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I. Heau v 3a1a4u TUCHUNJIMHBI (MOZYJIs1)

Heilitpunnas actpodusuka - paszzensl acTpOpU3UKH BBICOKUX SHEPTUN, OTKPHIBAIOLINE HOBOE
OKHO B aCTPOHOMHH, PACIIUPSIONINE UCCIEAOBAHMS BBICOKOIHEPIreTUUECKUX IpoueccoB B [anak-
TUKE U BO BHETATAKTUYECKUX O0OBHEKTaX.

Llenb kypca «Heirpunnas acrpodusukay : 1) u3ydeHue mporeccoB B acCTPOPU3NIECKUX 00b-

€KTaxX — BEPOSITHBIX UICTOYHUKOB HEMTPUHO B HIMPOKOM JuanazoHe sHepruit (MsB - [1sB); 2) usy-
YEHHE METO/I0B PETUCTPALUY HEUTPUHHOTO M3JIYYEHUsI BBICOKOM 3HEPIUU U CYLIECTBYIOLIUX Jie-
TEKTOPOB KOCMUYECKUX HEUTPUHO.

B pesynbraTte u3yueHus Kypca CTYACHT MpHoOpeTaeT GpyHaaMeHTaIbHbIE 3HaHUS O Mpoleccax
reHepaluy HeHTPUHO B acTpodu3nueckux o0obekrax (Brirodas ConHie U 3eMITI0), 3HAKOMHTCS C
IPUHLMIIAMU U METOJIaMU PETUCTPALIMUA HEUTPUHHOIO U3JIyYEHUS BBICOKMX U CBEPXBBICOKUX 3HEP-
vl 1 paboTON COBPEMEHHBIX KPYITHOMACIITAOHBIX YCTAHOBOK (HEHTPHUHHBIX TEIECKOIIOB).

3agaum Kypca

BBecTH cTyAEeHTOB B KpyT Mpo0iieM COBPEMEHHOM HEHTPUHHOM acTpOo(pU3HUKH, AaTh MIPEICTAB-
JeHrne o (pU3MUECKUX Mporeccax B acTpOPU3NIECKUX MCTOUYHMKAX HM3IIyYEHHs BHICOKOH DHEPTHUH,
IIO3HAKOMUTb C pe3y/bTaTaMH U3MEPEHUI KOCMHUYECKOI0 M3JIy4eHUs], IPUHIUIAMU paboThl KpyII-
HOMACIUTaOHBIX YCTAaHOBOK JJISl JETEKTUPOBaHUS acTpO(U3UUECKUX HEHUTPUHO, U3YyUUTh CIHEIH-
aJIbHbIe METO/Ibl peleHHsl acTpodu3ndeckux 3afad. B pamkax kypca «HelTpuHHas acTpopu3uKka
CTYACHTHI M3Yy4alOT OCHOBHI YCTPOICTBA acTpopu3nuecKux 00BEKTOB MOTEHIIHATBHBIX HCTOYHUKOB
KOCMHUYECKHX JIy4yel, raMMa-KBaHTOB U HEUTPUHO, U MEXaHU3MbI F€HEPALUU BBICOKOdHEpPIreTHYE-
CKOI'0 KOCMHUYECKOTO U3Ty4EHUS.

1. MecTo qucuuniaunsl (MoayJs) B crpykrype OIIOII BO

Kypc «Heiirpunnas actpodusuka» npenHazHadeH sl MOATOTOBKM MarucTpa Mo Hampasie-
Huo 03.04.02 «Dusuka», cmocodHOro paboTaTh B COCTaBE KOJIEKTHBA HMCCIEIOBATENICH, TIPOBO-
JAIIMX IKCIEPUMEHThl Ha TMTaHTCKUX YCTaHOBKaXxX IO perucTpanuy KOCMUYECKOro u3inydyeHus. B
pe3yabpTaTe U3y4EHHs JaHHOM JUCUUIUIMHBI CIEUAIMCT JOJDKEH 3HATh COBPEMEHHOE COCTOSIHUE
UCCIIEIOBaHUN B 00JIACTH HEUTPUHHON acTPpO(PHU3UKH, MIPUHIIUIIBI PETUCTPALIMU HEUTPUHO B LIUPO-
KOM JMarna3oHe 3HEpPruil, UMeTh MPEACTaBIECHUE O JAETEKTOpax acTpo(U3MUecCKUX HEUTPHUHO, IO-
HUMATh MIMPOKYIO IIOCTAHOBKY acTPO(PHU3UUECKUX 3a/au.

W3ydeHue kypca mpeamnosiaraeT HajJu4Me MOTYYeHHbIX Ha MpeIblaylieM ypoBHE oOpa3oBa-
HUSI OCHOBHBIX 3HaHUM, yMEHHI U KOMIETeHIUH 1o aucuumiuHaM «JluddepeHnnansabie ypaBHe-
Hus», «Meronpl MaTemMaTHuecKol pusukny», «KBaHnTtoBas Teopusi», «TepMoaMHaAMKKaA U CTaTUCTH-
yeckas (usuka», «SnaepHas pusmnkay, «Teopus 3mekTpocinadbix B3UMOJACHCTBUIY, «ACTpopH3uKa
BBICOKUX DHEPTHII».

I11. TpeGoBaHus K pe3yIbTaTaM 0CBOCHHMS IHCHUTIIHHBI
ITpornecc n3yueHust IUCUUIUIMHBI HAlIpaBjieH Ha (OPMUPOBAHUE CIIETYIOUINX KOMIETEHIUI:

I1K-1: Crioco6eH ucmonb30BaTh acTpou3nIecKue METO bl B HAYYHBIX UCCIIEIOBAHUSX.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUYeHHs 0 JUCHUILINHE (MOAYJII0), COOTHECEH-
HbIX ¢ MHAMKATOPAMHM JA0CTHKEHHs KOMIIeTeHIU i

Komnerenuus Nuaukaropsl Pe3yabTaTsl 00yueHus
KOMIIeTeHI M
1IK-1 HJIK nxi1a 3HaTh. OCHOBHBIC 3aKOHOMEPHOCTH TIPO-

Crioco0eH HCIOob- | 11eCCOB, MPOUCXOANINX B 3BE3/IaX TJIaBHOU
30BaTh acTpo(u3u- | MOCIEeIOBATEIbHOCTH, M BHE €€, XapakTep
YECKUE METOJbI JJISl | IPOLIECCOB TEHEPALMU KOCMUYECKOTO H3IIy-
ONMCAaHMUSI TPOLIEC- | YEHUS] BBICOKOW W CBEPXBBICOKOW IHEPTHH;
COB B acTpodu3u- | MPUHIUIBI €r0 JAETeKTHPOBAHUS, OCHOBHBIC
YECKUX MCCJEA0BAa- | METO/Ibl PEIICHMS 3aJa4 HEUTPUHHON acTpo-
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HUSX (U3MKN, WMETh MPEACTABICHUE O TMaKeTax
MpOrpaMM MOJIEIUPOBAHUS OTKJIMKA JETEK-
TOpa HA U3ITYyYCHUE

YMeTh. MojydaTh MPOCTHIE MOJIEIbHBIE
OIICHKM  XapaKTePUCTUK  KOCMHYECKOTO
HEUTPUHHOTO M3JIyYEeHUS, U MPEAI0JIaracMoi
CTaTUCTUKU COOBITUM B IETEKTOPE.

Baagerb: maremMaTM4eCKMM anmnapaTtoMm
OMUCaHUsl TeHEPALMHU U3TYyYEHUS B UCTOYHU-
K€ U MPOXOXKJCHHS HU3IyYEHUs 4epe3 Belle-
CTBO

IV. Conepxanue H CTPYKTYpa IMCHUILIHHBI (MOAYJISA)

OO0beM IHUCIUILINHBI COCTABIIET 3 3a4eTHRIX eauHuLbl, 108 yacos,

B TOM 4Hclie 58 4acoB KOHTAaKTHOW PaOOTHI.

3aHATUS NPOBOIATCA TOJABKO B OUHOM popMe 00yueHHsI ¢ IPUMEHEHUEM AMCTAaHIIMOHHOI'O KOH-
TPOJISI CAMOCTOSITENIEHOW pabOThl CTYIEHTOB. DJIIEKTPOHHOW M JUCTAaHIIMOHHON GopM 0OydeHHs HE
peIyCMaTPUBACTCA.

Ha mpakTudeckyro moarotoBky otsoautcs 10 ayaJuTOpHBIX 4acoB (BO BpeMs MPAKTUYECKUX 3a-
HATHH).

dopma MPOMEKYTOUHON aTTECTAMU: DK3aMEH.
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4.1. Conepkanne JMCHUILIHHBI, CTPYKTYPHPOBaHHOE 110 TeMaM, ¢ YKa3aHHeM BHI0B YYeOHBIX 3aHATHI M OTBEJCHHOI0 HA HUX KOJHMYECTBA aKa-

JACMHUYICCKHUX YaCOB

Ne Pa3gen nucuMnInHbI/TEMa = Buasbl yueOHoii padorsl, DopMBbI TEKYLLIET0 KOH-
1/ = o | BKJIIOYAsi CAMOCTOSITEbHYIO PafoTy 00yyaromuxcs, TPOJIsl yCIIeBAEeMOCTH;
g E NMPAKTHYECKYIO OATOTOBKY U TPYA0EMKOCTh dopmMa NPOMeKyTOUHOI
@ 3 e (B yacax) aTTecTalMu
= § E i KonTakTHas padoTa npenogaBaTtes ¢ > (no cemecmpam)
2 E Z8 00y9aI0IAMHCS =
E o = g
Q 54 = 2 ¢ =
M £ é Jlexuuu Cemunapckue/ | Kou- z \§
oS npakTHyeckue/ | cyJbTa- § =9
= 5 JaGoparopHbie | MM =
= 3aHATHSA S
1 2 3 4 5 6 7 8 9 10
1 | Temwr 1-10 2 (103 | 10 20 20 2 65 [IpakTuyeckoe 3aa-
HUE, ONPOC
KOHnTponp 8
KCP 6
DK3aMeH 17 Bomnpocskl k 3k3aMeHy
HToro yacos 108 20 20 2 33
4.2. Ilnan BHeayAUTOPHOIi CAMOCTOSITEIbHOI PaGoThl 00YYAOUIMXCS MO AUCHHIITIHHE
CamocTosTenbHasi paboTa 00yJyaroumxcs OleHouHOe V4eOHO-MeTOJUIeCcKoe
Cemectp| Ha3Banue pasznena, TeMbI B i 0a6 C TpynoeMKoCTh obecreueHne caMocTosI-
HJT CAMOCTOSATENBHOM padOTHI DOKH BBITIONTHEHHUS (uac.) CpEACTBO TeJTbHOMN PabOTHI
T'otoBoe pemienne | HWcrouHuKM U3 OCHOBHOM U
2 Bce TeMnl Pentenue 3amau B Teuenue cemectpa 22 3a/1a4M B IUCBMEH- | IOIIOJTHUTENBHOI INTEpaTyphl
HOM BHJIC 0 TeMe NMPAKTUYECKHX 3aHs-

tuit; O6pazoBaTeIbHEBIC PeCyp-

.~ - o Cbl, JOCTYIHBIC 110 JIOTUHY U
2  |[loaroroBka K 3K3aMeHy Pa6oTa ¢ yue6HOIT THTepaTypoii B TeueHue ceMecTpa 11 VCTHBIH OTBET
napoJito, MpeaA0CTaBIACMbIM

Hayunotii 6ubnuorexoii UI'Y.

OO6muii 00beM CaMOCTOSTEIHLHOM PAaOOTHI IO TUCIMILTHHE (4ac) 33




4.3. Conep:xkaHue yueOHOIro MaTepuaJa

Tema 1. CpoiictBa HeliTprHO. OrpaHUYEHNs HAa MacCy, BpeMsl )KU3HH, 3apsA]l U MarHUTHBIA MOMEHT.
Heittpuno B CranmaptHoit Mopenu, JupakOBCKHE W MAallOpAaHOBCKUE HEUTPUHO, THUIOTE3bl MPOHMC-
XOJKJIEHUE MacChl HEUTPHUHO. JIENTOHHBIE YKCIIa U TUIIOTE3a HEUTPUHHBIX OCLMIUISALUNI.

Tema 2. PaccesHue HEUTPUHO Ha 3JIEKTPOHAX, HYKJIOHAX, IIPOLECCHI C 3apsKEHHbIMU M HEHTpallb-
HeiMi Tokamu. Ceuenns V€ u VN -paccesHus, olieHKa mpoOera HEHTPHHO 10 B3aWMOCHCTBHS.
B3anMozeincTBre HEUTPUHO C AIpaMu, KOTEPEHTHOE PACCEsTHUE Ha SpaXx.

Tema 3. Helitpunnoe uznydenue Connua. ['eHepanusa HEUTPUHO B LIEMOYKAX TEPMOSJICPHBIX peaK-
it Ha ConHile. Pe3ynbTaThl 3KCIIEPUMEHTOB C COJIHEUHBIMU HEUTPUHO.

Tema 4. Heiitpunable ocnuyuisiuu B BemecTse, 3¢ dekT MuxeeBa-CmupHoBa-Bonbdenmreiina.
KonBepcusi HEUTPUHO Kak pelieHue MmpoOJieMbl COMHEYHBIX HEHUTpuHO. Ilapamerpsl cMelmMBaHUs
COJIHEYHBIX HEUTPHUHO. DKCIEPUMEHTHI C PEAKTOPHBIMU U YCKOPUTEIBHBIMA HEHUTPHHO.

Tema 5. DBomouus 3Be3n, nuarpamma [ epmmmpynra-Peccenna. Knaccudukaius CBEpXOBBIX.
CaepxHosble Tuna ||, TuHaAMKKa KoJIanca sipa MacCUBHOM 3Be3/bl. Poiib HEMTPUHO B IpaBUTALMOH-
HOM KoJuiarice 38e311. HeUTpuHHOE U31y4yeHue OT CBEPXHOBBIX.

Tema 6. CeepxunoBas SN 1987A. Perucrpamus HeiitpuaHOro ummyiabca oT SN 1987A, orpanude-
HUs Ha CBOMCTBA HEUTPHUHO, IOJYYEHHBIE HA OCHOBE JECTEKTUPOBAHUSA HEUTPUHHOIO MMIyibca. [le-
TekTophl HelTpuHO OoT cBepxHOBBIX: AC/I, BIICT, IMB, LVD, S-K, SNO.

Tema 7. Kocmonornueckue OrpaHM4EHMs HAa MAcCy M YHCIO COPTOB HEWTpuHO. KocMoreHHsie
HEUTPUHO: PY- U PP-HEUTPUHO OT B3aMMOJECHCTBHSI KOCMUUECKUX JIy4ei C PEITUKTOBBIMU (POTOHAMH, C
BELIECTBOM U PAJIUALMOHHBIMU MOJISIMU MEK3BE3THOU CPEJIbI.

Tema 8. . Tl'anakThyeckue M BHETAIAKTUYECKUE HCTOYHMKM HEUTPUHO, AUQPQY3HbIE MOTOKU
HEUTPUHO BBICOKUX AHEpruil. OrpaHnyeHus] Ha MOTOKU U3 U3MEPEHUN KOCMUYECKUX Jy4Yeil u raMmma-
WIYYEHHsI BBICOKOM dHEPIHUU.

Tema 9. AxtuBnble ramaktuueckue sapa (AGN) kak MCTOYHMKM HEHTPHHO BBICOKHX SHEPTHM.
Bo3MoxHBIE MEXaHM3MBI e€Hepalusl HEUTPUHO B MCTOYHUKAX KOCMOJOTMYECKMX raMMa-BCIUIECKOB
(GRB).

Tema 10. AtmocdepHble HEHTpUHO Kak (OH Uil acTpo(PU3MUECKUX HEUTPHUHO M KaauOpoBKa
HEHUTPUHHBIX TeNecKonoB. CIEKTPbl U 3€HUTHO-YTJIOBbIE pAaCIPEeIeHNUs aTMOC(EPHBIX HEUTPUHO.

Tema 11. ITpoxosxaeHre HEUTPUHO BBICOKHUX HEPTUH yepe3 IUIOTHOE BEIEeCTBO. Y paBHEHHE Mepe-
HOCAa HEUTPUHO, MOTJIONIEHUE U pereHepanus HeuTpuHo. Cnenuduka nepeHoca EKTPOHHBIX aHTH-
HeuTpuHo. Pezonanc I'maioy.

Tema 12. IlpuHIMIIBI PETUCTPAIIMN HEUTPUHO OT acTpO(U3NYECKUX MCTOUYHUKOB: ) PpaJUOXUMHU-
YeCKHe JIETEKTOPbI, 0) CHUHTUIISIMOHBIE AETEKTOPHI, B) UEPEHKOBCKUE JAETEKTOPHI, I') paAHOAETEKTH-
pOBaHMeE, B) aKyCTUYECKHE AETEKTOPHI. VI3MepeHns CIeKTPOB COJIHEYHBIX U aTMOC(EPHBIX HEUTPUHO.

Tema 13. KpynHomacuTaOHble MOJIBOJIHBIE U TMOJIEAHbIE YEPEHKOBCKUE I€TEKTOPHI (HEUTPUHHBIE
teneckornsl) — Baikal-GVD, ANTARES, IceCube, KM3NeT. Peructpanus nuddy3Horo moroka act-
podu3nUYECKNX HEUTPUHO BBICOKUX SHEPTUN U HEUTPUHO OT JIOKAJBHBIX UICTOYHHUKOB.

Tema 13. Metoasl 00paboTKu: TpekoBbie U JUBHEBbIe coObiTHs, HESE veto (contained events);
0TOOp TPEKOBBIX COOBITHI B HampaBiieHHMH CHU3Yy-BBepX (through-going events). BoccranoBnenue
CIIEKTpa HEUTPHUHO M3 3aPErHCTPUPOBAHHBIX COOBITHIA, YIIIOBOE PCIIpe/ieNIeHue, OLeHKH (el BopHOro
coCTaBa OTOKA aCTPOPU3NUECKUX HEUTPHUHO.

Tema 13. IIpoeKTbl HEUTPUHHBIX TEJIECKOIOB CIEIYIOLIEr0 MOKOJCHMS, OKHUIaeMasi perucTparus
I'3K-HelTpHuHO U Ipyrue nepcrneKTUBbI HEUTPUHHON acTPOPU3UKU.



Pa3znesibl M TeMbl IUCHHMILVIAH (MOYJIei) M BUIbI 3aHATHI

CHUBHBIX 3BC3/1, BCIIBIIIKHA

CCMHUHApPEC B

Ne /i1 HanMenoBanue TeMbI Bunel 3aHgaTHHA B yacax
J 13 CPC Bcero
1 Heiitpuno B CrangaptHoit Moaenu 2 2 4 )
2 Heiirpuno B CranpaptHoii Monenu. Paccesnue HEHTpHHO Ha 3JIEKTpO-| 2 4 5 11
HaX, HyKJIOHAX U SiApax
3 | I'eneparust HEHTPHUHO B LIEHOYKAX TEPMOAACPHBIX peakiiuii Ha CoJHIIe. 2 2 4 )
4 HetiTpuHHBIE OCHMIUIALAN 2 2 4 )
5 HeiitpuHHOE M3myyeHne mpu BCIBIILIKaX CBEPXHOBBIX 2 2 4 )
6  Perucrpauus nelitpuHHoro ummynbsca oT SN 1987A 2 2 2 6
7 JuddysHble TOTOKH HEUTPUHO BBICOKMX SHEPTHIA 2 2 2 6
8  ArtMmocdepHbie HEUTPHHO 2 2 2 6
9  TIIpoxoxkIeHHe HEWTPUHO BBICOKMX SHEPTHA Yepe3 BEIIECTBO 2 2 4 8
10  HeiiTpuHHBIEC TEIECKOIIBI 2 - 2 4
4.3.1. TlepevyeHb CEMHHAPCKUX, MPAKTHYECKHUX 3AHATHII M J1a00PaTOPHBIX padoT
Nemw/m  Nepaznena m HaumenoBanue cemunapoB,  TpymoeMkocte OneHounble = Dopmupyemsbie
TEMBI JUCIH- | TMPAKTHUYECKUX U JTaOOPaTOPHBIX (gacer) CpencTBa KOMITETEHITHH
TUTHHEI (MOJTY- pabot
JI5T)
1 2 3 4 5 6
1 Tema 1,2 Paccessnue HeiiTpuHO HA IENTO- 4 3aganue Ha IK-1
HaX, HyKJIOHaX M siapax ceMHHape B
BUJIE 337a4H
2 Tema 3 I'enepanyist HEUTPHUHO B TEPMO- 4 3anaHue Ha [IK-1
sAepHBIX peakuusax Ha ConHIe. ceMHHape B
Pe3ynbpTaThl 5KCIEPUMEHTOB 110 BUJIE 337a4H
pETUCTpaLry COJIHEUHBIX
HEUTPUHO
3 Tema 4 HelitpunHbie ocuuisinuy B Be- 4 3aganue Ha IK-1
LIECTBE, KOHBEPCHSI HEUTPHHO , ceMHHape B
napameTpsl CMEIIMBAHUS COJI- BUJIE 3a7a4H
HEYHBIX HEUTPUHO
4 Tema 5, 6 I'paBUTAIIMOHHBIN KOJIAIIC Mac- 2 3anaHue Ha [K-1




CBEPXHOBBIX, HEUTPUHHOE U3ITY- BUJIE 3a7a4H
YeHHEe, HEUTPUHHBIN UMITyJIbCa
ot SN 1987A
Tema 7 Huddy3Hbie mOTOKM HEUTPUHO 2 3anaHue Ha
BBICOKUX DHEPIUi ceMHHape B
BUJIE 334U
Tema 8 ATtMochepHbIe HEUTPHUHO 2 3aganue Ha
ceMHHape B
BUJIE 334U
Tema 9 IIpoxoxnenue HEUTPUHO BBICO- 2 KonTponbHas
KHX 3HEpPI'uil uepe3 BeIIeCTBO pabota

[K-1

[IK-1

[IK-1

4.3.2. TlepeyeHb TeM (BONPOCOB), BBIHOCHMBIX Ha CAMOCTOSITE/IbHOE H3yYeHUe CTYIeHTaAMHU B
paMKax camocTosiTe1bHoi padorsl (CPC)

Ne Tema Bun ca- 3ananue Pexkomen- | Komu-
HEL MOCTOSI- ayemast 4ECTBO
TEJIBbHOUI JUTEpaTypa | 4acos
paboThI
1 CBoiicTBa HEUTPUHO B Breaymu- | CBoiicTBa HEWTPHUHO, AUPAKOBCKas M MaHOpPaHOB- Hctounuku 2
CrannaptHo#t Mogenu TOpHas, CKas Macca, FUI0Te3a HEUTPUHHBIX OCLMIUISLIMN U3 OCHOBHOM
2 | B3umopeiicTBue pemenre | BrruncneHnue cedeHuit paccesHue HEHTPUHO Ha U JIOTIOJTHU- 2
HENTPHUHO C BEIIECTBOM 3a1a4 3NIeKTPOHAX M HYKJIOHAX B KBapK-NApTOHHOH MO- TEJbHOU
nenu. OneHKy npodera HEUTPUHO 710 B3aUMOJIeH- JUTEPaTyphI 5
CTBHSI, IPOLIECCHI C 3apPSKEHHBIMU M HEMTpalbHBI- | II0 TEME
MU TOKaMH. MIpaKTHYE-
3 | HefitpunHoe n3mydeHue I'enepanus HEUTPUHO B IETIOYKAX TEPMOSACPHBIX | CKHX 3aHsA-
ComHia peakuuit Ha ConHue. Boluncnenue snepreruue- THI; 0Opa- 2
CKOr'0 CHEKTPa COJIHEYHBIX HEHUTPUHO 30BaTeNIbHbIE
4 HelitpunHoe uznyuenue Pacuer cieKTpoB HEUTPUHO OT BCIIBIILIKK CBEPX- pecypcehl
CBEPXHOBBIX HOBOM Hayunon 2
6ubamnoTe-
5 HetliTpunHbie cOOBITHS B OrneHka uncia coObITUH B IETEKTOpax HEUTPHUHO kot UI'Y, 4
JIETEKTOpE OT BCIIBIILIEK CBEPXHOBBIX caiita ¢puzu-
6 | CpoiicTBa HEHTpPHUHO Breaymu- | OrpanudeHus Ha CBOMCTBA HEUTPHUHO HA OCHOBE ICCKOTO
TOpHas, JEeTeKTUPOBAHUS HEHTPUHHOTO UMITyJbca OT SN akymbrera 2
pemrenne | 1987A nry. dasa
7 | O6pazoBaHue 3a1ad OreHuTh pajnyca HeHTPHHOC(EPBI IPOTOHEH- AaHHBIX TIO
HEHTPOHHO 3BE3/IbI . R dusuke
TPOHHOI1 3Be3abI ' v . KakoBO COOTHOIIEHHE MEX- inspirehep.n
aw R Rou R et 2
8 | IIpouecc nepeHoca IIpu kakux yClOBHAX IPOUCXOAUT 3aXBaT HEUTPU-
HEHUTPHUHO B IPOTOHEM- HO B MaHTHHU IPOTOHEHTPOHHOH 3BE3/1bI7 2
TPOHHOM 3B€3/1€
9 MexaHu3M HEUTPUHHOIO OreHnTh Nepeaady YHEpTuy OT HEUTPHHO 32
Harpesa BEIECTB 3a ¢ponTom YB, nmocrarounyro amns cOpoca 3Be3AHON 4

¢ponToM YB B KoJUTADI-
CUpYIOLIEH 3Be3]1e

000JI0YKH




10 | Kocmorennsie pll-u KocMmorennsie HeHTpuHO: pll- U pp-HEUTPUHO OT
pp- B3aUMO/ICHCTBHUS KOCMUYECKHX JIy4el ¢ PeIMKTO- 5
HEUTPUHO BBIMHU (DOTOHaMM, C BEIIECTBOM U PaJHallHIOHHBIMU

TIOJISIMU MEK3BE3/THOH Cpeibl

11 | lanakTuyeckue u BHera- | Bueaynu- [MomyunTts oueHky TudQy3HBIX TOTOKOB HEUTPHHO
JIAKTUYECKUE UCTOYHUKN | TOpHas, Ha 3eMJIe, HCTIONIb3Ys JaHHbIE 00 HHTEHCUBHOCTH 4
HEUTPUHO penieHue KOCMHYECKOT0 FraMMa-H3Iy4eHH

12 | Atmocdeprbie HEHTPHHO | 3a1a4 Pacder yrimoBoro ycuieHHus TOTOKOB aTMOchep-
KaKk (oH i actpoduzn- HBIX MIOOHHBIX HEUTPHHO 3
YEeCKUX HEUTPHHO

4.4, MeToanuyecKue YKa3aHUsA MO OPraHU3aIlUU CAMOCTOSITE/IbHOI PadoThl CTY/IEeHTOB

B paznene 3.4.2 crynenTtam ans 6osee yriyOJaeHHOTO U3yYeHHs TUCHUIUIMHBI IPeIaraloTcs 3aauu U
YOpaKHEHHS 10 U3ydaeMbIM paszaenaM. [Ipeanonaraercs, 4TO CTYACHT CaMOCTOSTEIbHO H3YUUT JI0-
MOJIHUTENBbHBII MaTepHual U3 peKOMEHAOBAHHOM JUTEepaTyphl (M. 5) U PELIUT NPEATOKEHHBIE 3aJauH.
OreHKa caMOCTOSTENLHOM PabOThl CTYJCHTOB MIPOBOAMUTCS B BUJE JOMAITHUX KOHTPOIBHBIX paboT U
OIIPOCOB Ha MPAKTUYECKUX 3aHATHSIX.

4.5. [lpumMepHasi TeMAaTHKA KYPCOBBIX padoT (IpoeKTOB) (IPH HAJTUYHUHM)
Y4eOHBIM MJIAHOM HE MPEAYCMOTPEHO HAIMCAHUE KYPCOBBIX paboT (IIPOEKTOB)
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V. YueOHo-MeTOAUYecKOe U MHPOPMAIIMOHHOE o0ecTiedeHne JUCHUNIMHBI (MOTYJIs)
a) nepeuens aumepamypbl

OCHOBHAs TUMepamypa

1. Panpasun, Juza. Jlocrydarscs 10 HeOec: HaydHBIH B3I Ha yCTpoiicTBO Beenennoii [Tekcr]
: mep. ¢ aura. / JI. Panpann. - M. : Anpniuna HoH-¢ukH, 2014. - 516 ¢. (2)

2. :xasiBapaxaHa, Pii. OXOTHHKH 332 HEUTPHUHO. 3aXBaThIBAIOIIAs [TOTOHS 3a MPU3PAYHON dJe-
meHTapHo# vactuiei [Texct] = Neutrino hunters. The Thrilling Chase for a Ghostly Particle to
Unlock the Secrets of the Universe : nep. ¢ anrn. / P. J[xasBapaxana. - M. : AnblrHa HOH-
¢ukmH, 2015. - 253 ¢. (1)

3. 3eabnoBuy, ko BopucoBny M36panusie Tpyasl [Tekcr] : B 2 kH. / S. b. 3enpnoBud ; Poc.
akaJl. HayK. - 2-€ u3M., penpuHT. - M. : Hayka, 2014 - . - 24 cm. - ISBN 978-5-02-039072-0.
Ku. 2 : Yactunsl, sapa, Beenennast. - 2014. - 463 ¢. (1)

O00NOHUMENbHAS TUMEPAmMypa

1.'opoyHoB, JI.C. Beenenne B Teopuio panHedr Bcenennoit. Kocmonoruueckue BO3MYIICHUS.
WNudnsmmonnas teopus [Tekct] : / . C. l'opobynos, B. A. Pybakos ; Poc. akan. Hayk, UH-T
snepHbIX uccnen. - M. : Kpacang, 2010. - 555 ¢. (2)

2. CuneroBckuii, Cepreii UBanoBu4. Kocmuueckue HEHTPUHO BBICOKHMX JHEPrHid [DIIEKTPOH-
HbIH pecypc] : yue0. mocobue / C. 1. CuneroBekmii. - OBK. - Upkyrck : U3n-so UT'Y, 2009. -
Pexxum noctymna: 943 "bubmmorex". - Heorpanuu. Joctyr.

3. bucHoBarslii-Koran, I'ennammii_CemeHnoBuy. PeasituBucTckasi acrpodusuka u puznde-

ckasi kocmoJgorust [Teker] : nayunoe u3ganue / I'. C. bucHosarsiii-Koran. - M. : Kpacann,
2011.-363 c. (2)

0) nepuoouueckue uzoanus

1. A.A. KouyaHoB u ap. XapakTepUCTUKU IMOTOKAa HEHUTPUHO BBICOKMX JHEpPruil B aTmocdepe
3emin // ComHeuHo-3emHas pusnka, 2015.-T.1.-Ne 4. - C.3.

2. Sinegovskaya, T.S. et al. High-energy neutrino fluxes and flavor ratio in the Earth's atmosphere
/Il Phys. Rev. D, 2015. -V. 91. - 063011.

B) CNUCOK A8MOPCKUX MEMOOUYEeCKUX pa3padomox

1. B cucreme obpaszoBatensHoro mopraiga UI'Y (http://educa.isu.ru/) pa3menieHbl METOANYECKUE
MaTepualibl ¥ 3aJIaHUs 110 TAaHHOMY KYpCY.

2) oa3vl ()ClHHblx, MHQbOpMaL{MOHHO'CanZGO’leble U nouckoevle cucmemnsl

1) www.ni.com\russia

2) http://www.labview.ru/

3) http://library.isu.ru/ru

4) DU3 «bubmmotex» https://isu.bibliotech.ru/
5) DBC «Jlanb» http://e.lanbook.com/

6) DbC «PykonT» http://rucont.ru

7) DBC «Aiibyke» http://ibooks.ru

8) http://inspirehep.net/, http://arxiv.org/



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=Рэндалл%2C%20Лиза
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=Джаявардхана%2C%20Рэй
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=Зельдович%2C%20Яков%20Борисович
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=Горбунов%2C%20Дмитрий%20Сергеевич
http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=ELEC&P21DBN=ELEC&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=Синеговский%2C%20Сергей%20Иванович
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=Бисноватый-Коган%2C%20Геннадий%20Семенович
http://educa.isu.ru/
http://www.ni.com/russia
http://www.labview.ru/
http://library.isu.ru/ru
https://isu.bibliotech.ru/
http://e.lanbook.com/
http://rucont.ru/
http://ibooks.ru/
http://inspirehep.net/
http://arxiv.org/%20%20
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V1. MaTepuajibHO-TeXHHYECKOe ofecnedeHne JUCIUMINHBI (MOILYJIsl)

6.1. YueOHO-1a00paTOpHOE 000py10BAHME!

VYyebnas ayautopusi Uil MPOBEACHUS JICKIIMOHHBIX M MpaKkTUYeCKuX 3aHsATud. Ilpu urenun
Kypca HCIOJIB3YIOTCS KOMITBIOTEP M MYJbTUMEIUHHOE oOopymoBaHue. Jlekumu, Matepuaibl Kypca
JOCTYIHBI Ha caiite http://www.pd.isu.ru/sost/teor_phi/homepage/sinegovsky.html.

6.2. IlporpaMmMHoOe obecrieyeHme:
CranpapTHble CEepBUCHI TTI00ABHON ceTn VIHTEpHET, CTaHAapTHBIE CPEACTBA MIPOCMOTpPA Mpe3eH-
TallM{ ¥ HAYYHBIX TyOJIMKAIMK B 2JIEKTPOHHOM BHJIE.

6.3. TexHn4yeckue v JIeKTPOHHbIE CPeCTBA:
Bo Bpemsi TeKIIMOHHBIX 3aHITHI CTyJIEHTaM JIEMOHCTPUPYIOTCS Ha SKpaHE MaTepHalibl Kypca B
BUJIC IPE3CHTAIUM.

VII. O6pa3oBaTe/ibHbIe TEXHOJIOTUH

3amaun M3NI0KEHUS U M3YUYCHHUS JUCHUILIMHBI PEATU3yIOTCS B CIEAYIOMHX (popmax mes-
TEJIbHOCTH:

® JICKIIMH, HALCJICHHBIC HA IIOJIY4YCHHUC HGO6XOI[I/IMOI>1 HH(bOpMaHI/II/I, n €€ HUCIIOJIb30BAHUC
IIpyu pCHICHUH 3a1a4;

® TIPAKTHYECCKHEC 3AHATHSA, HAIIPABJICHHBIC HA aKTUBHU3AI[HIO MMO3HaBaTEILHOM JACATCIIbHOCTH
CTYACHTOB U an06peTeHI/m HWMU HABBIKOB PCUICHUA 3aa4;

¢ KOHCYJbTAIMM — CKCHCACIIBHO I BCCX JKCIIAOMIUX CTYACHTOB,

¢ CaMOCTOATEC/IbHASA BHEAYAUTOPHAaNA paﬁoTa HaIrpaBJICHA Ha HpI/IO6pCTCHHC HaBBIKOB Ca-
MOCTOATCIBHOI'O pCHICHUA 3a4aYq MO0 AUCHHUIIIIMHE,

L4 TeKy]J.[I/Iﬁ KOHTPOJIb p8.60TBI CTYACHTOB OCYIICCTBIISICTCS YCPEC3 KOHTPOJIBHBIC 3aJaHUL

VI1Il. OueHouynble MaTepHaJbl AJs TEKYIIEro KOHTPOJISI M MPOMEKYTOYHOM aTTecTaluu

®onp oueHouHbIX cpenctB (POC) npencraBieH B NPUITOKEHHUH.

8.1.1. OuleHOYHBIE CPEACTBA ISl BXOAHOTO KOHTPOJIS

Jlisl n3ydeHus: JaHHOTO Kypca CTYAEHT JOJDKEH BIaJIeTh OCHOBAaMM (DM3UKU U TEOPETHYECKOM
(GU3MKHM, YMETh IOJb30BaThCS CTaHAAPTHBIMU MOMCKOBBIMU cepBUcamu ceTu MHrepHer. Bxoanoi
KOHTpPOJIb YMEHUU U 3HAHUHN HE IPOBOIUTCS.

8.1.2. OuieHOYHBIE CPEACTBA TEKYIIETO KOHTPOJIS

[TpyMep NPaKTUYECKOTO 3aJaHUsI
3A/[AHUE 1 HelTpuUHHBIN BCIIECK IPU IPAUTALMOHHOM KOJLJIATICE 3BE3/IbI
YCTHO:

1. Tousitne pamuyca HEHTpUHOCHEPHI MPOTOHEHTPOHHON 3BE3IbI R, . KakoBo coorHo-

HICHUE MEXAY R, Rv,, u R,

2. Tlpu Kakux yCIIOBUSIX MPOUCXOIMT 3aXBaT HEMTPUHO B MaHTHH IPOTOHEHTPOHHOMN
3BE35I7

3. TlpuHIMOMAIBHBI MEXaHW3M HEMTPUHHOIO HAarpeBa BEIIECTB 3a (PPOHTOM YIApHOIM
BOJIHBI B KOJIJTAIICHPYIOIIEH 3BE3IE.

[TMCBbMEHHO:
1. OneHnuTe >HEPrUi0, YHOCUMYI0 HEUTPHHO B TPAaBUTAIIMOHHOM KOJIJIATICE 3BE3JIBI,


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

9.

12

€CIIM B Macca >KeJIe3HOTo s/pa (0 KoJularca) HopsaKa COTHEYHON MacChl, Payc
sapa 3000 kM, a paauyc obpasyromieiics HeHTpoHHOM 3Be3/1bI — 10 KM.

2. [Toyuute ouEHKY MOPOrOBOW 3HEPruM (B J1ad. CHCTEME) IS Peakuy POXKICHUS
3apsHKEHHOTO MUOHA MPOTOHOM KOCMHMYECKHX JIyded Ha MH(paKpacHOM H3Iyde-
HuH. KakoBa MakcuManbHas SHEprus HEUTPUHO OT pacraja TaKoro MuoHa?

3. OrneHuTe 3eHUTHO-YITIOBOE YCHIJICHHE TIOTOKOB aTMOC(EpHBIX HEUTPUHO OT pacra-
1oB i- 1 K-Me30H0B, cunTas atMochepy 3emin chepruueckoil n30TepMUIECKOM.

8.1.3. OueHouHbIEC CpeACTBA AJII MPOMEKYTOYHOM aTTeCTalluN
IIpuMepHBII CHUCOK BOIIPOCOB K DK3aMEHY:

. CBoiicTBa HEUTPHUHO: THUII, MACCA, JICNTOHHBIC YHCIIA, OCHWUISAIUU.
. PaccesHne HeHTpuHO Ha 31€KTpoHAX M HyKJIoHaX. CeueHue vN -paccesHUsl B KBapK-NApTOHHOU

Mojienu. OueHkr cBoOOTHOTO Tpo0dera HeMTPHHO.
['enepanus HEUTPUHO B IEMOYKAX TepMoOsiACpHBIX peakuuii Ha ConHue. HellTpuHHOE u3iydeHue
ComnHua.

. O6H_II/Ie npeaAcCTaBJICHUA O q)HSI/I‘IeCKI/IX nmponeccax, nNpeAmeCTBYIOMNX BCIBIIIKE CBerHOBOﬁ n

COIMPOBOXKAAIOIINX €C.

. Ponb HeﬁTpHHO B I'PaBUTAIMOHHOM KOJLIAIICC 3BC3M. HeﬁTpHHHOC H3JIYUYCHUC IIPpU BCIIBIIIKAX

CBEPXHOBBIX.

. CepxnoBasg SN 1987A. Peructpanus HedTpuHHOro umnyiabca oT SN 1987A.

MexaHu3Mbl FeHepaluid HEUTPUHO B acTpopu3nyecKkux ucrounukax u 8 M3C.

. AKTHUBHEIE sgapa raJlIakKTUK U MUKPOKBA3apbl KaK HCTOYHHUKH HeﬁTpHHOI MOACIN M OLCHKH IIOTO-

KOB.
Kocmomornueckue ramMmMa-BCINIECKA — THIIOTETHYSCKHE MCTOYHUKH HGfITpHHO BBICOKHUX M CBCPX-
BBICOKHX 3Hepl"HI>i, MOJICIHN U OLICHKH IIOTOKOB HeﬁTpPIHO.

10. ATmochepHbie HEHTPUHO Kak (HOH i1 acTPOYU3MIECKIX HEUTPUHO, TOTOKH MPSIMBIX HEUTPHHO.
11. YpaBHeHue nepeHoca HEUTPUHO B BELIECTBE, MOTJIONIEHUE U pereHepanus HeuTpuHo. DPdekT pe-

TeHEpallu 3a CUET POKACHHUS U pacmaga MiooHoB. Criennduka nepeHoca 31eKTPOHHBIX aHTHHEH-
TpuHO. Pe3onanc I'mamioy.

12. IlpuHUUIBI perucTpal HEWTPUHO BBICOKMX OHHEPrHMM OT acTpoPU3NYECKUX HCTOUYHUKOB.
Heiitpunnsie Teneckonsi: HT200+, IceCube, ANTARES.

PazpaboTunkm:

[Ipodeccop, aA.¢.-M.H. C.U. CuneroBckuit
(3anumaemas OONICHOCHb) (unuyuanvl, pamunus)
JOIIEHT, K.().-M.H. H.A., TlepeBanoBa
(3anumaemasi OOJIIHCHOCHb) (unuyuansl, hamunus)

[Iporpamma paccmoTpeHa Ha 3acenanuu kadeapsl 001Ie u kocmudeckoit puzuku UT'Y
«_ 22 » _wmapra 2024 .

[Tpotokon Ne _8 | 3aB. kadenpoit @ B.JI. ITaniepusiit

Hacrosimasi mporpamMMa He MoO:KeT ObITH BOCIpPOM3BeleHA HH B Kakoii ¢opme 06e3

NpeABapUTEeIbHOI0 NMCHbMEHHOI0 pa3pelieHus kKadeapbi-pa3padoTynKa NporpaMmsl.



