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1. 3araabHi BizomocTi

HajlimeHHyBaHHS NOKA3HHUKIB XapakTepucTHKa JHCHUILIIHM 32 JEHHOIO
¢dopmoro HaBUaAHHS
Bua aucuunsinm BHOIpKOBa
MoBa BUKJIAIaHHS, HABYAHHSI TA OLMiHIOBAHHS | YKPAlHChKa
3arajgbHuii 00CST KpeauTiB / TOAUH 4/120
Kype 2
Cemectp 2
KijbKicTh 3MicTOBHX MOAYJIIB 3 PO310IIJIOM 1
O0csAr kpeauriB 4
Oocsr rogun, 120
B Tomy umci:
Jlexuii 30
IIpakTH4Hi 3aHATTA 15
CamocrTiiina po6ora 75
PopMa nmiICYMKOBOr0 KOHTPOIO eK3aMeH

2. Mera, 3aBJaHHS Ta 0YiKyBaHi pe3yJIbTATH HABYAJIbHOI JUCHHUILTIHA
Po6oua mporpama naBuansHoOi muctmmuiinn BK.03 «KBaHTOBa 1 HemiHINiHA ONTHKA» € HOPMATUBHHUM
JOKYMEHTOM, SIKMHA pO3pOOJIEHHMI Ha OCHOBI OCBITHBO-HaykKoBoi mporpamu, mani OII, (3aTBepmkeHa
Buenoro pamoro Iacturyry ¢izukn HAH VYkpainu, mportokomom Ne 10 Big 26 sxoBTHS 2023 pOKy)
MiTOTOBKHU 3700yBava TPETHOTO PiBHS BIAMOBIIHO J0 HaBYAJILHOTO IUIaHy crenianbHocTi 104 «Dizuka
Ta aCTPOHOMIsS»

IlepenymoBa BuBuennsi. Hapuansnuit kypc BK.03 «KBanToBa i HenmiHilfHa ONTHKa» € CKIIaJ0BOIO
nuKIy mnpodeciitHoi MAroTOBKH (axiBI[iB TPEThOTO OCBITHBO-KBAMI(IKAIITHOTO pIBHSA “‘IOKTOP
¢inocodii”’. IIporpama Kypcy Opi€eHTOBaHAa Ha acHipaHTIB, sIKi BXKE 3HAHOMI 3 3arajJbHUM KypcoM (i3UKH
ONTHKH, TBEPAOTO TiJIa, MOJIEKYJIAPHOI (hI3UKH, TEPMOTMTHAMIKH Ta MATEMaTUIHOIO (PI3UKOFO.

Mera HaByaabHoi aucuumiainu. BK.03 «KBanToBa 1 HeniHifiHa onTuka»: HaOYTTS BMIHHSI
pPO3B’sA3yBaTH HAWMPOCTINI 3a7advi, M0 LTIOCTPYIOTh TECOPETUYHHN MaTepiall 1 CIPHUAIOTh PO3BUTKY Y
acripaHTa CaMOCTIMHOTO MUCJICHHS Ta IHII[IaTUBHOCTI IPU POBEACHHI BIACHHUX JOCIIKEHb.

3micT HaBYaJbHOI AMCHMILIIHM. TeopeTW4Hl Ta TpPaKTUYHI 3HAHHS, HAOyTi MPU BUBYEHHI
muctumuiing BK.03 «KBaHToBa 1 HemiHIMHA ONTHKAa», HAOYTTS CHCTEMAaTHYHUX 3HAHb MO0 KBAHTOBOTO
Ta KBa3IKJIACHYHOTO OIMCY €JIIEKTPOMArHiTHOrO BUIIPOMIHIOBAaHHS Ta PO3YMIHHS TMPUHIIAIIOBOT
BIJIMIHHOCTI KBAaHTOBHX BHMIPIOBaHb BiJ KJIACHMYHUX, O3HAMOMJIEHHS 3 (I3UYHUMHU SBUIIAMU B
JBOPIBHEBUX CHCTEMaxX Ta iX BUKOPHCTAHHAM B €JIEKTPUYHHUX KOJIaX JUISI CTBOPEHHS KBAaHTOBHX KyOiTiB
PI3HHX THUIIIB.

IIpenmerom HaBuyadabHoi aucuumiainm BK.03 «KBanToBa 1 HenmiHiliHAa ONTHKA» € BUKIAJAHHS
0a30BHX 3HaHb 3 00JACTI KBAHTOBOI Ta HEJIHIKHOT ONTHKHU.

OcHoBHUMM 3aBAaHHAMHU HaByaabHOI mucuuitinu BK.03 «KBanroBa 1 HemniHIHA ONTHKAY) €
(dbopmyBaHHs (DI3MYHOrO MHCIICHHSI Yy acIipaHTIB B MEXaxX Marepiaiy, IO BUBYAETHCS. JIUCIUIUIIHA TOTYyE
aCHIpaHTIB JI0 CIIPUIMAHHS MaTepialy CHELKYPCIB, Mepea0adeHruX MPOrpaMoro Crieliami3artii..

daxoBi NporpamMHi pe3yJibTATH HABYAHHS (BUMOTH /10 3HAHb TA BMiHb)

B pe3ynbTari BUBUEHHS HABYAJIbHOI JUCHUIUTIHY aCHipaHT MOBHHEH

3HATH: OCHOBHI METOAM ONUCY OUHAMIKU €JIEKTPOMArHiTHOTO MOJsl, 30KpeMa BHKOPHUCTaHHS
piBusHHs lpeainrepa s onucy KBaHTOBUX €NEKTPUYHUX Kil Ta (6) MOXKIIMBI MPAKTHYHI 3aCTOCYBaHHS
OJlep’KaHUX 3HAHb.

BmiTu: anamizyBaTH, MPOBOAWTH YU ONUCYBATH KOHKPETHI TEOPETHYHI Ta EKCIEPUMEHTANbHI
3aBIaHHA B 00/1aCTI KBAHTOBOI Ta HEJMIHINHHOI OITUKHU

3aBaaHHAM HaBYAJAbHOI aucuuMminu (BinmoBigno no mepeaiky OII) BK.03 «KsanTtoBa i
HeJIiHIHA ONTHUKa» HA0yTH KOMIIETEHTHOCTE:

3aranepui: 3K1,3K2, 3K3.

Creuiansni: CK1, CK2, CKS, CK6

[Iporpamui pe3ynsraté Hapuanus: PH1, PH4, PHS, PH6, PH7, PHS, PHO.



3. TemaTuuHuii NJjIan
(cTpyKTypa 3aJ1iKOBOTO KPEAUTY)
3 HaByanbpHOI mucruiutiay BK.03 «KBaHToBa 1 HeiHIIIHA OIITHKA)
(2 xypc — 1 cemectp)

3micT

Jlekii,
rof.

IpakTuyHi,
TOJ.

CamocrTiiina
pobora, roj.

Pasom,
rof.

Tema 1.

X. I'torenc Ta I. HproTOH — 3acHOB-
HUKHU XBWIBOBOI Ta KOPITYCKYJISIPHOI
Teopiit cBiTia. EkcriepuMenTH, Ha IKUX
0a3yeTbcsl CydyacHa Teopisi, piBHSIHHS
MakcBesuia, XBUJIbOBE PIBHSHHS TS
CBITJIOBUX XBWJIb Y BaKyyMi.

10

Tema 2. CriekTp i moJIsipu3altis Biac-
HUX KOJIMBaHb Y IPOMDKKY M1 TTOCKO-
napajeJbHUMH METaJICBUMHU IIJIaCTHHA-
Mu. KBaHTyBaHHS TIOJISL y PE30HATOPI.
@OoKiIBCHKI cTaHH 200 MPEACTABICHHS
yucen 3anoBHeHHs. KomyTariitai
CITIBBIHOIIIEHHS MK HOJSIMU. Teriose
BHUNpOMiHIOBaHHS [1].

13

Tema 3. Epext Kazumupa — siBuie,
3yMOBJICHE 3JICKHICTIO HYJIbOBUX
KOJIMBaHb BaKyyMy BiJl TPAHUYHHUX YMOB
B OOMEKEHHMX CHUCTEMAaX; 3aJICKHICTh
€Heprii HyTbOBUX KOJIMBAHb BiJl
BIJICTaHI MK MapajneIbHUMU METaJICBH-
MU TIJIaCTUHAMHU; (pi3UdHE TTOSICHEHHS Ta
3B’5130K 13 cuiioto Ban-aep-Baanbca
[1,9].

11

Tema 4. O3HaueHHs ornepaTopa ryc-
TUHH POTOHIB y pa30BOMY MPOCTOPI ;
KBa31KJIACHYHICTh (DYHKIIT pO3MOALTY.
Brnacui 3HadeHHs Ta BIacHi QPyHKITIT
oreparopiB QyHKIH po3noniity Ta
TryCTHHH (OTOHIB. 3arajibHUI PO3B’SI30K
KIHETUYHOTO PIBHAHHSA A7 PyHKIIIT
po3noauty GoTOHIB.

10

Tema S. YmoBu B3aemHocti CToKca Ta
KBAaHTOBHH OITHC MTPOXO/DKEHHS CBIT-J1a
yepe3 cBiTIonoAuTbHUK. OqHOPOTOHHI
KOpeJsLii Ta JIeCTPyKTUBHA
iHTepdepentis. BuMmiproBaHHS 4acOBUX
MIPOMIXKKIB MIXK JIBOMa OHO(OTOHHUMHU
iMIynbcamMu iHTEepPepeHLIHHUM

13




METOOOM.

6 | Tema 6. B3aemogtist BUIpoMiHIO-BaHHSI
3 IBOPIBHEBOIO CHCTEMOIO.

HaampoigHi eneMeHTH B 1K03e(Cco- 3 3 3 14
HIBCBKHUX KOHTAKTax, HpI/IHL[I/IH 11

SQUIDa.

7 | Tema 7. CtpymoBuii ky0it, cepa
bnoxa, eBotol1isi KBAHTOBOTO CTaHy Ta
MOKJIMBICTh KEPyBaHHS HUM,
3MIHIOIOUH CTPYM y KOJi. 3apsaoBuil
KyOIT.

8 | Tema8. KyOiT, kepoBaHMi1 MarHiTHUM
MTOTOKOM Yepe3 MOBEPXHIO, OOMEKEHY
HA/AMPOBITHIUMH €JIeMEHTaAMU
€JIEKTPUYHOIO KoJjia. BHECOK OKpemMux 6 3 15 24
€JIEMEHTIB KiJ1 y TaMIIbTOHIaH ycCiel
cucteMu. HeoOXi1H1 TEXHIYHI YMOBH
U1 poOOTH KBAHTOBOTO KOMIT I0TEpa.

Bcrnoro 30 15 75 120

MeToanuHe 3a0e3neYeHHs] HABYAJIbHOI JUCUMILTIHU 320€31e4yI0Th:

OIOPHI KOHCIEKTH JIEKIii, 610:110TeuH] MOCIOHUKH 31 CIIUCKY PEKOMEHAOBAHOI JIITEpaTypH, €IeKTPOHHI
MOCIOHUKHM, MYJBTHMEAINHI Mpe3eHTalli, Mif04i HOPMATHBHO-TIPABOBI 3aKOHOJAaBYl aKTH YKpaiHW,
JIOB1IKOBO-1H(OpMaIliiiHI iHTEpHET-IKepelia TOIIO.

4. 3MicT HABYAJBLHOI JUCIUILTIHA
BK.03 «KBanToBa 1 HeTHIIIHA OIITHKAY

Tema 1 (;ekuis 1).

Binowmi 3 nmitepaTypu eKCIEpUMEHTH, 1110 CBITYMIIH SIK TIPO XBUIILOBY MPUPOY CBITIA, TaK 1 HOTO
KOpIyCKJIspHi BiacTuBocTi. Lle 30kpema siBuima nudpakiii Ta iHTepdepeniii, i BoAHOUAC - iCHyBaHHSA
THUCKY CBITJIa, IOMIUPEHHS CBITIa TUCKPETHUMH MOPIIsIMHU, TOOTO KBAaHTAMHU, KOMITTOHIBCHKE PO3CISTHHS.
(Jliteparypa 1,4-7)

Tema 2 (nexuis 2)
KBanTyBaHHS €JIEKTPOMArHITHOTO TMIOJISI B IIUIMHI MDK JBOMa METaJleBUMH IIOBEPXHSIMH Ta B
OHOBUMIpPHOMY BHIJKy. BiacHi 3HaueHHs Ta BiacHi (yHKIii, onepaTopu HAPOMKEHHS Ta 3HUILIECHHS
OKpPEMHUX KBaHTIB €JICKTPOMArHITHOTO OIS, POKIBCHKE MPECTaBICHHS MOJIsA. B1acTUBOCTI piBHOBa)KHOTO
BUIIPOMIHIOBAaHHSI.
(Jlireparypa 1,4-7)

Tema 3 (mekiis 3)

Monuikallisi HylIbOBHX KOJIMBaHb BaKyyMa B POMIKKY MK TilIaMH, 3yMOBJIEHA TPAHUYHUMHU
YMOBaMHUMH, € IPHUYUHOIO B3aeMoiii ocTaHHIX (edexT Kasumupa). Bin € He nuiie KBaHTOBUM SIBUIIIEM,
aJie 1e i Mae pensTHBICTChKY npupoxy. Cuiia, 3yMOBIeHa UM €(PEeKTOM, Mae HeaUTUBHUN XapaKTep.
(Jlirepatypa 1, 9)



Tema 4. (nexis 4)

3rigHo 3 TBeppkeHHsIM Jlannay 1 Jlibmuns (quB. 12) ancamOab (OTOHIB MOYKHA XapaKTepU3yBaTH ix
¢byHKui€e0 po3noainy y pazoBomy (r-p) mpocropi. CripaBeATUuBICTh TAKOTO TBEPIKEHHS 3a0€3MEUyEThCS
ycepeaHeHHSIM (DOTOHHOTO PO3MOILTY IO HEBEIMKOMY 00'eMy (azoBoro npoctopy. Came yist Takoi
(“3arpyOnenoi”) GpyHKIT po3noAiLTy oepKaHe KBa3ikJacHYHe KiHeTHUHE PIBHSHHS, 3HalICHO HOTO
3araJibHUN PO3B'A30K.

(Jliteparypa 1, 9, 11)

Tema 5 (nexuis 5)

SxicHa BIAMIHHICTD KOPEJIAII HEBEIUKOI KIJTBKOCT1 (POTOHIB Bi/l BIIOMUX KJIACUYHHUX BUPA3iB ISt
6araro()OTOHHOTO BHIAJKY - ICKpaBe CBIJUEHHSI KBAaHTOBOI NPUPOAU BUIPOMiHIOBaHH:S. OCOOIUBO
MTOKa30BHM € BUNAJ0K JECTPYKTUBHOI iHTep(epeHIii inTeHcuBHOCTI. Came el edekT OyB BUKOPHUCTAHUNA
I BUMIPIOBAHHS JIy’K€ MaJMX BiJICTaHEH M KOPOTKUMHU OAHO(GOTOHHUMH IMITYJTbCaMHU.

(Jlireparypa 1, 4-6)

Tema 6 (Jekiis 6)

MOXKIIMBICTh BUKOPUCTAHHS JBOPIBHEBUX CHCTEM JJISI CTBOPEHHS KBAHTOBOTO KOMIT'IOTEpa MpPHUBEPHYIIA
710 HUX HaJ3BUYAiHy yBary y4yeHux. [licis Toro, K 3aMicTh “piOEeproBChKUX " aTOMIB

Oynu 3alpONOHOBAH1 JIBOPIBHEBI CUCTEMH Ha OCHOBI J1)K03€()COHIBCHKMX KOHTAKTIB, CITIOCTEPITa€ThCS
HMIBUJKHAHA MPOTPeC y IibOMY HanpsMKYy. JlocmiKy€eThest aHcaMOJTb TBOPIBHEBUX CHUCTEM, 1110
B3a€MOJIIIOTH 3 OKpeMUMH kBaHTaMu HBY BUIIpOMiHIOBaHHS, SIKi aKyMYIIOIOTBCSl Y BUCOKOIOOPOTHUX
pe3oHaropax i 00'€IHYIOTh YCi KyOiTH B €JMHY KOT€PEHTHY CHUCTEMY - KBAaHTOBHI KoMIT'toTep. [IpoTsrom
OCTaHHIX POKIB OyJIM MO0NaH] 3HAYH1 MaTeMaTH4HI 1 TEXHIYHI TPYIHOIII, III0 HaJa€ BIIEBHEHOCTI B
YCIIITHOMY 3aBepIeHHI mpoekTy. | 1e Oyae He TUTbKU KOHKYPEHTHO3IaTHOUM KOMIIT'TOTEp, ajie Ha HhOMY
11e i Mo)kHa Oy/ie BUKOHYBAaTH KBAaHTOBI CUMYIIALIT (pi3WYHUX npoueciB. Lle 7acTe MOXIUBICTD IHOIIe
3pO3yMITH CyTh KBAHTOBOI MeXaHIKU. MeTo1o 11i€1 1 HACTYTHUX JICKI[IH € BUBUCHHSI MOMJIHBOCTI
KepyBaHHS CTaHaMU KyOiTiB 1 03HAOMJICHHS 3 METO/IaMH 3aXUCTY iX BiJ IIKiJJIMBOTO BIUIUBY LIyMIB.
(Jlirepatypa 2-3 1 momatkoBa).

Tema 7 (nexii 7,8)

BukopucroBytoun Toii (pakr, 1110 B HaANpoBiqHOMY cTaHi B piBHsAHHI Kipxroga BiacyTHI AMCHNIATUBHI
yieHH, OyB MoOyioBaHn €(PeKTUBHMI raMiJIbTOHIaH, 1[0 OMTUCY€E KBAHTOBE KOJIO 3 IBOPIBHEBOIO
CHCTEMOI0, 3alIlyHTOBaHOIO €MHICTIO. CTpyM, 1110 HAAXOIUTH 13 30BHILIHBOTO JKEpeENa, a€ MOKIUBICTD
BCTAHOBHUTH ONTUMAIBHUN PEXUM (DYHKIIOHYBaHHS CXEMH a TAKOXK MOXKJIUBICTh KEPyBaHHS HEIO
(ctpymoBuii Ky0iT). Onrcana HalpoCTilIa cxemMa BUMIpIOBaHHS (PYHHIBHOTO THITY) TaKOTo KyOiTa.
[HmMin TH — 3apsoBUE KyOIT, B 1IEHHOMY TUTaHI CXOXKHI Ha TOTIepeAHiH, aie JKo3edCOHIBChKUI
KOHTAKT CTBOPIOETHCSI HEBEJIIMKUM HAAMIPOBITHUM OCTPOBKOM, BiIJIIJICHUM Bil MACHBHOTO KOHTaKTy. TyT
Kepyrouy (YHKITIIO BUKOHYE TTPUKJIAJICHA PI3HUIIS MTOTSHITIAIIB MK OCTPOBKOM 1 “3eMJICI0”, e OCHOBOIO
€ MEXaHi3M “‘KyJOHIBCHKOi OJOKamIm”.

(Jlirepatypa 1-3 1 nomarkoBa)

Tema 8 (nekiii 9.10)

[Ile oxuH THIT KEpyBaHHS KyOiTOM BUKOPUCTOBYETHCS B CXEMi, 1110 Ma€ Ha3BY “‘TIOTOKOBHUIL™ KyOIT.
30BHIIIHIN MOTIK MardiTHOI 1HAYKIIIT Yepe3 HaAMPOBITHE KUIBIIE 3 HKO3€(PCOHIBCHKHM KOHTAKTOM
BIUIMBA€ HA MTApaMETPHU CXEMH 1 1a€ MOXKJIMBICTh 3MiHIOBAaTH pobouy yacToTy. B ycix Tunax KyOiTiB €
MIPaKTUYHA MOXKJIUBICTh ONTUMAJILHOTO BUOOPY POOOYOT TOUKH, /1€ TPOHUKHEHHS IIyMiB 3
HABKOJIMIITHHOTO TIPOCTOPY B EIEKTPUIHY CXeMy € MiHIManbHUM. OcTaHHI IPU3BOIATH HE JIUIIE 10
penakcartii TBOPiBHEBUX CUCTEM, ajie i 10 siBuia aeda3yBaHHs, BHACTIIOK SIKOTO BTpaTa
KOTepEHTHOCT] HalO1IbII HMOBIpHA. B JeKiisx MosiCHeHO, SIK CUCTEMAaTUYHUM YHHOM MOXHA OJIepKATH
raMuIbTOHIaH CKJIATHUX CUCTEM, 1 TAKUM YMHOM 3anucaty piBHsHHA [lpeninrepa mis Bcboro
KOMII'foTepa.

(Jlirepatypa 2-3 1 nomaTrkoBa)



5. IlpakTu4Hi 3aHATTH
3 HaBuabHOI quctminniay BK.03 «KBanToBa 1 HelHINHA OIITHKAY

[IpakTHyHe 3aKkpiljieHHs JEKIIIHOro Mmarepially Ta HayKOBi JIOTOBIJI acmipaHTa IMOB’s3aHI 3 TeMaMH
JIEKIIH 1 € YACTUHOIO 3MICTY JTUCIIUILTIHH.

6. Camocriitna podoTa
3 HaByaipHOI mucruiutiad BK.03 «KBaHToBa 1 HETiHIITHA OIITHKA)

Ne 3MicT caMOCTiiHOT poOOTH acmipaHTiB Obcsr, roguH
1. BuBuenns marepiany aekiii 30
2. OmnpaifoBanHs. Marepiaiy, IO BHHECEHHH Ha caMmocTiiiHe | 45
BUBYCHHS
Ycboro 3a HaBYAIbHY AMCIUILIIHY 75

7. MeToau BUKJIaJaHHA
3 HaBuabHOI quctminniay BK.03 «KBanToBa 1 HelHINHA OIITHKAY

VY mpotieci BUKIaJaHHA AUCUUIUTIHA BUKOPUCTOBYIOTbCS TaKi METOIN:
1) MeToau opranizarii Ta 3A1HCHEHHS HaBYaJIbHO-TII3HABAIBHOI IsTLHOCTI (Oecizia, JEeKIlisl; UTFOCTpaIlis;
nabopaTopHi poboTH, pedepaTu; camocTiiiHa pobOTa CTYJCHTIB);
2) METOIM CTUMYJIFOBaHHS i MOTHBAII1 HABYAJIBHO-ITI3HABAILHOI AISUTHHOCTI (HaBYAIbHI TUCKYCIT,
MOJIYyJIbHO-PEUTHHTOBA CUCTEMA 3HAHD);
3) MeToaM KOHTPOJIIO (CAMOKOHTPOJIIO, B3AEMOKOHTPOJIIO), KOPEKITii (CaMOKOPEKITii, B3aEMOKOPEKIIIi) 3a
e(eKTUBHICTIO HABUAIBHO-TTI3HABAIBLHOT JIISITEHOCTI.

8. PeiliTuHroBa cucreMa oniHIOBAHHS
3 HaBuabHOI quctminniay BK.03 «KBanToBa 1 HelHINHA OIITHKAY

OcHoBHUMH (OpMaMu OpraHizauii KOHTPOJIIO y NpOIEeCci BUBYEHHS CTyIEHTAMU JaHOI JUCHHUIUIIHU €
1HIUBIIyanbHa, TPYMoBa Ta (poHTajIbHA TIEPEeBIpKa 3HAaHb, BMiIHb Ta HABUYOK CTYJEHTIB (yCHa Ta
NUChbMOBA). PEHTHHT acmipaHTa CKJIaAaeThCsl 3 HACTYITHUX OTPUMaHUX OaiB:

1. Excnpec-konTposb — 20 6aiiB. (YyCHE ONMUTYBAaHHS M CaMOCTiMHI pOOOTH ITiJl Yac HaBYAJIHLHOTO

po1ecy)
2. IlpaktuuHi 3aHATTS Ta camocTiitHa pobota — 40 GatiB.
3. Ex3amen — 40 6autiB.
3aoxouyBasbHi Ta mTpadHi 6aan

1. Tlpu BiACYTHOCTI Ha JIEKIii/MPAaKTUYHOMY 3aHSTTI 6€3 MOBaKHUX MPUYHH -2 Oanu

2. Ilomana B >KypHaJ CTAaTTS YM BUCTYI Ha KOH(pepeHIIii 3a Temoro Kypcy +10 OGaris.

Cyma sk mTpadHUX TakK 1 320X04yBaHUX OalliB po3paxoByeThes 3a popmynoro 0,1R, ne R — 3aranbna

KUTIBKICTH OajiB, 1 HE Ma€ MEPEeBHINYBaTH B miyioMy 10 Gais.

IIIxaJja pedTHHTIB.
3aranpHa KIUTBKICTh OaliB, SIKY acmipaHTa MOXK€ OTPHMATH IIiJ] YaC BUBYCHHS KYpCy CKIAIAEThCS 13

CYMH BaroBux 0aJliB OTPUMAHUX MPOTATOM BUBUEHHS AUCIUTLTIHU
R=20+40+40=100 (6auiB)

Ixanaa BinmoBinHocTi oiHOK

PeiiTunrosa . PeiiTuHr y
. 3Ha4eHHs OUiHKH . o
olliHKA BigcoTkax, %
BinminHo — BigMiHHUI piBEHb 3HaHb (YMiHB) B MEXax
A 000B’3KOBOI0 MaTepiaiy 3, MOKJIUBUMH HE3HACHUMHU 90-100
HEIOJTIKaMHU.




Jyske 100pe — 1OCTaTHRO BUCOKUI piBEHb 3HaHb (YMiHb) B

B MeXKax 000B’SI3KOBOTO MaTepiary 0e3 CyTTeBUX (TpyOuXx) 82-89
IIOMHUIJIOK.
C Job6pe — noOpwuii piBeHb 3HaHB (YMiHB) B MEKax 000B’I3KOBOTO 7531

MaTepially 3 He3HaYHOIO KiJIbKICTh TOMMUJIOK.
3a10BiJILHO — TOCEepe/IHI PiBeHb 3HAaHb (YMIHb) B MEXKax
D 000B’3KOBOTO MaTepiaiy 13 3HaYHOIO KUIbKICTIO HEJIOJIKIB,
JOCTaTHIN JJIS MOAAJIBIIOr0 HaBYaHHs a00 k npodeciitHoi
TISUTBHOCTI.
E JlocTaTHBO - MiHIMaJIbHO MOXKIIMBHUI JTOMTyCTUMUI piBEHb 3HAHD
(YMiHbB) B Mekax 000B’3KOBOTO MaTepiaiy.
He3amoBinbHO 3 MOKIIUBICTIO TOBTOPHOTO CKIIATAHHS —

FX HCBaI[O.BiJ'IBHI/II‘/JI piBeH§ 3HaHb (YMIiHb) B MEXKax O60B’H3KO.BOFO
MaTepiay 3 MOXKIIMBICTIO IIOBTOPHOTO TMEPECKIa aHHS MiCs
CaMOCTIHHOTO JOOIPAIIOBAHHSI.

He3anoBinbHO 3 3 000B’I3KOBUM IMOBTOPHUM BUBUEHHSM KypCy —
F HU3BKUN PIBEHH 3HAHB (YMiHB) B MEXKaX 000B’SI3KOBOTO 1-34
MaTepialy, 10 BUMarae MOBTOPHOTO BUBYCHHS MaTepialliB Kypcy.

69-74

60-68

35-59

9. OpicHTOBHUII NMepeJlik eK3aMeHalliiHUX NUTAHb
3 HapuansHOI nqucrminting BK.03 «KBanToBa 1 HETIHIHA OIITUKA»
1. B doMy mnpuHIOMIOBa BIAMIHHICTH TOSICHEHb TPHUPOJM CBITJA, 3alpPONOHOBAHMX | TOHTEHCOM Ta
HeroTonom?
2. SIki excriepuMeHTH MiATBEPIKYIOTh XBHJIBOB1 BIIACTUBOCTI CBIT/IA?
3. SIki excieprMEHTH BKa3alld Ha KBAHTOBI BIIACTUBOCTI CBITJIA?
4. Uu MoxHA BBAXKATH CBITJIO Y BaKyyMi iieaTbHUM Ta30M (HOTOHIB?
5. B oMy mpHWHIMIIOBA BiAMIHHICTH B OMHCI ONTHYHUX SIBHUI HA OCHOBI XBWJIBOBOTO PIBHSHHS YH
piBHSHHS 111 PYHKITIT po3noauty ¢poToHIB y (pazoBoMy mpocTopi?
6. I1lo came KBaHTY€THCS B €JIEKTPOMArHiTHOMY IIOJIi y BaKyymi?
7. 3MiHHE €JIEeKTPOMAarHiTHE MoJie Y BaKyyMi - MO3/I0BXKHE UM mornepevne? Sk BiMOBICTH Ha 1€ UTAHHS,
BUKOPHUCTOBYIOUH JIUIIIE PiBHSAHHS MakcBerna?
8. Homy B 3araJlbHOMy BHUIIAJIKy TIEPECTAHOBKY OIEpaToOpiB y JOOYTKY HEe MOkHa pooutn? fAka diznyna
IIPUYMHA JJIS [Oro?
9. Yomy cuna Kazumupa Mixk 1BOMa MII0CKO-TTApaIeIbHUMU TUTACTHHAMU € MIPUTSATYBaTBLHOIO?
10. Yomy aBa aToMu 3 HYJIBOBHUMH 3HAUEHHSMHU CEPEIHIX TUIMOJLHUX MOMEHTIB MPHUTITYIOTHCS Ha
BEJIMKUX BixcTaHax?
11. Sk 1 cria 3aJIeKUTh Bij BigcTaHi?
12. Yomy ¢yHKIIIOHATBHA 3aJIEKHICTh MOYKE 3MIHUTHCHh HAa BEJIMKUX BIJCTaHIX?
13. Cuna Ka3umupa - aiuTUBHA YM 11€ KOJIEKTUBHUM e(DeKT pi3HUX cepelOBHII?
14. Yu xyracuuHi BUpa3u IJ1s1 KOPEJAIIN JBOX aMILTITY BIAPI3HAIOTHCS BiJl KIIACHYHUX ?
15. Yu knacuyHi BUpa3u JUIst KOPEJALii iHTeHCUBHOCTE?
16. YoMy KBaHTYBaHHS MarHiTHOTO TOTOKY ICHY€ B IIai0i 1 HE iICHY€ B CYIIJIbHOMY HaJIPOBITHOMY
cepeoBHIIi?
17. Un BUNPOMIHIOE €HEPTit0 JK03e(COHIBCHKUN KOHTAKT? SIKITO BUIIPOMIHIOE, TO BiJl YOTO 3aJICKUThH
CHepris KBaHTIB?
18. B womy cyTh pyiHIBHOTO BUMIPIOBAaHHS CTaHy KyoOiTa?
19. Yu 3miHa KyTa (TeTa) 03HaYa€ 3MiHy €Heprii ABopiBHEBOI cuctemu? A 3miHa kyTa (¢i) ?
20. IITo o3nauae TepMiH "KyJIOHIBChKA O0Kama" sl 3apsI0BOTO KyoOiTa?
21. Sxuit mapameTp IJisi CTPYMOBOTO Ky0iTa € KepYIOUHM, a SIKHI € KepyIounuM s 3aps0BOTo Kyoita?

10.PexoMennoBaHa JiTeparypa:
3 HaBuabHOI quctminniay BK.03 «KBanToBa 1 HelHINHA OIITHKAY
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