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[HosicHuTEAbHAS 32AIUCKA
Pabouas mporpamma pazpabotraHa Ha OCHOBE:
1. COoopHuKa NpUMEPHBIX pabOUYUX NPOrpaMM. DINEKTUBHBIE KYpChI JJIs
npoguIBLHOM MIKOJBI : y4eb. mocobue st o01eo0pa3oBat. Opranu3anui /
[H. B. Autunosa u ap.]. — M. : [Ipocsemienne, 2019. — 187 ¢.—
(ITpopunpnas mkona). — ISBN 978-5-09-065231-5.

2. WucrpyktuBHO-mMeToamyeckoe mnucbmo OIAOY JIIO «benropoackuit
WHCTUTYT pa3BUTHsl oOpazoBanus» «O mpenojgaBaHuu mnpeaMera «Duszuka» B
oO1reo0pa3oBaTeNbHBIX Opranu3anusx benropoackoit obmactu B 2020-2021
y4eOHOM TOy»

OneKTUBHbIA Kypc «SnepHas ¢wu3uka» TmpeaHa3HAYeH y4YalluMCs CTapiieH
IIIKOJIbI, BBIOPABIIMM €CTECTBEHHO-HAYyYHBIM, (HU3UKO-MAaTEeMaTUHYCCKUM TIPO-
GbuIM UM TPOSIBUBIIMM TIOBBIIICHHBIM WHTEPEC K U3YYCHUIO (DU3UKH, XUMUH,
Owosioruu, OSKojoruu. JlaHHBIA  Kypc  WHTETPUPOBAHHBIM, OH  CBS3aH
collepKaTeslbHO C KypcoM (PM3MKM M MaTEeMaTUKU OCHOBHOW IikoJbl. M3ydenue
IpearaeMoro 3JeKTUBHOTO Kypca HalpaBleHO Ha yriiyOsieHwe u o0oOlieHue
3HAaHUM WIKOJIBHUKOB O COBPEMEHHOW KapTHHE MHpA, OCHOBAHHOI HAa KBAaHTOBOM
MEXaHUKE M CHEUUAJIbHONM TEOpPUHM OTHOCUTEIBbHOCTU. VIMEHHO 3TH pa3nelibl
COBPEMEHHOW (PU3UKM TO3BOJWIM TOHSTh CYTh CTPYKTYpPhl MaTepUH U
UCIIOJIB30BATh 3TH 3HAHUS [JI CO3JIaHHs SIAEPHOW SHEPreTUKH, COBPEMEHHOM
KBaHTOBOHW D3JICKTPOHHMKH, pa3padboTaTh 3(P(HEKTUBHBIC METOIbl TUATHOCTUKH H
JICYCHHSI PA3NUYHBIX 3a00J€BaHUM, CIENaTh MHOTO JPYTHMX Ba)KHBIX OTKPBITHH.
HecMoTpst Ha TO 4YTO OTAENbHBIE BOMPOCHI KBAHTOBOW W SACPHON (PU3MKH U
CHEIUATBHOW TEOPUHM OTHOCHTEIBHOCTH HW3YYarOT B IIKOJBHOM Kypce (PU3HKH,
MPEICTaBICHHON B HUX WH(OPMAIIMN HEIOCTATOYHO JIJISI TOTO, YTOOBI B JOJIKHOM
MEpE OLEHUTh M MOHATH CYTh MNPOUCXOIAIIMX IpoueccoB. llonmHas kapTtuHa
BO3HMKAET TOJIbKO TOTJa, KOorja sjuepHas (u3uMKa BOCIPUHHUMAETCS KaK 4YacThb
CranpgapTHOM MOJIENIH, B KOTOPOM MHTETPUPOBAHO PACCMATPUBAKOTCS IMPOLECCHI,
MPOUCXOASAIINE HAa YPOBHE  OJIEMEHTAPHBIX  YAaCTUL, OTBEYAKOIIME  3a

QJICKTPOMAaruuTHbBIC, CHJIBHBIC H clrabnIe BBaHMOI[efICTBHH, H IPOLECCCHhI,



MPOUCXOAUBIIINE HA PAaHHUX CTaAUSAX pa3BUTHS BceleHHON M 3aTeM B mporeccax
3BOJIFOLIUU 3BE3I.

SAnepnas gusznka — Hayka SKCHepUMEHTalbHas. MeToAsl U MPUOOPHI st
(yHIaMEHTaIbHbBIX UCCIEIOBAaHUN B COBPEMEHHOM s/1IepHON (PU3UKE OCHOBAHbI Ha
WCMOJIb30BAHUN BBICOKMX TEXHOJOTHI M HECTAHAAPTHBIX MHKEHEPHBIX PEIICHHUI.
B 3HauuTENBbHONW CTEMEHW 3TO OTHOCUTCS W K NPUKIAJAHBIM HCCICIOBAHUSIM C
NPUMEHEHHEM  SIICPHO-(PU3UUECKUX METOJ0B B PaJUAIMOHHOW OHOJIOTHH,
AKOJIOTUHU, XUMUU U MEJIUIMHE. ITO MPOJEMOHCTPUPOBAHO B PA3IMYHBIX pa3/iesiax
AJIEKTMBHOTO  Kypca Ha  OpuMepax MOJAEJIEd caMoOro  COBPEMEHHOIO
AKCIEPUMEHTAIBLHOTO O000Opy/nOBaHUs sl (PYHIAMEHTAIBHBIX M TMPUKIAJTHBIX
ucce0BaHUN (IIUKJIOTPOH M YCTAHOBKA JUISl CHUHTE3a CBEPXTSIKEIBIX JIEMEHTOB,
CBEPXIPOBOSIINAN SIACPHBIA KOJUIAUIEp U MHOTOLIEJIEBOU JIETEKTOP, UMITYJIbCHBIN
peaKkTop HEUTPOHOB, TITyOOKOBOJHBINA JETEKTOP ISl M3y4eHUsT (PU3UKU HEUTPHUHO,
YCKOPUTEJIbHBIA KOMILJIEKC ISl MPOTOHHOW TEpamnuu).

O6mas xapakTepucTuka Kypca. [Ipeamaraembiii 3J1€KTUBHBIN KypC TTOCBSIIEH
PAacCMOTPEHUIO TaKUX TEM, KaK 3JIEMEHThl KBAHTOBOM MEXAaHUKH M TEOPHUU
OTHOCHUTEJIBHOCTH B MPUMEHEHUN K aTOMHOMU M SAEPHON (PU3HKE, pa3IMIHbIC BUIbI
PaMOaKTUBHOCTH, B TOM YHUCJI€ U CIIOHTAHHOE JIEJIEHHE SIEP, CBOMCTBA U MOJAEIH
ATOMHBIX SJEp, TPAAUIMOHHBIE SJCPHBIE PEAKIUH W SIACPHBIC PEAKIUU IPH
SHEPTUSAX KOJUIAMJAEepOB. PacCMOTpEHO MPOUCXOKIECHUE 3JIIEMEHTOB BO BceeneHHomn
M CHHTE3 HOBBIX CBEPXTSKENBIX AJIEMEHTOB B JiabopaTopusx yd€HbIX. YacTh
pa3fenoB MOCBSIIEHA SJIEPHOM JHEPreTUKE W NPUKIAAHBIM HCCICIOBAHUAM B
00JacTH pagualMOHHONW OHMOJIOTHH, SKOJOTHHM W MPUMEHEHHIO METOJOB SICPHOM
(bu3UKU B METUITUHE.

3HayuTEeIbHAS YacTh DJICKTUBHOTIO Kypca OTBEJICHA MPAKTUYECKUM padoTam,
OoJbIIIast 9acTh KOTOPHIX UMEET UCCIIEA0BATEIbCKUI XapaKTep.

enpb kypca: pacmupeHue, yriryoaeHue u 0000IeHne 3HaHUH 0 (PU3HIESCKUX
npoieccax B 00JIaCTH ACPHON (PU3MKH, TPUUMHAX U MEXaHU3MaX MX MPOTEKAHUS,

Pa3BHUTHUC IIO3HABATCIBHBIX HMHTCPCCOB MW TBOPUCCKHX CIIOCOOHOCTEM ydalunuxcsa



yepe3 MPaKTHUYECKYI0 HaMpaBICHHOCTh OOydeHUsi (U3MKE W WHTETPHUPYIONIYIO
POJIb PUBHKU B CUCTEME €CTECTBEHHBIX HAYK.

3agauu Kypcea:

— pa3BUTHE €CTECTBEHHO-HAYYHOTO MUPOBO33PEHUS YUAIIUXCS;

— pa3BUTHE TNPUEMOB YMCTBEHHOWU [IEATEIIBHOCTHU, TO3HABATEIBHBIX
WHTEPECOB, CKIIOHHOCTEH U CTIOCOOHOCTEN ydalnxcs;

— pa3BUTHE MOTHBALUM Y4YeHUs, GOPMUPOBAHUE MOTPEOHOCTH B MOJYICHUU
HOBBIX 3HAHWUW U MPUMEHEHUU UX Ha MPAKTHUKE;

— pacuupeHue, yriayojneHue u o0o0OIlIeHue 3HaHWM 1o (U3NKE, XUMUH,
OnoJjoruu;

— HCTOJIb30BaHUE MEXIPEIMETHBIX CBsI3eH (U3MKH C MaTEeMaTHUKOM,
OuoJsioruei, XuMHUeu, NCTOPUEH, IKOJIOTUEN, PACCMOTPEHHE 3HAYEHUS ITOTO Kypca
JUISl YCTICIITHOTO OCBOCHUST CMEXKHBIX JUCITUTLINH;

— COBEPIICHCTBOBAHHE HSKCIIEPUMEHTAJIbHBIX YMEHHMII M HaBBIKOB B
COOTBETCTBHUH C TPEOOBAHUSIMU MPABII TEXHUKH 0€30MaCHOCTH;

— pacCMOTpEHHE CBSI3U SAJEpHOW (U3UKU C KU3ZHBIO, C BAKHEUIIUMHU
chepamu AeSTEIBHOCTH YETIOBEKA;

— pa3BUTHE Yy Yy4alIUXCs YMEHHUS CaMOCTOSTEIbHO paboTaTh C
JOTIOTHUTENIBHOM JIUTEpaTypoOr U APYTUMH CpeCTBaMU HH(OpMaIuy;

— (opMHUpOBaHKE Y yUalIUXCSd YMEHUIN aHaTU3UpPOBaTh, CONOCTABIATD, TIPH-
MEHSTh TEOPETUUECKUE 3HAHUS HA MPAKTUKE;

— (QopMupoBaHME YMEHHH MO PEHICHUIO JKCIEPUMEHTATbHBIX U
TEOPETHUYECKUX 3a/1a4.

OcHOBHbIE UJIEH Kypca:

— €IMHCTBO MaTepUajIbHOIO MUPA;

— BHYTPH- U MEXIPEIMETHAsI HUHTETpanus;

— B3aMMOCBS3b HAYKH U IPAKTUKHU;

— B3aMMOCBSI3b YEJIOBEKA U OKPYKAIOIIEH Cpeibl.

Y4yeOHOo-MeToAMYECKOe 00ecTiedeHne Kypca BKIIIOYaeT yudeOHoe mocooue s

ydamuxcsi, MHTepHeT-pecypc «BuptyanbHas mabopaTopust siiepHOU (DUIUKI,



MporpaMMmy 3JEKTHUBHOTO Kypca M HMHTEPHET-PECypC C OHJIaliH-BepcHel Kypca U
CUCTEMOM yIpaBjeHus yueOHbIM IpoiieccoM Ha ocHoBe cucteMbl MOODLE.

Bunsl nesrenbHOCcTH. YyeOHOe mocoOue sl ydalluxcs OOecreynuBaeT
collepKatesibHyl0 4acTb Kypca. ConepxkaHue mocodus pazouro Ha maparpadpbl,
BKJIIOYAET AUAAKTUYECKUN MaTepuai (BOMPOCHI, YIpaKHEHUs, 3a]jauu, JIOMAIIHUH
AKCTIIEPUMEHT), IPAKTUUYECKUE PAOOTHI.

Ha 3ansTuax mo maHHOMY KypcCy ydaiiuecs yriayOJisiOT CBOM 3HAHUS O
snepHor (u3uke, COBPEMEHHOW KapTUHE MHpa, MpuboOpax U MeTojax
dbyHIaMEHTaTbHBIX U MPUKJIAHBIX UCCIICIOBAHUIN B 00JIACTH SIACPHOU (PUBHKHU.

B pesynbrate u3ydeHus Kypca pacIHIMpSIETCS MHPOBO33PEHUE YYallIUXcs,
pa3BUBAETCS WX IO3HABATEIbHBIM HWHTEpPEC, WHTEIJICKTYallbHbIE U TBOPYECKHE
criocoOHOCTH, (OPMHUPYIOTCS MPEIMETHBIC, OOIIey4eOHbIe M CHEeIU(PUUIECKHE
YMCHHS ¥ HABBIKU IITKOJIBHHKOB.

Kypc HachblllieH SKCHepUMEHTaJbHBIM MAaTE€pUAIOM: JIEMOHCTPAIIMOHHBIM
HKCIIEPUMEHTOM, MPAKTHYECKUMHU paboTaMu Ha 0aze BUPTYyaIbHOW HMHTEPHET-
nabopatopuu. Ilo >xemaHUIO ydHTeNss HEKOTOPbIE MpaKkTUYECKHe paboThl MOKHO
NEPEBECTH B pa3psij HccienoBaTelnbCcKkux. Mcnonb3oBanue B yueOHOM Ipoliecce
PaKTUYECKUX PaboT CmocoOCTBYeT MOTHBAMM ISl 00OOIEHUS Y4eOHOTO
MaTepuana, pacimmpser BO3MOXHOCTHU WHANBUIYaTEHOTO u
mudGepeHIIMPOBAHHOTO TIOJXOA0B K OOYYEHHIO, IIOBBIIIAET TBOPYECKYIO
AKTUBHOCTh Y4YaIlIMXCS, pacIIUpsieT WX Kpyrozop. BxitoueHue Takux padoT B
ANIEKTUBHBIN KypC TIPUBHBAET IIKOJbHUKAM HCCIIEIOBATEIbCKANA TIOIXOM K
BBITIOJTHEHUIO TPAKTUYECKUX pPabOT, TMOMOTaeT OBJIaAEBaTh JOCTYMHBIMU IS
yYalUXCsl HAy4YHBIMH METOJAaMH HCCJIeIOBaHUA, (QOPMUPYET U pa3BUBAET
TBOPYECKOE MBIILICHHE, MOBBIIIAET UHTEPEC K MO3HAHUIO (DU3UUYECKUX ABJICHUN U
WX 3aKOHOMEpHOCTeH. JlaHHBIe TpakTU4YeCKue pabOThI CBSA3aHBI C OMPEIEICHUEM
HE TOJNBKO KAueCTBCHHBIX, HO W  KOJHMYECTBEHHBIX  XaPaKTEPHUCTHK.
CucTeMaTU4YecKoe BBIMIOJHEHHWE KOJUYECTBEHHBIX HKCIEPUMEHTAIbHBIX 3ajad
pPa3BUBAET y Yy4alllUXCA aKKypaTHOCTb, CIIOCOOCTBYET BBIPAOOTKE HABBIKOB TOY-

HOW KOJIMYECTBEHHON OLIEHKH PE3YJIbTaTOB SKCIIEPUMEHTA.



Kaxxgas mpaktuueckas paboTa BKIIOYAET KpaTKUE TCOPETHUECKHUE CBEICHUS
U DKCHEPUMEHTAIbHYIO 4YacTh. PabOThl BBHIMONHSIOTCS HHIWBUIYadbHO WIH B
rpynmnax no 3—4 yenoBeka. BbllonHeHHE uHcclen0BaHUM TpedyeT mpeaBapu-
TEJIbHON TOJTOTOBKU: TEpPEeA MPOBEACHHEM OJKCIEPUMEHTa YUYUTEeNbh paboTaer
OTZAEJIBHO C KaXKAOU IPYIIION ydaluxcs.

DNEeKTUBHBIA KypC JOMYyCKAaeT HCIONb30BaHHE (IO YCMOTPEHHIO YYUTENs)
THOOBIX COBPEMEHHBIX 00pa3oBaTeIbHBIX TEXHOJIOT A, pa3IMYHBIX
OpTraHMU3aIMOHHBIX POpM 00yUEeHHS: JEKIUH, CEMHUHAPOB, Oecell, MPAaKTUYECKUX U
1abopaTOpHBIX PaboT, UCCIIEIOBATENBCKUX PAOOT, KOH(PEPEHIIHA.

B kadecTBe OCHOBHOH OpraHM3allMOHHOW (OPMBI TPOBENCHUS 3aHITHA
NpeUIaraloTcsl  JICKIMOHHO-CEMHHAPCKOE  3aHATHS, Ha  KOTOPHIX  JMaéTcs
OOBSICHEHHE TEOPETUYECKOr0 MaTepHalia M PeIlaloTcs 3aJaddl 1o JaHHOW TeMe.
JUIss  TIOBBINIGHUS HWHTEpeca K TEOPETHYSCKUM BONPOCAaM U 3aKPCIICHHS
U3YYEHHOTO0 MaTephalia MpelyCMOTPEHbl JI€MOHCTPAIIMOHHBIE  OMNBITHl |
1a00paTOPHBIN MPAKTHUKYM.

dopMaMu KOHTPOJIA 32 YCBOGHHEM Marepuaia MOTYT CIYXUTh OTYETHI IO
PAKTHYECKUM paboTaM, CaMOCTOSITENIbHbIE TBOPUYECKUE PAOOThI, TECTHI, HUTOTOBBIE
yueOHO-HUCCIeJoBaTeIbCcKue TPOeKThl. MToroBoe 3aHATHE NPOXOIUT B BUJC
HAyYHO-TIPAKTUYECKON KOH(PEPEHIIMH WA KPYrjaoro CcToja, Ha KOTO-POM
3aCNyNMIUBAIOTCA JIOKJIAAbl y4YaluXcsl 10 BBIOpaHHOW TeMe HCCIeOBaHUS,
KOTOpbIE MOTYT OBITh TpejicTaBieHbl B (opme pedepara wiam oT4€Ta II0
HCCIIeIOBATEIBLCKOM paboTe.

Conep:xanue Kypca

Beenenue (1/2 4)

N3nyuenne aOCoONIOTHO 4YEpPHOTO Tejia W KBaHTOBas rumnote3a [lnaHka,
otkpbiTue Jlx. JIx. TomcoHom »siexktpoHa. OTKpBITHE PEHTTEHOBCKOTO
m3nyuenuss. Otkpeitue A. A. bekkepenem pannoaktuBHOCTH. OnbiThl [Ibepa n
Mapun Kropu. Co3manue A. DHUHIITEWHOM  CHEHUAIbHOH  TEOpHUU
OTHOCHUTEJIbHOCTH. B3auMoCBsI3b Mexk Ay Maccoil u sHeprueil. ['naBnas popmyia

XX B.: Eg = mc2



OkcnepuMmeHT 3. Pesepdopia MO OTKPBITHIO «IUIAHETAPHON» MOJENIU
atoMHoro sigpa. KBsantoBanue snepruu u mozens H. bopa.

[TocnencTBus 3TUX OTKPBITUN IJIS1 CO3aHUsI KBAHTOBOW MEXAHUKU U SJIEP-
HOM (PU3MKKM KaK OCHOBBI TEXHMUYECKOIO IMporpecca yenoedectBa B XX u XXI
BB., CO3JIaHMsI KapTUHBI MHUKPO- M MAaKpoKocMoca Ha ocHoBe CTaHIapTHOMN
MOJEIH.

Tema 1. KBanTOBBIN Mup aTOMOB U MOJIeKy (3/3 u)

Mopens aroma bopa m nuHeidaTsie CHEKTpbl. KBaHTOBaHHWE SHEPIUM.
Bonuslt Matepuun JI. ne bpoina. KopnyckynsipHO-BOJIHOBOW — JTyallu3M.
Hudpakuus >nekTpoHOB Ha Kpucrtamiax. Pororddext u rdpdexr Komnrona.
[Ipunuun  weonpenenénnoctu ['eiizenOepra. VYpasaenue Illpemunrepa.
BonuoBas ¢yukmus u e€ BeposiTHOCTHas uHTeprpetarnus. KBaHToBbIN dPdexT
TyHHenupoBaHus. KBaHTOBaHue yrioBoro MoMeHTa. CHUH 3JIEKTpPOHA.
[Tpuniun 3anpeta [laynu. DnekTpoHHble 0005104ku aToMOB U [lepuoauueckuit
3aKoH MeHeneena.

Monekynbl. CHEKTpbl aTOMOB U MOJIEKYJI.

Tema 2. Macca 1 sHeprusi B pelsiTUBUCTCKON TeopuH (2/4 1)

OcHOBHbIE  MOCTYyJaThl  CHEUUATIBHOM  TEOPHUHM  OTHOCUTEIBHOCTH.
[Ipeobpazosanus ["anunes u Jlopermna. iHBapraHTHOCTH MHTEPBAJIA.

Macca B  KIIACCMYECKOM MEXAaHUKE W TEOPUUM  OTHOCUTEIIBHOCTH.
[IpeoGpazoBanus JlopeHna mist UMIyabca U dHEpruu. Macca — peSITHBUCTCKUN
uH-BapuanT. CBsA3b SHEPTUU M Macchl OKosi Eg = mc?. TIpumeps! epexoaa Macchl
B SHEPrUIO U 3HEpruu B Maccy. /ledext Macchl U sHEprusi cBA3M saep. Macchl U
SHEPrus COCTaBHBIX CUCTEM. PensTHUBUCTCKAas KMHEMAaTUKa M 3aKOHBI COXPaHEHUs
SHEPTUU U UMITYJIbCA.

Tema 3. AToMHBIC si/Ipa ¥ paIMOAKTUBHOCTS (3/4 1)

OcHOBHbIE CBOMCTBa aTOMHBIX sIIEp: COCTaB, pa3Mep, (hopma, 3apsa, macca
sanpa, sHeprus cBsizu. M3ortombl. ['panuisl cTabuUiIbHOCTH aTOMHBIX snep. CnuH

MIPOTOHA ¥ HEUTPOHA. YTJIOBOM MOMEHT SJIpa.



SAnepubie cunbl. Kimaccuueckass NpOTOH-HEUTPOHHAS MOJIEIb sifipa. SnepHbie
Mozenu: (hepMu-Ta3, KamnenapHas, 000104edHast 1 0000IIEHHAS MOJENb S/Ipa.

KopoTkoaelcTBytonue HYKIOHHBIE KOPPEJSIIUU B SIpaxX U KyMYJSTUBHBIN
AepHbIA 3D PExT.

PagnoaktuBHOCTh. BHabl pamnoakTHBHOCTH: a-, b-, g-pacman, croHTaHHOE
NETIEHUE.

['panuIel cTaOUIBHOCTH ATOMHBIX SIJIEP. 3aKOH PaJUOAKTUBHOTO pachaja.

[Tepuona monypacnaga. AKTUBHOCTb PaJUOAKTUBHOTO UCTOYHHUKA.

Kauecmeennvle u pacuémmuvie 3a0auu.

Mamemamuueckuu NPAKMUKYM «Cmamucmuueckuul xapaxmep
PAOUOAKMUBHO20 PACNaoa.

Tewma 4. Snepubie peakuuu (2/2 49)

AnepHbie peBpalnieHuss B dkcnepuMerTax Pesepdopma. OTkpbeiTHE MpOTOHA
u HeuTpoHa. Peakuun nenenus sigep. LlenmHas sinepHas peakuus. TepMmosiaiepHbIe
peakiuu. IlognmoporoBeie peakuuu. PoxxneHue aHTUIIPOTOHOB. M3yueHue
CTPYKTYpbI IPOTOHOB U SIAEP B MYYKaX 3JIEKTPOHOB.

Kauecmeennvle u pacuémmuvie 3a0auu.

Tewma 5. IlpoucxoxaeHue anemMeHToB Bo Beenennoit (2/4 )

dyHaaMeHTalbHble B3aumojaeicTBus. CrangapTHas MoOJeNb. boJbIIoi
B3pbIB. ATOMBI BOJIOPO/Ia U JIer4aiimux 31eMeHToB. CHHTE3 3JIEMEHTOB B 3BE3-/1aX.
B3pbIBbI CBEPXHOBBIX 3BE3/] U HEUTPOHHBIE 3BE3/IBL.

Tema 6. CuHTE3 HOBBIX CBEPXTSIKENBIX J1eMEHTOB (1/2 1)

TpancypanoBbie U TpaHchepMUEBbIE MIEMEHTHI. «OCTPOB CTAOMIBHOCTH
M CHUHTE3 HOBBIX CBEPXTSIKENBIX AJIeMEHTOB. JlabopaTopus snepHBIX peaxiuit
nMvenn akaaemuka [. H. ®@néposa. Moaenps HUKIOTpOHA M AETEKTOpA JJIs
pPEruCTpaluu CBEPXTHKENBIX 3IeMEHTOB. Kak peructpupyror cBEpXTSHKENbIE
3J1€-MEHTHI.

Tema 7. Yckoputenu u koiaitaepsl (2/4 1)

[TpuHuunel paboThl JIMHEHHBIX U MUKIMYECKUX YCKopuTenen. JIBuxeHue

3apsKEHHBIX YacTHUI[ B 3JEKTPUYECKOM M MarHuTHOoM mnotie. B. M. Bekcnep:



npuHIun aBrodaszupoBku. A. M. Byakep: uaest 3J€KTPOHHOTO OXJIAXACHUS U
nepBble BCTpeuHble KoJibla. bonbmoit agponnsliikomnaiaep (LHC) B EBpone u
komnaiiaep penstuBuctckux saep (RHIC). Mopenbs  yCKOpHUTENHHOTO
komruiekca HUKA — poccuniickoro koianiepa TSKEIbIX HOHOB.

Tema 8. MccnenoBanue CTOIKHOBEHHH peNITUBUCTCKUX siiep (1/3 1)

UTO NpOMCXOAUT MPHU CTOJKHOBEHUSAX PEIATHUBUCTCKUX sAEp. JleTEKTOPHI
JUISl PETUCTPALIMM TPOJYKTOB SIAEPHBIX peakuuid. OCHOBHBIE XapaKTEPUCTUKU
peakuuii. Tpurrep nis orb6opa coObITHil. Bpems-npoekiuroHHas Kamepa.
DIEKTPOMArHUTHBIA KaJIOPUMETP, CUIMKOHOBBIE JETEKTOPHI I ONPEIACICHUS
BEPLIMHBI B3aUMOJICHCTBHUS.

Tema 9. Snepnas sHepreTuka u riaoOajdbHble MPOOJIEMBIYEIOBEUECTBA
(1/34)

SnepHas sHepreTuka u TJI00aNbHBIE MPOOJIEMBbl YelloBeYeCTBa. SiepHbIe
peakTopsl. [IpupoaHbIe siAEepHBIE PEAKTOPBI.

Pewenue kauecmeennuvix u pacuémmusix 3a0au.

Humepaxmuenas mooens 10epHo20 peakmopa.

Tewma 10. Snepuas pusuka u meaunmna (1/3 )

Snepuas ¢usuka u MeauiHa. Mojelb YCKOPUTEIIBHOTO KOMIUJIEKCa s
MIPOTOHHOM PaIMOTEPAITUH.

Tewma 11. SAnepuas pusuka c veritponamu (1/3 )

SAnepHsie uccienoBanus ¢ HelTpoHaMmu. CBONCTBA HEUTPOHHBIX MYYKOB.
Mosenb uccaen0BaTeNIbCKOro UMITYJIBCHOTO peakTopa Ha OBICTPhIX HEHTpOHAX
NBP-2. [lpuMeHeHHE HEUTPOHHOIO AKTHBALIMOHHOI'O AaHajdu3a B SKOJIOTHHU.
SAnepnas mmaneronorus. Ilouck Boapl Ha Mapce npu HOMOIIM MCTOYHUKA
HEUTPOHOB.

Tema 12. Pagunobuomorus (1/3 )

Yro uzydaer paanobuosnorus. CoctaB KOCMUYECKOTO M3JIYUYEHHUS U €Tr0 BO3-
JEUCTBHE HA JKUBBIE OpraHu3Mbl. I[lunorupyemble nNONETBI B KOCMOC U
paaualMOHHbIE PUCKU. ACTPOOHOJIOTHSL.

Mooenuposanue paouayuornvix nospesicoenutl kiemox 6 cpede GEANT.



Tema 13. BzaumoneiicTBue uznyueHus ¢ Bemiectsom (1/3 u)

B3aumopelicTBue 3apsokeHHBIX YacTHUIl, POTOHOB M DJIEKTPOHOB C BEIIECTBOM.

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

Paznuunbie THIIBI TETEKTOPOB: Ta30BBIM, (POTOAMYIBCHUHU, MYy3bIPHKOBAS Ka-
Mepa, CHUHTWULIIMOHHBIN, TOJYyNPOBOJAHUKOBBINA, JETEKTOP Ha OCHOBE
MUKPOKaHaJIbHBIX IIacTUH. ChEM CHUTHaAJa C JETEKTOpa. DHEPreTHYecKue u
BpeMS-TIPONIETHRIE  CMEKTphl. COBpeMEHHbIE METOAbl ChéMa U  OUU(PPOBKHU
UH(pOpPMALIHH.

Tema 15. BuptyanbHas nabopatopusi «OCHOBBI H3MEPEHUSCUTHAIIOB
JETEKTOPOBY» (2/4 )

Tema 16. BupryansHas naboparopusi «CHUHTWIUISIIMOHHBIA TEJIECKOI IS
U3Y4YEHUs KOCMUYECKUX JIydei» (2/4 q)

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

Tewma 18. Buptyanbraas nabopaTopusi CHOHTaHHOTOIeTIeHUs siaep (2/4 1)

Tema 19. MaremaTuueckuii TpPaKTUKYyM 10 00pabOTKe pe3yiabTaToB
usMmepenuit B cpeae ROOT (2/4 u)

Tema 20. MaTteMaTnueckuil MPaKTUKYM IO MOJEJIUPOBAHUIO PAAHAIIMOHHBIX
noBpexaeHuit kiaetku B cpene GEANT (2/4 u)

DNEeKTUBHBIN KypC paccuuTaH Ha 68 4acos.

B TeueHnn roga BO3MOKHBI U3MEHEHHUS KOJIMYECTBA YaCOB HA U3YYEHUE TEM
MIPOrpaMMBbl B CBSI3U C COBHAJCHUEM YPOKOB PACIIUCAHUS C MPA3AHUYHBIMU JHSIMU,
KAaHUKYJISIPHBIMU JTHSAMH ¥ JPYTUMH  OCOOCHHOCTSMHU  (DYHKITMOHUPOBAHHUS
00pa30BaTEIBLHOTO YUPEIKICHUS.

Cpoxu peanmzanuu nporpammbl ¢ 01 centsops 2020 roga mo 25 mas 2022

rozga.
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KAJIEHJIAPHO-TEMATHYECKOE IIVIAHUPOBAHHUE

10 kaacce
Kol-Bo JlaTta CeteBoii
dakTuu | KiIace
Ne m\n | HammeHoBaHne TeMbI 4acos | mo maamy| Bentoropbsi
1 Benukne otkpeitus konna XIX 1 01.09-
' — Havana XX B. 04.09
9 Benukne otkpeiTus konna XIX 1 07.09-
' — Havana XX B. 11.09
[TocnencTBUsS OTKPBITHH IS
3 CO3JIaHUsI 14.09-
' KBaHTOBOW MEXaHUKH U sJIEPHOMN 18.09
buzuku 2
4 OcCHOBHBIE IPUHIUITBI KBAHTOBOM 21.09-
' MEXaHUKH 25.09
Ypasuenue lllpenunrepa. 28.09-
5. [TonsiTie BOJTHOBOM (hyHKIIHMH. 1 02' 10
KBaHTOBOE TYHEIMPOBAHUE. '
KBaHTOBaHME yrII0BOrO MOMEHTA. 05.10-
6. Cnun snexrpona. [Ipuniun 09'10
[laynmn 2 '
OCHOBHBIE MTOCTYJIATHI 12.10-
1. CIIEUATBHOU TEOPUU 1 6. 10
OTHOCUTEIHHOCTH '
OCHOBHBIE MTOCTYJIATHI 19.10-
8. CHEeIUaIbHONU TeOpUn 23' 10
OTHOCUTEIHHOCTH '

9 Macca, 3Heprus, UMIyJIbC B 04.11-
' PESITUBUCTCKOMN (hU3HKE. 5 06.11
10 Macca, 3Heprus, UMITYJIbC B 09.11-

" | penATUBHCTCKOMN (hHU3HMKE. 13.11
SAnepubie monenu.OCHOBHBIC 16.11-
11. | cBoMcTBa aTOMHBIX 1 20' 11
siaep. Sl aepHbie peakiuu '
12 PanmnoaxktuBHOCTE. BUIbI 1 23.11-
' PaIMOAKTUBHOCTH 27.11
13 PanmnoaxktuBHOCTE. BUIbI 1 30.11-
* | pamMOaKTHBHOCTH 04.12
14. | SnepHble peakuuu 1 2113_
15. | SlnepHble peakunuu 1313_
5 .
16. | Ilpumepsl SAEpHBIX peakiuit géig_
17. | Ilpumepsl IepHBIX PEAKLIUA 1 iégi_
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SlnepHas bHepreTvuka u .
18. FJIO(?&J’IBHBIG ng6J'ICMBI 18.01
YeJIoBEYeCTBa 22.01
SnepHas sHepreTuka u 25 01-
19. | rnoGanbHbIE TPOOIEMBI 29'0 1
YeJI0BEUeCTBA '
01.02-
20. | Snepnas dusuka U MeaUIIMHA 05.02
21 Ot 607B11I0TO B3pHIBA 10 aTOMA 08.02-
" | Bomopona 12.02
9o | OT GombIIOro B3phIBa 10 aTOMA 15.02-
* | BOJOpOMa 19.02
22.02-
23. | CunTe3 2JIEMEHTOB B 3B€3/1aX 96,02
24 CuHTE3 HOBBIX CBEPXTSKEIBIX 01.03-
' 3JIEMEHTOB 05.03
o5 CuHTE3 HOBBIX CBEPXTSKEIBIX 08.03-
* | DJIEMEHTOB 12.03
26 Yckoputenu, NPUHIUITBI UX 15.03-
" | paboThI 19.03
97 Yckoputenu, MPUHIUITBI UX 29.03-
' paboThI 02.04
28 CoBpemeHHbIe KOoJUIaiaephl 05.04-
" | TMPOTOHOB W SIEP 09.04
CoBpeMeHHbIE KOJUIai1ephl
29. HDO’?OHOB W siIep AeP 12.04
CTOKHOBEHHUS sJIep TIPU 16.04
30 BBICOKHX SHEPTUSIX U UX 19.04-
perucrpanus 2304
CTOoNIKHOBEHUS sIACP PU 26.04-
31. | BBICOKHMX BHEPTrUsAX U UX '
perucrpanus 30.04
CTOnKHOBEHUS A1iep MpU 03.05-
32. | BBICOKMX BHEPIrUsX U UX '
perucTpanus 07.05
13 IToBTOpHUTEIHEHO — 00OOTIIATOITHI 10.05-
| ypoK 14.05
34 IToBTOpHUTEIHEHO — 00OOIIATOIITHI 17.05-
| ypox 25.05
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11 kiaace

KoJu-Bo JlaTa CereBoii
4acoB aKTH - KJace
Nem\n | HammeHoBaHMe TeMbl Mo MJIAHY ¢ Besioropbsi
YeCcKHu
1 SnepHas SHEpreTHKa M rio0aabHbIC 1 02.09-
" | mpo0GJIEMBI YEI0BEUECTBA 06.09
5 SnepHas SHepreTHKa M Ti100albHbIC 1 09.09-
" | mpo0OIeMBI YEIOBEYECTBA 13.09
SAnepHas sHEpPreTHKa U TJI00ATBHBIG 16.09-
3. 20.09
POOJIEMBI YEIIOBEYECTBA 2
4. | Sinepnas pusnka u MeIUIIMHA g‘;’gg
5. | Anepnas pusuka u MeaUIIMHA 1 82(1)8
6. | Anepnas pusuka U MeaUIIMHA (1)118
2 .
7. | SlnepHas ¢puzuka c HEUTPOHAMHU igig
8. | Snepnas duszmka ¢ HEUTpOHAMU 351)18
9. | SAnepnas duszmka ¢ HEUTpOHAMU 82%
2 .
11.11-
10.| PaguoGuomnorus 1511
18.11-
11.| PaguoGuomnorus 1 11
25.11-
12.| PaguoGuomnorus 1 2911
JleTeKTOphl 3apsHKEHHBIX YacTHI[ Y 02.12-
13. 1 ] o612
raMmMma-KBaHTOB
JleTeKTOphl 3aps’KEHHBIX YacTHUI[ Y 09.12-
14. 1 1312
raMmMma-KBaHTOB
JleTeKTOphl 3aps’KEHHBIX YacTHUI[ Y 16.12-
15. 20.12
raMmMma-KBaHTOB
[Tposenenue BUPTYaJIbHOY 2 23.12-
16.| maGoparopuoii pabotrel «OCHOBB 27.12
MU3MEPEHUS CUTHAJIOB C JIETEKTOPOBY
IIpoBeneHne BUPTyabHOU 09.01-
17.| maGoparopHoit paboTsl «OCHOBBI 1 17.01
M3MEPEHHUS CUTHAJIOB C IETEKTOPOBY
IIpoBeneHne BUPTyaIbHOU 20.01-
18. | maGopaTopHOit pabOTHI 1 24.01
«CHUHTUIUIALMOHHBIN TEJIECKON 15
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HU3Y4YCHUA KOCMHUYCCKHX J'Iy‘—ICfI))

[IpoBeneHue BUPTyaIbHOM 27.01-
19, nabopaTopHOM pabOThI 3101

«CUMHTUIUIAIIMOHHBINA TEIECKOM /IS

U3YYCHHS] KOCMUYECKUX JTYICH»

B3aumopenicteue 3apsyKeHHBIX 03.02-
20. 07.02

YaCTHI] C BEIIECTBOM

BianmogeiicTBre 3apsyKeHHBIX 10.02-
21. 14.02

YaCTHI] C BEIIECTBOM

BianmogeiicTBre 3apsyKeHHBIX 17.02-
22. 21.02

YaCTHI] C BEIIECTBOM

[IpoBeneHme BUPTyaIbHOM 24.02-
23. | naboparopHoii paboThl «I'amma- 28.02

CTICKTPOCKOTIHSI»

[IpoBeneHue BUPTyaIbHOM 02.03-
24.| naboparopHoii paboThl «I'amma- 06.03

CTICKTPOCKOTIHISI»

[TpoBeneHre BUPTyaTbHOU 09.03-
25. | nabopaTopHOil pabOThI 13.03

«CTIOHTaHHOE JICIICHUE)

IIpoBeneHne BUPTYyaIbHOU 16.03-
26. | mabopaTopHOM pabOTHI 20.03

«CIIOHTaHHOE JEIECHUEY

[TpoBeneHrEe MaTEMAaTHYECKOTO 01.04-
27.| mpakTHKyMa 1o oopaboTke 03.04

pe3yabTaTOB U3MEPEHUH B cpeie

[IpoBeneHne MaTeMaTHYECKOTO 06.04-
28.| mpakTukyma mo oopadboTke 10.04

pe3yJIbTaTOB U3MEPEHUN B CpeEIe

[IpoBeneHre MaTEMaTHYECKOTO 13.04
5g_ | TIPAKTHKYMa MO MOJICTHPOBAHIIO 17.04

paJIMallnOHHBIX TOBPEIKICHUMA

kietku B cpeae GEANT

[IpoBeneHrne MaTeMaTHIECKOTO 20.04-
30, | TIPAKTHKYMa 110 MOAEIHPOBAHHIO 24.04

'| paIMaIMOHHBIX TOBPEKICHHI

kietku B cpene GEANT

31.| UtoroBoe mOBTOpPEHHUE. (2)18‘5"
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04.05-
32.| UToroBoe mNOBTOpPEHHE. 08.05
11.05-
33.| Utororoe moBTOpEHUE. 15 05
18.05-
34.| UtoroBoe MOBTOpPEHHE. 25 05

Ili1anupyemblie pe3yibTaThbl 0OCBOCHHS Kypca

B pesynbrate m3ydenust oieKTHBHOIO Kypca Ha ypPOBHE CPEIHETO OOIIEro
oOpazoBaHus y ywamuxcs OyayT cOpPMUPOBAHBI CIEAYIOIINE TMPEIMETHBIC
pe3yabTaThI.

Vuawuiica nayuumcs:

— packpbIBaTh Ha NPHUMEpPaX poJib sJICPHOW (UMK B (HOPMHUPOBAHUU CO-
BPEMEHHOM HAayYHOM KapTHHBI MHpPa M B TPAKTHYCCKOW JIEITEIHLHOCTH
YeJIOBEKa, B3aUMOCBS3h MEKIY (PU3UKOW W JIPYrMMHU €CTCCTBEHHBIMHU HayKa-
MU;

— OOBSICHATh W aHAIM3UPOBATH POJIb U MECTO (U3MKU B (POPMUPOBAHHH CO-
BPEMEHHOM HAay4YHOW KapTHUHBI MHUpa, B PA3BUTUH COBPEMEHHOU TEXHUKU U
TEXHOJIOTUH, B IPAKTUYECKOM JESITEILHOCTH JIOEH;

— XapaKTepu30BaTh B3aAMMOCBSI3b MEXKIY (PU3MKON U IPYTUMU €CTECTBEHHBI-MU
HayKaMU;

— MOHUMAaTh U OOBSICHATH IEIOCTHOCTh (DU3UYECKON TEOpUH, pa3IHyuaTh
TpaHUIbl €€ TPUMEHHUMOCTH U MECTO B PANY APYTUX (HU3UIECKUX TEOPHIl;

— BIIAJIETh TNpPUEMAMHU TOCTPOCHUS TEOPETHYECKUX JOKA3aTeIbCTB, a TaKXKe
IPOTHO3UPOBAHMSI OCOOCHHOCTEW TMPOTEeKaHUs (DUUYECKUX SBICHUN W
IIPOIIECCOB HA OCHOBE MOJIYYEHHBIX TEOPETUUECKUX BBIBOJIOB U JJOKA3aTEIbCTB;

— CaMOCTOSITENIFHO TUTAHUPOBAThH U TIPOBOJUTH (DU3UIECKUE IKCIIEPUMEHTHI;

— —pemiaTh  MPAKTHKO-OPUEHTUPOBAHHBIC  KAYECTBEHHBIE W  PACUYETHHIC
dusnueckre 3a7aud ¢ OMOPOM Kak HAa W3BECTHbIE (PU3NYECKHE 3aKOHHI,
3aKOHOMEPHOCTH M MOJIEJH, TaK M Ha TEKCTHI ¢ M30BITOYHOIU HH(POpMAIHeH;

— OOBSICHATh TPAHUIBI MPUMEHEHUS H3YYCHHBIX (PU3MUECKUX MOJENeH mpu

pPCUICHUHA (I)I/IBI/I‘-IGCKI/IX U MCKIIPCAMCTHBIX 3a1a4;
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— BBIJIBUTaTh TUIOTE3bl HA OCHOBE 3HAHMS OCHOBOIOJATAIONIUX (PU3MUECKUX
3aKOHOMEPHOCTEMN U 3aKOHOB;

— OOBACHATh MNPUHIUIBI PabOThl M XaPAKTEPUCTUKU M3YUYECHHBIX MAIIIUH,
npUOOPOB U TEXHUYECKUX YCTPOUCTB;

— OOBSACHATh YCIOBUS MPUMEHEHUS (U3NYECKUX MOJEJeH NpHu pelieHuu
dbu3uyeckux 3a7ad, HAXOJIUTh aJCKBATHYIO TMPEIJIOKEHHOM B 3aaye
bu3uYecKyr0 MOJeNb, pa3peliarh MpodJieMy Kak Ha OCHOBE HMEIOIIUXCS
3HAHUM, TaK U TIPU TOMOIIY METO/I0OB OIICHKH.

Vuawuiicsa nonyuum 603MoHCHOCMb HAYUUMBCA:

— ONUCHIBATh M AHAIM3UPOBATH MOJYYEHHYIO B pe3yibTaTe MNPOBEAEHHBIX
(bU3UYECKUX IKCTIEPUMEHTOB UH(POPMAITUIO, ONIPEIETSATh €€ TOCTOBEPHOCTh;

— MOHUMAaTh U OOBICHATH CUCTEMHYIO CBSI3b MEXKIY OCHOBOIOJAralIIMMHU
HAyYHBIMH TIOHSTUSMH: TIPOCTPAHCTBO, BpeMsl, MaTepus (BEIIECTBO, TOJIE),
JBWO)KEHUE, CUjla, SHEPIus;

— pemiaTh 3KCIEPUMEHTANIbHBIC, KAaU€CTBEHHBIE W KOJIMYECTBEHHBIE 3aJadyu
OJIMMITUATHOTO YPOBHS CJIOKHOCTH, HCIOJIB3YS (PU3MUecKrue 3aKOHBI, a
TaK)Xe€ YPaBHEHUS, CBSI3BIBAIOIINE (DU3NUCCKUE BETUINHBI;

— aHAJIM3UPOBATH TPAHUIEI TPUMEHUMOCTH (U3UYECKUX 3aKOHOB, MTOHMMATh
BceoOnui xapaktep (GyHIaMEHTAJIbHBIX 3aKOHOB M OTPaHWYCHHOCTH HC-
MOJIb30BAaHUS YACTHBIX 3aKOHOB,;

— ¢opMyIHpPOBATh W PEIIaTh HOBBIC 3a/Ja4M, BOSHUKAIOIIHNE B XOJ¢ y4eOHO-
UCCIIEOBATEIBCKON U IMTPOCKTHOM AEATEIbHOCTH;

— YCOBEPIICHCTBOBATh MPUOOPHI M METOJ/bI UCCIEAOBAHUS B COOTBETCTBUM C
ITOCTaBJICHHOM 3a1aueii;

— UCIOJIb30BaTh METOAbl MATEMAaTHYECKOTO MOJCIUPOBAHMS, B TOM 4YHCIIE
IMPOCTEHUINIME CTATHCTHYCCKHE METOJbI, I 00pabOTKM pe3yJbTaToB

AKCIIEpUMEHTA.
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CpencrBa 00yueHHs1 1 BOCIIMTAHUA
— KoMmbroTepHsIil Kiacc.
— HHTepHeT-pecypcesl.
— MynpTUMe UNAHBINA IPOEKTOP.

— BuneodunbMmsl.
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