degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: KBaHTOBBIE BEIUMCICHUS
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa teopernueckoi puznku um. JI.J1. Jlannay

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

KonuecTBo KOHTPOIBHBIX paboT, 3a1aHuil: 4

[Iporpammy cocraBui: JLE. ®ennukun, kaH7. Qu3.-Mar. HayK, JOUEHT

[Iporpamma obcyxieHa Ha 3acefanuu kadenpsl Teoperudeckoi puszuku um. JI.JI. Jlannay 23.05.2020



AHHOTANMA

Ilenpro mpencTaBiIsieMOro Kypca SIBISETCS BBEACHHE Ciymiaresnell B 0O0NacTb KBAHTOBBIX BBIUYHCIICHUH.
[IpenBapuTenbHOE 3HAKOMCTBO ¢ KBAHTOBOW MH(OPMATHUKON HE MPEATOaraercsi, Bce HeoOXOAUMbIE TTOHATHS
OyZyT BBOIUTHCS B paMKax Kypca 10 Mepe H3lioxkeHus marepuana. Ot ciymareneil oxumaercss 6a3oBoe
3HaHUE OCHOB JIMHEHHON anreOps! (JJMHEHHBIE BEKTOPHBIE POCTPAHCTBA, COOCTBEHHBIC 3HAYCHUS U BEKTOPA,
MepeMHOXECHUE MaTpuIl). BynyT onpeeneHpl KBAHTOBBIN OWT, KBAHTOBBIM OTIEpaIliK, KBAHTOBBIH PETUCTP, U,
HAKOHEIl, HEKOTOpPHIE IPAKTHYECKH TII0JE3HbIE KBAaHTOBBIC AJITOPUTMBI, JIEMOHCTPUPYIOIINE KBAHTOBBIC
[IPEUMYILECTBA HaJl KJIIACCUYECKUMU aJITOpUTMA.

1. lean u 3apa4n

eap AUCUUIIMHBI

Jlate cTyneHTaM 3HaHHS, HEOOXOAMMBIC JUIsI ONMWCAHMS Pa3NIMYHBIX SBICHUH B CIOXHBIX OOBEKTax
KBaHTOBOUM WH(MOPMATUKH METOJaMHU TEOPETUIUESCKON (PU3UKH, METOJIBI TOCTPOSHUSI COOTBETCTBYIOIINX
MaTeMaTH4YeCKUX MOJIENEH, MOKa3aTh COOTBETCTBHME CHUCTEMBI IOCTYNIATOB, MOJOXEHHBIX B OCHOBY
TEOpUH KBAaHTOBOM 0O0pabOTKM  WHQOpPMAIMM B  CIOKHBIX  CHUCTEMaX, CYIIECTBYIOIIUM
OKCTICPUMEHTANLHBIM JIAHHBIM, YTO TIO3BOJIIET CYHMTATh TEOPHUIO JIOCTOBEpPHOH B oOmactu eé
NPUMEHUMOCTH. J[aThb HAaBBIKH, MO3BOJIAIONIME MOHSATH, KaK aJ€KBAaTHOCTh TEOPETHUYECKOM MOIEIU
COOTBETCTBYIOIIE JWHAMHMKE KBAaHTOBBIX WH(QOPMAIMOHHBIX CHUCTEM, TaK u €€ Mpeelbl
NPUMEHUMOCTH.

33)13‘11/[ JAUCHUIIINHBI
° I/I3yquI/Ie MATCMAaTUYCCKOT'O allrapara TCOpuu KBaHTOBOM I/IH(I)OpMaL[I/II/I OTKPBITBIX CUCTCM;
¢ HU3YUYCHHUC MCTOAOB PCHICHUSA 3aJa4 ONIPCACICHUA NTUHAMUKHN KBaHTOBOM I/IH(bOPMaI_II/II/I;

° HU3YyUYCHUC MCTOAOB OIMMCAHUA W KOJIUWYCCTBCHHOTO OLCHHWBAHUA ypOBHefI JACKOTCPCHTHOCTHU
KBaHTOBBIX PCTUCTPOB, B3aI/IMOZ[eI\/'ICTByI-OH_H/IX C BHCIIHUMH KBaAHTOBBIMU O6’beKTaMI/I;

® OBJIAICHNUEC CTYACHTAMU METOAaMU KBaHTOBOM I/IH(bOpMaTPIKI/I JIIsI OTIMCAHUSI CBOMCTB pas3IMIHbIX
KOHKPCTHBIX OTKPBITHIX KBAHTOBBIX BBIYHCIIUTCIbHBIX CUCTCM.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoit pynnamentansubpix |OITK-1.1.
Hay4YHbBIX 3HaHUH B o0acTu

(bPISI/IKO-MaTeMaTI/I‘leCKI/IX HayK

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

[MK-1 Criocoben ctaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH




3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI
3HaTh:
- OCHOBHBIE IPUHLIUIIBI OIIUCAHUS OTKPBITHIX KBAHTOBBIX CUCTEM;
- OCHOBHBI€ ITPUHLMIIBI OMUCAHMS TIPOLIECCa IEKOTEPEHTHOCTH KBAHTOBOTO KOMITBIOTEPA;
- OCHOBHbIE IIPUHIIUITBI TEOPUH MEPBI AEKOT€PEHTHOCTH MHOTOKYOHUTOBBIX KBAHTOBBIX PETHCTPOB;
- OCHOBHBIE TPUHIMIIBI TEOPUU  OTKPBITBIX  KBAHTOBBIX  CHCTEM NPUMEHHUTEIBHO K
MOJTYIPOBOJHUKOBBIM KBAaHTOBBIM OHTaM.
YMETb:
- HaxoauTts mtMHAMUKY COCTOSIHMS KBAaHTOBBIX OUTOB, B3aUMOAEHCTBYIOIINX C OKPYKEHHEM;
- BBIOMpATh MOAXOMSIINE CIIOCOOBI ONMUCAHUS HEYHUTApHOW KBAaHTOBOW IMHAMUKU COCTOSHUS
KBaHTOBOI'O PETUCTPA;
- HaXOIUTh ONTHMaJbHBIE CHOCOOBI MPOBENEHUs KBAaHTOBOM 00pabOTKM WHPOpMaLUU IJis
KOHKPETHBIX TBEPIOTEIILHBIX KBAHTOBBIX OHUTOB.
BJIaJIETh:
- MeTtonamMy BBIYUCICHHS MAaTPHUIbl IUIOTHOCTH KBAHTOBBIX OHMTOB, B3aMMOJCHCTBYIOIIUX C
OKpY>KCHHEM;
- OCHOBHBIMHU METOJaMM MaT€MaTHYECKOI'0 allapaTra OTKPHIThIX KBAHTOBBIX CUCTEM;
- METOJaMH ONpeAeIICHNUS YPOBHS JEKOT€PEHTHOCTU TBEPAOTEIbHBIX KBAHTOBBIX KOMITBIOTEPOB.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTh Camocr.
pabora
1 BBIHI/ICJII/ITGJILHL{G peCcypcsl M Ipeaesbl ) 5 3
BBIYUCIIUTEIILHON MOIIIHOCTU
2 CrpyKTypa KBAaHTOBOTO KOMIIBIOTEPA 3 3 4
3 KsanTtoBsrit peFHCTE. MarpuuHslii BUJ ) ’ 3
KBaHTOBBIX OIepanni
4 KBanTOBBIE OmnEpanuy. YHUBEPCAIbHBII 2 > 4
Ha0Op KBAaHTOBBIX OIeparui
5 KBaHTOBBIE CXEMBI 2 2 3
6 KBanToBbIE anrOpUTMBI 3 3 4
7 KBaHTOBb\I’I\/'I OUT Ha OCHOBE JABOIHOM ) ’ 3
KBaHTOBOH TOYKHU
] [Ipenenbl BBHIYMCIUTENHHON MOIIHOCTH ) 5 4
KBAaHTOBBIX KOMIIBIOTEPOB
9 KBanroBas  normka  HeiimaHa _u ) ) 3
MPEIBICTOPHSI KBAHTOBBIX BBIUNCIICHUI
10 |KBaHTOBBI anropuT™ noucka I'posepa 3 3 4
11 KBanToBEIE OIIMOKH 2 2 3
12 MeTtonap! n30eraHusi KBAHTOBBIX OLIHOOK 3 3 4
[Ipouenypsl  KOppeKUMH  KBaHTOBBIX
13 oIMOoK Hecranuonapnas Teopust ) ) 3
BO3MYILICHHM. IIpencrasnenune
B3aUMOJCICTBUSA
Nroro gacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh

135 ygac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. BeruucnurennbHble pecypebl U IPeAesibl BBIYUCINTENIbHOW MOLTHOCTH

Kraccel clI0)KHOCTH BBIYUCIICHHWA. YHUBEpcalbHBIA HaOop. dusmueckue orpanmyenus. Kiacce
cinokHoctd  Beluucnenuid. Tesuc UYUépua—Tbropunra. Owmmupuueckudl 3akoH Mypa. Jlemon
MakcBemna. [lpunnun  Jlangayspa. OOparumble Jnorudeckue omepanud. [IpeoOpazoBaHus
kouTpormupyemoe-HE (CNOT), Todpdomn u OPpenxuna. YHHBepcalbHBIA HA0Op ONEpaHil.
dusnuecKkue OrpaHU4eHUs BEIYMCIUTEIbHBIX BOZMOXKHOCTEHN B KJIACCUUECKOM MUpE.

2. CTpyKTypa KBaHTOBOTO KOMITBIOTEpA

KsanroBbie Outhl (kyoutsr). [lpuHnmn cyneprio3umnmuu coctosHui. Wsmepenue. ['nmiabnOepToBBI
npoctpancta. Cdepa broxa.

3. KBaHTOBBI1 peructp. MaTpu4HbIi BUJ KBAHTOBBIX ONEPALMH

MatpuuHslii BUJT KBAHTOBBIX OTlepaIiii. DpMUTOBBIE U YHUTapHBIE oniepaTopsl. [Ipsimoe n TeH30pHOE
MaTpUYHbIC MPOU3BEACHUS B KBAHTOBBIX BBIYMCICHHUSX. OPMHUTOBBIE OINEPAaTOPBl. YHHUTApHBIC
omneparopsl. [leiicTBust mpu 100aBI€HUN BCIIOMOTaTeIbHBIX KyOUTOB-aHIIMILI.

4. KBaHTOBBIE Omiepaiy. YHUBEPCAIbHbIH HA0OP KBAHTOBBIX ONeparuii

YHUBepcanbHBI HA0Op KBAaHTOBBIX orepainuii. Marpuma 1uioTHOCTH. KBaHTOBBIE olepanvu Haj
OOHUM KyOuToM. MHOrOKyOMTOBBIE omepanuu. PenyKius MaTpuibl IUNIOTHOCTH MPHU yMEHBIICHUH
BBIYMCIIMTEJILHOTO MPOCTpaHCcTBA. KBaHTOBBIE omepanuu HaJ OXHUM KyOHUTOM. AMIUIMTYJHOE H
¢dazoBoe BpameHus. Omneparop Amamapa. [ByxkyouroBas omnepauust CNOT. Omneparop Yomma.
YHUBepcaNbHbBIN HA0OP KBAHTOBBIX OTIEPAIIHA.

5. KBaHTOBBIE CXEMBI

O6Luee MOHATHE KBAaHTOBOM cxeMbl. CxemMa KBaHTOBOM TCJICIOpTALIUU. HpI/IHLII/IHLI INOCTPOCHUMA
KBaHTOBBIX cxeM. KBaHTOBasi cxeMa KBaHTOBOM TeJICNOpTAIM HEU3BCCTHOI'O COCTOSAHUA Ky6I/ITa C
IIOMOIIBIO SHP—HapLI 1 KJIIAaCCHUYCCKOI'O KaHajia CBA3H.

6. KBaHTOBBIE aIrOpUTMBbI

CrpykTypa kBaHTOBOrO anroputma. IIpumep npocroro anaropurMma, NpeBOCXOIAIIEIO KIACCUYECKUM
aHanor. KBaHTOBBIM ajdroOpuTM: MHHUIMAIN3ALMS, KBAHTOBas YHHUTapHas SBOJIIOIUS M HU3MEpPEHUE
KBaHTOBOTO peructpa. Anroputm [loitua. KBaHTOBBIN Mmapaiienusm.

7. KBaHTOBBIN OUT HAa OCHOBE IBOMHON KBAHTOBOW TOYKH

CTpykTypa IOJIyHPOBOIHHKOBOTO 3apsiioBoro KyOurta. IlpoBeseHHe OCHOBHBIX —OIEpPAIHid.
l'aMunbTOHMaH  TOMYHOPOBOAHMKOBOIO  3apsimoBoro  kyoura. HMunmmanmmzanus. M3mepenwue.
[IpoBenenne ¢azoBoro BpamieHus. [IpoBeneHWe aMIUDIMTYJAHOTO BpallleHUs. BwimonHeHue
JIBYXKyOUTOBOMH

oneparuu CNOT.

8. Hpe;[enbl BBIYUCIINTSILHOMN MOIIHOCTH KBAHTOBLIX KOMIIBKOTCPOB



Kiacc cinoxHOCTH KBaHTOBBIX BbluMcCiIeHUH. OrpaHndyeHns BIYUCIUTENBHBIX Bo3MoxHOcTel. Kitace
CJIOKHOCTH KBaHTOBBIX BbluMciIeHUH BQP u ero cooTHouienne ¢ ApPyruMH Kiaccamy CIOXKHOCTH.
OTKpBITBIE BONPOCHI B TEOPUM CIOKHOCTH KBAaHTOBBIX aJIrOpUTMOB. Du3HMdecKue OrpaHUuYCHUs
BBIYHCIIUTENBHBIX BO3MOKHOCTEN KBAHTOBBIX KOMIIBIOTEPOB, BBITEKAIOIINE U3 KBAHTOMEXaHNYECKON
[IPUPOABI BBIYMCIUTEIbHBIX JIEMEHTOB.

9. KBanroBas noruka Heiimana v nmpeapIcTOpys KBAHTOBBIX BHIYHCIICHUIN

KBanroBass yoruka. OCHOBHBIE 3Tallbl Pa3BUTUS TEOPUM KBAHTOBBIX BBIYMCICHMH 10 IOSBIECHUA
3¢ EeKTUBHBIX KBAHTOBBIX adroputMoB. KBanroBas noruka Helimana. Pa3BuTue KBaHTOBOW JIOTMKH
leiizenbeprom u  Baiiizekkepom. CdopMynupoBaHHass TPYIHOCTh MPSIMOTO  MOAETHUPOBAHUS
MHorouyactuuHbeix cucreM (Llmorep, Manun). KBantoBas mammna Teropunra (Hoiu). Bkuaa
®deitHMaHa.

10. KBanToBHI# anroputm noucka ['posepa

Knaccuueckas 3agada moumcka. KBantoBwlii anroputm mowucka ['poBepa. Ob6oOuienue aaropurma
I'poBepa. Knaccuueckass 3amaua moucka. KBaHTOBBIM anroputm mouncka Iposepa. JIunHamuka
BOJIHOBOHM (DyHKIIMM KBAaHTOBOT'O PETUCTpa pu pabote anroputMa. Peannzanus anropurma [ poBepa
MOCpeACTBOM Habopa 3JeMEHTapHBIX KBaHTOBBIX omepaunuil. O0o0menue anroputma [posepa s
ClIy4asi HECKOJIbKUX PELICHU.

11. KBauTOBBIE OLIMOKH

Hctounuku kBaHTOBBIX ommnOOK. Mepa nexorepeHTHocTH. Knaccuueckuii mrym. @a3oBble OLIHOKH.
MexkyouToBoe B3anmMojneicTBre. [loTepsi KOTepeHTHOCTH KBAaHTOBOTO cocTosiHUS. [loHsATHE Mepbl
nexorepeHTHOCTH. HeoOxoaumocTs 60pbOBI ¢ JEKOTEPEHTHOCTBIO.

12. Metoabl n30eraHus KBaHTOBBIX OIIHOOK

Croco6b1 OOprOBI ¢ KBAaHTOBHEIMH omuOkamu. llepexom B moOAmpoCTpaHCTBa, CBOOOMHBIE OT
JIeKOTepeHTHOCTHU. [[0IMHOMUANBHBIN aJTOPUTM MOJABICHHSI MEKKYOHUTOBOTO B3aUMOJICHCTBUSI.

13. Tlpouemypbl KOppeKIHMHM KBaHTOBbIX oOmMOOK HecranuoHapHas Teopus BO3MYIICHUH.
[IpencraBnenue B3auMOACHCTBUS

CtpykTypa aaroputMoB Koppekimu omubok. Llennsie koxbl. KopupoBanue, oOHapykeHHe CHHIpoMa
OIMOKH, IPOIIEypa UCIIPABIICHHS BBISIBICHHON ONTHOKH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHNS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

a) HeoOxonumoe 00opynoBanue [UIsl JICKIMIA U MPAKTUUECKUX 3aHATUI: CTaHIapTHAS ydeOHast
aymuropus. XKenaresipHO Takke MPUMEHEHUE MYJIBTHMEIUHHOTO 000py10BaHUs (IPOEKTOP), IS
JydIIeld OpraHu3aluy JEKINH.

0) HeoOxomumoe mporpaMMHOe obecriedeHue: He TpedyeTcs.

B) O0ecrieueHre caMOCTOATENFHOM padoThl: HaJM4YKe Y4eOHMKOB U 3aJaYHUKOB IO KypCy
TeopeTHueCcKor (GU3NKK BOOOIIE U 00IIel TEOPHH OTHOCHTEIBHOCTH B YACTHOCTH B OMOIIMOTEKE
MHCTUTYTA, TOCTYI B IHTEpHET /Il OTy4eHHsI BCIOMOTaTeIbHOTO Y4EOHOTO U KOHCYJIBTaTHBHOTO
Marepuala Ha caiite kadeapsl TeOpeTUIECKON PU3UKH.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. Teopernueckas ¢usuka [Tekcr] : B 10 1. T. 3 : KBanToBast mexanuka. HepenstuBucTckas Teopus :
yue0. mocobue s By3oB / JI. JI. Jlannay, E. M. Jludumn ; mon pex. JI. I1. [TutaeBckoro .— 5-¢ u3-.,
crepeotun. — M. : ®uzmatnut, 2004, 2002 .— 808 c.



2. IlpakTryeckas MaTeMaTuka. PyKOBOICTBO JUIsi HAYMHAIOIIUX U3Y4aTh TEOPETHUECKYIO (PH3HKY
[Tekcr] : [yueb. mocobue st By3oB] / FO. M. Benoycos, B. I1. Ky3uenos, B. I1. Cmunra .— 2-e u3n. —
Honronpynnstii : UaTennekt, 2009 .— 176 c.

JomnonHurenbsHas auTeparypa
1. Karexusuc. PykoBoAcTBO 10 MaTeMaTHKe JUIs HAYMHAIOIIUX U3Y4aTh TEOPETHUECKYIO (H3HUKY
[Texct] / FO. M. benoycos, B. I1. Ky3nenos, B. I1 . Cmunra ; M-Bo oOpa3oBanus u Hayku PO, MOTU -
M.U3n-80 MOTU,2005
1. Xonero A.C. KBanrtoBsie cuctembl, kKaHaibl, HHQopMarus. — M.: MIIH-
MO, 2010.
2. Ileppu P. DnementapHoe BBeieHHE B KBAaHTOBbIE BhIUMCIeHUA. — [lomnro-
npyzusiil : U1 «MHTEemex», 2015.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH "UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

http:// lib.mipt/ru/catalogue
9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

WnauBunyanpHas paboTa IpeAroaraeT caMOCTOSATEIbHOE BBIIIONIHEHUE CTYACHTOM OIPEIEICHHOTO B
«3amanuny Habopa YNMPaXHEHHH M 33/1ad B COOTBETCTBUHM C TEMAaTHKON CEMHHApCKUX 3aHsTuid. [1pu
HEOOXOAMMOCTH CTYACHT MOJYy4YaeT KOHCYJAbTALUIO [0 BBIIOJHEHHIO OTACIBHBIX 33434 Y
[IperojiaBareisl BELyIEro 3aHATHs KaK BO BpeMsl IPOBEIEHHMS CEMHHApPCKUX 3aHATUH, TaK U BO
BHEYPOYHOE BpEMs IO COMNIACOBAHUIO C NperoaaBaTenieM. «3aJaHue» pa3fdaeTcs BCEM CTYICHTaM B
BU/ie y4eOHO-METOANYECKOr0 MaTepHaia, COAEpIKalero nporpaMmy Kypca u yIpaKHEHHs, U 3a/1aui,
BKJIIOYCHHBIC B /IBa JAOMAIIHUX 3aAaHus. CTYIeHT TakKe MMeeT BO3MOKHOCTb B TEUEHHE CEMEecCTpa
MOJTy4aTh KOHCYJIBTAIMH 110 BHINOIHEHUIO KYPCOBOil pabOTHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1.

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Crocoben aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
IEITEILHOCTH

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «KBaHTOBBIC BEIUMCIICHHSY 06yanOH1HﬁCﬁ JOJIDKCH:

3HAThb:

- OCHOBHEIE MPUHIUIBI OMMCAHUA OTKPBITBIX KBAHTOBBIX CUCTCM;,
- OCHOBHBIC ITPUHIUIIBI OIMCAHUA ITPOLECCa JEKOTCPEHTHOCTU KBAHTOBOI'O KOMIIBIOTEPA,
- OCHOBHBIC ITPUHIHUIIBI TCOPUU MECPBI JCKOTCPCHTHOCTHU MHOFOKyGI/ITOBLIX KBAHTOBBIX PCTUCTPOB;

- OCHOBHBIC IIPUHIUIIBI TCOPUU

MMOJIYIIPOBOJAHUKOBBIM KBAHTOBbBIM ouram.

yMeTh:

OTKPBITBIX KBaHTOBBIX CUCTEM IIPUMEHUTECIIBHO K

- HaxonmuTs AMHAMHKY COCTOSIHUSI KBAHTOBBIX OMTOB, B3aMMOJICUCTBYIOIINX C OKPYKEHUEM;
- BBIOMPATh TOAXOJSIINE CIIOCOOBI OMUCAHHWS HEYHUTAPHOW KBAHTOBOW JWHAMHKHU COCTOSHHS

KBAaHTOBOI'O pCTUCTPA,

- HAXOJWTh ONTHMAJbHBIE CHOCOOBI TIPOBENEHHUS KBAaHTOBOW OO0paObOTKU WHQPOpPMALIUU ISt
KOHKPETHBIX TBEPIOTEILHBIX KBAHTOBBIX OUTOB.

BJaJeTh:

- MeTO):[aMI/I BBIUUCJICHUSA MAaTpUullbl IUIOTHOCTH KBAHTOBBIX 6I/ITOB, BSaHMOHeﬁCTBYIOHIHX C

OKpY>KECHHEM;

- OCHOBHBIMH MCTOAaMH MATCMATUYCCKOI'O allliapaTa OTKPBIThHIX KBAHTOBLIX CUCTCM;,
- METOAaMHU ONpeACJICHUA YPOBHA ACKOTCPECHTHOCTU TBEPAOTCIIbHBIX KBAHTOBBIX KOMIIBIOTCPOB.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0




3. [lepeyeHb THUMOBBIX KOHTPOJBHBIX 3aaHUIl, MCHOJb3YeMBIX /Jsl OLEHKH 3HAHMIi,
YMeHUii, HABbIKOB

[TpomexxyTrouHasi aTTecTaius 1o TUcHHILIMHE «KBaHTOBBIC BBIYMCICHHS» OCYIICCTBIISICTCS B
dopme mudepeHIInPOBAHHOTO UTOTOBOTO IK3aMEHa TIOCIIE OCEHHETO CeMecTpa.

VYMeHus W HaBbIKA CTYAEHTOB OIPEAENSIOTCA II0 MTOTaM CHA4d JOMAIIHEro 3aJaHus |
BBITNIOJTHEHUS] KYpCOBOU paboThl. 3a/laHne COIEPKUT TUIIOBBIE 3a/1a4H, KOTOPbIE pa30ouparoTcs Ha
CEMUHAPCKUX (MPAKTUYECKUX) 3aHATHSAX. AHAJIOTMYHBIC 3aJa4yl U YHPAKHEHUS CTYJIEHTHI
JIOJKHBI PEIIUTh CAMOCTOSITEJIbHO B KAauyeCTBE IOJYYEHHBIX KYPCOBBIX 3aJaHMM, HCIOJb3Ys
PEKOMEHJOBAHHYIO JIMTEPATypy. HaBBIKM CTYJEHTOB MPOBEPSIOTCS B PE3YIbTATE 3aLLUTHI
JOMAIITHUX 3aJlaHuil U KYpPCOBBIX paboT, KOTOpbIE MPOBOISATCS BO BpeMs ayAUTOPHBIX 3aHITHIA.
3ajaud  aHAJIOTMYHBI THUIIOBBIM 3a3jadyaM, BKJIIOYEHHBIM B JIOMAIIHUE 3aJaHus, Kak
PacCMOTPEHHBIX Ha CEMHHApCKUX (MPAKTHUYECKHX) 3aHATUAX, TaK M MpeularaeMbIX AJis
CaMOCTOSITENIbHOTO pemieHus. JloMamHue 3agaHusi M 3aJaHusl KYypCOBBIX palOOT OIICHEHBI B
onpeAenéHHYI0 CyMMY OalIoB, YTO MO3BOJISIET OLIEHUTh YPOBEHb YMEHUS M HABBIKOB CTY/ICHTOB.

[TprMepbl KOHTPOJIBHBIX 3aJAHUIA:

1. Onpenenuth MaTpully IUIOTHOCTH TPEXKYOMTOBOIO KBAaHTOBOI'O PETUCTpa IIOCIE
IPUMEHEHHUs K onepaTtopoB Youma-Anamapa Ko BceM TpéM kyouram, 3ateM C-NOT k nepomy
u tperbemy, nocie yero C-NOT k nepBomy u TperbeMy. HadanbHOE cOCTOSIHME Ka)JOro u3
KyOuTOB ObLTO 0.

A. BplunciuTh peaynupoBaHHYIO MaTPUILy IJIOTHOCTH MEPBBIX IBYX KYOUTOB.

b. Beruucnutb peaAyIUPOBAHHYIO MATpULly IJIOTHOCTHU TPETHLCTO Ky'6I/ITa.

Kaxnprit Bompoc 3amaHusi OIEHEH B OINPEACIEHHYI0O CyMMY OauioB B 3aBUCUMOCTH OT
CIIOKHOCTM M YypOBHS (3HaHMs, yMeHUs U HaBblku). [lonmHasg cymma OamioB mnpumepa

KOHTPOJIbHOM paboThl paBHa 50.

Kaxnplii Bompoc 3ajaHMs OLIGHEH B ONpPEACIEHHYI0 CyMMy OauloB B 3aBUCHMMOCTH OT
CJI0KHOCTH M YPOBHS (3HaHUS, YMEHUS U HaBBIKH).

VYcnoBuss Habopa OamoB 3a pabOTy B CEMECTpe MOTYT ONpPEAENAThCS JEKTOPOM B Hayaie
Ka)KIOr0 CEMECTPA, HO YJOBIETBOPSAIOT 00IIEMY MPaBUILY, IPUHATOMY Ha 3aceJaHuH Ka(eaphl.
B Teuenme cemectpa cTyneHT HaOupaeT cymMMmy OaijioB 1O pe3yiabTaTaM CIa4d JIOMAITHETro
3a/laHusl U KypCOBOM pabOThI, YTO COOTBETCTBYET OIlCHKE BUAOB paboThl. [lo pesymbpraram
UTOTOBOTO PEUTHHTA CTYJACHT MOXKET HaOpaTh HEKOTOPYIO CyMMY, KOTOpas OlleHHWBaeTcs B %
OTHOCHUTEIILHO MOJIHOTO Oasia.

HtoroBas ouenka nuddepeHIIupoBaHHOTO 3a4€Ta BBICTABISETCS B COOTBETCTBHUHU CO CXEMOM,
MPUBEJICHHON B cieayromeM pasaene. B manHoMm kypce nud@epeHIrpoBaHHBIA 3a4éT HE

IPeTyCMOTpPEH.

4a. Kputepun onenuBanus (andppepeHuupoBaHHBIN 324€T)



Onenka HaGpannble 6ayuib

otnyHO (10) 601ee 90%

oTIInYHO (9) ot 80% 10 90% BKIIIOUUTETHEHO

xopo1o (8) ot 70% no 80% BKIIFOUUTETBLHO

xopoio (7) ot 60% 10 70% BKIIIOUUTETHLHO

xopo1o (6) oT 50% 1o 60% BKIIFOUUTETBLHO

YIOBJIETBOPUTENBHO (5) ot 40% 1o 50% BKIIFOUUTETBLHO

yJIOBJIETBOPUTENILHO (4) ot 30% 10 40% BKIIIOUUTETHEHO

YIOBJIETBOPUTENBHO (3) TpebyeT 1ONMOTHUTENBHOTO TECTUPOBAHHUSI 110
poOJIEMHBIM BOIIPOCaM (TeMam)

HeynoBieTBOpUTeNbHO (2) | He monydyeHa yaoBiIeTBOpUTENIbHAS OIICHKA B IIEPUO]L
3a4€THON CECCUMU.

30. [lepeyeHb THUMOBBIX KOHTPOJbHBIX 32/[aHUI, HUCHOJIb3yeMbIX /sl OLEHKH 3HAHMI,
YMEHHUI, HABBIKOB (BeCEHHHMI ceMecTp)

HToroBasi sK3aMeHAIIMOHHAsI OI[EHKA BBICTABJIACTCS CTYJCHTY C y4ETOM OIICHKH €ro paboThl B
ceMecTpe.

DK3aMeH MPOBOJIUTCS B YCTHOU (hopMe. DK3aMEHAIMOHHBIE OMJIETY MOTYT COJIEPIKATh HAPSIY C
TEOPETUUYECKHUMH BOIPOCAaMH, TakKe M TUNoBble 3amauu. Dopma Ounera ompenensercs
JIEKTOPOM M 3aBHCHUT OT JIEKUMOHHOI'O MOTOKA.

TpaguunonHast popma OHIeTa COIEPKUT 2 TEOPETUYECKUX BOIIPOCA U OJTHY THITOBYIO 33a4y.
Otger cryzaenTa onieHuBaercs 1o 10-6amnpHoi mIkase.
[Ipumep OGuiera ¢ BOpocaMu pa3HOTO YPOBHS:

1. Haiinure maTtpuny yHUTapHOW omepauuu «kBaapaTHbli KopeHb u3 NOT». Jlokaxkwure,
YTO aHAJIOTUYHOMN KJIACCHUYECKOU orepainuu (KoTopas, Oyaydd MPpUMEHEHHON ABAXbl, IPUBEIA
051 k coBepuieHuto orneparuu NOT) He cyliecTByeT.

2. Uro nosyuyuTcsl NMpu NPUMEHEHUU olepanuu Yosma-Anamapa K COCTOSHHUIO, T7Ie Bce
KyOUTBI yCTaHOBJIEHBI B 17

3. Pa3paOoraiiTe KBaHTOBYIO CXeMy, pealusyromiyro omepauuto Toddonu ¢ moMmomisio
OJTHOKYOMTOBBIX oneparuii u oneparuit CNOT.

4. [Tycth y uckomoii pyHkuuu P(x) mmeercs He OJHO pelIeHHE, a M pelleHul (KOpHeH).
ITpu xakoM M aJropuTM mnoucka ['poBepa cpaBHSAETCSA IO MAaTEMAaTUYECKOMY OKUIAHHUIO YHCIIa

BBIYMCIIEHHH P(X) ¢ KJJacCM4ecKuM METOA0M MoucKa?

40. Kpurepumn oueHuBaHMSI

CTyneHThl, MOMYYHBIINE 32 padOTy B CeMeCTpe K Hayally 3K3aMEHAI[MOHHOW CECCHH OLEHKY
«HEYIOBJIETBOpUTENHbHO» (MeHee 30% YyCBOEGHHS MaTepHaya), CUYMUTAIOTCS HE YCBOUBIIUMU
MaTepHual U He BBITOJIHUBIIMMU 33JIJaHUS Kypca, IO3TOMY K IK3aMEHY HE JIOIyCKAIOTCS.

HToroBas olieHKa BBICTABJISIETCSI B COOTBETCTBUU CO CXEMOM:



Ouenka babt Kpurepun

10 10 6amioB 3a SK3aMeH U OIICHKA 3a padOTy B ceMecTpe He
HUXKe 8.
9 6au10B 3a 5k3ameH U 10 6amioB 3a paboTy B ceMecTpe

9 9 GasuToB 3a 3K3aMEH M OIleHKa 3a pPaboTy B ceMecTpe He
OtnnuHO Huxe 8.

8 8 OayTOB 3a SK3aMEH U OIICHKA 3a paboTy B ceMecTpe He
HUXe 6.

7 GauioB 3a 3K3aMeH u Oosiee 8 6aIoB 3a paboTy B
ceMecTpe

7 7 GaJuIoB 3a K3aMEH M OIleHKa 3a pPaboTy B ceMecTpe He
HUXKE 5.

6 6asuToB 3a 3K3aMeH u Oosiee 8 6aIoB 3a paboTy B
ceMecTpe

6 6 0aJuIoB 3a 3K3aMEH M OIleHKa 3a paboTy B ceMecTpe He
Xopomo HIUXKE 5.

5 6aioB 3a 9k3aMeH u Ooree 7 6aiioB 3a paboTy B
cemMecTpe

5 5 6aJuIoOB 3a 9K3aMEH U OICHKA 3a paboTy B ceMecTpe He
HUXKe 3.
9 6asnoB 3a skx3ameH U 10 GaisoB 3a paboTy B ceMecTpe

4 4 Oayia 3a HK3aMEH U OIIEHKa 3a paboTy B ceMecTpe He
YIIOBJICTBOPUTEIILHO HIDKE 3.

3 3 Gasina 3a HK3aMeH U OlIeHKa 3a paboTy B cemecTpe 3.

N

Hey/10BJIETBOPHTENBHO 2 OaJia 3a K3aMEH U OIIEHKa 3a paboTy B cemecTpe 3.
1 1 Gasn 3a SK3aMEH U OlIeHKa 3a paboTy B cemecTpe 3.

5. MeToauyeckue MaTepuaJbl, onpeaesiiolue Npoueaypbl oleHMBAHUA 3HAHUH, YMEHUIA,
HABBIKOB M (WJIH) ONBITA 1eATEJILHOCTH

CTyneHThl, JOMYIIEHHbIE K SK3aMEeHY, OTBEYAIOT HAa BOMPOCHI OWIieTa, UMesi BO3MOXKHOCTH Ha
MOJATOTOBKY He MeHee | daca. OTBETHI MPEJCTABISIOTCS B MUCBMEHHOM BHE, MO KOTOPHIM
MPOBOAMTCS YCTHOE cOOECeI0BaHUE.

OrieHka 3a OTBET Ha OWJIET BBICTABIISIETCS B COOTBETCTBHH CO CIIEAYIONUM KPUTECPHUSIMHU:
CTyneHT, OTBETUBIINHN MPABUIHHO

Ha | Bompoc, moaydaeT oeHKy «HeyaoBm» (1);

Ha 2 BOMpOCa, MOITy4YaeT OLEHKY «yAoBM» (3) unu (4), B 3aBUCUMOCTH OT TMOJTHOTHI MPaBUIBHBIX
OTBETOB U OTBETOB Ha JIPYTHE BOIIPOCHI,

Ha 3 Bompoca, MONydaeT OlEHKY «xopouio» (5), (6) wiu (7), B 3aBUCUMOCTH OT MOJHOTHI
MIPABWJILHBIX OTBETOB U OTBETOB Ha JIPYTHE BOMIPOCHI,

Ha 4 Bompoca, MoJydaeT OIEeHKY «oTau4Ho» (8), (9) umu (10), B 3aBUCUMOCTH OT TOIHOTHI
MPABWILHBIX OTBETOB U OTBETOB Ha JIPYTHE BOMIPOCHI,

Bo Bpems mpoBeneHus 3K3aMeHa CTYJIEHTBI MOTYT MOJIb30BaThCsl MPOTPaMMON JTHCHMIUIMHBI U
cOOpHUMKaMHU JIOMAIIHMX 3a/JaHuil. Y4eOHOH, yueOHO-METOIMYEeCKOH M  CHpaBOYHOU
JUTEPATYPON IMOJIB30BATHCS BO BpPEMs 3K3aMeHa He JoIlyckaercs. Bo BpeMs 3K3aMeHa JTOJKHBI
OBITh TAaKXKE BBIKIIOUEHBI MOOMIIbHBIE TeNIE(OHBI.

Ilepen HauamoM 3K3aMEHALIMOHHOM CECCUU CTYJEHTHI MOJY4atoT EPEUYEHb BOIIPOCOB, OTBETHI HA
KOTOpbIE HEOOXOAUMO 3HATh IS YCIEIMHOW caadyd ’K3ameHa. DOpMyITHMPOBKH BOIPOCOB B
OmieTax CTyJIEHTHI Y3HAIOT BO BpeMsl KOHCYIbTAIHH.







