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I. Heau v 3a1a4u TUCHUNJIMHBI (MOZYJIs1)

Heilitpunnas actpodusuka - pazzensl acTpOpU3UKH BBICOKUX 3HEPTUM, OTKPBHIBAIOLINE HOBOE
OKHO B aCTPOHOMHH, PACIIMPSIOIAE UCCIEAOBAHHS BBICOKOIHEPIreTUUECKUX IpoueccoB B [anak-
TUKE U BO BHETAJTAKTUYECKUX OOBEKTaX.

Llenb kypca «Heirpunnas acrpodusukay : 1) u3ydeHrne mporeccoB B acCTpOPU3NIECKUX 00b-

€KTax — BEPOSITHBIX UICTOYHUKOB HEMTPHUHO B IIUPOKOM Juana3zoHe sHepruil (MaB - II3B); 2) uzy-
YEeHHE METOJI0B PETrUCTPALlMU HEUTPUHHOTO M3JIy4Y€HUS BBHICOKOW PHEPIMM U CYILECTBYIOIIMX J€-
TEKTOPOB KOCMUYECKUX HEUTPUHO.

B pesynbraTe u3yueHus Kypca CTyACHT nproOperaeT GpyHaaMeHTaIbHbIE 3HAHHS O Mpoleccax
TeHepaluu HEUTPUHO B acTpopu3nveckux oOobekTax (Bkitodas CoyHIe U 3eMITI0), 3HAKOMHTCS C
MIpUHIOUIIaMA U MCTOAAMU PECrucTpanun HeﬁTpHHHOFO N3JIY4YCHUS BBICOKUX U CBEPXBBICOKHX 3HECP-
T'Hii U pabOTON COBPEMEHHBIX KPYITHOMACIITAOHBIX YCTAHOBOK (HEUTPUHHBIX TEJIECKOIIOB).

3apaum kypca

BBecTH CTyZIeHTOB B KpyT Mpo0JieM COBPEMEHHON HEHTPUHHOMN acTpo(H3HKH, 1aTh MPEICTaB-
JeHue 0 (PU3MYECKHX MPOIeccax B acTPO(PHU3NIECKUX MCTOYHUKAX M3ITYUYCHHS BBICOKON DHEPTHH,
MO3HAKOMUTH C Pe3yJIbTaTaMH W3MEPEHUH KOCMHUYECKOTO M3JIY4YCHUs, IPUHIIUIIAMUA PaOOThI KPYTI-
HOMACIITAaOHBIX yCTAHOBOK JUIS JETEKTHPOBAHUS acTPO(U3MUECKUX HEHTPUHO, MU3YyUUTH CIICIH-
QJIbHBIC METO/IbI pelIeHHs acTpodu3nYecKux 3a1ad. B pamkax kypca « HelTpuHHasE acTpopu3uKay
CTYACHTHI U3y4ar0OT OCHOBBI YCTpOﬁCTBa aCTpO(l)I/I?;I/IT-IeCKI/IX 00BEKTOB HNOTCHIUAJIbHBIX HCTOYHUKOB
KOCMHUYECKUX JIy‘-ICfI, raMMa-KBaHTOB U HeﬁTpHHO, N MCXAaHU3MbI I'CHCPAlNH BBICOKOOHCPICTHUYC-
CKOT0 KOCMHYECKOTO U3ITyUYCHUSI.

Il. MecTo aucuuniaunsl (MoayJs) B crpykrype OIIOII BO

Kypc «Heitpunnas actpodu3uka» mpeqHazHauyeH Ui MOATOTOBKM MarucTpa MO HallpaBiie-
Huto 03.04.02 «Pusuka», cnocodHoro paboTaTh B COCTaBe KOJUJIEKTHBA HCCieloBaTesIel, MpoBo-
JAIMIMX YKCIEPUMEHThl Ha TUTaHTCKUX YCTaHOBKaX MO PErHCTpallMi KOCMUYECKOro M3iydyeHus. B
pe3yJibpTare U3y4eHHs] JaHHOM JUCUUIUIMHBI CIEUAIMCT JOJDKEH 3HAaTh COBPEMEHHOE COCTOSIHUE
UCCIIEIOBaHUN B 00JIACTH HEUTPUHHON acTpOU3UKHU, TIPUHIMITBI PETUCTPALIUY HEHTPUHO B IIUPO-
KOM JMarna3oHe 3HEpPIruil, UMeTh MpPEACTaBICHUE O JETEKTOpax acTpo(U3MUECKUX HEHUTPUHO, MO-
HUMATh HMIMPOKYIO IIOCTAHOBKY aCTPOPHU3NUECKUX 3aj1au.

N3ydeHue kypca mpernoaraeT HaJu4ue MOJTyYeHHbIX Ha MpeAblAyLIeM ypoBHE oOpa3oBa-
HUS OCHOBHBIX 3HaHUM, YMEHHUI ¥ KOMIETEeHIMH No auctumianHaM «/luddepeHnnansabie ypaBHe-
Hus», «Meroasl MareMaTHueckoi pusukny», «KBanToBas Teopus», « TepMoanHaMuKa U CTaTUCTH-
yeckas (usuka», «SnepHas gusuka», «Teopus anekTpociaaOblx B3UMOJACHCTBUNY, «AcTpodu3nka
BBICOKUX YHEPTHIN».

I11. TpeGoBaHus K pe3yJIbTaTaM OCBOEHHS TUCHUTIIUHBI
IIponecc n3yueHust TUCUMIUIMHBI HallpaBjieH Ha (OpMUPOBaHHE CIIETYIONMX KOMITETEHIIUMI:

[1K-1: Crioco6eH ucrnonb30BaTh acTpou3nIecKrue METO bl B HAYYHBIX UCCIIEIOBAHUSX.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHsI 0 JUCHUILINHE (MOAYJII0), COOTHECEH-
HbIX ¢ MHAMKATOPAMM A0CTHKEeHHS] KOMIIeTeHIN i

Komnerenuus NuaukaTopsl Pe3yabTarhl 00y4eHust
KOMIIeTeHI M
1IK-1 HJIK nxi1a 3HaTh. OCHOBHBIC 3aKOHOMEPHOCTH TIPO-

Crioco0eH HCIOob- | 11eCCOB, MPOUCXOISIINX B 3BE3/IaX TJIaBHON
30BaTh acTpo(Pu3M- | MOCIEAOBATEILHOCTH, W BHE €€, XapakTep
YECKHUE METOBI JIJISl | MPOLECCOB TE€HEpAllMhd KOCMHYECKOTO H3Iy-
OTIMCAHUsI TIPOIEC- | YCHUSI BBICOKOW M CBEPXBBICOKOW SHEPTHH;
COB B aCTpO(bI/I3I/I- HpI/IHLII/IHBI €ro ,Z[GTGKTI/IpOBaHI/ISI, OCHOBHBEBIC
YECKUX MCCJIE0BAa- | METO/Ibl PEIICHMS 3a7a4 HEUTPUHHON acTpo-
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HUSAX (U3MKN, WMETh MPEACTABIEHUE O TMaKeTax
MpOrpaMM MOJIEIUPOBAHUS OTKJIMKA JETEK-
TOpa Ha U3JIy4eHHE

YMeTb: MoaydaTh MPOCTHIE MOJEIbHBIE
OIICHKM  XapaKTePUCTUK  KOCMHYECKOTO
HEUTPUHHOTO M3JIyYEHUS, U MPEAI0JIaracMoi
CTaTUCTUKU COOBITUM B IETEKTOPE.

Baagerp: MaremMarMyecKuM anmnapaTrom
OMUCaHUsl TeHEPALMH U3TYyYeHHUs B UCTOYHU-
K€ U MPOXOXKJICHMS M3JIy4YEHHUs 4epe3 Belle-
CTBO

IV. Conepxxanue H CTPYKTYpa IMCHUIIMHBI (MOYJIs1)

O0beM TUCIUILIMHEL COCTABIACT 4 3a4eTHRIX ¢QUHHULEI, 144 yacos,

B TOM 4mclie 48 4acoB KOHTAaKTHOU PaOOTHI.

3aHATUS TPOBOATCA TOJIBKO B OUHOM Gopme 00yueHHs ¢ IPUMEHEHUEM AUCTAaHIIMOHHOTIO KOH-
TPOJISI CAMOCTOSITENIEHOW pabOThI CTYIEHTOB. DJIEKTPOHHOW M JUCTAaHIIMOHHON GopM oOydeHHs He
IIpelycMaTpUBaeTCsl.

Ha mpakTudeckyro moAroTOBKY OTBOAUTCA 18 ayAUTOPHBIX 4acoB (BO BpeMs MPAKTUYECKUX 3a-
HATHH).

dopmMa MPOMEKYTOUHON aTTECTAIIMU: DK3aMEH.
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4.1. Couepmafme AUCHUIIJINHBI, CTPYKTYPUPOBAHHOC 110 TEMaM, ¢ YKa3aHUEM BUAO0OB y‘leﬁHLIX 3aHSTHI M OTBEJIEHHOI0 HA HUX KOJMYeCTBAa aKa-

JACMHUYICCKHUX YaCOB

Ne Paszgen pucuuminHbl/TeMa = Buabl yuedHoii padoTsl, ®DopMBbI TeKyLIEro KOH-
/" = & | BKJIIOYas caMOCTOSATE/NLHYI0 Pa0oTy 00y4alomuxesi, | TPOJIs yCHEBAEMOCTH;
g E MPaKTHYECKYI0 NOATOTOBKY H TPY10€MKOCTh dopmMa MPOMeKYTOUHOI
@ § S (B yacax) aTTecTALMH
= § = a KonrakTHas padoTa npenoaasareJisi ¢ 5 (no cemecmpam)
3 ) 28 o0y4amuMucs =
an o S -
o |8 | Ex £ £
~ = § Jlexkuun Cemunapckue/ | Kon- g l§
5 s npakTHyeckue/ | cyJbTa- § 2
= = JaGopaTopHble | UM =
= 3aHATHS &}
1 2 3 4 5 6 7 8 9 10
Temwt 1-10 3 (111 | 18 18 18 2 73 [IpakTuyeckoe 3aa-
HHUE, OIpPOC
KOHTpONIB 4
KCP 6
Ok3ameH 23 Bomnpocsl k 3k3aMeHy
HUToro uacos 144 18 18 2 73
4.2. IInan BHeayAUTOPHOIi CAMOCTOAITEJILHOW PaGOThI 00YYAOMIMXCS N0 JUCHHUIIHHE
CamocTosTenbHas paboTa 00yyarouumxcs OteHouHOe V4eOHO-MeTOIIeCcKoe
Cemectp| Ha3Banue pasznena, TeMbl B i 06 C TpynoeMKocTh obecreueHne caMoCTosI-
U]l CAMOCTOATEIBHON padOThI DOKH BBITIONTHEHHUS (uac.) CpeACTBO TeJIBHOMN PabOTHI
T'otoBoe pemienne | McTouHMKH U3 OCHOBHOM U
1 Bce Tembl Pemenue 3amau B teuenue cemectpa 56 3a/[a4Yd B IIUCHMEH- | IOIIOJIHUTEIbHOM JIUTEPATYPbI
HOM BHJIE [0 TeMe IIPAKTHYECKHUX 3aHs-

tuit; O6pazoBaTeIbHEBIC peCcyp-

.~ o o Cbl, JOCTYIHBIC T10 JIOTUHY U
1  [[loaroroBka K 5K3aMeHY Pa6oTa ¢ y4e6HOi TMTepaTypoi B TeuyeHue ceMecTpa 12 VCTHBIH OTBET
napoJito, NMpeaAoCTaBIACMbIM

Hayunotii 6ubnuorexoii UI'Y.

OO0t 00BeM CaMOCTOSITEIBHOM PaOOTHI O TUCITUTIIINHE (Yac) 73




4.3. Conep:xxaHue yueOHOro MaTepuaJia

Tema 1. CpoiicTBa HeWTpuHO. OrpaHUYEHUs HAa MacCy, BpeMsl )KU3HH, 3apsA]l U MarHUTHBIA MOMEHT.
Heittpuno B CranmaptHoit Mopenu, AUpakOBCKUE M MAaMOPaHOBCKHE HEUTPUHO, TMIOTE3bl MPOHMC-
XOKJIEHUE MacChl HEUTPHUHO. JIENITOHHBIE YHCIIA ¥ TUIIOTE3a HEUTPUHHBIX OCLUJUIALUN.

Tema 2. PaccesHue HEUTPUHO Ha DJIEKTPOHAX, HYKJIOHAX, MPOIECCHI C 3apSKEHHBIMU U HEUTpaib-
HeiMu Tokamu. Ceuenuss V€ u VN -paccesHus, olieHKa mpoOera HEHTPHHO 10 B3aWMOCHCTBHS.
B3anmopnencTere HEUTPUHO C AIpaMu, KOTEPEHTHOE PACCESIHUE Ha SApaX.

Tema 3. Helitpunnoe uznydenue ComnHua. ['eHepaius HEUTPUHO B LIETIOYKAX TEPMOSJICPHBIX peak-
nuit Ha ComnHile. Pe3ynpTaThl 3KCIIEPUMEHTOB C COJIHEYHBIMU HEUTPHUHO.

Tema 4. Heiitpunable ocuyuisiuu B BemecTse, 3G ekt MuxeeBa-CmupHoBa-Bonbdenmreina.
KonBepcusi HEUTPUHO KaK pelieHue MpoOsieMbl COMHEYHBIX HeHTpuHO. [lapameTpsl cMemmBaHUsS
COJIHEYHBIX HEUTPHUHO. DKCIEPUMEHTHI C PEAKTOPHBIMU U YCKOPUTEIBHBIMA HEHUTPHHO.

Tema 5. DBomouus 3Be3n, auarpamma [ epmammpynra-Peccenna. Knaccudukaiusi cBEpXOBBIX.
CaepxHosble Tuna |, TuHaMuKa KoJutanca sapa MacCUBHOU 3Be3/bl. Posib HEWTPUHO B TpaBUTALIMOH-
HOM KoJutarice 3Be3/1. HeWTpuHHOE U31ydeHne OT CBEPXHOBBIX.

Tema 6. Cepxuoast SN 1987A. Perucrpanus neiirpunHoro umiyibca or SN 1987A, orpanuue-
HUs Ha CBOWCTBA HEUTPHUHO, MOJYYECHHBIE HA OCHOBE JECTEKTUPOBAHUSA HEUTPUHHOIO MMIyJsbca. [le-
TeKkTopbl HeliTpuHo oT cBepxHOBbIX: AC/], BIICT, IMB, LVD, S-K, SNO.

Tema 7. Kocmonornueckue OrpaHMYEHMs Ha MacCy M 4YMCIO COPTOB HEeWTpuHO. KocMoreHHsie
HEHUTPUHO: PY- U PP-HEUTPUHO OT B3aMMOJECHCTBHSI KOCMHUUECKUX JIy4eH C peTMKTOBBIMU (POTOHAMH, C
BELIECTBOM U PAIUALMOHHBIMU MOJISIMU MEK3BE3THOU CpEJIbI.

Tema 8. . l'anakTHuyeckue M BHETAIAKTUYECKUE HCTOYHMKM HEUTPUHO, AUQPQY3HbIE MOTOKU
HEHUTPUHO BBICOKUX AHEpruil. OrpaHndYeHus] Ha MOTOKU U3 U3MEPEHUN KOCMUYECKUX JIy4el u ramMmma-
WIIY4YEHHS BBICOKOM SHEPIHUU.

Tema 9. AxtuBable ramaktuueckue siapa (AGN) kak MCTOYHMKM HEHTPHHO BBICOKHX JHEPTH.
Bo3MoOxHBIE MEXaHU3MBI Ie€Hepalus HEHTPUHO B MCTOYHUKAX KOCMOJIOTMYECKMX raMMa-BCIUIECKOB
(GRB).

Tema 10. AtmocdepHble HEHUTpUHO Kak (OH Uil acTpo(PU3MUECKUX HEUTPHUHO M KaauOpoBKa
HEHUTPUHHBIX TelecKonoB. CEKTPbl U 3€HUTHO-YTJIOBbIE pacIpeeIeHNs aTMOC(PEPHBIX HEUTPUHO.

Tema 11. IIpoxoxeHNE HEUTPUHO BBICOKMX DHEPTU Uepe3 IUIOTHOE BEIECTBO. Y paBHEHUE Iepe-
HOCAa HEUTPUHO, MOTJIOIIEHUE U pereHepanusi HelTpuHo. Crenuduka nepeHoca MEKTPOHHBIX aHTH-
HeuTpuHo. Pezonanc I'msioy.

Tema 12. IlpyHUUIIBI pErUCTpPaAllMM HEUTPUHO OT aCTPOPU3UYECKUX MUCTOUHUKOB: a) PaAUOXMMHU-
YeCKHe JIETEKTOPbI, 0) CHUHTUIISIIMOHbBIE IETEKTOPHI, B) UEPEHKOBCKUE AETEKTOPHI, I') paJn0IeTeKTH-
pOBaHMeE, B) aKyCTUYECKUE AETEKTOPbl. V3MepeHns CIEKTPOB COJIHEUHBIX U aTMOC(EPHBIX HEUTPUHO.

Tema 13. KpynHomacuTaOHble MOJIBOJIHBIE U TMOJIEAHbIE YEPEHKOBCKUE I€TEKTOPHI (HEUTPHUHHBIE
teneckonsl) — Baikal-GVD, ANTARES, IceCube, KM3NeT. Perucrpanus nuddy3Horo notoka act-
podu3nUECKNX HEUTPHUHO BBICOKUX SHEPTUN U HEUTPUHO OT JIOKAJbHBIX UICTOYHHUKOB.

Tema 13. Meronbsl 00pabOTKU: TpeKoBbie U JHBHEBbIe coObiTHss, HESE veto (contained events);
0TOOp TPEKOBBIX COOBITHIA B HampaBJieHHH CHU3Y-BBepX (through-going events). BoccranoBnenue
CIEKTpa HEUTPUHO M3 3aPErHCTPUPOBAHHBIX COOBITHM, YTIIOBOE pPCIIpe/ieieHue, OLICHKH (pieiiBOopHOTO
cocTaBa MOTOKA aCTPOPU3HMUECKUX HEUTPHHO.

Tema 13. IIpoekTbl HEUTPUHHBIX TEJIECKONOB CIEIYIOLIETO MTOKOJICHUS, OKUAAEMas PETUCTPALIUS
I'3K-HelTpuHO U Ipyrue NepcrneKTUBbI HEUTPUHHOMN acTPOPU3UKH.



Pa3znesibl M TeMbI JMCHUILVIMH (MOYJIei) M BUIbI 3aHATHI

CHUBHBIX 3BC3/1, BCIIBIIIIKA

CEMHUHAape B

Ne /it HaunmeHoBaHue TeMbI Buner 3aHaTHE B yacax
J 13  CPC Bcero
1 Heiirpuno B CrannaptHoit Monenu 1 2 8 11
2  Hetitpuno B CrangaptHoit Monenu. Paccesnue HEHTpUHO Ha 3MEKTpo- 2 2 5
HaX, HYKJIOHAX U S[pax 9
3 | I'enepanms HEHTPUHO B LIENOYKaX TEPMOSACPHBIX peakiuii Ha CoHIle. 1 2 8 11
4 HeiitpunHnsie ocuumisanuu 2 2 8 12
5 HeiitprHHOE M3MydeHe NPy BCIIBIIIKAX CBEPXHOBBIX 2 2 8 12
6  Perucrpauus HelitpuHHoro ummynbca oT SN 1987A 2 2 8 12
7 Juddy3Hble TOTOKH HEUTPUHO BBICOKHX SHEPTHN 2 2 8 12
8 | AtmocdepHbIe HEUTPHUHO 2 2 8 12
9 | IIpoxoxaeHne HEUTPUHO BBICOKUX IHEPTHI Yepe3 BEIIEeCTBO 2 2 6 10
10 | HeWiTpuHHBIE TEIECKOIBI 2 - 6 8
4.3.1. TlepevyeHb CEMHHAPCKUX, MPAKTHYECKUX 3AHATHI M J1a00PaTOPHBIX padoT
Nen/m Ne pazmena u HaumenoBanue cemunapoB, | TpyaoemkocTs  OneHounbie = Dopmupyembie
TEMBI IUCIM- | IPAKTHYECKUX U J1aOOpaTOPHBIX (uacer) cpeacTsa KOMITETCHIINN
TUTMHBI (MOJTY- pabot
151)
1 2 3 4 ) 6
1 Tema 1,2 Paccesnue HeTpUHO Ha JIENITO- 4 3amganue Ha IIK-1
HaX, HyKJIOHAaX H siApax ceMHHape B
BUJIE 337a4YH
2 Tema 3 I'enepanust HEUTPHUHO B TEPMO- 2 3amganue Ha IIK-1
sIepHBIX peaknusix Ha CoHIe. ceMHHape B
Pe3ynbTarhl 3KCIIEPUMEHTOB 110 BUJIE 331a4H
PETUCTPAIINU COTHEUHBIX
HEUTPUHO
3 Tema 4 HeliTpuHHBIE OCITUIUIAIINA B BE- 2 3amanne Ha TIK-1
IIeCTBE, KOHBEPCHSI HEUTPHHO , ceMHHape B
napameTpbl CMEIINBAHUS COJI- BUJIE 331a4H
HEYHBIX HEUTPUHO
4 Tema 5, 6 I'paBuTalIMOHHBIN KOJIANIC Mac- 2 3aganue Ha T1K-1




CBEPXHOBBIX, HEUTPUHHOE H3ITY- BUJIE 33/1a9U
YEHUE, HEUTPUHHBII UMITyJIbCa
ot SN 1987A
Tema 7 Huddys3HbIe TOTOKH HEUTPHUHO 2 3aganue Ha
BBICOKHX YHEPruit CEMHUHape B
BUJIE 33/1aYU
Tema 8 ATtMmochepHbIe HEHTPUHO 2 3aganue Ha
CEMHUHape B
BUJIE 33/1aYU
Tema 9 IIpoxoxnenne HEUTPUHO BBICO- 2 KontponbHas
KHX 3HEpTUi yepe3 BeIecTBO pabora

[IK-1

[K-1

[K-1

4.3.2. TlepeyeHb TeM (BONPOCOB), BBIHOCHMBIX Ha CAMOCTOSAITEIbHOE H3yUeHUe CTYIeHTAMHU B
paMKax camocTosTeabHol 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- Hcrounuku 4
CrannaptHo#t Mogenu TOpHas, CKas Macca, TUIN0Te3a HEUTPUHHBIX OCLIMJUISLIAN U3 OCHOBHOM
2 BsumonelictBue penieHre | BpluuciIeHHE CEYCHUN paccessHUE HEUTPUHO Ha U JI0IIOJIHU- 4
HEUTPHUHO C BELIECTBOM 3aa4 3JIEKTPOHAX U HYKJIOHAX B KBAPK-IIAPTOHHOU MO- TeIbHOU
nenu. OnieHKy pobera HEUTPUHO 710 B3aMMOJIeH- JIUTEPaTyphl 6
CTBHSI, IPOLIECCHI C 3apPSKEHHBIMU M HEUTpalbHBI- | 110 TEME
MU TOKaMH. MIpaKTHYE-
3 | HeilirpunHoe n3nydenue I'enepanus HEUTPUHO B LIENIOYKAX TEPMOSAECPHBIX | CKHX 3aHsA-
ConHia peakuuit Ha ConHue. Boruncnenue snepreruue- THIA; 0Opa- 6
CKOr'0 CHEKTPA COJIHEUHBIX HEHUTPUHO 30BaTeNIbHbIE
4 HelitpunHoe uznyuenue Pacuer cieKTpoB HEMTPUHO OT BCIIBIILIKK CBEPX- pecypehbl
CBEPXHOBBIX HOBOH Hayunoit 6
6ubnmore-
5 HetliTpunabie cOOBITHS B OrneHka uncia coOBITUH B IETEKTOPax HEUTPHUHO kot UI'Y, 6
JIETEKTOpe OT BCIBILIEK CBEPXHOBBIX caiira puzu-
6 CaoiicTBa HEUTPHUHO Bueayau- | OrpanuyeHus Ha CBOHCTBA HEUTPUHO HA OCHOBE HeCKoro
TOpHas, JETeKTUPOBAHUS HEHTPHHHOTO UMITyJIbca 0T SN takysbrera 6
pemrenne | 1987A nry. dasa
7 | Ob6pasoBanue 3a71a4 OneHutsb paguyca HeliTpHHOCHEpPH! IPOTOHEH- AaHHBIX TIO
HEUTPOHHOH 3B€3/1bl . R dusmre
TPOHHOI1 3Be36I ' ‘v . KakoBO cooTHOIIEHNE MEX- inspirehep.n
1y RVe Rvy u RV, 2 et 6
8 | IIpouecc nepeHoca IIpu kakux yCnoBUAX NPOUCXOAUT 3aXBaT HEUTPU-
HEUTPHUHO B IIPOTOHEH- HO B MaHTHHU IPOTOHEHTPOHHOH 3BE3/1bI7 6
TPOHHOM 3Be3/1€
9 MexaHu3M HEUTPUHHOTO OneHuTh mepeaavy SHEPTUU OT HEUTPUHO 3a
Harpesa BEIECTB 3a ¢bponTom YB, nocraTtounyro ans cOpoca 3Be3qHON 6

¢ponTOoM YB B KoaI-
cupyloLlel 38e3/1e

000JI0YKH




10 | Kocmorennsie pll-u KocMmorennsie HelTpuHO: pll- U pp-HEUTPUHO OT
pp- B3aUMOICHCTBHUS KOCMUYECKHX JIydel ¢ PeuKTO- 6
HEUTPUHO BBIMHU (DOTOHAMH, C BEIIECTBOM U PaJHallIOHHBIMU

TIOJISIMU MEXK3BE3THOH Cpeibl

11 | lanakTuyeckue u BHera- | Bueayau- [MomyunTts oueHky nuddy3HbIX TOTOKOB HEUTPHHO
JIAKTUYECKUE UCTOYHUKN | TOpHAs, Ha 3eMIIe, HCTIONIb3Ys JaHHbIE 00 HHTEHCUBHOCTH 6
HEUTPUHO pelieHue KOCMHYECKOT0 TaMMa-H3Ty4eHH

12 | Atmocdeprbie HEHTpHHO | 3a1a4 Pacuer yrmoBoro ycuieHus TOTOKOB aTMOchep-
KaKk (oH s actpoduzn- HBIX MIOOHHBIX HEUTPHHO 5
YEeCKUX HEUTPHHO

4.4, Metoanuyeckue yKa3aHus M0 OPraHu3aIuu CAMOCTOSITEIbHOI PadoThI CTY/1€HTOB

B pasnene 3.4.2 cryaentam juist 6osiee yriy0J€HHOIO N3y4eHHs TUCIMILIMHBI IpeIaratoTcs 3a1auu U
yHOpaXHEHUs] 110 M3y4daeMbIM paszenam. llpennonaraercs, yTo CTYAEHT CaMOCTOSTEIBHO U3YUUT J10-
IIOJTHUTEJIbHBIN MaTeprall U3 PeKOMEHI0BaHHOM UTepaTypsl (1. 5) U PeLIUT NPEJIOKEHHbIE 3aJauu.
OneHka caMOCTOSITEIbHOM pabOThl CTYIEHTOB IIPOBOAMUTCS B BUJE JOMAIIHUX KOHTPOJIbHBIX paboT U
OIIPOCOB HA MPAKTUYECKUX 3AHATHUIX.

4.5. llpumepHasi TeMATHKA KYPCOBBIX padoT (MpoeKToB) (IPpH HAJTUYUH)
Y4eOHBIM IIJIAHOM HE MPEAYCMOTPEHO HAMMCaHUE KYPCOBBIX paboT (MPOEKTOB)
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V. YueOHo-MeTOAUYecKOe U MH(OPMAIIMOHHOE o0ecTiedeHne JUCHUNIMHBI (MOTYJIs)
a) nepeuens aumepamypbl

OCHOBHAs TUMepamypa

1. Panpaun, Jluza. Jlocryuarscs 10 HeOec: HaydHBIN B3IJIs HA yCTpoiicTBO Beenennoii [Tekcr]
: mep. ¢ aura. / JI. Panpamn. - M. : Anpniuna HoH-¢ukH, 2014. - 516 c. (2)

2. :xasBapaxaHa, P3ii. OXOTHHKH 332 HEUTPHUHO. 3aXBaThIBAIONIAs [TOTOHS 3a MPU3PAYHON dJe-
MeHnTapHoit yactuieit [Texcr] = 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 BopucoBnu N36panusie Tpyasl [Tekcr] : B 2 kH. / S. Bb. 3enpnoBud ; Poc.
akaJ. HayK. - 2-€ u3M., penpuHT. - M. : Hayka, 2014 - . - 24 cm. - ISBN 978-5-02-039072-0.
Ku. 2 : Yactunsl, saapa, Beenennas. - 2014. - 463 ¢. (1)

00NOIHUMENbHAS TUMepPamypa

1. FopoynoB, JI.C. Beenenue B Teoputo panHeir Bcenennoit. KocMosornyeckue BO3MYIICHHS.
WNudnsunonnas teopust [Texker] : / 1. C. T'opbyHos, B. A. Pybakos ; Poc. akan. nayk, Un-T
snepHbIX uccnen. - M. : Kpacang, 2010. - 555 ¢. (2)

2. CuneroBckuii, Cepreii UBanoBu4. Kocmuueckue HEHTPUHO BBICOKHMX SHEPrHid [DIIEKTPOH-
HbIH pecypc] : yueb. mocodue / C. 1. CuneroBekmii. - OBK. - Upkytck : U3n-so UT'Y, 2009. -
Pexxum noctyna: 943 "bubmuorex". - Heorpanuu. Joctym.

3. bucnoBarslii-Koran, I'ennammii_CemeHoBuu. PeasituBucrckasi acrpodusuka v gpusnde-

ckast kocmoJgorus [Tekcr] : nayunoe u3ganue / I'. C. bucHosarsiii-Koran. - M. : Kpacann,
2011.-363 c. (2)

0) nepuoouueckue uz0anus

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
I/ Phys. Rev. D, 2015. -V. 91. - 063011.

B) CNUCOK a8MOPCKUX MEMOOUYECKUX pa3padomox

1. B cucreme obpaszoBatensroro mopraiga UI'Y (http://educa.isu.ru/) pa3menieHsl METOANYECKUE
MaTepualibl ¥ 3aJJaHUs 110 TJAaHHOMY KYpCYy.

2) oa3zvl aaHHblx, MH@OPMCIUMOHHO'Cl’lp(lGOllele 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 «Jlauw» 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 oDecriedeHne TUCIUNIMHBI (MOTYJIs)

6.1. YueOHo-1200paTopHOE 000py10BaHME!

VYyebnas ayauTopusi Uil MPOBEACHUS JICKIIMOHHBIX W MpaKkTUYecKuX 3aHsATud. llpu urenun
Kypca UCIOJIB3YIOTCS KOMITBIOTEP M MYJbTUMEIUWHOE 0oOopymoBaHue. 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-
TallMi ¥ HAYYHBIX ITyOJIMKAIMK B 3JIEKTPOHHOM BUJIE.

6.3. Texnuuyeckue U 3J1eKTPOHHbBIE CPeACTBA:
Bo BpeMms 1€KIMOHHBIX 3aHATUIN CTYJIEHTaM AEMOHCTPUPYIOTCS Ha SKpaHE MaTepHalibl Kypca B
BH/JIE TIPE3CHTALIUN.

V1l. O6pa3oBaTe/ibHbIE TEXHOJIOTHH

3amaun M3JI0KEHUS U M3YUYCHHS JUCHUILTUHBI PEau3yroTcs B CIeAyromux (opmax jaes-
TEJIbHOCTH:

® JICKIIMH, HALCJICHHBIC HA IIOJIYUYCHUC HGO6XOI[I/IMOI>1 I/IH(i)OpMaIII/II/I, H €€ HUCII0OJIb30BAHUC
IIpyu pCHICHUH 3a1a4;

® TIPAKTHYECCKHEC 3AHATHSA, HAIIPABJICHHBIC HA aKTUBHU3AI[UIO MMO03HaBaTEILHOM JACATCIIbHOCTH
CTYACHTOB U HpI/IO6peTeHI/I$[ HWMU HABBIKOB PCIICHUA 3aaa4;

¢ KOHCYJbTAIMM — CKCHCACIIBHO JJIA BCCX KCIIAOIUX CTYACHTOB,

¢ CaMOCTOATEC/IbHAs BHECAYAUTOPHAasA paﬁoTa HaIlpaBJICHA Ha HpI/IO6pCTCHHC HaBBIKOB Ca-
MOCTOSATCIBHOI'O pCHICHUA 3aJ]ad MO0 AUCHHUIIIIUHE,

L4 TeKyHII/Iﬁ KOHTPOJIb pa60TBI CTYACHTOB OCYIICCTBIIAICTCS Y€PEC3 KOHTPOJIBHBIC 3aJaHU

VIll. Oueno4yHble MaTepHaJbl 1/l TEKYLEr0 KOHTPOJIS M IPOMEKYTOYHOI aTTecTaluu

®onp oueHouHbIX cpenctB (POC) npencraBieH B NPUIOKEHHUH.

8.1.1. OnleHOYHBIE CPEACTBA ISl BXOJHOTO KOHTPOJIS

Jlis M3ydeHus: JaHHOTO Kypca CTYAEHT JOJDKEH BIIa/leTh OCHOBAMM (PM3UKH M TEOPETUYECKOMH
(U3MKHM, YMETh MOJIb30BaThCS CTAaHAAPTHBIMU MOMCKOBBIMU cepBUcamu cetu MHtepHer. Bxoanoit
KOHTpPOJIb YMEHUN U 3HAHUHN HE IPOBOIUTCS.

8.1.2. OuieHOYHBIE CPEACTBA TEKYIIETO KOHTPOJIS

IIpuMep NpaKTUYECKOrO 3aaHus
3A/JAHHUE | HeWTpuHHBIN BCIIECK ITPU I'PAUTALIMOHHOM KOJUIATICE 3BE3/1bI
YCTHO:

1. Tlousitwe pamuyca HeHTpUHOCHEPHI POTOHEHTPOHHON 3BE3IbI R, . KakoBo coorHo-

HICHUE MEXAY R, Rv,, uR,

2. Tlpu KakuX yCJIOBHSAX MPOMCXOJUT 3aXBaT HEHTPUHO B MAHTHH HPOTOHEHTPOHHOM
3Be35I7

3. TlpuHIMOMAIBHBI MEXaHW3M HEWTPUHHOIO HarpeBa BEINECTB 3a (PPOHTOM yIapHOM
BOJIHBI B KOJIJTAIICHPYIOWIEH 3BE3IE.

I[TMCBMEHHO:
1. OueHute 3HEPrUI0, YHOCUMYIO HEMTPUHO B T'PAaBUTAIMOHHOM KOJUIATICE 3BE3bl,


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

9.
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€CITM B Macca JKeJIe3HOro sijpa (10 KoJularnca) mopsika COJIHEYHOH MacChl, paauyc
sapa 3000 kM, a paguyc oOpasyromneiicss HBUTPOHHOM 3Be3bI — 10 KM.

2. [TonyunTe OIIEHKY MOPOTOBOI 3HEPruu (B J1ad. cUCTEME) JJIsl PEaKIUU POXKICHHS
3apsHKEHHOTO MHOHA MPOTOHOM KOCMHYECKHX JIyded Ha MH(pPaKpacCHOM H3IIyde-
HuK. KakoBa MakcuMaibHasi 3HEPrusi HBUTPUHO OT pacrajia Takoro muoHa?

3. OreHUTE 36HUTHO-YTIIOBOE YCUJICHHE TTOTOKOB aTMOC(EPHBIX HEUTPUHO OT pacria-
1oB T~ U K-Me30HOB, cuuTast atMochepy 3eMiin chepruiecKoil H30TePMUIECKOM.

8.1.3. OueHouHbIe CpeACTBA AJISI MPOMEKYTOUYHOM aTTeCTAllUN
[IpuMepHBIi CTHCOK BOIPOCOB K DK3aMEHY:

CBolicTBa HEMTPUHO: THUII, Macca, JIENTOHHBIC YUCIIA, OCLMIUISILIUH.

PaccesHue HEHTpUHO Ha 3JEKTpoHAX M HykioHaX. CeueHue vN -paccesHus B KBapK-IIapTOHHOU
Mojienu. OueHkr cBoOOTHOTO Tpodera HeUTPHHO.

I'eneparus HEMTPUHO B LenoYKax TepMosiiepHbIX peakiuii Ha ConHue. HelTpuHHOE M3TyueHUe

ConHia.
OOmme mpencraBieHus] 0 (U3MYSCKUX TPOIeccaxX, MPEAIIECTBYIONIMX BCIBIIIKE CBEPXHOBOW U
COIPOBOXKIAFOIIHX €€.

. Ponb HeﬁTpHHO B I'PAaBUTAIMOHHOM KOJUIAIICC 3BEC3. HeﬁTpHHHOG HU3JIYUYCHUC IIPU BCIIBIIIKAX

CBEPXHOBBIX.

. CepxHoBas SN 1987A. Peructpauus HeiTpuHHOro ummyJiibca oT SN 1987A.

MexaHu3Mbl FeHepaluil HEUTPUHO B acTpopu3nyecKkux ucrounukax u 8 M3C.

. AKTUBHEIE sgapa raJlakKTUK U MUKPOKBA3apbl KaK HCTOYHUKH HeﬁTpHHOZ MOJCIN U OLCHKH IIOTO-

KOB.
Kocmomornaeckue ramMmMa-BCINIECKA — THIIOTETHYCCKHE MCTOYHUKH HGfITpHHO BBICOKUX M CBCPX-

BBICOKHX SHGPFHﬁ, MOICIHN U OLICHKH IIOTOKOB HeﬁTpHHO.

10. AtmocdepHble HeUTpUHO Kak (OH IS acTpO(PU3NUIECKUX HEUTPUHO, TOTOKU MPSIMBIX HEUTPHHO.
11. YpaBHeHue nepeHoca HEHTPUHO B BEIIECTBE, MMOTJIOIIEHNE U pereHepanust HeuTpuHo. D¢ ekt pe-

reHepaluu 3a cueT POXKACHMs U pacrajga MoHOB. Crenuguka nepeHoca 3J1€KTPOHHBIX aHTHHEH-
TpuHO. Pe3onanc I'immoy.

12. IlpuHUUIIBI perucTpal HEUTPUHO BBICOKMX OHHEPrHMMl OT acTpoPU3NYECKUX HCTOUYHUKOB.
Heiitpunnsie Teneckons: HT200+, IceCube, ANTARES.

IIpuMep TecTOBBLIX 3aJaHUH NJA NPOBEPKH CHPOPMHPOBAHHOCTH KOMIIETEHLHUH, YKa3aHHBIX
Bbime B .I11:

1. Kaxoii mun netimpuno obnadaem camoti MUHUMATbHOU dHepeUell:

a). 2eOHeUmpuHoO
0). conHeyHvle HellmpUHO
8). PenuUKmogvle HeUMpPUHO

2. Kaxoii mun netimpuno uiu anmuHetumputo 6 60IbUUHCINGE CYUAe8 POAHCOAenC sl 8 pe3yibmame
pacnaoa 3apAaiceHHo20 NU-Me30Ha.:

a). dINeKMpoOHHOE
0). MIOOHHOE
8). may-HeumpuHo

3. B Kakux 83aumo0eticmsusx Mo2ym yuacmeo8amyv HetmpuHo:

@). MONBLKO 8 CUNILHBIX
0). 8 CUTLHBIX U C1AOBIX
8). 6 crabwvix
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4. Mampuya Ilonmexopso—Maxu—Haxkaeasvi—Cakamubl onucviéaem.
a). npoyecc cmewusanus keaprkos 6 Cmanoapmmoi Moodenu
0). npoyecc cmewueanus munog HeumpuHo
8). MaKOU Mampuybvl He Cyuecmsayen

5. Cnupanvrocmbuio yacmuysl HA3618AEMCA:
@). cnocoOHOCMb Hacmuybl YYaACmMeEo8ams 8 OCYULIAYUSX
6). YuCn0 3apsa008bIX COCMOAHUL AOPOHA
8). NpoeKyUsi CNUHA YaACMUYbL HA HANPABIEHUE OBUICEHUSL

Pa3paGorumnkn:

J <

f\ ; i1 of ' npodeccop Kadheapsl TEOPETUUECKON (DU3UKH C.U. Cunerosckuii
{ \ 1 \ W ~ \.

[Tporpamma paccMoTpeHa Ha 3acenanuu kadenpsl o0niei u kocmuieckor huszuku UT'Y
«_ 14 » _mapra 2022 .

ITporokon Ne _8 |, 3aB. kadenpoii @ B.JI. ITanepHsrii

Hacrosimmasi mnporpamMMa He MoO:KeT ObITH BOCIPOHM3BeleHA HHU B Kakoii ¢opme 0e3

NpeIBAPUTEJIbHOI0 NMCHbMEHHOI0 paspeleHust Kadeapsi-pa3padoTynkKa NporpaMmsl.



