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W3anydenne: 4 crenenu
ceobogbl (koopauHaThl Ha
n30bpakeHnmn, 4acTtoTa,
Bpemsi). 3D data cubes
(FITS-files): cnaiicsl no
BpemeHn (bbiCTponepemMeHHbie
obbekThl, lucky images,
speckle...) nan no yacrore
(VPHG, IFP, cpegHe- 1
LLINPOKOMOOCHbIE OUNBLTPbI).
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-Resolution Fabry-Perot Data Structure

A single frame

(spatial information) iBTF @ 35 degrees
Thin rings

A single pixel
(spectral information)|
Narrow peaks over a
small wavelength range

A deep data-cube

High number of frames i
igh number of frame: Monochromatic rings Collimator

Low-Resolution Fabry-Perot Data Structure

A single frame

(spatial information)
Thick rings Camera

LA

A single pixel
(spectral information)
Broad peaks over a
long wavelength range

iBTF @ 45 degrees

entral Monochromatic Reglon

A shallow data-cube (Jacquinet Spot)
Low number of frames

Emenesivoe 3.B. (CAO PAH) 8 anpens 2022 ropa 3/31




ducneprupylouine cucrembi: Npu3mbl

1814, cnekTpockon Moseda hon PpayHrodepa
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1872, nepebiii cnektp Beru Ha cdhotonnacturke. C 1918 no 1924 r. eoiwen katanor HD B yectb
Opanepa (n3navansHo 225300 3Be3n, daBapg MNukepuHr cotoBapum, HabntoLeHUS B rapBaphCKoii
obcepBaTopuu ¢ 06BEKTUBHOV NPU3MOIA).

Il
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Hukonac Meiion, 1930-e.

Barlow lens
collimator

: SR
Prismin Camera
collimated lens

beam

Emenesivoe 3.B. (CAO PAH) 8 anpens 2022 ropa 6/31



Emenesivoe 3.B. (CAO PAH) 8 anpens 2022 ropa 6/31



]
T
'S
3
o
B

HutsHas pewetka PpayHrodepa

7/31

8 anpens 2022 ropa

Emenesivoe 3.B. (CAO PAH)



Path difference=d (sin6;£sin6,,)
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dsin ¢

For constructive For constructive
interference, interference,
dsing=ni 2(dsing)=n i
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Comparison arc lamp

Collimating
mirror

Light from

elescope  poa) plane

of telescope

Diffractiol
grating

Computer

Detector
g CCD camera

A Schematic Diagram of a Slit Spectrograph
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Red end of spectrum
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Spectrograph Spectrograph
Qutput

Datacube

Slicer
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Dwenne—cnekTporpad

KoHndurypauus JIuttposa cuHum.

O = arcsin —
Vron 6necka fp > 45°. B = arcsin ——-.
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Echelle Format

Box shows portion of format
visible at one central wavelength
setting.

The Mode Selection Mechanism can
move the format in both directions.

Dashed lines show the free

/‘I_ spectral range.

Dispersion —»
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Habop rpuam The Faint Object Camera and Spectrograph (FOCAS Subaru).
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[ pnama

FOCAS spectral image using MOS and a grism
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15.8kV X2.88K 15.8sm
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Diffraction Gratings
Af =sin@ +sind,

Surface Relief Grating: Volume Phase Holographic
Reflection Grating (VPHG): Transmission

Periodic variation of thickness
with a constant refractive with a constant thickness (T).
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2w A\d
Q= —5—.
ngyA? cos a

. m

d\  Acosf’
The phase grating is called
"thin"for Q < 1 and
"thick"for Q > 10.
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Incident

Dithraction
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— 39 degreas

Efficiency versus Wavelength 1200 I/'mm 840 nm
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Kybbl panHbix npu ckanuposaHuu VPl A.B. Mouncees?.

“https://www.sao.ru/hq/lsfvo/devices/scorpio/scorpio.html
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https://www.sao.ru/hq/lsfvo/devices/scorpio/scorpio.html

1. Measuring transmittance 2. Measuring reflectance
Light source Light source

Unused “/\Unused

Detector |port  Detector
plugged

Reflectance standard Test sample
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Perucrpauus

B HEM

»

«A4=Z>» 4« = »
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NMonspunsayuns

I = k,Iycos? p. 1810, Dtben Jlym Mantoc — Konm4ecTBeHHas KOPRYCKy/IsipHasi Teopusi NoaspusaLmm
cBeTa. 1821, PpeHenb — BOJIHOBas TeOpusi NONApU3aLun.

y ; [Tonsipu3arop

8 anpens 2022 ropa 15 /31



So=I=FE2+E?

S1 = = I cos 2 cos2x
So = U = Isin 21 cos 2

S3 =V = Isin 2y

Tpu HezaBuCKMMBIX Napametpa: [2 = Q%+ U2 + V2.
Myctbe Ey n Ey — opToroHanbHble npoekuun F, 6 —

E,, By — bonbwas v Manasi nosyocu nosisipn3aLuoHHOro 3unca,

1) — yron noBOpOTa MOJISPU3ALUOHHOIO 3/JIMNCA OTHOCUTESIBHO
MPOV3BOJIbHOV J1abOPaTOPHON CUCTEMbI KOOPAMHAT, X —

BCMOMOTaTeIbHbIA Yrof, onpegensiemMblii us ycnosus tgx = E, /Ep.

pa3HOCTb ha3 B mpoekuusx. Toraa:

So=1=E? + B2
$1=Q=E;-E;

o =U =2FF5cosd
S3 =V =2F;FEysind

Emenesivoe 3.B. (CAO PAH)
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Bpawaewm nonsipusatop Ha 0, 60 n 120 rpagycos, Bbiuncnsiem napametpbl CTokca.
[Be BOJIHbI, IMHERHO NONSPU30BAHHbLIE MO MPAMbIM YIIOM APYr K APYry, He nHTepdepupytoT!

LT DYHAK b
PEI0EAR

NNACTHHER

M3y HEHE
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Vron BbprocTtepa

tgfp =mn, yron nagexus Op

® S-polarised

®
Unpolarised

L

Partially P-polarised
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TE
unpolarized % A i
v
a0” - Brewster
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BoiiHoe nyyenpenomneHune

1969, Pacmyc BapTtonuH, kpuctann ucnaHgck

parallel polarization

perpendicular polarization >
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BoiiHoe nyyenpenomneHune

1,5 — nonsipuzatopel,

2,4 — Nnpo3payHble 31eKTPOAbI,
3 — XK (onTnuyecku aktusHoe
BELLECTBO),

6 — oTpaxkaTenb nUan
MOACBETKA.
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[Mpn3ma BonnactoHa
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Optical axis

HOJ'IyBOJ'I HOBas MJIaCTUHKa
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BonHoBble nnacTtuHkn
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MNonsipusauyuna B actpocusuke

KorepeHTHble MCTOYHMKI (TMAPOKCUIIBHBIE NN METAHOJIOBbLIE Ma3epbi).

Paccesitne Ha mex3Be3gHol nbin.

BpalyeHne nnockocTu nonsipusaumm B MarHuTHeIx nosisix (adbdekt Papages).

Monspusauns CMB — usyyenune pusnkn paHuein BcenenHoi.

Monspusaumns CUHXPOTPOHHOIO N3JyHeHUs.

Bo3MOXHO, aCTPOHOMUNYECKME NCTOYHNKI MOBAMSIIN HA CENEKLNIO XUPATILHOCTN BESIKOB 1 NMpoYmnx
OpraHUYecKUx MOJeKya Ha 3emJie.
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Actpodm3uka — pa3gen acTpOHOMUN, TECHO MEPENJIETEHHbIN C xuMuel n dusmnkoi. «lt seeks to
ascertain the nature of the heavenly bodies, rather than their positions or motions in space — what they
are, rather than where they are» (1897, [xeiimc Kunep).

OcHoBononoxHukn — Bunbsim Xaiig Bonnacton u Mosed don Ppayrrodep.

Cam TepmuH «actpodusnkay npegnoxer MoravHom Kapnom ®Ppugpuxom LiénnbHepom (u3ssecteH no
TouHol poTomeTpun) B 1865 .

AcTpodusunka fennTcs Ha HabAoJATENbHYIO N TEOPETUYECKYHO, HAXOASLNECS B TECHOW B3aMMOCBA3N.
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1861 r. — nepBblii hOTOMETP C 3TANIOHHBIM UCTOYHMKOM. [a30Basi ropesnka, npusmsl Bonnactowa,

naockonapaanesibHaAa naaCTnHKa.
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Ob6nactb npumeHeHusi poTomeTpum

Spect| Clas=
0 B A F G K M
fpoooo 10000 7500k GO0 000K 000K 0K (Temperatue)
e Onpep,eneHVle CBETUMOCTN oom ]
/\a
obbekTa uam PaCCTOAHNA 00 - Supergiants
Hero. o0 e P s

10004

* AcTpomeTpuyeckune 3agayu. Lposs

il Gierts | Magnitude

) \—//u Bright Giants
g Apsolute

ko

+ Knaccudpukauus obbekra (1
NpeanosioXKeHne o ero
cBolicTBax). A

4 Subgiants

¥ Main Seruence

Kocmonorusa: maccol n
ABUXEHNA TaN1aKTUK.

004

OnpepeneHune napameTpos
NepeMeHHbIX OO BEKTOB.

00

00001+

[Nouck KpynHbIX 3K30MNaHET.

White Dwarfs
000001+

Vlsyqume CBEPXHOBbIX.

0
Colour (B-V)
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Ob6nactb npumeHeHusi poTomeTpum

» OnpegeneHue cBeTUMOCTU LT ,
obbekTa NAN paccTosiHust 4o - e
Hero. :

e ACTpOMeTpI/I‘-IECKVIe 3a4a4yn.

* Knaccudmkauns obvekra (1 o
NpeAnooXKeHne O ero n &
CBOIICTBaX). e o

+ Kocmosorus: macchbi e
ABVKEHUS ranakTuK. e

OnpepeneHue napameTpos ;
NepeMeHHbIX OO BEKTOB. e

Monck KpynHbIX 3K30MIaHET. N e

N3yyeHune cBepXxHOBBbIX.
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OnpegeneHne cBeTUMOCTU
obbekTa UAN paccTosiHUA 10
Hero.

AcTpomeTpuyeckmne 3agayu.

Knaccudpmkauus obbekra (un
MPeAnosioKeHNEe O ero
CBOWCTBAX).

Kocmonorusa: maccol n
OBUXEHNA MaNaKTUK.

OnpepeneHne napameTpos
NepeMeHHbIX OObEKTOB.

[Nouck KpynHbIX 3K30MNaHET.

Emenesivoe 3.B. (CAO PAH)

Transit Light Curves
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OﬂpeAGHEHME CBETUMOCTMN
obbekTa nan PaCCTOAHNA 00
HEro.

ACTpOMeTpI/I HECKNE 3a4a4m.

Knaccudpmkauus obbekra (un
NpeanosioKeHne o ero
CBOIiCTBaXx).

Kocmonorus: macchbl un
[OBVKEHNS FanakTuk.

OnpepgeneHune napameTpos
nepemMeHHbIX 0bBHEKTOB.

[Mownck KPYNHbIX 3K30MNJIaHET.

N3y4yeHne cBepXHOBBIX.

Emenesivoe 3.B. (CAO PAH)
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Crpémrpen, 1960-€ rr.: WINPOKOMOIOCHBIE; CPELHENOIOCHbIE N Y3KOMOIOCHbIE (POTOMETPUYECKIE
cuctembl. Kputepuii — nonywupuna: wupokononocHsle > 300A, yskononochble < 100A.
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= Zz
& &
8 g
wn [a]
5 g
=
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Wavelength (nm) Wavelength (nm)
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* DKBMWBAJIEHTHbIE LUVPWHBI:
paccTosiHue [0 3Be3[, UX BO3PacT,
CKOpPOCTb NOTEpPU MACC U MHOrue
Apyrue napameTpbl.

+ CnekTpononspnmMeTpusi.
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* DKBVBAJIEHTHbIE LUNPUHbI:
paccTosiHne o 3Be3[, UX BO3pPacT,
CKOPOCTb MOTEpW MacC U MHOrue
Lpyrvue napameTpbl.

« CnekTpononsipnmMerpusi.

» OnpegenerHne XMMNYECKOro cocTaBa
3Be3,.
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9KBI/|BaJ'I€HTHbIe LUNPUHDbI:
paccTosiHie [0 3Be3f, VX BO3PAacT,
CKOPOCTb MOTEPU MaCC 1 MHOrme
Apyrue napamerpsi.
CnekTpononspumMeTpusi.
OnpepgeneHne XMMNYeCKOro COCTaBa
3Be34.

Crporas cnekTpasbHas
Knaccndukaums.

Emenesivoe 3.B. (CAO PAH)

650 nm 400 nm
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DKBVIBaJIEHTHbIE LUVPUHbI:
paccTosiHue OO 3Be3[, UX BO3PacT,
CKOpPOCTb NOTEPU MACC U MHOrune
Apyrve napameTpbl.

CnekTpononsapumeTpusi.

OnpegeneHmne XMMmMYeckoro coctasa
3Be3[.

Crporas cnekTpasibHas
Knaccudukaums.

OnpepneneHne CKOPOCTU ABUXKEHNS
0bOBHEKTOB.

Emenesivoe 3.B. (CAO PAH)

Doppler Effect

::‘ “i“”.“:.. | “
A s
sonrce | . .

'

no shift

Approaching

source

Receding
source .
red shift !
Measuring the relative velocities of stars
by the Doppler shift.
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DKBVBAJIEHTHbIE LUVIPUHBI:
paccTosiHne Ao 3Be3[, UX BO3PACT,
CKOPOCTb MOTEpW MacC U MHOrue
Apyrvue napameTpbl.

CnekTpononspumMeTpusi.

OnpepeneHne XxMMN4eCcKoro CocTaea
3Be34.

Crporas cnekTpasibHas
Knaccndukaums.

OnpegeneHne CKOPOCTU ABUXKEHNS
0bOBEKTOB.

Kocmonorus.

Emenesivoe 3.B. (CAO PAH)

Spiral galaxy i
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[nybokoe oxnaxxaeHne 415 CHUXKEHUSI TEMHOBOIO TOKa.

Dark Moise versus Temperature

Figure 2

== Cooling Curve

@ Data Point

Electrons / Pixel/ Second

0 -& -10 -16 -20 -25 -30 -35

Temnearatura (Dadress Cealsius)
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MNonukcenbHasi HEOAHOPOAHOCTL, BUHLETUPOBAHUE, Mbljb — KaNMOPOBKA HA «MJIOCKOE MoJsie>.
[po6osoii wym N, = /S Hanbonee CyLeCTBEHEH MPU MasibIX MHTEHCUBHOCTSIX, NGO YBENNYUTH
aKCno3uumto, mbo cymmmuposatb kagpsl. LLlym cuuteiBanus (cymmuposath kagpbl).

SNR = PQ.t/ \/(P + B)Q.t+ Dt + N2

P — notok (hoTOHOB Ha nukcenb B cekyHay), (e — KBaHTOBast 3(PPeKTUBHOCTb, ¢ — BPEMS KCMO3NLNML,
B — doH, D — TeMHOBOIA TOK, [N, — LUyM CYUTbIBAHUS.

Signal-to-Noise Ratios in Fluorescence Microscopy
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YyeT WyMOB OeTEKTOPOB

LLlym cobpoca Nyeset = VETC/q, T — temnepatypa (K), C' — emkoctb sueliku (P), ¢ — HakonaeHHbIi
3apsag (Kn).

Benbit wym Nynite = VAKTVR oyt + Aamp/Samp, ¥ — Hactota cuntbiBatus (My), Ryt — BbIXO[HOE
conpotuenerune ycunutens (Om), S — yysctButensHocts yeunutens (B/anektpon), A — koacbuneHt
yCUIEHUS.

TemHosoii Tok: D = 2.5 101551, T 5 exp —E,/(2kT), S — nnowaab nukcens (cm?), I; — namepeHHbiii
Ha 300 K TemHogoii Tok (HA/cm?), E, — wnpurHa 3anpeLuenHoii 3ombl (3B).
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KoHBeiliep 06paboTkn gaHHbIX

Mony4eHne cHumka obbekTa (O) n Heckonbkux bias, dark wn flat (b;, d;, f;).

Meganantoe ycpepHenne: X = med(z) = B, D, F.

Ecnu akcnosuumm D n O pasanyatorcs, nonydaem «master darky: Dy, = (D — B) /teap.
Vpanenne wymos: Ociean = O — D, Fpeqn = F — D (uin X — B — Dy, - tegp).

HOPMMPOBaHme Fclean: Fnorm - Fclean/Fclean,mam-

Koppekuusi Ha «nnockoe none»: Ocorr = Ociean/Feican.

[ns cnekTpohoTOMETPUM MOCAE SKCTPAKL MM CNEKTPA HEODXOAMMO TaKXKe BbIMOJHUTL HOPMUPOBKY Ha
«MJIOCKUI CNEKTP».
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dnekTpoHHbiii Honb (bias). CHumkn bias nossonsoT onpegennTs yposeb wyma cuutbiBatus (RON).
[nst ymeHblUeHNs BANSHNS fedbeKTOoB, ncnonbdyem pasHoctu: Iy rp = Iy — Io. Torga

r / /'7
oRON = oI//2.

25 20 -15
CCD chip temperature, °C

-10
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JlnHeHOCTb NonyvaeTcs U3 JMHERHOW annpokcMMauumn 3asucumocT I = ot npu nonyyeHun

«MNJIOCKNX» CHUMKOB C Pa3HOl 3KCMO3ULNENA.

g
e
a
2
P

100 200 300 400 500 600 700 800
Integration time, s
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OnpepgeneHune xapaktepuctuk Hosow MN3C

Koadhuument yeunenus (gain) onpegensiet, ckonbko ADU bypet nonyyeHo Ha ofuH hOTOSNEKTPOH.
Crpoum 3aBucumocts o%(1) (AMCNepcus MHTEHCUBHOCTM B Kafpe OT ee CpeaHero 3HadeHus). OaHako,
pedekTbl M3C BHECYT HETOYHOCTL, HAAEXKHEN BbIYNCASATL PAa3HOCTN N300paXKeHNA.

Mycts I n 02 — cpepHuii curian B nukcene (nocne BbIYUTAHUS «TEMHOBLIX») U ero aucnepcus, R?,
Ugh " G'J%f = kI — pucnepcun WwyMoB cHUTbIBaHUS, ApoboBoro (POTOHHOrO) LyMa 1 HEOAHOPOLHOCTb
gyscTeuTensHocTu nukceneii MN3C. Torga obwmii wym:

0®=R’+ol, +o7; =R +1+kT
0?/g* = R*/g* + I/g+ k*I*/g> wam o = R* + gI + K*I°.

2 _ Lﬁw‘f
T 2(N-1)

HECKOJIbKUX YHaCTKaxX n30bparkeHnst (He no BCeMy Ka,u,py) OS5 YCPEAHEHUSI PE3YNLTATOB.

Jlnneiinas mHTepnonAuna 3aBUCUMOCTUA MHTEHCUBHOCTU OT LWWyMa Oa€T pe3yan|/|pyrou.|,|/||7| g.

[ns pa3zHoCTM N300pakeHnii « CMPaBEHHbI WYyM>» o . Bce BbluucneHuns nposogvm B
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TeMHOBOW TOK HEODXOAMMO UCCAEA0BATb HA 3aBUCHMOCTb OT BPEMEHU SKCMO3ULMN 1 TEMMEPATYPbI.

Mean dark current
— FitbyD=A, T+ AT
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CCD chip temperature, °C
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KBaHToBas 3chhekTUBHOCTb onpenensieTcs B 1abOpaTOPHbIX YCIOBUSX: MOHOXPOMATOP U
KasMbpPOBaHHbIA CBETOMPUEMHIUK.

4000 00 5000 5500 6000 6500 7000 7500 8000
Wavelength,
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KognpoBaHue n xpaHeHue nHgpopmayunn

FITS-cbopmar

FITS (anrn. Flexible Image Transport System) — uudpposoii popmaT haiinos, ncnonb3yembili B Hayke
AN XpaHeHUs!, Nepeaayn U pesakTUpoBaHusi M30bparkeHnii n Ux MeTagaHHbix (31eKTPOHHbIX Tabiuy).
MeTagaHHble n30bpaxkeHus xpaHaTcs B yaobountaemom 3aronoske dopmata ASCII.

Kaxablii daiin FITS umeer oguu nnmu Heckonbko 3aronoekos, cogepxatimx ASCll-ctpokn
(dbmkenposaHHoii gnnHbl B 80 CMBOJIOB) 13 Nap KJitoH/3HaYeHNe, NepEMEXAIOLLMXC Mexay bnokamu
LaHHbIX.

(blank) CROTAR EQUINOX NAXISn TBCOLn TUNITn
AUTHOR CRPIXn EXTEND OBJECT TDIMn TZEROn
BITPIX CRVALn EXTLEVEL OBSERVER TDISPn XTENSION
BLANK CTYPEn EXTNAME ORIGIN TELESCOP

BLOCKED DATAMAX EXTVER PCOUNT TFIELDS

BSCALE DATAMIN GCOUNT PSCALn TFORMnN

BUNIT DATE GROUPS PTYPEn THEAP

BZERO DATE-OBS HISTORY PZEROn TNULLn

CDELTn END INSTRUME REFERENC TSCALn

COMMENT EPOCH NAXIS SIMPLE TTYPEn
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WCS-npuBsiska

Mapametpsl WCS
3HaYeHNEe MUPOBLIX KOOPANHAT OMOPHOro MUKCENs
KOOPAVHATBLI OMOPHOrO MUKCENS Ha n30bpakeHnn
WHKPEMEHT KOOpAUHAT
TN MaTpuubl npeobpasoBaHus
yrosi noBopoTa CUCTEM KOOPAWNHAT
HemaclwTabupoBaHHasi MaTpuya npeobpasosaHuii
PC ¢ macwrabom
=Y}, CDyj(z; — CRPIX;) = Y. CDELT; - PCyj(z; — CRPIX;).
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Cnacunbo 3a BHumaHue!

mailto

eddy@sao.ru
edward.emelianoff@gmail.com
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