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Mporpamma ancumnnuHbl "dusmka n asonoums 3se3n”; 011501.65 ActpoHomust; npodeccop, A.H. (foueHT) bukmaes N.P.

Mporpammy omvcumnnuHbl paspabotan(a)(n) npodeccop, a.H. (BoueHT) bukmaes U.®. Kadenpa
acTPOHOMUU U KOCMUYeckorn reogeanmn OTaeneHme acTpopuankm 1 KOCMUYECKON reonesnm |
[Ifan.Bikmaev@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

OcBoeHME OCHOB (OM3NYECKUX COCTOSIHWIA, BHYTPEHHETO CTPOEHMS 1 HAabnoaaTenbHbIX MPOSIBNEHNIA
3B€3[ pasHblx Macc, Temnepartyp, CBETMMOCTM 1 XuMmnyeckoro coctasa. OCBOEHME OCHOBHbIX
AAEepHbIX peakumii, npoTekarwmx B Heapax 38e3a. NoHMMaHne 0CHOBHbIX (OU3NYECKMX NapaMeTpoB
npu nepexone 3Be3[ M3 OOHOWN 3BOMOLIMOHHOW CTaaun B APYryto.

2. MecTO AMCUMUNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

HaHHas yyebHas aucuunnnHa BkntodeHa B pasgen " C3.6.8 MpodheccrnoHanbHbli
obpaszoBartenbHoit nporpamMmbl 011501.65 AcTpoHOMUSE 1 OTHOCUTCS K 6a30BoOWA
(obwenpodpeccmnoHanbHom) yactn. OcBamBaeTcs Ha 4 kKypce, 7 CEMeCTp.

OducumnnuHa dusrmka v asonouns 3se3 0THocuTcsa k bazosoin yacTu lNpodeccrnoHanbHOro umkna -
C.3. 8. SlBnseTcs normyeckn cesisaHHoi ¢ aucumnnmHammn Obwas actTpoguanka, Moaynsimm
"Martematumka" n "Obwas cusnka".

Ins ocBoeHns gucunnanHbl dusrka v 9BonoLmMs 38e34 00yyatolwmecs AOMXKHbI 3HaTb CBEAEHUS,
nony4YeHHble paHee npu n3yveHnm Obwelt actpoHomum, Obwein actpomeTpun, Obwel
acTpohn3nKn, MaTeMaTMYECKOro aHanmaa v obwen pmamku.

OCHOBHOW

3. KomneTteHuumn obyuarowerocsi, popMupyemble B pe3ynbTate 0CBOEHUSA AUCLUMNIINHDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTEHUNN:

Pacwudpposka
npuobpetaemMor KOMNETeHLUN

BnageHne Metogamm acTPOHOMMYECKOro, onus3nyeckoro v

Lndop komMneTeHLUH

MK-7

MaTemMaTtnyeckoro u BaHWA Npwv aHanuse r bHbIX
(MpocpeccnoHantHbie nao%n:M H:%ngsecgn%%?(mi 3HaH|a|7| 33 i}L;h?eHnToaaiJLblx
KOMreTeHuun) P y y

q3I/I3VIKO-MaTeMaTI/I‘-IeCKI/IX ONCUNNNNH;

3HaHVe OCHOBHbIX (PN3NYECKMX NPOLLECCOB, OTBETCTBEHHbIX 3a
MncK-1.2 npvpoay 1 Habnogaemble 0COBEHHOCTU KOCMUYECKMX
00BEKTOB U SABNEHWUIA;

3HaHVE COBPEMEHHbIX NPeACTaBNEHNIA O CTPOEHUN 1 9BONOLNN
NnckK-1.3 ConHua, CONHEeYHOW CUCTEMbI, 3BE3M, MEX3BE3LHON cpebl,
ranakTuk u gpyrnx KOCMUYECKNX 06 bEKTOB.

B pe3ynbtaTe 0CBOEHUS OUCUMUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

hun3nyeckme NpoLecchl, NpoTekaowme B Heapax 38e3/, OCHOBHbIE (OM3MYECKNE NapaMeTpbl 3Be31,
PacMonoXeHHbIX B pasnnyHbIX YacTax avarpammel 'epuwnpyHra-Peccena, cneunguky
acTpohmnanyeckmx HabnooeHnii 3se3f kak ¢ 3emMnu, Tak 1 ¢ KOCMUYECKMX annapartos

2. IONXEeH yMeTb:

MCrnonb30BaTb r|p|/|06peTeHHb|e 3HaHNA ona actTpodPr3anyeckKmnx nccnenosaHuin 3ee3f Pa3nnyHbIX
CrneKTpanbHbIX KNacCos..

3. 0OMXEH BnageTb:
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NPUHUMNaMU MHTeprpeTauun pesynbTaTtoB HA3EMHbIX U KOCMUYECKMX HabnoaeHunii 3se3,
HaxXoASAWMXCS Ha Pa3NMYHbIX CTAAUSX 3BOMIOLNN.

4. NONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

NPUMEHSTb NONyYEHHble HaBbIKW O1s NPaKTUYECKOro NCMNoNb30BaHNs B HOBEMLWMX NCCEeA0BaHUSIX B
obnactu

pn3nkKu 3Be3n,

4. CTpyKTypa u cogepxaHve AUCLUMNINHbI/ Moayns
Obwas TpyooeMKOCTb AMCLUMNANHBI COCTABASET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yyaca(oB).
dopmMa NPOMEXYTOHHOIr0 KOHTPONS ANCUMNMINHBI 3a4€T B 7 CEMECTpE.

CyMMapHo no AmcumnanHe MoxHo nony4ntb 100 6anno., N3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO ANs OOMNycKa K 3adeTy
28 6annos.

86 bannos 1 6onee - "OTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHO" (yO0B.);

54 6anna n MeHee - "HeynoBNEeTBOPUTENLHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl Mo gucCUMnIMHe/ MOAYIO
TemaTtnyeckuu nnaH gucUUNIUHbI/MOAyNS

Buabl n yacobl
ayAuTOpHOM paborThbl,

Paspen
N OvcumnnuHbl/ Cemecrpczagﬁ:;'a ux Tl?gﬁgg:)l(()ocm TeK\I((Lcl).I.:TT) gt;szbl
Mopyns Nex ““I'Ipaxmqecmena6oparopuble
L 3aHATUSA pabortbl
Tema 1. Onpepnenexne YCTHbI ONpoc
L nonsiTns "3Be30a". / 1-2 2 2 0
Tema 2. [NepeHoc
2.[ny4ncTom aHeprum B 7 3-5 2 4 0 fmckycens
3se3ne.
Tema 3. YpaBHeHue YCTHbI ONpocC
3. COCTOSIHUSA BellecTBa. / 6-7 2 2 0
Tema 4. VIcTo4HKKN
SHepruun 3se3L. i anckyccus
4. HenTpunHo 1 3Be3gHas / 8-10 2 4 0
3BONOLNS.
Tema 5. MeTonbl
NOCTPOEHNS ) YCTHbIIA ONpOoC
. 9BOJIIOLIMOHHbIX / 11-13 2 4 0

Monenen 3se3n.

Tema 6. OBonouuns

MaCCUBHbIX OOVHOYHbIX 7 14-1 5 4 LONCKycCcus
6. 3Be34. 9sonouns 6 0
3Be3[ C Manon Maccon.

Tema 7. KoHeYHble

7.|cTaamm ssonoumm 7 17-18 2 2 0 YCTHbIN Onpoc
3Be3q.
Tema . Torosas v 0 0 0 3ayet

" |doopma KoOHTpoONSA
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Mporpamma ancumnnuHbl "dusmka n asonoums 3se3n”; 011501.65 ActpoHomust; npodeccop, A.H. (foueHT) bukmaes N.P.

Buabl 1 yachbl
ayauTopHOM paborThbl,
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpOns

MpakTnyeckmelllaboparopHbie
3aHATUA paboTbi

NTtoro 14 22 0

Pasnen
N AducunnnuHbl/ CemecTp
Monyns

Nekuunn

4.2 CopepxaHue AUCLUMNIMNHBI
Tema 1. OnpepeneHuve NoHATUA ""3Be3aa’.
JNeKuMoHHoe 3aHsiTne (2 4yaca(oB)):

OnpepneneHne noHaTMS "3Be3na”. OBonouns 38e3apl Kak ouandeckunii npouecc. HabnonarenbHble
KpUTEepUmn NpaBuibHOCTU TEOPUN 3BOMIOLNN 3Be34. YpaBHEHVE rMapoanHaMNYEeCcKoro paBHOBECHS
(YI'P). CtporocTb BbinonHeHus YI'P B 3Be3ae.

npakTnyeckoe 3aHsitne (2 4aca(os)):

mopoaonHammyeckas wkana BpemMeHu. 3anachl aHeprum B 3se3ne. Hanbonee BeposiTHble
NCTOYHUKN aHeprum 3ee3n. lkana KenbeBuHa-I enbmronsbua. AnepHas wkana spemenun. YTP.
CtporocTtb BbinonHeHus YTP B 3Be3ge.

Tewma 2. NepeHoC nyuncTom aHeprum B 3se3ae.
NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

MepeHoc nydncToi aHeprum B 3se3ae. Obuiee ypaBHEHME NePeHOCca N3NYYEHWS 1 ero pelleHne.
Nyunctoe paBHoBecKe BHYTPY 3B€34bl. YCTOMYMBOCTb TEMNIOBOrO paBHoBecus. [lepeHoc aHeprum
NyTEM KOHBEKLIMW. YCNOBUE YCTONYMBOCTM Nly4UCTOrO PaBHOBECKS.

npakTudeckoe 3aHsitne (4 yaca(os)):

Kputepun Weapuwunboa n lepy. YpaBHeHMe COCTOSHUS ra3a npy agnabaTtmyeckom npoLecce.
KoHBekTuBHOE paBHoBecue. KOHBEKTUBHbIM NOTOK 3Heprun. BoiBon doopMynbl. [oHATUE ONVHbI
nepemewwmBaHns. AgmabaTnyeckmoe NpubnuxeHne onsa rpafmeHTa Temneparypbl. Xapakrep
KoHBekuun B 3se3gax. Metog lNpaHatns onpeneneHns onvHbl nepemewmnsanms. WWkana sbicorT.
Wkana pasneHui. lNMoHATME O OpPYrMX NpoLeccax MexaHM4eckKoro nepemMellBaHns BelecTaa:
umMpkynaums, Typbynmsauns, NpuUInBHbIE TEYEHNS.

Tema 3. YpaBHeHUe COCTOSIHUSA Bell,ecTBa.
JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):

YpaBHeHve cocTosHUA BelecTsa. Meton pacyeta KOHUEHTpaLumMm aTOMOB U 9NEKTPOHOB 415 Cryyas
npoeanbHoro rasa. [laeneHune nany4yeHus n ero yyet. BoipoxaeHune an1ekTpoHOB: NonHoe
HepensTUBMCTCKOE N PENATUBUCTCKOE, YaCTUYHOE 1 nonypensatusmctckoe. duarpamma
"Temnepartypa - NNOTHOCTL" ONa ypaBHEHUSI COCTOSAHUSA. BnnsHue nnoTHOCTW 1 Temnepartypbl Ha
cocTosiHe BeulecTBa. [1oHATME XONOOHOro BELeCTBa.

npakTnyeckoe 3aHsitne (2 4aca(os)):

KoadhdomumeHTbl NornoweHns n Henpo3payHocT 38e34HOro Bewectsa. OCHOBHbIE MEXAHU3MbI
MOrNOWeHNS NPy pasnuyHbiX Temnepartypax. KosdduumeHTbl Henpo3payHoOCT Npu
CBSI3aHHO-CBOOOAHBIX 1 CBOOOAHO-CBOOOAHBIX Nepexoiax 1 peneeBckoM paccenBaHnmn. 3akoH
Kpamepca.

Tema 4. UCTOYHMKM 3Heprum 3Be3a. HenTpmHo n 3se3nHasa 3BONIOLUSL.

JNeKuMoHHoe 3aHsiTne (2 4yaca(oB)):

NcTouHUKN aHeprum 3se3a. Ycnosms, Heobxoaumble 415 BO3HUKHOBEHUS TEPMOSIAEPHbIX peakLUWiA.
[MpOTOH-NPOTOHHbBIE Peakunn N YrnepoaHO-a30THbIN LUK, DHEpPretTrka n BEPOSATHOCTb peakLumnii.
BbiBO4 MHTEPMNONAUMOHHBIX OOPMYN AN BENUYMHBI SHEPTUN, BblAENSIOWENCA Ha 1 r 3Be34HOr0
BewecTsa. -npouecc. CkopocTv namepeHns conepxanus H u He. Mopetnne C,0,Si. e-npouece, s,
r, p-Mpouecchl Kak npouecchl, obecneymsatolwme obpa3oBaHNe N3OTOMOB TAXENbIX 3NIEMEHTOB.
Obpa3zoBaHune penkux nerkmx anemMeHToB. Peakumm HeTepMosioepHoi npmpoasl. Peakuun
ckanbiBaHus. CogepxaHue Li B aTMochepax 3Be34 kak pakTop Bo3pacTa.

npakTundeckoe 3aHsitne (4 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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HelTprHOo 1 3Be38Has asonoums. HemTpnHo Ha ctagusax ropeHus H, yHocmumast My aHepris,
oueHka HeMTpUHHOro notoka ot ConHua, npuxoaawero Ha 3eMno. HemTprHHbIA CnekTp,
ocobeHHoCTM 06pa3oBaHust NMMHWIA cnekTpa npu LU-pacnane v anekTpoHHOM 3axBaTte. KCNepUMEHT
[aBuca no peructTpaumnm HeRTPMHO. BO3MOXHbIE 0O BSACHEHUS PACXOXAEHWIA Pe3yNbTaToB
9KCNepuvMeHTa C JaHHbIMU Teopun. [annmneBsbi N NUTUEBBIA OEeTEKTOPbI, X MPenMyLLecTBa.
CUMHTUANAUNOHHBIV Teneckon B BakcaHCcKoM yuwenbe. HEMTPpMHO Ha NO3OHNX CTaAnsX 9BOMIOLMMK:
ypKa-rnpouecc, pacnan nnadMeHHbIX BOMH, (POTOHENTPUHHDBIA NPOLLECC, aHHUTNNALMS NO3UTPOHOB,
HENTPUHHOE TOPMO3HOE N3NnydYeHne. BnnsHne HeMTPUHHLIX NOTEePb HA 3BONIOLMIO 3BE3[.
Ounarpamma "agepHas aBonouns 3se3q". IKCrneprMeHTanbHoe onpeaeneHne Macchbl NOKos
HEeNnTpnHO. Pusmyeckme n acTPOHOMUYECKNE CNeACTBUS HEHYNIEBOWM MACChl MOKOS HEMTPUHO

Tema 5. MeToabl NOCTPOEHUS 3BONIIOLMOHHBLIX MOaenen 3se3n.
NeKLuMoOHHOe 3aHsiThe (2 yaca(os)):

MeToabl NOCTPOEHNS 3BOMIOLMOHHBIX MOaenel 38e3a. Cuctema audpdoepeHumnanbHbiX yPaBHEHWIA,
nexalmx B OCHOBE MoenmpoBaHus. I'paHnyHble ycnosus. OCHOBHbIE aTanbl METOAMKM pacyeTa
MoJenei 3Be3 Ha pasHblX CTaAUsX 3BOMIOLUN. YCNOBMS BO3HUKHOBEHNS KOHBEKTUBHBIX 30H B
LLEHTPE 1 Ha NOBEPXHOCTHW.

npaktnyeckoe 3aHsitne (4 4aca(os)):

YpaBHeHne cocTosiHMA NpoTo3Be3abl. YCnoBusi, Heobxoammble ons konnanca. CoctosiHne
HeyCTON4YMBOro paBHOBeCUS. BnunsiHne TemnepaTtypbl Ha konnanc rasonbinesoro obnaka. Kpurepun
IO>xvHca n Penes-xunHca. ®uanyeckune xapaktepucTnkyn obnacteii obpasoBaHns NpoTo3Be3a.
Knaccu-yecknii Tpek obpasoBaHms Npoto3ee3n Ha gnarpamme IM-P n Tpek Xaswwn. Tpek Xaswm ans
NpoTo3Be3[ pa3nnyHbix Macc. KayecT-BeHHOe onncaHne asonounm npoTtossesabl. Mogenn
NapcoHa, ux otnnymne ot momenen Xaawwu. lNMonoxeHue npotossesn Ha anar-pamme [-P 1 nx
OTOXAEeCTBNeHne ¢ HabnoagaTenbHbiMM 06bekTamn. OCOBEHHOCTU 3BONIOLMN MACCUBHBIX
npoTo3Be34: 0bpa3oBaHme "KOKOHOB", 0beHEHME TSXENbIMM 3neMeHTaMun, cbpacoiBaHme "nuwHen"
0607104KN, NYNbCALNOHHBIA PEXMM aKKPELMUN, HEBO3MOXHOCTb HABNIOAEHWIA B ONTHKE.

Tema 6. 3BoNOLMA MAaCCUBHbLIX OAVUHOYHbIX 3Be34. OBONIOLMSA 3Be30, C Malo MacCoMn.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

OBONOLNSA MACCMBHOW 3BE3Abl. DBOMOLUMOHHDBIA Tpek Ha amnarpamme [-P n ero kpaTkoe
domasnyeckoe onucaHue. MNMeproabl NynbCcaunoHHON HeycTonumBocTn. CpaBHEHUE C HAbNIOOEHNAMM,
anarpamma -P. CnoxHocTtn pacyeta mofener 38e34 Ha No3gHUX CTaausx sBONLNN;
HeonpeneneHHoCTb KPUTEPMS KOHBEKTUBHOWM YCTOMYMBOCTM, BNMsHMe notepu maccol: WR, OBN,
OBC-3Be3abl; TPYAHOCTM KNACCMYECKOM TEOPUN, HE Y4MTbIBAIOLWEN NOTEPIO MACCHI; 9BOMOLNOHHBbIN
Tpek Ha gnarpamme [-P ¢ yyeToM noTepmn Macchbl; ponb BpaleHUs U MarHUTHOro nons. ameHeHune
XMIMU-YECKOro cocTaBa 3Be3[bl 1 MEX3BE3OHOW cpebl B MPOLIECCE 9BONOLMMN.

npakTnyeckoe 3aHsitne (4 4aca(os)):

OBonoLUMA 38€3bl C Mano Maccoi. MNoHATMe 3Be34bl Manow Macchl: Npeaensl CBEPXy N CHU3Y.
OcobeHHOCTN 3BOMIOLUN, CBA3AHHbIE C BLIPOXAEHNEM BELECTBA. DBOJOLUMOHHBIA TPEK Ha
nvarpamme -P, n ero kpatkoe cpuanyeckoe onncaHme. CpaBHeHMe ¢ HabnoaeHnsmMn, ouarpamma
-P. OBontoums 3Be3n ymepeHHol maccbl. OCOBEHHOCTM 9BONOLIMM 3TUX 3BE34. VIX MonoxeHue Ha
anarpamme [-P.

Tema 7. KOHeuYHble CcTaauu 3BONKOLUN 3BE3A.

JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):

KoHeuHble ctaonn asontouunn 38e3a. benble kapnuku. JaHHble HabnoneHnin. OcobeHHOCTH
cocTosiHus Heap 6enoro kapnuka. CooTHoweHne AmaeHa. Mpenen YaHapacekapa v ero
obocHoBaHuMe.

npaktnyeckoe 3aHsitne (2 4aca(os)):

B03MOXHbIe UCTOYHWKM SHEPTrM 0AMHOYHOrO 6enoro kapnunka. BoamoxHble Nyt obpasoBaHus
6enoro kapnuka. [lokasatenbctea 3BOMOLMOHHOMO NyTK "KPACHBIA TUraHT - NnaHeTapHas
TYMaHHOCTb - 6enblii kapnuk". OueHka npeenbHbIX Macc NnaHeTapHbIX TyMaHHOCTER. Bo3MOXHble
MPUYUHBI OTTOPXXEHMNS 1 YCKOPEHNS 0B60N0YEK KPaCHbIX TMraHToB

4.3 CTpyKTypa 1 copgepxaHue caMOCTOSITe/IbHOM paboTbl AUCLUMINHBI (MOLYNISA)

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
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Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyA0eMKOCTb ;%%%:L:?:;Eﬂg;
AducumnnuHbl pcemecha paborthbl (B wacax) 260TbI
CTYLEHTOB P
Tema 1. OnpepneneHne NnoAroToBka K -
1 . " " -
noHATNS "3Be3na”. / 1-2 YCTHOMY onpocy 6 ycTHEI Onpoc
Tema 2. lNepeHoc
2.\ny4ncrtom sHeprum B 7 3-5 zag;oéga';a 5 4 anckyccus
3Be3fe. y
Tema 3. YpaBHeHue NnoAroToBKa K o
3. COCTOSIHVS BellecTea. / 6-7 YCTHOMY Onpocy 6 ycTHEI onpoc
Tema 4. VIcTOYHUKM
9Heprun 3seam. NnoaroToBka K o
4.0 o 7 -1 4 THbI OnN
HentpuHo n 3Be3nHas 8-10 YCTHOMY Onpocy ye onpoc
3BONIOUNS.
Tema 5. MeToapl
NOCTPOEHNS i NoAroToBKa K o
5. 9BONMIOLIMOHHbIX / 11-13 YCTHOMY onpocy 6 ycTHEI onpoc
moZenen 3se3n.
Tema 6. OBonouns
MaCCUBHbIX OOUHOYHbIX noaroToBka K
. 7 14-1 nckyccus
6 3Be34. JBonoLMA 6 Anckyccum 6 Anckyce
3Be3[4 C Manor Maccom.
Tema 7. KOHEYHbIE NOArOTOBKA K
7.|cTagmn asonoumnm 7 17-18 4 YCTHbIA ONpOC
3Beag, YCTHOMY Onpocy
Wtoro 36

5. O6pa3oBarenbHble TEXHONOIUU, BK/IOYAA MHTEPaKTUBHbIE hOpPMbl 06yUYeHus
OcHoBHas obpasoBaTenbHas TEXHONOMMS - NEKLMOHHAs Nojaya Matepvana conpoBoxaaemas
NPaKTUYECKUMU 3aHSITUSMU.

JNeKUMOHHbIN MaTepran NnofaeTcs B KNacCUYecKol dhopMe B BUAE MHPOPMALMOHHON nekumu,
NpakTUYecKne 3aHATUS NPOBOASTCS B BULAE ANCKYCCMOHHOrO 06CYXXAeHMS NPOALEHHOrO Ha
nekumnsix matepuana.

6. OLueHOUHble CPeACcTBa AJ1sl TEKYLLLEr0o KOHTPO/S yCreBaeMOCTH, MPOMEeXYTOUYHOM
aTTecTauum No UToram OCBOEHUS OUCLUNNMHDBI M yYyeOHOo-MeTooMUYeckoe obecneyeHune
CaMOCTOSITe/IbHOW paboThl CTYAEHTOB

Tema 1. OnpepeneHuve NoHATUA "3Be3aa’.
YCTHbIA ONPOC , NPUMEpPHbIE BOMPOCHI:

OnpepneneHne noHaTMS "3Be3na”. OBonouns 38e3abl Kak ouanyeckunin npouecc. HabnonarenbHole
KpUTepuu npasunbHOCTU Teopumn 3BonoLmMmK 38e34. [TonoxeHne 38e3 Ha onarpamme
"epuwnpyHra-Peccena B 3aBUCUMOCTM OT 3BOMOLMNOHHON CTaAmMM, MaccCbl, XMMNUY4€CKOro cocTasa
(MK-7).

Tema 2. NepeHoC nyynucTon aHeprum B 3ee3ae.

ANCKYCCUS , MPUMEpPHbIE BONPOCHI:

MepeHoc nyyncToi aHeprum B 3se3ae. Obuiee ypaBHEHVE NEPeEHOCA N3NYYEHWS 1 Er0 PELLEHNE.
Jlyunctoe paBHOBecKe BHYTPY 3Be3bl. YCTONYMBOCTL Tennosoro pasHosecus (MCK-1.2).

Tema 3. YpaBHeHMe COCTOSAHNSA BellecTBa.
YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:
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YpaBHeHue cocTosHuS BelwecTBa. MeTon pacyeta KOHUEHTpaunm atoMOB 1 3/IEKTPOHOB AN1s crnyyas
naeanbHoro rasa. [laeneHve nsny4yeHus n ero y4yet. BoipoxXaeHue anekTpoHOB: MoHoe
HEepenaTUBMCTCKOE U PENATUBUCTCKOE, YHaCTUYHOE 1 nonypensatusncTckoe. uarpamma
"Temnepartypa - NOTHOCTL" ANS ypaBHEHNS COCTOSHUSA. BNnsaHmMe nnoTHOCTUN 1 TeMnepaTtypbl Ha
coctosHue Bewectsa (MNCK-1.3).

Tema 4. UcTOYHMKM 3Heprum 3Be3a. HenTpmHo n 3se3nHas 3BONIOLUSL.
YCTHbIV ONpPOC , NPUMEpPHbIE BOMPOCHI:

NcTouHmkm sHeprum 3se3a. Ycnosus, He06X0AMMbIE A1 BOSHUKHOBEHMS TEPMOSAEPHBIX PeakLUnii.
[MpOTOH-NPOTOHHbIE peakunn N yrnepoaHo-a30THbIN LUK, DHepreTmka n BePOSATHOCTb peakLumni.
BblBOA MHTEPNONSALMOHHBLIX POPMYN ONS BENNYMHbI SHEPTUN, BbIOENAOWENACS HAa 1 T 3B€34HOro
BewecTBa. Ckopoctn namepeHns cogepxanms H n He. Nopenne C,0,Si. e-npouecc, s, r,
p-npouecchl kak npoteccol, obecnevrBatowme 06pa3oBaHNe N30TOMOB TAXENbIX 3NIEMEHTOB.
ObpasoBaHne peaknx Nerkux aneMeHToB. Peakunm HeTepmosaaepHol npupoapl. Peakumm
ckanbiBaHus. CogepxaHue Li B atMmochepax 38e34 kak hakTop Bo3pacta. HemTprHoO v 3se3nHas
sBonoumsa. HemTpuHoO Ha ctanmsax ropeHns H, yHocumasa nMmm sHeprus, oueHka HeMTPUHHOro NoToka
ot ConHua, npuxoasiero Ha 3emnto. HeNTPUHHbLIA cnekTp, 0COBEHHOCTN 06pa3oBaHNS NNHWIA
crnekTpa npu pacnage v anekTpoHHOM 3axsaTe. dkcrnepumeHT [laBuca no permctpaumm HemTpuHoO
(MCK-1.2).

Tema 5. MeToabl NOCTPOEHUS IBOJIIOLMOHHbIX MOAe/Nen 38e3A.

YCTHbI ONpoC , NPUMEpPHbIE BOMPOCHI:

MeTobl MOCTPOEHMS 3BOMIOLUNOHHBIX Mofenein 3se3a. Cuctema anddpepeHumnanbHbiX ypaBHEHN,
nexalux B OCHoBe MofenmpoBaHus. I'paHnyHble ycnosus. OCHOBHbIE 3Tarnbl METOAMKU pacyeTa
MOOEnei 38e34 Ha PasHbiX CTaansX 3BONMOLMKN. YCNOBNS BO3HUKHOBEHUS KOHBEKTMBHbIX 30H B
ueHTpe 1 Ha nosepxHocTn (M1K-7).

Tema 6. OBonOUUSA MACCUBHbBLIX OAVUHOYHbBIX 3Be34. DBONMIOLUA 3Be30 C Ma1IOV MacCOW.
ONCKYCCUS , NPUMEPHbIE BONPOCHI:

OBONIOLMSA MACCUBHbIX OAMHOYHbIX 3Be34. [ToHATNE MacCMBHOW 3Be3bl: Npeenbl CHU3Y U CBEpXY.
OBONOLUMOHHBIN Tpek Ha anarpamme [MepuwnpyHra-Peccena ( '-P) n ero kpatkoe domaunyeckoe
onucanue. Neproapl NynbcauMOHHOR HeycTonumBocTU. CpaBHeEHME C HAbNOAEHNSMU, anuarpamMma
-P. CnoxHocTn pacyeTa Mogenen 3se3f Ha NO34HWUX CTaANSX SBONIOLMMN; HEONPEeLeNeHHOCTb
KpUTepnsi KOHBEKTUBHOW YCTOMYMBOCTN, BAnsHUe notepu maccol: WR, OBN, OBC-3Be34bl;
TPYLHOCTU KNacCU4eCKOWM TeOpun, He y4MTbIBAIOWEN NOTEPIO MACChI; 9BONIOLNOHHbBIA TPEK Ha
anarpamme [-P ¢ yueToM noTepun Macchl; ponb BpaWeHUs 1 MarHUTHOro nons. ViameHeHne
XMMWN-4E€CKOro cocTasa 3Be3[bl U MEX3BEe34HOW cpefbl B MpoLecce 980NoUun. IBONIOUUS 3B€3bl C
Manol maccoii. MNoHATMe 3Be3abl Manoi Macchl: npeaensl cBepxy 1 cHudy. OcobeHHOCTY 3BONOLMN,
CBSi3aHHbIe C BbIPOXOEHMEM BeleCcTBa. IBOMOLUNOHHbBIA Tpek Ha gunarpamme [-P, n ero kpatkoe
ousnyeckoe onncaHue. CpaBHeHne ¢ HabnoaeHamu, onarpamma -P. Osontouus 3se3n
ymMepeHHol Mmaccbl. OcobeHHOCTU aBontouUmMmM 3TnX 3Be34. x nonoxeHne Ha guarpamme M-P (MK-7).

Tema 7. KoHe4Hble cTaguun 3BONOLUN 3BE3 .
YCTHbI/A ONPOC , NPMMEPHbIE BOMPOCHI:

KoHeuHble cTagun spontouunn 3se3a. benble kapnukn. aHHble HabntoaeHnin. OcobeHHoCTH
cocTosiHus Heap 6enoro kapnuka. CooTHoweHne Amaera. Npenen Yanapacekapa v ero
obocHoBa-HMe. BO3MOXHbIE NCTOYHUKMN SHEPTUM OOMHOYHOro 6enoro kapnvka. BoamoxHble nytu
obpasoBaHuns 6enoro kapnvka. [Jokazatenbcrea 9BONOLMOHHOIO NMyTW "KPaCHbIA FUraHT -
nnaHeTapHas TyMaHHOCTb - 6enbiii kapnuk". OueHka NpeaenbHbIX Macc niaHeTapHbIX TYMaHHOCTEN.
Bo3MOXHbIe NpUYMHBI OTTOPXEHUS 1 yCcKopeHns obonoyek kpacHbix ruradTos (MCK-1.2, MCK-1.3).

Tema . UToroeasi oopma KOHTpOns

[MpyMepHbIe BONPOCHI K 3a4eTy:
BOIMNPOCbI K BAYETY no gucumnnnunHe "®dusnka v aponoumsa 3sesq "
1. OnpeneneHve noHaTUS "3ge3na’.

2. OBontoumns 3Be3abl Kak oM3nNYeCcKuin npouecc.
3. Ha6mop,aTeanb|e Kputepuun, noarsepxgarwuwme npaesnibHOCTb TEOPUN 3BOJTIOLIMA 3BE3 0.
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4. YpaBHEHUe rmapoctaTmyHeckoro pasHosecus. Boisoa popmynbl. CTporocTb BoinonHeHns YIP B
3sesge.

5. BbiBOA ypaBHEHMS nepeHoca U3ny4eHns 1 ero peweHne onsg 3se3gHbix Heap.
6. YCcnoeus yCcTon4ymBoCTM Ny4MCTOro paBHOBECUS.

7. B yem otnunume kputepus Nleny ot kputepus Weapuwunbna ?

8. UTo Takoe "KOHBEKTMBHOE paBHoBecue"?

9. KOHBEKTUBHbIV MOTOK 3Hepruun. Boioa oopmyribi.

10. Yo Takoe "gnvHa nytn nepemewmsaHma”?

11. Aomabartumyeckoe NpmubnuxeHne ons rpafMeHTa Temneparypbi.

12. MeTopq lNpaHatnsg onpeneneHns AnuHbl Nyt nepemMewmnBaHuns.

13. B 4em oTnnyme wkanbl BbICOT OT WKasnbl 4aBneHnn ?

14. Kakne wkanbl BpemeHn Bam n3sectHbl ? Kakme gomanyeckne npoLecchl B 3B€34€ OHU
onucbiBaroT ?

15. BoiBeaute coopMynbl ANs pacyeTa KOHLEHTpaLMM aTOMOB M 3NIEKTPOHOB ANS CyYas naeanbHOro
rasa.

16. Npu Kaknx on3n4eckmx ycnoBmsax HacTynaeT BbipOXAeHNEe INEeKTPOHOB ? Buabl BbIPOXAEHUN.
17. Onarpamma "temneparypa-nioTHOCTL" O ypaBHEHUS COCTOSAHUS.

18. YT0 Takoe "xonogHoe Bewectso" ? [pnBecTv NpuMepbl TUNOB 3BE34, BEWECTBO KOTOPbIX MOXHO
cuyuTartb "XonooHbIM".

19. OxapakTepun3oBaTb OCHOBHbIE MEXAHW3MbI MOrMOWEHNS NPY PasNyHbIX TeMnepartypax u
NAOTHOCTAX Ha gmarpamme "temneparypa-nnoTHOCTL".

20. Cytb 3akoHOB Kpamepca.
21. YcnoBus, HeobxoaMMble A/151 BOSHUKHOBEHMS TEPMOSIAEPHbBIX peakunii.

22. B uem CyTb rnpouecca ropeHunsa sogopona ? I'IepeqvlcnvlTe M KpaTko onmuwmntTe OCHOBHbIE LUKIbI
3TOro npouecca.

23. MNepeyncnnte 0CHOBHbIE TEPMOSIAEPHbIE MPOLIECChI, KOTOPbIE MPUXOAAT HA CMEHY BOLOPOLHOMY
LmKIy.

24. Yto Takoe s, p, r n e-npoueccol ? MNpun kakmx yCnoBusax OHM NpoTekaroT B 38e34e ?
25. Ponb HENTPMHO Ha paHHMX N NO3OHUX CTAANSX 3BOMOUMM 3BE3L.

7.1. OcHOBHas nuTeparypa:

1. CypavH B.I'. 3Be3nbl. 2-e n3a., ucn. u gon. M.: PUSMATJINT, 2009, 48 c. //
http://e.lanbook.com/books/element.php?pl1_id=2332

2. beckun B.C. 'paButaumsa n actpodpusuka. M.: dusmatnut, 2008, 158 c. //
http://e.lanbook.com/books/element.php?pl1_id=2114

3. Mog peg. Wyctosa B.M., Caykosa M.E., Kunbnuno E.FO. YnbTpadmonetosas sceneHHas Il. M.:
AHyc-K, 2008, 344 c. (kadbenpanbHbIi PoHA)

7.2. lononHutenbHasa nuteparypa:

1. duamyeckune BoNpochl Teopum 3se3gHon asonounn / brucHosatbin-KoraH 1.C.? Mockea : Hayka,
1989 .7 487c.

2. BHyTpeHHee cTpoeHue 38e3n / [on pen. J1. Annep ; MNep. O. K. HanexwH ; lNMep. V. I'. KonecHuk
.? Mocksa : Mup, 1970 .7 367c. (HB KDY + kadbenpanbHbii ooHA)

3. OBontoums 38e3n: Teopust u HabnogeHus / A. . Macesuy, A. B. Tytykos .? Mocksa : Hayka, 1988
7280 c. :un. ;23 cm .? bubnwmorp.: c. 270-280 .? ISBN 5-02-013861-4 : 4 p. 80 k.

4. FlnepHas actpodomauka / Mop pen. Y. BapHca; ®. Xounna; E. M. Bepbuaxa; Ox. P Bepbnoxa;
Mep. O. K. HapexwuHa; MNMog pea. A. I'. Macesuya .? Mocksa : Mup, 1986 .7 519c.
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5 CtpoeHwne n aBontoumsa 3se3n = Structure and evolution of the stars / M. lWsapuwwunbg, ; nep. ¢
aHrn. 9. B. KoHoHoBwmya ; nog pea. A. I'. Maceswny .? Uaa. 2-e, gon. ? M. : Eantopnan YPCC, 2004
7435, [1] c. :vn. ; 22 .7 3arn. u aBT. opwr.: Structure and evolution of the stars / Martin
Schwarzschild .? Mo nzpanuto 1961r. ? MpeaMm. ykas. B KoHue KH. ? bubnnorp.: c. 420-432.
OpurunHan nepesoga: Structure and evolution of the stars. ISBN 5-354-00739-9, 500.

6 Obwas actpodmamrka / A. B. 3acos, K. A. lNocTHoB ; MY, ®uns. dak., [0c. aCTPOHOM. NH-T UM.
MN.K. WrepHbepra .? [2-e n3a., ncnp. n gon.] .? @pasuHo : Bek 2, 2011 .? 573 ¢. : un. ; 22 .7
Bubnuorp.: c. 565-566 .? MNpenoM. ykas.: c. 567-573 .? ISBN 978-5-85099-188-3 ((B nep.)) , 1000.

7 AcTpopunaunka HeMTpoHHbIX 38e34 / B. M. JlunyHos .? Mocksa : Hayka, 1987 .7 295, [1] c. : vn. ; 22
.? Bubnuorp.: c. 280-294 .? And. ykas. MHOCTp. aBT.: C. 295-296.

8 AcTpochumamka anemeHTapHbix Yactu : Mep. ¢ Hem. / I.B.Knangop-KnanHrporxayc, K.Liobep ;
Moo pen. B.A.benHskosa .? M. : Pen. XxypH. "Ycnexu douamyeckux Hayk", 2000 .7 495¢. : un. ?
Bubnuorp.: ¢.445-487 .? MNpenm. ykas.: ¢.488-495 .? ISBN 5-85504-012-7 : 39.00.

7.3. UHTepHeT-pecypcChbl:

canT pocCcUnCKom ACTPOHOMNYECKOW ceTn; - www.astronet.ru

caiiT cBob60oOHOM 3HUMKNoneamm - ru.wikipedia.org

Cant depnepanbHOro KOCMMYeckoro areHtcTea - http://www.federalspace.ru/1307/
CanT anekTPOoHHON BMbnnoTekn No ounsnke n actTpoHomuu; - adsabs.harvard.edu/
SBontoumns 3Be3q, 3NeKTPoHHoe nocobue - http://www.astronet.ru/db/msg/1188340

8. MarepumanbHo-TexHUYeCcKoe obecrneyeHne oUCLUNIUHbBI(MOAYNSA)

OcBoeHure ancumnnuHbl "®dusunka n ssonouns 3sesn” npeanonaraet NCNoMb30BaHWE CrenyoLwero
MaTepuanbHO-TEXHNYECKOro obecneyeHus:

MynbTumMeguiiHas ayautopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOMT U3 UHTErpPUPOBAHHBIX MHXEHEPHbIX CUCTEM C €OUHON CUCTEMON ynpaBs/ieHns, OCHaLWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS 1 BU3yanu3auum noboin Buaeo n ayamno
NHpopMauun, NoNy4eHNs 1 nepenadn dNeKTPOHHbIX JOKYMEHTOB. TNoBas KoMnnekraums
My/NbTUMELVIAHON ayanuTOpUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTopa, aBTOMaTU3NPOBAHHOIO
NPOEKLIMOHHOr0 9KpaHa, akyCTUYECKON CUCTEMDI, a TAKXEe MHTEPAKTMBHOW TpMbyHbI Npenoaasartens,
BK/IOHAIOLWEN Tay-CKPUH MOHUTOP C AnaroHanblo He MeHee 22 OI0MOB, NePCOHaNbHbIA KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHpepeHL-MUKPOOOH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaBneHus 060pynoBaHNeEM, UHTEPGECHI
noakntouermns: USB,audio, HDMI. MiHTepakTmBHas TpmbyHa npenoaaBatens SBnseTcs KnoyeBbiM
3NEMEHTOM yNpaBneHns, 06 bEANHSIOWMNM BCE YCTPONCTBA B €OMNHYIO CUCTEMY, U CNYXUT
NONMHOLEHHbIM paboymm MecToM npenogasatens. lNpenogasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET NPOBOANTL NEKLMMW, MPAKTUYECKNE
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHPEPEHLNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyarowmxcs B yAO6HON 1 OOCTYNHOW ANS HAX POPME C NMPUMEHEHNEM COBPEMEHHbIX
NHTEPAKTMBHbIX CPEACTB 0Oy4eHMs, B TOM YMCNe C MCNONb30BAHMEM B MpoLecce 0by4yeHns BCex
KoprnopaTtusHbIX pecypcoB. MynbTuMeouinHas ayamtopmust Takxxe oCHaleHa WMpPOKOMOIOCHbIM
LOCTYMOM B CETb MHTEPHET. KoMnbloTepHOE 060pyn0oBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NPOrpaMmMHoe obecneyeHue.

HoyTtbyk/nepcoHanbHbIi KOMNbIOTEP; MYNbTUMEANAHBIA NPOEKTOP C 9KPAHOM.

Mporpamma coctasneHa B cootBeTcTBumn ¢ TpeboBaHnsmm ®rOC BIO 1 y4ebHbiM nnaHoM no
cneunanbHocTtn: 011501.65 "AcTpoHoMKS" 1 cneunanu3auumn He NPesyCMOTPEHO .
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