MeToabl MAaHOPaMHOW CNEKTPOCKOMUU

Jlekumns 5.

Ckanupytowmn nitepdepometp ®abpu-lfepo. Metoabl
BM3Yyanun3auumn KyboB AaHHbIX. [lepeHacTpanBaeMbin PUIbTP.
dypbe-cnektporpadsl. Mpubopbl: CIGALE, SCORPIO/IFP, SAM-
FP, TTF, MMTF, MaNGal, SITELLE.
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- Interference order
- gap

- refractive index

- wavelength

- angle of incidence

NA=2dpcosB
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Fic. 12. Perot-Fabry interference rings on the I 11 regions IC
1393. The brightest rings are given by the H, radiations. The
faint ones by [V 11] 6584. One notices the enhancement of that
line along the bright ring of the absorbing cloud. Plate by S.
Pottasch.
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Buisson, Fabry, & Bourget (1914).
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OaunHo4YHas nHTepdeporpaMma
+ Uon

N3obpaxeHue B R — A — cKOpOCTb
3MMUCCUOHHOM JINUHUMN R

Courtes 1960
LLlernos (1963)
. JlosuHckas (1969-1973)
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KnHemaTun4ecku :
BblaesfieHHas obnacTb ; 1 \

KapTa ny4yeBbIx CKOpocTeu

T.A. lNoavHckas
Moucees, «Memodbl naHopamHoU criekmpocKkonuuy, 2021, nekyusi 5




CkaHupytowmmn NHTepdepometp ®abpu-epo

Line intensity

A 4

AN

large field of view: 5-20 arcmin
high spectral resolution: A= 0.2...2A

Mbe3osnexTpuyeckum UM ET-50 small spectral range: AA=A/n=5...50 A

Queensgate Inc. (IC Optical System Inc.)
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MepBbi Ky6 AaHHbIX ¢ UDIT — M51 (Tully, 1974)

R. BRENT TULLY
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NI Ha SCORPIO-2: ycTaHOBKA M HAacTPoWnKa

HacTponka — rnasom no HeoHkKe

Moucees, «Memodbl naHopamHoU criekmpocKkonuuy, 2021, nekyusi 5



AnnapaTHbIM KOHTYp UHTEpdEPOMETPA

IFP Instrumental respanse
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Wavelength A

F = A A/ OA - Effective Finesse (A06bpOTHOCTb, KOHTPACT, 3 deKTUBHOE
YUCNO NHTEPdEPUPYIOLLNX STYHEN)
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CnekTpasibHOoe pa3pelueHne npnbopa, OCHOBAHHOIO Ha MpUHLUMNAX
NHTEpdepeHUnn CBeTa:

R= A/OA=nN

O6nactb cBO60AHAsA OT NEPEKPLITUS NOPAAKOB:
AAN= A/n

N — NOpsiAOK NHTepdepeHLnn
N — 4uncno nHTepdEPUPYOLLMX NTyHeEN

PelieTka Knaccuyeckoro crnektporpada: n=1..3, N>1000
Swene cnektporpad: n=10...50, N>1000

NHTepdepomeTp ®abpu-llepo: n=100...10000, N=10...100

Moucees, «®okarnbHbIt pedykmop bTA», 2016, nekyusi 5



OunbTpbl An9 HabntoaeHnn ¢ U

Filter: Le=EBEBED

&A=

15 Yy=4580 km,

K=

()

257

256

] §
0.6F
0.4 F

G2

Ehl . .

Total profile in order
77 . 2 R e e . |

]
b

257

M
B:s
R o

L2

W) i I

R i)

6650 B&S55

BEEl  BBSS

BEYL  BBETS

Wervelength A

BblaeneHne o6nacTtn BOKpYr 3MUCCUOHHOM
NMHUM Ha Pa3HbIX KPaCHbIX CMELLIEHUSIX

B @ = o0 P S = F; + © oo :
[ /\?\&ﬁ ;”'\\ /{ L’“f"‘.\ E E E (EE f.ﬂﬁ J(\IE I(n\'rﬁ_&:\ {f? ‘Ilr“‘:é I@ A 4
__ |‘| ‘\'L | 1/ E 0 | ;I’Ilf\}\ll[ {I \rm {,\ A\ __
e \| N YA L YR
LM W A TI )\\ | -
A A TIVA \ -
N A A / :
. \ | ’ .’ \ \If [ y \ | A | 4
‘_/ i M M /\ \ \ f.’/ /y f'”\ J N
VAR O\ \ \/’ M | }\ :
j’i{{";,’ {/ Bﬁf h\ N‘- LE‘&“ .E‘x/’ A >( 1 : \/(\,.;%’Lj L{\’/H;W \\; } |

6700
Wavelength A

MeToa xopow Ansa ndyydeHmsa cnabbix 3MUCCUn,
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O6paboTka AaHHbIX: LWKania AJIMH BONH, )a30Bas KapTa
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O6paboTka AaHHbIX: annapaTHbIA KOHTYP

PyHKUNA Dpun
JNyywaga annpokcumauyms (M3 NpocTbiX yHKUMN) — npodusb JlopeHua

f(z)

G | exp[—In16 mod[z, Az|*/(6z)?]

relative intensity

L |(1+ {% ? mod[z, Az]*)"!

A | (1+ asin?(££))-!

6700
scan variable x

Figure 2.  Three cyclic functions listed in Table 1 (column 2) shown
at low finesse to emphasize their differences.

Table 1: Cyclic functions whizh are periodic over Az with FWHM §z. The
(G)aussian, (L)orentzian and (A)iry functions are illustrated in Fig. 2. The

mod function is the modulo function and a = (%]2. Note that for large a,
Bland-Hawthorn (1 995) [f—‘?l':_—q:l = {-’f—) The gap scanning variable z is offset by % in practice.

Moucees, «Memodbl naHopamHoU criekmpocKkonuuy, 2021, nekyusi 5
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Puc. 4. [Tpumep npodusi criekrpanbroit Juind Ha B rasiakriike
II Zw 70 no nabmopenusiv ¢ IFP501 (Touku). JIunueit nokasana
annpokcumauusi hyukuuei [aycca (a) u npodusem doiirra (b).

weHdeM (4), To HabJ0AaeMblii NPOMUIIbL SIBJSETCS
cBepTKo# npoduseit [aycca u Jlopenua, T. . 3anaercst
dyukumei Poiirra (Voigt):

2
e *dx

__ v oy [T
V(A, y) B \/%Ureal ; /—oo y2 + (a' - x)zjI (5)
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I3mMepeHne ancrnepcmm CKOpoCcTen rasa

o o o

e

EEEssE===

e

Y4yeT TennoBoro goakropa u
TOHKOW CTPYKTYPbl NUHUN

2
Treal = Ju + g\ + gti
where 0%, =~ 3 km/s and o7, ~ 9.1 km/s correspond to
the natural width of the emission line and its thermal

broadening at 10* K, respectively.
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P. Amram et al.: Ha velocity fields and rotation curves of galaxies in clusters. IIL

CIGALE = "Cinematique des Galaxies"

J. Boulesteix + 1984

N cuctema 3awwarana no teneckonam: ' . )
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1.5-m ESO TR __l s
6-m BTA +KVANT - e

TAURUS (Taylor & Atherthon 1980) - Tl
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FIG. 1. Schematic drawing of an imaging Fabry—Perot interferometer comprising (a) interference filter, (b) focal plane, (c) 0
field lens, (d) collimator lens, (e) Fabry—Perot etalon, (f) camera lens, (g) Dewar housing, (h} CCD.
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[lepBble HabnoaeHns Ha bTA
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| A series of six interferograms was obtained by Boulesteix and
Courtes with the Special Astrophysical Observatory 6 m telescope
*~ in Zelenchuk in 1978 (first trial with a direct photographic plate)
and 1979 (five exposures with image tube). A focal reducer with a




CIGALE n KBAHT “KBAHT” 512x512 px
(AdbanacweB n gp. 1987)

CIGALE CAO + BHNT
(Cin"ematique des Galaxies) 1991 — N'ocnpemuss CCCP
Boulesteix et al 1984 S /7

A.®. domeHko

Hcnoimanua komnaexca «Keaum». C.H. [looonos, C.B. Apabek,
H. llnexuna u cneyuanucmvt BHHH meaesuoenusn ( 2. Jlenunzpad)
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GHaFaS: Galaxy Halpha Fabry-Perot Spectrometer

Photocathode Phosphor screen

3th-generation (IPCS), QE=23% - /P
GaAs dhoTtokaToq + MUKpOKaHarnbHas nnacTtuHa 7 —— '
-

100.0E o 3

C IPCS no noise I 1 .
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Fig. 5.— Signal to noise ratio comparison: IPCS and CCD at the WHT. The red line shows the SNR for
an IPCS, for a 3 hour exposure of 40 cycles with 48 channels, on a 4.2m telescope with a pixel size of 0.5”
assuming a trough-put of the telescope of 80%. The blue line shows the SNR of a scientific grade CCD with
a QE of 90% and a readout noise (o) of 3e™ in the same exposure conditions. The faint detection limit is

Gach + 2002
Hernandez + 2008



GHaFaS: Galaxy Halpha Fabry-Perot Spectrometer

Superbubbles in the interstellar medium

Their detection in the interacting galaxies, the "Antennae”, was possible thanks to a new method
-BUBBLY- developed by IAC researchers and the GHaFa$ instrument installed on the William Herschel

Telescope.
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GHaFaS: Galaxy Halpha Fabry-Perot Spectrometer
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Hey Einematics of §'G spiral galaxvies-11. Data deseripl

GhaFaS vs SCORPIO-2

S4G: Erroz-Ferrer + 15
4.2-m WHT/GHaFa$S NGC 4324
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AX, arcsec

¢, degrees

O6paboTka aaHHbIX ¢ [13C: BbluMTaHME DoHa Heba
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[ e 3TO MHTEepeCHO?

TexHuKa cuntaeTcs “croxxHon”, Ho obnagaeTt psaoM NPeUMyLLECTB,
B CpaBHEHUU C Apyrumm metogamm 3D CneKkTpOoCKoNuu:

- bonbluoe nosne 3peHus: FOV > 1 arcmin
- BbICOKOE criekTparnbHoe pa3spelleHue: R>5000-10000
- JOCTATOYHO n3MepeHnn B 1-2 SMUCCUOHHbBIX FIMHUAX

=> KnHemaTuKa rasa B ranakTmkax u TYMaHHOCTAX

GHASP: An Halpha kinematic survey of 203 spiral and irregular galaxies
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Cnocobbl Bu3yanusauun kyba: PV-gnarpammsl
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Cniocobbl BU3yanun3aumm Kyba: nokaHasibHblE KapThbl

Quadrupolar nebula M1-75
(Santander-Garcia + 2010)
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Cnocobbl BU3yanusaumm Kyba: nokaHanbHble KapTbl

THE AsTrROMOMICAL JOURNAL, 162:150 (14pp), 2021 October Kraus et al.

-50.600 km/s a -40.374 km/s . -30.149 km/s . -19.923 km/s

-9.697 km/s - +10.754 km/s 3 +20.980 km/s

+51.657 kmis § +61.883 km/'s
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Cnocobbl BU3yanusaumm Kyba: coBMELLEHNE KapT

ApkocTb

CKopoCTb

o Dudbe T

MUSE colour-coded image of NGC 4650A




Cnocobbl BU3yanusaumm Kyba: coBMELLEHNE KapT

S. A. Pustilnik et al. 2017
Velocity Velocity dispersion




MWC 137 B[e]: MUSE vs SCORPIO-2

Kraus et al 2021
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Mrk 6: “noacseTka” Ha 40 KNk

Smirnova et al (201 8) 1 .j: ‘:'._'_ I‘ndicatﬂ]’_‘ = OTKPWTHA POCCHACKMX YMEHSIX ==  [MCKYCCMOHHWA KNYE  MEJWLMHA

4 OKTABPA 2018 B 15:@ A A~

Bokpyr ranakruku Mrk 6 Hawnu
TMraHTCKYIO CUCTEMY Fa30BbIX

obnaxkos
[w|[e][=z][w][«]




CTpyu 13 Monoabix 3Be3/1: cobcTBeHHble ABMXeHus B 3D

Movsessian et al 2007-2019
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CTPYKTYpbl C BBICOKUMWN U HU3KUMU JTyHEBBIMU CKOPOCTSAMMU
NMEIT OAHY TaHreHumarnbHy ckopocTb (160 km/c):

Mbl BMUOUM CBEYEHME BbIOPOLLEHHBIX CTYCTKOB rasa u
yOapHY0 BOMHY nepeg HUMu

Cwm. ‘mynmuk” Ha catime CAO PAH (pe3yrnbmambi-200+)



SAM-FP: SOAR Adaptive Module-Fabry-Perot

SOAR 4.1 m+ AO (0.3"inr)
R: 11 200

FOV: 2x2 arcmin

0.18 "/px

Mendes de Oliveira et al 2017
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ASTRONOMICAL JOURNAL VOLUME 107, NUMBER 6 JUNE 1994

FABRY-PEROT MEASUREMENTS OF THE DYNAMICS OF GLOBULAR CLUSTER CORES: M15
(NGC 7078)
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MNepectpanBaemMbin hunbTp (tunable filter)

(a) High Order FabryPerot (b) Tunable Filter

(High Resolving Power; Small Tuning Range) (Low Resolving Power; Large Tuning Range)

S < Hwn3kne nopagku
%%E N NHTepdepeHLMm

N=30-50
AA =150-300 A
oA =10-20 A

- Central Monochromatic mf

Monochromatic Ring (Jacquinot Spot)
(i) Stack of Images at (i) Single Image of a (iii) Stack of Monochromatic Images
High Spectral Resolution Diffuse Source at Low Spectral Resolution

Single Spectrum Obtained
by Binning Azimuthally
About the Optical Axis

Jones + 2002
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TAURUS Tunable Filter (3.9m AAT, 4.2m WHT)

- ©) 707726 en=12.94 ]
1 - ANNENE AT E - BO3MOXXHOCTbL akKypaTHO Bbl4E€CTb KOHTUHYYM
os £ JUVVYVYVYYL s - paspeLlunTb NnHUKM Hanbda u [N11]6548,6583
N L IAAKANAAARN =
6900 7000 700 7200 7300 Ho AnuHbI BOSTH MEHAIKOTCA C paanyCcoMm:

Jones + 2002



3 . (a) RO continuum, (b) He, .'
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MMTF: THE MARYLAND-MAGELLAN TUNABLE FILTER
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Stierwalt et al 2017



TF Ha 6onbLlnx Teneckonax

SUBARU (Matsubayashi + 09)
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BTA (Moiseev & Ikhsanova, in prep)
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(Aller + 16)
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MaNGaL=Mapper of Narrow Galaxy Lines

N®IM ET-50 (IC Optical Systems Ltd) — YHY BTA
[uanasoH: 4600-7500 A
FWHM:

S\ =10-16 A (3a30p UDM =5-14 pm)
BO3MOXHO ynpaB/ieHNe LUMPUHOWN MONOChI

Moiseev et al. 2020 Experimental Astronomy (2020) 50:199-214



O6HapyxeHne HoBbIX 061akoB B NinHUK [OIII]

2MASX J03251221+4042021

Continuum

SDSS DR15 2.5-m KF'O/MaNGaL


https://www.sao.ru/hq/lsfvo/devices/mangal

TpexmepHas cTpyktypa Sh-5235 (Kirsanova + 2020)
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HeMHOro ak30TUKN: aKyCTO-ONMTUYECKUIA DUNBTP

Fig. 1. The ray path in the AOF jor linearly polarized

incident light (see the text)

718

Acousto-oplical material

I'ype of acousto-optical interaction

Optical aperture

Angular filter aperture

Spectral range

Pass bandwidih { FWHM) at A6365 A

Range of control frequencies

Control power at A6365 A

Efficiency for linear polarization

Input resistance in the range of control frequencies

Spatial resolution

MOLCHANOV et al.

Paratellurite
Noncollinear wide-angle
15 x 15 mm

i
6300—11000 A
12 A
67—133 MHz
1.7W
80%

50 £

Less than 17

Fig. 6. Saturn's images at (a) A8500 and (b) AB870 A obtained with the acousto-optical imaging spectrophotometer on

September 15, 2001

MonyaHoB n ap. 2002
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HeMHoro ak3otuku: asonHon ®abpu-lepo

| KombuHauma nHtepgepomeTpoB
| BbICOKOrO M HU3KOro paspeLleHuns
| no3sonsieT obownTtncs 6e3
| OOMONHUTESNbHbIX (OUNBbTPOB.
1 { | ‘ VRN } | ' Cuctema paboTtaeT Ha psae CONMHEYHbIX
T R Terneckonos,
Ho ans cnabbix NpOTSXKEHHbIX
| | OOBbEKTOB NPOEKTLI BCE €LLE HE
:— § | 3aBepLUEHbI:
| | SALT
Bl | | 3D-NTT




HeMHoro ak30TuKK: ypbe-cnekTporpad

SITELLE = (Spectrometre Imageur a Transformée de Fourier pour I'Etude en Long et
en Large de raies d'Emission)

L{w 3
"
N .
| A ' Y Idet (S8 lEolz(l = COS(TAZ))
. N

Az

. #l=—xn “‘;., \
- ) \\‘ F‘,,”y
~ 4
-
Beamsplitter
J Detector

-

Drissen et al. 2014, 2017



SITELLE

LLinpoknn crnekTpanbHbIn Ananas3oH, paspeweHne R=600-9500

le-14
i = = Fe = ¢ f
L0 0 Field of View 117 x 11
e Pixel size 0.327
0.8 e ow . a . P
i = i Detectors 2 x 2048% Deep depletion e2v
= - w
S 06 =
: 5 =
g 2 T =
m 24 T
— o O gy
2 = = | |
T o021 non || || . . m"'ﬂiﬁumcmﬂ
I [ 1
0.0 F=mend b '--'W*vv-'-“’v*-wwnWu'uxﬁm.-"-r".,"'h"'ullll[| l'llar-'l'” Illqlllll l'.'l"--'h'\-'mu
| |I iy
= T T T T T
L4300 14904 15000 15100 15200 15300
Wavenumber (cm™!)
T = 90% Folding  Step size  Nj,,, Goals
range (nm} order {nm)
363 - 386 8 1647 1658 (O 1] A3727 < 10000 km g1
389 - 484 2 570 502 Hé, Hey, [O111] A4363,
He I1 A686, Ca H&IK,
4000 A break,
EO H} A3T2T z=0.046-0.29
482 - 513 i 1680 216 HB, [O 1] AS007 < 7500 kms—?
511 - 556 [i] 1773 215 Mg, Fe absorption
[CLIII] AA551T,56537
559 - 625 5 1680 251 [N1I] A5755, He 1 AS8T76,
[O11] A3727 2 =0.50-0.68
647 - GBS s 2943 168 Her, T\I II] AAMGHAE, 6684,
[SI] AM6TIT,6731 < 5400km s~
706 - 826 12 5270 116 He 2= 0.25

Moucees, «MemoObI naHopaMHoU criekmpockonuu», 2021, nekyusi 5




Stephan's Quintet

Duarte Puertas et al 2019
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I. BLAND AND R. B. TULLY: THE HIFI 1989 10 cncrem

TaBLE I. Imaging Fabry-Perot systems. R LR TN R e e :
I OKCWI
group/ stuedy A scan detector reference ®e0
instrument o
c ] ®
Marseilles  galactic  visible angle photographic 1 5 10000
Maryland  galactic  visible pressure image tube 2 = L
Texas galactic  visible angle image tube 3 = I
TAURUS  galactic  400-900 nm gap photon counting 4 e I VIRUSgP
SPIFI planciary 300-900nm  gap/fpressure  CCD 5 o oMJsE
PEPSIOS planctary 450 — 900 nm  pressure CCD 6 = i O bMUSE
CIGALE galactic visible gap photon counting 7 e CMOS
Rutgers galactic visible pressure/gap CCD B8 - i O OPPAK
HIFI galactic 400 - 750 nm  gap cCD 0
UKIRT galactic 1-5p gap IRCAM o
2. 1000F KO o -
) r ® ]
2021: 8 cuctem (2 — He paboTatoT) ; - ]
1 Lol 1 Lol 1 Lol 1
MOHCEEB
1 14 100 1000
TabGawuua 1. Cuctemnl co ckanupyowmm MOIT Ha KpynHLIX 1 cpeHEX TeJlecKonax Field of view, qarcsec
Telescope/Device FOv’ iré Detector References
- - Puc. 9. ITapametpsl npu6opoB aasi 3D-cnekTpocKonuu
10.4-m GTC/OSIRIS 8 400-800'| CCD Gonzalez et al. (2014)
Ha Gase ckauupytoumx HW®IT (uepHbie ToOukH) |
10-m SALT/RSS 8 1500/ CCD Mitchell et al. (2015) HHTErpaJbHO-TMOJEBBIX CrEKTporpadoB (He3anoJHeHHbIe
6.5-m Magellan/MMTF | 27 400—1000'| CCD Vellleux et al. (2010) KpyKH) Ha miockocth <«FOV—R». Jlna KCWI
6-m BTA/SCORPIO-2 | 6.1 |500%, 4000, 16000) CCD | Afanasiev and Moiseev (2011) IOKa3aHbl PCKHMB BRICOKOTO H HH3KOTIO CIIEKTPaJIbHOIO
aspeleHHust.
4.2-m WHT/GHaFa$S 4.7 15000] IPCS Hernandez et al. {(2008) paap
4.1-m SOAR/SAM-FP 3 11000 CCD [Mendes de Oliveira et al. (2017)
2.5-m SAIMSU/MaNGalL| 5.6 500! CCD Moiseev et al. (2020) HO O CO e a |-O
2.1-m OAN/PUMA 10 16000 CCD Rosado et al. (1995) rl LI T H M
1 pesKHM NepecTpaHBAEMoro dHILTPa none+cCn. pa3 peLLle Hue

KOHKYPEHTOB HeT!
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ACTPO®H3IHYECKHH BIOJIJIETEHb, 2021, mom 76, Mo 3, c. 380—406

VK 520.872; 520-14(084.121 ); 520.84(084.121); 520.36

CKAHUPYHILUUNA UHTEP®EPOMETP ®ABPU—ITEPO HA 6-M
TEJIECKOMNE CAO PAH

© 2021 A. B. Moucees'”

Experimental Astronomy (2020) 50:199-214
https://dol.org/10.1007/510686-020-09672-x

ORIGINAL ARTICLE

)

Mapper of Narrow Galaxy Lines (MaNGaL): new Chack far
tunable filter imager for Caucasian telescopes ipodioe

Alexei Moiseev ' . Aleksander Perepelitsyn' - Dmitry Oparin’

O630pbl aTOro roga Ha youtube:
"CkaHupyowmmn nHtepgepometp ®abpu-lepo Ha BTA: nctopust n coBpeMeHHOCTb"
«AKKpeumna rasza Ha ranaktukmy, BAK-2021
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3a4eT Mo Kypcy

[MpeseHTaunsa 5-10 cnangos, BKNOYaoLas:

- NPMHUMN OenUcTBmA npnbopa, OCHOBHbIE NAapaMeTPbl, BbIXOAHbLIE
OaHHbIe

- MMOOON NOSTyYEHHbIN Ha HEM HabngaTenbHbIM pe3ynbTaT (He
PacCCMOTPEHHbIN Ha NEKUMAX)

1) PMAS (Roth M. et al. 2005)

2) PMAS/PPAK (Kelz A. et al. 2006)

3) SAMI (Croom S. et al. 2012)

4) MaNGA (Bundy K. et al. 2015)

5) SINFONI (Eisenhauer F. et al. 2015)
6) VIMOS/IFU (Bonneville C. et al. 2003)
7) MUSE (Bacon R. et al. 2010)
8) GMOS (Allington-Smith et al 2002)
9) KCWI (Morrissey et al. 2018)
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