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I. llenin u 3ajauM AUCLHUILIUHBI

HeliTpyHHasi acTpou3uKa - CpaBHUTENbHO HOBBIM pasfiesl acTPO(U3MKU BBICOKHUX 3SHEPIUM,
OTKPBIBAIOLMM HOBOE OKHO B aCTPOHOMUY, PaCIIUPSIOLel BOSMOXXHOCTU UCC/Iel0BaHus NIPOLIeCCOB B
lanakTuiKe, y/jaNeHHbIX rajlakTUKaX U BHerajakTUH4eCKux o0beKTax.

Llens kypca «HeliTpuHHas actpodr3vKa» - U3yueHHe TPOL[eCCOB B aCTPOPH3NUeCKUX 00BeKTax, B
KOTOPBIX T€HEPUPYIOTCS HEMTPUHO B IIMPOKOM [Maria3oHe SHepruii 3 ot goseii MaB go coren I13B, a
TakK)Ke MeTO/I0B PerncTpaly U eTeKTOPOB HEUTPUHHOIO U3/nydyeHus. B pe3ynbrare nsyueHus Kypca
CTy[leHT nproOpeTaeT pyH/aMeHTa/IbHbIe 3HaHHS O TIPOL{eccax reHeparjid HEUTPHUHO B acTpodu3mnue-
cKux 00beKTax, Bkaouasi CostHLle U 3eMITI0, TTI03HAKOMUTCSI C MeTO/laMU pPerucTpaluu Ha 3eMJie MOTO-
KOB KOCMUYeCKOT0 M3/TyueHUs], MproOpeTaeT HABLIKK pellleHs] KOHKPeTHBIX 3a/au.

3ajaum Kypca

BBecTy cTyZeHTOB B Kpyr MpobjieM COBpeMeHHOW HeMTPUHHOW acTpo(dr3vKH, [aTh MpejCcTaBie-
HUe O (U3HMYEeCKUX Ipoleccax B acTPOQU3NYECKUX HCTOYHMKAxX W3/IydYeHHs1 BbICOKOM SHEpruw,
T03HAKOMUTb C pe3y/bTaTaMH W3MepeHWi KOCMUUYEeCKOTO W3/TyueHUs, MPUHLUIaMHU PaboThl KPYITHO-
MacIUTabHBIX yCTAHOBOK [ijisl 1eTeKTUPOBAHUSI acTPOPU3NUECKUX HEeWTPHUHO, U3YUUTh CIieliasibHble
MeTOZbI pellieHHs acTpodur3nueckux 3ajad. B pamkax Kypca «HelTprHHas acTpou3mKa» CTy/J€HTbI
M3y4YalOT OCHOBBI YCTPOMCTBA aCTPOGU3NUECKHUX OOBHEKTOB 3 MOTEHIMAIbHBIX HCTOUHUKOB KOCMHUUe-
CKUX JIy4yel, raMMa-KBaHTOB U HEUTPUHO, MeXaHU3MbI I'eHepalliy BbICOKOSHEPreTUYecKoro KoCMuue-
CKOT'O U3/Ty4YeHUs.

I1. Mecrto auciunmebl B crpykrype OIIOII

«HeiitpuHHas actpodu3rka» OTHOCUTCS K AUCLUIUIMHAM, (POPMHUPYEMbIM yuaCTHUKaMHU 0Opa3o-
BaTebHOTO Mporjecca. Kypc «HeliTpuHHas acTpodusnka» npefHa3HaueH Jjisl MOAr0TOBKY OakasiaBpa
no npodumo «PyHgameHTanbHas (r3MKa», ClIOCOOHOro paboTaTh B COCTaBe KOJIJIEKTHBA WUCC/Ief0-
Baresield, IPOBOAALIMX SKCIIepUMEHThI Ha TMTaHTCKUX yCTAHOBKAX I10 PerucTpanyy KOCMUYeCKOro 13-
JmyueHusi. B pesynbTaTe M3ydyeHUs [aHHOW AWCLMIUIMHBI CIIELUA/IUCT [O/DKEH 3HaTb COBPEMEHHOe
COCTOSIHUE UCC/IeJOBaHNl B 00/1aCTH HEMTPUHHOW acTPOMU3NKH, 3HATh MPUHLIAIIBI PETUCTPALN Hel-
TPUHO B IIMPOKOM JMaria3oHe 3Hepruii, UMeTh Tpe/CTaB/leHre O JeTeKTOpax acTpo(U3NUeCcKUx Hew-
TPUHO, TTIOHUMATh 00JIee MMPOKYIO TIOCTAaHOBKY acTpo(r3NUecKuX 3a/1ad.

M3yueHue Kypca Tpe/rosiaraeT HaJMuKe IMOJyYeHHbIX Ha TIpebIayIneM YpoBHe oOpa3oBaHUs
OCHOBHBIX 3HaHWH, YMEHUI M KOMIIeTeHLUH 10 AUCLUIUIMHAM «MaTeMaTuuecKuil aHanus», «Iudde-
peHLMa/IbHble ypaBHeHUs», «VIHTerpanbHble ypaBHeHHs M BapUalMOHHOe MCUHCIeHue», «Metozbl
MaTeMaTHuecKo (usnkm», «KBaHToBasi Teopusi», «TepMoAWHAMMKa W CTaTUCTUYeCKas (u3uka»,
«SIpepHast pusmka», «Cabble B3aUMO/IEHCTBUS», « ACTPOPU3HKA BEICOKMX SHEPTHI».

II1. TpeGoBaHusA K pe3yIbTaTaM OCBOEHHUS JVCIUTLIHHBI

ITepeueHb MJIAHUPYEMBIX Pe3y/ILTATOB 00yUe€HHA M0 JUCIMILIHHE , COOTHECeHHBIX C HHAHUKATO-
aMH OCTHKEHUS KOMIIeTeHIIHH

KomrmeTeHuyst IMK-1: CriocobeH WuCI0/b30BaTh —CrelMaIu3upOBaHHbIe 3HAaHUS B
obsiacty GU3MKHU /7151 0CBOEHHS TPOGMIBHBIX (PM3UUECKHUX JUCLIATIIHH.

WHavKaTophl Kowmrie- | U1K 1.1 [IpymeHsieT pu3mKo-MaTeMaTHUeCKU ammapat B cdepe cBoel
TeHLIUU rpodheCcCUOHATBHOM /1eTe/TbHOCTH

PesynbTaThl 00yueHusi | 3Haem: OCHOBHbIe 3aKOHOMEPHOCTH TPOLIECCOB, TIPOUCXOASIIUX B 3Be3-
Jlax TJIaBHOM TOC/e/]0BaTe/lbHOCTH, U BHE ee, XxapaKTep IpOLeCCOB Te-
Hepali KOCMUUeCKOT0 U3/TyYeHHsl BBICOKOW U CBePXBBICOKOM SHEPTHM;
TIPUHLIUIIBI €r0 /IeTeKTUPOBaHHs, OCHOBHbIe METO/bI pellleHHsl 3ajjau
HeUTPUHHOU acTpodU3UKH, UMeTh Tpe/ICTaB/IeHHe O TaKeTaxX MporpaMm
MO/Ie/IMPOBaHMs OTK/IMKA JIeTeKTOpa Ha U3/1yueHue.

Ymeem: tiosiyuathb TIpOCTbIe MO/Ie/TbHbIE OLIeHKU XapaKTepUCTUK KOCMHU-
YeCKOro HeMTPUHHOTO W3/Ty4yeHUs], U MpeAriosaraéMoil CTaTUCTUKA CO-
OBITHH B JleTEKTOpeE.




Bnadeem: maTeMaTUUeCKUM arrapaToM OIMCAHUWS TeHepaLyu u3nyyde-
HUS B UCTOYHHKE U NIPOXOJKZEHUS U3/TyUYeHHs yepes3 Bell|ecTBO.

IV. CopepixaHue U CTPYKTypa AMCLUILIMHBI (MOAY /1)

O0beM JMCLIMIIMHBI COCTaB/IsIeT 4 3aUeTHBIX eAUHMIIbI, 144 yaca, B TOM uKc/ie 71 yac KOHTaKT-
HOU paboTEHI.

3aHSATHSI TIPOBOAATCS TOMBKO B OUHOW (hopMe O0yuyeHUs C TNPUMEHEHHEM JUCTAHIJMOHHOTO
KOHTPOJISI CaMOCTOSITeNIbHOM paboTel cTyzeHToB uepe3 OMOC dakynbreta. O/IEKTPOHHON W
JUCTaHIIMOHHOHN (hopM 00yueHus He TIpeZlyCMaTpPUBAeTCsl.

Ha npaktrueckyro nogrotoBky otBoguTcs 18 yvacos.

dopMa NMpoOMeXXKyTOUHOM aTTecTal[iy: SK3aMeH.

4.1. Co,qep)KaHue AUCHHUIVIMHBI, CTPYKTYPHUPOBAHHOE 110 TéMdM, C YKd3dHUEM BH/I0B y‘IEGHbIX
3aHATHH U 0TBEJEHHOI'0 HAa HUX KO/IMYeCTBA dKd/leMHYEeCKHX YdCOB

Ne |Pasme| C| Bc ns Buzbl yue6HOI paboTsl, ®DOopMEI TEKY-
v/ 1 e | e- | HMX | BK/IOUAs CAMOCTOATENbHYIO pab0oTy 00yJaroMxcs , MpakThde- | Ijero KOHTPOJs
JUC- | M | TO |Tpak- CKYIO MIOATOTOBKY U TPY/J0€MKOCTb yCIIeBaeMOCTH;
LW | e | Ya | TH4e- (B vacax) dopma
WHBI/ | C | CO | cKas MIPOMEXYTOU-
KourakTHas paborta rpemnozaBaress ¢ obyuatoiu- | CaMmocTosi- -
TeMbI | T B | TOATO HOM aTTecTa-
MHUCS TeJIbHas
p TOBKa aGora Luu
00y- Jlekuuu Cemunapckue | KoHcynbranuu P (no cemecm-
YaroI] /TipaKTHUYecKue pam)
UXxcst /mabopatopHbie
3aHATHSA
1 1-15 |8 (144 18 24 36 1 47 [IpakTrue-
CKOoe  3a/ia-
HUe; BOTPO-
ChI K 3K3aMe-
Hy
Uroro: 144 |18 24 36 1 47

4.2, I1naH BHeay/JUTOPHOI CaMOCTOATE/IbHOI Pad0oThl 00y4arOIIMXCS M0 AUCLUILIHHE

Cemectp HasBanue CamocTrosTenbHas pabota obyuaroiuxcsi | OrjeHouHOe | YueOHO-
paszena, Bug  camo-|Cpoki  Bbi-| Tpy/io- CpeJiCTBO MeTo,qy16qe-
TeMBI . K re-

€ CTOSITEIbHOM | TOJTHEHHSI €MKCTh CKOE obeche
yeHHe CcaMo-
paboThI (uac.) 2
CTOSITeJIbHOM
paboThI
Tema 1-15 | 3azjanue B [Tocne mpoii- 47 HNemoHcTpa- |Mcrounuku 13
BUJe 3a7jauM JE€HHBIX TeM U IOTOBBIX OCHOBHOM M [10-
pelleHui TOJTHUTETLHO

JIUTEPaTyphl IO
TeMe IpaKThue-
CKUX 3aHSTHUH;
O6pa3oBaresnb-
pecypchl,
Jl0-CTyIIHBIE 10

HbIE

JIOTUHY W Napo-




JIF0, TIpefioCcTaB-
ssiemblM Hayu-
HOU OubMoTe-
Koit UT'Y.

4.3. Copeprxanue yueOHOro Marepuasia

Copep)xaHue pa3/e/IoB M TeM JUCIUTIHHBI

Tema 1. CeoiicTBa HeUTpUHO. OrpaHUUeHuUsI Ha MacCy, BpeMs JKU3HH, 3apsifi © MarHUTHBI MOMEHT.
Hetitpuno B CrangaptHoii Mogenu. [ToHsiTHe 0 AMPaKOBCKOM M MaillopaHOBCKOW Macce. JlemTOHHbIe
yuc/a U TUNOTe3a HEUTPUHHBIX OCLIUIISLIVMA.

Tema 2. PaccesiHve HEUTPUHO Ha 3/IeKTPOHAX M HyK/ioHax. CTPYKTypHble (PYHKLIMM HYK/IOHA. Pac-
cestHUe HEMTPHHO Ha KBapkax. CeueHue v N -paccesiHusl B KBapK-IlapTOHHOU Mozienu. [loBeneHue ce-
YeHU# C POCTOM 3Hepruy HeMTPUHO, OLIeHKHU Mpobera HeUTPUHO /10 B3aUMO/IeNCTBYS, TIPOLIECCHI C 3a-
PSDKEHHBIMM U HEMTPa/JbHBIMU TOKaMU. B3anmo/ieliCTBre HEMTPUHO C iJpaMH, KOTepeHTHOe paccesi-
HUe.

Tema 3. I'eHepaliiss HEUTPHHO B LIeTIOYKaxX TepMOsiiepHbIX peakiui Ha CosHie. HenTpuHHOe W3-
nyuenue ConHija. Pesynbrathl skcriepumenToB Homestake, Kamiokande, Super-Kamiokande, SAGE,
GALLEX, GNO, SNO, Borexino, MiniBooNE, T2K, J-PARC (Japan Proton Accelerator Research
Complex), NOVA.

Tema 4. HeliTpuHHBIe OCLM/UISILMU B BeljecTBe, 3(dekr MuxeeBa-CmupHoBa-BosbgeHiTeiiHa.
KoHBepcusi HBUTPUHO Kak pellieHre Mpo0ieMbl COTHeYHbIX HeHTpUHO. [TapaMeTphl CMeIlMBaHuUs COJI-
HEeYHBIX HeUTPHUHO. DKCIIePUMEHTHI C peaKTOPHbIMUA HEMTPHHO.

Tema 5. Knaccudukaiiysi BCIbILIeK CBEePXHOBBIX, 00l[He TipeZcTaBieHHs: 0 (Gr3UYeCcKUX TpoLiec-
cax, NpeJlIeCTBYIOLIMX BCIIbIIIKEe CBEPXHOBOU U COMPOBOKAAOIIMX BCIbILKY CH.

Tema 6. CepxHoBble Thna II, AuHaMuKa Kosarica siipa MaCCUBHOM 3Be37ibl. Posib HEMTPUHO B rpa-
BUTAL[MOHHOM KoJi1arce 3Be3Z. HelTpuHHOe u3my4yeHne NpU BCIIBIIKAX CBEePXHOBBIX.

Tema 7. CeepxHoBasi CH 1987A. Peructpaijusi HeWTpuHHOrOo ummnyJsibca oT SN 1987A, orpaHuue-
HUSl Ha CBOWMCTBA HEUTPUHO, IOJyUyeHHble Ha OCHOBE [1eTeKTHPOBAHWS HEWTPHWHHOIO HMITyJIbCa.
Hetektopsl HelTpuHO OT cBepxHOBbIX: AC/], BIICT, KamLand, LVD, S-K, SNO.

Tema 8. HeiiTpuHo B acTpodu3vke U KocMoioruu. KocMmosnoruueckre orpaHAYeHUs Ha Maccy U
YKCJI0 COPTOB HEMTPHHO. MexaHr3Mbl reHepaliii HEUTPUHO B ClieHapuu “cHu3y-BBepx”. KocmoreH-
Hble HEMTPUHO: P - U PP-HEHUTPUHO OT B3aUMOZENCTBUSI KOCMHUYECKUX Jyuell ¢ pelIMKTOBBIMU (HOTO-
HaMH, C Bel|eCTBOM M pPaJMaljUOHHBIMU MTOISIMU Me)XK3Be3/IHOM CpeJbl.

Tema 9. T'anakThueckye ¥ BHerajakTUYeCKHe MCTOUHMKU HEUTPUHO, Auddy3Hble MOTOKU Heil-
TPUHO BBICOKUX SHEPIUil.

Tema 10. [IuckpeTHble UCTOYHMKM KOCMHYECKHUX JIydyel, raMMma-KBaHTOB M HEMTPHMHO BBICOKHUX
SHepruii: AKTUBHBIE 5i/jpa ra/lakTHK KaK MICTOYHUKU HEUTPUHO: MOZE/TU U OL|eHKU TTOTOKOB.

Tema 11. VICTOYHMKU KOCMOJIOTUUECKHUX TaMMa-BCILUIECKOB — TMIIOTeTUYeCKre UCTOUHUKU KOCMHU-
YyeCcKuX Jiyuel, raMMa-KBaHTOB M HEUTPHUHO BBICOKUX U CBEPXBBICOKMX 3Heprui. MojenbHO-He3aBu-
CHMbIe OL|eHKU TIOTOKOB HEMTPUHO OT raMMa-0apCcTepoB.

Tema 12. T'eHepaniiisi HEUTPHHO B silePHO-KACKa/JHOM IpoLiecce. ATMOC(epHbIe HEUTPHUHO (OT pac-
najioB &- U K-Me30HOB, MIOOHOB, -JIEITOHOB, OYapPOBAHHBIX YAaCTHUI]) KaK OH [/ aCTPODU3UIECKUX
HeUTPUHO M KanMbpOBKA HEMTPUHHBIX TeIeCKONOB. ATMOC(hEepHbIe HeHTPHHO, MOTOKH MpSIMBIX Heii-
TPUHO.

Tema 13. IIpoxoxk/ieHre HEUTPUHO BBICOKMX SHEPryi yepe3 IUVIOTHOE BelleCTBO. YpaBHeHue Iepe-
HOCa HEeWTPUHO, MOTJIOoleHre U pereHepalusi HeUTpUHO. DPdeKT pereHepaluu M4 3a CUeT pOXKAeHUs
Y pacriaja MOHOB. O¢¢eKT pereHepaluu A 3a cyeT poXKJeHUsl M pacraja -nentoHoB. Crienuduka
IlepeHoca 3/1eKTPOHHBIX aHTUHEUTPUHO. Pe3onaHc ['13mmoy.

Tema 14. I1pyHLMIIBI PerUCTPaLiM HEUTPHUHO OT aCTPO(PU3NYECKUX UCTOYHUKOB: a) YepeHKOBCKHE
JeTeKTOphI, 0) paroieTEKTUPOBAHUE, B) aKyCTUUECKHE JeTeKTOPBI.



Tema 15. Heiirpunnbie Teneckorbl: HT200+, IceCube, ANTARES, Km3NeT, NEMO u ap. N3me-
peHue crekTpoB atMocdepHbix HeWTpuHO B 3KcrepumeHTax AMANDA, ANTARES wu IceCube.
Peructparusi COOBITHIA OT aCTpOQU3NUECKUX HEMTPUHO BBICOKUX SHepruil B 3kcriepumenTe IceCube.
4.3.1. IlepeueHb CEMHHAPCKHX, MPAKTHYECKHUX 3aHATHI U J1a00paTOPHBIX padoT

Ne | Ne pa3gmena u | HaumeHoBaHMe ceMUHApOB, npakTuye- | Tpypo- OrneHOuUHBIE dopmupyeMble
I/T1 | TeMbl JUC- CKUX ¥ 1abopaTopHBIX paboT eM- cpenCTBa KOMITeTEeHL[UY
LIATLIUHBI KOCTb
(Mopayns) (vacer)
1 2 3 4 5 6
1. | Temal Heiirpuno B CtanaapTHoit Mopenm. 4 | 3agaHue Ha IK-1
'vrioTe3a HEUTPUHHBIX OCLIUIIISILIUNA cemMHUHape B
BH/JIE 33/lauM
2. | Tema 2 PaccesiHve HEHITPUHO Ha JIEMITOHAX, 4 | 3apgaHue Ha [IK-1
HYKJIOHaX U siipax ceMHHape B
BH/JIe 3a/jaUU
3. | Tema 3 ['eHepalysi HEUTPUHO B TepPMOsiiep- 4 | 3agaHue Ha IMK-1
HbIX peakuyax Ha CosHue. Pe3ynbTa- cemMuHape B
ThI 9KCIIEPUMEHTOB I10 perruCTpaLun BU/JIe 3a/jaUU
COJIHEYHBIX HEUTPUHO
4 | Tema 4 HeliTpuHHbIE OCLIWIISIIM B Bellle- 4 | 3agaHue Ha IK-1
CTBe, KOHBEPCUSI HEUTPUHO , TTapameT- ceMHHape B
PBI CMeIIIUBaHUs COTHEUHBIX Hell- BU/JIe 3a/jaUuU
TPUHO
5. | Tema 5,6 ['paBUTALIMOHHBIN KOIAIC MAaCCUBHBIX - | 3amanue Ha [K-1
3Be3/l, BCIIBIIIKHA CBEPXHOBBIX, Hel- ceMHHape B
TPUHHOE H3/1yUYeHue BH/JIE 3a/jaUU
7. | Tema 7 HetiTpunneiit ummysibca or SN 1987A, 4 | 3agaHue Ha IMK-1
OrpaHHYeHHsl Ha CBOMCTBA HEHTPHHO, ceMHHape B
MO/TyYeHHbIe Ha OCHOBE JleTeKTUPOBa- BU/JIe 3a/jaUuU
HUSI HBUTPUHHOTO UMITyJIbCa
8 | Tema 8 P - Y pp-HEUTPUHO OT B3auMOo/ieii- - | 3aganue Ha IK-1
CTBMSI KOCMUYECKHX JIydel C Belle- cemMHHape B
CTBOM U paZiMallMOHHBIMHU TOJIIMU BH/JIe 33/lauM
9. | Tema 9 IanakTHueckye U BHerajakTUuecKue 4 | KonrtponeHas | IIK-1
HMCTOYHUKU HEWTPUHO, AUQQY3HbIe pabora
TIOTOKW HEMTPUHO BBICOKUX SHEPIUi
10. | Tema 10,11 ['amMa-BCI/IeCKM KaK MCTOYHUKU 4 | 3agaHue Ha [IK-1
HEWTPUHO BbICOKUX U CBEPXBBICOKHX ceMUHape B
SHeprum BH/JIe 3a/jaUU
11 | Tema 12 'eHepalyisi HEUTPUHO KOCMUYeCKUMU 4 | 3apaHue Ha IK-1
nyyamu B atMochepe 3emiiu ceMHHape B
BH/JIE 3a/jaUU
12. | Tema 13 YpaBHeHMe repeHoca HEUTPUHO uepe3 - | 3amaHue Ha IMK-1
TJIOTHOE BeIlleCTBO, MOTJIOIIeHre U ceMHHape B
pereHepanysi HEUTPUHO BH/JIe 33/lauM
13. | Tema 14 [TpuHLIMITEL perucTpalid HeUTPHUHO OT 4 | 3apaHue Ha [IK-1
acTpo@U3NUeCKUX UCTOUHUKOB ceMHHape B
BU/JIE 33/lauU
14. | Tema 15 Vi3mepeHue CrieKTPOB aTMOC(HepHBIX - | Konrponbuas | IIK-1
HeWTPUHO Ha HEUTPUHHBIX Teje- pabora
CKOTIaX, pPerucTpaius COObITHH OT
acTpou3NUeCcKNX HEUTPHUHO BBICOKUX
SHepruii B skcriepumenTe IceCube.

4.3.2. Ilepeuens TeM (BONPOCOB), BBIHOCMMBIX Ha CaMOCTOSITe/IbHOE H3y4eHHe CTyJAeHTaMu B
paMKax camocTosTeibHOM paboTsl (CPC)




Ne Tema Bup camo- 3amaHue Pekomenpy- | Komuue-
HeJl. CTOSATeb- emMas drepa- | CTBO 4a-
HOM paboThI Typa COB
1 CgaoticTBa Heli- Bueaynurtop- | CpoiicTBa HEMTPUHO, JUPAKOBCKas U Ncrounuku u3
TPUHO B Has, pellie- | MallOpaHOBCKasi Macca, TUToTe3a Hel- OCHOBHO# U 0~ 4
CrangapTHOU HHe 3a7a4 TPUHHBIX OCLIWJUISLIUN TTO/THATETbHOM
Mopenu JIATepaTyphl MO
2 Bsumogelicteue BrlunicrieHne ceyeHU paccesiHue Hel- TeMe IIpaKThue- 4
HEeUTPHUHO C Be- TPUHO Ha 3/IeKTPOHAaX U HyK/IOHax B CKUX 3aHSTUN;
111eCTBOM KBapK-TapTOHHON Moaenu. OLeHku rpo- | obpasoBaresb-
Hera HEUTPUHO /10 B3aMO/EeHCTBYS, Hble pecypchl 4
TIPOLIECCHI C 3apsUKEHHBIMU U HelTpasb- Hayunoii 6u6-
HBbIMU TOKaMHU. notekoii UI'Y,
3 HeiitpunHoe us- I'eHeparys HEATPUHO B LeTI0YKAX TepMO- | CalTa (usnue-
nyyenue ConHia AflepHBIX peakuuii Ha CosHLe. Brrumcie- | CKOro (akymbTe- 4
HIe SHepreTHUYeCKOro CIIeKTpa COMHed- Ta 'Y Gasa
HBIX HEUTPUHO [JAHHBIX 10 pU-
4 HeliTpuHHOE U3- Pacuer crieKTpoB HETPUHO OT BCIIBILIKA | 3HKe
JlyueHue CBepX- CBEPXHOBOI inspirehep.net 4
HOBBIX
5 HeliTpuHHbIe co- OtieHKa umc/ia COObITHI B IeTEKTOpaxX
OBbITHSA B JIeTEK- HEUTPYHO OT BCITBIIIEK CBEPXHOBBIX 4
TOpe
6 CroiicTBa Heli- Bueaygutop- | OrpaHvueHMs Ha CBOMCTBa HEUTPHUHO Ha
TPUHO Has, pellle- | OCHOBe JleTeKTHPOBaHUsI HETPUHHOTO 4
HUe 3aau umnysbca oT SN 1987A
7 O6pa3oBaHue OueHnTh pasinyca HeMTprHOChepbI
HeHTPOHHOH TIpOTOHEHTPOHHOM 3Be3zpbl R, . Kakoso
3Be3/1bl 4
COOTHOIIIEHUEe MeX[Y R‘,e R,,‘” u R,,T ?
8 IIpouecc nepe- IIpu Kakux yC/I0BUSAX [IPOUCXOAUT 3aXBaT
HOCa HEUTPHHO B HeUTPUHO B MaHTUU NIPOTOHEUTPOHHOMH 4
TIPOTOHEUTPOH- 3Be3/bI?
HOI1 3Be3jie
9 MexaHu3M Heli- O1eHUTH TIepejauy SHeprUy OT HEUTPUHO
TPUHHOTO Harpe- 3a ¢ppoHTOM Y B, HocTaTouHyto A
Ba BellleCTB 3a cbpoca 3Be3aHOMN 06070UKH 4
¢pouTOoM YB B
KOJI/IaTiCUpy-
Io11ell 3Be3ie
10 KocmoreHHb1e KocmoreHHbie HEUTPUHO: P - U pp-He-
p -upp- TPUHO OT B3aUMO/IeICTBUSI KOCMUYECKUX
JIy4elt C pesIMKTOBBIMH (POTOHAMH, C Be- 4
HEUTPHHO II[eCTBOM U pa/ilalliOHHBIMU TIOJISIMU
MeXX3Be3HOM Ccpejibl
11 TanakTrueckue U | Bueaygurop- | IToayuuts orjeHKY Auddy3HBIX TOTOKOB
BHeraznakThye- Hasl, pellle- HeUTprHO Ha 3eMJle, UCIO/b3Ys JaHHbIe
CKMe UCTOYHMKU | HMe 3a7a4 00 MHTEeHCUBHOCTH KOCMUYECKOT0 4
HEUTpHHO raMma-usayueHu
12 ATtmocdepHbie Pacuer yryioBoro ycuieHusi I0TOKOB
HEUTPUHO Kak aTMoC(epHBIX MIOOHHBIX HETPUHO
(on a5t acT- 3
pPodHU3NUECKUX

HeHTpUHO




4.4. METOJI[I/I'-IECKI/IE YKa3aHHUA 110 OpraHu3anuu CaMOCTOSTe/TbHOMI paGOTbI CTYAEHTOB

B pa3zerne 4.3.2 cryzaenTam [ijist 607ee yriy0/1eHHOTO U3y4YeHUsl AUCLIMTUIMHBI TIPe/JIaratoTcs 3a7iauu v
yIpa)KHeHUs 10 M3yuyaeMbIM pa3fesiaM. [Ipegrionaraercsi, UTo CTyJeHT CaMOCTOATENbHO HU3YUUT JO-
TIOJTHUTE/IbHBIN MaTepyasl U3 peKOMeH/I0BaHHOM UTepaTypsbl (M. 5) U PelIuT MNpe//io’KeHHbIe 3a7lauu.
O1leHKa CaMOCTOSITe/TbHOM paboThl CTY/IEHTOB MPOBOZAMTCS B BU/IE ZIOMAIIIHUX KOHTPOJIbHBIX paboT U
OMNPOCOB Ha MPAKTUUECKUX 3aHSATHSAX.

4.5. IIpumepHasi TeMaTHKa KypPCOBBIX padoT

YueOHBIM MJIAHOM HaIMCaHUe KypCOBLIX paboT He TIpelyCMOTpPEHO.

V. YueOHO-MeTOANUECKOE W HH()OPMALIMOHHOE 00ecreueHne JUCIHILTHHBI

a) CNucoK /iumepamypbl

OcHoBHas /mMTeparypa:
1. CuneroBckuii, C.M. KocMuueckrie HeWTPUHO BBICOKUX Hepruii: yueb. mocobue / C. U. Cu-
HeroBckuu. - pkytck: N3p-Bo UpkyT. roc. yu-ta, 2009. - 60 c. (11)

JlonosiHUTe/IbHAA IUTepaTypa:

1. Knangop-KnaiHrporxayc, I. B. Actpodusvka snemeHtapHbix uactul / ['.B. Knanpgop-
Knaitarporxayc, Kay Iro6ep; Ilep.c Hem.,ITox pen.A.A.BennsikoBa. - M.: Pen. xypa."Ycnexu ¢u-
3uu.HayK", 2000. - 496 c. - ISBN 5855040127 (ud A567499)

ba3sbl faHHbIX, MH(OPMaLMOHHO-CIPaBOYHbIE U [TOMCKOBBIE CUCTEMBI:
1. http://library.isu.ru/ - Hayunast 6ubsmoreka UT'Y;
2. http://inspirehep.net/, http://arxiv.org/ - ba3bl JaHHBIX )KypHa/lbHbIX CTaTel, MaTepuanoB KOH(e-
PEHLM U 3/1eKTPOHHBIX TIPEMPUHTOB M0 (PU3MKe U acTPo(H3MKe BHICOKHX SHEPIUH.

0) nepuoduuecKkue uz0aHus
- HeT.
8) CNUCOK agmopcKux Memoou4eckux paspabomok

- CuneroBckuit, C.1. KocmMuueckre HeWTPUHO BBICOKMX 3Hepruii: yueb. mocobue / C.

WN. Cunerosckuit. - Upkytck: M3a-Bo UpkyT. roc. yH-Ta, 2009. - 60 c. (11)

2) 0asbl aaHHle, llHd)OpMﬂl{UOHHO-CﬂpGBOHHble U nouckKoeble cucmemnbl

http://library.isu.ru/ - Hayunas 6u6svoreka UT'Y;

Ob6pa3oBaresibHble peCypChl, [JOCTYIHbIE 10 JIOTHHY W TAapoJo, MpejocTaB/seMbiM HayuHoit
oubmotekoit UT'Y:

https://isu.bibliotech.ru/ - 343 «bubmioTex»;
http://e.lanbook.com - 3BC «M3aaTenbcTBO «JIaHb»;
http://rucont.ru - 3BC «PyKOHT» - Me)KOTpac/ieBast HayuHasi OMbMoTeka, coziepskarast orud-
pOBaHHbIE KHUTH, TTePUO/INUEeCKUe U3/IaHUS U OT/e/IbHbIe CTaThU 110 BCEM OTPAC/IsIM 3HaHUMH, a
TaK)Xe ayJuo-, BUJie0-, MyJIbTUMeira COPT ¥ MHOTOe JPYTOe;
http://ibooks.ru/ - 9BC «A#bOyKc»- HHTEPHET pecypchl B CBOOOHOM JIOCTYTIE.


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=%D0%A1%D0%B8%D0%BD%D0%B5%D0%B3%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9%2C%20%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B9%20%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
http://arxiv.org/%20%20
http://inspirehep.net/
http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=IRCAT&P21DBN=IRCAT&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BB%D0%B0%D0%BF%D0%B4%D0%BE%D1%80-%D0%9A%D0%BB%D0%B0%D0%B9%D0%BD%D0%B3%D1%80%D0%BE%D1%82%D1%85%D0%B0%D1%83%D1%81%2C%20%D0%93%D0%B0%D0%BD%D1%81%20%D0%92%D0%BE%D0%BB%D0%BA%D0%B5%D1%80
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=%D0%A1%D0%B8%D0%BD%D0%B5%D0%B3%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9%2C%20%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B9%20%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87

VI. MaTepuaibHO-TEXHUUECKOe 00ecrieueHne AUCIUTTHHBI

YuebOHasi ayJUTOpUsi C JOCKOW M MeJIOM /il TIPOBE/IEHUS JIEKIIMOHHBIX U TIPAKTUUYEeCKUX 3aHs-
. Ha J/IeKusix MOTYT MCIO/Ib30BaThbC MyJ/bTUMeEUIHbIE CpPeCTBA: MPOEKTOp, MepeHOCHOM
9KpaH, HOYTOYK.

Marepuasbl Kypca (4aCTUUHO) AOCTYITHBI Ha caiTe http://www.pd.isu.ru/sost/teor phi/
homepage/sinegovsky.html.

VII. O6pa3oBaTe/ibHbIe TEXHO/IOTHH

3ajaun M30)KeHUsI U U3yueHUs JUCLUIUIMHBI Peain3yoTcsl B CeyoIMX popmax
JlesiTeTbHOCTHU:

* JIeKI{MHM, HalleJleHHbIe Ha 0JIyyeHue HeoOxoauMoi nH(opMalyy, 1 ee UCIOb30BaHUe

TIpY pellleHry 3a/iay;

NpaKTHYecKue 3aHATHSA, HallpaB/IeHHble Ha aKTUBU3aLIMIO [103HaBaTeIbHOU [lesiTeJIbHOCTU

CTY/IeHTOB Y TIPHOOpeTeHNsI UMY HaBLIKOB PeIIeHHs 3a/iay;

® KOHCY/IbTaLlUH — e)XKeHeJ|eJIbHO /151 BCeX JKeJlatolliX CTY/eHTOB;

* caMoCTOsiTe/IbHasi BHeay/JUTOPHasi pabdoTa HarpaBjeHa Ha MpUOOpeTeHHe HAaBBHIKOB
CaMOCTOSITEe/IbHOTO pelLleHus 3a/iay 110 JUCLUIIIVHE;

i TEKYIIII/Iﬁ KOHTPOJIb pa6OTLI CTYAEHTOB OCYLLECTBJIAETCA Uepe3 IMPAKTUYeCKUE 3aJdHUA

VIII. OneHouHble MaTepHa/bl A/ TeKyIero KOHTPOJ/Is1 U NPOMe)XXyTOYHON aTTecTaliuu
@DOoH/, OLIeHOYHBIX CPe/CTB Mpe/CTaB/IeH B IIPUIOKEHUH.

8.1. OueHouHble cpe/CTBa /1 BXOJAHOTO KOHTPOJIS

17151 u3yueHUs JaHHOTO Kypca CTYy/IeHT [J0JDKeH B/aJileTb OCHOBaMM (PU3UKU U TeOpeTHYeCKOr (QU3UKHY,
yMeTb MO/b30BaThCsl CTaHJAPTHBIMU MOMCKOBBIMU CcepBUcamMHu ceTd VHTepHeT. BX0JHOU KOHTPO/b
YMEHUU U 3HaHWM He MIPOBOJUTCS.

8.2. OuieHOUHBIe Cpe/iCTBa TEKYI|ero KOHTPOJIsi — BOMPOCHI U 3a/JaHKsl Ha MPaKTUUeCKUX 3aHATUSX.

IIpumMepsbl 3ajaHUIi
1. BBIUMC/TUTE ceueHWe pacCessHUst HEUTPUHO Ha 3/IeKTPOHAX U HYK/IOHaX B KBapK-TIapTOHHOW Mo/e-
JIN.

2. PacuMTtath CrieKTp HEUTPUHO OT BCITBIIIKY CBEPXHOBOMA.

3. OLeHUTb paguycC HeUTpuHOC(hEephI MPOTOHEMTPOHHOH 3Be3/bl R, . KaKOBO COOTHOIIEHHE MEXIY
R"e R‘,“ u R"r ?

4. TIpu KaKuX yCIOBUSX TIPOMCXOUT 3aXBaT HEUTPUHO B MAaHTUM MPOTOHEHUTPOHHOM 3Be3/1bI?

. OuleHuTh Mepesauy HePrUM OT HeHUTPWHO 3a GpoHTOM YB, moctaTouHyto st cOpoca 3Be3qHOMN
000/10UKH.

ul

IIpuMepHBIN CIHCOK YCTHBIX BOIIPOCOB [I/isi co0ece0BaHUsA
1. JupakoBckKasi 1 MaliopaHOBCKasi Macca HEUTPHHO.
. JlenTOHHBIE YMC/IA U TUTIOTE3a HEUTPUHHBIX OCLIWLISILIAMN.
OneHku ripobera HEUTPUHO 10 B3aUMO/IeMCTBUS, MPOLIECCHI C 3apSHKeHHBIMU M HeHTpaTbHBIMU TO-
KaMH.
. OcHoBHbIe TepMosifiepHble peakiuu Ha CoJiHIle, B KOTOPBIX POXK/AA0TCS HEUTPUHO.
. Posib HEWTPUHO B rpaBUTAL[MOHHOM KOJLjIarice 3Be3/.
. HeliTpriHHOe U3y4yeHue NpU BCIbIIIKaX CBEPXHOBBIX.
[eTekTUpOBaHHe HEMTPUHHOTO BCIJIecKa OT cBepxHOBOU SN 1987A — ¢aKThl U TUIOTE3HI.
P - Y pp-HEUTPHHO B aCTPO(U3NUECKHUX UCTOUHHKAX.
AKTHBHBIE sifipa ralakTUK ¥ MUKPOKBa3aphbl KaK UCTOUHHUKWA HEUTPUHO.
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N U s w


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

8. AtMmocdepHble HEUTPUHO Kak (OH /i1 aCTpo(Pr3NYeCKUX HEUTPUHO.

9. [IpoxoXkJeHre HEeUTPUHO BBICOKMX SHEPruil uepe3 IJIOTHOe BellecTBO. JddeKTbl pereHeparuu
HEUTPHHO.

10. Pe3oHnanc I'naioy

8.3 OrieHOUHBIE Cpe/iCTBa IPOMEKYTOUYHOI'O KOHTPOJIS
dopma npoBesieHrs1 TPOMeKYTOUHOM aTTeCcTaliu — 3K3aMeH.

IIpuMepHbIN epedyeHb BONPOCOB K 3K3aMeHy

1. CBoUCTBa HEUTPUHO, TUIIOTe3a HEUTPUHHBIX OCLIW/IISLIUN.

2. Ilporecchl paccesiHUsi HEMTPUHO C 3apsUKEHHBIMU M HeHTpasbHbIMUA TOKaMH, OLieHKH Ipobera
HEUTPHHO [10 B3aUMO/IeHCTBUS.

. 'eHeparust HEUTPHHO B LieNI0YKaX TepMosiZiepHbIX peakiuii Ha CosHile. HelTprHHOe M3nyuyeHre
CosHua

. Obye npencraBneHus 0 GrU3NUECKUX MPOLieccax, Mpe/IeCcTBYIOIMX BCIIbILIKE CBEPXHOBOM.

. Posb HeMTpHHO B rpaBUTALIMOHHOM KOJI/1arIce 3Be3f.

. HelTpuHHOe M3/TyueHre NIpY BCIIBIIIKAX CBEPXHOBBIX.

. JeTekTrpoBaHUe HEUTPUHHOTO BCIiecka OT cBepxHOBOM SN 1987A — (hakThl U TUTIOTE3bI.

. P - Y pp-HEeUTPHHO B aCTPO(PU3NUECKUX UCTOUHHKAX.

. AKTHBHBIE si/ipa raJlakTUK ¥ MUKPOKBa3apbl KaK UCTOUHUKHA HEUTPHHO.

10. I'eHeparyist HEUTPUHO B LIMPOKOM aTMOC(HepPHOM JIMBHe, pacyeThl U laHHble SKCIIePUMeHTa.

11. IIpyHLUAIIBI U MeTOABI PeruCcTpaliii HEUTPUHO BBICOKMX U CBEPXBBICOKUX 3HEPruMH OT acT-

po(r3UYeCKUX UCTOUHUKOB.
12. HeliTpuHHbBIe Te/eCKOIIbl, perucTpalys acTporu3nueckux HeTHPUHO.
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Pa3paboTumnku:
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(\ borein r( < npodeccop Kadeapsl TeOpeTUUECKOU (U3UKHU C.U. CuHeroBckuii
A il A

ITporpamma cocTarsieHa B cooTBeTcTBUM € TpeboBaHusMu ®T'OC BO mo HarpaB/IeHHIO MTO/ITOTOB -
ku 03.03.02 dusuka.

IIporpaMmMa paccMOTpeHa Ha 3ace/laHuu K&Q)egpbl TeOQETI/I‘—IeCKOI/I busuKu
«03» mapra 2022 r.

ITporokon Ne 6 W.o. 3aB. kKadezapoii / C.B. JloBLoB

Hacrosmas mnporpaMMa He MOXKeT OBITh BOCIHpOHM3BefleHA HHM B Kakol ¢opme 0e3
Npe/iBapUTe/IbHOT0 MMCEMEHHOT0 pa3penieHus Kadeapbl-pa3padoTuynKa NporpaMMal.
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