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[paButaumoHHole [etektopbl LIGO/Virgo 3adukcuposann [FpaBUTaLUOHHLbIE
BonHbl (FB) ot akkpeunoHHbIx anckoB YepHbix Obip (H) v napbl HENTPOHHLIX
3Be3qg (H3). B pabote geMoHCTpUpyloTCa UTOMM aHanu3a AaHHbIX-U306paXKeHnN
Y n H3 c peHTreHoBckoro Teneckona YaHapa Ha Hawem MatemaTtuyeckom
Mwukpockone (MM). Habniogaemble ocobeHHoCcTM B CBepx PaspeléHHbiXx (SR)
n3obpaxeHnsix Ha Bbixoge MM wMbl cBA3biBaem ¢ B, KkoTopble Obinu
OOHOBPEMEHHO  3admkcupoBaHbl  [paBuTaumoHHbiMn  Hetektopamn ('),

pPacrosioXXeHHbIMU Ha 3eMrie.
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Mathematical Microscope & Physical Principle Turning (@Alp)

We need to find a solution of the set of systems of equations

Y| ={O} X (ceBepTtka). Note that we do not know the AF A. The
parametric set of discrete reversible AF {0} corresponds (in
accordance with our “a priori information about”) the unknown AF A.

The solution Y| 5 ={O} X can be found in the following w: there
are separate isolated objects-points in X (teatpanbHbiit 6UHOKADL).

The MM&=PPT solution includes three aspects:
1) areversible AF Q=A, and

2) asuper-resolved image X=R Y, R=Q!, with a minimum norm
Nor (R). If in the resulting super-resolved image X,

3) we detect individual objects-points.Q\PPT 57 becomes a fact.

We have a correct solution in this cases.



Conditioned Super-Resolution with AF O:
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ObycnosneHHocTb AF O:w =1/min|MTF(O) ]|, @

The main problem of the controlled AF selection pO=pR™ is set
as a minimum task (pO <->pR):
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Teopema: Ecnm 3HayeHue  MHAMKaTopa  0b6paTMMOCTM
II(R*0)(0,0)=(R;0)=1, To R=0"%, pR=pO"! .

Super Resolution (SR) Values. If there is a normalization of AF O:

50O =1, then at zero MTF M(0)(0,0) = 1, then we will evaluate Super
Resolution (SR) by the value: SR=pSR=>M(pR)M(O)/>M(O)



Iz Inversion, zSR *, Characteristics of Circumstances :
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Ka3zap: Y[l nornowaeT BewwecTBO U3
(a-C) ceueHus

OKpvXarwuwero akKkpeumMmoHHoOoro AmcCkKa
Py L pey A AD MM
Y:A X RGB =<1073
°r ADQ,0=A
he1104 . 4
. AN
400x400 20 o 20
Credit: NASA/CXC/Univ. 1200
of Oklahoma/X. Dai et al. 1000
800 A@ R
200 (b)
. |A® R O~DK

. 0.2
©)

-20 (0] 20

IIpencrasieHo aBa n3odpakenus kBazapa hell04, momyduernnoro mocne I'JI ¢
nomonisio Yarapel. 3ametumM, uto nBa I'JI m3o0paxenus kBazapa hell104 [2] Obuin
JTONMOJTHATEJIbHO YJIy4IleHbl METOA0M MUKPO-JIMH3UPOBAHNSA, B KOTOPOM YUTECHA
HH(pOpMaIKsa 0 CKOPOCTH BpallleHUsI aKKPELIMOHHOTIO JUcKa U camon U /I,
IIPEJICTaBICHHOTO B padoTe [4]. DT0 ylydllleHHE TTO3BOJIMIO HaM C ITIOMOIIbI0 MM (+

emie yueT AD® A Yanapsl, cM. (a) BBIIBUTH 0COOCHHOCTH- apTedakThl I'B B kBazapax.




I'paBuTanuonnnie BosHbl y Bpamawmierocs ksazapa hell04
https://chandra.si.edu/photo/2019/quasars/

X=RY  SR=[74,42,82]  DI=1300
min||R[=[1250, 1210, 1260]

Credit: Physical Faculty ' Credit: Physical Faculty
M.\V.LomonosovMSU - - M.V.LomonosovMSU
[E.N.Terentiev et al. /E.N.Terentiev et al.

In the SR image X, GWs are visible in the vicinity of the accretion disk of the BH and GW
ripples are visible at the periphery



https://chandra.si.edu/photo/2019/quasars/

Gravitational Waves at Quasar Q2237, Gravitational Lensing Gives Einstein Cross

_ X=RY  SR=[74,42,82]  min|R||=[1250, 1210, 1260]
https://chandra.si.edu/photo/2019/quasars/ DI=1300

Y=A X Four GL images,
+microlensing

Q2237 - quasar

Credit: NASA/CXC/Univ.
of Oklahoma/X. Dai et al.

Credit: Physical Faculty 400x400

M.V.LomonosovMSU/E.N.Terentiev et al.

Y — image from the Chandra telescope + GL
+ microlensing, X — SR image from the

MM output.



https://chandra.si.edu/photo/2019/quasars/

Gravitational Waves at quasars_ sdss1004

DI=1300 SR=[74, 42, 82]
https://chandra.si.edu/photo/2019/quasars/ min||R||=[1250, 1210, 1260]

-
Four GL images,

+microlensing

quasars_sdss1004

Credit: NASA/CXC/Univ.

of Oklahoma/X. Dai et al. 1200x1200
Credit: Physical Faculty

M.V.LomonosovMSU

) 400x400
/E.N.Terentiev et al.

Y — image from the Chandra telescope
+ GL + microlensing, X — SR image
from the MM output.



https://chandra.si.edu/photo/2019/quasars/

Gravitational Waves of Two Rotating Neutron Stars Before Explosion
'2nstars xray 8-19-2017'

https://chandra.harvard.edu/ X=R Y - min||R||I=[8900, 7880, 8790]
photo/2022/gw170817/ |

SR={265,108:186]:— =D = 10000

300x300

Credit: NASA/CXC/Univ.
of Oklahoma/X. Dai et al.

300x300

Credit: Physical Faculty M.V.LomonosovMSU
/E.N.Terentiev et al.

Y — image from the Chandra telescope, X — image from the MM output


https://chandra.harvard.edu/photo/2022/gw170817/
https://chandra.harvard.edu/photo/2022/gw170817/

Gravitational Waves During the Explosion of Two
Neutron Stars with the Formation of a Black Hole

300x300 '2nstars xray 8-26-2017'

Credit: NASA/CXC/Univ.
of Oklahoma/X. Dali et al.

ravitational Waves/

_ _ _are ripples-in-the
are ripples in the “IEN.Terentievetal. ~ fabric of space-time

Thisis the resultas  fabric of space-time :

imagined by science

fiction writers.

Gravitational Waves M.V.LomonosovMSU

Y is the original image from the Chandra telescope
- in two-byte tif, X — image from the MM output



https://chandra.harvard.edu/photo/2022/gw170817/gw170817.jpg

Eight stations of the
EHT 2017 campaign
over six geographic
locations as viewed
from the equatorial
plane. Solid baselines
represent mutual
visibility on M87" (+12°
declination).

Katie Bouman, 29, is the researcher who led the creation of
an algorithm that allowed scientists to capture images of a black
hole for the very first time. The National Science Foundation

revealed the never-before-seen picture on April 10, 2019.

Credit: Physical Faculty:
M.V.LomonosovMSU/E.N.Terentiev et al.

Simulated EHT observations



https://heavy.com/tag/science/
https://heavy.com/news/2019/04/black-hole-photo-picture-image/
https://heavy.com/news/2019/04/black-hole-photo-picture-image/

Yepuaa Jpipa Powehi ey

YJ1 Powehi ¢ maccoii 6,5 Mipn DI1=[5000, 2100, 10°] SR=[115, 59, 403]
CoJIHEYHBIX HAXOUTCS HA
PACCTOSIHUU 55 MJIH CBETOBBIX JIET
OT 3€MJIA B IEHTPE TAIaKTUKU M&7
https://www.eso.org/public/images/e

s01907a/

.

4096x4096

Credit: Physical Faculty
M.V.LomonosovMSU/E.N.Terentiev et al.
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https://www.eso.org/public/images/eso1907a/
https://www.eso.org/public/images/eso1907a/

Credlt Physical Faculty
M.V.LomonosovMSU/E.N.Terentiev et aI

500x1000




Y/I B meHTpe HAIlIeW TaJJAKTUKM B pacrionioxkeHa B cozesun Cpener A*
¢ Maccoit 456 CoTHEUHBIX HA pACCTOSIHUHU OKOJIO 24 THICSY CBETOBBIX JIET OT 3€MJIH

SR=[115, 120, 129]
DI=9000*[1.3,0.8,, 0.9]

.

3400x3400

AcTpoHOMBI ¢ momo1ibio TeneckornoB ALMA u Chandra
0oOHapyXuJIM 00JaK0 ropsiueil mia3mMbl B aKKPEIIMOHHOM
JIMCKE BOKPYT CBEPXMAaCCUBHOM 4EPHOU IbIpbl CTperen
A’* B nentpe Miieunoro [Tytu. Obnako 1BUKETCS BOKPYT
YEepHOU ABIPHI 10 SKBATOPUATILHOM opouTe ¢ nepuoom 70
MUHYT, CM. Mapy 3eJeHbIX MoJ0cok B X=R Y cmpaga.

Credit: Physieal Faeulty .
M.V.LomonosovMSU/E.N.Terentiev et al.


https://webpulse.imgsmail.ru/imgpreview?key=pic5927178859128456568&mb=pulse&fu=1&kr=1&h=453&w=630

Cmotpum B TeHb 4 Ha MM

700x700 200x700

‘Credit: PhyS|caI Faculty
M. VLomonosovMSU/E N. Terentlev £t. al

— —— - ’ NMecnaauan YeToRYuRaAS
Csepxmaccyswas | . FOPHI0HT COGLITUA KpYroeas opGura

YEDHER Obipd. _ :
X _ SPKDE NATHO Optura dorona

| Axxpaimomiasit
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Ob6cyKaeHue

Modifications of the AF intelligent control methods can be
implemented in electron microscopy, in new radar technologies,
synthesized aperture locators, CT, MRT tomography, telescopes,
etc.

AKTya/lbHO

co34aHMe LUMPOKOro CnekrTpa TeXHUUYECKMX YCTPOUCTB CO
BCTPOEHHbIMU BblMUCAUTENAMU Ana co3paHma HoBbix UBC B 0.2-
1Hm Jlutorpadum ¢ metogamm M v MM.

BbiBoAbl

Of course, all this will be widely used in astrophysics when
analyzing data from Black Holes, etc.

Possible wide applications MM method in the production of
processors.
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