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В настоящее время принципиально важной проблемой в космологии является выбор правильной теории
гравитации для интерпретации наблюдательных данных. Обычно в космологии используется общая тео-
рия относительности Эйнштейна и соответствующие уравнения Фридмана-Робертсона-Уоккера в пределе
сильного поля (когда гравитационный потенциал порядка квадрата скорости света). Однако, общая теория
относительности проверена и подтверждена только в пределе слабого поля в ближайшей космологической
окрестности. Наблюдения изображений (силуэтов) черных дыр открывает уникальную возможность про-
верки (или фальсификации) многочисленных известных модифицированных теорий гравитации в пределе
сильного поля, когда гравитация доминирует над астрофизическими и космологическими факторами. Это
особенно важно для физической интерпретации астрофизических и космологических наблюдательных дан-
ных о далеких областях Вселенной и для понимания физической природы загадочной темной материи и
темной энергии. Первые изображения сверхмассивных черных дыр M87* и SgrA*, полученный коллабо-
рацией Телескоп для Горизонта Событий (Event Horizon Telescope) подтверждают справедливость общей
теории относительности лишь качественно (с малой точностью). В ближайшем будущем будет реализо-
вана возможность количественной проверки различных теорий гравитации при создании Космической
Обсерваторией Миллиметрон с наносекундным угловым разрешением, предложенной и разрабатываемой
российскими учеными.
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Nowadays the major problem in cosmology is in the choice of the valid gravity theory for interpretation
of the observational data. Usually in cosmology it is used the Einstein general theory of relativity and the
corresponding Friedman-Robertson-Walker equations in the strong field limit (when gravitational potential
is of the order of square of the light velocity). Meanwhile, the general theory of relativity is verified and
confirmed only in the weak field limit in the nearest cosmological environments. Observations of black hole
images (silhouettes) opens a unique possibility for the verification (or falsification) of modified gravity theories
in the strong field limit when gravitation dominates over astrophysical or cosmological factors. This is especially
crucial for physical interpretation of astrophysical and cosmological observations of the far regions of the Universe
and for understanding the physical origin of enigmatic dark matter and dark energy. The first visual images of
supermassive black holes M87* and SgrA* have been observed recently by the Event Horizon Telescope. These
images demonstrate a qualitative agreement with the general theory of relativity. In the nearest future it would
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be possible to quantitatively scrutinize the known modified gravity theories after construction of the Space
Millimetron Observatory with nano-arcsecond angular resolution.
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Introduction

Recent observations of visual images of supermassive black holes M87* at the center of the giant
elliptical galaxy M87 and SgrA* at the Center of our native Milky Way Galaxy by collaboration
Event Horizon Telescope (EHT) open unique possibility for verification (or falsification) of modified
gravity theories in the strong field limit when gravitation dominates over astrophysical and cosmological
factors. Verification of modified gravity theories is crucial for physical interpretation of astrophysical
and cosmological observations of the Universe and for understanding the physical origin of enigmatic
dark matter and dark energy.

Scrutinizing the modified gravity theories would be possible after construction of the Space
Millimetron Observatory with nano-arcsecond angular resolution, which was proposed and developed
by scientists in Russia.

Blandford-Znajek (1977) process GRMHD accretion simulations

Fig. 1. Astrophysical Case 2. GRMHD accretion simulations. Accretion disk is very luminous at vicinity of
event horizon. Radiation from both the outside and inside photon spheres rph = const. The Blandford-Znajek
(1977) process is a suitable model for the General Relativistic Magnetohydrodynamics accretion onto black
holes, in which the inflowing plasma is strongly heated even in the vicinity of event horizon by the radial electric
current and Poynting energy flux. J.C.McKinney, A.Tchekhovskoy, R.D.Blandford (2012).

Physically distinct astrophysical cases 1 and 2

Shapes of black hole images depend on the distribution of emitting matter around black holes.
There are two physically distinct astrophysical cases.

Astrophysical Case 1: Radiation outside photon spheres, when there is luminous background far
behind the black hole, which is a capture photon cross-section in the black hole gravitational field.
Classical black hole shadow is viewed in this case [1].
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SgrA* spin a = 1 M87* spin a = 0.75

Fig. 2. Superposition of the observed silhouettes of the supermassive black holes SgrA* and M87* with the
numerically modelled dark spots in the case of thin accretion disk.

Astrophysical Case 2: Radiation inside photon spheres, when there is luminous accretion inflow
near the black hole event horizon. Event horizon shadow is viewed in this case, which is a lensed image of
the event horizon globe [2]– [9]. The Blandford-Znajek [10] mechanism (process) is a suitable model for
this case. The Blandford-Znajek mechanism is confirmed recently by simulations on supercomputers [11].
See Fig. 1 for illustration of the Blandford-Znajek mechanism. Respectively, the superposition of the
observed silhouettes of the supermassive black holes SgrA* and M87* with the numerically modeled
dark spots in the case of thin accretion disk is shown in Fig. 2.

Conclusion

Observations of black hole images opens unique possibility for verification (or falsification) of
modified gravity theories in the strong field limit when gravitation dominates over astrophysical factors.
Verification of modified gravity theories is crucial for physical interpretation of astrophysical and
cosmological observations of the Universe and for understanding the physical origin of enigmatic dark
matter and dark energy. Visual images of supermassive black holes M87* and SgrA* have been observed
recently by the collaboration Event Horizon Telescope. Scrutinizing the modified gravity theories would
be possible after construction of the Space Millimetron Observatory with nano-arcsecond angular
resolution.
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