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Yacruna 1. Atomua ¢izuka

1. Po3BuTOK (i3M4HUX YsBIEHb IPO CTPYKTypy aTtoma. Mozens aTtoma 1o Tomcony. ocniau
Jlenapna no 3oHmyBaHHIO aToMiB enekTpoHamu. J{ocmimu Ta opmyna Pesepdopra mo poscisauio
alb(a-4aCTHHOK aToMaMu. SlepHa MoZens aroMa. 3aKOHOMIPHOCTI B CIIEKTpax BUIPOMIHIOBAHHS
atomiB. CriektpanpHi cepii BoxHw. Kom6inamiiinuii npuauun Pitna. [InanerapHa monens aroma.
Ilocrynatu Bopa. Po3paxyHOk eHepreTMUHHX CTaHIiB BOAHE-MOMIGHMX aTOMIB IO mozeni bopa.
Pospaxynok cranoi Pinbepra 3a HassHOCTi pyxy sapa. Jocmimm ®panka Ta ['epua. [Ipunrnmmosi
HeZoJIiKH Teopii bopa.

2. KopnyckynspHi BJaCTHBOCTI €NEKTPOMATHITHOrO BHIPOMIHIOBAHHS Ta XBHJIBOBI BIACTHBOCT
yacTuHOK. KBaHTn cBimia. Iimotesa Ilnanka. 3B’s30k eHeprii Ta IMIyJIbCYy KBaHTa 3 4acTOTOIO
CJICKTPOMArHiTHUX KOJIMBaHb. EKcCIepuMeHTanbHi MiaTBepIKeHHS KOPIYCKYJISIPHUX BJIACTHBOCTEH
CJIEKTPOMArHiTHOrO BHIIPOMiHIOBaHHS. (DOTOENEKTPHUHHH epeKT. Epexr Kommrona. XBuibosi
BJIACTHBOCT] YacTHHOK. ['inotesa ne-Bpoitis. ExcriepumenTanbhi miaTBepokeH s rimoTesn ne-bpoiins
— nocnigu Jlesiccona i J[xepmepa. XBHiboBuii maker. J[oBeCTH HOro HENPHJATHICTh IJIS OINHUCY
B/IACTHBOCTEH YacTHHOK. [IpuHumn HeBu3Hauenocteit [aitzenbepra, ioro GbizuyHuUi 3MicT.

3. EnemeHTH KBaHTOBOI MeXaHiKU. XBUIbOBA (DYHKIIIS YACTHHKHU KA PYyXa€Tbesl. 3HAXOKEHHS PIBHAHHS
llpeninrepa. ®isuyHuit 3MiCT Ta BIACTHBOCTI XBHJIBOBOI (YHKIi YSBICHHS Gi3UYHUX BeNIUUMH
oneparopamu. OriepaTop KiHETHUHOI eHeprii, IMITyJIbCy Ta KOOPIHHATH YaCTHHKHM. Po3B’s3aHHS PIBHSIHHS
lpeninrepa s BibHOI YaCTHHKA. PO3B’13aHHS piBHSHHS lpeninrepa /s YaCTHHKU B [IOTEHIIATEHOMY
SIMKY. AHAII3 KBAHTOBAX EHEPTETHYHUX CTaHIB Ta XBUJILOBHX (yHKIIiH. [IPOHUKHEHHS YaCTHHKY gepe3
NOTCHUIHHUA Gap’ep - TyHeNnbHUI edekT. AHani3 po3B’s3aHHs pisusEs Llpenitrepa wis notenmiany
THIIA FapMOHIYHOrO ocImMIATOpa. [IpaBuiio BimGOpy 3a KBAaHTOBHM uHCIOM V. AHAI3 PO3B’sI3aHHS
pisusus lpeninrepa B cepuanmx KOOpaMHATAX ISt LEHTPaTbHOCUMETPHYHOTO ToTeHujary. Oneparop
MOMEHTY immyiabcy. Omepatop KiHeTH4HOi eHeprii B chepHYHUX KOOpAMHATaX. BHCHOBKH:
(GyHnaMeHTabHI OCTY/IATH KBAHTOBOT MEXaHIKH.

4. Kganrosa Teopist aroma Boamio. PiBusitis Llpestinrepa 11t atoma Bosio. HasBHICTD 38’ S3aHUX CTaHIB
B CHCTeMI €JIEKTPOH-TIPOTOH. PO3B’sI3aHHs piBHAHHS [Ipeninrepa st BogHe-MOAIGHUX atoMiB. XBHIIbOBI
yHKuii Ta enepreTuuni pisai npu /=0. XButoBi ByHKuii Ta CHEpreTHYHi piBHi npu [>0. AHai3 MOBHUX
XBIJIbOBHX (DYHKLiH aTOMiB BO/HIO. E/eKTpOHHI cTany Ta mepexou B BOIHE-NOMIGHIX aTOMAaX, [TpaBuio
BiZIGOPY 3a KBAHTOBHMM 4HCIIOM |. BUPOIKEHHS eHepreTHYHIX CTaHiB.

5. Ctpykrypa Garato-eeKTpOHHUX aToMiB. EHepreTnuni PiBHI Ta CHIeKTpaJIbHI cepii aToMiB ITyKHHX
MeTaiiB. 3HIMaHHA BHPODKCHHs 3a OpOITAIBHAM KBAHTOBHM YHCIOM /. PiBHSHHS lpeninrepa s
ABOX-CNICKTPOHHOro aroma. CmiH enekTpoHa. MarHetusm artomis. J{ocmimu IlIrepna ta epnaxa.
IIpoGnemn noGynoBu Garato-eNeKTPOHHHX AaTOMIB. Ipunuun 3a6oponu Ilayni. O6onoHkoBa
cTpyktypa atomis. [To6ynoBa nepioanuroi Tabnumi enementis MeHneneera.

6. OcHoBH aTOMHOI crekTpockorii. [ToBHHE MOMEHT IMILyJIbCY €NIeKTPOHIB B atoMi: j-j — Ta L-S —
38’s130K. [ToGynoBa crexTpanbHEX TepMiB aTOMIB. Cnin-op6iTanbHe pO3UIENUIEHHS PIiBHIB B aTOMi.
Tonke poswenneHHs crekTpaabHMX JTiHi. MariTHi BIACTHBOCTI aTOMiB. Hopmaneuuii  Ta
aHomasbHuil epextn 3eemana. [IpHposa PEHTreHiBCHKHX MPOMEHIB. XapaKTepHCTHYHE Ta raIbMOBE
BUNPOMiHIOBaHHs. 3akoH Mosni. Edext Oxe. [Tormuuanus PCHTIEHIBCHKHX IIPOMEHIB CEPEIOBUIIEM.
®iznyHi 0CHOBH poGOTH Ja3epiB.

7. XimMiuHHH 3B’430K Ta CTPyKTypa MONeKy.H. THiu 3B’sI3Ky B MOJIeKynax. Monekynspuuit ion Ha'.
Koanentnuit 38’130k, Monexyna Ha. loHHuMil 38’S30K, GaraToaToMmi MoJieKyH. 30ymKeHi craHu
MOJICKYIl — €JIEKTPOHHE, KOJMBATbHE Ta 00epTanbHe 30y IKeHHs MoKy 1. MonekyspHi CIEKTpH.

8. EnexTponni BimactuBocTi TBepmux Tin. [loXomkeHHs €JIEKTPOHHUX €HEPreTHYHHUX 30H. XBHJILOBI
}yHKwil Ta epekTHBHA Maca eNeKTPOHIB B MeTanax. I'ycTnHa enekTpoHHHX cTaHiB Ta eHepris Depwmi.
OnTu4He MOrMMHAHHS Ta JIOMIHECHEHIIiS B TBEpAMX TiNax. TeepnotineHi nasepu. BunpominioBanus
HarpiToro TBepIOro Tina. EMmipuyni 3akouy BUNIPOMiHIOBaHHS aGCOIOTHO 4OpHOro Tina. 3akouu Bina
Ta Credana-Bompumana. PospaxyHok 06’ eMHOT CICKTPAIbHOI TYCTMHM BHIPOMIHIOBaHHS JUIsi



KJIaCHYHOro ociuiastopa — ¢opmyina Penes-/xunca. Po3paxyHok 00’€MHOI CHEKTPaIbHOI I'yCTHHM
BUIIPOMiHIOBaHHS JUUIsi KBAHTOBOTO ocLmsiTopa — opmyina Ilnanka Uit BUIPOMiHIOBaHHS abGCOMIOTHO
YOPHOIo Tija. ATOMHA TEIUIOEMHICTh TBEpAMX Tin — Teopis ElHmreiiHa. I'paTyacta TemIoeMHICTh
TBEpAUX TiJl — Teopis Jlebast. EnekTpoHHa TENI0EMHICTb TBEPAMX TiJl.

YacTuna 2. Sinepna pizuxa

1. KopoTkuii Hapuc pO3BHTKY BYEHHS IPO CTPYKTYpY sapa. EJEeKTpOHHO-TIPOTOHHA MOJENL sIpa.
AsortHa karactpoga. IIporoHHO-HeliTpoHHa Mozenb sapa. SnepHi B3aemonil. MacmTabu eneprii,
BijicTaHi Ta yacy B saepHii Qizuui.

2. Craruuni BractuBocTi siaep. Tunu saep. [3otomu, i306apu, i30ToHU. 3apsn spa, eKCIepUMEHTaIbHI
METOI¥ HOro BHMIpIOBaHHS. 3aJIe)XKHICTh €Hepril 3B’SA3Ky sIpa BiJ MacoBOro 4ucia. BnactuBocti
AIEPHAX CHJT — Iepine HabmkeHHs. KparuimHHa Moziensb siipa Ta HaniBeMIipuuHa GpopMyia s eHepril
3B’A3Ky spa. Bu3HaueHHs MacoBOro 4mcna Ta 3apsny Ajis crabinpHoro izobapa. Pamiycu snmep, ix
eKcriepuMeHTabHe BuMiproBaHHsa. CIiH Ta MarHiTHHH MOMEHT spa — HaJTOHKE PO3IIEILICHHS
CNEKTpaJIbHUX JIiHil. BUMiproBaHHS MarHiTHUX MOMEHTIiB aTtoMiB Ta sinep. Meton Illtepna i I'epnaxa.
MeTton MarHiTHOro pe3oHaHCy /IS BUMIPIOBAaHHS MAarHiTHUX MOMEHTIB suep (Merox PaGi).
BumipioBaHHSI MarHiTHOro MOMeHTY HelTpoHa. [lapHicTh, 3akoH 30epexeHHs MapHOCTI B sIEpHii
¢izuni. KBaapynonsHuit MOMEHT sijpa Ta METOAM HOro BUMipIOBaHHS.

3. PamioakTuBHHII po3man suep. EHepreTMyHa CIpPOMOXHICTH paliOaKTUBHOTO po3maxy Ta HOro
3aKOH. MexaHi3M aiib(a-po3nany. 3ajlexHICTh nepiony aibha-po3naay BiJl eHeprii anb¢a-4yacTHHOK -
3akoH ['eitrepa-Herrona. bera-po3man. Tpu Tunu Geta-po3nany. Xapakrep Oera-crieKTpiB Ta rinoresa
HelTpuHo. JlocnmiDkeHHS 1O JoKa3y IiCHyBaHHS HeWTpuHo. EnemeHTH Teopii Oera-po3many.
Hes0epexxenHss mapHocTi mpu Oera-po3mani. ['ama-BumpoMiHioBaHHsS siiep. IMOBIpHICTH rama-
HepexoliB, BHYTpILIHS KOHBepcisi rama-npoMeHiB. Edexkr Meccbayepa. BumiproBanHsS 4epBOHOTO
3CyBY B JaDOpaTOpHHX YMOBax.

4. SlnepHi cuimM Ta Mozeni atoMHOro sipa. KopoTkonisi Ta BIaCTHMBOCTI HACHYEHHS SIAEPHHX CHIL
HesanexHicTh simepHUX cui Bix 3apsity. OOMIHHUE XapakTep sOepHUX CHI. Me30HHa Teopis AAepHUX
CHJI Ta CTpyKTypa HyKIOHiB. Kpamnunaa mozmens sapa. Mopenb sunepHux 000s0HOK. IIpHItmMImM
noOynoBH 00OJOHKOBOI MOJENi sapa. Y3arajJbHeHa MOJIENb sipa — OAHOYACTHHKOBI Ta KOJIEKTHBHI
30y/DKEHHS y LIl MOJETi.

5. KocMiuHi mpoMeHi Ta eleMeHTapHi 4acTHHKU. [IepBHHHE Ta BTOPHHHE KOCMiYHE BHIIPOMIHIOBAHHS.
[TpoxomKkeHHsI KOCMIYHOrO BHIPOMiHIOBaHHS Kpi3b atMocdepy. Kackamui mpomecu. IToxomkeHHs
KOcMiuHUX TpoMeHiB. Kiacudikaris eneMeHTapHHX YacTHHOK: (OTOHH, JIEITOHH, ME3OHH, GapioHH.
3aKoHH 30epeXXeHHsI IPH NEPEeTBOPEHHI YacTHHOK. KBapKoBa MOJIEIb €leMEHTAPHUX YaCTHHOK.

Yacruna 3 (3a cneniamizanissmMu)
3.1. Ilpukaaaua ¢iznka

1. Tunu tBepaux Tin. Jlienextpuxu ta metanu. Knacudikauis nienexrpuxis. lonni kpuctanu. JlyxHi -
ranoigni kpucranu. Ipomixni crnonyku. KoBanenTtni kpucramu. MonekyispHi kpuctanu. Meranu.
Kpucrany 3 rigporeHHHM 3B’ SI3KOM.

2. Kpucranu i kpuctaniuni rpatkd. OcHOBHi MOHSTTS ¢i3u4HOi Kpucranorpadii. I'patka Bpase i
NBOBMMipHI KpucTanu. TpaHcnsuifina cuMerpis. OCHOBHI BEKTOPM 1 TPHBHMIpHI KpPHCTAIH.
Knacudikauis kpucraniuaux rpatok. IlpumiTuBHa komipka Birnepa - 3eiitua. Ilpami Ta o6epHeHi
rpatu. [naekcun Minnepa. Enementu cumerpii. ['pynu cumerpii.

3. 'eomerpuuna kpuctanorpadis. Kpucramiuyni cucremu Ta xiacu cumerpii. Kpucramorpadiumi
rpynu cumetpii (mpoctoposi). Kpucranorpadiuni toukosi rpynu. [3omopdism. [Ipoctoposi rpymnu
®enoposa. OCHOBH reoMeTpuuHOI KpHcTanorpadii. ['eomerpuuni 3akoHoMipHOCTI atoMHOi 6yn0BH
kpucTaiiB. KpucraniuHi CTpykTypH IPOCTHX Ta CKIaAHUX PEYOBHH



4. Teopii metaniB. Teopis JIpynae, OCHOBHI MOJOXKEHHS. Teopia mertanis 3ommepdensaa. Bractusocri
CJICKTPOHHOIO rasy B OCHOBHOMY cTaHi. Posnoxin ®epwmi - [lipaka rasy BinbHHX €JIEKTPOHIB, HOro
3actocoByBaHHs. [lpamuii, obepHenuit, koudirypamiiiumii Ta k- npocropu. IIpobnemu Mopeni
BUIBHHX €JIEKTPOHIB.

5. Ilepiomnunuii morenuian. Teopema Brnoxa, ii moBemeHHS. I'pannuni ymoBu bBopua-Kapmana.
[ToBepxust ®epmi. ['yctuna pisniB. EnexkTponn B cmaGomy NEPIOAMYHOMY MOTeHNiami. PiBHSHHS
[lpenunrepa B Bumanky cmaGoro motenmiany. Merox cna6oro 3B'A3Ky. MeTon CHIBHOrO 3B'SA3KY.
Oynxkuii Banube. Meron xomipok i Merox MT-norenniany. Meron npuemHAHHX IUIOCKUX XBUIIb
(ITMX). Meron ¢yuxuii Koppuuru, Kona u Pocrokepa (KKP) (meron oymkuiti I'pina). Mertox
MOJIEJIBHOTO MOTEHLiay.

6. 30HHa CTpyKTypa MeTamiB. MeTomu HOCIiKEHHS nosepxHi @Pepmi. Edexr ne aasa - Ban
Anbgena. BinbHi eneKTpoHM B MOCTIHHOMY MarHiTHOMy mofi. PiBHI GIOXOBHX €JIEKTPOHIB Y
nocTiiHoMy MarHiTHOMy moxi. IlpocTi Meranmn. PisHoBanenTni merann. HamiBmeTanmm. [Tepexinni
Metaid. PigkicHo3eMenbHI MeTaty.

7. Po3cisiHHS Ta B3a€MOJist €IEKTPOHIB B KpHCTaIaX. MexaHi3Mu PO3CisHHA e1eKTpoHiB. BiporignicTs
po3CisiHHA 1 4ac penakcanii. 3MiHa ¢ynkuii posmoxiny 3a paxyHoOK 3iTkHeHb. HaxomkeHHs GyHKuil
posnoziny. PiBusuus Bombumana. 3akon Binemana-®panua. [IpaBuno Mariccena. Habnmxkenus Ta
Teopist Xaprpi-Doka. 3araibHa Teopist ekpaHyBaHHS, Teopii Tomaca-Pepwmi, Jlinaxapna.

8. IloBepxHesi edextn. PoGora Buxoxy. KoHTakTHa pisHMUS MoTeHIianiB. BusHaueHHs pobotu
BUXOJly UUIAXOM BHMMIPIOBAaHHS KOHTAKTHOI pi3HHLI MOTEHI{aiB. Tepmoenextponna emicis.
ExcriepumenTanbae BU3HAYCHHS pOGOTH BUXOLY METAIIB. Hudpakiis noBinbHUX enekTpoHiB. loHHMit
Mikpockor. EnexrpoHHi nosepxuesi piBHi.

9. HaniBnposizuuku.  30HHA ~ CTPYKTypa  HAmiBIIPOBiZHHKIB. Hlonopu Ta akuentopu B
HaniBrposinuukax. KoHueHTpauis HociiB 3apsmy B HamiBnposiguukax. Teopis sBum mepenocy B
HaniBnpoBigHuKax. HeoxHopinni HamiBnpoBiguuku. PiBHOBaCHMI p-n mepexia. Enemenrapuuii
aHayis3 aii p-n nepexoy.

10.  Jienextpuku. Enextpocratnka mienekTpukis. Teopist nokansrOro mouns. I3onsropu. 3onHa
CTPYKTypa M 3B'I30K B iOHHHX Kpuctanax. KoBaieHTHi mieneKkTpuumi KpucTaiu. ITipoenexTpuka.
CerneroenexTpuki. JliaMardeTu3M U mapaMarHeTusM.

3.2. EkcniepuMenTanbHa sizepua ¢isnka Ta isuka miazmu
®iznka mazmMu

1. OcHOBHI BHIM pO3psMy: TIHIOYMH PO3PSM, eNEKTPHYHA ayra, HBU-po3psn, ymoBa cranionapHocri
po3psay.

2. PiBusnns Bomeumana i Bracosa, wac MakcBelnmizamii i mBHIKicTs BUDIBHIOBaHHS TEMIIEPATyp
Pi3HUX KOMITOHEHTIB IIa3MH, LIIBHUAKICTE 10HOYTBOpEHHS i pekoMObiHaNii eeKTPOHIB Ta ioHiB.

3. Pyx y CXpeleHnx eNeKTpHIHOMY i MarHiTHOMY MOJISIX; 3apamkeHa yactunka y BU noui; apeiidose
HaOJIMKEHHS, PI3HOBHIH peioBOro pyxy.

4. PiBHSHHS pyXy IUIa3sMH B MarHiTHOMy mOJIi; NPOHMKHEHHS| MAarHiTHOro IONs B ILIa3My,
BMOPO>KEHICTh MAarHiTHOI'O MOJISI B IIa3MYy; ABODIAHHHE HAGIHIKEHHS.,

5. OCHOBHI TUNHM KOJMBAaHb i XBHJIb y IUIA3Mi: JICHTMIOPOBi €JIEKTPOHHI Ta iOHHI, i0HO3BYKOBI,
MarHiTo3ByKOBi, alb(BEHOBI; MOKA3HHK 3aJIOMIICHHS mwiasmu; ¢azoBa ¥ TIpymoBa IIBHAKOCTI
IJIa3MOBHX XBHJIb.

6. Pe3oHaHCHaA B3a€MOIisl 3apSIKEHHX YACTHHOK 3 €JICKTPOMArHiTHUMH XBWIISIMA. BunpoMiHoBanus
Yeperkosa. B3aemonist onHiel 3apsmkeH0l YaCTHHKH 3 TO3M0BKHBOIO €JIEKTPOCTATHYHOIO XBHIIEIO.
OnHoYacTHHKOBE HAGIMXEHHS 1 Mexi Horo 3aCTOCYBaHHS.



7. Piusnusa Kapresera-ne-Bpiza. Costitonmi 30ypeHHst y mnasmi. [Toxsiitni CJICKTPUYHI INapu y
mna3mi. PopMyBaHHS CTpHOKIB MOTEHL{aNy B CONTOHHMX 36yPEHHSIX.

8. B3aemonist Tppox xBHIb. Be3aucunarusuuii BHIIAJI0K. BinactuBocti pimenns.
9. B3aemonis TproX XBHIIb 3 ypaxyBaHHAM nucunauii. CranioHapsi pimesns.

10.  Xsuni Beprurreiina- I'puna- Kpyckana. 38's30x BI'K XBU/Ib 3 XBHIISIMH Ban-Kamnena. [llupuna
PE30HAHCY XBMJISA-YAaCTHHKA Y MPOCTOPi IIBUAKOCTEH.

@izuKa My4KiB 3apsaKeHNX YaCTHHOK

1. 3aranbHi  piBHSHHA pyXy 3apsuDKEHHX YacTHHOK B CIEKTPUYHHUX Ta MAarHiTHHX MOJISX.
[lapakcianbHe Ha6TIKEHHS. Monudixopani piBusHHS pyxy. Teopema Byna.

2. Pyx myukiB y KaHalnaX, BUIBHMX BiJ 30BHIIIHiX noniB. Bipryansnuii xaron (avoxm). Kputnuni
CTPYMH YTBOPCHHS Ta 3HUKHEHHS BipTyaJIbHOTO KaToxy.

3. llpuponni Ta wTyyHi mexaHismu 3aps10BOi Ta CTPYMOBOI HeWTpamizawii nmydkiB. Yacosi Ta
POCTOPOBI MacTabu 3apsHOBOi Ta CTPYMOBOT HeHTpati3anii myukis.

4. Tapmatu 11 popmyBanHs aKCIaIbHO-CHMETPUYHHUX MyYKiB (rapmaru ITipca). Pospaxyuku bopmu
eneKkTpoxiB rapmaru Ilipca s gopmysanus TJ1aCKO-TIapajIeIbHOro MOTOKY €JIEKTPOHIB.

5. OcobmuBocti  mmasmu sk eMiTepa  3aps/UKEHHX  4YacTHHOK. OCOGIHBOCTI CTBOPEHHS
MPHUCKOPIOBATBHUX €JIEKTPUYHHX IOJIiB Y JUKEpENax 3apsKeHUX YaCTHHOK.

6. OcobnuBocti popMyBaHHS iOHHEX My4KiB. YMOBa IJIackoi MeXi MIa3sMOBOro emitepa. Meroau
30L/IbIIEHHS eMICIHUX BJIACTHBOCTEH MIa3MOBHX eMiTepis.

7. Komipka ITenHinra. Hyomnnasmarpos.

8. IlpuckopioBay 3 aHOmHMM mmapowm. [IpuckopioBay 3 3amkHEeHHM ApeidoM enekTpoHiB Ta
NPOTSKHOKO 30HOIO NIPUCKOPEHHSL.

9. Macmrab nponukanus CJICKTPUYHOrO mojis B mnasMy. CkiH-wap. Bennunna €JICKTPUYHOT'O I10JI,
HEOOXiHOrO 11 IPUCKOPEHHS! €NIeKTpoHiB y miasmi. [Tose [peiicepa.

10.  Xapaxrepni mepioau POSBHTKY  Iy4KOBO-IUIA3MOBHX ~ HecTilikoctelt. Brparu eHeprii
CNIEKTPOHAMH. J[uHaMiKa CTpyMy IpHCKOpEeHHX CJICKTPOHIB Y IJIa3Mi.

Teopernuna ¢izuxa

1. Ilpunnun HaitmeHwmol mii, OyHxuis Jlarpanka TOYKOBOT YaCTHHKH | CHCTEMH TOYKOBUX YaCTHHOK.
3akoHu 30epexeHHs eHeprii, iMIyIBCy | MOMEHTY iMIynecy

2. IlpysHi 3iTKHEHHS YacTHHOK. Po3citoBanHs 4acTuHoK. @opmyia Pesepdopna.
3. PiBnsnns Maminerona. Jyxknu [Tyaccona. [list. [Tpuammmn Moneprioi.
4. TeH3op eneKTpOMarHiTHOro mosst. PiBHSHHS Makcaena.

5. Ilone cucremu 3apsiniB Ha nanexux BiAcTaHsX. JlunonsHe BHIIPOMIHIOBaHHS. KBanpynonsue Ta
MarHiTHO-IUIIOJIbHE BUIIPOMIHIOBaHHS.,

6. Crauionapsi cranu. IMmyssc. CiBBigHOmEHHS HeBU3Ha4YeHOCTeH. PiBnsnns [lpeninrepa.
7. MomeHT iMmynbey. Brachi 3HauenHs i Baachi ¢ynkuii Momenry.
8. IIpuHIMI HEPO3Pi3HEHOCTI TOTONKHHIX 4acTUHOK. O6MiHHA B3aeMoIis.

9. Kanouiunwuii posnomin I'i66¢a, cratuctuyna cyma (interpai) i TepMoaHHAMIYH] (yHkwii. Posmoxin
Makcaena.

10.  Posmoxin ®epmi-/lipaxa i Bose-Eitnmreitna.



ExcnepumeHnTajibHa sinepHa ¢izuka

1. IIpoxomKeHHs 3aps/DKEHMX YaCTHHOK dYepe3 pedoBHHY. loHisawiiiHi BTpatu Ta ix ¢uykryarii.
OnHopasose Ta 6araTopa3oBe pO3CisTHHS.

2. Slnepui cuiM Ta 3arajibHi BJIACTHBOCTI silepHOI pedoBMHHM. HacuueHHst smepHux cui. Enepris
3B'A3KY. [30TONiYHMI CITiH. AHAJIOTOBI CTaHH.

3. Moneni snpa. Kpammmaaa monens sapa. Moxens ®epmi-razy. OmHOYacTHHKOBA 06GOJIOHKOBA
mozens. Cepennidl anepuuii notenuian. CriHopGiTanbHHN 3B'S30K. Y3aralbHeHAa MOJIENb Spa.
Poraniiini Ta BiOpaniiini piBHi. KonektuBHi edpexktu B sapax. [lpaBuna no6Gopy st
€JIEKTPOMAarHiTHUX Ta Oera-mepexofiB. [3omepHi cranu. KpasiuacTmHkoBa Monenb sapa (mapHi
KOpessiLii HaTUIMHHOTO THITLY).

4. bera-posnan. Enemenrtapna teopis 6era-po3nany. IIpaBuna no6opy ta dopma Gera-criektpis. fi-
BenuuuHMU. Jlo3BosieHi Ta 3a00poHeHi GeTa-nepexoau.

5. He3bepexxennss mapHocti y cnalkiift B3aemopmii. EnexktponHe 3axomuienHs. IloapiliHuii mBox-
HEeHTpUHHUI Ta Ge3HeHTpuHHHMH Oerta-po3maza. Emicis mpoToHiB, anbda-pos3man, momin micias Gera-
posnaay sapa. CnOHTaHHMIA MO 130MepiB.

6. B3aemonia snep 3 eNeKTPOMArHiTHUM BHIPOMIHIOBaHHSAM. MyJBTUIONBHI I€peXoay Ta MpaBUiia
noGopy I raMma-BHIpOMiHIOBaHHsA. BHyTpimmHs konBepcis. Dotospepni peakuii. KynoHiscbke
30ymxeHHs anep. ['iranTcpki pe3oHancH B sipax. [lirmi-pe3oHanc.

7. Anppa-posnan. Enemenrapra Tteopis anbba-posmamy. Pamiycm smep. ®opmbakropu smep.
[Tporonnuit po3nan. KnacrepHi po3namm.

8. IMoxmin snep. Cnonrannuit moxin. IMoxin sapa Ta siaepHi Mozmeni. [30MepH cmoHTaHHOTrO MOZLNTY.
Tpancypanosi Ta HagBaxki eneMeHTH. OCTpiB cTabiIBHOCTI 3BEPXBAXKKUX SIEP.

9. OcnoBu Teopii sAnepHUX peakuiil. AMmiiTyaa poscisHHs. Biporignicts i mepepis peakuii. 3akoHu
36epexenns. [Ipunmmn neransHoi piBHOBaru. Kananu peakuii. Marpuus poscisans. Ontudaa Moens
B3a€EMO/Ii1 HyKJIOHIB 3 SiIpaMH.

10.  IlpuckoproBaui 3aps/pKeHHMX dYacTHHOK. JliHilfHi mpuckoproBaui. Llukiiyni mpuckoproadi.
[Ipunuun asrodasysanns. CunbHe QokycyBanHs. HaxomudyBanbHi Kilbls Ta NPUCKOpIOBaYi Ha
3ycTpiunuX my4kax. KojektuBHui MeTon nprcKopeHHs. MeTomu GOKyCyBaHHS My4KiB Ta cemapaiis
YaCTHHOK. '

11.  lomizaniiini kamepu. Kamepa Bperra. IlpaBuno Tompiara. ['a3opo3psai JTi4HIbHHKH:
npomopuiiiHi,  I'eiirepa-Mrosepa,  Tpocta, ramoreHHi.  HamiBIpoBiZHHKOBI  JETEKTOpH.
CuuHTUIANIHHI 1eTeKTOpH. YepeHKOBChKi JIIYMIBHHKH Ta ACTEKTOPH IIEPEXiIHOT0 BUIPOMiHIOBAHHS.

12. OCHOBHI MOHSATTA MaTEMaTHYHOI CTATHCTHKH. Teopiss CTATHCTHYHHMX OIL[HOK Ta IEpeBipKH
rinote3. Kpurepiii xi-kBazpar. MeTos MakcuManbHOi npaBaonoAiGHocTi. [IanyBaHHs eKCIIEPUMEHTY.

13.  Snepnodisuuni 6a3u nanux. Knacrepri cucreMu o6po0ky 1aHHUX.
ExcnepumenTajbHa QizHKa eJleMEHTAPHHX YACTHHOK

1. PoscisiHus i posnanu yactuHok. Ili-me3on FOxaBu. Bimkpurrst Heiitpuno B GeTa-posmami sizep.
EnexTpoHHE Ta MIOOHHE HEUTPHHO. 30epeXKEHHS JIENITOHHUX YHUCEIL.

2. KsapkoBa Mozenb. KBapku, iX eleKTpUYHi 3apsiiu, BIAaCTHBOCTI aHTHKBapKiB. KBapkoBHil ckian
Me30HiB Ta GapioHiB. Kougaitament kpapkiB. Komip kBapkiB. Be3kosipHicTh ekcrepuMeHTaIbHO
CIIOCTEPEXKYBAHUX YACTHHOK.

3. Cnabka B3aemonis. Posnan Mroony. Crabka B3aeMoziis KBapKis i B-po3nan HeHTpoHy.

4. Ilepepi3 peaxuii. CBiTHICTb MPHCKOPIOBAYa Ta 3B’S30K NIEPEPi3y 3 YACIOM BiTiKiB €TEKTOpA.



5. I3oToniynmit cmiH. [30ocmiH HYK/IOHIB, Me30HIB, pe3oHaHCiB. 30epexkeHHs abo He3bepe)eHHs
i30cmiHy i #ioro npoekIii B CHJIbHIM, eIEeKTPOMArHiTHIHN Ta c1abkiit B3aeMoisX.

6. IIpoctopoBa napHictk Ta ii nopymenss y posnazi sapa °Co. BusHaueHHs cripalbHOCTI HEHTPHHO
B cabkoMy posnani m- — p + vy. 3apsnose crnpsbkeHHs (C) i C-napHicts yacTuHKY. [HBepcis yacy.

: o : 8 o T ; ; . :
7. CP-cumerpis. Ocuumsnis ueiitpansuux K-mesonis: K <> K| Ilosroicuyroui ta KOPOTKOiCHYIOUi
K-me3onu. Ilopymenns CP-cumertpii B cnabkifi B3aemoxii. CPT Tteopema. Ilopymenus T-
1HBapiaHTHOCTI Ta €NEKTPUYHUH JUITOJBHUNA MOMEHT YaCTHHOK.

8. O6’ennana Teopis cmabkoi 1 enekTpoMarHiTHOi B3aemonmiit. JlokanpHa Kani6GpyBaibHa
IHBapiaHTHICTh, CIOHTAHHE MOPYIIEHHS CAMETPil Ta MexaHi3M Xirrca.

9. Mexani3mu yTBopeHHs 6030Ha Xirrca, ioro nmomryku i Bizkputts Ha npuckoproBaui LHC B LIEPH.
Teopetnuni mozmeni y ¢i3uni yactuHok 3a mexamu CranmaptHoi Mogeni. Benuke 06’eqHaHHS
B3aeMOZi# i po3naj nmporoHa. CynepcuMeTpist i J0AaTKOBI pO3MipHOCTI TPOCTOpYy.

10.  IlpuckoproBaui 3apsmkeHux yacTHHOK. JIiHilHI mpuckoproBaui. [{ukiiudi mpuckoproBadi.
[Ipunuun aBrodasysanns. CunbHe ¢okycyBaHHs. HakonmumdyBanbpHi KiNblsi Ta MPUCKOPIOBadYi Ha
3ycTpiuHMX my4kaX. KonekTuBHHI MeTON MpHCKOpeHHs. Metomu (oKyCyBaHHs MydKiB Ta cemapais
YaCTHHOK.

11.  EnexktpoH-)OTOHHI 371MBOBI JIYWIBHUKH. AIPOHHI KATOPHMETPH.
12. CucTemMu MaTeMaTHYHUX MporpaM oOpoOKH, aHali3y Ta MOJETIOBaHHS (Di3HYHUX pe3yJIbTaTiB.
3.3. Meauuna ¢izuka

1. CTpyKTypHO-IHHAMi4Hi BIaCTHBOCTI GiOJIOMYHMX MAaKPOMOJIEKYIT SIK OCOOIMBOTO KJIacy MoJiMepiB.
Mopgeni ineanbHUX Ta peajbHUX HoyiMepHHX JaHuoriB. Kondopmaniiiuuii ananis noninentunis ta
HOJIIHYKJIEOTU/IIB.

2. ®a3oBi cTanM nojiMepHUX JaHWOTiB. KonpopManiitni nepexoau GikiB Ta HyKJIETHOBHX KHCIIOT.
[TonsaTTs KOH(OPMAaIiFHOT CTATHCTHYHOT CyMH MaKpOMOJIEKYIIH.

3. @onpinr GinkiB. Mozens eHepreTH4yHOi BOpoHKH. DiGpuaspHMil CTaH MONINENTHAIB. AMiTOIIHI
¢biOpunu sixk HOBHI KiTac HAaHOMAaTepiais.

4. Meronu omucy mpocTopoBoi CTPYKTypH Giomonekys. ITOHATTS mpo KBaHTOBO-XiMiyHI MeTOmH.
Mosnexkynspna Mmexanika. OCHOBH MeETOMy, NMOHATTS [PO CHJIOBI TONs, €PEKTH PO3UMHHHKA Ta
eNIeKTPOCTATUYHHMX B3aEMOJIH. MeToau AociikeHHsT KOHGOPMALIIHHOIO MPOCTOPY: MOETIOBAHHS
Bianany, meton Monre-Kapio. Merox MoJieKyisspHOT AHHAMIKH.

5. HaHOCTpYKTYpH, IIO yTBOPIOIOTHCS JimimaMH (MOHOmIapw, Gimlapy Ha migKIammi, Minens,
Jocomu), GiIKamu, HyKJIETHOBUMH KHCIIOTaMH Ta ToJlicaxapiuiamy. 3acTocyBaHHs Gi0HaHOCTPYKTYp
y MEIMYHIH MPaKTHUIL.

6. BusHaueHHs Ta 3araqbHa cXeMma TOMOrpadidHHX JOCHIIKeHb. Buau ToMorpadidHux JOCHiIKEHS.
Ilpunimnm  Tpancwmiciiinoi Tomorpadii. Ewmicilina Tomorpadis, O®EKT, TIET. qudpaxuiiina
ToMorpadist. @yHKIis BiAryKy TOUKOBOTO JKEpea, ii 3B'S30K 3 IPOCTOPOBOIO PO3iNBHOIO 3[ATHICTIO.
BinnomeHHs cHrHaI/IIyM Ta 00epHEHHS 3rOPTKH.

7. Po3B’s130K  DIBHSHHS aKyCTHYHOi XBMJi y HEOJHODIZHOMY CKAIAPHOMY CEpeIOBHIL.
YIbTpa3ByKOBUH BiAryk Ta (QYHKIIS 4yTIMBOCTI cHCTeMH. Po3miibHA 31aTHICTD YJIBTPa3BYKOBUX
cucteM. Meton cuHTe3oBaHoi ameprypu. IllupuHa ynbTpa3sBYKOBHX IONIUIEPIBCHKHX CIIEKTPIB Ta
JIONIIEPIBCEKI  METOAM JHocni/kenHs. PiBHsuHs BecrepBenbTa Ta Bisyamisamis Ha rapmoHikax
BUIPOMiHIOBaHHS

8. NudpaxuiiiHi MeTonu NOCTiKeHb. PO3CISHHS CBITYy MalMMH Ta BENMKHMH 4aCTHHKAMH, dbaxtop
poscisnns. CnekrpaibHa GyHKUii Ta quHaMiyHe poscisHHA. KoMGiHariiine (paMaHIBCbKE) PO3CisTHHS
ciTia. Pamanosi cnektpis Ta cnektpu 14 nornmuanHs. JIudpakmiiina peHTreHiBCbKa Tomorpadis,



aToMHH# (Qopm-pakTop Ta CTpyKTypHHE dakTop Gasmcy. PeHTreHorpamu Tumy «xocuit XpecT» Ta
TEMIIEpaTypHa 3aJIEXKHICTE JIHIH.

9. Bumora SIMP pe3sonancy, kiHeTuka mepexomiB. Pisusuus Broxa Ta Maruirua CIPUHHATIMBICTE.
Cnextpu SIMP Ta yacu penaxcauii. Ksagparypre nerektyBaHHs SIMP curHaniB Ta 4yTimBicTH Cw-
AMP. Immymecra SIMP  crmekrpockomis. IMmynmecHi mocmimoBHOCTI Ta iMnynecHa  ypbe-
3eitmarorpadis. Bizyarisauis yacis pemakcarii.

10.  CHHXPOTpOHHE BHNPOMIHIOBAaHHS, METON MIBHIKICHO PCHTTeHIBCBKOT  udpakToMeTpii.
OHIynATOpHE BHUIIPOMIHIOBaHHS Ta JIa3€pH HA BUIBHMX €IeKTpoHaX. Merox mudpaxuii HeHTpoHiB.
Mecbayeporpadis. EnexrponHa Mikpockormis, Buau abepalliil Ta acTMIMaTH3My, KOHTpPACTYBAHHS
06’extiB. CkaHyioua TyHeIbHA MiKpOCKOMS. ATOMHA CHJIOBA Mikpockomist. EnexkrpocumoBa Ta
MarHiTOCHIIOBa MiKPOCKOIIiSL.

KPUTEPI OIITHIOBAHHSI
1. BukoHaHHS KOXKHOTO 3aBIaHHs GiieTa OIiHIOEThCS GAIOM 32 TabIHIEIO:
Ne  [Kimek. | Ilpw ominui Bianosizi Ha Teoperwnuni IIpw ouiHIi po3s's3anHs 3axauyi
3/m  |GamiB UTaHHS
1 0 BusiBiieHo, M0 CTyAEHT BUSBUB akaneMiuny HEOOPOYECHICTE
2 1-20  |HaBeneHo nmiie BU3HAYEHHS TepMiHiB, |3ammcaHo KOPOTKY YMOBY, HaBEJIEHO
K1 BXOISATH 10 GOPMYITIOBaHHS niarpamy abo PECYHOK JI0 3a/adi, 3aIHucaHo
MUTaHHS ' OCHOBHI 3aKOHH 3 IIi€l TeMH
3 21-40 |HaBemeHo nuine 3aransHi BimoMocTi JlonaTkoBo 110 11. 2 BKa3aHO METO.
PO3B'sI3aHHA 3a1a4i
4 41-60 |HaBeneHo HewiTKy BimmoBins HonatkoBo 110 11. 3 mpu npaBUIEHOMY BUOODI
METOJy PO3B'A3aHHs JOMYINEHO rpy6i
IIOMHUJIKH
5 61-80 [HaBexmeHo BiAmoBixp 3 HE3HAYHUMH JlonatkoBo 10 1. 3 NpH IpaBUIEHOMY BHGODI
IIOMHUJIKaMHU METOJly PO3B'SI3aHHS HE JOBEICHO 10 KiHI
6 81-90 |HaBenmeHo mpaBHIibHY B IiOMY 3anady TOBEACHO 0 MPABHUIIBHOT KIHIEBOT
BiIIOBib 3 OPYIICHHSIMH JIOTiKH (opMyH i Ha TOMY [IPUNIHHEHO PO3B'SI3aHHS

BHKJIQJICHHS MaTepiaiy abo 6e3
HAJIOKHMX 1TIOCTpariil uu opopMIeHHS
BIZNOBI/i YCKTaTHIOE PO3YMiHHS TEKCTY

7 91-100 |IIoBHa Ge3nmoranHa BimmoBine 3106yT0 npaBuNBHY KiHIEeBY Gopmyiy Ta
IPOBEZICHO 1i aHaJli3, mepeBipKy Ha
PO3MipHICTB, BIpHO BU3HAYEHO YHCIIOBE
3HAYCHHS.

2. 3araibHa oUiHKa BCTYITHOTO BMIIPOGYBaHHS 3a mKanowo Bix 100 1o 200 6atis PO3paxoByeThCs 3a
bopmyioro:

Ouinxa = (IT1 + 112 + 13) / 3 + 100,
ne I11, I12, TI3 — 6anu 3a BixmoBini Ha OKpeMi 3aBIaHHs eK3aMeHallitHoro GieTa.

3. SIKmo «3aragpHa OLIHKa» HE € IMiMMM YHCIOM, TO OIHKA OKDYTTIIOETBCS 3 YpaxyBaHHSM IPABHII
OKpYTJICHHS.
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