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Abstract

This work reveals the ontology laid out in the main EWCM preprint [2026a] through the concept
of node hierarchy. It is shown that the same principle — quantization of mass and volume in
Planck units — operates across all scales: from atomic nuclei to neutron stars and black holes.

The key concept of the frame as the totality of Plast connections possessing a hierarchical density
is introduced. Antimatter is embedded only in the cosmological frame, which explains the nature



of dark matter and baryon asymmetry. A mechanism of cyclic dynamics is proposed: after the
”Return”, all the energy and information of the cycle are concentrated on the STGW; initiating
a new cycle is the only way to transfer information and retain energy, and massive black holes
act as “anchors” controlling the expansion.

The principle of coherent averaging is introduced, explaining how Plast dynamics projects into
the Filling. Based on this, it is shown that fast radio bursts (FRBs) are a projection of the
rearrangement of connections in compact nodes (neutron stars), and the transient AT 20211wx
is a projection of the relaxation of a galactic node. A hierarchy of projections is formulated:
from thermal noise and spectral lines (small nodes) to anomalous transients (large nodes). This
allows systematizing a wide range of astrophysical phenomena, from FRBs to supernovae and
long optical transients.

Using the Solar System as a hierarchical node, it is shown that Lagrange points, the Kuiper
Belt, the Oort Cloud, and Pluto’s anomalies receive a natural explanation within the framework
of the hierarchy of Plast nodes and its frame, with the defining role of the active boundary —
the Super-Tense Gravitational Wave (STGW). Work [2026c] applies the model to cosmological
scales.

Keywords: general relativity, quantum field theory, standard model, loop quantum gravity,
string theory, black holes, dark matter, dark energy, baryon asymmetry, cosmic microwave
background, hierarchy of scales, node hierarchy, projection hierarchy, Planck quantization, ra-
tionality of densities, neutron stars, FRB, AT 2021lwx, coherent averaging, Solar System, La-
grange points, Kuiper Belt, Oort Cloud.

AHHOTaLMA

Hacrosiitjast paboTta pacKpbiBaeT OHTOJIOTHIO, 3a/10’KEHHY10 B 0CHOBHOM nipeniprHTe EBKM [2026a],
yepe3 IOHATHE WepapXuu y3/10B. [loka3aHO, UTO OJWH U TOT ke NPUHLMII — KBaHTOBaHUE
Macchl ¥ 06BbEMa B I7IaHKOBCKUX eIMHNI[aX — paboTaeT Ha Bcex MaciiTabax: OT aTOMHBIX sifiep
[0 HEUTPOHHBIX 3BE3/] U USPHBIX JbIP.

BBoguTCs K/toueBoe MOHsATHE KapKaca Kak COBOKYITHOCTH cBsizel [11acta, 061aziarolijero nepapxuue cCKom
TJIOTHOCTBIO. AHTHBEIIIeCTBO BCTPOEHO TOJILKO B KOCMOJIOTHUECKHM KapKac, UTO 0ObsCHSET
MIpUPOAY TEMHOM MaTepuu U 6apUOHHYIO acuMMeTputo. IIpe/yioykeH MeXaHU3M LUK/IAYe CKOU
JWHAMUKHU: TIocie “Bo3Bparta” Bcs sHeprus v uHdopMalys 1ukaa cocpenoroueHbl Ha CI'B;

3aIyCK HOBOT'O [[UK/Ia — eTMHCTBEHHBIN CII0CO0 mepeiaTh MHGOOPMALIUIO U Y/IepKaTh SHEPTHIO,

a MaCCUBHbIEe YEPHbIe [IbIPbI BLICTYIAIOT “SKOPSIMUA™~, KOHTPOJIUPYIOLLUMU PacIlupeHue.

BBe/iéH NPUHIIUIT KOTePeHTHOT0 YCpeJHeHHs1, 00bsICHSIFOILINH, Kak JuHaMuKa [11acTa rnpoerupyeTcst
B HamostHeHwe. Ha ero ocHoBe 1oka3aHo, uTo ObIcTphle paguoBciiieckd (FRB) — 3o npoekiuys
MepeCcTPONKYU CBsi3eil B KOMIAKTHBIX y3/71aX (HeHTPOHHBIX 3BE3/iax), a TpaH3ueHT AT 20211wx

— TPOeKLMsl penakcaluu rajakTuueckoro ysna. CdopMmynvpoBaHa uepapxusi MPOEKLMii: OT
TEeIIOBOTO LIIyMa M CI1eKTpasbHbIX IMHUU (MeJIK1e Y3/Ibl) ZI0 aHOMa/IbHbIX TPAH3UEHTOB (KpPYITHbIe
y37bl). JTO 03BOJIIET CUCTEMATH3UPOBATh IIMPOKUM KPYT acTpopu3nyecKkux sBneHu, ot FRB

J10 CBEPXHOBBIX U JIOJITUX ONTUUECKUX BCIIBILLIEK.



Ha npumepe ConHeuHOM CHCTeMbl KaK hepapXuueckoro y3/a MoKa3aHo, UTo TOuKu JlarpaHika,
niosic Koiinepa, o6ako Oopra u aHomanuu [1nyToHa moyyaroT ecTrecTBeHHOe 0OBbsiCHeHUe B
paMKax vepapxu y3/0B [1acTa ¥ ero Kapkaca IpH OTpe/ie/isitolieid po/iv akTUBHOMN TPaHUIbI
— CeepxHanpspkéHHol ['paBuTarionHou Bosel (CI'B). B pabote [2026¢] Mozes mprMeHsieTcst
K KOCMOJIOTHYeCKUM MaciiuTabam.

KnroueBble cjioBa: 0011jasi TeOpUsi OTHOCUTEbHOCTH, KBAHTOBAsi TEOPUS T10/1sl, CTaH/apTHast
MO/|eJlb, ITeT/IeBasi KBAHTOBAas IPaBUTALINsA, TeOPUS CTPYH, YEPHBIE bIPbI, TEMHAsl MaTepusi, TEMHast
SHeprusi, OapuoHHask aCHMMeTpUsl, PeJTMKTOBOe M3/TyueHHe, hepapxus MaciraboB, nepapxusi
Y3/10B, MepapXxus [IPOeKL1H, [JIaHKOBCKOe KBAHTOBaHHe, paljiOHaIbHOCTh IIJIOTHOCTeH, HEUTPOHHbIE
3Bé37b1, FRB, AT 20211wx, korepeHTHOe ycpeaHeHe, ConHeyHas cucTeMa, TOuky Jlarpanka,
niosic Koiirepa, o65ako Oopra.



1 Introduction

1.1 The Problem of Scales in Modern Physics

Modern physics possesses brilliant theories — General Relativity (GR), Quantum Field Theory
(QFT), the standard cosmological model (ACDM), Loop Quantum Gravity (LQG), string theory.
Each brilliantly describes its own scale of reality:

Theory Scale Achievements

GR Cosmological Gravity as geometry, black
holes, expansion of the Universe

QFT Micro Quantum interactions, Standard
Model

ACDM Cosmo + galax- | Evolution of the Universe, large-

ies scale structure
LQG Planck Quantization of geometry

String Theory All (formally) Mathematical unification

However, none of them works across all scales without introducing additional entities or fine-
tuning parameters:

Theory Requires ”Patch” The Problem with the Patch

ACDM Dark matter, A Particles not found, value 10~ 122
— fine-tuning

QFT External background, | Does not include gravity

renormalization

GR Singularity Breaks down at the Planck scale

LQG Transition to classical | Does not explain dark en-
ergy/matter

String Theory 10°% vacua Landscape, lack of predictions

1.2 Criterion of Truth for Additional Entities

If an entity works only where it was added but starts to cause problems in other areas — it is not
an explanation, but a patch. Dark matter, introduced to explain galaxy rotation curves, predicts
more dwarf satellites than observed and requires additional self-interaction mechanisms. The
cosmological constant A, introduced to explain accelerated expansion, has a value impossible
to explain without monstrous fine-tuning. The inflaton field gives rise to the problem of eternal
inflation and the multiverse. Extra dimensions create a landscape of 10°°° options where our
Universe is just one of many.



1.3 What EWCM Proposes

The Unified Wave Cosmological Model (EWCM) [2026a] offers a different path. In EWCM,
there are no ad hoc entities. The frame, the boundary, the hierarchy — these are not additions,
but the structure of reality itself.

Entity in Other Theories What It Is in EWCM

Dark matter Plast Frame (antimatter embedded)

Dark energy Plast Straightening Phase

Inflaton The whiplash, initiated by STGW

Extra dimensions Hierarchy of nodes

Multiverse Different levels of hierarchy (not iso-
lated worlds)

The main EWCM preprint [2026a] lays the foundation of the model. This work reveals this
foundation through the concept of node hierarchy and demonstrates its operation across all scales
— from Planck to astrophysical. Work [2026c] applies the model to cosmological scales.

1.4 Purpose of the Work

To show that the hierarchy of Plast nodes operates across all scales — from atomic nuclei to neu-
tron stars and black holes — and that the structure of the Solar System (Lagrange points, Kuiper
Belt, Oort Cloud, Pluto’s anomalies) is a particular manifestation of this hierarchy. Thereby
demonstrating that EWCM offers a unified language for describing phenomena that in standard
physics are dispersed across different fields and require ad hoc assumptions.



2 The Plast Frame and Its Role in the Node Hierarchy

2.1 What Is the Plast Frame

The frame is the totality of all Plast connections, including passive and non-activated ones. It
represents that part of the network that does not manifest itself as matter or radiation, but without
which neither can exist.

Properties of the frame:

Property Description

Omnipresence There is no point in the Plast where connections are absent.
Even in the deepest *voids” between galaxies, the frame

exists.
Energetic Each connection carries energy ¢;;. The total energy of the
Nature frame is colossal and far exceeds the energy of all matter in

the Universe (see Appendix B in [2026a]).

Structuredness Connections are not chaotic. They form cells, filaments,
nodes — that same ”cosmic web” we observe as the large-
scale structure.

Hierarchical The density of the frame is not uniform. The smaller the
Density node, the lower the density of the frame around it; the larger
the node, the higher the density. The frame reaches its max-
imum density at the cosmological level.

Stability Connections do not disappear. They can change their en-
ergy, transition from a passive to an active state and back,
but the connection graph itself is preserved throughout the
entire cycle.

Invisibility The frame does not emit or absorb photons (its connections
are either passive, or their excitation does not correspond
to electromagnetic modes). Therefore, we do not see it di-
rectly.

It is the frame, not gravity in the Newtonian or Einsteinian sense, that holds together:

* Galaxies in clusters (what we call "dark matter”)
+ Stellar systems in their orbits
* Planets in equilibrium

» Atoms in molecules

Gravity in EWCM is the macroscopic manifestation of frame deformation [2026a, Section 7.3].
When a massive node (star, planet) distorts the connections around it, this distortion is perceived
as “attraction”. But in reality, there is no separate force — there is the geometry of connections
and its changes.



2.1.1 Neutrinos as Transmission Agents

In EWCM, neutrinos perform a specific function not reducible to the role of ordinary matter.

Nature of neutrinos: Neutrinos are not just particles. They are transmission agents from the
Filling (matter, radiation) to the active boundary (STGW). They are channels through which
information and energy move only in one direction — from the Filling to the STGW.

Through neutrinos, information is transmitted about processes occurring in matter and radiation:
accretion, stellar flares, mergers of compact objects, any events reaching critical energy.

Why neutrinos: Neutrinos possess unique properties that make them ideal agents:

* Have mass (meaning they can be Plast nodes)
* Interact weakly with matter (can pass through all the Filling without losing information)

» Have no electric charge (not distorted by electromagnetic fields)

Can be ultra-high-energy (capable of carrying signals from the most powerful events)

Reverse direction: The STGW acts on the Filling directly through the Plast frame, not via
neutrinos. The active boundary can transfer energy, initiate rearrangements, and set boundary
conditions through the Plast connections themselves. Neutrinos are not required for this.

Connection to hierarchy: Neutrinos act at all levels of the hierarchy — from stellar systems
to cosmological scales. The KM3-230213A event (220 PeV) [2026c] is a direct observation of
a transmission agent carrying information from the depths of structure towards the STGW.

2.1.2 Black Holes as Universal Capacitors

In EWCM, black holes perform a function not reducible to their role in GR.

Nature of black holes: Black holes are not just regions of space where gravity conquers every-
thing. They are universal capacitors of energy and information, Plast nodes that have reached
maximum density.

When Ny = N, (all nodes in the volume are activated), the system reaches a critical state.
Further addition of mass (/V,) is impossible without changing geometry. Collapse occurs — a
transition to a state where:

* Niotal loses its meaning as V'/ l}q’; (volume ceases to be defined)

* Information about the structure of the collapsed matter is not lost but condensed on the
horizon (holographic principle)

* The energy accumulated in the black hole is released at the end of the cycle during total
annihilation

Role in the cycle: Black holes are not a dead end but a necessary stage of cyclic dynamics:



* Throughout the cycle, they accumulate mass (/V,) and information

* In the "Whiplash Return” phase, a cascade collapse occurs, and black holes play a key
role in initiating total annihilation

* During black hole evaporation (including primordial ones), energy and information are
released, transmitted via neutrino channels to the STGW

Connection to neutrinos: The final stages of black hole evaporation should be accompanied
by powerful neutrino bursts — this is precisely what is observed in the KM3-230213A event
[2026c¢], interpreted as the evaporation of a primordial black hole.

2.2 Antimatter as a Frame Stabilizer

Here lies the solution to one of physics’ greatest mysteries — baryon asymmetry.

Why is there so little free antimatter in the Universe? Why is there a colossal excess of photons?
Where did it all ”disappear”?

In EWCM, the answer is simple and elegant: antimatter did not disappear. It exists, but in a
different form — not as free particles, but as a structural element of the Plast frame [2026a,
Section 5].

2.2.1 Beginning of the Cycle: ”Whiplash” and Primary Separation

At the moment of the ”Whiplash” from the primary impulse of the STGW, all types of nodes
and connections unfold:

* Some become activated nodes — matter (protons, neutrons, electrons)
* Some become antimatter (positrons, antiprotons, etc.)

* Some become radiation — photons (excited connections of a certain type)

The separation process is neither instantaneous nor perfect. In the first moments of the cycle,
when the Plast structure is just forming, matter and antimatter exist intermingled. Partial anni-
hilation occurs — that part which did not have time to ”sort itself into roles”.

It is this partial annihilation that yields the colossal excess of photons.

The ratio of the number of photons to the number of baryons ( ~ 6 x 1071%), observed today
in the cosmic microwave background, is not “fine-tuning” nor a coincidence. It is the natural
result of what fraction of matter and antimatter managed to annihilate before the antimatter was
embedded into the frame.



2.2.2 Formation Sequence: Cosmological Frame First

A crucial clarification about the sequence of processes during the "Whiplash” is necessary here.
The logic of hierarchy dictates the following order:

1. First, the main cosmological frame forms — the densest, most energy-saturated level
of the Plast. It forms first because it is this frame that will hold the entire future structure
of the Universe.

2. Then, within this primary frame, smaller hierarchies begin to form — the frames of
galaxies, stellar systems, planets.

3. And only then does the Filling unfold — the activated nodes which we call matter.

Antimatter is embedded precisely into the main cosmological frame — because it forms first
and has maximum density. Moreover, the presumed mechanism of this embedding is described
in the EWCM preprint [2026a]; however, its precise explanation requires further research and
is beyond the scope of this work.

After the primary, partial annihilation, the remaining antimatter is embedded into the structure
of Plast connections, but only at the level of cosmological nodes — into the frame surrounding
and holding galaxies, clusters, and the entire Universe as a whole.

This explains why:

* We do not see antimatter in the vicinity of stars and planets — it is not embedded into the
frame of those scales

» Dark matter manifests precisely on galactic and cosmological scales — it is the gravity
from antimatter embedded in the frame of these levels

* We cannot “extract” this antimatter in colliders — wrong level of hierarchy and wrong
energies

Photons, including those born during annihilation, remain as radiation. They propagate freely
through the frame, gradually cooling as the Plast expands. Today we observe them as the cosmic
microwave background.

Thus, at the very beginning of the cycle, three key parameters determining the entire subsequent
evolution of the Universe are set simultaneously:

1. Amount of matter — what survived partial annihilation and remained in the form of free
activated nodes

2. Amount of antimatter in the frame — what went into the structural role and now deter-
mines the gravitational potential (”dark matter”)

3. Number of photons — products of annihilation plus primary radiation, forming the relic
background



2.2.3 Role of Antimatter During the Cycle

Over billions of years, antimatter embedded in the cosmological frame performs two crucial
functions.

First function — structure stabilization.

The frame, strengthened by the energy of antimatter, acquires rigidity and stability. It is capable
of holding large-scale formations — galaxy clusters, filaments, walls — preventing them from
flying apart under the expansion of the Plast. Without this "hidden skeleton”, the gravity of
matter alone would be insufficient to form the observed structure of the Universe.

Second function — gravitational influence.

Antimatter in the frame does not interact with matter directly (electromagnetically or via nuclear
forces). There is no annihilation, no electromagnetic interaction, no nuclear forces between
them. This is precisely why we do not see antimatter in space today — it is not present in free
form.

But antimatter influences matter indirectly — through gravity.
The deformation of the frame caused by the presence of embedded antimatter creates an addi-

tional gravitational potential. This potential:

 Speeds up stars on the outskirts of galaxies (flat rotation curves)

» Holds galaxies in clusters

» Forms the large-scale structure
What we call ”dark matter” in the standard model is, in EWCM, the gravitational manifestation
of antimatter embedded in the cosmological Plast frame.

No new particles. No "new physics”. Only the redistribution of the same matter into a different
form of existence at a different level of hierarchy.

2.2.4 Connection Between Antimatter and Neutrinos

Antimatter embedded in the frame and neutrinos as transmission agents are ontologically linked.

During total annihilation at the end of the cycle, antimatter is released and annihilates with mat-
ter. The energy released during this process is transmitted via neutrino channels to the STGW.
Information about the distribution of matter and antimatter in the completed cycle is encoded in
the structure of neutrino fluxes, which are then recorded on the STGW.

Thus, neutrinos act as carriers of “memory” about previous cycles, imprinted on the STGW and
unfolded during the new "Whiplash”. However, the transfer of energy from the STGW to the
Filling in the new cycle occurs directly through the frame, not through neutrinos.
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2.2.5 Black Holes and Antimatter

Antimatter embedded in the cosmological frame and black holes are linked through the energet-
ics of the cycle.

During the cycle, black holes accumulate mass (/V,) and grow. They do not ’know” about the
embedded antimatter directly — the gravitational influence of antimatter is already accounted
for in the frame deformation.

At the end of the cycle, during total annihilation, not only the energy of free matter is released,
but also the energy stored in black holes. It is black holes that ensure that even mass that has
gone beyond the horizon returns to the system at the moment of ”Whiplash Return”. Without
this, the energy balance would be disrupted.

2.2.6 End of the Cycle: ”Whiplash Return” and Total Annihilation

In the "Whiplash Return” phase, when the energy accumulated in the STGW reaches the critical
threshold £, a cascade collapse of the entire Plast structure occurs [2026a, Section 4.4].

At this moment:

1. The frame is destroyed. The connections that held the structure lose stability. The entire
hierarchy of nodes — from galaxies to atoms — begins to collapse.

2. Antimatter is released. Antimatter, which all this time (billions of years) had been em-
bedded in the connections of the cosmological frame, returns to the state of free nodes.
For the first time in the cycle, it comes into direct contact with matter.

3. Total annihilation. Annihilation of all matter with all antimatter occurs. This is not a
partial process like at the beginning of the cycle, but a complete, total one.

4. Colossal energy release. The energy released during total annihilation is, in order of
magnitude, equal to Eyoi1 = Meyeie - 2. This is the very energy needed by the STGW for
two purposes:

* Recording information about the completed cycle (holographic encoding of the con-
figuration X2)

* Initiating a new cycle — the next "Whiplash”

No other source of such energy exists in the Universe. Gravitational collapse is insufficient.
Nuclear reactions are insufficient. Only the complete annihilation of matter and antimatter yields
an energy scale comparable to the mass of the entire Universe.

It is crucial to understand: the energy released during total annihilation does not “dissipate into
emptiness” — because there is no emptiness. All energy remains in the closed Plast-STGW
system and is used to overcome the boundary and form a new cycle. This is a perfectly closed
energy balance, where not a single joule is lost. The system takes nothing from outside and
gives nothing to the outside — it simply transitions from one phase to another, storing in the
STGW complete information about the previous cycle.
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2.2.7 New Cycle: Information Is Preserved

All information about how matter, antimatter, and primary radiation were distributed in the
completed cycle is preserved on the STGW [2026a, Section 4.1]. The boundary “remembers”:

* The total mass of the cycle

» The ratio of matter to antimatter

The spatial distribution

The fluctuation spectrum from which structures grew

During the new "Whiplash”, this pattern unfolds again. The process repeats:

* First, the cosmological frame forms, into which most of the antimatter is embedded

Then, frames of smaller scales form

Then, the Filling — matter — unfolds

* A small part of antimatter participates in primary partial annihilation, giving rise to the
new photon background

And the observed ratio 7 = n;/n., turns out not to be a random constant, but the memory of
previous cycles recorded on the STGW and reproduced in each new cycle.

2.2.8 STGW as an Active Boundary: The Spider Metaphor

For an intuitive understanding of the role of the Super-Tense Gravitational Wave (STGW, Y)),
the metaphor of a spider on a web can be used.

The spider sits not at the center, but on the edge — it is itself the boundary that determines the
shape of the entire web. Its legs touch many threads going in all directions. Through them, it
senses any vibration wherever it occurs — a distant fly, wind, rain. It receives information about
the state of the entire web.

But the spider is not just a passive observer. It can transmit energy — twitch a specific thread,
send a signal, tighten the web at a critical moment. It can influence the process at any point
because it is connected to the entire frame.

The spider and the web are one whole. The web without the spider will fall apart; the spider
without the web can do nothing. Similarly, the Plast and the STGW exist only together, and the
connection between them goes through the very threads of the frame, not through some separate
communication line.

In this metaphor:

12



Metaphor Element Entity in EWCM

Web Plast (), its nodes and connections

Threads Frame through which signals travel

Spider STGW (%), the active boundary

Vibrations of threads Information from the Filling

Spider’s tug Energy transfer, initiation of a new cycle
(”Whiplash”)

This is not just a beautiful analogy. It accurately reflects the ontology of EWCM: the boundary
is not separate from the network but is an integral part of it, capable of both receiving and
transmitting — both information and energy.

Without the STGW, the frame would be open, inertialess, incapable of cyclic dynamics. It is the
STGW that closes the system, stores the memory of cycles, and initiates the new ”Whiplash”
when the energy accumulated in the frame reaches the critical threshold [2026a, Section 4].

2.2.9 Necessity of the Cycle: Why the STGW Initiates a New ”Whiplash”

After the "Whiplash Return”, total annihilation of matter and antimatter occurs, the collapse of
the Plast. All the energy and information of the completed cycle become concentrated on the
STGW.

The STGW is an active boundary, not a passive archive. It cannot simply ”store” this information
forever. The law of conservation of information prevents it from disappearing, and the very
nature of the STGW requires action. If the STGW tried to use the energy to compress the Plast
(hold it within boundaries), a quantum paradox would arise: the system cannot simultaneously
compress and store complete information about the past.

Therefore, the STGW has two problems to solve:
1. Where to transfer the information? Information must be unfolded into structure, oth-

erwise it does not ”live”. Simple storage in an inactive form contradicts the function of
the STGW as an active boundary.

2. How to retain the energy? If the energy is used for compression, a paradox arises.
Therefore, it must be converted into another form.
The only solution satisfying both conditions is to initiate a new cycle.
During the new "Whiplash”:
* Information unfolds into the structure of the new cycle. The memory of the previous

cycle becomes the “template” for the next — therefore, the large-scale structure repeats
from cycle to cycle.

* Energy is spent on creating the Filling (matter, radiation), not on compression. This
resolves the paradox.

13



Thus, the new cycle is not “another time”, but the only way for the STGW to:

« transfer information (unfold it into structure),

* retain energy (convert it into the form of the Filling, not into compression).

2.2.10 The Antagonism Between STGW and Plast

In EWCM, there are two principles that are in constant antagonism:

* The Plast tends to expand. This is its nature, the source of what we call dark energy.

* The STGW strives to bring the Plast back, to close the cycle. This is its nature as an
active boundary.

If the STGW did not intervene, the Plast would expand indefinitely, losing connectivity. But the
STGW cannot allow this to happen — because it holds the memory of the cycle, and infinite
expansion breaks the link between memory and structure.

How does the STGW stop the expansion?

The STGW cannot simply ”grab” the Plast and compress it — that would be an external influ-
ence, which does not exist in a closed system. Instead, the STGW takes energy away from the
Plast.

How? By creating the Filling.

When the Plast creates activated nodes — matter, radiation — it expends energy on this. The
more Filling there is, the less energy remains for expansion. In the limit, when there is enough
Filling, all energy is spent on maintaining it, and expansion stops.

Thus, the Filling is the STGW’s tool for taking expansion energy away from the Plast. The
STGW does not fight the Plast directly. It redirects its energy into creating structure, which
eventually becomes the “brake”.

2.2.11 Why the Frame Does Not Attract the Filling

This mechanism answers an old question: why does the Plast frame (what we call dark matter)
not attract the Filling to itself?

Answer: because the Filling is not an external object to the frame.

The Filling is the result of the frame’s activity, the ”diverted” energy that the Plast spent instead
of expanding. The frame does not ”see” the Filling as something external. It does not attract it
because the Filling is its own state, its ”frozen” energy.

This explains why dark matter does not gather matter around it, even though it possesses gravity.
Gravity is the macroscopic manifestation of frame deformation, but the deformation itself does
not “attract” matter. Matter is already part of this deformation.
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2.2.12 Anchors of the Cycle: Why Black Holes Appear Early

If the cycle were to continue indefinitely, the Plast would expand uncontrollably. The expansion
energy is not infinite, but without limiters, the process could drag on or lose connectivity. To
control the expansion and ensure the timely completion of the cycle, the STGW creates ”an-
chors” — massive black holes.

They perform three functions:

1. Take energy away from expansion. Accretion of matter onto a black hole converts
expansion energy into a form that does not contribute to further Plast straightening. The
more black holes, the faster the energy available for expansion is depleted.

2. Fix the structure. Holographic recording of information on the black hole horizon pre-
serves the configuration of space-time, preventing it from ”smearing out” as expansion
proceeds. This ensures the connectivity of structure between different phases of the cycle.

3. Ensure the completion of the cycle. The energy accumulated in black holes is not lost.
At the end of the cycle, during total annihilation, it is released and returns to the STGW,
providing the impulse for the next ”Whiplash”. Without black holes, the energy balance
of the cycle would be disrupted.

This explains the observed early appearance of massive black holes in the early Universe. They
are not a coincidence nor a consequence of local gravitational collapse, but a necessary element
of cycle dynamics. The STGW ”plants” them at early stages so they have time to accumulate
enough energy to complete the cycle.

2.3 What the Frame and STGW Explain
Phenomenon Explanation in EWCM Role of Frame | Role of STGW | Role of BH / Neu-
trinos
We do not see anti- | It is embedded in the cosmo- | Carrier of em- | Fixes embed- | —
matter in space logical frame, does not inter- | bedded antimat- | ding  propor-
act directly ter tions during
”Whiplash”

Baryon asymmetry

Matter is free, antimatter is
structural

Provides the
structural role
of antimatter

Stores the ratio
information be-
tween cycles

Excess of photons
(n ~ 6 x 10710)

Partial annihilation before
embedding

Participates
in primary
separation

Sets the en-
ergy of the
”Whiplash”,
which de-
termines the
scale
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Dark matter

Gravity from antimatter in

Creates gravita-

Defines bound-

ing a repulsive
effect

lated in STGW
determines the
moment of
”Return”

the frame tional potential | ary conditions
for frame
distribution
Dark energy Plast Straightening Phase Relaxes, creat- | Energy accumu- | —

Information preser- | Holographic recording on the | Supplies infor- | Stores informa- | Condenses infor-
vation in BH horizon mation about | tion  between | mation without
structure cycles losing it
Energy for the new | Total annihilation at the end | Releases Receives  en- | Accumulated mass
cycle embedded ergy, records | returns to the
antimatter information, system; neutrinos
initiates  new | transfer energy to
”Whiplash” STGW
Ultra-high-energy | Neutrinos are transmission | Transmits exci- | Receives sig- | Evaporation of
neutrinos agents from Filling to STGW | tation to neutri- | nals from | primordial ~ BHs
nos neutrinos gives neutrino
bursts;  neutrinos

carry information

Cycle memory Holographic recording on | Supplies infor- | Stores complete | —
STGW mation via node | information of
dynamics the cycle
Structuring of the | The frame sets the ”template” | Forms fila- | Defines global | —
Universe for structure formation ments, cells, | topology  via
nodes boundary
conditions
Cyclicity The ”Plast-STGW” system | Passes through | Initiates —
forms a closed cycle Straightening ”Whiplash”
and collapse | and ”Return”,
phases stores memory

2.4 Colliders as Windows into the Energy Scale of the Cycle

Observations in colliders receive an important interpretative significance in EWCM, but it is
fundamentally different from what it might seem at first glance.

What happens in colliders:

During collisions of particles with enormous (by earthly standards) energies, ”particle-antiparticle

2»

pairs are born. Positrons, antiprotons, even antihelium — all this is regularly recorded by detec-
tors. These antiparticles exist only for an instant, after which they annihilate with the surround-

ing matter.

What does NOT happen:
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We do not "release” antimatter from the cosmological frame. The frame with antimatter embed-
ded in it is at a completely different level of hierarchy. Its density is incomparably higher, and
the binding energies are colossal.

The energies achievable in colliders are negligible compared to the scales at which the cos-
mological frame formed. It is like trying to destroy the ocean floor by creating ripples on the
surface. The frame simply does not “notice” such perturbations — they occur at a different level
of hierarchy. This is precisely why we will never see the “release of antimatter from the frame”
in laboratory conditions.

What we actually see:

What we observe in colliders — the birth and annihilation of particle-antiparticle pairs — are
local fluctuations in the Filling, processes within our level of hierarchy. These are processes
like the ionization of atoms, nuclear reactions, or particle creation in cosmic rays. They do not
affect the frame.

But they give us something invaluable — an understanding of the energy scale. The very fact
that at the energies available to us we see symmetric pair production indicates that nature holds
the memory of those colossal energies at the beginning of the cycle that were required to form
the frame itself.

Historical parallel:

When, in the first accelerators, scientists first registered the production of antiparticles, they
were shocked not only by the fact itself but also by the scale of energies required for it. Today
we understand that these energies are merely a tiny fraction of what existed in the first moments
of the Universe’s existence. Colliders in EWCM are not tools for “releasing antimatter from
the frame”. They are windows into the energy scale of the Universe, allowing us to at least
approximately imagine what power was required for its birth.
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3 From Planck Nodes to Neutron Stars: Empirical Confir-
mations of the Hierarchy

In this section, we show that the hierarchy of Plast nodes introduced in Section 2 operates across
all scales — from atomic nuclei to neutron stars and black holes — and is confirmed by obser-
vational data.

3.1 Definitions

EWCM postulates:

* Space is discrete with a minimum volume /3, where [p = 4/ }z—f

» Mass is discrete with a minimum unit mp = %

« Any volume V contains N = V' /1% nodes (integer).

+ Any mass m contains N, = m/mp activated nodes (integer).

. 1 —m _ & . mp
Density p v New | B
o 3 .
From these definitions, it follows that p - .2~ = {¥= — a rational number.
otal

3.2 Already Established and Verified

What Status Basis / Note

No =m/mp Definition Follows from the postulate of mass
discreteness

Neotat =V/ l3P Definition Follows from the postulate of vol-

ume discreteness

Rationality of density ra- | Verified empiri- | Data on metals (Pb/Al = 21/5,

tios cally Cu/Ag, Au/Ag, etc.)

Behavior upon heating Verified empiri- | Red giants: expansion at constant
cally mass

Water anomaly | Verified empiri- | Density ratio ~ 12/11 (rational)

(ice/water) cally

Gas giants Verified empiri- | Jupiter/water density = 4/3 (ratio-
cally nal)
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3.3 Formulated Principles and Their Consequences
3.3.1 Mechanism of Heating and Thermal Expansion

Principle: Energy allows overcoming the binding energy between an activated node and its
surroundings, enabling the node to capture an additional non-activated node.

Consequences:

* N, remains unchanged during heating (mass is constant).

* Niotar grows with temperature: Ny (7)) = Niotal (7o) + ANioral (1), where ANy is de-
termined by the binding energy and temperature.

* From this follows the dependence of thermal expansion on temperature, which can be
calculated when the explicit form of the binding energy is given.

Verification: Red giants — direct observational confirmation: expansion at constant mass.

3.3.2 Mechanism of Phase Transitions

Principle: During a phase transition, the structure of connections between activated nodes is
rearranged. N, remains unchanged, but /N, can change abruptly because the new structure
requires a different number of non-activated nodes between activated ones.

Consequences:

. \sphase2 ; n-phasel .
* The ratio N} 7"/ N2-'® must be a rational number.

 The density ratio of the phases is inversely proportional to this ratio and is also rational.

Verification: Water/ice: pyaer/pice = 1.0905 ~ 12/11. Consequently, N¢ /N¥ater — 19 /1],

total total

3.3.3 Maximum Density Limit (Neutron Stars)

Principle: Maximum density is achieved when N, ~ N, — all nodes in the volume are
activated. Further increase in N, is impossible without changing the geometry.

Consequences:

* There exists an upper mass limit for objects with ordinary geometry.

* When this limit is reached, the system collapses into a state where geometry changes
(black hole).

Verification: The observed Oppenheimer—Volkoff limit (~2-3 M) for neutron stars corre-
sponds to this principle.
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3.3.4 Black Holes and Holography

Principle: When N, ~ N,, the geometry ceases to be Euclidean. Ny is now not V /I3, but
is related to the area of the horizon, which corresponds to the holographic principle.

Consequences:

* The mass of the black hole (/V,) and the horizon area (A) are related.

* In EWCM, this relation must be derivable from Plast dynamics, not postulated. The
Bekenstein—-Hawking formula S = A/4[% is a limiting case.

Status: Principle formulated. Deriving the formula from Plast dynamics is a task for future
work.

3.3.5 Cycle Energy and Total Annihilation

Principle: At the end of the cycle, total annihilation of matter and antimatter occurs, releasing
energy £/ = Myqec®. This energy:

* goes into overcoming the STGW,

* records information about the completed cycle,

* initiates a new cycle.
Consequences:

* The energy balance is closed: the system takes nothing from outside and loses nothing.

* Information is preserved between cycles.

Verification: This principle explains the origin of energy for the new cycle and solves the
information preservation problem, but its verification requires cosmological observations (e.g.,
traces of previous cycles in the CMB or large-scale structure).

3.3.6 Neutrinos as Transmission Agents

Principle: Neutrinos are universal agents for transmitting information and energy from the
Filling to the active STGW boundary. Their unique properties (mass, absence of charge, weak
interaction) make them ideal carriers for this function. The reverse direction (from STGW to
Filling) is realized directly through the Plast frame.

Consequences:

+ Ultra-high-energy neutrinos should correlate with the most powerful processes in the Uni-
verse (accretion, mergers, stellar flares).
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* Neutrinos may carry information about the distribution of matter and antimatter in the
cycle.

+ At the end of the cycle, neutrino fluxes transfer energy and information from total anni-
hilation to the STGW.

* Energy transfer from STGW to Filling in the new cycle occurs through the frame, not
through neutrinos.

Verification: The KM3-230213A event (220 PeV) without an electromagnetic counterpart is a
direct observation of a transmission agent correlating with filaments of the large-scale structure
[2026¢].

3.3.7 Principle of Coherent Averaging

Principle: The transition from Plast dynamics to the laws of the Filling occurs through the
mechanism of coherent averaging. Only those forms of Plast activity that are macroscopically
coherent, stable, and resonantly matched on scales significantly exceeding Planck scales are
projected into the Filling.

Consequences:

* Observed processes in the Filling are not the “raw” dynamics of the Plast, but its averaged,
coherent projections.

* Characteristic times and scales in the Filling are determined not directly by the fundamen-
tal parameters of the Plast, but by the conditions of coherent averaging for the given type
of node.

Verification: This principle will be applied to fast radio bursts in Section 3.4 and to the projec-
tion hierarchy in Section 3.5.

3.4 Fast Radio Bursts (FRBs) as an Example of Applying the Principles

Fast radio bursts (FRBs) are among the most powerful and mysterious phenomena in the Uni-
verse. Millisecond-duration pulses arriving from distant galaxies carry energy comparable to
the Sun’s output over a month. In standard astrophysics, they are associated with magnetars
— neutron stars with monstrous magnetic fields. However, two questions remain open: why
specifically radio? and why specifically milliseconds?

Within the EWCM framework, the answer becomes not just possible, but an inevitable conse-
quence of the node hierarchy and the principle of coherent averaging.

3.4.1 Radio — the Language of Connections

In EWCM, different ranges of radiation in the Filling correspond to different types of Plast
excitations:
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Range What It Is in the Plast

X-ray / gamma Decay or rearrangement of nodes (high-energy local
events)

Optical / UV Oscillations of nodes (atomic, molecular transitions)

Radio Rearrangement of connections between nodes. Large-
scale, coherent dynamics of the network itself

FRBs are not an explosion of matter. They are the voice of the connections. The radio range is
the only one where this voice can be heard. X-rays and gamma are absorbed even by thin layers
of gas, optics is scattered by dust and plasma, while radio waves pass through with almost no
loss, carrying information about deep processes in the frame.

The absence of bright ultraviolet or optical counterparts for FRBs (confirmed by data from 2025)
is not a problem for the model, but a direct indication that the source is not a hot plasma object
in the usual sense. The matter remains cold and dark, the signal goes out in radio.

3.4.2 Milliseconds — the Time of Coherent Averaging

If FRBs are a projection of the rearrangement of Plast connections into the Filling, then the
duration and shape of the pulse are determined not by the duration of the event itself in the Plast,
but by how this event passes through the principle of coherent averaging (3.3.7).

Factor Explanation in EWCM

Why milliseconds? This is the characteristic time for a coherent excita-
tion to propagate through a Filling node of the corre-
sponding size (neutron star ~10-20 km). Faster —
it doesn’t have time to build coherence. Slower — it
decays into incoherent modes and does not produce
a bright pulse.

Sharp pulse rise The beginning of the rearrangement. Connec-
tions in the node reach critical tension and ”break”
avalanche-like. This is a fast, coherent process.

Internal structure (sub- | Relaxation proceeds in cascades. One group of con-
pulses) nections rearranges, triggering the next. Each sub-
pulse is a projection of a separate stage.

Gradual decay The final stage — dissipation of residual coherence.
Connections have entered a new equilibrium, but the
”tail” of averaging still yields a weak signal.

The millisecond is not the duration of the event in the Plast. It is the time of coherent averaging
for a node of neutron star scale.
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3.4.3 FRBs as a Micro-Cycle

FRBs are a local manifestation of the same principle that operates at the cosmological level. On
the scale of a neutron star, its own micro-cycle occurs:

 accumulation of tension in the frame (connections stretch, energy increases),

* rearrangement of connections (“micro-Whiplash”),

* energy release ("micro-Return”).

FRBs are the ”exhalation” of a node, analogous to the global ”exhalation” of the Universe. The
Universe does not explode. It breathes through its connections. FRBs are its exhalation.

3.5 Hierarchy of Projections: From Thermal Noise to Galactic Transients

The principle of coherent averaging (3.3.7) explains why the rearrangement of Plast nodes
projects into the Filling differently depending on the scale of the node.

If the relaxation time of a node is less than the time required to form a coherent signal, the
event decays into incoherent modes and manifests as a statistical effect. If the relaxation time is
sufficiently long, we observe a separate coherent event.

This explains why we do not see the rearrangement of small nodes as separate events:

Node Scale Characteristic | Projection into Filling
Time

Quantum / atomic Femtoseconds — | Thermal radiation, spectral lines
nanoseconds

Molecular / chemical Pico— Chemical reactions, luminescence
microseconds

Stellar (neutron star) Milliseconds FRB + neutrinos

Stellar (ordinary) Seconds — days | Supernovae, gamma-ray bursts

Intermediate (star clus- | Hours — days Anomalous flares, fast optical tran-

ters, star-forming regions) sients

Galactic (core) Years — cen- | AT 2021lwx, anomalous quasars,
turies long transients

Cosmological (cycle) Billions of years | Evolution of the Universe

Important clarification: Atomic and molecular transitions giving spectral lines are changes
in the state of isolated nodes with discrete energy levels. They are coherent by nature. The
rearrangement of connections in a condensed medium (solid, liquid, dense gas) is a collective
process in which the phases of individual acts average out, yielding thermal noise. EWCM does

23



not contradict this — it merely indicates that both types of processes have a single origin in Plast
dynamics.

Signs of a projection of a Plast node rearrangement:
If an event in the Filling possesses the following signs, it is a candidate for being a projection
of node relaxation:
+ sudden onset (absence of precursors within the framework of local Filling dynamics);
» anomalous energy exceeding that typical for known mechanisms;
* non-standard duration not matching expectations for processes in matter;
* absence of typical spectral lines (the process occurs at the Plast level, and in the Filling
we see secondary emission from the involved matter).
Predictions:
1. Events like AT 2021lwx should be accompanied by neutrino bursts (the agent transmits
information to the STGW).

2. The timescale of the projection correlates with the size of the node. Intermediate scales
(star clusters, star-forming regions) should yield projections with durations from hours to
days. Such events have already been registered (AT 2023fhn, CSS100217, PS1-10adji),
confirming the continuity of the scale spectrum.

3. If an initiation mechanism within the framework of local Filling dynamics is found for
such events (e.g., predictable orbital dynamics), the model will require refinement. If not
— EWCM remains the only ontology explaining them in a unified way with FRBs and
other anomalous phenomena.

3.6 What Can Be Verified Within Existing Data

ter)

ratios of phases are
expressed as rational
numbers

What to Check How Complexity
Rationality of densities for all | Take density table, cal- | Technical (needs
pairs of substances culate ratios, check for | programmer and
simple fractions within | database)
error limits
Phase transitions (other than wa- | Check that density | Technical (data on

phase diagrams)

Temperature dependence of ther-
mal expansion

Compare with predic-
tions following from
the capture mechanism

Theoretical + technical
(need to define binding

energy)

24




Correlation of FRBs with high- | Synchronous ob- | Technical (requires co-
energy neutrino events servations of Ice- | ordination)
Cube/KM3NeT and
FRB telescopes
Correlation of FRBs with large- | Compare FRB cat- | Technical + statistical
scale structure filaments alogs with DESI,

Euclid, JWST data

FRB pulse shape (subpulses) re-
flects cascade nature of relax-
ation

Statistical analysis of
submillisecond struc-
ture

Technical

Correlation between node scale
and projection duration

Compare duration
of transients (AT
2021lwx, AT 2023fhn,

Technical + statistical

CSS100217) with
predicted scales
3.7 What Requires Further Formalization
What Status Note
Explicit form of binding energy | Principle = formu- | Computational task
in the Plast lated, need to

define dependence
on parameters

Derivation of Nii(7") depen-
dence

Follows from cap-
ture  mechanism;
need to define
explicit form

Computational task

Derivation of Oppenheimer— | Principle formu- | Computational task
Volkoff limit lated (Niotar = Ng),

need numerical

value
Derivation of holographic rela- | Principle for- | Theoretical task
tion S = A/41% mulated, need

derivation  from

Plast dynamics

Model of black hole evaporation | Principle for- | Theoretical + computa-
in EWCM mulated, need | tional task
derivation of
spectrum
Model of coherent averaging for | Principle for- | Theoretical task
neutron stars mulated, need

derivation of time
scales from frame
parameters
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derivation of dura-
tion dependence on
node size

Connection between FRBs and | Principle for- | Theoretical task

micro-cycles (tension accumula- | mulated, need

tion/discharge) model

Model of projection scaling Principle for- | Theoretical task
mulated, need

3.8 What Does Not Require External Theories

EWCM does not require quantum gravity as an external addition. Quantum gravity in EWCM
is the limiting case of Plast dynamics at the Planck scale. Problems traditionally attributed to
quantum gravity are solved within EWCM from within the model, not borrowed from outside.

3.9 Status of the Model at This Stage

The model described in the main EWCM preprint [2026a] and developed in this work:

* has definitions:

— discreteness of space and mass in Planck units,

— N, = m/mp — number of activated nodes,

- Now =V/ lj”; — number of all nodes in the volume,

— frame as the totality of Plast connections,

— STGW as the active boundary storing cycle memory;

* has empirical confirmations:

— rationality of density ratios (Pb/Al = 21/5, Cu/Ag, etc.),

— behavior of red giants (expansion at constant mass),

water anomaly (ice/water = 12/11),

density of gas giants (Jupiter/water = 4/3),

correspondence of the Oppenheimer—Volkoff limit to the condition N, ~ N,,

FRBs as a projection of frame connection rearrangement, explaining the radio range,

millisecond duration, and absence of optical counterparts,

— projection hierarchy: from thermal noise to galactic transients (AT 2021lwx and

others);

* has formulated principles from which verifiable consequences follow:

— mechanism of heating and thermal expansion,

— mechanism of phase transitions,
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maximum density limit (neutron stars),

holographic principle as a limiting case,

cycle energetics and total annihilation,

neutrinos as transmission agents from Filling to STGW,

— principle of coherent averaging;

* has directions for verification (Section 3.6):

rationality of densities for all pairs of substances,

phase transitions (other than water),

temperature dependence of thermal expansion,

correlation of FRBs with neutrinos and large-scale structure,

analysis of FRB pulse shape,

correlation between node scale and projection duration;
* has tasks for formalization (Section 3.7):

— derivation of the explicit form of binding energy in the Plast,
— derivation of the Ny (7") dependence,
— derivation of the numerical value of the Oppenheimer—Volkoff limit,

— derivation of the holographic relation S = A/4/% from Plast dynamics,

derivation of the black hole evaporation spectrum,

model of coherent averaging for neutron stars,

connection between FRBs and micro-cycles,

model of projection scaling;
* does not contradict known data (none of the considered anomalies contradict the model);

* does not require external theories (quantum gravity is a limiting case of Plast dynamics,
not an external addition).
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4 Kuiper Belt: Zone of Equilibrium Within a Node

4.1 Kuiper Belt in the Standard Model

The Kuiper Belt is a region of the Solar System from the orbit of Neptune (30 AU) out to about
55 AU from the Sun. It consists of ices of methane, ammonia, and water — volatile substances
left over from planet formation. The belt contains dwarf planets Pluto, Haumea, Makemake,
and Eris. By resolutions of the IAU (International Astronomical Union), Pluto was stripped of
its planet status and reclassified as a Kuiper Belt object, which confirms the modern structure
of the Solar System [3].

Questions for the standard model:

Question Why It Is a Problem

Why is the belt stable? Distance from giant planets is a descrip-
tion, not an explanation

Why hasn’t the material fallen | Gravity “holds” it, but does not explain
inward or scattered outward? | the rigidity of the boundary

Why is the belt exactly there, | Coincidence?
not closer or farther?

Why are belts around other | If it’s just ”construction debris”, they
stars so diverse? should be similar

4.2 EWCM Interpretation: Zone of Equilibrium

In EWCM, the Kuiper Belt receives a natural explanation through the node hierarchy and the
Plast frame.
Objects of the belt as nodes. Objects in the Kuiper Belt are Plast nodes. Their state is such
that:

* Their excitation energy is sufficient not to join other nodes (planets)

 But insufficient to leave the main node (the Solar System)

They are in equilibrium: neither falling inward nor flying outward. The Plast frame holds them
at this boundary.

Kuiper Belt as a ”zone of frozen equilibrium”. This is not just a debris dump. It is a region
where nodes preserve their individuality, not integrating into larger structures. The belt is stable
precisely because here the tensions of the frame are compensated such that nodes can exist
without merging or flying apart.
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4.3 Pluto: A Node on the Brink of Retention

Pluto — a dwarf planet on the outskirts of the Solar System — is known in standard astronomy
for numerous anomalies:

Parameter Value What Is Unusual
Eccentricity 0.25 Earth’s is 0.0167. Highly elongated
orbit

Inclination to | 17° Unique for a large body

ecliptic

Resonance with | 3:2 Two Pluto orbits for three Neptune

Neptune orbits

Part of orbit 20 out of 248 | Spends closer to the Sun than Nep-
years tune

Studies of the dynamical evolution of Kuiper Belt objects, particularly the work of Gusev V.D.
and Kuznetsov E.D. (2023) [4], confirm that Pluto’s orbit remains stable over billions of years
precisely due to the fine-tuning of these parameters. The authors call it a ”Goldilocks zone” —
the parameters must be tuned with high precision for the orbit to remain stable.

Accumulation of precise positional observations of Pluto has been ongoing for decades. At
the Pulkovo Observatory, the work of Pityeva E.V. and Pavlov D.A. (2025) [5] on refining
ephemerides provides an increasingly accurate picture of its motion.

Pluto’s moons:

Moon Anomaly

Charon Forms a binary system with Pluto — barycenter out-
side Pluto

Nix, Hydra Rotate chaotically, tumble, rather than synchronously

Kerberos Anomalously dark, while others are bright

All small Move in a ”cosmic dance in chaotic rhythm”

Research by Plekhanov P.G. (2012) [6] shows that the formation of planetary systems often
occurs in groups, which could explain the origin of Pluto’s moons as captured objects rather
than those formed in an orderly manner.

Within the EWCM framework, all these ”anomalies” cease to be random:

Pluto as a node on the retention boundary. Pluto is a Plast node that formed at the very edge
of the stability zone of the main ”Solar System” node. Its excitation energy was such that it:

* could already avoid merging with other nodes (giant planets)

* but could not yet leave the system

The unusual orbit, inclination, and resonance with Neptune are not coincidences, but traces of
the last moment of capture. The Plast frame “reached out” to the escaping node and held it at
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the very last moment, fixing these parameters as memory” of the critical process. Work on
the dynamics of resonant structures, particularly Mushailov B.R. (2004) [8], confirms that such
configurations can persist for very long times.

The role of moons. Pluto not only remained in the system — it actively participated in its own
retention. By capturing five moons from the surrounding material of the Kuiper Belt, it increased
its “mass” and ”connectivity” — the binding energy with the frame. This made it more stable.
The chaotic rotation of the small moons (Nix, Hydra, Kerberos) is a direct consequence of their
capture: they have not yet had time to synchronize with the main node because the process was
relatively recent by cosmic standards.

Additional hypothesis. It is also possible that the chaotic rotation of Pluto’s small moons
is maintained by constant gravitational perturbations from other Kuiper Belt objects. Within
EWCM, such perturbations are natural, as the Plast frame transmits interactions between nodes
even over large distances, not requiring direct collisions. In this case, the chaos turns out to be
not only “memory of the past” but also ”dynamics of the present” — a consequence of current
interactions in the dense environment of the belt.

4.4 Other Kuiper Belt Objects

Object Features Interpretation in
EWCM
Eris Mass slightly larger than | Node with even more

Pluto, highly elongated orbit | borderline energy, bal-
ancing on the verge of
escape

Makemake Large, but without moons Node that stabilized dif-
ferently — perhaps due
to internal structure

Haumea Flattened shape, rapid rota- | Consequence of a colli-
tion, two moons sion that rearranged the
node

4.5 The Void at 55-70 AU and Its Significance

In 2023-2024, astronomers discovered that between the Kuiper Belt (up to 55 AU) and the
beginning of the Oort Cloud (from 70-90 AU) there exists a zone of reduced density. The work
of Gusev V.D. and Kuznetsov E.D. (2023) [4] shows that this is not accidental but a natural result
of dynamical processes. Research by Mushailov B.R. (2004) [8] also indicates the existence of
resonant zones and ”gaps” in the distribution of bodies beyond Neptune’s orbit.

In EWCM, this is a direct indication of the frame structure:

» Up to 55 AU — the zone where the frame can hold nodes in equilibrium

* 55-70 AU — a transition zone where frame tensions are compensated such that nodes
cannot stabilize there
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» After 70 AU — the outer boundary begins, where the frame transitions into a different
state

4.6 Diversity of Belts Around Other Stars

Observations confirm: belts around other stars vary greatly:

Star Belt Characteristics

Fomalhaut Narrow, sharply defined, like a "hoop”

Vega Wide, smooth, without sharp boundaries

HR 8799 Complex, multicomponent, multiple belts
Epsilon Eridani Moderate width, 35-75 AU

Tau Ceti Massive, 10 times denser than the Kuiper Belt

Research by Plekhanov P.G. (2012-2013) [6, 7] shows that planetary systems, including exoas-
teroid belts, can form in groups and share a common dynamical history. This supports the idea
that belt structure is not random but reflects the properties of the parent star and its environment.

In EWCM, this is natural: each main node (stellar system) is unique. The sizes and densities of
belts directly depend on:

» Mass of the central node (star)

« Amount of material during formation

* History of interactions with other nodes

* Structure of the frame in that region of the galaxy
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5 Oort Cloud: Node Boundary and Transition to Interstellar
Space

5.1 What Science Says (Hypothetical Status)

The Oort Cloud is a hypothetical spherical region on the outskirts of the Solar System, whose
existence is inferred from observations of long-period comets. There are no direct observations,
but the existence of the Oort Cloud is a widely accepted hypothesis, based on indirect evidence
— the origin of comets with long orbital periods.

Where it is located (theoretical estimates):

Boundary Distance from Sun
Inner edge 2000-5000 AU
Outer edge 10,000 — 100,000 (up to 200,000) AU

For comparison: the Kuiper Belt ends at 50-55 AU.

What it consists of (presumably): Trillions of icy objects, most less than 100 km in diameter.
Remnants of planet formation, ejected by the gravity of the giants.

Recent discoveries (2025-2026): Supercomputer simulations conducted by David Nesvorny
and his colleagues showed that the inner part of the cloud (1000-10,000 AU) is a spiral disk
with two arms. This is formed under the influence of the galactic tide — the combined gravity
of all stars and the mass of the Milky Way. The results were presented at the conference on Solar
System Dynamics in 2025 [9].

5.2 EWCM Interpretation
5.2.1 Oort Cloud as an Attempt to Stabilize a Node

In EWCM, every object is a Plast node. The Solar System is the main node. Inside it is a
hierarchy of smaller nodes: the Sun, planets, asteroids, comets.

Objects in the Kuiper Belt are nodes whose excitation energy:

* is large enough not to merge with other nodes (planets)
* but too small to leave the main node
Objects in the Oort Cloud were ejected even farther. At distances of thousands of AU, the Sun’s

gravity weakens enough to become comparable to external influences — galactic tide, passing
stars. In this zone, it is precisely the Plast frame that plays the decisive role in holding the cloud.

The Oort Cloud is the result of the frame resisting external forces trying to tear nodes out of the
system.
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5.2.2 Key Difference: Nodes With and Without Filling

Parameter

Solar System (inner)

Interstellar Space

Frame

Dense, structured

Sparse, but existing

Activated nodes

Many (planets, aster-
oids, comets)

Almost absent

Hierarchy

Complex, multi-level

Simple

Object motion

Constant interactions
with other nodes

Free — no activated
nodes that could create
obstacles

Connection to frame

All nodes always con-
nected to the frame

All nodes always con-
nected to the frame

Comets leaving the Oort Cloud and entering interstellar space do not fall into ”emptiness”. They
transition to another Plast node — the "Milky Way” node or simply the interstellar medium
node. In this node, there are almost no activated nodes, so comets can travel for millions of
years without colliding with anything. The frame is there, but it is sparse, and nothing impedes
motion.

5.2.3 Spiral Structure — A Direct Indication of the Frame

The spiral structure of the inner Oort Cloud with two arms discovered in Nesvorny’s simulations
is not accidental. It is a projection of the Plast frame itself — an organized field of tensions that
holds the cloud in equilibrium, resisting the galactic tide.

The spiral arms are lines of frame tension along which nodes find it energetically favorable to
align. The fact that simulations reproduce this structure based only on gravitational interactions
does not contradict EWCM: gravity in the model is the macroscopic manifestation of frame
deformation.

5.2.4 Comets as ”Escaped” Nodes

When a comet from the Oort Cloud enters the inner Solar System and then returns or even
leaves it entirely, it changes its level of excitation. Approaching the Sun, it gains energy (heats
up, evaporates). In EWCM, this is interpreted as a temporary increase in the node’s excitation
level.

If the energy becomes sufficient, the node can overcome the frame’s retention and transition to
the interstellar node — become an interstellar object (like ’Oumuamua or 2I/Borisov).

5.3 Status of the Hypothesis and Predictions

The existence of the Oort Cloud is a widely accepted hypothesis based on indirect evidence.
EWCM offers a natural interpretation for it and, importantly, predictions that can be verified by
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future observations:

Prediction

Verification Tool

The outer parts of the cloud
cannot be spherically sym-
metric

JWST, Vera Rubin Observatory

ner cloud (already obtained in
simulations) should be con-
firmed by observations

Elongation along the direc- | JWST, LSST
tion of the galactic tide should

be observed

The spiral structure of the in- | JWST

Important clarification. It should be emphasized that the specific observational parameters that
could unambiguously confirm the spiral structure of the inner Oort Cloud are not yet determined
with the necessary precision. This is a task for future research. However, the very fact that
Nesvorny and colleagues’ simulations [9] reproduce such a structure, and EWCM provides a
natural explanation for it, indicates a direction for the search. Future observations by JWST and
the Vera Rubin Observatory can test the presence of anisotropy in the distribution of long-period

comets and its correlation with the direction of the galactic tide.

If the existence of the Oort Cloud is definitively confirmed by observations, it will become a
brilliant illustration of EWCM. Within the model, the Oort Cloud is not a random dump of icy
debris, but a natural structure at the boundary of the ”Solar System” node, where the Plast frame

holds material, resisting external forces.
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6 Lagrange Points as Projections of the Plast Frame

6.1 What Observations Say

In systems of two gravitating bodies, there exist five points where a third body of small mass
can remain in equilibrium relative to the rotating reference frame. They are known as Lagrange
points:

Point Type Examples Features
L1 Unstable Between Sun and | Equilibrium point,
Earth, between Earth | but any slightest
and Moon displacement moves
the body away
L2 Unstable Beyond Earth (JWST), | Similar to L1
beyond Moon
L3 Unstable Opposite side of orbit Extremely unstable
L4,L5 Stable Trojan asteroids of | Bodies can remain
Jupiter there for billions of
years

In the standard model, this is explained by the balance of gravitational and centrifugal forces.
But the question “why did nature choose precisely these points?” remains unanswered — it is
simply three-body mathematics.

6.2 EWCM Interpretation

In EWCM, Lagrange points receive a fundamentally different explanation: they are projections
of the Plast frame onto Filling dynamics.

What a Lagrange point is in terms of the frame:

It is a place where the tensions of the frame, created by two massive nodes (e.g., Sun and Earth),
interfere such that they form a local minimum or saddle in the effective potential.

* L4 and L5 (stable) — these are "wells” in the frame where nodes can “fall into” and
remain. Jupiter’s Trojan asteroids are nodes captured in such wells billions of years ago.

* L1, L2, L3 (unstable) — these are ”saddles” in the frame: places where one can remain
only with constant correction (like JWST at L2), but the slightest perturbation pushes the
node out.

Connection to hierarchy:

Importantly, Lagrange points exist at different levels of hierarchy:

* Sun-Earth system (scale ~1 AU)
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 Earth-Moon system (scale ~384,000 km)
* Sun-Jupiter system (scale ~5 AU) — Jupiter’s Trojans

This is a direct indication that the Plast frame is hierarchically structured and its projections
manifest at all scales where there are dominant nodes.

6.3 Quantum Corrections as an Indication of the Frame

Research in recent years shows that accounting for quantum corrections to the Newtonian po-
tential leads to shifts in Lagrange points by millimeters in the Earth-Moon system [10, 11, 12].

The authors of these works (Battista, Esposito, Dell’ Agnello, Simo, and others) found that:

* The equations for the positions of Lagrange points become equations of the fifth and ninth
degree [12]

» Corrections are on the order of a few millimeters for .4 and L5 [10]
* For L1, corrections from GR reach 7.61 meters [11]

* Lunar laser ranging allows measuring effects with centimeter precision, making experi-
mental verification possible [11]

Within EWCM, this is natural: quantum corrections are a reflection of the discreteness of the
frame itself at the Planck level. The fact that they manifest in such a seemingly distant place
from quantum gravity as Lagrange points speaks to the omnipresence of the frame.

Equations of the fifth and ninth degree are not a mathematical coincidence, but a consequence of
the complex topology of the frame. Meter-scale corrections from GR for L.1 are a manifestation
of classical frame deformation, millimeter-scale quantum corrections are its discrete structure.

6.4 Concluding Thesis

Lagrange points are not just convenient locations for spacecraft. They are projections of the
Plast frame, windows into the structure we will never see directly. Stable points L4 and L5 are
”wells” in the frame where nodes can get stuck for billions of years. Unstable L1, L2, L3 are
”saddles” where equilibrium is possible only with constant correction. The fact that quantum
corrections to gravity predict shifts in these points confirms: the frame is real, structured, and
permeates all levels of hierarchy — from the Earth-Moon system to the entire Universe.
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7 Observational Tests and Predictions

Based on the proposed interpretation, a number of testable predictions can be formulated.

7.1 For the Kuiper Belt and Analogous Structures

Prediction Verification Tool Expected Result

Correlation of belt structure | JWST, ALMA Belts around mas-

with central star mass and sive stars should

type be  denser and
more complexly
structured

Presence of voids analogous | JWST Zones of reduced

to the 55-70 AU gap around density between

other stars

inner and outer belts
should be observed

Objects like Pluto should of-
ten have chaotically rotating
moons

JWST, ground-based
telescopes

Statistically signifi-
cant difference from
regular moons of gi-
ant planets

7.2 For the Oort Cloud

Prediction

Verification Tool

Expected Result

Non-sphericity of outer cloud

JWST, Vera Rubin

Elongation along the

parts Observatory galactic tide direc-
tion
Spiral structure of inner cloud | JWST Confirmation of

Nesvorny’s simula-
tions

Correlation of long-period
comets with directions of
spiral arms

Ground-based
surveys

Statistically signifi-
cant anisotropy of
comet arrival
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7.3 For Interstellar Objects

Prediction Verification Tool Expected Result

Interstellar objects should | LSST, flyby obser- | Confirmation  for
have statistically atypical | vations ’Oumuamua and
shapes 21/Borisov  should

become the rule

Correlation between arrival
directions and galactic frame
structure

LSST, Gaia

Anisotropy in distri-
bution of interstellar
objects

7.4 For Lagrange Points

Prediction Verification Tool Expected Result
Quantum corrections to La- | Lunar laser ranging, | Confirmation of Bat-
grange point positions should | space missions tista et al. (2015)

exist and be measurable

calculations at mil-
limeter level

Trojan asteroids should be
discovered in L4 and L5 not
only of Jupiter but also of
other planets

Ground-based
space surveys

and

Statistically signifi-
cant distribution

Observational support for the model is discussed in more detail in work [2026c].
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8 Conclusion

The conducted analysis demonstrates that the hierarchy of Plast nodes operates across all scales
— from atomic nuclei to neutron stars and black holes — and that the structure of the Solar Sys-
tem (Lagrange points, Kuiper Belt, Oort Cloud, Pluto’s anomalies) is a particular manifestation
of this hierarchy.

Main results:

10.

. The Plast frame possesses hierarchical density. Antimatter is embedded only in the

cosmological frame, which explains the nature of dark matter and the absence of free
antimatter in the observable Universe.

. The STGW as an active boundary closes the system, stores information between

cycles, initiates the ”Whiplash”, receives energy during the ”Return”, and is capa-
ble of both receiving and transmitting information and energy. The spider-on-a-web
metaphor accurately reflects its role. A mechanism of cyclic dynamics is introduced: after
the ”Return”, all the energy and information of the cycle are concentrated on the STGW;
initiating a new cycle is the only way to transfer information and retain energy.

Empirical confirmations (rationality of metal densities, behavior of red giants, water
anomaly, density of Jupiter, Oppenheimer—Volkoff limit) show that the hierarchical model
works across all scales and does not contradict known data.

The Kuiper Belt is interpreted as a zone of equilibrium where nodes preserve their in-
dividuality, neither merging with other nodes nor leaving the system. The void at 55-70
AU indicates the structure of the frame.

Pluto emerges as a node on the brink of retention, whose anomalous orbital parameters
and chaotic moons are traces of the last moment of capture by the frame.

The Oort Cloud (hypothetical) is understood as a region where the frame holds material,
resisting external forces. The recently discovered spiral structure in simulations is a direct
indication of the organized field of tensions of the frame.

Lagrange points are projections of the frame onto Filling dynamics. Quantum correc-
tions to their positions, predicted by theory and confirmed by calculations, indicate the
discrete structure of the frame at the Planck level.

Colliders give us an understanding of the energy scale required for the ”Whiplash”, but
they do not release antimatter from the frame — not the right level of hierarchy.

Neutrinos act as universal transmission agents of information and energy from the Filling
to the STGW. The KM3-230213A event (220 PeV) is a direct observation of such an
agent and confirms the correlation of neutrino fluxes with large-scale structure filaments
[2026c].

Black holes act as universal capacitors of energy and information. They ensure the preser-
vation of information in the cycle and participate in total annihilation during the ”Whiplash
Return” phase. The KM3-230213A event is interpreted as the evaporation of a primor-
dial black hole, which confirms the connection of black holes with neutrino transmission
channels to the STGW [2026c].
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11. FRBs and the hierarchy of projections. Fast radio bursts (FRBs) are interpreted as
a projection of connection rearrangement in compact nodes (neutron stars), explaining
their radio range and millisecond duration. The transient AT 2021lwx is a projection of
the relaxation of a galactic node. A hierarchy of projections is formulated: from thermal
noise and spectral lines (small nodes) to anomalous transients (large nodes). This allows
systematizing a wide range of astrophysical phenomena and yields testable predictions
(correlation with neutrinos, scaling of duration).

8.1 EWCM vs the Standard Model

The standard model (ACDM) explains the mechanisms of belt and cloud formation, but does not
answer the question of why they are stable and why precisely there. EWCM adds the missing
element — the Plast frame and the active STGW boundary, which hold objects where gravity
alone is no longer sufficient.

8.2 Hierarchy as a Key Principle

From Planck nodes to galactic structures — the same organizational principle. The Solar System
is not an exception, but a particular case. Man, planet, star, galaxy — all are temporary, local
elevations of activity in the infinite network that was, is, and always will be.

8.3 Concluding Thesis

EWCM does not abolish GR and QFT — it provides them with a foundation on which they can
stand without breaking down at the boundaries. This is not the end of physics, but its new floor
— a floor from which one can see how all the floors are connected into a single whole.
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Epilogue: Why We Cannot Measure Everything

We have come a long way. From the Plast frame and the antimatter embedded in it — to the
Kuiper Belt and the Oort Cloud. From explaining dark matter — to concrete predictions for
other stellar systems. Lagrange points, which we examined in detail in Section 6, are not a
”coincidence” nor ”convenient for satellites”. They are projections of the Plast frame, windows
into the structure we will never see directly.

And now, at the very end, it is worth asking: why, in fact, can we even discuss this? Why can
we, tiny nodes on the surface of a planet orbiting an unremarkable star, look so far — both in
space and in the hierarchy?

The answer is simple and paradoxical: because we are inside.

We are nodes of a certain level of hierarchy. Our eyes, microscopes, telescopes, accelerators
— these are extensions of us, instruments of the same level. They can reach up and down the
hierarchy, but they cannot go beyond its limits.

It is like trying to measure the ocean while being a wave. The wave can feel neighboring waves,
the depth, the shore. But it will never know what ”the ocean as a whole” is — because it is part
of it.

Can one move through the hierarchies?
Hardly.

It is important to clarify here what exactly is being discussed. We, of course, know how to
move in the space of the Filling — between nodes of the same level of hierarchy. We fly to
other planets, send satellites to the boundaries of the Solar System, and recently the Voyager-1
spacecraft entered interstellar space [13]. These are journeys along the hierarchy, within our
level.

But the discussion is about something else — about the possibility of stepping outside one’s own
level of hierarchy as such. To become simultaneously a wave and an observer above the ocean.
To see the Plast frame directly, and not through its projections in the motion of planets, in the
stability of Lagrange points, in the structure of the Kuiper Belt.

Movement through hierarchies in this sense would mean a change in the very mode of existence.
It requires an excitation energy that will destroy the node. We cannot ”jump out” of our hierarchy
— we can only build models, catch resonances, and see projections.

What EWCM gives us
If one accepts EWCM, the world ceases to be mysterious in a bad sense.
It does not become “solved” — it becomes understandable.

We know that we are inside. That the mysteries are not mistakes of nature, but projections of
other levels. That Pluto is not a ”weirdo”, but a node on the boundary. That Lagrange points are
not a ”coincidence”, but windows into the frame. That the STGW is not an abstraction, but a
spider on a web, sensing every thread, receiving information from any point, transmitting energy
where it is needed, and ready to jerk when the time comes for a new cycle.
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And this makes the world beautiful.

Not because we have explained everything. But because we have stopped fearing the unex-
plained.

We will never step beyond our hierarchy. But we can learn to see its reflections everywhere —
in the motion of planets, in the stability of asteroid belts, in the spiral arms of distant galaxies,
in the invisible threads of the frame stretched between all that exists. And in this — infinity.
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1. BBegenue

1.1. ITpo6sema MaciiTaboB B coOBpeMeHHOH u3NKe

CoBpemeHHasi (hr3uKa pacrosiaraet Osectsmumu TeopusiMmu — OOI11ieit Teopreli OTHOCHUTETb-
Hoctu (OTO), KeanroBoii Teopuei nonst (KTII), ctaHzmapTHOM KOCMOJIOTMYECKON MOZEe/bI0
(ACDM), Iletneroii kBaHToBou rpaBurarueii (ITKT"), Teopueii cTpyH. Kaykgas 3 HUX TeHU-
aJIbHO OMMCBIBAeT CBOM MaclTab peasbHOCTH:

Teopusn Maciurab JocTmxeHust

OTO Kocmonoruueckupil paButaiiiss  Kak TreoMeTpus,
yépHble [bIPbI, paclIMpeHue
BcenenHoi

KTII Mukpo KBaHTOBBIE  B3aMMO/IeHCTBUS,

CranzapTHasi Mozie/Tb

ACDM Kocmo + ranak- | OBomtonusi BeceneHHOM, KpYTTHO-
THUKU MaciTabHasi CTPyKTypa

[IKT ITnaHKOBCKMA KBaHTOBaHuMe reomeTpun

Teopus cTpyH Bce (dopmanb- | MaTeMaTuueckoe 00beIUHEHHE
HO)

OpHako HU 0JJHa U3 HUX He paboTaeT Ha Bcex MaciiTabax 6e3 BBeleHHs JOTIOJTHUTEbHBIX CyIIl-
HOCTel WM TOHKOW HaCTPOMKHU IapaMeTpOB:

Teopus Tpeoyet ”3amiarky” | IIpo6/iema 3amiaTKu

ACDM Témnast Mmatepusi, A YacTuLbl He HalIeHb], 3HaUeH1e
10~'22 — Tonkas HacTpoiika

KTTI Buemnuii ¢oH, nepe- | He Bk/tOUaeT rpaBUTAI[UIO

HOPMMPOBKa

OTO CUHTY/IIPHOCTD JlomaeTcst Ha MJIAHKOBCKOM Mac-
mrabe

[IKT [Tepexop K Kaccuke He oObsicHseT TEMHYHO 3Hep-
THI0/MaTepyro

Teopusi ctpyr | 10°%° Bakyymos Jlaugmadt, OTCyTCTBME Npej-
CKa3aHUU

1.2. Kpurtepuii MICTHHHOCTH A0NI0/THUTE/IbHBIX CyII{HOCTeU

Ecmu cymHoCTh paboTaeT TOBKO TaMm, Kyza eé 1o0aBu/Iv, HO HaUMHaeT MellaTh B [PyTryux o0/ia-
CTSIX — 3TO He 00BsICHEeHHe, a 3ariaTka. TéMHasi MaTepust, BBeIEHHAs /17151 00bsICHEHHSI KPUBBIX
Bpall[eHHsI Ta/IakTHK, TPe/ICKa3bIBaeT OOJbllle Kap/JUKOBLIX CITYyTHUKOB, UeM HaO/IofaeTcsi, U
TpebyeT JONOoMHUTeTbHBIX MeXaHH3MOB CaMOB3anMO/ielCcTBHYsA. KocMosiorrueckasi oCTOsTHHAS
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A, BBeiéHHast [y 0ObCHEHHS] YCKOPEHHOTO paCIUpPEHUs], UMeeT 3HaueHWe, KOTOpOe HeBO3-
MOKHO 00BSICHUTE 6e3 uyZOoBUII[HOM TOHKOM HacTporKu. VH(bmaToHHOe 1oJie TOpoKaeT Mpo-
6r1eMy BeuHOM UHQISIIUN U MY/IBTUBCEIEHHOU. [OTIONMHUTeTbHBIe U3MEepPeHUsT CO3/at0T JIaH/I-
wadt u3 10°°° papuanToB, rjje Hama BceleHHas — JIMILB OJMH U3 MHOTHX.

1.3. Yro npepgnaraer EBKM

Enunas BosHoBasi Kocmonornueckass Mogens [2026a] nipegnaraetr uHout yTe. B EBKM HeT
ad hoc cymHocTeit. Kapkac, rpanuiia, iepapxust — 3TO He ZI00aBKH, a CTPYKTypa CaMOU peastb-
HOCTU.

CyujHocTtb B Apyrux teopusax | Uro sto B EBKM

TémHast matepust Kapkac Inacra (aHTHBel1[eCTBO BCTPO-
€HO)

TémHas sHeprus ®asa Pacnipsamienus Inacra

WNudnaron Ynap xsbicTa, vHULMKApYeMblii CI'B

JononHure/sibHble U3MepeHUst Nepapxus y3noB

MynbsTHBCeneHHas Pa3Hble ypoBHU Hepapxuu (He M30/U-
POBaHHbIE MUPKI)

B ocHoBHoM nipernipuHTe EBKM [2026a] 3anoxxeH pyHAameHT Mofenu. Hacrosiijasi paboTa pac-
KpBIBaeT 3TOT (PyH/aMeHT uepe3 MOHITHE MepapXyu y3/I0B U JeMOHCTPUPYeT ero paboTy Ha
BCexX MacmTabaX — OT TUIAaHKOBCKOTO 10 acTpodu3nyeckoro. B pabore [2026¢] Mogenb mipu-
MeHSIeTCSI K KOCMOJIOTUeCKAM MacITadam.

1.4. Ienb pabdoTbl

[Toka3athk, uTo Mepapxus y3/10B [lnacta paboraeT Ha Bcex MaciiTabax — OT aTOMHBIX sifiep [0
HeWUTPOHHBIX 3BE3[] U UEPHBIX [IbIP, a CTPYKTypa Co/HeuHoM cucTeMbl (TOuku JlarpaHska, mosic
Koiinepa, o6mako Oopra, aHomanuu [11yToHa) sIB/IsieTCsl YaCTHBIM TIPOSIB/IEHUEM 3TOU hepap-
xud. TeM caMbIM MpoOZIeMOHCTPUPOBaTh, yTo EBKM npesaraeT eJuHbIN sI3bIK /1J1s1 OTTHACAHUS
SIBJIEHWM, KOTOpbIe B CTaHAAPTHOM (hM3HKe pa3HeCeHbI 110 Pa3HbIM pa3zenam u Tpebyror ad hoc
JIOTTY1LIeHUM.
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2. Kapkac Ilnacra u ero posib B Mepapxu y3/10B

2.1. Yto Takoe Kapkac Iliiacra

Kapkac — 3T0 cOBOKYMHOCTb BCex cBsi3el [I1acTa, BK/toUasi MacCUBHbIE U HEAKTUBMPOBAHHbIE.
OH nipeficTaBsisieT coO0# Ty YacTh CeTH, KOTOpast He TIPOsiB/isieT ce0si Kak BeIleCTBO WU U3JY-
yeHHe, HO Oe3 KOTOPOM HEBO3MOKHO CYIIleCTBOBAHKE HU TOTO, HU JIPyTOro.

CaoricTBa Kapkaca:

CBOMNCTBO Onucanue

Be3specymnocts | Het Touku B I1nacre, rie oTCyTCTBYIOT CBsi3U. [laxke B ca-
MBIX TyOOKUX ”“TycToTax” MeXxay TalakTHKaMH KapKac
CylL[eCTByeT

OHepreTMuHOCTh| Kakzjas CBA3b HECET SHepPruro &;;. CymMMapHas SHeprus
KapKaca KOojocCajbHa ¥ HaMHOTO IIPEBBIIIAeT SHEepPryr0
BCcero BelrlecTBa Bo BcenenHoii (cm. IlpunokeHue b B
[2026a])

CTpyKTypUpOBaHHGIE®3M He XaoTHuHbl. OHU 00pa3yIoT sTueliKy, (hUIaMeHThI,
y3JIbl — TY CaMyl0 "KOCMMUUECKYIO [ayTUHY’, KOTOPYIO MBI
Habmo1aeM KakK KpyImHOMACIITaOHYI0 CTPYKTYPY

Nepapxuueckas | IIn0oTHOCTb KapKaca He OAMHAKOBa. UeM MeHblIIe y3e/1, TeM
IIJIOTHOCTh HIDKe TUVIOTHOCTb KapKaca BOKPYT Hero; ueM Oosiblile y3er,
TEM BblllIe [IJIOTHOCTb. MaKcUMa/lbHOM MJIOTHOCTH KapKac
[0CTUraeT Ha KOCMOJIOTMYeCKOM YPOBHe

CrabunpHOoCTh | CBsi3u He ucue3aroT. OHM MOTYT MEHSITh CBOIO HEPTHUIO,
MEepeXo/IUTh U3 MAaCCMBHOTO COCTOSIHUSI B aKTUBHOE U 00-
paTHO, HO caM rpad CBs3eil COXPaHSeTCS Ha TPOTSHKEHUN
BCETo LIMKJIa

Heeuzpumocts | Kapkac He u3yuaer U He momionjaet $GoToHbI (ero Ces3M
b0 MaccUBHBL, MO0 MX BO30YKI€HUEe He COOTBETCTBYET
5/IeKTPOMarHUTHbIM Moziam). [103ToMy MBI He BHUIUM €ro
HarpsMyt0

VIMeHHO Kapkac, a He rpaBUTaLYsl B HbIOTOHOBCKOM WJ/IW SWHILTEITHOBCKOM CMBICIIe, Y/ep>KHBa-
eT:

* ['a/laKTUKU B CKOT/IEHUSIX (TO, UYTO Mbl Ha3biBaeM “TEMHOU MaTeprei”)

* 3Bé3HBIE CUCTEMBI Ha UX OpOUTax

* [1naHeThbI B paBHOBECUU

* ATOMBI B MOJIEKY/1aX
I'paBurariusi B EBKM — 3T0 Makpockonuueckoe mposiByieHue gedopmaiiiy Kapkaca [2026a,
pa3zen 7.3]. Korja MaccrBHbIM y3er (3Be3/a, T/laHeTa) UCKaXKaeT CBSI3U BOKPYT ce0s, 9TO UCKa-

JKeHHe BOCIIpMHUMAaeTCs Kak “nipuTsbkeHue”. Ho Ha camoM jiesie HeT OTJe/lbHOW CUJIbI — eCThb
reoMeTpHsi CBsi3el U eé 3MeHeHHsl.
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2.1.1. HelTpuHO Kak areHThbl nHepejadyu

B EBKM HeUTpHHO BBITO/IHSIOT 0C00YI0 GYHKIINIO, He CBOANMYIO K POJTH 0OBIYHOTO BeIlleCTBa.

IIpupopa HeuTpuHO: HeMTpUHO — 3TO He MPOCTO YaCTULBl. JTO areHTHl nepesfaun ot Ha-
NoJiHeHUs (BelllecTBa, U3/lyueHus) K akTuBHOM rpanule (CI'B). OHu SIBASIOTCS KaHanam, 1o
KOTOPBIM MH(OpMaLs U SHEPrusl IBW)KYTCS TOBKO B OZIHOM Hampas/jieHUH — oT HanonHeHust
k CI'B.

Uepe3 HeUTPUHO NepesiaéTcst MH(OpMaLMs O MpoLieccax, MPOUCXOSIUX B Bell[eCTBe U U3Jy-
YEeHUH: aKKPeLHsl, 3BE3/IHbIe BCITBIIIKH, CJIUSTHUSI KOMITAKTHBIX 00BEKTOB, TH00bIe COOBITHS, /10-
CTUraroLe KpUTHYeCKol SHepruu.

ITouemy HeliTpuHO: HeliTpuHO 00/1a/1af0T YHUKATBHBIMU CBOWCTBAMU, [I€/TAOIIUMU UX HJie-
a7lbHbIMU areHTaMU:

+ VMetoT Maccy (3HauMT, MOTYT OBITH y31amu [1nacra)

* Cnabo B3aMMOJIEMCTBYIOT C Bell[eCTBOM (MOTYT MPOXOAUTH uepe3 Bcé HaronHeHue Ge3
roTepy WH(MOPMALIUN)

* He umeror 3JIGKTPHUUECKOTI'O 3apsa (He HNCKa>XaloTCA 3/IEKTPOMarHUTHBIMHA HOJIHMI/I)

* MoryT ObITh CBEPXBBICOKOIHEPTMUHBIMH (CTI0COOHBI HECTH CUTHAJIBI OT CaMbIX MOIITHBIX
COOBITHIA)

OopatHoe HanpaBaeHue: CI'B Bo3zeticTByer Ha HaroyHeHue HanpsiMyto uepe3 Kapkac ITia-
CTa, a He uepe3 HEMTPUHO. AKTUBHAsl TPaHULA MOXKET Tepe/iaBaTb SHEPrut0, UHULIMUPOBaTh
repeCcTPOVKY U 3aZlaBaTh 'PaHUUHbIE YCI0BUS yepe3 camu cBsi3u [1nacta. HelTprHo /7151 3TOrO
He TpeOyroTCS.

CBs3b ¢ nepapxme: HelTpUHO /1eliCTBYIOT Ha BCEX YPOBHSX MepapXUM — OT 3BE3[HbIX CH-
cTeM [0 KocMmosoruueckux maciiutaboB. Cobeitrie KM3-230213A (220 I13B) [2026¢] — 3T0
ripsiMoe HabJTIofieHre areHTa repeiaun, HecCylero nH(opmariyio U3 ryouHbl cTpyKTYphl K CI'B.

2.1.2. YépHsble AbIPbI KaK YHHMBeEPCa/IbHbIe KOHAEHCATOPbI

B EBKM uépHble AbIpbI BBITIO/HAIOT PYHKIUIO, He CBoAuMYHO K ux poiu B OTO.

ITpupopa uépHbIX AbIp: UépHBIE JBIPHI — 3TO He MPOCTO 00/IacTy TIPOCTPAHCTBA, e Tpa-
BUTALUA M0OeXK1aeT BCE. ITO yHUBepCa/ibHble KOH/JIeHCATOPbl SHepruu U UH(GOpMaLvH, Y37kl
[Tnacra, gocTuriive npezeabHOU MJIOTHOCTH.

Korga Ny =~ N, (Bce y3/bI B 00bMe aKTHBUPOBAHbI), CHCTEMA JOCTUTaeT KPUTUUECKOTO CO-
crosiHus. JlanmbHeliiee qobapieHre Macchl (IN,) HEBO3MOKHO Oe3 n3MeHeHust reoMetpun. Ha-
CTyIaeT KOJIj1arc — Iepexof, B COCTOSIHUE, Te:

* Nl TEPstET CMbIC KaK V' /13, (06bEM 11epecTaét GbITh Ompe/esiéH)
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* VHdopmarus 0 CTPYKType CXJIOMHYBILIErocsl BelljecTBa He TepsieTcsl, a KOHJeHCHUPYyeTCs
Ha ropu30HTe (TosiorpaguueCcKUil IPUHLINI)

* OHeprusi, HAKOTUIeHHas B UéPHOM /IbIpe, B KOHLIE L[FK/Ia BEBICBOOOKAeTCsI TIPH TOTaIbHOU
AHHUTWISILIUU

Ponb B nuksie: YEpHbIe [bIPbI — 3TO He TYITHK, @ HeOOXOAMMBIHN 3Tar [UK/IMYe CKOW JMHAMUKU:

* B TeueHue 1JUK/1a OHU HaKarMBarOT Maccy (/N,) u nadopmMario

* B (aze “Bo3BpaTa x/ibicTa” MPOMCXOUT KaCKaJHbIA KOJI/IAIC, U YEPHbIe bIPbl UTPAOT
KJIIOUEBYIO0 POJib B MHULMALIMY TOTaAbHOW aHHUTHISILIUU

* Ilpu ucrapeHNM U€pHBLIX AbIp (BK/IOUAsi TIeEPBUUHBIE) BHICBOOOKAAETCS SHEPTUsl U WH-
dhopmariys, repeiapaemMasi yepe3 HeMTpuHHbIe KaHasibl K CI'B

CBa3b ¢ HeUTpuHO: DrHaNbHBIE CTAUM MCIIAPEeHHsT YUEPHBIX JbID JO/DKHBI COTIPOBOXK/AAThCS
MOIIHEIMA HEUTPUHHBIMH BCTIIeCKaMH — UMEHHO 3T0 Habmofaetcs B coobitit KM3-230213A
[2026c], uHTepIIpeTHPYeMOM Kak McriapeHye NepBUYHON YEPHOU [IbIPBI.

2.2. AHTHBeIIeCTBO KaK CTa0W/IMU3aTop KapKaca

31echk KPOeTesl pellieHre OHOM M3 BeJTMUANIINX 3aralok GHU3NKu — OapUOHHOW aCUMMETPHH.

[Touemy Bo BceneHHOI Tak Masio cBOO60OHOTO aHTUBelljecTBa? [ToueMy eCTh KOJIOCCA/TbHBIN 13-
ObITOK QoToHOB? Kyza BCé 31O “Hrcue3no”?

B EBKM oTBeT NpoCT Y 3/1eraHTeH: aHTUMarepusi HUKyZa He rcue3asia. OHa Cyl[eCTBYeT, HO B
npyroi (opme — He Kak CBOOOHBIE YACTHIIBI, @ KaK CTPYKTYPHBIM 371eMeHT Kapkaca ITnacra
[2026a, pa3gen 5].

2.2.1. Hauasno nquk/ia: ”Yaap x/ibicTa” ¥ NepBUUHOe pa3je/ieHue

B MomeHT ”¥Yapa x/ibicTa” U3 rnepBUYHOro umiysbca CI'B pa3BopaunBatoTCsi BCe THUIIbI Y3/I0B
U CBS3eIH:

* YacTb CTAaHOBUTCS aKTHBUPOBAHHBIMU Y3/1aMH — Bell[e CTBOM (TIPOTOHbBI, HEHTPOHBI, 3/1eK-
TPOHBI)

* YacTh CTaHOBUTCS dHTHBEIeCTBOM (HOBI/ITPOHLI, dHTHUITIDOTOHLI 1 T,[[)

* YacTb CTAaHOBUTCS U3MyyeHHeM — (oToHaMH (BO30Y>KIEHHBIMU CBSI3SMH OTIPe/Ie/IEHHO-
r'O THIIA)

[Ipouecc pa3zneneHusi He MTHOBEHEH U He UjleasieH. B mepBble MrHOBEHMS LIUKJIA, KOT/ja CTPYKTY-
pa [1nacra TosbKo hopMUpyeTcsl, BellleCTBO 1 aHTUBEIL|eCTBO CYI|eCTBYIOT BiepeMeltKy. [1po-
WCXO/IUT YaCTUYHAsi aHHUTWJISILISI — Ta e€ 4aCTh, KOTOpasi He ycrie/sa “pa30uTUCh 0 poJisiM”.
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VIMeHHO 3Ta yaCTHUUYHas dHHHUTW/IALIASA ,E[aéT KOJIOCCAJIbHBIN U30LITOK CbOTOHOB.

OtHowurenre yncia GOTOHOB K unMcay GapuoHoB ( ~ 6 x 10710), Habmogaemoe ceroans B
PEeTMKTOBOM U3/TyUeHUH, — 3TO He “TOHKasi HaCTPOMKa” U He C/TyuyaliHOCTb. DTO eCTeCTBeHHbIN
pes3y/bTaT TOro, Kakasi /10Jis BellleCcTBa U aHTHBeLL[eCTBa ycriesia MPOaHHUTUIMPOBaTh 0 TOTO,
KaK aHTUBEIIeCTBO ObLJIO BCTPOEHO B KapKac.

2.2.2. TlocnenoBare/IbHOCTH ()OPMHUPOBAHUA: CHAUA/Ia KOCMOJIOTHYeCKHH KapKac

3ecb He0OX0OAMMO Ba)KHOe YTOUHEHUe O I0C/efoBaTe/IbHOCTH MPOLIeCCOB MpU “Yiape X/Ibl-
cta”. Jlorvka nepapxuu JUKTYeT CJ/Ie[yIOLIUI MOps/0K:

1. CHauasia oOpa3yercsi 0CHOBHOH KOCMOJIOTHYECKHMI KapKac — CaMbli TJIOTHBIM, Ca-
MBI SHEProHaChIIIeHHBIN YpoBeHb [11acta. OH (hopMHUpYeTCs IepBbIM, TOTOMY UTO UIMEH-
HO OH OyZIeT yZep>KuBaTh BCIO OyYIIyI0 CTPYKTypy BceneHHOM.

2. 3areM, BHYTPH 3TOr0 MePBUYHOI0 KapKaca, HAYMHAT (GopMHpPOBaThCsl 00/1ee MeI-
KHe HepapXuM — KapKachl T'a/IakTUK, 3BE3IHbIX CUCTEM, IJIaHeT.

3. " Tonbko moTom pa3BopaunBaercsa Hamo/iHeHue — akTUBHPOBAHHBIE Y3J1bl, KOTOPbIE
MBI Ha3bIBaeM BellleCTBOM.

AHTHBeIIeCTBO BCTPaUBaeTCsl KIME@HHO B OCHOBHOM KOCMOJIOTHUECKHI KapKac — TIOTOMY UTO
oH oOpa3yeTcsi TIepBbIM 1 MMeeT MaKCUMaJlbHYIO0 TJIOTHOCTh. Bosee Toro, rpearnonoxuTesb-
HbIM MeXaHW3M 3TOT0 BCTpavBaHMs omnucaH B ripernpuHTe EBKM [2026a], ogHako ero TouHoe
oObsicHeHMe TpeOyeT JanbHENIINX UCCIeNOBaHUN M BBIXOAWT 3a paMKH HaCTOsIIIIel paboThI.

[Toce nepBUYHOM, YaCTUYHOM aHHUTUJISILIMU OCTaBIlIeeCsl aHTHBeIlleCTBO BCTPaWBaeTCs B CTPYK-
Typy cBsieii [11acTa, HO TO/IBKO Ha YPOBHE KOCMOJIOTHUECKUX Y3/I0B — B KapKac, OKPY>KatoLL[Hii
Y y/lep>)KUBAIOLIUIN rasakTUKH, CKOTIZIeHHs U BCO BcesleHHy10 B 11e/10M.

OT0 00BSCHSET, TIOUEMY:
* MBI He BHJVMM aHTHUBEIL[ECTBA B OKPECTHOCTSIX 3BE3[ U TUVIAHET — OHO He BCTPOEHO B
KapkKac TaKuX MacIiuTaboB

+ TémHas MaTepusi IPOSIB/ISIETCS UMEHHO Ha rajlakTUYeCKUX U KOCMOJIOTMUeCKUX MacliTa-
0ax — 3TO rpaBUTAIMS OT AHTHBEIeCTBA, BCTPOEHHOTO B KapKac 3TUX YPOBHeH

* B kosnnaiiiepax Mbl He MOKeM ”ZIOCTaTh” 3TO aHTUBEIeCTBO — He TOT YPOBeHb epapXuu

" He Teé SHepPruu

@®OoTOHBI, BK/TFOUasi pOXK/IEHHbIe TIPY aHHUTHJISALIMN, OCTAIOTCS Kak u3nydeHue. OHU CBOOOJHO
PacrpoCTPaHsIIOTCS M0 KapKacy, TOCTeNeHHO OCThIBast 1o Mepe paciivpenusi [1nacra. Cerogus
MbI Hab/MIOZlaeM MX KakK PeTMKTOBOE U3/TyueHHe.

Takum obpa3oM, B caMOM Hayasie I[MK/a 3aK/1aJbIBalOTCsS Cpa3y TPU KJIHOUEBBIX IapameTpa,
ornpeJesiFoIIMX BCIO Aa/IbHeUliy 0 9BOJIOLUI0 BeesieHHOM:
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1. KosmnuecTtBO BelgecrBa — TO, UTO BBDKMJIO ITOC/Ie YaCTUUHOM dHHUT'W/IAIWUHU U OCTa/10Ch
B Cl)OpMe CBO60,B‘HBIX dKTMBUPOBAHHBIX Y3J/10B

2. KosinuecTBO aHTHBeLeCTBA B KapKace — TO, YTO YILJIO B CTPYKTYPHYO POJIb U Tellepb
ornpezessieT rpaBUTaLMOHHbBIN MOTeHUal (P TEMHYIO MaTeputo”)

3. KonmmnuecTBo )0TOHOB — MPOYKThl aHHUTWISILIMY TITFOC TTepBUYHOE H3yueHue, Ghop-
MUPYIOL1e PeTMKTOBbIN (HOH

2.2.3. Poab aHTHBeIIeCTBA B TeueHMe IUK/Ia

B TeueHre MU/THAP/IOB JIeT aHTUBEIIECTBO, BCTPOEHHOE B KOCMOJIOTUUeCKUM KapKac, BBITTOJ-
HsleT [iBe BayKHeHIMe (PyHKIUU.

ITepBasi pyHKIMA — cTaOU/IM3anMs CTPYKTYPBI.

Kapkac, ycuieHHbIN SHeprueil aHTUBeLeCTBa, PUOOpeTaeT >KECTKOCTb U YCTOMUMBOCTb. OH
criocobeH y/iep)KUBaTh KpymHoMaciuTabHble 00pa3oBaHUst — CKOTIEHUs ralakThK, (hunaMeH-
Thl, CTEHbI — He /laBasi UM pas3/ieTeThCsl 1107, JelicTBueM paciuvpenus [1nacra. be3 aToro ”ckpsbl-
TOT'O CKeJleTa” TPaBUTALIMH O/JHOTO JIMII BellleCTBa Ob10 OBl HEZI0CTAaTOUHO AJ1s1 YOPMHUPOBAHMUS
HabsTr0/1aeMoii CTPYKTYphI BeesleHHOM.

Bropas ¢pyHKIus — rpaBUTaljMOHHOE B/IMSTHUE.

AHTHBeIIIECTBO B KapKace He B3aMMO/IEHCTBYeT C Bel[eCTBOM HarpsMy (3/IeKTPOMarHUTHO
WU yepe3 sifiepHble CU/bl). Mexx/ly HUMU HeT aHHUTW/ISILIUU, HeT 37IeKTPOMarHUTHOTO B3aUMO-
JIeNCTBUSI, HeT si/lePHbIX CU/1. IMeHHO MO3TOMY Mbl He BUJUM aHTHBeII[eCTBa B KOCMOCE CEerofiHs
— €ero Tam HeT B cBOOOHOM (hopme.

Ho aHTHBel1leCTBO B/IMseT Ha Bell[eCTBO KOCBEHHO — Yepe3 rpaBUTaLUIo.
Hedopmarius Kapkaca, BbI3BaHHasi IPUCYTCTBHEM BCTPOEHHOTO aHTUBeLLeCTBa, CO3JaéT [0MoJI-
HUTeJIbHBIN FPaBUTALIMOHHBIN NOTeHUa/l. JTOT MOTeHLUAIT:
* Yckopset 3B€371bl Ha OKpauHax rajakTHK (MJIOCKYe KpPUBble Bpall{eHus)
* Ynep»kuBaeT rajlaKTUKU B CKOTUIEHUSAX
» dopMupyeT KPyITHOMACIITaOHYIO CTPYKTYPY
To, uTo MBI Ha3pIBaeM “TEMHOM MaTepyreli” B cTaHZapTHOM Mozieny, B EBKM ecTb He uTo MHOe,

KaK IpaBUTAL[MOHHOE TIPOsiB/IeHHWe aHTUBeIlleCTBa, BCTPDOEHHOIO0 B KOCMOJIOTMUYEeCKUM KapKac
ITnacra.

Hukakux HOBbIX yacTull. Hukakoii "HoBol ¢u3vkn”. TosnbKo nepepacripe/iesieHre TOTO ke ca-
MOTO Bell[eCTBa B ZIpyryto (opMy CyIlleCTBOBAHHS Ha JPYyroM YPOBHE HepapXuM.
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2.2.4. Cpsa3b aHTHBeIeCTBAa U HEHTPHHO

BcTpoeHHOe B KapKac aHTHBEILeCTBO M HEUTPUHO KaK areHThI Tiepefjauk CBsi3aHbl OHTO/IOTHYe-
CKHU.

[Tpu ToTa/IbHOM aHHUTU/ISILIUM B KOHIIE 1IUKJ/Ia aHTUBEIleCTBO BLICBOOOXK/IaeTCSl M aHHUTU/TUPYET
C BeIl[eCTBOM. DHeprusi, BbICBOOOKJaemMasi TIpU 3TOM, IepelaéTcsi uepe3 HeHTPUHHBIE KaHalbl
K CI'B. MlHdopMaliys o pacripejie/ieHHH BellleCTBa M aHTHBeIl[eCTBa B 3aBePILMBILIEMCS I[[UK/Ie
KOJIMPYeTCS B CTPYKTYpe HeMTPUHHBIX MTOTOKOB, KOTOPbIe 3aTeM 3anuchiBatoTcst Ha CI'B.

Takum 06pa3oM, HEMTPUHO BBICTYMAIOT KaK HOCHUTE/N «I1aMsATH» O MpeAbIAYIIUX LUK/Iax, 3a-
nevatiénHor B CI'B 1 pa3BopaunBaemoli mpy HOBOM “Yzape xjbicta”. OfHaKo cama fepejaua
sHeprum ot CI'B K HamonHeHHio B HOBOM LIMKJ/Ie WJET HAMpsSMYH0 yepe3 Kapkac, a He uepe3
HEUTPUHO.

2.2.5. YépHble AbIPpbl U AHTUBEILECTBO

AHTHBE].L[ECTBO, BCTPOEHHOE B KOCMOJIOTAYe CKUI Kapkac, 1 ‘JéprIe ABIPDBI CBA3dHBI Uepe3 SHeP-
reTuKy OUuK/ia.

B Teuenue 1jukia 4épHele AbIpbl HakaruBaroT maccy (NN,) u pactyt. [Ipu 3TOM OHM He ”3Ha-
I0T” 0 BCTPOEHHOM aHTHBellleCTBe HalpsIMyt0 — FPaBUTALIMOHHOE BJIMSIHME aHTUBELL[eCTBa yKe
yuTeHoO B JehopMaliuM KapKaca.

B KoHLIe LIMK/Ia, TIPH TOTa/JIbHOW aHHUTHJISILIVM, BEICBODOOXKIAeTCsT He TOBbKO dHeprusi cBobo-
HOTO BeIIleCTBa, HO U SHEPIHsl, 3aracéHHas B UéPHBIX AbIpax. IMeHHO uépHbIe bIpbl 00eCcrieun-
BalOT, YTO JaKe mMacca, yuieziias 3a TOPU30HT, BO3BpalljaeTCsl B CUCTeMy B MOMeHT “Bo3Bpara
xJibicTa”. Be3 3Toro sHepreTHuecKuii 6anaHc ObLT ObI HApyIIIeH.

2.2.6. Koner nuka: ”Bo3Bpar x/1bICTa” U TOTA/IbHAsA aHHUTWIALIUA

BpaTa XJIbICTA”, KOT/lJa SHEPrus, HaKOIJIeHHasl B , TUTaeT KPUTHUYECKOT
B ¢da3e ”Bo3Bpara cTa”, KOrja sHe akoruvieHHas B CI'B, mocturae €CKOro
niopora £, IpOMCXOAUT KacKaiHbIN KOJUIaric Beeil ctpykrypsl [nacta [2026a, pasgen 4.4].

B sToT MOMeHT:

1. Kapkac pa3spymaercs. CBsi3y, yiep>XKUBaBllve CTPYKTYpY, TEPSAIOT yCTOMUMBOCTb. Best
viepapxusl y3/I0B — OT T'aJIaKTHK 10 aTOMOB — HauMHaeT CXJIOMNbIBAThCS.

2. AHTHBeIeCTBO BBICBOOOXKJaeTCsl. AHTHBEIIECTBO, BCE 3TO Bpems (MH/ITMAPABI JIeT)
ObIBIIIee BCTPOEHHBIM B CBSI3U KOCMOJIOTHYECKOTO KapKaca, BO3BpAIllaeTCsl B COCTOSIHUAE
CBOOOAIHBIX y3710B. OHO BIIepBbIE 3a IIUKJI BCTYTIAeT B MPSIMOIN KOHTAKT C BEIT[eCTBOM.

3. TorasnbHasg aHHUTWIALMA. [IPOUCXOAUT aHHUTWISALIUS BCEro BellleCcTBa CO BCEM aHTH-
Bell[eCTBOM. JTO He YaCTHUUHBIM TTPOLIeCc, KaK B Hauasie I[UKJ/Ia, a MOIHbINA, TOTaJTbHBIH.

4. Kosiocca/mbHbIH BHIOPOC 3HEPTrUH. JHEPTHs, BLICBOOOKaeMast Y TOTaIbHOM aHHUTH-
JIALUH, TI0 TIOPSAZIKY BeJTMYMHBI PaBHA Fiorqr = Meyee - 2. OTo Ta camasi SHeprus, Kotopas
HeobOxoauma CI'B ayis aByX Liesieit:
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* 3anuch vH(GOpPMALMK O 3aBeplIMBIIEMCs LHK/e (rosiorpadgryeckoe KoJupoBaHUe
KOH(Urypauu )

» VHuLMaLus HOBOTO 1[MK/Ia — Ceytouui ~Yaap xiabicta”

Hukakoro pyroro UCTOUHUKA Takol 3Hepruv Bo BcesieHHoM HeT. [ paBUTALIMOHHOTO KoJliarica
HeI0CTaTOuHO. fIiepHBIX peaklvii HefoCTaTOUHO. TO/MBLKO MO/THAs aHHUTU/ISILIUS BelllecTBa U
aHTHBeII[eCTBa 6T MacIlTab SHePryu, COMOCTABUMBIN C MacCoM Bceil BcesleHHOM.

Ba)KHO TIOHMMaTh: HEpPrHs, BbICBOOOKAaeMast TIpH TOTalbHOW aHHUTWISALMY, He “paccenBa-
eTCsl B MyCTOTY” — IIOTOMY 4TO ITyCTOTHI HeT. Bcs sHeprust oCcTaércs B 3aMKHYTOM CHCTeMe
ITnact-CI'B 1 nzét Ha ripeoziosieHre rpaHULIbl M (OPMHUPOBaHKE HOBOTO LIUK/A. JTO UeanbHO
3aMKHYTBIM SHepreTUuecKuii OasaHc, TAe HU OJUH JKOy/b He TepsieTcs. CucTeMa HAYero He
OepéT M3BHe U HUUETO He OT/AAéT Hapy)Ky — OHa MPOCTO TepPexoAUT U3 OFHOU (asbl B IPYIIo,
xpans B CI'B nosiHyto nH(OpMaI|io 0 MpeblyIieM LUKIIe.

2.2.7. HoBbIii BMKJ/I: UH(OPMAILUA COXPAaHSAETCsA

Bcst uHGopMaIus o ToM, Kak IMEHHO ObLTH pacIipe/iesieHbl BeIjeCTBO, aHTUBEIIeCTBO U IePBUY-
HOe 13J/lyueHue B 3aBepIIMBIIEMCs 1MK/e, coxpaHsieTcsi Ha CI'B [2026a, pa3zen 4.1]. I'panuia
”3allOMUHaeT”:

 OOu1yro Maccy LuK/a
+ COOTHOIIIeHHUe BellleCTBa U aHTUBEI[eCTBa

* IIpocTpaHCcTBeHHOe pacripefiesieHye
* Cnekrp ¢uyKTyalui, U3 KOTOPbIX BEIPOCIU CTPYKTYPBI
IIpu HOBOM ”¥Yiape X/bICTa” 3TOT IaTTEPH pa3BopauvBaeTcs CHoBa. IIpoliecc nosropsiercs:
+ CHauasa 06pa3yeTcsi KOCMOJIOTMYeCKHH KapKac, B KOTOPbIi BCTpauBaeTcsi Oosibllast YacThb
aHTUBeLeCTBa
* 3areM (hOpMHPYIOTCSI KapKachl MEHBIINX MacIITaboB
* 3areM pa3BOpauMBaeTCs BelleCTBO
* Manas yacTh aHTHBeL|eCTBa y4acTByeT B [ePBMYHOM UYaCTUUYHOM aHHUTWISLIUY, /aBas

Hauasio HOBOMY (pOTOHHOMY (hOHY

11 HabmofaeMoe OTHOLIEHHE 1) = 1,/ OKa3bIBaeTCs He CIy4alHOI KOHCTaHTOM, a MaMsIThiO
npe/IbIAYLIMX LIUKIIOB, 3anvcaHHol Ha CI'B 1 BOCIIpOM3BOAKMMOM B KaKJOM HOBOM LIMKJIe.
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2.2.8. CI'B kak aKTHBHas rpaHuna: Meragopa nayka

1151 ”HTYUTUBHOTO MIOHUMaHUs posii CBepxHanpsbkéHHou ['paBuTaiioHHou BosHel (CI'B, X0)
MOJKHO MCII0/Ib30BaTh MeTadopy rayka Ha mayTHHe.

[Tayk cuauT He B L|eHTPe, a Ha Kpal0 — OH CaM SIB/IeTCs IpaHuLiel, onpezesstoliei popmy
Bcel cetu. Ero jlanmky KacaroTCsi MHO)KECTBA HUTeH, UAYIUX BO BCe CTOPOHBI. Uepe3 HUX OH
yyBCTBYeT /0b0e KosebaHue, riae ObI OHO HU BO3HUKIIO — Ja/iéKast Myxa, BeTep, A0Kab. OH
nosy4yaeT MH(OPMAIMIO O COCTOSTHUU BCEU TIay THHBI.

Ho mayk He TOMbKO MacCUBHBINA Habmomatesb. OH MOXET Tepe/jaBaTh SHEPTHUI0 — NEPHYThb
HY)KHYIO HUTb, MI0C/IaTh CUTHAJI, CTIHYTh MayTHHY B KDUTHUECKHUH MOMeHT. OH Crioco0eH BJTU-
ITh Ha TIPOLiecC B JIF000OM TOUKe, IOTOMY UTO CBsI3aH CO BCEM KapKacoM.

IMayk v mayTriHa — OfiHO 1jesioe. [layTrHa 6e3 mayka pacriajeTcs, mayk 06e3 mayTHHBI He CMOKET
Huuero. TouHo Tak ke Ilnact u CI'B cylecTBYIOT TOIBKO BMeCTe, Y CBSI3b MeXXAYy HUMU UIET
10 CaMUM HUTSIM KapKaca, a He yepe3 KaKyl-TO OTAe/bHYI0 JIMHUIO CBS3U.

B sToi1 meTadope:

JnemMeHT MeTa(opbI Cymnocte B EBKM

[TayTuHa Inact (V), ero y3nsl U CBSI3U

Hutn Kapkac, mo KoTopomMy UAyT CUTHabI

[Tayk CI'B (%), akTiBHas rpaHuLia

Konebanus Huteit WNudopmanus ot HaronHenus

PriBOK mayka Ilepenaua 3Hepryvu, WHULMALMS HOBOIO IMKJa
(’Ynap xsbicTa”)

JTO He MPOCTO KpacuBasi aHanorus. OHa TouHO oTpakaeT oHTosoruto EBKM: rpanuija He oT-
JleJieHa OT CeTH, a SIB/ISIeTCS eé HeOTheMJ/IEMOM UacCThio, CITIOCOOHOM U TO/TyYarh, U IepeJaBaTh
— ¥ UH(pOpMaLYIO, U SHEPIHUI0.

be3 CI'B kapkac Obu1 ObI Pa30MKHYT, Oe3bIHEPIIMOHEH, HECTIOCOOEH K I[UK/INYEeCKOM JMHAMUKE.
NmenHno CI'B 3aMbIKaeT CUCTeMY, XPaHUT NaMATh 1[UK/IOB U WHULIMMPYeT HOBBIA “Yap X/ibl-
cTa”, KOTZia SHeprusi, HaKoTlJIeHHasl B KapKace, JOCTUraeT KpuTuueckoro ropora [2026a, pa3zgen
4].

2.2.9. HeobxopuMocTh 1uK/ia: mouemy CI'B 3anyckaeT HoBbIH ”Yaap”

[Tocsie ”Bo3Bparta X/1bICTa” MPOMCXOAUT TOTa/bHAasi aHHUTWISALUSA BelleCTBa U aHTHBelLleCTBa,
kosinanc [Tnacrta. Best sHeprusi 1 uHGopMaliys 3aBepIIMBILIETroCs LIUK/Ia 0Ka3bIBalOTCs COCPeZio-
ToueHbl Ha CI'B.

CI'B — akTuBHas rpaHulia, a He TaCCUBHBIM apxuB. OHa He MOXXeT ITPOCTO “XPaHUThL” 3Ty UH-
dopmalirio BeuHO. 3aKOH COXpaHeHUs MH(OpMaIiy He TI03BOJISIeT i UCUe3HYTh, a COOCTBEH-
Hasi ipupogia CI'B tpebyet geticteusi. Ecu 661 CI'B moribITanack UCTIONB30BaTh SHEPTHIO AJIs
okatus [Tnacra (yzaepskaHus ero B TpaHMLaX), BO3HUK Obl KBAHTOBBIM TapafloKC: CHCTeMa He
MOJKET OIHOBPEMEHHO C’KUMAaTbCsl M XpPaHUTh MOJIHYH UH(POPMALIUIO O TPOLLJIOM.
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3uauut, y CI'B ectb fBe 3a1auu, KOTOpbIe HY)XKHO PeLlUTh:

1. Kypa nepegarp ungopmanmio? VHbopmarys fo/mKHa ObITE pa3BEépHYyTa B CTPYKTYPY,
VHaye oHa He “KUBET”. [IpocToe XxpaHeHHe B HeAaKTUBHOH (hopMe MPOTUBOPEUUT (PyHK-
1 CI'B Kak aKTUBHOMW I'pPaHULIBL.

2. Kak yjepXaTb 3Heprur? Ec/iy 5Hepruro UCMo/b30BaTh [/Is CKaTus, BO3HUKaeT Iapa-
JIOKC. 3HAUUT, e€ HY>KHO TIepeBeCcTy B APYTyI0 Gopmy.
EMHCTBEHHOe pellieHye, yI0B/IeTBOPStoIee 000MM yCIOBUSIM — 3aIlyCTUTh HOBBIH LIUKII.

[Ipu HOBOM “¥Yiape x/bIcTa”:

* NHdopmanus pa3BopauuBaeTcsi B CTPYKTYPY HOBOI0 IJUKJ/IA. [1aMsITh nipe/bIAy1iero
I[UK/Ia CTAHOBUTCS ”JieKa/ioM” fiJis CJIeIYIOIIero — ro3ToMy KpyIHOMacITabHasi CTPyK-
Typa MOBTOPSIETCS OT LIUK/IA K LIUKITY.

* JHeprus TPaTuTcs Ha co3faHue Hano/iHeHus (BelecTBa, M3/1ydeHHs ), a He Ha CKa-
THe. JTO CHUMaeT IapajioKC.

Takum o0O6pa3oM, HOBBIM LUK/ — He “elIlé ofuH pa3”, a eIUHCTBeHHbIN criocob ayist CI'B:

* mnepefarb MH(OpMaLMIO (pa3BepHYTh €€ B CTPYKTYPY),

* yZepskaTb 3Hepruto (rmepeBectu eé B popMmy HamonHeHus, a He B ©kaTue).

2.2.10. IlporuBodopcTeo CI'B u IInacra

B EBKM ecThb /iBa Hauasia, KOTOPbIe HAXOJATCS B TIOCTOSIHHOM MPOTHBOOOPCTBE:

* Ilnact crpeMUTCs pacIIMPATHCA. DTO ero NpUpoAa, UCTOYHUK TOrO, UTO MbI Ha3blBaeM
TEMHOU 3Hepruenu.
* CI'B crpemurcs BepHyTh ILl1acT 00paTHo, 3aMKHYTh IUKJ/I. JTO €€ Mprupo/a Kak aK-

THUBHOH r'PaHULIBI.

Ecmu 661 CI'B He BMemvBanach, [1nact pacmmpsiics 6b1 6eckoHeuHo, Tepsisi cBsizHoCcTh. Ho CI'B
He MOXKET TI03BOJIUTh 3TOMY CTyUUTbCSl — IOTOMY UTO OHA XPAaHUT MaMsTh IUK/Ia, a 0eCKOHeu-
HOE pacllMpeHre pa3pbiBaeT CBsI3b MEXK/Y MaMSIThI0 U CTPYKTYPOH.

Kak CI'B ocraHaB/iuBaeT paciuipeHue?

CI'B He MoXXeT IpOCTO ”cxBaTUTh” T1/1aCT U CKaTh €70 — 3TO ObLIO ObI BHEIIIHUM BO3/IEHCTBUEM,
KOTOPOTO B 3aMKHYTOM crcTeme HeT. BMecTo 3Toro CI'B 3abupaet y I1n1acra sHepruto.

Kak? Co3pnaBast HarmonHeHwue.
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Kor,qa IInact COB,E[aéT dKTUBUPOBAHHbIE Yy3J/Ibl — BeLeCTBO, U3/TYy4YE€HUE — OH TPATUT HA 3TO
SHEepruro. Yem Oosbliie HaHOJIHeHI/IH, T€M MEHbIIIe SHEPrun OCTaéTCs Ha paclorpeHue. B npene-
Jie, Korja HarnonHeHus1 CTaHOBUTCS A0CTaTOYHO MHOTI'0, BCA 3HEPrvs YXOAUT Ha €ro yZiep>XKaHue,
M paClliMpeHre OCTaHAB/IMBAETCA.

Takum ob6pa3zom, Hanmosinenne — 310 uHcTpymMeHT CI'B, KoTOpBIM OHa oTOMpaeT y Ilacra
3Hepruio pacmmpenus. CI'B He 6opetcs ¢ Ilnactom Hampsimyto. OHa TiepeHarpaBsieT ero
5HEpryio Ha CO3/laHre CTPYKTYPbl, KOTOPas B KOHL|E KOHLIOB CTAHOBUTCS “TOPMO30M”.

2.2.11. Tlouemy Kapkac He npuTsaruBaer HanosHenue

OTOT MeXaHH3M O0BSICHSIET JaBHUM BOIIPOC: IoueMy Kapkac ITiacTa (To, uTo Mbl Ha3bIBaeM TEM-
HOM Marepueit) He pUTsATrBaeT K cebe HarmosHeHne?

OrtBeT: motomy uro Hamo/iHeHHe — He BHEeITHHMI 00BeKT /ISl KapKaca.

HaronHeHvie — 3T0 pe3ysbrar JesTe/IbHOCTH KapKaca, ”0TB/IeuéHHas” SHeprusi, Koropyto I1nact
MoTpaTua BMecTo paciuupenusi. Kapkac He ”Buaut” HamosiHeHre Kak HeuTo BHelliHee. OH He
TIPUTSITUBAET ero, MoToMy uto HarosiHeHre — 3T0 ero coOOCTBeHHOe COCTOsIHUE, er0 “3aMOopo-
JKeHHasi” SHeprus.

OT0 00bsICHSET, TI0YeMy TEMHasi MaTepusi He coOMpaeT BOKPYT ce0si BeI|eCTBO, XOTs U 00ma-
JlaeT rpaButalyeni. [ paBuTaLyis — 3T0 MaKpOCKONMUeCKOe MposiB/ieHNe AeopMaliiy Kapkaca,
HO cama fiehopMaliysi He “TIpUTSTHUBaeT” BellleCTBO. BellleCTBO y»Ke sIB/ISIeTCS UaCThbIO 3TOM Jie-

dhopmaruu.

2.2.12. flkops pMK/Ia: MOUeMy YépHbIe AbIPbI MOABIAKTCS PAaHO

Ecsu 651 LUK TTpofio/pKascs 6eckoHeuHo, [Tnact pacimmpsiics 661 6e3 KOHTPOJIsi. DHEpPrust pac-
mMpeHust He beckoHeuHa, HO 6e3 orpaHUuMTeseld MpoLecc MOr Obl 3aTSHYTLCS WU TIOTEPSITh
CBSI3HOCTB. YTOOBI KOHTPOIMPOBATh PACHIMPeHe U 00eCIieuuTh CBOEBPEMEHHOE 3aBepIleHHe
nukia, CI'B co3paét “skopss” — MacCHUBHbIe YEPHBIe JIbIPbI.

OHM BBIMOMHSIOT TPU (PyHKLIUM:

1. 3abuparoT 3Hepruio y pacmmpeHus. AKKpPeLys BelljeCTBa Ha YEPHYIO AbIPY I1ePeBOAUT
JHEPIHI0 PacIIMpeHust B OpMY, KOTOpasi He CIIOCOOCTBYeT abHeHIIeMy pacIpsMIEHHIO
[Tnacra. Yem Gosblile YEPHBIX AbIP, TeM ObICTpee MCUepIibIBaeTCsl SHepPrus, JOCTYIHas
J/1s1 pacllipeHuUs.

2. OUKCHPYIOT CTPYKTYPY. ['osiorpaduueckast 3anmuch MHGOPMaLMU Ha TOPU30HTe UEPHOU
JbIPBI COXpaHsieT KOH(UTypal|io MPOCTPAHCTBa-BPeMeHH, He /jaBasi eil ”pa3MbIThCs” T10
Mepe paciIupeHus. ITo 0becreunBaeT CBI3HOCTh CTPYKTYPbI MEXKY pa3HbIMU (ha3amu
L[MKJIa.

3. O0ecneunBalOT 3aBepieHHe MKJIA. HakorieHHast B UPHBIX [IbIpaxX SHEPrUs He Tepsi-
eTcs. B KoHIle LIMK/Ia, PU TOTa/IbHOW aHHUTWISIL[UH, OHAa BBICBOOOXKJaeTCs U BO3Bpallia-
erca K CI'B, maBasi umny/bC /151 c/iefytrolero ”Ynapa xabicta”. be3 uépHbIX JbIp SHEp-
reTHUYeCKUii OaslaHC [UK/Ia ObLT ObI HApYIIIEH.
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OTrM 00BsICHsIETCS HAaOJTIO[laeMoe paHHee TOsIBJIeHe MaCCHUBHBIX UEPHBIX /ILIP B paHHel Bce-
neHHoi. OHU He C/TyYalHOCTh U He CJIeICTBUE JIOKA/IbHOTO IPaBUTALIMOHHOTO KOJIiarica, a Heob-
XOIUMBIN 3/1IeMeHT AMHAMUKH 1[uK/aa. CI'B “3akia/ibiBaeT” UX Ha PaHHUX 3TaraX, UToObl OHU
yCTie/IM HaKOTTUTh 0CTAaTOUHO SHEepPruu /IJisl 3aBepliiieHus LUK/a.

2.3. Uto o0bscHseT Kapkac u CI'B

SfIBneHue O0bsacHenne B EBKM Posab kapkaca | Poas CI'B Posb uépHbIX ABIP
/ HeMTPUHO
Ms1 He BuguM aH- | OHO BCcTpoeHO B KocMmosioru- | Hocurenb dukcupyet —
THBeIlleCcTBa B KOC- | UeCKUM KapKac, He B3aUMO- | BCTPOEHHOIO MPOIOPLIUU
Moce [eMCTByeT HarpsaMyto aHTHUBellleCTBa | BCTpaUBaHUS
npu ”¥Ynape
xJpIcTa”
BapuonHass acum- | BemjectBo cBo6ofgHO, aHTU- | ObecrieuriBaeT | XpaHUT UHGOpP- | —
MeTpust Bel|eCTBO CTPYKTYPHO CTPYKTYPHYIO MaL1 0 COOT-
pO/b  AHTUBE- | HOLLUEHUM MEeX-
11ecTBa [y UK/IaMU
N36biTOK (hoTOHOB | YacTHUHAs aHHUTHIIALIUS [0 | YUacTBYeT B | 3agaét  3Hep- | —
(n ~ 6 x 10710) BCTpaNBaHUS TIepBHYHOM Mo “Yaapa
paszesnieHur XJbICTa”, ompe-
il E100)1147%%)
MaciTab
TémHas marepus I'paBuranma or antuBewie- | Co3gaér rpasu- | Omnpegesnser —
CTBa B Kapkace TaLMOHHBIN MO- | FPaHUYHbIE
TeHL{a yoio0BUs LI
pacnpejeneHust
Kapkaca
TémHas sHeprus ®aza Pacripsmiienus kapkaca | Penakcupyer, HakorienHast B | —
co3jaBas CI'B  sHeprus
s3¢bdekT orTan- | onpeaens-
KUBaHUS eT MOMEHT
”Bosspara”
CoxpaHenue Tonorpadmueckas 3anuch Ha | [TocraBnsier Xpaunut undop- | Kongencupyer uH-
nHdopmaiyuy B Y1 | ropu3oHTe vHbopMalKio 0 | Maluio Mexay | dbopmaiyio, He Te-
CTPYKType LMK/IaMHy psisi eé
OHeprus A/ HOBO- | ToTanbHass aHHUTWISIUMSA B | BeicBobokaaeT | IIpuHHMaert HakomieHHasi mac-
ro LjUK/a KOHLle BCTPOEHHOE SHEpruo, ca BO3BpalljaeTcs B
AHTHUBEILeCTBO | 3alKChIBAeT CUCTEMY; HeUTpu-
HH(bopMaLHio, HO IlepefiatoT 3Hep-
WHULMUDPYET ruto Kk CI'B

3

HOBBIN ~Ypap’
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CBepxBbICOKOSHeprHuHIRHTPUHO — areHTHI repe- | [lepenaér [MpuHrMaeT Wcnapenne  mep-
HeUTPUHO naun ot HamosHenust K CI'B | Bo30y»KzieHUe CHTHAJbI oT | BUuHBIX Y]/l paér
HEUTpPUHO HeNTpUHO HeWTpUHHbIe
BCILIECKU; Hel-
TPUHO TEPEHOCAT
nH(MOPMAIIHIO
[TamsATh LKA Tonorpaduueckas 3amck Ha | [TocTaBmsier XpaHut mon- | —
CI'B rH(popMaLio Hyl0 HH(pOpMa-
yepe3 [UHaMU- | LIMIO LIMKJIA
KY y3JI0B
CrpykrypupoBanue | Kapkac 3amaét “nekano” anst | Obpasyer Ornpepenser —
Bcenennoi (hopMUpOBaHUS CTPYKTYP (bumaMeHTHl, [7100a/IbHYI0
STUEUNKH, y371bl TOIIOJIOTHIO Ye-
pe3 rpaHuuHbIe
yC/I0BUS
IMKMMYHOCTD Cucrema ”ITnact-CI'B” 06- | ITpoxoauT da3el | MHurumpyer —
pa3syeT 3aMKHYTBIM LIUKJI Pacnpsmnenuss | ”¥Ypgap” u "Bos-
1 KOJIIarca Bpar”’, XpaHWT
MaMsTh

2.4. Kontanepbl Kak OKHa B MacIOTad Heprui MuK/ia

Habmtopenus B Kotaigepax nonydatoT B EBKM Ba)kHOe MHTEpIIpeTaljMOHHOe 3HaueHHe, O/l-
HAaKO OHO MPUHLIUMUAIBHO WHOE, UeM MOXKeT T0Ka3aTbCsl Ha MepBbIii B3IVIsA/I.

YTo NMpoUCX0UT B Ko/l/Ial/epax:

[1pu CTOJIKHOBEHUSIX YaCTHUL] C OTPOMHBIMH (TI0 3eMHBIM MepKaM) SHEPTUsIMU POXKAAKOTCS Mapbl
”yacTtuiia-aHTruactuia”. [103UTpOHbI, aHTUTIPOTOHBI, [JaXKe aHTUTe/IUA — BCE 3TO PerysisipHO
PEerucCTpUpyeTcs JeTeKTopaMu. ITH aHTUYaCTULbI CYILIeCTBYIOT JIMIIb MTHOBEHHE, TI0C/Ie Uero
AHHUTHIUPYIOT C OKPY’KaloL[M BellleCTBOM.

Yero HE npoucxoaur:

MB&I He ”BbICBOOOK/JaeM” aHTHBeIIleCTBO U3 KOCMOJIOTMYeCcKoro Kapkaca. Kapkac ¢ BCTpOeHHbIM
B Hero aHTHBELeCTBOM HAaXOAUTCS Ha COBepIlIeHHO WHOM YPOBHe uepapxuu. Ero miotHocts
HeCOINOCTaBUMO BBbILE, & SHEPIUU CBA3U — KOJIOCCA/IbHBI.

OHepruu, JOCTWXKUMbIE B KOJUTak/[epax, HUUTOKHBI 110 CPAaBHEHUIO C MaciiTabamu, Ha KOTO-
pbIX (HOPMUPOBAICSI KOCMOJIOTHYECKUM KapKac. DTO KaK MbITaTbCsl pa3pyLLIMTh OKeaHCKOe JIHO,
co3zaBasi psbb Ha roBepxHOCTU. Kapkac mpocTo ”He 3aMedaeT” TaKWX BO3MYIIEHUM — OHHU
TIPOUCXOZAT Ha APYrOM YPOBHe Mepapxuu. VIMeHHO M03TOMY MbI HUKOT/Ia He YBUJIUM ~BbICBO-
OO0KIeHUsT aHTUBeILeCTBA U3 Kapkaca” B TaDOpaTOPHBIX YCJIOBUSIX.

YT10 MBI Ha CAMOM /Ie/Ie BHIHM:

To, yTo MBI Hab/TFOJAEM B KoJllakiiepax — POXK/JeHe U aHHUTWISILIYS Tlap YaCTHIIa-aHTUYaCTULA
— 93TO JIOKa/bHbIe (payKTyauyy B HarosHeHUH, NpoLieccbl BHYTPU Halllero YPOBHSI MepapXUM.
ITO Takue ke TIPOL[eCChl, KAK MOHM3ALIMsl aTOMOB, sifiepHble peakl[iu WA POXKAeHre YacTULl B
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KOCMHYECKUX JTyudX. OHu He 3dTParvB4drOT KapKac.

Ho onu jatoT HaMm HeuTo OeclieHHOe — TOHMMaHHWe MaciinTaba sHeprud. Cam ¢akT, 4To TpU
JOCTYIIHBIX HaM 5HepPrusiX Mbl BUJUM CHMMETPUUHOE POXKJeHHe 1ap, TOBOPUT O TOM, UTO IpH-
poJia XpaHUT MaMsTh O TeX KOJOCCA/IbHBIX SHEPrysiX Hauasa L{HK/Ia, KOTopble MoTpeboBaIich
I GOpMHPOBaHUs CaMOTr0 Kapkaca.

I/ICTOPI/I‘-IECKHH napd/uviesjb:

Koryia B nepBbIX yCKOPUTE/IAX YUYE€HbIe BIIepBbIe 3aperuCTPUPOBa/Ii POXKAEeHUe aHTUUaCTHUL], OHU
OBLIM TIOTPSICEHBbI He TOMBKO CaMUM (PaKTOM, HO ¥ MacITaboM SHepruii, KOTOpble i 3TOTO
rorpeboBaymick. CerofiHsi Mbl TIOHUMaeM, UTO 3TH SHEPrUd — JIWIIb HUUTOKHAsI [IOMSI TOTO,
yTOo OBLJIO B TIepBble MIHOBEHUsI CylllecTBOBaHuUs1 BeenenHoi. Konnatizepel B EBKM — 370 He
WHCTPYMEHTHI 151 ”BbICBOOOYK/IeHUS] aHTUBeL[eCTBa U3 KapKaca”. ITO OKHa B SHepreTuyeCcKuii
Macitab BeeneHHOMH, T03BOJISIIOLIE HAM XOTsI ObI IPUO/IM3UTENBHO MPeJCTaBUTh, KaKasi MOLIIb
norpeboBasach /sl e€ POXKIeHNsI.
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3. OT N/IaHKOBCKHX Yy3J/I0B 0 HEUTPOHHBIX 3B€3/1: IMIIMpPUYe-
CKHUe MOATBep)K/AeH!Us nepapxum

B 3TOM pa3zene Mbl MOKa3biBaeM, UTO vepapxus y3/0B [lnacrta, BBeiéHHas B pa3fesie 2, pa-
boraeT Ha Bcex MaciTabax — OT aTOMHBIX si/iep /10 HeHTPOHHBIX 3BE37 M UEPHBIX AbID — U
MOATBEP>KAaeTCsl HabsIroaTe/TbHBIMU JAHHBIMU.

3.1. Omnpepenenus

B EBKM mnioctynupyetcs:

« TIpOCTPaHCTBO AUCKPETHO C MUHUMAJILHBIM 06BEMOM 3, T1e [p = 4/ ﬁc—?

* Macca fucKpeTHa C MUHUMA/IbHOW e[JUHULIEH mp = %

&'

* JTro60ii 006béM V' coiepkuT Ny = V'/ l% y3J10B (1jeJioe Ymuciio).

+ JTrobast Mmacca m cofeput N, = m/mp aKTUBUPOBAHHBIX y3/10B (L[eJI0€ YKCIIO).

* TInoTHOCTD p = = e - T

3
13 5THX OTIpe/ieNieHuii ClIef[yeT, uTo p - n% = A — DAlMOHaIbHOE YHCTIO.
3.2. YiKe yCTaHOBJ/IEHO U NIPOBEPEeHO
Yro Craryc OcHoBanue / IIpumeuanne
Ny, =m/mp OrnpepeneHvie CrnefyeT U3 mocTysiata O JAUCKpeT-

HOCTH MaCChbl

Niota = V/ l?j; Ormnpenenenue CremyeT U3 MOCTy/ara O AUCKPeT-
HOCTH 00BEMa

ParmonanbHocTh  OTHO- | IlpoBepeHo 3M- | lanHeie mo Metamnam (Pb/Al =
I[IIeHUH TIJIOTHOCTeH MpUYeCKn 21/5, Cu/Ag, AwWAg u fip.)

IToBenenue npu HarpeBe | [IpoBepeHO 5M- | KpacHble ruWraHTbl: pacilIupeHue

NMpUYeCKU TIpY MOCTOSIHHOM Macce
AHnomanus Bofpl | IIpoBepeHo 3M- | OTHOIIeHMe IUIOTHOCTed ~ 12/11
(néa/Bopa) MpUYeCKU (paloHabHO)
I'a30BbIe rUraHThI ITpoBepeHo sMm- | ITnotHocTs FOmurtepa/Bogwl = 4/3
NMpUYeCKU (pauuoHanbHO)
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3.3. CdopmyupoBaHHbIe NPUHLIUIBI M UX C/Ie/[CTBUA
3.3.1. MexaHu3M Harpesa M Tel/IOBOr0 pacIlpeHus

IIpuHIUn: SHeprusi Mo3BoJIsieT MPeo/0/IeTb IHEPTHUI0 CBS3U MeXKy aKTUBUPOBAHHBIM y3/I0M U
€ro OKpy>XeHHeM, UTO JaéT y3/y BO3MOXXHOCTb 3aXBaTUTh [JOTIOJIHATE/bHbIN HeaKTHBUPOBAH-
HbIU y3eJl.

CneacrBus:

* N, IIpu HarpeBe OCTAéTCs HeM3MeHHBIM (Macca MOCTOSIHHA).

* Nyl PaCTET ¢ TeMrepatypoit: Niowal (1) = N (T0) + ANioal (1), THE A Nigral OTIPEAEIIS-
eTCs1 SHePTHel CBSA3H U TeMIIepaTypoH.

* U3 3TOro cnenyeT 3aBUCMMOCTh TEIJIOBOTO PaCLIMPeHUsi OT TeMIlepaTypbl, KOTOpasi MO-

JKeT OBbITh BLIUMC/IEHA MpH 3aJadHHUU ABHOI'O BH/Jd SHEPI'YU CBA3U.

IIpoBepka: KpacHble TUraHThl — IMpsiMoe HaO/mrofiaTeTbHOE MO TBEPIKeHNe: pacIliipeHue py
[IOCTOSIHHOM Macce.

3.3.2. MexaHu3M (pa30BbIX EePEX0/i0B

IIpunnun: [Tpu da3oBoM nepexosie repecTpauBaeTCsl CTPYKTYpa CBsi3eil MeXXJly akTUBUPOBaH-
HBbIMU y3/1aMu. N, 0CTaéTcsi HeM3MeHHbIM, HO Ny MOXKET U3MEHUTBCSI CKAUKOM, ITOTOMY UTO
HOBasl CTPYKTypa TpeOyeT MHOTO Urc/ia HeaKTHBHPOBAHHBIX Y3/I0B MeX/y aKTUBUPOBaHHBIMHU.

CnepacrBus:

« OrHourerne NP2 / yoaal

total total HOJDKHO OBITH PallOHAJ/IBHBIM UK CJIOM.

* OTHoILIeHWe TUIOTHOCTe (a3 0O6paTHO MPOMOPLMOHATBHO 3TOMY OTHOIIEHHIO U TaKXKe
paLMOHAaIBHO.

IpoBepka: Bopa/lén: pyater/ pice ~ 1.0905 & 12/11. CnegosarensHo, N/, / NYaer — 12/11.

3.3.3. IIpeaen makcuMa/ibHOM IJIOTHOCTH (HeMTPOHHBIE 3BE3/bI)

IpuHoun: MakcuMasbHast TZIOTHOCTh JOCTUTAeTCS, Korga Ny &~ N, — BCe y3/bl B 00bEMe
aKTMBHpOBaHbl. [lanbHeliiiee yBennuenre N, HEBO3MOXKHO 0e3 U3MeHEHHs TeOMETPHH.

CnepacrBus:

+ CyliecTByeT BepXHUH Mpefies1 MacChl /711 00beKTOB C 0OBIYHOM reoMeTpHei.

* [Ipu mOCTW)KEHUU 3TOTO TIpefiesia CUCTeMa KOJIJIaliCUpyeT B COCTOSTHUe, T7ie TeOMeTpus
MeHsieTcsl (UépHasi IbIpa).
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IIpoBepka: Habmomaemebrit npegen OnmenreiiMepa — BoskoBa (~2-3 M) A1t HEUTPOHHBIX
3BE3/] COOTBETCTBYeT 3TOMY MPUHLIUIY.

3.3.4. YépHbie AbIpbI U rosiorpadus

Mpunagun: [pu Ny, &~ N, reoMeTpust repecTaéT 6bITh IBKIUAOBON. Nio, Terepsb He V /13, a
CB$13aHO C TI/IOIIA/IbI0 TOPU30HTA, UTO COOTBETCTBYET rojiorpaduueckoMy MPUHIIHITY.

CneacrBus:

* Macca uépHoii apipsl (IV,) ¥ TUIOIaAb Topru30HTa (A) CBSI3aHBI.
* B EBKM 3ta cBsi3b I0/KHa OBITH BRIBOAMMA U3 AUHAMUKY [11acTa, a He TOCTY/IMPOBaTh-

cs1. @opmyna Bekeniureiina — Xokunra S = A /412 sSBISeTCS NPeeNbHbIM CyYaeM.

Craryc: IIpunuun chopmynvpoBaH. BeiBoz dhopMysibl U3 AMHaMUKY [1nacta — 3aziaua Jjab-
Heuiei paboThl.

3.3.5. DHeprusa UK/Ia ¥ TOTa/IbHAsA AaHHUT WIALMSA

IMpunnun: B KoHIje LMK/Ia NPOMCXOJUT TOTa/IbHasi aHHUTWISALIUS BelleCTBa U aHTUBELLeCTBa,
BBICBOOOXK/IAeTCs1 SHEprus F = Muumcz. JTa 3Heprus:

* uzaét Ha npeogosienne CI'B,

* 3anuchiBaeT MH(OPMAIMIO O 3aBepIIUBIIEMCS I[UKIIe,

* WHULIMUPYET HOBBIN LIUKJI.
CneacrBus:

° SHepFeTH‘JECKI/Iﬁ 6aaHc 3dMKHYT: CUCT€Mad HUYEro He 6epéT HN3BHE U HUUETO He TepseT.

* NHdopmarusi coxpaHsieTcsi Mexxay LUK/IaMu.

IIpoBepka: OTOT NMPUHLIMIT OOBSCHSIET MMPOUCXOK/IEHNEe SHePTUH /il HOBOTO LIMK/Ia U pellaeT
npobieMy coxpaHeHHs1 WH(OpPMALIMK, HO ero MpoBepKa TpeOyeT KOCMOIOrnyecKuX Habsroe-
HUU (HarpuMep, CJ1e/I0B TIPeAbIAYIINX [IUK/IOB B PEJTMKTOBOM U3/TyUYeHUH WK KPYTITHOMACIITa0-
HOU CTPYKType).

3.3.6. HeliTpUHO KaK areHThI nepejayu

IIpuniun: HeliTpuHO SBASIOTCS YHHUBEPCA/TbHBIMU areHTaMHy Tepejaurd WHGOopMaluu U SHep-
rum oT HanosHeHus K aktuBHOM rpaHuiie CI'B. VIx yHuKanbHbIe CBOMCTBa (Macca, OTCyTCTBHE
3apsizia, caboe B3aUMO/IEMCTBHE) Je/IaloT UX W/iealbHBIMH HOCUTEISIMH JIJIS1 9TOM (DYHKIIUU.
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O6parHoe Harnpaenenue (ot CI'B k HamosiHeHMI0) peanu3yeTcs HanpsmMyto yepe3 Kapkac Ilia-
CTa.

CneacrBus:

» HeliTprHO CBepXBBICOKMX YHEPTUi JO/KHBI KOPPeTUPOBaTh C Haubosiee MOIIHBIMU TPO-
1jleccamu Bo BceneHHOM (aKKpeLysi, CJTUSIHYS, 3BE3/JHbIe BCTIBIIIKH).

+ HeliTprHO MOryT HecTu MH(OPMALMIO O pacrpe/ie/ieHUH BelleCcTBa U aHTUBeIlleCTBa B
L[UKJI€.

* B KoHIle 1MK/Ia HeHTPUHHBIE IOTOKU TepejaloT SHePTrUi0 U UH(OPMALIKIO OT TOTA/TLHOM
aHHuruasaLum K CI'B.

* Ilepenaua sHepruu ot CI'B Kk HarnosiHeHUt0 B HOBOM LjKJ/Ie UZET yepes KapKac, a He uepes
HEUTPUHO.

IIpoBepka: Cob6biTrie KM3-230213A (220 I13B) 6e3 3/M /iBOMHMKAa — TpsiMOe HaOJTro/ieHe
areHTa repe/iauv, KOppeJMpyLIero ¢ unaMmeHTaMy KpyImHOMacmTabHoi cTpyKTypbI [2026¢].

3.3.7. IIpuHLUI KOrepeHTHOr0 yCpeAHeHUs

IIpunnun: [Tepexon ot suHamuku [1nacra K 3akoHam HariosiTHeHUs1 OCYILeCTB/ISIeTCS yepes me-
XaHU3M KOTepeHTHOro ycpeaHeHus.. TonbKo Te popmMbl akTUBHOCTH [11acTa, KOTOpbIE SIBJISIOTCS
MaKpOCKOMUYeCKHU KOTepeHTHbIMHY, YCTOMUHMBBIMUA M Pe30HAHCHO COIJIaCOBAaHHBIMU Ha MacCILITa-
0ax, 3HaUMTeTbHO MPEBBIIAIOIIUX TJIAHKOBCKHUE, TIPOeIUPYIOTCcs B HamonHeHue.

CneacrBus:

» Habmomaemele nporiecchkl B HaronHeHun — 3To He “cbipass” AuHamuKa [lnacrta, a eé
yCpeJHEHHbIe, KOTepeHTHbIe MPOeKLIUHU.

+ XapakTepHble BpeMeHa U MaciuTabbl B HarmosiHeHHM onpesienisitoTcst He (pyHjaMeHTasb-
HBbIMM TlapameTpamu Ilnacta HanpsMyro, a YC/IOBUSIMA KOT€PEeHTHOTO yCpeAHeHUs st
JJAHHOT'O TUIIA y3/I0B.

ITpoBepka: DTOT MpUHLMT OyzeT TPUMeHEH K OBICTPBIM PaZMOBCILIECKaM B pa3zesie 3.4 U K
viepapXxuy NpoeKLUii B pa3zere 3.5.

3.4. boicTpbie pajuoBcivieckd (FRB) Kak npuMep npuMeHeHUs1 IPUHIU-
MoB

bricTpeie paguoBciiecky (FRB) — oHM U3 caMbIX MOILHBIX Y 3araJj0uHbIX siB/ieHUN BO Bce-
JIeHHOU. MUIMceKyHAHbIe UMITY/IbChI, IPUXOASIINE U3 [Ja/éKHX TrajlakTUK, HECYT SHEPrulo,
cpaBHUMY1O ¢ SHeprueii CosHia 3a Mecsil]. B cTanzapTHOM acTpodu3uKe UX CBA3BIBAIOT C Mar-
HeTapaMy — HeHTPOHHBIMH 3BE3/jJaMU C UyJOBULL{HbIM MarHUTHbIM rosieM. O/{HaKo /iBa BOIIPO-
Ca OCTarTCA OTKPBITHIMU: TI0UeMY UMEHHO paZiro? U [oUeMy UMEeHHO MUJIJIUCEKYH/bI?
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B pamkax EBKM 0TBeT CTaHOBUTCSI He TTPOCTO BO3MO)KHBIM, @ HEU30€>KHBIM CJ1e/ICTBUEM Uepap-
XWH y3JI0B Y TPUHLIUIA KOTePEHTHOI0 yCPeAHEeHUs.

3.4.1. Paguo — sA3bIK CBsi3ed

B EBKM pa3sHble guaria3oHsl M3nyueHus B HarosmHeHUM COOTBETCTBYIOT Pa3HbIM THIIaM BO3-
Oy>xmenuii [Tnacra:

JAunamna3zon Yo 310 B Il1acre

Pentren / ramma Pacriag v riepecTpoiika y3/10B (BBICOKOSHEPreTHUe CKHe
JIOKa/IbHbIe COOBITHS)

Ontvka / YO Konebanwus y370B (aTOMHBIE, MOJIEKY/ISIPHBIE TIEPEXO/TBI)

Papuo ITepectpolika cBsizeli Mexay y3iamu. KpymnHomaciiTa0-
Hasi, KoTepeHTHas JUHaMHKa CaMoit CeTh

FRB — 3To He B3pbIB BellleCTBa. DTO T'0O/I0C CBsi3el. Pasiyoauana3oH — eIMHCTBeHHbIH, Te
3TOT TOJIOC MOXKET OBbITh yC/IbIIaH. PeHTreH ¥ raMMa TIOTJIOIIAIOTCS /laXke TOHKUMH CJIOSIMA
rasa, ONTHKA pacCeMBAeTCs Ha TbUIM U TUla3Me, a PaJJMOBOJHBI TIPOXOJAT IMOUTH Oe3 TMoTeph,
Hecs1 nHhOopMaI|io 0 TTyOUMHHBIX TIPOLjeccax B KapKace.

OTcyTCTBUE SIPKOTO YIbTPadroseToBOr0O WM ONTUUeCKOro conpoBoxaeHust y FRB (rogTeep-
KAéHHoe gaHHeiMU 2025 roga) — He rpobsieMa sl MOJIe/H, a MpsIMoe yKa3aHue Ha To, UTo
HCTOUHUK He SIB/ISIeTCS TOPSIUMM IJ1a3MeHHbIM 00beKTOM B 0OBIUHOM CMBbIC/Ie. BelriecTBo ocTa-
6TCS XOJIOAHBIM U TEMHBIM, CUTHA/l YXO4UT B pajvo.

3.4.2. MWUIHCeKYHABI — BpeMs KOrepeHTHOIr0 yCpeJHeHus

Ecmu FRB — 310 mpoekijusi epecTpoiiku cBsi3eli [1nacta B HanosmHeHue, TO 4MTeNbHOCTh U
(hopma UMITy/IbCa OTIpeZiesISTFOTCS He AJTUTeTbHOCTBIO caMoro cobbiTus B [1nacte, a TeM, Kak 3TO
CoOBITHE TIPOXOUT Uepe3 MPUHIUI KOTepeHTHOro ycpeaHeHus (3.3.7).
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daxTop Oo0bsacHenue B EBKM

[Touemy MUIIMCEKYH/BI? | OTO XapakTepHOe BpeMsl, 3a KOTOpPOe KOrepeHT-
Hoe BO30y>K/leH/ e MO)KeT PacIpOCTPAHUTHCS TI0 y3-
ny HamonHeHus1 cCOOTBeTCTBYIOLETO pa3Mepa (Heil-
TpoHHad 3Be3za ~10-20 km). beicTpee — He ycrie-
BaeT HabpaTk KOrepeHTHOCTh. Me/jjleHHee — pacria-
[laeTCsl Ha HEeKOTepeHTHbIe MOZBI U He [aéT SIPKOro
VIMITy/IbCa.

Peskuii mogbém ummnynb- | Hauano mepectpoiiku. CBsisW B y3/ie JOCTUrarOT
ca KPUTUUECKOTO HarpsbKeHUsS] U «CPLIBAIOTCSI» JIaBU-
HO00pa3Ho. ITO OBICTPBIH, KOT€PEHTHBIN TPOLECC.

BuyTpennss cTpykrypa | Penakcanmsa uaét kackagHo. OfjHa rpymmna cBsizeit
(cybrukn) repecTpanuBaeTCs, 3ammyckas ClaeqyroIyro. Kaxabii
CyONMK — TIPOEeKIUS OT/eIbHOTO Tara.

[Monoruii criag, duHanbHasA CTaAus — AUCCUIIALIAS OCTAaTOUHOU KO-
repeHTHOCTU. CBsI31 BOLLI/IM B HOBOE DABHOBECHE, HO
«XBOCT» YCPeTHEHUS elllé AaéT cabblil CUrHall.

MuIMCeKyH/jla — 3TO He JJIUTeNbHOCTb COObITHsA B [171acTe. TO BpeMsi KOTepeHTHOTO yCpe/i-
HEeHWUs [IJis1 y3/1a MaciiTaba HeMTPOHHOM 3Be3/Ibl.

3.4.3. FRB KaK MHKPO-IJMKJI

FRB — 3T0 /10KasibHOe MpOosiB/IeHHe TOTo >Ke TIPUHLUIA, KOTOPbIi paboTaeT Ha KOCMOJIOrUye-
CKOM ypoBHe. B maciirabe HeHTPOHHOM 3Be3/[bl IPOUCXOJUT CBOM MUKDPO-LIUKJT:

* HaKOIJIeHWe HalpspKeHUsl B KapKace (CBsI3M HaTATMBAOTCSl, SHEPTUs PACTET),

* TepecTpoiiKa cBsizelt ("MUKpo-Yaap”),

* BbICBOOOXKeHMe SHepruH ("MUKpo-Bo3Bpar”).

FRB — 3T0 ”BBIIOX” y3/1a, aHAJIOTMUHBIN 17100anbHOMY “BbiZIoXy” BceneHHo. BceneHHasi He
B3pbiBaeTCs. OHa ABILIUT CBOUMU CBsI3IMU. FRB — 3T0 eé BbIJOX.

3.5. Mepapxus npoeKLH: OT TeIVIOBOI0 HIyMa A0 rajlaKTHUeCKUX TPaH-
3HeHTOB

[TpuHIMI KorepeHTHOro ycpeaHenus (3.3.7) oObsCHsSET, ToueMy TepecTpoiika y3/10B Iliacta
nipoerupyeTcs B HarosiHeHMe To-pa3HOMY B 3aBUCMMOCTH OT Maciiitaba y3a.

Ec/u BpeMmst peJiakcaljuu y3j1a MeHblile BpeMeHH, He00X0JUMOTo0 /1711 GOPMUPOBAHKS KOT€PEHT-
HOTO CHWI'Hajia, COOBITHE PACIia/laeTCsl Ha HEKOTePEeHTHbIE MO/IbI U TIPOSIB/ISIETCS KaK CTaTHCTH-
yeckuii 3dext. Ecyin Bpemst peslakcalji I0CTaTOUYHO BeTMKO, Mbl HaO/TI0laeM OT/ie/TbHOe KO-
repeHTHoe CoOBITHeE.

OT0 00BSICHSIET, TTOUeMY MbI He BUJJUM T1€PeCTPONKY MeJIKUX Y3/I0B KaK OT/e/bHble COOBITHS:
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Macirab y3na XapakrepHoe ITpoexknusa B HanoyiHeHue
Bpems

KBaHTOBBII1 / aTOMHBIN ®emrocekyH bl | TeryioBoe u3ny4yeHWe, CIIEKTpPasib-
— HaHOCeKYH/ibl | Hble JIMHUU

MonekynsipHblid / xumu- | [Tuko— XuMHuecKre peakliiy, CBeueHue
YeCKUU MHUKPOCEKYH/bI

3Bé3anblli  (HeiitpoHHast | MunnvcekyHzasl | FRB + HeiliTpuHO

3Be3/a)

3Bé3aHbIN (0OBIUHBIN) CekyHppl — 1HU | CBepxHOBbIe, FaMMa-BCILIe CKU

ITpoMexxyTouHbIiA (3BE34- | Yackl — fHU AHoMasbHbIe BCIBIIKH, OBICTpPBIE

HbIe CKOTLJIeHUs], 06/1aCcTH OTITUUECKHE TPAH3HUEHThI

3Be37000pa30BaHus)

lamaktuueckuii (s1Apo) Toget — crome- | AT 2021lwx, aHoMa/ibHBIe KBa3aphl,
THSI JIONTHe TPaH3UeHThI

Kocmonoruueckuii Munnuap/pel OBoJitolus BceenenHot

(tmKm) JIeT

Ba)kHoe yTouHeHHe: aTOMHbIe U MOJIEKY/IsipHbIe TIepexo/ibl, Zatoliye CrieKTpaibHble TUHUM, —
3TO U3MeHeHHe COCTOSIHUSI U30/IMPOBAHHBIX Y3/10B C IUCKPETHBIMU YPOBHSIMU 3Heprun. OHU KO-
repeHTHBI 110 CBoeM npupoze. [TepecTpolika CBsizell B KOHIEHCMPOBAaHHOM cpeJie (TBEpAOe Teso,
JKUJKOCTB, TIJIOTHBIN ra3) — 3TO KOJIJIEKTUBHBIN TMpoLiecc, B KOTOPOM (a3bl OT/je/IbHbIX aKTOB
yCpeJHsII0TCS, JaBasi TerioBol myM. EBKM He NpOTMBOPEUUT 3TOMY — OHa JIUILLb YKa3bIBaeT,
YTO U Te, U [Ipyrue NpoLeCcChbl UMEIOT eIMHOe MPOUCXOXKAeHWe B InHaMuKe [1nacra.

ITpu3Haku NpoeKry nepecTpoiku y3aa I[lnacra:

Ecmu coObiTre B HarosiHeHHY 00/1a/1aeT CieIyrOIIMMU TIPU3HAKaMH, OHO SIB/ISIeTCST KaHZW/JaTOM
Ha MPOEKLMIO peJlakcaluu y3/a:

BHe3aIHoe Hayasio (OTCYTCTBUe MpeABeCTHUKOB B paMKaX JIOKa/IbHOM AWHaMUKK Hamos-
HeHUs);

dHOMaJIbHAsA 3HepPreTHKa, MPEeBLIIIAIoad TUTTMUHYTO AJI1 U3BECTHBIX MEXaHHU3MOB;

HeCTaHlapTHasi [I/TUTe/IbHOCTb, He COOTBETCTBYIOILasl O)KHZIaeMOU Ijist TIPOLIeCCOB B Be-
I1eCTBe;

OTCYTCTBHE TUIUUHBIX CIIeKTpaibHbIX TMHUM (TIporjecc uET Ha ypoBHe [1nacra, a B Ha-
TIOJTHEHUU MbI BU/IUM BTOPUUHOE CBeueHUe BOBJIEYEHHOTO BelljeCTBa).

IIpeackazanus:

. Co6prtust Tima AT 20211wx 10/DKHBI COTIPOBOKAATHCS HEHTPUHHBIMU BCII/IeCKaMU (areHT
niepeaét uHdopmaruio K CI'B).

. BpemeHHo#1 MaciTab npoekLyy KoppenvpyeT C pa3MepoM y3ia. [IpomexyTouHble Mac-
11Tabbl (3BE371HBIE CKOTIIEHHS], 06/1aCTH 3Be37,000pa30BaHsl) I0/DKHbI ZIaBaTh IMPOEKLIMY C
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JJTUTETbHOCTBIO OT UacoB /10 AHel. Takue coObITHs yke 3apeructpupoBanbl (AT 2023thn,
CSS100217, PS1-10adi), uto moATBep»K/aeT HeMpepbIBHOCTh CIIeKTpa MacilTaboB.

3. Ecm g takux cobbITuii OyzieT HaiiieH MexaHW3M HMHMLMAlMU B PaMKaX JIOKaJbHOM
JvHamMuKy HaronHenust (Hampumep, Tipeficka3yeMasi opOMTanbHas JUHaMHKa), MOZiesb
notpebyet yrouHenusi. Eciiu Het — EBKM ocTaéTcs eMHCTBEHHOM OHTO/IOTHEH, 00b-
SICHSTFOLIeN X eIMHBIM 00pa3oM ¢ FRB u ipyrumu aHOMabHBIMU SIBJIEHUSIMU.

3.6. UTo MoKeT OBITH MPOBEPEHO B PAMKaXx CyI[eCTBYIOIHUX JAHHBIX

YTO0 HY)KHO IPOBEPUTH

Kak

CJ/10)KHOCTh

PaiioHanbHOCTE  TIJIOTHOCTEH
TSI BCEX TIap BeIeCTB

B3sTte Tabnuiy miort-
HOCTeH, BBIUMC/IUTH
OTHOIIIEHUS], Tpo-
BePUTb HA TPOCTHIE
npobu B mpenenax
TIOTPEITHOCTH

Texuuueckasi (HyXeH
MpOrpaMMUCT U 0Oasa
JlaHHBIX)

®a30BbIe Mepexofbl (KpoMe BO-
)

IIpoBeputs, 4TO OT-
HOLLIEHUS TJIOTHOCTEN
das BBIPAKAIOTCS
paLvoHaTbHBIMU
yucIaMu

TexHuueckasi (faHHbIe
110 a30BBIM AUarpam-
MaM)

3aBHCHUMOCTb TeIJIOBOTO pac-
LIUPEHHs OT TeMIlepaTyphbl

CpaBHUTH C TIpefCKa-
3aHUAMY, CJIelyIOLu-
MU 13 MexaHW3Ma 3a-
XBara

TeopeTnueckast + Tex-
HUYecKasi (Hy>KHO 3a-
JlaTh SHEPTHUIO CBS3M)

Koppesnsuus FRB c HeliTpuHHBI-
MU COOBITHSIMH BBICOKOHM SHep-
INZ17

CHHXDOHHBIE
Hab/rofeHus
IceCube/KM3NeT
u TenieckorioB FRB

Texauueckass (Tpe0y-
€TCST KOOPAWHALIHS)

Koppensius FRB ¢ ¢punamenra-
MU KPYIHOMacCITabHOW CTpyK-

TYDBI

CpaBHeHMe KaTajioroB
FRB ¢ pjaHHBIMM
DESI, Euclid, JWST

TexHuueckast + craTu-
CcTHUUecKas

®opma umnyasca FRB (cybmnu-
KH) OTpa)kaeT KacKaZlHOCTh pe-
JIaKCaLUK

Craructuueckuil aHa-
JIU3 CyOMUUTUCEKYH/T-
HOU CTPYKTYpbI

TexHuueckast

Koppensiiust Mexky Maciurabom
y3/1a U J/IUTebHOCTBIO MPOeK-
LUH

CpaBHeHUe [UTENb-
HOCTU  TPaH3UEHTOB
(AT 2021lwx, AT
2023fhn, CSS100217)
C  TpeAcKa3zaHHBIMU
Maciirabamu

TexHuueckasi + cTaTu-
CTUYeCKas

3.7. Uto Tpedyer ganbHelmel ¢opMaiu3anuu
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Yto

Crartyc

ITpumeyanue

SIBHBIM BUJ SHEPTHUU CBSI3U B
ITnacte

[puntmn chopmy-
JIUpOBaH, Tpebyet-
csl 3a/laThb 3aBUCH-
MOCTb OT TlapaMeT-
poB

BeruvciuTesibHas 3azaua

BriBog 3aBrcHMOCTH Nigpa1 (1) Cnenyer w3 Me- | BelunoivrenbHas 3aada
XaHW3Ma 3axBara;
TpebyeTcss  3a7arh
SIBHBIN B/
BreiBoz mipefienna Ormenreiimepa | Tlpuniun  cdop- | BerumcauTesnsHas 3ajaua
— Boskosa MYJ/IMPOBaH
(N total ~ N, a),

TpebyeTcsi UnCieH-
HOe 3HaUYeHHue

BriBog rosorpacduueckoii cBsi3u
S =A/4%

[Mpunanmn chopmy-
JIUPOBaH, Tpebyer-
Cs1 BLIBOJl U3 JWHa-
muku [lnacra

TeopeTnueckas 3ajjaua

Mogens wcnapeHUs YE€pHBIX
aeip B EBKM

[MpuHnun chopmy-
JIUPOBaH, TpelyeT-
CsI BBIBOZ, CTIEKTpa

TeopeTtuueckast + BbIUKC-

JIMTe/IbHas 3aJadad

Mogenb KorepeHTHOTO yCpesiHe-
HUS [IJ/151 HeUTPOHHBIX 3B&37]

IMpuniun copmy-
JIUPOBaH, TpelyeT-
Cs1 BBIBOJl BpEMEH-
HBIX MacITaGoB U3
rapamMeTpOB KapKa-
ca

TeopeTqu CKasd 3a/iada

Cesa3p Mexay FRB u mukpo-

[puniun copmy-

TeopeTqu CKasd 3a/iada

UKIamMu  (HakoruieHWe/cOpoc | MMpoBaH, Tpebyert-

HarpshKeHus1) Cs1 MOJieJlb

Mogenb maciutabupoBanus | [Tpuniun copmy- | TeopeTnueckas 3ajjaua
MIPOEKLUI JIUpOBaH, Tpebyet-

Cs1 BBIBOJ 3aBUCH-
MOCTH JIJTUTENTEHO-
CTH OT pa3mepa y3-
na

3.8. Uto He TpeldyeT CTOPOHHUX TEOPHUI

EBKM He TpeOyeT KBaHTOBOI I'DaBUTALIMU KaK BHEIITHETO Ioro/iHeHust. KBaHTOBasi rpaBUTALIUS
B EBKM — 370 npefienbHBIN Cy4yai AUHaMUKY [11acTa Ha TUIAaHKOBCKOM Maciitabe. 3azauu,
TPaZMIIMOHHO OTHOCUMbIe K KBaHTOBOM rpaButaiiuu, B EBKM peliiatoTcst U3HYTpU MOJe/H, a
He 3aUMCTBYIOTCS] U3BHe.
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3.9. Craryc Mmope/ M Ha JAHHOM JTare

Mopenb, onvicaHHast B 0CHOBHOM TpernipuHTe EBKM [2026a] v pa3BuTasi B HacTosiei padbore:

¢ HMeEET OoIpeae/IeHUuA:

AUCKDPETHOCTDb IMMPOCTPAHCTBA U MACCHI B ITJIAHKOBCKHUX €IMHUIIAX,
- Na = m/mp — UUCJI0 dKTUBUPOBAHHBIX Y3J/10B,

— Nt = V /13, — uncnio Beex y3i0B B 00béMme,

KapKac Kak COBOKYIHOCTb cBsi3ei [1nacra,

— CI'B kaK akTHMBHasl rpaHML]a, XpaHAIasi MaMsTh LIUKJIOB;

¢ HMeeT SMIIMPpHUYeCKHE MOATBEPXXACHUA:

palMoHaIbHOCTh OTHOILIIeHUH riotHoCcTel (Pb/Al = 21/5, Cu/Ag u ap.),
— TOBe/leHHe KPaCHbIX TMTaHTOB (pacllivpeHyre TIpU MOCTOSTHHOU Macce),

— aHoMasusi BoAbl (1éa/Boma = 12/11),

— TUIOTHOCTB ra3oBbix ruranToB (FOnurtep/Boga = 4/3),

— CcooTBeTCTBHUe Mpefena OnmneHreiimepa — BoskoBa ycmoButo Ny ~ N,

— FRB kak npoekiiys repeCcTpOrKH CBsi3el KapKaca, 00bsCHSOIAs pajio-AKara3oH,
MWITMCEKYHAHYIO IJTUTEbHOCTh U OTCYTCTBHE ONTHYECKUX JBOMHUKOB,

— Mepapxusi IPOeKLMIA: OT TeMIOBOrO IiIyMa /10 rajakThuue cKux TpaH3ueHToB (AT 20211wx
¥ 71p.);
* umeeT copMy/IMpPOBaHHbIE IPUHIUINLI, U3 KOTOPBIX C/IEAYIOT NpoBepsieMble C/ief-
CTBHSA:
— MeXaHM3M HarpeBa U TeIJIOBOTO pacCIIUpeHus,
— MexaHM3M (Pa30BbIX [1€PEXO/IOB,
— mpe/ie]1 MaKCUMaJ/IbHOW TIJIOTHOCTH (HEUTPOHHBIE 3BE3/bl),
— rosiorpaduueckuii IPUHLIUM KakK TIpe/ie/IbHbIN C/lydaid,
— SHepreTHKa LIMK/a Y TOTa/lbHasi aHHUTW/ISALMS,

— HEeUTPUHO Kak areHThl nepegauu ot Hanonnenus k CI'B,

TIPUHLUIT KOT'€PEHTHOI'O yCpeHEHUA;

* UMeeT HaNpaB/IeHUA J/IA MPoBepKH (pa3aen 3.6):

PallnOHA/IBHOCTb IVIOTHOCTEeH AJisd BCeX I1dp BeleCTB,

(hazoBbie niepexo/ibl (KpOMe BO/bl),

TeMIlepaTypHada 3aBUCUMOCTD TEIlJIOBOT'O PACIIMPEHMNH,

koppensiuysi FRB ¢ HelTpyuHO 1 KpynHOMacIITabHOM CTPYKTYpOH,

aHanu3 Gopmbl ummnynsca FRB,

KOPPEeJISILIUS MKy MacIITaboM y3/1a U AJTUTeTbHOCTBIO MPOEKIINY;

* uMeeT 3ajauM 1A popmanusanuu (pasaen 3.7):
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— BBIBO/] SIBHOTO BU/la SHepruu cBsi3u B [1nacre,

— BBIBOJ, 3aBUCUMOCTU Nora) (1),

— BBIBOJ] UMC/IEHHOTO 3HaueHus npefesa OnmneHreiimepa — Boskoga,
— BBIBOJ, TosIorpadrueckoit cesizu S = A/41% w3 qunamuiku [Lnaca,
— BBIBO/], CTIEKTPa MCTIapeHUs] UéPHBIX AbID,

— MO/ie/ib KOTepeHTHOI'0 YCpeJHeHUs /7Sl HeUTPOHHBIX 3BE3[,

— cBa3b Mexxay FRB u mukpo-1jkiamy,

— MoO/Ie/Tb MacCIITaOMPOBAHUS TTPOEKIIUA;

* He BCTyMaeT B MPOTHBOpPeUHe C H3BeCTHBIMHU JaHHBIMHU (HU OfJHA U3 PaCCMOTPEHHBIX
aHOMaJ/Iiii He TIPOTUBOPEUUT MOJIeNN);

* He TpedyeT CTOPOHHHUX TeOPUH (KBaHTOBasi TpaBUTALMsI — TIpe/ie/IbHbIN C/lydaid JuHa-
Muku [1nacrta, a He BHeIlIHee [JOTIO/IHEHUE).
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4. Tlosic Koumnepa: 30Ha paBHOBeCHsl BHYTPH y3/1a

4.1. TTosic Koiinepa B CTaHAQPTHON MO/ie/TH

ITosic Kotinepa — o6acth ComHeuHOM crcteMbl 0T opouThl HertyHa (30 a. e.) 10 mpumepHo 55
a. e. ot ConHiia. CoCTOUT U3 JIbJOB MeTaHa, aMMUaKa U BO/Ibl — JIeTYUHX BellleCTB, OCTaBILIMX-
cs1 mocsie (hopMUpOBaHUs TlaHeT. B nosice HaxoAATCs Kap/IMKOBbIe TiaHeThl [1nyToH, Xaymea,
Maxkemake u Opuja. Pemenusmu MAC (MexxayHapoZHOTO aCTPOHOMUYECKOTo coro3a) Ilny-
TOH OBI/T JIUIIIEH CTaTyca MJIaHeThl U OTHECEH K 0ObekTaM mosica Kotinepa, 4to moaTBepKaaeT
COBpeMeHHY0 CTpyKTypy CosiHeuHol cuctemsl [3].

Bonpockl K cTaHapTHON MOJAE/IU:

Bomnpoc ITouemy 3T0 mMpod1IeMa

[Touemy mosic cTabuieH? YnanéHHOCTb OT TUIAHET-TUTAaHTOB —
omnucaHue, a He 00bSICHeHHe

[Touemy wmarepuan He yman | ['paBUTaLUS «JI€PXKUT», HO He OOBSCHSET
BHYTPb U He pasieTescs? JKECTKOCTh I'PaHULIbI

[Touemy nosic uMeHHO TaM, a | CiyyallHOCTB?
He 6/mbKe Wy fjanbiie?

[Touemy y apyrux 3Bé3p nos- | Ecim 3T0 mpocTo «CTpoumycop», OHM
ca Takue pasHble? JIO/KHBI OBITh TIOXOXKU

4.2. Nurepnperanusa EBKM: 30Ha paBHOBecHs

B EBKM nosic Kotinepa rosyyaeT ecTeCTBeHHOe 00bsSICHEHUE Uuepe3 HepapXxuio Y3/10B U Kapkac
[Tnacra.

O0BeKTHI Mosica Kak y3/bl. O0bekThI B rosice Kotiriepa — 370 y37bl [T1acta. VIX cocTosiHue
TaKOBO, UTO:
* DHepruu Bo30y)K/IeHUs JOCTaTOUHO, YTOOBI He TPUMKHYTH K APYTUM y3/1aM (TIJITaHeTam)
» Ho HegocTaTtouHo, UTOOBI MOKUHYTH TIaBHBIN y3es1 (CoTHEeUHYI0 CUCTEMY)
OHU HaxOZATCS B paBHOBECUM: He Ta/lal0T BHYTPb, He yyeTatoT Hapyxy. Kapkac [1iacra yzep-
JKHBaeT UX Ha 3TOU rpaHulle.

ITosic Koiinepa Kak «30Ha 3aMOP0)KeHHOT0 PaBHOBeCHsI». JTO He MPOCTO CKJIaJ Mycopa. OTO
006/1aCTh, T/ie y3/1bl COXPAHSIIOT CBOIO MHUBU/yabHOCTh, HE MHTETPUPYSICh B O0jiee KPyIHbIe
CTPYKTypbI. ITosic cTabuieH MIMEHHO TIOTOMY, UTO 3/1eCh HamnpsDKeHHs1 KapKaca CKOMITeHCHPOBa-
HBI TaK, UTO y3/Ibl MOTYT CYLLIeCTBOBaTh, He CJ/IMBAsICh U HE pa3JieTasiCh.
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4.3. IlnyToH: y3e/1 Ha rPaHM y/epKaHUA

[TnyToH — Kap/MKoBas NjiaHeTa Ha okparHe CO/THEeUHOU CUCTeMbl — B CTaHJJaPTHOM aCcTPOHO-
MHU U3BeCTeH MHOXXeCTBOM aHOMaJIvi:

ITapametp 3HaueHue Yto He Tak

OkcueHtpucurer | 0,25 Y 3emnmn — 0,0167. OueHs BBITAHY-
Tasi opbuTa

HaksnoH K skmun- | 17° YHUKa/bHBIN C/1yvai [i/1s1 KPYITHOTO

THKe TeJa

Pe3sonanc ¢ Hen- | 3:2 Ba obopora ITnyroHa — Tpu 060-

TYHOM pora HerityHa

Yacte opOUTHI 20 et u3 248 [TpoBoguT Omke K CoHIY, 4eM
Henrtyn

VccnemoBaHus AMHaAMIUe CKOM 3BOJTIOLIMHM 00BeKTOB Tosica Koiirepa, B yacTHOCTH paboThI I'yce-
Ba B./I. u Ky3ueriosa D./1. (2023) [4], moaTBep>kAatoT, uto opbura IlmyToHa 0CTaéTCst CTaOU/Ih-
HOW Ha MPOTSPKeHUY MUJUTHAPZOB JIeT UMEHHO OJ1aro/iapsi TOHKOM HaCTPOMKe 3TUX MapaMeTpOB.
ABTOpPBI Ha3bIBAIOT 3TO «30HOU 3/1aTOBIACKW» — TlapaMeTPhbl JO/DKHBI OBITH 110j06paHbI C BbI-
COKOM TOUHOCTBIO, YTOOBI OpOMTA OCTaBaIaCh CTaOUIHLHOM.

HakorieHre TOUHBIX TIO3UMLIMOHHBIX HaOmogeHnii [lnyToHa Begétrcs pecsarunetusmu. B Iyn-
KOBCKO#1 06cepBatopun pabotsl [TutheBoii E.B. v ITaBnoBa [I.A. (2025) [5] o yrouHeHuto 3¢e-
Mepu/, JatoT BCé Oosiee TOUHYIO KAPTUHY €T0 JBMKeHUS.

Cnytauku IlnyroHa:

CnyTHHK AHomanus

XapoH O6pa3zyet ¢ [11yTOHOM /IBOMHYIO CUCTEMY — IIEHTP
Macc BHe [liyToHa

Hukra, I'ugpa Bpaijarorcss XxaoTUueCku, KyBBIDKAIOTCS, @ He CHUH-
XPOHHO

Kepbep AHOMaJIbHO TEMHBIW, XOTS1 OCTaJIbHbIE SIPKUe

Bce manblie JIBUKYTCA B «<KOCMUYECKOM TaHLle B Xa0TUYHOM pUT-
Me»

Uccneposanus [1nexanosa I1.I. (2012) [6] noka3biBaroT, uTO (hOpMHpOBaHMe MJIaHETHBIX CH-
CTeM YaCTO ITPOUCXOUT IPYIINIaMH, UYTO MOXKET OOBSICHATh IPOUCXOXKeHHe CITyTHUKOB [TnyTo-
Ha KaK 3aXBaueHHBIX 00bEKTOB, a He COPMHUPOBABIINXCS YTIOPSII0YEHHO.

B pamkax EBKM Bce 3TH «aHOMaiMW» 1epecTaroT ObITh C/TyyaiiHbIMU:

IInyToH Kak y3e/ Ha rpaHuie yaep)kanus. [11yToH — 310 y3es [11acTta, KOTopblid chopmMu-
POBAJICS HAa CAaMOM I'paHMIle 30HbI YCTOHUMBOCTHU I/1aBHOrO y3/1a «CosHeuHasi cucTeMa». Ero
3Heprusi Bo30y>KeHust OblIa TAKOBA, UTO OH:

* y’Ke MOT He C/IMBAThCs C IPYTUMHU y3/71aMHU (TIJlaHeTaMU-TUTaHTaMuU)

* HO eIl He MOT TIOKMHYTb CUCTEMY
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HeoObrunast opbriTa, HAaK/IOH 1 pe30HaHC ¢ HemTyHOM — 3T0 He C/TyuaifHOCTH, a C/ieJjbl TIOCTIe-
Hero MomeHTa 3axBata. Kapkac I1nacTa «JoTsHY/ICS» 10 YCKO/b3atoILero y3/a U yjepskasl ero B
caMmblIii TTOC/IeTHUIM MOMEHT, 3a()MKCUPOBAaB 3T MapaMeTphl KaK «TaMsiTh» 0 KPUTUUECKOM TIpo-
1jecce. PaboTel Mo [HAMUKe Pe30HaHCHBIX CTPYKTYP, B uacTHOCTH MytauioBa b.P. (2004) [8],
MOJTBEPKAIOT, UTO TaKue KOH(GUTYPALIMd MOTYT COXPAHSATLCS OUeHb JI0JITO.

Posib ciyTHUKOB. [171yTOH He POCTO OCTasICsl B CUCTEMe — OH aKTUBHO y4aCTBOBaJl B CBOEM
y[ep>KaHuU. 3axBaTUB W3 OKPY>Katolllero Matepurasa rnosica Koinepa nsiTb ClyTHUKOB, OH yBe-
JIMYUJT CBOKO «MAaCCy» U «CBSI3HOCTh» — HEPrHI0 CBSI3U C KapKacom. JTo c¢fienasno ero 6osee
yCTOMUMBBIM. Xa0THUHOE BpallieHre Mabix cryTHUKOB (Huktbl, ['apel, Kepbepa) — mpsiMoe
C/IeICTBHe WX 3aXBaTa: OHU eLlé He yCIlejid CUHXPOHU3UPOBAThCS C [VIABHBIM Y3/I0M, IIOTOMY
YTO Mpo1iecc ObLT OTHOCUTETHFHO HeIaBHUM T10 KOCMHUUEeCKHUM MepKaM.

JlonosHMTe/IbHAA runore3a. He MCK/IOUeHO Takke, YTO XaOTUUHOE BpalljeHue MaslbIX CITyT-
HUKOB [1nyTOHa noasep>XxUBaeTCsl MOCTOSIHHBIMU TPAaBUTALIMOHHBIMU BO3MYILIEHUSMU OT [IpY-
rux 00bekToB nosica Kotinepa. B pamkax EBKM Takue Bo3MylIlleHHs eCTeCTBEHHBI, TTOCKOJIbKY
Kapkac IlnacTa nepesaét B3auMO/eMCTBHSI MEXKIY Y371aMH Jla’ke Ha OOJBIINX PaCCTOSIHUSIX, He
TpeOysi MPSIMBIX CTOJIKHOBEHHH. B 3TOM C/Tyuae XaoC OKa3bIBaeTCsl He TOJIBKO «IaMSTBIO O TIPO-
IIJIOM», HO U «IMHAMUKOW HaCTOSI[er0» — C/e/ICTBUEM TeKYI[MX B3aUMO/IelCTBUI B IJIOTHOM
cpefie mosica.

4.4. [Ipyrue o0beKThI nosica Koiinepa

O0BeKT OcobGeHHocTH HNuTepniperanus B
EBKM

Opuza Macca uyTh Oosbizie TlnyTo- | ¥Y3en c emé Gosee mo-

Ha, CWJIbHO BBITSIHYTasi OpOW- | TPaHUUHOM SHepruei,

Ta OanaHcupyromuii  Ha

rpaHu yxoja

Makemake KpyrmHbIi, HO 6e3 CITyTHUKOB | Y3e/1, KOTOPBIA CTa-
OWTM3HPOBaA/IC HWHaue
— BO3MOXXHO, 3a CUET

BHYTDEHHEM CTPYKTY-

pbl
Xaymea CrutocHyTtass ¢dopma, ObicT- | CregcTBUe CTOJIKHOBe-
poe BpalleHue, Ba CIIyTHUKA | HUs, IlepeCcTPOUBLLIEro

y3ei

4.5. Ilycrora 55-70 a. e. 1 eé 3HaUeHHUe

B 2023-2024 rogax acTpOHOMbI 0OHAPY>KW/IH, UTO MexKay mosicoM Koiinepa (mo 55 a. e.) u
HayasioM o6saka Oopra (ot 70-90 a. e.) cymecTByeT 30Ha TIOHMKEHHOH TJIOTHOCTH. PaboThI
I'yceBa B./1. u Ky3nerioa 3./. (2023) [4] moKa3bIBaloOT, UTO 3TO HE C/Iy4alfHOCTb, @ 3aKOHOMep-
HBIM pe3y/abTaT JUHaMUueCcKux mnporeccoB. MccnegoBanust MyiuausoBa b.P. (2004) [8] Takxke
yKa3bIBaIOT Ha CyIl[eCTBOBaHHME Pe30HAHCHBIX 30H U ”JIIOKOB” B pacripe/ie/ieH|H TeJl 3a OpOuToi
HenrtyHa.
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B EBKM 5310 nipsimoe ykKa3aHue Ha CTPYKTYpPy Kapkaca:

* Jlo 55 a. e. — 30Ha, I7ie KapKac CrIoCco0eH yJiep>KHUBaTh y3/1bl B PaBHOBECHU

* 55-70 a. e. — mepexo/iHas 30Ha, IJje HaNpsKeHWs KapKaca CKOMIIEHCHPOBaHbI TaK, 4YTO
y3JIbl He MOT'YT TaM 3aKpenuThbCS

* ITocne 70 a. e. — HauMHaeTCs BHELLHSS TPaHULIA, T/le KapKac NepexojuT B UHOe COCTOSI-
HUe

4.6. Pa3HooOpa3ue MosicoB y IPYrux 3Bé3/

HabmropeHust o TBEP)K/IAt0T: 10sica BOKPYT APYTUX 3BE3/, CUJIBHO Pa3/TUUaroTCs:

3Be3fa XapakTepHUCTHKH 1osica

domaserayT Y3Kuii, pe3ko ouepuyeHHbIH, TIOX0K Ha «00pyu»

Bera [ITupoKMiA, T KU, 03 pe3KUX I'PaHuI]

HR 8799 CJI0KHBIM, MHOTOKOMITOHEHTHBIM, He CKOJILKO T10SI-
COB

OMNCUIOH JDpujjaHa YMepeHHOU IMpPUHBL, 35-75 a. e.

Tay Kura MaccuBHbil, B 10 pa3 nioTHee nosica Kounepa

WccnepoBanus ITnexanosa I1.I. (2012—-2013) [6, 7] roka3biBarOT, UTO TIaHETHbIE CUCTEMBI,
BKJTIOUAst TI0sICa 9K30aCTEPOU/I0B, MOTYT (DOPMHUPOBATHCSI TPYTIIaMU U UMeTh OOIIYI0 AMHAMU-
YeCKyH UCTOPUI0. DTO TIOATBEP)KAAeT el 0 TOM, UTO CTPYKTYpa MOsICOB He CyvaiiHa, a OT-
pa’kaeT CBOMCTBA MaTePUHCKOM 3Be3/Ibl U €€ OKPYKeHUs.

B EBKM 3T0 ecTeCTBeHHO: Ka)K/bIi IVIaBHbIN y3es (3Be3/Hasi CUCTeMa) YHUKasleH. Pa3Mepbl U
TMJIOTHOCTD TOSICOB HarpsIMyt0 3aBUCHT OT:

* Macchl LeHTpabHOrO y3/1a (3Be3/bl)

+ KosmmuectBa MaTepuasa ripu opMUpoBaHUN

 VcTopuu B3auMOo/ieMCTBUI C APYTUMU y3/1aMU

+ CTpyKTypbl KapKaca B JAaHHOU 00/1aCTH Ta/laKTUKH
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5. Ob6s1ako Oopra: rpaHuIia y3/a M mepexoj B Me)XX3Bé3JHoe
MPOCTPAaHCTBO

5.1. UTo roBopuT Hayka (rMmnoTeTHuecKum CTaryc)

O6mnako OopTa — runoTeTuyeckas chepuueckasi 06/1acTb Ha OKpariHe COTHEUHOH CUCTEMBI, CY-
I1IeCTBOBAHKE KOTOPOM BBIBOAMTCS U3 HaO/IIOIEHUH 3a [[0/IToTIeproiuue CKUMU koMeTamu. T1ps-
MBIX HaO/TIofleHH HeT, HO CylilecTBOBaHHe 06/1aka OopTa sIBsieTcs 00IenpHUHSATON TUIIOTe30H,
OCHOBAHHOW Ha KOCBEHHBIX JJAHHBIX — TIPOUCXO0K/I€HUH KOMET ¢ OO/bIIMMU TiepruofaMu oopa-
LIeHUS.

I'ne HaxopauTCA (TeopeTHUeCcKue OIeHKH):

I'panuna Paccrosinue ot CosiHIja
BHyTpeHHui 2000-5000 a. e.

Kpaii

BretHuit kpaii 10 000 — 100 000 (mo 200 000) a. e.

s cpaBHenus: nosic Koinepa 3akaHunBaetcs Ha 50-55 a. e.

M3 yero cocTouT (MPeAoI0KUTeTbHO): TPUITMOHBI JIeJSHBIX 00BEeKTOB, OOMBIIMHCTBO AMa-
MeTpoM MeHee 100 KM. ITO ocTaTKu (JOPMHUPOBaHUS TI/IaHET, BLIOPOIIIEHHbIe TPaBUTALIeH I'i-
TaHTOB.

HepaBHue oTkpbiTua (2025-2026): CynepKoMIbIOTEPHbIE CUMYJISLIMY, IPOBE/IEHHbIE TPYII-
nioii [1oBuga HecBopuu (David Nesvorny) u ero Kosuier, loKasaju, YTO BHYTPeHHsIs1 4acThb 00-
naka (1000-10 000 a. e.) mpezcTap/isieT coO0¥ CITMpabHbIN JUCK C ABYMS pyKaBamH. JT0 (Hop-
MUPpYeTCsl N0, IeliCTBYeM rajlakTUueCKOro Npy/rvBa — CyMMapHOW IpaBUTALIUM BCeX 3BE37 U
Macchl Myeuroro ITyTu. Pe3ysbratel ObLH MpeicTaB/IeHbl Ha KOH(MepeHI|H 1o ArnHamuke CoJ-
HeuHo1 cuctembl B 2025 roxy [9].

5.2. Nurepnperanua EBKM
5.2.1. O6siako OopTa Kak NonbITKa CTabuIn3anuy y3ia

B EBKM kaxzpiii 066eKT — y3en [Tnacta. CoiHeuHast cicTeMa — IVIaBHBIN y3e/1. BHyTpy Hero
— vepapxus MeHbIINX y3/10B: CosHLe, I/IaHeThl, aCTePOX/ibl, KOMETBI.

O6bekThl B rosice Kotinepa — 3T0 y371bl, Ubsi SHEPrUsi BO30YKAEHUS:

* JI0CTaTOYHO BeJIMKA, YTOOBI He CJIUTHCS C IPYTUMHU y371aMU (TI/TaHETaMM)

¢ HO C/IMIIKOM MadJid, YyTOOBI IMOKHWHYTb [VIaBHBIN y3ei

OO6mwekThI 06/1aka OopTa ObLM BEIOPOIIIEHHI el1lé Aasbliie. Ha pacCTOSHUSIX B THICSUM a. €. TPaBU-
tarusi CosHIla 0c/abeBaeT HACTO/IBKO, UTO CTAHOBUTCS CPABHUMOM C BHEIIIHUMU BO3[1€MCTBH-
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MU — T'dJIdKTUUECKUM TIPUJIMBOM, ITPOJIETAOIIMMUA 3Bé3ﬂaMI/I. B sT0li 30HE MMEHHO Kapkac

[1nacTa urpaet orpe/ieNIsIIOIIYIO POJib B yAep>kaHUM obaka.

O6mnako OopTa — 3TO pe3y/bTaT COMPOTUB/IEHNs KapKaca BHEIITHUM CUJIaM, TIbITAFOIAMCS BbI-

PBaTh y3J/1bl U3 CUCTEMBI.

5.2.2. KnroueBoe pa3imune: y3iabl ¢ Hanosinenuem u 6e3

HeBasa

Ilapamerp ConHeunasa cucrema | Mex3BésgHoe  mnpo-
(BHyTpeHHs) CTPaHCTBO

Kapkac [TnoTHBIM, CTPYKTypu- | PaspexeHHbIN, HO Cy-
POBaHHBIN 111e CTBY IO

AKTUBYpOBaHHbIE MHoxecTBo (Tu1aHeThl, | [louTH OTCYyTCTBYIOT

y3JIbI acTepou/ibl, KOMeTbI)

UNepapxus CnoxHasi, MHOroypos- | ITpoctas

[IBrkeHre 00HEKTOB

ITocTosiHHBIE B3auMMO-
JIeCTBUA C [JIPYyTUMH
y3/1aMu

CB0OOHOE — HET aK-
THBHUPOBaHHBIX Y3JIOB,
KOTOpbIe MOT/IU OBl CO-
34aTh MIPETSITCTBUS

CBs13b C KapKacoM

Bce Y3J/Ibl BCE€rld CBA3a-
HBbI C KdPKdCOM

Bce Yy3JIbl BCE€rld CBA3a-
HBbI C KdPKdCOM

Komertsl, mokujatoriye ob1ako Oopra U yxXosiiye B Me)K3BE3HOe TIPOCTPAaHCTBO, He Iora/ja-
I0T B «ITyCTOTY». OHU nepexofdT B Apyroi y3en [1nacta — y3en «Meunsiii [1yTe» unm npocTto
MeJK3BE3/JHOM cpefibl. B 3TOM y3/1e MouTH HeT aKTUBMPOBAHHBIX Y3J/I0B, [I03TOMY KOMETbI MOT'YT
TyTelleCTBOBaTb MU/UIMOHBI JIET, He CTa/JIKMBasCh HU C ueM. Kapkac TaM eCTb, HO OH pa3peskeH,
Y HUUTO He MellaeT JBUKEeHUIO.

5.2.3. CnimpasibHasg CTPyYKTypa — IpsAMOe yKa3aHue Ha KapKac

OOHapyXKeHHast B CUMY/ISILIUAX HeCBOPHU U €ro KoJijier CrivpasibHasi CTPYKTYpa BHYTPEeHHEro
obmaka Oopra ¢ AByMsI pyKaBaMy — He CTy9alHOCTh. JTO MPOEKIMsI CaMoro Kapkaca Ilnacra
— OpraHW30BaHHOTO TIOJISI HAMPSDKEHUM, KOTOPOe y/iep)KUBaeT 00/1ak0 B paBHOBECHH, COTIPO-
TUBJISISICh Ta/IaKTUUeCKOMY TIPHJIVBY.

CnupasbHble pyKaBa — 3TO JIMHWHW HarpsbKeHW KapKaca, B[J0JIb KOTOPBIX y3/laM SHepreTuye-
CKU BBIT'O/JHO BBICTPauBaThCs. T0, YTO CUMYJISLIMU BOCIIPOU3BOJSAT 3Ty CTPYKTYPY, UCXO/S TO/Ib-
KO U3 TPaBUTALIMOHHBIX B3aUMOIelCTBUM, He npoThBopeunT EBKM: rpaBuTauys B Mozienu u
€CTh MaKpOCKOMUUeCKoe TposiBjieHe JedhopMaliiu KapKaca.

5.2.4. KoMeTbI KaK «C0eKaBIlIHe» Y3/IbI

Korza kometa 13 o61aka OopTa nonazgaeTt Bo BHyTpeHHIO0 COMHEUHYI0 CUCTEMY, a TOTOM YXO-
IUT 00paTHO WM BooOIIle TIOKKAeT eé, OHa MeHsieT ypoBeHb BO30ykaeHus1. [Ipubmkasch K
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ConHily, OHa To/Ty4yaeT 3Hepruto (HarpeBaetcs, ucrapsiercsi). B EBKM 3to unTepnipetvpyercs
Kak BpeMeHHOe TIOBbIlLIeHHe YPOBHsI BO30YK/jeHUs y371a.

Ecm sHepruy cTaHOBUTCS JOCTaTOUHO, Y3e/1 MOXKeT [1Peo/i0/1eTh ylepyKaHue KapKaca v [leperTu
B MEXK3BE3/IHBIN y3e/ — CTaTh MeXK3BE3HBIM 00beKTOM (Kak Oymyamya uiu 21/Bopucos).

5.3. Craryc runoresbl U NpeACKa3’aHUus

CyijectBoBaHHe obsiaka OopTa sIBAsieTCsl 00IIeNpPUHATON THITOTe30M, 0CHOBAHHOM Ha KOCBEH-
HbIX AaHHbIX. EBKM npeparaet [j11 Hero eCTeCTBeHHYH UHTepIIpeTalyio 1, IJlaBHOe, TIpej-
CKa3aHWsl, KOTOPble MOTYT ObITh TTPOBEPEHbI OyyIUMH HaOTHOIeHUSMU:

IIpepckaszanue NuHcTpymMeHT IpoBepKHu

BHemnue yactu obnaka He | JWST, obcepBatopusi Bepwl Pybun
MOTYyT OBITb  Chepuyecku
CUMMeTPUYHBIMU

HNomkua Habmopareest BeiTa- | JWST, LSST
HYTOCTb BZIO/Ib HarpaB/eHUs
rajakTU4eCKoro rpuivBa

CnupasbHas crpykrypa | JWST
BHyTpeHHero obsaka (yxxe
TojlyueHa B CUMYJISILIUSIX)
JOJDKHA TIO/ITBEPANUTHCS
HaO/TIOeHUAMU

BaxxHoe yrouneHue. CieffyeT MoJUepKHyTh, UTO KOHKPeTHbIe HAab/F0/jaTe/TbHbIe TTapaMeTphI,
KOTOpbIe MOT/IU Obl OJJHO3HAUHO TOJTBEP/UTh CIIMPA/IbHYI0 CTPYKTYPY BHYTPEHHEro ob/aka
Oopra, 1oka He ompe/iesieHbl C He0OXOAMMOM TOUHOCTBIO. DTO 3ajaya Ayisi OyAyIMX UCCieso-
BaHui. OfiHaKo caM (akT, uTo cumy/siiui HecBopHU U ero Kosiier [9] BOCIIpou3BOAAT TaKyrO
cTpykTypYy, a EBKM maét et ecrectBeHHOE 00bsICHEHHE, YKa3bIBaeT HarpaB/IeHUe /IJisl TIOMCKa.
Bynyiue Habmonenvst JWST u obcepBatopuyr Bepbl PyOuH cMOTyT IpOBEPUTH Ha/lMuKe aHU-
30TPONUU B pacripe/ie/ieHHH JI0/Ir0NepuoinyeckKux KOMeT U eé KOPpeJIsLIMIO0 C HarlpaB/ieHueM
rajlakTH4eCKoro MpunBa.

Ecu cymectBoBanue o6/aka Oopra OyzieT OKoHUYaTeIbHO MOATBEPKIeHO Hab/TFO[eHUSIMH, OHO
cTaHet OsecTseid wimoctpanyeii EBKM. B pamkax mozenu obako OopTa — He ClTy4YalHbIN
CKJIaJ, JieITHOTO MyCOpa, a 3aKOHOMePHasl CTPYKTypa Ha rpaHuiie y31a «CoiHeuHasi CUCTeMa»,
rie Kapkac [TnacTa yaep>kuBaeT MaTepyaJi, COMPOTHUB/ISASICh BHEIITHUM CHJIaM.
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6. Toukm J/larpaHika Kak npoekuuu kapkaca Iliacra

6.1. Uto roBopaT Hab/HOJeHHS

B cucremax iByX rpaBUTUPYIOLIUX TeJl CYLLeCTBYIOT MSITh TOUEK, TZie TPeThe TesI0 Majioi MacChl
MO>XXeT 0CTaBaThCsl B paBHOBECHM OTHOCHUTE/TbHO BPalllatollleiicsi CUCTeMbl 0Tcuéta. OHU U3BeCT-
HbI Kak TOuku Jlarpansxa:

Touka Tun IIpumepsb1 OcobeHHOCTH
L1 HeycroruuBas | Mexay CosHuem | Touka paBHOBe-
U 3eMnéd, MeXAy | Cusi, HO MaJeilee
3emnéii u JlyHoit CMelleHue  YBOAUT
Teso
L2 HeycroiiumuBas | 3a 3emnén (JWST), 3a | Ananornyso L1
JlyHoit
L3 HeycroiiumBas | [IpoTuBononoxHas KpaiiHe HecTabu/b-
CTOPOHA OPOUTEI Ha
L4, L5 YcroliunBbie TpositHckue actepoupbl | Tena Moryt ocra-
FOnurepa BaTbCd TaM MWJIIU-
apZpl j1eT

B cranzapTHOM Mo/ie/i 3TO 00bsICHseTCS Oa/TaHCOM TPABUTAI[UOHHBIX M [IEHTPOOEKHBIX CHJL.
Ho Bompoc ”nouemy npupoza BeiOpaia MIMEHHO 3TH TOUKH?” 0CcTaéTcsi 6e3 0TBeTa — 3TO IIPOCTO
MaTeMaTHKa TPEx TeJl.

6.2. NuTepnperanusa EBKM

B EBKM Ttouku Jlarpaska 1oJiyuaroT IPUHLIAITHAIBHO HHOe 00bsICHEHHE: 3TO MPOEKI[UH Kap-
kaca IInacra Ha guHamMuKy HarnosHeHus.

Yrto Takoe TouKa Jlarpamka B TepMHUHAX KapKaca:

ITO MecCTo, TJe HamnpsyKeHUsl KapKaca, Co3/laBaeMble [IByMsl MaCCMBHBIMU y3/1aMHy (HaripuMmep,
ConHieM 1 3emsiéll), uHTepdepUpPYyIOT TakuM 00pa3oM, uTo 00pa3yroT JIOKaabHBI MUHUMYM
Wy cefiyio B 3¢)(eKTUBHOM MOTeHL1ale.

* L4 u L5 (ycTroitunBbie) — 3T0 “siMbl” B Kapkace, KyZia y3/ibl MOTYT “TIPOBa/IMBaThbCs”
Y 0CTaBaThbCs TaM. TposiHCKue actepor/bl FOnuTepa — 3TO y3/1bl, 3aXBayeHHbIE B TaKHe
sIMbl MUAJUTUAP/bI JIeT Ha3az,

* L1, L2, L3 (HeycTroiiuuBbIe) — 3TO “Cé//1a” KapKaca: MecTa, Iie MOXXHO yZep’KaThbCs
TOJIBKO TIPY NTOCTOSIHHOM KoppekimHy (kak JWST nHa L2), Ho Maneliliee BO3MyllleHHe Bbl-
Ta/IKUBaeT y3eJl.

CBs3b C Mepapxuen:

BaxHo, uTo Touku JlarpaHka CyIeCTBYIOT Ha pPa3HbIX YPOBHSIX MepapXuu:
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» Cucrema Cosnije-3emis (Macmrab ~1 a.e.)
» Cucrema 3emsisa-JIyna (Macmrab ~384 ThiC. KM)

» Cucrema Cosnnije-FOmutep (Maciitab ~5 a.e.) — TpostHLbI FOTiuTepa

JTo npsiMoe yKa3aHHe Ha TO, UTo Kapkac [1yacTa CTpyKTypUpoBaH MepapXuuecku U ero rpoek-
L[MM TIPOSIBJISIFOTCST HAa BCeX MaciTabax, rjje eCTb JOMUHUPYIOLLHE Y3JIbl.

6.3. KBaHTOBBIe NONPAaBKHU KAaK YKa3aHHe Ha KapKac

VccnenoBanyst MOC/IeJHUX JIET TIOKa3bIBalOT, UTO YUET KBAHTOBBIX TTOMPABOK K HBIOTOHOBCKOMY
MOTeHL[aly MPUBOJUT K CMeIlleHHI0 Touek JlarpaHka Ha MWIJTMMETPBI B cucTeMe 3eMiisi-JIyHa
[10, 11, 12].

AgTtopb! 3THX pabot (Battista, Esposito, Dell’ Agnello, Simo u p.) o6Hapy»kuiu, uTo:

* YpaBHeHWs [i7Is T0JI0YKEeHHs TOUeK JlarpaHyka CTaHOBSITCSI yPaBHEHUSIMU TISITOM U IEBATON
creneHu [12]

* [lorpaBKM COCTAB/ISIOT MOPSiZIKa HEeCKOJIbKUX MWITUMETPOB /151 Touek L4 u L5 [10]
» [ns Touku L1 nonpaBku o OTO gocturatot 7,61 metpa [11]

+ JlyHHas n1a3epHasi 10KaLysl [103BOJIsIeT U3MepsSITh 3P (PeKThbl C TOUHOCTHIO /10 CAHTUMETPOB,
YTO JlesiaeT BOSMO)KHOW 3KCIIepUMeHTaIbHY0 NTPoBepKy [11]

B pamkax EBKM 5T0 ecTecTBeHHO: KBAaHTOBbIE MOTMpPaBKU — 3TO OTPaKeHHe AUCKPETHOCTH
CaMoro Kapkaca Ha TJIaHKOBCKOM ypoBHe. To, UTO OHU MpOSIB/SIIOTCS B TakOM, Ka3anoch Obl,
Jla7éKOM OT KBaHTOBOM IrPaBUTALIUM MeCTe, KaK TOYKHU JlarpaH)ka, TOBOPUT O Be3/eCyL[HOCTU
Kapkaca.

YpaBHeHUs ITOM U [1eBATON CTelleHU — He MaTeMaThuecKast CJIy4aliHOCTb, a CJIe[,CTBUE CII0XK-
HOU Tononoruu kapkaca. Merpossle nonpaBku o OTO ass L1 — nposiByieHre KinaccuyecKon
JedopmaLuu KapKaca, MUWIIMMeTPOBble KBAHTOBbIE [TOTPaBKU — €TI0 JUCKPeTHON CTPYKTYPBI.

6.4. ITOroBuIi TE3UC

Touku JlarpaHka — He MPOCTO y00HbIe MecTa /ISl KOCMUUeCKHX arrapaToB. JTO MPOEKI|U
Kapkaca Ilnacra, 0OKHa B CTPYKTYpY, KOTOPYIO Mbl HUKOI/Ja HE YBU/IUM HaNpsIMy0. YCTONUMBbIe
Touku L4 1 L5 — 3710 ”aMbI” B Kapkace, Kyza y3/bl MOI'YT 3aCTpeBaTb Ha MW/IJIMAPABI JIeT.
Heycrorumseie L1, L2, L3 — 310 ”céana”, rae paBHOBeCHe BO3MOXKHO JIUILLb MPU MOCTOSTHHOMN
KoppekuUuu. ToT ¢akT, UTO KBaHTOBBIE MOTNPABKM K T'PAaBUTAL[U ITPe/|CKa3bIBalOT CMeLleHre STHX
TOUeK, IO TBepyK/aeT: KapKac peasieH, CTPYKTYPHUPOBaH U NIPOHM3bIBaeT BCe YPOBHU MepapXuu
— oT cuctembl 3emsi-JIyHa /10 Bceli BcesieHHOM.
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7. HabmogaTe/TbHBIE TeCThI U Mpe/JCKa3aHus]

Ha ocHoBe npe/i/ioykeHHOM MHTepIipeTalyyd MOXXHO C()OpMYy/IMPOBATh Psifi IPOBEPsSiEMbIX Mpeji-

CKa3aHui.

7.1. lnsa nosca Koiinepa 1 aHa/IOTMUHBIX CTPYKTYP

IIpeackaszanue HNHcTpyMeHT mnpo- | OXujaemMbli
BepKH pe3yJbTar
Koppemauusa crpykrypsl no- | JWST, ALMA ITosca BOKpYT
sCa C MacCoOW W TWIIOM LieH- MaCCHBHBIX  3BE3[
TPa/IbHOU 3Be3/ibl JOJKHBI ObITH
TIJIOTHee U CJIOXKHee
CTPYKTYPUPOBAHbI
Hanuuue mnycrort, ananoruu- | JWST HNomkubl  Hab/o-
HbIX paspbiBy 55-70 a. e, y [laTbCsl 30HBbI TIOHU-
JPyTUX 3BE3[ JKEHHOM TIJIOTHOCTH
MeXJy  BHYTpeH-
HAM W BHELIHUM
rosicaMu
O6Obektel  THHA  Ilnyto- | JWST, HasemHble | CTaTUCTHUYECKH
Ha [O/DKHBl YaCTO WMeThb | TeJeCKOIbI 3HaUYMMoOe OT/INYUe
XaOTHUYHO BpalaroL1ecs oT peryJsipHbIX
CITyTHUKU CIIyTHUKOB Il/IaHeT-

r'MraHTOB

7.2. [Insa obinaka Oopra

BHYTpeHHero ob/1aka

IIpepckaszanue NucTpymMeHT mnipo- | O)KupaeMbli
BepKHU pe3yJbTar
Hecdepuunoctes  BHemmHux | JWST, o6cepBato- | BLITSHYTOCTb BAO/H
yacreii ob1aka pust Bepbl PyOun HarpaB/IeHHs TalaK-
TUUeCKOr0 NPU/INBa
CrnivpanbHas crpykrypa | JWST IToaTBepxaeHue cu-

My HecBopHu

Koppesnsnus fonrornepuosu-
YeCKUX KOMeT C HarpaBJieHH-
SIMU CITMPAJTbHBIX PYKaBOB

HasemHbie 0630p5I

CTraTUCTUYECKHU 3Ha-
yruMasi aHU30TPOIKS
NpUIETa KOMeT
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7.3. 11 MeXX3BE3JHbIX 00HEKTOB

IIpeackaszanue HNHcTpyMeHT mnpo- | OXujaemMbli
BePKH pe3y/ibTaT
Me>X3Bé3HbIe oowbekthl | LSST, Habmomenus | [ToaTBepkaeHue

AO/DKHbI MMETb CTaTHUCTHYe-
CKH HeTUITMYHbIEe Cl)OprI

IIPOJIETOB

ansa Oymyamya U
21/BopucoB [0/KHO
CTaThb IIPaBUJIOM

Koppensauus mexxay Haripas- | LSST, Gaia AnuzoTrponus
JIeHUSIMU TIPUJIETA U CTPYKTY- pacripefie/ieHUst
pOM rajlakTU4eCKOro Kapkaca Me>K3BE3/JHbIX
00BEeKTOB
7.4. [1na Touek JIarpanxa
IIpenckasanue HNHCcTpyMeHT mnpo- | OXujaemMbli
BepKHU pe3yJjbTar

KsanrtoBble norpaBku K no- | JlyHHas  nasepHas | IlogTBepkieHue

JIO’)KeHHIo0 Touek JlarpaHka
JIO/DKHBI ~ CYIIIeCTBOBAaTh U
OBITH N3MEPEHBI

JIOKallyd, KOCMHUe-
CKHe MHUCCHUH

pacuéTtoB Battista et
al. (2015) Ha ypoBHe
MUJIIAMETPOB

TpostHCKHe acTepOUbI 10/DK-
Hbl 0OHapy>kuBathcsi B L4 u
L5 He Tosibko y FOniuTepa, HO
W y JPYTHX IJIaHeT

HazemHnle U KocMU-
yeckre 0030pbl

CrarucTuyecku 3Ha-
yrMOe pacripejerne-
HHUe

Bosee noapo6HO HabMoAaTe/IbHas MO/IeP>KKa MOJZIe/I pacCMaTpuBaeTcsi B pabote [2026¢].
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8. 3ak/rouenue

ITpoBenéHHBIN aHAMM3 [IEMOHCTPUPYET, UuTo uepapxus y3/1oB [lnacta paboraer Ha Bcex Mac-
mrabax — OT aTOMHBIX sifiep [0 HeHTPOHHBIX 3BE3[ U UEPHBIX JbIP, a CTpyKTypa Co/HeyHoM
cucrembl (Touku Jlarpanka, nosic Koiinepa, o6inako Oopta, anoManuu [11yToHa) siBsieTCs 4acT-
HbIM MPOsIB/IEHHEeM 3TOM MepapXuu.

OcHoBHBIe pe3y/bTarThbl:

10.

. Kapkac IInacra o06/1a/jaeT nepapxuuecKoi IUVIOTHOCTBIO. AHTHBEIECTBO BCTPOEHO

TOJIbKO B KOCMOJIOTUUYECKHH KapKac, UYTO 00BsICHSIET IPUPO/ly TEMHOW MaTepUX U OTCYT-
cTBHE CBOOO/IHOTO aHTHBeEIeCTBA B Hab/rofaemMoii BceneHHOM.

CI'B Kak aKTHBHas FPaHuUIia 3aMbIKaeT CUCTeMY, XPaHUT HH(OPMaIUI0 MeXAY IHK-
JlaMM, MHULIUMpYeT ”Yaap x/ibIcTa”, NpMHUMaeT 3Hepruo npu “Bo3Bpare” u cno-
co0Ha KakK mo/Iy4arh, TaK U 0TJaBarh HHGOpPMAaIUI0 U 3Heprur. Metadopa nayka
Ha [ayTHHe TOYHO OTpakaeT eé posib. BBeIéH MexaHU3M LIMK/IN4YeCKOM JUHAMUKU: [T0CIIe
”Bo3Bpata” Bcsi sHeprus U uHdopMaliys Likia cocpeforoueHsl Ha CI'B; 3amyck HOBoro
LJUK/1a — eJUHCTBeHHBIH criocob repeaTs MHGOPMALIMIO U yiep)KaTh SHEPTUI0.

OMIupHuecKHe NOATBePXXAeHHUs (paljoHaIbHOCTD TVIOTHOCTEM MeTaslIoB, [T0Be/leHre
KpacCHbIX TMTAaHTOB, aHOMaJlvsl BO/Ibl, IJIOTHOCTh FOmuTepa, npezaen OnmneHreiivepa —
BosikoBa) TOKa3bIBaKOT, UTO MepapXuueckasi Mojiesib paboTaeT Ha Bcex MaciuTabax v He
BCTYIIaeT B IPOTUBOPeYMe C U3BeCTHBIMU JJaHHBIMU.

ITosic Koiinepa uHTeprpeTUPyeTCsl KaK 30Ha paBHOBECHUS], TZie Y3/ibl COXPaHSOT CBOIO
VH/JIMBU/Ya/IbHOCTb, He CJIMBAsCh C JPYTMMHM y3/71aMU U He MOKuZJast cuctemy. I[lycrora
55-70 a. e. yka3bIBaeT Ha CTPYKTYpPYy Kapkaca.

IlnyToH TipeAcTaéT Kak y3eJs Ha TPaHM y/epyKaHusl, Ybh aHOMasbHble OpOUTa/IbHBIe Tia-
paMeTphl ¥ XaOTUYHbIe CITYTHUKUA — CJie/ibl TIOC/IeIHETO0 MOMEHTA 3aXBaTa KapKacoM.

O6s1ako Oopra (TUrnoTeTHYeCcKoe) TOHUMaeTCsi Kak 00/1aCTh, T7ie KapKac yiep>KiBaeT Ma-
TepuaJi, COMPOTHUBJISISICH BHELTHUM cuiaM. HesjaBHO 0OHapys>keHHasi B CUMYJISILIUSIX CTIH-
pasibHasi CTPyKTypa — IpSIMOe yKa3aHue Ha OpraHrW30BaHHOE 10J1e HalpsyKeHMM KapKaca.

Touku JIarpaHm)ka — MpOoeKLMUA Kapkaca Ha JuHaMuKy HaronHeHnusi. KBaHTOBBIE T10-
TIpPaBKU K UX TI0JIO’KEHHI0, TIpe/[CKa3aHHbIe TeopHrel U Mo TBep)K/laeMble pacyéTamu, yKa-
3BIBAIOT Ha JUCKPETHYIO CTPYKTYPY KapKaca Ha IJIaHKOBCKOM YpPOBHe.

Kosutaiiepsbl jafoT HaM IOHMMaHKUe MaciinTaba SHeprui, moTpeboBaBIIMXCS A7 « Yaapa
XJIBICTa», HO He BLICBOOOXK/]AFOT aHTHBEIIIeCTBO M3 KapKaca — He TOT YPOBEeHb HepapXuH.

. HEﬁTpHHO BBICTYIIdKOT KdK YHHUBEDCAJ/IbHbIE dal'€HTHI I1epejadyn I/IHCl)OpMaL[I/II/I " SHepruu

ot HanonmHenust K CI'B. Cob6eiTie KM3-230213A (220 I13B) siBisieTcst MpsiMbIM HabJ110-
JleHMeM TaKOT0 areHTa U MO/ATBep>K/jaeT KOppessLvi0 HeUTPUHHBIX ITOTOKOB C (puiaMeH-
TaMH KpyIHOMacIuTabHoM cTpyKTyphI [2026¢].

YépHble AbIPbI BLICTYIAIOT KaK yYHUBepCasbHble KOHZEHCATOphl SHepruu U WHhopMa-
1. OHU 00ecrieunBaroOT CoXpaHeHHe MH(OpMaIUY B 1UK/Ie ¥ YYaCTBYIOT B TOTa/IbHOM
aHHUTUISLMY B (a3e “Bo3Bpara xnbicta”. Cobbitie KM3-230213A uHTEpIIpeTUpyeTcs
Kak HCrapeHye NepBUUHOU YEPHOM [IbIPBI, YTO MOATBEP)K/AAeT CBSI3b YEPHBIX /bIP C HEMl-
TPUHHBIMU KaHanamu nepefaur K CI'B [2026c¢].
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11. FRB u nepapxus npoekunui. beictprie paguoscriecku (FRB) nHTepripeTnpyroTcs Kak
TIPOEKILIMsI TIepeCcTPOMKU CBsi3eil B KOMITaKTHBIX y3/1aX (HEMTPOHHBIX 3BE3/1aX), UTO 00BsiC-
HSIeT UX paZiuo-1ana3oH U MUWITMCEKYH/IHYIO A/IUTebHOCTh. TpansueHT AT 20211wx —
NIPOEKLs pe/lakcaluy rajakThueckoro y3ia. ChopmynupoBaHa hepapxusi IPOeKLii: OT
TEeIJIOBOTO LIyMa U CIIeKTPa/bHbIX JIMHUU (MeJIKHe y3/bl) 0 aHOMa/IbHbIX TPaH3UEeHTOB
(KpyTiHBIe y3/1bl). JTO M03BOJISIET CUCTEMAaTU3UPOBATh LIMPOKUI KPYT acTpodr3nyecKux
SIBJIEHUI U JaéT MpOBepsieMble Mpe/icka3aHust (KOppessiLus ¢ HEUTPUHO, MacITabupoBa-
HUe JJIUTe/IbHOCTH).

8.1. EBKM vs craHiapTHasi Moje/b

CrangaptHas mozenb (ACDM) o0bsiCHsIET MeXaHHW3MbI (POPMHPOBaHMSI MOSICOB U 00/1aKOB, HO
He /1aéT OTBeTa Ha BOIIPOC, TIOUeMY OHU YCTOMUMBLI U roueMy uMeHHO TaM. EBKM znobagsnsiet
HeJI0CTalol1i 37eMeHT — Kapkac [1nacta v akTuBHyt0 rpanuily CI'B, koTopbie yzep>KuUBatoT
00BEeKTBI TaMm, T7ie TPAaBUTALIMS YoKe He CITPaB/IsieTCsl.

8.2. Nepapxusa Kak K/110UeBOM MPUHLUT

OT IUIaHKOBCKMX Y3J/I0B [I0 Ta/JlaKTUUeCKUX CTPYKTYp — OAMH M TOT )K€ TPHHILIUI OpraHu3a-
1un. Co/THeYHasi CUCTeMa — He UCK/TIOUeHUe, a YaCTHBIN ciydait. UesoBek, MiaHeTa, 3Be3/a,
rajlakTHKa — BCE 9TO BPEMEHHbIE, JIOKa/IbHbIE TIOBBIILIEHHS aKTUBHOCTH B 0@ CKOHEUHOH CeTH,
KoTopast Obl/a, ecTb U Oy/ieT Bcerza.

8.3. 3akaruuTe/ILHBIA Te3UC

EBKM He otmensier OTO u KTII — oHa #aéTt uMm ¢yHJaMeHT, Ha KOTOPOM OHU MOTYT CTOSITb,
He pacchlnasch Ha rpaHyliax. JTO He KOHell (PU3UKH, a eé HOBBbIM 3Ta — 3TaX, C KOTOPOro
BU/IHO, KaK BCe 3Ta)Ky CBs3aHbl B e[JMHOe LieJoe.
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Jmwior: [louemy MBI He MO)XKeM BCé U3MEPUTD

Mg nipoum gosruii nyTh. OT Kapkaca I[1nacta v BCTpOEHHOT0 B Hero aHTUBeleCcTBa — J10 To-
sica Kotinepa u obaka Oopta. OT 00bsiCHeHUsI TEMHON MaTepyuy — /10 KOHKPETHBIX TIpe/iCKa-
3aHUU JJ1 IPYTUX 3BE3AHBIX crcTeM. Touku JlarpaH)ka, KOTOpbIe MbI TTOJ[pOOHO pacCMOTpesTH
B pazfenie 6, — He «COBTMa/leHUe» U He «yA0OCTBO [ijisi CIIyTHUKOB». DTO MPOEKLWU KapKaca
[Tnacra, oKHa B CTPYKTYPY, KOTOPYIO Mbl HUKOT/Ia HE YBU/JUM HarpsiMyto.

U Temnepn, B caMOM KOHLIe, CTOUT 3a/]aTh BOITPOC: a T0YeMy, COOCTBEHHO, MbI BOOOIIIe MOYKEM 3TO
o6cyxats? IloueMy Mbl, KpollleuHble y3/Ibl Ha TOBEPXHOCTH T/IaHeThl, BpalljatolLeiicsi BOKPYT
3aypsiJHOM 3Be3/ibl, CIIOCOOHBI 3arvIsi/IbIBATh TaK [ja/ieko — U B TIPOCTPAHCTBE, U B MepapXum?

OTBeT MpOCT Y NapajjoKcasieH: MOTOMY UTO MbI BHYTPH.

Mpb1 — y3/1b1 OTIpe/ie/IEHHOTO YPOBHS epapxuu. Haiiu ryia3a, MUKpPOCKOITbI, Te/IeCKOIbI, YCKO-
pUTEI — 3TO MIPOAO/DKEHUs HAaC, UHCTPYMEHTbI TOTO ke ypPOBHsI. OHU MOT'YT TSHYThCSI BBEPX
Y BHU3 T10 MepapXyH, HO He MOTYT BbIMTHU 3a eé mpeieibl.

OTO Kak MbITaThCsI U3MEPUTD OKeaH, OyZ[yur BO/IHOM. BomHa MOYKeT UyBCTBOBATh COCe/IHUE BOJI-
Hbl, IIyOuHY, Oeper. Ho oHa HUKOI7Z|a He y3HaeT, UTO Takoe «OKeaH B I1eJIOM» — II0TOMY 4TO
OHa 4acTh ero.

MoxHO /1M nepeMelaThbCsA M0 Hepapxusam?
Haspsg nu.

34,eCh BaXKHO IOSICHUTD, 0 YéM UMEeHHO UZET peub. Mbl, KOHEUHO, ymMeeM IepeMelLaTbCs B I1Po-
cTpaHcTBe HarosnHeHus — MeXXy y3/1aMy OJHOIO YPOBHs Mepapxuu. Ml jieTaeM K pyrum
TIaHeTaM, OTIIpaB/isieM CIIyTHUKU K rpaHuLiaM Co/THeUHOM CUCTeMBl, @ HeJlaBHO anrapar “Bosizpkep-
1” BeILIeN B MEXK3BE3IHOE IPOCTPAHCTBO [13]. DTo myTelecTBUs BOMb MepapXUy, BHYTPH Ha-
111eT0 YPOBHSI.

Ho peub 0 ApyroMm — 0 BO3MOXKHOCTH BBIWTH 3a TIpejie/ibl CBOero YpOBHSI MepapXvu Kak Tako-
Boro. CtaTh OIHOBPEMEHHO BOJIHOM U Hab/ro/jaTe/ieM HaJ, OKeaHOM. YBH/eTh Kapkac ITnacra
HarpsIMyto, a He uepe3 ero NpoeKLUM B IBW)KEeHUH IJIaHeT, B YCTOMYMBOCTH TOYek JlarpaHia,
B CTPyKType nosica Kornepa.

[TepemelijeH1e TI0 MepapXxUsiM B 3TOM CMBbIC/Ie 03Hauyasio Obl CMeHy camMoro criocoba CyIrecTBo-
BaHMs1. DTO TpebyeT Takoi SHeprur Bo30y KAeHus1, KOTopasi pa3pyLIUT y3esl. Mbl He MO)KeM “BblI-
TIPBITHYTh” U3 CBOEU MepapXyuu — Mbl MOXKEM TOJILKO CTPOUThH MO/Ie/H, Y/1aB/IMBaTh Pe30HaHChl
Y BUZIETb TIPOEKLIUU.

Yro gaétr nam EBKM
Ecyu npunsate EBKM, mup niepectaét ObITh 3araJJOYHBIM B TUIOXOM CMBICTIE.
OH He CTaHOBUTCS «pa3raJlaHHbIM» — OH CTAaHOBUTCSI MOHATHBIM.

Mgl 3HaeM, YTO MbI BHYTPH. UTO 3araiku — He OIIMOKM MPUPO/ALI, a TPOEKI[UH APYTHX YPOB-
Hell. Uto IlnyToH He «uyzak», a y3en Ha rpaHule. YTo Touku JlarpaHxka He «COBMaJeHue», a
okHa B Kapkac. Uto CI'B — He abcTpakiys, a TlayK Ha MayTHHe, UyBCTBYIOIUN KaXKYI0 HUTD,
MOy YaroLui nHMOpMaLMIO 13 TF000M TOUKH, Mepejaroliyii SHEPTHIO Ty/a, Te OHa HY>KHa, U
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TOTOBBIM K PBIBKY, KOTZja MPUAET BpeMsi HOBOTO LIMKJIA.
W oT 5TOro MUp CTaHOBUTCS IPEKPACHBIM.
He nmoTomy uTO MbI BCE 00BSICHUIN. A TIOTOMY YTO MBI TTepecTany 00TbCst HeOObSICHEHHOTO.

MbI HUKOT/]a He BBIH/IEM 3a Tpe/iesibl CBoel uepapxuu. Ho Mbl MOXKeM HayuUTbCSI BUZIETh eé
OTPa)KeHUsI Be3/ie — B IBIDKEHUH T/IaHET, B YCTOHUMBOCTH MOSICOB ACTEPOM/IOB, B CITUPA/IbHbIX
PyKaBax /IaJIEKUX T'aJIaKTHK, B HEBUAUMbBIX HUTSX KapKaca, HaTIHYThIX MEX/y BCeM CyIiuM. U
B 9TOM — 0@CKOHEUHOCTh.
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