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 TEXHOJOIHWI, pa3paOOTKOl HOBBIX YHHKAJIBbHBIX MaTepPHUAJIOB, IIMPOKUM HPHUMEHEHHEM
KOMITBIOTEPOB B IPOBEACHUH HAONIONCHHIA ¥ aHAIIN3E TAaHHBIX, UCTIOJF30BaHUEM KOCMHYECKHX aIrllapaToB s
aCTPOHOMHMYECKHX HccienoBaHuid BHE arMocdepbl 3emin. CoBpeMEHHBIE TEIECKOIbl padoTaoT Ha HOxHOM
MOJIFOCE M BO JIbAAaX AHATPKTUIBI, B IIyOOKHX IMOA3EMHBIX IIaXTaX M IIyOWHax o3zepa baiikai, B IyCTBIHSX
Adpukn m ABCTpanuu W Ha OE3BOJHBIX BBICOKOTOPHBIX (5 kM) tuiato FOxuolt Amepuku. Ckopo OymyT
BBe/ICHBI B CTpoil orpoMHble 30- 1 40-MeTpOBBIE ONTHYECKHE TEJECKOIbI, JJIs KOTOPBIX YK€ HE CTpalIHa
arMocdepHass TypOyJIEHTHOCTb, THraHTCcKue (TMomanplo 1 KB. KM) paJuOTENIECKOINbI, padoTaeT ceTh
pamuouHTep(epoMeTpoB CO CBEPXITMHHON 0a30#, oxBarbiBatomias Bech MUp. CTPEeMHUTEIBHO Pa3BUBAIOTCS
PECHTTCHOBCKAasE W TaMMa-aCTPOHOMHS, ACTPOHOMHMSI CBEPXBBICOKMX ODHEpPIUil, HEHTPUHHAS acTPOHOMMS,
Havyainy paboTaTh M CTAHOBATCS BCE OOJiee UyBCTBUTEIBHBIMU I'PAaBUTALMOHHO-BOIHOBBIC NETEKTOpPHI. Lleinb
Kypca 3aKilo4aeTcs B TOM, 4YTOOBI IIO3HAKOMHUTH CTYJCHTOB C OTOH OBICTPO pa3BHBArOLICHCS
IKCIIEPUMEHTAIbHOW 02301 aCTPOHOMHUH, ITOATOTOBUTH UX K OyIyIIHMM HAOIIONCHUSM H UCCICIOBAHUSM.

B kxypce paccMOTpeHbI NPHUHIMIBI PabOThl M CYIIECTBYIOIIHME Pa3sHOBHUIHOCTH BBICOKOUYBCTBUTEIBHBIX
MPUEMHHUKOB HM3Ty4YeHHS (TEIECKONOB M COOCTBEHHO JAETEKTOPOB), MCIOIB3YEMBIX B Pa3HBIX OOJIACTSIX
ACTPOHOMHH: PAJNO0, CYOMUIITMMETPOBON, HHPPAKPACHOH, ONITUIECKOM, PEHTTEHOBCKOW U raMMa-, a TakiKe B
(¢u3MKe KOCMHYECKHMX JIydeld CBEPXBBICOKHX JHEPIUd, HEUTPMHHOW W TPaBUTAUOHHO-BOJHOBOM
acTpoHOMHH. OTHCaHBI CIOXKHOCTH M OCOOCHHOCTH HAOMIONCHMH, XapaKTepHble IS KaKAOTo IUara3oHa
sHepruil. OTMEUeHO pa3HooOpa3ue aCTpPOHOMHYECKUX 33a/1a4, TPeOYIOLINX pa3padOTKU CleHUaTu3uPOBAHHBIX
TEJIECKOIIOB C YHHUKAJIbHBIMM XapakTepHCcTHKaMu. [l KaXaoro pasjena acTpOHOMHHM JaH 0030p HauOoiee
YCHELIHBIX TEJIECKONOB, pab0TaBIINX HA Pa3HBIX 3TaNax ee Pa3BUTHSA, yKa3zaHbl Hanbosee IpKHUe MoIyuYeHHbIE
UMM pe3yJbTaThl. PaccMOTpeHBI OCHOBHBIE TEJIECKOIIBI, MPOBOSIINE aKTUBHBIE HAOMIOACHNS B HAIIW JHH, a
TaKKe MePCIEeKTUBHBIE (pa3pabaTbiBaeMble) TEIECKOIbI OJIMKAWIIEro OyayIIero.

3aMeTHOE BHHMaHHE YACICHO B Kypce BOIPOCAM OINPEICIICHHS YYBCTBHTEIHBHOCTH TEJIECKOIOB, HX
KaTMOpOBKH, OIEHKaM TpeOyeMOol SKCTO3UIIMU MPH HAONIOJCHUU KOHKPETHBIX MCTOYHHKOB, OCOOCHHOCTSM
NPOBEJCHUST HAOMIONCHUI M aHalW3a JAaHHBIX, METOJAaM IMOCTPOSHHS H300paKEHUH W MU3MEPEHHS 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 (TEIECKOIOB U COOCTBEHHO JIETEKTOPOB), MCIOIL3yEeMbIX B Pa3HBIX 001acTsIX
aCTPOHOMHMH (JIMara30HBI OT PAJINO JI0 FaMMa-U3Ty4YEeHUs] CBEPXBBICOKUX YHEPTHA).
Pacmorpers mpuHIMITEI pabOTHl TEIECKONOB W JCTEKTOPOB, HCIOJIB3yeMBIX B HEUTPUHHOH H
IPaBUTALMOHHO-BOJIHOBOW aCTPOHOMHUH, B (PU3MKE KOCMUYECKHUX JIy4eil CBEPXBBICOKUX SHEPTHIA.
[To3HaKOMHTBH CTYAEHTOB C HauOoJiee YCICIIHBIMH TEJIECKOIIaMH, padOTaBIIMX HA pa3HbIX dTamax
pasBUTUS aCTPOHOMHH, B TOM 4YHCJIE€ OCHOBHBIMH COBPEMEHHBIMH M  IEPCHEKTHBHBIMHU
pa3pabaTbIBAEMBIMH TEJIECKOIIAMU B Pa3HBIX JMana3oHax. [1og4epkHyTh 0COOCHHOCTH, XapaKTepHbIE
ISl TEJIECKOIIOB M aHAJIN3a MX JTAHHBIX B KaXKJI0W 001aCTH aCTPOHOMUH.
Omnucarp MyTH AajdbHEHIIET0 Pa3BUTHS JICTEKTOPOB U TEJIECKOIIOB, TEXHOJOTHYECKHE MPEINOCHUTKI
ISl 9TOTO Pa3BUTHS.
O3HaKOMUTPH CTY/IICHTOB C METOIAMH M OCOOCHHOCTAMH OOpaOOTKH W aHaH3a JaHHBIX COBPEMEHHBIX
TEJIECKONIOB, C MOJCIMPOBAHUEM  TEJIECKONOB M MpPUOOPOB, C JTallaMH MUX KaaHuOpOBKH, C
CYLIECTBYIOIMMHU IAaKeTaMU MPOTrpaMM Il MOJCIMPOBAHUS pPa0OTHI TEJIECKOIOB M aHaIu3a
aCTPOHOMHYECKHX JTAaHHBIX.
[ToArOTOBHUTH CTYIEHTOB K y4acTHIO B pa3pabOTKe HOBBIX TEJIECCKOIOB, MPOBEACHUH HAOIIONCHUN H
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 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IAaCTH
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 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jactu cBoeil mpodecCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 CnocobeH mnpuMeHATh 3HaHHA B ob0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIKIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
EITEILHOCTH

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI HCCIIEOBAHUI K KOHKPETHOM

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

Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYEHHBIE
pe3yabpTarhl

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTHh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

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

3HATb.

- IPUHIMITBI PA0OTHI TEIECKOIIOB U IETEKTOPOB B PA3HBIX pa3JiesiaX aCTPOHOMUH, (haKTOPHI, BIUSIONINE
Ha JOCTOBEPHOCTH BBINOIHAEMBIX C MX TOMOIIBIO U3MEPEHHM.

YMETB:

- OLICHUBATb YyBCTBUTCIIBHOCTH U BO3MOXHOCTH TCJICCKOIIOB, 06pa6aTBIBaTL JaHHBIC X Ha6HIO,E[eHI/II\/’I,
MPaBUJIbHO OMNPEALCIIATD CTATUCTUYCCKHUE U CUCTEMATHYICCKHUC OIIMOKHU PI3MCp€HHI>i.

BJIAJIETD:

OCHOBHBIMHU IIpOrpamMmamMu MOACJTIUPOBAHUA pa6OTBI TCICCKOIIOB, MECTOAAMHM W OCHOBHBIMH

nporpaMmaMud  00pabOTKM H  aHaIH3a
pEe3yabTaTOB UX PAOOTHI.

JAHHBIX WX HaOMIOACHWH, NpOrpaMMaMu BU3yau3alluu

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. OkHa mpo3padyHocTd B armMocdepe 3emim (AnuHBI BOJH). Jlnama3oHbI
ONITHYECKOTO cIieKTpa. YTo ompeznenser momiomeHue, (akroppl Ha HEro Biusomme. Ponb
TypOynentHoctn  (“cesstHue”).  Actpokimmar.  DOTOMETpHYECKHME  CHUCTEMBI, WX  THIIBI,
(oToMeTpHUYEeCKHe CTaHAAPTHL. 3Be3AHbIC BennunHbl. [lokazarenu mpera.

XapakTepUCTUKU TEJIECKOIOB (Iuamerp oObEKTHBA, (POKYCHOE PACCTOSHHUE, YITIOBOE pa3pelIcHuE,
CBETOCHJIA, MPOHMLAIOIIAS U pa3pelIaloIias CUIbl, pa3Mep MPOTSKEHHOTO U TOYEYHOTO MCTOYHHKA,
mudpakunonnsiid penen). Kondrproxken numut. Turel TeneckornoB. OnTHdeckue cXeMbl U (OKYCHI.
AbGeppaniuss B pedpaktopax u crmocoObl O0opsObl ¢ Heil. Kpynneiimwue pedpakrtopbl. Tumbs
MOHTHPOBOK TEJIECKONOB. ABTOTH]I.

2. OnTHueckasi acTpOHOMHUS - 2

DBomonus 3epKai TeneckonoB-peduexkropos. Kpynuetimme peduexropsl. KpynHeiimme poccuiickue
TEJIECKOIbl. YBEJIMYEHUE anepTypbl. AKTUBHAs onTuka. KpynHeiye MUPOKOYrojbHbIE TEIECKOIIbI.
O0630psbl Bcero HeOa. 3aueM HY)KHBI CETH TEJIECKOMNOB. YJyYIIEHHE YIJIOBOTO paspemeHust (MeToxn
«CIABHMHB-CIIOKNY, CIIEKI-UHTEpPEepoMeTpHs, HHTEP(HEPOMETPHS, TEJIECKOIBI C aJalTUBHON ONTHKOM,
KOCMHYECKHUE TeecKobl). CTposimuecs IKCTpEeMaIbHO OOJIBIINE TEIECKOIbI.

3. Onruyeckast acTpoHOMHUS - 3




OddektuBHocTh Tenmeckona. DoH Heba, (GOTOMETPUYECKHI Mapajokc W ero OOBbsSCHEHHE.
XapakTepUCTUKU TEJIEeCKomNa, ero 3(PQEeKTUBHOCTh M YYBCTBHTEIBHOCTB, IpEIeNbHAs 3BE3IHAs
BennuuHa. Ee 3aBucMMOCTh 0T (oKycHOTro pacctostHus. KopoTKopokycHble W JITUHHOMOKYCHBIC
TEJICCKOTIBI.

4. MUKpOBOJIHOBas aCTPOHOMMUS

Jlnama3zoHbl MUKPOBOJTHOBOTO M3MydeHus. PennkToBoe uznyuenue, Mcropus orkpertus. [opsanii ra3
B CKOIUICHHWSX ranakTuk. TomMcoHOBckoe paccesHue. Dddekt Cronsiea-3enbaoBuya. CIyTHHKH
Pemukr-1, COBE, WMAP, Planck. OcobGeHHocTH mpuOOpOB, SBONIOIMUS YYBCTBUTEIHHOCTH H
YIJIOBOTO ~ paspellieHus, pe3yibTarThl. Ha3eMHble MHKpPOBONHOBBIE TelecKombl. CTposiuecs
MUJUTUMETPOBBIC U CYOMUIITUMETPOBBIC TEJIECKOIIHI.

5. Pagnoactponomust

Pagunoteneckornsl (TMOJHOMOBOPOTHBIE, YACTUYHO IOABM)KHBIC, HETOJIBUKHBIE) M UX KOMIIOHEHTHI
(oOmyuarenb, pamuomerp, TeHeparop Inyma). JluarpamMma HampaBIEHHOCTH M pa3pelIaronas
crnocobHocTh. UyBcTBHTENBHOCTh. Peduekropel u  pedpakTopbl. AHTEHHBI C 3alOJHEHHON
aneprypoit (BCA B Ilymmuo), mapabonuveckre Tapeinkd W [UIWHIPBI, aHTEHHBI C IUIOCKHMU
oTpakareysiMH, 3eMysiHble 4damm (Apecn00), aHTEHHbIE PEIIETKH, aHTEHHBI C HE3armoJIHEHHON
aneprypoit (JAKP-1000 B Ilymmuo). Kpynueitmue teneckonsl (PATAH-600, FAST, 100-m
peduexropsl B ['pun bank u bonne, PT-70 B EBnaropun u Yccypuiicke, 70-m B Kanbeppax, 64-m
peduextops! B Kansizuao u Mensesxxpux O3zepax u ap.). Matepdepomerpsr (VLA, MERLIN, ATCA,
ALMA, WSRT). AneprypHeiii cuHTe3 (TOCieqoBaTeNbHBIA M mNapajuieibHbiil). [lpenensHoe
paspemenne. CBepxpanbhsiss uHTephepomerpust (PCIAB, teneckomst VLBA, Kgsazap, EHT).
Kocmuueckue panmoreneckonsl (TDRSS, Pammoactpon). Ilpoexkt SKA (amantuBHOM aHTEHHOU
PEIIeTKH IUIOMIAABI0 CBhIIIE 1 KB. KM).

6. PentrenoBckas actponomus 1

JleTeKTOphl KECTKOro W3IAy4deHHs (IPOMOPLMOHAIBHBIE Ta30Bble KaMepbl, CLHUHTUIUISILUOHHBIC
JETEKTOPbI, (POTOYMHOKHUTENN). 3alUTa aCCUBHAs U OCHOBAaHHAs HA MPHUHLUIEC aHTHCOBIAACHUS,
JUCKpUMUALHS 110 (PPOHTY HapacTaHHsI, KOJJIMMATOPbl COTOBBIE U MOAYJSLUOHHBIE. PeHTreHOBCKHE
CIyTHUKH C TPOCTEHIIMMHU JeTEeKTOpaMH. TeJecKombl, CHOCOOHBIE IOJNy4aTh PEHTTCHOBCKHE
n3o00pakeHust (KaMepbl OOCKypa, pPOTAalMOHHO-MOAYJSLHOHHBIE KOJIUMATOpHhl, «mia3 JloGcrepay,
nuH3bl KymMaxoBa, TeNnecKolbl ¢ KOAUPYIOMIEeH anepTypoi). THIIBI MacOK TEJIECKOIOB ¢ KOAUPYIOIeH
anepTypoil. @OKOHBI.

7. PeHTreHoBCKas aCTPOHOMUS 2

OObcepBaropul ¢ KOJUIMMHUPOBAaHHBIMH PEHTTCHOBCKUMH  JIETEKTOpaMU OOJIBLION  IUIOIIAAH
(ocobenHocTH U 3a/a4u HaOMIOEeHUH, pe3ynbsrarbl). O6cepBaTOpHUN, OCHAIIEHHBIE PEHTTCHOBCKUMHU
teneckonamu ¢ komupyromei amneprypoir (PEHTI'EH na wmomyne MUP-KBAHT, T['PAHAT,
HUHTEI'PAJI, ux xapakTepuCTUKH, BaXKHEHIIINE Pe3ynbTaThl, JOCTOMHCTBA U HEAOCTATKH).

8. PenTrenoBckas acTpoHOMHUS 3

JlocTOMHCTBA M HEIOCTaTKM PEHTTEHOBCKHUX TEJIECKONOB C 3€pKajaMH KOcoro majeHus. Tumbl
PEHTIeHOBCKUX 3epkajl. DyHKIUS OTKIMKA M €€ 3aBHCUMOCTh OT PHEPIMHM U OTKOHEHHS OT OCH
teneckona. CTpOEHHE M TOKPBITUE PEHTICHOBCKHUX 3€pKal. DJEMEHThl KOHCTPYKLHH 3€PKAIbHOU
CHCTEMBI U CBOIcTBa 000J104€K. PEHTTeHOBCKHE TEIECKOIIBI ¢ 3epKajaMi KOCOTO MaeHus (JeTaBIIne
u mnpopoipkaromue padorars). OOcepBaropum OnnmredH (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. XapakrepucTuku TeJIeCKOIOB,
Ba)XHEWIIME pe3yJIbTaThl, JOCTOMHCTBA M HemocTarkd. llepcnexTwBHBIE OoOcepBaropuu Lynx u
Athena.

10. PenTrenoBckas acTpoHOMUSA 5

XapaKkTepUCTUKN PEHTTCHOBCKHX TEIIECKOIIOB, BUHHETUPOBAHHUE, I'PACIl, OIHOKPATHO pacCEsHHBIC
¢doronbl. Ob6cepBaropusi SRG u ee teneckonsl eROSITA u ART-XC. Mx XxapakTepucTUKA B
CPaBHEHHUH C JPYTUMH 00CEpBaTOpPHSIMH, IEpBbIe pe3yabrarhl. KammOpoBka 3epkan U JETEKTOPOB
(xaxk u 4TO TIpoBepseTcs). MonenupoBaHue HAy4HBIX pe3ybTaToB Ha mpumepe teneckona APT-XC.
ChoXHOCTH MOJEIMPOBaHUs 0030pa Heba.

11. JleTekTOpBl ONTHYCECKON aCTPOHOMHUHU

IlpenenbHas 3Be3nHas BEIMYMHA IPU BHU3YaJbHBIX HaOmomeHHsAX. DOTONMIACTUHKM U IUICHKH.
Onexrpodoromerprl. TBepaorenvHbie aerekTopbl. I[lpuHummer pabotrel u cuutsiBanus CCD.
[IpennourutensHocTh wucnonb3oBanuss CCD B oNTHYECKHX TEJECKONax. XapaKTepUCTUKH
CCD-xamep. [Ipupona ommbok m3mepenunii ¢ nomotnbio CCD-kamep (TEMHOBOI TOK, TOK CMEIIESHUS,
IIYM CYUTBIBAHUS, “TOpsune’ MUKCEINbI, pa3HbIN pa3Mep MUKCeNoB, HachimeHue). Kaapsl muockoro
nonst. [lepBuunas 06paboTka n300pakeHuil.

12. JIeTeKTophsl peHTI€HOBCKOM aCTpOHOMUH

CCD (II3C)-marpuusl (cxema, IPUHLMIIBL Pa0OTHl M CUMTHIBaHUS, TUIB), CMOS-marpuupb! (cxema,
HNPUHIMIBL paboThl U cuuThIBaHMsA, cpaBHeHHE ¢ CCD). UyBCTBUTENBHOCTh K SHEPIUsAM (DOTOHOB.
PIN-muoa. Crpunosble auonsl (IPUHUUIBI PaOOThI, METOABI OIpPENCICHUS] MOJOKEHUs (HOTOHA,
CXeMbl JleleHust 3apsana). JByXCTOpOHHHME CTpPUIOBBIE JETEKTOphL. JleTekrop Tenmeckoma
CPI/APT-XC. KpemuueBble napeidoBble OeTEKTOpHl (MPUHLMII OIMpEAeSICHUs] KOOPIMHATHI
coObITus). Jlunelnpii U Marpuunbli SDD, paaunansaeiii SDD. [TonHocThio 00enneHHbId p-n CCD
netextop (obceparopus XMM). IlpenmymiectBa o cpaBHeHuto ¢ oObruHbiME CCD. DEPFEET
JETEKTOP.

13. 'amma-actpoHomus 1

'amma-nuana3oHsl, MPOLECCH MIVIOMICHUS TaMMa-U3Iy4eHHs, OCOOCHHOCTH TIaMMa-acTPOHOMHUU
BBICOKMX JHepruil. JleTekropbl, HUCIOAb3yeMbl B TIaMMa-aCTPOHOMHHU (MCKpPOBBIE KaMephl,
YEepEHKOBCKUE JCTEKTOPBl, CIUHTWUISTOPBI, KPEMHHUEBBIC CTPUIIOBBIE JAETEKTOphl). llepBrie
KocMmuueckue ramma-obcepBaropun  (OSO-3, SAS-2, COS-B), mnpuHmum perucrpanuu
ramma-¢poroHoB. OrtedecTBeHHble Tamma-obcepBaropun (IIporon-1, Ilpoton-2, Kocmoc-208,
Kocmoc-251, Kocmoc-461). XapakTepuCTUKH TEIECKOIIOB, BAXKHEHUIITHE PE3yIbTaThl.

14. 'amma-actpoHomus 2

I'amma-o6cepBaropun cienyromux nokonenuid: I'amma-1, CGRO (teneckonst EGRET, COMPTEL,
OSSE), AGILE, FERMI (GLAST). IlepcriekTuBHbIE KOCMHYECKHE TaMMa-00CepBaTOpUN
('amma-400, CIGAM, e-ASTROGAM).

[upokue arMocdepHble JTUBHH M YEPEHKOBCKHE TEJIECKOIbI. [lepBbie MOKOIEHUSI YEPEHKOBCKHUX
TeneckonoB (o0cepBatopus uM. Yuriuia, Teneckonbl PUB-1 u ['T-48 B KpAO). Crepeockonnueckuii
METO/ ¥ CBSI3aHHAsl C HUM PEBOJIOLMS B raMMa-aCTPOHOMHH CBEPXBBICOKHX SHEPTHH (TEIECKOIBI
HEGRA, CAT, CANGAROO). Teneckons! 3-ro nokojenuss (HESS u HESS II, MAGIC, VERITAS,
CTA), ux pe3ynbrarhl.

15. I'paBUTaLIMOHHO-BOJIHOBASI U HEUTPUHHASL ACTPOHOMMUSI

Ornoxa MHOTOKaHAJIbHOH acTpoHOMUH. VccnenoBaHusl KOCMUYECKHX JIyuell CBEPXBBICOKHX 3HEPrUil
YEPEHKOBCKUMH yCTAHOBKaMH (OTJAMYHE OT aTrMOC(EpHBIX HYEPEHKOBCKUX TEJIECKOMOB Ul
UCCIIeAOBaHUs Tramma-u3nydyeHus). YcraHoBka TyHka (TAIGA), cpaBHeHHe ¢ JpyTruMu
JKCIIEpUMEHTAMU.



Mertonsl peructpaunu HedTpuHO. bakcaHckas HeWTpuHHas oOcepBaTOpHS H €€ TEJECKOIIBL.
Ob6cepBaropust Super-Kamiokande, conneunsiit HeiitpuaHbii Teneckon (SNT), ycranoBka IceCube,
NOABOJHBIN balikanbCKuil HEUTPUHHBIA TEIECKOIL.

[IpuHLIMTIIBL peruCTpaLny IPABUTALIMOHHBIX BOJH (PE30HAHCHBIA M MHTEPPEPOMETPUUECKUN METON).
VYeranoBka LIGO, ee yctpoiicTBO M ocobeHHOCTH. Permcrpamus UM OTOXJIECTBICHHE COOBITHH.
HetictByromue ycranoku Virgo, KAGRA (LCGT), GEO600, crporomuecs LIGO-India u teneckomn
Oninmreiina B EBpone. Kocmuueckwii rpaBUTallMOHHO-BONHOBOM uHTEepdepomerp LISA (u
LISA-Pathfinder),  oOwvexkTel  ero  wucciemoBanusa.  Vcmonp3oBaHwe — MyJIbCapoB s
IpaBUTAIIMOHHO-BOJIHOBLIX u3MepeHuil. Pesynsratel LIGO/Virgo, B TOM uuciie COOBITHSI CIUSHUS
HelTpoHHEIX 3Be3n GW170817 u GW190425, nabmoneHrne WX SIEKTPOMATHUTHBIX TPOSIBICHUMN:
ramMa-Bciiecka GRB170817A, ero mociecBeueHus, KMJIoHOBOM, ramMma-Beiniecka GRB 190425A.
TpynHOCTH IOMCKA ONTHYECKUX MPOSBICHUNA TAaKUX COOBITHIA.

16. OmmOku n3MepeHuil 1 aHaJIN3 JaHHBIX

Ommbku m3MepeHuid (craTucTU4Yeckhue W cucreMarndeckue). [lyaccoHoBckue ommbku. [lepeHoc
ouOok. Mcnonb3oBanne meroga Monrte-Kapno. AHanmuTHYecKre MO allpOKCUMAIH JTaHHBIX
(putnpoBanue, cUMIUIEKC MeTOAbI). MeToq HauMeHbIIMX KBajparoB. Ilomck mepronoB u aHamu3
CIIEKTPOB MOIIHOCTH. DuibTpanuss W300paXeHHd W BPEMEHHBIX PSAOB, HCIOIB30BAHUE
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 JTUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pE3YyabTaTe HU3YUCHUA JUCHUIIIMHBI CTYACHT JOJIKCH 3HATh OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
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 y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAgaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajeHHUs MaTEpUaIoOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaiia, a He MEXaHHYECKOro ero 3amomuHanus. llpu
3aTPY/IHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTAlUAMH K
MIpENoAaBaTelto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33Ja4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



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 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT M PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
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 Umeet npeacrapieHUe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICAOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 CnocobeH mnpuMeHATh 3HaHHS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHYeCKOW 00JacTH cBoel mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM

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

Hay4yHOM 3ajai€ W UHTEPIPETUPOBATh  IOJIYUYEHHBIE
pe3yabpTarhl

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUsS (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynprare u3yueHMs IUCHUIUIMHBI «OJKCHEPHUMEHTAIbHbIE METOABI B acTpO(U3UKe» OOydaromuiics

JIOJDKEH

3HAThb:

- IPUHIUIIbBI pa60TBI TCJICCKOIIOB U ACTCKTOPOB B PA3HBIX pa3gcjiaX aCTPOHOMUU, (I)aKTOpBI, BIIMAKOIINC
Ha JOCTOBCPHOCTDH BBINTOJIHACMBIX C UX ITOMOIIBIO HSMCPGHHﬁ.

yMeThb:

- OI€HUBATb YyBCTBUTCIIbHOCTb U BO3MOXXHOCTH TEJICCKOIIOB, 06p363TbIBaTL JaHHBIC UX Ha6HIOI[eHI/II‘/'I,
MMpaBHUJIbHO OMPEACIIATE CTATUCTUYCCKUC U CUCTCMATUYICCKUC OIINOKHU H3Mep6HHﬁ.

BJIaJd€Th:

OCHOBHBIMH IIpOIrpaMMaMu MOACIUPOBAHUA pa6OTbI TCJICCKOIIOB, METOJaMH H OCHOBHBIMU

nmporpaMmamMu  00OpabOTKHM W aHamu3a
PE3YNBTaTOB UX PaOOTHI.

JaHHBIX HX Ha6J'IIO,I[eHPII>i, nporpaMmmamMu BHU3yau3alluu




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. OxkHna mpospadHocTd B arMocdepe 3emin (IUIMHBI BOJH). J[Mana3oHsl onTHYecKoro crekrpa. Uro
ompezeNisieT ToronieHne, (akTopel Ha Hero Biugpimme. Pomb TypOyneHntHoctn (“‘cesHue”).
AcTpoKInMaT.

2. PeHTreHOBCKHME TENECKOIIbl C 3epKajlaMi KOCOro MajeHus (JeTaBIIue U IpoIoJDKatole padoTars).
O6cepraropun DitHmreitn (HEAO-2), POCAT, ASCA. XapakTepuCTHKH UX TEIECKOIOB, BaKHEUIIIHE
PE3YyNbTaThl, JOCTOMHCTBA U HEOCTATKH.

3. HaszemHble MHUKpPOBOJHOBBIE TelecKOmbl. CTposinuecs MHUIMMETPOBbIE U CYOMUJUTUMETPOBBIC
TEJICCKOIIBI.

buner 2.

1. AOeppamms B pedpakropax H crnocoObl 00ppObl ¢ Heil. Kpynueiimme pedpaktopsl. Tumb
MOHTHPOBOK TEJIECKOIIOB. ABTOTHUJ,.

2. Tumel Macok TeNecKOlloOB C Koaupyromieid ameprypoid. OOcepBaTropuu, OCHaIlllEHHBIE
PEHTTEHOBCKUMH TEJIECKOMIaMH C KOTUPYIOIEH anepTypoi (XapakTepUCTUKH, BXKHEHIIINE PE3YIIbTATHL,
JIOCTOMHCTBA M HEJAOCTATKH).

3. JleTeKTopbl KECTKOr0 M3Iy4yeHHus (IIPOMOPLHOHAIBHBIE Ta30Bble KaMephbl, CHUHTHWUISLUOHHBIC
nerekropsl). DoroymHokuTenu. GOKOHBI.

burer 3.

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

2. CrpoeHre U NOKPBITUE PEHTICHOBCKHX 3€pKal. DIEeMEHThl KOHCTPYKIUH 3€PKaJbHONW CHUCTEMBI H
CBOMCTBa 000JI0UEK.

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

burer 4.

1. Viny4ymenue — ymioBoro  paspemeHuss  peduektopoB  (METOX  «CIBUHbB-CIIOKH»,
CHeKI-UHTEphEepOMETpHs, HHTEPPEPOMETpHs, TEICCKONbl C aJalNTUBHOM ONTHKOH, KOCMHUYECKHE
Teneckomnbl). CTposiuecs IKCTPEMAILHO OONBIITUE TEIECKOIIBI.

2. JlocTOMHCTBAa M HEAOCTaTKH PEHTTEHOBCKUX TEJIECKONOB C 3€pKajlaMd Kocoro mnaaeHus.Tumsl
PEHTI€HOBCKUX 3epkaj. DYHKIMS OTKIMKA U €€ 3aBUCUMOCTb OT JHEPTMM M OTKOHEHHS OT OCH
TEeJEeCKoma.

3. [IlpenmenbHas 3Be3qHas BEIMYMHA NPU BHU3YaJbHBIX HaOMoAeHUsX. POTOMIACTUHKH U IIJICHKU.
Onexkrpodortomerprl. TBepmorenbHbie neTekTopbl. [lpuHumner paborsr u  cumreiBanus CCD.
[IpennourutensHOCTh Mcnonb3oBanus CCD B ontnyeckux Teneckonax. Xapaxkrepuctuku CCD-kamep.



buner 5.

1. VYBenuueHnne aneptypsl pedparopoB u peduiekTopoB. AKTHBHas onrtuka. KpymHeitmme
LIMPOKOYTOJIbHBIE TeJecKonbl. O030phl Bcero HeOa. 3adeM HYKHBI CETH TEJIECKOIIOB.

2. O6cepraropun Chandra (AXAF), XMM-Newton, NuSTAR, NICER. XapakTepucTHKH TeJIeCKOTIOB,
Ba)XHEWIIME Pe3yJIbTaThl, JOCTOMHCTBA U HejocTaTku. [lepcnektuBHbie o0cepBaTopun Lynx u Athena.
3. Ilpuponma ommbok usMepeHuit ¢ momompio CCD-kamep (TEMHOBOHW TOK, TOK CMEIICHUS, IIyM
CUMTBHIBaHUS, “TOpsS4Me” MUKCENbl, pa3HBIA pa3Mep MUKCEIOB, HachlleHue). Kaapsl MmIOCKOro moss.
[lepBuuHas 06paboTKa N300pasKeHUH.

Kpurepuu onieHuBanus
Ouenka oramyHo 10 OamioB - BBICTABIISICTCA ~ CTYICHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEJIMETHOH 00NACTH, MPOAEMOHCTPUPOBABIIEMY YMEHUE YBEPEHHO M TBOPYECCKH
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHSATh X Ha TPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8§ Oa/sIOB - BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MpPOrpaMMbl TUCHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UeTaMHu.
Ouenka xopo1o 7 6ajioB - BBICTABISAECTCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
OmeHka Xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, IPaMOTHO H IO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.
Ouenka XopoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.
OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (OPMYIUPOBKH 0a30BBIX TOHSITHH,
HapyULIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B M3JIOKEHUHU IIPOrPAaMMHOI0 Marepuaia, HO IPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOydeHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yIOBIETBOPUTENbHO 3 Oajula - BBICTABISETCS CTYAEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMMOKA B (OPMYIHpOBKax 0a30BBIX HOHSITHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHUH IPOTPaMMHOIO Marepuana, ciabo
BJIaJICET OCHOBHBIMU pasziejiaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS albHEHIIero o0y4eHus 1
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyIOBIECTBOPUTENHHO 2 Oajuia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OojblIel yacTu
OCHOBHOTO COJepXaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.
OreHka HEYNOBIETBOPUTENBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHSTUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYECKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUI, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

HuddepenumpoBanHbiil 3a4€T (IK3aMeH) TPOBOAATCS B MUCbMEHHOM (ycTHOH) popme mo Omneram. B
Ka)XJ0M OwmiieTe MpeACTaBlIeHO JBa TeOpeTHdeckux Bompoca. Ilpu mpoBemeHun 3auéra m sK3aMeHa
oOyuaromemycsi npenoctasisiercsi 30 MUHYT Ha moAarotoBky. Ompoc oOydaromerocsi He IOJDKEH
MPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO Yaca.



