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)

10 AMCIMILINHE: OKCIeprMEeHTaIbHbIE METO/IbI B acTpodu3nke
10 HANPABJICHHUIO: dotoHrKa 1 onTOMH(POPMATHKA
NpoduJIb MOATOTOBKH: ®oTOHMKA, KBAHTOBBIE TEXHOJIOTUHU U AByMEPHBIE MaTepHaIbI

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 3aceqanuu kKagenpsl kocMuueckoit puszuxu 10.06.2024



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
(hOTOHMKH U ONITOMH(POPMATHKU

OIIK-2 Nmeet npeacrapieHne 00 aKTyaaIbHBIX
mpo0iemMax HayKH U TEXHUKH B 001acTH cBOEH
po¢eCcCUOHANBHON IeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  Mpod)eCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCHMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
UCCIICAOBaHMH B 00J1aCTH (POTOHUKHU U ONTOMH(OPMATUKU

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHambHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PCIICHHUS

OIIK-3.1 CnocobeHn aHanmu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3MUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOJIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BBIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CrocobeH HaxXomuTh, aHAIM3UPOBATh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTaTax UcClIeI0BaHUN

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
9KCTIEPUMEHTAIbHBIE METOIbl HCCIEIOBaHMH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKUM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIEJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIHE3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MaKETOB
MIPUKJIAJAHBIX TPOTPAMM)
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

(MonenMpoBaHKUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOXYJII0)

B PE3YIbTATC OCBOCHUSA JUCHUIIJINHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI
3HAThb:

- IPUHLHUITBL PaOOThI TEJIECKOIOB U IETEKTOPOB B Pa3HBIX pa3zeiax aCTpOHOMHH, (aKTOPbI, BIUSIOINE
HAa JIOCTOBEPHOCTb BBIIIOIHAEMBIX C UX ITOMOILBIO U3MEPEHUH.
YMETb:



- OLICHMBATh YyBCTBUTEIBLHOCTh U BO3MOXKHOCTHU TEJIECKOIIOB, 00pabaThIBaTh JaHHBIC X HAOIIONCHUIH,
MPaBUIILHO ONPEACISATh CTATUCTHYECKUE U CUCTEMAaTHIECKUE OIMOKHA U3MEPEHUIA.
BIIAJICTh!
OCHOBHBIMU TIPOTPaMMaMH MOJCIHPOBAHUS Pa0OTHI TEJIECKOIOB, METOJAaMH M OCHOBHBIMHU
nporpaMmMaMu  00paOOTKM W aHaluM3a JaHHBIX WX HAONIONCHWH, NpOrpaMMaMHU BH3yaH3allUH
PE3YNBTaTOB UX PaOOTHI.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHM, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
No Tema (pazmen) TUCITUTUIHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 OnTuueckas acTpoHOMHS - 1 3 1
2 OnTudeckas acTpOHOMHUSA - 2 4 2
3 OnTuueckast acTpOHOMHUS - 3 4 2
4 MuKpOBOJTHOBASI ACTPOHOMHUS 4 2
5 Panuoactponomust 4 2
6 Pentrenosckas actponomus 1 4 2
7 PenTtrenoBckas actpoHOMHUS 2 4 2
8 Pentrenosckast actponomus 3 3 2
9 PentrenoBckas actponomus 4 3 2
10  |PenTrenoBckas acTpOHOMHS 5 4 4
11 JleTeKTopBl ONTHUCECKOH acCTPOHOMHUU 4 4
12 |[leTeKTOpsl PEHTTeHOBCKOM aCTPOHOMUU 4 4
13  |lamma-actpoHomMus 1 4 4
14  |lamma-acTpoHOMHUSA 2 4 4
15 I'paBUTaLIMOHHO-BOJIHOBASI U HEUTPUHHAS 4 4
ACTPOHOMHS
16  |OmmOku u3MepeHuil U aHAJIN3 JaHHBIX 3 4
Hroro yacos 60 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. Ontuyeckas actpoHoMus - 1

IlepBoiit Teneckon. OkHa mpo3padHOCTH B armMocdepe 3emiu (AnuHBI BOJH). Jlnama3oHBI
ONITHYECKOTo crekTpa. Yro ompenenser mnomiomeHue, (akropsl Ha Hero Biusomue. Ponb
TypOynentHoctn  (“cessHue”).  Actpoximmar. DOTOMETPHUYECKHME  CHUCTEMbI, HMX  THUIIBI,
¢doTomeTpuUecKre CTaHAAPTHL. 3Be3AHbIe BenuunHbl. [lokaszarenu mpera.




XapakTepUCTUKHN TEJIECKOIOB (IuaMeTp OoOBeKTHBa, (POKYCHOE paccTosHHE, YITIOBOE pa3pelieHue,
CBETOCHJIA, POHUIAIOIIAS M Pa3pelIaloNnasl CUibl, pa3Mep MPOTSHKEHHOTO M TOYEYHOrO0 UCTOYHHKA,
mudpaxkunonnsiii npenen). Kondoroxen muMut. Tumsl Teneckonos. OnTudeckne cxeMbl U (OKYCHI.
Abeppanust B pedpakropax u crnocoObl OoppObl ¢ Hell. Kpynueitmme pedpaktopsl. Tursl
MOHTHPOBOK TE€JIECKONOB. ABTOTH]I.

2. Ontruyeckas aCTpOHOMHUS - 2

DBoronus 3epkai Teneckonos-peduexkropos. Kpynneiimme pednexropsr. Kpynneiimme poccuiickue
TEJIECKONBbI. YBEIMUCHUE anepTypbl. AKTUBHAs onTrka. KpynHeimye mupoKoyrojJbHble TEIeCKOIbI.
O0630pbl Bcero HeOa. 3aueM HY)KHBI CETH TEJIECKOTOB. YIyYIIIEHHE YIIIOBOTO paspemieHus (METox
«CIOBUHB-CIOXWY, CIIEKI-UHTEp(epoMeTpusi, HHTEPPEPOMETPHUS, TEIECKOIIbI C aJalTUBHOW ONTHKOM,
KOCMHUECKHUE TesIecKonbl). CTposimecs 3KCTpeMaibHO OOJIbIINE TEIECKOIbI.

3. OnTuyeckast acTpOHOMHS - 3

OddexktuBHocTh Tenmeckona. DoH Heba, (GOTOMETPUUECKHI Mapajokc W ero OOBbsSCHEHHE.
XapakTepUCTUKU TEJIECKOMa, ero 3(PQEeKTUBHOCTh M YYBCTBHTEIBHOCTB, IpEICNbHAs 3BE3IHAs
BeinuuHa. Ee 3aBHcMMOCTh 0T (oKycHOTo pacctostHus. KopoTKopoKycHble W JITMHHOMOKYCHBIC
TEJICCKOTIBI.

4. MUKpOBOJIHOBas aCTPOHOMMUS

Jlnama3zoHbl MUKPOBOJTHOBOTO M3MydeHus. PennkroBoe uznyuenue, Mctopus otkpertus. [opsanii ra3
B CKOIUICHUSX ranakTuk. TomMcoHOBckoe paccesiHue. Dddekt Cronsepa-3enbaoBuda. CIyTHHKH
Pemukr-1, COBE, WMAP, Planck. OcobGenHocTr mpuOOpPOB, SBONIOIMS YYBCTBUTEIHHOCTH H
YIJIOBOTO  paspellieHus, pe3yibTarThl. Ha3eMHble MHKpPOBONHOBBIC Teleckombl. CTposiuecs
MUJUTUMETPOBBIC U CYOMUILITUMETPOBBIC TEJIECKOIIHI.

5. Paguoactponomust

PagunoTeneckornsl (MOJHOMOBOPOTHBIE, YACTUYHO IOABM)KHbBIC, HETOJIBUKHBIE) M HUX KOMIIOHEHTHI
(oOmyuarenb, pamuomerp, TeHeparop Inmyma). JlmarpamMma HampaBIEHHOCTH M pa3pelIaronas
cnocobHocTh. UyBcTBHTENBHOCTh. Peduekropel u  pedpakTopbl. AHTEHHBI C 3alOJHEHHON
aneprypoit (BCA B Ilymmuo), mapabonuveckre TapeiKd W [UJIWHIPHI, aHTEHHBI C IUIOCKHMHU
oTpakarejsiMH, 3eMysiHble 4damm (Apecn00), aHTEHHbIE PEIIETKH, aHTEHHBI C HE3armoJIHEHHON
aneprypoit (JAKP-1000 B Ilymmuo). Kpymueitmue teneckonsl (PATAH-600, FAST, 100-m
peduexropsl B ['pun bank u bonne, PT-70 B EBnaropuu u Yccypuiicke, 70-m B Kanbeppax, 64-m
peduextops! B Kansizuao u Mensexxbux O3zepax u ap.). Matepdepomerpsl (VLA, MERLIN, ATCA,
ALMA, WSRT). AneprypHeiii cuHTe3 (TOCieqoBaTeNbHBIA M mNapajuieibHbiil). [lpenensHoe
paspemenne. CBepxpanbhsiss uHTephepomerpust (PCIAbB, teneckomst VLBA, Kgsazap, EHT).
Kocmuueckue panmoreneckonsl (TDRSS, Pammoactpon). Ilpoexkt SKA (amantuBHOM aHTEHHON
PEIIeTKH IUIOMIA IO CBhIIIE 1 KB. KM).

6. PentrenoBckas actponomus 1

JleTeKTOphl KECTKOro W3IAy4deHHs (TPOMOPLMOHAIBHBIE Ta30Bble KaMepbl, CHUHTUIUISLUOHHBIC
JETEKTOPBI, (POTOYMHOKUTENN). 3alUTa MaCCUBHAs U OCHOBAaHHAs HA MPUHLUIEC aHTHCOBIAJCHUS,
JUCKpUMHUAIMS 110 (PPOHTY HapacTaHHsI, KOJJIMMATOPbl COTOBBIE U MOAYJSLHMOHHBIE. PeHTreHOBCK1E
CIyTHUKH C TPOCTEHIIMMHU JeTEeKTOpaMH. TeJecKombl, CHOCOOHBIE IOJNy4YaTh PEHTTCHOBCKHE
n3o0pakeHust (KaMmepbl OOCKypa, POTAalMOHHO-MOAYJSLHOHHBIE KOJIUMATOphl, «mia3 JloGcrepay,
nuH3bl KymMaxoBa, TeNecKoIbl ¢ KOAUPYIOMIEH anepTypoi). THIIBI MacOK TEJIECKOIOB ¢ KOAUPYIOIIeH
anepTypoil. @OKOHBI.

7. PeHTreHoBCcKas aCTpOHOMUS 2



OOcepBaropu € KOJUIMMHMPOBaHHBIMH PEHTI€HOBCKHMH JI€TEKTOpaMH OOJBIION IuIomanu
(ocobeHHOCTH M 3a7a4l HAOMIONEHHM, pe3yabraTsl). OOcepBaTOpuu, OCHALICHHBIE PEHTTEHOBCKUMU
Teneckonmamu ¢ komupytomiet ameprypoit (PEHTTEH na wmomyne MUMP-KBAHT, ['PAHAT,
UHTEI'PAJI, ux xapakTepuCTHKH, Ba)KHEHIIINE PE3YJIbTaThl, JOCTOMHCTBA U HEAOCTATKH).

8. PeHTreHoBCKast acTpOHOMHS 3

JlocTOMHCTBA M HEJOCTATKH PEHTICHOBCKUX TEJECKOIOB C 3€pKaJlaMHM KOCOTrO IajeHHs. Turbl
PEHTIeHOBCKUX 3epkail. DyHKIUS OTKIMKAa W €€ 3aBHCUMOCTh OT DHEPIHH W OTKOHEHHS OT OCH
teneckorna. CTpOeHHE M MOKPBITHE PEHTICHOBCKUX 3€pKall. DJIEMEHTHl KOHCTPYKLHH 3€pKAIbHOM
CHCTEMBI U CBOICTBa 000J104€K. PEHTIeHOBCKHE TEJIECKOIIBI ¢ 3epKajiaMi KOCOTO TaeHuUs (JeTaBIIne
u mpopoinkaromue paborars). O6cepBaropuu OunmreiiH (HEAO-2), POCAT, ASCA.
XapakTepUCTUKU HX TEIIECKOIIOB, BAYXHEHIIINE PE3YbTAThl, JOCTOMHCTBA U HEJOCTATKHU.

Cemecrtp: 2 (Becennuit)
9. PeHTrenosckas acTpoHomus 4

Ob6cepBaropun Chandra (AXAF), XMM-Newton, NuSTAR, NICER. XapakreprcTHKH TEJIECKOIIOB,
Ba)XHEHINIME pe3yibTaThl, JTOCTOMHCTBA M HeNoCTarkd. llepcriexkTuBHBIE oOcepBatopun Lynx wu
Athena.

10. PenTtrenoBckast acTpoHOMUSA 5

XapaKTepUCTUKH PEHTTCHOBCKHX TEJICCKOIOB, BUHBETHPOBAHHME, I'PACI, OJHOKPATHO PACCESHHBIC
tdotonrr. Ob6cepBatopusi SRG u ee Teneckorbl eROSITA u ART-XC. WX xapakTepuUCTHKH B
CPaBHEHUH C JIPYyTHMH 00CEpBaTOpPHsIMHU, MEPBbIe pe3y/brarhl. KamnOpoBka 3epkai U JIETEKTOPOB
(kak u 49TO TpoBepsieTcs). MoaenupoBaHUe HAyYHBIX Pe3yJIbTaToB Ha mpuMepe teieckona APT-XC.
ChoXHOCTH MOJIEIMpOBaHMsI 0030pa Heba.

11. JleTeKTOpBI ONTHYCECKON aCTPOHOMHUU

[IpenenbHas 3Be3nHAs BEIMYMHA TPU BH3YaJIbHBIX HaOmoneHusX. DOTOIMIACTUHKH W TUICHKH.
Onexrpodoromerprl. TBepmorenbHble aetekTopbl. IlpuHnmnsl paGotel u  cumtbiBaHus CCD.
[IpengnoururensHocTh ucnonb3oBanuss CCD B ONTHYECKUX —TeJECKOMax. XapaKTePUCTHKH
CCD-kamep. Ipupona ombox namepenwuii ¢ momonipto CCD-kamep (TeMHOBO# TOK, TOK CMEIICHUS,
LIyM CUMTBIBAHUS, “TOpSYUe” MHUKCENbI, Pa3HbIH pa3Mep MUKCENOB, HachlmeHne). Kaapsl miockoro
nonsi. [TepBuuHas 06paboTKa n300pakeHui.

12. JleTeKTopbl peHTI€HOBCKOM aCTPOHOMUU

CCD (IT3C)-marpuiibl (cxema, MPUHIIUAIIBI PA0OTHI M CYUTHIBaHUS, TUTIB), CMOS-marpuiibl (cxema,
NPUHIMIBL paboTel U cunThiBaHMs, cpaBHeHHE ¢ CCD). UyBCTBUTENBHOCTh K SHEPTHsAM (DOTOHOB.
PIN-auon. CrpumoBble Iuoabl (IPUHIMIBL paOOTHI, METOABI ONpenesIeHHs MOJoKeHHs (oToHa,
CXeMBI JIeNIeHUsI 3apsna). JIByXCTOpOHHHME CTpPHUIIOBBIC JETEKTOpHL. JleTekrop Teneckoma
CPI/APT-XC. KpemumeBble npeidoBble JIETEKTOphI (MPUHIMII  OMpPECICHUS] KOOPMHATHI
coObITus). Jluneinsiit U Marpuunslii SDD, paanansasiii SDD. [TonnocTteio 00ennenHsiit p-n CCD
nerekrop (oocepBaropuss XMM). [lpeumymiecta mo cpaBHenuto ¢ o0braabiMu CCD. DEPFEET
JETEKTOpP.

13. I'amma-actporomus 1

'amMa-nmanazoHbl, TMPOIECCHl MIIOMIEHUS TaMMa-H3JIy4eHHs, 0COOCHHOCTH TIaMMa-aCTPOHOMHUH
BBICOKHX DJHepruil. JleTeKTopsl, HCHOJb3yeMbl B TraMMa-acCTPOHOMHH (MCKPOBBIE KaMephl,
YEPEHKOBCKUE JICTEKTOPbI, CLUHTWUIATOPHI, KPEMHHUEBBIC CTPUIIOBBIC JETEKTOphl). IlepBbie
kocMuyeckue ramma-obceparopun  (OSO-3, SAS-2, COS-B), mnpuHmuMm perucrpanuu
ramma-poroHoB. OrtedectBeHHble Tamma-oOcepBaropun (IIporon-1, Ilpoton-2, Kocmoc-208,
Kocmoc-251, Kocmoc-461). XapakTepuCTHKH TEIECKOIOB, BaKHEUILINE PE3YyIbTaThI.



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/ ¥ CBSI3aHHAsi C HUM PEBOJIOLMS B raMMa-aCTPOHOMHH CBEPXBBICOKHX SHEPTHH (TEIECKOIBI
HEGRA, CAT, CANGAROO). Teneckons! 3-ro nokojenust (HESS u HESS II, MAGIC, VERITAS,
CTA), ux pe3ynabrarhl.

15. I'paBUTaLIMOHHO-BOJIHOBASI U HEUTPUHHASL ACTPOHOMMUSI

Ornoxa MHOTOKaHAIbHOH acTpoHOMUH. MccnenoBaHusl KOCMUYECKHX JIyuell CBEpXBBICOKHX 3HEPTUil
YEPEHKOBCKUMH yCTAHOBKaMH (OTJAMYHE OT aTrMOC(HEpHBIX HYEPEHKOBCKUX TEJIECKOMOB JUIS
UCCIICAOBaHUs Tramma-u3nydyeHus). YcraHoBka TyHka (TAIGA), cpaBHeHHe ¢ JpyruMmu
JKCIIEpUMEHTAMU.

Mertonsl peructpaunu HedTpuHO. bakcaHckas HeWTpuHHash oOcepBaTOpHS H €€ TEJECKOIIBL.
Ob6cepraropust Super-Kamiokande, conneunsiit HeiitpuaHbii Teneckon (SNT), ycranoBka IceCube,
MOABOJHBIN balikanbCKuii HEUTPUHHBIA TEIECKOIL.

[IpuHLIMIIBL peruCTpaLny IPAaBUTALIMOHHBIX BOJH (PE30HAHCHBIA M MHTEPPEPOMETPUUECKUN METON).
VYeranoBka LIGO, ee ycTpoiicTBO M ocobeHHOCTH. Permcrpamus U OTOXJIECTBICHHE COOBITHH.
HetictByromue ycranoku Virgo, KAGRA (LCGT), GEO600, crporomuecs LIGO-India u teneckomn
Oninmiretina B EBpone. Kocmuueckwii rpaBUTallMOHHO-BONHOBOM uHTEepdepomerp LISA (u
LISA-Pathfinder),  oOwvexkTel  ero  wucciemoBanus.  Vcmonp3oBaHwe — MyJIbCapoB s
IpaBUTAIIMOHHO-BOJHOBLIX u3MepeHuil. Pesynsratel LIGO/Virgo, B TOM uuciie COOBITHSI CIUSHUS
HelTpoHHEIX 3Be3n GW170817 u GW190425, nabmofneHne WX SIEKTPOMATHUTHBIX TPOSIBICHUMN:
ramMa-Bciuiecka GRB170817A, ero nmociecBeueHus, KMJIoHOBOM, ramma-Beinuiecka GRB 190425A.
TpynHOCTH IOMCKA ONTHYECKUX MPOSBICHUNA TAaKUX COOBITHIA.

16. OmmOku n3MepeHuil 1 aHaJIN3 JaHHBIX

Ommbku m3MepeHuii (craTucTUdeckhue W cucremarndeckue). [lyaccoHoBckue ommbku. [lepeHoc
oumOok. Mcnonb3oBanne meroga Monrte-Kapno. AHanmuTHYecKre MOJIENN allpOKCUMAIH JTaHHBIX
(putnpoBanue, cUMIUIEKC MeTOAbI). MeToq HauMeHbIIMX KBajparoB. Ilonmck mepuonoB u aHamu3
CIIEKTPOB MoOIIHOCTH. Duibrpanuss W300paXeHH W BPEMEHHBIX PSAOB, HCIOIB30BaHUE
BolBasieT-nipeoOpazoBanmst. OONIEyNOTpeOUTEIbHBIE MAKETHl MPOrpaMM JUIisi 00pabOTKH M aHaIn3a
JTaHHBIX B aCTPOHOMHHU.

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

KommnbroTepHBIi TPOEKTOp M IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa

1. Actpodusuka Beicokux dHepruii [Tekct] : [yue6. mocobue mis By3oB / M. Jlonreiip ; mep. ¢ anri. 0.
3. JIrobapckoro, H. C. AAmOypenko ; mox pen. P. A. Cronsiea .— M. : Mup, 1984 .— 396 c.

2. OCHOBBI 3KCIIEPUMEHTAIILHBIX METOAOB sifiepHor ¢pusuku [Texcr] / A. . AGpamos, 1O. A.
Kazanckuit, E. C. MaryceBuu - M.Aromusnar, 1970

3. He6o u Teneckorn [Tekcr]/[K. B. Kyumos u ap.] , -M., ®usmaniut, 2008

JomnonHurensHas aureparypa

1. Uatepdepomerpust u cuHTE3 B paguoactpoHoMuu [ Tekcr], monorpadusi/A. P. Tomricon, JI. M.
Mopam, [I. V. Cencon , -M., ®uzmarnurt, 2003



1. Matepdepomerpust u cuHTE3 B paguoactpoHoMu [ Tekcr], Monorpadusi/A. P. Tomricon, /1. M.
Mopam, /I. V. Cencon , -M., ®usmarnurt, 2003.

2. PaszBenka nanekux mnaner [Texct]/B. I. Cypmun, -M., ®uzmatnur, 2011.

3. ®usnka KocMoca - MaJieHbKas dHIuKIoneaus (pea.-coct. P.A. CronsieB) — M.: CoBetckas
SHIMKIoeaus, 1986.

4. Cxnaiku Ha TKaHH MTPOCTPAHCTBA-BPeMEHH (DWHINTEIH, TpaBUTAIIMOHHBIC BOJHEI U OyyIiee
acrporomun). [. lwmnuar - M.: AnsnuHa-HOHGUKIIH, 2018.

5. Semiconductor Radiation Detectors. Device Physics. G. Lutz - Springer, 1999.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

https://ru.wikipedia.org

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCUUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Kypc ocHOBaH Ha MyNIBTUMEIUUHBIX NPE3CHTALIMSIX.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMid IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAeTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPEAYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE Oe3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMoOro mMarepuala, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYNHEHUN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
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
(hOTOHMKH U ONITOMH(POPMATHKU

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
poeCcCHOHANBHOM e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaxmeer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YeMOH B COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBaHMH B 00J1aCTH (POTOHUKH U ONITOMH(OPMATUKU

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00acTH npodeccuoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CmocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METO/bl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKHMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTara v IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoOeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1a4¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CrocobeH HaxXomuTh, aHAIM3UPOBATh U 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTaTax UcClIeI0BaHUN

I[IK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
9KCTIEPUMEHTAIbHBIE METOIbl HCCIENOBaHUH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKKM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,

CIICHHUAJIM3UPOBAHHBIMU ITAKETAMU ITPUKIIAAHBIX

MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[MK-3.1 TloHumaeT NPUHIUIBI pPabOTHI HCIOIBE3YEMOTO

00opynoBaHUs (crierMan3upOBaHHBIX MaKETOB
MIPUKJIAJAHBIX TPOTPAMM)
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

(MonenMpoBaHKUe) ¢ MCHONB30BAHUEM HCCIIEOBATEIbCKOTO
00opynoBaHus (MIAKETOB MPUKIIAAHBIX IPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YyabTaTC MUIYUYCHUA AUCHUILIAHBI <(3KCHepI/IM€HTaHBHBIe MECTOAbI B aCTpO(l)I/BI/IKe» o6yqafoumﬁc;1

JOJIKCH:

3HATb:




- IPUHIMITBI PA0OTHI TEJIECKOIIOB U IETEKTOPOB B PAa3HBIX pa3JiesiaX aCTPOHOMUH, (haKTOPHI, BIUSIONINE
Ha JOCTOBEPHOCTD BBINOIHAEMBIX C MX TOMOIIBIO U3MEPEHHM.

yMeTh:
- OLIEHUBATh YYBCTBUTEIBLHOCTb U BO3MOKHOCTH TEJIECKOIOB, 00pa0aThIBaTh JaHHbIC MX HAOIIOACHHIA,
MPaBWIBHO ONPEAEIATh CTATUCTHYECKHE U CUCTEMAaTHUeCKUE OIMOKH U3MEPEHUI.

BJIaJeTh:

OCHOBHBIMH TIpOTpaMMaMH MOJICITUPOBAaHHUS PaOOTHl TEJIECKONOB, METOJaMH M OCHOBHBIMH
nmporpaMmaMu 00paOOTKM ¥ aHajuW3a JIaHHBIX WX HAOMIONCHW, MporpaMMaMy BH3yaw3aluu
pEe3yabTaTOB UX PAOOTHI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0
He npenycmotpen.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITepeueHb KOHTPOIBHBIX BOIPOCOB:

1. OkHa npo3padnoctu B atMocdepe 3eMiu (ATUHBI BOJTH).

2.HazeMHbI€e TeecKoIbl

3.AcTpoxiumMar

4.Kocmuueckue o0cepBaTopun

5.3Be3HbIe BEINYHUHBI

6. PEeHTreHOBCKHE TENIECKOIbI ¢ 3epKaaMi KOCOTO HaIeHUs

7. Abeppanus B pedpakTopax u criocodbl 00prObI ¢ Hell. KpymHeiimue pedpakrops
8. Tumbl Macok TEJIECKONOB ¢ KOAUPYIOIIEH anepTypoit

9. ®on Heba (onTUYECKUit), HOTOMETPUIECCKHUI MapaloKec U ero 00bSICHEHUE

10. VBenuuenuwe ameptypel pedpartopoB u peduiekTopoB. AKTHBHas onrtuka. KpymHeitmme
LIMPOKOYTOJILHBIE TEJIECKOTIBI

[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:

1.Ilpenen Ha pa3pelieHne Teaeckomna

2.Pazpemienne paguoreneckona

3.J1eTeKTOpHBI KECTKOTO U3ITYUCHUS — MPUHIUIBI PaOOTHI

4. CCD (IT3C)-marpuupb! (cxema, IPUHLUUIIBI Pa0OTHI U CYUTHIBAHUS, THIIbI)

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

[Tpumepsl 3x3aMeHanOHHBIX OuseToB B 10 cemecTpe

burer 1.

1. OxkHna mpospadHoctd B arMocdepe 3emin (IIMHBI BOJIH). J[Mana3oHbl onTHyeckoro crekrpa. Uro
ompeJenser mnomomeHue, (akropel Ha Hero BausAomme. Pomb TypOynentHocTH (“cestHME”).
AcTpoKInMaT.

2. PeHTreHOBCKHUE TENECKOIIbl C 3epKajlaMi KOCOro MajeHus (JeTaBIIue U NpoIoJDKalole padoTars).
O6cepraropun DitHmTeitn (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 u crnocoObl 00ppObl ¢ Heil. Kpynueiimme pedpaktopsl. Tumb
MOHTHPOBOK TEJIECKONOB. ABTOTHU/.

2. Tumel Macok TeNecKOloB C Koaupyromied ameprypoid. OOcepBaropuu, OCHaIlllEHHBIE
PEHTTEHOBCKUMH TEJIECKOMIaMH C KOTUPYIOIEH anepTypoi (XapakTepUCTUKH, BAXKHEHIIINE PE3YIIbTATHL,
JIOCTOMHCTBA M HEJAOCTATKH).

3. JleTeKTopbl KECTKOro H3Iy4deHHus (IIPOMOPLHOHAIBHBIE Ta30Bble KaMephbl, CHUHTHWLISLUOHHBIC
nerekropsl). oroymHoxkuTenu. GOKOHBI.



buner 3.
1. ®oH Heba (onTUYECKHit), POTOMETPUIECKHI TAPATIOKC U €T0 OOBICHEHHE.

2. CrpoeHHE M MOKPHITUE PEHTICHOBCKUX 3€pKall. DJIEMEHThl KOHCTPYKIIMU 3€PKaJbHOW CHCTEMbI U
CBOMCTBa 000JIOUEK.

3. CCD (IT3C)-marpuisl (cxema, IPUHLIUIBI paboThl M cuUThIBaHUs, TUIB), CMOS-MaTpuns! (cxema,
MPHUHIIUTIBI PA0OTHI U cUUTHIBaHUA, cpaBHeHHe ¢ CCD).

buner 4.

1. Viydmenne =~ ymioBOro  paspemeHuss  pe@iuekTopoB  (METOA  «CIABUHB-CIOXKK»,
CIIEKI-UHTEepPEepOMETpHs, HUHTEPPEPOMETPHS, TEJIECKONbl C AaJaNTHBHOM ONTHKOW, KOCMUYECKHE
Teneckomnsl). CTposiiuecs IKCTPEMaIbHO OONIBIINE TEIEeCKOIIbI.

2. I[OCTOI/IHCTBa N HCOOCTATKH PEHTICHOBCKUX TCJICCKOIIOB C 3€pKaJlaMH KOCOI'O nmagaeHus. Tumel
PCHTICHOBCKUX 3CpKaJl. (DYHKLII/IH OTKJIMKa U €€ 3aBUCHUMOCTb OT DHCPIrUHM WM OTKOHCHUA OT OCH
TCICCKOIIA.

3. IlpenenbHas 3Be3qHasl BEIMYMHA NPH BHU3YyaJbHBIX HaOmoneHUsX. DOTOMIACTUHKA U TJICHKH.
Onextpodoromerprl. TBepmorenbHble aeTekTopsl. IlpuHiumnsr paGotel u  cumteiBaHus CCD.
[IpennoururensHocTh Mcnonb3oBanusi CCD B onTuueckux teneckonax. Xapakrepuctuku CCD-kamep.

Bbuier 5.

1. VYBenuueHue amneptypsl pedparopoB u peduiekropoB. AKTHBHas onrtuka. KpymHeiimme
IIMPOKOYTOJIbHBIE Teneckornbl. O030psl Bcero HeOa. 3aueM Hy KHBI CETH TEJIECKOIIOB.

2. O6cepraropun Chandra (AXAF), XMM-Newton, NuSTAR, NICER. XapakTepucTHKH TEIECKOTIOB,
Ba)KHEHIME pe3ysbTaThl, TOCTOMHCTBA M HenocTarku. [lepcniekTuBHbIe 00cepBaTopuu Lynx u Athena.

3. Tlpupona ommbok u3Mmepenuit ¢ momomplo CCD-kamep (TEMHOBOW TOK, TOK CMEUICHHS, ITYM
CUMTBIBAHUS, “TOpsAYMe” MHUKCEIbl, pa3HbId pa3Mep MUKCENOB, HackiuleHue). Kaapel miockoro moss.
[epBuunas 06paboTKa N300paKEHUIA.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAaHUS YYeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHUAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, NPaBUIbHOE 0OOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

OHGHKa XOopouro 7 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpUAJI, TPAMOTHO H I10
CylIeCTBY H3JIara€t €ro, ymMecT MNPUMCHATH IIOJYYCHHBIC 3HAHHSA Ha MNPAKTHUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopo1o 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILECTBY M3JaraeT €ro, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAHNS Ha MPAKTHKE, HO JOIYCKAEeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.

OHGHKa XOopouro 5 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MAaTrcpuraj, rpaMOTHO
" M0 CYHECTBY H3JIara€T €ro, yMeCT IMPUMCEHATL MOJYUYCHHBIC 3HAHUS HaA IIPAKTHUKE, HO JOIYCKAC€T B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapYUICHUS JOTUYECKOU MMOCIIENOBATEIbHOCTH B U3JIOKECHUU MTPOTPAMMHOT0 Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl Y4eOHON HpPOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTh TIOJTy4YeHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM IIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.



OueHka HEyIOBIECTBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OoiblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

OreHKa HEYNOBIETBOPUTENBHO | 0aim - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

JuddepeHurpoBaHHblii 3a4€T MPOBOAUTCS B NMUCHMEHHOH (OpME B BHIE OTBETOB CTYJACHTOB Ha
KOHTPOJIBHBIE BOMPOCHL. DK3aMEH MPOBOMATCS B ycTHoW (opme mo Owieram. B kaxkmom Ouiete
NPE/ICTaBICHO JBa TEOPETHUECKUX Bompoca. [Ipy mpoBepeHnH 3a4éra M dK3aMeHa OO0ydaromemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



