpuiia y yHUTapHON MaTpHIlbI?

14. IlepeuncnuTe CBONWCTBA CaMOCOINPSKEHHOTO OIEpaTopa.

15. [lepeuncnure CBONCTBA YHUTAPHOTO OTepaTopa.

16. Kakum 006pa3oM MOXKHO MPUBECTH MaTPUILy JIMHEHHOTO onepaTopa K JUaroHalbHOMY BUY?

17. Kak cBsa3anbl Mexxy coboit ynutapHas Matpuna U u spmuroBa marpunel H? (U=exp(iH)).

18. Kak onpenensercs TEH30pHOE IPOU3BEIACHHUE TPOCTPAHCTB?

19. Kak HaliTu TEH30pHOE MPOU3BEICHUE MATPUIL?

20. Kak onpenennTs 5KCIOHEHTY OT MATPHULIbI?

21. Kak HailT Ipou3BOAHYIO OT eXp(At).

e S RS I o o e

Cnucok numepamypbi:
JlononnumenvHas
1. J.A.Kpoub6epr, FO.M.Oxwuros, A.FO.UepHsBCKuii. Anrebpanueckuii anmapaT KBaHTOBOH

uHpopmatuku: ydebHoe mocodbme. MI'Y um. M.B. JlomonocoBa, dak. BbIYHMCI. MaTeMaTUKH U
kubepuetuku. - MockBa: MAKC Ilpecc, 2011. - C. 7-38.

2. JI.AKpoub6epr, F0.1.Oxuros, A.FO.UepHsBckuHii. KBantoBas mH(popMaTuka U KBaHTOBBII
KoMIploTep: yuebHoe mocobme. MI'Y um. M.B. JlomoHocoBa, ®ak. BBIYMCI. MaTeMaTUKH H
kubepHetuku. - Mocka: MAKC IlIpecc, 2011. — C.40.

Tema 3. DBoJ101USI BEKTOPAa KBAHTOBOI'0 COCTOSIHMSI.
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Llenv 3anamus: pazoOpaTbcs B TOM, KAKUM 00pa3oM MOXKET IPOUCXOAUTh IBOJIFOLIUS KBAHTOBOTO
COCTOSIHUSI BO BpEMEHU

Pewumo 3a0auu:

I. Ne 5, ctp.39, Ne 6, No 10, No 11, ctp.40, NeNe 12,14,16, ctp.41, JI.A.Kpou6Gepr, FO.N.Oxwuros,
A.JO.Yepusasckuii. KBaHTOBas mHpOpMAaTHKa U KBAHTOBBIA KOMITbIOTEP: yueOHOE mocooue. MI'Y um.
M.B. JlomoHocoBa, Dak. BbIUMCI. MaTeMaTUKH U kubepHetuku. - MockBa: MAKC Ilpecc, 2011. - 64
c.)

2. Haiitu mpoekuuro 3a1aHHOTO cocTostHust ¥ Ha BTOpPOM KyOHT.

Vkazanus no evinonnenuio 3adanus: cienyer u3Meputhb coctosHue ‘P, korza nepBelii KyOUT nepeiaer
B cocTosiHue | 0 >, a mOTOM, KOT/1a EPBhI KyOUT niepeiiier B cocrosiHue | 1 >.

Konmponvhuvie 6onpocuwi:

UYro Ha3bpIBaeTCs MPOCTPAHCTBOM KJIACCUUECKHUX COCTOSIHMM?

Kak onpenensiercs NpocTpaHCTBO KBAHTOBBIX COCTOSIHUNA?

Kak Ha3piBaeTcs 2IEMEHT MPOCTPAHCTBA KBAHTOBBIX COCTOSIHUM?

Urto Takoe BoHOBAs (YHKIIHS?

OT KaKMX MePEMEHHBIX 3aBUCUT BOJHOBAsA (DyHKINA?

KakoBa pa3zMepHOCTb IPOCTPaHCTBAa KBAHTOBBIX COCTOSHUM?

KaxoBa pazMepHOCTh IPOCTPAaHCTBA KJIACCUUECKUX COCTOSIHUM?

YTo UMEIOT B BUJLy IOJ] 36PHOM IIPOCTPAHCTBEHHO-BPEMEHHOTO Pa3peIieHus?

B yem nposiBisieTcs JUCKPETHOE NPECTABIEHNE IPOCTPAHCTBA COCTOSIHUM, T.€. KAKUM 00pa3zom
IIPOUCXOJUT MPOLECC NEPeXoa OT BOJIHOBOM (PYHKLIMHU K KOHEUHOMY BEKTOPY (3Ta MpoLeaypa ere
HA3bIBACTCS MEPEXO0JIOM K KyOUTOBOMY MPECTABICHUIO BOIHOBON (PyHKIIUH)?

10. Kakue ObIBarOT BU/IbI BOJIIOIMH BEKTOPA COCTOSHUSA?

11. Kak onpenensercs aMIUINTY/la B HEKOTOPBIM TOUKE B CIEAYIOLIMI MOMEHT BPEMEHH, €CIIU Mbl
3HaeM aMIUIMTY]Ibl BO BCEX TOUKAX B MPEIbIIYIIMI MOMEHT U 3HaeM aMIUIMTY bl IEPEeXoa U3 3TUX
TOYEK B UCXOAHYIO?

12. B yem 3axiitoyaeTcsi yHUTapHasi JUHAMUKA BEKTOpa COCTOSIHUS?

13. Kak onpenensieTcss u3BMEpEeHHe KBAaHTOBOTO COCTOSIHUS?

14. Yto Takoe KoJuaarc BOJIHOBOTO BeKTOpa?

15. B uem 3axmrouaercst IlpaBumiio Makca bopua (ocHoBHOI 3akoH [Tpupomast)?

16. Kak onpenensitorcst ker-Bektop |V> u O6pa-Bekrop <¥| (cumBonuka Jupaka)?

17. Kak 3anuchiBaeTcst OO BUJ OJTHOKYOUTHOTO COCTOSTHUSA?

18. Kak 3anucbiBaercst 00muil BU ABYXKYOUTHOTO COCTOSIHUS?

19. 3anumure ypaBHenue lllpennnrepa oTHOCUTENBbHO BekTOpa [P>.

20. Kak HazbiBaercs H B ypaBaenuu Lllpeaunrepa?

21. Yemy pasusiercst H B mpocreiinieM ciydyae yaCcTHIIbI B TOTEHLIUATbHOM T10JIe?

22. 3anummure peuieHue ypasHeHus lllpeaunrepa kak 3BOJIONHMIO BEKTOpPA COCTOSIHUS BO BpeMEHHU  (
[¥(t) >=exp(-iHt) [¥(0)>) ( B citydae MOCTOSHCTBA MTOTEHI[MAIBHON SHEPIUH BO BPEMEHH).

23. Ilouemy TOBOPAT O JTUHEUHOCTHU HBOJIOLUN?

24. 3anumure ypaBHeHue lllpenunrepa st aroma Bogoposa.

25. 3anummre ypaBHenue lllpenunrepa Ui MOJIEKYIBbI BOLOPOAA.

26. 3anumure ypaBHeHue lllpenunrepa st OTHOMEPHBIX MOTEHLMATIOB.

27. 3anummure oOmui B pemieHus ypasaenus Llpeaunrepa.

28. Kak onpenensercs MaTpuiia IIOTHOCTH?

29. Yemy paBHsieTCA paHT MaTPUILIbI TUIOTHOCTHU?

30. Kak onpenensercs Matpuiia INIOTHOCTH CMENIAHHOTO COCTOSHUSA?

31. Yem OT/IMUYAETCS UUCTOE COCTOSTHUE OT CMEIIAHHOT0?

32. Kakoe cocTosiHME Ha3bIBAETCSI HEKOTEPEHTHBIM 7

Cnucok numepamypb:

OcHnoenas

XpennukoB A. HO. Bpenenue B kBaHTOBYIO Teopuio uMHpopmauuu / A. FO. XpeHHukoB. - M.:
®usmataut, 2008. — C. 6-60.

WX E WD =
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JlononnumenvHas

J.A.Kpounb6epr, F0.1.0xuros, A.}O.Uepusasckuii. KBaHTOBas HHPOpMAaTHKa U KBAHTOBBII
KoMIbtoTep: yueOHoe nmocooue. MI'Y um. M.B. JlomoHocoBa, @ak. BBIYKCII. MATEMATHKU U
kuOepHetuxu. - MockBa: MAKC IlIpecc, 2011- C.39-41.

Tema 4. [IpuMeHeHHe TEH30PHOT0 MPOU3BeIEHUSI.

Lenv 3ansamusi; pacCCMOTPETh Pa3IMYHbIC TPUMEHEHHUS TEH30PHOTO TIPOU3BEICHHUS.

3aoauu:

1. Ssnsercs nu coctositnne GHZ 3anyranHbImM?

2. SIBnsercs nu cocrostnue W 3amyTaHHbIM?

3. SBmstorcs ym omeparopel CNOT, Toffoli, SWAP 3anyreiBatonmmumu? Hanmucats Matpuiibl
oneparopoB. BuIACHUTH, MPEACTABUMBI JIW MAaTPHUIIbI B BUAEC TEH30PHOIO MPOU3BEICHUSI HEKOTOPBIX
MaTpHil.

4. 3amauu 34, 35, 36, 37, 38, 39, crp.47, H.A.KpoubGepr, KO.N.Oxuros, A.FO.UepHsBCKuii.
KBanToBas nHpopMaTHKa U KBAaHTOBBII KOMITBIOTED.

Konmponvnvie sonpocuwi:

1. Yto Ha3bIBaeTCs TEH30PHBIM MTPOU3BEICHUEM MPOCTPAHCTB?
2. Yto Ha3bIBae€TCAd TEH30PHBIM MPOU3BEICHUEM KBAHTOBBIX COCTOSTHUN?
3. Urto Ha3bIBaeTCsl TEH30PHBIM MPOU3BEICHUEM OMEepaTOpPOB?
4. JlaiiTe onpeneneHUe He3alyTaHHBIX U 3allyTaHHBIX COCTOSIHUMA?
5. TlpuBeaute npumep 3ayTaHHOTO KBAHTOBOTO COCTOSIHUS?
6. B uem mpossisercs GU3NYECKUN CMBICH 3aIIyTAHHOCTH U €€ CBSI3b CO CIOKHOCTHIO BHIYMCICHUH.
Cnucok numepamypol.
JlononnumenvHas
J.A Kponbepr, H0.N.Oxwuros, A.FO.YepHSBCKHIA. KBantoBas wuHdopmaTHka U KBAHTOBBIH

KoMrbloTep: yudeOHoe mocobue. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTEMaTUKH U
kubepHetuku. - MockBa: MAKC IIpecc, 2011- C.47.

Tema 5. CooTBeTcTBHE (PU3HYECKHX BeJIUYMH IPMHUTOBBIM ONlePATOPaM.

lle]lb 3AHAMUA. paso6paTI>c;1 B COOTBETCTBUC MCKIAY (1)PI3PILICCKI/IMI/I BCJIIMYMHAMU U 3PMUTOBBIMHU

oIepaTopamH.
3aoayu:

1. Haiitu coOcTBEHHOE 3HaUE€HUE U COOCTBEHHBII BEKTOp OlepaTopa KOOPAUHATHI.

2. Haiitu coOcTBeHHOE 3HaYeHHE U COOCTBEHHBII BEKTOP OlepaTropa UMITYJIbCa.

3. Haiitu coOcTBEHHOE 3HaUE€HUE U COOCTBEHHBII BEKTOp OnepaTopa KHUHETUUECKOM SHEPTUH.
4. Jloka3arb, 4TO OIEpaTOP UMILYJIbCA SPMHUTOB.

5. Jlokazatp, 4TO Oneparop KOOpAUHATBI JPMUTOB.

6. Jlokazarp, 4TO OnepaTop SHEPruu S3pMUTOB.

7. Jlokazarkb, 4TO OIIEPATOp TPAJUEHTA HE SBISETCS 3PMHUTOBBIM.

8. Hamucatsp, kak JeiCTBYET orepaTop MOMEHTA UMITYJIbCA

Vkasanua no ewvinoamenuro 3adanus: HEOOXOOUMO BCIIOMHHUTH —ONPEIEIIEHHE BEKTOPHOTO
MIPOU3BEICHHUS.

9. PemuTh cTanmoHapHyo 3a7a49y I CBOOOTHOM YaCTHUIIBI.

10.Haittu MaTpuily omeparopa OTpaXkKeHHs BIOJIb BEKTOpa | a >. JIoka3arh, 4TO OH YHUTapeH (3a1ada
No 42, c1p.50, O.A.Kpoubepr, I0.1U.Oxwuros, A.FO.UepHsBckwuii. KBanToBass mupopmaTnka u
KBaHTOBBII KOMITbIOTEP: yaeOHOe mocobre. MI'Y um. M.B. JlomoHocoBa, Dak. BEIUKCIT. MATEMATUKH
u kubepueruku. - Mocka: MAKC Ilpecc, 2011. - 64 c.)

11.Peanu3oBarh Ha KBAHTOBOM KOMITBIOTEPE OMEPATOP OTPAXKEHUSI BIOJb BekTopa | 0 >.

Vkazanusa no evinonnenuio 3a0anus: CKaHUPOBaTh KyOUTHI apryMeHTa ClIeBa HAlpaBo, OAHOBPEMEHHO
C HYJIEBOW aHIIUIIOW, HY>KHOU aJisi cOopa Mycopa, a pe3ylibTaT BHIIBICHHS XOTsSI Obl OJHON €TUHUIIBI
HAKaIlJUBaTh B CIENUAILHOM KyOUTE res, KOTOPBI Mociie CKAaHUPOBAHMS HYKHO HCIOIB30BATHCS AJIS
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n3mMeHeHus 3Haka (3amaua 44, JI.A.Kponbepr, FO.N.Oxwuros, A.}O.UepHSBCKUM. KBanrtoBas
nHpOpMATHKAa W KBAaHTOBBIM KoMIbIOTEp: yueOHoe mocobue. MI'Y um. M.B. JlomonocoBa, ®Pax.
BBIYMCII. MaTeMaTUKH U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 64 c.).

Koumponvnvie onpocwi:

1. Kak onpenensercs onepaTop KOOpJAUHATHI?

2. Kak onpezensercs onepaTop UMIyibca?

3. Kak onpenensercs onepatop sHepruu’?

4. Kak onpenensiercs: oneparop MOMEHTa?

5. Kak 3anuceIBaeTcst UMITYJIbCHOE MPEJCTaBlIeHNE BOJHOBOM (pyHKIMU (mpeoOpazoBanue Oypwe oT
BOJIHOBOHM (pYHKITUH)?

6. Kaxk nmosyuaercs oneparop SHEpPruu U3 BbIPAXKEHUs JIJIS KIIaCCUYECKOM sHeprun?

7. Kak cBsi3aHbl MeX1y COO0H KiTacCHUeCKue 3HaUYCHHsI (PU3MYECKON BEIMYUHBI U COOCTBEHHBIE
3HAYEHUSI COOTBETCTBYIOIIETO SPMUTOBA onieparopa’?

8. MO0KHO J11 U3MEPUTH OJJHOBPEMEHHO KOOPJUHATY U UMITYJIbC BJIOJIb OJTHOM KOOPANHATHOW ocH?

9. A ecnm paccMOTpETh KOOPJAMHATY X, @ UMITYJIbC BJIOJIb APYTrOM ocH?

10. B kakxom cMmbICiie TOHUMAETCS OHOBPEMEHHOE U3MEPEHHE?

Cnucox numepamypuoi:

JlononnumenvHas

J.A Kponbepr, 0.M.Oxwuros, A.FO.YepHSBCKHIA. KBantoBas wuHdopmaTka U KBAHTOBBIH
KoMmbioTep: yudeOHoe mocobume. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTEMaTUKH U
kubepHetruku. - MockBa: MAKC IIpecc, 2011. — C.50.

Tema 6. KBanTOBBI KOMIIBIOTEP.

L]env 3ansamus: N3y4uTh abCTPaKTHYIO MOJIENIb KBAHTOBOT'O KOMIIBIOTEPA.
3aoauu:
1. ®uznuecku peanuzoBatb NOT .
2. ®uznuecku peanuzoBath CNOT .
3. PeanmuzoBats Gate Toffoli B Bune Quantum Gate Array ¢ UCTIOJIB30BaHUEM OllepaTopa Anamapa,
NOT u CNOT.
Koumponvnvie onpocwi:
Onummre abCTPaKTHYIO CXeMY KBAaHTOBOTO KOMIIBIOTEPA.
Onummre, B 4eM 3aKJII0UAETCS] KBAHTOBOE BBIUHCIICHHE.
Onuiumre BBIYUCIECHUE C OPAKYJIOM Ha KJIACCUYECKOM KOMITBIOTEPE.
Uto Takoe KBaHTOBBII OpaKy?
Onumute 3amauvy nepedopa.
Urto Takoe KBaHTOBbIE BEHTHIIN?
Kakue o/1HOKYOUTHBIE KBAHTOBBIC BEHTUIIU BbI 3HaeTE?
Kakue nByxkyOWTHBIE KBAHTOBBIC BEHTUJIN BbI 3HaeTE?
Kakmne TpexkyOuTHBbIE KBAHTOBBIE BEHTHIIU BbI 3HaeTE?
10. Kak cocTaBisitoTcs KBaHTOBBIE CXEMBI U3 (DYHKIIMOHAIBHBIX AJIEMEHTOB?
11. Yro Takoe aummmia?
12. 3ayem BBOAUTCS aHLIMIUIA IIPH peatu3ayuu Ha K6AHMOBOM KOMNblomepe onepamopa
ompadicenust 60016 eekmopa | 0 >?
13. 3ayeM mpou3BOAUTCSA KBAHTOBASI YUCTKA aHIIAIII?
14. Yro Takoe KBAHTOBOE YCKOpEHHE?
15. B uem 3akmrouaetcst anroputm ['poBepa 1yist mepeOopHOi 3a1aun’?
16. OOBscHUTE TeOMETpUUECKUI cMbIca aaroputma ['posepa.
17. B 4em 3axiro4aercsi TAIUYHOCTh I'POBEPOBCKOIO YCKOPEHUS?
18. YTo BbI MOXKETE CKa3aTh O HIXKHUX OI[EHKAaX KBAaHTOBOMW CJIOKHOCTHU?
19. Kak cootrocsitest NP- 3aaun 1 KBaHTOBBIE BLIMACICHUS?
20. Kakwue BbI 3HaeTe alrOPUTMbl KBAHTOBOTO MOJIEIMPOBAHUS CUCTEM MHOTMX YacTHUI?
21. B uem 3akiroyaercsl CXema TeNeNopTaluy HEU3BECTHOTO KBAHTOBOI'O COCTOSIHUSA?

WX nhwh =
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22. Yto umeeTcs B BUY O 3alPETOM Ha KJIOHUPOBAHHWE KBAHTOBBIX COCTOSHUM?

Tema 7. J1eMeHTHI KBAaHTOBOI Kpunrorpaguu.

Llenv 3anamus: TTO3HAKOMUTBHCS. C OCHOBHBIMH TTOJIOKEHUSIMH KBAaHTOBOW KpUIITOrpaduu
Koumponvnvie sonpocawi:

1. K xakoMy rojly OTHOCHUTCSI POXJIECHUE KBAaHTOBOW KpHumrorpaduu?

B yewm 3akitogyaercs riiaBHOE MPEMMYILECTBO KBAHTOBOW KpunTorpadguu mnepes KiacCuuecKoi?
B uem 3akirouaercs 3aaya CEKpETHOM nepeiayu JaHHbIX?

B yewm 3akiiouaercs 3a1aya pacpoCTpaHEHUsl CEKPETHOTO Kitoya?

Kakwue BbI 3HaeTe HCTOpHUYECKHE CIIOCOOBI ITM(PPOBAHUS JAHHBIX?

Kaxosbr uatepecs Anucel (Alice),bo6a (Bob) u EBbl (Eve)?

UYro Takoe KpunTorpapuuecKuii mpoTokon?

UTto Takoe cuMMeTpUYHBIC MU(PHI?

Jaiite onpeesieHne CTOMKOCTH KPUIITOCUCTEMBI.

10 Chopmynupyiite Teopemy llleHHOHA.

11. B ueM miposiBiIsieTCSt UCIIOJIB30BAHUE TICEBIOCTYYalHBIX TEHEPATOPOB?

12. Kak cBs13aH BOIIPOC O MCEBIOCTyYalHBIX T€HEpaTOpax C HepelIeHHOM npodieMoit o paBeHcTBe P
u NP npo6Giiemsr?

13. Yto Takoe KpUNTOCUCTEMA C OTKPBITHIM KITHOUOM?

14. Onumnte cxemy anropurma RSA.

15. Anroputm Illopa dakropuzanuu 60ibmmux yncen. KBaHTOBbIe KOABI KOPPEKLIUU OLIUOOK.
[Iporokosn BB84.

Cnucox numepamypuoi:

JlononnumenvHas

J.A Kponbepr, F0.1.0Oxuros, A.FO.Uepussckuii. KsanroBas kpunrtorpadus: yuebHoe mocobue./
MI'Y um. M.B. JlomoHocoBa, ®ak. BeIYMCI. MaTeMaTuku U kubepHeTuku. - Mocksa: MAKC Ilpecc,
2011. - C. 9-25.
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IIpunoxenue 1. AHHOTAIUS
paboyeii mporpaMMbI JUCIUATUTHHEL

AHHOTAIIUS PABOYEN ITPOT' PAMMBI JTUCIUILIAHBI

Jucuummmza «MaTtemMaTi4ecKoe MOIEIMPOBAaHUE KBAHTOBBIX CUCTEM M KBAHTOBBIC BHIYMCICHUS »

peanmzyercss Ha  (akynpTeTre  MHGOPMAIMOHHBIX  CHCTeM ©  Oe3omacHocTd  Kadeapoid
(byHIaMEHTaJIbHOM U MPUKIAJHON MaTeMaTHKU.
Lenp AUCUMIIMHBL OBJAJAECHUE CTYAEHTAMU - MAaTeéMaTUKAaMM OCHOBaMU KBAaHTOBOW MEXAaHUKU U
KBaHTOBBIX BBIYMCIICHUM, 1 YMEHHEM IPUMEHATH TAKUE 3HAHMS UIA PELICHMS 3alad NMPaKTUYECKUX
BBIUMCICHUM. 3a1auu: HAYYUTh NPUMEHATh 3HAHUS 110 OCHOBaM KBAaHTOBOW MEXaHMKE JJIsl PEILICHUs
3a/1a4 MPaKTUYECKUX BBIYUCIICHUM.

JlucuuiuinHa HanpaBieHa Ha (popMUpOBaHUE CIETYIOIUX KOMIIETEHIIHNA:

IIK-3.  CnocoGeH OoCyIIeCTBIATh MOUCK, U3yUEHHE U Pa3pabOTKy HOBBIX TEOPETHUYECKUX WU
MPAKTUYECKUX MPOOJieM, CBEICHHM, OTHOCSAIIMXCS K PEIICHUIO TEKYIIMX HAayYHBIX HCCIIEIOBaHHIA,
IIPOM3BOJICTBEHHBIX 337lay; B MH(GOPMALMOHHBIX CPEAax HAaXOAMThb, CO3[aBATh OCHOBHBIE SJIEMEHTHI
OyAyIMX MaTeMAaTUYECKUX CTPYKTYP MM KOHCTPYKTHBHBIX MaTeMaTHUECKUX MOJICIICH.

B pe3ynbrare 0CBOGHUS NUCLUILIUHBI 00YYatOLUICs JOIKEH:
3nHamb: OCHOBBI HEPEISATUBUCTCKOM KBAHTOBOM TEOPHUM OJHOM M HECKOJIbKUX YacTHIL, IPUHIIHUIIBI
BBIUUCIICHUH 1 00paboTKU MH(DOPMAIUK, COJIepKAIUXCS B KBAHTOBBIX aHCaMOJIAX;

Ymemsb: NOCTPOUTH aQITOPUTM, pEANM3YIOIUN CTaHAAPTHbIE HH(OPMALMOHHBIE IPOLECCHl HAJ
KBAHTOBBIMHM aHCaMOJIsIMM (YHUTapHas SBOJIIOLUS, U3MEPEHNUE M YaCTUYHOE W3MEPEHUE, BHIUNCIIEHUE
3aIlyTaHHOCTH, TeJIENOpTalis, KBAHTOBbIE BEHTUJIM), PEAIIU30BATh KOMIIBIOTEPHYIO MOJEIb 3TOrO
mpouecca M OLEHUTb €ro CI0XKHOCTb, IOCTPOUTh MAaTEMAaTUYECKYI0 M INPOTPaMMHYIO MOJEIb
peaJIbHOTO Ipoliecca ISl HECKOJIBKHUX 3apsyKEHHBIX YAaCTUIl BO BHEIIHEM IOTEHIIMAJE, B YAaCTHOCTH,
peaTu3yIoLyI0 CTaHIapTHbIE KBAHTOBBIE BEHTWIH, U CAETaTh IPAKTUYECKHE BBIBOJIBI IO HEHl (Bpems
cpabaTeIBaHus, TOOPOTHOCTH, BOBMOKHOCTh MaCIITAOMPOBAHHUSA);
Brademw: peanuzanueil BBIYMCIMTEIbHBIX AJITOPUTMOB C MPUMEHEHHEM CTaHIAPTHBIX KBAHTOBBIX
BEHTUJIEH, BBIYMCIECHUEM CTaHIAPTHBIX (U3NYECKUX BEIMYMH (PHEPIUM, KOOPIMHAT, HUMITYJIbCA,
MOMEHTa), a TaKXK€ BEPOATHOCTHBIX pacHpeieSeHUN Ul 3a/laHHbIX KBAHTOBBIX COCTOSIHUI MPOCTBIX
aHcamOJeil U3 HECKOJIBbKUX YaCTHUI] BO BHELTHEM MTOTEHIIHAIE.

[To qucuuIuIMHE MpeycMOTpeHa MPOMEKYTOUHAs aTTecTalus B popMe 3auéTa ¢ OLEHKOM.

OO61ast TpPyA0€MKOCTh OCBOEHUS IUCLHUIIIIMHBI COCTaBISIET 4 3a4eTHBIE €IUHULIBI.
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JIMCT U3BMEHEHUI!

Ilpunosxcenue 2

No | Tekcr akTyanuzainuu uinu npuiaraeMbii Kk PI1J] nokymenr,
COZEpKAIMI U3MEHECHUS

ara

Ne
MIPOTOKOJIA

1 Ona OIN BO marucTtpaTypbl n3amMeHeHus Tonbko 3a 2020 r.
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