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I. Ieau u 3axa4y JUCHUILIHHBI

Heiitpunnas actpodu3uka - CpaBHUTEIHHO HOBBIN pa3iesl acTpOPHU3UKU BBICOKUX SHEPTHM, OT-
KPBIBAIOIIWM HOBOE€ OKHO B ACTPOHOMUH, PACIIMPSIONIEH BO3MOYKHOCTH UCCIIEIOBAHUS IIPOLIECCOB B
["anakTuke, yajleHHbIX raJlakKTUKaX U BHETAJAKTUYECKMX O0OBEKTaX.

Lenb kypca «HelTpunHas acTpodusukay - U3ydeHue MpoIeccoB B aCTpOPU3NUECKUX 00bEKTaxX, B
KOTOPBIX T€HEPUPYIOTCA HEUTPUHO B LIMPOKOM JIMANa30He SHEpruil — oT gosied MaB no coten 113B, a
TaK)XK€ METOJIOB PETUCTPAlMU U AETEKTOPOB HEUTPUHHOIO M3JIydeHUs. B pe3ynbrate n3yueHus Kypca
CTYACHT mpuodperaeT pyHIaMEHTAIBHBIC 3HAHUS O MPOLECCaX TeHEpallii HEUTPUHO B acTpoduznde-
CKUX 00bekTax, Bkitoyas ConHie U 3eMIlo, MO3HAKOMUTCS C METOJIaMU PETUCTPallMU Ha 3emiie Mo-
TOKOB KOCMHYECKOTO U3JIy4YEHUs, IPUOOPETAEeT HABBIKM PELICHUsI KOHKPETHBIX 3aj1ad.

3agauu Kypca

BBectu cTyneHTOB B Kpyr npo0ieM COBpEeMEHHOW HEMTPHUHHOM acTpo(U3UKH, AaTh Mpe/IcTaBIie-
HUE 0 (pU3MUecKHux mporeccax B acTPOPU3MUYECKUX HMCTOYHUKAX H3ITyUYEHUs BBICOKOM SHEPruM, Mmo-
3HAKOMUThH C Pe3yJIbTaTaMU H3MEpPEHUN KOCMHYECKOrO H3JIy4EHHUS, MPUHIMIIAMU PaObOThl KPYITHO-
MacITaOHBIX YCTAaHOBOK JUIS JIETEKTUPOBAHUS aCTPOPU3NUIECCKUX HEUTPHHO, U3YyUUTH CIICIUAILHBIC
METOJIbI peleHus actpodusndeckux 3amad. B pamkax kypca «HeitpunHas actpodusnkay CTyIEHTHI
M3YYal0T OCHOBHI YCTPOICTBa acTpO(U3NUECKUX 0OBEKTOB — MOTEHIIUAIBHBIX UCTOYHHUKOB KOCMUYE-
CKHX JIy4eil, raMMa-KBaHTOB U HEUTPUHO, MEXaHU3MbI T€HEPALIUH BBICOKOIHEPI€TUUECKOr0 KOCMHYE-
CKOT'O M3JIy4YECHUS.

I1. Mectro nucuumiannsl B cTtpykrype OIIOIT

«HeiitpuaHas actpodu3uKay SBISETCS TUCIUILUIMHON 1O BBRIOOPY B 4acTh, POPMUPYEMOM ydacT-
HUKaMH oOpa3oBaTesbHBIX oTHOHIEeHUH O10ka b1. Kypce «Heiirpunnas acrpodusuka» npenHazHadeH
JUTSL IOATOTOBKM OakanaBpa no npodpuwio «DyHnameHTanbHas GU3HKa», CIOCOOHOTO paboTaTh B CO-
CTaBe KOJUIEKTHUBA MCCIIEN0BATENEH, MPOBOJSIIINX IKCIIEPUMEHTHI HA TMTAHTCKUX YCTAaHOBKAX IIO pe-
TUCTPAllMM KOCMHYECKOr0 M3iIy4yeHus. B pesynbrare uM3ydeHHs NAHHOM IHMCUUILIMHBI CHIELHUATUCT
JIOJKEH 3HaThb COBPEMEHHOE COCTOSIHME MCCIIEI0BaHUN B 00JaCTH HEUTPUHHOM acTpOPU3UKU, 3HATH
IIPUHLIMIBI PETUCTPALIMA HEMTPUHO B IIMPOKOM AMAINA30HE DHEPIHUM, UMETh IIPEJICTaBICHHUE O JAECTEK-
TOpax acTpo(U3NUEeCKUX HEUTPUHO, MOHUMATh OoJiee IIMPOKYI0 MOCTAHOBKY acTpO(U3MUECKUX 3a-
Jad.

N3ydeHue Kypca mpeanoiaraeT Hajluuue MOJIyYeHHBIX Ha MpeAbIAYLIEM YPOBHE 00pa30BaHUA
OCHOBHBIX 3HaHUM, YMEHUN U KOMIETEHIIUN MO TuciuIuinHaM «MaTtemaTudeckuil aHanusy, «udde-
peHIMalIbHbIE ypaBHEHUs», «VIHTerpambHble ypaBHEHUS», «MeTo/bl MaTeMaTHU4ecKOd (QU3UKN»,
«KBanroBas Teopusi», «TepMoanHamMuKa U cTaTHCTUYecKas Gu3ukay, «SnepHas ¢usuxa», «Teopus
ANEKTPOCIIa0bIX B3aUMOIEHCTBUNY, « ACTPOPU3HKA BHICOKUX IHEPTUI.

I11. TpeGoBanus K pe3y1bTATAM OCBOCHHS M CLHHMIJIMHBI

ITponiecc n3yueHust IUCUUIUIMHBI (MOYJIs1) HarpaBieH Ha (GOPMUPOBAHHE CIEAYIOLUIMX KOMITETEeHIINI:
- Crioco0eH MCcnob30BaTh ClEHUATN3UPOBAaHHbIE 3HAHUS B 00J1acTH (PU3UKHU JUIsI OCBOEHUS MPOQPUIIb-
HBIX (usnueckux pucuurmina (TTK-1).

Ilepeyens nuIaHNpyeMbIX pPe3yJIbTATOB 00yUYeHHs N0 JUCIUIIUHE , COOTHECEHHBIX C MHANKATO-
PaMH JOCTH:KEHHUS] KOMIIeTeHI U

Komnerenmms TIK-1

HNunukaropel koMneTeH- MK k1.1
U 3HAET OCHOBHBIE IPUHIIUIIBI, TOHSATHSI HEUTPUHHON acTPOPHU3HKHY.

PCSYJ'IBTaTBI O6y‘-IeHI/I}I 3naem: OCHOBHEIC 3aKOHOMCPHOCTU IIPOLECCCOB, MPOUCXOAAINNX B
3BC3aax TIIaBHOM IOCICA0BATCIIBHOCTHU, U BHC €€, XapaKTCp MPOLCCCOB
reHepaini KOCMHUYCCKOI'0 U3JIYUCHUA BBICOKOH H CBCpXBBICOKOf/'I OHEp-
THU; IPpUHOMUIIBI €T0 ACTCKTUPOBAHUA, OCHOBHBIC METOAbLI PCHICHUSA 3a-
Jad HeﬁTpHHHOﬁ aCTpO(bI/BI/IKI/I, HUMCTDb MMPCACTABJIICHUC O IMAaKETax IIPO-
rpaMM MOACIIMPOBAHUSA OTKIIMKA JETCKTOpA Ha U3JIYUCHHUC.




IV. Conepxanue U CTPYKTYpa AUCHUILINHBI (MOLYJIs1)

Ymeem: nonyuaTh mpoCThIE MOJENBHBIE OLIEHKH XapaKTEPUCTHK KOC-
MHYECKOTr0 HEHTPUHHOTO HM3JIYYCHHS, M IPEIIojaraéMoil CTaTHCTUKH
COOBITHIA B IETEKTOPE.
Bnadeem: MaTeMaTHYECKHM aIapaTOM OIUCAHHS T'CHEPAIMH H3JIy4ve-
HHUA B UICTOYHUKEC U HpOXO)KI[eHI/ISI I/ISJIy‘-IeHI/IH qepe3 BCIICCTBO.

OO0beM JUCHMILIMHBI COCTABIISET 4 3aUCTHRIX eaUHMIILI, 144 daca, B TOM yucie 94 4yacoB KOHTAKTHOM

paboTHI.

3aHATUS TPOBOAATCS TOJBKO B OYHOU (opme 00yueHHs ¢ IPUMEHEHHUEM TUCTAHIMOHHOTO KOHTPOJIS
CaMOCTOATENbHON paboThl cTyeHToB Yepe3 DnMOC dakynprera. DIEKTPOHHONH W JUCTAHIIMOH-
HOM (hopM 00yUEHHUs HE MPETyCMaTPUBACTCA.
Ha npakTtrueckyio moaAroToBKy oTBoauTcs 34 4acos.
dopma NpOMEKYTOUHON ATTECTALMU: 3a4ET.

4.1. Conepma}me AUCHUIIJIMHBI, CTPYKTYPHUPOBAHHOC 10 TEMaM, ¢ YKa3aHUHEM BUAOB yqeﬁnmx
3aHATHI 1 OTBEACHHOI'0 HA HUX KOJIHYECTBA aKAACMHUICCKUX YaCcoB

Ne  Paz- | C| Be "3 Buner yaeOHOI paboTHL, DOopMBI TEKY-
n/m | gen e | er | HHUX | BKIJIOYas CAMOCTOSTEIBbHYIO paboTy 0Oydarolmuxcs , IpakTHYe- | [Iero KOHTPOJIs
JUc- | M O | [pak- CKYIO TIOITOTOBKY U TPYIOEMKOCTb yCIIEBAEMOCTH;
105000 QIS ya | TUYe- (B yacax) ®dopwma npo-
HHBI/T C | €O | CKas MEXYTOUHOM
KonrakTHas paboTa npenogaBarens ¢ o0yqato-  Camocros-
eMBl T B | IOJ- aTTecTaluu
MIAMHUCS TenbHast
p ro- (no cemecm-
pabota
TOBKa Jlexuun Cemunapckue | KoHcynmpTanuu pam)
00y- /mpaKTUYEeCKue
Yaro- /mabopaTopHsIe
MnX- 3aHATHS
cs
1 1-16 7 144 34 68 2 50 [IpakTnye-
CKO€ 3aga-
HUC; BOIIPO-
CBI K 3a4€Ty
Hroro: 144 34 68 2 48

4.2. Il;1aH BHeayAUTOPHOI CaMOCTOSATEJIbHOI padoThl 00y4aomuUXCcs M0 JMCHHUILJIMHE

Cemectp HazBanue CamocrositenbHas padbora oOyvaronuxcst  OrnieHouHoe | YueOHO-
pasiena, Te- gy camvo-|Cpoxu  BaI-| Tpymoem- CPEICTBO METOIUYe-

MBI CTOSATEIHHOU TMOTHEHUS KOCTb (4ac.) ckoe  obec-
pPAGOTHI NeYeHue ca-

MOCTOSITEIb-

HOM paboThI
7 Tema 1-15  3ananue B [Tocne mpoii- 50 Hemoncrpa- Mcrounuku u3
Buae 3agayu | ACHHBIX TEM LIS TOTOBBIX OCHOBHOM U

pelIeHui JIOTIOJTHUTEIb-
HOW JuTeparty-
PbI 10 TEMEC

MPaKTUICCKUX
3ansTuid; O0pa-




30BaTENIbHBIE
pecypebl,  zo-
CTYITHBIE o
JIOTHHY W Tapo-
JI10, MPeNoCTaB-
nsempiM Hayu-
HOW OmbmmoTe-
ko UT'Y.

4.3. Cogepxanune yueOHOro MmaTepuaja

Coz[epmalme pa3ae/ioB 1 TEM JUCHUITJIMHDbI

Tema 1. CpoiictBa HeWTprHO. OrpaHUYEHUS HAa Maccy, BpeMsl )KU3HU, 3aps]l U MarHUTHBIA MOMEHT.
Heiitpuno B CrannaptHoit Moaenu. IloHsaTre 0 qupakoBCKOW W MalOpaHOBCKOM Macce. JlenToHHbIe
YHUCJIa U TUIIOTE3a HEUTPUHHBIX OCUUJUISIIUMN.

Tema 2. PaccesHue HEUTPUHO HA DIIEKTPOHAX U HyKJoHax. CTpyKTypHbIe QYHKIMH HyKJIOHA. Pac-

cestHue HeliTpuHO Ha kBapkax. Ceuenne VN -paccesnus B kBapk-napToHHoi Moznenu. IToBenenue ce-
YEHUH C POCTOM SHEPIrUU HEUTPUHO, OLIEHKU IIpoOera HEUTPUHO 10 B3aMMOJAECHCTBHUSI, MPOIIECCHI C 3a-
PSOKCHHBIMU M HEMTpaJbHBIMU TOKaMH. B3auMmoneicTBue HEUTPUHO C ApaMH, KOTEPEHTHOE paccesi-
HUE.

Tema 3. I'enepanust HEUTPUHO B LiENIOYKAaX TepMOsiAepHbIX peakuuii Ha ConHue. HeiitpunHoe n3-
nyyenne Connma. Pesynpratel sxcriepumentoB Homestake, Kamiokande, Super-Kamiokande, SAGE,
GALLEX, GNO, SNO, Borexino, MiniBooNE, T2K, J-PARC (Japan Proton Accelerator Research
Complex), NOVA.

Tema 4. Heiitpunnble ocuwUisuu B Bemectse, d¢dekt MuxeeBa-CMmupHoBa-Bonbdenmreiina.
KonBepcust HeHTpHHO Kak penieHre npoodeMbl COTHEUHbIX HEUTpUHO. [lapameTpsl cmemnBanus cod-
HEYHBIX HEUTPUHO. DKCIIEPUMEHTHI C pEaKTOPHBIMH HEUTPHHO.

Tema 5. Knaccudukanus BCIBIIIEK CBEPXHOBBIX, OOIME MPEACTABICHUS O (GU3UUYECKUX MPOIIEC-
cax, IPEJIIECTBYIOLINX BCIIBIIIKE CBEPXHOBOM U CONPOBOXKAaromuX Benbimky CH.

Tema 6. CeepxHoBble Tuna |l, TuHamMuka Komamnca sapa MacCUBHOM 3Be3/bl. Poib HEUTpUHO B
IPaBUTALlMOHHOM KoJuIance 38e3/. HeWTpuHHOE n3myueHue pyu BCIBIIIKAaX CBEPXHOBBIX.

Tema 7. CepxuoBas CH 1987A. Peructpanus HeiitpurHOTO Mmyibca o SN 1987A, orpanmue-
HUS Ha CBOWCTBA HEWTPHHO, IOJIyYEHHbIE HA OCHOBE JETEKTUPOBAaHUS HEUTPUHHOIO mMMITysbca. [le-
TekTopsl HelTprHO OT cBepxHOBBIX: AC/I, BIICT, KamLand, LVD, S-K, SNO.

Tema 8. HeiitpuHo B actpodusuke u kocMojoruu. Kocmosornueckue orpaHudeHuss Ha Maccy |
YHCIJIO COPTOB HEUTPUHO. MexaHU3Mbl TeHepalui HEUTPUHO B ClieHapuu “‘cHu3y-BBepX . Kocmoren-
Hble HEUTPUHO: PY- U PP-HEUTPUHO OT B3aUMOAECUCTBUSI KOCMUUYECKUX JIydel ¢ PETMKTOBBIMH (OTO-
HaMHU, C BELIECTBOM U PaJIUALMOHHBIMU MOJISIMU MEX3BE3AHON CPEIBI.

Tema 9. I'anakTHyecKkre U BHETAIAKTUYECKUE UCTOUHUKHU HEUTPUHO, UG y3HbIE TOTOKU HEUTPH-
HO BBICOKMX SHEPTUil.

Tema 10. JIluckpeTHbIE MCTOYHUKM KOCMHMYECKHX JIy4e€i, raMMa-KBaHTOB M HEHUTPUHO BBICOKHX
9HEpPruil: AKTUBHBIE Apa FAJIAKTUK KAK HCTOYHUKN HEUTPUHO: MOJENIN U OLIEHKH ITOTOKOB.

Tema 11. VICTOYHMKN KOCMOJIOTMYECKMX I'AMMa-BCIJIECKOB — IMIIOTETUYECKHE UCTOUHUKH KOCMHU-
YECKHUX JIydel, raMMa-KBaHTOB W HEWTPUHO BBICOKMX M CBEpPXBBICOKHUX 3JHEprui. MonenbHO-
HE3aBUCHMBbIE OIICHKH [TOTOKOB HEHTPUHO OT raMMa-0apcTepoB.

Tema 12. Tenepauus HEUTPUHO B SAJEPHO-KAacCKagHOM Iporecce. ATMochepHble HEUTPUHO (OT
pacnaznoB m- 1 K-Me30HOB, MIOOHOB, T-JIEITOHOB, OYaPOBAHHBIX YacTUIl) KaK (OH i acTpodusnuye-
CKHUX HEUTPUHO U KaTUOpOBKAa HEHTPUHHBIX TEJNECKOINOB. ATMOC(hepHbIe HEUTPUHO, TOTOKH MPSMBIX
HEUTPHUHO.



Tema 13. IIpoxoxaeHne HEUTPUHO BBICOKUX SHEPTU Yepe3 MIOTHOE BEUIECTBO. Y paBHEHUE Mepe-
HOCa HEUTPUHO, MOTJIOUICHHE U pereHepanus HeuTpuHo. I GdeKT pereHepauuu vy 3a CYET POKACHUS
U pacrnaga MIOOHOB. DP(GEKT pereHepanun v 3a CU4eT POXKICHUS U pacnajaa t-ientoHoB. Crenudpuka
MepeHoca 3IEKTPOHHBIX aHTUHEUTpUHO. Pezonanc ['maioy.

Tema 14. ITpuHIUIBI pETUCTPALIMK HEUTPUHO OT acTPO(PU3NYECKUX UCTOYHUKOB: ) YEPEHKOBCKHE
JETEKTOPHIL, 0) palnoIeTEeKTUPOBAHHE, B) aKyCTUYECKUE JIE€TEKTOPHI.

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

cTpanust COOBITUI OT acTPOPU3NIECKUX HEHTPUHO BBICOKUX dHEPTuil B akcriepumMente IceCube.
4.3.1. IlepeyeHb CeMUHAPCKHX, NPAKTHYECKUX 3aHATHH U J1A00PATOPHBIX padoT

Ne Ne paznena | HaumeHnoBanume ceMuHapoB, mpaktuue- | Tpy- | Ouenounsle cpen- | dopmupy-
/Tl | ¥ TEMBI JHC- CKHX M JTaDOpaTOpHBIX padoT JI0EM- CTBa e€MBbIC KOM-
LUTTUHBL KOCTb HNETEHINH
(Mozysi) (gacel)
1 2 3 4 5 6
1. | Temal Hetitpuno B CrangaptHoit Mogeny. 8 3ananue Ha cemu- | [1K-1
['unoTe3a HEUTPUHHBIX OCHUIUISIIAN Hape B BUJE 33/1a4u
2. | Tema?2 PaccessHue HEHTPHUHO Ha JIETITOHAX, 8 3ananue Ha cemu- | [1K-1
HYKJIOHaX U siipax Hape B BUJE 3a/1a4H
3. | Tema3 I'enepanyst HEUTPUHO B TEPMOSIIEPHBIX 3anmanue Ha cemu- | [1K-1
peaxuusix Ha ConHue. Pe3ynpTarsl sKc- 8 Hape B BUJE 33aJa4d
MEPUMEHTOB I10 PETUCTPALIMU COTHEY-
HBIX HEUTPUHO
4 | Tema 4 HeiitpunHbie OCUMIIALNY B BELLIECTBE, 3ananue Ha cemu- | [1K-1
KOHBEpCHs HEUTPUHO , TapaMeTphI 8 Hape B BUJE 3a/1a4i
CMEIINBAHUS COJTHEUHBIX HEUTPUHO
5. | Tema 5,6 ['paBUTAIIMOHHBII KOJIAIIC MACCUBHBIX 3aganue Ha CEMU- TIK-1
3BE3/I, BCIIBIIIKUA CBEPXHOBBIX, ) Hape B BUJE 3aJa4d
HEUTPUHHOE U3JIyYCHHE
7. | Tema7 Heiirpunnsiit ummynbsea oT SN 1987A, 3ananue Ha cemu- | [1K-1
OrpaHUuYEHMs Ha CBOMCTBA HEHTPHHO, 8 Hape B BUJE 33aJa4d
MOJyYEeHHBIE Ha OCHOBE JIETEKTHPOBA-
HUsI HEUTPUHHOI'O UMITYJIbCa
8 | Tema 8 pl - ¥ pp-HEUTPHUHO OT B3aUMOJICHCTBUS 3ajgaHuie HAa ceMU- IIK-1
KOCMHUYECKHX Jy4el C BEIIECTBOM H ) Hape B BUJE 33aJa4d
pasnalliOHHBIMH TOJIIMU
9. | Tema 9 I"ajlakTMYECKHME U BHETATAKTUYECKUE Kontponbnas pa- [K-1
WUCTOYHUKHU HEUTPHUHO, MU dy3HBIE TIO- 8 6ota
TOKH HEUTPUHO BBICOKUX DHEPIHid
10. | Tema 10,11 I"'amMa-BcIIeCKM KaK MCTOYHUKH 3ajaHue Ha ceMH- TIK-1
HEHTPHHO BBHICOKUX H CBEPXBBICOKHX 8 Hape B BUJE 3a/1a4H
SHEpPruit
11 | Tema 12 T'enepanust HEUTPUHO KOCMUYECKUMU 8 3agaHue Ha CEMU- TIK-1
nydaMu B atMocdepe 3emin Hape B BUJE 3a/1a4H
12. | Tema 13 YpaBHeHHE TIepeHoca HEUTPHUHO Yepes 3ananue Ha cemu- | [1K-1
IUIOTHOE BEIIECTBO, MOIIIOMIEHNE U pe- ) Hape B BUJE 3aJa4u
re’epanusi HeWTpUHO
13. | Tema 14 IIpuHIUIIBI perucTpauuy HEUTPUHO OT 10 3ananue Ha cemu- | [1K-1
acTpo(U3NIECKUX UCTOUHUKOB Hape B BUJE 3a/1a4H
14. | Tema 15 Uzmepenue cekTpoB aTMOC(EpHBIX KonTtponbHas pa- [K-1
HEHTPUHO HA HEHTPUHHBIX TEJIECKOIAX, 0ota
peructpanus CoObITUH OT acTpodu3nye- -
CKHX HEWTPHUHO BBICOKUX DHEPTHH B
skcnepumenTe IceCube.




4.3.2. IlepeyeHb TeM (BONPOCOB), BHIHOCMMBIX HA CAMOCTOfITEJIbHOE HM3Y4YeHHEe CTyJAeHTAMH B
paMkax camoctosaTebHoi padoTsl (CPC)

No Tema Bun camo- 3ananue Pexomenny- | Konu-
HEl. CTOSTENb- eMasd JUTe- | 4eCTBO
HO¥ paboThI paTtypa 4acoB

1 CgoiicTBa Breayau- CBoiicTBa HEUTPHUHO, AUPAKOBCKAsA U Maiio- | VcTounmku u3
HEUTPUHO B TOpHas, pe- | paHOBCKas Macca, TMIoTe3a HEWTPUHHBIX OCHOBHOMH U 4
CrangapTHOI IIEHUE 3a7a9 | OCLMIISIMI JIOTIOJIHUTEIb-
Monenn HOM uTepa-

2 B3umonelicteue BolunciieHue ceueHul paccessHue HEMTPUHO | TYPBI IO TeMe 4
HEUTpHHO C Be- Ha 2JIeKTPOHAX U HyKJIOHAaX B KBapK- MPaKTUYECKUX
IeCTBOM napToHHOM Mozaenu. OLeHkH npodera 3aHATHH; 00- 4

HEWTPUHO 10 B3aUMOJIEHCTBHSL, TIPOLIECCHI C | PAa30BATEIIb-
3apsDKEHHBIMH M HEUTPAIbHBIMHU TOKAMH. HBIE PECYPCHI

3 Heiirpurnoe TeHepalys HEUTPUHO B LEMOYKAX TEPMO- Hay4noi
U3ITyUYeHUE sinepHbIx peaknuit Ha ConHile. Beruucie- OMOINOTEKOMN 4
Counnua HME DHEPreTHYECKOTO crekTpa conneunnx | UI'Y, caiita

HEWTPUHO (u3IIECKOTO

4 Helitpunnoe Pacuer crieKTpoB HEUTPUHO OT BCIBIIIKU daxynbrera
U3JTyueHHE CBEPXHOBOI UI'y. 6asza 3
CBEPXHOBBIX AaHHBIX 110

5 HelitpunHsble OueHka 4yucia COOBITHI B IETEKTOpPax usuke
coObITHS B JIe- HEHTPUHO OT BCHBIILIEK CBEPXHOBBIX inspirehep.net 4
TEKTOpe

6 CaoiicTBa Bueaynu- OrpanndeHns Ha CBOWCTBA HEWTPHUHO Ha
HEUTPUHO TOpHasl, pe- | OCHOBE JICTEKTHPOBaHHS HEHTPHHHOTO UM- 3

meHue 3aaa4d | mynbca oT SN 1987A

7 O6pazoBanue OueHnTh paguyca HEHTPUHOCHEPHI TPOTO-

HEUTPOHHOHI . N R
HelTpoHHOH 3Be316I Vv . KakoBo coOTHO-

3BE3/IBI 4
TICHHAE MEXKIY Rve Rv,, " Rv, ?

8 IIpouecc nepe- IIpu kakux yClIOBUAX IPOUCXOAMT 3aXBaT
HOCA HEUTPUHO B HEUTPUHO B MAHTHUU IPOTOHEUTPOHHOM 4
MIPOTOHEUTPOH- 3BE3/b17
HOI 3Be3Jie

9 Mexanuzm OueHuThb nepeaavy SHepruu oT HEUTPUHO
HEHUTPUHHOTO 3a (hporTOM Y B, mocrarounyto ans coOpoca
Harpesa BEIECTB 3BE3/JHO 000JI0UKH 4
3a ¢pporToM YB
B KOJIIANICUPY-

IOLIEH 3BE3/1E

10 KocmorenHnsie Kocmorennsie HeWTpuHO: pl - 1 pp-
pll- u pp- HEUTPHHO OT B3aMMOJEHCTBHSA KOCMHYE-

HEUTPUHO CKUX JIydeil C peTUKTOBBIMH (POTOHAMH, C 3
BEIIECTBOM M PaJHAIIIOHHBIMH MTOJISIMHI
MEK3BE3IHOM cpefibl

11 Tanaktnyeckue u | Bueayau- [omy4yuts oneHKy TU(PY3HBIX TOTOKOB
BHETaJIaKTHYe- TOpHasl, pe- HEWTpUHO Ha 3emJie, HCHOJIb3Ysl JaHHbIe 00 4
CKUE UCTOYHMKH | IIEHUE 33]1a4 | MHTEHCHUBHOCTU KOCMUYECKOTO ramMmma-

HEUTPUHO H3JIYYEHU
12 ATtmochepHbie Pacuer yrioBoro ycuiieHusi HOTOKOB aTMO-
HEUTPUHO KakK cepHBIX MIOOHHBIX HEUTPHHO
(hoH s actpo- 3
(u3ngeckux
HEUTPHHO




4.4. MeToauuecKue YKa3aHus 1O OpraHusanuun CaMOCTOAITEIbHOI paGOTbI CTYAEHTOB

B paznene 3.4.2 crynenram uist 6osee yriryOJIeHHOTO H3YYEeHUS TUCIUILTNHEI TPEJIaraloTcs 3a1a4u 1
yIpaKHEeHHs TI0 U3y4aeMbIM paszzaenam. [Ipenmonaraercs, 4To CTyJIEHT CAMOCTOSTENIBbHO M3YYHT J0-
MOJHUTENBHBIM MaTepual U3 PeKOMEHI0OBAHHOM JIUTEPATypHl (I1. 5) M PEIIUT NPeIOKEHHbIEC 3a/1a4H.
OreHka caMOCTOSITENIbHOW PabOTHI CTYACHTOB MPOBOJIUTCS B BUJE JOMAITHUX KOHTPOJIBHBIX paboT U
OIIPOCOB Ha MPAKTUYECKUX 3aHATUSX.

4.5. llpumepHasi TeMATHKA KyPCOBBIX padoT

VY4eOHbIM MJIAHOM HalMCaHHe KYPCOBBIX paboT He MPEeayCMOTPEHO.

V. Y4eOHo-MeTOAMYeCcKOE H MH(OPMALIMOHHOE o0ecriedeHne TUCIUNINHBI

@) CRUCOK TUmepamypbl

OcHoBHasi iMTEpaTypa:
1. Cunerosckuii, C.U. KocMuuyeckue HEHUTpUHO BBICOKHX »dHepruii: yueb. mocobue / C.
. Cunerosckuil. - Upkyrck: U3n-Bo UpkyT. roc. yn-ta, 2009. - 60 c. (11)

JlonoJIHUTeIbHAS JIUTepaTypa:

1) Mypsun, B. C. Acrpodusuka kocmuueckux jryueit [Tekct] : y4eb. mocodue mst By3os / B. C.
Myp3un. - Mocksa : Jloroc, 2007. - 487 c. ; uer. - (Knaccuueckuii yHUBEpCUTETCKUN y4eO-
HUK). - Pexxum nocryna: 9bC "Pykont". - Heorpanuu. nocryn. - ISBN 978-5-98704-171-6

basbl TaHHBIX, HHPOPMALUOHHO-CIIPABOYHBIC 1 IOMCKOBBIC CHCTEMBbI:
1. http://library.isu.ru/ - Hay4nas 6utauorexa UT'Y;
2. http://inspirehep.net/, http://arxiv.org/ - ba3sl gaHHBIX )KypHAJIBHBIX CTaTel, MaTepualioB KoH(pe-
PCHIIIA U 3JIEKTPOHHBIX MPETPUHTOB 10 PHU3KUKE U aCTPOPUUKE BHICOKUX IHEPTHH.

0) nepuooduueckue uzoanus
- HET.
8) CRUCOK A8mMOpPCKUX MemoOu4ecKux papadomox

- Cunerosckuii, C.M. KocMudeckne HEWTPUHO BBICOKUX SHepruit: yued. mocobue / C.

W. Cunerosckuii. - Upkyrck: M3n-Bo UpkyT. roc. yu-ta, 2009. - 60 c. (11)

2) oaszvl Oarmblx, unqbopmauuonuo-cnpaeounbte U NOUCKoeébole cucmemal

http://library.isu.ru/ - Hayunast 6utdnauorexa UI'Y;

O6pazoBaresbHbIE PECYPChI, AOCTYIHBIE MO JOTMHY M TMApOJIi0, MPeaocTaBiaseMbiM HayuHoii
oubmuotexon UI'Y:

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

e http://e.lanbook.com - DBC «M3marenbcTBO «JlaHby;

e http://rucont.ru - OBC «PyKkoHT» - MeXOTpacjaeBas HaydHas OMOIMOTeKa, comeprKaras omud-
POBaHHBIC KHUTHU, IECPUOIUUCCKHUE U3AaHUA U OTACIBHBIC CTATbU IO BCEM OTpaACIIsIM 3HaHHI>'I, a
TaK)Ke ayano-, BUA€0-, MyJIbTHMEANA COPT U MHOTOE JIPYTOE;

http://ibooks.ru/ - OBC «AiOyKCc»- HHTEPHET PeCypCchl B CBOOOTHOM 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. MatepunajibHO-TEXHHYECKOe o0ecneyeHne JUCUUIIMHBI

VY4eOHast ayIuTopus C JTOCKOM M MEJIOM JAJIs NIPOBENEHUS JEKUMOHHBIX M MPAKTUYECKUX 3aHs-
Tuii. Ha JICKIUAX MOTI'YyT HCIOJIb30BATHCSA MYHLTHMeﬂHfIHBIe cpeacTtBa: IpPOCKTOP, HepeHOCHOﬁ
JKpaH, HOYTOYK.

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

VII. O0pa3oBaTesibHbIE TEXHOJIOTHU

3amaun M3JI0KEHUS U M3YUYCHHS JUCLUILTUHBI pealu3yroTcs B Cleayromux ¢opmax jaes-
TEJIBbHOCTH:

¢ JICKIHUHU, HAICIICHHBIC HA ITOJIYUYCHUC H606XOHHMOﬁ I/IH(l)OpMaI_[I/II/I, Hn €€ UCIIOJIb30BAHUC
IIpy pCUICHUHA 3a1a4;

¢ MPAKTHYCCKHEC 3aHATHUSA, HAIIPABJICHHBIC HA aKTHUBU3ALIUIO IMO03HAaBaTeILHOMN JACATCIIbHOCTH
CTYACHTOB U HpI/IO6peTeHI/I$I HWMU HABBIKOB PCIICHUWA 3aaa4;

¢ KOHCYJbTAIUM — CIKCHCACIIbHO I BCECX KCIIAIOIMUX CTYACHTOB,

® CaMOCTOfITeJIbHASI BHeayJAUTOpPHasi padoTa HalpaBjieHa Ha MPUOOPETCHHUE HABBIKOB Ca-
MOCTOSITEJIPHOTO PEIICHUS 3a/1a4 MO JUCIUIUIHHE;

L4 TeKy].[II/Iﬁ KOHTPOJIb pa6OTBI CTYACHTOB OCYLICCTBIIACTCA YCPEC3 ITPAKTUYCCKUC 3aJaHUA

VIII. OneHo4yHble MaTepHaJIbl 1S TEKYLIEr0o KOHTPOJIS M IPOMEKYTOYHOM aTTecTaluu
@DOH/]| OLIEHOYHBIX CPEJCTB IPEICTABICH B IIPUIIOKEHUU.

8.1. OueHouHbIE CpeCTBA Ui BXOJIHOTO KOHTPOJIS

Jlnist M3y4eHusi TaHHOTO Kypca CTYIEHTT JIOJDKEH BJIaJIeTh OCHOBaMHU (PU3HMKH M TEOpeTUYecKOr (pusu-
KM, YMETb I10JIb30BAaThCsl CTAaHAAPTHBIMU [TIOMCKOBBIMU cepBHCcaMHU ceTu MHTepHeT. BXoaHO! KOHTpOJIb
YMEHUU U 3HAaHUH HE POBOAUTCS.

8.2. O11eHOYHBIE CPEICTBA TEKYIET0 KOHTPOJISI — BOMPOCHI M 3aJaHUs HA TIPAKTUYECKUX 3aHSITHSIX.

IIpuMepsl 3a1aHui

1. BeIYMCINTB CeUEHUE pACCESIHUS HEUTPUHO HA DJIEKTPOHAX M HYKJIOHAX B KBAPK-TIAPTOHHOM MOJE-
IIN.

2. Pacuutarh CrieKTp HEUTPUHO OT BCIIBIIIKH CBEPXHOBOM.

3. OLIGHI/ITB paauyc HeP’ITpI/IHOC(I)epBI HpOTOHGﬁTpOHHOfI 3BC3/1bI Rv. KakoBo cooTHomIeHue MCKIAY
Rve RV,, nu Rv, 7

4. Ilpu KakuX YCIOBHSIX IPOUCXOAMT 3aXBaT HEUTPUHO B MAHTUU IPOTOHEHTPOHHON 3BE31bI?7

5. OueHuTh nepegady dHEpPruv oT HeHTpuHO 3a ppoHTOM YB, nocraTounyro /Ui cOpoca 3BE3AHOM
000JIOUKH.
IIpuMepHBINi CIMCOK YCTHBIX BONPOCOB /Ul co0ece10BAHUS

1. JlupakoBckasi U MailopaHOBCKasi Macca HEHTPUHO.

2. JlenTOHHBIE YKCIIA ¥ TUIIOTE3a HEUTPUHHBIX OCLIVIIIALMIA.

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

3. OcHoBHBIE TepMoOsiiepHBIe peakiui Ha COoITHIIE, B KOTOPBIX POKIAIOTCS HEUTPHHO.

4. Ponb HEUTPUHO B TPABUTALMOHHOM KOJIJIAIce 3Be3/I.

5 . HeliTpuHHOE M31y4€HUE IPU BCIBIIIKAX CBEPXHOBBIX.

6. JerekTupoBaHue HEHTPUHHOIO BeIiecka OT cBepXHOBOI SN 1987A — ¢dakThl M TUIOTE3HI.

6. py- ¥ pp-HEUTPHUHO B aCTPOPHU3NUECKUX UCTOUHUKAX.

7. AKTHUBHBIE s/]pa FaJJakTUK U MUKPOKBa3aphbl KaK ICTOUHUKU HEUTPUHO.


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

8. AtMmocdepHbIe HEUTPUHO Kak (OH IJisi acTPOPU3NIECKUX HEHTPHHO.

9. IlpoxokaeHne HEHTPHUHO BBICOKMX SHEPrHi dYepe3 IUIOTHOE BemecTBO. D(P(EKThl pereHepariu
HEUTPHUHO.

10. Pe3onanc ['maioy

8.3 OLeHouHbIE CPeICTBA TPOMEKYTOUHOTO KOHTPOJIS
dopma mpoBeIeHNsT TPOMEXYTOUHON aTTeCTaluy — 3a4€T.

IIpumepHbIil IepevYeHb BONPOCOB K 3a4éTy

1. CpolicTBa HEUTPUHO, TUIIOTE3a HEUTPUHHBIX OCLUILIALIUI.

. [Iponieccnl paccestHus HEUTPUHO C 3apsHKEHHBIMM M HEWTPaJbHBIMH TOKaMH, OLEHKHU Ipodera
HEUTPHUHO 10 B3aUMOJICUCTBUS.

. 'eHepanyisi HEUTPUHO B IIEMOYKAX TepMOsAIepHbIX peakiui Ha ConHile. HeliTpuHHOE u3nydyeHue
Counnna

. Obume npeacrapiaeHus o pU3MUECKUX Npoleccax, MPeALIeCTBYIOIINX BCIIBIILIKE CBEPXHOBOM.

. Ponp HENTPHUHO B rpaBUTALIMOHHOM KOJIJIAIICE 3BE3 L.

. HeliTprHHOE H3i1y4eHNE IPU BCIIBIILIKAX CBEPXHOBBIX.

. JleTekTupoBaHNe HEUTPHHHOTO BCILIECKa OT CBEpXHOBOM SN 1987A — (axTsl ¥ THIIOTE3BI.

. PY- ¥ pp-HEUTPUHO B acTPO(YU3NIECKUX HCTOUHUKAX.

9. AKTHBHBIE s1/1pa FaJaKTUK U MUKPOKBa3apbl KaK HICTOYHUKH HEUTPHHO.

10. I'enepanyst HEUTPUHO B IIMPOKOM aTMOC(EPHOM JINBHE, pAaCUETHl M JJAHHBIE SKCIICPUMEHTA.

11. IlpuHIMOEl 1 METOIBI PETUCTPALIMM HEUTPUHO BBICOKMX M CBEPXBBICOKMX DHEPIHMM OT acTpo-

(U3NIECKUX HCTOYHHUKOB.
12. Hel'TpuHHBIE TEJIECKOIbI, pETUCTPALs aCTPOPU3UIECKUX HETHPUHO.

N

[98)

(e BN o) RNV, JITEN

IIpumep TecTOBBIX 3aaHNI /151 IPOBEPKH c()OPMHPOBAHHOCTH KOMIIETEHIIHIi, YKA3aHHBIX
Bbime B ILIII:1. Kakoii Tun HeiiTpuHO 00/1a72eT caMO MUHUMAJIbHOM JHEPIruei:

a). TEOHEUTPUHO

0). colHEeUHbIe HEHTPUHO

B). PEITUKTOBBIC HEUTPUHO

2. Kako# Tumn HEUTPUHO UM aHTUHEUTPUHO B OOJIBIIIMHCTBE CIIYYaeB POXKIACTCS B PE3yJIbTATE
pacnaja 3apsKEHHOT0 MU-ME30Ha:

a). DJIEKTPOHHOE

0). MIOOHHOE

B). Tay-HEUTPUHO

3. B kakux B3auMOJEUCTBUSAX MOTYT Y4aCTBOBATh HEUTPUHO:
a). TOJIBKO B CHUJIBHBIX

0). B CHJIBHBIX H CITA0BIX

B). B cl1abbIX

4. Mampuya Tlontekoppo—Maxn—HakaraBel—CakaTbl ONHMCHIBAET:
a). Ipolecc cMelnBanus kBapkoB B CtangapTHoit Mozaenu

0). mpoliecc CMEIIMBaHUS TUIIOB HEUTPUHO

B). TAKOW MaTPULIbI HE CYIIECTBYET

5. CiupanbHOCTHIO YAaCTUIIBI HA3bIBACTCS:

a). CIOCOOHOCTH YaCTHUIIbI YYaCTBOBAThH B OCHUJUISIIIHSIX
0). YUCIIO0 3apSAIOBBIX COCTOSTHUHN aJpoHa

B). MPOEKITUS CIIMHA YaCTUIIBI HA HAMIPABIICHUE JIBIKECHUS
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