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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: ®dusnyeckre 0CHOBBI KBAHTOBOW HH()OPMATHKH
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kageapa Ja3epHbIX CUCTEM U CTPYKTYPHUPOBAHHBIX MAaTEPUAIOB

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: M.B. ®enopos, 1-p ¢us.-Mart. Hayk, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl JIa3epHBIX CUCTEM U CTPYKTYpHUpOBaHHBIX MarepuanoB 04.06.2020



AHHOTANMA

OnHUM W3 OCHOBHBIX MHCTPYMEHTOB HAayKM W TEXHOJIOTMH KBAaHTOBOW MH(OPMATHKH SBISIETCS MPOLECC
reHepaly KOPPEIMPOBaHHBIX Map (OTOHOB, M3BecTHbIM kak CrnontanHoe I[lapamerpmueckoe PaccesiHue
Cgera (CIIPC) B HeMHEHHBIX ABYITy4enpeIoMISIIOIINX KpUcTauiax. B pamkax Kypca OyaeT onucana (usuka
CIIPC, ero oCHOBHBIC PEKUMBI U CBOWCTBA T€HEPUPYEMBIX OM(OTOHHBIX COCTOSHHMA, OJHUM W3 TIABHBIX
CBOWCTB KOTOPBIX SBIAETCS mepemyTbiBanue (entanglement). Byner nmaHo oOumee ompeneneHHe MOHSATHS
NepenyThIBAaHNUS  JBYXYaCTUYHBIX  COCTOSHMH, M  €ro  CBA3b CO  3HAaMEHUTHIM  3(ddexTom
Onnmreitna-Ilogonsckoro-Pozena. {ist cocTosiHUIA ¢ HENPEPHIBHBIMU U JUCKPETHBIMU IIEPEMEHHBIMU OyIeT
JAaHO OIIpE/EJIeHUE IapaMeTpoOB, XapaKTEpU3YIOIIMX CTENEHb IepenyThIBaHMs, TaKUX Kak napamerp K,
OCHOBaHHBIN Ha paznoxeHuu [lImuara ans BonHOBBIX (QYHKUMH, a Takke mapameTp R, onpexensemblil Kak
OTHOILIEHHE IIHPHUH O€3yCIOBHOIO M YCIOBHOIO OAHOYACTHYHBIX pacrpenencHuil. bynyT noapoOHo omnucaHb
CBOWCTBA TEpEMyThIBAHUS NPOCTEHIINX MOJSIPU3ALMOHHBIX OM(OTOHHBIX COCTOSHUI — KyTpuTOoB. bynmer
paccMoTpeHo crhekTpaibHoe U ymioBoe nmepenytbiBanue CIIPC coctosHMiA, OyayT OINMUCAHBI TakKHe
MOMYJISIPHBIC SIBJICHUS KaK HHTephepeHunoHHbIN 3 dext Xonra-Oy-Manzenst 1 KBAaHTOBAas TEJICMOPTALIKS.

1. leau u 3apauu

eap AUCUMNIMHBI

- OCBOCHHE CTYACHTaMM (pyHIaMEHTAIbHBIX 3HAHUI B 00IACTH J1a3epHON CIIEKTPOCKOINH, TOMYYSHUS
MPAaKTUYECKUX HABBIKOB PEILEHUs 3aad, OBIaJCHHE METOJAMH HMX DPELICHHS, a TakKe NOHWMaHHE
CIIOCOOOB MX NMPAKTUYECKOTO IPUMEHEHHUS.

3agauu AUCHUILIHHBI

. ¢dopmupoBanue 0a30BBIX 3HAHMH B O0JACTH JIA3€PHOW CHEKTPOCKONMH KaK JUCIMIUIAHBI,
HHTETpHUpYIOLIel 00mepU3NIecKyI0 U 00IIETEOPETUIECKYIO MTOATOTOBKY (DU3MKOB M 0OecIieunBaronen
TEXHOJIOTUYECKUE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeIbHOCTH;

* 00y4yeHHEe CTYJCHTOB OCHOBHBIM IPUHIMIIAM PELICHUS 334 B O0JACTH Ja3epHOM CIIEKTPOCKOIUH U
OCBOCHHE OCHOBHBIX TEOPETHYECKHX METO/I0B, IPUMEHUMBIX B 3TOH 001acTH (PU3UKY;

* (GopMupOBaHHUE MMPABUIBHBIX TEOPETHUECKUX MOAXOJ0B K BHIIOIHEHHIO NCCIEIOBAaHUN CTyAEHTaMU
B 00JIaCTH JIa3€PHOH CHIEKTPOCKOIIMU B paMKaX BBIITYCKHBIX paboT Ha CTENEHb MarucTpa.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

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

OIIK-1.1 3HaeT ©W  CcOOCOOCH  HUCIOJB30BaTh B
npoeCCUOHANBHON  JeSTeNbHOCTH  (yHAaMeHTallbHbIC

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4HbIC 3HaHUS B 00JacTy (PU3NKO-MaTeMaTHIeCKUX HayK

Hay4YHbBIX 3HaHUH B o0yacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANBHOM ESTENbHOCTH

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

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TEHHOCTH

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIYUCIUTEIBLHBIMA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl




I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[MK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yibTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEICKUM H UCTIBITATEIIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOJINUTH SKCIIEPUMEHT
(MozmenMpoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoGeH oOIeHUBaTh TOYHOCTHh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATb.

3HaTh MaTepua JEKLHOJIHHOTO KypcC.

YMETb:

CaMoCTOATENHHO PUMEHSTH OTYUYEHHbIC 3HKAHUS 71 peLISHUS IPYTUX 3a/1a4.
BJIAJIETh:

AnmapaToM KBaHTOBOM MEXaHMKH NPUMEHHUTEIBHO K 33Jja4aM KBAaHTOBOW MH(DOPMATHKH.

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 nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

Tema (pazmern) TUCITUTUTHHEL

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Jlexnun
H pabora

CeMuHapsI

JlaGopar. paboTsl

Ilonsarue
JIByXYaCTUUHBIX

TepemnyThIBaHU
COCTOSTHUI C
HEIpePbIBHBIMU MEPEeMEHHBIMHU.
Paznoxenue Imuara. [Tapametp
cTenieHn mepenyThiBaHus K Ha ocHoOBe
paznoxenus munara

YcnoBHbIe 17§ 0e3ycIIoBHBIC
OJTHOYACTHYHBIC pacnpeHeaeeHus
JIByXYaCTUYHHBIX cocTosiHuU. [Ipamerp
CTETICHU NepenyThiBaHus R — oTHOIIEHHE
MUpUH  OE3yCIIOBHOTO U YCJIOBHOTO
pacnpeneneHui. ITapanokc
Onnireiina-Ilogonsckoro-Posena.

CrioHTaHHOE
paccesiHUE CBeTa

apaMeTpUYECKOE

KyOuTbl, KyauTsl M TOJISpU3ALOHHbIC
IBYX()OTOHHBIE KyTPUTHI

Paznoxenune Illmunra mist 6udoTOHHBIX
MOJIAPU3ALMOHHBIX KYTPUTOB. BekTopsr
Crokca Ha cepe [lyankape.

A ekt Xonra-Oy-Manaens

KBanToBas Tenenopranus

[Tonsipu3annOHHO-4aCTOTHBIE
O0udoTOHHBIE KYKBapTHI




Oddekr  mpoTpaHCTBEHHOrO  CHOCA
(walk-ofY) HEOOKHOBEHHOM BOJIHBI
HaKayky B HEJIMHEHHOM aHH30TPOITHOM
KpHCTAIZIE W €ro poib B 3ajaye
nony4yeHuss OMQOTOHHBIX COCTOSIHHU C
MaKCHMaJIbHOH  CTENEHBI0  yIJIOBOTO
HepenyThIBaHN

10

OddexT cnexrpanprOoro cHoca (walk-off)
HEOOKHOBCHHOH  BOJIHBI ~ HaKaykd B
HEJTMHEWHOM aHMU30TPOITHOM KPUCTAILIE U
oOycIoBIeHHAs ITUM AHOMAJIBHO
BBICOKAs CTIEHBb CIIEKTPATBHOTO
nepenyThIBaHUs

Htoro yacos 30 30 30

[ToaroTroBka k sK3aMeHy 0 yac.

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

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

Cemectp: 1 (Ocennuii)

1. TloHATme mepenmyThIBaHUS JABYXYaCTHUYHBIX COCTOSHHUU C HENPEPHIBHBIMU IEPEMEHHBIMHU.
Paznoxenune Hlmunara. [Tapamerp crenenu nepenyTtsiBanua K Ha ocHoBe paznoxenus Imuara

byner msnoxeno coxepxkanue teopemsl [lImuara, nano onpenennue mox Illmuara u napameTpos
Pa3IOKEHUSKAK JJ1s1 BOJIHOBOH (PyHKIMM AayX4aCTUYHOTO COCTOSIHUSA, TaK W JUJIsl COOTBETCTBYIOLICH
penyLUMpOBaHHOW  MaTpullbl  IUIOTHOCTH. byner  naHobonpjeineHd  IapaMerpa  CTEIEeHH
nepenyThIBaHuA Kak 00paTHOTO clieia OT «KBaIpaTay peayLupPOBaHHON MaTPHULBI IUIOTHOCTH.

2. YcnoBHble U O€3yCIOBHBIE OJHOYACTUYHBIE PACIPEHEAETICHUS IBYXYACTUYHHBIX COCTOSHHM.
[Ipamerp cTemeHn mnepenyTbiBaHuss R — OTHOHIEHWE MIMPUH OE3YCIOBHOTO M YCJIOBHOTO
pacnpenenenuii. [lapanokc Ditnmreitna-Ilomonsckoro-Po3ena.

bynyt ommcansl aBa crocoba mepexofa OT ABYX-YaCTHYHBIX paclpeieieHuil K OJHOYaCTUYHBIM
YCIIOBHBIM M 0€3yCJIOBHBIM paclpelesieHusIM I[OTeM WIM WHBIM TepeMeHHbIM. byner manoa
OIIpeJIeJIEHUE [TapaMeTpa CTEIICHU IleepelyThiBaHUs R Kak OTHOIIEHUS IUPUH ITUX PacIpeaeIeHUH.
Byner nmponeMoHCTpUPOBaHO YTO B CIy4dae MOJCIIBHBIX ABOHBIX-TayCCOBBIX BOJIHOBBIX Qykunii R=K.
byner mnoka3aHo, 4YTO B OKCIHEPUMHTE YKa3aHHbIE IIMPUHBI COOTBETCTBYIOT PpE3yJbTaTM
OJHOYACTHUYHX M3MEPEHHH M M3MEPEHHH 10 CXEME COBMAJCHHIA, YTO MOXET OBITh HCIIOIB3XOBAHO
Ul IpSIMOIO M3MEPEHMs CTEIEHHM IepellyThIBaHUsA [BYXYAaCTUYHBIX COCTOSHUH. bByner nano
ocyxaeHu mnapajokca OiHiuTeiiHa-Ilogobckor8o-Pozena u ero wuHTEpmperanuss B TEpMHUHaX
pasnoxenus HIMUIKTa epernyTaHHax COCTOSHUM.

3. CioHTaHHOE IMapaMeTpPHUEcKOe paccesHrue CBeTa

BynyT omucansl copepkanue 3¢ddekra cnoHTaHHOTO MapameTpudeckoro paccesausi [lImunra u ero
peaIn3yMbIX PEKUMOB

4. KyOuTbl, KyAUTHI U TIOISIPU3AUOHHBIC ABYX(OTOHHBIE KyTPUTHI

BynyT nanbl onpeneneHust 3eMEHTapHBIX KBAHTOBBIX OJHO(OTOHHBIX M JIBYX(OTOOHHBIX, OJHI- U
MHOTOMOJIOBBIX ~ COCTOHMH. bByayT JeranbHO IpOaHAIM3MPOBaHBI CBOMCTBA  OM(OTOHHBIX
MOJIAPU3AaLMOHHBIX ~ KYTPUTOB, HWX TMEpPENyTHIBAHUE M  OCHOBHBIE IapeMETPHl  CTENECHH
HepenyThiBaHus: KoHKappeHc U napametp llmuara K.




5. Paznoxenue [lImuara nist OuOTOHHBIX TONMSIPU3AMOHHBIX KyTpUTOB. Bektopbl Ctokca Ha cdepe
Ilyanxkape.

Byner naHo ommcanue CTPyKTYpbl COCTOSIHMI TOJIIPU3ALMOHHBIX KYTPHUTOB B MPEICTABICHUN MOA
HImuara. byner npoaHaau3upoBaHO COOTHOILEHHE MEJJY CTIIEHBIO NEPENyThIBAHUSA U CTEIEHBIO
MOJISIPU3aLUK KyTPUTOB. BynmeT ommcaHo omucaHue CBOWCTB KyTPUTOB B TEHNPMHUHAX BEKTOPOB
Croxca Ha c¢epe Ilyankape.

6. Oddexr Xonra-Oy-Manpens

Byner nano omucanme untepdepenunonnoro 3¢ ¢exra Xonra-Oy-Manpens. byner npencrasieHo
UCcIeJ0BaHNE HIMPHHBI NpoBasia XoHra-Oy-MaHzens 0T COOTHOLIEHHUS MOJsipu3annii GOTOHOB U OT
BPEMEHHU 33JEPKKH OJTHOTO UX HUX.

7. KBaHTOBas Tenenopramnus

Byner paHo omnucaHme OJHOM W3 OKCHEPHMEHTAJbHO PEATM30BAaHHBIX CXEM KBAaHTOBOM
TesienopuTTanuu. byner o0CyXeH BOIIPOC O CTENEHU KBAHTBOCTH 3TOTO SIBICHHSL.

8. [Nonspu3zanoHHO-4acTOTHBIE OM(OTOHHBIE KYKBAPTHI

Byner nano omucaHue CBOMCTB JBY(GOTOHHBIX COCTOSHHUH C JIByMSl CTENEHSMH CBOOIBL,
MOJSIPU3AIIMOHHON W YacTOTHOH, mpu ToM 4To B Kaxkaod m3 CIIPC map wactorel (poTOHpOB
pPa3IMYHBl U COOTCBETCTBYIOIAs YaCTOTHAs NEPEMEHHAs MOXET MPUHUMATh TOJBKO OJHO M3 JBYX
PAa3JIMYHBIX 3HAYCHMM, BBICOKOM WJIM HU3KWA 4acTOThl. TaKUe COCTOSHHUSIB SIBJSIIOTCS CYIEPIIO3HLIMEN
YeTblpex Oa3uMCHBIX COCTOSHHUM M TOATOMY Ha3bIBaloTCs KyKBapramMu. CTeneHb NepenyThIBaHUS
TaKUX COCTOSIHMH B 1II€JIOM BBIIIE 4Ye€M y MOJSIPU3ALMOHHBIX KyTPUTOB, M  OyayT
MIPOAEMOHCTPUPOBAHO, KAKOBBI B 3TOM CIIy4ae MapaMeTphbl CTENEHH MTEPEMYThIBAaHUS.

9. Dddexr mporpancTBeHHOro cHoca (walk-off) HEOOKHOBEHHOW BOJHBI HAKAYKH B HEJIWHEHHOM
AQHM30TPOITHOM KpPHUCTAJUIE W €ro poilb B 3agade MONy4YeHUs OM(DOTOHHBIX COCTOSIHUH C
MaKCHMAJIbHOM CTEHEHBIO YIJIOBOTO MePeIy ThIBAHH

Byner nmano onucanme »d¢ddexra npoctpancTBeHHoro cHoca (walk-off) BomHBI Hakaukw,
pacmpocTpaHsoUmielicss B KpHCTaUIe [0  TUNY  HEOOBIKHOBEHHOW  BONHBL  bymer
NPOAEMOHCTPUPOBAHO, KAKUM 00pa3oM CHOC pAaJMKAIBHO BIMSET Ha CTENEHb YINIOBOTO
NepeNyTHIBaHUS COCTOSIHUI (DOTOHOB, PAaCPOCTPAHSIONIMXCS B INIOCKOCTH ONTYECKON OCH KpHCTaLIA.

10. 3ddekr crnexrpanpHoro cHoca (walk-off) HeOOKHOBEHHOW BOJIHBI HAaKayKd B HEJIMHEHHOM
AQHM30TPOITHOM KpHUCTaIe W OOYCJIOBICHHAs 3TUM aHOMAJIbHO BBICOKAs CTIIEHb CIEKTPAJIBbHOTO
HepeIy THIBAHUS

byner paccMOTpeHO CHOHTaHHOE IMAapaMETPUUYECKOEe pacCcesHHE B PEKUME KOPOTKHX THITYIbCOB
HaKa4KH C ITUPOKHUM CIIETPOM.ByeT npoaeMOHCTpUpPOBaHO, YTO B 3TOM CIIydae UMeeT MecTo AP deKT
CIETPaJbHOTO CHOCA, OOYCIIOBIMBAIONIMK BO3HUKHOBEHHE AHOMAJIbHO BBICOKCOH CTEHEHU
CIIEKTPAJIBHOTO TIEPEITy THIBAHUSL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0AMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusl, OCHAIEHHAS MYJIbTUMEIMAIPOCKTOPOM U SKPAHOM, JO0CKOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas 1uTeparypa

1. Teopetnueckas ¢pusuka [Tekcr] : B 10 T. T. 8 : DnexTpoaquHaMuKa CIUIONIHBIX cpell : y4el. mocodue
st ya-ToB / JI. 1. Jlanmay, E. M. JIudmmi .— M. : Hayka, 1992, 2001, 2003, 2005 .— 662 c.
2. ®otonsl 1 HenmHelHas ontuka [ Texct]/[]. H. Kibimko, -M., Hayka, 1980



3.I. I I'ypzansn, B.I. [Imutpues, JI.H. Hukorocsn, « CIIPABOYHUK, Henunelino- ontuyeckue
KpHCTaJUIbl, CBOMCTBA M PUMEHEHUS B KBAHTOBOM 3XJIeKTpoHUKe», M. «Pano u Ces3p» 1991

JomonanTtenyHas ureparypa
1. M.V. Fedorov, N.I. Miklin, Schmidt modes and entanglement, Contemporary Physics, v. 55, No. 2,
94-109 (2014)

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

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPpOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKIIFOYAsk IEMOHCTPAIIHIO
npeseHTanuii. B nmpouecce caMocTosTeNnbHOM paboThl 00y4YaroIIMXCsi BOSMOXKHO HCIOJIB30BAaHNUE TAKHX
MporpaMMHBIX cpeacTs, kak OpenOffice.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAeTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HATb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPEAYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOM CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUAIOM CIYKUT YMeHHE Oe3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydyaeMOro mMarepuana, a He MEXaHHYeCcKOro ero 3amomuHaHus. [lpu
3aTPYNHEHWH W3YYCHHUS OTICNBHBIX TEM, BOMPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIBTAIUSIMU
MIpenoAaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



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

kageapa Ja3epHbBIX CUCTEM U CTPYKTYPHUPOBAHHBIX MAaTEPUaIOB
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3paborunk: M.B. ®enopos, a-p ¢us.-mar. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX 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-2 Nmeer npeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-3 CriocoOeH BRIOUpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.3 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.3 CrocobeH NpUMEHATh TeopeThdeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[MK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyONMKaluK HAYYHBIX CTAaTeH U y4acTusi B KOH()EPEHIUSIX

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TAKETAaMH PUKIIAHBIX
MporpamMmm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl HCIOJIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKEeTOB
MPUKIIAAHBIX TPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynsrate usyueHwss AMCHUIUIMHBI «DHU3NYECKHEe OCHOBBI KBAaHTOBOW HHGOpMATWKm» 0Oydarolmuics

JIOJKEH

3HATh:
3HaTh MaTepua JEKIHOJIHHOTO KypC.
yMeTh:

CaMOCTOATENBHO MNPUMCHATH NOJIYUYCHHBIC 3HKAHUA JIA pCIICHUA APYTHUX 3a4aq.

BJIad€Th:

AHHapaTOM KBAaHTOBOM MEXaHUKU OPHUMCHUTCIIBHO K 3a/la4aM KBaHTOBOM I/IH(I)OpMaTI/IKI/I.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHBIM OMpPOC B
HayaJie 3aHsTHs WIN B KOHLE 3aHATUS 110 IPOUIEHHON TEME.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:

1. Onpexnenenne nepenyThIBaHUS ABYXUYACTHYHBIX COCTOSHHIMA

2. Yro Takoe KyOHUT, KyOUTbI, KyTPThl 1 KYKBaTphbI,

3. KakoBbI OCHOBHBIE [TapaMETPhI CTENICHH MEPEyThIBaHUSA OM(POTOHHBIX MOJSIPU3ALNOHHBIX KyTPUTOB
4. Yto Takoe KOHKappeHC ABYXKYOUTHBIX COCTOSTHHI?

5. Yto Takoe cdepa [lyankape u Bekropsl CToKca

[Ipumeps! KOHTPOIBHBIX 3aJAHHMN:

1. Haiin koHkappeHc OM(OTOHHBI MOJIPU3ALNOHHBIX KyTPUTOB

2. Haiitu mapametp (yrosi) cHoBca HEOOBIKHOBEHHOH BONHBI B kpucTtaiuie BBO npu nnmune Bonuer 0.5
MKM

3.HaiiTu kpHKappeHc ABYXKYOUTHBIX KYKBapTOB

4.CopmynupoBaTth yciaoBus (a3BOro CHHPOHH3CAa B KOJMHMHEAPHOM M HEKOJUIMHEAPHM pPEXHMa
CIIOHTAHHOT'O MAPaMETPUUECKOTO PACCEHIHUS

5.0nucarp 3aBucMOCTh IpBajia XoHra-lly-Mannens oT cooTHOIEHUs nosipu3anuii OTOHOB

[Tpumeps! OuIETOB:

bumer 1.

1.Paznoxenne IlImunra

2. O¢ddexr Xonra-Oy-Manzaens.

buer 2.

1.IlepenyTEIBHHBIEC U HETIEPEITyTAHHBIC MOJIIPU3AMOHHbBIC IBYX(DOTOHHBIE COCTOSHUS

2.Jlagokc sHHIITEHHA-TOA0ILCKOT0-Po3eHa

buner 3.

1.ITapmeTp crerneHu nepenyThIBaHUs OCHOBAHHBIN HBHA pasnokeHuu [lImuara

2.CreneHsb nonsipu3alvy U BeKTopbl CTOKca OM(POTOHHBIX KYTPUTOB

buer 4.

1.YcnoBHEIE 1 0€3yCIIOBHBIE OTHOYACTHYHBIC PACTIPEISIICHUS IBYXUYACTUIHBIX COCTOSHUAN
2.KBaHTOBas TenenopTanusia

buner 5.

1.CooTHOIIEHNE MEX Ty TTapaMeTPOM CTeIeHU TiepermyThiBanus [lIMuara u KoHKappeHC JBYXKYyOUTHBIX
MOJIAPU3ALNOHHBIX KYTPUTOB.

2.IlpencraBnenne OUGOTOHHBIX YACTOTHO-TIONISAPU3AIMOHHBIX COCTOSHHH Yepe3 BOIHOBBIE (QYHKIUH
cocrosiHuit bena.

Kputepun oniennBanus

Onenka ommyHo 10 OGaymoB -  BBICTABISETCS  CTYIEHTY, I[IOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PELIEHUM.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka oOmIMYHO 8 Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/1ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJYYCHHBIE 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.



Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.

Ouenka Xopo1o 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U 10 CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHITh NOJIyYEHHbIE 3HaHHUS Ha IPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYIHPOBKH 0a30BBIX MOHSITHIA,
HapylleHHUsl JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ylOBIETBOPUTENBHO 3 Oajula - BBICTABISICTCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax O0a30BBIX HOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH paszieiiaMu y4eOHOH IporpaMMbl, HEOOXOJUMBIMU IS TalbHEHIIero o0y4eH s 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIBbIIEH YyacTH
OCHOBHOTO cOAepKaHUsl y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh ITOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHKa HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYECKHX
3aj1au.

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

HuddepenuupoBanHplii 3a4€T npoBoxsATcs B yCTHOH ¢opme mo Owieram. B kaxaom Ounere
NPE/ACTaBICHO JBa TeopeTuueckux Bompoca. Ilpu mpoBenennu auddepeHnHpoBaHHOTO 3auéTa
oOyuaromemycsi npepoctasisiercsi 30 MUHYT Ha moArotoBky. Ompoc oOydaromerocsi He IOJDKEH
MPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO Yaca.



