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

[lepBas 4yacTh TOCBsIIIEHA YABTPAXOJOAHBIM OO30HHBIM aroMaM U SIBICHHIO 003e-3WHIITEHHOBCKOM
koHaeHcauuu. llocne 3HameHuToro HaOmomeHusi boze-DUHIITEHHOBCKONH KOHAEHCAMM B 3aXBau€HHBIX
YABTPaXOJIOAHBIX Ta3ax MIENOYHBIX aToMoB B 1995 1., monmyuusmiero Hobenesckyro npemuto 2001 r., o6racth
VABTPAxXOJOAHBIX KBAaHTOBBIX a30B CHJIBHO PACLIMPSAETCS W TPUBIEKACT YYEHBIX M3 aTOMHON (PH3UKH U
KBaHTOBOH ONTHKH, (U3UKU KOHJCHCHPOBAHHOTO COCTOSHUS, SACPHON (PU3MKHM, HENWHEWHBIX SIBICHUA U
MaTeMaTH4ecKor (PU3UKH.

Bropas wacte Kypca JIeKIMH TOCBSIIEHA YIBTPaXOJIOJHBIM BBIPOXKICHHBIM ra3aM ()EpPMHUOHHBIX aTOMOB U
COCpeJIOTOYeHa Ha POJIM B3aMMOACUCTBHIA M cBepxTekydecTH. [locie co3maHusi BEIPOXKIESHHBIX 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 TEOPHIO BBIPOXKJICHHBIX (DEPMHUOHOB, KypC JIEKIIUI BKIFOYAET HECKOJIBKO COBPEMEHHBIX HAPabOTOK
B OTOM 00/1acTH.

Lenpro Kypca JeKLHH B LEIOM SIBIISIETCS] BBEIEHUE B TEOPHUIO YIBTPAXOJOAHBIX KBAHTOBBIX I'a30B / KHUIKOCTEH
U TIPEJOCTABICHHUE CTYIEHTaM HEOOXOIMMBIX HHCTPYMEHTOB Ul paOOThI B 3TON M CMEKHBIX 00JIaCTSX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

[Mo3HakomMuTh 00yYarOMUXCS C OCHOBAMH (DU3UKH YJIBTPAXOJIOMHBIX KBAaHTOBBIX CHCTEM, KOTOpEIC
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 cOOoCcOOCH  HUCIOJB30BaTh B
npoeCCUOHANBHON  JeSTeNbHOCTH  (yHAaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0000mmarTs ¥ KPUTHUYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [lonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
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 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  Mpod)eCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH 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 aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
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 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
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

IIK-1.1 CnocobeH HaxXomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
paMKax TeMaTW4eCKOW OONacTH CBOEH MPOQECCUOHATHLHOM
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

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

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

3HATb.

OCHOBHBIC ITOHATHA (I)I/ISI/IKI/I YIABTPAXOJOAHBIX KBAHTOBBIX CHUCTEM: bo3e koHaeHcaluss 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 ~ BENIWYHMHBL.  YOpyroe 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 KOHEYHOH 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  OTTaJKUBATEJIbHBIM

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

10 depMu raz ¢ MOPUTDHKECHHEM MEXIY ) )
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 BEJIMYHMHBEL. YIPYroe B3auMojelcTBUe Mexay aromamu. Cia0o B3auMOACHCTBYIOLIHIMA
pexuM. 3agada AByX4aCTHUHOTO paccesiHus. Heynpyrue cTonkHOBeHHUS.

2. bo3e KOHJACHCAMs B NACAJIbBHOM Ia3c.

Bropuunoe kBaHTOBaHWe. TepMomMHaMuKa HIeaNbHOTO (epMmu-raza. Bo3OyxneHus yacTui U
TBIPOK.

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

VYpaBuenue Ipocca-IluraeBckoro i  BOMHOBOM  (QyHKIMM KoHzAeHcara. IlimotHo-(hasoBoe
npeacrasienue. OOpymmBatomuiicss koHaeHcaT. CTaOuibHbIE KOHAEHCAThl. J[IMHA 3a)KHMBIEHUS.
Konpencauus boze-OiHiITeliHa BO BHEIIHEM TapPMOHHYECKOM ITOTCHLIUAIIE.

4. lunamuka bose KoHAEHCATOB.

TounbI#l MacIITaOHBIN TOAXOJ JUIsI ABYMEPHOW JBOJIOIUH 3aXBaYCHHOTO KOHAeHcara. MacitaOHbIi
MOJXOA K BBIACIICHHIO TPEXMEPHBIX KOHAECHCATOB, 3aXBaUC€HHBIX JIOBYyIIKaMH. OCHOBHBIE YaCTOTHI
KOJIEOIIOIIMXCS KOH/IEHCATOB.

5. DneMeHTapHbIe BO30YXKIeHUsT b03e-KOHICHCHPOBaHHOTO Ta3a.

[IpeobpazoBanue Boromto6oga. Criextp BO30YKICHUS OJTHOPOJTHOTO KOHJICHCATA.
HexonnencupoBanHast (paxumsa. OgHOTENbHAs Marpula IUIOTHOCTH W JAIBHUH  IMOPSJIOK.
KBanroBbie ¢uiykTyanuu 1ioTHOCTH M (aszpl. KBaHTOBBIE (UIyKTyallun M DHEpPrusi OCHOBHOTO
COCTOSIHHS.

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

HexonaencupoBanHnas ppakuusi 1 MaTpuia MIOTHOCTH OAHOTO Teja MPU KOHEYHBIX TEMIIEpaTypax.
Kpurepnit cBepxrexkyuectn Jlanmay. CBepxTekyuas ¥ HOpMajibHas IIIOTHOCTh. bernseBckoe
3aTyxaHue >JIeMEeHTapHbIX Bo30yxaenuid. Jlemnduposanue Jlannay. Manblii mapamerp Teopuu npu
KOHEYHBIX TEMIIEpaTypax.

7. Buxpu B bo3e-KOHIEHCUPOBaHHBIX ra3ax.



Buxpu BO Bpamaroomuxcd M HEBPALAIONIUXCS CBEPXTEKyunx cpemax. Llupkymauun. YpaBHeHue
I'pocca-TTutaeBckoro st coctosHUS BUXps. BosOyxkIeHus: BUXpeBoro coctosiHus. OCHOBHBIC
pexumbl. Mozasl KenbBrHA U KOHTpAcT BUXPEN.

8. Uneanbubiit @epmu raz. TepmoauHaMuka U BO30YKICHHSL.

Bropuuynoe kBaHTOBaHWe. TepMomuHaMuKa HIeaNbHOTO (epmu-raza. Bo3OyxneHus yacTui U
IBIPOK.

9. depMmu ra3 c OTTaJIKWBaTeNIbHBIM B3aMMOJAEWCTBHEM MexIy uactunamu. Teopus Depmu
xuakocty Jlanaay.

Cnabo B3amMojeicTByOMUI (hepMU-Ta3 C OTTAIKHMBAHMEM MEXIy dacTullamu. KBazudacTuibl B
teopun Depmu-xuakoctu Jlangay. ['maponuHaMuueckuid peskuM. BeCCTOIKHOBUTEIBHBIA PEKUM.
Hynesoii 3ByK.

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

[Mpobnema Kynepa. BCS mogxon. OmnovyacTndHble BO30YXKICHHS C MpoOMeKyTkamu. [lapamerp
MopsiAIKa U TeMIieparypa rnepexoza.

11. CBepxtekydecTb B Depmu razax.

Kputepuit Jlanmay B ¢epmu-razax. Csepxrekyunid TOK. 3ByK boronro6oBa-AHAepcoHa.
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.

AnomanbHO Oonbiras JymHa paccesaus. Pezonanc @ano-®embaxa. KpoccoBep 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, 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 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

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

— HaNPsDKEHHOMW CaMOCTOATEIHLHOM PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— TpopaboTKy y4eOHOro Marepuaia, MOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYEHHBIX JUIS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelieHue 3a/1a4, peaIaracMblx CTyIEeHTaM Ha 3aHATUSAX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

ITokazareneM BiaJeHUs MaTEPHAJIOM CIIy)KHT yMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI 110 TEMaM
JUCIUTUINHEIL.

BaxHo 100UTHCA NMOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPyJHCHUM W3y4YeHHs] OTACIBbHBIX TEM, BOIPOCOB, CIIEAYET OOpamiarbCsl 3a KOHCYIbTAlUSIMU
[IPENoJaBaTeo.

Bo3MoxeH npoMeKyTOUHbIM KOHTPOJb 3HAHUM CTyAEHTOB B BUJE PELICHUS 3aJad B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



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

KBaJIH(UKALUS: 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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

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

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

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

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 Crocoben aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
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 CnocobeH mnpuMeHATh 3HaHHA B ob0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
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

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

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

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIbTATC N3YUCHUA JUCIIUITIIMHBL «®Pu3nKa KBAaHTOBBIX )KHHKOCTGﬁ)) 06yqaromnﬁcsl JOJIDKCH:

3HAThb:

OCHOBHBIC TOHATUS (IM3MKH YIABTPAXOJOIHBIX KBAaHTOBBIX cHcTeM: bo3e KOHJeHcalusi aTOMOB BO
BHEIIHEM IIOTeHIIHaje, CBEpXTeKydecTs B bose- u depmu-cucremax u 1.

yMeThb:

pemarh MUPOKUIN CIIEKTP 3a/1a4, CBA3aHHBIX C (PU3NKOHN yIBTPAaXOJIOAHBIX KBAHTOBBIX CHCTEM.

BJA€Th:




MaTeMaTHYECKUM alapaToM HEOOXOANMBIM JUI PEIICHUs TaKuX 3a/1au.
3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

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

[IprMepbl KOHTPOJIBHBIX 33JIaHUN:

1. BblUMCINTD aMIUIMTYAy paccesHusi B MOTCHIHMAllE B3aWMOJICHCTBHSA, WMEIONIEM a0COIIOTHO
MTOTIONIAFOIIYIO CTEHKY Ha paccTosHuM RO u Beqymiem cebds kak -1/R”4 Ha 60NBIINX pacCTOSHUSX.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

KonTtponbHbIE BOIPOCHI:

1. Yopyroe B3auMoielicTBHE MKy aToMaMu. BBIBO/I BeIpayKeHUs IS KOHCTaHThI g. Kpurepuii cimabo
B3aUMOJIEHCTBYIOILETO PEXKUMA.

2. CunbpHO B3auMoAeHcTByoIM pexxuM B depmu-razax. Onucanue kpoccosepa BCS-BEC.

3. BuxpeBble cocTosHUs B 003€-KOHAEHCHPOBAHHBIX Ta3zax. PelleHMe CTallMOHAapHOTO YpaBHEHMS
I'pocca-IlutaeBckoro st BHXPEBOTO COCTOSIHHS (C YIIOBBIM MOMEHTOM | = 1) B omHOpOmHOM
IIPOCTPAHCTBE, [IPEIIONAra0IIEM IPSIMYI0 BUXPEBYIO JIMHUIO.

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

5. Konpgencarus bo3e-DiinmmTeiHa B njeaisHOM Ta3e 0030HOB. Pe3ynbrarsl 1yt oqHOpoaHbIX 3D, 2D u
1D ciy4aeB u pu HaJTMYMHU BHELTHETO TAPMOHUYECKOTO OTeHIHaa. Poib MIOTHOCTH COCTOSTHUM.

6. DreMeHTapHbIe BO30YXIeHHUS 003e-KOH/IEHCUPOBAHHOTO ra3a. YpaBHeHus boromroboBa-ae JKenna.
BonnoBast yHKIMS U crieKTp BO30YKIEHHH OTHOPOAHOTO KOHJIEHCAaTa.

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

8. I'rammnipToHMaH U1t cllabo B3aMMOJIEHCTBYIOIIEro 003e-ra3a B paMKax BTOPHUYHOIO KBAHTOBAaHUSI.
VYpaBuenue Ipocca-lIlutaeBckoro ansi BonHOBOM (yHKIMM KOHJIEHcara. PerieHune mnpw Halu4uu
BHeIIHero (chepruecky CHMMETPUYHOTO) TapMOHUYECKOT0 noreHuana. Pexxum Tomaca-Depmu.

9. BKC-noaxon st npuTspkeHus: GpepMroHOB. OHOYACTHYHBIE BO3OYKICHHS, ITapaMeTp MopsaKa U
TeMIeparypa nepexoja.

[Tpumeps! 3K3aMEHAIMOHHBIX OMIIETOB

buner 1.

1. Yopyroe B3auMoielicTBHE MKy aToMaMu. BbIBO/I BeIpayKeHUs IS KOHCTaHThI g. Kpurepuii cimabo
B3aUMOJIEHCTBYIOILETO PEXKUMA.

2. CunbpHO B3auMoAeHcTByoIMi pexkxuM B Depmu-razax. Onucanue kpoccosepa BCS-BEC.

burer 2.

1. BuxpeBble cocTosHUSI B 003€-KOHACHCHPOBAaHHBIX Ta3zax. PelieHue CTalMOHApHOTO YpaBHEHMS
I'pocca-IlutaeBckoro st BHXPEBOTO COCTOSIHHS (C YIIOBBIM MOMEHTOM | = 1) B omHOpOmHOM
MPOCTPAHCTBE, IPEANONAraloIeM IPAMYIO BUXPEBYIO JINHHIO.

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

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.



Ouenka omM4HO 9 0auloOB -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MIPAKTHUKE [PU PEIICHUH KOHKPETHBIX 3/1a4, CBOOOIHOE U MPaBUILHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Ouenka oOmIMYHO 8§ Oa/IOB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HAHMs y4eOHOH NpOrpaMMbl JUCLHUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHHH, C HEKOTOPBIMU HEIOUYETaMHU.

OtmeHka Xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHBIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISICTCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OtreHka XOpoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 33734 JOCTATOYHO OOJIBIIOE KOJIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKkTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIBbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMH y4eOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIETBOPUTEIHHO 2 0ajia - BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUs Y4eOHOW NporpaMMbl JHUCHMIUIMHBI, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33]1a4.

OneHKa HEYIOBIETBOPUTENBHO | Oaiia - BBICTABISETCS CTYICHTY, KOTOPHIH HE 3HA€T OCHOBHOIO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMMyCcKaeT rpyOeiinie ommoku B (GOPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeToquueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOMUTCS B yCTHOW QopMe Mo Owieram. B kaxjaom OwiieTe mNpencTaBIeHO JiBa
TeopeTuueckux Bompoca. [Ipu mpoBeneHnn 3a4uéra u dk3aMeHa olOydaroniemycst npepoctasisiercs 30
MHHYT Ha MOAroTOBKY. Ompoc oOydaromerocsi He JIOJDKEH IPEBBINIATh OJHOIO0 aCTPOHOMHYECKOTO
Jaca.



