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HasBa kypcy CyuacHi TeneHnii y ¢isuni Ta acrpoHomii
Anpeca Bukjgaganus | Bya. Kupuna i Medoais 8, 79005 JIbBiB
Kypcy

®dakyJabTeT Ta Kadeapa,
3a SIKOI0 3aKpilJjieHa
TUCIUILIIHA

bi3uuyHMM pakyabTeT, Kadenpa Gi3uKd METajiB

I'any3b 3HaHb, IKGP Ta
Ha3Ba CHENiaJbHOCTI

E IIpuponuudi HaykKu, MaTeMaTiKa Ta CTaTHCTUKA
E5 ®di3uka ta actpoHOMIs

Bukianaui kypey

3aBimyBau kadenpu ¢izuku meraniB, A.¢.-M.H., npod. Myxapuii Creman
[BaHOBHY

KonrtakTHa indopmauis

stepan.mudryy@Inu.edu.ua

BHKJIAAAYiB https://physics.lnu.edu.ua/employee/mudryj-stepan-ivanovych
KoncyabTauii mo kypey | KoncynbTaliii B 1IeHb IpOBEICHHS JIEKIIH (32 MONEPEIHBOIO TOMOBIICHICTIO).
Bi0OyBalOThHCS Takok MOXJIMBI OH-JJAWH KOHCYJbTAIl 4Yepe3 eJeKTPOHHY TOIMTYy Ta Ha
mwiatdopmi Microsoft Teams. J{7s1 morokeHHs Yacy OH-JIaiiH KOHCYJIbTallll
CJIiJ] HAITMCATH Ha eJIEKTPOHHY MOIITY BHKJIAa4a abo B yat Microsoft Teams
Cropinka Kypcy https://physics.lnu.edu.ua/academics/postgraduates

Indopmanis npo kypc

Hucnumutina «CydacHi TeHAeHIiT y (i3ulll Ta acTpOHOMIi» € HOPMaTHBHOIO
JUCIUTIIIHOKO 31 criemiaibHOCTI ES ®i3uka ta actponomis mist OHIT dizuka
Ta aCTPOHOMIS JUISl TPETHOTO (OCBITHBO-HAYKOBOTO) PiBHSI BHIIIOT OCBITH, SIKa
BUKIJIaZaeTbes B 5 cemectpi B o0csa3i 3,0 kpenuTiB (3a €BpomneiichbKoro
Kpeautno-Tpancdepuoro Cucremoro ECTS).

KopoTtka anorauis
Kypcy

Kypc «Cywacni TennmeHuii y ¢i3uii Ta acTpoHOMII» poO3pOOIEHO TaKUM
YHHOM, III00 HAIATH YYaCHUKAM BiJIOBIIHI PYHIAMEHTAIbHI 3HAHHS, YMIHHS
Ta HaBUYKHU A (POpPMYJIIOBaHHS HOBUX i1eH, PO3B’S3aHHS KOMIUIEKCHHX
npoOeM y Taimy3i (i3UKU Ta acTpOHOMII. Y MeXax Kypcy pO3TisaaroThCs
(dyHIaMEeHTaJIbHI Ta NPUKJIAAHI acleKTU (i3UKH KOHJEHCOBAHOI'O CTaHy,
KBaHTOBUX MaTepiaiiB, HAaHO(DI3UKH, SAEpHOI Ta acTpo(di3uKU, KOCMOJIOTIi, a
TAaKO’)K MDKAMCLUMIUIIHAPHI HampsMM, TMOB’A3aHI 3  iHdopMaliiftHUMu
TEXHOJIOTISIMH, MAaTepiaJIo3HABCTBOM 1 KOCMIYHUMH  JIOCHIPKCHHSIMH.
OcobnuBa yBara MPUIAUISETBCS CYYaCHUM  €KCHEPHUMEHTAJIbHUM 1
TEOPETHYHUM METOJIaM JIOCIIKeHb, POl KOMIT IOTEPHOTO MOJICITIOBAHHS,
aHai3y BENMKHUX JaHUX Ta MIKHAPOAHOI HaykoBoi cmiBmpaili. Kypc gpopmye
LTICHE YSBIEHHS NP0 CY4YacCHHM CTaH 1 JUHAMIKy pPO3BUTKY (i3uku Ta
aCTPOHOMIi, a TaKOX PO3BUBAE 3JATHICTb KPUTHYHO aHAJII3yBaTH HAyKOBI
PE3yJIbTAaTH Ta TEHAEHIII] CBITOBOT HAYKH.

Merta Ta niiai Kypcey

Metoro HaBuanpHOi aucuurUiiak  “CydacHi TeHaeHmii y ¢i3umi Ta
acTpoHoMii” € (opmyBaHHA HEOOXiTHUX (GyHIAMEHTAIBPHUX 3HaHb, SKI
IPYHTYIOTBCSI Ha TEOPETUYHHX Ta EKCIEPUMEHTAIBHUX JIOCIHIKEHHIX
OCTaHHIX JeCATWIITH 1 mepeAdayeHHsX, 110 BUIUIMBAIOTH 3 PE3yJIbTaTiB
IHIIMMH ~ HAYKOBHMMH HANpsSMKaMH Ta BUHUKHEHHSM HOBHUX cdep
MPAKTUYHOTO 3acTOCYBaHH4. Lle cTaHe B moJanbioMy OCHOBOIO (hOpMyBaHHS
HOBUX 17Iel Ta TOTIOMOYKE acIipaHTaM B MPOIIeCi BUKOHAHHS JUCEPTAIlIHHUX
pOOIT.

Jliteparypa niis
BUBYEHHS U CUUILTIHU

basosa:
1. Miuio Kaiiky. ®@i3uka maitoytasoro. — JIbBis: Jlitonuc, 2013. — 432c.
2. Douglas M. Our Molecular Future — Prometheus, 2002. — 350 p.
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3. Handbook of materials modeling / S. Yip (ed.). — Springer, 2020. —
2965 p.

4. 3aroponniii }0.0., Kopxuk B.M., Bnaiikos I'.I'., TpaueBcbkuii B.B.
AmopdHi Ta HaHOKpHCTANIYHI depomMarHeTuku. — Binawmis, 2019. —
312 c.

5. Ocragiituyk b.K., bymsymsax .M., I'puropuak L.I., Mupontok [.O.
Hanomarepianu B HOpPUCTPOSIX TEHEPYBaHHA 1 HAKOMHMYCHHS
SJIEKTPUYHOI eHeprii, IBano-PpankiBcek, 2007. — 206¢.

6. BaBpyx M.B., Cmepeunncekuii C.B., Tumxo H.JI. HoBi moxmeni B
Teopii CTPYKTYpH BHUPOIKEHUX KapiukiB. —JIbBiB, BumaBHUITBO
«Pactp-7», 2018. — 268c.

7. CemennoB [O.I ®opmyBaHHS CTPYKTypH Ta BIIACTUBOCTEU Sp2 —
BYIJICLIEBUX HaHOMAaTepiaiiB i (yHKI[IOHAIBHUX KOMIIO3HTIB 3a iX
yuacrti. Kuis, Intepcepgic, 2019. — 364c.

8. Amamenko O. Komy morpiOHe «xocmiune» wmapeBo? // Hayka i
cycninberBo. — 2006, — Ne 1-2. — C. 39-42

9. Mmak A.Il., Kynunpkuit FO.A., 3axapuenko M.I., Bonomenko A.C.
Marnetusm  aMOoppHHX Ta  HAHOKPUCTANIYHMX  cucTeM.,K.,
Axanemmnepioanka, 2003. — 207 c.

JlomomizkHa:
1. [lepcrieKTUBY CIIHTPOHIKHM 3 MOBEPXHEBUMH aKyCTUYHUMH XBHIISIMH /
JIx. [lyebna, FO. XBaunr, C. Maekasa, }O. Otani // Appl. Phys. Lett. —
2022. - Vol. 120. — P. 220502.
2. Bacumeuko JI.O. ®i3uyHi MeTOau MOCHIKEHHS (YHKIIOHATBHUX
marepiamiB / JI.O. Bacuneuko, A.l. Konmgup // JIpBiB: BumaBHHUIITBO
JIbBiBCBKOI momiTexHiku, 2020 — 326 c.
3. BonkoB C.B. Hanoximis, HaHOCHUCTeMH, HaHOMaTepianu /
C.B. Bosxkos, €.I1. KoBanbuyk, B.M. Pemernsik // K.: HaykoBa nymxa,
2008. — 426 c.

Inpopmaniiini pecypeu:
1. https://uk.wikipedia.org./
2. https://www.coursera.org/
3. https://www.elsewier.com./
4. https://link.springer.com./

Tpusaaictb Kypcy

OJWH CEMECTpP

Oo0csr kypey 90 roauH, 3 skuX 32 TOAMH JIEKIiH Ta 58 TOAMH caMOoCTIiHOI poObOTH
OuikyBani pe3yaibTaTi | B pe3ynbrari BUBUEHHS IILOTO KYpCY acmipaHT Oye
HABYAHHS 3HATH: OCHOBHI JOCSATHEHHS (DI3MKH KOHICHCOBAaHUX CHCTEM,

TEOPETUYHI HAOJNMKEHHS Ta CydyacHI METOOM iX EeKCIepUMEHTaJIbHOIro
JOCTIPKEHHS, OCOOJMBOCTI OOIPYHTOBAHOTO TPOTHO3YBAaHHS SBUI Ta
IPOIIECiB, SKI BiJOYBalOThCS B OAraTOKOMIIOHEHTHUX CHUCTEMax IMpH Pi3HUX
TEPMOJMHAMIYHUX YMOBaX, BKJIIOUAIOUYH 1 EKCTPEMaJIbHI.

BMIiTM: BHKODHCTOBYBATM OTpPUMaHi 3HAHHA JUIS  BUBYEHHS
TEPMOJMHAMIYHUX Ta KIHETUYHMX YMOB MPOTIKaHHSA (I3MYHUX SBULL 1
IpOIIeCiB Ta aHaNi3yBaTH iXHI 3aKOHOMIPHOCTI Ul OLIIHKM BIUIUBY Ha
CTPYKTYpOYTBOpeHHS Ta (opMyBaHHS (PI3UYHUX BIACTUBOCTEH, a TaKOXK
3HAXOAWTH OCHOBHI HANpsMKH (YHJAMEHTAJIBHUX Ta MPHKIATHUX
JTOCJTIJDKEHbB, K1 IPU3BEIYTh JI0 TPUHITMIIOBO HOBHUX 1 BATOMHUX PE3YJIbTATIB.



https://uk.wikipedia.org./
https://www.coursera.org/
https://www.elsewier.com./
https://link.springer.com./

OcBiTHS KOMIIOHEHTa mependavyae (opMyBaHHS y 3100yBayiB TPETHOTO
(OCBITHBO-HAYKOBOT'0) PpiBHS BHUINOi OCBITH Takux 3araabHux (3K) Ta
cnerianbaux ((axoBux) kommneTeHTHOCTeH (CK), BH3HAYEHHX OCBITHBO-
HAYKOBOIO IPOTPaMOI0:

3KO01. 31aTHicTh reHepyBaTH HOBI i1€i (KpeaTUBHICTBD).

3K02. 31aTHicTh NpamioBaTi B MbXKHAPOAHOMY KOHTEKCTI.

3K03. 3naTHicTh pO3B’sA3yBaTH KOMIUIEKCHI HayKOBi MpoOIeMH Ha OCHOBI
CHUCTEMHOI'0 HayKOBOTO CBITOIJISY Ta 3arajIbHOTO KYJIBTYPHOTO KPYro30py
13 JOTpUMaHHAM POQECiifHOT €TUKHU Ta aKaAeMIYHOI JOOPOUYECHOCTI.

CKO01. 3parHICTP BUSBIATH, CTaBUTH Ta BHUPINIYBaTH MpoOIeMuU
JOCITHUIIBKOTO XapakTepy B cdepi Gpi3uku 1a/abo acTpoHOMIl, iIHTerpyBaTu
3HAHHS 3 PI3HUX Tally3eil, OLIIHIOBATH Ta 3a0e3Me4yBaTH SIKICTh BUKOHYBAHUX
JIOCITiJIKEHb.

CKO02. 3patHicTh BIACTeXKYBAaTH TEHAEHIII pPO3BUTKY (i3uku Ta/abo
acTpoHOMIl, X NPHKIAZHUX 3aCTOCYBaHb, KPUTHYHO HEPEOCMHUCIIOBATH
HasBHI 3HaHHA Ta METOMM (PYHAAMEHTAJIBHHX Ta MPHUKIATHUX HAYKOBHX
JIOCJIKEHb.

CKO03. 3patHicTh NOpPEACTAaBIATA Ta OOTOBOPIOBATH PE3yJbTAaTH CBOET
HAYKOBO-JIOCIIi THUIIBKOI poOOTH JIepKaBHOIO MOBOIO, & TAKOXK aHTIIHCHKOIO
MOBOIO YU OJIHOIO 3 o(imiitHux MoB €Bponeiickkoro Cow3y, B yCHill Ta B
MMUCHMOBIH (opMi, ONPaIbOBYBAaTH HAYKOBY JIiTEpaTypy 3 (i3HKH Ta/abo
acTpoHOMii 1 e€()eKTUBHO BUKOPHUCTOBYBAaTH HOBY iH(pOpMaIlit0 3 pi3HHX
JOKEpedt.

CKO0S5. 3parHicTb iHILIIOBaTH, PO3POOJIATH Ta peayli3oByBaTH HayKOBO-
JOCIIAHUIIBKI, pO3pOOHMIIbKI Ta IHHOBAIIIMHI TPOEKTH Yy cepl Ppi3uku Ta/adbo
acCTPOHOMIi, JIaHyBaTH W OpraHi3oByBaTH poOOTY HAYKOBO-AOCIHITHUIIBKHX,
PO3pPOOHHUIIBKUX Ta IHHOBAIITHUX KOJICKTHBIB.

CKO06. 3naTHiCTh 3aCTOCOBYBAaTU Cy4YacHI METOAHM, METOJIUKHU, TEXHOJIOTII,
IHCTpyMEHTH Ta OOJajJHaHHS U1 [POBEJCHHA NPUKIAJHUX Ta
(GyHIaMEHTaIbHUX HAYKOBHUX JOCHIDKEHb Yy Taimy3l ¢Qi3uku Ta/abo
aCTPOHOMI].

B pe3ynbrari 3acBO€HHS OCBITHBOI KOMIIOHEHTH 3100yBau TpPETHOTO
(OCBITHBO-HAYKOBOI'0) PiBHSI BUILIOT OCBITH JIOCATHE HACTYITHUX IPOTrPaMHUX
pesynbrariB  HaBuaHHs  ([IPH), Bu3HaueHMX  OCBITHBO-HAYKOBOIO
IIPOrpaMoIo:

PHO1. MaTtu cyyacHi KOHILIETITyaJIbHI Ta METOOJOTIYHI 3HaHHS 3 (I3UKHU
Ta/ab0 acTpOHOMIi Ta JOTMYHHMX JJO HUX MDKIUCHMIUTIHAPHUX HAMpSMIB, a
TaKOo HEOOX1JIHI HaBUYKH, AOCTATHI JJisl MPOBeAeHHS (yHIaMEHTAIbHUX 1
NPUKIIAJHUX HAYKOBHUX JOCIIJKEHb 3 METOI0 OTPUMaHHs HOBUX 3HaHb Ta/abo
3/IIHCHEHHS pO3pO0OK Ta IHHOBAILIIH.

PHO2. Anani3zyBaTu Ta OLIIHIOBATH CTaH 1 NMEPCIEKTUBU PO3BUTKY (i3UKH
Ta/ab0 acTPOHOMI{, a TAKOK JOTUYHUX MINKAUCHUIUTIHAPHUX HAIPSMIB.
PHO04. ®opmymioBaTH 1 TNepeBipATH TilOTE3U; BUKOPUCTOBYBATU JIJIs
OOTpYHTYBaHHSI BHMCHOBKIB HAJEKHI JIOKa3M, 30KpeMa, pe3yJIbTaTh
TEOPETUYHUX 1  EKCIePUMEHTAIbHUX  JIOCTIKeHb, MaTeMaTUYHOTO
MOJIETTIOBAaHHS, KOMII FOTEPHOTO €KCIIEPUMEHTY, a TAKOK HasIBHI JIiTepaTypHi
JaHi.




PHOS. Po3po6iisiTi Mozierni mpoIieciB i cucteM y ¢i3uii Ta/abo acTpoHoMii Ta
JOTUYHUX MUKIUCIUIUTIHAPHUX HANpsiMaX, BUKOPUCTOBYBATH IX Y HAyKOBO-
JOCHITHUIBKIN MiSTIBHOCTI Ui OTPUMAaHHS HOBHMX 3HaHb Ta/ab0 CTBOpEHHS
PO3p00O0K Ta IHHOBAILIMHUX MPOTYKTIB.

PHO06. IlnanyBaTi 1 BHMKOHYBAaTH TpHUKIagHI Ta/abo QyHAaMEHTaIbHI
JOCITIDKEHHS 3 (13MKH Ta/ab0 acCTPOHOMIT Ta TOTUYHUX MIKIUCIUILTIHAPHUX
HampsiMiB 3 BUKOPHCTAHHSM CyYaCHUX METOJIB, METOJUK, TEXHOJOTIH,
IHCTPYMEHTIB Ta OOJIafHAHHS, 3 JOTPUMAHHSIM HOPM aKaJeMIYHOi €THKH,
KPUTHYHO aHaNi3yBaTH pE3yJbTaTH HAYKOBUX JOCHIIKEHb y KOHTEKCTI
yCbOI0 KOMIUIEKCY CYYacHHMX 3HaHb IIOJI0 JOCTIIKYyBaHOI MpoOsieMu;
TOTYBaTH MPOEKTHI MPOMO3UIT 1010 (PiHAHCYBAaHHS HAYKOBHX JOCIIIKEHb
Ta/ab0 pO3pOOHUIIPKUX 1 IHHOBAILIMHUX MTPOEKTIB.

PH10. MaTtn HaBUYKH 3aXUCTY MPaB IHTEIEKTYAIbHOI BIACHOCTI.

Kuarouosi ciioBa

BinkpuTi cucremu, camooprasizaris, AMHAMIYHHH Xao0C, HEBIOPSIKOBaHI
CTPYKTYPH, HAHOCTPYKTYpPH, KBAaHTOBI MaTepiay, MaKpo- Ta MiKPOCBIT

dopmat Kypcy OYHUH / TUCTaHIIIHHUI
MIPOBEJICHHS JICKIIIM Ta KOHCYJIbTALIT ISl KPAIIOTO PO3YMIiHHSI TEM
Temn Hageneno y ta0i.1
HincymkoBui . o
ICIIUT B KIHIII CEMECTPY
KOHTPOJIb, popMa
IIpepexBizutu Jl71st BUBYEHHSI KypCy acHipaHTd MOBUHHI 3HATH OCHOBHI 3aKOHH Ta MOHATTS

3 KypcCiB 3arajgbHOi (i3UKH, KBAHTOBOI MEXaHIKH, TEPMOIMHAMIKH; BOJIOIITH
HaBUKAaMH TIONIYKYy Ta OIpAIIOBaHHS CIEIialli30BaHOi  JTeparypH,
IHTepIpeTallii pe3yJIbTaTiB eKCIEPUMEHTY Ta KOMIT IOTEPHOT'O MOJICITIOBAHHS.

HaBuaabnHi MeToam Ta
TeXHiKHU, fAKi Oy1yTh
BHKOPHCTOBYBATHCSH IiJY
yac BUKJIAJAAHHSA Kypcy

BuKOpHCTOBYIOTBCS TaKi METOAM HaBYaHHS:

a) closecHi — NEKIIis, OSICHeHHS, Oecina;

0) Haouni — UTIOCTPYBaHHs JIEKIIMHOro Marepiany Npe3eHTalisIMHU, L0
BKJIIOUYAIOTh B ceOe TabuIl, CXeMH Ta rpadiku;

[Tix yac yMTaHHS JEKUIH MO METOAaX EKCIEPUMEHTAIbHUX JOCIiIKEHb
BUKOPUCTOBYIOThCSI CyYacHI TpWIaIH 3 BUBYCHHSM iXHBOI OymOBH Ta
0c00aMBOCTEH POOOTH.

HeoOxigne o01agHanug

EnexkTpoHHI MIKpPOCKOIM, PEHTIeHIBCbKI JIU(PPAKTOMETPH, CKaHyBaJbHI
KaJOpUMETpH, MEepPCOHANIbHI KOMIT I0TepH, omnepauiiiHi cuctemu (Windows,
Linux), 3arajibHOBHBaH1 KOMII'IOT€PHI IPOTrPamu, MPOEKTOP

KpuTepii oninioBaHH#
(oxpeMo 1JIs1 KOKHOTO
BHU/lY HABYAJIbHOI
AIATILHOCTI)

OuintoBanHs npoBoaAuThCs 3a 100-6anpHoIO0 HIKanorw. bann HapaxoBYHOThCS
32 HACTYIHUM CITiBBiIHOILICHHSIM:

Konoksiym — 35 %

* KOHTPOJIbHI poboTu: 15 % ceMecTpoBOi OLIHKK; MaKCHUMallbHA KiJIbKICTh
6amniB 15 (koHTpOJBEHA poOOTa MO 3M. MoTysItoNe 1 — 7 6aniB, O 3M. MOAYIIIO
Ne2 — 8 6amiB);

* iciut: 50% ceMecTpoBoi OLIHKK. MakcuMasbHa KUTbKICTh 6amiB 50.
[TincymkoBa MakcuManbHa KijbKicTh Oaiis 100.

KonTpoJsbHa po6ora — MakcuMaJbHO 7 0aJiB:

7 6. — acmipaHT MOBHICTIO BOJIOJII€ MaTepiaiom;

4-6 0. — acmipaHT AOCTaTHBO BOJIOJII€ MaTepiaioM;

1-3 0. — acmipaHT 4YacTKOBO BOJIOJII€ MaTePiaIoM;

0 6. — acmipaHT HE BOJIOJII€ MaTEPiaIoM.

KonTposbHa pob6oTa — MmakcumMajbHO 8 0aJiB:

8 6. — acmipaHT MOBHICTIO BOJIOJIIE€ MAaTEPiaIoM;




5-7 6. — acmipaHT 1OCTATHHO BOJIOJIE MaTepiaJioM;
1-4 6. — acipaHT 4aCTKOBO BOJIOJII€ MaTepiaIoM;

0 6. — acmipaHT HE BOJIOJII€ MaTEPiaIOM.

Ienut — makcumanbHo S0 0auiB:

Iciut mpoBoaUTHCS y 3MilnaHiil (opmi: TeCTyBaHHsS Ta yCHa BiAMOBiIb Ha
MTUTAHHS.

V¥ Tecti 20 nutans 1o 1 Gary KoxHE.

VY 6ineri 2 nmutanus (o 15 6aniB, KoxHE).

Kpurepii oriHIOBaHHS OMMCOBHUX MHUTAHb 1CTIUTY:

15 6. — acniipaHT OBHICTIO BOJIOJII€ MaTEPiaIoM;
10-14 6. — acnipaHT 10CTaTHHO BOJIOJIE MaTEPiaIoM;
7-10 6. — acmipaHT YaCTKOBO BOJIOZIE MaTePiasioM;
1-5 6. — acnipanT Mae 6a30Bi 3HAHHs MaTepiaiy;

0 6. — acmipaHT HE BOJIOJII€ MaTEPiaIOM.

HonatkoBi 10 6amiB acmipaHT MoOKe OTpUMATH 3a MyOJiKaIlilo CTaTrTi abo
0COOMCTY y4yacTb y HayKOBil KOH(EpeHIIii 3a TEMaTUKOI0 KypCy 3a YMOBH,
110 3arajibHe 4Kciio HaOpaHux 6aniB He nepeBunryBatume 100 Gamis.

JlonaTkoBi 6anu MOXHa OTPUMATH 3a pe3yJbTaTaMu HeOPMaIBHOTO Ta/abo
iHQOpPMaTLHOTO HABYAHHS TI0 TEMAaTHIll JAaHOTO Kypcy. BusHanHs Ta
3apaxyBaHHs PE3yJIbTATiB TAKOTO HABUYAHHS BiI0YBAETHCS Y BIAMIOBITHOCTI 10
HAJaHHUX JOKYMEHTIB IIpo HeopMalibHe Ta/abo iHpopMaTbHE HABYAHHS.
Jonatkosi 10 6ainiB MO)KHA OTpUMATH, HAITPHUKIIA]] IPOUIIOBIIY OHJIANH Kypc
Mo OJHIA 3 BHOpaHUM TeM Kypcy a0o 3 TeMH, OJM3BKOi JO TeMU HOTO
JUcepTaIiifHoi poOOTH 3a YMOBH, IO 3arajibHE YHCJIO HaOpaHuX OajiB HE
nepesuntyBatume 100 6amiB

AxkaneMiyHa J00pOYeCHICTh: OUYIKYEThCS, 110 poOOTH acmipaHTiB OyIyThb
iXHIMU OpPUTTHAIIBHUMU JIOCIIIJUKEHHSIMHA Y MIPKYBaHHSMH, SIKI TPYHTYIOTHCS
Ha BJIACHOMY HoIepeaHboMY jaocBiai. CnHcyBaHHS, BTpY4YaHHS B poOOTy
IHIIMX AacHIpaHTIB, BIJACYTHICTh TOCWIaHb Ha BHUKOPHUCTaHI JKepena
CTaHOBIIATh, aje He OOMEXYIOTh, MPHUKIAAM MOXIIMBOI aKaJeMiyHOi He
noOpoyecHocTi. BusiBieHHs 03HaK akaJeMiuHOI He T0OpoyecHOCTI B poOoTax
acripaHTa € MiJICTaBoo /s ii He 3apaxyBaHHs BUKJIa/Ja4eM, HE3aJeKHO Bij
MaciiTabiB miariary 4yu oOmaHy. BinBigyBaHHSI 3aHAITb € BaXXIUBOIO
CKJaJ0BOI0 HaB4yaHHA. O4iKyeThCs, IO BCl acHipaHTH BiJBIAAIOTh YCi
JEeKUIWHI 3aHATTA. AcHipaHTd MaroTh 1HQOPMYBAaTH BHKIJIagada IMpo
HEMOJIMBICTh BIJBIJATH 3aHATTSA. Y OyIb-sIKOMY BHIIQJKy acIHipaHTH
3000B’s3aH1 JOTPUMYBATUCS YCIX CTPOKIB BU3HAUECHUX JUJIsl BUKOHAHHS YCIX
BUIIB poOiT, mependadeHux kKypcom. Jliteparypa: ycs miteparypa, sKy
acripaHTH HE 3MOXYTh 3HAWTH CaMOCTIHHO. OyJe HajgaHa BHKJIaJadyeM
BUKJIIOYHO B OCBITHIX LUIAX 0Oe3 mpaBa mepenadi ii TpeTiM ocobam.
AcIHipaHTH 3a0XOUYYIOTHCS 10 BUKOPUCTAHHS TaKOX H 1HILOI JIITEpaTypu Ta
JDKEpedI, IKUX HEMae cepe]l peKOMEHI0BAaHUX 1 Ky BOHH MOXYTh CaMOCTIHHO
3HAWUTH.

Ionituka BceTaHOBJIeHHs OauiB. BpaxoByiorecs Oanmu HaOpaHi Ha
KOJIOKBIyMi Ta KOHTPOJbHHX poOoTax. Ilpm 1mbpoMy BpaxoByeTbCs
IPUCYTHICTh HA 3aHATTSX Ta aKTUBHICTh aclipaHTa Ha 3aHATTSX.




Konni ¢opmum mopymeHHss  akageMidHOI  J100po4YecHOCTI  He
TOJIEPYHOTHCS.

IIutanusa oo C€K3aMCEHY

e Bl e

12.

13

16.
17.

18

19.
20.
21.

22.
23.
24.
25.
26.
27.

0.
1. EMnipuuHi MOTeHILIaIH 1 METO/ MOJICKYJISIPHOT TMHAMIKH B (i3uLIi

Knacudikarist TBepAHX TiJI.

OCHOBHI HanpsAMKHU (i3UKHA TBEPJOTO TijIa

CyuacHi 1ocarHeHHs (i3UKH aMOP(PHUX PEUOBUH

dizuka 1 MaliOyTHI 3aBJIaHHS KOMIT FOTEPIB.

®i314HI OCHOBU MITYYHOTO IHTENEKTY.

MarsiTHi BIacTUBOCTI aMOp(HUX CILIABIB.

Maruetusm HaHOCTPYKTYP.

di3mKa 1 pKepena eHeprii.

OcHOBU (i3UKH BIAKPUTHX CHCTEM

Tepmonunamika kinacrepiB. Pa3oBi MepexoIMB KiacTepax.

HEBIIOPSAKOBAaHUX CHUCTEM.
CunpHO-KOpenboBaHi enekTpoHHi cuctemu. Egext Konpo.

. KBaziuactuaku. Marnonu, (h)OHOHH 1 MOJISPUTOHH.
14.
15.

MarHiToCTpUKIIisi, MarHiTo00 €MHI €eKTH 1 TEpMITHE PO3IIHPEHHS.
['etepocTpyKkTypH, iX CTpyKTypa Ta (hi3u4Hi BIACTUBOCTI. MeToau
OTPUMAaHHS TETEPOCTPYKTYP.

MarniTokanopuuHuil eheKT Ta NePCIeKTUBU HOTO BUKOPHCTAHHS.
PinrHHI HAHOKOMIIO3UTHI CUCTEMHA. PiaKi MardiTy..

. KBanToBi MaTepianu. TonmoJIorivHi 130JISTOPH Ta MEPCIEKTHUBU iXHOTO

3aCTOCYBaHHSI.

ATOMHA IMHaMiKa B HAHOYACTUHKAX.

KBasikpucranu, cTpykTypa Ta (pi3udHi BIaCTUBOCTI.

[TpobnemMu MOXOJKEHHS MXUTTA 1 MUCIEHHS 3 TOYKHU 30py CydacHOi
(b13uKH.

JluHaMi4HI CUCTEMH 1 IeTepMiHOBAaHUH Xaoc.

Jlazepna abuiAList pe4oBUH

JlazepHo 1HAYKOBaHI NMEePiOANYHI CTPYKTYpH Ha IOBEPXHI TBEPAOTO Tija.
THUnm KOCMIYHOTO BUMPOMIHIOBAHHS.

B3aemonis X-npomeHiB 3 atmocheporo 3emi.

MexaHi3M NepeHeceHHs TeIla B yMOBaX KOCMOCY.

OnuryBaHHs

AHKeTy-OlLlIHKY 3 METOI0 OILIHIOBaHHS $KOCTI Kypcy Oyae HaJaHo IO
3aBEpIISHHIO KYPCY.




Cxema kypcy «Cy4dacHi TeHaeHuii B ¢i3uili Ta actpoHomii»

Tabmurs 1

TwxneHs

Tema

dopma JisITEHOCTI
Ta 00CST TOAUH

Jliteparypa

Tepmin
BUKOHAHHS

1,2

Beryn

OcHoBH (i3MKH BiIKPUTHX CHCTEM.
EBoutroris, Jerpaaartis Ta
camoopranizamisi. JlucunaTtuBHI CTPYK-
Typu. Cunepreruka. [IIBUAKICTh 3MiHK
eHTporii o cepeaniit eneprii. Kpurepiit
BITHOCHOTO CTYIIEHSI BIOPSAKOBAHOCTI
BIZIKPUTHX CHCTEM. S-Teopema.

CP. BuByeHHs Marepialy JIEKIIii.
3aKOHOMIPHOCTI 3MiHM TEPMOIMHAMIY-
HUX (QYHKIIN Y BIAKPUTHX CUCTEMaxX
Tema 2. Teomerpina i d¢izuka
dpakraiis.

OcHoBH bpaktanpHOi  reomerpii.
O®pakranpHa  pO3MIpHICTE.  MeToau
BU3HAUYCHHS (PpaKTAIBLHOI PO3MIPHOCTI.
ManokyroBa X —IIpOMEHEBa MaJo-
kyroBa gudpakuis. [loBepxHeBi Ta
00’emHui (pakramm. Ilpuknagu dpakra-
JBHUX CTPYKTYD.

C.P. BuBuenHs matepiaity JeKIIii.
®di3uyHI MeXaHi3MU YTBOPEHHS (paKTa-
JIBHUX CTPYKTYD.

Jlekmii — 4 roxn,
camocTiitHa poboTta
—6rog

bazosa: 1, 2, 5;
JHomomixHa: 3

2 TWXHI

3,4

Tema 3. MaruiTi BJacTHBOCTI
aMoppHHX Ta HAHOKPHUCTATIYHHUX
CILIABIB

CriHoBi XBHJIL. Marnonu y
(bepomarnetukax Bsaemomis criHOBUX
MOMEHTIB ~ aTOMIB 3  €JIEKTPOHAMH
MPOBIAHOCTI Y HEBIOPSAIKOBAHUX Mar-
HITHUX Mmarepiajax. EnextponHi
BJIACTUBOCTI MarHeTHKiB. MarHitoorip.
C.P. BuBueHHs mMaTepiaiy JIEKIii.
Oco0nrBOCTI MarHITHUX BIACTUBOCTEH
y aMOp(pHUX METaIYHUX CIJIaBaXx.

Jlekmii — 4 ron,
camocTiiiHa poboTa
— 6101

basosa: 4, 9;
JonomixkHa: 1

2 THXHI

5,6

Tema 4. B3aemonmisi Ja3epHOro
BHIIPOMIHIOBAHHA 3 PEYOBHHOIO
Jlazepna abGusuis. CTpyKTypHI 3MIHH
MOBEPXHI MaTepialiB MpHU Ja3epHOMY
onpomiHeHHI. DopMyBaHHS Ja3epHO-
1HAYKOBaHUX MEPIOUIHUX CTPYKTYpP Ha
noBepxHi. HaHokpucramizamisi moBepx-
HEBUX IIapiB aMOppHHX  CIUIABIB.
BubyxoBa kpucramizartisi.

Jlekuii — 4 ron,
caMmocTiifHa poboTa
—6roxn

bazoga: 5;
JlormoMmixkHa: 2,
3

2 THXKHIL




C.P. BuBueHHs wMarepiany JeKuii.
MexaHnizm YTBOPECHHS Jla3epHo-
1HIYKOBaHUX CTPYKTYP.

7,8

Tema 4. KBanToBi maTepiayimn.
[loHATTs TPO KBAHTOBI Marepiay.
KBanroBuii edexr Xoma. Tomosoriudi
1305ATOpH Ta X ENEeKTpPOHHA OyJI0Ba.
HamiBmerasn  Beiua.  [lepcniektuBu
BUKOPHCTAHHS KBAHTOBUX MaTepiaiiB.
C.P. BuBuenHs Marepiany JeKIIii.

Jlekuii — 4 ron,
caMmocTiifHa poboTa
—8rox

bazosa: 5, 7;
JonomixkHa: 2,
3

2 TUXHI

9,10

Tema S. OcHoBH (i3ukm KiIacTepis.
Knacudikaris knacrepiB. CTpykrypa Ta
¢bi3uuni BracTHBOCTI. Mariuni uucia.
Tepmonunamika  kiacrepiB.  Da3oBi
MIEPEXO/IH B KJIaCTEpax.

C.P. BuBueHHs Marepiany JeKIii.
MiXkiiacTepHa B3a€MOJIsI B aMOPPHHUX
TBEPJUX TLIAX 1 piAMHAX.

Jlekuii — 4 ron,
caMmocTiiftHa poboTa
—8roxn

bazosa: 3, 5, 7;
JonomixkHa: 2,
3

2 TWXHI

11,12

Tema 6. Marnitoxkanopu4Huii epexr
TepmonuHaMiuHi yMOBM BUHHUKHEHHS
MarHiTokajJopuyHoro edekry. Excriepu-
MEHTAJIbHI ~ YMOBH  CIIOCTEPEXKEHHS
MarHiTOKaJIopuyHOro edekty. MarHiTo-
kajopuuHi Marepiann. CraBu  Ha
OCHOBI I'a{0JIIHIIO.

C.P. BuBueHHs Marepiany JIEKLii.
@®131UYH1 BIaCTUBOCTI MarHiTOKaJOpHy-
HUX MaTepiais.

Jlekuii — 4 ron,
caMmocTiiftHa poboTa
—8roxn

basosa: 4, 9;
JlonomixkHa: 2

2 TWXHI

13,14

Tema 7. PiguHHi HaHOKOMIIO3UTHI
CHCTEMH.

HanokoMTO3UTH Ha OCHOBI MOJICKYJISIP-
HUX PIAMH 1 MarHITHUX HaHOYACTHUHOK.
MarHiTHi piavHU Ha OCHOBI
JIETKOIUTABKUX METAJICBUX CBTEKTHK 1
MAardiTHUX OKCHIHHMX HAHOYACTHHOK.
3acTocyBaHHS PITMHHAX HAaHOKOMIIO3H-
TIB B TEXHII 1 MEIUIINHI.

CP. BuueHHs MaTepialy JIeKuii.
@®i3uyHl  OCHOBH TIPOIIECY CHHTE3Y
HAHOKOMITO3HUTIB.

Jlexuii — 4 ron,
caMmocTiiiHa poboTa
—8rox

bazosa: 2, 5, 7;
JonowmixHa: 3

2 TWXKHI

15

Tema 8. ®i3nyHi 0OCHOBH KOCMIYHHX
TEeXHOJIOTiH

[Iponiecu  kpucramizamii B yMOBax
HEBaroMoCTI ~ Ta  MIKporpasiTari.
[loBepxHeBi BIAaCTUBOCTI B yMOBax
HeBaromocTi. Pict kpucranis. Ilpouecu
MacorepeHocy Ta audys3is.

C.P. BuBueHHs marepiaiy JeKIii.
3acTOCYBaHHS KOCMIYHUX TEXHOJIOTIH.

Jlekmii — 2 rox,
camocTiiiHa poboTa
—4rop

bazoga: 6, §;

1 Trxneus




16

Tema 9.KocmiuHe BUIPOMIHIOBAHHSA
3araibHa XapaKTEPUCTHKAa KOCMIYHOTO
BUIIPOMIHIOBAHHSL. Tunn
BUIIPOMIHIOBaHHA Ta iX JoKepenma. X-
IIPOMEHEBE KOCMIYHE BHITPOMIHIOBAHHS
Ta HOTO peecTpartis.

C.P. BuBuenHs marepiaiy JeKIIii.
AHaJI13 KOCMIYHOTO BUITPOMIHIOBAHHSI.

Jlekwii - 2 rox.
Camocriiina
pobora -4ro.

Bbazosa: 6, §;

1 THXOEHD

10
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Course title

Advances in Physics and Astronomy

Course location

8 Kyrylo and Mephodij Street, 79005 Lviv

Faculty and department | Faculty of Physics, Department of Metal Physics
responsible for the
discipline
Field of knowledge, E Natural Sciences, Mathematics, and Statistics
code, and name of ES Physics and Astronomy
speciality

Course lecturers

Chairperson of the Department of Metal Physics, Doctor of Sciences (Physics
and Mathematics). Prof. Stepan Mudry

Contact information of
lecturers

stepan.mudryy@]lnu.edu.ua
https://physics.lnu.edu.ua/employee/mudryj-stepan-ivanovych

Consultations on the
course take place

Consultations on lecture days (by prior arrangement). Online consultations via
email and Microsoft Teams are also possible. To arrange a time for an online
consultation, please email the lecturer or message them via Microsoft Teams
chat.

Course page

https://physics.Ilnu.edu.ua/academics/postgraduates

Course information

The discipline “Advances in Physics and Astronomy” is elective in the
speciality E5 Physics and Astronomy for the ONP Physics and Astronomy for
the third (educational and scientific) level of higher education, which is taught
in the 5th semester with a volume of 3.0 credits (according to the European
Credit Transfer System ECTS).

Brief course description

The course “Advances in Physics and Astronomy” is designed to provide
participants with the fundamental knowledge, skills, and abilities to formulate
new ideas and solve complex problems in physics and astronomy. The course
covers basic and applied aspects of condensed matter physics, quantum
materials, nanophysics, nuclear and astrophysics, cosmology, and
interdisciplinary areas related to information technology, materials science,
and space research. Particular attention is paid to modern experimental and
theoretical research methods, the role of computer modelling, big data
analysis, and international scientific cooperation. The course provides a
comprehensive overview of the current state and dynamics of physics and
astronomy, and develops the ability to critically analyze scientific results and
trends in global science.

Course objectives

The aim of the course “Advances in Physics and Astronomy” is to provide the
necessary fundamental knowledge based on theoretical and experimental
research of recent decades and predictions based on the results of a forecast
analysis of the development of physics and astronomy, its interconnection
with other scientific fields, and the emergence of new areas of practical
application. This will subsequently serve as the basis for developing new ideas
and supporting postgraduate students in completing their dissertations.

Literature for studying
the discipline

Basic:

1. Michio Kaku. Physics of the Future. — Lviv: Litopys, 2013. — 432 p.

2. Douglas M. Our Molecular Future — Prometheus, 2002. — 350 p.

3. Handbook of materials modelling / S. Yip (ed.). — Springer, 2020. —
2965 p.

4. Zagorodniy Yu.O., Korzhik V.M., Vlaykov G.G., Trachevskiy V.V.
Amorphous and nanocrystalline ferromagnets. — Vinnytsia, 2019. —
312 p.



mailto:stepan.mudryy@lnu.edu.ua
https://physics.lnu.edu.ua/employee/mudryj-stepan-ivanovych
https://physics.lnu.edu.ua/academics/postgraduates

5. Ostafiychuk B.K., Budzuljak I.M., Hryhorchak LI., Myroniuk LF.
Nanomaterials in devices for generating and storing electrical energy,
Ivano-Frankivsk, 2007. — 206 p.

6. Vavrukh M.V., Smerechynskyi S.V., Tyshko N.L. New models in the
theory of degenerated dwarfs. —Lviv, «Rustr-7», 2018. —268p.

7. Sementscov Yu.l. The structure and properties formation of sp2—
carbon nanomaterials and their functional composites. Kyiv:
Interservice, 2019. — 364 p.

8. Adamenko O. Who needs a «cosmic» mirage? // Science and Society.
—2006. — Ne 1-2. — p. 39-42.

9. Shpak A.P., Kunytskyi Yu.A., Zaharchenko M.I., Voloschenko A.S.
Magnetism of amorphous and nanocrystalline systems. K.:
Acafemperiodyka, 2003. — 207 p.

Supplementary:
1. Prospects for spintronics with surface acoustic waves / J. Puebla, Y.
Hwang, S. Maekawa, Y. Otani // Appl. Phys. Lett. — 2022. — Vol. 120. —
P. 220502.
2. Vasylechko L.O., Physical methods for functional materials
investigation / L.O. Vasylechko, A.I. Kondyr // Lviv: Lviv Polytechnika
Publishing House, 2020 — 326 p.
3. S.V. Volkov Nanochemistry, nanosystems, nanomaterials /
S.V. Volkov, Ye.P. Kovalchuk, V.M. Resgetniak / K.: Naukova dumka,
2008. — 426 p.

Information resources:
1. https://uk.wikipedia.org./
2. https://www.coursera.org/
3. https://www.elsewier.com./
4. https://link.springer.com./

Course duration

One semester

Course volume

90 hours: 32 hours of lectures and 58 hours of independent work

Expected learning
outcomes

Upon completion of this course, postgraduate students will

To know: the main achievements of condensed matter physics,
theoretical approximations and modern methods of their experimental study,
the peculiarities of reasonable prediction of phenomena and processes
occurring in multicomponent systems under various thermodynamic
conditions, including extreme ones.

Be able to: use the knowledge gained to study the thermodynamic and
kinetic conditions of physical phenomena and processes, and analyse their
patterns to assess their impact on structure formation and the formation of
physical properties, as well as identify the main directions of fundamental and
applied research that will lead to fundamentally new and significant results.

The educational component involves the formation of the following general
(GC) and special (SC) competencies in applicants for the third (educational
and scientific) level of higher education, as defined by the educational and
scientific programme:

GCO01. Ability to generate new ideas (creativity).
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GCO02. Ability to work in an international context.

GC03. Ability to solve complex scientific problems based on a systematic
scientific worldview and general cultural outlook, while adhering to
professional ethics and academic integrity.

SCO01. Ability to identify, pose, and solve research problems in the field of
physics and/or astronomy, integrate knowledge from different fields, evaluate,
and ensure the quality of research performed.

SCO02. Ability to track trends in the development of physics and/or astronomy
and their applied uses, critically rethink existing knowledge and methods of
fundamental and applied scientific research.

SCO03. Ability to present and discuss the results of one's scientific research in
the national language, as well as in English or one of the official languages of
the European Union, both orally and in writing, to process scientific literature
in physics and/or astronomy, and to effectively use new information from
various sources.

SCO05. Ability to initiate, develop, and implement research, development, and
innovation projects in the field of physics and/or astronomy, plan and organise
the work of research, development, and innovation teams.

SC06. Ability to apply modern methods, techniques, technologies, tools, and
equipment for conducting applied and fundamental scientific research in the
field of physics and/or astronomy.

As a result of mastering the educational component, applicants for the third
(academic and scientific) level of higher education will achieve the following
program learning outcomes (PLOs) defined by the educational and scientific
program:

LOO01. Have modern conceptual and methodological knowledge of physics
and/or astronomy and related interdisciplinary fields, as well as the necessary
skills sufficient to conduct fundamental and applied scientific research to
obtain new knowledge and/or implement developments and innovations.
LO02. Analyse and evaluate the state and prospects of development of
physics and/or astronomy, as well as related interdisciplinary fields.

LO04. Formulate and test hypotheses; use appropriate evidence to
substantiate conclusions, in particular the results of theoretical and
experimental research, mathematical modelling, computer experiments, and
available literature data.

LOO05. Develop models of processes and systems in physics and/or astronomy
and related interdisciplinary fields, use them in research activities to obtain
new knowledge and/or create developments and innovative products.

LO06. Plan and carry out applied and/or fundamental research in physics
and/or astronomy and related interdisciplinary fields using modern methods,
techniques, technologies, tools and equipment, in compliance with academic
ethics, critically analyse the results of scientific research in the context of the
entire body of modern knowledge on the problem under study; prepare project
proposals for funding scientific research and/or development and innovative
projects.

LO10. Have skills in protecting intellectual property rights.




Keywords

Open systems, self-organisation, dynamic chaos, disordered structures,
nanostructures, quantum materials, macro- and microcosm

Course format

full-time / distance learning

Lectures and consultations for a better understanding of the topics

Topics Listed in Table 1
Final assessment, form | exam at the end of the semester
Prerequisites To study the course, postgraduate students must be familiar with the

fundamental laws and concepts of general physics, quantum mechanics, and
thermodynamics. They must also possess skills in searching for and
processing specialized literature, interpreting experimental results, and
computer modeling.

Teaching methods and
techniques to be used
during the course

The following teaching methods are used:

a) verbal — lectures, explanations, discussions;

b) visual — illustration of lecture material with presentations that include
tables, diagrams, and graphs;

During lectures on experimental research methods, modern devices are used
to study their structure and features.

Required equipment

Electronic microscopes, X-ray diffractometers, scanning calorimeters,
personal computers, operating systems (Windows, Linux), commonly used
computer programs, and projectors

Assessment criteria
(separately for each type
of educational activity)

Assessment is carried out on a 100-point scale. Points are awarded according
to the following ratio:

Colloquium — 35%

* Tests: 15% of the semester grade; maximum number of points 15 (test on
module No. 1 — 7 points, on module No. 2 — 8 points);

* Exam: 50% of the semester grade. Maximum number of points: 50.

The total maximum number of points is 100.

Test — maximum 7 points:

7 points — the postgraduate student has a complete grasp of the material,;

4-6 points — the postgraduate student has sufficient command of the material;
1-3 points — the postgraduate student has a partial command of the material;
0 points — the postgraduate student does not master the material.

Test — maximum 8 points:

8 points — the postgraduate student has a complete grasp of the material;

5-7 points — the postgraduate student has sufficient knowledge of the material;
1-4 points — the postgraduate student has a partial grasp of the material;

0 points — the postgraduate student does not master the material.

Exam — maximum 50 points:

The exam is conducted in a mixed format, combining written tests and oral
answers to questions.

The test consists of 20 questions, each worth 1 point.

The exam paper contains two questions (worth 15 points each).

Criteria for assessing descriptive exam questions:

15 points — the postgraduate student has a complete command of the material;
10-14 points — the postgraduate student has sufficient command of the
material;

7-10 points — the postgraduate student has a partial command of the material;
1-5 points — the postgraduate student has basic knowledge of the material;

0 points — the postgraduate student does not have a command of the material.




Postgraduate students can earn an additional 10 points for publishing an article
or personally participating in a scientific conference on the subject of the
course, provided that the total points earned do not exceed 100.

Additional points can be earned based on the results of informal and/or non-
formal learning on the course subject. The recognition and crediting of the
results of such learning is carried out in accordance with the documents
provided on informal and/or non-formal education.

An additional 10 points can be earned, for example, by completing an online
course on one of the selected topics of the course or on a topic related to the
subject of the dissertation, provided that the total number of points earned
does not exceed 100 points.

Academic integrity: Postgraduate students are expected to produce original
research or reflections based on their own previous experience. Plagiarism,
interference in the work of other postgraduate students, and failure to cite
sources used are examples of possible academic dishonesty, but are not
limited to these. Evidence of academic dishonesty in a postgraduate student's
work is grounds for the lecturer to reject it, regardless of the extent of
plagiarism or deception. Attendance is a crucial component of the learning
process. All postgraduate students are expected to attend all lectures. Doctoral
students must inform the teacher if they are unable to participate in a class. In
any case, postgraduate students are required to meet all deadlines set for
completing all types of work needed for the course. Literature: all literature
that postgraduate students are unable to find on their own will be provided by
the lecturer for educational purposes only, without the right to transfer it to
third parties. Postgraduate students are encouraged to use other literature and
sources not among the recommended ones, which can be located
independently.

Grading policy. Points earned in colloquiums and test works are taken into
account. Points are also awarded for independent work. Attendance and
participation in class are also taken into account.

No forms of academic misconduct are tolerated.

Exam questions

Classification of solids.

Main directions of solid state physics

Modern achievements in amorphous matter physics

Physics and future tasks of computers.

Physical foundations of artificial intelligence.

Magnetic properties of amorphous alloys.

Magnetism of nanostructures.

Physics and energy sources.

Fundamentals of open systems physics.

0. Thermodynamics of clusters. Phase transitions in clusters.

1. Empirical potentials and the molecular dynamics method in the
physics of disordered systems.

12. Strongly correlated electron systems. Kondo effect.

13. Quasiparticles. Magnons, phonons, and polaritons.

14. Magnetostriction, magnetovolume effects, and thermal expansion.
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15.

16.
17.
18.

19.
20.
21.

22.
23.
24.
25.
26.

Heterostructures, their structure and physical properties. Methods of
obtaining heterostructures.

Magnetocaloric effect and prospects for its use.

Liquid nanocomposite systems. Liquid magnets.

Quantum materials. Topological insulators and their prospects for
application.

Atomic dynamics in nanoparticles.

Quasicrystals, structure and physical properties.

Problems of the origin of life and thought from the point of view of
modern physics.

Dynamic systems and deterministic chaos.

Laser ablation of substances

Laser-induced periodic structures on the surface of a solid.
Interaction of X-ray with the Earth's atmosphere.

Mechanism of heat transfer in space conditions.

Survey

An evaluation questionnaire will be provided at the end of the course to assess
its quality.




Course outline for “Advances in Physics and Astronomy”

Table 1

Week

Topic

Form of activity
and the number of
hours

Literature

Deadline

1.2

Introduction

Fundamentals of open systems
physics. Evolution, degradation, and
self-organisation. Dissipative
structures. Synergetics. Rate of entropy
change per average energy. Criterion of
relative degree of order in open
systems. S-theorem.

L.W. Study of lecture material. Patterns
of change in thermodynamic functions
in open systems

Topic 2. Geometry and physics of
fractals.

Fundamentals of fractal geometry.
Fractal dimension. Methods for
determining fractal dimension.
Small-angle X-ray diffraction. Surface
and volume fractals. Examples of
fractal structures.

I.W. Study of lecture material.
Physical ~mechanisms of fractal

structure formation.

Lectures — 4 hours,
independent work —
6 hours

Basic: 1,2, 5;
Supplementary: 3

2 weeks

3,4

Topic 3. Magnetic properties of
amorphous and nanocrystalline
alloys

Spin waves. Magnons in ferromagnets:
Interaction of atomic spin moments
with conduction electrons in disordered
magnetic materials. Electronic
properties of magnets.
Magnetoresistance.

L.W. Study of lecture material.
Features of magnetic properties in
amorphous metal alloys.

Lectures — 4 hours,
independent work —
6 hours

Basic: 4, 9;
Supplementary: 1

2 weeks

5,6

Topic 4. Interaction of laser radiation
with matter

Laser ablation. Structural changes in the
surface of materials under laser
irradiation. Formation of laser-induced
periodic structures on the surface.
Nanocrystallisation of surface layers of
amorphous alloys. Explosive
crystallisation.

Lectures — 4 hours,
independent work —
6 hours

Basic: 5;
Supplementary:
2,3

2 weeks




LW. Study of lecture material.
Mechanism of formation of laser-
induced structures.

7,8

Topic 4. Quantum materials.

Concept of quantum materials. Hall
quantum effect. Topological insulators
and their electronic structure. Weyl
semimetals. Prospects for the use of
quantum materials.

I.W. Study of lecture material.

Lectures — 4 hours
Independent work
— & hours

Basic: 5, 7;
Supplementary:
2,3

2 weeks

9,10

Topic 5. Fundamentals of cluster
physics.

Classification of clusters. Structure and
physical properties. Magic numbers.
Thermodynamics of clusters. Phase
transitions in clusters.

LW. Study of lecture material.
Intercluster interaction in amorphous
solids and liquids.

Lectures — 4 hours,
independent work —
8 hours

Basic: 3,5, 7;
Supplementary:
2,3

2 weeks

11,12

Topic 6. Magnetocaloric effect
Thermodynamic conditions for the
occurrence of the magnetocaloric
effect. Experimental conditions for
observing the magnetocaloric effect.
Magnetocaloric materials. Gadolinium-
based alloys.

L.W. Study of lecture material.
Physical properties of magnetocaloric
materials.

Lectures — 4 hours,
independent work —
8 hours

Basic: 4, 9;
Supplementary: 2

2 weeks

13,14

Topic 7.
systems.

Nanocomposites based on molecular
fluids and magnetic nanoparticles.
Magnetic fluids based on low-melting
metal eutectics and magnetic oxide
nanoparticles. Application of liquid
nanocomposites in technology and
medicine.

I.W. Study of lecture material. Physical
fundamentals of the nanocomposite
synthesis process.

Liquid nanocomposite

Lectures — 4 hours,
independent work —
8 hours

Basic: 2, 5, 7;
Supplementary: 3

2 weeks

15

Topic 8. Physical foundations of
space technologies

Crystallisation processes in
weightlessness and  microgravity.
Surface properties in weightlessness.
Crystal growth. Mass transfer processes
and diffusion.

I.W. Study of lecture material.

Lectures — 2 hours,
independent work —
4 hours

Basic: 6, §;

1 week




Application of space technologies.

16

Topic 9. Cosmic irradiation

General characteristics of  space
radiation. Types of radiation and their
sources. X-ray space radiation and its
registration.

L.W. Study of lecture material. Analysis
of space radiation

Lectures — 2 hours.
Independent work
— 4 hours

Basic: 6, 8;

1 week

10




