Pabouasi nporpaMMa JUCHUILUINHBI

1. Ha3Banue qucuuminnbl: KBantoBas Teopust HHPOpMAaIu
2. YpoBeHb BbICIIEr0 00Pa30BaHUs — MarucTparypa
3. Hanpagienne noarorosku: 03.04.02 dusuka (Maructparypa)

4. AHHOTALIMA:

Kypc «KBanroBas Teopust HHbOpManum» sBISETCS NPO(OUIBHON TUCIUILIMHON MarucTepckoi nporpammel «KBantoBast kpunrorpadusi 1 KBAaHTOBAs
cBs13b» U «KBaHTOBBIE BRIUMCICHU». [lucuuIuiMHa odecrieunBaeT 0a30ByI0 MOATOTOBKY CTYAECHTOB B 001acTi (U3MKU KBaHTOBOH nH(popmaruu. Kypc
COCTOUT M3 JIBYyX OCHOBHBIX YaCTeH, PaCCMaTPUBAIOIINX, COOTBETCTBEHHO, (PH3MUECKHE OCHOBBI KBAHTOBOW HH(POPMATUKU U OCHOBHBIE CBEJICHHS O
KBAHTOBBIX BBIUMCIIEHUSX. B 4aCTHOCTH, B 4aCTH Kypca, TOCBSILEHHON TEOpUU KBAHTOBOM MH(POPMALIUU pacCMAaTPUBAETCS Pa3IMUYUMOCTh KBAHTOBBIX
COCTOSIHUH, pa3InYHbIe METPUKH Ha MMPOCTPAHCTBE KBAHTOBBIX COCTOSHHIA, TIepe/iadya KJIacCH4ecKoi MH(POPMaIUH 110 KBAHTOBBIM KaHaJIaM U TPaHHIIA
XoieBo, nepeaya KBaHTOBOW MH(POPMALIMY 110 KBAHTOBBIM KaHaJIaM CBSI3U, MEPbI KOJIMUYECTBAa KBAHTOBON MH(OpMaruu, sHTponus ¢pox Helimana u eé
CBOMCTBA, NEPEMYTAHHOCTh KBAHTOBBIX COCTOSIHUM, KOJIMYECTBEHHBIE MEPBI IIEPENIYTAHHOCTH, PECYPCHAsl TEOPHsI IEPEITYTAHHOCTH, TEOPUS KBAHTOBBIX
IIPOLIECCOB U ONKCAHKUE IIIYMOB B KBAHTOBBIX KaHaJIaX, OCHOBBI KBAHTOBOI TOMOTrpauu COCTOSIHUN U ITPOLIECCOB.

5. O0beM TUCHUILUIMHBI B 3aYe€THBIX €IMHHIAX ¢ YKA3aHHEM KOJMYECTBA aKaJeMHYeCKMX WM ACTPOHOMHYECKHX YACOB, BbIJIEJIEHHBIX HA
KOHTAKTHYI) PadoTy o0ydYawuiuxcsi ¢ mpemnojaBaTeieM (M0 BHAAM Y4YeOHBIX 3aHATHI) U HA CAMOCTOSITEJILHYI0 PaGoTy 00y4aroluxcs
(Yxa3bIBaeTcsl COIVIACHO padouemMy MJIaHy):

OOBeM JUCIUIUIMHBI COCTABIISICT 2 3a4€THBbIC €MHMIIBI, BCEro 72 Yaca, U3 KOTOpPHIX 36 Yaca cOCTaBJIsIeT KOHTAaKTHas paboTa oOydaromierocs c
npenogaBateneM (18 wacoB 3aHATHS JEKIMOHHOTO THMa, 16 yYaca 3aHATHS CEMHHApPCKOTO THIA, 2 Yaca KOJJIOKBHYMOB), 36 yaca COCTaBJsCT
caMoCToOsITeNIbHas paboTa 00yJaroerocs.

6. @opmMupyemMble KOMIIETeHIMH ¥ BXOHbIe TPeOOBAHUS VIS OCBOEHUSI IMCHUILIMHBI, IPeABAPUTE/IbHbIE YCI0BHA:

HA3BAHUWE KOMIIETEHIINN:
CIIK-1 CnocoGHocTh cBOOOJHO BNaAETh MPO(EeCcCCHOHAIBHBIMU 3HAHUSMH JJIs aHallM3a U CUHTe3a (u3HuecKod MHpopMaluu B o0nactu (HU3NKU
KBaHTOBBIX BHIYHUCIICHUI.

CIIK-2 CrocoGHOCTh K MOHUCKY, KPUTHYECKOMY aHallu3y, 0OOOIIEHHUIO M CHCTEeMaTH3aluu HaydHOM uMHopManuu B o0nacTh (PU3MKU KBAHTOBBIX
BBIYMCIICHUI.
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CIIK-3 CrnocoOHOCTh OpPraHM30BBIBATh U IUIAHUPOBATH HCCIEAOBAHUS, CTABUTh KOHKPETHBIC 3aayll HAyYHBIX HCCIIEIOBAaHMM B 00JaCTH (HU3UKH
KBaHTOBBIX BBIYHMCIICHHM, U pelIaTh UX C IIOMOIIBIO COBPEMEHHOH anmapatypbl 1 000py10BaHUSI.

[IOPOI'OBbIM (BXOJIHOM) YPOBHb 3HAHUIM, YMEHUH, OIIBITA JESATEJIBHOCTH, TPEBYEMBIM JJII D®OPMHUPOBAHNMI
KOMIIETEHIUI
Hnst Toro yToObl (hopMUPOBaHHE JAHHBIX KOMIETEHIIMH OBUIO BO3MOXKHO, OOYYaIOIIMUKCS, MPUCTYIMUBIINNA K OCBOSHHIO 00pa30BaTeIbHOMN
IIporpamMmabl, DOJIKCH:
e 3HATD: ocHOBHBIE METO/IbI HAYYHO-UCCIIEA0BATEIBCKOMN AEATEIbHOCTH.

e VYMETD: BeIICIATh U CUCTEMATU3UPOBATH OCHOBHBIC MJICH B HAYYHBIX TEKCTAaX; KPUTUICCKH OIICHUBATH JIFOOYIO IMMOCTYIAIOINIYI0 WH()OPMALIHIO,
BHE 3aBHCHMOCTH OT UCTOYHMKA; H30eraTh aBTOMAaTHYECKOT0 MPUMEHEHHSI CTAaHAAPTHBIX (OPMYI U PUEMOB MPU PEUICHUH 3a/1a4.

e BJIAJIETDH: naBsikamu cOopa, 00pabOTKH, aHATN3a M CUCTEMAaTH3aIMK WHPOPMALIUU TI0 TeME MCCIIeIOBAaHUs; HaBBIKAMU BBIOOpPA METOJIOB U
CPEICTB PEUICHMS 3a4a4 UCCIECIOBAHHUS.

Jlns ocBOEHMs JUCLHMIUIMHBI HEOOXOAMMBI 3HaHUS M yYMEHMs, IpuoOpeTaeMble B paMkax Kypca «JIuneiinas anreOpa», «Teopus BeposTHOCTEH U
MaTeMaTHyecKas CTaTUCTHKa», Kypca TeopeTuueckon ¢pusuku «KBaHTOBas Teopus».

7. ConepixaHue TMCUMIIMHBI, CTPYKTYPUPOBaHHOE MO TeMaM (pa3iesiaM) ¢ yKa3aHHEeM OTBEIEHHOr0 Ha HHUX KOJIMYECTBA aKaJeMHYeCKHX
4acoB U BU/IbI y4eOHBIX 3aHATHI
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HaumeHoBaHMe M KpaTKoe coaep:xkaHue pa3aesioB u | Beero B ToM uncne
TeM TUCHHUILINHBI, :
qyackl KonTakTHasi padora (padora | CamocrosiTesibHasi padora oOy4aromierocs,
¢dopma mnpomMexkyToO4HON arTrecTalMd IO JAUCHHU- BO B3aMMO/IECHCTBUH € Jachbl
IJINHEe npenogaBaTesieM), 4achbl 13 HHUX
U3 HUX
Y4yeOHble Bcer | Bemonmnenne apomamuux | [TonroroBka | Bee
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= £ | HanpaBlICHHBIC T.IL.
= | | Ha npoBeneHue
g § TEKYLIETO
= 2 | KOHTPOJIs
2 | g | ycneBaemocTH
2 | £ | xomToxBHYyMBI,
218 MPaKTUYECKHUE
E E KOHTPOJIbHBIE
= S | 3aHATHA U ap.*
S| S
1. OcHoBHBIE CBeJeHHS] W3 KJIACCHYECKOil Teopum | 2 2 2 2 yaca 2
uHopmauuu PeweHne 3aga4 Ha Ha
3HTpOI‘IVIF| L|.|EHHOHa, eé OCHOBHbIE CBOMCTBA. OCHOBHbIle NMOHATUA
OTHOCUTEeNIbHasA 9HTPONUA, YCI0OBHAA SHTPONUA N B3aMMHaA KJlaccuyeckomn
nHopmaumsa. HepaseHcTBO 06paboTKM AaHHbIX. Teopema MHpopMaLmK,
KoAnpoBaHUA LeHHOHa ANnA KaHana bes wyma. [JOKa3aTenbCTBa CBOWUCTB
BBEAEHHbIX Ha  JeKuun
BE/INUUH.
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2. KBanToBasi Teopusi uH(pOpMALMHU

§1. Heobxoaumble cBeAeHMA U3 KBAaHTOBOM TEOPUN.
KBaHToBble  cocTofHMA, [MnbbepToBO  MPOCTPAHCTBO.
JBONIOLMA KBAHTOBbLIX COCTOAHMMK, KapTuHa LUpéamHrepa.
N3mepeHua, BepoATHOCTM B KBaHTOBOW Teopuu, POVM-
dopmanunam, npasmno BopHa, NPOEKLMOHHbIE U3MEPEHUA U
Habniogaemble. 3BoalouMa B KapTuHe [eli3eHbepra.
CmellaHHble cOCTOAHMA, MaTpuua naoTHocTu. CocTaBHble
CUCTEMDI, TEH30pHOEe npoussegeHve NPOCTPaHCTB
COCTOAHMI. [lepenyTaHHble COCTOAHMA, peayuMpOBaHHas

MaTpuua NJA0OTHOCTHN, pa3noxKeHne WmmaTa n ounweHme.

§2. PaznnMynmocTb KBaHTOBbIX COCTOAHUM

PaccTtosiHMe mexKay KNacCMYeCKUMM pacnpeneneHuamu
BEPOATHOCTW. PaccroAaHua MexXay KBaHTOBbIMMU
coctoAHMAMK. CnepoBas MeTpuKa, GUAenuTn, MeTpuka
Biopeca. CooTHOWEHNA MeXAY Pa3/INYHbIMU METPUKAMMN Ha

NPOCTPaHCTBE COCTOAH ni.

§3. dHTponuA poH HelmaHa.

dHTponuA ¢oH HelimaHa pAnAa KBAHTOBbIX COCTOAHMUM,
KOMYeCcTBEHHasA OLeHKa YUCTOTbI. KBaHTOBaA
OTHOCUTENIbHAA  JHTPOMWUA, €€ OCHOBHble CBOMCTBA.

BbInyKkN0CTb M Cy6aAANTUBHOCTb KBAHTOBOM SHTPOMUM.

§4. KBaHTOBbIE npouecchbl N WyMHblE KaHa/lbl CBA3U

dopmanunsm KBaHTOBbIX NpoLeccos, BNoOJIHE
NONOXKUTE/bHbIE W COXpaHAloWMe cied OTOBpaKeHus.
MpeactaBneHMe  ONepaTopHOM  CYMMOM,  XM-mMaTpuua

npouecca. an/IMepbl KBAHTOBbIX npoueccoB: KaHan C X-

32

22

10

32

4 yaca

PeweHne 3aga4 ana
3aKpensieHns  NOHUMaHUA
dopmanmnsma  KBaHTOBOM
Teopuu. dsontoumA
[OBYXYPOBHEBOM  CUCTEMBI,
coepa Bbnoxa, 6ennosckue
COCTOSIHUA M T.N.

4 yaca

PeweHne 3ajau,
HanpuUMep: Ha BblUUC/EHME
pPaccToAHMIA B Pa3NIUYHbIX

METPUKax, BblBOA,
Bblpa*XeHunAa ana d)MAe}'IMTM
yepes KOMMNOHEHTbI
BEKTOpa bnoxa ana

[ABYXYPOBHEBOM CUCTEMBI.

2 yac

PeweHune 3agad Ha
CBOMCTBA 3HTpONUU OH
HelimaHa.

4 yaca

PeweHne 3aga4 Ha
npeobpasoBaHue
COCTOAHUM Pa3INYHbIMMK
KaHanamm. HanucaHue

18
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OLWMOBKOM M Z-OWNBKOW, AenonApusylowmii KaHan, KaHan
3aTyxaHusa amnauTyabl n $asbl (NpoaoabHas KU nonepeyHas
penakcaums). lNpeacraBneHMe O KBAHTOBOW Tomorpaduu
COCTOAHMI M npoueccoB, MHGOPMALMOHHO-MNOHbIM Habop
CTaTUCTUYECKOM

MU3MepeHun, MeToApbl 06paboTku

pe3ynbTaToB TOMOrpadUUECcKUX N3MepPEeHU.

§4. Nepepaya Knaccnmyeckom M KBaHToBOM MHPopMaLUM Mo
KBAHTOBbIM KaHa/lam CBA3W.

3ajaya pasMYeHMA KBAHTOBbIX COCTOAHWMK. [paHuua
Xoneso. Teopema LLlymaxepa o KogMpoBaHUKN B KaHase 6e3
wyma. [lepepaya A[aHHbIX 4Yepe3 KBAHTOBbIA KaHan ¢
Wwymom. KBaHTOBOe HepaBeHCTBO 06paboTKM AaHHbIX,
rpaHuua CUHINTOHA, KBAHTOBOE HepaBeHCTBO PaHo.

§5. KonnyectseHHaa Teopuma nepenyTaHHOCTY.

MNpeobpasoBaHua coxpaHAwuwme " N3MeHstoLne
nepenyTtaHHoctb, LOCC npeobpasoBaHua. Auctuanaums
nepenyTaHHOCTN, KONNYECTBEHHbIE Mepbl MepenyTaHHOCTU
B [OBYXKOMOMHEHTHbIX cucTemax. MNepenyTaHHOCTb
CMeLUAHHbIX COCTOAHWI, CBA3aHHas nepenyTaHHOCTb. Mepbl
nepenyTaHHOCTH B8 6ECKOHEYHOMEPHbIX  CUCTEMAX.
MNpobnembl

XapaKTepunsaumnu nepenyTtaHHOCTH B

MHOTFOKOMMOHEHTHbIX CUCTEMAX.

nporpammobl ana
BOCCTaHOB/1IEHMA COCTOAHUA

no pe3yabTaTtam
ToMorpaduyeckmx
N3MepEeHUN.

4 4aca. 3amaun Ha
METO/IbI pa3TUYCHUS
KBAaHTOBBIX  COCTOSIHHH,
unambiguous u3mMepeHusi.

4 gyaca. Pemenune 3amay
HA KOJIMYECTBEHHBIE
MEpBI TIEPEyTAHHOCTH.

14 yacos 14
MoAroToBKa K NPOMEKY-
TOYHOI aTTecTaumm (3a-
yety).
IIpomexyTouyHas aTTecTANMA - 3a4ET 34 24 |10 34 34
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* Texymuii KOHTPOJIb YCTIEBAEMOCTH B paMKaX 3aHSITHH CEMHHAPCKOTO THIIA peain3yeTcs B (hOpMe 1O PEUTHHTOBOM CHCTEME C YUETOM PE3yIbTaTOB
MIPOBEPKHU JOMAITHUX 33aJaHull, paOOThI B ayIUTOPUHU U PE3YJIHTATOB BHIOTHEHUS TPAKTUYECKUX KOMIIBIOTEPHBIX 3a/IaHUM.

8. IlepeyeHb y4eOHO-MeTOANYECKOT0 O0ecrevyeH s /sl CAMOCTOATEIbHOMH PadoThl 00y4aIOLUXCS 110 TUCHHUIIJIHHE!

8.1 OcHOBHas M JOMOJHUTEIbHAS JUTEPATypa JOCTYIHAs CTyAeHTaM yepe3 VHTepHeT wiu 1o 3anpocy JEKTopy.

8.2 DNeKTpOHHbIE MPE3CHTALlMM OCHOBHBIX TEM JUCUUIUIMHBI JOCTYIHble uepe3 calT LleHTpa KBaHTOBBIX TEXHOJIOTMM:
http://quantum.msu.ru/....

9. @oH[ O1IEHOYHBIX CPEACTB /1JIsl MPOBEAEHUS MPOMEKYTOUYHOH aTTECTANMU 00YYAIOIIUXCS M0 TUCIUIITIHHE
TuroBsie BOIPOCHI K 3a4ETY:

1. KBanTOBast oTHOCHTENIbHAS SHTPONUS, €€ OCHOBHBIE CBOMCTBA

2. IlpencraBneHue mpolecca olepaTopHOi CyMMOM, XU-MaTpHLia Ipolecca
3. 3amava pa3muUeHUs] KBAHTOBBIX cocTosiHUMA. I'panuiia Xomneso.

4. Teopema lllymaxepa o KoIupOBaHUM B KaHale O€3 LIyMa.

Tumnosble 3agaun K 9K3aMCHY:

1. Tlokaxure, YTO pacCTOSTHHE MEXY pacHpeeseHus MU BeposiTHocTel (p,1-p) u (q,1-q) B ciie10Boil MeTpuKe paBHO |p-q|

2. Haiinure 3HTpONHIO, CBA3aHHYIO C MOJ0pachIBaHUEM (@) «4E€CTHOI» MOHETHI, (0) «4€CTHOI» UrpanbHON KOCTH. YTO MPOU30UIET C SHTPONUEH,
€CJIM MOHETA WJIM KOCTh «HEYECTHBIEN?

3. Jokaxwure, 4to ABOoWYHas 3HTponusa HAB(p) nprHuMaeT MakcMMalbHOE 3HaueHue npu p = 1/2.

4. Tlyctb |AB>— 4nicToe cocTosiHME COCTaBHOM cucTeMbl, TpuHaexamieid Amuce u boOy. ITokaxurte, uro |AB> aBnsercs 3amyTaHHbIM
COCTOSIHMEM TOT/Ia U TOJIbKO Torda, koraa S(B\A) < 0.

[INTAHMPYEMBIE PE3VJIbTATBHI ObYUEHU S (ITOKA3ATEJIN JOCTMXXEHUA 3AJAHHOI'O YPOBHA
OCBOEHMS KOMIIETEHIIWN)

BJIAJIETD: npodeccMoHanbHbIMM 3HAHUAMW N5 aHANU3a U cMHTe3a ¢usnyeckon MHbopmaumm B 061acTU GUINKM KBAHTOBbLIX BbluMcaeHui (B1,
CNK-1).
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BJIAJIETDB: HaBblkamu MOMUCKa, KPUTUYECKOro aHanmsa, obobuieHna n cuctematmsaumm HayvyHou mHpopmaumm B 061acTM GU3MKM KBAHTOBDIX
BbluMcneHui (B2, CMK-2).

BJIAJIETDB: HaBblkamun aHanmM3a MeTOL0N0rMYeckMx npobaem, BO3HWMKAKOWMX MPWU MIAHUPOBAHUM, OPraHM3aLMM WU pPeLleHUN KOHKPETHbIX
nccnesoBaTeNbCKUX 3a4a4 B 061aCTU GU3MKKN KBAHTOBbLIX BblumcneHui (B3, CMK-3).

YMETb: aHanu3sunposaTtb aibTepHATUBHbIE BAPWMAHTbI PeLLEHNA UCCea0BaTeNbCKMX 334a4 B 061aCTU GU3MKM KBAHTOBbIX BbIYMCNEHUI U OLLEHMBATb
NoTEHUMaNbHbIE BbIMIPbIWKW/MPOUIPbILWK peanmsaumnmn aTux sapmantos (Y1, CMNK-1).

VYMETb: ocywectBnaTb NOUCK, KPUTUYECKMI aHanm3, 0606LaTb M CUCTEMATU3NPOBATL HayyHyto WMHbOpMauMio B 06/1acTM GU3MKM KBAHTOBbIX
Bbluncnenui (Y2, CrK-2).

YMETD: opraHu3oBbiBaTb M NNAHUPOBATb MUCCNEAOBAHWA, CTaBUTb KOHKPETHbIE 3aZayM HAyuYHbIX UCCNeAoBaHUM B 061acTU PU3MKKM KBAHTOBbIX
BbIYMC/IEHMM, M peLlaTb UX C MOMOLLbIO COBPEMEHHOM annapaTypbl 1 obopyaosaHua (Y3, CMK-3).

3HATD: meToabl aHanmM3a u OLEHKU COBPEMEHHbDIX HayUHbIX AOCTUMXEHUN, a TaKKe MeToAbl FeHePUPOBAHMA HOBOM PU3MYecKon MHGopMaLUmM Npu
peleHnn nccneaoBaTeNbCKMX U NPaKTUYECKUX 33434 B 061aCTU PU3MKM KBAHTOBbIX BblumcneHui (31, CMK-1).

3HATDB: cnocobbl KpUTUYECKOrO aHaNM3a U CUCTEMATM3ALUN HAayYHON MHDOPMALMK MPU PELUeHUN UCCNefoBaTeNbCKUX 3afay B obnactu du3mKu
KBAHTOBbIX BbluMcneHun (32, CMK-2).

3HATD: meToapl opraHvM3auuun n NA1aHUPOBAHUA UCCNen0BaHUIA B 061acT GU3MKKM KBAHTOBbIX BbIYMCAEHWI, BKAOYAA Cnocobbl pelleHna 3a4ay ¢
NMOMOLLbIO COBpeMeHHOM annapaTypbl u 0bopyaosaHua (33, CMK-3).

KpuTtepuun oueHuBaHuA pe3ynbtaTtos obyueHus

MnaHupyemble pesynbraTtbl
obyuyeHus

(nokasaTtenu pocTUKEHUA
3agaHHoOro YPOBHS
0CBOEHUA KoMNeTeHUWit)
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BJIAJIETH: OTcyTcTBME  |dparmeHTapHoe B uenom ycneuwHoe, HO He  |B uenom ycnewHoe, HO YcnewHoe u cuctemaTmyeckoe
HaBbIKOB NMPUMEHeHMe HaBbIKOB cucTemaTmyeckoe cofepxallee oTaeNbHble NPUMEHeHNEe HaBbIKOB
npodeccMoHanbHbIMMK
aHaIn3a U CMHTe3a I'IpVIMeHEHVIe HaBblIKOB |'|p06ef|b| I'IpVIMeHeHVIe HaBblKOB|aHa/1M3a N CUHTEe3a
3HaHMAMM ON8 aHan3a u B }
. ¢M3w-|ec|(om aHa/nM3a U CUHTEe3a aHa/In3a U CUHTEe3a ¢M3w-|ec|-(oy1 MHd)opmame B
CMHTEe3a pusmyeckomn . .
nHbopMaLmm B pusnyeckoit nHpop- $usnueckon MHGOpPMaLMmn B |o6nacti GpU3MKM KBAHTOBbIX
MHbOopMauum B obnactu
obnactn ¢pm3nKM MaLmmn B 061acTi GU3MKK [061aCcTU PU3MKM KBAHTOBLIX |BblYMCAEHUI
GU3MKM KBAHTOBbIX o o
. KBaHTOBbIX KBaHTOBbIX BbIYUCAEHUN [BblUMCAEHUN
BbluMcneHui (B1, CMK-1). .
BblYUCNAEHUM
BJIAJIETh: OTcyTcTBME  |dparmeHTapHoe B uenom ycneuwHoe, Ho He  |B uenom ycnewHoe, HO YcnewHoe u cuctemaTmyeckoe
HaBbIKOB NMPUMEHEHMe HaBbIKOB cuctemaTmyeckoe cofepallee oTae/bHble NPUMEHEHNEe HaBbIKOB
HaBblKaMM NOUCKa,
MOMUCKA, KPUTUYECKOrO [MpYMeHeHne HaBbIKOB npobesibl NPUMEHEHWe HaBbIKOB|MOUCKa, KPUTUYECKOTO
KPUTUYECKOro aHaNn3a,
0606LLLeHIA aHanusa, 0606LeHns 1 |MOUCKA, KPUTUYECKOTO NOWUCKa, KPUTNYECKOTO aHanusa, 0606ueHna 1
cUcTeMaTM3aLmm aHanu3a, obobuieHna n  |aHannsa, 06obLWEeHNA U CUC- [cucTemaTM3aLMM HayYHOM
cMcTeMaTtmsaumm . . .
o Hay4YHOU MHd)OpmaLI,VIVI cncrematmnsaunmm HayvyHou [tTematusalmm Hay4Hou VIH(I)OpMaLl,VIVI B obnactu
Hay4yHoOM uHpopmaumm B
B 06.1acTV GUBUKM nHdopmaumm B obnactn  (MHbopmaumm B obnacty PU3NKM KBAHTOBbIX
obnactn pusmKn
. KBaHTOBbIX OU3UKN KBAHTOBbIX OUBNKN KBAHTOBbIX BblUUCACHUMN
KBaHTOBbIX BblYUCNEHUM . . .
BblYUCNEHUUN BbIYUC/EHNU BblYNC/NIEHNN
(B2, CNK-2).
BJIAJIETh: OTcyTcTBME  |dparmeHTapHoe B uenom ycnewHoe, Ho He  |B uenom ycnewHoe, HO YcnewHoe u cuctemaTmyeckoe
HaBbIKOB NMPUMEHEeHMe HaBbIKOB cuctemaTmyeckoe cofiepralllee oTae/bHble

HaBblKaMW aHan3a
METOA010MNYECKUX
npobsiem, BO3HUKAIOLLMX
NPV NN1aHUPOBaHMUMU,
OpraHn3aumnm u peeHnn
KOHKPETHbIX
nccnenoBaTebCkUx
3aga4 B ob6nactm GU3nKK

aHanM3a MeToA010rM1-
Yyeckux npobnem,
BO3HMKAIOLLUX NpU
NNaHMPOBAHUM,
opraHuMsauum u pelue-
HUN KOHKPETHbIX
nccnenoBaTeNbCKNX
3a/a4 B obnacTu

npumeHeHne HaBblKOB
aHanM3a MeToL0N0rMU-
Yyeckux npobnem,
BO3HMKAIOLLMX MPK
NNAHMPOBAHUM,
OpraHu3auumn 1 peLleHnn
KOHKPETHbIX
nccnefoBaTeNbCKUX

npobenbl NPUMeHeHWe HaBbIKOB
aHa/n3a MeTOoA0/I0rMYECKUX
npobaem, BO3HMKaOLWMX Npu
NAaHNPOBAHUM,
opraHM3auumn n peLleHnm
KOHKpPEeTHbIX UccneaoBarte b-
CKMX 33434 B obnactu

bU3NKM KBAHTOBbIX

npuMmeHeHne HaBblIKOB aHAJIN-
3a METOA0/10rMYECKUX
npobsiem, BO3HUKAIOLLUX
NPW N1AHUPOBAHUM,
OpraHn3auumn n peeHnm
KOHKPETHbIX
nccnenoBaTeIbCKUX 33434 B
061acTn GPM3MKM KBAHTOBBIX
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KBAHTOBbIX Bbl‘-lVICﬂEHVIVI
(B3, CMNK-3).

bU3MKM KBAHTOBbIX
BbIYUC/IEHUN

33434 B 061acTn GU3nKM
KBAHTOBbIX BblYUC/EHUM

BbIUNC/IEHUN

BblUMCNEHUN

VYMETH: OtcytcTBue  |PparmeHTapHoe B uenom ycnelHoe, Ho He  |B Ueniom ycnewHoe, Ho YcnelHoe 1 cuctemaTnyeckoe
ymeHua npoAsaeHne yMmeHus cucTemaTtuyeckoe cogeprkallee otTaeNbHble npoaBAeHne yMeHus
aHANM3UpPOBaTb anbTep-
aHa/IM3MPOBaTh a/ibTep-|NPoABNEHNE YMEHMA npobenbl NpoABAeHNe YyMEHNA [aHann3npoBaThb anbTep-
HATUBHbIE BapUaHTbI
HATUBHbIE BapUaHTbI AaHa/IM3NpPOBaATb a/lb- dHaNM3NPOBaATb a/1bTeP- HaTUBHbIE BapUaHTbI
pelleHns nccnenosa-
peweHna nccnenosa- TePHaTUBHbIE BAPUAHTbl |HAaTUBHbIE BAPUNAHTbI peweHna nccneposa-
Te/IbCKUX 3a4a4 B
6 o Te/IbCKMX 3a4a4 B peweHna nccnenosa- peweHusa nccnenosa- TeNbCKUX 3a4a4 B ob61actm
obnactn pusnkm
. obnactu d)VI3VIKVI TeNIbCKUX 3a4a4 B ob6nacTu|Tenbcknx 3agayd B obnactu d)VI3VIKVI KBaHTOBbIX
KBAHTOBbIX BblYMCAEHNI .
KBaHTOBbIX GM3MKM KBAHTOBbIX GU3MKM KBAHTOBbIX BbIYMCNEHNN N OLEHNBATL
M OUEHMBATb N o
BbIYMCAEHUI U BbIYUC/IEHNI N OLLEHNBATb |BbIMMCAEHUN U OLEHUBATL noTeHuManbHble
noTeHUNaNbHble
OueHMBaTb noTeHunanbHblE noTeHunasibHblE BbIMIPbIWN/NPOUTrPbILN
BbIUIPbILLIN/NPOUTPbILLIN
noTeHuunasibHbie BbIMIPbILIM/NPOUTPBIWN  |BbIMTPbILW/NPOUTPLILIK peannsaunm sTux Ba-
peanusaunm sTnx Ba-
BbINIPbILLIU/NPOUTPbILLIN|PEANN3ALNM ITUX BA- peanunsaumm sTUX BapMaHToB |puaHToB
puaHTtos (Y1, CMK-1).
peannsauum sTux Ba- |PUaHTOB
puaHTOB
YMETH: OtcytctBne  |PparmeHTapHoe B uenom ycneluHoe, Ho He  |B Uenom ycnewHoe, Ho YcnelHoe 1 cuctemaTmyeckoe
ymMeHua npoAsaeHne yMeHUs cucTemaTtuyeckoe cogeprkallee oTae/bHble npoABAeHne ymeHus

OCYLLECTB/IATb MOWUCK,
KPUTUYECKMUI aHANU3,
0606Lwatb n
CUCTEMATM3IMPOBATD
Hay4Hyto nHGOpMaLMIO B
obnactn ¢pu3mnKn
KBAHTOBbIX BblYNCAEHUM
(Y2, CMK-2).

OCYLLECTB/ATb MOWUCK,
KPUTUYECKUIN aHaNms,
0606Lwatb n
CMCTEMATM3NPOBATL
Hay4HY0 MHPOpPMaLUNIO
B 06/1aCcTN HU3MKM
KBaHTOBbIX
BblYMCAEHUN

NposBieHNE YyMEHUA
OCYLLECTB/ATb MOWUCK,
KPUTUYECKUI aHaNm3,
0606Lwatb n
CUCTEMATM3NPOBATD
Hay4Hyt0 MHbOPMaLUIO B
obnactn pmsnKK
KBAHTOBbIX Bbl4MCEHUI

npobenbl NPosBAEHNE YMEHUA
OCYLLECTB/IATb NOMUCK,
KPUTUYECKNI aHaNus,
0606wwaTb 1
CUCTEMATM3NPOBATb HayYHYIO
nHpopmaumto B obiactu
®U3MKM KBAHTOBbIX
BbIYNCNEHUM

OCYLLECTBAATb NOUCK,
KPUTUYECKUI aHaNu3,
0606waTb 1
CUCTEMATM3NPOBATD
Hay4Hyto MHGOpPMaLMIO B
061acTn GPM3MKM KBAHTOBBIX
BbIUNCNEHUN
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VYMETD: Otcytctene  |PparmeHTapHoe B uenom ycnewHoe, Ho He  |B uenom ycnewHoe, HO YcnewHoe 1 cuctemaTmyeckoe
ymeHua nposBaeHne YMeHUA cucTemaTtuyeckoe cogeprkallee oTae/bHble npoasnexHue

OpraHun3oBbIBaTb U

OpraH130BbIBaATL U nposasaeHne ymeHus npobenbl NposiBAEHWE YMEHNUA |0praHW30BbIBaTb U
nJaHNpPOBaTb Uccne-

nnaHWpoBaTb Uccne- OpraHM3oBbIBATbL U OpraHn3oBbIBaTb U nnaHWpPoBaThb nccne-
[0BaHMA, CTaBUTb

40BaHUA, CTaBUTb N1aHNPOBATb UCCNe- NAaHWpOBaTb UCCIEA0BaHUA, |1O0BaHUA, CTaBUTb
KOHKpeTHble 3a4a4u

. KOHKpeTHble 33434 [0BaHUA, CTaBUTb CTaBMTb KOHKPETHbIE 334a4M [KOHKpPETHbIE 3a4a4M
Hay4HbIX Ucciea0BaHN o .
6 o Hay4HbIX nccnenoBsa- KOHKPETHbIE 3a4a4U HaY4HbIX NCCNEAN0BAHNN B Hay4HbIX UCCNeaoBaHNN B
B 06n1acTn GU3UKMK .
. HUM B 0Bnactn ¢M3MKM Hay4HbIX nccnegoBaHnn B obnactu ¢M3MKM KBAHTOBbIX |o6nacTu (I)M3MI-(M KBAHTOBbIX

KBaHTOBbIX BbIYNCEHUMN, o .

KBAHTOBbIX obnactu d)VIBVIKVI BbIYNUCNEHUN, N PELLATb NX C  |BbIYMUC/IEHUU, U peLlaTb UX C
W peLaTb UX C MOMOLLbIO . . . .

. BblYUCNEHUN, N peLlaTb KBAHTOBbIX BblYUCNEHUNN, |NOMOLLbLIO COBpeEMEHHOU NOMOLLLbIO COBpEMEHHOU

coBpemeHHOM anna-

MX C MOMOLLbIO V pewaTb Ux C NOMOLLbIO (annapaTypbl 1 obopyaosa- annapatypsl 1 obopyaosa-
paTypbl n 060pyAOBaHMA . .
(v3, CMTK-3) coBpemeHHOM anna- coBpeMEHHOM anna- HUA HUA

, -

paTypbl M 06opyaoBa- |PaTypbl v 060pyA0BaHNA

HMA
3HATH: OtcytctBne |PparmeHTapHoe B uenom ycnewHoe, Ho He  |B uenom ycnewHoe, HO YcnewHoe 1 cuctemaTmyeckoe

3HaHWM npoABaeHWne 3HaHUN cMcTemaTuyeckoe cofepiKallee oTaeNbHble NpoABAEHNe 3HaHWI

MeTo/Abl aHanm3a u
OLLEHKWN COBPEMEHHbIX
HaY4YHbIX AOCTUKEHUN, A
TaKXe meToapl
reHepMpoBaHMs HOBOM
dusnyeckol MHPop-
MaLUKM NpU peleHnm
nccnefoBaTeNbCKUX U
NPaKTUYECKNX 3a4a4 B
obnactn pm3nKM
KBAHTOBbIX BblYUCNEHUM
(31, CMK-1)

MeTO/Z0B aHa/In3a U
OLLEHKWN COBPEMEHHbIX
Hay4YHbIX AOCTUKEHUN,
a TaKKe MeToa0B
reHepMpoBaHUA HOBOM
dusnyeckoi MHop-
MaLMKn NpU peeHnm
nccnefoBaTeNbCKUX U
NPaKTUYECKNX 3a4a4 B
obnactn dpm3nKM
KBaHTOBbIX

nposABAEHNE 3HaHWIA
MeTo408B aHaNun3a u
OLLEHKWN COBPEMEHHbIX
HaY4YHbIX AOCTUMKEHUN, A
TaKXe meToaoB
reHepupoBaHMA HOBOM
dusnyeckoi MHop-
MaLMKn NPU peieHnm
nccnesoBaTeNbCKUX U
NPaKTUYECKUX 3a4a4 B
obnactn pm3nKK

npo6enbl NposBAeHNE 3HAHWUN
METOZ0B aHaNN3a U OLLEHKMU
COBPEMEHHbIX HayYHbIX
OOCTUXEHWM, a TaKKe
METOA0B reHepnpoBaHmA
HOBOW dU3nYeCcKo NHPOp-
MaLUMn NPU peLLeHnm
nccnenoBaTeNbCKUX U
NPaKTUYECKNX 3a4a4 B
061acTn GPM3MKM KBAHTOBBIX
BbIYMCNEHUN

METOZ0B aHaNN3a U OLLEHKMK
COBPEMEHHbIX Hay4YHbIX
OOCTUXKEHUN, a TaKXKe
MeTO[,0B reHepMpoBaHUA
HOBOI GU3NYEeCKO MHPOP-
MaLUK NpU peLleHnm
nccnenoBaTeIbCKUX U
NPaKTUYECKNX 33434 B
061acTn GPM3MKM KBAHTOBBIX
BblYMCNEHUM
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BblUMC/IEHUNI

KBAHTOBbIX BbIYUCNEHUM

3HATh:

cnocobbl KPUTUYECKOTO
aHa/sn3a n cucTemaTm-
3aUMM HAYy4YHOM
NHbOpPMaLUM Npu
peleHnmn uccnenosa-
TENIbCKUX 3334 B
obnactn opm3nKm
KBAHTOBbIX BbI4NCAEHUM
(32, CMK-2).

OTtcyTtcTBHe
3HaHUM

dparmeHTapHoe
nposAB/ieHNe 3HaHUI
cnocoboB KPUTUYECKO-
ro aHasmsa u cuctema-
TM3aLUUM HaydHOM
nHdopmauymm npu
peleHnn nccnepoBsa-
TEeNbCKUX 33434 B
obnactn ¢p13mKn
KBaHTOBbIX
BblYMCNEHUMN

B Lenom ycnewHoe, HO He
cucTemaTmyeckoe
nposABAeHUe 3HaHW
cnocoboB KPUTUYECKOTO
aHanM3a n cuctemaTm-
3auUMn Hay4yHOM
nHopmaumm npu
pelweHnn uccneposa-
TeNbCKMX 33434 B ob6nactm
bU3MKM KBAHTOBbIX
BbIYMC/IEHUN

B uenom ycnewHoe, HO
cofeprKallee oTaeNbHble
npobenbl NposBaeHne 3HaHWI
Ccnocob0oB KpUTUYECKOro
aHanuM3a u cucTtemaTmsaumm
Hay4HOM MHPOpPMaLMKN NpU
peleHnmn nccnenosa-
TeNbCKMX 3aa4 B obnactm
OU3UKNM KBAHTOBbIX
BblYNCIEHUN

YcnewHoe n cuctematmyeckoe
NnponABJIEHNE 3HAHNI
cnocoboB KPUTUYECKOTO
aHanM3a u cuctemaTtmsauum
Hay4yHoOM MHPOopMaLMmn Npu
pelleHnn nccneaoBsa-
TEeNbCKMX 33434 B 061acTu
®OU3MKM KBAHTOBbIX
BbIUNCNEHUN
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3HATh:

MEeTO/Abl OPraHU3aLnmn n
NAAaHMPOBAHUA
nccnefoBaHuii B obnactu
®U3MKM KBAHTOBbIX
BbIYUC/IEHUI, BKAtOYas
cnocobbl pelweHumn 3aaad
C NOMOLbIO
COBpEMEHHOM
annapaTtypbl 1
obopygosaHua (33, CMK-
3)

OTcyTcTBME
3HaHWI

dparmeHTapHoe
nposs/ieHne 3HaHWI
MeTO40B OpraHM3aumm
W NNaHUPOBAHMA
nccneaoBaHu B
obnactn ¢p13mKn
KBaHTOBbIX
BbIUMCNEHMN, BKAIOYAA
cnocobbl pelweHuns
33434 C NOMOLLbIO
COBpEeMeHHOoM
annapaTypsbl 1
obopygoBaHua

B uenom ycnewHoe, Ho He
cMcTeMaTuyeckoe
nposAs/ieHNe 3HaHUM
MeTOL0B OPraHmnsaLmn mn
NAaHNpPOBAHUA
nccnenoBaHuii B obnactu
OU3NKN KBAHTOBbIX
BbIUMCNEHMN, BKAKOYAA
cnocobbl pelweHnn 3agad
C NOMOLLbIO
COBpEemMeHHOoM
annapaTypsbl 1
obopyaoBaHua

B uenom ycnewHoe, Ho
cogeprkallee otaenbHble
npobesnbl NnpoABAeHNEe 3HAHUN

MeTO4,0B OpraHM3aunmn un
NAAaHNMPOBAHUSA
nccnenoBaHuii B o6n1actu
®U3NKM KBAHTOBbIX
BbIYMCAEHUN, BKAKOYAA
cnocobbl peleHms 3a4ad ¢
NMOMOLLbIO COBPEMEHHOM
annapaTtypbl u
obopynoBaHus

YcnewHoe 1 cuctemaTuyeckoe
npoasneHune 3HaHUMN
METOA0B OpPraHn3aLmmn mn
NAaHMPOBAHUA
nccnenoBaHni B ob1actu
OUBNKN KBAHTOBbIX
BbIYMCNEHUI, BKAIOYASA
cnocobbl peweHns 3aaay ¢
NOMOLLbIO COBPEMEHHOW
annapaTtypbi 1
obopyaoBaHus

10. IlepeyeHb OCHOBHOIi U IOTIOJIHUTEIbHON y4eOHOM JINTEpaTyphl

OcHoBHas nuTeparypa

1. M.A. Nielsen, I.L. Chuang Quantum Computation and Quantum Information, 10™ anniversary edition, Cambridge University Press, Cambridge,

UK, 2010.

JlonmonHuTenpHAs IUTEPATYypa

1. S. Arora, B. Barak, Computational Complexity: A Modern Approach, Princeton University (http://www.cs.princeton.edu/theory/complexity/)
2. D.A.Lidar, T.A.Brunn, Quantum Error Correction, Cambridge University Press, Cambridge, UK, 2013
11. llepeuens pecypcoB UHTepHeT HEOOXOAMMBIX /ISl OCBOCHHS IMCHUIIJIMHbI:

e https://quantumexperience.ng.bluemix.net/

12. MeToanyecKue YKazaHus 1J1s1 06yqam1unxcs1 110 OCBOCHHMIO JUCHHUITIJIMHBI

Jlyis ocBOEHUS THUCUUIUIMHBI HEOOXOAMMO IMOCEIIEHNE MHTEPAKTUBHBIX 3aHATUIN (JEKIUIl U CEeMHHApOB) U pEryispHas caMOoCTOATeIbHas paboTa B
TeuyeHue ceMecTpa. Takke HaCTOATEIIbHO PEKOMEHIyeTCs BBIITOJHEHHE NMPAaKTHYECKUX paboT Ha cUMyJSITOpe/ 006JauHOM KBAaHTOBOM KOMITBIOTEpPE IS
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MOJIyYEHUs HABBIKOB MMPOTrpaMMHUPOBAHUSl PEaJbHOTO KBAaHTOBOIO Iporeccopa. [ias yacTu TeM Kypca HMEIOTCS JJIEKTPOHHbBIE IPE3CHTAIUH,
BBUIOKEHHBIC Ha caiiTe [{eHTtpa.

13. IlepeuyeHb MHGOPMALMOHHBIX TE€XHOJIOTHIA, MCNIOJIb3YeMbIX NPH OCYLIECTBIEHUH 00pPa30BATEJILHOIO MpoLecca Mo JMCUUIJIMHE, BKII0Yas
nepevYeHb NPOrpaMMHOro 00ecrieyeHHs 1 MHPOPMAITMOHHBIX CIIPABOYHBIX CUCTEM (IIPH HEOOXOAUMOCTH):

[Tpu peanuzanum y4yeOHOM pabOTHl B paMKax AMCUUIUIMHBI «BBeneHHe B KBaHTOBYIO HMH(OpMAINIO» HMCIOIB3YIOTCS CPEACTBA TUCTAHLIHMOHHOTO
COIIPOBOKACHUS ydyeOHOro mpouecca B (GopMe CalTOB C MaTepualaMM JIEKIMH W CEeMHHApCKUX 3aHATud. Kypc ummeer 31eKTpOHHBIE BepCcHUU
(mpe3eHTaUN) JEKIHMNA. JIEKIIUN YUTAIOTCS C UCTIOTIB30BAHUEM COBPEMEHHBIX MYJIbTUMEIUIHBIX BO3MOXKHOCTEH U MPOESKIIMOHHOTO 000PYIOBaHHUS.

14. Onucanue MaTepuaILHO-TEXHHYECKOH 0a3bl, HE0OX0UMOIi 1JIs1 OcylIecTBJIeHHs 00Pa30BaTeIbHOIO NMpoLecca Mo JUCIHUILINHE

B cootBerctBumM c TpeboBaHmsAMH 1. 5.3. oOpazoBarenbHOro cTaHgapra MI'Y mo HampaBieHuio moarotoBku «®Pusmkay. Jlrobas aymutopus,
OCHAIllEHHas! TPOEKLMOHHBIM 000PYJOBAaHUEM C BO3MOKHOCTBIO MOAKIIIOYEHUS K HOYTOYKY, 3KpaHOM, M y4eOHOM TOCKOH.
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