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Mporpama HaB4YaNbHOI AUCLUNAIHK

1. Onuc HaBYaNbHOI AUCLUNAIHMY, iT MeTa, NpeaMeT BUBYAHHA Ta pe3y/ibTaTU HaBYaAHHA

MeToto HaBYaNnbHOT AUCUMNNIHM € OPMYBAHHA Y CTYAEHTIB HAaCTYMHUX

3araZlbHUX KOMMETEeHTHOCTel:
— 3K 05 3aaTHicTb NpaytoBaTh Y KOMaHa,i
— 3K 13 3paTHiCTb PO3YMIiTM OCHOBHI 3aKOHW, TEOPEMM, METOAM BULLOI MaTEMATUKKU, Pi3UKHY,

TEOPETUYHOI MEXaHiKK, XiMil, ENeKTPOTEXHIKK
Micna 3aCBOEHHA HABYa/NbHOI AUCUMNAIHU CTYAEHTU MAlOTb NPOAEMOHCTPYBATM TaKi MPOrpamHi
pe3ynbTaTy HaBYaHHA:

— MPH 24 3HaTK Ta BMIiTW 3aCTOCOBYBATN OCHOBHi 3aKOHW, TEOPEMMU, METOAM BULLOT MaTEMATUKY,
di3MKKM, TEOPETUYHOI MEXaHIKU, XiMil, eIEKTPOTEXHIKMN.

MeTo BUBYEHHA AUCLUNNIHM € GOPMYBAHHSA Y MalbyTHiX ¢paxiBLiB CTIMKMX 3HaHb 3 KypCy 3ara/ibHoi
}i3nKN, YMIHHA BMKOPUCTOBYBATU OTPMMAHHI 3HaAHHA MNPW NOAANbLIOMY HaBYaHHI, @ TaKOX Yy CBOIN
NPaKTUYHIN AiaNnbHOCTI.

MpeameT HaBYaNbHOI AUCUUNNIHM - OCHOBHI MOHATTA NPO Taki po3dinn ¢isMKK, AK mexaHika,

MOJIEKYNAPHA ¢di3nKa, OCHOBHI 3aKOHW i NPUHUMIN PyXy TBEPAUX TiN, ANHAMIKM Pi3HUX O6’€KTiB, 3ara/ibHi
NOHATTA NPO MEXaHiYHi KOAMBAHHA, MOJIEKYNAPHO-KIHETUYHA TeopiAa, OCHOBHI 3aKOHM TEPMOAMHAMIKM i
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MONEKYNAPHOI Gi3NKM rasis i piguH.

Micna 3aCBOEHHA HaBYaNbHOI ANCUNNIIHU CTYAEHT NOBUHEH 3HATU Ta BMITU BUKOPUCTOBYBATU 3HAHHA
dyHAAMEHTaNbHUX HaYK, WO fieXaTb B OCHOBI BiANOBiAHOI cneuianisauii iHKeHepii, Ha piBHi, HeobxigHOMY
ANA OCATHEHHA iHWKUX pe3yabTaTiB OCBITHbOI NPOrpamm; 3HaTH Po3ainn $i3mKu, WO nexaTb B OCHOBI Kypcy,
Ha piBHi, HEOOXiAHOMY ANA AOCATHEHHA IHWMX Pe3ynbTaTiB NPorpamm, B TOMy YMCAi MaTK NeBHY 06i3HaHICTb
WOoA0 OCTaHHIX AocArHeHb Oi3nKWU. PO3ymiTM OCHOBHI 3aKOHM MNeEBHUX pPo34inie GisuKKM, Ta MPUHLMNIU
po3B’A3aHHA i3MUYHMX 33434, @ TAKOXK 3B’A30K TaKMX 33434 3 NPUKAALHUMMN iHKEHEPHUMM 3a4a4aMM.

CTynoeHT noBMHEH YMITM NOEAHYBATU TEOPit0 i MPAKTUKY AN po3B'A3yBaHHA 3aBAaHb Oi3nKu;
3aCTOCOBYBATM NPUHLMMN CUCTEMHOTIO aHaNi3y, MPUYMHHO-HACNIAKOBUX 3B’ A3KIB MiXK 3HAUYyLWMMKN GaKTopamm
Ta HAaYKOBUMM | TEXHIYHUMMW PilLIEHHAMM, WO NPUMMAIOTLCA Nif, Yac pPo3B’A3aHHA cKnagHux GisnyHMX 3a4av;
3Haxo4MTK NOTPiIOHY iIHPOpMaLito y NiTepaTypi, KOHCYNbTYBAaTUCA | BUKOPUCTOBYBATM HayKoBi 6a3n gaHUX Ta
iHWi BignoBigHi Axepena iHpopmaLii 3 MeTo AeTasbHOro BUBYEHHS i AOCAIAKEHHA iHXEHEPHUX MUTaHb
Bi4NOBIAHO A0 cneuianisau,i;

CTyaeHTM 3006yAyTb AOCBIA 3aCTOCOBYBATU 3HAHHA | PO3YMiHHA HayKOBUX GaKTiB, KOHLENUin, Teopii,
NPUHUMAMIB | MeToAiB, HEOBXiAHMX ANsA PO3YMIHHA i3MKKM, Y CTAaHAAPTHUX | HECTAaHOAPTHUX CUTyauiax y
Me)KaxX BMMOF HaBYa/bHOI NPOrpaMmn A0 pe3ynbTaTiB HAaBYAHHA; 34aTHICTb A0 abCTPAKTHOrO MWUCNEHHS,
aHani3y Ta CMHTe3y; 34aTHICTb NPUMAMATU OOIPYHTOBAHI pilleHHA; 34aTHICTb NPALLOBATM AaBTOHOMHO Ta Y
CKNaAji KOMaHAW; 34aTHICTb ePpEKTUBHO BUKOPUCTOBYBATM TEXHIYHY NiTepaTypy Ta iHWi gxepena iHpopmalii
y ranysi iHxeHepii Ta ¢isnKu.

2. [MpepekBi3auTK Ta NOCTPEKBI3UTU AUCLUNIHM (MicLe B CTPYKTYPHO-NOTiYHIA CXemMi HaBYaHHA 3a
BiANOBiAHOO OCBITHLOIO NPOrpamoto)

Ona ycnilHOro 3aCBOEHHA AMCUMMIHWU CTYAEHT MOBUMHEH MaTu 06a30BUIA piBeHb 3HaHb LWKIiJbHOI
nporpamu 3 ¢isaMKn Ta MaTeEMaTUKW.
MixaucunnniHapHi 38’ A3KK:
- npepeksianTh: 30 11.1 «Pisunka. YactnHa 1. MexaHika. MonekynapHa ¢isnka»
- noctpekBisanTn: 30 17 «TeopeTnyHa mexaHika», MO 01 «AepoKocMiyHe maTtepianosHascteso», M0 03
«ligporasognHamika Ta TepMmoguHaMIKa»

3. 3micT HaBYaNIbHOI AUCLUUNAIHM

KpeantHuit moaynb 2 — ®isnka. YactmHa 2. EnektpomarHetmam. Ontmka. ATomHa ¢ismka. 30 11.2
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KpegutHuii mogynob 2.
«ENEKTPOMATHETU3M. ONTUKA. ATOMHA ®ISUKA»

3. E/IEKTPOCTATUKA
3.1. EneKTpocTaTUyHe none B BaKyymi
EnekTpocTatmKka. ENeKTpryHWiA 3apas, i Moro BNacTMBOCTI. 3aKOH 36epeXKeHHs eNeKTPUYHMX 3apALiB. 3aKOH
KynoHa. EnektpoctatnyHe none. HanpyeHictb nona. MpuHunn cynepnosuLii eNekTpuyHux nonis. NpadivyHe
306paKeHHA eNnekTpoCTaTuyHMX nonis. MeToa audepeHLitoBaHHA-IHTErpyBaHHA AN PO3PaxyHKy
€NeKTPOoCTaTUYHOro nons.



Onuc BeKTOpHOro nonsa

MoTik BeKTopa E. Teopema laycca ana enekTpoctaTMyHoro nona Ta il gudepeHuianbHa dopma.
[nsepreHuia sektopa E . Uupkynauis i potop sektopa E . Teopema CTokca.

O6unCcNeHHA HanNpY»KeHOCTi AeAKUX HAMNPOCTILLMX e/IeKTPOCTAaTUYHMX NOo/iB HA OCHOBI Teopemu Maycca.
ObuncneHHA Hanpy*KeHOCTI NonA 3apAAKEHOI NAOWMHM Ta ABOX NapanesbHUX NAOWMH, Noas chepuyHoi
NOBEPXHi i PIBHOMIPHO 3apA4MKEHOI Kyni Ta HeCKiHYeHHO AO0Broro npAMoOro PiBHOMIPHO 3apAAXKEHOro
unniHgpa.

MoTeHuian eneKkTpocTaTMYHOro NoaA

MoTeHuian enekTpocTaTUYHOro MoAs, MNPUHUMN cynepno3uuii noniB Ans noteHuiana. 3B’A30K MiX
noTeHLiaioM Ta HanpyKeHicTio. EKBiNoTeHUianbHi noBepxHi. PoboTta npu nepemilleHHi enekTpu4Horo

3apAay B e/IeKTPOCTAaTUYHOMY NoJii. Teopema nNpo UMpKyA[uito Bektopa E.
3.2. lieneKTpu1K Ta NPOBiIAHUK B 30BHiLLHbOMY €/1eKTPOCTaTUYHOMY noni
Oienektpukn. MonsapHi i HenonApHi monekynu. EnektpuuHuii aunonb. Monspusauia gienekTpukis. Onuc

eNIeKTPUYHOTO MONA B  AieNeKTpuKax. EnexkTpuuHe 3miweHHa D. [veepreHuia Bektopa D.
CerHeToeneKTpuKM.
MpoBiAHMK B 30BHILLHbOMY €1EKTPOCTaTUYHOMY MOAI. PiBHOBara 3apA4is Ha NPOBIAHMKY.
3.3. EneKTpuyHa EMHIiCTb

EnekTpoeEMHiCcTb BigOKpemneHoro nposigHWKa. B3aemHa enekTpoemHicTb. KoHpgeHcatopu. [Mnockui,
UMNIHAPUYHUIA, CHEPUYHUIA KOHAEHCATOP Ta IX EMHICTb. 3'€AHAaHHA KOHAEHCATOPIB.

3.4. EHepria eNeKTpOCTaTUYHOro nNons
EHepria cuctemun TOuKOoBMX 3apAagis. EHepria 3apagrKeHoro nposigHuKa. EHepria  3apagkeHoro
KoHAaeHcaTopa. EHepria enekTpocTatMyHoOro nons.

4. NOCTINHUW ENEKTPUYHUINA CTPYM
4.1. NocTiNHMI eNeKTPUYHMUIA CTPYM Ta MOro XapaKTePUCTUKU
ENeKTpuYHniA CTpyMm, NOCTiIMHWIA Ta 3MIHHMA CTPYM, CWAA i TYCTUHA CTpyMy. PiBHAHHA HenepepBHOCTI.
EnektpopyuwinHa cuna. Hanpyra. 3akoHn Oma, Jxoynsa-J/leHua. Po6oTa Ta NOTYXKHiCTb NOCTIMHOrO CTpyMmy.
KK axxepena ctpymy. Mpasuna Kipxroda ana posranyKeHux Kin.

5. ENEKTPOMAIHETU3M
5.1. MarHiTHe none i ioro xapakTepucTMku
MarHiTHe none B Bakyymi. BeKTop marHiTHOI iHAyKLUii. MarHiTHe none pyxomoro 3apagy. Cunosi niHii
MarHiTHoro nons. MpuHUKMN cynepno3uLii marHiTHMX nonis. 3akoH bio-Casapa-/lannaca. MarHitHe none
NPAMOro Ta KOJI0BOTO CTPYMIB.
Cwna NopeHua. Pyx 3apaaxeHnx YaCTUHOK B MArHiTHOMY i eIeKTpMYHOMY nonax. LLIMKNOTpoH.
Cvna Amnepa. Bzaemogaia NnpoBigHMKIB 3i CTPYMOM.
3aMKHYTUI KOHTYpP 3i CTPYMOM Yy MarHiTHomy noni. MarHiTHUiA MOMEHT KOHTYpY 3i cTpymom. MOMeHT cun,
O Ai€ HAa KOHTYp 3i CTPYMOM B MarHiTHomy noni. Pob6oTta npu nepemilleHHi KOHTypy 3i cTpymom B
MarHiTHomy noni. Pob6oTa nepemilleHHs NPOBiAHWKA 3i CTPYMOM B NOCTIMHOMY MarHiTHoOMy noJi.
5.2. 3akoH Amnepa.

MoTik BeKTOpa iHAYKLUii marHiTHoro nons B . Teopema laycca ans marHitHoro nona. [lnsepreHuisa BeKTopa

B.
UunpKynauis sektopa B . 3akoH Amnepa (3aKOH MOBHOro CTPymy). BUXpoBUIA XapaKTep MarHiTHOro nons.

PoTop BeKkTOpa B. Teopema CToKca Ana marHitHoro nosa. MarHitHe nose coneHoiga i Topoiga.

5.3. MarHiTtHe none B marHeTukax. Knacuoikauia marHeTukis
HamarHiyyBaHHA MarHeTMKiB. ONMc MarHiTHOro NonA B MmarHeTukax. MarHiTHMM MOMEHT efIeKTPOHa i aToma.
BekTOop HamarHiyeHocTi. MarHiTHa CNpUMHATAMBICTL | NPOHUKHICTb MarHeTuKiB. BeKkTop Hanpy*KeHoCTi

marHitHoro nons H . 3akoH Amnepa gna sBektopa H . PoTop BekTopa H .
[iamarHeTnKkn, napamarHeTuKn, pepomarHeTmkn. HamarHidyBaHHA i nepemarHiyyBaHHA depomarHeTuKiB.
MarHiTHM rictepesuc.

5.4. EneKTpomarHiTHa iHgyKuia
B3aEMO3B’A30K MiXK €NeKTPUYHUM Ta MarHiTHUM nonem. EnektpomarHiTHa iHAYKLUiA, 3akoH Papages.



Mpaswnno MeHua. Ctpymu dyko.
OndepeHuianbHa dopma y3aranbHeHOro 3akoHy Papages.
Asnwe camoiHAayKuii. IHAYKTUBHICTb. B3aemoiHayKuia. CTpymu Npu pO3MUKaAHHI | 3aMUKaHHI Kona.
EHepria marHiTHOro nona ctpymy. EHepria i ryctTmHa eHeprii marHiTHoro nons.
5.5. EneKTpoMarHiTHi KOJIMBaHHA
KBasicTauioHapHui cTpym. [itodi 3Ha4YeHHA CUMAM CTPyMy i Hanpyru. BekTopHi giarpamu. KonnsanbHui
KOHTYp. He3racatoui BifibHi KOAMBaHHA. 3racatodi KOAMBAHHA. BUMyLLeHi KonneaHHA. Pe3oHaHc.
5.6. EneKktpomarHitHe none
Buxpose eneKktpuyHe none. CTpym 3miweHHA. EnekTpomarHiTHe nose. 3arajibHa XapaKTepucTuKa Teopii
MakcBenna. XapakTepucTuka piBHAHb Makcsenna. [oBHa cuctema piBHAHb MaKcBenna B iHTErpanbHii i
andepeHuianbHin opmax. XBMnboBe PiBHAHHA ANA €NeKTPOMArHiTHOro NonA.
5.7. EneKTpomarHiTtHi xsuni
MnocKka eneKkTpomarHiTHa xBuAnA. MNNoCKa enekTpomarHiTHa XBUNA B O4HOPIAHOMY cepefoBMLLI, WBUAKICTb
NOLWNPEHHA XBWAI. BUNpOMIiHIOBaHHA eneMeHTapHOro AnMnonsa. BUNpomiHIOBaHHA eIeKTPOMarHiTHUX XBUNb.
Hdocnign lepua.
EHepria enekTpomarHitHOI xBuAi. MoTiK eHeprii. BekTop YMmoBa-loiTiHra.
6. XBU/IbOBA ONTUKA
6.1 Citno. IHTepdepeHuisn ceitTna
KopnycKynapHO-xBnM1boBa NpMpoga CBiT/1a. 3aKOHWU NiHIMHOT ONTUKK. POTOMETPUYHI XapPaKTePUCTUKM Ta iX
BeNnYMHKU. CBITNO AK enekTpomarHiTHa xBuAAa. IHTepdepeHLuia cBiTna. Po3paxyHoK iHTepdepeHUinHoi
KapTuHWU. Cnocobu cnocteperkeHHA iHTepdepeHLuii. IHTepdepeHLia Ha TOHKUX NAaiBKax. IHTepdepomeTpu.
6.2. AudpakKuisa csitha
Asnwe andpakyii. MpuHumnn MonreHca-Ppenens. Aundpakuia PpeHena Big KpPyrnoro oTBOPY i Kpyrnoro
aucka. Oudpakuia dpayHrodepa Big WinvHM Ta Big, rpatin. AundpaKkuia peHTreHiBCbKMX MNPOMEHIB.
lfonorpaois.
6.3. MpupoaHe i nonapusoBaHe CBIiTNO
3akoH Mantoca. Monapusauis npu  3anoMneHHi Ta BigbwusaHHi. [onapusauia npu noasitHoMy
NPOMEHE3aN0OMNEHHI.
6.4. B3aemog,ifa cBiTNa 3 peYOBUHOKO
Ouncnepcia ceitna. O6epTaHHA NNOWMHM Nonspm3ayii. NornMHaHHA Ta Po3CitoBaHHA CBiTAa.
7. KBAHTOBA ONTUKA
7.1. TennoBe BUNPOMiIHIOBaHHA
TennoBe BUNPOMIHIOBAHHA i NtoMiHecueHLUia. BunpomiHioBanbHa Ta NOrAMHAaNAbHA 34aTHICTb Tilla, 3aKOH
Kipxroga. 3akoH CredaHa-bonbumaHa. 3aKoH 3milLeHHA BiHa. Popmyna Penea-[kiHca.
7.2. ®OoTOHMU
®oToHM Ta ix BnactmeocTi. PotoedekT. Popmyna lMNnaHKa ANA TeNNOBOro BUNPOMIHIOBAHHA. fanbmiBHe
pPEeHTreHiBCbKe BUNPOMIHIOBAHHA.
8. ATOMHA ®I3UKA
8.1. bopoBcbKa Teopisi aToma BOAHIO
3aKOHOMIPHOCTI B aTOMHMX cnekTpax. Moaeni atoma TomcoHa i Pesepdopaa. Moctynatn bopa.
Hocnign ®paHka i Nepua. EnemeHTapHa bopoBcbKa Teopia aToma BOAHIO.
8.2. XBUnboBi BNAaCTUBOCTi MiKPOYACTUHOK
lnotesa ge bpoiinna, XBUAbOBI BNACTUBOCTI MiKpo4acTUHOK. MpMHUMN HEBM3HaYeHocTen en3eHbepra.
8.3. PiBHAHHA WpepiHrepa
PisHAHHA LW peaiHrepa ana HectauioHapHOro i ctauioHapHoro noasa. ®isMyHMin 3micT i BNaCTUBOCTI XBU/IbOBOI
DYHKLUIT «nci».
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11. Po3B'A3yBaHHA 3a4ad i3 Gpi3MKKN: eIeKTPMKaA Ta MarHeTM3Mm : HaBYanbHUA NocibHKK / O.B. NluceHko, [A.
OnekcieHKo ; MiHicTepcTBO OCBITM i HaykM YKpaiHW, CyMCbKUIN fepKaBHUK yHiBepcuteT. - Cymu :
CymcbKuii geprkasHui yHisepcuteT, 2017. - 283 c.

12. JnuceHko O. B. Po3B’A3yBaHHA 3aAay i3 §i3nMKM: KBAHTOBA OMTMKA, KBAaHTOBA MeXaHiKa, aTOMHa Ta
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IHTepHeT-pecypcu:

1. EnekTpoHHa 6ibnioTeka: http://physics.zfftt.kpi.ua/mod/page/view.php?id=1002
2. TabopaTtopHuit npakTukym: http://physics.zfftt.kpi.ua/mod/page/view.php?id=540
3. ®I3NKA. BHMMOCA PO3B'A3YBATU 3A0AMI:
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HaB4YanbHUM KOHTEHT
5. MeTtoauka onaHyBaHHA HaBYa/IbHOI AUCLUNAIHM (OCBITHDOro KOMNOHEHTA)

3aranbHUM  METOAMYHMM  Niaxia, A0 BWKNAAAHHA HABYa/NbHOI  AWUCUMNAIHM  BU3HAYAETbCA  AK
KOMYHIKaTUBHO-KOTHITUBHMI Ta NPo¢decitHO OpiEHTOBAHWUIA, 3riAHO 3 AKMM Yy LEHTPi OCBITHbOro npoLecy
3HAXOANUTLCA CTYAEHT — cy6’eKT HaBYaHHA | MaNbYTHIN HayKoBeLb.

NeKuinHi 3aHATTA

Po3gin 3. ENEKTPOCTATUKA
Po3gin 4. NOCTIMHUNA ENEKTPUYHUNA CTPYM
Po3gin 5. ENEKTPOMATHETU3M

Tema 3.1. EnekTpoctaTuyHe nosae B BakKyymi
Tema 3.2. [lieneKTpuK Ta NPOBiAHUK B 30BHILUIHbOMY €1eKTPOCTaTUYHOMY NOAI
Tema 3.3. EneKTpuyHa EMHicTb
Tema 3.4. EHepria eneKTpocTaTUYHOro nons
Tema 4.1. MNMocTiliHUIA eNeKTPUUYHUI CTPYM Ta MO0 XapaKTepPUCTUKKU
Tema 5.1. MarHiTHe none i Oro xapakTepucTUKu
Tema 5.2. 3akoH Amnepa.
Tema 5.3. MarHiTHe none B marHeTuKax. Knacuoikauia marHeTukis.
Tema 5.4. EnekTpomarHiTHa iHAyKuif
Tema 5.5. EneKTpomarHiTHi KONMBaHHA
Tema 5.6. EnektpomarHitHe none
Tema 5.7. EneKtpomarHitHi xsuni

N-1. EneKktpoctatmyHe nose y Bakyymi. OOBYMCNEHHA  HANPY*KEHOCTI
€/1eKTPOCTAaTUYHOrO0  NoJIA  Ha  OCHOBI  Teopemum Tlaycca. [loTeHuian

1 €NeKTPoCTaTUYHOro  nonA.  EnektpoctaTMuHe none B AieNleKTpPUKax.

EnekTpoeMHicTb. KoHaeHcaTopwu. EHepria enekTpocTaTUYHOro noas.

EnekTpuuHunii ctpym. EnektpopyuwinHa cnna. 3akoH Oma

MarniTHe nosne. 3akoH bio-CaBapa-/lannaca. Cnnum y marHitTHomy noni. MomeHT

CWJ, WO A€ Ha KOHTYP 3i CTPYMOM B MarHiTHomy noJii. Pobota npu nepemiuleHHi

KOHTYpPY 3 CTPYMOM B MarHiTHomy noni. MarHiTHUI NoTiK.

3aKOoH NOBHOro CTpyMmy (3aKoH Amnepa).

Onunc marHiTHOro NonA B MarHeTUKax.

EnekTpomarHiTHa iHAyKLUiA, 3akoH Papagen. Asumulie camoiHayKuii. EHepris i

ryCTMHa eHeprii MarHiTHoro nons.

KonneanbHUiM KOHTYP.
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3aranbHa xapakTepuctuka Teopii Makceenna. NNoBHa cnMctema piBHAHb
MakcBsenna B iHTerpanbHi i andepeHuianbHin popmax.
XBUNbOBE PiBHAHHA AN €NeKTPOMArHiTHOro nons. Bektop Ymosa-MouTiHra.

Po3pin 6. XBU/IbOBA OMNTUKA
Po3pin 7. KBAHTOBA ONTUKA
Po3pin 8. ATOMHA ®I3UKA

Tema 6.1 Ceitno. IHTepdepeHuina ceiTha
Tema 6.2. Andpakuis ceitha

Tema 6.3. MpupogHe i nonapmusosaHe CBiTN0
Tema 6.4. B3aemog,ifal cBiTNa 3 pe4OBUHOIO

Tema 7.1. Tennose BUNPOMiIHIOBAHHA

Tema 7.2. ®oTOHMU
Tema 8.1. bopoBcbKa Teopisi aToma BO4HIO
Tema 8.2. XBU/IbOBI BNACTUBOCTi MiKPOYACTUHOK
Tema 8.3. PiBHAHHA WpepgiHrepa
N-2. KopnyckynAapHo-xBunboBa npupoga ceitna. CeBiTAO AK eneKTpomarHiTHa

2 xBuAA. IHTepdepeHuia ceitna. Asnwe audpakuii. Aucnepcis ceitna.
Tennose BUNPOMIHIOBAHHA

doToHM Ta ix BnactusocTi. PoToedeKrT.
3aKOHOMIPHOCTI B aTOMHMX cneKTpax. MNoctynatn bopa. Finote3a ae bpoinns,

XBWUNbOBI  BMIACTMBOCTI  MIKPOYACTMHOK.  MpuHUMN  HEBM3HAYeHOCTEMN
lenseHbepra.

MpaKTUYHi 3aHATTA

BMKOHaHHA NpaKTUYHUX POLIT y 3a04Hin popmi HaBYaHHA Y KpeauTHomy moayni 2 —
«®i3nKa. YactuHa 2. EnektpomarHetnam. Ontuka. ATomHa ¢ismka» He nepeabayeHo

NaboparopHi 3aHATTA
BuKoHaHHA nabopaTopHMx pobiT nepeabayae: NornnMbAEHHA 3HaHb 3 TEOPETUYHOTO Kypcy; HabyTTa

HaBMKiB NAaHyBaHHA Ta NMOCTAHOBKU eKCNepPUMEHTA/IbHUX LI,OCﬂiLI,)'KEHb,' HaﬁyTTFI HABUKIB CTAaTUCTUYHOTIO

0bOUYMC/IEHHA eKCNepMMEHTA/IbHUX AaHUX Ta MPEACTaBAeHHA iX 3a BMMOramu Aitoyoi cTaHaapTu3sallii;
eKCNepMMEHTaNbHY NePEBIPKY BUKOHAHHA 3aKOHIB Gi3nKM.

Temu nabopatopHux pobir

Neo HasBa niabopatopHoi pobotn Kinbkictb
3/n ayaAUTOPHUX
roguH
1 2-1 BuU3Ha4yeHHs onopy NpoBigHMKa 32 40NOMOro MOCTa NOCTIMHOrO 2

cTpymy (MocTa YiTcToHa)
2-2  BuMIipIOBaHHA eNeKTPOPYLLIMHOT CUAN METOA0M KOMMeHcaLii
2-3 BW3Ha4YeHHS EMHOCTI KOHAEHCcaTopa MeToA0oMm 6anicTMYHOro

rasibBaHomeTpa
2-4 BuBYEHHA eneKTpOHHOro ocuunorpada
2 2-5 BWBYEHHA eNeKTPOCTaTUYHOro NonA 2

2-9 Bu3HA4YeHHA NUTOMOrO 3apAay e/IeKTPOHa MeTOA40M MarHeTpoHa
2-11 3HimaHHA KpMBOI HaMarHiYyBaHHA Ta NeT/i rictepesncy
depomarHeTuKiB y 3MiHHUX MarHiTHMX NoAAX
2-12 BumiptoBaHHA iHAYKLiT MAarHiTHOro NOAs eNIeKTPOMarHiTa




3 2-7 [ocnifyKeHHA TepMOoeneKkTpopyLWinHOT cnam 2
2-8 [ocnigrKeHHA TepMOENEKTPOHHOI eMicii
2-13 [ocnigrKeHHA BiIbHUX 3aracatoumnx KOAMBAHb Y KOHTYPI
2-14 BuBYeHHA BUMYLUEHUX KOSIMBAHb Y NOCAIAOBHOMY KOJIMBA/IbHOMY
KOHTYpI

BCbOIro roganH 6
6. CamocrTiiiHa poboTa cTyaeHTa

CamocTinHa poboTa nepeabavac NigroToBKy A0 NEKLil Ta NPAaKTUYHUX 3aHATb, A0 y4acTi B 06roBopeHHi
NUTaHb TEM, BUHECEHMUX A1 CAMOCTIHOT po60TK, onpaLoBaHHA AXKEPEN i3 CMUCKY NiTepaTypu Towo.

3rigHO HaBYanbHOMY nNAaHY MPOMOHYOTLCA IHAUBIAYANbHI CemMecTpoBi 3aBOaHHA Yy BUrAagi
CaMOCTIMHOIO BUBYEHHA OKPEMMUX TEOPETUYHUX NUTAHb, MOAY/IbHOI KOHTPOIbHOT po6oTH.

MoniTnKa Ta KOHTPO/Ib
7. NoniTMKa HaBYaNbHOI AUcUMNANIHM (OCBITHBOrO KOMMOHEHTA)

B pamkax BUBYEHHSA ANCLUMMNAIHU CTaBUTbCA HACTYMHUI Nepenik BUMOr nepes, CTyAeHTOM:
— 060B'A3KOBeE BiABIAYBAHHA NEKLi Ta NPAKTUYHUX 3aHATD;
— Ha 3aHATTAX YBaXHO Ta A0OpOYEeCHO CTaBUTUCb A0 OTPMMAHOrO MaTepiany, NPOABAATM aKTUBHICTb Ta
nokasyBaTu HebalayKicTb 40 NpegmeTy;
— CTYAEHT CaMOCTIMHO BMKOHYE iHOMBIAYaNbHi 3aBAaHHA 3 NpaKTMKM Ta MKP, Ta nig 4ac 3axucTy Ha
3aHATTI, b0 Ha KOHCyNbTau,ii, BiANOBiga€E Ha NUTAaHHA BUKNa4aYa;
— nepecknagatm NpakTUyHi 3aHATTA Ta MKP MmoKHa Ha KOHCyAbTawii;

- NoniTMKa Ta NPUMHUMOW akagemidyHoi AobpoyecHOCTi BM3HayeHi y po3gini 3 KopgeKkcy uecTi
HauioHanbHoOro TtexHiyHoro yHiBepcuteTy YKpaiHn «KWIBCbKMIA MNOANITEXHIYHMNA HCTUTYT imeHi lropsa
Cikopcbkoro». [letanbHiwe: https://kpi.ua/code.

- HOPMM eTMYHOI NOBEeAIHKW CTYAEeHTIB i NpaliBHUKIB BM3HA4veHi y po3aini 2 Koaekcy uyecTi
HauioHanbHOro TexHi4Horo yHiBepcuteTy YKpaiHWM «KUIBCbKMIA MOMITEXHIYHWI iHCTUTYT iMeHi Irops
CikopcbKoro». letanbHiwe: https://kpi.ua/code.

- NONITUKA BUKOPUCTAHHA LUTYYHOrO iHTENEKTY ANA akagemidHoi gianbHocTi B KMl im. Iropa CikopcbKoro
https://osvita.kpi.ua/sites/default/files/downloads/polityka-vykorystannia-shtuchnogo-intelektu 2023.pdf

B yHiBepcuTeTi BM3HAETbCA aKaZEeMIYHO HevyeCHMM TaKi cnocobu BuMKopucTaHHA mogenen LI, Aki

NopyLWYyTb NPUHLMIN A0O6POYECHOCTI Ta ETUKN A0CNIAXKEHDb, HANPUKAaA,:

e BupaaHHA TekcTy, 3reHepoBaHoro LUl abo nepedpasosaHoro LUI BmicTy iHWKX AKepen, 3a BAACHY
poboTy. BukopuctanHa LWI gnAa aBTomMaTU4HOI reHepauii TekcTiB abo nepedpasyBaHHA HaABHOrO
KOHTEHTY 6e3 HaneXXHOro BKasaHHA AXKepes NOpyLIYE NPUHUMNM aBTOPCTBA Ta BBAXKAETHLCA M/1ariaToOM.

e CTBOpEHHA HenpaBAMBMX OaHUX | NPeacTaB/eHHA iX AK NiATBEPAMKEHHA BIACHUX AO0CNiAMKEeHb
(dabpmkauia aaHmx).

- CTYLEHTW MaloTb NPABO OCKAPMKWUTU Pe3ynbTaTM KOHTPONbHUX 3axopgis, ane 0608B’A3K0BO
aprymeHTOBaHO, MOACHMUBLUWN 3 AKUM KPUTEPIEM He NOroaKykTbcA BiANOBIAHO A0 OLIHOYHOrO JUCTA
Ta/abo 3ayBaKeHb.

8. Buau KOHTPO/IO Ta peiTUHroBa CUCTEMA OLiHIOBAaHHA pe3y/bTaTiB HaBYaHHA (PCO)

Buau KoHTpOAtO:

MOTOYHWIA KOHTPO/Ib: YCHE | MMCbMOBE OMUTYBAHHA 33 TEMOIO 3aHATb, BUKOHAHHSA Ta 3aXMUCT NPAKTUYHUX
3aBaaHb, MKP.

CemecTpoBUIA KOHTPO/Ib: EK3aMEH.

PelTUHT CTyAEeHTa 3 AUCLUUNNIHU CKNAaJA€ETbeA 3 6aniB , WO BiH OTPMMYE 3a:
Cmapmoea cKknadoea (HaB4yanbHa poboTa y cemecTpi)
1. - - BUKOHaHHA Ta 3axucT nabopaTopHUX pobiT;
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2. - MOAYNbHY KOHTPO/IbHY PO6OTY;
Ex3ameHauiliHa cknadosa
3. - BigNoBiAb Ha €K3aMeHi.

Cucrtema peMTUHroBux 6anis Ta KpuTepii OLiHIOBAHHA:
Cmapmoea cKknadosa

1. NNabopatopHi poboTn

Barosuit 6an - 5 6anis.

MaKcrMmanbHa KinbKicTb 6aniB, oaeprkaHMxX Ha nabopatopHux 3aHATTAX (5 6anis x 3) AopisHioe 15 Hanis.

[ns Toro wob nabopatopHa poboTa 6yna 3apaxoBaHa, CTyAeHTy HeobxiaHo

- nigrotyBatMca A0 BMKOHaHHS pPoboTM, HanucaTW BNACHOPYY BiAMNOBIAI HA KOHTPO/bHI 3anUTaHHSA 40
poboTu (He meHwe 75% BiA yCix 3anuTaHb 40 poboTH);

- of4epKaTh JoNyCcK A0 BUKOHAHHA poboTu;

- 34IMCHUTU NabOPATOPHUIN EKCNEPUMEHT, BUKOHYIOYI BCi MYHKTU NOPAAKY BUKOHAHHA pob60TH Ta 06pobKK
eKCNepUMeHTaNbHUX AaHMX, 3a3HaYeHI Y NPOTOKOI 40 PoHOTU; OXaMHO 3aNOBHUTM MPOTOKO Ta BUKOHATH
HeobxiaHi rpadiyHi NnobynoBK Ha minimeTpoBOMY Nanepi; BUKOHaTKU MeTy poboTM Ta HanMcaTu BUCHOBOK,;

- 34aTV TEOPETUYHY YacTUHY poboTK Yepes TecTyBaHHsS abo cnisbeciay;

- BUNPABUTK 3ayBa*KeHHA BUKAa4a4a

3apaxoBaHa pob0oTa OLHIOETLCS HACTYNMHUM YNHOM:

- NOBHa NpaBW/bHa BignoBiab 6e3 3ayBaxKeHb- 4,5 -5 6anis

HenoBHa BiANoBiAb, HAABHICTb 3ayBa*keHb A0 poboTu - 3,5 - 4 6ann

- 3a40BiNbHa BiANOBIAb, HAABHICTb CYTTEBMX 3ayBa*keHb A0 pob6oTn 0,5 — 3 6anu

- HenigroToBneHicTb A0 nabopaTopHoi pobotn — 0 6anis

Mepe3aaya ouiHeHOi poboTN He nepeabayeHa.

2. MoaynbHUM KOHTPO/b

MaKcumanbHa Kinbkictb 6anis 3a MKP gopisHtoe 25 6anis.

- NMpaBWAbHUI PO3B’A30K BCix 3aBAaHb MKP Ta noBHa npaBuW/ibHa BiANOBIAb Ha BCi NUTaHHSA Nig Yac
3axucty — 25 6anis

- HafABHICTb NOMMWJIOK B PO3B’A3aHHI 3aBAaHb Ta HEMNOBHA BiAMNOBIAb Ha MUTAaHHA Nif Yac 3aXUCTY, B
3a/1e3KHOCTI Bif, KiNbKOCTI 33,434 Ta Bianosigei Ha nutaHHAa — (15-24 6anu)

- HafABHICTb NOMWJIOK B PO3B’A3aHHI 3aBAaHb Ta BiACYTHICTb 3aXMUCTY, B 3a/1€XKHOCTI Bif, KiIbKOCTi
3agay— (1-14 6anis)

- HenpaBunbHe po3B’A3aHHA 3aBaaHb — 0 Hanis

[opatkosi 6anu 3a NpoxoaKeHHs aganTauiiHoro Kypcy 3 ¢isukm Big IMAO KNI im. Irops CikopcbKoro
HapPaxoBYHOTbCA BiANOBIAHO A0 6aniB, BKa3aHUX y cepTUdiKaTi, Nicna oTPUMAHHA AONYCKY A0 eK3aMeHY.

Cyma Barosux 6a1iB KOHTPOJIbHUX 3aXO0AiB NPOTArOM | cemecTpy cKnajae:
Rc =15 + 25 = 40 6anis
HeobxiaHO YMOBO A0NYCKY A0 €K3aMeHY € 3apaxyBaHHSA BCiX MPaKTUYHUX pobiT Ta BUKOHaHHA MKP, a
TaKOX CTapTOBUI PEUTUHT He meHwe 60% Big Rc, To6TO 24 6anm.

Exk3ameHauyiliHa cknadoea wKanu gopisHioe: Re = 60 6anis
Taknm YMHOM, PEMTUHIOBA LWKana 3 ANCUMUNIHU CKa[aE:

R =40+ 60 =100 6anis.

Kputepii BU3HaueHHA 6aNbHOI OLiHKM Ha eK3amMeHi
MoBHa BiANOBiAb HAa TEOPETUYHI NUTaHHA bineTa (He meHwe 90% noTpibHOI iHdopMmaLii), BUpiweHa
3aJ.a4a, NOBHA BiAMNOBIAb Ha AOAATKOBI MMTaHHSA NO BUBYEHIM Temi - 55 - 60 6anis.
[locTaTHbO MOBHa BiAMNOBIAb Ha TEOPETUYHI NUTaHHA bineta ( He meHwe 75% noTpibHoiI iHdopmauii),
BUpilLeHa 3a4a4a, HeNnoBHa BiANOBiAb Ha A0AATKOBI NUTAHHA MO BUBYEHI Temi - 45 - 54 6anis.



HenosHa BignoBigb Ha TeopeTuyHi NUTaHHA bineta ( He meHwe 60% noTpibHOI iHPOpPMaLii), BUpiWeHa
3a4a4a, He BiANOoBiAb Ha AO0AATKOBI NUTaHHA NO BUBYEHil Temi - 36 - 45 6anis.

HesaposinbHa BignoBiab Ha TeOpPeTUYHi NUTAaHHA 6ineta, MOMUAKN NPWU BUPpILLEHH] 3a4ad4i, BignoBiab Ha
[0,0aTKOBi MUTaHHSA Mo BMBYEHi Temi - 5 — 35 6anis.

HesaposinbHa BiAnoBiAb Ha TEOPETUMYHI NMUTaHHA 6Gineta, He BMpilleHa 3ajada Ta He BiANOBiAb Ha
[0/aTKOBi NMTaHHA Mo BUBYEHIN Temi - 0 6aniB.

[nsa OoTpMMaAHHA cTyaeHTamu BianosigHWMX ouiHoK (ECTS Ta TpaguuiiHMx) Moro penTWHroBa ouiHKa Rb
nepeBoAUTbCA 3rigHO Tabauui:

Tabnnuysa BignoBiAHOCTI peMTUHroBuX H6aniB OLiHKaM 3a YHIBEPCUTETCbKOLO LKAOoL0:

KinbkicTb 6anis OujiHKa
100-95 BiamiHHO
94-85 Lye nobpe
84-75 Hobpe
74-65 3a40BinbHO
64-60 JoctaTHbOo
MeHwe 60 He3aa0BiNbH
0
He BMKOHaHi ymoBu gonycky He gonyweHo

6. JoaartkoBa iHpopmauia 3 gucumnnniim (OCBiTHbOro KOMMNOHEHTA)

MnTaHHA 0O CemecTPOBOro KOHTPOIO:

EnektpuuHnii 3apsa. JMckpeTHicTb 3apsagy. 3aKoH 3b6epexkeHHn 3apaay. 3akoH KynoHa.

EneKktpuyHe none. HanpyKeHiCTb eneKTpMYHOro Noisa TOYKOBOro 3apaay.

MpuHUKMN cynepno3uuii enekTpudHmnx nonis. CUAoBI NiHil.

EnektpuuHnii aunons. Mone eNekTpnYHOro AMnons.

MOMEHT cMAn, WO Ai€ Ha AUNONb B €IEKTPUYHOMY Noi. EHepria aunona B eneKTpUYHOMY NoJii.

MeTopa, agudepeHLitoBaHHA-IHTErpyBaHHA ON1A PO3PAXYHKY eNeKTPUYHUX NOJIB.

MoTik BeKTOpa HanpyeHocTi. Teopema MNaycca ana eNeKkTpoCTaTUYHOro NOAA B BaKYYMi.

MNone piBHOMIPHO 3apAAMKEHOI, HECKIHYEeHHO MNPOTAMHOI NAOWMHI. None miK ABOMA HECKIHYEHHO

NPOTAXHMUMM PiISHOMMEHHO 3aPAAKEHUMU NapaNeNbHUMU NAOLWMHAMM.

9. MNone 3apagxKeHoro unniHapa.

10. None 3apagxKeHoi chepwn.

11. PoboTta cun enekTpoctaTMUHOro noas. LimpKynauis BeKTopa Hanpy»KeHOCTi eN1eKTPUYHOIO NONS.

12. [oTeHuiaNbHUI XapaKTep eNeKTpocTaTUYHoro nons. MoteHujian. EKBiNoTeHLUianbHiI NOBEPXHI

13. TloTeHujan nonsa TOYKOBOro 3apady i NOAA, CTBOPHOBAHOIO CUCTEMOKO TOYKOBUX 3apAais. PisHuuUA
noTeHLujianis.

14. 3B’A30K MiX HaNPYKEHICTIO eNEeKTPUYHOro NOJA | NOTEHLIaNOM.

15. EnekTpuuyHe nose B AienekTpukax. lonapHi i HenonapHi AienekTpuku. AUNoabHUA MOMEHT
AieneKkTpuKa.

16. TMonsapisauia gienexkTpukis. Bektop nonapmsadii.

17. HanpyeHicTb eNeKTPUYHOTIO NOoNA B AieNeKTPUKY. [iefleKTpruUYHa NPOHMKHICTb.

18. Teopema laycca Ana nons B AienekTpPUKy. 3B'A30K BEKTOPIB D - 3milleHHs, E — HanpyKeHicTi, P —
nonapusauii.

19. TpoBigHUKKN B €/IEKTPOCTAaTUHHOMY MO,

20. EneKkTpuYHa EMHICTb BiAOKpPeMIEHOro NpoBiAHMKa. EnekTpuyHa emHicTb KoHaeHcaTopa. Nnockuii
KOHAeHcaTop.

21. EHeprif 3apageHoro NpoBigHMKa, CUCTEMM 3apAaKEHUX NPOBIAHUKIB | KOHAEHCATOPA.

22. EHepria enekTpuyHoro nona. NyctMHa eHeprii eIeKTPUYHOro NoaA B AieNeKTPUKY i BaKyymi.

23. ENEeKTPUYHUIM CTPYM. XapaKTEPUCTUKM €N1EKTPUYHOIO CTPYMY: CUNA CTPYMY, BEKTOP FYCTUHU CTPYMY.

24. EneKkTpopyuwinHa cuna axkepena ctpymy. Hanpyra.

25. 3akoH Oma gna oAHOPIAHOI AinAHKW Kona. ENeKTpuUHMin onip, NTMTOMMA onip. 3aneXHicTb onopy
NPOBiIAHMKIB Big TemnepaTypu.

Nk WNPRE



26.
27.
28.
29.
30.

31.
32.
33.
34.
35.
36.

37.

38.
39.
40.
41.
42.
43.
44,

45.
46.
47.
48.
49.
50.
51.
52.
53.

54.
55.

3akoH Oma B andepeHuiancHii popmi. MUTOMa eneKkTponpoBigHICTb.

3akoH Oma gna HeogHoOPIAHOT AINAHKK Kona. 3aKoH Oma gna 3aMKHEHOro Kona.

3aKoH [xkoyns - JleHua. PoboTa i noTyKHicTb cTpymy. KK, arkepena ctpymy.

Mpasuna Kipxroda.

MarniTHe nose B BaKyyMi. MarHiTHU1 MOMEHT KOHTYpPY 3i CTPYMOM. BEeKTOp mMarHiTHOI iHAYKLii. CUNoBI
NiHii marHiTHoro nons (3.1).

3aKoH bio-Casapa-/lannaca. lMpuHUMN cynepnosunuii MarHiTHMUX Nonis

MarHiTHe none NpAMoro cTpymy.

MarniTHe noJsie KpyroBoro CTpymy.

Cvna Amnepa. Bzaemogaia NnpoBigHMKIB 3i CTPymOm

Cuna JlopeHua. Pyx 3apAaaKeHoi YaCTUHKM B MarHiTHOMYy noni.

3aMKHYTUI KOHTYpP 3i cTpyMmOM. MarHiTHUA MOMeHT. MOMEHT CUMAM WO A€ Ha KOHTYp 3i CTPYMOM Yy
30BHIiLWHbLOMY MArHiTHOMY NoAi.

3akoH Amnepa. Teopema nNpPO UMPKYAALiIO BEKTOPA MarHiTHOI iHAYKLUIl. BMXpOBUIA XapaKTep
MarHiTHOro nons.

MarHiTHe none coneHoiga.

MarHiTHe none Topoiga.

MarHiTHM noTiK. Teopema laycca gna marHiTHoOro nons.

Po6oTa nepemiweHHA NPoBigHMKA 3i CTPYMOM B NOCTiMHOMY MarHiTHOMYy MnoJi.

MarHiTHe none B pe4oBUHi. MarHiTHi MOMEHTM aToMiB.

BeKTop HamarHiyeHocTi. Hanpy»XeHicTb MarHiTHoro nosa. MarHiTHa NPOHMKHICTb PEYOBUHMU.

Buaun marHeTuKis: [liamarHeTUKK, NapamarHeTUKM, epomarHeTuKn. MarHitHa NPOHUKHICTb | MarHiTHe
none marHeTuKiB.

3aKOH eNeKTPOMarHiTHoI iHAyKuii. Mpasuno JleHua.

ABuLLe camoiHgyKLUii. IHOYKTUBHICTb. EneKTpopyLWwitHa cuna camoiHAayKu,i.

CTpymu npun pO3MUKaHHI Ta 3aMUKaHHI Kona.

EHepria marHiTHoro nons. N'yctuHa eHeprii MarHitHoro nons.

OcHoBswu Teopii MaKcsenna.

Mepwe piBHAHHA Makceenna. 3akoH ®apagesn - Makcsenna.

Ctpym 3miweHHA. 3akoH Amnepa-MakKcsenna.

TpeTe i ueTsepTe piBHAHHA Makcsenna.

MoBHa cucTtema piBHAHb Makcsenna B gudepeHuianbHin popmi. MaTepianbHi piBHAHHA. [PaHUYHI
YMOBMW.

Po3B’s30K cucTemu piBHAHb Makcsenna.

EnektpomarHitHa xsuna

Po6ouy nporpamy HaBYanbHOI gucumnainm (cunabyc):

CknapgeHo: cT. BuKA. lpo3aeHko OnekcaHapa BonogumupisHa, AoUEHT, KaHAMAAT ¢i3.-MaT. HayK,
YypcaHosa MapuHa BanepiiBHa

YxBaneHo: kadeapoto 3arasnbHoi Gi3vKn Ta MoaentoBaHHA ¢isnyHuX npouecis (npotokon Ne 1/06-25 sig,
25.06.25)

NoropgykeHo MeTtoaunuHoto Komicieto HH IAT (npoTtokon Ne 6 Big 27.06.2025 p.)



