MHOropeXXmnMHbIN POKasbHbIN peayKTop
Teneckona bTA

Jlekumns II1.

[3C-petekTop. KannbpoBKM CNEKTPOB HU3KOro pa3peLleHus.
[1nockoe none. TeneueHTpusM. [ eoMeTpuyeckasa Koppekuua.
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CeroaHst norosopum o npobnemax BHYTPU cnektporpada

Tesnieckon I_ _________________ |

OcobeHHocTU paboTer TT13C - geTekTopa
KanubposoyHbie HakomnneHus
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Handbook of CCD Astronomy

Steve B. Howell, Handbook of CCD
I-BC'D-eTeKTOp Astronomy, 2st edition, 2006
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Determining the brightness distribution in a celestial object with a charge-coupled device 0
can be liE()encd to measuring the rainfall at different points in a field with an array of
buckets. Once the rain has ceased, the buckets in each row are moved horizontally across S L S
the field on conveyor belts. As each one reaches the end of the conveyor, it is emptied into = T ST B R
another bucket on a belt that carries it to the metering station where its contents are ZZ/]—Z/}' M ‘Wm H ‘U///?;
measured. Artwork by Steven Simpson. g ‘w2 774 {
JaneS|Ck & Morley, 1987S&T, 74,238 Schematic voltage operation of a typical three-phase CCD. The clock
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[13C-npMeMHNKH %@
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[M3C-cuctembl pa3spaboTaHbl 1 U3rOTOBIEHLI B
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M3C c npssMon n 06paTHOMN 3aCBETKOM
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KBaHTOBas 3dpPEeKTUBHOCTb

Quantum efficiency, %

«[1og KBAHTOBbIM BbIXOAOM MPUEMHUKA Mbl OYAEM MOHUMATb POITyCKaHNE Takoro
HEUTPAsIbHOro usibTpa, KOTOpbiv, byAy4Yn oCTaB/IEH NEPES NAEASTbHBIM TPUEMHNKOM
N300PaXxKeHns1 U/in U3JTyYHEHNS], PEMNCTPUPYIOLLNMY KaXKAbIM NaaartoLLmvi Ha HEro )OToH,
MPUPABHSIET €ro OTHOLLIEHNE CUIrHAJT/LLYM K TaKOBOMY /15 PEAJIbHOIO MPUEMHMKA. . »

(11.B. LLjernoB, «[lpo6riembi onTu4yeckour actpoHommmn», 1980)

«CuHaa» M3C - SCORPIO «KpacHas» - SCORPIO-2
EEV CCD42—40 Node=B bin=2x2 E2v CCD42—-90 red Node=A bin=1x~2
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KannbpoBoYHblE HAaKOMIEHUS NPU CNeKTPabHbIX HAbMOAEHNSX
co SCORPIO/SCORPIO-2:

BIAS — Kaapbl «TOKa CMeLleHns»
DARK — TeMHOBOM TOK (peaKo MCMosb3yeTcs)
NEON — kanubpoBska LiKasbl ASIMH BOJSH

FLAT — cnekTpanbHoe «njockoe rone» (y4dyer
HEeOAHOPOAHOCTU YyBCTBUTENBHOCTU, Ae(dEKTOB U
KITMHOBUAHOCTW Wenn, @puHrn)

13 dots — KoppeKUMst reOMETPUYECKNX UCKAXKEHNM
(Tonbko SCORPIO-2)

(KannbpoBka no cTaHAapTHbIM 3BE34aM — B CNeAyoLLEN
nekunn)

Moucees, «®okarnbHbIl pedykmop BTA», 2016, nekyus 3



Pe>xuMbl cunTbiBaHua MN3C

Binning:

2x2 - ana usobpaxeHuii (map)

(Ha SCORPIO-2 - Tonbko UeHTp nona 2048x2048)

1x2 - ana cnektpoe (obj, neon, flat):
AvckpeTusauma saonsb wenu - 0.36"/px - nocTatouHo aaxe Ans
HabnropaeHuu c seeing =1"

4x4 — ckaHupyrowmm UESTT

CKOpPOCTb CYUTBLIBAHUS MPU CNeKTpanbHbIX HabnroaeHuax (EEV42-40)

LIYM Bpemsa cunTbIBaHUS Tun HakonneHWi
SLOW 18e 180 ¢ obj (ans actetos)
NORM 25e 85 ¢ obj (06b14HO)
FAST 4¢ 30c Neon, flat, sunsky, apkue
3Be3Abl

Gain (nepeBoa, OTO3neKTpOHOB B OTcYeThI T13C):
High = 0.5 e/ADU - 60nblunHCTBO HakonneHuu obj
Low = 2.0 e/ADU - Neon, flat, sunsky, map,

Moucees, «®okarnbHbIl pedykmop BTA», 2016, nekyus 3



«KBaHT npeobpasoBaHus» gain=e/ADU

[MpsiMoe namepeHne — no HabnogaemMon cTaTUCTUKE OTHETOB Ha

pPa3HbIX YPOBHAX CUIrHasa.

YxoA 0T HEOHOPOAHOCTU YYBCTBUTENBHOCTU - CHUMAEM Mo ABa
Kagpa C OAHOW 3KCNo3uumen, Bbluntaem OaunH 13 apyroro,
N3mMepsieMyto AMCNepPCUto AennumM Ha KOpeHb U3 2.

gain = ﬁ ADU = q;in’ e = ADU gain

TADU =

, ADU
gain = —
TADU

g. e  Vgain ADU  |[ADU

gain  gain gain gain
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PeanbHOe noeeaeHme gain

NmeeTca npegen HacbIWeHUs, 3aBUCUMOCTb OT cnocoba cunTbiBaHUA (OUHHWHT, y3en)

A nsrotoButenu ckasanu, 4to GAIN=2!
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Hapo ob6s13aTENbHO CaMUM BbINOMHATL Takne N3MeEpPEHNA — 4acCTb
«CTaHOapTHOro nccrneanoBaHnA rnNpeMHMKa»
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BIAS ("Tok cMelleHns”, “aneKTpoHHbIM HOJb™)

Kaap ¢ Hynesomn akcnosmumen -
nocTosHHaa Aobaeka BO BCeX BUAAX
HakonneHun T13C

YpoeHu bias 3aaaroTca annapaTtHo:
EEV 42-40 (SCORPIO) =100 counts

E2V 42-90 (SCORPIO-2) = 1000 counts

98-100 counts. Ecnu Ha Kaapax 3ameTHa CTPYKTYpbI amnnuTyaou 6onee
1-2 counts- 3HQUUT UTO-TO He Tak.

YposeHb WymMa Ha kaapax bias paseH WymMy CYUTLIBAHUA

OT HouU K HouM ypoBeHb bias meHsaeTca obbruHo B npeaenax +0.5 e
O6bLIMHO yCpeaHAroT AecaTku kaapos bias (=superbias, meanbias)

Moucees, «®okarnbHbIl pedykmop BTA», 2016, nekyus 3



YcpeaHeHHbIn BIAS

3ayeM ycpeaHaem?
YT06bl HE BHOCUTb B HabntoaeHns AONOSHUTENbHbIN LWyM!

N <bias>
1 2De

10 0.79 e
20 056 e
30 046 e

MuHUMAnNbHBIV HabNFOAAEMBIN WYM OT (POHA Heba B 6e3nyHHYHO
Houb ¢ peweTkon VPHG2300 3a 20 muHYT (BMecTe ¢ Lymom
CUUTBIBAHUA): 3-4e

Moucees, «®okarnbHbIlU pedykmop BTA», 2016, nekyus 3



OVERSCAN

Kagper ¢ bin 1x2 (SCORPIO):
«peanbHble nukcenu»: 2048x1024
pasmep pamnos: 2068x1046

Y Hawewn T13C
OVERSCAN=BTIAS, Ho B cnyyasax
ApYyrux npubopos 370 HaAO
obsa3atenbHO NposepaTh!

TTockonbKy 06bIMHO HET BapuaLuMi YpoBHS bias no nonto, To BMECTO
superbias MOXXHO BblYMTaTb U3 KaApOB NPOCTO CPEeAHNIN overscsan.

Ho Bapyr c6on koHTponepa M3C? Mo3ToMy nydlle Bbl4MTaTb U superbias n
pasHULYy overscan:

(Signal+Over1)-(MeanBias+0Over2)=(Signal-Meanbias)+(Over1-Over2)

Moucees, «®okarnbHbIl pedykmop BTA», 2016, nekyus 3



Bapunaunu ypoBHAa BIAS B TeueHUN HOUU

S070314
101 0T — T T T T T T T T T :

i t

- [

1005 [ _

B I .

: I a . ‘e . i
71000 Clle %, LT LY &j‘g
. : - - - L™ - ..: :
g B - \.I 5.." ¢ .: .t 4
= - .o. I-.ﬁa" - :‘

- 995 I - . ™ ]
O E |

@ . | .

o i |

& 99.0F l N

i \

98.5 - ]
LN o] NN B B o
8 10 12 14 18
Time, h

Moucees, «®okarnbHbIlU pedykmop BTA», 2016, nekyus 3




TemHoBou Tok DARK

3a 20 muHyT Yy M3C EEV 42-40 TemHoBou Tok okono 0.6 e (1 ADU,
gain=high), yto B 60/bLUMHCTBE HAabNOAEHNN HECYLLECTBEHHO, a
KOJIMYECTBO «rOpsAYNX NMUKCENEN» o4yeHb Mano. T.e. B 60MbLUMHCTBE
HabntoaeHn DARK He Tpebyetcd. Ho, ecnn HabntoaeHns BENUCh C
apyron M3C (komnnekT ¢ Zeiss-1000) — Haao ycpeaHaTb M BblUMTATb

“3 HakonneHnn kaapbl DARK (€ Ton e 3KCno3uumen) — TaM eCcTb
«ropsiune nuKcenm»

Moucees, «®okarnbHbIlU pedykmop BTA», 2016, nekyus 3



Kannbposka wkanbl anvH BosH: SCORPIO

grating WPHGS550G, bin_X= 1, central dispersion= 2.11 &/px, error 2D—approximation=0.08 px
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HanonHeHuem - cnabblie NUHUU Ha ANUHAX BOSH CUHee 50005,
NO3TOMY 34eCb Hesb3g 3KOHOMUTb He BpeMeHax 3KCno3muum (cm
pekomeHAoBaAHHbIE Texp B «PykoBoacTBe nonb3oBarens»)
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Kannbposka wkanbl anvH BonH: SCORPIO-2

VPHG 1200@540
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icnpaBneHne reOMeTPUYECKNX UCKaXKEHUN

3TO He NIUHUU KpUBbIE, 3TO TeopUs AUPPAKLIMOHHOU pelleTKM Takas!
\_ 1 1 i |

‘ ‘ | WcnpasneHue reomeTtpuldeckois
i” AUCTOPCUMU MO CNEeKTpy
KarM6pOBOYHOMU NAMMbI

[ina npoTaxeHHbIX 06bEKTOB - Ny4le UCnNpasnaTb cpasy (Ao AeneHus Ha FLAT u
npuBeaeHUs K WKane ANUH BOSH). HO BO3MOXHbI U Apyrue BapUAHTLI, B 3aBUCUMOCTU OT
TOrO, KaK CTPOUTb NOCeA0BATeNIbHOCTb 06pabOTKMU CNEeKTpoB.

Moucees, «®okarnbHbIl pedykmop BTA», 2016, nekyus 3




number lines 29 Disperser VPHG1200G 0.88 A/px Ndeg= 4
errors approximation dispersion curve meon r.m.s= 0.419 px
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KOHTpOnb WKankl ANUH BOSH — MO JIMHUAM CMeKTpa HOYHOro Heba
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NHTerpupytowasa cdepa
3acBeTKa TpaKTa KannbpoBKK (TENELEHTPU3M) (wap YnsGpuxra)

[BBIXOAHOW 3pavoK

10 20 30 q0cm

BaxHO, UTObLI yron CXoAUMOCTU NyYKa sydeur OT KaNMBpPOBOUYHOrO UCTOYHUKA
66111 61IU30K K Yrly CXOAUMOCTU MyudKa nydert ot Teneckona (F/4). Opyrumum
CNOBAMMU, MOSIOXeHUe BLIXOAHOrO 3payKka Ansg 06bekTa U KanmubpoBKU AOMKHBI
COBMAAATb.

Ha SCORPIO/SCORPIO-2 Takue ycunusa npunoxeHsl (MHTerpupyrownsa cegepa +
onTuka nepebpoca). Owmbka nyyeBbIX CKOPOCTeU U3-3a HapylleHUs TeneLeHTpU3Ma

- He 6onee 5-10 km/c

e B e e e R TR i _—— i vy siviiyis g~



A

«Mnockoe none» FLAT (SCORPIO) N\

34ecCb CMeLlaHbl: I /

TN

HeO4HOPOAHOCTU YyBCTBUTENBHOCTH [13C s [ /
KITMHOBUAHOCTL LUenu

Relati Flux

N

NponycKaHne OnTUKu -

/ A
¢opMa cnekTpa UCTOYHMKA (NaMmnbl) " /| CNeKTp BCTpoeHHou

0.0

B NaMnNbI+CBETOPUIILTP
Il Il Il ‘ Il Il ‘

Hopmuposka Ha paspes BAOSb Aucnepcum

4000 6000 8000

wavelength, A
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[Ipobnema ppuHros («Myapa»)

«ToHkue» TI3C ¢ 06paTHOMU 3aCBETKOW - BLICOKAS
KBAHTOBAS 3(P(PEKTUBHOCTb, HO UHTEppepeHLUs B crioe
KpemHusa (fringes) B «kpacHoOM 06nacTu cnexkTpa»

Bua uHTeppepeHUMoHHOro y3opa 3aBUCUT OT

- CNeKTpanbHOro pacnpeneneHus 3Heprum B NUKC
- B OnpefenieHHOU cTeneHu, OT Camoro usobpaxeH
CBeT ynas B OAUH NUKCenb, a UHTeppepeHuma —
cocenHem!

TToaTomy, B peanbHOCTU y30p pasHbIU A8 06beKTa
NUHUM Heba un FLAT (

<=—AR coating

SigNg — 1 |

S0, M|
ambient ? H:\: |
vacuum v

Si detection layer L S SigNg
. substrate
--------

77777777
————————

Fringe Amplitude

Vo
insulation and gates £ =
—0.20F E

FiG. 2 —Schematic depiction of STIS CCD structure. Relative thicknesses

[pumep TWaTENLHOrO MOAENNPOBaHUSA 3TOro 3dpdeKTa: 000 7000 " moop " o0 1000
Malumuth et al (2003PASP..115..218)
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[Tpobnema dpuHros («Myapa»)

KoppeKkTHee qpUHIrY BbIUMTATL, HO 3HAYUTENBHO MpOLLe Ha HUX AefUTb:

UeM BblLLE CNEKTPaNbHOE pa3peLleHne, TEM Nydlle «ybuparoTcs» puHrn —
NPUBNMXKHNE MOHOXPOMATUYECKOrO OCBELLIEHUS B Ka)KAOM MUKCENE
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Bcerga nu Hago genutb Ha FLAT?

107

paspes BAONb AUCNEpCUU
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YcpeaHsem (Unu akcTpanonupyem) BAOSb AUCMEPCUUN B KOPOTKOBOSTHOBOU
obnactu (ppuHros-To Hetl):

npeHebperaem BapUaLUSMU NOMUKCESIbHOU YyBCTBUTESIbHOCTU
KOpPPeKTHO YYUTLIBAEM BAPUALIMU MPOMYCKAHUS BAONDb LWenu
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[Mpobnema paccessHHOro cBeTa B CMHEN YacTu

VPHG 1200@540 blat— quorts
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SCORPIO-2: HOBbIM OCBeTUTE/b CO CBEeTOAMOAaMM

X AL o
g0 e L
SN T

477

Puc. 2: ¥Yzen ocsernrens kanmubposkn SCORPIO-2: 1 — unrerpupyitomas cdepa; 2 — Kpenienne K
iatdopMe-agantepy; J— KBaplesas JaMiia; 4 — ceeToquoaHas cucrema; da, 5b — He-Ne-Ar namnmbr; 6—
pazbeM ylpaBieHus U IHTaHus ceeroauotamu; 7— pazbem nuranns He-Ne-Ar samusr; 8 — cuennansnas
HOJCTABKA ISl TPAHCIOPTHPOBKH.
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SCORPIO-2: cBou BbIOGOP ANS

Non—iinearnized sum of LED spectta at VPHGOSMDE0D (t=156<)
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rea|- Mon-linearized sum of LED specira at VPHG 120040540 (t=15ec)
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KaXxJoWn peLleTku!

Non—INEanzad sUm of LED specira at VPHG 10263735 (t=156<)
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Puc. 3: Pacuernnie KPHEBEIC APKOCTH IVIOCKOTO ITOJIe IJIH Ppa3/THYHBIX T'PH3M (}KHPH&H .TIHHHH). Touxkumn

KPHBBIMHA IMOKazaH BEJIAL OT IMPOHY MEPOBAHHBIX CBECTOIHOIOB.
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SCORPIO-2: cBou BbIbOp ANS KaXkaown pelleTku!
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SCORPIO-2: LEDS
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To4YHOEe HanpaBneHne aucnepcum

CTapaemcs U3Ha4asIbHO BLICTABNATL FPU3MY TAK, UTO bbI Nepekoc 6b1n He
6onblwe 1-2 px, HO 3TO He Bceraa yaaercs!

YTOuYHeHue HanpasneHUa AUCNepcum No KOHTUHYASIbBHOMY O6bekTy:

v s,

|
PR S
; -
St ety £ Lar g
|

B cnyuae o6bekta co cnabbIm KOHTUHYYMOM - HanpaeneHue AUCNepcum MOXHoO
onpefenuTb NO CAEKTPam Apyrux 3sess (C TOYHOCTbHO A0 CABUTA BAOND LWenun)
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SCORPIO-2: 13-TO4YEYHbIN TECT
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BIAS (1x2, 2x2,.)

Slitpos

NEON

NEON
13 dots |
2xFLAT I

BIAS (1x2, 2x2,.)

Habop KannbpoBOK B TeYeHMe HOUM:

Place for CCD

«MpeanbHbIv Ky6»
(k 3TOMY HaAO cTpemuTbCA) =

Filter’s Wheel 2

BBoA/BbIBOA FPU3Mbl U BpalLlEHUE Typenen —
SABNALOTCSA, NO CyTN, cOopkon-pasbopkom
npubopa. Kannbposka (kak MMHMMYM NEON)
nocnie nNepecTaHoOBKM MeXaHUYECKNX
3NEMEHTOB ABNSeTca obs3atensHon!
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3aKyeHune

KauecTBO cnexkTpanbHOro HabnroaaTenbHOro MaTepmuarna BO MHOMroOM
onpepnenseTcsa BbIOGpaHHOM meToauKoM HabnroaeHu (KonmyecTso u
TUN KaNUb6POBOK, CABUTU U T.4.).

Haneko He Bce ﬂpOGJ‘leMbI MOXHO pewnTb Ha 3Tane peaAykumnUn AAHHbLIX.

HE SKOHOMbTE HA KATIMBPOBKAXI
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