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BCTYII

[Iporpama HaB4anmbHOi AucUUIUTIHA “Teopis HHU3BKOBUMIPHHMX CHCTEM’ CKJIAJEHA
CKJIaJIeHa BIATOBIAHO JO OCBITHBO-IPOGECIHHOI (OCBITHHO-HAYKOBO1) IMPOTpPaMH IiATOTOBKU
NEPIIOTo PiBHIO BUIIOT OCBITH — OaKaixaBp

HaIpsIMy MiATOTOBKH 6.040203 — dizuka
CHeNiaIbHOCTI

1. Onuc HAaBYAJIBLHOI JUCHHUILTIHA

1.1.Mera BUKJIagaHHA HAaBYAIbHOI JUCLIMILIIHI

MeTor0 BHKIIQJaHHS HABYAIBHOI JMCLUUIUIIHU «TEOpis HU3BKOBUMIPHHUX CHCTEM» €
HAJaHHS CTYJEHTaM YsBJIEHb IPO CYYacHiI CTaH Teopli JABOBUMIPHOTO E€JIEKTPOHHOIO Ta3y B
MarHiTHOMY IOJIi, Teopii ABOBUMIPHHUX KpPHUCTaJiB, TE€Opii TOMOJTIYHUX I130JIATOPIB, 1 Teopii
JIBOBUMIPHOI HAIUTMHHOI PiIMHU, TIPO OCHOBHI MOJIEN1 B T€OPii HU3bKOBUMIPHUX MarHeTHU3MY Ta
iX TOYHI i HAOJIMIKEHI METOAM PO3B’I3yBaHHS.

1.2. OcHOBHI 3aBIaHH BUBYCHHS JUCIUILIIHA
- HABYMTHU CTY/ICHTIB OCHOBaM KBAaHTOBOI T€OPil HU3bKOBUMIPHUX CHUCTEM 1 Teopii pazoBuX
NEPETBOPEHD B TAKUX CUCTEMAX,
- HAJaTH CTyJEHTaM YsBJICHH PO Cy4yacHi "rapsdi Touku" 1 cydacHy mpoOIeMaTHKy Teopii
HU3bKOBHUMIPHUX CHCTEM.

1.3. KinbKicTh KpeauTiB — 4.
1.4. 3aranpHa KUIbKICTE roau — 120.

1.5. XapakTepucTrKa HaBYAIbHO1 AUCITUTLUTIHI

3a Bubopom

Jenna dhbopma HaBYaHHS

Pix miarotoBku

4-it

Cemectp

8-

Jlexmii

39 rog.

ITpakTHuHi, cEeMIHAPCHKI 3aHATTS

13 ron.

JlaGopaTtopHi 3aHATTA

He nepenbaueHi HaB4aaIbHUM TJIAHOM

CamocriitHa poOoTa

68 rox. (B Tomy umcii 5 roj1. Ha MiITOTOBKY J0 KOHTPOJIBHOT pOOOTH)

IHMBinyasibHI 3aBIAHHS

He nepenbaueHi HaBUaIbHUM TIJIAHOM

1.6. 3rigHO 3 BUMOTaMHU OCBITHBO-TIPO(ECiitHOT MporpamMu CTYIEHTH TTOBUHHI JOCSTTH TaKUX
pe3ysbTaTiB HaBUYAHHS:
3HaTH, po3yMITH Ta OYTH 3JaTHUM 3aCTOCOBYBATH Ha MpodeciiiHOMY piBHI MPUHIUIH 1
TEOPETUYHI MiAXOAM JO OINUCY aHaji3y, TIyMaueHHs, MOSICHEHHS 1 kiacudikamii cyTi Ta
MEXaHI3MIB PI3HOMaHITHUX (i3UYHUX SIBUI 1 MPOLECIB, SKI BiIOYBaIOTHCS Y HU3BKOBUMIPHHUX
CUCTEMAX.
ByTu 3paTHIM 3acTOCOBYBAaTH MaTeMaTUYHI 3HAHHS 3 TEOpIi JIHIMHUX OrepaTopiB, TeOPil
HMOBIpHOCTE Ta MaTeMaTW4YHOI CTATHUCTUKU 3 METOI0 OTPHUMAaHHS (DI3MUHUX XapaKTEPUCTHK
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HU3bKOBUMIPHUX CHCTEM, BUKOPHCTOBYBAaTH CHUMETpiiiHI 1 TOMOJOTIYHI MPUHIMIN B aHami3i
(GI3UYHMX SBHII B HU3bKOBUMIPHUX CHCTEMaX, 30KpeMa B HU3bKOBHUMIPHHX MarHiTHUX CHCTEMaXx.

2. TeMATHYHHUH IJIaH HABYAJILHOI AUCHHUILIIHA

Po3xia 1. /IBoBUMipHMIi eJIeKTPOHHUI ra3 B MArHITHOMY MOJIi.

Tema 1. [{sosumipnuii enekmpornnuii 2az. Keanmosuii echexm Xosna.
[IpssMOKYTHI 1 TPUKYTHI KBaHTOBI sIMU. ['€TepoCTpyKTypu 3 KBAHTOBUMHU sMaMu. CHEKTp
JIBOBHMIPHOTO €JIEKTPOHHOTO ra3y B MarHiTHoMy moii. Kimacuunuii 1 kBanToBHiA epekt Xoa.
Pounp nokanizoBanux craniB. KpaiioBi cTanu B cuctemax 3 KBaHTOBUM edekToM XoJuia.

Tema 2. @asza beppi
3aransHe Bu3HauYeHHs ¢aszu beppi. Pa3a beppi ansa ciuny B mar"iTHomy noji. E¢ext AaponoBa-
Bowma i ¢aza beppi. LLtyuni kaniGpyBanbsHi o i ¢paza beppi

Tema 3. Tononoeciuni ineapianmu 6 meopii kKeanmosozo epexmy Xonna

XOJUTOBChKA TPOBIHICTB, PO3PAaXyYHOK B HAONMIKEHHI JiHIHHOTO BiAryky. Yucino YepHa.
TKHH - inBapiaHT.

Po3nin 2. EnexkTpoHHi BiacTuBocTi rpageny.

Tema 4.Enexmponnuii cnekmp epagerny 6 mooeni CuibHo20 36'513K) .

Kpucranmuna crpykrypa rpadeny. 3ona bpimmosna. Enextponnuii cnexrp. JlipakiBcbku
touku. PiBHi Jlanaay B rpadeni. TynemtoBanns Kineiina B rpadeni

Tema 5. Teopis ninitinozo 6i02yKy epageny Ha 3068HIUHI NOJIs
Bucokouactorna mpoBinHicTe Tpacdeny. [lormuHaHHS eIEeKTPOMAarHiTHOrO MoJisi B TpadeHi.
[ToBepxHEBi TUTA3MOHU B TpadeHi.

Po3ain 3. OcHOBH Teopii TONOJIOTIYHUX i30/19TOPIB.

Tema 6. Cumempis eaminbmoHiany en1ekmponie Ha peulimyi 6i0HOCHO 0OepHeHHs. 4acy

Cumetpiss BIAHOCHO OOEpHEHHS yacy g OecCHiHOBMX 4YacTUHOK. CHUMETpis BIJHOCHO
oOepHeHHs yacy JUIs YaCTUHOK 31 criHoM. TeopemaKpamepca.

Tema 7. Mooeni 08608UMIpHUX MONONOIYHUX [3019MOPI8

Mopnens Xanzeitna i mogens Keiina-Merne. ['etepoctpykrypa HgTe-CdTe sik 1BoBHMIpHHiA
TOMOJIOTTYHUN 130JITOP: MOJEIBbHUN onKc. bamicTHUHUN TpaHCIIOPT B OJTHOBUMIPHUX KaHAJIaX.

Tema 8. Z> mononoziunuii ingapianm

Z, Tononoriunui iHBapiadT 1 Hyni [lpaddiany. Z2 TononoriyHuil iHBapiaHT B CUCTEMAX 3
LEHTPOM iHBepcii

Tema 9.Tpusumipni mononoeiuni izonamopu

CunbHi 1 cnaOKi TPUBUMIPHI TOHOJOTIYHI 1307sTOpU. [lOoBEepXHEBI CTaHM TPUBUMIPHHUX
TOMOJIOTTYHUX 130JIATOPIB.

Po3znin 4. IleperBopennst bepesuncekoro-Kocrepaina-Tayueca.

Tema 10. Ocobausocmi ¢pazosux nepemsopensb 6 080BUMIPHUX CUCTNEMAX

boze-koHeHcaliss B TPUBUMIpHUI 1 JBOBHUMIPHMX CHUCTeMax. BIJICYTHICTH [aneKkoro
MOPSIIKY B IBOBUMIPHUX CHCTEMaX.

Tema 11. Buxpi 6 Haonaunnux cucmemax. Bzaemoois euxpis

KBaHTOBi BHXpi. 3aracaHHs HAAIUIMHHOTO IOTOKY B CHCTEMi B KBaHTOBHMH BHXOPaMH.
BinbHa eneprist cucremu BuxopiB. Temneparypa nepexony bepesuncekoro-Kocrepnina-Tayneca.

Tema 12. Haonaunna winonicmo i nepexio bepezuncvrkoco-Kocmepniya-Tayneca.

Eneprist B3aemMo/1ii BUXOpiB B IBOBUMIpPHIN HAAIUIMHHINA CHCTeMi. 3MEHIIICHHS HaATLTUHHOI
HIUIBHOCTI 32 paXxyHOK HOpMalbHHMX 30yIKeHb 1 3a paxyHOK BuxopiB. CTpuOOK HaIIUIMHHOT
MIUTBHOCTI B Toulli nepexony bepesuncbkoro-Kocrepnina-Tayneca.



Po3ain 5. CninoBi moaeni. TouHi Ta HaGaMKeHI MeTOAH B Teopil HU3BKOBUMIPHOI0
MAarHeTU3My

Tema 13. I'aminomonian I etizenbepea.
OcHOBHHUI cTaH reiizeHoeproBekoro dpeppomarneruka. CrinoBa XBuis. CIIeKTp HAMHMKINX
CTaHIB Tel3eHOEePTrOBCKOTO (heppOMarHeTHKa.
Tema 14. Oonosumipnuil 3aMKHeHUL TAHYIOHCOK 6 i30mponHiti modeni I etizenbepea.
Merton bere pimenHst oqHOMipHOT 331a4i (s = 1/2). EHepris 0CHOBHOTO CTaHy
reii3eH0eproBckoro aHTuepoMarHeTrka.
Tema 15. Anizomponnuii ranyiodicox I etizendepea 3i cninom % K mouHo po38'a3yeana
K8AHMO08A MOOEelb.
KBanToBHii METO/ 3BOPOTHOI 3a7a4i pO3CItOBAaHHS.
Tema 16. Touno po3s’szysana oonomipua XY-mooenw 3i cninom 1/2.
Tepmoaunamika XY-mozeni. Kanroswuii hazoBuii nepexia mo nmomto B i3orponHiit XY -
moaeni ipu T = 0.
Tema 17. /[sosumipna epamka I3inea.
Martpuus nepexony. 3BefieHHs 3a1a4i 10 ogqHoBUMIipHOT XY -Mozeni. TouHe pileHHs 1
JBOBUMIPHOI Mojiei [3iHra 6€3 MarHiTHOTO MoJIsl.
Tema 18. Pigusannsa pyxy cnuna 6 macHimuomy noii. Ilpeyecis.
Jlineapwu3zarist piBHSHb pyXy. HamiBkiiacuuHa Teopisi CriiHOBUX XBUJIb Y (hepOMarHeTHKy.
HaniBkiiacu4yna Teopis CIiHOBUX XBWJIb B aHTU(EepOMarHeTuky. Bunaaok miHiHOTO
JAHIIOXKKA.
Tema 19. Mooenv Xabbapoa.
Tounuii po3B’sI30K 7151 OAHOBUMIpHOT Moziei MeToaoM bere.
Tema 20. Ilpobrema Konoo.
Tounuit po3B’s30k MeTosioM bere.

3. CTpykTypa HAaBYAJIBLHOI IUCHUIJIiHI

HazBu po3ainis 1 Tem Kinekicts roguna
neHHa hopma
yCbOTO y TOMY YHUCIII
1 1 na0. HI. | C.p.
1 2 3 4 5 6 7
Po3nin 1. /IBoBuUMIpHMI €1E€KTPOHHUM T'a3 B MATHITHOMY IOJI.
Tema 1. J[BoBUMIipHUI €1€KTPOHHUI 8 2 2 4
ra3. KsantoBuit edext Xosmna.
Tema 2. daza beppi 8 2 2 4
Tema 3. TononoriuHi iHBapiaHTH B 8 2 2 4
Teopii KBaHTOBOTO edekTy XoJia
Pasom 3a posninom 1 24 6 6 12
Po3zaia 2. EnexTpoHH1 BIacTUBOCTI rpadeny.
Tema 4. EnextpoHHuii ciekTp rpadeny 8 2 2 4
B MOJIEJI CHJIBHOTO 3B'SI3KY.
Tema 5. Teopist NiHIKHOTO BIATYKY 6 2 4
rpad)eHy Ha 30BHIIIHI TOJIS.
Pazom 3a posainom 2 14 4 2 8
Po3aia 3. OcHOBH Teopii TOMOJOTIYHUX 130JISITOPIB.

Tema 6. Cumerpisi raMiJIbTOHIaHY 6 2 4
€JIEKTPOHIB Ha PELIiTI BiTHOCHO
o0epHEHHS Yacy




Tema 7. Moaeni TBOBUMIpHHUX 8 2 2 4
TOIIOJIOTIYHUX 130JIITOPIB
Tewma 8. Z; Tononoriyauii iHBapiaHT 6 2 4
Tema 9. TpuBuMipHi TONONOTIYHI 6 2 4
130JITOpH
Pazom 3a pozaisiom 3 26 8 2 16
Po3aia 4. TleperBopenns bepesuncrkoro-Koctepiina-Taymneca.
Tema 10. OcobauBocTi (ha3zoBux 6 2 2 2
MEePETBOPEHD B IBOBUMIPHHUX
crcTeMax.
Tema 11. Buxopi B HAAIITUHHUX 6 2 4
cucteMax. Bzaemois BUXOpiB.
Tema 12. HaarmmuHHA MITBHICTS 1 6 2 4
nepexin bepesincekoro-Koctepiina-
Tayeca.
Pazom 3a pozainom 4 18 6 2 10
Po3aia 5. Crninosi mozemni. TouHi Ta HAOMMKEHI METOAM B TEOPii HU3KOBUMIPHOTO
MarHeTu3My
Tema 13. OgaHOBHMIpHA MOJIEINb [3iHTa 5 1 2 2
Tema 14. OgHOBUMIpHUH 3aMKHEHUHT 6 2 1 3
JIAHIIIOKOK B 130TPOMHINA MOeni
I'eitzenOepra.
Tema 15. AHI30TPOITHUI JIAHITIOKOK 7 2 1 4
I'eiizenbepra 3i criHOM %2 SIK TOYHO
PO3B’s3yBaHa KBAHTOBA MOJICIb.
Tewma 16. TouHo po3B’si3yBaHa 7 2 1 4
onHomipHa XY-mozens 31 cmiHoM 1/2.
Tema 17. JIBoBuMipHa rpaTka I3iHra 2 2
Tema 18. PiBHAHHS pyXy CIIUHA B 2 2
MarHiTHoMy noi. [Iperecis.
Tema 19. Mogens Xab6apaa 6 2 4
Tewma 20. IIpo6rema Konpo. 3 2 1
Pa3om 3a posainom 5 38 15 3 3 17
Ycvozo 200un | 120 39 13 5 68
4. TeMM NPAKTUYHHUX 3aHATH (ceMiHapiB).
Ne Ha3Ba Temu Kinbkictsb
3/1 TOJIUH
1 | KpaiioBi cTanu B cucTeMax 3 KBAaHTOBUM edekToM XoJuia 2
2 | Edexr AaponoBa-bowma i dasa beppi 2
3 | HlTyuni kaniOpyBanbHi nois i pasza beppi 2
4 | TynemoBannsa Kinelina B rpageni 2
5 | bamicTuuHui TpaHCIIOPT B OJTHOBUMIPHUX KaHAJIAX. 1
6 | [erepoctpykrypa HgTe-CdTe sik nBOBHUMipHUIT TOMOIOTYHIIA 1
130JISITOP  MOJIEJIbHUMN OIIHC.
7 | CiHOBI MoJieni: IepexiJl Bii CHIHOBUX ONEpaTopiB 0 1
OIepaTopiB HAPOKEHHS Ta 3HUIIECHHS




8 Tepmonunamika mozeni ['eiizenOepra B HaOJMIKEHHI CITIHOBHX 1
XBWJIb

9 | KBanToBi (a3oBi nepexoau B i3otponHiit XY Mozeni 1
Ycevozo zooun 13

5. 3aBaaHHs 11 caMOCTIiHOI podoTH

[TosicHeHHS 11010 TOTO, 10 TOBUHEH 3pOOHUTH CTYACHT ITiJ] Yac CaMOCTIHHOT poOOTH:
[To BciM HWXYE BKa3aHUM TeMaM OIpPAIIOBATH KOHCIEKTH JICKI[iHd, MPOYUTATH

1.

BIJIMOBI1/IHI Maparpadu B miApyIHUKAX Ta MOHOTpadisix;
CaMocCTiifHO TOTYBaTHCS IO CEMiHAPCHKUX 3aHSTh;
CamMOCTIHO MiIrOTYBAaTH MUCHMOBY JIOTIOB1/Ib HA CEMiHapI.

Buawm, 3micT camocTiitHOT poboTH

Kinekicts
T'onnu

JIBoBUMIipHHMIA eneKTpoHHUH ra3. KBaHTOBHIA edekT Xosa.

4

®daza beppi

Tonosnoriuni iHBapiaHTH B TeOPii KBAaHTOBOTO edekTy Xoia

Enextponnuii criektp rpadeHy B MoJiesi CUILHOTO 3B'S3KY.

Teopis niHIIHOTO BiNryKy rpad)eHy Ha 30BHINIHI MOJIS.

OO WN -

Cumetpist raMiJIbTOHIaHY €NIEKTPOHIB HA PELIiTIl BITHOCHO OOepHEHHS
qacy

IR E-NE AN

Moeni TBOBUMIPHHUX TOIOJIOTIYHUX 130JITOPIB

Z> TOTIOJIOTIYHUHN 1HBapiaHT

TpuBUMIpHI TOIOJIOTIYHI 130JIATOPU

Oco0nuBocTi (ha30BUX MEPETBOPEHD B ABOBUMIPHUX CHCTEMAaX.

Buxopi B HanmmHHUX cuctemax. B3zaemoist BUXOpIB.

Haannunna mineHICTS 1 nepexin bepesincekoro-Koctepmina-Tayneca.

OpnnoBuMipHa Mojens [3inra. TepmoauHamika 0JTHOBUMIPHOT MOJIei
I3inra. [Jocainntu TeMnepaTypHy 3aJIeXKHICTh TETJIOEMHOCTI Bijl
TEeMIIepaTypy B HYJIbOBOMY MarHiTHOMY 1oJi. [lopiBHsTH 3
pe3yabTaTOM Il IPOCTOr0 NMapaMarHeTHKa.

I RS E N N N NN
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["aminpronian ['eitzen6epra. CriekTp HaHM)KYUX CTaHIB
reii3eHOeproBckoro peppomMarueTrka. J{jist TaHIF0KKa 31 CIIiHOM (S =
1/2) y pa3i oiHOBiCHOI aHi30TPOITii 3HAWTH CHEKTP CTAllIOHAPHUX
CTaHIB 3 OJIHUM OOEPHEHUM CIIiHIB JUI HUKITIYHUX TPaHIYHUX YMOB Ta
JUISL «BIJKPUTOTO» JIAHIIOKKA.

15

Meron bere pimenHs ogHomipHoi 3aadi (s = 1/2). Metonom bete
3HAWTH CTIEKTpP CTAI[IOHAPHUX CTaHIB 3 JIBOMAa OOCPHEHUMHU CIIIHAMU
JUIsl HECKIHUYEHOTO JIAHIIOXKKA.

16

Juaronanizaris ramiabToHiany XY-Mo/€emi 3a JOMOMOTO0 U-V-
nepeTBOpeHHs boromo6oRBa. JlocmianTu 3a1eKHICTh TETUIOEMHOCTI BiJT
TEMIEPATYPHU B PI3HUX MATHITHUX TOJISX.

17

Monens Xa06apnaa. [IpoananizyBaTi BUAM CUMETPIii B MO
Xabbapna.

Yevozo 2ooun

68

6. InuBinyanbHi 3aB1aHHs

He r[epe;[6aquo HaB4YaJIbHUM IIJIaHOM.



7. MeToau KOHTPOJII0
[TinroToBKa MHCHMOBOI JOMOBIAI JJIi BHUCTYIy Ha CEMiHapi, BHUCTYN Ha CceMiHapi,
KOHTpPOJIbHA PO00Ta, 3aIiK.
8. Cxema HapaxyBaHHs 0aJiiB

[ToTounuit KOHTPOJIB, CAMOCTIHHA poOoTa,
1HMBIAYyalbHI 3aBJaHHI 3aimik Cyma
Posainu 1-5 (T1-T20) Pazom
[Toroune | [lucebmoBa | Bucrtym 3 KonTposbna
ONUTYBaHHS | JOMOBiNb | JOMOBIIIIO pobGora
Ha ceMiHapi
10 10 20 20 60 40 100

Jis 3apaxyBaHHs po3autiB 1-5 Tpeba HaOpatm y miJcyMKy HE MeHIIe 5 OamiB 3a
pe3yJIbTaTaMH IIOTOYHOTO OIIUTYBAaHHS Ta YUacTi y CEeMiHAPChKUX 3aHATTSIX 33 KOXKHUI 3 PO3/ILTIB.
Tpeba mpeacTaBuTH MUCHMOBY JIOTIOBIIb IJIsl BUCTYITY Ha CeMiHapi i HaOpaTu 3a Hel He MeHIe 5
OainiB. BuctynuTtu 3 yCHOIO JOMOBIII0 Ha ceMiHapi Ta HaOpaTH 3a BUCTyn He MeHmie 10 Oamis.
Jlist 3apaxyBaHHSI KOHTPOJBHOI poOoTH Tpeba HaOpatu y mijcymky He merme 10 Gamis. s
JIOIYCKY 710 NMHUCBMOBOTO 3aj]iKy TpeOa HaOpatu y micyMKy He MeHiie 30 OaniB. 3a 3aikoBY
NUCHMOBY POOOTY CTYZIEHT MOBHHEH HaOpaTH He MeHIne 20 6amiB Ta 3aranom He MeHIre S50 Gatis.

HIkana ouiHIOBaHHA

Cyma OaniB 3a Bci Buau | OLiHKa 32 HALIOHAJIBHOIO MIKAJIOK0
HaBHaJIbHOL — AVUIBHOCTL | nyg yorypupiBHeBoi JUTSL TBOPIBHEBOL
HPOTATOM CEMECTPY IIKQJTM OI[IHIOBAHHS | IIKAJIH OI[IHFOBAHHS
90 - 100 BIIMIHHO
70-89 106pe 3apaxoBaHO
50-69 3aJI0BLJILHO
1-49 HE3a/I0BUILHO HE 3apaxOBaHO

9. PekomengoBana Jiteparypa
OcHoBHa JiiTepaTypa
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5. H. Castro Neto, F. Guinea, N. M. Peres, K. S. Novoselov, A. K. Geim: The electronic
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10. Ilocnaanus Ha iHpopmaniiini pecypcu B InTepHerTi, Bigeo-j1ekuii, inme
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