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I. Hean v 3a1a4v TUCUUILIAHBI:

AcTtpodusrka BRICOKHX SHEPIHil - pa3aen acTpoGu3nuku, IEHTPATbHOE MECTO B KOTOPOM 3aHUMA-
10T BBICOKOYHEPTETHYECKUE TIPOIECCHI, COMPOBOKIAAOIINE (POPMUPOBAHUE CTPYKTYP U HX IBOIOIHIO
B ['anakTuke U 3a ee npeaeaaMu.

Henp kypca «AcTpodusuka BBICOKUX JHEPIHi» - W3Y4YEHHE IMPOIECCOB B acTpO(U3MUeCKHX
00BEKTAX, B KOTOPBIX T€HEPUPYIOTCS KOCMHYECKHE JIydH U FAMMa-UKBAHTOB BBICOKMX dHepruit 107 -
10" I'3B, a Takke METOI0B PETUCTPALMH U JIETEKTOPOB KOMUUECKOTO M3JIyueHus. B pe3ynbrare usy-
YeHUsl Kypca CTyACHT IproOpeTaeT GyHIaMEHTAIbHBIC 3HAHUS O MEXaHW3MaX YCKOPEHUS 3apsiHKEH -
HBIX YaCTHI[ U MPOIIeccax POXKICHHS raMMa-KBaHTOB B acTPO(PHU3MUECKUX O0BEKTaX, 3HAKOMHUTCS C
METOJaMH PETUCTPAIlMK Ha 3eMJie TTOTOKOB KOCMHUYECKOTO H3TyYCHHUs], MPUOOPETAET HABBIKU PEIIIE -
HUS KOHKPETHBIX 3a]1a4.

3agaum Kypca

BBecTu cTyZeHTOB B Kpyr Mpo0JieM COBPEMEHHON acTpO(PHU3UKU BBICOKHUX DHEPTHid, aTh Mpe.-
CTaBJeHUE O (PU3NYECKUX MpoIeccax B aCTPOPU3NIECKUX UCTOUHUKAX MU3TyUYCHUs BEICOKOM YHEPTUH,
MO3HAKOMUTH C pPe3yJbTaTaMH W3MEPEHUN KOCMHUYECKOTO M3IYUYCHUS, IPUHIIUIIAMHU pabOThl KPYIMTHO-
MacITAa0HBIX YCTAHOBOK TSI JICTEKTUPOBAHUS KOCMHUYECKHUX JIy4eH, M3yUUTh CTCIIHAIBHBIC METOIBI
penieHus actTpodu3nuecKkux 3aaad. B pamkax kypca «AcTpodusuka BBICOKUX SHEPTUH» CTYACHTHI
M3YYar0T OCHOBHI YCTPOMCTBA acTpO(U3HUECKUX OOBEKTOB — MOTEHIIUAIBHBIX UICTOYHHKOB KOCMUYE-
CKHX JIy4el, raMMa-KBaHTOB U HEUTPUHO, MEXaHU3MbI F€HEPAIIMU BBICOKOIHEPTeTUYECKOTO0 KOCMHUYE-
CKOT'O U3JIy4YECHHUSI.

II. MecTo nucuunimubl B cTpykrype OIIOIT

«Actpodu3uka BEICOKHX YHEPTHID» OTHOCUTCS K TUCIUTUTHHAM, (POPMUPYEMBIM YIaCTHUKAMH 00-
pazoBatenbHOro npoitecca. Kype «Actpodusmnka BRICOKUX SHEPTUil» MpeaHa3HaueH sl MOATOTOBKH
OakayaBpa 1o npodmno «DyHIaMeHTaTbHas PU3UKa», CIOCOOHOTO PabOTaTh B COCTaBE KOJUICKTHBA
HCCIIeA0BATENEeH, MPOBOASIINX SKCIIEPUMEHTHI HA TUTAHTCKUX YCTAHOBKAX MO PErUCTPALIMM KOCMUYE -
CKOTo M3iyuyeHus. B pe3ynbrare u3ydeHus: JaHHOW JAUCIMIUIMHBI CIICHUATUCT JOJDKEH 3HATh COBpE-
MEHHO€ COCTOSIHHME HCCIEOBaHUNW B 00JacTH acTpo(U3MKH BBICOKUX SHEPTui, 3HATh MPUHIUIIBI
PEruCTpali KOCMUYECKOTO U3JIYyYCHHS B ITUPOKOM JIMANa30HE SHEPTUi, UMETh MIPEICTABJICHHE O JIe-
TEKTOPaxX YacTUIl BBICOKHUX DHEPTHii, MOHMUMATh OoJiee MUPOKYIO0 MOCTAHOBKY acTpOo(PU3NUECKHX 3a-
nau.

N3yyenne xypca mpemnonaraeT HaJu4ue MOJYYSHHBIX Ha MPEAbIAYIIEM YPOBHE 00pa30BaHUS
OCHOBHBIX 3HaHWH, YMEHUN M KOMIICTCHIIUN 10 TUCIUIUIMHAM «MaTtemarnueckuit ananmsy, «dudde-
peHIMaNbHbIe ypaBHEHUs», «MHTerpanbHble ypaBHEHHsD, «MeToapl MaTeMaTH4ecKou (UZUKI,
«Teopernyeckas mexaHukay, «KBanToBasi Teopus», « TepMOAMHAMHUKA U CTATUCTHUYECKAs (PUHUKAY,
«Slnepnas ¢pusuka», «KBanToBas xpomoauHamMukay. « Teopus 3JeKTpocIadbIX B3UMOACHCTBHI.

II1. TpeGoBanus K pe3yJbTaTaM OCBOCHUS IHCIUIINHbBI
IlepeyeHb MIIAHUPYEMBIX Pe3Y/JIbTATOB 00y4YeHHS MO JUCIHUIIHHE , COOTHECEHHBIX C MHAUKATO-
aMH J0CTH/KEHUS] KOMIIeTeHIM I

Komnerenuus IIK-1: CriocoGeH ucnonbp30BaTh CHEIHATU3UPOBAHHBIE 3HAHUS B 00JIa-
CTH (PMBHUKHU JUTsl OCBOCHUS MPOPUIBHBIX (PU3NIECKUX TUCITUTUIHH

Wupukaropel komnereH-| UK,y 1.1 [IpuMensier hpusnko-MaTeMaTHUECKHii armapar B cdepe cBoei

un HpO(l)eCCHOHaHBHOﬁ ACATCIIBHOCTH

PesynbraTel 00yueHuss | 3uaem: OCHOBHBIE 3aKOHOMEPHOCTH IPOLIECCOB, MPOUCXOIAIINX B 3BE3-
Jax, KBa3U3BE3AHBIX OOBEKTaX M MEXK3BE3JHOM Cpelie, MEXaHU3MBbI Te-
Hepaluy KOCMUYECKOI0 U3JIyYEHHUs BBICOKOM U CBEPXBBICOKON YHEPTHUH;
IIPUHLAIBI JETEKTUPOBAHUS KOCMUYECKOTO U3JIY4YEHHs, OCHOBHBIE Me-
TOJBI pPEIICHUs 3a/1a4 acTpO(U3UKH BBICOKHX JHEPruil, UMETh Mpej-
CTaBJICHHE O MAKETax IMPOrpaMM MOJECIUPOBAHUS MPOXOKICHUSA YaCTHIL
BBICOKUX DHEPIUH 4yepes3 BEIEeCTBO.




Ymeem: nnonydars npocThie MOJEIBHBIE OLICHKU XapaKTEPUCTUK KOCMHU-
YECKOT'0 M3JTYUYEHUS U MPEIOoSIaraeMoil CTAaTUCTUKUA COOBITUN B JICTEK-
TOpE.
Bnaoeem: mareMaTH4eCKUM ammapaToM ONMCAHMS MPOLIECCOB M3Iyde-
HUs B UCTOYHUKE U IPOXOKIACHUS U3IIyUEHUS Yepe3 BELIECTBO.

IV. Coaep:xanue ¥ CTPYKTYpa AMCUMILINHBI (MOXYJIA)

OO0BbeM DUCHMILIMHBI COCTABIAET 4 3aUeTHBIX eauHUIBI, 144 yaca, B TOM 4nciie 93 Jyaca KOHTAKT-

HOM paboTBHI.

3aHATHS TPOBOJATCS TOJIBKO B OUYHOM ¢opmMe oOydeHHs ¢ MPUMEHEHHEM JUCTAHIIMOHHOTO
KOHTPOJISI CaMOCTOSATEIbHOU paboThl cTyneHToB uepe3 DMOC dakynpTeTa. DIEKTPOHHON M JIHUCTaH-
IIUOHHOU (hOPM OOYUCHUS HE TIPEIyCMaTPUBACTCS.

Ha npaktryeckyro moarotoBky otBoautcs S0 4acos.

qbopMa HpOMC)KYTO‘IHOI\/’I aTTeCTalluMn:. DK3aMCH.

4.1. Conepxxkanue JTUCHUIUINHBI, CTPYKTYPHMPOBAHHOE 110 TeMaM, ¢ YKa3aHHEM BH/I0B

y‘lCﬁHLIX 3aHATHH U OTBCACHHOI'O HA HUX KOJIUYIECTBA aKaACMHUICCKHUX YaCOB

Ne | Paz- | C| Be 13 Bunsl yueGHOI paboTHI, DopMEBI TEKY-
o/0 | Oged | € | er | HUX | BKIIOYas CAMOCTOSTEIbHYIO PaboTy 00yJarommxcs , MpakTHde- | Iero KOHTPOJIS
auc- | M | O | IIpak- CKYIO TIOATOTOBKY U TPYI0EMKOCTh YCIIEBaEMOCTH;
ou- | € | 4Ya | Thde- (B gacax) ®dopma pome-
M- | ¢ | co | cKas JKYTOYHOH art-
KonrakTHas pabora npenopaasarens ¢ o0ydarouu- | CamocTosi-
HBI/ | T B | moj- TecTaluu
MHCA TeNnbHAs
TEeMBI | P ro- (no ceme-
pabora
TOBKa Jlexnun Cemunapckue | Koncynprauun cmpam)
00y- /mpakTHYecKne
4aro- /maboparopHsie
X~ 3aHATHS
csl
1 1-16 |7 144 |50 34 50 1 34 [IpakTnue-
CKoe 3aja-
HHUE; BOIIPO-
Chl M 3aJa4u
K 3a4eTy
Hroro: 144 |50 34 50 1 34

4.2. Il.1aH BHeayIMTOPHOI CAMOCTOSITEIbHOW Pa00Thl 00YYAIOLIUXCS MO IUCHUTIINHE

Cemectp HaszBanue CamocrostenbHas padbora ooydaronuxcst | OnieHouHoe | YueOHo-
pasiena, Te-ip.. cavo-|C poku  Bbi-| Tpyio- CPENCTBO METOIHYe-
MBI CTOSITEJIbHOM | TOJIHEHUSI €MKCTb cKoe obecre-

paboTsI (uac.) HCHHC - caMo-
CTOSITEIbHOU
paboThI
Tema 1-16 | 3ananue B Bu- |[lociie mpoii- 34 Hemonctpa- |Hcrounukn 3
7€ 3a1a49K JIEHHBIX TEM 1[I TOTOBBIX | OCHOBHOM U JI0-
peLIeHHI MOJIHUTEJIbHOU
JUTEPATyphl 1O
T€ME IpaKTH4e-
CKHX 3aHATHH,




Oo6pa3oBarenb-
HBIE PECYPCHI,
JIO-CTYITHBIE T10
JIOTHHY U TIapo-
JI0, TIPENOCTaB-
nsembiM  Hayu-
HOM Oubnnore-
koit UT'Y.

4.3. Conep:xanue y4eOHOro MaTepuaJa
Copep:xaHue pa3/ieJioB U TeM THCHUTIIHHbI

Tema 1. OObeKTHI U 32124 ACTPO(PU3UKU BBICOKHX IHEpPruil. ['anakTuKu, CKOIICHHS ralaKTHK, aK-
TUBHBIC S/Ipa TaJAKTHK (paJrorajakTHKH, KBa3apbl, O1a3apsl U Ip.) KaK UCTOYHUKH M3Iy4E€HHUS BHICO-
KOU SHEPrUH.

Tema 2. Metonpl onpezaeneHust pacctossHui ("'necTHUA" pacCTOSHUMN): YIJIOBOH pa3Mep 3BE3[bI,
TOJMYHBbIN Mapaiakc, CTaHAapTHbIE cBe4yH (Ledeuapl, CBEPXHOBBIE). CBeTUMOCTh OOBEKTOB,
3BE3/JHbIC BEJIMYNHBI.

Tema 3. DBomonus Beenennoit. Kocmonorus @punmana-Jlemerpa. Habmromaembie CTpYKTYpBI U
KOMIOHEeHThl Bcenennoil. 3akon Xab0ma, penukToBoe M3nyudeHus, anuzorporus PU  (Pemukr,
COBE), yckopenHoe pacmupenue Beenennoit mo nanaeiM Habmonenuid SN la, P BAO; skcnepu-
meaTel WMAP, Planck u np. [{udposoit 0630p Heba (Sloan Digital Sky Survey). Temuas suHeprus,
KOCMHUYECKHI KOHKOPJIaHC.

Tema 4. Pacnipenenenue Macchl B TaJJakKTUKAX U BPALLATENIbHbIE KPUBbIE CIIMPAIbHBIX FaJaKTHK, TH-
II0T€3a TEMHOM MaTEpHH.

Tema 5. OcHOBHas MOJIENIb AKTUBHOTO AJIAKTUUYECKOTO sJIpa, CBETUMOCTh AKKPELIMOHHBIX UCKOB,
s exTuBHOCTD MTpeoOpazoBanms rpaBUTaliMOHHOM Heprun AU/l B uznydenue.

Tema 6. DHEPreTUYECKUHN CHEKTP U COCTAB NEPBUYHOIO KOCMMUYECKOTO M3JIYUYEHMsI, pETUCTPUpYE-
Moro Ha 3emiie. PacipocTpaHEeHHOCTb si€p B KOCMUYECKHUX JIy4ax U B CPEIHEM BO BCeJIeHHOM. OLeH-
ka Mo1HocTH nctouHukoB KJI. [IpoGnema npoucxoxaenus KJI.

Tema 7. KocMu4ecKkue JIydud CBEpXBBICOKUX dHeprusix. Mexanusm I'peitzena-3anenuna-Ky3pmuna
oOpe3anus cnekrpa KJI, npyrue norepu sneprun KJI. Oxcnepumentanbhbie ganasie o KJI npu snep-
rusix Beire nopora ['3K. Ypasaenus nepenoca KJI, muddysnonnas moaens. Dddext Komnrona-I'et-
TuHra, auuzorponus KJIL.

Tema 8. Y napHbie BOJHBI B acTpO(PU3MUECKUX HCTOYHUKAX, OCHOBHBIC YPaBHEHUS (3aKOHBI COXpa-
HEHHMS) 7151 YAapHBIX BOJIH, yAapHas aauadara (I'toronno).

Tema 9. [lupPy3roHHBIN MEXaHU3M YCKOPEHUS 3apsSHKEHHBIX YaCTHI[ B aCTPOPU3NYECKUX HCTOU-
Hukax. Crenennoil cnektp KJI xak pesynbprar croxactuueckoro mnpouecca. Mexanusm ®depmu 2-ro
nopsinka u 1-ro mopsaka. Ilokazarens cnektpa KJI v onieHKa MakCHMallbHO TOCTH>KMMOWM 3HEPruu
IPY YCKOPEHUH YacTUIl Ha (PPOHTAX YJapHBIX BOJIH, TEHEPUPYEMBIX BO BCIIBIIIKAX CBEPXHOBBIX.

Tema 10. PensiTUBUCTCKUE yIapHbIC BOJIHBI, KOHBEPCUOHHBIN MEXaHU3M yCKOpeHHs dacTtull. py-
rue BO3MOXHbIE MeXaHU3Mbl reHepauuu KJI cBepXBBICOKMX SHEPIHA.

Tema 11. B3aumonaeicTBue KOCMUYECKUX Jydel ¢ arMocdeport 3emnu. [llupokue armochepHbie
JIMBHH, SICPHBIN KacKaJl, 3JI€KTPOHHO-()OTOHHbIE JTMBHH.

Tema 12. Mogens sepHOro Kackaaa B aTMocdepe, METO bl MTPUOIMKEHHOTO PElIeHUsT YPaBHCHUMA
Kackaza. Y CclIOBUS pacLEIUIEHNs CUCTEMBI, HYKJIIOHHBIN Kackal. ToyHo pemraemasi MOJENb HyKIOHHOTO
KacKaJla ¥ ee pacIlipeHHe Ha CIIy4ail 3aBUCSIIUX OT SHEPTHU CBOOOIHBIX MPOOETOB YaCTHULIBI.

Tema 13. Me30oHHBIN Kackall, aTMOChEpHBIC /- U K-ME30HBI BRICOKUX YHEPTHUH.

Tema 14. I'enepanyisi MIOOHOB B aJIpOHHOM KacKajie, pacueT CIeKTpa U 3€HUTHO-YIJIOBOTO pacipe-
JIEJICHNUS, JTAHHBIE DKCIIEPUMEHTOB.




Tema 15. I'enepanysi HEUTPUHO B SIIEPHO-KACKAaTHOM Ipolecce. ATMOoc(epHbIle HEHTPUHO OT pac-
nasioB 7- 1 K-Me30HOB, MIOOHOB, T-JIEITOHOB M OYapOBAHHBIX YAaCTHIl KaK (OH JUI acTPOPU3NIECKUX
HEUTPUHO U KaaMOpOBKAa HEMTPUHHBIX TEJIECKONOB. XapaKTEPUCTHKHU MOTOKA MPSAMBIX aTMOC(hEpHbIX
HEUTPHUHO.

Tema 16. ITpunuuns! peructpanuu KJI 1 ramMma-KBaHTOB BBICOKMX M CBEPXBBICOKHX JHEPTUH OT
acTpo(pM3MUECKNX UCTOYHHUKOB: a) YSPEHKOBCKHUE JETEKTOPHI, 0) (IIyOpecleHTHBIE TEJIECKOIbI, B) TH-
OpHIIHBIE IETEKTOPBI.

Tema 16. KpynanomacmtaOusle ycraHoBku st peructpauuu HIAJL (O6ceparopust um. I1. Oxe,
Sxyrckas ycranoBka IIIAJI, KASCADE-Grande, Tynka, Telescope Array wu aAp.) W pe3yabTaThl

BOCCTAHOBJIEHHUS CIEKTPA U 3JIEMEHTHOTO cocTaBa KJI BBICOKUX 3HEpPrUid.

4.3.1. IlepeyeHb CeMHHAPCKHUX, MPAKTHYECKHUX 3aHATUHI 1 J1a00paTOPHBIX padoT

Ne Ne pasne- | HammenoBanue cemunapos, npakrude- | Tpyno- | Ouenounslie | @opmmupye-
J1a ¥ TEMBI CKUX U J1a00paTOpHBIX paboT €MKOCTb CpelcTBa MBbIE€ KOMIIE-
JUCLIN- (uacer) TEHLIUH
TUTHHBI
1 2 3 4 5 6
1 | Tema?2 3Be3HbIE BEIMUMHBI, METO/IbI ONIpEIe- 4 3ananune Ha | [IK-1
JICHHsI paCCTOSIHUMN CeMHHape B
BH/JIE 3aJa4u
2 | Tema3 Opomronus Beenennoit. KoMmoHeHTEI 1 4 3agaHue Ha I1K-1
CTPYKTYyphl BceneHHOW, TeMHas sHep- CEMHUHApE B
rust BH/JIE 3aJa4U
3. | Tema4 BpamarenbHple KpUBbI€ CIMPATIBHBIX Ia- 4 3anaHue Ha [IK-1
JIAKTUK, TEMHAsI MaTEPHs CEMHUHAape B
BH/JIE 33Ja4u
4 | Temas UYepHble AbIPBI, CBETUMOCTh aKKPELHUOH- 4 3aganue Ha [K-1
HBIX JMCKOB, MpeoOpa3oBaHue IpaBUTa- ceMHHape B
LIMOHHOMW HEPIMH B U3IyYEHUE BH/JIE 3aJa4u
5 | Tema 6 OneHKa MOIIIHOCTH UCTOYHUKOB KOCMH- 4 3amanue Ha T1K-1
YECKUX JIy4el, CIIEKTp U COCTaB MepBUY- cEeMHHape B
HOT'0 KOCMUYECKOTO U3JIy4YEHHUs BHJIE 3a7a41
6 | Tema7 Mexanusm I'3K o6pesanust criekrpa KJI, 4 3ananue Ha | [IK-1
npyrue norepu 3Heprun KJI. Dxcnepu- CEMHHape B
MeHTanbHbIe naHHble 0 KJI npu sHepru- BUJIC 3a/1a4U
sx Bbitie nopora ['3K. YpaBuenus nepe-
Hoca KJI, iuddy3uonnas mozaens
7 | Tema 8 Y napHble BOJIHBI B aCTPOPHU3NUECKUX 4 3ananne Ha | [IK-1
HCTOYHUKAX, 3aKOHBI COXPAaHEHUS U pa3- ceMHHape B
pbIBBI Ha ppoHTe YB, ynapHas aguabara BH/JIE 3aJa4U
8 | Tema 9 Mexanuzmbl @epmu 1-ro nopsiaka u 2- 4 Kontpos- [K-1
ro nopsijKa Has pabota
9 |Temall [Tpoxoxnaenne KJI yepe3 aTtmocdepy 4 3agaHue Ha [TK-1
3emiu, obpazoBanue 111AJ] cEeMHHape B
BHJIE 3a7a41
10 | Tema 12 | Moaens siaepHOro Kackaia B atMmocde- 4 3ananue Ha | [IK-1
pe, pellieHne ypaBHEHUI KacKaja CEMHHape B
BHJIE 3a7a4U
11 | Tema 13 | Me3onnslil Kackaz, atTMoc(epHBIE 7- U 5 3aganue Ha | [1K-1
K-Me30HBI BBICOKHX SHEPIHH ceMUHape B




BUJE 3a0a4u

12 | Tema 14 | I'eHepaiysi MIOOHOB B aJIpOHHOM KacKa- 5 KonTtposs- [TK-1
1€, CIIEKTP U 36HUTHO-YIJIOBOE pacnpe- Has pabota
JICJICHUE, TaHHBIE SKCIIEPIMEHTOB

4.3.2. Ilepeyennb TeM (BONPOCOB), BLIHOCHMBIX HA CAMOCTOSITEIbHOE U3YUYeHHE CTyIeHTAMHU B
aMKax camocTositeibHoil padorsl (CPC)

Ne Tema Bun camocros- 3ananue Pexomennye- | Komnu-
HEN TeJNbHOU pabo- Mas JIUTepa- | 4eCTBO
ThI Typa 4acoB
1 | 3Be3aHbBIE BEIUYH- Bneayaurop- Hctounuku 3
HBI, METOJIbl OIIPEJiE- | Has, peLICHUE 13 OCHOBHOM
JICHUS PACCTOSHUN 3az1a4 U JI0IIOJIHU-
2 | KoMnoHeHTsI u Bneaynurop- | Beruncinenue TEJILHOM JIN- 4
CTpyKTypbl Bcenen- | Has, penieHue TEPATYPBHI 110
HOM. 3akoH Xabb1a, 3a1a4y TEME NPaAKTU-
YCKOPEHHOE pacIlln- YECKUX 3aHs-
penue BceneHHoi , THi1; 00pa3o-
TEMHas YHEPIUsl BaTEJIbHbBIE
pecypcsl
3 | Pactipenenenue Breayaurtop- | I'mmoreruueckue co- Hayunoii 4
MaccChl B TAJIAKTUKAX | Has, aHAJIU3 MO- | CTaBJISIOIIME TEMHOM OubIMOTEKOMH
1 BpallaTeIbHbIE nenei MaTeprH, METOJIBI JIe- HI'Y, caiita
KpUBBIE CIIHpaJIb- TEKTHPOBAHUS (dusnueckoro
HBIX TaJIaKTUK, TEM- ¢bakynpTeTa
Hasi MaTepus UI'y. 6asza
4 | YcrpoiictBo u Mexa- | Baeaynurop- I'unorernueckue co- JMAQHHBIX T10 4
HU3M JICUCTBUSA LICH- | Has, pEUICHUE CTaBJIAIOIINE TEMHOMI busuxe
TpajJbHOM obnacTu | 3a1a4 MaTEpHH, METObI JIe- inspirehep.net
aKTUBHOTO TajaKTH- TEKTUPOBAHUS
4ECKOIo sJipa
4 | Ouenka MmomHoCcTH | BHeaynurop- O1ieHKa MOIIIHOCTH HC- 4
TaJIaKTUYECKUX UC- | Hasl, peIIeHNe TOYHUKOB KOCMHYE-
TOYHHUKOB KOCMHYE- | 37a4 CKHUX JTydel JJiau AucC-
CKHX JIy4E€H, CHEKTP KOBOM Mozenu | anmakTu-
U DJIEMEHTHBIN CO- KU U MOJIEJH C TaJlo
ctaB KJI
5 | Kocmuueckue ayun Bueayautop- | DHepreruueckue nore- 3
CBEPXBBICOKHX Has, pemienne | pu KJI 8 M3C, pacuer
SHEprum 3a7a4 MOPOTOBOM PHEPTUHU
nportona KJI s po-
KJICHUsS ITMOHA HA UH-
(bpakpacHOM U PEITUKH-
OBOM H3JIyYEHUAX
6 | YoapHble BOJHBI B Breaynurop- | Bo3HukHOBeHHE YB, 3
acTpo(hU3NIECKUX Hasl, pellieHue | MpoLecChl BOIU3U
HUCTOYHUKAX 3a7a4 ¢dponra VB, 3aKoHBI
COXPAHEHHU U Pa3phIBBI,
yaapHas ajuabara




7 | Ipoxoxnenue KJI Bneaynurop- Pewenne ypaBHenui
4yepes3 BEIECTBO, Hasl, pelICHHUE AIEPHOTO KacKaja B aT-
LITAJL, snepHblii 3a7a4 Mocdepe 3emiu st
Kackazn, ODJI CTEMEHHOTO CIEeKTpa

KJI u ¢eitHManoOBCKOTO
CKEHJIMHIa CEYCHUN WH-
KJIIO3UBHBIX aJIPOHHBIX
peaKuid.

Pemenue npocroi Mo-
JIEJIA TeHEepalui aTMO-
c(hepHBIX MIOOHOB

8 | Ilpouecc nepenoca | Bueayaurop- IIpu Kakux ycinoBusX

Hasl, pelIcCHHe IIPOUCXOIUT ?
3a1a4

9 | Mexanusm Bueaynurop- Ouenuts nepenavy

Hasl, SHEPrUuun
peleHue 3aaa4

10 | Tlotepu sneprum KJI | Bueayaurop- Brraucaute nopoByo
CBEPXBBICOKHMX Hasl, SHEPIHIO : IPOTOHOB
SHEpruii B py-, pp- | pemenue 3anau | KJI B I'3K-mexanusme
BaNMOJECUCTBUIX

11 | TanmakTnueckue u Bneaynurop- [TomyuuTts oueHKy 1ud-
BHETAJIAKTUYECKUE Hasl, (y3HbBIX IOTOKOB Heil-
WCTOYHUKU HEUTpU- | pelIeHHe 3a1ad | TPUHO Ha 3emiie, uc-

HO H0JIb3Ysl JaHHbIE 00 UH-
TEHCUBHOCTHU KOCMUYE-
CKOTO raMMa-U31y4YeH!

12 | Atmocdepusble Hell- | Baeayaurop- Pacuer yrimosoro ycuiie-
TPUHO Kak QOH 11 | Had, HUSI TIOTOKOB atmocdep-
acTpo(hU3NIECKUX pelleHre 3a1a4 | HbIX MIOOHHBIX HEHTpHU-
HEUTPUHO HO

4.4. MeToau4ecKkne yKa3aHusi 10 OPraHU3anMu CaMOCTOATEIbHOI Ppad0Thl CTYA€HTOB

B paznene 4.3.2 crynenrtam aiist 6osee yriryOJIeHHOTO U3YYCHHS TUCIUTUIMHBI PEAIararoTcs 3a1a9u U
ynpaxneHus. [Ipeamnonaraercs, 4To CTyI€HT CAMOCTOSITEIILHO U3YYHT JIOTIOJIHUTEIBHBINA MaTepHall n3
PEKOMEHIOBAaHHOW JIUTEPATYPhl U PEIINT MpeaoKeHHbIe 3a1aun. OIeHKa caMOCTOSITeIbHOU PaboThI
CTYZICHTOB TIPOBOJUTCS B BUJC JIOMAITHUX KOHTPOJBHBIX Pa0OT U OMPOCOB HA MPAKTUYCCKUX 3aHSTH-

AX.

4.5. [IpumepHasi TeMaTHKa KypCOBBIX padoT

Y4eOHBIM IJIaHOM HE IPEyCMOTPEHO HAMKUCAHUE KyPCOBBIX padoT.




V. Y4eOHo-MeTOoAMYecKOEe U MH(POPMALIMOHHOE o0ecneyeHne JUCHUNINHBI

@) cRuUcoK aumepamypul

OcHoBHasi iMTEpaTypa
1. Myp3usn, B. C.. Actpoduszuka KocMUYECKUX Jydel: yued. mocodue s By3oB / B. C. Myp3uH. -
Mockaa : Jloroc, 2007. - 487 c. - Pexxum noctyna: 3bC "Pykont". - Heorpanuu. noctym. - ISBN 978-
5-98704-171-6
2. Cunerosckuii, C.1. Kocmudeckre HEHTpUHO BBICOKMX dHepruil: yueb. mocobue / C. U. Cune-
roBckuid. - Upkytck : U3n-Bo UpkyT. roc. yH-Ta, 2009. - 61 c. (11)

Jlomo/THuTeIbHAS JIUTEpaTypa

1. 3acos, A. B. O6mas acrpodusuka / A. B. 3acos, K. A. [ToctHoB; MockoBckuii roc. yH-T uM. M. B.
JlomonocoBa, ®u3. dak., ['oc. acrpoporom. un-t um. I1. K. llItepudepra. - @pszuno: Bek 2, 2006. -
493 c. - ISBN 5-85099-169-7 (2 3k3.)

0) nepuoduueckue uzoanus
- HeT
8) CRUCOK A8MOPCKUX MeMoOu4ecKux papadomox

- Cunerosckuii, C.M. KocMuyeckne HEWTPUHO BBICOKMX JHepruid: yueb. mocobme / C.

N. Cunerosckuii. - Upkyrck : U3a-Bo UpkyT. Toc. yu-Ta, 2009. - 61 c.

Z) oasznl ()annbtx, umpopmauuouno-cnpaeotmbte U NOUCKoOeéble cucmembol

http://library.isu.ru/ - Hayunast 6ubnuorexa UT'Y;
http://inspirehep.net/, http://arxiv.org/ - ba3pl TaHHBIX KypHAIBHBIX CTATEH, MaTepHUaIOB KOH-
(bepeHIHii 1 3TIEKTPOHHBIX MPEIPUHTOB MO (PU3NKE U aCTPOPU3UKE BBICOKHX SHEPTHUil.

VI. MaTepuajibHO-TeXHUYeCKOe o0ecneyeHne JUCHUNIUHBI (MOTYJIs)

YyeOHas ayaAuTOpus IS MPOBECHUS JICKITMOHHBIX U MPAKTHYECKUX 3aHsATHi. Ha nexiuax Mo-
I'YT UCTIOJIb30BATHCS MYJIbTUMEANIHBIE CPECTBA: IPOEKTOP, IEPEHOCHOU 3KpaH, HOYTOYK.
Jlekuuu, Mateprasibl Kypca TOCTYITHBI Ha CalTe
http://www.pd.isu.ru/sost/teor phi/homepage/sinegovsky.html.

VII. O6pa3oBaTte/ibHbIe TEXHOJIOTHH

3a1aun M3JI0KEHUS U U3yUeHHs TUCHUIUTMHBI PEaU3yI0TCs B CIEAYIOMNX (popMax nesITeTbHOCTH:

® JIeKIMH, HALICJICHHBIC HA MOJyYyeHHe Heo0X0IMMoN NHPOPMALIH, U €€ UCTIOIb30BAHUE
IIPU PEIICHUU 3a]1a4;

® MpaKTHYecKHUe 3aHATHS, HAIPaBJICHHbIC HA aKTUBHU3AIIMIO T03HABATEIbHOM J1€ATEIbHOCTH
CTYJIEHTOB U MPUOOPETEHUSI MU HaBBIKOB PEILLICHUS 3a7ay;
KOHCYJIbTAIMM — €KEHEJIeIbHO JJIs BCEX JKeNAIOIINUX CTYACHTOB;

® caMoCTOsiITeJbHAsi BHeayIUTOpHash padoTa HampaBlieHa Ha MPUOOpPETEHHE HAaBBIKOB
CaMOCTOSITENILHOTO pelIeHUs 3a/1a4 110 AUCLHUIUINHE;

® TeKYLIMii KOHTPOJIb PabOTHI a CTYJEHTOB OCYIIECTBIISIETCS Uepe3 KOHTPOIbHbIE 3a1aHUS

VIII. OneHo4Hble MaTePHAJIbI VIS TEKYLIET0 KOHTPOJISI H IPOMEKYTOYHON aTTeCTalluu


http://www.pd.isu.ru/sost/teor_phi/homepage/sinegovsky.html
http://arxiv.org/%20%20
http://inspirehep.net/
../%20http://library.isu.ru/%20
http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=TRUCH&P21DBN=TRUCH&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%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://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://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://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://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=%D0%9C%D1%83%D1%80%D0%B7%D0%B8%D0%BD%2C%20%D0%92.%20%D0%A1.

®oHJ OLIECHOYHBIX CpCACTB IMMPEACTABJICH B ITPUIIOKCHUH.

8.1. OueHouHbIe CpeICTBA ISl BXOJHOTO KOHTPOJIS:
Jlns u3ydeHus: JaHHOTO Kypca CTYJCHT JOJDKCH BJIaJeTh OCHOBaMHU (DM3UKU M TEOPETUYECKOU
(Gu3MKHM, yMETh IOJIb30BAaThCA CTAHIAPTHBIMU IOMCKOBBIMM cepBUcamu ceTu MHrepHeT. BxonHoii
KOHTPOJIb YMEHUH 1 3HAHUI HE IPOBOIUTCSI.

8.2. O1leHOYHBIE CPEeICTBA TEKYIIETO KOHTPOJIS.
OreHOYHBIE CPEICTBA TEKYIIETO KOHTPOJIS - 33/1a4l HA TPAKTUYECKUX 3aAHITHSIX.

IIpumMephl DPpaKTUUECKUX 3aJaHUN

1. HCHOJ’IBSYﬂ 3aKOH COXPAaHCHHs SHCPruu-uMITyjbCa JJd pCakuuu p+y — 4N, IMOJIYYHUTC BbI-

pa’keHHe AJis €€ OPOroBOM IHEPIHH.

2. HaiimuTe moporoByio 3HEprui0 MpoToHa (B J.C.) JJIA Ipoliecca Ha PETUKTOBBIX (DOTOHAX
ptry—etetp .

8.3. OueHouHBbIE cpencTBa AJIs MIPOMEKYTOUHOM aTTEeCTal|H.

dopma ITpoBEAEHUS MPOMEKYTOUHON aTTECTAIIUU — YK3aMEH.

IIpuMepHLIN IEpeYeHb BOIIPOCOB K DK3aMEHY

9]

10.

11.

Actpodusnueckne UCTOUYHUKU W3ITy4eHHUs BBICOKOW sHepruu. OCHOBHAs MOJEIb aKTUBHOTO
raJlakKTHYeCcKOro s/Ipa, CBETUMOCTh aKKPELUHMOHHBIX JUCKOB, 3(pPeKTUBHOCTH Mpeodpa3zoBaHus
rpaButaiuoHHOM sHeprun A4/l B uznmydenue.

OHepreTu4ecKkuil CeKTp U COCTaB MEPBUYHOTO KOCMUUYECKOTO U3IYUYEHHs, pErMCTPUPYEMOTO
Ha 3emuie. PacnpoctpanenHocts siaep B KJI u B cpennem Bo BcesieHHOM. OlLieHKa MOIIHOCTH
ucrounnkoB KJI. ITpo6iema npoucxoxnenus KJI.

KocMmuueckue yum cBepXBBICOKMX SHepruil. Mexanusm I 'petizena-3anenunna-Ky3smuna 06-
pe3anus cnekrpa KJI, npyrue norepu sneprun KJI. Oxcnepumentanbhbie nanneie o KJI mpu
sHeprusx Boie nopora ['3K.

Y napHble BOJHBI B aCTPOPHU3NUECKUX UCTOYHUKAX, OCHOBHBIC YPABHEHUS JIJIsl YAAPHBIX BOJIH.
Crenennoii cnexktp KJI kak pe3ynbTaT croxacTuyeckoro mpoiecca. Mexanusm depmu 2-1o
NOpsIZIKA YCKOPEHUS 3apsKEHHBIX 4acTHULL.

Juddy3noHHBIN MEXaHU3M YCKOPEHUS 3apsyKEHHBIX YacTHI] B aCTPOPU3NYECKUX HCTOUYHUKAX

(mexanmu3m @epmu 1-ro nopsiaka). [Tokazarens criektpa KJI u orieHKa MaKCUMaJIBHO JTOCTHKH -
MO SHEPruM MpH YCKOPEHUHU YacCTHI] Ha GPOHTAX YJApHBIX BOJIH, TEHEPUPYEMBIX BO BCIIBIII-
KaX CBEPXHOBBIX.

PensiTuBucTCKME yaapHbIe BOIHBI, KOHBEPCUOHHBIN MEXAHU3M YCKOPEHUS YaCTHULl.

Pa3Butne mupokoro atmocdepHoro nuBHA, xapakrepuctuku IIAJI, ypaBHEHUS 3JEKTPOH-
(OTOHHOTO JTUBHS U MX PELIEHUS IS YIPOLIEHHBIX MOjeel

Mozens aTpoHHOTO KacKaaa B aTMocdepe, METO bl IPUOIMKEHHOTO PEeIICHNS ypaBHEHUI Kac-
Kaza. YCIIOBHs DPACLEIUICHHUs] CUCTEMBI, HyKJIOHHBIA Kackaa. ToyHO pemraemas MOJENb Hy-
KJIOHHOTO KacKaJla ¥ ee paclIMpeHre Ha CIIydail 3aBUCSIINX OT SHEPIHU CBOOOIHBIX MPOOEroB
YaCTHULIBI.

Me3oHHas yacTh Kackaja, aTMOC(epHble 7~ U K-Me30HbI BBICOKMX dHEpruil. I'eHepanus mMroo-
HOB M HEUTPHUHO B aIpOHHOM KacKaJle, pacueThl U JaHHBIE SKCIIEPUMEHTA.

ITpunumner 1 Meronsl perucrtpauuu KJI, raMMa-KBaHTOB M HEMTPUHO BBICOKHX U CBEPXBBICO-
KHX HEpruil OoT acTpo(U3NYECKUX HUCTOYHHMKOB: a) YEPEHKOBCKUE JETEKTOPHI, 0) CIUHTUILISA-
LIUOHHBIE JIETEKTOPBI; B) (DIyOpPECLIEHTHBIE IETEKTOPBI, I') PaJIUOJETEKTUPOBAHUE, €) aKyCTH-



YECKHUE JIETEKTOPHI.
12. KpynHomaciirabHble JeHCTBYIOIME ycTaHOBKM Juis peructpaimu IHAJI u pe3ynbraThl
BOCCTAHOBJIEHMSI CIIEKTpa U 3JeMEHTHOro coctaBa KJI BEICOKHX 3HEpTHUid.

Ilpumep mecmosvix 3a0anuil 0na NPOGEPKU CHOPMUPOBAHHOCIMU KOMNEMEHUUN, YKA3ZAHHBIX
évlle n.3:

1. Kakoii 13 MeT0/1I0B MO3BOJISIET ONPEACTUTH caMOe OOJIBIIIOE PACCTOSHUE MEKIY 00bEKTaMU BO
Bcenennoii:

a). METO/]I MapajyiakcoB

0). HaOmroeHus 3a nedennamu

B). METOJ KPACHBIX CMEIIeHUH

2. YeTbIpexMepHOE NPOCTPAHCTBO MUHKOBCKOT'O SIBJISETCS IPOCTPAHCTBOM C:
a). MOJIOKUTEIbHON KPUBU3HOMN

0). HyJIeBOI KpUBU3HOU

B). OTPUIIATEIHLHON KPUBU3HOU

3. BBeneHHbI DUHIITEIHOM «JIIMOAa-1IEH» B YpaBHEHMsI TPABUTALIMOHHOTO IOJIS TO3BOJINI:
a). onucarb HHQUIALMOHHOE pacupeHue Beenennoi

0). OJIYYUTh CTAllMOHAPHOE PEIICHNE ATUX YpaBHEHUN

B). DMHIITENHH HE BBOAMI TAaKOTO CJIaraeMoro

4. Nuarpamma ['eprmmnpynra — Paccena npeacrasisieT co00i 3aBUCMOCTb MEXTY:
a). a0COJIFOTHOM 3BE3THOM BETMYMHON U CTIEKTPAIbHBIM KJIACCOM IS 3BE3]T

0). CKOPOCTBIO 3BE3/IbI U PACCTOSIHUEM JI0 Hee

B). XUMHUYECKUM COCTaBOM 3BE3/Ibl U €€ pa3MepOM

5. Mexanusm ['peiizena-3anenuna-Ky3pMuHa oOBbSICHSIET, TOUYEMY:

a). HeUTpUHO cnabo B3aUMOACHCTBYET CO Cpeoi

0). KOCMUUYECKHE JIyYl B OCHOBHOM COCTOST U3 MIPOTOHOB

B). CIIEKTP KOCMHYECKHX JIyuel 0OpBhIBAETCS MPH CBEPXBBICOKUX YHEPTUAX

Pa3paborunkm:
P
/Y] JIOLIEHT Kadeaphl TEOPETUUCCKON PU3UKU H.A. IlepeBasioBa

[Iporpamma coctaBieHa B coorBeTcTBuU ¢ TpeboBanusamu GI'OC BO nmo HanpaBieHHO TOATOTOB -
ku 03.03.02 ®dusuka.

[Iporpamma paccmoTpeHa Ha 3acenannu KadeIpbl TEOPETHICCKON PU3UKU

«15» mapra 2024 r. 2

[Iporoxon Ne7 H.o. 3aB. kadenpoii 7 o C.B. JloBuos

Hacrosimass mnporpammMa He MoeT OBbITh BOCHpPOM3BeleHAa HHM B Kakoil ¢opme 0e3
NpeIBaAPUTEILHOT0 MICELMEHHOT0 pa3penieHus Kadgeapbl-pa3padoTyuKa NporpaMmsl.



