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IMosicuuTeanHAas 3aIUCKA

DNeKTHBHBIN Kypc «SlnepHas pusnka» npegHasHaueH y4JaluMcsl CTapIleil MIKOJIbl, BRIOPaBIINM
€CTECTBEHHO-HAYUHBIH, (PU3MKO-MAaTeMaTHUYeCKU NpO(UIM WIM MPOSIBUBILUM IOBBIILICHHBIN
UHTEpEC K U3y4eHHIO (PU3MKH, XUMUHU, OMOJIOTUHU, SKOIOTUHU. [IaHHBIM KypCc MHTEIpUpPOBAHHBIH,
OH CBfI3aH COJEPKATEIbHO C KypcoM (PHM3MKM M MaTeMaTUKU OCHOBHOM IIKOJbI. M3ydenue
mpeIaraeMoro JJIEKTUBHOTO Kypca HamnpaBleHO Ha yriayOieHwe W 0000IIeHue 3HAHUM
IIKOJIbHUKOB O COBPEMEHHOW KapTMHE MHpPAa, OCHOBAaHHOM HAa KBAaHTOBOM MEXaHHUKE U
CHeLMaNbHOM TEOPHUM OTHOCUTENBHOCTH. VIMEHHO 3TH pa3jienbl COBPEMEHHOM (U3UKU
MO3BOJIMJIIM IIOHATH CYThb CTPYKTYPBl MAaTEpUU M HCIIOJIB30BAaTh JTH 3HAHWS Ul CO3JAHMS
SIEPHON DHEPreTHKH, COBPEMEHHOW KBAHTOBOH JJIEKTPOHUKH, pa3paboraTh 3(p(eKTUBHBIC
METOJIbl JAMArHOCTUKHU M JIEYEHUS pa3IMuYHBbIX 3a00JIeBaHUM, CIEJIaTh MHOTO JIPYTHX Ba)KHBIX
OTKPBITHH.

HecmoTpss Ha TO, YTO OTAEIbHBIE BOIPOCHI KBAaHTOBOW M sJI€pHOW (U3UMKU M CHELHUATIBHOM
TEOPHUH OTHOCHUTEIBHOCTH HM3Y4alOT B IIKOJBHOM Kypce (DM3HMKH, MPEICTaBICHHON B HHX
MH(pOpMallMd HENOCTaTOYHO JJIsi TOro, YTOObI B JOJDKHOW MeEpe OLIEHUTh W IOHATH CYTh
IPOMCXOAIMHUX MpoueccoB. [lonHas kapTuHA BO3HUKAET TOJIBKO TOIJA, KOrJa siiepHas (pu3MKa
BOCIIPUHHUMAETCS

kak yacTb CTaHAApTHOW MOJENH, B KOTOPOM MHTETPHUPOBAHHO PAacCMATPUBAIOTCS MPOLECCHI,
IIPOUCXOJAIINE HA YPOBHE JJIEMEHTApPHBIX YacTHIl, OTBEYAIOIIME 3a DJIEKTPOMArHUTHBIE,
CHJIbHBIE U cllabble B3aWMOJICHCTBHSA, W NPOILECCHl, MPOUCXOAMBIIME HA PAHHUX CTAAUAX
pa3BuTus BeeneHHOM 1 3aTeM B IPoLEeccax 3BOJIIOIUY 3BE3 .

SAnepHas pusmka — Hayka 3KcHepUMEHTanbHas. MeTtoasl u mpubopsl A (PpyHAAMEHTAIbHBIX
UCCIICIOBAaHUM B COBPEMEHHOW sIIEpHOM (M3MKE OCHOBAaHBI HAa HCIOJIb30BAHUU BBICOKHMX
TEXHOJIOTMMI M HECTAaHJApTHBIX HWHXKCHEPHBIX pEIICHWW. B 3HAUYWTENBbHOM CTENEHH 3TO
OTHOCHUTCSI ¥ K MPUKIAIHBIM HCCIEIOBAHUAM C MPUMEHEHHEM sIepHO-(PU3NUECKIX METO/OB B
panualoHHONM OWOJIOTHH, HKOJOTHMH, XMMHUU M MEAMIMHE. DTO NPOJEMOHCTPHUPOBAHO B
pa3IMuYHBIX pa3Aenax dJIEKTUBHOIO Kypca Ha IpUMEpPax MOJENIEH camMoro COBPEMEHHOIO
AKCIIEPUMEHTAJILHOTO 000pynoBaHUsS JUIisl (yHIaMEHTAIbHBIX U MPUKIATHBIX HCCIeT0BaHUI
(LMKJIOTPOH U YCTaHOBKA JJII CUHTE3a CBEPXTSDKEIBIX 3JIEMEHTOB, CBEPXIIPOBOASIIUN SIA€PHBIN
KOJUTaliZilep ¥ MHOTOIIENIEBOM JETEKTOp, HMMITYJbCHBIM peakTop HEUTPOHOB, ITyOOKOBOIHBIN
JETeKTOp Ul H3ydeHUs (U3UKU HEHUTPUHO, YCKOPUTENbHBIA KOMIUIEKC Ui HPOTOHHOU
TEpanuH).

Oo0mas xapakrepuctuka Kypca. [Ipemiaraemslil 3J1€KTUBHBIA KypC MOCBSIIEH PACCMOTPEHUIO

TaKHuX TEM, KaK 3JICMCHTHI KBAaHTOBOM MEXaHHUKU U TEOPHUHU OTHOCHUTCIIBHOCTH B IMMPUMCHCHUUN K



aTOMHOU U SIIEPHOHN (H3UKE, pa3iIuyHble BUIbI PaJMOAKTUBHOCTH, B TOM YHCJIE U CIIOHTaHHOE
JIelIeHUE S7Iep, CBOMCTBA U MOJIEIN aTOMHBIX SIAIEpP, TPAJAULIMOHHBIE IAEPHBIE PEAKLIUU U SIIEPHBIE
peaKuuy MpHu SHEPrUsAX KoJlIaiinepoB. PaccMOTpeHO MpoUCX0KIEHUE 2JIEMEHTOB Bo BeenenHoi
U CHHTE3 HOBBIX CBEPXTSKEIBIX JIIEMEHTOB B Jaboparopusx y4EHbIX. YacTh pa3enoB
MOCBSIIIEHA SIIEPHONM PHEPreTUKEe W MPUKIAIHBIM HCCIEAOBAaHUSAM B 00JIACTH paJAHallMOHHOU
OHMOJIOTUH, SKOJIOTHH U IPUMEHEHUIO0 METOJIOB siIepHON (DU3UKHU B MEIULIMHE.

3HauuTeNbHAA YacTh JJEKTUBHOTO Kypca OTBEIEHA IMPaKTUYECKHUM padoTam, OoJiblias 4acTb
KOTOPBIX UMEET HCCIIEeI0BATENbCKUIA XapaKTep.

Hean kypca: pacmupeHue, yriyojieHHe W 00oOIeHrne 3HaHWi O (PU3UYECKUX MpoIeccax B
obnactu sepHON GU3HUKH, IPUYUHAX U MEXaHU3MaX UX MPOTEKAHWs, Pa3BUTHE TTO3HABATEIbLHBIX
MHTEPECOB M TBOPUYECKUX CIOCOOHOCTEW yualuxcs dYepe3 MPaKTHUEeCKYI HampaBlIEHHOCTb
o0yueHust (PU3KMKe U MHTETPUPYIOUTYIO POJIb (DU3UKH B CHCTEME €CTECTBEHHBIX HayK.

3apaum kypca:

— Pa3BUTHE €CTECTBEHHO-HAYYHOT'O MUPOBO33PEHHS YUAIIUXCS;

— pa3BUTHE NPUEMOB YMCTBEHHOMN JEATEIbHOCTH, MIO3HABATEILHBIX HHTEPECOB, CKJIOHHOCTEH U
CIIOCOOHOCTEN yJaluxcs;

— pa3BHUTHE MOTHBAIMH YYCHHUS, ((OPMHUPOBAHKE MOTPEOHOCTH B MOJYYCHUH HOBBIX 3HAHHUWA U
MPUMEHEHUU UX Ha IPAKTHKE;

— pacuupeHnue, yriryoneHue u 00001eHne 3HaHuil 1o Pu3nuke, XuMUU, OUOJIOTHH;

— HCHOJBb30BAaHUE MEXKIPEAMETHBIX CBSi3ed (PU3MKU C MaTeMaTUKOH, OHOJOrHel, XUMuew,
UCTOpHEH, DKOJOTHEH, pPAacCMOTPEHHE 3HAueHHsl 3TOro Kypca Ui YCIEIIHOTO OCBOCHHS
CMEXHBIX TUCIUILINH;

— COBEPIICHCTBOBAaHUE OJKCIEPUMCHTAIBHBIX YMEHHUHW W HABBIKOB B COOTBETCTBHUH C
TpeOOBaHUSMU MPABUI TEXHUKU OE30MaCHOCTH;

— paccMOTpEeHHUE CBS3M SACPHON (U3MKH C )KU3HBIO, C BaKHEHIIUMU chepamul AesITeNbHOCTU
YeII0BEKa;

— pa3BUTHE Yy y4YaIIUXCS YMEHHS CAMOCTOATEIHHO paboTaTh C IOMOTHUTEILHON TUTEPATYPOil U
JIPYTHMH CpeJICTBaMU WH(POPMAITHH;

— ¢opMupoBaHHE Yy YyyallMXCd YMEHUN aHAIU3UPOBaTh, COIMOCTABIATh, TNPUMEHSITH
TEOPETUYECKHUE 3HAHUS Ha TIPAKTHKE;

— (opmupoBaHUE YMEHUI MO PEHICHUIO SKCTIEPUMEHTATBHBIX M TEOPETUUECKHUX 3a]1au.
OcHoBHBIE HEH Kypca:

— €IMHCTBO MaTE€PHAIHLHOTO MHPA;

— BHYTPU- U MEXIPEIMETHAs] UHTErpaIus;

— B3aMMOCBS3b HAYKH U ITPAKTUKH,

— B3aMMOCBSI3b YEJIOBEKA U OKPYKAIOIIEH Cpe/Ibl.

Y4ueOHo-MeToAMUECKOEe O0ecreyeHne KYpca BKIIOYAET ydyeOHOE MOCcoOue I yJalluxcs,
UHTEpHET-pecypc «BupTyanpHas maboparopus siiepHONW (PU3MKH», MPOrPaMMy AIIEKTHBHOTO
Kypca U HMHTEpPHET-peCcypC C OHJIaWH-BEpCHEW Kypca M CHUCTEMOW yMpaBlIeHHUS Y4eOHBIM
npoueccoM Ha ocHoBe cucteMbl MOODLE.

Buasbl nesitenbHOCTH. YueOnoe nocobue sl ydauuxcs 00€CeurnBaeT coiepKaTeIbHyI0 4acTh
kypca. Comepkanue mocoOusi pa3OuTo Ha maparpadbl, BKIIOYAET AMIAKTHUUYECKUN MaTepua

(BOTIPOCHI, YIIpaXXHEHUS, 3a1a4H, IOMAIHAN YKCIIEPUMEHT), MPAKTUIECKUE PaOOTHI.



Ha 3ansATHsX MO AaHHOMY KypCy ydalluecss YIiayONsiOT CBOM 3HAHMUA O SACpHOM (U3HKe,
COBPEMEHHOM KapThHE Mupa, npulbopax M MeToAax (yHIAMEHTAIbHbIX M IPUKIAJHBIX
UCCIICIOBaHMI B 00JIACTH AAEPHON (DUBHKH.

B pesynabrare um3yueHHs Kypca pacIIMpsieTCs MHUPOBO33PEHHE Y4alllUXCsl, pa3BUBACTCA HX
[IO3HABATENIbHBI HHTEPEC, HMHTEIUIEKTyaJlbHble W TBOPUYECKUE CIIOCOOHOCTH, (OpMHUPYOTCS
npeaMeTHBIe, 00IIeyueOHbIe U CrieU(pHUECKUe YMEHHS 1 HaBbIKHU IIKOJIBHUKOB. Kypc HachIeH
9KCNEPUMEHMANbHLIM  MAMEPUANOM. JEMOHCTPALMOHHBIM JKCIIEPUMEHTOM, IMPAKTUYECKUMU
pabotamu Ha 06a3e BUpPTyalbHOH MHTepHET naboparopuu. Ilo ’xenaHuro yduTens HEKOTOpbIE
IpakTU4Yeckue paboThl MOXHO IIEPEeBECTH B paspsij MCCIENOBaTeNbCKUX. Vcroib3oBaHMUE B
y4eOHOM MpoIiecce MPaKTUICCKUX paboT crocoOCTBYET MOTUBAIUU JJIsI 0000IIEHUsT yIeOHOTO
Marepuaia, paciupseT BO3MOKHOCTH HHIUBUAYAIBLHOTO U AU(PEepeHINPOBAHHOTO MOIXOA0B K
0o0y4YeHMIO, TOBBIIIAET TBOPYECKYIO AaKTHUBHOCTb YYAlUXCS, paCHIUpsieT HX Kpyrosop.
Bkiroyenne Takux pa®oT B 3JEKTHBHBIM Kypc NPUBUBACT LIKOJIbHMKAM HCCIIEI0BATEIbCKHUM
NOJIXOJ K BBIIOJHEHUIO IPAKTUYECKUX pabdoT, MOMOraeT OBJIaJeBaTh JOCTYIHBIMU JUIS
yyaluxcs HayyHbIMM METOJAMU HCCJIENOBaHUS, (OPMUPYET M pa3BUBAET TBOPUYECKOE
MBILIJICHHE, MOBBIIIAET MHTEPEC K MO3HAHUIO (PU3MUYECKUX SIBIEHHM M MX 3aKOHOMEPHOCTEH.
JlaHHble mpakTUYecKre padoThl CBS3aHbI C ONPEACICHUEM HE TOJIBKO KAaueCTBEHHbBIX, HO U
KOJIMYECTBEHHBIX  XapakTepucTuk. CucremMaTHueckoe  BBINOJIHEHHWE  KOJIMYECTBEHHBIX
AKCIEPUMEHTAJIbHBIX 3aJla4 Pa3BUBAET y y4alIlUXCS aKKypaTHOCTb, CIIOCOOCTBYET BBIpAOOTKE
HAaBBIKOB TOYHON KOJIMYECTBEHHOMN OLIEHKH PE3YJIbTaTOB KCIIEPUMEHTA.

Kaxnas mnpaktuueckas paboTa  BKIIOYAeT KpaTKUE  TEOPETHUECKHUE  CBEJCHHUA U
AKCIEPUMEHTAJIbHYI0 4acTb. PabOThl BBINONHSIOTCS WHAUWBUIYalIbHO WJIM B rpynnax no 3—4
yejoBeKa. BpImonHeHue wHcciaenoBaHUN TpeOyeT MNpeABapUTEIbHOM MOATOTOBKU: IEpe]
IPOBEIEHUEM HKCIIEPUMEHTA YUUTENb pad0TaeT OTAEIBHO C KaXK10i rpynmoil yqammxcs.
DNEKTUBHBIN KypC JOMYCKaeT UCIOJb30BaHue (110 YCMOTPEHHUIO YUUTEINS) JTI00ObIX COBPEMEHHBIX
00pa30BaTeNbHbIX TEXHOJOTUM, pa3IMYHbIX OPTraHU3allMOHHBIX (QOpM OOydeHHUs: JEKIHil,
CEeMMHApoB, Oecel, MPaKTHUYECKUX M JAOOpaTOpPHBIX paboOT, MCCIEIOBATENbCKUX pPadoT,
KOH(epeHIHH.

B kauecTBe OCHOBHOW OpraHM3alMOHHON (QOpPMBI TPOBEACHHS 3aHATHH IpeasaraioTcs
JIEKIIMOHHO-CEMHHAPCKOE 3aHATHUS, HA KOTOPBIX Na€Tcs OObSICHEHHE TEOPETUYECKOr0 MaTepraa
U pelaoTcs 3a/1a4M 1o JaHHOU Teme. J1Jid MOBBIIIEHUsI HHTEpeca K TEOPETUUECKUM BOIIpOcaM U
3aKpeIyICHUs] M3Yy4yEeHHOrO0 MaTepuanga IpeAyCMOTPEHBbl JAEMOHCTPALIMOHHBIE OIBITHI U
71a00paTOPHBIN MPAKTUKYM.

®opMaMH KOHTPOJISI 32 YCBOGHMEM MaTepHajda MOTYT CIYKUTb OTUETHI 10 MPAKTHUYECKUM

paboTam, caMOCTOATEIbHbIE TBOPUECKHUE PAOOThI, TECThI, UTOTOBbIE YU€OHO-UCCIIEIOBATEIbCKIE



NpoeKThl. MToroBoe 3aHsATHE MPOXOAUT B BUAE HAYYHO-TIPAKTHUECKOW KOH(MEPEHIUH WIIH
KpPYIJIOr0 CTOJIa, HAa KOTOPOM 3aciylIMBAIOTCA JIOKJIAJbl Y4YaIIMXCsl IO BBIOPAaHHOM Teme
UCCIICIOBAaHMs, KOTOpPBIE MOTYT OBITh TpeACTaBiIeHb B ¢opme pedepara wid OTYETA IO
UCCIIEI0BATEIbCKON padoTe.

Conep:kanue Kypca

Beenenue (1 1)

N3nydyenue abCoMOTHO 4€pHOrOo Teina W KBaHTOBas rumorte3a llmanka, otkpeitne k. J[x.
TomcoHoM 3nekTpoHa. OTKpbITHE PEHTreHOBCKOro usinydeHus. Otkpeitue A. A. bekkepeinem
pannoaktuBHOCTH. OnbIThl ITbepa u Mapun Kropu. Cosganue A. DWHINTEHHOM crienuaibHON
TEOPUU OTHOCHUTEIHHOCTU. B3auMoCBsI3b Mex 1y Maccol u sHeprueit. ['naBHas ¢opmyna XX B.:
EO = mc2. Dxcnepument 3. Pesepdopaa 1Mo OTKPHITHIO «TJTAHETAPHOI» MOJIEI aTOMHOTO SApa.
KBanToBanue sHeprum u moxenbs H. bopa. [locnenctBusi 3TUX OTKpPBITMH I CO3/1aHUS
KBAaHTOBOI MEXaHUKHU U s,IepHON (PU3UKK KaK OCHOBBI TEXHUYECKOTO MPOrpecca YeIoBeYeCcTBa B
XX u XXIBB., cO3AaHUs KAPTUHBI MUKPO- U MAaKPOKOCMoca Ha ocHOBe CTaHIapTHON MOJICIH.
Tema 1. KBaHTOBBIIi MUP aTOMOB M MoJIeKY.JI (3 1)

Monens atoma bopa u nuHeluarsle cnekTpbl. KBantoBanue sHepruu. Bomubl matepun JI. Jle
bpoiins. KopnyckymsapHo-BomHOBOH nyanmm3Mm. Judpakmuss S1€KTpOHOB Ha KpHCTAILIax.
®oroaddexr u rpdexkr Komnrona. [Ipunnun wHeonpenenéHnoctu [eiizenOepra. YpaBHeHUE
Hlpenunrepa. BomHoBas (QyHKIMsS 1 €€ BEpOATHOCTHAs uWHTepnperanus. KBanToBbiii addexr
TyHHenupoBaHus. KBaHToBaHue yrioBoro MomeHta. CnuH 3nektpoHa. [IpuHnun 3amnpera
[Taynmu. DnextpoHHbIe 000104KKM aToMOB U [lepuomuueckuii 3akoH MenneneeBa. MoJeKyJIbl.
CrHeKTpbl aTOMOB U MOJIEKYIL.

Tema 2. Macca 1 3Heprusi B peJIAITHBHCTCKOI Teopuu (2 )

OcHoBHbBIE TOCTYJIaThl CHELMATBLHOM Teopuu OoTHocuTenbHOCTH. IIpeoOpazoBanus ["anmunes u
Jlopenna. HMuBapuaHTHOCTH MHTEpBaNa. Macca B KIACCHYECKOM MEXAHMKE U TEOPUH
oTHocuTenbHOCTH. [IpeoOpazoBanus JlopeHnia mns uMmynbca U dHepruu. Macca —
pensATUBUCTCKUN MHBapuaHT. CBs3b 3Hepruu M maccel nmokost EO = mc2. IIpumeps! nepexona
Macchl B DHEPTUIO U SHEpruu B Maccy. JleekT Macchl U sHeprus cBs3M siiep. Macchl U SHeprus
COCTaBHBIX CUCTEM. PensATUBUCTCKAs KNHEMATHKA U 3aKOHBI COXPaHEHUsI SHEPTUU M UMITYJIbCA.
Tema 3. AToMHBIC 1Ipa M PATHOAKTHBHOCTD (3 1)

OcHoBHBIE CBOMCTBa aTOMHBIX SA€p: COCTaB, pa3Mmep, hopma, 3apsi, Macca apa, SHEPTUs CBA3U.
Wzotonbl. ['panunel crabunbHOCTH aTOMHBIX sifep. CHOUH NMpPOTOHA M HEHTpoHa. YTIIOBOM
MOMEHT snpa. SnepHeie cuibl. Knaccuueckas NpPOTOH-HEUTPOHHAs MOJENb siapa. fAnepHbie
mojenu:  ¢epMu-ra3, KamenpHas, oOoyioueyHas W O00OOmIEHHAass  MoJenb  sAapa.
KopoTtkozeiicTByronue HyKJIOHHbIE KOPPEISIMU B SApaX M KyMYJIATUBHBINA sIIEPHBIA dPQeKT.
PangnoaktuBHOCTE. Buabl pannoaktuBHOCTH: a-, b-, §-pacmaj, CIOHTaHHOE JelieHue. [ paHHIbI
CTa0MJIBHOCTH AaTOMHBIX sJep. 3aKOH paJAMoakTHBHOrO pacnazna. llepwon mnomypacnana.
AKTHBHOCTh  PaJUOAKTHUBHOTO  HCTOYHUKA. Kauecmeennvie u  pacuémmuvie  3a0ayu.
Mamemamuueckuti npakmuxkym «Cmamucmudeckuil xapaxmep paouoakmueHo20 pacnaoa.
Tema 4. SInepubie peakuuu (2 1)

Snepusie npeBpanieHus B akcniepumenTax Pesepdopaa. OTkpbITHE IPOTOHA U HEUTPOHA.
Peaxuuu nenenus anep. Llennas snepuas peakuus. Tepmosiaepasie peakunu. [loamoporoseie
peakuuu. PoxxaeHne anTUNIpoTOHOB. M3yueHue CTpyKTypbl IPOTOHOB U SIIEP B ITy4Kax
AIIEKTPOHOB. Kauecmeennvle u pacuémmusvie 3a0ayu.



Tema 5. [Ipoucxo:kaeHue 3;1eMeHTOB BO BeesienHoii (2 1)

®yHaamMeHTanbpHble B3aumoaeiicTBus. CTannapTHast MOZeb. boiblioi B3pbIB. ATOMBI BOAOPOJA
Y JIer4aimx 31eMeHTOB. CUHTE3 3JIEMEHTOB B 3BE3/1aX. B3pbIBbI CBEPXHOBBIX 3BE3] U
HEUTPOHHBIE 3BE3/BI.

Tema 6. CHHTE3 HOBBIX CBEPXTSIKEIBIX 2JieMeHTOB (14)

TpancypanoBbsle u TpaHchepmueBbie 37aeMeHTbl. «OCTpOB CTAOMIBHOCTU» W CHUHTE3 HOBBIX
CBEPXTSHKENBIX 2JIeMeHTOB. Jlaboparopus simepHbIX peakuuii MMeHn akaaemuka ['. H. ®aéposa.
Mogens LMKIOTpOHA M JETEKTOpa Il PETHCTPALUHA CBEPXTSKENBIX 3JeMEHTOB. Kak
PETUCTPUPYIOT CBEPXTSHKEIBIC JIEMEHTHI.

Tema 7. YckopuTean u KoJuiaiaepsl (2 4)

[TpuHIMIB PabOTHI TMHEHHBIX U HUKIMYECKUX YCKOpHUTENeH. [IBIkeHne 3apsHyKeHHbBIX YacTHUIl B
AIIEKTPUYECKOM M MarHUTHOM moiie. B. . Bekcnep: npunuun aBrodazupoBku. A. M. Byakep:
UJes YIEKTPOHHOTO OXJIAXKICHHsI M IIEPBBIE BCTPEYHBIE KOJbLA. boabIIoN apOHHBIA KOJLIAHAED
(LHC) B EBpome u xommaiinep penstuBuctckux sgaep (RHIC). Mogenb yckopuTeabHOro
komiuiekca HUKA — poccuiickoro kosiaiaepa TsHKENbIX HOHOB.

Tema 8. UcciienoBaHue CTOJIKHOBEHHH peassTHBHCTCKHUX siaep (1 u)

UTO mpoOMCXOOUT NPHU CTOJIKHOBEHUSIX PEISATUBUCTCKUX siaep. JeTeKTopbl sl perucTpanuu
IOPOAYKTOB siiepHbIX peakiuil. OCHOBHBbIE XapaKTEpPUCTHKU peakuuid. Tpurrep ans orbopa
coObITUi. Bpems-npoekionHas kamepa. OJIEKTPOMAarHUTHBIM KaJOpUMETP, CUIMKOHOBBIE
JETEKTOPBI JUIsl ONIPEEIICHUS BEPIIUHBI B3aUMO/ICHCTBUSL.

Tema 9. SinepHasi JHepreTUKa U rJ100aabHBIE MPOGJIEMbI YeoBeyecTBa (4 U)

SnepHas sHepreTHKa U rio0agbHbIe MPOOIeMbl YenoBeuecTBa. AnepHbie peakTopsl. [Ipupoanbie
AJIEPHBIE PEAKTOPBL. Peuienue KauecmeeHHblX U pacuémmuvix 3aday. Mnmepakxmuenas mooens
S0epHO20 peaKkmopa.

Tema 10. Sinepuasi puznka u mequmuHa (1 1)

Snepnas ¢puznka u MeaUIMHA. Moienb YCKOPUTEIBHOTO KOMIUIEKCa 171l IPOTOHHOM
pazuoTEpaIny.

Tema 11. SinepHas ¢pusmnka c Heiitponamu (4 1)

SAnepHsbie uccnenoBanus ¢ HeHTpoHamu. CBOICTBa HEUTPOHHBIX MyYKOB. Mozenb
HCCJIEI0BATEIBCKOT0 UMITYJILCHOTO peakTopa Ha OblcTpbIX HeliTpoHax MBP-2. [Ipumenenue
HEHUTPOHHOT'0 aKTHBALIMOHHOIO aHAJIN3a B DKOJIOTUU. SnepHas mianeTonorus. [louck Boab! Ha
Mapce npu momMouy KICTOYHUKA HEUTPOHOB.

Tema 12. Pagnoouosiorus (4 1)

Yro nzyuaet paguoduosnorus. CocraB KOCMUYECKOT0 M3JIyUEHHsI U €ro BO3ACUCTBUE HA KUBBIE
opranu3Msl. [Tunotupyembie OAETH B KOCMOC U paJUallMOHHbIE PUCKU. ACTPOOUOIIOTHS.
Mooenuposanue paduayuonnvix nogpexcoenuti kiemok 6 cpeoe GEANT.

Tema 13. B3anmogeiicTBue u3iaydenus ¢ BemecTsoMm (1 u)

B3auMopeiicTBre 3apsyKEHHBIX YaCTHUIl, POTOHOB U AJIEKTPOHOB C BEIIECTBOM.

Tema 14. JleTekTOpbI 3apszKeHHbIX YACTHIl 1 TaMMa-KBaHTOB (3 4)

Pa3znuyHble TUIBI 1E€TEKTOPOB: ra30BbIN, (OTOAIMYIIBCUH, TY3bIPbKOBAsI KaMepa,
CUMHTWIISLIMOHHBIN, TIOTYITPOBOJHUKOBBIN, JETEKTOP HA OCHOBE MUKPOKaHAJIBHBIX IUIACTUH.
CpéM cursana c JeTeKTopa. JHEpreTUUECKUE U BPEMA-IIPOJIETHBIE CIIEKTPbl. COBpEMEHHBIE
METO/bI chéMa U oM POBKU HHPOPMALIUH.



Nen/m

Ha3zpanmue pasngena (Tembl pa3jesa, ypoka)

KoanuecTBo yacoB

Brenenne (1 1)

1 Bemukue orkpertas kouma X1 X — gagama XX B. 1
p
Tema 1. KBaHTOBBII MUP aTOMOB M MOJIeKY.I (3 1)

2 OCHOBHEIE TIPUHIAIIBL KBAHTOBOM MEXaHHUKH. 1

3 VYpasrenne llpenunrepa. [lonstre BomHOBOH ¢yHKINU. KBanTOBOE 1
TYHHCJIMPOBAHUC.

4 KBanroBanme yrioBoro momenra. Crimd snexrpona. [Tpuaimn [Taynm. 1

y p p Y.
Tema 2. Macca u 3Heprusi B peJISTHBHCTCKOI Teopum (2 1)

5 OCHOBHBIE CBOWCTBA aTOMHBIX SIZIEP. 1

6 PenstuBucTCcKas KHHEMAaTHKa U 3aKOHBI COXpaHCHUA OHEPIrun U UMIIyJibCa. l
Tema 3. AToMHBIE sIiPa H PAANOAKTHBHOCTH (3 1)

7 M3yuyeHune cTpyKTypbl IPOTOHOB U SIAEP B IMyUYKaX 3JIEKTPOHOB. 1

8 MaremaTuueckuil NpakTUKyM «CTaTUCTHUECKUN XapaKTep paAuoakTUBHOIO | 1
pacnagay.

o KopotkozneiicTByronue HyKJIOHHbIE KOPPETSILUU B SApaX U KyMYJISATHBHBIA | 1
sIIepHBIHA 3 deKT.

Tema 4. Sinepubie peakuuu (2 )

10 HOZ[HOpOFOBHe peaknuu. 1
11 Poxxnenue aHTUIPOTOHOB. 1
Tema 5. [Ipoucxo:kaeHue 3jieMeHTOB BO BeesienHoii (2 u)

12 dynnaMeHTaIbHbIe B3auMoieiicTBusA. CTaHAapTHAS MOAETb. 1
13 Bonb1oii B3pbIB. 1

Tema 6. CHHTE3 HOBBIX CBEPXTSIKEIBIX 3JieMeHTOB (14)

14 TparcypaHOBBIE U TpaHCc(hepMueBEIe A1eMEHTH. «OCTPOB CTa0MIBHOCTH» U | ]
CHHTE3 HOBBIX CBerTH)KéJ'H)IX DJICMCHTOB.

Tema 7. YckopuTeau U KoJuiaiiaepsl (2 1)

15 [puHIUIEI paOOTHI THHEHHBIX U UKIMIECKUX YCKOPUTEICH. 1

16 Bonbmioit  agponnsiii  kommadimep (LHC) B EBpome wu  kommaiimep | 1
pensituBuctcekux siaep (RHIC).

Tema 8. HccienoBaHue CTOJKHOBEHHH PeJSITHUBHCTCKHX
sinep (1 1)

17 Yro MMPOUCXOOUT MPHU CTOJIKHOBEHHUU PEIIATUBUCTCKUX AJEP. 1
Tema 9. SlnepHasi 3HepreTuka M rJjodajabHble NMPOOJIeMbI
yejioBevecTBa (4 4)

18 SlnepHas SHEpreTHKa U TI00aabHbIe TPOOIEMBI YEIIOBEUECTRA. 1

19 IIpupoaHsble siIepHbIE PEAKTOPBI. 1

20 Pemienne kauecTBeHHBIX UM pacu€THBIX 3aJad Ha ompeneieHue | |
OHEPIrCTUYECKOr0 BhIXOJa ﬂ]lepHOﬁ pCaKkuun.

21 I/IHTepaKTI/IBHaﬂ MOJACJb AACPHOI'0 peaKTopa. 1
Tema 10. Sinepnas ¢pusznka u megunuHa (1 u)

22 Mogenb yCKOPUTEIHHOTO KOMITIEKCA JIsl IPOTOHHOW paJiMOTEpanuu. 1
Tema 11. SInepuas ¢pusuka c HeiiTpoHamu (4 )

23 1

SnepHble UCCIe0BaHUS C HEUTPOHAMMU.




24 Mogens HCCIIEOBATENbCKOIO HMMIIYJIbCHOTO peakTopa Ha OBICTPBIX | ]
Heiirponax. UbP-2.

25 [TpuMeHeHne HEHTPOHHOTO AKTUBALMOHHOTO aHAJIN3a B 9KOJIOTHH. 1

26 SnepHas miIaHETOIOTUsl. 1
Tema 12. Pagnoounosorusi (4 1)

27 Uro n3ydaeT paguoOHoIoTusl. 1

28 CocTaB KOCMUYECKOTO U3Iy4Y€HHMS M €ro BO3JAeHcTBHE Ha KuBble | ]
OpraHU3MBL.

29 IIunorupyemble  mONETBI B KOCMOC U paJMalMOHHBIC  PHUCKHU. |
AcTtpobuoorusi.

30 MopaenupoBaHue paIHallHOHHBIX TOBPEXXAeHNN Ki1eTok B cpexe GEANT. 1
Tema 13. BzaumoseiicTBue usiydeHusi ¢ BemecTsoM (1 1)

31 B3anmopeiicTBue 3apsHKeHHBIX 4acTHI, (OTOHOB U IJIEKTPOHOB ¢ | ]
BEIL[ECTBOM.
Tema 14. JlerekTOpbI 3apsizKEHHBIX YACTHIl H TaAMMa-
KBaHTOB (3 4)

32 Paznuunsle TUIEI JACTCKTOPOB. CnéM curHana c ACTCKTOpA. 1

33 DHEpPreTUIeCKue U BPeMs-TIOJIETHBIC CIIEKTPHI. 1

34 CoBpeMeHHBIE METO/IBI ChEéMa U OIU(POBKA HHPOPMALHH. 1
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