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AHHOTANMA

Kypc nexuuii cocTout u3 AByX IpUMEPHO PaBHBIX 110 NPOJOKUTENbHOCTH YacTell. I[lepBas yacTe HauMHaeTcs
C M3JIOKEHHS CBEICHUH O (PU3MKe ABYMEpPHBIX ICKTPOHOB B MEPIEHAMKYISIPHOM MAarHMTHOM IIOJie H
MOMBITKAX OOBSICHEHHs SBIEHHS IEIOYHCIEHHOTO KBAaHTOBOIO 3(@deKkra Ha HMX OCHOBE Ui CIy4aeB
KOPOTKOZIEHCTBYIOIIETO M IUIABHOTO CIyYalHBIX MOTEHIHUANOB. V37I0)keHHE B 3TOW 4YacTH IPEANoaraercs
BIIOJIHE TOCTYIIHBIM KaK CTyJAe€HTaM-TeopeTukaMm Maructparypsl JIOU MOTH, tak u cryaeHTaM, 3HaKOMBIM C
KBAaHTOBOW MEXaHUKOU U AUATPaMMHOMN TEXHUKOM.

Bo BTOpO#l HacTM Kypca M3J1ararorcs OCHOBbI TE€OPETHKO-IIOJIEBOTO OIMCAHUS SIBICHUS LEJIOYUCIEHHOIO
KBaHTOBOTO 3(]dekra Xomna B KOPOTKOACHCTBYIOMIEM CIIy4ailHOM MoTeHIuaine. J{J1s moHuMaHusa MaTepuana
BTOpOH yacTu TpeOyeTcsl 3HaHWE CTYyACHTaMHU METOJO0B (PyHKIMOHAIBHOTO MHTEIPHPOBAHMS M KBAHTOBOW
Teopun moins. IloaToMy 3Ta 9acTh JNEKIUI paccuuTaHa Ha CTYAEHTOB-TEOPETHMKOB Marucrparypsl JIOU
M®THU. [lns 3akperuieHus JICKUMOHHOTO Marepuaia Kypca CTyAEeHTaM IIPeIaracTes 3alaHue, COCTOsIIIEE U3
16 3agau.

1. leau u 3apauu

eap AUCUMNIMHBI

OcBoeHue CTyJeHTaMH HOBEHIIMX 3HAHUM 110 KBaHTOBOM MEXaHUKE, HE BXOAAILIMX B CTaHAAPTHBIC
Kypchl (pu3ndecKux (QaxKyJIbTeTOB, M KOTOPBIC B AajbHEHIIEM OyIyT HCIOIB30BATHCS B TEOPETUUECKHX
U 3KCIIEPUMEHTAIbHBIX UCCIICIOBAHUSAX.

3agauu AU CHUILIHHBI

[To3HaKOMHTH CTYAEHTOB C COBPEMEHHBIMHU MOHSATHSIMHU W HAESIMH B 3TOM 00IacTH, C MOCTaHOBKON
3aja4y U NOoAXoJaMM K ux peuieHusiM. [Ipennonaraercs, 4To npociyiuasB 3TOT KypC, CTYAEHThl CMOIYT
YUTATh U JTy4lle IOHUMATh TEKYIIyI0 HAyYHYIO IEPUOJUKY B 3TOH obiacTu.

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
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneet cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTh
npo(heCCHOHANBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUIIMHAPHBIC CBS3U B O0JIACTH
MareMaTHK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHuy 3a1a4 NpoQecCuOHaNBHON AEATEIbHOCTH

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

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBAaHU B obnmactu cBoel mpodeccrnoHambHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHoHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M HMHCbMEHHOTO
W3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1

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

OIIK-3.2 CnocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWUS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

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

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOrPAMMHBIX ITPOLYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIEA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUIUS

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,
po(eCCUOHATBHOMY M IMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3y4aeMbIX
SIBIICHUH U TPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

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

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH anmpoOanuio pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyONMKaluK HAYYHBIX CTAaTeH U y4acTusi B KOH()EPEHIUSIX

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (pruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

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

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

- OCHOBHBIC ITOHATHSA I10 TEMC JUCIHUIIIIMHEI.

YMETB:

- I[IOJIB30BATHCA PA3BUTBIMU B PAMKaX JUCHUINIMHBI MCTOAAMU UCCICAOBAHUA, PCLIATh 3aa4H 110 TCMC

IUCIUTUIAHEL.
BJIAJIETD:

- MaTreMaTHU4YECKUM U MOHSITHHHBIM afraparoMm u METOAaMU PICCJ'IEIIOB&HPIIZ, COCTaBJIAIOIIMMUA

COACPIKAHUC NUCHUILIIMHBI.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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




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

No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora

1 Yacte [. DnemeHTapHOe ommcaHue 2 5 5
LIKSX. Beeaenue

) JIByMEpHBIN 31EKTPOHHBIM ra3 C OJHOMI ) 5 5
MPUMECHIO B MAaTHUTHOM T10JI€

3 HK2X B IIJIABHOM ClIy4ailHOM 2 5 5
HOTEHI1aJIe

4 HKDX B 3-KOppenupoBaHHOM CITyYaitHOM ) 6 6
MOTEHIHAae
Yacte II. TeopeTuko-moneBoe onucaHue

5 2 5 5
HK2X

6 WHCTaHTOHBI B HEJIMHEWHON G-MOJIENH C ) 5 5
TOTIOJIOTUYECKUM YJICHOM

7 Mynerudpaxransaocts B LIKDX 2 9 9

3 HenpepoiBHEIit npezen MOZEIIH 1 5 5
Yankepa-KoxgnuHrrona

Nroro yacos 15 45 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2.

Coneprxanue JUCIUIUIAHBL (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 3 (OceHnwii)

1. Yacts 1. Dnemenrtapnoe onucanue [IKOX. Beeaenue

1) DOnemenrtapnas teopus LIKOX.

2) DkcnepuMeHTanbHOE HAONIO[CHNE KBAHTOBAHHS XOJUIOBCKOW TIPOBOJUMOCTH.

3) HABymepHnsrii ra3 B kpemaueBoM MOII-Tpan3nucTope U HHBEPCUOHHBIX CIIOSIX.

4) XomnmoBckas IPOBOIMMOCTE 3JIEKTPOHHOTO ra3za. Kimaccudeckoe paccMOTpeHue.

5) KpaeBbie cocTosiHUS 1 KQIMOPOBOYHBIH apryMmeHT JladnuHa.

6) DrexTpocTaTuka KpaeBbIX COCTOSHUM.

2. JIByMepHBIi AIEKTPOHHBIN T'a3 C OHOIM MPUMEChI0 B MATHUTHOM TTOJIE

1) IlpumecHBIE COCTOSHUSI.

2) BnusHue ogHOW MPUMECH Ha XOJJIOBCKUHN TOK.

3. HK3X B mmaBHOM ciydyailHOM MOTEHIIHAIIE

1) Knaccudeckasi mepkoJsiiiys B IUIAaBHOM TOTEHIIMAJIE.

2) VYd4er KBaHTOBOTO TYHHEJIUPOBAHMS.
3) Monens Yankepa-Kogaunarrona.

4. [IKDX B 0-KOppETUPOBAHHOM CITy4YaliHOM MOTEHIIHATIE

1) XBOCTBI ITTIOTHOCTH COCTOSIHHM.
2) XONI0BCKUN U30IATOP.




3) IIpbpkKoBas MPOBOAUMOCTH Ha IIATO.
5. Yacrs II. Teopetuxo-nonesoe onucanue [{TKIX

Pennuunas HenmuHEWHaAs] G-MOJIENIb C TOIMOJOTHYECKUM YICHOM IS ABYMEPHOI'O SJICKTPOHHOT'O rasa €
S—KOppe.]'II/IpOBaHHBIM CHy‘laﬁHLIM INOTCHIMAJIOM B MAarHUTHOM IIOJIC.

6. IHcTaHTOHBI B HEMUHEMHON G-MOAEIIN C TONOJIOTHYECKUM WICHOM

1) Pasnenenue oobema u kpas. Tomonornueckuii 3apsij

2) D¢dexTuBHOE ACUCTBUE TSI Kpast

3) WucTaHTOHBI

4) Bknag MHCTaHTOHOB B CTATHCTUYECKYIO CyMMY

5) Jenokann3oBaHHOE COCTOSIHUE MPH OXY = k+1/2

5.1) ®opmynsl Ky6o anst 6xx u oxy

5.2) 3aBHCHMOCTB GXX M GXY OT pa3Mepa oOpaslia [IpHu HYJIEBOH TeMIepaType
5.3) enoxaln3oBaHHOE COCTOSTHUE MpH oXy = k+1/2

6) JleBuTauus AenOKaTN30BaHHBIX COCTOSHUI U KBAHTOBO-XOJUIbHBIE OCLMIUISILIAN

7. MynsrudpaxransHocts B LIKOX

1) Ompenenenue, ob1re CBOMCTBA, pe3yIbTaThl YUCIEHHOTO MOACIUPOBAHUSI.
2) MynbsrudpakTaabHOCTh B HETUHEHHOHN G -MOJEIH

8. HenpepriBHbIil npenen moaenu Yankepa-Kogauarrona
BriBog HEJITMHEWHON G -MOJENIN.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)
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7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

JloctynHble uepe3 Internet Hay4YHbIC U HAYYHO-TEXHUYECKHUE )KyPHAIIbI, B TOM YHCIIE:
https://journals.aps.org/ - 6a3a nanHbIX 10 )XypHanam Physical Review

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00PAa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[IpencrasneHue marepuaina Ha JOCKE U/HIIU MPHU MOMOIIA MEAUATIPOEKTOPA.
BosmoxHo ucnionb3oBanue [10 a5t cMMBONBHBIX W/WJIM YUCIICHHBIX BEIYMCIICHUH, a TAKKe
MPOBE/ICHUS] BEONHAPOB ¥ 3aHATHUH OHJIAKH.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arolui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM MOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pE3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MHOJUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJTYUCHHBIC 3HAHUS AJI pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, IPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— HOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIEW 1 MPOMEXYTOUYHON aTTeCTAIUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3Y4EHHUsI OTIEIbHBIX TEM, BOINPOCOB, CJIEAYET OOpaIarbcs 3a KOHCYIbTAlMAMHU
MIpenoAaBaTelto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUHM CTYACHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



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
kadeapa nmpobiem TeopeTndeckon HU3NKU

Kypc: 2

kBaTuuKkanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: N.C. Bypmuctpos, a-p ¢pu3z.-mMar. 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 BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

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

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHMTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-5 CriocoOeH 1 roTOB K IMOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM NI TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3In4us

OIIK-5.3 CrpeMurcss K TIOIYYECHHIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OI[CHUBATh KAueCTBO pa3paboTaHHON
MOJENN




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

pe3yabTaThl
[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC

ITIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIENOBAHUS CaMOCTOSTEIBHO WM B COCTaB€ HAy4YHOIO

KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJANTH I1IK-2.2 CnocoGeH MNpoOBOAUTH ampoOalMI0 PE3yIbTaTOB

Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTsl nOoCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

[IK-3 Cnocoben npodeccuonansao padorars ¢ |[IK-3.3 CnocobeH oLeHMBATH TOYHOCTh IOJYYEHHBIX
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM IKCTIEPUMEHTAIBHBIX (UHNCIICHHBIX) PE3YIbTAaTOB
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKaMH,
CIEeLUATN3UPOBAHHBIMU TTAKETAaMU TPUKIIATHBIX
MporpaMm) B M30paHHON MTPEIMETHOM 00IacTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare uzyuenus nucuumiiuHsl « KBanToBas Me3ockonuka. KBanToBblil addext Xosmia» oOyqaromuiics
JIOJKEH:

3HATh:
- OCHOBHBIC TIOHSATHS 10 TEME JTUCITUTIINHBL.

yMeTh:
- TIOJIb30BAThCS Pa3BUTHIMH B paMKax JUCITUIUIMHBI METOAaMH UCCIIEOBAHMS, pPElIaTh 3a7a4uH Mo TeMe
JUCITUILIUHEL.

BJIAJIETh:
- MaTeMaTW4YeCKUM U TMOHATHUIHBIM amnmapaToM W METOJaMH HCCIICJOBAHHMA, COCTABISIOMIUMU
coJiepKaHue AUCHIUTITNHBL.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTepuaina MPOBOAUTCS YCTHBIH ONpOC B
Hayaje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[Tpumeps! 3a1aHMii ¥ SK3aMEHAIIMOHHbIE OMJIETHI IPEICTABICHBI B IPUKPEIUICHHOM (aiie.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xoporio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, ymMeer IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.



OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka xopo1o 5 6ajuIoB - BBICTABISACTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ymOBIETBOPUTEIbHO 4 Oamia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILCHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOI0O MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NalbHEHWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTeIbHOCTH B M3JIOKCHHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaxX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

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

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

OK3aMeH MpOBOJAUTCS B YCTHOH ¢opme 1o Owneram. B kaxjaom Owiere mpecTaBieH OIWH
Teoperuueckuii Bonpoc. [Ipu mpoBeneHnu sk3aMeHa oOydaromemycs npenocrasnsiercs 30 MHHYT Ha
noxrotoBky. Onpoc 00y4aromerocst He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOIO Jaca.



KBanToBas me3ockonuka. KBantosblii 3¢gdext Xosaa
6 Kypc, ocennuii cemecmp

IIpumeps! 3axanmii

IIpumeps! 3a1a4 M3 JOMAIITHETO 3aAaHus (KYPCOBOM pabOTHI)

1.

Jl1st 4eThIpeX KOHTAKTHOM CXEMbI H3MEPEHHH, N300paKeHHOM Ha PUC.
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BbaucuTh xoiutoBckoe RH=R14u mpomomsnoe RL=R31 comporuBnenns, rme Rij= (pi—pj)/1.
Cunrath, 4TO (haKTOpP 3aIOTHEHUS PABEH V.
YkazaHue: UCIIONIb30BaTh YPaBHEHUE
2
€

I=—npu
h“

Iloka3aTs, 4TO ypaBHEHUE
w213,

v-ixf

npu T = 0 IPUBOUT K OTBETY Gxy=—(8%/h)(v+8) mpuuem & o NIn/W, rae N — uncio kpaeBbix
COCTOSIHHI, ITepeCceKarlnuX ypoBeHb Depmu.

Misy, (k)

dk [“" ok

+ CH-‘ff,t} TEF(S'H.,R: - ;l-E)
w212,

Haiity sHEpruu OTIIEIVIEHHBIX COCTOSIHUI Ha HU)KHEM ypoBHeE JIaHay npy HaIU4UU JBYX
cl1a0bIX O-IIEHTPOB € CHIIaMH U1H Uz, PACTIOJIOKECHHBIX Ha paccTosiHUM O IpyT OT Apyra, CUuTasi,
970 NLU1 2K Oc.

Haiitu sHeprum OTHICTUIEHHBIX COCTOSIHUN Ha HU)KHEM ypoBHE JlaHiay Npy HaIH4YuH c1aboro
MarHUTHOTO O-IIEHTPA, CYUTAs], YTO €r0 B3aUMOACHCTBHE C AIEKTPOHOM OIHCHIBACTCS
raMHJIbTOHHAHOM cieayrotiero Buaa Ver(r) =J3(r—ro)S-s, rae s— 3To oneparop CluHA HIEKTPOHA,
a S — oneparop cnuHa S= > MarHUTHOM IPUMECH.

B kBa3uknaccuyeckoM npuOImKkeHuH HalTH GyHKnuio I'puHa G(X1,X2)11 raMUIbTOHHAHA
OCLIMJUIATOpA

- K2 d_2 + mw?z?
2m dx? 2

IIpuMepsl 3aJaHUI KOHTPOIbHON pPabOTHI

1.

Haiity aucniepcuro 3HEPreTUUECKOro CIIEKTpa I COCTOSHUM BOJIU3U IIEHTPA MOJIOCKH,
. 712
|k| < W/I5,
Haiitn 3aBUCUMOCTH CKOPOCTH KPAaeBBIX MOJI OT HOMepa ypoBHsI JIaHaay 1 TOCTpOUTH rpaduk.
Cuurath, 9TO CKOPOCTh OMPELISIETCS COOTHOIIICHUEM

Vedge = d'g-n,k/de_W'jEI?I

ITycTh KBa#paT BOIHOBON (D)YHKIMHU B Z HanpaBjieHuH umeeT Bua 02(2) = (A/zo) exp(—z/zo)npu
2>7o. Cuuras, 4T0 S-IIEHTPHI PACIIPEIENEHBI PABHOMEPHO C 00BEMHON KOHLEHTpauen nPimp,
BbraucuTh npu E < Be=Aw/(27l%420) mnoTHOCTE cocTosiHM Ha HIKHEM ypoBHE Jlanay.

I[J'ISI HUKHCTO YPOBHA J'IaH;[ay II0Ka3aTh, YTO KaXXI10€ HOBOC COCTOAHHNEC 3aHUMACT ILIOIIAb 27'E|2H.
I[OKaBaTI), YTO CPCAHCC 11O BpEMCHH 3HAUYCHUC OIICPATOpPA CKOPOCTU JACTCA BbIPAKCHHUEM



(v(x,y)> = (eE— Ws)xB/(eB?).
I[pumepsl IK3aMeHAIMOHHBIX OHJIETOB
burer 1.
1. ®opmyna Ky6o mis xommoBckoii mpoBoauMoctd B popme Cmpuka 1 Ctpensl.
buner 2.
1. CamocornacoBaHHOE OOPHOBCKOE MPUOIMIKEHUE HAa BEICOKOM ypoBHE JlaHay
burer 3.
1. Mogens Yankepa-Kognuarrona
buner 4.
1. Tononorudeckuii TeTa-4jieH B HETMHEWHON PETUTHYHON cUTMa MOJIETTH
buner 5.

1. JIByxmapaMeTpHuecKas peHOPMIPYIIIOBas JUarpaMma Jis [eJ0YMCICHHOTO KBaHTOBOTO A dexTa
Xoia



