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BerynHi BUIIpoOyBaHHS MPOBOJASATHCS Ha OCHOBI €K3aMEHAIIMHUX MUTAaHb HABYATBHUX IPOTpam
JUCUUIUTIH LUKy npodeciiiHol Ta MpakTUYHOI MiArOTOBKM HaBYAIBHMUX IUIaHIB crerianbHocTed 104
®i3uka ta acrponomis, 105 [Ipuknanna ¢izuka Ta HaHOMAaTEpiaIy.

daxoBe BUNpoOyBaHHs — (hopMa BCTYITHOTO BUIPOOYBaHHS IS BCTYITy Ha OCHOBI 3100yTOTO (200
TaKoro, 10 300yBA€THCS) CTYIEHs a00 OCBITHBO-KBaNi(iKaitHOTO PiBHSA BHUIIOI OCBITH, sIKa repeadadae
MEePEeBIPKY 37aTHOCTI JIO ONaHyBaHHS OCBITHBOI MPOTpaMH IEBHOTO PIBHsS BUINOI OCBITH Ha OCHOBI
3M00yTUX paHille KOMITCTCHITIH.

CremnianpHicTh MaricTp (Ha ocHOBI bakanaspa).

Iany3sb: 10 Ipupoguuui HayKH.

CreuiansHocti: 104 ®i3uka Ta actpoHomis, 105 [puxnagHa gpi3uka Ta HAaHOMaTepIlaU.

®daxynpTeT: QI3UYHUN.

OcsgitHi nporpamu: Teopernuna ¢izuka Ta actpo¢izuka, ExcnepumentanbHa dizuka, KBantosi
KOMIT IOTEpU Ta KBAHTOBE MporpaMmyBaHHs, [Ipukinanna ¢izuka Ta HaHOMaTepiay.

Tun npono3unii: @ikcoBaHa.

3apaxyBaHHs Ha 1 Kypc.

[TincTaBu 3apaxyBaHHs: HAABHICTH BUIIOT OCBITH MEPIIOTO (6aKalaBpChKOTO) PIBHS.

3rigHo 3 nyHkToM 7.4, Po3niny VII «llopsinky nmpuiiomy Ha HaB4aHHS 1715 3700yTTS BULIOT OCBITH
B 2023 poui» (DocTynHUH 3a mokjaukaHHAM: https://mon.gov.ua/storage/app/media/vishcha-osvita/vstup-
2023/15.03.2023/Nakaz.MON.276.vid.15-03-2023-yustovanyy.pdf: «insi KOHKypcHOro BigOopy Ha
HaBYaHHA JyIs 3100yTTs cTynens marictpa Ha ocHoBl HPK6 ta HPKT7:

Konkypcumii 6ai (Kb) = 0,2 x IT1 + 0,2 x 12 + 0,6 x I13, ne

IT1 — ominka TecTy 3arajabHO1 HaBYAILHOT KOMIIeTeHTHOCTI €BI;

I12 — ominka Tecty 3 iHO3eMHOT MOBH €BI;

13 — oninka €DPBB abo orika axoBoro icnuty B nependadyeHux mum [lopsakom BUTIaKax.

Or1iHKa BCTYIHOTO ICTIUTY /I 1HO3EMIIIB € €IWHOIO0 CKJIAJOBOI0 KOHKYPCHOTO Oanmy uIs Iriel
KaTeropii BCTYITHUKIB».

BerynHi BumpoOyBaHHST TPOBOIATHCS Ha OCHOBI €K3aMEHAIlIMHUX MHTaHb 13 HOPMAaTHBHUX
HABYAIBHUX JUCHUIUTIH MUKy 3araibHO1 MiArOTOBKH Ta MUKIY MpodeciiiHol Ta MpakTHYHOT MiATOTOBKH
cnemianpHocTed 104 ®dizmka ta acrponHomis, 105 Ilpukimamna ¢izuka Ta HaHOMarepianu. basy TecriB
(haxoBoro BCTymHOTO BUIIPOOyBaHHs crieriaibHOCTe# 104 di3uka ta actponomis, 105 Ilpuximanna dizuka
Ta HaHOMAaTepiaaud Ha OCBITHIA piBeHb «Marictp» ckiagarots 3000 TecTiB 3 aUCHUILIIH: MexaHika,
MonexkynsapHa ¢izuka; Enexkrpuka ta marnetnsm; Onrtuka; AtomMHa ¢isuka; Anepna ¢isuka; Teopernuna
MexaHika 1 OCHOBM MeEXaHIKM CYLIUIbHUX CEpelOBHIL; eleKkTpoauHamika; KBaHToBa MexaHiKa;
TepmonuHamika i crarucTidHa (izuka; Meroan MareMaTnyHoi Pi3uKH.

[IpauiBauku IlpuitmanbHoi komicii YHiBepcuteTy (GOpMyIOThH IHAMBiAyallbHI HaOOpH TECTIB 3a
KUTBKICTIO BCTYIHHUKIB y JeHb (paxoBUX BUMpPoOyBaHb. TecTu MaroTh GpopMmy OJIaHKOBOTO ONMUTYBAHHS Ta
CKJIQJIAl0THCA 3 25 TeCTOBUX MHUTaHb. AOITYpi€HT Ma€ BUSHAYUTH MPABUIBHY BIAMOBIAb CEpell HABEACHUX
BapiaHTIB BIAMOBIEH.

Ominka 3a ¢axoBe BCTynHe BUNPOOyBaHHS OIiHIO€ThCS ImKainoro 100-200 Oanmi. KoxxHa
MIpaBWJIbHA BIAMOBIIb OI[IHIOETHCS YOTHpPMA OamaMH.

AxazneMiyHa J0OpOYECHICTh M 4Yac ckiIafaHHs icnuTy. OUiKyeThCs, IO BCTYMHMKM MiA 4Yac
(haxoBOro ICOUTY CHUPATUCS BUKIIOYHO Ha BiacHi 3HaHHSA. CHUCyBaHHsS, BTpy4aHHs y poOOTY 1HIIMX
BCTYITHHKIB, OTPUMaHHs JOJATKOBOi iH(oOpMalii 3a JIOMOMOIol pPI3HOMAHITHMX NPHIIAJIIB Ta HOCIIB
iH(OpMALil TOLIO CTaHOBIATH (a7 He 0OMEXKYIOTh) MPUKIAIN MOXKIUBOI akaJeMiyHOT HeTOOPOUYECHOCTI.
BusiBneHHs1 03HaK akageMiqHO1 HETOOPOUECHOCTI Ml Yac CKJIaaHHs (axoBOTrO iCIHUTY € MiICTAaBOIO NS
He3apaxyBaHHHS pe3YJIbTaTIB MPUIHMAIBHOI0 KOMICI€IO, HE3aleKHO BiJ MacmTabiB CIHCYBaHHS YU
oOMmaHy B Oyab-sKii popmi.
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HEPEJIIK PO3AIJIIB TA TEM IJIA IIIAI'OTOBKU
10 PAXOBOI'O BCTYIIHOI'O BUITPOBYBAHHA

I. MEXAHIKA

Cucremu Bimrtiky. KiHemarnynwii onuc pyxXy marepianbHOI TOYKH. TaHTreHIialbHE 1 HOpMaJbHE
NpUCKOpeHHA. PyX Tina, KHHYTOTO Iif KyTOM J0 TOPU30HTY. PO3MIpHOCTI MEXaHIYHUX BEJTMYMH 1 OAUHUII
BHUMIpPIOBaHHSI.

Cwmm B mexanini. 3akonn HertotoHa. Bu3HaueHHs KUTbKOCTI 30epeyBaHUX BelMW4HH ((pa3oBuid
npoctip). 3akoH 30epekeHHs eHeprii. Pyx Tina 3minHOT Macu. PakeTw.

YMOBU BUHUKHEHHS KOJIMBaHb. | apMOHIYHUH OCHHIATOp. 3aracarodi KOJWBAHHS OCIHJISATOPA.
Bumymieni konuBaHHs ocuuistopa. Marematnunuii MastHuK. Cyneprosuilis 0JHOBUMIPHUX KOJMBaHb
OJIHOTO HampsMKY.

OOepraHHsT MaTepiaibHOI TOYKM HAaBKOJIO OCi. MOMEHT CHJIM Ta MOMEHT IMIIYJbCYy. 3aKOH
30epexeHHs] MOMEHTY IMIyNbCy. J[Ba €KBIBaJIEHTHI CIIOCOOM OMUCY OOEPTOBOIrO pyXy MarepiajbHOi
TOYKH.

[Mpunnun BimHOocHOCTI [Mamines. Heinepuiiiai cucremu Bimtiky. OOepToBI CUCTEMH BUIIIKY Yy
LUWTIHIPUYHUX KOOpAMHATAX. 3eMJId SIK HelHepliiHa cuctema Biiky. MasTHuk @yko.

[IpuckopenHst BulbHOrO mnaiiHHA. [lepenyMOBM BUHUKHEHHS CHEI[laJIbHOI Teopii BiHOCHOCTI.
[Toctynatu cneuianbHOi Teopii BimHOcHOCTI. [leperBopenHst Jlopenua. IlepeTBopeHHs IMIBHIKOCTEH 1
npuckopenb. [Ipoctip MinkoBcrkoro. Llentp mac. Cucrtema nieHTpa Mac. Pyx 1BoX rpaBiTyrodnx mac.

OOepTaHHs TBEpPAOIO TijIa HABKOJIO HEPYXoMoi oci. MoMeHTH 1HepIii TBEpAUX T MPOCTOi GOPMHU.
Teopema I'toiirenca-1lrelinepa. @i3nunnii MasTHUK. ['ipockonu.

Hedopwmartii TBepnoro tina. Ctanu pedoBuHu. PiBHSHHS niepeHocy. [(udy3is, TermmonpoBiaHicTh Ta
B’SI3KICTb.

PiBusinHs HemepepBHOCTI. PiBHsSHHS bepHymwri 1 #Woro 3acrtocyBaHHs. PIBHSHHS 30epeXeHHS
IMIYAIBCY U1 HENEPEepBHOTO cepenoBuiia. PiBHSHHA 30€peKeHHsS €Heprii Uil HemepepBHOTO
CepeoBUILA.

PiBusnHs Ha’e-Crokca.

II. MOJIEKVJIAPHA ®I3UKA TA TEPMOJINHAMIKA

Beryn. IIpenmer monekynsipHoi ¢izuku. Monens marepiaabHOTO Tila. Macu aroMiB 1 MOJIEKYII.
Kinbkicte pedoBuHu. Mojienb i1eanbHOTO rasy. JnHaMI9HUA, CTATUCTUYHHUHA 1 TEpPMOAMHAMIYHHN METOIN
onucy pedoBuHH. Tuck 1 Temmeparypa. OCHOBHE PIBHSHHS KIiHETHYHOI Teopii rasziB. BumiproBaHHs
temreparypu. EmmipuuyHi mikamu Temmneparyp. AOCOIIOTHA TepMOJMHAMIYHA MIKaia TeMIepaTyp.
CepenHs KIHETUYHA €HEPTiA Ta TeMIeparypa.

3amaui TepMoauHaMiKK. Teopema Ipo PO3MOIIT €Heprii 3a CTyHeHSMHU BUTbHOCTL. BHyTpimrHs
e”epris. @ynkuii crtaHy i1 moBHi Audepenuianu. Pobora. Temmora. Ilepmmii 3akoH TepMOAWHAMIKH.
Tennoemuicts imeanpHoTo razy. [lomitponuuit mpomec. PiBHsSHHS nomiTponu. AniabaTHuUN mporec.
PiBusinns [Tyaccona. [3omporniecu B ineanbHux razax. Pobora npu nonitpornHomy npoueci. Jpyruit 3akoH
TepMouHaMiKu. KoedilieHTH KOpUCHOI il TeIuioBoi 1 XoJoJwibHOI MamuHM. L{MKIiuHI mpouecu.
Koediuient xopuchoi aii. Hukn Kapuo. Teopemu Kapno. HepiBricts Knayziyca. BusHauennst entpomii
ineanpHOro razy. ®izuuyHuii 3mict entpomii. EHTpomis 1 TepMoanHamiuHa iMOBipHiCTh. Tpetiil 3akoH
tepmoauHaMiku. TemoBa Teopema HepHera. Iloctynar Ilnanka. ®@opmynroBaHHS TPEThOTO 3aKOHY
TepMOJMHaMiKu. BractuBocti peuoBuH npu temneparypi 0K.

Po3nonin MakcBena Mousiekyn 3a IIBHIAKOCTAMH. EKcnepuMeHTanbHa MepeBipKa pO3MOILTY
Makcgena. Yacrora ygapiB Mosiekyll 00 CTiHKY. Po3moain moniekyn 3a KiHeTH4HOIo eHeprieto. CepenHe
YUCI0 YacTUHOK B 00’emi. @myktyanii. Posmonin bonbumana. Bapomerpuuna dopmyna. Posmoain
Makcgesia-bonsimana. bpoyHiBecekuit pyx. Po3paxyHok pyXy OpoyHIBChbKOi dacTHHKH. OOepToBHii
OpoyHiBchKul pyX. ExciepuMeHTansHe BU3HaueHHs ctanoi bonenmana. Jlocminu [eppena.

KinemarnyHi XapakTepUCTUKU MOJeKyIsipHOro pyxy. CepenHss JOBXHMHA BUIBHOTO HpoOIry.
Bakyym. Meronu oTpumaHHs Ta BUMIpioBaHHS Bakyymy. Ilpomecu mnepenocy B razax. udysid,
TEIUIONPOBIAHICTD, B’ SI3KICTh Ta31B. 3B’ SI30K MK KoeillieHTaMH MPOIIECIB MEPEHOCY B Ta3ax.

Peanbni rasu. PiBHAHHs Ban-nep-Baanbca. [3orepmu peanbHoro rady. Kputuunuii cran



peUOBHHU. BHYTpIIIHS eHepris peaabHOro rasy. PIBHSHHS MOMITPONHU peanbHOro raszy. Ssume J[xoyms-
Tomcona. 3pimkeHns ra3iB. MeToan 0X0JI0HKEHHS ra3iB.

Pigunau. MonekynsipHO-KiHETHYHA XapaKTepUCTHUKA PIIKOTO cTaHy. B’ sa3kicTh Ta mudysis B pinuHi.
[ToBepxueBuil Harsar pinuH. BinbHa moBepxHeBa eHepris. 3ModyBaHHS 1 He3MO4yBaHHA. Dopmyna
Jlarumaca. KaninspHi sBuma. BumapoByBaHHs Ta KUIIIHHS PilvH.

Pinki posumnm. Ix kinekicHi xapakrepuctuku. IneansHi posuman. 3akoH Payms. 3akom Ielpi.
Ocmotnunmii Tuck. 3akoH Bant-Todda.

Teepni Tima. Kmacudikamiss tBepaux tin. Cumerpis kpucramiB. Kpucramiuna rparka. PeanpHi
KpHucTainy. MexaHi4Hi BIacTUBOCTI TBepauX Ti. [Ipyxus nedopmaris. 3akoH ['yka.

dazosi nepexoau. Pazosi nepexoau I i 11 poxy. PiBusnns Knaneiipona-Kimaysiyca. ITonimopdni
nepeTBopeHHs. Pa3oBi HiarpamMu.

1. EJIEKTPUKA TA MATHETHU3M

1. Beryn 10 eJIeKTPUKH | MarHeTU3my.

[IpenmeT Ta METOIM €NEKTPUKHU 1 MarHeTu3My. EnekTpoMarHitHa B3aeMosis Ta i Miclie B MPUPOIL
cepel IHIIMX B3aemMosii. KopoTkuil icTopuyHuil Omisii BUSHHS MIPO EJIEKTPUKY 1 MAarHETHU3M. 3HAUCHHS
€JIEKTpUKU cborojiHi. Enexrpuunuii 3apsn. JBa Buau 3apsay. IHBapiaHTHICTD 1 3aKOH 30€peKeHHS 3apsiay.
ExcnepuMeHTanbHe BU3HAYEHHS 3apsAny ejekTpoHa. Haltnpocrimi 3apsmkeHi Tina. ToukoBuit 1
HEeTIEpEPBHUN PO3TOILTH 3aPSTY.

2. EnexkTpocraruka

B3aemogis ToukoBux 3apskeHux Tul. 3akoH Kynona. Enextpuune mose. Bekrop HampykeHOCTI
enekrpuyHoro nous. [IpuHinun cyneprosuuii enexrpuunux noiiB. JliHii HanpyxkeHocTi. [loTik BekTOpy
HanpyKeHOCTi efekTpuanoro nons. Teopema laycca, ii moganss B nudepeHnianbHii Gopmi.

PoGora cumn enekrpocratuyHoro mois. [loTeHmiambHHMI XapakTep eJeKTPOCTATUYHOTO TOJIS.
Hupkynsiis BekTopy HampyxkeHocTi. [loTeHIian Ta pi3HMIS TOTEHIANiB. 3B’A30K TMOTEHINANy 3
BEKTOPOM HamnpyXeHOCTi Toyisg. EkBimoTeHmianbHi moBepxHi. Enexrpuununii mumnonb. [lome mgumors.
[ToTenttian i HAMPY>KEHICTh MO JUTIONIS.

3. IIpoBiTHUKH B eJIEKTPUYHOMY IOJIi

Hampyxenicte mosist OUIs TOBEpXHI Ta BCEpeIWHI MNpOBigHWKA. EjekrpocrarnyHa iHAYKITIS.
Po3noain 3apsny Ha MOBEpxHI MPOBIIHUKA. BracTuBICTh 3aMKHYTOrO IpoBifHUKA. EnekrpocrarnuHuii
3axuct. PiBsiHus [lyaccona i Jlamutaca.

3B’SA30K MDK 3apsioM 1 moTeHmiasoM mnpoBigHuka. Enexkrpoemuicts. KoHmencatopu. €MHICTH
IIJIOCKOTO, CPepUYHOTO 1 MITIHIPUIHOTO KOHCHCATOPIB.

4. JlieJIEKTPUKHU B €JIEKTPUYHOMY TOJIi

Hienexrpuku. [Tonspui Ta HenonspHi Mosiekynu. BinbHi Ta 3B’ s13aHi 3apaau. Bexktop nmonspusarii.

JlienexTpuyHa  COpUHHATIAMBICTE  ceperoBumia. IloHATTS mpo  TEH30p  JEIEKTPUYHOL
CIPUHHATIMBOCTI.

TeopemaOctporpajcekoro-Taycca uist moist B JENEKTPUKY. BEKTOp eNeKTpUYHOT IHIYKILl.
JlieeKTpuYHa MPOHUKIIUBICTD.

I'pannyHi yMOBU /7151 BEKTOPIB MOJSpHU3AIlii, HAMPY>KEHOCT] Ta IHIYKIiT €IEKTPUIHOTO HOJIS.

3anoMJIeHHs JiH1H, HaIpy)XEeHOCT1 Ta IHIYKIT Ha MEX1 ABOX Ji€EKTPUKIB.

ITone B ogHOpigHOMY AienekTpuky. [loTeH1ianbpHa eHepris CUCTEeMU eJIeKTpUYHUX 3apsaaiB. Eneprisa
3apsKEHOro NmpoBinHuKa. EHepris 3aps/pkeHoro koHaeHcaTtopa. EHeprist elekTpocTaTHYHOro mnojs Ta ii
o0’emHa ryctuHa. Cunu, sKi JilOTh Ha 3apsj B JienekTpuky. Hemomspui nienexkrpuku. Popmyna
Knaysiyca-MocoTTi.

EnexkrtpuuHi  BIAacTUBOCTI  KpHUCTamiB.  AHI30TpOMis  JIEJEKTPUYHOI  MPOHHUKIMUBOCTI.
IT’ezoenexrpuku. Ilpsmuit Ta obGepHeHuit m’e3oedekt i1 Horo 3actocyBaHHs. [loisipHi AieNeKTpUKH.
[Tipoenekrpuxu. CerneroenekTpuku. JlomeHHa cTpykTypa cereroenekTpukiB. I'ictepesuc. Touka Kropi
CETHETOENEKTPHKIB. BUKOpHUCTaHHS CErHEeTOENEeKTPHKIB.

S. IHocTiliHNi eJIGKTPUYHHUI CTPYM

Cuna i ryctuHa cTpymy. PIBHSHHS HenmepepBHOCTI, Horo audepenuianbia popma. [xepena cTpymy.
Enexrpopymriiina cuna. Enexrpuuna Hampyra. 3akoH Owma a8 ofHOpiaHOTO mHpoBigHHKa. Omip
npoBiAHUKIB. 3akoH OMa B audepeHIiainbHii Ta inTerpanbHii popmax. HeoqHopigHe enekTprudHe KoJio.



Pobora i motyxHicTh cTpymy. 3axoH Jxoymnsa-JIenna ta ioro qudepenmianpaa Gpopma. Posramyxeni
kona. [TpaBuna Kipxrocga ta ixne 3acrocyBanns. K.k.1. kepena cTpymy.
6. EnekTpuyuHuii cTpyM y BakyyMi, piiuHax Ta raszax

TepmoenexkTponHa ewmicis. PoOora Buxomy. 3aneXHICTh CTPyMY HACHYEHHS BiJ TeMIIEpaTypH.
®opwmyna Pigapacona.

Crpym B enekrpomitax. [ucomianis. 3akon OctBanbna. [IpoBigHicTs enekrpoditiB. EnexrpomHmii
noteHmian. Enexrponis. 3akonu @apanes. 3acTrocyBaHHs eIeKTpoiizy. XiMidHi [kepena ctpymy. Bonbris
CTOBIL. AKyMYJISITOPH.

Crpym y raszi. Hecamocriifauii 1 camocrtiiiHuii pospsia. Ilpoumecn ionizamii Ta pexomoOiHariil.
PiBHOBayKHA KOHIICHTpAIlisl 10HIB. YaapHa i0oHI3alis. BUHUKHEHHS CaMOCTIMHUX pO3psuiB. JlaBHHHUN
edext. Bonp-aMnepHa XxapakTepUCTHKA Ta30BOrO po3psiay. Buam razoBoro po3psmy (TIIiro4uuii, TyroBui,
ICKpOBHI, KOPOHHUH, T1a3Ma). BUKopucTaHHs ra30BUX PO3PSIIIB.

7. MexaHi3MH eJ1eKTPONpoBiIHOCTI

[Iposinnuku. ocninu Pikke, Toamena 1 Crioapta. OCHOBHI MOJOKEHHS KJIACHUYHOI €JIEKTPOHHOL
Teopii mpoBigHOCTI MeraniB. 3akoHu Oma Ta JDxoyns-Jlenna B kiacuuHiil Teopii. 3akoH Binemana-
®panua. TpyaHo1Il KI1acHYHOI Teopii MPOBIIHOCTI.

[ToHATTS Mpo KBaHTOBY Teopito MpoBigHOCTI TBepaux Til. Ilpuunun Ilaymi. Cratuctuka ®depwmi-
Hipaka. 3anexHICTh Oonopy MeraniB Bia Temmeparypu. HanmposigHicts. KpuTuune marhitHe mose.
3acToCyBaHHS HAANIPOBITHUKIB.

Oco0nMBOCTI 30HHOI CTPYKTYPH JI€NEKTPUKIB, HAMIBIPOBIAHUKIB 1 MeTamniB. EHepreTnuHi piBHI Ta
30HU. BanenTtHa 30Ha. 30Ha mpoBinHOCTI. BracHa mpoBiHICTE HaMIBIPOBIIHUKIB. EnekTpoHu 1 IipKu.
JIoOHOpHI Ta aKkIeNnToOpHi AOMIMKH. JIoMilIKoBa MPOBIAHICTh. 3aJIEKHICTh OMOPY HAMIBIPOBIAHHUKIB BiJ
temreparypd. [IpoBimHICT p— Ta n— TUMIB. p—n-TiepexiA. 3acTOCYBaHHS HAIIBIPOBIIHUKIB: IO,
TpaH3uctopu. Bonbr-amnepna xapakrtepuctuka p-n-niepexoay. PiBasHHs Illoxm. 3BOpoTHIN cTpyMm.
bap’epna eMHICTb.

KonraktHi siBuma. Po6ora Buxonay XiMiuHMIA TOTEHINiad. 3OBHINIHS Ta BHYTPINIHS KOHTAaKTHA
pi3HMI moTeHmianiB. 3akonn Bonpru. fBuma 3eedeka, [lenbthe 1 Tomcona. Tepmo-e.p.c. Tepmomnapu.
TepMoenekTpuaHi MPUCTPOT.

8. IlocTiiiHe MarHiTHe moJie y BaKyymi

MarnetusM. Jlis MarHiTHOTO MoJs Ha cTpyM. EneMeHT cTpymy. Bekrop iHIyKIlii MarHiTHOTO IOJIS.
3akon bio-CaBapa-Jlamaca. MardiTHe moJjie pyxoMoro 3apsiay. MartiTHe 1oJie MpsSMOro Ta KOJIOBOTO
CTpyMiB. MaruitHa B3a€MoIisl TapaJIeIbHUX CTPYMIB.

Hampyxenicte MarnitHoro mnoJiss. CHIIoBi J1iHIT MarHiTHOTO ToJis. BUXpoBuid XapakTep MarHiTHOTO
nosisi. BigcyTHicTh Mar"iTHuX 3apsiaiB. [1oTik BekTOpa MarHiTHO1 iHAYKIT (MarHiTHUN MmoTik). Teopema
PO LUPKYIALI0 BEKTOpa IHAYKLII Mar"HirTHOro mojs. 3akoH MOBHOIO cTpyMmy. TopoinajibHa KOTYILKA.
Conenoin.

3akoH Amnepa. Mexaniuna po6ora B marHitHomy noii. Cuna Jlopentua. Edexr Xomnna. Cencopu
XoJwa.

9. Marneruku

MarniTHe mosne B pedyoBUHI. MarHiTHMi MoMmeHT cTpyMmy. Bektop HamarHiueHHs. Teopema mpo
UUPKYIALII0 MarHiTHOTO TOJSI B CEpeOBUINl. MarHiTHa COPUUHATIUBICTH 1 MarHiTHa MPOHUKIUBICTD.
3B’A30K IHIYKIIl Ta HAMpPYXEHOCTI MAarHiTHOTO IOJIi B MarHeTHKax. I'paHHuYHI yMOBHU Ul BEKTODIB
HaNpy>XKeHOCTI Ta 1HIYKIi{ MarHiTHOTO MOJISL.

Knacudikaris MartHeTukiB: JlaMarHeTUKH 1 TapaMarHeTUKW. [ipoMar”irtHe BigHOIICHHS.
JlapmopoBa dacTora. MartiroMexaHiuHi sIBUILA.

®epomarnetnki. MarnitHuii ricrepe3uc. Jlomenu. KoepumtuBHa cuna. PoGora mig dac
HaMarHiuyBaHHS.

Touxa Kropi. MarnitHe nosie 3emii. MaruitHi marepianu. @eputi. Marnitauii 3anuc iHpopmartii.
10. EnekTpomMarHiTHa iHIyKIis

Hocninu @apaness. 3akoH enekrpoMarHitHoi iHaykuii. IlpaBuno Jlenma. Buxposi ctpymu. CkiH-
edexT. SBuine caMoiHAYKLIi, IHAYKTUBHICTh. B3aemHa inaykuis. KoedinieHT B3aeMHO1 iHayKIil. EHeprisa
1 T'yCTHHA eHeprii MarHiTHOTO MOJIs.

11. 3minHuMI1 KBa3icTanioHapHUi CTPYM
KBazicrarionapHi cTpyMu. AKTUBHUH, IHAYKTUBHHUI Ta EMHICHHA Omip. MeTo1 BEKTOPHUX Jiarpam.



3axon OMa Ut Ki 3MiHHOTO cTpyMy. Pezonanc Harpyr. Pesonanc ctpymis.

PoGota i mOTYXHICTh 3MIHHOTO CTpyMYy. EeKTuBHI 3HaUeHHs CTpyMy Ta Hanpyru. Tpancdopmarop.
[Mpunuun nii, Oynosa, 3actocyBanHsa. KoedimienT Tpancdopmarii. TexHiuHe BUKOPHCTAHHS 3MIHHHUX
ctpymiB. JlBodazuuit crpym. Tpudasamii ctpym. 3’eaHaHHs OOMOTOK TreHepatopa ,,3Ipkoro” i
,,TPUKyTHUKOM . [ eHepaTopH i eNeKTPOABUTYHH 3MIHHOTO CTPYMY.

12. EnekTpoMarHiTHi KoJMBaHHS

[epexigni npouecu B RL, RC Ta LC konax. KonmuBansHuii koHTYp. BiacHi KoJMBaHHS B KOHTYPI.
PiBHSIHHS TapMOHIYHMX KOJIMBAaHb. 3aracarodi KojuBaHHS. JlorapumidHWii IEeKpeMEeHT 3aracaHHs.
JoOpoTHicTh KOHTYpY. Bumymieni enexrpomarHitHi konuBaHHS. J[0OpOTHICTH 1 cMyra HpOIyCKaHHS
KOHTYY.

13. PiBusinns MakcBesuia

Enexrpomarnitae nosne. PiBHssHHS MakcBena, sIK y3aralbHEHHS eKCIIepUMEHTAIbHUX JaHuX. CTpym
3MileHHs. BuxpoBe enekTpuuHe mosie. B3aeMHI mepeTBOpEHHS €JIEKTPUYHOTO Ta MAarHiTHOTO TMOJIiB.
PiBusinHs MakcBena B iHTeTrpanbHii 1 AudepeHIiaabHii Gopmi.

XBunpoBe  piBHAHHA.  EnexrpomarnitHi  xBwil.  @azoBa  mBHIKICTh.  [lomepedHicTh
€JIEKTPOMArHITHUX XBWJIb. MOHOXpOMaTuyH1 XBHIl. XBWIbOBE uncio. Bekrop Ymosa-IloitHTiHra. 3akoH
30epeXeHHsI eHeprii eJeKTPOMAarHiTHOro Nojs. BunmpoMmiHIOBaHHS €l1eKTpOMAarHiTHUX XBWiIb. BiOparop
I'epuia. Panioss’si30k.

14. OcHoBHM pajioe1eKTPOHiKH

PanmioenexkTponika Ta 11 CKJIaAOBI YACTHMHU:  paJiOTeXHIKa, paniodizuka, BaKyyMHa,
HaNIBIPOBITHUKOBA, MIKPO-, HAHO-, ONTOEJIEKTPOHIKAa. PajioXxBuii Ta iXHE TeHEpyBaHHS, [lalma3oHU
panioxsuib. HIBuakicTs nepeaaui iHpopmariii. @opmyna [lllennona. 3akon Mypa.

Curnanu B enextponini. Knacudikaris curramis. JlerepMiHOBaHI Ta BUNAIKOBI CUTHAIU. Psan
®dyp’e. Crekrpu nepioguyHux curHaiiB. [lpuknaau HaimpocTimmx crekrpiB. Hemepiogudni curHamu.
[Ipsime 1 obepHene meperBopeHHsT Dyp’e. IMImynbcHa XapaKTepuCTHKa Ta TEPEXiJHa XapaKTEepPUCTHKA.
[aTerpan cynepno3uii (3roptka). HacToTHa XapaKTEepPUCTHKA.

MeTton KOoMIUIEKCHHX aMmIuIiTyn. KomrmuiekcHi amrutityau cTtpyMiB Ta Hampyr. d®azop. IMmenanc.
3akon Owma 1 mpaBwia Kipxrodpa B kommiekcHii ¢opmi. KommiexkcHa mnoryxkHicTe. Jlenubenun B
enexTpoHimi. [lepeBaru 1 HemoOMiKK BIMTHOCHUX OJMHUII 1b. BitHOCHA ouHUIISA Hetep.

udpoBa obOpobOka curHamiB. [[uckperusarlisi Ta KBaHTYBaHHS aHAJOTOBUX cUTHaliB. Teopema
KotenpaukoBa. Yactora HaiikBicra. Psang KotenmsHmkoBa. [luckperne meperBopennss dyp’e. IlIBunke
nepetBoperHs Oyp’e. Ludposi pinmsTpu.

IV. OIITUKA

ETanu po3BUTKY ONTHUKH, iX 3HaUEHHS JUI1 (OPMYBAHHS Cy4aCHOI'O HayKOBOI'O CBITOIVISAY Ta JUIs
MpaKTUKU. [00BHI 3100yTKH IOTO HANpsMY (PI3UKU B OCTaHHI J€CATHITITTS.

1. Knacu4Hi 3aKOHHM ONITHKH.

He3anexHicTh CBITJIOBUX MYyYKiB, IIBUIKICTH CBITJIA, cpoOu ii mosicHEHHs Ha 6a3i CBITIIOBOTO
edipy, xBuwil 1 yactuHku. [losicHeHHs 3ajmomieHHs cBiTina 3a HetotoHoMm Ta [roitrencom. I[lpuaiun
®epma. [punnun [roitrenca.

EnexrpomaruitHa Teopis cBimia. PiBHsSHHA MakcBenia i BUCHOBKM 3 HUX. CucTeMa BEKTODIB
€JIEKTPOMArHiTHOi XBWJIi. EHepreTuuHe CHIBBIIHOLIEHHS BEKTOPIB EJIEKTPUYHOIO 1 MAarHiTHOrO MOJIs
cBITIOBOT XBWIl. OnTuuHUi Bekrop. Onuc xonuBaHb Ta XBUib. Po3kinan @yp’e. Crnexrp. Kiacudikamis
XBHJIb — IUIOCKI, chepryuHi, MOHOXPOMATHUYHI.

OcHoBHI (oTOMETpUYHI TOHATTS Ta BeIWYMHU. CHIBBITHOLIEHHS MDK EHEpreTUYHHMHU Ta
CBITJIOBUMH XapaKTepUCTUKaMU BHUIIPOMIHIOBaHHS. MeTOAM TOPIBHAHHSA CBIJIOBUX IIYYKiB Ta
MOYKJIMBOCTI aOCOMIOTHUX BUMIPIOBaHb iX eHepriil. HecenekTuBHi npuiiMadi cBitia.

2. InTepdepenuis cBitia.

JlBoripomeneBa iHTepdepenuia cBimia. KorepeHTHicTh Ta ii peanizauis B ontuii. [HTepdepeniis
xBmIb. Cxema FOHra. YMOBU eKCTpeMyMiB, PO3MOALT IHTEHCUBHOCTI IIPH JABOIIPOMEHEBIH iHTEpdepeHIrii.
YacoBa 1 mpocTOpoBa KOrepeHTHicTh. OnTHYHA MOBXKUHA HUIAXYy. TayroxpoHizm. Posmipu mkepena Ta
areprypa iHTepQepeHuii.

KonbopH TOHKHX IUTIBOK, IOIyCTHMA TOBIIMHA IUTiBOK. Bupas mis pisauni ¢az. Kinsist Herotona.



Crosui xBuini. Jlocmin Binepa.

BaratonpomeneBa iHTepdepeHIis: crmocodu pealisailii, yMOBH €KCTPEMYMIB, XapaKTep CHEKTPY.
®opmynu Eiipi.

3acrocyBanns iHTepdepenuii. Intepdepomerpu. [Ipocsitnena onruka, iHTephepeHIiiHi GLUIBTPU
Ta a3epkana. [lopiBHSIHHS JOBXHUHU XBUIII 3 KIHIIEBOIO MIpOIO.

3. Indpakuis cBitaa.

Oznauenns nudpakuii. [Ipunnun [oiirenca — @penens. 3oun Openens, 30HaNbHA MJIACTUHKA —
ammtityqHa 1 (aszoBa. I'padiune ckmamanns amiunityn. Cripans Koparo. udpaxmis Ha pi3HEX
MePenoHax: MBIUIONIMHA, IUTHHA, TPSIMOKYTHHH Ta KPYIIINI OTBOPH.

Hudpaxmiss Ha 1BOX UOIMHAX, IudpaklifiHa pemnrtka — aMIuntyiHa 1 ¢as3oBa. YMOBH
eKCTpEeMyMiB, po3monail iHTeHcHBHOCTI. [loxmnme maminHsA cBimia ©Ha pemnitky. CroekrpanbHi
XapaKTepUCTUKU PEIITOK.

Hudpakuiss Ha OararomipHux cTpykrypax. CrpykrypHuil asamiz. Jludpakiis peHTreHIBChKUX
IIPOMEHIB, €NEeKTPOHIB Ta HelTpoHiB. XBum Je bpoinsa. 3actocyBanHs nudpaxiii. 3opsHUM
iHTephepomerp MaiikenbcoHa.

4. OnTu4Ha roJyiorpagis.

OCHOBHI MOHATTS, CXeMH OTPUMAaHHs ToJIOTpaM Ta BIATBOPEHHs 300pakeHb npenmeta. IlopiBHAHHS
¢dororpadyHUX Ta rogorpadiuHuX 300paKeHb MPEIMETA.

lonorpama Ttouku. OO6’emHa ronorpadis JleHuCIOka, KOJIbOpPOBa TrojiorpaMa. 3acTOCYBaHHS
roJyiorpadii.

5. 'eoMmeTpuYHa ONITHKA.

OCHOBHI TTOHSTTSI Ta YMOBH 3aCTOCYBaHHS reoMeTpuyHOi onTHKH. [IpuHimm depma i BHCHOBKH 3
HbOTO. [IpsIMONIHINHICTE TOMIUPEHHS Ta BIIOWBAaHHS CBITIA B OJHOPITHOMY CEPEIOBHIII. 3aIOMIICHHS
CBITJIa Ha IUTIOCKIM Ta cdepuuHidi moBepxHsx. Hymp — iHBapiant AOOe, iHBapianT Jlarpamxka —
['enbmromnbia, 30inbIIeHHS cheprudaHOi moBepXxHi. ToHKaA 1 TOBCTA JIIH3H, XapaKTepHI €IEMEHTH ieaabHO1
ONTHYHOI cucteMu. Biamosimgnai poboui hopmynu. Po3nuibHa 31aTHICTE 00’ €KTHBA, AUGPAKIiiHA TeOpis
300pakeHHs1 AGGe, MmeTon ¢a3oBOT0 KOHTpacTy. ONTUYHI IPUIIAAA — JIyIa, MIKPOCKOTI, TEJIECKOT, OymnoBa
1 X1JT TPOMEHIB.

HiadbparMu ONTHYHUX CUCTEM, 1X TTOJIOKEHHS 1 POJIb B YTBOPEHHI 300paskeHb. Abepaltii OMTHYIHUX
CUCTEM, iX MOXO/KEHHS 1 MeToAu 3MeHmieHHs. Onrtuka 30py. bynoBa 1 3aranbHa XapaKTepUCTHKa OKa.
OCHOBHI HEJIOJIIKH 30DY.

6. OnTuKa pyXOMHX CepeloBHIIL.

MeToau BUMIpIOBaHHS IIBUIKOCTI CBIiTJIa — acCTPOHOMIYHI Ta JIabOpaToOpHi eKCIepUMEHTAIbHI
OCHOBH ONTHKH pyxoMux cepenosuil: egexr Jonmnepa, nocnia @izo, nocnig MaiikenbcoHa.

EnemenTu crnienianbHoi Teopii BimHOCHOCTI. [lepeTBopenns JlopeHTa- AifHITaiiHA 1 BUCHOBKH 3
HUX: OJHOYACHICTh IOJiH, MOPIBHAHHS JOBXKHH BIIPI3KIB Ta TPUBAJIOCTI MOMAIA Yy PYyXOMHX CHUCTeMax
koopauHat. JlonaBanus mBuakocteil. KoediienT 3axorenns edipy pyxomumu Tinamu. [lonepeunui i
no3noBxkHU edexr Jommiepa. UepBone 3wmimenHs. Jocmin AiiBca. Edexr Canbsixka. OntuunHuit
ripockon. Edekr YepenkoBa-BapinoBa. 3anexHiCTh Macu Tia Bif MIBHAKOCTI #Horo pyxy. Posman
ME30HIB.

7. Ioasipu3anis cBitia.

BusnaueHHs i BuAM monspu3alii cBiTia, ii MOsSCHEHHS Ha 0a3i XBUIBOBOI 1 KBAaHTOBOI TeOpii
CBITJIA.

3MIHHM XapaKTepUCTUK CBITJIOBOrO Iydka Ha Mexi ABoX ceperoBuil. Popmynn Ppenens i
BUCHOBKM 3 HHX. KyTOBi 3a7eKHOCTI IHTEHCHUBHOCTI, (a3u Ta CTaHy MOJSIpU3aLil 3aJIOMJIEHOro 1
BiZIOMTOrO MydKiB cBiTia. 3akoH bproctepa, ioro ¢izuunuii 3mict. [loBHE BHYTpIIlIHE BiOMBaHHS CBITIA.

BinbuBanus cBitna Big meraniB. KoMITJIEKCHHI MOKa3HUK 3aJIOMIIEHHS. 3aCTOCYBaHHS BAIOUTOTO
CBITJIA y TEXHIlI (Toysipu3aTopy, (HazoBi NPUCTPOI, CBITIOBOAU, (POKOHM) Ta Y PI3HUHOMY €KCIIEpUMEHTI
(TocniKeHHs. ONTHYHUX XapaKTepUCTUK B 00JacTi CHIBLHOTO MOITIMHEHHS, BUMIPIOBaHHS IMOKa3HUKIB
3aJIOMJICHHS).

8. Mucnepcis cBitaa.

Metoau BUMIPIOBaHHS TOKa3HUKIB 3aJOMJIEHHS: METOJ] MIHIMAIbHOTO BiIXWUJICHHS, METOJ
MOBHOTO BHYTPIIIHBOTO BiOMBaHHS, IHTep(depeHLiiHI MeTou. BelnyuHu 1 CHeKTpasibHI 3aJeKHOCTI
MOKa3HUKIB 3aJIOMJICHHSI TPO30pUX MarepianiB. HopmaneHa, aHOManbHa Ta Bif’€MHa AUCHEpCii.



Enexrponna teopist nucnepcii cimia. Jucnepciitna gopmyna. Cuna ocuumstopa. YSBIEHHS PO
KBAaHTOBY TEOPIl0 JHCIEPCii MOKa3HUKa 3aoMJIeHHs. [IOKa3HUKM 3aJIOMJICHHST PEYOBHH B OCOOIHBHUX
TIISTHKaX CHEKTpa — PEeHTIeHIBChbKa 001acTh, 00JacTh Y-IIPOMEHIB, TU1a3Ma.

BrnmuB B3aemMo[lii 4acTMHOK pPEYOBMHM Ha jucnepcito cpitna. Popmyna Jlopenti-Jlopenna.
Pedpakuis, ii 3acTrocyBaHHS Y XiMii.

Jlucriepciss TOKa3HWKA 3aJIOMJICHHS TBEpAMX TUI, BIUIMB KOJMBaHb pemrtkd. Popmyna
3enbmeniepa.

Cnextpu mnornuHanHs. CnexrpanbHuii aHamiz. Mertong Kpamepca-Kponira mis Bu3HaYeHHS
ONTUYHUX XapaKTEPUCTUK MaTepiady B 00IACTi CHIIBHOTO MOTJIMHAHHS.

OnTuka MeTamarepiais.

9. OnTHKa aHi30TPONHMUX CepeA0BHIII.

OnTtuyHa aHi3oTpomis Ta il omuc Ha OCHOBI piBHAHb MakcBemna. CucreMa BEKTOpIB
€JIEKTPOMAarHiTHO1 XBWJII y KpucTanax. CuMerpis KpucTaiza Ta TEH30p AIeJIeKTPUYHOI CTaJloi.
[Tongpu3aris cBiTiia Ta JiHIHHE ABOIPOMEHE3aIOMIICHHS.

OnTtnuna iHgukarpuca. I[lpaBuno inaukarpucu. IlonBiiiHi onTH4YHI MoBepxHI. ONTHYHI OCl
3anomienHs cBiTia y kpucranax. [loOymosa [toiirenca.

ITpocTopoBa aucnepcis cBimia y kpucranax. Llupkynspae asonpomene3anoMieHHs. [loBepTaHHs
IUIOUIMHY ToJspu3anii, Woro mnoscHeHHs 3a dapaneem. [ipaniiiHi nmoepxHi. CumeTpis Ta ONTHYHA
aKTUBHICTh. ONITUYHI BIIACTUBOCTI PIIKUX KPUCTATIB.

[aTepdepentis monsgpuzoBaHUX MPOMEHIB, CXeMa €KCIIEpUMEHTANBHO i peanizauii. [IponyckanHs
CBITJIa TMOJSAPU3AIIHHO-ONTUYHOIO cucTeMoro. OTpuUMaHHS Ta aHali3 MOJIAPHU3aAIIHHOTO CBITIA.
[ongpu3aniitHi npucTpoi Ha 6a31 KpucTaiiB. 3aCTOCYBaHHS MOJISPU30BAHOTO CBITIIA.

KonockomiuHi JOCTIKEHHS KPUCTAIIB.

10. OnTuyHi mapaMerpuyHi epexTu.

BuznauenHss Ta (EHOMEHOJOTIYHUI OMUC TMapaMeTPUYHUX €(EeKTiB — eJEeKTPOOTTHYHHM,
I1’€300NTUYHAM, MAarHITOONTHUYHI, e€JeKTporipamis, 1’e3oripamis, edekr Dapaaes, HEB3aeMHE
JBOITPOMEHE3aJIOMJICHHS, 3aJICKHICTh TTOKa3HUKA 3JIOMJICHHS Bl IHTEHCUBHOCTI CBiTJIa. ONTHYHI CXeMH
JUTSI CTIOCTEPEKEHHS Ta 3aCTOCYBaHHS MapaMeTpudHuX eexTiB. CUMETpisi peYOBUHU 1 HASIBHICTh €(EKTY.

MonensHul OMHC MapaMeTPUIHUX €(EKTIB.

3acTocyBaHHs TapaMmMeTpudHuX e(ekTiB y merposorii. YacoBi BUMIpIOBaHHS 3 BUKOPHUCTAHHSIM
HEJIHIHHO-ONTHYHHUX €(EKTIB.

11. TensioBe BUNIPOMiHIOBAHHS CBITJIA.

MeTomu AOCHIIKEHHST CHEKTPaIbHOI 3aJIEKHOCTI BUIIPOMIHIOBaHHS aOCOJIIOTHO YOPHOTO Tijla,
rpadgiuHe TpEACTaBICHHS iX pe3yabTariB. 3aKOHM TEIJIOBOTO BHUIIPOMiHIOBaHHA. 3akoHH Kipxroda,
Credana-bonbimana, 3mimeHHs Bina.

®opmyna Penes-/{xinca. @opmyna [lnanka Ta OCHOBHI MipKyBaHHsS MpH i BUBEICHHI, OCHOBHI
BUCHOBKHU 3 HEl.

OnTHyHa mipoMeTpid, paliaiiiiHa, ICKpaBiCHa Ta KOJIbOPOBa TeMIleparypa.

Buxopucranusa hopmynu [Inanka B CHEKTpaaTbHUX ONTHYHUX BUMIPIOBAHHSX.

12. KBaHTOBI BJ1aCTHBOCTI CBiTJIA.

CrioHTaHHe Ta BUMYILIEHE BUIIPOMIHIOBaHHS, Koedinientu EitHmreiina ta popmyna [lnanka.

3oBHIIIHIN ¢oToedekT — omuc SBUINA, OCHOBHI 3aKOHM Ta pPIBHAHHA AWHIITailHA JUIS
30BHIIIHBOTO (oTOE(EKTY, MOSCHEHHS 3aKOHIB (oToedekTy Ha 0a3i XBUIBOBHUX Ta KOPIYCKYISIPHUX
ysBJIEeHb Ipo cBitio. PotonpuiiMadi. PoToedeKT y HamBNIPOBIIHUKAX Ta JIIEEKTPUKAX.

SBume KommroHna, immynbc (oroHa. Tuck cBimia, #oro moscHeHHs Ha 0a3l XBHUJIBOBHUX Ta
KOPIYCKYJIIDHUX YSIBJICHb.

Edexr Canoscbkoro, cxema aocniny bera.

KBaHTOBI XapakTepuCTHUKU (OTOHA.

13. Po3ciroBaHH# CBiTJIA.

Po3citoBaHHs CBiTJIa B ONTUYHO HEOIHOPITHOMY cepenoBuili. MomekynspHe po3cistHHa. Popmyna
Penes. [nnukarpuca poscisuusa. KomOiHaniiiHe po3CisHHS CBITJIa — METOAMKA €KCIIEPUMEHTY, BIaCTHBOCTI
Ta 3actocyBaHHA. [lomspusanis po3cisHoro cBitia. Po3cisHHA cBiTia Ta aTMOc(epHi ONTUYHI SBUIIA.

14. JIrominecuenuist.
O3naueHHA Ta Kiacu(ikarlis JIOMIHECUEHI 3a THIIOM 30y/DKEHHS CBiYE€HHS. XapaKTepHUCTUKU



JTIOMIHECIEHI[Ii — CHEKTPaJIbHI 3aJIeKHOCTI IHTCHCUBHOCTI, YaCOBI 3MIHU CBIUCHHS, CHEPTETUYHHUU Ta
KBAaHTOBUH BUXIJl CBIYCHHS.

[Ipupona 1eHTpiB CBIYCHHS — BJIACHE CBIUEHHS, JUCKPETHI LEHTPH, peKOMOIHaliliHE CBiYEeHHS.
Mopeni HeHTpIB CBIUEGHHS — €JNEKTPUYHHUM JHIIONb Ta POTATOpP, EIEKTPHUYHUM KBaApPYyIOJb, MAarHITHUI
IMIONIb.  MeXaHi3MH  CBIYEHHS PEUOBMH y pPI3HMX arperarHuX craHax. JlromiHecneHIis
kpuctanodocdopis. OcToOBHO-BaJIEHTHE CBIUEHHS. 3aCTOCYBaHHS JIOMIHECLEHIII.

15. Jlazepmu.

3aranpHi BiioMOcCTi mpo OymoBy lazepa. EHeprernyHa CTpyKTypa aKTHBHOTO €JIEeMEHTa Jjas3epa.
YMOBH BUHUKHEHHS reHepaii. BiacTuBocTi azepHoro BunpomiHioBaHHs. OCHOBHI THIH Jla3epiB Ta iX
XapakrepucTuku. KepyBaHHS XapaKTepUCTUKaMH JIa3epiB — MOIYIISAIIS JOOPOTHOCTI, CHHXPOHI3aIlis MO,
3acTocyBaHHS Ja3epiB.

16. EnemeHnTH HeliHiliHOT ONITHKH.

[TonsaTTs mpo HemiHiMHY onTuky. HeniHiiiHa monsipu3aiis 1 MOKa3HUKH 3aJOMJICHHS PEUOBUHH.
KorepeHTHi Ta HEKOT€pPEHTHI HEJNHIMHO-ONTHYHI epekTH. bararopoToHHe MOMIMHAHHS, NPOCBITIIEHHS
3paska, caMo(OKyCyBaHHsI, caMo I (PpaKIlis.

BinbuBanus cBitia y HeniHidHINA onTHlll. [IposiBU KBagpaTH4HOT HENIHIKHOCTI — FreHeparis Jpyroi
TapMOHIKH, JETEKTyBaHHS TIOJII CBITJIOBOI XBWJIL, MiJICWIECHHsS cBiTia. [lapameTrpuuni TeHepaTopu.
Bumymene komOiHaiiifHe po3CifOBaHHS CBIiTJIa Ta BUMYIIEHE pO3CissHHS Manaenbmrama-bpunmoena.
BunpsimieHHst poHTY CBITIOBOT XBHIIL.

V. ATOMHA ®I3UKA

1. IlpeameT BUBYEHHA ATOMHOI Qi3UKH

CrpykTypHi piBHI Marepli, IO IOCTDKYIOTBCS METOJaMu aTOMHOI Ta sAepHOi (DI3UKH.
Oco6muBOCTI 00’ €KTIB MIKPOCBITY (aTOMI3M, TUCKPETHICTh, KOPITYCKYJISIPHO-XBUIHLOBHH AyalTi3m).
2. TenuioBe BUNPOMIHIOBAHHS | CTAHOBJIEHHSI KBAHTOBOI MEXaHIiKHU

Mopnens abcomotHO 4YopHoro Tuma. CepemHsi TYCTHHA BUIIPOMIiHIOBaHHs. BuBeneHHst (opmyn
Penes-JIxinca Ta Bina 11 ommcy BHUIPOMIHIOBaHHsSI aOCOJIIOTHO YOpPHOTO Tina. YisrpadioneToBa
Karactpoda.

®opmyna [lnanka 11t onucy BUMIPOMIHIOBaHHS aOCOMIOTHO YopHOoro Tina. Crana [Tnanka.
3. MogaeJti aToma

Mopnens atoma ToMcoHa (AUCKPETHICTH, YacTOTa BUIIPOMIHIOBAHHS, PO3Mipu aroma). Mojaenb
aroma Pesepdopna. ExciepuMeHTanbHi pe3yiabTaTd MO BUBUEHHIO PO3CIIOBAHHS (--YACTMHOK Ha aToMax.
PiBHSIHHS pyXy 0-4aCTUHKH B KYJIOHIBCbKOMY Mol atoMa. KyT po3cioBaHHsS Ta NpULUIBHUI mapamerp.
[Tonepeunnii Ta nudepeHnianbHuil nepepi3 poscitoBanHsA. Dopmyna Pesepdopra. BuzHauenus zapsimy
sJipa Ta pO3MIpiB spa HA OCHOBI aHAI3y PO3CIIOBAaHHS 0-4aCTHHOK HA aToMax.
4. bopiBcbKa MoJeJIb ATOMA BOAHIO

CHexkTpy BUIIPOMIHIOBAaHHS — SK BIiTOOpaX€HHS JHUCKPETHOCTI €HEPreTHYHHX pIBHIB aroMma.
@dopma CHEKTpiB BUIPOMIHIOBAaHHS TBEPAUX TiI, MOJIEKYJ, aroMiB. 3aKOHOMIPHOCTI B CIIEKTpax
BUIIPOMIHIOBaHHA atoMa BojHio. CrekrpanbHi cepii Jlaiimana, banbmepa, Ilamiena...Y3aranpHeHa
dbopmyna banbmepa. Enepreruuni repmu. Hocninu ®panka i ['epua. J{uckpeTHICTh eHEpreTUYHUX PIBHIB
aToOMIB.

IToctynatn bopa (cramioHaphi opOiTH, eHepris BUIPOMIHIOBAHHs, YMOBa KBaHTYBaHHS OpOiT).
ArtoMm BosHIO B Teopii bopa. @opmynu 1l BU3HaUEHHS pajiyciB opOIT Ta eHeprii eleKTPOHHUX CTaHiB
aroma BojaHI. Dopmyna A7 BU3HAUEHHs €HEprii mepexoiiB B aroMi BojHIO (BomgHeBi cepii). Crana
PinGepra. [30ToniuHuit 3cyB B CEKTpax BUIIPOMIHIOBAHHS aTOMa BOJIHIO.
5. YMoBM KBaHTyBaHHS eJ1eKTPOHHHX opOiT bopa-3omepdenbaa

VY3aranpHIOIOUI KOOPAWHATH Ta IMITYJIbCH. YMOBH KBaHTyBaHHsA 3oMmepdenbaa Ais KOIOBUX Ta
emntuyHuX OopOiT. KBaHTOBI umcia — roloBHE Ta asuMmyTalbHe. [IpoCcTOpoBEe KBaHTYBaHHS B MOJIENI
Bbopa-3omepdenbna. MarnitHe KBaHTOBE 4MCIO. MarHiTHUH Ta MEXaHIYHUW MOMEHTH EJEKTPOHa,
Mar"eToH bopa.

Hocnigun IlltepHa-T'epnaxa. ATroM B OJHOPITHOMY Ta HEOJHOPITHOMY MATHITHHX TOJISX.
3aneXHICTh PO3IICIIJICHHS aTOMHOTO IMy4YKa B HEOJHOPIAHOMY MAarHiTHOMY MOJi Bil opOiTaibHOrO Ta
CITIHOBOTO MOMEHTY enekTpoHa. CHiH enekTpoHa. MarHiTHe CliHOBE YHCIIO.



6. XBWJIb0Ba MexaHika (104aTKH KBAHTOBOI MEeXaHiKH)

I'imore3a ne bpoins, piBasHHs ne bpoina. Jlomxuna xBuii e bpoilns mist enexTposa.
ExcniepumenranbHa mepeBipka rimote3u ae bpoims. dudpaxuis enexrponiB. Jocmigu [leBicoHa i
Jlxepmepa, Tomcona ta TaprakoBChKOrO.

[IpencraBieHHs €JIEKTPOHA B MOJIEINI MMAKETy XBHJIb. ENEKTPOH Ta MOHOXpoMaTnyHa xBuiisi. Pa3oBa
Ta TpymnoBa MIBHIKICTh Tpynu xBuib. lllupwHa XBWIBOBOTO makeTy. BuBENeHHS CHIBBiIHOIIECHHS
HeBHU3Ha4YCHHOCTI [ elizenbepra.

XBuiIboBa QyHKIIA enekTpoHa. CTaTUCTHYHA IHTEpIpEeTAallis XBIIIbOBOT (PYHKITII.

7. PiBusinns Ll peninrepa — ocHoBHe PiBHSIHHSI KBAHTOBOI MEeXaHIKH

XBunboBe piBHsAHHS. Cramionapue piBusuHs lpeninrepa. Pisusaus Ilpeninrepa 3amexHe Bin
yacy. EHepreTnuHi piBHI Ta XBHJIBOBI (YHKIIi eJeKTpoHa B OE3MEXHi MOTEHIianbHIi sMi. Edexr
TyHEOBaHHA. EHepreTnyH1 piBHI Ta XapakTep XBUJIbOBUX (YHKIIIH KBAHTOBOTO OCLUISITOPA.

8. AToM BOJHIO B KBAHTOBIll MexaHiIi

PiBusinus Llpeninrepa st atoMa BOJHIO B cpepuuHiil cucteMi koopauHat. CxeMa po3B’sI3yBaHHS.
PiBusinuas lpeninrepa mist xsuiboBux (yHkmin R(r), ©(0) 1 @(¢) Ta aHani3 iXx po3B’a3KiB. MarHiTHe,
opOiTanpHe Ta roJIOBHE KBAaHTOBI YKCIIA.

Enexrponni opbirani. PanianbHa (yHKIIS Ta po3MipH eIeKTpOHHUX opOitaneii. @opma pagiaabHUX
¢byHkui juig 1s- Tta 2s- eleKTpOHHUX opOiTanel. 3ajexHICTh (OpPMHU Ta MPOCTOPOBOI Opie€HTAIl
€JIEKTPOHHUX OpOiTaneil Biag OpOITAIBHOrO Ta MAarHiTHOro kBaHTOBUX umcen. dopma s-, p- Ta d-
€JIEKTPOHHUX opOiTaneil.

9. 3a0y10Ba eJIEKTPOHHUX HIAPIB Ta 000JIOHOK aTOMIB

[ToHSTTS enekTpoHHOTO MIapy Ta 000M0HKH. [IpHHIMTIN 3a0yNOBY eNeKTPOHHUX mmapiB. [IpuHIIT
MiHIMyMY eHeprii Ta npuHiun [layni. KinbkicTh €1eKTpoHIB B m1apax Ta 000J0HKaX.

[Tepionuuna cucTemMa XIMIYHUX €JIEMEHTIB SIK BiMOOpaKCHHS MPABWJI 3alIOBHEHHS E€JIEKTPOHHUX
mapiB Ta 000JIOHOK. 3aJIeKHICTh €HEPrii eJEKTPOHIB BiJl OCHOBHOTO Ta OPOITAIbHOTO KBAHTOBUX YHCEL.
3a0yoBa €JIEKTPOHHUX IIapiB MEpIIoi, APYyroi Ta TPeThOi TPyN MEPIOAUYHOI CHUCTEMHU EJIEMEHTIB.
OcobOnmuBocTi 3a0yOBM  €JICKTPOHHHX IIApiB  XIMIYHUX €JIEMEHTIB 3a ydacTio d- eJIEeKTPOHIB.
PosramryBanHs B epiouyHii cucTeMi eeMeHTiB 3 4f- Ta Sf-enexTponamu.

10. Cnin opobiTajgbpHa B3aemMoist

[Ipupona crin-opOitansHOi B3aemoii. [ToBHUIT MOMEHT enekTpoHa. KBantoBe umucio — j. Bupas
JUTsl OOYMCIICHHS CITIH-OPOITAIbHOT B3a€MO/I.

[To3HaueHHs eHepreTUYHUX TEPMIB OJTHOCJIEKTPOHHUX aroMiB. EHepreTuyHi piBHI aToMa HaTpito.

Eneprernuni piBHI aromMa BOJHIO 3 BpaxyBaHHSM CIIH-OpOiTambHOi B3aemomii. 3cyB JlemoOa.
ITOHATTS €NeKTPOMArHiTHOTO BaKyyMy.

11. EHepreTu4Ha CTPYKTYpa Ta CIHIEKTPH 0AraToeJJeKTPOHHUX ATOMIB

JlogaBaHHS MOMEHTIB y BHMIAJKy OaratoeineKTpoHHUX atoMiB. 3B’s130k Paccen-Caynnepca Ta j-
3B’30K. Bu3HaueHHs MOMEHTIB [UIl HOPMAJILHOT'O 3B SI3KY.

[pasuna T'ynpa 118 BU3HA4YeHHS €JIEKTPOHHOIO TEPMY OCHOBHOIO cTaHy. Tepmu p*> —
KoH(pirypamii B OCHOBHOMY Ta 30yI)KEHOMY cTaHax. EHepreTwuHi piBHI Ta MEpeXoaud B aTOMi PTYTI.
Eneprernuni piBHI Ta CIEKTPU aToMa Tellito (OpToreiii Ta maparesii).

12. ATOM B MarHiTHOMY MOJIi

3B’430K MDK MarHiTHUM Ta MEXaHIYHMM MOMEHTaMM €JIEKTPOHA Y BHIIAJKy BpaxXyBaHHs CIIHY
enexkTpoHa. MHoxxHuK Jlanze.

Po3iiernyieHHss eHepreTMYHUX pIBHIB aTOMIB y MarHiTHoMy moii. B3aemoniss MDK MarHiTHUM
MOMEHTOM €JIEKTPOHa Ta 30BHIMIHIM Mar"itHUM nojieM. ITonepeunuii Ta moB31oBXHINA edekr 3eemaHa.
[Tosichenns edekry 3eemana B Mojeni ocuwistopiB. Hopmanbauii epext 3eeMana. AHOManbHUN edekT
3eemana. Egexr [amena-bexka.

13. PenTreniBcbke BUIIPOMiHIOBAHHSA

[Tpupozaa Ta TMIIHM PEHTTEHIBCHKOTO BUIIPOMIHIOBAaHHS. PeHTreHIBChKI criekTpH. 3akoH Mo3sini. Tonka
CTPYKTYypa CHEKTPiB PEHTTE€HIBCHKOTO BUIIPOMIHIOBaHHS. BIacTUBOCTI peHTTeHIBCHKUX MPOMEHIB. Edext
Komnrona.

14. CnekTpu MoJeKy.I

Xapakrep B3aEMOAli MDK aroMaMu, THIIM 3B’A3Ky. EnexkTpoHHa, KOJMBHA Ta 00epTOBa €HEprisd

MoJiekyn. EnepreTuyni piBHI MOJIEKYII.



Kowmb6iHnarriiine po3citoBaHHS CBITIA.
15. OnTn4Hi KBAHTOBI reHepaTopu

Knacudikaris nmazepiB 3a peKUMOM pPOOOTH, aKTUBHHM €JIEMEHTOM, CIIOCOOOM 30YmMKEHHS.
[Mpunuun xii mazepa. [uBepcHa 3aceneHicTb. TpupiBHEBa, YOTHPHPIBHEBA €HEPIETUYHI CXEMH Jiazepa.
TeepnoTineHi mazepu. Jlazep Ha pyOiHi. PisHOBHIHOCTI ra3oBuX ja3epis. [emili-HeonoBuit 1azep. OCHOBHI
XapaKTEPUCTUKU J1a3epHOTO BHIIPOMIHIOBaHHS (KOT€PEHTHICTh, MOHOXPOMATHYHICTh, IOJISPHU3ALis,
BHCOKa IHTCHCHUBHICTb, IPSAMOJIHIHHICTD MOIIHPEHHS).
16. Pyx ejleKTpoHa B MArHITHOMY Ta €JIEKTPHYHOMY MOJISIX

Meroay BH3HAYEHHS MUTOMOTO 3apsny enekrpoHa (meron Tomcona, meron Kipxuepa, meron
MaraerpoHa). EnemenT enekrponHoi ontuku. Enexrponnuii Mikpockon. Mac-criekrpockorisi. bymosa i
XapaKTEPUCTUKU Mac-CHEKTPATbHUX MTPHIIA/IIB.

VI. AAEPHA ®PI3UKA

Anepua monens aroma. Busnauennst po3mipy Ta 3apsany sapa. [[poToHHO-HEUTPOHHUI CKIan spa.
Enepris 3B 3Ky sizep, aaepHi cunu. @opmyna Baiinzekkepa.

[Ipoxo/KeHHsI eJNEeKTPOHIB Yepe3 MOMIMHaioui cepenoBuiia. [IpyxkHe pO3CiIOBaHHS €JIEKTPOHIB
sanpamu. loHI3amiiiH1 BTpaTH AJis IBUJKUX €NeKTpoHiB. Brpatn Ha BunpomiHioBanHs. Edexr Yepenkona.
Jlxepena HykIoHIB. B3aemomiss HykJIOHIB 3 pedoBHHOW. CIIHM 1 MarHiTHI MOMEHTH HYKJIOHIB.
CrpykTypa HYyKJIOHIB, Hociian XodmTaarepa.

Anepui cunmm. [eWiTpon, moteHmianu B3aemomii. OOMiHHI cuimu. Me3oHHaA Teopis SACPHUX CHIL
[Torenuian FOxkaga.

["amma-BumnpoMiHtoBaHHs siaep. BHyTpimHs koHBepcis enekTpoHiB. Edpexr MecOayepa. MarnitHuit
MOMEHT siapa, Metoa Pabi. CriiH 1 MarHiTHUNA MOMEHT siapa. SaepHa 13omepisl.

Anepui moaeni. Monens pigkoi kparii. Anbda-dyacTUHKOBa Mozienb. Mojaens @epmi-razy. Mojaens
sIepHUX 00OJIOHOK. Y3araibHeHa MoJelb aapa. OnTHYHA MOJIENb Apa.

[IpuckoproBaui yactTuHOK. Enexkrpocrarmunmii mpuckoproBad. [lukiorpon, Gerarpon. da3oTpoH,
cUHXpOTpOoH. CHHXPO(hA30TPOH.

B3aemonis ramma- Ta ikc-mpomeHiB 3 pedoBuHOO. Dotoedekr. Edexkr Kommnrona. YTBOpeHHs
€JIEKTPOH-TIO3UTPOHHUX Tap. POTOHHO-eNEeKTpOoHH1 3711BU. [ToBHMIA KOE(]IlliEHT MO CIa0IeHHS.

OcHOBHI BUJHM 1 0COOIMBOCTI PaJiOaKTHBHOTO po3Maay 3aKoH PaaioaKTHBHOTO posmanay. Bikosa
pamioakTBHa piBHOBara. [IpupomHi pamioaktuBHI sapa. PamioaktuBHI psiau. Anbda-posnaa. ToHka
CTpyKTypa anb(a-crnextpy. Teopis anbda-po3nany. bera-neperBopenns. Jlocmiau 3 BUsSBIEHHS HEUTPUHO.
Brpara nmapnHocti npu 6era-po3nazi. Jocnign By, Metoau peectparlii 3aps/pKEeHUX YaCTHHOK 1 TamMma-
KBaHTIB.

EnmorepMmivni Ta exk30TepMivHi saepHi peakiii. Ilepepi3 suepHoi peakiii. SIaepHi peakitii mia giero
uenTponiB. [loxin Baxkux saep. Jlanirorosi siaepHi peakiii. Bukopucranus eneprii moainy. [Ipakruune
3MIICHEHHSI JIAHIIOTOBOTO siAepHOTO mpoiliecy. SAnepHi peaktopu. Hansaxki siapa. doTosaepHi peakiii.
Peakuii tepmosnepnoro cuntesy. [IpoGiema kepoBaHOi TepMmosiiepHOi peakiiii. MarHitHa 1307s1is8
wia3mu. TepmosinepHi peaxitii y BeecBiti. [IpoTOHHO-TIPOTOHHMI 1 BYIJI€I[eBO-a30THUH ITHKII.

®izuka Bucokux eHepriii. Kputepiii enementapHocti. OCHOBHI XapaKTEPUCTHKU €IEMEHTapHUX
YacTUHOK. 3akoHH 30epekeHHs. JlemToHUW, 3aKoH 30epekeHHS JIENTOHHOTO 3apsny. bapioHu, 3akoH
30epexxeHHsT OapioOHHOTO 3apsny. [3oTomiuHMii cmiH. [30TomiyHa iHBapiaHTHICTh. JIMBHI YaCTHHKH.
Bzaemogis enemenTapHux yacTHHOK. Bunu B3aemonii. Mojenb KBapKiB.

Jlo3umeTpuyHi oguHMLI. JJ03UMeTpis 1 3aXUCT BiJl BUTIPOMIHIOBAHHS.

VII. TEOPETUYHA MEXAHIKA

Beryn 10 TeopeTH4HOI MexXaHiKK
1. Kinematuka
HIBuAKICTE 1 NPUCKOPEHHS B KPUBOJIHIHHUX KoopauHarax. IlpuponHiii cmocid 3amaHHS pyXy
To4kH. TaHreHianbHe, HopMallbHE IPUCKOPEHHs. Pajiiyc KpUBU3HU 1 KPYUEHHS TPAEKTOPIi.



2. Ilnnamika

[Mpunnun lanines. 3akorn Hertotona. 3akoHu 3MiH 1 30€peKeHHS IMITYJIbCY, MOMEHT IMITYIIbCY 1
KIHETHYHOT eHepril MaTepiaibHOT TOYKH. 3aKOHHM 3MiHHM 1 30€peKeHHs IMITYIbCY, MOMEHTY IMITYJbCY i
KIHETHYHOT €Heprii CUCTEeMHU MaTepiaJIbHUX TOUYOK.
3. InTerpyBanns piBHssHb HeroTOHA

OnuomipHuit pyx. Pyx B ieHTpansHoMy moii. 3aiada aBox Ti1. 3anada Kerutepa.

Hpunuun Janamoepa. Pipusinnsa Jlarpanaxa. [Ipuauun HaiiMeHmoi aii

4. PiBusinng Jlarpanska I Ta Il poais

Bsi3i. Knacudikamis Bsizeli. OCHOBHA 3a7a4a JUHaAMIKH HeBUTbHOI Toukw. [Tpuanmmn Jlamambepa.
PiBusinns Jlarpamxa I-ro poxy. PiBusinus Jlarpamka Il-ro poxy. Y3araneHena cuna. PiBasuus Jlarpamxka
[I-ro pomy mns noreHuianbHoi cunu. Jlarpamwxkian. VY3aranpHeHud mnoteHmian. [Ipukian enexrpo-
MarHitHoro noist. Cunu tepts. Jucunarusna ¢yHkiis Penes.

5. llpuHuun HaMeHInol il

Jesxi 3amadl BapiauiiiHoro uucieHHs. EnemeHnTH BapianiiiHoro uucieHHs. OCHOBHI HOHSTTS
BapiauiifHoro yucienHs. @ynkuionan. Bapiamig ¢ynkuii. Bapianis @ynkuionany. PiBusHHs Jlarpamxka-
Eiinepa ans onHoi 3MiHHOI. Y3aranpHeHHS piBHSHHS Jlarpamxka-Einepa Ha Bumajgok 0ararbox 3MIHHHX.
Bapianiitnuit npuxuun aminerona 1 piBHAHHA Jlarpamxa. Bapianilinuii npunuun [laminsToHa mpu
HasBHOCTI 3Bs13KiB. KoBapiaHTHICTH piBHSIHB Jlarpanxka. 3akoHU 30epexeHHs 1 X 3BSI30K 3 BIACTUBOCTIMU
npocTtopy 1 dacy. OmMHOPIAHICTE Yacy 1 3aKOHHM 30epexeHHs1 eHeprii. OJHOPITHICTh MPOCTOPY 1 3aKOH
30epexeHHs IMIYNbCY. [30TPOHHICTH MPOCTOPY 1 3aKOH 30€pe’KeHHSI MOMEHTY KUIbKOCTI pyxy. Teopema
Herrep. Mexaniuna noionicts. Teopema Bipiana.

l'aminibronoBuii gopmadizm. PiBussausa l'aminbrona-$ko0i

6. KaHOHiYHI piBHSHHSA

PiBusinas Taminerona. ®yukmis ['aminerona. ®ynkiis Payca. Jyxkku Ilyacona. BmactuBocTi
nyxok Ilyacona. Ilpunnun Moneptiol. KanoHiuHi meperBopeHHs. TBipHa (yHKIISI KaHOHIYHOTO
neperBopeHHs. [HBapiaHTHICTH OyX0K IlyacoHa BITHOCHO KaHOHIYHUX MepeTBOpeHb. Pyx cuctemu sk
KaHOHIYHEe mepeTrBopeHHs. Teopema JliyBinsa. IaTerpanpHi iHBapiantu Ilyankape. Pyx ¢da3oBoi piguHm.
PiBusinus JliyBims.
7. Teopisa I'amisibTOHa-S KOOI

His sk ¢yskuais koopauHat. PiBHanHa [aminbrona-fAko6i. Teopema fAko6i. 3HaxomkeHHS
PO3B'A3KY 33/1a4l PO pyX MEXaHIYHOI cucTeMu MeTooM ['aminbToHa-Kk001. MeToa po3AUIeHHS 3MIHHUX
B piBHsAHHI ['aMminbTOHa-K001. ['eomeTpuuna iHTepnperaiis Aii. PiBHsaHs ["aminbToHa- K001 1 XBHIIbOBE
piBHSHHSA. ['aMiIbTOHOBHIA (POpMaITi3M JJIsT TUCUTIATUBHUX CUCTEM.

3acTocyBaHHSI METOIB TEOPETUYHOI MEXAHIKH /10 KOHKPETHUX CHCTEM.

8. MaJii koiMBaHHs

BinbHi oJHOBHMMIpHI KoMuBaHHA. Bumymieni konuBaHHS. KonMBaHHS Ipu HasBHOCTI CHII
TepTs.3aTyxarodi KoJIMBaHHs. BuMyIeH1 KoJMBaHHS Npu HasgsBHOCTI TepTs. KonuBaHHs cucteM 3 6ararbma
CTyneHsMU BUTbHOCTI. KonmBaHHS OJHOBMMIPHOTO JIAHIIOKKAa aTOMIB. AHIApMOHIYHI KOJHMBAHHS.
[TapameTrpuunuii pe3oHaHc. Pyx B HIBUAKO OCIMIIIOIOYOMY ITOJI.
9. Pyx TBepaoro Tija

KytoBa mBukicts. Tenzop inepuii. MoMeHT iMImynbCy TBEpAOro Tila. PIBHSAHHS pyxy TBEpIOTO
tina. Kyru Eiinepa. Piusuns Eiinepa nist pyxy TBeproro Tina. Pyx B HeiHepuiliHii cucTeMi BILTIKY.
10. HenepepBHi cucremMu

[Tpuknaan JlarpamwxkiaHiB HenepepBHUX cucTeM. PiBHsHHA Jlarpamwka g mnois. PiBHSHHS
I'aminerona muisa nons. Qyxku [lyacona ans nons. PiBHSHHS pyXy igeanbHoi pinuHu. [lomupenHs 3ByKy B
razax. Hectucnusa piguna. Cranionapuuii pyx. PiBusuuas bepHymi.



VIII. EJIEKTPOANHAMIKA

1. PIBHSIHHSA €JIEKTPOANHAMIKH 1151 3apPsi/AiB i CTPYMIB y BaKyyMi.

KopoTkuii icTopuuHuii HapUC PO3BUTKY EIEKTPOIMHAMIKH.

PiBasiHHs MakcBena, SK y3araabHEHHS TOCHiTHUX (akTiB: 3akoH KynoHa; BUXpOBUN Xapakrep
MAarHiTHOTO ToJis, MoHOmoMNb Jlipaka; 3akoH @apanes; JpKepella MarHITHOTO TOJIS; PIBHSHHS B PI3HUX
CUCTEMax OJMHHMIIb; BUITAIOK TOYKOBUX 3apsIiB; TIepexin 10 300paxeHHs Dyp'e.

3akoHn 30epekeHHs. PiBHSHHA HEpO3pUBHOCTI, K (opMa 3amucy 3aKOHY 30€peKEHHS; 3aKOH
30epekeHHS €Heprii; YMOBH BHIIPOMIHIOBAHHS; 3aKOH 30€pPEe)KEHHSI IMITYIIBCY; TEH30P HAIPYKCHb.

[ToTenmianu enekrpoMardirHoro mossi. O3HAYCHHS TOTCHIANIB, PIBHSHHS JUISI ITOTCHINANIB,
rpajJieHTHAa IHBapiaHTHICTh EJEKTPOMArHITHOTO mojs, KanmiOpyBaHHs Kymona i JlopeHna, piBHSHHS
JHamambepa, po3B's3yBanHs piBHsIHB JlanamOepa, 3ami3HIO0Y1 1 BUTIEPEIKYIOU1 MOTEHIT1aH.

2. BitbHe elekTpoMarHiTHe mouie.

PiBusinHs ButbHOrO moss. Ilnocki, cdepuuni ta iHm xBuil. PazoBa Ta IpynoBa MIBUAKOCTI.
[Inocka MOHOXpOMaTW4HA XBWJIS, MOJspU3alis. 3aKoHU 30€peKeHHs Uil BUIBHOTO TOJs, €Heprii Ta
imoynbe nosig. Ocuunaropu nodis, ¢yskuii Jlarpanxka ta I'aminerona BuibHOro nois. Kanoniuna gpopma
PIBHSIHB MOJIS.

3. CraTn4Hi noJis1 y BaKyyMmi.

PiBHSIHHS [U1 cTaTUYHMX MOJIB. MeToau po3B'A3yBaHHS CTAaTMYHUX 3ajady: oOepHEeHa 1 mpsma
3a/laul eJIEKTPOCTAaTHKHU; 3aCTOCYBAHHS IHTErpajbHUX CIIBBIIHOIIEHb Ta PIBHAHb JUIsI MOTEHIIANIB;
MYJBTUIIONBHI PO3BUHEHHS; MOTEHIIAN 1 MOJISI eIEKTPUYHOIO Ta MArHiTHOTO JMIIONIB; MoJie JHIHHUX
ctpymiB. EHeprig craTMuHuUX moiiB: 1B1 (pOpMynu Ui €Heprii, eHeprisi B3aeMOJii Ta BJacHa €Heprid,
npobaemMa IepeHOPMYBaHb; €HEPTis JUIOJIIB Y 30BHINIHIX MOJISIX.

4. Teopist BUIPOMiHIOBAHHSI.

[Torenmianu Jlienapa-Bixepra. Ilome ToukoBoro 3apsiay: 0cCOOMMBOCTI audepeHITIIOBaHHS
noteHIiaiB JlieHapa-Bixepra, o6uucnenss noiiB. BunpoMinioBaHHsS TOYKoBOTO 3apsiay. [lone cucremu
3apsA/iB HAa BEIWKHUX BIIJAISAX Bif JpKepena, Onu3bKka 1 XBWIbOBA 30HU. JIMMOJbHE 1 KBaAPYIMOJIbHE
BUNpoMiHIOBaHHS. Cuia paaialifHOTO TaJlbMYBaHHs: MPOMEHUCTE TepTs; piBHsAHHS JlopeHna-/lipaka;
IUPUHA CTICKTPAIBHUX JIiHIH. PO3CITHHS €JIEKTpOMAarHiTHUX XBUJIb BUTLHUM Ta 3B'SI3aHUM 3apsJIaMHU.

5. Teopist BiITHOCHOCTI.

[IpuHUIMIM  BITHOCHOCTI: CYIIEPEYHICTh HBIOTOHIBCBKOT MEXaHIKM Ta EIEeKTPOANHAMIKY,
CKIHUEHHICTh IIBUIKOCTI MOIIUPEHHS B3a€MOJIi; BITHOCHICTh OJHOYACOBOCTI; IHTEPBAI MDK IMOJISIMH;
YOTHUPUBHUMIPHI MPOCcTOpr MIHKOBCHKOTO.

IleperBopennst Jlopenua: popmynu JlopeHua; noaBaHHs HIBUAKOCTEH, BIACHUN 4ac 1 CKOPOUSHHS
JlopeH1ia; YOTUPUBUMIPHI BEKTOPH 1 TEH30PH.

PenstuBicTchka MexaHika BUTbHOT YacTUHKM: iHTerpan nii, ¢yHkuii Jlarpanxka ta ['aminsroHa,
€Hepris Ta IMIYNbC; 4-BEKTOpP E€HEprii-IMIYIbCy, TEH30P MOMEHTY KUIbKOCT1 PyXy; 3aKOHH TMEepPEeTBOPEHS
€Heprii, IMIYIbCY,MOMEHTY KUIbKOCTI PyXy; PIBHSHHS pyXy BUIbHOI 4yacTuHku y Qopmi Jlarpanxka-
Eiinepa, ['aminsrona ta 'aminbrona-fko6i. 3apspkeHa YyaCTHMHKA B €JIEKTPOMArHITHOMY Toui: (YyHKIIIT
Jlarpanxka 1 ['aMinbTOHA, PIBHAHHA PyXy; 4-IIOTEHLIAMN MOJS 1 3aKOHU iX MEPETBOPEHHS; PyX 3apsny B
eJIEKTPUYHOMY TOJI.

TeHzop eneKTpOMarHiTHOro IMoJjs: BapialiiHUN NPUHLMIT Ui 3HAXOKEHHS PIBHSHHSA PyXY
3apsKEHOT YaCTUHKHU B NMPOCTOpi MIHKOBCHKOTO; TEH30pP HOJIS 1 1Or0 BIACTUBOCTI; IEPETBOPEHHS OB
Ta IHBapiaHTH.

6. KoBapiantHa (popMa piBHSIHb €JIeKTPOANHAMIKH.

OCHOBH1  CIIBBIIHOIIEHHS €JEKTPOJUHAMIKM y mpocTopi MIHKOBCBKOro: 4-cTpyM i
neperBopeHHs JlopeHina; 4-gopma piBHSIHb €NEKTPOAMHAMIKH; BapilallifHUI NMPUHLMI B TeOpii MOJIS;
1HTerpas Aiil JUTs 3apsiiiB 1 OIS, 3HaXOKEHHS PIBHSIHH MaKcBeIIa 3 BapialiifHOro MpHUHIIUILY.

YotupuBumipHa opma 3aKoHIB 30€peKEeHHS: TEH30p eHEePrii-IMITYJIbCY TOBUIBHOTO MOJIs; 4-cuiia
1 TyCTHHA CHJIM; TEH30PH €HEeprii-IMIyIbCy eJIeKTPOMAarHiTHOTO MOJIs Ta TYCTUHH YaCTUHOK.

7. PiBHSIHHSI MAKPOCKOIIIYHOI €JIeKTPOAUHAMIKH.

Mikpo- Ta Makpomois, MIKpOCKOMIUHI piBHSIHHA MakcBema-JlopeHna.  YcepeaHeHHS
MIKPOCKOIIIYHMX pIBHAHB: CepeIHi 3HAYeHHS MIKPOCKONIYHUX IIOJIiB, 3apsfiB, CTPYMIB; BEKTOPH
NoJISIpU3allii Ta HAMarHiueHHs; y3arajbHeHa HAYKLISA; TpU (OPMH PIBHSHB MOJS B CEPEIOBHUIIII.



[Monspu3amis 1 HaMarHiYeHHS CEPEAOBUINA B TMOCTIHHMX TMOJIAX: HEMONAPHI 1 MOJISApHI
CEpEeOBUINA, TIOJIE B KOHICHCOBAHOMY CEPEIOBUII; Jlia- Ta nmapamaraeTusM. [lonspusariis cepenoBuiia B
3MIHHOMY TOJIi.

KomruiekcHa — mienekTpuyHa — NPOHHMKHICTh,  JHUCIEPCiiHI  CHIBBiIHOWIEHHS.  3araibHa
XapaKTepUCTUKA MaTepialbHUX PIBHAHb. YMOBHU Ha MEXIi JBOX CepeloBuIll. EJeKTpoauHaMika pyXoMOro
cepenopuina. J(ucrepcHi i mpo30opi cepeoBuIla, SHEPTis MO B CEPEIOBHIITL.

8. CrarnyuHi noss B cepeaoBMIILi.

PiBHSIHHS CTaTHYHUX OB, IHAYKOBaHI 3apsiu Ta CTPYMH, IHAYKTHBHOCTI. CHIIM Y CTaTHYHUX
TOJISIX.
9. KBasicraTtnuHi aBuIna.

YMOBH KBa3iCTaTUYHOCTI Ta PIBHSHHA KBA3IiCTaTUYHUX sSBUII. HopmanbHUil Ta aHOMaTbHUI CKiH-
edextu. PIBHSHHSA U1 CUCTEMM JHIMHMX CTpyMiB, KOMIUIEKCHHH omip. MarHitHa riipoauHamika:
OCHOBHI PIBHSIHHS, €(eKT “BMep3aHHs’, MATHITOTIPOIUHAMIUHI XBHIII.

10. ExekTpomMarHiTHi XBuJjii B cepe10BHIIIi.

[Tnocka MOHOXpOMaTHYHA XBWJISL B OE3AMCIIEPCHOMY Ta JUCIIEPCHOMY cepefioBHIaxX. BinOuBanHs
1 3aJIOMJICHHSI €JIEKTPOMArHITHUX XBUJIb Ha IUIOCKIA MEX1 JABOX CEpeAOBHIL. XBWJII B aHI30TPOIHOMY
CEpEIOBHIIIL.

11. Heuniniitni egexrm.

CunbHa eneKTpoMarHiTHa XBHJISA. BUMpOMiHIOBaHHS 3apsay B MOHOXPOMAaTHYHOMY MarHiTHOMY
nosii. EneMeHTH HemHIHOT ONTHKW: HeNiHIHHA CHPUMHATINBICTD, CaMO(OKYCyBaHHS; BUHUKHEHHS
KpaTHUX YacTOT.

IX. KBAHTOBA MEXAHIKA

OcHOBHI eTanu po3BUTKY KBaHTOBO1 Teopii. ['imore3a [1nanka i «cTapa» KBaHTOBa MEXaHiKa.
XBWIbOBA 1 MaTPUYHA MEXaHIKA.

1. OCHOBHI NPUHUMIIK KBAHTOBOI MEeXaHIKH

Onuc cra"ny B KBaHTOBIM MexaHimi. XBuiaboBa (yHKIis. [IpuHIun cymeprio3uiiii (mpukmaay 3
Teopii sIACpPHUX CHII, KBAaHTOBOI XiMii, pi3uku TBepaoro Tina, Kir llpeninrepa). XBuUap0BUi akeT.

XBWiIbOBa (YHKISI BUIbHOI YacTUHKU. BractuBocTi mmimockmx XBuib. CepemaHi 3HaUYCHHS
KoopauHaTH Ta iMmoynbcy. Omeparop immynbcy. CIIBBITHOIICHHS HEBU3HaYeHOCTeW [aii3eHOepra.
Minimizyrounii XxBuib0BHiA makeT. ([Ipukiamu: po3mipu aTOMHOTO si/ipa, PIKAN TeTiid, eHepris 0CHOBHOTO
CTaHy aroma).

2. MareMaTH4YHHMIi alapaT KBAHTOBOI MeXaHIiKHU

Omneparopu ¢iznunux BenuuuH. Jlii Hax onepatopamu. [Ipuknaau onepatopiB Gpi3MIHUX BEITHYHH.
Bnacui QyHkmii 1 BIacHI 3HaYeHHS oreparopiB. BiacTUBOCTI BIAacCHWUX 3HAYECHb 1 BIACHUX (PYHKITIH
€PMITOBHX OIEpPaToOPiB.

CrhiBBiIHOLIEHHS]  HEBU3HAUYEGHOCTEH A (PI3MYHMX  BENUYMH, [0  MPEACTaBISIOTHCS
HEKOMyTYyounMHu onepatopamu. Korepentni cranu. [Ipuniun nonosHioBansHOCTI bopa.

Pi3ni mnpexacraBneHHs xBwiboBuUX GyHKIIA. bpa- 1 Ker- Bekropu. Pi3Hi mnpencraBieHHsS
omeparopiB. Marpuili oneparopiB. KBaHToBa MexaHika — Teopisl JiHIHUX ONepaTropiB B T'ILOEPTOBOMY
MPOCTOPI.

3. PiBusinns lpeninrepa

XBunboBe piBHsAHHS [lpeninrepa. PiBHSHHS HemepepBHOCTI. 3akoH 30epeXeHHS TyCTHHU
HMOBIpHOCTI. 3MiHa CepeHIX 3HaYeHb (DI3UYHUX BETUYUH 3 YACOM.

KBanToBi ayxku Ilyacona. Cramionaphi cranu. IIpencrasnenns Llpeninrepa i mpeacTaBieHHS
laiizenbepra. [IpencraBieHHs B3aeMOIii.

Haiinpocrimi 3ana4i KBAHTOBOI MeXaHIKH Ta MOMEHT KUIBKOCTI pyxy

4. Haitnpocrimi 3aga4i KBAHTOBOI MeXaHIKH

YacTuHKa B MOTEHIIATIBHIN M1 3 6€3MEXHO BUCOKUMU CTIHKaMU.

lapmoniuHMi ocruATOp. XBWIBOBHHA Ta MarpuuHuil migxoau. Omeparopy HapoOJKEHHS 1
3HumieHHs. KorepenTHi cranu. IIpoxo/pkeHHS YacTMHKM uepe3 MOoTeHIanbHui Oap’ep. PezoHaHcHI
CTaHHU.

XosoHa emicis enekrponis 3 Meraiy. Teopis [amoBa [1-po3nany BaKux siep.



5.3B’130k KBAaHTOBOI MEeXaHiKH 3 KJIACHYHOIO

[epexin Bil KBAaHTOBUX DPIBHSHB PyXy J0 KIACHYHUX. PO3MIMBAHHS XBHIIBOBUX IAKETIB 3 YACOM.
XBuiiboBa (QYHKI[IS B KBa3iKIIaCHIHOMY HaOmmkeHHi. Meton Bentnens-Kpamepca-bpimmoena. [1pasuiio
KBaHTyBaHHA bopa-3ommepdensaa. Ilpuxian rapmoHiuHOro ocmmiaropa. KBaHToBa MexaHika i
IHTETpaJIn M0 TPACKTOPIAX.
6. MoMeHT KiTbKOCTI pyxy

Omneparop MoBopoTy 1 OpOiTaNbHUN MOMEHT KUIBKOCTI pyXy. BracHi 3HaueHHs 1 BnacHi QyHKIil
orepaTopiB KBajJpaTa Ta MPOEKIiii MOMEHTY KUIbKOCTI pyxy. BiacHi ¢yHKkuii omeparopiB KBajapara Ta
MIPOEKIIiA OpOITATBHOTO MOMEHTY KUTBKOCTI PYXY.

Pyx 4acTHHKM B HEHTPAJIbHO-CUMETPUYHOMY TO0JIi Ta Teopisi 30ypeHb

7. PyX YaCTHHKH B LIEHTPAJILHOCHMETPUYHOMY MOJTi

Pyx B mouni nientpanbHoi cunu. Panianbue piBHsHHA [peninrepa. Pyx B KylOHIBChKOMY MOJI.

Atom BogHI0. ATOM BOJHIO. [HTerpan pyxy Jlamnaca-Pynre-Jlenna (meron B. Ilaymi).
8. Teopis 30ypeHb

CranionapHa Teopist 30ypens. HeBupomxenuit Bunajgox. (AHrapMoHiuH1 ocuiistopu. Mogeni 3
MaJIMMH [TapaMeTpaMu CTBOPEHUMH «3 Hidoro» 1/N -po3knaan). EpexTnBHa Maca TOMIIIOK B
KOHJCHCOBaHUX TiTaX. Moieh 3 HeaHATITUIHOTO 3aJIeKHICTIO €HEPTii BiJ] KOHCTAHTH B3a€EMOIII:
HaanpoBiaHuK bapaina-Kymnepa-Ilpiddepa.

Teopis 30ypeHs npu HasIBHOCTI BUpOKeHHs. /[BopiBHeBa cuctema. Edekr [lltapka mis atoma
BOJIHIO.

EnepreruyHi piBHI eJIEKTpOHA B KpUCTaJl. [|-eJIeKTpOHHA T€opis OpraHiuHUX MOJIEKYII.
Bapianiitnuit meton. (AHrapMOHIYHUN OCIIUIIATOP).

Teopist 30ypeHb, 3aIeKHUX Bix gacy. MIMOBIpHICTh KBAHTOBOTO IIEPEXOAY 3a OAMHHILIO 4ACY.
3omote nmpaBuiio epmi. Judpakitis HEUTPOHIB B piAHAX Ta TBEpAUX Ti1ax. KBaHTOBI mepexoau mif
JIEI0 PaNTOBHUX 30ypEHb.

9. B3zaemogaisi aToma 3 eJIeKTPOMAarHiTHUM 10JIeM

KBanTyBaHHS BUILHOTO elIeKTpoMarHiTHOro moiiss. ®oToHn. BekTopHUI MOTEHINal SK oneparop.
Edexr Kazumupa.

Teopis BumpomiHiOBaHHS Ta mnomMHaHHA cBitina. ®opmyna [Inanka. Enexrpuuyne numnonbHe
BunpoMiHioBanHs. [IpaBmiia BinOopy. EnexkrpuuHi KBaapymoJibHI Ta MarHiTHI JUIIOJNBHI TEPEXOJIH.
[IpaBuina Binbopy. Yac xutTTs 30y/KeHUX cTaHiB aToMiB. [IpupoaHa mupuHa CieKTpaIbHUX JIIHIH.

PeasituBicTChKa KBAHTOBA MeXaHiKa.
KBanToBa MexaHika cucTeMu 0ararb0X 4aCTUHOK. Teopist po3cisiHHA.

10. PeqssTBiCTChKA KBAHTOBA MEXaHiKa

Piusnns Knsitna-Topmona-®oka. Kemnepiscbka mpotinema B Teopii Knsitna-Iopaona-®oxka.
PiBusinnas [ipaka. Marpuui [ipaka. PiBHsSHHS HemepepBHOCTI. MOMEHT KUTBKOCTI pyXy B Teopii Jlipaka.
Cmin. Crinosi ¢pynkuii. Chepudnuii criHop.

BinpHuit pyx pensTuBicTChbKOi wacTuHKU. I[IpoGmema Big’emHux eHeprid. Ilo3uTponu.
KBazipenstuBicTchke HabmmkeHHs piBHsAHHS Jlipaka. PiBusuus [layni. KBazipenstuBicTchbke HaOMMKEHHS
piBHsHHS [lipaka. CriiH-op0OiTaibHa B3a€EMO/IIS.

ATOM BOJHIO 3 BpaxyBaHHSM peEISITUBICTCHKUX mompaBok. DopMmyna TOHKOT CTPYKTYpH.
JIeMOiBCBbKHIT 3CYB piBHIB. ATOM B MarHiTHOMY IOJII.

11. KBanToBa MexaHiKa CHCTeMH 0araTb0X 4aCTHHOK

[IpyHIMO TOTOXHOCTI YAaCTMHOK B KBaHTOBI MexaHiuil. CHMETpUYHI Ta aHTHCUMETPUYHI

XBUJIBOBI1 (pyHK1I1. bo3oHHU, GpepmioHn.

Teopis atoma resmito. [Tapa- Ta oproremniii. Bix'emuuit ion Boguio H . Mertog Xaprpi-Doxa. MeTon
Tomaca-®epwmi.

Teopis monekyn. Apiabatuune HaOmkeHHS. Monekyna BoaH. Meton raﬁTﬂepa-HOHHOHa.
MonekynsipHuil HoH BoAHIO. XiMiuHUH 3B’sA30K. TUnM XiMIuHOTO 3B’s3KY. BiiacTMBOCTI KOBaJ€HTHOTO
3BEA3KY.S-p -ribpuaunzanis. Cunu Ban-nep-Baanbca.

12. Teopist po3cissHHSs
Awmmutityna po3cistHHs. BopHIBChbKe HAOMM>KEHHS JUTSl aMILTITYAU pOo3CisiHHs. PO3CisIHHS eNeKTpoHIB Ha



aromi. MeToa nmapuianbHuX XBHIb. ONITHYHA TEOpeMa.

X. TEPMOINHAMIKA I CTATUCTUYHA ®I3UKA

Hauyaja TepMogHAMiKM Ta OCHOBHI NPUHIUIIM CTATUCTUYHOI Qi3NKH

TepmomuHamika i craTucTiyHa (Hi3UKa K MAKPOCKOIIIYHA Ta MIKPOCKOIIIYHA TEOPii TeTI0BOi
dbopmu pyxy marepii BignoBigHo. @EeHOMEHOIOTTYHUN METOI TEPMOJIUHAMIKHY 1 MIKPOCKOTIIYHHI METO]T
CTaTUCTHYHOI MexaHiki. OCHOBHI €Tany pO3BUTKY TE€OPii TEIJIOBHUX SIBHII.

1. Hayasna Ta 0OCHOBHI CHiBBi/ITHOIIEHHSI TEPMOJIMHAMIKH

[lepmre i apyre Havana TepMoAMHaMIKU. XapakrepuctuyHi ¢yHkuii. CrniBBigqHOmEeHHs MakcBena
Ta piBHsAHHS ['160ca-I'enpMronpiia B TepMOIMHAMILT.

Tennosa Teopema Hepucra. Tpete Hauano TepMoIHaMIKH.

CmiBBiTHOIIIEHHSI TEPMOJIMHAMIKH JJII CHUCTEM 31 3MIHHMM YHCJIOM YaCTHHOK. 3arajibHI YMOBH
PIBHOBAaru Ta CTIMKOCT1 pIBHOBArd TEPMOJMHAMIYHUX CUCTEM. YMOBH CTIMKOCTI PIBHOBAru Ik yMOBH JUIs
TEPMIYHOTO Ta KaJOPUYHOIO PIBHSHB CTaHy. YMOBU PIBHOBaru Ta CTIMKOCTI PIBHOBaru AJsi KpUTUYHOL
TOUKH. YMOBH piBHOBAru B 6aratoazHux 0araToKOMIOHEHTHUX cuctemax. [Tpasuiio ¢a3 ['i60ca.

2. ®a30Bi nepexoan Ta KPUTHYHI IBUIIA

Knacudikamis Ependecra dazoBux nepexoxiB. PiBusuus Kmanetipona-Kmaysiyca ans ¢azoBux
nepexoais | poay. IIpaBuno Makcsena npu ¢azoBux nepexonax I pony. PiBusuus Ependecra dazoBux
nepexoais Il pony. da3oBuii nepexia B HAAIPOBIAHUMN CTaH y BIICYTHOCT1 MarHiTHOTO MOJISL.

HaniBdenomenonoriuna teopis ¢azoBux nepexoxaiB Jlannmay. IloBeniHka pedoBHHH B OKOJI
KpUTH4HOI TOYKU. [loHATTS mpo kputuuHi iHJAekcu. KputuuHi injgexcu B Teopii Ban-nep-Baanbca Ta
Teopii MOJIEKYASIPHOTO TOJIS.

3. IIpyHIMINY TA OCHOBHI CHIBBiTHOIIIEHHSI CTATUCTUYHOI MEXaHIKH

OCHOBHI IPUHITUIIA CTaTUCTUYHOT MEXaHIKW: PIBHOBXHHM CTaH, peiaKcallis, Ouc MaKpoOCTaHy;

MIKpOCTaH, MOCTYJIaT OJIHAKOBUX IMOBIPHOCTEH, OMHC MIKPOCTAHY B KJIACHYHIM MEXaHiIli, OIMHUC
MIKpOCTaHy B KBaHTOBIM MEXaHiIll; aHCaAMOJIb, CEPETHE MO aHCcaMOIt0, (DYHKITIS PO3MOALTY, CTATUCTUIHUN
oreparop.

OyHKITISA PO3MOALTY KIACHYHMX aHcamOmiB: Teopema JIiyBULISA; KBa3i3aMKHEHa MiAcHCcTeMa 1 ii
(YHKITIS pO3MOALTY; POJIb IHTETpasia eHeprii Ta GyHKIIiSA PO3MOIUTY MIKPOKAaHOHIYHOTO aHCAMOITIO.

CratucTUyHUN omepaTop KBAHTOBUX aHCaMOIIB: PIBHSHHS pyXy; CTaTUCTHYHUN Omeparop
KBa313aMKHEHOT IICHCTEMHU; (PYHKITIST PO3MOILTY KBAHTOBOTO MIKPOKaHOHIYHOTO aHCaMOITIO.

CrarucTu4Ha TepMOAUHAMIKA

4. TepMoaMHAMIYHI XapaKTEePUCTUKH B METOAi CTATUCTUKO-MEXAHIYHOT0 ONMCY TEMJIOBUX SIBHIIL

OyHKIIA po3moAlTy WMoBipHOCTEH mis eHeprii cuctemu. CraructuyHa Bara. EHTpomis i
TeMIieparypa B CTAaTUCTH4YHIA MexaHiui. EnTpomis 1 npyre Havyamo TepMmoauHamikd. Kracuunwmii
KaHOHIYHUN aHcaMOnb. KBaHTOBHMI KaHOHIYHMI aHcamOnb. TepMoaMHAMIYHA EKBIBaJICHTHICTH
aHcaMOiB. BinbHa eHepris B CTAaTUCTUYHIA MEXaHiIll. 3B'SI30K 3 TEPMOMHAMIKOIO.

CratuctuyHa cyma i cTaTUCTHUHUHN iHTerpai. OCHOBHE CIIBBIIHOIICHHS CTATUCTUYHOT MEXaHIKU.
OyHKIIIA PO3MOJUTY BEJIUKOTO KAHOHIYHOTO aHCaMOMo (KJIACMYHOTO Ta KBaHTOBOro). CTaTHMCTUYHHIMA
IHTerpaJl KIIAaCUYHOTO 1/1€aJIbHOTO ra3y 3 MOCTIMHUM Ta 31 3SMIHHUM YUCJIOM YaCTUHOK.

5. CraTuCTHYHA TEPMOJAMHAMIKA KJIACMYHHUX CJIa00Heiqea bHUX CHCTEM YaCTHHOK.

Cnabo HeineanbHUN KIAaCHYHUHN ra3 3 HEUTpaJIbHUX YaCTUHOK. BipianbHuil po3knaj Ta piBHIHHA
Ban-nep-Baannca. Teopis [lebast kiacuuHoi cnaboHeineanbHOl maa3Mu. MeTtoa Kopensiiiaux (QyHKiii
BoromtoboBa:1tor piBHSHb Ta HAOIMKEHI METOAU PO3B’S3KY.

Tema 6. CTaTHCTHYHA TEPMOAUHAMIKA ileaJJbHUX KBAHTOBHX CHCTEM

IneanwsHi kBanTOBI razu. Posnoain ®@epmi. Posnozin bose.

Temneparypa BupomkeHHs rasis. Ineansuuit ®@epmi-raz npu T=0 K. CunbHOBUpOmXKEHUH ra3
@epmi: XIMIYHMIA TOTEHINAN, €Heprisi, eHTPoIis, TernoeMHicTh. CraboBupopkeHHit Ta3 dDepmi.
IneansHuit 603e-ra3 Ta siBUIE 003e-KOHACHCAITI.

CriekTpasibHa T'yCTHHA PIBHOBA)XKHOTO BUIPOMIHIOBAHHS, il yHiBepcanbHicTh. Dopmyna [lnanka
JUIS  CIEKTPAJIbHOI TYCTHHH PIBHOBRXXHOTO BHUIPOMIHIOBAHHS. TepMOAMHAMIYHI XapaKTePUCTUKU
PIBHOBaXHOTO BUIIpOMiHIOBaHHs. 3akoH Credana-bonpiiMana s piBHOBaXKHOTO BHIIPOMIHIOBAHHSI.

Teopis Aitnmraiina ta Jlebas TeruioeMHOCTI TBepAuX Til. Bin'emHi Temmeparypu Ui CHCTEM 3



00MEXEHIM €HEPreTUYHUM CIIEKTPOM.
Teopist gpuaykTyaniii Ta Teopist OpayHiBCbKOIo pyxy

7. TepmoanHamivyHa Teopist GuyKkTyamii
Jlpyre Hauajo TEpPMOJMHAMIKM Uil HEKBaszicTaTHUHUX mpolueciB. TepmomuHamiuHi (uryKTyarii.
Teopis AitHmTaiiHa U1 QIyKTyaliil y 3aMKHEHUX 130Jb0BaHUX cucTeMax. Posmomin [ayca mns manux
¢ykryaniii. Mani diykryanii B Hei3onpoBanii cucremi. [Ipuknaam duykTyamii i Kopemsii QuryKTyartii.
3acTOCyBaHHS KaHOHIYHOTO Ta BEJIIMKOTO KAHOHIYHOTO aHCaMOIIB JI0 PO3paxyHKY (IIyKTYyaIlii.
@nykryanii umcen 3anmoBHEHHS Uit (epmi-razy. Dmykryarii yucen 3amoBHEHHS s 0o3e-rasy.
@nykTyamnii T'yCTHHH KJIAaCHYHHX ra3iB. Po3cisHHS cBiTiIa Ha (QIIyKTyaIlisiX TYCTHHHU.

8. Teopist OpayHiBCbKOIO pyxy

3arajbH1 XapaKTepUCTHUKU OpayHIBChKOTO pyxy. Teopis AliHiTaiiHa OpayHIBCbKOTO pyXy. Teopis
JlanxeBeHa. [IpocTopoBi Ta yacoBi MacIITaOM MeXaHIKUM OpayHIBCHKOTO PYXY.

BumnankoBa cuiia Ta ines orpyOneHHs 4acoBOi HIKaid. IMmynbc OpayHIBCBKOT YacTWHKH, HOTO
aucrepcis Ta Uil MoMeHTu. KoopauHara OpayHiBCbKOT YaCTHUHKHY, ii AUcIiepcis Ta BUIll MoMeHTH. Onuc
OpayHIBCHKOTO PyXy SIK BUTIaaKoBoro mporiecy. PiBusaHs CmonmyxoBchkoro. PiBHsaHHS Doxkepa-Ilnanka Ta
HOro oKpemi po3B’s3KH.

Tepmogunamika HeoOOPOTHIX MpoueciB i e1eMeHTH Qi3UYHOI KiHeTHKH.

9. Teopist OH3arepa HeoOOpOTHIX MpoueciB

TepmonuHaMiuHi CHUJIM 1 TIOTOKH. Kinetnuni xoedimienTd Ta piBHAHHS OnH3arepa mis
HEOOOpOTHIX  mporeciB  BupoObHunTBo  eHtpomii.  BrmactuBocTi  KiHETHUHHMX  KOe(IIIIEHTIB.
CmiBBimHomenHs: Ouzarepa. Kinernuni xoedimieHTnn mns audysii, temmonpoBigHocTi. dudysiiHoro
MEPHOCY Tera Ta TepMOAuQYy3ii.

Tema 10. EneMenTH (Pi3M4HOI KiHETUKHU

PiBusinus JliyBiUIA B CTAaTUCTUYHINA MeXaHII[I HEOOOPOTHIX mporieciB. KiHeTnuHe piBHIHHS A1
OJIHOYACTHHKOBO1 (PYHKITIi po3moaity. [HTerpan 3iTKHEHb.

Kinetnune piBHsSIHHS y HAONMMKEeHHI yacy penakcairii. Jlanitor piBHsHb boromo6oBa ta Giznuni
i7ei voro ananizy. Kinernune piBHsHHA bonbnmana. H-teopema bonbiimana. HeoGopoTHICTS sk
pe3ynbTaT OrpyOJieHHs YacOBO1 MIKaIU. 3aCTOCYBaHHS KIHETUUHOTO PIBHSAHHS Y HaOIMKEHHI Yyacy
penakcartii 10 sSBUII IEKTPO- Ta TEIUIOMPOBIIHOCTI.

XI. PIBHSIHHS I METOJIM MATEMATHYHOI ®I3UKH
BexTopHuii anasi3

1. IIpsiMOKYTHI cMCTeMH KOOPAUHAT
[lepeTBOpeHHS MNPSMOKYTHUX KOOPIAMHAT TOYKHA IPHU MEPETBOPEHHSAX CUCTEM KOOPIUHAT.
BnactuBocTi koedimieHTiB iepeTBopeHHs. [lepeTBOpeHHs KOMIIOHEHT BEKTOpA MPHU MEPEeXoi Bia OaHI€T
HPSIMOKYTHOI CHCTEMH KOOPIMHAT JI0 iHIIO].
EnemenTn BekTopHOi anredpu. [lonspHi Ta akcianbhi Bekropu. [IceBnoBennynnm.
2. OCHOBH BEKTOPHOI0 aHAJIi3y
Bekrop-yHkuis ckaiaspHOro aprymenty. JudepeHiitoBaHHs Ta iHTErpyBaHHsS BEKTOp-(yHIIH 3a
ckansipHUM aprymentoM. logorpad. Ckanspre none. IloBepxHi Ta niHii piBHs.IloxigHa Bif ckansgpHOi
¢byHKIIT 32 HanpsMKoM. ['paieHT cKaJIpHOTO MoJis Ta Horo BiacTUBOCTI. IT0TIK BEKTOpHOTO MoJIs uepes
yepe3 NMoBepxHIo. /luBepreHiist BeKTopHOro mnoss Ta ii BnactuBocTi. Teopema Octoprpajacekoro-Iaycca,
Teopema npo rpajieHT. JIiniifHui iHTerpan Bl BeKTOpHOTo mois. [loTeHmiaabHe BEKTOpHE MoJIe.
Potop Bekropa Ta i#oro BmactuBocTi. Teopema Crokca, Teopema mpo potop. ConeHoinajibHi
BekTopHI mnoius. [ludepeHmianbHi onepauii apyroro mnopsiaky. Teopema mnpo poskiaj (Teopema
I'enbmronbia).

Ten3zopHuii anajis

3. KocokyTHi cucTeMH KOOpAUHAT
KocokyTHi cucTeMH KOOpIMHAT. Y3arajibHEHI MpOEKlii Ta y3arajJbHeH1 CKJIaJ0Bi BeKTopa.
MacmtaOHi Ta AyaldbHI BEKTOpH. METpUYHHMH TEH30p B KOCOKYTHHMX KoopauHaTtax. CkamspHHM 1



BEKTOPHHI T00YTKM B KOCOKYTHUX KoopauHarax. [linHiMaHHS 1 omyckaHHs iHAekciB. [IpaBuia iHaekciB,
NPUKIAAN TXHBOTO 3aCTOCyBaHHS. [lepeTBOpEeHHS KOOpAWHAT i KOMIIOHEHT BEKTOpa IMpPH IMEPEXo.i BiA
OJTHI€T KOCOKYTHOT CHCTEMH KOOPAWHAT JI0 1HIIO].

4. Ten3opu Ta ixX BJaCTHBOCTI

[leperBopennst BektopiB mpu 3MmiHi 0Oazucy. I[lomiminiitni ¢opmu. Tenzopu. Panr Te3opa
[lepeTBOpeHHST TEH30PIB MPHU MEPETBOPEHHI CHUCTEM KoopauHAT. AnreOpaiuHi omepanii HaJg TeH30paMu
(omaBaHHSA, MHOXKEHHS, 3TOPTKa, MiJHIMAaHHS Ta OMycKaHHS iHAekciB). TpancdopmariiiHi BIacTUBOCTI
KOMITOHEHT METPHYHOTO TEH30pa IPH TEePEXOo/i BiJ OJHIET JO IHINOI CHCTEMHU KOOpAWHAT. BiactmBocTi
TeH30piB 2-ro panry. [lonsiiiHa 3ropTka JOOYTKY CHMETPHYHOTO i aHTUCHMETPHUYHOTO TEH30pIiB 2-TO
panry. Judepennianbai onepallii HaJ TEH30paMU y KOCOKYTHHUX KOOpAHWHATaX. BeKTopHa JMBEPreHIlis
TEH30pa.

5. KpuBoJiHiiiHi cHCTeMH KOOpAUHAT

KpuBomniniiiHi cuctemu koopauHar. MaciitabH1 Ta 1yajibHI BEKTOPU Y KPUBOJIHIMHMX cUCTEMax
koopauHat. JlokansHuit 0azuc. OproroHanbHi cucteMu koopauHar. Koeirientu Jlame.

MetpruyHuil TeH30p y KpHUBOJIHIMHUX KoopauHatax. Ko- 1 KoHTpaBapiaHTHI METPHYHI TEH30pH.
MeTpuuHi TEH30pH [UII OPTOTOHAIBHUX CHCTEM KOOpPAMHAT. METpUYHI TEH30pH JUIsl IMIIHAPHYHUX Ta
chepuunux koopauHart. [lepeTBOpeHHsT KPUBOMIHIMHUX KOOpAUHAT. TE€H30pH B KPUBOJIHIHHUX CHCTEMAX
KOOD/IMHAT.

MertpuuHi npocropu. 3amaya npo mnapaienbHe nepeHeceHHs Bekropa. CumBonu Kpicroddens.
Knacudikamis npocropiB. KopapiantHe mudepenmniroBanusa. JudepenmianpHi omepaiii B METPHYHHUX
MIPOCTOPAX.

Teopist QyHKIiH KOMILUIEKCHOI 3MiHHOI

KopoTkwii icTOpruaHM OIS €BOJIOLIT 3B A3KIB MIXK (DI3UKOIO 1 MATEMAaTHUKOIO.
1. ®yHKIii KOMIJIEKCHOI 3MIHHOI

KommiekcHa 3minHa. Mosynnb Ta aprymenT. O3HadueHHs QyHKIIIT KoMIIeKCHO1 3MiHHO1. [ToxinHa
GbyHKITIT KOMIUIEKCHOT 3MIHHO1. J{ndepeHifoBHICTh 1 aHaITHYHICTh. YMOBH JanmamGepa—Eitnepa—Kormri—
Pimana. OnHo3HavHi Ta 6arato3Hauni GyHKIIT. Touku po3ramyxeHHs 0araro3HavyHUX () yHKITIH.

2. InTerpaJ Bix GpyHKUIl KOMIUIEKCHOI 3MiHHOL

IaTerpyBanns ogaHo3HauHux ¢yHkiii. Teopemu Komri. Teopema Mopepu. Interpansna dgopmyna
Komri ta ii Hacminku, iHTerpan tumy Komri. [aTerpyBanns 6araro3naunux GyHKIid. OyHKITIOHATBHI PSAIM.
Teopema npo piBHOMIpHY 30DKHICTh PyHKIIOHANBHUX psaAiB. Crenenesi psaau. Pagu Teinopa. Teopemu
npo creneneBi psaau. Paau Jlopana. O61acTh 30DKHOCTI.
3. JIMIIKH B 0COOJIMBUX TOYKAX

O3HaueHHs 130JIbOBAHOI OCOOIMBOT TOYKH (PYHKI[II KOMIUIEKCHOI 3MIHHOT Ta iX Kiacuikarris.
Teopemu mpo 3B’A30K XapakTepy OCOOIMBOI TOUKU 31 CTPYKTyporo psay Jlopana. O3HaueHHs JIUIIKY B
ocoOnMBI Toulll. AHAIITHYHE TNpPOAOBKeHHsA. PimanoBi mnoBepxHi. KoHpopMHI BimoOpakeHHS.
3acrocyBaHHs Teopii umKkiB. O0uncienHs o3HaueHux inTerpaiis. Jlema Xopaana.

OmnepaniiiHe yncjeHHs Y3arajibHeHi QpyHKuii.

Tema 4. InTerpasbne nepersopenns Jlamiaca

IIpsime 1 obepHeHe iHTerpaibHe mneperBopeHHs Jlammaca. Mexi 3actocoBHOCTI. BmactuBocti
neperBopeHHs Jlamnaca. J{udepeHuitoBaHHs Ta iHTErpyBaHHS (DyHKUIH-OpUTIHATIB Ta iX 300pa’keHHS.
Interpan [lroramens. Teopema mMHOxeHHs bopens. 3roptka ¢yHkumii. 3o0paxeHHs NOOYTKY (QyHKIIIH.
3acTtocoByBaHHs TepeTBOopeHHs Jlamimaca 10 po3B’s3yBaHHS 3BHYAWHUX JIHIHHUX AudepeHIiaIbHUX
PIBHSHB 31 CTAIMMU Koe(il[lEeHTaMu, TOJIIHOMIaIbHUMU KOe(illieHTaMH.
Tema S. Inii iHTerpaJbHi NepeTBOPEHHS

IIpsime 1 o6epHene nepeTBopeHHs Dyp’e. Mexi 3acToCOBHOCTI. BracTuBOCTI epeTBOpEHHS
®yp’e. 38’130k 3 neperBopeHHsiM Jlamtaca. Cunyc-, kocunyc-nieperBopenns @yp’e. BnactupocrTi.
[leperBopennst Memnina. 3B 530K 3 epeTBopeHHsAM Jlamnaca.
Tema 6. Y3araabHeni pyHkunii

O-¢ynkuis [ipaka. d-pyHKIIIIHI TOCTITOBHOCTI.

@ynkiioHanbHI npoctopu. OcHOBHI Ta y3aranbHeHi ¢yHkuii. Hociit y3aranenenoi ¢ynkumii. [lii
Haja y3aragbHeHMMH (QyHKUisMu. [ludepeHuioBanns y3aradbHeHux ¢yHkuii. @yskmis IeBicaiina.



@opmymu  Coxoupkoro. ITpsmuit noOyrox i 3roprka y3araabHeHux QyHKHiH. IleperBopenHss ®yp’e,
Jlarutaca y3araibHEHUX (YHKITIH.

JAudepennianbHi piBHAHHA 3 YACTUHHUMH IOXIIHMMH JIPYroro nopsiaKy

7. IndepeHniajibHi piBHAHHS 3 YACTHHHUMM MOXiITHUMH APYTroro NOpsAKy 3 ABOMAa He3aJIeKHUMHU
3MiHHUMH

Knacudikarnis qudepeHnianbHuX piBHSIHB 3 #-HE3aJISKHUMH 3MIHHUMHE B TOYIII. XapaKTepUCTUYHI
noBepxHi. Knacudikamis audepeHianbHUX pPIBHAHD 3 JBOMa HE3aJICKHUMH 3MIHHUMH B TOMIIL
XapakrepuctuuHe piBHsAHHA. KaHoHiuHa Qopma piBHAHb. PiBHAHHS  KoiMBaHb.  PiBHSHHS
terutonpoBigHocTi. CramionapHi piBHsHHA. KpaiioBi 3amadi i ix xmacudikamis. Tunm rpaHIYHUX YMOB.
KopexkTre opmynroBaHHS KpailoBUX 3ajad.
Tema 8. KpaiioBi 3aixaui A1 piBHAHB rinep0oJiivHOro i Napado1iuyHoro THILY

PiBHsiHHS KONMBaHb Ha HeCKIHYEHIN mpsamii. Dopmyna JlamambOepa. MeToa XapakTepUCTUK st
XBWJIbOBOTO piBHAHHA. ChepuuHi XBuill. 3a7a4a 3 JaHUMHU Ha XapaKTepUCTHKax. MeTosa BIOKpEeMIICHHS
3MIHHUX Ui OJHOPIZHOTO 1 HEOJHOPIHOTO PpIBHSAHHSA KoiuBaHb. 3anada lltypma—JliyBimuis.
BrnactuBocTi BracHuX (yHKIIH 1 BracHUX 3Ha4eHb. KpaiioBa 3amaya 3 HEOJHOPIAHMMM TI'PaHUYHUMHU
yMOBaMH. MeToJ1 BIIOKpEMIIEHHS 3MIHHUX Ul PIBHSHHS TEIUIONPOBIIHOCTI 3 TpaHUYHUMHU ymoBamu 111
poany. Metoni ¢ynkmii I'pira B 3amaui Komrl mist  omHOPITHOTO 1 HEOJHOPIAHOTO PIBHSIHHS
TEIUIONPOBITHOCTI. 3MilllaHa KpaifoBa 3ajada JJisi PIBHSAHHS TEIUIONPOBIAHOCTI 3 HEOJHOPIAHUMU
rpaHMYHUMH ymoBaMmu. [Tpuniun /lroramerns.
9. KpaiioBi 3a1a4i i1 piBHSIHb €JINTHYHOIO THILY

IMapmoniuni ¢yHKIT 1 X BractuBocTi. MeTtos ¢yHKiii ['pina po3B’sa3yBaHHsS KpalloBUX 3a/1a4 JIs
PIBHSIHb eNiNTUYHOro Tumy. BnactuBoctiit ¢yHkuiii ['pina. 3HaxomkeHHs QyHkOil ['piHa MeTomom
koH(pOpPMHOTO BimoOpakeHHs mjs piBHsAHHA Jlarmmaca Ha mrommuHl. O0’€MHI 1 MOBEPXHEB1 MOTEHITIAIH.
3acTocyBaHHs MOTEHIIIAIB IO PO3B’I3yBaHHS KPaOBHX 3a]1ad.

CrnenianbHi pynkuii. Bapiauiiine uncjieHHst

10. Huainapuuni pyHkuii

3aranbHe PIBHSIHHS AJIs ClieiadbHUX (QYHKIINA. JIeMu Ipo aCHMIITOTHYHY MOBEIIHKY PO3B’SI3KIB.
3amaya IIrypma—JliyBimns mis kpyra. PiBusaas beccens. ®ynkimii beccems. OpToHOpMOBaHICTb.
Oynknid Holtmana. ®ynkmii ['ankens. @ynkunii beccens 1 ['ankenst yssBHOro aprymeHTa. ACHCMTOTHYHE
MPEACTABIICHHS [IWTHIPUIHUX (DYHKITIH.

11. OpTOroHrajJbHi MHOTO4JIEHH

TeipHa ¢yHkiis mas MHorowieHiB Jlexanapa. Poskiman TBipHOT QyHKIIT y CTEHNEHEBHHA P,
®opmyna Poppura. PiBHsHHA s MHorowieHIB  Jlexxanmpa. PekypeHTHI  CIIBBITHOIICHHS.
OpronopmoBanicTh. TBipHa ¢yHKuis ans mHorouwieHiB Epmita. Po3knan B cucreMHui psifi TBIpHOT
¢byukuii. PexypeHTHi chiBBigHOuIeHHs. PiBHAHHS pans MHorowieHiB Epwmita. OpTOHOPMOBaHICTH
MHorouwieHiB Epmia. @ynkuii Epmira. TBipna ¢ynkimis ans mHorowneHiB Jlareppa. Posknan TBipHOT
¢byukuii y creneHeBuil psn. PexkypeHTHi chiBBimHOIIEHHA. PiBHsSHHSA uis MHorowieHiB Jlareppa.
OpronopmoBanicTs. Dynkiiii Jlareppa.

Po3B’s3yBanns piBHsAHHS Jlamnaca y cepuyHUX KOOpAMHATAX METOJOM BiIOKPEMJICHHS 3MIHHUX.
ITpuennani ¢ynukuii Jlexxanapa. OproHopmoBanicTh (yHkiM Jlexxanapa. Cdepuuni  QyHKIL
OproHopMmoBaHicTh chepuyHux QyHKIIH. ['apMoHiuHUI ocumisTop. PyX enekTpoHa B KyIOHIBCBKOMY
TOJIL.

12. Bapiauiiini 3axaui

Bapiauini npuniunu B ¢i3uii. 3agaya npo 0paxicTo3poHy. AOCOTIOTHUHN 1 BIIHOCHHH €KCTpEMyM
¢yukiionana. Bapiariiina moxinna. Bapianiiina 3aga4a 3 3akpiruieHuMu KinisMu. PiBasuus Eiinepa.
@OyHKIIOHAMN 3 BUIIMMHU NoXigHUMU. PiBHssHHA Eitnepa—Ilyaccona. Ekctpemym noagiliHoro iHTErpajia.
PiBastaast OTpOorpaackkoro. Y3aralibHEHHS Ha BUTAI0K BHUIUX MOXITHUX.

[3onepumerpuuna 3amada. Muoxxuuku Jlarpamxa. 3aranbHa (opma meprnoi Bapiamii. [[pyra
Bapiarfis.



PEKOMEHIOBAHA JIITEPATYPA

1
Iapansa Ipo. Knacuuna mexanika. Ilep. 3 Him. — JIbBiB, 1999.
2. M.B.BaBpyx, C.B.Cmepeumncbkmii, O.M.Crenpmax, H.JL.Tumko. 30ipHUK 3amad 3 MEXaHIKH.
Hauansuuii nocionuk. - JIeBiB: “Pactp-77, 2017.
3. Kyuepyk .M., T'opbauyk L.T. JIynux ILII. 3araneauii kypc ¢izuku. Tom 1. Mexanika. MonexynsipHa
¢i3uka i repmoanHamika. — Kuis: “Texnika”, 1999.

=

2

1. Kimum M.M., AkiGuyk I1.M. MonekynsipHa ¢i3uka. — JIbBiB: JIpBiBChbKMI HanioHanbHUN y-T, 2003. —
544 c.

2. Kyuepyk .M., lTopbauyk I.T., Jlynuk IL.II. 3araneuuii kypc ¢izuxu. T.1. Mexanika. MonexynsipHa
¢13uka 1 repmoauHamika. — K.: Texnika, 1999. — 536 c.

3. Jlyruax SI.M. MonekynspHa ¢isuka./, [IL.M.Ski6uyxk. - K., 1991, 348 ¢

4. Knum M. M. 30ipHuK 3a1a4 3 MonekyisipHoi ¢pi3uku. Hapuaneuuii nocionuk./ Knum M. M., SkiGuyk
I1. M. — JIbBiB : Bunasuuuuii nentp JIHY im. IBana @panka, , 2009 — 242 c.

5. Sxkibuyk I1. M. 36ipHuk 3ama4d 3 MonekynsipHoi ¢pizuku. HaBuanpnuit nocionuk./ SAki6- uyk I1. M.,
Koponumun A.B. — JIpBiB : BunaBununii uentp JIHY im. IBana ®panka, , 2009 — 130 c.

3
1. Kypc di3uku. YV xkam3i 1. Enexrpuka 1 maraetusMm: Ha4. noci0. / I. B. bymok, I'. B. Ilisens, B. B.
JlesanoBchKkHiA; 3a 3ar. pen. I. Kyaepyka. — K. : Texnika, 2001. — 446 c. — ISBN 966-575-183-2.
2. Bonosuk I1. M. ®i3uka: J{ns yHiBepcuteTiB: miapyunuk. / [1.M.Bonosuk. — K.; Ipnias: Ilepyn, 2005. —
864 c. — ISBN 966-569-172-4.
3. 3araneHuii kypc ¢izuku. Y 3 4. U.2. Enekrpuka 1 maraetusm : Had. moci6. / 1. M. Kyuepyk, I. T.
TopGauyx, I1. I1. JIynuk ; 3a 3ar. pen. I. Kyuepyka. — K. : Texnika, 2001. — 452 ¢.— ISBN 966-575-183-2.
4. 3aranpHuit Kypce ¢izuxu. 36ipHuK 3a1a4: Had. moci0./ I. I1. Tapkyma, I. T. [op6auyk [Ta iH.]; 3a pen. .
I1. Iapkymri. — K. : B-Bo "Texnika", 2003. — 560 c. — ISBN 966-575-130-1.
5. BenrpenoBuu P. JI. Kypc ¢izuku. ¥ 3-x 4. U.2. Enekrpuka Ta MaruHetusMm : Hapd. moci6. / P. /.
BenrpenoBuu, M. 1O. Cracuk; 3a pen. npod. P.JI. Benrpenosuua. — UepHiBii: BumaBHuumii maim
"Bykpex", 2008. — 456 c. — ISBN 978-966-399-124-5.
6. Kypc dizukn. Y 2 1. T.1. ®i3uuni ocHOBH MexaHiku. Enekrprka i MarHeTusm: HaB4. 1oci0. / 3a 3ar. pej.
I"bymka. — K. : JIubigs, 2001. — 448 c. — ISBN 966-06-0084-4.
7. Anronsik O.T. 3aranpHa (izuka. OCHOBU €JEKTPUKU 1 MarHetusMmy: HaBu. moci6. / O.T. AHTOHSK. —
JIsBiB: Bua. nentp JIHY im. [.dpanka, 2009. — 239 c. — ISBN 978-966-613-664-3.
8. 3aranmpHa (Qiduka : maboparopHuid TpakTHKyM: HaBd. moci®. / B. bapanoBcekuii, Il.bepexunuti,
[.Top6auyk, B.lymenko, M.11Iyt; 3a 3ar. pea. [.T.opbauyka. — K.: Buma mxk., 1992. — 509 c. — ISBN 5-
11- 002569-X
9. Torpa 3. KO. ®i3uuni ocHoBu enekTponHoi TexHiku / 3. 0. Totpa, 1. €. Jlomaruncekuii, b. A.
Jlykisueusp, 3. M. Mukutiok, [. B. I[lerpoBuu. — JIbBiB : beckun bit, 2004.— 880 c.
10. bonecra I.M. Teopist eleKTpOMarHiTHOTo MoJjs : HaB4aabHUI nocionuk / bonecra .M. — JIbBiB, JIHY
imeHi IBana @panka, 2013 — 478 c.

4

1. Pomantok M.O. Onruka : nigpyunuk / M.O.Pomantok, A.C.Kpouyk, [.I1.ITamyk; 3a pen. npod.
M.O.Pomantoka. — JIeBiB : JIHY imeni [Bana ®@panka. 2012. — 564 c.

2. T'op6ans I.C. Onruka. — K.: Bumia mkona. 1979.

3. Kyuepyk I.H. Top6auyk L.I'. 3aransuuit kype ¢pizuxu. T.3. — K.: Texnika. 1999.

4. binuit M.Y., Ckybenko A.®. 3aranpHa ¢izuka. Ontuka. — K.: Bumia mkomna. 1987.

5. 3anaui 3 ontuky : HaBy. [locioruk / LIL. [Mamyk, A.C. Bomomunoscekuit A.C., B.B. BicToBcbkuii ; 3a
pen. npod. M.O. Pomantoka. — JIbBiB : JIHY imeni IBana ®@panka, 2020. — 326 c.

6. M.Koninbko, [.ITamyk, I.Credancokuii. Ontuunnit npaktukym. Y.1 ta u. 2. — JIsBiB: JIHY, 2000, 2004.



1. bumit M.Y. Atomna ¢izuka. Kuis. 1973.

2. Taiina P.II. Atomna ¢izuka. JIpBiB. 1965.

3. I'may6epman A.1O. ®i3uka aroma Ta kBaHTOBa MexaHika. Kuis. 1972.

4. A.A.OctpoyxoB. Po3B’sa3yBanHs 3a1a4 3 3aranbHOro Kypey ¢isuku. K: Buma mkona. 1986.

5. B.JO.Kyprsik, JI.T.Kapmmtok, M.P.Ty3sik. [Ipaktukym 3 Kypcy «AtomHa ¢izuka». — JIsBiB: Bun. nenrp
JIHY imeni IBana @panka, 2008. — 112 c.

6. A.B. ®panis, O.B. bosrupa. 3agaui 3 aromuoi pi3uku. — JIeBiB: Bun. nentp JIHY, 2011. — 210 c.

6
1. O.I. Curenxo, B.K. Taprakoscekuii. Teopist sapa: Hasd. mocionuk.- Kuis.: JInu6ins, 2000.-608 c.
2. Kyuepyx I.M., T'opOauyxk 1.T. 3aransuuii kypc ¢izuku. T.3. Ontuxa. KantoBa ¢i3uka. K.: Texnika,
1999.- 520 c.
3. JI.A. bynasus, B.K. TaprakoBcekuii. Snepna ¢izuka.- Kuis, 2005.-480 c.
4. Yonman ILI1. di3uka. K.: Bumia mkona, 2003.-567 c.
5. Hinyk 1O.A. Snepna ¢i3uka: Hapu. nociOnuk.- Oneca.: Bugasaunrso OLY, 2008.- 168 ¢
6. A.K. Bansrep, I.I. 3amo0oBchkuil. SnepHa ¢i3uka.- Xapkis: BunaBHuurBo XapkiBcbkoro yH-TY, 1991.-
480 c.
7. B. Kanyctsanuk, b. Kynuk, M. Ilaptuka. [Ipaktuky™m 3 sinepHoi Qi3uKu Asis CTYIEHTIB (G13MYHOTO
¢bakynsrety.- JIbBiB: Bugass. uentp ¢i3. -ty JIHY m. 1. @panka, 2012.-88 ¢

7
1. A. 1O. I'mayOepman, M. T. CenbkiB. Teopetnuna mexanika. JIbBis, 1960, 220 c.
2. A. M. ®enopuenko. Teopernuna mexanika. Kuis: “Bwuma mkona”, 1975, 516 c.
3. Tapanen Ipo. Knacuuna Mexanika, JIpBiB: JIHY iM. IBana ®@panka, 1999, 464c.
4. C. M. €xoB, M. B. Makapens, O. B. Pomanenko, Kitacnuna mexanika, Kuis: Bua-Bo “KuiBchkuii
yHiBepcuteT”’, 2008, 480c.

8
1. A. M. ®enopuenko, Teopernuna dizuka, T.1, 1988.
2. 30ipHuK 3an1a4 3 enekrpoauHamiky / M. B. briaxxuescbka, O. 1. I'puropuak, FO. C. Kpununpkuii Ta iH. ;
3a pen. 1O. C. Kpunnnpbkoro ta A. A. PoBenuaka. JIsBiB: JIHY imeni IBana ®panka, 2015. 112 crop.
3. B. A. TonoBanpkuii. Enekrponnnamika: HaBdaapHUM nocioHuk. YepHisii: Pyra, 2011.
4. B. B. O0GyxoBchkuii. 30ipka 3a/1a4 Jyisl KOHTPOJIBHHUX POOIT 3 enekrpoanHamiki. Kuis: Bun-so KHY
imeni Tapaca IlleBuenka, 2003.

9
IOxnoBchkuii 1. P. KBanToBa Mexanika. K., 1995.
I'mayGepman A. }O. KBantoBa mexanika. JIbBiB, 1962.
Bakapuyk I. O. KBanTtoBa mexanika. JIbBiB, 2012.
I. O. Bakapuyk, T. B. Kyniii, O. B. Kuiriniuskuii, B. M. Tkauyk. 30ipHUK 3a/1a4 3 KBAHTOBO1
MexaHiku. JIbBiB, 1996.
Txauyk B. M. ®ynnamenTtanbHi mpobnemu kBanToBoi MexaHiku. JIbBiB: JIHY imeni IBana ®panxka,
2011. 144 c. (1-i1 po3ain).

el A

o

10
1. €pmonaeB O.M., Paba I''I. Betyn o craructiuunoi ¢i3uku 1 repmoanHamiky. -Xapkis: XHY, 2004.
2. Kobunsinceskuit B.b. Craructiuna ¢izuka. — K.: Buma mkona, 1972.
3. Bakapuyk I. O., Kuiriniuekuit O. B., ITonens O.M., Kyniit T. B. 36ipHuKk 3a1a4 3 TepMOAMHAMIKH 1
cratucTuyHoi Qi3uku. — JIbBiB: JIHY, 1998.
4. Kobmsaeskuit B. b. MetoauuHi BKa3iBKH 10 po3B’sI3yBaHH 3a/1a4 3 TEPMOAMHAMIKH (METOA
xapakrepuctuuHux (ynkuin). — JIsBis: JIJIY, 1985.

11



=

B. M. Anamsn, M. {. Cymko.Bapianiiine uncnenns.— Oneca: Acrponpunt.— 2005.

2. C. C. IIix, O. M. Ilonens, A. A. Posenuax, I. I. Tanesacbkuii. Metoau marematuanoi ¢izuku.— JI,
JIHY imeni IBana @panka.— 2011.

3. C. C. Ilix, A. A. Posenuak, 0. C. Kpununpkuii. 1001 3amaua 3 marematnynoi ¢izuku.— JI., JIHY
imeni IBana ®@panka.— 2006.

4. Tlix C. C. MeronuuHi pekOMEHAAlii /J0 MPOBEJCHHS MPAKTUYHHUX 3aHATH 13 Kypcy ‘“‘Mertoan
maremarnyHoi ¢pizuku”. Y. 1, Y. 2. Teopis ¢ynkmii komruiekcHoi 3MiHHOL.— JIbBiB: JIBBIBCHKHIA
HaI[lOHAJILHUHN yHIBeHCUTET iM. [. dpanka.

5. Tamesaucekuii 1. 1. Metogu maremaruunoi ¢izuku. Texctu nekuiid. JIpBiB. HamionanpHuid YH-T iM.

IBana ®panka.— JIbBiB.— 1996.

12
1. M. T. CenbkiB, Bekropuuii 1 TeH30pHuUH aHaui3. JIbBIB: BUa-Bo JIbBIB. YH-TY, 1990, 148 c.
2. M. A. PazymoBa, B. M. XorsinueB, OCHOBU BEKTOpHOTO 1 TeH30pHoro ananizy. K. Bunasunyo-
nosirpagiynunii nentp “Kuiscpkuii yaisepcurer”, 2011. — 216 c.
3. C.M. I'pebenrok, FO.M. Crpenses, M. I. Knumenko. Ten3opuuii ananiz. — 3anopixoks: 3HY, 2015. —
90c. M. T. CenbkiB, Bekropuuii 1 TeH30pHUl aHani3. JIbBiB: Bua-Bo JIbBIB. yH-TY, 1990, 148 c.
4. 3inenxo C.M. BektopHuii i TeH30pHMI aHani3.— CkansipHi i BeKTOpHI noJis. HaBuanbHUI M0CIOHUK.
— Xapkis: XHY, 2014.



	титулка 104+105
	скановані титулки-15

	Фізичний_104+105_програма

