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I. MEXAHIKA

Cuctemu Biniky. KiHemMarnuHuii omuc pyxy MarepiajibHOi TOYKW. TaHTreHIiaabHe 1 HOpMaJIbHE
NPUCKOpPEeHHA. PyX Tijla, KHHYTOTO il KyTOM JI0 TOPH30HTY. PO3MipHOCTI MeXaHIYHUX BEJTMYMH 1 OWHUII
BHMIPIOBaHHS.

Cunm B mexanini. 3akonu Hprorona. BusHaueHHst KiTbKOCTI 30epexyBaHuX BenuuuH ((azoBuit
npocTip). 3akoH 30epexeHHs eHeprii. Pyx Tina 3minHo1 Macu. Pakern.

YMOBU BUHUKHEHHS KOJIWBaHb. [ apMOHIUHUN OCHHISATOp. 3aracaroui KOJIWBaHHS OCIHIISATOPA.
Bumynieni konuBaHHS ocuuisitopa. MaremarnyHuil MasTHUK. Cyrnepno3uilisi OHOBUMIPHUX KOJIHBAaHb
OZHOTO HANPSMKY.

OO0GepTanHs MarepiabHOI TOYKH HABKOJO OCi. MOMEHT CHJIM Ta MOMEHT IMIYJIbCY. 3aKOH 30epe-
KEHHSI MOMEHTY IMITyIbCy. J[Ba €KBIBaJIEHTHI CIIOCOOHM OMKCY 00EPTOBOTO PyXy MarepialbHOI TOUKH.

[Tpunnun BimHocHOcTi [aminmes. Heinepuiitai cuctemu Bimiiky. OO0epTOBI CHCTEMH BIIIIKY Yy
MWTIHAPUYHAX KOOpJMHATAaX. 3eMIIs SIK HelHepIliiiHa cucrema BiuTiKy. MasTHHK DyKo.

IIpuckopeHHsi BiTbHOTO TaiHHA. [lepenyMOBH BHHHMKHEHHS CIemianbHOI Teopii BiTHOCHOCTI.
[Moctynarn crenianbaoi Teopii BimHOocHOCTI. IleperBopennst Jlopenna. IleperBopeHHs MBUAKOCTEH i
npuckopensb. [Ipoctip MinkoBcrkoro. Llentp mac. Cuctema nieHTpa Mac. Pyx 1Box rpaBiTyrounx mac.

OO0epTraHHs TBEPIOTO TijIa HABKOJIO HEPYXoMoi oci. MoMeHTH iHepwii TBEpAMX TiI mpocToi popmu.
Teopema [tolirenca-1lItelinepa. @i3uunuii MasTHUK. [ ipockomH.

Hedopwmartii TBepmoro tina. Ctanu pedoBunu. PiBHAHHS neperocy. Judy3is, TemmonpoBigHicTh Ta
B’SI3KICTb.

PiBusiHEs HenepepBHOCTI. PiBHsHHEA BepHyii i #oro 3acTocyBanHs. PiBHSIHHS 30€peKEeHHS IMITYITb-
Cy 715l HEMIEpepBHOTo cepeoBuIla. PIBHAHHS 30epe)KeHHs eHeprii /Ui HeMepepBHOTO CEPEI0BUIIIA.

PiBusuns Ha’e-Crokca.

II. MOJIEKVYJISAPHA ®I3UKA TA TEPMOINHAMIKA

Beryn. Ilpeamer monekymspHoi ¢izuku. Monenb marepianbHOro Tia. Macu aromiB i MOJEKYI.
KinpkicTs pewoBuHH. Monens ieansHoro ra3y. JnHaMiuHui, CTaTUCTHYHUN 1 TEPMOAMHAMIYHUN METOTU
onucy pedoBuHH. Tuck 1 remneparypa. OCHOBHE piBHSHHS KIHETUYHOI Teopii ra3iB. BumiproBaHHs Tem-
neparypu. Emnipuuni mkanu temmneparyp. AOGCONOTHa TepMOAMHaMIYHa Iikana Temmneparyp. Cepenns
KIHETHYHA eHepris Ta TemIeparypa.

3anaul TepMoauHaMiki. Teopema Mpo po3nozuT eHeprii 3a CTYNEHSIMU BUIbHOCTI. BHYTpilIHS eHepris.
@yHkii crany 1 noBHiI audepeniianu. Pobora. Temnora. Ilepumii 3akoH TepMoauHaMiKi. TemIoeMHICTh
ineanpHoro rasy. [lomitponnuit npouec. PiBusHHs nomiTponu. Axiabatauii nponec. PiBHsuus [lyaccona.
[3omponiecn B imeanbHux Traszax. PoGora mpu momiTponmHomy mnpoueci. [lpyruii 3akoH TepMOIMHAMIKH.
Koedirientn xopricHOI aii TemioBoi 1 xonomuibHo1 Mamuad. [ukomiusai mporecu. Koeditient xopucHoi il [yt
Kapno. Teopemu Kapno. HepiBaicts Kiaysiyca. Busnauennst entpomii ieanbHoro razy. @i3uyHuil 3MicT
eHTpomnii. EHTpomis 1 TepMoauHaMiuHa IMOBIPHICTb. TpeTiii 3akoH TepMoauHamiku. TemsoBa Teopema
Hepucra. IToctynar IInanka. dopmyntoBaHHS TPETHOTO 3aKOHY TEPMOJMHAMIKHM. BlacTMBOCTI pedoBUH
npu temieparypi 0K.

Po3monin MakcBena Monekyn 3a IIBUAKOCTSIMU. EKcnepuMeHTanbHa IepeBipKka pO3MOALTY
Makcgena. Yactora ymapiB Mosiekyn o0 cTiHky. Po3monain momnekyn 3a kiHeTH4HOI eHepriero. CepenHe
YuCcI0 4acTMHOK B 00’emi. ®mykryanii. Posmonin Bbonbumana. bapomerpuuna ¢opmyna. Posmoain
MakxkcBemna-bonbiiMana. bpoyHiBebkuit pyx. PospaxyHok pyxy OpoyHIBCbKOi dacTUHKH. OOepToBHi
OpoyHiBchkul pyXx. ExcniepuMenTanpHe Bu3HaueHHs cranoi bonsimana. Jocmiau [leppena.

KinemaTnuHi XapakTepUCTUKH MOJIEKYIsipHOro pyxy. CepenHs NOBXHHA BUIBHOIO MPOOIry.
Bakyym. Mertoau oTpumaHHs Ta BUMIpIOBaHHS BakyyMmy. Ilpouecu nmepenocy B raszax. JAudysis, temno-
MPOBIHICTH, B’SA3KICTh ra3iB. 3B’ 430K Mk KoedilliEHTaMH MPOIIECIB MIEPEHOCY B ra3ax.

Peanbni rasu. PiBHsHHs Ban-nep-Baanbca. [3otepmu peanbHoro raszy. Kputuunuit cran
peuoBUHU. BHYTpilIHS eHepris peajqbHOro rasy. PiBHSHHS modiTponu peajbHoro rasy. Ssuie Jlxoyms-
Tomcona. 3pimkeHHs ra3iB. MeTonu 0X0JNOIKEHHs Ta3iB.

Pinunu. MonekynsipHO-KIHETUYHA XapaKTePUCTHKA PIIKOro cTaHy. B s3kicTh Ta Audy3ig B piauHi.
[loBepxHeBuil Harar pinuH. BinbHa mnoBepxHeBa eHepris. 3MOYyBaHHA 1 He3ModyBaHHA. Dopmyna
Jlarnaca. Kaninspui siBuma. BunapoByBaHHS Ta KUITIHHS P1IMH.



Pinki posummm. Ix kimpkichi xapakTepucTuku. IneambHi posumnu. 3akoH Payns. 3akon Iempi.
OcMmotuunwmii THCK. 3akoH Bant-T'odda.

Teepai tima. Knacudikanis tBepaux Tin. Cumerpis kpuctaniB. Kpucramiuna rparka. PeanbHi
Kpuctanud. MexaHiuHi BIacTUBOCTI TBepAuX Til. [Ipyxus nedopmartis. 3akon ['yka.

®azosi nepexonu. dazosi nepexoau I 1 Il pony. PiBusinusa Knaneipona-Kumaysiyca. [lonimopdni
nepeTBopeHHs. Da3oBi miarpamu.

I1II. EJIEKTPUKA TA MATHETHU3M

1. Beryn 10 eJIeKTPUKH | MATHETU3MY.

[Tpenmer Ta MeToaM ENEKTPUKH i MarHeTH3My. EnekrpomarnitHa B3aemonis Ta ii micue B mpupomi
cepen iHIMX B3aeMonid. KopoTkuil icTopuyHMN OIIsiA BUSHHS MPO €NEKTPUKY 1 MAarHeTH3M. 3HauCHHS
eNeKTPUKH cborosHi. Enexrpuunuii 3apsan. JBa Buau 3apsny. [HBapiaHTHICTB 1 3aKOH 30€peKeHHs 3apsy.
ExcrniepuMmeHTanbHe BHU3HAUEHHS 3apsny enekTpona. Haiimpocrimm 3apsmpkeni Tina. ToukoBwii 1 Here-
PEPBHHI PO3IOILIN 3aPsY.

2. Enexkrpocraruka

B3aemonis ToukoBux 3apspkeHux Tl 3akoH Kymona. Enekrpuune mone. Bektop HampykeHOCTI
enekrpuyHoro nomus. [punnun cynepnosunii exextpuunux noiuis. JliHii Hanpyxenocti. Teopema IpHioy.
[ToTik BEKTOpa HAINpPYKEHOCTi eJaeKTpuuHoro moss. Teopema Octporpaiackkoro-laycca, ii momaHds B
nudepeHIianbHii Gopmi.

PoGota cuit enekrpocrarnynoro moss. [loTeHniansauid XapakTep eneKTpoCTaTHaHoro mojs. Lupky-
TS BeKTopa HampyxkeHocTi. [loTeHIian Ta pi3HMIS MOTEHLIaiB. 3B’S30K MOTEHLIaly 3 BEKTOPOM
HanpyXeHocTi noiisi. ExBinoreHmiansHi moBepxHi. Enexrpuunuit aumnons. Ilome gumons. [Morenmian i
HanpyKeHicTh nojs aumnoins. Cuia, MOMEHT CHUIL, SIKi IIFOTh Ha Iumoib. [loTeHIianbHa eHepris JUMos.

3. [IpoBigHNKH B €JIEKTPUYHOMY MO

Hanpyxenicte mons Ol TOBEpXHI Ta BCEpeAMHI NPOBIAHHWKA. EJEKTpocTaTMyHa 1HIYKIIis.
Po3nonin 3apsay Ha MOBEpXHI NMPOBiJHUKA. BiacTuBICTh 3aMKHYTOro MpoBigHHMKA. EnexTpocTarnuHuit
3axuct. PiBusHHs Ilyaccona 1 Jlannaca.

3B’A30K MDK 3apsiioM 1 MOTEHLIanoM MpoBigHUKa. EnextpoeMHicTs. KonaeHcaropu. €MHICTh
IJI0CKOT0, CHEPUYHOTO 1 IUITHAPUIHOTO KOHIEHCATOPIB.

4. JlieJIeKTPUKH B €JICKTPUYHOMY IOJIi

Hienextpuku. IlonspHi Ta HenossipHi Mosiekynau. BinbHi Ta 3B’43aHi 3apsau. Bekrop nonspusarii.
JlienekTpuyHa CIPUIHATAUBICTE cepenoBHina. [ToHATTS mpo TEH30p MI€AEKTPUYHOI CIIPUIHSATIUBOCTI.
Teopema Ocrporpajicekoro-laycca 1uist mosist B AieIeKTpUKY. BekTop enekrpuynoi iHayKii. Jlienexrpuy-
Ha IPOHUKJIUBICTb.

['paHnuHI YMOBH Il BEKTOPIB MOJIAPHU3allii, HAPY>KEHOCTI Ta 1HAYKIIT eIeKTPUYHOTO MOJIs. 3aI0M-
JICHHS JIIHIN, HAapYXEHOCTI Ta IHAYKIII Ha MeXI1 JIBOX J1€JIEKTPUKIB.

[Tone B ogHOpiTHOMY JieneKTpuKy. [loTeHIianbHa eHeprisd CUCTEMH eIeKTPUYHUX 3apsaiB. Exepris
3apsHDKEHOTO MpoBiAHKKA. EHeprist 3apsipkeHoro KoHAeHcaropa. EHeprist enekTpocTaTudHOro Mo Ta ii
00’eMHa ryctuHa. Cuiy, sIKi AiI0Th Ha 3aps B JienekTpuky. Henomspui gienextpuku. @opmyna Kiay-
3iyca-MocoTTi.

EnexTpuyHi BIaCTUBOCTI KpUCTaIIiB. AHI30TPOMIs TieNeKTPHUYHOI MPOHUKIMBOCTI. I1’€30eneKTpuKH.
[Ipsimuii Ta o6epHenuit '’ e30edext 1 oro 3actocyBanHs. [lonspui nienexrpuku. [lipoenextpuku. Cerne-
TOeNeKTpuKku. JloMeHHa cTpyKTypa cerHetoenekTpukiB. [icrepesuc. Touka Kropi cerneroeneKkTpukis.
BuKkopuCTaHHS CETHETOCNEKTPHKIB.

S. IlocTiliHMi eJIEKTPUYHHUI CTPYM

Cuna i ryctusa ctpymy. PiBHSIHHS HenepepBHOCTI, Horo audepenuiaabaa popma. Jxepena cTpymy.
Enexrpopymriitna cuna. Enextpuuyna Hampyra. 3akoH Owma i OZHOPIAHOTO TpoBimHHMKa. Ormip
npoBiAHUKIB. 3akoH OMa B TudepeHIiaibHii Ta iHTerpaibHii Gpopmax. HeoqHopinHe enekTpuyHe KoJo.

Po6orta 1 moTyxHicTh cTpymy. 3akoH Jlxoyms-Jlenna ta ioro nudepenmnianbaa ¢popma. Posramyxeni
xona. [IpaBuna Kipxroga ta ixae 3actocyBanns. K.k.1. okepena cTpymy.



6. EflekTpuuHMii CTPYM y BaKyyMi, piiMHax Ta raszax

TepmoenekrponHa emicis. Pobora Buxomy. 3ajexHICTh CTPYMY HaCHUYEHHs BiJ Temreparypu. @opmyrna
Piyapncona. 3akon borycnascekoro-Jlenrmiopa. Baxyymni mioau i tpioan. Ixni xapakrepuctuxu. Enexr-
POHHO-TIPOMEHEBA TPYOKa.

Crpym B enekrporitax. ucomiaris. 3akoH OctBanbnaa. [IpoBinHICTh eneKTpodiTiB. EnekTponHuit
noreHmian. Enexrponis. 3akonn @apanes. 3acToCyBaHHS eNeKTpouizy. XiMiuHi Jpkepena ctpymy. BonbTiB
CTOBII. AKyMYJISITOPH.

Crpym y rasi. Hecamocriitnmii 1 camocrtiiinmii pospsa. I[lponecu ionizamii Ta pexoMOiHarii.
PiBHOBa)kHA KOHIIGHTpaIlis 10HIB. YaapHa i0oHi3allis. BUHMKHEHHS caMOCTIHHHMX po3psiB. JlaBUHHUMI
edexT. Bonb-ammnepHa XapakTepuCTHKa ra30BOro po3psny. Buau razoBoro pospsany (Tiirouuii, 1yroBui,
1CKpOBHI1, KOPOHHHMIA, T1a3Ma). BUKopucTaHHS Ta30BUX PO3PSAIB.

7. MexaHi3MH eJIeKTPONPOBITHOCTI

[TpoBignuku. Jocmian Pikke, Tonmmena i Crioapra. OCHOBHI MOJOXKEHHS KJIACHYHOI €JIeKTPOHHOI
Teopii mpoBimHOCTI MertanmiB. 3akoHM Owma ta JDkoynsa-Jlenma B kimacuuHid Teopii. 3akoH Binemana-
@panma. TpyaHoIIi KJIaCHYHOI TEOPii MPOBITHOCTI.

[ToHATTS TIpO KBAHTOBY Teopito mpoBinHOCTI TBepAux Tl [lpunumun Ilaymi. Craructuka depwmi-
Hipaka. 3anexHicTh omopy MeTainiB Bix temmneparypu. HaamposinHicts. Edext Meiicuepa. Kputnune
MAarHiTHe mnoie. 3acToCyBaHHS HaAMPOBIIHUKIB.

Oco6nuBOCTI 30HHOT CTPYKTYPH Ai€TEKTPUKIB, HAMIBIPOBITHUKIB 1 MeTaniB. EHepreTnyHi piBHI Ta
30HU. BanenTtHa 30Ha. 30Ha mpoBigHOCTI. BiacHa mpoBiAHICTh HaMiBOPOBIAHUKIB. ENeKTpoHU 1 AIpKH.
JIOHOpHI Ta aKUenTOpHi JOMImKU. [loMIiIIKOBa MPOBiAHICTE. 3aJEKHICTh OMOPY HAITIBIPOBIIHUKIB Bif
temreparypu. IIpoBigHiCTh p— Ta n— TUMiB. p—N-Tepexia. 3acTOCYBaHHS HaIliBIPOBIAHUKIB: 10U,
TPaH3UCTOPH.

KonraktHi siBuma. PoGora Buxony. XimMiyHHI moTeHIlian. 30BHIIIHS Ta BHYTPILIHS KOHTaKTHA
pizHuI ToTeHIiamiB. 3akoHu Bonbru. SIBuma 3eebdeka, [lensrhe 1 Tomcona. Tepmo-e.p.c. Tepmonapwu.
TepmoeneKTpuIHI MPUCTPOI.

8. IlocTiline MarHiTHe MoJie y BAKyyMi

Marnerusm. Jlist MardiTHoro nosisg Ha ctpyM. Enement crpymy. BekTop 1HAyKIi1 MarHiTHOTO MOJSL.
3akoH bio-CaBapa-Jlannaca. MarHiTHe moje pyxoMmoro 3apsiay. MarHiTHe mojie OpsSMOro Ta KOJIOBOTO
CTpyMiB. MarHiTHa B3aeMOJIis MapajielbHUX CTPYMIB.

HanpyxeHicTs MaraitHoro nosjst. CuioBi JiHIi MarHiTHOro mosis. BuxpoBuii Xxapakrep MarHiTHOTO
nosis. BicytHicTe MarHiTHUX 3apsaiB. [IoTik BekTOopa MarHiTHOi 1HIYKIIl (MarHiTHUHM NOTIK). Teopema
PO IMPKYIALII0 BEKTOpa 1HJIYKIIi Mar"HiTHOro mojis. 3akOH MOBHOro cTrpyMmy. TopoinaiabHa KOTYIIKA.
Conenoig,.

3akoH Amriepa. MexaHiuHa poOoTa B MarHiTHoMy nofii. Cuna Jlopenria. Edext Xomna. Cencopu Xomna.

9. MarHeTuku

MarsiTHe 1moje B pe4oBHHI. MarHiTHUII MOMeHT cTpymy. Bektop HamarniueHHs. Teopema mpo
LUPKY/SALII0 MarHiTHOTO MOJIA B cepelloBHI. MarHiTHa COpUHHSTIAMBICT 1 MarHiTHa MPOHUKJIMUBICTS.
3B’S130K 1HAYKLII Ta HANpPYKEHOCTI MarHiTHOTO MOJis B MarHeTHKax. |paHWYHI yMOBHU /Jisi BEKTOpPIB
HaNpyXKeHOCTI Ta 1HIYKIi1 MarHiTHOTO MOJIS.

Knacudikaiiiss MarHeTukiB: JlaMarHeTUKU 1 rmapamarHeTuku. ['ipomarditHe BigHomeHHs. JlapmopoBa
yactora. MarairoMexaniusi ssumia. Jlocmiau Aimraiina-ae-I'aasa i bapuerra. ®epomaruneTuku. Marsit-
Hult ricrepesuc. [lomenu. KoepunutusHa cuna. Pobora min yac HamarHidyBaHHs. Touka Kiopi. MarniTHe
nosnie 3emii. MaruitHi Marepianu. @eputu. MarnitHuil 3anuc iHdopmarii.

10. EnekTpomMartiTHa inaykiuist

Hocnign ®dapanes. 3akon enekrpomarHiTHOi iHaykIiil. IIpaBuno Jlenma. Buxposi crpymu. CkiH-
edexT. SBuie camoiHAyKuii, IHAYKTUBHICTh. B3aemHua inaykuis. Koeginient B3aemuoi inaykuii. EHepris
1 TYCTHHA €Heprii MarHiTHOTO MOJISL.

11. 3minHuMi KBa3icTanioHApHUI CTPYM

KBazicramionapHi cTpyMu. AKTUBHHM, IHAYKTUBHUMA Ta €MHICHUHN omip. MeTo BEKTOPHUX Jiarpam.
3akoH Oma [u1st Ki1 3MIHHOTO cTpyMy. Pesonanc Hanpyr. Pesonanc ctpymis.



PoGota i moTyxHicTh 3MIHHOTO CTpyMy. E(eKTHBHI 3Ha4eHHS CTpyMy Ta Hanpyru. TpaHcdopmarop.
[Mpunnun naii, OymoBa, 3actocyBaHHs. KoedimieHT Tpanchopmariii. TexHiYHE BHUKOPHUCTaHHS 3MIHHHX
crpyMiB. JIBodazuuii crpym. Tpudasuuii crpym. 3’enHaHHs 0OMOTOK reHeparopa ,,3ipKoio” i ,,TPHKYT-
HUKOM”. ['eHepaTopH 1 eJIeKTPOABUTYHU 3MIHHOTO CTPYMY.

12. EnekTpoMarsiTHi KoJMBaHHS

[Mepexigni mpouecu B RL, RC ta LC xonax. KonuBansauii KOHTYp. BiacHi KonMBaHHS B KOHTYPI.
PiBHSIHHS TapMOHIYHMX KOJIMBaHb. 3aracarodi kosmBaHHs. Jlorapudmidauii qekpeMeHT 3aracanss. J{o0-
POTHICTb KOHTYpY. BuMyIieHi enextpomaruitHi KonuBanHs. JJ0OpOTHICTH 1 CMyTa MPOMYyCKaHHS KOHTYPY.

13. PiBusinusa MakcBeJia

EnexrpomarnitHe nosne. PiBusiHHS MakcBena, K y3arajJbHEHHS eKCIIepUMEHTaIbHUX JaHux. Ctpym
3MinieHHsa. BuxpoBe enekrpuune monie. B3aeMHI mepeTBOpeHHS €JIEKTPUYHOTO Ta MarHiTHOTO IIOJIB.
PiBussHHS MakcBena B iHTerpaibHii 1 qudepeHuianbHiin Gopmi.

XBuiboBe piBHAHHSA. EnexrpomarnitHi xBuii. Pa3zoBa mBUAKICTH. [lonepedHicTh eleKTpoMarHit-
HUX XBHWJIb. MOHOXpOMAaTHYHI XBWJIi. XBUJIbOBE uucio. Bekrop YMoBa—IloitHTiHra. 3aKoH 30€pekeHHS
€Heprii eIeKTPOMarHiTHOTO OIS

BunpomiHtoBaHHS €1eKTpOMarHiTHUX XBWib. Biopatop I'epua. Panio3s’si30k.

IV. OIITUKA

Etanu po3BUTKY ONTHKH, iX 3HAYeHHS I (POPMYBaHHS Cy4acHOTO HAyKOBOTO CBITOIVISIY Ta JUIs
MpaKTUKU. [0JI0BHI 3700yTKH IFOTO HANMPsAMY (i3UKH B OCTAHHI TECATHIIITTS.

1. Kitacu4ni 3aK0HHM ONITHKH.

HezanexHicTh CBITIOBUX MYyYKiB, IIBUIKICTH CBITJIA, COpOOM ii MOsicCHEHHs Ha 0a3i CBITJIOBOTO
edipy, xBuiai 1 yactuHkH. [losicHeHHs 3amomieHHS cBiTia 3a HeoroHom ta [oiirercom. [IpuHmmm
®epma. [Tpuniun [toirenca.

EnexkrpomarniTHa Teopis cBiTia. PiBHsHHS MakcBeimia i BUCHOBKM 3 HuX. CHcTeMa BEKTOPIB
€JICKTPOMAarHiTHOI XBWJIl. EHepreTM4He CHIBBIIHOIIEHHS BEKTOPIB €JICKTPUYHOTO 1 MAarHiTHOTO TIOJIS
cBiTIoBOi XBUJi. OnTuuHui BekTop. Onuc konuBaHb Ta XBWIb. Po3kian ®@yp’e. Cnexrp. Knacudikaris
XBHWJIb — IUIOCKI, CpepryuHi, MOHOXPOMATHUYHI.

OcHOBHI (QOTOMETpUYHI TMOHATTA Ta BeJUYMHUA. CHIBBIAHONIEHHS MK EHEPreTHYHHMH Ta
CBITJIOBUMHU XapaKTEPUCTUKAMU BUIIPOMIHIOBaHHA. MeETOAM MOPIBHSHHS CBITIIOBUX MYYKIB Ta MOXJIH-
BOCTI a0COJIFOTHHX BUMIpPIOBaHb iX eHeprii. HecenexkTuBHI npuiimadi cBiTia.

2. InTepdepenuis cBitia.

JlBonpomeHneBa iHTepdepentis cimia. KorepentHicTs Ta ii peanizamis B ontuii. [HTepdepeniis
xBuJib. Cxema FOHra. YMOBU €KCTpeMyMiB, PO3MO/LT IHTEHCUBHOCTI MPHU JIBOITPOMEHEBIH 1HTep(dEepeHIlii.
YacoBa 1 mpocTOpoBa KOTe€peHTHICTh. ONTHYHA JAOBXMHA NULAXY. TayToxpoHi3m. Po3mipu mxepena Ta
arniepTypa iHTepepeHiii.

Konbopu TOHKMX MITIBOK, JOMyCTHMa TOBIIMHA IUTIBOK. Bupas i piznuni ¢as. Kineusg HeioToHa.
Crosui xBuii. Jlocnin Binepa.

bararonpomeneBa inTepdepeHLis: cnocodu peanizallii, yMOBH €KCTPEMYMIB, XapakTep CIEKTpY.
®opmynu Eiipi.

3acrocyBanHs iHTepdepenuii. [ntepdepomerpu. IIpocsiTiena onruka, inTephepeHiitti GiabTpu
Ta n3epkaia. [TopiBHSHHS TOBKUHU XBHIII 3 KIHIIEBOIO MipOIO.

3. Iudpaxkuis cBitaa.

Oznauenns mudpakiii. [Ipunnun [oiirenca — @penens. 3ouu OpeHens, 30HaNbHA TUIACTUHKA —
amruriTynHa 1 ¢aszoBa. I'padiune cknamanns amrmiityn. Cripans Koparo. Hudpakiis Ha pi3HHX mepe-
MOHAX: MiBIUIONIMHA, IIUIMHA, TPSIMOKYTHHUH Ta KPyIJIUil OTBOPH.

Hudpakiis Ha ABOX IIIIMHAX, AUQpaKIiiiHa pemnriTka — aMIuIiTynHa 1 (a3oBa. YMOBH €KCTpe-
MYMIB, po3monia iHTeHcuBHOCTI. [loxwiie mamiHHsA cBiTia Ha perniTky. CHekTpajibHI XapaKTepUCTHKU
PEIIITOK.

Hudpaxiis Ha O6araroMipHUX CTpyKTypax. CTpyKTypHMii aHami3. Judpakiis peHTreHiBCbKUX MPOMEHIB,



CIIEKTPOHIB Ta HEUTpoHiB. XBuii ae bpoinsa. 3actocyBanHs audpakiii. 3opsHuii iHTEphEepoOMeTp
MaiikenbcoHa.

4. OnTu4Ha roJsorpadgis.

OCHOBHI TOHATTSI, CXEMH OTPUMAHHS TOJOrpaM Ta BiITBOPEHHS 300paxkeHb npeamera. IlopiBHAHHS
(dhoTorpadiuyaux Ta rojorpadiyHUX 300paKeHb MPEeIMETa.
Tomorpama Touku. O6’emHa ronorpadis [{eHncioka, KopopoBa rojiorpama. 3acTocyBaHHs royiorpadii.

5. 'eomeTpu4Ha ONITHKA.

OCHOBHI MTOHSTTS T2 YMOBH 3aCTOCYBaHHS reoMeTpruHOi onTHKH. [IpuHimn depma i BUCHOBKH 3
HbOrO. [IpsAMOMIHIHHICTS NOMIMPEHHS Ta BiOMBAHHS CBITJIa B OJHOPIAHOMY CEPEIOBHUIII. 3aJOMIICHHS
CBITJIa HA IIOCKIM Ta chepuuHiii moBepxHsax. Hymb — iHBapianT AOOe, iHBapianT Jlarpanxka — ['enbm-
roybla, 30unbmeHAs cheprudHoi MmoBepxHi. TOHKA 1 TOBCTA JIH3M, XapaKTEpHI E€JIEMEHTH iIeanbHOI
ONTHYHOI cucTeMu. BianorigHi poboui popmymu. Po3nisbHa 31aTHICTE 00’ €KTHBA, AUQPaKIiiHA Teopis
300pakeHHs1 AOOe, Meton (azoBoro KoHTpacTy. ONTUYHI MpUITaaN — JIyna, MIKPOCKOII, TEJIECKOI, Oy1oBa
1 X1J1 MPOMEHIiB.

JiadgparMu ONTHYHUX CUCTEM, iX TTOJIOKEHHS 1 POJIb B YTBOPEHHI 300pakeHb. Abepaii onTHYHUX
CHCTEM, iX MOXO/DKEHHS 1 Meroiu 3MeHIiieHHs. Ontuka 30py. bynoBa i 3aranbHa XapakTepHCTHKa OKa.
OCHOBHI HEJIOJIIKH 30DY.

6. OnTHKa pyXOMHUX cepeIOBHIL.

MeToau BUMIpIOBaHHS IIBHUAKOCTI CBITJIa — aCTPOHOMIYHI Ta JabOpaTopHi EKCIEePUMEHTAJIbHI
OCHOBH ONTHKH PyXoMuX cepenoBul: edekrt Jomnmiepa, nocniag Pizo, qocuix MaiikenbcoHa.

EnemenTn cnemiansHoi Teopii BigHOCHOCTI. IleperBopenns JlopeHTia-AiHIITaliHA 1 BACHOBKH 3
HUX: OIHOYACHICTh TOJI{, TMOPIBHSIHHSA JOBXHH BiJIPi3KiB Ta TPHUBAJIOCTI MOAIH Yy PYXOMHUX CHCTEMAax
koopauHatr. JlomaBanus mBuakocteil. Koedimient 3axomnenus edipy pyxomumu Tiiamu. [lonepeunuit i
no3noexkHU edekr ommiepa. UepBone 3mimenns. Jocmin Aiieca. Edexkr Canpska. OnTH4HHAN Tipo-
ckor. Egexrt UepenkoBa-Bapinosa. 3anexHicTs MacH TiJia BiJ] IIBUIKOCTI HOro pyxy. Po3man Me30HiB.

7. Hoasipu3auis cBitia.

BuznayenHnst 1 BuauM mosisspu3aliii CBITJIA, 1l MOSCHEHHs Ha 0a31 XBWJIBOBOI 1 KBAaHTOBOI TeOpil
CBITJIA.

3MIHM XapaKTEpUCTHK CBITIIOBOTO IMy4yka Ha Mexl JBOX cepenosuil. Popmynu Dpenens 1
BUCHOBKHM 3 HHX. KyTOBI 3ajeXHOCTI IHTEHCHBHOCTi, (ha3u Ta cTaHy MOJsApU3aLii 3aJOMJIEHOTO i
B1JIOMTOro My4KiB cBITia. 3aKoH bprocTepa, oro ¢i3uunuii 3micT. [loBHE BHYTpILIHE B1IOMBaHHS CBITJIA.

Bin6uBanus cBiTia Big meraniB. KOMIUIEKCHHI MOKa3HUK 3aJIOMIIEHHS. 3aCTOCYBaHHS BiAOUTOTO
CBITJIa y TEXHILI (MOIIpU3aTopH, $pa3oBl NPUCTPOI, CBITIOBOAU, POKOHH) Ta y (PI3UUHOMY €KCIIEPUMEHTI
(mocmiKeHHs] ONTUYHUX XapaKTePUCTUK B 00J7acTi CUIBHOTO TMOIIMHEHHS, BUMIPIOBAHHS MOKA3HUKIB
3aJIOMJICHHS ).

8. lucnepcis cBiTaa.

Meroau BUMIpIOBaHHS TOKa3HUKIB 3aJIOMJICHHS: METOJ MIiHIMAJbHOTO BIAXWIJIEHHS, METO[
MIOBHOTO BHYTPIIIHBOTO BIAOMBaHHS, 1HTep(EpeHLiiHI MeTonu. BenuunHu 1 CHeKTpajbHI 3aJIeKHOCTI
MOKA3HMKIB 3aJIOMJICHHS TPO30puX MarepiaiiB. HopmasibHa, aHOManbHa Ta BiJl’€MHa IUCHepCii.

Enextponna teopis aucnepcii cBitia. Jucnepciitna gopmyna. Cuna ocuuisitopa. YSBICHHS PO
KBAaHTOBY TEOPIiI0 JAUCHEpCii MoKa3HUKa 3ajiomiieHHs. [loka3HMKM 3aJOMICHHS PEYOBHH B OCOOIMBHX
JTUISTHKaX CHEKTpa — peHTIeHIBChbKa 001acTh, 00JacTh yY-IIPOMEHIB, IJIa3Ma.

Brnu B3aemopii 4acTHHOK pedoBHHM Ha qucnepcito cpitina. @opmyna Jlopentu-Jlopenna. Ped-
paxiis, ii 3acTOCyBaHHS Yy XiMii.

Jucnepcis nmokazHUKa 3aJI0MJICHHS TBEPAMX TUI, BIUTHB KONMBaHb peiiTki. dopmyrna 3enbMmeiiepa.

Cnextpu nornuHaHHs. CrnektpanbHuil aHamiz. Metox Kpamepca-Kponira mis BU3HaueHHS
ONTUYHUX XapaKTEPUCTUK Marepiay B 00JIaCTi CUIBHOTO MOTJIMHAHHS.

OrnTuka MeTamarepialib.

9. OnTHKa aHI30TPONHMX CEepPeOBHIIL.
OnTuyHa aHi3oTpomis Ta ii ONMUC Ha OCHOBI piBHAHb MakcBemia. CucrtemMa BEKTOpIB €JIEKTPO-



MarHiTHOI XBWJIi y Kpuctanax. CUMeTpis KpucTaja Ta TeH30p JAieldeKTpudHoi cranoi. [lonspusanis cBitia
Ta JiHIHHE TBOITPOMEHE3aIOMIICHHS.

Ontuuyna ingukarpuca. [IpaBuno ingukarpucu. Iloaiiini onTuyHi moBepxHi. OnTuyHi OCi.
3anomieHHs cBiTaa y kpucranax. [loOymosa [toiirenca.

[TpocTopoBa mucnepcist cBiTia y kpucranax. Llupkynspae aBonpomenesanomients. IloBepranus
IJIOIIMHMA ToJsipu3alii, oro mosicHeHHs 3a ®apaaeem. [ipariiini moBepxHi. CUMeTpis Ta ONTHYHA
aKTHBHICTh. ONITUYHI BIACTUBOCTI PiIKUX KPUCTATIIB.

IaTepdepeniis moasspu3oBaHUX MPOMEHIB, CXeMa €KCIIEPUMEHTANBLHO 11 peamizartii. IIpormyckanus
CBITJIa MOJSAPU3ALIAHO-ONTHYHOI cucTeMoro. OTpUMaHHS Ta aHami3 mojspusauiifHoro ciTia. [Toms-
pu3arliitHi TpucTpoi Ha 0a3i KpUCTAIIB. 3aCTOCYBaHHS TMOJISIPU30BAHOTO CBITIIA.

KonockomiuHi T0CHIPKEHHS KPUCTATIB.

10. OnTuyHi mapameTpuyHi epexTH.

BusnadeHHs Ta ()eHOMEHOJIOTIYHUI OMKC MapaMeTPUYHUX e(EKTIB — eJIEKTPOONITHYHHMN, I’ €30-
ONITUYHUH, MarHITOONITHYHI, €JIeKTporipalis, 1’ e3oripauis, epext Papanes, HEB3aEMHE TBOIPOMEHE3a-
JIOMJICHHSI, 3aJIEKHICTh MOKa3HUKA 3aJIOMJICHHS BiJl IHTEHCUBHOCTI cBiTia. ONTUYHI CXeMU IJi CIOCTe-
PEKEHHSI Ta 3aCTOCYBAaHHS MapaMeTpuyHuX epekTiB. CUMETpist pEYOBUHU 1 HAasBHICTH e(heKTy.

MonensHul ONKMC TapaMeTPUIHUX eEKTiB.

3acTocyBaHHSI mapaMeTpu4HUX €(ekTiB y merposorii. YacoBi BHMIpIOBaHHS 3 BUKOPHCTAHHIM
HEJIHIHHO-ONTHYHUX €(EKTiB.

11. TenioBe BUNIPOMiHIOBAHHS CBiTJIA.

MeToau OCIHIHKCHHS CHEKTPAIBHOT 3aJICKHOCTI BHIPOMIHIOBAHHS a0COJTIOTHO YOPHOTO Tila,
rpadiuHe MpeacTaBIeHHs X pe3ylbTaTiB. 3aKOHU TEIJIOBOro BUMpoMiHioBaHHS. 3akonu Kipxroda, Credana-
Boneimana, 3minienns Bina.

®opmyna Penes-/Ixinca. ®opmyna [lnanka Ta 0CHOBHI MipKyBaHHSI IIpH 1 BHUBEIEHHI, OCHOBHI
BUCHOBKM 3 HEI.

OnTuyHa mipomMeTpis, pajialiiiHa, icKpaBicHa Ta KOJIbOpOBa TeMIIEpaTrypa.

Buxopucranns Gopmynu [lanka B CIEKTpaIbHUX ONTUYHUX BUMIPIOBAHHSX.

12. KBanToBIi BJ1acTHBOCTI cBiTJ1A.

CrioHTaHHE Ta BUMYIIEHE BUIIPOMiHIOBaHHS, koediienTn Efinmreiina ta popmyna [lnanka.

3oBHIMHIN (oTOePEKT — OMUC SBHINA, OCHOBHI 3aKOHU Ta PIBHSHHS AWHINTAiHA JJIs 30BHIII-
HBOTO (oToE(PEKTY, MOSICHEHHS 3aKOHIB (hoToePeKTy Ha 06a3l XBHIIbOBUX Ta KOPIYCKYISIPHUX YSBIEHb PO
cBiTiio. ®ortonpuiimMadi. @oToePEKT y HaMBOPOBIJHUKAX Ta JIEIEKTPUKAX.

SBume Komnrona, imnynsc ¢orona. THCK cBiTIIA, HOrO MOsSCHEHHs Ha 6a31 XBUJILOBHUX Ta KOPIY-
CKYJISIDHHX YSIBIICHb.

Edext CanoBcbkoro, cxema jociniay bera.

KBaHTOBI XapakTepuctuku (GoToHa.

13. Po3ciroBanus cBitJa.

Po3citoBaHHs CBiTJIa B ONTUYHO HEOAHOPITHOMY cepeoBHILi. MonekynspHe po3cisiHH. Popmyna
Penes. Inaukarpuca poscisiaast. KomOiHawiliHe po3CisiHHS CBITJIa — METO/IMKA €KCTIEPUMEHTY, BIACTUBOCTI
Ta 3actocyBaHHs. [lonsipu3ariiss po3cistHoro cBiTia. Po3cissHHs cBiTia Ta aTMOC(hEepHi ONTUYHI SBUIIIA.

14. JIrominecueHIisa.

OzHaueHHs Ta kiacu@ikailis JIOMIHECHEHII 32 TUIOM 30Yy/KEHHsI CBIYEHHs. XapaKTEepPUCTUKU
JTIOMIHECIIEHIIIi — CIeKTpasbHI 3aJeKHOCTI IHTEHCUBHOCTI, YacOBl 3MIHHM CBIY€HHS, CHEPTeTUYHHHA Ta
KBAHTOBHUM BUXIJ CBIYEHHS.

[Tpupona 1eHTpiB CBiUEHHS — BJIACHE CBIYEHHS, JUCKPETHI LIEHTPHU, peKoMmOiHalliiiHe CBiYeHHS.
Mogeni HeHTpIB CBIUEHHS — €JIEKTPUYHUHN JUIONb Ta POTATOp, €NEeKTPUYHUN KBAJIPYHOJb, MarHITHUH
IUIoNib. MeXaHi3MU CBIYEHHSI PEYOBHMH Yy PI3HUX arperatHux craHax. JIOMiHeCLEeHIis KpHCTano-
dbocdopiB. OcToBHO-BaJICHTHE CBIYEHHS. 3aCTOCYBAaHHS JTIOMIHECIIEHITIT.

15. Jlazepmu.
3aranpHi BiOMOCTI TIpo OyAoOBY Ja3epa. EHepreTnuHa CTpyKTypa aKTHBHOTO €JIEMEHTa ja3epa.



YMOBM BUHUKHEHHS reHepaii. BiractuBocti nazepHoro BunpomiHioBanHs. OCHOBHI THUIH JIa3epiB Ta ix
XapakTepucTUKU. KepyBaHHS XapaKTepUCTUKAMU Ja3epiB — MOAYIIAIIS TOOPOTHOCTI, CHHXPOHI3AIlisS MOJI.
3acTocyBaHHs J1a3epiB.

16. EnemenTn HeTiHiiiHOI OITHKH.

[ToHsATTS TIpO HENiHIMHY onTUKy. HemiHiiiHa momnspu3aiis 1 MOKa3HUKU 3aJIOMJICHHSI PEYOBHHHU.
KorepeHTHi Ta HEKOrepeHTHI HeliHiiHO-onTHYHI edekTH. bararodoToHHe MOrMMHAHHS, MPOCBITIEHHS
3paska, caMoOKyCyBaHHs, caMOAUBPaKIIis.

BinOuBanns cBiTia y HemiHiKiHIN onTuii. [IposBu KBagpaTuYHOI HENIHIHHOCTI — TeHepalis Apyroi
TapMOHIKH, JI€TeKTYBaHHS IIOJISI CBITJIOBOI XBWJII, MiACWICHHS cBiTia. [lapamerpuuHi TeHepaTopw.
Bumyniene koMOiHaIiliHE pO3CIIOBaHHS CBITJIA Ta BHMYIICHE pPO3CissHHS Manenbiirama-bpinioeHa.
Bunpsimiiensst GpoHTY CBITIIOBOT XBHIII.

V. ATOMHA ®PI3UKA

1. IIlpeameT BUBYEHHSI AaTOMHOI Qi3UKH

CtpykTypHi piBHI Marepii, [0 [IOCHIIXYIOTbCI METOJaMH aTOMHOI Ta SIEpHOi (I3UKU.
Ocob6amrBOCTI 00’€KTIB MIKPOCBITY (aTOMI3M, IUCKPETHICTh, KOPIYCKYISIPHO-XBHIIBOBHH Tyalli3M).

2. TenjioBe BUNIPOMIHIOBAHHS i CTAHOBJIEHHSI KBAHTOBOI MeXaHIKH

Monenpb abcomoTHO YopHOTO Tinia. CepeHs TycTHHA BUIPOMiHIOBaHHS. BuBeneHHs opmyn Penes-
Jlxinca Ta Bina i onvicy BUTIPOMIHFOBAHHST a0COJIFOTHO YOPHOTO Tijia. YibTpadioneToBa Karactpoda.
®opmyra [Tnanka s onucy BUIPOMIHIOBaHHS a0COIOTHO YopHOTO Tina. Crana [1naHka.

3. MoneJii atoma

Mopnens atoma TomcoHa (IUCKPETHICTh, YacTOTa BUIIPOMIHIOBAHHSA, po3Mipu atoma). Mozenb
aroma Pesepdopra. ExcriepumeHTanbHi pe3ylbTaTd M0 BUBYEHHIO PO3CIIOBaHHS 0-4aCTMHOK Ha aroMax.
PiBHAHHS pyXy 0-4YaCTHHKH B KYJOHIBCBKOMY IoJIi aroma. Kyt po3ciroBaHHS Ta MPULIUTBHUN Tapamerp.
[Tonepeunuii Ta audepeHiianpbHuil nepepi3 poscitoBanHg. Popmyna Pesepdopna. Buznauenns zapsimy
Apa Ta pO3MIpiB spa Ha OCHOBI aHAI3y PO3CIIOBAaHHS 0-9aCTHHOK Ha aTOMax.

4. BopiBcbKa MoJeJIb aTOMA BOJHIO

CriekTpy BUIPOMIHIOBaHHS — $IK BiJJOOpa)XeHHs AMCKPETHOCTI EHEpreTWYHMX pIBHIB aroma.
@dopma CHEeKTpiB BUIIPOMIHIOBAHHS TBEPAUX TLI, MOJIEKYJ, aTOMIB. 3aKOHOMIPHOCTI B CIIEKTpax BHUIPO-
MiHIOBaHHs aroMa BojHio. CrnektpanbHi cepii Jlalimana, banbmepa, Ilamena...Y3araneHeHa ¢opmyna
banemepa. Enepreruuni Tepmu. Jlocnigu ®@panka 1 'epra. [uckpeTHiCTh €HEPreTUUHUX PIBHIB aTOMIB.

[Toctynatu bopa (cramionapHi opOiTH, €Heprisi BUIPOMIHIOBAHHS, YMOBa KBaHTYBaHHS OpOiT).
Atom BozaHio B Teopii bopa. @opmynu A BU3HAYEHHS pajilyciB OpOIT Ta €HEpriil eJeKTPOHHUX CTaHIB
aroma BomHio. @opmyna AN BU3HAUEHHs €HEprii mepexoiiB B aroMi BomHIO (BogHeBi cepii). Crana
Pin6epra. [3oToniuHuii 3cyB B CIEKTpax BUIIPOMIHIOBAHHS aTOMa BOJIHIO.

5. YMOBM KBAaHTYBaHHA eJIeKTPOHHHUX 0p0OiT bopa-3omepdennaa

VY3aranpHIOIOUI KOOPIUHATH Ta IMIYJbCH. YMOBM KBaHTyBaHHs 3omepdenbaa Ui KOJOBHUX Ta
emnTuYHuX opOiT. KBaHTOBI umcna — rojoBHEe Ta asumyTtanbHe. [IpocTOpoBe KBaHTYBaHHS B MO
bopa-3omepdenpaa. MaruiTHe KBaHTOBE 4MCIIO. MarHiTHUN Ta MEXaHIYHUH MOMEHTH €JEKTPOHA, Mar-
HeToH bopa.

Hocninm Ilrepna-I'epnaxa. AToM B OJHOPIIHOMY Ta HEOJHOPIIHOMY MAarHiTHUX TOJSIX.
3allexHICTh PO3LIETUIEHHSI aTOMHOTO My4YKa B HEOAHOPIAHOMY MarHiTHOMY IOJII Bii OpOITaJIbHOTO Ta
CIIHOBOTO MOMEHTY ejekTpoHa. CIiH elnekTpoHa. MarHiTHe CIiHOBE YHCIIO.

6. XBHJj1b0Ba MexaHika (M0YATKH KBAHTOBOI MEXaHiKH)

I'imore3a ne bpoins, piBHsHHA e bpoins. Josxkuna xBuii e bpoins mis enexktpona. Excre-
pUMEHTalIbHa nepeBipka rinore3u ae bpoitnsa. Judpakuis enexrponis. Hocminu Jlesicona i xepmepa,
Tomcona Ta TapTakOBCHKOTO.

[IpencraBieHHs e1eKTpOHA B MOJIENIi MTAKeTy XBUJIb. ENeKTpoH Ta MOoHOXpoMaTuuHa XBuiisl. da3oBa
Ta TpymoBa WIBHAKICTH Tpymu XBWwib. lllupwHa XBHUIBOBOTO MakeTy. BUBeneHHs CITiBBiIHOIICHHS
HeBU3HaYeHHOCTI [ eiizeHbepra.



XBUIb0Ba QYHKIS eneKkTpoHa. CTaTUCTUYHA IHTEpIpeTallisl XBUIbOBOT (DYHKIII.

7. PiBusinns Lllpeninrepa — ocHOBHe pPiBHAHHSI KBAHTOBOI MeXaHIKH

XBwiboBe piBHsAHHA. Cramionapue piBHsHHsS Ilpeninrepa. PiBusauas Ilpeninrepa 3anexHe Bif
yacy. EnepreTnuni piBHI Ta XBHJIbOBI (DyHKIIi el1eKTpoHa B Oe3MexHii moreHIianpHIN simi. Edext
TYHENIOBaHHs. EHepreTnyHi piBHI Ta XapakTep XBUIbOBUX (YHKIIIH KBAHTOBOTO OCIHIIATOPA.

8. AToM BOJHIO B KBAHTOBii MexaHiIri

PiBusnns Ilpeninrepa ans atoma BoAHIO B cpepuuHiil cuctemi koopauHar. Cxema po3B’s3yBaHHS.
PiBusinns lpeninrepa mns xpwiboBux ¢GyHKIINA R(r), O(0) 1 () Ta anami3 iX po3B’s3kiB. MarHiTHe,
opOiTaibHE Ta TOJIOBHE KBAaHTOBI YHCIIA.

Enexrponni op6itani. Pagiansna QyHKIisS Ta po3mipu eIeKTpOHHUX opOitaneii. dopMma pagiabHUX
¢byskuid st 1s- Ta 2s- enekTpoHHHX opOiTaneidl. 3anexHicTh (GOpMU Ta MPOCTOPOBOI OpieHTAMil
€JIEKTPOHHUX OpOiTajeld Bil OpOITAJILHOTO Ta MAarHiTHOrO KBaHTOBHX uwmcel. Popma s-, p- Ta d-
eJIEKTPOHHMX OpOiTanew.

9. 3a0ynoBa eJIEKTPOHHMX IAPIB TA 000JIOHOK aTOMIB

[TOHATTS €NEeKTPOHHOTO Iapy Ta 0007a0HKU. [TpuHIIUTIM 3a0yNOBH €NEKTPOHHUX IiapiB. [TpuHImm
MiHiMyMy eHeprii Ta npuHIun [aymi. KinbKicTh €IeKTpOHIB B I1apax Ta 000JI0OHKAX.

[TepiomnuHa crcTeMa XIMIYHHUX €JIEMEHTIB SIK BiOOpa)KEHHS IPaBUJI 3alIOBHCHHS EJIEKTPOHHUX
1apiB Ta 00O0JOHOK. 3aJeKHICTh €HEeprii eIEKTPOHIB Bil OCHOBHOTO Ta OpOITAJIbHOTO KBAaHTOBUX YHUCEI.
3a0ymoBa €JIEKTPOHHUX MIApiB MEPIIOi, JAPYroi Ta TPEThOi TIpym MEpiOAUYHOT CHCTEMHU EJIEMEHTIB.
OcoOmmBocTi 3a0yI0BU €JIIGKTPOHHHUX IIApiB XIMIYHHX EJIEMEHTIB 3a y4acTio d- enekTpoHiB. Po3ra-
IIyBaHHS B NEPioANYHIN cucTeMi eneMeHTiB 3 4f- Ta Sf-enexTponamu.

10. Cnin opo6iTajibHa B3aemoaist

[Tpupona cnin-opOiTanbHoi B3aemonii. [loBHMIT MoMeHT enekrpona. KBantoBe uncio — j. Bupas
JUTsl OOYMCIIEHHS CITIH-OpOITAIBHOT B3a€MOJIIT.

[To3HaueHHs CHEPTETUYHUX TEPMIB OJTHOCIICKTPOHHHUX aToMiB. EHepreTHdHi piBHI aTOMa HaTPifo.

Eneprernuni piBHI aromMa BOJHIO 3 BpaxyBaHHSIM CIiH-OpOiTaibHOi B3aemomii. 3cyB JlemoOa.
[ToHATTS €IEKTPOMATHITHOTO BaKyyMY.

11. EHepreTn4Ha CTPYKTYypa Ta CIEKTPH 0araroeJIeKTPOHHHUX aTOMiB

JlonaBaHHsT MOMEHTIB y BHIIQJIKy 0araToeleKTpoHHHUX aromiB. 3B’si30k Paccen-Caynpaepca Ta j-j
3B’s130K. BU3Hau€HHS MOMEHTIB J11 HOPMAJIBHOT'O 3B’ SI3KY.

IlpaBuna ['yHaa Ui BUSHAYGHHS ENEKTPOHHOTO TpMy OCHOBHOTO cramy. Tepmu p? — KoHi-
rypaiii B OCHOBHOMY Ta 30yI)keHOMY cTaHaxX. EHepreTnuHi piBHI Ta mepexoau B aroMi prTyti. Enepre-
THYHI PiBHI Ta CIIEKTPU aToMa Telito (OpToreniii Ta naparemnii).

12. AToM B MarHiTHOMY moJIi

3B’S130K MK MarHiTHUM Ta MEXaHIYHUM MOMEHTaMH €JEKTPOHA y BMIIAJKy BpaxyBaHHS CIIHY
enexkTpoHa. MHoxxHUK JIaHe.

Po3mienyienHss eHepreTMYHUX pIBHIB aroMiB y MarHiTHOMY Ioi. B3aemofis MK MarHITHUM
MOMEHTOM €eJIEKTPOHa Ta 30BHILIHIM Mar"iTHuM nojieM. [Tomepeunuii Ta moB31OBXHIN edekT 3eemaHa.
[Tosicuenns edexty 3eemana B mojeni ociuisitopiB. Hopmansuuit edext 3eemMana. AHOMaNbHUNA edekT
3eemana. Edexr [Namena-beka.

13. PenTreHiBcbke BUNPOMiHIOBAHHS

[Ipupona Ta TMIIM PEHTTEHIBCHKOTO BUMIPOMiHIOBaHHS. PeHTreHiBebki cekTpu. 3akoH Mosni. Tonka
CTPYKTYypa CIEKTPiB PEHTI€HIBCHKOTO BHIIPOMIHIOBaHHS. BIacTUBOCTI peHTreHiBChKUX poMeHiB. Edekt
KomnToHa.

14. CniekTpn Mos1eKyJ1

Xapakrep B3aeMOJlii MiX aroMaMH, TUIM 3B’s3Ky. EJexTpoHHa, KoJMBHa Ta 00epTOBa eHepris
Mosiekya. EnepreTuyHi piBHI MOJIEKYI.
Komb6iHariiiHe po3citoBaHHs CBITIA.

15. OnTyHi KBAaHTOBI reHepaTopu



Knacudikanis mazepis 3a pexkMMOM poOOTH, aKTUBHUM €JIEMEHTOM, criocoOom 30ymxenHs. [Tpun-
I Aii n1azepa. [HBepcHa 3aceneHicThb. TpupiBHEBa, YOTUPUPIBHEBA EHEPTETUYHI CXEeMU Jiazepa. Teepmo-
TinbHI na3epu. Jlazep Ha pyOini. PisHOBHmHOCTI rasoBux inasepiB. lemili-HeoHoBmii nasep. OCHOBHi
XapaKTePUCTUKHA JIa3€pPHOTO BUIPOMIHIOBAHHS (KOT€PEHTHICTh, MOHOXPOMATHYHICTh, IOJIIPH3ALIis,
BHCOKA IHTCHCUBHICTb, IPSIMOJIIHIHHICTD IMOIIHUPEHHS).

16. Pyx e;leKTpOHA B MATHITHOMY Ta €JIEKTPUYHOMY IMOJIAX

Mertoan Bu3HaYEeHHS IUTOMOTO 3apsiay enekrpoHa (meron Tomcona, meroxn Kipxuepa, meTon mar-
Hetpona). EnemenTtn enekrponnoi ontuku. EnexTponHuit mikpockon. Mac-cnekTpockoris. bymoa i
XapaKTEePUCTUKU MAC-CIEKTPAIBHUX MTPUITAIIB.

VI. AAEPHA ®I3UKA

SAnepHa Monenb aroma. BusHaueHHs po3Mipy Ta 3apsay sapa. [IpoTOHHO-HEUTPOHHUN CKIIAJ siIpa.
Enepris 38’s13ky saep, saepHi cumn. @opmyna Baitzekkepa.

[IpoxomKeHHs eNeKTPOHIB Yepe3 NOoNIHHaIoU1 cepenoBuina. [IpyxHe po3ciroBaHHS eEKTPOHIB SAPAMHU.
lonizaniifHi BTpaTy IS MBUAKUX €ICKTPOHIB. BTparn Ha BunpominroBanHs. Edext Uepenkora. J[xepena
HYKJIOHIB. B3aemoniss HykiIoHIB 3 pedoBuHO0. CIiHM i MarHiTHi MOMEHTH HYKJOHIB. CTpyKTypa HyK-
JIOHIB, Aociian Xodmraarepa.

Anepui cumu. Jletpon, moteHmiamm B3aemoxii. OOMiHHI cuiar. MeE30HHA Teopis SISPHUX CHIL.
ITorenmian FOkasa.

I'amma-BumnpomiHiOBaHHS siep. BayTpimHs koHBepcis enekTpoHiB. Epexr Mecbayepa. MarniTHuii
MOMEHT siipa, MeTos Pabi. CimiH 1 MarHiTHHM MOMEHT siapa. SlnepHa i3oMepisi.

Snepni mopeni. Moxens pinkoi kpamti. Anbda-dyacTuHKoBa Monenb. Monens depmi-razy. Moxenb
sAepHUX 000JIOHOK. Y3arajapHeHa Mofielib sapa. OnTHUYHAa MOJIENb si/ipa.

[TpuckoproBaui yactuHOK. Enexrpocrarmunuii mpuckopioBad. Llukmorpon, GerarpoH. da3oTpoH,
CUHXPOTPOH. CHHXPO(Ha30TPOH.

B3aemozis ramma- Ta ikc-mpomeniB 3 pedoBuHO0. Dotoedext. Edexr Kommnrona. YTBOpeHH:s
€JIEKTPOH-TIO3UTPOHHUX Nap. POTOHHO-eNIeKTPOHHI 3/1uBU. [ToBHMI KoedilieHT nociabaeHHs.

OcHOBHI BUAM 1 OCOOIUBOCTI PaJlOaKTUBHOTO PO3Maay 3aKkOH pPa/iloaKTUBHOTO po3many. Bikoa
panioakTuBHa piBHOBara. [IpuponHi pamgioaktuBHi snpa. PamioaktuBHi psau. Anbga-posnan. ToHka
CTpyKTypa anbda-cnextpy. Teopis anbda-po3nany. bera-neperBopenns. Jlocniau 3 BUsBIEHHS HEUTPUHO.
Brpara maprocti npu Gera-posnazi. Jocnian By, Metonu peectpaltii 3apsakeHUX YaCTUHOK 1 ramMma-
KBaHTIB.

EnnorepmiuHi Ta ex30TepMivHi saepHi peakuii. [lepepis saepHoi peakuii. SaepHi peakiii mija aiero
HenTpoHiB. [lomin Baxkux snaep. Jlanurorosi saepHi peakuii. Bukopucranns eneprii noniny. [lpaktuyne
3I1MICHEHHS JIaHLIIOTOBOTO siiepHOro mpouecy. SAnepHi peakropu. Hagsaxki siapa. DoTosnepHi peakiii.
Peakuii TepmosiiepHoro cuntesy. [Ipobiaema kepoBaHoi TepMosaepHOl peakiii. MaruitHa 1305suis mias-
Mmu. TepmosiiepHi peakiii y BeeciTi. [IpoTOHHO-TIpOTOHHUI 1 ByIJIEIIeBO-a30THUM LK.

®i3zuka Bucokux eHepriil. Kputepiii enementapHocti. OCHOBHI XapaKTEpUCTHUKU €JIEMEHTapHUX
YaCTUHOK. 3aKkoHU 30epexeHHs. JlenmToHM, 3akoH 30epeXeHHs JENTOHHOro 3apsny. bapioHu, 3akoH
30epexeHHs OaplOHHOTO 3apsay. [3oromiyHuil cmiH. [30TomiuHa iHBapiaHTHICTh. [IMBHI YaCTHUHKH.
B3aemogis enemeHTapHuX yacTUHOK. Buau B3aemonii. Mozenb KBapKiB.

Jlo3umerpuyHi oguHuULl. Jlo3uMeTpis 1 3aXUCT BiJl BUIPOMIHIOBaHHSI.

VIl. TEOPETUYHA MEXAHIKA

Beryn 10 TeopeTHYHOI MeXaHIKH
1. KinemaTruka

HIBuAKICTh 1 MPUCKOPEHHSI B KPUBOMiHIMHMX KoopauHatax. IIpupoaniii croci® 3amaHHS pyXy
Toukd. TaHreHuianabHe, HOpMajabHE NMpUCKOpeHHS. Pallyc KpUBU3HU 1 KPYUEHHS TPAEKTODI.

2. Ilunamika

[Mpuniun Tanines. 3akonn HeioToHa. 3akoHU 3MiH 1 30€peKEHHSI IMITYJIbCY, MOMEHT IMITYNbCY 1
KIHETUYHOI eHeprii MaTepiajJbHOi TOYKU. 3aKOHHM 3MIHHM 1 30€peXeHHS IMITYJIbCY, MOMEHTY IMIIYJbCY 1
KIHETUYHOI €Heprii CUCTEeMU MarepiajJbHUX TOYOK.



3. InTerpyBanns piBHsAHb Hbpl0TOHA
Opnaomipawmii pyX. Pyx B ieHTpasibHOMY T07i. 3aaa4a qBox Tii. 3amada Kertepa.

punoun Janamoéepa. PiBusinas Jlarpan:ka. [IpuHuun HaiiMeHon xii

4. PiBusinns Jlarpanska I Ta Il poais

Bs3i. Kimacudikaris Bszeit. OcHOBHA 3ajada qUHAMiKKM HEBUIbHOT Touku. [Ipunrmum lamamOGepa.
PiBusinns Jlarpanka I-ro pony. PiBusaHs Jlarpamka II-ro pony. Y3aranpaeHa cuna. PiBHsHHS Jlarpanska
II-ro pony mist moTeHmianbHO1 cuiy. Jlarpamxkian. Y3aranbHeHud noreHmian. [Ipukman enekrpo-marHit-
Horo noJist. Cunu Tepta. ucunaruBHa ¢yHkiis Pemes.

5. lIpyHIUN HAMeHIIOT il

Jesxi 3amaqi BapiariiiHoro uucinenHsi. EnemenTu BapiamniiiHoro ywcieHHs. OCHOBHI TMOHSTTS
BapianiifHoro uuciaeHHs. Dynkuionan. Bapiamis ¢ynkuii. Bapiamis ¢ynkiionany. PiBasaus Jlarpanka-
Eitnepa ans ogHoi 3MiHHOI. Y3araneHeHHs piBHsSHHS Jlarpanxka-Einepa Ha Bumagok 0araTrbox 3MiHHHX.
Bapiamiitauii npunnun [amiasrona 1 piBHsHHS Jlarpamxka. Bapiamiitauii npuHnun ['amigsToHa mpu
HasBHOCTI 3BsA3KiB. KoBapiaHTHICTB piBHSHB Jlarpanka. 3akoHU 30epeKeHHs 1 iX 3BA30K 3 BIACTHBOCTSIMHU
npocropy 1 yacy. OZHOPIAHICTE Yacy 1 3akoHHM 30epekeHHs eHeprii. OJHOPIAHICTE MPOCTOPY 1 3aKOH
30epekeHHsT IMIYIbCY. [30TPOHHICTE MpOCTOPY 1 3aKOH 30€pEeKEHHS MOMEHTY KIIBKOCTI pyxy. Teopema
Herrep. Mexaniuna noioHicTs. Teopema Bipiana.

I'amisibTOoHOBHI dopmasnizm. PiBusinus aminbToHa-SKk00i

6. KanoniuHi piBHAHHS

Piusnns ['aminbrona. @ynkiis [aminsrona. @ynkuist Payca. lyxku [lyacona. BnactuBocTi qy:xok
[Tyacona. IIpunmmmn Moneptioi. KaHoHiuni meperBopeHHs. TBipHa (YHKINS KaHOHIYHOTO TMEPETBOPEHHSL.
IuBapianTHICTh Ty)O0K [lyacoHa BiTHOCHO KaHOHIYHHX IEPETBOPEHb. PyX cucTemMu sk KaHOHIUHE Iepe-
tBOpeHHs. Teopema JliyBins. [nrerpansai inBapiantu Ilyankape. Pyx ¢a3oBoi piguau. PiBasans JliyBimns.

7. Teopis 'aminbrona-Axo6i

His ax ¢yskis koopauHat. PiBusaus [aminbrona-Sko6i. Teopema Sko6i. 3HaxomKkeHHS
PO3B'sI3KY 3a7a4i MPO PyX MEXaHIYHOI cucTeMu MeTofoM [ aminsroHa-Ako01. Meton po3aieHHs 3MIHHUX
B piBHsAHHI ['aminbToHa-SK001. [eomerpuuna inTepnperaris Aii. PiBHsaHHA ["aminbroHa-fko0i 1 XBUIbOBE
piBHAHHA. ['aM11bTOHOBUH (hopMati3M AJIsl AUCUIIATUBHUX CHUCTEM.

3acTocyBaHHSI METOIB TEOPETHYHOI MEXAHIKH 10 KOHKPETHHUX CHCTEM.

8. MaJi ko1uBaHHA

BinbH1 oqHOBUMIpHI KoJMBaHHS. BumyieHi konuBaHHs. KonuBaHHS mpu HasgBHOCTI CHJI TEpTS.
3aryxaroodi KOJIMBaHHSA. BuMylleHI KoJIMBaHHS NpH HasBHOCTI TepTsa. KonmuBaHHsA cuctem 3 Oaratbma
CTyNEeHsIMU BUIbHOCTI. KonMBaHHS OTHOBUMIPHOIO JIAHI[IOKKA aTOMIB. AHrapMOHIYHI KonuBaHHs. [lapa-
METPUYHUN pe30HaHC. PyX B HIBHJIKO OCLMIIIOIOUOMY IOJI.

9. Pyx TBepaoro Ttina

KyroBa mBuakicte. Ten3op iHepuii. MOMEHT iMIynbcy TBEpAOTrO Tija. PiBHAHHSA pyXy TBEpIOTrO
tina. Kyru Eiinepa. PiBusinus Eitnepa ans pyxy TBepaoro Tina. Pyx B HeiHepIIiiHii cucTeMi BIAJIKY.
10. HenepepBHi cucremMu

[Tpuxnanu JlarpanxkianiB HenepepBHUX cucteM. PiBHsaAHHA Jlarpanka s nosns. PiBHsHHS ["aminb-
toHa s nosist. Jyxxku [1yacona nmst mons. PiBHsSHHS pyXy ieanbHol pigunu. [lommpeHHs 3ByKy B raszax.
Hecrtucnusa piauna. Cranionapuuii pyx. PiBHsauusa bepryii.

VIII. EJIEKTPOANHAMIKA

1. PIBHAAHHA €JICKTPOAMHAMIKH ISl 3apPSAAiB i CTPYMiB y BaKyyMi.

KopoTkwii icropuyHHl HapHC PO3BUTKY €IEKTPOAMHAMIKH.

PiBusinas MakcBenna, sSiK y3arajdbHEHHs JOCTigHuX (akTiB: 3akoH KynoHa; BUXpOBUI XapakTep
MarHiTHOTO moJisi, MoHOMoMNb [lipaka; 3akoH Dapajes; Jpkepesia MarHiTHOTO TI0JIs; PIBHSIHHS B PI3HUX CH-
cTeMax OJMHUIIh; BUITAJIOK TOYKOBUX 3apsiIiB; iepexia 10 300pakenns dyp'e.



3akoHu 30epexeHHs. PIBHSIHHS HEPO3PUBHOCTI, SIK (hopMa 3amucy 3aKoHY 30epeKeHHs; 3aKOH 30e-
pPEeXEHHS €HEPTii; YMOBH BUIPOMIHIOBAHHS; 3aKOH 30€peKEHHS IMITYJIbCY; TEH30p HaIPYKCHb.

[Torenmianu exekTpoMarHitHoro nosisi. O3HaueHHs MMOTEHIialiB, PIBHAHHS U1 TOTSHIIAMIB, Irpa-
JI€HTHA 1HBAPIaHTHICTH €JICKTPOMArHiTHOTO 1ouis, KaniopyBanHs Kynona 1 Jlopenna, piBasaHs [Janambe-
pa, po3B's3yBaHHS piBHIHB JamamOepa, 3aImi3HIOK0YI 1 BUIIEPEKYI0U1 MTOTSHITIAIH.

2. BiibHe eJIeKTpOMAarHiTHe mouie.

PiBusinHs BinbHOTO moJs. Ilmocki, cdepuuni Ta iHmi xBuii. dazoBa Ta rpynoBa MIBHIKOCTI.
[Tnocka MOHOXpOMAaTWYHA XBHJIS, MOJIIpHU3allis. 3aKOHU 30€pEeKEHHsI I BIILHOTO IOJIS, €HEPris Ta iM-
nyasc nodist. Ocrunstopu mnodst, GyHkiii Jlarpamka ta ['aminerona ButbHOTO ToJist. KanoniuHa ¢opma
PIBHSHB ITOJISI.

3. CraTu4Hi MoJIf y BaKyyMi.

PiBHSIHHS U CTaTUYHUX TOMIB. MeTOAM pO3B'si3yBaHHS CTaTHYHUX 3a/1a4: OOCpHEeHa 1 mpsiMa 3a-
Javi eNeKTPOCTATUKHU; 3aCTOCYBAaHHS IHTETPaJbHUX CHIBBIJHOIICHb Ta PIBHAHB JUIS MOTEHINAIB; MYJb-
TUTIOJBHI PO3BUHEHHS; MOTEHIIIAIN 1 TTOJI €JIEKTPUYHOTO Ta MArHITHOTO JUIIOJIB; TOJIe JIHIHHUX CTPY-
MiB. EHepris craTmuHuX 1oJiB: 181 GOpMyIU JUIs €Heprii, eHepris B3aeMO/Iii Ta BJIacHa €Hepris, mpooie-
Ma MepeHOPMYBaHb; €HEPTisl TUTOJIB y 30BHILIHIX MOJIAX.

4. Teopist BUNIPOMiHIOBAHHS.

[Torenuianu Jlienapa-Bixepra. [Tone ToukoBoro 3apsiay: 0coOMMBOCTI TU(EePCHITIFOBAHHS MTOTCH-
uianiB Jlienapa-Bixepra, oOuncienss nomniB. BunpominioBaHHS TOukoBOro 3apsiay. [lone cuctemu 3apsiniB
Ha BEJIMKUX BiAJAIAX BiA JpKepena, OMM3bKa i XBHJIbOBA 30HU. J[UmonbHe 1 KBaApyIojabHEe BHIIPOMIHIO-
BaHHs. Cwiia panialiiiiHoOro raJbMyBaHHs: IIPOMEHUCTE TepTs; piBHsSHHs JlopeHia-/lipaka; IMPHUHA CIICK-
TpaJIbHUX JiHINA. PO3CISTHHS €JIeKTPOMAarHiTHUX XBHJIb BUIBHUM Ta 3B'SI3aHUAM 3apsIaMH.

5. Teopist BizHOCHOCTI.

[TpuHIMIK BIAHOCHOCTI: CYNEPEYHICTh HHIOTOHIBCHKOT MEXaHIKHM Ta €NEKTPOAMHAMIKHU; CKIHUEH-
HICTh IIBUJKOCTI MONIMPEHHS B3a€EMOJI1; BIIHOCHICTh OJHOYACOBOCTI; IHTEPBAI MIXK TOMISIMHU; YOTHUPH-
BHMIpPHI pocTOpu MiHKOBCHKOTO.

[TepetBopenns Jlopenma: dhopmynu Jlopenia; 1o1aBaHHs MBUAKOCTEH, BIACHUN Yac 1 CKOPOUYCHHS
JlopeH11a; YOTUPUBUMIpPHI BEKTOPH 1 TEH30PH.

PensTuBicTCchka MexaHiKa BUIBHOI YaCTMHKH: 1HTerpan nii, ¢yHkuii Jlarpanxka ta ['aminbroHa,
€Heprisd Ta IMIYIbC; 4-BEKTOP €HEeprii-IMITyJbCy, TEH30p MOMEHTY KUIBKOCTI PYyXy; 3aKOHH IE€PETBOPEHS
eHeprii, IMIOYIbCY,MOMEHTY KUIbKOCTI PyXy; PIBHSHHS PyXy BUIbHOI 4YacTHMHKU y ¢opmi Jlarpanxa-
Eitnepa, 'aminbrona Ta ['aminbsroHa-Sko6i. 3apskeHa yaCTUHKA B €JIEKTPOMArHITHOMY IOJi: (PyHKIIi1
Jlarpanska 1 ['aminibTOHA, PIBHSHHS PyXy; 4-OTEHLIAIN TOJS 1 3aKOHU 1X MEPETBOPEHHS; PyX 3apsay B
€JIEKTPUYHOMY TOJI.

TeH30p eaeKTpOMarHiTHOro MoJjsi: BaplaliiHUN NPUHIUN JUIs 3HAXO/KEHHs PIBHSAHHS pyXy 3aps-
JDKEHOI YaCTUHKHU B MPOocTOopi MIHKOBCHKOTO; TEH30p MOJIS 1 Oro BIACTUBOCTI; MEPETBOPEHHS IMOJIB Ta
1HBapiaHTH.

6. KopapianTHa (popMa piBHSIHb €J1eKTPOANHAMIKH.

OCHOBHI CIiBBITHOUIEHHS €JIEKTPOJMHAMIKH Y MPOCcTOpi MIHKOBCHKOTO: 4-CTpyM 1 EpEeTBOPEH-
Hs Jlopenua; 4-¢hopMma piBHSHB €JIEKTPOIMHAMIKY; BaplallliHUN TPUHIIMII B T€OPIi MOJs; 1HTerpa aii Juist
3apsiiiB 1 MOJIsL; 3HAXOKEHHS PIBHAHB MakcBeia 3 BapialliifHOro mpuHIUITY.

YoTtupupumipHa ¢popma 3aKOHIB 30€peKEHHS: TEH30p €Heprii-IMIYNbCy T0BLILHOTO MOJs; 4-cuia
1 TyCTUHA CUJIM; TEH30PH €HEePrii-IMITYIbCY €JIeKTPOMArHiTHOTO MOl Ta TYCTUHHU YaCTUHOK.

7. PiBHSIHHSI MAKPOCKOMIYHOI eJIEKTPOIMHAMIKH.

Mikpo- Ta MakpomnoJsi, MIKpOCKOIiYH1 piBHSAHHS MakcBemia-JlopeHna. YcepeqHeHHsI MIKpOCKOITi-
YHUX PIBHSIHb: CEpe/IHI 3HAYEHHSI MIKPOCKOIIYHUX TOJMIB, 3aps/iB, CTPYMiB; BEKTOPH MOJISIpHU3ALIi] Ta Ha-
MarHiueHHs; y3arajbHeHa IHAYKI1s; TP GOPMH PIBHSAHD IOJIS B CEPEIOBUIIIL.

[Tonstpu3zarisi 1 HaMarHiueHHsI cepeloBUIA B MOCTIHUX MOJIAX: HEMOJSPHI 1 MOJSPHI CepeOBU-
1113, T0JIe B KOH/ICHCOBAHOMY CEPEIOBHIL|; Jia- Ta nmapamarHeTusM. [lomspu3saris cepeoBuIa B 3MiHHO-
My TOJIi.



KomruiekcHa JienekTpuyHa MPOHHMKHICTh, TUCTIEPCiiHI CHIBBIAHOLICHHS. 3arajbHa XapaKTepHc-
THKa MarepiaJbHUX PIBHSHb. YMOBH Ha MEXI JBOX cepefoBuil. EjexTpoanHaMika pyXoMOro cepeoBH-
mia. JlucrepcHi 1 mpo30pi CEpeIOBHINA, CHEPTisl OISl B CEPEIOBUIIII.

8. Crarn4Hi moJisi B cepeaoBHIILi.

PiBHSIHHS cTaTUYHUX IOJIB, 1HAYKOBAHI 3aps/id Ta CTPYMH, IHIYKTUBHOCTI. CHJIM Y CTAaTHYHHUX
TIOJISIX.

9. KBasicraTuuHi IBHIIA.

YMOBHU KBa3iCTaTUYHOCTI Ta PiBHSHHS KBa3iCTaTUUHUX SBUIN. HopMmanbHMIA Ta aHOMaIbHHIA CKiH-
edexTH. PIBHIHHS A1 CUCTEMH JHIMHUX CTPyMiB, KOMIJIEKCHUH omip. MarHiTHa TigpoauHaMika: OCHO-
BHI piBHSHHS, €(DEKT “BMEp3aHHS ’, MArHITOT1IPOJUHAMIYH] XBHUJI.

10. EnexTpoMarHiTHi XBHJIi B cepe10BHIIII.

[T1ocka MOHOXpOMAaTHYHA XBWIS B O€3AMCIIEPCHOMY Ta JUCIIEPCHOMY CepeoBHINaX. BinOuBaHHs
1 32JIOMJICHHS €JICKTPOMArHiTHUX XBUJIb HA TUIOCKIHA MEXI1 JBOX CEPEIOBHUII. XBHJII B aHI30TPOITHOMY Ce-
penoBuIIi.

11. Heuniniiini egpexTu.

CunbHa eneKkTpoMarHiTHa XBUJIs. BUIpOMiHIOBaHHS 3apsy B MOHOXPOMAaTMYHOMY MarHiTHOMY
noii. EnemenTr HeniHIMHOT ONTUKY: HENiHIHA CIPUIHHATINBICTE; caMO(OKYCYBaHHS;, BUHUKHEHHS Kpa-
THHX YacTOT.

IX. KBAHTOBA MEXAHIKA

OcHOBHI eTanu po3BUTKY KBaHTOBOI Teopii. ['imore3a [1nanka i «cTapa» KBaHTOBa MEXaHiKa.
XBWJIBOBA 1 MAaTPUYHA MEXaHIKA.

1. OcHOBHI NPUHUMIIN KBAHTOBOI MeXaHIKH

Omnwuc crany B KBaHTOBiM MexaHimi. XBuiaboBa (yHkmis. [Ipuniun cymepnosuuii (mpukiany 3
Teopii AAESPHUX CUJI, KBAHTOBOIT XiMmii, ¢izuku TBepaoro Tina, Kit lpeainrepa). XBUIbOBUI MTAKET.

XBuUiboBa (QYHKIIIS BUIBHOI YacTUHKH. BracTuBoCTI miiockux XBuib. CepenHi 3HaYeHHSI KOOp-
IUHATH Ta iMmyibey. Oneparop immynbscy. CriBBiIHOLIEHHS HeBHU3HaueHocTel [aiizenOepra. MiHiMizy-
rounit xBuaboBHM maket. (Ilpukiiagu: po3Mipu aTOMHOTO SiApa, iAKW reliid, eHepris OCHOBHOIO CTaHy
aTroma).

2. MareMaTu4HMii anapaT KBAHTOBOI MeXaHiKH

Omneparopu ¢iznyanx BenuunH. [ii Hax oneparopamu. [Ipukinaan omeparopiB Gpi3WYHAX BETHUNH.
Brnachi ¢yHkuii 1 BnacHi 3HayeHHs orneparopiB. BiacTMBOCTI BIAaCHMX 3Ha4YeHb 1 BIACHUX (QYHKIH
€pMITOBUX OTEpaTopiB.

CriBBiTHOLIICHHS HEBHU3Hau€HOCTEH Ui (PI3MYHUX BEJTUYMH, IO MPEICTaBISIOTbCS HEKOMYTY-
rounMu oneparopamu. KorepentHi ctanu. [Ipuniun nonosHoBaibHOCTI bopa.

Pi3Hi npezncraBneHHs xBWiIboBUX (pyHKIIH. bpa- 1 Ker- Bekropu. Pi3Hi mpencraBieHHs orneparopis.
Marpuii oneparopis. KBaHToBa MexaHika — Teopis JIIHIHUX ONepaTopiB B rIOEPTOBOMY IPOCTOPI.

3. PiBusinnsa lpeninrepa

XBuiboBe piBHAHHSA Llpeninrepa. PiBHsAHHS HenepepBHOCTI. 3aKoH 30epeKeHHs I'yCTHHH HMOBIp-
HOCTI. 3MiHa cepe/IHIX 3HaueHb (PI3UUYHUX BEJIMYHMH 3 YACOM.

KBanToBi ayxku Ilyacona. Craumionapni cranu. [Ipencrasnenns Llpeninrepa i npeacTaBieHHS
laiizenOepra. [lpencraBnenns B3aeMoii.

Haijinpocrimi 3aga4i KBaHTOBOI MeXaHIKH Ta MOMEHT KIIBKOCTI pyXy

4. Haitnpocrimi 3a1a4i KBAHTOBOI MeXaHIiKHU

YacTHHKA B MOTEHIIANBHIN sIMI 3 0€3MEKHO BUCOKUMH CTIHKAMHU.

[apMoHiyHMI ocumisATOp. XBUILOBUN Ta MaTpuyHUM miaxonu. OnepaTopd HApOKEHHs 1 3HU-
uieHHs1. KorepentHi ctanu. [IpoxokeHHs] YaCTUHKY Yyepe3 NoTeHIianbHui 6ap’ep. Pe3onaHcH1 cTaHu.

XosnoHa eMmicis enekTpoHiB 3 Metaiy. Teopist [amoBa [1-po3nay BaKKHX sep.



5.3B’130K KBAHTOBOI MEXAHIKH 3 KJIACHYHOIO

[Tepexin Bi KBAaHTOBUX PiBHSHB PYXy A0 KJIACHYHUX. PO3IIMBAHHS XBUIIBOBUX IAKETIB 3 YaCOM.
XBwiIboBa (DYHKIIISI B KBa3zikjaacuuHOMY HabmmkeHHi. Meron Benruens-Kpamepca-bpimttoena. [1pasuio
kBaHTyBaHHs bopa-3ommepdenbaa. [Ipukian rapmoniyaoro ocruistopa. KBaHTtoBa MexaHika 1 iHTeT-
pay Mo TPAeKTOPisX.

6. MomMeHT KIIBKOCTI pyxy

Omneparop moBopoTy 1 OpOiTaIbHUI MOMEHT KUTBKOCTI pyxXy. BrnacHi 3Ha4eHHs 1 BnacHi QyHKii
OIepaTopiB KBajpara Ta NPOEKIL1i MOMEHTY KIIBKOCTI pyxXy. BiacHi Qynkuii oneparopis kBajapara Ta

MPOEKIii OpOiTATbHOTO MOMEHTY KUIBKOCTI pyXy. Omeparop MOMEHTY KiJIbKOCTI pyXy JUIs

A : I 1
Po3man ~ -uactunku. Porarop. KBanToBe 00epTanHs TBEeprOro Tia. SnepHuil KBaapynoabHHUMA
pe30HaHC.

PyX 4acTMHKM B IEHTPAJIbHO-CUMETPUYHOMY I10JIi TA Teopisi 30ypeHb

7. PyX 4aCTHHKH B HEHTPAJbHOCHMETPUYHOMY HOJIi

Pyx B momi nentpanbnoi cum. Paniansae piBasaasa Hpeninrepa. Pyx B KylnOHIBCBKOMY ITOJII.
Atom BoaHIO. ATOM BoAHIO. [HTerpan pyxy Jlamnaca-Pynre-Jlenna (meton B. Tlaymi).

8. Teopis 30ypenn

CrauionapHna Teopist 30ypenb. HeBupomkenuit Bunaiok. (AHrapMOHI4HI OCHUISTOPH X2 +x* ta

x* . Mozeni 3 ManiMu napameTpamMu CTBOPEHHMH «3 Higoro» 1/N -poskiamm). EdekrnBra Maca 1oMimok
B KOHJICHCOBaHUX TiJIaX. Moieb 3 HEaHAIITHYHOIO 3QJIC)KHICTIO €HEPrii Bii KOHCTAHTH B3a€EMOJIII:
HaanpoBigHUK bapnina-Kynepa-Ilpiddepa.

Teopist 30ypeHb npu HassBHOCTI BUpomkeHHs. J[BopiBHeBa cuctema. Edexr Lltapka nns aroma
BOJTHIO.

Enepreruuni piBHI el1eKTpoHa B KpucTaii. EnekTpoHHa Teopis opraHiyHuxX MoJiekyi. Bapianiinuii
MeToA. (AHTapMOHIYHUI OCIIUIISTOD).

Teopis 36ypeHs, 3aleKHUX Bij yacy. IMOBIpHICTh KBAHTOBOI'O IEPEXO/Ty 3@ OXMHHIIIO Yacy.
3onote npasuio Pepmi. Judpakiiisi HEUTPOHIB B piAMHAX Ta TBEpAUX T1ax. KBaHTOBI epexoau mif
JI€10 panToBUX 30ypeHb.

9. Bzaemonisi aToma 3 eJIEKTPOMATHITHUM 110JIeM

KBanTyBaHHs BUIBHOTO €leKTpoMarHiTHoro mnojisi. @otonu. BekTopHMil MOTEHIIAN SIK ONeparop.
Edext Kasumupa.

Teopist BUNIpoMiHIOBaHHS Ta noriuHaHHA cBiTia. @opmyna [Inanka. Enekrpuune aumnonbHe BU-
npomiHioBaHHs. [IpaBuna Binbopy. EnexTpuuni KkBaapynosbHi Ta MarHiTHI AunonsHi nepexoau. [Ipasuna
B1100py. Yac »uTTs 30ymkeHux craHiB atoMiB. [IpupoaHa mupruHa criekTpanbHUX JIIHIN.

PesqsiTUBiCTCbKAa KBAHTOBA MeXaHiKa.
KBanToBa MexaHika cucreMn 0ararbox 4acTuHOK. Teopisi po3cisiHHS.

10. PeasiTuBicTchKa KBAHTOBA MeXaHiKa

PiBustnus Kisiina-Topnona-®oxa. KemepiBebka npo6iema B Teopii Kistitna-Toppona-®oka. Pis-
HaaHs Jlipaka. Marpuni [lipaka. PiBHsiHHS HemepepBHOCTI. MOMEHT KUIBKOCTI pyxy B Teopii [lipaka.
Cnin. CrinoBi @yskuii. Cdpepudnuii criHop.

BineHuii pyx penstuicTcbkoi yacTuHKU. [Tpobnema Bim’emHux enepriid. Ilosutponu. Ksasipe-
JATUBICTChKE HaOmmkeHHs piBHsAHHS [lipaka. PiBusuusa Ilaymi. KBasipensTuBicTcbke HaONMMKEHHS piB-
HsHHA [ipaka. CriiH-opOiTanbHa B3a€EMOISL.

ATOM BOJHIO 3 BpaxyBaHHSM PENATHUBICTCHKHUX MOMpaBoK. Dopmyria TOHKOI CTpyKTypH. JIemOiBCh-
KW 3CyB piBHIB. ATOM B MarHiTHOMI HOJi.

11. KBaHTOBA MeXaHIiKAa CHCTEMH 0ararb0X YaCTHHOK

[TpuHIMT TOTOXKHOCT]I YaCTUHOK B KBaHTOBIM MexaHili. CUMETpUYHI Ta aHTUCUMETPUYHI XBUJIbOBI
¢ynkuii. bo3onu, pepmionu.

Teopis aroma remito. [lapa- Ta oproremniii. Bin'emuuii ion Bogaio H™. Merox Xaprpi-®oka. Meton
Tomaca-®epwmi.



Teopis Monekyn. Aniabaruyne HaOmwkeHds. Monekyna BoaHio. Meron Taiitiepa-Jlongona. Mo-
nexynspHuii ion Bommio Hj . Ximiunwmii 38’130k, Tunu XiMi4HOTO 3B’sA3Ky. BacTMBOCTI KOBaJEHTHOTO

3BESI3KY.S-P -ribpuauzanis. Cunu Ban-nep-Baanbca.

12. Teopisi po3cissHHSA

AwmrutiTyna poscistHas. bopHiBChbke HaOMMKEHHS ISl aMILTITYId PO3CISTHHS. PO3CISIHHS €J1eKTpOHIB
Ha aroMi. Metoj napuiaibHUX XBWIb. ONTHYHA TEOpEMA.

X. TEPMOANHAMIKA I CTATUCTUYHA ®PI3UKA

Hauyajia TepMoAMHAMIKHM T OCHOBHI NIPUHIUIIM CTATUCTUYHOI Pi3HKH

TepmonuHamika i cTaTHCTHYHA (i3HKa K MaKpOCKOIIYHA Ta MIKpPOCKOIIIYHA T€OPii TEIIOBOi
dbopmu pyxy Marepii BianoBigHo. @EeHOMEHOIOTTYHUN METOI TEPMOIUHAMIKH 1 MIKPOCKOITIYHUN METO]T
CTaTUCTUYHOI MexaHiku. OCHOBHI €Tany pOo3BUTKY TE€OPii TEIUIOBHUX SIBHILL.

1. Hayasa Ta 0CHOBHI CHIiBBiIHOIIIEHHS] TEPMOAMHAMIKH

[lepmre i apyre Havana TepMoanHaMiku. Xapakrepuctuuni (ynkmii. CriBBigHOmeHHs MakcBena
Ta piBHsIHHSA ['160ca-I'enpmrobpia B TEpMOTUHAMIIL.

Tennosa Teopema HepHera. Tpere Hayaio TepMOgUHAMIKY.

CriBBiJHOLIEHHS TEPMOJUHAMIKU JUIsl CHCTEM 31 3MIHHUM YHCIIOM YacTUHOK. 3arajibHi YMOBH
pIBHOBAru Ta CTIHKOCTI PIBHOBAaru TEPMOJMHAMIYHUX CHCTEM. YMOBH CTIMKOCTI PIBHOBArd SIK YMOBH JJIS
TEPMIYHOTO Ta KaJOPUYHOTO PiBHSHB CTaHy. YMOBH PIBHOBaru Ta CTIHKOCTI pIBHOBar" IJii KPUTUYHOL
TOYKH. YMOBH piBHOBaru B 6araroazHux 0araTokOMIoHEHTHUX cucteMax. [Ipasuio ¢as ['i66ca.

2. ®a30Bi nepexoan Ta KPUTHYHI SBUIA

Knacudikauis Ependecta dazoBux nepexoniB. PiBusuua Knaneiipona-Knaysiyca nns dazoBux
nepexoniB I poxy. IlpaBuno Maxkcsena npu ¢azoBux nepexonax | pony. PiBasuus Ependecra ¢azosux
nepexoais I pony. da3oBwuii nepexia B HAAMPOBIIHUIN CTaH y BiICYTHOCTI MAarHITHOTO MOJSL.

HaniBpenomenomnoriuna teopist ¢azoBux nepexoniB Jlanmay. [loBeminka pedoBUHU B OKOJII KpH-
THYHOI TOUKH. [ToHATTS mpo kpuTHuHi iHAekcu. Kputuuni inaekcu B Teopii Ban-nep-Baanbca Ta teopii
MOJIEKYIISIPHOTO TTOJISI.

3. IIpyHUMIH TA OCHOBHI CNIBBIIHOIICHHS] CTATUCTHYHOI MeXaHIKH

OCHOBHI NPUHLMIN CTAaTUCTUYHOI MEXaHIKW: PIBHOBOKHMUM CTaH, pellakcallis, OMHC MaKpOCTaHy;
MIKpOCTaH, IOCTY/IaT OTHAKOBUX IMOBIPHOCTEN, OIIMC MIKPOCTAaHY B KJIACUYHIN MEXaHilli, OITUC MIKPOCTaHy B
KBAHTOBIH MexaHilli; aHca0lb, cepeiHe Mo aHcaMOITI0, (DYHKIIiS pO3IIOALTY, CTATUCTUYHUI OIeparop.

@yHKIISA po3MoALTy KJIACMYHUX aHcamOmiB: Teopema JIiyBULIS; KBa3i3aMKHEHa MiJCUCTEMa 1 ii
GyHKIIS pO3MOUTY; POJIb IHTErpasia eHeprii Ta GyHKIIis pO3MOALTY MIKPOKAaHOHIYHOTO aHCaMOIo.

CratucTUuHUM oneparop KBAaHTOBUX aHCaMOIIIB: PIBHSIHHS pyXy; CTaTUCTUYHHI omepaTop KBasi-
3aMKHEHO{ MiJICuCTeMH; (DYHKIIIS PO3MOJILTY KBAHTOBOT'O MiKPOKaHOHIYHOTO aHCAMOITIO.

CrarucTu4Ha TepMOAUHAMIKA

4. TepMoaMHAMIYHI XapAKTEePUCTHKH B METOAi CTATHCTHKO-MEXAHIYHOI0 ONUCY TEIJIOBUX SIBHIIL

OyHKIIA po3MOALTy HMOBIpHOCTEH [uia eHeprii cuctemu. CtaructuyHa Bara. EHTpomis i Temme-
parypa B CTaTMCTU4HIM MexaHniui. EHTpomis 1 apyre Hayayno tepmoauHamiku. KimacuyHuil kaHOHIYHMIA
ancam6ip. KBaHTOBUII KaHOHIUHUU aHcamOnb. TepMoaMHaAMiuHA E€KBIBaJIEHTHICTh aHcaMOumiB. BinmbHa
€Hepris B CTaTUCTUYHIM MexaHili. 3B'130K 3 TEPMOIMHAMIKOIO.

CrarucTiyHa cyma i CTaTUCTUYHUMN iHTerpaj. OCHOBHE CHIBBIAHOIIEHHS CTAaTUCTUYHOT MEXaHIKH.
OyHKIIS pO3MOAUTY BEJIMKOIO KaHOHIYHOTO aHcaMOMo (KJIaCMYHOTO Ta KBAHTOBOTrO). CTaTUCTUYHMN
1HTErpaj KJIACUYHOTO 11€aJIbHOr0 ra3y 3 NOCTIHHUM Ta 31 3MIHHUM YHCJIOM YaCTHHOK.

5. CratucTHYHA TePMOAMHAMIKA KJIACHYHHUX CJ1a00Hei1eaJbHUX CHCTEM YACTHHOK.

Cnabo HeineanbHUN KIACUYHUM ra3 3 HEMTpalbHUX YaCTUHOK. BipianbHuil po3kiiaj Ta piBHSIHHS
Ban-nep-Baanbca. Teopis [ebas kinacuyHoi cinaboHeigeanbHol mia3Mu. MeTo KOpesiiHuX (QyHKIiH
Boromo6oBa:1ior piBHSIHb Ta HAOIMKEHI METOAH PO3B’SI3KY.



Tema 6. CraTucTHYHA TEPMOANHAMIKA i1eaTbHUX KBAHTOBUX CHCTEM

IneanwHi kBaHTOBI Ta3u. Po3nomin @epmi. Po3nozin bose.

Temneparypa BupomkeHHs ra3iB. IneanbHuii ®@epmi-rasz npu T=0°K. CUnbHOBUPOKEHUH Ta3
depmi: XIMIYHUN TOTEHIIIAN, HEpris, eHTpoIis, TeroeMHicTh. CraboBupomxeHuit ra3 depmi. Ineans-
HUll 603e-ra3 Ta sBuIle 603e-KOHACHC aIlii.

CrnexTpanbHa T'yCTHUHA PIBHOB)XKHOTO BUIIPOMIHIOBaHHS, ii yHiBepcaibHiCTh. Dopmyna Ilnanka
IUISL CTIEKTPAJIbHOI T'YCTHHHM PIBHOBAYKHOTO BUIIPOMIHIOBAaHHS. TepMOIMHAMIYHI XapaKTEPHUCTUKU PIBHO-
BaXHOTO BUIIpOMiHIOBaHHA. 3akoH Ctedana-bonpiiMaHa 17151 pIBHOBaXKHOTO BUIIPOMIHIOBAHHS.

Teopist AltHmraiina ta [[ebast TemIoeEMHOCTI TBepAMX Tii. Bim'emHi Temmeparypu s CUCTEM 3
00MEKEHUM EHEPTreTHYHUM CIEKTPOM.

Teopis guykryaniii Ta Teopist 6payHiBCbKOIo pyxy
7. Tepmogunamiuna Teopisi paykryanii
Hpyre Hauajgo TEpMOAMHAMIKH I HEKBa3iCTaTUYHUX NporeciB. TepMmoaumHamiuHi (QiyKTyartii.
Teopis AltHmTaiina s GiaykTyaiil y 3aMKHEHHX 130Jb0BaHUX cucTemax. Posmomin ['ayca mnst manux
¢bnykryanii. Mani ¢aykryanii B Hei3onboBaHil cuctemi. [Ipuknanu dumykryaniii 1 kopensuii GpiaykTyariii.
3acTocyBaHHSI KaHOHIYHOTO Ta BEIIMKOTO KaHOHIYHOTO aHCAMOJIB J0 PO3paxyHKy (IyKTyarlii.

@nykryanii yrcen 3anoBHeHHs Js (epmi-razy. Onykryanii yncen 3amoBHEHHS i 0o3e-rasy. Diyk-
TyaIii TyCTUHY KJIACUYHUX Ta3iB. PO3CIsSHHS cBiT/IAa HAa (IIYKTYyalisiX TYCTHHHU.

8. Teopisi OpayHiBCbKOIO pyxy

3aranbHi XapaKTepUCTUKU OpayHiBChKOro pyxy. Teopiss AlHmTaiiHa OpayHiBCbKOro pyxy. Teopis
JlamxeseHna. [IpocTopoBi Ta 4acoBi MacIiTabu MexaHiKu OpayHiIBCHKOTO PYXY.

BumnankoBa cuna Ta imes orpyOieHHs 4acoBOi MIKamu. IMIyiabc OpayHIBCHKOT YaCTMHKH, HOTO
Jycriepcis Ta Buii MoMeHTH. Koopaunara OpayHiBChKOi YaCTHHKH, 11 1ucnepcis Ta BUIi MOMeHTH. Onuc
OpayHIBCHKOTO PYyXY sIK BUIAIKOBOTO Tporiecy. PiBHsaHs CMomyxoBchkoro. PiBHsiHHS Dokepa-ITnanka ta
HOTO OKpeMi pO3B’SI3KH.

Tepmoaunamika HeoOOPOTHHX NMPOLECIB i eJleMeHTH (PI3UYHOI KiHeTHKH.

9. Teopis OH3arepa He000OPOTHHX NPpoOLECIB

Tepmonnnamiyni cuam 1 notoku. Kinernuni koedinieHTn Ta piBHAHHS OH3arepa Juist HEOOOPOTHUX
npoueciB BupoOuuurso entpomnii. BractuBocti kiHeTnuHMX KoedimieHTiB. CniBBigHoUeHHs OH3arepa.
Kinernysi koeditienTy A qudysii, TerionposigHocTi. JudysiiiHoro nepeHocy Teria Ta TepMoaudysii.

10. Enementu ¢iznuHol KiHeTHKH

PiBHsHHS JliyBULIA B CTaTUCTUYHIN MexaHill HEOOOPOTHIX npoueciB. KiHeTuuHe piBHIHHS JUIs
OZHOYACTUHKOBO1 (PYHKIIIT po3moAiny. IHTerpa 3iTKHEHb.

KinetnuHe piBHAHHA y HaOIWKeHH1 yacy penakcauii. JIanmtor piBHsHb boroiato6oBa Ta GpizuyH1
inei foro ananizy. Kinernune piBHsHHA bonbiimana. H-teopema bonbiimana. HeoOopoTHICTS sk
pe3ynbTar orpyOIeHHs YacoBO1 IIKaJIU. 3aCTOCYBAaHHS KIHETUYHOIO PIBHIHHS Y HAOIM)KEHH] Yacy
penakcartii 10 SBUI €JIeKTPO- Ta TEIIONPOBITHOCTI.

XI. METOJAU MATEMATHYHOI ®I3UKH
Teopist pyHKIiT KOMIJIEKCHOI 3MIHHO]1

KopoTkunii icTopudHUM OIS €BOJIONIT 3B’ A3KIB MK (PI3UKOIO 1 MATEMATUKOIO.
b 11

1. ®yHK1ii KOMIJIEKCHOI 3MiHHOT

KommuiekcHa 3mMiHHa. Moaysb Ta aprymMeHnT. O3HaueHHs QyHKI1 KoMIIeKkcHOoi 3MiHHOI. [ToxinHa
GbyHKIIT KOMIUIEKCHOT 3MIHHOI. JIudepeHIinoBHICTD 1 aHaIITHUHICTh. YMOBHU Jlanam6epa—FEitnepa—Komri—
Pimana. OnHo3HayHi Ta 6araro3Haui ¢pyHkuii. Touku posranyxeHHs 6araro3HaYHUX (PyHKITIH.

2. InTerpay Bia QpyHKLil KOMILIEKCHOI 3MiHHOT

IaTerpyBanns omHo3Haunux ¢yHKIin. Teopemu Komri. Teopema Mopepu. IaTerpansna gopmyna
Komri ta ii Hachiaky, interpan tuny Komri. [nTerpyBanns 6araroznauynux GyHKIiH. OyHKIIOHAIBHI PSAIH.



Teopema mpo piBHOMIpHY 301KHICTh (hyHKUIiIOHANBHUX pAniB. Crenenesi psau. Paau Teitnopa. Teopemu
npo crernenesi psau. Psaau Jlopana. O6macth 301KHOCTI.

3. JIMIIKHY B 0COOJMBHX TOYKAX

O3HaueHHS 13071b0BaHOT 0COOIMBOT TOYKU (PYHKIII{ KOMIUIEKCHOT 3MiHHOT Ta ix kinacudikamis. Te-
OpeMH PO 3B’S30K XapaKTepy 0COOIUBOI TOUKH 31 CTPYKTYporo psiny Jlopana. O3Ha4eHHS JUIIKY B 0CO-
OmuBi Touli. AHaniTHYHE NpoaoBkeHHs. PimaHoBi moBepxHi. KonpopmHi BimoOpakeHHs. 3acTOCYBaHHS
Teopii smmkiB. OO0uucieHHs o3HaueHux iHTerpaiis. Jlema XXopmana.

Onepauiiine yncjeHHs. Y3arajabHeHi QyHKILiI.

Tema 4. InTerpanbHe neperBopenns Jlaniaaca

[Ipsime 1 oOepHeHe iHTErpanbHe nepeTBopeHHs Jlammaca. Mexi 3acTocoBHOCTI. BiactuBocTi me-
perBopenHs Jlamaca. /ludepeniiitoBanns Ta iHTerpyBanHs (QyHKIIH-OpUTiHAIiB Ta X 300pakeHHs. [HTe-
rpan Jroramens. Teopema mHokeHHsT bopens. 3roptka ¢ynkmii. 300pakeHHs 100yTKy QyHKIIii. 3acTo-
COByBaHHs niepeTBopenHs Jlamaca 10 po3B’sa3yBaHHs 3BUYAHHUX JTIHIKHUX JU(epeHIiaTbHIX PIBHIHD 31
CTaaTuMU KOoe(illiEHTaMH, MMOJTIHOMIAIBHIMH KOE(iIli€HTaMH.

Tema S. Inui inTerpaJjibHi nepeTBopeHHs

[psime 1 ob6eprene neperBopeHHst Pyp’e. Mexi 3acrocoBHOCTI. BiactuBocTi neperBopenns Oyp’e.
3B’s130K 3 nepeTBopeHHsAM Jlamiaca. Cunyc-, kocunyc-nepersopeHHs dyp’e. Bnactusocri. [leperBopen-
Hs Meinina. 38’5130k 3 iepeTBopeHHsM Jlamaca.

Tema 6. Y3aranbHeHi pyHKuii

Oyukuis [ipaka. yHKIIOHAIBHI TOCTIIOBHOCTI.

OynkuionansHi poctopu. OCHOBHI Ta y3aranbHeHi Qyskimii. Hociit y3aransaenoi ¢ynkmii. Jii
Haj y3aranpHeHuUMHU QyHkuismu. JudepeniitoBanns yzaranbHenux Qynkuin. ®ynkuis ['esicaitna. op-
mymu Coxorpkoro. [Ipsmuii 1o0yToK 1 3roptka y3aranpHeHuX (yHKIii. [leperBopenns Dyp’e, Jlamnaca
y3arajJibHeHUX (PyHKIIIH.

JudepennianbHi piBHAHHSA 3 YACTHUHHUMH NOXIAHMMH APYroro nopsiaKy

7. AudepeHuianbHi piBHIHHA 3 YACTUHHUMU MOXiIHUMH JPYroro mopsiaAky 3 ABOMa He3aJIeKHUMH
3MIHHUMH

Knacudikauis qudepeHuiaabHUX piBHAHB 3 N-HE3alIeKHUMH 3MIHHUMH B TOYLIl. XapaKTepUCTHYH]
noBepxHi. Knacudikanis audepeHuiaabHuX piBHAHD 3 IBOMa HE3aJI€KHUMHU 3MIHHUMHU B TOULll. XapakKTe-
puctuyHe piBHsHHs. KaHoHiuHa ¢opma piBHAHB. PiBHSHHS KonBaHb. PiBHsHHA TeruonpoBiaHocTi. Cra-
1ioHapH1 piBHsAHHS. KpaiioBi 3agaui 1 iX kinacudikauia. Tunu rpannyaux ymoB. KopekTHe GpopmyntoBaHHS
KpaloBUX 3a/1a4.

Tema 8. Kpaiiosi 3agaui 115 piBHsIHB rinep6oJiiuHoro i napado/iuHoro Tumy

PiBHsiHHS KONMMBaHB Ha HeckiHYeHIM npsamiil. @opmyna Jlanambepa. Meron XxapakTepUCTUK ISl XBU-
760Boro piBHSHHA. Cdepuuni XBuii. 3aa4a 3 JaHUMH Ha XapakTepucTUKax. MeTos BiIOKpeMIIeHHs 3MIHHUX
JUTSE OJTHOPITHOTO 1 HEOMHOPIIHOTO PIiBHSIHHA KoynmBaHb. 3anada llItypma—JliyBiuia. BrnactuBocTi BIacHMX
¢yHKLil 1 B1acHUX 3HayeHb. KpaiioBa 3aa4a 3 HEOTHOPIAHUMHU TPAaHMYHUMH yMOBaMH. MeToJl BiIOKpeM-
JICHHS 3MIHHUX JUIsl PIBHSIHHS TEIJIONPOBIIHOCTI 3 rpaHnyHuMU ymoBamu 111 pory. Metoni ¢ynkuiii I'pina B
3amaui Ko Juist oqHOPIIHOTO 1 HEOJHOPITHOTO PiBHSHHS TEIUIONPOBIHOCTI. 3MilllaHa KpaiioBa 3a7ada s
PIBHSHHS TEIJIONPOBIIHOCTI 3 HEOAHOPIIHUMU TPaHUYHUMH yMoBamH. [Ipunimn [Jroramerns.

9. KpaiioBi 3aga4i 1J1s1 piBHAAHb €JIiNTHYHOTO THILY
['apmoniuHi ¢yHKLIi 1 X BracTuBocTi. Meron ¢ynkuiit ['pina po3B’s3yBaHHs KpalloBUX 33134 JUIs
pIBHSIHB eninTuyHoro tuny. Biactusoctiit ¢pynkuiit I'pina. 3HaxomxkeHHs QyHkuii ['pina MeTogqoM KOH-
dbopmHOTO BimoOpaxkeHHs Asi piBHAHHS Jlarumaca Ha mmomuHi. OG’€MHI 1 TOBEpXHEBi MOTEHIIamu. 3a-
CTOCYBaHHS MOTEHI[IaiB 10 PO3B’I3yBaHHs KpallOBUX 3a/1au.
CreniaubHi pynkuii. Bapianiiine uncienns

10. Huainapuyni pyHKuii



3aranpHe piBHSAHHS JUIA crieliadbHUX (QyHKIH. JIeMu Mpo acCUMITOTHYHY MOBEIIHKY PO3B’S3KiB.
3amava [ltypma—JliyBumns nns kpyra. PiBasanas beccens. @ynkii beccens. OpronopmoBaHicTh. DyHK-
uiit Holimana. @ynkuii 'ankens. @ynkuii beccens 1 ['ankens yaBHOTo aprymenTa. ACHCMTOTHYHE IPEJI-
CTaBJICHHS NUJIHIPHYHUX (YHKITIH.

11. OpToroHrajbHi MHOTO4JIEHU

TeipHa dyHKuis s MHOrowieHiB Jlexxanapa. Poskiian TBipHOT ¢yHKLIi y creneneBuit psa. Dop-
myna Poxpura. PiBusHHS 1 MHOrowieHiB Jlexxanapa. PexypentHi cmiBBinHOIIeHHs. OpTOHOpMOBa-
HicTh. TBipHa (yHKLiA 4711 MHOrowIieHiB Epmita. Po3kmnazn B cuctemMuuit psia TBipHOi ¢yHKii. PekypenTHi
criBBigHOIICHHS. PiBHsHHS 1u1st MHOTOWIeHIB Epmita. OproHOpMOBaHicTh MHOTOWIEHIB Epmia. DyHKIii
Epwmita. TBipHa ¢ynkuis st mHorowieHiB Jlareppa. Po3kian TBipHOI QyHKIIT y cTeneneBuit psja. Pexy-
PEHTHI CIiBBiHOIICHH. PiBHAHHS 171 MHOTOWIeHB Jlareppa. OpronopmoBaHicTh. DyHKIii JIareppa.

Po3B’s13yBanHs piBHAHHS Jlamuiaca y cepudHUX KOOpAMHATAX METOJOM BiJJOKpEMIICHHS 3MiHHHX.
[Tpuennani ¢pynkuii Jlexanapa. OpronopmoBanicTs pynkmii Jlexxanapa. Chepuuni pynkiii. OproHop-
MOBaHICTh cheprunux GyHKIiN. ['apMoHiuHnit ocumnarop. Pyx enekrpoHa B KyJIOHIBCHKOMY IOJII.

12. Bapiauiiini 3aga4i

Bapianiitni npunnunu B ¢izuii. 3amada npo Opaxicto3poHy. AOCOMIOTHUH 1 BIAHOCHUN eKCTpe-
MyM ¢yHKIioHana. Bapianilina moxigna. Bapiamiiina 3agava 3 3akpiruieHumMu KinnsaMu. Pisasiaas Eiine-
pa. ®yHkiionanu 3 UMy noxinaumu. PiBusaus Einepa—Ilyaccona. EkctpeMyM noaBiiHOTO iHTETpa-
na. PiBasHAS OTpOrpagchKOT0. Y3araabHEHHS Ha BUTIAJO0K BHIIUX ITOX1THUX.

[Bonepumerpuyna 3anaqa. Muoxkauku Jlarpanxka. 3aransHa popma nepinoi Bapiarttii. J[pyra Bapiartis.

XII. BEKTOPHUI I TEH30PHUM AHAJII3

BekTopHuii anaJi3

1. IIpAMOKYTHI cHCTeMH KOOPAMHAT

[TepeTBOpeHHS MPSIMOKYTHHX KOOPIWHAT TOYKU IMPH TEPETBOPEHHSAX CHCTEM KOOpIWHAT. Biac-
THBOCTI KOe(]illieHTIB mepeTBOpeHHs. [lepeTBOpEeHHsI KOMITOHEHT BEKTOpa MPH MEePEeXo/i BiJ OAHIET mpsi-
MOKYTHOT CUCTEMHU KOOPJIMHAT JI0 1HIIO.

EnemenTu BexTopHoi anre6pu. [lonsipHi Ta akcianbHi BekTopH. [IceBIOBeTUYMHH.

2. OCHOBHM BEKTOPHOI0 aHAJII3Y

BexTop-dynkuis ckanspHoro aprymenty. {udepeniiroBanHs Ta IHTErpyBaHHs BEKTOp-QYHIIN 3a
CKaJIIpHUM aprymeHToM. lomorpad. Cxkanspue mnone. IloBepxHi Ta miHii piBHs.IloxigHa Bij ckaiaspHOL
¢GyHKIIT 3a HanpsIMKOM. ['pajiieHT cKalsipHOTo mojs Ta oro BiacTuBOCTI. I10TiK BEKTOpHOTO 1MOJIs uepes
yepe3 MoBepxHIo. [luBepreHiiiss BeKTopHoro mnoss Ta ii BnactuBocTi. Teopema Ocrtoprpancekoro-Iaycca,
TeopeMa Mpo rpajaieHT. JIiHIiHUN 1HTerpan Bl BeKTOpHOro noiis. [ToreHiianbHe BEKTOpHE MoJIe.

Potop BekTopa Ta #oro BmactuBocti. Teopema Ctokca, Teopema mpo potop. ConeHoiganbHI BEK-
TopHi nons. JludepenuianbsHi onepariii 1pyroro nopsky. Teopema mpo po3kian (teopema ['enbmroinbia).

Ten3zopHuii anaJji3

3. KocokyTHi cucTeMH KOOpAUHAT

KocokyTHi cucteMn KoopauHar. Y3arajbHeH1 IPOeKIii Ta y3arajibHEHI CKJIaJoBi BekTopa. Macii-
TabH1 Ta JqyajbHI BEeKTOpH. MeTpUYHHUIl TEH30p B KOCOKYTHHX KoopauHarax. CKalsipHUN 1 BEKTOPHHM
N0OYTKH B KOCOKYTHHX KoopauHarax. [limHiMaHHS 1 omyckaHHs iHzaekciB. [IpaBuia iHaekciB, mpuKiIagu
iXHBOTO 3acTocyBaHHs. [lepeTBOpeHHs KOOpAMHAT 1 KOMIIOHEHT BEKTOpa MPH NEPEXO0/il BiJl OJIHIET KOCOKY-
THOI CUCTEMH KOOPJIMHAT /10 1HIIOi.

4. Ten3opu Ta iX BJIaCTUBOCTI

[TepeTBopenHs BekTopiB Ipu 3MiHI 6a3ucy. [lominminiitHi popmu. Tenzopu. Panr tezopa Ileperso-
PEHHS TEH30piB MIPU NEPETBOPEHHI CUCTEM KOOpAMHAT. AnreOpaiuHi onepartiii Haj TeH30paMHu (J10JaBaH-
Hsl, MHOXKEHHSI, 3TOpTKa, MiIHIMAHHS Ta ONMyCKaHHA 1HJeKciB). TpaHcopmarliiiHi B1acTUBOCTI KOMIIOHEHT
METPUYHOTO TEH30pa MPH MePexo/ii BiJl OJHIET 10 1HIIOI cMcTeMH KoopAuHAT. BracTuBOCTI TEeH30piB 2-TO



panry. IlonBiiiHa 3ropTka JOOYTKY CUMETPHYHOTO 1 aHTUCUMETPUYHOTO T€H30piB 2-r0 paHry. Audepen-
iaJbHI omeparlii HaJ TeH30paMH Y KOCOKYTHHUX KOOpIMHATax. BekTopHa nuBepreHilis TeH30pa.

5. KpuBoJiHiiiHi cucTeMH KOOpAHHAT

KpuBominiiiHi cuctremu KoopauHat. MacmTabHi Ta AyajdbHI BEKTOPH Y KPHUBOMIHIHHUX CHUCTEMax
koopauHat. JlokanbHui 6azuc. OproroHanbHi cucteMu koopauHar. Koeginientu Jlame.

MeTpu4HHM TEH30p Yy KPUBOMIHIMHUX KoopauHarax. Ko- 1 KOHTpaBapiaHTHI METPUYHI TEH30pH.
MeTpuyHi TEH30pH AJII OPTOTOHAIBHUX CHUCTEM KOOpAWHAT. MEeTpuYHI TEH30pU IJs NUIIHAPUIHHUX Ta
chepuyHux KoopauHart. [lepeTBOpeHHsI KPUBOJIIHIMHUX KOOpAWHAT. TeH30pu B KPUBOJIHIMHUX CHCTEMaXx
KOOPJMHAT.

Mertpuuni npoctopu. 3ajada mpo mnapajieibHe mnepeHeceHHs Bektopa. Cumonu Kpicroddens.
Krnacudikanis npoctopiB. KoBapiantHe mudepenuitoBanns. JudepenmianpHi onepamii B METPHYHUX
MPOCTOpPAX.

XIII. OCHOBHU PAJIIOEJIEKTPOHIKHA

1. PapioenexTpoHika Ta ii CKJa/J0BI YaCTUHU: PaJioTeXHIiKa, pamiodizuka, BaKyyMHa, HaAMiBIIPO-
BiJIHUKOBA, MIKPO-, HAHO-, ONITOCICKTPOHIKA. PamioxBuii Ta iXHE TeHEepYBaHHS, Miala30HU PaJiOXBUIIb.
HIBunkicts nepenaui indopmariii. Dopmyna lllennona. 3akon Mypa.

2. Curnanu B enekrponini. Knacudikamis curnanis. JlerepMiHOBaHI Ta BUMAIKOBI CUTHAMN. Psan
@yp’e. Cnektpu nepioguunux curHamiB. [Ipuknagu HaimpocTimux crnekTpiB. HemepionuyHi curHaiu.
[Ipsime 1 obepuene meperBopeHHst Dyp’e. IMIynbCcHA XapakTepHCTUKA Ta TEpexifHa XapaKTepUCTHKA.
Inrerpan cynepno3unii (3roprka). YacToTHA XapaKTepUCTUKA.

3. MeTon KOMIUICKCHHX aMInTiTyn. KomruiekcHi aMIutiTyau cTpymiB ta Hanpyr. @asop. Immnenanc.
3akoH Owma 1 mpasuna Kipxroda B xommiekcHiit ¢opmi. KommiiekcHa notyxHicTh. [lenubenu B enek-
TpoHiui. [lepeBaru i HenoNiKK BIAHOCHUX OAMHUIIL 1b. BitHOCHA omuHML HETep.

4. YotupunomocHUkU. Busnauenns ta BnactuBocTi. [lapamerpu dotupunontocHuki. PiznyHuit
3MICT TapaMeTpiB YOTHPUIOMIOCHUKIB. Enekrpuuni ¢inerpu, ixHs knacudikamis. Judepenmirorodi Ta
IHTETrpyIOYl JTAaHKU.

5. udposa 06pobka curHamiB. Jluckperusaiisi Ta KBAHTYBaHHsI aHAJIOTOBHX CHTHaJIB. Teopema
KorenpuukoBa. Yactora HaiikBicta. Pan KorenpnukoBa. [luckperne meperBopeHHs @yp’e. IlIBuake
neperBopeHHs Oyp’e. [{udposi GpuibTpu.

6. Monynauis curHany. Buau monymaunii: ananorosa, nudposa, iMmynbcHa. JleTekTyBaHHS paji-
OCHTHAJIB.

7. HamiBNpoBiTHUKM — OCHOBA CYy4YacHOI eJeKTpoHikH. KoHIeHTpalisi BIUIbHHUX €JIEKTPOHIB.
Po3nonin ®depwmi-Lipaka. BiacHa Ta 1oMilikoBa MpoOBiTHICTh HAMIBOPOBIIHUKIB. ['eHepallis Ta pekomOi-
Hauisg HociiB. Yac xutrs, nudysiiiHa nomxuHa. JpeidoBuil 1 qudy3iiHuiA cTpymMu. p—N-mepexin y
30BHIIIHBOMY MOJII. [HXEKI[is HEOCHOBHUX HOCIIB. Bonbr-ammnepHa xapakrepucTtuka p—Nn-nepexony. Pis-
HsaHHA loxm. 3BopoTHiil ctpym. bap’epna emHicth. Bapikanu. HamiBnpoBigHukosi giogu. Bumpocry-
Baui, I€TEKTOpH, crerianbHi gioau. CradiniTponu. Konrakt meran-namiBnpoBigauk. Jioau HoTTki.

9. binonspui tpamsucropu (BT). B3aemomist aBox p—Nn-mepexomiB. p—N—P- N—P—N-TpaH3UCTOPH.
Crpymu y BT. Cxema BmukanHs. Koedimientn mnepenaui cTpyMmy. BxigHa Ta BHXIAHI CTaTW4Hi
XapaKTePUCTUKU TPAH3UCTOPIB

10. Monbogi Tpansucropu (I1T). Knacudikarnis I1T. bynosa I1T 3 kepyrouum p—N-niepexonom Ta 3
130/1bOBaHUM 3aTBOpoM. Bximni xapakrepuctuku. [louarkoBuii ctpym. Iloporosa nanpyra. BuxigHi xa-
paxtepuctuku. OcHoBHi cxemu Ha I1T.

11. Onepauiini miacumoBadl. [lapamerpu peanbuux OIIl: koedilieHT MiACWIEHHS, Hampyra
3MILIEHHS, BXIJHUHA CTpyM, KoeQilieHT nocaabneHHs: CHH()A3HOTO CUTHAIY.

12. TaBepryrounii miacuiroBad. HeinBepryrounii migcmmosad. [ToBroproBad curHaimy. 3acTocyBaH-
Hsa OIL

13. OnroenekTpoHika, CKJIAIOBI YacTHHU. [HXKEKIiifHA JIOMIHECIeHIlis. BumpoMiHtoBaibHa pe-
xombinanis. Citmomiomn (CJI) 3 marepianis A"'BY. Koncrpykmii CJI. Bukopucranus CJI.

14. ®oronerexropu. BHyTpiniHiii 1 30BHILIHIN PpoToedexTH. DoTomionu.

15. Ontponu. IlepeBaru onTpoHa sik eneMeHTa 3B’ a3Ky. Kiacudikarist ontponis. OnTonapu.



16. OnToenekTpoHHi cucteMu 3B’s3Ky. [IpormyckHa 34aTHICTH ONTHYHOTO KaHaiy. OnTuyHi
BosiokHa. KoedirieHT 3aracands ONTUYHOTO BOJOKHA. MIXKMOZOBa JUCIIEPCisi, XpOMAaTUYHA JTUCIICPCIs,
iXHIM BIUIMB Ha MIBHIKICTH mepenadi iH(opmarii. MynbTUIITIEKCYBaHHS KaHAJiB: MPOCTOPOBE, YacoBe,
YJacTOTHE.

17. Ulymu B enextpoHnini. binuit mrym. TenmoBuii mrym. HuspkowactotHuii mrym. J[poGoBuii mym.
I'enepaniitno-pekoMOIHAIIIHHUHT TITyM.

18. Mikpo- 1 HaHoenekTpoHika. ['iOpuani Ta HamiBnpoBigHUKOBI iHTerpanbHi cxemu (IC). Lud-
poBi, aHanorosi, ananoro-mudpori IC. Crymiae iHTerparii. TexHomoriuauii nporec BuroroBieHHs IC.
doromiTorpadisi, po3niapHa 31aTHICT. EJTeMEHTH HAaHOCTIEKTPOHIKH.

19. Enementu mmudposoi texniku. OcHoBHI joriuHi oneparii. basosi enementn TTJI ta KMOH.
Haiinpocrinmi undposi iHTErpaibHi CXEMH.
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