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[‘paBuTaumoHHsle [Hetektopbl LIGO/Virgo 3adukcnpoBann [FpaBUTaLUOHHLIE
BonHbl (FB) ot akkpeumoHHbIx auckoB YepHbix Obip (U) v napbl HENTPOHHLIX
3Be3qn (H3). B pabote geMoOHCTpupyloTCa UTOMM aHanu3a AaHHbIX-M306paXKeHnN
Ul n H3 c peHtreHoBckoro Teneckona YaHgpa Ha Hawem MaTematuyeckowm
Mwukpockone (MM). Habniwogaemble ocobeHHoCTM B CBepx-Pa3pelleHHbIX
n3obpaxeHnsix Ha Bbixoge MM wmbl cBaA3biBaem ¢ I'B, KoTopble Obinn
OOHOBPEMEHHO  3admkcupoBaHbl  [paBuTaumoHHbiMn  Hetektopamn  (I'4),

PacrosioXXeHHbIMU Ha 3eMne..
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MAIP & Physical Principle Turning (@ , AIP )

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

Y| 5 ={O} X. Note that we do not know the AP A. The parametric
set of discrete reversible AP {O} corresponds (in accordance with
our “a priori information about”) the unknown AP A.

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

The MM&PPT solution includes three aspects:
1) areversible AP 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 5 becomes a fact.

We have a correct solution in this cases.



Conditioned Super-Resolution with AF O:
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O6ycnoBneHHocTb AF O:w =1/min|MTF(O)], PPT

The main problem of the controlled AF selection pO=pR? is set
as a minimum task (pO <->pR):
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Teopema: Ecnm 3HavyeHMe  mMHAMKatopa  ob6paTMMOCTU
11(R*0)(0,0)=(R;0)=1, To R=0"%, pR=pO1 .

Super Resolution (SR) Values. If there is a normalization of AF O: 5 O
= 1, then at zero MTF M(0O)(0,0) = 1, then we will evaluate
SuperResolution (SR) by the value: SR=pSR=>M(pR)M(O)/>M(O)



Iz Inversion, zSR * , Characteristics of Circumstances :
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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
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Yepuas /Ibipa Powehi

X=Rggp Y

Y]] Powehi ¢ Maccoii 6,5 mups DI=[5000, 2100, 10°] SR=[115, 59, 403]
CoJIHEUHBIX HAXOJIUTCS Ha
PACCTOSIHUU 55 MJIH CBETOBBIX JIET
OT 3eMJIA B LIEHTPE TAIaKTUKU M87
https://www.eso.org/public/images/e

so1907a/

v

4096x4096

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

500x1000




Y/I B meHTpe HAIIEW MAJJAKTHKHU B pacnionioxkena B cozesuu Crpener A*
¢ Maccoit 456 ComHEUHBIX HAa pACCTOSIHUM OKOJIO 24 THICSY CBETOBBIX JIET OT 3eMJIH

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

3400x3400

AcTpoHOMEI ¢ nomo1ibio TeneckornoB ALMA u Chandra
0OHapyXUJIM 00JIaK0 ropsiueil mia3mMbl B aKKPEIIMOHHOM
JIMCKE BOKPYT CBEPXMAaCCUBHOM 4EPHOU IbIpbl CTperen
A’* B nentpe Miieunoro [Tytu. Obnako 1BUKETCS BOKPYT

. iy Credit: Physieal Faculty
YEepHOU ABIPHI 10 SKBATOPUATILHOM opouTe ¢ nepuoom 70 ,
MUHYT, CM. TTapy 3eIeHBIX ONOCOK B X=R Y cripaga. 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 4l Ha MM

700x700

Credlt Physmal Faculty 700x700
M. VLomonosovMSU/E N. Terenuev etal.
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Ka3zap: Y[l nornowaeT BewwecTBO U3
(a-c) ceueHus
OKpYyXXawLiero akKkpeumoHHOro aoucka AD MM
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IIpencrasieHo aBa nzoo0paxkenus kBazapa hell04, nomyuennoro nociue I'JI ¢
noMoIbro Yanapel. 3ameruM, uto jBa ['JI nzo0pakenus kBazapa hell104 [2] Oblin
JTOIOJHUTEIBHO YIYUYIIIEHbI METOJAOM MUKPO-JIUH3UPOBAHUSA, B KOTOPOM YUYTE€HA
nH(pOpMaIUsa 0 CKOPOCTH BpaIllEHUsSI aKKPELIMOHHOTO JUcKa U camon U/I,
IIPEJICTaBICHHOTO B padoTe [4]. DT0 ylydllleHHE TTO3BOJIMIO HaM C ITIOMOIIbI0 MM (+

emie yuer AD® A Yanapsl, cM. (a) BBISIBUTE 0COOEHHOCTH- apTedakThl I' B B kBazapax.



I'paBuTanmonnbie BosiHbl y Bpamawmerocs ksasapa 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.
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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
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I'paBurtanmonnoe Jlunsuposanue Kpecr JiiHITeiiHA

Gravitational Waves at Quasar Q2237,
Gravitational Lensing Gives Einstein Cross

Y|A={O} X

Four GL images,
+microlensing

Q2237 - quasar

Credit: NASA/CXC/Univ.
of Oklahoma/X. Dai et al. 400x400

Basic functions of the Mathematical Microscope
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X=RY IRI[=[1780, 1800, 17504z  SR=[112.4,41.4, 68.6 ]

11=[0.73, 0.42, 0.65] 2

. DI=2000

Q2237 - quasar

Credit: Physical Faculty R Y e = ; /
M.V.LomonosovMSU/E.N.Terentiev et al: - : 4002400




I'paButanmonnoe Jiunzuposanue Kpecr JditHmreiina u npumenenue MAIP

Y|A={O} X Fore GL images,
+microlensing (ML)

Q2237- Quasar --Einstein Cross

400x400

Credit: NASA/CXC/Univ.
of Oklahoma/X. Dai et al.
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Crpykrypsl I'B B KpecTe kBazapoB JMHIITEeHHA

X=RY SR=[74. 42, 82] X=RY Gravitational Waves
IR[[=[1250, 1210, 1260] & DI=1300 SR=[231.5, 102.8, 231.5 ] DI=40000
IR|[=[29300, 5270,29300;

400x400

Credit: Faculty of Physics
M.V. Lomonosov MSU / E.N.Terentiev et al.

e HNU: peamuzanust PPT AF A MAIP tak,
brightness to X yTOObl OBUIM “‘BUOHBI MEJKHE JeTajin’ —
IOYTH Kak B TearpasibHOM bUHOKIIE.




Gravitational Waves at quasars_ sdss1004

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

.
Four GL images,

+microlensing

quasars_sdss1004

Credit: NASA/CXC/Univ.

of Oklahoma/X. Dai et al. 1200x1200
Credit: Physical Faculty
M.V.LomonosovMSU
/E.N.Terentiev et al.

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

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

400x400
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Gravitational Waves at quasars_ sdss1004
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Credit: Faculty of Physics
M.V. Lomonosov MSU / E.N.Terentiev et al.



Gravitational Waves of Two Rotating Neutron Stars Before Explosion

https://chandra.harvard.edu/ '2nstars xray 8-19-2017"
photo/2022/gw170817/ N N

300x300 ). G 8% 4 min||R||=[8900, 7880, 8790]

SR=[265, 103, 186] | || DI=10000

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

/
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“

Credit: Physical Faculty M.V.LomonosovMSU

This is result as imagined /E.N.Terentiev et al.
by science fiction writers.

Y — image from the Chandra telescope, X — image from the MM output
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Gravitational Waves During the Explosion of Two Neutron Stars

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

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

300x300

Y is the original image from the Chandra telescope

- in two-byte tif, X — image from the MAIP output
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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.

AKTyaNnbHO

co34aHMe LUMPOKOro CrnekrTpa TeXHUUYECKMX YCTPOUCTB CO
BCTPOEHHbIMU BblMUCAUTENAMU Ana co3paHmAa HoBbix UBC B 0.2-
1Hm Jlutorpadum ¢ metogamum 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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