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Hoacnumenvnas 3anucka

DIIEKTUBHBIN KypC «fAdepnaa ¢puzuxa) npeHA3HAYCH yHaIIUMCS CTapuIed IIKOJIbI,
BBIOpABIIMM €CTECTBEHHO-HAYYHBIH, (U3UKO-MaTeMaTHUYECKUH NpOGUIM WIM MPOSBHUBILIUM
MOBBIIICHHBIA UHTEPEC K U3YUCHUIO (DU3UKH, XUMUU, OUOJIOTHUH, IKOJIOTHH.

JlaHHBIM KypC MHTErpUPOBaHHBIN, OH CBA3aH COJAEPXKATEIbHO C KypcoM (pU3MKHU U
MaTEMaTUKU OCHOBHOM WIKOJBI. M3ydeHne mpennaraeMoro 3J€KTHBHOIO Kypca HallpaBJIEHO Ha
yriryoneHue u 00001IeHne 3HaHui MIKOJIBHUKOB O COBPEMEHHON KapTHHE MUpPa, OCHOBAHHOM Ha
KBAaHTOBOM MEXaHUKE U CIELHMAIBHOM TEOPUM OTHOCUTEIBHOCTU. VIMEHHO 3Tu pa3nensl
COBPEMEHHOM (PM3MKH MO3BOJIMIIN MOHATH CYTh CTPYKTYPhI MaTEPUU M UCIIOIB30BATh ATH 3HAHUS
JUIA CO3JaHUsl SICPHOW HSHEPreTUKH, COBPEMEHHON KBAaHTOBOHM SJEKTPOHMKH, pa3padoTaTh
3¢ (deKTUBHBIE METOJbl JMArHOCTUKM M JIEYEHUs pa3IM4YHbIX 3a00J€BaHUM, cIeaaTb MHOIO
JPYTHX Ba)KHBIX OTKpBITHHA. HecMOTps Ha TO 4TO OTAEIbHBIE BOIPOCHI KBAHTOBOH U SIIEPHOMU
¢Gu3uKu M cHenuaibHOM TEOPUM OTHOCHTENBHOCTH H3y4aroT B IIKOJBHOM Kypce (DU3MKH,
IPECTaBICHHON B HUX MH(OPMALIUK HEJOCTATOUHO JJIsl TOr0, YTOOBI B TOJDKHOM Mepe OLIeHUTh
U IOHATH CYTh IPOMCXOAAIMX IporeccoB. IlonHas kapTMHA BO3HUKAEeT TOJBKO TOTAA, KOrJa
aaepHas (u3MKa BOCIpPUHHUMAETCs Kak yacTh CTaHIapTHOM MOJENH, B KOTOPOM MHTErPUPOBAHO
paccMaTpUBAKOTCS MPOLECCHI, MPOUCXOIAIIME HA YPOBHE IEMEHTAPHBIX YaCTUL], OTBEYAIOLINE
3a 3JIEKTPOMAarHUTHbIE, CUJIbHBIE U Clla0ble B3aUMOAEHCTBUSL, U MPOLECCHI, TIPOUCXOAMUBIINE HA
PaHHHX CTaAUSAX pa3BUTHUA BceneHHOM U 3aTeM B IIpoLeccax dBOIIOLNHN 3BE3L.

Snepnas ¢usnka — Hayka OJKCIEpUMEHTalbHas. MeToasl W TPUOOPHI JUIS
(GyHIaMEHTaJIbHbIX MCCIEI0BaHUNM B COBPEMEHHOW siepHOM (PU3MKE OCHOBAaHBI Ha
UCIIOJIb30BAaHUM BBICOKMX TEXHOJNOTMM M HECTAaHJApTHBIX MHXKEHEPHBIX pelleHuid. B
3HAQYUTEIILHOM CTENEHU 3TO OTHOCHUTCS U K IPUKIATHBIM HCCIEAOBAHUSAM C IMPUMEHEHUEM
AepHO-(PU3NIECKUX METOJIOB B paJIMallMOHHON OMOJIOTHH, 3KOJIOTMH, XUMHUU U MEIUIUHE. DTO
IIPOJIEMOHCTPUPOBAHO B pPa3lIMYHBIX pasjenax dJJIEKTHMBHOIO Kypca Ha INpPUMeEpax Monelen
CaMOro COBPEMEHHOI0 H3KCIIEPUMEHTAJIBHOrO 000pyaoBaHUs A (yHIAMEHTalIbHBIX U
MPUKIIAIHBIX UCCIEAOBAHUN (LIUKIOTPOH M yCTAHOBKA Il CUHTE3a CBEPXTSKENBIX JIEMEHTOB,
CBEPXIPOBOSIIMHN SIACPHBINA KOJIAUJAEp M MHOTOLICJIIEBOW JETEKTOP, UMITYJIBCHBIA PEAKTOP
HEUTPOHOB, TJIyOOKOBOJHBIM JETEKTOp JUIsl U3y4eHUs (PU3UKU HEUTPUHO, YCKOPUTEIbHBIN
KOMIUIEKC JIJIs1 IPOTOHHOM TepanuH).

Oowaa xapakmepucmuka Kypca.

[IpenyiaraeMplil 3JIEKTUBHBIA KypC NOCBSIIIEH PACCMOTPEHUIO TAaKUX TEM, Kak
AJIEMEHTBl KBAHTOBOM MEXAaHUKM M TEOPUH OTHOCHUTEIIBHOCTH B NPUMEHEHUU K aTOMHOW W
aIepHON (hU3MKe, pa3uyHble BUIbl PAaAHMOAKTUBHOCTH, B TOM YHWCJE€ M CIIOHTAHHOE JeJIeHHE
A5ep, CBOMCTBA M MOJENHM ATOMHBIX SJEp, TPaJAWIMOHHBIE SIIEPHBIE PEAKIUU U SAECPHbBIC
peakuyy IIPU SHEPTUIX KOJUIAUAepOB. PacCMOTPEHO MPOUCXO0XKIECHUE 3JIEMEHTOB BO BeeneHHoON
U CHHTE3 HOBBIX CBEPXTSKENBIX DJIEMEHTOB B Jaboparopusx Yyu€HbIX. YacTh paszenoB
MOCBAIICHA SJIEPHOM PHEPreTHKE W IMPHUKIAIHBIM HCCIEIOBaHUSIM B 00JacTH paaualiiOHHON
OMOJIOTHH, KOJIOTUU M NPUMEHEHUIO METOJOB SACPHON (HU3UKU B METUIMHE. 3HAUUTENIbHAS
YacTh AJEKTUBHOTO Kypca OTBEIECHA NMpaKTHUYECKUM paboTaM, OOJbIIas 4acTh KOTOPBIX MMEET
HCCIIEIOBATEIILCKHUI XapaKTep.

Ilenws Kypca:



pacimpenue, yriyoiaeHue u 00001IeHre 3HaHUH 0 (PU3NYECKUX MpoIeccax B 00JaCTH SIEPHOU
(1)I/I3I/IKI/I, IMpUYIMHAX W MCXaHHU3MaxX HUX IMPOTCKAHUA, PA3BUTUC ITO3HABATCIBbHBIX HMHTCPCCOB U
TBOPUYECKUX CIIOCOOHOCTEH ydyalmxcsi yepe3 MpaKTHIeCKYI0 HAIPaBICHHOCTh 00OyueHus pusuke
U MHTETPUPYIOLIYIO POJIb (PU3UKH B CUCTEME €CTECTBEHHBIX HaYK.

3adauu Kypca:
— Pa3BUTHE €CTECTBCHHO-HAYYHOT'O MUPOBO33PEHUS YUAIITHXCS;

— pa3BUTHE TPUEMOB YMCTBEHHOM JESITCIIBHOCTH, TTO3HABATEIILHBIX HHTEPECOB, CKIIOHHOCTEH U
CITOCOOHOCTEH yUarmxcs;

— Pa3BUTUC MOTHBALIUN YYCHH, (bOpMI/IpOBaHI/Ie HOTpe6HOCTI/I B IMOJIYYCHHUHU HOBBIX 3HAHUM U
IMPUMCHCHHU HUX Ha IIPAKTHUKC,

— pacuupenue, yriayonenue u o0o0ueHre 3HaHui 1o PU3uKe, XUMUU, OUOJIOTHH;

— HCIIOJIb30BAHUE MEXKIPEAMETHBIX CBSI3€H (U3WKH C MATEMAaTHKOW, OMOJIOTHEH, XUMHEH,
HUCTOPUEH, JKOJOTHEH, PAaCCMOTPEHHE 3HAYEHUs ITOr0 Kypca Ui YCHEIIHOTO OCBOEHUSA
CMEKHBIX JUCIUILIHNH;

— COBEpIICHCTBOBAHUE JSKCIIEPUMEHTAJIbHBIX YMEHHMH H HABBIKOB B COOTBETCTBUU C
TpeOOBAaHUSMU TPABHUII TEXHUKU OC30ITACHOCTH;

— paccMOTPEHHE CBS3H SIICPHOIN (U3UKHU C )KHU3HBIO, C BAKHEHIIUME cepamu e TeTbHOCTH
YeJIOBEKa; — Ppa3BUTHE Yy YyYallUXCS YMEHHUS CaMOCTOSTENbHO paboTaTh C JOMOJHUTEIbHON
JUTEPATypOl U APYTUMHU CPEICTBAMU UHPOPMAIUH;

— (QopmupoBaHue y ydYalmIUXCAd YMEHHH aHaJU3UpPOBATh, COIMOCTABJIATh, TMPUMEHSTH
TEOPETUYECKUE 3HAHUS Ha IPAKTHUKE;

— ¢opMHpOBaHUE YMEHUH TI0 PEIICHUIO SKCIIEPUMEHTAIBHBIX H TEOPETHUYECKUX 3aad.
Ocnoenvle udeu Kypca:

— €JIMHCTBO MaTepUaIbHOTO MUPA;

— BHYTPH- M MEXKITpeIMETHAsI MHTETPallus;

— B3aMMOCBA3b HAYKH U IIPAKTHKH,

— B3aWMOCBSI3b YEIIOBEKA M OKPYKAIOIIEH CPEIbl.

Yueono-memoouueckoe obecneuenue Kypca BKIOHaeT yueOHOe MmocoOue Ui ydalluxcs,
WHTEpHET-pecypc «BuptyanbHas mabopaTtopus sAepHON (PU3UKW», MPOrPaMMy DJIEKTHBHOTO
Kypca M HHTEPHET-PECypC C OHJIaWH-BEpCHEM Kypca W CHCTEMOH YINpaBlieHUS Y4YeOHBIM
nponeccoM Ha ocHoBe cucteMbl MOODLE.

Buowt deamenvnocmu. YdebHoe mocoOue sl ydaluxcsi 0OECIeUMBAET COJEP)KATEIbHYIO
gacth Kypca. CojepkaHme IOCOOUs pa30oMTO Ha maparpadbl, BKIIOYACT JIWIAKTHUSCKUAN
MaTtepuan (BOIPOCHI, YIPAKHEHHS, 3a/1a4, JOMAITHUN SKCTIEPUMEHT), TPAKTHYCCKHUE paOOTHI.
Ha 3aHsaTHsX 1o JaHHOMY KypCy ydJamruecs YTIyOJSIOT CBOM 3HAHHS O siAepHOW (U3HKe,



COBPEMEHHOM KapTHHE MHpa, NpHOOpax M MeTojax (yHIAMEHTAIbHBIX M IPHKJIAJIHBIX
UCCIIEIOBaHU B 00nacTu siAepHOi (Qu3uku. B pesynbraTe u3ydeHHs Kypca pacIIupsieTcs
MHPOBO33PCHUEC YyYaAlIUXCA, PA3BHUBACTCA HX IMO3HABATEILHBIN HHTCPCC, MHTCIIICKTYAJIbHBIC U
TBOPYECKHE CIOCOOHOCTH, (POPMHUPYIOTCS IpenMeTHbIe, o0mie ydeOHble M crenupuyeckue
YMCHUA U HABBIKU IIKOJIbHUKOB.

Kypce HaCBILLEH AKCIIEPUMEHTAIbHBIM MaTEpUAIOM: JEMOHCTPALIMOHHBIM
HKCIEPUMEHTOM, PAKTUYECKUMHU paboTamMu Ha 0a3e BUPTYyalbHOH MHTEpHET Jaboparopuu. Ilo
KENAHUIO YYUTeNId HEKOTOpble IIpPAaKTUYecKHe padoTbl MOMKHO IE€PEBECTH B  paspsin
uccienoBarenbckux pador.  Mcmosnb3oBanume B y4eOHOM Ipoliecce MPaKTHUECKUX pPadoT
CHOCOOCTBYeT MOTHBALMK il 000O0IIEeHUs y4eOHOro MaTepuaa, pacliupseT BO3MOXHOCTH
UHAUBUYAJIILHOTO U JU(PHEPEHIIMPOBAHHOIO MOJX0A0B K OOYyU€HHIO, HOBBIIIAET TBOPUYECKYIO
AKTUBHOCTh Y4alllUXCsl, pacIIUpseT UX Kpyro3op. BriroueHnne Takux paboT B 37€KTUBHBII Kypc
IIPUBUBACT IIKOJIbHUKAM MCCIIEI0BATENbCKUI MOAXOA K BBIIOJHEHUIO MPAKTHYECKUX PadoT,
[IOMOTaeT OBJIAJEBaTh JAOCTYNHBIMH JUIS Y4YalllUXCs Hay4YHBIMH METOJaMH HCCIEI0BaHUS,
dopmMupyeT U pa3BUBAET TBOPUYECKOE MBIILICHHE, MOBBIIIAET HHTEPEC K MO3HAHUIO (PU3NIECKUX
SBJICHUM M WX 3aKOHOMEpHOCTeH. JlaHHbIE MpaKkTHUeCcKre pabOThl CBA3aHBI C ONPEICICHUEM HE
TOJIBKO KaUECTBEHHBIX, HO M KOJIMYECTBEHHBIX XapaKTepUCTUK. CHCTEMaTH4ECKOE BBIIIOJIHEHNE
KOJIMYECTBEHHBIX OKCIEPUMEHTAIBHBIX 3aJad pa3BUBAcT Yy Yy4yallMXcsi aKKypaTHOCTD,
CHOCOOCTBYeT BBIpaOOTKE HABBIKOB TOYHOM  KOJMYECTBEHHOW OLIGHKM  pe3yJbTaToOB
skcnepuMenTa. Kaxkaas nmpaktudeckas paboTa BKIIOYAET KpaTKHE TEOPETHYECKUE CBEACHUS U
OKCIIEPUMEHTAIBHYIO YacTh. PaOOThl BBINOJIHIIOTCS MHAMBUAYAJIbHO WM B rpymmax mo 3—4
yeoBeka. BreimonHeHue wuccnegoBaHui TpedyeT MpeaBapUTEIbHON MOATOTOBKU: TEpen
IIPOBEJCHUEM D3KCIEpPUMEHTa Y4YHUTeNlb pabOoTaeT OTHEIBbHO C KaXJA0H TIpYyNIoN ydaruxcs.
DNEKTUBHBIN KypC JOMYCKaeT UCIOJb30BaHueE (TI0 YCMOTPEHHUIO YUUTENS) JTHOOBIX COBPEMEHHBIX
00pa30BaTEeNbHBIX TEXHOJOTHM, pa3IUYHBIX OpraHU3alMOHHBIX (GOpM OOydeHUs: JEeKIHH,
CEeMMHapoB, Oecesl, MpaKTHMYECKUX U JaOOpaTOpHBIX pabOT, HCCIEAOBAaTENLCKUX padoT,
KoHpepeHIMHA. B kadecTBE OCHOBHOW OpraHM3allMOHHOM (OpMBI TPOBEACHUS 3aHATUIN
NpeUIaraloTcsi  JIGKIMOHHO-CEMUHAPCKOE  3aHATHS, Ha KOTOPbIX JaéTcs OOBsACHEHME
TEOPETUYECKOr0 MaTepualla U pelaroTcs 3a/la4u 1o JAaHHOHM Teme. J[Jis MOBBILIEHUs! HHTEpeca K
TEOPETUYECKMM  BOIIPpOCaM M 3aKpEIUIEHHWs HW3Y4YEHHOr0 MaTepuana IpeayCMOTPEHbI
JIEMOHCTPALIMOHHBIE OMBITHI U JTA00PATOPHBINA MPAKTUKYM.

dopMaMM KOHTPOJIS 32 YCBOEHHEM Marepuaja MOTYT CIYKHTh OTYETHI IO NMPAKTHYECKUM
paboTaM, CaMOCTOSITEIbHBIE TBOPUECKHE PabOThI, TECThI, NTOTOBBIC YUeOHO-UCCIIE0BATEIbCKIE
mpoeKThl. MToroBoe 3aHsATHE NPOXOAWT B BHJE HAYyYHO-TIPAKTUYECKOM KOH(EpEeHIUH WIN
KPYIJIOro CTOJia, Ha KOTOPOM 3aciyIIUBAIOTCSA JOKJIaIbl YYal[UXCsl 10 BBIOPAHHOW Teme
UCCIICIOBaHMSI, KOTOpbIE MOTYT OBITh MpeJcTaBiieHbl B (opme pedepara wiam oTuéra Mo
HCCIIeIOBATENBCKOM padoTe.

Cooepircanue Kypca

Beenenue (1/2 4) N3nyuenue abcomoTHO 4€pPHOro Teia M KBaHTOBas rumote3a [lnmanka,
otkpeitue JIx. k. TomcoHOM anekTpoHa. OTKpBITHE PEHTTEHOBCKOrO M3iIydeHHUs. OTKpbITHE
A. A. bekkepenem pamunoaktuBHocTH. OmbiTel [Ibepa m Mapuun Kropu. Coszganme A.
OWHINTEHOM CIIEHUAJIbHONM TEOPUM OTHOCUTEIBHOCTH. B3amMoCBS3pb MeEXIy Maccoll u
sneprueit. ['maBnas gopmyna XX B.: E0 = mc2.Oxcnepument 3. Pesepdopaa mo OTKpeITHIO



«IUTAaHETApHOM» MOJENH aToMHOro sapa. KsanToBanwe »Heprun u wmonaenb H. bopa.
[TocnencTBust STHUX OTKPBITHHA A CO3JaHHUS KBAaHTOBOM MEXaHUKU M SIACPHON (HU3UKU Kak
OCHOBBI TEXHMYECKOr0 nporpecca yenoedecrsa B XX u XXI BB., cCo3qaHus KapTUHBI MUKPO- U
MakpokocMoca Ha ocHoBe CTaHJapTHON MOJEIH.

Tema 1. KsantoBbiii Mup atomoB u moJsekyJ (3/3 u) Mogens aroma bopa u nuHeityarsie
crektpel. KBantoBanue sHepruu. Bomuel marepun JI. ne bpoitnsa. KopryckyisspHO-BOJIHOBOM
nyanusM. Jludpakuus snexkTpoHOB Ha Kpuctauiax. Doroaddexkr u sdpdexr Kommrona.
[Tpuntun veonpeaenénnoctu [eiizendepra. Ypasuenue Illpenunrepa. Bomnosas ¢pyHkuus u eé
BEpOATHOCTHAs MHTepnpeTanus. KBantoBelil a¢dext TynHenupoBanus. KBantoBanue yrioBoro
MomeHTa. CrnuH snektpoHa. [Ipunuun 3ampera [laymu. DnexkTpoHHbIE O0OJOYKM aTOMOB U
Ilepuonnueckuii 3akon MenaeneeBa. Monekysbl. CIEKTpbl aTOMOB U MOJICKYII.

Tema 2. Macca u 3Heprusi B peJIITUBUCTCKOU Teopum (2/4 4) OCHOBHBIE MOCTYNAThI
CHenuanbHOil  Teopuu  oTHOcuTenbHOCTH. [IpeoOpasoanmst Tammnes wu  JlopeHua.
HuBapraHnTHOCTh MHTEpBana. Macca B KJIacCHMYECKON MEXaHUKE U TEOPUU OTHOCHTEIHHOCTH.
[TpeoOpa3oBanus JlopeHua nas umiysnbca ¥ dHEpruu. Macca — pensiTUBUCTCKHIT MHBapHaHT.
CBs3pb sHeprun u Maccel okost EO0 = mc2 Ilpumeps! nepexoja Macchl B 3HEPTUIO U SHEPTUU B
Mmaccy. JlepekT macchl M JHEprusi CBsi3u sfep. Macchl M 3HEPIrUs COCTABHBIX CHCTEM.
PensTuBucTcKas KWHEMAaTUKA U 3aKOHBI COXPaHEHUsI SHEPTUN U UMITYJIbCA.

Tema 3. AToOMHBIE A/IPa U PAAMOAKTHBHOCTD (3/4 4) OcHOBHBIE CBOMCTBA aTOMHBIX SJIEP:
cocras, pa3mep, Gopma, 3aps, Macca sijpa, SHeprus cBsi3u. M3oTomnbl. ['paHUIBI CTAOMIHLHOCTH
aToMHbIX siaep. CnMH NpoTOHA M HEUTpPOHA. YTIIOBOM MOMEHT sipa. SaepHble CHIIbL
Knaccuueckas mpoTOH-HEUTpOHHAass MOAENb siApa. SnepHbie Moaenu: (depmuras, KameinbHas,
oOosyoueyHass U 0000ImEHHAs MoJenb sapa. KopoTkoaelcTByole HYKIOHHbBIE KOppeIsul B
sApax ¥ KyMYJISATHBHBIH saepHblid a3Qdekt. PagroakTuBHOCTh. BUabl pagnoakTHBHOCTH: a-, b-,
g-pacman, CIOHTaHHOE JeJieHWe. [ paHHWIBl CTaOWIBHOCTH  aTOMHBIX — s1ep. 3aKOoH
paanoakTuBHOro pacnajga. Ilepmon momypacnaga. AKTUBHOCTh PAJMOAKTUBHOIO HMCTOYHUKA.
KauectBennsie u pacuérHele 3a1aund. Maremarnueckuit mpakTUKyM «CTaTUCTUYECKUM XapaKTep
PaaMOaKTUBHOIO pacIazia.

Tema 4. SInepunlie peakuum (2/2 4) SnepHbie npeBpaleHus B dKcriepuMenTax Peszepdopaa.
OtkpeiTHe TpOTOHa U HeWTpoHa. Peakuum penenus snep. llemnas saepHas peaxius.
Tepmosinepubie peakuuu. [lognoporosele peaknuu. Poknenue aHTUNpOTOHOB. M3yueHue
CTPYKTYpPBI IPOTOHOB U sI/Iep B ITydKax 3J€KTpOHOB. KauecTBeHHbIE U pacUETHBIE 3a/1a4N.

Tema 5. IIpoucxo:xkaeHue »3jeMeHTOB BO Bcesennoii (2/4 4) OyHmamMeHTaIbHBIC
B3aumojieiicTBusl. CTaHaapTHas MOJEdb. bonbmioil B3pbIB. ATOMBI BOAOPOAA M JIEr4anllimx
aneMeHTOB. CHHTE3 3JIEMEHTOB B 3BE3/1aX. B3pbIBbI CBEPXHOBBIX 3BE3]] 1 HEUTPOHHBIE 3BE3/BI.

Tema 6. CuHTe3 HOBBIX CBepXTSLKEIbIX JjeMeHToB (1/2 4) TpancypaHoBble U
TpaHchepmueBble dMeMeHThL. «OCTpPOB CTAaOMJIBHOCTH» W CHHTE3 HOBBIX CBEPXTKEITBIX
anemeHToB. JlaGoparopusi saepHBIX peakunii mMmeHu akagemuka [. H. ®dnépoa. Monmens
LHMKJIOTPOHA U JETEKTOpa MJisi PEruCTpallid CBEPXTSKENBIX 3yeMeHTOB. Kak peructpupyror
CBEPXTSIKEINBIE JIEMEHTBHI.



Tema 7. Yckoputeau u koJuiaiiaeps! (2/4 4) I[IpuHuunsl paboThl JIMHEHHBIX U ITUKIAYECKUX
YCKOpUTENICH. JIBHKEHUE 3apsDKCHHBIX YacTUIl B DJIEKTPUYECKOM M MarHuTHOM moie. B. H.
Bekcnep: npunnun aBrodasupoBku. A. M. Byakep: uiest 31eKTpOHHOTO OXJIAXKICHHUS U TIepBbIe
BCTpeUHbIe KoJbla. bonbimoi aaponnsiii komnaiaep (LHC) B EBponme wu kosmnaitaep
penarusuctckux saep (RHIC). Mogens yckoputensHoro komiuiekca HUKA — poccuiickoro
KOJUIaiiepa TAXKENBIX HOHOB.

Tema 8. UccienoBanne CTOJIKHOBeHMH peiasiTuBHCTCKUX saaep (1/3 1) YUro npoucxonut npu
CTOJIKHOBEHUSIX PEJIATUBUCTCKHUX sifep. JleTeKTopbl s perucrpauu MNpOAYKTOB SACPHBIX
peakuuii. OCHOBHBIE XapaKTEPUCTUKH peakuuid. Tpurrep st orbopa coObiTHii. Bpems-
MPOSKIIMOHHAs Kamepa. OJIEKTPOMArHUTHBIN KaJOpUMETP, CUJIMKOHOBBIE JI€TEKTOPBI IS
orpezieNieHUs] BEPIINHBI B3aUMOJICHCTBHSL.

Tema 9. SinepHas 3HepreTuka u riodajabHble NMpPodaeMbl 4enoBeuecTBa (1/3 u) Snepnas
SHEpreTHKa U riiodaabHbIe MPOOIeMbl YeoBeuecTBa. Snepubie peakTopsl. [Ipupoanbie saepHbie
peakTophl. Perienre kaueCTBEHHBIX M pacu€THBIX 3ajad. VHTepakTHBHasT MOJENb SJIEPHOTO
peakropa.

Tema 10. Sinepuasn ¢usuxka u megunuHa (1/3 4) Snepnas ¢uswka m Menuuuaa. Monaenb
YCKOPUTEIBHOTO KOMIUIEKCA JIsl IPOTOHHOW pajiuoTeparnuu.

Tema 11. SAnepuas ¢usuka ¢ Hedrponamu (1/3 4) SnepHble UccienOBaHUsS ¢ HEUTPOHAMH.
CBoiicTBa HEUTPOHHBIX MYYKOB. MoOJenb HCCIEAOBATEIBCKOTO HMITYJIBCHOTO pEeakTopa Ha
obicTpbix HeiiTponax UBP-2. [IpumeHeHre HEUTPOHHOTO aKTUBAILIMOHHOTO aHANN3a B AKOJIOTHU.
S nepuas mnaneronorud. [Touck Boabl Ha Mapce rpy MOMOIIHA HCTOYHUKA HEUTPOHOB.

Tema 12. Paguoomosiorns (1/3 1) Yrto usyuaer paguobuonorus. CocTaB KOCMHUYECKOTO
M3IIy4EHUS] U €ro BO3JCHCTBHE Ha XMBbIE OpraHusmbl. [Innotupyemble MOJETHI B KOCMOC H
paavalMoHHbIe pUCKU. AcTpoOuonorus. MoaenupoBaHue paJualiOHHbBIX TOBPEKICHUIN KIETOK
B cpene GEANT.

Tema 13. B3aumopgeiictBue usiaydenus ¢ BemecrsoM (1/3 1) B3aumopeiicTBue 3apsKEHHBIX
4acTull, (JOTOHOB U AJIEKTPOHOB C BELIECTBOM.

Tema 14. JleTrekTOpbl 3apsizZKeHHBIX YacTHIl U raMmMa-kBaHTOB (1/3 4) Paznuynble TUIBI
JNETEeKTOPOB:  Ta30BbIH, (OTOAMYIbCUM, IMYy3bIpbKOBas  Kamepa, CIHUHTWUISILIMOHHBIN,
MOJIYTIPOBOTHUKOBBIM, JETEKTOP Ha OCHOBE MHUKpPOKaHAJIbHbIX IuacTUH. ChEM curHama c
JIeTeKTopa. DHEpPreTuyecKkue U BpeMs-NpoJi€THbIe creKTpbl. COBpeMEHHbIE METOJIbl ChEMa U
OoLM(PPOBKU HH(DOPMALIUH.

Tema 15. Bupryanabnas jgadoparopusi «OCHOBbI U3MepeHHsI CUTHAJIOB C JI€TEKTOPoB» (2/4

1)

Tema 16. Bupryaabnasa jgadooparopusi «CHHUHTWIISIHMOHHBIA TeJECKON IJIA HM3y4YeHUs
KOCMUYECKHX JIyueit» (2/4 1)

Tema 17. Bupryansnas jjaboparopusi raMMa-crieKTpockonuu (2/4 )

Tema 18. BupryanbHasi J1aO00paTopusi CIIOHTAHHOIO AeIeHHs siaep (2/4 1)



Tema 19. MaTtemaTuyecKuii MPAKTHUKYM 10 00padoTKe pe3yJIibTATOB M3MepPEeHUil B cpene
ROOT (2/4 4) Tema 20. MaremaTH4eCKHH NPAKTHKYM 10 MOAEJTHPOBAHUIO
pPaAuauMOHHBIX NOBpe:xaeHuil kieTku B cpeae GEANT (2/4 1)

Kypc paccunran Ha 35/70 9 (1 uiu 2 4 B Hepenmo). MToroBoe 3aHsaTHE TPOXOAMT B hopme
HAYYHO-TIPAaKTHUYECKOW KoH(pepeHimu. [IpemmaraeMoe TeMaTH4ecKoe IUIAHUPOBAHHE —
MPUMEPHOE, TaK K€ KaK M pachlpeselieHue YacoB Ha MPOXOXKJICHHUE MaTephallia W MPOBEICHUE
MPAKTUKyMa. ABTOpP OCTaBJISIET 3a YYHTENEM IPABO M3MEHSTH COJIEPKATEIbHOE HAIOJHCHUE
YPOKOB, a TaKXe KOPPEKTHUPOBATH IEMOHCTPAIIMOHHBIN U JIA0OPATOPHBINA IKCIIEPUMEHT, UCXOIS
U3 BO3MOXHOCTEH 00pa30BaTENIbHOIO YUPEKICHHS.

Ilhanupyemoie pesynomamot océoenus Kypca

B pe3ynbraTe M3ydeHHs 3JEKTUBHOIO Kypca Ha YPOBHE CpelHero oouero odpa3oBaHus y
ydamuxcst 0yayT copMHUpOBaHBI CIEAYIONINE TPEIMETHBIE PE3YIIbTATHI.

Yuawuiicsa nayuumces:

— packphIBaTh Ha MpUMEpax poiib sepHON (PU3UKU B (POPMUPOBAHUU COBPEMEHHOUN HAyYHOMH
KapTUHBl MUpa M B NMPAKTHUYECKOH AEATETbHOCTU YelOBEKa, B3aUMOCBS3b MEXIY (PU3UKONH U
JIPYTMMH €CTECTBEHHBIMU HAyKaMH,

— OOBSICHATH M aHATTM3UPOBATH POJIb U MeCTO (PU3HUKHU B (HOPMUPOBAHUU COBPEMEHHOI HayYHOMH
KapTUHBl MHpa, B PA3BUTUM COBPEMEHHOH TEXHMKH W TEXHOJOTHUH, B TIPAKTHUYECKON
JIeATETbHOCTH JIFOEH;

— XapaKTepu30BaTh B3aWMOCBSI3b MEXAy (PU3MKOW M IPYTMMH €CTECTBEHHBIMHU HayKaMH;, —
NOHUMaTb U OOBACHATH LEJIOCTHOCTh (DU3MYECKOH TEOpuH, pas3indarh TpaHULbl €&
IPUMEHUMOCTH U MECTO B PSIy APYTruX (PU3NUYECKUX TEOPUH;

— BJIAACTH HpI/IéMaMI/I MOCTPOCHUS TCOPCTUUCCKUX NOKA3aATCIIbCTB, 4 TAKIKC IIPOTHO3UPOBAHUSA
0COOEHHOCTEH MMPOTCKAHUA (1)I/I3I/ILIGCKI/IX SIBIICHUN U nponeccoB Ha OCHOBC IOJYYCHHBIX
TCOPCTUYICCKHUX BBIBOAOB U JOKA3ATCIBLCTB;

— CaAMOCTOATCIIbHO IIJIaHUPOBATh U IPOBOJUTH @HSHHCCKHG 9KCIICPUMCHTBI;

— pemaTh MPaKTUKO-OPMEHTUPOBAHHBIE KaYeCTBEHHBbIE M PACUETHBIE (PU3MUECKHE 3a/a4yM C
OTIOPOi KaK Ha W3BECTHBIE (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH U MOJIENH, TaK U Ha TEKCTHI C
U30BITOYHON MH(OpMAIHEH;

—  OOBACHATH rpaHviibl MPUMCHCHUA H3YUCHHBIX (bI/I3I/IquKI/IX Mozeen npu peuIcCHUn
(I)I/I3I/I‘-ICCKI/IX U MCKIPECAMCTHBIX 3a/1a4,

— BBIJIBUT'aTh THUITOTE3bI Ha OCHOBE 3HaHHUA OCHOBOIIOJIararomimux (1)PI3H‘-I€CKI/IX
SaKOHOMCpHOCTeﬁ " 3aKOHOB,;

— OOBACHATH MNPUHLUUIBI PabOTBl M XapaKTEPUCTHKU W3YYEHHBIX MAIIWH, HPUOOPOB U
TEXHUYECKUX YCTPOMCTB;



— OOBSCHATH YCJIOBUS NMPUMEHEHUsT (QU3MYECKUX MOJCIICH IPH pelIeHUH (PU3NYecKux 3ajad,
HAXOJWUTh aJIEKBATHYIO MPEIJIOKEHHOW B 3a7aue (U3MUYECKYI0 MOJIENb, pa3peliaTs mpodieMy
KaK Ha OCHOBE MMCIOLIUXCS 3HAHUM, TaK U IIPU MOMOILHA METOJOB OLECHKHU. YYalIuhcs MOJy4YUT
BO3MOHOCTb HAYYUTHCS:

— ONHCHIBATh W AaHAJIM3UPOBATH IMOJYYCHHYIO B pE3yJIbTaTe MPOBEACHHBIX (U3UUIECKUX
HKCIIEPUMEHTOB HH()OPMAIIHUIO, OTIPEAETATH €€ T0CTOBEPHOCTH;

— TIOHMMAaTh W OOBICHITH CUCTEMHYIO CBSI3b MEXKIY OCHOBOIIOJIATAIONIMME HAyIHBIMHU
MOHSATUSIMU: TIPOCTPAHCTBO, BpeMsi, MaTepusi (BELIECTBO, MOJIE), TBUKEHUE, CUJIa, SHEPTUS;

— pemiath 3KCIEPUMEHTAIbHbBIC, KAYeCTBCHHBIC W KOJUYECTBCHHBIC 3aJjaudl OJIMMITHAJHOTO
YPOBHSI CJIOXHOCTH, HWCHOJNB3Yysl (DU3MYECKHE 3aKOHBI, a TAK)KE YpPAaBHEHHsS, CBS3BIBAIOIINC
(bu3NYecKre BETUYNHBI,

— Q4HAJIUM3UpPOBATh TI'paHUIbl IIPUMCHHMOCTHU (1)I/I3I/I‘ICCKI/IX 3dKOHOB, IIOHHUMAThb BCGO6H_II/II71
XapaKkTep d)YHHaMCHTaJII)HI)IX 3aKOHOB U OI'paHUYCHHOCTD MCITI0JIb30BaHUA YaCTHBIX 3aKOHOB,

— q)OpMy.]'II/IpOBaTB H pCIIaTb HOBLIC 3a/la4M, BO3ZHUKAIOIIUEC B XOC y‘Ie6HOHCCHe,Z[OBaTeHLCKOﬁ
)41 HpOGKTHOﬁ JACATCIIBHOCTH,

— YCOBEpIICHCTBOBATh MPHUOOPHI M METOABl MCCIEAOBAHUS B COOTBETCTBUU C MOCTABICHHOU
3ajJayei;

— HCIIOJIb30BaTh MCTOJAblI MATCMATHYCCKOIO MOJICIHUPOBAHUA, B TOM UYHUCIIC HpOCTCfII.HH@
CTaTUCTHYCCKHUE MCTOIbI, OJIA O6pa6OTKI/I PE3YyJIbTATOB SKCIICPUMCECHTA.

Cpeocmea obyuenus u 6ocnumanus
— KomnbroTepHBbIi Ki1acc.
— MHTepakTUBHAA JT0CKa.

— HMHnTepHer-pecypcesl.
— MynpTUMEIUNUHBIN TIPOEKTOP.

— Buneodpunbmsbl.

Cooepircanue yuebnozo npeomema c ykazanuem (popmot op2anu3ayuu y4eonoi
oeamenbHOCmU YUeHUKA

OcHoBHOE coepxxkaHue mpeaMera OcHoBHBIE BU/IbI Y4eOHOMH 1eSITeJJbHOCTH

(371eKTHBHOIO Kypca no ¢usuke 11 kiaacc)

Y4€HHKA

Benenne 3inyuenne abcomoTHO YEPHOTO
TeJa M KBaHTOBas rumnore3a [Imanka, oTkpeiTHE
JIx. Jlx. TomconoM anektpoHa. OTKpbITHE
PEHTTreHOBCKOro u3nydeHus. OTkpoitue A. A.
bekkepenem paanoaktuBHocTu. OnbiTh [1bepa
n Mapumn Kropu. Coznanue A. DiiHIITEHHOM

— Onpedensimv: cocmae amomHo2o0 s0pa
XUMUYECKO20 DJIeMEHMA U YUCLO BXOOSUUX 8
He20 NPOMOHO8 U HEUMPOHOS,
OMHOCUMENbHYIO AMOMHYIO0 MACCY NO mabuye
. U. Menoeneesa, — paccuumsiéams oeghekm
maccol 20pa Bzaumocesnzo meacdy macco n




CHCHHaHBHOfI TCOPHUU OTHOCUTCIIBHOCTH.

KBaHTOBBII MUP aTOMOB U MOJIEKY.JI
Mogens aroma bopa 1 nuHeiyaThie CEKTPHI.
KBanToBanue sneprun. Bonnsl Matepuu JI.
nebpoitns. KopnyckynsipHo-BOJIHOBOM
nyanu3Mm. Judpaxiust 31eKTpOHOB Ha
kpuctamiax. @otordpdexr u rddexr
KomnroHa. [TpuHiun Heonpeaen€éHHoCcT
I'eitzen6epra.Ypasuenue llpenunrepa.
BonnoBas pyHkuus u e€ BeposSTHOCTHAS
uHTepnperanusa. KBantoBbii dhdexT
TyHHenupoBaHus. KBaHTOBaHUE yTII0BOTO
MomeHTa. CriuH 3nextpona. [IpuHnun 3anpera
[Taymu. DneKTpoHHBIE 000JIOYKH ATOMOB U
[Tepuonuueckuii 3akon Menpeneena.
Mounekynbl. CeKTpbl aTOMOB U MOJIEKYIL.

Macca u 3Heprus B peiSiTHBUCTCKOM
Teopun. OCHOBHBIE ITOCTYJIAThI CHEUATbHON
Teopuu oTHOcUTeNnbHOCTU. [IpeobpazoBanue
lNanunes u Jlopenna. THBapraHTHOCTh
MHTEepBaja. Macca B KJIaCCUYECKON MEXAHUKE
U TeOpHH OTHOcUTEeNbHOCTH. [IpeoOpasoBanus
Jlopenua s umnynbca u 3Heprud. Macca —
PENATUBUCTCKUI MHBApUaHT. CBsI3b SHEPTUH U
maccel okost EQ = mc2. [Ipumepsr nepexoa
Macchl B DHEPTHIO U SHEepruu B Maccy. Jledexr
MacChl ¥ SHEPTusi CBSA3M sifiep. Macchl
SHEPTHUsl COCTABHBIX CUCTEM. PenaTuBucTckas
KHHEMaTUKAa U 3aKOHBI COXPAHEHUS DHEPTUHU U
umnynsca. [Ipumepsbl GU3NYECKuX MpoIeCcCOoB.
Pemenue 3agau

ATOMHBIE 1Ipa ¥ PAIMOAKTHBHOCTH
OcHOBHBIE CBOWMCTBA aTOMHBIX SIJIEP: COCTaB,
pasmep, popma, 3apsi, Macca sapa, SHEPTUs
cBsi3u. M3oromnsl. I'panniiel ctabunbHOCTH
aTOMHBIX si7iep. CIIMH IpOTOHA U HEUTPOHA.
VYTI0BOM MOMEHT siipa SInepHble CUIIBL.
Kitaccnueckast npoTOH-HEUTPOHHAs MOJEIb
anpa. Slnepusie Mosenu: hepmu-ras,
KarneabHas, 00o104YeuHas U 0000mEHHas
Mozenb siapa. KoporkoaeicTByromue
HYKJIOHHBIE€ KOPPEJALMY B SAPax U
KyMYJISATUBHBIN sAepHBIN 3 ekt
PannoaktuBHOCTE. BUABI panoakTUBHOCTH:
a-, b-, g-pacmaz, coHTaHHOE JENCHME.
['panuIibl CTAOMIIBHOCTH ATOMHBIX SJIEP. 3aKOH
pannoakTUBHOTO pacnazna. [lepuox
nostypacnaaa. AKTUBHOCTb PaJIMOAKTUBHOTO
uctouHuka. KauecTBeHHbIE U pacu€THBIE
3aja4ui. MaTeMaTU4eCKUd MPAKTUKYM

sHeprueit. ['maBnas ¢popmyna XX B.: E0 =
mc2. Dkcniepument . Pesepdopna no
OTKPBITHIO TIJIAHETAPHON MOJIEIU aTOMHOIO
anpa. KsanroBanue 31epruu u mozeins H.
bopa. [TocnenctBust 3TUX OTKPBITUN JJIs1
CO3/1aHUsI KBAHTOBOW MEXAHUKU U SICPHON
(U3UKH KaK OCHOBBI TEXHUYECKOTO IIporpecca
yenoBeuecTBa B XX u XXI BB., cO3MaHHs
KapTUHBI MUKPO- 1 MAKPOKOCMOCA Ha OCHOBE
CranapTHOM MOJIEIN aTOMa, MOJIIPHYIO
MacCy U Maccy MOJIEKYJIbI WJIM aToMa; —
aHAIM3UPOBATh 3aBUCUMOCTh CBOMCTB
BEIIIECTBA OT €r0 CTPOCHHUsI; — HAOIIOAaTh
(da3zoBbIe MePexX0/Ibl IPY HATPEBAHUU BEIIECTB;
— XapaKTepu30BaTh U3MEHEHHS CTPYKTYpPbI
arperaTHbIX COCTOSIHHI BEIIeCTBa MpU
¢dazoBbIX nepexoax; — GopMyIHpoBaTh
YCIIOBUS UACATBHOCTH T'a3a; — OOBICHSITH
BIIUSTHUE COJTHCUHOTO BETpa Ha aTMocdepy
3eMJIM. — pacCUUTHIBATh: KOJIMYECTBO
TEIUIOTHI, HEOOXOUMOTO JIJIsI
mapooOpa3oBaHus BEIIECTBA IAHHOW MAaCChI;
CHJTy TIOBEPXHOCTHOT'O HATSKEHUS, BBICOTY
MOoJbeMa JKUJIKOCTH B KallWJUIspe; s
IJIABJICHUS TeJia; KOJIMYECTBO TETUIOTHI B
mporiecce TerI000MeHa Py HarpeBaHUU U
OXJIQXCHUHU; — CPaBHUBATh: YJCIbHBIC
TEMJIOEMKOCTH PAa3JIMYHbIX BELIECTB, CBOMCTBA
MOHOKPHUCTAJIOB U TTOJIUKPUCTAIIIIOB; —
OOBSCHATH CBOMCTBA TBEP/BIX TEJT Ha OCHOBE
MKT; — npuBOoAUTH IPUMEPHI IPOSBICHUS
pa3INYHBIX AepopMaluii; — aHaTU3UPOBATh:
XapakTep MEXMOJIEKYIISIPHOTO
B3aMMOJICICTBYS, BIUsHUE AeopMaliu Ha
CBOMCTBA BEIIECTBA; — MCCIJIEI0BATh Pa3HbIE
BUJIBI ieopMaIui; — HaOII0AaTh, U3MEHATh
1 000011aTh B Mpoliecce IKCIEPUMEHTATbHON
JIeATETbHOCTH; — MPUMEHSTH MTOIYyYEHHbBIE
3HAHMS K pEHICHHIO 3a1a4. — OnpenemnsiTh:
3apsAJI0BOE U MacCOBOE YUCJIO aTOMHOTO SiApa
no Tabmute 1. 1. Menneneesa, mepuo
noyypacmnajaa

— BBIUUCIISATH: SHEPTHIO CBSI3U HYKJIOHOB B
SJIpE€ U YPHEPTHUI0, BBIICISIOUTYIOCS TPU
SIIEPHBIX PEAKIUSIX; SHEPTHIO,
BBIJCIISIFOITYIOCS TIPU PaIMO0aKTHUBHOM
pacmiajie; — BBISBIISATh IPUYUHBI €CTECTBEHHOM
PaANOAKTUBHOCTH; — CPAaBHUBATh:
AKTUBHOCTH PA3JINYHBIX BEIIECTB;
YIPaBIISIEMBIN TEPMOSAEPHBIN CUHTE3 C
YIPaBISIEMBbIM JACICHUEM SIAEP; KOHCTPYKIIUU
Y MIPUHIIUI JEUCTBUSA AaTOMHOW U BOJOPOAHOMN




«CTaTucTUYECKU XapakTep pauoaKTUBHOTO
pacnajzay paaroaKTUBHOIO JIE€MEHTA,
MPOIYKTHI SIIEPHON peaKkuu JAeJICHHUS.

SinepHble peakunu fepHbie IPEBpaILCHUS B
skcniepumenTtax Pesepdopna. OTkpsiTHe
IIPOTOHA U HEUTpOHA. Peakuuu nenenus snep.
Ilennas sanepHas peakuus. TepMosaepHsie
peakuuu Ilonnoporoseie peakuuu. Poxnenne
AHTUIPOTOHOB. M3yueHue cTpyKTypbl
IIPOTOHOB U SAEP B IIyYKax JIEKTPOHOB.
KauecTBeHHble 1 pac4€THBIC 3a1a4U

IIpoucxo:xnenue 3jieMeHTOB BO BecereHHoi
dDyHIaMeHTaIbHbIe B3aMO/IeiicTBHSI.
CrangaprtHas Mozenb. boibiioil B3phIB.
ATOMBI BOJIOPO/IA U JIETYANTIINX JIEMEHTOB
CuHTe3 2IeMEeHTOB B 3BE371aX. B3phIBbI
CBEPXHOBBIX 3BE3]T U HEUTPOHHBIE 3BE3IbI

CuHTEe3 HOBBIX CBEPXTSKEIBIX 3JIEMEHTOB
TpaHcypaHOBBIC U TpaHC(HEPMHUCBBIC
31eMeHThI. «OCTPOB CTaOUILHOCTHY U CHHTE3
HOBBIX CBGpXT)DKéJII)IX 3JICMCHTOB.
JlaGopaTopust siIepHBIX peaKIi HMECHU
akanemuka I'. H. ®néposa. Monens
LIUKJIOTPOHA U JETEKTOpA JIJIsl PETUCTpalun
CBEPXTSKENBIX A1eMEHTOB. Kak
PETUCTPUPYIOT CBEPXTSIKEIBIE JIEMEHTHI

Yckopurean ¥ Kosuiaiaepsl [IpuHuuns:
pabOThl TMHENHBIX U HUKIMYECKUX
yckopuTenen. J{BIkeHne 3apsiKeHHbBIX YaCTHIL
B JIEKTPUYECKOM M MarHUTHOM nosisix. B. W.
Bekcnep: npunnun aBrodazuposku. A. M.
Bynkep: naes 31eKTPOHHOTO OXJIAXKICHUS U
IIEpBBIE BCTPEUHbIE Koblla bombion
aaponnsiit komaitnep (LHC) B EBpone u
kosanaep penstuBuctckux suep (RHIC).
Mopnenp yCKOPUTEIBHOIO KOMILIEKCa
HUKA

HccaenoBanue CTOIKHOBEHH I
peJSITUBMCTCKHX siiep UTo mporcxoauT npu
CTOJIKHOBEHUSX PESITUBUCTCKUX SED.
JleTeKTopHI Ui perucTpauuy NpoayKToB
A1epHbIX peakiuii. OCHOBHBIE
XapaKTEepUCTUKH peakumii. Tpurrep s
orbopa coOpITuil. Bpems-npoekunonHas
Kamepa. DJIEKTPOMarHuTHBIN KaJIOPUMETP,
CUJIMKOHOBBIE JIETEKTOPHI JUIsl ONIPEEIECHUS
BEPILMHBI B3aUMOIECHCTBUS

O0MO; — OIIEHUBATh: PHEPTECTUIECCKUIN BBIXO/T
JUTSL pEaKIIUU ACTIEHUS, KPUTUIECKYIO MacCy
235U; — aHanu3upoBaTh MPOOJIEMBI SICPHOI
oe3omacHoctd ADC; — onuchIBaTh
YCTpOMCTBO U npuHIuI aercteus ADC,
JIEUCTBHE PAAUOAKTUBHBIX U3J1y4YEeHUN
Pa3IMYHBIX TUIIOB Ha )KUBOW OPTaHU3M; —
OIICHUBATH MEPCIICKTUBBI PA3BUTHUS
TEPMOSICPHON SHEPTETUKH; — OOBSICHATD
BO3MO>KHOCTH MCIOJIb30BaHUS
PaZ0aKTUBHOTO U3IYYECHUS B HAYYHBIX
WCCIICIOBAHMSX U Ha MPAKTUKE; —
3HAKOMUTBHCS C METOJOM BBIYHCIICHUS
YIETBHOTO 3aps/ia YaCTHUIIBI 110 oTorpaduu e
TpeKa; — U3MepsITh U 000011aTh B MpoIiecce
AKCIIEPUMEHTAIILHOMN JACSITEIIbHOCTU. —
Knaccudunupoats: 31eMeHTapHbIE YaCTHIIbI
Ha (EPMHUOHBI U OO30HBI, YACTHUIII U
AQHTHYACTHIIBI, HA YACTHIIBI, YIACTBYIOIIUE B
CHJIbHOM B3aMMOJCHCTBUU U HE YYaCTBYIOILIUE
B HEM; aJIPOHBI 1 KX CTPYKTYPY, TIFOOHBL, —
XapaKkTepu30BaTh apOMAaThl KBAPKOB; —
MIEPEYUCIIATH IBETOBBIC 3aPsIbl KBAPKOB; —
paboTaTh ¢ TEKCTOM yueOHHKa

— POCCHUICKOr0 KOJUIAUAEpa TAXKEIBIX HOHOB
MPEJICTaBIATh MHPOPMAIIMIO B BUIE TAOJIHUIIBI;
— MPUMEHSTH TOJTYICHHBIC 3HAHUS K
pemienuto 3ana4 — Mcnonb3oBath HTEpHET
TSl TIOMCKA M300pasKeHU aCTPOHOMHYECKUX
CTPYKTYp; — TOSICHITh (PU3UUECKHI CMBICIT
ypaBHeHus Opuamana;




SlnepHast JHepreTuka u rjodajbHble
npoodJeMbl YejaoBedecTBa SepHas
SHEPreTHKa u ri100anbHbIe TPOOIEMbI
YeJI0BEYECTBA. S IEpHBIE PEAKTOPHI.
IIpupoaHsie siaepHbIE peakTophl. Pemenue
KAaYECTBCHHBIX M PACUETHBIX 3aad.
NHTepakTUBHAsA MOJIENb AIEPHOTO PEAKTOPA

Snepunas pusuka u meguuuHa S epHas
¢uzuka u MeaunuHa. Mosenb
YCKOPUTEJIBHOTO KOMIUIEKCA /I IPOTOHHON
panuotepanuu SnepHas ¢pusnka c
HEUTPOHAMHU S epHBIE UCCIIEN0BAHUS C
HelTpoHamMu. CBOMCTBAa HEUTPOHHBIX ITyYKOB.
Mopens uccie10BaTeNnbCKOro UMITYIIbCHOTO
peakTopa Ha ObICTpBIX HeliTpoHax MBP-2.
IIpuMeHeHre HEUTPOHHOIO AKTUBALIMOHHOT O
aHaJIn3a B SKOJIOTUH.

Snepuas manerosorus. [louck Bosbl Ha
Mapce npu NOMOIIM UCTOYHUKA HEUTPOHOB

Paguno6mnonorus Yro uzyuaer
panuobuosnorus. CocraB KOCMUYECKOTIO
U3ITy4EHUS U €T0 BO3JICHCTBUE HA KUBBIE
opranusMel. [Tunotupyemsie noaETHI B KOCMOC
U paJualiOHHbIe PUCKU. ACTPOOUOIIOT .
MonenupoBanue paaualiOHHBIX
noBpexaeHuit kineTok B cpene GEANT

B3aumoneiicTBue u3jiydeHUus ¢ BelleCTBOM
B3auMopeiicTBre 3apsyKEHHBIX YaCTHLL,
(OTOHOB U 3JIEKTPOHOB C BEIIECTBOM

JleTeKTopbI 3apsiZKeHHbIX YACTHI U
raMMaKBaHTOB Pa3nnuHble TUIIBI
JETEKTOPOB: Ta30BbIi, (oTOIMYINIBCHUH,
y3bIPbKOBasl KaMepa, CUUHTUIUILIMOHHBIH,
MOJIYTIPOBOTHUKOBBIM, IETEKTOP Ha OCHOBE
MUKpOKaHaJIbHBIX I1acTuH. ChEM cUrHana ¢
JIETEKTOpa. JHEPreTUUECKUE U BpEMSI-
POJETHBIE CTIEKTPbl. COBPEMEHHBIE METOBI
cbhEéMa U oLIUPPOBKH UH(POpMALINU

BupryaabHas nadoparopust «OCHOBBI
H3MEpeHHUsi CHTHAJIOB € 1eTeKTOPOB»
O0paboTka MoIy4eHHBIX Pe3yIbTaTOB U
odopmiieHne paboTh

BupryanbHas sadopaTtopus




«CHUHTWJISIUMOHHBIHA TeJIeCKOM /IS
U3YYeHHs KOCMHYeCKHX Jy4dei» O0paboTka
MOJIYYCHHBIX PE3YJIbTaTOB U O(hOPMIICHHE
paboThI

BupryanbHas jadopaTtopus
rammacnexkTpockonuu O6padoTka
MOJTyYEHHBIX PE3yIbTaTOB U OPOpPMIICHUE
paboThI

BupryajabHasi 1abopaTopusi CIOHTAHHOTO
JeJIeHUs siaep

MaTtemMaTH4YeCKHil MPAKTUKYM I10 00paboTKe
pe3ynbTaToB u3MepeHuii B cpene ROOT

MaTtemaTH4ecKUil NPAKTHKYM I10
MOJICJIMPOBAHUIO PATUAITMOHHBIX
noBpexeHuit kietku B cpene GEANT

Temarnueckoe MIaHuPOBAHUE 10 ITEKTUBHOMY KYpCY

Temamuueckoe nianupoganue no 31eKMUGHOMy Kypcy no ¢usuxe 11 knacc

Tema

Kos-Bo yacos

KBaHTOBBIN MUP aTOMOB U MOJIEKYJI

3

Macca u OHCPTHs B peﬂHTHBHCTCKOﬁ TCOpHUU

ATOMHBIE 51ipa ¥ palOaKTUBHOCTh

S nepHble peakuuu

IIponcxoxaeHne 3eMeHTOB BO BeenenHoi

CHHTE3 HOBBIX CBerTfDKéJ'II)IX 9JICMCHTOB

YCKOpPUTENU U KOJIJIAWIEPhI

VccnenoBaHue CTOJKHOBEHUH PEIITUBUCTCKUX SIIEP

ﬂ,[[epHa}I OHCPICTUKA U rio0abHbIE HpO6J'I€MBI YCJI0BCUYCCTBA

SAnepHas puzrka U MEIUIIMHA

SAnepunas duznka c HEHTpoHAMU

Pagnodbuonorus

B3anmoneiicTBre U3ITy4eHUs ¢ BEIIECTBOM

I[CTCKTOPLI 3apSAKCHHBIX YaCTUIl U TAMMa-KBAHTOB

BuptyanbHas naboparopusi «OCHOBBI U3BMEPEHHS] CUTHAJIOB C
JIETEKTOPOBY

NP R R PR RN RN N w N

BuptyansHas naboparopusi «CUUHTUIUIALUOHHBIN TEIECKON /s

HN3YUCHUA KOCMUYCCKHUX queﬁ »

BupTtyanbHas nabopatopusi raMMa-CIeKTPOCKOITUHI

BI/IpTyaJ'ILHaSI na6opaT0pI/151 CIIOHTAHHOI'O ACJIICHUA AJACP

MareMaTHuecKuil MpakTUKyM 10 00paboTKe pe3yabTaTOB U3MEPEHUN B

cpene ROOT

MareMaTu4ecKui IMPAKTUKYM 110 MOACIIUPOBAHUIO paJHaAlITMOHHBIX

noBpexaeHni kinetku B cpene GEANT

Hroro
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Cnucok Jureparypbl

1. Ucropus uzobperenuii u oTkpbiTHil (BTopas ncropus yenoevectra). Kypc C.E. MypaBbeBa
u A. Onpuaka (HUSY MU®DHN) na noprane Coursera.ru

2. Kanmamaukos H. I1. Hauana ¢usuku: yae6. mocodue mist moaroroku k EI'D / H. I1.
Kanamnukos, C. E. MypaBbeB. — M.: Oiikymena, 2013.

3. SnepHas ¢pusuka

C=RU, O=BOY COL Ne 33
r.CoizpaHn, CN=MaBpuHckui
Brnagnmmp KOpbeBuy,
E=school 33 _szr@samara.edu.ru
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