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PI3UKA

Tun gucuuNIiHKA O06oB’s13K0Ba

OcBiTHiii piBeHb [epunii (OakamaBpcbKuit)
MoBa BHKJIaJaHHSA YkpaiHcbka

CemecTtp Tperiit

KiabkicTs kpegurtiB ECTS 6

®opmu 3100yTTH OCBITH OuHna (neHHa)

Pe3yabTaTn HaB4yaHHA. BinnoBigHo no CranaapTy BUIIOI OCBITHM Ta OCBITHBOI IPOTrpaMy JUCHUILTIHA
Mae 3a0e3MeUnTH

- KOMIETEHTHOCTi. 3JaTHICTh 110 a0CTPaKTHOTO MHCJICHHS, aHaji3y Ta CHHTE3y. 3IaTHICTh
3aCTOCOBYBAaTH 3HAHHS Yy TNPAaKTUYHUX CHTYyalifiXx. 3JaTHICTh 3aCTOCOBYBaTH (yHJaMEHTaIbHI 1
MDKIUCIUTITIHAPHI 3HAHHS IS YCIIITHOTO PO3B’S3aHHS 3aBJaHb 1HXKEHEpPIi mporpaMHoro 3ade3rneyeHHs.
31aTHICTh 0 AJITOPUTMIYHOTO Ta JIOTITYHOTO MUCJICHHSI.

- NPOrpamMHi pe3yJbTaTH HABYAHHSA. AHANI3yBaTH, HIJIECIPSIMOBAHO IIyKaTH 1 BUOMpATH HeoOXiaHi
JUIs BUpilIeHHs mpodeciiiHuX 3aBaaHb 1HQOPMAIIITHO-OBIIHUKOBI pecypcy 1 3HAHHS 3 ypaXyBaHHSIM
Cy4aCHHX JIOCSITHEHb HAyKH 1 TEXHIKWA. 3HATH 1 3aCTOCOBYBATH BiJIIOBIIHI MAaTEeMaTUIHI TIOHSTTS, METOIN
JOMEHHOTO, CHCTEMHOTO i 00 €KTHO-OPIEHTOBAHOTO aHAI3y Ta MAaTeMaTHYHOTO MOJICIIOBAHHS st
PO3poOKH TpOorpaMHOro 3a0e3neueHHs. BMiTH po3po0isTH 10 IMHO-MAIIMHHIN iHTepdeiic

3micT HaByaJbHOI gucHuIIiHM. KiHemarnka 1 AuHaMika KiacMuHOi MexaHiku. PobGora Ta eHepris.
OcHoBu Teopii BigHOCHOCTI. MonekynsapHa ¢izuku. Tepmonunamika. Enektpuyne mosne Ta eleKTPUIHHIMA
CTpyM. MarniTHe moie Ta eleKTpoMmMarHitHa iHAgykuis. KonmwBamas 1 xBumi. ['eomeTrpuyHa omnTHKa.
XBuiboBa ontuka. KanToBi siBumia. KopnyckylnspHO-XBHIBOBHW Jyalli3M BJIACTUBOCTEH Marepii.
HaniBnpoBigHUKOBI sIBUILA B KOHTaKTaX. SnepHa ¢i3uka. EnemenTapHi 4aCTHHKH.

3amiaHoBaHa HaBYaJbHA AisJIbHiCTH: Jekiii — 17 rox., mabopaTopHi 3aHATTA - 34 roj., IPaKTUYHI
3aHATTA - 17 roj., camocTiiiHa pobota — 112 rox., pazom — 180 ron

®opmu (MeToaM) HABYAHHSA: JIEKLIi (3 BUKOPUCTAHHSM METOIB MPOOJIEMHOr0 HaBYaHHS 1 Bl3yam3au11)
na0opaTopHi 3aHATTSA (3 BHMKOPHCTAaHHSIM METOJIB KOMII FOTEPHOTO MOJICNIOBAHHSA, MPAKTUKYMIB 1
(G13MYHUX PUIIAJIB), MPAKTUYHI 3aHATTS, CaMOCTiiHa poOoTa (1HAMBIAyalIbHI 3aB/IaHHS).

@®opMH OUIHIOBAHHA Ppe3yJbTATIB HABYAHHA. 3aXMCT J1a0OPaTOPHUX pPOOIT; KOHTPOJIbHI poOOTH,
MUCbMOBE ONUTYBaHHS (TECTYBaHHS).

Buj ceMmecTpoBOro KOHTPOJIIO: ICITUT.

HaguaubHi pecypen:

1. B.M. fBopcekuii, A.A. lernad, JI.b. Munkosebka, I'.I1. Cepree. Kypce ¢izuku.T.1. Kuis. Buma
mkoJia, 1970.

2. Kyuepyk .M., I'op6auyk L.T., JIynuk [LI1. 3aranenuit kypc ¢izuxu. T.1. — K.: Texnika, 1999.

3. Kyuepyk .M., I'op6auyk L.T., Jlynuk I1.I1. 3araneanii kypc ¢izuxu. T.2. — K.: Texnika, 2001.

4. Kyuepyk .M., I'op6auyk L.T., JIynuk ILII. 3araneuuit kypc ¢izuxu. T.3. — K.: Texnika, 2004.

5. BM. Tononxka, B.b. JlpoznoBcbkuii. @izuka. 30IpHMK 3a1ad JJid KOHTPOJIBHUX pOOIT Ta
KosokBiyMiB. XmenbHuibkuit: TYII, 2002.-50c.

6. Hdymenko B.I1., Kyuepyk [.LM. 3aransHa ¢izuka: ®@i3udHi OCHOBH MexaHikH. MonekymsapHa ¢i3uka i
tepMoauHamika: HaBuanbuuii mocionuk. — K.: Buma mkona, 1993.

7. Monynbhe cepenouiie st HaBdanus MOODLE. Jloctyn 1o pecypcey: https://msn.khnu.km.ua

8. Enexrponna 0i0mioreka yHiBepcutery. http://lib.khnu.km.ua/asp/php_f/plage_lib.php

9. The Feynman Lectures on Physics New Millennium Edition.
https://www.feynmanlectures.caltech.edu/info/

Bukiagau: kaHauIaT TEXHIYHUX Hayk, AoteHT ['yna [.B.
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3. HOACHIOBAJIbHA 3AITMCKA

Hucnumiina «®Di3uka» € OAHIEI 13 AWCIHMIUIIH 3arajibHOT MIATOTOBKH 1 3aliMae MPOBIAHE Micle Y
MiaAroToBii (axiBIiB OCBITHROTO PiBHS «0OakamaBp» 3a OCBITHRO-MpOo(deciiiHO mporpamoro «IHxeHepis
MIPOTPAMHOTO 3a0€3MCUCHHSD».

Merta aucumMmjinu - GOpMyBaHHS y CTYACHTIB KOMIIETEHIIIH B MpOLECI BUBYCHHS SBUI 1 3aKOHIB,
HaOYTTS HABUYOK €KCIEPUMEHTAIBHOTO JOCTIIKEHHS (DI3UUHUX MPOIIECiB, OCBOEHHS METO/IB OTPUMAHHS
Ta O00poOKHM eMmipuyHOi iH(popMalii; BHBUEHHS TEOPETHMYHHX METOAIB aHami3y (i3MYHUX SBUII,
PO3paxyHKOBHX MPOIEAYP 1 AITOPUTMIB, HAMOUTBIIT IIMPOKO 3aCTOCOBYIOTHCS Y (Pi3HIII.

Ipeamer mucuumiainu. Di3uyHi sSBUIIA, IO OMHCYIOTHCS HAUMPOCTIIIMMHU 1 pa3oM 3 THUM HaHOiIbII
3araJlbHAMH 3aKOHAMH TTPHPOJIH.

3aBaannsa qucuuIting. Hagatu crygeHTaM ocHOBH 3 (i3UKH, IO JACTh IM MOXKITUBICTh OPIEHTYBATHUCH Y
MOTOIIl HAYKOBOI Ta TeXHIYHOI iHpopMaIii; chopMyBaTH YMIHHS KOPHCTYBAaTUCh Cy4aCHUMHM 3aco0aMH i
METOAaMHU OJIepKaHHs, 0OpOOKM 1 cucTemaru3alii 3HaHb; COPMYBATH y CTYJACHTIB HAyKOBE TEXHIUHE
MUCIICHHS; 03HAHOMUTH CTY/ICHTIB 3 CY4acCHOI HAYKOBOIKO amapaTyporo i eJIeKTPOHHO-00UYHCITIOBAILHOO
TEXHIKOI0; CPOPMYBATH y CTYJICHTIB HAYKOBE IPOBEICHHS €KCTIEPUMEHTAIBHUX JTOCIIIKCHb.

IIpepexBizur: J[uckpeTHa MmaTremMaTHKa
Kopexsizutn — Apxitekrypa koMt 1oTepa, OpraHizaiisi KOMIT I0TEPHUX MEPEX.
Bignosigxo 1o CtanmapTy BUIIOT OCBITH Ta OCBITHBOI TPOrpaMH JUCHHUILTIHA Ma€ 3a0€3MEUUTH:

InTerpajibHy KOMIETEHTHICTH - 3JaTHICTh PO3B’SI3yBaTH CKJIAMHI CIIEliani3oBaHi 3aBIaHHsA a0o
MPAKTUYHI MPoOJIeMHU 1HXeHepil mMporpaMHOro 3a0e3MedYeHH s, 0 XapaKTepU3yThCs KOMIUIEKCHICTIO Ta
HEBU3HAYEHICTIO YMOB, 13 3aCTOCYBaHHSM TEOpii Ta METOAIB iH(POPMAIIHIX TEXHOIOT 1.

3arajibHi KOMIETEHTHOCTI:

3K1. 3natHicTh 10 aOCTPAKTHOTO MUCJICHHS, aHATI3y Ta CHHTE3Y.

3K2. 31aTHicTh 3aCTOCOBYBATH 3HAHHS Y IPAKTUUHUX CUTYALIISIX.

daxoBi KOMIIETEHTHOCTI:

@®KS8. 3partHicTh 3acTOCOBYBaTH (yHIAMEHTalbHI 1 MDKIUCHMIUIIHAPHI 3HAHHSA JUIsl  YCIIIIHOTO
PO3B’sI3aHHS 3aBJlaHb 1HXEHepli MPOrpaMHOTro 3a0e3MeUeHHS.

OK14. 3naTHICTH 10 aNTOPUTMIYHOTO Ta JOT1YHOTO MUCIICHHS.

IIporpamHi pe3yibTaTu HABYAHHA:

[TPH1 AmanizyBatu, LilecnpsMOBaHO HIyKaTH 1 BHOMpaTH HEOOXiTHI A BUPILIEHHS NpodeciiiHux
3aB/aHb 1H(QOPMAIIITHO-IOBIIHUKOBI PECyYpCH 1 3HaHHS 3 ypaXyBaHHSM Cy4aCHUX JOCSTHEHb HAyKH 1
TEXHIKH.

[TPHS 3maTtu i1 3acTocoByBaTH BIANOBIAHI MaTeMaTHYHI MOHSTTA, METOIU JOMEHHOTO, CUCTEMHOTO i
00’€KTHO-OPIEHTOBAHOI'O aHANII3y Ta MaTeMaTUYHOTO MOJENIOBAHHS JUIsl pO3pOOKM  IPOrpaMHOro
3a0€e3IeueHH .

[TPH8 BwmiTH po3po0siTi 10 IMHO-MAIIUHHUN 1HTEepdeiic.

PesyabTaTn HaBuyaHHA. CTYAEHT, SKUH YCIIIIHO 3aBEPIIUB BUBYEHHS TUCHMILUIIHM, MMOBHHEH: BMLIO
Kopucmygeamucb Cy4aCHUM HayKOBHUM arapaToM HABYAJIBHOI 1 HAYKOBO-TEXHIYHO1 1H(OpMaIlii; HaAyKOBOIO
JITEepaTyporo; popmynroeamu METY, 3aBIaHHS 1 OOTPYHTYBATH METO]l EKCIIEPUMEHTATIBHOTO TOCIIIKEHHS;
ckraoamu CXeMHU eKCIEepPUMEHTaJIbHOI YCTAaHOBKH; 6upiuiysamu TpoOJieMy pPI3HUMH METOJaMH;
gcmanognoeamy  JIOTIUHI 3B’A3KM MDK SBHUIIAMU 1 TIPOLECAMU; IHmMepnpemyeamu pe3yabTaTh
JOCTIKEHHsI 3a JO0MOMOrol rpagikiB, cxeM Ta TaOJulb; aHaI3yBaTH, y3arajibHIOBAaTH peE3yJIbTaTH
eKCIIEpUMEHTAIBHOTO JIOCHI/DKEHHS; p038 A3y6amuy KOMIUIEKCHI 3aBJaHHS, MOB’s3aHI 3 MaHOyTHBOIO
npodeciiHOI0 AiSUIbHICTIO; 3aCTOCOBYBATH 3aKOHU (13UKH JIJISl pO3B’I3aHHS IPAKTUYHUX 3aBJaHb.



4. CTPYKTYPA 3AJIIKOBUX KPEJIUTIB JUCHUIIJITHU

KinekicTh rognn
Ha3zBa remu JIao. IIpakr.

Jlexuii
po0OTH | 3aHATTH

1. OcHOBM KIacMYHOi MEXaHIKH Ta pEJIATUBICTCHKOI 2 6 2
MEXaHIKH

2. OCHOBH MOJIEKYJISIPHOT (DI3UKH 1 TEpMOIMHAMIKHI 2 6 2
3. EnexTpocratuka, eneKTpUIHUN CTPyM 2 2 2
4. Maraetu3m. EnexTpomMarnitHa iHIyKIIis 2 4 2
5. KonuBanns 1 xBuii 2 6 2
6. OnTuka 2 6 2
7. KBanToBa nmpupojia BUIIpOMiHIOBaHHSA. ATOMHa (i3HKa 2 2 2
8. EneMeHTH KBaHTOBOT MEXaHIKH, CTATUCTUKY 1 (Di3UKH 2 2 2
TBEPAOTO Tija

9. ®i3uKka aTOMHOTO Spa 1 eIEMEHTAPHUX YaCTUHOK 1 1
Pazom 3a cemecmp 17 34 17

5. TIPOI'PAMA HABYAJIBHOI JTUCHUILITHA
5.1. 3micT JekuiiHOTO KYpCy
Ilepeuik Tem Jieknii, ix aHoTamii

OCHOBM KJIaCH4YHOI MeXaHIKHU TAa PeJTHBICTCHKOI MeXaHiKH.

[Tpenmer ¢izuku. [Ipenmer mexaniku. Kinemaruka, muHamika i cTaThka. 3aKOHU
Herotona. Cun iHepuii. 3akoH 30epexeHHs immynbcy. PeaktuBHuil pyx. Cunu B
npuponi. 3akoH BcecBiTHboro TtskiHHA. ['paBiTauiiine mnone. IlepeTBopeHHs
JlopeHua i e1eMeHTH clelialbHOI Teopii BIIHOCHOCTI.

OcHoBM MoJs1eKyIpHOI (Pi3UKHU | TepMOAMHAMIKH

ExcniepuMeHTanbHI 3aKOHM 1€albHUX Ta3iB, i3ompouecd. OCHOBHE pIBHSHHS
MOJICKYJIIPHO-KIHETUYHOT ~ Teopii. fIBuma miepeHeceHHs. TerIomnpoBiIHICTD,
mudysis, B’SI3KICTh. BHYTpIIIHS eHeprisl 11eadbHoro razy. 3akOHH TEPMOJAMHAMIKH.
Tennoemuicts. PiBHsHHS Maiiepa, Ilyaccona. TemsoBi IBUTYHM 1 XOJIOJIMIJIBbHI
mamuH. Hukn Kapho.

EnexkrocraTnka, eJIeKTPUYHHI CTPYM

3akon Kynona. Enextpuune mnone. HampykeHICTh €J€KTPOCTaTUYHOIO MOJIS.
Enextpuunuii crpym, 3akonn Owma Ta J[xoyns-Jlenna. IlpaBuna Kipxroda.
Enextpuunuii cTpym B piaMHax, rasax, BakyyMmi. 3MiHHUH CTpyM. AKTHUBHI 1
PEaKTUBHI CIIOKHBAYI.

Cam.
pobota

14

14
12
12
12
12
12
12

12
112

K-c1B
TOAUH



JeRuil

IlepeJik TeM Jgekuiii, ix aHoTamii

Marnerusm. EjiekTpoMarniTHa iHayKuist

Marnitae nose. [1oTik, Hanmpy>XeHICTh MarHiTHOrO MoJisA. MarHiTHa NMPOHHKHICTD.
3akon bio-Casapa-Jlamnaca. Teopema Octporpancbkoro-I'aycca. EnexrpomarnitHa
iaykis. 3akon @Papanes. Ctpymu Dyko.

KoauBanug i xBuJi

JudepenuianbiHe piBHAHHSA TapMOHIYHUX KOJHMBaHb. [IpyXWHHUN Gi3uyHMA 1
MaTeMaTHYHUI MasTHUKH. XBWIbOBI mpouech.. PiBHsHHA Oiky4oi xBuii. JloBxkHHA
XBWII, XBIJIbOBE unciio. Pa3zoBa mBuaKicTs. Jucnepcis xBuib. ['pyrnoBa mBUAKICTb.

XBuinboBui maket. [aTepdepentis xBuib. CTOsTU1 XBUII.

Onruka

Enementn reomerpuyHoi ontuku. [loBHEe BHYTpilIHE BigOuBaHHs cBiTia. [IpuHIMI
['oiirenca. KorepeHTHICTh CBITIIOBHX XBWJIb. [HTepdepeHIliss B TOHKMX IUTIBKaxX.
Hudpaxuis citna. [Ipuanun [toiirenca-dpenens. Meron 308 Openens. Audpaxiis
Opaynrodepa Ha oAHIM minMHI 1 Ha audpakuiinii pemnitui. Jucnepcis cBiTia.
[Tonspu3atiis cBiTia Ta BUKOPUCTAHHS Y OOUMCIIOBATIbHIN TEXHIIIL.

KBanToBa npupona BUNIPOMIHIOBaHHS. ATOMHA (i3nKa

Tennose BunpoMiHioBaHHS. AOcomoTHO yopHe Tio. 3akoHu Kipxroda, Credana-
bonbimana, Bina. ®otoedexr. PiBusanusa Elfnmreitna. Mogeni atoma. [loctynatu
bopa. Teopis bopa msa atoma Bognro. [locminu ®panka i 'epua.

EneMeHTH KBAaHTOBOI MeXaHiKM, CTATUCTUKH i i3MKH TBepAoOro Tijia

Iimoreza Jlyi ne bpoitna. ChiBBiiHOIIEHHS HeBU3HaueHocTi ['eiizenOepra.
XBunvoBa ¢yHkmis. PiBHsuHs lpeninrepa. YacTMHKa B MOTEHIAIBHIA SMI.
EnemenTu ¢i3uxu tBepaoro Tina. EnepreTryuHi 30Hu.

®Di3uKa aTOMHOI0 AAPa i eJJeMEHTAPHUX YACTHHOK

3apsin, po3mip 1 Maca aroMHOro sapa. Macose 1 3apsaoBe uucno. Ckian sijpa.
Hyxnonu. Jlepekt macu 1 eHeprisi 3B 3Ky sapa. PajnioakTMBHE BUIIPOMIHIOBAHHS 1
fioro BuaM. 3aKOH pa/iioaKTUBHOTO po3nany. SAnepHi peakuii. Peakuii qineHus sapa.

Pazom

K-c1B
TOANH

17



5.2 3micT J1abopaTOPHHUX 3aHSITH

Ne ] K-c1B
Temu J1abopaTopHUX poodiT

3/m TOIMH

1 BuBYeHHS BHMIPIOBAIBHUX MPWIAAIB 1 BU3HAYEHHS TYCTHHU TIJ TPaBUILHOT 2

reoMeTpuuHOi popMu

2 BuBueHHS 3aKOHIB AMHAMIKM MOCTYNAIBLHOTO PyXy Ha MalIuHi ATBy1a 2
BuBuenHs1 00epTOBOrO pyXy TBEPAOTO TiJIa 3a TONOMOTrol0 MasTHHKa O0epOeka 2
4 Busnauenns koedimieHTa MOBEpXHEBOIO HATATY PIIMHA METOIOM ITIHSTTS PiIUHA 2

B Kamijspax.

5 BusHaueHHs BiTHOIICHHS TUTOMUX TEIJIOEMHOCTEH Ta3y METOJIOM aJ1ia0aTHIHOTO 2

posmupenHs (meton Kinemana-/lezopma)

6 Busnauenns koedimienTa B’s13kocTi piguHu MerogoM CTokca 2
7 Bu3HaueHHS e1eKTpUYHOI EMHOCTI KOHICHCATOPIB METOIOM TIEPiOAMYHOT 3apsIKH 2
Ta PO3PSAIKU
8 Bu3sHaueHHs TOPU30HTATIBLHOL CKIIAZI0BOI HAMIPY>KEHOCTI MarHiTHOTO MOJIst 3emii 2
9 BusnaueHHs BiTHOCHOI MarHiTHOI IPOHUKHOCTI MAarHETHKIB 2
10 Bu3HaueHHss MOMEHTY 1HEpIIii Tijla METOJIOM KPYTHJIBHUX KOJIMBaHb 2
11 | BuBuenns ¢iryp Jlicaxy Ha ocuunorpadi 2
12 | BusHaueHHS HIBHAKOCTI 3BYKY B ITOBITPi METOJOM PE30HAHCY 2
13 | BusnHaueHHs pajiyca KpMBM3HHM JiH3H 3a JJOIIOMOTOI0 1HTep(epeHLIii cBiTIa 2
14 | BusHaueHHS KOHIIEHTpaIlll po3urHYy 3a fornomoroto pedpakromerpa ABBE 2
15 | BusHaueHHS KOHIICHTpAIlil pO3UMHY I[yKpPY 3a JOIOMOTO0 MOJISpUMETpa 2
16 | BusnauenHss noctiiiHoi B 3akoHi Ctedana — bonpiimMana 2
17 | JlocmimkeHHs HaliBIPOBIAHUKOBOIO 1012 2
Pazom 34
5.3 lepestik TeM NpaKTHYHUX 3aHATH
Ne K-c1B
TeMu NPaKTHYHUX 3AHATH
3/m TOAHH
1 Kinematuka KinemaTnka mnoctynanbHoro pyxy. KiHemaTuka o0epTaJbHOTO pPyXY. 2
PiBHOMIpHWMIT pyX MaTepiaabHOT TOUKH IO KOJY.
Junamika J[MHaMika MOCTYMANTBHOTO PYXY. 3aKOH 30epexeHHs iMmmynbey. [uHamika 2

2 | oOepranpHOoro pyxy. [pyruit 3axkon HpioToHa 11 oOepranbHOrO pyxy. MOMEHT
IMIyJbCy. 3aKOH 30epeXeHHsI MOMEHTY iMITyJbcy. CriM y MeXaHiI.



MonekynsipHO-KIHETUYHA Teopis Ta TepMoAnHaMiKa. MoOJEeKyIsIpHO-KIHETUYHA TeOPis 2
Ta TepMoauHamika. [3ompouecu. PiBusHHS cTany. OCHOBHE PIBHSHHS MOJIEKYJISIPHO-

3 | kiHetmuHoi Teopii. BHyTpimHS eHepris cucTeMHu igeanbHOro rasy. PoGora, sKy
BUKOHYE ra3 mpu posmupeHHi. Ilepme nawgamo tepmoaunamiku. Llukn Kapho.
EnTpormis i BitbHa eHeprisa. OGUUCIICHHS SHTPOIIIi 171eaTbHOTO Ta3y.

Enexrocratuka 1 mocTidiHMiA cTpyM EnekTpuunuii  3apsa.  3akoH 30epexeHHs 2
eJeKTpu4YHOro 3apsay. 3akoH Kysnona. Enektpuune mojie 1 HOTO HaNpyKEHICTb.

4 | Enextpuuna emuicts. Konnencaropu. barapei konaencaropis. 3akon Jxoyns—JIenna.
3akon Oma i1 OJHOPIAHOI Ta HEOJHOPIAHOI MIISHKMA KOJia 1 3aMKHEHOTO KoJja.
3akonu Kipxroda.

Marnetusm MarnitHe mose. 3akoH Awmrepa. Cuna Jlopenmna. 3akon ®apajges mis 2

€JIEKTPOMAarHiTHOI 1HIYKIIIi.

KommBanns i1 xBuini MexaHiydi rapMmoHiyHi kosmBaHHS. [lpyxuuHUE izmuHmii i 2
6

MaTeMaTUYHHMI MasSTHUKY. PIBHIHHS XBUIII.

Ontruka OCHOBHI 3aKOHM ONTHKH. ElemMeHTH reomerpuyHoi onTuku. [HTepdepentis i 2
7 | madpaxuis ceitna. [IpuHumnm 300py 1 BUKOPUCTAHHS 3 ONTHYHUX, CIEKTPUYHHUX Ta

MarHiTHUX CUTHAMIB JJIs1 MOOYJOBH JIFOJUHO-MAITMHHUK 1HTEepdeEiicy.

BumnpomintoBanns. Enementn aromuoi  ¢izuku. TemoBe  BHIIPOMiHIOBaHHS. 2
AoGcomoTHo yopHe Tino. 3akonu Kipxroda, Credana-boiapimana. Po3monin eneprii B

8 | cmekTpl abconoTHO YopHOro Tuna. 3akoHu Bina. ®otoedexT 1 piBHAHHA EifHIuTeliHa.
Mogem atoma. Hocminu Pesepdopna. [lnanerapua monens aroma. Ilocrynaru Bopa.
Teopis bopa ans atoma BoAHIO.

OcHoBu kBaHTOBOi (izuku ['imoreza Jlyi ne bBpoiina.  CrhiBBigHOLIEHHS 1
HeBU3HaueHocTel ['eifzenOepra. XsunboBa QyHkuis. PiBusuHs Ulpeninrepa. 3apsn,

9 o . . -
pO3Mip 1 Maca aTOMHOTO sjpa. PagioakTuBHE BUIPOMIHIOBAHHS 1 HOro BUAU. 3aKOH
PaAloaKTUBHOIO po3nany. SAnepHi peakiii.

Pazom 17

5.4 3micT camocTiiiHoi (y T.4. iHAUBiAYyaJBLHOI) podoTH

CamocrTiiiHa poOoTa CTyIeHTIB JeHHOi (OpMH HaBYaHHA TOJSATa€ y CHCTEMAaTUYHOMY
OIpallOBaHHI MPOTPaMHOr0 Marepiaily, MIATOTOBLI A0 BHKOHAHHS 1 3aXMCTy JIaDOpaTOpHUX pOOIT,
TECTYBaHH 3 TEOPETUYHOI'O MaTepially, BUKOHAHHI 1HAMBITyalbHUX 3aBJIaHb TOILO.

[nnuBinyanbHi 3aBJaHHS MOJIATAIOTH Y PO3B'I3aHHI 3ajady. MeTonuWyHl BKa3iBKM Ta BapiaHTH
3aBIaHb PO3MiIIeHO y MOIYJIBHOMY CEPEIOBHIIII. Jocry:
https://msn.khmnu.edu.ua/course/view.php?id=7148



https://msn.khmnu.edu.ua/course/view.php?id=7148

10

11

12

13

14

15

16

17

3MicT camociiiHoi podoTHn

OrnparroBanHs JICKIIIHHOTO Martepianay, MiArOTOBKA 10
po6otu Ne 1,2 ta npaktraHOoTO 3aHATTS Nel

OmpairroBanHs JICKI[IHHOTO Marepiainy,

po6otu Ne 3ra mpakTuyHOTO 3aHATTS Nel

OmnpamroBaHHs JEKIIHHOTO Martepiany,

po6otu Ned4,5 Ta mpakTUYHOTO 3aHATTS 2

OmnpaifroBanHs JIGKLIKHOTO MaTepiaiy,
po6oTu Ne6 Ta MpakTUYHOTO 3aHATTA 2

OmnparfroBanHs JIGKLIKHOTO MaTepiaiy,
po6otu Ne7 Ta mpakTUUHOTO 3aHATTS 3

OmnpatoBaHHs JEKIIHHOTO Marepiany,
pob6otu Ne7 Ta mpakTUUHOTO 3aHIATTS 3

OmnpatoBaHHs JEKIIHHOTO Marepiany,
pobotu Ne8 Ta mpakTHYHOTrO 3aHATTS 4

OmnpauoBanHs JEKIIHHOTO Martepiany,
po6otu Ne9 Ta mpakTHYHOTrO 3aHATTS 4

OmnpamroBanHs JICKI[IHHOTO Martepiany,
po6otu NelO Ta mpakKTUYHOTO 3aHATTS 5

OrmpairroBanHs JIEKI[IHHOTO Martepiany,

[MArOTOBKA

MiArOTOBKA

[MArOTOBKA

[MArOTOBKA

M ArOTOBKA

M ArOTOBKA

[MArOTOBKA

iArOTOBKA

HIATOTOBKA

po6otu Nell 12 Ta mpakTUIHOTO 3aHATTS 5

OrmpairroBanHs JIEKI[IHHOTO Martepiainy,

HIATOTOBKA

po6otu Nel3,14 Ta mpaKTUIHOTO 3aHATTS 6

OmnparftoBaHHs JIEKLIHHOIO MaTepiainy,
po6oTtu Nel5 Ta npakTHYHOTO 3aHATTS 6

OmnparftoBaHHs JIEKLIHHOIO MaTepiainy,
po6oTtu Nel6 Ta mpakTHYHOTO 3aHATTS 7

OmnparftoBaHHs JIEKLIKHOIO MaTepiainy,
po6oTtu Nel6 Ta mpakTUYHOTO 3aHATTS 7

OmnpaioBaHHs JEKLIHHOTO Marepiany,
po6oTtu Nel7 Ta mpakTUIHOTO 3aHATTS 8

OmnpairoBaHHs JEKLUIHHOTO MaTepiany,
po6otu Nel7 Ta mpakTUYHOTO 3aHATTS 8

MArOTOBKA

MArOTOBKA

MArOTOBKA

MArOTOBKA

MATOTOBKA

a0

A0

pi(e]

pi(e]

a0

a0

0

A0

a0

a0

a0

a0

a0

a0

a0

BHUKOHAaHHA

BUKOHAaHHA

BUKOHAaHHA

BUKOHaHHA

BUKOHaHHA

BHUKOHAaHHA

BHUKOHAaHHA

BHUKOHAHHA

BUKOHaHHA

BUKOHaHHSA

BUKOHaHHA

BHUKOHAaHHA

BHUKOHAaHHA

BHUKOHAaHHA

BUKOHAaHHSA

BUKOHaHHSA

1abopaToOpHOI

J1abopaTOpPHOI

nabopaTopHOi

nabopaTtopHoi

nabopaTtopHoi

J1abopaTOpHOI

J1abopaTOpHOI

nabopaTopHOl

nabopaTtopHoOl

nabopaTtopHOl

nabopaTtopHOl

n1abopaTopHOi

n1abopaTopHOi

n1abopaTopHOi

nabopaTtopHoi

nmabopaTtopHoi

OnparrroBaHHs JEKIIIHOT0 MaTepiaty, MiAroTOBKA 0 IPAaKTUYHOTO 3aHATTS 9

Pazom 3a cemecmp

K-cTB
roaNH

12
112



5.5 3aBnaHHS I NOTOYHOI0 KOHTPOJIIO 3HAHD i YMIHb CTYJIEHTIB

OCHOBHI MUTAHHS, III0 BHOCATHCHA HA 3aXHMCT JA00OPATOPHUX POOIT

Ne Ttem, 3MicT 3aBIaHHSA
JP

Tema 1 1. ChopmymroiiTe 1 3anmumiiTh 3akoH HbIOTOHA 171 MPSAMOJIHIKHOTO MOCTYHAIBHOTO 1
JIP 1-3 | oGepToBOroO pyXiB.
2. JlaiiTe BHM3HAYEHHS MOMEHTY CHJIM, MOMEHTY IHEpIii, JIHIHHOTO 1 KYyTOBOTO
MIPUCKOPEHb. BUBENITH 3B'S30K JIIHIHHOTO 1 KyTOBOTO IIPUCKOPEHbD.
3. Sk o0uMCIUTH CHUJTy HATATY HUTKH MAIlMHU ATBYyJa MPH PIBHOIPHCKOPEHOMY pyci
CUCTEMH TiN?
4. Sk 00YMCIUTH BEIMYUHY 1 HANPSIM CHJIM THUCKY Ha BICh OJIOKa IpU PIBHOMIPHOMY i
PIBHOIIPHCKOPEHOMY pyXaX CUCTEMH Til?
5. lllo Ha3uBarOTh MOMEHTOM CHIM? SIK BU3HAYAIOTH HOTO HAIPSM i YHCIOBE 3HAUCHHS.
Sxi oMHIII BUMIPIOBaHHS MOMEHTY CHUIIN?
6. BuBectu popmyiy st OOUMCIICHHS CUIIM HATATY HUTKH MIPUA PIBHOMPUCKOPEHOMY pycCi
Tsarapis MasitHruka OOepOeka.
7. MoMeHT iHepIIii TiJ1 IpaBWIBHOI T€OMETPUYHOI (hOPMH.
8. BuBectu dopmyny s po3paxXyHKy MOMEHTY iHepuii mastHuka OOepOeka 0e3
ypaxyBaHHS CHJI TEPTS 1 3 ypaxyBaHHIM LUX CHIL

1. YoMy TeIuI0EMHOCTI Ta3y 3aJIeXkaTh BiJ] CIIOCOOIB 1 yMOB HarpiBaHHs?
2. lllo BigOyBaeThCsI 3 BHYTPIIIHBOIO EHEPTIEI0 Ta3y MPH aaiadaTHIHOMY TIPOIIeci?
Tema 2 | 3. SIk 3MiHIO€TBCS TEMIIEpaTypa ra3y npu agiabaruyHomy mpoieci ?
JIP 4-6 | 4. YoMy MaHOMETp IpUJIaLy B pOOOTI HATOBHIOIOTH BOJAOIO, & HE PTYTTIO?
5. YoMy JAOpIBHIOIOTH TEIUIOEMHOCTI Ta3y MpH 130T€PMIYHOMY 1 ajiabaTuyHOMY
nporecax?

1. SIx moBoAATH cebe MPOBIAHUKYU B €IEKTPUUHOMY 110J117
2. Yomy IOpIBHIOE HAIPYKEHICTh €JEKTPUYHOTO MOJIsI BCEpEANHI IPOBIAHNUKA?
3. o Ha3uBaeTbCS ENEKTPOEMHICTIO BIJIOKPEMJIEHOTO TPOBIJHUKA; B3a€MHOIO
€JIEKTPOEMHICTIO MTPOBITHUKIB?
Tema 3 | 4. o Take KOHAEHCATOPHU 1 €IEKTPOEMHICTh KOHJEHCATOPIB?

JIP 7 5. BuBectu 3araipHy eNeKTPOEMHICTH OaTapei KOHIEHCATOPIB MpH MapajeibHOMY Ta
HOCJIIOBHOMY CHOJTYYEHHSX.
6. BuxopucroBytoun Tteopemy OcTporpaiacskoro-I'ayca, BUBECTH €JIEKTPOEMHICTb
IUIOCKOTO KOHJIEHCATOpa.
7. BuBectu ¢hopMyily eHeprii e1eKTPHUUHOTO MO B INIOCKOMY KOH/IEHCATOPI.

1. CpopmymntoBatu Ta 3anucatu 3akoH bio-Capapa-Jlamnaca.
2. BuBectu Bupa3 HAMpPy KEHOCTI MAarHiTHOTO OISt B IIEHTP1 KOJIOBOTO CTPYMY.
Tema 4 | 3. BuBecTu BHpa3 HAIPYKEHOCTI MAarHiTHOTO MOJIS MPSIMOJIIHIMHOTO MPOBITHHUKA 3
JIP 8,9 | crpymom.
4. YoMy npu OIHOMY 1 TOMY CaMOMY 3HAu€HH1 CTPYMYy KYTH BIIXWJIEHHS CTPUIKH CII1J
BUMIPSITH 7151 IBOX HAIMPSIMKIB LILOT'O CTPyMYy?

Tema 5 1. SIxe dizuyHe sSBUIIE BUBYAETHCS B JIaHIi poOOTI?
JIP 10-12| 2. BuBecTu piBHSHHS pe3y/IbTYIOUO1 TPAEKTOPIi MPH CKIIaIaHHI B3aEMHO



NEPIEeHIUKYISIPHUX KOJIUBaHb 3 OJTHAKOBUMHU MEP10IaMHU.

3. Konu pe3ynbTyrodoio TpaekTopiero Oyue Komno?

4. B sskoMy BUTIAJIKY pe3yabTYIOUHH pyX Oy/e BiiOyBaTHCh 3a €NINCOM MPOTH HAPSAMKY
TOJIMHHUKOBOI CTPLIKH?

5. Ilo Take dirypu Jlicaxxy? Sk ix oTpumaT Ha ekpaHi ocumiorpada?

6. Buectu piBHsHHS ofHi€e 3 diryp Jlicaxy.

7. Sk Bu3HauMTH 13 ciocrepexkeHHs ¢iryp Jlicaxxy gactory konuBanb?

8. SIk MOCSATHYTH CKIIaJaHHSI B3AEMHO NEPIIEHIUKYISIPHUX CBITJIOBUX KOJIUBAHb?

9. Illo Take MOMEHT iHepIIii MaTepiaabHOT TOUKH BIAHOCHO OC1 0OepTaHH:?

10. I{o Take MOMEHT iHepwii TijIa BITHOCHO oci o0epTaHHs?

11. ChopmymoBaru Teopemy Ll Teitnepa.

12. Yomy opiBHIOE Mepio KOJMBaHb (I3MYHOTO Ta MATEMAaTUYHOTO MassTHUKIB? YoMy
JIOPIBHIOE MEPioJ]l KPYTUIBHUX KOJIUBAHb?

13. Illo Take rapMOHIYHE KOJMBAHHS?

14. 3a AKkuX yMOB KOJMBaHHS ()i3WYHOTO MasiTHUKA OyTyTh TAPMOHIYHUMU?

15. Jlatu BU3Ha4YeHHs ME€Pioly, YACTOTH, aMILTITY U Ta (pa3u KOJIUBaHb.

1. o Take iHTepdEpEeHIIis CBITIA 1 SIKI yMOBH HEOOX1/THI JUIsI 11 CrIOCTepeKCHHS?
2. SIx BuHUKaOTh Kinblg HetoroHa? Buseaits Gpopmyity asns pajaiyca m -ToO KiJbIs y
BIIOMTOMY 1 IPOITYCKHOMY CBITJIi.
Tema 6,7 | 3. Yomy B neHTpi yctanoBku HpioTOHA y BigOUTOMY CBITJII BUAHO "min",a B

JIP 13-16 | mpomymeHomy cBiTmi — "max" ?
4. BuBeaitb yMOBH 1Sl iHTepEPEHLIMHUX MAKCUMYMIB 1 MiHIMYMIB y BiIOUTOMY 1
MPOIYIIEHOMY CBITJI MPH 1HTep(depeHIlii B TOHKUX IUTiBKaX.
5. 1o Ha3uBaOTh CMyraMH pIBHOTO HaXUJy 1 piBHOI TOBIIMHU?

1. JlaTi BU3HaYEHHSI OCHOBHHUX XapaKTEPUCTUK BUIIPOMIHIOBAHHS.

2. IneanpHO Bi1OMBaroye 1 a0COIIOTHO YOPHE TUIO OJEPKYIOTh OJHAKOBY KUIBKICTb
Tema 8 | cBiTiiOBOi eHeprii. B YoMy momsiraB BiIMiHHICTE B €HEPTisiX, SKY BIIJAIOTH 11i Tija, Ta B
JIP 17 MeXaHi3Mi Iiepeadi eHeprii?

3. Buectu 3akon Credana - bonsiimana.

4. Yum 3yMOBJIEHI IPaHHULIl BUMIPIOBAHHS TEMIEPATYpU ONITUYHUM HIpOMETPOM?

6. METOAN HABUYUAHHSA

[Iporiec HaBYaHHS 3 JAUCLMIUIIHM IPYHTYETbCS Ha BHMKOPHCTaHHI KJIACMYHMX Ta CYYacHUX
TEXHOJIOT1H, 30Kpema:

- ekl (3 BUKOPUCTAHHSAM METO/IIB TPOOJIEMHOT0 HAaBUaHHS 1 Bi3yai3alii);

- IPAKTUYHI 3aHATTS (3 BUKOPUCTaHHAM iH(POpMaLiHHUX TEXHOJIOT1H Ta MPaKTHKYMiB);

- nabopaTtopHi poOOTH (3 BHUKOPMMCTaHHSIM HATypHUX HaBYAJbHUX CTEHMIB 1 BIPTYaJIbHUX
CTEH/IB);

- caMocTiifHa poboTa (1HANBITyaTbHI 3aBIaHHS)

1 MalOTh 32 METY OBOJIOJIIHHS CTYACHTaMH (i3UYHOI0 TEPMIHOJIOTIE0 1 HAOYTTSI HUMU MPAKTUYHUX
HaBUYOK 3aCTOCYBaHHS (Pi3MYHUX 3aKOHIB JJIsl pO3B’A3yBaHHS Y40OBHX 1 (paxoBUX 3a/1ad.



7. ©°OPMHU 1 METOJIHU OHIHIOBAHHS PE3YJIBTATIB HABYAHHSA

KoHTpob 3a 3acBOEHHAM HaBUAJIBHOIO MaTepialy 3A1MCHIOETHCSI HA OCHOBI TOTOYHOT'O KOHTPOJIIO.
[Tpu oniHIOBaHHI 3HAaHb CTYACHTIB 3/11HCHIOIOTHCS Pi3HI 3aC00M KOHTPOIIIO, 30KpeMa MOTOYHUN KOHTPOJIb
(omparroBaHHS TEOPETHYHOTO MaTepiaiy), TECTOBI 3aB/IaHHs, KOHTPOJIBbHI pOOOTH.

[TpoMi>KHUE KOHTpPOJIb, IO TOJATAE Y TEPEeBipLi 3HAHb CTYACHTIB MO TeMaM 3JIHCHIOETHCS Y
(dhopmi TECTOBUX 3aBJaHb.

OpneprkaHi CTyIE€HTOM OLIHKH i1 YaC TOTOYHOTO, IIPOMIXXHOT'O KOHTPOJIIO HE TEePE3Aat0ThCS.

Koxuuii Bus poOOTH OIIIHIOETHCS 32 YOTHPHOAIBbHO IIKajior. IlicymMKoBa OlliHKA 3a ceMecTp
BHCTAaBJISIETHCS 13 ypaXyBaHHSM BCIX OIIHOK, OJICPKAHUX CTYACHTOM 3a CEMECTpP Ta Pe3yJbTaTiB 3alliKy.
Barogi koediiieHTH 3MIHIOIOTHCS 3aJICKHO BiJl CTPYKTYPH JUCIUTIIIHU.

Koxuuit Bua poOOTH 3 TUCIHUIUIIHUA OIIHIOETHCS 3a yomupubansHoto mkanow. CemecTpoBa
M1JICYMKOBA OLlIHKA BU3HAYA€ThCS SIK CEpEAHbO3BAKEHA 3 YCIX BUIIB HaBYAJIbHOI pOOOTH, BUKOHAHMX 1
3MAQHUX MO3UMUEHO 3 BpaxyBaHHSIM BaroBux koediuieHTiB. CryneHT, Akuii HaOpaB MO3WTHUBHHUA
cepeIHbO3BAXEHUI Oai 3a MOTOYHY poOOTY 1 HE 3/1aB MiJACYMKOBHM KOHTpPOJIBHUH 3axiJ, BBAKAEThCS
HEBCTHUTAIOUNM.

[Ipu ouiHIOBaHHI 3HaHb CTYAEHTIB 3A1MCHIOIOTHCS Pi3HI 3aCO0M KOHTPOJIO, 30KpeMa MOTOYHUI
KOHTPOJIb 3/IMCHIOETHCS MiJl 4ac MPAKTHYHUX 3aHATh, MPH YOMY BPAaXOBYIOTHCS Pi3HI BHIU POOOTH.
Oxpemo 311IHCHIOETHCS KOHTPOJIb 32 BUKOHAHHSAM CaMOCTIHHOT Ta 1HIUBITyaabHOI pOOOTH.

[IponymieHe mpakTUYHE 3aHATTS CTYIEHT NMOBHHEH BiJNPAIIOBATH y BCTAHOBJICHHH BHKJIaJaueM
TepMiH. [IpoTaromM cemecTpy CTyI€HT IOBUHEH OTPUMATH HE MEHIIE 4 OI[IHOK Ha MPaKTUYHUX 3aHATTSX.

[Tpu oniHIOBaHHI 3HAHb CTYACHTIB BUKJIA/1a4 KEPYETHCSI TAKUMHU KPUTEPISIMHU.

OwiHKy ,,BIIMIHHO” OTPUMY€ CTYAEHT 3a INIMOOKE 1 NOBHE ONAHYBAaHHS 3MICTY HaBYAJIbHOTIO
Marepiaily, B SIKOMY BiH JIETKO OPIEHTY€ThCS, MOHSATIMHOTO amapary, 3a yMiHHS 3B’S3yBaTH TEOPIlO 3
IIPAKTUKOIO, BUPIIIyBaTH NPAKTUYHI 3aBIAaHHS, BHCJIOBIIOBAaTH 1 OOIPYHTOBYBAaTH CBOI CYIKEHHS 1
KOHCTPYKTHBHI pillleHHs. BigMmiHHA OIliHKa rependavyae TPaMOTHUM, JIOTIYHUN BUKJIAQI BIAMOBIAIL (SK B
YCHIiH, TaK 1 B TUCbMOBIH popMi), sKiCHE 30BHIIIHE OPOPMIICHHS.

OuiHKy ,,100pe” OTpUMY€ CTYACHT 3a TOBHE 3aCBOECHHS HABUYAJIBHOTO Marepiany, BOJIOJIHHS
MOHATIHHUM amapaToM, OpIEHTYBaHHSA B BUBYEHOMY Marepiajli, CBiJloME€ BHUKOPUCTaHHS 3HaHb IS
BUPIIICHHS NIPaKTUYHUX 3aBAaHb, TPaMOTHUM BUKJIAJ BIAMOBIMIL, aje y 3MiIcTi 1 (opmi BIAMOBIII Malu
MiCIle OKpeMi HETOYHOCTI (TMOXMOKHM), HEWiTKi (OpPMYNIIOBaHHSA 3aKOHOMIpHOCTEH Tomo. Biamosink
CTyzeHTa Mae OyyBaTUCh Ha OCHOBI CAMOCTIMHOTO MHUCIJICHHSI.

Ominky "3a/10BUIBHO" 3acIyroBy€ CTYAEHT, SKUH BHSIBMB 3HAHHS OCHOBHOTO HaBYaJIbHO-
IIPOrpaMHOro MaTepiainy B 00cs31, HE0OX1AHOMY JUIsl MOJAJIBIIIOT0 HABYAHHS Ta MPAaKTUYHOI AISJIBHOCTI 3a
npodeciero, M0 CIPaBIAETbCS 3 BUKOHAHHSAM MPAKTUYHUX 3aBJlaHb, epea0aueHuX Mporpamoro.

OmuiHky "3370BUTHHO" 3aCIyTOBYE CTYJIEHT 32 HETIOBHE OMAaHYBaHHS MMPOTPAMHOTO MaTepiaiy.

OrmiHka ,,He3a/10BUIbHO” BHCTABIISIETHCS, KOJIU CTYIEHT Ma€ po3pi3HEHI, OE3CUCTEMHI 3HaHHS, He
BMI€ BHUJUISATH TOJOBHE 1 JAPYropsiiHE, JONYCKA€TbCs MOMUJIOK y BH3HAUYEHHI MOHAThH, MEPEKpydye iX
3MICT, Xa0OTUYHO 1 HEBIEBHEHO BHKJIAJa€ MaTepiay, HE MOXe BHUKOPHCTOBYBAaTH 3HAHHS NPH BUPILICHHI
MPaKTUYHHUX 3aB/IaHb.

Ha ocHOBI pe3ynbTaTiB HOTOYHOT'O KOHTPOJIIO BUCTABIISETHCS MMiJICYMKOBA CEMECTPOBA OIliHKA.

CTpyKTYpYBaHHSI IUCHUILIIHU 32 BUIAMU POOiT i OiHIOBAHHSA Pe3yJIbTATIB HABYAHHA
CTY/IeHTIB 1eHHOI ()OpMHU HABYAHHSA Yy ceMecTpi 3a BaroBUMH KoedinieHTaMu

Ayoumopna poooma: Cawmocriitaa po6ota |IlincymkoBuit
JIEKIIi1, TabOopaTOpPHi 3aHATTS, KOHTPOJIbHI 3aX01 CTYJICHTIB KOHTPOJIb
JlabopaTopHi poboTH Kontponbai pobotu | lomarniHi 3aBnanHs icruT
0,2 0,2 0,2 0,4




OniHIoBaHHSA TECTOBHUX 3aBJIaHb
TemaTnuHU# TECT IS KOXKHOTO CTYJICHTa CKJIAA€ThCS 3 IBATIATH (KLIbKICMb Mecmosux 3a60aHb
y mecmi modice 6ymu pizHot0) TECTOBUX 3aBJaHb, KOXKHE 3 SIKUX OILIHIOETHCS OHUM OalioM (mooice b6ymu
iHwuil eapianm). MakcuManbHa cyma OaniB, sIKy Moke HaOpatu cryneHT, ckianae 20. OLiHIOBaHHS
3MIIHCHIOETHCS 32 YOTUPHOATHHOIO MIKAJIOH0.
BianoBigHicTh HaOpaHux OadiB 3a TECTOBE 3aBlaHHS OIlIHIN, IO BHUCTaBISETHCS CTYICHTY,
MpeACTaBICHA Y HUKYCHABECHIH TaOIHIII.

Cyma 0aiB 3a TECTOBI 3aBIaHHS 1-5 6-11 12-16 17-20
Omuinka 3a 4-0aJpHOI0 LIKAJIOK 2 3 4 5

Ha tecryBanus BigBogutbes 20 XBWiaMH (A7 3aKpuToi opMH TeCcTiB — MO OJHIN XBWIMHI Ha
KOJKHE 3aBliaHHs (a0o0 iHmmiA BapianT). [IpaBuiabHI BIAMOBII CTYACHT 3alMCY€E Yy TajdoH1 Biamosiaen. [1pu
bOMY yCi rpadu Ais BiANOBiAeH MaroTh OyTH 3amoBHEHI HU(paMu, IO BiANOBiIal0Th NPAaBUILHUM, Ha
MOTJISAJ CTY/ICHTA, BINMOBIMAM. BUKiIagad Ha HACTYIHOMY 3aHSTTI OTOJIOIIYE PE3yJIbTaTH TECTYBAaHHI.
TecTyBaHHS CTYACHT MOX€E TaKOX MPONTH 1 B OH-TaliH PEXUMI Y MOAYJIEHOMY CEpPEIOBUILI 11l HAaBUAHHS
MOODLE.

SIKIIO CTYJeHT OTpUMaB HETaTHBHY OIIHKY, TO BiH Ma€ Mepe3JaTH ii B yCTAHOBICHOMY TOPSIKY,
asie 000B’SI3KOBO JI0 TEPMiHY HACTYITHOTO KOHTPOJIIO.

[TizcymkoBa cemecTpoBa OIliHKa 32 HAI[lOHATBHOIO MKanoio 1 mkanoro €KTC BCTaHOBIIOETHCS B
ABTOMATH30BaHOMY PEXKHMI IIiCIAS BHECCHHS BHUKIAQJa4eM YCiX OIIHOK JIO EJICKTPOHHOTO JKypHAIYy.
CriBBiJHOIICHHSI BITYM3HSHOI IIKAJIM OIIHFOBAHHS 1 mikanu oniHtoBanas CKTC HaBeneHi y Tabmuii.

Jlng mepexony BiA BITYM3HAHOI OIHKK 10 owiHkK 3a mkanoo ECTS HeoOximHO 3HAWTH
cepeHbOAPU(PMETUYHY OI[IHKY 3a BITUYM3HSHOKIO MIKAJIOK, MOMHOXHUTH ii Ha BiANOBIAHWN BaroBHUH
KOCQIIIEHT 1, JOAABIIY BCi CKJIAJIOBI, OTPUMAEMO CyMy OaliB, siKi BU3Ha4aTh KOHKpeTHY olinky ECTS.

Ilepexin Bix BiTun3HsiHOI mIKaJM ouiHIOBaHHS 10 €eBponeiicbkoi (ECTS)

Ormiuka

ECTS bamu BiTunsusna orinka

BIJIMIHHO - rtnu0Ooke 1 TIOBHE OINAHYBaHHS HaBYaJIbHOTO Marepiainy 1
BUSIBJICHHS BIJITOBIIHUX YMiHb Ta HABUKIB

A 4,75-5,00 |5

B 495-474 |4 /IOBPE — 1moBHE 3HaHHS HAaBUAJIbHOIO Marepiany 3 KiIbKOMa HE3HAUHUMH
MTOMUJIKaMH

c 3,51-4.24 4JZOEPE — B 3arajbHOMYy MpaBUJIbHA BIANOBIAb 3 JABOMAa-TPbOMa CYTTEBHUMH
ITOMUJIKAMH

D 326-3.50 |3 3A/IOBIYIPHO — HemnoBHE ONaHyBaHHsS MPOrpaMHOIo MaTepiaiy, ajle JOCTaTHE
’ ’ JUIS IPAKTUYHOT AisUTBHOCTI 32 podeciero

E 275325 |3 34A/IOBLUIPHO — HemnoBHE OINaHyBaHHS MPOrpaMHOro Marepialy, IO
S 3aJI0BOJILHSE MiHIMaIbHI KPUTEPIi OLliHIOBAHHS
EX  [2,00-274 2 HE3A/IOBLUUIBPHO — 0e3CUCTEMHICTh OJCpXaHUX 3HaHb 1 HEMOXIUBICTh

IMPOAOBXKUTH HAaBYaHHA oe3 J0AaTKOBHX 3HAHb 3 HI/ICHI/IHHiHI/I

HE3A/[OBIVIBHO - wueoOximHa cepiio3Ha TMojgaibiia poOoTa 1 TOBTOpPHE

F 0,00-1,99 |2 .
BHUBUYEHHS AUCLMILIIHU

Ipumirka. Skmo cryaeHT Oakae OTpPUMATH OLIHKY 3a JUCHMIUIIHY 3a MIACYMKaMH IOTOYHOTO
KOHTPOJIFO B ceMecTpi 0e3 3/1aui iCuTy, TO HOr0 PSHTHHTOBa OIliIHKA 33 ceMecTp 30uIbmryeThcs B 1,25
pasis.



8. IUTAHHA 111 CAMOKOHTPOJIIO

1. Berym, mpeamet ¢izuku. JlocarueHHs Gi3UKu, TOCATHEHHS 1 3B’ 130K 3 IHITUMHU HAyKaMHU.

2. Kinemaruka mocTynagpHOro pyxy wmarepianbHoi Touku. Ilmax ta nepemimenns. LlIBuakicts Ta
MIPUCKOPEHHSI.

3. KpuBominiiinuii pyx. TaHreHmianpHe Ta HOpManbHe IpuckopeHHs. [ToBHe mpucKopeHHs.

4. Kinemaruka obepranbHoro pyxy. Kyt noBopory, KyroBa MIBHAKICTh Ta KyTOBE IPUCKOPEHHSI.
5. JluHamika IOCTYNaILHOTO PYXY. 3aKOHU AMHAMIKU MOCTYHAIBHOTO PyXY, Maca, CHJIa, IMITYJIbC.
6.3aK0H 30epeKEHHS IMITYJIbCY 3aMKHYTOI CUCTEMH.

7.Cunu TepTs, IPYKHOCTI, TSOKIHHS, Bary.

8.Enepris , pobota, noryxHicts. Kinernuna enepris. [loteHmianbpaa eHepris. 3aK0oH 30€peKeHHsI CHEeprii.
9. AGCOIIOTHO MIPYKHUI Ta AOCOTIOTHO HENMPYKHHUH yaap.

10. MomenT cui. MomeHT iHepitii. OCHOBHE PIBHSHHS IMHAMIKHA 00€pTaIbHOTO PYXY.

11 .Kinernyna enepris Tina, mo o0epTaeTbesl.

12. MoMeHT iMITyJIbCy. 3aKOH 30€PEeKEHHSI MOMEHTY IMITYJIBCY.

13. ExcriepuMeHTabHI 3aKOHU 11ealbHUX Ta3iB. [3ompouecu.

14.PiBussuas MenneneeBa-Knanelipona.

15. OcHOBHE PiBHSHHS MOJEKYJISIPHO-KIHETUYIHOI Teopii.

16. bapomerpuuna ¢popmyina.

17. CepenHsi AOBXKHMHA BITBHOTO MPOOITY.

18. SIBumia nepeHocy.

19. BHyTpimHs eHepris ifeaabHoro rasy.

20. 1-ii 3aKOH TEPMOIMHAMIKH.

21. Pob6ota ra3y npu 3MiHi 00’eMy. 3acTocyBaHHs |-r0 3aKOHY TEPMOIMHAMIKH 10 130TPOLIECIB.
22. TennoeMHicTh. PiBHAHHS Maiiepa.

23.Aniabarnunwnii npouec. PiBusuus [Tyaccona.

24 IMukmu. Pobota npu kpyrosux mnpouecax. K.k.1.

25. PeasnpHi rasu.

28. Enextpuunuii 3apsj. 3aKoH 30epekeHHs €JIeKTPUUYHOTO 3apsiay.

29. 3akoH KynoHa. HanpyXeHICTb eeKTpUYHOTro noJjs. [IpuHiun cynepno3uuii.

30. [ToTik BeKTOpa HaMpYyKEHOCTI eleKTpocTaThyHoro noist. Teopema Octporpaacekoro-I ayca.
31. Bukopucranus teopemu Octporpajacskoro-I'ayca

32.Po6oTa 1o nepeMilieHHIO 3apsiy B €J1eKTPUUHOMY TOJII.

33. IloTeHtian 1 pi3HUI TOTSHITIATIB.

34.3B'130K CHJIOBOI 1 eHEPIreTUYHOI XapaKTEPUCTUK E€JIEKTPUUHOTO MOJIS.

35. EnexTpoeMHiCTh. €EMHICTB IIJIOCKOTO KOHAEHCATOpA.

36. 3'eqHanHs KoHAeHcaTopiB. 37.EHepris eneKTpuyHOro mnoJis.

38. EnexTpuunuii ctpym. Moro xapakrepuctuky, ymosH icayBauus. EPC.

39. 3akonu Oma 1 J[xoyns-JleHna B iHTerpaibHii 1 AudepeHuianbHii Gopmax.

40. [TocmimoBHE 1 MapasnenbHe 3’ €THAHHS TPOBITHUKIB.

41. 3axonu Kipxroga.

42. MaruiTHe nojie, MarHiTHa iHaykIis. 3akoH bio-Casapa-Jlamnaca.

43. 3acrocyBanHs 3akoHy bio-CaBapa-Jlamaca 10 mpsiMOro i KpyroBoro cTpymy.

44, 3akoH TOBHOTO CTpyMy (LIHUPKYJIAIIS BEKTOpa MAarHiTHOI 1HAYKIi) 1 HWOTO 3acTOCYBAaHHS ISt
PO3paxyHKy HOJIsI COJIeHoia 1 Topoina.

45. 3akon Amrmepa. Cuna Jlopenna. Pyx 3apsmkeHUX 9aCTUHOK B MarHITHOMY TIOJII.

46. Edext Xomna.

47.MaruiTHUMN TTOTIK.

48. PoboTa 110 nepeMilieHHI0 IPOBiIHUKA 1 KOHTYPY 13 CTPYMOM B MarHiTHOMY HOJi.

49. EnextpomarHiTHa iHAYyK1is. 3akoH Papajest.

50. SBume camoiHayKii. [HTyKTUBHICTS.



51

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62

63.
64.
65.
66.
67.
68.
67.
68.

. Eneprist maraiTHOTO moJsi.

MarsiTHe moJie B peYOBHHI.

MarseTuku.

["apMoHiuHI KOMMBaHHSA 1 iX XapakTepucTHKu. /{udepeHiianbie piBHAHHS FTAPMOHIYHUX KOJIHBAHb.
MexaHi4H1 TApMOHIYHI KOJTMBaHHS.

[TpyxunHuii, Gi3nyHUNA | MAaTEMaTUYHUA MasTHUK.

EnexTpryHuii KOJTUBAJIbHUN KOHTYD.

Enepris rapMOHIYHHUX KOJIMBAHb.

CxitajaHHsl TapMOHIYHUX KOJIMBAaHb OJHAKOBOTO HAIPSMKY.

CknaianHs B3a€MONEPICHINKYISPHAX KOJIHBAHb.

3aryxaroui KOJTMBaHHS.

.Bumymieni konuBaHHs.

XBWIBbOBI mporiecu. [10310BkHI 1 mOTIepevHi XBHIII.

PiBHsHHS O1Ky40i XBuiIi. JIoBXKMHA XBHJII 1 XBUJIBOBE YHUCIIO.

da30Ba MBUIKICTb, TPYNOBA MIBUIKICTh, €HEPTis XBUII.

[aTepdepeniis XBuib, KOT€PEHTHICTb.

YTBOpeHHs cToA40i XBUIIi. PIBHSHHS CTOSYOI XBUIII 1 HOTO aHai3.

EnextpomarHiTHi XBUIIL.

3akoHM reoMeTpUUHOi ONTUKU. [loBHE BHYTpIIIIHE BiIOMBaHHS.

Inrepdepenuis cBitina. KorepentHicts. Po3paxyHok iHTephepeHIiiiHOT KapTHHH BiJ 2-X KOTE€PEHTHUX

JOKeper.

69
70
71
72
73
74
75
76

77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.

. InTepdepeHntiis B TOHKUX IITiBKaX.

. [Tpunnun I'tolirenca-Openens. Meton 300 Openens.

. Audpakiis Ha KpyTraoMy OTBODI.

. Hudpakuis Opaynrodepa Ha oaniit minuHi. Judpakimiiina pemrirka.

. Ilpupoxane i monsipu3oBane cBitio. 3akoH bprocrepa, 3akon Maioca.

. [lonBiitHEe MpOMEHe3aTOMIIECHHS.

. Temoe BUNpoMiHIOBaHHs. Moro xapakTepucTHKh. aGCOMOTHO YopHe Tino. 3akoH Kipxropa.
.3akon Credana-bonpimana. 3akonu Bina.

3akoHn [1nanka. Po3mosin eneprii B criekTpi aOCOIFOTHO YOPHOTO Tija.

doroedext. PiBusuHs EifHmTeitHa 17151 30BHIIIHBOTO HOTOEHEKTY.

Maca 1 imnynbce poTona. THCK cBITIIA.

Mopneni atroma. Jocniau Pesepdopnaa.

IToctynaru bopa.

Teopis bopa ans atoma BoaHIO.

CepiasibH1 3aKOHOMIPHOCT] B CIIEKTP1 BUIIPOMIHIOBaHHS BOJIHIO.

I'inotesa i popmyna Jlyi ne bpoitia. CniBBigHOIIEHHS! HeBU3HaueHOcTel I eiizenOepra.
XBunvoBa GyHkuis. PiBasHus peninrepa.

3acrocyBanHs piBHsAHHA Llpeninrepa 1 YaCTUHKY B “TIOTEHI{AJIbHIHN siMi”.
Enepreruuni 30HU.

ITpoBiAHMKH 1 AIETEKTPUKHU 3 TOUKHU 30pY 30HHOI T€Opii TBEPAUX TiJI.

BrnacHa 1 qominikoBa mpoBiAHICTE HAIIBIIPOBITHUKIB.

KoHTaKT npoBiHUKIB N-TUITY 1 pP-THILY.

Hion.

3apsiz, po3Mip Ta Maca aTOMHOTO sijipa. bynoa snpa. Jledext macu 1 eHepris 3B 3Ky sipa.
PanioakTuBHICTE. 3aKOH paIl0AKTUBHOTO PO3IAYy.

SnepHi peakuii.

EnemenTapni yacTHHKHY 1 iX Ki1acudikaris.



9. METOAUYHE 3ABE3IIEYEHHSA

Hapuanpawmii niporiec 3 aucuuiiing «@Di3uka» MOBHICTIO 1 B JOCTaTHIN KUIBKOCTI 3a0e3nedeHuit
HEOOX1THOI0 HaBYAJIbHO-METOIUYHOIO JITEPATYPOIO.

10. PEKOMEH/OBAHA JIITEPATYPA

OcHoBHA

1. Kapmasin B.B., Cemenens B.B. Kypc 3aranpHoi ¢izuku. HaBuanbHuii mociOHUK At BUIIUX
HaBuaiabHUX 3akmaniB. K.: Konmop, 2016.786 ¢

2. Pemernsx C. O. PycakoB B. ®@. Teopernuna ¢izuka. Cratuctuuna ¢izuka Ta TEpMOIHMHAMIKA.
OcHOBHI IPUHIUTIK cTaTUCTUKH Ta TepmoanHamiku — Kuis: KIII im. Iropst Cikopcbkoro, 2022.

3. Ckiupko, I. @. ®izuka (Dizuka A IHXKEHEPIB): MIAPYYHHUK Ui CTYACHTIB, SIKI HABYAIOTHCA 32
texHiyHUMHU crnerianbHocTsMu / [ @. Ckinpko, O. 1. Ckiupko ; KIII im. Irops Cikopcrkoro ; pen.: A. O.
Aspamenko. — Kui : KIII im. Irops Cikopcekoro, 2017. — 513 c.

4. Jlonarunchkuii 1. €. ta iH. 30ipHUK 3a1a4 3 ¢izuku. HaBuansauii JIpBiB: BugaBHunTBo JIbBiBChKOT
noaitexHiku, 2016. 244 c.

5. boiiko B.B., bynax I'.L., l'ymentok f.0., Inpin [L.I1. ®izuka: [linpyunuk. Kuis. Jlipa-K, 2016. 468
C.

Jlonmomizkna

6. Sur I'., ®pinman P. ®izuka mis yniBepcuretiB. Opencic Cipe i Mapk 3emancki: Ilep. 3 anrm. —
JIsBiB, «Haytimycy, 2018. — 1536 c.

7. Toroxux M. L, ITak A.O., Kynpisaosa JI.B. Mexanika. MonekynspHa ¢i3uka Ta TepMOJIUHAMIKA.
Enextpocraruka: mNpakTH4YHI 3aBJaHHSA JJIs CaMOCTiHHOI poOOTH: HaBUYaJIbHUN IOCIOHWK. XapKiB:
XAYXT, 2019. 103 c.

8. boiiko B.B., Bigpmauenko A.Il. Ilpaktukym 3 ¢isuku: [lociOHUK Ui CTYIEHTIB BHIIUX
HaBuanbHUX 3aknaniB. Kuis: Jlipa-K. 2017. 644 ¢

9. Bpoaun O.M. Teopernuna disuka. Kanrosa mexanika — Kuis: KIII im. Irops Cikopcebkoro, 2022.

10. Pemetnsak C. O. Teopernuyna ¢isuka. Enexrpomunamika — Kuis: KIII im. Iropst Cikopcbkoro,
2022.

11. Komampo JI.€., [ToGepexenp I.I. dDizuka: HaBYaIBHUN TOCIOHMK IJI CTYACHTIB I1HXXEHEPHUX
cremianpHocTel. YManb: BIIL «Bizasi», 2019. 200 c.

12. Hdinyx JI. [I Enextpuka Ta MaraeTusMm : migpydsHuk. Tepromins : [linpyynnku i mocionuku, 2020.
464 c.

13. boiiko B.B. , Cykau I'.O., Kigamos B.B. ®@izuka. Y.l. Mexanika. MonekynspHa ¢i3zuka Ta
tepMmoanHamika. Enexrpuka.: [ligpyuyHuk s BUIIKMX HaBYanbHUX 3akianaiB. Kuis: Bugasuuurso [TIPO®I,
2016. 371 c. Tpere npaBieHe Ta IOMTOBHEHE BUIAHHS

14. 3aroponniii, B. B. 3aransHa ¢i3uka. MexaHika: MiIpy4HUK A CTYJEHTIB, SKi HABYAIOTHCA 3a
cnemianpHicTiO 6.040204 «[Ipuknanna ¢isuka Ta HaHomatepianu» / B. B. 3aropoaniit ; HTYY «KIII. —
Kuis : HTVYY «KIlII», 2016. — 363 c.

15. JIsmenko . O., Xomenko O. B. 36ipHuk 3a1a4 3 Hi3uKu 3 TpUKJIagaMu PO3B’sI3aHHS: HaBY. 1MOCI0.
y 2 4. Yactuna 1. Mexanika. Tepmoaunamika. Enextpocratuka. Cymu : CyMchKuil Aep>kaBHUMN
yHiBepcurer, 2013. 224 c.

16. The Feynman Lectures on Physics New Millennium Edition.
https://www.feynmanlectures.caltech.edu/info/

11. THOOPMAIIIMHI PECYPCH
1.Monynbae cepenosuiie it HapuanHs MOODLE. Jloctym 1o pecypey: https://msn.khnu.km.ua
2. Enextponna 6i0ioTeka yHiBepeutery. http://lib.khnu.km.ua/asp/php_f/plage lib.php
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PHYSICS

Type of Discipline Compulsory

Level of Higher Education First (Bachelor's)
Language of Instruction Ukrainian, English
Semester 3

ECTS Credits 6

Course study mode Full-time (Daytime)

Learning outcomes. According to the Standard of higher education and the educational program, the
discipline must provide:

- Competences. Ability to abstract thinking, analysis and synthesis. Ability to apply knowledge in
practical situations. Ability to apply fundamental and interdisciplinary knowledge to successfully solve
software engineering tasks. Ability to algorithmic and logical thinking.

- Program learning outcomes. Analyze, purposefully search for and select the information and
reference resources and knowledge necessary for solving professional tasks, taking into account modern
achievements of science and technology. Know and apply relevant mathematical concepts, methods of
domain, system and object-oriented analysis and mathematical modeling for software development. Be
able to develop a human-machine interface.

Course content. Kinematics and dynamics of classical mechanics. Work and energy. Basics of the theory
of relativity. Molecular physics. Thermodynamics. Electric field and electric current. Magnetic field and
electromagnetic induction. Oscillations and waves. Geometric optics. Wave optics. Quantum phenomena.
Corpuscular-wave dualism of the properties of matter. Semiconductor phenomena in contacts. Nuclear
physics. Elementary particles.

Planned academic activity: Lectures - 17 hours, laboratory works — 34 hours, practical classes - 17 hours,
independent work - 112 hours, together - 180 hours.

Teaching forms (methods): nekuii (3 BUKOPUCTaHHSIM METO/IiB MPOOIEMHOr0 HaBYaHHSI i BizyaJi3ailii);
nmabopaTopHi 3aHATTS (3 BHUKOPUCTAHHSIM METOJMIB KOMIT FOTEPHOTO MOJICIIOBAHHS, MPAKTUKYMIB 1
(b13MYHMX MPUIAAIB), TPAKTHYUHI 3aHATTA, cCaMOCTiiHa poOoTa (1HIUBIAyalbHI 3aBJJaHHS).

Assessment forms and methods: oral examination, testing, in-class assignments, written tests
Form of semester control: exam.
Educational resources:

1. Young, Hugh D., Roger A. Freedman, and Albert Lewis Ford. University physics with modern
physics. New York: Pearson, 2014.
2. Halliday, David, Robert Resnick, and Jearl Walker. Fundamentals of physics. John Wiley & Sons,
2013.
3. Walker, Jearl D. Fundamentals of physics extended. Wiley, 2010.
4.  The Feynman Lectures on Physics New Millennium Edition.
https://www.feynmanlectures.caltech.edu/info/
5. MOODLE Learning Platform [Electronic resource]. — Access mode: https://msn.khnu.km.ua
6.  University Electronic Library. [Electronic resource]. — Access mode:.
http://lib.khnu.km.ua/asp/php_f/plage_lib.php

Lecturer: Associate professor, PhD, Hula I.V.


https://www.feynmanlectures.caltech.edu/info/
https://msn.khnu.km.ua/
http://lib.khnu.km.ua/asp/php_f/p1age_lib.php

3. EXPLANATORY NOTE

The discipline "Physics" is one of the disciplines of general training and occupies a leading place in the
training of specialists of the educational level "bachelor" under the educational and professional program
"Software Engineering".

The purpose of the discipline - formation of students' competencies in the process of studying
phenomena and laws, acquiring skills in experimental research of physical processes, mastering methods
of obtaining and processing empirical information; study of theoretical methods of analysis of physical
phenomena, calculation procedures and algorithms, most widely used in physics.

Subject of discipline - Physical phenomena described by the simplest and at the same time the most
general laws of nature.

Tasks of the discipline - to provide students with the basics of physics, which will enable them to
navigate the flow of scientific and technical information; to form the ability to use modern means and
methods of obtaining, processing and systematizing knowledge; to form students' scientific and technical
thinking; to acquaint students with modern scientific equipment and electronic computing equipment; to
form students' scientific conduct of experimental research.

Prerequisite: Discrete Mathematics
Requisites — Computer architecture, Organization of computer networks.
According to the Standard of higher education and the educational program, the discipline must provide:

General competences - the ability to solve complex specialized tasks or practical problems of software
engineering, characterized by complexity and uncertainty of conditions, using theories and methods of
information technology.

GC1. Ability to abstract thinking, analysis and synthesis.

GC2. Ability to apply knowledge in practical situations.

Professional competences:

PC8. Ability to apply fundamental and interdisciplinary knowledge to successfully solve software
engineering tasks

PC14. Ability to algorithmic and logical thinking.

Program learning outcomes:

LO1 Analyze, purposefully search for and select information and reference resources and knowledge
necessary for solving professional tasks, taking into account modern achievements of science and
technology.

LO5. Know and apply relevant mathematical concepts, methods of domain, system and object-oriented
analysis and mathematical modeling for software development

LO8 Be able to develop a human-machine interface.

Learning outcomes. A student who has successfully completed the study of the discipline must: skillfully
use the modern scientific apparatus of educational and scientific and technical information; scientific
literature; formulate the goal, task and justify the method of experimental research; draw up diagrams of
the experimental setup; to solve the problem by different methods; establish logical connections between
phenomena and processes; interpret research results using graphs, charts and tables; analyze, summarize
the results of experimental research; solve complex tasks related to future professional activity; apply the
laws of physics to solve practical problems.



4. COURSE CREDIT STRUCTURE
The number of hours allocated to:

Topic name lecture practical SRS Together
S training
1. Fundamentals of classical mechanics and relativistic 2 6 2 14
mechanics
2. Fundamentals of molecular physics and thermodynamics 2 6 2 14
3. Electrostatics, electric current 2 2 2 12
4. Magnetism. Electromagnetic induction 2 4 2 12
5. Oscillations and waves 2 6 2 12
6. Optics 2 6 2 12
7. Quantum nature of radiation. Atomics 2 2 2 12
8. Elements of quantum mechanics, statistics and solid state 2 2 2 12
physics
9. Physics of the atomic nucleus and elementary particles 1 1 12
Total hours per semester 17 34 17 112
5. COURSE PROGRAM
5.1. Content of lectures
hﬁ%g;i List of topics of lectures, their annotations nﬂ?nut)r:’r

Fundamentals of classical mechanics and relativistic mechanics.

The subject of physics. The subject of mechanics. Kinematics, dynamics and
statics. Newton's laws. Inertia forces. Law of conservation of momentum. Jet
motion. Forces in nature. The law of universal gravitation. Gravitational field.
Lorentz transformation and elements of the special theory of relativity. JIit.: [1]
¢.50-67; [2] cTr14-21, ¢.42-46; [3] c.16-19. ¢.71-76; [2] c.21-36; [3] ¢.19-27.

Fundamentals of molecular physics and thermodynamics

Experimental laws of ideal gases, isoprocesses. Basic equation of molecular

kinetic theory. Transference phenomena. Thermal conductivity, diffusion,
2 viscosity. Internal energy of an ideal gas. Laws of thermodynamics. Heat 2
capacity. Mayer's and Poisson's equations. Heat engines and refrigerating
machines. Carnot cycle. JIit.: [1] ¢.109-113, ¢c.115-119, ¢.122-146; [2] ¢.73-85;
[3] c.66-77 [1] c.168-192; [2] ¢.88-102; [3] ¢.77-90.
Electrostatics, electric current
Coulomb's law. Electric field. Electrostatic field strength. Lit.: [1], pp. 202-216;
[2], pp. 128-152. Electric current, Ohm's and Joule-Lenz's laws. Kirchhoff's
rules. Electric current in liquids, gases, vacuum. AC. Active and reactive
consumers. Jlit.: [1], c.217-224, [2], c.154-177, [4] c.123-143.



Lecture
number

List of topics of lectures, their annotations

Magnetism. Electromagnetic induction

Magnetic field. Flux, magnetic field strength. Magnetic permeability. Biot-
Savard-Laplace law. Lit.: [1] pp. 233-245; [2] pp. 176-188, pp. 186-188; [4] pp.
144-171. The Ostrogradsky-Gauss theorem. Electromagnetic induction.
Faraday's law. Foucault currents. JIit.: [2], ¢.193-212; [4], ¢.171-180.

Oscillations and waves

Differential equation of harmonic oscillations. Spring physical and
mathematical pendulums. Lit.: [1] pp. 77-80; [2] pp. 219-240; [4] pp. 25-38.
Wave processes. The traveling wave equation. Wave length, wave number.
Phase speed. Dispersion of waves. Group speed. Wave packet. Interference of
waves. Standing waves. Jlit.: [1], ¢.80-84; [2], ¢.243-258; [4] ¢.180-192.

Optics

Elements of geometric optics. Total internal reflection of light. Huygens'
principle. Coherence of light waves. Interference in thin films. Lit.: [1], pp.
287-294; [2] pp. 261-263, 271-284. Diffraction of light. The Huygens-Fresnel
principle. Fresnel zone method. Fraunhofer diffraction on one slit and on a
diffraction grating. Dispersion of light. Polarization of light and use in
computing. Jlit.: [1], ¢.294-305; [2], ¢.285-316.

Quantum nature of radiation. Atomics

Thermal radiation. Absolutely black body. Laws of Kirchhoff, Stefan-
Boltzmann, Wien. Photo effect. Einstein's equation. Lit.: [1], pp. 306-316; [2],
pp. 317-330; [4] pp. 261-268. Atom models. Bohr's postulates. Bohr's theory
for the hydrogen atom. Experiments of Frank and Hertz. Jlit.: [1], ¢.361-378;
[2], c.334-341.

Elements of quantum mechanics, statistics and solid state physics
Hypothesis of Louis de Broglie. Heisenberg uncertainty ratio. Wave function.
Schrodinger's equation. A particle in a potential well. Elements of solid state
physics. Energy zones. Jlit.: [1], ¢.378-413; [2] ¢.341-353, 385-392, 401-405

Physics of the atomic nucleus and elementary particles

The charge, size and mass of an atomic nucleus. Mass and charge number. Core
composition. Nucleons. Mass defect and nuclear binding energy. Radioactive
radiation and its types. Law of radioactive decay. Nuclear reactions. Nuclear
fission reactions. JIit.: [1], c.424-484; [2], ¢.407-447.

Total hours per semester

Hours
number

17



No
slp

10

11
12

13

14

15

16
17

5.2 Content of laboratory works and practical classes

Topics of laboratory works

Study of measuring devices and determination of the density of bodies of the
correct geometric shape [3, part. 1, pp. 1-16]

Studying the laws of translational motion dynamics on Atwood's machine [3, part.

1, pp. 17-23]

Study of the rotational motion of a rigid body using Oberbeck's pendulum [3, part
1, pp. 17-23]

Determination of the coefficient of surface tension of a liquid by the method of
raising liquid in capillaries. Lit.: [3], part. 1

Determination of the ratio of specific heat capacities of gas by the method of
adiabatic expansion (Clément-Desormes method) [3, part. 1, Art. 51-56]

Determination of the viscosity coefficient of the liquid by the Stokes method [3,
part 1, pp. 47-50]

Determination of the electrical capacity of capacitors by the method of periodic
charging and discharging [4, part 2, Art. 3-5]

Determination of the horizontal component of the intensity of the Earth's
magnetic field [4, part 2, pp. 18-21]

Determination of the relative magnetic permeability of magnets [4, ch. 2, pp. 22-
25]

Determination of the moment of inertia of the body by the method of torsional
oscillations [5, part 3, pp. 3-6]

Study of Lisage figures on an oscilloscope [5, part. 3, pp. 12-19]

Determination of the speed of sound in air by the resonance method [5, part 3, pp.
27-32]

Determination of the radius of curvature of the lens using light interference
(Newton's ring) [5, part 3, pp. 40-43]

Determination of the concentration of the solution using the ABBE refractometer
[5, part. 3, pp. 33-36]

Determining the concentration of sugar solution using a polarimeter [5, part 3, pp.
37-39]

Definition of the constant in the Stefan-Boltzmann law [5, part. 3, pp. 64-69]
Semiconductor diode research [6, part 4, pp. 14-22]

Total hours per semester

Number
of hours

2

34



5.3 Content of practical classes

No . . Number
Topic of practical classes
s/p of hours
1 Kinematics Kinematics of translational movement. Kinematics of rotary motion. 5

Uniform movement of a material point in a circle.

Dynamics Dynamics of translational movement. Law of conservation of momentum.
2 | Dynamics of rotary motion. Newton's second law for rotational motion. Moment of 2
impulse. The law of conservation of momentum. Forces in mechanics.

Molecular kinetic theory and thermodynamics. Molecular kinetic theory and
thermodynamics. Isoprocesses. Equation of state. Basic equation of molecular Kinetic

3 | theory. Internal energy of an ideal gas system. The work done by the gas during 2
expansion. The first principle of thermodynamics. Carnot cycle. Entropy and free
energy. Calculation of the entropy of an ideal gas.

Electrostatics and direct current Electric charge. Law of conservation of electric
charge. Coulomb's law. Electric field and its intensity. Electrical capacity. Capacitors.

4 Capacitor batteries. Joule-Lenz law. Ohm's law for a homogeneous and non- 2
homogeneous section of a circle and a closed circle. Kirchhoff's laws.

5 Magnetism Mggpetic fi_eld. Ampere's law. Lorentz force. Faraday's law for 5
electromagnetic induction.

5 Oscillations and waves Mechanical harmonic oscillations. Spring physical and 9

mathematical pendulums. The wave equation.

Optics Basic laws of optics. Elements of geometric optics. Interference and
7 | diffraction of light. Principles of collection and use of optical, electrical and magnetic 2
signals for building a human-machine interface.

Radiation. Elements of atomic physics. Thermal radiation. Absolutely black body.
Kirchhoff's, Stefan-Boltzmann's laws. Energy distribution in the spectrum of an
8 | absolutely black body. Wine's laws. The photo effect and Einstein's equation. Atom 2
models. Rutherford's experiments. Planetary model of the atom. Bohr's postulates.
Bohr's theory for the hydrogen atom.
Fundamentals of quantum physics Louis de Broglie hypothesis. Heisenberg
uncertainty ratio. Wave function. Schrodinger's equation. The charge, size and mass
of an atomic nucleus. Radioactive radiation and its types. Law of radioactive decay.
Nuclear reactions.

Total hours per semester 17

5.4 Content of independent (individual) work

The independent work of full-time students consists in the systematic processing of program
material, preparation for the performance and defense of laboratory work, testing of theoretical material,
performance of individual tasks, etc.

Individual tasks consist in solving problems. Methodical guidelines and task options are placed in
a modular environment. Access: https://msn.khmnu.edu.ua/course/view.php?id=7148



https://msn.khmnu.edu.ua/course/view.php?id=7148
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Topic 1
Labs 1-

Content of independent work
of hours

Elaboration of lecture material, preparation for lab No. 1, 2 and practical class No. 1 7
Elaboration of lecture material, preparation for lab No. 3 and practical class No. 1

Elaboration of lecture material, preparation for lab No. 4, 5 and practical class No. 2
Elaboration of lecture material, preparation for lab No. 6 and practical class No. 2
Elaboration of lecture material, preparation for lab No. 7 and practical lesson No. 3

Elaboration of lecture material, preparation for lab No. 7 and practical lesson No. 3
Elaboration of lecture material, preparation for lab No. 8 and practical lesson No. 4

Elaboration of lecture material, preparation for lab No. 9 and practical class No. 4
Elaboration of lecture material, preparation for lab No. 10 and practical class No. 5

Elaboration of lecture material, preparation for lab No. 11, 12 and practical class 5
Elaboration of lecture material, preparation for lab No. 13, 14 and practical lesson 6
Elaboration of lecture material, preparation for lab No. 15 and practical class No. 6
Elaboration of lecture material, preparation for lab No. 16 and practical class No. 7
Elaboration of lecture material, preparation for lab No. 16 and practical class No. 7
Elaboration of lecture material, preparation for lab No. 17 and practical class No. 8
Elaboration of lecture material, preparation for lab No. 17 and practical class No. 8
Elaboration of lecture material, preparation for practical class No. 9

Total hours per semester 112
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5.5 Tasks for current control of students’ knowledge and skills

The main questions submitted to the defense of laboratory works

Task content

1. Formulate and write down Newton's law for rectilinear translational and rotational movements.
2. Define the moment of force, moment of inertia, linear and angular acceleration. Derive the
relationship between linear and angular acceleration.

3. How to calculate the tension force of the thread of the Atwood machine in the case of
uniformly accelerated motion of the system of bodies?

4. How to calculate the magnitude and direction of the pressure force on the axis of the block
during uniform and uniformly accelerated movements of the system of bodies?

5. What is the moment of force? How to determine its direction and numerical value. What are
the units of moment of force?

6. Derive the formula for calculating the tension force of the thread during the uniformly
accelerated movement of the weight of the Oberbeck pendulum.

7. Moment of inertia of bodies of regular geometric shape.

8. Derive the formula for calculating the moment of inertia of the Oberbeck pendulum without
taking into account frictional forces and taking into account these forces.



Topic 2
Labs 4-

Topic 3
Lab 7

Topic 4
Labs
8,9

Topic5
Labs 10-
12

Topic 6
Labs
13-16

Topic 1
Lab 17

1. Why do gas heat capacities depend on heating methods and conditions?

2. What happens to the internal energy of a gas during an adiabatic process?

3. How does the gas temperature change during an adiabatic process?

4. Why is the manometer of the device filled with water, not mercury?

5. Why are the heat capacities of gas equal during isothermal and adiabatic processes?

1. How do conductors behave in an electric field?

2. What is the intensity of the electric field inside the conductor?

3. What is called the electrical capacity of a separated conductor; mutual capacitance of
conductors?

4. What are capacitors and the capacitance of capacitors?

5. Derive the total electric capacity of the capacitor battery in parallel and series connection.

6. Using the Ostrogradskyi-Gauss theorem, derive the capacitance of a flat capacitor.

7. Derive the formula for the energy of the electric field in a flat capacitor.
1
2

. Formulate and write down the law of Biot-Savard-Laplace.

. Derive the expression of the magnetic field intensity in the center of the circular current.

. Derive the expression for the intensity of the magnetic field of a rectilinear conductor with
current.

4. Why should the deflection angles of the arrow be measured for the two directions of this
current at the same current value?

1. What physical phenomenon is studied in this work?

2. Derive the equation of the resulting trajectory when composing mutually perpendicular
oscillations with the same periods.

3. When will the resulting trajectory be a circle?

4. In which case will the resulting motion take place along an ellipse in a counterclockwise
direction?

5. What are Lisage figures? How to get them on the oscilloscope screen?

6. Derive the equation of one of the Lisage figures.

7. How to determine the frequency of oscillations from the observation of Lisage figures?
8. How to achieve the addition of mutually perpendicular light vibrations?

9. What is the moment of inertia of a material point relative to the axis of rotation?

10. What is the moment of inertia of a body relative to the axis of rotation?

11. Formulate Steiner's theorem.

12. Why is the period of oscillations of physical and mathematical pendulums equal? What is the
period of torsional oscillations?

13. What is harmonic oscillation?

14. Under what conditions will the oscillations of a physical pendulum be harmonic?

15. Define the period, frequency, amplitude and phase of oscillations.

1. What is light interference and what conditions are necessary for its observation?

2. How are Newton's rings formed? Derive the formula for the radius of the mth ring in reflected
and transmitted light.

3. Why is "min™ visible in reflected light and "max" in transmitted light in the center of Newton's setup?
4. Derive the conditions for interference maxima and minima in reflected and transmitted light
during interference in thin films.

5. What are bands of equal slope and equal thickness called?

1. Define the main characteristics of radiation.

2. A perfectly reflective body and a completely black body receive the same amount of light
energy. What was the difference in the energies given off by these bodies and in the mechanism
of energy transfer?

3. Derive the Stefan-Boltzmann law.

4. What are the limits of temperature measurement by an optical pyrometer?

w



6. TEACHING METHODS

The discipline learning process is based on the use of classical and modern technologies, in
particular: lectures (using methods of problem-based learning and visualization); practical classes (using
information technologies and workshops); laboratory work (with the use of real educational stands and
virtual stands); independent work (individual tasks) and have the goal of students mastering physical
terminology and acquiring practical skills in applying physical laws to solve educational and professional
problems.

7. ASSESSMENT FORMS AND METHODS

Control over learning material is carried out on the basis of current control. When evaluating
students' knowledge, various means of control are implemented, in particular, current control (processing
of theoretical material), test tasks, control works. Intermediate control, which consists in checking the
knowledge of students on topics, is carried out in the form of test tasks.

The grades received by the student during the current, intermediate control are not transferred.

Each type of work is evaluated on a four-point scale. The final grade for the semester is issued
taking into account all the grades received by the student for the semester and the results of the
assessment. Weighting factors vary depending on the structure of the discipline.

Each type of work in the discipline is evaluated on a four-point scale. The semester final grade is
defined as a weighted average of all types of academic work completed and passed positively, taking into
account the weighting factors. A student who scored a positive weighted average score for the current
work and did not pass the final test is considered to have failed. When assessing students' knowledge,
various means of control are carried out, in particular, current control is carried out during practical classes,
taking into account different types of work. Independent and individual work is monitored separately.

The student must make up the missed practical session within the deadline set by the teacher.
During the semester, the student must receive at least 4 grades in practical classes.

When evaluating students' knowledge, the teacher is guided by the following criteria.

The grade "excellent” is given to the student for deep and complete mastery of the content of the
educational material in which he can easily navigate, conceptual apparatus, for the ability to connect
theory with practice, solve practical tasks, express and justify his judgments and constructive decisions.
An excellent assessment implies a competent, logical presentation of the answer (both orally and in
writing), high-quality external design.

A student receives a grade of "good" for complete assimilation of the educational material, mastery
of the conceptual apparatus, orientation in the studied material, conscious use of knowledge to solve
practical tasks, competent presentation of the answer, but there were individual inaccuracies (errors) in the
content and form of the answer, vague formulations of regularities etc. The student's answer should be
based on independent thinking.

A "satisfactory” grade is awarded to a student who has demonstrated knowledge of the main
curriculum material to the extent necessary for further study and practical work in a profession that copes
with the implementation of practical tasks provided for by the program.

A student deserves a "satisfactory" grade for incomplete mastery of the program material.

The grade "unsatisfactory™ is given when the student has scattered, unsystematic knowledge, does
not know how to distinguish the main and secondary, makes mistakes in defining concepts, distorts their
meaning, presents the material chaotically and uncertainly, cannot use knowledge in solving practical tasks.

Based on the results of the current control, a final semester grade is issued.

Structuring the course by types of work and assessing learning outcomes
for full-time students in the semester according to weighing coefficients

. ) Independent,
Auditory work: lectures, laboratory classes, control measures individual work Semester control
Laboratory work Tests Homeworks exam
0,2 0,2 0,2 04




The final semester grade according to the national scale and the ECTS scale is set in an
automated mode after entering all grades into the electronic journal. At the same time, according to the
national scale, "credited” is indicated , and according to the ECTS scale, the letter designation of the
grade corresponding to the number of points scored by the student.

Correspondence of the national and ECTS grading scales

ECTS | Institutional | Institutional -
grade | score scale grade Assessment criteria
A 4.75-5 00 5 Excellent — deep and complete mastery of educational material and
' ' demonstrating relevant skills and abilities.
B 4,25-4,74 4 < |Good —complete knowledge of the material with a few minor errors.
C 3,75-4,24 4 & [Good — correct answer in general with two to three significant errors.
D 3.95-3.74 3 & |[Satisfactory — incomplete mastery of the program material but
’ ’ sufficient for practical activities in the professional field.
E 3.00-3.24 3 Satisfactory — incomplete mastery of the program material that
' ' meets the minimum assessment criteria.
) Unsatisfactory — unsystematic knowledge and inability to continue
FX 2,00-2,99 2 & |[studies without additional knowledge of the course.
'S - - . .
L (Unsatisfactory — serious further work is needed and the course is to
F 0,00-1,99 2 be retaken.

sciences.

8. QUESTIONS FOR STUDENTS’ SELF-CONTROL
1. Introduction, subject of physics. Achievements of physics, achievements and connection with other

2. Kinematics of translational motion of a material point. Path and movement. Speed and acceleration.
3. Curvilinear movement. Tangential and normal acceleration. Full acceleration.
4. Kinematics of rotary motion. Angle of rotation, angular velocity and angular acceleration.

(62}

. Dynamics of translational movement. Laws of translational motion dynamics, mass, force, momentum.

6. The law of conservation of momentum of a closed system.

7. Forces of friction, elasticity, gravity, weight.

8. Energy, work, power. Kinetic energy. Potential energy. Law of conservation of energy.

9. Absolutely elastic and absolutely inelastic impact.

10. Moment of strength. Moment of inertia. The main equation of the dynamics of rotational motion.
11. Kinetic energy of a rotating body.
12. Moment of momentum. The law of conservation of momentum.
13. Experimental laws of ideal gases. Isoprocesses.

14. Mendeleev-Clapeyron equation.
15. The basic equation of the molecular kinetic theory.

16. Barometric formula.

17. Average length of free run.

18. Transfer phenomena.

19. Internal energy of an ideal gas.
20. The 1st law of thermodynamics.
21. Work of a gas when the volume changes. Application of the 1st law of thermodynamics to isoprocesses.
22. Heat capacity. Mayer's equation.
23. Adiabatic process. Poisson's equation.

24. Cycles. Work with circular processes. K.k.d.

25. Real gases.

28. Electric charge. Law of conservation of electric charge.
29. Coulomb's law. electric field strength. The principle of superposition.




30. Flow of the electrostatic field intensity vector. The Ostrogradsky-Gauss theorem.
C1. Using the Ostrogradsky-Gauss theorem

32. Work on charge movement in an electric field.

33. Potential and potential difference.

34. Relationship between power and energy characteristics of an electric field.
35. Electrical capacity. Capacitance of a flat capacitor.

36. Connecting capacitors. 37. Electric field energy.

38. Electric current. Its characteristics, conditions of existence. emf

39. Ohm's and Joule-Lenz's laws in integral and differential forms.

40. Series and parallel connection of conductors.

41. Kirchhoff's laws.

42. Magnetic field, magnetic induction. Biot-Savard-Laplace law.

43. Application of Biot-Savard-Laplace law to direct and circular current.

44, The law of full current (circulation of the magnetic induction vector) and its application for calculating the
field of a solenoid and a toroid.

45. Ampere's law. Lorentz force. Movement of charged particles in a magnetic field.
46. Hall effect.

47. Magnetic flux.

48. Work on moving a conductor and circuit with a current in a magnetic field.
49. Electromagnetic induction. Faraday's law.

50. The phenomenon of self-induction. Inductance.

51. Magnetic field energy.

52. Magnetic field in matter.

53. Magnets.

54. Harmonic oscillations and their characteristics. Differential equation of harmonic oscillations.
55. Mechanical harmonic oscillations.

56. Spring, physical and mathematical pendulum.

57. Electric oscillating circuit.

58. Energy of harmonic oscillations.

59. Addition of harmonic oscillations of the same direction.

60. Addition of mutually perpendicular oscillations.

61. Attenuating oscillations.

62. Forced fluctuations.

63. Wave processes. Longitudinal and transverse waves.

64. The traveling wave equation. Wave length and wave number.

65. Phase velocity, group velocity, wave energy.

66. Interference of waves, coherence.

67. Formation of a standing wave. Standing wave equation and its analysis.

68. Electromagnetic waves.

67. Laws of geometric optics. Full internal reflection.

68. Interference of light. Coherence. Calculation of the interference pattern from 2 coherent sources.
69. Interference in thin films.

70. Huygens-Fresnel principle. Fresnel zone method.

71. Diffraction on a round hole.

72. Fraunhofer diffraction on one slit. Diffraction grating.

73. Natural and polarized light. Brewster's Law, Malus' Law.

74. Double refraction.

75. Thermal radiation. Its characteristics. completely black body. Kirchhoff's law.
76. Stefan-Boltzmann law. Wine's laws.

77. Planck's law. Energy distribution in the spectrum of an absolutely black body.
78. Photo effect. Einstein's equation for the external photoeffect.

79. Mass and momentum of a photon. Light pressure.

80. Models of the atom. Rutherford's experiments.

81. Bohr's postulates.

82. Bohr's theory for the hydrogen atom.

83. Serial regularities in the spectrum of hydrogen radiation.

84. Louis de Broglie's hypothesis and formula. Heisenberg uncertainty ratio.

85. Wave function. Schrédinger's equation.



86. Application of the Schrodinger equation for a particle in a "potential well".

87. Energy zones.

88. Conductors and dielectrics from the point of view of the band theory of solids.

89. Intrinsic and impurity conductivity of semiconductors.

90. Contact of n-type and p-type conductors.

91. Diod.

92. Charge, size and mass of an atomic nucleus. Core structure. Mass defect and nuclear binding energy.
93. Radioactivity. Law of radioactive decay.

94. Nuclear reactions.

95. Elementary particles and

9. TEACHING AND LEARNING MATERIALS

The educational process in the discipline "Physics™ is fully and in sufficient quantity provided with
the necessary educational and methodical literature.

10. RECOMMENDED LITERATURE

Main

1. Serway, Raymond A., and John W. Jewett. Physics for scientists and engineers. Cengage learning,
2018.

2. Serway, Raymond A., and John W. Jewett. Physics for Scientists and Engineers, Volume 2.
Cengage Learning, 2021.

3. Young, Hugh D., Roger A. Freedman, and Albert Lewis Ford. University physics with modern
physics. New York: Pearson, 2014.

4. Halliday, David, Robert Resnick, and Jearl Walker. Fundamentals of physics. John Wiley & Sons,
2013.

5. The Feynman Lectures on Physics New Millennium Edition.
https://www.feynmanlectures.caltech.edu/info/

Auxiliary

6. Walker, Jearl D. Fundamentals of physics extended. Wiley, 2010.

7. David J. Griths. Instructor’s Solution Manual Introduction to Electrodynamics Fourth Edition.
2014

8. David J. Griffiths And Darrell F. Schroeter. Introduction to Quantum Mechanics. Third edition.
Reed College, Oregon. 2018

9. Nolan, P. J. (2014). Fundamentals of modern physics

10. Likharev K. Essential Graduate Physics. Part CM: Classical Mechanics. 2023

11. Likharev K. Essential Graduate Physics. Part EM: Classical Electrodynamics. 2013

12. Likharev K. Essential Graduate Physics. Part QM: Quantum Mechanics. 2013

13. Shankar, Ramamurti. Fundamentals of physics I: mechanics, relativity, and thermodynamics. Yale
University Press, 20109.

14. Cutnell, John D., and Kenneth W. Johnson. Physics. John Wiley & Sons, 2009.

15. Paul A. Tipler, Ralph A. Lewellyn. Modern Physics. Fifth Edition. W. H. Freeman and Company °
New York. 2008

11. INFORMATION RESOURCES

1. MOODLE Learning Platform. Access to the resource: https://msn.khnu.km.ua .
2. University Electronic Library. Access to the resource: http://lib.khnu.km.ua/asp/php _f/plage lib.php .
3. University Repository. Access to the resource: http://elar.khnu.km.ua/jspui/?locale=uk .



https://www.feynmanlectures.caltech.edu/info/
https://msn.khnu.km.ua/
http://lib.khnu.km.ua/asp/php_f/p1age_lib.php
http://elar.khnu.km.ua/jspui/?locale=uk

