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AHHOTANMA

KBanToBast Teopust HHPOpMaIuu 00beIUHIET COOON MJIeH KIIACCUYECKOW Teopur MHPOPMAIUN W KBAHTOBOU
MexaHUKM. B To Bpemsi kak kiaccuyeckas Teopuss HHGPOpPMALMU paccMarpuBaeT 3aiaud 00paboTKu
uHpopManuy (Takue Kak ee XpaHeHHe M Iepenada), KBAaHTOBas TE€OopHs MHPOpMALNU HM3ydaeT, KaKk TaKHue
3aJa4yd MOTYT OBITh pElIeHbl C TMOMOIIbI0 KBAaHTOBBIX cUCTeM. Jlexxamias B OCHOBE TEOpPHHM KBaHTOBAs
MEXaHUKA SBISIETCS NPUYMHOM BAXKHBIX Ppa3IMYUAd  MEXKIYy KBAHTOBOM M KJIACCUYECKOHM TEOpUSIMU
uHpopmaunu. JlaHHBI Kypc sBJIseTCSd BBEACHHEM B KBAaHTOBYIO TEOpHI0O MH(POPMALMK M HANpaBICH Ha
O3HAKOMJICHHE C OCHOBHBIMH IOHATUAMU U METOAAMHU.

1. lean u 3apa4n

Heap AucHUNIHHBI
JaTh CTyIEHTaM, OOy4JaroIMMCsl B MarucTparype, 3HaHHs, HEOOXOAUMBIE /ISl ONMHCAaHHs (PU3MIECKUX
SIBJICHMH METO/IaMHM KBaHTOBOW TEOpUH MH(POPMALUH, METOAAMH TEOPETHYECKOM (M3HMKH, METOIaMU
MOCTPOCHHSI COOTBETCTBYIOIUX MaTeMaTHYECKUX MOJIENIeH; 03HAKOMUTH C COBPEMEHHBIM COCTOSIHUEM
TEOpUU KBAaHTOBOW 00pabOTKM W Tepenayn WHGPOPMAIMHU, CYIIESCTBYIOIUMH DKCIEPUMEHTAMU B
JaHHOW 00JIaCTH; MPOAEMOHCTPUPOBATH JOCTOBEPHOCTh TEOPUH B 00JACTH €€ MPUMEHUMOCTH; JaTh
HaBBIKH, TT03BOJIsIFOIIKE 3 (PEeKTHBHO pemiarh 3aJa4i MHOTOYACTUYHOW KBAHTOBOU (DU3UKH.

3anauu QUCHUTNIHHBI
NPUMEHEHHE MaTeMaTHYECKOTO amnmapara KBaHTOBOI TeOpHH MH(POPMAIMU K Pa3InYHBIM (PU3NIECKUM
KBAaHTOBBIM CHUCTEeMaM (ONTHUYECKHM, CIHHOBBIM, 3apslOBBIM); M3yYCHHE METO/OB pEILICHUS
MHOTOYAaCTHYHBIX KBAaHTOBBIX 3aj]lad; W3yYCHHUE METOJOB ONHCAHUS OTKPBITHIX KBAHTOBBIX CHCTEM;
OBJIQJICHHE CTYJCHTAaMH METOJAaMH KBAHTOBOH HMH(MOPMATHKM JUISi ONKMCAaHHMs KBAaHTOBBIX KaHAJIOB
nepenadyy MHGOPMAIMH W KBAHTOBOHM IEPENyTAaHHOCTH; MU3YYCHHE METOIOB aHAJM3a M IOCTAHOBKH
(PU3NYIECKUX IKCTIEPUMEHTOB.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cucremoii ¢pyrnamentanbabix |OIIK-1.2 CrocoGeH 0000miaTh W KPUTHYECKH OIICHHBATH
HAyYHBIX 3HAHHI B O0JIACTH ONBIT W PpEe3yNabTaThl HAy4YHBIX HCCIEIOBaHUI B o001acTu
(hM3UKO-MaTeMaTHIEeCKUX HAyK npoecCHoOHaTbHON e TEHHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 NpoQecCuoHaNbHON e TeIbHOCTH

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

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

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

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 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH — THUIOTE3BI, CTPOHTH
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  U3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJIICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

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

3HATB!
- TPUHLMIBI U OCHOBHBIE 00OBEKTHI KBAHTOBOW T€OPUH MH(POPMALNH;
- 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 METOJ| OIleparopa IUIOTHOCTU JUIsl ONHCAHHA DSBOJIOLUN KBAHTOBBIX CHCTEM,
B3aUMOJICHCTBYIOIIUX C OKPYKEHUEM;
- TIOJIb30BaThCs allapaToM KBAaHTOBBIX HEJIOKAIbHBIX BO BPEMEHU KWHETHYECKUX YPaBHEHWM I
OIMCAHMsI OTKPBITHIX KBAHTOBBIX CUCTEM;
- HaxoOWTh Pa3MEpPHOCTHb BCIIOMOTAaTeIbHOIO IMPOCTPAHCTBA MPU pacdeTe BPEMEHHOW IUHAMHUKU
METO/IOM TEH30PHBIX CETEH.
BJIaJIETh:

- OCHOBHBIMH METOJAMH MAaTeMaTHYECKOTO ariiapara KBAHTOBOW TEOPUH HHPOPMAIINH;

- HaBBIKAMHU TECOPETUYCCKOTO aHaau3a GU3NUYCCKUX 3a]1ad, CBI3AHHBIX C BOBMOXKHBIMHU PEATU3AIHSIMH
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  OuHaMHMKa  OTKPBITBIX 5 5
KBAHTOBBIX CUCTEM.
4 UucneHnele METO/IbI aHaJIn3a 5 5
MHOTOYaCTUYHBIX KBAHTOBBIX CUCTEM.
5 [TpomyckHble CIOCOOHOCTH KBaHTOBBIX 3 3
KaHaJOoB.
6 HenpoexTuBHbIEC KBAHTOBBIE U3MEPEHHUSL. 3 3
7 KBantoBble omepanuu W KBaHTOBBIE ) )
HUHCTPYMEHTBI. KBaHTOBBINH KOHTpPOJIb.




3 Onrtuueckue, CIHMHOBBIC, 3apsAAOBbIE 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.

NEepenyTaHHOCTh M Cenapade’bHOCTh  JBYCOCTaBHBIX  CHCTEM, JUCTH/UIALMS ~ KBaHTOBOM
nepernyranHoct, kputepuil  I[lepeca-lopomenkux, mepenmyTaHHOCTs M cemapaOelbHOCTD
MHOTOYAaCTHYHBIX CHCTEM, (POpPMYIHpOBKAa B TEPMHHAX IOJYONpPeNeaEéHHOIO MPOrpaMMHUPOBAHUS,
aKTHBALUMs MEPeyTaHHOCTH, UCTHHHO TEPEIyTaHHbIE COCTOSHHS M IOJHOCTBIO cenapadelbHbIe
COCTOSIHUS, KaHaJbl, pa3pylIarolliie U aHHUTHIUPYIOIUE [IepeyTaHHOCTb, kputepuil CaliMoHa ai1st
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
[Tenpoy3a, aqropuT™ pPEHOPMIPYIIIBI A MaTPULbl IJIOTHOCTH, ONEPATOphl B BHUJIEC MaTPUUYHOTO
MIPOU3BEACHUS, 3aKOH IO e} Il KBAHTOBOM MEPEyTaHHOCTH.

3. HemapkoBcKasi AMHAMUKA OTKPBITHIX KBAHTOBBIX CUCTEM.

JI>MO0BCKHMiA CBUT TSI MAPDKOBCKOH JMHAMUKH, JIOKAIBHOE BO BPEMEHH KHHETUYECKOE YPaBHEHHUE C
3aBUCSIIMM OT BPEMEHH T'€HEpaTopoM, MOJOKHUTEIbHbBIE U OTPULATENBHBIE CKOPOCTH PENlaKCallui U
JEKOTE€pEHLIMY, IPOEKUHOHHble MeToAbl Hakaxumel-llBaHuura, HenokalbHOE 10 BPEMEHU
KMHETHUYECKOE ypaBHEHHE, CBOWCTBA JICJIMMOCTH KBaHTOBBIX JMHAMUYECKHX OTOOpaKEHUH.

4. YuceHHbBIC MCTOABI aHAJIN3a MHOT'OYaCTHUYHBIX KBAHTOBBIX CUCTCM.

BpCMCHHAas JIWHaAMHUKa MHOI'0YaCTHYHOMI OCIIOYKH, MCTOJ TEBD, TCH3O0PHBIC CCTU JIS1 OTKPBITHIX
KBAaHTOBBIX CUCTCM.

5. IlponyckHbie CHOCOOHOCTH KBAHTOBBIX KaHAJIOB.

KJIaCcCHUYEeCKasi IPOIYCKHas CIOCOOHOCTh KBAaHTOBOIO KaHajla, THIOTe3a aJJUTHBHOCTH,
KJIJaCCHMYECKasi TMPOIyCKHas CHOCOOHOCTb IMPH HCIOJIBb30BAaHUHM MEPENyTaHHBIX COCTOSHHUN
meperaryuka M IPUEMHUKA, KBAaHTOBAas IIPOIYCKHAs CHOCOOHOCTb, JAETPajupyeMble H
aHTHJETpaupyeMble KaHabI.

6. HerOCKTI/IBHBIG KBAaHTOBBIC U3MCPCHUH.

TeopemMa O3aBbl, Pa3IUYHBIC CIOCOOBI OMHUCAHMA IOJOKUTEIBHON OINEpaTOPHO3HAYHON MepHl,
COBMECTUMOCTh ¥ HECOBMECTHMOCTh KBAaHTOBBIX HAOIIOAAEMBIX W KBAaHTOBBIX KaHAJIOB, KBAHTOBOE
MIMPOKOBEIIAHKE.

7. KBaHTOBBIE ONlepaniuy ¥ KBAaHTOBbIE MHCTPYMEHTbI. KBaHTOBBII KOHTPOIIb.




OTOOpaXeHHs, HE COXPAHAIOLIUE ciiell, IpeoOpa3oBaHNE KBAHTOBBIX CHUCTEM IPH HEMPOEKTUBHBIX
U3MEPEHHUAX, TEOPHUSI KBAHTOBOTO KOHTPOJIA, TaHA(T yIpaBICHNS B TEOPHH KBAHTOBOTO KOHTPOJIS,
JIOBYIIKH yTIPaBJICHUSI.

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

MIEPENYTaHHOCTh B  ONTHYECKUX CHUCTEMaX, MEpPEeNyTaHHOCTh B  CIUHOBBIX CHCTEMAX,
MEepEeyTaHHOCTh B 3apSJOBBIX CHCTeMaX, I'MOpUIHbBIE KBAHTOBBIC CHCTEMBI, IPOTOKOJIBI KBAHTOBOM
nepegadn MHGOPMAUMKM M JUCTHWUIALMK TEPENyTaHHOCTH B TaKUX CHCTEMax, H3MEpeHHUs Hu
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 ¢ yueOHOI 1 HayyHOW JUTEpaTypoOr SABJIsETCS MIaBHOW (POpPMOM caMOCTOSTEN HONW paboThl U
HeoOXoMMa TIpY MOJTrOTOBKE K KOHTPONIbHOW pabore, sk3ameHy. OHa BKIOYaeT MpopabOTKy
JIEKIUOHHOTO MaTepuana — M3y4YeHHE PEKOMEHIOBAHHBIX MCTOYHHMKOB U JIUTEPATyphl MO TEMaTHKE
nexuuii. KoHCneKT jgekunu f0/mkeH coaep:kaTh pedepaTHBHYIO 3allMCh OCHOBHBIX BOIPOCOB JICKIIUH,
MPEUIOKEHHBIX MPEoJaBaresieM cxeM (IIPU UX JeMOHCTPALMH ), OCHOBHBIX HCTOYHUKOB U JIUTEPATYPbI
10 TeMaM, BBIBOJIbI IO KaXKIOMY Bonpocy. KOHCIIEKT 10/keH OBITh BBIMOIHEH B OTACIBHON TETPaIH MO
npeaMmery. B ciiydyae BO3ZHUKIIMX 3aTpyIHCHHMH B IMOHMMAaHWM Y4eOHOrO MaTepuayia CIeayeT
00paTuThCs K IpyrUM MCTOYHHUKAM, T7I€ U3JI0KEHNE MOXKET OKa3aThes Oornee qoctynHbM. Heobxonumo
OTMETHTB, YTO paboTa C JIUTEpaTypoil HE TOJNBKO MOJe3Ha KaK CPEACTBO Ooiiee ITyOOKOro HM3ydeHUs
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

Du3Tex-KIIacTep aKaJAeMUIeCcKON U HayuyHO! Kapbepsl (DyHIaMeHTaIbHbIE TPOOJIEMBI
(U3UKN KBAHTOBBIX TEXHOJIOTHH)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: C.H. ®unumnmos, kanj. ¢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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3paboTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare uzyyeHus JUCHMIUIMHBI «MeToJbpl KBaHTOBOM TeopuH MHGOpMauu B (U3HKE» 00ydaromMncs

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 METOJ| OIeparopa IUIOTHOCTU JUIsl ONHCAHHA DSBOJIOLUU KBAHTOBBIX CHCTEM,
B3aUMOJICHCTBYIOIIUX C OKPYKEHUEM;

- TIOJIb30BaThCs allapaToM KBAaHTOBBIX HEJIOKAIbHBIX BO BPEMEHU KWHETHYECKHUX YPaBHEHWM IS
OIMCAHMsI OTKPBITHIX KBAHTOBBIX CUCTEM;

- HaxoWTh Pa3MEpHOCTHb BCIIOMOTAaTEIbHOIO MPOCTPAHCTBA MPU pacdeTe BPEMEHHOW IUHAMHUKU
METO/IOM TE€H30PHBIX CETEH.

BJA€Th:

- OCHOBHBIMH METOJaMH MAaTeMaTUYECKOTO arapara KBAHTOBOW TEOPUH HHPOPMAIINH;

- HaBBIKAMHU TCOPETUYCCKOTO aHaau3a GU3NUICCKUX 3aJ1ad, CBI3AHHBIX C BOBMOYKHBIMHU PEATU3AIHSIMH
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

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:
. 3anmmmute ypasaenue ['opunu-Koccakosckoro-Cynapiana-Jlnnnonana.
. 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 CIIOCOOBI 3aJaHVsI HETIPOSKTUBHBIX KBAHTOBBIX U3MEPCHHIA.

7. Urto Ha3bIBaeTCA NaHAMA(TOM yIpaBIeHHUS B 3a]]a4e KBAHTOBOTO KOHTPOJIsS?

8. JlaliTe onpeneneHue KBAHTOBOTO KaHaa.

9. O0bscHnTe MHGOPMAITMOHHBINA CMBICIT TPOITYCKHOW CITOCOOHOCTH KBAHTOBOTO KaHaa.
1

0. 3anuimure COCTOSHUE O,I[HOMGpHOfI HOETIOYKHU B IPCACTABJICHUN MATPUYHOI'O ITPOU3BCACHU.

[IpuMeps! KOHTPOJIBHBIX 3alaHUIH:
1. HaiinuTe KJ1lacCMYECKYyIO MPOIMYCKHYIO CIOCOOHOCTH JIENOJISIPU3YIOIIEr0 KBAHTOBOTO KaHaa.
2. Beuncnure KBaHTOBYIO IPOIYCKHYIO CIIOCOOHOCTH CTUPAIOILETro KaHaja.

3. Onpeaenurte napaMeTpsl JOKAJIbHBIX KyOUTHBIX ACTIONSPHU3YIOLIMX KaHaIoB 1 M q2, Ipu KOTOPBIX
TEH30pHOE [IPOU3BEACHUE 3TUX KaHAIOB aHHUIMIIMPYET IIEPEIlyTAHHOCTh BCEX BXOJHBIX COCTOSIHUH.

4. Paccunraiite BpeMEeHHYIO JTUHAMHUKY YacCTHIIBI B MOJIENH CTOJIKHOBEHUU C OJTHOMEPHOU LIETIOYKOH B
cocrosauu ['pundeprepa-XopHa-Llalinuarepa 1 OOMEHHBIM TaMUJIBTOHHAHOM B3aUMOJCHCTBUS MEKIY
paccMarpuBaeMONW 4acTULEH M 4YacTHLAMHU OKpyXeHus. Hallnure COOTBETCTBYIOLIEE KMHETHYECKOE
YpaBHEHHE Ha MaTPHIly IUNIOTHOCTH.

5. PaccumraiiTe CTEeneHb MEpernyTaHHOCTH JBYXMOJOBOTO TayCCOBCKOTO COCTOSIHUSI, peain3yeMoro B
IpOIIECCe CIIOHTAHHOTO MTapaMEeTPUUECKOT0 PACCESIHUS B MAaPaMETPHUECKOM MPUOIHKESHUH.

[Tepeuensb 3K3aMEHAIIMOHHBIX OMIIETOB.

buner 1.

1. KsanroBsrii kanan. Teopema CraitHCIIpHHTA.

2. IlpomyckHast cHocOOHOCTh KBAHTOBOT'O KaHAJIA.

buner 2.

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

Kpurepun onennBanus



- onenka "ommuHo  (10)"  BBICTaBNSeTCS  CTYAGHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

- omeHka "ommuHo  (9)"  BBICTABISETCA ~ CTYOCHTY,  I[IOKa3aBIIEMy  BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAaHHS yuyeOHON MpOorpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPH PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBUIbBHOE OOOCHOBAHUE MPUHSATHIX
peLIEHN;

- omeHka "ommuHo  (8)"  BBICTABISETCA ~ CTYOCHTY,  I[IOKa3aBIIEMy  BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yuyeOHON MpOrpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPH PEILICHNH KOHKPETHBIX 3ajiad, U IPAaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN;

'

- oreHka "xopormro (7)" BBICTaBISETCS CTYACHTY, €CIIM OH TBEpPAO 3HACT Marepwall, 'PaMOTHO U TIO
CYLIECTBY M3J1araer ero, yMeeT MPUMEHUTH MOJyUYEHHbIC 3HaHUS Ha MIPAKTHKE, HO JOMYCKAeT B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH;

- omeHka "xopomo (6)" BeICTABISAETCS CTYIACHTY, €CIM OH 3HAET MaTepual, TPaMOTHO U IO CYILECTBY
U3JIaraeT ero, yMeeT IPUMEHUTH IIOJIY4YEHHbIE 3HAaHUS Ha IPAKTUKE, HO JIONyCKAeT B OTBETE WM B
PELICHNH 3a/1a4 HEKOTOPHIE HETOUHOCTH;

- oLleHKa "xopoio (5)" BeICTaBIsIETCS CTYACHTY, €CIIM OH 3HAET MaTepual, IO CYIIECTBY M3JIaraeT ero,
yMeeT MPUMEHUTH MOJIyYCHHbIC 3HAHUSI Ha MPAKTHKE, HO JIOIyCKAeT B OTBETE WJIM B PELICHUH 3a7ad
HEKOTOpBIE HETOUHOCTH;

- OleHKa "yJOBIETBOPUTENBHO (4)" BBICTABISETCS CTYACHTY, I[OKa3aBIIeMy (parMeHTapHBIH,
pa3po3HEHHBI XapaKTep 3HaHWM, HETOCTaTOYHO NpaBWIbHBIE (HOPMYIMPOBKAa Oa30BBIX MOHSITHMH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH NIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
BJAJICIOIIEMy OCHOBHBIMHM pa3leiaMy Y4eOHOW HporpaMMbl, HEOOXOIMMBIMU IJIsl JAIbHEHIIEro
o0yueHHs ¥ ciocOOHOMY IIPUMEHSTH MOTy4YeHHbIE 3HAaHHUS 10 00pas3ily B CTaHIapTHOM CUTYyalluH;

- oueHka '"ynoBieTBOpuUTENbHO (3)" BBICTABISETCS CTYACHTY, IOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHWH, HEJOCTaTOYHO IpaBWIbHBIC (opMyTHUpoBKa 0a30BBIX MOHSITHH,
HapyILIEHUs JIOTHYECKOW MOCIIEeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
BIIaJielonieMy (parMeHTapHO OCHOBHBIMH pa3jeliaMH y4eOHOW NporpamMMbl, HEOOXOAMMBIMH [UIs
JaybHeimero o0y4eHus: 1 cnocoOHOMY NMPUMEHATh MOJIYYCHHbIE 3HAHUS MO 00pa3iy B CTaHAAPTHOM
CHUTYaINH;

- OllcHKa "HEeYOBIETBOPUTEIHHO (2)" BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OOINbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI TUCHUIUIMHBI U HE yMEET UCII0JIb30BaTh MOTy4YEHHbIE 3HAaHUS [IPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7aY;

- oueHKa "HeymosneTBopuTenbHO (1)" BBICTaBISIETCA CTYIACHTY, KOTOPBIM HE 3HaeT (POPMYIHPOBOK
OCHOBHBIX NOHATHN AUCLUIUINHBL.

5. MeTtonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems mpoBemeHuss sK3aMeHa OOydaroUIMecs MOTYT IIOJIb30BarbCs TOJNBKO IPOTrPaMMOM
JUCLUAIUIMHBIL.

[Ipu mpoBeseHuMM »5K3aMeHa OOydYaroLIEeMycsl IpeAocTaBiseTcss | acTPOHOMHYECKMH Yac Ha
noarotoBky. Ompoc olyuaromierocst mo OWJIETYy Ha yCTHOM 3K3aMEHE He JOJDKEH NPEBBIATh IBYX
ACTPOHOMMUYECKHX YacOB.



