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Yacruna 1. AtomHa ¢pizuka

1. Po3BuTok (i3MUHUX YSABIEHb NP0 CTPYKTypy aroma. Mogenb atoma no Tomcony. locminu
Jlenapza mo 30HAYBaHHIO aToMiB ejnekTpoHamu. Jlocmiau ta dopmyna Pesepdopaa mo poscisHHIO
anb(a-yaCTUHOK aToMaMu. SliepHa Mojens aroma. 3aKOHOMIPHOCTI B CHEKTPaX BHUIPOMIHIOBAHHS
atomiB. CnekrpanbHi cepii BoaHioo. KomOinamiiinuii npunuun Pituna. IlnanerapHa mozens atoma.
[Hoctynatu bopa. Po3paxyHOK eHEpreTMUHUX CTaHIB BOJHE-MOAIOHMX aTtoMiB mo mojeni bopa.
Po3paxynok cranoi Pinbepra 3a nHasBHOCTI pyxy saapa. [ocminn ®panka ta ['epua. Ilpunnunosi
Henomku Teopii bopa.

2. KopmyckymsipHi BIacTUBOCTI €IEKTPOMArHITHOTO BUIPOMIHIOBAHHS Ta XBWJIBOBI BIACTHBOCTI
yactuHOK. KBantm cBitna. I'imote3za Ilnmanka. 3B’s30k eHeprii Ta IMIyJbCy KBaHTa 3 YacTOTOIO
€JIGKTPOMArHITHUX KOJIMBaHb. EKcriepuMeHTalbHI MiATBEPKEHHS KOPIYCKYJISIPHUX BJIACTUBOCTEH
€JIEKTPOMAarHiTHOro BuripoMiHioBaHHS. Doroenexktpuunuil edext. Edext Komnrona. XBuiibosi
BJIACTUBOCTI YacTUHOK. ['inoTe3a ae-bpoiuia. ExciepumenTtanbHi nigTBepIKeHHs rinore3u ae-bpoiins
— pocmigu Jleiccona 1 [xepmepa. XBuiboBHid makeT. J[oBecTH HOTO HENMPHUAATHICTH JISI OIHCY
BiactuBocTel yactTuHok. [IpuHumn HeBu3HayeHoctel aitzenbepra, oro (GisuuHuUii 3micT.

3. EnemeHTH KBaHTOBOI MEXaHIKU. XBHJIbOBA (DYHKIIIS YACTUHKY SIKA PyXa€ThCsl. 3HAXOKEHHS PIBHSHHS
Hlpeninrepa. ®i3uuHMil 3MICT Ta BJIACTUBOCTI XBWJIbOBOI (yHKUIT VYsBIeHHS (GI3UYHUX BEJTHMYMH
ornepatopamu. OrnepaTop KIHETUUHOI €HEprii, IMITyJIbCY Ta KOOPAMHATH YaCTUHKH. PO3B’3aHHS pIBHSHHSA
HIpeninrepa ass ButbHOT yacTUHKU. Po3B’si3anust piBHsAHHS LLpeinrepa Ui YaCTUHKY B HOTEHIIATIEHOMY
ANMKY. AHai3 KBAHTOBUX €HEPreTUYHUX CTaHIB Ta XBUJILOBUX (QYHKIIHN. [IpOHMKHEHHS 4YaCTUHKU 4Yepe3
NOTEHIIHHUN Oap’ep - TyHenbHUH edekT. AHami3 po3B’si3aHHs piBHsAHHA Llpeninrepa [y moreHLiamy
TUMa TapMOHIYHOrO ocuuistopa. llpaBuno BimOOpYy 3a KBaHTOBUM 4YHCIOM V. AHami3 pO3B’SI3aHHS
piBusiHHSA [lpeninrepa B chepuuHuX KOOpaAUHATAX Al HEHTPATbHOCUMETPUYHOr0 MoTeHuiany. Oneparop
MOMEHTY immynbcy. OmnepaTop KiHETHUHOI e€Heprii B chepuyHux KoopauHaTax. BuCHOBKU:
(byHIIaMeHTaIbHI OCTYJIaTH KBAHTOBOT MEXaHIKH.

4. Ksanrosa Teopis aroma BoaHt0. PiBHsaHH: Llpeninrepa s atoma BoHI0. HasiBHICTB 3B’3aHUX CTaHIB
B CHCTEMI eJIeKTpOH-IpoToH. Po3B’s3anHs piBHsHHSA Llpeninrepa uis BogHe-moIi0HUX aToMiB. XBUIILOBI
¢GyHKUIT Ta eHepreTuyHi piBHI npu /=0. XBWIb0B1 QYHKII] Ta eHepreTHyHi piBHI npu >0. AHasi3 TOBHUX
XBWIbOBUX (DYHKIIIHM aTOMIB BOJHIO. EneKTpoHHI cTaHM Ta nepexoau B BoAHe-NoAIOHuX aromax. [IpaBuio
B1100pPY 3a KBAHTOBUM 4KCIIOM . BUpo/ykeHHS eHepreTHYHUX CTaHiB.

5. CrpykTypa 6araTo-eJeKTpOHHUX aToMiB. EHepreTuyHi piBHI Ta CIeKTpalibHI cepii aTOMIB JTy)KHUX
MeTaJliB. 3HIMAHHS BUPOJUKEHHS 32 OpOiTaJIbHUM KBaHTOBUM uucioM /. PiBusauua lpeninrepa ans
JIBOX-€JeKTpoHHOro aroma. CmiH enekTpoHa. Marnetusm arowmiB. [ocmiau Ilrtepna Ta ['epmaxa.
[Ipobnemu mnoOynoBu OaraTo-enekTpoHHUX aromiB. [lpunuun 3aboponu Ilaymi. OGomonkoBa
cTpykTypa atoMiB. [ToOyaoBa nepioguunoi TabauIl enemeHTiB MeHaeneena.

6. OcHoBM aTOMHOI crnekTpockomii. [IoBHUI MOMEHT IMIyJbCy €JIEKTPOHIB B aTtomi: j-j — Ta L-S —
3B’a30K. [loOynoBa cnekTpanbHUX TepMiB aToMiB. CHiH-OopOiTanbHE PO3ILICIUICHHS PIBHIB B aTOMI.
ToHKe pO3IICIUIEHHS CHEKTpaJbHUX JiHIA. MarnitHi BiacTHBOCTI artoMiB. Hopmanphuii Ta
aHoManbHull epextn 3eemana. IIpupoga peHTreHIBCbKUX NMPOMEHIB. XapaKTepUCTHUHE Ta TajlbMOBE
BUIpoMiHIOBaHHs. 3akoH Mo3ni. Edekt Oxe. [lornuHanHs peHTT€HIBCHbKUX MPOMEHIB CEPEIOBUILIEM.
®i3uyH1 OCHOBHU poOOTH Na3epiB.

7. XimiuHuil 3B’S30K Ta CTPYKTypa MOJeKyiH. Tumu 3B’53Ky B Mosekyinax. Monexkynspauit ion H,™.
KoBanenTtHuii 3B’s130K, Mosiekyna H,. loHHuit 3B’s130k, GararoaToMHi MojieKynu. 30yIKeHi CTaHU
MOJIEKYJI — eJIEKTPOHHE, KOJIMBAIbHE Ta 00epTanbHe 30yKEHHS MOJIEKYJI. MOJIEKYISIpHI CIIEKTPH.

8. EnexkTpoHHI BIAacTUBOCTI TBepAMX TUI. II0XOMKEHHS €NEeKTPOHHUX EHEPreTUYHUX 30H. XBHIIbOBI
¢GyHKIil Ta edeKTHBHA Maca €NEKTPOHIB B MeTanax. ['ycTHHA eleKTpOHHMX CTaHiB Ta eHepris depwmi.
OnTuvHe TOTJIMHAHHS Ta JIOMIHECIEHINS B TBEpAUX TidaxX. TBEpAOTUIBHI J1azepu. BumpomMiHOBaHHS
HArpiToro TBEpAOro Tijia. EMmipryHi 3aK0OHN BUIIPOMIHIOBAaHHS a0COJIIOTHO YOPHOTO Tina. 3akoHu Bina
ta Credana-bonbimana. Po3paxyHOk 00’€MHOI CHEKTpajJbHOI TYCTMHH BUIPOMIHIOBaHHS JUIs



KJIacu4HOro ocuuisitopa — (opmyna Penes-/xunca. Po3paxyHOK 00’€MHOI CHEKTpajibHOI T'yCTHHU
BUIIPOMIHIOBaHHS [yl KBAHTOBOTO ocumiATopa — ¢opmyna [lnaHka 1is BUIPOMIHIOBaHHSI aOCOFOTHO
YOPHOTO TiNa. ATOMHA TEIJIOEMHICTh TBEPAMX T — Teopis EifHmTelHa. I'paTuacta TerioeMHiCTh
TBepaux TuI — Teopist [lebasi. EnekTpoHHa TEMIOEMHICTh TBEPAUX Til.

Yacruna 2. SInepua ¢izuka

1. KopoTkuii Hapuc pO3BUTKY BUEHHS NPO CTPYKTYpy sApa. ENEeKTpOHHO-POTOHHAa MOAENb A1pa.
A3zotHa kartactpoda. IIporoHHO-HEWTpOHHA MOAENb sapa. SnmepHi B3aemoxii. Macmrabu eHeprii,
BIZICTaH1 Ta yacy B AAepHiN (i3ulli.

2. CrartunuHi BnactuBocTi siaep. Tunu saep. [3oronu, 1306apu, 130ToHU. 3apsy sSapa, eKCIepUMEHTaIbHI
MeTOoIu HOoro BUMIpIOBaHHS. 3aJIeKHICTh €Heprii 3B’s3Ky sjApa BiJl MacoBOro uwmcia. BiactuBocti
AIepHUX CUII — nepiue HaOmkeHHs. KparmaHa Mozens siipa Ta HamiBeMIlipuyHa Gpopmysia it eHeprii
3B’s3Ky sipa. BHU3HaueHHs MacoBOro 4uciia Ta 3apsay A cTabiibHOro i3o0apa. Pamiycu snep, ix
eKcrepuMeHTa’abHe BUMIpIoBaHHSA. CIIH Ta MarHiTHUH MOMEHT f[pa — HAATOHKE pPO3LICTIIICHHS
CMEKTpaJbHUX JiHIA. BUMipIoBaHHS MarHiTHUX MOMEHTIB atoMiB Ta snep. Meron lltepna 1 I'epnaxa.
MeTon MarHiTHOrO pe30HaHCy [UId BUMIPIOBAaHHS MarHITHUX MOMEHTIB sjaep (merox Pabi).
BumMiproBaHHsI MarHiTHOro MOMEHTY HeWTpoHa. [lapHicTb, 3aKOH 30epeXeHHsS MapHOCTI B SJEpHIH
¢i13uni. KBanpynoabHUit MOMEHT siipa Ta METOJIU MOTO BUMIPIOBAHHSI.

3. PanmioakTuBHMI po3mnan snaep. EHepreTMyHa CHpOMOXKHICTH pajliOaKTMBHOTO pO3Magy Ta HOro
3aKk0H. MexaHi3M anbda-po3nany. 3anexHICTh Nepioay anb(ha-po3nany BiJ eHeprii ajb(a-4aCTUHOK -
3akoH ['eiirepa-Hertona. bera-po3nan. Tpu tunu Oera-po3mnany. Xapakrep O6era-creKkTpiB Ta rirnoresa
HeuTpuHO. JlochmipkeHHsT 1O Jo0Ka3zy ICHyBaHHs HeuTpuHo. Enementn Teopii Oera-posmany.
He36epexxennss mapHocTi mpu Oera-po3mani. ['ama-BumpomiHioBaHHS siep. IMOBIpHICTH rama-
Nepexo/liB, BHYTPILIHSA KOHBepcis rama-npomeHiB. Edext Meccbayepa. BumiproBaHHs 4epBOHOIO
3CyBY B J1a0OpaTOpPHUX YMOBaX.

4. SnepHi cunu Ta Mozeni aToMHOro snapa. KopoTkonais Ta BIaCTMBOCTI HACHYEHHS SIAEPHUX CHIL.
He3zanexHictb sinepHux cui Bif 3apsy. OOMIHHUN XapakTep sIepHUX cuil. Me30oHHa Teopis AIepHUX
CWJI Ta CTpyKTypa HykiIoHiB. KpaminnHa monens siapa. Moaens saepHux o6oioHok. ITpunuumnu
no0yJ0BU OOOJIOHKOBOI MOJENI sifpa. Y3arajibHEHa MOJENb sjipa — OJHOYACTUHKOBI Ta KOJIEKTUBHI
30y/DKEHHS y 1M1 MOJIedi.

5. KocMmiuHi IpoMeHi Ta elleMEeHTapHI YacTUHKU. [lepBUHHE Ta BTOPMHHE KOCMIYHE BUIIPOMIHIOBaHHS.
[IpoxomxeHHsT KOCMIYHOTO BMIIPOMIHIOBaHHS Kpi3b arMocdepy. Kackaani mporecu. IloxomxeHHs
KOCMIYHUX MpoMeHiB. Kiacudikarlisi elreMeHTapHUX YacTUHOK: (DOTOHHM, JIENTOHM, ME30HM, OapioHH.
3akoHM 30€peKEeHHS TIPH NIEPETBOPEHHI YacCTHHOK. KBapKoBa MOJIENb €IeMEHTAPHUX YaCTHHOK.

Yacruna 3 (3a cneniaaizamissMu)
3.1. IIpukaanna ¢izuka

1. Turm TBepaux Tin. ienextpuku ta metanu. Knacudikamis gienekrpukis. lonni kpuctamu. JlyxHi -
ranoinHi kpuctanu. ITpomixkni cnomyku. KoBaneHnTHi kpucranu. MonekymsipHi kpuctanu. Mertamu.
Kpucranu 3 rizporeHHUM 3B’ I3KOM.

2. Kpucranu 1 kpucraniuni rpatkd. OcHOBHI HOHATTS (izuuHOi Kpucrtanorpadii. I'patka bpase i
JIBOBUMIpHI KpucTanu. TpaHcnsuiiiHa cumetpis. OCHOBHI BEKTOpPU 1 TPHUBHUMIPHI KPHUCTAJIH.
Knacudikauist kpuctaniyaux rpatok. IIpumituBHa komipka Birnepa - 3eiitua. IIpsmi Ta obepHeHi
rparu. [Hnexcn Mimepa. Enementu cumerpii. ['pynu cumerpii.

3. 'eomerpuuna kpuctanorpadis. Kpucramiyni cucremu Tta kiacu cumetpii. Kpucranorpadiuni
rpymu cumeTpii (mpoctoposi). Kpucranorpadiuni Toukosi rpynu. [3omopdizm. Ilpoctoposi rpymnu
®enopoBa. OCHOBH reoMeTpu4HOI Kpuctanorpadii. ['eomeTpruyHi 3aKOHOMIPHOCTI aTOMHOi Oya0BU
KkpuctaniB. KpucraniuHi CTPYKTypH IPOCTUX Ta CKIAAHUX PEUOBHH



4. Teopii meraniB. Teopis dpyzae, ocHoBHI onoxkeHHs. Teopis meraniB 3ommepdenbaa. BrnactuBocti
€JIEKTPOHHOIO Ta3y B OCHOBHOMY cTaHi. Po3moain @epmi - [lipaka ra3zy BUIBHUX €JIEKTPOHIB, HOro
3actocoByBaHHs. llpsimuii, oOepHeHuil, koH¢irypauiiHuii Ta k- mpocropu. IIpoGnemu mopeni
BUTbHUX €JICKTPOHIB.

5. Ilepiognunuii norenuian. Teopema bnoxa, 11 noBeaenus. I'pannuni ymoBu bopna-Kapmana.
[HoBepxuss ®epmi. I'yctuna piBHiB. EnexTpoHu B cinabomy nepioAMYHOMY MOTeHLiai. PiBHSIHHS
HIpenunarepa B BUMaaKy ciaboro morteHmiany. Metos ciaboro 3B's3Kky. MeToJl CHIIBHOTO 3B'S3KY.
Oynknii Banase. Meton xomipok 1 meton MT-morenmiany. Meton mpuegHAHUX TUIOCKHX XBHUIIh
(ITTX). Meton ¢ynkuit Koppunru, Kona u Poctokepa (KKP) (meton dyskuiit I'pina). Merton
MOJIETPHOTO TMTOTEHIII ANy .

6. 3oHHa CcTpyKTypa MertaniB. Meronu nocnimkenHs mnoBepxHi depmi. Edexr ne [Naaza - Ban
Anbdena. BinbHI eNeKTpOHM B MOCTIHHOMY MarHiTHOMy Ioiii. PiBHI OJOXOBHX €JNEKTPOHIB Y
noctiiiHomy MarsitHoMmy mnoumi. Ilpocti mertanu. PisHoBanentHi meranu. HamiBmeranu. Ilepexinni
metand. PinkicHO3eMeENIBHI METAIH.

7. Po3cisiHHS Ta B3a€MOJIis €JIEKTPOHIB B KpUCTajax. MexaHi3MH pO3CisIHHS €J1eKTpoHiB. BiporiiHicTh
po3cisiHHSA 1 yac penakcauii. 3MiHa (QyHKLII pO3MOAUTY 3a PaxyHOK 3iTKHEHb. HaxomkeHHS QyHKii
posnoniny. PiBusuua bonbeivana. 3akon Binemana-@panma. IlpaBuno Marticcena. HaGnuxeHnns ta
Teopisa Xaptpi-Doka. 3aranbHa Teopis ekpaHyBaHHs, Teopii Tomaca-Pepwmi, Jlinaxapnaa.

8. IloBepxHeBi edekrtu. Pobora Buxoxy. KonTakTHa pi3HHMLS NoTeHIianiB. BusHaueHHs poOoTH
BUXOJy ULUIIXOM BHMIPIOBaHHS KOHTAaKTHOI pI3HUI MOTEHIialiB. TepMOENEeKTpOHHA EMICis.
ExcnepumenTtanbHe BU3HaUCHHsS poOOTH BUXOLYy MeTaiiB. /udpakiiis MoBUIbHUX eNeKTPOHIB. loHHMIH
MiKpockoIl. EnekTpoHHI OBEepXHEBI PiBHI.

9. HamiBnpoBinHuku. 30HHa CTPYKTypa HamiBOpOBiAHUKIB. JloHOopn Ta  akuenTopu B
HaniBIpoBiHUKax. KoHLeHTpaliss HOCIiB 3apsay B HamIBIPOBIIHUKAX. Teopis SBHIL IEPEHOCY B
HamiBrnpoBinHuKax. HeomaHopinui HamiBnpoBigHUKH. PiBHOBaXHUM p-n mnepexin. EnementapHuit
aHayi3 aii p-n mepexomy.

10.  [ienekrpuxu. Enexkrpoctatuka agienekTpukiB. Teopis jokaiabHOro mnosisd. [3omsropu. 3oHHa
CTPYKTypa U 3B'SI30K B 10HHUX Kpucranax. KoBaneHTHI nienekTpuyHi kpuctanu. IlipoenexTpuka.
CerneroenekTpuku. JiaMmarneTusm U napaMarHeTusM.

3.2. EkcniepuMeHTAaIbHA siiepHa Qi3uKa Ta Qi3uka miazmm
®dizuka miasmMu

1. OcHOBHI BUAM PO3pANyY: THIIOUYHMM po3psn, enekTpuuHa ayra, HBU-po3psa, ymoBa crarioHapHOCTI
po3psiny.

2. PiBusannas bomeiiMana 1 BiacoBa, wac makcBemizallii 1 IMIBHIKICTh BUPIBHIOBAHHS TEMIEPaTyp
PI3HUX KOMIIOHEHTIB TUTa3MH, IIBUIKICTh I0HOYTBOPEHHS 1 peKOMOIHAIII1 €IEKTPOHIB Ta 10HIB.

3. Pyx y cxpelieHux elIeKTpUYHOMY 1 MarHiTHOMY MOJIsIX; 3apspKeHa yactuaka y BY nodi; napeiidose
HAOIMKEHHS, PI3HOBUAM IpeioBOro pyxy.

4. PiBHAHHS pyXy IUIa3MH B MAarHiTHOMY IIOJIi; MPOHUKHEHHS MAarHiTHOTO MOJIA B IUJIa3My;
BMOPOKEHICTh MarHiTHOTO TMOJIS B TUIa3MY; IBOPITUHHE HAOIMKEHHS.

5. OCHOBHI THNM KOJHMBAaHb 1 XBWJb Yy IUIa3Mi: JICHTMIOPOBI €JIEKTPOHHI Ta 10HHI, 10HO3BYKOBI,
MarHiTO3BYKOBI, aJb()BEHOBI; IOKAa3HMK 3aJOMJICHHS TIUIa3MHu; (a3oBa il TIpymoBa MIBHUAKOCTI
IUIa3MOBUX XBHJIb.

6. Pe3oHaHcHa B3aeMOJlis 3apsJKEHUX YACTHMHOK 3 €JIEKTPOMArHiTHUMU XBWISIMU. BunpominioBaHHsS
UepenkoBa. B3aemonis oaHi€el 3apsaKeHOT YACTUHKH 3 MO3/10BXKHBOIO €JIEKTPOCTATUYHOIO XBUIICIO.
OnHOYaCTUHKOBE HAOJMKEHHS 1 MEX1 HOr0 3aCTOCYBaHHSI.



7. PiBusiuas Kapresera-ne-Bpiza. ComiTonHi 30ypeHHs y miasMmi. [TofBiiiHI enekTpuyHi Imapu y
wiazMi. DopMyBaHHs CTPUOKIB MOTEHIIiay B COITOHHUX 30ypEHHSX.

8. Bzaemogis TppoX XBWiIb. be3nucunaruBHuii Bunagok. BinactuBoCTi pilieHHs.
9. B3aemonist TphOX XBUJIb 3 ypaxyBaHHAM aucumnanii. CTamioHapHi pillieHHS.

10.  Xsuii bepumireiina- ['puna- Kpyckana. 3s's130x BI'K xBuib 3 xBunsimu Ban-Kamnena. Hlupuna
pPE30HAHCY XBWIS-4YaCTHMHKA y IPOCTOP1 LIBUAKOCTEM.

®di3zuKa My4KiB 3aps/IKeHUX YACTHHOK

1. 3aranbHi pIBHSHHS pyXy 3apsyDKEHUX YacTUHOK B EJIEKTPUYHMX Ta MArHiTHUX IOJSX.
[TapaxkcianbHe HaOmkeHHs. MoaudikoBaHi piBHSIHHS pyXy. Teopema bya.

2. Pyx myukiB y KaHajax, BUIBHUX BiJ 30BHINIHIX ToJiB. Bipryansnuii katon (anom). Kputuuni
CTPYMH YTBOPEHHS Ta 3HUKHEHHS BIpTYaJILHOTO KaTOIy.

3. llpuponHi Ta IMITYy4HI MEXaHI3MH 3apsAI0BOI Ta CTPYMOBOi HeWTpamizamii mydkiB. YacoBi Ta
MIPOCTOPOBI MacuITabM 3aps0BOI Ta CTPYMOBOI HEMTpami3allii my4KiB.

4. T'apmatu 11 GopMyBaHHS akCiaJlbHO-CUMETPUYHUX MydkiB (rapmartu Ilipca). Po3paxynku popmu
esiekTpoAiB rapmati [lipca i opMyBaHHS MIIACKO-NApaIeIbHOr0 MOTOKY €EeKTPOHIB.

5. OcobnuBocTi mia3Mu  SIK  eMiTepa  3apsyDKEHHX  4YacTHHOK. (OcoOIMBOCTI  CTBOpEHHS
NPUCKOPIOBATILHUX €JIEKTPUYHUX IOJIIB y JPKEpeax 3apsKEHUX YaCTUHOK.

6. OcobnmBocTi (popMyBaHHS 10HHUX ITyYKiB. YMOBa TUIACKOI MEXi IUIa3MOBOTO eMitepa. Meroau
301IBIICHHS EMICITHUX BIIACTHBOCTEW TUIA3MOBHUX EMITEPiB.

7. Komipka Ilenninra. JlyomnazmMarpoH.

8. IlpuckoproBau 3 aHoguuMm mapoMm. [IpuckoproBau 3 3aMKHEHMM JApei(oM eNeKTpPOHIB Ta
HPOTSIKHOIO 30HOO MTPUCKOPEHHS.

9. Macuitab mpOHUKaHHS €IEKTPUYHOTO ToJsl B mazmy. CkiH-miap. BennunHa eneKTpuYHOTO Mo,
HEOOXITHOTO I MPUCKOPEHHS eeKTpoHiB y ma3mi. [Tome Jpeiicepa.

10. XapakTepHi TMepiogud PO3BUTKY IyYKOBO-TUIa3MOBHUX HecTiiikocTed. Brpatu eneprii
enekTpoHamu. JluHaMmika CTpyMy MPUCKOPEHUX EIEKTPOHIB Y IJIa3Mi.

Teopernuna ¢izuka

1. IMpunuun Haiimenmoi aii. dyHkuis Jlarpanxka TOUKOBOT YACTUHKHU 1 CUCTEMH TOUYKOBHUX YACTHHOK.
3aKkoHU 30epeKeHHs eHeprii, IMIMYJIbCY 1 MOMEHTY IMITYJIbCY

2. TlpyxHi 3iTKHEHHS YaCTHHOK. Po3ciroBanHs yacTuHOK. DPopmyra Pezepdopna.
3. PiBusHus ['aminbeTona. yxku Ilyaccona. is. [Tpuniun MomnepTioi.
4. Tenzop enexTpoMarHitTHoro nojs. PiBusHus Makcsema.

5. Ilone cuctemu 3apsaiB Ha Aalekux BiacTaHsx. [lunonpHe BuUmpoMiHioBaHHS. KBagpymonbHe Ta
MarHiTHO-IMIIOJIbHE BUIIPOMIHIOBaHHSI.

6. Crauionapni cranu. Immynsc. CriiBBigHOIIEHHS HeBU3HaueHOCcTel. PiBusauus Ll peninrepa.
7. MowmeHT iMITynibey. BiacHi 3HaueHHs 1 BiacH1 (yHKIIT MOMEHTY.
8. IlpuHIMIT HEPO3PI3HEHOCTI TOTOKHUX YaCTUHOK. OOMiHHA B3a€MOIis.

9. Kanoniunmii po3noaun ['i60ca, ctatuctuyHa cyma (iHTerpai) i TepmMoauHamiydi QyHkuii. Posnoain
Makcsena.

10.  Posznmoain ®epmi-/lipaka 1 boze-Eitnmreiina.



ExcnepumenTtanbHa sizepHa Qizuka

1. ITpoxomKkeHHs 3aps/HKEHUX YacTHMHOK uepe3 pedyoBHHY. loHi3amiifHi BTpaTu Ta iX QuaykTyarii.
OnHopazoBe Ta 6araropazoBe PO3CISTHHS.

2. SlnepHi cuiau Ta 3arajbHl BJIAcTHBOCTI siiepHOI peyoBuHHU. Hacuuenns sinepHux cwi. Enepris
3B's13Ky. [30TOMIUHMIA CTTiH. AHANIOTOB1 CTaHU.

3. Mognem snpa. Kparumnana mozens sapa. Mogens ®epmi-razy. OmHOYaCTHHKOBA O00OJIOHKOBA
monenb. CepenHiii simepHuil moteHunian. ChiHOpOiTanbHUI 3B'A30K. Y3aralbHEHAa MOJETH SAIpa.
Poramiitni  Tta BiOpamiitHi  piBHi. KomektuBHi edextn B sanmpax. IlpaBwia mobopy mms
€JIEKTPOMArHiTHUX Ta Oera-mepexoniB. [3omepHi cranu. KBaziwacTuHkoBa Mopenb sapa (mapHi
KOpeJsAIii HaAIUITMHHOTO THITY).

4. bera-po3nan. Enemenrapna teopis Oera-posnany. [IpaBuna no6opy ta gopma Oera-criextpis. ft-
BennuuHU. J[03BOJIeHI Ta 3a00pOHEHI OeTa-nepexoau.

5. He30epexxeHHs mapHOCTi y cnaOkiii B3aemomii. Enexkrtponne 3axomenHs. [lonpiifHuii 1BOX-
HEUTpUHHUN Ta Oe3HeHTpuHHUN Oeta-po3naa. Emicis mpoToHiB, anbda-pos3nai, moful micias Oeta-
po3nany siapa. COHTaHHUHN MO 130MepiB.

6. B3aemogis siiep 3 €IeKTPOMarHiTHUM BUIIPOMIHIOBaHHSIM. MyJIbTUIIONBHI MEPEXOau Ta MpaBuiia
no0opy Uis ramMma-BUIIpOMiHIOBaHHS. BHyTpimHs koHBepcis. dDotosnepHi peakuii. KysnoHiBceke
30ymkeHHs saep. ['iranTcbki pe3oHaHcu B siapax. [lirmi-pe3oHasc.

7. Anbda-posnan. EnemenrapHa Tteopis anbda-po3many. Pamiycu snmep. PopmdaxTtopu sanep.
[Iporonnuii po3naa. KnactepHi posnaau.

8. Iloxin simep. Criontannuii moaun. Ilogin siapa ta simepHi Mojeni. [30Mepu CIOHTaHHOTO MOJLTY.
TpancypaHoB1 Ta HagBaxK1 eneMeHTH. OCTpiB CTaOUIBHOCTI 3BEPXBAKKUX SIAEP.

9. OcHoBU Teopii AACPHUX peakiii. AMIUIITYya po3CisHHA. BiporiaHicTh 1 mepepi3 peakiii. 3aKoHU
30epexxenHs. [Ipunuun neranbHoi piBHOBaru. Kanamu peakiii. Matpuns poscisiHast. OnTuyHa MOJeNb
B3a€MO/Ii1 HYKJIOHIB 3 SIApaMHu.

10. [IpuckoproBaui 3apsykeHUX 4YacTUHOK. JIiHIMHI mpuckoproBauil. [lukiaiuHi npuckoproBaui.
[Ipunuun aBtodazyBanus. CunbHe ¢okycyBaHHA. HakomuuyBanbHI Kiiblil Ta NPUCKOPIOBAdl Ha
3ycTpiuHux nydkax. KosektuBHuM Meron nmpuckopeHHs. Meronu (oKycyBaHHS Iy4YKIB Ta cenapais
YACTUHOK.

11. lonizamiiini kamepu. Kamepa bperra. IlpaBuno Tonginra. ['azopo3psiaHi  JIIYMIBHUKH:
nponopuiiiHi,  I'eiirepa-Mromnepa,  Tpocra, ramoreHHi.  HamiBmpoBiZHMKOBI  JE€TEKTOpH.
CuuMHTWISLINHI 1eTeKTopu. YepeHKOBChKI JIIYMIBHUKH Ta JETEKTOPH MEPEX1THOTO BUIPOMIHIOBAHHS.

12. OcCHOBHI MOHATTA MaTeMaTHYHOI CTATUCTHKH. Teopis CTaTUCTUYHUX OLIHOK Ta MEPEBIPKU
rinore3. Kputepiii xi-kBagpar. Metoa MakcuMainbHOI mpaBaonoAioHocTi. [InaHyBaHHS eKCIEpUMEHTY.

13.  SnepHo¢izuuni 6a3u nanux. KimactepHi cucremu 00poOKU 1aHUX.
ExcnepuMenTanbHa Qizuka eJieMeHTAPHUX YACTHHOK

1. Po3cisiHHs 1 po3nanu yacTuHOK. Ili-mMe3oH FOkaBu. Binkpurrs HeliTpuHO B Oera-po3maji suep.
EnextponHe Ta MIOOHHE HEHTPUHO. 30epeKEeHHS JISNTOHHUX YHCEIL.

2. KBapkoBa mojens. KBapku, iX eleKTpuuHi 3apsu, BIACTUBOCTI aHTHKBapkiB. KBapkoBuii ckmaj
Me30HiB Ta OapioHiB. Kondaitnment kBapkiB. Koumip kBapkiB. Be3komipHICTh eKCIEpUMEHTaIbHO
CIOCTEPE)KYBAaHUX YACTHHOK.

3. Cnabxa B3aemomis. Posznan mroony. Cimabka B3aeMOJIisl KBapKiB 1 3-po3mai HEHTPOHY.

4. Tlepepi3 peakitii. CBITHICTb TPUCKOPIOBAUa Ta 3B’ SI30K MEPEPi3y 3 YUCIOM BIJIIKIB AETEKTOPA.



5. I3oTomiyHmii cmiH. [30CHiH HYKJIOHIB, ME30HIB, pe30HAHCIB. 30epekeHHs abo He30epeKeHHS
130CcHiHy 1 HOro MPOEKIii B CHJIbHIN, €JIEKTPOMArHiTHIN Ta c1aOKiil B3aeEMOJIsX.

6. TIpocTopoBa mapHicTh Ta 1i mopymieHns y posnazii siapa °Co. BusHaueHHs CipalibHOCTI HEHTPHHO
B cnabkomy posnazni ©= —> B+ v,,. 3apsanose cupskenHs (C) 1 C-napHicTh yacTMHKY. IHBepcis dacy.

—0

. . o . 0 . . . .
7. CP-cumertpisa. Ocuwurdnis HedTpanbHUX K-Me30H1B: K <K JI0BroicHyro41 Ta KOPOTKOICHYHOY1
K-me3onu. Ilopymenus CP-cumerpii B cnaOkiii B3aemonii. CPT Tteopema. Ilopymenns T-
1HBap1aHTHOCTI Ta €JeKTPUYHUHN TUMIOJIbHUNA MOMEHT YaCTUHOK.

8. O0’enqnana Teopiss ciabkoi 1 enekTpoMmarHiTHOi B3aemofiil. JlokanmbHa KaniOpyBajibHA
1HBaplaHTHICTh, CIOHTAHHE TIOPYILIEHHS CUMETPii Ta MeXaH13M Xirrca.

9. MexaHni3mu yTBOpeHHs 0030Ha Xirrca, Horo mouryku i BigkpurTs Ha npuckopioadi LHC B IIEPH.
Teopernuni moxeni y ¢izumi yactuHOK 3a Mexamu CranmaptHoi Mogem. Bemuke o0’emnHanHs
B3aeMOJiil 1 po3naj npotoHa. CynepcuMeTpis 1 101aTKOB1 pO3MiIpHOCTI POCTOPY.

10. [IpuckoproBaui 3apsykeHUX 4YacTUHOK. JIiHIMHI mpuckoproBaui. [{ukiaiuHi nmpuckoproBaui.
[punuun aBtodazyBanus. CunbHe (okycyBaHHA. HakomuuyBanbHI Kifblil Ta NPUCKOPIOBAdl Ha
3ycTpiuHuX nydkax. KonekTuBHUM MeTon mpuckopeHHs. Meronu (oKycyBaHHS Iy4YKIB Ta cemaparis
YACTUHOK.

11. EnexktpoH-(oTOHHI 3MMBOBI JTIUWIBHUKU. AJIPOHHI KaJJOPUMETPH.
12. CucremMu MaTeMaTHYHUX IpoOrpaM 0OpoOKH, aHAII3y Ta MOJIENIOBaHHS (P13UYHUX PE3yJIbTaTiB.
3.3. Meanuna ¢izuka

1. CTpyKTypHO-IMHAMIUH1 BIaCTUBOCTI 010JIOTTYHUX MAKPOMOJIEKYJI IK OCOOJIMBOTO KJIacy MOJIIMEpiB.
Mopeni iieanbHUX Ta peaJbHUX MOJIMEpHHX JaHloriB. KongopmaiiitHuii anani3 moiinentuaiB Ta
HOJIHYKJICOTH/IIB.

2. ®a30B1 cTaHU NoJjiiMepHUX JaHIoriB. Kongopmaniiini nepexonu OUIKIB Ta HyKJIETHOBUX KHCIIOT.
[onaTTs KOH(}OPMALIITHOT CTATUCTUYHOI CYMH MaKpOMOJIEKYJIH.

3. @onxainr O6uIkiB. Monenb eHepreTuyHoi BOpoHKU. DiOpwiIspHUil CTaH MOMINENTUIIB. AMIJIOIIHI
¢i10puin sIK HOBUH KJ1ac HAHOMAaTepiaiB.

4. MeTtoau ommUCy MPOCTOPOBOI CTPYKTypH Oiomosiekyn. [IOHATTS mpo KBAaHTOBO-XIMIYHI METOJH.
MonekynspHa MmexaHika. OCHOBM METOMy, MOHSATTA HPO CHJIOBI MOJIsA, €PEKTH PO3UMHHHKA Ta
€JIEKTPOCTATUYHUX B3aeMOAIN. Metoau AOCIIIKEHHS KOH(QOPMAIIITHOIO MpOCTOPY: MOJIEIIOBAaHHS
Bignany, merox Monte-Kapio. Metroa MonekynsipHOT TUHAMIKH.

5. HaHOCTpyKTYypH, IO YTBOPIOIOTHCS JimigamMu (MOHOIIapu, Ollmlapu Ha MIAKIAALL, MILENH,
JIMOCOMH), OUIKaMM, HyKJIETHOBUMHU KHUCJIOTaMHM Ta IoJjlicaxapuaMu. 3acTOCyBaHHs 010HAHOCTPYKTYP
y MEIMYHIHN MpaKTUI.

6. BuzHaueHHs Ta 3arajpHa cxema TOMOrpadiuHUX AOCHIKeHb. Buan ToMorpadiyHuX AOCIHIKEHb.
[punnunu TpancMmiciiiHoi Tomorpadii. Ewmiciiina Tomorpagis, O®EKT, IIET. Hudpakiiiina
toMorpadist. @yHKIIA BIATYKY TOUKOBOTO JDKEpena, ii 3B's130K 3 MPOCTOPOBOIO PO3/UIBHOIO 3/1aTHICTIO.
BinHomenHs curHan/myM Ta 00epHEHHS 3TOPTKH.

7. Po3B’30K  pIBHAHHA AaKyCTUYHOI XBWJII Y HEOJHOPITHOMY CKalsIpHOMY CEpEeOBHIII.
VYapTpa3ByKoBHil BIATYK Ta (YHKIIS YYTIMBOCTI cUCTeMH. Po3dinbHAa 3MaTHICTH YIBTPa3BYKOBHX
cucteM. Merton cuHTe30oBaHOi amepTypu. lllupuHa ympTpa3ByKOBHX IOMIIIEPIBCHKUX CIEKTPIB Ta
JOTIIIEPIBCbKI MeToau jaociikeHHs. PiBHsSHHS BectepBenbTa Ta Bi3yamizallis Ha TapMOHIKax
BUIIPOMIHIOBaHHS

8. JudpakmiiitHi MeTonu TOCTiKeHb. PO3CISIHHS CBITY MajlMMHU Ta BEIMKMMHU YacTHHKaMH, (aKkTop
poscisgHHsA. CnekTpanbHa GyHKUIT Ta AuHamiuHe po3cisHHs. KomOiHaniiiHe (paMaHIBCbKE) PO3CISIHHSA
cBiTiia. PamanoBi crektpiB Ta cnektpu [Y mornmunanus. {udpakumiiina peHTreHiBCcbKa ToMorpadis,



aTOMHHUH (QopM-¢pakTop Ta CTPYKTypHHUH (akTop Oaszucy. PeHTreHorpamm THIy «KOCHH XpecT» Ta
TEeMIEpaTypHa 3aJIeXKHICTb JiHIH.

9. Bumora SIMP pe3onancy, kiHeTuka nepexofiB. PiBHAHHSA bioxa Ta Mar"iTHa CIpUHHATIMBICTS.
Crnextpu SAMP Tta uacu penakcamii. KBagpatypue aerektyBanHs SIMP curnaniB Ta 4yTiuBICTH CW-
AMP. Imnynecaa SAMP  cnektpockomis. IMmynbcHI  TOCHIZOBHOCTI Ta iMIynbCcHa (Qyphbe-
3eiimaTorpadis. Bizyamizaiis yaciB penakcarii.

10. CUHXpPOTpPOHHE BUIPOMIHIOBaHHS, METOJ] UIBHJKICHOI PEHTI€HIBCHKOI JTU(PPAKTOMETIi.
OnpaynsTopHe BUIPOMIHIOBAHHS Ta Ja3epd HAa BUIBHUX eJIeKTpoHax. Mertoxa nudpaxiii HEUTPOHIB.
MecOayeporpadis. EnexkTpoHHa MiKpocKomisi, BUAM abepalliii Ta acTUrMaTu3My, KOHTPACTyBaHHS
00’ektiB. CkaHyrouda TyHEJIbHa MIKPOCKOIs. ATOMHA CHJIOBa Mikpockomis. EnexktpocmioBa Ta
MarHiTOCUJIOBA MiKPOCKOITIS.

KPUTEPII ONIHIOBAHHSA
1. BukoHaHHSA KOKHOT'O 3aBIaHHA OljIeTa OIIHIOETHCS 0AJIOM 3a TaOIUIIEIO:
Ne  [Kinmbk. | Ilpu owuiHmi BiAnoBiAl HAa TEOPETHYHI IIpu owuiHIll po3B'sA3aHHS 3aAa4l
3/m  |OamiB MTUTAHHS
1 0 BusiBneno, 1o cTyIeHT BUSBUB aKaJIeMIYHy HEJJOOPOUECHICTh
2 1-20  |HaBenmeHo yiiiie BU3HAYCHHS TEPMiHIB, |3amrcaHo KOPOTKY YMOBY, HaBEJIEHO
SK1 BXOJATH 10 (hOpMYITIOBaHHS niarpamy abo pUCYHOK JI0 3a/1a4i, 3alMCaHO
[TUTAaHHSI OCHOBHI 3aKOHH 3 [I€] TEMH
3 21-40 |HaBeneHo jouile 3arajibHi BiOMOCTI JlogaTkoBo 110 11. 2 BKa3aHO METO/I
PO3B'sI3aHHS 33141
4 41-60 |HaBeneHo HewiTKy BIANOB1JIb JlogaTkoBo 110 1. 3 pH NpaBUILHOMY BHOODI
METOy PO3B's3aHHS JIOMYyIIEHO Ipy0i
MTOMIJTKH
5 61-80 |HaBeneno BiAmoBiab 3 HE3HAYHUMU JlogaTtkoBo 110 1. 3 MpH MPaBHILHOMY BHOOP1
MOMMITKaMU METO]ly PO3B'SA3aHHs HE JJOBEJICHO /10 KiHIISA
6 81-90 |HaBeneHo mpaBUIBHY B IIOMY 3agady TOBEICHO /10 MPaBUIIbHOI KIHIIEBO1
BIJINOBI/Ib 3 OPYIICHHSIMH JIOT1KH (dhopmyiu 1 Ha TOMY IPUTTUHEHO PO3B'I3aHHS
BUKJIaJICHHs MaTepiany abo 6e3
HaJICKHUX LUTIOCTpaIliid 41 opopMIICHHS
BIJIMOBIJIl YCKJIATHIOE PO3YMIHHS TEKCTY
7 91-100 |[ToBHa Oe3m0raHHa BiMOBIAb 3100yTO MpaBUIIbHY KiHIEBY QOpMyTTy Ta
MPOBECHO i aHai3, MePEeBIpPKy HA
PO3MIpHICTb, BIDHO BU3HAUYEHO YHCIIOBE
3HAYCHHSI.

2. 3aranpHa OLIHKA BCTYITHOTO BUIIPOOyBaHHs 3a mkaioko BiJg 100 mo 200 6amiB po3paxoByeTbes 3a

dbopmyroro:

Ominka = ((IT1 + 2 + T13) / 3) x 2,
ne I11, T12, T13 — 6anwm 3a BIAMOBIAI HA OKPEMI 3aBIaHHS €K3aMeHAIIHHOTO OlieTa.

3. Sxmo «3arajgbHa OLIHKa» HE € LUJIUM YHUCIIOM, TO OL[IHKAa OKPYTIJIIOETHCS 3 ypaxXyBaHHSIM MpPaBHII

OKPYIJIEHHS.
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