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1. [TosicHUTEIBHAA 3aNIUCKA

1.1. Heab u 32124 JAUCHMILIIHHBI

Ileny oucyunnunol.

BBIYHUCJIEHUI.

3aoauu Oucuunﬂuubl: HAay4YWUTh MPUMCHATH 3HAHHA 110 OCHOBaM KBAHTOBOM MEXaHHKE JJI PECIICHUA

3aa4 NpPpaKTUICCKUX BBIYHCIICHUI.

OBJIAZICHUC CTYACHTAMHU-MATCMATHKaAaMH OCHOBaMUu KBAaHTOBOM MEXaHUKH H
KBaHTOBBIX BLIQHCHGHHﬁ, U YMCHUCM INPUMCHATH TAKUC 3HAHUA JJIA PCHICHUA 3aad MPAKTUYCCKUX

1.2. IlepedyeHb MJIAHMPYEMBIX Pe3yJIbTATOB 00y4eHHs 110 AUCHMILIMHE, COOTHECEHHBIX €
HHIAMKATOPAMH JOCTHKEHHUs KOMIIeTeHIN i

Komnerenuus NuaukaTopbl Pe3yabTaThl 00yyeHus
(Ko ¥ HaUMEHOBAHUE) KOMIIeTEeH LIl
(xomn
HAaWMEHOBAHUE)
[K-3. Cnocoben IIK-3.2. 3Hamb: OCHOBBHI HEPEISTUBUCTCKON KBAHTOBOM
OCYIIECTBIISITH TIOUCK, PaccmarpuBaer TEOPUU OJHOW W HECKOIBKHX YaCTHUI], TMPUHIIHITEI
M3y4eHne U pa3paboTKy COITMOTCXHUYECKUE | BBIUMCIACHHH W 0o0paboTkn  wHOOpMAIIHH,
HOBBIX TEOPETUYCCKUX WU CHUCTEMBI KaK COJICPIKAIIUXCS B KBAHTOBBIX aHCAMOJISX;
MPaKTHYECKUX MTPOOIIEM, CJIOXHBIE Ymemsb: TOCTPOUTH alNTOPUTM, pPEATU3YIOIIUN
CBEICHNH, OTHOCSTINXCS K nH(GOpPMAIOHHBIE | CTaHAApTHBIE WH()OPMAIMOHHBIE TPOIECCH HAaj

PEIICHUIO TEKYIUX HAYYHBIX
HCCIICAOBAaHUM,
MPOU3BOACTBEHHBIX 33]1a4; B
MH(POPMAITMOHHBIX CpeIax
HaXOJIMTh, CO3/1aBaTh
OCHOBHEIC 3JIEMEHTEI
OyIyIIux MaTeMaTHIeCKuX
CTPYKTYp WU
KOHCTPYKTHUBHBIX
MaTeMaTHIECKUX MOJIEIICH

CUCTEMBI IJId
CO3JaHus MOAeIIer
pa3HOro TUMa.

KBaHTOBBIMH aHCaMOJIsIMH (yHHTapHas 3BOIIOLNA,
U3MEpPEHHE M YaCTUYHOE M3MEPEHHE, BBIUMCIECHUE
3aIyTaHHOCTH, TeJenopTanus, KBaHTOBBIC
BEHTHIIN), PEaTN30BaTh KOMIBIOTEPHYIO MOEIH
3TOro Ipolecca U OLEHUTh €ro CII0KHOCTb,
[OCTPOUTh MaTEMaTHYECKyl0 U IPOrpaMMHYIO
MOJeNIb peallbHOrO Tpolecca sl HECKOJIBKUX
3apsDKEHHBIX YacTHI] BO BHEIIHEM IOTEHIMaje, B

YaCTHOCTH, peanu3yIonyIo CTaHJapTHBIC
KBaHTOBbIC BCHTHIIM, W CIEJNATh MNPAKTHUCCKHE
BEIBOABI 10O HeW  (Bpems  cpaOaThIBaHUS,

JOOpOTHOCTB, BO3MOKHOCTh MacIITAONPOBaHHSA);
Brademy: peanuzanneil BBIYUCIUTEIBHBIX
aNTOPUTMOB C IPUMEHEHHEM CTaHIApTHBIX
KBaHTOBBIX BEHTHJICH, BBIYHCIICHUEM CTaHIaPTHBIX
(u3MUeCKUX BEIMUUH (PHEPTUH, KOOPIUHAT,
UMITYJIbCA, MOMEHTA), @ TAKXKE BEPOSITHOCTHBIX
pacnpeneneHuii 1y 3aJaHHbIX KBAaHTOBBIX
COCTOSIHUU TIPOCTHIX aHCAMOJIeH U3 HECKOIBKUX
YacTHIl BO BHEIIHEM [TOTECHIIMANIE

T1K-3.3. Brigenser
WHQOPMaIOHHEIE
MOTOKH,
OTIpeeTsieT TOUKH
OudypKammii.

3Hamb: OCHOBBI HEPEISATUBUCTCKOM KBAHTOBOM
TEOPUH OJHON M HECKOJIBKUX YACTHII, HMPUHIIUAIILI
BBIUMCICHUH W 0o0paboTku  wmH(pOpMauu,
COJIEpIKAIIUXCS B KBAHTOBBIX aHCAMOJIAX;

Ymemwb: TOCTPOUTH AITOPUTM, pPEATU3YIOIINN
CTaHJAPTHhIC HWH(POPMAIIMOHHBIC TMPOIECCH HaJ
KBaHTOBBIMU aHCaMOJsiMH (YHHUTapHAs SBOIOLNA,
U3MEpEHNEe M YaCTUIHOC W3MEpPEHHUE, BBIUUCIICHHE
3aIyTaHHOCTH, TETETIOPTAITHS, KBaHTOBBIC
BEHTHIIN), PEaM30BaTh KOMIBIOTEPHYI) MOEIh
3TOTO TIpollecca H OLEHUTh €ro CIOXKHOCTH,
MOCTPOUTh MATEMATHUECKYI0 W MPOTrPaMMHYIO
MOJIENIb pEaJbHOTO TIpoIlecca JUIsl HECKOJBKUX
3apsHKEHHBIX YacTHI[ BO BHEIIHEM NOTEHIMale, B




YaCTHOCTH, peaNu3yIOIIyI0 CTaHJapTHBIC
KBAaHTOBbIE BEHTHIHM, M CHEJaTh HPAKTHYECKHE
BBIBOABI 1O  Hel  (BpeMs  cpaOaThIBaHUs,

JOOpOTHOCTB, BO3MOKHOCTh MacIITAOUPOBAHHSA);
Brademy: peanuzanneil BIYUCIUTEILHBIX
AITOPUTMOB C IPUMEHEHUEM CTaHJAPTHBIX
KBaHTOBBIX BEHTWJIEH, BEIUUCIEHUEM CTaHIAPTHBIX
(u3nUecKuX BENMYUH (PHEPTUH, KOOPIUHAT,
UMITyJIbCa, MOMEHTA), a TAK)K€ BEPOSITHOCTHBIX
pacrpeeneHuid A1 3aJJaHHBIX KBAHTOBBIX
COCTOSIHUH TIPOCTHIX aHCAMOJICH U3 HECKOJIBKIX
YaCTHIL BO BHEITHEM NOTEHIMAIIE

I1K-3.4. Crpour
MaTeMaTUYECKHE
MOJIENH PA3IUIHBIX
THUIIOB, HCCIIEAYET
ux.

3Hamb: OCHOBBI HEPEISTUBUCTCKOM KBAHTOBOM
TEOPHH OJHOW M HECKOJIBKHUX YACTHII, MPUHIIUAIIEI
BBIUMCICHUH W 0o0paboTku  wH(pOpManu,
COJIEPIKAIINXCS B KBAHTOBBIX aHCAMOJIAX;

Ymemsb: TOCTpOWTH alNTOPHUTM, peaTU3YIOMIAN
CTaHJIAPTHBIC WH(POPMAIMOHHBIC MPOIECCH HaJ
KBaHTOBBIMU aHCaMOJsiMu (yHUTApHAs SBOJIIOLIHS,
U3MEpEeHNEe M YaCTUIHOE W3MEpPEHHE, BBIYUCIICHHE
3aIyTaHHOCTH, TeJIETIOPTAITHS, KBaHTOBBIE
BEHTUJIN), PEAIN30BaTh KOMIIBIOTEPHYIO MOJENb
9TOT0 IMpolecca M OICHUTh €ro CIOXKHOCTB,
MOCTPOUTh MATEMATHUECKYI0 W MPOTPaMMHYIO
MOJENb pEaThbHOTO TIpoIlecca JUIsl HECKOIBKUX
3apsSKEHHBIX YacTUI[ BO BHEIIHEM IOTEHIMAale, B

YaCTHOCTH, peanu3yroyo CTaHJApPTHBIE
KBaHTOBBIC BEHTWIM, W CJEJNaTh IPAKTUYECKUE
BBIBOABI 1O  Hei  (BpeMs  cpabaThIBaHUS,

JIOOPOTHOCTH, BO3MOYXKHOCTh MacCIITA0OMPOBAHHS );
Bradems: peanmzanueil BEIYUCIUTEIBLHBIX
AJITOPUTMOB C IPUMCHEHUEM CTaHIAPTHBIX
KBaHTOBBIX BEHTUJICH, BRIYUCIICHUEM CTaHIaPTHBIX
(hM3UYeCKUX BETWINH (SHEPTUN, KOOPIUHAT,
HUMIIYJIbCa, MOMEHTA), @ TAK)KE BEPOSTHOCTHBIX
pacnpeaeneHuid U 3aJaHHBIX KBAHTOBBIX
COCTOSIHHI TIPOCTBIX aHCaMOJIeH U3 HECKOIBKUX
YaCTHI] BO BHEITHEM ITOTEHI[AAIIE

1.3. MecTo AucuMIIMHbI B CTPYKTYpe 00pa3oBaTeIbHOM NPOrpaMMbl

I[I/ICI_[I/IHJII/IHa «MaTtemMaTHueckoe MOACIIMPOBAHUC KBAHTOBBIX CHUCTCM W KBAHTOBLIC BBIYUCICHUSI
OTHOCHUTCA K 4YaCTu, (l)OpMpreMOﬁ Y4aCTHUKaMH O6pa3OBaTeJ'ILHBIX OTHOILIEHUH OJIOKa JUCIHUITIINH

y4eOHOT0 IJIaHa.

Jlis ocBOGHMS MUCHUIUIMHBI HEOOXOAWMBI 3HAHUS, YMEHUS U BIaJIeHUs, CPOPMUPOBAHHBIE B XOJI€
V3YYCHHS CIEAYIONUX TUCHUIUINH: «JIuHeltHas anrebpay, «/uddepennmansnoe u WHTErpaibHOE
ucuncnenue», «Teopus BeposiTHOcTel», «OOmas anrebpa u Teopus yucen», «DyHKIUOHATBHBINA

aHanmu3y, «MaTeMaTH4ecKue OCHOBBI COBPEMEHHON (PU3UKIY.

B pe3ynbpTare ocBOEHMs IUCHUILIMHBI (POPMUPYIOTCS 3HAHUS, YMEHUsSI U BJIAJECHUS, HEOOXOIUMBIE /IS
M3Yy4YeHUs CIEAYIOIIUX NUCUMIUIMH U NPOXOKIAeHus npaktuk: «Teopus xogupoBanus», «KoHeunsie
IOJISL U MX MPUIOKEHUs K Kpunrorpaguny», «JIeMeHThl P-aJJUueCKOro aHajau3a U ero NpUiIoKeHus K

kpunrorpaduny», [IpouszBoacreennas npakruka (Hayuno-uccienoBatensckas padbota).




2. CTpyKTYypa IMCHHILIHHBI
O61mas TpyA0EMKOCTh AUCHHUIUIMHBI cOcTaBiseT 4 3.e., 144 akaneMuyeckux yaca (OB).

CTpykTypa IMCUMIJIMHBI 1J151 04HOH (popMBbI 00yUeHust

Ob6veM auciumIuHBL B (popMe KOHTAKTHOM paboThl OOydYaIOUIMXCS C TMeJarorndecKuMu
paboTHUKaMU ¥ (WJIK) JUIAMH, TPUBIEKaEMbIMH K peaju3aluu 00pa3oBaTelIbHON MporpamMmbl Ha
UHBIX YCIOBHSX, TP MTPOBEACHUHU YUSOHBIX 3aHATHI:

Cemectp | Tum yueOHBIX 3aHATHIHA KonuuecTBo
4acoB
7 Jlexknuu 16
7 IIpakTHyecKkue 3aHsATUs 26
Bcero: 42

O06beM TUCHUILTMHBL B (hopMe caMOCTOATENbHON pabOThl 00YUAIOIINXCS COCTaBIsAET 66
aKaJeMU4ecKUX yaca(oB).

3. ConepxaHue TMCUMILIHHBI
Pa3nesa 1. O030p MaTeMaTH4YeCKHX METOI0B KBAHTOBOH (pU3NKH

Tema 1. O630p 0CHOBHBIX IKCIIEPHMEHTOB 110 KBAHTOBOI MEeXaHUKe

[Ipenmer kBaHTOBOM MexaHUKH. KoOpIyCKylIspHO-BOJIHOBOW IyaJlM3M IIpU OIPEACIICHUH CBETA.
DKCIIEpUMEHT C MYyJEMETHOW CTpenbOoi. DKcrepuMeHT ¢ BosHamH. Judpakuus. DKCHEPUMEHT ¢
anekTpoHamu. KopryckyysipHO-BOTHOBOM Jyallu3M B IOBEIEHUU JJIeKTpoHa. MHTepdepeHuus.
Habmionenue 3a snekrponom. [lpuniun HeonpenenenHoctu I'eizendepra.

Tema 2. O030p MaTeMaTH4YeCKOI0 ANNAPATA KBAHTOBOI MeXaHUKH

Cser. Yactora cBeta. PoTOHBI. DPOTOYMHOXKUTENb, KaK IIPUMEP TOTO, YTO CBET COCTOUT U3 YACTHILI.
YacTu4yHOE OTpa)KEHHME CBETa OT MOBEPXHOCTH CTEKJIA. AMILUIUTYJAa BEPOATHOCTH. MeETox CTpenok.
Pesynbrupytomas crpeinka. Marepdeperuns aMmuty. BeposTHOCTh COOBITHS Kak KBajapatr JJIMHBI
amruTyibl. OTpakeHue cBeTa OT 3epkana. [Ipoxoxaenue cBeTa u3 Bo3ayxa B Boay. Dokycupytomias
JMH3a. OJEKTPOHBI M UX B3auMmojeictBue. Ammntyaa ¢porona P(a-b). Ammnutyna snexkrpona E(a-
b). Ammumrtyzaa TOro, 4To JIEKTPOH UCIYCTUT WU NOTIOTUT (PoTOH. PaccessHue cBeTa. AHTHYACTHUIIBI.
[TpuHumn 3anpera.

Pasnea 2. AnredGpanyeckuii annapat KBaHTOBO HHPOPMATHKH

Tema 3. DneMeHTHI THHEHHON aaredphI

BekropHoe npoctpanctBo. KoopanHaTsl BekTOpa B pa3HbIX Oa3ucax. Marpuua nepexoaa.

EBKIMI0BO IIPOCTPAHCTBO. Y HUTAPHOE IPOCTPAHCTBO. JInHelHbIe onepaTtopsl. MaTtpuna

nuHenHoro oneparopa. @opmyia npeoOpa3oBaHKs MaTPULBl OIIEpATOPaA MPH NIPeodpazoBaHUU Oa3uca.
CoOcTBEeHHOE YHCIO M COOCTBEHHBI BEKTOp JIMHEHHOro omneparopa. JIuHeiHbIl onepaTop B
KOMIUIEKCHOM MPOCTPAHCTBE CO CKAJIAPHBIM Ipou3BeneHueM. ComnpsbkeHHBbIH omnepaTtop. Matpuia
conpsbkeHHOro omneparopa. (CaMOCOIpPSDKEHHBIM — omepaTop. OpMHUTOBAa MaTpulid. YHHUTapHBIN
orepaTtop. YHuUTapHas marpuia. CBoCTBa caMOCONpPSKEHHOro oneparopa. CBOWCTBa YHUTapHOTO
oneparopa. IlpuBeneHue MaTpuibl JMHEHHOIO OllepaTopa K AuaroHaiapHoMy Bunay. IIpuBenenue
MIPOU3BOJIBHOM 3PMUTOBOM MATpPULBI K JUArOHAJIBHOMY BHJy C IOMOUIBIO YHHTAPHON MAaTpHULIbI
nepexona. Teopema o cBs3u yHuTapHo marpuubl U u spmuroBoi matpuusl H  (U=exp(iH)).
TensopHoe mpoM3BEACHHE JHMHEWHBIX IIPOCTPAHCTB. TEH30pHOE MPOM3BEICHHUE ONEPATOPOB.
TenszopHoe npoussenenue matpuul. Oneparop Youmma - Anamapa.

Pa3gen 3. Di1eMeHTHLI KBAHTOBOH MEXaHHUKH.



Tema 4. IBoaOUMs BEKTOPA KBAHTOBOI'0 COCTOSIHUSA
[IpocTpaHCTBO KiacCHMUECKUX COCTOSIHMM. IIpocTpaHCTBO KBaHTOBBIX COCTOSHMH. JluckpeTHoe
MIpe/iCTaBJIeHHE MPOCTPAHCTBA COCTOSIHUNA. J{MCKpeTHOe mpejcTaBlieHue BOJIHOBOIO BeKTopa. Bumbl
9BOJIIOLIMM BEKTOpPA COCTOSIHMS: YHMTapHas JUHAMHMKa U u3MmepeHue. [loHsaTHe Komlanca BOJHOBOTO
BekTopa. M3mepenue kBanToBoro cocrosiuus. Ilpasuiio Makca bopna. Ket-Bexktop |V> u Opa-BexTop
<Y¥| (cumBonuka /lupaka). YHuTapHas quHamuka. YpasHenue llIpenuHrepa OTHOCHTEIBHO BEKTOPA |
Y>. Pemenue ypaBHenus lllpeaunrepa - 3Boironus BeKTOpa cocTosiHus Bo Bpemenn  |'P(t)> = exp(-
iHt/h) |W(0)>. JluneitHocTh sBomouuu. Pemenue ypaBhHenue Llpenunrepa ans OZHOMEPHBIX
MOTEHIIMAJIOB, OJHO- WU JBYX- SIMHOrO MoTeHuMana. Marpuua rotHoctu Jlannmay. Yactuuhnoe
U3MEpPEHUE M YacTU4Has MaTpuua IUIoTHOCTH. (CmemaHHble cocTosiHus. I[IpoekTtopsl. OTKphITHIE
KBaHTOBbIE CUCTEMBI. J[€KOTE€PEHTHOCTb.
Tema S. IlpumeHeHre TEH30PHOI0 NPOU3BEIeHUA

TenzopHoe mpousBe/eHUE MPOCTPAHCTB, KBAHTOBBIX COCTOSHUI W omepatopoB. HezamyTaHHble u
3aryTaHHbIE COCTOSIHUS. PU3NYECKUI CMBICH 3aIlyTAHHOCTH U €€ CBSI3b CO CIIOKHOCTBIO BBIYUCIIECHU.
Tema 6. CooTrBercTBHE (PU3HYECKUX BeJIUYMH IPMHUTOBBIM OllepaTOPaM.
OmnepaTtopbl KOOpAMHAT, HMITYJbCa, JHEPrHMHM, MOMEHTa uMIyibca. COOCTBEHHbIE 3HAUYEHUS U
JOTyCTUMbIE 3Ha4UeHUs (r3nueckod BelnyuHbl. COOCTBEHHBIE COCTOSHUS. [Ipumepbl: KOOpAUHATHI,
UMIIYJIbC, SHEPTUs, MOMEHT. Jlenbra-QpyHkuus Jupaka u KoopJUHATHBIN Oa3uc.

Pa3nen 4. KBaHTOBBIN KOMIIBIOTEP

Tema 7. KBaHTOBBIN KOMIIbIOTED

Borunicnenue ¢ opakyioM Ha KJIACCMYECKOM KomIbioTepe. KBaHTOBBIM KOMMBIOTEpD U KBAHTOBOE
BbiuuciieHne. KBantosbliil opaky:n. IIpumep: 3amaua nepe6opa. KBaHTOBbIE BEHTHIIN: OJJHOKYOUTHBIE,
CNOT, Toffoli, ¢da3oBpamarens. KBantoBble cxembl U3 (PyHKIHOHAJIBHBIX 3JIEMEHTOB. MeToabl
pabothbl ¢ aHmwamu. KBaHTOBasg yucTKa aHIWLI. [IOHSATHE KBAaHTOBOTO YCKOPEHHUS. AJTOPUTM
I'poBepa mst mepebopHOit 3amaun. ['eomerpuyeckuii cmbicn anroputma ['poBepa. TuNMUYHOCTH
IPOBEPOBCKOr0 ycKopeHus. IIoHsATHE O HM)KHHMX OLIEHKax KBaHTOBOHM CIIOKHOCTH. NP- 3amaun u
KBAHTOBBIE BBIYMCIEHUA.  ANroput™ 3anku-Bu3zHepa MOJETMPOBAHMS YHUTAPHOM KBAHTOBOM
IuHaMHuKU. [loHATHE O KBAHTOBOM MOJEIMPOBAHUUM CUCTEM MHOTHMX YacCTHL. ITpunoxxenns
KBAHTOBBIX BBIYMCIICHHUI: cXeMa TeJlenopTali HEU3BECTHOIO KBAHTOBOTO COCTOSIHHS. 3ampeT Ha
KJIOHUPOBaHHE KBAHTOBBIX COCTOSIHUM.

Pa3nes 5. 1eMeHTbI KBAHTOBOM KpUNITOrpaduu

Tema 8. J1eMeHTHI KBaHTOBOMH KpUNTOrpaguu

O 3amaue cekpeTHOM nepeaayu JaHHbIX. 3a/a4ya paclpoCcTpaHeHUs CEKpeTHOro Kitova. Mcropuueckue
cnocoObl mudpoBaHus JaHHbIX. Kpunrorpaduueckue mnpoTokonbl. CHMMeETpUYHBIE IUQPHI.
Croiikocth kpunrtocuctemsl. Teopema lllennona. lcnonb3oBaHue mMceBAOCTyYaHBIX T€HEPATOPOB.
Kpunrocucremsl ¢ oTKpbITBIM KiatouoM. Anroput™ RSA. Anroputm Hlopa daxropuszannu 60mbmmx
yncen. KBanToBble K0/1bI KOppekiuu omnbok. [Ipotokon BB84.

4. Oopa3oBaTe/ibHbIE TEXHOJIOTUH

HHH IMMPOBCACHUA 3auAmMULL JEeKYUOHHO20 muna 1o AUCHUILINHE IPUMCHAIOTCA TaKUEC 06pa3OBaT€J'II>HI)I€
TCXHOJIOTUHU KaK JICKIUA-AUCKYCCHUA.

HHH IPOBCACHUA npaxkmuieckKkux 3auaAmMULL HCIOJIB3YIOTCS TAKHE O6p330BaTeJ'H)HBIe TCXHOJIOTHH KaK:
AUCKYCCHs, PCILICHUEC U O6Cy)K,I[CHI/Ie BOIIPOCOB U 3a/1a4.

B paMKax CaMOCMOsIMeNbHOU pa60mbl CTYACHTOB IIPOBOAWUTCA KOHCYJIBbTUPOBAHHMEC H IIPOBCPKaA
JOMAaNIHUX 3aJaHUuMN IMoCpeACTBOM 3J'IeKTp0HHOﬁ IIOYTHI.



B nmepuon BpeMEHHOrO MPHOCTAHOBIEHUS TIOCEHICHHS OOYYAlOMIMMHCS TOMEIICHUNH U
tepputopuu PI'TY mis opranmzanun yueOHOTO Mporiecca ¢ MPUMEHEHUEM JJIEKTPOHHOTO 00yUYeHUs 1
JTUCTAHIIMOHHBIX ~ 00pa30BaTENbHBIX TEXHOJIOTUH MOTYT OBITh HCIIOJIB30BAHBI  CIIEAYIOIINE
00pa3oBaTebHBIE TEXHOJIOTHH:

— BUJICO-JICKLIUU;

— OHJIAWH-JIEKIIUU B PEKHUME PEATbHOTO BPEMEHHU;

— DIIGKTPOHHBIE YUEOHUKH, YUeOHBIC TOCOOUS, HAYYHbIC U3/IaHUS B QJIEKTPOHHOM BUJE U TOCTYII
K HHBIM 3JICKTPOHHBIM 00pa30BaTEIbHBIM PECypCaM;

— CHCTEMBI LI DJIEKTPOHHOI'O TECTUPOBAHUS;

— KOHCYJIbTAIlUU C UCMOJIb30BAHUEM TEJIEKOMMYHUKAIIMOHHBIX CPEICTB.

5. OneHka IJIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHs

5.1 CucremMa oleHUBaHUSA
®opma KOHTpOJISA Makc. KOJIH4ecTBO 6aJJI0B
3a oxny padoty Bcero

Texymuii KOHTPOJIb:

- ompoc 1 Gamn 22 Gamna

- TEOPETUUECKHUM KOJJIOKBUYM 1 38 dammoB 38 bamwos
IIpomekyTOoUHAsT aTTECTAITHS — 3a4E€T C OIEHKON 40 6amtoB
(KOTIIOKBHYM 2)
HToro 3a cemecTp 100 6annos

[losy4ueHHBII COBOKYIHBIN pe3yIbTaT KOHBEPTUPYETCS B TPAJAULIMOHHYIO IIKAIy OLICHOK U B
uiKaity oueHok EBpornelickoil cucteMsl nepeHoca u HakorieHus kpeautos (European Credit Transfer
System; nanee — ECTS) B cOOTBETCTBUU C TaOIULICH:

100-6amnbHas TpajuiHOHHas WKaa IIxama
[IKajga ECTS
95—~ 100 OTimyHO A

83 -94 B

68 — 82 Xopo1o 3a4TEHO C

56 - 67 D

50_55 YIOBJICTBOPUTEIIEHO E

20-49 FX

0-19 HEY0BJIETBOPUTEITHHO HE 3aYTE€HO F

5.2 KpurTepuu BbICTABJIEHNS] OLIEHKH IO JUCUMUILIIHHE

Baasl/ Ouenka no Kpurtepuu oneHku pe3yabTaToB 00y4eHHUsI M0 AUCHUILINHE
HOIxana | aucoMnJIvMHe

ECTS
100-83/ OTJIMYHO BeicraBinsiercs: 00y4aronieMycsi, €Clid OH TIIyOOKO M IPOYHO YCBOMII TEOPETHUECKHUN U
AB MIPAKTUYECKUN MaTepHa, MOKET MPOAEMOHCTPUPOBATh HTO HA 3aHATHUSIX U B X0

MPOMEXKYTOYHOMN aTTECTAIHH.

OO0ydJaroIuiics UCUSPITHIBAOIIE U JIOTHIESCKH CTPOWHO M3JIaracT yueOHbI MaTepua,
YMEET YBSI3bIBATh TEOPHIO C MIPAKTHKOM, CIPABISIETCS C PEILICHUEM 33134
po¢heCCUOHATBHOI HATPABICHHOCTH BBICOKOTO YPOBHS CIIOXKHOCTH, IIPABUIILHO
000CHOBBIBACT MPHUHSATHIC PEIICHUS.

CBOOOIHO OPUEHTHPYETCS B yUeOHOM U TPO(eCcCHOHANBHOM JTUTEpaType.

Ol11eHKa 10 JUCHHUIUIMHE BBICTABIISIIOTCS 00yYaIoIIeMycst ¢ YIETOM Pe3yJIbTaToB




Bamabl/ | Ouenka mo Kpurepuu oueHKH pe3yJbTaToB 00yUYeHUs 10 TUCHUTIIIHHE

HIkana | gucHUIIHHE
ECTS

TeKyIled U NPOMEXKYTOUHON aTTeCTallUH.

Komrmetennmu, 3akperui€HHbIE 3a TUCIUILTMHON, c(h)OPMUPOBAHBI HA YPOBHE —
«BBICOKUI».

82-68/ XOpOIIIO BeicraBinsiercs: 00y4aroieMycsi, €Clid OH 3HaeT TEOPETUUECKUN 1 NPAKTHYECKHUit

C MaTepHal, TPaMOTHO U 10 CYIIECTBY M3/araeT €ro Ha 3aHATHAX U B X0/
IIPOMEKYTOUYHOM aTTECTALNY, HE JIOITYCKasl CyIECTBEHHBIX HETOYHOCTEM.
OOyuaronuics MpaBWILHO MIPUMEHSIET TEOPETHYECKUE MTOJI0KEHHS IPH PELICHUH
MIPAaKTHYECKUX 3a1a4 Npo(ecCHOHAIFHON HANPaBICHHOCTH PAa3HOTO YPOBHS
CJIO’KHOCTH, BJIaJIe€T HEOOXOJMMBIMH ISl TOT'0 HABBIKAMH M IPUEMaMH.

JlocTaToYHO XOpOLIO OPUEHTUPYETCS B YUeOHOW U podeccroHaNbHOM IuTepaType.
OrieHKa M0 JUCIMIUINHE BBICTABILIFOTCS 00yJaromeMycst ¢ y4ToM pe3yJIbTaToB
TEKYLIEH U IPOMEKYTOUHOM aTTECTALUMU.

Kommnerenmmn, 3akperui€éHHbIe 3a TUCIUTDINHOMN, COPMHUPOBAHBI HA YPOBHE —
«XOPOILIHUNY.

67-50/ YIOBJICTBO- BeicraBnsercst oOyyaroeMycsi, €Clii OH 3HaeT Ha 0a30BOM yPOBHE TEOPETHUECKUH U
MIPAaKTHYECKUH MaTepHal, IOMTYyCKAeT OT/ACIbHBIC OMIMOKH ITPH €T0 M3JI0KEHUH Ha
3aHATHAX U B X0IC HpOMe)KyTO‘{HOﬁ aTTeCTalluun.

OOyuaronuicst NCIBITHIBAET ONPE/ICAEHHBIE 3aTPy THEHUSI B IPHMEHEHUH
TEOPETHUYECKUX MOJI0KEHUHN NPH PEIIEHUN NPAKTUYECKHX 3aa4 NPoecCHOHATbHON
HaMpaBJICHHOCTU CTAHAAPTHOTO YPOBHA CJIOXKHOCTH, BJIAACCT HGO6XOJII/IMBIMI/I JJIA
3TOro 6a30BBIMH HABBIKAMH U TIPHEMaMHU.

JleMOHCTpHpYeT JOCTaTOUHBIN YPOBEHb 3HAHHUS YIEOHOM INTEPATypPHI 10 AUCIUILUINHE.
Or1ieHKa M0 JUCIHIUIMHE BBICTABILIFOTCS 00yJaroneMycst ¢ y4éTOM pe3yIbTaToB
TEKyIled U IPOMEKYTOUHON aTTeCTallUH.

Kommnereniyu, 3aKperyiéHHbIC 3a TUCIUILIMHOMN, COPMHUPOBAHBI HA YPOBHE —
«J10CTATOYHBIHY.

49-0/ HEYJIOBJICT- BricTaBisiercss o0y4aromeMycsi, €Cii OH He 3HaeT Ha 6a30BOM ypOBHE TEOPETHUECKUIT
F,FX BOPHTEIIBHO U NIPAaKTHIECKUI MaTepHan, JOMyCcKaeT rpy0Oble OMIMOKH IIPU €TO M3JI0KEHUH Ha
3aHATHUAX U B XOJ€ IPOMEKYTOUHON aTTeCTallUH.

OOyyaronuicst HCIBITEIBACT CEPhE3HbIC 3aTPYAHEHHS B TPUMEHEHUH TEOPETHUECKIX
TIOJIOXKEHHUH TIPH PELISHUHN IPaKTUUECKHX 3a/1a4 MPoheCcCUOHATBHON HAIIPaBIEHHOCTH
CTaHAAPTHOT'O YPOBHS CJI0XXHOCTH, HE BJIa/IeeT HEOOXOAMMBIMH /IS TOTO HABBIKAMH 1
npuémMamu.

JleMoHCTpHpYeT (hparMeHTapHbIe 3HaHUsI y4eOHOIl JIUTepaTyphl 0 JUCHUILIHHE.
Or1eHKa 110 JUCIUIUINHE BBICTABILIFOTCS] 00yJaromeMycsi ¢ yI4ETOM pe3yIbTaToB
TEKYLIEN U IPOMEXYTOUHOM aTTECTalUH.

Komnerennyu Ha ypoBHE «IOCTaTOYHBII», 3aKPEIUIEHHBIE 32 TUCLIUIUIMHON, He
chopMHpOBaHEL.

D.E PHUTEIBHO

5.3 OwneHouHble cpeacTBa (MaTepuaybl) sl TeKylero KOHTPOJISI yCleBaeMOCTH,
NPOMeKYTOYHOM aTTeCTAMH 00y4AIOIINXCS 0 AUCHMILINHE
Texkymuii KOHTPOJIb
Ilpumepnwie 6onpocwl K meopemuueckomy Konokeuymy 1

1. Kondurypamnnonaoe u ruiap0epToBO MPOCTPAHCTBO COCTOSTHHUM KBAHTOBOM CHCTEMBI.

2. KoopnHaTHBIN U UMITYJIbCHBINA 06a3MCHI THIILOEPTOBA MPOCTPAHCTBA COCTOSHUM. JlenbTa- pyHKIusa
Hupaka.

3. 3mepenue BoaHOBOrO BekTopa. MaTpuna riotHocty Jlangay. YacTuuHas MaTpuLa IIIOTHOCTH U
€€ BbIYMCIICHHE. JIUCKPETHBIN U HEPEPBIBHBIM BAPUAHTBHI.

4. Onepatopbl KOOPAUHAT, 3HEPTUH, UMITYJIbCa, MOMEHTA UMITyJibca. COOTBETCTBYIOIIME UM
Ha0Jr01aeMble M UX 3pPMHUTOBOCTh. Y HUTApHBIN oniepaTop 3Bosonuu. Ilpumep: koopanHaTa u
HMITYJIbC.
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5. Ypasuenue lllpenunrepa u ero obmee pemenue. [Ipodiema kBaHTOBOrO KoMIbioTepa. Pemienne
ypaBHeHus LlIpeaunrepa s 0oAHOMEPHOTO ciiy4das (0JIHA U JIBE SIMbI). ATOM BOAOPO/A.

IIpomeskyTouHas aTTecTAMSA (3a4€T C OLEHKOM)
Ilpumepnuie 6onpocwt 01s Konnokeuyma 2

IIpocTtpancTBo BoaHOBBIX QyHKIM. KBanTOBOE cocrosinue. O0o3HaueHus upakxa.
bur. KyOwur.

IIpaBuio bopua. U3mepenue.

VYpasuenue llpenunrepa.

TenzopHoe pou3BEACHHUE.

3anyTaHHbIE U HE3aIlyTaHHbIE KBAHTOBBIE COCTOSIHUSI.

KBaHTOBbBIE BEHTHIIN.

Marpuna miotHoctu Jlannay.

9. OmnepaTop KOOPAMHATHI U UMITYJIbCA.

10. OnqHOBpEMEHHO H3MEPUMBbIE (PU3HMUECKUE BETMIHHBI

11. IIpeobpazoBanue Dypse.

12. KBaHTOBBIN KOMIIBIOTEP. AOCTpaKTHAs CXeMa.

13. KBantoBoe Beiuncienue. Opakyi U €ro KBaHTOBBIM BapUaHT.

14. CnoxHOCTh KBAaHTOBOTO BblYKCIIeHUS. KBaHTOBOE yCKOpEHHE U €ro IPUMEPBHI.

15. Anroputm I'poBepa aiis perienus nepeOopHoii 3a1auu. IHBEpcHU OTHOCUTENBHO HYJIS U
LIEJIEBOI0 COCTOSIHUS. | €OMEeTpHUUECKHI CMBICII.

PN R DD

Ilpumepnuie 3a0auu ona Koanokeuyma 2

1. a) HaliTu TEH30pHOE Mpou3BeAeHUE onepaTopos [laynu curma-x u curma-z.
0) BBIYMCIUTD SKCIIOHEHTY oneparopa [laymu curma-y.
B) HaliTH COOCTBEHHBIE COCTOSIHUS OTIEpaTOpa UMITYJIbCA.

2. a) HAMTH YaCTUYHYIO MATPUILy IJIOTHOCTH .
0) pemnts ypaBHeHue lllpeaunrepa i raMuIbTOHHAHA, pAaBHOTO MaTpHie AxaMapa.
B) MOXHO JIM OJHOBPEMEHHO C OJMHAKOBOH TOYHOCTHIO M3MEPUTH HAONIOJAEMBIE: MPOCKIHUs
MOMEHTA Ha 0Ch X U UMITyJIbC. OTBET 0OOCHOBATb.

3. a) peanu3oBaTh aJIrOpUTM ['poBepa, MCHOIB3YSA TOJBKO OJHOKYOWTHBIC BEHTHJIH M OIEPATOP
Toffoli.

0) BBINTHMCATH MTOCJIEAOBATENbHBIE IIary aaropuTMa ['poBepa npu padbore Hag pyHKIHEeH f(X,y) = Xy.
6. YueOHO-MeTOAM4YEeCKOe U HH(OPMALIMOHHOE 00ecTieyeHHe TUCHMILTUHBI
6.1 Cniucoxk HCTOYHUKOB H JINTEPATYPbI
Jlureparypa
OcnosHas
1. XpennukoB A. 1O. Benenune B kBaHTOByI0 Teopuio mHpopmanuu / A. 10. XpeHHUKOB. - M.:

duszmariut, 2008. - 283 c.

2. @eciinman Puyapp I1. JlroxkuHa JEKIMA: MIECTH MOMPOIIE U MIECTh rnocioxuee / P. deitaman; mep.
anrn. E. B. ®anesa u B. A. Hocenko. - 6-¢ u3a. - Mocksa: BMHOM, J1a0. sxanwmii, 2015. - 318 c.
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3. Osxwuros, FO.M. KBaHTOBBIII KOMIIBIOTEp: yueOHOEe mocobme. — 2-€ u3M., AOM. U mepepad. —
Mocksa: U3marensctBo MockoBckoro ynuBepcutera, 2023. — 326 : wi., [1] c. — DmnekTpoHHOE
u3aHue cereBoro pacmnpoctpanenus. — (bubnuoreka dakynsrera BMK MIY). ISBN 978-5-19-
011914-5 (e-book)

4. BuxtopoBa H.b. OCHOBBI MaTeMaTHUECKOTO MOEIUPOBAHHUSA KBAaHTOBBIX BBIUMCIUTEIBHBIX
nporieccoB. M3znarensctBo “Jlans”, YuebHoe mocodue, 120 ctp, 2023, Cankt-IletepOypr. ISBN 978-
5-507-46185-1

5. Xpennukon, A. }0. KsantoBas ¢u3nka M HEKOJIMOTOPOBCKHE TEOPHUU BEPOSITHOCTEH : ydeOHOE
nocodue 1715t By30B / A. FO. XpeHHUKOB. — 2-€ u3/1., ucnp. u gon. — Mocksa : M3xarensctBo HOpaiir,
2024. — 219 c¢. — (Bwicmiee obpazoBanue). — ISBN 978-5-534-04355-6. — TekcT : aneKTpOHHBIHN //
O6pazoBarenbHas matgopma HOpaiit [caiiT]. — URL: https://urait.ru/bcode/537982.

Lononnumenvras

1. I.A.Kponbepr, F.N.Oxwuros, A.}O.UepHsSBCKUii. Anrebpandeckuii ammapaT KBaHTOBOM
uHpopmatuku: ydyeOHoe mnocobue. MI'Y um. M.B. JlomonocoBa, ®dak. BBIYHCI. MaTeMaTUKUd H
kubepHetuku. - MockBa: MAKC Ilpecc, 2011. - 55c.

2. HO.A.Kpoub6epr, KO.N.Oxuros, A.FO.YepHABCKHIA. KBanToBasgs uH(pOpMaTHUKa M KBAHTOBBIN
KoMmbioTep: ydeOHoe mocobdume. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTE€MaTUKH |
kubepHetuku. - Mocka: MAKC Ilpecc, 2011. - 64 c.

3. A.A.KpoubGepr, F0.1.Oxuros, A.}0.Yepusisckuii. KanTtoBas kpuntorpadus: yaeOHoe mocoodwue./
MI'Y um. M.B. JlomoHocoBa, ®ak. BEIUUCI. MaTeMaTuKu U kubOepHeTuku. - MockBa: MAKC Ilpecc,
2011.-111c.

4. ®eiinman Puuapn I1. deiiHmaHoBckue Jekiuu To Qusuke: [yueOHOe mocoOue]. Bpm. 8-9:
KsanToBast mexanuka / P. ®eitaman, P. Jleitton, M. Cannc; nep. ¢ anri. I'. Y. Konsutosa; mox pen. .
A. CmopoauHckoro. - M3a. 8-e. - Mocksa: URSS: JIubpokom, 2014. - 523 c.

5. BacunweBa, U. H. Kpunrorpaduueckne meroanl 3aliuThl HHPOPMAIUH : YUYEOHUK M NMPAKTUKYM
s By3oB/ W. H. BacunmeeBa. — Mocksa : M3marensctBo HOpaiit, 2024. — 349 c. — (Bricmiee
obpazoBanme). — ISBN 978-5-534-02883-6. — Tekct : oanektpoHHsii // OOpa3oBaTenbHas
iargopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/536902 .

6.2 Ilepeuenn pecypcoB HHGOPMANMOHHO-TEJIEKOMMYHUKANMOHHOM ceTn «HTEepHET».
ApxuB cTaTelt Mo KBaHTOBOM mHpopMaTHke - http://xxx.lanl.gov/, pazmen quant-ph
HanmonanwsHas anexktponHas 6ubnuoreka (H3b) www.rusneb.ru
ELibrary.ru Hayunas snekrponnas 6ubauoreka www.elibrary.ru

6.3 IIpogeccuonasibHbie 0a3bl JAHHBIX U HHPOPMALMOHHO-CIIPABOYHBIE CHCTEMBbI

Hoctyn k mpodeccuoHanbHeIM 0a3am daHHBIX: https://liber.rsuh.ru/ru/bases

HHupopMalinoHHbIE CIIPABOYHBIE CUCTEMBI:
1. Koncynsrant Ilmoc
2. Tapanr

7. MaTrepuajJibHO-TeXHUYECKOe oOecriedeHue QU CIUIINHbI

Jns  obecneueHuss  OUCHUIUIMHBI ~ HUCHOJB3yeTCsl  MaTepualbHO-TeXHUYeckas  0Oasza
00pa3oBaTENbHOTO YUPEXKACHUS: Y4eOHBbIC ayJIUTOPHH, OCHAIIEHHBIC JOCKOW, KOMITBIOTEPOM WIH


https://liber.rsuh.ru/ru/bases
https://urait.ru/bcode/536902
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HOYTOYKOM, IpPOEKTOPOM (CTallMOHAPHBIM WJIM TEPEHOCHBIM) JUIS JIEMOHCTPAaLUMU  y4eOHBIX
MaTepHaJIoB.

CocTtaB IpOrpaMMHOTO 00ECIICUCHHUS:
1. Windows

2.  Microsoft Office

3. Kaspersky Endpoint Security

8. O0ecneuenue 00pa3oBaTeJIbHOIO NMPoOLECCa AJIs1 JIUI C OTPAHUYEHHBIMH BO3MOKHOCTAMU
310POBbSI U HHBAJIN/I0B

B xone peanuzanuy JUCHUIUIMHBL HCHOJB3YIOTCS CIEAYIOUIME JOMOJHHUTEIbHBIE METOIbI
o0y4deHus, TEKYyLIEro KOHTPOJII YCHEeBAaEMOCTU U MPOMEXKYTOUHOW aTTecTaluyd OOydaroluxcs B
3aBUCUMOCTH OT UX WHAMBHUIYaJIbHBIX OCOOCHHOCTEM:

® ISl CIENBIX M CIA0OBHISAIMIMX: JIEKIUU O(QOPMISIFOTCS B BHJIE DJIEKTPOHHOTO JOKYMEHTA,
JOCTYITHOTO C TOMOUIbIO KOMIBIOTEpA CO CIELUATU3UPOBAHHBIM IIPOIPAMMHBIM 00€CIeUEeHUEM;
MUCHMEHHBIC 3a/IaHUS BBIMOJIHSAIOTCS HAa KOMIBIOTEpE CO CIEHUAIU3UPOBAHHBIM TPOTPAMMHBIM
o0ecrieyeHeM WIM MOTYT ObITh 3aMEHEHBbI YCTHBIM OTBETOM; OOECIEeYMBAETCS WHAMBUIYaTbHOE
paBHOMepHOe ocBemieHue He MeHee 300 JroKC; Juisi BBITIOJIHEHHS 3aJaHMsl MPU HEOOXOJIUMOCTH
MIPEJOCTABIAETCS YBEIMUMBAIOIIEE YCTPOWCTBO; BO3MOXKHO TAaK)K€ HCIOJIb30BAaHUE COOCTBEHHBIX
YBEIMYMBAIOLINX YCTPONUCTB; MUCbMEHHBIE 3aJJaHNsI 0(OPMIISIOTCS YBETUUYEHHBIM MIPUPTOM; IK3aMEH
1 3a4€T MPOBOAATCA B YCTHOM (pOpME MIIM BBINOJIHAIOTCS B MUCBMEHHOM (hopMe Ha KoMIbIOTEpE.

® ISl TIYXMX W CJa0OCHBIIAININX: JEKIUH OQOPMIISIOTCS B BUJE DJEKTPOHHOTO JOKYMEHTa,
anbo  mpefocTaBiseTcsl  3BYKOYCWJIMBAIOIIAsl — ammaparypa HHAMBUAYAJIbHOTO  MOJB30BaHUS;
MUCbMEHHBIEC 33JaHUsl BBIMOJIHIIOTCS HAa KOMIIBIOTEpE B INHCBMEHHOH (opme; 3Kk3aMeH U 3auéT
MIPOBOJSATCS B MUCbMEHHOM (pOpMe Ha KOMITBIOTEPE; BO3MOXHO MTPOBE/IEHUE B (POPME TECTUPOBAHHUS.

® ISl JIUI] C HapyLIEHUSIMH OIOPHO-JIBUTATENBHOIO ammapara: JIeKHUU O(OpMIISIOTCS B BUJEC
ANEKTPOHHOIO JOKYMEHTa, JOCTYIHOIO C IIOMOUIbI0 KOMIBIOTEPA CO CHEIHAIU3UPOBAHHBIM
IPOrpaMMHBIM ~ OOeclieYeHHeM; IHUChbMEHHbIE 3a/laHusl  BBINOJHSIOTCS Ha KOMIIBIOTEPE CO
CTEMAIM3UPOBAHHBIM MPOTPAaMMHBIM 00ecrieueHHeM; SK3aMeH U 3a4€T MPOBOATCSA B YCTHOU (opme
WIJIH BBITIOJIHAIOTCS B MUCBbMEHHOM (popMe Ha KOMIbIOTEpE.

[Tpu HE0OXOIMMOCTH MPETyCMATPUBAETCS YBEIMUEHUE BPEMEHH I TOJTOTOBKH OTBETA.

[Iponienypa mpoBefeHHsl MPOMEKYTOUHON arTecTaluu A OOy4arolIUXCsl YCTaHABIMBAETCS C
y4€TOM WX WHAMBHUIYATBHBIX MICUXOPHU3NUECKUX 0COOCHHOCTEH. [IpoMexxkyTouHas aTTecTalusi MOKET
MIPOBOJUTHCS B HECKOJIBKO ATAIOB.

[lpy mpoBeneHUHM TPOLEAYPHI OIEHUBAHUS PE3YJAbTATOB OOYYEHHUS MpPEayCcMaTpHUBACTCS
HCIOJIb30BaHNE TEXHUYECKHUX CPE/ICTB, HEOOXOAUMBIX B CBSI3U C MHIUBUAYAJIbHBIMH OCOOEHHOCTSIMU
oOyJaromuxcsi. OTH CpEACTBA MOTYT OBITh MPEJOCTABICHBl YHUBEPCHUTETOM, WIM MOTYT
HCIOJIb30BaThCsl COOCTBEHHBIE TEXHUUECKUE CPENICTBA.

[TpoBenenue npoueaypbl OLEHUBAHMS PE3YJIBTATOB OOy4YEHHUs JOMYCKAETCS C HCIOJIb30BAaHUEM
JMCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOIOTHH.

ObecnieunBaeTcss IOCTYIl K HMH(POPMAIMOHHBIM M OuOIMOrpaduueckuM pecypcaM B CETH
WuTepHer Ui kKaxxaoro odydarouierocs B popMax, alalTUPOBAHHBIX K OTPAaHUYEHUSAM UX 340POBbS U
BOCTIPHUSTHS HHPOPMALIH:

eIl CJENbIX M CIa0OBUAALIMX: B Te4aTHOM ¢opMe yBenuueHHBIM wmpudrom, B (opme
9JIEKTPOHHOT'O JIOKyMEHTa, B (hopMme ayanodaiina.

® JIJIsl TITyXUX W CIIA0OCIHBIIIAIINX: B IeYaTHON Gopme, B (opMe AIMEKTPOHHOTO JOKYMEHTA.

o 11 00y4aroIUXCsl ¢ HapYUIEHUSIMU OIOPHO-JIBUTaTENILHOTO armapaTa: B nmedaTHou (opme, B
(opMe 3IEeKTPOHHOTO JOKYMEHTa, B (hopme ayanodaiina.
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Y4eOHble ayAUTOpUM s BCEX BUJOB KOHTAaKTHOM M CaMOCTOSTENbHON paboThl, HaydHas
OMOIMOTEKa W WHBIC TIOMEIICHHUS i1 OOYyYEeHHS OCHAIICHBI CHEIUATbHBIM O0OpYJAOBaHHEM U
y4eOHBIMU MECTaMH ¢ TEXHUYECKUMU CPEJICTBAMU O0yUCHUS:

® ISl CJIETBIX U CIa0OBUASIINX: YCTPOHCTBOM JJIsi CKAHUPOBAHUS U YTeHUs ¢ Kamepoll SARA
CE; nucrineem bpaiinsg PAC Mate 20; npunatepom bpaiinsg EmBraille ViewPlus;

oI TIyXUX W CHaOOCHBINIANMX: aBTOMAaTU3UPOBAHHBIM PAOOUYMM MECTOM JUIsl JOJEH C
HapyIICHUEM CITyXa U CIa00CTBIMAINTNX; aKyCTUISCKUN YCHIIUTENb U KOJIOHKH;

o sl OOydarolIUXCsl C HapyUICHUSIMH OIMOPHO-IBUTATENIFHOTO ammapaTa: IepeaBHKHBIMH,
perynupyeMbiMu 3proHoMuueckumu napramMmu CHU-1; KOMIBIOTEpHOM TEXHHKON CO CIENHUATbHBIM
MIPOrPaMMHBIM 0OecTieYeHUEM.

9. MeToan4yeckne MaTepuaJbl

9.1 Ilanbl NPAKTHYECKUX 3aHATHI

Tema 1. O630p MaTeMaTHYeCKUX METO0B KBAHTOBOH (PM3UKH.

Llenv 3anamus: cnenaTh 0030p MaTEMaTHYECKUX METOJ0B KBAaHTOBOM (PM3UKHU:

1. PaccMoOTpeTh sIBJIeHHE YaCTUYHOI'O OTPA’KEHHUs CBETA OT IIOBEPXHOCTH CTEKIIA;

2. PaccMoTpers MeTOA CTpeNOK AJis OMUCAHUS aMIUIMTYIbl HAXOXKJICHHUS YacTHUIIBI B HEKOTOPOMH
TOUKE;

3. M3yuuTh OTpakeHHE CBETA OT 3€pKala;

4. W3yuuTth npuHIMI paboThl (HOKyCUPYIOLIEH JTUH3HI;

5. PaccMOTpeTh 3KCIEPUMEHT C 3JIEKTPOHHOM ITyIIKOM.

Koumponvnvie éonpocuwi:

B ueM nposiBisieTcss KOPIyCKYJISIPHO-BOJIHOBOW yaJIn3M cBeTa?

OnumuTe SKCIePUMEHT C ITyJIEMETHOH cTpenab00ii, ¢ BOJHAMU U € JIEKTPOHAMHU.

B uem nposiBisieTcs KOpIMyCKyJIsIpPHO-BOJHOBOM Ayain3M B TIOBEJICHUH 3JIEKTPOHA?

Uro Takoe unTepdepeHius?

UTO MPOMCXOAMUT, €CITH B OMBITE C AIEKTPOHHOMU IMYIIKOH 3a JIEKTPOHOM ‘“HAOIIIOAATh ?
B 4em nposiBisieTcst npuHIMIT HeonpeaeneHHocTH I elizenbepra?

B dem 3akntouaercs riiaBHbId 3aK0oH [Ipupoasi?

W3 yero oOpaszyeTcs pe3yabTUpYIOLIas cTpeaka?

9. Kak cBer oTpaxaercs Ot 3epkaja’?

10. Kak cBeT npoXoauT uepe3 2 NOBEPXHOCTH CTeKsIa?

11. Ilouemy o Mepe yTOJIIIEHHsI CTEKJIa BEIMYMHA OTpakeHHOro cBeta kKonebnercs ot 0% a0 16%?
12. O6bsicHuTe AeiicTBrUEe POKYCHPYIOIIEH JTUH3BI.

13. Kak B aToMe BOJI0pO/ia MPOTOH YAECPKUBAET SIEKTPOH?

PN R

Tema 2. AnreOpanyeckuii annapaT KBaHTOBOH MH(POPMATHKH.

Llenv 3aHamusA: BCTIOMHUTH MaTepHall JIMHEHHOW anreOpbl, HeOOXOMUMBINA il MOHMMAaHUS OCHOB
KBAaHTOBOU MEXaHUKHU.

Ilpumepnoviti mun 3a0ay, KOmMOpsll HEOOXOOUMO pa30opamv HA 3AHAMUAX 01 OAJbHelle2o
NOHUMAHUS MAMEPUANA.:

Haiiti KoopanHAaTHI BEKTOpa B 33JaHHOM 0OasHuce.

Haiitu maTpuiy nuHeitHOTO onepaTopa B 3aJaHHOM Oa3uce.

HaiiTi co6cTBeHHOE YnCII0 U COOCTBEHHBIN BEKTOP JIMHEHHOTO orepaTopa.

Jloka3zaTh CBOWCTBa YHHUTAPHOTO OIlepaTopa.

. Jlokazatp cBOICTBa CaMOCOTPSKEHHOTO OTepaTopa.

[TpuBecTH MaTPUIIBI JIMHEHHOTO ONIEPaTOpa K TUArOHATEHOMY BHITY.

Jloka3zaTh TeopeMy o cBsi3u yHUTapHo# Matpuisl U u sapmutoBoit Mmatpuiibl H (U=exp(iH)).

N U R W
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8. PazoOparp 3amauy 3.2, 3.4, 3.7 (ctp.9,d.A.KpoubGepr, FO.M.Oxwuros, A.KO.UepHSIBCKUIL.
Anreb6panyeckuil annapat KBaHTOBOM nHpopmatuku: yueOHnoe nocodue. MI'Y um. M.B. JlomoHocoBa,
dak. BBIUUCI. MaTeMaTUKH U KubepHetuku. - Mocksa: MAKC Ilpecc, 2011. - 55¢.)
Vkazanusa no evinonnenuio 3a0anus: He0OX0IMMO BCIIOMHUTD ONPEEICHNUS YHUTAPHBIX U SPMHUTOBBIX
MaTpHuil.
Pazo6pare 3amauy 4.1, 4.2, 43 (ctp.l11 J.A.KpoubGepr, IO.N.Oxwuros, A.FO.YepHsIBCKUI.
Anrebpanueckuil anmnapat KBaHTOBOM nHpopmaTtuku: yuebHoe nocooue. MI'Y um. M.B. JlomoHocoBa,
®daxk. BEIYHMCII. MaTeMaTHKu U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 55¢.)
Vkazanus no evinonnenuro 3a0anus; He0OXOAUMO BCTIOMHUTS orpenenenue f(A).
9. Haittu TeH30pHOE NpousBeacHUe MaTpull A u B.
10. Haiitu n-yro TeH30pHY!0 cTeneHb onepatopa W VYomma Anamapa.
Vkazanus no evinonnenuro 3a0anus: HEOOX0IUMO PA3IOKUTh YHUCTIA 1 M ] B ABOUYHOU CUCTEME.
11. PazoOpare 3amauy 1.3, 1.4 (ctp.14, /I.A.KpoubGepr, IO.U.Oxuros, A.}FO.UepHsABCKUil.
Anreb6panyeckuil annapat KBaHTOBOM nHpopmatuku: yueOHnoe nocodue. MI'Y um. M.B. JlomoHocoBa,
dak. BBIUUCI. MaTeMaTUKH U KubepHeTuku. - Mocksa: MAKC Ilpecc, 2011. - 55¢.)
Vkazanua no ewinonnenuro 3adanus; HEOOXOIMMO BOCIIOJIB30BATHCA ONPEIEICHUEM TEH30PHOIO
IIPOU3BEIECHNUS ITPOCTPAHCTB
12. PazoOparp 3amauy 2.2 (ctp.17, J.A.Kponbepr, I.NU.Oxuros, A.}O.YepHIBCKU.
Anrebpanueckuil anmapat KBaHTOBOM nHpopmaTtuku: yuebHoe nocooue. MI'Y um. M.B. JlomoHocoBa,
®dax. BBIYHMCII. MaTeMaTUKu U kubepHeTuku. - MockBa: MAKC Ilpecc, 2011. - 55¢.)
Vkazanus no ewinoaHenuro  3a0anus: HEOOXOIUMO BCIOMHHUTH ONpEACNiCHHE TEH30PHOTO
MIPOU3BEICHNUS OTIEPATOPOB.
13. Pazobparp 3amauy 2.4, 2.3, 2.5 (ctp.17, JA.A.KpoubGepr, FO.1.Oxwuros, A.FO.UepHsSBCKuii.
Anreb6panyeckuil annapat KBaHTOBOM nHpopmatuku: yueOHnoe nocodue. MI'Y um. M.B. JlomoHocoBa,
dak. BbIUUCI. MaTeMaTUKH U kubepHetuku. - MockBa: MAKC Ilpecc, 2011. - 55¢.).
Vkazanua no evinonmenuro 3aoanusi: HEOOXOAMMO BCIIOMHUTH CBOWCTBA ONpeAeNnuTeNned u
OTIpeJIeNIeHUe cie/la MaTPULIbI
14. Haiitu coOCTBEHHBIE 3HAUCHUSI M COOCTBEHHBIE BEKTOpHI omepaTopoB llaynu (3amada 8, ctp.40,
J.A.Kpoubepr, H.M.Oxwuros, A.FO.UepHsABCKUI. KBantoBas uHpoOpMaTuKa W KBaHTOBBIH
KoMmbioTep: ydeOHoe mocobdume. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTE€MaTUKH |
kubepuetuku. - Mocka: MAKC Ilpecc, 2011. - 64 c.)
15.lokazatb, yto MaTpulbl [laynu o6pa3ytoT 06a3uc B IPOCTPAaHCTBE SPMHUTOBBIX MaTPHIL.
Konmponvnwvie éonpochwi:
JlaiiTe onpeneneHre BEKTOPHOTO MPOCTPAHCTBA.
Kak HaiiTu KoOpAMHATHI BEKTOpa B HEKOTOPOM 33aJaHHOM Oazuce?
Kak onpenenuts MaTpuily nepexoja Mexy 1Byms O6azucamu?
Kak omnpenensieTcst €eBKIMI0BO POCTPAHCTBO U YHUTAPHOE IPOCTPAHCTBO?
JlaiiTe onpenenenye JIMHEWHOIO ONIEPATOPA U €70 MATPHILIBIL.
Kak mpeoOpasyercst MaTpulia onepaTopa rnpu rnpeodpasoanuu 0azuca?
JlaiiTe onpeneneHne COOCTBEHHOTO 3HAYCHHS 1 COOCTBEHHOT'O BEKTOpa JJUHEHHOTO OmepaTopa.
Jaiite onpeiesieHne CONPSHKEHHOTO OIlepaTopa.
Kakas matpuna y conpsikeHHOro ornepaTtopa?
. JlaiiTe onpezneneHne caMoCONpsKEHHOTo oniepaTopa’?
. laiTe onpeneneHre 3pMUTOBON MaTPHULbI?
. JlaliTe onpeneneHre yHUTapHOTO oneparopa?
. Kakasg marpuna y yHuTapHOil MaTpuLb?
. Ilepeuncnure cBoiicTBa CaMOCOIPSHKEHHOTO OllepaTopa.
. [lepeuncnure cBOIiCTBa YHUTAPHOTO ONEPATOPA.
. KakuM 06pazom MO>KHO NMPUBECTH MATPHILY JIUHEHHOTO ONepaTopa K AMaroHaIbHOMY BTy ?
. Kak cBs3ansr Mmexy co0oit yaurapuas marpuiia U u spmutoBa matpunibl H? (U=exp(iH)).
. Kak onpenensiercs TeH30pHOE NPOU3BEAEHUE IPOCTPAHCTB?
. Kak HaliTh TeH30pHOE MPOU3BEICHUE MATPUIL?

e A Al
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20. Kak onpeenuTh S5KCIIOHEHTY OT MaTpULbI?
21. Kak HaiiT Ipou3BOIHYIO OT eXp(At).

Cnucok tumepamypuol:
Jononnumenvhas
1. J.A.KpoubGepr, F.M.Oxwuros, A.FO.UepHSBCKUil. Anrebpanueckuil anmapaT KBaHTOBOH

uHpopmatuku: ydebHoe mnocobme. MI'Y um. M.B. JlomoHocoBa, ®dak. BbIUKCI. MaTeMaTHUKUd M
kubepuetuku. - Mocka: MAKC Ilpecc, 2011. - C. 7-38.

2. J.A.KpoubGepr, FHO.U.Oxuros, A.FO.UepHsBCKHIA. KBanroBas wnH(popMaTtvka U KBaHTOBBII
KoMIiploTep: yuebHoe mocobme. MI'Y um. M.B. JlomoHocoBa, ®ak. BBUHCI. MaTeMaTUKU U
kubepHetuku. - Mocka: MAKC Ilpecc, 2011. — C.40.

Tema 3. IBouOIMS BEKTOPA KBAHTOBOI'0 COCTOSIHUS.

L]env 3anamus: pa3oOpaTbcsi B TOM, KAKUM 00pa3oM MOXKET MPOUCXOAUTH SBOIOIHS KBAHTOBOTO
COCTOSIHUSI BO BpEMEHU

Pewums 3a0auu:

I. Ne 5, ctp.39, No 6, Ne 10, Ne 11, ctp.40, NeNe 12,14,16, ctp.41, H.A.Kponbepr, F0.1.Oxuros,
A.JO.Yepnsasckuii. KBaHTOBas nHpoOpMaTHKa M KBAaHTOBBIN KOMITBIOTED: yueOHOE mocodue. MI'Y um.
M.B. JlomoHocoBa, ®@ak. BeIUUCI. MaTeMaTuku U kuOepHeTuku. - Mocksa: MAKC Ilpecc, 2011. - 64
c.)

2. Haiitu npoexuuio 3aganHoro coctosinus ¥ Ha BTOpoi KyOuT.

Vkazanus no evinonnenuro 3adanus: cienyet usMeputh coctosiuue P, koraa nepBbiil KyOUT mepeiaer
B cocTosinue | 0 >, a moToM, KOr/1a IepBhIid KyOUT mepeiaeT B cocrostHue | 1 >.

KoumponvHule gonpocui:

Uro Ha3bpIBaeTCs MPOCTPAHCTBOM KJIACCUUECKHUX COCTOSIHUM?

Kak omnpenensieTcst npocTpaHCTBO KBAHTOBBIX COCTOSTHUI?

Kak Ha3pIBaeTcs 31€MEHT IPOCTPAaHCTBA KBAHTOBBIX COCTOSTHUI?

Yro Takoe BOJIHOBas QyHKIHS?

OT KaKMX MEPEMEHHBIX 3aBUCHUT BOJHOBasI (yHKIIHs?

KaxoBa pazMepHOCTh IPOCTPaHCTBA KBAHTOBBIX COCTOSTHUIT?

KaxoBa pazMepHOCTh IPOCTPAaHCTBA KJIACCUUECKUX COCTOSIHUN?

YTo UMEIOT B BU]LY MOJ] 3¢PHOM MPOCTPAHCTBEHHO-BPEMEHHOT'O Pa3pelIeHus?

B 4yem nposiBisieTcsl TMCKPETHOE MPECTABICHNE IPOCTPAHCTBA COCTOSHUM, T.€. KAKUM 00pa3oM
MIPOUCXOIUT MPOIIeCC MEPexo/ia OT BOJIHOBOM (PYHKIIMK K KOHEYHOMY BEKTOPY (3Ta Mpoleaypa eie
Ha3bIBAETCS MEPEX00M K KyOMTOBOMY NPEACTABICHUIO BOJIHOBOW (DyHKIINN)?

10. Kakwue ObIBatOT BUBI SBOIOIIMN BEKTOPA COCTOSTHHS?

11. Kak onpenensercs aMIUINTY1a B HEKOTOPBIA TOUKE B CIEAYIOLUIMI MOMEHT BPEMEHH, €CIIU Mbl
3HaeM aMIUTUTYAbl BO BCEX TOYKAX B MPEABIAYIINI MOMEHT U 3HaeM aMIUTUTYAbI IEpexo/ia U3 3TUX
TOYEK B UCXOJHYIO?

12. B ueM 3akiitouaeTcsl yHUTapHas JUHAMHKA BEKTOPa COCTOSHUS?

13. Kak onpenensieTcs u3BMEpeHHe KBAaHTOBOTO COCTOSIHUSI?

14. Yto Takoe KoJianc BOJHOBOTO BEKTOpa?

15. B uem 3akmtouaercsi [lpaBuiio Makca bopha (ocHoBHOM 3akoH [Ipupoast)?

16. Kak onpenensitorcs ket-Bektop P> u Opa-Bextop <V¥| (cumBonuka upaka)?

17. Kak 3anucbIBaeTcsi 00NN BUJ OJJHOKYOUTHOTO COCTOSIHUSA?

18. Kak 3anucbeiBaeTcs OOIIMIA BUI IBYXKYOUTHOTO COCTOSTHUS?

19. 3anummre ypasHenue Llpeaunarepa oTHOCUTENHHO BeKkTOpa P>,

20. Kak naspiBaetcst H B ypaBuenuu lpeaunrepa?

21. Yemy paBusiercss H B nmpocrelilem ciryyae 4acTUIbI B TIOTEHIIMAIBLHOM I10JI1e?

22. 3anumure peuieHue ypasHeHus [lpenunrepa kak 3BOIONNIO BEKTOPA COCTOSIHUSI BO BPEMEHH

([P (t) >=exp(-iHt/h) [¥(0)>) ( B cimydae MOCTOSHCTBA IOTCHIIUAIBHON YHEPTHH BO BPEMEHH).

23. Ilouemy roBOpPSAT O JIMHEHHOCTH SBOJIOIUHN?

24. 3anummre ypasHeHue Llllpenunrepa g atoma BOAOpOIa.

WX B LD —
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25. 3anummre ypasHeHue Lllpennnrepa 1 MoJIeKybl BOLOPOAA.

26. 3anummte ypaBHeHue LllpennHrepa 1 OTHOMEPHBIX MOTEHIMAIIOB.

27. 3anummte oOmumii Buj pemenus ypasHenus Llpenunrepa.

28. Kak onpenenseTcss MaTpuiia INIOTHOCTH?

29. Yemy paBHSETCS paHT MaTPUILIBI INIOTHOCTH?

30. Kak onpenensercss MaTpuiia INIOTHOCTA CMEIIAHHOTO COCTOSHUS?

31. Yem OTJIMUYAETCS YUCTOE COCTOSHUE OT CMEIIAHHOT0?

32. Kakoe coCTOosHME Ha3bIBAECTCSI HEKOT€PEHTHBIM ?

Cnucok tumepamypuol:

OcHosHas

XpennukoB A. }O. BBenenue B kBaHTOByIO Teoputo uHpopmarmu / A. FHO. XpenHukos. - M.:
®usmatiut, 2008. — C. 6-60.

Llonoanumenvnan

J.A . Kponbepr, F0.1.Oxwuros, A.}O.Uepusasckuii. KpantoBas nHpopMaTHKa U KBaHTOBBIN
KoMIIbtoTep: yuebHnoe nmocodue. MI'Y um. M.B. JlomoHocoBa, Dak. BEIYUCI. MATEMATHKH U
kubepHetruku. - Mocka: MAKC Ilpecc, 2011- C.39-41.

Tema 4. IIpumeHeHre TEH30PHOT0 POU3BEICHUS.

Lenv 3anamus: pacCMOTPETh Pa3IMYHbIe TPUMEHEHUS TEH30PHOTO IPOU3BEICHUSI.

3aoauu:

1. SBnsercs nu cocrosinue GHZ 3anmytanHbimM?

2. SBnsercs nu coctosiHue W 3amyTaHHBIM?

3. Semstorcs ymm omepatopel CNOT, Toffoli, SWAP 3amyreBatonumu? HamucaTs MaTpuiibt

onepaTtopoB. BBIACHUTH, MPEACTaBUMBI JIU MATPHUIBl B BHJIE€ TEH30PHOTO MPOU3BEACHUS HEKOTOPBIX

MaTpHIL.

4. 3amauun 34, 35, 36, 37, 38, 39, crp.47, H.A.KpoubGepr, KO.N.Oxuros, A.FO.YUepHsABCKuUii.

KBanrtoBas nnpopmatrka u KBAaHTOBBIM KOMITBIOTED.

Koumponvnvie eonpocwi:

Uto Ha3bpIBa€TCA TEH30PHBIM MPOU3BEIACHUEM MPOCTPAHCTB?

UTto Ha3bIBAECTCSI TEH30PHBIM MTPOU3BEJICHUEM KBAHTOBBIX COCTOSIHUN?

Uto Ha3bpIBae€TCA TEH30PHBIM MPOU3BEICHUEM OIEPaTOpPOB?

Jaiite onpesiesieHne HE3ayTaHHBIX U 3allyTaHHBIX COCTOSTHUI?

[IpuBeauTe mpuMep 3ayTaHHOTO KBAHTOBOT'O COCTOSIHUS?

B yem nposiBisiercst pU3MUecKuii CMBICIT 3Ty TAHHOCTH U €€ CBS3b CO CII0KHOCTHIO BBIYUCIICHUH.
Cnucox numepamypul:

Jlononnumenvnas

J.A.Kponbepr, FO.N.Oxwurop, A.FO.YUepHsSBCKHIA. KBanToBass wmHpOpMaTHKa W KBaHTOBBII
KoMIbtoTep: ydeOHoe mocobdue. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTEMaTUKH U
kubepHetuku. - Mocka: MAKC Ilpecc, 2011- C.47.

SIS e

Tema 5. CoorBercTBHE (PU3MUECKUX BeJIMYMH IPMUTOBLIM OIlEPATOPAM.

ue.flb 3AHAMUA. p8306paTBC$I B COOTBCTCTBHC MCIKAY (I)I/IBI/I‘IGCKI/IMI/I BCIIMYMHAMHX W O3PMHUTOBBIMH

oIepaTopamH.

3aoauu:

1. Haiitu coOcTBEHHOE 3HaU€HUE U COOCTBEHHBIN BEKTOP ONepaTopa KOOPAUHATHI.

2. Haiitu coOCTBEeHHOE 3HaYEHHE U COOCTBEHHBII BEKTOP OlepaTopa UMITYJIbCa.

3. Haiitu coOcTBEHHOE 3HaUE€HUE U COOCTBEHHBII BEKTOp OlepaTopa KHHETUYECKON SHEPTUH.
4. Jloka3aTb, 4TO OIEpaTOp UMILYJIbCA IPMUTOB.

5. Jloka3zate, 4TO OnepaTop KOOPAUHATHI SPMUTOB.

6. Jloka3ate, 4TO ONEpaToOp SHEPTUU SPMUTOB.

7. JlokazaTrb, 4TO OIIEPATOP TPAJUEHTA HE SIBISAETCS 3PMHUTOBBIM.
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8. Hamucarts, kak AeicTByeT onepaTop MOMEHTA UMITyJIbCA

Vkazanua no evinonnenuto 3adanus. HEOOXOIWMO BCIIOMHHUTH ONpEIEIICEHHE BEKTOPHOTO
IIPOU3BEICHUS.
9. PemuTh cTanmoHapHyI0 3a7a49y JJIT CBOOOTHON YaCTHIIBI.
10.Haiiti MaTpuily orneparopa OTpaskeHHsI BI0JIb BeKTopa | a >. Jloka3aTb, YTO OH YHUTapeH (3ajaua
Ne 42, c1p.50, J.A.Kpou6epr, HO.N.Oxuros, A.FO.UepHsBckuii. KBanroBas wmHpopmaTuka u
KBaHTOBBII KoMITbIoTEp: yueOHOe ocobue. MI'Y um. M.B. JlomoHocoBa, dak. BEIUUCI. MATEMATHKU
u kubepueruku. - Mocka: MAKC Ilpecc, 2011. - 64 ¢.)
11.Peann3oBaTh Ha KBAHTOBOM KOMIIBIOTEPE ONIEPATOP OTPAXKEHUs BJOJb BekTopa | 0 >.
Vkazanusa no évinonnenuio 3a0anus: CKaHUPOBATh KyOWUTHI apryMEHTa CJIeBa HANpaBo, OAHOBPEMEHHO
C HYJIEBOH aHIIWIION, HYXHOH aJis1 cOopa Mycopa, a pe3yslbTaT BBISBICHUS XOTS Obl OJHOW €IMHUIIBI
HaKaIJuBaTh B CIIEMAJIbLHOM KyOUTE res, KOTOPbIM Moce CKaHWPOBAHUS HYHO MCIIOJIb30BaThCs IS
u3MeHeHus 3Haka (3amaua 44, JI.A.KpouGepr, }0.M.Oxwuros, A.FO.UepHsBCKuii. KBanrtoBas
nH(pOpMaTUKa U KBAHTOBBIM KoMmmbioTep: yueOHoe mocobme. MI'Y um. M.B. JlomonocoBa, ®ak.
BBIUMCII. MaTeMaTUKH U KubepHetuku. - Mocksa: MAKC Ilpecc, 2011. - 64 c.).
Konmponvnuie onpocuwi:
1. Kaxk onpeznensercs onepaTop KOOpIAUHATHI?
2. Kak onpenensieTcss onepaTtop uMItyiabca?
3. Kak onpenensercs oneparop sHeprun?
4. Kak onpenensieTcs onepaTop MOMEHTa?
5. Kak 3anuceIBaeTcst UMITYJIbCHOE Mpe/ICTaBlIeHUe BOIHOBON (yHKIMH (1Tpeodpa3oBanue Oypbe oT
BOJIHOBOM QyHKIIMN)?
6. Kaxk nmosrydaercst orepaTop HEPIrUU U3 BBIPAXKEHUS IS KJIACCUUECKOM dHeprun?
7. Kak cBs3aHBI MEXTy COOO0M KIaCCHYECKHE 3HAUYCHUS (PU3NUECKONU BETMYUHBI B COOCTBEHHBIE
3HAYEHUS COOTBETCTBYIOLLETO S)PMUTOBA onieparopa’?
8. MOKHO 11 U3MEPUTH OJJHOBPEMEHHO KOOPAUHATY M UMITYJIbC BJOJIb OJHOW KOOPAMHATHONW OCHU?
9. A ecnu paccMOTPETh KOOPIAMHATY X, a UMITYJIbC BJOJIb APYTOi ocu?
10. B xakoM cMbIciie TOHUMAETCA OJJHOBPEMEHHOE U3MEpPEHUE?
Cnucok tumepamypuol.:
Jononnumenvhnas
J.A Kpoubepr, FH.M.Oxwuros, A.FO.UepHsABCKUIi. KBanToBas uHpoOpMaTHKa W KBaHTOBBIH
KoMmbioTep: ydeOHoe mocobdume. MI'Y um. M.B. JlomonocoBa, ®ak. BBIUKCI. MaTE€MaTUKH |
kubepuetuxu. - Mocka: MAKC Ilpecc, 2011. — C.50.

Tema 6. KBaHTOBBIII KOMIIBIOTEP.

L]env 3ansamus: N3y4uTh aOCTPAKTHYIO MOJIENb KBAHTOBOI'O KOMIIBIOTEPA.
3aoauu:
1. ®uznuecku peanuzoBaTb NOT.
2. ®uznuecku peanuzoBatb CNOT.
3. PeammzoBate Gate Toffoli B Bume Quantum Gate Array ¢ ucmoyib30BaHHEM oriepaTopa Anamapa,
NOT u CNOT.
Koumponvnvie onpocwi:
1. Onwumute aOCTPaKTHYIO CXeMY KBAaHTOBOTO KOMIBIOTEPA.
2. Onuiute, B 4YeM 3aKJIF0UYAETCSI KBAHTOBOE BBIUYHCIICHUE.
3. OnuiuTe BHIYUCICHUE C OPAKYJIOM Ha KJIACCHUECKOM KOMIIBIOTEPE.
4. Yro Takoe KBaHTOBBIA OpaKy?
5. OnumuTte 3aaa4y nepedopa.
6. Uro Takoe KBAHTOBHIC BEHTUIIU?
7. Kakue oqHOKYOMTHBIC KBAHTOBBIC BEHTUJIH BBl 3HAETE?
8. Kakue nByXKyOMTHbIE KBAHTOBbIE BEHTUJIM BbI 3HaeTe?
9. Kakue TpexkyOUTHBIC KBAHTOBbIC BEHTHJIH BbI 3HAETE?
10. Kak cocTaBnsitoTCs KBAHTOBBIE CXEMBbI U3 (DYHKIIMOHAJIBHBIX JIEMEHTOB?
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11. Yo Takoe aHuusma?

12. 3aueM BBOIWTCA aHIMILIA MPU Peatu3ayuil Ha KGAHMOBOM KOMNbIOmepe onepamopa
ompadiceHust 80016 gekmopa | 0 > ?

13. 3aueM npou3BOAMTCS KBAHTOBASI YACTKA AHIWILI?

14. Yto Takoe KBaHTOBOE YCKOpeHue?

15. B gem 3axmovaercs anroput™ ['poBepa a1 nepedopHOi 3amadn?

16. OOBsicHUTE reOMETPUYECKH CMBICI anropuT™a I'poBepa.

17. B d4em 3akiro4aeTcsi TAIMMYHOCTh TPOBEPOBCKOTO YCKOPEHMS?

18. Uto BBl MOKETE CKa3aTh O H)KHUX OLIEHKAaX KBAHTOBOM CII0)KHOCTH?

19. Kak cootHOocaTcst NP- 3amaun 1 KBaHTOBBIC BEIUHUCIIEHNSA?

20. Kakue BbI 3HaeTe aNropuTMbl KBAaHTOBOI'O MOJIEIMPOBAHUS CUCTEM MHOTMX YacTHIL?

21. B 4em 3akirodaeTcsl cxema TeJIenopTally HEU3BECTHOTO KBAHTOBOT'O COCTOSTHUSA?

22. Yrto umeeTcs B BUy MO/ 3aIIPETOM Ha KJIOHHPOBAHHME KBAaHTOBBIX COCTOSTHUI?

Tema 7. D1eMeHTHI KBAHTOBOI KpUNTOrpaduu.

L]env 3anamus: TO3HAKOMHUTBCS C OCHOBHBIMU TIOJIOXKEHUSIMU KBAaHTOBOW KpHITorpadun
Koumponvnuvie sonpocawi:

1. K xakoMy rojgy OTHOCHTCS POXJICHHE KBAHTOBOU KpUIITOTpaduu?

B yewm 3akirogyaercs riiaBHOE MPEUMYIIIECTBO KBAHTOBOM KpunTorpadguu mepen KiacCuueckoit?
B uem 3akmtouaercs 3aaya CEKpETHOM Mepeiayu JTaHHBIX ?

B uewm 3akmioyaeTcs 3a1aya pacipoOCTpaHEHUsl CEKPETHOTO KiTtoya?

Kakwue BBI 3HaeTE NCTOPHUECKHE CTIOCOOBI H(PPOBAHUS TAHHBIX ?

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

Uro Takoe KpunTorpapuuecKkuii mpoTokon?

Yrto Takoe cuMMETpUYHbIE H(PHI?

Jaiite onpeesieHne CTOMKOCTH KPUIITOCUCTEMBI.

10 Chopmynupyiite Teopemy IlleHHOHA.

11. B ueM mposiBiIsIETCSl UCIIOJIB30BAHUE TICEBIOCITYYailHBIX TEHEPATOPOB?

12. Kak cBsi3aH BOMPOC O MCEBAOCTYyYalHBIX TeHepaTopax ¢ HEepeleHHOW MmpoodiieMoii o paBeHCTBe P
u NP npo6iiemsr?

13. Yrto Takoe KpUNTOCUCTEMA C OTKPBITHIM KIIFOYOM?

14. Onumnte cxemy anropurma RSA.

15. Anropurm Llopa daxTopuzanuu 6onpmux yucen. KBaHToBbIe KOABI KOPPEKIIUU OLITHOOK.
[Iporoxon BB&4.

Cnucox numepamypul:

Jlononnumenvnas

J.A.Kponbepr, F0.N.Oxuros, A.}O.Yepusasckuii. KBaHTOBas kpuntorpadus: ydeOHOe mocoodwue./
MI'Y um. M.B. JlomoHocoBa, ®ak. BeIYMCI. MaTeMaTuku U kubepHeTuku. - MockBa: MAKC Ilpecc,
2011. - C. 9-25.

DNk
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[Ipunoxxenue 1. AHHOTaLIUA
pabouei mporpaMmsl IUCIUIUIAHBI

AHHOTAIIAA PABOYEHN ITPOT'PAMMBI JTUCIIUILINHBI

JuctumuimHa «MaTeMaTHuecKoe MOJICTMPOBAHNE KBAHTOBBIX CHCTEM M KBAHTOBBIC BBIYHCIICHUS

peanuszyercss Ha  (akynpTeTe  MHPOPMAIMOHHBIX CHCTeM W Oe3omacHocTH  Kadempoi
(yHIaMEHTAIBHOW U TIPUKIIATHOW MaTeMaTHKH.
Lenp AMCUMIIIUHBL OBIAJCHHUE CTYJACHTAMU - MaTeMaTHKaMH OCHOBaMH KBAaHTOBOW MEXaHUKH H
KBAHTOBBIX BBIYMCIICHHN, U YMEHHEM NPUMEHATh TaKWe 3HAHUS JUIS PEUICHHUsS 3a/1a4 NMPAKTUIECKUX
BBIUMCJICHUN. 3a/1auil: HAYYUTh MPUMEHSATh 3HAHUS TI0 OCHOBAM KBAaHTOBOW MEXaHMKE JJISl PEIICHUS
3a7a4 MPAaKTUIECKUX BHIYUCIICHUH.

JucuuninuHa HanpaBieHa Ha GOPMUPOBAHUE CIEAYIOMINX KOMITETEHIIUH:

ITK-3. Crioco6eH OCyIIECTBIISTh TOUCK, U3YYCHHE B Pa3paOOTKy HOBBIX TEOPETUUYECKUX WITH
MPAKTUYECKUX MPOoOJeM, CBEACHMIA, OTHOCSIIUXCS K PEUICHUIO0 TEKYIIMX HAayYHBIX HCCIICJOBAHMIA,
MIPOM3BOJICTBEHHBIX 33a4; B MH(MOPMAIMOHHBIX CPeAax HaXOIHWTh, CO371aBaThb OCHOBHBIE SJIEMEHTHI
OyqyluX MaTeMaTHUYECKUX CTPYKTYp WM KOHCTPYKTUBHBIX MATEMATHUECKUX MOJIENIEH.

B pesynbrare 0ocCBOCHUS TUCIUILTMHBI 00YJaIOLIHIACS JOIDKEH:
3Hamb: OCHOBBI HEPEISATHUBUCTCKOM KBAaHTOBOM TEOpPUM OJHOM M HECKOJBKUX YaCTHUIl, MPUHIUIIBI
BBIUMCIICHUH 1 00pabOoTKN MH(POPMAITUH, CONIEPKAIUXCS B KBAHTOBBIX aHCaMOJISX;

Ymemsb: TOCTPOUTH alrOpUTM, pealu3yHIIUNd CTaHAApTHbIE HH(OPMAIIMOHHBIE IPOLIECCHl HAaJ
KBaHTOBBIMH aHCaMOJIsIMH (YHUTapHAasi SBOJIIOIUS, U3MEPEHNE M YACTUYHOE M3MEPEHUE, BHIYHCICHUE
3alyTaHHOCTH, TeNeNnopTaIys, KBaHTOBbIE BEHTUJIH), PEAN30BaTh KOMIIBIOTEPHYIO MOJIENb 3TOTO
mporiecca M OIEHHUTh €ro CIO0XKHOCTh, TOCTPOMTh MaTeMaTHUECKyId M NPOTPAMMHYIO MOJENb
peaNbHOTO Tpoliecca Ui HECKOMBKUX 3apsSKEHHBIX YaCTHUI[ BO BHEIIHEM MOTEHIMANe, B YaCTHOCTH,
peaTu3yoIIy0 CTaHAApPTHbIE KBAHTOBBIE BEHTWIIN, W CAETATh MPAKTUYECKHE BHIBOIBI 110 HEW (Bpems
cpabaTbIBaHUA, JOOPOTHOCTH, BO3MOKHOCTh MacCIITaOUPOBAHNUSA);
Bnademy: peanuzanyeil BBIYMCIUTENBHBIX AJTOPUTMOB C NPUMEHEHHEM CTaHAAPTHBIX KBaHTOBBIX
BEHTWJICH, BBIYHMCICHHUEM CTAHJAPTHHIX (PU3UYECKHX BENUYMH (SHEPTrUU, KOOPAMHAT, UMITYJbCA,
MOMEHTA), a TaK)K€ BEPOSATHOCTHBIX paCTpeaeTeHUN Ui 3aJaHHBIX KBAHTOBBIX COCTOSHUM MPOCTBIX
aHcam0Omeil U3 HECKOJIBKUX YaCTHI] BO BHEUTHEM MMOTEHIIHATIE.

[To grcuuIuIMHE PeTyCMOTPEHa MTPOMEXKYTOUHAS aTTeCTaus B (hopMe 3a4€Ta ¢ OLEHKOM.

OO61mas TpyJ0€MKOCTh OCBOEHUS TUCHHUIUIHMHBI COCTaBIISET 4 3aUeTHbIE €TUHUIIBL.



20

JIUCT UBMEHEHUI'

Ipunooscenue 2

No | Texkcr aktyanuzanuu wim npuiaraeMbiii kK PII/] nokymeHr,
COJIep KAl U3MEHEHUS

Jarta

Ne
IIPOTOKOJIa

' Ana OMN BO maructpaTypbl M3MeHeHWst Tonbko 3a 2020 .
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