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IMosicuuTeILHASA 3aNIMCKA

DNeKTHBHBIN Kypc «SlnepHas pu3uka» npeaHa3HayeH YJaluuMcs CTapIiei MIKOJIbI, BEBIOPABIINM
€CTeCTBEHHO-HAYUHBIN, (PU3NKO-MATEMATUYECKU MPO(WIN WIM TMPOSBUBIIMM IOBBIIICHHBINA
UHTEpeC K U3y4eHHUIO (PU3MKH, XUMUH, OMOJIOTUH, SKOJOTUH. JIaHHBIH KypC MHTErpPUPOBAHHBIH,
OH CBSI3aH COJEP)KATEJBHO C KypcoM (M3MKM W MaTeMaTHMKHM OCHOBHOW IIKojibl. M3ydeHue
IpeAIaraéMoro NIEKTUBHOTO Kypca HANpaBlICHO Ha YIIyOjeHue u 0000lIeHHe 3HaHUN
LIKOJIbHUKOB O COBPEMEHHOW KapTHHE MMpa, OCHOBAHHOM HAa KBAaHTOBOM MEXaHUKE U
CHeLMaNbHOM TEOPHMM OTHOCHUTENBHOCTU. VIMEHHO 3TH pa3fenbl COBPEMEHHOW (U3UKU
MO3BOJIMJIM IIOHATH CYTh CTPYKTYpbl MAaT€pPUM M HCIOJb30BAaTh 3TH 3HAHUA IS CO3JaHUs
SIEPHOW DHEPreTHKH, COBPEMEHHOW KBAaHTOBOHM JIIEKTPOHHUKH, pa3padboTath 3(QeKTHBHBIC
METO/BI JAMArHOCTHKH W JICYCHUS PA3IMYHBIX 3a00J€BaHMUMU, CAEIaTh MHOTO JIPYTMX BaKHBIX
OTKPBITHH.

HecMmoTpss Ha TO, YTO OTAEIbHBIE BONPOCHI KBAHTOBOW M SACPHOM (PU3MKM M CHELUATbHOM
TEOPUU OTHOCUTEIIBHOCTH M3y4alOT B IIKOJIBHOM Kypce (HU3MKH, IMPEACTABICHHOW B HHX
UHPOPMALIMK HEJOCTAaTOYHO JIi TOTO, YTOObI B JOJDKHOW MEpe OICHWUTh U TOHSTH CYTh
IPOUCXOIAIMIHUX TNporeccoB. [lonHas kapTHHA BO3HHMKAET TOJBKO TOIZA, KOrja siiepHas (hu3uka
BOCIIPUHUMAETCS

kKak yactb CTaHAapTHOW MOJENH, B KOTOPOM MHTETPUPOBAHHO PACCMATPUBAIOTCS IPOLECCHI,
MPOUCXOJSAIINE HAa YPOBHE JJIEMEHTApHBIX YAaCTHUI, OTBEYAIOIIME 3a JJIEKTPOMAarHUTHBIE,
CHJIbHBIE U cllabble B3aUMOJCMCTBUSA, M TPOLECCHI, MPOUCXOIMBIINE HA PAHHUX CTAAMIX
pa3BuTHs BeeneHHOM U 3aTEM B IIPOLIECCax 3BOIIOLUH 3BE3L.

SAnepHas pusmka — Hayka 3KCHepUMEHTalbHas. MeToabl U MpuOOps! 11 (PyHAAMEHTAIBHBIX
UCCJIEIOBAaHUM B COBPEMEHHOM sIepHOM (HU3MKE OCHOBAaHbl Ha MCIIOJIB30BAaHUM BBICOKHX
TEXHOJOTMI M HECTaHIAPTHBIX WHXXCHEPHBIX pEIIEHU. B 3HauMTENnpHOW CTENEeHu HTO
OTHOCHUTCSl ¥ K MPUKIIAJHBIM HCCIEIOBAHUAM C NPUMEHEHHUEM sJepHO-(DU3NYECKHX METOAOB B
paAvallMOHHOW OHOJIOTUH, 3KOJOTHUM, XUMUH M MEIULUHE. OTO MPOJEMOHCTPUPOBAHO B
pa3sIM4YHBIX pas3felax MIEKTMBHOIO Kypca Ha IPUMEpax MOJENEH €aMOro COBPEMEHHOIO
HKCIEPUMEHTAIBHOTO 000pYAOBaHMs s (yHIAMEHTAIBHBIX M NPUKIATHBIX HCCIEIOBaHUN
(LMKJIOTPOH U YCTaHOBKA JUISI CHHTE3a CBEPXTSKENBIX JIE€MEHTOB, CBEPXIPOBOISIINN sepHBIN
KOJUTaliZilep U MHOTOLIETIEBOM JETEKTOp, MUMITYJIbCHBIH pPEaKTOp HEUTPOHOB, IITyOOKOBOJIHBII
JNETeKTOp Uid H3ydeHHs (U3UKHM HEHUTPUHO, YCKOPUTENbHBIH KOMIUIEKC AJisi MPOTOHHOMU
TEpanuH).

OO0mas xapakTepucTuka Kypca. [Ipeuiaraemblii 371€KTUBHBIN KypC MOCBSIEH paCCMOTPEHHUIO

TaKuX TEM, KaK 3JIECMCHTBI KBAaHTOBOM MEXaHUKHU U TECOpHUHU OTHOCHUTCIBHOCTHU B IIPUMCHCHHUU K
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aTOMHOM M siiepHON (pu3mKe, pa3iuyHble BUIbl PAJMOAKTUBHOCTH, B TOM YHUCIIE U CIIOHTAHHOE
JieJIeHUE sifiep, CBOMCTBA U MOJIEJIM ATOMHBIX SIIEp, TPAIULIMOHHBIE SIACPHBIC PEAKIIUU U sIEPHBIE
peaxkiuy Mpu SHEPrUsIX KoJulaiepoB. PaccMOTpeHO npoucxokaeHue 3J1eMeHTOB Bo BeeneHHol
U CHHTE3 HOBBIX CBEPXTSKENBIX DJIEMEHTOB B Jjaboparopusx yu€HbIX. YacTh pa3aenoB
MOCBSIIEHA SIIEPHON DPHEPreTUKEe W MPUKIAJAHBIM HCCIEIOBAaHUSM B OOJACTH paJualliOHHON
OMOJIOTUH, SKOJIOTHH U TPUMEHEHUIO METOJIOB SACPHON (PH3UKK B MEIHUIIMHE.

3HauMTENbHAsT YacTh JJEKTHMBHOTO Kypca OTBEJICHA NMPAKTHYECKUM paboTaM, OoJbImas 4acTh
KOTOPBIX UMEET UCCIIeIOBATEILCKHI XapaKTep.

Hean kypca: pacmmpenue, yriayosiaeHue u 0000IeHHEe 3HAHUK O (U3MYECKUX Iporeccax B
obnactu sepHON GU3NKH, TPUUMHAX U MEXaHU3MaX UX MPOTEKAHUS, PA3BUTUE MTO3HABATEIHLHBIX
WHTEPECOB M TBOPYECKUX CHOCOOHOCTEH ydYalMxcs Yepe3 MPaKTUYECKYIO HaIpaBI€HHOCTh
o0ydeHus (PU3MKE M HHTETPUPYIONTYIO POJb (DU3UKHU B CHCTEME €CTECTBCHHBIX HayK.

3agaum kypca:

— pa3BHUTHE €CTCCTBEHHO-HAYYHOT'O MUPOBO33PCHUS YUAIIHXCS;

— pa3BuTHE NPUEMOB YMCTBEHHOH JESATENbHOCTH, IO3HABATEIbHBIX HHTEPECOB, CKIIOHHOCTEH U
CIIOCOOHOCTEN yJaluxcs;

— pa3BHUTHE MOTHBAIMK Y4€HHUS, (POPMHUPOBAHHE MOTPEOHOCTH B MOJYYEHUU HOBBIX 3HAHWN U
MPUMECHCHUY UX Ha MPAKTHKE;

— pacuupenue, yriayonenue u o0o0ieHre 3HaHui 1o PU3uKe, XUMUU, OUOJIOTHH;

— WCTOJB30BAaHUE MEXKIPEAMETHBIX CBsi3ed (PU3UKM C MaTeMaTUKOH, OHMOJIOTHEH, XUMHEH,
UCTOpHUEH, DSKONOTUel, pacCMOTpEHHE 3HA4YeHHs H3TOT0 Kypca ISl YCIEUIHOTO OCBOCHHS
CMEXXHBIX JTUCIUILINH;

— COBEpILEHCTBOBAaHUE OJKCIEPUMEHTAIbHBIX YMEHHII ¥ HaBBIKOB B COOTBETCTBUU C
TpeOOBAaHUSMU TPABHUII TEXHUKH OC30ITACHOCTH;

— paccCMOTpEHHE CBSI3H SACPHON (PU3MKH C KU3HBIO, C BaKHEHIIUMU chepamul AesITeNbHOCTU
YeJI0BEKa;

— pa3BUTHE Y yYAIIUXCS YMEHHUS CaMOCTOSTENBHO Pab0TaTh C IOMOJHUTENBHOMN TUTEPATypOil U
JIPYTHMH CPEJICTBAMU WHPOPMAITUH;

— ¢opMupOBaHHE Y YyYAIIMXCAd YMEHHH aHalu3upOBaTh, COIMOCTaBISATh, MPUMEHATH
TEOPETUICCKHE 3HAHKS HA IPAKTHKE;

— (popmupoBaHUEe YMEHUH MO PEIICHUIO IKCIIEPUMEHTAIBHBIX U TEOPETHUECKUX 3a/1a4.
OcHOBHBIE H/IeH Kypca:

— €IMHCTBO MaTepUaTbHOTO MUPA;

— BHYTPHU- U MEKIIPEIMETHAsI HHTETpaIlus;

— B3aMMOCBA3b HAYKH U IIPAKTHUKHU,

— B3aUMOCBSI3b YEJIOBEKa U OKPY’Kalolel cpebl.

YueOHo-MeTOANYeCKOE o0ecnedyeHHe Kypca BKIIOYAeT ydeOHoe IocoOue A ydaluxcs,
UHTEepHeT-pecypc «BupTyanbHas mnaboparopus saepHOW (QU3MKH», TPOrpamMMy >JIEKTUBHOTO
Kypca W HHTEPHET-PECypC C OHJIalH-BepCHENW Kypca M CHCTEMOM YIpaBieHUsS Y4eOHBIM
npoueccoM Ha ocHoBe cucteMbl MOODLE.

Buabl 1esiTeJIbHOCTH. YueOHoe nocobue sl ydalmuxcs 00ecreunBaeT CoAepKaTelbHYI0 4acThb
kypca. Cozpepikanue mocobus pa3OMTO Ha maparpadbl, BKIIOYAeT AUJAKTHUECKUN MaTepual

(BOIIPOCHI, yIpaXXHEHUSI, 3a/1a4H, TOMAITHUIN SKCIIEPUMEHT), TPAKTUUYECKHE PabOThI.
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Ha 3aHsaTHsX 1O JaHHOMY KypCy ydJaiuecs YTIyOJISSIOT CBOM 3HAHHS O saepHOW (usmke,
COBPEMCHHOM KapTHHE MHUpa, npubopax M Meroaax (yHIAMEHTAIbHBIX W IMPHKIAIHBIX
UCCIICIOBaHM B 00JIaCTH SCpHOM (Ppr3HKH.

B pesynabrare u3yueHHsI Kypca pacIIUpSETCS MHPOBO33PEHHE Y4YalIMXCs, Pa3BHBACTCS HX
MIO3HABATENBHBI WHTEPEC, WHTEIUICKTYyallbHbIE M TBOPYECKHE CIIOCOOHOCTH, (OPMHUPYIOTCS
npeMeTHbIC, 00IIeyueOHbIe U crielM(PUUSCKIe YMEHHS M HABBIKK IIKOJLHUKOB. Kypc HachIIeH
IKCHEPUMEHMATIbHBIM  MAmMepuaiom: IEMOHCTPAIIHOHHBIM 3KCIIEPHUMEHTOM, IMPAKTHUYECKUMHU
paboramu Ha 0a3e BHPTyalbHOH HHTEpHET nabopatopuu. [1o kemaHWIO yduTeNsh HEKOTOpHIC
NpakTUYecKue paboThl MOXKHO TIEPEBECTH B pa3psill MCCIEA0BaTEIbCKUX. Vcmonbp3oBaHue B
yueOHOM MpoIiecce MPaKTHIECKUX paboT crmocoOCTBYeT MOTHBAIUH /it 00001eHUsT yueOHOTO
MaTepuaa, paciupseT BO3MOXHOCTH HHANBHIYAILHOTO U JU(PPEPEHIIMPOBAHHOTO MOIX0I0B K
OOy4YECHHIO, TIOBBIIIAET TBOPUYECKYK) AKTHBHOCTH YYaIMXCs, pACIIUPSIET WX KPYyrosop.
BxiroyeHne Takux paboT B AJIGKTHBHBIM KypC NMPHBHBACT IIKOJBHUKAM HCCIIEIOBATEIBLCKUN
MOJIXO/J K BBINOJIHCHUIO MPAKTHYSCKUX padoT, MOMOraeT OBJIaJAeBaTh JJAOCTYIHBIMH IS
yUYaIIUXCsl HAyYHBIMH METOJaMU HCCIACIOBaHHS, (OPMHPYET U pa3BHBA€T TBOPUYECKOEC
MBIIJICHHE, MOBBIIIAET UHTEPEC K MO3HAHUI (DU3MYECKHUX SIBJICHUW U HUX 3aKOHOMEPHOCTEH.
JlaHHBIC TIPAKTUYECKHE PAOOTHI CBSA3aHBI C OIPEICICHUEM HE TOJBKO KadeCTBEHHBIX, HO W
KOJIMYECTBEHHBIX ~ XapakTepucTUK.  CHCTEMAaTHYeCKOC  BBIMOJHCHHE  KOJMYECTBEHHBIX
IKCIIEPUMEHTAIBHBIX 3a/lad Pa3BHBACT Y YYalIMXCS aKKypaTHOCTb, CIIOCOOCTBYET BBIPAOOTKE
HABBIKOB TOYHOI KOJMUYECTBEHHOW OIIEHKU PE3yJIbTaTOB YKCIICPUMEHTA.

Kaxnas mpaktuueckass paboTa  BKJIIOYAET KpPAaTKUE  TEOPSTUYECKHE  CBEICHUS |
OKCIEPUMEHTAIBHYIO 9acTh. PaOOTHI BBINOJIHIIOTCS WHIMBHAYAIbHO WJIM B Tpymmax mo 3—4
YeJoBeKa. DBBIMOMHEHNWE HCCIeOBaHUN TpeOyeT NpeBaPUTENILHON TOATOTOBKU: Tepe]
MIPOBE/ICHUEM DKCIIEPUMEHTA YUUTEIh pa0d0TaeT OTJACIBHO C KAXKIOU IPYIION yJanuXxcsl.
DJIEKTHBHBIN KypC JIOMYCKAET MCIOJIb30BaHKE (110 YCMOTPEHHUIO YUHUTEINS) JIFOOBIX COBPEMEHHBIX
00pa30BaTEeIbHBIX TEXHOJOTHH, pa3IMYHBIX OpraHU3allMOHHBIX (GOPM OOYUEHHUS: JICKIIHIA,
CEMHHApOB, Oecejl, MPaKTUUYECKHMX M JAa0OpaTOPHBIX pPabOT, HCCIEAOBATEIBCKUX padoT,
KOH(epeHIIUH.

B kadecTBe OCHOBHOW OpraHU3alMOHHONW (OPMBI TIPOBENCHUS 3aHATHH MpeIIararoTCs
JICKIIMOHHO-CEMUHAPCKOE 3aHSATHS, HA KOTOPBIX MaéTCsi OOBSICHEHHE TEOPETHUECKOTO MaTepraa
U pEIIaroTCs 3a1a4yu 10 JaHHOW Teme. J[is MoBbIIeHHs HHTEepeca K TEOPETUIECKUM BOIIPOCaM |
3aKpEIUICHUS] H3YYEHHOTO MaTepuayia MPEeayCMOTPEHBl JIEMOHCTPAI[MOHHBIE OIBITHI U
71a00paTOPHBII MPAKTHKYM.

dopMaMH KOHTPOJISI 32 YCBOEHHEM MaTepHaja MOTYT CIY)KHUTb OTYETHI MO MPAKTUYECKUM

pa60T aM, CaMOCTOATCIIBHBIC TBOPYECKUEC pa6OTBI, TECTBI, UTOI'OBBIC yqe6H0-HCCHe)IOBaTeHBCKHC
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NpOEKTHl. MTOroBoe 3aHATHE NPOXOAWUT B BUAE HAYYHO-TIPAKTUYECKOW KOH(EPEHIMH WIIH
KPYIJIOr0 CTOJIa, Ha KOTOPOM 3aciyIlIMBAIOTCA JOKJIaAbl YyJallUXCsl IO BbIOpAaHHOH Teme
UCCIICIOBaHMs, KOTOpBIE MOTYT OBITH mpejacTaBieHbl B (opme pedepara mimm ortuéra mo
HCCIIEeI0BATEIbCKOM paboTe.

Conep:kanue Kypca

Beenenue (1 1)

Wznyuenne abconOTHO Y4EPHOTO Tela W KBaHTOBas rumnore3a [lmanka, otkpwitue JIxk. JIk.
TomcoHoM anekTpoHa. OTKpbITHE PEHTreHOBCKOro usnydeHus. Otkpeitue A. A. bekkepenem
pannoaktuBHOCTH. OnbiThl ITbepa 1 Mapuu Kropu. Co3ganue A. DWHIITEHHOM crienuaabHOU
TEOPHH OTHOCHUTEIILHOCTH. B3anMocBs3p Mexay Maccoit u sHeprueid. I maBHas popmyna XX B.:
EO = mc2. OxcnepumeHT 3. Pe3epdopaa 1o OTKPHITHIO «IJIAHETAPHO» MOJIEJIM aTOMHOI'O spa.
KBanroBanue sHeprum um Mmozaens H. bopa. IlocnenctBust 3TMX OTKpBITUH U1 CO3J1aHUs
KBAHTOBOM MEXaHHMKH U sIEPHOM (PU3MKH KaK OCHOBBI TEXHUYECKOI'O MPOrpecca 4eloBeyecTBa B
XX u XXIBB., co3naHus KapTUHBI MUKPO- U MaKpoKocMoca Ha OcHOBe CTaHJapTHON MOJEIIH.
Tema 1. KBaHTOBBII MUP aTOMOB ¥ MOJIeKY.JI (3 1)

Mopens atoma bopa n nuneidarsie criekTpsl. KBanToBanue sHepruu. Bosnsl marepun JI. [le
bpoitns. KopnyckynsipHO-BOTHOBOM — AyanusM. Judpakuus >IEKTPOHOB HA KpPUCTAJUIAX.
®oroaddext u r3pdexr Komnrtona. I[Mpunuun neompenenénnoctu I'eiizenOepra. YpaBHeHue
HIpenunrepa. BomHoBas ¢yHKIMS U €€ BeposTHOCTHAs uHTepnperauus. KBaHTOBbIA 3¢ ¢ekT
TyHHenupoBaHus. KBanToBanue yrioBoro momeHTa. CnmH asekTpoHa. IlpmHnun 3ampera
[Taynu. DnexTpoHHble 000s0uku aToMoB M [lepuoanueckuii 3akoH MeHneneeBa. MoJieKyIibl.
CreKTpbl aTOMOB U MOJIEKYIL.

Tema 2. Macca u 3JHeprusi B peJisiITUBHCTCKON Teopuu (2 4)

OcHOBHBIE MOCTYJNAThl CIEUUAIBHON TEOpUU OTHOCUTENbHOCTH. IIpeoOpazoBanus [Manunes u
Jlopennia. MHBapumaHTHOCTH, UWHTEpBaja. Macca B KIAaCCMUYECKOM MEXaHMKE M TEOpUu
oTHocuTenbHOCTH. IlpeoOpa3zoBanus Jlopenna st umnyiasca u  3Hepruu. Macca —
pPEeNATUBUCTCKUN MHBapHaHT. CBs3b HepruM M Mmacchl nokost E0 = mc2. ITpumeps! nepexona
Macchl B SHEPIUIO M 3HEPruM B Maccy. JledekT mMacchl U sHeprus cBs3M saep. Maccsl U SHeprus
COCTaBHBIX CUCTEM. PensTUBUCTCKAs KNHEMATHKA U 3aKOHBI COXPaHEHUsI SHEPTUU M UMITYJIbCA.
Tema 3. AToMHBIC 1Ipa U PAIMOAKTHBHOCTS (3 1)

OcHoBHBIE CBOMCTBA aTOMHBIX SA€P: COCTaB, pa3mep, GopMa, 3apsij, Macca Aapa, SHEPTUsl CBA3H.
N3otonbl. ['panHuiel crabuibHOCTH aTOMHBIX sfep. CHMH NpPOTOHAa M HEUTpoHA. YTIOBOMU
MOMEHT snpa. Snepueie cuibl. Knaccuueckas NTpOTOH-HEUTpPOHHAs MOJAENb sAnpa. SnepHbie
Monenu:  ¢epMmu-ra3, KamenbHas, o0ojoyeuHas U 0000ImIEHHAs  MOJAENb  fA1pa.
KopoTtkozeiicTByronue HyKJIOHHBIE KOPPESIHMU B AApaX M KyMYJISTUBHBIN siepHBIA 2PPeKT.
PagnoaktuBHOCTB. Bubl pamunoakTuBHOCTH: a-, b-, g-pacmaj, croHTaHHOE jaeneHue. [ paHuIbl
CTa0MJIBHOCTH AaTOMHBIX fAJep. 3aKOH paJnOaKTUBHOrO pacmaja. llepuox momypacnaja.
AKTUBHOCTb  paJIMOAKTUBHOTO  HUCTOYHUKA. Kauecmegenmnvlie u  pacuémmuvie  3a0a4u.
Mamemamuueckuti npakmuxkym «Cmamucmuyeckuil xapaxmep paouoaKxmueHo20 pacnaoa .
Tema 4. SInepublie peakuuu (2 4)

SAnepHsie nmpeBpanieHus B akcnepuMenTax Pesepdopaa. OTKpbITHE IPOTOHA U HEUTPOHA.
Peaxuuu nenenus anep. Lennas saepuas peakuus. Tepmosiaepasie peakunu. [Toanmoporoseie
peakuuu. PoxxaeHne anTUIpoTOHOB. M3yueHne cTpyKTypbl IPOTOHOB U SIIEP B ITy4Kax
ANIEKTPOHOB. Kauecmeennvlie u pacuémmvie 3a0aqu.
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Tema 5. IIpoucxo:kaenue 3j1eMeHTOB B0 Beesrennoit (2 1)

@yHaamMeHTalnbHble B3aumoeiicTBus. CTtanaapTHast Mozeb. bonbioil B3pbIB. ATOMBI BOJOpOIa
Y JIer4aimmx 31eMeHTOB. CUHTE3 3JIEMEHTOB B 3BE3/1aX. B3pbIBbI CBEPXHOBBIX 3BE3] U
HEUTPOHHBIE 3BE3/IBI.

Tema 6. CuHTEe3 HOBBIX CBEPXTHAKEIBIX 3J1eMeHTOB (14)

TpancypanoBbsle U TpaHchepMmueBble 31eMEHTh. «OCTPOB CTaOMIBHOCTU» M CHUHTE3 HOBBIX
CBEPXTSHKENBIX A71eMeHTOB. JlabopaTopust siiepHbIX peakiuii uMeHu akanemuka . H. ®népoaa.
Mopenp UUKIOTPOHA W JAETEKTOpa JUIsl PErUCTPALMM  CBEPXTSKENBIX 3JIeMEHTOB. Kak
PETUCTPUPYIOT CBEPXTSHKEIBIE JIEMEHTBHI.

Tema 7. Yckopurean u koJuiaiigeps! (2 4)

[TpuHIMIB PabOTHI TUHEWHBIX U HUKIMYECKUX YCKOpHUTENeH. [IBIkeHne 3apsHyKeHHBIX YacTHUIl B
ANIEKTPUYECKOM M MarHUTHOM moiie. B. M. Bekcnep: npunuun aBtodazupoBku. A. M. Byakep:
ujies JIEKTPOHHOTO OXJIAXAEHUS U MEPBbIE BCTPEUYHBIE KOJIbLIA. bOIbIION aqpOHHBIN KOJUIanaep
(LHC) B EBpome u xommaiinep penstuBuctckux sgep (RHIC). Mopens ycKOpUTENBHOTO
komiuiekca HUKA — poccuiickoro komtaiaepa TsSHKENbIX HOHOB.

Tema 8. UcciienoBanue CTOJKHOBEHUI peassTUBUCTCKUX sigep (1 4)

UTO mpoOMCXOOUT NPU CTOJKHOBEHHUSX PEISITUBUCTCKUX snep. JeTeKTopwl s perucrpanuu
IPOAYKTOB sIEpHBIX peakuuidl. OCHOBHBIE XapakTepUCTUKM peakuuil. Tpurrep st orbopa
coObITUi. Bpems-npoekuroHHas Kamepa. OJIEKTPOMATrHUTHBIA KaJIOPUMETpP, CHIIMKOHOBBIE
JIETEKTOPBI JUIs ONIPEIEIICHNS BEPIIMHBI B3aUMOACUCTBUS.

Tema 9. SInepHasi 3HepreTuKa u rjo6ajJbHbIe NP00JeMbl YesioBedecTBA (4 4)

SnepHas sHepreTHKa U rao0anbHbIe TPOOJIeMbI YeaoBeuecTBa. SnepHbie peakTopsl. [Ipuponnbie
AJIEPHBIE PEAKTOPBL. PelieHue KauecCmeeHHbIX U pacuémmuvix 3aoay. MHmepaxmusHas mooenn
A0epHO20 peaKkmopa.

Tema 10. Sinepnas ¢pusuka n meauumnna (1 1)

Snepnas ¢puznka u MeauIKuHA. MoJienb YCKOPUTEIbHOTO KOMIUIEKCa /1711 IPOTOHHOM
paguoTeparuu.

Tema 11. Sinepuasi pusuka c HeiiTpoHamu (4 4)

SAnepHsbie uccnenoBanus ¢ HeTpoHamu. CBOIICTBa HEUTPOHHBIX MyYKOB. Mozenb
HCCJIEI0BATEIBCKOT0 UMITYJILCHOTO peakTopa Ha OblcTpbIX HeliTpoHax BP-2. [Ipumenenue
HEHUTPOHHOTI'0 aKTUBALIMOHHOTO aHaJIN3a B 3KoJoruu. SnepHas mianeronorus. Ilonck Boas! Ha
Mapce npu oMoy KICTOYHUKA HEUTPOHOB.

Tema 12. Paguoouosiorus (4 4)

Yro nzydaet paanoduosnorus. CocTaB KOCMHUECKOTO U3IY4YEHHUS U €ro BO3/IEHCTBHE Ha KUBBIE
opranu3Msl. [Tunotupyemsbie noaEThl B KOCMOC U pailalliOHHbIE PUCKH. ACTPOOHOIOTHS.
Mooenuposanue paduayuonnvix nogpexcoenuti kiemok 6 cpeoe GEANT.

Tema 13. BzaumoaeiicrBue usjaydyeHus ¢ BemectBoM (1 4)

B3anMopeiicTBre 3apsHyKEHHBIX YacTHIl, (POTOHOB U JIEKTPOHOB C BEIIECTBOM.

Tema 14. J/leTeKTOpPBI 3apsIsKEHHBIX YACTHI[ U TAMMA-KBAHTOB (3 4)

PaznuuHble THIBI 1ETEKTOPOB: Ta30BBIN, (OTOIMYIBCHH, IY3bIPEKOBAs Kamepa,
CUUHTWIISLIMOHHBIN, TOJYyIIPOBOIHUKOBBIN, JETEKTOP HA OCHOBE MUKPOKAHAJIbHBIX IIJIACTHH.
CpéM cursana c JeTeKTopa. DHEpreTUUECKUE U BPEMA-IIPOJIETHBIE CIIEKTPbl. COBpEMEHHBIE
METO/Ibl ChEMa U O POBKH UH(POPMALIHH.



Nen/m

Haspanue pa3zena (Tembl pa3jiena, ypoka)

KoanuecTBo 4acoB

Bgenenue (1 1)

1 Benmkne otkpertust koHia XX — naganxa XX B. 1
Tema 1. KBaHTOBBIII MUP aTOMOB U MOJIEKY.JI (3 1)

2 OcHOBHBIE IPUHIIUIBI KBAHTOBOI MEXaHHUKH. 1

3 Vpasuenue Illpenunrepa. Ilonstue BosHOBOW QyHKumMu. Ksanrosoe | 1
TYHHEJMPOBAHHE.

4 KBanToBanue yraoBoro MomeHta. CrvH snexrposa. Ipunnun [aymu. 1
Tema 2. Macca 1 3Heprusi B peJsITHBHCTCKON TeopuM (2 1)

5 OCHOBHBIE CBOWCTBA aTOMHBIX ATEP. 1

6 PensTMBHCTCKAs KNHEMATHKA U 3aKOHBI COXpaHEHNsI SHEPTHH M UMITYJIbCa. 1
Tema 3. AToMHBI€ siIpa U PAAUOAKTUBHOCTD (3 1)

7 I/I3yquI/Ie CTPYKTYPbI IPOTOHOB U SAJICP B ITyUKaX 3JICKTPOHOB. 1

8 MareMaTHueckuil mpakTukyM «CTaTUCTHUECKUI XapaKTep paJuoakTUBHOroO | 1
pacnagay.

9 KopoTkozeiicTByronue HyKJIOHHBIE KOPPESILUU B pax U KyMYJISTHBHBIA | ]
snepHsblii 2 dexT.

Tema 4. SInepubie peakunu (2 )

10 IToanoporoBsele peakluu. 1
11 PoskieHre aHTHITPOTOHOB. 1
Tema 5. Ilpoucxo:kaeHue 371eMeHTOB BO BeesienHoii (2 4)

12 dyHpaMeHTadbHbIe B3auMoieiicTBua. CTaHaapTHast MOJICIb. 1
13 Bbosb1110i1 B3pHIB. 1
Tema 6. CUHTEe3 HOBBIX CBEPXTHKEIBIX J1eMeHTOB (14)

14 TpancypaHnoBbie U TpaHchepMueBbie deMeHThl. «OcTpoB cTabuIbHOCTU» U | ]
CHHTC3 HOBBIX CBerTﬂ)KéJ'H)IX OJICMCHTOB.

Tema 7. Yckopureu u koJuiaiieps! (2 4)

15 [TpuHnmne! paboTh! IMHEHHBIX M IUKIMYECKUX YCKOPHUTEINEH. 1

16 Bompmoi#t  amponnsrit  kommadgmep (LHC) B EBpome wm xkommaiimep | 1
pensituBuctekux siep (RHIC).

Tema 8. HccaenoBanme CTOJKHOBEHMHl PeJSATHBHCTCKHX
sipep (1 9)

17 Yro MPOUCXOAUT NPHU CTOJIKHOBECHUU PEIIATUBUCTCKUX SAICP. 1
Tema 9. SinepHasi ’HepreTuka M rJ00aJbHbIEe NMPOOJIEMBI
yejoBeuecTna (4 1)

18 SlnepHast sHepreTUKa U riuodanbHble IPoOIeMbl UeJIOBEUECTBA. 1

19 [IpuposHble siepHbIE PEAKTOPBL 1

20 Pemenne kauecTBEHHBIX UM pacu€THBIX 3aJad Ha ompezeineHue | |
9HEPreTUYECKOTO BBIXOJA SIICPHOM peaKIuu.

21 MHTepakTHBHAs MOJEIb SIEPHOTO PEAKTOPA. 1
Tema 10. SInepnas pusuxa u meguuuna (1 4)

22 Mogienb yCKOPUTEIEHOTO KOMILIEKCa /sl HPOTOHHOH pagHoTepaIty. 1
Tema 11. Sinepuas pusuka ¢ HeiirpoHamu (4 4)

23 1

HHGPHHC HCCIICO0BAHUA C HCﬁTpOHaMH.




24 MOZ(CJ'IL HCCJICAOBATCIILCKOr0 HUMIYJIBCHOI'O PpE€aKTopa Ha GI)ICTpI)IX
Heiirponax. UBP-2.

25 HpI/IMeHeHI/Ie HeﬁTpOHHOFO AKTHUBAllMOHHOI'O aHaJIn3a B 3KOJIOI'UHU.

26 ﬂ,uepHa;I IIJIAHETOJIOTUA.
Tema 12. Paguoouosiorus (4 4)

27 Uto m3ydaeT pagnoOHOIIOTHS.

28 CocTaB KOCMHYECKOTO W3JIyUYeHHs M €ro BO3/ICHCTBHE Ha JKUBBIC
OPTaHHU3MBI.

29 [Iunortupyemple  HOAETBI B KOCMOC M PaJUHAlMOHHBIE  PHCKHU.
AcTpoOnoIoTHs.

30 MonenupoBaHHe paIHalliOHHBIX MMOBPEXIeHIH KIeToK B cpene GEANT.
Tema 13. BzaumoneiictBue u3jiydeHus ¢ emectBoM (1 4)

31 B3anmopeiicTBue 3apsOKEHHBIX 4acTHI, (OTOHOB U  OJIEKTPOHOB C
BCIIIECTBOM.
Tema 14. JleTeKTOpPBHI 3apAKEHHBIX YACTHI] U TAMMa-
KBaHTOB (3 4)

32 Pasnuunble THIE! 1eTeKTopoB. ChEM CUTHANA C IETEKTOPA.

33 DHEPreTUYeCKUe U BPEMS-TIOJIETHBIC CIIEKTPHI.

34

CoBpeMeHHbIE METO/Ibl ChéMa U olipoBKa nHGOPMAIUH.
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