degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: OKCIeprMEeHTaIbHbIE METO/IbI B acTpodu3nke
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kageapa KocMUUECKol (U3NKH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 60 gac.
cemuHapsl: 0 yac.
nabopatopusele 3ansaTus: 0 gac.

CamocrostensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocraBui: C.A. I'pebenes, a-p Quz.-Mar. HAyK

[Iporpamma obcyxaeHa Ha 3aceqannu kadenpsl kocMuueckor puszuxu 02.07.2021



AHHOTANMA

DKCIieprUMEeHTa bHAsl ACTPOHOMHS IEPEKHUBACT B HACTOANICE BPEMsI HEBEPOSTHBIM IIOJbEM, BBI3BAHHBII
OYpHBIM pa3BUTHEM TEXHOJOIHWH, pa3paOOTKOl HOBBIX YHUKAJBHBIX MaTepPHANIOB, IIHPOKUM HNPUMEHEHHEM
KOMITBIOTEPOB B IPOBEJICHNUY HAOIIOACHUI U aHAJIN3E JaHHBIX, HCIIOIb30BAHUEM KOCMUYECKUX alIapaToB JUIs
aCTPOHOMHMYECKHX HccienoBaHuid BHe arMocdepsl 3emian. CoBpeMeHHbIe Teleckonbl pabortaror Ha FOxHOM
MOJIFOCE U BO JIbJaX AHATPKTH/IBI, B TIIYOOKMX MOA3EMHBIX IIAXTax M DIyOMHax o3epa baiikai, B IyCTBHIHSX
Adpukn m ABcTpaluu U Ha OE3BOJAHBIX BBICOKOTOPHBIX (5 kM) minaro HOxwnoit Amepuku. Crxopo OymyT
BBe/ICHBI B CcTpoil orpoMHble 30- u 40-METPOBBIC ONTHYECKUE TEICCKOINBI, JUIi KOTOPBIX yXKe HE CTpallHa
arMocdepHass TypOyJIEHTHOCTb, THraHTckue (Tmomagplo 1 KB. KM) paJuOTENIECKOINbI, padoTaeT ceTh
pamuouHTep(epoMeTpOB CO CBEPXTMHHOW 0a30H, OXBaThIBaromias Becb MHP. CTPEMUTEIFHO Pa3BHBAIOTCS
PEHTTCHOBCKAass M I'aMMa-aCTPOHOMHMS, aCTPOHOMHS CBEPXBBICOKMX OSHEPruid, HEHTPHHHAs aCTPOHOMHUS,
Havyainy paboTaTh M CTAHOBATCS BCE OOJiee UyBCTBUTEIBHBIMU I'PAaBUTALMOHHO-BOIHOBBIC NETEKTOpPHI. Lleinb
Kypca 3aKilo4aeTcs B TOM, 4YTOOBI IIO3HAKOMHUTH CTYJICHTOB C OJTOH OBICTPO pa3BHBAIOLICHCS
IKCIIEPUMEHTAIbHOW 02301 aCTPOHOMHUH, ITOATOTOBUTH UX K OyIyIIHMM HAOIIONCHUSM H UCCICIOBAHUSM.

B kypce paccMOTpeHb! NPHHIMNBI PabOThl M CYIIECTBYIOIINE PAa3HOBUAHOCTH BBICOKOUYBCTBUTEIBHBIX
MPUEMHUKOB H3Iy4YeHHs (TEJECKOIIOB M COOCTBEHHO JIETEKTOPOB), HCIIOJIB3YEMBIX B pa3HBIX 00JacTsiX
ACTPOHOMHH: PANO0, CYOMHIUIMMETPOBON, HHPPAKPACHON, ONTUIECKOM, PEHTITEHOBCKOW M TaMMa-, a TaKXke B
¢u3MKe KOCMHYECKHMX JIy4eld CBEPXBBICOKMX JHEpPrWil, HEHTPUHHOW M TPaBUTALHMOHHO-BOJHOBON
acTpoHOMHH. OTHCaHBI CIOKHOCTH M OCOOCHHOCTH HaONIONEHMH, XapaKTepHbIC A KaXKIOro Auara3oHa
sHepruil. OTMEUEHO pazHooOpa3ue aCTPOHOMHUYECKUX 3aad, TpeOyomuX pa3paboTKu CreHUaIN3HPOBAHHBIX
TEJIECKOIIOB C YHUKAJIbHBIMM XapaKTepHCTHUKaMu. [l KaXJIoro pasjena acTpOHOMHHM JaH 0030p HamOoiee
YCHELIHBIX TEJIECKONOB, pabOTaBIIMX HA Pa3HBIX 3Talax ee Pa3BUTHA, YKa3aHbl Hauboee pKue MOoIyYeHHbIC
UMM pe3yabTaTbl. PaccMOTpeHBl OCHOBHBIE TEJIECKOIbI, IPOBOISAININE AKTUBHbIC HAOMIOAEHUS B HAIM JTHH, a
TaKKe MePCIEeKTUBHBIE (pa3pabaTbiBaeMble) TEIECKOIbI OJIMKAWIIEro OyayIIero.

3aMeTHOC BHHMaHHE YAEJICHO B Kypce BONPOCAM OINPENCNICHHS YYBCTBUTEIBHOCTH TEIECKOIOB, HX
KamMOpOBKH, OIEHKaM TpeOyeMOl SKCIO3HMIIMU NP HAONIOACHUH KOHKPETHBIX UCTOUYHUKOB, OCOOCHHOCTSIM
NPOBEJCHUST HAOMIONCHUI M aHalIM3a JTaHHBIX, METOJaM IOCTPOSHHS HM300paKCHUH M HM3MEPEHHs Pa3HbIX
XapaKTePUCTUK KOCMHYECKUX HMCTOYHUKOB, ONPEICICHHIO OIIMOOK M3MepeHWil. PaccMOTpeHbl OCHOBHBIC
MaKeThI IPOrPaMM, IIUPOKO UCTIONIb3yEMbIE [T aHATH3a JaHHBIX HAOONCHUI B aCTPOHOMUM.

1. leau u 3apauu

eap AUCUMNIMHBI

[T03HaKOMHTB CTYJCHTOB CO CTPEMHTEIEHO Pa3BUBAOIICHCS SKCIIEPUMEHTAIBHOM 02301 acTPOHOMHH,
MOJITOTOBHUTH UX K OyAyIIMM HAONIOJICHUSM U MCCIIEOBAHUSM B 3TOU OOJIACTH.

3anauu QUCHUTNIHHBI
PaccMorpers TpHHOMIBI pabOThl W CYIISCTBYIOIIME PA3HOBHIHOCTH BBICOKOUYBCTBHTEIBHBIX
MPUEMHUKOB U3JTy4eHHUs (TEIEeCKOIOB 1 COOCTBEHHO JIETCKTOPOB), MUCIOJIb3YEMbIX B Pa3HBIX 00JacTsIX
aCTPOHOMHMH (JIMara30HBI OT PAJINO JI0 FaMMa-U3Ty4YEeHUs] CBEPXBBICOKUX YHEPTHA).
Pacmorpers mpuHIMITBI pabOTHI TEIECKONOB W JECTEKTOPOB, HCIONB3YeMBIX B HEUTPUHHOH W
IPaBUTALMOHHO-BOJIHOBOW aCTPOHOMHUH, B (PU3MKE KOCMUYECKHUX JIy4eil CBEPXBBICOKUX SHEPTHIA.
[To3HAaKOMHTB CTYAEGHTOB C HauOoJiee YCIEHIHBIMH TEJIEeCKOIaMH, pabOTaBIIMX Ha pPa3HBIX STarax
pa3BUTUS aCTPOHOMHH, B TOM YHCIE OCHOBHBIMH COBPEMEHHBIMH U  TEPCIECKTHBHBIMU
pa3pabaTbIBAEMBIMU TEJIECKOIIAMU B Pa3HBIX JTuana3oHax. [lom4epkHYTh 0COOCHHOCTH, XapaKTepHbIC
ISl TEJIECKOIIOB M aHAJIN3a MX JTAHHBIX B KaXKJI0W 001aCTH aCTPOHOMUH.
Omnucarh TMyTH AadbHEHIIEr0 Pa3BHTHUS JETEKTOPOB M TEIECKOIOB, TEXHOJIOTUYECKUE IMPEIIIOCHUIKH
ISl 9TOTO Pa3BUTHS.
O3HaKOMUTPH CTY/IICHTOB C METOAAMH U OCOOCHHOCTSIMU OOpa0OTKU M aHaIn3a JAaHHBIX COBPEMEHHBIX
TEJIECKONIOB, C MOJCIMPOBAHUEM  TEJIECKONIOB M MPHUOOPOB, C JTamaMH HUX KaTuOpOBKH, C
CYLIECTBYIOIIMU TAKETaMU IPOTPaMM ISl MOJCIUPOBaHMS pabOTHl TENECKOIIOB M aHaIM3a
aCTPOHOMHYECKHX JTAaHHBIX.
[ToArOTOBHUTH CTYIEHTOB K y4YacTHIO B pa3pabOTKE HOBBIX TEJECKOIIOB, MPOBEICHUU HAONIONCHUH U
aHaJIN3a UX JIAHHBIX B Pa3HbIX 00JIACTSAX ACTPOHOMHH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH



OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAYyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M pPE3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTh
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTHU, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJ1a4u

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHOU e TEBHOCTH

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

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-4 Crioco0eH ycIenHo peanu30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B 00JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemiarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAyYHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJabTaTax HCCIe0OBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
o0opynoBaHueM (MprubOpamMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEILCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 Cnoco0eH oOneHMBAaTH TOYHOCTh IOJyYEHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCIUIIMHBI 00y4alOIINecs JOIKHbBI

3HATb.

- IPUHIIMITEI PA0OTHI TEIECKOIIOB U IETEKTOPOB B PA3HBIX pa3/iesiaXx aCTPOHOMUHM, (PaKTOPHI, BIUSIOIINE
Ha JOCTOBEPHOCTH BBINOIHAEMBIX C MX TOMOIIBIO U3MEPEHHM.

YMETB:

- OLICHUBATb YYBCTBUTCIIbHOCTb U BO3MOKHOCTU TCJICCKOIIOB, 06pa6aTBIBaTB JaHHBIC UX Ha6J'IIO,E[eHPII71,
MPaBUJIbHO OMNPEALCIIATD CTATUCTUYCCKHUE U CUCTEMATHYICCKHUC OIIMOKHU PI3MCp€HHI>i.

BJIAJIETD:

OCHOBHBIMHU IpOrpamMmmamMu MOACIUPOBAHUA pa6OTI>I TCICCKOIIOB, MCTOAAMHM MW OCHOBHBIMH

nmporpaMmaMu oO0pabOTKM M aHanu3a
pEe3yabTaTOB UX PAOOTHI.

JaHHBIX WX HAONIOJCHUN, NpOrpaMMaMy BH3yaw3alllu

4. Coaep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA




TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Ontuyeckas actpoHoMusi - 1 3 1
2 OnTuyeckas acTpoHOMHUS - 2 4 2
3 OnTuyeckas acTpoHOMHUS - 3 4 2
4 MUuKpoBOITHOBAsI aCTPOHOMHUS 4 2
5 Panuoactponomust 4 2
6 Pentrenosckas actponomus 1 4 2
7 PenTrenosckas actpoHomus 2 4 2
8 Pentrenosckas actponomus 3 3 2
9 Pentrenosckas actponomus 4 3 2
10 |PeHTreHoBcKas acTpOHOMHUS 5 4 4
11 JleTeKTOpBl ONTHUCECKON aCTPOHOMHUHN 4 4
12 |deTeKTOpBI PEHTTEHOBCKON aCTPOHOMUHN 4 4
13 I'amma-actponomus 1 4 4
14  |'amma-acTpoHOMHS 2 4 4
15 ['paBUTAIMOHHO-BOJTHOBAS U HEHTPUHHAS 4 4
aCTPOHOMMUSI
16  |Omubku n3MepeHuil 1 aHAIIN3 JaHHBIX 3 4
Hroro wacos 60 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.
4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemectp: 1 (Ocennuii)

1. Ontnyeckast acTpoHOMHS - 1

IlepBorit Teneckon. OxHa mpo3pauyHocTd B arMmochepe 3emnu (UIMHBI BOJH). Jlnama3oHb
ONITUYECKOro Crekrpa. YTo ompenesiser MomnomeHne, ¢GaxkTopsl Ha Hero siustommue. Ponp
TypOynentHoctn  (“cessHue”).  ActpoxnmMar.  DoTomMeTpuuecKHe — CHCTEMbI, WX  THIIHI,
(doTroMeTpuyeckue cranaapThl. 3Be3AHbIe BennunHbl. [lokazarenu npera.

XapakTepUCTUKU TEJIECKOIOB (Iuamerp oObEKTHBA, (POKYCHOE PACCTOSHHUE, YITIOBOE pa3pelIcHuE,
CBETOCHJIA, IPOHUIIAIOIIAS U Pa3pelIaloNiasi CUIIbl, pa3Mep NPOTSHKEHHOTO M TOYEYHOTO MCTOYHHKA,
mudpakunonnsiid npenen). KondproxkeHn mumut. Turbl TeneckonoB. OnTudeckue cXeMbl U (HOKYCHI.
AbGeppanius B pedpaktopax u crnocoObl 0oprObl ¢ Hed. Kpymueitmue pedpaktopsl. Tursr
MOHTHPOBOK TEJIECKONOB. ABTOTH]I.

2. OnTHueckasi acTpOHOMHUS - 2

DBomoLus 3epKan Teneckonos-pediexropon. Kpynneiimue peduexkropsl. Kpynueiimue poccuiickue
TEJIECKOIbl. YBEJIMYEHUE anepTypbl. AKTUBHAs onTHka. KpynHelye MUpOKOyrojbHbIE TEIECKOIIbL.
O0630psbl Bcero HeOa. 3aueM HYKHBI CETH TEJIECKOINOB. YIYUIICHHE YIIOBOTO Pa3pelieHust (METOx
«CABHMHB-CIIOKN, CIIEKI-UHTEppepoMeTpHs, HHTEp(HEpOMETpus, TEIECKOIIbI C alallTUBHON ONTHKOH,
KOCMHYECKHUE TeecKobl). CTposimuecs IKCTpEeMaIbHO OOJIBIINE TEIECKOIbI.

3. Onruyeckast acTpoHOMHUS - 3




OddexkruBHocTh Tenmeckona. Don Heba, (GOTOMETPUUYECKHI TMapajokc U ero OObsSCHEHHE.
XapaKkTepUCTUKU TEJEeCKona, ero 3(pQPEKTUBHOCT, W YyBCTBUTEIBHOCTH, MpEACIbHAS 3BE3HAs
BeinuuHa. Ee 3aBucuMocTh 0T (oKycHOro pacctosHus. KopoTkodokycHble M JUIMHHO(OKYCHBIC
TEJICCKOTIBI.

4. MUKpOBOJIHOBas aCTPOHOMMUS

JuanazoHbl MUKPOBOJIHOBOTO M3nyueHus. PennkroBoe nznyyenne, Mcropus otkpeitusi. [opsiuwmii ra3
B CKOIUICHUSIX TajakTHK. TomcoHOBckoe paccesHue. Dddexr CronseBa-3enpaoBuya. CIyTHHUKA
Pemukr-1, COBE, WMAP, Planck. OcobenHoctu mnpuOOpOB, 3BOJIONMS YYBCTBUTEIBHOCTH U
YIJIOBOTO  paspelieHus, pe3ynbTatsl. Ha3emHble MHMKpPOBOJIHOBBIE —Teneckombl. Crposiiuecs
MUJTUMETPOBBIE U CYOMUIUIUMETPOBBIE TEIIECKOIIBI.

5. Pagnoactponomust

PagunoTeneckonsl (MOJHOMOBOPOTHBIC, YACTUYHO IOJIBUIKHBIC, HETOIBMXHBIE) U WX KOMIIOHEHTHI
(obmyuarenb, paxuomerp, TeHeparop Imyma). JlmarpamMma HampaBIEHHOCTH M paspeliaromnias
crnocobHocTh. UyBcTBUTENBHOCTh. Pediekropel u  pedpakTtopsl. AHTEHHB C 3alOJIHEHHOU
aneprypoit (BCA B Ilymmuo), mapabonuveckre Tapeinkd W [UIWHIPBI, aHTEHHBI C IUIOCKHMU
OoTpakaTresiMH, 3eMisiHble 4damu (Apecu00), aHTEHHBbIE PELIETKH, AHTCHHBI C HE3alOJHEHHOU
aneprypoit (JAKP-1000 B Ilymmuo). Kpymueitmue Tteneckonsr (PATAH-600, FAST, 100-m
peduexropsl B I'pun bauk u bonne, PT-70 B EBnaropun u Yecypuiicke, 70-m B Kanbeppax, 64-m
peduextopsl B Kansznao nu Mensexbux O3epax u np.). Uarepdepomerpsl (VLA, MERLIN, ATCA,
ALMA, WSRT). AneprypHeiii cuHTe3 (IOCHeIOBaTeNbHBI W mapajuiensHbiil). [IpenensHoe
paspemenne. CaepxpanbHsiss uHTephepomerpus (PCJIb, temeckomst VLBA, Ksazap, EHT).
Kocmuueckue panmoreneckonsl (TDRSS, Pamgmoactpon). Ilpoekr SKA (amanTUBHOW aHTEHHON
PEIIeTKH IUIOMIAABI0 CBhIIIE 1 KB. KM).

6. PentrenoBckas actponomus 1

JleTeKTOphl KECTKOrO0 W3Iy4deHHs (TPOMOPLUOHAIBHBIE Ta30Bble KaMepbl, CUUHTHUISALIUOHHBIC
JETEKTOPBI, (POTOYMHOKUTENH). 3allUTa TaCCUBHAs M OCHOBaHHAS Ha MPHHIUIIE aHTHCOBIAICHHUS,
JUCKpUMHUAIHS 110 GPOHTY HapacTaHHsI, KOJJIMMATOPbl COTOBBIE M MOAYJSIHMOHHBIEC. PeHTreHOBCKHE
CIIyTHUKM C NPOCTEHIIMMH JEeTeKTOpaMH. TelecKombl, CHOCOOHBIE IOJNydYaTh PEHTICHOBCKHE
n300pakeHust (KaMmepbl OOCKypa, pOTAMOHHO-MOIYJISIHMOHHBIE KOJUIMMAropel, «ria3 Jlobcrepay,
nuH3bl KymaxoBa, Teneckomnsl ¢ Kogupylomieil aneprypoii). TUmbl Macok TelecKONoB ¢ KOAUPYIOIIeH
anepTypoil. @OKOHBI.

7. PeHTreHoBCKas aCTPOHOMUS 2

OOcepBaropul € KOJUIMMHUPOBAaHHBIMH PEHTTEHOBCKHMH JIETEKTOpaMH  OOJNBIIONW  IUIOMIATN
(ocobenHOCTH W 3a1auu HaOMIOAEHUH, pe3ynbraTsl). OOcepBaTOpHH, OCHALIICHHBIE PEHTIT€HOBCKUMHU
teneckonamu ¢ komupyromeid amepryporr (PEHTI'EH na wmomyne MUP-KBAHT, ['PAHAT,
HUHTEI'PAJI, ux xapakTepuCTUKH, BaXKHEHIIINE Pe3ynbTaThl, JOCTOMHCTBA U HEAOCTATKH).

8. PenTrenoBckas acTpoHOMHUS 3

JlocTOMHCTBA M HEAOCTAaTKH PEHTICHOBCKHX TEJIECKONOB C 3€pKaJlaMd KOCOTO MafCHUS. THIIbI
PEHTIeHOBCKUX 3epKasl. DyHKIMS OTKIMKA M €€ 3aBUCHUMOCTb OT SHEPIMH U OTKOHEHHS OT OCH
teneckona. CTpOGHHWE M TOKPBITUE PEHTIEHOBCKHUX 3€pKall. DJEMEHTHl KOHCTPYKLMHU 3€pPKaJIbHOM
CHCTEMBbI U CBOIMCTBA 000JI04eK. PEHTIT€HOBCKHME TEJIECKOIBI C 3epKajlaMi KOCOTO MaJeHus (JIeTaBIlue
u mnpoponkaromue padorars). OOcepsatopum OiHmreiin  (HEAO-2), POCAT, ASCA.
XapakTepUCTHKH UX TEJIECKONOB, B)KHEHIIINE Pe3yIbTaThl, JOCTOMHCTBA  HETOCTATKH.

Cemecrtp: 2 (Becennuit)

9. Pentrenosckas actpoHomus 4



Ob6cepBaropun Chandra (AXAF), XMM-Newton, NuSTAR, NICER. XapakTepucTuku TeaecKOIOB,
Ba)XHEWIIME pe3yJIbTaThl, JOCTOMHCTBA M HemocTarku. llepcnexTwBHBIE oOcepBaropuu Lynx u
Athena.

10. PenTrenoBckas acTpoHOMUSA 5

XapakTepUCTUKN PEHTICHOBCKUX TEJIECKONOB, BUHBETUPOBAHUE, TPACH, OAHOKPATHO PACCESHHBIC
¢doronbl. Ob6cepBaropusi SRG u ee Teneckonbl eROSITA m ART-XC. Ux xapakTepucCTHKH B
CPaBHEHUH C JAPYTHMMH 00CEpBaTOpUSAMH, TEpBbIC pe3ynbrarTbl. KamnOpoBka 3epkail M JIETEKTOPOB
(xak u uTo TpoBepsieTcs). MoaenupoBaHue HaydHBIX pe3yasTaToB Ha mpumepe teneckona APT-XC.
ChoXHOCTH MOJEIMPOBaHUs 0030pa Heba.

11. JleTekTOpBl ONTHYCECKON aCTPOHOMHUHU

IIpenenbHas 3Be3nHas BEIMYMHA NPU BU3YyaJIbHBIX HaOmoneHHAX. POTOMIACTUHKM M IUICHKH.
Onexrpodortomerprl. TBeprorenbHbie aeTekTopbl. [lpuHnmmel padorsl u cuuthiBanust CCD.
[IpennoututensHocTh wucnonb3oBanuss CCD B oNTHUYECKHX TeEJECKONax. XapaKTepUCTUKH
CCD-xamep. [Ipupona ommbok uzmepenwii ¢ momornpio CCD-kamep (TEMHOBOM TOK, TOK CMEIIECHUS,
IIYM CYUTBIBAHUS, “TOpsune’ MUKCEINbI, pa3HbIN pa3Mep MUKCeNoB, HachimeHue). Kaapsl muockoro
nonst. [lepBuunas 06paboTka n300pakeHuil.

12. JIeTeKTophsl peHTI€HOBCKOM aCTpOHOMUH

CCD (II3C)-marpuup! (cxema, IpUHIUIBI pabOThl U cuuThIBaHU, TUIB), CMOS-Marpuis! (cxema,
HNPUHIMIBL paboThl U cuuThIBaHMsA, cpaBHeHHE ¢ CCD). UyBCTBUTENBHOCTh K SHEPIUsAM (DOTOHOB.
PIN-muoa. CrpunoBble anonsl (MpUHOUIBI paOOThI, METOABI ONpPENEICHUs IMOJOXKEeHUs (POoToHa,
CXeMBbl JleleHus 3apsAna). J[ByXCTOpOHHHME CTPUIOBBIE JETEKTOpHL. JleTekrop Teneckoma
CPI/APT-XC. KpemuueBble apelioBble IETEKTOpbl (IPUHLMUI ONPENEICHUS KOOPAWHATHI
coObITus). Jlunelneiii u mMarpuuneiii SDD, paguaneasiii SDD. TTonHocThio 00eqHeHHbIH p-n CCD
netextop (obcepBaropus XMM). IlpeumymiectBa mo cpaBHernio ¢ o6bpraabiMu CCD. DEPFEET
JETEKTOP.

13. 'amma-actpoHomus 1

l'amMa-nmanazoHbl, TPOIECCHl MIVIOMCHUS TaMMa-H3IIy4eHHs, 0COOCHHOCTH TIaMMa-aCTPOHOMUH
BBICOKMX JHepruil. JleTeKTopsl, HCIOIb3yeMbl B TIaMMa-aCTPOHOMHH (HMCKPOBBIC KaMephl,
YEepEHKOBCKUE JCTEKTOPBl, CHUHTWUISTOPBI, KPEMHHUEBBIC CTPUIIOBBIE JAeTEeKTOphl). llepBbie
kocMmuueckue ramma-obcepBaropun  (OSO-3, SAS-2, COS-B), mnpuHmmm perucrpamuu
ramma-¢poroHoB. OteuecTBeHHble ramma-o0cepBatopun (Ilporon-1, IIporon-2, Kocmoc-208,
Kocmoc-251, Kocmoc-461). XapakTepuCTUKH TEIECKOIIOB, BAXKHEHUIITHE PE3yIbTaThl.

14. 'amma-actpoHomus 2

I'amma-o6cepBaropun cienyromux nokonenuit: ['amma-1, CGRO (teneckonst EGRET, COMPTEL,
OSSE), AGILE, FERMI (GLAST). IlepcuektuBHbIE KOCMHYECKHWE TramMma-o0cepBaTOpUH
('amma-400, CIGAM, e-ASTROGAM).

[upokue arMocdepHble TUBHH U YEPEHKOBCKHE TENECKONbl. [lepBble MOKONEHHS YEPEHKOBCKUX
TeneckonoB (o0cepBatopus uM. Yumria, teieckonsl PUB-1 u 'T-48 B KpAO). Crepeockonuueckuii
METO/ M CBSI3aHHAs C HUM PEBOJIOLUS B TaMMa-aCTPOHOMHUHU CBEPXBBICOKHUX SHEPIHi (TEIeCKOIbI
HEGRA, CAT, CANGAROO). Teneckons! 3-ro nokojenuss (HESS u HESS II, MAGIC, VERITAS,
CTA), ux pe3ynbrarhl.

15. I'paBUTaLIMOHHO-BOJIHOBASI U HEUTPUHHASL ACTPOHOMMUSI

Onoxa MHOTOKaHAIBbHOHN acTpoHOMUH. MccneqoBaHus KOCMUYECKHX JIyuell CBEpXBBICOKHX 3HEPTUil
YEPEHKOBCKUMH yCTAHOBKaMH (OTJAMYHE OT aTrMOC(EpHBIX HYEPEHKOBCKUX TEJIECKOMOB Ul
uccieoBaHusl Tramma-uznyuyeHus). YcraHoBka Tynka (TAIGA), cpaBHeHHE C JIpyruMu
JKCIIEpUMEHTAMU.



Mertonsl peructpaurud HEWTpuHO. bakcaHckas HEWTpHHHAs o0OcCepBaToOpusi U €€ TEeJECKOIBL.
Ob6cepBaropust Super-Kamiokande, conneunslii HeliTpunabid Teneckon (SNT), ycranoska IceCube,
NOABOJHBIN balikanbCKuil HEUTPUHHBIA TEIECKOIL.

[IpuHLIMIBI perucTpalny rPaBUTALMOHHBIX BOJH (PE30HAHCHBIA M MHTEPPEPOMETPUUECKUN METON).
YeranoBka LIGO, ee ycTpoiicTBO m OCOOCHHOCTH. PerucTpanmusi u OTOXIECTBICHHE COOBITHIA.
HetictByromue ycranoku Virgo, KAGRA (LCGT), GEO600, crporomuecs LIGO-India u teneckomn
Oninmretina B EBpomne. Kocmudeckuit TpaBUTaninoHHO-BONHOBOW wuHTepdepomerp LISA (m
LISA-Pathfinder), = oObexkTel  ero  ucciepoBaHus.  lcmomb3oBaHHMEe — MylIbCapoB  JJIs
IpaBUTAIIMOHHO-BOJIHOBLIX u3MepeHuil. Pesynsratel LIGO/Virgo, B ToM uucie cOOBITHS CIHSHUS
HedTpoHHEIX 3Be31 GW170817 m GW190425, HabmrofeHne wX 3IEKTPOMArHUTHBIX TPOSBICHUIA:
ramMa-Bciiecka GRB170817A, ero mociecBeueHus, KMJIoHOBOM, ramMma-Beiniecka GRB 190425A.
TpynHOCTH IOMCKA ONTHYECKUX MPOSBICHUNA TAaKUX COOBITHIA.

16. OmmOku n3MepeHuil 1 aHaJIN3 JaHHBIX

Ommbku m3MepeHmii (cTaTucTUdeckue W cucremarndeckue). IlyacconoBckue ommOku. [lepenoc
ouOok. Mcnonb3oBanne meroga Monrte-Kapno. AHanmuTHYecKre MO allpOKCUMAIH JTaHHBIX
(buTHpoBanue, cumIuiekc MeToabl). MeTox HamMeHbIIMX KBaapartoB. [ToMCK mepronoB M aHauu3
CIIEKTPOB MOIIHOCTH. Dwibrpanus W300paXeHH W BPEMEHHBIX PSIOB, HCIOJIb30BaHUE
BolBasieT-nipeoOpazoBanmst. OONIEyNOTpeOUTEIbHBIE MAKETHl MPOrpaMM st 00pabOTKH M aHaIn3a
JTaHHBIX B aCTPOHOMHHU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

KommnbroTepHBIi TPOEKTOP M IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. Actpodusuka Beicokux dHepruii [Tekct] : [yue6. mocobue mis By3oB / M. Jlonreiip ; mep. ¢ anr. 0.
3. JIrobapckoro, H. C. fAAMOypenko ; mox pen. P. A. Cronsiea .— M. : Mup, 1984 .— 396 c.
2. OCHOBBI 3KCIIEPUMEHTAIILHBIX METOAOB siiepHor ¢pusuku [Texcr] / A. . AGpamos, 1O. A.
Kazanckuit, E. C. MaryceBuu - M.Aromusnar, 1970
3. He6o u Teneckorn [Tekcr]/[K. B. Kynmos u ap.] , -M., ®usmaniut, 2008

JlononHuTenbHAs TUTEpaTypa
1. MaTepdepomerpust u cuHTE3 B paguoactpoHoMuu [ Tekcr], Monorpadusi/A. P. Tomricon, /1. M.
Mopam, [I. V. Cencon , -M., ®uzmarnurt, 2003
1. MaTepdepomerpust v cuHTE3 B paguoactpoHoMui [ Teker], monorpadusi/A. P. Tommcon, . M.
Mopas, /. V. Cencon , -M., ®uzmariurt, 2003.
2. Pa3Benka nanexkux mianet [Texct]/B. I. Cypnun, -M., ®usmarnur, 2011.
3. ®uznka kocMoca - MaJieHbKas sHIuKIoneaus (pea.-coct. P.A. CionsieB) — M.: CoBeTckas
SHIUKIoIeaus, 1986.
4. CxiagKy Ha TKaHU MIPOCTPAHCTBAa-BpeMeHH (DHHIITEIH, TpaBUTAIIMOHHBIE BOJIHBI U OyyIee
acrponomun). [. lunnuar - M.: AnsnunHa-HoHGuUKIIH, 2018.
5. Semiconductor Radiation Detectors. Device Physics. G. Lutz - Springer, 1999.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

https://ru.wikipedia.org

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYIIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)



Kypc ocHOBaH Ha MyNbTUMEIUMHBIX IPE3EHTALUIX.
9. MeTonuyeckne yKkazaHus JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CIUILTHHBI (MOXYJIs)

CryneHT, M3y4arollui JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM MOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIUIMHBI CTYACHT HOJUKCH 3HATh OCHOBHBLIC ONPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpelyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaMpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy yd4eOHOro Marepuala, TOATOTOBKY OTBETOB Ha BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3YUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSIX;

— MOJATOTOBKY K BBIMOJIHEHUIO 3aJJaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajeHHUss MaTepUaIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTIIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTrepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAETBHBIX TEM, BOMPOCOB, CIEAYyeT OOpamaTthCsi 3a KOHCYIBTAIUSMH K
MPEIoIaBaTeIIIo.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHI.



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
kadeapa KOCMUUECKON (PUHUKH

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

Pa3zpadorunk: C.A. I'pebenes, a-p Qus.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBAHUII B 00JacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 Nmeer npeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

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

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax MCCIIeOBaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM M UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUsS (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynprare u3yueHHMs IUCHUIUIMHBI «ODKCIIEPUMEHTAJBHBIE METOAbl B acTpOPH3MKe» OO0ydaromuics

JIOJDKEH

3HAThb:

- IPUHIUIIbI pa60TBI TCJICCKOIIOB U ACTCKTOPOB B PA3HBLIX pa3acjiaX aCTpOHOMUH, (1)aKTOpI>I, BJIIMAOIIUC
Ha JOCTOBCPHOCTDH BBINTOJIHACMBIX C UX ITOMOIIBIO HSMCPGHHﬁ.

yMeThb:

- OCHUBATb YYBCTBUTCIBHOCTb U BO3MOKHOCTHU TEJIECKOIIOB, O6pa6aTBIBaTb JaHHBIC UX Ha6HIOI[eHI/II‘/'I,
MMpaBHUJIbHO OMPEACIIATE CTATUCTUYCCKUC U CUCTCMATUYICCKUC OIINOKHU H3Mep6HHﬁ.

BJIaJd€Th:

OCHOBHBIMH IIpOI'paMMaMu MOACIINPOBAHUS pa60T1>1 TCICCKOIIOB, MCTOAaMHM H OCHOBHBIMU

nporpaMmMaMu  00pabOTKH M aHalu3a
PE3YNBTaTOB UX PaOOTHI.

JaHHBIX HX Ha6J'IIO):[CHHI>i, nporpaMmmamMu BU3yau3aliuu



3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllIeMy KOHTPOJIIO
He npenycmorpen.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. OxHa npo3paunoctu B atMocdepe 3emin (ATUHBI BOJIH).
2.HazeMHBIe TeneCKOIIbI

3.Actpoxiiumar

4.Kocmuueckue odcepBaTopun

5.3Be3aHbIE BETMYNHBI

[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:

1.Ilpenen Ha pa3pelieHne Teaeckomna

2.PazpemieHne paguoreneckona

3.J1eTeKTOpHBI KECTKOTO U3ITYUCHUS — IPUHLIUIBI PaOOTHI

4. CCD (IT3C)-marpuups! (cxema, MPUHLUUIIBI Pa0OTHI U CYUTHIBAHUS, THIIbI)

5. CMOS-matpusl (cxema, IpUHIMIBI paboThl U cunThIBaHus, cpaBHeHue ¢ CCD).

[Ipumepsl 3K3aMeHALMOHHBIX OUJIETOB (ecau (hopMa KOHTPOIIS - HK3aMEH )

burer 1.

1. Oxkna mpo3pauHoctd B atMocepe 3emun (UHBI BONH). JlMana3oHbl ONTUYECKOTO criekTpa. YTto
ompezeNseT TmorvonieHre, (akTopel Ha Hero Biustoniue. Ponb TypOymenTHOCTH (“‘cestHME”).
AcTpoKInMaT.

2. PeHTreHOBCKHME TENECKOIIbl C 3epKajlaMi KOCOro MajeHus (JeTaBIIue U IpoIoJDKatole padoTars).
O6cepraropun JiHmTeitH (HEAO-2), POCAT, ASCA. XapaKkTepuCTUKU WX TEIECKOIOB, BaKHEHIIINE
PE3YyNbTaThl, JOCTOMHCTBA U HEOCTATKH.

3. HaszemHble MHKpPOBOJHOBBIE TesiecKombl. CTposiuecs MUUTUMETPOBBIE M CyOMHIIITMMETPOBBIC
TEJICCKOIIBI.

buner 2.

1. AOeppaums B pedpakropax u crnocodObl 0oppObl ¢ Hel. Kpynaeimme pedpakropbl. Turisr
MOHTHPOBOK TEJIECKOIIOB. ABTOTHUJ,.

2. Tumbl MacoK TENECKONOB C KoAWpylomei ameprypoil. (OOcepBaropuu, OCHAIICHHBIC
PEHTTEHOBCKUMH TEJIECKONIaMH C KOIUPYIOIIEH anepTypol (XapakTeprUCTHKH, BaKHEHILINE pPe3yabTaThl,
JIOCTOMHCTBA M HEJAOCTATKH).

3. JleTeKkTopsl >KECTKOTO H3JIyueHHs (TPONOPIHMOHATbHBIE Ta30BbIE KaMepbl, CIMHTHUIALHOHHbIC
nerekropsl). DoroymHokuTenu. GOKOHBI.

burer 3.

1. ®on Heba (onTHUECKHIT), POTOMETPUUECKHNA NAPaZOKC U €ro OOBSCHEHHE.

2. CTpoeHHE U MOKPBHITHE PEHTICHOBCKUX 3€pKajl. DJIEMEHTbl KOHCTPYKIHH 3€pKajJbHOH CHUCTEMBI U
CBOMCTBa 000JI0UEK.

3. CCD (IT3C)-matpuirsl (cxema, MIPUHIUIBI paboThl U cuuThIBaHMsL, TUIIB), CMOS-MaTpuis! (cxema,
MPUHLMIBI PabOTHI U cuUThIBaHUsA, cpaBHeHHE ¢ CCD).

burer 4.

1. VinyumeHue — ymIoBOrO  paspemieHus — pediaekTopoB  (METOA  «CABHHB-CIOXKHY,
CHEeKI-UHTEpPEpOMETpHsI, UHTEPPEPOMETPHS, TEICCKONbl C aJalTUBHOM ONTHUKOW, KOCMHYECKHE
Teneckomnbl). CTposiuecs IKCTPEMAILHO OONBIITUE TEIECKOIIBI.

2. JlocTOMHCTBAa M HEAOCTaTKH PEHTTEHOBCKUX TEJIECKONOB C 3€pKajlaMd Kocoro mnaaeHus.Tumsl
PEHTIeHOBCKUX 3epkai. DYHKIUS OTKIMKAa M €€ 3aBHCHMOCTh OT JHEPIMH U OTKOHEHHUS OT OCH
TEeJEeCKoma.

3. [IlpemenbHas 3Be31Has BeJMYMHA MPU BHU3YaJbHbIX HaOMIOACHUSAX. DOTOIUIACTMHKU M TUICHKH.
Onexkrpodoromerprl. TBepmorenbHbie JeTekTopbl. I[lpuHumner paborsr u  cumtsiBaHus CCD.
[IpennourutensHOCTh Mcnonb3oBanus CCD B ontnyeckux Teneckonax. Xapaxkrepuctuku CCD-kamep.



buer 5.

1. VYBenmuuenue aneptypsl pedparopoB u pediekropoB. AKTUBHAS onThka. KpynHeiniie
LIMPOKOYTOJIbHBIE TeJecKonbl. O030phl Bcero HeOa. 3adeM HYKHBI CETH TEJIECKOIIOB.

2. O6cepBaropun Chandra (AXAF), XMM-Newton, NuSTAR, NICER. XapakTepucTHKH TEJIECKOIIOB,
Ba)XHEWIIME Pe3yJIbTaThl, JOCTOMHCTBA U HejocTaTku. [lepcnektuBHbie o0cepBaTopun Lynx u Athena.
3. Ilpupoma ommbok m3MepeHuil ¢ nomompio CCD-kamep (TEMHOBOH TOK, TOK CMEIICHUS, LIyM
CUMTBIBAHUS, “TOpsUMe” THKCEIbl, pa3HbId pa3Mep MUKCENIOB, HachleHne). Kaaphl MIOCKOro mos.
[lepBuuHas 06paboTKa N300pasKeHUH.

Kpurepuu onieHuBanus
Ouenka ommmyHo 10 OammoB - BBICTABIISICTCS ~ CTY[CHTY, 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 000CHOBAHUE
NPUHATHIX PEIICHUH.
Oumenka ommMYHO 9 OamwioB -  BBICTABISCTCA  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE PU PEIIeHHH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, NIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAHHE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UeTaMHu.
Ouenka Xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSTh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Omenka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOIyuYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMyCKAaeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHUS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.
OueHka ynoBIETBOPUTENbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUN IIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJbHEHWIIero oOy4eHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ynoOBIETBOPUTEIbHO 3 Oama - BBICTABISIETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKM B (OPMYIHPOBKaX Oa30BBIX MOHSTHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeOBAaTEIbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyIOBJIETBOPUTENHHO 2 0ajula - BHICTABISAETCS CTyACHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.
OreHka HEYNOBIETBOPUTEIBHO | 0ayml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3ajad.

5. MeTtonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

HuddepenumrpoBanHblii 3auéT (IK3aMeH) MPOBOIATCS B MUCHMEHHOU (ycTHON) Gopme no Oouneram. B
Ka)XJIOM Ouiere NpeicTaBIEHO Ba TEOpPETHUECKUX Bompoca. [Ipu mpoBeneHun 3auéra um 3K3aMeHa
oOyuaromemycsi npeapoctasisiercss 30 MUHYT Ha ToAroToBKy. Ompoc oOyuwaromierocs He JOJDKEH
MPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO Yaca.



