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AHHOTALMS

LlenssMu OocBOEHUS y4eOHON NUCIMILIMHBI «BBeaeHne B acTpOPHU3UKY U KOCMOJIOTHIO» — J1aTh
CTYJICHTaM OCHOBHBIC TIPEJCTABJICHUS O CTPYKType BceneHHOU, (u3mke 3Be3 W HX SBOJIOIHH,
acTpo(u3MKe KOCMUYECKUX JTyUEH.

1. IEJIN U 3ATAYA OCBOEHUSI YYEBHOM JTUCIUILINHBI

enssMmu ocBoeHUsT yueOHOM MUCIMIUTMHBI « BBeneHnue B acTpou3nKy U KOCMOJIOTHIO» — JaTh
CTyJICHTaM OCHOBHBIC TPEJCTaBIICHUS O CTPYKType BceneHHoi#l, ¢u3mke 3Be3q M WX HBOJIOIUH,
acTpopu3uKe KOCMUYECKUX JTy4eil.

2. MECTO YYEBHOM JUCIHUILJIMHBI B CTPYKTYPE OOII BO

JlucuumuinHa OTHOCHTCS K BapuaTuBHOM wactu IIpodeccmonanshnoro mukna (b3.1AB) u
ABIISIETCA Kyp-coM 1o BeiOopy. IlocraBnena na 7-it cemectp st cryneHToB 40-it u 11-ii kadenp. K
JAHHOMY BPEMEHHU CTYJEHTBl YK€ MPONIYT CHEI.KypChl HEOOXOIUMBIE JUIsl Hayajla W3Y4YEHUs - IO
KBaHTOBON MeXaHUKe, siiepHod Qusuke u np. Taxke, U3yyeHHE JAHHOTO Kypca HEOOXOAMMO IS

Hay4HOU paboThl B pamkax HUPC u numiomHo# paGoThl.

3. OOPMUPYEMBIE KOMIIETEHIIUU U ITVTAHUPYEMBIE PE3YJ/IbTATbBI

OBYYEHUA

YHuBepcanpHble H(WIH) 001enpoQeccuoHanbHble KOMIETEHIHH:

| KOI[ 1 HAUMCHOBAHUEC KOMIICTCHIIUN | KOH W HAMMCHOBAHUC MHAUKATOPA JOCTHIKCHUS KOMIICTCHIIUN

ITpodeccuonanbHble KOMIETEHIMM B COOTBECTBUM C 3aJadyaMd U OObekTamMu (0OaacTsaMu
3HaHUi) IpogeCcCHOHATBLHOMN 1A TeTbHOCTH:

3apaua
npodeccuoHaIbLHOM
aesteabHoctu (3IL1)

MIPOBEJICHUE HAYYHBIX
HUCCIIEIOBAaHUN
MOCTABIIEHHBIX
po0em;
(opMyIHpPOBKA HOBBIX
3aJ1a4, BOSHUKAIOIINX B
X0JIe HAYIHBIX
uccaea0BaHmil; paboTa
C HAy4HOH
JUTEPATypoil C
WCIIOJIb30BaHUEM

O0BeKT 114 00J1aCTh
3HAHUSA

AJIEMEHTAPHbIC
YaCTHIIBI, KOCMIYECKHE
JIy4H, YCKOPUTEIbHBIE
SKCIIEPUMEHTHI,
actpodusuka,
MaTeMaTHIEeCKHUE
MOAEIH IS
TEOPETUYECKOTO U
AKCIIEPUMEHTAIBHOTO
HUCCIIENOBAHUN SIBICHUN
1 3aKOHOMEPHOCTEN B

Kon n naumenoBanue
npogeccuoHaILHOM
KOMIIeTEHIIUH;
OcHoBaHue
(mpodeccuoHANbHBIN
cranaapr-IIC, ananus
onbITA)

Hay4HO- I/ICCJ'ICI[OBaTCJ'IBCKI/If/i

I1K-4 [1] - Criocoben
CaMOCTOSTCIILHO
BBIITOJIHATH
OKCIEPUMEHTAIBHBIE U
TEOPETHYCCKHE
HUCCIICI0OBAHUA HJIA
pCLICHUS HAYYHBIX U
IMPON3BOACTBCHHBIX
3a1au

Ocnosanue:

Koa u HaumeHoBaHue
HHAUKATOPA
JOCTHKEHUSA
npodeccuoHaIbLHOM
KOMIIETEHI[MH

3-TIK-4[1] - 3naTs:
LIeJIM ¥ 337249
MIPOBOJIUMBIX
HCCJIEIOBAHUIA;
OCHOBHEIC METOJbI U
CpEICTBA MPOBEACHUS
SKCHEPUMEHTAIbHBIX U
TEOPETHUECKHUX
HCCIIeIOBaHUIM;
METO/IbI ¥ CPEJICTBA
MaTeMaTUYeCKOM




HOBBIX obmacti (u3MKu
WH(POPMAIIMOHHBIX BBICOKMX YHEPTHUH,
TEXHOJIOTHH, CIIeKEHNE | KOCMUYECKHX JIyueH,
3a HAY4YHOHN YCKOPHUTEIBHBIX
MIEPUOIUKOIA; HKCTIIEPUMEHTOB,

pa3paboTKa METOJIOB U | acTpou3uKu
puOOPOB A
peTucTpaIiu
MOHU3UPYIOUIHNX U
AJIEKTPOMATrHUTHBIX
U3TY4YeHUH; BBIOOD
TEXHUYECKUX CPEJICTB,
MOJIrOTOBKA
obopynoBanus, pabora
Ha
AKCIIEPUMEHTATBHBIX
buznueckux
yCTaHOBKax; BHIOOD
HE0OXOTUMBIX
METOJIOB
UCCIIeIOBAHMSI; aHAIIU3
MOJy4aeMoun
¢busnueckoi
uH(popMaLuu ¢
UCIOJIb30BaHUEM
COBPEMEHHOMN
BBIUUCIINTENIHON
TEXHUKHU

[TpodeccrnonanbHbIi
cranaapt: 40.011

00paboTku
pe3yIbTaToB
AKCIIEPUMEHTAIBHBIX
JAHHBIX ;

V-TIK-4[1] - YmeTs:
MPUMEHSTH METO/IBI
IPOBEICHUS
IKCIIEPUMEHTOB;
UCIIONb30BaTh
MaTeMaTHIECKUE
METO/bI 00pabOTKU
pe3yIbTaToB
HCCIIEIOBAHUM U UX
00001IeHMS;
oopmIIATH
pe3yIbTaThl HAYYHO-
UCCJIEIOBATEILCKUX
pabor;

B-1IK-4[1] - Bnanets:
HaBBIKAMHU
CaMOCTOSITENILHOT'O
BBITIOJTHCHHS
9KCIIEPUMEHTAIBHBIX U
TEOPETUIECKUX
UCCIICTOBAHMUS JIJIs
pENICHUS HAyYHBIX U
MIPOU3BOJICTBEHHBIX
3a1a4

4. CTPYKTYPA U COJAEP)KAHUE YUYEBHOM JUCHUILIUHBI

Paznensl yueOHOM TUCIMIUIMHBL, UX 00BbEM, CPOKH U3Y4eHUS U (HOPMBI KOHTPOJIS:
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YacTtb 2

9-15

14/14/0

25

KH-15

HUmoeo 3a 2 Cemecmp

30/30/0

50

KoHnTpoibHbIe
MepoNnpHUATHS
Cemectp
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2,

B-
OIIK-
2,
3-TIK-
4,

V-
I1IK-4,
B-
I1K-4

* — COKpallleHHOE HAaMMEHOBaHUE (POPMBI KOHTPOJIS
** — cyMMa MakCHMaJbHBIX OaiioB JopkHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT W

(unn) 3K3aMeH

CoxkpalieHre HauMeHOBaHUN (POPM TEKYIIEro KOHTPOJIS U aTTECTAllMU Pa3elioB:

O6o3na | [To1HOe HAaMMeHOBaHM e

YeHue

KN KonTposb 1o nroram

3 OKk3aMeH

KAJIEHJIAPHBIN IIIAH

Henen | Temsl 3ansaTuii / Cogep:xkanue Jlek., | IIp./cem. | JIa6.,

/| yac. , yac. yac.
2 Cemecmp 30 30 0

1-8 Yacrs 1 16 16 0

1 Crpykrypa coBpemeHnHoil BeesienHoit Bcero ayiuTopHbIX 4acoB
Enununp! usmepeHust B aCTpOHOMHUU. MaciiTadbl 2 |2 |
acTpOPU3NICCKUX 0OBEKTOB: 3BE3/IbI, 3BE3IHBIC CKOTIICHHSI, Ounaiin
raJlakTHUKHU U UX CKOIUIeHUs, 0003puMas Beenennasi, Boupl.
XapaKTepUCTUKU MEXK3BE3HOM cpelipl, CTpYKTypa ["anmakTuku.
Crpykrypa coBpeMeHHOM BceenenHol.

2-3 Pacummpsiromasicss Beennennas Bcero ayutopHsIx 4acoB
CucremaTnyeckoe KpacHOE CMELICHUE TAJIAKTHK. 3aKOH 4 | 4 |
Xab6mna. Kocmonornueckuii npunnun. HeroToHOBCKast Moaenb | OHiaitH
paciupstonieiics BceneHHOM, KpUTHYECKast IJIOTHOCTb.
OcnoBbl OTO. YpaBuenus @punmana sBontonnu BeeneHHON.
OcHOBHbIE KOCMOJIOTHYECKHE NapaMmeTpsl. CTaguu 3BOIOLIUN
BemectBa (RD, MD, temnas sueprus).

4-6 OcHoBBI TeOpHUHN 00pa30BaAHUS KPYNHOMACIITAOHOM Bcero ayIuTopHbIX 4acoB
CTPYKTYpbI Beerennom 6 | 6 |
Teopus [xunca. JIDKMHCOBCKas JUIMHA U Macca. BHyTpeHHue OwnJlaiin
pO0GJIEMBI TEOPUH.
O6o006uienue Teopun JkuHca Ha cirydail paciinpsromeics
Bcenennoii. Teopust bounopa

7 Kuaaccnpuxanus 3se3n Bcero ayiuTOpHbIX 4acoB

Huarpamma ['epuimnpynra-Paccena. [ naBnas
IIOCJIICAOBATCIIbHOCTB. KpaCHBIe TUTraHTbl, CBCPXTUT'aHTHI.
['onmyOpie TuranTbl. Macchl, CBETUMOCTH, 3BE3HBIN BETEP.

2 |2

Owntaiin




OBOJIIOLIMOHHBIE TPEKHU.

8 OcHOBBI (PM3UKH BHYTPEHHEr0 CTPOEHUS 3B€3]] Bcero ayutopHbIx 4acoB
Teopust HOAUTPONHBIX IAPOB. Y paBHEHUS DMJICHA. 2 | 2 |
VYpaBHEHHUs paBHOBECHS 3B€3/1bl, OCHOBHBIE CBOMCTBA MX Omnunaitn
pelieHns. DHTanblus, TeopeMa BUpuaia s 38e31. bonee
TOYHBIC YPABHEHUS, YUET [IEPEHOCA SJHEPIUU. XapaKTEpHbIE
BpEMEHA BOJIIOLMH 3BE3]: AMHAMUYECKOE, TEIUIOBOE, AIEPHOE.

DJIIMHT TOHOBCKUM Mpeell.

9-15 Yacrtp 2 14 14 0

9-10 SnepHble HMKJIbI, HEHTPUHHOE U3JIyYeHHE 3Be3/l Bcero ayutopHbIx 4acoB
CKopoCTh TEpMOSIIEPHBIX peakiuii, hakrop 'amoBa 4 | 4 |
nonbapbepHOro nepexoaa, S-pakrop. Berancienue Ownnaitn
XapaKTepHOro BPEMEHH PEaKIIUU.

SAnepHble peakuuu 3BE3]] IJIaBHOU MOCIEI0BATENbHOCTHU: Pp- U
CNO-nukisl. CrieKTpbl COJIHEYHBIX HEUTpUHO. CTaHAapTHas
COJIHEYHAsl MOJEJIb.

11 PenssTuBHCTCKHE 3BE3/1bI Bcero aynuTopHbIX 4acoB
VYpaBHEHHE COCTOSHUE BBIPOKIECHHOIO JIEKTPOHHOTI'O T'a3a, 2 |2 |
HEPEJSITUBUCTCKUM U PEISATUBUCTCKUY citydau. [Ipenen Owuiaiin
Yannpacekapa Ais OebIX KapIuKOB.

Heltponusanus BemecTBa, HBUTPUHHOE U3IIy4EHHE, B3PbIBBI
CBEpPXHOBBIX, Npeaen Onnenreiimepa-Boikosa.

12 Oco0eHHOCTH IBOJIIOLUH IBOMHBIX CHCTEM Bcero ayiuTopHbIX 4acoB
Touku Jlarpanxka. [lonocts Pomra. O6meH BemecTBa. 2 | 2 |
Bcenbiku HOBBIX. Ownnaitn

| |

12 - 13 | Akkpennst Bcero ayiutopHbIx 4acoB
DJeMeHTHI TeopruH akkpenuu BemectBa. Cirydan chepuuecku- | 2 | 2 |
CUMMETPUYHOH (3aaua boHIHN), TUITUHIPUYECKOM, THCKOBOM Omtaiig
aKKpeluu. AKKpelysi Ha HeHTpOHHBIE 3Be3/bl (paguoIlyibcap,

Iporesiep, akkpeTop u 6apcTep, reopoTaTop) U YepHbIE AbIPHI
(pEHTTe€HOBCKOE M3TyUYCHHE).

13- 14 | OcHoBHBIE cBeAeHus 0 Kocmudeckux gy4dax (KJI) Bcero ayiutopHbIx 4acoB
OCHOBHbIE MOHATHUS, UHTEHCUBHOCTb, COCTaB, 001[as KapTHUHA | 2 | 2 |
CHEKTPOB (IPOTOHHO-S/IEPHAs] KOMIIOHEHTA, AJIEKTPOHBI, Ownunaitn
MIO3UTPOHBI, TAMMa, aHTUIIPOTOHBI), KKOJIEHO», JIOABIKKAY.

Knaccudukanus KJI no npoucxoxaenuto (mepBUYHbIEC U
BTOPUYHBIE JIy4H, TAJIAKTUYECKUE U BHETATAKTUYECKUE,
atMocdepHbie U anboeno). Hadbmonenns KJI.
OcHoBHBIE 3KcTIepuMeHTHI. Kitaccudukanms mo
MIPOUCXOXKICHHUIO U TUITY UICTOYHUKOB: TUCKPETHOE U
paccesinHOe, pacnaabl 0, «oOpaTHbiii KomnTony,
Hepa3pelleHHbIe UCTOYHUKHU, U30TPOIHAS KOMIIOHEHTA.
Jlanuple HaOMOACHUN. 3aBUCMMOCTh HHTEHCUBHOCTH OT
IIJIOTHOCTH MCTOYHHKOB.
15 OcHoBHbIe HcTOYHUKH KJI Bcero ayuTopHbIX 4acoB

OCHOBHBIE UCTOYHHKH (TIEPBUYHOE YCKOPECHHE).
Pacnpoctpanenue 3apsokenusix KJI: nuddysus B marn.mosnsx,
BTOpUYHOE ycKopeHue (MexaHu3Mbl DepMu), MOTEPH SHEPTUU
(Ha ¢poToHAX Ccpenbl, CHHXPOTPOH, HOHU3AIHIO), PACUCTHBIC
Mozenu pac-npoctpanenus B ['anaktuke (leaky box, 6onee
TOYHBIC YPABHEHUS IIEPEHOCA, TPOTPAMMEBI pacueTa),

2 |2 |

Owntaiin




ConHeuHbBIe MOy JIALINUN (MOJIENIb CHIIOBOTO TIOJIS, MOJIEIb C
y4eTOM 3Haka 3apsija). JlaHHble 0 MO3UTPOHAX, AHTUIIPOTOHAX.
OCHOBHBIE CBEJICHUS, YCTAHOBKH, JaHHBIE, TPOOJIEMEI.
[TpoGnemsl pactipocTpanenust st ipotoHoB (ipenen ['3K),
(OTOHOB, 37EKTPOHOB. MeTO/IbI OIIpeIeIIeHHE CopTa
nepBUYHOM yacTuipl no ananuzy LIIAJI, cymecTByromme
pesynbratel. Monenu top-down, down-up u orpaHu4eHus Ha
HUX.

CokpailieHHbIe HAUMEHOBAHUSI OHJIANH OTIIIHIA:

Oo6o3una | [losiHOe HaMMeHOBaHMe
YeHHue

2K DJIEKTPOHHBIN KypC

1M [ToTHOTEKCTOBBIN MaTepual
111 [TOTHOTEKCTOBBIE JIEKLIMHU
BM Buneo-marepuaisl

AM AyJMo-MaTepualibl

[Ip3 [Ipe3eHTaumu

T Tectbl

5CM OJIeKTPOHHBIE CITPaBOYHBIE MaTEPUAIb
ncC WNHTEepaKkTUBHBIN CaUT

TEMBI ITPAKTUYECKUX 3AHATUI

Henean

Tembl 3ansTuii / Conepxxanue

2 Cemecmp

2-3

Pacmupsiromasicss BeesieHnast

CucremaTnueckoe KpacCHOE CMEIEHUE raTaKTUK. 3aKOH
Xab6ma. Kocmonornyeckumii npuHiui. HeIOTOHOBCKast MOZEITb
pacumpsroneincs BeeeHHON, KpUuTH4ecKas JI0THOCTD.
VpaBuenus @punmana sBomronuu Beenennoit. OCHOBHbBIE
KOCMOJIOTHYeCKUE napameTpbl. CTaiuy 3BOIIOLUU BEILIECTBA
(RD, MD, TemHas sHeprusi).

OcHOBBI (pM3MKH BHYTPEHHET 0 CTPOCHHS 3Be3/
[TpubnnxeHHble ypaBHEHUS] PABHOBECHS 3B€3/1bl, OCHOBHbBIE
CBOMCTBA UX peLIeHMsI. DHTAJbIN, TEOpEMa BUpHalia AJs
3Be3/l. bosnee TouHble ypaBHEHUS, yUeT IepeHOca SHEPTIHH.
XapakTepHble BpeMEHa ABOJIIOLINN 3BE3/1: TMHAMHYECKOE,
TEIUIOBOE, SIIEPHOE.

SlnepHble NMKJIBI, HEHTPUHHOE M3JIy4YeHHe 3Be3/L

CkopocTs peakiuii moa 6apsepom, haktop 'amona, S-daktop.
SInepHble peakuuy 3BE3]1 INIABHOM I1OCIIEN0BATEIBHOCTHU: PP-
uuki1, CNO-1muki1. CrieKTp COJIHEUHbIX HEUTPUHO. OCHOBHBIE
HKCIEPUMEHTHI [0 U3MEPEHHUIO TOTOKA COJIHEYHBIX HEUTPHUHO
u ux pe3yabrathl (Xoymcrelk, (Super-)Kamiokande, SAGE,
Gallex, SNO, Borexino, ...).

13-16

OcHoBHBbIE cBeleHusI 0 KocMudeckux Jydax (KJI)
OcHOBHBIE MOHSTHS, HHTEHCUBHOCTh, COCTaB, 00111asi KapTHUHA
CHEKTPOB (IPOTOHHO-S/IEPHAst KOMIIOHEHTA, JIEKTPOHBI,
MMO3UTPOHBI, TAMMa, AHTUIIPOTOHBI), KKOJIEHO», «JIOJIBDKKAY.
Knaccudukanms KJI mo nporcxoxaerno (IEpBUYIHBIC U




BTOPUYHBIC JIYYH, TATAKTUYSCKUE U BHETATAKTUIECKHE,
atMocdepHsie u anboeno). Habmonenns KJI.

OcHoBHbIE 3KcTIepuMeHTHI. Kitaccudukanus no
MIPOUCXOXKICHUIO U TUITY UCTOYHUKOB: AUCKPETHOE U
paccestHHOE, pacniaabl u0, «oOpaTHeii KoMnTony,
Hepa3peuIeHHbIe ICTOYHUKHU, U30TPOITHAS KOMIIOHEHTA.
JlanHble HaOMIOIeHUH. 3aBUCUMOCTh HHTEHCUBHOCTH OT
IUIOTHOCTU UCTOYHHUKOB.

OCHOBHBIE HCTOYHHUKH (IIEPBUYHOE YCKOPECHHUE).
Pacnipoctpanenue 3apspkeHHbix KJI: muddys3us B Mars.mossx,
BTOPUYHOE yCKOpeHHUe (MexaHu3Mbl DepMi), TOTEPH SHEPTUU
(Ha ¢oTOHAX Cpelbl, CHHXPOTPOH, HOHU3AIUIO), PACUCTHBIE
Mmojenu pac-nipoctpanenus B 'anaktuke (leaky box, 6omee
TOYHBIE YpaBHEHHUsI IEPEHOCa, IPOrpaMMbl pacueTa),
ConHeuHbIe MOy ALY (MOJIENIb CUIIOBOTO TOJIS, MOJIEIb C
y4eToM 3Haka 3apsija). JlaHHble 0 MO3UTPOHAX, AHTUIIPOTOHAX.
OCHOBHbIE CBE/ICHUS, YCTAHOBKHU, JAHHBIE, POOIEMBI.
[IpoGnemsl pactipocTpanenus st mpoToHoB (penen 1'3K),
(OTOHOB, 37IEKTPOHOB. MeTO/IbI OIIpeIesIeHIE CopTa
nepBUYHOM yacTuipl no ananuzy LIAJI, cymecrBytomue pes-
Tbl. Monenu top-down, down-up u orpaHuYeHHsI HA HUX.

TEMbI CEMHHAPOB

Henean

Tempbl 3ansaTuii / Conep:kanue

2 Cemecmp

1-3

Pacmupsiromasicss BeesieHnas

Cucrematnueckoe KpacHOE CMEIEHHE TaTaKTUK. 3aKOH
Xab6ma. Kocmonmornueckuii nmpunmmn. Hpl0TOHOBCKAst MOJIETh
pacuupsrouencs BeeneHHoil, KpuTuyeckas I0THOCTb.
VpaBaenus @punmana sBosronuu Beenennoit. OCHOBHbBIE
KOCMOJIOTHYecKue rnapamerpsl. CTaiuu 3BOJIOLUN BEIIECTBA
(RD, MD, TemHas sHeprHs).

OcHOBBI (PM3MKH BHYTPEHHEI0 CTPOCHUS 3Be3/1
[TpubnnxeHHble ypaBHEHUs] PAaBHOBECHS 3B€3/1bl, OCHOBHbBIE
CBOMCTBA WX peIlIeHUs. DHTAJIBIINS, TEOpeMa BUpHAIa TSt
3Be31. bosee TouHbIe ypaBHEHMs], yUeT IEPEHOCA SHEPTUU.
XapakTepHbIE BpEMEHA HBOJIFOLIMH 3BE3/: JUHAMUYECKOE,
TEIUIOBOE, SIIEPHOE.

SAnepHble HMKJIbI, HEITPUHHOE U3JIyYeHHE 3Be3/

CkopocTts peakiuii moa 6aprepom, aktop ['amosa, S-haktop.
SAnepHble peakiuu 3BE3/ TJIABHOM MOCIEI0BATEILHOCTH: PP-
uuki1, CNO-1uki. CrieKTp CONMHEYHbIX HEUTpUHO. OCHOBHBIE
AKCIIEPUMEHTHI 110 U3MEPECHHIO TIOTOKA COJTHEYHBIX HEHTPHUHO
u ux pe3ynsTaThl (Xoymcreik, (Super-)Kamiokande, SAGE,
Gallex, SNO, Borexino, ...).

13-16

OcHoBHBIC cBeieHust 0 KocMu4yeckux Jgy4ax (KJI)
OcCHOBHEBIE IIOHATHA, THTCHCUBHOCTH, COCTAB, 0611135[ KapTuHa
CIEKTPOB (IPOTOHHO-sI/IEPHAsE KOMIIOHEHTA, SJIEKTPOHBI,
IMMO3UTPOHBI, raMMa, aHTI/IHpOTOHBI), «KOJICHO», «JIOABLKKA».
Knaccugukarus KJI no nporcxoxaeHuto (mepBUYHbIE U
BTOPHUYHBIC JIYYH, TAJTAKTUYICCKUC U BHCTAJIAKTUICCKHUC,




atMocdepHble 1 anboeno). Habmronenus KJL.

OcHoBHbIe 3kcniepuMeHThI. Kimtaccudukanms mo
MIPOMCXOXKACHUIO ¥ TUITY UCTOYHUKOB: IUCKPETHOE U
paccesiHHOe, pacmanbl (), «oOpaTHbiii KomnTony,
Hepa3peleHHbIe HCTOYHUKH, U30TPOITHAS KOMIIOHEHTA.
JlanHabIe HAOMIOACHUN. 3aBHCUMOCTh HHTCHCUBHOCTH OT
IUIOTHOCTHU UCTOYHUKOB.

OCHOBHBIE UICTOYHUKH (IIEPBUYHOE YCKOPEHUE).
Pacnpoctpanenue 3apsoxennsix KJI: quddysus B mars.monsx,
BTOPUYHOE YCKOpeHHE (MexaHn3Mbl Depmu), MOTepH IHEPTUN
(Ha ¢poToHax cpelbl, CHHXPOTPOH, HOHU3AIIHIO), PACUETHBIC
Mozenu pac-nipoctpaneHus B ['amaktuke (leaky box, 6onee
TOYHBIC YPaBHEHHSI IEPEHOCA, POTPAMMBI pacueTa),
ConHeuyHble MOy JIALNN (MOJEIb CUIIOBOTO MOJIs, MOJEIIb C
y4eTOM 3Haka 3apsia). JJaHHbIe 0 TO3UTPOHAX, AHTUIIPOTOHAX.
OcCHOBHBbIE CBE/ICHHUS, YCTAHOBKH, JAaHHBIE, TPOOJIEMBI.
[Tpobnems! pacipoctpanenus g npotoHos (npeaen I'3K),
(bOTOHOB, 31EKTPOHOB. MeTO/Ibl ONpeIeIIEHHE CopTa
nepBUYHOM yactuubl o ananuzy LIAJL cymectByromue pes-
Tbl. Moenu top-down, down-up ¥ OrpaHHMYCHHSI HA HUX.

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

3aHATUS TPOBOJAATCS B MHTEPAKTUBHOW (opme. Jlaxke BO BpeMs JIEKIIUH JIEKTOP MOCTOSIHHO
oOpamaeTcss K ayAuTOPUU C BOMPOCAMHU KaK Ha 3HAaHWE TMPONIACHHOTO Marepuanga, TakK |
033JJaYMBAIOIIMMHU CTYACHTOB IMOJHUMAaEeMOM MPoOJIEeMOil B paMKax 00CyK/1aeMON TEMBI.

Ha cemunapax pemaroTcs 3aiadyd W JalOTCA Ha JOM, KOTOpble pa3OuparoTcs Ha Cle.
ceMHUHape.

6. ®OH/J OHEHOYHBIX CPEJICTB

@®oH/1 OLIEHOYHBIX CPEACTB MO JAUCLUILIMHE 00ECIeYMBAET MPOBEPKY OCBOCHUS IUIAHUPYEMBIX
pe3yabTaToB O00y4YeHHs (KOMIIETEHIIMA W WX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHITUN TEKYIIETo,
pyOex’HOro U IPOMEKYTOUHOTO KOHTPOJIS IO JUCLIUILIUHE.

Cesi3p Mexnay (GOpMUPYEMBIMH KOMIETEHUUSMU U (OpMaMHU KOHTPOJIS HMX OCBOCHHUS
IIPEJCTaBIICHA B ClIeAyIOLIeH Ta0nuie:

KoMnerennus NHaukaTopbl 0CBOEHUS ATTecTAllMOHHOE MEPONIPUATHE
(KIT 1)
[1K-4 3-11K-4 0, K1-8, K1-15
V-11K-4 9, KU-8, KN-15
B-TIK-4 9, KH-8, K1-15

HIxanbl oneHKU 00pa30BaTeILHBIX JOCTHXKEHU I

[Mkama Kaxa0ro KOHTPOJIBHOTO MEPOINPHUATUS JISKUT B mpeaenax oT 0 10 yCTaHOBIGHHOTO
MakCUMAaJILHOTO Oajula BKJIFOUMUTENBHO. MTOroBas arrecrauud IO OUCHUIUINHE oneHuBaercsa 1o 100-



0ayuIbHOM IIKaje W MpeAcTaBiIseT co0oil cymmy OanioB, 3apabOTaHHBIX CTYJCHTOM IPHU BBIIIOJIHEHUH
3aJJaHUi B paMKax TEKYIIETro M MPOMEKYTOUHOTO KOHTPOJIS.

HTorosas oreHKa BBICTABISETCSI B COOTBETCTBUHU CO cnez[ylomeﬁ IIKAJIOM:

Cymma Onenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
0amIoB 0aJUIbHOM IIKaJe ECTS y4e0HOH TUCIHUIUIMHEI

OlleHKa «OTIINYHO» BBICTABIISACTCS
CTYJIEHTY, €CIIH OH IIy0OKO M IIPOYHO
YCBOMJI TIPOTPAMMHBIN MaTepual,
HCYEPIIBIBAIOIIE, TOCIIEN0BATEIBHO,
90-100 5 — «omauunoy A YETKO U JIOTHYECKH CTPOMHO ero
U3J1araet, yMeeT TECHO YBS3bIBATh
TEOPHUIO C IPAKTUKOM, HCIIONB3YET B
OTBETE MaTepuai MOHOrpaduyecKoi

JINTEPATYPBI.
85-89 B OlLieHKa «XOPOII0» BBICTABIIAECTCS
75-84 C CTYJIEHTY, €CIIH OH TBEPJIO 3HAET

Marepuall, rpaMOTHO U 110 CYHICCTBY
n3jaract €ro, He JOIyCKasa

D CYIIECTBCHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouto»
70-74

65-69 O1ieHKa «yIOBIETBOPUTEIHHOY

BBICTABJISICTCSA CTyZ[EHTy, €CJIM OH UMECT
3HAHUS TOJIBKO OCHOBHOI'O MaTepHaa,
3- HO HE YCBOWJI €r'0 JIETANIEH, JOIyCKaeT
60-64 «Y0081eMBOPUMENHOY E HETOYHOCTH, HEJOCTATOUHO MTPAaBUIILHBIE
(OpMyNIHUPOBKH, HAPYILICHUS
JIOTUYECKOM TOCIIEN0BATENBHOCTH B
U3JI0KEHUHU IPOrPAaMMHOI0 MaTepuala.

Or1eHKa «HEYTOBICTBOPUTEITHHOY
BBICTABJISCTCS CTYACHTY, KOTOPBIH HE
3HAET 3HAYNUTEIILHON YacTh
MIPOrpaMMHOI0 MaTepraa, J0IMyCKaeT
o 60 2— F CyIIeCTBeHHbIC o1mnOKu. Kak npasuo,
e «HEYO0B1eMBOPUMETLHOY OLICHKA «HEYIOBIECTBOPUTEIIHLHOY
CTaBUTCS CTYJCHTaM, KOTOPbIE HE MOT'YT
MPOJIOJKHUTE 00y4eHue Oe3
JIOTIOJHHUTENILHBIX 3aHATHIH 110

COOTBETCTBYIONIEH AVCIMILINHE.

OneHouHble cpelcTBa NpuBeaeHbI B [IpriiokeHnu.

7.  YYEBHO-METOJUYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCLUUIIIAHBI

OCHOBHAZ JIMTEPATYPA:

1. O A89 Astrophysics of Black Holes : From Fundamental Aspects to Latest Developments, Berlin,
Heidelberg: Springer Berlin Heidelberg, 2016



2. DU S81 Star Formation in Galaxy Evolution: Connecting Numerical Models to Reality : Saas-Fee
Advanced Course 43. Swiss Society for Astrophysics and Astronomy, Berlin, Heidelberg: Springer
Berlin Heidelberg, 2016

3. OU b 53 OcecuMMeTpUYHbIE CTAI[HOHAPHBIE TEUCHHS B acTpopu3HKe : yueOHoe nocobue, Mockaa:
duszmatiut, 2005

4. DU I1 18 PaguoramakTuku U KocMoaorus : , Mocksa: ®uzmartiut, 2009
5. DU JI 84 dusznueckas kocMoyiorus : , Mocksa: ®usmatiut, 2012

6. 539.1 E60 Jlekuu o ocHOBaM 3JIEKTPOCIad0i MOJIen u HOBOU (pu3uke : yueObHOoe mocodue st
By30B, B. M. EmenssinoB, K. M. benoukuii, Mocksa: MUDU, 2007

7. 91 E60 Jlekuu 1o 0CHOBaM 3JIEKTPOCIIa00il MOJIeH M HOBOU (pru3uke : yueOHOoe mocodue Jyist
By30B, B. M. EmenssinoB, K. M. benoukuii, Mocka: MUDU, 2007

8. OU b88 Jlekiuu 1o rpaBUTAIIMN U KOCMOJIOTHH : yueOHOe rocobue i By30B, K. A. Bponnukos, C.
I'. Pybun, Mocksa: MU®U, 2008

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. 52 ®©57 I'paBuTanus, actpopusrka, KOCMOJIOTHS : JONOJIHUTEIbHBIE TIaBbl Kypca o0uel GU3uKH,
Mocksa: JIu6pokxom, 2017

2. 52 3-36 O6mas actpodusuka : yued. mocodue st By30B, A. B. 3acos, K. A. [ToctHoB, ®ps3uHo:
Bex 2, 2006

3. 52 B53 I'paButanus u actpodusuka : , B. C. beckun, Mockpa: ®usmariaut, 2009

4. 52 b88 Jlekuuu 1Mo rpaBUTAIIMH U KOCMOJIOTHH : ydeOHOe rmocodue yist By30B, K. A. bponnukos, C.
I'. Pybun, Mocksa: MU®U, 2008

I[MPOTPAMMHOE OBECITEYEHHUE:

CrnenanbHOE MporpaMMHOE oOecriedeHre He TpedyeTcs
LMS U UHTEPHET-PECYPCBI:

1. Anepnas ¢uzuxka MI'Y (http://nuclphys.sinp.msu.ru/)
2. arXiv (http://arxiv.org/)

https://online.mephi.ru/

http://library.mephi.ru/

8.  MATEPUAJBHO-TEXHHUYECKOE OBECIEYEHUE YYEBHOI
JUCHUILINHBI

1. JlexuuonHas aynutopus ()



9. YYEBHO-METOAUYECKHUE PEKOMEHJIALUU JJIA CTYAEHTOB

Jlexuun ynrarorcs B aynuropuu. HecMoTpst Ha TO, 4YTO MaTepuaibl BCEX JIEKUUN JOCTYIIHBI B
AJIEKTPOHHOM BHJIE€, BaKHO IPUCYTCTBOBATH HA Ka)/I0M JEKIMU U BECTHU KOHCIIEKT. PexomeHyercs
3aMyChIBaTh BaXKHBIE MOMEHTBI, OTMEYAaeMbl€ JIEKTOPOM CJIOBaMH, Ja)K€ €CJIM TaKOBbIE MOKa3aJNCh
oueBUIHBIMU. Ha mnpoTsHkeHMHM Kaxaod JeKUWH TMpenojaBareilb MOXET 3a7aBaTb BOIPOCHL.
AKTUBHOCTh CTYyA€HTa B BHUJAE OTBETOB Ha BOIPOCHl, a TaKKe B BHUAE HHTEPECHBIX BOIPOCOB
MIPEeroiaBaTelNo OyAeT YUUTHIBAThCSA IPU MPOCTABIEHNUH 3a4eTa.

B Teuenue cemecTpa CTYJIEHTHI peIAIOT 3a/la4M U TOTOBAT TeMbl. VX mpumepsl MpUBEICHHI B
«3aiaHusaX I8 CaMOCTOSTENIbHOW paldoThl». VX BBIMOMHEHHE SBISETCS OO0S3aTENbHBIM B PaMKax
U3Yy4EeHMsI Kypca W s MoinydeHus 3aderta. [lo TemMam MOryT aenaTbCsl B BUIE J10KJIazla, B TEUECHHE
KOTOpPOTO 3a/Jal0TCsl BOIIPOCHI IPENOJABATENsd U CIYLIAIOMIMUX CTYACHTOB. [l MOATOTOBKM TeEM
pPEKOMEHAyeTCS UCIOJB30BaTh Kak OnbimoTeunsie pecypcsl MUDU u kadenpbl (COMCKH TOCTYITHOM
JAUTEepaTyphl NPUBEIEHBl COOTBETCTBEHHO B KAaJIEHJAAPHOM IUIAHE U B JIONOJHHUTEIBHBIX Yy4eOHO-
METOAMUYECKUX MaTepHajiax Mo JAHHOMY KYypCy), TaK U JI0ObIE IpyTrue, BKIOUasi HHTEPHET.

10. YYEBHO-METOJUYECKHUE PEKOMEHJIALIMU JJI5 IPENNOJABATEJEN

Jlns mydmiero ycBOEHHUSI Marepuaia CTYJACHTAMH KaKIyr JIEKIHMIO CIeAyeT HAuWHATh C
HallOMUHAHUS TMpeapiayniel Jekuuu (MOXXHO B BHAE BOMNPOCOB) M TOSICHEHUS €€ CBS3U C
npenacrosimei. Takxke 3aBepliaTh JEKLUUIO CIeAyeT NOJIBEICHHEM €€ KPAaTKOro MTOra C yKa3aHHEM
TEMBI CJIETYIOLIEH JIEKIIUN U €€ CBA3H C MPOLIEAIIECH.

Ha mporskeHuM JeKUMM I0JIE3HO MOAAEPKUBATh HWHTEPAKTHUBHOCTH MEXAY JEKTOPOM H
CTyJEHTaMH B BHUJE BOIPOCOB B ayAMTOpUIO. BakHO 3amaBaTh BOMPOCHI HA 3HAHHWE MaTepuaia U3
MPOUIEAIUX JIEKIMA WKW JPYTUX KypcoB MO Mepe oOpalieHuss K HeMy WM [0 KpaiiHeil mepe
MIPOrOBapUBATh UX CBS3b. DTHUM CaMbIM CTYJIEHTBHI MOTYT MOYYBCTBOBATH CBSI3b MEXAY Pa3TMUHBIMU
3HAHUSAMH U UX BOCTPEOOBAHHOCTH. Takke BaKHO MOCTOSHHO 3aJaBaTh BOMPOCHI, 033JaYMBAIOIINE
CTYACHTOB IOJAHMMAeMON NpobJIeMOoil B paMKax oOOCyXJaeMOW TeMbl (J1axe €ciId OHa COBCEM
YaCTHOI'O XapakTepa), CTUMYJIUPYs. BHUMaHUE U TBOPUECKOE y4acTHE CTYJEHTA B XOJE pacCyKIACHUM
JIEKTOpa.

BaxxHO pa3bsACHATH MPOUCXOXKIECHUE BBOJUMBIX TEPMUHOB (O€IIble KapiIUKW, TEMHAs SHEPTHS,
TEPMOJMHAMHUYECKOE BpeMs, YpKa-mpoiecc,...). OcoOeHHO 3TO BaXKHO B Cllydasx, Korja IMpsiMoe
TOJIKOBAHWE HEYMECTHO WM ycTapeno (M Jaxe cOMBaeT ¢ TOJKy) (Hampumep, peKOMOWHAnus B
KOCMOJIOTHH, ..).

B TeueHwe cemecTpa BBIJAIOTCSA 3aJa4ydl M TEMbI A TMOATOTOBKH JIOMa, YTOOBI MOTOM
pazobpath Ha cemuHape. [Ipumepbl 3aad U TeM TPUBENEHBI B «3aaHUSAX JUISI CaMOCTOSITEILHOM
pabotb». VX perienue pazoupaercs Ha HECKOJIBKUX MOCIEIHUX 3aHATHSIX.

[lo comepkaHuI0 Kypca MOXXHO PEKOMEHJIOBaTh JHUTEpPATypy, MMEIOIIylocs B OHOIHMOTEKe
MUDU:

1.%523

350 3enbnosuy A.b., HoBukor W1.J1.. PenstuBucrckas actpodusuka. M: Hayka, 1967.

2.52



350 3enpaoBuu A.b., Xmomo M.IO.. Actpodusuka u snemeHTapHble 4YacTuibl. KoHCHekT
nexnui, MUDOU, 1984.

3.%52

350 3enbnoBuy A.b., HoBuxos 1.JI.. Teopus tarorenus u sBostorus 38e31. M.: Hayka, 1971.
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2) MLIO. Xnonos, «OcHoBbI kocMoMuKpopuzukn», Mocksa: YPCC — 2004 [6onee 10 3k3.]

3) K.A. Bponnuxkos, C.I'. PyOuHn, «Jlekunu no rpaButanu u kocmonorun», Mocksa: MU®U —
2008. [MHOTO 3K3.]

4) M.1O.XnonoB, Kocmomukpodusuka, Mocksa: YPCC —2003.

5) 10.C. JIrotoctranckuii u ap., «OnpenencHue BO3pacTa TAIAKTUKA METOAOM YPaH-TOPHUEBBIX
HM30TONHBIX cooTHOMeHU», MockBa: MUDHU — 1986.

6) b. Poccu, K. I'peiizen, «B3zanmoneiicTBue KOCMUYECKUX JIydel C BEIIECTBOM», MOCKBa:
N.JIL. — 1948.

7) Coopuuk “Elementary particle physics. Present and future”, World Scientific P. — 1995.

8) COopHHK, «DJeMEHTapHble YaCTHIBI U SIEPHbIE MPOLECChl B OJIMKHEM KOCMOCE H
actpodusznyecknx oobekTax», MockBa: DHeproatomusaar — 1989.

9) CoopHuK, «DneMeHTapHbIE YACTHUIIBI K KOCMUYECKUe Tyun», MockBa: Atomuznaart — 1980. [2
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