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[IporpaMy BCTYMHOTO ICIIUTY 13 CHELIadbHOCTI AJs 3100yBayiB Ipyroro (OCBITHBO-
HAYKOBOT'0) PiBHSI BHUIIOT OCBITH creliaibHOCTI ES «®Di3uka Ta acTpoHOMIs po3po0IeHO
KOJIEKTUBOM aBTOPiB: 101l. YopHoponbschkuil .M., npod. Bonomunoscekuit A.C., mpod.
Tkauyk B.M., npod. Popenuak A.A., npod. Kanycrsuuk B.., mpod. Cragank B.J.,
npod. HemkiB T.M., npod. Mynuuii C.1., npod. lItabnasuii I.1., npod. Menex b.4., noi.
Kommaxk 1.0O., mou. Pyaum M. .

BuxoHaHHs 3aBIaHp BCTYHNHOTO ICOHTY Imependadae HEOOXiTHICTh HEYXUIBHOTO
JOTPUMAHHS HOPM Ta MPAaBWJI aKaJAEMIYHOI JTOOPOYECHOCTI BimmoBimHO 10 IlomokeHHs
Mpo akaaeMidHy JoOpodecHICTh Y JIbBIBCbKOMY HaIllOHAJILHOMY yHIBEpcUTETI iMeH1 [BaHa
®paHka.

AkazeMiuyHa JTIOOpPOYECHICTh MpPHU CKJIaJaHHI BCTYIHOTO ICHUTY: OYIKYEThCS, IO
BCTYIIHUKH T1J 4ac WOro CKJIaJaHHd OyayTh JEMOHCTPYBaTH BIAcCHI 3HAHHS, aHAIITHYHI
BMIHHSI Ta HayKOBI MipKyBaHHsA. CHHMCyBaHHSA, BTpy4YaHHsI y poOOTY IHIIUX BCTYITHUKIB,
OTPUMaHHsI J10JaTKOBOi 1HQoOpMallii 3a JONOMOIO TaPKETIB TOILO CTAHOBISATH, aje HE
00MEXYIOTb, IPUKJIATN MOXKIIMBOI aKaIeMIYHOI HEJOOPOUYECHOCTI.

Ilin yac mpoBeNeHHS BCTYMHOIO ICIIUTY HE JOMYCKAEThCS KOPUCTYBAHHSA
CJIEKTPOHHUMM TpPUJIaJaMM, MIAPYYHUKAMHU, HaBYAJIbHUMHU NOCIOHMKaMU Ta 1HUIIMMHU
MarepiajiaMu, SIKIIO 11e He nependadeHo pimenHsM [IpuitmanbHoi komicii YHiBepcutety. Y
pa3i BUKOPUCTAHHS BCTYITHUKOM IIiJ] 4aCc BCTYITHOTO ICIIUTY CTOPOHHIX JKEpe iHpopMarltii
(y ToMy 4HMcCIl MiJIKa3KH) BiH BIJICTOPOHIOETHCS BIJl y4acTl y BCTYMHOMY ICHHUTI, PO IO
CKJIaIa€ThCS BIAMOBIAHUN aKT. UeproBuil ek3aMeHaToOp BKa3ye MPUUMHY BiJICTOPOHEHHS Ta
yac. [Ipu mepeBipiii Taka pobora AemupyeThes 1 32 HET BUCTABISETHCS OIIHKA MEHIIIE
MIHIMQJIBHOI KUIbKOCTI OaniB, BU3HaueHoi [IpuiiManbHOIO KoMmiciero Ta IlpaBuinamu
MpUiioMy, IJisl JOIYCKY J0 y4acTi B KOHKYPCl, HE3Ba)Katoul Ha 0OCST 1 3MICT HAITUCAHOTO.

I. MEXAHIKA

Cucremu Bianiky. KiHematnunuil onuc pyxy marepiajbHOi TOYKU. TaHTeHIialbHE 1 HOpMajbHe
MPUCKOPEHH. PyX Tija, KHHYTOTO IiJ] KyTOM JI0 TOPU30HTY. PO3MIpHOCTI MEXaHIYHUX BEJIMYMH 1 OAMHHULI
BHUMIPIOBaHH.

Cunu B mexanini. 3akoHn HproToHa. BusHaueHHs KiibKoCTi 30epexyBaHMX BelnUuuH ((a3oBuii
npocTip). 3akoH 30epexeHHs eHeprii. Pyx Tina 3MiHHOT Macu. PakeTH.

YMOBM BUHUKHEHHS KOJMBaHb. ['apMOHIYHUN OCHUIATOp. 3aracaroui KOJIMBAHHS OCIUJISTOPA.
Bumymieni konauBaHHs ociuisaTopa. MarematnyHuil MasTHUK. Cyneprno3uilis OJHOBUMIPHUX KOJIMBaHb
OJTHOTO HaIpsIMKY.

OOGepranHs MaTepialbHOT TOUYKHM HABKOJIO OCi. MOMEHT CHMJIM Ta MOMEHT IMIYJIbCy. 3aKoH 30epe-
YKEHHSI MOMEHTY IMITyJbey. /IBa eKBiBaJI€HTHI cIOCOOU OMKCY 00EpTOBOIo pyXy MarepialbHOI TOUKH.

[Mpunmun BimHocHOCTI [amines. Heinepuiiini cuctemu Biutiky. OOepTOBI CHCTEMH BIATIKY Yy
IAJITHIPUYIHUX KOOPAMHATAX. 3eMJIsl SIK HelHepIliitHa cucTema BiTiKy. MastHuk DyKo.

[TpuckopenHs BimbHOTO majiHHA. [lepeTyMOBM BHHMKHEHHS CHeELiajbHOI Teopii BiAHOCHOCTI.
[Toctynatu cneuiansHoi Teopii BimHOocHOCTI. [leperBopennst Jlopenma. [leperBopeHHs! mBHIKOCTEH 1
npuckopensb. IIpoctip MinkoBcbkoro. Llentp mac. Cucrema nieHTpa Mac. Pyx 1BOX rpaBiTyl04HMX Mac.

OO6epTaHHs TBEpAOIo Tijla HABKOJIO HEPYXOMOi 0ci. MOMEHTH 1HEepIIiT TBEpAUX TLI MPOCTOI GOpMHU.
Teopema I'toiirenca-1lreitnepa. @i3nynuit MasTHUK. ['ipockomnu.

Hedopmarii TBepaoro Tina. Cranu peyoBuHU. PiBHsIHHS nepeHocy. udy3is, TerionpoBiiHICTh Ta
B’SI3KICTb.

PiBusiHHs HenepepBHOCTI. PiBHsHHSA bepHyii i #oro 3actocyBaHHs. PiBHAHHS 30€peKeHHs IMITyITb-
Cy JUI HEMEPEPBHOTO cepenoBuIla. PIBHIHHS 30epekeHHs €HEPril 1711 HEMePEePBHOTO CEPEIOBHIIIA.

PiBasaHs HaB’e-Crokca.



II. MOJIEKVJISIPHA ®I3UKA TA TEPMOINHAMIKA

Beryn. IIpenmer monekynsipuoi ¢izuku. Mozaens marepiadbHOro Tina. Macu atoMiB i MOJEKYII.
Kinbkicte pedyoBuHu. Mogens iaeanpHoro razy. JluHaMidyHU#N, CTATUCTUYHAMA 1 TEPMOAMHAMIYHUN METOIN
onucy pedoBuHH. Tuck i remneparypa. OCHOBHE piBHSHHS KIHETUYHOI Teopii ra3is. BumiptoBanHs Tem-
neparypu. EMmipuuHi mkanu temmneparyp. AOCONIOTHa TepMOIMHaMIYHa mikana Temmeparyp. CepenHs
KIHETHYHA CHEPTisl Ta TeMIIepaTypa.

3amavi TepMoaMHaMiKU. Teopema Mmpo po3Ioisl eHeprii 3a CTYNEHAMH BUIBHOCTI. BHYTpIIIHS eHepris.
@ynkuii crany 1 moBHi mudepeniianu. Pobora. Temnora. [lepmmii 3akoH TepMomuHaMiki. TernoeMHICTh
ineanpHOTO Ta3y. [lomiTponuwmii mpouec. PiBHsHHS momiTponu. AniadatHuit nporec. PiBusuus I[Tyaccona.
[Bomporiecn B imeanpHux Tazax. Pobora mpu momiTpomHomy mporeci. JIpyruii 3akoH TepMOIMHAMIKH.
KoedirienTn xkopricHOI a1ii TEMIoBoi 1 xonomutbHoi Mamiad. [ukmani mporecu. Koedimient kopricHoi mil. [k
Kapno. Teopemu Kapno. HepiBricte Kiaysiyca. Busnauenns enrpomnii igeansHoro raszy. ®i3udHuii 3micT
enTporrii. EHTpornis 1 TepMoauHaMiyHa iMOBIpHICTh. TpeTiid 3akoH TepMoaWHaMiku. TersoBa Teopema
Hepucra. Iloctynar Ilnanka. @opmymtoBaHHSI TPETHOTO 3aKOHY TEPMOIUHAMIKH. BiiacTHBOCTI pedoBUH
npu temmeparypi OK.

Posnoxin MakcBemuia MOJIeKyd 3a HIBHAKOCTSAMH. EKcriepuMeHTallbHa MepeBipKa pO3MOALTY
Maxcgema. YactoTta ymapiB MoOJIeKyn 00 cTiHKy. Po3monin Moiekyn 3a KiHeTHuHOw eHepriero. CepenHe
YHCIIO YacTMHOK B 00’emi. ®mykryanii. Posmoxpin bonbumana. bapomerpuuna dopmyna. Posmomin
Makcgemia-bonbsiimMana. BpoyHiBebkmii pyX. Po3paxyHok pyxy OpoyHiBcbkoi yacTuHKH. OOepToBHii
OpoyHiBchkuii pyx. ExcniepuMenTanbHe Bu3HaueHHs cranoi bonsimana. Jocniau [leppena.

Kinemarn4Hi XapaKTepUCTUKU MOJEKYJIspHOro pyxy. CepenHsi JOBKMHA BUIBHOTO MPOOITY.
Bakyym. Meronu orpumaHHs Ta BUMiproBaHHS Bakyymy. IIponecu nepenocy B razax. dudysis, Temno-
MIPOBIIHICTH, B’SI3KICTh ra3iB. 3B SI30K MiXK KOe(iIli€HTaMH MPOIIECIB IIEPEHOCY B Ta3ax.

PeanpHi rasu. PiBusHHs Ban-gep-Baannsca. [3otepmu  peanbHoro raszy. Kputuunuii cran
peyoBHHU. BHYTpIlIHS eHepris peaabHOro rasy. PIBHSAHHS MOMITPONM peanbHOTO ra3y. SBuie Jxoyrs-
Tomcona. 3pimkeHHs ra3iB. MeTonu 0X0JI0KSHHS Tas3iB.

Pinunu. MonekynspHo-KiHETHYHA XapaKTepUCTHKA piAKOro ctany. B’a3kicTe Ta Audy3is B piauHi.
IToBepxHeBuil Hatsar pinuH. BinbHa moBepxHeBa eHepris. 3MOuyBaHHSA 1 He3MouyBaHHsI. Dopmyna
Jlannaca. KaninsipHi siBuia. BunapoByBaHHS Ta KMITIHHS P1IHH.

Pinki posumnu. IX KinbkicHi XapakTepucTuku. IneanbHi posumnu. 3akon Payns. 3akon Ienpi.
OcMmotuunwmii Tuck. 3akoH Bant-T'odda.

Teepai Ttinma. Knacugikamis tBepaux Til. Cumerpis kpucraniB. Kpucramiuna rparka. PeanbHi
Kpuctanu. MexaHi4Hi BIacTUBOCTI TBepauX Tul. [IpyxkHs nepopmaris. 3akon ['yka.

®a3zosi nepexoau. Pazosi nepexoau I 1 II pony. PiBusuua Knanelipona-Knaysiyca. ITonimopdni
nepeTBopenHs. da3oBi giarpamu.

II1. EJJEKTPUKA TA MATHETU3M

1. BeTyn /10 eJIeKTPUKH | MAarHeTU3MY.

[IpenMer Ta MeTOAM €NEKTPUKHU 1 MarHeTU3My. EnexTpomMartiTHa B3aeMofiis Ta ii Miclie B IPUPOIL
cepen iHIMX B3aeMosid. KopoTkuil icTopuyHui OIIsA BUEHHS MPO €NEKTPUKY 1 MAarHeTU3M. 3HAuCHHS
eJIEKTPUKH cborofiHil. Enekrpuunuii 3apsn. JBa Buau 3apsay. [HBapiaHTHICTD 1 3aKOH 30epekeHHS 3apsiy.
ExcrniepuMmeHTanbHe BHU3HAaUEHHs 3apsny enekTpoHa. Haiimpocrimmi 3apsmpkeHi Tina. ToukoBuii 1 Here-
pPEpPBHUI PO3MOILIH 3apsy.

2. Enexktpocrarnka

B3aemogmis ToukoBux 3apsmkeHux Til. 3akoH Kynona. Enexktpuune mone. Bektop HampyskeHOCTI
enekTpuyHoro nois. [punnun cynepno3unii enexrpuunux noinis. JliHii HanpyskeHocTi. Teopema [pHimoy.
IToTik BeKTOpa HANPYKEHOCTi eneKTpuuHoro nons. Teopema Octporpancekoro-laycca, ii momaHHs B
nudepeHuianbHii popmi.

Pobota cun enekrpocraruynoro nous. [ToTeHiianpHUI XapakTep enekTpocTaruyHoro mois. Lupky-
JAALisT BEKTOpa HampyxkeHocTti. [loTeHIian Ta pi3HUI MOTEHIANIB. 3B’S30K MOTEHIATY 3 BEKTOPOM
HanpykeHoCTi nonsi. ExBinoTenmianeHi moBepxHi. Enekrpuunmii numnons. Ilone mumons. Ilorenmian i
HaIpy>XeHICTh 1o aumosist. Cuita, MOMEHT CHII, SIK1 TIFOTh Ha AUMOJb. [loTeHIianbpHa eHepris JUIOJIS.



3. IIpoBiTHNKH B eJIEKTPUYHOMY TOJIi

HampyxeHnicte monst OuIs MOBEpXHI Ta BCepeauHi MNMpoBiTHUKA. EjekTpocTarmdHa 1HIYKIIIS.
Po3monin 3apsiqy Ha MOBEpXHI MPOBITHUKA. BlIacTHMBICTH 3aMKHYTOTO MPOBiIHUKA. ElekTpocTarudHmii
3axuct. PiBusiHus [lyaccona i Jlamaca.

3B’A30K MDK 3apsiioM 1 TMOTEHLIanoM MpoBigHuKa. EnextpoemuicTs. KonaeHncaropu. €MHICTh
IJIOCKOTO, C(PepUUHOTO 1 MITIHAPUIHOTO KOHACHCATOPIB.

4. Jlie1IeKTPUKHU B eJIEKTPHUYHOMY 10JIi

Hienextpuku. [onsipHi Ta HenossipHi Monekynu. BinbHi Ta 3B’s3ani 3apsau. Bekrop monspusarii.
JlienekTpuyHa CIPUUHATIAMBICTH cepenoBuma. [IOHATTS Mpo TEH30p Ai€NEKTPUYHOI CHPUIHATIUBOCTI.
Teopema Ocrporpazcbkoro-laycca 1uist mosst B AieNeKTpUKy. BekTop enekrpudnoi inaykii. Jlienexrpuy-
Ha [IPOHUKIIMBICTb.

[‘paHn4HI YMOBH U1 BEKTOPIB MOJIAPHU3AILii, HAIPYKESHOCTI Ta IHAYKIIT €IEKTPUYHOTO MOJIsL. 3aI0M-
JIEHHS JIiHINA, HAPYKEHOCTI Ta 1HAYKIIT Ha MEXI1 JIBOX J11€JIEKTPHUKIB.

[Tone B ogHOpigHOMY nieneKTpuKy. [loTeHIianpHa eHepris CUCTEMHU eIeKTPUIHUX 3apsaiB. Exepris
3aps/pKEHOro mpoBinHuKa. EHepris 3apspkeHoro koHaeHcaropa. EHeprist einekTpocTaTHyHOro noss ta ii
00’emHa ryctuHa. Cuim, siKi JiFOTh Ha 3apsin B aienekTpuky. Hemomsipui mienexkrpuxu. @opmyna Kiay-
3iyca-MocoTTi.

EnexTpuyHi BIaCTUBOCTI KpUCTAIIiB. AHI30TPOIIs Ti€NIeKTPHYHOI MPOHUKIMBOCTI. 1’ €30emeKkTpuK.
[Tpsmuii Ta o6epHenuit '’ e30edekT 1 ioro 3actocyBanHs. [lomspui aienekrpuku. [lipoenexktpuku. Cerne-
ToeneKTpuku. JloMeHHa cTpykTypa cerneroenektpukiB. ['icrepesuc. Touka Kriopi cerHeToenekTpukis.
BukopucTaHHS CErHETOCIEKTPHUKIB.

5. HocTiliHNi eJIeKTPUYHUI CTPYM

Cuna i ryctuna ctpymy. PiBHSIHHSA HenepepBHOCTI, Horo qudepenmianbHa Gopma. [Ixepena crpymy.
Enexrpopywiiina cuna. Enextpuuyna Hanpyra. 3akoH Oma a8 OJHOpiAHOro mnposigHuka. Ormip
npoBigHUKiB. 3akoH OMa B TudepeHIianpHii Ta inTerpaibHii Gopmax. HeoqHopinHe enekTpuyHe KOJo.

PoGora i motyxHicTe cTpyMy. 3akoH J[xoynsa-Jlenna ta ioro qudepenuianbHa Gopma. Posramyxkeni
kona. [IpaBuna Kipxroga ta ixHe 3actocyBanss. K.k.11. pxepena ctpymy.

6. EnekTpu4uHuii cTpyM y BaKyyMi, piInHax Ta razax

TepmoenekTpoHHa emicis. Po6ota Buxomy. 3aiexHICTb CTPyMy HacHUYEHHs BiJ Temneparypu. ®opmysa
Piuapncona. 3axon Borycnascbkoro-Jlenrmiopa. Bakyymui mionu i Tpioau. Ixni xapakrepuctuku. Enexr-
POHHO-IIPOMEHEBA TPyOKa.

Crpy™m B enektpounitax. Jucomianis. 3akon OctBanbaa. [IpoBiaHicTh enekTpoiTiB. EnexTponHuit
noreHmian. Enexrponi3. 3akonn @apanes. 3acTOCyBaHHS €JIEKTpoizy. XiMiuHi Jkepena cTpyMmy. BonbTiB
CTOBI. AKyMYJISITOPH.

Crpym y rasi. Hecamocrtiiinuii 1 camocrtiiinuii pospsa. Ilpornecu ionizamii Ta pexkoMOiHaii.
PiBHOBaXkHa KOHIIEHTpallis 10HIB. YapHa ioHi3auis. BUHUKHEHHsS caMoOCTIMHMX po3psaiB. JIaBuHHMIA
edexT. Boib-amnepHa xapakTepucTHKa ra3oBoro pospsny. Buau razosoro pospsny (Tiirouuii, 1yroBui,
ICKpOBHI1, KOPOHHMI, T1a3Ma). BukopucTaHHs ra30BUX pO3pSIIiB.

7. MexaHi3MH eJ1eKTPONPOBiTHOCTI

[TpoBignuku. Jocmian Pikke, Tonmmena i Crioapra. OCHOBHI MOJOXKEHHS KJIACHYHOI €JIEKTPOHHOI
Teopii mpoBinHOCTI MerTaniB. 3akoHun Oma Ta [[xoynsa-Jlenna B kimacuuHiii Teopii. 3akoH Binemana-
@panua. TpyaHoIl KIIaCUYHOIT TeOpii MPOBIAHOCTI.

[ToHATTS TIpO KBaHTOBY Teopito mpoBinHOCTI TBepAuX Tul. [lpunumn [laymi. Cratucruka ®depmi-
Hipaka. 3anexHiCTh omopy MeTalniB Bia Temmeparypu. Haamposinnicts. Edext Meiicuepa. Kputnune
MarHiTHe 1oJie. 3acToCyBaHHS HaJAMPOBIIHUKIB.

Oco6nuBOCTI 30HHOT CTPYKTYPH A1€NEKTPUKIB, HAMIBIPOBITHUKIB 1 MeTaliB. EHepreTuyHi piBHI Ta
30HU. BanenTtHa 30Ha. 30Ha mpoBigHOCTI. BiiacHa mpoBiAHICTh HaMIBOPOBIAHUKIB. ENEKTPOHHU 1 AIpKH.
JIOHOpHI Ta aKLUENTOpHI JOMIIIKU. /loMilIKoBa MPOBIAHICTE. 3al€XHICTh OMOPY HAMIBIPOBIAHUKIB Bif
temmneparypu. [IpoBigHICTE p— Ta n— THUMIB. p—n—Tepexil. 3aCTOCYBaHHs HaIlIBIPOBIIHUKIB: IO,
TPaH3UCTOPH.

KonTaktHi siBuma. PoGorta Buxomy. XiMiuHHMIA TOTEHINial. 3OBHINIHS Ta BHYTPIIIHA KOHTAaKTHA
pizHuLg noteHmiamiB. 3akoHu Bombru. SIBuma 3eebeka, [lensrhe i Tomcona. Tepmo-e.p.c. Tepmonapu.



TepmoenekTpudHi MPUCTPOI.
8. IlocTiiiHe MarHiTHe 1moJie y BAKYYMi

Marnetusm. Jlis MarHiTHOTO ToOJst Ha CTpyM. EnemenT crpymy. Bekrop iHayKiii MarHiTHOTO moJis.
3akon bio-CaBapa-Jlannaca. MardiTHe mojie pyXoMoro 3apsiay. MarHiTHE Iojie MpSMOro Ta KOJOBOTO
CTpyMiB. MarHiTHa B3aeMois apajgeabHUX CTPYMiB.

Hampysxenicte MaraiTHoro nojisi. CHtoBi JIiHII MarHiTHOTO 1oJisi. BUXpoBuii XapakTep MarHiTHOTO
nons. BiacyTHicTs MaraiTHux 3apsaiB. [1oTik BekTopa MarHiTHOI iHAYKLIT (MarHiTHui NoTik). Teopema
PO LMPKYJSIII0 BEKTOpa 1HAYKIII MarHiTHOro Mmoiis. 3aKOH MOBHOrO cTpyMmy. TopoiganbHa KOTYIIKA.
Conenoin.

3akon Amnepa. Mexaniuna po6ota B marHiTHOMY noni. Cuia Jlopenrtna. Edext Xomna. Cencopu Xoia.

9. MarHeTuku

MarniTHe mone B pedoBUHI. MarHiTHHI MOMEHT cTpyMy. Bekrop nHamarniuenHs. Teopema mpo
IUPKYJIALI MarHiTHOTO TOJIS B cepeAoBHINi. MarHiTHa COPHHUHATIMBICTh 1 MarHiTHa MPOHHUKJIUBICTS.
3B’A30K iHAYKIIT Ta HANpy>KEHOCTI MAarHiTHOTO TOJs B MarHeTWKax. | paHW4YHI yMOBHU Ui BEKTOPIB
HAMNPY>KEHOCT1 Ta IHAYKI[IT MAarHITHOTO TMOJIS.

Knacuikariss MarHeTukiB: JiaMarHeTHKU 1 mapaMarHeTHkd. ['ipomarHitHe BipHOmIeHHS. JlapmMopoBa
yactora. MarnitomexaniuHi sisuma. J{locmian Aitmraiina-ne-I"'aaza i bapuerra. @epomarneruku. Marsit-
Huii ricrepesuc. lomenu. Koepuutueaa cwira. Po6ora mix wac HamarnigyBanss. Touka Kropi. Marnitae
none 3emii. MarniTHi marepianu. @eputu. MarnitHuil 3anuc iHpopmariii.

10. EnexTpomardiTHa inaykuis

Hocninn @apanes. 3akon enexkrpomartitHol iHaykmii. [IpaBuno Jlenna. Buxposi crpymu. CkiH-
edekt. SBuiie caMoiHAYKIIii, IHTIyKTUBHICTh. B3aeMHua inaykiis. Koedimient B3aemuoi inaykuii. Enepris
1 TycTHHA eHeprii MarHiTHOTO MOJI.

11. 3miHHUMI KBa3icTaniOHAPHUI CTPYM

KBazicramionapHi cTpyMH. AKTUBHUM, IHAYKTUBHHUM Ta €MHICHUHN omip. MeTo1 BEKTOPHUX Jiarpam.
3akoH Oma [1s K1 3MiHHOTO cTpyMy. Pesonanc Hanpyr. Pesonanc cTpymiB.

PoGora 1 moTyXHicTh 3MiHHOTO CTpyMy. EeKTHBHI 3HaYeHHS CTpyMy Ta Hanpyru. TpaHcdopmarop.
[Mpunnun naii, Oynosa, 3actocyBaHHs. KoediuienT Tpancdopmarii. TexHiuHe BUKOPUCTaHHS 3MIHHHX
crpyMiB. [IBodazuuii crpym. Tpudasuuit crpym. 3’eqHaHHS 0OMOTOK reHeparopa ,,31pKoro” 1 ,,TPUKYT-
HUKOM”. 'eHepaTopu 1 eeKTPOJBUTYHHU 3MIHHOTO CTPYyMY.

12. EnekTpoMaruiTHi KOJMBaHHS

[MTepexigni npouecu B RL, RC ta LC konax. KonuBanbHuii KOHTYp. BiacHi KoJMBaHHS B KOHTYPI.
PiBHSIHHS TapMOHIYHHMX KOJIMBaHb. 3aracarodi koiuBaHHs. Jlorapudmiuamii gekpemeHT 3aracanus. [[o6-
POTHICTb KOHTYpY. BuMy11eH1 eeKTpoMarHiTHi KonuBaHHs. JJOOpOTHICTH 1 CMyTa MPOIYCKaHHs KOHTYPY.

13. PiBusauua MakcBeJsia

EnexrpomarniTHe nosne. PiBHsHHS MakcBena, SK y3arajJbHEHHS eKCIepUMEHTaIbHUX JaHuX. CTpym
3MinieHHsa. BuxpoBe enekrpuuHe mosie. B3aeMHI mepeTBOpeHHS €JIeKTPUYHOTO Ta MarHiTHOTO IOJIB.
PiBusHHS MakcBena B iHTerpanbHii 1 qudepeHiianbHii Gopmi.

XBuiboBe piBHAHHA. EnexrpomarnitTHi xBwii. Pa3oBa mBUAKICTH. [lonepeuHicTh €l1eKTpOMarHiT-
HUX XBWJIb. MOHOXpOMaTH4YHI XBWJIl. XBUIIbOBE uncio. Bekrop YmoBa—IloliHTiHra. 3akoH 30epexeHHs
€Heprii eJIeKTPOMarHiTHOTO MOJIs.

BunpomiHtoBaHHS e1eKTpoOMarHiTHUX XBWiIb. Biopatop ['epria. Pamnio3s’si30k.

IV. OIITUKA

Etanu po3BUTKY ONTHKH, iX 3HaYEHHS IS (POPMYBAHHS CYy4aCHOTO HAyKOBOTO CBITOINISTY Ta JJIS
MPaKTUKU. [0JI0BHI 3700yTKH LHOTO HANpsMy (i3UKHU B OCTaHHI IECATHIIITTSL.
1. Knacu4Hi 3aKOHH ONITHKH.

HesanexHicTh CBITIOBUX IMy4YKiB, IBHAKICTH CBITJIA, CIPOOM ii MOSICHEHHS Ha 0asi CBITJIOBOTO
edipy, xBumi 1 yactuHku. [losicHeHHs 3amomieHHS cBiTia 3a HeioroHom Ta [toiirencom. [lpunnummn



®epwma. [Tpunuun [oiirenca.

EnexrpomarniTHa Teopis cBiTia. PiBHsHHS MakcBemna i BUCHOBKH 3 HUX. CHcTeMa BEKTOPIB
€JICKTPOMAarHiTHOT XBWJIl. EHepreTM4He CHIBBIIHOIIEHHS BEKTOPIB €JIEKTPUYHOTO 1 MAarHiTHOTO TOJIS
cBiTiOBO1 XBWii. OnTruHMi BekTop. Onuc KonuBaHb Ta XBWib. Po3knan @yp’e. Crnekrp. Knacudikamis
XBUJIb — IUIOCK1, CPEpPUYHI, MOHOXPOMATHYHI.

OcHoBHI (QoToMeTpuuHI TOHATTS Ta BenwuuHU. CHIBBIIHOIICHHS MK CHEPreTUYHUMHU Ta
CBITJIOBUMHU XapaKTEPUCTUKAMH BHIIPOMIHIOBAaHHS. METOJH MOPIBHSHHS CBITJIOBUX ITyYKiB Ta MOXIIU-
BOCTI a0COJIFOTHUX BUMIpPIOBaHb 1X eHepriid. HecenekTuBHI npuiiMaui cBiTia.

2. InTepdepenuis cBitia.

JBonpomeHneBa iHTepdepeninis cBitina. KorepeHTHICTh Ta ii peamnizarmis B onTuili. [HTepdepeHiis
xBwiIb. Cxema KOHra. YMOBU eKCcTpeMyMiB, pO3MOALT IHTEHCUBHOCTI P JBOIIPOMEHEBIN iHTEpEpEeHIIii.
YacoBa i mpocTopoBa KOTepeHTHICTh. ONTHYHA AOBXKHMHA NULIXy. TayToxpoHi3m. Po3mipu mkepena Ta
areprypa iHrepQepeHiii.

Konbopu TOHKHX IUTIBOK, TOMyCTUMA TOBIMHA TUTiBOK. Bupas nis pizuuni ¢asz. Kineus Herotona.
Crostui xBwuti. Jlocmin Binepa.

bararonpomeneBa inTepdepeHIiis: crnocodbu peanizailii, yMOBU €KCTPEMYMIB, XapakTep CIEKTPY.
®opmynu Eiipi.

3acrocyBanns iHTepdepentii. [atepdpepomerpu. [IpocBitinena ontuka, inTepdepeHiiiHi PinbTpu
Ta ja3epkana. [lopiBHSIHHS JOBXKHHU XBHJI1 3 KIHIIEBOIO MipOIO.

3. Iudpakuis cBitia.

Osznauennsa mudpaxuii. [Ipunnun [oiirenca — @penens. 3ouu Openensi, 30HaNbHA TUIACTUHKA —
amrutitynHa 1 ¢aszosa. I'padiune ckmamanus amrorityn. Cripane Koparo. Judpaxiis Ha pisHHX Tiepe-
MOHAX: MiBIUIOLIMHA, UIUIMHA, TPIMOKYTHHH Ta KPYIJIHil OTBOPH.

Judpaxuis Ha IBOX INITMHAX, TU(paKliiHa pelriTka — aMIunTyaHa i (a3oBa. YMOBH €KCTpe-
MyMiB, po3moAil iHTeHcuBHOCTI. [loxuie mamiHHs cBiTia Ha pemriTky. CreKTpanbHI XapaKTepPUCTUKH
PEIIITOK.

Hudpaxiis Ha O6araroMipHUX CTpyKTypax. CTpykTypHMii aHami3. Judpakiis peHTreHiBCbKUX POMEHIB,
€JIEKTPOHIB Ta HENUTpoHIB. XBuii Je bpoinsa. 3actocyBaHHs audpakiii. 3opsHUN 1HTEphEpOMETp
MaiikenbcoHa.

4. OntuyHa roJsiorpadgis.

OCHOBHI HOHATTS, CXEMU OTPUMAaHHS TOJOTpaM Ta BIATBOPEHHs 300paxkeHb npenmMera. [lopiBHAHHS
¢dororpadiyaux Ta ronorpadiyHUX 300paXkKeHb IpeaAMeTa.
Tonorpama Touku. O6’emHa ronorpadis /leHncroka, KonpopoBa rojorpama. 3acTocyBaHHs royorpadii.

S. I'eomeTpu4yHa onTHKa.

OCHOBHI MOHATTS Ta YMOBH 3aCTOCYBaHHs reoMeTpruHOi onTHKH. [IpuHimn depma 1 BUCHOBKH 3
HbOro. [IpsIMONIHINHICT, MOIIMPEHHS Ta BIAOWBAHHA CBITJIa B OJHOPIJIHOMY CEpPEAOBHILI. 3aJTOMIICHHS
CBITJIa Ha IUIOCKIA Ta cdepuuHiii moBepxHsax. Hyap — inBapianT A0Ge, iHBapianT Jlarpanxka — ['enpMm-
rojblia, 30uUTbIIeHHS chepuyHoi MoBepxHi. TOHKAa 1 TOBCTA JIIH3HM, XapaKTEpHI E€JIEMEHTH 1/1eabHOI
ONTUYHOI cucteMu. BiamoBigi pobdoui Gpopmynu. Po3ninbHa 31aTHicTh 00°€kTHBa, AudpakiiiiiHa Teopis
300paxenHss A66e, meton a3zoBoro koHTpacty. ONTHYHI NpUIaaX — JyTa, MIKPOCKOII, TE€JIECKOI, OyoBa
1 X1J] IPOMEHIB.

HiadparmMu onTUYHUX CHUCTEM, IX MOJIOKEHHS 1 POJIb B YTBOPEHHI 300pakeHb. AGepallii ONTHYHUX
cHCTeM, iX MOXO/DKEHHS 1 MeToAu 3MeHIneHHs. OnTuka 3opy. BynoBa i 3arajgbHa XapakTepHCTHKA OKa.
OCHOBHI HEJIOJIIKH 30DY.

6. OnTHKa pyXOMHUX cepel0OBHIIL.

Metonu BUMIpIOBaHHS IIBHUIKOCTI CBITJIa — aCTPOHOMIYHI Ta JabopaTopHi eKclepUMEHTalbHI
OCHOBH ONTHUKH pyXoMux cepenoBuill: edext Jonmuepa, nocnia ®Pi3zo, nociia MaiikenbcoHa.

Enementu crneuianbHoi Teopii BigHOCHOCTI. [leperBopenns JlopenTia-AlHITaiHa 1 BUCHOBKH 3
HUX: OJHOYACHICTH TOIH, MOPIBHIHHS TOBXKHH BIIPI3KIB Ta TPUBAJIOCTI MOMIA Y PYXOMHX CHCTEMax
koopauHat. JlogaBanus mBuakocreil. Koedimient 3axomnenus edipy pyxomumu Tinamu. Ilonepeunuit i
no3norkaui edekt Jlommuepa. YepBone 3mimenns. ocmin Aiieca. Edexr Canbska. OnTuanHuii Tipo-



ckor. Eext UepenkoBa-Basinosa. 3anexHICT, MacH Tijia BiJ MBUAKOCTI HOro pyxy. Po3maa Me30HiB.

7. Honsipu3auis cBitiia.

Busnauenns i Buam momspusanii cBitTia, 11 MoscHEHHs Ha 0a3i XBWIJIbOBOi 1 KBaHTOBOI Teopii
CBITJIA.

3MiHM XapaKTePHCTUK CBITIOBOTO ITy4ka Ha MeXi ABOX cepenoBuil. Popmynn Dpenens i
BHCHOBKM 3 HHUX. KyTOB1 3alle)KHOCTI IHTEHCHBHOCTI, (a3 Ta CTaHy HOJSPHU3aIi 3aJOMJICHOTO 1
BiOMUTOrO My4KiB CBiTa. 3akoH bproctepa, iioro ¢iznynuii 3mict. [ToBHe BHYTpIlIHE BiIOMBAaHHS CBITIIA.

BinOuBanns cBiTia Bij MeTamiB. KOMIJIEKCHUI MMOKa3HUK 3aJIOMJICHHS. 3aCTOCYyBaHHS BiJIOUTOTO
CBiTNA y TexHill (monspu3aropu, (HazoBi NPUCTPOi, CBITIIOBOAU, (POKOHH) Ta y (HI3UYHOMY €KCIIEPUMEHTI
(mocniKeHHs] ONTUYHUX XapaKTePUCTUK B 00JacTi CUIBHOTO TMOIIMHEHHS, BUMIPIOBAHHS IMOKAa3HUKIB
3aJIOMJICHHS).

8. Iucnepcis cBitTiia.

MeTtoau BUMIPIOBaHHS TTOKa3HHUKIB 3aJIOMJICHHS: METOA MIHIMAQJIBHOTO BIiIXHJICHHS, METOJ
MOBHOTO BHYTPIIIHBOTO BiAOWBaHHS, iHTep(depeHLiiiHi MeTonu. BenmnunHu i cnexTpaibHi 3alIeKHOCTI
MOKa3HUKIB 3aJIOMJICHHS ITPO30pHuX MarepianiB. HopManbHa, aHoManpHa Ta Bil’€MHA TUCHEpCii.

Enexrponna teopis mucnepcii cBitina. ducnepciiina ¢popmyna. Cuna ocuuiasTopa. YSBICHHS PO
KBaHTOBY TEOPi0 aucHepcli Moka3sHUKa 3alomieHHs. [loKa3HUKHU 3aJIOMIIEHHST PEYOBHH B OCOOIMBHUX
TUISTHKaX CHEKTpa — PEHTIeHIBChbKa 001acTh, 001aCTh Y-IIPOMEHIB, TUIa3Ma.

BrnuB B3aemonii 4acTHHOK pedoBHHHU Ha Aucnepcito cBitina. @opmyna Jlopenti-Jlopenua. Ped-
pakiis, ii 3acTocyBaHHS y XiMii.

Jucnepcist moka3HuKa 3aJI0MIICHHS TBEPIUX T11, BIUTUB KOJIMBaHb peuritku. @opmysa 3enbMmeiiepa.

Crnextpu mnormuHanHsa. Cnektpanpauid aHamiz. Merony Kpamepca-Kponira st BH3HA4YeHHS
ONTUYHUX XapaKTEPUCTUK MaTepianay B 001acTi CUIBHOTO MOTTIMHAHHSL.

OnTuka MeTamarepialis.

9. OnTHKA aHI30TPONHMX CepeI0BHIII.

OnTuyHa aHi30Tpomis Ta ii ONMUC Ha OCHOBI piBHAHb MakcBema. CuctemMa BEKTOPIB €JIEeKTPO-
MAarHiTHOI XBWI1 y KpucTanax. CuUMeTpist KpucTaja Ta TeH30p AlesIeKTpu4Hoi ctanoi. [lonspusanis cBitia
Ta JIiHIHE TBOTIPOMEHE3aIOMIICHHS.

OnTtnuna iHpukarpuca. [lpaBuno iHpukarpucu. [lonBiiiHi onTuuHi moBepxHi. ONTHUYHI OCI.
3anomiieHHs cBiTaa y kpuctanax. [lo6ynosa [toiirenca.

[TpocropoBa nucnepcis cBitia y kpucranax. Lupkynspue asornpomenesanomieHHs. [loBepranus
IUIOIIMHYU Tonspu3alii, Woro noscHeHHs 3a dapangeem. [ipaniiini nmoepxHi. Cumerpis Ta ONTHYHA
aKkTUBHICTh. ONTUYHI BIACTUBOCTI PIAKUX KPUCTAIIB.

Intepdepenuist nonsIpru30BaHUX MPOMEHIB, CXeMa eKCIIepUMEeHTalbHO 11 peanizalii. [Ipomyckanus
CBITJIa MOJSPU3ALIIHO-ONTUYHOI cucTeMoro. OTpuMaHHS Ta aHalli3 nosjspu3auiiiHoro csiTia. [lons-
pu3alliifHi mpucTpoi Ha 6a31 KpucTaiB. 3aCTOCYBaHHS MOJIIPU30BAHOTO CBITIA.

KoHockomiuHi JOCTII)KEHHS KPUCTATIB.

10. OnTryHi napamMeTpu4Hi eQeKTH.

BusnauenHs Ta ¢eHOMEHONOTIYHUI OMKC MapaMeTPUUHUX e(EeKTiB — eNeKTPOONTHYHUH, I’ €30-
ONTUYHHM, MarHITOONTHYHI, €JIEKTporiparlis, m e3oripamis, epext Dapaaes, HeB3aEMHE JTBOITPOMEHE3a-
JIOMJICHHSI, 3aJICKHICTh MOKa3HUKA 3aJIOMJICHHS BiJl IHTECHCUBHOCTI CBiT/Ia. ONTHYHI CXEMU ISl CIIOCTE-
PEXEHHS Ta 3aCTOCYBaHHS MapaMeTpuyHuXx edextiB. CUMETpisi pEUOBUHU 1 HAABHICTH €(DEKTY.

MonenbHuii onuc MapaMeTpUIHUX eQeKTiB.

3acTocyBaHHS MapaMeTpuyHUX e(dekTiB y merposorii. YacoBi BUMIPIOBaHHS 3 BUKOPHCTAHHSIM
HETIHIMHO-ONTUYHHUX €(EeKTIB.

11. TenuioBe BUIPOMiHIOBAHHS CBiTJIA.

MeToau AOCHITKEHHST CHEKTPaIbHOI 3aJ€KHOCTI BUIPOMIHIOBAHHS a0OCOJTIOTHO YOPHOTO Tija,
rpadivyHe npeacTaBiaeHHs iX pe3yabTaTiB. 3aKOHM TEIIOBOro BUnpomiHtoBaHH:. 3akoHu Kipxroga, Credana-
BoneimMana, 3mimenHs Bina.

®opmyna Penes-/[xinca. @opmyna Ilnanka Ta OCHOBHI MIpKyBaHHS MpH ii BUBEIEHHI, OCHOBHI
BHCHOBKHU 3 HEI.



OnrtryHa mipoMeTpis, paaialfiiiHa, ICKpaBiCHa Ta KOJIbOpOBa TEMIIEpaTypa.
Buxopucranns ¢popmynu [1nanka B CHEKTpaibHUX ONTUYHUX BUMiPIOBAaHHSIX.

12. KBanToBi BJ1acTHBOCTI cBiTJIA.

CrioHTaHHE Ta BUMYIIICHE BUNIPOMiHIOBaHH:, Koedinientu EfinmTeitna Ta ¢popmyna [Tnanka.

30BHIMHIA (OTOCPEKT — OMKC SBHINA, OCHOBHI 3aKOHM Ta PIBHSIHHS AWHINTAHA IS 30BHIII-
HbOTO (hoTOCPEKTY, MOSICHEHHS 3aKOHIB (hoToe(EeKTy Ha 0a3i XBUIbOBUX Ta KOPIMYCKY/ISPHUX YSIBICHb TIPO
cBiTio. ®otonpuiitmadi. @oToeekT y HaMiBIPOBITHUKAX Ta AiCIEKTPUKAX.

SBume Komrirona, immynbe otona. TuCK cBiTIIa, HOro TOSCHEHHS Ha 0a3i XBHJIBOBUX Ta KOPIY-
CKYJISIPHUX YSIBJICHD.

Edexr CagoBcrkoro, cxema nocmiay bera.

KBaHTOBI XapakTepucTUKu (OTOHA.

13. Po3ciroBannsg cBitia.

Po3ciroBaHHs CBiTJIa B ONTHYHO HEOAHOPITHOMY cepeoBHUIli. MomnekyisapHe po3cissaas. Popmyna
Penes. Innukarpuca poscisaus. KomOiHaliiiHe po3CisiHHS CBITIIa — METOMKA EKCTIEPUMEHTY, BIIaCTHBOCTI
Ta 3acrocyBanHs. [lonspusartiiss poscisiHoro cBitia. Po3cisiHHs cBiTiIa Ta aTMOChEpH] ONTUYHI SBHIIA.

14. JIrominecreHIisa.

OsnaueHHs Ta Kiacuikamis JIOMIHECHEHI] 32 THIOM 30Yy/KCHHSI CBIYCHHS. XapaKTePUCTHKH
JIIOMIHECIEHIIIT — CIEeKTpajabHI 3aJeKHOCTI IHTEHCHMBHOCTI, 4acOB1 3MIHU CBIYCHHS, €HEPreTUYHUN Ta
KBAHTOBUI BUXIJ{ CBIYEHHS.

[Ipupona meHTPIB CBIUYEHHS — BJIACHE CBIUCHHS, AMCKPETHI IIEHTPH, pEKOMOIHAIIITHE CBIYCHHSI.
Mopneni neHTpiB CBIYEHHS — ENEKTPUYHHIA AMIIONG Ta POTATOpP, EIEKTPHYHUI KBaJIpyroib, MarHITHUN
IMIONIb. MeEXaHi3MU CBIYCHHST PEYOBHMH Yy pI3HUX arperatHux craHax. JIIOMIHECHEHIlisi KpHCTaio-
¢docdopiB. OCTOBHO-BAJICHTHE CBIYCHHS. 3aCTOCYBAHHSI JIFOMIHECIICHIII].

15. Jlazepu.

3aranbpHi BiIoMOCTI mpo OynoBy Jazepa. EHepreTnyHa CTpyKTypa akTHBHOTO €JIEMEHTa Jiazepa.
YMOBUM BUHUKHEHHS reHepallii. BiactuBocTi nasepHoro BunpomiHioBaHHs. OCHOBHI THUIU Jia3epiB Ta iX
XapakTepucTUKU. KepyBaHHS XapakTepUCTHKaMU JIa3epiB — MOAYJIALIS JOOPOTHOCTI, CHHXPOHI3alisl MOJI.
3acTocyBaHHS Ja3epiB.

16. EnemenTH HeTiHIHOI OITUKH.

[TonsaTTs mpo HemiHiiiHy onTuKy. HemiHifiHa mossipu3anis 1 MOKa3HUKU 3aJIOMJIEHHS PEYOBUHHU.
KorepeHTHI Ta HEKOTe€peHTHI HeJiHIMHO-onTH4YHI edekTH. baratodoToHHE MOMMHAHHS, NPOCBITIEHHA
3pa3ka, caMo(OKyCyBaHHs, caMOIUPAKIIisL.

BinOuBanHs cBiTia y HemiHiMHIN onTuni. [IposBu kBagpaTnyHOi HETIHIHHOCTI — reHeparis JIpyroi
TapMOHIKH, JETEKTyBaHHS IOJI CBITJIIOBOI XBWJI, MiJCWJIEHHS cBiTia. [lapameTpuuHi TreHeparopwu.
Bumymiene komOiHaIliiiHe po3CilOBaHHS CBITJIA Ta BHUMYIIEHE pO3CisiHHS Manaenbinrama-bpuuioeHa.
Burnpsimnensst GpoHTy CBITIOBOT XBUITI.

V. ATOMHA ®I3UKA

1. IlpeameT BUBYEHHSI ATOMHOI (PI3UKH

CTpykTypHi piBHI Marepii, MO IOCHIIKYIOTbCI METOJaMH aTOMHOI Ta SJIEpHOI (I3UKH.
Oco6auBOCTI 00’ €KTIB MIKPOCBITY (aTOMi3M, TUCKPETHICTh, KOPITYCKYJISIPHO-XBIJIBOBHH Tyatizm).
2. TenuioBe BUNPOMIHIOBAHHS i CTAHOBJICHHSI KBAHTOBOI MEXaHIKH

Mopnens abcomoTHO YopHOTro Tijia. CepenHs rycTHHA BUIIPOMiHIOBaHHS. BuBenenus gopmyn Penes-
Jlxinca Ta Bina iy1st onuicy BUIIPOMiHIOBaHHS aOCOTFOTHO YOPHOTO Tia. YasTpadioneroBa karactpoda.
®opmyna [Tnanka 11t onyucy BUNPOMiHIOBaHHS a0COMOTHO YyopHoro Tina. Crana [Inanka.

3. MonaeJti atoma

Monens aroma TomMcoHa (IMCKPETHICTh, YacTOTa BUIIPOMIHIOBAHHS, PO3MIpH aroma). Mojenb
aroma Pesepdopna. ExciepuMeHTanbH1 pe3ylbTaTd MO0 BUBUECHHIO PO3CIFOBAHHS (l-9aCTUHOK Ha aroMax.
PiBHSIHHS pyXy 0-4aCTHHKHU B KYJIOHIBCBKOMY IO aroma. KyT po3citoBaHHS Ta MPUIIBHUA TapaMeTp.



[Tonepeunuii Ta nmudepennianbamii mepepiz poscitoBanHsa. Popmyna Pesepdopna. BuzHauenus zapsmy
S7Ipa Ta PO3MIpiB si/Ipa HAa OCHOBI aHANI3y PO3CIIOBAaHHS 0-YaCTMHOK Ha aTOMax.

4. bopiBcbKa MOeJIb aTOMA BOJAHIO

CHexTpu BHUIIPOMIHIOBaHHS — SK BIIOOpPaXeHHsSI JUCKPETHOCTI CHEPreTUYHUX pPIBHIB aroMa.
@dopMa CHEeKTpiB BUIIPOMIHIOBAHHSA TBEPAUX TiJ, MOJIEKYN, aTOMiB. 3AaKOHOMIpPHOCTI B CHEKTpaxX BHIIPO-
MiHIOBaHHs aroma BoaHio. CriektpanbHi cepii Jlaiimana, bambmepa, [lamena...VY3aranpHena ¢opmyna
bansmepa. Enepreruuni Tepmu. Jocninn @panka i 'epua. JJuckpeTHICTh eHEpreTHYHUX PiBHIB aTOMIB.

IToctynaru bopa (crarioHapHi opOiTH, €HEpris BHIPOMIHIOBaHHS, yMOBa KBaHTYBaHHs OpOIT).
Arom BogHIO B Teopii bopa. @opmynu 1i1si BU3HaYEHHS pajiyciB opOiIT Ta eHepriil eIeKTPOHHUX CTaHiB
aroma BojHI. DopMyna I BH3HAYCHHS CHEPrii mepexoiiB B aToMi BOAHIO (BomHeBi cepii). Crana
PinGepra. [30TomiuHmii 3cyB B CHEKTPaX BUIIPOMIHIOBAaHHS aTOMa BOAHIO.

5. YMoBHM KBaHTYBaHHS eJieKTPOHHUX opOiT bopa-3omepdennaa

V3arajapHIOIOUI KOOPJMHATH Ta IMITYyJIbCH. YMOBHM KBaHTyBaHHs 3oMmepdenbiaa s KOJIOBUX Ta
emnTuyHUX opOiT. KBaHTOBI Wmcia — rojloBHE Ta azuMyTayibHe. [IpocTOpoBe KBaHTYBaHHS B MOJEII
Bbopa-3omepdenbaa. MarnitHe kBaHTOBE YuCiIO. MarHiTHUN Ta MEXaHIYHUNA MOMEHTH €JIEeKTpOHa, Mar-
HeToH bopa.

Hocninm Illrepna-I'epnaxa. ATOM B OJHOPIIHOMY Ta HEOJHOPIIHOMY MArHITHUX TOJSIX.
3aneXHICTh PO3IICIUICHHS! aTOMHOTO My4yka B HEOIHOPIAHOMY MAarHiTHOMY MOJi Bif OpOiTaqbHOTO Ta
CIIHOBOTO MOMEHTY enekTpoHa. CiiH eJeKkTpoHa. Mar"iTHe CIiHOBE YUCIIO.

6. XBHJb0Ba MexaHika (0YATKH KBAHTOBOI MEXaHiKH)

Iimore3a ne Bpoiins, piBusHHS ne bpoitnsa. Jlopxuna xuini ae bpoins s enexkrpona. Excre-
pUMEHTaJIbHA TepeBipKa rinore3u Ae bpoia. Judpakiis enexrponis. Hocminu JeBicona i JIxepmepa,
Tomcona ta TapTakOBCHKOTO.

IIpencraBieHHs €1eKTpOHA B MOJIENII MTAKeTy XBWJIb. EJIEKTpoH Ta MOHOXpoMmaTtuuHa XxBuiis. da3oBa
Ta TpymnoBa MIBHIKICT Tpynu XBwib. lllupwHa XBUIBOBOrO makeTy. BuBeneHHs CHIBBIIHOIICHHS
HeBU3HaueHHOCTI [eif3enOepra.

XBunboBa (pyHKIIA enekTpoHa. CTaTUCTHYHA IHTEpPIIpeTallisi XBUIbOBOI (DYHKIII.

7. Pipusinns lpeninrepa — ocHOBHe PIBHAHHA KBAaHTOBOI MEXaHIKH

XBunboBe piBHsAHHA. CranioHapHe piBHsHHA Illpeninrepa. PiBusuus Illpeninrepa 3anexHe BiA
yacy. EHepreTuuHi piBHI Ta XBWIbOBI (PYHKIIi €JeKTpoHa B Oe3MexHIM moTeHuianbHid ami. Edekr
TYHeNIOBaHHA. EHepreTnyHi piBHI Ta XapakTep XBHJIBOBUX (YHKIIIH KBAHTOBOTO OCLIMIIATOPA.

8. AToM BOIHIO B KBAHTOBIi MexaHili

PiBusinus lpeninrepa ans aroma BoAHIO B chepuuHiil cuctemi koopauHar. Cxema po3B’si3yBaHHS.
PiBusanns Ulpeninrepa mist xsuinboBux ¢yHKUid R(r), ©(0) 1 O(¢) Ta aHami3 ix po3B’s3kiB. MarHiTHe,
opOiTasibHE Ta TOJIOBHE KBAaHTOBI YHCIIA.

EnextponHi opOitani. PagianeHa QyHKIS Ta po3MipH eneKTpoHHUX opOitaneil. dopma paaiambHUX
¢byHkmiil s 1s- ta 2s- enexkTpoHHUX opOiTaneld. 3ajexHicTh (OpMU Ta MPOCTOPOBOI Opi€HTAIli
eJIEKTPOHHUX oOpOiTaneil Bifl OpOITATbHOTO Ta MAarHiTHOrO KBaHTOBHX uyucen. Popma s-, p- Ta d-
€JIEKTPOHHUX OpOiTasel.

9. 3a0y10Ba eJIEKTPOHHMX MIAPIB Ta 000JI0HOK ATOMIB

[ToHATTS eneKTPOHHOTO IIapy Ta 00omaoHKH. [IpuHIUnM 3a0yn0BU eNeKTpOHHUX IapiB. [IpuHImI
MiHIMyMy eHeprii Ta npuHiun [laymni. KilbKicTh eneKTpoHIB B miapax Ta 000JI0HKaX.

[lepiognuHa crucTeMa XiMIYHHX €JIEMEHTIB SK BiOOpa)KEHHS MPaBUJI 3allOBHEHHS €NEKTPOHHUX
mapiB Ta 000JOHOK. 3aJeKHICTh €HEPrii eJEKTPOHIB BiJl OCHOBHOTO Ta OpPOITAIIBHOTO KBAHTOBHX YHCEIL.
3a0ymoBa €NEeKTPOHHUX MIApiB TMepIIoi, APYroi Ta TPeThOI TPyN MEePIOIUYHOI CUCTEMH EJIEMEHTIB.
Ocob6nuBocCTI 3a0yJ0BU E€IEKTPOHHHX IIApiB XIMIYHUX €JIeMEHTIB 3a ydacTio d- emektponiB. Po3sra-
IIyBaHHS B NEPIOIMYHIN cucTeMi eeMeHTiB 3 4f- Ta Sf-enexTpoHamu.

10. Cnin opbiTanbHa B3aeMoist

[Tpupona cnin-opOitanbHoi B3aemonuii. [loBHMIT MoMeHT enekTpoHna. KBantose uucio — j. Bupas
JUTSE OOYHCIIEHHS CITIH-0pOITaIhbHOI B3aEMOJIII.



[To3HayeHHsT eHEPTETUYHUX TEPMiB OTHOCTIEKTPOHHUX aroMiB. EHepreTH4Hi piBHI aToMa HaTpiko.
EnepreTnuni piBHI aroma BOAHIO 3 BpaxyBaHHSAM CHiH-opOiTanbHOi B3aemomii. 3cyB JlemoOa.
[TOHATTS €NEKTPOMArHITHOTO BaKyyMy.

11. EHepreTnyHa cTPyKTypa Ta CIEKTPH 0araroeJleKTPOHHHUX aTOMIB

JlonaBaHHs MOMEHTIB Yy BUNAJAKy OararoeleKTpoHHUX atomiB. 3B’s30k Paccen-Caynpaepca ta j-j
3B’s130K. BU3HAUCHHSI MOMEHTIB ISl HOPMAJILHOTO 3B’ SI3KY.

[paBuna ['ynaa 1y BU3HAYEHHs €IEKTPOHHOTO TepPMy OCHOBHOTO cTady. Tepmu p? — KoH(i-
rypaiii B OCHOBHOMY Ta 30y/KeHOMY cTaHaX. EHepreTwdHi piBHI Ta nepexoaud B atoMi pryTi. Enepre-
TUYHI PIBHI Ta CIICKTPU aToMa rellito (OpTOTeNiid Ta maparesiii).

12. ATom B MarHiTHoMy moJii

3B’30K MK MarHiTHUM Ta MEXaHIYHHM MOMEHTAMHU €JIEKTPOHA y BWIIQJKy BpaxyBaHHs CITiHY
enexkrpona. MuoxHuk Jlanze.

PosmiernieHHs: €HepreTHYHUX PIBHIB aroMiB y Mar”HiTHoMy Moji. B3aemomis MiX MarHiTHEM
MOMEHTOM €JIEKTPOHA Ta 30BHINIHIM MarfiTHUM nojieM. [lomepeynuii Ta MOB3MOBXKHIN edekT 3eemaHa.
[Mosicuennst edekry 3eemaHa B Mogeli ocumisatopiB. HopmanbHuii edekt 3eemMana. AHOMaIbHHIA eeKT
3eemana. Edexr [Tamena-beka.

13. PeHnTreHiBcbke BUNPOMiHIOBAHHSA

[Ipupona Ta TMNM PEHTTEHIBCHKOTO BUMIPOMiHIOBaHHS. PeHTreHiBebki cekTpu. 3akoH Mosni. Tonka
CTPYKTypa CIIEKTPiB PEHTICHIBCHKOTO BHIIPOMIHIOBaHHS. BIacTHBOCTI peHTreHIBChKUX NpoMeHiB. Edekr
KomnToHa.

14. CniexTpu MoJ1eKy.J1

Xapakrep B3aEMOJii MiDX aroMaMmH, THUIM 3B’s3Ky. EnexTpoHHa, KoiMBHa Ta 00epTOBa €HEpris
Monekyn. EHepreTuuHi piBHI MOJIEKYI.
KombinaniiiHe po3ciroBaHHS CBITIA.

15. OnTH4Hi KBAaHTOBI reHepaToOpPH

Knacudikanis nazepis 3a pexxuMoM poOOTH, aKTUBHUM €JIEMEHTOM, criocoOoM 30yxeHHs. [TpuH-
nu Aii nazepa. [HBepcHa 3acenenicthb. TpupiBHEBa, YOTUPUPIBHEBA €HEPTETUYHI CXeMU Jiazepa. Teepmo-
TiAbHI Jazepu. Jlazep Ha pyOiHi. Pi3HOBMAHOCTI ra3zoBux nasepiB. lemiii-HeoHoBuil nazep. OCHOBHI
XapaKTEePUCTUKHU JIa3€pHOTO BUIPOMIHIOBAHHS (KOT€pEHTHICTb, MOHOXPOMAaTUYHICTb, MOJSpU3aLlis,
BHCOKA IHTEHCUBHICTh, IPSAMOJIIHIHHICTD NOLIUPEHHS).

16. Pyx elekTpoHa B MAarHiTHOMY Ta eJ1eKTPUYHOMY IOJISIX

MeToau BU3HAUEHHS MUTOMOTO 3apsity esnekTpoHa (Meron Tomcona, meron KipxHepa, MeTos mar-
HeTpoHa). EnemenTun enekrpoHHoi ontuku. Enextponnuili mikpockon. Mac-cnektpockornis. byrnosa i
XapaKTEePUCTUKHU Mac-CIEKTPAIbHUX MPUIIAJIIB.

VI. AAEPHA ®I3UKA

SnepHa monens aroma. BuznaueHHs po3mipy Ta 3apsny sapa. [IpoToHHO-HEUTpOHHMN cKiaf sapa.
Enepris 3B 43Ky suep, saaepHi cuin. @opmyna Baiinzekkepa.

IpoxomxeHHs eNeKTPOHIB Yepe3 MOoNHHaou1 cepeoBuina. [IpyxkHe po3citoBaHHS eEKTPOHIB SAPAMHU.
lonizariitHi BTpaTH 171 MIBUIKHUX €JEKTPOHIB. BTpatn Ha BunpominioBanHs. Edext Uepenkona. [Ixepena
HYKJIOHIB. B3aemoisi HykJoHIB 3 pedoBHHOIO. CIiHM 1 MarHiTHIi MOMEHTH HYKIIOHIB. CTpyKTypa HYK-
JIOHIB, Aocian Xodmraarepa.

Snepni cumu. JledTpoH, moreHmianu B3aemonii. OOMiHHI cuin. Me3oHHA Teopis SACpHUX CHIL
ITotenmian FOkaBa.

I'amma-BUIIpOMiHIOBaHHS sijiep. BHyTpinrHs koHBepcisa enekTpoHiB. Epext Mecbayepa. MarniTHuit
MOMEHT siipa, Metos Pa6i. CriH 1 MarHiTHHM MOMEHT sipa. SlaepHa i3oMepisi.

SAnepui moxeni. Monenb piakoi kpamii. Anbha-yacTuHKOBa Moneab. Moaens @epmi-razy. Monenb
A1epHUX 000JIOHOK. Y3arajJpHeHa Mofielb sapa. OnTHYHA MOJENb sipa.

[TpuckoproBaui yactuHOK. Enexrtpocrarmunuii nmpuckoproBad. LlukmnorpoH, GerarpoH. da3oTpoH,
cuHXpOoTpoH. CHHXPO(a30TPOH.



B3aemonist ramma- Ta ikc-mpoMmeHiB 3 pedoBuHO0. Dotoedext. Edexkr Kommnrona. YTBOpeHHs
€JIIEKTPOH-TIO3UTPOHHUX 1ap. POTOHHO-eNeKTpOoHHI 31uBH. [ToBHUI KoedimieHT mocIabIeHHS.

OcHOBHI BUAM 1 OCOOIMBOCTI PaJiOaKTUBHOTO PO3Mmaay 3aKkoH PalioaKTHBHOTO po3many. BikoBa
panioakTuBHa piBHOBara. [IpuponHi pamgioaktuBHi siapa. PamioaktuBHi psgu. Anbga-po3nan. Tonka
cTpyKTypa anbha-crekrpy. Teopis anbda-posnany. bera-neperBopenns. Jlociiay 3 BUSBICHHS HEHTPUHO.
Brpara maprocti npu Gera-posnaxi. Jocnian By, Metonu peectpartii 3apsKeHHX YaCTHHOK 1 raMma-
KBaHTIB.

Ennorepmiuni Ta ex3otepMivHi siaepHi peakuii. [lepepi3 saepHoi peakuii. SAnepHi peakiii mig aiero
HerTpoHiB. [Tomin Bakkux siaep. Jlanmrorosi saepHi peakiiii. Bukopucranus eneprii noainy. [Ipaktuune
3I1MICHEHHS JIAHLIIOTOBOTO sIIEpHOTO mpouecy. SAnepni peakropu. Hagsaxkki siapa. DoTosiaepHi peakiii.
Peakii Tepmosimeproro cunrtesy. [Ipobiema kepoBaHoi TepMosiiepHOi peakilii. Mar"iTHa 130J1is 1mia3-
mu. TepmosinepHi peakiii y BeecBiTi. [IpoTOHHO-TIPOTOHHUI 1 ByTJICIIeBO-a30THUM LIUKI.

dizuka BUCOKUX eHeprid. Kputepiit enementapHocTi. OCHOBHI XapaKTEPUCTHKH €JIEMEHTApPHUX
YaCTUHOK. 3akoHU 30epexeHHs. JlemToHu, 3akoH 30epeXeHHS JENTOHHOTO 3apsny. bapioHu, 3aKoH
30epexxeHHs1 OapioHHOro 3apsay. [3oTomiyHumii cmid. [30TomiyHa iHBapiaHTHICTh. JIMBHI YacCTHUHKH.
B3aemogis enemeHTapHUX YacTUHOK. Buu B3aemonii. Mozens KBapKiB.

Jlo3umeTpuuHi oquHuUIl. Jlo3UMETpis 1 3aXUCT BiJl BUITPOMiIHIOBAHHS.

VII. TEOPETUYHA MEXAHIKA

Beryn 10 TeopeTu4HoOi MexaHikn
1. Kinemaruka

[IBUIKICTh 1 MPUCKOPEHHS B KPUBOMIHIHHUX KoopauHarax. [IpuponHiii cmoci6 3amaHHs pyXy
Toukd. TaHTeHIIAIbHE, HOPMaJbHE MPUCKOPEHHS. Pajliyc KpUBU3HU 1 KPYYECHHS TPAEKTOPII.

2. IuHaMika

[Tpunmun Tanines. 3akonn HerioToHa. 3akoHU 3MiH 1 30€peKEHHsI IMITYJIbCY, MOMEHT IMIIYJIbCY 1
KIHETUYHOI eHeprii MaTeplajJbHOi TOYKU. 3aKOHHM 3MIHHM 1 30€peKEeHHS IMITYJIbCY, MOMEHTY IMIYJbCY 1
KIHETUYHOI €Heprii CUCTEMU MaTepiaJbHUX TOYOK.

3. InTerpyBanus piBHsAHb HbloTOHA
Opnomipuuii pyx. Pyx B neHTpasibHOMY noji. 3agada qBox Til. 3agaya Kemepa.

Ipunuun Janamoepa. PiBusinnsa Jlarpanxka. IIpuanun HaiitMeHmoi aii

4. PiBusinng Jlarpanska I Ta Il poais

Bs3i. Knacudikaris Bazeit. OcHOBHA 3aaya JUHAMIKU HEeBUIbHOI Touku. [lpunamun [lamamOGepa.
PiBusanHs Jlarpanxa I-ro pony. PiBasnns Jlarpanxka II-ro pony. Y3aransHena cwia. PiBasuHs Jlarpanxka
[I-ro pony nns moreHuianbHOl cunu. Jlarpanxkian. Y3aranbHeHuid noreHuian. [Ipukmnan enekrpo-marHiT-
Horo nosst. Cunu Tepts. ucunaruBHa QyHKis Penes.

5. IlpuHIUN HAiMEeHIIOl Ail

Hesixi 3amaui BapiamiifHoro umciieHHs. Enementn BapiariiiHoro uuciaeHHs. OCHOBHI TOHSTTS
BapiauiifHoro yncienns. ®Oynkuionan. Bapiamis ¢ynkuii. Bapianis ¢ynkuionany. PiBusuus Jlarpamxka-
Eitnepa nns ogHoi 3MiHHOI. Y3aranbHeHHs piBHsSHHS Jlarpanxka-Eiinepa Ha Bumajok 0ararboX 3MiHHHUX.
Bapianiiinuit npuniun ['aminsrona 1 piBHsHHA Jlarpamxka. Bapiamiitamii npunuun [amineToHa npu
HasiBHOCTI 3Bs13KiB. KoBapianTHicTh piBHSHB Jlarpanixa. 3akoHU 30epekeHHSs 1 1X 3BA30K 3 BIACTUBOCTIMHU
npocTtopy 1 yacy. OJHOPIIHICTh yacy 1 3aKOHHM 30epexkeHHs eHeprii. OAHOPITHICTD MPOCTOPY 1 3aKOH
30epekeHHs IMITYJIbCY. [30TpOHHICTH MPOCTOPY 1 3aKOH 30€pekeHHS MOMEHTY KUIBKOCTI pyXy. Teopema
Hertep. Mexaniuna nonionicts. Teopema Bipiana.

l'amisibToHOBHI dopmasnizm. PiBusauusa laminbrona-5ko06i

6. Kanoniuni piBHsIHHS

PiBusiins aminerona. dynkuist aminsrona. @ynkiis Payca. [lyxku [lyacona. BiractuBocTi py»ok
[Tyacona. Ilpunmmun Moneptroi. KanoHiuHi mepeTBopeHHs. TBipHa (yHKIlSI KAaHOHIYHOTO IEPETBOPEHHSI.
IaBapianTHicTh ayx)ok [lyacoHa BiTHOCHO KaHOHIYHUX IMEPETBOPEHb. PyX cHCTEMH sIK KaHOHIYHE Tepe-



TBOpeHHs. Teopema JliyBins. [aTerpansHi inBapiantu [lyankape. Pyx ¢a3oBoi pinnnau. PiBasaus JliyBimns.

7. Teopisa I'aminbrona-Axo6i

His sx ¢yskuis xoopauuar. PiBasHHs ['aminbrona-fko6i. Teopema Sko0i. 3HaxomKeHHS
PO3B'sI3KY 3aja4ul MPO PyX MEXaHIYHOI cucTeMu MeToaoM [ aminbroHa-Sko6i. MeTon po3aieHHs 3MIHHUX
B piBHsAHHI ['aminbToHa-Sk00i. [eomerpuuna intepnperaris aii. PiBusuasa ['aminsrona-5ko0i i XBUIbOBE
piBHSHHSA. ['aMiTbTOHOBHI (popMaITi3M ISl TUCUITATUBHUX CHCTEM.

3aCTOCyBaHHﬂ MeTOL[iB TeopeTH'{HOi MeXaHiKu A0 KOHKPETHUX CUCTEM.

8. MaJi ko1uBaHHA

BinbHI ogHOBUMIpHI KonMBaHHsA. BumymeHi xkonuBaHHs. KomvBaHHS Mpu HAsSBHOCTI CHJI TEPTS.
3aryxawooui KoJMBaHHSA. BuMylieHi KonMBaHHS NpH HasBHOCTI TepTsa. KonmBanHs cuctem 3 Oararbma
CTYNEHSIMU BiTbHOCTI. KoMBaHHS OHOBHMIPHOTO JIAHITIOXKKA aTroMiB. AHrapMoHiuHi konuBaHHs. [lapa-
METPUYHUN pe30HaHC. PyX B HIBHIKO OCIIHITIOIOYOMY IIOJII.

9. Pyx TBepaoro Ttina

KyrtoBa mBuakicte. Tenzop iHepuii. MOMEHT IMIyibCy TBEpAOro Tijia. PIBHAHHSA pyXy TBEpIOTO
tina. Kytu Eitnepa. Pisusuns Eitnepa anst pyxy TBeproro Tina. Pyx B HeiHepIiiiHii cucteMi BiIUTIKY.

10. HenepepBHi cucreMu

[Tpuknanu JlarpanxiaHiB HenepepBHUX cucTeM. PiBHsHHs Jlarpanka muist moss. PiBHsHHs ["aminb-
tona aust ons. Jyxxku [lyacona aist monst. PiBHAHHS pyXy igeanbHOi piguHu. [lommpeHHs 3ByKy B ra3ax.
Hecrtucnusa piguna. Cranionapuuii pyx. Piasunusa bepuysi.

VIII. EJIEKTPOAUHAMIKA

1. PiBHSIHHSA €JIeKTPOAMHAMIKY JJIsl 3apAIiB i CTPyMiB y BaKyyMi.

KopoTkuii icropudHuii HapuC PO3BUTKY €IEKTPOIMHAMIKH.

PiBHsHHS MakcBesuia, ik y3arajJbHeHHs J0CiaigHUX (akTiB: 3akoH KynoHa; BUXpOBHI Xapakrep
MarHiTHOro noJsi, MoHomnoinb [ipaka; 3akon @apazes; JKkepesia MarHiTHOTO I0JIs; PIBHSIHHS B PI3HUX CH-
cTeMax OJMHMIIb; BUIIAIOK TOUKOBHX 3apsiiiB; epexin A0 300paxenHs Dyp'e.

3axkoHu 30epexeHHs. PIBHAHHS HEPO3pUBHOCTI, SIK (popma 3amucy 3akoHy 30epeKeHHS; 3aKOH 30e-
PEKEHHsI €Heprii; YMOBU BUIIPOMIHIOBAHHS; 3aKOH 30€peKEeHH IMITYJIbCY; TEH30D HApyKEHb.

[ToTenmianu enekTpomMarniTHoro moiisa. O3HaYeHHs MOTEHINaNIB, PIBHSIHHS I TOTEHIlIaNIB, Tpa-
JIEHTHA 1HBapiaHTHICTh €JIEKTPOMArHiTHOTO 1o, kaniOpyBanHs Kynona i Jlopenua, piBasHus [JanamoOe-
pa, po3B'sa3yBaHHs piBHIHb J{anamOepa, 3ami3HIO0U1 1 BUMIEPEKYI0U1 TOTEHII1aIH.

2. BinbHe eJ1leKTPOMArHiTHE 1oJIe.

PiBHsiHHS BinbHOro moms. Ilnmocki, chepuuni Ta iHmi xBuii. Pa3oBa Ta TpynoBa MIBHJKOCTI.
[Inocka MOHOXpOMaTHYHA XBWJIS, MOJIApU3aLlid. 3aKOHH 30€peKeHHs AJI BUIBHOTO IMOJIs, €HEepris Ta 1M-
nynbe nond. Ocuunaropu nois, ¢yHkuii Jlarpamka ta ['aminsrona ButbHoro mnoss. Kanoniuna gopma
PIBHSAHD MOJIS.

3. Craru4Hi M0JIs1 y BaKyyMi.

PiBHAHHS U1 CTaTUYHUX TOJiB. MeToau po3B'sa3yBaHHs CTaTUYHUX 337a4: oOepHEeHa 1 mpsimMa 3a-
Jayl eJeKTPOCTAaTUKH; 3aCTOCYBaHHS IHTErpajbHUX CIIBBIAHOIIEHb Ta PIBHSIHb JJIS MOTEHLIAJIB; MYJb-
TUIOJIbHI PO3BUHEHHS; MOTEHIIaJIM 1 MOJIs eIEKTPUYHOTO Ta MarHiTHOTO JUMOJMIB; MOJie JIHIHHUX CTPY-
MiB. EHeprig crarnyHuX mouniB: AB1 GopMynu JUis €Heprii, eHepris B3aeMolii Ta BIacHa eHepris, npooie-
Ma [epeHOPMYBaHb; €HEPTis AUIOJIB y 30BHIIIHIX MOJISAX.

4. Teopisi BUIIPOMIHIOBAHHS.

[Totenmianu Jlienapa-Bixepra. [Tone ToukoBOTO 3apsiay: 0COOIUBOCTI MU(PEPEHITIIOBAHHS TTOTCH-
uianis Jlienapa-Bixepta, oGuncneHHs mosiB. BunpominioBaHHs TouKoBoOro 3apsany. [lomne cucremu 3apsiB
Ha BEJIMKUX BIIJAJSIX Bif JpKepena, OJu3bKa 1 XBUIHLOBA 30HU. [[MTONBHE 1 KBaJAPYyMOJIbHE BHIIPOMIHIO-
BaHHs. Cuia panianiiiHoro raJbMyBaHHs: IPOMEHUCTE TepTs; piBHAHHS JlopeHna-/lipaka; mupuHa criek-
TpaJbHUX JIiHIN. PO3CISTHHS €1eKTPOMAarHiTHUX XBWJIb BUTBHUM Ta 3B'SI3aHUM 3apsiIaMH.



5. Teopist BizHOCHOCTI.

[TpuHIIMIIA BIAHOCHOCTI: CYNEPEYHICTh HBIOTOHIBCHKOI MEXaHIKU Ta €JIEKTPOJWHAMIKH; CKIHYCH-
HICTh IIBUJKOCTI MOIIMPEHHS B3a€EMOJI1; BIIHOCHICTh OJHOYACOBOCTI; IHTEPBAJI MK TOIISIMU; YOTHUPH-
BHUMIpPHI PpocTOpr MiHKOBCHKOTO.

[TeperBopennst Jlopenma: ¢popmynu JlopeHia; moqaBaHHs MIBUIKOCTEH, BIACHHUHA 4ac 1 CKOPOUCHHS
JlopeH1ia; YOTUPUBUMIPHI BEKTOPH 1 TEH30PH.

PensruBicTchka MexaHika BUTbHOI 4acTMHKM: iHTerpan aii, ¢ynkuii Jlarpanxa ta ['aminbToHa,
EHEPTisl Ta IMITYJIbC; 4-BEKTOP €HEPTii-IMITYJIbCY, TEH30P MOMEHTY KUIBKOCTI PyXY; 3aKOHH TEPETBOPEHS
€Heprii, IMITyIbCY,MOMEHTY KIUJIBKOCTI PyXy; PIBHSHHA pyXy BiIbHOI yacTMHKH y ¢opmi Jlarpamxka-
Eiinepa, 'aminbToHa Ta ['aminbToHa-SK001. 3apspkeHa YaCTMHKA B €JIIEKTPOMArHiTHOMY ToJi: (yHKIIIT
Jlarpamka 1 ['aminbTOHA, PIBHAHHS PyXy; 4-TIOTEHIIANIM MOJS 1 3aKOHU iX MEPETBOPEHHS; PyX 3apsay B
SJIEKTPUYHOMY TIOJI.

TeH30p €NeKTPOMArHiTHOTO TOJIS: BapiallifHUN NMPUHLINT [T 3HAXOMKEHHS PIBHAHHS PYXy 3apsi-
JDKEHOI YaCTUHKHU B MPOCTOPi MIHKOBCHKOTO; TEH30D IOJISl 1 IOr0 BIACTUBOCTI; MEPETBOPEHHS IOJIB Ta
iHBapiaHTH.

6. KoBapianTHa popMa piBHSHDb €JIeKTPOAMHAMIKH.

OCHOBHI CITIBBIIHOIIEHHS €JIEKTPOJUHAMIKUA Y MPOCTOpi MIHKOBCHKOTO: 4-CTpyM 1 MepeTBO-
penns Jlopenua; 4-popma piBHSIHB €lEKTPOIMHAMIKY; BapialliiHUA PUHIIMII B TEOPIi IMOJISL; iHTErpas il
JUIS 3apSAJIiB 1 TIOJIS; 3HAXOKEHHS PiBHAHb MakcBela 3 BapialiifHOro MpUHITUITY.

YoTtupuBumipHa Gopma 3aKOHIB 30epeKeHHS: TEH30p €HEPTii-IMIYIIbCy JOBIIBHOTO MOJIs; 4-CHiia
1 TyCTHHA CUJIM; TEH30PH CHEPIii-IMITYJIbCY €JIEKTPOMArHiTHOTO TOJISI Ta TYCTUHU YaCTHHOK.

7. PiBHSIHHSI MAKPOCKOMIYHOI eJIeKTPOAMHAMIKH.

Mixkpo- Ta MaKpomosst, MiKpocKomiuHi piBHsSHHA MakcBerta-JlopeHna. YcepeaHeHHs! MiKpOCKOITi-
YHHUX PIBHSHbB: CEpPeHI 3HAYCHHS MIKPOCKOMIYHUX MOJIiB, 3apsi/iiB, CTPYMiB; BEKTOPH MOJsSpU3allil Ta Ha-
MarHi4eHHs; y3arajibHeHa IHAYKIIsS; TpH GOpMH PiBHSIHB MOJISI B CEPEIOBHILI.

[Tonsipu3zaris 1 HaMarHiueHHs! cepeJOBUIIA B MOCTIMHUX MOJIAX: HEMOJSAPHI 1 NOJSPHI CcepeioBU-
114, 1MoJIe B KOHJACHCOBAHOMY CEpEIOBHINI; Jia- Ta nmapaMaraetusm. [lomsipu3zarisi cepeoBUIa B 3MiHHO-
My IOJI.

KomrnekcHa fienekTpuyHa MPOHUKHICTb, AUCIEPCIHI CIIBBIIHOLIEHHS. 3arajibHa XapaKTepHc-
THKa MaTepiaJibHUX PIBHSIHb. YMOBU Ha MEXI ABOX cepeAoBulll. EnexkTponnHamika pyxoMoro cepeoBu-
ma. JlucrepcHi 1 mpo30pi CepeIOBUINA, EHEPTIs OIS B CEPEIOBHIII.

8. Crarn4Hi moJsisi B cepe1oBHILI.

PiBHSIHHS CTaTMYHUX MOJIB, iIHAYKOBaHI 3apsi Ta CTPYMH, IHAYKTUBHOCTI. CHJIM Y CTAaTUYHUX
TOJISIX.
9. KBazicrarnuni siBuINa.

YMOBH KBa3iCTaTUYHOCTI Ta PIBHSIHHA KBa3iCTaTUYHUX sSBUIL. HopMmanbHMI Ta aHOMaNbHUM CKiH-
edexTu. PIBHSHHS U1l CUCTEMH JIHIMHUX CTPYMiB, KOMIUIEKCHUM omip. MarHiTHa TiJipoAMHaMiKa: OCHO-
BHI PIBHAHHS, €(DEKT “BMep3aHHs’, MaTHITOT1APOAMHAMIYHI XBHJI1.

10. EnexTpoMardiTHi XBUJIi B cepe10BHIIIi.

[T1nocka MOHOXpOMaTHyHa XBWJIA B O€3MCIIEPCHOMY Ta AMCIIEPCHOMY cepeoBHILax. BinouBaHHs
1 3aJIOMJIEHHSI €NIEKTPOMArHiTHUX XBWJIb Ha TIOCKIN MeXi BOX cepeloBUIl. XBHIII B aHI30TPOITHOMY Ce-
PEIOBHIIIL.
11. Heuiniiini epexrn.

CunbHa eneKkTpoMarHiTHa XBWIs. BUIIpOMiHIOBaHHS 3apsay B MOHOXPOMAaTHYHOMY MAarHiTHOMY
nosii. EnemMenTH HenmiHiiMHOT ONTUKU: HelliHIWHA CIPUNHHATINBICTE; caMO(OKYyCyBaHHS; BUHUKHEHHS Kpa-
THUX YacCTOT.

IX. KBAHTOBA MEXAHIKA

OcHOBHI eTanu po3BUTKY KBaHTOBOI Teopii. ['imoTe3a [1nanka 1 «cTapa» KBaHTOBAa MEXaHIKa.
XBUJIHOBA 1 MATPUYHA MEXaHIKA.



1. OCHOBHI NPMHUMIIN KBAHTOBOI MEXaHIKH

Onuc cra"ny B KBaHTOBiM MexaHiii. XBwiboBa (GyHkIlis. [IpuHiun cynepmno3uiii (mpukiamy 3
TEOopii IEPHUX CHII, KBAHTOBOI XiMmii, (pizuku TBepaoro Tina, Kit llpexninrepa). XBuiboBuUil Maker.

XBWIbOBa (YHKIliSI BUTBPHOI YaCTUHKH. BiIacTUBOCTI MiIocKkux XBWJb. CepemHi 3HAYEHHS KOOp-
IUHATH Ta iMiyascy. Omneparop immynscy. CriBBiTHOLIEHHS HeBU3HaueHocTel [ aitzenOepra. MiHiMizy-
tounii XBriboBHUM maket. ([Ipukimamu: po3mipu aTOMHOTO siApa, PIAKUI Telliid, eHepris OCHOBHOTO CTaHy
aToMa).

2. MaremMaTH4YHMii anapaT KBAHTOBOI MeXaHIKH

Oneparopu ¢iznuaux BenuuuH. Jlii Hag oneparopamu. [Ipukiiagu oneparopiB Ghi3MYHUX BEJITUYUH.
Brnacui ¢yHkmii i1 BmacHi 3HaYeHHs omepaTopiB. BmacTWBOCTI BIAaCHMX 3HAYEHb 1 BIACHUX (YHKILH
€PMITOBHX OIIEPATOPIB.

CriBBiTHOIICHHS HEBU3HAYEHOCTEH Ui (PI3UYHUX BEIUYMH, IO MPEACTABISIOTHCS HEKOMYTY-
tounMu oneparopamu. KorepenTri cranu. [Ipunimn qonoBHOBabHOCTI bopa.

PizHi mpencrapnenHs xBuiboBUX (QyHKIiH. bpa- 1 Ker- Bekropu. Pi3Hi mpeacTaBieHHs omeparopis.
Marputii oneparopis. KBantoBa MexaHika — TeOpis JiHIHUX OMepaTopiB B FILOEPTOBOMY HMPOCTOPI.

3. PiBusinng llpeninrepa

XsunboBe piBHsHHS Llpeninrepa. PiBHsHHS HenepepBHOCTI. 3aKoH 30epekeHHS TYCTHHU HMOBIp-
HOCTI. 3MiHa CepeIHIX 3HaYCHb (PI3UYHUX BETUYHH 3 YACOM.

KBanToBi ayxku [lyacona. Cramionapni cranu. IIpencrasnenns Llpeninrepa i mpencTaBieHHS
laitzenOepra. [IpencraBiieHHs B3aEMOIii.

HaijinpocTimi 3aga4i KBaHTOBOI MeXaHIKH Ta MOMEHT KUJIBKOCTi pyxy

4. Haitnmpocriui 3a71a4i KBAHTOBOI MeXaHiKHU

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

[apMoHiuHMI ocumsATOp. XBUIBOBUN Ta MAarpuyHUM miaxoxu. OmepaTopu HapOKEHHS 1 3HU-
meHHs1. KorepenTHi cranu. I[TpoxomkeHHs YaCTUHKY yepe3 MoTeHIialbHui 6ap’ep. PezoHaHCH1 cTaHu.

XosojiHa eMicist esiekTpoHiB 3 MeTaiy. Teopis [amoBa []-po3nary BaKUX sijep.

5.3B’130K KBAHTOBOI MEXAHIKH 3 KJIACHYHOIO

[Tepexia Bil KBaHTOBHUX PIBHSIHb PYXy 10 KIACUYHUX. PO3MIMBAHHS XBUJIbOBUX IMAKETIB 3 YaCOM.
XBwiboBa (DyHKIIIS B KBa3zikjaacuuHoMy HaOmmkeHHi. Meron Benruens-Kpamepca-bpinntoena. [1pasuio
kBaHTyBaHHS bopa-3ommepdensaa. [Ipuknaa rapmoniuHoro ocuuistopa. KBaHToBa MexaHika i iHTer-
pajy Mo TPaeKTOPIsX.

6. MoMeHT KIIBKOCTI pyxy

Omneparop MoBOpoTy 1 OpOITaIbHUIA MOMEHT KUIBKOCTI pyXy. BracHi 3HaueHHs 1 BnacHi QyHKIIi
OIIepaTopiB KBa/paTa Ta NPOEKIiii MOMEHTY KUIBKOCTI pyxy. BiacHi QyHKIiT oreparopis KBajpara Ta
MPOEKIii OpOITaIbHOTO MOMEHTY KUIBKOCTI pyXy. Oneparop MOMEHTY KiJIbKOCTI pyXy JUIs
Posmax ~ -gactuuku. Porarop. KBaHTOBE 06epTaHHs TBEpAOro Tina. SaepHuii KBagpymonbHui
pe30HaHC.

Pyx yacTHHKM B HEHTPAJIbHO-CHMETPUYHOMY TO0JIi Ta Teopisi 30ypeHb

7. PyX 4aCTHHKH B IEHTPAJbLHOCHMETPUYHOMY HOJIi

Pyx B noni nentpanshoi cunu. Paniansae piBasHHsA Hlpeninrepa. Pyx B KylOHIBCbKOMY ITOJII.
AtoMm BonmHIO. AToM BoAHIO. [HTEeTpan pyxy Jlanmnaca-Pynre-Jlenna (meton B. [Taymi).

8. Teopis 30ypeHn

. . o . 2 4
CramionapHa Teopis 36ypens. HeBupomkenuii Bunanok. (AHrapMoHiuHi ocunsatopu X © X ta

xt . Mogeni 3 MaIuMu apamMeTpaMu CTBOPEHUMH «3 Hidoro» 1/N -posknanu). EdekTrBHAa Maca TOMIIIOK
B KOHJICHCOBaHUX TUJIaX. Mo/ienb 3 HEaHAIITHYHOIO 3aJICKHICTIO €HEPTii B1I KOHCTAHTH B3aEMOJIIT:
HaanposigHuk bapaina-Kynepa-Lpiddepa.

Teopist 30ypeHb npu HassBHOCTI BUpokeHHs. [[BopiBHeBa cucteMa. Edekr IllTapka ms atoma
BOJIHIO.



Enepreruuni piBHi eeKTpoHa B Kpuctaii. EnekTporHa Teopis opraHiyHUX MOJIeKyJl. Bapiamiiamii
MeToA. (AHTapMOHIYHUI OCIIUIISTOD).

Teopist 36ypeHb, 3aIeKHHX Bij dacy. IMOBIpHICTh KBAHTOBOTO IEPEXO/y 3a OIMHHUIIO Yacy.
3onote npasuio ®epmi. Judpakxiiss HEUTPOHIB B piAnHaX Ta TBepauX Tinax. KBaHTOBI mepexoan mix
JI€I0 PanTOBUX 30ypEHb.

9. Bzaemonisi aTomMa 3 eJIEKTPOMATHITHUM 110JIeM

KBaHTyBaHHS BITLHOTO €JICKTPOMArHiTHOTO mojisi. @oToHH. BEKTOpHMI MOTEHINIAT SIK OTIepaTop.
Edexr Kazumupa.

Teopist BUIIpOMiHIOBaHHA Ta MoniMHaHHs cBiTina. @opmyna [lnanka. Enekrpuune AumoisHE BU-
npomMiHtoBaHHs. [IpaBuna Binbopy. EnekTpudHi KBaIpymoiabHi Ta MardiTHI JUIONbHI niepexoau. [IpaBuna
BigOopy. Yac uTts 30y/[pkeHUX cTaHiB atoMiB. [IpupoaHa muprHa cieKTpalbHUX JTiHIN.

PeasiTuBicTChbKa KBAHTOBA MeXaHiKa.
KBanToBa MexaHika cucreMu 0ararb0x 4acTUHOK. Teopisi po3cisiHHs.

10. PeasiTuBicTchbKa KBAHTOBA MeXaHiKa

PiBusanus Knsiina-Topaona-®oka. Kemnepiscoka npodnema B Teopii Kisitna-Topnona-®oxa. Pis-
HsaHsa [lipaka. Marpuni [ipaka. PiBHsSHHS HemepepBHOCTI. MOMEHT KiTbKOCTI pyxy B Teopii [lipaka.
Cnin. Cninosi ¢yHskiii. Chepuynuii cmiHop.

BinpHmii pyx penstuBicTcbkoi yacTuHKU. [Ipobnema Bin’emuux eHepriid. Ilosurponu. Ksasipe-
nsTUBICTChKe HaOmkeHHs piBHsAHHS [ipaka. PiBHsHHs [layni. KBazipenstuBicTcbke HAOMMKEHHS PiB-
usHHA [ipaka. Crin-opOiTanpHa B3a€EMOIis.

ATOM BOJHIO 3 BpaxyBaHHSIM PEJISITUBICTCHKHUX MOMPaBoK. DopMyiia TOHKOI CTpyKTypH. JIeMOiBCh-
KW 3CyB pPiBHIB. ATOM B MarHiTHOMI TIOJi.

11. KBanTOBA MeXaHIKA CHCTEMH 0araTbox YaCTHHOK

[TpyHIMIT TOTOXKHOCTI YaCTUHOK B KBAaHTOBIM MexaHili. CHMETpUYHI Ta aHTUCUMETPHYHI XBHUIILOBI
¢yskuii. bo3onu, pepmioHu.

Teopis aroma remito. ITapa- Ta oproremniii. Bix'eMHuii i0H BoaHIO H™. Merox Xaprpi-doxa. Merox
Tomaca-®epwmi.
Teopist Mmonekys. Aniabarudne HaOmmwkenHs. Moekyia BoaHioo. Merox Taiitiepa-Jlonaona. Mo-

. Hy . . . - :
JCKYJISpHUIA WOH BOMHIO 2. XiMIiYHUH 3B’S130K. THIU XiMIYHOTO 3B’s3Ky. BIacTHBOCTI KOBaJICHTHOTO
3BEA3KY.S-p -Tribpuan3anis. Cunu Ban-nep-Baanbca.

12. Teopist po3cisHHA

Ammutityna po3cisiHHS. bopHiBcbke HaONMKEHHS Ui aMIUTITYIU pO3CisIHHS. PO3CISIHHS €eKTpOHIB
Ha aroMi. Meroj napiiagbHUX XBWIb. ONTHYHA TeOpeMa.

X. TEPMOINHAMIKA I CTATUCTUYHA ®I3UKA

Hayana TepmoguHaMiky Ta OCHOBHI NPHUHIUIIM CTATHCTHYHOI (izukn

TepmoanHamMika 1 cTaTUCTHYHA (i3UKa K MAaKPOCKOIIYHA Ta MIKPOCKOIIIYHA TEOPii TEIOBOL
dbopmu pyxy Marepii BianoBigHo. DEeHOMEHOIOTTYHUN METO TEPMOIUHAMIKH 1 MIKPOCKOMIIYHUN METO/T
CTaTUCTUYHOI MeXaH1Ki. OCHOBHI €Talu pO3BUTKY T€OPIl TETJIOBUX SBUILI.

1. Hayaiia Ta OCHOBHI CIIiBBi/ITHOIIEHHS TEPMOAUHAMIKH

[Tepmre i apyre Hauana TepMoanHaMiku. Xapaktepuctuudi ¢yHkuii. CriBBigHOmEeHHS MakcBena
Ta piBHAHHSA ['166ca-I enbMrosbia B TepMOAMHAMIILIL.

TemtoBa Teopema Hepucra. Tpere Hauaao TepMOIUHAMIKH.

CriBBiTHOIIEHHA TEPMOJMHAMIKM JUIS CUCTEM 31 3MIHHMM YHCJIOM YaCTHHOK. 3arajbHi YMOBH
PIBHOBAru Ta CTIMKOCTI PIBHOBArd TEPMOJMHAMIYHUX CHCTEM. YMOBH CTIMKOCTI pIBHOBAaru ik yMOBU IS
TEPMIYHOTO Ta KaJOPUYHOTO PiBHSHBb CTaHy. YMOBHU PIBHOBaru Ta CTIHKOCTI PIBHOBaru Ui KPUTHYHOL
TOYKH. YMOBH piBHOBaru B 0araroasHux 0ararokoMImoHeHTHHX cucteMax. [IpaBuiio das ['i66ca.

2. ®a30Bi nepexoau Ta KPUTHYHI IBHINA



Knacudikamis Ependecra dazoBux mepexoxniB. Piusuua Krnaneipona-Knaysiyca ais ¢azoBux
nepexoxiB I poxy. IlpaBuno Maxkcsena npu ¢azoBux nepexonax | pony. PiBusuus Ependecra ¢azoBux
nepexofiB I pomny. da3oBuii nmepexia B HAAIPOBIIHUMA CTaH Yy BiJICyTHOCTI MAarHITHOTO TTOJIAL.

HaniBpenomenomnoriuna teopis ¢azoBux nepexoniB Jlannay. [loBeninka pedoBUHU B OKOJII KpH-
TUYHO1 TOYKHU. [ToHATTS po kputnuHi iHaekcu. Kputnuni iHaekcu B Teopii Ban-nep-Baanbca ta teopii
MOJICKYJISIPHOTO TIOJISI.

3. IIpyHIMIIM TA OCHOBHI CHiBBi/THOIIEHHSI CTATUCTUYHOI MEeXaHIKH

OCHOBHI TPUHIIUIN CTaTHCTUYHOI MEXaHIKW: PIBHOBOKHHMH CTaH, pellakcallis, OIUC MaKpOCTaHY;
MIKpOCTaH, IMOCTYJIaT OTHAKOBUX IMOBIPHOCTEH, OIMC MIKPOCTaHy B KJIACHYHIN MEXaHilli, OIMC MIKPOCTaHY B
KBAaHTOBIM MeXaHilli; aHca0JIb, cepeTHE 10 aHCaMOITro, (DYHKIIIS PO3MOILTY, CTATUCTUYHUN OTIepaTop.

OyHKILIS PO3MOAUTYy KIACHUYHUX aHcaMmOIiB: Teopema JliyBULIs; KBa3zi3aMKHEHa MmijgcucreMa i ii
(dyHKIIISI pO3IOALTY; POJIb IHTETpaja eHeprii Ta GyHKIIisI pO3MOALTY MIKPOKaHOHIYHOTO aHCAMOJTIO.

CrarucTHuHUil oneparop KBaHTOBUX aHCAMOIIB: PIBHSHHS pyXy; CTaTUCTHYHUI Omeparop KBasi-
3aMKHEHOI MiJcucTeMu; (PYHKIlis PO3MOALTY KBAHTOBOTO MIKPOKAaHOHIYHOTO aHCAMOITIO.

CrarncTuyHa TepMOAUHAMIKA

4. TepmoanHaMiyHi XapaKTEePUCTHUKH B METOAi CTATUCTUKO-MEXAHIYHOI0 ONMCY TEIVIOBUX SIBHIL

OyHKIS po3noiny MMOBipHOCTEH Ui eHeprii cucremu. CtaructuyHa Bara. EHTpomis 1 Temme-
parypa B CTaTUCTH4HiM MexaHimi. EHTpomis i apyre Hauano tepmomuHamiku. Kimacnyauii KaHOHIYHUI
aHcaMOyib. KBaHTOBUI KaHOHIYHUK aHcaMOyb. TepMOmMHAMIYHA €KBIBAJICHTHICTh aHcamOJiB. BingbHa
€HepTisd B CTATUCTUYHIN MeXaHiIi. 3B's130K 3 TEPMOJUHAMIKOIO.

CraructuyuHa cyMa i CTaTUCTUYHUHN iHTerpai. OCHOBHE CIiBBIAHOUICHHS] CTATUCTUYHOT MEXaHIKH.
@OyHKIIIS pO3NOALTY BEIMKOTO KAaHOHIYHOTO aHCaMONo (KIACHYHOTO Ta KBAaHTOBOTO). CTaTMCTHYHHMA
1HTEerpa KJIAaCHYHOTO 11€alIbHOTO ra3y 3 MOCTIHHUM Ta 31 3MIHHUM YHCJIOM YaCTUHOK.

5. CrarucTtuuHa TepMO)II/IHaMiKa KIACHYHHUX cnaﬁonei,ueanbﬂux CHUCTEM YaCTHHOK.

Cnabo HeineanbHUN KIACUYHUM ra3 3 HEWTpalbHUX YAaCTHMHOK. BipianbHuil po3kian Ta piBHAHHS
Ban-nep-Baannca. Teopis [lebas knacudnoi cinaboHeineanbHOi mia3Mu. MeToa KOpensinHuX (yHKIIiH
Bboronto0oBa:1ior piBHSIHb Ta HAOIM>KEH1 METOAM PO3B’SI3KY.

Tema 6. CraTucTH4YHA TePMOANHAMIKA i1eaTbHUX KBAHTOBUX CHCTEM

IneanwHi kBaHTOBI Ta3u. Po3nozin @epmi. Posnozin boze.

Temneparypa BupomkeHHs rasziB. IneanbHuit @epmi-raz mnpu T=0"K. CHUbHOBUPOIKEHUN Ta3
@epmi: XIMIYHUNA MOTEHIIAJ, €Hepris, eHTpois, TernaoeMHicTs. CrnaboBupomxkenuil raz depmi. Ineans-
HUl 603e-ra3 Ta siBulle 603e-KOHAeHC allii.

CrnekrpanbHa T'yCTHMHA PIBHOBa)XHOTO BUIIPOMIHIOBaHHS, ii yHiBepcaibHicTh. Dopmyna Ilnanka
JUIsL CIIEKTPAJIbHOI T'YCTUHHM PIBHOBAYKHOTO BUIIPOMIHIOBaHHS. TepMOAMHAMIYHI XapaKTEPUCTHUKU PIBHO-
BaXHOTO BUITPOMiHIOBaHHSA. 3akoH CtedaHna-bonbpiimMana J1j1s1 pIBHOBaXKHOTO BUIIPOMIHIOBAHHS.

Teopis AlHiuTaiiHa Ta [lebast TemoeMHOCTI TBepAUX Til. Bia'eMHi Temmeparypu sl CHCTEM 3
00MEXEHUM EHEPreTHYHUM CIEKTPOM.

Teopis guaykryaniii Ta Teopiss OpayHiBCbKOIo pyxy
7. TepmoauHaMiyHa Teopis PuryKTyawin
Jpyre Hauajao TepMOAMHAMIKM U HEKBAa3iCTaTHUHUX MpoleciB. TepmoauHamiuHi (QIryKTyarii.
Teopis AltHmTaiina s QaykTyariil y 3aMKHEHHX 130Jb0BaHUX cucTeMax. Posmomin I'ayca mmst manux
¢bnykryauid. Mami ¢aiykryanii B Hei30ab0BaHil cuctemi. [Ipuknanu daykryariii 1 kopensuii GpiaykTyartiil.
3acTocyBaHHS KaHOHIYHOTO Ta BEJIMKOIO KAaHOHIYHOTO aHCAaMOJIB A0 PO3paxyHKy (IyKTyarii.

OnykTyarii uncen 3amoBHEHHS i depmi-razy. DnykTyariii yncen 3amoBHEHHS mia 0o3e-razy. dmyk-
Tyalii T'yCTUHH KJIACUYHUX Ta3iB. PO3CisIHHA CBiT/Ia HA QIIyKTyallisix I'yCTUHH.

8. Teopis OpayHiBCbKOIO pyXy

3aranbHi XapakTepUCTUKU OpayHIBCbKOTo pyxy. Teopis AlHmITaiiHa OpayHIBCHKOTO pyXy. Teopist
JlamxkeseHna. [IpocTopoBi Ta yacoBi MacIITabu MexaHiKi OpayHIBCHKOTO PYXY.
BunaakoBa cwia Ta imest orpyOieHHS 4acoBOi MIKalW. IMImynbc OpayHIBCHKOI YaCTHHKH, HOTO



aucriepcis Ta Buii MoMeHTH. KoopamHara 6payHiBChbKO1 YaCTHHKH, 11 JUCTIEpCis Ta BUIl MOMeHTH. Onrc
OpayHIBCHKOTO PyXy SIK BUIAIKOBOTO mporiecy. PiBasaass CMomyxoBcbkoro. PiBusiHHS @okepa-ITnanka Ta
HOTO OKpeMi pO3B’SI3KH.

TepmoauHamika He0OOPOTHHX NPOLECIB i eJieMeHTH (Pi3HYHOI KiHETHKH.

9. Teopist OH3arepa HeoOOPOTHUX NMpPOLIECIB

TepmoauHamiuHi cvid 1 motoku. Kinernuni koedimientu Ta piBHsHHA OH3arepa it HEOOOPOTHHX
nporeciB BupoOuunreo entpomnii. BiactuBocti kineTnuHux Koedimientis. CriBBigHomenHs OH3arepa.
Kinernuni xoedimientn gy audysii, TermonposigHocti. Audy3iiHOro nepeHocy Temia Ta TepMoaudysii.

10. Enementu ¢iznuHoi KiHeTHKH

PiBusnns JliyBinis B cTaTUCTHYHIN MeXaHill He0OOPOTHIX npoueciB. KineTnyne piBHSIHHS 115
OJTHOYACTUHKOBOI (YHKIIIT po3moinay. [HTerpan 3iTKHEHb.

Kinernune piBHSHHS y HaOMMKeHH1 yacy penakcaiii. Jlanmror piBHaHb boromoOoBa Ta ¢izuuni
i7ei ioro ananizy. Kinernune piBuanusa bonbimana. H-treopema bonbiimana. HeoGopoTHicTh sk
pe3ynbTar orpyOIeHHs YacoBOi MIKalU. 3aCTOCYBaHHs KIHETUYHOTO PIBHSIHHA y HAOJIMKEHHI Yacy
penakcartii 10 sSIBUI €JIEKTPO- Ta TETUIOMPOBIAHOCTI.

XI. METOJIU MATEMATHUYHOI ®I13UKHU
Teopist pyHKIiIi KOMIJIEKCHOI 3MIHHO]T

KopoTkuii icropudHuit Orisi eBooLii 38’ A3KiB MixK (Di3UKOIO 1 MaTEMaTHKOIO.

1. ®yHK1ii KOMIJIEKCHOI 3MiHHOI

KomrmnekcHa 3minHa. Moaynb Ta apryMmeHT. O3HaueHHs (YyHKIIIT KoMIUIeKcHOT 3MiHHO1. [ToxigHa
byHK1IT KOMIUIEKCHOT 3MiHHOI. [{udepeHniiioBHICTS 1 aHamiTHUHICTE. YMOBH Jlanambepa—Einepa—Komri—
Pimana. OnHo3HauHi Ta Oararo3HayHi ¢yHkIii. Touku po3ramykeHHs 0araro3Ha4HUX (QYHKITH.

2. InTerpaJ Bia pyHKLil KOMIIEKCHOI 3MiHHOT

IaTerpyBanns onno3Haunux ¢yHkuin. Teopemu Komri. Teopema Mopepu. InTerpansna gopmyna
Komi ta ii Hachiaky, inTerpan tuny Komri. InterpyBanns 6ararozHayHux ¢yHKUiH. OyHKIIIOHAIBHI PAIU.
Teopema npo piBHOMipHY 301kHICTh (pyHKIIOHANBHUX psAiB. Ctenenesi psau. Paau Teitnopa. Teopemu
npo crenenesi psaau. Psaau Jlopana. OGnacts 301KHOCTI.

3. JIMIIKHK B 0COOJMBHX TOUYKAX

O3HaveHHs 130J1bOBaHOI 0COOJIMBOT TOUKU (YHKIIIT KOMIJIEKCHOI 3MIHHOI Ta iX Kiacudikamis. Te-
OpEeMH PO 3B 30K XapaKTepy 0COOIMBOI TOUKHU 31 CTPYKTyporo psiny Jlopana. O3HaueHHS JMIIKY B OCO-
O5uBI1 TOYIl. AHAJIITHYHE NpoIoBKeHHA. PimaHoB1 noBepxHi. KondopMmHi BinoOpakeHHs. 3aCTOCYBaHHS
Teopii numkiB. O6uMcIeHHs o3HaYeHuX iHTerpaiis. Jlema Xopnana.

Onepauiiine yncjeHHs. Y3arajabHeHi gyHKuii.

Tema 4. InTerpanbHe neperpopenns Jlamnaca

[Ipsime 1 obepHeHe iHTEeTrpanbHe nepeTBopenHs Jlammaca. Mexi 3actocoBHOCTI. BimactuBocti me-
perBopenHs Jlamaca. /ludepeniiitoBanss Ta iHTerpyBaHHs (QyHKIIH-opUriHaiiB Ta ix 300pakeHHs. [HTe-
rpan [roramens. Teopema mHOeHHs1 boperns. 3ropTka QyHkuii. 3o0paxkeHHs1 100yTKy QyHKIIH. 3acTo-
COBYBaHHs nepeTBopeHHs Jlamnaca 10 po3B’sa3yBaHHs 3BUYAHHUX JTIHIHHUX JU(epeHIiaTbHIX PIBHIHD 31
CTaJIMMHU KOoeill€HTaMH, MOJIIHOMIaJIbHUMHU KOe(PII[IEHTaMH.

Tema S. Inmi inTerpajbHi nepeTBopeHHst

[Tpsime 1 o6eprene neperBopenHs Oyp’e. Mexi 3actocoBHOCTI. BnactuBocti neperBopeHHst Dyp’e.
38’5130k 3 mepeTBopeHHsaM Jlamnaca. Cunyc-, kocunyc-neperBopenns @yp’e. Bmactusocri. [lepeTso-
peHHs Memnina. 3B’s130k 3 mepeTBopeHHsM Jlammnaca.

Tema 6. Y3aranbHeHi pyHKuil

Oynkmis [ipaka. @yHKIIIOHATBHI TTOCTIIOBHOCTI.
OynkuioHanbHi npoctopu. OcHOBHI Ta y3araibHeHi Qynkiii. Hociit y3aransaenoi ¢ynkuii. Jii
Haj y3aranbHeHuMH (yHKismu. JudepenmiroBanns y3aranpHeHux pynkmiii. @ynkmis [eBicaiina. Dop-



mynu Coxorrpkoro. [Ipsmuii moOyToK 1 3ropTKa y3araiabHeHux ¢QyHKIid. [leperBopenns ®Dyp’e, Jlamnaca
y3arajJbHEHUX (DYHKIIIH.

JAundepenniajibHi piBHAHHSA 3 YACTUHHUMM MOXiTHUMHU APYTroro mopsiiKy

7. AudepernianbHi piBHAHHA 3 YACTUHHUMHU MOXiIHUMH JPYroro mopsiAKy 3 ABOMAa He3aJIe:KHUMH
3MIHHUMH

Knacudikamis nudepeHmiaibHuX piBHIHB 3 7-HE3aJICKHUMU 3MIHHUMH B TOUIIl. XapaKTepUCTUYHI
noBepxHi. Kimacuoikaris audepenniaabHuX piBHAHB 3 JBOMA HE3aJICKHUMHU 3MIHHUMHU B TOYIIi. XapakKTe-
puctuuHe piBHsIHHSA. KanoHiuHa ¢opma piBHSIHB. PiBHSHHS KouBaHb. PiBHAHHS TeronpoBigHocTi. Cra-
nioHapHi piBHsHHA. KpaiioBi 3aaui i ix kinacugikamis. Tunu rpannuaux ymoB. KopekTae ¢hopmyntoBaHHS
KpailloBUX 3a/1a4.

Tema 8. Kpaiiosi 3agaui 1151 piBHSIHBb rinep00/1i4HoOro i napado/aiuHoro Tumy

PiBHsIHHS KOnMBaHb Ha HeCKiHUYeHiH npsmii. @opmyna anmambepa. MeTon XapakTepUCTUK JUIs XBH-
nboBoro piBHsSHHA. CepuuHi XBUIIi. 3a/1a4a 3 JAHUMH Ha XapakTepucTukax. MeTos BiIOKpEeMIICHHS 3MIHHUX
JUTSL OZTHOPITHOTO 1 HEOJHOPIJHOTO PIBHSHHS KonuBaHb. 3anada Lltypma—JliyBims. BmactuBocTi BimacHuX
¢yHKIIH 1 B1acHMX 3HadeHb. KpaifoBa 3aja4a 3 HEOTHOPITHUMU TPaHUYHHMHU yMOBaMH. MeTox BilloKpeM-
JICHHS 3MIHHUX JUTSl PIBHSHHS TEIUIONPOBIAHOCTI 3 rpannuHiMy ymoBamu 111 pomy. Metoni ¢ynkuiit ['pina B
3ama4i Ko st OfHOPiTHOTO 1 HEOAHOPITHOTO PIBHSHHS TEIUIONPOBIIHOCTI. 3MillIaHa KpaioBa 3a7a4a s
PIBHSIHHS TEIUIONPOBIAHOCTI 3 HEOJHOPITHIMH IpaHUYHIUMHU yMoBamH. [Ipuatmn [lroramers.

9. Kpaiiosi 3aga4i 1,151 piBHSIHb €JIiINTHYHOTO THILY

["apmoniuni ¢yHkil 1 X BractuBocti. MeTtoa dyHkiii ['pina po3B’si3yBaHHS KpaloBUX 3a1a4 JUIs
piBHSHB enminTuyHOTO TUMy. BiactuBoctiii ¢pynkuiid I'pina. 3HaxomkenHs GyHKUiiA [piHa MEeTOIOM KOH-
dbopmHOTO BimoOpaxkeHHs AJsi piBHAHHS Jlarmaca Ha miuomuHi. OG’€MHI 1 TOBEpXHEB1 MOTEHLIaIH. 3a-
CTOCYBaHHS MIOTESHIIATIB 10 PO3B’3yBaHHS KPAOBUX 3a71ad.

CrnenianabHi pynkuii. Bapiauiiine yncjieHHs
10. HuainapuyHi pyHKuii
3aranbHe PIBHAHHSA Ui cHelialbHUX QYHKLIH. JIeMu mpo acCUMOTOTHYHY MOBEAIHKY PO3B’SI3KiB.
3anaga Hltypma—Jliysimns ans kpyra. PiBasuus beccens. @ynkuii beccens. OpronopmoBaHicTs. OyHK-

uiit Hoitmana. ®@ynkuii ankens. @ynkuii beccens 1 ['ankens ysBHOro aprymeHTa. ACUCMTOTHYHE Ipe-
CTaBJICHHSI LMTIHAPUYHUX (PYHKITIH.

11. OpToronrajibHi MHOTO4JIeHU

TeipHa QyHkuis ans MHorouieHiB Jlexxanapa. Po3knan tBipHOT (yHKIIT y creneHeBuit psag. Pop-
myna Poppura. PiBHAHHS 1yis MHorouwieHiB Jlexanapa. PekypeHTHi cmiBBiaHoIIeHHS. OpTOHOpMOBa-
HicTh. TBipHa yHKIIA 1111 MHOrOowIeHIB Epmita. Po3knan B cucteMHuil psij TBipHOT QyHKLII. PekypeHTH1
criBBiAHOIIEHHS. PiBHAHHSA U1 MHorowieHiB Epmita. OpTroHOpMOBaHicTh MHOTOWIEHIB Epmia. DyHkii
Epwmita. TBipHa ¢ynxuis nias mHorowieHiB Jlareppa. Po3knan TBipHOT QyHKLIT y cTeneHeBuil psa. Peky-
peHTHI criBBiAHOMEHHs. PiBHAHHS 111 MHOTOUNeHIB Jlareppa. OpronopmoBanicTs. @yHK1ii Jlareppa.

Po3B’si3yBanHs piBHsIHHS Jlarutaca y chepudHNX KOOPAUHATAX METOJIOM B1JIOKpPEMJICHHS 3MIHHHUX.
[Tpuennani ¢pynkuii Jlexannpa. OpronopmoBaHicTh GpyHkuii Jlexxanapa. Chepuuni ¢ynkuii. OproHop-
MoOBaHICTh cpepuunux ¢yHKIiH. ["apMoHiuyHUi ocumisaTop. Pyx enexTpoHa B KyJIOHIBCHKOMY TOJI.

12. Bapiauiiini 3aga4i

Bapiamiiini npuniunu B ¢izuni. 3anada npo 6paxicTo3poHy. AOCOMOTHUHN 1 BIIHOCHUN eKCTpe-
MyM ¢yHKITIOHaTa. Bapiamiitna noxigHa. Bapiariiina 3amada 3 3akpimieHuMu KiHismu. Pisasiaas Eise-
pa. @yHKUIOHAIM 3 BUIMMHU NoXiTHUMHU. PiBHsiHHS Eitnepa—Ilyaccona. EkctpemyM noaBiitHOro inTerpa-
na. PiBHsHHS OTporpaachbkoro. YzaranbHEHHS Ha BUMAJ0K BUILUX MTOX1THHUX.

[3onepumerpuyna 3agaua. MuoxxuukH Jlarpamka. 3aransHa Gopma nepioi Bapianii. J[pyra Bapiaris.

XII. BEKTOPHUM I TEH30PHUM AHAJII3

BexkTopHuii anai3z

1. IIpsIMOKYTHI cHCTEeMH KOOPAMHAT



[TepeTBOpeHHST NPSAMOKYTHUX KOOPIMHAT TOYKH MPU MEPETBOPEHHSAX CHUCTEM KOOpAMHAT. Biac-
THUBOCTI Koe(ilieHTiB nepeTBopeHHs. [IlepeTBOpeHHsI KOMIIOHEHT BEKTOpa MpHU Mepexoji BiJ OAHIET mpsi-
MOKYTHO{ CHCTEMH KOOPIMHAT [0 1HILIO].

Enementun BexTopHOi anredpu. [lomspHi Ta akcianbHi BekTopH. [IceBnoBennunny.

2. OCHOBH BEKTOPHOI0 aHAJI3y

BekTop-hyHKIis ckaisipHOro aprymeHTy. JludepeHiiitoBaHHs Ta iHTErpyBaHHS BEKTOP-QYHIIHN 3a
ckamsipHuM aprymeHToM. lomorpad. Cxamsipue mone. [ToBepxni Ta miHii piBas.IloxigHa Bia cKamspHOI
¢byHKIii 32 HAaTPsAMKOM. ['pajlieHT CKaISPHOTO MOJIs Ta HOTo BIACTHBOCTI. [10TIK BEKTOPHOTO IOJIS Yepes
gyepe3 MoBepxHI0. J[MBepreHilis BEKTOPHOTO oI Ta 11 BiacTuBocTi. Teopema Octoprpaacbkoro-Iaycca,
Teopema npo rpagieHT. JIiHiHUH iHTErpal Bijl BEKTOpHOTO 1moJjs. [loTeHIianbHe BEeKTOpHE ToJIe.

Porop Bekropa Tta iioro BnactuBocti. Teopema Crokca, Teopema mpo porop. ConeHoinanbHi Bek-
TopHi nojs. JludepenmianbHi oneparttii gpyroro nopsaky. Teopema mpo poskian (teopema ['enbmronbia).

Ten3opHuii anaJi3

3. KocokyTHi cucTeMn KOOPAMHAT

KocokyTHi cucTtemMu KoopAHUHAT. Y3araibHEHI MPOEKIii Ta y3arajlbHEeH1 CKJIaJoBl BeKTopa. Macui-
TabHI Ta QyajbHI BEKTOPH. METpHUYHHMI TEH30p B KOCOKYTHHX KoopauHaraxX. CKalspHUI 1 BEKTOpPHUI
NOOYTKH B KOCOKYTHUX KoopauHarax. [limHiMaHHS 1 omyckaHHs iHAeKciB. [IpaBuna iHAEKCiB, MPUKIAAH
ixHpOro 3acrocyBaHHs. [lepeTBOpEeHHs KOOpAMHAT i KOMIIOHEHT BEKTOpa MPH TEPEXO/Ii BiJl OHI€T KOCOKY-
THOI CHCTEMH KOOpIUHAT JI0 1HIIIOT.

4. Ten3opu Ta iX BJIaCTUBOCTI

[lepeTBOpenHs BekTOpiB npu 3MiHI O6aszucy. [lomininiitai popmu. Tersopu. Panr tezopa IleperBo-
pPEHHS TEH30pPiB IPH MEPETBOPEHHI CUCTEM KOOpauHaT. AyreOpaiuHi omepallii HaJl TeH30paMu (J10/1aBaH-
Hsl, MHO)KEHHSI, 3TOPTKAa, TiTHIMaHHS Ta OIyCKaHHs iHAeKciB). TpaHnchopmariiiHi BIaCTUBOCTI KOMIOHEHT
METPUYHOTO TEH30pa IPH MEPEXOi Bl OJHIET 10 1HIIOT CHCTEMH KOOpAUHAT. BiiacTUBOCTI TEH30PIB 2-TO
panry. [longiiiHa 3ropTka 100yTKY CUMETPUYHOTO 1 aHTUCUMETPUYHOIO TEH30piB 2-ro paHry. Judepen-
iaibHI onepauii Ha/l TeH30paMHu Y KOCOKYTHUX KOOpAMHAaTax. BekTopHa TuBepreHiis TeH30pa.

5. KpuBoJiHiiiHi cHCTeMH KOOPAUHAT

KpuBomiHiiiHI cucTeMu koopauHar. MacmTalHi Ta JyanbHI BEKTOPH Y KPHBOJIHIHHUX CHCTEMax
koopauHar. JlokaneHuil 6azuc. OproroHaneHi cucreMu koopauHar. Koegimientu Jlame.

MetpuuHuil TeH30p y KpHBOJIIHIHHMX KoopauHarax. Ko- 1 KoHTpaBapiaHTHI METPHYHI TEH30pH.
MeTpuuHi TEH30pH UIsI OPTOTOHAIBHUX CHCTEM KOOpAMHAT. MeTpHuHi TEeH30pH IS MITIHAPUIHAX Ta
chepuyHux koopauHar. [lepeTBopeHHs! KpUBOIIHIMHUX KOOpAUHAT. TeH30pu B KpUBOJIHIMHUX cuCTeMax
KOOP/IMHAT.

MetpuuHi npoctopu. 3agadya mpo mnapajieiabHe nepeHeceHHs BekTopa. CumBonu Kpicroddes.
Knacudikamiss mpocropiB. KoapiantHe nudepenmiroBanns. Judepeniianpai omepaiii B METPHYHHUX
IPOCTOPAX.

XIII. OCHOBMH PAJAIOEJIEKTPOHIKH

1. PagioenexkTpoHika Ta ii CKJIaJAOBI YaCTUHU: paJioTeXHiKa, paaiodi3vka, BaKyyMHa, HaIliBIIPO-
BIJTHMKOBA, MIKpO-, HaHO-, ONTOETEKTPOHiKa. PamioxBuiii Ta iXHe reHepyBaHHs, Jialla30HU PaJliOXBHUIIb.
HIBuakicts nepenayi ingpopmariii. @opmyna Illennona. 3akon Mypa.

2. Curnanu B enekrponiui. Knacudikamist curnanis. /lerepmiHOBaHi Ta BUNAIKOBI cUrHaU. Psan
®yp’e. Cnextpu nepioguuHux curHamis. [Ipuknanu HaiimpocTimux cnektpi. Hemepionnyni curHaiu.
IIpsime 1 oGepHene meperBopeHHss DPyp’e. IMmynbcHAa XapaKTepHCTUKA Ta MEpexiJHa XapaKTepUCTHKA.
InTerpan cynepnosuiii (3roprka). YacToTHA XapaKTepUCTHKA.

3. Meroa koMIuIeKCHUX aMIutiTyd. KomrmiekcHi aMmniTyau cTpymiB Ta Hanpyr. @aszop. Imnenanc.
3akoH Owma 1 mpaBmia Kipxroga B xomruiekcHiit ¢opmi. KommuiekcHa notyskHicTh. Jlennbenu B enek-
TpoHiui. [lepeBaru i HeOTIKK BIAHOCHUX OAMHUIG Ob. BigHOCHA oquHMII Hetep.

4. YorupunomocHuknu. BuznadeHHs1 Ta BractuBocTi. [lapaMeTpn 4oTUPUTIONIOCHUKIB. Di3MUHUN
3MICT TapaMeTpiB YOTHPUIOMIOCHUKIB. Enekrpuuni ¢inbTpu, ixHa kiacudikamis. Judepeniiroroui Ta



IHTErpyIoYi JIAaHKH.

5. MudpoBa 06pobka curHamiB. [[uckperusaliisi Ta KBaHTYBaHHS aHAJOrOBUX cWTHaiiB. Teopema
KotenpaukoBa. Yactora HaiikBicra. Psng KorenbHuxoBa. [{uckperne meperBopeHHst ®Dyp’e. IlIBuake
neperBoperHs Pyp’e. Hudposi ¢pinsTpu.

6. Monynsuist curHany. Buam momynsiii: anaigorosa, mud)poBa, iMIyibcHa. J[eTekTyBaHHs paji-
OCUTHAJIIB.

7. HamiBopoBiTHMKKA — OCHOBa Cy4YacHOi eJeKTpoHikU. KoOHIEHTparlisi BIIbHUX EJIEKTPOHIB.
Posnonin ®depwmi-ipaka. BnacHa Ta qoMimikoBa MpoBiTHICTh HAMMIBIPOBIIHUKIB. ['eHepalis Ta pekoMOi-
Hamist HociiB. Yac »xutts, audysiiina nomxkuna. [peidoBuii 1 audy3idiHuid CTpyMH. p—n-Tiepexin y
30BHIIIHBOMY TOJI. [HXKEKI[ii HEOCHOBHUX HOCIiB. Bonmbpr-ammnepHa XapakTepucThka p—n-mnepexony. Pis-
uaaHA [lloxmi. 3BopoTHiK cTpym. bap’epHa emuicts. Bapikanu. HamiBnpoBigaukoBi aiomu. Bumpocty-
Baui, IETEKTOpH, crierianbi aionu. Cradinitponu. Konrakt meran-naniBnpoBianuk. iomu IIoTTki.

9. binonsapui Tpansuctopu (BT). B3aemonis aBox p—n-mepexomiB. p—n—p- n—p—n-TPaH3UCTOPH.
Crpymu y BT. Cxema Bmukanus. Koedimientn mnepenmaui ctpymy. BxigHa Ta BHXIAHI cTaru4Hi
XapaKTEePUCTUKH TPAH3UCTOPIB

10. Ionwsosi Tpanzuctopu (I1T). Kimacudikamis I1T. Bynosa IIT 3 kepyrounm p—n-miepexonoM 1a 3
130;1b0BaHUM 3aTBOpOM. Bximni xapakrepuctuku. [louatkoBuii ctpym. [loporosa nanpyra. Buxigai xa-
pakrepuctuku. OcHoBHi cxemu Ha I1T.

11. Onepaniiini miacumoBaui. [lapamerpu peanpuux OIl: koedimieHT mMiACUICHHS, HaMpyra
3MIIICHHS, BXITHUHA CTPyM, Koe(ilieHT nocaadieHHs: CHH(a3HOTO CUTHAITY.

12. TnBeprytounii migcumtoBad. HeinpepTyrounii mifcumtoad. [loBroproBad curnainy. 3acTocyBaH-
usa OIL.

13. OnToeneKkTpoHiKa, CKJIaJ0BI 4acTWHH. I[H)KeKIiiHA JIOMiHECIeHIlis. BunpomidioBanbHa pe-
xom6inaris. Ceitnomionu (CJI) 3 marepianis A™'BY. Koncrpyxkuii CJI. Bukopucranns CJI.

14. ®otonerexkropu. BuyTpimiHiii 1 30BHIilIHIN PoToedexTu. DoToniony.

15. Onrponu. [lepeBaru ontpoHa sk eneMeHTa 3B’ 513Ky, Kimacudikaris onrponis. Onromapu.

16. OnToenekTpoHHi cucTeMH 3B’s3Ky. lIpomyckHa 30aTHICTP ONTUYHOTO KaHaiy. ONTHYHI
BosiokHa. KoeilieHT 3aracaHHsi ONTUYHOTO BOJIOKHA. MIKMOJIOBa JUCHEpCis, XpOMaTuyHa TUCHEpCis,
iXHIM BIUIMB Ha MIBUJKICTH mepenayi iH@opmarii. MynbTUIIIIeKCyBaHHS KaHaJiB: MPOCTOPOBE, YacoBe,
9aCcTOTHE.

17. Ulymu B enextponiui. binuit nrym. Termosuii mrym. HuzpkouactoTHui myM. {poOoBHii mrym.
I'eneparniiiHo-peKOMOIHALIITHUIA LTYM.

18. Mikpo- 1 HaHOeneKkTpoHika. ['iOpuaHi Ta HamiBnpoBiAHUKOBI iHTerpanbHi cxemu (IC). Hud-
poBi, ananorosi, anamoro-mudposi IC. Ctymins iHTerpaii. TexHnonoriunuii nporec BurotoBieHHs IC.
dotomnitorpadis, po3aijbHA 34aTHICTb. EeMeHTH HaHOeNeKTPOHIKH.

19. Enementu mudposoi texniku. OcHoBHI joriyHil oneparii. basosi enementn TTJI ta KMOH.
Haiinpocrimni ungposi iHTErpaibHi CXEMH.
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