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I. Ieau u 3axa4M JUCHUIIUHBI:

AcTpodu3uKa BBICOKUX dHEPruil - paszien acTpo(U3UKH, HEHTPATHHOE MECTO B KOTOPOM 3aHH-
MalOT BBICOKOAHEPreTHUECKHUE MPOLECChI, COMTPOBOXKAAIOMIKE (POPMUPOBAHUE CTPYKTYP U UX IBOJIIO-
uuro B ['anakTuke u 3a ee nmpeaenamu.

Lenb kypca «AcTpodu3nKa BBICOKUX SHEPTHil» - H3yUYeHHE MPOLIECCOB B aCTPOPU3UUECKUX 00b-
eKTax, B KOTOPHIX TeHEPUPYIOTCS KOCMUYECKHE JTydH U raMMa-UKBAHTOB BHICOKHX dHepruii 102 -10'2
I'53B, a Tak)xe METOZOB PErHCTPALlUU U IETEKTOPOB KOMUUYECKOI0 U3IyueHHus. B pe3ynprare nyueHus
Kypca CTyJIeHT mpuoOpeTaeT (yHIaMEHTAIbHbIC 3HAHUS O MEXaHU3MaX YCKOPEHHUs 3apsDKEHHBIX da-
CTHI] ¥ IIPOLECCaX POXKACHHS TaMMa-KBaHTOB B aCTPOPU3NYECKUX 00bEKTaX, 3HAKOMUTCA C METOJa-
MU PETUCTpaIy Ha 3eMjie TOTOKOB KOCMHYECKOTO M3JIy4eHUs, TPUOOpETaeT HAaBBIKH PELICHUS KOH-
KpPETHBIX 3a/a4.

3agaum Kypca

BBectu cTyAeHTOB B Kpyr mpo0iieM COBPEMEHHON acTpOo(M3UKK BBICOKHX DHEPIUid, aTh Mpel-
CTaBJIEHHE O (PU3MUYECKHX IMpoIeccax B aCTPOPHU3NUECKUX UCTOUHUKAX M3ITyUSHHs BBICOKOW YHEPIHH,
MO3HAKOMUTH C Pe3yJbTaTaMHU U3MEPEHUIN KOCMUYECKOTO M3IY4YEeHUs, TPUHLIUIIAMU pabOThl KPYITHO-
MacIITa0HBIX YCTAHOBOK JJIsl JETEKTUPOBAHUS KOCMUYECKHUX Jy4yel, U3yUUuTh CHEIUAIbHbIE METObI
pemieHus: actpoduznueckux 3aaad. B pamkax kypca «AcTpodusuka BBICOKUX SHEPTUN» CTYICHTHI
M3YYal0T OCHOBBHI YCTPOICTBA acTpO(U3HUUECKUX 0OBEKTOB — MOTEHIIMAIBHBIX UCTOYHHUKOB KOCMUYE-
CKHUX JIy4eil, raMMa-KBaHTOB U HEUTPUHO, MEXaHU3MbI F€HEPALIUU BHICOKOIHEPTETHUECKOI0 KOCMUYe-
CKOI'0 M3JIy4YEHUS.

II. Mecto nucuuniimubl B cTpykrype OIIOII

«Actpodu3uKka BEICOKUX SHEPTUid» BXOAUT B YacTh, HOPMHUPYEMON y4acTHUKaMH 00pa3oBaTellb-
HBIX OTHOIICHUH O5oka b1 u sBnsercs mucuurmmHoN 1o BeIOOpY ([IB). Kypc «Actpodusuka BbIico-
KHUX DHEPrHil» mpelHa3HadeH JIJs MOJAroTOBKY OakanaBpa mo npoduino «DyHnaMeHTaibHas QU3nKay,
CIIOCOOHOI0 paboTaTh B COCTABE KOJIJIEKTHMBA HMCCIEA0BaTENEH, MPOBOAALIMX IKCIEPUMEHThl Ha T'H-
TFaHTCKUX YCTAHOBKAax IO PEruCTpaluyd KOCMUYECKOTO M3JyudeHus. B pe3ynbrare U3ydeHUs TaHHOUN
JUCIUIUIMHBI CIELMAIUCT J0KEH 3HaTh COBPEMEHHOE COCTOSIHME MCCIIEI0BaHUM B 00JIacTH acTpo-
(GU3UKN BBICOKMX SHEPrHid, 3HATh MPUHIMIIBI PETUCTPALMM KOCMHYECKOTO M3JIyYeHHs B IIUPOKOM
Jarna3oHe dHEeprui, UMeTh MpeACTaBIeHUE O JETEKTOpaxX YacTUIl BHICOKMX SHEPruil, IOHUMAaTh Oolee
HIMPOKYIO MOCTAHOBKY acTpO(U3MUECKUX 3ajau.

N3yuenune Kypca npejnojaracT HaJuuue MOJTYYEHHBIX Ha MPEAbIIylieM YpOBHE 00pa30BaHUs
OCHOBHBIX 3HAHUHW, YMEHUM U KOMIETEHIUH M0 nucuuiuinHaM «Marematudeckuit ananuzy, «Audde-
peHIMaNbHbIe ypaBHEHUs», «VIHTerpampHble ypaBHEHHS», «MeEToAbl MaTeMaTHyecKoil (QU3nKm»,
«Teopernueckas Mexanuka», «KBaHToBas Teopus», « TepMoAMHAMMKA U CTaTUCTHYECKas (PU3MKay,
«SnepHas puzukay.

I1I. TpeOoBanus K pe3y1bTaTaM OCBOCHHMS JMCIUIIIHHBI

[Ipouecc n3yueHus: AMCUUIIINHBI (MO/YJIsl) HarpaBjieH Ha (JOPMUPOBAHUE CIIETYIOMIMX KOMIIETEHIINMN:
- Cnoco0eH MCroiIb30BaTh CHEMAI3UPOBAHHbIE 3HAHUS B 00JIACTH (DU3UKHU JUIi OCBOECHUS IPOQHIIb-
HbIX (usnueckux qucuumiua (I1K-1).

Ilepedyens MuIaHNpPyeMBbIX pPe3yJIbTATOB 00y4YeHHS N0 JUCIUIIIHHE , COOTHECEHHBIX C HHANKATO-
pPaMu JOCTHKEHUS KOMIIeTEeHIU

Kommerenius TIK-1

NHnukatopel KOMIETEH- MK k1.1
3HAa€T OCHOBOIIOJATAIOIINE MPHUHIUIILI, ITOHATHS HWHTETPAIbHBIX ypaB-

AN .
HCHHUU U BapI/IaL[I/IOHHOFO NCUHUCIICHUS.

PesynbraTel 00ydueHuss  3unaem: OCHOBHBIE 3aKOHOMEPHOCTH IIPOLECCOB, MPOUCXOAIINX B 3BE3-
Jax, KBa3U3BE3JAHBIX OOBEKTaX W MEX3BE3HOM Cpesie, MEXaHU3MBbI re-
HEpaluy KOCMHYECKOr0 U3JIy4YEHHUsI BBICOKOM U CBEPXBBICOKOM YHEPTHH;
IIPUHLUIIBI JETEKTUPOBAHUS KOCMUYECKOIO U3JIy4EHHs, OCHOBHBIE Me-




TOJBI PEIICHUs 3a/1a4 acTpO(U3UKH BBICOKMX 3HEPrHil, UMETh Ipel-
CTaBJICHHE O MAKETax IPOrpaMM MOJEIUPOBAHUS IIPOXOKICHUS YaCTHULL
BBICOKHX JHEPTUi 4epe3 BELIECTBO.
Ymeem: nonyuyats npocThie MOJENBHBIE OLEHKH XapaKTEPUCTHK KOC-
MHUYECKOTO M3JIy4YEHHUS U MPEIoiIaraeMoil CTaTUCTUKH COOBITHIA B Jie-
TEKTOpE.
Bnaoeem: maTeMaTH4eCKUM anmapaToM OINUCAHUA IIPOLECCOB U3Iyde-
HUS B UICTOYHUKE U MPOXOKICHUS U3IYyUYCHHS Yepe3 BEIIECTBO.

IV. Coaep:kanne U CTPYKTYpPa AMCHUILIMHBI (MOLYJIs1)

O0BeM JUCLUILIMHEI COCTaBIIAET 4 3adeTHBIX equHHIE], 144 yaca, B ToM uncie 96 JacoB KOH-
TaKTHON paboTHI.

3aHATHS TPOBOAATCA TOJBKO B O4HOHM (hopMe 0OydyeHHs ¢ MPUMEHEHHEM IHMCTAaHI[MOHHOTO KOH-
TPOJISI CaMOCTOSATEIbHOM PaboThl cTyaeHTOB yepe3 DnMOC dakynpTeTa. INEKTPOHHOW U TUCTAHIIM-
OHHOU (opM 00yueHus He MpeayCcMaTPUBACTCS.

Ha npakTrueckyro moaroroBKy OTBOAUTCS /4 4acos.
dopma MPOMEKYTOYHON aTTECTALUU: 3a4eT.

4.1. Collepmalme AUCIHUILIMHBI, CTPYKTYPHUPOBAHHOEC II0 TEMaM, ¢ YKasaHHEM BH/I0B
y'—l96HLIX 3aHATHH U OTBCACHHOI'0O HA HUX KOJIUYECTBA aKaAJACMHUYCCKUX YaCoB
Ne  Paz- | C| Be "3 Buner yaeOHOI pabOTHL, DOopMBI TEKY-
n/m | memn e | er | HHX BKJIIOYasi CAMOCTOSATENbHYIO paboTy 00y4aroIuXCsl, IpakKTHde- | [IEro KOHTPOJIS
Juc- | M O | IIpak- CKYIO TIOATOTOBKY U TPYIXOEMKOCTb yCIICBa€MOCTH;
OUIT | € 4Ya | THde- (B gacax) ®dopwma mpo-
UHBI/T C | CO | cKas MEXYTOYHOM
KonraktHas paboTa npenogaBarens ¢ o0yqato-  Camocros-
eMBl T B | IOJ- aTTecTaluu
MIAMHCS TenbHast
p ro- (no cemecm-
pabota
TOBKa Jlexmun Cemunapckue = Koncynbranuu pam)
00y- /mpaKTUYecKue
qaro- /mabopaTopHsle
MnX- 3aHATHSA
cs
1 1-16 7 144 34 68 2 50 [TpakTuue-
CKOC 3ajaa-
HHE; BOMPO-
Chl M 3aJa4u
K 3a4ery
Hroro: 144 34 68 2 50

4.2. Ilnan BHeayAUTOPHOIl CAMOCTOSITEJIbLHON PadoThl 00y4AKOIIMXCS 110 AUCHHILIHHE

Cemectp

HazBanue
pazaena, Te-
MBI

Tema 1-16

CamocrosrenbHas paboTa 00yJaromuxcs

Bun  camo-
CTOSTEILHOU
paboThI

3amanue B

BUAC 3aga49u

BbI- Tpynoem-
KCTh (4ac.)

Cpoxku

IIOJIHEHU A

ITocne npoii- 50

JCHHBIX TEM

OneHnoynoe
CPEJIICTBO

JemoncTpa-
A T'OTOBBIX
pelLIeHni

VYueOHO-
METOIuYe-
cKkoe  obec-
[eyeHne ca-
MOCTOSITEITb-
HOM pabOTHI

Hctounuku u3
OCHOBHOM "

JOITIOJITHUTECIIb-




HOW JHTEpaTy-
pel 1O Teme
MIPAKTHIECKIX
3ansATHil; OOpa-
30BaTeNbHbIE
pecypcel,  10-
CTYITHBIE 1o
JIOTHHY | TIapo-
JI10, TPENIOCTaB-
nsempiM Hayu-
HOW Ounbmmore-
kou UT'Y.

4.3. Conep:xanue y4eOHOIro MaTepuaJa
Copaeprxanue pa3aesioB M TeM JUCHUIINHBI

Tema 1. OObeKTHI U 33/1a4n aCTPOPUZHKN BBICOKUX dHEPTUuid. ['amakTHKu, CKOTUICHUS rajJakTUK, aK-
TUBHBIE SJpa TANAKTHK (paJlorajakTUKU, KBa3aphl, Oy1a3aphl U Ap.) KaK UCTOYHUKU U3JTYYECHUS BBICO-
KOW SHEPIHH.

Tema 2. Metonbl onpezeneHus paccTosHul ("'necTHUIA" pacCTOSIHUI): YIIIOBOM pa3mep 3BE3JIbl,
TOAMYHBIN Mapajulake, CTaHAapTHRIE cBeud (Leden b, cBepXHOBbIe). CBETHMOCTH OOBEKTOB, 3BE3/I-
HbIE BEJIMYUHBI.

Tema 3. DBomonus Beenennoit. Kocmonorus ®@punmana-Jlemerpa. Habmogaemsie CTpyKTyphI U
KOMITOHEHTHI Bcenennoil. 3akon Xa0bma, penukToBoe u3iydeHus, anuzorporus PU  (Pemukr,
COBE), yckopennoe pacmmpenue Beenennoit o manaeiM Habmoaeauii SN Ia, P BAO; skcrniepu-
mentel WMAP, Planck u np. Iudposoii 0630p Heba (Sloan Digital SKy Survey). Temnas sueprus,
KOCMUYECKUI KOHKOPIAHC.

Tema 4. PacrtipenenieHne Macchl B TrajJaKTHKax M BpallaTEIbHbIE KPUBBIE CIIHUPAIbHBIX T'aJIAKTHK,
TUIIOTE3a TEMHOW MAaTEPUH.

Tema 5. OcHOBHasl MOJENb AKTUBHOI'O FaTaKTUYECKOTO s1/Ipa, CBETUMOCTh aKKPELMOHHBIX JMCKOB,
3¢ exTUBHOCTH NMpeodpa3oBaHus TpaBUTAIMOHHON Heprun AJIU/] B uzmydenue.

Tema 6. DHEpreTUUECKUH CIIEKTP U COCTaB NMEPBUYHOTO KOCMHUYECKOTO M3IY4YEeHHUs, perucTpupye-
Moro Ha 3emiie. PacripocTpaHeHHOCTb s7iep B KOCMHUYECKHX JydaX U B CPEJHEM BO BcesleHHOM. OreH-
ka MoutHocTH nuctouHukoB KJI. ITpobnema npoucxoxaenus KJI.

Tema 7. KocMuueckue yun CBEPXBBICOKMX sHeprusix. Mexanusm I'peiizena-3anenuna-Kyssmuna
obpesanus crnekrpa KJI, npyrue norepu sneprun KJI. Dxcnepumenranbubie gannsle o KJI npu sHep-
rusix Boime nopora [3K. Vpasuenuss nepenoca KJI, nmuddysuonnas monens. Ddpdexkr Komnrona-
I'errunra, anuzorponus KJI.

Tema 8. Y napHble BOJTHBI B aCTPO(QU3HMUECKIX HCTOYHHKAX, OCHOBHBIC YPaBHEHUS (3aKOHBI COXpa-
HEHUs1) IS YJapHBIX BOJIH, yaapHas aguabara (I'toronuno).

Tema 9. lnddy3noHHBIH MEXaHU3M YCKOPEHUS 3apsDKEHHBIX YacTHUI] B aCTPO(MU3MUECKUX HUCTOY-
Hukax. CrenenHoil cnexktp KJI kak pesynpTaT croxactudeckoro mporecca. Mexannsm ®epmu 2-ro
nopsaka u 1-ro mopsiaka. [lokazarens cnexktpa KJI M olieHKa MakCUMaJIbHO JOCTUKUMOW SHEPTHHU
MIPH YCKOPEHUHU YacTHUIl Ha PPOHTAX yJIapPHBIX BOJH, TEHEPUPYEMBIX BO BCIIBIIIIKAX CBEPXHOBBIX.

Tema 10. PenaTuBHCTCKHC yIapHBIEC BOJHBI, KOHBEPCHOHHBIM MEXaHHU3M YCKOPEHUsS JacTull. J(py-
r've BO3MOXHbIE MeXaHn3Mbl TeHepanuu KJI cBepXBBICOKMX SHEPTHil.

Tema 11. B3aumoneiictBue KocMU4ecKux ayder ¢ armochepoit 3emmu. [llupokune atmochepHbie
JIMBHH, SACPHBIN Kackajl, 3JeKTPOHHO-(OTOHHBIE JINBHU.

Tema 12. Mopennb siiepHOTO Kackaga B aTMOc(epe, METOAbI IPUOIIMKEHHOTO PEIICHUsT YpaBHEHHUH
Kackaza. Y CIIOBUS pacLEIIEHHsI CHCTEMBI, HyKJIIOHHBIN Kackaa. TouHO pemaeMast MoJieb HyKJIOHHOTO
KacKaJia u ee pacllupeHue Ha CIy4ail 3aBUCSIINUX OT SHEPIHUH CBOOOJHBIX MPOOETOB YaCTULIBI.



Tema 13. Me30HHBIN Kackaj, aTMOC(epHbIe - U K-Me30HBI BEICOKUX YHEPTH.

Tema 14. I'enepanyisi MIOOHOB B aIpOHHOM KacKaJle, pacdyeT CIEKTPa U 36HUTHO-YIJIOBOTO paclpe-
JIeJIeHNs1, JaHHbIE SKCIIEPUMEHTOB.

Tema 15. I'enepanust HEUTPUHO B SIIEPHO-KACKATHOM Mpoiiecce. ATMOChEpHbIE HEUTPUHO OT pac-
nasoB 7T- 1 K-Me30HOB, MIOOHOB, T-JIEITOHOB U OYapOBAHHBIX YAaCTHUI] KaK (HOH sl acTpOPU3UIECKIX
HEHUTPUHO U KaIMOPOBKA HEUTPUHHBIX TEIECKONOB. XapaKTePUCTHKHU MOTOKA MPSAMBIX aTMOC(epHBIX
HEUTPHUHO.

Tema 16. ITpunuunsl peructpanuu KJI 1 raMMa-KBaHTOB BBICOKMX M CBEPXBBICOKMX IHEPTHIl OT
acTpo(hM3MYECKMX UCTOYHHUKOB: a) YSPEHKOBCKUE AETEKTOPHI, 0) (IyOopeclieHTHBIE TeECKOIIbI, B) TH-
OpuIHbIC JETEKTOPBHI.

Tema 16. Kpynanomacmtabusle ycraHoBku s peructpauuu HIAJL (O6ceparopust um. I1. Oxe,
SAxyrckas ycranoBka IIIAJI, KASCADE-Grande, Tynka, Telescope Array u ap.) U pe3ysIbTaThl
BOCCTAHOBJICHHSI CIIEKTpa U 3JIeMeHTHOro coctaBa KJI BEICOKMX aHEpruii.

4.3.1. [lepeyeHb CEeMUHAPCKHUX, MPAKTUYECKUX 3aHATHI U J1a00PATOPHBIX PadoT

Ne Ne pazne- | HaumenoBanue cemuHapos, npaktuue- | Tpynmo- | Ouenounsie | @opmupy-
J1a ¥ TEMBI CKUX U JTa0OpaTOPHBIX PaboT €MKOCTb CpeacTBa eMble
JTUCILIHA- (dachr) KOMIIE-
IJIMHbI TEHLIUU
1 2 3 4 5 6
1 | Tema?2 3Be3HbIC BEJIUYUHBI, METOIbI OIpE/Ie- 3amanue Ha [IK-1
JIEHUs PACCTOSIHUI 8 CEMHUHApE B
BU/JIE 331a4U
2 |Tema3 Opomtonus Beenennoit. KoMnoneHTs! u 3ananue na | [IK-1
CTPYKTYypbl BcenenHnoi, TeMHas sHep- 6 CEMHUHApE B
THs BHJIE 33a4U
3. | Tema 4 BpamarenbHble KpUBBIE CIUPATBHBIX 3amanue Ha | [1K-1
raJIakTUK, TEMHasl MaTepus 6 CEMMHApE B
BU/JIE 33/1a4U
4 |Temas YepHble AbIPBL, CBETUMOCTb aKKPELU- 3anaHue Ha I1K-1
OHHBIX TUCKOB, MPeoOpa3oBaHUE I'PaBU- 6 CEMMHApE B
TallMOHHOM HEPTUH B U3IYUYECHHE BU/JIE 331a4U
5 | Tema6 OneHka MOIITHOCTH HCTOYHUKOB KOC- 3anaHue Ha I1K-1
MUYECKHX Jy4eil, CIeKTp U COCTaB Iep- 6 CeMHHape B
BUYHOI'O KOCMUYECKOT'O U3JIy4YECHHUS BHJIE 33a4U
6 |Tema?7 Mexanusm I'3K oOpeszanus cnexkrpa KJI, 3ananue nHa | [IK-1
npyrue notepu 3Heprun KJI. Dkcnepu- CEMMHApE B
MeHTaJbpHble naHHble 0 KJI npu sHepru- 4 BUJIC 3a]1a4
ax Bele nopora ['3K. YpaBuenus ne-
penoca KJI, nuddysnonnas moaens
7 | Tema 8 Y napHble BOJIHBI B aCTPOPHU3NUECKUX 3amanue Ha | [1K-1
HCTOYHUKAX, 3aKOHBI COXPAHEHUs U pa3- 4 CeMHHape B
pbIBBI Ha ppoHTe YB, ynapHas anuabara BU/JIE 33a4U
8 |Tema 9 Mexanusmsl @epmu 1-ro nopsaka u 2- 4 Kontposns- I1K-1
ro nopsJKa Has paboTa
9 |Temall [Tpoxoxxnenne KJI uepe3 atmocdepy 3amanue Ha | [1K-1
3emiu, oopazoBanue IIAJI 6 CeMHHape B
BU/JIE 33a4U
10 | Tema 12 Mopenb snepHOTo Kackaaa B atMocde- 6 3aganue Ha [1IK-1
pe, pellieHNuEe YpaBHEHUH Kackaja CEMMHApE B




BUJIE 33/1a4U
11 | Tema 13 | Me3onHbIil Kackas, aTMOC(hEpHbIC 7- U 3aganue Ha | IIK-1
K-Me30HbI BBICOKMX HEPruit 6 CEMHUHape B
BUJIC 33Ja4U
12 | Tema 14 | I'enepauus MIOOHOB B aJpOHHOM KacKa- Kontposs- I1K-1
1€, CIIEKTP ¥ 36HUTHO-YIJIOBOE pacIpe- 6 Has paboTa
JIeJICHUE, JaHHbIE SKCIEPUMEHTOB

4.3.2. IlepeyeHb TemM (BONPOCOB), BBIHOCMMBIX HA CAMOCTOfITEJIbHOE HM3Y4YeHHEe CTyJAeHTaAMH B

paMkax camoctosTebHoi padoTsl (CPC)

Ne Tema Bun camocrtos- 3amanue Pexomennye- | Kosnu-
HEJl TENbHOMN pado- Mas JIUTepa- | 4YECTBO
ThI Typa 4acoB

1 | 3Be3aHbIe BenMuu- Bueaynurop- Hcrounuku 2
HBI, METO/IbI Olpe- Hasl, pelIeHHe U3 OCHOBHOM
JIeJIEHUs paccTos- 3a1a4y Y JIONOJIHU-

HUU TEJIbHOM JIH-

2 | KomrmoneHTHI Bueayautop- | Beruucnenue TEpaTypsl 1O 4
CTpYKTYypbl Bce- Hasl, pelIeHHe TEeMe€ MPaKTH-
JIeHHOH. 3akoH Xa- 3a1a4 YeCKUX 3aHd-
007a, yCKOpEeHHOE TUI;00pa3oBa
pacupenue Bee- TEJIbHBIE pe-

JICHHOH , TEMHAast cypebl Hayu-
SHEPTHs HOM O6ubIMO-
Texkont UT'Y,

3 | Pacipenencnue Breayaurtop- | I'unorerudeckue co- caiita Qpusu- 4

MAacchl B raJlakTHKax Hasl, aHaJIn3 CTaBJISIFOIIME TEMHOM 9ecKoro (a-
Y BpaulaTelibHbIe Moenen MaTEpUH, METOBI JiE- KyJbTETa
KPHBBIC CIIHPAITh- TEKTHPOBAHHS UT'Y. 6aza
HBIX TaJaKTUK, TEM- JAHHBIX T10

Hasi MaTepus duzuke

4 | YcTpoiicTBO U Me- BueayauTop- ['mnoreTnyeckue co- inspirehep.net 4
XaHU3M JICHCTBUSA Hasl, pelIeHue CTaBJISIIOIINE TEMHON
LEHTpaIbHOW 00Ma- | 3a7au MaTepuu, METOJIbI Jie-

CTH aKTHBHOTIO ra- TEKTUPOBAHUS
JTAKTHYECKOrO siApa

4 | Ouenka moutHocty | Baeayaurop- OrneHka MOITHOCTHU UC- 4
TQIAKTUYECKUX UC- | Hasl, pelIeHue TOYHHUKOB KOCMHYE-

TOYHHUKOB KOCMHU- 3/1a4 CKHUX JIy4el JJIau JHcC-
YECKUX JIy4yeH, KOBOM Mozenu [ amak-
CHEKTP U DJIEMEHT- TUKH U MOJIEJH C TaJlo
Hb1i coctaB KJI

5 | Kocmuueckue gyun Bueaynurop- | DHepreTuueckue mnote- 4
CBEPXBBICOKHUX Hasd, pemienre | pu KJI B M3C, pacuer
SHEpPruit 3a1a4 IIOPOTOBOM SHEPTrUU

nporoHa KJI s pox-
JIeHUs THoHa Ha uHppa-
KpPacHOM U PETMKHOBOM
U3ITYYEHUSX




6 | YmapHble BOJIHBI B Bueaynurop- | Bo3HukHoBeHue YB,
acTpopU3NUECKUX Hasl, pelleHre | MPOLECChl BOIU3U
HUCTOYHUKAX 3a7a4 ¢dponrta VB, 3aKoHBI

COXPAHEHU U Pa3pbIBbI,
yaapHas anuadara

7 | IIpoxoxnenue KJI Bueayaurop- Pemienue ypaBHeHUi
yepes3 BELIECTBO, Hasl, pelIeHHe AJIEPHOT0 KackaJa B aT-
LITAJI, spepHbIit 3a71a4 Mochepe 3emiu i
kackajg, DOJI CTEMEHHOTO CIEKTpa

KJI u deitnmaHOBCKOTO
CKEWJIMHIa CEYECHUI
MHKJIIO3UBHBIX a/IpOH-
HBIX peaKIuil.
Pemenue npocToit mo-
JIeJIA TeHepaly aTMo-
chepHBIX MIOOHOB

8 | IIpouecc nepenoca | Bueayautop- [Ipu kakux yciaoBusx

Hasl, PELICHHE POUCXOAUT ?
3a1a4

9 | Mexanusm Bneaynurop- Onenurs nepenavy

Hasl, SHEPIrUu
pelieHue 3aaau

10 | [Hotepu sueprun KJI | Bueaynurop- Brrunciurs nopoByro
CBEPXBBICOKHX Hasl, SHEPTHIO : IPOTOHOB
SHEPTUl B py-, pp- pewenue 3anau | KJI B I'3K-mexanuzme
BaNMOJEHUCTBHSX

11 | lNanakTuyeckue u Bneayurop- ITomyuuTs OLICHKY
BHETAJIAKTUUECKNE | Had, T y3HBIX TOTOKOB
WCTOYHUKU HEUTpU- | pelIeHue 3a1ad | HEUTPUHO Ha 3emiie,
HO UCMONb3Ys JaHHBIE 00

MHTEHCUBHOCTU KOCMHU-
4eCKOro ramma-
U3ITy4YeHU

12 | AtmMocdepHbie Bueaynurop- Pacyer yrnosoro ycu-

HEHUTpHUHO Kak GpoH | Had, JICHUSI TOTOKOB aTMO-

11 acTpodusznye-
CKMX HEUTPUHO

peHmieHue 3a1a4

c(hepHBIX MIOOHHBIX
HEUTPUHO

4.4. MeToau4ecKue YKa3aHHS 10 OPraHU3aALNU CAMOCTOSITeIbHON PadOThHI CTYACHTOB

B pas3zaciie 432 CTYACHTaM IJId Ooiee 2% J'IY6J'IGHHOFO N3YUYCHUS JUCHUIIIMHBI NPCJIararoTcd 3aga4u 1
YHOpaKHCHUA. HpezmonaraeTcs{, YTO CTYACHT CaMOCTOATCIIbHO U3YYNT HOHOHHHTCHBHBIfI MaTtcpuall u3
pCKOMCHHOBaHHOﬁ JIATCPATYPhI U PCIIUT NPCIIJIOKCHHBIC 3aa4u. OI_ICHKa CaMOCTOSTEIbHOM pa6OTLI
CTYACHTOB MPOBOAUTCA B BUAC JOMAIIHUX KOHTPOJIBHBIX pa60T " OIIPOCOB Ha MPAKTUYCCKUX 3aHATHU-
AaX.

4.5. IIpuMepHasi TeMaTHKA KypCOBBIX padoT

Y4eOHBIM IIJIAHOM HE npeaAyCMOTPCHO HAIMMCAHUC KYPCOBBIX pa60T.



V. Y4eOHOo-MeTOAM4YecKOe M HHPOPMAIIMOHHOE 0O0ecTiedeHue U CIUTIINHbI

@) CRUCOK Tumepamypul

OcHoBHas JuTepaTypa
1. 3acos, A.B. O6mas actpodusuka [Tekcr] : yue6. mocobue / A. B. 3acos, K. A. IToctHoB ; MockoB-
ckuii roc. yH-T uM. M. B. JlomonocoBa, ®us. dax., ['oc. actporom. un-t um. I1. K. IlITepabepra. - 3-¢
u31., uctp. u gon. - Opszuno : Bek 2, 2016. - 573 c. ; 22 cm. - bubmuorp.: ¢. 565-566. - ISBN 978-5-
85099-194-4 — (8 7k3.)

2. Cunerosckuii, C.MB KocMuyeckne HEUTPUHO BBICOKHX DHEPTHid [DIEKTpOHHBINA pecype| : yueO.
nocobue / C. U. Cuneropckuii. - OBK. - Upkytck : U3a-Bo UT'Y, 2009. - Pexxum noctyna: 943 "bub-
muotex". - Heorpanuu. loctyn

JlonoIHUTeIbHAS JTUTEpaTypa

1. Myp3umn, B. C. Actpodusuka kocmuyeckux nyueit [Tekcr] : yue6. mocobue mist By3os / B. C. Myp-
3uH. - Mockaa : Jloroc, 2007. - 487 c. ; Her. - (Knmaccudyeckuii yHUBEPCUTETCKHN Y4eOHUK). - Pexxum
noctyna: ObC "Pykont". - Heorpanuu. noctym. - ISBN 978-5-98704-171-6
0) nepuoouuecKkue uzoanus

- HeT.

8) CRUCOK ABMOPCKUX MEMOOUUECKUX PaA3padomoK

- Cunerosckuii, C.M. KocMudeckre HEUTPHHO BBICOKMX dHepruid: yued. mocodbme / C.

N. Cunerosckuii. - Upkyrck : U3n-Bo UpkyT. roc. yu-Ta, 2009. - 60 c.

2) 6azvl OaHHBIX, UHPOPMAYUOHHO-CRPABOUHDLE U NOUCKOBbLE CUCEMDBL

http://library.isu.ru/ - Hayunast 6uoauorexa UT'Y;

http://inspirehep.net/, http://arxiv.org/ - ba3bl qaHHBIX )KypHAJIBHBIX CTaTeil, MaTepUaIoB KOH-
(epeHINii U 3JIEKTPOHHBIX IPENPUHTOB 10 GU3MKE U aCTPOPU3NKE BHICOKUX IHEPTHUIL.

VI. MaTepuajibHO-TeXHUYECKOe o0ecneyeHne JUCHUMINHBI (MOIYJIs)

y‘le6Ha$[ ayauTopus AJid NpOBCACHUS JICKHUOHHBIX W IMPAKTUYCCKUX 3aHATHH. Ha JICKIIUAX MO-
T'YT UCIIOJIB30BATHCA My.]'IBTI/IMe,Z[I/II\/'IHBIC cpeacTBa: IpOCKTOP, HGpCHOCHOfI OKpaH, HOYT6YK.
Jlexumu, Matepuaisl Kypca JOCTYIIHbI Ha CalTe
http://www.pd.isu.ru/sost/teor phi/homepage/sinegovsky.html.

VIIL. O0pa3oBaTe/ibHbIe TEXHOJIOTHH

3a1aun U3JI0KEHUS U U3YYEHUS TUCIUIIMHBI pEaTu3yIoTCs B CIIEAYIOUINX (GOpMax e TeTbHOCTH:
e JIeKIMH, HALlEJICHHBIE Ha MTOJyYyeHHe Heo0X0 1Mol NHPOPMALIH, U €€ UCTIOIb30BaHUE
MIpH pelIeHNH 3a]1aY;
® MNpaKkTHYecKHe 3aHATHS, HAPABJICHHbIC HA AKTUBU3ALINIO I03HABATEILHON e TEIIbHOCTH
CTYZICHTOB U PUOOPETEHHsI UMU HABBIKOB PEILICHHS 3a/1a4;
® KOHCYJbTAIlMH — ©KEHEEIBHO JIJIS BCEX XKEJNAIOLUX CTYIEHTOB;
® CaMOCTOfITeIbHAsi BHeayIUTOPHasi padoTa HarpaBlieHa Ha MPUOOPETECHHE HABBIKOB Ca-


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=Синеговский%2C%20Сергей%20Иванович
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=Синеговский%2C%20Сергей%20Иванович
../../%20http:/library.isu.ru/%20
http://inspirehep.net/
http://arxiv.org/%20%20
http://www.pd.isu.ru/sost/teor_phi/homepage/sinegovsky.html

MOCTOSATCIBHOI'O pCHICHUSA 3a4a4 IO TUCHUIIIIUHE,
L4 TeKyHII/Iﬁ KOHTPOJIb pa6OTBI a CTYACHTOB OCYIHICCTBIIACTCA YE€PE3 KOHTPOJIBHEIC 3a/laHUA

VIII. OueHo4yHble MaTepHAJIbI A/ TEKYIIero KOHTPOJISA M IPOMEKYTOYHOM aTTecTalluu
@DOHJ1 OLIEHOYHBIX CPEICTB IPEACTABICH B IPUIIOKECHUU.

8.1. OuenouHble cpeacTBa AJIsI BXOJHOTO KOHTPOJIS:
Jlyis u3ydeHus: TaHHOTO Kypca CTYACHT JIOJDKEH BIIAJICTh OCHOBAMHU (DH3UKU M TEOPETHUECKOUN
(hU3UKHA, YMETh TOJIb30BAaThCS CTAaHAAPTHBIMU IOMCKOBBIMHU cepBucamMu ceTu HMuTtepHer. BxomHoii
KOHTpPOJIb YMEHUN U 3HAHUH HE IPOBOJUTCS.

8.2. OLeHOUHbIE CPEICTBA TEKYIIETO KOHTPOJIS.
OueHOYHbIE CPE/ICTBA TEKYIIETO KOHTPOJIS - 33/1a41 HAa MPAKTHYECKUX 3aHATHAX.

IIpuMephl IpakTUYECKUX 3aJaHHuI

.
1. Ucnonb3ys 3aKOH COXPAaHEHUS SHEPrHU-UMITyJIbca st peakuuu P77 27 +N " yopyyure
BBIp)XEHUE IS €€ IIOPOTrOBOM YHEPTUU.

2. Haiinute moporoByro 3HEpPrui0 NpoTOHA (B JI.C.) IJs Ipoliecca Ha PEIUKTOBBIX (POTOHAX
pry—ette+p.

8.3. O1ieHOUYHbIE CPEACTBA ISl IPOMEXKYTOYHOM aTTeCTallH.

®opMa poBEACHUSA IPOMEKYTOUHOM aTTECTAl[UU — 3a4eT.



IIpuMepHLIN ITIEpeYeHbh BOOPOCOB K 3aUETY

1. Actpodusnueckue MCTOUYHHKH HM3Iy4EHUS BBICOKOW 3HEepruu. OCHOBHAs MOJIENb AKTUBHOTO
raJlaKTUYECKOT0 SApa, CBETUMOCTh aKKPEIMOHHBIX AUCKOB, 3(PEKTUBHOCTH MpeoOpa3zoBaHus
rpaBuTalinoHHol 3Heprun A4/ B usnydenue.

2. DHepreTHYecKHUil CIIeKTP U COCTaB MEPBUYHOIO KOCMUYECKOTO M3JIyYECHHUS, PETUCTPUPYEMOTO
Ha 3emie. Pacnipoctpanennocts siep B KJI u B cpeqneM Bo BceneHHOM. OneHka MOIIHOCTH
ncrounrkoB KJI. ITpo6aema npoucxoxaenus KJI.

3. Kocmmuueckue sryun cBepXBBICOKHX dHepruil. Mexanusm I peiisena-3anenuna-Ky3smuna oope-

3anusa cnektpa KJI, npyrue norepu sneprum KJI. Dxcnepumentansubie nanubie o KJI npu

sHeprusx Bbiule nopora I'3K.

Y napHble BOJIHBI B aCTPOPHU3NUECKUX HCTOYHUKAX, OCHOBHBIC YPABHEHUS JIJIsl YAAPHBIX BOJIH.

Crenennoii cnektp KJI kak pe3ynbTaT croxacTuyeckoro mporecca. Mexanusm depmu 2-10

MOPSAJIKA YCKOPEHUS 3apsKEHHBIX YacTHULL.

6. Juddy3uoHHbI MEXaHU3M YCKOPEHHUS 3apsDKEHHBIX YacTUIl B aCTPOPU3NUECKUX UCTOYHHKAX

ok~

(mexann3m @epmu 1-ro nopsiaka). ITokazarens cnektpa KJI u oneHka MakcHManbHO JOCTH-
KUMOH SHEpPruM NpU YCKOPEHUH YacTHIl Ha (POHTAX YJApHBIX BOJIH, F€HEPUPYEMBIX BO
BCIIBIIIIKAX CBEPXHOBBIX.

7. PenstuBuCTCKUE yAapHbIE BOJIHbI, KOHBEPCUOHHBI MEXaHU3M YCKOPEHMS YaCTHII.

8. PasBurtue mumpokoro armochepHoro JuBHs, xapakrepuctuku HIAJL, ypaBHEHUS >7I€KTPOH-
(OTOHHOTO JTUBHS U UX PEUICHHUS ISl YIPOIIEHHBIX MOJeNei

9. Mogenp anpoHHOTO Kackazna B aTMocdepe, METOJbl MPUOIMKEHHOTO PEHICHUS ypaBHEHHMA
KacKaja. Y CJIOBHs PACLEIUICHHUs] CUCTEMBI, HYKJIOHHBIN Kackaa. To4HO pemaemas MOJENb HyK-
JIOHHOTO KacKaJia U €e pacIlIupeHUue Ha CIydyall 3aBUCSIIMX OT YHEPTUU CBOOOJHBIX MPOOETOB
YacTHULIBI.

10. Me3oHHas yacTh Kackanua, aTMocqepHbie 7- 1 K-Me30HbI BRICOKMX dHepruil. ['eneparus Moo-
HOB ¥ HEUTPHHO B aIpOHHOM KacKaJe, pacueThl U JaHHbIE SKCIIEPUMEHTA.

11. IMpunuuns! 1 MeToAb! peructpanun KJI, raMma-KBaHTOB M HEMTPHUHO BBICOKHX M CBEPXBBICO-
KHUX HEPruil OT acTpO(U3NYECKHX MCTOUYHHKOB: a) YEPEHKOBCKHE JAETEKTOPHI, 0) CLUHTHILISA-
LIUOHHBIE JIETEKTOPBI; B) (PIIyOpeclieHTHbIE AETEKTOPH, T) paJAuOIETeKTUPOBAHNE, €) aKyCTH-
YECKHE JETEKTOPBI.

12. KpynHomacmtabHble AeWCTBYOINE yCTaHOBKH uisi peructpanuu LIIHAJI u pe3ynbTaThl BOC-
CTaHOBJICHUS CIIEKTpa U 3JIEMEHTHOro coctaBa KJI BBICOKMX SHEPTHid.

IIpuMep TecTOBLIX 3aaHUi 11 NPOBEPKH C(POPMHUPOBAHHOCTH KOMITETEHIUI, YKA3aAHHBIX
Bbime B 1.I11:

1. Kakoii 3 METOZ10B O3BOJISIET ONPENIEIUTh CaMO€e OOJIBIIOE PACCTOSHUE MEXKITY 0ObEKTaMH BO
Bcenennoii:

a). METOJI NapajIakCoOB

0). HaOMrOIeHUS 3a e enaMu

B). METOJI KPACHBIX CMEILEHUI

2. YeTbIpexMepHOE MPOCTPAHCTBO MUHKOBCKOT'O SIBJISIETCS IPOCTPAHCTBOM C:
a). MOJIOXKUTEITbHOW KPUBHU3HON

0). HyJ1eBOIl KPUBU3HOM

B). OTPHUIIATEILHON KPUBU3HOU

3. BenenHblil DUHIITEHHOM «J1IMO1a-4JIeH» B YpaBHEHHs TPABUTALIMOHHOTO IOJISL TO3BOJIHIL:
a). onucath HHQISIIUOHHOE pacuipeHne Beenennoi



0). MOTYYUTh CTAITMOHAPHOE PEIICHHUE STUX YPAaBHCHUI
B). DUHILITEHH HE BBOJUJ TAKOTO CJIAraeMOTo

4. Muarpamma ['epummpynra — Paccena npeicrapiseT co00ii 3aBUCIMOCTb MEXKTY:
a). a0COTIOTHOM 3BE3THON BEJTMYMUHOM U CIIEKTPATbHBIM KJIAaCCOM ISl 3BE3]1

0). CKOPOCTBIO 3BE€3/Ibl U PACCTOSTHUEM JI0 HEe

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

5. Mexanusm ['peitzena-3anennna-Ky3pmMuHa 0ObsICHSIET, TOYEMY:

a). HEUTPHUHO CJIa00 B3aMMOJICHCTBYET CO CPEIOi

0). KOCMHYECKHE JTyYd B OCHOBHOM COCTOST U3 IPOTOHOB

B). CIIEKTP KOCMHYECKHX JIy4ei 0OpPBIBACTCS TP CBEPXBBICOKUX IHEPTHUSIX

Pa3paborumnkn:

g o

\ Lt X npodeccop kadbeapsr Teoperndeckoit pmsukn  C.J. CuHerosckuit

[Tporpamma coctaBiena B coorBerctBuu ¢ TpeboBanusMu ®I'OC BO mo HampaBlieHHIO TIOITO-
toBKkHu 03.03.02 ®dusuka.

[Tporpamma paccMoTpeHa Ha 3acelaHuu KadeIpbl TEOPETHUECKOM (HU3UKH
«15» mapra 2023 r.
[Tporokon Ne 6 U.o. 3aB. kadenpoii ) C.B. JloBmuos

Hacrosimass mnporpamMa He MokeT ObITH BOCIpPOM3BedeHAa HM B Kakoil ¢opme 0Oe3
NpeIBAPUTEJbHOI0 NMCHbMEHHOI0 paspelieHust kKadeapbi-pa3padoTynKa NporpaMmsl.



