MUWHOBPHAYKHU POCCHUHN
benepanbHOE TOCYIapCTBEHHOE 010 IKETHOE 00pa30BaTesIbHOE YUpPEKICHNE
BBICIIET0 00pa30BaHUs
«APKYTCKHM I'OCYJAPCTBEHHBIM YHUBEPCUTET>»
®I'bOY BO «UT'Y»
Kadenpa Teopernueckoii puznku

BPA305g

<0 ana0saTEns, #eg

0% YHY e,

.30%&1 SIS Y. PXJIAIO
AN Q

KAy buzugec WaKyibpTeTa

/ 23 ouste. . |7 H.M. Bynues
2 = ’f’Fs'

4,
s,

~-2023 r.

Pabouas nporpaMMa qUCHMILINHBI

Haumenosanue qucuuruinasl: 51.B./1B.02.03 HeiitpunHas actpodusuka

Hanpasnenue noaroroku: 03.03.02 dusuka

Hanpasnennocts (mpoduis) noaroroBku: CoHeYHO-3eMHas hU3MKa

KBanmudukanms (creneHp) BeITyCKHUKA: bakanaBp

dopma 00yueHus: Ounas

CornacoBano ¢ YMK ¢usuueckoro pakynsreta  PekomeHnnoBaHo kadenpoii:

[Tporoxosr Ne38 ot «18y» anpens 2023 r. [Tporoxos Ne6
Ot « 15 » mapra 2023 1.
Hpencenmem%)
= H.M.Byjines W.o. 3aB. kadenpoii

. JIoB11OB

Hpkyrek 2023 1.



Coneprxanue

OO IS 07 Wz P e 07 1 % (03 0% 11007050 GO SO 3
II. Mecto aucuuninuHbl B CTPYKTYPE OITOIT ....oooiiiiiiii e 3
III. TpeGoBaHuUs K PE3yIbTATAM OCBOCHHS JTUCTIUIITHHBL .....vvcvviestisteeteessesieesseesesseesseenessnesneenesseesneenneens 3
IV. Coneprxanue u CTPYKTYPa AUCITUTITHHBL (MOJTYIIS) vvveiuvvressreessssesessreessssesssssesssssesssssesssssesssssessnssessnsees 4

4.1. ConepkaHue AMCUUIUIMHBI, CTPYKTYPHUPOBAHHOE IO T€MaM, C YKa3aHHEM BUIOB Y4eOHBIX

3aHSTHIA U OTBEJICHHOTO HA HUX KOJTMYECTBA AKATCMHUUCCKHIX TACOB ... veerveesreareesseeessesanseessnesseeses 4
4.2. [Inan BHEAYAUTOPHOU CAMOCTOSITENILHONU Pa0OTHI 00YUYAIOIIUXCS MO JUCHUTUTHHE ......o.venee.. 4
4.3. COneprKaHNE YICOHOTO MATCPHATIA «vveuvvressrrressseresssesssssesssssesssssesssssesssssesssssessssesssssessnssessnssessnes 5
4.3.1. Ilepeuenb ceMUHAPCKUX, TPAKTUUECKHUX 3aHATHH U JJAOOPATOPHBIX PAOOT .vvvvvrvvveinirrerinnnns 6

4.3.2. Ilepeuenb TeM (BOMPOCOB), BEIHOCUMBIX HAa CaMOCTOATENIbHOE HM3yYEHUE CTYJIEHTAMH B

pamkax caMoCTOATEABHONU PAOOTBI (CPC) ..oiviiiiiiiiiiic e 7
4.4. Metoauueckue yka3zaHHsl [10 OPraHU3aLUU CAMOCTOSITEIbHON PAOOTHI CTYI€HTOB..........vevnne.. 8
4.5. IlpuMepHast TEMATUKA KYPCOBBIX PAOOT ...vvvivieriiiiiiiieitisiie st 8
V. YaeOHO-MeToIn4YecKoe U HHHOPMAITMOHHOE O0SCTICUCHUE JTACTIATIITIHBI ... .vvesvveasveesieesseeeseeesnneesenens 8
Q) CITACOK JIUTEPATYPDBL ..cevvveuriesteessreesseessseessesasseassesasneaasesasseesmeeasneease e asneenmeeanneense e asneenmeeaneenneeenne e e 8
0) TICPHUOTMUCCKIE MBIIAHIS «.evvveeissreessseeesssesssssessssssssssesssssesssssssssssesssesssssssssssessnssesssssesssssssssssesansees 8
B) CITUCOK aBTOPCKHUX METOJTHUCCKHX PABPAOOTOK . vviiiurriesrrreessreressueesssseessssesssssesssssesssssessnssssssssessnes 8
r) 6a3bl JaHHBIX, UHPOPMALIMOHHO-CIIPABOYHBIE U TIOMCKOBBIE CHCTEMDL. ......veeveiereereesnreesieesnneenes 8
VI. MarepralibHO-TEXHUYECKOE O0CCTICUCHUE JTMCTIHTIITITHBL. ....c..vveeuveeeeessreesseesstaessessnseesseesssesssessnsesssenns 9
VII. OOPa30BATEIBHBIE TEXHOMOTHH . ... ccuviureteesreastssteeseassesseesseasssssessbeessessessseasesbeesbe e s e sseesbeenessesaneenne e 9
VIII. Oueno4nsle MaTepuansl A TEKYILETO KOHTPOJISI U TPOMEKYTOUHOM ATTECTALINM ....oc.vvenvernnnene, 9

[Tpunosxenue: GoHT OIICHOYHBIX CPEACTB



I. Hean u 3axa4M JMCHUTITTHHBI

Heiitpunnas actpodusuka - CpaBHUTEIBHO HOBBIM pa3lienl acTpO(pU3UKU BBICOKUX SHEPTH, OT-
KPBIBAIOIIUM HOBOE OKHO B ACTPOHOMUH, PACIIMPSIONIEH BO3MOYKHOCTH UCCIIEIOBaHUs MPOIECCOB B
lNanakTuke, ynaaeHHbIX FAJIAKTUKAX U BHETAJITAKTUYECKUX 00BEKTAX.

Lenb kypca «HelTpunHas acTpodusukay - U3ydeHue MpoIeccoB B aCTPOPU3UUECKUX 00bEKTaX, B
KOTOPBIX T€HEPUPYIOTCS HEUTPUHO B IIMPOKOM JIMana3oHe dHepruid — oT goJsied MaB 1o coten I13B, a
TaK)K€ METOJIOB PETUCTPALMU U AETEKTOPOB HEUTPUHHOIO U3NydeHHUs. B pe3ynbrare uzydyeHus Kypca
CTYAEHT npuobperaeT ¢pyHAaMEHTAIbHBIC 3HAHUS O MPOLIECCaX TeHEpallui HEUTPUHO B acTpopusnde-
CKUX 00bekTax, BkItoyas ConHIe U 3eMIT0, MO3HAKOMUTCS C METOJIaMU PETHUCTpaluu Ha 3emJie Io-
TOKOB KOCMHYECKOT0 U3JTy4EHUSs, IPHOOPETAET HABBIKU PEIICHUSI KOHKPETHBIX 3ajad.

3agauu Kypca

BBectu cTyneHTOB B Kpyr npo0ieM COBpeMEHHOW HEMTPUHHOM acTpo(U3MKH, 1aTh MpecTaBIie-
HUE 0 (pU3MUECKHX Mpoleccax B acCTPOPU3NYECKUX HMCTOYHUKAX M3ITYyYEHUS BBICOKOW IHEPruu, IMo-
3HAKOMUThH C Pe3yJIbTaTaMU U3MEPEHUIl KOCMHYECKOTrO H3JIy4eHHUs, MPUHIMUIIAMU PaObOThl KPYITHO-
MacIITaOHBIX YCTAaHOBOK JUIS JIETEKTHPOBAHUS aCTPOPU3UUECKUX HEUTPHHO, U3YyUHUThH CIICIHAIbHBIC
METOJIbI peleHus: actpodusnueckux 3agad. B pamkax kypca «HeitpunHas acTpodus3nka» CTYIEHTHI
U3Y4al0T OCHOBBI YCTPOICTBa acTpO(U3HUUECKUX 0OBEKTOB — MOTEHIIMAIBHBIX UCTOYHHUKOB KOCMUYE-
CKHX JIy4ei, raMMa-KBaHTOB U HEUTPUHO, MEXAHU3MbI T€HEPALIUU BBICOKOIHEPIE€TUUECKOT0 KOCMHYE-
CKOI'0 M3JIy4ECHHUS.

1. Mecto nucuuminnsl B ctpykrype OIIOIT

«HeliTpuHHas acTpodu3uKay SBISETCS AUCHHUILTNHOW 1O BRIOOPY B YacTH, GopMHUpyeMoi ydacT-
HUKaMu oOpa3oBaTenbHbIX oTHOIIeHUH Osoka bl. Kypc «Heitpunnas actpodusuka» npeaHasHaueH
JUISL IOATOTOBKM OakanaBpa no npoduwio «DyHaameHTallbHas (GU3HKay, CIOCOOHOTO paboTaTh B CO-
CTaBe KOJUIEKTHMBA HCCIIEOBATENEH, POBOASIINX IKCIIEPUMEHTHI HA TUTAHTCKUX YCTaHOBKAax IO pe-
TUCTPALlMM KOCMHYECKOr0 M3i1y4deHus. B pe3ynbrare M3ydyeHHs] JaHHOM IUCLUUILIMHBI CHEHHUATUCT
JIOJDKEH 3HATh COBPEMEHHOE COCTOSIHHE MCCIICOBAaHUM B 00JacTH HEUTPUHHOW acTpO(PH3HUKH, 3HATH
HNPUHIUIIBI PETUCTPALMA HEUTPUHO B IIMPOKOM JUAINA30HE SHEPTUi, UMETh MPEICTABICHUE O JACTEK-
TOpax acTpo(U3NYECKUX HEHUTPUHO, MOHMMATh 0OJee IMMPOKYIO MOCTAHOBKY acTpO(U3NYECKHX 3a-
Jad.

W3yueHne Kypca MpeanojaracT HaJudue MOTYYeHHBIX Ha MPEeablIylieM YpOBHE 00pa3oBaHHS
OCHOBHBIX 3HaHHUM, YMEHUN ¥ KOMIETCHIIUN MO TUCHUIUIHHAM «MaTtemaTiudeckuil ananus», «Judde-
peHIMalIbHbIe ypaBHEHUs», «MHTerpanbHble ypaBHEHHs», «MeToapl MaTeMaTH4yecKoll (U3NKN»,
«KBanroBast Teopus», «TepMoanHamMuKa U cTaTHCTUYeCKas Qu3uKay, «SnepHas ¢usuka», «Teopus
ANIEKTPOCIIa0bIX B3aUMOAEUCTBUNY, «ACTPOPHU3NKA BHICOKUX SHEPTUII.

I11. Tpe6oBaHus K pe3yIbTaTaM OCBOCHHMS IMCIUIIIHHBI

ITpornecc n3yueHust IUCUMIUIMHBI (MOYJIsI) HarpasieH Ha GOpMUPOBAHHE CIEIYIOUIMX KOMITETCHIIUMI:
- Crioco0eH uCrosb30BaTh ClIENUAIN3UPOBaHHbIE 3HAHUS B 001acTU (PU3UKHU JIJIs1 OCBOEHUS TPO(UIb-
HBIX (usnueckux pucuurmina (TTK-1).

Ilepeyenn nuIaHNpyeMbIX pPe3yJIbTATOB 00y4eHHS N0 JUCIHUIIHHE , COOTHECEHHBIX C MHANKATO-
PaMH JOCTHKEHUs] KOMIIeTeH M

Komnerenmms I1IK-1

Wupukatopel komneTeH- MK g 1.1
185054 3HAET OCHOBHBIE TIPUHIIUIIBI, TOHATUS HEUTPUHHON acTPODU3UKH.

PCSyﬂBTaTLI 06yquI/m 3naem. OCHOBHEIC 3aKOHOMCPHOCTHU IIPOLECCCOB, MPOUCXOAAIINX B
3BC3aax TIIaBHOM MOCICA0BATCIIBHOCTU, U BHEC €€, XapaKTEPp MPOLCCCOB
reHepainui KOCMHYCCKOI'0 U3JIYYCHHUA BBICOKOH U CBCpXBBICOKOfI 9HEp-
I'My; OPpUHOMUIIBI €T0 ACTCKTUPOBAHWA, OCHOBHBIC METO/AblI PCIICHUA 3a-
Jad HeﬁTpHHHOﬁ aCTpO(I)I/BI/IKI/I, HUMCETH MPCACTABJIICHHUEC O IMAKETax IpPO-
rpaMMm MOACIIMPOBAHUSA OTKIIMKA JETCKTOpA HAa U3JITYUCHHUC.




IV. CoaepsxkaHue M CTPYKTYpa JMCHUILIMHBI (MOAYJIST)

Ymeem: nonydyath mpoCThIE MOJIENBbHBIE OLIGHKH XapaKTEPUCTUK KOC-
MUYECKOTO HEHTPUHHOTO H3JIYYCHHS, W TPEIIOoJaracéMoil CTaTHCTHKH
COOBITHI B IETEKTOPE.
Bnadeem: MaTeMaTHYECKHM aIlliapaTOM OIUCAHHS T'EHEPAIMH H3JIyde-
HUS B UCTOYHUKE U MPOXOKICHUS U3ITYICHHS YePe3 BEIIECTRO.

OO0beM AUCHUILIMHBI COCTABISAET 4 3a4eTHHIX eAUHMILI, 144 vaca, B ToM unciie 94 4yacoB KOHTAKTHOM

paboTHI.

3aHATUS POBOAATCS TOJIBKO B OYHOU (hopme 0OyueHHs ¢ IPUMEHEHUEM JUCTAHIIMOHHOTO KOHTPOJIS
CaMOCTOATENIbHON paboThl cTyneHToB Yepe3 DnMMOC dakynbrera. DIEKTPOHHON U JUCTAHIIMOH-
HOM (hopM 00yUeHUs HE MPETyCMaTPUBACTCS.
Ha npaktuueckyto moaroToBKy oTBoauTcs 34 4acos.
@opMa IPOMEKYTOUHON aTTECTALUU: 3a4ET.

4.1. Couepma}me AUCHUIIVIMHBI, CTPYKTYPHUPOBAHHOC 10 TEMaM, ¢ YKa3aHUEM BUIAOB y'leﬁHbIX
3aHATHI 1 OTBECACHHOI'0 HA HUX KOJIUYECTBA aKAACMHUYICCKUX YaCoB

Ne  Pa3- | C| Be "3 Buner yueOHOM pabOTHL, DOopMBI TEKY-
n/m | gen e | er | HHX | BKIJIIOYas CAMOCTOSTEIBbHYIO paboTy 00y4arouuxcs , pakTHye- | [Iero KOHTPOJIs
JUc- | M O | [pak- CKYIO TIO/ITOTOBKY U TPYIOEMKOCTb yCIIEBAEMOCTH;
105000 QIS ya | THYe- (B "Hacax) ®opwma npo-
MHBI/T| C | CcO | cKad MEXXYTOUHOU
KonrakTHas paboTa npenoaasarens ¢ o0y4aro-  Camocros-
eMBl T B | IOJ- aTTecTaluu
HIAMHUCS TenbHast
p ro- (no cemecm-
pabota
TOBKa Jlexuyu Cemunapckue | KoHcynmpTanum pam)
00y- /mpaKTUYeCKue
qaro- /mabopaTopHbIe
MUX- 3aHATHS
cs
1 1-16 7 144 34 68 2 50 [IpakTuye-
CKO€ 3aga-
HUE; BOIPO-
CBI K 3a4€Ty
Uroro: 144 34 68 2 48

4.2. I1nan BHeayIMTOPHOI caMOCTOSATEIbHOI PA0OTHI 00y4YAIOIIMXCS M0 TUCHHUILIUHE

Cemectp HazBanue CamocrositensHas padbota oOyqaronuxcst  OrnieHouHoe | YueOHO-
azjena, Te- TB METOIHYEe-
pasiiena, Te Bun camo- Cpoxku  BbI- Tpymoem- CPCACTBO eToaute
MBI . ckoe oOec-
CTOATEIbHOU TMOTHEHUS KOCTb (4ac.)
TICUCHHE ca-
paboTsl cHeHne ¢
MOCTOSITEJTb-
HOM paboThI
7 Tema 1-15  3ananue B [Tocne mpoii- 50 Hemoncrpa- Mcrounuku u3
BHje 3a7aun | ACHHBIX TEM [[US] TOTOBBIX OCHOBHOH U
pelIeHui JIOTIOJTHUTEIb-

HOM JnuTepary-

pHI
MPaKTHIECKUX

10  TEME

3aHaTHil; O6pa-




30BaTeNIbHBIE
pecypcel,  10-
CTYITHBIE o
JIOTHHY W Tapo-
JI10, MperoCTaB-
nsempiM Hayu-
HOW OubnmoTe-
ko UT'Y.

4.3. Coagepxanue yueOHOro MmaTepuaJjia

Conepmaﬂne pa3aesioB U TEM JUCHUITJIMHbI

Tema 1. CpoiictBa HeWTpuHO. OrpaHUYEHUs HAa MacCy, BpEMsl )KU3HH, 3apsA]l U MarHUTHBIA MOMEHT.
Heittpuno B CrangaptHoit Mogenu. [Tonsatre o 1upakoBCKOW M MallOpaHOBCKOM Macce. JIenToHHbIe
YUCJIa U TUIIOTE3a HEUTPUHHBIX OCIUJUISIUNA.

Tema 2. PaccesHue HEUTPUHO HA DIIEKTPOHAX W HyKJIOHaX. CTpyKTypHble PYHKIMU HYKIOHA. Pac-

cestHue HelitpuHo Ha kBapkaX. Ceuenne VN -paccesnus B kBapk-napronHoii mogenu. Ilosenenue ce-
YEHHUH C POCTOM SHEPIrUU HEUTPUHO, OLEHKHU MpoOera HEMTPUHO /10 B3aUMOEHCTBHS, IIPOLECCHI C 3a-
PSOKCHHBIMU M HEMTpaJbHBIMU TOKaMH. B3auMoneicTBue HEUTPUHO C ApaMH, KOT€PEHTHOE pacces-
HUE.

Tema 3. 'enepanust HEUTPUHO B LIENIOYKAX TepMoOsiAepHbIX peakuui Ha ConHue. HeiltpunHoe n3-
nydenne Connma. Pesynbratel sxcniepumentoB Homestake, Kamiokande, Super-Kamiokande, SAGE,
GALLEX, GNO, SNO, Borexino, MiniBooNE, T2K, J-PARC (Japan Proton Accelerator Research
Complex), NOVA.

Tema 4. HeiiTpuHHble oCUMIUIALUM B BelecTse, 3pdexT MuxeeBa-CMupHoBa-Boibdenmreiina.
KonBepcust HEHTpHUHO Kak peleHue npodiieMbl COJHEUHbIX HEUTpuHO. [lapameTprl cmennBanus coi-
HEYHbIX HEUTPUHO. DKCIIEPUMEHTHI C PpEaKTOPHBIMHU HEUTPHHO.

Tema 5. Kitaccudukanusi BCIBIIIEK CBEPXHOBBIX, OOIIME MPEICTABICHUS O (PU3NYSCKUX TPOIEC-
cax, IPEIIECTBYIOLINX BCIIBIIIKE CBEPXHOBOM M COMPOBOXKAarouX Benbiuky CH.

Tema 6. CeepxHoBble Tuna |l, TuHamMuka Konamnca sapa MacCUBHOM 3Be3/bl. Poib HEUMTpUHO B
I'PaBUTALlMOHHOM KoJuIance 38e31. HeWTpuHHOE n3mydeHue py BCIBIIIKAaX CBEPXHOBBIX.

Tema 7. CepxnoBas CH 1987A. Peructpanus HeiitpurHOoTro nmmyibea ot SN 1987A, orpanmue-
HUS Ha CBOWCTBA HEUTPHMHO, IOJIyYEHHBIE Ha OCHOBE ACTEKTHMPOBAaHUS HEUTPUHHOIO mMmIyibca. lle-
TeKTOpsI HelTprHO OT cBepxHOBBIX: AC/I, BIICT, KamLand, LVD, S-K, SNO.

Tema 8. HeiitpuHo B actpodusuke u kocMojoruu. Kocmosoruueckue orpaHudeHuss Ha Maccy M
YHCJIO COPTOB HEUTPUHO. MexaHU3Mbl T€Hepallui HEMTPUHO B ClieHapuH “‘cHU3y-BBepx . Kocmoren-
Hble HEUTPHUHO: PY- U PP-HEUTPUHO OT B3aUMOAECUCTBUSI KOCMUUYECKUX JIydel C PETMKTOBBIMH (OTO-
HaMHU, C BELIECTBOM U PaJIUALMOHHBIMU MOJISIMU MEX3BE3HON CPEBI.

Tema 9. T'anakTHyeCKUE U BHETAIIAKTUYECKNE UICTOYHUKH HEUTPUHO, TU(PPy3HbIE TOTOKU HEUTPH-
HO BBICOKUX DHEPTUil.

Tema 10. JluckpeTHble MCTOYHUKM KOCMHYECKHMX JIyyel, raMMa-KBAaHTOB M HEHTPHUHO BBICOKHX
SHEpruil: AKTUBHBIE Apa FAIAKTUK KaK HCTOUHUKN HEUTPUHO: MOJEIN U OLIEHKH ITOTOKOB.

Tema 11. VICTOYHMKN KOCMOJIOTHYECKMX IaMMa-BCIJIECKOB — IMIIOTETUYECKHE UCTOUYHUKH KOCMU-
YECKHUX JIydyel, raMMa-KBaHTOB W HEUTPUHO BBICOKMX M CBEpPXBBICOKMX JHEpruii. MonenbHO-
HE3aBUCHMBbIE OIICHKH [TOTOKOB HEHTPUHO OT raMMa-0apcTepoB.

Tema 12. Tenepauus HEUTPUHO B fAJEpPHO-KAacKagHOM Iporecce. ATMochepHble HEUTPUHO (OT
pacnanoB m- 1 K-Me30HOB, MIOOHOB, T-JIENITOHOB, OYaPOBAHHBIX YacTHIl) KaK (OH i acTpodusnuye-
CKHUX HEUTPUHO M KaTMOpPOBKAa HEHUTPUHHBIX TEJNECKONOB. ATMOC(hEpHbIE HEUTPUHO, MOTOKH MPSAMBIX
HEUTPHUHO.



Tema 13. IIpoxoxxaeHue HEUTPUHO BBICOKUX SHEPTU Yepe3 MIIOTHOE BEIIECTBO. Y paBHEHUE MeEpe-
HOCa HEUTPUHO, MOTJIONICHUE W pereHepanusi HeUTpuHO. DH(HEKT pereHepanuu vy 3a CUeT POXKIACHUS
U pacraga MIOOHOB. DPPEKT pereHepanuu vV« 3a CU4eT POXKICHUS U pacnaaa t-ientoHoB. Crenuduka
MepeHoca 3JIeKTPOHHBIX aHTUHEUTpUHO. Pezonanc ['mamoy.

Tema 14. ITpyuHIUIBI PETUCTPALIMK HEUTPUHO OT acTPO(U3NIECKUX NCTOYHHUKOB: ) YEPECHKOBCKHE
JETEKTOPBIL, 0) palnoIeTEeKTUPOBAHHE, B) aKyCTUYECKUE JIETEKTOPHI.

Tema 15. Heiitpunnsie Teneckonsl: HT200+, IceCube, ANTARES, Km3NeT, NEMO u ap. U3me-
penue criekTpoB arMochepubix HelTpuHO B dKcniepumenTax AMANDA, ANTARES u IceCube. Peru-

cTpanus COOBITUH OT acTPOPU3NIECKUX HEHTPUHO BBICOKUX dHEPTuil B akcriepumente IceCube.
4.3.1. IlepeyeHb CEMUHAPCKHUX, IPAKTHYECKHUX 3aHATHI U JJA0OPATOPHBIX PadoT

Ne Ne paznena | HaumeHnoBaHue ceMuHapoB, mpaktuue- | Tpy- | OueHounsle cpen- | Popmupy-
/Tl | ¥ TEMBI JHC- CKHX M JTaDOpaTOpHBIX padoT JI0EM- CTBa E€MBbIC KOM-
LUTTUHBL KOCTb HETEeHINH
(Momyst) (uacer)
1 2 3 4 5 6
1. | Tema 1l Heiirpuno B CtangaptHoit Moaenm. 8 3amanue Ha cemu- | [1K-1
I'unore3a HEUTPUHHBIX OCLIMIUISIUI Hape B BUJE 3a7a4u
2. | Tema 2 PaccesiHue HEHTPHUHO Ha JIETITOHAX, 8 3ananue Ha cemu- | [1K-1
HYKJIOHAaX U sIIpax Hape B BUJE 3a/1a4H
3. | Tema3 I'enepanyst HEUTPUHO B TEPMOSIIEPHBIX 3ananue Ha cemu- | [1K-1
peakuusix Ha Connue. Pe3ynpTarsl 5Kc- 8 Hape B BUJE 33aJa4d
MEPUMEHTOB I10 PErUCTPALIUHU COTHEY-
HBIX HEUTPUHO
4 | Tema 4 HeiitpunHbie OCUMIIALINY B BELLIECTBE, 3ananue Ha cemu- | [1K-1
KOHBEPCHS HEUTPHUHO , TAPaMETPHI 8 Hape B BUJE 3a/1a41
CMEILIMBAHNUS COJTHEYHBIX HEUTPHUHO
5. | Tema 5,6 ['paBUTAIIMOHHBIIN KOJIAIIC MACCUBHBIX 3aganue Ha CEMU- TIK-1
3BE3/l, BCIIBIIIKNA CBEPXHOBBIX, ) Hape B BUJE 33aJa4d
HEUTPUHHOE U3JIyYCHHUE
7. | Tema 7 Heiirpunnsiit ummyibca ot SN 1987A, 3ananue Ha cemu- | [1K-1
OrpaHUuYEHMs Ha CBOMCTBA HEHTPHHO, 8 Hape B BUJE 33aJa4u
NOJy4eHHBIE Ha OCHOBE JIETEKTHPOBA-
HUsI HEUTPUHHOI'O UMITYJIbCA
8 | Tema 8 pl!- ¥ PP-HEUTPUHO OT B3aUMOJICHCTBHUS 3ajgaHue Ha ceMU- IIK-1
KOCMHUYECKHX JIy4el C BEIIECTBOM H ) Hape B BUJE 3aJa4l
paJlnalliOHHBIMU TIOJISIMU
9. | Tema 9 I"ajlakTMYECKHE U BHETATAKTUYECKUE KonTtponbnas pa- [K-1
WUCTOYHUKHU HEUTPHUHO, MU dy3HBIE TIO- 8 6ota
TOKH HEUTPUHO BBICOKUX SHEPTHi
10. | Tema 10,11 I'amMa-Bciecku Kak MCTOYHUKH 3aaHue Ha CeMH- TIK-1
HEHTPHHO BBICOKMX H CBEPXBBICOKHX 8 Hape B BUJE 3a/1a4H
SHEprui
11 | Tema 12 I'enepauys HEUTPUHO KOCMUYECKUMHU 8 3aganue Ha CEMU- T1IK-1
Jy4aMu B atMochepe 3emin Hape B BUJE 3a/1a4H
12. | Tema 13 YpaBHeHHe niepeHoca HEUTPUHO Yepes 3ananue Ha cemu- | [1K-1
IUIOTHOE BEIIECTBO, MOTJIOICHHUE U pe- } Hape B BUJE 3aJa4l
reHepanusi HeWTpUHO
13. | Tema 14 IIpuHIUIIBI perucTpaluy HEUTPUHO OT 10 3ananue Ha cemu- | [1K-1
acTpo(U3NIECKUX UCTOYHUKOB Hape B BUJE 3a/1a4H
14. | Tema 15 Uzmepenue cekTpoB aTMOC(EpPHBIX KonTtponbHas pa- [K-1
HEUTPUHO HA HEHTPUHHBIX TEJIECKOIAX, 0ota
peructpanus COObITUH OT acTpodu3nye- -
CKHX HEWTPHUHO BBICOKUX DHEPTHH B
srcniepuMenTe IceCube.




4.3.2. IlepeueHb TeM (BONPOCOB), BHIHOCUMBIX HA CAMOCTOfITEJIbHOE HM3Yy4YeHHe CTyJAeHTaAaMH B
pamMkax camoctosiTeabHoi padorsl (CPC)

No Tema Bun camo- 3ananue Pexomenny- | Konu-
HEll. CTOSTENb- emasd JINTe- | YeCTBO
HO¥ pabOTHI patypa 4acoB

1 CgoiicTBa Breayu- CBoiicTBa HEUTPHUHO, AUPAKOBCKAsA U Maiio- | VcTouHmku m3
HEUTPUHO B TOpHas, pe- | paHOBCKas Macca, TUIoTe3a HEUTPUHHBIX OCHOBHOM U 4
CrangapTHOI IIEHUE 3a7a9 | OCLMIISIMI JIOTIOJIHUTEIb-
Monenn HOU nuTepa-

2 Bsumopnelictue Brrunciienue ceueHul paccessHue HEMTPUHO | TYPBI IO TeMe 4
HEUTPHHO C Be- Ha 3JIeKTPOHAX U HyKJIOHAaX B KBapK- MIPAKTUYECKUX
IeCTBOM napToHHOM Mozaenu. OLeHkH npodera 3aHATHH; 00- 4

HEWTPUHO 10 B3aUMOJEHCTBHSL, TIPOLIECCHI C | PAa30BATEIb-
3apsDKCHHBIME ¥ HEUTPAIbHBIMHU TOKAMH. HBIE PECYPCHI

3 Heiirpurnoe TeHepalys HEUTPUHO B LEMOYKAX TEPMO- Hay4noit
U3JTyICHIE snepHbIX peaknuii Ha Comnne. Boramcite- OuOIHOTEKOM 4
Counnna HHE SHEPreTHIECKOTO crieKTpa conneunnix | UI'Y, caiita

HeI?'ITpPIHO (I)I/ISI/I‘{eCKOFO

4 Helitpunnoe Pacuer crieKTpoB HEUTPUHO OT BCIBIIIKU dakynbrera
U3JTyueHHE CBEPXHOBOI Ur'y. 6aza 3
CBCPXHOBBIX AaHHBIX 110

5 HelitpunHble OueHka 4yucia COOBITHI B IETEKTOpax usuke
coObITHS B Jie- HEWTPUHO OT BCHBIILIEK CBEPXHOBBIX inspirehep.net 4
TEKTOpe

6 CaoiicTBa Bneayau- OrpaHndeHns Ha CBOWCTBA HEWTPHUHO Ha
HEWTPUHO TOpHasl, pe- | OCHOBE JICTEKTHPOBAHHS HEHTPHUHHOTO HM- 3

menue 3axa4 | nynusca or SN 1987A

7 O6pazoBanue OueHnTh paguyca HeHTpUHOCHEPHI POTO-

HEUTPOHHOU . . R
HelTpoHHOH 3Be31bI ' Vv . KakoBo cOOTHO-

3BE3/IBI 4
TICHUE MEXITY Rve Rv,, " Rv, ?

8 IIpouecc nepe- IIpu kakuX yCIOBHAX IPOUCXOAMT 3aXBaT
HOCA HEUTPUHO B HEUTPUHO B MAHTHUU IIPOTOHEUTPOHHOM 4
MIPOTOHEUTPOH- 3BE3/b17
HOM 3Be3Jie

9 Mexanuzm OueHuThb nepeaayy SJHEPTUU OT HEUTPUHO
HEHUTPUHHOTO 3a (hporTOM Y B, nocrarounyto ans coOpoca
Harpesa BEIECTB 3BE3JJHOH 000JI0UKH 4
3a ¢pporToM YB
B KOJITANICUPY-

IOLIEH 3Be3/1e

10 KocmorenHnsie Kocmorennsie HeWTpuHO: pl - 1 pp-
pll-u pp- HEUTPHUHO OT B3aMMOJIEHCTBHA KOCMHUYE-

HEUTPUHO CKHX JIy4eH C peJIMKTOBBIMHU (DOTOHAMH, C 3
BEIIIECTBOM H PaJHallHOHHBIMHU MOJIIMH
ME)K3BE3HOH CpeJibl

11 lanmaktiaeckue u | Baeaynu- [Momyuuts oneHKy MU PY3HBIX TOTOKOB
BHETaJIaKTHIe- TOpHasi, pe- HEWTpHHO Ha 3emJie, HCIOb3Ysl JaHHbIE 00 4
CKHE UCTOYHMKU | IICHWE 3a/1a4 | WHTEHCHBHOCTH KOCMHYECKOTO raMMa-

HEUTPUHO H3JIYYEHU
12 ATtmochepHbie Pacuer yrioBoro ycuiieHust HOTOKOB aTMO-
HEUTPUHO KakK cepHBIX MIOOHHBIX HEUTPHHO
(hoH s actpo- 3
(u3mueckux
HEUTPHHO




4.4. MeToanyeckne yKa3aHus 10 OPraHU3alUA CAMOCTOSITeIbHOI padoThl CTY1CHTOB

B paznene 3.4.2 crynenram i 6osiee yriryOJIeHHOTO H3Y4YeHHs JUCIUILINHEI TPEJIaraloTcs 3a1a4u U
yIpaXKHEHUS] N0 M3y4aeMbIM paszzenam. [Ipenrmonaraercs, 4To CTyIEHT CaMOCTOSTEIBHO M3YYHUT JO-
MOJHUTENBHBIA MaTepual n3 PeKOMEHI0OBAaHHOM JIUTepaTypsl (II. 5) U PeIIUT NpeUIoKEHHBIC 3a1a4H.
OreHka caMOCTOSITENIbHOM PabOThI CTYACHTOB MPOBOIUTCS B BUJIE JOMAITHUX KOHTPOJIBHBIX paboT U
OIIPOCOB Ha MPAKTHYECKUX 3aHATUSAX.

4.5, [IlpumepHasi TeMAaTHKAa KYPCOBbIX padoT

Y4eOHbIM MJIAHOM HalMCaHHe KYpCOBBIX paboT HE MPEeayCMOTPEHO.

V. YueOHo-MeTOAUYeCcKOe U MH(OPMAIIMOHHOE o0ecriedeHne TUCIUILIMHBI

@) CRUCOK TUmepamypol

OcHoBHasi iMTepaTypa:
1. Cunerosckuii, C.U. KocMuuyeckue HEHUTpUHO BBICOKMX »dHepruit: yueb. mocobue / C.
. Cunerosckuil. - Upkyrck: U3n-Bo Upkyt. roc. yn-ta, 2009. - 60 c. (11)

JlonoJIHUTeIbHAS JIUTepaTypa:

1) Mypsun, B. C. Acrpodusuka kocmuueckux jryuei [Tekcr] : yueb. mocobue s By3os / B. C.
Myp3sun. - Mocksa : Jloroc, 2007. - 487 c. ; uer. - (Knaccuueckuii yHUBEpCUTETCKUN y4eO-
HUK). - Pexxum nocryna: ObC "Pykont". - Heorpanuu. nocrym. - ISBN 978-5-98704-171-6

ba3bl 1aHHBIX, HHPOPMALIHOHHO-CIIPABOYHBIE U IIOMCKOBHIE CUCTEMBI:
1. http://library.isu.ru/ - Hayunas 6utaunorexa UT'Y;
2. http://inspirehep.net/, http://arxiv.org/ - ba3bl gaHHBIX )KypHAJIBHBIX CTAaTEH, MaTepUAIOB KOH(pe-
PCHIIUI ¥ JIEKTPOHHBIX MPEIPHUHTOB 110 (GU3UKE U aCTPO(PHU3UKE BHICOKHX SHEPTHIA.

0) nepuooduueckue uzoanus
- HET.
6) CNUCOK A8MOPCKUX MEMOOUYECKUX PA3PADOMOK

- Cunerosckuii, C.M. KocMudeckie HEWTPUHO BBICOKUX dSHepruit: y4ded. mocobue / C.

. Cunerosckuil. - Upkyrck: U3n-Bo UpkyT. roc. yn-ta, 2009. - 60 c. (11)

2) oaszvl Oarmbtx, uuqbopmauuouuo-cnpaeounble U NOUCKoeébole cucmemal

http://library.isu.ru/ - Hayunas 6utiauorexka UT'Y;

OOpa3zoBaTenbHble PeCcypChl, JOCTYIHBIC IO JIOTHHY U Mapoiito, mpeaocTapisieMbiM HayuHoit
6ubmmnorexoit UI'VY:

e https://isu.bibliotech.ru/ - D43 «bubmmnoTexy;

e http://e.lanbook.com - ObC «M3aarenscTBo «JlaHby;

e http://rucont.ru - OBC «PyKoHT» - MeXOTpacieBas HayuHast OuMOIroTeKa, coaeprKarias omud-
POBaHHbBIC KHHUTH, TIEPUOANICCKHIE H3IAHUS U OT/ICIbHBIE CTAThH ITO0 BCEM OTPACIISAM 3HAHWH, a
TaKKe ayano-, BUIEO-, MyJIbTUMEIHA COPT U MHOTOE JIPYroe;

http://ibooks.ru/ - DBC «AiGyKc»- HHTEPHET PECypPChl B CBOOOHOM JIOCTYIIE.


http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=TRUCH&P21DBN=TRUCH&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=Синеговский%2C%20Сергей%20Иванович
http://inspirehep.net/
http://arxiv.org/%20%20
http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=TRUCH&P21DBN=TRUCH&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=Синеговский%2C%20Сергей%20Иванович

VI. MatepuajibHO-TeXHHYECKOe o0ecnevyeHre JUCUUIIMHBI

qu6Ha;1 ay,Z[I/ITopI/ISI C IIOCKOf/'I n MCJIIOM JIs HpOBeI[eHI/ISI JICKIITMOHHBIX U HpaKTI/I‘-ICCKI/IX 3aHsA-
Tuii. Ha JICKIUAX MOTI'YT HCIOJb30BATHCA MYHLTHMGI[HP'IHLIG cpeacTBa: IpPOCKTOP, HepeHOCHOfI
JKpaH, HOYTOYK.

Marepuansl Kypca (4aCTUYHO) IOCTYITHBI Ha caiTe
http://www.pd.isu.ru/sost/teor phi/homepage/sinegovsky.html.

VII. O6pa3oBaresibHbIe TEXHOJIOTHHI

3amaun M3I0XKEHUS U M3Yy4YCHHS JAMCUUILUIMHBI PEau3yloTCs B CIEAYIOMUX (opMmax aes-
TEIBbHOCTH:

¢ JICKIHUHU, HAICIICHHBIC HA ITOJIYUCHUEC HCO6XO,I[PIMOI>1 I/IH(bOpMaI_[I/II/I, n €€ UCII0JIb30BAaHUC
IIpy pCUICHUHA 3a1a4;

¢ MPAKTUYCCKHEC 3aHATHUSA, HAIIPABJICHHBIC HA aKTHUBU3ALIUIO MMO3HaBaTeILHOMN JACATCIIbBHOCTH
CTYACHTOB U HpI/IO6p€TeHI/ISI HMHU HABBIKOB PCIICHUA 3a1a4,

¢ KOHCYJbTAHUHU — CIKCHCACIILbHO IJIA BCCX KCJIAIOIMUX CTYACHTOB,

® CaMOCTOSITeJIbHASsI BHeayMTOpPHasi pafoTa HalpaBlieHa Ha MPUOOpPETEHNE HABBIKOB Ca-
MOCTOSITEIIBHOTO PEUICHUs 33a/1a4 110 JUCLIUILIHHE;

L4 TeKy]JII/Iﬁ KOHTPOJb pa6OTBI CTYACHTOB OCYIICCTBIIACTCA 4CPE3 MMTPAKTUICCKUC 3aTlaHUSA

VIII. OneHo4Hble MaTepHuaJibl 1Jisl TEKYHIEIro KOHTPOJIA H l'[pOMe?KyTO'lHOi;I aTrecranmum
DoHJ OLICHOYHBIX CpCAacCTB IIPCACTABJICH B IIPUJIOKCHNH.

8.1. OnieHouHBIE CpEACTBA ISt BXOAHOTO KOHTPOJIS

Jlnist U3ydeHusi JaHHOTO Kypca CTYAEHTT JIOJDKEH BIIAZETh OCHOBAMHU (PM3HKH M TEOpeTUYECKON (prsu-
KM, YMETH I10JI30BAThCs CTAaHAAPTHBIMU ITOMCKOBBIMU CEpBUCaMHU ceTH MHTepHeT. BXOAHOM KOHTpOIIB
YMEHUI U 3HAaHUH HE IPOBOAUTCS.

8.2. O1eHOYHbIC CPe/ICTBA TEKYIIETO KOHTPOJISI — BOIMPOCHI M 33/IaHUS HA MPAKTHYECKUX 3aHATHSIX.

IIpuMepsl 3anaHuii

1. BeluncnuTh ceueHue paccessHusl HEMTPUHO Ha 3JIEKTPOHAX U HYKJIOHAax B KBapK-IMapTOHHOM Moje-
IIN.

2. Pacuutarh CrieKTp HEUTPUHO OT BCIIBIIIKH CBEPXHOBOM.

3. OneHuTh paanyc HeHTpUHOCHEPHI MPOTOHESHTPOHHOM 3BE3IbI R, . KakoBo cootHomenue MEKITY
RVe Rv}, - Rv, )

4. Ilpu KakuX YCJIOBUAX IMPOUCXOAUT 3aXBaT HEUTPUHO B MAHTUU MPOTOHEHUTPOHHOMN 3BE3/1bI?

5. OneHuTs nepeqavy dHEpPruM OoT HEHUTpuHO 3a ppoHTOM YB, nocrarounyro ans copoca 3Be3AHOM
000JIOUKH.
IIpuMepHBI CIMCOK YCTHBIX BONPOCOB JUIA co0ece0BAHNS

1. JlupaxoBckasi U MaillopaHOBCKasi Macca HEHTPUHO.

2. JlenTOHHBIE YKCIIA U TUIIOTE3a HEUTPUHHBIX OCLIVIIIALIMIM.

2. OueHku npoOera HEUTPUHO JIO0 B3aUMOJCHCTBUS, MPOLECCH C 3apsDKEHHBIMH M HEUTPaTbHBIMHU
TOKaMH.

3. OcHoBHBIE TepMosiiepHbIe peakiui Ha COJTHIIE, B KOTOPBIX POKIAIOTCS HEUTPHHO.

4. Ponp HEUTPHUHO B TPAaBUTALIMOHHOM KOJIJIArice 3Be3/I.

5 . HeliTpuHHOE M31y4eHUE IPU BCOBIIIKaX CBEPXHOBBIX.

6. [erexkTupoBaHHe HEHTPUHHOIO BeIiecka OT cBepXHOBOM SN 1987A — ¢dakThl M TUIOTE3HI.

6. py- ¥ pp-HEUTPUHO B ACTPOPU3NUECKUX UCTOUHUKAX.

7. AKTHUBHBIE A]Ipa raJlakKTUK 1 MUKPOKBAa3apbl KaK UCTOYHUKU HEUTPUHO.


http://www.pd.isu.ru/sost/teor_phi/homepage/sinegovsky.html

8. AtMocdepHbIe HEUTPUHO KaK (OH I aCTPOPU3NIECKUX HEUTPHHO.

9. IlpoxoxkeHre HEHTPUHO BBICOKMX SHEPrHil uepe3 IJIOTHOE BemecTBO. D(QeKTsl perenepanuu
HEUTPHUHO.

10. Pe3onanc I'maioy

8.3 OneHovHbIe CPEACTBA TPOMEKYTOUHOTO KOHTPOJIS
dopma mpoBeIeHNsT TPOMEXXYTOUHOH aTTeCTaluy — 3a4€T.

IIpumepHBbIi epevyeHb BONPOCOB K 3a4€Ty

1. CpoiicTBa HEUTPUHO, TUIIOTE3a HEUTPUHHBIX OCLMILIALIUI.

2. IIpouecchl paccestHUsl HEUTPUHO C 3apsyKEHHBIMM M HEHTPaJbHBIMU TOKAaMH, OLIEHKU Ipobera
HEUTPHUHO 10 B3aUMOJICUCTBUS.

. 'eHepanysi HEUTPUHO B IIEMOYKAX TepMOsAIEpHbIX peakiuil Ha CouHile. HelTpuHHOE n31ydeHue
Connua

. Obume npeacrapiaeHus o pU3MUECKUX Ipoleccax, NPeALIeCTBYIOIINX BCIIBIILIKE CBEPXHOBOM.

. Poip HENTPUHO B rpaBUTALIMOHHOM KOJLIAIICE 3BE3 L.

. HeliTprHHOE M351ydeHNE IPU BCIIBIIIKAX CBEPXHOBBIX.

. JleTekTupoBaHNe HEUTPHHHOTO BCILIeCKa OT CBEpXHOBOI SN 1987A — ¢axTsl ¥ THIIOTE3HI.

. PY- ¥ pp-HEUTPUHO B acTPO(HU3NIECKUX HCTOUHHKAX.

. AKTHBHBIE s1/Ipa TaJakKTUK ¥ MUKPOKBa3apbl KAK UICTOUHUKH HEUTPHHO.

10. 'eneparust HEUTPUHO B MIUPOKOM aTMOC(HEPHOM JIUBHE, PACUYETHI U JaHHBIC IKCTIEPUMEHTA.

11. IlpuHIMOBEl 1 METOIBI PETUCTPALIMM HEUTPUHO BBICOKMX M CBEPXBBICOKMX DHEPIMM OT acTpo-

(U3NIECKUX UCTOYHHUKOB.
12. Hel'TpuHHBIE TEJIECKOIbI, pETUCTPALs aCTPOPUZUIECKUX HETHPUHO.

[98)

O 0 31O DN K

Pa3pabGorumkmn:

( ; e 4001 Of < npodeccop kadeapsl TEOPETHIECKON PU3UKHU C.U. Cunerosckuii

[Tporpamma coctaBiena B coorBercTBuu ¢ TpeboBanusiMu OI'OC BO mo HampaBiieHHIO MOITO-
ToBKH 03.03.02 dusuxka.

[Iporpamma paccmoTpeHa Ha 3aceanuu Kadeapbl TeOpeTUIeCcKon PU3nKu
«15» mapra 2023 .
[Tporokon Ne 6 U.o. 3aB. kadenpoii g L C.B. JloBuoB

Hacrosimas mnporpamMa He MokeT ObITH BOCIpOM3BeJdeHAa HM B Kakoil ¢opme 0e3
NMpeABAPUTEIbHOI0 NMCHMEHHOI0 paspeleHus kKadeapbi-pa3padoTynKa NporpaMmsl.



