





Beryn

[Iporpama HaB4aJIbHOI AUCHMILTIHU “ JIFOMIHECHICHITIS B TBEPAUX TiIax CKJIaJeHa

BIJIMIOBIAHO /10 OCBITHBO-IPOQECIHHOI MporpaMy MArOTOBKH Maricrpa CHeIiaJbHOCTI
ES — di3uka Ta actpoHoMis

IIpeameTomM BUBYEHHS HABYAJIBHOI JUCUUIUIIHU € 3aKOHOMIPHOCTI (popMyBaHHS
JIOMIHECIIEHTHUX BJIACTUBOCTEN TBEPJIUX TiJI.

1. Onuc HAaBYAJLHOI JUCHUILIIHNA

Mertor BHKIaJaHHS HaBYaJbHOI JUCIUIUIIHA €: O3HAMOMHTH CTYACHTIB 3
OCHOBHHUMHM 1J€IMH, TCOPIEI0 Ta EKCIICPUMEHTAILHUMH METOAaMU JIOCTIKEHHS
JIOMIHECIICHTHUX  BJIACTUBOCTEH  TBEpPAMX TUI, 30KpeMa JIEJICKTPUYHUX Ta
HaMIBIPOBITHUKOBUX CIIONYK Ta HAHOMaTepiaiB.

OCHOBHMMH 3aBJIaHHSIMU BUBUYCHHS JUCIHIUIIHA €. OCBOITH TPHHITUIIOBI OCHOBU
Ta MPAKTUYHI MOXJIMBOCTI JIOMIHECHEHTHUX METOJIB JOCIIJKEHHSI KOHJEHCOBAHUX
CEPEIOBHIII.

3rifHo 3 BHUMOTraMH OCBITHbO-IIPO(eciiiHOi (OCBITHBO-HAYKOBOi) IMpOrpaMu
CTYJICHTH TTOBHUHHI JOCITTH TaKUX PE3yJIbTAaTiB HAaBYAHHS:

3HATH: OCHOBM JIIOMIHECIICHTHMX METOIIB  JOCJIPKEHHS, MOKJIHUBOCTI
3aCTOCYBAHHS JIFOMIHECIICHTHUX METOIB aHa3y sl JOCHIKEHHS TBEpAUX TUI, B
TOMY YHCJII HAHOMaTepiaiB;

BMIiTH: 3aCTOCOBYBAaTH OTpHMMaHI 3HAaHHS TPU JOCTIHKEHHI JIFOMIHECIIEHTHHUX
BJIACTUBOCTEH TBEPIUX TiJ.

Kinbkicts kpeauTis — 4.

3arajgpHa KUTbKICTH roauH — 120.



XapakTepucTHKa HaBYaJIbHOI JUCIHUILTIHA

3aouHa (qucraniiiiina) gopma

Jlenna ¢popma HaBUYaHHS
HaBYaHHS

Pik miaroroBku

5-it |
Cemectp
9-ii |
Jlexmii
32 ron. |
[IpakTHU4Hi, CEMIHAPCHKI 3aHATTS

TOJI. |
JlaGopaTopHi 3aHATTS

roJL. |
CamocriitHa poboTa

88 ro. |

[nmBiTyanpHI 3aBIaHHS

TOJI.

dopma KOHTPOJIKO — EK3aMEH.

1.6. 3rimHO 3 BHUMOTamMu OCBITHBO-TIpO(ECiitHOI TporpamMu CTyIEHTH TOBHUHHI
JOCATTH TaKUX PE3yJIbTaTiB HABUAHHS:

3riIHO 3 BHUMOTaMHU OCBITHBO-NPOQECIHHOI MpOrpaMu CTYIAEHTH MOBHHHI JOCSITH
TaKUX Pe3yJbTaTiB HABUAHHS:

KoMIeTeHTHOCTI, 1110 MaloTh OyTH c)OPMOBaHI:

InTerpanbHa: 37aTHICTh PO3B’SI3yBAaTH CKJIAJIHI 3a/1adi 1 MpOoOIeMHU JOCIITHULIBKOTO
Ta/abo0 1HHOBAIIITHOrO Xapakrepy y ¢i3ui ta actponomii (IK1).
3araapHi

3HaHHA Ta PO3yMIHHS IPEJAMETHOT 00J1acTi Ta pO3yMiHHS TTpodeciitHOol
nistipHOCTI (3K1)

3/1aTHICTh 3aCTOCOBYBATU 3HAHHS Y MpakTUYHUX cutyanisx (3K2).

3/1aTHICTh BUKOPUCTOBYBATH 1H(QOpMaIliiiHi Ta KOMyHIKaIliitH1 TexHomorii (3K4).
BwminHs BUSBIISITH, CTaBUTH Ta BHpinryBaTu pooiemu (3KS5).

3/1aTHICTh BUUTHUCS 1 OBOJIOIBATH CydacHUMH 3HaHHAMH (3K6).

3MaTHICTH 10 MOUIYKY, OOpOoOJIeHHs Ta aHami3y iHpopMallii 3 pi3HUX TKeperl
(3K9).

3M1aTHICTh JOTPUMYBATUCS NPUHITUITIB aKajieMiuHoi joopouecHocti (3K11).

daxosi

3/1aTHICTh BUKOPUCTOBYBATH 3aKOHU Ta MPUHLHUIHU (Pi3UKH Ta/ab0 acTpOHOMIT y
MO€THAHHI 13 TOTPIOHUMHU MAaTEMAaTUYHUMU THCTPYMEHTAMH JIJIS1 OTIUCY
npupoaaux spunl (OK1).



® 3naTHICTh (POPMYIIIOBATH, aHATI3YBATH Ta CHHTE3yBaTH PIIICHHS HAYKOBHX
npo6iem B o0nacTi ¢izuku ta/ado acrporomii (OK2).

® 3aTHICTh NMPE3CHTYBATU PE3YJIHTATH MPOBEJACHUX JTOCHIKEHb, a TAKOX CydacH1
KoHTIeMIii y ¢i3uri Ta/abo actponomii daxiBisim 1 HedaxiBisam (PK3).

® 37aTHICTb KOMYHIKYBATH 13 KOJIETAaMH YCHO 1 TUCHMOBO JEPKaBHOIO Ta
AHTJIICHKOK MOBaMU II0JI0 HAYKOBHUX JOCSITHEHb Ta PE3YJbTaTIB JOCIIKEHb B
obsacti gi3uku Ta/adbo acrpoHomii (OK4).

e 3IaTHICTh CIpUHAMATH HOBO300yTI 3HaHHS B 001acTi (PI3UKHU Ta aCTPOHOMIT Ta
IHTErpyBaTH iX 13 y>Ke HasiBHUMH, a TAKO>X CAMOCTIMHO OMAHOBYBATH 3HAHHS 1
HAaBUYKH, HEOOX1/IH1 JJI PO3B’sI3aHHS CKJIAIHUX 3a/a4 1 MpoOJieM Y HOBUX JIJIst
ceOe JAeTani30BaHuX MPeIMETHUX 00JacTax (Hi3uku Ta/adbo acTpoHOMIT i
JOTUYHHUX JI0 HUX MDKIUCHUILTIHApHUX o0nacTsax (DKS).

® 3/aTHICTb IJIAHYBATH ¥ 3[1HCHIOBATH TEOPETUYHI Ta/ab0 eKCIiepuMEHTaIbH1
JOCTIKEHHS (PI3UIHUX 200 aCTPOHOMIYHUX 00’ €KTIB, SBHIII 1 IPOIIECIB HA
OCHOBI1 PO3YMIHHS 1 HABUYOK NMPAKTHYHOTO BUKOPUCTAHHS CIICIaIi30BaHUX
3HaHb (I3UKH, ACTPOHOMIT Ta acTpO(i3UKH, BIMOBITHO 10 00OpaHOi
crieriaizaiii, a TaKOXK CHeIiaJIbHUX MAaTeMaTHYHUX METO/IB Ta 1H(GOPMAITITHIX
texHoJjorii (OK7).

® 3/1aTHICTb BCTAHOBIIIOBATH 3B’ 30K MIK €KCIIEPUMEHTAJIbHUMU 1 TEOPETUYHUMU
pe3ynbTaTamu, 341MCHIOBAaTH (PEHOMEHOJIOTTYHUN Ta TEOPETUYHUH OIHC
JOCIIKYBaHUX SBUILL, 00’ €KTIB 1 IPOLIECIB, OB’ A3yBaTH Pe3yJIbTaTH
JOCIIKEHB 13 CY4YaCHUMU (P13MYHUMH Ta aCTPOHOMIYHHUMHU TE€OPISIMU 1
ysaBieHHsAMU (DKS).

® 3naTHICTb pOOUTH HAYKOBI y3arajdbHEHHS Ta OCMHCIICHHS PE3yJIbTaTiB HAYKOBUX
JOCJTIDKEHbB, CIIIBBITHOCUTH BUCHOBKH 13 MOJOKEHHSAMH Cy4YacHUX (Pi3MUHHUX a0o
actpoHomiyHux Teopiit (OKO).

1.7. Ilepenik pe3yabTaTiB HABYAHHS, 10 POPMYE JTaHA TUCITUTIITIHA
[IporpamHi pe3yJIbTaTH HABYAHHS

v BUKOpHCTOBYBATH KOHIIETITYaIbHI Ta CIEI[iai30BaHi 3HAHHS 1 pO3yMiHHS
aKTyaJlbHUX MPOOJIEM 1 JOCITHEHb OOpaHUX HANPSIMIB CY4aCHOI TEOPETHYHOT 1
eKCTIIepUMEHTaNIbHOI (Pi3uKK Ta/abo acTpoHOMIT JIsl pO3B’s3aHHS CKIaAHUX 3a7a4
1 mpaktuyHuX rpodaem. (ITPH 1).

v' TIpoBOAMTH €KCIIEPUMEHTANILHI Ta/a00 TeOPETUYHI TOCTiIKEHHS 3 Pi3UKH Ta
acTpOHOMIi, aHAJII3yBaTH OTPUMaH1 Pe3yJIbTaTH B KOHTEKCTI ICHYIOUHMX TEOPiH,
poOUTH apTyMEHTOBaHI BUCHOBKH (BKJIFOUAIOUU OI[IHIOBaHHS CTYTICHS
HEBU3HAYEHOCT1) Ta MPOMO3UIIii 11010 moaansiux gociimkens (ITPH 2).

v O6upary i BUKOPUCTOBYBATH BiAMOBIHI METOqM OOPOOKH Ta aHaJi3y JaHHX
Gb13uIHUX Ta/a00 aCTPOHOMIUYHMX JOCHIKCHB 1 OI[IHIOBAHHS 1X IOCTOBIPHOCTI
(ITPH 4)

v' 3piiicHioBaTH (HeHOMEHOJIOTIYHUM Ta TEOPETUIHUM OITUC AOCITIHKYBAHUX
¢13M4HHUX Ta/ab0 aCTPOHOMIYHUX SIBUL, 00’ €KTiB 1 npoueciB (ITPH 5)



v O6uparu epeKTHBHI MaTeMAaTHYHI METOAM Ta iH(OpMaLiiiHi TEXHOJIOTIT Ta
3aCTOCOBYBATH iX ISl 31HCHEHHS JOCIDKEHB Ta/a00 1HHOBAIIIHM B 00J1acTi
¢bi13uku Ta/abo acrponomii. ([TPH 6)

v/ AHaji3yBary Ta y3arajibHIOBaTH HAYKOBI PE3yJIbTaTH 3 00OPaHOT0 HAIPAMY
¢i3uku Ta/abo acTpOHOMII, BIICTIAKOBYBATH HAHOBIIII JOCATHEHHS B LILOMY
HanpsMi, B3aEMOKOPUCHO CIUIKYIOUHCh 13 Koneramu. (ITPH 9)

v' BianrykoByBatH iH(pOpMAIIifo i 1aHi, HeOOXIHI [T pO3B’A3aHHS CKIATHUX 337139
(13uKM Ta/abo acTPOHOMIi, BAKOPHCTOBYIOUH PI3HI JKEPEIia, 30KpeMa, HayKOBI
BUJIaHHS, HAYKOB1 0a3u JaHUX TOIIIO, OI[IHIOBATH Ta KPUTUYHO aHaJi3yBaTU
otpuMati iHpopMmauito Ta nadi. (IIPH 10)

v’ 3acTocoByBaTH TE€OPIi, IPUHIUIK i METOIH (Di3HKH Ta/ab0 acTPOHOMIT [Is
PO3B’s3aHHS CKIAJHUX MIKIMCUUIITIHAPHUX HAYKOBUX 1 TPUKJIAAHUX 3a/1a4.
(ITPH 11)

1.8. IlpepekBizutu
ba3oBi 3HaHHS Ta BMIHHS 3 KypCy 3arajibHOi (pi3uKu Ta OCHOB (hi13MKH KOHJIEHCOBAHOTO
CTaHy.

2. TeMaTHYHHUH IJIaH HABYAJIBLHOI JUCIHHUILIIHNA

Po3ais 1. OCHOBHI NOHATTSA JIOMiHECHEHTHOI CIIEKTPOCKOIIII.

Tema 1. Ormsiag icTopii pO3BUTKY CHEKTPOCKOIMii. Buam ONTHYHHMX CIEKTPIB.
[lornuunanns. 3axkon byrepa-JlamGepra-bepa, cuma ocuumnsitopa, AUMNOIBHI MOMEHTH
ontnuHUX mepexoniB. Jlrominecuenmis. [lpupona ta Buam mromidecteHIi. Kpusi
3aracaHHs JroMiHecleHIli. TexHika BUMiproBaHHs crieKTpiB. Jlxepena 30y IKeHHs.

Tema 2. Bzaemojis eNeKTpOMarHiTHUX XBWIb 3 pedoBuHamu Kiiacuuna Teopist
BUIIPOMiHIOBaHHS. JlumosibHe BUNIpPOMiHIOBaHHS. KBaHTOBa Teopis BUIIPOMIHIOBAHHS.
Koedinientun Eitnmreiina.

Tema 3. AtomHi ciekTpu. CIEKTpH BOJHIO Ta BOJAHENOAI0HNX aToMiB. CIEKTpH aTOMIB
ay>kHUX MeTanmiB. CrnekTpu OaraToeleKTpOHHUX aTomiB. ATOMHI Tepmu. Brums
Mar”iTHOro Ta €JIEKTPUYHOIO IOJIIB Ha aTOMHI CHEKTpU. MOJEKYJsIpHI CIEKTpHU Ta
niarpama S6noHcekoro. Kongirypariiiina giarpama asis MOJEKYJI Ta JTIOMIIIKOBUX 10HIB.
[IpaBuno m3epkanbHOi cumetpii cnektpiB. IlpaBuno Kama. Ilpunnun ®panka-
Konnona.

Po3nain 2. JIromiHecueHTHI BJACTUBOCTI TBEPAUX TiJI.



Tema 4. 3oHHa Teopis Ta ONTHYHI BIACTUBOCTI TBepAux Tul. DyHIaMeHTaIbHE
nornuHaHHA. ['padik ta popmyna Tayma. BruuB Tucky Ta Temmeparypu Ha ONTHYHI
BJIACTUBOCTI TBepaux Tin. Excutonm Banbe-Motra Ta ®@penkens. Excuronne
MOTJIMHAHHS Ta JTIOMIHECHCHITIS.

Tema 5. BrumiB 1OMIIIKOBUX 10HIB Ha JIFOMIHECIIEHTHI BJIACTMBOCTI KpHUCTajiB. Tumu
JOMIIITKOBUX 10HIB (10HHU TNepexiaHux MeTamiB Ta P3 ioHn). BriuB kpucTaniyHoro mosis
HAa CIEKTpPU JOMIMKOBUX 10HIB. OJIHOpPIHE Ta HEOJHOPITHE PO3UIUPECHHS
cnektpanbHux cmyr. 4f-4f ta 4f-5d mepexomam pinkozemenbHUX ioHiB. Ilepexomm 3
NepeHeCceHHIM 3apsiay. TepMOoTIOMIHECHEHITIS Ta MiCIsACBITIHHS.

Tema 6. MeTonu po3noAIeHOI y yact JiroMiHecueHTHO1 criektpockonii. TRES-cnextpu
Ta KpWBI 3aracaHHsa. J[MHamiyHe Ta CTaTUYHE TaCiHHS JIIOMIHECUEHIIT MOJEKYII.
Cencubi1i30BaHe BUNPOMIHIOBaHHS. Penakcaitist 30y/1’keHb B aKTUBOBAHUX KpHCTajax.
besBunpomintoBanbHe nepeHeceHHs eHeprii. Pagiyc depcrepa. An-KOHBEpCist Ta KPoOc-
penakcailis eneKTpoHHUX 30y/pkeHb. KBaHTOBe posmierieHHs. Mirpamiss eHeprii
€JIEKTPOHHUX 30y PKEHb B KPHCTAJIaX.

Tema 7. BB noBepxHi Ta po3Mipy Ha JIIOMIHECIIEHTHI BJIACTUBOCTI HAHOKPHUCTAJIB.
KBantoBo-po3Mipuuii epekt B HaHOKpucTainax. KsanToBi Touku. Ilna3moHHi
KOJMBAHHS Y METaJeBUX HaHOYacTHHKaX. [loBepXHEBHWIl MIa3MOHHUN pPE30OHAHC Ta
IJIa3MOHHO-TIICHJICH] ONTHUYHI Tiporiecd. OnTuUYHI BiacTUBOCTI P3-akTMBOBaHMX
HaHOKpHUCTamiB. BrumB momudikaiii (HOHOHHMX CHEKTPIB Ha ONTHYHI BIACTUBOCTI
HaHOKpHUCTamiB. TexHiyHI Ta  OlOMEAWYHI  3aCTOCYBAaHHS  JIFOMIHECIIEHTHUX
HAHOKPHUCTAIB.

Tema 8. IlpakTuyHe 3actocyBaHHA ONTUYHUX MatepiamiB. Jlrominodpopu Ta
JIOMIHECLIEHTHI TeXHOJIOT1l. EJeKTposIfoMiHECIeHIIIsI Ta CBITIOMIONHI TEXHOJOTII.
Kpuctanmm Ta HaHOKpHCTaNM JUIsI  ONTOCJICKTPOHHUX, (OTOKATANITHYHHX Ta
CIMHTHIALIRHUX 3aCTOCYBaHb.

3. CTpyKTypa HABYAJBHOI M CIUILTIHH

HazBu Mmomy:miB i Tem KinpkicTs roanu

Jlenna ¢opma 3aouHa hopma




Ycboro Yy TOMY YHCII Ycboro Yy TOMY 9HCII
b | n | mab | iHg | cp | m |ma|iH | cp
6 | 1
1 2 3 4 5 6 7 8 9 |10 | 11 |12 | 13
Tewma 1. 14 4 10
Tewma 2. 20 2 18
Tema 3. 20 6 14
Tewma 4. 12 2 10
Tema S. 18 4 14
Tema 6. 10 6 4
Tema 7. 18 4 14
Tema 8. 8 4 4
YcLoro rognn 120 32 88
4. 3aBaaHHS AJIM1 CAMOCTIHHOI po0oTH

Ne |3 BuKOpUCTaHHSM JITEpaTypHUX JoOKepen 13 cmoucka | KiabkicTh

3/ | peKOMEHI0BaHO1 JiTeparypu nmpopoOKa MTUTaHb, TOJIVH
MTOCTABJICHUX BHUKJIQIadeM Ha JICKITIi 3 TeMH:

1 | KBaHTOBO-ME€XaHIYHUIA  ONUC  JIBOXPIBHEBOiI  CHCTEMH. 10
BunpominioBanns yopHoro Tima. KBanToBa - Teopis
IMOTJIMHAHHSA 1 JIFOMIHECIIEHIII].

2 | BumiproBaHHs TOJNSIpU3AIIAHUX CHEKTPIB. AHIZOTPOIIis. 18
BusHaueHHs1 KBaHTOBOTO BUXOY JitoMiHecueHuii. Jxepena
BUIIPOMiHIOBaHHs. PaMaHiBCbKe pO3CitOBaHHS Ta 1HIII
0araTo()OHOHHI MMPOIIECH.

3 | Po3wennenHss piBHIB €Heprii y MarHiTHOMY moiyi. Edekr 14
[lrapka. IIpaBuna BimOopy. MoiekyisipHa CHUMETpis 1
J03BOJIEHI  Ta  3a0opoHeHi  mepexoau.  Po3paxyHok
JTUTIOIBLHUX MOMEHTIB ONTHYHUX IMEPEXOdiB. AMPOKCHUMAIIis
Bbopa-Onenreiimepa, ¢akropu Dpanka-Konmona i ¢opma
cMyT morimHaHHs. [lepexomn 3 TEpPeHECEHHSIM 3apsmay i1
nepexoau Pigoepra.

4 | HapgBunpomiHIOBaHHS Jixe 1 E€KCUTOHHE 10
HagsunpomidioBanHs. Edexr [Tapcena.

5 | JlromiHEeCIIeHTHI  BIAacTUBOCTI  F-TleHTpiB Ta  1HIIKMX 14
ne(deKTHUX IEHTPIB B OMPOMIHEHHUX KpHCTajIax

6 | Tpauncnopr eHeprii €JIEKTPOHHUX 30y IKEHb B 4
MOJICKYJIIPHUX arperarax

7 | JIroMiHeCIIEeHTHI HAHOKPHUCTAIN y O10MEIUYHIN ray3i 14

8 | ExcuronH1 MaTepianu y COHSYHIN €HepreTHIl. 4
Pazom 88




5. MeToau KOHTPOJI0
ITrcsMOBI BIAIIOBI/II HA 3aIIUTAHHS KOHTPOJIBHOI pOOOTH.

[TnceMOBI BiAMOBIal HA 3alIMTAaHHS €K3aMEHAIIMHOTO 3aBJaHHs

6. Poznoxis1 0a1iB, sIKi OTPUMYIOTH CTYA€HTH

[ToTouHuit KOHTPOJIB, KOHTPOJIbHI POOOTH Ta caMoCTiiiHa podoTa [MincymkoBwmii | Cyma
KOHTPOJIb
(ex3ameH)
TI | T2 | T3 | T4 | T5 | T6 | T7 | T8
60 40 100
Kpumepii oyiniosanns
[Ipy owiHOBaHHI 3a JUCHUIUIIHOIO «J/IlOMiHecmeHWis B TBepAMX Tijaax»

3actrocoByeTbcsi 100 - OanpHa ImIKana oIiHIOBaHHSA. banmu MokHa oTpumatu 3a
BUKOHAHHSI KOHTPOJIbHUX POOIT (2 pobotu no 20 OaniB koxkHa = 40 6aiiB), poOOTy Ha
nekmisgx (o 20 6amiB) Ta BIAMOBIAI HA 3alIMTAaHHS ICIUTY (JBa muTaHHA 1o 20 6aniB =

40 GauiB).

[IIxaJjga omiHIOBAHHA

O1inka
Cyma GaiiB 3a BCi BUIM HABYAIBHOT . ) Arn
MiSTBHOCT] IPOTSTOM CEMECTpY JUIS YOTHPUPIBHEBOI | IBOPIBHEBOT
IIIKAJIH OL[IHIOBAHHS KA
OIL[IHIOBAHHS
90 - 100 BIIMIHHO
70-89 no00pe

3apaxoBaHO

50-69 3aJI0BLIIBHO

) HE
1-49 He3aJJ0BUIBHO

3apax0BaHO
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