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[3C-mMaTpuua

M3C=npubop c 3apssoBON CBSA3bLIO
(CCD, «charge-coupled device»)

Hobenesckaga npemusa no dmsuke - 2009
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Steve B. Howell, Handbook of CCD
[N3C-AETEKTOD  Actronomy, 2t edition, 2006
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Determining the brightness distribution in a celestial object with a charge-coupled device 0

can be lig:m:d 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 - e —— s e, St

the field on conveyor belts. As each one reaches the end of the conveyor, it is emptied into { e e S S S e e

another bucket on a belt that carries it to the metering station where its contents are {Z/]%' M \Kf(/m H 77

measured. Artwork by Steven Simpson. g w2zt e zid {

JaneS|Ck & Morley, 1987S&T, 74,238 Schematic voltage operation of a typical three-phase CCD. The clock
bmm sharrrn At thenn fonan direion thn cnn At s 2 Ao el S

Ho B pearnbHOCTVN BMECTO J1IEHTbI — TOJ1bKO NepesyinBaHne n3 Ta3nka B Tasuk!
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M3C c npssMon n 06paTHON 3aCBETKOM
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oontoumns MN3C Ha BTA

BB NGC 3516
MPFS (1994)
- 530x580 px
i Mrk 783 (2022)
SCORPIO-2/IFU
4011x2041
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“MonyTtonctbie” M3C c rnyboknm obeaHeHneM (deep-depletion)

“ObenHeHmne” - Tak Kak B [13C ncnonbayeTca p-nonynpoBOAHUK, a 30Ha NoA
nnKcenem gosrmkHa 6blTb 0begHeHa OT OCHOBHbIX HOCUTENEN (AbIPoK), YTOObI

HakannmMBaTb OOTO3MNEKTPOHbI
YBenu4yeHne KpacHom 4yBCTBUTENbHOCTU!

Front substrate p+
Guard diode

VTN e

Large
leakage {Z?I:I'ESI
p-type substrate material current
Vs Back-surface p+ ical input
Depleted

silicon

“ToHkue M3C” - 20-40 MKkm
“Monytoncteie” - 70-100 Mkm

- (=]

ol L] \

o] \
I \

Quantum efficiency (%)
#0A
-—._____-
-l'-—-

o) \

J

200 300 400 500 @00 TOO 800 000 1000 1100 1200

Wavelangth {nim]

Moucees, «®okarnbHbIl pedykmop BTA», 2023, nekuyus 3




aq, b CAO PAH o] 1=
JlabopaTopus NepCIeKTHBHBIX paspaﬁu'rgl_::' L
. i ool . -

[13C-cuctembl paspaboTaHbl U N3rOTOBIEHDI B Figue 1. Geneslview ofthe CCD261-61 cmera sy he canra(
JTabopaTtopun nepcnektTnBHbix paspabotok CAO PAH
Ynnel nponssoactea EEV-> Teledyne E2V

SCORPIOV-1 SCORPIO-2

TK 1024 EEV 42-4() E2V 42-90 |E2V 261-84

(2000-2003.) (c 2003 r.) (c 2003 r.) (c 2020 1.)
dopmar 1024x1024 2048x2048 4608x2048  [4096x2048
Paimep nukcens, 24 niEmM 13.5 mmm 15 MEM
MEM 0.32" 0.18" 0.20"
MaxQE B0%% 85%
Gain, e/ADU 1.3 0.5 (high) 2 (low) 0.6 (high) 0.5

(low
IIym cunTEIBAHHA e 1.8-4e 1.3-5¢ 25e
TemuoBOH TOK 0.1 0.03 0.05
e/ MHH
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an,, CAO PAH -
Jla6opaTopus nepcnerrn:nmx paaphﬁp

& o @ 1

| . Cucrema perucrpaumrn nsobpaxeHni Ha 6ase CCD261-84

Figure 1. General view of the CCD261-84 camera system: the camera (

Optical cryostat
Dewar main body

CCD optical head

Adsorption cryopump

PA board Cold radiator

CWCTEMA PErMCTPALMK M30BpameHWid Ha Gase M3C-waTpuusl CCD261-
cropmaTom 2080 x 4112 nukcened ¢ koHTponnepomM DINACOMN-Y gna Ci

/Heat conductor
Opt\cal wmdaw

Detector support

Bottom flange
CCD detector

Afanasieva et al 2023, Photonics

Sealed connector

Figure 2. A 3D cut view of the CCD camera: full view of the camera (left) and zoomed view of the
optical head (right).

Moucees, «®okarnbHbil pedykmop ETA», 2023, nekyus 3




KBaHTOBas 3dpPEKTUBHOCTb

Quantum efficiency, %

«[1og KBaAHTOBbIM BbIXOAOM MPUEMHUKAE Mbl OY4EM MOHUMATh POIyCKaHNE TaKoro
HEUTPAsIbHOro usibTpa, KOTOpbiv, byAy4Yn oCTaB/IEH NEPES NAEASTbHBIM TPUEMHNKOM
N300PaXxKeHns1 Uin U3JTyHEHNS, PEMNCTPUPYIOLMY KaXKAbIU NaaartoLmvi Ha HEro )OTOoH,
npupaBHSIET €ero OTHOLEHNE CUIHa/1/LUyM K TaKOBOMY /J151 PeasibHOro rnpUEMHUKA. . »

(I1.B. LLersioB, «[pob6riembl onTu4eckor actpoHommmn», 1980)
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KannbpoBo4yHble HAaKoMIeHUst NPy cneKkTpasbHbIX HAbNKAEHUSX CO
SCORPIO-1/2:

BIAS — Kagpbl «TOKa CMeLeHnsa»
NEON - kannbpoBka LwwKanbl 47 MH BOJIH

FLAT — cnekTpanbHOe «mnjockoe none» (yyer
Heo4HOPOAHOCTN YYyBCTBUTENbHOCTU, AE(dEKTOB U
KIIMHOBUAHOCTU LWenu, @puHrn)

13 dots — KoppeKkUnss reOMETPUYECKMUX UCKAXKEHNIN (TOSbKO
SCORPIO-2)

DARK — TeMHOBOM TOK (3/1€Cb HE aKTYyaseH)
KannbpoBka no cTaHAapTHbLIM 3B€34aM — B CleAyoLWEN TEKLNN)



Pe>xuMbl cunTtbiBaHua MN3C

Binning:

2X2 — ansa n3obpaxkeHmun (map)

(Ha SCORPIO-2 — Tonbko ueHTp nonsa 2048x2048)

1x2 — png cnekTpoB (obj, neon, flat):
ancKpeTusaums saosb wenu — 0.36"/px — AoCTaToOYHO Aaxke Ans
HabnoaeHnn ¢ seeing =1"

4x4 — ckaHupyowmmn NOrl

CKOpPOCTb CUMUTbLIBaHUS Mpu CneKkTpasbHbiX HabnmoaeHuax (EEV42-40)

LyM Bpemsa cuntbIiBaHUS Tun HakonneHu
SLOW 18e 180 ¢ obj (ans 3cteToB)
NORM 25e 85 ¢ obj (06b14HO)
FAST 4e 30c Neon, flat, sunsky, apkue
3Be3Abl

Gain (nepesoa oTo31ekTpoHOB B oTcHeThl M3C):
High = 0.5 e/ADU — 60/1bLUIMHCTBO HAKOMIEHUN Obj
Low = 2.0 e/ADU — Neon, flat, sunsky, map,
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«KBaHT npeobpasoBaHus» gain=e/ADU

[Mpssmoe namepeHne — no HabngaeMomn cTaTUCTUKE OTHETOB Ha
pasHbIX YPOBHAX cUrHana.

: €
gain = Valik ADU = ——, e = ADU gain
~PY JasTt E2V CCD42—90 red Node=A bin=1x"
LA B N NN B LN BN
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PeanbHoe noeeaeHme gain
NmeeTca npegen HacbiWeHNs, 3aBUCUMOCTb OT cnocoba cYnTbiBaHUA (OUHHWHT, y3ern)

A nsrotosutenun ckasanu, 4to GAIN=2 :)

A008—12-24

Ezl"-". CCD42_9'3 rEd N(Jde=ﬂ* b-lr|=J)(1 Ez\vr (_:CE"12_9':_] red Node=A biﬂzzxz
TTTTTTTTT I TTTTTTTTT I TTTTTTTTT | TTTTT TTT |‘ T i
- LU | LU | T 1T T 7T I T 1T T 7T I T 1T T 7T I I |
n L.
20000 4+ 0.012e/8DY" o 7] || GAIN= 1.6464 0.015¢/ADU /i
L] A 'lbUUU :"“"““““'““““'““““'““““'““““'““““'““““'“““I. —
. b L H
[ L]
15000 | . -
o L]
ey . A . ;
2 A i 5§ 10000} .
4 ‘A :
& 10000+ : . 2 .
= o
=) =
i i 5000 - -
5000 g . i
D"""'"I""i""l""""'l""""'I"' [ AT A A A A N A N A A AT BTSN BN A | |
0 10000 20000 30000 40000 0 5000 10000 15000 20000 25000 30000
o Mean Mean

2008-12-24

Hapo ob6s13aTeNIbHO CaMUM BbINOMHATL Takne N3MEPEHUA — I3TO HaCTb
«CTaHOapTHOro nccrnenoBaHnA rnNpeMHMKa»
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HapylueHne CTaTUCTUKU OTYETOB

[TyaccoHoOBCKas cTaTuCcTUKa — ans ooToHOB, HO He AnA OOTO3SIEKTPOHOB.
Ans oueHkn eé HapyweHnsa - paktop-@AHEO— Fano (1947, PhysRev, 72, 26)

ACTPO®H3HYECKHHA BIOJJETEHD, 2016, mom 71, N 3, c. 396—400

UCCJIEJOBAHUE UCKA)KEHUA CTATUCTUKHU OTCHETOB

[T1PU HABJIOAEHUAX C I13C IMTOCPEACTBOM ®PAKTOPA ®AHO

© 2016 MW. B. Apanacnepa"?”

B cpene acTpoHOMOB_ CJI0KHJIOCH MHEHHE, UTO
MATPHUHBIE TMPHOOPLI C 3apslOBOH CBA3bID SBJSA-
IOTCS MPAKTHUECKH MleaJbHBIMH CBETONPHEMHHKAMH,
He HCKAXKAKILKWMH BXO/IHOMH MyaCCOHOBCKHE CHTHAJ, H
HaOJ0/IeHHS] C HAMH OTPaHHU€eHbl TOJILKO CTATHCTHKOR
MCXOJIHOTO MOTOKA.

B cayuae 3akona [lyaccona gucnepcusi otcueTon 6y-
JIET POMOPLHOHAILHA CPeIHEMY 3HAUEHHIO:

Dy (t) = gain x I(t).

Pacnpenienerue oTcueToB NMPH PErHCTPALIMH H306-
PaXKeHHs B LI&JOM OTJIHUAETCH OT MOPOXK/AAI0IIETO €ro

pacnpeaeneHusi GOTOHOB. DTO 06y CJIOBIEHO MHOTHMH
thakTopamu:

(1) IyMBI CUHTHIBAHHS;

(2) HeOJJHOPOHOCTEL UYBCTBUTENLHOCTH MATPHLIBI;

(3) HecTaGUILHOCTL W HEJIMHEHOCTh MepeaaTouHoM
QYHKLIHHK;

(4) cnenpl OT KOCMHUECKHX UacTHIL H 3@eKThl HH-
TepdepeHLIHH HA «TOHKHX» MaTpULaX ((pUHTH).

Moucees, «®okarnbHbIl pedykmop BTA», 2023, nekuyus 3



®akTop Fano B peanbHbIX [13C

Kak BuHO U3 PHC. 1, OTJIHYHA OT IyaCCOHOBCKOTO
pacrpeipeneHus HauOoJiee 3aMeTHBI HA MAJILIX OTO-

k(t) = Dy (2) Kax ¥ OnpeaesioTCs IYMOM CUHTLIBAHHS W LIHPHHOM
I(t) MOJIOCKI TPAKTA PErHCTPALIHH:
k() ~ RON*
(read out noise, RON) - I(t) ’
ObnacTb, roe ctaTUcTUKa HE UCKaXkaeTcs
N
1OF A — -~ Low/Fast b 1.1F
o I Ex_"*\ — — Low/Norm ]
i LAY ] 1 ™ -
E ".J“ v T E?glhl;fﬂaSt 1 l_ﬂ' -—:_-_“i—:d:z-.—“'___:f_‘—‘_i-?r__;'_‘___: . _ -
. —— High/Norm ] S S T
= SN
o ‘.‘\ e
58 0gl ._\1“-\. |
§ . "~
1t o =[] MepepacnpeneneHue
e T . __3apsaaa Mexay NuKcesiamMu.
10° 10! 10° 10° 10* 10° 1000 10000

Flux, e

Puc. 1. 3agucumocts hakropa ®ano B H306paxKeHHH MWIOCKOTO NOJS OT CPEIHENO NMOTOKA /15 PA3THUHEIX PEKHUMOB paGoThl
tpakta perucrpauuid CCD42-90: Low u High — 3anauenus gain, pasheie 1.82¢~ /ADU u 0.48¢~/ADU cooTsercTBeHHO, a
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NHpekc ancnepcun ang MN3C SCORPIO-2

Dispersion index

Dispersion index

E2V CCD42-90
Low gain (2.3 e/ADU) High gain (0.6 e/ADU)
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Afanasieva et al 2023, Photonics
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BIAS (“Tok cMelleHns”, “aneKTpoHHbIM HOJb™)

Kaap ¢ Hynesou akcnosuumveu -
nocTosHHas Aobaska BO Bcex BUAAX
HakonneHu 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 bonee
1-2 counts- 3HQUUT UTO-TO He Tak.

YposeHb WymMa Ha kaapax bias paseH WymMy CYUTLIBAHUS

OT HoUU K HouM ypoBeHb bias meHsaeTca obbiuHo B nNpeaenax +0.5 e
Ob6bLIMHO yCpeAHArOT AecaTku kaapos bias (=superbias, meanbias)

Moucees, «®okarnbHbIl pedykmop BTA», 2023, nekuyus 3




YcpeaHeHHbin BIAS

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

N <bias>
1 2De

10 0.79 e
20 0.56 e
30 0.46 e

MWHMManbHbIN HabnoaaeMbln WyM OT DOHA Heba B 6e31yHHYO
Houb C peweTtkon VPHG2300 3a 20 MUHYT (BMecCTe C LUyMOM
CuMTbIBaHMSA): 3-4e



OVERSCAN

Kaaper ¢ bin 1x2 (SCORPIO):
«pearnbHble nukcenu»: 2048x1024
pa3mep gpavinos: 2068x1046

Y Hawewm M3C
OVERSCAN=BIAS, HO B ciny4asx
Apyrux npnbopoB 3TO HAAO
06s3aTeNnbLHO NpoBepsTh!

TTockonbky 06bIYHO HET BapualuMiu YPOBHS bias no nonto, To BMECTO
superbias MO)XHO BblYMTaTb U3 KaApOB NPOCTO CPeAHNIN overscsan.

Ho Bapyr cbon koHTponepa M3C? Mo3ToMy nyylle Bbl4MTaTb U superbias n
pasHuLy overscan:

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



Bapunaunu ypoBHA BIAS B TeueHUMN HOUU
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TemHoBou Tok DARK

3a 20 mmHyT y M3C EEV 42-40 TemHoBoM Tok okono 0.6 e (1 ADU,
gain=high), yto B 60/bLUMHCTBE HabNOAEHNN HECYLLECTBEHHO, a
KOJIMYECTBO «ropsAYNX NUKCENEN» o4yeHb Mano. T.e. B 60MbLIMHCTBE
HabntoaeHn DARK He Tpebyetcd. Ho, ecnn HabntoaeHns BENUCh C
npyrumm MN3C (npumep — ctapbin potomeTp ¢ Llencc-1000) — Hapo
YCPEeAHATb U BblUMTATb U3 HakoneHnn kaapbl DARK (c Ton xe
3KCMO3MLNEN) — TaM eCTb «ropsiune nNuKcenm»



KannbpoBka WwKanbl A/IMH BOJH

grating WPHGS550G, bin_X= 1, central dispersion= 2.11 &/px, error 2D—approximation=0.08 px
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OcHoBHas npobnema ncnosbdyemon famnbl ¢ He-Ne-Ar HanonHeHveM — cnabble
NIMHUM Ha ASIMHax BonH cuHee 5000A, no3ToMy 34ech Hesb3si SKOHOMUTDL Ha
BPEMEHAX 3KCno3uumn (CM pekoMeHaoBaHHble Texp B «PykoBoaCTBe
NoJSIb30BaTENS»)
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Kannbposka wkanbl anvH BonH: SCORPIO-2

Relative flux
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Marpuna E2V CCD42-90
mupuHa menn - 17
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5852
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6678

] 1
Mg—w—’—v—v—v—‘ﬁ—r?‘*” EEEEE \:

4000

grism texp (counts)

NEON | FLAT/QUARTZ FLAT/LEDs
VPHG 940@600 50 cex (30000) 5 cex (40000) 20 cex (28 000)
VPHG 1026@735 45 cex (30000) 5 cex (37000) 35 cek (35 000)
VPHG 1200@540 70 cex (31000) 5 cex (23000) 35 cex (30000)
VPHG 1200@860 | 120 cex (15000) 15 cex (28000) 30 cex (30000)
VPHG 1800@590 | 90 cex (27 000) 15 cex (30000) 60 cex (25000)
VPHG 1800Q660 | 45 cex (24 000) 10 cek (32000) 70 cex (30000)
VPHG 2400@415 180 cek (4000) 60 cex (29000) | 180 cex (18000)
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AncnepcnMoHHasa 3aBUCMMOCTb

A= F(x,y)

Ecnu npouenypa 06paboTku
NPOBOAUTCS KOPPEKTHO, C LENbIO
MUHUMN3NPOBATb OCTATOUHbIE
OTK/IOHEHUS U3MEPEHHbIX
MONOXXEHMUM pPenepHbIX NIMHUK, TO B
3a/1a4€ CNeKTPOCKOMNum co
SCOPRPIO He BaxkHO, B Kakou
CUCTEME U MO KaKMM anroputmam
BbINOJIHAETCS aHaNU3 AaHHbIX.

A

number lines 29 Disperser VPHG1200G 0.88 A/px Ndeg= 4

errors approximation dispersion curve mean r.m.s= 0.419 px
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Comparision spectrum: EAPUBLIC\Bars\S07031ACGRW_4\

KOHTpONb LWKanbl A7IMH BOMH — MO JIMHUAM CNEKTPa HOYHOro Heba
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NHTerpupytowasa cdepa

3acBeTKa TpakKTa KanubpoBKU (TeNeLUeHTPU3M) (wap Ynsbpuxta)

[BBIXOAHOW 3pavoK

10 20 30 q0cm

Ba)kHO, UTOBbI Yron CXOAUMOCTU MyYKa JIyYen OT KaiMbpoBOYHOIrO UCTOYHMKA Obin 6/1M30K K
Yrny CXOAMMOCTU Mny4dka nyden ot teneckona (F/4). pyrummn cnoBamu, NOMOKEHUE
BbIXOAHOr0 3payka Ayia 06beKkTa u KaIMbpPoBKM AO/MHKHbI COBraAaTb.

Ha SCORPIO-1/SCORPIO-2 Takue ycmnus npunoxeHsl (MHTErpupyowas cepa + onTuka
nepebpoca). Owmnbka ny4eBbIX CKOPOCTEN M3-3a HApPYLUEHMS TeneueHTpu3Ma — He bonee 5-10
KM/C
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«Mnockoe none» FLAT (SCORPIO) A/ \ :
v ]

3pechb CMelLaHb!: / \\ ]
- HEOAHOPOAHOCTUN YyBCTBUTENbHOCTYM [13C £ / \ ]
- KIMHOBMAHOCTb  LLIENW =
- MPOMyCKaHne oNTUKK - / y .
- hbopMa crekTpa UCTOYHUKa (namnbl) A5/ ;’;;K:Sff;gf:;:i‘:m ]

I
4000 6000 8000 10000
wavelength, A

Hopmuposka Ha paspes BAOSb Aucnepcum
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[lpobnema ppuHros («Myapa»)

«ToHkme» M3C c obpaTHON 3aCBETKOM — BbICOKas
KBaHTOBasi 3(deKTUBHOCTb, HO MHTepdEpPEHLINS B Cloe
KpeMHus (fringes) B «kpacHom» obnactu cnekTpa

Bua MHTEpEepeHLIMOHHOIO y30pa 3aBUCUT OT

- CMEKTPaNibHOro pacnpeaeneHnust 3Heprumn B NUKCene
- B ONPeAeneHHoM CTEMEHN, OT CaMOro M306pakeHus:
CBET yMan B OAWH NUKCeNb, a MHTepdepeHUns — B

cocegHEM

[Mo3TOMyY, B peanibHOCTM Y30p pa3Hbiit A 06bEKT],

NUHUIN Heba n FLAT :(

<=—AR coating
ambient
vacuum

Si detection layer

————————
77777777
————————

SigNg ~ i

Si0, ;\\

L S SigNy
! substrate

insulation and gates

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

[Mpumep TwaTenbHOro MoaennpoBaHua 3Toro adpdekra:

Malumuth et al (2003PASP..115..218)

Fringe Amplitude

—0.20 F =

g gy seesgaan [ eppeyuyy sl eeuyan spplagyy e [y o8
6000 7000 8000 2000 10000
Wavelength (A)
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SBONOUMSA (DPUHIoB B rnokosieHusax M3C

AT RIS SR

60EEEV CCD42—40
A0 —
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Modulation, &
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Wavelength, nm

2V CCD42—90 red

Modulation, 7
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2EF2V CCD261—84

Maodulation, %
o

: : : : : Afanasieva et al 2023, Photonics
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Wavelength, nm
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[Tpobnema dpuHroB («Myapa»)

KoppekTHee pUHIrU BIMUTATH, HO 3HAYUTENBbHO Ydlle Ha HUX Aendr.
310 XOpoLwWwo ybupaeTt POH, HO MOXeT U3MEHUTb NOTOK B KOMMAKTHBLIX AeTanax
UeM Bbile cnekTpasibHOe paspeLleHre, TeM fydlle «ybupatoTcs» hpuHrn —
npnbnmxkeHne MOHOXPOMAaTUYECKOro OCBELLEHUS B KAXXAOM MNuKcene

ﬂocne .u.eneHmsl Ha FLAT |1

I

A0 AeneHud

VPHG5506

! 12023, nekyusi 3




Howell 2012: neon flat-field

CnekTp namnbl ¢ 6In3KUM
K HeOy cnekTparnbHbIM COCTaBOM
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®puHru n paktop ®aHo

With Frings
10 ]
ey
2
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o
G
Ery Without Frings
1-----"------mmm - e e s -
1 10 100
Box Size, px
Puc. 2. 3asucumocTs BhiGopounoro dakropa @Pano AdraHacbeBa (2016)

OT pa3Mmepa (pparMeHTa /10 H NOCJE yaleHHa (PPHHIOB

ana CCD42-30. Lltpuxosoii nnHueli NoKa3aHo 3HaUEHHE,
XapaKTepPHOE /15 MyacCOHOBCKOrO MOTOKA.
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Bcerga nv Hago genutb Ha FLAT?

107

paspes BAONb AUCNEpCUU

1 1 1 1
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1.05
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1 1 1
] 1C00 1500

[
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)
)

YcpeaHsieM (Mnm 3KCTpanonMpyeM) BAOb ANCIEPCUMM B KOPOTKOBOTHOBOW 061acTu
(dbpuHroe-To HeT!):

- NpeHebperaeM BapnaumMsaMmn MOMUKCENbHOW YyBCTBUTENBHOCTMU

- KOPPEKTHO Y4YMTbIBAEM BapuaLmn NponyckaHus BAOSb LUEen
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Counts per second

[Mpobnema paccessHHOro CBeTa B CMHEN YacTu
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VPHG 1200@540 blat— quorts
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SCORPIO-1/2: HOBbIW OCBETUTENb CO CBETOAMOOAMM

AdbaHacbeeB u ap, 2017, Ab

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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CBoOW BbIOOP A/19 KaXKA0W PELLETKM

Non—iinearnized sum of LED spectta at VPHGOSMDE0D (t=156<)
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Puc. 3: Pacuernnie KPHEBEIC APKOCTH IVIOCKOTO ITOJIe IJIH Ppa3/THYHBIX T'PH3M (}KHpHaH .TIHHHH). Touxkumn
KPHBBIMHA IMOKazaH BEJIAL OT IMPOHY MEPOBAHHBIX CBECTOIHOIOB.
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CeoM

BbIOOp AN KaXXA0W peLLETKM

VPHG 940@600 flat—led

Counts per second
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Counts s !

AdbaHaceesB 1 ap, 2017, Ab

CHUCTEMA TUIWMPOBAHUYA U KAJTMBPOBKHU SCORPIO-2
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CBetoanoaHas 3aceetka (LEDsS) n ee HopMupoBKa

Fiulongikeelhrzoc 102\ flat_i.fts  channel= 1

1000 — ; q———————-——-—:‘— T
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B
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icnpaB/fieHME reOMETPUYECKUX NCKAXKEHNN

3TO He NIUHUU KpUBbIE, 3TO TeopUs AUPPAKLIMOHHOU pelleTKM Takas!

|} I Wi Yl

icnpaBneHne reoMeTpUYECKOn
OVNCTOPCUN MO CNEKTPY
| | | KanMbpoBOYHOM NaMnbl

/ | (I 1 [ —

AN NpoTsXKeHHbIX 06bEKTOB — Nyudlle NCNpaBnsaTb cpa3y (4o aeneHns Ha FLAT v npuBeaeHus K
LLKasie A7IMH BOSTH). HO BO3MOXHbI U AApYyrne BapuaHTbl, B 3aBUCMMOCTU OT TOr0, Kak CTPOUTb
nocnenoBaTeNbHOCTb 06paboTKM CreKTPOB.
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To4yHOEe HanpaBneHne ancnepcum

Crapaemcsl U3Ha4yanbHO BbICTaBNATb MPU3MY TaK, UTO Obl nepekoc 6bin He
6onblie 1-2 px, HO 3TO He Bceraa yaaercs!

YTOYHEHME HanpaBEHNS AUCMEPCUN MO KOHTUHYa/TbHOMY OObEKTY:

i B i
i 5 !

= .~ | | =
] ] :’

B cnyyae ob6bekTa co cnabbiM KOHTUHYYMOM — HaMpaB/EHNE ANCNEPCUN MOXKHO
OMNpenennTb No CrekTpaM ApYyrux 3Be3/ (C TOYHOCTbIO 10 CABUra BAOJb LLEN)



SCORPIO-2: 13-toyeuHbin Tect, SCORPIO-1: dashed slit
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BIAS (1x2, 2x2,.)

Slitpos

NEON

NEON

13 dots

2XFLAT

BIAS (1x2, 2x2,.)

Habop KannbpoBOK B Te4eHMe HOUM:

Place for CCD

«MpeanbHbIn Ky6»
(k 3TOMY HaAO cTpemUTbCA) e

Filter’s Wheel 2

BBOA/BbIBOA FPU3MbI M BpaLLIEHWE TYpenen —
ABNALOTCSA, MO CyTN, cOopkon-pasbopkomn
npubopa. Kannbposka (kak MMHMMYM NEON)
nocsie NepecTaHOBKU MeXaHNYeCcKmx
3/1IEMEHTOB SIBNSeTCS 0b6a3aTenbHOoM!
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3aKyeHune

M3C He aBNAeTCa naeanbHbIM AETEKTOPOM, XOTS YacTo U B/IM30K K
TaKOBOMY.

KayecTBo cnekTpanbHOro HabnoaaTebHOro MaTepuana BO MHOMOM
onpeaenseTcs BbIopaHHOM METOAMKOWN HabntoaeHnn (KONMM4ecTBO U TUM

KannbpoBOK, cABUMM U T.4.).

[laneko He Bce I'IpO6J'I€MbI MO>XXHO pPelnNTb Ha 3Tane peaAyKUNnN AaHHbIX.

HE SKOHOMbTE HA KAJIMBPOBKAX!
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