degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: ®du3nKa HU3KOPa3MEPHBIX CUCTEM
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa
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AHHOTANMA

Kypc paccunTtan Ha O3HAKOMIIEHHE CITyIIATeNIel C pa3InYHbIMU SIBICHHUSAMH, BO3HUKAIONIUMHU B CHUCTEMAaX C
IIOHMYKEHHOM IIPOCTPAHCTBEHHON Pa3MEPHOCTHIO.

[lonnxeHne NpOCTPaHCTBEHHON pPa3MEPHOCTH B HEKOTOPBIX CIIydasx YIPOLIAET TEOPETUUYECKUH aHaIu3
3aJaudl M Jake JeJaeT BO3MOXKHBIM TOYHOE PELICHHE HEKOTOPBIX 3ajad (HampuMmep, pelIeHue AByMEPHOH
Mozenu M3uHra), HeBO3MOXHOE B OOBIYHOM TpEXMepHOM cityyae. Kpome Toro, B cuctemMax ¢ MOHM)KEHHOM
Pa3MEpHOCTHIO OKa3bIBAIOTCS BO3MOXKHBIMHM HOBBIC SIBJICHHSI, KAUECTBEHHO OTIMYAIOIIUECS OT (PU3MUECKUX
SBIICHUM B cllydyae TpEX H3MepeHui (Hampumep, KBaHTOBBIM dddext Xoma). Hakonen, cama 3amaua
JOCTHIKEHHUSI COCTOSIHUSI C TOHM)KEHHOH NPOCTPAHCTBEHHOM pPa3sMEPHOCTBIO B HCCIENYEMOH CHCTEME B
HEKOTOPbIX CIIy4asX OKa3blBA€TCSd HHTEPECHOM C OSKCIEPUMEHTAIBHOW TOYKM 3pPEHMsS U 3acily’KUBAcT
paccMoTpeHHs B paMKax MOATOTOBKH CTYACHTOB Ha Kadeape (pu3nku HU3KUX TeMIiepaTyp (Hampumep, 3agada

[IOJIyYEHMs JBYMEPHOTO 3JIEKTPOHHOTO Iasa).

Kypc opuentupoBan Ha ctyneHToB 5 kypca (1 rox maructparypsl) JIOU (POIID) MOTU.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- O3HAaKOMJICHHC 06y11afom14x051 C PpasjiMyHbIMU SABJICHUAMH, BO3HHKAKOIMIMMU B CHCTEMax C
MIOHIDKCHHOM HpOCTpaHCTBeHHOﬁ PasMECPHOCTLIO.

33]13‘[1/[ JAUCHUIIINHBI

- O3BHAKOMJICHHEC C TeOpI/IefI 1 OKCIICPUMCHTAMU B obmacTu (I)I/IBI/IKI/I HU3KOPA3MCPHBIX 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

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyalbHOCTb, 3HAUYUMOCTb (Hay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYI0 B 3aBHCHMOCTH OT
TUIIA TIPOEKTa), OXHUIAEMbIE pE3yJIbTaTbl U BO3MOXKHBIE
cdepbl UX IPUMEHEHUS

YK-6 Criocoben onpeniessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHON AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIIEHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 Ymeer pemars 3aga4ui COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBHOTO  Pa3BUTHS,  ONPEACsTH U
peaTn30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI W CPEJACTBA BBITIONIHCHUS JEATEIBHOCTH C €&

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaTbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

pe3ynbTaraMu
OIIK-1.1 3HaeT W cHocoOGH  MCIONbL30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC

HAay4YHbIC 3HAHU B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M pPEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 Nmeet nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHOW TEPMUHOIOTHEH,
HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TpaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

OIIK-5 CriocoOeH 1 roTOB K MOBBIIIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TOIXYYEHUIO HOBBIX 3HAHHM,

IpoQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3YyJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
EITENLHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN

HayyHOM 3ajade ©  HWHTEPIPETUPOBATH  IOJYYCHHBIC
pEe3yJIbTaThI
[K-3 Cnocoben mpodeccuonanbuo padorars ¢ |[IK-3.1 [lonumMaer mnpuHOUIBL pabOTHl HCHOIB3YEMOTO

MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TTAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIacTH

060py,Z[OBaHI/I$I (CHGL[I/IaJ'II/ISI/IpOBaHHBIX IIaKCTOB

MIPUKJIAJAHBIX TPOTPAMM)

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HATb.

- OCHOBHBI€ 3KCIICPUMECHTAJIbHBIC JAHHBIC U TECOPECTUYCCKUC MMOAXOAbI IJIsI OITMCAHUA HU3KOPA3SMEPHBIX

CHCTEM.
YMETB:

- IPOU3BOAUTDH OLICHKU TCPMOJUHAMUYCCKUX BCIINYUH B PA3JIMYHBIX HU3KOPA3SMCPHBIX CUCTCMAX.

BJIAJIETh:

- MCTOJaMH BBIYMCIICHUN CIICKTPOB 2JICMCHTAPHBIX BO36y>I(I[€HI/If/'I B HU3KOPA3MCPHbIX CUCTCMAX.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), 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

TpynoeMKOCTb 110 BUaM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr

pabora

1 Monens U3uHra B cucteMax pa3iudyHOU 10 10 15

pa3mMepHOCTU
2 Huzkopa3mepHbie 37eKTPOHHbBIE CHCTEMBI 10 10 15




3 Huzkopa3zmepHble CHHHOBBIE CHCTEMBI 10 10 15
Nroro yacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

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

Cemectp: 1 (Ocennuii)

1. Mogens U3unra B cuctemMax pa3inuyHON pazMEepHOCTH

OcobenHoctn (U3MKM HU3KOpa3MepHBIX cucTeM. OTCyTCTBHE MAajbHEro MOpsiiKa B OAHO- U
JIBYMEPHBIX KPUCTAJUIaX C JIMHEHHBIM CIEKTPOM BO30Y)XIEHHH, OTCyTCTBHE 003€-KOHICHCALUH B
JIBYMEPHOM CIIyJae.

Tounoe pemenue monenu M3uHra B omHOM M AByX H3MepeHMsx. OpgHomepHass mofnens M3uHra:
CBOOOIHAS SHEPTUS M KOPPEIALUOHHAs (DYHKIHS, IEMEHTapHOEe BO30YKIeHUE OTHOMEPHON MOJIENIN
Wzunra. JleymepHas mozenb M3uHra Ha KBaapaTHOW peméTke: CBOOOIHAS 3HEPTUsl ABYMEpPHOU
Mojenu M3unra, aneMeHTapHoe BO30yKJeHHE AByMepHOH Mojenu M3uHra.

®a30BeIi Nepexoa B AByMepHOW Monenu M3unra. IloBenenne napamerpa nopsiika U TEINIOEMKOCTH
npu ¢$a3zoBoM IMepexofe B jaBymepHoW Mmonenu M3unra. Ilpumenenwe meroma Monte-Kapno k
JIBYMEpHOU Mozienu M3unra.

JIBymepHas Monens M3uHra ¢ pasHbIMHM IapaMeTpaMu B3auMoJcicTBus. MI3MeHeHne TeMIieparypbl
YIOPSIIOUEHMs IIPU [IEPEXO/IE K KBa3U-OHOMEPHOMY CIIyyalo.

[Mpumepsl n3uHTOBCKMX cucteM. OToOpakeHHe 3aJa4d O Ta3e Ha pemérke Ha W3WHTOBCKUH
raMWIBTOHHAH, TPUMEPHl H3MHTOBCKMX MAarHeTHKOB B OJHO- M JBYMEPDHOM ClIy4Yae M
9KCIIEPUMEHTANIbHBIE pe3ynbTaThl. « CIHHOBBIH JIE1» Kak MpuMep HEOOBIYHBIX CBOMCTB H3MHTOBCKOTO
(deppoMarueTika B TpEXMEPHOM CTydae.

2. HI/ISKOpa3MepHLIe OJICKTPOHHBIC CUCTCMbI

[lepexon bepesunckoro-Kocrepnuna-Tayneca. Buxpu B XY-marneruke. CBEpXTEeKydecTh TOHKHX
MJIEHOK TeINs.

[TaiieprncoBckass HeycTOM4MBOCTH B ofgHOMepHOM Merauie. AHomanuga Kowa. Ilpumepsr
KBa3MOJHOMEPHBIX MarHETUKOB, IEMOHCTPUPYIOIINX MAHEPICOBCKUNA MEPEXO.

HuskopasmepHblil  2J€KTpOHHBIM ra3. JIByMEepHBII M OJNHOMEpHBIA OJJIEKTPOHHBIA TIa3 B
MTOJIyIIPOBOJTHUKOBBIX CTPYKTypax. JIBYMEpPHBIN OJIEKTpPOHHBIM Ta3 HaJ TMOBEPXHOCTBIO TEIHs.
CocTosiHME BUTHEPOBCKOIO KpUCTajlla B IByMEPHOM JIEKTPOHHOM I'as3e.

HuzkopaszmepHblii 31IeKTpoHHBIH ra3 B rpadene. CrekTp IEKTPOHOB B rpadeHe.

JIByMepHBI 3JIEKTPOHHBIN ra3 B MarHUTHOM Tiojie. [lenmouncnennslii kBantoBbii 3¢ dext Xomna.

3. Huskopa3mepHbl€ CIIMHOBBIE CUCTEMBI

HuskopasmepHble CHHHOBBIE CHCTEMBbl. IlpuMepsl MOJENbHBIX CIMHOBBIX CHCTEM C pa3HOM
reoMeTpueil OOMEHHBIX CBS3EH: CIMHOBBIC IETIOYKH, «CIIMHOBBIC JICCTHHIIBI», IByMEPHBIE PEHIETKH,
JIByMEpHBIC PEIETKH C TEOMETPUYECKOH ¢pycTparueid OOMEHHBIX CBsi3ei (TpeyrojbHas H
karome-pemérku, pemérka lacrpu-Cazepnenna).

@®opmupoBaHHE KBa3U-HU3KOPA3MEPHBIX CHCTEM B pEaJbHBIX MAarHeTHKax. YIOpsA0YeHHE
KBa3W-HU3KOPa3MEPHBIX MArHETUKOB M PENyKIWs CIHHA B  YIOPSIOYCHHBIX COCTOSHUSIX
KBa3WHHU3KOPa3MEPHBIX MarHETHKOB.

leiizenOeproBekas nenovyka cnuHoB S=1/2. llenovka ¢ B3aUMOJACHCTBHEM ONMIKAHIIMX cOCeNeH.
Amn3zan bere, sHEprusi OCHOBHOTO COCTOSHHSI U CIIEKTP BO3OYKICHUIA.

leiizenOeproBckas  memouka crnuHoB S=1/2. Ilemodka ¢ ansTepHUPOBaHHBIM OOMEHHBIM
B3aumoyeicTBueM. dopmMupoBaHue e B CrieKTpe Bo30yxaeHuid. CriMH-TIaifepICOBCKUIA TIEPEeXo/.
[enouka ¢ B3anMoJICHCTBUEM cOCe/Iel CIIEAYIONINX 32 OIMKAUITIMH.




leiizenOeproBckas nemnouka crimHoB S=1. I'mmote3a Xamaeiina. lllens B criektpe Bo30yXIeHHN U
SHEPreTUYECKUH CIEKTP XaJIAEHHOBCKOTO MarHeTHKa.

Cnun-meneBsle  MarHeTukd. CnekTp Bo30y)XKISHHH CIMH-IIENEBOr0 MarHeTHka. BiusHue
MarHuTHOTO TOJIS Ha CHEKTp Bo30yxaeHui. PopMUpOBaHKE UHIYLMPOBAHHOTO MarHUTHBIM I1OJIEM
aHTU(EPPOMATHUTHOTO TOPSAKA BbIIIIE KPUTUYECKOTO MOJI.

JledekTsl B HM3KOpa3MEpHBIX CIIMHOBBIX CHCTeMaX. MHIynupoBaHHE NPUMECSIMHU JAIbHETO
MarHuTHOTO MOpsaka. DPPEeKTUBHBIN CIIMH 0OpBIBA LETIOYKH B XaJA€HHOBCKOM MarHeTHKeE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, 10CKa, MEIUAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa
1. Teopernueckas ¢usuka [Tekcr] : B 10 1. T. 3 : KBanToBast mexanuka. HepenstuBucTckas Teopus :
yue0. mocobue s By3oB / JI. . Jlannay, E. M. JIudumn ; mon pex. JI. I1. [TutaeBckoro .— 5-¢ u3-.,
crepeotun. — M. : ®uzmatnut, 2004, 2002 .— 808 c.
2. Teopernueckas ¢puzuka [Texcr] : B 10 T. T. 5, Y. 1 : Craructudueckas ¢pusuka : yue0. mocobue st
yu-toB / JI. /1. Jlanmay, E. M. JIndmmu ; nox pen. JI. I1. IluraeBckoro .— 5-e u3a., crepeorur. — M. :
®dusmarnut, 2001, 2002, 2005, 2010 .— 616 c.

1. A.M.CmupHOB, «Ilopsiok u 6ecropsi0Kk B CHHHOBBIX 1enovkax.», MOTHU 2003

2. L.J de Jong and A.R.Miedema, «Experiments on simple magnetic model systems» , Advances in
Physics, 50, 247 (2001)

3. H.-J.Mikeska, A.Kolezhuk, “One-dimensional magnetism” , Lect. Notes Phys 645, 1-83 (2004)
4. ox pen. PIlpenmka u C.I'upeuna, «KBanrossiii apdexr Xomra», 1989

JlononHuTE bHAS TUTEpATypa
1. Klaus von Klitzing , “Developments in the quantum Hall effect”, Phylosophical Transaction of the

Royal Society A, 363, 2203 (2005)

2. J.M.Kosterlitz and D.J.Thouless, “Two-dimensional physics”, Progress in low temperature physics
VII B (1978); J.M.Kosterlitz and D.J.Thouless, “Ordering, metastability and phase transitions in
two-dimensional systems”, J. Phys. C: Solid State Phys., 6, 1181 (1973)

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

DNEeKTPOHHBIE ONOINOTEKH

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

ONeKTpOoHHbIE OMOINOTEKH.
9. MeTonnueckue yKa3anus 1J1s 00y4al0UIUXCs 110 0CBOSHHIO TUCHMILTHHBI (MOTYJIsT)

CryneHT, M3y4arolui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCSA IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare m3ydeHHs NHUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONPEACICHUS M TOHATHA,
YMETb IPUMEHSTH [10JIyUYCHHbIE 3HAHUS AJIs PELICHUs Pa3IMuHbIX 3a/ad.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:



— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB HA BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— peUICHUC 3a1a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX;
— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII7[ TeKyu[efI n HpOMe)KyTO‘lHOﬁ aTTCCTalum.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3Y4EHHsI OTIENBbHBIX TEM, BOINPOCOB, CJIEAYET OOpaIarbcs 3a KOHCYIbTALMAMHU
MIpenoAaBaTesio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.



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 QU3NKU U TEXHUKU HU3KUX TEMIIEPaTyp
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: B.H. I'na3koB, kanx. ¢us.-Mat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HPUOPUTETHI COOCTBEHHOM JEATEIILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOIO  pPa3BUTHUS,  ONpEACsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

YK-6.2 OueHHuBacT CBOIO JIEATECILHOCTh, COOTHOCHT IIEJH,
CHOCOOBI M CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€

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

pe3yabTaraMu
OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

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

OIIK-2.1 NmeeT npeacTaBieHne 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,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M HMHCbMEHHOTO
W3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/BI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUN HOBBIX 3a]ad, IPUMEHSsS 3HAHWS B
pa3nMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TOIXYYECHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, hOpMann30BEIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh

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

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-3 Cnocob6en nmpodeccuonansuo padorars ¢ |[IK-3.1 [lonumaer mnpuHOMOBL pabOTBHl HCHOIB3YEMOTO
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM 00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
o0opynoBanreM (MpruOOpaMH U yCTAHOBKAMHM,  |[TPUKJIAJAHBIX IPOTrpaMMm)

CTIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B U30paHHON MIPEIMETHOM 00IacTH

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus quCUIUIMHE « DU3KMKa HU3KOPA3MEPHBIX CUCTEMY 00yJarOIIUNCS JOIKEH:

3HAThb:

- OCHOBHBIC 3KCIICPUMCHTAJIbHBIC JAHHBIC U TCOPCTUYUCCKUC IMMOAXOAbI IJI OITMCaHWUA HU3KOPa3MCPHbBIX
CUCTCM.

yMeThb:

- IPOU3BOAUTH OLICHKU TCPMOANHAMHWYCCKHUX BCJIMYMH B PA3JIMYHBIX HU3KOPA3MEPHBIX CUCTCMAX.
BJIAA€Th:

- METOJJaMH BBIYUCIICHUH CIIEKTPOB IEMEHTapHBIX BO30YKJICHUI B HU3KOPAa3MEPHBIX CHCTEMaX.
3. IlepeyeHb THNOBBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enpl0 KOHTPOJISL OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MPOBOAWUTCS YCTHBIH ONpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

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

OcobeHHOCTH (PU3UKH HU3KOPA3MEPHBIX CHCTEM.

Tounoe pemenue moznenu M3uHra B OJHOM U JBYX U3MEPEHUSX.
@®a30BbIN IIEpEX0]1 B IByMepHOU Monenu M3uHra.

[Bymepnas monens M3uHra ¢ pa3HbsIMU IIapaMeTPaMH B3aUMOJCHCTBUSL.
[IpumMeps! N3UHTOBCKUX CUCTEM.

[Tepexon bepesunckoro-Kocrepnuua-Tayneca. Buxpu B XY-marunetuke.
CBepXxTeKy4yecTh TOHKUX IJIEHOK IeJIHsl.

e AN A M

[TaiieprncoBckasi HEYCTOMYHUBOCTEH B OAHOMEpHOM MeTaie. Anomanus Kona.
9. Huzkopa3mepHbIil 371eKTPOHHBIH ras3.

10. HuzkopasMepHBIii 2IeKTpOHHBIN Ta3 B TpadeHe.

11. /IByMepHBIii 2IEKTPOHHBIN Ta3 B MATHUTHOM IIOJIE.

12. IlenouncneHHbIi KBaHTOBBIN A dekT Xoma.

13. Huzkopa3MepHbI€ CITUHOBBIE CUCTEMBI.

14. ®opmupoBaHUEe KBa3U-HU3KOPA3MEPHBIX CUCTEM B PEAJIbHBIX MAarHETUKAX.
15. Teit3enOeproBekas 1ienodka CnuHOB S=1/2.

16. Teitzenbeprosekas nenouka cnuHOB S=1. ['mmoTe3a Xamnaelina.

17. Cnun-1mienesble MarHeTuku. CrieKTp BO30YKIACHNUH CIIMH-IIIEIEBOTO MAarHETHKA.
18. JledexThl B HU3KOPa3MEPHBIX CITMHOBBIX CUCTEMAaX.

[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:
buner 1.

1. Huszkopa3mepHble CIIMHOBBIE CHCTEMBI.

2. I'eiizenOeprosckas memnoyka cnuHoB S=1/2.

buner 2.
1. Criun-meneBbie MarHeTHKU. CieKTp BO30YKIEHUH CITUH-IIIEIEBOTO MarHeTHKA.




2. Tounoe pemenue moaenu M3nnra B OAHOM U IByX U3MEPEHUSX.

buner 3.
1. IByMepHBIN 3JIEKTPOHHBIN ra3 B MATHUTHOM TIOJIE.
2. Toynoe pemienue moaenu Vi3uHra B OTHOM U JBYX U3MEPEHUSX.

Kpurepun onennBanus
Onenka ormuuao 10 OGamnoB - BBICTaBJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELLICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PEIICHUH.
Onenka ommyHO 8§ OamioB - BBICTAaBIIIETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBWIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomo 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U 10 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
Onenka ynoBieTBOpUTENbHO 4 Oamya - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka yaoOBIETBOpUTENbHO 3 Oayia - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMEeHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCS CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIeH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEyNOBIETBOPUTENbHO | 0ayml - BBICTABISETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

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

DKk3aMeH mpoBoAMTCA Mo Owieram. B kaxkgom Owusere mpeAcTaBiIeHO /Ba TEOPETUYECKUX BOIMpOCA.
[lpu mpoBeneHnn sk3amMeHa oOyudaroremycsl npeaocrasisercs 30 MHHYT Ha ToAroToBKy. Ompoc
00y4Jaromerocst He JOJDKEH MPEBHIIATh OTHOTO aCTPOHOMHUYECKOT'0 yaca.



