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 HAyKH W TEXHOJOTMH KBAaHTOBOW WH(OPMATHKHU SIBIISETCS MPOLIECC
reHepaluy KOppeIMpoBaHHBIX map (oToHOB, W3BecTHBIM kak CrontanHoe [lapamerpuueckoe Paccesnue
Cgera (CIIPC) B HenMHEHHBIX IBYIIy4EPEIOMISIIOIIMX KpUcTaiiax. B pamMkax kypca Oyzaer onvcana ¢pusuka
CIIPC, ero oCHOBHBIC PEKUMBI U CBOWCTBA T€HEPUPYEMBIX OM(OTOHHBIX COCTOSIHWH, OJHUM W3 TJIaBHBIX
CBOWCTB KOTOPBIX SIBJISIETCS TepemyToiBaHue (entanglement). bymer gano oOmiee onpenencHHe MOHSITHS
NepenyThIBAaHUS ~ JBYyXYaCTUYHBIX  COCTOSHMH, ¥  €ro  CBA3b CO  3HAMEHUTHIM  3ddexkrom
OuiamreitHa-ITononbckoro-Posena. [l cocTosHU ¢ HEMPEPHIBHBIMU U AUCKPETHBIMU TIEPEMEHHBIMHU OyleT
JAaHO OIIpeAEIeHUE I1apaMeTPOB, XapaKTEpU3YIOIIMX CTElEHb IEepelyThiBaHUs, Takux Kak mnapamerp K,
OCHOBaHHBII Ha paznoxeHuu LlImuara mis BOMHOBBIX (YHKUWH, a Takke mapaMmeTp R, ompenensempiii Kak
OTHOILIEHHE IHUPUH 0€3yCIOBHOTO U YCIOBHOTO OJHOYACTUYHBIX pacIpeneieHuil. byayT mogpo6Ho onucaHb
CBOWCTBAa NEPEMyThIBAHUS NPOCTEHINNX MOJSPU3ALNOHHBIX OH(OTOHHBIX COCTOSHUM — KyTpuTOB. bymer
paccMoTpeHo crhekTpaibHoe W ymioBoe rmepenytbiBanne CIIPC cocrosHuMii, OyayT oONUCaHbl TakKue
MOMYJISIPHBIC SIBJICHUS KaK HHTephepeHunoHHbIN 3 dext Xonra-Oy-Manzenst 1 KBAaHTOBAas TEJICMOPTALIKS.

1. leau u 3apauu

eap AUCUMNIMHBI

- OCBOCHHE CTyJCHTaMH (yHIaMEHTAJIbHBIX 3HAHWH B 00JACTH Ja3epHOM CIEKTPOCKOIHH, MOTYYECHUS
MPAKTUYECKUX HABBIKOB PEICHUS 3ajad, OBJaJeHHE METOJaMH HMX PEIIEHUs, a TaKkkKe MOHUMaHUE
CIIOCOOOB MX NMPAKTUYECKOTO IPUMEHEHHUS.

3agauu AUCHUILIHHBI

. ¢dopMupoBaHue 0a30BBIX 3HAHUH B OOJACTH JIa3€PHOM CIIEKTPOCKONHMU KaK TUCHUIUIAHEI,
WHTETpHUPYIOLIeH 00MePU3NIECKYI0 U 00IIETEOPETHYECKYIO MOJITOTOBKY (PH3UKOB M 00ECTIeUHBAIOIEH
TEXHOJIOTUYECKUE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeIbHOCTH;

* 00yuyeHHE CTYIEHTOB OCHOBHBIM IIPUHIUIIAM PEILEHU 3a/1a4 B 00J1aCTH JIa3epHON CIEKTPOCKOIIHH U
OCBOCHHE OCHOBHBIX TEOPETHYECKHX METO/I0B, IPUMEHUMBIX B 3TOH 001acTH (PU3UKY;

* (opMHpOBaHUE MPABUIBHBIX TEOPETUYECKHUX MOIXO0B K BBHIIIOIHEHHIO UCCIEIOBAHUN CTyACHTaMU
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 cHocoOGH  MCIONbL30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC

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

Hay4YHbBIX 3HaHUH B o0yacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUI 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 COCTOSTHUHU
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 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CrmocobeH mnpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl




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

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
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 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOJINUTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBAaTH TOYHOCTh IOJyYEHHBIX
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 Imupra. ITapamerp
cTenieHn mepenyThiBaHus K Ha ocHoOBe
paznoxenus munara

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

CrioHTaHHOE
paccesiHUE CBeTa

apaMeTpUYECKOE

KyOuTbl, KyauTsl W NONAPU3aLUOHHBIC
IBYX()OTOHHBIE KyTPUTHI

Paznoxenne lllmunra mios GupOTOHHBIX
MOJIAPU3ALMOHHBIX KYTPUTOB. BeKTopbl
Crokca Ha cepe [lyankape.

A ekt Xonra-Oy-Manaens

KBanToBas Tenenopranus

[Tonsipu3annOHHO-4aCTOTHBIE
O0udoTOHHBIE KYKBapTHI




Oddekr  mpoTpaHCTBEHHOTO  CHOCA
(walk-ofY) HEOOKHOBEHHOI BOJIHBI
HaKayky B HEJIMHEHHOM AaHU30TPOIHOM
KpHCTAZIE W €ro poillb B 3ajade
MONMy4YeHHsT OM(OTOHHBIX COCTOSHHHA C
MaKCHMaJIbHOH  CTENEHBI0  yIJIOBOTO
HepenyThIBaHN

10

Oddext cnexkrpanpHOro cHOCa (Walk-off)
HEOOKHOBCHHOH  BOJIHBI ~ HakKauyku B
HEJTMHEWHOM aHU30TPOITHOM KPUCTAILIE U
oOycIoBIeHHAs ITUM aHOMAJTEHO
BBICOKAs CTIEHb CIIEKTPAIBHOTO
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. TloHATne mnepenyThIBaHUS JBYXYaCTHYHBIX COCTOSIHMM C HENPEpPBIBHBIMUA IEPEMEHHBIMH.
Paznoxenune Hlmunara. [Tapamerp crenenu nepenyTtsiBanua K Ha ocHoBe paznoxenus Imuara

byner msnoxeno coxepxkanue teopemsl [lImuara, nano onpenennue mox Illmuara u napameTpos
Pa3IOKEHUSIKAK 7151 BOJIHOBOM (DYHKIIMH JayX4aCTHYHOTO COCTOSHHSI, TaK M Ul COOTBETCTBYIOLICH
penyluMpOBaHHOW  MarTpullbl  IUIOTHOCTH. byner  npaHobompieleHM  mapaMmerpa  CTEHEHU
nepenyThIBaHuA Kak 00paTHOTO clieia OT «KBaIpaTay peayLupPOBaHHON MaTPHULBI IUIOTHOCTH.

2. VYcnoBHble U 0€3yCIOBHBIE OJHOYACTUYHBIE DPACHPEHEICTCHUS JBYXYACTHYHHBIX COCTOSIHUIL.
[Ipamerp crenmenn mnepemyTbiBaHUsI R — oTHomeHue mMpuH O€3yCIOBHOIO W YCJIOBHOIO
pacnpenenenuii. [lapanokc Ditnmreitna-Ilomonsckoro-Po3ena.

bynyt ommcansl aBa crocoba mepexofa OT ABYX-YaCTHYHBIX paclpeieieHuil K OJHOYaCTUYHBIM
YCIIOBHBIM UM O€3yCIOBHBIM paclpeAeieHUsM MOTEeM WM HHBIM IepeMeHHbIM. byner mnaHoa
OIlpeJieJIeHUe TapaMeTpa CTEIIEHH NeepenyThiBaHusl R kak OTHOLIEHMs HIMPUH 3TUX paclpe/ieleHui.
Byner nmpopeMOHCTPUPOBAHO UTO B CIIyyae MOAEIBHBIX IBOMBIX-T'ayCCOBBIX BOIHOBBIX (Gykunii R=K.
Bbyner mnoxka3aHo, 4YTO B O3KCIEPUMHTE YKa3aHHblEe IIMPUHBI COOTBETCTBYIOT pPE3YJIBTaTM
OJHOYACTHUYHX M3MEPEHHH M M3MEPEHHUH IO CXeME COBIAJCHUN, YTO MOXKET OBITh MCIIOJIIB3XOBAaHO
JUId IpSIMOrO M3MEpPEHMs] CTENCHM IepelyThlBaHUs JBYXUaCTHUYHbIX cOCTOsSiHMM. byner nano
ocykIeHu mnapagokca OnHmreiHa-Ilomobckor8o-Pozena um ero wuHTeprperanuss B TEPMHHAX
pasnoxenus HIMUIKTa epernyTaHHax COCTOSHUM.

3. CioHTaHHOE IMapaMeTpPHUEcKOe paccesHrue CBeTa

BynyT omucansl copepkanue 3dpdekra crioHTaHHOTO Tapamerpuieckoro paccesuus [lImuara u ero
peaIn3yMbIX PEKUMOB

4. KyOuTbl, KyAUTHI U TIOISIPU3AUOHHBIC ABYX(OTOHHBIE KyTPUTHI

ByayT nanbl onpeneneHust 3iIeMEHTapHBIX KBaHTOBBIX OJHO(QOTOHHBIX M ABYX(OTOOHHBIX, OJHT- H
MHOTOMOJIOBBIX ~ COCTOHMH. bBynyT JeranbHO INpoaHAIM3HPOBAaHBI CBOMCTBA  OM(OTOHHBIX
MOJIAPU3AaLMOHHBIX ~ KYTPUTOB, WX IEPENyTHIBAHUE MW  OCHOBHBIE IAPEMETPBl  CTENECHH
HepenyThiBaHus: KoHKappeHc U napametp llmuara K.




5. Paznoxenue [lImunra s OMOTOHHBIX MOJISAPU3AIMOHHBIX KyTpUTOB. BexTopsl CTokca Ha chepe
Ilyanxkape.

Byner naHo omucanue CTPYKTYpBI COCTOSHHI HOJSPU3aLMOHHBIX KyTPUTOB B MPEACTABICHHUH MOJ
HImuara. byner npoaHaau3upoBaHO COOTHOLIEHUE MEIJY CTIIEHBIO MEpElyThIBaHUS U CTEHEHbIO
MOJISIPU3aLUK KyTPUTOB. ByneT ommcaHo omucaHHe CBOWCTB KyTPUTOB B TEIMPMHUHAX BEKTOPOB
Croxca Ha c¢epe Ilyankape.

6. Oddexr Xonra-Oy-Manpens

Byner nano omnucanme unrepdepenunonnoro 3ddekra Xonra-Oy-Mangens. Byner npeacrasieHo
UCcIeJOBaHNE MIMPHHBI NpoBasia XoHra-Oy-MaHzens oT COOTHOIECHHUS MOJsipu3anuii GOTOHOB U OT
BPEMEHHU 33JEPKKH OJTHOTO UX HUX.

7. KBaHTOBas Tenenopramnus

byner naHo omnmcaHne OAHOM W3 OKCIEPUMEHTAIBHO PEAJIM30BAaHHBIX CXEM KBaHTOBOM
TesienopuTTanuu. byner o0CyXeH BOIIPOC O CTENEHU KBAHTBOCTH 3TOTO SIBICHHSL.

8. [Nonspu3zanoHHO-4acTOTHBIE OM(OTOHHBIE KYKBAPTHI

Byner nano omucanue CcBOMCTB JBY(OTOHHBIX COCTOSHMM C JBYMSI CTENEHSMH CBOOIBI,
MOJSIPU3AIIMOHHON M YacTOTHOH, mpu ToM uto B Kaxaod u3 CIIPC map 4vactoTsl (OTOHPOB
pPa3IMYHBl U COOTCBETCTBYIOIAs YACTOTHAs NEPEMEHHAs MOXKET NMPUHUMATh TONBKO OAHO M3 JIBYX
Pa3JIMYHBIX 3HAYECHMM, BBICOKOM WJIM HU3KHA 4acCTOThl. Takue COCTOSHHUSB SIBJSIOTCS CYIIEPIIO3HLIMEN
yeTblpex Oa3MCHBIX COCTOSHUN M TIO3TOMY Ha3bIBalOTCS KykBapTamu. CTeneHb NepenmyThIBaHUS
TaKUX COCTOSIHMH B IIeJIOM BbIIIE YeM Yy TOJSPU3ALHOHHBIX KyTpUTOB, U  OymayT
MIPOAEMOHCTPUPOBAHO, KAKOBBI B 3TOM CIIy4ae MapaMeTphbl CTENEHH MTEPEMYThIBAaHUS.

9. Dddexr mporpancTtBeHHoro cHoca (walk-off) HeOOKHOBEHHOU BOJNHBI HakadKd B HEIUHEHHOM
AQHM30TPOITHOM KpHUCTAJUIE M €ro poiib B 3aJade TONyYeHHs OW(POTOHHBIX COCTOSHHH C
MaKCHMAJIbHOM CTEHEHBIO YIJIOBOTO MePeIy ThIBAHH

Byner nmano onmcanune »3ddekra mnpocrpaHcTBeHHOro cHoca (walk-off) BomHBI Hakadkwy,
pacmpocTpaHsoUmelicss B KpUCTalle 1O  THIy  HEOOBIKHOBEHHOW  BOJHBL.  byzger
NPOAEMOHCTPUPOBAHO, KAKUM 00pa3oM CHOC pAaJHMKAIbHO BIUSET HAa CTENEHb YIJIOBOTO
NepeNyTHIBaHUS COCTOSIHUI (DOTOHOB, PAaCPOCTPAHSIONIMXCS B INIOCKOCTH ONTYECKON OCH KpHCTaLIA.

10. Dddexr cnekrpansHoro cHoca (walk-off) HeOOKHOBEHHON BONHBI HAKaYKK B HEJIMHEHHOM
AQHM30TPOITHOM KpHUCTaJIe M OOYCJIOBIICHHAsh ATUM aHOMAJIBHO BBICOKAas CTHEHb CHEKTPAIBHOTO
HepeIy THIBAHUS

byner paccMOTpEeHO CIIOHTAaHHOE IMapaMETPUUECKOe PACCEesTHHE B PEXHMME KOPOTKHUX THIIYJIBCOB
HaKa4KH C IMUPOKUM CIIeTPOoM.ByneT mponeMoHCTpHpOBaHO, YTO B 3TOM CiIydae UMeeT MecTo AP deKT
CIIETPaJbHOTO CHOCA, OOYCIIOBIMBAIOUINY BO3HUKHOBEHHE AHOMAJIBHO BBICOKEOW CTENEHH
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, OBNAJEeTh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
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 MarepHuayia, IOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHWN W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCsi 3a KOHCYJIbTAIHSIMHU
MIpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUI CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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
kBaTuuKkanus: 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 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-2 Nmeer npeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 NmeeT npeacTaBieHne O 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 aHamu3upoBaTh 3ajady, MJIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHUTEIHHBIMHU
METOJJaMH pelIeHMs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
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 CnocobeH NpUMEHATh TeopeThueckne W (WIn)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

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

[MIK-2.2 CnocobeH mNpoBOIUTH anmpoOanuio pe3ylabTaToB
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 Ilonumaer npuHOUNBI pPabOThl HCIOIB3YEMOIO

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

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJYYEHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynsrate usyueHuss AMCUMIUIMHBI «DU3NYECKHE OCHOBBI KBAaHTOBOW HWH(OPMATHKH» OOyYaIOIIHIACS

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 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC 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 yciaoBusi (a3BOro CHHPOHH3CA B KOJMMHEAPHOM M HEKOJUIMHEAPHM pPEXHMa
CIIOHTAHHOT'O MAPaMETPUUECKOTO PACCEHIHUS

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

[Tpumeps! OuIETOB:

buner 1.

1.Paznoxenne IlImunra

2. O¢ddexr Xonra-Oy-Manzaens.

buner 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

buner 4.

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

buner 5.

1.CooTHolIeHHE MEXKTy TapaMETPOM CTETIeHH nepenyTeiBanus [lIMuaTa u KOHKappeHC IBYXKYOUTHBIX
HOJISIPU3ALIUOHHBIX KYTPUTOB.

2.IlpencraBnenue OM(GOTOHHBIX YAaCTOTHO-TIONSAPU3AIMOHHBIX COCTOSHHI Yepe3 BOJHOBBIC (YHKIIUU
cocrosaHuii bemna.

Kputepun oniennBanus

Onenka ommyHO 10 OamioB - BBICTABISCTCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBISIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PELIEHUM.

Onenka oOmM4YHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.



Onenka xopomio 6 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U TI0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIE 3HAHMS Ha IPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTEIbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapylLEHUs JIOTUYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOI0 Marepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ymOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMi yu4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0aluia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMyIHPOBKaX OCHOBHBIX PUHIIUIIOB U HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0ajml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYECCKHX
3aj1au.

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

HuddepenuupoBannpiii 3a4€T npoBoaATcs B ycTHoW (opme mo Owuieram. B kaxzmom Ouiete
NPE/ACTaBICHO JBa TeopeTudeckux Bompoca. [lpu mpoenennn auddepeHIMpoBaHHOIO 3auéTa
oOyuaromemycsi npeapoctasisiercss 30 MUHYT Ha ToaroToBky. Ompoc oOyuaromierocs He JOJDKEH
MPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO Yaca.



