HANIOHAJIbHA AKAAEMIS HAYK YKPATHU
TneruryTt disuxkn HAH Ykpainu

SJATBEPJAXVYIO
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POBOYA TTPOI'PAMA HABYAJIbHOI JTUCLIUTIIIHUA
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KBanroBa i Heainilina onTuka
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TPETHOIO (OCBITHBO-HAYKOBOTO) PiBHSA
BHIIIOT OCBITH — TOKTOp (inocodii

Kuis - 2021
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PoGo4y nporpamy y3roaeHo HayKoOBO-MeTOIHUHOIO P00

ITporokon Ne 7/ Bin 30 09 202 7p.
['onoBoro HaykoBO-MeTOIMYHOT pau [y, /MB. Boumap/

Pobouy nporpamy 3areepaseno Buenoiw panoro Incturyri pisuxn HAHY

Iporokon Ne /€ sin 24.{€© 2027 p.
T'onoBa Buenoi paau [§72e2=  /M.B. Bounap/

PoGouy nporpamy moroa:xeHno 3 rapanTom 0CBiTHBO-HAYKOBOI nporpamu 3i

cnedianbHocTi 104 «®iznka Ta acrponomisiny 7. 70 2027 p.

["apaHT OCBiTHBOI pOrpaMu /i?t@” =2 /M.B. Bonnap/

IIpostonrosano Buenorw panoro Incruryry diznku HAH Ykpaian:

HAaBYaJIbHi POKH ["onosa Buenoi paau IO T TTHC Ne potokony | mata mporokoiy
TIPONOHT ALl HAH Vkpaiuu
2042 120253
begap 4 8. forse | NS ar pg. 2095,
20 /20 L /
20 120
20 120




1. 3araabHi BizoMmocTi

HajiMmeHHyBaHHS IOKA3HUKIB XapakTepucTHKA JUCHUILTIHA 32 1eHHOI0
¢popmoro HaBuUaHHS
Bun pucnuiuiing BHOIpKOBa
MoBa BUKJIQ/IaHHS, HABYAHHS Ta OI[iIHIOBAHHS | YKpPaiHChbKa
3arajbHuil 00CAT KpeauTiB / rOAHH 4/120
Kypce 2
CemecTtp 2
KisbKicTh 3MicTOBHX MOYJIIB 3 PO310AIJIOM 1
OO0csAr kpeauTiB 4
Oo0coar roaux, 120
B Tomy umcai:
Jlekuii 30
IIpakTnyHi 3aHATTA 15
Camocriiina po6ora 75
dopmMa miICYMKOBOr0 KOHTPOI) eK3aMeH

2. Mera, 3aBJaHHA TAa 0YiKyBaHi pe3y/JIbTaTH HABYAJIbHOI AUCUMILTIHA

Po6oua mporpama nHaB4anbHO1 quctuiuiind JIBA.03 «KBaHTOBa i HENiHIMHA ONTHKA» € HOPMATHBHUM
JOKYMEHTOM, SIKHMH PO3pOOJICHM Ha OCHOBI OCBITHhO-HAyKoBOi mporpamwu, mani OIl, (3aTBepmxena
Buenoro panoro [acturyry dizuku HAH Ykpaiau, nporokosom Ne BiJT 20 POKY) MIATOTOBKH
3m00yBadya TPETHOTO PIBHSA BIAMOBIIHO JO HAaBYaJBHOTO IUIaHy chemianbHocTi 104 «®Diduka Ta
ACTPOHOMISD»

IlepenymoBa BuB4eHnHsi. Hapuansauit kypc JIBA.0O3 «KBanToBa 1 HemiHIIHA ONITHKA» € CKJIAI0BOIO
nukny mnpodeciiHoi mArOTOBKM (PaxiBIIB TPEThOTO OCBITHBO-KBaMi(iKaIIHHOTO PIBHA “‘TOKTOP
dinocodii”. Tlporpama Kypcy Opi€HTOBaHa Ha acCHipaHTIB, SIKI BKE 3HAWOMI 3 3araJIbHUM KypcoM (i3HKH
OTITHKH, TBEPAOTO TijIa, MOJICKYIISIPHOT (PI3UKH, TEPMOIMHAMIKY Ta MAaTeMAaTHYHOO (DI3UKOTO.

Meta HaBuajbHoi gucuumiinua. JIBA.03 «KBantoBa 1 HemniHIiHA ONTHKa». HAOYTTS BMIHHS
pPO3B’sA3yBaTH HAMMPOCTINII 3a/1adi, IO UTFOCTPYIOTh TEOPETHYHHN Marepiayl 1 COpPUSIIOTH PO3BUTKY Yy
acrmipaHTa CaMOCTIHHOTO MHUCJICHHS Ta 1HIIIATUBHOCTI IPH MPOBEICHHI BIACHUX JTOCTIIKEHb.

3micT HaBYaJbHOI JUcHUILIiHM. TeopeTWyHi Ta TNpaKTUYHI 3HAHHS, HAOyTI TPW BUBYEHHI
muciuiiiay JIBA.03 «KBaHTOBa 1 HeNiHIIHA ONTHKA», HA0YTTSA CHCTEMAaTHYHUX 3HAHB I10JI0 KBAHTOBOT'O
Ta KBa3iKJIACHYHOTO OMHCY €JICKTPOMAarHiTHOTO BUIIPOMIHIOBAHHSI Ta PO3YMIHHS IPUHIIMIIOBOI BIIMIHHOCTI
KBaHTOBUX BUMIPIOBAHb BiJl KJIACUYHUX, O3HaHOMIICHHS 3 (QI3MYHUMHU SBUIIAMU B ABOPIBHEBUX CHCTEMAaX
Ta iX BUKOPUCTAHHSM B €IEKTPUYHUX KOJIaX JUIsl CTBOPEHHS KBAHTOBUX KYOITIB Pi3HUX THITIB.

IIpexmerom HaBuajbHol gucuumiIinu J[BA.03 «KBanToBa i HemiHiliHA ONTHKa» € BUKIATaHHS
0a30BHX 3HAHb 3 00J1aCTi KBAHTOBOI Ta HENMIHINHOT ONITHKH.

OcHOBHMMH 3aBJaHHSAMHM HaBYaJbHOI AucuuiLtina JIBA.03 «KBanToBa 1 HENiHIHA ONTHKA» €
(dopmyBaHHs (i3MYHOTO MHCJIEHHS Y aclipaHTiB B MeXaX Marepiany, 10 BUBYaeThes. JlUCIMIUIHA TOTYeE
acripaHTiB J0 CIIPUIIMaHHS MaTepialy CHEIKYPCIB, MepeadadyeHuX MpOorpamMoro Crieliai3aii..

daxoBi nporpaMHi pe3yJibTaTH HAaBYaAHHS (BUMOI'H /10 3HAHb TA BMiHb)

B pe3ynbTaTi BUBYEHHS HABYAIBHOI AUCHUILIIHU acHipaHT HOBUHEH

3HATH: OCHOBHI METOAM OMUCY IMHAMIKU EJIEKTPOMArHiTHOTO TOJsS, 30KpeMa BHUKOPHCTAHHS
piBHsHHS Ipeainrepa as onucy KBaHTOBUX €JIEKTPUUHUX Kl Ta (6) MOXIIMBI IPAKTUYHI 3aCTOCYBaHHS
OJIep’)KaHUX 3HAHb.

Bmitu: ananizyBaTd, MPOBOAUTH YU OMHCYBATH KOHKPETHI TEOPETHYHI Ta EKCIepUMEHTAIbHI
3aBJIaHHs B 00J1aCT1 KBAHTOBOI Ta HEIHINHOT OIITUKHA

3aBaaHHsIM HaBYAJbHOI AucuMILIiHM (BinmoBizno mo mepeaiky OII) J[BA.03 «KBanrtoBa i
HeNiHIiHA ONTHKAa» Ha0yTH KOMIETECHTHOCTE!

Barameni: 3K1,3K2, 3K3, 3K4, 3K5, 3K6, 3K7, 3K8.

®daxosi: K1, DK2, ®K3, K6



[Iporpamni pesynbratu Hapuanus [IPH1, [TPH2, TTPH3, ITPH4, [TPHS, [TPH6, [TPH7, ITPHS, TTPHY,

I1PH10, [TPH11, ITPH12, ITPH13, ITPH14.

3. TeMaTuYHUM IJIaH
(cTpyKTypa 3aIIKOBOTO KPEIHTY)
3 HaB4anbHOI quciuiniiay JIBA.03 «KBaHToBa 1 HENMIHIMHA ONITHKA»
(2 kypc — 2 cemecTtp)

3MmicT

Jlekmii,
roj.

IIpakTuyHi,
roj.

Camocriiina
pobora, roj.

Pazom,
rof.

Tema 1.

X. I'oiirenc ta I. HproToH — 3acHOB-
HUKH XBUJIBOBOT Ta KOPITYCKYJISPHOT
Teopiit cBiTIa. ExciepuMeHTH, Ha AKUX
0a3yeThCs CydacHa Teopisi, pIBHSAHHS
MakcBeiia, XBIJIbOBE PIBHSIHHS IS
CBITJIOBUX XBUJIb Y BaKyyMl.

10

Tema 2. CriekTp i moyisipu3altisi Bjac-
HUX KOJIMBaHb y POMDKKY MDK IJIOCKO-
napajeIbHIMH METaJIeBUMU TIJIaCTHHA-
mu. KBaHTYyBaHHSI MOJIsL y PE30HATOPI.
@DOoKIBCHKI CTaHU a00 MpeACTaBICHHS
yucen 3anoBHeHH. KomyrairiifHi
CHIBBIIHOLIEHHS MK OISIMU. TeruioBe
BHUIPOMIHIOBaHHS [1].

13

Tema 3. Edexr Kazumupa — siBure,
3YMOBJICHE 3aJICKHICTIO HYThOBUX
KOJINBaHb BaKyyMY BiJl TPAaHUYHUX YMOB
B OOMEXEHHX CUCTEMAX; 3aJICKHICTD
€Heprii HyJIbOBUX KOJUBaHb BiJl
B1JICTaH1 MK MapajeIbHUMU METaJICBH-
MH IUTaCTUHAMHU; (Pi3UYHE TTOSICHEHHS Ta
3B 530K 13 criioro Ban-nep-Baanbca
[1,9].

11

Tema 4. O3HaueHHs oneparopa ryc-
TUHU (POTOHIB Y (ha30BOMY IIPOCTOPI ;
KBa31KJIACHYHICTh (YHKIIIT PO3MOILTY.
BrnacHi 3HaueHHs Ta BiacH1 QyHKIIIT
onepaTopiB PyHKIIH pO3NOALTY Ta
rycTUHHU (OTOHIB. 3araabHuil po3B 30K
KIHETMYHOTO PIBHSAHHS A QPyHKIII1
po3nojiny GOoTOHIB.

10

Tema S. YmoBu B3aemHocti CTOKCca Ta
KBAaHTOBMH OIUC MPOXOPKEHHSI CBIT-J1a
yepe3 CBITIAoNnoAbHUK. OqHO()OTOHHI
KOpeJisLii Ta JeCTPYKTUBHA
iHTepdepeHiris. BumiproBaHHS 4acoBUX
MPOMDKKIB MDXK JIBOMa OZHO(OTOHHUMHU

13




iMITynbcamMu iHTepepeHIIHIM
METOJIOM.

6 | Tema 6. B3aeMosisi BUIIpOMiHIO-BaHHS
3 IBOPIBHEBOIO CHCTEMOIO.

HanmpoBsigHi eneMeHTH B JuK03e(Cco- 3 3 8 14
HIBCbKHX KOHTAKTax, IMPUHIMIT 11

SQUIDa.

7 | Tema 7. CrpymoBwHii KyOit, chepa
brnoxa, eBoIOLIsI KBAHTOBOTO CTaHy Ta
MOYKJIMBICTh KEPYBaHHS HUM,
3MIHIOIOYH CTPYM Yy KoJli. 3apsoBuUil
KYOIT.

8 | Tema8. KyOit, kepoBaHUI MarHITHUM
MIOTOKOM 4epe3 MOBEPXHI0, 0OMEKEHY
HAAMNPOBIAHUMHU €JIEeMEHTaMH
CJIEKTPUYHOIO KoJIa. Burecok OKpeMHUX 6 3 15 24
€JIEMEHTIB KU1 y TaMUIbTOHIaH yCi€i
cucremu. HeoOxiH1 TEXHIYHI YMOBH
U1 poOOTH KBAaHTOBOTO KOMIT OTepa.

Bcroro 30 15 75 120

MeTtoanyHe 3a0e3ne4eHHsI HABYAJbHOI JUCUMILTIHA 320€311e4yI0Th:

OTIOPHI KOHCIIEKTH JIEKIIii, 010,1I0TeYH1 MOCIOHMKH 31 CIIUCKY PEKOMEHIOBAHO1 JIiTepaTypH, eIeKTPOHHI
MOCIOHWKH, MYJATUMEIMHI TPE3eHTaIlll, Jil04l HOPMATHUBHO-TIPABOBI 3aKOHOJABYl aKTH YKpaiHw,
JOBIAKOBO-1H(GOPMAITiiHI IHTEPHET-KEpeta TOIIO.

4. 3MicT HABYAJIBLHOI JUCIUILTIHA
JIBA.03 «KBaHTOBA 1 HEJliHIMHA ONITHKA»

Tema 1 (srexiris 1).

Binowmi 3 nitepaTypu eKCliepuMEHTH, 10 CBITYMIIN SIK IIPO XBHJIOBY IPUPOJTY CBITIIA, TaK 1 HOTO
KOpITyCKIIApH1 BnacTuBoCTi. Lle 30kpema siBuma nudpakiii Ta iHTepdepeHilii, 1 BOJIHOYAC - ICHYBaHHS
TUCKY CBIiTJIa, MOMIMPEHHS CBITIA AUCKPETHUMU MOPISIMHU, TOOTO KBAHTaMH, KOMIITOHIBCbKE PO3CISTHHSI.
(Jlitepatypa 1,4-7)

Tema 2 (nekis 2)
KBaHTyBaHHS €JNEKTPOMAarHiTHOro MOJs B LIUIMHI MDK JBOMa METAJIEBUMHU TIOBEPXHSIMHM Ta B
OJTHOBUMIpPHOMY BHUIIQ/IKy. BiacHi 3HaueHHs Ta BiacHi (yHKIi, olepaTopu HApOJKEHHS Ta 3HUILECHHS
OKpEMUX KBaHTIB €JeKTPOMAarHiTHOTO NoJsl, (POKIBCbKE MpeCTaBIeHHS MoJsl. BracTUBOCTI pIBHOBAaXXHOTO
BUITPOMIHIOBAaHHS.
(JIireparypa 1,4-7)

Tema 3 (nexis 3)

Moaudikariiss HyTbOBHX KOJIMBaHb BaKyyMa B MIPOMDKKY MDK TUTaMH, 3yMOBJIEHA IPaHUYHUMHU
YMOBaMHMMH, € IPUYMHOIO B3aeMOIii ocTaHHIX (edexr Kazumupa). BiH € He nuie KBAaHTOBUM SIBUILIEM,
aJie 1e i Mae pensTHBICTChKY npupoxy. Cuiia, 3yMOBJIeHa ITUM €(EeKTOM, Ma€ HeauTUBHUNA XapakTep.



(Jlirepatypa 1, 9)

Tema 4. (nexuis 4)

3rigno 3 TBepmkenHaM Jlanaay 1 Jlipmuns (nuB. 12) ancamOiab POTOHIB MOXKHA XapaKTepU3yBaTH iX
¢dyHKIieo po3noaity y ¢hazoBomy (r-p) mpoctopi. CripaBeIIMBICTh TAKOTO TBEPIKEHHS 3a0€311eUyEThCS
yCEepeAHEHHSAM (POTOHHOTO PO3MOLTY IO HEBEIMKOMY 00'eMy (azoBoro mpoctopy. Came i Takol
(“3arpy6neHo1”) (yHKIIIT po3MoaLTy OJiepKaHe KBa3ikjIacHYHe KIHeTUYHE PIBHSHHS, 3HAWIEHO HOTO
3arajabHUI po3B'A30K.

(Jlireparypa 1, 9, 11)

Tema 5 (rekiris 5)

SIkicHa BiIMIHHICTh KOPEJISIiA HEBEIUKOT KUTHKOCTI (POTOHIB Bil BITOMHUX KITACHYHUX BUPA3iB IS
6araro)OTOHHOTO BHIAJKY - SICKpaBe CBITUEHHS KBAaHTOBOI MPUPOAX BUIPOMiHIOBaHHSA. OCOOIMBO
MTOKa30BUM € BUIAJI0K JA€CTPYKTUBHOI IHTepdepeHIlii iHTeHcuBHOCTI. Came 11eil eekT OyB BUKOPUCTAHUM
JUIS BUMIPIOBAaHHS YK€ MaJMX BiJICTaHEH MK KOPOTKMMH OJHO(OTOHHUMHU IMITYJIbCAMH.

(Jlirepatypa 1, 4-6)

Tema 6 (Jiexiis 6)

MOXITMBICTE BUKOPUCTAHHS IBOPIBHEBUX CHCTEM JUTsI CTBOPEHHS KBAHTOBOTO KOMIT'IOTEpa TPUBEPHYIIA
JI0 HUX HaJ3BUYaiHy yBary yueHux. [licis Toro, sk 3aMicTh “pimOeproBChKUX " aTOMIB

Oy/ 3aITpOTIOHOBaHI JBOPIBHEB1 CHCTEMH HAa OCHOBI JIK03€(DCOHIBCHKUX KOHTAKTIB, CIIOCTEPIra€ThCS
HIBUKUHN Mporpec y [iboMY HanpsMKy. JlocnimkyeTbest aHcaMOlIb TIBOPIBHEBUX CHCTEM, 1110
B3a€EMOJIIOTH 3 OKpeMuMu kBaHTamMu HBY BunpomiHioBaHHS, SIKi aKyMYJIOIOTbCS Y BUCOKOIOOPOTHUX
pe3oHaTopax 1 00'eAHYIOTh yci KyOITH B €JMHY KOT€PEHTHY CUCTEMY - KBaHTOBHI komm'torep. [IpoTsrom
OCTaHHIX pOKIB OyJIM TI0/I0JIaH1 3HAYH1 MaTEMaTH4H1 1 TEXHIYH1 TPYAHOIIII, III0 HAJIa€ BIIEBHEHOCTI B
YCHINTHOMY 3aBepIIeHH] MpoekTy. | 1e Oyie He TUTbKH KOHKYPEHTHO3AaTHOMH KOMIT'TOTED, ajie Ha HhOMY
e ¥ MokHa Oy/Jie BUKOHYBAaTH KBAaHTOB1 CUM YISl (hi3MIHKX TIporieciB. L{e 7acTh MOKIMBICTD TIHOIIIE
3pO3YMITH CYTh KBAaHTOBOT MeXaHIKH. MeTO10 I1i€i 1 HACTYITHHUX JICKII € BUBYEHHS MOXKJIMBOCTI
KepyBaHHS CTaHAMHM KyOITIB 1 03HaOMJICHHS 3 METOJIaMH 3aXUCTY X BiJl IIKIJTABOTO BILTUBY IITyMiB.
(JTirepatypa 2-3 1 nogatkoBa).

Tema 7 (yrexii 7,8)

BuxopucroByroun To# (akT, mo B HaANIpoBiIHOMY cTaHi B piBHsAHHI Kipxroda BincyTHI AuCHUIIaTHBHI
yiieHH, OyB MoOy10BaHNN eEeKTUBHHIM raMUTBTOHIaH, [0 OMUCY€E KBAHTOBE KOJIO 3 JIBOPIBHEBOIO
CHCTEMOI0, 3alIYHTOBAHOI €MHICTIO. CTPYM, 110 HAJIXOIUThH 13 30BHIIIHBOTO JDKEPEa, Ja€ MOXKIUBICTD
BCTAHOBUTH ONTHMAaIbHUN peXXUM (DYHKI[IOHYBAHHS CXEMH a TAKOK MOXKJIMBICTh KEPyBaHHS HEIO
(cTpymoBuii kyoiT). Onrcana HaUMpoCTia cxemMa BUMIPIOBaHHS (PYHHIBHOTO THITY) TaKOTO KyOiTa.
[HImMi THIT — 3apsAA0BUH KYOIT, B iIeHHOMY IIJIaH1 CXOKHI Ha MONEPEIHIN, aie IK03e(PCOHIBChKUMA
KOHTaKT CTBOPIOETHCSI HEBEIIMKMM HAJAMIPOBIIHUM OCTPOBKOM, BIIIUIEHHM BiJl MACUBHOTO KOHTAaKTy. TyT
Kepyrouy (YHKIIIF0 BUKOHY€E MPUKJIa/IeHa PI3HUIISA MOTEHIialliB MK OCTPOBKOM 1 “3eMIIei0”, e OCHOBOIO
€ MEXaH13M “‘KYJIOHIBCHKOI ONokaau”.

(Jlitepatypa 1-3 i gogatkoBa)

Tema 8 (srekii 9.10)

[Ile oauH THUIT KEpyBaHHS KyOITOM BUKOPHCTOBYETHCS B CXEMI, 1110 MA€ HA3BY “NOTOKOBUIL” KyOIT.
30BHIIIHIN MOTIK MarHiTHOT IHAYKII{ Yepe3 HaAMPOBiAHE KUIblIE 3 [PKO3E(COHIBCHKUM KOHTAKTOM
BILJIMBA€ HAa ApaMETPU CXEMHU 1 Ja€ MOXJIMBICTb 3MiHIOBAaTH poOouy yacToTy. B ycix Tunax kyOiTiB €
MPAKTUYHA MOXJIUBICTh ONTUMAIBHOTO BUOOPY pOOOYOT TOUKH, /1€ TPOHUKHEHHS IIYMIB 3
HaBKOJIMIITHBOTO MPOCTOPY B €IEKTPUUHY CXeMy € MiHIManbHUM. OCTaHHI PU3BOJATH HE JIUIIE J0
penakcartii JBOpIBHEBUX CUCTEM, ajie i A0 sBHIIa Jeda3yBaHHs, BHACTIIOK IKOTO BTpaTa
KOTepEeHTHOCTI HalOLIbII IMOBIpHA. B JIeK1isSX MOSICHEHO, K CUCTEMaTHYHUM YHHOM MOYKHA OJIepXKaTh
raMuTBTOHIAH CKJIQJHUX CUCTEM, 1 TAKMM YMHOM 3anucaru piBHsAHHS Llpeninrepa ams BCboro
KOMIIT'TOTEpA.

(Jlireparypa 2-3 1 ntonatkoBa)



5. IlpakTu4Hi 3aHATTH
3 HaB4abHOI quciuiniiay JIBA.03 «kKBaHToBa 1 HENMIHIMHA ONITHKA»

[IpakTuyHe 3aKpilUIeHHS JEKIIMHOTO MaTepiady Ta HayKOBi JIOMOBiAI acmipaHTa IOB’S3aHI 3 TeMaMH
JIEKIIIH 1 € YACTUHOIO 3MICTy JUCUUILTIHY.

6. CamocrTiiina po6ora
3 HaB4anbHOI quciuiniiay JIBA.03 «KBaHToBa 1 HENMIHIMHA ONITHKA»

Ne 3MICT caMOCTIHOT pOOOTH acIipaHTiB O6csar, roaud
BuBueHHs MaTepiay JeKIii 30

2. OmnpaioBaHHsl MaTepially, 110 BUHECEHUII Ha caMmocTiiiHe | 45
BHUBUYCHHS

¥Ycboro 3a HABYAJIbHY IMCIHHUILIIHY 75

7. MeToau BUKJIATAHHA
3 HaB4anbHOI quciuiniiay JIBA.03 «KBaHToBa 1 HENTIHIMHA ONITHKA»

VY mporieci BUKIagaHHS AUCITUTUTIHA BUKOPUCTOBYIOTHCS TaKl METOTH:
1) MeTonu oprasizaiii Ta 3/1iiCHEHHs] HaBYaJIbHO-TII3HABAJIbHOI Ai7IbHOCTI (6€ecifia, IeKIlis; UTIoCTpallis;
nmabopaTtopHi poboTH, pedeparn; camocTiiHa poOdoTa CTYIEHTIB);
2) METo/IY CTUMYJIIOBAHHS 1 MOTHBALlli HAaBYaJIbHO-TII3HABAIBHOI AISUIBHOCTI (HaBYaJIbH1 JUCKYCII,
MO/TyJTbHO-PEUTHHIOBA CUCTEMA 3HAHD);
3) METO I KOHTPOJTIO (CAMOKOHTPOJIIO, B3AEMOKOHTPOJTIO ), KOPEKIIil (CaMOKOPEKIIii, B3aEMOKOPEKIIiT) 3a
e(eKTHBHICTIO HABYAJILHO-TI3HABAJILHOT TISITEHOCTI.

8. PeliTHHroOBa CHCTEMA OLiIHIOBAHHSA
3 HaBuanbHOI qucouiniiau [[BA.03 «KBaHTOBA 1 HelliHIHA ONITHKAY»

OcHoBHUMH (OpMaMHu OpraHizailii KOHTPOJIIO y TPOIeCi BUBYCHHS CTYJCHTAMH JaHOi JUCUIUIUIIHU €
IHAMBITyaJIbHA, TPynmoBa Ta (PpoHTalbHA IEpeBipka 3HaHb, BMIHb Ta HABUYOK CTYACHTIB (ycHa Ta
MUChbMOBA). PEHTHHT acmipaHTa CKIaA€ThCs 3 HACTYITHUX OTPUMaHUX OaliB:

1. Excmpec-koHTposs — 20 6aniB. (yCHE ONUTYBaHHS YW CAaMOCTIHHI pOOOTH Mia Yac HaBYAIBHOTO

poIiecy)
2. IlpakTuuHi 3aHATTS Ta camocTiiiHa poboTta — 40 GaiB.
3. Ex3zamen — 40 Gauis.
3aoxouyBaJibHi Ta mTpadHi 6aam

1. Tlpwu BimcyTHOCTI Ha JIEKI1I/MPaKTUYHOMY 3aHATT1 0€3 MOBaXXHUX MPUYUH -2 Oanu

2. Tlopmana B >KypHaJ CTaTTS YM BUCTYI Ha KoHGepeHIii 3a Temoro Kypcy +10 6ais.

Cyma six mTpadHUX Tak 1 3a0X04yBaHUX OaniB po3paxoByeThbes 3a Gpopmynoro 0,1R, ne R — 3aransha

KUTBKICTh 0alliB, 1 HE Ma€ MepeBulllyBaTH B 1iomy 10 Gais.

IIxaJjia peiTHHTIB.
3arajibHa KUIBKICTh OalliB, Ky aclipaHTa MOK€ OTPUMATH IIiJl 4aCc BUBUEHHS KypCy CKJIAJa€Tbes 13

CYMH BaroBux 63.J'IIB OTPUMAHUX NIPOTATOM BUBYCHHS I[I/ICI_[I/IHJ'IiHI/I
R=20+40+40=100 (6ais)

IxaJmaa BigmoBigHoCTi OLIHOK

PeiiTunrosa . PeiiTunr y
. 3HaueHHS OMIHKH . o
oliHKa BimcoTkax, %




BinminHo — BinMiHHUH piBeHb 3HAHB (YMiHb) B MEXaX
A 000B’SI3KOBOTO MaTepially 3, MOKIMBUMHU HE3HACHUMH 90-100
HEJI0JIIKaMHU.

Jy:xe 100pe — TOCTaTHHO BUCOKHIA PiBEHb 3HAHB (YMiHb) B
B Mekax 000B’SI3KOBOTO MaTepiaiay 0e3 cyTTeBuX (Trpyoux) 82-89
OMUJIOK.

Jo0pe — noOpuii piBeHb 3HAHB (YMiHB) B MEXKaX 000B’SI3KOBOTO
Martepiay 3 He3HAYHOIO KUTbKICTh TOMUJIOK.
3a0BiIbHO — TIOCEpEeIHI piBeHb 3HAHb (YMIHB) B MEXax
000B’3KOBOTO MaTepialy i3 3Ha4HOIO KUTBKICTIO HEIOJIIKIB,
JOCTATHIHN JUTsI TOAAJIBIIOT0 HaBYaHHS abo x mpodeciitHoi
JUSIBHOCTI.

JlocTaTHBO - MiHIMAIBHO MOXKIJIUBHUI JIOMYCTUMHMA PIBEHb 3HaHb
(yMiHB) B MeXax 000B’sI3KOBOTO MarTepiaiy.
He3anoBuI1bHO 3 MOKIIMBICTIO HIOBTOPHOTO CKJIAJaHHS —
HE3aJI0BUIbHUN pIBEHb 3HaHb (YMiHb) B MEKax 000B’I3KOBOTO
Marepiaiay 3 MOXJIMBICTIO TOBTOPHOTO MepecKiIalaHHs Micis
CaMOCTIHHOTO JIOOTIPAIIOBAHHSI.

He3anoBuibHO 3 3 000B’13KOBUM IMOBTOPHUM BUBUYEHHSIM KYpCY —
F HU3bKUH piBEHb 3HaHb (YMIHb) B MexkaX 000B’sI3KOBOTO 1-34
MaTepiajy, 110 BUMarae MoBTOPHOTO BUBYEHHS MaTepialiB Kypcy.

75-81

69-74

60-100

FX 35-59

9. OpieHTOBHMI NMepeJtiK ek3aMeHAlliIHHUX MUTAHb
3 HaByanbHOI quciuiniiag JIBA.03 «KBaHnToBa 1 HENMIHIMHA ONITHKA»
1. B yoMmy mnpuHIMNOBa BIAMIHHICTH NOSICHEHb MPHUPOAU CBITJA, 3alMpPONOHOBAHMX ['loireHcoM Ta
HeroTonom?
2. SIki eKCeprUMEHTH MIATBEPKYIOTh XBUIHLOBI BIACTUBOCTI CBiTa?
3. SIxi ekciepuMEHTH BKa3aju Ha KBAHTOB1 BJIACTUBOCTI CBiTia?
4. Yu MO’XHA BBOXATH CBITJIO Y BaKyyMi iicaJIbHUM Ta30M (OTOHIB?
5. B yomy npuHIMIOBA BIIMIHHICTH B OMKC1 ONTHYHUX SBHIIl HA OCHOB1 XBHJILOBOTO PIBHSIHHS YW PIBHSIHHS
it GyHKITIT po3noAiTy GoToHIB y (hazoBOMY IPOCTOPi?
6. ll{o came KBaHTYETHCSI B €IEKTPOMATHITHOMY I10JI1 Y BaKyyMi?
7. 3MIHHE €JICKTPOMAarHiTHE I0JI€ Y BaKyyMi - IMO3/I0BXKHE 4H rornepevne? Sk BiAMOBICTH HA 1€ TUTAHHS,
BUKOPHUCTOBYIOUH JinIIe piBHsAHHSA MakcBesuia?
8. Homy B 3arajibHOMY BHUIAJIKy MEPECTAHOBKY OMepaTopiB y JOOYTKY He MoxHa pobutu? fka dizuuna
MpUYKHA JJI5 I[HOTO?
9. Yomy cuna Kazumupa Mk IBOMa IJIOCKO-TIapaieIbHUMU TUIACTUHAMMU € MIPUTSTYBAJIbHOKO?
10. Yomy 1Ba aTOMU 3 HyJIbOBUMH 3HAUEHHSAMHU CEPEIHIX JUMOIbHUX MOMEHTIB MPUTATYIOTHCS HA BEITUKUX
BiCcTaHAX?
11. SIx 1g cuia 3aiexuTh Big Bigcradi?
12. YoMy yHKIIIOHATbHA 3aJIEKHICTh MOXKE 3MIHUTHCh Ha BEJIMKUX BiICTaHIX?
13. Cuna Kazumupa - aiuTUBHA Y 11€ KOJEKTUBHUHN €(EKT PI3HUX CEPEIOBHIIL?
14. Un xmacuyHi BUpa3H JUTsl KOPENALINA ABOX aMIUTITY ]l BIAPI3HAIOTHCS BiJl KIACUYHUX ?
15. Yu xnacuuHi BUpa3u A7 KOPEJsAIliid iHTeHCUBHOCTE?
16. YoMy KBaHTYBaHHS MAarHiTHOTO NOTOKY ICHY€ B INaiibi 1 He ICHye B CYLUJIbHOMY HaJIIpPOBIAHOMY
cepeoBuIIi?
17. Un BUNPOMIHIOE €HEPTrito HK03e(COHIBCHKUN KOHTAKT? SIKIIO BUIPOMIHIOE, TO BiJl YOTO 3aJISKUTh
€Hepris KBaHTIB?
18. B uoMy cyTh pyiHIBHOTO BUMIpPIOBAaHHS CTaHy KyOita?
19. Yu 3miHa KyTa (TeTa) 03Haya€ 3MiHy eHeprii JBopiBHEBOI cucreMu? A 3MiHa kyta (¢i) ?
20. I1lo o3Havae TepMiH "KyJOHIBChKa On0Kama" /i 3apsa0Boro Kyoita?
21. Sxwuit mapameTp A CTPYMOBOTO Ky0iTa € KEpYIOUHM, a IKHI € KePYIOUUM TSl 3apsIOBOTO KyoiTa?
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