MIHICTEPCTBO OCBITU I HAYKU YKPAIHU
JIBH3 «Ykropoacbkuii HallioHAIbHUN YHIBEPCUTET»

[IpuitmanbHa KoMicis

3ATBEPIKYIO
["onoBa npuiiMalibHOT KOMICIT
JABH3 «YxHY», pekrop
npod. Bomogumup CMOJIAHKA
« » 2024 p.

IMPOI'PAMA
BCTYIHOIO ICTIUTY i3 CIeHiaJbHOCTI
JUIsL BCTYITHUKIB Ha HaB4aHHs 1715 3000yTTst OC goktop dinocodii
3a crienianpHicTIO 105 Mpukiaanna ¢izuka Ta HaHOMaTepiaan
(Ha OCHOBI 3/100YTOr0 OCBITHBOT'O CTYIEHS ““MaricTp”’, OCBITHbO-KBaJ1(DIKAIHHOTO

piBHA “‘creriamict”)

PO3POBJIEHO
[IpeaMeTHO0 KOMICIERO 3 CTIeIiaaTbHOCTI
105 INpuxnamna ¢izuka Ta HAHOMAaTepiaau

["omoBa xomicii npod. Isan HEBOJIA

VYxropon — 2024



[Iporpama ¢axoBoro  BCTYIHOIO0 BUIPOOOBYBAHHS g oci0d, Kl BCTYNAlOTh Ha
HaBYaHHS 10 acmipantypu Tamy3i 3HaHb 10 «llpupomnmui Haykm» 3a cremianbHicTIO 105
«[Ipuknagna ¢izuka Ta HaHOMaTeplaln» OCBITHbO-HayKoBOi mporpamu «llpuknagna ¢izuka Ta
HaHOMAaTepiaanu» JJis 3100yTTs CTyNeHs AokTopa dimocodii.

Po3poOnuku:

He6ona LI, mokTop ¢izuko-mareMaTHIHUX HAYK, podecop, 3aBiayBad kadenpu
IpUKIaIHOI (13UKH (TapaHT OCBITHROI MPOTPaMH);

CmuBka O.I'. — noktop (i3uko-MareMaTUyHUX HayK, Mpodecop, 3aciyKeHUH
MpaIliBHUK OCBITH Y KpaiHu, nepiuii mpopekrop YxxHY;

Pizak B.M. — nokTop ¢i3uKko-MareMaTUIHUX HayK, Tpodecop, 3aCiyKEeHUH 14

HAyKH 1 TEXHIKH YKpaiHH, 3aBigyBau KadeApu TBEpAOTIIHHOI EIEKTPOHIKU 3/C
iH(opMariitHOT Oe3IeKu;

I'ypannu ILII., kanguaatr Qi3uko-MaTeMaTUYHUX HAyK, JOIEHT, 3aB. Kadeapu
OIITHKY;

I'pabap O.O — noxTop hi3UKO-MaTeMaTHYHUX HAYK, Ipodecop;
[lyai6oB O.K. — nokTop (hi3uko-MaTeMaTUYHHUX HAYK, Mpodecop;
binanuu B.C. — kanauaaT ¢i3uko-MareMaTUYHUX HaAYK, JOLICHT;
laiicak L.I. — kanguaaT Gpizuko-MaTreMaTUYHUX HAYK, TOICHT.

CXBaJeHO HayKOBO-METOJMYHOK KOMICI€0 (I3UYHOro (aKyiIbTETy

MPOTOKOJ Ne BIJT « »__ 2024 p.

I'omoBa HaykoBo-MeToauuHO1 Komicii_ Bacums PYBIIII



MMPOI'PAMA
(axoBOro BCTYNNHOro BUNP000OBYBAHHS
JJIs1 BCTYIIHMKIB HA HABYAHHS 32
OCBIiTHHO-HAYKOBHMM CTYIIEHEM «I0KTOp (inocodii»
3i cneniagbHocTi 105 Ilpukiaagna ¢izuka Ta HaHoMaTepiaau
ranysi 3Hanb 10 Ilpupoannyi Haykn

HOACHIOBAJIBHA 3AIINCKA

[Iporpama ¢axoBOro BCTYIMHOTO BHUIPOOOBYBAaHHS Ui BCTYNHHUKIB HAa HaBYaHHS [0
acmipaHTypu s 3100yTTS TpeThoro (OCBITHRO-HAYKOBOTO) PpIBHS BHIIOI OCBITH 3a
cnerianbHicTio 105 [lpuknamHa ¢izuka Ta  HaHOMATEpiadW CKIaJgeHa y BIATOBIMHOCTI 10
HopMmaTuBHUX JOKyMeHTIB MOH Vkpainu: 3akony VYkpainu «IIpo Bumry ocsity», Ilopsaky
MpUIIOMY Ha HaBYaHHS JJ1s 3100yTTs BUIIOi ocBitu B 2024 porti Bix 06 6epe3ns 2024 poxy Ne 266
Ta 3apeecTpoBaHoro y Minictepersi toctuilii Ykpainu 14 6epesns 2024 poky 3a Ne 379/41724,
13 3MiHaMH 1 JIOOBHEHHsAMH, BHeceHMMH HakazoM MOH Vkpainu Bim 15 Oepesns 2024 poky
Ne326, ta I[lopsnky miaroToBku 3400yBadiB BUIIIOT OCBITH CTYIIEHs JoKTopa ¢itocodii Ta tokTopa
HAyK y 3aKjiajlax BHINOi OCBITH (HaykoBUX ycTaHoBax) Ta [IpaBun mpuitomy a0 acmipaHTypu
Jlep>kaBHOTO BUILIOIO HABYAJIBLHOTO 3aKiIany Y KropoJIChKHil HallloHaIbHUN yHIBepcuTeT 'y 2024
polIi; 1moAo0 peatizalii MojokeHb boloOHCBKOT Jekiapallii B CUCTeM1 BHINOI OCBITH Ta 3T1AHO
pEeKOMEeH Iallli, 3aTBEpKEHUX HakazaMu MiHIcTepcTBa OcBiTH 1 HaykH BiJ 23 ciyns 2004 poky 3a
Ned48, Bim 20 xoBTHs 2004 poky 3a Ne812, Bix 20 ciunst 2005 poxy 3a Ne30, Big 30 rpyans 2005
poky 3a Ne774.

[Iporpama ckimageHa 3a HaBYAJIbHUMH  NporpaMamMH  OCHOBHMX  HOPMAaTHBHHX
(byHIaMEeHTaTbHUX AUCLUMUIUTIH, 3aTBepKeHUMH Pimennsmu Buenoi paau ¢izuunoro daxymbrery
JIBH3 «YxHVY», 1 MicTUTh miepenik MuTaHb, 3HAHHS SKHX € 00O0B’S3KOBUM JUIsl BCTYIMHHKIB JI0
acmipaHTypu Juis 3A00YyTTs CTYyNEHs BUIIOI OCBITH JOKTOpa (imocodii 31 cmeniambHocTi 105
[Ipuknanna ¢i3uka Ta HaHOMAaTepiald. Mera BCTYIMHOTO ICIHUTY Ha 3'ICYBaHHS PIiBHS
npodeciifHOT MiArOTOBKHM BUITYCKHUKIB IPYroro piBHs (Marictpis / cremiamicTiB), IXBiaMOBIIHICT
CTaHJApTaM BHIOi OCBITM W MOXIIMBOCTSIM TPOJOBKEHHS HABYAHHA 32 OCBITHIM CTYyIEHEM
noktop ¢irocodii (PhD). Ha manomy BunpoOyBaHHI BCTYHNHHMKH TIOBHHHI IPOJIEMOHCTPYBATH
rOOKI 3HAHHS TEOPETUYHUX OCHOB 3 (PaxoBUX HABYAIBHUX JUCHUIUIIH 3arajibHOi Ta
TEOPETUYHOI (PI3UKH, IO CTOCYETHCS PO3YMIHHS OCHOBHUX IOHSTh, MPUHIUIIIB, KOHIIEIIIIH,
TEePMIHOJIOT1i, 3aKOHIB, CTPYKTYPH 1 BIACTUBOCTEH MPHUPOAM Ha PI3HUX PIBHAX ii opranizaiii Bia
MIKpO- 710 MaKpOCBITY, IOJIB Ta SBHUII, IO (OPMYIOTh IUTICHY cy4dacHy (i3UYHy KapTHHY
BcecBity, mosicHeHHs BcCiX BHIIB (I3WYHUX SBHII, IO CIIOCTEPIralOThCA Yy MPUPOAI Ta iX
MIPAKTHIHOTO 3aCTOCYBAHHS y PI3HUX cepaX HAYKH 1 TEXHIKH.

daxoBe BCTyIHE BUIIPOOYBaHHS Mae KBali(ikaliifHUN XapakTep 1 nependadae nepeBipKy
3100yTUX KOMIIETEHTHOCTEH BCTYMHUKIB A0 acHipaHTypH. ICOUT mpoBOoAUTHCSA B YCHIN dopMi Ta
OLIIHIOEThCA 3a IuKano B Mexkax 100-200 Oanie. IlimroroBka 10 mnuTaHb 3a OuleraMu
3MIACHIOETbCS Ha BIAMNOBIJHOMY OJlaHKy mpuiiManbHOi Komicii. Jlo Oinery BkmodeHo 3
TEOPETHYHI MUTAHHA 3 PI3HUX PO3AUTIB (QI3UKH.



NPOT'PAMA
BCTYITHMX 1CIIUTIB JI0 acmipanTypu YxHY
31 creriatbHOCTI 105 «[Iprknanna isvika Ta HAaHOMaTEpiaI)

MEXAHIKA

PiBHAHHS pyXy MarepianbHOI TOYKM, 3aKOHM 30epexkeHHs. PoOora. Kinetuuna 1
noTeHIiaabHa eHeprid. [lorenmianbui momis. Pob6ora B noreHmiansHoMy mnoii. [loTeHiianbHa simMa
Ta noteHuianbHui Oap’ep. [loctynatu cmeniansHOi Teopii BimHOCHOCTI (CTB). IleperBopenns
Jlopenna. BiqHOCHICTH OHOYACHOCTI 1 MPUYMHHICTG. | paHUYHA MIBUIKICTH Niepeaadi iHpopmarii.
[uBapiantu CTB. B3aemo3B’ 5130k Macu 1 eHeprii. 3aK0H BCECBITHBOTO TSDKIHHS. PyX B OHOpiTHOMY
noJi TsoKiHHS. Pyx B moni neHTpanbHux cuil. OCHOBHI3aKOHM HeOecHoi MexaHiku. 3akoHu Kemepa.
Pyx mtyunux cymyTaukiB 3emii. Kocmigai IIBUAKOCTI.

3aranpHa xapakrepuctuka TBepaoro tina (TT). Kinematuka TT. [TocTynmansuuii i 06epToBHiA
pyx. BinpHi Ta royioBH1 oci o0epTanHs. MurteBa Bich o0epranns. Ctyneni BuibHOCTI. KyTH Eitnepa.
OcHoBHuli 3akoH quHaMiku ob6eptoBoro pyxy TT. Moment inepitii TT. OOUuCIEeHHS MOMEHTIB
iHepuii pisHux Tul. Teopema [tolirenca-Einepa-llitelinepa. Tensop inepuii. ['omoBHI oci Ta
rojioBHI MoMeHTH iHepiii. CumBonu Kponekkepa.

I"apmoniiiHi konuBaHHA. PiBHSAHHS pyXxy Ta Horo po3s’s30k. AMIuTiTyaa, ¢asa, yacToTa Ta
nepion KonauBaHb. [IpyxHMit MasTHUK. MaremMaTHdHUid MasTHUK. @DIBUYHUN MasSTHHK.
KonuBanbuuit xoHTyp. Enepris konuBanb. IlpencraBneHHs KoOJIMBaHb Yy BEKTOpHIA Ta
KOMIUIEKCHIM (opmax. JlogaBaHHS B3a€EMHO MNEPHEHAMKYIApHUX KoimBaHb. Pirypu Jliccaxy.
3racatoui konuBaHHs. PIBHSHHS pyXy Ta foro po3B’si3ok. [lekpemenT 3aracanus. Jlorapudmiuamii
JICKPEMEHT 3aracaHHs i JOOPOTHICTb.

[Tnocka xBunsa. XBuiboBe piBHSHHS. /luHamika xBuiaboBoro mporuecy. IBuakicTs XBuii B
npy:xHoMY cepenonuili. @a3zoBa Ta rpynosa mBuakocti. Jucnepcis. ['yctuHa moToky eHeprii.

OcHoBHe piBHSAHHA TigpoauHaMiku. PiBHsHHA bepnymni. Teuis B’s3koi piauau. @opmyna
[Tyazeins. Jlaminapsi Ta TypOynenTHi notoku. Yucio PeitHonbaca.

MOJIEKYJISIPHA ®I3UKA

MonenbHi ysIBJICHHS B MOJIEKYJIApHIN ¢i3uii. Yucio crniByaapis i cepeiHs JOBKHUHA BUIBHOTO
npoOiry ra3oBUx MoJieKyll. ExcnepuMmeHTanbHe BU3HAYEHHS Ta PO3MOUT IIBHIKOCTEH Ta30BUX
mouiekyn. O0'ennana ¢popmyna MakcBemna-bonbiiMana po3moaury MOJIEKYIT 3a MIBHAKOCTSIMH Ta
y noni cui. PiBasuHsa Knaneiipona-Menaeneesa.

®di3uyHa MOJIEb MPOIECIB MEPEHOCY B Ta3zax - AUdy3ii, TemIONpOBITHOCTI, BHYTPIIIHEOTO
TepTsl. 3arajbHe PIBHSAHHS JJIS SIBUL IEPEHOCY. 3B'130K KOE(ILIEHTIB IEPEHOCY 3 BEIUYUHAMU, 110
XapaKTepU3ylOTh MOJEKYJIAPHUNA pyX. 3aJE€KHICTh KOE(IIIEHTIB MEPEHOCY BiJ THCKY Tasy.
ExcniepuMenTanpHe BU3HAYaHHS KOS(IIIEHTIB MEPEHOCY.

Enementu BakyyMHOi TexHiku. OCHOBHE pIBHSIHHS BakyyMmHoi TexHiku. KineTuka mporiecy
Bigkauku. @opmynu Kuyacena. CydacHi MeTOau OjAepkaHHS Ta BUMIPIOBAHHS BHUCOKOTO Ta
HAJBUCOKOTO BaKyyMy.

TemnoeMuicTs. TepMoanHamMidyHe BUSHAUCHHS TETUIOEMHOCTI. PO3Mo 11 eHeprii 3a cTeneHsaMu
BUIBHOCTI. MeToIM BU3HAYEHHS TEIUIOEMHOCTI rasiB, piluH 1 TBepaux Til. Teopii EitHmreiina i
Jlebast 1 TETIIOEMHOCTI TBEpIOTO Tila. TepMoArMHAMIYHA IIKaia TeMIepaTyp.

[Ipupona wmonexkynsipaux cui. PiBHAHHS Ta 13oTepmu Ban-nep-Baansca. B3aemui
nepeTBopeHHs mapu Ta piguHu. Kputnunuit cran. Edexr Ixoyms-Tomcona. 3pimkeHHs rasiB i
METO/IU OJICP’)KAHHS HU3bKUX Ta HATHU3bKUX TEMIIepaTyp.

[ToBepxueBuii HaTsT. Popmyna Jlamnaca. KaniispHi siBuma. Tuck Hacu4eHo1 napu Haj
BUKPHBIICHOO TIOBEPXHEIO PiTUHMU.
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Kpucraniunuii Ta amopduuii cran peuoBunu. Enementu cumerpii. [IpocTopoBi kpuctaniuHi
rparku. Ipatku Bpase. Ingexcu Mimnepa. [ToBepxHeBa eHepris 1 30BHIlIHSA (popMa KPUCTAIIIB. 3aK0H
Kiopi ta Byneda. TermoBi BiacTHBOCTI TBepAMX Tul. TeruioBe pos3mupeHHS. TermioeMHICTh
TBepAMX TU1. Henomiku KiacuyHo1 Teopii TEMI0EMHOCT1 TBEPAUX TUI. EleMeHTH KBaHTOBOI Teopil
TEIIOEMHOCTI.

®dazoBi neperBopenHns I Ta Il poxy. [lpuknagu da3oBux neperBopens I ta 11 poxy. PiBHsHHS
Knaneiipona-Knaysiyca mist ¢azoBoro mneperBopeHsst I poxny. [iarpamu crany aodasHoi Ta
Tpuda3zHoi  OJHOKOMIOHEHTHUX  cucreM. [loTpiiiHa Touka. MertacTaOulbHI  CTaHH.
JudepeHiianbHuii TEPMIYHUX aHaI13 pe4oBHH. PiKi KpucTanu.

EJEKTPUKA I MATHETU3M

3akon  Kynmona. Bektop  HampyXeHOCTI  eNeKTpocTaTHUHOro  moisi.  Teopema
Octporpaacekoro-l'ayca ta i 3actocyBanHs. PiBasinHa Jlammaca ta Ilyaccona. EnekTpoeMHICTb.
Konnencaropu. EHepris enekTpuyHOTO Mo, ii JIoKaizailis y npoctopi. EnekTpuanuii Tumosms.

[lonspusamist nienexTpukiB. BekTop enekrpuuHoro 3mimieHHsA. TeH30p AieIeKTPUIHOL
cnpuitaaTauBocti.  [lienekrpuuna crama.  [udepenmianbHe  (QoOpMyTIOBaHHA — TEOpEeMHU
OcTtporpaacekoro- ['ayca asns nosns B JieieKTpukax. [ paHu4YH1 yMOBH JUIsl BEKTOPA HAMPY>KEHOCT1
EJIEKTPUYHOrO MoJis Ta Bekropa 3mimeHHs. Cerneroenektpuku. Touka Kropi. I1'e3oenexrpuunnii
edexrt. [lipoenekTpuku.

Cuna ta ryctuna ctpymy. Hudepenmianbue dopmymnoBanHs 3akoHy Oma ta JlXoysns-
Jlennia. Croponni EPC. I1paBuna Kipxroda.

Cuna Jlopenuna. Ilpunmun poOGoTu Mac-cekTpoMerpa. 3akoH Awmrmepa JUisi MarHiTHOT
B3aeMoii ctpymiB. 3akoH bio-Capapa-Jlamnaca. Teopema mpo HUPKYINAIII0 BEKTOpa MarHiTHOI
IHAYKIIT IO 3aMKHEHOMY KOHTYpPY Ta i BUKOPUCTAHHS JJIsl 3HAXOKEHHS MarHiTHUX noiiB. EQexr
Xomna.

MarsiTHa CHPUWHATIMBICTG Ta NMPOHUKIMBICTH. [Ipupoma miamarHerusmy. I'ipomarsitHe
BigHOmeHHsi. Teopema Jlapmopa. Kiacuuna Ta KBaHTOBa Teopis NapaMarHeTU3MY.
CrekTpockomisi  €JeKTPOHHOI'O MapaMarHitHoro pe3oHancy. ®epomarnerusm. MarHiTHHiA
rictepe3uc. Touna Kropi. 3axon Kropi-Beiica. MaruitHi jomMmenu. KBaHTOB1 ySBJICHHSI PO MPUPOIY
dbepomarnetusmy. depo-, depi- Ta aHTHHEPOMATrHETHKH.

[nTerpanbHe Ta audepeHUianbHe (QOPMYITIOBAHHS 3aKOHY €JNEeKTPOMArHiTHOI 1HIYKIT
@apanes. Buxpose enekTpu4He Ioe.

Ctpym 3mimenHs. Cuctema piBHSHb MakcBemia ta ix QizuyHui 3micT. BigHocHuMit
XapakTep EJNEeKTPUYHMX Ta MAarHiTHUX NOJiB. [HBapiaHTHICTH piBHAHb MakcBeiia BiIHOCHO
nepeTBopeHs JIopeHna.

EnexrpoMaruitHi xBuii. 3B'SI30K MK HAaNPY>KEHICTIO €EKTPUYHOI 1 MarHITHOT KOMIOHEHTHU
MoJIsl B eNeKTpoMarHiTHii xBuii. Bekrop Ymosa-Iloiarinra. Teopema IloitHTinTra.

Krnacuuna enexrponna teopis meraniB Hpyae-Jlopenua: nosicueHHst 3akony Owma, Jxoyss-
Jlenna ta Bigemana-®panna; TpyaHorri miei Teopii. Teopis 3ommepdensaa. KBanToBa cTaTHCTHKA
®epwmi-/ipaka. Enepris ®epmi. Enementu 30HHOT Teopii TBepAaux Tul. EHepretuuni 30HU
METaJliB, HAIIBIIPOBITHUKIB Ta 130JIATOPIB. ENEKTpONpOBIIHICTS HAMIBIPOBIIHUKIB Ta ii 3aJIEKHICTD
BiZ Temnieparypu. EnekTpuuHi sBuiia Ha KOHTakTax. KOHTaKT Mk METaloM Ta HaMiBIPOBITHUKOM,
p-N - nepexin. Bumpsmisroda nmis KOHTakTiB. TepmoenekTpopyiriiina cuia, epextu IlensT'e Ta
TomcoHa.

OIITUKA
CrtpykTrypa enekTpomMarHiTHuX xBwib. [loTik eneprii miockoi xBuii. [1oTik immymbcy. Tuck
cBiTiia. POTOMETPUYHI BEJIMUMHU Ta iX BUMiptoBaHHs. CHIBBITHOIIEHHSI MK €HEPTEeTUYHUMU Ta
CBITJIOBUMH XapaKT€PUCTUKAMU BUMIPOMIHIOBAHHSI.
PiBHanHs MakcBemna uis Npo30puX JieNeKTpUKiB. MatepianbHi pPIBHAHHA. 3aKOHU
3aJIOMJICHHS Ta BiJIOMBAaHHS CBITJa HAa MEXI1 ABOX JI€JIEKTPUKIB. BOJTOKOHHO-ONTHUYHI €IEMEHTH.
3acTocyBaHHS BOJIOKOHHOT ONITHKH.
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®opmynu Openend. [lonsgpuszanis BinOuTOl Ta 3amomiieHol XBWiIb. CTyIiHb MOJISPHU3ALIL.
3cyB ¢aszu npu BimOuBaHHI. KoedimienTn BimOWBaHHA Ta 3ajomiieHHs cBitia. Kyt bprocrepa.
[ToBHe BHYyTpimiHe BinmOuBaHHSA cBiTha. [lonsgpuzaiiss CBiTJa TPH TOBHOMY BHYTPIIIHBOMY
BIIOMBaHHI.

[nTepdepenis miockux xBuwib. YacoBa Ta mpocTopoBa KorepeHTHICTb. I[IpocBiTieHHS
ontukH. bararomaposi iHTepdepeHIiiai mokputts. [Ipunmun podotn Dyp’e —cTIEKTpOMETpA.

[Tpunmun I'rolirenca-®Openens. Meroxa 300 Openens. dudpakiiitna rpatka. Judpakiis Ha
yabTpa3BykoBi xBwii. Judpakmis Ha TpuBUMIpHiIA rpatui. YmoBu Jlaye. [udpakuis
PEHTTeHIBChKUX NpoMeHiB y kpuctanax. ®opmyna Bynbda-bperra. CtpykryphHuii ananiz. Metoau
Jlaye, bperra, Jle6as- [lleppepa. Enementu ®yp’e -ONTHKH.

['onorpadis sk ABOCTaAIMHMN TpOIleC 3amuCy 1 BIATBOPEHHS OoNTHUYHOI iHopmarlii. Cxemu
rojorpagiudoro 3anucy iHpopmanii. da3oBi ronorpamu, audpaxiiiiHa eQpeKTHICTb, MIYMHU.
3acTtocyBaHHs ONTUYHOI rojorpadii. CucteMu onTUYHOTO 3auCcy Ta 00poOKH iHOopMaIlii.

[Tornuuanns cBitia. AHOManbHa aucrnepcis cBitia. Kimacuuna teopis aucnepcii. @opmyna
Jlopenii- Jlopenia. OnTuyHi BIacTUBOCTI MeTaiB. @opmynu OpeHens.

[Ipupona ontuynoi aHizoTpomii. TeH30p mienekTpuyHOi NPOHHMKHOCTL. ['0moBHI oOcCi
kpuctaia. Enincoin ®penens. OnHoBicHI Ta 1BOBicHI KpucTanu. [loasiiiHe mpoMeHe3aI0MICHHS
Ta Horo moscHeHHsa. llltyuna anizorpomis. Edext Keppa. OGepranHs IUIONIMHM MOJISpHU3aIlii
CBITJIa PEUOBHHOIO B MarHiTHomy noJji. Edekr ®apanes.

3akoHun Qoroedekry. KanroBa teopis ¢oroedexrty. Tuck cpitina. Hocmiaum Jlebenesa.

Poscissnaa Mannensimtama-bpiimioena - B3a€MO/lis CBITJIOBUX Ta aKyCTUYHUX XBUITb.
PamaniBcbke (kKomOiHaliiiHE) pO3CISTHHSA: KBAaHTOBAa 1 KJIACHMYHA 1HTepmpertamis. MeTtoau
KOJIMBAJIBHOI CIEKTPOCKOIii (iH(ppauepBoHa CIEKTPOCKOITISI Ta CIIEKTPOCKOMIST KOMOIHAIIHOTO
PO3CISIHHS CBITJIA).

PiBHOBa)kHE TeruiOBE BUIpPOMiHIOBaHHS. 3akoHu Penes-J/kunca Tta BiHa Ak TpaHuYHI
BUTIAQJKM BEJIMKUX Ta MaluxX d4actoT, gopmyna [lmanka. Ontuuna mipomertpis. CrioHTaHHE Ta
BUMYIIICHE BUIPOMIHIOBAaHHS B KBAaHTOBHX cHcTeMax. YacoBa Ta MpOCTOPOBA CTPYKTypa
BUIIPOMIHIOBaHHS Ja3epiB. O1HOMO10BE Ta 00raToMO/1I0BE BUIIPOMIHIOBAHHS JIa3€piB.

3akonun ¢otoedekry. KsantoBa Teopis ¢otoedexry. Tuck cBitma. ocninu
JlebeneBa.CriekTpanbHi cepii BUIPOMIHIOBaHHS atoMiB BoaHo. Jlocnin Pesepdopaa. [locrynaru
bopa. Jlocnig ®@panka i ['epua.

ATOMHA ®I3UKA

PensiTuBicTChKI Ta HepensATUBICTCbKI 4acTHHKHU. ['imote3a Ilmanka, ¢dotonu. XBuiboBa
npupoaa matepii. @opmyna ae-bpoitniss. BuzHaueHHs JOBXUHU XBWI1 MaTepiajJbHUX YaCTUHOK 3
nocminiB no audpakuii Ha kpuctanax. Enexrponorpadis Ta HedTpoHOTpadis.

XBUIbOBa (PYHKIS el1eKTpoHa Ta ii ¢i3udauil 3micT. CTaTUCTUYHUI XapaKTep XBHIBOBOI
¢yukii. CriiBBiIHOIIEHHS HeBU3HaueHocTel [ 'eitzenOepra. Pisusaus Llpeninrepa.

Hocnimun Pezepdopaa mo poscisuaio] FiactuHok. Dopmyna Pesepdopma. [lnanerapna
MOJIEJIb aTOMa; TPYAHOIII 11 MOSICHEHHS Ha M1JCTaB1 KIIACUYHUX YSBIICHb.

Crnektp BojmHiO Ta Horo cepii. CnekrpanbHi TepMu. KomOinauinuii npuHumn. Jlocmian
®panka i ['epma. Atrom BogHto o bopy, nocrynatu bopa.

PiBusinns Illpeninrepa uis atomMa BOJHIO Ta Horo po3B’sa30k. CTalioOHApHI CTaHU PyXy
aTOMHHX €JIEKTPOHIB Ta €JIeKTpoHHa Xxmapa. KBaHTOBI yucia Ta iX (I3MYHUN 3MICT, IpaBUIIa
BinOOpy Mg ontuyHux nepexonis.Jlocminu ltepna 1 I'epnaxa. 'ipomarnitHi edektu. YsBIeHHs
npo croiH. MarHiTHuif MOMeEHT enekTpoHa. OpOiTanbHUN 1 CHIHOBUHA MarHeTusm. MarHeToH
bopa. CymapHuii MarHiTHuii MOMEHT €JIEKTPOHHO1 00onoHKM atoMa. Pakrop Jlanne.

Cucremu TOTOXHMX 4acTHHOK. [Ipunuun Ilayni. Meron caMoy3romkeHoro nojs Xaprpi-
®oka. Meton Tomaca-®epmi. bynoBa Ta 3amoBHEHHS €JIEKTPOHHUX OOOJIOHOK CKJIAJHUX aTOMIB
3a npuHunoM [laymi. Teopist mepioguuHOiT cucTeMu eneMeHTiB MeHaeneesa.

CriexTpanbHl TepMH Ta IX CHCTEMaTHKa, WMOBIpHICTH mepexoniB. IIpaBuma Bimbopy.
upuHa cnekTpaJbHUX JiHINA, IHTEHCUBHICTH crekTpaibHux JdiHik. Koedinientu ElnmreiiHa.
[TpuHIIMTT ONTHUYHOTO MIACWICHHS. ¥ MOBH BUHUKHEHHS reHepaitii. JIazepu 1 mazepu. ['a30Bi nazepu.



XapakTEepUCTHUKH JIA3€PHOT0 BUIIPOMIHIOBAHHS. 3aCTOCYBAHHSI JIa3€pPIB.

CriexkTpy MOITMMHAHHS PEHTTE€HIBCHKUX IMPOMEHIB. 3aJeXKHICTh MOTJIMHAHHS Bil JOBXHUHU
XBWJII Ta aTOMHOro Homepa eneMmeHTa. Edekr Oxke. KorepeHTHe 1 HEKOT€peHTHE pO3CISHHS
peHTreHiBcbkux npomeniB. Egext Komnrona.

SAAEPHA ®I3UKA

Mogeni siapa. CaMOy3roKEHUN sIepHUN MOTEHINA Ta POjb CHIH-OPOITaTbHOI B3a€EMO/TII.
[TosicHeHHsT MariyHUX YHWcell. Y3araJlbHeHa MOJIeNb Ta MOJIeNIb MapHUX Kopensiii. [Ipupoana ta
IITY4YHA PaJI0aKTUBHICTh, 3aKOH paJi0OaKTUBHOTO po3Mmany. SaepHa i3omepis, BHYTPILIHS
koHBepcis. Edext Meccbayepa.

JleTtexktopu snepHux 4dacTMHOK. CydacHi METOAM OJiepKaHHS IMy4YKiB BHCOKHX EHEPTiil.
Crnocrepe)xeHHsI MPOIIECiB HAPOHKEHHS Ta PO3IAa Ty YaCTHHOK.

Mexanismu snepHux peakuii. [lominm Tta cuHTe3 aToMHHX siep. JlaHiroroBa peaxiris.
[IpobneMu KepoBaHOTO TEPMOSICPHOTO CHUHTE3Y, KpuTepiii JloycoHa. Metonu peamnizarii
KOHTPOJIbOBAHUX TEPMOSIJIEPHUX PEAKIIIH.

EnemenTapni yactuakr. OCHOBHI BJIACTUBOCTI Ta KiIacu(iKaiis B 3aJ€KHOCTI Bifl THUILY
B3aeMoii. Po3naam eneMeHTapHUX YaCTHHOK 1 3aKOHU 30epeKeHHsS. AHTUYACTHHKH, PE30HAHCH.
KBapku. Metonu snepHOro MarHiTHOrO Ta MapaMarHiTHOro pe3oHaHcy. Mertojn ramma-
CIIEKTPOCKOTTII.

EJEKTPOAUHAMIKA
Maremaruune hopmylitoBaHHS (yHIaMEHTAIbHUX 3aKOHIB KJIACHYHOI €JIEKTPOIMHAMIKHU.
Teopema Octporpaacbkoro-I'ayca st BEeKTOpa HANpYKEHOCTI eleKTpuyHoro mois. PoGora
esniekTpudHoro nojsi. CkansipHUM moTeHIial. 3B’ 130K HAPYKEHOCTI 1 MOTEHITIATY eJIEKTPUYHOTO
nosisi. PiBusinus Ilyaccona ta Jlamaca.

Maruitae none. Cuia 1 ryCTUHA €JIEKTPUYHOro Mnojs. PIBHSHHS HenepepBHOCTI. MarHitHe
noje mpoBigHMKa 13 cTpymMoM. Teopema Octporpancbkoro-I'ayca aiasi BEeKTOpa Hampy>KEHOCTI
MAar"iTHOTo nojsi. Teopema mpo IMUPKYISAIi0 BEKTOpa HarpykeHocTi. 3akoH Epcrena. BexropHuii
MoTeHI[1a] MarHiTHoro noJis. 3akoH bio-CaBapa-Jlamnaca.

3aKoH eNneKTpOMarHiTHOI 1HAYyKIi. PiBHsSHHS MakcBesia Jjisi 3MIHHOTO €JIeKTPOMAarHiTHOTO
nonsi. CKalsipHU#M 1 BEKTOPHUM MOTEHIlai eNeKTpoMarHitHoro mois. PiBusuus [’ Anam6Gepa.
3akoH 30epexeHHs eHeprii ejleKkTpoMmarHitHoro moisisi y Bakyymi. Bekrop IloiinTinra. 3akon
30epeKeHHs IMITYJIbCY €JIEKTPOMArHiTHOTO MOJIsl Y BaKyyMI.

BinpHe enexkrpomarHiTHe Tmoje. XBWiIboBe piBHAHHA J[’Anmambepa i1 BUIBHOTO
esleKTpoMarditHoro mois. Ilmocki Ta cdepuuHi eaeKTpOMarHiTHI XBHJI Ta iX BIIACTHUBOCTI
[onspu3ariist eneKTpOMarHiTHUX XBIIb. [loTeHIIianu mons y IunoasHOMY HAOIMKEeHHI.

PiBHSHHS €JEKTPOMArHiTHOTO TIOJIE Yy PEYOBHHI. ['paHWYHI yYMOBH s BEKTODIB
€JIEKTPOMArHITHOTO ToJisi y BakyyMi. PiBHsHHS MakcBema-Jlopenna. Bekropu momsipuzariii ta
CJCKTPUYHOI IHAYKII. BekTopn HaMarHideHHS 1 HANpPYXXEHOCTI MAar”iTHOro MoJsi. PiBHSHHS
MakcBemia A €IEKTPOMArHITHOTO TOJsL Yy pPEYOBUHI. ['paHMYHI yMOBHM JJIsi BEKTOPIB
€JIEKTPOMArHITHOT'O 0JI B PEYOBHHI. 3aKOH 30€peKEHHsl €HEprii Ui €JIeKTPOMAarHiTHOIO MOJId
y pedoBuHI. [ToTeHITIanN €IEeKTPOMArHITHOTO TOJIS Y PEYOBHHI.

KBAHTOBA MEXAHIKA

OCHOBHI TTOHATTS KBAaHTOBOi MeXaHIKH. XBHJIbOBI BIACTUBOCTI YaCTHHOK. KopmycKyIspHO -
XBWIBOBUM  ayanism. XBuinboBa (yHkmis. [lpunmun cynepnosurii.  CriBBigHOIIEHHS
HeBU3HaueHocTel. [Ipoliec BUMiproBaHHs y KBAaHTOBIM MeXaHILI.

Pisusnans [lpeninrepa. [otenmianeHi ssmu 1 6ap'epu. CUHTYIISIPHI TOTEHITIATH.

YacTuHKa B 30BHINIHROMY TOJi. 3amava JBOX Ti1. ATOM BOJHIO. KBaHTOBWI OCHMISTOP.
Enexrpon B marHiTHOMY 1oJii. PiBHi 1 ctanu Jlannay.

KBaziknacuyne HaOmkeHHs. ['paHuuHMii mepexiy 0 kiacuyHoi MexaHiku. I[IpaBumia
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KBaHTyBaHHs bopa-3ommepdenbaa. IlpoxomkeHHs 4YacTMHKM 4Yepe3 NOTEHUIWHUN Oap'ep.
Tynenbumit edext. [IpencraBieHHs XBUIBOBUX (YHKIIA 1 OmepaTopiB y MaTpU4YHOI (opMi.
®opmanizm [lipaka. JliHiiHUN ocuwisTop (MaTpudHe mojanHs). OmnepaTopu HapOKEHHS Ta
3HUIICHHS YaCTHHOK.

Teopis 30ypens. CramionapHa teopis 30ypeHb. Bumamok nBox OnM3bKUX piBHIB. Teopis
HecTalloHapHuX 30ypeHb. KBaHTOBI nepexou.

Cucremu 3 nBoma OasucHuMu craHamu. [[BopiBHeBa cuctema. Cmin. Jlocnin llrepnHa 1
I'epnaxa.

XBunboBa (PyHKITSI YacTUHKY 31 criiHoM. Oniepatopu crina. BinacHi QyHKiii 1 BlacHi 3Ha4€HHS
onepatopiB criHa. CiiH enexkrpoHa y maraitnomy mnoui. EITP 1 SIMP.

[TpuHIMI HEPO3PI3HEHOCT1 OJHAKOBUX YAaCTHMHOK. XBHWJIbOBI (DYHKIII CHCTEMHU OJTHAKOBUX
yacTHHOK. [Tpunimn [ayni. O6MinHa B3aeMOisl. ATOMU 1 MOJIEKYJIM. ATOMHI TepMU. ATOM Teito.
Edextn 3eemana, [lamena-baka, llltapka. Monekymna BogHIO.

KBanroBa Teopis BumpoMiHioBaHHA. KBaHTyBaHHS eleKTpOMarHiTHoro mois. B3aemonis
€JIEKTPOHA 3 BUIIPOMIHIOBAaHHM. [loryinHaHHs 1 BUIPOMIHIOBAHHS CBITJIa aTOMaMH. MyJIbTUIIOJBHI
nepexoau. [IpaBumna BinOopy. Po3citoBanHs cBiTia aTomMaMu. Teopis MpUPOAHOT IIUPUHH JTiHII.

Teopis poscitoBanHs. AwmIulityna 1 mepetmH po3scitoBanHs. QDynkuis [pina 3amadi
poscitoBanai. bopHoBe nHaOmmwkeHHs. Popmyna Pesepdopma. IloreHmiiine 1 pe3oHaHCHE
po3citoBaHHsA. HenpyskHe po3citoBaHHS.

®I3UKA TBEPAOI'O TLIA

[IpumiTBHA KOMIpKa, eleMEeHTapHa KoMipka, koMmipka Biruepa—3eiitiia. Knacudikaris
rpatok bpase. Buznauenns o6epHenoi rpatku. [lepia 3oHa bpimmoena.

AToMHI MIomuKHY, iHAekcu Minmnepa. YMmoBu bperra Tta Jlaye audpaxiiii peHTTeHIBChKUX
nmpoMmeHiB y kpuctaiax. Meroau Jlaye ta [e6as-Illeppepa.

Enexrponni cranu y kpuctanax. [lepioguunnii noreniian. Teopema bioxa. [loBepxus
Depmi.

I'yctuna ctaniB. 3aranbHuil minxia 10 po3s’sa3ky piBHsHHS [lpeainrepa y Bunaaxy ciabkoro
MepiOIMYHOTO MOTEHITIATY.

EnepreTuuHi piBH1 €JeKTpoHa MOOJIM3Yy OperriBchbkoi MmiomuHu. EHepreTnyHa wOiiivHa.
EnepreruyHi 30H1 B OIHOBUMIPHOMY Ta TPhOXBUMIpHOMY BUMaKkax. 300U bpimttoena.

®ononu. Knacuuna teopist rapmMoHiuHOro kpucrana. [lapMoHiuHe HabnmKeHHs. AliabaTHuHe
HaOmwkeHHs. 3akoH [rononra 1 I1Ti. HopmanbHi Mmoau ogHOBUMIpHOT IpaTku bpase.

KBanToBa Teopis rapmoHidHOro kpuctany. Hopmanbai Moau 1 ¢GoHOHHU. 3araipbHUN BUpa3s
IUIL TEIUIOEMHOCT1 TpaTKU. TemIoeMHICTh KPHUCTATIB MPH BUCOKUX, HU3BKUX Ta MPOMDKHHX
temnepatypax. Mozeni [lebas ta Eifnmreiina. ['paTkoBa Ta €1eKTpOHHA MUTOMI TETFIOEMHOCTI.
['ycTuHa HOpMaNbHUX MOI.

Metanmu. ®oHOoHM y MeTanax. 3aKkOH JUCHepCii, AleeKTpUYHa MPOHMUKIMBICTH MeETamy.
Enexrpoomnip merainis. [Iponiecu nepexuay, 3axomieHds GoHoHIB. EnexkrpocTaTuka AieIeKTPUKIB.
Teopis nokanpHOro NoJs. [lonspu3yeMicTh 1€IEKTPUKIB.
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MarsiTHi BIaCTUBOCT1 KpHCTamiB. HamMarxHideHicTh 1 CIpUUHATIMBICTh. CHOPUHHATINBICTH
JEJIEKTPUKIB 3 TIOBHICTIO 3alIOBHEHUMH aTOMHUMH O0OJIOHKaMU, JJApMOPIBCHKUH J11aMarHeTU3M.
[IpaBuno Xynna. CipuiHATIMBICTh JIENEKTPUKIB, K1 MICTATH 10HM 3 YAaCTKOBO 3allOBHEHOIO
obononkoro. [Tapamarunernsm. CpuiiHATIUBICTH MeTaliB, napamaruetusm I[laymi. Jliamaraetusm
€JICKTPOHIB TPOBIAHOCTI.

Tunu MarHiTHUX CTPYKTYp. TepMOJMHAMIYHI BIACTMBOCTI MOONM3Yy TOYKM BHHUKHEHHS
MarHiTHoro nopsaky. CriHoBi XBWJl. Teopis MOJEKYISIpHOro mnojs. JlumosibHa B3aeMOAis y
dbepomaraerukax. JlomeHu.

EnexTpuyHi Ta MarHiTHi BIacTHBOCTI HAANPOBIAHUKIB. KpuTHuHa Temmneparypa, KpUTHYHI
MarHiTHi noss Ta TpyMu. [IpOHMKHEHHS MarHiTHOro noJyig B HaANpoBiAHUK. KymnepiBchbki mapw.
Teopia HaanposigHocti bapaina—Kynepa—Illpidepa, ocHoBHUIT cTaH Ta eeMeHTapH1 30yIKEHHS.
TynenmioBanHs KynepiBcbkux map, edekt Jlxo3edcona. KBaHTyBaHHS MarHiTHOrO TOTOKY,
¢moxcoin, CKBIIu. BucokoremmneparypHa HaIpoOBiIHICTb.

®I3UKA HAIIBITPOBIJTHUKIB

HamiBnpoBigHUKH. Ocob6mmBocTi EJIEKTPOHHUX BJIACTUBOCTEH. MexaHi3Mm
€JICKTPOMPOBITHOCTI BJIACHUX 1 JOMIINIKOBUX HAMIBIPOBIAHUKIB. MoOJenbHl  ySIBICHHS.
EnepreTuuHuil CrieKTp €JEKTpOHAa B TBEPAOMY Till. 3allOBHEHHS 30H €JEKTpOoHaMU. PIBHAHHS
Hlpeninrepa uist KpucTana.

CrartucTuka eleKTpOHIB 1 AIPOK y HamiBIpoBigHUKaX. KoHIIEHTpaIlisl eNeKTPOHIB 1 JIPOK y
BJIACHOMY 1 JIOMIIIKOBOMY HaIliBOpoBiaHMKax. Judy3ig 1 apeiid HepiBHOBAXKHUX HOCIIB 3apsiy.
PiBHanHs HenepepBHOCTI. PyxnuBicTs. Judy3id 1 apeiid HOCIIB 3apsay B JOMIIIKOBOMY 1 BIACHOMY
HamniBnpoBigaukax. CrniBBinHomeHHs EiiHinTelina.

KoHTakTHI sBHINa B HaIMBIOPOBITHUKAX. TepMoeIeKTpoHHA eMicis 1 pobdoTa BHUXOIY.
KoHTakT HamiBmpoBiIHWKA 3 METaJoM. BUnpsSMJEHHS Ha KOHTAaKTI METaJl - HAIMBIPOBITHUK.
Bunpsimnenns Ha p-n nepexoi. PiBHSHHA Ta rpadik BOJIbT-aMIIEPHOT XapaKTEPUCTUKH 1/1€aJIbHOTO
p-nnepexony. EMHICTb P-N nepexoy. TyHenbHU e(eKT 1 eJeKTpoCcTaTHYHA 10H13a1lis.

Tepmoenextpuuni siBuma. Edexr 3eebexa. Edexr Ilensthe. Edexkr Tomcona.
l'anpBanomarniTHI sBuma. Edexkr Xomma B HamiBnpoBigHHMKax. ONTHYHI BJIACTHUBOCTI
HamiBOpoBiAHUKIB. CHexkTpu BiQOMBAaHHA 1 NOIVIMHAHHSA. MeXaHi3MH TOTJIMHAHHS CBITJA.
doroenekTpuyHi  sfBUIIA B  HamiBnpoBigHuKax. ®dotompoigHicTe. KpuBi  penmakcaii
¢dotomnpoinHocTi. Busnauennss nonoxenHs piBHsI @epmi. PiBenp depmi npu HEHYIbOBUX
temnepatypax. Enepris ®@epmi. PororansBaniuHi ssuia B HamiBnposigaukax. EPC JlemOepa 1
BEeHTWIbHA (poToepc. BIuMB enekTpuyHOro i MAarHiTHOTO IMOJIiB HA ONTHYHE IIOTJIMHAHHS B
HaniBnpoBigHUKaxX. EQexkTruBHa Maca HOCIIB 3apsay. 30HHA CTPYKTYypa JASSIKUX HaMiBIIPOBITHUKIB.

KBAHTOBA EJIEKTPOHIKA

PiBHOBa)XHUI CTaH KBAHTOBUX CHCTEM, 3ACEJIEHICTh €HEpreTWYHHUX piBHIB. CHOHTaHHI Ta
BUMYILIEH] Iepexoau, WMOBIpHICTH nepexoniB. CniBeinHomeHHs FEitHmreilina. /lo3Boneni Ta
3abopoHeHi nepexou. KBaHTOBE MiZICUICHHS Ta MOTJIMHAHHA. Y MOBH JIa3epHOi reHeparii. OnTuuH1
pe3onatopu. Tunu Moz.

VYmoBa criiikocTi pe3oHaropa. Ilupuna mniHii renepanii. KiHeTuuHi pIBHSHHS Ja3epHOL
cuctemu. J[Bo- Ta TpUpIBHEB1 CUCTEMHU.

Hunamika renepauii nasepa. Ilome B pe3zonatopi. MarepianbHi piBHSHHS. PiBHSAHHS
6aratomonoBoro nazepa. CrarioHapHa TreHepallis jazepa. BB mpocTopoBOi HEOTHOPITHOCTI
HoJsl MOJ Ta CHEKTPajdbHOI HEOJHOPIAHOCTI AaKTHMBHOI'O CEpENOBHUINA Ha XapaKTePUCTUKU
Ja3epHOr0 BUIIPOMIHIOBAHHS.

Jlazep 3 MOIyInsIiEr0 TOOPOTHOCTI pe3oHaTopa. Pexkum cuuxpoHizamii moa. CrnekrpaibHi
XapaKTePUCTUKHU JTa3€pHOr0 BUMPOMiHIOBaHHA. [IpMHIMN yripaBiiHHS JOBKUHOIO XBUII1 Jla3epa.
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YacToTHUI CHEKTp BUIPOMIiHIOBaHHA Jja3zepa. OTHOMOIOBI 1 OJIHOYACTOTHI JIa3epH.
Cunxponizairis Mo OnepkaHHs YIbTPAKOPOTKUX 1 HAAMOTYKHUX JTa3ePHUX IMITYIIbCIB.

[IpuHuMO poOGOTH 1 OCHOBHI XapaKTEpUCTUKH TBEPIOTUIBHMX JazepiB. HamiBnpoBiIHUMKOBI
nazepu. CTBOpEHHS IHBEPCHOI 3aCENIEHOCT1 1| BAHUKHEHHS TeHepallii.

Jlazepu Ha aTOMapHUX Ta30BUX cHUCTeMax. [eniii-HeoHOBUH Jaszep, MexaHi3M poOOTH,
KIHETUYH1 PIBHSHHS 3aceneHocTi. [oHH1 ra3oBi na3epu.

®di3MKa eKCUMEPHUX Ta €KCUTUIEKCHUX JiazepiB. [IoHATTS mpo rojorpadiro 1 11 3aCTOCyBaHHS.
Tunm ronmorpam: ["abopa, @penens, Opaynrodepa, [enucroka. 3anuc rojaorpam Ta BiJHOBIECHHS
300paxkeHHs. MeTou aTOMHOT eMICIifHOT CIIeKTPOCKOTii.

HEJITHIMHA OIITUKA
JliniiiHa Ta HemiHIMHA MoJsApH3allis MaTepialbHOro cepefoBHINa. TeH30pH HeNiHIMHOI
CIPUIHATIUBOCTI. MeToau pO3paxyHKy HENiHIHHOI CHPUHHATIAMBOCTI. METOIU BHMIpIOBaHHS
ONTUYHUX HEITIHINHOCTEH.
['enepariis gpyroi rapMoniku. B3aemois minockux xBuib. @a30Bi CHHXPOHI3MHU Ta METOIU
y3ropkeHHs ¢a3. DopMyBaHHs IMITYIIBCIB Ta X CKOpOUYeHHs. [{ucnepciiine po3rIMBaHHS IMITYJIBCIB.
TpuxBuiboBa nmapamerpuydna B3aemoisi. [lapameTpuyune NMifICUIEHHS CBITJIOBUX IMYYKIB Ta
IMIYJbCIB. YMOBH (pa30Boro cuHXpoHi3My. Ilapamerpuuni neperBopenHs yactotu. [lapamerpuuHi
reHepaTopu CBITIIA.
CtumynboBaHEe  poO3CifOBaHHS  CBiTJIa: BumymeHe  koMOiHaIiiiHe  pO3CiIOBaHHS
Manzensirama- bpiutroena, BUMyIieHe TeMIepaTypHe po3citoBaHHg. HacuueHHs po3citoBaHHS.
Heniniitna pedpaxuis: ¢izuuni mexanizmu. CamodokycyBaHHs Ta caMoiedOKyCyBaHHS.
®dazoBa camomonyislis cBiTia. Heminiitne mornuHauHsA. Teopis ABOX(GOTOHHOTO MOTJIUHAHHSA.
Oco0arBocTi TBOX(OTOHHOTO MOTJIMHAHHSA B HAIMIIBIPOBITHUKAX (MPAKTHYHE BUKOPUCTAHHS).
OnTnuna OicTabuTbHICTh. ONTUYHUNA TPAH3UCTOP, ONTHYHI JIOTIYHI €JIEMEHTH, 1HIII TUIU
0icTaOUIBHUX MPUCTPOIB.

HAHOMATEPIAJIM TA METOJIU IX TOCJIIJKEHb

OcnoBu kinacugikaiii HaHomarepianiB Ta chepu ix BUKOpuUCTaHHA. PI3UYHI BIACTHBOCTI
HaHoMaTepiaiiB. MeToau OTpUMaHHS HAaHOYAaCTHMHOK. Pi3HOBMIM HaHOMartepiaiiB: 3arajbHa
kiacudikamig. Oynepenu. XapakTepUCTUKU TUIIOBUX HaHoMartepianiB ((ynepuTu, HAHOTPYOKH,
KBaHTOB1 TOUKH, HaHOJIpOTI/IlHaHOBOHOKHa) YJH)Tpazmcnepcm HaHOMaTepiaH.

da3oBi piBHOBarm 1 TepMoAWHAMiKa HaHoMmarepianiB. @DOHOHHMH CHEKTp 1 TEIUIOBi
BJIACTUBOCTI HaHOMaTepiaiiB. [IpoBiAHICTB, ONTUYHI XapaKTEPUCTUKH, T1€TEKTPUIHA TPOHUKHICTH
1 TeIIONpPOBIAHICT, HaHOMaTepiamiB. [lepkosdimiiiHa TPOBIMHICTH 1 TIA3MOBHI pE30HAHC B
HaHoMmaTepianax. CTpyKTypa, €IeKTpUUYHI Ta ONTHUYHI BIACTUBOCTI aMOP(PHUX XaJIbKOTCHIIHUX
IUTIBOK, OTPUMaHMX pI3HUMH MeTonaMu. Hanorerepomopdizm amopduux crpykryp. MarHiTHi
BJIACTUBOCT1 HAaHOMATepiaaiB. MeXaH1uH1 BIIACTUBOCT1 HAHOCTPYKTYpHUX MaTepiaiiB. [loB3ydicTs.
B'a3kicte (BHyTpimHe TepTs). TBepAICTh, MIMHICTh, IJIACTUYHICTb, MPYKHI XapaKTEPUCTHUKU
HaHOMaTepianiB. TeopeTHUHUN PO3TIIAT MEXaHI3MIB jJedopmarlii HaHOMaTepiaiB.

Hanomarepianu 31 crnemiatbHUMH (PI3MUHUMHU BJIACTUBOCTSAMH: MarHiTHI HaHOMAaTtepiaju,
HAaHOCTPYKTYpPOBaHI HAMIBIPOBIIHUKOBI Marepianu. HaHomarepianu [uisl siiepHOI €HEPreTHKH.
Hanomarepianu ayist MeauIuHu 1 610710711

Mertoau iarHOCTHKM HaHoMarepianiB. EjexkrponHa wmikpockomis. [IpocBiuyBaabHa
CJeKTpOHHa Mikpockomisi. PactpoBa enekrponHa Mikpockomis. CrHekTpanbHi  METOIU
nociimkenHs. Enextponna Oxe- chnekTpockomid. Mac-CneKTpocKomisi BTOPUHHUX —1OHIB.
Jlazepuuii Mikpo3oHa0BHM aHani3. CkaHyBaJbHI 30HJ0B1 MeTOAM AociikeHHs. CkaHyBajbHa
TyHEJIbHA MIKPOCKOMIisl. ATOMHO-CHJIOBA MIKpOCKOMis. MarHiTocuiaoBa 30HAOBAa MIKPOCKOTIS.
CkanyBasibHa MIKPOCKOMIis OMKHBOT ONTHYHOT 30HU.
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IlepeJik
eK3aMeHaI[IMHUX 3allUTaHb JJI BCTYIHUX 1ICTIUTIB J0 acipantypu Y xHY
31 criemianibHOCTI 105 «IIpuknaana ¢izruka Ta HAHOMaTEpiaau»

3AT'AJIBHA ®I3UKA

1. PiBHAHHS pyXy MaTepiaJbHOI TOYKH, 3aKOHU 30epexxeHHs. Pobora. KinernuHna 1
noteHuianbHa enepris. [loteHmianbHi nosst. Po6ora B moTeH1adbHOMY IO,

2. 3aKOH BCECBITHHOTO TSDKIHHS. Pyx B OfHOpiIHOMY TOdI TsDKiHHSA. Pyx B modmi
HeHTpanbHuX cuil. OCHOBHI 3aKOHM HeOecHOi MexaHiku. 3akoHu Kemnepa. Pyx mTyuyHux
CYIYTHUKIB 3eMJIi.

3. BinbHi Ta ronoBH1 oci obepranHs. MutTteBa Bich obepTanHsa. CTyrneHi BITbHOCTI.
OcCHOBHMII 3aKOH TMHAMIKH 00€pTOBOTO PyXy TBEPAOIo Tija. MOMEHT iHep1ii TBEpOro Tija.
OO0unciaeHHsI MOMEHTIB 1HEpLii PI3HUX TiJI.

4. PiBHSHHS TapMOHIMHHUX KOJNMBaHb Ta WOro po3B'si30K. EHepris KonuBaHb.
[IpencraBiieHHsT KOJMBaHb B BEKTOPHIN Ta KOMIUIEKCHINA (opmax. 3racarodi KOJIMBaHHS.
JlorapudmigHauii 1EKpeMEeHT 3aracaHHs i JOOPOTHICTb.

5. OcHOBHE piBHSIHHA TinpoauHaMikd. PiBusiHHs bepnymm. Teuwis B’si3k0i piIvHU.
®dopmyna Ilyaseitns. JlaminapHi Ta TypOysneHTHI noToku. Yucio Pelinonbiaca.

6. ExcrepuMeHTansbHe BH3HAUEHHSA Ta PO3MOILT IIBUIKOCTEH Ta30BUX MOJEKYII.
O6'ennana popmyna Makcseiia.

/. ®izyuHa MOJENb MPOLECIB MEPEHOCY B raszax. 3arajbHE PIBHSAHHS JUIS SIBULI
nepeHocy. EkcneprumenTanbHe BU3HaYaHHS KOE(DILIEHTIB IEPEHOCY .

8. EnemenTtu BakyymHOi TexHiku. OCHOBHE PIBHSIHHS BaKyyMHOI TexHikH. KiHeTuka
npotiecy Biakauku. @opmynu Knayncena. CydacHi METOAM OJIEpKaHHS Ta BUMIPIOBAHHS
BHCOKOI'O Ta HaJIBUCOKOTO BaKyyMy.

9. TepmonmuHamiuHe BU3HAUEHHSI TEIJIOEMHOCTI. Po3mopin eHeprii 3a CTyNneHSIMU
BUIBHOCTI. MeToau BHM3HAUYEHHS TEIUIOEMHOCTI Ta3iB, piAMH 1 TBepaux TuI. Teopii
Evinmreitna 1 Jlebas s TerutoeMHOCTI TBepmoro Tima. TepMoauHamidHaA IIKaia
TEeMIEpaTyp.

10. PiBusiHHS Ta 130TepMu Ban-nep-Baanbca. BzaemHi nepeTBOpeHHs TTapH Ta PiIuHU.
Kputnunnii cran. Edexr [Ixoynsa-ToMmcona. 3piaKeHHs ra3iB 1 METOIN OACpKaHHS HU3bKUX
Ta HAAHU3bKUX TeMIIepaTyp.

11. TerutoBi BIacTUBOCTI TBepAUX TUI. TerioBe po3mupeHHs. TenaoeMHICTh TBEPAUX
Ti1. Henomiku kimacu4yHOi Teopii TeI0eMHOCTI TBepAuX Tul. EneMeHTH KBaHTOBOI Teopii
TEMJI0EMHOCTI.

12. ®azoBi meperBopenns | ta Il poxy. PiBusuus Knaneipona-Knaysiyca mns
¢dazoBoro meperBopeHHss | poxy. [iarpamu crany gBodasHoi Ta TpudazHOi
OJTHOKOMITOHEHTHUX cucteM. [loTpiiiHa Touka. JudepeHUiaTbHUN TEPMIYHUN aHaANTI3
PECUOBHH.

13. 3akon Kymona. BekTop HampyXeHOCTI €IEKTPOCTaTHYHOro Moy Teopema
Octporpancekoro-I'ayca Ta 1ii 3actocyBanns. PiBasHHs Jlammaca ta Ilyaccona.
Enextpoemuicts. Konaencaropu.

14. Tlonmsapu3zamisi  gienekTpukiB. TeH30p  JTI€AEKTPUYHOI  CHPUHHSATIMBOCTI.
Hudepenmianbae ¢opmymoBanHs Teopemu Octporpajacbkoro-l'ayca s monst B
nienexktpukax.  Cerneroenexktpuku. Touka  Kropi.  Il'ezoenexktpuunuii  edexr.
[TipoenexTpuxwu.
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15. Cuna Ta ryctuHa ctpymy. Hudepenmianbie dopmyaoBaHHs 3akoHy Oma Ta
Hxoyns-Jlenna. Croponni EPC. IpaBuna Kipxroda.

16. 3akon Awmmepa s MarHiTHOi B3aeMoii crpymiB. 3akoH bio-CaBapa-Jlamnaca.
Cuna Jlopenna. Edext Xomna. [IpuHiun podoTH Mac-CrieKTpoMeTpa.

17. Knacudikamis marnetukiB. [Ipupoma miamarserusmy. KiacuyHa Ta KBaHTOBa
Teopiss mapamarHeTuzMy. CHIEKTPOCKOIliS eNeKTPOHHOTO IMapaMarHiTHOrO pE30HAHCY.
®depomarnetusMm. Touna Kropi. 3akon Kropi- Beiica. KBaHTOBI ysBJIICHHS MPO MPUPOIY
dbepomarueTuzmy.

18. Cucrtema piBHAHb MakcBemna Ta ix (izugHMil 3micT. BigHocHMit xapaktep
CIeKTPUYHUX Ta MATHITHUX TIOMiB. [HBapiaHTHICTH pIBHSHb MakcBeia BiTHOCHO
neperBopeHs Jlopenna.

19. EnextpomarHiTHi XBWJI. 3B'I30K MK HANpPY>KEHICTIO €JIEKTPUYHOI 1 MArHITHOI
KOMIIOHEHTH TIOJsl B €JeKTpoMarHiTHii xBuimi. Bektop VYmosa-Iloitntinra. Teopema
[loiinTiHra.

20. Knacuuna enexkrponna teopis metainiB Jpyne-Jlopenna: noscuenns 3akony Oma,
Jlxoyns-Jlenna ta Binemana-®pania; TpymaHomii 1ie€i teopii. Teopis 3ommepdenbiaa.
KBanrtoBa craructuka ®@epmi-/lipaka. Enepris @epmi.

21. EnemeHnTy 30HHOI Teopii TBepaAuX TUL. EHepreTudHi 30HM MeTaiB, HaIllBIPOBITHUKIB
Ta 130J19TOPiB. EJEKTpOnpoBiAHICTS HAMIBIPOBITHUKIB Ta 11 3aJI€)KHICTh BiJl TEMIIEpATypH

22. EnexTpuyHi siBUINA Ha KOHTakTax. KOHTaKkT Mk METaJIoM Ta HaIiBIPOBIIHUKOM,
p-N - nepexia. Bunpsamiisioda fisg KoHTakTiB. TepmoenekTpopyiiitHa cuna, edextu [lenbt'e
ta TomMcoHa.

23. PiBHssHHS MakcBemia AJist Ipo30pHuX AieNeKTpUKiB. MartepianbHi piBHIHHS. 3aKOHH
3aJIOMJICHHsSI Ta BIJIOMBaHHS CBITJIa HAa MeEXl JIBOX MIi€IEKTPUKIB. BOJIOKOHHO-OMTHYHI
€JIEMEHTH. 3aCTOCYBaHHS BOJIOKOHHOT ONITHKH.

24. ®opmynu Openens. [lomspuszaris BigOUTOI Ta 3ayoMiieHOl XBWIb. CTYIiHb
nossipu3aitii. 3cyB ¢as3u npu BinOuBanHI. KoedilieHTr BiJOMBaHHS Ta 3aJIOMJICHHS CBITIIA.
Kyt bprocrepa. [loBHe BHYTpIlLITHE BIIOMBAaHHS CBITJIA.

25. TurepdepenIis MmIOCKMX XBWIb. YacoBa Ta NPOCTOPOBA KOTEPEHTHICTD.
[IpocBiTnenHst onTuku. bararomaposi inTepdepeniiiini nokputts. [Ipunun podoru @yp’e
—CIEKTPOMETA.

26. Tlpunmun I'roitrenca-Openens. Meron 3o @Dpenens. Judpakiiiina rpaTka.
Hudpakiisi peHTreHIBCbKUX TpoMeHiB y kpucraiax. Popmyna Byneda-bperra.
CrpykrypHuii ananiz. Meroau Jlaye, bperra, Jle6as- llleppepa. Enementu ®yp’e-onTukwu.

27. I'omorpadist sk 1BOCTAIIMHUI TIPOLIEC 3aMUCy 1 BIITBOPEHHS ONTHYHOI 1H(popMaIlii.
Cxemu ronorpadignoro 3anucy iHpopmariii. ®a30Bi roorpamu, 1udpaxitiifHa eQeKTHICTb,
mrymMu. 3acTtocyBaHHS onTu4yHOi romorpadii. CuCTeMU ONTUYHOrO 3amucy Ta OO0pOoOKHU
1HdOopMmarlii.

28. TlormuuanHs cBiT/Ia. AHOMaNbHa IucIiepcis cBiTia. Kimacwmana Teopist mucrepcii.
®opmyna Jlopeni- Jlopenia. Ontuuni BiacTuBocTi MeTamniB. @opmynu dpenens.

29. Ilpupoxaa ontruyHoi aHi3oTporii. TeH30p AieNeKTPUIHOI MPOHUKHOCTI. ['0JI0BHI OCi
kpuctana. Emncoin ®penens. OpHoBicHI Ta JBOBICHI  KpucTtand. [loasiiiHe
mpoMeHe3aIoMJIeHHs Ta Horo nosicHeHHs. [lItyuna anizorponisa. Edext Keppa. Obepranus
TUTOIIMHY TIOJISIpU3allii CBITJIa pe4OBUHOIO B MarHiTHOMY Touti. Edpext dapanes.

30. 3akonm ¢oroedexty. KBantoBa teopis dortoedexry. Tuck csitna. Jocmian
JleGenena
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31. PosciroBanHs Manjenbintama-bpiiitoeHa - B3a€Mo/Iisl CBITJIOBUX Ta aKYCTHYHUX
XBWJIb. PaMaHiBChbke (KOMOIHAIlIiHE) pO3CISHHS: KBAaHTOBA 1 KJIACHYHA IHTEPIPETaIlis.
Meronu KOIMBaNBHOI CHEKTpocKkomii (iH(padepBOoHa CHIEKTPOCKOIIS Ta CHEKTPOCKOITs
KOMO1HAIIfHOTO PO3CISTHHS CBITIIA).

32. PiBHOBakHE TeIJIOBe BHINpPOMiHIOBaHHS. 3akoHu Penes-/[xuHca Ta Bina.
OnTtuyna mipoMetpis. CHOHTaHHE Ta BUMYIIIEHE BUIIPOMIHIOBAaHHS B KBAHTOBUX CHCTEMaX.
OmHOMOI0BE Ta OOraTOMOIOBE BUIIPOMIHIOBAHHS JIa3ePiB.

33. ConextpanbpHi cepli BUIIPOMiHIOBaHHsS aTomiB BogHio. [ocmin Pesepdopna.
[Toctynatu bopa. Jocnig ®@panka 1 ['epua.

34. PensaTUBICTCbKI Ta HEPENATUBICTCHKI dYacTHHKU. [imote3a Ilmanka, ¢doToHH.
XBuiboBa Tmipupoma Marepii. Dopmymna npe-bpoiins. BusHaueHHS TOBKUHU - XBUII
MaTepialibHUX YaCTUHOK 3 JOCHIAIB Mo Audpakilii Ha Kpucraiax. EnexkrpoHorpadis Ta
HeuTpoHorpadis.

35. XBunboBa (QyHKISA eIeKTpoHa Ta ii ¢i3uuHui 3micT. CTaTUCTUYHHUM XapakTep
xBuIIbOBOi  (QyHKIi. CHiBBIJHOLIEHHS HeBU3HaueHocTel ['eiizenOepra. PiBHAHHA
[peninrepa.

36. Hocmimu Pesepdpopaa mo poscisanio [-gactuHOK. Dopmyna Pesepdopra.
[Inanerapna Mojenb aTomMa; TPYAHOII ii MOSICHEHHS Ha M1CTaBl KJIACUYHUX YSBJICHbD.

37. PiBasuus llpeninrepa ajs aroma BOAHIO Ta HOro po3B’si30K. CralioHapH1 CTaHU
pyXy aTOMHHX €JIEKTPOHIB Ta eJIeKTpoHHA XxMmapa. KBaHToB1 yucia Ta iX (i3MUHUN 3MICT,
paBuJia BiI0OPY AJII ONTUYHUX MEPEXO/IiB.

38. locmimu [Irepna i ['epnaxa. ['ipomaruitHi edekTr. Y sIBIEHHS MO CIiH. MarHiTHHA
MOMEHT eJiekTpoHa. OpOitanbHuil 1 ciHOBUM MarHetu3Mm. Marneton bopa. CymaphHuii
Mar”HiTHUA MOMEHT eJEeKTPOHHOI 00osioHku aroma. dakrop Jlanze.

39. Cucremu ToToXKHUX YacTUHOK. [Ipuniun [laymi. MeToa caMOy3romkeHoro mos
Xaptpi-Ooka. bymoBa Ta 3amoBHEHHS EIEKTPOHHUX OOOJIOHOK CKJIQJIHUX aTOMIB 3a
npuHiunom [laymi.

40. CnexkTpaJibHI TEepMH Ta IiX CHCTEMaTHWKa, WMOBIPHICTH mepexoiiB. l[IpaBuia
BiOOpy. LllupuHa crieKTpanbHUX JiHINA, IHTEHCUBHICTh cleKTpaibHuX JdiHid. KoedimienTn
Eitnmreitna. [lpuHuun onTuYHOro miJCUIeHHS. Y MOBM BUHUKHEHHs reHepaiiii. Jlazepu 1
MazepH.

41. Cnektpu NOTIJIMHAHHS PEHTTEeHIBCbKUX MpomMmeHiB. Edekt Oxe. KorepenTtHe i
HEKOTE€pPEHTHE PO3CISIHHS peHTreH1BchbkuX mpoMeHiB. Edext KomnToHa.

42. Mopemi simpa. CamMOy3ro/KEHUN SIACPHUNA MOTEHIIAT Ta POJIb CIIH-OPOITaTBHOT
B3aemofli. IlosCHeHHs MariyHux 4Yucesd. Y3arajdbHEHa MOJIeNb Ta MOJETh MapHUX
KOPEJISIIi.

43. TlpupoaHa Ta MTy4YHA Pai0AKTUBHICTh, 3aKOH Pall0aKTUBHOT'O po3many. SAaepHa
130Mepisi, BHYTpilHA KoHBepcis. Efext Meccbayepa.

44. Jlerektopu simepHUX 4dacTUHOK. CydacHI METOJIU OJIEp’KaHHS MYYKIB BHUCOKHX
eHepriii. CriocTepekeHHs MPOIIECIB HAPOKEHHS Ta PO3Ialy YaCTUHOK.

45. Mexanizmu sanepHux peakiiid. Ilomin ta cuHTe3 atomHux sjaep. JlaHitorona
peaxiist. [IpoGiemMu KepoBaHOTO TEPMOSIIEPHOTO CUHTE3Y, kputepii Jloycona. Meroau
peastizailii KOHTPOJILOBAHUX TEPMOSIEPHUX PEAKIIIi.

46. EnemenTapHi yacTuHKU. OCHOBHI BJIACTUBOCTI Ta Kjacu(iKaIlis B 3aJIeKHOCTI Bi
TUITYy B3aeMo/ii. Po3naan ereMeHTapHUX YaCTUHOK 1 3aKOHM 30€peKeHHs. AHTUYACTUHKH,
pe3oHancu. KBapku.
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47. Meronu SiIEPHOTO MAarHiTHOrO Ta MapaMarHiTHOro pe3oHaHcy. Meroa ramma-
CHEKTPOCKOITIT

48. MarematuuHe (GopMmymoBaHHS ~ (YHIAMEHTAIBHUX  3aKOHIB  KJIACHYHOI
enektpoauHamiku. Teopema Octporpajacekoro-I'ayca st BeKTOpa HampyKEHOCTI
enektpuyHoro nosd. PiBHsHHs Ilyaccona Tta Jlammaca. 49. Teopema mpo LHUPKYIISIIIO
BEKTOpa HaINpPY)KEHOCTI MarHiTHoro 1mons. 3akoH Epcrema. Bektopruii moTteHIian
MarHiTHoro noJjsi. 3akoH bio-Caapa-Jlamnaca.

50. 3akoH enekTpoMarHiTHOi 1Haykmii. PiBHsHHS MakcBemna It 3MIHHOTO
€JIEKTPOMAarHiTHOTO mosist. CKajasipHU 1 BEKTOPHUH MOTEHIIAIN €JIEKTPOMArHiTHOTO TOJIS.
PiBusuans JI’ Anambepa

51. 3akoH 30epeKeHHs €HEeprii eJIeKTPOMAarHiTHOrO TMoJii y BakyyMmi. Bekrtop
[oitHTiHrA.

52. Ilnmocki Ta cdepuuHi €IEKTPOMArHiTHI XBWIl Ta ix BiacTuBOCTI. [lomspuzariis
€JIEKTPOMArHITHUX XBWIb. [loTeHI1anu nosis y TUmnoJIbHOMY HaONIMKEHHI.

53. PiBHSHHS €JIEKTPOMArHiTHOTO MOJisl y peuoBHHI. ['paHMYHI YMOBHU JJII BEKTOpIB
€JIEKTPOMArHITHOTO MoJisl y BakyyMi. PiBHsiHHS MakcBemna-Jlopenna.

54. XBUIIbOBI BJIACTUBOCT1 YaCTUHOK. KOpIycKyIIpHO-XBUIILOBUM JTyaii3M. XBHJIbOBA
byukuig.  Ilpunnun  cynepnosuiii. ChiBBigHOIIEHHST HeBu3HaueHocTed. [lIporec
BUMIPIOBAHHS y KBAaHTOBIM MEXaHIIIi.

55. Pieastans Ulpeninrepa. [lotenmiansHi simu 1 6ap'epu. CHHTYISIPHI MTOTSHITIAH.

56. YactuHKa y 30BHINTHROMY TOJ. 3amada JABOX TUT. AToM BOaHIO. KBaHTOBHit
ocuwsaiTop. EnekTpoH y marniTHomy noJi. PiBHi 1 ctanu Jlangay.

S57. T'pannunuii mepexia a0 kiacuyHoi Mexadiku. [IpaBuna kBaHTyBaHHs bopa-
3ommepdenbaa. [IpoxomkeHHss YacCTUHKY Yepe3 noTeHuiiHui 0ap'ep. TyHenbHUM edekT.

58. [IlpencraBieHHs XBUJIBOBUX (DYHKIIIH 1 OMEpaTopiB y MaTpuU4HOi (HopMi.
®opmanizMm [Hipaka. JliHiHUNA ocHUIATOP (MATPUYHE MOJAHH).

59. BoxpiBHeBa cucrtema. CmiH. [Hocmig Illrepna 1 I'epmaxa. XBuiboBa GyHKITIS
YaCTUHKH 31 crliHOM. BracH1 QyHKIII1 1 BlacHi 3Ha4YeHHS orepaTopiB crina. CIiH eleKTpoHa
y MarHiTHoMY noii. ETIP 1 AMP.

60. IIpuHIIMTT HEPO3PI3HEHOCT! OJHAKOBHX YACTUHOK. XBUJIHOBI (YHKII CHCTEMU
onHakoBuX yacTUHOK. [Ipuniun ITaymni. O6MiHHA B3aEMO/I1S.

61. Atomui Tepmu. Atom remito. Edbexktu 3eemana, [Tamena-baka, [lItapka. Monekyna
BOJIHIO.

62. KBanTtoBa Teopis BUMpPOMiHIOBaHHS. KBaHTyBaHHS €JIEKTPOMArHITHOTO TOJIS.
B3aemonis enexkTpoHa 3 BUIPOMIHIOBaHHSAM. IlorjaumHaHHS 1 BUIIPOMIHIOBAHHS CBITJIa
aToMamu. MynbTHIIONBHI TIepexoau. [IpaBuna Bigdopy.

®I3UKA TBEPJIOI'O TLUIA

1. IlpumiTBHAa KOMIpKa, €JEeMEHTapHa KOMipKa, KoMipka Birnepa—3eirua.
Knacudikauisa rparox bpase.

Busnauenns o6epuenoi rparku. Ilepia 30na bpitoena.

2. Artomui mrommHM, iHAekcnm Mimtepa. YmoBu bperra Ta Jlaye amdpakiii
PEHTTEHIBCHKHX MPOMEHIB y kpuctanax. Meroau Jlaye ta [{e6as-1lleppepa.

3. KgantoBa Teopis rapMmoHiyHOro kpucrana. HopmaneHi Moau 1 (OHOHHU.
3aragbHUM BUpa3 sl TEIUIOEMHOCTI T'paTKU. TeMJOeMHICTh KpPUCTalIB MpPU BUCOKHUX,
HU3BKUX Ta MPOMIKHUX TeMrepaTypax. Moaeni [lebas Ta EitHmrelina.
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4. Meramu. ®OHOHU y MeTaynax. 3aKOH AMCHEpCii, MieNeKTPUYHA MPOHUKIUBICTh
Mmetana. Enextpoomnip meranis. [Ipoliecu nepekuy, 3axomieHHs (JOHOHIB.

5. Enextpocratmka nienekTpukiB. Teopis jokaibHOoro mosns. Ilomspusyemictb
JIETIEKTPUKIB.

6. Tumu wmar"iTHUX CTPYKTYp. TepMoauHAMIYHI BJIACTHBOCTI MOONHM3Y TOYKHU
BUHUKHEHHS Mar"iTHoro nopsaky. CriHoBi XBuii. Teopis MOJIEKyJIsspHOro nodjis. JunonsHa
B3aemomisi y depomarnerukax. JlomeHnu. 7. EnexkTpudyHi Ta MarHiTHI BJIACTHBOCTI
HaAMNPOBITHUKIB. KpuTnyHa Temmneparypa, KpUTUYH1 MarHiTHI MOJISt Ta CTPYMH.

8. Teopis nanmposinHocti bapaina—Kynepa—Ilpidepa. TyHemoBaHHS KynepiBCbKUX
nap, edekt J[[xozedcona. KBantyBanHs marHiTHOro moToKy, iokcoin, CKBIdu.
BucokoreMnepaTypHa HaAIPOBIIHICTb.

®OI3UKA HAIIBITPOBIIHUKIB

1. HamiBnpoinHuku. OcoOMUBOCTI  €IEKTPOHHUX BIACTHBOCTEH. MexaHi3m
€JIEKTPOIPOBIAHOCTI BIACHUX 1

JOMITIIKOBUX HAIiBIIPOBITHUKIB.

2. CtaTHCTHKa €TIEKTPOHIB 1 IIPOK B HAMiBIPOBITHUKAX. KOHIIEHTpaIlisl eNeKTPOHIB 1
JIPOK Yy BJIACHOMY Ta JOMIIIIKOBOMY HamiBIpoBiaHUKAX. [udy3is 1 apeiid HepiBHOBaAXKHHUX
HOCI1iB 3apsiay. CriBBigHomeHHs EifHIITEHA.

3. KonrtakTHi sBHIa B HamiBOpOBiAHMKAX. KOHTAaKT HamiBOpPOBIAHHMKA 3 METAJIOM.
BunpsmiieHHsT Ha KOHTaKT1 MeTaJl - HaIliBIPOBIIHUK.

4. BunpsmiieHHs Ha p-n  nepexoal. PiBHAHHA Ta rpadik BOJBT-aMIIEPHOI
XapaKTEPUCTUKH 11€aJIbHOr0 p-N nepexoay. €MHICTh P-N nepexony. TyHenbHUN ePexT 1
eIeKTPOCTaTUIHA 10H13aITisl.

5. TepmoenextpuuHi siBuma. Edekt 3eebeka. Edext Ilenpthe. Edexkt Tomcona.
I"aneBanoMarHiTHI sBumIa. Edext Xosia B HamiBOpOBITHUKAX.

6. OnTuyHl BIACTHBOCTI HamiBOpOBIAHHWKIB. CIHEKTpH BiJOMBAHHSA 1 TOTJIMHAHHS.
MexaHi3Mu TOTJIMHAHHSA CBiT/a. DOTOENEKTpUYHI SBHUINA B  HAIIBIPOBIIHHUKAX.
DOTONPOBIIHICTb.

/. ®doToranpBaHIvHI SIBUIIA B HaHIBHPOBIJIHI/IKaX EPC JlemOepa i BeHTHIIbHA (POTOEPC.

8. BmiuB eneKTpUYHOro 1 MAarHiTHOrO TIOJMIB Ha ONTUYHE [OTJUHAHHSA B
HamiBIpoBigHUKax. EdexktuBHa Maca HOCIIB 3apaay. 30HHA CTPYKTypa JAESIKUX
HAaITIBIPOBIIHUKIB.

KBAHTOBA EJIEKTPOHIKA

1. PiBHOBaXHMI CTaH KBaHTOBHUX CHCTEM, 3aCEJICHICTh CHEPreTUYHHUX PIBHIB.
CrioHTaHH1 Ta BUMYIIIEHI

nepexoau. CriBBigHOIIeHHS EifHITeliHa.

2. KBaHTOBe TIiACWJICHHS Ta TOTJIMHAHHSA. YMOBH Ja3epHoOi reHepartii. OnTtuyHi
pe3oHaTopu. KiHeTHuHi piBHSIHHS J1a3epHOI CUCTEMHU.

3. Jlunamika reHeparii nasepa. PiBHsHHS OararomojoBoro mazepa. CramioHapHa
reHeparlis Jiazepa.

4. Jlazep 3 Mopyssii€ero JOOPOTHOCTI pe3oHaTopa. Pexxum cuHXpoOHi3aiii MOJ.
CrekTpanbHl XapaKTEpPUCTUKU JIa3€pHOrO0 BHUIPOMIHIOBaHHA. [IpuHIMN ympaBiiHHA
JIOBKHUHOIO XBHJII Jla3epa.

5. YacToTHUM CTIEKTP BUMIPOMIHIOBaHHS j1azepa. OTHOMOIOBI 1 0THOYACTOTHI JIa3epH.
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CuHXpOHI3a1lig MO/, OI[ep)KaHHSI YIbTPAKOPOTKHX 1 HA/AMOTY>KHUX Ta3epHIX IMITYJIbCIB.

6. [Ipunmun poOGOTH 1 OCHOBHI XapaKTEPUCTHKU TBEPAOTLIBHUX Ja3epiB.
HaniBopoBigHukoBi na3epu. CTBOpPEHHS IHBEPCHOI 3aCEIEHOCT] 1 BAHMKHEHHS TeHeparii.

/. JIazepu Ha aTOMapHUX ra30BUX cucTeMax. I emniii-HeoHOBUI J1a3ep, MeXaH13M poOOTH,
KIHETUYH1 PIBHSIHHS 3aCEJIeHOCTI. [oHH1 ra30Bi Jla3epu.

8. ®di3uka eKCUMEPHHMX Ta EKCUIUIEKCHUX JazepiB. [loHATTS mpo romnorpadiro 1 ii
3actocyBaHHs. Tunu rojorpam: [aGopa, @penens, Ppaynrodepa, Jlenucroka. 3armc
rojiorpam Ta BIAHOBJIEHHS 300 pasKeHHS.

HEJIHIAHA ONTUKA

1. JlimiiiHa Ta HemiHIAHA TOJSPHU3allis MaTepialbHOTO CEepeoBUINA. [eH30pH
HEJMHINHOI CIPUUHSTIMBOCTI.

Metou BUMIpIOBaHHS ONITUYHUX HEJIIHIMHOCTEH.

2. I'enepartist qpyroi rapMoHiku. Bzaemonist miockux xBuiib. Pa3oBi CHHXPOHI3MH Ta
MeToU y3rojkeHHs (a3. DopMyBaHHS IMITYJIbCIB Ta IX CKOPOUYEHHS.

3. TpuxBunpoBa mapameTpudHa B3aemomis. [lapameTpudHe MiICUICHHS CBITIOBUX
My4YKiB Ta IMIYJIbCIB. YMOBH (ha30BOr0 CHHXpOHI3MY. [lapameTpuyHi mepeTBOpEeHHs
yacToTu. [lapameTpryHi reHepaTopu CBITIIA.

4. CtumynbOBaHE pO3CIIOBaHHA CBiTia. BumyiieHe komOiHaliifHE pO3CIIOBaHHS
Mamnnenbinrama- bpisuiroeHa, BAMYIIIEHE TeMIIEpaTypHE PO3CIFOBAHHS.

5. Hemuifina pedpaxuis:  ¢i3uuni  mexanismMud.  CamodokycyBaHHA — Ta
camonedokycyBanHs. da3oBa caMOMOAYJIALIS CBITIIA.

6. Heminiitne nornuHanHs. Teopiss nBoXx(oToHHOrO mnorivHaHHsa. (OcoOJIMBOCTI
JIBOX()OTOHHOTO MOTIMHAHHS B HANIBIPOBIAHUKAX (MPAKTUYHE BUKOPUCTAHHS).

7. OntruyHa 6icTabuIbHICTh. ONTUYHUI TPAH3UCTOP, ONTUYHI JIOT14HI €JIEMEHTH, 1HIII
TUTIA 01CTaOUTEHUX MPUCTPOIB.

HAHOMATEPIAJIM TA METOJM X JOCJIIIKEHb

1. OcnoBu kmacudikaiii HanoMmarepianiB Ta cdepu ix Bukopucranus. Dizuyni
BJIACTMBOCT1 HAHOMATEpIaiB.

Merogu orpumMaHHs HaHOYACTUHOK. DynepeHH. XapakTEpUCTHUKNA TUIOBUX
HaHoMmarepiaiiB (QyaepuTy, HAHOTPYOKH, KBAHTOBl TOYKH, HAHOAPOTH 1 HAHOBOJIOKHA).

2. ®a30Bi piBHOBAru i TepMoANHaMIKa HaHOMaTepianiB. DOHOHHUM CHEKTp 1 TEIIOBI
BJIACTMBOCTI HAHOMATEpIaiB.

3. IIpoBimHICTB, OINTHYHI XapPaKTEPUCTHUKH, JIIENCKTPUYHA IPOHHUKHICTH 1
TETUIONPOBIAHICTH HAHOMATEPIaTiB.

4. TepxossiiiiHa MPOBIIHICT 1 MJIa3MOBHI Pe30HAHC B HAHOMATEpiaax.

5. CrpykTypa, €JIeKTpUYHI Ta ONTHUYHI BIACTHUBOCTI aMOp(PHUX XaJbKOT€HITHUX
IUTIBOK, OTPUMAHUX PI3HUMHU METOJAMH.

6. MexaHiuHiI BJIaCTUBOCTI HAHOCTPYKTYPHUX marepianiB. [loB3yuicts. B's3kicTh
(BHYTpIlIHE TepTs). TeopeTUUHUN o3I MEXaHi3MiB Aeopmaliii HaHoMaTepialiB.

7. Hanomarepianmum 31 chnemiaTbHUMU (PI3UYHIMH  BIACTUBOCTSIMHU: MAarHiTHI
HaHOMaTepiajal, HAHOCTPYKTYPOBaHI HaMiBIPOBIIHUKOBI Marepianu. Hanomarepianu amns
anepHoi eHepreTuky. Hanomarepianu 1y MeIUIIMHM 1 O10J10T11.

8. Metoau niarHoctuku HaHomarepianiB. Exextponna mikpockortis. [IpocBiuyBanbpHa
€JIEKTpOHHA MIKpOCKoTisa. PacTpoBa enekTpoHHA MIKPOCKOMIS.
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9. CnektpanpHi METOAM JAOCHIKEHHS HaHomarepiamiB. Enexkrponna Oxe-
CHEKTPOCKOMis. Mac- CIeKTPOCKOMisi BTOPHHHMX 10HIB. JIa3zepHUi MIKpO30OHIOBUN aHAI3.

10. CxanyBaJibH1 30HJI0B1 METOIU TOCiKeHH. CkaHyBaJlbHA TyHEJIbHA MIKPOCKOITISI.
ATOMHO-cHJIOBAa MiKpoOcKoIis. MarHiTocuiioBa 30HA0Ba Mikpockonis. CkaHyBaJbHA
MIKPOCKOI1 OJM>KHBOI ONTUYHOI 30HH.

3AT'AJIBHI KPUTEPII OLIIHIOBAHHSA BCTYITHOI'O BUITPOBOBYBAHHS

banu XapaKTepUCTHKA BIIOBIA]

3aciyroBye BCTYIHHK, SIKUM BUSIBUB BCEOIYHE 1 IMOOKE 3HAHHS
180 -200  "POrpamoBoro Marepially, po3yMmi€ B3a€MO3B'SI30K TOJOBHUX
) MOHATH JUCUUIUIIH Ta X 3HAYEHHS IS HAyKOBO-TIpo(heciiHOl
TMiSIbHOCTI . BusiBisie mpaBuibHE pO3yMIHHA (PI3UYHOTO 3MICTY
[PO3TJIAyBaHUX SIBUII 1 3aKOHOMIPHOCTEH, 3aKOHIB 1 TEOpid, Jae
TOYHE BU3HAYCHHS 1 TIIYMAa4eHHS OCHOBHHMX TOHSTH, 3aKOHIB 1
TEOpiid, a TAKOXK MPAaBWJILHE BU3HAYEHHS (PI3MUYHUX BEITUINH, MOXKE
OyayBaTH BiJIOBIIb 3a BJIACHUM TUIAHOM, CYIIPOBOJIXKYE PO3IOBI b
BJIACHUMHU TIPUKIIaJlaMU, BMIE€ 3aCTOCYBaTH 3HAHHS B HOBIH
CUTYyaIlii, TP BUKOHAHHI MPAaKTUYHUX 3aBJaHb, MOXE BCTAHOBHTH
3B 430K MK KOHKPETHHUM MAaTepiajioM, 1 3HAHHSIMHU, OTPUMaHUMU
Npy BUBYEHHI B Kypcax 3arajibHOI W TEOPETUYHOI (PI3UKHU.
3100yBay J1aB MOBHI BIJMOBIAlI HAa MUTAaHHS OUIETYy 1 JOJATKOBI
MUTaHHS €K3aMEHATOPIB.

3acoyroBye BCTYNHUK, IO BUSIBUB MOBHE 3HAHHS MPOrPaMOBOTO
160-179  |[Marepiany, pO3KpHB 3MICT MHTaHb, ajie HOro BiAmoBiAl Oyiw
HEMOBHMMH, IO IIOB’si3aHE 3 MPONYCKOM a00 HEPO3yMIHHIM
OJTHOTO-JTBOX TMOJIO’KEHb, MOCTYJaTiB, MPUHIIUIIB, IPU BHUCBITIEHI
iX mpakTHYHOTO 200 MPHUKIATHOTO 3aCTOCYBAHHSI.

3acnyroBye  BCTYNHHUK, 110  BHUSIBUB  JOCTAaTHE  3HAHHSA
pOrpamMoBOro MaTepiany, NpPOSIBUB CHCTEMAaTUYHHUI XapakTep
3HaHb 3 JUCUUIUIH 1 3JaTHUM A0 IX CaMOCTIMHOIO IOIOBHEHHS,
140-159 ajie T Yac BIAMOBIAI JOMYCTUB HETOYHOCTI 1 TOMMHJIKH, IIO
NOB’sI3aHE 3 MPONYCKOM a00 HEPO3yMIHHSAM  OJHOTO-IBOX
NOJIO)KEHb, TOCTYNATIB, MPUHIUIIB, TNpPHA BHUCBITIEHI iX

IMPAKTUIHOI'O abo IIPUKIaJJHOT' O X 34aCTOCYBAHHAI..
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120-139 3aciayroBye BCTYIHHUK, IO JIOMYCTHB IOMMJIKH Yy BIATOBIAI Ha
MUTAHHS €K3aMEHaIlIMHOro O11eTy 1 MUTaHbh €K3aMEHATOPiB, HUM
JUIIE BIATBOPEHO OCHOBHI TOCTYJATH W TPHUHIUIHN, Ha SKUX
I'PYHTYETbCSI 3MICT BIJANOBIJEH 13 YAaCTKOBUM MaTE€MaTUYHUM
BUBEJICHHSIM Ta (PparMEHTApHUM ONKHCOM OKPEMHUX €JIEMEHTIB
Teopii, 0e3 BHUCBITICHHS NPAKTUYHOrO abO0 MPUKIATHOTO il
3aCTOCYBaHHS.

100-119 3acnyroBye BCTYMHHK, Ma€ ¢parMeHTapHI 3HAHHS, JOMYCTHB
3HaYHI TOMWJIKH Yy BIJAMOBIAI Ha eK3aMEHallliHl TUTaHHSA, |,
BIJMOBIAL € HEJIOCTAaTHBO JIOTIYHOKIO, MICTATH HE 3B’sA3aHl
(dparMeHTapHi BIAOMOCTI, $KI 3aTPyAHSAIOTH PO3YMIHHSA CYTi

BIIIIOBIII.
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