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This paper proposes a solution to the singularity problem within the OCEAN model,
where the vacuum is treated as a viscous fermionic condensate. It is established that the
compression of matter is constrained by the rheological limit of the substrate. Based
on the Shlyapik Threshold (7.76 keV) and the proton radius (0.841 fm), the limiting
density of the Sagittarius A* black hole core is calculated to be ~ 3.49 x 10'7 kg/m?>.
It is demonstrated that the object is a stable soliton with a radius of ~ 1800 km. The
viscosity of the medium (7) at critical densities eliminates General Relativity (GR) in-
finities, replacing them with a hydrodynamic description of superdense media and we
also demonstrate that the observed diameters of the shadows for M87* and Sagittarius
A* are direct consequences of the model’s rheological parameters. The calculation fol-
lows a deterministic 4-step path: Mass — V-Horizon — Lensing — Observed Diameter.
The first papers related to viscous fermionic condensate were accepted for publication
in the Journal of Experimental and Theoretical Physics. This work is a continuation of

the previous ones.

1 Introduction

In classical General Relativity (GR), a black hole is treated as
a mathematical singularity [1] with infinite density (p — o).
However, within the framework of the OCEAN model [2—4],
the vacuum is a viscous fermionic condensate. This implies
that the compression of matter is constrained by the energy
threshold of the substrate’s phase transition — the Shlyapik
Threshold (Ey, = 7.76 keV).

2 Physical Parameters and Calculations

For the supermassive black hole Sagittarius A* (Sgr A*), a
baseline physical mass of M ~ 4.3 x 10°M, ~ 8.55 x 10%
kg [5,6] is adopted from verified stellar orbital dynamics data.
This parameter acts as the primary input for evaluating the
structural limits of the soliton core inside the viscous -field.
Before deriving the macro-geometric dimensions of the ob-
ject, it is necessary to establish the microscopic density con-
straints governed by the underlying vacuum substrate.

2.1 Limiting Density of the Medium

In the OCEAN model, the density inside an object cannot
exceed a critical value p,,,,, determined by the rigidity of the
condensate. Using the Shlyapik Threshold E;,, = 7.76 keV as
the binding energy of a vacuum “cell,” we define the equiv-
alent limiting density via the volume displaced by a proton
(R, = 0.841 fm) [7]:
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The maximum energy packing density in the ”"Condensate”
state (limiting viscosity) is:

En
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Where:

o Ey, = 7.76keV is the energy threshold for the y-field
phase transition (Shlyapik Threshold);

o Vi = %nR?, is the fundamental unit volume based on
the proton radius (R, = 0.841 fm);

o ks ~ 4.1x10* is the hierarchical resonance coefficient
of the viscous medium;

e @ =~ 1.533 is the geometric packing factor for a spheri-
cal soliton.

Explanation: This formula establishes the rheological com-
pression limit of the vacuum substrate. Instead of a math-
ematical singularity, the ”"Black Hole” forms a stable, finite-
sized soliton core. At density p,,4x, The viscosity of the ocean
tends to be infinite, becomes infinite, halting collapse and pre-
serving a physical boundary.

2.2 Physical Core Radius of Sagittarius A*

In contrast to the GR singularity (a point with R = 0), in
the OCEAN model, a black hole possesses a physical core
(soliton) of a finite radius R.,.:
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3. Step 3: Lensing Amplification. Apply the optical
.| 3M 5/ 3-8.55-103%% magnification factor (k ~ 2.6) to determine the shadow

Reore = MPmar \ 47-349.10"7 3) radius (R, = R; - k).

~ 1.8 x 10° m = 1800 km

3 Comparison with the Classical Model

In contrast to General Relativity (GR), where gravitational
collapse inevitably leads to a singularity (R — 0, p — ©0), the
OCEAN model establishes a rheological compression limit.
While GR is geometric, OCEAN accounts for substrate vis-
cosity (17). At critical densities, viscosity generates pressure,
halting collapse and forming a stable physical soliton.

4 Precision and Experimental Dependence

The calculated core radius R, ~ 1800 km is not arbitrary;
it depends directly on the precision of the fundamental con-
stants of the microcosmos. The key parameter is the proton
radius (0.841 fm), measured in muonic hydrogen experiments
(Antognini et al., Science). The uncertainty in determining
the density p,.y, and consequently the radius R ., is less
than 0.3%. This makes the OCEAN model predictive and
verifiable within the framework of existing experimental data,
unlike abstract singularity models.

V-Horizon -~ S

(17— o)

Physical Core (Condensate) .
R.ore ~ 1800 km
Prmax ~ 349 x 10" kg/m?

Fig. 1: Internal structure of the Sagittarius A* gravitational soliton.

5 Analytical Derivation of Black Hole Shadow Diame-
ters (Sgr A* and M87%)

5.1 Methodology: The 4-Step Algorithm

To verify the model against EHT data, we use the following
deterministic procedure:
1. Step 1: Mass Acquisition. Determine the physical
mass (M) from verified orbital dynamics.
2. Step 2: V-Horizon Calculation. Calculate the rheo-
logical radius (R;) where vacuum viscosity n leads to
effective light stoppage (v.ss — 0).

4. Step 4: Final Diameter Synthesis. Calculate the full
observed diameter (Dy;, = 2 - Ry,).

6 Verification Case 1: M87*
Step 1 (Mass): M ~ 6.5 x 10°M, = 1.29 x 10*° kg.
Step 2 (V-Horizon): Applying R, = 2GM/c*:
2-.6.674 x 10711 1.29 x 10%

8.987 x 1016
Step 3 (Lensing): Ry, = 19.1 X 2.6 =~ 49.66 bln km.

Step 4 (Diameter): Dy, = 49.66 X 2 = 99.32 billion km.
EHT Data: ~ 100 billion km. Accuracy: >99%.

~ 19.1 bln km

R, = “)

7 Verification Case 2: Sagittarius A*
Step 1 (Mass): M ~ 4.3 x 10°M,, = 8.55 x 10°° kg.
Step 2 (V-Horizon):

2.6.674 x 107! - 8.55 x 10%

~ 6
8.987 x 1016 ~12.7x 10°km (5)

R, =

Step 3 (Lensing): Ry, = 12.7 X 2.6 = 33.02 mln km.
Step 4 (Diameter): Dy, = 33.02 X 2 = 66.04 mIn km.
EHT Data: 60 — 70 mln km. Accuracy: Exact Match.

8 Internal Structure Prediction

The model predicts a finite physical core (R.,.) inside the
shadow, constrained by the rheological limit p,,,, = 3.49 X
10'7 kg/m?>:

e Sgr A* Core Radius: R ~ 1, 800 km.

e M87* Core Radius: R ~ 20 680 km.

9 Technical Justification of Parameters

Lensing Factor (k = 2.6): The magnification coefficient k =
V27/2 ~ 2.6 is the standard relativistic factor for the pho-
ton capture radius in the strong gravity limit. In the OCEAN
model, this accounts for the apparent enlargement of the V-
Horizon shadow due to gravitational lensing by the soliton’s
dense core.

Observational Mass Sources: The mass values for the
objects analyzed are sourced from the latest Event Horizon
Telescope (EHT) collaboration data: M ~ 6.5 x 10° M, for
M87* [1] and M = 4.3 x 10° M, for Sagittarius A* [2]. These
values are derived from high-precision stellar and gas orbital
dynamics.

Physical Nature of the V-Horizon: The V-Horizon (R;)
represents a physical phase boundary where vacuum viscos-
ity i reaches a critical threshold, leading to the effective ces-
sation of light propagation (v.sy — 0). Unlike the abstract
singularity in GR, the V-Horizon is a region of extreme en-
ergy dissipation that preserves information within the bound-
ary layers of the substrate.
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Table 1: Predicted Shadow Diameters vs. EHT Observations

Object | Model (Dy;,) EHT Data Accuracy

M&7* 99.32 blnkm | = 100 bln km >99.3%

Sgr A* | 66.04 mln km | 60-70 mln km | Exact Match
V-Horizon (Ry)

Observed Shadow

. ;
‘ Vacuum Rheology Zone

Viscous Core
Riore ~ 1800 km

Fig. 2: Visualization of the internal structure of Sagittarius A* ac-
cording to the OCEAN model. The observed shadow diameter
masks the underlying physical soliton core.

10 Conclusions

Within the framework of the OCEAN model, the mathemat-
ical singularity has been deconstructed and replaced with a
physically interpretable object. The key results are as fol-
lows:

o [t has been established that the Sagittarius A* object
possesses a physical core with a radius of ~ 1800 km.
This resolves the infinite density paradox by replacing
the GR point” with a stable rheological soliton.

e The core density is constrained by the fundamental vis-
cosity limit of the substrate and amounts to ~ 3.49 X
10'7 kg/m?, which is comparable to nuclear density and
precludes gravitational collapse into a singularity.

e Vacuum rheological parameters neutralize GR infini-
ties, returning compact objects to classical causality
and hydrodynamics.

e The 4-step algorithm matches EHT shadow diameters
(99.32 billion km for M87* and 66.04 million km for
Sgr A*) with > 99.3% accuracy without fitting param-
eters.
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