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BCTYII

[Iporpama HaB4anbHOi AucUUIUTIHKA “Teopis HU3BKOBUMIPHHMX CHCTEM’ CKJIAJECHA
CKJIaJieHa BIATOBIAHO JO OCBITHBO-TIPO(ECIHHOI (OCBITHHO-HAYKOBOI) MPOTPaMU MiATOTOBKH
NEPIIOTo PiBHIO BUIIOT OCBITH — OaKaixaBp

HaIpsIMy MiATOTOBKH 6.040203 — dizuka
CHeNiaIbHOCTI

1. Onuc HAaBYAJIBLHOI JUCHHUILTIHA

1.1.Mera BUKJIagaHHA HABYAILHOI JUCIUILTIHI

MeTor0 BHKIIQJaHHS HABYAIBHOI JMCLUUIUIIHU «TEOpis HU3BKOBUMIPHHUX CHCTEM» €
HAJaHHS CTYJEHTaM YsBJIEHb IPO CYYacHiI CTaH Teopli JABOBUMIPHOTO EJIEKTPOHHOIO Ta3y B
MarHiTHOMY IOJIi, Teopii ABOBUMIPHHMX KpPHCTaJiB, TEOpii TOMOJTIYHUX 130JIATOpIB, 1 Teopii
JIBOBUMIPHOI HAIUTMHHOI PiMHU, TIPO OCHOBHI MOJIENI B T€OPii HU3bKOBUMIPHUX MarHeTU3MY Ta
iX TOYHI i1 HAOJIMKEHI METOAM PO3B’I3yBaHHS.

1.2. OcHOBHI 3aBIaHH BUBYCHHS JUCIUILIIHA
- HABYMTHU CTY/ICHTIB OCHOBaM KBAaHTOBOI T€OPii HU3bKOBUMIPHUX CHCTEM 1 Teopii pa3zoBux
NEPETBOPEHD B TAKUX CUCTEMAX,
- HaJaTH CTyJEHTaM YsBJICHHs PO Cy4yacHi "rapsdi TOUku'" 1 cydacHy npoOIeMaTHKy Teopii
HU3bKOBHUMIPHUX CHCTEM.

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

1.5. XapakTepucTrKa HaBYaIbHOT JUCITUTLTIHI

3a Bubopom

Jlenna gopma HaBUaHHS

Pik niaroroBku

1-i1

Cewmectp

2-i1

Jlexmii

39 rog.

ITpakTHuHi, cEeMIHAPCHKI 3aHATTS

13 ron.

JlaGopaTtopHi 3aHATTA

He nepenbaueHi HaB4aIbHUM TJIAHOM

CamocriitHa poOoTa

68 rox.

[HMBiTyanbHi 3aBIaHHS

He nepenbayueHi HaBUaIbHUM TIJITAHOM

1.6. 3rigHO 3 BUMOTaMHU OCBITHBO-TIPO(ECiiHOT MPOrpamMul CTYICHTH TOBUHHI JJOCSATTH 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 SBUI 1 MPOLECIB, SKI BiAOYBAIOTHCA Y HU3bKOBUMIPHHUX
CUCTEMAX.
ByTu 31aTHIM 3aCTOCOBYBAaTH MaTeMaTU4HI 3HAHHS 3 TeOpli JIHIHHUX ONEepaTopiB, TEOpIi
HMOBIpHOCTEH Ta MaTeMaTW4YHOI CTATHUCTUKU 3 METOI OTPUMAaHHS (DI3MUHUX XapaKTEPUCTHK
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HU3bKOBUMIPHUX CHCTEM, BUKOPHCTOBYBAaTH CHUMETpiiiHI 1 TOIMOJIOTIYHI NPUHIUNM B aHami3i
(GI3UYHMX SBHII B HU3bKOBUMIPHUX CHCTEMaX, 30KpeMa B HU3bKOBHUMIPHHX MarHiTHUX CHCTEMaXx.



2. TeMAaTHYHHUH IJIAaH HABYAJILHOI TUCHHUILTIHA

Po3nin 1. /IBoBUMipHHIi eJIEKTPOHHUMH I'a3 B MArHITHOMY IOJIi.

Tema 1. Jleosumipnuii enekmponuuii ea3. Keanmosuii eghexm Xonna.
[IpsMOKyTHI 1 TPUKYTHI KBaHTOBI siMH. [eTepoCTpyKTypu 3 KBaHTOBUMH sMaMu. CHEKTp
JIBOBUMIPHOT'O €JIEKTPOHHOTO Ta3y B MarHiTHOMY ToJii. Kimacuunuii i kBaHTOBUH edekT Xoa.
Poub nokanizoBanux craniB. KpaifoBi cTanu B cuctemMax 3 KBaHTOBUM epekTom Xoia.

Tema 2. @asza beppi
3aranpHe BU3HaYeHHA (a3u beppi. Pasza beppi ans cniuny B marHitTHoMy nodii. Edext Aaponona-
bowma 1 aza beppi. [lITyuni kamOpyBanbHi o i paza beppi

Tema 3. Tononoziuni ineapianmu 8 meopii keanmogo2o egexmy Xoana

XO0JUI0BChKA TTPOBIAHICTB, PO3paxyHOK B HAOJMIKEHHI JIiHIMHOTO BiAryKy. Yucio YUepha.
TKHH - inBapiaHT.

Po3ain 2. EsekTponHi BiaacTuBocTi rpadeny.

Tema 4.Enexmponnuil cnekmp epagerny 6 mooeni CuibHo20 36's13Ky .

Kpucranuuna crpykrypa rpadeny. 3ona bpimnosna. Enextponnuit cnextp. JlipakiBcbku
touku. PiBHi Jlannay B rpadeni. TynemtoBanus Kieiina B rpadeni

Tema 5. Teopis ninitino2o 8i02yKy epaghery Ha 306HIWHI NOA
Bucoxouacrorna nposigHicTe rpadeny. llormuHaHHA €IEKTPOMArHiTHOIO TOJs B TpadeHi.
[ToBepxHEBi 1a3MOHU B TpadeHi.

Po3ain 3. OcHoBH Teopii TONOJIOTIYHMX 13019 TOPIB.

Tema 6. Cumempis eaminbmoHiany eleKkmpoHie Ha peuimyi 6i0HOCHO 0OepHeH s Yacy

Cumetpis BIZHOCHO OOEpHEHHS uacy g OeccriHOBHX 4YacTUHOK. CHMeETpis BiTHOCHO
oOepHEHHsI yacy JJIs1 YaCTHHOK 31 criHoM. TeopemaKpamepca.

Tema 7. Mooeni 0808UMIpHUX MONONOIHHUX [301MOPI8

Mopnenp Xannaeiina i mogens Keitna-Merne. ['erepoctpykrypa HgTe-CdTe sik qBoBUMipHHiA
TOMOJIOTIYHUI 130JITOP: MOJENIbHUI onKc. bamicTHYHUN TPaHCIIOPT B OJTHOBUMIPHUX KaHAJIaX.

Tema 8. Z> mononoeiunuil ineapianm

Z> Tonosoriunuil iHBapianT 1 Hym [ldaddiany. Z; TononoriyHuii iHBapiaHT B cUCTEMax 3
LEHTPOM 1HBepCii

Tema 9.Tpusumipni mononoeiuni izonamopu

CunpHi 1 cnabKi TPUBUMIPHI TOMOJOTIYHI 1307sTOpU. [loBEepXHEBI CTaHM TPUBUMIPHHUX
TOTOJIOTIYHHX 130JIATOPIB.

Po3nin 4. IleperBopennst bepesuncokoro-Kocrepaina-Tayueca.

Tema 10. Ocobrusocmi ¢hazosux nepemeopeHv 8 080BUMIDHUX CUCTNEMAX

boze-konzaeHcalliss B TpUBUMIPHUN 1 JBOBUMIPHHMX cCHCTeMaxX. BiACYTHICTh [ajeKkoro
HOPSIKY B IBOBUMIPHUX CHCTEMAX.

Tema 11. Buxpi 6 naonaunnux cucmemax. Bzaemoois suxpis

KBanToBi BuXpi. 3aracaHHs HAAIUIMHHOTO MOTOKY B CHCTEMi B KBAHTOBMMHU BHXOPaMHU.
Binbna eneprist cuctemu Buxopis. Temmneparypa nepexony bepesuncrkoro-Kocrepmina-Tayneca.

Tema 12. Haonnunua winonicmo i nepexio bepezuncvroco-Kocmepaiya-Tayneca.

Enepris B3aemoii BUXOpiB B IBOBUMIPHIN HAAIUIMHHINA CUCTeMI. 3MEHIIIEHHS HAATUTMHHOI
HIUTBHOCTI 332 PaxyHOK HOPMaJbHHUX 30y/DKEHb 1 3a paXyHOK BHXOpiB. CTpuOOK HaIIIMHHOL
HIUIBHOCTI B Toulll nepexoay bepesuncrkoro-Kocrepmina-Tayneca.

Po3ain 5. CninoBi Mmoaeni. Touni Ta HaGamnkeHi MeTOaM B Teopii HU3bKOBUMIPHOI0
MarHeTusmy
Tema 13. I'aminomonian I etizenbepea.
OcHoBHUII cTaH reizenOeproekoro Gpeppomarseruka. CriiHoa XBuiis. CeKTp HAMHMKIUX
CTaHIB Trel3eH0eproBckoro ¢peppomMarHeTmka.



Tema 14. Oonosumipnuil 3aMKHEHUL TAHYIONCOK 8 i30mponHiti modeni I elizendepea.
Merton bete pimenns ogHomipHOi 3aaadi (s = 1/2). EHeprist o0CHOBHOTO CTaHy
reii3eH0eproBCKOro aHTU(EPOMAarHeTHKA.

Tema 15. Anizomponnuii nanyrodicox I etizenbepea 3i cninom %> K mouHo po38'a3ysana
K8AHMO08a MOOEb.

KBanrtoBuii MeTo/1 3BOPOTHOT 3a/1a41 pO3CIFOBAHHSL.

Tema 16. Touno po3ss’szysana oonomipna XY-mooens 3i cninom 1/2.

Tepmonunamika XY -mozaem. KBantosuii pazoBuii mepexia 1mo moJto B i3otponHii XY -
mopeni npu T = 0.

Tema 17. /[sosumipna epamka I3inea.

Marpuiis nepexoy. 3BeZieHH 3a7a4i 10 ogHOBUMipHOT XY -mMozeni. TouHe pimeHHs ist
JIBOBUMIPHOi Mozieii [3iHra 6€3 MarHiTHOTO IMOJIs.

Tema 18. Pigusnus pyxy cnuna 6 macnimuomy noii. Ilpeyecis.

Jlineapwu3aiis piBHsHBb pyxy. HamiBkiiacuuHa Teopis CIIIHOBUX XBUJIb Y (PepOMarHeTuKy.
HaniBknacuyna Teopist ClliHOBHX XBWIIb B aHTH(epoMarneTuky. Bunaaok niHiitHOTO
JIQHITIOXKKA.

Tema 19. Mooenv Xabbapoa.

TouHwMit po3B’A30K sl OJHOBUMIPHOT Mojieli MeToioM bere.

Tema 20. IIpobrema Konoo.

Tounuit po3B’s130k MeToA0M bere.



3. CTpyKTYpa HAaBYAJIBLHOI M CIMILTIHI

HazBu po3aimiB i Tem

Kinekicte ronuna

neHHa Gopma

YChOTO y TOMY YHUCIT
b i 71a0. iHA. | C.p.
1 2 3 4 5 6 7
Po3zain 1. /IBoBUMipHMIA €1€KTPOHHUI ra3 B MArHITHOMY IIOJIL.
Tema 1. J/[BoBUMIipHUIT €1€KTPOHHUI 8 2 2 4
ra3. KsantoBuii edext Xosna.
Tewma 2. @aza beppi 8 2 2 4
Tewma 3. TomoJsioriuHi iHBapiaHTH B 8 2 2 4
Teopii KBAHTOBOTO eeKTy XoJa
Pazom 3a pozaisniom 1 24 6 6 12
Po3aia 2. EnexTpoHHi BIacTUBOCTI rpadeny.
Tewma 4. Enextponnuii ciektp rpadeny 8 2 2 4
B MOJIEJIi CHIIBHOTO 3B'SA3KY.
Tema 5. Teopist JHIKHOTO BIATYKY 6 2 4
rpadeHy Ha 30BHIIITHI TOJISI.
Pazom 3a posisiom 2 14 4 2 8
Po3aia 3. OcHOBU Teopii TOMONIOTTUYHUX 130JISTOPIB.
Tema 6. Cumetpist raMiIbTOHIaHY 6 2 4
€JICKTPOHIB Ha PEIIiTIII BIIHOCHO
O0OCpHEHHS Yacy
Tema 7. Moaeni TBOBUMIpHHX 8 2 2 4
TOTIOJIOTIYHHX 130JISITOPIB
Tewma 8. Z; ToronoriyHuii iHBapiaHT 6 2 4
Tema 9. TpuBuMipHi TONONOTIYHI 6 2 4
130JI9TOPH
Pazom 3a pozninom 3 26 8 2 16
Po3znin 4. IleperBopenns bepesnncrkoro-Kocrepamina-Tayneca.

Tema 10. OcobnuBocTi (hazoBUX 6 2 4
MEPETBOPEHD B JBOBUMIPHHUX
cucreMax.
Tema 11. Buxopi B HaAIIIMHHUX 6 2 4
cucremMax. Bzaemozist BUXOpiB.
Tewma 12. HagnnuaHa MUTBHICTH 1 6 2 4
nepexin bepesincpkoro-Kocrepmina-
Tayineca.
Pasowm 3a posninom 4 18 6 12

Po3ain 5. Cninosi moaeni. TouHi Ta HAGIMKEH1 METOIH B TEOPii HU3BKOBUMIPHOIO

MarHeTu3My

Tema 13. OgHoBuMipHa Mojens [3iHra 5 1 4
Tema 14. OgHOBUMIpHUYM 3aMKHEHUN 6 2 4
JIAHITIOKOK B 130TPOIHINA MOem1
I'eitzenOepra.
Tema 15. AHI30TpONTHUI TAHITIOKOK 7 2 1 4
I'eiizenbepra 31 CriHOM %2 SIK TOUYHO
PO3B’s3yBaHa KBAaHTOBA MOJIENb.
Tema 16. TouHO po3B’si3yBaHa 7 2 1 4

onHomipHa XY-MoJenb 31 cmiaoM 1/2.




Tewma 17. JIBoBuMipHa TpaTka [3iHTa 2 2

Tema 18. PiBHAHHS pyXy CIIUHA B 2 2

MarHiTHomy moJi. [Ipemecis.

Tema 19. Monens Xab6apna 6 2 4

Tewma 20. IIpo6nema Konpo. 3 2 1

Pasom 3a posaisiom 5 38 15 3 20
Yevozo cooun 120 39 13 68

4. TeMHu NIPAKTUYHHUX 3aHATH (ceMiHapiB).

Ne Hazpa temu Kinbkicth
3/ TOIH
1 | KpaiioBi cTanu B cucteMax 3 KBaHTOBUM eeKkToM XoJuia 2
2 | Edexr AaponoBa-boma i daza beppi 2
3 | HlTyuni kaniOpysanbHi nons i pasza beppi 2
4 | TynemoBannsa Krnelina B rpadeni 2
5 | BamicTnuHuMil TpaHCTIOPT B OJTHOBUMIPHHUX KaHaJIaX. 1
6 | I'erepoctpykrypa HgTe-CdTe sik ABOBUMIpHUI TOTOIOTTYHHIA 1
130JIITOP: MOJICTIbHUH OTIHC.
7 | CiHOBI MoJIeNi: IepeXiJl Bii CIIHOBHUX OTMEPaTOpiB 10 1
OIIepaTOPiB HAPOPKECHHS Ta 3HUIICHHS
8 | Tepmoaunamika mozeni ['eit3endepra B HAOIMKEHHI CITIHOBUX 1
XBHJIb
9 | KBanrogi ¢a3osi nepexoau B i3otponHiid XY mMozxemni 1
Yevozo 2ooun 13

5. 3aBpaHHs A9 caMOCTiliHOI podoTH

[TosicHeHHS 11010 TOTO, 110 TOBUHEH 3pOOUTH CTYJIEHT 1]l YaC CaMOCTIiHOI poOOTH:

1. Tlo BciM HWXYe BKa3aHUM TeMaM OIPALIOBATH KOHCIEKTH JIEKLIH, MpPOYUTATH
BIJIMOBIAHI Naparpagu B MiApyYHUKAX Ta MOHOTpadisix;

2. CaMOCTIiHO rOTYBaTHUCS 1O CEMIHAPCHKUX 3aHSATh;

3. CaMocCTiifHO MiArOTYBaTH MMCHMOBY JIOTIOBiIb HA CEMiHapi.

Ne Bunu, 3MicT camocTiiiHOT poOoTH Kinpkictb
3/n l'ogun

1 | /IBoBuMipHHMii enekTpoHHM ra3. Ksantosuii epext Xoa. 4

2 | ®aza beppi 4

3 | TonosoriuHi iHBapiaHTH B TeOpii KBAHTOBOTO edekTy Xoia 4

4 | EnextponHuii ciektp rpadgeHy B MOJIE€N CUIIBHOTO 3B'A3KY. 4

5 | Teopis niHiIHOTO BIATYKY IpadeHy Ha 30BHIIIHI MOJS. 4

6 | Cumerpis raMiJIbTOHIAHY €JIEKTPOHIB HA PEIIITIN BiTHOCHO OOEpHEHHS 4

qacy

7 | Mopneni 1BOBUMIPHUX TONOJIOT1YHUX 130JI9TOPiB 4

8 | Z> TononoriuHmii iHBapiaHT 4

9 | TpuBHMIpHi TOMOJOT1YHI 130JSTOPU 4
10 | Oco6mmBocTi (ha30BUX NEPETBOPEHD B IBOBUMIPHUX CHCTEMaX. 4
11 | Buxopi B HAATUIMHHKUX crcTeMax. B3aemoisi BUXOPIB. 4
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S

12 | Hagnmouaaa mineHICTE 1 epexin bepesincekoro-Kocrepaina-Taymneca.
13 | OgnoBumipHa Mozens [3inra. TepMonuHaMika OAHOBUMIPHOT MO
I3inra. JlocaiguTu TemMnepaTypHy 3aJIeKHICTh TETUIOEMHOCTI BiJ
TEMIIepaTypy B HyJIbOBOMY MarHiTHOMY 1o:ii. [TopiBusTH 3
pe3yJIbTaTOM JJIsi IPOCTOTO MapaMarHeTHKa.

14 | I'aminbronian ['elizenOepra. CnekTp HAHMKYNX CTaHIB 4
reizenbeproBekoro gpeppomarneruka. Jliis TaHIF0KKa 31 criiHoM (S =
1/2) y pa3i oHOBiCHOI aHi30TpOIIii 3HANTH CIIEKTP CTAlliOHAPHUX
CTaHIB 3 OJTHUM OOCPHEHHUM CITIHOB /I IUKJIIYHUX TPaHIYHUX YMOB Ta
JUTSI «BIJTKPUTOTOY JIAHITIOKKA.

15 | Meroa bere pimennst oqaomipHoi 3aaadi (s = 1/2). Merogom bete 4
3HAWTH CIIEKTP CTAllIOHAPHUX CTaHIB 3 TBOMAa OOCPHEHUMH CIIIHAMH
JUTSI HECKIHYEHOTO JIAHITIOKKA.

16 | Auaronamizanis ramiabToHiany XY-MoJeni 3a JONOMOT0r0 U-V- 4
nepeTBOpeHHs boromo6oRra. JlocmianTu 3a1eKHICTh TETUIOEMHOCTI BiJT
TEMIIEpaTypy B Pi3HUX MArHITHUX IMOJISIX.

SN

17 | Mogenb Xa66apaa. [IpoananizyBatu BUIU CUMETPIi B MOJIET1 4
Xabbapna.
Yevozo zooun 68

6. InuBinyanbHi 3aB1aHHs
He nepen6aueHo HaBYaJIbHUM TIJIAHOM.

7. MeToau KOHTPOJTIO
[linroToBKa MUCHMOBOI JOMOBIAI Ui BHCTYIy HAa CEMiHapi, BHCTYNl Ha ceMiHapi,

KOHTpOJIbHA po00Ta, 3aJIiK.

8. Cxema HapaxyBaHH# 0aJiiB

[ToTouHu#t KOHTPOJIB, cCAMOCTIHHA po0oTa,
1HIMB1TyaJIbH1 3aB/IaHHS Saiik Cyma
Pozninum 1-5 (T1-T20) Pazom
[Toroune | [IucemoBa | Bucrtym 3 KonTposbna
ONMUTYBAHHS | JIOMOBiJIb | JIOTOBIIIIO pobota
Ha ceMiHapi
10 10 20 20 60 40 100

Jns 3apaxyBaHHS po3auniB 1-5 Tpeba HaOpaTu y MIJACYMKY HE MeHIIe 5 OaniB 3a
pe3ysbTaTaMu MOTOYHOTO ONUTYBAHHS Ta Y4acCTl Y CEMIHAPCHKUX 3aHSTTAX 3a KOXKHHUM 3 pO3/LIIB.
Tpeba mpeacTaBUTH MUCBMOBY JIOTIOBIIb JIs1 BUCTYITY Ha ceMiHapi i HabpaTu 3a Hel He MeHIIe 5
OasiB. BuctynuTu 3 yCHOIO AOMOBIA/IIO HA ceMiHapi Ta HabaTu 3a BUCTyN He MeHie 10 6amniB. s
3apaxyBaHHs KOHTPOJBbHOI poO0TH Tpeba HabpaTH y mificyMKy He MeHie 10 6aniB. J{ist nomycky
JI0 MUCHBMOBOTO 3alliKy Tpeba HaOpatu y miacymky He meHiie 30 6aniB. 3a 3aiKOBY MHUCHMOBY
poOOTYy CTYAEeHT MOBMHEH HaOpaTu He MeHie 20 6amiB Ta 3arajgoM He MeHie 50 6aniB.

HIxajna omiHlOBaHHSA

Cyma OaniB 3a Bci Buau | OLiHKa 32 HallIOHAJIBHOIO MIKAJIO0
HaBYQJIBHOl  AVLIBHOCTL | nyg yoTnpupiBHEBOi JUIs1 IBOPIBHEBOT
HPOTATOM CEMECTPY MIKAJIW OLIHIOBAHHS | IIKAJIX OLIHIOBAHHS
90 - 100 BIIMIHHO
70-89 no6pe 3apaxoBaHO
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50-69 3aJ0B1JIBHO
1-49 HE3aJ0BIJIbHO HE 3apax0BaHO
9. PekoMeH10BaHa JiTepaTrypa

OcHoBHa JiTeparypa

. JL. A Jlannay, E.M.JIupmmn (JI.IL.ITutaeBckwuii). Kypc Teopernyeckoit ¢pusuku Hayka,

Mockga, T 3.KBanToBas mexanuka. 1989; 1.5. Crarucruueckas ¢pusuka, 1976; 1.9.

Craructuueckas gusuka, Hacts 2. 1978.

. Mikhail I. Katsnelson, “Graphene. Carbon in two dimensions”, Cambridge university

press, Cambridge, 2012.

. B. Andrei Bernevig with Taylor L. Hughes, “Topological insulators and topological

superconductors”, Princeton university press, Princeton and Oxford, 2013.

. Shun-Qing Shen. Topological Insulators Dirac Equation in Condensed Matters, Springer-
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