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PABOYASA NMPOMPAMMA YYEEHON AUCLUUMITUHDI
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. Kog v HanmeHoOBaHue HanpaBneHusA noaroToBku/cneymnanbHOCTHU:

02.03.01 MaTtemaTnka 1 KOMMNbLIOTEPHbIE HAYKN

. Mpodmnb noaroroBku/cneynannsaums:

mMaTemMaTuyeckoe 1 nporpammHoe obecnedeHne MHPOPMaLMOHHBLIX CUCTEM U TEXHOSIOTUIA

. KBanndmkaumsa BbinyckHuka: 6akanasp
. ®opma obyyeHunA: o4Hada
. Kacheapa, otBevarowan 3a peanmsaumio AMCLUUNIUHDBI: LMMPOBbLIX TEXHOMOMIA

. CocTaBuTenu nporpammsi:

BopayHoB Ceprein Buktoposud, K. .-M. H., JOLEHT

7. PekomeHnpgoBaHa: HMC ®©KH (npoTtokon Ne 5 ot 05.03.2024)
8. YueOHbIn rop: 2027-2028 CemecTp: 8



9. Llenn n 3apaum y4ye6HOM ANCLUMNNUHDI

LleJ'IbZ npeactaBnuTb pelleHne akTyalibHbiX 3ajad no o6pa60TKe MH(*)OpMaLI,I/II/I KaK
pearbHbie cpmmqecme 3ajayun, oCHOBaHHbIE Ha NocTynatax KBAHTOBOW MEXaHWUKU.

3agaun: aHanu3 KBaHTOBbLIX anropUTMOB AN pelleHns 3agad Knaccudukaumm, noucka,
onTMMM3aLMK, a Takke NPOTOKOMOB ANS Nepeaayn KBaHTOBOW MHopMaLUN.

10. MecTo y4yebHOM ancumnnnHbl B cTpykType OOI:

OucumnnuHa oTHocuTCca K Yactm 6noka b1, dpopmmpyemon yvacTHukamm obpasoBaTernbHbIX
OTHOLIEHMI. [1nsa yCnewHoro 0CBOEHNSA AMCUMNANHBI HEOBX0AMMO NpeaBapuUTENbHOE U3ydYeHne
cneylowmnx pasgenos MatemMaTuki U U3NKN: NMHenHas anrebpa; MatemMaTnyeckum aHanms.

11. MnaHupyemMble pe3ynbTaTbl OGy4YeHUsi MO AUCUUNIIMHe/MOAYINIO (3HaHWUA, YMeHus,
HaBblKW), COOTHECEHHbIe C NNlaHUpPyeMbIMU pe3yribTaTaMU OCBOeHUS o6pa3oBaTenibHOM
nporpaMmmbl (KOMNeTeHLMAMU) U UHAUKATOPaMU UX [OCTUXKEHUA:

Kog HasBaHue komneTeHuun Koga(bl) NnaukaTop(bl) Mnanupyeueie pesyneTatel

0byyeHus

MK-1 CnocobeH MK-1.1 O6napaeTt 6a3oBbIMMK 3HaTb: OCHOBHbIE MOHATUS
OEeMOHCTpUpoBaTh 3HaAHUAMMU, NOMNYYEHHBbIMU | KBAHTOBbLIX BbIYUCIIEHNIA.
0a3oBble 3HaHUS B obnactu
MaTemMaTU4eCKnX 1 MaTeMaTn4eckux n (unu)
€CTEeCTBEHHbIX HayK, €CTECTBEHHbIX HayK,

OCHOB nporpaMMmnpoBaHus un
nporpaMMmnpoBaHus un WHPOPMAaLIMOHHBLIX
MHOPMAaLIMOHHBIX TEXHOMOormm
TEXHOSIOMNMN.

MK-1 CnocobeH MK-1.2 YMeeT HaxoauTb, YmMeTb: hopmynmposaTtb
OEeMOHCTPUpOBaTh dopmynmpoBaTh 1 NpuKNagHyo 3agady B
0a3oBble 3HaHUS peliaTb CTaHAApTHbIE opmanmame KBaHTOBbIX
MaTeMaTUYECKMX U 3agauun B COGCTBEHHOM anropuTMOB U KBAHTOBbBIX CXEM.
€CTECTBEHHbIX HayK, Hay4HO-

OCHOB uccregoBaTtenbCKom
nporpaMMmnpoBaHus un OeaTenbHOCTU B
WMHPOPMaLIMOHHBIX MaTemaTuke n
TEXHOSIOMNMN. WHdopmMaTrke

MK-1 CnocobeH MK-1.3 MimeeT npakTtnyeckun Bnapetb: HaBblkaMy paboThl C
OeMOHCTpUpoBaTh OnNbIT HAy4YHO- B6mbnuoTekamm KBaHTOBbIX
0a30Bble 3HaHUS nccnenoBaTenibCKon BbIYNCIIEHWUA.
MaTeMaTUYECKMX U 0EeATenbHOCTU B
€CTECTBEHHbIX HaykK, MaTemMaTuke n
OCHOB WHpopmaTuke
NporpaMMmnpoOBaHUs u
NHPOPMAaLIMOHHBIX
TEXHOJIOTUMA.

MK-5 CnocobeH yyacTBOBaThb MK-5.1 3HaeT OCHOBHbIE 3HaTb: Mogenb Kybuta, Mogenb
B pa3paboTke cTaHgapThbl, HOpMbI U KBaHTOBOW CXEMblI.
TEeXHUYeCcKom npasuna pas3paboTku
OOKyMeHTaLuum TEXHUYECKOW
nporpaMmMHbIX OOKyMeHTaLum
NPOAYKTOB U nporpaMMHbIX MPOAYKTOB
nporpaMmMHbIX 1 NporpaMMHbIX
KOMMIEKCOB KOMMIEKCOB

MK-5 CnocobeH yyacTBOBaTb MK-5.2 YMeeT ucnonb3oBaTb UX YMeTb: peanu3oBaTb KBaHTOBbIN
B pa3paboTke npu NogroToBke anroputm B hopmMe KBaHTOBOW
TEeXHUYECKOM TEXHUYECKOW CXeMbl.

OOKyMeHTauum OOKyMeHTauum
nporpaMmmHbIX nporpaMMHbIX MPOAYKTOB




MPOAYKTOB U

NpOrpaMmHbIX
KOMMNJIEKCOB
MK-5 CnocobeH yyacTBOBaTb MK-5.3 MimeeT npakTtnyeckun Brnagetb: HaBblkaMy paboThl C
B pa3paboTke OnMbIT MOArOTOBKM Bmbnuotekamy KBaHTOBbIX
TEeXHUYECKOn TEXHUYECKOWN BbIYNCIIEHUN.
OOKyMeHTaLmm OOKYMeHTaLmm
nporpaMmmHbIX
NPOAYKTOB U
nporpaMmmHbIX
KOMMNIIEKCOB
12. O6bem ANCUUNIIUHBLI B 3a4eTHbIX eanHuuax/yac. — 2/72.
Pdopma NPOMEXyTOYHON aTTecTaumm 8 ceMecTp — 3a4€ET.
13. TpyaoemkocTb No BuAam y4yebHomn paboTbl
TpyaoemMKoCTb
Bug yuebHow paboTbl Bcero Mo cemecTpam
8 cewm.
AyOuTOPHbIE 3aHATUSA 24 24
nekumnmn 12 12
B TOM YuChe: npakTuyeckme
nabopaTtopHble 12 12
CamocTodartensHas paborta 48 48
OK3ameH
UToro: 72 72

13.1. CopepxaHme ANCLUMNIINHBI

Peannsauus
pasgena
Ne n/n Haumeriosanme pasaena CopepxaHve pasgena AMCunnimHbl AvcLMNINHEL ¢
ONCUMNIUHBI NMOMOLLIbIO
OHnamnH-Kypca,
QYMK*
1. lekuun
1.1 MocTynaTtbl KBAHTOBOW OCHOBHbIe MOHATUSA, 0003HAYEHMs, MOCTyNaThl,
MEXaHUKM HepaBeHcTBa benna, onepaTop NAOTHOCTMW.
1.2 Mogenb kBaHTOBOW cxeMbl | Jlornyeckue anemeHTsbl (renTbl). OgHOKyOMTOBBIE 1
OBYXKYyOWTOBbIE renThl. [Mpumepbl KBAHTOBbIX
anroputmoB. Peannsaumsi KBAHTOBbIX CXEM C
ncnonb3oBaHUEM MOaynNA
Qiskit.
1.3 OnemeHTbl KBaHTOBOM KBaHTOBOE  pacnpegeneHne  knwoden.  [Mpumepsl
KpunTtorpadgpuu KBaHTOBbIX NPOTOKOMOB.
1.4 OHTponua n uHdbopmaumsa. OHTponua LleHHoHa u

OcCHOBbI KBaHTOBOW
Teopun MHdopmaLnn

3HTponua ¢oH HelmaHa. PasnuyeHue

COCTOSIHUMN.

KBAHTOBbIX

2. lNpaKkTuyeckue 3aHATUA

2.1 Mopenb kBaHTOBOW cxeMbl | Jlornyeckue anemeHTsbl (renTbl). OaHOKYOMTOBbIE 1
OBYXKyOuTOBbIE renThl. [prMMepbl KBaHTOBbIX
anroputmoB. Peannsaums KBaHTOBbIX CXEM C
ncnonb3oBaHnem moayns Qiskit.

2.2 OrnemMeHTbl KBaHTOBON KBaHTOBOoe  pacnpepgeneHue  kniwouven.  [pumepsl

KpunTtorpadgum

KBAHTOBbIX MPOTOKOJI10B.




2.3 OCHOBbI KBAHTOBOWN OHTponua M wuHdbopMaums. IHTponust LleHHoHa u
Teopun nHopmaumm 3HTponua ¢oH HelnmaHa. PasnuyeHne KBaHTOBbIX
COCTOSIHUM.

13.2. Tembl (pasgenbl) AUCLUNIIUHBbI U BUAbI 3aHATUN

Buabl 3aHATUN (KONMYECTBO YacoB)

Ne HanmeHoBaHue Tembl CamocTosTensHas

n/n | (pasaena) AvcumnnuHbl | Jlekumn MpakTtnueckve | JlabopaTtopHble pabora Bcero
A -

1 OCTynaThl KBaHTOBOW > } 0 10 12
MeXaHMKN

5 Mopgenb kKBaHTOBOW 5 ) 4 10 16
CXeMbl

3 OnemMeHTbl KBAHTOBOW 4 ) 4 12 20
KpunTorpadum

4 OCHOBbI KBAHTOBOM 4 ) 4 16 24
Teopun nHcopmaLmm
Wroro: 12 0 12 48 e

14. MeToanyeckue ykasaHnsa Ans o0yyaroLWmMXCca No OCBOEHNIO AUCLUNIIUHDbI:

OcBoeHne ancumninHbl cknagbiBaeTca n3 ayantopHon pabotbl (y4ebHom aesaTenbHOCTH,
BbIMNONIHAEMOW Mo4 PYKOBOACTBOM npenogaBaTtend) M BHeayautopHon paboTtbl (y4ebHown
AeATenlbHOCTN, peanu3yemMon obyyaroLmMmcs CaMOCTOATESTbHO).

AyauTtopHasa paboTta cocTouT 13 paboTbl Ha NEKUUAX U BbINOSIHEHUST NPAKTUYECKUX (Mnn
nabopaTopHbiX) 3agaHun B O6bEME, nNpPeayCMOTPEHHOM Yy4yebHbIM nnaHom. Jlekuma
npegcrasnser cobon nocnegoBaTtenibHOE UM CUCTEMaTUMYECKOE  U3NOoXeHue  yy4yebHoro
mMaTtepuarna, HanpasfieHHOe Ha 3HaKoOMCTBO 0Oy4alouMXCs C OCHOBHbIMU MOHATUAMU W
TEOPEeTUYECKMMUN MNOSNOXKEHUAMN NU3yYaeMOon OUCUUNNNHBL. JIEKLMOHHbIE 3aHATMA OPMUPYIOT
Oasy pnOna npaktndeckmx (Mnm  nabopaTopHbIX) 3aHATUW, Ha KOTOPbIX MNOSlyYEeHHble
TeopeTu4eckne 3HaHUs MNPUMEHSAIOTCA [ONS pPeLeHUs KOHKPETHbIX MpakTU4ecKux 3ajau.
Ob6yvalowmmca Ans  ycnewHoro OCBOEHUSI AUCUMMINHBI PeKOMeHOYyeTCA BECTUM KOHCMEKT
NEKUNN N NnpakTudeckux (nabopaTopHbIX) 3aHATUMN.

CamocTosaTenbHasa paboTta npegnonaraet yrinyonéHHoe nsyyeHne otaenbHbIX pasgenos
ANCLMNIIMHBI C UCMNONb30BaHMEM nUTepaTypbl, PEKOMEHOOBAHHOM MNpenodaBaTeneM, a Takke
KOHCMEKTOB JieKUMA, Mpe3eHTauuoHHbIM MaTepuanomMm (Npu  HanmuMyuMM) U KOHCMEKTOB
npakTuyecknx (nabopaTtopHbiX) 3aHATUA. B kayecTBe nnaHa Ans camocToATeNbHOW paboTbl
MOXeT ObITb ucnonb3oBaH pasgen 13.1 HacTosiwen paboyen nporpaMmmbl, B KOTOPOM
3auKCUpoBaHbl pasgenbl gucuMnivHbl M KX cogepxaHue. B pasgene 13.2 pabouen
nporpaMmmbl onpeaenseTcs KoM4yecTBO 4acoB, OTBOAMMOE Ha CaMOCTOATENbHYK paboTy no
Kakgomy pasfgeny gucumnnuHbl. bonbluee KonnMyecTBO YacoOB Ha CaMOCTOSTENbHYHO paboTy
OTBOAMTCSA Ha Haubonee TpyaHble pasgenbl AUCUMMNANHBL. [nsi caMOCTOATENbHOMO U3y4YyeHus
OTAENbHbIX pa3fenoB OUCUUNIIMHBI UCNOSb3YETCA NepeYeHb nuTepaTypbl U APYrux pecypcos,
nepevncrieHHblx B nyHkTax 15 n 16 HacToswen paboven nporpaMmmel.

YCnewHoCTb OCBOEHUS OUCUMMIAMHBI ONpeaenseTca CUCTEMATUYHOCTbIO WU rNyOGuMHON
ayauToOpHOM 1 BHeayauMTOpPHOW paboTbl obyyatoLerocs.

MpyM wnCNoNb30BaHUM AUCTAHUMOHHBLIX OBOpa3oBaTemnbHbIX TEXHONOMMM U 3NEKTPOHHOrO
o0y4yeHnsa BbIMOMHATE BCE YyKasaHusA npenogaBaTenen, BOBpeMs MoakmnyaTbess K online
3aHATUAM, OTBETCTBEHHO NOAXOANUTbL K 3a4aHUAM A5 CAMOCTOSATENbHOW paboThl.




15. lMepeyeHb OCHOBHOM WU [AOMOSIHUTENIbLHOW NUTepaTypbl, PEeCypCoOB MWHTEPHET,
HeoOXoaAUMbIX ANIA OCBOEHUA AUCLUNIIUHDI

a) OCHOBHag nuTepartypa:

Ne n/n NcToYHMK

YykaHos, C. H. KBaHTOoBas Teopus nHdbopmaumm : y4ebHoe nocobue / C. H. YykaHog, U. C. YykaHos,
A.T. benuk. — Omck : OMITY, 2023. — 164 c. — ISBN 978-5-8149-3680-6. — TekcT :

ANEKTPOHHbIN // JlaHb : aNeKTpoHHO-O0nbnnoteyHasa cuctema. — URL:
https://e.lanbook.com/book/421505

BopayHos, C.B. KeaHToBble Bbiumcnenusi / C.B. bopayHos, C.L. KypranuH. - CankT-INeTepbypr : EXB-
2 MeTepbypr, 2022. — (Cepus: YuyebHasa nutepatypa and sy3oB). — ISBN 978-5-9775-6853-1. —
URL:https://elibrary.ru/item.asp?id=48223083

0) fjononHUTenbHag nuTeparypa:

Ne n/n NcTOYHMK
KsaHTOBas Teopus : yuebHoe nocobue. — BopoHex : BI'Y, 2016 — Yactb | — 2016. — 107 c. —
1 TeKCT : aneKTPOoHHbIN // JlaHb : 3anekTpoHHO-bubnmMoTeyvHas cuctema. — URL:

https://e.lanbook.com/book/165306

KeaHTOBas Teopusi. Kypc nekuun : ydebHoe nocobue / W. B. KonbiTuH, A. C. KopHes, H. J1. MaHakos,

2 M. B. ®ponoB. — BopoHex : BI'Y, 2014 — Yactb 2 — 2014. — 76 c. — TeKCT : aNeKTPOHHbIV // JlaHb :
3MneKkTpoHHO-6ubnunoteyHasa cucrema. — URL: https://e.lanbook.com/book/357362

KsaHToBas Teopus. Kypc nekumn : yuebHoe nocobue / U. B. KonbiTnH, A. C. KopHes, H. J1. MaHakos,

3 M. B. ®ponos. — BopoHex : BI'Y, 2015 — Yacte 3 — 2015. — 85 c. — TeKCT : aneKTpoHHbIv // JlaHb :
3NeKTPOHHO-0MbnnoTeyHas cuctema. — URL: https://e.lanbook.com/book/356462

B) MH(pOpPMALIMOHHbIE SNEKTPOHHO-06pa3oBaTenbHble pecypchl (omunanbHble pecypebl MHTEPHET)™:

Ne n/n Pecypc
1 3HB BI'Y: https://lib.vsu.ru/
2 OnekTpoHHO-6MbnnMoTeyHas cuctema "YHusepcuteTckas bubnuoteka online": http:/biblioclub.ru/
3 OnekTpoHHOo-6nbnuoTeyHasa cuctema "Jlanp"; https://e.lanbook.com/

16. NMepeyeHb y4e6HO-MeTOAMYECKOTO 06ecneyeHUs Ans CaMoOCTOATeNbHON paboThl

Ne n/n McTOYHMK

YykaHoB, C. H. KsaHToBas Teopus nHcgpopmauum : y4ebHoe nocobue / C. H. YykaHos, N. C. YykaHos, A.
1 . Benuk. — Omck : OMI'TY, 2023. — 164 c. — ISBN 978-5-8149-3680-6. — TeKCT : 3NIE€KTPOHHbLIN //
JlaHb : anekTpoHHO-6nbnnoTteyHas cuctema. — URL: https://e.lanbook.com/book/421505

17. OOpa3oBaTesfibHble TEXHONOrMMU, MUCNOSNb3yeMble MNpu peanusauum Yy4eOGHOU
OUCUMNIUHBLI, BKMOYas AUCTaHUMOHHble obpa3oBaTenbHble TexHonoruu (OOT,
3neKkTpoHHoe oby4yeHue (J0), cmewaHHOe 0Gy4YeHue):

Mpy peanusauuy UCLUNINHBI MOTYT MUCMOMb30BaTbCA TEXHOIOMMU 3NEKTPOHHOIO 0BY4YeHUs U
AMCTaHLMOHHble 0b6pasoBaTenbHble TeEXHOMNOrMM Ha Gase nopTana edu.vsu.ru, a Takxe gpyrue
[AOCTYMHble pecypcbl ceTu VMIHTepHeT.

18. MaTepMaanO-TeXHquCKoe obecneyeHne AUCLUMNIIUHI:

AyaouTtopust Ons NeKUMOHHbIX 3aHATUW: MynbTUMeOMa-NPOoeKTop, 3KpaH AN MpoeKkTopa, KOM-
nbloTEP C BbIXOAOM B ceTb «MHTepHeT». CneunanuanpoBaHHas mebenb (CTOMbl yY4eHU4eckume,
cTynbs, gocka). lNporpammHoe obecneyenue: LibreOffice v.5-7, nporpamma ans npocmoTpa
dannos popmarta pdf, 6paysep.

KomnbloTepHbl  Knacc:  cneumanuanpoBaHHas Mebenb, nepcoHarnbHble  KOMMbTEpHI,
MYJTbTUMEOUNHBIN NPOEKTOP, SKPaH.



https://lib.vsu.ru/
http://biblioclub.ru/
https://e.lanbook.com/

MO: OC Windows v.7, 8, 10, WUHTepnpeTaTtop s3bika CPython, anctpubytns Anaconda, IDE
PyCharm, pegaktop Jupiter.

19. OueHou4HbIe cpeacTBa AN NPoBeAEeHUA TEKYLEN U MPOMEXYTOYHOM aTTecTauum

Mopsigok  OUEeHKM ocBoeHust  obydatowmmuca  yvyebHoro martepuana onpegensietcs
coaepkaHMeM creayoLlmx pasaenos ANCUUNINHGI:

HavmeHoBaHue WHankaTopsbl
Ne KomneTeH
/n pasgena aucumninHbl n [OCTUXKEHNSA OueHouHble cpeacTBa
(mogyns) H KOMMNeTeHUMMN
1. | Pasgensl 1-4 MnK-1 nK'1|_'|1K’_?§'1'2’ NaGopatopHble paboTbl
o, | Paspenbi 1-4 MnK-5 HK'5|;|1K’_Q §'5'2’ NaGopatopHble paboTsl
MpomexxyTouHas aTTecTaums UCEMEHHBI ONDOC
dopma KOHTpons — 3a4éT P

20. TunoBble OUEHO4YHbIe cpeacTBa U MeToAMYeCKMe MaTepuanbl, onpeaensiowme
npouenypbl OLeHUBaHUA

20.1. TeKyLLMn KOHTPOSb yCneBaeMocTun

KoHTponb ycneBaemocTu Mo AUCLMMNIIMHE OCYLIECTBNSETCA C MOMOLLbLI0 nabopaTopHbIX
paboT.

TunoBble 3agaHna gna nabopaTtopHbIX padoT

JlabopaTopHas pa6oTta Ne 1
«CoCTOSIHUSA N U3MEpPEHUA B KBAHTOBOMN Teopuu MHopmMaummn»

Llenb paboTbl: M3y4ynTb OCHOBHblE CNOCODOLI 3alaHMsA COCTOSHWUS KBaHTOBbLIX CUCTEM W npouenypy
N3MepeHns B KBaHTOBOW TEOPUM.

TpeGoBaHuA K BbINOMHEHUIO paboTbl: obyyawolmecs [OIMKHbI COCTaBUTb MPOrpaMMHbIA Ko,
BU3yanusupyowmn cepy bnoxa n 6asucHeix coctoaHum |0>, |1>, |[+>, |->; BbINOMHUTL MOAENUMpoBaHue
npouenypbl MU3MEPEHUst HaA yka3aHHbIMU COCTOSHUAMMN.

Kputepun oueHKW: Ond NOnyyYeHUs OLEHKU «3a4TeHO» HeobxoaMMO nokasaTb BbICOKUMA YPOBEHb
BNageHns TeopeTUyecknMm maTepuanom, yMeTb OObACHUTL NPUHLMM paboTbl HANMCaHHOW MPOrpaMmel,
BEPHO OTBETUTb Ha AOMNOMHUTENbHbIE BONPOCHI.

3apaHue: co3gaTtb KBaHTOBBLIN PErMCTp C NOMOLLbLID OOHOro Kybuta, BusyanuauposaTtb cdepy bBrnoxa
Ansa 6asuncHeix coctosHun 0>, |1>, |[+>, |->; BbINONHWUTL MOAeNupoBaHWe npoueaypbl U3MepeHus Hag
YKa3aHHbIMU COCTOSHUAMMU.

NabopaTopHasa pa6oTa Ne 2
«OnepaTtopbl B KBAaHTOBOM TEOPUU MHpOpMaLUU»

Lenb paboTbl: M3yunTb MeTOAbl 3a4aHUA OnepaTtopoB B KBAHTOBOW TEOpUM WHOpMauMm n ux
OCHOBHblE CBOMCTBA.



TpeboBaHusi K BbINOSIHEHUIO PabOTbI: obyvarolmecss OOMKHbI COCTaBUTb MPOrpamMMHbIA Kog Ans
paboTbl C MaTPUYHbIM NpeacTaBlIEHNEM SPMUTOBBIX Y YHUTAPHbIX ONepaTopoB.

KpuTepun oueHKU: Ons MONYyYEHUS] OLIEHKM «3a4TeHO» HEeoOXOAMMO MoKasaTb BbICOKMIA YPOBEHb
BrageHUs TEOpeTUYECKMM MaTepuanom, yMeTb 06bSCHUTb NPUHLMUN paboTbl HANMCaHHOW NporpamMmbl,
BEPHO OTBETUTb Ha AOMOMHUTESNbHbIE BOMPOCHI.

3apaHue: Matpuua H 3agaetca nepeuncneHuem anemenToB H = np.array([[0, -1j], [1j, O]]). Beluucnute
$eMiH}$ oBymsa cnocoGamu: cornacHo onpedeneHnio B BuUae CyMMbl psiga M ¢ nomolubio SciPy.
Aensetca nn H aspmutoBonm matpuuen? HAsnsietca nu iH spmuToBOM MaTpuuen? Bbeluucnute
COOCTBEHHbIE 3Ha4YeHNA 1 COOBCTBEHHbIE BEKTOPLI onepaTtopa H.

NabopaTopHasn pa6oTta Ne 3
«QHTpONUA KBAHTOBOW CUCTEMbI»

Llenb pa6oTbl: U3y4nTb NOHSATUE SHTPOMUMN KBAHTOBOW CUCTEMbI, €6 OCHOBHbIE CBOWCTBA U MeToabl ee
OLIEHKMW.

TpeboBaHusA K BbINOSIHEHUIO Pab6oTbl: obyvarolmecss OOMKHbI COCTaBUTb MPOrpamMMHbIA Kog Ans
OLIEHKM Mepbl HeONpPeaAeneHHOCTU KBaHTOBOW CUCTEMBI.

KpuTepun oueHKU: Ans MONyYEHUs] OLEHKU «3a4TeHO» HeoOXOAMMO MokasaTb BbICOKWIA YPOBEHb
BMageHUs TeopeTUYecKMM maTepuanom, yMeTb O6bSCHUTbL NPUHLMN paboTbl HANMCAHHOW NPOrpamMMmbl,
BEPHO OTBETUTb HA AOMNONHUTESbHbIE BOMPOCHI.

3apaHne: Ecnu cuctema 3agaHa matpuueinn nnotHoctn $\rho$, 1O sHTponua doH Helimana
Bblumcnsetcs no cdopmyne: $$ S = -Tr(\rho\log_2\rho).$$ HanuwmTe dpyHkumn, KoTopble No 3agaHHOW B
channe input.txt matpuue NAOTHOCTM BbLIMUCASAOT 3HTponuto ¢oH Helmana $S(\rho)$, nuHeliHyto
aHTponuio $S_{L}(\rho)$, aHTponuio Penbm $S \alpha(\rho)$. MpoeepbTe paboTy 3TUX PyHKUMIA Ha
4YUCNEHHbIX npumMepax. MoryT nu Tpy nepeyvncrneHHbIX Bblwe BenuyuHbl ObiTb paBHbiIMM? [lonapHo
paBHbIMW? Ecnu ga, TO BbIACHUTE, NPWU KakMx yCrnoBUSAX 3TO OOCTUraeTcd, a ecnv HeT - obbsAcHuTe,
noyemy.

20.2. NMpomexyToyHasa aTrectauus

MpomexyTouyHas aTTecTtauusi No AMCUUMIIMHE OCYLUECTBMSETCA C MOMOLLbI0 crieayloLmnx
OLIEHOYHbIX CPEACTB: NepeyYeHb BOMPOCOB K 9K3aMeHY.

MepeyeHb BOoNpocoB Ansi NTMCbMEHHOro onpoca

[MocTynaTbl KBAHTOBOW MEXaHUKK

OnepaTtop nNnoTHOCTH

HepaseHcTBa benna

Mogernb KBaHTOBOW CXEMbI

[ByxKybuTOBbBIE ONEpaLmm

[MpoTokonbl KBAHTOBOW Nepenayn nHopmauum
3apava bepHwTenHa-BasnpaHu

3apava Jownya. Anroputm [ownda n [>ko3bl

© 0 N o gk~ o hPRE

Anroputm CanmoHa
10. KesaHToBOE npeobpasoBaHne dypbe



11. KBaHTOBOE OLEeHMBaHNE (hasbl

12. 3agaya HaxoxaeHus nopsgka

13. Anroputm Lopa

14. Anroputm ['poBepa

15. Qiskit n kBaHTOBbIE BbIYUCIIEHUS

16. KBaHTOBbIE CXEMbI UCNpPaBNEHNS OLLIMBOK
17. ®as3oBble OWINOBKN

18. MpuHUMNbI KBAHTOBOW KpunTorpadum

19. KBaHTOBOE pacripegerieHme Krno4ven

20. QHTpONMA N NHopMauma

21. QHTponua poH HenmaHa

22. OnTuManbHoOe pasfiMyeHne KBaHTOBbIX COCTOSIHUIA
23. QHTponus PeHbu. JInHENHasa aHTponuS.
24. 'paHnuya Xoneso.

25. KBaHTOBbIE KaHanbl CBA3W.

[ns oueHnBaHus pe3ynbTaTtoB 06y‘-IeHI/IF| Ha 3a4éTe NCNOJIb3YKTCA OLEHKU. «3a4TeHO» N «He
3a4YTEHOY.

YpoBeHb
KpuTepun oueH1BaHNs KoMneTeHuni ccpopmumpoBaHH Lkana oueHok
ocTn
KOMnNeTeHuumn
CdhopmMmpoBaHHbIe 3HAHWNSI OCHOBHbIX MOHATUIA, ONpPeAeneHnin u
TeopeM, U3ydaeMbixX B Kypce, BO3MOXHO C 3aTpyAHEHUSAMU Npu Moporosbin 33uTEHO
BOCMpPOUN3BEAEHNMN. YpOBEHb
O6yvaownicss 4eMOHCTPUPYET OTPbIBOYHbIE 3HAHMSA (NTMBO KX
OTCYTCTBME) OCHOBHbIX MOHATUI, OnpegeneHnin n Teopem,
- He 3auteHo

nucnonb3yembix B Kypce.




