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AHHOTANMA
Kypc nocesieH yasTpaxoiofH5IM KBAHTOBBIM T'a3aM / JKUJKOCTSM U COCTOUT U3 JABYX YacCTeH.

[lepBas wacTh MOCBSIIEHA YIbTPAXOJOAHBIM OO30HHBIM aToOMaM U SIBJICHUIO 003e-3HHIITEHHOBCKON
koHgeHcauuu. llocne 3HamenuToro HabOmroneHus boze-DHHIITEHHOBCKOW KOHACHCALMM B 3aXBauyCHHBIX
YABTPAXOJIOHBIX Ta3aX MIENOYHBIX aToMOB B 1995 1., monyuusiiero Hobenesckyto npemmuto 2001 1., oOnacTsb
VABTPAxXOJOAHBIX KBAaHTOBBIX Ta30B CHIJIBHO PACIIUPSACTCS M NPUBJICKAET YUYEHBIX W3 arOMHOW (U3UKHA U
KBaHTOBOH ONTHKH, (U3UKK KOHJICHCHPOBAHHOTO COCTOSHUS, SACPHOW (U3WKH, HEIWHEHHBIX SIBICHUH U
MaTeMaTH4ecKor (PU3UKH.

Bropas wacte kypca JieKIHi TOCBSIIEHA YIBTPaXOJOAHBIM BBIPOXKJCHHBIM ra3aM ()EPMHUOHHBIX aTOMOB U
COCpeJIOTOYeHa Ha POJIM B3aUMOICHCTBHI W cBepxTeKydecTu. llocime co3maHus BBIPOXKICHHBIX aTOMHBIX
(hepMHU-Ta30B IKCTICPUMEHTHI JJOCTHUIIIM TaK Ha3bIBAEMOIO PEKUMAa CHIILHOTO B3aUMOJICHCTBUS, YTO TIPUBOJUT
K aHAJIOTUX C HEUTPOHHBIMH 3BE3/IaMH W BBICOKOTEMIIEPATYPHOU CBEPXIPOBOIUMOCTHIO. [lo3TOMyY, moMumMo
BBEJICHHS B TEOPHUIO BBIPOXKJICHHBIX (DEPMHOHOB, KypC JICKIIUH BKIIOUAET HECKOJILKO COBPEMEHHBIX HapaOOTOK
B OTOM 00/1acTH.

Lenpro Kypca JeKIHUH B LIEJIOM SIBIISIETCS] BBEICHUE B TEOPHUIO YIBTPAXOIOIHBIX KBAHTOBBIX Ta30B / JKUAKOCTEH
U TIPEJOCTABICHHUE CTYIEHTaM HEOOXOIMMBIX HHCTPYMEHTOB Ul paOOThI B 3TON M CMEKHBIX 00JIaCTSX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

[Mo3HakoMuTh 00yYarOMUXCS C OCHOBAMH (U3UKH YIBTPAXOIOJHBIX KBAaHTOBBIX CHCTEM, KOTOPHIC
AKTHBHO M3y4YalOTCsl BO BCEM MUPE U ABISIIOTCA oaHOU u3 Temaruk PKLI.

33)13‘11/[ JAUCHUIIINHBI
JaThb IIOHATHA 00 OCHOBHBIX pe3yibTarax (1)I/ISI/IKI/I YIbTPAaXOJIOAHBIX KBAHTOBBIX CUCTCM.

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 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00JacTn
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W cHocoOGH  MCIONbL30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTu
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUIIMHAPHBIC CBS3U B O0JIACTH
MareMaTHuK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTH IPH
peleHun 3a1a4 NpoQecCuOHATBHON AEATENbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON e TeNbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHre O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUST PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIEA0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3YyJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrioo 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAENH ISl ONUCAaHHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAYeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

OCHOBHBIC IIOHATHA (1)I/I3I/IKI/I YIABTPAXOJOAHBIX KBAHTOBBIX CHCTEM!: bo3e konaeHcanus aToMOB BO
BHCHIHCM MMOTCHIHAJIC, CBEPXTCKYYCCTh B boze-u CDepMI/I—CI/ICTeMaX u T1.

YMETB:

pemarb H_II/IpOKI/Iﬁ CIICKTP 3a1a4, CBA3aHHBIX C (1)I/ISPIKOI>'I YIABTPAaXOJIOAHBIX KBAHTOBBIX CUCTCM.

BJIAJIETh:

MAaTCMaTU4CCKUM amriapaTomMm HeO6X0):[I/IMBIM AJId pCHICHUA TAKUX 3aJa4.

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

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
OcHOBHBIE ~ BENMYMHBIL.  YIOpyroe u
1 HEYNpPYroe  B3aHMOACHCTBHE  MEXAY 4 4
aToMaMu.
2 bo3ze xonzaeHcanus B UeaJIbHOM Iase. 2 2
3 CnaboB3aumopericTByronmii  bose ras. ) )
VYpasuenue ['pocca-Iluraesckoro.
4 Hunamuka bo3e KOHJIEHCATOB. 2 2
5 DneMeHTapHbIC BO30Y>KACHUS ) )
Bbo3ze-koHneHCcupoBaHHOIO rasa.
bose-koHIEeHCUPOBAHHBIN ras npu
6 KOHEUHOU Temmeparype. CBepXTeKy4ecTb 2 2
B bose cucremax.
7 Buxpu B bo3e-KoHIEHCUPOBaHHBIX ra3ax. 2 2
3 Wneansusiii @epmu raz. TepmognHamuka 2 2
1 BO30YXICHUSI.




depmMu  raz3 Cc  OTTaJIKUBAaTEIbHbBIM

9 B3aUMOJCHCTBUEM MEXKIY YaCTULIAMMU. 2 2
Teopusa @epmu xuaxoctu Jlannaay.

10 depMu Ta3 C NOPUTSDKEHHUEM MEXAY ) )
yactunamu. CBepXxTeKyuee cliapuBaHue.

11 CsepxrekydecTs B Depmu razax. 2 2

12 [Mpubnnxenne I'mu3oypra-Jlannay. ) )
Buxpu B ®epmu razax.

13 CuiIbHOB3aUMOJICHCTBYIOIIHE ®epmu 4 4
rassl.

Nroro gacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. OcHOBHBIE BEIMYHMHBI. YIIPYTO€ U HEYNPYrO€ B3aUMOAECHCTBUE MEXKIY aTOMaMH.

OcHOBHBIC BEJNMYHMHBI. YIpyroe B3auMmojieiicTBue Mexay aromamu. Ciaabo B3amMOJIEHCTBYIOIINH
pexuM. 3agada AByX4aCTHUHOTO paccesiHus. Heynpyrue cTonkHOBeHHUS.

2. bo3e KOHJACHCAMs B NACAJIbBHOM Ia3c.

Bropuuynoe kBaHTOBaHme. TepmommHamuka wupaeanbHoro ¢epmu-raza. Bos3OyxkaeHus dvacTun u
TBIPOK.

3. Cnabos3aumoserictByrommii boze ras. Ypasuenue ['pocca-IlutaeBckoro.

VYpaBuenue Ipocca-IluraeBckoro i  BOMHOBOM  (QyHKIMM KoHzAeHcara. IlimotHo-(hasoBoe
npeacrasienue. OOpymmBatomuiicss koHaeHcar. CtaOuibHble KOHAEHcAThl. JJIMHA 3a)KMBJICHUSL.
Konpencauus boze-OiHiITeliHa BO BHEIIHEM TapPMOHHYECKOM ITOTCHLIUAIIE.

4. lunamuka bose KoHAEHCATOB.

TounbIil MacIITaOHBIN TOAXO ISl ABYMEPHOW JBOIIOLMYU 3aXBAaYCHHOTO KOHJAEHcaTa. MaciTaOHbIH
MOJXOA K BBIACIICHHIO TPEXMEPHBIX KOHAECHCATOB, 3aXBaUC€HHBIX JIOBYyIIKaMH. OCHOBHBIE YaCTOTHI
KOJIEOIIOIIMXCS KOH/IEHCATOB.

5. DneMeHTapHbIe BO30YXKIeHUsT b03e-KOHICHCHPOBaHHOTO Ta3a.

[IpeobpazoBanue Boromto6oga. Criextp BO30YKICHUS OJTHOPOJTHOTO KOHJIEHCATa.
HexonnencupoBanHast Qpakiusa. OnHOTeNbHAas MarTpula IUIOTHOCTH H  JAJIBHHKA  MOPSJIOK.
KBanrtoBble (uiykTyanuu IuioTHOCTH M (a3bl. KBaHTOBbIE (UIyKTyallMd W SHEPrHs OCHOBHOTO
COCTOSIHHS.

6. bo3e-KOHIeHCUPOBaHHBIN T'a3 IPH KOHEYHOH Temneparype. CBepxTekydecTs B bose cucremax.

HexonnencupoBannas (ppakuusi ¥ MaTpuia MmIOTHOCTH OJHOTO Teja MPH KOHEUHBIX TeMIleparypax.
Kpurepnit cBepxtexkyuectn Jlanmay. CBepxTekyuas M HOpMajbHas IUIOTHOCTh. bensieBckoe
3aTyXxaHue 3JIeMEeHTapHbIX Bo30yxxaeHuil. Jemnduposanue Jlangay. Manblii mapamerp Teopuu npu
KOHEYHBIX TEMIIEpaTypax.

7. Buxpu B bo3e-KOHIEHCUPOBaHHBIX ra3ax.



Buxpu BO BpalamImMXcs U HEBPAINAMOIIMXCS CBEPXTEKYUuX cpenax. Llupkymsauuu. YpaBHEHHE
I'pocca-TTutaeBckoro st cocTosHUS BHUXps. Bo3OyxkIeHHs BUXpeBOro cocrtosHus. OCHOBHBIC
pexumbl. Mozasl KenbBrHA U KOHTpAcT BUXPEN.

8. Uneanbubiit @epmu raz. TepmoauHaMuka U BO30YKICHHSL.

Bropuuynoe kBaHTOBaHme. TepmommHamuka wupaeanbHoro ¢epmu-rasa. Bos3OyxkaeHus dvacTun u
IBIPOK.

9. depmu Ta3 C OTTANKUBATEIHHBIM B3aUMOJEHCTBHEM MeEXAy dyacTumamu. Teopus Depmu
xuakocty Jlanaay.

Cnabo B3amMojeicTByOmuUil (hepMu-ra3 ¢ OTTAIKMBAHMEM MEXIy 4YacTullamu. KBazudacTuibl B
teopun depmu-xuakoctu Jlannay. ['mnponunamuueckuili pesxuM. BeCCTONTKHOBUTENBHBIA PEXKUM.
Hynesoii 3ByK.

10. ®epmu ra3 ¢ NpUTHKEHUEM MeXay yacTuiiaMu. CBepXTeKydee CriapruBaHHe.

[Mpobnema Kynepa. BCS momgxon. OmHouyacThdHble BO30YXKICHHUS C MpOMEKXyTkamu. I[lapamerp
MopsiAIKa U TeMIieparypa rnepexoza.

11. CBepxtekydecTb B Depmu razax.

Kputepuit Jlanmay B ¢epmu-razax. CsepxTekyuuii Tok. 3Byk boromo6oBa-AHznepcoHa.
CBepxTeKydas 1 HOpMajbHas INIOTHOCTh. TepMoanHaMU4ecKre BeTHInHbI BOIm3u Tc.

12. TIpubmmxenne 'muz0ypra-Jlanaay. Buxpu B @epmu razax.
Oynknuonan Jlannay-I'unz0ypra. Kputnueckue konebanus. Coctosiaue Buxpsi. Buxpu oxono Tc
13. CunpHOB3auMoeicTByOIME DepMu Ta3bl.

AHoManbpHO Oomnbiiasg JuMHa paccessHus. Pesonanc ®ano-®dembaxa. Kpoccoep BCS-BEC.
Onucanue cUJILHO B3auMOJecTByomero pexkuma. [Ipenen yaurapuoctu

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS JIOCKOH, MyJBTUMEIUATIPOCKTOPOM U IKPAHOM.
6.Ilepeuenn pexkoMeH1yeMoOii JINTEPATYPbI
OcHoBHas nuTeparypa
1. Teopernueckas usuka [Tekcr] : B 10 T. T. 9, U. 2 : Craructuueckas ¢pusuka. Teopus

KOHJICHCUPOBAaHHOTO COCTOSTHUS : yue0. mocoowue aiist By3oB / JI. JI. Jlangay, E. M. JIuduwn .— M. :
®uzmatiut, 2000-2005 .— 496 c.

JlononHuTeNbHAS TUTEPATypa
L. Pitaevskii and S. Stringari, Bose-Einstein Condensation. Oxford University Press, 2016.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

https://arxiv.org/



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

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

CryneHT, M3y4aroIlWi IJUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare U3y4YCHUsA AUCHUIUIMHBI CTYACHT HOJDKCH 3HATh OCHOBHBLIC ONPCACICHUSA W IOHATH,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOMW CaMOCTOATEIHLHOM PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeaaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUN W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCs 3a KOHCYJIbTAIHMSIMHU
MpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 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
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1

kBaTuuKkanus: MarucTp

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

PaszpatGoTunk: I'B. llnsnHukoB, A-p pus.-mar. HayK



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-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAU€CTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3yuenus mucrumuaHbl «Physics of Quantum Fluids/@usuka kBanTOBBIX xujkoctei (PKL)»

00yJaromuiics JOmKeH:

3HATb:

OCHOBHBIC IIOHATHA (1)I/I3I/IKI/I YIABTPAXOJOAHBIX KBAHTOBBIX CHCTEM!: bo3e konaeHcalus aToMOB BO
BHCHIHCM MMOTCHIHAJIC, CBEPXTCKYYCCTh B boze-u CDepMI/I—CI/ICTeMaX u T1.

yMeTh:

peuarb H_II/IpOKI/Iﬁ CIICKTP 3a1a4, CBA3aHHBIX C (1)I/ISPIKOI>'I YIABTPAXOJIOAHBIX KBAHTOBBIX CUCTCM.




BJIAA€Th:
MAaTEeMaTU4CCKUM alIaparom H€O6XOZII/IMBIM IUIA pCIICHUA TaKUX 3a1a4.

3. IlepeyeHb THNOBBLIX (IPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

[Ipumeps! 3anau:
1. bo3e koHAeHCaUs B UaeaIbHOM Ta3e. Polb MIOTHOCTH COCTOSIHHIA.
2. [Mpubnmxenne ['ma30ypra-Jlanmay. Onucanue Buxpeit B @epmu razax.

[IprMepbl KOHTPOJIBHBIX 33JaHUN:

1. BblUMCIUTh aMIUIMTYAy paccesHusi B TOTEHIMATE B3aMMOJCHCTBUSI, HMeIomeM abCOIOTHO
MTOTJIONIAFOIIYIO CTEHKY Ha paccTosHuM RO u Beqymem ceds kak -1/R”4 Ha 60NBIINX pacCTOSHUSX.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

KonTtponbHbIe BOTIPOCHI:

1. Yopyroe B3auMozeiicTBUEe MEXy aToMaMu. BBIBOJ BbIpaxkeHus Ui KOHCTaHThI g. Kpurepuii cnabo
B3aUMOJIEHCTBYIOILLETO PEXKUMA.

2. CunbHO B3auMoAeHcTBYOIM pexkxuM B depmu-razax. Onucanue kpoccosepa BCS-BEC.

3. BuxpeBble coCTOsHUS B 003€-KOHICHCHUPOBAHHBIX ras3ax. PelleHHe CTalOHApHOTO YpaBHEHUS
I'pocca-IlutaeBcKoro st BHUXPEBOIO COCTOSHHUS (C ymIOBBIM MoOMeHTOM | = 1) B omHOpomHOM
IIPOCTPAHCTBE, [IPEIIONAra0IIEM IPSIMYI0 BUXPEBYIO JIMHUIO.

4. Cepxrekyuectb B ®epmu-razax. Kpurepuit Jlangay.

5. Kongencarust boze-DiiHiTeliHa B uieanbHOM ra3e 0030HOB. Pesynbratsl asist ogHOponHbix 3D, 2D u
1D ciy4aeB ¥ pu HaJTMYMHU BHELTHETO TAPMOHUYECKOTO OTeHIHaa. Poib MI0THOCTH COCTOSTHUM.

6. DneMeHTapHbIe BO30YXKeHMS 003e-KOHICHCUPOBAHHOTO Ta3a. YpaBHeHHs boromoOoBa-ne JKenna.
BonnoBast yHKIMS U crieKTp BO30YXKIEHHH OTHOPOIHOTO KOHJIEHCAaTA.

7. ®ynkuumonan Jlannay-I'mazOypra. Buxpu B cBepxrekydem depmu-raze.

8. ['rammiibTOHMAH 111 €1a00 B3aMMOACHUCTBYIOLIETO 003e-raza B paMKax BTOPUYHOTO KBAaHTOBAHMSL.
VYpaBuenue Ipocca-lIlutaeBckoro ansi BoMHOBOM (yHKIMHM KOHJAeHcara. PeleHne npu HaIWYuH
BHeIIHero (cepruecky CHMMETPUYHOTO) TapMOHUYECKOT0 noreHiuana. Pexxum Tomaca-Depmu.

9. BKC-noaxon st npuTspkeHus: pepMroHOB. OQHOYACTHYHBIE BO3OYKICHHS, ITapaMeTp MopsaKa U
TeMIeparypa nepexoja.

[Tpumeps! 3K3aMEHAIMOHHBIX OMIIETOB

buner 1.

1. Yopyroe B3aumozeiicTBUe MEXy aroMaMu. BBIBOJ BbIpakeHus Ui KOHCTaHThI g. Kpurepuii cnabo
B3aUMOJIEHCTBYIOILLETO PEXKUMA.

2. CunbpHO B3auMoAeHcTByoIMi pexxuM B depmu-razax. Onucanue kpoccosepa BCS-BEC.

burer 2.

1. BuxpeBble COCTOSIHUSI B 003€-KOHJCHCHUPOBAHHBIX ras3ax. PelleHue CTalMOHapHOTO YpaBHEHUS
I'pocca-IlutaeBcKoro st BUXPEBOrO COCTOSHHUS (C yIIOBBIM MOMeHTOM | = 1) B omHOpomHOM
MPOCTPAHCTBE, IPEANONIAraloIeM IPSAMYIO BUXPEBYIO JINHHIO.

2. Ceepxtekyuectb B ®epmu-razax. Kpurepuit Jlangay.

Kpurepun onennBanus
Onenka ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIlIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.



Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEOUETAMH.

OHGHKa XOpouIo 7 0alIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHUA HaA IPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYyYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0alIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MAaTCpuall, rpaMOTHO
1 IO CYHIECTBY HU3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

OreHka yIOBICTBOPUTEIBHO 3 Oamia - BBICTABISIETCS CTYICHTY, MOKa3aBIIEeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW ITOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBL, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THUIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0ai - BBICTABISACTCS CTYACHTY, KOTOPHIH HE 3HAET OCHOBHOIO
coziepKaHusl yu4eOHOW MpOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOMUTCS B ycTHOW QopMe mo Owuseram. B kaxjgom OwiieTe mNpencTaBIeHO JiBa
TeopeTuueckux Bompoca. [lpu nmpoBexeHun 3a4éra M 3K3aMeHa olOydaromemycs npenocrasisercs 30
MHHYT Ha TOAroToBKy. Ompoc o0yd4aromierocss He JOJDKEH IMPEBBIMIATh OJHOTO ACTPOHOMHYECKOTO
Jaca.



