Instructions for working with
the program GalaxyModel

Introduction

The GalaxyModel program is designed to simulate
the behavior of particle fluxes emitted by satellites
of supermassive black holes (SMBHs), usually
located in the cores of galaxies. The author of the
program suggested that the shape of the spiral
arms of galaxies is determined precisely by these
streams of particles ejected from the surface of
the rapidly rotating satellites of the SMBH. The
ejected particles move at different speeds (up to
the speed of light) in four pairwise opposite and
perpendicular directions and these four directions
constantly rotate as the satellite moves in its orbit
around the SMBH. Since the motion of the
radiating satellite obeys Kepler's laws, as the
satellite approaches the SMBH, its orbital velocity
increases, and as it moves away, it slows down,
and this difference increases the more the
satellite's orbit around the SMBH is elongated
(that is, the higher its eccentricity).
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Figure 1. Generation of four streams (c—f) during the
movement of a rapidly rotating satellite (b) in an elliptical
orbit around a supermassive black hole (a).

Modeling of the satellite's operation consists in
calculating the new position of the satellite in orbit
after equal periods of time, forming four
"particles" and moving away from the center of
radiation in a straight line in the appropriate
directions and at a distance equal to the product
of the velocity of the particles and the time of their
movement. After that, the points obtained

UHCTpYKUUA o paéoTe ¢
nporpammon GalaxyModel

BBeaeHue

Mporpamma GalaxyModel paspaboTtaHa gns
CUMYNALUN NOBeAEeHMA MOTOKOB YacTuu,
N31y4aemblxX CMYTHUKAaMWU CBEPXMACCUBHbIX
YyepHbIx gblp (CMY/), pacnonoKeHHbIX 06bI4HO B
AApax ranakTuK. ABTOp nporpammbl
NpPeAnonoXuA, 4To Gopma CNUpPanbHbIX PyKaBOB
rafakTMK onpeaenAaeTca UMeHHO STUMKW NMOTOKaMM
YyacTuu, BblI6pacbiBaeMbIX C MOBEPXHOCTU BbICTPO
Bpallatowmxcs cnytHnkos CMY/. BbibpolueHHble
YacTULbl ABUMKYTCA C PA3/IMYHBIMM CKOPOCTAMM
(BNNOTH 4O CKOPOCTU CBETA) B YETbIPEX MONAPHO
NPOTUBOMNONOXKHbIX M NEPNEHANKYAAPHbBIX
HanpaB/IEHMAX, U 3TN YeTbIPe HaNpPaBieHUA
NOCTOAHHO NMOBOPAYMBAIOTCA B NpoLecce
ABUXEHUA CNyTHMKA No ero opbute Bokpyr CMY/.
TaK Kak ABUMKEHME N3/1YYaIOLLErO CNYTHMKA
noAynHAeTCcA 3aKkoHam Kennepa, npm
npubAnKeHMn cnyTHMKa K CMY/ ero ckopocTb
ABUXKEHUA no opbute ysennymsaeTca, a npu
y4a/NeHnn 3ameaniAeTca, n 3To pasanyme Tem
60nblUe, YeM CU/bHEE BbITAHYTa OpbuTa CNYTHUKA
BoKpyr CMY/], (To ecTb, Yem BbliLe ee
3KCLLeHTpUCUTET).

PucyHok 1. FeHepauyua yeTbipex notoKos (c—f) npu
OBUXXeHuun 6bicTpo Bpallatoueroca cnytHuka (b) no
3NAUNTUYECKO opbuTe BOKPYr CBEPXMACCUBHOM YepHOM

Ablpbli ().

MogenupoBaHue paboTbl CNYTHUKA COCTOUT B TOM,
YTO Yepes paBHble Nepnoapl BpeMeH!
BbIYMCNAETCA HOBOE MOJIOXKEHWNE CNYTHUKA HA
opbute, dopmupytoTcs yeTbipe "yacTmuupl"
OTOABMIAOTCA OT LLEHTPA M3y4eHUA No NPAMON
JIMHWW B COOTBETCTBYIOLLMX HAaNpPaBAEHUAX U Ha
AMCTaHUMIO, PAaBHYIO NPOM3BEAEHNIO CKOPOCTH
YyacTuL, Ha BpemA X nepemelteHus. Mocne vero



sequentially are connected and form a spiral line.

e=0.75

Figure 2. The shape of spirals formed by particle flows at
different values of the eccentricity of the orbit of the
radiating satellite.

The program takes into account the optical
distortion that occurs due to the limitation of the
speed of propagation of a light signal in space for
particles moving at speeds comparable to the
speed of light. In fact, for each point simulating a
moving particle, the simple task is to find a
position on the particle's line of motion where the
light from the particle's collision with galactic gas
will reach the observer simultaneously with other
observed particles. As long as the galaxy is turned
towards us flat or with a very small deviation of
the galactic plane from perpendicular to the
observation beam, the shape of the resulting
spirals remains symmetrical, and optical distortion
is not required. But even at an inclination of 20° or
more, such an account becomes necessary, and
only it allows us to explain the asymmetrical shape
of the galactic spirals, which are considered
circular.

nofyYeHHble NoCaeA0BaTeIbHO TOYKU
CcoeanHATCA U 06pasyoT CNnpasbHYO ANHUIO.

e=0.999

PucyHok 2. ®opma cnupanei, o6pasoBaHHO NOTOKaMM
YacTUL, NPU Pa3ANYHbIX 3HAYEHUAX IKCLLEHTPUCUTETA OPOUTDI
M3/1y4aloLLLErO CNYTHUKA.

B nporpamme yunTbiBaeTca oNTUYECKoe
NCKaKeHWe, BO3HMKaloLLee BCeACcTBUE
OrpaHMYeHMA CKOPOCTM PacnpoCTpaHeHUA
CBETOBOr0O CUrHaa B MPOCTPAHCTBE A8 YacTuu,
OBUXKYLLMXCA CO CKOPOCTAMM, CPAaBHUMbIMM CO
CKOpOCTbto ceeTa. o cyTn, 34ecb ANA KaxKaou
TOYKM, UMUTUPYIOLLLEN ABUKYLLYIOCA YacTuLy,
peLaeTca He CAUILIKOM CNOXKHas 3aZa4a — HauTH
TaKyto NO3ULMIO Ha IMHUW ABUMKEHUA STOM
YacTuLbl, B KOTOPOM CBET OT CTONKHOBEHUSA 3TOM
YacTuLbl C FaNAaKTUYECKMM Fa30M AOCTUTHET
Habntogatensa 0 4HOMOMEHTHO C APYrMMM
HabnogaemMbIMU YacTMLLaMKM. TToKa ranakTuka
NOBEPHYTA K HaM NAALLIMS UAN C OYEHD
HebOoNbLWMM OTKNOHEHMEM NJIOCKOCTU FraNlakTUKK
OT NepneHanKyAapa K aydy HabnoageHua, popma
NOJIyYEHHbIX CNMpanent ocTaeTcd CUMMETPUYHOM,
M yYeT ONTUYECKOTO NCKaKeHMs He TpebyeTcs. Ho
y»Ke npu HaknoHe 20° 1 6onee Takol yyeT
CTaHOBMTCA HEOHXOANM, U TO/IbKO OH NO3BOAIAET
06BACHUTL HECUMMETPUYUHYIO hopMYy cnnpanei
ranakTUK, CYUTALOLLMXCA NEKYNAPHBIMMU.
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Figure 3. The shape of the simulated spirals for different
particle velocities (v) and the slopes of the galactic plane (h,
the upper side is further than the lower).

The program allows you to upload photos of
galaxies and adjust satellite settings by displaying
the resulting spirals on top of the photos. Also, the
program has built-in the ability to create 3D relief
stamps based on photographs, allowing you to
identify the brightest lines corresponding to the
particle flow fronts.

To view the pre-prepared models for the specified
galaxies, use the short instructions in the next
chapter.

Chapter 1. Viewing ready-made
models

After launching the GalaxyModel program, two
windows open on the screen — a window with an
image of a simulated spiral and a window for
configuring the model and the current satellite, as
well as managing uploaded photos of galaxies and
relief templates based on them. In the screenshot,
the blue arrows mark the two most important
buttons (1) and (2), which are required to
download and view the finished models. There is
also an inconspicuous button (3), which should be
used if you want to make a 3D stamp yourself
based on the uploaded photo (or modify the photo
itself).

The settings dialog may be too large on some
screens or when font scaling and/or screen

PucyHok 3. dopma cMMyaMpOBaHHbIX cnnpanen ans
pa3nnuHbIX CKOopocTel YacTuy, (V) U HaK/IOHOB NJI0CKOCTU
ranaktvMkm (h, BepxHAA CTOPOHa Aanblue HUMKHe).

Mporpamma nossonseT 3arpyxatb poTorpadum
ranakTUK M HacTpanmBaTb NapameTpbl CMYTHUKOB,
0TObparkas NosydeHHble CNMpaam NoBepx
doTorpaduit. Takke, B nporpammy BCTPOeHa
BO3MOXHOCTb CO34aHu1A Ha ocHoBe doTorpaduii
penbedHbix 3D-WTaMnNoB, NO3BOAAIOLWMX BbIABUTD
Hanbonee ApKMEe NMHUMK, COOTBETCTBYIOLMNE
¢$pOoHTaM NOTOKOB YacTuL,

[na Toro, 4Tobbl NPOCMaTpPUBaATL 3apaHee
NoAroToB/EHHbIE MOLENMU N5 3a4aHHbIX
ranakTUK, UCNOJIb3yNTe KPaTKY0 MHCTPYKLMIO U3
cnepytouen rnasbl.

I'1asa 1. [IpocMoOTp roToBBIX MOAeJIed

Mocne 3anycka nporpammsl GalaxyModel Ha
3KpaHe OTKPbIBAOTCA ABa OKHA — OKHO C
n3o06parkeHmem CMoLeIMPOBAHHONM Cnnpanu 1
OKHO HACTPOEeK MOZENN U TEKYLLLEro CNyTHUKa, a
TaK)Ke yrnpasaeHua 3arpyeHHbIMu
doTorpadpuamm ranakTuk u penbedHbiMn
WwabnoHamM Ha Mx ocHoBe. Ha CHMMKe ¢ 3KpaHa
CUHUMM CTPESIKaMKN OTMEYEHbI BE CamMble BaXKHble
KHOMKK (1) n (2), Tpebylowmecs Ana 3arpysku un
NPOCMOTpPA roTOBbIX MogeNel. A TaKKe,
Ma/sio3amMeTHas KHoMKa (3), KoTopyto cneayet
MCNONb30BaTb, €C/IN Bbl XOTUTE CAMOCTOATENbHO
M3roToBMTb 3D-WITamn Ha OCHOBE 3arpyXeHHOoM
dotorpadpun (Mnm mogmudnumnpoBaTb camy
doTorpaduio).



resolution are enabled in the system. This can be
fixed by forcibly resizing the fonts used in this
window: using the mouse wheel together with the
Control key held down. Usually, the fields at the
bottom of this window are not particularly
needed, so after selecting a language, you can
select a larger font size again.

() Satellite parameters
Show

All spirals ~ Transparency: No v \/J/\‘ E‘

‘width, light-years: 100000 |
Period, years: 100000

e, Eccentricity (0..0.99999): 05
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Rotate projection (0...360): o
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Spiral arms colors: White+Silver -
2 Activity time, years: 120000 ﬂ_pj
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Hint: drag center of spiral with CONTROL move to the galaxy center

Figure 4. Screenshot of the two main windows of the
program. The arrows mark the buttons: 1- the model upload
button; 2 — the photo upload button; 3 — the button to open
the dialog for forming a 3D stamp and other image post-
processing.

To view the finished model, click (1) and download
the model file (with the .gal extension) in the
standard dialog that opens. This is a regular text
file in which the parameters of the model and each
satellite in it are described in the format of old ini
files. If the model contains a link (URL) to an image
on the Internet, a request will appear on the
screen with permission to transfer this link to the
clipboard. After placing the link in the clipboard,
you can paste it into the browser's address bar and
download the corresponding image. After saving
the received photo to a local medium, you can
upload it to the program using the (2) button.

If only one image is uploaded and the checksum of
this image matches the one recorded in the model

[unanor HacTpoeK MOKET OKa3aTbCs BE/IMKOBAT Ha
HEKOTOPbIX 3KPaHaxX UK NPU BKIOYEHHOM B
cucteme maclutabuposaHum WwWpudTos n/mamn
pa3spelleHnn 3KpaHa. ITO MOXKET BbITb
NCNpPaBAEHO NPUHYAUTENbHBIM N3MEHEHMEM
pa3mepa WprdTOB, UCNONb3YEMbIX B STOM OKHE:
KOJIECOM MbILLM BMECTE C 3a*KaTol KnaBuLlei
Control. O6bI4HO NOAA B HUXKHEN YACTU 3TOrO
OKHa He 0COBeHHO Hy¥KHbl, TaK YTo nocne Bblbopa
A3blKa pasmep WpndTa MOXKHO CHOBa Bblb6paTh
KpynHee.

(%) Emission model of spiral galaxy {tides on satellites of SMBH)

PROJECT|‘0N PLANE

PucyHOK 4. CHUMOK € 3KpaHa ABYX OCHOBHbIX OKOH
nporpammbl. CTpenKamm oTmeyeHbl KHONKKU: 1- KHonkKa
3arpysku mopaenu; 2 — KHomnKa 3arpysku ¢otorpadpuu; 3 —
KHOMKa Bbi30Ba Ananora ¢opmuposaHusa 3D-wramna u
ApPYroi nocT-o6paboTku nsobparkeHuii.

[na npocmoTpa roToBOM MoAenn cnefyeT HaxKaTb
KHOMKY (1) 1 B OTKpbIBLUEMCA CTAaHAAPTHOM
aunanore 3arpysutb ¢ain mogenm (c
pacwmpeHunem .gal). ITo 06bIYHbIN TEKCTOBOM
daiin, B KoTopom B popmaTe cTapblx ini-paiiios
onucaHbl NAPamMeTpbl MOAENMN U Kaxaoro
CMNYTHMKa B Hel. Eciv moaenb coaepKuT cCbiiky
(URL) Ha n3obpaxkeHune B ceTn MHTepHeT, Ha
3KpaHe NoaBUTCA 3aMpocC C paspeLleHnem
nepeaatb 3Ty CCbIKY B bydep obmeHa. MNocne
nomeLLeHns ccbinkm B bydep obmeHa ee MOXKHO
BCTaBMTb B aA4PECHYIO CTPOKY Bpay3epa M ckayaTb
COOTBETCTBYHOLLEE M30OpakeHue. Mocne
COXpaHeHus nonyyeHHon potorpadpum Ha
JIOKaNbHbIA HOCUTE/Ib €€ MOXKHO 3arpy3uThb B



file (.gal), and the model stores a sequence of
actions for forming a 3D stamp based on this
photo, then the program will prompt you to
perform these actions in the same sequence. If the
answer is ‘yes’, a 3D stamp generation control
window will open, and the appropriate commands
will begin to be executed. In the main window,
against the background of the current image and
model, the inscription PLEASE WAIT will be visible.
Uploaded or generated images are displayed as
thumbnails in the left column of the dialog. At the
bottom of this column there are four buttons for
moving images, duplicating, deleting, and opening
a post-processing dialog (the same button 3). The
current background can be selected either by
clicking on the corresponding thumbnail, or in the
main window with the model by scrolling the
mouse wheel with the Control key held down.

When viewing the finished model, the following
manipulations can be used first (in addition to
switching the substrate):

1. Scaling —the Scale up all parameter

2. Panning — dragging the image with the
mouse to place the desired fragment in the
viewing area;

3. Temporarily disable the drawing of model
lines by pressing and holding the right
mouse button in the model window. Allows
you to verify that the line actually runs over
some physical line marked on a 3D stamp or
photo.

4. Select a pair of spirals corresponding to two
speeds (Plasma speed and Final plasma
speed). It can be performed in the drop—
down list (Select satellite), or with the
mouse wheel in the main window.

5. Select a group of spirals by numbers or
names by specifying a list (separated by a
space) of their numbers or names in the
Filter satellites field. The list item can
include a range of numbers, for example 3-5
or B-D. The “*’ symbol as the value refers to
the current spiral (selected in the Select
satellite field). If a single character ‘#' is

nporpammy KHonkom (2).
Ecnu 3arpy»KeHo To/IbKO 04HO N306parkeHne U
KOHTPO/IbHAA CymMMa 3TOro n3obpaykeHus
coBMagaerT C TOM, YTo 3anuncaHa B dpaiine moaenm
(.gal), u B MOaenn coxpaHeHa
nocaenoBaTeIbHOCTb AENCTBUM ANns
dopmupoBaHma 3D-WwTamna Ha OCHOBe 3TOM
doTorpadpumn, nporpamma npeasioKmMT BbINONHUTb
3TW AeNCTBUA B TOM }Ke nocnesoBaTenbHOCTH. B
C/ly4ae NosoXKUTENIbHOTO OTBETA OTKPOETCA OKHO
ynpasnexnua ¢opmuposaHmem 3D-wtamna, u
HaYHYT BbINONHATLCA COOTBETCTBYHOLLME KOMAHAbI.
B 0CHOBHOM OKHe Ha poHe TeKkyLLero
n3006paXKeHMsa 1 MoLenn Npu sTom byaer BuaHa
Haanuck PLEASE WAIT (MOXKAJTYACTA,
NOAOKOUTE — ecnu BbIbpaH PyCcCKUI A3bIK B
Ananore HacTpPoeK moaenu).
3arpy»eHHble uan cbopMmnpoBaHHble
n3obparkeHna oTobparkatoTca B BUAE MUHUATIOP B
NIeBOI KOJIOHKe Ananora. B HU»KHel YyacTtu aTol
KOJIOHKN MMETCS YeTblpe KHOMKK AN
nepemeLLeHUs n3obpakeHui, oybamposaHus,
yAaneHus 1 BbI3oBa AManora noct-obpaboTku (Ta
camas KHorkKa 3). Bbibop TeKylel NoanoxKKu
MOMET ObITb BbIMOJAHEH MO0 KIMKOM MO
COOTBETCTBYOLLLEN MUHMATIOPE, MO0 B rNaBHOM
OKHEe C MOAEeNblo CoYeTaHMEM MPOKPYTKM Koseca
MbILLNM C 3aXKaToi Knasuwei Control.
Mpu npocmoTpe roToBOM MoAe N B NepByto
oyepeab (NOMUMO NepeKNtoUYEHNS NOANOXKKN)
MOTYT MCMNO/Ib30BATLCA CeaytoLIMe MaHUNYAALUMK:
1. MacwrtabuposaHue — napameTp Scale up all, %
(MacwTtabuposaHue Bcero, %);
2. NMaHHWHT — nepeTackMBaHWe n3obpaxkeHune
MbILLbtO, YTOBObI MOMeCTUTL B 06/1acTb
NPOCMOTPA HYKHbI GpParmeHT;

3. BpemeHHOe OTKAYEeHMEe OTPUCOBKUN NINHUIA

MOAENN — HaXKaTUe U yaepKaHe NpaBoi
KNaBULWW MbIWN B OKHe mogenu. MNossonset
ybeanTbes, Y4TO IMHUA AEACTBUTENIbHO NPOXOAUT
NnoBepx HEKOTOPOI GU3NYECKON NHUN,
0603HavyeHHOM Ha 3D-wWTamne Uan Ha
doTorpaduun.

4. Bbibop napsbl cnunpanei, COOTBETCTBYIOWMNX ABYM

ckopocTam (Plasma speed — CKopoCTb Nnasmbl
n Final plasma speed — ¢uHanbHas ckopocTb
nnasmbl). MoxeT 6bITb BbINONHEHO B
Bbinagatollem cnucke (Select satellite — Bbibop
cnupanu), MM60o KONecoM MbILLM B F1aBHOM
OKHe.

5. Bbibop rpynnbl cnupanei no Homepam Uaun no
MMeHaM 3agaHneMmM Cnmncka (yepes npoben) nx
HoMepoB uan nmeH, B none Filter satellites
(PnnbTp cnyTHMKOB CMY ). B TOM Ymncne



specified as the value, all lines are hidden.

6. Setting the line thickness (Line width field),
or changing the display style in the topmost
dropdown list — Show. Or setting the
transparency of the lines is next to this list.
As well as changing the display of lines
through a large number of other options
available through the menu, which is called
up by clicking on the top button with three
stripes on it.

7. Increase or decrease the number of full
revolutions of the satellite in its orbit using
the </> buttons to the right of the Activity
time, years field. Keep in mind that changing
the activity time in another way will show
the future or past states of the same spiral,
and not just change the simulation time by
lengthening or shortening the spiral.

It is also recommended to try changing line
speeds. To do this, you can use "dragging" with the
mouse cursor (with the left key pressed) on the
label opposite the corresponding speed
parameter. Dragging to the left decreases the
speed, and dragging to the right increases it. You
can also change the speed using the buttons to the
right of the corresponding speed field, or by
entering a direct value in the range from 0 to 1.
Other manipulations with satellite parameters or
the model as a whole are not described in this
chapter, as they relate more to creating and
editing models than to viewing ready-made
models.

Chapter 2. Choosing photos of galaxies
to work with

It should be noted that high-resolution
photographs are required to build models, and
preferably in the infrared ranges. For example,
from the Herschel Space Observatory —HSO) or
Spitzer Space Telescope (SST) telescopes. The
photographs from the James Webb Telescope
(JWST) are very good, but they usually have a

3/1EMEHTOM CMMCKa MOXKET BbITb AManasoH
HomepoB, Hanpumep 3-5 nnum B-D. Cumeon ‘*’ B
KayecTBe 3Ha4YeHUs OTHOCUTCS K TERyLLEeN
cnupanu (BbibpaHHoM B none Select satellite).
Ecnu B KayecTBe 3HAYEHMA YKa3aH
eANHCTBEHHbI cumBon ‘H#’, Bce AMHUK
CKpbIBatoTCA.

6. 3agaHue ToNLWMHbI AMHKUIA (none Line width —
LWnpuHa IMHWIA), U UISMEHEHMEM CTUNSA
0TObOpaXKeHUs B CaMOM BEPXHEM BbliNaaroLLem
cnucke — Show (OTobparkaTtb). Unun 3agaHue
NPO3PAaYHOCTU IMHUIA — PALOM C 3TUM CMIUCKOM.
A TaKKe n3meHeHue oTobparkeHUsa TMHUIN Yepes
60/1blLOE KONMYECTBO APYrMX ONLMIA, JOCTYNHbIX
Yyepes MeHH0, BbI3bIBAEMOE MO KAUKY Ha BEPXHE
KHOMKeE C TPEMSA NOJIOCKAMM Ha Hel.

7. YBenmyeHume Unm ymeHbolUeHne KoNnM4ecTea
NoJiHbIX 060POTOB CNYTHMKA NO ero opbuTe —
KHOMKamu < / > cnpasa ot nosa Activity time,
years (Bpems akTUBHOCTH, NeT). YuTute, 4to
N3MeHeHMe BPEMEHN aKTUBHOCTU APYrMm
cnocobom byaer noKasbiBaTb byayLime nam
NpoLW/ble COCTOAHMUSA 3TOM Ke CNUpPau, a He
NPOCTO U3MEHATb BPEMS CUMYNALUN, YANUHAA
WAN YKOpauuMBas cnmpasnb.

TaKKe pekomeHayeTca nonpoboBaTb MEHATb

CKOPOCTM INHWUI. 1N 3TOro MOXKeT

MCMONb30BaTbCA «MepeTacknuBaHMe» Kypcopom
MbILLIK (C HaXKaTol NeBoM KNaBulleit) Ha MeTKe
HanpPoTMB COOTBETCTBYHOLLErO NapameTpa

cKkopocTu. MepeTackMBaHMe BAEBO YMEHbLUAET

CKOPOCTb, BNPAaBO — YBE/IMYMBAET. A TaKKe,

N3MEHATb CKOPOCTb MOXKHO KHOMKaMu cnpasa oT

COOTBETCTBYHOLLETO MO CKOPOCTU, AU NyTEM

BBOJA HENOCPEACTBEHHOIO 3HaYeHUe B

AnanasoHe o1 0 fo 1 (B KauyecTBe AECATUYHOM

TOYKWM UcnoNb3yeTcs cumson “.’).

Mpoyne maHMNyALMM C NApPamMeTPamm CYTHUKOB
WAN MOLENM B LEIOM B 3TOM IN1aBe He
OMMCbLIBAOTCA, TaK KaK OTHOCATCA Y¥Ke CKopee K
CO343HUIO U peflaKTUPOBAHUIO MOAENEN, HEXKeNN
K MPOCMOTPY FOTOBbIX MOAENEN.

I'1aBa 2. Bei6op ¢poTorpadpui
raJJaKTHK JAJis1 paboThbl

CnepyeTt yyecTb, YTO 15 NOCTPOEHUA Mogenei
TpebytoTca poTorpadrm XopoLuero paspeLleHus, u
enaTesbHO B UHPPAKPACHbIX AManasoHax.
Hanpumep, ot Teneckonos lepwenb (Herschel
Space Observatory — HSO) nam Cnutuep (Spitzer
Space Telescope — SST). ®oTorpadpum ot
Teneckona James Webb (JWST) ouyeHb XopoLlu, HO



smaller viewing angle, and only a part of the galaxy
falls into the viewing area. In 2026, it was
promised to launch another space observatory
with the same resolution as JWST, but with a much
larger viewing angle. The photos from the famous
Hubble Space Telescope (HST) are also quite good,
but in them the infrared range is mixed with the
optical range, which somewhat complicates the
identification of thermal gradients.

In any case, you should avoid using photos from
unreliable sources, which may be the result of
manipulation (mixing several photos, resizing,
distorting proportions, rotations, pinching with
loss of initial information, etc.), or even the work
of artists or neural networks. It is recommended to
use NASA websites as sources (nasa.gov ), ESA
(esa.int ) and affiliated with them, or at least
thematically specialized. In particular, the website
is a very good source. esahubble.org, which even
grants the right to publish photos and materials
from their website, including for commercial
purposes, although with some reservations
(requirements to indicate the source next to the
image, including modified ones).

As for the sizes and formats of the images. The
program understands PNG, JPEG, and TIFF
formats, but if the image sizes exceed 6K x 4K (or
so), there may be memory problems with some
operations, not to mention a significant slowdown
in 3D stamp creation operations. For photos that
are too large, it is recommended to perform a
preliminary size reduction, either using the
operation built into the program (downscale), or
preparing a reduced image using external
graphical tools.

Chapter 3. Setting satellite
parameters

So, let's load an image into the program and
create a 3D stamp based on it. In general, the
preparation of a 3D stamp is described in the next
chapter, but there is little point in doing this

Y HUX 0BbIYHO MeHbLLe Yron HabaaeHus, U B
0bnacTb NpocMoTpa nonagaeT To/IbKO YacTb
rafiaktukun. B 2026 roay obelanm 3anyctutsb ewle
OZIHY KOCMMYECKYI0 06CEPBATOPUIO C TaKUM XKe
paspeweHnem, Kak JWST, HO CO 3HaUUTENbHO
60blWwKM yrnom o63opa. TaK»Ke Henoxu
doTorpadpun ot 3HameHUTOro Teneckona Xabbn
(Hubble Space Telescope — HST), HO B HU1X
MHPaKPACHbIN ANaNas3oH CMeLLaH C ONTUYECKUM,
YTO HECKOJ/IbKO YC/OXKHAET BblAeNeHNe TeNO0BbIX
rPagMeHToB.

B ntobom cnyyae, cnepyet nsberaTb
ncnosb3oBaHMA doTorpaduin N3 HeAOCTOBEPHbIX
WCTOYHMKOB, KOTOPblE MOFYT OKa3aTbCA
pe3ynbTaToM MaHUNyAAaLMi (cmewmnsaHme
HecKo/ibKux ¢oTorpaduin, UsSmeHeHne pasmepos,
UCKaKeHWe NPonopLMiA, NOBOPOTLI, MEperKaThe ¢
nortepen ncxogHoh nHbopmauum u gp.), iM6o
BOOOLLLE TBOPYECTBOM XYAOKHMKOB UM
HelpoceTen. PekomeHayeTcs B KayecTse
NCTOYHUKOB BpaThb caitTbl HACA (nasa.gov), EKA
(esa.int) n adduAMpoBaHHbIE C HUMM UM XOTA Bbl
TEMATUYECKM CneumnannsnpoBaHHble. B yactHocTy,
0OYeHb XOPOLIMM UCTOYHUKOM ABNSETCSH CaunT
esahubble.org, KoTopblit gaxke npegocTaBaseT
npaso nNy6ankoBaTb poTorpadumn n matepuanbl ¢
MX CaliTa, B TOM YMC/IE U B KOMMEPUYECKUX LLeNAX,
XOTA U C HEKOTOPbIMW OFOBOPKAMM
(TpeboBaHMAMM yKa3bIBaTb UCTOYHUK PALOM C
n3obpakeHnem, B TOM YnUCie U
MoaUPULMPOBaHHBIM).

Y70 KacaeTca pasmepos 1 GpopmMaTos
n3obparkeHui. NMporpamma noHMmaeT popmartbl
PNG, JPEG u TIFF, Ho ecnu pasmepbl M306pakeHuns
npesbiwatoT 6K x 4K (uam okono Toro), moryT
BO3HWKHYTb NPO6aEMbI C HEXBATKON NaMATU Ha
HEKOTOPbIX OMepaLmaxX, He TOBOPSA Y¥Ke O
3HAUNTENbHOM 3aMe/IeHUN onepaLMii Co34aHus
3D-wtamnos. PekomeHayeTca ANA CAULLKOM
60nbwKnx poTorpaduii BbINOAHATL
npeaBapuTebHOE YMeHblUeHWe pasmepa, Mbo
NCNONb3ysA BCTPOEHHYHO B MPOrpammy onepaumio
(downscale), nnbo noarotasaMBan yMmeHbllUeHHOE
n3o06parkeHune ¢ MOMOLLbIO BHELIHUX rpadryeckmx
MHCTPYMEHTOB.

I'maBa 3. HacTpoiika napaMmeTpoB
CIIYTHUKOB

MUTaK, NycTb B NPOrpammy 3arpy»KeHo
n306parkeHne, n Ha ero ocHose chopmmnposaH 3D-
wTamn. Boobue, nogrotoska 3D-wTamna onvcaHa
B CneAytoLLen rnaBse, Ho HeT 0coboro cmbicna



without understanding exactly what results you
want to get with it. Therefore, it is suggested to
take a ready-made model with 3D stamps for
practice and reset the parameters for it. Or take a
step forward and try to create a relief stamp for
your chosen photo.

To reset the parameters and delete all spirals
except the default spiral, which will replace them,
use the last item in the large menu of the control
window — Reset parameters.

M101 — step O

Let's consider the process of building a model
using the example of the galaxy M101 "Pinwheel".
After uploading the photo and stamp, the picture
looks like this.

Figure 5. M101 - the beginning of work with the first
satellite. On the left is the original photo (Spitzer Telescope,
source: ESA/Hubble,
https://cdn.esahubble.org/archives/images/large/opo0907g

BbIFAQUT Cieaytowmnm obpa3om.

3aHMMATbCS 3TUM 6e3 NOHMMaHUSA TOro, KaKkue
MMEHHO pe3y/bTaTbl C ero NoMoLbto TpebyeTca
nosyuYntb. MoaTomy npeasaraetca Aaa NPaKkTUKK
B35Tb rOTOBYIO MoZesb ¢ 3D-wrtamnamm u
BbINOJIHUTL AN Hee cbpoc napameTpos. Unaum Bce-
TaKW 3arsHyTb Ha War Bnepea 1 nonpobosaTtb
c034aTb penbedHbIi WTamn A1a BbiIbpaHHOM Bamu
doTorpadun.

[na cbpoca napameTpoB 1 yaaneHus Bcex
cnupanen, Kpome CnMpany No YMoa4aHuio,
KOTOpPasA UX 3aMeHUT, UCNONb3YyITEe CaMblit
nocneaHni NyHKT 601bWLOr0 MEHIO KOHTPO/IbHOTO
OKHa — C6poc napameTpos.

M101 — mar 0

PaccmoTpum npouecc nocTpoeHna Moaenm Ha
npumepe ranaktmkn M101 «BepTtywka». MNocne
3arpysku ¢otorpadumm u WTamna KapTUHKa

¥
}
i
i
1

PucyHok 5. M101 — Hayano paboTbl ¢ NepBbIM CMYTHUKOM.
CneBa — ucxogHas ¢otorpadusa (teneckon Cnutuep,
ucroyHuk: ESA/Hubble,
https://cdn.esahubble.org/archives/images/large/opo0907g

.ipg). On the right is a 3D stamp based on the same photo.

M101 - Step 1

It can be seen that the center of the spiral is
located above and to the right (northeast) of the
brightest spot in the center of the galaxy, which
obviously contains its SMBH. To move the center,
place the mouse cursor approximately in the
center of the image, hold down the Control key
and the left mouse button (LMB) and drag the

.ipg). Cnpasa — 3D-wTamn Ha OCHOBE 3TOM e ¢oTorpadpum.

M101 -mar1

BMAHO, YTO LEHTP CNMPASIM HAXOAUTCA BbIlE U
npasee (ceBepo-BOCTOYHEE) CAaMOro APKOro NATHa
B LeHTpe ranakTMKKn, 04eBUAHO, CoOAepKaLLero ee
CMY. Ona nepemelLeHUA LeHTpa NnomecTmTe
KYpPCOP MbILWN MPUMEPHO B LIEHTP KapTUHKM,
3axkmuTe Knasuwwy Control u nesyto Knasuwy
Mbiwn (JIKM) 1 nepeTawmnte nepekpectbe B LEHTP



crosshairs to the center of the bright spot. (The
cursor should be exactly close to the center of the
window at the beginning of the drag, and not to
the center of the galaxy or the simulated spiral —
this is important). To increase accuracy, it is
sometimes necessary to zoom in on the image
while dragging the center.

In addition, the default modeled spirals are clearly
twisted in the wrong direction. To fix this, change
the sign in the Period field of the control window
(you can use the [-] button to the right of this
field). Now the picture looks like this.

Figure 6. M101. Source: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

ApKoro nNaTHa. (Kypcop AoKeH 6bITb UMEHHO
6/1M3KO K LLeHTPY OKHa B Haya/ie NepeTackMBaHus,
a He K LeHTPY ranakTMku UM cMoaeMpoBaHHOM
CNMPanM — 3To BaXKHO). [11A yBeMYeHNA TOYHOCTH
MHOrAa CTOUT YBEANYUTb MacluTab n3obpaxkeHus
Ha Bpema nepeTackMBaHMA LeHTpa.

Kpome Toro, cmoaennpoBaHHble Mo yMOAYaHUIo
CNMPanmM 3aKpydeHbl ABHO HEe B Ty CTOPOHY. YTobbI
3TO UCNPaBUTb, U3MEHUTE 3HaK B none Period
(Meproa) KOHTPONLHOrO OKHa (MOXKHO
MCNosib30BaTb KHOMKY [-] cnpaBa oT 3Toro nons).
Tenepb KapTUHKa BbIFIAANT TaK.

PucyHok 6. M101. UctouHuk: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

g.ipg). After the operation of aligning the center of the
model with the assumed SMBH of the galaxy and changing
the direction of rotation of the satellite.

M101 - Step 2

Now let's take advantage of the fact that each
satellite leaves a fairly noticeable "cross" on the
3D relief of two straight lines corresponding to the
major and minor axes of the ellipse of its orbit.
These lines are not very noticeable, and you need
to look closely to see them. And often they cannot
be seen at all until, during the rotation of the
model around the center, the axes of the model
coincide with these physical rectilinear gradients.
But they are always there, and if there are
sufficiently high-resolution photographs, they are
well identified and greatly facilitate the procedure
for restoring the parameters of the emitting
satellite's orbit.

We will perform such a rotation of the projection
plane by selecting a relief stamp as the current

£.ipg). Mocne onepauun coBmeLLeHUA LeHTPa MOAENM C
npegnonaraemoit CMY/l ranakTMku 1 UsMeHeHUs
HanpasaeHUA BpalleHUA CNyTHUKaA.

M101 - war 2

Tenepb BOCMNO/Ib3yeMcA TEM, YTO KaXKAblM CIYTHUK
ocTaBnseT Ha 3D-penvede JOCTAaTOYHO 3aMETHYIO
KKPECTOBUHY» U3 ABYX NPAMbIX TMHUIA,
COOTBETCTBYIOLLMX BONBLLION N MaIo OCAM
3NAunca ero opbuTbl. 3TN IMHUM HE OYEHb
3aMETHbI, U HY)KHO NPUrNAAbIBaTbCA, YTOObI UX
yBUAETb. M 4acTo nx BoobLe HEBO3MOXKHO
pasrnageTb 4o TexX Nnop, Noka B npotecce
NoBOPOTA MOAENN BOKPYT LLEHTPA OCU MOLENN He
COBMAAYT C STUMMK PUSNYECKUMMU
NPAMOSIMHENHBIMM FpagMeHTamu. Ho oHu ecTb
BCerga, v npu Haamyuum otorpaduii 4OCTaTOYHO
XOpPOLLEro paspeLleHmsa OHM XOpoLo
NOEHTUOULMPYIOTCA U 3HAYUTENbHO obaeryatoT
npoueaypy BOCCTAHOBAEHUA NapameTpoB opbuTbl
N3/lyYatoLLLero CnyTHMKa.



substrate. To do this, place the mouse cursor in
the upper part of the model window until the label
PROJECTION PLANE appears, and then
simultaneously hold down the Control key and the
left mouse button (LMB) and drag the cursor to
the right. Until the crosshair falls on more or less
noticeable potholes forming a straight cross.

Since there can be several satellites, there can also
be several crosses. In this case, we will stop after
turning 72°, and at the same time both
perpendicular lines have found a suitable
rectilinear track on the stamp. In fact, the right
angle between the lines in the crosshair is a very
rare case, corresponding to the case when the
galactic plane looks at us strictly flat. This should
not apply to the case of galaxy M101, its
asymmetry is immediately noticeable. This means
that there must be at least two, if not more,
satellites. Or indeed one of the satellites has an
orbit with a plane strictly perpendicular to the ray
between our galaxy and M101. But then there
should be at least one more satellite providing the
observed asymmetry.

Figure 7. M101. Source: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

HECUMMETPUY

BbINONHWM TaKoW MOBOPOT NJIOCKOCTU NPOEKLUN,
BblbpaB NpeABapUTEIbHO B Ka4yecTBe TeKyLl el
NOANOXKM penbedHbIi Wtamn. [aa aToro
NOMECTUM KYPCOP MbILLIN B BEPXHHIOO YacTb
MOJEeNbHOro OKHa — 10 NOSAABNAEHUA HaANUCK
PROJECTION PLANE (M/IOCKOCTb NMPOEKLNN), n
TaK }Ke 3aXuman ogHoBpemeHHo Knasuiy Control
W NeByto Knasully mbiwn (JIKM), nepetacknsaem
Kypcop Bnpaso. [lo Tex nop, NOKa NepeKkpecTbe He
NAXET Ha 6onee UAn meHee 3ameTHble BblI6OUHDbI,
obpasytowue npamon Kpecr.

TaK KaK CMyTHUKOB MOMET ObITb HECKONbKO, TO
KPeCTOBUH MOMKET BbITb TaK e HEeCKO/bKo. B
OAaHHOM Cny4Yae Mbl OCTaHOBMMCA MOC/ie MOBOPOTa
Ha 72°, 1 npun 3Tom obe nepneHaANKYAAPHbIE
JIMHUKM Hawnm cebe noaxoaALLyto
NPSMONUHENHYI0 AOPOXKKY Ha WTamne. B
OENCTBUTENBHOCTU MPAMON YroN MeXKay TMHUAMMU
B NEPEKPECTbE — 3TO OYEHb PEAKUI CNyYall,
COOTBETCTBYIOLWMI CNyYato, KOrga rafaktuyeckas
NAOCKOCTb CMOTPUT Ha Hac cTporo naawms. K
CAyyato ranaktTmkm M101 370 He A0NKHO Bbl
OTHOCUTbLCA, €€ HECUMMETPUYUYHOCTb 3aMeTHa cpasy
»e. YTo 03HavaerT, YTo CNYTHUKOB [I0JIKHO ObITh,
KaK MUHUMYM, [1Ba, ec/n He 6onblue. JInbo
AEeNCTBUTENbHO OAMH U3 CNYTHUKOB MMeeT opbuty
C NJIOCKOCTbIO, CTPOTrO NepneHANKYAAPHON Nydy
mexay Hawewn ranaktukon n M101. Ho Toraa tem
6onee A0/1KeH BbITb KaK MUHUMYM ellle 0AMH
CNYTHUK, obecneunsaoLLnii Habaogaemyto
HOCTb.

I

PucyHok 7. M101. UctouHuk: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

g.ipg). After rotating the projection plane by 72° clockwise.

g.ipg). Mocne noBopoTa NJIOCKOCTU NPOEKTUPOBaHMUA Ha 72°
No YacoBOW CTpesiKe.



M101 - Step 3

Suppose a "perpendicular" satellite has been
found (i.e., a satellite with an orbit strictly parallel
to the projection plane). Reduce the activity time:
place the mouse cursor in the active window
approximately in the middle of the label of the
Activity time field, and by clicking LMB, move the
cursor to the left. After reaching a value of about
110 thousand years, the picture will become very
close to what is available in the photo. Moreover,
if you increase the number of satellite orbits by
one by clicking on the [>] icon to the right of the
activity field, then the continuation of the spiral at
a speed of 0.2c (golden color) will neatly fall into
the hollow, which seemed to be waiting for it
there. For clarity, in the following image, the
thickness of the lines in all four directions is
chosen to be the same. In this case, it is clearly
seen that all four arms of the white quadruple
spiral correspond very well to the four brightest
spiral-like arms of the galaxy M101. Only the large
circular arc on the right remains uncovered, for
which it would be strange to have only slower
particle flows as a generator. Moreover, there is
no clearly symmetrical arc in the opposite corner
of the galaxy.

Figure 8. M101. Source: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

Habnogaerca.

M101 - war 3

MpeanonoXunm, HalaeH «neprneHanKyAAPHbIN»
CNYTHUK (T.e. CNYTHUK C OpbUTOM, CTPOro
napannenbHOM NAOCKOCTU NPOEKTUPOBAHMA).
YMeHbLUIMM BPEMA aKTUBHOCTU: YCTaHOBUM Kypcop
MbILLM B aKTUBHOM OKHE MPUMEPHO Ha cepeaunHy
MeTKuM nons Activity time (Bpema akTMBHOCTU), 1
HaxkaB JIKM, nepeasnHem Kypcop Bneso. [locne
JOCTUXKeHUA 3HayeHnsa okono 110 Teic. neT
KapTWHKA CTaHET o4eHb 6/1M3Ka K TOMY, YTO
nmeetca Ha ¢oTorpadun. bonee Toro, ecam
YBE/IMYUTb KOIMYECTBO BUTKOB CMYyTHWKA Ha OAMH,
HaykaB Ha 3HAYOK [>] NpaBee NOASA aKTUBHOCTU, TO
NPoAOIKEHNE BUTKA CNMPAAn Co cKopocTbio 0.2¢
(30n0TMCTOrO LBETA) AKKYPATHEHBKO NAMKET B
NOXOUHKY, KOTOpasA C/I0BHO ero Tam xaana. Ana
HarnA4HOCTM Ha CeAyoWeM CHUMKE TOJLLMHA
JINHWUI BCeX YeTblpex HanpasaeHui BbibpaHa
OfIMHaAKOBOW. B 3aTOM c/lydae XopoLlo BUAHO, YTO
BCE YeTbIpe pyKaBa 6enoli YeTBepHOM cnMpanu
OYeHb XOPOLLIO COOTBETCTBYIOT YeTbIpeM Hanbonee
APKUM cnMpanenofobHbIM pyKaBam ranakTUKu
M101. OcTaeTcs He HaKpbITOM TO/IbKO BonbLias
KpyroBas gyra cnpasa, 4 KoTopoi 6b1s10 6bl
CTPaHHO MMEeTb B KauecTBe 0bpasytoLent TONbKO
Nvwb 6onee megneHHble NOTOKM YacTul, Tem
6onee, UTo ABHO CUMMETPUYHON ell Ayrn B
NPOTUBOMO/IONKHOM YI/y raNakTUKKN He

PucyHok 8. M101. UctouHuk: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

g.ipg). After reducing the activity time and adding the time
of one satellite orbit.

g.ipg). Mocne ymeHblEHUA BpeMEHU aKTUBHOCTU U
po06aBNeHNA BpeMeHM OAHOro BUTKA CNYTHUKA.



M101 - Step 4

Yes, the alignment here looks somewhat
inaccurate, but it's easy to correct by changing the
Tilt and Inclination values. To do this, you can
move (drag) along the bottom and right sides of
the main window, similar to changing the rotation
of the projection with the Control and LMB keys
pressed. As a result, the alignment turned out to
be more accurate for Tilt=-3° and Inclination=2°,
and the overall slope (the acute angle between the
satellite's ecliptic plane and the projection plane)
is now -3.6° (it is displayed in the yellow panel at
the bottom of the control window with the last
value when the mouse cursor is on the model
window). Notice that this made the crosspiece
look even better. To make sure of this, it is enough
to "blink" the model by pressing and releasing the
right mouse button (RMB) on the model window.
The second speed of the satellite has been
changed from 0.2c to 0.26c to better match the
relief grooves on the stamp. In general, if you
move this speed, you will find a whole fan of
spirals, each corresponding to its own particle
velocity. The fact that some of these spirals leave
a deeper mark than others can be explained by
various reasons. For example, by the interference
of streams of different velocities colliding with
slower streams of particles ejected on previous
orbits of the satellite (of course, not streams of
particles collide, but atoms of galactic gas
dispersed by streams of these particles — but it
sounds shorter). Or by the fact that a satellite is
not a single object, but a group of objects moving
around a common center of mass, and together in
an elliptical orbit around the central SMBH. If the
objects in the group have different rotational
speeds around their own axis, this could explain
why the spirals form such a fan — each spiral would
correspond to its own object in the group.

M101 - war 4

[a, coBmeLLeHMe 34eCb BbIrNALUT HECKO/IbKO
HETOYHbIM, HO 3TO HEC/I0XHO NOMNPaBUTb, MEHASA
3HayeHus Tilt u Inclination — ana 3Toro mokHo
BbINOJIHATL NepemeLLeHns (nepeTackneaHma)
BA0/1b HUXKHEN M NPaBO CTOPOHbI OCHOBHOTO
OKHa, Nogo6HO M3MeHeHMIO MOBOPOTa NPOEKUMM —
C HaxkaTbiMn Knasuwamm Control n JIKM. B
pesynbTaTe, COBMELLEHME NONyYnUIoch bonee
akKypaTtHbim ana Tilt=-3° u Inclination=2°, u
0614 HAaKNOH (OCTPbIN Yyron mexay NA0CKOCTbIO
3K/IMNTUKM CMYTHMUKA M NJIOCKOCTbIO NMPOEKLMM)
Tenepb paBeH -3.6° (OH oTO6parkaeTca B KeNTo
naHenn BHU3Y KOHTPO/IbHOTO OKHA NOCAeAHUM
3HaYeHMeM, Koraa Kypcop MbllN HaXo04AUTCA Ha
MOAENIbHOM OKHe). 3ameTbTe, YTO NPU 3TOM
KpecToBWHA CTaNa BbIrNAAEeTb ewe ayyle. Ytobbl B
sTom y6eanTbCcA, [OCTAaTOYHO KNOMUFATb»
MOZENbIO, HAXKMMASA U OTNYCKasA NPaByto KNaBuLy
mbliwn (MKM) Ha moaenbHOM OKHe.

BTopaa ckopocTb cnyTHUKA nameHeHa ¢ 0.2¢ Ha
0.26¢, 4TOObI NyULLE COOTBETCTBOBATb MMEIOLLMMCH
Ha WTamne penbedHbIM yrnybneHmam. Boobuye,
€C/1M 3Ty CKOPOCTb NOABUraTh, TO O6HapyKMBaeTCA
Lenblil Beep cnupanei, COOTBETCTBYIOLWMX KaxKaan
CBOEW CKOPOCTU YacTuu, To, YTO HEKOTOpPbIE U3
3TUX cnupanen octasnatoT bonee rnybokuii cnea,
yem Apyrve, MoXKeT 06bACHATLCA Pa3HbIMU
npuynHamu. Hanpmumep, nHTepdepeHuuen
MOTOKOB Pa3/IMYHbIX CKOPOCTEM, CTAIKUBAOLLMXCA
¢ 6onee meaIEHHBIMU NOTOKAMM YacTUL,
BbIOPOLIEHHbIX HA NPeablAYLMX BUTKaX CNYyTHUKA
(cTanknBaloTCA, KOHEYHO, HE MOTOKM YacTUL, a
aTOMbI Fa/IaKTUYECKOro ra3a, Pa3orHaHHOro
NMOTOKAMM 3TUX YACTML, — HO TaK 3BYYUT KOpoYe).
Nnn ke Tem, 4To CNYTHUK — HE e4MHCTBEHHbIN
061BeKT, a rpynna 06beKTOB, ABUKYLLNXCA BOKPYT
obuLero LeHTpa Macc, U COBMECTHO — Mo
3NNMNTUYECKOM 0pOUTE BOKPYT LLEHTPAIbHOM
CMYA. Ecnm npu sTom 06BbEKTbI B rpynne MMeroT
pa3Hble CKOPOCTM BPALLEHMA BOKPYr COOCTBEHHOW
0CM, 3TO MOT/10 6bl 06 BACHWUTD TO, UTO CNMPASM
COCTAB/AIOT TAKOW Beep — Kaxaasa cnupasb
cooTBeTCTBOBAMa Obl CBOEMY COOCTBEHHOMY
0b6beKTy B rpynne.



Figure 9. M101. Source: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

PucyHok 9. M101. Uctounuk: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

g.ipg). After specifying the Tilt and Inclination parameters.
Thus, we can assume that the first (and main)
radiating satellite in the Pinwheel galaxy has been
successfully found. Note that the eccentricity of its
orbit remains 0.5, which is the default average
value.

M101 - the second satellite

What about the second satellite? After copying the
first satellite (the [+] button next to the spiral
selection field), choose a different color for it so as
not to get confused, and manipulate it a little.
Increase the eccentricity and rotate, move Tilt and
Inclination. It is also convenient to change the
eccentricity by dragging the mouse cursor along
the left edge of the model window with the Ctrl
and LMB keys pressed. And even without changing
the period of the satellite's rotation, we got a
completely different set of spirals. And the new
satellite also has a crosspiece, separate and
independent. Let's display the result — both
satellites found, each with its own two spirals at
vl=c and v2=0.26c. The second satellite has an
eccentricity of almost 0.7, Tilt=-2°, Incl=-15°, the
total angle with the projection plane is about 15°.
Now it can be seen that the possible reason for the
visual asymmetry of the galaxy M101 is most likely
that its two main satellites rotate slightly
differently, they have slightly different
eccentricities, slightly different inclinations, etc. As
a result, their spirals "met" in a more parallel way

£.jpg). MNocne yrouHeHuna napamertpos Tilt u Inclination.
TakMm 06pa3om, MOXKHO CUMTaTb, YTO NepPBbIN (1
OCHOBHOW) M3/1yYatoLWMiA CNYTHUK B raflakTUKe
«BepTywkKa» ycnewHo HangeH. Obpatute
BHUMaAHME, YTO IKCLLEHTPUCUTET ero opbuThbI
ocTancs paseH 0.5 — cpeaHee 3HayeHMe No
yMOJ14aHuto.

M101 - BTOpO# CHyTHUK

Y10 HacueT BTOpOro cnyTHUKa? CkonMposas
nepBblit CNYTHMK (KHOMNKa [+] paaom c nosiem
BblbOpa cnupanu), Bbibepem AN Hero Apyromn
LBET, YTObbl He NyTaTbCA, U HEMHOTO
NOMaHUNYANPYEM C HUM. YBENNUYUM
3KCLLEHTPUCHTET M NoBepHeM, noasuraem Tilt n
Inclination. 3KcueHTPUCUTET YyAO6HO M3MEHATb
TaKXXe nepeTackMBaHMEM Kypcopa Mbiln BAONb
JIeBOrO KpasA MOAE/IbHOTO OKHa C 3a*KaTbiMU
knasmwamu Ctrl u IKM. U gaxke He meHAa nepuog,
ob6paLLeHna cnyTHUKaA, Mbl NOAYYUN COBEPLUEHHO
Apyroi Habop cnupanei. M KpecTtoBMHa y HOBOTO
CNYTHUKA TOXKe MMeeTCA, OTAENbHAA U
He3asucumasn. OTobpasmm pesynbtat — oba
HaMAEHHbIX CMYTHUKA, KaXKAbli CO CBOMMU ABYMA
cnupanamu npu vl=c n v2=0.26c. Y BTOoporo
CMNYTHUKA IKCLEHTPUCUTET MOJTYHUICA PAaBHbIM
nouytu 0.7, Tilt=-2°, Incl=-15°, cymmapHbIi1 yron ¢
NAOCKOCTbIO NPOEKUUM — OKoJ1o 15°.

Tenepb BUAHO, YTO BO3MOXKHAA NPUYMHA
BM3yasibHON HECUMMETPUYHOCTM ranakTuku M101
3aK/1II04aETCA, CKOpee BCEro, B TOM, YTO ee ABa
OCHOBHbIX CNYTHNUKA HEMHOTO MO-Pa3HOMY



in the southeastern direction, but diverged in the
northwestern corner.

Figure 10. M101. Source: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

06palLatoTca, y HUX HEMHOrO pasHble
3KCUEHTPUCUTETbI, HEMHOTO Pa3Hble HaK/AOHbI 1
T.4. M B uTOre ux cnupanu 6onee napannenbHbim
06pa3om «MOBCTPEYaNNCh» Ha Oro-BOCTOYHOM
Hanpae/seHUK, HO Pa3oLLINCh B CEBEPO-3aNaaHOM

yray.

PucyHok 10. M101. UctouHuK: ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo0907

g.ipg). A second satellite has been added: the yellow line is
vl=c, the green line is v2=0.26c.

Changes in the period and time of activity

We could stop there for now, but there are still
important settings that simply weren't needed in
this example. It is often important to change the
period and move the activity time (the activity
time has already changed in the third step of
working with M101). If more than two turns of the
galactic spiral are visible, and there is a suspicion
that they are the same spiral, but when one turn
of the simulated spiral hits, the other turns diverge
in approximately the same proportion, then most
likely a change in the period can correct the
situation. But after that, you almost always have to
turn the activity time.

Geometric meaning of the parameters

It was not emphasized above what geometric
meaning the Tilt, Inclination, and Project plane
rotation parameters have. But it's probably
understandable that we're talking about rotations

£.ipg). No6aBneH BTOPOI CNYTHUK: }KenTas nMHuA — vl=c,
3eneHan —v2=0.26c.

HN3MeHeHMs epuoa U BpeMeHH
AKTHBHOCTH

MOKa Ha 3TOM MOXHO 6bl M OCTAaHOBUTLCA, HO €CTb
elle BaXKHble HAaCTPOMKK, KOTOPbIE NPOCTO He
noHagobuauce B aTom npumepe. Yacto bbiBaeT
BAXKHO U3MEHATb Nepuos U ABUraTb BPeMs
aKTUBHOCTU (BpemA aKTUBHOCTU Y}Ke MEHANOCh Ha
TpeTbem ware pabotbl ¢ M101). Echun BuaHo 6onee
[ABYX BUTKOB CNNPaAM ranakTUKM, U ecTb
NoA03peHMe, YTO 3TO O4HA U Ta Ke Cnupasnb, HO
npv nonagaHuy 04HOro BUTKa CMOAENMPOBAHHOM
CNMpanu apyrue BUTKM PacxoaaTca NPUMepPHO B
04MHAKOBOW NponopLMu, T, CKOpee BCero,
N3MeHeHue Nepmnoaa MoXeT UCNPaBUTb
cuTyaumto. Ho nocne aToro no4Tu Bceraa
NPUXOAUTCA KPYTUTb BPEMA aKTUBHOCTM.

F'eoMeTpHUYECKHUHA CMBICJ IAPAMETPOB
Bbllle He aKLLeHTMPOBAIOChb, KaKoM
reoMeTpuyYeckmin CMbici nmetoT napameTpbl Tilt,
Inclination un Project plane rotation. Ho,
HaBepHOe, NOHATHO, YTO peyb UAET O NOBOPOTAX



around the three axes of the Cartesian coordinate
system. If, as is customary in 3D visualization
programs, such a coordinate system is linked to
the SMBH by pointing the Z-axis at the viewer, the
X—axis to the right, and the Y—axis up, then the
rotation of the projection plane corresponds to a
rotation around the Z—axis, Tilt — around the Y-
axis, and Inclination - around the X-axis. There is
another twist — changing the starting angle. This is
also a rotation around the Z axis, but after
completing the three rotations listed above
sequentially. Sometimes it may be easier to use
such a rotation than to rotate around the X and Y
axes several times, while simultaneously adjusting
several other parameters.

Naming of satellites

And a few more words about names. Each satellite
contains two spirals corresponding to the same set
of orbital parameters, but two different particle
velocities. But sometimes it may be necessary to
store more spirals for the same satellite. In this
case, setting the same name for several satellites
leads to the fact that when the parameters of one
named satellite are modified, all other satellites
with the same name copy these parameters —
everything except particle velocities and color
settings. Unnamed satellites are not synchronized
with other unnamed satellites.

Note that pressing the [+] symbol next to the
satellite number field adds a copy of the current
satellite to the end of the list, resetting the name.
That is, it is a completely separate satellite, and if
you do not type in the same name, any parameter
changes in it will no longer update the parameters
of the original satellite, and vice versa. However, if
the Shift key was pressed when pressing the [+]
button, then a copy of the current satellite is
created immediately after it in the list, and with
the same name. This is convenient for creating
additional spirals of the same satellite, with
different speeds. If you now specify the name of
this satellite in the filter, then all its spirals will be
displayed simultaneously, which can be
convenient for selecting the most suitable satellite
parameters.

BOKPYF TPEX 0Cen AeKapTOBOM CUCTEMDbI
KoopAauHaT. Ecau, Kak NnpuMHATO B nporpammax 3D-
BU3yanmsaumm, npmeasatb K CMY/ Takyto
CMCTEeMbl KOOPAUHAT, HANPABMB Ha 3pUTENA OCb Z,
BNpPaBoO — OCb X, N BBEPX —OCb Y, TO NOBOPOT
NAOCKOCTM NPOEKLMN COOTBETCTBYET NOBOPOTY
BOKpyr ocn Z, Tilt— Bokpyr ocn Y, a Inclination —
BOKpyr ocu X. EcTb elLe oa4nH NOBOPOT —
NU3MeHeHue CTapToBOro yraa. 3To ToXe NoBopoT
BOKpPYr OCU Z, HO y»Ke nocse nocneaoBaTtenbHOro
BbINOJ/IHEHUA TPeX Bblle NepevyncieHHbIX
NOBOPOTOB. MHOrAa MOXeT OKasaTbcA npoLye
BOCMO/1b30BaTbCA TaKMM JOBOPOTOM, YEM CHOBA
HEeCKO/IbKO pa3 BpaLLaTb BOKpYr oce X n'Y,
OAHOBPEMEHHO KOPPEKTUPYA HECKOJIbKO APYrux
napameTpos.

HMeHOBaHUeE CIYyTHUKOB

N ewe HeCKONbKO c/1ioB 06 MMmeHax. Kaxkapli
CMYTHWUK COAEPKUT ABE CNnpany,
COOTBeTCTBYlOLME 0AHOMY Habopy napameTpos
opbuTbl, HO ABYM Pa3NNYHbIM CKOPOCTAM YacTull,.
Ho nHoraa mox<et notpeboBaTbCA XpPaHUTb
60/blue cnupaneit 4na oa4HOro U TOro »Ke
CNyTHWKA. B aTom cnyyae ycTaHOBKa OANMHAKOBOIO
UMEHMU ANA HECKOJIbKUX CMYTHUKOB NPUBOANT K
TOMY, YTO Npu MmoandUKaLMN NAapaMeTPOB O4HOI0
MMEHOBAHHOrO CMYTHMKA BCE OCTa/ibHble CIYTHUKN
C TEM K& MMEHEeM KOMUpPYoT 3TU napameTpbl —
BCE, KPOME CKOPOCTEeM YacTUL, U HaCTPOMKM LBETa.
be3bIMAHHbIE CNYTHUKU NPU STOM He
CUHXPOHU3UPYIOTCA C APYrMMMN 6e3bIMAHHBIMM
CMYTHUKaMU.

Y4TUTE, UTO HaxKaTMe cMmMBOAa [+] BO3/Ne Nons ¢
HOMEpPOM CNyTHMKA A06aBAAET KONUIO TEKYLLEro
CNyTHWKa B KOHeL, cnucka, cbpacbiBas ums. T.e.
3TO COBEPLUEHHO OTAENbHbIM CNYTHUK, U eCn emy
He BrneyvaTaTb TO e UMS, TO Ntobble M3MeHeHUs
napameTpoB B HEM Y3Ke He byayT 06HOBAATb
napameTpbl UICXOAHOTO CNYTHWKA, N HaobopoT. Ho
€C/IN NPU HaxKaTUKM Ha KHOMKY [+] Bblna 3aXkaTa
Knasuwwa Shift, To cozpgaeTca Konus TekyLLero
CMNyTHWKA HenocpeaCcTBEHHO BCaes 38 HUM B
CMUCKe, N C TeM XKe MMeHem. ITo yaobHo ann
CO34aHuUA AONOJIHUTE/IbHbIX CMPANen TOro Xxe
CMYTHWKA, C APYrMMM CKopocTamu. Ecam Tenepb B
dunbTpe yKasaTb MMA 3TOrO CMYTHUKA, TO BCE ero
cnupanu byayt oTobpakaTbca 04HOBPEMEHHO,
4YTO MOXKeT bbITb YA0OHO Ans noadbopa Hanboee
noAxo4ALMX NapaMeTpoB CNYTHUKA.



Chapter 4. Preparation of 3D relief
stamps

To prepare a stamp based on the uploaded photo,
you need to open a dialog using the button (3) on
the program's control window (the last button in
the bottom row of the thumbnail column). In the
3D stamp parameters window that appears,
change the parameters (or leave them at their
default values) and click the most noticeable
button labeled [Create Stamp]. If the current
image is a newly created stamp and the [Replace
previous stamp] checkbox is checked (set by
default), then the new stamp will replace this
stamp instead of building a stamp based on the
stamp. If you need to save the current stamp and
create another one in order to leave the best
option later, just switch to the original image — a
new stamp will be created immediately after it in
the list of images.

What is a 3D stamp?

The relief stamp is similar to the emboss operation
in graphic editors. The essence of such image
processing is that a copy of it is taken, for each
pixel the values of the channels R, G and B are
"inverted" (according to the formula Y = 255 —X),
and the resulting image is stacked pixel by pixel
with the original image. More precisely, each pixel
is averaged using the formula Z = (X + Y)/2 for each
channel R, G, B. But previously, the inverted image
is shifted several pixels vertically and/or
horizontally. If you do not shift, then the final
image will obviously be a perfectly gray rectangle
with a value of 127 in each R, G, and B component
of each pixel.

Bull's Eye Galaxy - Attempt 1

But simply adding with a shift may not be enough
to reveal the brightness gradients in the original
image. For example, for the following photo of the
LEDA 1313424 Bullseye galaxy, this operation
results in this (an X and Y offset of 9 pixels is

I'1aBa 4. [loaroroBka pesibedpHbIX 3D-

mTaMIIOB

[na NoAroTOBKM LUTAaMMNA Ha OCHOBE 3arpy»KeHHOM’
doTorpaduu TpebyeTtca Bbi3BaTb AMANOT KHOMKOM
(3) Ha KOHTPO/IBHOM OKHe Nporpammbl (NocneaHas
KHOMKA B HUXKHEM pPAAY KOJIOHKM MUHUATIOP
n306parkeHuit). B noasmBelueMca OKHe
napameTpoB 3D-wWTamna cnegyet USMeHUTb
napameTpbl (MAN OCTaBUTb UX 3HAYEHUSA MO
YMONYAHMIO) M HAXKaTb CaMyt0 3aMETHYHO KHOMKY C
Hagnucbto [Co3aaTtb WwTamn]. Ecnm Tekywee
n3obparkeHne — HeaBHO CO3AaHHbIM WTamn u
ycTaHoBneH ¢naxok [Replace previous stamp]
(ycTaHOBNEH NO YMOAYAHMIO), TO HOBBIN WTAMN
33aMEHWUT 3TOT LUITAaMN BMECTO TOr0, YToObl CTPOUTD
LUITAaMM Ha OCHOBe WTamna. Ecan Hy»KHO coxpaHuTb
TeKyLUIA WTamn, U co3aaTb APYroi, YTobbl NoToM
OCTaBMUTb IYYLIMNIA BAPUAHT, NPOCTO
nepektoYnTECh Ha NCXO4HOE N306parkeHne —
HOBbIN WTamn 6yaeT co3aaBaTbheA
HenocpeacTBEHHO NOC/ie Hero B Cruncke
N306parKeHum.

YTo Takoe 3D-mTamn

PenbedHbI WTamn aHanorMyeH onepaumm
emboss B rpaduyecknx pegakropax. CyTb Takol
06paboTKN N306parkeHUs 3aKNOYAETCA B TOM, YTO
6epeTca ero KonNus, ANA Kaxaoro nukcens
3HauyeHus KaHanos R, G n B «MHBepTupytoTCa» (no
dopmyne Y = 255 — X), u nonyyeHHoe
n3obparkeHne CKNaabIBaeTCA NONUKCENBHO C
NCXOAHbBIM U306parkeHnem. TouHee, Kaxablii
nuKcenb ycpeaHsetca no ¢opmyne Z = (X +Y)/2
ONA KaxKgoro KaHana R, G, B. Ho npeasaputensHo,
WMHBEPTMPOBAHHOE U306paXkeHne CABUraeTca Ha
HeCKO/IbKO MM1Kcesei No BepTMKanu u/mam no
ropusoHTanu. Ecam casur He aenatb, TO UTOrOBOE
ns3obpaxkeHune, oyeBUAHO, byaeT NpeacTaBAsaTb
coboit naeanbHO cepbln NPAMOYTOIbHUK CO
3HavyeHnem 127 B Kaxkaom KomnoHeHTe R, G n B
KaXKgoro nukcens.

lFasnakTvka bpluui rjias - nonbiTKa 1

Ho npocTo cnoeHusa co caABUrom MOXKET ObITb
HeA0CTaTO4YHO, YTOObI BbIABUTb rPaAnEHTbI
APKOCTU Ha UCXOAHOM M30b6pakeHun. Hanpumep,
ans cneayrouwein ¢otorpadum ranaktmkmu LEDA
1313424 Bullseye Takas onepauma gaeT BOT YTO



applied for the 3843x3607 image). Not a very good
attempt, is it?

Figure 11. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

(npumeHeH casur no X v no Y Ha 9 nuKkcenen gna
nsobpaxkeHmsa 3843x3607). He canwKkom yaayHas
MonbITKa, He TaK n?

PucyHok 11. Nanaktuka LEDA1313424 Bullseye. UCTOUHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. On the right is a 3D stamp without
reinforcement.

Bull's Eye Galaxy - Attempt 2

In order for the changes on the stamp to be clearly
visible, the values of the folded pixels on the
original and inverted images are pre-enhanced
(increased). It is convenient to set the gain factor
as a percentage. If you set the gain to 1500%, the
result will be as follows.

ipg). LleHTpanbHas yactb. Cnpasa — 3D-wtamn 6e3 ycuneHms.

lasakTuka bbluui rjias - nonbITKa 2

[nsa Toro, 4toObl U3MEHEHUA HA WTamne Bblan
XOPOLUO 3aMEeTHbI, 3HAYEHUNA CKNaAbIBAEMbIX
nUKcenen Ha UCXO4HOM M MHBEPTUPOBAHHOM
n306parKeHMmn nNpeaBapuUTebHO YCUANBAKOTCA
(ysenunumsatotca). KoadpduumeHT ycunenus
yA06HO 33aaBaThb B nNpoueHTax. Ecnm 3apatb
ycunernne 1500%, To pesynbTaTt byaeT
cnenyowmmn.



Figure 12. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

PucyHok 12. Fanaktuka LEDA1313424 Bullseye. UCcTOYHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. On the right is a stamp with a gain of
1,500%.

Bull's Eye Galaxy - Attempt 3

But even this may not be enough. Set the gain to
15,000%. In the slides below, the [Always use 24-
bit gray bitmaps] checkbox has been returned (in
the large menu of the control window). In this
mode, for internal purposes, images are stored as
grayscale with one color channel from black to
white, but 24 bits are allocated to the channel, not
8. Thus, all operations (dimming, contrast,
blurring, lightening, and others) almost do not lead
to information loss, which is very important if, in
order to achieve the desired image clarity, you
have to perform several operations on the image
sequentially.

For example, the right slide of the above image
shows the same 3D stamp after applying the [To
most dark neighbor] filter with the current
Multiplier value=2 (which means that the darkest
pixel for each pixel will be found in a 5x5 pixel
square). The lines of the simulated spirals are
better visible on a darker background.

ipg). LleHTpanbHas yactb. Cnpaea — WTamn € yCUieHUem
1500%.

lasnakTvka bpluui rjias - nonbITKa 3

Ho 1 aToro moeT bbiTb HEAOCTaTOYHO.
YctaHoBum ycunernune 15000%. Ha cnaiigax HuxKe
BO3BpaLleH $naxKok [Bcerga ncnonbsosats 24-
6UTHbIE cepble 6UTMmanbl] (B 601bLIOM MEHIO
KOHTPOJIbHOTO OKHa). B aTOM pexume ans
BHYTPEHHUX Lienen n306paxkeHma XpaHATCA Kak
NOJIyTOHOBbIE C OAHWUM LBETOBbIM KaHa/ioM OT
YyepHoro K 6esomy, HO Ha KaHan BblaeneHo 24
61Ta, a He 8. Takum obpasom, Bce onepaLmm
(3aTemHeHMe, KOHTPACTHOCTb, Pa3MbITHE,
OCBET/IEHUE U APYTUe) NOYTU He NPUBOSAT K
nortepe MHPOPMaLMN, YTO OYEHDb BAXKHO, €CnN ANA
OOCTUNKEHMA HYXKHOM YETKOCTU N300parkeHuns
NPUXOANTCS BbIMONHATL Hag, N300parkeHnem
HECKOJ/IbKO onepaLuin nogpaa.

Hanpumep, B npaBom cnalife npuBeAeHHOro
CHMMKA n306paxkeH ToT ke 3D-wTamn nocne
npumeHeHnsa ¢punbtpa [To most dark neighbor] ¢
TeKyLWwMm 3HaveHnem Multiplyer=2 (4To 03Hauaer,
YTO Hanbosiee TEMHbIN NMUKCENb A KaXKAO0ro
nukcens byaeT oTbICKMBATLCA B KBagpaTte 5x5
nukcenei). Ha 6onee TemHom $oHe nyylie BUAHbI
JIMHUM CMOLENNPOBAHHbBIX CNINPANEN.



Figure 13. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

PucyHok 13. Fanaktuka LEDA1313424 Bullseye. UcTOYHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. Stamps with a gain of 15,000%,
darkened on the right.

Radial stamps

In addition to the stamps produced by linear
shifting, several other types of stamps have been
added to the program. For example, a radial
stamp in which each pixel is shifted radially from
the center (of the current spiral) or to the center,
depending on the sign of the sum of the X and Y
offsets. The image consists of discrete square
pixels, and the shift uses trigonometry to
accurately select the direction of the shift, and to
eliminate this discrepancy, each shifted pixel is
added not to a specific pixel square of the inverted
image, but to a weighted average pixel between
the two closest to the target point. Examples of
radial stamps are given below.

On the left is a stamp with a positive shift
(outward), on the right — with a negative one. In
any case, the central part turns out to be either
too overexposed or too darkened with this
method. However, the relief looks very good
further on, and to some extent it is free of artifacts
arising from the linearity of the shifts. For
example, rectilinear sequences of relief features
are unlikely to result from the choice of one or
another direction of the shift.

ipg). UeHTpanbHan yactb. LUtamnbl ¢ ycuneHnem 15000%,
CnpaBa — 3aTeMHEHHDbIN.

PajuajibHbIe IITAMIIbI

B 4OMNO/IHEHME K WTaMMNaMm, NOAy4YaeMbIM
JIMHEWHbIM CABUIOM, B MPOrpammy AobaBneHbl
HEeCKOJIbKO Apyrnx BUAOB WTamnoB. Hanpumep,
pagmanbHbIi WTaMM, B KOTOPOM KaxAabll MUKceb
CABWIAeTca paananbHO OT LeHTpa (TekyLel
CNUPaAAU) UK K LLEHTPY, B 3aBUCUMOCTU OT 3HaKa
CyMMbl cMmeLeHnii no X u Y. UsobpaxkeHne
COCTOUT M3 AMCKPETHBIX KBaAPaTHbIX MUKcenew, a
CABUT UCNOJIb3YET TPUTOHOMETPUIO AR TOYHOTO
BbIGOpa HanpaB/ieHUA cABUra, U YTOBbI YCTPAHUTL
3TO HECOOTBETCTBUE, KayKAbIN CABUraeMblit
MUKCENb CKNAAbIBAETCA HE C KOHKPETHbIM
NMUKCENbHbIM KBaZpaTOM MHBEPTUPOBAHHOIO
n306pakeHuns, a Co cpeaHeB3BELLEHHbIM
NMUKCeNeM — MeXAy ABYMA 6ANNKaANLLMMK K TOUKe
uenenosaraHua. Mpumepbl pagnanbHbIX WITaMMNOB
npueeaeHbl ganee.

CneBa — LUTAaMI C NONIOKUTENbHbIM CABUIOM
(Hapy:y), cnpaBa — c oTpuuaTenbHbIM. B ntobom
C/lyyae UeHTpasibHaA YacTb OKasblBaeTcs Anbo
C/INLLKOM NepecBevyeHHON, MO0 CANLLKOM
33TEMHEHHOW Npu Takom cnocobe. OgHaKo
danblie penbed oYeHb HEMIOXO BbIFNSAUT, U B
HEKOTOPOW cTeneHu n3basneH oT apTedaKTos,
BO3HWKAIOLWMX U3-3a IMHEMNHOCTU CLABUIOB.
Hanpumep, npsamonunHeliHble
nocnenoBaTelbHOCTU penbedHbIX 0cobeHHOCTEN
BPAA, /M CTaHYT 34ecb c/ieacTBMeM Bbibopa Toro



Figure 14. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

NN NHOro HanpasaeHnA casura.

PucyHok 14. Nanaktuka LEDA1313424 Bullseye. UCTOUHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ibg). The central part. Radial stamps with a gain of 15,000%,
on the left — with a shift from the center, on the right — to
the center. Both stamps are additionally shaded with the [To
most dark neighbor] filter.

Locally-limited stamps

Another group of relief stamps implemented in the
program are local stamps. The idea of such stamps
is that for each pixel, one of its neighboring pixels
is selected for addition according to the principle
of maximum difference.

Figure 15. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). LleHTpanbHas yacTb. PaguanbHbie WTamnbi C
ycuneHuem 15000%, cheBa — co cABUIOM OT LieHTPa, cnpasa
— K ueHTpy. Ob6a wramna A0NO/NHUTENIbHO 3aTEHEHbI
dunbTpom [To most dark neighbor] (K Hanbonee temHomy
coceaHeMy NUKCcento).

JIoKa/JIbHO-OrpaHNY€eHHbIE IITAMITbI

Ewe ogHa rpynna peannsoBaHHbIX B Nporpamme
penbedHbIX LWUTAMMOB — 3TO JIOKa/IbHbIE LUTAMMbI.
Mpena TakMX LUTAaMNOB 3aK/H0YAETCA B TOM, YTObbI
AN KaXKA,0ro NUKcens BbIbUpancs AN CNOKEHUS C
HUM OZAMH U3 COCEAHMX C HUM MUKCenew no
NPUHLMNY MaKCMMAJIbHOTO Pas/ivyus.

.
o

PucyHok 15. Flanaktuka LEDA1313424 Bullseye. UcTOYHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. Star and curb stamps with a gain of
15,000%. Both stamps are additionally shaded with the [To
most dark neighbor] filter.

That is, for example, the square in the center with
the current pixel is taken, among all the pixels in
this square, the one that differs from the original

ipg). LleHTpanbHan YacTb. 3Be34,04HbIN U 6OpAIOPHDbINA
wTamnbl ¢ yeuneHmem 15000%. O6a wramna
[OMNONHUTENIbHO 3aTeHeHbl puabTpom [To most dark
neighbor].

T.e. bepetcs, HanpUmep, KBagpaT B LEeHTpe C
TEKYWMM NUKcenem, cpegm scex nuKkcenem B sTom

KBagpaTte OTbICKUBAETCA TOT, KOTOprﬁ OT/INYaETCA



pixel by the maximum value is found, and then the
addition performed with it. Since it takes a lot of
time to find the most perfect pixel, accelerated
variations of this type of stamp have been
developed. The snowflake option — the search is
performed on four lines inscribed in a square and
passing through the source pixel. And the "border"
option - the search takes place only along the
perimeter line of this square. The results of
applying both relief options are shown below.

Semi-transparent overlay of stamps and
photos

In difficult cases, when infrared photographs are
not available, it is advisable to use several types of
stamps to check or refine the resulting models.
Additionally, a transparent overlay mechanism for
two consecutive stamps can be used — a field
[Viewing the previous one semi-transparent]. The
transparency percentage is set in the field itself,
the small button on the right turns on
transparency, and the checkbox below determines
whether the image of the previous frame will also
scale and rotate like the current one.

Figure 16. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

OT UCXOAHOTO NUKCeNA Ha MakcMMasibHoe
3HauyeHue, 1 aanee CAOXKEHMUE BbINOAHAETCA C
HUM. [1NS yCKOpeHMA NOUCKa MaKCUMaabHO
OTNIMYHOTO NMKcena 6binn paspaboTaHbl Bapraumm
3TOl Pa3sHOBMAHOCTM WTamMna. BapnaHT cHeXKMHKa
— MOWCK BbINOJIHAETCA Ha YeTbIpex MHUAX,
BMMCAHHbIX B KBAAPaT M NPOXOAALLMX Yepes
NCXOAHbIN NUKceNb. M BapUaHT «rpaHnLa» - NOUCK
MPOMCXOAUT TONbKO MO NMHUKN NEPUMETPA 3TOrO
KBagpara. Huxe npmBeaeHbl pesyabTathl
npuMmeHeHna 060Mx BapuaHToB penbeda.

Ilonynpo3payHoe Ha/I0KeHHe IITaMIIOB U
doTorpadui

B CNOXKHbIX CNy4vanx, KOraa HeT JOCTYMNHbIX
nHdpakpacHoix poTorpaduii, KenatenbHo
NCNO/1b30BaTb HECKOJIbKO BUAOB LUTAMMOB, YTOObI
NPOBEPATb N YTOUHATL NONYYaeMble MOLENN.
[JoNoNHUTENbHO, MOXKET UCNO/b30BaTLCA
MeXaHW3M MPO3PaYHOro HaNOKEeHUS ABYX
nocnenoBaTeNbHbIX WTamnos — nose [[pocmoTp
npeablayLLero noaynpospadyHbim]. B camom none
33[3€eTCA NPOLLEHT NPO3PAYHOCTU, ManeHbKas
KHOMKA CnpaBa BK/IOYAET NPOo3payYHOCTb, a
bnaxkoK HUXKe onpeaenseTt, byaer m
n3obparkeHune npeablAyLWwero Kagpa Takxe
MaclwTabunposaTbCca M NOBOPAUMBATLCSA, KaK
TeKkyllee.

PucyHok 16. lanaktuka LEDA1313424 Bullseye. UcTOYHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. On the left is an overlay of radial and
linear stamps, in the center — radial and star stamps, on the
right — a curb stamp and the original image.

Chapter 5. Restoring satellite
parameters with a predominance of
slow spirals

In chapter 3, devoted to the search for the

ipg). LleHTpanbHan yacTtb. CeBa — HasoXKeHue paguanbHOro
M IMHEHOro WTaMMOB, B LLEHTPe — paguanbHOro u
3Be3,04HOro, crnpasa — 60pPAOPHOro WTaMna U UCXOAHOTO
n3obpaxkeHus.

I'ymaBa 5. BoccraHoBJ/ieHHe
NMmapaMeTpoB CIYTHHUKA C
npeoo6JsiajaHueM MeAJ1eHHbIX

cnypa’sied
B rnase 3, NOCBALWEHHOM NOMCKY NapameTpoB



parameters of the satellites of the galaxy M101, it
was obvious that it was the fastest particle flows
that formed the four most noticeable spirals. In
the case of the Bull's Eye galaxy, the situation is
exactly the opposite: here the most noticeable ring
formations are formed by relatively slow flows,
whereas fast flows are much less visible, and in
many cases they are noticeable precisely because
they create darkened paths in slow bright spiral
rings.

Slow flows of the LEDA 1313424 galaxy

First, let's look at the slow spirals. They look like
rings, but in fact they are exactly spirals connected
by jumpers. Checking on several types of stamps
shows that the jumper lines strictly fit the
corresponding wrinkles on the embossed stamps,
and the rings almost perfectly match the
corresponding tracks on the relief. That is, with
brightness gradients in the original photo. The
number of bright rings does not correspond strictly
to the reconstructed spirals, but it should be
understood that bright rings are built not only by
these slow flows, firstly. And secondly, they are
the result of collisions of gas flows accelerated by
particles ejected by the satellite from the galactic
core.

Note that the crosspiece formed by the lines of the
major and minor axes of the ellipse of the orbit of
the radiating satellite is noticeably distorted. This
is the result of a certain orientation of the
satellite's orbit in space relative to the terrestrial
observer. The total inclination of the orbit of the
found satellite with an eccentricity of 0.771 turned
out to be 42.5°.

By the way, note an interesting fact: the model
lines intersect the neighboring galaxy (on the left)
exactly where the corresponding lines on the 3D
stamp pass. In no case does this mean that the
galaxy on the left lies strictly on the plane in which
the spiral fronts of the Bull's-eye galaxy extend. If
you look at other recoveries, a similar
phenomenon is often observed there. Most likely,
we are talking about the fact that light from one
source, superimposed on differently structured
light from another source, enhances the structural
features of the galaxy we are interested in. Or, to
put it more simply, it uses a second galaxy (more
distant or closer) as a canvas for drawing.

CNYTHUKOB ranaktukn M101, 66110 04EBUAHO, YTO
MMeHHO Hanbosee BbICTPble NOTOKM YacTuL,
dopmMmupoBann YeTbipe camble 3aMeTHble CUPaN.
B cnyyae ranaktuKu bblumin rnas cutyaumns
COBepLUEHHO NPOTUBOMNOJIOXKHAA: 34ecb Hanbonee
3aMeTHble KonblieBble 0bpa3oBaHuA
cdopMUpPOBaAHbI OTHOCUTENIbHO MEeANEHHbIMU
NOTOKaMU, TOrJa Kak bbiCcTpble NOTOKM BUAHbI
3HAUYMTENIbHO XYK€, U BO MHOMMX CAY4YasaX 3aMETHbI
MMEHHO NOTOMY, YTO CO34al0T 3aTEMHEHHbIE
OOPOKKM B MeAJ/IeHHbIX APKUX CNMPANAX-KONbLAX.

Mea1eHHbIe NOTOKHU rajlakTuku LEDA
1313424

CHavasa NoOCMOTPUM Ha MedJ/IeHHble CNNPasIN.
OHM BbIFNAZAT KaK KOJbLLA, HO HAa CAaMOM Aene 3T0
WMEHHO CMpann, coefmMHeHHbIEe NepeMbl4KaMU.
MpoBepKa Ha HECKO/IbKMX BUAAX LUTAMMOB
MOKa3bIBaET, YTO IMHUM NEPEMbIYEK CTPOro
JI0XKaTCA Ha COOTBETCTBYIOLME UM MOPLLUHDBI Ha
penbedHbIX LWTaMNax, @ KOMbLLA NPAKTUYECKH
naeanbHO COBNAAAIOT C COOTBETCTBYHOLMMMU
JOpOoXKKaMmu Ha penbede. To ecTb — € rpagmMeHTamu
APKOCTM Ha ncxoaHoi potorpadumm. Konmyectso
APKMX KONeL, He COOTBETCTBYET CTPOTO
BOCCTAHOBJIEHHbIM CMIMPANAM, HO HaA0 NOHUMATD,
YTO APKME KOJIbLLA NOCTPOEHbI HE TOJIbKO 3TUMMU
MeaJ/1IeHHbIMU NOTOKamu, BO-nepBbIX. A BO-
BTOPbIX, ABAAOTCA PE3y/bTaTOM CTO/IKHOBEHMUIA
MOTOKOB ra3a, Pa3orHaHHbIX YacTULAMM,
BbIOPOLIEHHbBIMM CMYTHUKOM M3 AAPA FANaKTUKMK.
O6paTuTe BHUMaHME Ha TO, YTO KPECTOBUHA,
06pasoBaHHan MMHUAMM BONLLUOKN N Masiol OCK
3nAnNca opbuUTbI U3NYYAKOLLErO CNYTHUKA,
3aMETHO CKOLeHa. 3To pe3ynbTaT onpeseseHHOM’
OpMEeHTaUMn opbuTbl CNyTHMKA B MPOCTPAHCTBE
OTHOCUTENbHO 3eMHOTro Habnagatens. O6wmin
HaKNOH OpbUTbI HallAEHHOrO CNYTHMKA C
aKkcueHTpucmutetom 0.771 okasanca paBeH 42.5°.
KcTatn, 3ameTbTe MHTepecHOoe 0H6CTOATENbCTBO:
MOZeNbHble IMHUWN NepeceKatoT coceaHIo0
ranakTUKy (cneea) UMeHHO Tam, rae npoxoanTt
COOTBETCTBYHOLWME NMHUM Ha 3D-WwTamne. 970 HU B
KOeM Cay4ae He 03HaYaeT, YTo rasiakTuKa cnesa
JIEXUT CTPOrO Ha NJIOCKOCTM, B KOTOPOWA
pacnpoCTpaHAOTCA CNupanbHble GPOHTDI
ranaktuku bblumii rnas. Ecam nocmoTtpute apyrue
BOCCTAHOB/IEHUSA, TAaM YacTo HabatogaeTcs
nogobHoe aBneHne. Ckopee Bcero, peyb UAET O
TOM, YTO CBET OT OAHOTO UCTOYHMKA,
HaKNaablBasACb HAa MHAYe CTPYKTYPUPOBAHHbLIV CBET
OT APYroro NCTOYHMKA, YCUAMBAET CTPYKTYPHbIE



Figure 17. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

0C06EeHHOCTM MHTEPECYIOLLEN HaC raNakTUKK. Uan,
npolLLe roBops, UCNONb3YeT BTOPYHO raNakTUKY
(bonee ganbHIOO UAK Bonee 6AN3KYIO) KaK XONCT
ANA pUCOBaHMA.

PucyHok 17. Flanaktuka LEDA1313424 Bullseye. UcTOYHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. Recovery of slow (v=0.2c) spirals.

Fast spirals of the LEDA 1313424 galaxy

And now let's show the two fastest quadruple

ipg). LleHTpanbHas yactb. BoccTaHOBNEHME MeA/IEHHbIX
(v=0.2c) cnupanei.

BeicTpbie cnupasiy rajaktuku LEDA
1313424
A Tenepb NoKaxkem Age camble BbicTpble



spirals of the same satellite. The red lines
correspond to velocity vl=c, and the orange lines
correspond to velocity v2=0.938c.

Figure 18. Galaxy LEDA1313424 Bullseye. Source —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

YyeTBEpPHbIE CNUPAAN ITOTO Ke CNYTHMKA. KpacHbim
JIMHUAM COOTBETCTBYET CKOPOCTb v1=c,
OpaHXKeBbIM — CKOPOCTb v2=0.938c.

PucyHok 18. Nanaktuka LEDA1313424 Bullseye. UCTOUHUK —
ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/opo2506.

ipg). The central part. Fast (vl=c, v2=0.938c) spirals of the
same satellite.

The middle spirals of the LEDA 1313424
galaxy
And another pair of medium spirals, now at

ipg). UeHTpanbHas yactb. Bbictpble (v1=c, v2=0.938c)
CNMUpPanm TOro e CnyTHUKa.

CpeaHue cniupaau rajaktuku LEDA
1313424
M ewwe ogHa napa cpefHUX cnvpanei, Tenepb npu



v1=0.805c (blue) and v2=0.604c (blue). Thus, only  v1=0.805c (rony6as) n v2=0.604c (cuHAas). Takum
one SMBH'’s satellite was enough to explain the obpasom, ana 06bACHEHUS BHELIHEro Buaa
appearance of the Bulls Eye galaxy. raflakTMKKN bbluMi rNa3 oKasasnocb A0CTaTOYHO
BCero ogHoro cnytHnka CMY/.

Figure 19. Galaxy LEDA1313424 Bullseye. Source — PucyHok 19. Nanaktuka LEDA1313424 Bullseye. UCTOUHUK —
ESA/Hubble ESA/Hubble
(https://cdn.esahubble.org/archives/images/large/op02506. (https://cdn.esahubble.org/archives/images/large/op02506.

ipg). The central part. Medium-fast (v1=0.805c, v2=0.604c) ipg). UeHTpanbHas yactb. CpegHe-6bicTpblie (v1=0.805c,
spirals of the same satellite. v2=0.604c) cnupanu Toro e CnyTHUKa.



Chapter 6. Preparing the model for
publication

First, you should not post images, animations, or
even videos. Not only does this take up a huge
amount of space, but there may also be a problem
with the copyright holders of the original photos.
Images from the website esahubble.org were used
in this program guide, which is almost the only site
with officially published photos of galaxies that
allows them to be used, even for commercial
purposes, if certain conditions are met (there is a
link to the image on the site esahubble.org and it
is explicitly stated that the original image belongs
to ESA/Hubble).

To publish a model, it is enough to publish a file
with the extension .gal, previously saved in the
control window by pressing [V] at the very top
(next to the button (1) intended for loading the
model). To save a link to the image to which it
belongs along with the model, first copy the link to
the clipboard and right-click on the thumbnail
image in the left column of the control window,
select [Set URL from clipboard]. If such a link has
been assigned, after saving the model to a file. A
message about the link will appear in the gal, and
the link will be duplicated in it.

When loading a model containing such a link, you
will be prompted to place it on the clipboard. After
that, the program user can paste this link into the
browser's address bar and upload the photo to a
local medium, and then into the program.

Also, along with the model, the checksum of the
first image and a set of commands for forming a
3D stamp are saved. If several stamps have been
formed, the commands are saved only for the last
one, starting with pressing the [Create Stamp]
button. When loading a model, if there is only one
loaded photo, or when loading the first photo
after loading the model, if the checksum matches
(that is, the photo is the same), you will be
prompted to execute these commands and
generate the same 3D stamp as the creator of the
model.

Please note that the commands to reduce the
image size when creating a stamp for an
excessively large photo should not be executed
separately, but by selecting a value in the [First
downscale] drop—down list. In this case, the
execution of the sequence of commands will begin
with reducing the size by the specified amount.

I'1aBa 6. [loaroroska Mmoaesy K

nyoJIMKaLuu

Bo-nepsblix, He cieayeT NybiMKoBaTb
n306parkeHus, aHMMaLmMm UAn gaxe suaeo. Mano
TOrO, YTO 3TO 3aHMMAET OrPOMHbII 06beM, TaK
eLe M MoryT BO3HMKHYTb npobniema ¢
npaBoobnagaTenamm UcxoaHblx ¢oTorpaduin. B
OaHHOM UHCTPYKLMM K Nporpamme
MCNONb30BaINCh U306paXKEHUA C caitTa
esahubble.org, KoTopbIt NpakTUYeCcKM
€AVNHCTBEHHbIW M3 BCEX CAalTOB C 0PULMANBHO
onyb6ankoBaHHbIMK poTorpadPpuamm ranakTmk
paspeLlaeT UCNOIb30BaTb UX, AAXKE B
KOMMEPYECKUX LeNsx, ecan cobntoaeHol
HeKoTopble YCNoBMA (eCTb CCblIKa Ha
n3obparkeHue Ha calte esahubble.org 1 ykasaHo
ABHO, YTO UCXOAHOE U306paXKeHNE NPUHALNEKUT
ESA/Hubble).

Ona nybavkaunm moaenu focTatouyHo
onybamkoBaTb ¢ainn ¢ pacwmpeHuem .gal,
npeaBapuTeIbHO COXPAaHEHHbIN B KOHTPO/IbHOM
OKHe KHonkoli [V] B camom Bepxy (pagom c
KHOMKon (1), npeaHa3Ha4YeHHOM ANs 3arpysKku
mogaenn). Ytobbl BMecTe c moaenbto bbina
COXpaHeHa cCbl/iKa Ha U306pakeHne, K KOTopo
OHa OTHOCKTCA, NpeaBapUTENbHO CKOMUpPYITe
CCbIKY B bydep obmeHa 1 HaxkaTuem npaBoi
KHOMKM MbILIW Ha MUHMATIOPE M306paxKeHna B
NleBOM CTONBLE KOHTPOJIbHOMO OKHa, BblbepuTte
nyHKT [Set URL from clipboard]. Ecnu Takas
CCblNKa b6bl1a HazHaYeHa, Nocae COXpaHeHUSA
mogenun B dpaiin .gal nossuTca coobueHune o
HaNYMM CCbINIKK, U B HEM CCblSIKa ByaeT
npoaybanpoBaHa.

Mpw 3arpy3ke mogenu, coaepallei Takyro
CCbINKy, ByaeT npenoKeHo NOMeCTUTb ee B
6ydep obmeHa. MNocse Yero nosnb3oBaTeNb
NPOrpammbl MOKET BCTaBUTb 3TY CCbI/IKY B
afpecHyto CTPOKy bpaysepa u 3arpysuTb
doTorpadums Ha NoKaNbHbIA HOCUTESb, @ 3aTEM B
nporpammy.

TaK e, BMecTe C MOAE/Nblo COXPaHAeTcA
KOHTPO/IbHaA CymMmMa NepBoro U3obpaxkeHus u
Habop KomaHg, ana dopmmnposaHma 3D-wTamna.
Ecnn dopmmnpoBanocb HECKOIBbKO LWTAMMNOB,
COXPaHATCA KOMaHA4bl TONbKO 415 NOCNEAHErO,
HauMHas Cc HaxKaTnA KHonku [Co3pate wramn]. Mpwm
3arpysKke mogenu, ecam MmeeTca To/IbKO 0AHa
3arpy»keHHas ¢oTtorpadua, nmbo npu 3arpyske
nepsoit doTtorpadmm nocne 3arpyskn moaenu,
€C/IM KOHTPO/IbHAA CymMmMa coBnana (To ecTb,



Chapter 7.Adapting the model to
another photo of the same galaxy

Sometimes it becomes necessary to transfer the
finished model to another photograph of the same
galaxy, for various reasons. For example, if a photo
has appeared in a better resolution, in a different
wavelength range, or with a larger viewing angle,
or, conversely, with greater detail of some parts
(usually the galactic core).

In this case, you can try to adapt each model step
by step, moving the center of each satellite,
rotating and scaling them. The first step in
optimizing this process is to use the "Rotate all
spirals simultaneously" function (in the large
menu) to rotate all spirals in the projection plane
by the same degree. And for zooming, use the
"Box width" field to change the width of the
viewing window, set in light years. It only remains
to correctly locate the emission centers.

But there is another way specifically designed to
adapt the model — the " Transformation Model "
window. It is called by the corresponding large
menu item in the control window or by the
keyboard shortcut Control+T in the control or main
window.

It should be noted that all relative positions of
additional satellites are calculated relative to the
first satellite. Therefore, removing the first satellite
or moving it from the first position may cause the
model to malfunction. The good side of this
approach is that it is enough to correctly position
the center of only the first satellite in the
transformation window, and after correctly setting
the rotation and scale, all other emission centers
that do not coincide with the first one will be in

doTorpadus Ta ke camas), byaeT npeanoxKeHo
BbIMNOJIHUTb 3TU KOMaHAbI U CGOPMMPOBATL TaKOM
e 3D-wTamn, 4To 1 y co3gaTens Moaenu.
Y4TuTE, YTO KOMaHAbI 415 YMEHbLIEHUA pa3mepa
n306parkeHMsa Npu co3gaHnm Wtamna ans
cnmwKom bonblioi dotorpadmm AONKHbI
BbIMOJIHATLCA HE OTAE/IbHO, @ BbIDOPOM 3HaYEHUs
B BbiNagatouem cnucke [First downscale] — B atom
c/lyyae BbIMNOJHEHWE NOCNEA0BaATE/IbHOCTU
KOMaHA, HaYHeTCA UMEHHO C YMEHbLUEHUSA
pa3mepa Ha YKa3aHHY BE/INYMHY.

I'1aBa 7. Aganrauus Moae iy K
Apyrou ¢ororpadpuu ToM ke
rajilaKTuKum

NHorpa nosasnaeTca HeOBX0AMMOCTb NepeHecTn
roToByO MoZe b Ha apyryto ¢poTorpaduto Ton e
ranakTUKK, - MO PasHbIM NpuYMHam. Hanpumep,
ecnu noasmnacb potorpadua B ayyiiem
paspeLleHmnm, B APYrom AManasoHe BOH, UK C
60nbWKNM yriom 0630pa, Uan, HaobopoT, ¢
6onblen aetanmsaumen HEKOTopbIX YacTel
(0Bbbl4HO AApa ranakTUKM).

B 3TOM C/ly4ae MOXKHO MonbITaTbCA aA4anTMPOBaThb
Ka*kayto Moge b NoLaroBo, nepemeLLan LeHTp
KarKZ4oro CnyTHWKA, NOBOpPaYMBasa U MacwTabupys
nx. MepBblVi War B ONTMMKU3aLMM 3TOTO Npouecca —
ncnonb3oBaHue pyHKUMK «oBopaumnBsaTh BCe
cnupanu ogHoBpemeHHo» (B 60blLIOM MeHI0) AnA
NoBOPOTA BCEX CNMPAEN B NIOCKOCTM NPOEKLMU
Ha O4MH W TOT e rpaayc. U ana
MacwTabuposaHMA — MCNOIb30BATb U3MEHEHME
LWMPUHbI OKHA NPOCMOTPA, 3aaBaeMOE B
cBeToBbIX rogax — none «lunpunHa okHa». OctaeTca
TO/IbKO MPABU/IbHO PACMONOMKNUTDL LEHTPbI
aMuccum.

Ho ecTb U ewwe oanH cnocob, cneymanbHo
pa3paboTaHHbIi A8 afanTalumMm Mogenm — OKHO
«TpaHcdopmauma mogenm». BoisbiBaeTca
COOTBETCTBYHOLLMM NMYHKTOM 60NbLIOIO MEHIO B
KOHTPO/IbHOM OKHE W/IM COMeTaHMEM KNaBuL
Control+T B KOHTPO/AIbHOM W/IX F/TAaBHOM OKHE.
CnegnyeT y4yecTb, YTO BCE OTHOCUTE/IbHbIE NO3MLUK
OONOJIHUTENbHBIX CMYTHUKOB BbIYMCAAIOTCA
OTHOCUTENIbHO NEPBOro CNyTHUKA. MNo3aTomy
yAaneHue nepBoro CNyTHUKA UK NepemeLleHne
€ro C NepBoi NO3MLMM MOXKET BbI3BaTb
paccTPOMCTBO MoAenun. XopoLuas CTOPOoHa 3Toro
noaxon4a B TOM, YTO B OKHe TpaHcdopmaumm
A0CTaTOYHO NPABUIbHO PACNOIOKUTD LLEHTP
TO/IbKO MEePBOro CNyTHWKa, U NOC/Ie KOPPEKTHOIO
3a/aHu1A NOBOPOTA M MacwTaba Bce OCTasbHble



the correct positions in the new photo.

So, the sequence of actions for adapting the model
to the new photo should be as follows.

1. It is necessary to find out the angle of rotation
as accurately as possible. To do this, use a
graphical editor with the ability to work with
layers. Copy and paste the primary photo on top of
the second (target) photo as an additional layer,
invert it, make it translucent by 50%, and perform
a transformation while maintaining the aspect
ratio — rotate, scale, and shift until you achieve the
maximum match. Actually, the alignment itself as
an image is not required — you just need to record
the angle of rotation.

Note: if you do not have such a graphic editor at
hand, you can use the features of the program
itself. In the stamp generation window, turn on
translucency without checking the "Scale
transparent underlying image too" checkbox. The
two photos, the old one and the new one, should
be positioned sequentially. You can invert one of
them on the spot by pressing the button with a
diagonally crossed square with the CONTROL key
held down. After that, you use panning to move
your photo, scale it, and rotate it. Again, you only
need the rotation angle.

2. Open the first model and the second photo, and
in the transformation window that opens, enter
the resulting angle (in the Rotation field).

3. Align the center of the first satellite by moving
the mouse cursor in the blue field of the
transformation window. To speed up movement
over long distances, you can use CONTROL or
right-click.

4. It remains to choose the right scale. Most likely,
it will not work to use the value from the
combination in the graphic editor, since our scale
is not tied to the size of the image in pixels, but
refers to the width of the observed window in light
years. The easiest way, if there are secondary
centers, is to simply move the scale until these
additional centers are in the right place. It is
possible to monitor the zoom accuracy is to create

LEHTPbI SMUCCUK, HE COBMaZatoWMe C NepPBbIM,
OKayKyTCA B MPaBMAbHbIX NO3ULMUAX HA HOBOWM
doTorpaduun.

MUTaK, nocnegoBaTenbHOCTb AeNCTBUI AN
agantaumn moaenu K Hoson potorpadpum AomKHa
ObITb CneaytoLen.

1. Heob6x04MMO BbIACHUTb MAaKCMMAJIbHO TOYHO
yros noBopoTa. [1a 3TOro UcnosbsyinTe
rpaduyeckmin peaakTop ¢ BO3MOXKHOCTIMM PaboTbl
co cnosimu. MepeuryHyto doTorpaduio Konmpyerte u
BCTaB/IAETE NOBEPX BTOPOM (LLeneBoi) B Kayectse
OOMNOMIHUTENBHOTO CNOSA, UHBEPTUPYETE , AenaeTe
nosaynpospayHoi Ha 50%, 1 BbINONHAETE
TpPaHCHOPMALMIO C COXPAHEHMEM COOTHOLLEHMA
CTOPOH — NoBOpaYMBaeTe, MaclTabupyete u
CMeLLaeTe, NokKa He f06beTecb MAaKCMMAIbHOMO
coBnageHua. CobCTBEHHO, CAMO COBMELLEHNE KaK
n3obparkeHne He noTpebyeTca — He0H6X04MMO
JMLWb 3anuMcaTh Yros NoBopoTa.

MpumeyaHue: ecau y eac Hem Moo pyKoli makozo
epaguyeckoeo pedakmopa, 8ol MoXeme
ucrnoab308aMos 803MOMHOCMU CAMOU
npozpammel. B oKHe (hopmMuposaHua Wmamna
8K/1I04UME 10/YNPO3PAYHOCMb, HE YCMAHAB/1UBASA
¢naxcok «Scale transparent underlying image
too». flee hpomozpacpuu, cmapasa u Hosas,
00/13(HbI PACroaAa2ambcs NocaAe008amMesnbHO.
OO0Hy U3 HUX 8bl MOX(eme UHBepMUPO8aAMb HA
mecme, HaXUMGAs HO KHOMKY C nepeYyepKHymoim
110 Aua2oHANU KBAGPAMUKOM C 3axamoli
Knasuweli CONTROL. Mocne ye2o0 NaHHUH2OM
nepemeuwjaeme ceoto (hpomozpacghuro,
macwmabupyeme ee u nosopavusaeme,
0ob6usasncb MAKCUMAAbHO MOYHO20 COBNAOEHUS..
OnAme e, 8aM HyXeH MOsbKO Y20/ nogopoma.
2. OTKpbIBaeTE NEPBYIO MOAE/b U BTOPYIO
¢doTorpaduio 1 B BbI3BAHHOM OKHe
TpaHcpopMaLMmn BBOAUTE MOJTYYEHHbIN yron (B
nosne Rotation).

3. CoBmeLLaeTe LEHTP NepBOro CNyTHUKA, ABUras
KYPCOP MbILWW B CUHEM MOJ1E OKHA
TpaHchopmauum. [1na yCKOpeHUs nepemeLL,eHuns
Ha 60/1blIME AUCTAHLMM MOXKHO UCMO/Ib30BaATb
CONTROL nan auratb NpaBoi KNaBULLEN MbILLN.
4. OcTaeTcAa NpaBUAbHO BbIOpaTb MacliTab.
Mcnonb3oBaTb 3Ha4YEeHME M3 COBMELLEHUSA B
rpadmyeckom peaakTope, CKopee BCero, He
MONYYNTCSA, TAK KaK Hall MacliTab He NpuBsA3aH K
pasmepy KapTUHKKU B MUKCENAX, @ OTHOCUTCA K
WMpKHe HabnoaaeMoro OKHa B CBETOBbIX roaax.
Mpoue BCero, ecnun eCcTb BTOPUYHbBIE LLEHTPbI,
NpocTo ABUraTb MacliTab Ao Tex Nop, NOKa 3TH
[OMNOIHUTENbHBIE LLEHTPbI HE OKAXKYTCA TaMm, rae



a 3D relief stamp for a new photo, and by moving
the additional center to the vicinity of its intended
position (changing the scale), refine the scale until
the crosspiece of the ellipse of the satellite's orbit
coincides with the corresponding crosspiece in the
relief.

5. That's it. If you try to save the modified model
without applying the resulting transformations,
the program will notify you about this. In general,
the transformation window can always be closed
to return the model to its previous appearance.
For example, to see what the lines look like on the
background of an old photo or the corresponding
relief stamp. Please note that if changes were
made to the model in addition to the
transformation window, they will not be returned
to their original state. If such changes were made
by mistake, it is easier to reload the model — this
will not affect the transformation window in any
way.

An even more straightforward and simple method
is to use the transformation window directly. Use it
to move the center of the first spiral to the desired
position, and then, using only rotation and scaling,
place other spirals whose centers differ from the
center of the first one (if there is no such thing, add
a marker to the original model centered on some
noticeable landmark, such as a star or galaxy
present in both photos).

Conclusion

This completes the practical course on using the
GalaxyModel program. In fact, there are still a lot
of features and nuances in the program, but these
are all small details that you can do without. Or in
some cases, try to figure it out on your own. Good
luck exploring the galaxies!

Vladimir Kladov, Novosibirsk, 2026

Hafo. MOKHO 332 TOYHOCTbIO MAcLWTabMpPOBaHUs,
co3aas penbedHbin 3D-WwTamn Ana HoBOM
doTorpaduu, 1, NOABMHYB AONONHUTENbHbBIN
LLeHTP B OKPECTHOCTU CBOEN Npeanoiaraemomn
nosunumn (MsmeHns macluTtab), yTouHUTb
MacLUTab, NOKa KPecToBMHA 31MMCa OPOUTBI
CMYTHMKa He COBMaAeT C COOTBETCTBYIOLEN et
KpecToBMHOM Ha penbede.

5. Ha aTom Bce. Ec/iv Bbl noNbITaeTecb COXpPaHUTb
N3MEHEHHYI0 MOAE b, HE NPUMEHSAA NOJyYeHHble
TpaHcdopmaLmMu, Nnporpamma coobwmuT 06 sTom.
Boobuye, oKHO TpaHCHOPMALLUKM BCETAA MOXKHO
3aKpbITb, YTOObI BEPHYTb MOAE/b K NperKHEMY
BuAy. Hanpumep, 4Tob6bl NOCMOTPETH, KaK
BbIFNAAAT IMHUN Ha PoHe cTapoit poTorpadum
WM COOTBETCTBYIOLLEM el pesibePHOM WTamne.
YyTuTe, YTO €CN B MOAENb BHOCUAUCD
WU3MEHEHMA MOMMMO OKHA TpaHchopmaLmm, TO
OHMU YKe He HByayT BO3BpaLLeHbl B UCXO4HOE
coctosiHue. Ecnm Takne nsmeHeHua 6biam
caenaHbl No owmnbKe, NpolLLe nepesarpysuTb
MOZe b — Ha OKHO TpaHCcHOPMaLMM 3TO HUKAK He
noBAUSET.

Ewe 6onee npamonuHeliHbll u npocmoli memood —
ucrnosab308aHuUe HernocpeodcmeeHHO OKHA
mpaHcgopmauuu. Mepemeuwjaeme ¢ ee MOMOWbIO
yeHmp nepeoli cnupasau 8 mpebyemyro No3uyuto,
u dasee ucrosnb3ys MosAbKO 8PAULEHUSA U
macwmabuposaHue, pasmewaeme npoyue
Cnupanu, YeHmpsbl KOMopbIX OMAUYAOMCa om
ueHmpa nepesoli (ecnu maxoli Hem, dobasbme Ha
UCXOOHYH MoOesnb MapKep ¢ UeHMpPOM HA KOKOM-
HUBYOb 3aMemHOM opueHmupe, Hanpumep,
38e30e unu 2aAaKmMuKe, npucymcemeyroweli Ha
obeux hpomoepacgpusx).

3aK/iloueHue

Ha 3Tom npaKTYeckunin Kypc No UCNoib30BaHUI0
nporpammsl GalaxyModel, 8 ocHoBHOM,
3aBeplieH. Ha camom gene, B nporpamme ectb
eLe 04eHb MHOTO BO3MOXHOCTEN M HIOAHCOB, HO
3TO BCe MesiKune aeTtanu, 6e3 KOTopbIX MOXKHO
0601MTUCL. 1A B HEKOTOPbLIX Cay4Yasnx,
nonpoboBaTb pPa3zobpaTbCa CAMOCTOATE/NBHO.
Yaaum Bcem B UCCNeoBaHUM ranakTuk!

Bnagmnmunp Knagos, HoBocnbupck, 2026



