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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,

HaKOHEII,
MPEUMYIIECTBA Ha/l KIIACCHYECKUMHU aJrOpUTMa.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

HCKOTOPLBIC MPAKTUYCCKH IIOJIC3HBIC KBAHTOBBIC AJITOPHUTMEIL,

ACMOHCTPUPYIOIHUEC KBAHTOBLIC

I{aTI) CTyACHTaM 3HaHU:, HEO6XOI[I/IMBIC AJIL OIMMCAaHUA PA3TIMYHBIX SIBJICHHH B CJOXKHBIX 00BEKTax
KBaHTOBOM I/IH(i)OpMaTI/IKI/I MCTOOdaMH TGOpeTH‘leCKOﬁ (I)I/I3I/IKI/I, MCTOAbI TOCTPOCHUA COOTBCTCTBYIOIINUX
MaTeMaTUYICCKHUX MOI[CJ]CI\/'I, IMOKa3aTb COOTBETCTBUEC CUCTEMbI ITOCTYJIATOB, IIOJIOXXCHHBIX B OCHOBY
TCOpUuun KBaHTOBOM 06pa6OTKI/I I/IH(I)OpMaLII/II/I B CJIOKHBIX CHUCTCMaAX, CyHICCTBYIOIIUM
OKCIICPUMCEHTAJIbHBIM JaHHBIM, 4YTO IIO3BOJIICT CHUTATb TCEOPHUIO I[OCTOBepHOI\/'I B obOmactu eé
MNPUMCHUMOCTH. Z[aTL HaBBbIKH, IIO3BOJIAKOIIMEC IIOHATH, KaK aJCKBATHOCTb TeOpeTH‘leCKOﬁ MOACIN

COOTBETCTBYIOLIEH JIHHAMUKE
MIPUMEHUMOCTH.

33]13‘[1/[ JAUCHUIIINHBI

KBAaHTOBBIX HMH(OPMAIIMOHHBIX

CHCTEM, TaKk M €€ Ipeneibl

° I/I3yquI/Ie MATCMAaTUYCCKOT'O allrapara TCOpuu KBaHTOBOM I/IH(I)OpMaLII/II/I OTKPBITBIX CUCTCM;

¢ HU3YUYCHHUC MCTOAOB PCHICHUSA 3aJa4 ONIPCACICHUA NTUHAMUKHN KBaHTOBOM HH(bOpMaHHH;

° 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-3 CriocoOeH orpeneanTsh GU3nIeCKyIo,
€CTECTBCHHOHAYYHYIO CYIIHOCTh MPOOIIEM,
BO3HUKAIOIIUX B X0JI¢ MPO(PeCCHOHATHLHON
JIeSTEIIbHOCTH, IPOBECTH UX KaueCTBEHHBIN 1
KOJTMUCCTBCHHBIN aHAIH3

OIIK-3.1 CnocoOeH mpoBOIUTH aHAJIM3 MPOOJIeM M 3ajad,
BO3HUKAIONIUX MpH pabore B obnacTu npodeccnoHaaIbHON
JEATEIIEHOCTH

OIIK-5 CriocobeH ocBanBaTh U IPUMEHSTD
COBpEMEHHbIE (PM3UKO-MaTEeMaTHIECKHE METOJIbI
Y METOJIbI UCKYCCTBEHHOTO MHTEIIICKTa JIISI
penieHus NpoeCcCUOHAIBHBIX 3314,
COCTaBIISITh MPAKTHYECKUE PEKOMEHIAIINH T10
UCIIOJIb30BaHHIO TIOJIYYEHHBIX PE3yJIbTaTOB

OIIK-5.1 Bnaneer COBPEMEHHBIMU
pacueTHO-TEOPETHUECKUMHU METOAMH, METOIaMH
KOMITHIOTEPHOTO MOJICIIMPOBAHUS W CpEAaMH pa3pabOTKH
MPOrpaMMHOTO  OOecrieueHHs, NPUMEHSEMBIMH  IIPH
peleHnH 3a/1a4 B CBoel NpodecCroHaNBHON 00acTu

[IK-1 Crioco0OeH KpuTHYECKH aHAJIN3UPOBATh
COBpPEMEHHBIE MPOOTIEMBI TEXHUUECKON (HU3UKH,
CTaBUTh 33J]a49H U pa3padaThIBaTh MPOTPAMMY
HCCIIeJOBAHMS, BBIONPATh a€KBAaTHBIE CIIOCOObBI
Y METOJIbI PELICHUS SKCTIEPUMEHTAIBHBIX H
TEOPETUYECKUX 33714, MHTePIPETHPOBATH,
MPEICTABISATh U IIPUMEHSTD TIOTyYCHHBIC
pe3yabTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
00JIACTH TEXHUYECKOU (HU3UKH




[IK-2 Criocoben camoctositenbHO BeimonHATh  |[IK-2.1 Bnageer coBpeMeHHBIMH (QH3UKO-TEXHUYCCKUMHU
(U3MKO-TEXHUYECKHUE HayYHbIC UCCICIOBAHNS |METOAaMHU  TEOPETHYECKOr0 W IKCHEPUMEHTAIBHOTO
JUIS1 ONTUMU3ALNHU TTapaMEeTPOB OOBEKTOB U UCCIIeJOBAaHUS

MPOLIECCOB C HCIIOIB30BAHUEM CTaHIAPTHBIX U
CHenHaIbHO pa3paboTaHHbIX
WHCTPYMEHTAJIBHBIX U IPOrPAMMHBIX CPEICTB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI
3HATh!

- OCHOBHBIE IPUHLIUIIBI OIIUCAHUS OTKPBITHIX KBAHTOBBIX CUCTEM;
- OCHOBHBIE NIPUHIUIIBI ONMCAHMS MPOIIECCa IEKOTEPEHTHOCTH KBAHTOBOIO KOMITBIOTEPA;
- OCHOBHbIE IIPUHIIUITBI TEOPUH MEPHI AEKOT€PEHTHOCTH MHOTOKYOHUTOBBIX KBAHTOBBIX PETHCTPOB;
- OCHOBHBIE TPUHIMIIBI ~TEOPUU  OTKPBITBIX  KBAHTOBBIX  CHCTEM NPUMEHHUTEIBHO K
MOJTYIPOBOJHUKOBBIM KBAaHTOBBIM OHTaM.
YMETb:
- HaxoauTts mtMHAMUKY COCTOSIHMS KBAaHTOBBIX OUTOB, B3aUMOAEHCTBYIOLINX C OKPYKEHHEM;
- BBIOMpATh TMOAXOISIINE CIIOCOOBI ONMUCAHUS HEYHHUTApHOW KBAaHTOBOW IMHAMUKU COCTOSHUS
KBaHTOBOI'O PETUCTPA;
- HaXOIUTh ONTHMaJbHBIE CHOCOOBI MPOBENEHUs KBAaHTOBOM 00pabOTKM WHPOpMaLUU IJis
KOHKPETHBIX TBEPIOTEILHBIX KBAHTOBBIX OHUTOB.
BJIaJIETh:
- MeTtonaMu BBIYUCICHHS MAaTPHUIbl IUIOTHOCTH KBAHTOBBIX OHMTOB, B3aMMOJCHCTBYIOIIUX C
OKPY>KEHUEM;
- OCHOBHBIMHU METOJAaMM MaT€MaTHYECKOI'0 alllapaTa OTKPHIThIX KBAHTOBBIX CUCTEM;
- METOJaMHM OIpENEIEHNS YPOBHSI IEKOTEPEHTHOCTH TBEPJOTEIBHBIX KBAHTOBBIX KOMIIBIOTEPOB.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCIMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUeOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekium | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 BBIHI/ICJ'II/ITGJ‘IBHL{G peCcypcsl M Ipeaesbl ) 5 3
BBIUUCJIUTEIILHON MOIIIHOCTU
2 CrpyKTypa KBAaHTOBOTO KOMIIBIOTEPA 3 3 4
3 KBanTtoBsrit pemcnz. MarpuuHslii BUJ ) ’ 3
KBaHTOBBIX Ollepannit
4 KBaHTOBBIE 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 JABOMHOM ) ’ 3
KBaHTOBOH TOUKHU
] [Ipenenbl BBHIYMCIUTENHHON MOIIHOCTH ) 5 4
KBAaHTOBBIX KOMIIbIOTEPOB
9 KBanroBas  normka  HeiimaHa _u ) ) 3
MPEIBICTOPHSI KBAHTOBBIX BBIUNCICHUI
10 |KBaHTOBBII1 anropuT™ moucka I'posepa 3 3 4
11 KBanToBBIE OIIIMOKH 2 2 3
12 MeTtonan! n30eraHusi KBAHTOBBIX OLIHOOK 3 3 4




[Ipouenypel  KOppeKUuM  KBaHTOBBIX
13 omnbox  HecraunonapHas ~ Teopus ) ) 3
BO3MYILEHUM. IIpencraBienue
B3aMMOJICHCTBHS
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. BeruucnurenbHble pecypehl U MpeAesbl BEIYUCINTEIHOW MOLTHOCTH

Kitacchl cI0KHOCTH BBIUMCICHUA. YHUBEpCAIbHBIN HaOop. Pusmueckue orpaHudeHus. Kiaccel
clnoXHOCTH BbluucieHuil. Teszuc UYépua—Tbropunra. Omnupuueckuii 3akoH Mypa. [lemon
MakcBemna. Ilpunmun Jlanmayspa. OOparumble normueckwe onepanud. IIpeoOpasoBaHus
kouTpomupyemoe-HE (CNOT), Todpdomm wu Openxuna. YHuBepcalbHBI HA0Op ONEpaIuii.
dusnyeckre OrpaHNICHUS BRIYHCIUTEIBHBIX BO3MOXKHOCTEH B KIIACCHYECKOM MHUpE.

2. CTpyKTypa KBaHTOBOTO KOMITBIOTEPA

KBantoBble Outhl (kyOuTbl). [IpmHImMNm cynepnosuimu coctosHuil. M3mepenue. ['miabOepTOBBI
npoctpanctBa. Cdepa broxa.

3. KBanuToBbIi1 peructp. Marpu4HbIi BUA KBAHTOBBIX ONEpaliui

MarpuuHslii BUl KBAHTOBBIX OIEepaluii. JpPMUTOBbIE U YHUTApHBIE oneparopsl. IIpsMoe u TeH30pHOE
MaTpU4HbIE IIPOU3BEACHUS B KBAaHTOBBIX BBIYMCICHUSX. OPMUTOBBIE OINEPAaTOpbl. YHUTApHBIE
orneparopsl. JefcTBus pu J0OaBIEHUH BCIIOMOTATEIbHBIX KYOUTOB-aHIHILIL.

4. KBaHTOBBIE Onlepalyi. YHUBEPCAIbHBIH HA0OP KBAHTOBBIX ONepanni

YHUBepcanbHbII HA0Op KBaHTOBBIX omepauuii. Marpuna ruiotHocTH. KBaHTOBBIE omepanuy Haj
OHUM KyOMTOM. MHOTOKYOMTOBBIE omepanuu. Pemykius mMaTpuisl IIIOTHOCTH IPH YMEHBIICHUH
BBIUMCIIUTENBHOTO IMpocTpaHcTBa. KBaHTOBBIE omepauuu Haja OOHUM KyOMTOM. AMIUIMTYIHOE WU
¢dazoBoe Bpamenus. Omeparop Anmamapa. JByxkyourosas omneparust CNOT. Omeparop Yomma.
YHUBepcanbHbII HA0OP KBAHTOBBIX OIEPALH.

5. KBaHTOBEIE CXEMBI

OOmee moHsATHE KBAaHTOBOM cxembl. Cxema KBaHTOBOHM Tesnenopranuu. lIpMHIMIBI MOCTPOEHUS
KBAaHTOBBIX cxeM. KBaHTOBasi cxema KBAaHTOBOW TEJEMOPTAL[MM HEM3BECTHOI'O COCTOSHUSI KyOWTa C
niomoripio DITP-mape! 1 K1acCUUeCcKoro KaHaia CBA3H.

6. KBanToBbIe anroputTMmol

CrpykTypa KBaHTOBOrO anroputma. [IpumMep mpocroro anropurma, NpeBOCXOISAIIETO KIACCUYECKHUM
aHasior. KBaHTOBBIM anropurM: MHMLMAIM3ALMSA, KBAHTOBAas YHWUTapHas 3BOJIIOLUS M HU3MEpEHUE
KBaHTOBOTO peructpa. Anroputm [oitua. KBaHTOBBIN apaiiennsm.

7. KBaHTOBBIM OUT HAa OCHOBE IBOMHOM KBAHTOBOM TOYKHU




CTpykTypa IOIyHPOBOIHHKOBOTO 3apsiioBoro KyOurta. IlpoBeseHne OCHOBHBIX —OIEpPAIHi.
l'aMunbTOHMaH  TOMYHNPOBOAHMKOBOIO  3apsimioBoro  kyoura. HMunnmanmmzanus. M3mepenwue.
[IpoBenenne ¢azoBoro BpamieHus. lIpoBeneHHe aMIUIMTYJAHOTO BpallleHUs. BwimomHeHue
JIBYXKYOUTOBOM

oneparuu CNOT.
8. IIpenenpl BEIYMCIUTENEHON MOIITHOCTH KBAHTOBBIX KOMITBIOTEPOB

Kracc crnoxHOCTH KBaHTOBBIX BBIUMCIEHUH. OrpaHryeHns] BBIYUCIUTENBHBIX BO3MoxHOCTel. Kitace
CIIO)KHOCTH KBaHTOBBIX BhIuucieHnid BQP u ero cooTHomieHue ¢ ApyruMH KJacCaMu CIIOKHOCTH.
OTKpBITBIE BOMPOCHI B TEOPHM CIOKHOCTH KBAaHTOBBIX JITOPUTMOB. DU3MYECKHE OrpaHUYCHUS
BBIUUCIIUTEJIBHBIX BO3MOXHOCTEH KBAaHTOBBIX KOMIIBIOTEPOB, BBITEKAIOLIUE U3 KBAHTOMEXaHUYECKOM
MPUPOBI BEIYUCIUTEIBHBIX 3JIEMEHTOB.

9. KBanrtoBas noruka HeliMaHa 1 peAbICTOpUS] KBAHTOBBIX BBIYUCICHUN

KBanrtoBast noruka. OCHOBHBIE 3Talbl Pa3BUTUSI TEOPUH KBAHTOBBIX BBIYMCICHHHA 1O MOSBICHUSA
3G GEKTUBHBIX KBAHTOBBIX ajlropuTMoB. KBantoBas noruka Helimana. Pa3BuTre KBaHTOBOM JIOTHKH
leiizenbeprom u Baiinzekkepom. CdopmynupoBaHHasi TpPYAHOCTb MPSIMOTO MOAETHPOBAHHUS
MHorovacTHuHbix cucteM (Illmorep, Manun). KsantoBas mamumua Teropunra (Ioiu). Bkuax
deliHMaHa.

10. KBanToBBIi anroputm noucka I'posepa

Knaccuueckas 3ajgada moucka. KBantoBwlii anroputm moucka ['pomepa. OOoOmieHune aaropurma
I’poBepa. Knaccuueckass 3agada noucka. KsanToBbIM anroputm mnoucka Iposepa. Junamuka
BOJTHOBOHM (DYHKITUHM KBAHTOBOTO PETUCTpa NpHU paboTe anroputMma. Peanmzanus anropurma [posepa
MOCpeicTBOM Habopa 3JeMEHTapHBIX KBaHTOBBIX omepanwmii. O6o0mienne anroputma [posepa s
Clly4dasi HECKOJIBKUX PEIICHUH.

11. KBanTOBEIE OIINOKHU

HcTounnkn kBaHTOBBIX OomnOOK. Mepa nekorepeHTHOCTH. Knaccnmueckuii nrym. da3oBble ONTHOKH.
MesxkyOuToBoe B3aumonercTBue. [loTepsi KOrepeHTHOCTH KBAaHTOBOTO cocTosiHus. [loHsaTHe Mepbl
nexorepeHTHocT. HeobxoaumocTs 60phObI C IEKOTePEHTHOCTHIO.

12. Mertozab!l n30eranus KBaHTOBBIX OLINOOK

CrocoObl  00pb0OBI ¢ KBaHTOBBIMH omMOKamu. [lepexonq B MOANIPOCTpPaHCTBA, CBOOOIHBIC OT
JeKOTepeHTHOCTH. [10IMHOMHABHBIN aJITOPUTM TTOABIICHHUS MEKKYOHTOBOTO B3aUMOJICHCTBUSL.

13. Tlpomemypsl KOppEeKIMM KBAaHTOBBIX OMmMMUOOK HecTrammonapHas Teopus BO3MYIIEHUH.
IIpencraBnenre B3anMOACUCTBUS

CtpykTypa aaroputmMoB Koppekiuu ommbok. Llennsie konpl. KonupoBanue, oOHapyxeHHe CHHIpOMa
OLIMOKY, IPOLIEypa HCIPABIICHHS BBISIBIICHHON OIIMOKH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

a) HeoOxonumoe obopynoBaHue Jist JIGKIIUKA U MPAKTHUECKUX 3aHATUI: cTaHIapTHAS yueOHas
ayauropus. JKenareapbHO Takke MPUMEHEHHE MYJIBTHMEAMUHOTO 000pyIoBaHus (IPOCKTOP), IS
Ty4lied OpraHu3aIiy JCKIHH.

0) Heobxomumoe mporpamMmmHoe obecrieueHune: He TpedyeTcs.

B) ObecrieueHre caMOCTOSTEIbHOM pabOTHI: HANTMUKE YIeOHUKOB U 32/Ia9HUKOB TI0 KypCy
TeopeTnyeckoil (pu3mKy BOOOIIE U 00IIel TEOPUH OTHOCUTEILHOCTH B YACTHOCTH B OMOIHOTEKE
WHCTHTYTA, IOCTYI B IHTEpHET JJIs1 MOMy4YeHHsI BCIIOMOTATEeILHOTO Y4eOHOTO ¥ KOHCYJIBTATHBHOTO
Marepualia Ha caiite kadeapsl TCOPETUICCKON (PU3UKH.



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
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. IlpakTnyeckas MaTemMaTiKa. PyKoBOJCTBO JIJIsl HAUMHAIOIINX U3Yy4aTh TEOPETHUECKYIO PUIUKY
[Tekct] : [yueb. mocobue mis By3os] / HO. M. benoycos, B. I1. Ky3uenos, B. I1. Cmunra .— 2-e uzm. —
Honronpynnsiit : Uatennekt, 2009 .— 176 c.

JomnonHurensHas aureparypa
1. Karexusuc. PykoBoACTBO 10 MaTeMaTHKe I HAUMHAIOIIUX N3y4aTh TEOPETUUIECKYIO (DU3UKY
[Tekcr] / FO. M. benoycos, B. I1. Ky3uenos, B. I1 . Cmura ; M-Bo o6pazoBanus u Hayku PO, MOTH -
M.U3n-80 MOTH,2005
1. Xoneso A.C. KBanroBsie cucremsl, kKaHainsl, HHPpopmanus. — M.: MIIH-

MO, 2010.
2. Ileppu P. DnemenTapHoe BBE/ICHHE B KBAHTOBEIE BhIUMCIeHUA. — [lonro-

npynusiit : U/ «Matennexry, 2015.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTEepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

He HUCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

http:// lib.mipt/ru/catalogue
9. MeTonnueckue yKa3anus 1J1s 00y4al0IIUXCs 10 0CBOSHHIO TUCHMILTHHBI (MOTYJIsT)

WunuBunyanbsHas pabora MpeanosiaraeT caMOCTOSTEIbHOE BBINOJHEHUE CTYJCHTOM ONpPEIeIEHHOTO B
«3amanum» Habopa YINpaKHEHHH M 33/1a4 B COOTBETCTBUHM C TEMAaTHUKOH CEMHHApCKuX 3aHsaTuid. [Ipu
HEOOXOAMMOCTH CTYAEHT TMOJy4aeT KOHCYJIbTAllMI0 IO BBINOJHEHUIO OTIECJNBHBIX 3agad Y
MpEerojaBareisi BEIyLIEro 3aHSATHS KaKk BO BpeMsl HpPOBEIEHHUS CEMHHAPCKUX 3aHATUH, TaK U BO
BHEYPOYHOE BpEMs II0 COINIACOBAHUIO C IIperojaBaTesieM. «3aJaHue» pa3faeTcs BCEM CTYIEHTaM B
BHJE Y4eOHO-METOINYECKOTO MaTepualia, COAEPKALIETO MPOrpaMMy Kypca M YIpaKHEHHs, U 3aJa4H,
BKJIIOUEHHBIE B JIBa AOMAIIHMX 3aAaHus. CTyJEeHT TakkKe MMEET BO3MO)KHOCTb B TEUEHHE CEMecTpa
MOJTy4YaTh KOHCYJIBTAllMU IO BBITIOJHEHHUIO KYPCOBOW PaOOTHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay

Kypc: 1

KBaJU(PUKAHA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: JLE. ®ennukun, kaH7. Qu3.-Mar. HayK, JOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HanmMeHOBaHUE KOMIICTEHIIUH WNHAMKATOPBI JOCTHIKEHHSI KOMIIETCHIIN
OIIK-3 Cnocoben onpenenuts ¢pusnveckyro, |OIIK-3.1 CnocobeH mpoBoauTh aHanu3 mpolieM W 3ajad,
€CTECTBEHHOHAYYHYIO CYIIHOCTB IPOOIIeM, BO3HHKAIOMIUX NpU padore B oOmacTu npodeccuoHaIbHON
BO3HHUKAIOIINX B X0/I¢ PO eCCHOHATIBHON AeSATEeIBHOCTH

JIEATEIbHOCTH, IPOBECTU UX KaYECTBEHHBIN U
KOINYECTBEHHBIN aHAIN3

OIIK-5 CriocobeH ocBanBaTh U IPUMEHSTh OIIK-5.1 Bnageer COBPEMEHHBIMU
COBpPEMEHHbIEC (DU3UKO-MaTeMaTHYECKUE METObI | pACIETHO-TEOPETUIECKUMHU METO/IaMH, METOIaMH1
Y METO/Ibl UCKYCCTBEHHOTO MHTEIIJIEKTA IS KOMITBIOTEPHOTO MOJEIHPOBAaHUS U CcpelaMH pPa3pabOTKU
peieHus npodeccuoHaIbHBIX 3a1a4, OpPOrpaMMHOIO  OOeclieueHHsl, NPUMEHSEMBIMH  IIpH

COCTaBIIATH MPAKTHUECKUE PEKOMEHJAINH 110 | PEeIIeHHH 33134 B CBOeH mpodeccuoHaIbHON 001acTH
UCTIOJIb30BAHUIO MTOJTYYCHHBIX PE3yIbTaTOB

[MK-1 Criocoben kputnuecku aHanmsuposath  |[IK-1.1 CrnocoOGen HaxomuTh, aHATM3UpOBaTh W 00001IaTH
COBpEMEHHBIE TIPOOJIEMBI TEXHIUUECKOH (hr3nKky, |MHpOpMannio 00 aKTyalbHBIX pe3ylbTaTax HCCIICIOBAHUN B
CTaBUTH 33J]a4M U Pa3padaThIBaTh MPOrpaMMy  |00IaCTH TEXHUICCKON QPU3NKU

UCCIIeJOBAHHS, BHIONPATh aIeKBAaTHBIE CIIOCOOBI
Y METOIbI PEIICHHS SKCIIEPUMEHTAIBHBIX U
TEOPETUYECKUX 33134, HHTEPIPETHPOBATH,
NPEJCTABISAT U IPUMEHSTH ITOJy4CHHbIC
pe3yabTaThl

[IK-2 CnocoGen camoctositensHO BeimonHATh  |[IK-2.1 Brnageer coBpeMeHHBIMH (H3UKO-TEXHUYECKUMHU
(bU3MKO-TEXHUYECKHE HayYHbIC UCCICOBAaHUA |METOAAMH  TEOPETHYECKOTO M 3KCHEPHUMEHTAIbHOIO
JUISL OITUMU3ALMH [TaPaMETPOB OObEKTOB U HCCIIEeIOBaHUS

IIPOLIECCOB C UCII0JIb30BAHUEM CTAHJAPTHBIX U
crennaIbHO pa3paboTaHHBIX
HUHCTPYMEHTAJIbHBIX U [IPOrPaMMHBIX CPEICTB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus qUCIUILTAHBI « KBAHTOBBIE BRIYHCICHUSY O0YJIAFOIIUNACS JJOJDKEH:

3HATh:
- OCHOBHBIE MTPUHIIMITBI OITUCAHUS OTKPBITHIX KBAHTOBBIX CHCTEM;
- OCHOBHBIC PUHIMITBI ONMCAHMS MPOIIecca AEKOrePEHTHOCTH KBAHTOBOTO KOMITBIOTEPA;
- OCHOBHBIE IPUHIIMITBI TEOPUH MEPHI AEKOTEPEHTHOCTH MHOTOKYOUTOBBIX KBAHTOBBIX PETHCTPOB;
- OCHOBHbIC IPHHIMIOBI TEOPUH  OTKPBITHIX  KBAaHTOBBIX  CHCTEM  NPUMEHHTEIBHO K
MOJTYIPOBOJTHUKOBBIM KBAaHTOBBIM OHTaM.

yMeThb:
- HaxoauTe mMHAMUKY COCTOSTHHSI KBAHTOBBIX OUTOB, B3aUMOACHCTBYIOIIHNX C OKPYKEHHEM;
- BbIOMpaTh TOAXOISINME CIHOCOOBI ONUCAHHMS HEYHHTAPHOH KBAHTOBOH JWHAMHKH COCTOSHUS
KBaHTOBOT'O PETHCTPA;
- HAXOJWTh ONTHMAJbHBIE CHOCOOBI TPOBEIEHHUS KBAaHTOBOW OO0pabOTKUM WHPOPMALIUU ISt
KOHKPETHBIX TBEPIOTEILHBIX KBAHTOBBIX OUTOB.

BJIA/IETh:
- MeronaMu BBIYUCICHHS MAaTPHUIIBl IUIOTHOCTM KBAHTOBBIX OHMTOB, B3aMMOJCHCTBYIOIIUX C
OKPYKCHUEM;
- OCHOBHBIMH METOJaMH MAaTEeMaTH4YECKOTO allapara OTKPBITHIX KBAHTOBBIX CHCTEM;
- METOJaMH OIIPEICNICHUS] YPOBHS JICKOT€PEHTHOCTH TBEPAOTEIBHBIX KBAHTOBBIX KOMITBIOTEPOB.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIIeMy 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.







