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IMosicHuTeIbHASL 3aMHUCKA
Pabouas nmporpamma pa3paboTaHa Ha OCHOBE:
1. COopHuKa mpUMEPHBIX pabOUYUX NPOrpaMM. DIEKTUBHBIE KYPChI JJIs
npoUIBHOM IIKOJIBI © y4e0. mocodue aiis 001meo0pa3oBart. opraHu3ariuii /
[H. B. Autunosa u ap.]. — M. : I[Ipocsemienne, 2019. — 187 ¢.—
(ITpopunpnas mkona). — ISBN 978-5-09-065231-5.

2.  HuctpyktuBHO-Metoauueckoe nuceMo OI'AOY IO «benropoackuii
UHCTUTYT pa3BuTUs oOpaszoBaHus» «O mnpenogaBaHuu mnpeamera «Pusnka» B
oO1ieo0pa3oBareNbHbIX Opranuzamnusax benroponackoit o6mactu B 2022-2023
y4eOHOM TOy»

DNeKTUBHBIN Kypc «SnepHas Gpusnkay npeaHa3HaueH yJaluMcs CTapIliei IIKOJIbI,
BBIOPABIIIMM €CTECTBEHHO-HAYYHBIM, (PU3MKO-MATEMAaTHUYCCKUNU MPO- (PUIN WIH
MPOSIBUBIIIMM TIOBBIIIICHHBIN WHTEpPEC K W3YUYCHUIO (DU3UKH, XUMUU, OHOJIOTHH,
9KOJIOTUU. J[aHHBIA KypC MHTEIrPUPOBAHHBIN, OH CBSI3aH COJIEPIKATEIBHO C KypCcOM
(Gu3MKU 1 MaTeMaTUKU OCHOBHOM IIKOJIBI. M3ydeHue npeagaraeMoro 3J1IeKTUBHOTO
Kypca HampaBJI€HO Ha YIUIyOJieHHe U O00O0OIIeHHWE 3HAHUW UIKOJIBHUKOB O
COBPEMEHHON KapTUHE MHUPA, OCHOBAHHOM HAa KBAHTOBON MEXaHUKE U CIIELIMAIBHOM
TEOPUHU OTHOCUTETHHOCTH. IMEHHO 3TH pa3ensl COBpEeMEHHON (PU3UKY TTO3BOJIHIIN
HNOHATh CYTh CTPYKTYpbl MAaT€pUM M HCIIOJIb30BaTh 3TU 3HAHUS [JIS CO3JaHUS
SICPHOM DHEPreTUKH, COBPEMEHHOW KBAHTOBOW JJICKTPOHUKH, pa3padboTaTh
s (peKTUBHBIE METO/IBI AMATHOCTUKHU U JICUCHHSI pa3IMYHBIX 3a00JI€BaHUH, CIENIaTh
MHOIO APYTHX BaXXHBIX OTKpBITHM. HecMoTpss Ha TO 4YTO OTAEIBHBIE BOIPOCHI
KBaHTOBOM U sIICPHON (DM3HUKHU U CIICIIUATBHON TEOPUU OTHOCUTEILHOCTH U3Y4aroT
B IIKOJIBHOM Kypce (pU3WKH, MpEeJCTaBICHHOW B HUX MH(OpMAIIMU HEJOCTATOYHO
JUIsL TOTO, 4TOOBI B JOJKHOM MEpe OLIEHUTh W TMOHATHh CYTh MPOUCXOSIINX
mporeccoB. [lomHas kapTHa BO3HHMKAeT TOJIBKO TOT/A, KOrjaa sijaepHas (u3uka
BOCIIpUHHUMAETCsl Kak 4dacTb CTaHIapTHOM MOJEIU, B KOTOPOM MHTErPUPOBAHO
paccMaTpUBarOTCS MPOLIECCHI, TPOUCXOASIINE HA YPOBHE 3JIEMEHTAPHBIX YACTHIL,
OTBEYAIOIIME 32 PJIEKTPOMAarHUTHbIC, CHJIbHBIE U cjia0ble  B3auMOJCHCTBUS,

U TPOIECCHI,



MPOUCXOAMBIINE HA PAHHUX CTAAMUSAX pa3BUTUS BcenmeHHOUN W 3aTeM B mpoleccax
JBOJIIOLIUU 3BE3 .

SAnepnas gusznka — Hayka SKCHEpUMEHTalbHas. MeToAsl U MpUOOPHI st
(yHIaMEHTaJbHBIX MCCIIEIOBAaHUN B COBPEMEHHOM A/1epHOM (hHU3MKE OCHOBAHBI Ha
WCMOJIb30BAHUY BBICOKUX TEXHOJIOTUN U HECTAHAAPTHBIX NHXKEHEPHBIX pelieHui. B
3HAYUTEIBHOM CTEMEHW 3TO OTHOCHUTCS W K MPUKIAJHBIM MCCIEIOBAHUSIM C
NPUMEHEHHEM  sIICpPHO-(PU3UUECKUX METOJ0B B paJUallMIOHHOW OHOJIOTHH,
AKOJIOTUHU, XUMUU U MEIUIMHE. DTO NPOJIEMOHCTPUPOBAHO B PA3IMUHBIX pa3ieiax
JJICKTUBHOTO  Kypca Ha INpUMEpax  MOJAEJIEH  €amMoro  COBPEMEHHOIO
AKCIEPUMEHTATBLHOTO O0OpYy/IOBaHUS M (DYHIAMEHTAIBHBIX M TPHUKIAIHBIX
UCCe0BaHUN (IIUKJIOTPOH U YCTAHOBKA JIJISi CHHTE3a CBEPXTSIKEIBIX DJIEMEHTOB,
CBEPXIIPOBOASIINAN SIACPHBIN KOJUIAWIEP U MHOTOLEIIEBOM JETEKTOP, UMITYJIbCHBIN
peaKkTop HEUTPOHOB, TITyOOKOBOJHBINM JETEKTOP IS U3ydeHHS GU3UKH HEUTPUHO,
YCKOPUTEIBHBIN KOMIUIEKC JJI IPOTOHHOM Teparum).

O6mas xapakTepuctuka Kypca. [IpearaeMblii 3J€KTUBHBIA KypC TOCBSIIEH
PAaCCMOTPEHUIO TaKMX TEM, KaK 3JJIEMEHTbl KBAaHTOBOW MEXaHUKU U TEOPUU
OTHOCUTEIHHOCTU B IPUMEHEHUH K aTOMHOU U siIepHON (PU3MKe, pa3InyHbIe BUIbI
PaIUOAKTUBHOCTH, B TOM YHUCJIE U CIIOHTAHHOE JEJICHUE SAEP, CBOMCTBA U MOJEIIN
aTOMHBIX SJ€p, TPAAULMOHHBIC SIJICPHBIE PEAKUUM W SIEPHBIE PEaKUUU IpHU
SHEPTUAX KOJUIAMJEPOB. PacCMOTpEHO MPOUCXOKICHUE 3JIEMEHTOB BO BceeneHHoU
M CHUHTE3 HOBBIX CBEPXTSDKENBIX DJIEMEHTOB B jabopatopusx yd€HbIX. YacTb
pa3denoB IOCBSLICHA SIACPHOM SHEPreTHMKE W NPUKIAIHBIM HCCICIOBAHUSAM B
00JacTH paJualiMOHHONW OMOJIOTHH, DKOJOTHH W NMPUMEHEHHIO METOJOB SACPHOMN
(bu3UKU B METUITUHE.

3HaunTEeNbHAS YaCTh AJIEKTUBHOTO Kypca OTBEJCHA MPaKTUYECKUM paboTam,
OoJbIIIast 9acTh KOTOPHIX UMEET UCCIIEA0BATEIbCKUIN XapaKTep.

Lens xypca: pacmmpenue, yriryojienne u o0001menne 3HaHui 0 PU3NIECKUX
npoiieccax B 00JacTu siAepHON (PU3UKU, IPUUUHAX U MEXaHU3MAaX UX MPOTEKaHMUS,

Pa3BUTHUC ITO3HABATCIIBHBIX MHTCPCCOB M TBOPUYCCKHUX CIIOCOOHOCTEM ydalunuxcs



4yepe3 MPaKTUYECKYH0 HaAMpaBJICHHOCTh 00y4YeHHs] (PU3HKE U UHTETPUPYIOUIYIO
POJIb PUBHKU B CUCTEME €CTECTBEHHBIX HAYK.

3agaum Kypca:

— Pa3BUTHUE €CTECTBEHHO-HAYYHOI'O MUPOBO33PEHUS YUAIINXCS;

— pa3BUTHE MPUEMOB YMCTBEHHOM JEATEIBHOCTH, TO3HABATEIbHBIX
WHTEPECOB, CKIIOHHOCTEH U CTIOCOOHOCTEN ydalnxcs;

— pa3BUTHE MOTHUBAIMH Y4eHUS, (HOPMUPOBAHUE TOTPEOHOCTU B MOJYYCHUU
HOBBIX 3HAHUW U TPUMEHEHUH UX HA TPAKTHUKE;

— pacmupeHue, yriayOiaeHue u 0000ImeHue 3HaHUM 1o (PU3MKe, XUMHH,
OMoI0THNY;

— HCTOJIb30BAHUE MEXKIPEIMETHBIX CBsI3ed (DU3UKH C MaTeMaTHKOMH,
OuoJsioruei, XuMHUeu, UCTOPUEH, IKOJIOTHEH, PAaCCMOTPEHUE 3HAYEHHUS ITOTO Kypca
JUIS1 YCTICIIIHOTO OCBOCHUSI CMEKHBIX JUCIUIUINH;

— COBEPILICHCTBOBAHUE JKCIIEPUMEHTAIBHBIX YMEHUW UM HAaBBIKOB B
COOTBETCTBHHU C TPEOOBAHUSIMU MPABII TEXHUKU 0€30MIaCHOCTH;

— PpAacCMOTPEHHE CBS3U SJIEPHON (PUBUKU C SKU3HBIO, C BaXKHEHIIMMHU
chepamu AeSTEIBHOCTH YEIIOBEKA,

— pa3BUTHE Yy VYYAIIUXCS yMEHHS CaMOCTOSTEIBbHO paboTath C
JOTIOTHUTENIBHOM JIUTEpaTypoOr U APYTUMH CpeCTBaMU HH(OpMaIuy;

— (opmupoBaHue y ydaniuxcs yMEHU aHaIU3UPOBATh, COMOCTABIISITH, MIPH-
MEHSTh TEOPETUUECKUE 3HAHUS HA MTPAKTHUKE;

— ¢opMHupOBaHHUE yMEHUH TIO PEHICHUI0 JKCIEPUMEHTAIbHBIX U
TEOPETUUYECKUX 3a7a4.

OcHOBHBIE UJEHU Kypca:

— €IMHCTBO MAaTEPHAITBHOTO MHPA,;
— BHYTPH- U MEXIIPEAMETHASI MHTCT AL,

— B3aUMOCBS3b HaYKH W MMPAKTUKH;

— B3aMMOCBS3b YCJIOBEKA M OKPYIKAOIICH CPEJIbL.

Y4yeOHo-MeTOoAMYeCKOe o0ecTiedeHrne Kypca BKIIOYaeT ydeOHoe 1mocooue s

ydaluxcsi, UHTepHeT-pecypc «BupryanbHas nabopaTopusi siiepHON (DUUKU»,



MporpaMMy 3JEKTHUBHOIO Kypca M MHTEPHET-PECYpC C OHJIaH-BEpCcUEN Kypca U
CUCTEMOM yIpaBjeHus yuyeOHbIM mpoiieccoM Ha ocHoBe cucteMbl MOODLE.

Bunsl nearenbHocTH. YueOHOe MocoOWe i ydaluxcs oOecleunBacT
coliepkatesibHyo 4acTh Kypca. CopepxanHue mocodus pa3Ouro Ha maparpadsl,
BKJIIOYAET AUAAKTUYECKUN MaTepuai (BOMPOCHI, YIIPaXHEHHUs, 3a]jauu, JIOMAIIHUM
AKCTIEPUMEHT), IPAKTUYECKUE PAOOTHI.

Ha 3ansTuax mo maHHOMY Kypcy ydaliuecs yYriyOJIsIlOT CBOU 3HAHUSA O
snepHor (u3uke, COBPEMEHHOW KapTUHE MHpa, Mpubopax U MeTojax
dbyHIaMEHTaTbHBIX U MPUKJIAHBIX UCCIICTIOBAHUIN B 00JIACTH SIACPHOU (PUBHKHU.

B pesynbrate u3ydeHus Kypca paclIUpseTcss MHUPOBO33PEHUE ydallIUXCs,
pa3BUBACTCS WX IO3HABATEIbHBIM HWHTEpPEC, HHTCIUICKTyallbHbIE M TBOPUYECKHUE
criocoOHOCTH, (POPMHUPYIOTCS TMPEIMETHBIC, OO0IIeydeOHble MU crenuduieckue
YMCHHS ¥ HABBIKU IITKOJIBHHKOB.

Kypc HachbllieH SKCHepUMEHTATbHBIM MaTepHaIOM: JI€MOHCTPAIMOHHBIM
HKCIIEPUMEHTOM, TPAKTUYECKUMHU paboTamMu Ha 0a3e BHUPTYaJbHOW HHTEPHET-
nabopatopuu. Ilo xemaHuio y4duTels HEKOTOpbIE MPAKTHUECKHE PabOThl MOXKHO
NEPEeBECTH B paspsi] MccieaoBarenbckux. lMcmonb3oBaHue B yuyeOHOM Mpolecce
MPaKTUYECKUX PaboT CmocoOCTBYeT MOTHBALMM JUIsi 00O0OIMIEHUs] y4eOHOTO
MaTepuana, pacimmpsier BO3MOXXHOCTHU WHIUBUAYaJIHHOTO u
mudGepeHIIMPOBAaHHOTO TOAXOA0B K OOYUYEHHIO, IIOBBIIIAET TBOPUYECKYIO
AKTUBHOCTh YYaIIMXCS, PACIIUPSET HX Kpyro3op. BkitoueHue Takux padoT B
ANIEKTUBHBI KypC TIPUBUBAET IIKOJbHHUKAM HCCIEIOBATEIbCKUNA TOIXOMI K
BBITIOJTHEHUIO TMPAKTHYECKUX paboT, MOMOTraeT OBIAJEBaTh OCTYIMHBIMU IS
yYaluXCsi HAy4YHBIMA METOJAaMHU UCCIeNIOBaHMs, (OPMHUPYET H PpPa3BUBACT
TBOPYECKOE MBIILICHHE, MOBBIIIAET UHTEPEC K MO3HAHUIO (PU3UUYECKUX SIBJICHUU U
UX 3aKOHOMepHOCTel. JlaHHbIe MpakTUYeCKUe padOThl CBSI3aHbI C ONPE/ICTICHUEM HE
TOJIbKO Kau€CTBEHHBIX, HO U KOJUYECTBEHHBIX XapakTepucTuk. CucremMaTuyeckoe
BBITIOJTHEHNUE KOJMYECTBEHHBIX YKCIIEPUMEHTAIBHBIX 3a]1a4 PA3BUBACT Y YUAIIUXCS
aKKypaTHOCTb, CHOCOOCTBYET BbIPAOOTKE HABBIKOB TOY- HOM KOJMYECTBEHHOMU

OLCHKH PEC3YJIbTATOB 3KCIICPHUMCHTA.



Kaxxgas mpaktuueckas paboTa BKIIOYaeT KPaTKUE TEOPETUIESCKHIE CBEACHUS U
HKCIIEPUMEHTAIBHYIO YaCTh. PaOOTHI BRIMOTHIIOTCS MHANBUAYAIBHO WM B TPyIIIax
no 3—4 d4enoBeka. BeimosHeHue wuccienoBaHUN TpeOyeT NpeaBapu- TEIbHOM
MOJATOTOBKU: TMEpe/ MPOBEACHUEM HKCIIEPUMEHTA yUUTENb pabOTaeT OTAENbHO C
Ka)XXZ 0 TPYIIION ydaluxcs.

DJNEeKTUBHBIA KypC JOMYyCKAaeT HCIOJb30BaHHE (M0 YCMOTPEHUIO YUUTEIs)
TOOBIX COBPEMEHHBIX 00pa3oBaTeNbHBIX TEXHOJIOT A, pa3IMYHbIX
OpTraHU3aIMOHHBIX POpM OOYUCHWMsI: TEKIIUH, CEMHUHAPOB, Oecell, MPAaKTUISCKUX U
71a00paTOPHBIX PabOT, UCCIIEIOBATEIBCKUX PA0OT, KOH(MEPEHIIHA.

B kadecTBe OCHOBHOW OpraHM3alMOHHOW (OPMBI TPOBEIACHHS 3aHATUN
IpeJIararoTcs JEKIIMOHHO-CEMUHAPCKOE 3aHATHS, HA KOTOPBIX Ta€Tcsl 00bSICHEHHE
TEOPETUYECKOTO MaTepHala U peHIaroTcs 3aa4M 10 TaHHOW Teme. |1l MoBbIeHus
UHTEpeca K TEOPETUYECKUM BONPOCAM M 3aKPEIICHUS HM3YyYEHHOTO Marepuala
peyCMOTPEHBI IEMOHCTPALIMOHHBIE ONBITHI U 1a00PAaTOPHBIN MTPAKTUKYM.

dopmMaMu KOHTPOJISI 32 YCBOEHHEM MaTepuaja MOTYT CIYKUTh OTYETHI MO MPAKTHUYECKUM

paboTaM, caMOCTOSITeNIbHbIE TBOpPUYECKHE PabOThl, TECTHI, UTOTOBbIE YUEOHO-UCCIIEIOBATEIbCKIE

poeKThl. FIToroBoe 3aHsATHE MPOXOAUT B BUJI€ HAYUYHO-TIPAKTUYECKON KOH(PEPEHIINMH UITU KPYTIJIOTO

CTOJIa, Ha KOTO-POM 3acCyIIMBAIOTCS MOKJIAAbl YJallMXCsS MO BHIOPAHHOM TeMe HCCIIeOBaHUS,

KOTOPBIE€ MOTYT OBITh IPEJICTABICHBI B popMe pedepara Wi 0TIETa 10 UCCIIE0BATEIhCKON padoTe.
Cpoxu peanuzaruu porpaMmsbl ¢ 01 cenTsaops 2022roqa o 25 mas 2024 ropa.

N3meHneHus v 10MOJHEHUS
K padoueil mporpamMme 1o 3JeKTUBHOMY Kypcy «SnepHas ¢puzuka» aiaa 10-11 kiaaccos

Pa3zoen 1. «Iloacnumensvnasn 3anuckay.

[lepBblii ab3a11l ynTaTh B cieaymwolle pegakiuuu: «Pabodast nmporpaMma 1mo acCTpOHOMUU ISt
11 kimacca coctaBieHa B cOOTBETCTBHU ¢ DenepanbHbIM 3aKOHOM OT 29.12.2012 1. Ne 273-®D3 «O06
obOpazoBanuu B Poccuiickoii deneparnuny, (emepalbHbBIM TOCYJapCTBEHHBIM 00pa30BaTEIbHBIM
CTaHJapTOM OCHOBHOTO 00111eT0 0Opa3zoBanus (yrBepxkacH [Ipukazom MuHHCTEpCcTBa 00pa3oBaHUs
u Hayku P® ot 17 nexadbps 2010 r. Ne 1897), npukazom MuHucTepcTBa 00pazoBanus 1 Hayku PD
or 31.12.2015 r. Nel577 «O BHeceHMM H3MEHEHHINl B (elepajibHBIA TIOCYAAPCTBEHHbIN
o0pa3oBaTeJIbHBIA CTAHAAPT OCHOBHOTO 00IIEro o0pa30BaHMsl, YTBEP:KIAE€HHbIN NMPUKa30M
MunucrepcTBa oopa3zoBaHusi 1 Hayku Poccmiickoii ®enepanmuu ot 17 gexadps 2010 r. Ne
1897», IlpumepHoii padGoueii mnporpamMmMoil BOCIHMTaHUAA, paspadoranHoil HHcTUTyTOM
cTpateruu pa3Butus obpazoBanus PAO B nensax pemenus 3anau Ykasa [Ipesugenta PO ot 7 mas
2018 r., 3apeructpupoBanHoii B EgumHoil rocynapcTBeHHOW HHGOPMAIMOHHOM CHUCTEME YyuéTa
Hay4YHO-HCCJIEI0BATEIILCKUX, OMBITHO-KOHCTPYKTOPCKUX M TEXHOJIOTMYECKUX PA0OT rpaxJaHCKOTro
HazHaueHus (Ne roc. peructpanun AAAA-1'19-619070900024-2 ot 15.08.2019), yTBepk1eHHOI Ha

3acenanuu denepanbHOro yueOHO-METOAUYECKOT0 00beAMHEHUS 0 0011IeMY 00pa30BaAHUIO 2 UIOHS
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2020 roga».

Pazoen 2. «llnanupyemole pe3yibmamol 0C60€HU NPEOMEMA).

B nu4HOCTHBIE pe3yabTaThl 100ABUTH CIEAYIONIEE CONEePKAHME:

10)ycmanosnenue dosepumenbhbix OMHOULCHUL MENCOY VYUmMeNeM U e20 V4eHUKAMU,
CNoCcoOCMEYIOUUX _NOZUMUBHOMY _B80CHDUIMUIO _ VYAUWUMUCA _mMpebosanull U _npocbh  yuyumens,
NPUGLCYCHUIO _UX _GHUMAHUSA K __00Cyicoaemol Ha _Yypoke unopmauuu, axmueusayuu __ux
NO3HABAMENbHOU 0CAMENbHOCIU;

11) nobyscoenue wKoabHUKO8 coOI00amb HA_ YPOKe 0OUEeNnPUHAMbLE HOPMbL_NOBCOCHUS,
npasuld_0OWeHUs co _Cmapuiumy_ (Y4umensamu) U _CEepCmHUKAMu _ (WUKOJIbHUKAMU), NPUHYUND
VUeOHOU OUCYUNTIURBL U CAMOOD2AHUSAUUL,

12) npusneyenue 8HUMAHUA UWIKOJbHUKOE K UCHHOCMHOMY ACHEKmMY U3YYAeMbIX HA_VPOKAX
AGNICHUU, OP2AHU3AYUSA UX PAOOmMbL C NOJVYAEMOU HA YPOKE COUUAIbHO 3HAYUMOU UHGopmayuen —
UHUUUUDOBAHUE _ee _0DCYAHCOCHUsl, BbICKA3bIGAHUS VYAUWUMUCS CB0€20 MHEHUS _NOo_ee_nogooy,
8bIPAOOMKU C80€20 K Hell OMHOULCHU;

13) ucnonwvzosanue BOCIUTATEILHBIX BO3MOKHOCTEH COJCPIKAHUS y4eOHOTO IpeMeTa yepes
JEMOHCTPAIINIO JIETAM TPUMEPOB OTBETCTBEHHOTO, TPaXKTAHCKOTO TIOBCACHHS, IPOSIBICHUS
YEJIOBEKOJIO0MS M JOOPOCEPACYHOCTH, Yepe3 MOA00p COOTBETCTBYIOIIMX TEKCTOB JIJISI UTCHUS,
3aJ1a4 IS peICHHMs, POOJIEMHBIX CUTYAIMi I 00CYXICHHS B Kjlacce.

Conep:kanue Kypca

Beenenue (1/2 1)

Nznydyenne abcomoTHO 4€pHOro Tela W KBaHTOBas rumore3a [lnanka,
orkpeiThie JIk. JIk. ToMcoHoM »snekTpoHa. OTKpBITHE PEHTTEHOBCKOIO
uznyuenus. OtkpeiTie A. A. bekkepenem panunoaktuBHOCTH. OnbiThl [Ibepa u
Mapun Kropu. Cozmanue A. DHHIITEHHOM  CHEIUMAIbHOM  TEOpUU

OTHOCHUTEJIBHOCTH. B3auMoCBsI3b MeX1y Maccol u 3Heprueid. [ maBHas ¢popmyna

XX B.: Eg = mc2



OkcnepuMmeHT 3. Pesepdopia MO OTKPBITHIO «IUIAHETAPHON» MOJEIU
atoMHoro sigpa. Ksanrosanue snepruu u moaens H. bopa.

[TocnencTBus 3TUX OTKPBITUN JJI CO3JaHUSI KBAHTOBOM MEXaHUKU U sIAEp-
HOM (PU3MKHM KaK OCHOBBI TEXHMYECKOTrO mporpecca yenoBeyectBa B XX u XXI
BB., CO3JIaHMsSI KapTHUHBI MHUKPO- M MakKpOKOcMoca Ha OcHOoBe CTaHAapTHOMU
MOJIEJIH.

Tema 1. KBaHTOBBIN MUp aTOMOB U MOJIeKyJ (3/3 )

Mopens aroma bopa u nmHeiuarble CHEKTpbl. KBaHTOBaHHWE SHEPIrUM.
Bonust Marepun JI. ne bpoinga. KopnyckynasipHO-BOJTHOBOW — Ayaiu3M.
Hudpakuus >nekTpoHoB Ha Kpuctamuiax. Porosddext n s3dpdexr Komnrona.
[Ipunuun  Heompenenéunoctu [eiizenOepra. VYpauenue Illpenunrepa.
BonuoBas ¢yukmus u e€ BeposTHOCTHas MHTeprnpeTarus. KBaHTtoBbiii 3Q ekt
TyHHEIUpoBaHus. KBaHTOBaHME yriioBOro MoMeHTa. CiiuH 35iekTpoHa. [IpuHuun
3anpera [laynu. DnexTpoHHble 00070uku aTomMoB M [lepmonnueckuii 3aKoH
Menpemneena.

Monekynbl. CHEKTpbl aTOMOB U MOJIEKYJL.

Tema 2. Macca 1 3Heprus B peJIsITUBUCTCKOM Teopu (2/4 1)

OCHOBHbIE  TIOCTYJIaThl ~ CIELHAIBHOM  TEOPUHU  OTHOCHUTEIIBHOCTH.
[Ipeobpazosanus ["ammies u Jlopenia. MHBapuaHTHOCTH MHTEpBAJIA.

Macca B  KJIAaCCHYECKOM MEXaHMKE U TEOPUHU  OTHOCUTEIIBHOCTH.
[IpeoGpazoBanus Jlopenna st uMmynabca U dHEprun. Macca — peIsITUBUCTCKUM
uH-BapuanT. CBsA3b SHEPTUU M Macchl Iokos Eg = mc?. ITpuMephl nepexoa Macchl
B DHEPruio W dSHeprum B Maccy. JledekT macchl U dHEprus cBA3u sjaep. Macchl u
JHEpPrus COCTAaBHBIX CUCTEM. PEIIATUBUCTCKAas KMHEMATHKA U 3aKOHBI COXPAHEHHUS
SHEPTUU U UMITYJIbCA.

Tema 3. ATOMHBIC siJIpa ¥ paJuOaKTHBHOCTH (3/4 1)

OcHOBHBIE CBOWCTBAa aTOMHBIX SIFIEp: COCTaB, pa3mep, (popma, 3apsm, macca
sanpa, sHeprus cBsi3zu. M3ortombl. ['panunbl crabuinbHOCTH aTOMHBIX siaep. CrnuH

MIPOTOHA ¥ HEUTPOHA. YTJIOBOM MOMEHT SJIpa.



SAnepubie cuibl. Knaccuueckast mpoOTOH-HEUTPOHHAS MOJIEIb siApa. S nepHbie
Mozenu: (hepMu-Ta3, KamneiapHas, 000o104eyHas 1 00001EHHAs MOJEINb S1pa.

KopoTkoaecTByromnue HyKJIOHHBIE KOPPESILUUA B Spax U KyMYJISITUBHBIM
AepHbIi 3D PexT.

PagnoakTuBHOCTh. BHIbl pagnoakTUBHOCTH: a-, D-, g-pacmaj, CIIOHTaHHOE
NEJICHUE.

['panuIel cTaOUILHOCTH ATOMHBIX s/Iep. 3aKOH paIMOAKTUBHOIO pacriaja.

[Tepuona monypacnanga. AKTUBHOCTb PaJUOAKTUBHOTO UCTOYHHUKA.

Kauecmesennvle u pacuémmoie 3a0auu.

Mamemamuueckuu NPAKMUKYM «Cmamucmuyueckuul xapaxmep
PAOUOAKMUBHO20 PACNAOA.

Tema 4. SInepusie peaxiyu (2/2 u)

SAnepHbie ipeBpaleHus B skciepuMmenTax Pesepdopaa. OTkpeiTHE IpOTOHA U
HelTpoHa. Peakuun nenenust sanep. Llennas sanepHas peakuus. TepmosiaepHbie
peakiuu. IlogmoporoBeie peakuuu. PoxkaeHue aHTUNPOTOHOB. M3yueHue
CTPYKTYpbI IPOTOHOB U SIAEP B MYYKaX 3JIEKTPOHOB.

Kauecmesennvle u pacuémmsie 3a0auu.

Tema 5. [Ipoucxoskaenue seMeHTOB BO Beenennotii (2/4 )

dyHaaMeHTalabHble B3aumoaeicTBusA. CTaHIapTHast MOJEb. BObIION B3pHIB.
ATOMBI BOJIOPO/Ia U JIETYaUIINX 3J1€EMEHTOB. CUHTE3 3JIEMEHTOB B 3BE3-1aX. B3phIBbI
CBEPXHOBBIX 3BE3]] U HECUTPOHHBIE 3BE3/IBI.

Tema 6. CuHTE3 HOBBIX CBEPXTSDKENBIX diIeMeHTOB (1/2 1)

TpancypanoBbie U TpaHchepMHUEBbIe AMeMeHTHI. «OCTPOB CTAOMIBHOCTH» U
CHUHTE3 HOBBIX CBEPXTSDKENBIX DJIEMEHTOB. JlaGopaTopusi sIEpHBIX peakIuit
nMvenn akaaemuka [. H. ®@néposa. Moaenp HUMKIOTpOHA M AETEKTOpA IS
PErUCTpalluu CBEPXTSKENBIX AIEMEHTOB. Kak perucTpupyroT CBEpPXTSIKENbIC
3J1€-MEHTBHL.

Tema 7. Yckopurenu u koyutaiaepsl (2/4 1)

[TpuHuunel paboThl IMHEHHBIX U LMUKIUYECKUX YCKopuTenen. JIBuxeHue

3apsKEHHBIX YaCTHUI[ B 3JIEKTPUYECKOM M MarHuTHOM none. B. M. Bekcnep:



npuHIUn aBTodasupoBku. A. M. Bynkep: uaes 3J€KTPOHHOIO OXJIAXICHUS U
nepBble BCTpeuHble KoJiblia. bonbimoi anponssiiikomiaiinep (LHC) B EBpone u
kosutaiaep pensituBuctckux saep (RHIC). Mogens yckoputeabHOro KoMIuiekca
HUKA — poccuniickoro Koyanaepa TAKEIbIX HOHOB.

Tema 8. HccrenoBanue CTOIKHOBEHUH pensTUBHCTCKUX sifep (1/3 1)

YTO mpOUCXOAUT MPU CTOJKHOBEHHUSX PENSATUBUCTCKUX sAEp. eTEeKTOpHI
JUISl PETUCTPALIMM MPOJYKTOB SIAEPHBIX peakuuil. OCHOBHBIE XapaKTEPUCTUKU
peakuuid. Tpurrep s orbopa coObITui. Bpemsi-npoekinuoHHas Kamepa.
DNEKTPOMATrHUTHBIA KaJOPUMETP, CUIMKOHOBBIE JAETEKTOPBI JJISI ONPEICIICHUS
BEPLIMHBI B3aUMOJICHCTBHUS.

Tema 9. Snepnas sHepreTuka u riodanbHbIe MpobdiieMbryenoBedyecTna (1/34)

SnepHas sHepreTuka u rio0anbHbIE MPOOJIEMbl YeloBeYeCTBa. S/epHbIe
peaktopsl. IIpupoaHbie siAepHbIE pEAKTOPHI.

Pewenue kauecmeennvix u pacuémmnuix 3a0ay.

Humepaxmuenas mooens s0epno2o peakmopa.

Tema 10. Snepuas ¢usuka u meaununa (1/3 o)

SnepHas ¢uszuka u MeauuuHa. MoJenb YCKOPUTEIBHOIO KOMILIEKCA IS
MIPOTOHHOM PaIMOTEPAITHH.

Tema 11. Sinepuas ¢usuka ¢ Herirponamu (1/3 u)

SAnepnbie uccienoBanus ¢ HelTpoHamu. CBOMCTBA HEUTPOHHBIX ITYYKOB.
Mosenb Hccae10BaTeIbCKOIO UMITYJIBCHOTO PEaKTOpa Ha OBICTPHIX HEHTpOHAX
NBP-2. [lpuMeHeHHe HEUTPOHHOIO AKTHMBALIMOHHOIO aHAJIW3a B 3KOJIOTHU.
SAnepnas mmaneronorus. Ilomck Boapl Ha Mapce npu NOMOIIM MCTOYHUKA
HEUTPOHOB.

Tema 12. Pagnoouosnorus (1/3 9)

Yro uzyuaer paguobOuonorus. CocraB KOCMUYECKOTO M3IYyYEHHUS M €ro BO3-
JNEUCTBHE Ha JKMBbIE OpraHusMsl. Ilumotupyemsle mONETBI B  KOCMOC H
paaualMoOHHbIE PUCKU. ACTPOOHOJIOTHSL.

Mooenuposanue paduayuonnwix nospexcoenutl kiemox 6 cpeoe GEANT.
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Tema 13. BzaumonerictBue uznyuenus ¢ BemectBoM (1/3 1)

B3aumopelicTBue 3apsokeHHBIX YacTHll, POTOHOB U 3JIEKTPOHOB C BEIIECTBOM.

Tema 14. JleTekTopbl 3apsyKEHHBIX YaCTUIIU raMMa-KBaHTOB (1/3 u)

Paznuunble TUMBI AETEKTOPOB: Ta30BbIA, (POTOAIMYILCUU, MTy3BIPHKOBASI Ka-
Mepa, CHUHTWULIIMOHHBIN, TOJYyIPOBOJHUKOBBIN, JIETEKTOp Ha OCHOBE
MUKPOKaHAJIbHBIX MJIacTUH. ChEM CUTHAJIA C IETEKTOpa. DHEPreTUUECKUEe U BpeMsi-
npoJiéTHbie crieKTpbl. COBpeMEHHBIE METOAbI ChéMa U OIU(POBKH MHPOPMAIIUH.

Tema 15. BupryanbHas nabopatopuss «OCHOBBI HW3MEPEHHUSICUTHAIOB C
JETEKTOPOBY (2/4 )

Tema 16. Bupryanwsnas naboparopusi « CHUUHTWIISSIIMOHHBIA TEIECKOI JJIsI
U3YUYEHUS KOCMUYECKUX JIydei» (2/4 q)

Tewma 17. Buptyanbnas nabopatopusi raMmMa-crieKTpockonuu (2/4 q)

Tema 18. BupryanbHas 1abopaTopusi ClioHTaHHOTOeIeHus siep (2/4 u)

Tema 19. MaremaTuueckuii TPaKTUKYM 10 00pabOTKe pe3yJbTaToB
usMmepenuit B cpeae ROOT (2/4 u)

Tema 20. MaTtemMaTuyeckuil MPaKTUKYM 10 MOJEIMPOBAHUIO PATUAIIMOHHBIX
noBpexaeHui kietku B cpene GEANT (2/4 4)

DNEeKTUBHBIN KypC paccuuTaH Ha 68 yacos.

B Teyenuu roga BO3MOXKHBI U3MEHEHHSI KOJIMYECTBA YaCOB HA M3YyUYEHUE TEM
MIPOrPaMMBI B CBSI3H C COBIAJICHUEM YPOKOB PACTIHCAHUS C IPA3THUYHBIMU THIMH,
KaHUKYJISAPHBIMU JTHSAMH UM JIPYTUMH  OCOOCHHOCTSAMU  (YHKIIMOHUPOBAHHS
00pa30BaTEIBLHOTO YUPEIKICHUS.

Cpoxu peanmmzaruu nporpammsl ¢ 01 certsops 2020 rona mo 25 mas 2022 ropa.
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HJIaHI/IpyEMI)Ie PE3YJIbTAThI 0OCBOCHHUA KypCa
B pesynbrare m3ydeHumst 97eKTHBHOTO Kypca Ha YPOBHE CPEIHETO OOIIEro

oOpazoBaHus y ydamuxcsi OyayT cOpMHUpPOBaHBI CIEAYIONIUE MPEAMETHBIC

pe3yIbTaThI.

Vuawuiics nayuumcs:

— packpbeIBaTh Ha MpPUMEpaX poib saepHOW (u3uku B (GOPMHUPOBAHUU CO-
BPEMEHHOW HAay4YHOW KapTHHBI MHUpPAa W B TIPAKTHYCCKOW JEATCIHLHOCTH
YeJI0BEKa, B3aUMOCBS3h MEXIY (PU3UKOW W JAPYTMMH €CTECTBCHHBIMU HayKa-
MU,

— OOBSICHATh W aAHAIM3UPOBATH POJIb M MECTO (PU3MKK B (OPMHPOBAHUU CO-
BPECMEHHOM HAy4YHOW KapTUHBI MHUpa, B Pa3BUTUH COBPEMCHHOW TCXHHKHU U
TEXHOJIOTHH, B IPAKTUICCKOH JCATCIBHOCTH JTFOICH;

— XapaKTePH30BaTh B3aUMOCB3h MEXIY (DU3UKOH U JAPYTHMH €CTCCTBCHHBI-MH
HayKaMH;

— MOHUMATh ¥ OOBSACHSTH IIETIOCTHOCTh (PU3MUECKON TEOPHH, PA3TUIATh TPaHHUIIBI
e MPUMEHUMOCTH ¥ MECTO B ALY APYTUX GU3HIECKUX TEOPHUH;

— BJIQJIETh TPUEMAMHU TIOCTPOCHUS TEOPETUYECKHX JIOKA3aTelIbCTB, a TaKXKe
NPOTHO3UPOBAHUS OCOOCHHOCTEH TMpoTeKaHWs (QHU3MUSCKUX SIBICHUUW U
IPOIIECCOB Ha OCHOBE IMOJIYYCHHBIX TEOPETUYESCKUX BBIBOJIOB U JIOKA3aTEIbCTB;

— CaMOCTOSITEIILHO TUTAHUPOBATH U MTPOBOJIUTH GU3NICCKUE IKCIICPUMEHTBI;

— —pemaTh  MPAKTHKO-OPUEHTUPOBAHHBIC  KAUECTBEHHbIE M  PACUYETHBIC
dusnueckre 3a7aud ¢ OMOPOM KakK Ha W3BECTHBIC (PU3WYECKUE 3aKOHHBI,
3aKOHOMEPHOCTH M MOJIEJH, TaK ¥ Ha TEKCThI C U30BITOYHON HH(pOpMAIINEH;

— OOBSICHATh TPAHUIBI TPUMEHEHUS HM3YYCHHBIX (DU3NYECKUX MOJENe Mpu

pPCUICHUHA (1)I/ISI/ILIGCKI/IX N MCKIIPCAMCTHBIX 3aaa4,

— BBIIBUTATh TUIOTE3bl HA OCHOBE 3HAHMSI OCHOBOIOJATaoMUX (PU3NYECKUX
3aKOHOMEPHOCTEN U 3aKOHOB;

— OOBSACHATh MPUHLUIBI pabOThl U XapaKTEPUCTUKU H3YYCHHBIX MAIUH,
MpUOOPOB U TEXHUUECKUX YCTPOUCTB;

— OOBSACHATh YCIOBUSA MPUMEHEHUS (U3UYECKUX MOJENel Mpu pelieHuu
12



dbu3udeckux 3a7ay, HAXOJUTh AaJCKBaTHYIO TMPEIJIOKEHHOM B 3aaye
bu3nYecKyr0 MOJEb, pa3peliarh MpodlieMy Kak Ha OCHOBE HMMEIOIIUXCS
3HaHUM, TaK U MPU MIOMOITUA METOJOB OIICHKH.

Vuawuiica nonyuum 603MOMCHOCMb HAYUUMBCA:

— OINKCHIBATh W aHAJU3UPOBATH TOJIYYEHHYIO B pe3yJibTaTe MPOBEAEHHBIX
(bU3UYECKUX IKCTIEPUMEHTOB UH(POPMAITUIO, ONIPEIETATh €€ TOCTOBEPHOCTH;

— MOHMMAaTh U OOBSACHITH CHUCTEMHYIO CBSI3b MEXK]Y OCHOBOTMOJIAraloIIMMHU
HAyYHBIMH TIOHSITUSMU: MIPOCTPAHCTBO, BpeMsi, MaTepusl (BEIIECTBO, TMOJIE),
JBIDKEHUE, CUJIA, DHEPT U,

— peliath SKCINEePUMEHTANIbHBIC, KAaYECTBEHHbIC U KOJWYECTBEHHBIC 3aJja4u
OJINMITUATHOTO YPOBHS CJIOKHOCTH, HCTOJIb3YS (PU3MUecKue 3aKOHBI, a
TaK)Ke YpaBHEHUS, CBSI3bIBAIONINE (DU3NUECKUE BEIIUUNHBIL;

— aHAJIM3UPOBATH T'PAHUIEI MPUMEHUMOCTH (HU3NYECKUX 3aKOHOB, TOHUMATh
BCceoOImui xapakTep (yHIaMEHTAIbHBIX 3aKOHOB M OrPAaHUYEHHOCTh HC-
MI0JIb30BAHMS YaCTHBIX 3aKOHOB;

— (opmynupoBaTh U peliaTh HOBBIE 3a/a4d, BO3HUKAIOIIME B XOJie y4yeOHO-
UCCJIeI0BATEIBCKON U MPOEKTHON JESATENbHOCTH;

— YCOBEPILIEHCTBOBATh MPUOOPHI U METOJBI MCCIEIOBAHUS B COOTBETCTBHH C
IMOCTaBJICHHOM 3aj1aueii;

— HCTIONB30BaTh METOJbl MAaTEMAaTHYECKOTO MOJCIHPOBAHUSA, B TOM YHCIIE
IPOCTEUIIINE CTATUCTUYECKHE METOJbl, Mg O0O0paOOTKH pe3yJbTaToB

AKCIIEpUMEHTA.
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CpencrBa 00yyeHusI U BOCIIMTAHU S
— KoMnproTepHBIl KI1acc.
— HHTepHeT-pecypcsl.
— MynbTUMEIUUHBIA TPOEKTOP.

— Buzaeodunbmel.
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