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I. MEXAHIKA

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

Cunu B mexanini. 3akonu Heprorona. BusHaueHHst KinbKOCTI 30epexyBaHuXx BenuuuH ((azoBuit
npocTip). 3akoH 30epexeHHs eHeprii. Pyx Tina 3minHo1 Macu. Pakern.

YMOBU BUHUKHEHHS KOJIMBaHb. [ apMOHIUHUN OCHHIATOp. 3aracaroui KOJIWBAaHHS OCIHIISATOPA.
Bumyieni konauBaHHs ocuuisaTopa. Maremarnunuii MasTHuK. Cynepnosuilis OAHOBUMIPHUX KOJIHMBaHb
OIHOTO HANPSMKY.

OOepranHs MarepiajgbHOI TOYKM HABKOJO OCi. MOMEHT CHJIM Ta MOMEHT IMIYIbCY. 3aKOH
30epekeHHsT MOMEHTY iMIynbCy. J[Ba €KBIBaJEHTHI CIOCOOM OmMHMCY OOEpTOBOrO PyXy MarepiaibHOi
TOYKH.

[Mpunmun BimHOcHOCTI [amimes. HeinmepuiiiHi cuctemu Bimmiky. OOGepTOBI CHCTEMH BIAJIKY Yy
UWITIHAPUYHUX KOOpAMHATAX. 3eMIIs sIK HeiHepIliiiHa cucTema Biaiky. MastHuk Dyko.

[TpuckopenHs BimpHOTO TaniHHA. [lepenqymMOBH BHHHMKHEHHS CIIELIaldbHOI TEOpii BiIHOCHOCTI.
[Toctynatu cneuiansHoi Teopii BimHocHOCTI. [leperBopennst Jlopenua. IlepeTBopeHHs MIBUAKOCTEH 1
npuckopenb. [Ipoctip MinkoBcbkoro. Llentp mac. Cucrema nieHTpa Mac. Pyx n1BOX rpaBiTyrounx mac.

OOepTraHHs TBEPIOTO Tijla HABKOJIO HEPYXoMoi oci. MoMeHTH iHepwii TBepAMX TiJI mpocToi hpopmu.
Teopema [torirenca-1lIterinepa. ®i3uunuii MasTHUK. [ ipoCKOMH.

Hedopwmartii TBepaoro tina. Ctanu pedoBunu. PiBHAHHS nieperocy. Judy3is, TemmonpoBigHicTh Ta
B’SI3KICTb.

PiBusHHs HemepepBHoOcTi. PiBHsHHS bepHymm i #oro 3actocyBaHHs. PiBHSHHS 30epexeHHS
IMIYIbCY JJI1 HENEpPepBHOIO cepefoBuIla. PiBHAHHSA 30epeKeHHs €eHeprii A HelnepepBHOIo
CepeIoBHIIA.

PiBusinHs Hap’e-Crokca.

II. MOJIEKVJIAPHA ®I3UKA TA TEPMOINHAMIKA

Beryn. Ilpenmer MonekynsipHoi ¢izuku. Monens MarepiaabHOro Tijla. Macu aTtoMiB 1 MOJIEKYII.
Kinbkicth pedoBuHu. Mopens iieaibHOTo Tra3y. JuHaMigyHUM, CTaTUCTUYHUN 1 TEPMOAMHAMIYHUN METOAU
onucy pedoBuHU. Tuck 1 Temneparypa. OCHOBHE pIBHSIHHS KIHETMYHOI Teopii rasiB. BumiproBaHHs
Temneparypu. EmmipuuHi mkamu Temmeparyp. AOCONIOTHa TepMOAMHAMIYHA MIKajla TeMIeparyp.
CepenHs KiHETUYHA €HEpTis Ta TeMIeparypa.

3anayi TepmoarHaMiky. Teopema Ipo po3MOILI eHeprii 3a CTYNEHsIMU BUTbHOCTI. BHYTpIlHS eHepris.
@yHkuii cra”Hy 1 noBHI audepenmian. Podora. Termora. Ilepmmii 3akoH TepMoanHaMiku. TerioeMHICTb
ineanpHoro rasy. [lomitponuuit npouec. PiBusHHs nomitponu. Axiadatauii nponec. PiBusaHHs [lyaccona.
[3onponiecn B ineanbHHX razax. Pobora mpu momitponHomy mpoueci. Jpyruit 3akoH TepMO)II/IHaMiKI/I
Koedirientu koprcHoT Aii TEMI0BOT 1 X0momubHO1 MatuHu. [pxsmidHi TPOLIECH. Koedirient xopucHoi fii. Ly
Kapro. Teopemu KapHo. HepiBHicTh Kﬂay31yca Busnauennst eHtporii ieanbHoro razy. @i3uyHuil 3MicT
eHtpormii. EHTpormis 1 TepMoanHamiuHa iMOBIpHICTh. TpeTiii 3akoH TepmoauHaMiku. TeruioBa Teopema
Hepucra. Iloctynar [Inanka. @opmynioBaHHS TPETHOTO 3aKOHY TepMOAMHaMIKU. BracTUBOCTI pedOBHH
nipu Temieparypi 0K.

Posmomin MakcBena MOJNEKYnT 3a MIBUAKOCTSIMH. EKcriepuMeHTalbHAa TEpeBipKa pPO3MOALTY
Makcgena. Yacrora yaapiB Moniekyn o0 CTiHKy. Po3monin monekyn 3a kKiHeTH4HOIO eHeprieto. CepenHe
YuCcI0 4YacTMHOK B 00’emi. ®mykryamii. Posmonin Bbonbumana. bapomerpuuna ¢opmyna. Posmoain
Makcgesuia-bonbiimMana. BpoyHiBebkuil pyx. Po3paxyHok pyxy OpoyHiBcbkoi yacTUHKH. OOepToBHii
OpoyHiBChbKH pyX. ExcriepumenTanpHe BU3HaueHHs cranoi bonbnmana. Jocmiau [eppena.

KinemaTnuHi XapakTepUCTUKH MOJIEKYIsipHOro pyxy. CepenHs NOBXMHA BUIBHOIO MPOOIry.
Bakyym. Metonu oTpumaHHs Ta BUMIpOBaHHS Bakyymy. llpomecu mnepeHocy B raszax. Judysis,
TEIUIONPOBIIHICTH, B’ SI3KICTh Ta3iB. 3B’ I30K MK Koe(iIlieHTaMH MPOIIECiB MEPEHOCY B Ta3ax.

Peanbni rasu. PiBHsHHs Ban-nep-Baanbca. [3otepmu peanbHoro rasy. Kputuunuii cran
peYOBHHU. BHYTpILIHS €Heprisi peaabHOro rasy. PIBHSHHS MONITPONU peanbHOro razy. Ssume Jlxoyms-
Tomcona. 3pimkeHHs ra3iB. MeTonu 0X0J0KSHHS Ta3iB.

Pinuan. MonekynspHO-KIHETHYHA XapaKTEPUCTHKA PIAKOTO cTaHy. B s3KicTh Ta audy3is B piauHi.
[ToBepxHeBuii HaTsAT pinvH. BinbHa mMOBEepXHEBa €HEpris. 3MOYyBaHHS 1 He3ModyBaHHSI. Dopmyna
Jlarnaca. Kaninspui siBuia. BunapoByBaHHS Ta KUITIHHS P1IMH.

Pinki posumnm. Ix kimbkicHi xapakTepucTuku. IneambHi posumnu. 3axoH Payms. 3akon Iempi.



OcMmotnunwmii TrCK. 3akoH Bant-Todda.

Teepai tima. Knacudikamiss tBepaux Tin. Cumerpist kpucraniB. Kpucramiuna rparka. Peanbhi
Kpuctany. MexaHiuHi BIacTUBOCTI TBepaux Til. [Ipyxus nedgopmartis. 3akon ['yka.

®azosi nepexonu. dazosi nepexoau 11 Il pony. PiBusaua Knaneiipona-Kmaysiyca. [lomimopdni
niepeTBopeHHs. da3oBi giarpamu.

I11. EJIEKTPUKA TA MATHETHU3M

1. BeTyn 10 e1eKTPUKH | MarHeTHU3MY.

IIpeamer Ta MeTOIM €NEKTPUKU 1 MarHeTU3My. EnekTpoMartitHa B3aeMojis Ta ii Miclie B NPUPOLIL
cepen iHIMX B3aeMonid. KOpoTkuil icTOpuYHMN OIS BUCHHS PO €NEKTPUKY 1 MarHeTH3M. 3HAYCHHS
eJIEKTPUKH cboroHi. Enexrpuunuii 3apsa. [lBa Buay 3apsay. IHBapiaHTHICTb 1 3aKOH 30€peKeHHs 3apsiy.
ExcniepuMmeHTanbHe BU3HAYCHHS 3apsay enekTpoHa. Haiimpocrinmn 3apspkeni Ttima. TodykoBui i
HerepepBHUIN PO3IOALIHN 3apsy.

2. EnexTpocraruka

B3aemonist ToukoBux 3apsykeHux Tul. 3akoH Kymona. Enextpuune nosne. Bekrop HampyxeHOCTI
enexkTpuyHoro moss. [lpuHimn cyneprio3uii enexTpuyaux mnoiis. Jlinii HarpyxeHocTi. Teopema IpHIIoy.
[ToTik BEKTOpa HAIPYKEHOCTI ejeKkTpuuHoro mois. Teopema Ocrtporpajacbkoro-laycca, ii momaHHs B
mdepeHmianbHii Gopmi.

PoGora cun enekrpocrarnyHoro nons. [loTeHmianpHUIl XapakTep €JIEKTPOCTaTUYHOIO MOJS.
Hupkynsmiss Bekropa HampykeHocti. [loreHmian Ta pi3HUIS MOTEHIaNiB. 3B’S30K MOTEHLIATy 3
BEKTOPOM HaIpyKeHOCTi mossd. ExBinoreHuianbHi noBepxHi. Enextpuunuit nunons. Ilone aumosns.
[Torenmian i HanmpyxkeHicTe mosss aunons. Cuia, MOMEHT CHJI, SIKI JiIOTh Ha Aumnoib. [loreHmiampHa
EHEPTisl TUTIONS.

3. [IpoBigHNKH B €JIEKTPHYHOMY MO

HanpyxeHicTb monss O NMOBEpXHI Ta BCepeAMHI NpOBiAHMKA. EnexkrpocrarnyHa 1HIYKIS.
Posnoxin 3apsny Ha moBepxHI MpoBiHMKA. BiacTUBICT 3aMKHYTOTO MpOBiAHUKA. ElekTpocTtarnyHuit
3axuct. PiBusHHA [lyaccona 1 Jlannaca.

3B’S130K MDK 3apsoM 1 HoTeHIianoM mnpoBigHuka. Enexktpoemuicts. Konpencaropu. €MHICTB
IUIOCKOT0, C(hepUyHOTOo 1 HMITIHAPUYHOTO KOHICHCATOPIB.

4. JlieJ1IeKTPUKHU B eJIEKTPUYHOMY M0OJIi

Hienextpuku. IlonspHi Ta HenossipHi Mosiekynau. BinbHi Ta 3B’43aHi 3apsau. Bekrop nonspusarii.
JlienekTpuyHa CHPUHHATAUBICTE cepenoBHIla. [IOHATTS Mpo TEH30p MIEIEKTPUYHOI CIIPUIHSATIUBOCTI.
Teopema Ocrporpajacekoro-laycca 1y 1O B JII€JEKTPUKY. BEKTOp €NEKTPUYHOI  HAYKILT.
JlienekTpu4yHa NPOHUKIIUBICTb.

['paHnuHi yMOBM A1 BEKTOpIB NOJSIpHU3allii, HANpPYXKEHOCTI Ta I1HIYKLIi €JIeKTPUYHOTO IOJIS.
3anoMiIeHHS JTiHIN, HAPY>KEHOCTI Ta IHIYKIII Ha MEX1 IBOX JIIeTEKTPHUKIB.

[Tone B ogHOpigHOMY JieneKTpHKy. [loTeHianbHa eHepris CUCTeMHU eIeKTPUYHUX 3apsiB. Enepris
3apsHDKEHOTO MpoBiAHNUKA. EHeprist 3apsimkeHoro KoHAeHcaTopa. EHeprist elekTpocTaTuYHOro Mo Ta ii
o0’emHa ryctuHa. CuiM, sKi AiI0Th Ha 3apsan B JienekTpuky. Hemomspi nienekrpuku. Popmyna
Knaysiyca-MocorTi.

EnexTpuyHi BIaCTUBOCTI KpUCTaIIiB. AHI30TPOMIs JieNeKTPUYHOI MPOHUKIMBOCTI. I1’€30eneKkTpuKH.
[Ipsmuii Ta obepHenuit m’e3oedekt 1 ioro 3actocyBaHHs. [lomspui gienexktpuku. IlipoenexTpuxu.
Cerneroenextpuku.  JlomeHHa  cTpykTypa  cerHetoenekTpukiB.  Iicrepesuc. Touka  Kiopi
CETHETOeNeKTPUKIB. BUKOpHCTaHHS CErHETOEIEKTPHUKIB.

S. IlocTiliHMI eJIEKTPUYHHUI CTPYM

Cuna i1 ryctuHa cTpyMy. PiBHSIHHS HenepepBHOCTI, oro audepenuianbHa Gpopma. Jlxepena cTpymy.
Enextpopymiiina cuna. Enextpuuyna Hampyra. 3akoH Oma A OgHOpifHOro mnposigHuka. Omip
poBiTHUKIB. 3akoH OMa B qudepeHITianbHii Ta IHTerpayibHii popmax. HeogHopiHe eIeKTpUIHE KOJIO.

PoGora i motyxHicTh cTpyMy. 3akoH Jxoynsa-Jlenna ta ioro qudepennianbHa Gpopma. Posramyxkeni
koia. [IpaBuna Kipxroda Ta ixHe 3actocyBanns. K.x.1. mkepena ctpymy.

6. EnekTpuyHuii cTpyM y BaKyyMi, piinHax Ta razax

TepmoenekTponHa ewicis. Pobora Buxomay. 3aleXHICTh CTPyMy HACHYCHHS BiJl TEMIIEpaTypH.
dopmyna Piuapacona. 3akon Borycnaschkoro-Jlemrmropa. Bakyymui  miomm i Tpiomm. Ixmi
XapaKTepUCTUKU. ENeKTpoHHO-IpOMeHeBa TpyOKa.

Crpym B enekrponiitax. Jucomiamisa. 3akon OctBanbna. IIpoBinHicTs enekrponitiB. Exexrpogauii



noreHmian. Enexrponis. 3akonu dapanes. 3acTocyBaHHs el1eKTpoi3y. XiMiuHi JKepena cTpymy. BonbTiB
CTOBI. AKYMYJISTOPH.

Crpym y rasi. Hecamocriiinmii 1 camocrtiiiauii pospsa. Ilpomecu ionizamii Ta pexkoMOiHaii.
PiBHOBa)kHA KOHIIGHTpaIlis 10HIB. YaapHa ioHi3allis. BUHMKHEHHsS caMOCTIHHHMX po3psiB. JlaBUHHUMN
edexT. Bonb-ammnepHa XapakTepuCTHKa ra30BOro po3psiny. Buau razoBoro po3psny (TiIitounii, TyroBUH,
ICKpOBUH, KOPOHHUH, I1a3Ma). BukopucTanHs ra30BUX po3psiiB.

7. MexaHi3MH eJ1eKTPONPOBITHOCTI

[TpoBigauku. Hocnigu Pikke, Toamena i Ctroapra. OCHOBHI MOJOXEHHS KJIACUYHOI €JIEKTPOHHOL
Teopii mpoBigHOcTi MertamiB. 3akonn Oma Ta JDxoyns-Jlenna B kimacuuHiii Teopii. 3akoH Binemana-
®panra. TpyaHoII KIACHYHOT TEOPil MPOBITHOCTI.

[ToHATTS PO KBaHTOBY Teopiro mposigHocTi TBepaux Tid. [Ipunmun Ilaymi. Crarucruka depmi-
Hipaka. 3anexHicTh omopy MeTamniB Bin Temneparypu. Haanposinnicts. Edext Melicuepa. Kputuune
MarHiTHe 1oJjie. 3aCTOCYBaHHS HAANIPOBITHHKIB.

Oco0nMBOCTI 30HHOI CTPYKTYpH Jli€JIeKTPHKiB, HAMIBIPOBIIHHUKIB 1 MeTaniB. EHepreTuyHi piBHI Ta
30HH. BasenTHa 30Ha. 30Ha MpoBiAHOCTI. BiacHa mpoBigHICTH HaMiBIOPOBIAHUKIB. EJNEKTpOHM 1 HipKH.
JIOHOpHI Ta aKIEenTOpHi AOMIMIKK. J{oMillIkoBa MPOBIIHICTh. 3aJI€KHICTh OMOPY HAMIBIPOBIIHUKIB Bij
temneparypd. [IpoBimHICT p— Ta n— THIIB. p—N-Tepexia. 3acTOCyBaHHS HAIiBIPOBITHUKIB: TiOAH,
TPaH3UCTOPH.

KonraktHi siBuma. Pobora Buxomy. XiMidHWHA MOTEHIia. 30BHIINIHS Ta BHYTPIIIHS KOHTAKTHA
pizHuLg noteHmianiB. 3akoHu Bonbtu. SBuma 3eebeka, Ilensthe 1 Tomcona. Tepmo-e.p.c. Tepmonapu.
TepmoenekTpuyHi MPUCTPOI.

8. [locTiiiHe MarHiTHe MoJie y BaKyyMmi

Marnetusm. Jlis Mar"iTHOTO MOt Ha CTpyM. EnemeHT ctpymy. Bektop iHayKiii MarHiTHOTO MOJIS.
3akoH bio-Casapa-Jlamnaca. MarHiTHe moje pyxoMoro 3apsiay. MarHiTHe Iojie mpsiMOro Ta KOJIOBOTO
CTpyMiB. MarHiTHa B3a€eMOJis MapajielbHUX CTPYMIB.

HanpyxeHnicts MaraitHoro nojst. CuioBi JiHii MarHiTHOro noss. BuxpoBuii xapakrep MarHiTHOro
nosis. BijcytHicTe MarHiTHUX 3apsiaiB. IloTik BekTOpa MarHiTHOi 1HAYKUIT (MarHiTHUN MOTIK). Teopema
PO IMPKYIALII0 BEKTOpa 1HJIYKIIi Mar"iTHOro mojis. 3akOH MOBHOro crpyMmy. TopoinaiabHa KOTYIIKA.
Conenoin,.

3akoH Amrepa. MexaHiuHa po6oTa B MarHiTHoMy noumi. Cuna Jlopenrtia. Edexr Xomna. Cencopu
Xomna.

9. MarneTrukn

MarsiTHe 1oje B pe4oBHMHI. MarHiTHUII MOMEHT cTpyMy. Bekrop HamarniuenHs. Teopema mpo
LUPKY/SALII0 MardiTHOTO MOJIA B cepe/loBHI. MarHiTHa COpUHHSTIAMBICTD 1 MarHiTHa MPOHUKJIMUBICTS.
3B’S130K 1HAYKLII Ta HANPYKEHOCTI MarHiTHOTO IOJII B MarHeTukax. [ paHWYHI yMOBM Ui BEKTOPIB
HaNpy>KeHOCTI Ta 1HIYKI[i1 MAarHiTHOTO TOJIS.

Knacudikaiis MarHeTukiB: JilaMarHeTUKU 1 MapaMar€HeTHUKd. [1pomarHiTHE BiJHOIIEHHS.
JlapmopoBa uwactota. MarHiToMmexaHiuHi sBuma. Jlocmiam Aitmraiina-ne-l'aaza 1 bapuerra.
®epomarneTrku. MaruitHuit ricrepesuc. Jlomenu. Koeprurusaa cuna. Po6ota mijt yac HaMarHiqyBaHHS.
Touka Kropi. Marnithe none 3emiti. MartitHi Marepianu. @eputi. MarHiTHUN 3anuc iHpopMariii.

10. EnekTpomMartiTtHa inaykuist

Hocninn ®apanes. 3akoH enexkrpomarHiTHoi iHaykuii. IIpaBuno Jlenna. Buxposi crpymu. CkiH-
edekT. SBuiie caMoiHAYKIIII, IHTIYKTUBHICTh. B3aeMHua inaykiis. Koedimient B3aemuoi iHaykii. Enepris
1 rycTUHA eHeprii MarHiTHOTO MOJI.

11. 3minHuii KBa3icTanioHaApHUI cCTPYM

KBazicramionapHi crpyMu. AKTUBHHM, IHAYKTUBHUI Ta €EMHICHUIA omip. MeToa BEKTOPHUX Jiarpam.
3akoH Oma [1st K1 3MiHHOTO cTpyMy. Pe3onanc Hanpyr. Pe3onanc cTpymis.

PoGota i moTyxHicTh 3MIHHOTO CTpyMy. EeKTHBHI 3HaYeHHS CTpyMy Ta Hanpyru. TpaHcdopmarop.
[Mpunnun naii, OymoBa, 3actocyBaHHs. KoedimieHT Tpancdopmartii. TexHidHE BHUKOPHCTAHHS 3MIHHHX
crpyMiB. JIBodasuuit crpym. Tpudasuuii ctpyMm. 3’enHanHs O0OMOTOK TeHeparopa ,,3ipkoro” i
,»TPUKyTHHUKOM . [ €HEepaTopH 1 €IEKTPOIBUTYHH 3MIHHOTO CTPYMY.

12. EnekTpoMarsiTHi KoJMBaHHS

[Tepexinni nmporecu B RL, RC ta LC komax. KonuBanbHuii KoHTYp. BiacHi koJMBaHHS B KOHTYDI.

PiBHAHHS TapMOHIYHHMX KOJIMBaHb. 3aracaiodi KojduBaHHA. JlorapupmiuHuil JOEKpeMEHT 3aracaHHs.



JloOpOTHICTH KOHTYpY. BuMyIeHi enekTpoMarHiTHi koiduBaHHA. JI0OOpOTHICTH 1 cMyra MpoOITyCKaHHS
KOHTYPY.
13. PiBusinuss MakcBeJsuia

EnexrpomarnitHe nose. PiBusiHHsS MakcBena, K y3arajJbHEHHS eKCIIepUMEHTaIbHUX JaHux. CTpym
3MinieHHsa. BuxpoBe enekrpuune mosie. B3aeMHI mepeTBOpeHHS €JIEKTPUYHOTO Ta MarHiTHOTO IIOJIB.
PiBusiHHS MakcBena B iHTerpaibpHii 1 qudepeHianbHii Gopmi.

XBunboBe  piBHsAHHSA.  EnekrpomarHiTHi  xBwii.  ®azoBa  mBuakicte.  [lomepeuHicTb
€JICKTPOMAarHiTHUX XBHJIb. MOHOXpOMaTHyH1 XBUIi. XBHWIbOBE uncio. Bektop Ymosa-IloiiHTiHTa. 3aK0H
30epeKeHHs CHEepril eIEKTPOMArHiTHOTO TOJIS.

BunpomiHtoBaHHS e1eKTpOMarHiTHUX XBWIb. Bioparop ['epua. Panio3s’s30k.

IV. OIITUKA

Etanu po3BUTKY ONTUKH, iX 3HaU€HHS 111 (POPMYBaHHS Cy4yaCHOI'O HayKOBOI'O CBITOIVISAY Ta JUIs
MpaKTUKU. [0JI0BHI 3700yTKH IFOTO HANpsAMY (i3UKH B OCTAHHI TECATHIIITTS.

1. Knacu4Hi 3aKOHM ONITHKH.

He3zanexHicTh CBITJIIOBUX MY4YKiB, IIBUAKICTh CBITJIA, CIPOOM ii MOsICHEHHS Ha 0a3i CBITIIOBOTO
edipy, xBuii 1 yactuHku. [losicHeHHs 3amomieHHs cBiTia 3a HeioToHom Ta [toiirencom. [lpunnummn
®epma. [Ipunnun Ioiirenca.

EnexkrpomarniTHa Teopis cBiTia. PiBHsHHS MakcBemuia i BUCHOBKH 3 HuX. CHcTeMa BEKTOPIB
€JICKTPOMAarHiTHOT XBWJI. EHEpreTH4He CHiBBIIHOUIEHHS BEKTOPIB CJIIEKTPHUYHOTO 1 MAarHiTHOTO IIOJIS
cBiTiOBO1 XBWii. OnTruHuil Bekrop. Onuc KonmBaHb Ta XBWIb. Poskinan @yp’e. Crnexrp. Kiacudikarmis
XBUJIb — IUIOCKI1, CPEepHIHI, MOHOXPOMATHUYHI.

OcHoBHI (QoTOMETpHYHI TOHITTA Ta BenuuWHU. CHIBBIIHONICHHS MDK CHEPreTUYHUMHU Ta
CBITJIOBUMHU XapaKTEpPUCTHKAMKU BHUIPOMIHIOBaHHSA. MeToqu NOpPIBHSAHHA CBITJIOBUX IIy4yKIB Ta
MO’KJIMBOCTI a0COTIOTHUX BUMIPIOBaHb iX eHepriid. HecenexkTusHi npuiiMaui cBITIIA.

2. InTepdepenuis cBitia.

JIBonpomeHneBa iHTepdepenis cBitia. KorepeHtHicts Ta ii peanizanis B ontuui. [HTepdepeniis
xBWIb. Cxema FOHra. YM0BH eKcTpeMyMiB, pO3MOALT IHTEHCUBHOCTI NP ABOIPOMEHEBIH 1HTephepeHIii.
YacoBa 1 mpocTopoBa KorepeHTHICTb. ONTHYHA JOBXKMHA HIIAXY. TayToxpoHi3m. Po3Mmipu mxepena ta
arneprypa iHTepQepeHiii.

Konbopu TOHKHX IUTIBOK, TOMYCTUMa TOBIIMHA TUTIBOK. Bupas mis pizaui ¢a3. Kineusg Herotona.
Crosui xBui. Jlocmin Binepa.

bararonpomeneBa iHTepdepeHItiss: crnocoOu peaniszailii, yYMOBH €KCTPEMYMIB, XapakTep CIEKTpY.
®opmynu Eiipi.

3acrocyBanHs iHTepdepenuii. Inteppepomerpu. [IpocBiTiena ontuka, iIHTepPepeHLiinl GLIBTPH
Ta J3epKana. [TopiBHAHHS JOBKHUHU XBUIII 3 KIHLIEBOIO MipOIO.

3. Indpakuis cBitaa.

Oznauenns mudpaxiii. [Ipunnun [olirenca — @penens. 3ouu OpeHensi, 30HaNbHA TUIACTUHKA —
amrulityaiHa 1 ¢asoBa. I'padiune cknananHa ammuityl. Cnipans Kophio. Judpakiiss Ha pi3HHX
NepenoHax: MiBIUIOMIMHA, UIUINHA, TPSIMOKYTHUH Ta KPYIJIMH OTBOPH.

Hudpakiis Ha [ABOX IIUIMHAX, AddpakiuiiiHa pemiTka — aMmIulTyaHa 1 ¢a3oBa. YMOBU
eKCTpEMyMIB, pO3MoAin iHTeHcuBHOCTi. [loxwne mamiHHA cBiTIa Ha pemitky. CrnekrpaibHi
XapaKTEePUCTUKH PEIIITOK.

Hudpaxiis Ha OaratomipHUX CTpykTypax. CTpykTypHuUH aHami3. Judpaxiis peHTreHiBChKUX
MIPOMEHIB, €JIEKTPOHIB Ta HEWUTpoHiB. XBwWii ne bpoiina. 3actocyBanHs nudpakuii. 3opsHUA
iHTepdepomerp MaiikenbcoHa.

4. Ontu4Ha roJiorpadgis.

OCHOBHI TOHATTSI, CXEMH OTPUMAaHHS ToJOrpaM Ta BiITBOPEHHS 300paxkeHb npeamera. IlopiBHAHHS
(dhotorpadiuaux Ta rogorpadiyHUX 300paXKeHb MIPEeIMETa.

Tonmorpama Touku. OO6’emnHa rojorpadis [leHucioka, KoIbOpoBa rojorpama. 3acTOCYBaHHS
rojorpadii.

S. I'eomeTpu4Ha onTHKa.

OCHOBHI ITOHATTS Ta YMOBH 3aCTOCYBaHHS reoMeTpuuHOi onTUKH. [IpuHumn depma 1 BUCHOBKH 3

HbOTO. [IpsIMONIHINHICTS MOIIMPEHHS Ta BiAOWBAHHS CBITJIA B OJHOPIAHOMY CEpPEIOBHIII. 3aJOMIICHHS



CBITNIa Ha IJIOCKIM Ta cdepuuHiii mnoBepxHsXx. Hymp — inmBapianT AOOe, inBapiant Jlarpamxka —
I'enbmrosnbia, 30ubmIeHHST chepudHOi MoBepXHi. TOHKA 1 TOBCTA JIIH3M, XapaKTePHI CJIEMEHTH 1/1ealIbHOI
ONTUYHOI cuctemu. Biamosigai podoui Gopmynu. Po3ninbHa 31aTtHICTh 00’ €kTHBA, Audpakiiiina Teopis
300pakeHHs1 AGOe, MeTon Ga3oBoro KOHTpacTy. ONTUYHI MPUIIAAN — JyIa, MIKPOCKOII, TEJIECKOII, OymoBa
1 XiJ] IPOMEHIB.

HiadparMu oNTHYHUX CUCTEM, X IOJOXKEHHS 1 POJIb B YTBOPEHHI 300pakeHb. AOeparrii ONTHYHUX
CHCTEeM, iX MOXO/UKEHHS 1 MeToiu 3MeHIneHHs. Ontuka 30py. bynoBa i 3aragbHa XapakTepHCTHKA OKa.
OCHOBHI HEJIOJIIKH 30DY.

6. OnTHKAa PyXOMHUX cepel0BHIIL.

MeTtoau BUMIpIOBaHHS IIBHUAKOCTI CBITJIa — aCTPOHOMIYHI Ta J1abOpaToOpHi €KCIepUMEHTAIbHI
OCHOBH ONTHKH pyXoMux cepenosuil: edexrt Jonmuepa, nocnia ®Pizo, qocain MaiikenbcoHa.

EnemenTn cnemiansHoi Teopii BigHOCcHOCTI. [leperBopenns JlopeHTia-AiHIITaiHA 1 BACHOBKH 3
HUX: OIHOYACHICTHh TOJI{, TOPIBHSIHHSA JOBXHH BiJIPi3KiB Ta TPHUBAJIOCTI MO Yy PYXOMHX CHCTEMax
koopauHatr. JlomaBanHs mBuakocteil. Koedimient 3axomnenus edipy pyxomumu Tiiamu. [lonepeunuit i
no3noxkHMn edekr Mommiaepa. UepBone 3wmimenHs. Jlocmia AiiBca. Edekr Canbsika. OnrtudaHwmii
ripockorn. Edexkr YepenkoBa-BapinoBa. 3anexHICTh MacH Tijla BiJ IIBHIKOCTI #oro pyxy. Posman
ME30HIB.

7. lloasipu3anisi cBiTJIa.

Busnauennst i Buau momnspu3anii cBitTia, i1 MosSCHEHHs Ha 0a3i XBWIJIBOBOi 1 KBaHTOBOI Teopii
CBITJIA.

3MiHM XapaKTePHCTUK CBITIIOBOTO ITydka Ha MeXi aBoX cepemoBuil. Popmymn Dpenens i
BUCHOBKM 3 HHX. KyTOBi 3a/leKHOCTI IHTEHCHBHOCTI, ¢a3u Ta CTaHy MOJApHU3allii 3aJOMIIEHOTO 1
BiTOMTOrO My4KiB cBiTia. 3akoH bprocrepa, iioro ¢iznynuii 3micT. [IoBHE BHYTpIIIHE BiIOMBAHHS CBITJIA.

Bin6uBanus cBitia Big meraniB. KOMIUIEKCHHI MOKa3HUK 3aJIOMIIEHHS. 3aCTOCYBaHHS BiAOUTOTO
CBITJIa y TEXHIll (Moaspu3aTopu, $pa3oBl NPUCTPOI, CBITIOBOAU, POKOHH) Ta y (PI3UUHOMY €KCIIEPUMEHTI
(mocmiKeHHS] ONTUYHUX XapaKTePUCTHK B 00JAacTi CHIBHOTO MOTIMHEHHS, BUMIPIOBAaHHS MOKAa3HUKIB
3aJIOMJICHHS).

8. lucnepcis cBiTaa.

Mertonu BUMIpDIOBaHHSI TOKAa3HUKIB 3aJOMJICHHS: METOJ MIHIMAQJIbHOTO BIIXWJICHHS, METOI
MIOBHOTO BHYTPILIHBOTO BiAOMBaHHS, 1HTep(depeHLiiiHI MeToau. BennunHu 1 crnekTpaibHi 3alleXKHOCTI
MTOKa3HUKIB 3aJIOMJIEHHS ITpo30pux MarepianiB. HopmanbHa, aHoManbHa Ta Bi’€MHA IUCIEpPCii.

Enextponna teopis nucnepcii cimia. Jucnepciitna gopmyna. Cunia ocumnsropa. YABIEHHS Mpo
KBAaHTOBY TEOPIiI0 JWCHEpCii MoKa3HUKa 3aiomiieHHs. [loKa3HHWKH 3aIOMIICHHS PEYOBHH B OCOOIMBHX
JUISHKaX CHEKTpa — PEeHTreHIBChbKa 001acTh, 001acTh Y-IIPOMEHIB, I1a3Ma.

BrumB B3aeMonii 9acTMHOK pedyoBHMHHM Ha aucrepciio cBitia. dopmyna Jlopenrti-Jlopeniia.
Pedpakuis, ii 3acTocyBaHHS y XiMii.

Jucriepcis  TOKa3HWKa 3aJIOMJICHHS TBEPAWX TUI, BIUIMB KOJHMBaHb pemrntku. Popmyna
3enpMeliepa.

Cnextpu nornmumHanHs. CrnektpanbHuil aHamiz. Metox Kpamepca-Kponira mis BU3HaueHHS
ONTUYHUX XAPaKTEPUCTUK Marepiajy B 00JIaCTi CHIIBHOTO MOTJIMHAHHS.

OrnTuka MeTamarepialiB.

9. OnTHKa aHI30TPONHMX CEepPeAOBHIIL.

OnTtuyHa aHizoTpomiss Ta I ONUC Ha OCHOBI piBHAHb MakcBemia. Cucrema BEKTOpPIB
€JIEKTPOMArHiTHOT XBWJI y Kpuctanax. CuMeTpis KpucTana Ta TEH30p MIIeNeKTPUYHOI CTasof.
[Tomstpu3ariis cBiTia Ta JTHIAHE ABOMPOMEHE3ATOMIICHHS.

Ontuyna iHpukarpuca. [IpaBuno ingukarpucu. IloasiiiHi onTuyHi moBepxHi. OnNTHYHI OCI.
3anomieHHs cBiTaa y kpuctanax. [loOynosa ['toiirenca.

[TpocTtopoBa mucnepcist cBitia y kpucraiax. L{upkynspae aonpomenesanomienHs. [loBepTanus
IJIOMUHKA ToJsipu3alii, oro mosicHeHHs 3a ®apaaeem. [ipariiini moepxHi. CUMeTpis Ta ONTHYHA
akTHBHICTh. ONITHYHI BIACTUBOCTI PIIKUX KPUCTAIIB.

[aTepdepenis moasspu3oBaHUX MPOMEHIB, CXeMa E€KCIIEpPUMEHTANBLHO 11 peami3aitii. [Ipomyckanus
CBITNIa TOJNAPHU3ALIMHO-ONTHYHOIO cucTeMoro. OTpuUMaHHS Ta aHajdi3 MOJMAPU3aLIMHOrO CBITIA.
[Tomstpuzartiiini mpucTpoi Ha 6a3i KpUCTaIiB. 3aCTOCYBaHHS MOJIIPU30BAHOTO CBITJIA.

KonockomiuHi 10CHIiKEHHS KPUCTATIB.



10. OnTH4Hi napaMeTpU4Hi eeKTH.

BusHauenHs Ta (peHOMEHONOriYHMM oOmnKMc mNapaMeTpUYHUX €QeKTIB — eIeKTPOONTUYHMH,
I1’€300NTUYHUNA, MArHITOONTHYHI, eJeKTporipaiis, 1 e3oripamis, edekr Dapanes, HeB3aEMHE
JIBOTIPOMEHE3AJIOMJICHHS, 3aJICXKHICTh MOKa3HUKA 3aJIOMJICHHS BiJl IHTEHCUBHOCTI CBiTia. ONTHYHI CXeMH
JUISL CIIOCTEPEKEHHS Ta 3aCTOCYBaHHS NapaMeTpruuHuX epekTiB. CUMETpisi pEUOBHHHU 1 HASIBHICT €(EKTY.

MopnenbHuit onuc napaMeTpudHuX e(eKTiB.

3acTocyBaHHSI MapaMeTpUYHUX €(eKTiB y merposorii. YacoBi BUMIpIOBaHHS 3 BUKOPHUCTAHHSM
HEeJHIHHO-ONTHYHUX €(EKTiB.

11. TenioBe BUNIPOMiHIOBAHHS CBiTJIA.

MeToau AOCHIKEHHST CHEKTPaIbHOI 3aJeKHOCTI BUIPOMIHIOBAHHS aOCOJIOTHO YOPHOIO Tija,
rpadgiyHe TpPEeACTaBICHHS IX pe3yJabTaTiB. 3aKOHW TEIUIOBOTO BUIpOMiHIOBaHHS. 3akoHH Kipxroda,
Credana-bonbimana, 3mimeHHs Bina.

®opmyna Penes-/xinca. @opmymna Inanka Ta OCHOBHI MipKyBaHHS TpU il BUBEICHHI, OCHOBHI
BUCHOBKH 3 HEl.

OnTuyHa mipomeTpis, paaiamiiiHa, ICKpaBicHa Ta KOJIbOPOBa TeMIeparypa.

Bukopucranns popmynu [1naHka B cieKTpaJlbHUX ONTUYHUX BUMIPIOBAaHHSIX.

12. KBaHTOBI B1acTHBOCTI CcBiTJIA.

CrionTaHHe Ta BUMYILIEHE BUIIPOMiHIOBaHHS, kKoediientn Eifnmreiina ta popmyna [Tnanka.

3oBHImHIA ¢oToedekTr — ommc SABUINA, OCHOBHI 3aKOHM Ta pIBHAHHSA AWHINTalHA JUIS
30BHIIIHBOTO (hoToehekTy, MOSCHEeHHs 3aKkoHIB ¢oToedekTy Ha 0a3li XBWIBOBUX Ta KOPIYCKYISIPHUX
yABIIEHB PO CBiTIO0. DoTonpuitmadi. @oToedekT y HaMiBIPOBITHUKAX Ta JICIEKTPUKAX.

SAsume Kommnrona, immynbc ¢otoHa. THCK cBiTina, HOro moscHeHHs Ha 0a3i XBHJIBOBUX Ta
KOPIYCKYJISPHUX YSIBICHB.

Edext CanoBcbkoro, cxema jociiny bera.

KBaHTOBI XapakTepucTuku (GoToHa.

13. Po3ciroBanHs cBiTJ1a.

Po3citoBaHHsI CBITJIa B ONITUYHO HEOJHOPITHOMY cepeoBuIill. MosnekynsapHe po3cisaas. Dopmyna
Penes. Ingukarpuca poscisaus. KomOiHaliiiHe po3CisiHHS CBITIIa — METO/IMKA €KCIIEPUMEHTY, BIACTHUBOCTI
Ta 3acrocyBaHHs. [lonspusanis poscisiHoro cBitia. Po3cisiHHS cBiTiIa Ta aTMOC(EpHI ONTUYHI SABUILA.

14. JIrominecueHuis.

OzHaueHHs Ta kiacu@ikallis JIIOMIHECHEHII 32 TUIOM 30Yy/KEHHsI CBIYEHHS. XapaKTEepPUCTUKU
JIOMIHECLEHIIT — CIEKTpaJibHI 3aJIeKHOCTI IHTEHCHUBHOCTI, YacOBl 3MiHM CBIYEHHS, €HEPreTMYHHUH Ta
KBAHTOBHUM BUXIJ CBIYEHHS.

[Tpupona 1eHTpiB CBIUEHHS — BJIACHE CBIYEHHS, TUCKPETHI LIEHTPH, peKoMOiHaIliiiHe CBIYEHHS.
Mogeni HeHTpIB CBIUEHHSI — €JIEKTPUYHUM JUIONb Ta POTATOp, €NEKTPUYHUN KBAJPYHOJb, MarHITHUH
IMIONIb.  MexaHi3MH  CBIYEHHS PEUOBMH Yy pI3HUX arperarHux craHax. JlromiHecueHIis
kpuctanopocdopiB. OcTOBHO-BaJICHTHE CBIYEHHS. 3aCTOCYBaHHS JIFOMIHECIICHIIIT.

15. Jlazepmn.

3aranbHi B1IOMOCTI Ipo OyAoBy ja3epa. EHepreTnuHa cTpyKTypa akTHBHOIO €JIE€MEHTa Jja3epa.
YMOBH BUHUKHEHHs reHepauii. BiactuBocti nazepHoro BunpomiHioBaHHsA. OCHOBHI THITM JIa3epiB Ta ix
xapakTepucTuku. KepyBaHHS XapaKTepuUCTHKaMHU JIa3epiB — MOAYISALIS TOOPOTHOCTI, CHHXPOHI3a1lisl MOJ.
3acTocyBaHHs J1a3epiB.

16. EnemeHnTH HeliHiiiHOT ONITHKH.

[TousaTTst po HemiHiliHYy onTuKy. HemiHiiiHa momnspu3aiis 1 MOKAa3HUKU 3aJOMJICHHS PEYOBMHHU.
KorepeHTHi Ta HEKOTrepeHTHI HeJiHiNHO-onTHuYHI edexkTH. baratodoToHHe MomMHAHHS, TPOCBITICHHS
3pa3ka, caMo(pOKyCyBaHHS, cCaMOIUPAKIIisL.

Bin6uBanus cBiTiia y HeniHiMHIA onTuii. [IposiBM KBagpaTH4YHOT HEMHIHHOCTI — reHeparis Jpyroi
rapMOHIKH, JETEKTyBaHHS IIOJIsi CBITJIOBOI XBWJI, MiJCWJIEHHS cBiTia. [lapamerpuuHi reHeparopwu.
Bumymene komOiHariiiHe po3CitOBaHHS CBITJIa Ta BHUMYIICHE po3CisiHHS Manaenpinrama-bpinioeHa.
Bunpsimnensst GpoHTY CBITIOBOT XBUITI.

V. ATOMHA ®PI3UKA



1. IlpeameT BUBYEHHA ATOMHOI (Pi3UKH

CTpykTypHi piBHI Marepii, M0 JOCHIIKYIOTBCS METOJaMH aTOMHOI Ta sAepHOi (i3HKH.
Ocob6amrBocTi 00’€KTIB MIKPOCBITY (aTOMI3M, IUCKPETHICTh, KOPIYCKYIAPHO-XBHIIBOBHH Tyalli3M).

2. TenjioBe BUNIPOMIHIOBAHHS i CTAHOBJIEHHSI KBAHTOBOI MeXaHIKH

Mopnens abcomoTHO yopHOro Tina. CepeaHs TyCTHHAa BUIPOMIHIOBaHHS. BuBeneHHs (opmyn
Penes-JIxxinca Ta Bina nius omucy BUIIPOMIHIOBaHHS aOCOJIOTHO YOPHOTO Tija. YibTpadioneroBa
KaracTpoda.

®opmyna [Tnanka 11t onucy BUIIPOMIHIOBaHHS a0COMOTHO YyopHoro Tina. Crana [Inanka.

3. MoneJi atoma

Monens aroma TomMcoHa (IMCKPETHICTh, YacTOTa BUIIPOMIHIOBaHHS, PO3MIpH aroma). Mojeinb
aroma Pesepdopra. ExciepumenTanbHi pe3ynbTaTd M0 BUBYCHHIO PO3CIIOBAaHHS 0-4aCTHHOK HA aroMax.
PiBHSIHHS pyXy 0-4aCTHHKH B KYJIOHIBCbKOMY MoJii atoma. KyT po3citoBaHHS Ta NPULILIBHUN HapaMeTp.
[Tomepeunnii Ta mudepeHmianpHuil nepepiz poscitoBanus. Popmyna Pesepdopna. Busnauenns zapsimy
sJipa Ta pO3MipiB Apa Ha OCHOBI aHAI3y PO3CIFOBAaHHS (.-YACTHHOK Ha aTOMax.

4. bopiBcbka Mo/1e/Ib aTOMa BOJHIO

CrekTpu BUIIPOMIHIOBAaHHA — SIK B1IOOpaXKEHHS TUCKPETHOCTI €HEPreTMYHUX pIiBHIB aroMma.
dopMa CHEKTpiB BUIPOMIHIOBAHHS TBEPAMX TiJI, MOJIEKYJ, aTOMiB. 3aKOHOMIPHOCTI B CHEKTpax
BUIIPOMiHIOBaHHsS aroMa BoaHio. Crnekrpanbhi cepii Jlaiimana, banbmepa, Ilamiena...Y3aranbHena
dopmyna banemepa. Enepreruuni repmu. Jlocnian @panka i ['epra. JIMCKpeTHICT €HEPTETUYHUX PIBHIB
aToMiB.

[Toctynatun bopa (cramionapHi opOiTH, eHeprisi BUIPOMIHIOBaHHS, YMOBa KBaHTYBaHHs OpOiT).
Atom BoaHio B Teopii bopa. ®opmynu A BU3SHAYEHHS pajiiyciB OpOIT Ta €HEpriil eIeKTPOHHUX CTaHIB
aromMa BoxHIO0. Dopmyna ISl BU3HAUEHHS €HEprii mepexofiB B aromi BoAHIO (BomHeBi cepii). Crama
PinGepra. [3oToniunuii 3cyB B CIEKTpax BUIIPOMIHIOBAHHS aTOMa BOJIHIO.

5. YMOBHU KBaHTYBaHHA ejJleKTpoHHUX 0p0OiT bopa-3omepdenbaa

V3aranpHIOIOUI KOOPIUHATH Ta IMIYJAbCH. YMOBM KBaHTyBaHHS 3oMmepdernbaa Ui KOJOBHX Ta
emnTuYHuX opOiT. KBaHTOBI umcna — rojoBHe Ta azuMyTaibHe. [IpocTopoBe KBaHTyBaHHS B MOJEII
bopa-3omepdenpaa. MarHiTHe KBaHTOBE 4YMCIO. MarHiTHUH Ta MeXaHIYHUH MOMEHTH €JIEeKTpOHa,
MaraetoH bopa.

Hocninm Ilrepna-I'epnaxa. ATOM B OJHOPIIHOMY Ta HEOJHOPIIHOMY MAarHiTHUX MOJSIX.
3alIeXKHICTh PO3LIETUIEHHS aTOMHOTO IMyYKa B HEOAHOPIZIHOMY MarHiTHOMY IOJII Bil OpOITaibHOrO Ta
CIIIHOBOTO MOMEHTY ejekTpoHa. CIiH eleKTpoHa. MarHiTHe CIiHOBE YMCIIO.

6. XBuJjb0Ba MexaHika (II0YATKH KBAHTOBOI MEXaHiKH)

Iimore3a ne bpoinsa, piBHsHHA ne bpoinga. JlomkuHa xBuii ae bpoins nis enexTposa.
ExcnepumenrtanbHa mnepeBipka rinore3n ne bpoiinsa. [udpakuis enexrponis. [Jocmigu JleBicoHa 1
Jxepmepa, Tomcona Ta TapTakoBCBKOTO.

[IpencraBieHHs €1EKTPOHA B MOJIENTi TTAKETY XBHJIb. ENEKTPOH Ta MOHOXpoMaTnyHa xBuist. Pa3oBa
Ta TPyNoBa IIBUAKICTH Tpynu XBWiIb. lllupuHa XBWILOBOrO MakeTy. BuBeneHHs CHiBBiAHOIIEHHS
HeBHU3Ha4YCHHOCTI [ elizenbepra.

XBUIbOBa QYHKIS eneKkTpoHa. CTaTUCTUYHA IHTEpIpeTallisl XBUIbOBOT (DYHKIII.

7. PiBusinus lpeainrepa — ocHoBHe PiBHSIHHSI KBAHTOBOI MeXaHiKH

XBuinboBe piBHsAHHA. CramionapHe piBHsHHA Illpeninrepa. PiBusuus Illpeninrepa 3anexxHe Bifg
yacy. EHepreTuuHi piBHI Ta XBWIbOBI (PYHKLIi eJeKTpoHa B Oe3MexHiM mnoTeHumianbHid ami. Edekt
TyHeNoBaHHS. EHepreTnyHi piBHI Ta XapakTep XBHJILOBUX (PYHKIIH KBAHTOBOTO OCILIHIIATOPA.

8. AToM BOIHIO B KBAHTOBI MeXxaHili

PiBusanns Ilpeninrepa ans aroma BOAHIO B cpepuuHiil cuctemi koopAuHar. Cxema po3B’s3yBaHHS.
PiBustnas lpeninrepa mins xBuiboBux (yHkuin R(r), ©(0) 1 ®(¢) Ta aHami3 ix po3s’s3kiB. MarhiThe,
opOiTaibHE Ta TOJIOBHE KBAHTOBI YHCIIA.

Enextponni op6itani. Pagiansna QyHKIisS Ta po3mipu eIeKTpOHHUX opOitaneil. dopma pagianbHUX
¢byskui st Is- Ta 2s- enekTpoHHHX opOiTaneidl. 3anexHicTh (GOpMH Ta MPOCTOPOBOI OpieHTAMil
€JIEKTPOHHUX OpOiTajel Bil OpOITAJIbHOTO Ta MAarHITHOrO KBaHTOBHX ducen. Popma s-, p- Ta d-
eJIEKTPOHHMX OpOiTanei.

9. 3a0y10Ba eJIeKTPOHHUX HIAPiB Ta 000JI0HOK ATOMIB
[ToHATTS eneKkTpOHHOTrOo Imapy Ta 000a0HKU. [TpuHuny 3a0ynoBH eneKTpoHHUX iapiB. [TpuHimn



MiHiMyMy eHeprii Ta npuHiun [laymi. KinpkicTe eneKTpoHiB B mapax Ta 000J0HKaX.

[TepiomuuHa cucTeMa XIMIYHHUX €JIEMEHTIB SIK BiIOOpa)KEHHS IPaBUJI 3allOBHEHHS CJIEKTPOHHUX
1apiB Ta 00O0JOHOK. 3aJeKHICTh €HEeprii eNIEKTPOHIB Bil OCHOBHOTO Ta OpOITAJIbHOTO KBAaHTOBHX YHUCEI.
3alynoBa €NEeKTPOHHUX IIApiB MEpIIoi, APYroi Ta TPEThOi TPyl MEpPIOJUYHOI CUCTEMH E€JIEMEHTIB.
OcoOmuBocTi  3a0y0BM  €IEKTPOHHHUX INApiB  XIMIYHUX €JIEMEHTIB 3a ydacTio d- eJNeKTPOHIB.
PosramyBanHs B iepionuuHii cucteMi eeMeHTiB 3 4f- Ta Sf-enexTponamu.

10. Cnin opo0iTanbHa B3aemMoin

[Ipupona cnin-opOitanbHoi B3aemonii. [loBHuiT MoMeHT enekTpoHa. KBantose uucio — j. Bupas
111 OOYUCIICHHS CIIIH-OPOiTaIbHOT B3a€EMO/II1.

[To3HayeHHsT eHEPreTUYHUX TEPMiB OTHOCIEKTPOHHUX aToMiB. EHepreTH4Hi piBHI aroMa HaTpiko.

EnepreTnuni piBHI aroma BOAHIO 3 BpaxyBaHHSAM CHiH-opOiTanbHOi B3aemonii. 3cyB JlemoOa.
[TOHATTS €EeKTPOMArHITHOTO BaKyyMy.

11. EHepreTnuHa CTPYKTYypa Ta CHEKTPH 0araToeieKTPOHHUX aTOMIB

JlomaBaHHS MOMEHTIB y BHIIQJIKy OaraToeleKTpOoHHHX aroMiB. 3B’s30k Paccen-CayHaepca Ta j-j
3B’s130K. BU3HAUYeHHS MOMEHTIB JJISI HOPMAJILHOTO 3B’ SI3KY.

[paBuna I'yHma 11 BH3HAYEHHS €NEKTPOHHOTO TEpMy OCHOBHOTO cTaHy. Tepmu p? —
KoH(irypamnii B OCHOBHOMY Ta 30y/[PKEHOMY CTaHax. EHepreTwyHi piBHI Ta HEpEeXOAM B aTOMi PTYTI.
Enepreruuni piBHI Ta CIIEKTpH aToMa Tellifo (OPTOreliid Ta rmaparelii).

12. AToM B MarHiTHOMY moJIi

3B’S130K MK MarHiTHUM Ta MeXaHIYHUM MOMEHTaMH €JEKTPOHA y BHIAJKy BpaxyBaHHS CIIHY
enexkrpona. MuoxHuk Jlanze.

Po3uienneHHss eHepreTHYHUX PIBHIB aTOMIB y MarHiTHoMy moii. B3aemopiss MiX MarHiTHUM
MOMEHTOM €JIEKTPOHa Ta 30BHIIIHIM MarfHiTHUM nojeM. [lomepeunnii Ta moB3AOBXKHINA edekT 3eemana.
[Tosicuenns edexty 3eeMana B Mojeini ociusatopiB. Hopmansuuit edekt 3eemMana. AHOMaNbHUNA edekT
3eemana. Edexr [Namena-beka.

13. PeHTreHiBcbke BUNPOMiHIOBAHHA

[Ipupona Ta TMIIM PEHTTEHIBCHKOTO BUIIPOMIHIOBaHHS. PeHTreHiBebki ciekTpu. 3akoH Mosii. Tonka
CTPYKTypa CHEKTPIB PEHTI€HIBCHKOIO BUIIPOMIHIOBaHHS. BIacTHBOCTI peHTreHiBChKUX MpoMeHiB. EQext
KomnToHa.
14. CnekTpu MoJ1eKy.JI

XapakTep B3a€EMOZIl MK aToMaMH, THNH 3B’s3Ky. ElekTpoHHa, KoJMBHAa Ta 00epTOBa €HEprist
MoJieKkyll. EnepreTndHi piBHI MOJIEKYII.

Komb6iHariiiHe po3citoBaHHS CBITIA.

15. OnTH4Hi KBAHTOBI reHepaTopu

Knacudikamist ma3epiB 3a pexuMoM poOOTH, AKTUBHUM €JIEMEHTOM, CIOCOOOM 30y/IHKEHHS.
[Tpuntun nii nasepa. InBepcHa 3aceneHicTh. TpupiBHEBa, YOTHPHpIBHEBA €HEPreTHYHI CXEMHM Ja3epa.
TeepnotinbHi nazepu. Jlazep Ha pyOini. PizHOBHIHOCTI Ta30BuX a3epiB. [ eniii-neonoBuii nazep. OCHOBHI
XapaKTePUCTUKU JIa3epHOTO BUIPOMIHIOBAHHS (KOTE€PEHTHICTh, MOHOXPOMATHYHICTb, MOJSpPU3aLlis,
BHCOKA IHTEHCUBHICTb, IPSMOJIIHIHHICTh TIOIIUPEHHS).

16. Pyx ejiekTpOHa B MAarHiTHOMY Ta eJ1eKTPUYHOMY MOJIAX

Mertonu BH3HAYEHHS NMUATOMOTO 3apsny enektpoHa (meronm Tomcona, meron KipxHepa, MeTon
MarHeTpoHa). EnemenTu enekrponHoi ontuku. EnexTponHuit Mikpockon. Mac-crektpockornis. bynosa i
XapaKTePUCTUKH Mac-CIEKTPaTbHUX MPHIIA/IIB.

VI. AAEPHA ®I3UKA

SnepHa mMonens aroma. BuznaueHHs po3mipy Ta 3apsny sapa. [IpoToHHO-HEUTpOHHMN cKiaf sapa.
Enepris 3B 3Ky snep, saepHi cuin. @opmyna Bailinzekkepa.

[TpoxomKkeHHS ENeKTPOHIB 4Yepe3 MOIIMHaIo4l cepepoBuina. IIpykHe po3cilOBaHHS EJIEKTPOHIB
sapamMu. loHi3amiitH1 BTpaTH s MIBUAKUX €IeKTPOoHIB. Brpatn Ha BunpominioBanHs. Edext Yepenkona.
Jlxepena HyKIOHIB. B3aemoxiss HykioHIB 3 pedoBuHOK. CHiHM 1 MarHiTHi MOMEHTH HYKJIOHIB.
CtpyKTypa HYKJIOHIB, T0CTiau XodmTaarepa.

Snepni cumu. JledTpoH, moreHmianu B3aemonii. OOMiHHI cuid. Me3oHHa Teopis sIIEPHUX CHIL.
ITorenmian IOkaBa.

I'amma-BUIIpOMiHIOBaHHSA siiep. BHyTpimHs koHBepcia enekTpoHiB. Epext Mecbayepa. MarniTHuit



MOMEHT sifjpa, MeToxa Pabi. CriiH i MarHiTHUN MOMEHT sijipa. SaepHa i3omepisi.

Anepni moxneni. Moaens pinkoi kparut. Anbda-yacTuHKOBa Mojenb. Monens depmi-razy. Monenb
aaepHuX 000JIOHOK. Y3aranpHeHa MoZeNb siapa. OnTHUYHAa MOJIENb S/Ipa.

[TpuckoproBaui yactuHOK. Enekrpocrarnunuii npuckoproBad. LlukmnorpoH, GerarpoH. da3oTpoH,
cHHXPOTpoH. CHHXPO(hHa30TPOH.

B3aemonis ramma- Ta ikc-mpoMeHiB 3 pedoBuHO. DotoedekT. Edexr Komnrona. YTBOpeHHS
€JIIEKTPOH-TIO3UTPOHHUX Map. POTOHHO-eNeKTpOoHHI 31uBH. [ToBHUI KoedimieHT TocnabaeHHS.

OcHOBHI BUAM 1 OCOOIMBOCTI PaJiOaKTUBHOTO PoO3Maay 3aKoH pPajlioaKTMBHOTO po3many. Bikoa
panioakTuBHa piBHOBara. [IpuponHi pamioaktuBHi sijpa. PamioaktuBHi psagu. Anbda-posnan. Tonka
CTpyKTypa anb(a-crekrpy. Teopis anbda-posnany. bera-neperBopenns. Jlociiay 3 BUSBICHHS HEHTPUHO.
Brpara mapnocti npu Gera-posnazi. Jocnian By, Metonu peectpartii 3apsakeHHX YaCTUHOK 1 raMma-
KBaHTIB.

Ennorepmiuni Ta ex3orepMivHi saepHi peakuii. [lepepi3 saeproi peakuii. SAnepHi peakuii mig aieto
nenTponis. [lomin Baxkkux saep. Jlanutorosi saepHi peakiii. Bukopuctanns eneprii noainy. [Ipaktuune
3IiMICHEHHS JIAHIIOTOBOTO siIEpHOTO Tpouecy. SnepHi peakropu. Hansaxki siapa. dotosinepHi peaxiii.
Peakuii Tepmosnepuoro cunte3y. I[IpoGiema kepoBaHoi TepMosiiepHOi peakuii. MarHiTHa 1307ALis
a3mu. Tepmosinepri peakiii y Beecsiti. [IpoTOHHO-TIPOTOHHWMIA 1 BYTJICIIEBO-a30THUH ITHKIT.

®i3zuka Bucokux eHepriii. Kputepiii enementapHocti. OCHOBHI XapaKTEPUCTUKU E€IEMEHTAPHUX
YaCTUHOK. 3akoHW 30epexeHHs. JlemToHu, 3akoH 30epeXeHHS JIEMTOHHOTO 3apsiny. bapionw, 3akoH
30epexkeHHs1 OapioHHOro 3apsay. [3oTomiyHuii cmid. [30TomiyHa iHBapiaHTHICTh. JIMBHI YaCTHUHKH.
B3aemogis enemeHTapHUX yacTUHOK. By B3aemonii. Mozenb KBapKiB.

Jlo3umeTpuyHi oguHuUIl. Jlo3UMETpis 1 3aXUCT BiJl BUIPOMIHIOBAHHSI.

VIl. TEOPETUYHA MEXAHIKA

Beryn 10 TeopeTnuHoi MexaHiku

1. KinemaTnka

[IBUIKICTh 1 MPUCKOPEHHS B KPUBOJIHIMHUX KoopauHarax. [IpuponHiii crmocié 3aiaHHA pyxy
TOYKH. TaHreHlianbHe, HopMalbHEe NPUCKOPEHHS. Pajilyc KpUBHU3HHU 1 KpyUEHHS TPAEKTOPIi.
2. lunamika

[Tpuniun Tanines. 3akonn HerioToHa. 3akoHU 3MiH 1 30€peKEHHS IMITYJIbCY, MOMEHT IMIYIbCY 1
KIHETUYHOI eHeprii MaTeplajJbHOi TOYKU. 3aKOHHM 3MIHHM 1 30€peXEeHHS IMITYJIbCY, MOMEHTY IMIIYJbCY 1
KIHETUYHOI eHeprii CUCTEMH MarepiajJbHUX TOUOK.
3. InTerpyBanns piBHssHb HbloTOHA

OnnomipHuMii pyX. Pyx B ileHTpanbHOMY noii. 3aiada 1Box Til. 3aaada Kennepa.

Hpunuun Janamobepa. PiBussnas Jlarpan:xa. IIpunuun Haiitmenoi aii

4. PiBusinns Jlarpanxka I ta II poais

Bs3i. Knacudikaris Bszeit. OcHOBHA 3a/aya AUHAMIKM HeBUIbHOI Touku. [Ipuamun amambepa.
PiBusanus Jlarpanxa I-ro pony. PiBusinus Jlarpamxka Il-ro pony. Y3aranenena cuia. PiBusuus Jlarpanxa
[I-ro pony anga moreHuianbHOi cuid. Jlarpamxkiad. Y3aranpHeHud mnoTeHmian. I[lpukian enekrpo-
MarHiTHoro nosist. Cuin teprd. JucunarusHa ¢yHkuis Penes.

5. IlpuHIUN HAliMeHIIOT Ail

Jesxi 3ana4i BapianiiiHoro uucieHHs. Enementu BapiauiifHoro uucieHHs. OCHOBHI IMOHATTS
BapiartliiiHoro uyucinenHs. @yukiuionan. Bapiauist ¢ynkuii. Bapiauist ¢pynkuionany. PiBasaus Jlarpanxa-
Eitnepa ans ogHoi 3MiHHOI. Y3aranbHeHHs piBHsSHHS Jlarpanxka-Einepa Ha Bumagok 0araTrbox 3MiHHHX.
Bapianiiinuit npunuun [aminbTona 1 piBHsHHS Jlarpanxka. Bapiamiiauii npunuun [Maminerona mpu
HasBHOCTI 3BsA3KiB. KoBapiaHTHICTh piBHAHB Jlarpanka. 3akoHU 30€peKeHHS 1 iX 3BA30K 3 BIACTUBOCTSIMU
npocTopy 1 dacy. OmTHOPIAHICTH Yacy 1 3aKOHHM 30epekeHHs eHeprii. OJHOPIIHICTh MPOCTOPY 1 3aKOH
30epekeHHs IMIYIBCY. [30TPOHHICTD MPOCTOPY 1 3aKOH 30€peKeHHS MOMEHTY KUIBKOCTI pyxy. Teopema
Herrep. Mexaniuna noioHicTs. Teopema Bipiana.



I'amisibTOHOBHH dopmadnizm. PiBHsaHHs [aminbTona-Ako6i

6. KaHoHiuHi piBHAHHSA

PiBusnns aminsrona. @yskuis [Naminerona. @ynkuis Payca. Jlyxku Ilyacona. BmactuBocti
nyxok Ilyacona. Ilpunnun Moneptioi. KaHoniuni nepeTBopeHHs. TBipHa QYHKIS KaHOHIYHOTO
nepeTBopeHHs. [HBapiaHTHICTH TyxoK I[lyacoHa BiJHOCHO KaHOHIYHHMX IEpeTBOpeHb. Pyx cucremm sk
KaHOHIUHe nepeTBopeHHs. Teopema JliyBinsa. IHTerpanshi inBapiantu Ilyankape. Pyx ¢a3oBoi pinunu.
PiBusnns Jliysins.
7. Teopis I'amisibToHa-AK00i

His sx ¢yskuis xoopauuar. PiBasuHHs ['aminerona-fko6i. Teopema Sko0i. 3HaxomkKeHHS
PO3B'SI3KY 3a7a4i MPO PyX MEXaHIYHOI cucTeMu MeToaoM [ aminsroHa-Ako6i. MeTon po3aiieHHs 3MIHHUX
B piBHsAHHI ['aminbToHa-SK00i. [eomerpuuna inTepnperaris aii. PiBusuas ['aminsrona-Sko0i i XBUIbOBE
piBHSHHSA. ['aMUTBTOHOBHIA (popMaTi3M JIsl TUCUITATUBHUX CUCTEM.

33CT00yBaHHﬂ MeTOIliB TeOpeTHqHO'l' MeXaHiku A0 KOHKPETHHUX CUCTEM.

8. MaJii koJMBaHHS

BinpHi onmHOBHMMIpHI KonmMBaHHS. Bumymeni konwBaHHs. KonwBaHHS TNpH HAsSBHOCTI CHII
TepTs.3aryxaroul KolnuBaHHS. BuMyiieHi konmBaHHs Ipy HasiBHOCTI TepTs. KonuBanHs cuctem 3 6ararbma
CTymeHAMHU BiIbHOCTI. KoNWBaHHS OIHOBHMIPHOTO JIAHIFO)KKAa aTOMiB. AHTAapMOHIYHI KOJHMBaHHSI.
[TapameTpuunuii pe3oHaHc. Pyx B MIBUJIKO OCLUIIOIOUOMY IOJI.
9. Pyx TBepaoro tijia

KyroBa mBuakicte. Tenzop iHepuii. MOMEHT iMIynbCy TBEPIOro Tijia. PIBHSHHS pyXy TBEpIOTO
tina. Kyru Eitnepa. Pisusaust Eitnepa st pyxy tBepaoro Tina. Pyx B HeiHepIiiiHii cucTeMi BiJUTIKY.
10. HenepepBHi cucremMu

[Tpuxnanu JlarpanxiaHiB HenepepBHUX cucTeM. PiBHAHHA Jlarpawka nis mons. PiBHSHHA
I'aminbTona 1uis nonst. Qyxku [lyacona s nonst. PiBHAHHS pyXy ieanbHoi piauHu. [lomupenHs 3ByKy B
razax. Hectucnuga pinuna. Cranionapuuii pyx. PiBusnusa bepnyri.

VIII. EJIEKTPOANHAMIKA

1. PIBHAIHHA €JICKTPOANHAMIKH A5 3apPSAAIB i CTPYMIB y BaKyyMi.

KopoTkuii icTopudHMi HapuC PO3BUTKY €EKTPOIMHAMIKH.

PiBHsHHS MakcBesuia, ik y3arajJbHEHHs JOCHITHUX (akTiB: 3akoH KynoHa; BUXpOBHI Xapakrep
MarHiTHOro mnoJjsi, MoHomnousb Jlipaka; 3akon @apajes; Jkepeaa MarHiTHOTO IOJIS; PIBHSHHS B PI3HUX
cucTeMax OAMHUIIb; BUMAJOK TOYKOBUX 3apsiliB; mepexif 10 300paxenHs Dyp'e.

3akoHu 30epexeHHs. PIBHSHHS HEpPO3pUBHOCTI, K (hopMa 3amucy 3akoHy 30epe’KeHHS; 3aKOH
30epeKeHHs eHeprii; yMOBH BUITPOMIHIOBaHHS; 3aKOH 30epe)XeHHS IMITYJIbCY; TEH30p HAIPYKEHb.

[Totenmianu enexkTpoMarHiTHOro mois. O3HAa4eHHS TOTEHINANIB, PIBHSHHA U1 TOTEHIIATIB,
rpajliecHTHa 1HBAPIaHTHICTh EJNEKTPOMAarHiTHOro mois, kamiopyBanHs Kymona i JlopeHua, piBHSHHS
JHanambepa, po3B'si3yBaHHs piBHSHB JlamamOepa, 3ami3HIO0Y1 1 BUTIEPEKYI0U1 TTOTCHITIAIH.

2. BinbHe eleKTPpOMArHiTHE MoOJIe.

PiBusiHHs ButbHOTO mons. Ilnocki, cdepuuni Ta iHm xBuii. Pa3oBa Ta rpynoBa MIBUIKOCTI.
[Inocka MOHOXpOMaTH4HA XBWIIS, MOJIApH3alis. 3aKOHU 30epexeHHs Ul BIIBHOTO MOJsl, CHeprii Ta
iMynbe nosist. Ocumnsitopu nosst, ¢GyHkii Jlarpanka ta 'aminsrona BimbHOro nois. Kanoniuna gopma
PIBHSHB ITOJIS.

3. CtaTu4Hi nojs y BaKkyyMmi.

PiBHAHHS Ui cTaTMYHMX TOMiB. MeTonu po3B'A3yBaHHsS CTaTMYHHUX 3ajad: oOepHEHa 1 mpsma
3a/1aul eJEeKTPOCTaTUKH; 3aCTOCYBaHHSI IHTETPajJbHUX CIIBBIJIHOIIEHb Ta PIBHSHb JUIsI MOTEHLIAJIB;
MYJBTHIIONIbHI PO3BUHEHHS; MOTEHIIAN 1 TOJIA €IEKTPUYHOTO Ta MAarHiTHOTO JUIOJIB; TOJ€ JIHIHHUX
ctpyMmiB. EHeprisi ctatmvyHmuX momiB: ABI (GOpMymH IJisi €HEprii, eHepris B3aeMo[li Ta BJIaCHAa EHEpri,
npo6ieMa NepeHOPMYBaHb; EHEPTrisl JUMOJMIB Y 30BHIIIHIX MOJISX.

4. Teopist BUIPOMiHIOBAHHA.

[Torenmianu Jlienapa-Bixepra. Ilone ToukoBOro 3apsiay: OCOOIMBOCTI Ju(epeHIiFOBaHHS
noteHIianiB Jlienapa-Bixepra, o6uucnensas noiuiB. BunpoMiHioBaHHsS TOYKOBOTO 3apsny. [lone cucremu
3apsOiB HA BENMKHUX BIIJANSX BiJ JpKepena, Onm3bka 1 XBWIbOBA 30HH. JlUMONbHE 1 KBaApyMOJIbHE



BUMNpoMiHIOBaHHA. Cuila pajialiifHOro rajJbMyBaHHS: NpOMEHHCTE TepTs; piBHsAHHs Jlopenma-/lipaka;
LIMPUHA CHEKTPAIbHUX JiHIH. PO3CIIHHS €eKTPOMarHiTHUX XBWJIb BUIBHUM Ta 3B'A3aHUM 3apslaMH.
5. Teopist BigHOCHOCTI.

[IpuHIIMIIA ~ BITHOCHOCTI: CYIEPEYHICTh HBIOTOHIBCHKOI MEXaHIKM Ta EJICKTPOAMHAMIKH;
CKIHYEHHICTh IIBHJIKOCTI MOIIMPEHHS B3a€MOIi; BIAHOCHICTH OIHOYACOBOCTI; IHTEPBAI MK MOIISIMU;
YOTUPUBHUMIPHI MPOocTOpr MIHKOBCHKOTO.

[TeperBopenns Jlopenma: ¢popmynu JlopeHia; nogaBaHHs IIBHIKOCTEH, BIACHHH 4ac 1 CKOPOUYCHHS
JlopeH1ia; YOTUPUBUMIPHI BEKTOPH 1 TEH30PH.

PensruBicTchka MexaHika BUTbHOI 4acTMHKM: iHTerpan aii, ¢ynkuii Jlarpanxa ta ['aminbToHa,
EHEPTisl Ta IMITYJIbC; 4-BEKTOP €HEPrii-IMITYIIbCY, TEH30p MOMEHTY KUIBKOCTI PYyXY; 3aKOHH TEPETBOPEHS
eHeprii, IMIyIbCY,MOMEHTY KUIBKOCTI pyXy; PIBHSHHA pyXy BiIbHOi uyacTuHKH y ¢opmi Jlarpamxka-
Eiinepa, 'aminbToHa Ta ['aminproHa-SK001. 3apspkeHa 4acTMHKA B €JIEKTPOMArHiTHOMY MOJi: (YyHKITT
Jlarpamxa i ['aminbTOHa, pIBHAHHS pyXy; 4-TIOTEHIIIANX TOJS 1 3aKOHU iX MEPETBOPEHHS, PyX 3apsiy B
€JIEKTPUYHOMY TOJI.

TeH30p eNeKTPOMarHiTHOTO MOJS: BapiallifiHUKA TPUHIUI JUIi 3HAXOPKEHHS PIBHSHHS PYXy
3apsKEHOT YaCTUHKHU B MPocTopi MIHKOBCHKOTO; TEH30p OIS 1 HOro BIaCTUBOCTI; MEPETBOPEHHS OB
Ta iHBapiaHTH.

6. KoBapianTHa (popMa piBHSIHDb €JIEKTPOAUHAMIKH.

OCHOBHI  CIIBBiIHOIIEHHS €JEKTPOJUHAMIKH y TpocTopi MIHKOBCBKOTO: 4-cTpym i
niepeTBopeHHs JlopeHia; 4-dopMa piBHSIHBb €IICKTPOAMHAMIKH, BapialliiHUN TPUHIMII B TEOPil MOJIS;
iHTerpa il A 3apsAIiB 1 MOJIs; 3HAXOHKEHHS PIBHSIHb MakcBesuia 3 BapiallifHOTO PUHIINITY.

YoTtupupumipHa ¢opma 3aKOHIB 30€peKeHHs: TEH30p €Heprii-IMIyNbCy H0BIILHOTO MOJs; 4-cuia
1 TyCTHHA CHJIM; TEH30PH €HEPTrii-IMITYIbCY €JIEeKTPOMArHiTHOTO MOJISI Ta TYCTUHU YaCTUHOK.

7. PIBHSIHHSI MAKPOCKOIIYHOI €JIEKTPOAMHAMIKH.

Mikpo- Ta Makpomoss, MIKPOCKOMIuHI piBHAHHA MakcBenna-Jlopenna. YcepenHeHHsS
MIKPOCKOMIYHUX PIBHSAHb: CEpelHI 3HAa4eHHS MIKPOCKOMIYHUX TIONIB, 3apsliB, CTPYMIB; BEKTOpHU
MOJIIpU3allili Ta HAMarHi4eHHs; y3arajbHeHa 1HAYKLIS; TP (OPMH PIBHSHD MOJIS B CEPEJOBHILLL.

[Tonsipuzaris 1 HaMar"iuyeHHs CepeloBUINA B MOCTIHHUX TMOJIAX: HEMOJNApHI 1 TOJSpHI
CepeIoBUINa, ITOJIe B KOHJCHCOBAaHOMY CEPEIOBHII; Jia- Ta mapaMarueTusm. [lomspusamnis cepeoBuiia B
3MIHHOMY HOJi.

KoMmnekcHa  fiedekTpuyHa  NPOHUKHICTh,  JUCHEpPCIMHI  CIIBBIJIHOIIEHHSA.  3arajbHa
XapaKTepUCTHKa MaTepialbHUX PIBHSIHb. YMOBH Ha MEXIi JBOX cepefoBulll. EixekTpoauHaMika pyxomMoro
cepenoBuia. J(ucmepcHi i mpo3opi cepeIoBuIIa, CHEPTris MOJIT B CEPEIOBUIIII.

8. CraruyHi moJisi B cepeoBHIILI.

PiBHSIHHS cTaTUYHMX MOJIB, 1HIYKOBaH1 3apsSaM Ta CTPYMHU, IHAYKTUBHOCTI. CHUJIM Y CTaTUYHUX
MOJISIX.

9. KBasicraru4Hi ssBuiua.

YMOBH KBa3iCTaTUYHOCTI Ta PIBHSAHHA KBa3iCTaTUYHUX sBULI. HopManbHUI Ta aHOMaNbHUM CKiH-
edextu. PiBHAHHSA AJI1 CHUCTEMM JIHIMHUX CTpyMiB, KOMIUIEKCHHUH ormip. MarHiTHa riapoauHamika:
OCHOBHI piBHSIHHS, e(DeKT “BMep3aHHs’’, MAarHITOT1IpOANHAMIUHI XBHJI1.

10. EnekTpoMarHiTHi XBuJii B cepe10BHIILi.

[Tnocka MOHOXpOMaTHYHA XBUJIS B O€31MCIIEPCHOMY Ta JUCIIEPCHOMY cepeoBUIlax. BinOuBaHH
1 3aJIOMJICHHSI €JIEKTPOMAarHiTHUX XBHWJIb Ha IUIOCKIM MeX1 ABOX cepeloBHIN. XBWII B aHI30TPOITHOMY
CEPEIOBHIIII.

11. Heuiniiini epexkTn.

CunbHa eneKTpoMarHiTHa XBWJIs. BUIpOMiHIOBaHHS 3apsiay B MOHOXPOMAaTHYHOMY MarHiTHOMY
nosi. EneMeHTH HenmiHIAHOI ONTHKU: HENiHIMHA CHPUMHSTINBICTH; caMO(OKYCYBaHHS; BUHHUKHEHHS
KpaTHUX YaCTOT.

IX. KBAHTOBA MEXAHIKA

OcCHOBHI eTanu po3BUTKY KBaHTOBOI Teopii. ['imoTe3a [1nanka i «cTapay KBaHTOBa MEXaHIKa.
XBUJIHOBA 1 MAaTPUYHA MEXaHiKa.
1. OCHOBHI NIPUHUMIIA KBAHTOBOI MeXaHIKH
Omnuc crany B KBaHTOBiM MexaHini. XBuiaboBa (yHkuis. [Ipuniun cymeprnosuuii (mpukianu 3



Teopii IEpHUX CUII, KBaHTOBOI XiMii, (pizuku TBeproro Tina, Kit Ilpeninrepa). XBuiboBuil Maker.

XBWwiIboBa (PYHKINS BUIbHOI 4YacTHHKH. BiactuBocTi miockux xBuib. CepemaHi 3HAYCHHS
KOOpAMHATH Ta immyabcy. Omeparop immynscy. CriBBigHOLIEHHS HeBU3HaueHocTeil [ aiizenOepra.
Minimizyrounii XxBriIboBUM makeT. ([Ipukiiagu: po3mMipu aTOMHOTO si/Ipa, PiIKUI TeJii, EHEPTrisi OCHOBHOTO
CTaHy aroma).

2. MaTteMaTHYHHI anapaT KBAHTOBOI MeXaHIKH

Oneparopu ¢iznynux BenuuuH. [ii Hax oneparopamu. [lpuknaan oneparopiB Gpi3MYHUX BETHYMH.
BracHi ¢yHkIii 1 BIacHi 3HaueHHS oreparopiB. BiacTWBOCTI BIIaCHMX 3HA4Y€Hb 1 BJIACHUX (QYHKIIIN
€pMITOBUX OIEpaTopiB.

ChiBBIJHOLIEHHS] ~ HEBU3HAYEHOCTEH  Jyig  (PI3UYHMX  BEJIWYHMH, 10 MPEACTaBIAIOTHCA
HEKOMYTYIounMU onieparopamu. KorepenTri cranu. [Ipuniun nonosHroBansHOCTI bopa.

Pizni mpexncraBineHHs XxBuWiboBUX (GyHKIIHA. bpa- 1 Ker- Bekropu. Pi3HI mnpencrtaBieHHS
oreparopiB. Marpuii omneparopi. KBaHToBa MexaHika — Teopis JIIHIHHUX ONEepaTropiB B riIbOEPTOBOMY
MPOCTOPI.

3. PiBusinnsa lpexninrepa

XBunwoBe piBHAHHA [lpeninrepa. PiBHsSHHS HemepepBHOCTI. 3akoH 30epeKeHHS TYCTHHH
iiMoBipHOCTI. 3MiHa cepeaHiX 3HaueHb (PI3MUHUX BEIMYHH 3 YACOM.

KsanroBi mayxku Ilyacona. Crauionapui cranu. [Ipencrasnenns Llpeninrepa i mpencraBieHHs
laiizenOepra. [IpencrabienHs B3aeMoii.

Haiinpocrimi 3a1a4i KBAHTOBOI MeXaHiKM Ta MOMEHT KIJIBKOCTI pyxy

4. Hajinpocriui 3a1a4i KBAHTOBOI MeXaHiKH

YacTuHKA B IIOTEHIIAJIbHIN M1 3 0€3MEXHO BUCOKUMU CTIHKAMU.

[apMoHiyHMI ocumisATOp. XBHIBOBHHA Ta MarpuuHuil migxomau. Omepatopu HapOHKEHHS 1
3HunieHHs. KorepeHTHi crtaHu. IIpoxo/pkeHHS YacTUHKM uepe3 NOTeHLianbHHi Oap’ep. Pe3oHaHCHI
CTaHHU.

XosnoHa eMmicis enekTpoHiB 3 Meraiy. Teopist [amoBa [1-po3najy BakKHX sep.
5.3B’30k KBAHTOBOI MEeXaHiKH 3 KJIACHUYHOIO

[Tepexin Bil KBAHTOBUX PIBHSHB PYXYy A0 KJIACHYHUX. PO3MIMBAHHS XBUIIBOBUX IAKETIB 3 YaCOM.
XBwiboBa (DYHKIIISI B KBa3zikjIacHUHOMY HaOmmkeHHi. Meron Benrtuens-Kpamepca-bpinntoena. [1pasuio
kBaHTyBaHHs bopa-3ommepdensna. Ilpuxinag rapMmoniuHoro ocrmwistopa. KBaHTOBa MexaHika 1
IHTETrpay MO TPAEKTOPIsX.

6. MoMeHT KiJIbKOCTI pyxy

Omneparop moBOpOTY 1 OpOITAILHUN MOMEHT KUJIBKOCTI pyXy. BiiacHi 3HaueHHs 1 Bi1acH1 QyHKIIIT

OIepaTopiB KBajpara Ta MPOEKLiH MOMEHTY KUIBKOCTI pyXy. BiacHi GpyHKuIT oneparopis KBajpara ta

MPOEKIIii OpOiTaTbHOTO MOMEHTY KUIBKOCTI pyxy. OniepaTtop MOMEHTY KIJIbKOCTI PyXY IS

A . o5 %
Po3man = -uactunHku. Porarop. KBanToBe 006epTanHs TBeprOro Tina. SnepHuil KBaapynoabHHMA
pE30HaHC.

PyX 4acTHHKM B IIEHTPAJIbHO-CHMETPUYHOMY II0J1i Ta Teopis 30ypeHb

7. PyX 4aCTHHKHM B IEHTPAJbHOCUMETPUYHOMY HOJIi
Pyx B nomi nentpansuoi cuu. Paniansae piBasiHHsA Hlpeninrepa. Pyx B KylOHIBCbKOMY IOJTI.
ATtoMm BonHIO. AToM BoaHIO. [HTEeTpan pyxy Jlamnaca-Pynre-Jlenna (meton B. aymi).
8. Teopist 30ypeHb
N CrauionapHsa Teopis 30ypeHb. HeBupomkenuit Bunaiok. (AHrapMOHI4HI OCHUISTOPH Ta

. Mopneni 3 ManuMu napameTpaMu CTBOpeHUMH «3 Hidoro» 1/N -po3knann). EdextrBHa Maca q0MiIIoOK

B KOHJICHCOBAHMX TiJIaX. MoJIeNb 3 HeaHATITHYHOO 3aJI€KHICTIO €HEPrii BiJl KOHCTAHTH B3a€EMOJIII:
Haanpoigauk bapaina-Kynepa-IlIpiddepa.

Teopis 30ypeHb NpH HasiBHOCTI BUpokeHHs. J[BopiBHeBa cuctema. Edexr IllTapka nmst atoma
BOJHIO.

EneprernyHi piBHI €JIeKTpOHA B KpHCTali. []-eJIeKTpPOHHA TEOpis OPraHiYHUX MOJICKYIL.
Bapiamiitauit Mmetos. (AHTapMOHIYHHUKA OCIHIIATOD).

Teopist 36ypeHb, 3aTeXHUX Bifl yacy. MIMOBIpHiCTh KBAHTOBOTO HEPEXOLY 3a OAHHHIIIO Yacy.
3omote npaBmwio ®epmi. udpakiisi HEUTPOHIB B piIMHAX Ta TBEpAUX Tinax. KBaHTOBI mepexoau mija

=



T€I0 panToBUX 30ypeHb.
9. B3aemogisi aToma 3 eJIeKTPOMATHITHUM 10JIEM

KBaHTyBaHHSI BIJILHOTO €JICKTPOMArHiTHOTO mojisi. @oToHH. BEeKTOpHMI MOTEHINIAT SIK OTIepaTop.
Edexr Kazumupa.

Teopiss BUNpOMiHIOBaHHS Ta MonIMHAHHS cBiTia. Popmyna [lnanka. EnexTpuune aumoibHE
BunpomiHtoBaHHs. [IpaBuna BinOopy. EnexkTpuuHi KBaapyroyibHI Ta MarHiTHI JWIIOIBHI TIEPEXOJH.
[TpaBuna Big6opy. Yac xuTTs 30y/pkeHUX cTaHiB atomiB. [IpupoaHa muprHa CieKTpaibHUX JTiHIN.

PensiTuBicTChKa KBAHTOBA MeXaHiKa.
KBanToBa MexaHika cucTeMu 0ararbox 4acTuHOK. Teopisi po3cisiHHs.

10. PesqsTHBicCTCbKA KBAHTOBA MEXaHIKa

PiBusnns Kisiina-Topmona-®oxa. [ -me30nnuii atoM. Kemepiscbka npobnema B teopii Kisiina-
Topnona-®oka. Pisusuus Jlipaka. Marpuni Jlipaka. PiBHsAHHS HenmepepBHOCTI. MOMEHT KiJIBKOCTI pyXy B
teopii [ipaka. Crin. CrinoBi ¢yskuii. Chepuanuii criiHop.

BinpHuii pyx pensaTuBiCTChKOi uacTHHKU. Ilpobmema Big’emHux eHepriil. Ilo3utponu.
KBazipensrusicTchke HabmmkeHHs piBHAHHS [ipaka. PiBasaus [Tayni. KBasipenstuBicrcpke HaOMMKEHHS
piBHsaHHA [lipaka. CriH-0pOiTanbHa B3a€EMOIIS.

ATOM BOTHIO 3 BpaxyBaHHSM pPEISITHBICTCHKUX TONMpaBok. dopMmyna TOHKOI CTPYKTYpH.
JlemOiBcbKUil 3CYB piBHIB. ATOM B MAarHiITHOMI TOJIi.

11. KBanToBa MexaHika cucTeMH 6araTb0X 4aCTHHOK

[TpyHIMIT TOTOXXKHOCTI YAaCTUHOK B KBaHTOBIM MexaHili. CHUMETpUYHI Ta aHTHUCUMETPHYHI

XBIIBOBI (pyHKII1. Bo3onu, Gpepmionu.

Teopis aroma remito. ITapa- Ta oproremniit. Bix'emunii ion Bomuio H . Metox Xaprpi-®oxa. Metox
Tomaca-®epmi.
Teopist monekyn. AniaGaruane HaGmmxeHHs. Monekyna BoxHo. Meron laiitnepa-Jlonmgona.
W3
MonekynsipHuil oH BogHio . XiMiuHUH 3B’s130K. THIM XIMIUHOTO 3B’s3KY. BiiacTMBOCTI KOBaJI€HTHOTO
3BESI3KY.S-P -ribpuauzanis. Cunu Ban-nep-Baanbca.
12. Teopis po3cisiHHs
Ammutityna po3cisiHHs. bopHiBCchbke HAOMMKEHHS [T aMIUTITYIU pO3CisiHHA. PO3CISIHHS eeKTPOHIB Ha

aromi. Metoz napuianbHUX XBUIb. ONTUYHA TeOopeMa.

X. TEPMOANHAMIKA I CTATUCTUYHA ®PI3UKA

Hayana TrepmoauHaMiky Ta OCHOBHI NPHUHIUIIM CTATHCTUYHOI (i3zuKkH

TepmoanHaMika 1 cTaTUCTHYHA (i3UKa K MAaKPOCKOIIYHA Ta MIKPOCKOIIYHA TEOpii TEMIOBOL
dbopmu pyxy Marepii BianoBigHo. DEeHOMEHOJIOTIYHHUN METO TEPMOAMHAMIKH 1 MIKPOCKOIIIYHUN METOJ
CTAaTHUCTUYHOI MexaHiku. OCHOBHI €Taru PO3BUTKY TE€OPIii TETUIOBUX SIBHIII.

1. Hayasna Ta OCHOBHI CHiBBiIHOIIEHHS TEPMOIUHAMIKH

[lepie 1 apyre Havyana TepMoAuMHaMiKu. XapakrepuctuuHi ¢yHkiii. CniBBinHomeHHs MakcBena
Ta piBHsAHHSA ['160ca-I'enbMronpiia B TepMOJMHAMILL.

Temnnosa Teopema HepHucra. Tpere Hayano TepMoguHaAMIKH.

CriBBiTHOIIEHHS TEPMOJMHAMIKM U CUCTEM 31 3MIHHMM YHCJIOM YaCTHHOK. 3arajbHi yMOBH
PIBHOBAru Ta CTIMKOCTI PIBHOBAru TEPMOJMHAMIYHUX CHCTEM. YMOBH CTIHKOCTI pIBHOBAru sik yMOBH JJIst
TEPMIYHOTO Ta KaJIOPUYHOTO PiBHSHb CTaHy. YMOBHM PIBHOBaru Ta CTIHKOCTI PIBHOBaru Ui KPUTHYHOL
TOYKH. YMOBH piBHOBAru B 6araroazHux 6ararTokOMHoHeHTHUX cucremax. [Ipasuno ¢as ['i66ca.

2. ®a30Bi nMepexo M Ta KPUTHYHI ABHINA

Knacudikamis Ependecra dazoBux mepexoxiB. Piusuua Knaneipona-Knaysiyca ana ¢azoBux
nepexoniB I pony. IlpaBuno Maxkcsena npu ¢azoBux nepexonax I pony. PiBusuus Ependecra ¢azoBux
niepexoniB Il pomy. ®da3oBuii mepexia B HAANPOBIIHUIA CTaH Yy BIICYTHOCTI MarHiTHOTO TIOJIS.

HaniBpenomenonoriuna Tteopisi (asoBux mnepexoniB Jlannmay. IloBemiHka pedyoBHMHHM B OKOJIi
KpuTu4uHO1 TOukH. [lOHATTS mpo kputuuHi iHAeKcH. KpuTuuHi iHaekcu B Teopii Ban-nmep-Baanbca ta
TEOPii MOJIEKYJISIPHOTO TIOJIS.

3. IIpyHIMIIM TA OCHOBHI CIIBBi/IHOIIEHHSI CTATUCTHYHOI MEXaHIKH
OCHOBHI NPUHIMITK CTATUCTUYHOT MEXAaHIKH: PIBHOBRXHUHN CTaH, peslakcallisi, OIMC MaKpOCTaHY;



MIKpOCTaH, MOCTYJIaT OAHAKOBHX IMOBIPHOCTEH, ONMHMC MIKPOCTaHy B KJIACHYHIA MEXaHilli, OIHC
MIKpPOCTaHy B KBaHTOBIM MeXaHilli; aHcabib, cepeHe Mo aHCcaMOIIro, PYHKITIS PO3MOALTY, CTATHCTHYHHMA
oreparop.

OyHKIIS pO3MOAUTY KIACHYHUX aHcamOiiB: Teopema JIiyBULIA;, KBa3i3aMKHEHa ITijcucreMa 1 ii
(byHKIIS pO3MOLTY; POJIb IHTETrpasia eHeprii Ta (PyHKIiA PO3MOALTY MIKPOKAHOHIYHOTO aHCAMOITIO.

CrarucTUYHUI OmepaTop KBaHTOBMX aHCaMOJNiB: pIBHSHHS PyXy; CTaTHCTHYHUI OIeparop
KBa313aMKHEHOT MiJICUCTeMH; (QYHKIIiSl pO3MOALTY KBAaHTOBOTO MiKPOKaHOHIYHOTO aHCaMOIIO.

CrarucTu4Ha TepMOJUHAMIKA

4. TepMoauHAMIYHi XapaKTEePUCTUKHN B METO/Ii CTATHCTHKO-MEXAHIYHOT0 ONMCY TEMJIOBUX SIBHIIL

DyHKIIS po3MnoAiTy WMOBipHOCTEeH s eHeprii cucremu. CraructuyHa Bara. EHTpomis i
TeMIeparypa B CTAaTHCTU4HIM MexaHini. EHTpomis 1 apyre Hayano TtepmonuHamiku. Kiacuunuit
KaHOHIYHMK aHcaMOib. KBaHTOBMI KaHOHIUHMK aHcaMOib. TepMoaWHaMiuHAa EKBiBaJCHTHICTH
aHcaMO1iB. BinbHa eHepris B CTaTUCTUYHIM MeXaHili. 3B'SI130K 3 TEPMOJUHAMIKOIO.

CraructuyuHa cyMa i CTaTUCTUYHUHN iHTerpai. OCHOBHE CIiBBIAHOUICHHS] CTATUCTUYHOT MEXaHIKH.
OyHKIIiS PO3NOALTY BEJIMKOTO KAaHOHIYHOTO aHCaMONO (KIACHYHOTO Ta KBAaHTOBOro). CTaTMCTHYHUMA
1HTEerpas KJIaCHYHOTO 11€alIbHOTO ra3y 3 MOCTIHHUM Ta 31 3MIHHUM YHCJIOM YaCTUHOK.

5. CtaTucTuyHa TEPMOAUHAMIKA KJIACHYHHUX CJIa00HeEi1eaIbHUX CHCTEM YaCTHHOK.

Cnabo HeieallbHUI KIIACHYHUN Ta3 3 HEUTpaJIbHUX YaCTHMHOK. BipianbHul po3kiaa Ta piBHSIHHS
Ban-nep-Baanbca. Teopis [lebas kmacuuHOi cnaboneineansHol miasmMu. MeTon KopensiitHux (QyHKITii
Boromnto6oBa:1ior piBHSIHb Ta HAOIMKEHI METOAH PO3B’SI3KY.

Tema 6. CTaTHCTHYHA TEPMOAUHAMIKA i1€aJbHUX KBAHTOBUX CHCTEM

Ineanbni kBaHTOBI razu. Po3nonin ®epmi. Posmoxin bose.

Temrieparypa BUpOIKEeHHs Ta3iB. IneanpHuit ®@epmi-ra3 mnpu T=0°K. CUWJIBHOBUPOIKEHUH Ta3
@epmi: XIMIUHUI TOTEHIaN, €Hepris, eHTpoIisd, TemloeMHicTb. CnaboBupomkeHuil ra3 Pepmi.
IneansHMIT 003€e-ra3s Ta gBule 003e-KOHACH call]l.

CriekTpanpHa T'yCTHHA PIBHOBaXXHOTO BHUIIPOMIHIOBaHHS, ii yHiBepcaibHICTh. Popmyna [lnanka
JUISL  CIIEKTPAJIbHOI T'YCTUHH PIBHOBaXXHOTO BHUIIPOMIHIOBAHHA. TepMOAMHAMIUHI XapaKTEPUCTUKU
PIBHOBaXXHOTO BUITpOMiHIOBaHHA. 3akoH Ctedana-bonbiimMana i1 piBHOBa)KHOTO BUIPOMiIHIOBAHHS.

Teopist AitHmraitHa Ta JleGasi TemioeMHOCTI TBepauX Tii. Bin'eMHi Temmneparypu ajis CUCTEM 3
OOMEKEHUM €HEPreTUYHUM CIIEKTPOM.

Teopis guaykryaniii Ta Teopist 6GpayHiBCbKOIo pyxy

7. TepmoauHamiyHa Teopist GuyKTyamii
Jpyre Hauano TepMOAMHAMIKM U HEKBA31CTaTUUHUX MpoleciB. TepMoauHaMidHl (UIyKTyarii.
Teopis AltHmTaiina s GaykTyamniii y 3aMKHEHHX 130Jb0BaHUX cucTeMax. Posmoxin ['ayca mmst manux
¢bnykryaniid. Mani ¢iykryauii B Hei3onboBaHil cuctemi. [Ipuknanu dmykryarniit 1 kopensuii Gaykryariii.
3acTocyBaHHS KaHOHIYHOTO Ta BEJIIMKOIO KaHOHIYHOTO aHCaMOJIB J0 PO3paxyHKy (IyKTyarlii.
Onykryanii yucen 3anoBHeHHS st (depmi-razy. @nykTyamii Yucen 3amoBHEHHS Uil 0o3e-rasy.
@nykTyanii ryCTUHHM KJIaCUYHUX Ta3iB. PO3CisHHS CBITIa HA QIIYKTYyallisX TYCTHHH.

8. Teopist 6payHiBCbKOIO pyxy

3araibHi XapakTepUCTUKU OpayHiBChKOroO pyxy. Teopist AlHmTaiiHa OpayHiBChKOTO pyxy. Teopis
JlamxeBeHa. [IpocTopoBi Ta yacoBi MacITadu MeXaHiKH OpayHIBCHKOTO PyXY.

BumnazakoBa cuna Ta ifest orpyOieHHs 4acoBoi mKaiu. IMmynbc OpayHIBCbKOI YaCTHMHKH, HOro
nucnepceis Ta Bulli MoMeHTu. KoopamHara OpayHiBCbKOT YaCTUHKH, ii qucnepcis Ta BUL MOMeHTH. Onuc
OpayHIBCHKOTO pyXy sIK BUIIAJIKOBOTO npotiecy. PiBHsHHS CMonyxoBcbkoro. PiBHanus @okepa-ITnanka ta
HOTO OKpEeMi pO3B’SI3KH.

TepmoauHamika He00OPOTHIX MpoueciB i e1eMeHTH (I3NYHOI KiIHETHKH.

9. Teopis On3arepa HeoOOPOTHIX MpoueciB

Tepmomunamiuni cuwiu 1 moroku.  KinetnuHi koedimieHTd Ta piBHAHHS OH3arepa uis
HEOOOpOTHIX TporeciB  BupoOHUIITBO  eHTpOITii. BrnactuBocTi  KiHETHYHUX  KOe(IIIEHTIB.
CniBBigHomenHss Ounzarepa. Kinetnuni koedimientdn s nudysii, TemonposigHocti. udysiiiHoro
MepHOCY Tera Ta TepMoaudysii.



Tema 10. EtemenTHn (pisu4HOI KiHETHKH

PiBusinus JliyBijUIS B CTaTUCTHYHIN MeXaHIIlI HEOOOPOTHIX mporieciB. KiHeTnuHe piBHIHHS 11
OHOYACTUHKOBOI (PYHKIIIT po3moAiny. InTerpan 3iTKHEHb.

KineTnune piBHSHHS y HaOIMKEHHI Yacy pesakcairii. JIaHior piBHsHb boromro6oBa Ta (iznuHi
inei fioro ananizy. Kinernune piBasuus bonbsiimana. H-teopema bonbiimana. HeoOopoTHICTB sk
pe3yibTar OrpyoJIeHHs 4acOBOi MIKaJIU. 3aCTOCYBAaHHS KIHETUYHOTO PIBHSIHHS y HAOIMIKEHHI Yacy
penakcaiiii 10 SIBUII €JIEKTPO- Ta TETUIONPOBITHOCTI.

XI. METOJAU MATEMATHYHOI ®I3UKH
Teopist pyHKIii KOMIJIEKCHOI 3MIHHO]

KopoTkwii icTOpUYHHMI OIS €BOJIOLIT 3B’ SI3K1B MiXkK (DI3MKOIO 1 MAaTEeMaTHKOIO.
1. ®yHk1ii KOMIUIEKCHOI 3MiHHOT

KommnekcHa 3minHa. Moayns Ta aprymeHT. O3HaueHHs (yHKIIIT KoMIuiekcHO1 3MiHHOi. [ToxigHa
byHKIiT KOMIIEKCHOT 3MiHHOI. [{udepeHmiiioBHICTD 1 aHamiTHUHICT. YMOBH Jlanambepa—Einepa—Komri—
Pimana. OnHo3HauHi Ta Oararo3HayHi ¢yHkiii. Touku po3ramyxeHHs 0araro3HadyHUX (QyHKITIH.

2. InTerpaJy Big pyHKUIII KOMIJIEKCHOI 3MiHHO]I

[arerpyBanns ogno3HauHux QyHkuid. Teopemu Komri. Teopema Mopepu. Inrerpansna dopmyna
Komri ta ii Hachiaky, interpan tumy Komri. [aTerpyBanns 6araroznauynux ¢yHKIii. OyHKIIOHAIBH] PSIH.
Teopema nipo piBHOMiIpHY 301KHICTh (pyHKITIOHANBEHUX psaAiB. CteneneBi psaau. Paau Teitnopa. Teopemu
npo creneneBi psaau. Psou Jlopana. O6macts 301KHOCTI.
3. JInmku B 0CO0JIMBHX TOYKAX

O3HaueHHs 130J1b0BaHOI O0COOMMBOI TOYKM (DYHKIIT KOMIUIEKCHOI 3MIiHHOI Ta X KiacHQikaris.
Teopemu mpo 3B’S30K XapakTepy OCOOJMBOI TOUKU 31 CTPYKTyporo psny Jlopana. O3HaueHHS JMUIKY B
ocoOnuBl Toulll. AHamTHYHE TpoAoBKeHHA. PimanoBi mnoBepxHi. KoHdopmHi BinoOpaxeHHs.
3acTocyBaHHs Teopii aumki. OOuncieHHs o3HaueHuX iHTerpaiiB. Jlema XKopaana.

OnepauiiiHe YucJIeHHs Y3arajbHeHi (pyHKILI.

Tema 4. InTerpajabne nepersopenns Jlamnaca

[Ipssme 1 obepHeHe iHTerpaibHe meperBopeHHs Jlammaca. Mexi 3acTtocoBHOCTI. BmactuBocti
nepetBopeHHs Jlamnaca. J{udepeHiitoBaHHs Ta iHTerpyBaHHA (DYHKLIH-OpUTIHATIB Ta 1X 300pa)KeHHS.
Iarerpan Hroramens. Teopema muoxkeHHs bopens. 3roprka ¢yHKIINA. 300pakeHHs TOOYTKY (YHKIIIM.
3acTocoByBaHHs TepeTBOpeHHs Jlammaca 1o po3B’si3yBaHHS 3BHYAMHMX JHIMHUX AudepeHLialbHuX
PIBHSIHB 31 CTaTUMU Koe(illieHTaMu, MOJTIHOMIaIbHUMH KOe(illI€EHTaMHU.
Tema S. Inwi iHTEerpanbHi NepeTBOPEHHA

[Tpsime 1 06epHene neperBopeHHst Dyp’e. Mexi 3acTocoBHOCTI. BiiacTuBOCTI mepeTBopeHHs
®dyp’e. 38’530k 3 iepeTBopeHHsM Jlamnaca. Cunyc-, kocuryc-nepetrBopenns ®yp’e. Bmactupocri.
[leperBopenns Memnina. 38’5130k 3 nepeTBopeHH:M Jlamaca.
Tema 6. Y3aranbHeHi pyHKuii

[1-dynkuis Hipaka. [J-hyHKLi#HI TOCTiTOBHOCTI.

@®yHkIioHanbHI mpoctopu. OcHOBHI Ta y3aranbHeH1 ¢yHkuii. Hociit y3aranpHeHoi gynkmii. Jlii
Haja y3aragbHeHMMH ¢yHkuisMu. JludepenuiroBanus y3araiabHeHux ¢yHkuiid. @yskmis Iepicaiina.
®opmynu Coxonpkoro. Ipsmuit no0yTok 1 3roprka y3araibHeHuX (yHKUiNA. [leperBopenHs Dyp’e,
Jlannaca y3aranbHeHUX (YHKIIH.

JudepennianbHi piBHAHHSA 3 YACTUHHUMH NMOXIAHMMHM PYroro nopsiaKy

7. IudepeHnianbHi piBHAHHA 3 YACTHHHUMM NOXiTHUMH APYTroro NopsaKy 3 J1BOMa He3aJIeKHUMHU
3MIHHUMH

Knacudikauis qudepenuiaabHUX piBHAHB 3 N-HE3aJIEKHUMH 3MIHHUMH B TOYLII. XapaKTepUCTHYHI
noBepxHi. Knacudikamis nudepeHmialbHUX piBHIHB 3 JIBOMA HE3aJEKHUMU 3MIHHUMH B TOYIIL.
Xapakrepuctuune piBHsAHHSA. KaHoniuyHa ¢opma piBHAHb. PiBHSHHA KonuBaHb. PiBHSAHHS
tertonpoBigHocTi. CramionapHi piBHsHHSA. KpaiioBi 3amaui 1 iX kimacudikaitis. Tumu rpaHUYHAX YMOB.
KopexkTHe ¢opmymoBaHHS KpailoBUX 3aay.



Tema 8. KpaiioBi 3axaui A/151 piBHAAHB Tinep00Ji4HOro i mapado/ivYHOro THILY

PiBHSIHHS KOJIMBaHb Ha HECKiHYEHIN mpsmiii. @opmyna J[amambGepa. MeTon XapaKTepUCTUK IS
XBWIbOBOTO piBHsAHHA. ChepuyHi xBuii. 3a1a4a 3 TaHUMH Ha XapakTepUCTHUKax. MeToJ| BiIOKpeMIICHHS
3MIHHUX JUIsI OIHOPIAHOTO 1 HEOMHOPIAHOTO pIBHSAHHA KoJduBaHb. 3amada [lltypma—JliyBimis.
BrnactuBocTi BmacHuX (yHKIIM 1 BracHuMX 3HayeHb. KpaiioBa 3amada 3 HEONHOPIAHMMHU TPaHUYHUMH
yMOBaMHU. MeTo/| BIIOKPEMIICHHS 3MIHHUX JUIsl PIBHSHHS TEIUIONPOBIAHOCTI 3 rpaHMYHUMHU ymMoBamu 111
pony. Meroni ¢ynkuii I'pina B 3amawi Komri ams OZHOPIAHOTO 1 HEOJHOPIAHOTO PIBHSIHHS
TEIJIONPOBIIHOCTI. 3MilllaHa KpaloBa 3ajada Juisi PIBHSHHS TEIIOMPOBIIHOCTI 3 HEOAHOPITHUMH
rpaHM4HUMH yMoBaMu. [Ipunnun roramens.
9. Kpaiiosi 3aja4i 1Jis1 piBHSIHb €JIINTUYHOTO THILY

['apmoniuni ¢yHkuii i X BractuBocti. Meron ¢ynkuiit ['pina po3B’s3yBaHHS KpalloBUX 33134 [T
PIBHSIHBL €IINTUYHOTO TUIy. BrnactuBoctiii dynkuid I'pina. 3HaxomkeHHs ¢yHKIIA [piHAa MeTOIOM
KOH(OpMHOTO BimoOpaxkeHHs Ut piBHAHHSA Jlammaca Ha mommai. O0’€MHI 1 TOBEPXHEBI MOTEHITIAH.
3acTtocyBaHHS MOTEHILIIATIB A0 PO3B’A3yBaHHs KpalOBHX 3ajay.

Chenianabni pynkuii. Bapiauiiine yucienns

10. Hnainapuyni pyHKIil

3aranpHe piBHSHHS JUIA CHeNiadbHUX (QYHKIH. JIeMH Tpo aCHMITOTHYHY MOBEIIHKY PO3B’SI3KiB.
3agaya Hltypma—JliyBins ans kpyra. PiBHsanHsa beccens. ®@ynkuii beccens. OpToHOpMOBaHICTb.
Oyukuiit Hoitmana. @ynkuii ['ankens. @ynkuii beccens i ['ankenst yaBHOTO aprymeHTa. ACHCMTOTHYHE
MPEICTaBICHHS HWIIHAPUYHUX (PYHKIIIH.

11. OpToroHrajibHi MHOTO4JIEHU

Tripna ¢ynkuis s mHorouneHiB Jlexxanapa. Po3knaa TBipHOT (yHKINI y cTeneHEBUH psij.
@®opmyna Pompura. PiBHsHHs ans  MmHorowieHiB  Jlexannapa. PexypeHTHI  CHIBBIZHOIICHHS.
OproHnopmoBaHicTb. TBipHa (QyHKIisS Ans81 MHorowieHiB Epmita. Po3knman B cucteMHuil psj TBipHOL
¢ynkuii. PexypeHTH1 cmiBBigHOWIEHHS. PiBHSHHS 118 MHorowieHiB Epwmita. OpTOHOPMOBaHICTh
mHorowieHiB Epmia. ®ynknii Epmita. TBipHa ¢yHKkuis ans muorouneHiB Jlareppa. Poskimaa TBipHOI
¢yHkuii y creneHeBuil psa. PexkypeHTH1 cmiBBinHOIIEHHA. PiBHAHHA Ui MHorowieHiB Jlareppa.
OpronopmoBaHicTb. @yHKIIT Jlareppa.

Po3p’s3yBanHs piBHsAHHS Jlannaca y cepuyHUX KOOpAMHATAX METOAOM BIJOKPEMJICHHS 3MIHHUX.
[Tpuennani Qynkuii Jlexxanapa. OproHopmoBanicTh (yHkuiM Jlexxannpa. Cdepuuni  QyHKmii.
OproHopmoBaHicTh chepuunux ¢yHkuii. ['apmoHiuHuN ocumisaTop. Pyx enekTpoHa B KyIOHIBCHKOMY
0.

12. Bapiauiiini 3axaui

Bapiauini npuniunu B ¢izuui. 3agada npo 0paxicTo3poHy. AOCOTIOTHHMN 1 BIIHOCHUH €KCTpeMyM
¢dyukuionana. Bapianiiina noxinna. Bapianiiina 3agaya 3 3akpirjieHUMH KiHIsAMU. PiBusiHHs Eitnepa.
OyHKIIOHATH 3 BULIUMHU ToXiTHUMH. PiBHsiHHS Eitnepa—Ilyaccona. ExkctpemyM nozaBiifHOTo iHTerpana.
PiBusinHst OTpoOrpachkoro. Y3arajlbHEHHSI Ha BUMAI0K BUIIUX MOX1THUX.

[3onepumerpuyna 3aga4a. MuoxxHuku Jlarpanka. 3aranpHa ¢opma nepiioi Bapiamii. Jpyra
Bapiaiis.

XII. BEKTOPHUM I TEH30PHUU AHAJII3

BexkTopHuii anais

1. IIpsAMOKYTHI cHCTeMH KOOPAMHAT

[TepeTBOpeHHS MNPSMOKYTHHUX KOOpPAMHAT TOYKM MpPU TEPETBOPEHHSIX CHUCTEM KOOPJIMHAT.
BrnacTtuBocTi koedinieHTiB nepeTBopeHHs. [lepeTBopeHHsI KOMIIOHEHT BEKTOpa MpH Mepexofl BiJ OAHIel
NPSIMOKYTHOI CUCTEMHU KOOPJAMHAT 0 1HIIOT.

EnemenTn BextopHoi anredpu. [lonsipHi Ta akcianbHi BekTOpH. [IceBaoBenInUnHY.
2. OCHOBM BEKTOPHOI0 aHAJI3y

BexkTop-dyHKIisS cKaisipHOTO aprymeHTy. Judepeniitopadds Ta iHTErpyBaHHSI BEeKTOP-QYHIIIHN 3a

cKaJIsipHUM aprymeHToM. lomorpad. Ckanspue none. [ToBepxni Ta miHii piBHs.IloxigHa Bij ckaiasipHOI
¢dbyHKIIT 32 HapsMKOM. [pajlieHT CKaJIspHOTO TOJIs Ta MOTO BIacTHBOCTI. IIOTiK BEKTOPHOTO TOJIS Yepes
yepe3 MoBepxHIo. /luBepreHiiisi BeKTopHoro moss Ta ii BmactuBocti. Teopema Ocroprpaacekoro-Iaycca,
Teopema mpo rpagieHT. JIiHIHUN 1HTErpal Bijl BEKTOPHOTO 1moJs. [loTeHIianbHe BEeKTOpHE ToJIe.



Porop BekTopa Ta iioro BmactuBocTi. Teopema Ctokca, Teopema mpo porop. CosneHoimanmbHi
BekTOpHI mons. JudepeHmianpHi omeparii apyroro mopsaky. Teopema mpo po3kian (Teopema
['enpMromnba).

TeHzopHuuii aHaJIi3

3. KocokyTHi cucTeMy KOOpAUHAT

KocokyTHi cuCTeMU KOOpAMHAT. Y3araJlbHeHI NPOEKIli Ta y3arajdbHEHI CKIJIaJIOBI BEKTOpA.
MacmTabHi Ta aAyanbHi BeKTOpH. METpUYHUN TEH30p B KOCOKYTHHX KoopauHatax. CkaispHuil i
BEKTOPHUI JOOYTKH B KOCOKYTHHMX KoopauHarax. [limHiMaHHS 1 omyckaHHs iHJekciB. [IpaBumna iHAEKCIB,
NPUKIAAA iXHBOTO 3acTocyBaHHs. [lepeTBOpeHHs KOOpAMHAT 1 KOMIIOHEHT BEKTOpa IMPH IMEpexoii Bif
OJTHI€T KOCOKYTHOI CHCTEMH KOOPJMHAT JI0 1HIIION.

4. TeHn3opu Ta iX BJaCTHBOCTI

[leperBopennst BektopiB mnpu 3miHi Oaszucy. [lomiminiitHi ¢opmu. Tenzopu. Panr teszopa
[lepeTBOpeHHS TEH30pPIB MPH MEPETBOPEHHI CHCTEM KOOpIMHAT. AnreOpaiuHi omeparlii HaJ TeH30paMH
(momaBaHHS, MHOXKEHHSI, 3TOPTKa, IMiJHIMAHHS Ta OMyCKaHHS iHAeKciB). TpancdopmariiiHi BIacTUBOCTI
KOMITOHEHT METPUYHOTO TEH30pa IpH MEePEXOo/i BiJl OIHIET 10 1HIIOI CHCTEMHU KOOpAWHAT. BractuBocTi
TeH30piB 2-ro paury. [lonsiiiHa 3ropTka 100yTKY CHMETPHUYHOTO 1 aHTUCUMETPUYHOTO TEH30pIB 2-TO
panry. JudepennianpHi onepamii HaJ TEH30paMU y KOCOKYTHUX KOOpIWHATax. BekTopHa TUBEpTeHITis
TEH30pa.

5. KpuBoJiniiini cucteMn KOOpaAuHAT

KpuBoniniiiHi cuctemMu koopAauHAT. MacmitabHl Ta yalbHI BEKTOPU Y KPUBOJIHIHHUX CHCTEMax
koopauHat. JlokaneHuit 6azuc. OproroHanbHi cucreMu koopanHar. Koegimientn Jlame.

MeTpuyHuil TeH30p y KPUBOJIHIMHUX KoopauHarax. Ko- 1 KOHTpaBapiaHTHI METpPHYHI TEH30PH.
MeTpuuHi TEH30pH Ul OPTOTOHAIBHUX CHCTEM KOOpAHMHAT. MeTpHuHi TEeH30pH IS LMTIHAPUYHAX Ta
chepuuHux koopauHat. [lepeTBOpeHHs] KPUBOMIHIMHUX KOOpAWHAT. TeH30py B KPUBOJIHIMHUX CHUCTEMax
KOOP/IMHAT.

MetpuuHi npocTopu. 3ajgada mpo mapalenbHe nepeHeceHHs Bekropa. CumBomu Kpicroddens.
Knacudikamiss mpocropiB. KoapiantHe nudepenmiroBanns. Judepeniianpai omnepaiii B METPUYHHUX
MPOCTOpax.

XIII. OCHOBHU PAJIIOEJIEKTPOHIKHA

1. PamioenekTponika Ta 1i CKJIAQMOBI YACTHHU: paJioTeXHIKa, pamiodizuka, BaKyyMHa,
HaMIBIIPOBIIHUKOBA, MIKPO-, HaHO-, OINTOENEKTpPOHIKa. PadioXBWil Ta iXHE TeHEpPYBaHHS, [1alla30HU
panioxsuib. llIBuakicTs nepenaui ingopmariii. @opmyna Illennona. 3akon Mypa.

2. Curnamu B enekrpoHnini. Kiacugikarmis curHaimis. JlerepMiHOBaHI Ta BUTIQJAKOBI CHTHAIH. Psn
®yp’e. Cnektpu nepioguuHux curHamis. [Ipuxnanu HaiimpocTimux crnektpi. HemepionuyHi curHaiu.
IIpsime 1 oGepHene meperBopeHHss DPyp’e. IMImynbcHAa XapakTepHCTUKA Ta MeEpexiHa XapaKTepUCTHKA.
Iarerpan cynepno3unii (3roptka). YacToTHa XapakTepUCTHKA.

3. Meroxa koMIulekCHUX aMIutiTya. KommiekcHi aMmmiTyau cTpyMiB Ta Hanpyr. ®asop. Imnenanc.
3akon Owma 1 mpaBuna Kipxropa B komruiekcHiit ¢opmi. KommnekcHa mnoryxHicts. [lenubenu B
enexTpoHimi. [lepeBaru 1 HeOMIKYM BITHOCHUX OAWHUILL Ab. BimHOCHA OMHULISI HETIEP.

4. YotupunonocHuky. Busnauenns ta BinactuBocTti. [lapamerpu yotupunomtocHukiB. Di3uuHui
3MICT MapaMeTpiB YOTHPHUIIOMIOCHUKIB. Enextpuuni QunbTpu, ixHs kinacudikauig. Judepenuiroroui ta
IHTETpyI0Yl JIJAHKU.

5. lludposa oOpobka curHamiB. Juckpernsanis Ta KBAaHTYBaHHSI aHAJIOTOBUX CUTHaJiB. Teopema
KorenpuukoBa. Yactora HaiikBicta. Psan KorensnukoBa. [Quckperne meperBopeHHs Dyp’e. ILllBuake
neperBopeHHs @yp’e. LHudposi ¢pinsTpu.

6. Monynsauiss curHany. Bunm momynsamii: ananmoroBa, uudposa, immyiabcHa. JleTeKTyBaHHS
pazioCUTHAITIB.

7. HamiBopoBiAHMKKA — OCHOBa Cy4YacHOi eJeKTpoHikd. KoHIEHTparlisi BIIbHUX EIEKTPOHIB.
Posmomin  ®epwmi-/ipaka. BrnacHa Ta pgomimkoBa TPOBIIHICTH HAIMIBOPOBIMHMKIB. [eHeparis Ta



pexomOinarris HociiB. Yac xwutts, nudysiiina gopxkuna. Jpendouii 1 nudys3iiauil cTpyMu. p—N-nepexia
y 30BHIIIHBOMY TOJi. [H)KEKIlisi HEOCHOBHUX HOCIiB. BonbT-amrepHa XapakTepuCTHKa p—N-TIEPEXOmy.
PiBusanns LHoxm. 3BopotHiit cTtpym. bap’epna emuicts. Bapikanu. HamiBnpoBigHHKOBI mionu.
BumpocryBaui, nerekropu, crneuianbHi gionu. Crabimitponu. KoHTakT Mmeran-HamiBnpoBigHHK. Jlionu
HloTTKi.

9. binonsapui Tpansuctopu (BT). B3aemonis aBox p—Nn-mepexomiB. p—N—P- N—P—N-TpaH3UCTOPH.
Crpymu y BT. Cxema BMmukanas. KoedimieHtn mnepenmadi crpymy. BximHa Ta BUXIZHI CTaTHYHI
XapaKTePUCTUKU TPAH3UCTOPIB

10. IMonwogi Tpansucropu (I1T). Knacudikarmis I1T. bynora 1T 3 kepyrounm p—n-niepexoaom Ta 3
1301p0BaHUM 3aTBOpOM. Bximni xapaxrepuctuku. [louarkoBmii ctpym. I[loporoBa nampyra. Buximmi
xapakrepuctuku. OcHoBHI cxemu Ha [1T.

11. Onepaniini migcumroBadi. Ilapamerpu peanprux OIl: koedilieHT mMiACHICHHS, Hampyra
3MIIICHHS, BXITHUHA CTPyM, KoeQilieHT nociaadieHHs: CHH()Aa3HOTO CUTHAITY.

12. TuBepryrounii  migcwiroBad.  HeinBepryrounmii  miacuimroBad.  [loBTOproBau — curHainy.
3acrocysanHs OIl.

13. OnToenekTpoHika, CKJIaJ0BI YacTHHH. I[HXKeKIiiiHa rOMiHECIeHIlis. BunpoMiHroBagbHA
pexom6inanis. Citnonionu (CI) 3 marepianis A"'"BY. Konctpyxuii CJI. Bukopucrauns CJI.

14. ®oronerexTopu. BHyTpimHiii i 30BHImHIN PoToedextu. Poromionn.

15. Onrponn. [lepeBaru ontpoHa sik eneMenTa 3B’ sa3ky. Kiacudikaris ontponis. Onronapu.

16. OnToenexkrponHi cuctemu 3B’s3Ky. [IpomyckHa 3maTHiCTh onTu4HOro KaHaimy. Ontuyni
BosiokHa. KoedilieHT 3aracaHHs ONTHYHOTO BOJOKHA. MiKMOIIOBA AMCHEpCisi, XpOMaTH4YHa JHUCIEPCis,
iXHIM BIUIMB Ha MIBUJKICTH mepenaui iH(opmarii. MynbTUIIIIEKCYBaHHS KaHaJliB: MIPOCTOPOBE, YacOBE,
YaCTOTHE.

17. Ulymu B enextponiui. binuit nmrym. Tenmosuit mrym. HuspkouactoTHuii mym. J[poGoBuii mym.
I'enepaniitHo-pekoMOiHALIHHUH HIyM.

18. Mikpo- 1 HaHoenekTpoHika. ['iOpuaHi Ta HamiBIpoBigHHKOBI iHTerpanbHi cxemu (IC).
Hudposi, ananorosi, aHanoro-uugposi IC. Ctymninp iHTerpamnii. TexHONOTr1YHUHN MpOlieC BUTOTOBJICHHS
IC. ®otomitorpadis, po3niibHa 31aTHICTE. EleMEeHTH HAHOETIEKTPOHIKH.

19. Enementu mudponoi texniku. OcHoBHI joriyHi oneparii. basosi enementn TTJI ta KMOH.
Haiinpocrin nugpoBi IHTErpanbHi CXEMH.
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