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|. lean u 3a5a4u IMCHUTIIMHBI

Heiitpunnas actpodu3uka - CpaBHUTEIHHO HOBBIN pa3iesl acTpOPHU3UKU BBICOKUX SHEPTHM, OT-
KPBIBAIOIIMKA HOBOE OKHO B ACTPOHOMUH, PACIIMPSIOIEH BO3ZMOKHOCTH MCCIIEJOBAHMS IPOLIECCOB B
["anakTHKe, yTaJeHHBIX TATAKTUKAX U BHETAIAKTUYECKUX 0OBEKTaX.

Ilenb kypca «HeliTpuHHas acTpodu3uka» - H3y4eHHe MIPOLECCOB B ACTPOPU3NIECKUX 00BEKTaX, B
KOTOPBIX T€HEPUPYIOTCA HEUTPUHO B LIMPOKOM JIMANa30He SHEpruil — oT gosied MaB no coten 113B, a
TaK)K€ METOJIOB PETHCTPALMK U JETEKTOPOB HEUTPUHHOIO U3iay4yeHus. B pesynbrare nzydeHus Kypca
CTYACHT mpuodperaeT pyHIaMEHTAIBHBIC 3HAHUS O MPOLECCaX TeHEpallii HEUTPUHO B acTpoduznde-
CKUX 00bekTax, BKitoyass CosiHie ¥ 3eMIIt0, TO3HAKOMUTCSI ¢ METOAAMHU PErucTpaluy Ha 3emie Io-
TOKOB KOCMHUYECKOT'0 U3JIyUYEHMsI, IPUOOPETAET HaBbIKU PEIICHNS KOHKPETHBIX 3a/1a4.

3agauu Kypca

BBectu cTyneHTOB B Kpyr npo0ieM COBpEeMEHHOW HEMTPHUHHOM acTpo(U3UKH, AaTh Mpe/IcTaBIie-
HUE O (U3UYECKUX Ipoleccax B acTpO(PU3MUECKUX MCTOUHMKAX M3JIyYEHHUs] BBICOKOM 3HEpruu, Io-
3HAaKOMHTb C Pe3yjbTaTaMH M3MEPEHHH KOCMHYECKOrO W3JIy4eHHs, NMPUHLUIAMH pabOThl KPYITHO-
MacITaOHBIX YCTAaHOBOK JUIS JIETEKTUPOBAHUS aCTPOPU3NUIECCKUX HEUTPHHO, U3YyUUTH CIICIUAILHBIC
METO/bI peleHus acTpodu3nyeckux 3aaad. B pamkax kypca «HelTpunHas actpodusuka» CTyAEHTHI
U3y4YaloT OCHOBBI YCTPOICTBa acTpO(U3NYECKUX OOBEKTOB — MOTEHLUUAIBHBIX HCTOYHUKOB KOCMUYE-
CKHX JIy4€il, raMMa-KBaHTOB U HEUTPUHO, MEXaHU3MbI F€HEPALIUU BBICOKOIHEPTETUYECKOIO0 KOCMUYe-
CKOT'O M3JIy4YECHUS.

Il. Mecro aucuuniaunsl B crpykrype OITIOIT

«HeiitpuaHas acTpou3uKay SBISETCS TUCIUILUIMHON 1O BBIOOPY B 4acTh, POPMUPYEMOM ydacT-
HUKaMH oOpa3oBaTesbHBIX oTHOHeHuH O10ka b1. Kypce «Heiirpunnas acrpodusuka» npenHazHadeH
JUIs TIOATrOTOBKU Oakanaspa 1o npopuno «DyHnameHTanbHas GU3UKay, CIIOCOOHOro paboTarh B CO-
CTaBe KOJUIEKTHBA HMCCIIEOBATENEH, POBOASIIIMX YKCIIEPUMEHTHI HA TUTAHTCKUX YCTAaHOBKAX IO pe-
TUCTpAallMy KOCMHUYECKOT0 W3ydeHus. B pesynbpTaTe M3ydeHHs NAaHHOM AMCLMILIMHBI CIIELIAAIMCT
JIOJKEH 3HaThb COBPEMEHHOE COCTOSIHME MCCIIEI0BaHUN B 00JaCTH HEUTPUHHOM acTpOPU3UKU, 3HATH
IIPUHLIMIBI PETUCTPALIMA HEUTPUHO B IIMPOKOM AMANA30HE SHEPIUM, UMETh IIPEJICTaBICHNUE O AECTEK-
TOpax acTpo(U3NUEeCKUX HEUTPUHO, MOHUMATh OoJiee IIMPOKYI0 MOCTAHOBKY acTpO(U3MUECKUX 3a-
Jad.

N3ydeHue Kypca mpeanoiaraeT Hajluuue MOJIyYeHHBIX Ha MpeAbIAYLIEM YPOBHE 00pa30BaHUA
OCHOBHBIX 3HaHWM, YMEHUN ¥ KOMIETSHIIUN MO TUCHUIUIHHAM «MaTtemaTiudeckuil ananusy, «udde-
peHIMalIbHbIE ypaBHEHUs», «VIHTerpambHble ypaBHEHUS», «MeTo/bl MaTeMaTHU4ecKOd (QU3UKN»,
«KBanroBas Teopusi», «TepMoanHamMuKa U cTaTHCTUYecKas Gu3ukay, «SnepHas ¢usuxa», «Teopus
ANEKTPOCIIa0bIX B3aUMOIEUCTBUNY, « ACTPOPU3HKA BHICOKUX SHEPTUI.

I11. TpeGoBaHus K pe3yJIbTaTaM OCBOCHHS AUCHUTITIHHBI

ITponiecc n3yueHust IUCUUIUIMHBI (MOYJIs1) HarpaBieH Ha (GOPMUPOBAHHE CIEAYIOLUIMX KOMITETEeHIINI:
- Crioco0eH uCrosib30BaTh ClEHUAIN3UPOBaHHbIE 3HAHUS B 001acTU (PU3UKHU JIJIs1 OCBOEHUS TPODUIIb-
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 TIPUHIIUIIBI, TOHATUS HEUTPUHHON acTPODU3UKH.

PCSYJ'IBTaTBI 06yqumI 3naem. OCHOBHEIC 3aKOHOMCPHOCTU IIPOLECCCOB, MPOUCXOAAINNX B
3BC3aax TIIaBHOM IOCICA0BATCIIBHOCTHU, U BHC €€, XapaKTCp MPOLCCCOB
reHepaini KOCMHUYCCKOI'0 U3JIYUCHUA BBICOKOH H CBCpXBBICOKOﬁ OHEp-
MU, TPpUHOMUIIBI €TO0 ACTCKTUPOBAHUA, OCHOBHBIC METO/AbI PCIICHUA 3a-
Jad HeﬁTpHHHOﬁ aCTpO(I)I/BI/IKI/I, HUMCETH MPCACTABJIICHHUEC O IMAKETax IPO-
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 aIlliapaTOM OIUCAHHS T'CHEPAIMH H3JIyde-
HHUA B UICTOYHUKEC U HpOXO)KI[eHI/ISI I/ISJIy‘-IeHI/IH qepe3 BCIICCTBO.

OO0beM JUCHMILIMHBI COCTABIISET 4 3aUCTHRIX ¢AUHMILI, 144 vaca, B ToM unciie 94 4yacoB KOHTAKTHOM

paboTHI.

3aHATUS TPOBOIATCS TOJIBKO B OYHOU (hopme 00ydeHHs] ¢ IPUMEHEHUEM JUCTAHIMOHHOTO KOHTPOJIS
caMoCTOATENIbHON paboThl cTyaeHToB Yepe3 DIMOC dakynbrera. DIEKTPOHHON W JUCTAHIIMOH-
HOM (hopM 00yUEHHUs HE MPETyCMaTPUBACTCA.
Ha npakTtrueckyio moAroTroBKy OTBOAUTCS 36 4acoB.
dopma TpOMEKYTOUHON ATTECTALMU: 3aYET.

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 | HHX | BKIJIIOYas CAMOCTOSTEIBbHYIO paboTy 0Oydarolmuxcs , IpakTHYe- | [Iero KOHTPOJIs
JUc- | M O | Ipak- CKYIO TIOITOTOBKY U TPYIOEMKOCTb yCIIEBAEMOCTH;
105000 QIS ya | TUYe- (B yacax) ®dopwma npo-
MHBI/T| C | CcO | cKad ME)XYTOYHOU
KonrakTHas paboTa npenoaasarens c o0y4aro-  Camocros-
eMBl T B | IOJ- aTTecTaluu
MIAMHUCS TenbHast
p ro- aGora (no cemecm-
TOBKa KCP Cemunapckue | KoHcynmpTanuu P pam)
00y- /mpaKTUYEeCKue
Yaro- /mabopaTopHsIe
MnX- 3aHATHS
cs
1 1-16 7 144 36 16 68 2 50 [IpakTnye-
CKoe 3aja-
HUE; BOIIPO-
CBI K 3a4€Ty
Hroro: 144 36 68 2 50

4.2. I1nan BHeayIMTOPHOI caMOCTOSAITEIbHOI PA0OTHI 00y4AIOIIUXCS M0 JUCHHUILIUHE

Cemectp HazBanue CamocrositenbHas padbora oOyvaronuxcst  OrnieHouHoe | YueOHO-
pasiena, Te- pu.  cavo- Cpoks  Bbi- Tpymoem- CPEelCTBO MeTOo/InYe-

MBI CTOSITEJIbHOU | TTOJTHEHUS KCTb (4ac.) ckoe  obec-
paGoTh! ne4yeHue ca-

MOCTOSITENb-

HOM paboThI
7 Tema 1-15  3ananue B [Tocne mpoii- 50 Hemoncrpa- Mcrounuku u3
Bujie 3ajaun  J€HHBIX TeM IHsI TOTOBBIX OCHOBHOH M

pPEeIICHUU JOIIOJIHUTEIb-
HOW JnuTepary-
PbI 10 TEMEC

MPaKTUICCKUX
3aHATHil; O6pa-




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

4.3. Coagepxanne yueOHOro MmaTepuasa

Coz[epmalme pa3ae/ioB 1 TEM JUCHUITJIMHDbI

Tema 1. CpoiictBa HeWTprHO. OrpaHUYEHUS HAa Maccy, BpeMsl )KU3HU, 3aps]l U MarHUTHBIA MOMEHT.
Heiitpuno B CrannaptHoit Mogenu. IlonaTre o AupakoBCKOW M MallOpaHOBCKOM macce. JlenToHHbIe
YUCJIa U TUIIOTE3a HEUTPUHHBIX OCIUJUISIUNA.

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 3HEPTUU HEUTPUHO, OLEHKHU MpoOera HEMTPUHO /10 B3aUMOJEHCTBHS, IPOLECCHI 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. Pesynbrater sxciepumentoB 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 HEHTpHUHO Kak peleHre nIpodiieMbl COJTHEUHbIX HEUTpUHO. [lapameTpsl cMennBaHus co-
HEYHBIX HEUTPUHO. DKCIIEPUMEHTHI C pEaKTOPHBIMH HEUTPHHO.

Tema 5. Knaccudukanus BCIBIIIEK CBEPXHOBBIX, OOIME MPEACTABICHUS O (GU3UUYECKUX MPOIIEC-
cax, IPEJIIECTBYIOLINX BCIIBIIIKE CBEPXHOBOM M CONPOBOXKAaroIuX Benbiuky 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. CepxnoBas CH 1987A. Peructpanus HeiitpurHOTo nMmyibsca o SN 1987A, orpanmue-
HUS Ha CBOWCTBA HEHTPHMHO, IOJyYEHHBIE HA OCHOBE JACTEKTHPOBAaHUS HEUTPUHHOIO mMMITyibca. Jle-
TekTopsl HelTprHO OT cBepxHOBBIX: AC/I, BIICT, KamLand, LVD, S-K, SNO.

Tema 8. HeiitpuHo B actpodusuke u kocMojoruu. Kocmosornueckue orpaHudeHuss Ha Maccy |
YHCIIO COPTOB HEUTPUHO. MexaHU3Mbl T€HepallMi HEUTPUHO B ClieHapuH “‘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'anakTuyeckre U BHETAIAKTUYECKHNE UICTOYHUKH HEUTPUHO, TU(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 KOCMOJIOTHYECKMX I'AMMa-BCIJIECKOB — IMIIOTETUYECKHE UCTOUHUKH KOCMU-
YECKHUX JIydel, raMMa-KBaHTOB W HEWTPUHO BBICOKMX M CBEpPXBBICOKHUX 3JHEprui. MonenbHO-
HE3aBUCHMBbIE OIICHKH [TOTOKOB HEHTPUHO OT raMMa-0apcTepoB.

Tema 12. Tenepauus HEUTPUHO B fAEpPHO-KAacKagHOM 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. IIpoxoxxaeHne HEUTPUHO BBICOKUX SHEPTUM Yepe3 MIIOTHOE BEIIECTBO. 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 ['mamoy.

Tema 14. ITpyuHIUIBI pETUCTPALIMK HEUTPUHO OT acTPO(PU3NIECKUX NCTOYHHUKOB: ) YEPEHKOBCKHE
JETEKTOPHIL, 0) palnoIeTEeKTUPOBAHHE, B) aKyCTUYECKUE JIE€TEKTOPHI.

Tema 15. Heiitpunnsie Teneckonsl: HT200+, IceCube, ANTARES, Km3NeT, NEMO u ap. U3me-
penue criekTpoB atMochepubix 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. 6 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 6 Hape B BUJE 3a/1a4i
CMEIINBAHUS COJTHEUHBIX HEUTPUHO
5. | Tema 5,6 ['paBUTAIIMOHHBII KOJIAIIC MACCUBHBIX 3aganue Ha CEMU- TIK-1
3BE3/I, BCTIBIIIKNA 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 B3AUMOJICHCTBHUS 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 YpaBHeHHEe TIepeHoca HEUTPUHO Yepes 3ananue Ha cemu- | [1K-1
IUIOTHOE BEIIECTBO, MTOTJIOICHHE U pe- ) Hape B BUJE 3aJa4u
re’epanusi HeWTpUHO
13. | Tema 14 IIpuHIUIIBI perucTpauuy HEUTPUHO OT 8 3ananue Ha cemu- | [1K-1
acTpo(U3NIECKUX UCTOUHUKOB Hape B BUJE 3a/1a4H
14. | Tema 15 Uzmepenue cekTpoB aTMOC(EpPHBIX KonTtponbHas pa- [K-1
HEHTPUHO HA HEHTPUHHBIX TEJIECKOIAX, 0ota
peructpanus CoObITUH OT acTpodu3nye- -
CKHX HEWTPHUHO BBICOKUX DHEPTHH B
skcnepumenTe IceCube.




4.3.2. IlepeyeHb TemM (BONPOCOB), BHIHOCUMBIX HA CAMOCTOSITEJIbHOE HM3Y4YeHHe CTyJIeHTAMU 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, TUIoTe3a HEWTPUHHBIX OCHOBHOMH U 4
CrangapTHOI IIEHUE 3a7a9 | OCLMIISIMI JIOTIOJIHUTEIb-
Monenn HOM uTepa-

2 Baumonelicteue 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 4
CBEPXHOBBIX AaHHBIX 110

5 HelitpunHsble OueHKa 4yucia COOBITHI B IETEKTOpax 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- 4

meHue 3aaa4d | mynbca oT SN 1987A

7 O6pazoBanue OueHnTh paguyca HeHTpUHOCHEPHI POTO-

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- HEUTPHUHO OT B3aMMOJIEHCTBHA KOCMHYE-

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

11 Tanaktnyeckue u | Bueayau- [omy4yuts oneHKy TU(PY3HBIX TOTOKOB
BHETaJIaKTHYe- TOpHasl, pe- HEWTpHHO Ha 3emJie, HCIOJIb3Ys JaHHbIE 00 4
CKUE UCTOYHMKH | IIE€HUE 33]1a4 | MHTEHCHUBHOCTU KOCMUYECKOT0 raMmma-

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 CTYAECHTOB

B paznene 3.4.2 crynenram i 6osiee yriryOJIeHHOTO H3YYEHUS TUCIUILINHBI TPEJIaraloTcs 3a1a4u 1
yIpaKHEeHHs TI0 U3y4aeMbIM paszzaenam. [Ipenmonaraercs, 4To CTyJIEHT CAMOCTOSTENIBbHO M3YYHT J0-
MOJHUTEIBHBIM MaTepual n3 peKOMEHI0OBAaHHOH JIUTEpaTypsl (I1. 5) U PEIIUT NpeUIoKEHHBIC 3a1a4H.
OreHka caMOCTOSITENIbHOM PabOThI CTYACHTOB MPOBOJIUTCS B BUJIE JOMAITHUX KOHTPOJIBHBIX paboT U
OIIPOCOB Ha MPAKTUYECKUX 3aHATUSX.

4.5, [lpumepHasi TeMAaTHKAa KYPCOBbIX padoT

VY4eOHbIM MJIAHOM HalMCaHHe KYPCOBBIX paboT He MPEeayCMOTPEHO.

V. YueOHo-MeTOqUYecKOe U MH(OPMALIMOHHOE o0ecriedeHne JUCIUIIMHBI

@) CRUCOK Iumepamypol

OcHoBHas1 JIMTepaTypa:
1. Cunerosckuii, C.1. KocMuyeckne HEUTPUHO BBICOKUX OJHepruii: yueb. mocobue / C.
. Cunerosckuii. - Upkyrck: U3a-Bo UpkyT. roc. ya-ta, 2009. - 60 c. (11)

Jlono/IHMTeIbHAS JIUTepaTypa:

1) Mypsun, B. C. Acrpodusuka kocmuueckux styueit [Tekct] : y4e. mocodue amst By3os / B. C.
Myp3uH. - Mocksa : Jloroc, 2007. - 487 c. ; Het. - (Knaccuueckuili yHUBEPCUTETCKHM y4ueO-
HUK). - Pexxum nocryma: ObC "Pykont". - Heorpanuu. nocrymn. - ISBN 978-5-98704-171-6

ba3bl 1aHHBIX, HHPOPMAITHOHHO-CITPABOYHBIC U TIOMCKOBBIC CHCTEMBI:
1. http://library.isu.ru/ - Hayunas 6ubaunorexa UT'Y;
2. http://inspirehep.net/, http://arxiv.org/ - Ba3sl gaHHBIX KypHAIBHBIX CTaTeH, MaTepUaoB KOH(pe-
PEHIIUIA U 3JIEKTPOHHBIX MPEMPUHTOB 10 (PHU3HUKE M aCTPOPU3UKE BHICOKHUX IHEPTHIA.

0) nepuoouuecKkue uzoanus
- HET.
8) CHUCOK ABMOPCKUX MEMOOUYUECKUX Pa3padomox

- Cunerosckuii, C.U. KocMuueckne HEUTPUHO BBICOKUX JHepruil: yue6. mocoodue / C.

. Cunerosckuii. - Upkyrck: U3a-Bo UpkyT. roc. yu-ta, 2009. - 60 c. (11)

2) oaszol Oaunbtx, uu¢0pmauuouuo-cnpaeouuble U nouckKoenle cucmemol

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

OOpa3oBareNbHbIE PECYPChI, MOCTYIHBIE MO JIOTHHY M Mapojio, MpeaocTaBasieMbiM HaydHoit
o6ubmmorexoit UI'Y:

e https://isu.bibliotech.ru/ - 343 «bubaunoTex»;

¢ http://e.lanbook.com - DBC «M3narenscTBO «JIaHby;

e http://rucont.ru - 9BC «PykoHT» - MeXoTpacieBas HayuHasi OMOIHOTeKa, coleprkarias omud-
pOBaHHBIC KHUTH, IEPUOAMYCCKIE U3JIaHKSI U OTJCIBHBIC CTAThU 110 BCEM OTPACIIsiM 3HAHHH, a
TaKXe ayIno-, BUIEO-, MyJIbTUMEIHA COPT ¥ MHOTOE JIPYTOE;

http://ibooks.ru/ - 3bC «AiiGyKc»- 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 MOT'YT HCIIOJb30BATLCA MyJIBTPIMe,Z[HfIHBIe cpeacTBa: IpPOCKTOP, HepeHOCHOfI
JKpaH, HOYTOYK.

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

VI1l. O6pa3oBaTe/ibHbIE TEXHOJIOTHH

321[[8,‘11/1 H3JIOKCHUA U U3YUYCHUS AUCHUIUIMHBI PCAIM3YIKOTCA B CICAYIOMIUX (I)OpMaX -
TCIBHOCTU:

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

¢ MPAKTHYCCKHEC 3aHATHUSA, HAIIPABJICHHBIC HA aKTHUBU3ALIUIO IMO03HaBaTeILHOMN JACATCIIbBHOCTH
CTYACHTOB U HpI/IO6peTeHI/I$I HMHU HABBIKOB PCIICHHUA 3a1a4,

¢ KOHCYJbTAIUM — CIKCHCACIIbHO I BCECX KCIIAIOIMUX CTYACHTOB,

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

L4 TGKy].[IHfI KOHTPOJb pa6OTBI CTYACHTOB OCYLICCTBIIACTCA YCPE3 MMTPAKTUICCKUC 3aTIaHUSA

VIIIl. OueHouynble MaTepHaJIbI AJS TEKYIIEro KOHTPOJISI M IPOMEKYTOYHOH aTTecTalluu
q)OH[[ OLCHOYHBIX CPCACTB IIPEACTABJICH B ITPUIIOKCHUH.

8.1. OneHouHble cpecTBa I BXOIHOT'O KOHTPOJIS

JUis u3ydeHus: JaHHOTO Kypca CTYJIEHTT JI0JKEH BJIaZIeTh OCHOBaMHU (PU3MKHU U TeOopeTHdyecKol (uzu-
KM, YMETb I10JIb30BaThCsl CTAHIaPTHBIMU IIOUCKOBBIMU cepBHcamu ceTu MaTepHeT. BXOAHON KOHTPOIIb
YMEHUU U 3HAHUN HE IPOBOJUTCH.

8.2. OI_IGHO‘IHBIG cpeacTBa TCKyIIETO KOHTPOJISA — BOIIPOCHI U 3alaHUA HAa IIPAKTUYCCKUX 3aHATUAX.

IIpuMepsl 3a1anuii

1. BeuncnuTh ceucHue pacceaHunsa HeﬁTpHHO Ha 3JICKTPOHAX W HYKJIOHAX B KBapK'HapTOHHOﬁ MOAacC-
JIA.

2. PacuuTarh CEKTp HEUTPUHO OT BCIIBIIIKN CBEPXHOBOM.

3. Ouenuth paauyc HEUTpUHOCHEPH MPOTOHEUTPOHHOU 3BE3/IBI R, . KakoBo coorHowenne MEKTY
RVe Rv/, " er 2

4. ITpu KakMX YCJIOBHUSIX MPOMCXOJUT 3aXBaT HEHTPHUHO B MAHTUH NTPOTOHEHTPOHHOM 3BE3/1bI?

5. OneHuTh nepenavdy dHEPruu OT HEUTPUHO 3a ¢ppoHTOM YB, mocratounyro mjsi cOpoca 3BE3THOM
000JI0UKH.
IIpuMepHBbIi CIUCOK YCTHBIX BONIPOCOB /LIS CO0ece/10BAHNS

1. TupakoBckas 1 MailopaHOBCKasi Macca HEUTPUHO.

2. JlenTOHHBIE YKCIIa U TUIIOTE3a HEUTPUHHBIX OCHMILIALIMIA.

2. OueHku npoOera HEUTPUHO JIO B3aUMOJCHCTBUS, MPOLECCHl C 3apsDKEHHBIMH U HEUTpaTbHBIMHU
TOKaMH.

3. OcHoBHBIE TepMoOsiiepHbIe peakiui Ha COJHIIE, B KOTOPBIX POXKAAIOTCS HEUTPHHO.

4. Ponb HEUTPUHO B TPaBUTALIMOHHOM KOJUIAIICE 3BE3/I.

5 . HeliTpuHHOE U31y4YeHUE IIPU BCIBIIIKAX CBEPXHOBBIX.

6. [erekrupoBaHNe HEHTPUHHOTO BCIUIECKa OT cBepXHOBOI SN 1987A — (dakThl ¥ TUIIOTE3HI.

6. py- ¥ pp-HEUTPHUHO B aCTPOPHU3NIECKUX UCTOTHUKAX.

7. AKTUBHBIE AIpa raJlakKTUK 1 MUKPOKBa3apbl KaK UCTOYHUKU 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 OneHovHbIe CPEeACTBA TPOMEKYTOUHOTO KOHTPOJIS
dopma mpoBeIeHNsT TPOMEXYTOUHON aTTeCTaluy — 3a4€T.

IIpumepHbIil IepevYeHb BONPOCOB K 3a4éTy

1. CpoilicTBa HEUTPUHO, TUIIOTE3a HEUTPUHHBIX OCLUILIALIUN.

. [Ipouecchl paccestHusE HEUTPUHO C 3apsKEHHBIMM M HEHTPaJbHBIMU TOKAaMH, OLIEHKU Ipodera
HEUTPHUHO 10 B3aUMOJICUCTBUS.

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

. Obume npeacrapiaeHus o pU3MUECKUX Npoleccax, MPeALIeCTBYIOIINX BCIIBIILIKE CBEPXHOBOM.

. Poip HENTPHUHO B rpaBUTALlMOHHOM KOJUIAIICE 3BE3 L.

. HeliTprHHOE H3i1y4eHNE IPU BCIIBIILIKAX CBEPXHOBBIX.

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

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

. AKTHUBHBIE s1/Ipa TaJTaKTUK ¥ MUKPOKBa3apbl KAK UICTOYHUKH HEUTPHHO.

10. I'eneparust HEUTPUHO B MIMPOKOM aTMOC(HEPHOM JIUBHE, PACUETHI U JAHHBIC IKCTIEPUMEHTA.

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

(U3NIECKUX HCTOYHHUKOB.
12. HellTpuHHBIE TEJIECKOIbI, pETUCTPALHsl aCTPOPU3UIECKUX HETHPUHO.

N
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Paspaborumnkm:

' ; e 4204 A < npodeccop Kadeapsl TEOPETUUECKON PUIUKH C.U. Cunerosckuii

[Tporpamma coctaBieHa B cooTBeTcTBUU ¢ TpeboBanusmMu OI'OC BO mo HampamiIeHUIO MOATO-
ToBKH 03.03.02 ®usuka.

[TporpammMa paccMOTpeHa Ha 3aceaHnuu Kadeapbl TEOPETUIECKOH HU3HKH

«30» aBrycra 2021 r. ]

IIpotokon Ne 1 H.o. 3aB. kadempoit (H 7 C.B. Jlosuos

Hacrosimass mnporpamMa He MoOeT ObITh BOCIPOM3BeAeHA HHM B Kakoil ¢opme 0e3
NpeABapUTEeJIbHOI0 NMCHbMEHHOI0 pa3peleHust kKadeapbi-pa3padoTynka NporpaMmmsl.



