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AHHOTANMA

KBanroBast Teopust HHQOpMaIuu 00beTUHIET COOOW HMJIEH KJIACCHYECKOW Teopur MH(DOpPMAIK U KBAaHTOBON
MexaHuKd. B To Bpems kak Kiaccuueckas Teopusi HH(OpManUM paccMaTpuBaeT 3aladyd o0O0pabOTKU
uHpopMmanuyu (Takue Kak ee XpaHeHHe M Iepenada), KBaHTOBas Teopus MH(OpMAaLMHM HM3ydyaeT, KaK TaKue
3aJa4yd MOTYT OBITh PELIEHBI C IOMOIIBI0 KBAaHTOBBIX cucTeM. Jlexxainas B OCHOBE TEOpPHM KBAHTOBAS
MEXaHUKA SABJSIETCS NPUYMHOW Ba)XKHBIX pa3JIMUUid MEXIAy KBAaHTOBOM M KIACCUYECKOU TEOPUSAMHU
uHpopMmauuu. J[aHHBI Kypc SBIsSIeTCS BBEACHHEM B KBAHTOBYIO TEOPUIO MH(QOpPMAlUU M HampaBlieH Ha
O3HAKOMJICHHE C OCHOBHBIMH IOHATUAMU U METOAAMHU.

1. lean u 3apa4n

Heap AucHUNIHHBI
JaTh CTyIEHTaM, OOy4arolMMCsl B MarucTparype, 3HaHus, HeOOXOMUMBIE JUIs ONUCaHMs (PU3NIECKUX
SIBJICHMH METO/IaMHM KBaHTOBOW TEOpUH MH(POPMALUH, METOAAMH TEOPETHYECKON (DM3MKH, METOJaMHU
MOCTPOCHHSI COOTBETCTBYIOIIMX MAaTEMAaTHYECKUX MOJIEIICH; 03HAKOMHTH C COBPEMEHHBIM COCTOSTHHEM
TEOpUU KBAaHTOBOW OOpaOOTKM W Tepenadyd WHQOPMAIUH, CYIMIECTBYIONIMMH JKCIIEPUMEHTAMH B
JaHHOW 00JIaCTH; TPOAEMOHCTPHPOBATH JTOCTOBEPHOCTh TEOPHUH B O0OJNIACTH €€ NMPUMEHHMOCTH; JaTh
HaBBIKH, TT03BOJIsIFOIIKE 3 (PEeKTHBHO pemiarh 3aJa4i MHOTOYACTUYHOW KBAHTOBOU (DU3UKH.

3anauu QUCHUTNIHHBI
NPUMEHEHHE MaTeMaTHYECKOTO amnmapara KBAaHTOBOW TeOpHH MHPOPMALINU K PA3ITHYHBIM (PH3HYECKIM
KBAaHTOBBIM CHCTeMaM (ONTHYECKHM, CIIMHOBBIM, 3aps/IOBBIM); HW3YYEHHE METOJOB pEIICHHs
MHOTOYaCTHYHBIX KBAaHTOBBIX 3a[a4, U3yYCHHUE METOJOB ONHCAHHS OTKPHITHIX KBAHTOBBIX CHCTEM;
OBJIQJICHHE CTYICHTAMHM METOAaMH KBAaHTOBOW WMH(OPMATHKU MJIsi ONMCAHUS KBAHTOBBIX KaHAJOB
nepenayy MHGOPMAIMA ¥ KBAHTOBOW MEPEIyTaHHOCTH; M3yYEHHE METOJOB aHajM3a U IOCTAHOBKHU
(PU3NYIECKUX IKCTIEPUMEHTOB.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpo)eCCHOHANFHOW ~ JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cucremoii ¢pyrnamentanbabix |OIIK-1.2 CrnocoGeH 0000mmarh U KPUTHYECKH OIICHHUBATh
HAyYHBIX 3HAHHI B O0JIACTH OMBIT W Pe3yAbTaThl HAYYHBIX HCCIEAOBAaHWA B OOJIACTH
(hM3UKO-MaTeMaTHIEeCKUX HAyK npoecCHoOHaTbHON e TEHHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 NpoQecCuoHaNbHON e TeIbHOCTH

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH IOIYYEHHBIX
pe3yabTaToB

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
pelIeHHe TOCTaBICHHON 3aJa4H, IPOBECTH

aHaJIn3 pe3yJibTara U NMPCACTAaBUTh BbIBOAbI,

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
NPUMEHSISI 3HAHUSI U HAaBBIKH B 00J1aCTH

MPOBCACHUS HAYYHOI'O UCCICAOBAHUA

(hM3UKO-MaTeMaTHYECKUX HAYK H
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHHA

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX NTPOILYKTOB

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 |[IK-1.2  CnocobGeH  BBIOBUTAaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SABJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHI U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIE MPOOIEMBI, IOJIyYaTh |MOIENIN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

MIPUHLIUIIBI U OCHOBHBIE OOBEKTHl KBAHTOBOW TEOPHH WHPOPMALINY;
- CBOWCTBa KBAHTOBBIX JTUHAMUYECCKUX OTOOPAKEHHIA;
- METOJbI ONMCAHMS HETIPOEKTUBHBIX KBAHTOBBIX U3MEPEHMI;
- OCHOBHBIE XapaKTE€PUCTUKU IEPEIyTaHHbIX KBAHTOBBIX COCTOSIHUH;
- AJITOPUTMBI JUCTHIIIALUY NEPEyTaHHOCTH U METOABI CO3/IaHUs NIEPEIYTaHHBIX COCTOSHU;
- OCHOBHBIE METO/IbI PELICHU 3a]a4 KBAaHTOBON 00paboTKM M nepenadn nHpopmanmy;
- (uU3MUECKHe CUCTEMBbI, PEaTU3yIOIIMEe KBAHTOBBIC IIPOTOKOJIBI 00paboTKK HHpOpMALINY;
- METOJIBI ¥ CIIOCOOBI ONMCAHNS TNHAMUKY KBAHTOBBIX CUCTEM.
YMETb:

- TIOJB30BaThCA ANMAapaToM BEKTOPHOTO aHAJIM3a B MHOTOMEPHBIX TMIIbOEPTOBBIX IPOCTPAHCTBAX;
- OIIpENeIATh CTENEHb NIEPENYTaHHOCTh KBAHTOBBIX COCTOSIHUM;
- TIOJNB30BaThCA ANIAPaTOM KBaHTOBBIX ONEPATOPOB B MHOTOMEPHBIX TMIIBOCPTOBBIX MPOCTPAHCTBAX;
- II0JIb30BaThCs IIPEICTABICHUEM COCTOSHUMN B BUJIE MATPUYHOI'O IPOU3BEICHMUS;
- NPUMEHATh METOZ Olleparopa IJIOTHOCTH MJII ONUCAHUS OHBOJIOLHWH KBaHTOBBIX CHCTEM,
B3aUMOJICHCTBYIOIIUX C OKPYKEHUEM;
- TIOJB30BAaTHCS aIapaToM KBAHTOBBIX HENOKAJIBHBIX BO BPEMEHH KHHETHYECKUX YPaBHEHWM LIS
OIMCAHMsI OTKPBITHIX KBAHTOBBIX CUCTEM;
- HaxoOWTh Pa3MEpPHOCTH BCIIOMOTaTe€IbHOIO IMPOCTPAHCTBA NPH pacdyeTe BPEMEHHOW AMHAMHUKH
METO/IOM TEH30PHBIX CETEH.
BJIaJIETh:

- OCHOBHBIMH METOJAMH MAaTeMaTHYECKOTO ariiapara KBAHTOBOW TEOPUH HHPOPMAIINH;

- HaBBIKAMH TCOPETUYCCKOTO aHajM3a (GU3NUCCKUX 33]1a4, CBSI3aHHBIX C BOZMOXHBIMH Peau3alusIMu
KBaHTOBBIX OHUTOB;

- OCHOBHBIMHU METOJIAMH PEIICHHUS 33]1a4 O HAXOXKICHUH BOJIOI[MH OTKPBHITBIX KBAHTOBBIX CHCTEM;

- HaBbIKaMU OMHCAHMS U UCCIICMOBAHMUS MHOTOYACTUUHBIX MIEPEITyTAHHBIX KBAHTOBBIX CHCTEM.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIiInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 KBanToBas nepemyTaHHOCTb. 5 5
2 KBaHTOBBIE MHOTOYaCTUYHBIE CUCTEMBI. 5 5
3 HemapkoBckass ~ IuHaMHMKa — OTKPBITHIX 5 5
KBAHTOBBIX CUCTEM.
4 UucneHnele METO/IBI aHanm3a 5 5
MHOTOYaCTUYHBIX KBAHTOBBIX CUCTEM.
5 [TpomyckHble CIIOCOOHOCTH KBAHTOBBIX 3 3
KaHaJOoB.
6 HenpoexTuBHbIEC KBAHTOBBIE U3MEPEHHUSL. 3 3
7 KBantoBble omepanuu W KBaHTOBBIE ) )
HUHCTPYMEHTBI. KBaHTOBBINH KOHTpPOJIb.




3 Onrtuueckue, CIHUHOBBIE, 3apsiiOBbIE U ) )
MEXaHUYECKHE KBAHTOBBIC CUCTEMBI.

Hroro yacos 30 30

[TonroToBka k 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. KBaHTOBas NEpENyTaHHOCTB.

HEepenyTaHHOCTh M Cenapade’dbHOCTh  JBYCOCTaBHBIX CHCTEM, JUCTHIUIALUS  KBaHTOBOM
nepernyraHHoctd, kputepud  Ilepeca-lopomenkux, mepemyTaHHOCTH W cemnapadelbHOCTD
MHOTOYAaCTHYHBIX CHCTEM, (POpPMYIHpOBKAa B TEPMHHAX IOJYONpPeNeaEéHHOIO MPOrpaMMHUPOBAHUS,
aKTHBALUMs MEPEyTaHHOCTH, UCTHHHO IEPENyTaHHbIE COCTOSHHUS W IMOJHOCTHIO cenapadeibHbIe
COCTOSIHUS, KaHaJlbl, pa3pyllatolliue U aHHUTWIMPYIOLUE IIepellyTaHHOCTb, KpuTtepuil CalimoHa [y1s
JIBYXMOJIOBBIX I'ayCCOBCKHUX COCTOSIHHM.

2. KBaHTOBBIC MHOTOYAaCTUYHEBIC CUCTEMEL.

TOYHOE OIMCaHWE B TEPMUHAX BOJHOBOW ()YHKIIMM M MAaTPHIIBI TUIOTHOCTH, OCHOBHOE COCTOSHUE
JIOKaNbHBIX TaMUJIBTOHHMAHOB, COCTOSHHUS MATPUYHOTO IIPOM3BENEHUS, TEH30pPHbIE JHarpaMMbl
ITenpoy3a, anropuT™ pEHOPMIPYIIIBI A MATPUIbl IJIOTHOCTH, ONEPATophl B BHUAEC MaTPUUYHOTO
MIPOU3BEACHUS, 3aKOH IO e} Il KBAHTOBOM MEPEyTaHHOCTH.

3. HemapkoBcKasi AMHAMUKA OTKPBITHIX KBAHTOBBIX CUCTEM.

JI>MO0BCKMIA CIBUT JUISI MAPKOBCKOM TMHAMUKH, JIOKAIIbHOE BO BPEMEHU KHHETUYECKOE YPaBHEHHE C
3aBUCSIIMM OT BPEMEHHU T'€HEPaToOpoM, MOJIOKUTEIbHBIE U OTPULIATEIbHBIE CKOPOCTH PEAKCALMH U
JEKOTepEeHLIMY, IPOEKUHOHHble MeroAbl Hakaxumbl-l|BaHuura, HelnokalbHOE 10 BPEMEHU
KMHETHUYECKOE ypaBHEHHE, CBOWCTBA JICJIMMOCTH KBaHTOBBIX JMHAMUYECKHX OTOOpaKEHUH.

4. YuceHHbBIC MCTOABI aHAJIN3a MHOT'OYaCTHUYHBIX KBAHTOBBIX CUCTCM.

BpCMCHHAas ITWMHAMHKa MHOI'0YaCTUYHOMI OCIIOYKH, MCTOL TEBD, TCH3O0PHBIC CCTU IJIA OTKPBITBIX
KBAaHTOBBIX CUCTCM.

5. IlponyckHbie CHOCOOHOCTH KBAHTOBBIX KaHAJIOB.

KJIacCHUYeCKasi IPOMYCKHAas CIIOCOOHOCTh KBAaHTOBOTO KaHaja, THUIOTe3a aAJUTHBHOCTH,
KJIJaCCHMYECKasi TMPOIyCKHas CHOCOOHOCTb IMPH HCIOJIBb30BAaHUHM MEPENyTaHHBIX COCTOSHHUN
meperaryuka M IPUEMHHUKA, KBaHTOBas IPOIYCKHAas CIIOCOOHOCTb, JIeTpagupyeMble U
aHTHJETpaupyeMble KaHabI.

6. HerOCKTI/IBHBIG KBAaHTOBBIC U3MCPCHUH.

TeopemMa O3aBbl, Pa3IUYHBIC CIOCOOBI OMUCAHMSA TOJOKUTEIBHOI OINEpaTOPHO3HAYHOI MepHl,
COBMECTUMOCTh M HECOBMECTHMOCTh KBAaHTOBBIX HAOIIONAEMbIX M KBAHTOBBIX KaHAJOB, KBAHTOBOEC
MIMPOKOBEIIAHKE.

7. KBaHTOBBIE ONlepaniuy ¥ KBAaHTOBbIE MHCTPYMEHTbI. KBaHTOBBII KOHTPOIIb.




OTOOpaKeHHs, HE COXPAHSIOLIME ciell, MPeoO0pa3oBaHUe KBAHTOBBIX CHUCTEM IMPHU HENPOCKTHBHBIX
U3MEPEHHUAX, TEOPHsI KBAHTOBOTO KOHTPOJIS, JaHAMA(T yIPaBICHUS B TEOPUU KBAHTOBOTO KOHTPOJIS,
JIOBYIIKH yTIPaBJICHUSI.

8. OHTI/II{GCKI/IG, CIIMHOBBIC, 3apAA0BBIC U MCXaHNYCCKNEC KBAHTOBBLIC CUCTCMBI.

MIEPENYTaHHOCTh B  ONTHYECKHX CHUCTEMAaX, IMEPENyTaHHOCTb B  CIHHOBBIX CHCTEMaX,
MEepPEemyTaHHOCTh B 3apsAIOBBIX CHCTEMaX, THOPHIHBIC KBAHTOBBIE CHCTEMBI, IPOTOKOJIBI KBAHTOBOM
nepegadn MHGOPMALMKM M JUCTHIUIALMK ITIEPENYTaHHOCTH B TaKUX CHCTEMaxX, H3MEpPEHHs U
KBaHTOBBII KOHTPOJIb HA IPUMEPE KOHKPETHBIX PU3MUECKUX CHCTEM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

1. HeoOxonmumoe obopynoBaHue IS JISKIMIA: TOCKa, MEJI, TpAIKa. JKenareapHO Takke IPUMEHEHHE
MYJIBTHMEIUHHOTO 000pyI0oBaHUs (IPOCKTOP), IS JIy4Ilield OpraHu3aliy JICKIHH.

2. Heobxoanmoe mporpaMMHoe obecrieueHue: He TpeOyercst

3. OGecrieueHne caMOCTOSITETILHON paObOTHI: HATMYKE YYeOHUKOB U 33/Ia9HUKOB 10 KypCy KBaHTOBOK
MH(OPMATUKU U KBAHTOBBIX BBIYHCIICHHIA, TEOPHH OTKPBITHIX KBAHTOBBIX CUCTEM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. KBanToBbIe cuctemsbl, kanaibl, nHpopmanus [ Tekct], monorpadus/A. C. Xoneso, -M., MITHMO,
2010
2. Teopust OTKPBITHIX KBAaHTOBBIX cucteM [Tekct], [MoHorpadus]/X. bpotiep, @. [lerpyuyunone , -M. :
PerynspHas n xaornueckast tuHamuka ; Mxesck, 2010
3. Hunbcen M., Uanr WM. KBanToBbIe BEIUMCIICHUS ¥ KBaHTOBast nHGopManus. M. : Mup, 2009.
4. KamryprauxoB B.A., Kpacasun A.B. UncieHHbIe METOBI KBAHTOBOM CTaTUCTUKH. - M.: OU3MaTIUT,
2010.

JomnonHurensHas aureparypa
1. DnemenTapHoe BBeJeHHE B KBaHTOBbIC Bhruncienus [Tekcr] / P. [leppu ; mep. ¢ anr. A. J1.
Kamamnukosa - JonronpynusiiillaTemiext,2015
2. Heinosaari T., Ziman M. The Mathematical Language of Quantum Theory: From Uncertainty to
Entanglement, Cambridge: Cambridge University Press, 2011.

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

1. https://mipt.ru/science/labs/QIT-lab/for-students.php

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOro NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HNudopmanmonnslii pecypc https:/mipt.ru/science/labs/QIT-lab/for-students.php npennaznauen st
JOTOJIHUTEIBHBIX MAaTEPHAJIOB K Kypcy (IPUMEPOB PELICHHUS 3a/1a4, BCIOMOTaTeIbHOM JIUTEPaTyphl).

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)



PaGora ¢ yueOHOU u Hay4yHOW JIMTEpaTYpOH sIBIsieTCA IIaBHOW (HOPMOI caMOCTOSTENbHONH paboThl U
HeoOXolMMa TIpU TOATOTOBKE K KOHTPONBHOW pabore, 3k3ameHy. OHa BKIIOYaeT MPOPaOOTKY
JIEKIUOHHOTO MaTepuana — HM3Y4YeHHE PEKOMEHIOBAaHHBIX MCTOYHUKOB M JIMTEPATYPHI 1O TEMaTHUKE
nexuuii. KoHCneKT jgekunu f0/mkeH coaep:kaTh pedepaTHBHYIO 3allMCh OCHOBHBIX BOIPOCOB JICKIIUH,
MPEUIOKEHHBIX IperojaBaresieM cxeM (Ipu UX AEMOHCTPAILNN ), OCHOBHBIX HICTOYHHKOB U JIUTEPATYPhI
10 TEMaM, BBIBOJIBI T10 KaX1I0My BoIpocy. KoHcneKT nomkeH ObITh BBITIOJIIHEH B OT/ICJIBHON TETPaaN 0
npeaMmery. B cinyuae BO3HUKIIMX 3aTpyJHCHHHA B MOHMMaHUM Y4YeOHOro marepuana CleayeT
00paTuThCs K IpyrUM MCTOYHHUKAM, T7I€ U3JI0KEHNE MOXKET OKa3aThes Oornee qoctynHbM. Heobxonumo
OTMETHTB, YTO padoTa ¢ JTUTEPATypoil HE TOJBKO IOJIE3HAa KaK CPEACTBO Oosee ITyOOKOro M3ydeHUs
m1000# AUCHMIUIMHBI, HO W SBISIETCS HEOTHEMIJIEMOH YacThi0 NMPO(ECCHOHAIBHOM OEATENbHOCTH
OyAyIlIero BBITyCKHHKA.



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

kadeapa QyHIaMeHTAIBHBIX MPOOJIeM (PU3UKH KBAHTOBBIX TEXHOJIOTUI
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: C.H. ®unumnmnos, kaua. ¢pu3.-Mar. HayK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOJIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH()OpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX ITPOTYKTOB

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaIKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHraTb  THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI HCCIIEOBAHUI K KOHKPETHOM
HayyHOM 3ajade W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3ydeHus JUCUUIUIMHBL «MeToAbl KBAaHTOBOW TeopuH WHpopMauuu B Gu3nke» oOydaromuics

JOJIKCH:

3HATb:

- IPUHLMIIBI 1 OCHOBHBIC 0OBEKTHI KBAHTOBOW TEOPHUHU HH(pOpMaIHY;

- CBOICTBa KBAaHTOBBIX JHHAMHYECKHX OTOOPaKCHUIA,

- METO/IbI ONTUCAHHS HENPOCKTHBHBIX KBAHTOBBIX H3MEPEHUII;

- OCHOBHBIE XapaKTEPUCTHKH NEPEITyTAHHBIX KBAHTOBBIX COCTOSHHH;

- ITOPUTMBI JUCTHJUISIIMY [Py TAHHOCTH U METObI CO3aHMs IIEPEIyTaHHBIX COCTOSHH;
- OCHOBHBIE METOJIBI PELICHU 33aa4 KBAaHTOBOH 00pabOTKHM U Niepenadn nHPpOopMaIuy;

- (uU3NYeCKHe CUCTEMBI, PEaTU3yIOIINEe KBAHTOBBIC TIPOTOKOIIBI 00pab0TKH HHPOPMAIINY;

- METOJIBI ¥ CITIOCOOBI ONMCAHNUS TMHAMUKY KBAHTOBBIX CUCTEM.

yMeTh:




- TIOJB30BaThCA ANIApPaToOM BEKTOPHOTO aHAIM3a B MHOTOMEPHBIX TMIIBOEPTOBBIX IPOCTPAHCTBAX;
- OIIpEeleIATh CTENEHb NIEPENYTaHHOCTh KBAHTOBBIX COCTOSIHUM;
- TIOJNB30BaThCA ANIAPaTOM KBaHTOBBIX ONEPATOPOB B MHOTOMEPHBIX TMIIBOCPTOBBIX MPOCTPAHCTBRAX;
- II0J1b30BaThCs IIPEICTABICHUEM COCTOSHUN B BUJIE MATPUYHOI'O IPOU3BEICHMUS;
- NPUMEHATh METOZ Olleparopa IJIOTHOCTH MJII ONHUCAHUS OHBOJIOLHWH KBAaHTOBBIX CHCTEM,
B3aUMOJICHCTBYIOIIUX C OKPYKEHUEM;
- TIOJB30BAaTHCS aIapaToM KBAHTOBBIX HENOKAJIBHBIX BO BPEMEHH KHHETHYECKUX YPaBHEHWM LIS
OIMCAHMsI OTKPBITHIX KBAHTOBBIX CUCTEM;
- HaxoOWTh Pa3MEpPHOCTb BCIIOMOIaTeIbHOIO IMPOCTPAHCTBA MPHU pacdyeTe BPEMEHHOW AMHAMHUKH
METO/IOM TE€H30PHBIX CETEH.
BJIaJeTh:

- OCHOBHBIMH METOJaMH MAaTeMaTUYECKOTO arapara KBAHTOBOW TEOPUH HHPOPMAIINH;

- HaBBIKAMH TCOPETUYCCKOTO aHaju3a (GU3NUCCKHUX 33]1a4, CBSI3aHHBIX C BO3BMOXHBIMH peau3alusIMu
KBaHTOBBIX OHUTOB;

- OCHOBHBIMH METOJIAMH PEIICHHUS 33]1a4 O HAXOXKICHUH YBOJIOI[MH OTKPBITBIX KBAHTOBBIX CHCTEM;

- HaBbIKaMU OMKCAHMS U UCCIICIOBAHMUS MHOTOYACTUYHBIX MIEPEITyTAHHBIX KBAHTOBBIX CHCTEM.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllleMy KOHTPOJIIO
He npenycmorpeno.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuarouuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB!

. 3anmmmute ypasaenue ['opunu-Koccakosckoro-Cynapimana-Jlunnonana.

. Cpopmynupyiite kputepuii [lepeca-I'opoaeukux nepenyTaHHOCTH JIBYCOCTaBHBIX CUCTEM.
. O6bsicHuTE TeH30pHBIE TuarpaMmsl [lenpoysa.

. 3anumute ypaBHenue Hakaxumel-LBannura.

1
2
3
4
5. Hdaiite onpenenenne nerpaaupyeMbIX U aHTHACTPAIUPYEMbIX KBAHTOBBIX KaHAJIOB.
6. O0OBSICHHUTE pa3IHYHbIC CIIOCOOHI 3aJaHVs HETIPOSKTUBHBIX KBAHTOBBIX U3MEPCHHIA.

7. Urto Ha3bIBaeTCA NaHAMA(TOM yIpaBIeHHUS B 3a]ja4ue KBAHTOBOTO KOHTPOJIsS?

8. JlaliTe onpeneneHue KBAHTOBOTO KaHaa.

9. O0bscaHnTe MHGHOPMAITMOHHBINA CMBICI TIPOITYCKHOW CITOCOOHOCTH KBAHTOBOTO KaHaa.
1

0. 3anuIuTe COCTOSHIE OMHOMEPHOM LENOYKH B IPEACTABICHUA MAaTPUIHOTO IPOU3BEACHUSI.
[IpuMeps! KOHTPOJIBHBIX 3alaHUIH:

1. HaﬁﬂI/ITe KIIACCUYCCKYIO MTPOIMYCKHYIO CIIOCOOHOCTH ACTIOJIAPU3YIOIICTO KBAHTOBOT'O KaHAaJIA.
2. Beruucnmre KBAaHTOBYIO IIPOITYCKHYIO CIIOCOOHOCTH CTUPAIOLICTO KaHaJIa.

3. Onpexenurte napaMeTpsl JOKAJIbHBIX KyOUTHBIX ACTIONSAPU3YIOMIMX KaHaioB 1 M q2, mpu KOTOPBIX
TEH30pHOE [IPOU3BEACHUE 3TUX KaHAIOB aHHUIMIIMPYET IIEPEIlyTAHHOCTh BCEX BXOJHBIX COCTOSIHUH.

4. PaccunraiiTe BpeMEHHYIO JUHAMHKY YaCTUIIBI B MOJIEIH CTOJKHOBEHHUH C OJHOMEPHOM IIETIOUKOH B
cocrosauu [ punbeprepa-XopHa-Llaiinuarepa 1 0OMEHHBIM FaMHIBTOHUAHOM B3aHMMOJCHCTBHS MEXIY
paccMarpuBaeMOW 4acTUUEH M 4YacTULAMM OKpYy:KeHHs. Halaure COOTBETCTBYIOLIEE KUHETUYECKOE
YpaBHEHHE Ha MaTPHIly IUNIOTHOCTH.

5. PaccumraiiTe cTeneHb MepenyTaHHOCTH JIBYXMOJOBOTO I'ayCCOBCKOTO COCTOSIHHMS, PEaM3yeMOTO B
IpOIIecCe CIIOHTAHHOTO MapaMEeTPUUECKOT0 PACCESTHUS B MaPaMETPHUUECKOM MPUOIHKESHUH.

[Tepeuens 3K3aMEHAIIMOHHBIX OMIICTOB:
buner 1.
1. KsanroBsrii kanan. Teopema CraitHCIIpHHTA.

2. IlpomyckHast cHocOOHOCTh KBAHTOBOTO KaHAJIa.

buner 2.



1. KBanroBas 3anyrannocts. Kputepuii [lepeca-T'oponenkux.
2. PVM u POVM wusmepenus.

Kpurepun onennBanus
- onenka "ommuHo  (10)"  BBICTaBNSeTCS ~ CTYAGHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;
- omerka  "ommmuHOo  (9)"  BBICTaBISETCS  CTYAGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHUS yueOHOM MPOrpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha MpaKTHKE MPH PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE MPHHATHIX
peLIEHN;
- omeHka  "ommmuHO  (8)"  BBICTABISETCS ~ CTYAGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHUS yueOHOMH MporpaMMbl AUCIUIIIMHBL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEILICHMH KOHKPETHBIX 3ajiad, U IPaBUIbHOE 000CHOBAHUE MPUHSTHIX PELICHUN;
- oreHka "xoporro (7)" BBICTaBISETCS CTYACHTY, €CIIM OH TBEpAO 3HACT Marepwall, 'PaMOTHO U TIO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHUTh MOJyUYCHHbIE 3HAaHHUs Ha MPAaKTUKE, HO JIOIYCKaeT B OTBETE
WIM B PELIEHUHU 3a]jad HEKOTOPblE HETOYHOCTH;
- omeHKa "xopomio (6)" BBICTAaBISETCS CTYIEHTY, €CJIM OH 3HAET MaTepual, TPaMOTHO H IO CYLIECTBY
U3JIaraeT ero, ymMeeT NPUMEHUTH I10JIyYE€HHbIE 3HAHMS Ha IIPAKTHKE, HO JIONyCKaeT B OTBETE WIU B
peIIeHUH 3a/1a4 HEKOTOPhIE HETOUHOCTH;
- olleHKa "xopoio (5)" BeICTaBIsETCS CTYACHTY, €CIIM OH 3HAET MaTepual, IO CYIIECTBY M3JIaraeT ero,
yMeeT MPUMEHUThH TMOJyuYeHHbIC 3HAHHUS Ha MPAKTUKE, HO JOIMYCKAET B OTBETE WM B PEIICHUM 3a/ad
HEKOTOPbIE HETOYHOCTY;
- oOleHKa "yaOBIETBOPUTENHLHO (4)" BBICTABISIETCS CTYIEHTY, IOKaszaBlieMy (parMeHTapHbIN,
pPa3po3HEHHBI XapaKTep 3HAaHUI, HEIOCTaTOYHO MpaBUIIbHBIE (OPMYIUPOBKA Oa30BBIX TOHSITHH,
HapylleHHUs JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
BJIQJICIOIIEMY OCHOBHBIMH pa3liellaMd Y4eOHOW NpOrpaMMbl, HEOOXOOUMBIMH JUIS JalibHEHIIEero
00yueHHs ¥ ciocOOHOMY IIPUMEHSTH MOTy4YeHHbIE 3HAaHHA 10 00pas3ily B CTaHIapTHOM CUTYyalluH;
- oueHka "ygosierBopuTesnbHO (3)" BBICTABISIETCS CTYIEHTY, IOKaszaBlleMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHWIl, HEJOCTaTOYHO NpaBWIbHBIC (HOPMYIHPOBKA O0A30BBIX TMOHATHH,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
BIIaJieIonieMy ()parMeHTapHO OCHOBHBIMH pas3felaMH y4eOHOH IporpaMMbl, HEOOXOAMUMBIMU IS
JaJibHEeHIero o0y4eHus: 1 CnocoOHOMY MPHUMEHSTh HMOIY4YEeHHBIC 3HaHUS 1O 00pa3lly B CTaHAAPTHOM
CUTYyalluy;
- OllcHKa "HEYOBIETBOPUTEIHHO (2)" BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OOINbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKAaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYECHHBIC 3HAHUS IIPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;
- oueHKa "HeyaoBieTBOpUTENbHO (1)" BBICTABIAETCS CTYAEHTY, KOTOPBIH HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTonuyeckne MaTepuaJbl, onpeaesome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems mpoBeaeHusi 3K3amMeHa oOydarommecs MOTYT IIOJb30BAaThCS TOJIBKO IPOrpaMMOin
JUCLUAIUIMHBIL.

[Ipu mnpoBemeHuM »sK3aMeHa OOydaroUIeMycsl MpeNoCTaBisieTcss | acTpOHOMHYECKHH dYac Ha
noarotoBky. Ompoc olyuaromierocst mo OWJIETYy Ha YCTHOM 3K3aMEHE He JOJDKEH NPEBBIATh IBYX
ACTPOHOMMUYECKHX YacOB.



