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AHHOTANMA
BBomHbIlE Kypc B acTpou3UKy CBEPXBBICOKHX DHEPTUi, M3YYArOIIYI0 MPOIECCH M3IyYeHUS HETETUTOBBIX
HCTOYHUKOB B peajibHbIX KOCMUYECKUX 00beKTax (HauynHas OoT (POTOHOB JI0 HEHTPUHO BHICOKWX dHepruii). B
MEepBO YacTH Kypca O030pHO paccMarpuBalOTCS HaOMIOMATeNbHBIE METOABl (Takhe, KaK KOCMHYECKHUE
KOMIITOHOBCKHE amnmaparbl, atMocdepHble UepeHKOBCKHE TEIIECKOIbI, HAa3eMHBIC JCTEKTOPHI NIMPOKHX
aTMOC(EPHBIX JUBHEH, HEUTPUHHBIC TEIIECKOIBI), MPOIECChI U3ITyUYEHUS: CHHXPOTPOHHOE, KOMIITOHOBCKOE,
TOPMO3HOE, aJIpPOHHBIE MEXaHU3Mbl. Bo BTOpO# YacTh moapoOHO 0OCyXaaroTcsi HaOmoaaTeNibHbIe CBOHCTBA
00BEKTOB W METOJBI MOJICIMPOBAHUS (U3NUECKUX MEXaHU3MOB B KOHTEKCTC WCTOYHHKOB CBEPXBBICOKHX

SHEPFHﬁZ IIyJIbCapoOB, aKTUBHBIX AACP IaJIAKTUK, OCTATKOB CBEPXHOBBIX, F'aMMa BCIIJICCKOB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

Ilenpro ocBOGHHUS Kypca acTpO(PHU3UKK CBEPXBBICOKMX YHEPTHUil SIBISIETCS O3HAKOMIICHHE CTYICHTOB C
OCHOBHBIMH HCTOYHHMKAMHU >KECTKOTO raMMa-M3JIy4deHHs, METOJaMH €r0 PETUCTPALlMH U MPOLIECCaMHU
n3IydeHus KecTKuX (oTtoHoB. IlpencraBneHue Hamboiee pEaTUCTHYHBIX MOJENCH HCTOYHHUKOB
U3IYUYCHHS U KPUTHUECKHUI pa30op Haubosee monyJsspHbIX U3 HUX.

33]13‘[1/[ JAUCHUIIINHBI

O3HaKOMJIEHHE CTYAEHTOB C COBPEMEHHBIM COCTOSIHUEM acTpO(M3MKH CBEPXBBICOKMX JHEPTHil.
VYcBoeHHe CTyAeHTaMH OCHOBHBIX (hM3MYEeCKuX IpoueccoB xapakTepHbix ansi ACBD. OOydenue ux
PELICHUIO MPOCTHIX 3a71a4, KOTOPBIE MO3BOJIAIOT IPOBEPUTH PEATTM3YEMOCTb 00CYKAaeMbIX MOZIETIEH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NuaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLITHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJ1a4u

OIIK-2.1 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHONW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUUHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, IJIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-4 Crioco0eH ycrenHo peann30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB




[MK-2 CriocobeH caMOCTOsTENTHHO WK B [MK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ MPOBOJAWTH Hay4dHBIC
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO HCCJICAOBAHUS CaMOCTOSITENIbHO MM B COCTaBE€ HAy4HOTO
KOJIJIEKTHBA OPTaHU30BbIBATh U MIPOBOIANTH KOJIJIEKTUBA

Hay4HbIE UCCIICOBAHMS U UX arpoOaIuio

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

OcHoBHBIEC HAOTIONATENBHBIE JIAHHBIC M CBOMCTBA HCTOYHUKOB B ACBD. OCHOBHBIC KaHaJIbl U3TYYCHUS
sHepruyHbIX (oToHOB. [lpomeccsl yCKOpeHHMS HETEIUIOBBIX YacTHL. MeTonbl W HMHCTPYMEHTHI
perucTpanuy BEICOKOHEPIHYHBIX (POTOHOB, HEUTPHUHO U KOCMHYECKHX JTyUeH.

YMETb:
Kputnuecku onenuBath mMojeiu, oocyxaaembie B ACBD 1 ymMeTh OllCHWBaTh OCHOBHBIC MapaMeETPhI
U3ITYYaIOIKX CUCTEM.

BJIAJICTh:
CoBpeMeHHBIM cocTosiHueM pa3Butusi ACBO.

4. Coep:xanue TUCUMILTUHBI (MOYJI5), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHHA

TpynoeMKOCTb 110 BUaM YUE€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Bgenenne 2 2 2
2 DneMeHTHI TUAPOIUHAMUKH 2 2 3
3 PensTuBucTCKHE MHBAPUAHTHI 2 2 3
4 CHUHXpOTPOHHOE ¥ KOMIITOHOBCKOE ) 5 3
U3JIy4YeHHE
5 Poxxnenme u aHHUTHIIALINAS TTap 2 2 3
6 AJIpOHHBIE MTPOLIECCHI 2 2 3
7 Mertonel JETEKTUPOBAHUS raMma ) ) 3
U3ITyYCHUS
8 Kocmuueckne nyun. @epMu yCKOpeHHe 2 2 3
9 Mexannsm baadopmaa-3Hacka U HKEThI 2 2 3
10 |OcraTku CBEpXHOBBIX 2 2 3
11 [Inepronsl 2 2 3
12 l'amma sipkue 1BOMHBIE 3BE3/bI 2 2 3
13 |AKTHBHBIE s/1pa TaJakTUK U KBAa3apoB 1 1 2
14 BricTpass mepeMeHHOCTH B aKTHBHBIX 1 1 )
SIpax rajaakTUK
15  |Kocmuueckue raMma-BCIIIIECKU 2 2 3
16  |MHOroBONHOBasA aCTPOHOMHS 2 2 3
Nroro gacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)




Cemectp: 1 (Ocennwii)
1. Benenue
Beenenrne B acTpoH3UKy CBEPXBBICOKUX YHEPTUN: OOBEKTHI UCCIICAOBAHUH U METO/IbI HAONIONCHUH.
2. DneMeHThI TUAPOIUHAMUKH

BBenenne B ruspogMHaMUKy. YCIOBHS Ha pa3pbiBe. YiaapHas aauadara, 3ajada O MPOU3BOJIBHOM
paspeie. Pemenne CenoBa. Pemenne bisandopaa-Makku.

3. PensaTuBHUCTCKHE HWHBApUAHThI

PensituBucrckass  kuHemaruka. [IpeoOpazoBanust  Jlopenma. [IpeoOpa3zoBaHusi — CKOpOCTEH.
PenstuBucrckass  abeppaumsi.  [IpeoOpazoBaHue  BENMYMH, OTHOCSIIMXCA K  H3IYyYCHHIO
PenstuBucTckue MHBapUAHTHI.

4. CHHXpOTPOHHOE U KOMIITOHOBCKOE U3JIy4YCHHE

Topmo3znoe wuznydenue. PensruBuctckoe o0o6mienne ¢opmynsl Jlapmopa. CHHXpOTpOHHOE
U3JTy4eHHe OJHOTO 3y1eKTpoHa. [lomHble morepu sHepruu. M3ruOHoe mimydenue. ToMcOHOBCKOE
paccesnue.  @®opmyna Komnrona. OOpaTHoe KOMITOHOBCKOE pAacCesHHE B TOMCOHOBCKOM
npuommKeHur. [loTepu SHEPruy OJHOTO HIEKTPOHA MTPU KOMIITOHOBCKOM PACCESTHHU.

5. PoxxzeHue 1 aHHUTWIALMS Tap

Ceuenust anexTpoMarHuTHeIX mporeccoB B KDOJI. Poxnenne u awmnurwinsuus map. I[lapamerp
KOMITAaKTHOCTH acTPOPU3NIECKUX UCTOYHUKOB U €T0 (u3nueckuil cMbici. [lapamMerp KOMIakKTHOCTH
ramMMa-BCIUIECKOB. [OpU30HT BUAMMOCTH BBICOKOIHEPTHYHBIX ()OTOHOB BO BceseHHOM.

6. AIpOHHBIE MTPOLIECCHI

AnpoHHBIE — TIpomecChl  pOXAEHHA  (OTOHOB M HEUTpUHO  (IPOTOHHBIM  CHHXPOTPOH,
MPOTOH-TIPOTOHHOE, (POTO-ME30HHOE B3auMoJieiicTBre). YepeHKOBCKOE M3ITy4YeHUE PENIITUBUCTCKUX
yactull. [lorepu sHeprun 3apsHKeHHBIX YaCTHUI] IPU PACIPOCTPAHECHUN B MEXKIAJIAKTUYECKON cpene.
Od ekt I'pitzena-3anenuna-Kyssmuna.

7. MCTO,Z[BI ACTCKTUPOBAHNA raMMa U3JTYUCHUSA

Mertonpl NETEKTUPOBaHUS raMma H3JydeHMsI CBEPX BBICOKUX SHEPIMM: KOCMMUYECKUE allaparsl,
Ha3eMHbIC ONTHYECKHEe UEpEeHKOBCKHE TEJIECKOIbI, HA3eMHbIE AETEKTOPHI MIMPOKUX aTMOCHEPHBIX
JIMBHEN. MeTobl JETEKTUPOBAHNS HEUTPUHO CBEPX BBICOKUX YHEPTUU.

8. Kocmuueckue myun. @epMu ycKopeHue

Kocmuueckue myun. @epmu yckopenue. Ilepecoenunenus. Kputepuit Xwmnaca. ['amma-usnydenue
TaJIAKTHYECKOTO TUCKA U TATAKTUYECKOTO LIEHTPA.

9. Mexanusm bisuadopna-3Haexa u JKeThl

Mexaum3m bmyandopaa-3naeka u bmyandopaa-Ilhitna. YckopeHne W KOJUIMMAIUsl CTPYHHBIX
BbIOpOCOB. ([TpuOMMKeHHBIN BBIBOI MOITHOCTH MexaHn3Ma b3).

10. OcTarku cBepXHOBBIX

OcraTki CBEpPXHOBBIX. YCKOpDEHHME KOCMHUYECKHX Jy4ell M HamnpspDKeHHOCTh MArHUTHOTO OIS
Jlentonnsie n aaponubie Moaenu wuznydeHus. [Ty3sipu @epmu u eROSITA. Onenka duznuecknx
apaMeTpoB.



11. Inepuonsl

CoBpeMeHHbIE NPEACTaBICHUS O IOTEPAX SHEPruM BpallleHUs HEWTPOHHBIX 3BE3A B Iylbcapax.
[Inepuonsl. BEICTPO ABMKYIIMECS OAMHOYHBIE MYJIbCAPBI U CTPYKTYPHI C HUMH CBA3aHHBIC.

12. 'amma sipKue JBOMHBIE 3BE3/bI
l'amma sipkue naBoiiHbIe 3Be3/1bl. HaOmroneHs 1 BO3MOXKHBIE MOJICIIH.
13. AKTUBHEIE si/ipa TaJakTUK U KBa3apoB

AXTHBHBIE fApa TaJaKTMK M KBa3apoB. OCHOBHbIE HaOIIOAAEMble XapaKTEPUCTUKH U
(deHOMEHONOTUYECKHE  3aBUCUMOCTU. DHU3UUECKHE MEXaHU3Mbl  aKTHBHOCTH. [Tpupona
CTallMOHAPHBIX UCTOYHUKOB raMMa U3JIy4YeHHUs.

14. beicTpas mepeMeHHOCTh B aKTUBHBIX AJIpaX TallaKTHK

BeicTpast mepeMeHHOCTh B aKTHBHBIX SApax rajJakTUK, MOJEIH, MOZIEIUpoBaHue U Kputhka. (Pasmep
U3JTyYarolero KCTOYHHKA).

15. KocMuueckne raMMa-BCILIECKU

Kocmuueckue ramma-seruieckn. OcHOBHBIE (DEHOMEHOJIOTHUYECKUE JITaHHBIE. MeTo/ bl HaOMONeHU.
[IpoGiiemMa KOMITAKTHOCTH M HEOOXOJAMMOCTh PEIIATUBHCTCKOTO TeueHus. OCHOBHBIC (pu3MUecKue
Moznenu. Moaenu n3nydeHrus raMmma BCIIECKOB.

(Ouenka ontuaeckoii Tonmy I'B, orpannuenue Ha Jlopenir haktop)
16. MHOTOBOJIHOBasI aCTPOHOMHS

MHOroBOJIHOBasL aCTPOHOMUSI, TPAaBUTALMOHHBIE BOJIHBI U HEUTPUHO. JleTeKTOphl IPaBUTALMOHHBIX
BOJIH. JIETEKTOPBI HEUTPHUHO BBICOKHUX DHEPIHIL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U KPAHOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. Kypc Teopernueckoii actpodusuku [Tekcr] : yauedHOe mocodue / B. B. Cobones .— / 3-e u3n.,
nepepad. — M. : Hayka, 1985 .— 503 c.

2. OcecuMMeETpHUYHBIC CTAllMOHAPHBIC TeUeHUs B acTpodusrke [ Tekct] : yued. mocoOue i1 By30B 110
Hanpasienuto 010600 "duzuka" u cnequansHocTsiM 010701 "duzuxa" u 010702 "Actponomus" / B.
C. beckun .— M. : ®usmamiut, 2005 .— 384 c.

3. J. Rybicki, A. Lightman “Radiative Processes in Astrophysics”, Whiley and sons, 1979

4. A.B. 3acos, K.A. [ToctHoB «O0mas actpodpusukay (3e uzn), Opssuno: Bek-2, 2015

JomnonHurenbpHas auTeparypa



1. F. Aharonian «Very High Energy Cosmic Gamma Radiation», World Scientific, 2004

2. Cherenkov Telescope Array Consortium “Science with the Cherenkov Telescope Array” Published
by World Scientific Publishing, 2019, https://arxiv.org/pdf/1709.07997.pdf

3. 5.b. 3enpnoBuu «B3anmoneiicTBie CBOOOTHBIX AIEKTPOHOB C DIIEKTPOMATrHUTHBIM U3ITYYCHHEM)
YOH 115 161-197 (1975)

4. Begelman M.C., Blandford R., Rees M.J. Theory of extragalactic radio sources. Rev. Mod. Phys. 56,
255 (1984).

5. F. Halzen “High-energy neutrino astrophysics”, Nature Physics 13, 3, 232 (2017)

6. A.C. [lo3anenko [lo3zanenko, A.; bapko, M.; Munaes, I1.; BonpaOBa, A. «Kocmudeckue
raMMa-BCIUIECKH: MHOTOBOJIHOBBIE NCCIIEIOBAaHUS U MOJENN», [IncbMa B ACTpOHOMUYECKUIT KypHAI,
tom 47,Ne12, c. 823—865 (2021) doi: 10.31857/50320010821120032

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00pPa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Z[J'ISI JUCTAHIIMOHHBIX 3aHATHI MOT'YT OBITH HCIOJIB30BAHBI ﬂH,Z[eKC—TeJ'IeMOCT, wxMaxima.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yvyalOM{d AWCUUIUIMHY, JOJDKEH C OJHOM CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTare U3yUCHHUA AUCHUIUIMHBI CTYACHT AOJKEH 3HAaThb OCHOBHBIC ONPEACIICHUSA NUCHUIIINHBI,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

VYenemHoe  OCBOeHHE Kypca TpeOyeT HanmpsHKEHHOW CaMOCTOSTENbHOW palboThl CTy[JeHTa B
COOTBETCTBHUU C JJAHHBIMH B pabodeii mporpamme. CamocTosTeNbHas padoTa BKIFOYAET B ceOsl:

— YTEHUE PEKOMEHI0OBAaHHOH JIUTEPaTypHI;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSITEIIbHOTO H3yUCHHUS;

— peleHune 3a1a4, npeaiaraéMbIX CTYJICHTaM Ha JICKIUAX U PAKTHYCCKUX 3aHSATHSIX;

— TpU HEOOXOAWMOCTH TIOArOTOBKY K MPAaKTHYSCKUM 3aHATHSAM, KOJUIOKBHYMaM, S5K3aMEHY |
T PepeHIIMPOBaHHOMY 3a4ETYy.

ITokazareneM BIQAEHUS MaTepUaIoOM CIYXKHUT YMEHHE pemarh 3aaadu. Jns GpopMHpOBaHHS yMEHHS
NPUMEHSATH 3HaHUS Ha MPAKTUKE CTYJCHTY HEOOXOAMMO pelaTh KaKk MOKHO OOJIbIIe 3a1ad.

BaxxHo 1oOuThCcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPYIHCHUU HW3Y4YCHHs OTICIBHBIX TEM, BOIPOCOB, CIEIyeT oOpamiaThcs 3a KOHCYJIBTALMSMU K
JIEKTOPY WJIH ITPENOAABATEINI0, BEAYIEMY IPAKTHUECKUE 3aHATHS.

Bo3MokeH MpoMeKyTOUHBIN KOHTPOJIb 3HAHUI CTYAEHTOB B BHJAE PELICHUS 3a7a4 B COOTBETCTBHUH C
TEeMaTUKON 3aHSTUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa TeopeTHuecKor acTpOPHU3UKH U KBAHTOBOM TEOPUH TIOJIS
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: M.B. Bapkos, a-p ¢us.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIJICAOBAHMUS CAaMOCTOSITENIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

2. Iloka3are I OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3y4eHus: AUCUUIUIMHBL «ACTPOPHU3NKA CBEPXBBICOKUX 3HEPTHil» 00y4aIOIINIiCs JOIKEH:

3HAThb:

OcHoBHBIEC HAOTIONATENBHBIE JIAHHBIC M CBOMCTBA HCTOYHUKOB B ACBD. OCHOBHBIC KaHaJIbl U3TYYCHUS
sHepruyHbIX (oToHOB. [lpomecchl yCKOpeHHMs HETEIUIOBBIX YacTHL. MeToabl W HMHCTPYMEHTBI
perucTpanuy BEICOKOHEPTHYHBIX ()OTOHOB, HEUTPHUHO U KOCMHYECKHX JTyUeH.

yMeThb:

Kputrnueckn onenuBath mMojeiu, oocyxkaaembie B ACBD 1 ymMeTh OllCHHBaTh OCHOBHBIC MapaMeETPhI

HU3JTydarounux CUCTCM.
BJIaJd€Th:

CoBpeMeHHBIM cocTosiHueM pa3Butusi ACBO.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTepuasna MPOBOAWUTCS YCTHBIH ONpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[TepeuyeHb KOHTPOJIBHBIX BOIIPOCOB:
1. ®opmyna Jlapmopa u ee peITUBUCTCKOE 0000IIEHHE.

2. PenaruBucTckue WHBAapHaHTHI B u3dydyeHuH. [IpeoOpazoBaHme HaOMIOTAEMOro IOTOKA OT
HETEIJIOBOTO acTPOPU3NIECKOTO UCTOUHMKA CO CTEIIEHHBIM CIIEKTPOM.

3. V3nmy4deHne IepruoHOB.

4. YckopeHue MarHUTHOJJOMUHHUPOBAHHBIX CTPYUHBIX BEIOpOCOB. HeoOxonumMelie pakTopHI.

5. MexaHu3Mbl U3IIyYEHUSI OCTaTKOB CBEPXHOBBIX.

6. Kputuka Mmofieneil ObICTpO MEpEMEHHOCTH TaMMa H3JTYYCHS B AKTUBHBIX SApaxX rajJakTHK.
7. MeTonpl HaOMIOMEHNST KOCMUYECKUX JTydel 1 HEUTPUHO.

8. Mopenu nociecBedeHui raMMa-BCIUIECKOB U MX HAOJIOIATEIbHAS IPOBEPKA.

9. Mexanusm bmuHadopna-3Haeka U3BICUEHHS JHEPTUM  BPAIICHUS M3  BPAIIAIOLIUXCS
CBEPXMACCUBHBIX YEPHBIX JABIP.

[IprMepbl KOHTPOJIBHBIX 33JaHUN:

1. B ocrarke cBepxHOBOW Ha paccrossHud 1 knk HaOmonmaioT B peHtreHe (1 x3B) dwmiameHTHI
TOJIIMHON 1 yryioBas cexyHaa. OLieHUTe MarHUTHOE 110JI€ B UCTOUHUKE, IIpeIIosarasi CAHXpOTPOHHBIH
XapakTep U3Iy4eHUs! 1 CKOpOCTh ynapHoi BonHbl 3 000 xm/c.

2. Ouenute npomuep-¢aktop HabmomaeMoro objadka OT KBa3apa IO €clM ero HalOmomaemast
cBeTuMOCTh 1046 3pr/c, xapakTepHOE BpeMsi IEPEMEHHOCTH 5 MUH, a TUIOTHOCTh M3JyYCHHUS B 00Ia4Ke
300 spr Ha KyO CaHTUMETP.

3. OGocHyliTe MpenMyIecTBa U HeAOCTaTKN UepEeHKOBCKUX TEJIECKOIIOB 10 CPABHEHHUIO C JIETEKTOPaMH
Ha KOCMUYECKHUX aImaparax.

4. OObsICHUTE HaJM4YHE TOPU30HTA NPU HAOIIONCHHU BHETATAKTHUECKUX MCTOYHHKOB 10 THrB-HBIX
¢doroHoB Bo BeeneHHOIA.

5. O0bscHUTE HEOOXOIUMOCTD PEISTUBUCTCKOTO XapaKTepa TEUEHUSI B KOCMUYECKHUX raMMa-BCIUIECKaxX
U3 ycnoBus Bbixoga MaB-HbIX ()OTOHOB M3 KOMIIAKTHOTO UCTOYHHKA C BPEMEHHOW MC IIEPEMEHHOCTBIO.

6. OObsicHUTE HAOMIONAEMYIO MOIIHOCTDh HAONIOAaEMBIX PEISTHUBUCTCKUX JKETOB OT AKTUBHBIX S/IEP
rajakTUK, UCIONb3ys MexaHn3M bmuaadopna-3naexa.

[TpumMepbl 3K3aMEHAIMOHHBIX OUJIETOB:
buner 1.

1. Mexauusm bmuadopna-3Hacka W3BIEUEHHS DHEPIMM  BPAlICHHUS W3  BPAIIAFOIIUXCS
CBEPXMACCUBHBIX YEPHBIX JBIP.

2.IIpuHuun paboTsl U XapaKTEPUCTUKH UepEHKOBCKUX TEJIECKOTIOB.

burer 2.
1. Mozenu nociecBedeHuid TaMMa-BCILIECKOB U X HAOIIOAaTeIbHAS TIPOBEPKA.
2. ®opmyna Jlapmopa u ee penITUBUCTCKOE 0000IIeHHE.

buner 3.
1. MeToxap! HaOMIOMEHNST KOCMUYECKUX JTydel 1 HEUTPUHO.
2. N3ny4eHue mieproHoB.

buier 4.
1. Kputuka Mofieneit ObICTpOM MepeMEHHOCTH TaMMa H3TYUYCHHS B aKTUBHBIX SApax rajJakTHK.
2. AIpOHHEIE MPOTIECCH POXKACHUS (DOTOHOB M HEUTPUHO.

burer 5.
1. MexaHU3MBI U3Ty4EHHUS OCTATKOB CBEPXHOBBIX



2. PenaruBucTckue WHBAapHaHTHI B u3dydyeHuH. [IpeoOpazoBaHme HaOMIOTAEMOro IOTOKA OT
HETEIJIOBOTO acTPOPU3NIECKOTO UCTOUHMKA CO CTEIIEHHBIM CIIEKTPOM.

Kpurepuu onieHuBanus
Ouenka ommmyHo 10 OammoB - BBICTABIISICTCA ~ CTYJCHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
MHTEpeC K JaHHOW MPEAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPYECKU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Ouenka ommMyHO 9 OamwioB -  BBICTABISETCA  CTYIACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, NIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MIPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UeTaMHu.
Ouenka Xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTh IOJYYCHHbIC 3HAHUS Ha NPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYUECHHBIC PE3YIIbTAThI.
Otmenka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh MOITyuYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIONyCKaeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U 10 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ynoBIETBOPUTENbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUN NPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl yU4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEHWIIero oOy4eHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ynoOBIETBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMMOKM B (OPMYIHPOBKaX 0a30BBIX MOHSATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeOBAaTEIbHOCTH B M3JIOKEHHUM IPOrPaMMHOIO Marepuana, ciado
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.
OueHka HEyIOBJIECTBOPUTENHHO 2 Oajuia - BHICTABIAETCS CTYACHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH YacTH
OCHOBHOTO COJEp)KaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIE 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.
OreHka HEYIOBIETBOPUTEIBHO | 0ajl - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3ajad.

5. MeTtonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH TMpoBOMATCS B YCTHOH ¢opme mo Owieram. B Kkaxkaom OwWiere mNpencTaBIeHO JBa
TeopeTuuecKkux Bompoca. [Ipu nmpoBeneHnn sK3aMeHa odydaromemycs npenocrasisercss 30 MUHYT Ha
noxrotoBky. Onpoc 00y4aromerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



