XapkiBCbKH# HallioHanbHui yHiBepcutet iMeni B.H. Kapasina

Kadenpa reopetuunoi disuku iMeni akagemixa [.M.JTibrunns

“SATBEPKYIO”

Po6o4a nporpama HaBYaIBHOT MUCITUILTIHK

PIBEHb BHUIIOI OCBITH

rajliy3p 3HaHb

Teopis HaagnpoBigHOCTI

(Ha3Ba HABYABHOI TMCIIUTLTIHH)

MAricTp

10 ITpupoauudi HAYKH

CHeniajgbHICTh

(mudp i Ha3Ba)

104 — ®di3uka Ta aCTPOHOMIS

OCBITHSI IpOrpamMa

(mmdp i Ha3Ba)

OcBiTHBO-IIpodecitina nporpama “dDizuka”

crierfiamizanis

(mmdp i Ha3Ba)

“di3uka”

BUJ] TUCLUILIIHA

(mmdp i Ha3Ba)
3a BHOOpOM

¢bakynpTeT

(0o6oB’a3K0Ba / 32 Buﬁopom)

dbi3nyHUMt

2019 /20 20 nHaBYanbHHI piK



IIporpaMy pekoMeHI0BaHO /10 3aTBepIKeHHs BueHoto paoro GisudHoro dakysrery .

“21” gepBHs 2019 poky, mporokoa Ne 6

PO3POBHMKMU ITPOI'PAMM:
x1oBchkuii Banepiii OnexcanapoBud , 10KT. dis.-mat. Hayk, npodecop

[Iporpamy cxBaneHo Ha 3acifaHHi kadeapu TeopeTndnoi dhi3uku iMeHi akagemika LM.JTidmums

IIporoxon Big “ 10 ” 06 2019 poxkyNe 9

3aBinyBad kabenpu  TeopeTnuHoi Bi3uky imMeHi akageMika [.M.JTibumus

W L Pam6a I'.1.

(miarmic) (mpi3BuIIeE Ta iHiliamm)

IIporpamy morokeHO METOAMYHOKO KOMICIEIO
(diznunoro dhakyabreTy
Ha3Ba (GaKyyibTeTy, 1Is 3000yBaviB BUILOT OCBITH SKOTO BHKJIAAA€ThC HABYATbHA JUCIAILTIHA

IIporoxon Big “ 20 ” 06 2019 pokyNe 6

I'onoBa MeToM4HOT KOMICiT dhizmunoro dakyibreTy

Makaposcbkuii M.O..
(mpi3BuIIE Ta iHilIiamM)




BCTYII

[Iporpama HaBuanbHOI nuctnuiuliny «Teopisi HaAMpoOBiAHOCTI» CKIIaneHa BIAMOBIIHO 10
OCBITHBO-TIPO(ECiiiHOT (OCBITHHO-HAYKOBOI) MPOTpaMH IMIATOTOBKH JPYTOro PiBHIO BHIIO]
OCBITH — MaricTp

crneniagbHOCTI (Hanpsamy) — 104 — «dizuka Ta acTpoHOMIS»
OCBITHBO-TIpO(eciitHa mporpama — ¢izuka

1. Onuc HABYAJIBHOI JUCHHUILTIHHA

1.1. Mera BuUKIagaHHg HaBYAJIBHOI TUCIIAILTIHA
Meroro BHKIaAaHHS HaBYAIbHOI IUCHMIUIIHM «Teopis HaAMpOBITHOCTI» € (GopMyBaHHS
ySIBIIEHb CTY/ICHTIB IIPO TEpILy IOCIiJOBHY Teopito HaamposinHocti bapnina, Kynepa, Hlpidepa
(BKIII) , 30kpema 1po ii 3B’S30K i3 MPOCTOIO IBYXPiAUHHOK TECOPI€I0 HAAMIPOBIIHOCTI
1.2. OcHOBHI 3aBIaHHS BUBYEHHS JUCIIUILIIHA
HABYHTH CTYJICHTIB
- ocHoBam noHATTsAM BKIII Teopii HaampoBiIHOCTI,
- 3HAaXOJ/PKCHHIO TOYHHUX Ta HaOamxkeHux pimens Teopii BKIII,
- OCHOBaM KiHETHKHU HAAMPOBITHHKIB,
- KOPHUCTYIOUMCh HABYAJIBHOIO Ta JOBIJAKOBOIO IITEPaTypolo, OOMpaTH aJeKBaTHI
METOAM BUBYCHHS 33]]a4 T€OPii HAAPOBITHOCTI.
1.3. KinpkicTh KpeauTis 4
1.4. 3aranpHa KUIBKICTE roguH 120

1.5. XapakTeprucTrKa HaBYIbHOI JUCIHILTIHU
3a Bubopom
Jlenna popma HaBuaHHS
Pik miaroroBku
1-it
Cemectp
1-it
Jlexii
32 ron.
ITpakTH4Hi, CEeMIHAPCHKI 3aHSITTS
He nepenbaueHi HaBYaIbHUM TIJIAHOM
JlaGopaTopHi 3aHATTS
He nepenbaueHi HaBUaIbHUM TJIAHOM
CamocriitHa po6oTa
88 ron. (B Tomy umcni 20 roj. Ha BUKOHAHHS KYPCOBOi pOOOTH)
InuBinyanbHi 3aBIaHHS
Kypcosa po6ota (20 roa. 3 88 roa. camocTiitHOi po6oTH)
3aaik

1.6. 3arutaHoBaHi pe3y/bTaTH HABYAHHS
3riiHO 3 BHMOTaMH OCBITHBO-TIPO(ECiiiHOI (OCBITHBO-HAYKOBOI) MpPOrpamMH CTYIEHTH
MOBUHHI JIOCSTTH TaKUX PE3YJIbTAaTiB HABYAHHS:
3HATH. SKICHI, HAOJMKEHI Ta TOYHI METOAW JIOCHIPKEHHS OCHOBHHMX 3a7ad Teopil
HaJITPOBIAHOCTI.
BMITH: JOCII/DKYBaTd 13 gonoMororo Teopetuunux ¢opmyn teopii BKIL moeminky ii
pe3ynbTaTIiB BiJl 3MiHU TEMIIEpaTypH, YaCTOTH HAJBUCOKHUX 30y/PKEHb Ta MapaMeTpiB MeTamy.



2. TeMaTHYHMH IVIaH HABYAJILHOI JUCIHMILIIHA

Tema 1. ®enomen Kymepa

Po3xin 1. OCHOBHI PE3YJBTATHU TEOPIi BKIII

Tema 2. PenykoBanuii ramineronian BKII ta mpoGHa xBuiIboBa (PyHKIIISI €IEKTPOHIB
Tewma 3. OGuucneHHs HaanpoBiAHUKOBOT miMHU TIpu T=0 B Teopii BKIILI

Tema 4. Po3noain KynepiBCbKUX Hap B OCHOBHOMY CTaHi

Tema 5. @3UYHUI CMUCIT €HEPTETHYHOI IIJIMHU Y HAIPOBITHUKY

Tema 6. TemrieparypHa 3alIe)KHICTh €HEPreTUYHOI MUTHHU B Teopii BKIILI

Tewma 7. Enepris ocHoBHOTO cTtany B Teopii BKILI
Tema 8. KBaziuactunku y teopii BKII
Tema 9. 'yctuna crany kBa3ivacTuHOK y Teopii BKIII
Tema 10. HanpykeHicTb KpUTHYHOTO MarHiTHOTO 1ot B Teopii BKII
Tema 11. JIBoxpianHHA MOJIENb HAIIPOBITHOCTI Ta 11 00rpyHTYBaHHA B Teopii BKIII
Tema 12. AuapiiBcbke BiTOUTTS

Tema 13. Ominka g0BxuHA KorepeHTHOCTI B Teopii BKIII
Tema 14. 3apsia kBazigacTuHOK B Teopii BKIII

Tema 15. CiekTpy KBa3i4aCTHHOK JUIsi HOPMAJILHOTO METajla Ta HalPOBiTHIKA
Tema 16. CriBBiIHOIIEHHS MK KPUTHYHOIO TEMIIEPATYPOIO 1 EHEPreTUYHOIO MIUTHHOIO Tipu T=0

B Teopii BKIII

Po3nin 2. OCHOBHI PE3YJIbTATH Y KIHETULII HAANPOBIIHUKIB

Tema 17. AcumeTpisi CIeKTpy KBa314YaCTUHOK 1 €JIEKTPUYHE TI0JI€ Y HAATIPOBITHUKY
Tema 18. Hagnumkosuit onip NS mexi
Tema 19. HepiBHOBaXKHE MIICUIICHHS HAITPOBIIHOCTI
Tema 20. [TornuHaHHS 3ByKY Y HOpMaJIbHUX MeTajax
Tema 21. [lornuHaHHS 3ByKYy y HaJ{ITPOB1THUKAX
Tema 22. OniHKa 4aCTOTH 31TKHEHb €IEKTPOHIB 3 (POHOHAMHU Yy HOPMAJILHOMY MeTalll
Tema 23. Ipouiecu penakcariii y HaAMPOBIIHUKAX — 3arajbHa KapTHHA
Tema 24. [Iponecu penakcanii y HaANPOBITHUKAX — IX TeMIIepaTypHa 3aJI€KHCTh
Tema 25. KomruiekcHa poBiIHICTh HAATIPOBITHUKA Y TBOXPIAMHHIN Moei

Tema 26. HopmanbHuii ckiH-e(heKT y HapOBITHUKY

Tema 27. [loBepxHeBuil IMIIEAaHC METAITY
Tema 28. [ToBepxHeBuil iMIIe1aHC HAATPOBIAHUKA Y ABOXPIAUHHINA MOl

3. CTpyKTYpa HAaBYAJILHOI M CUMILIIHI

HasBu po3zinis

Kinekicts roanu

neHHa hopma

3ao4yHa hopma

YCBOTO y TOMY YHCIIi yCBOTO y TOMY YHCII

n | m |nab. | iH4. | c.p. a| o |mab. | iHA. | c.

p.

1 2 3| 4 5 6 7 8 910 11 | 12 | 13

Po3znin 1. OCHOBHI PE3YJIBTATH TEOPII BKIII

Tema 1 2.5 1 15
Tema 2 2.5 1 15
Tema 3 2.5 1 15
Tema 4 2.5 1 15
Tema 5 2.5 1 15




Tema 6 2.5 1 15
Tema 7 4.5 1 1 |25
Tema 8 4.5 1 1 |25
Tema 9 4.5 1 1 |25
Tema 10 4.5 1 1 |25
Tema 11 4.5 1 1 |25
Tema 12 4.5 1 1 |25
Tema 13 5 2 1 2
Tema 14 5 2 1 2
Tema 15 5 2 1 2
Tema 16 5 2 1 2
Pazowm 3a pozaisiom 1 62 20 10 | 32
Po3xin 2. OCHOBHI PE3YVJBTATH YV KIHETULI HAAITPOBITIHUKIB
Tema 17 55 1 1 |35
Tema 18 55 1 1 |35
Tema 19 55 1 1 |35
Tema 20 5.5 1 1 |35
Tema 21 55 1 1 |35
Tema 22 55 1 1 |35
Tema 23 4.5 1 1 |25
Tema 24 4.5 1 1 |25
Tema 25 4.5 1 1 |25
Tema 26 4.5 1 1 |25
Tema 27 3.5 1 2.5
Tema 28 3.5 1 2.5
Pazom 3a posninom 2 58 12 10 | 36
Ycvozo zooun 120 |32 20 | 68

4. TeMun ceMiHapCbKHMX (IPAKTUYHHUX, J1a00PATOPHUX) 3aHATH

He nepen6ayeHi HaBYaIbHUM IIAHOM.

5. 3aBaaHHd AJ19 caMOCTiliHOI po6oTHn

Toscnenns wo0o moeo, Wo noguHex 3pooUmMU cmyoeHm nio 4ac camocmitnoi pobomu.

1. Ilo BciM HWX4Ye BKa3aHMM TE€MaM ONPALIOBAaTH KOHCIEKTH JIEKIIH, MNpOYUTaTH
BIJIMOBIIHI naparpadu B miJipydHukax [ 1—4] Ta Ha BiANOBIAHUX IHTEPHET-peCcypcax.

2. CamocTiliHO BUKOHYBATH JIOMAIIIHI 3aBJaHHS 10 BIJIMMOBITHUM TEMaM.

3. CaMOCTiiiHO MIArOTYBaTHCA IS JJaDOPaTOPHUX 3aHSATh.

4. Tligrorysartu, HalMCaTH Ta 3aXHUCTUTH KYPCOBY pOOOTY.

Ne Buau, 3micT camocTiitHOT po60TH KinpkicTh
3/ FOINH
1 [IpoBecTu niTepaTypHHil MOMIYK 1100 BUHUKHEHHS TEPMiHY 1.5
«KYTIEPIBCHKU Mapu»
2 | IlpounTatu Npo OJHOEIEKTPOHHY XBHJIbOBY (DYHKIII1 1.5
3 | 3HaiiTh BU3HAYCHHS TEPMiHY CHEPTreTHYHI IIiJITHA Ta BCTAHOBUTH, SIK 1.5
II1JIMHA BIJIMBA€ HA MOKJIMBICTD (ha30BUX MEPEXOIiB.
4 OCHOBHMIA cTaH HAAMIPOBITHUKA 15
5 | ®i3uyHUN CMUCT €HEPTEeTUYHOI IMUTMHU Y HAIITPOBITHUKY 15
6 | Eneprernyna niinmHa B Teopii BKI npu HeHynb0OBiM Temneparypi 1.5
7 | Obuncnenns eneprii ocHoBHoro crany B Teopii BKII. B Tomy umcmi 1 3.5




ToJI. HA KYpCOBY POOOTY.

8 | Knmacuoikanis kBaziuactunok y teopii BKIL. B Tomy umcni 1 roa. Ha 3.5
KypCOBY poOOTY.

9 | Po3paxyHku ryctuHa ctany kBaszidyactuHok y Teopii BKIL. B Tomy 3.5
yucii 1 To. Ha KypcoBY poOoTy.

10 | Po3paxyHKH HanmpyXeHOCTI KPUTHYHOTO MarHiTHOTO TOJIS B TEOPii 3.5
BKIII. B Tomy umcii 1 roj. Ha KypcoBy poOoOTYy.

11 | Ananiz nBoxpiguanoi moaeni B Teopii BKI. B Tomy uncni 1 rox. na 3.5
KypcoBy po6oTy. B Tomy umucni 1 roa. Ha KypcoBy poOOTYy.

12 | KoediuienT BigoutTsa. B TOMY uncai 1 ron. Ha KypcoBy po0oTy. 3.5

13 | OniHo4Hi po3paxyHKH JOBKUHH KorepeHTHocTi B Teopii BKIII 2.5

14 | 3apsymkeni kBazivactTuaky B Teopii BKII. B Tomy uucai 1 roa. Ha 2.5
KYpCOBY poOOTY.

15 | Oco6nMBOCTI €HEPreTUYHUX CIEKTPIB KBa314aCTUHOK IS 2.5
HOPMAJILHOTO METajia Ta HaAupoBiaHKUKa. B Tomy umcani 1 rox. Ha
KYpCOBY poOOTYy.

16 | [IpoBectu aeranbHUN pO3paxyHOK (pOpMyITH, IO OB’ A3YE KPUTHUHY 2.5

TEeMIIEpaTypy 1 eHepreTuyHy UIUIMHY MPU HYJIbOBiHM TemmepaTypi B
teopii BKIII. B Tomy unci 1 roj. Ha KypcoBy poOOTy.

17 | EnexTpuuHe nojie B HAAMPOBINHUKY. B ToMy uncini 1 roa. Ha KypcoBy 4.5
pobory.

18 | EnexTpuuHuii onip B HOpMallbHOMY cTaHi. B Tomy uucini 1 roa. Ha 4.5
KYpCOBY poOOTY.

19 | IlizcuneHHs HAAIPOBITHOCTI 32 paXyHOK HepiBHOBaru. B tomy uuci 45
1 rox. Ha KypcoBY po0OOTY.

20 | 3ByK Ta {OTO0 MOTTIMHAHHS Y HOPMaJIBHUX MeTanax. B tomy uucii 1 4.5
rofl. Ha KypcoBY po0OOTYy.

21 | 3ByK Ta HOro MOTIMHAHHS y HAANPOBiAHUKAxX. B Tomy umncmi 1 roz. Ha 4.5
KYpCOBY poOOTYy.

22 | Po3paxyHKH 4YacTOTH 3ITKHEHb €JIEKTPOHIB 3 (POHOHAMU Y 4.5
HOpMaJIbHOMY MeTalli. B Tomy umcii 1 ron. Ha KypcoBy poOoTy.

23 | OcoOnMBOCTI peNakcaliifHuX MPOIECIB Y HAIIPOBITHUKAX 3.5

24 | TemnepatrypHi 3aJ1€KHOCTI peslakcaliiHUX MpPOLECIB Y 3.5
HaJpoBigHUKax. B Tomy uucii 1 ron. Ha KypcoBy poOOTYy.

25 | KomruiekcHa MpoBiIHICTh HAAMPOBIHUKA Y ABOXPIAUHHINA MoIenl 3.5

26 | Tema 26. HopmanbHuii CKiH-e(DEKT y HAJIPOBITHUKY 3.5

27 | Tema 27. IloBepxXHEBHi iIMIIETAHC METAITY 2.5

28 | Tema 28. IloBepxHeBUil iMIIeIaHC HAATIPOBITHUKA Y TBOXPITUHHIN 2.5
Mozenl
Pazom 88

6. InguBinyanbHi 3aB1aHHsA
Kypcosa po6orta.
7. MeToau KOHTPOJII0
[Toroune onuTyBaHHs, , IEPEBipKa JOMAIIHIX 3aBJaHb, 1Bl KOHTPOJIbHI POOOTH 32 OCHOBHUMHU
po3i1amMu, 3aXUCT KypCcOBOi pOOOTH, €K3aMEH.



8. Cxema HapaxyBaHH# 0aJyiB

[ToTouHMIT KOHTPOJIb, CAMOCTIHHA po0OOTa, IHAMBIAYaTbHI 3aBJaHHS
KoHntposbna
poborta, 3aikoBa Cvma
Pozmin 1 Po3ain 2 | mependauena | Kypcosa pobora | Pasom | pobora Y
HaBYAJILHUM
IJIAHOM
T1-T16 T17-T28
10 10 10+10 20 60 40 100

Jliis 3apaxyBaHHS po3AlTy Tpeba BUKOHATH KOHTPOJIBHY POOOTY, IOMAIIHI 3aBJaHHS Ta
HaOpatu B cymi He meHme 10 Gami, mis 3apaxyBaHHSI KypcoBOi poOOTH Tpeba HaOpaTu He
merme 10 GamiB. B mincymky tpeba Habpatu juis qomycky Ao 3amiky He menme 30 GamiB. Ha
MUCHhMOBOMY 3aJliKy TpeOa HabpaTu He MeHIie 20 6aiiB Ta B miACyMKy He MeHie 50 OaniB.

Ikana ouiHIOBaHHSA

Cywma GaiB 3a BCi BUAM HABYAIBHOI Ouinka
TiSUTBHOCTI IPOTSTOM CEMECTPY e ——— 13 saiky
90 - 100 BIZIMIHHO
1089 pobpe 3apaxoBaHO
50-69 3aJ0BIJILHO
1-49 HE3aJ0BIIBHO HE 3apaxOBaHO

9. PexoMeHn0BaHa JiTepaTypa
OcHoBHa JiTepaTypa

[1] B. B. lllmuar. Beeaenue B pusuky cBepxnpoBogHukoB. — M.: Hayka, 1982 r.

[2] A. A. AGpukocoB. OcHoBBI Teopuu MeTauioB.— M.: Hayka, 1987 r.

[3] M. Tinkham. Introduction to superconductivity, second edition, 1996.

[4] M. Tunkxam. Beenenue B cBepxnpoBoaumMoctb.—M.: Aromuzaar, 1980 r.
JlonomizkHa Jiiteparypa

[1] D.A. Mammkuii. OCHOBBI TEOpUH CBEPXIIPoBOoAUMOCTH. — Kues, Buina mkona, 1985 T.

[2] B.O.1lIxnoBckuii, O.B./100poBonbchkmid. «[1iHIHT 1 TUHAMiKa BUXOPIB y
HajanpoBigHukax». Xapkis: XHY imeni B.H. Kapasina. — 2015. -120c.

[3]. U.M. [Imurpenko. B mupe cBepxnpoBogumocth. — Kues, HaykoBa gymka, 1981 .

10. ITocunanns Ha indopmaiiini pecypcu B InTepHeTi, Bineo-jiexuii, iHie MeToaqu4He
3a0e3neYeHHs
http://bitp.kiev.ua/files/doc/lectures/lecture_01.pdf (21 nexiris)
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