Black Hole Classifier Model. Through the Prism of UWCM
(Black Holes as Anchors of the Plast: Different Tasks, One Goal)

Moaear Knaccudgukaropa Uépuobix abip. Uepes npusmy EBKM

(YepHbie npipel Kak Akops [lmacra: pasHele 3aga4u, OgHA LEb)

Gleb Yu. Slavutsky / CnaByrckuii I'1e6 FOnbeBuy
Date / llama: April 5, 2026
DOI: 10.5281/zenodo.19431683

Abstract

The supermassive black hole Ton 618 (mass ~ 6.6 x 10'° M, mean density ~ 0.004 kg/m?®) poses
a challenge to standard astrophysics. Within the framework of the Unified Wave Cosmological
Model (UWCM), this and similar "anomalies” receive a natural explanation: the mass of a black
hole is not the result of accretion but a measure of the binding energy of a Plast node.

In UWCM, any black hole is by definition an “anchor of the cycle”” — a Plast node that
maintains the structure of the Frame. Different black holes perform different tasks. But they all
share one goal: the accumulation of energy and information to initiate the collapse of the Plast
and a new cycle.

This paper presents a black hole classifier with numerical parameter boundaries, exam-
ples for each class, classification principles, and a verification program. A separate section is
devoted to formulas — their status, limits of applicability, and connection to UWCM. It is shown
that the structure of the classifier (classes, principles, relation between mass and node energy)
follows deductively from the ontology of UWCM, but the numerical thresholds are empiri-
cally determined and may be refined as data accumulate.

AHHOTANHA

CsepxmaccuBHas uépHas apipa Ton 618 (Macca ~ 6,6 x 10'° M, cpeansas miuotaocts ~ 0,004
KI/M>) TIpe/ICTaBIsAeT COOOM BBI30B JUIS CTAHAAPTHOM acTpodu3uku. B pamkax Exunoii BonHoBO#
Kocmonorudeckoit Moaen (EBKM) sta v nogoOHbIe «aHOMAaJ|I» MOTY4YaloT eCTECTBEHHOE 00bSICHEHUE:
Macca Y€pHOM JbIpbl — HE pe3yJIbTaT aKKpelru, a Mepa SHepruu cBsi3u y3ia [lnacra.

B EBKM mio6as 4épHast JpIpa 10 OMpPeAeIeHHIO SBIISETCS «IKOPeM IUKJIa» — y3JI0M
[Tnacra, ynepKuBaoIMM CTPYKTYpY KapKaca. Pa3Hble 4€pHble AbIPbI BHITIOIHSIOT pa3HbIE 3a4a4H.

Ho uenb y Bcex oHa: HaKOIUIEHUE SHEPruM ¥ UH(opMaluy 1)1 MHUIauuu Kosutanca [lnacra
Y HOBOTO IUKJIA.

B craTthe mpeacTaBieH KiaaccuPUKATOP Y€ PHBIX AbIP C YMNCTOBHIMYU I'PAHUIIAMU NTAPAMETPOB,
IIpUMEepaMH AJIs1 KaKA0ro Kjacca, IPpUHLIMUIIAMU KJIacCU(PUKALIUY U IPOrpaMMOid TPoBepKU. OTIENIbHbBIN
pasznen nocBsmeEH popmyaaM — HX CTaTyCy, TpaHMIlaM MPUMEHUMOCTU U cBsizu ¢ EBKM.
[TokazaHo, 4TO CTPYKTypa KjaaccuukaTopa (KJIacchl, IPUHIUIIIL, CBSI3b MACCHI C SHEPruen
y371a) AeaAyKTUBHO cJjaeayeT U3 oHtogorun EBKM, HO 4nciaoBbie MOpOru onpenesieHsl
SMNOUPHYECKH U MOTYT YTOUHSATHCA MO0 MEpe HAKOTUICHU ST TAaHHBIX.
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1 Introduction

Ton 618 is one of the most massive known black holes. Its mass is estimated at 66 billion solar
masses. Its mean density is about 0.004 kg/m?, 300 times less than the density of air at sea level.
In standard astrophysics, this object is considered anomalous:

* too massive for its age (z ~ 2.2),
 too diffuse for a black hole,
* does not fit accretion-based growth models.

Ton 618 is not the only such “anomaly”:

ID830 exhibits super-Eddington accretion (A ~ 13);

CEERS 1019 (z ~ 8.7) has a mass of ~ 9 x 10°M, and an anomalous nitrogen excess.

Standard cosmology (ACDM) cannot explain these objects in a unified manner. In UWCM,
they cease to be anomalies. They become different manifestations of the same principle: black
holes — anchors of the Plast.

2 Black Holes in the Ontology of UWCM

In UWCM, reality has three levels (2026a):
* Plast (I) — a quantized wave network, discrete at the Planck scale.
* SGW (X)) — the active elastic boundary of the Plast, resonating at Planck frequencies.
* Frame — the set of Plast connections.
* Filling () — activated nodes (matter, radiation, fields).

Mass in UWCM — is not “amount of matter” but a measure of the binding energy of a
Plast node.

The role of SGW in creating black holes:

The SGW is not a passive receiver but an active architect of the cycle. At the moment
of the “Whip Crack”, the SGW initiates the unfolding of the Plast and creates anchors — black
holes of different classes. These anchors perform two interrelated functions:

1. Containment of the Plast — anchors maintain the structure of the Frame, preventing
uncontrolled expansion or disintegration of the Plast.

2. Preparation of collapse — anchors accumulate energy and information to initiate, at the
right moment, the “Return of the Whip” — a cascading collapse of the Plast and the begin-
ning of a new cycle.

Different classes of black holes (passive, hyperactive, standard, local) are different types
of anchors created by the SGW to perform different tasks in different epochs of the cycle. But
they all share one goal: to ensure the closure of the “Whip Crack / Return of the Whip”’ cycle.



3.1 Numerical Boundaries of Parameters by Class

3 Black Hole Classifier: Black Holes as Anchors of the Plast

Parameter Class I (Pas- | ClassII (Hyper- | Class I | Class IV (Lo-
sive) active) (Standard) cal)
Mass M (M) > 5 x 1010 10% - 1010 10° —10° 3-10?
Density p (kg/m®) | < 0.01 0.01-107? 10! — 1010 ~ 1016
Accretion rate M | ~ 0 ~ 10 0.01-10 10710-10-6
(Melyr)
A = Lot/ Ledd <1073 >3 0.01-1 1076 -1
Jets no yes, powerful weak / rare possible (micro-
jets)
Jet power Pi | — > 10% < 10*  Gf | < 1038
(erg/s) present)
X-ray Ly (erg/s) | no/< 10* ~ 10% 104 - 10% 1030 - 10%
Neutrinos no (background | yes, detectable possible (weak | no (except Cyg
level) flux) X-3)
Chemical anoma- | no possible yes (N/O | no
lies excess, etc.)
Redshift z any (0.1 -28) ~ 2 any < 0.1 (local)
3.2 Examples for Each Class
Class Example 1 Example 2 Example 3
I. Passive Ton 618 (6.6 x 101°M, | Phoenix A (~ 10 M, | Holmberg 15A (~ 4 X
z = 2.219) z ~ 0.6) 101°M,, z = 0.055)
II. Hyperac- | ID830 (z = 3.43, A ~ | SMSSJ1144 (2 = 0.83, | —
tive 13) A~T)
III-a CEERS 1019 (~ 9 x | — —
105M, 2 = 8.68)
II-b UHZ1 (~ 4 x 10'M, | — —
z =10.1)
II-c SAGE 2137 (~ 108M,,, | — —
z =6.0)
IV. Local Cygnus X-1 (~ 21My) | GW190521 Cyg X-3 (neutrino
(~ 150M) flares)

Note on Class II: A search of open sources revealed only two confirmed candidates:
ID830 and SMSS J1144. Other candidates (NGC5907 ULX1, GRB-NDAF) were rejected due
to their neutron star nature or hypothetical status. Class II requires accumulation of statistics.

4 Principles of Classification

\ No.

‘ Principle

\ Description

\ Verification




does not match age)

1 Independence of age (mass

Black holes of the same class can
be observed in any cosmologi-
cal epoch. For passive anchors
(Class 1), mass cannot be ex-
plained by accretion or merg-
ers within the available time.
They were already massive at
early stages.

Ton 618 (» = 2.2,
Universe age 3 Gyr)
and  Holmberg 15A
(z = 0.055, age 13.8
Gyr) have comparable
masses (~ 4 x 1010 -
6.6 x 10'°M). Ton 618
is too massive for its age.

2 Irreversibility for passive A passive anchor cannot transi- | Absence of observed I —
tion to another class. HI/III/IV transitions.

3 Traces of the past A hyperactive anchor, transition- | Black holes with signs of
ing to standard, retains “scars” | a hyperactive past should
(chemical anomalies, kinematic | show moderate accretion
peculiarities). and N/O excess.

4 Local conservation A local anchor cannot become | Absence of black holes

massive without a merger.

with masses 103-10° M,
in quiescent conditions
(without mergers).

4b Jump through merger

Mergers of local anchors can
cause a “jump” into the forbid-
den mass zone 102-103 M, and
beyond.

GW190521  (150M,),
HLX-1 (~ 2 x 10*My).

5 Stability  of
regime

standard

A standard anchor (Class III) can
exist for billions of years in a
moderate accretion regime.

Comparison of active and
quiescent quasars; long-
lived AGN.

5 Transitions Between Classes

Initial Class | Transition Mechanism New Class Probability | Example
I impossible — 0 Ton 618 forever Ton 618
II natural decay III (any sub-|high ID830 after 1 Gyr
class)
III (any) exhaustion of matter III (quiescent) | medium quasars in old galaxies
I + I merger III (more mas- | rare expected for AGN
sive)
IV+1v merger IV+ (border- | rare GW190521 (150My)
line)
IV+  (10%-|multiple mergers IlI-a  (10%-|very rare HLX-1 (~ 2 x 10* M)
10%) 107)
v ordinary accretion v (same | high Cygnus X-1
mass)

6 Formulas of the Classifier: Status, Limits of Applicability,
and Connection to UWCM

6.1 Schwarzschild Radius (adopted from GR)

_2GM

R,
c2




Status in UWCM: Adopted as a limiting case of the description of the “Filling” within
GR. For massive Plast nodes (black holes), this is a good approximation.

Usage: estimation of size, volume, mean density.

Limitations: does not work for rapidly rotating black holes (needs Kerr). In UWCM this
is not a problem — GR remains the theory for the “Filling”.

6.2 Mean Density (does not always work)
3M 3ch 1
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Status in UWCM: The formula is valid for non-rotating black holes in GR. In UWCM
this is the macroscopic limit.

Usage: separation of classes and subclasses by density.

Problem (open question): For M < 108 M., the formula gives values underestimated by
6 orders of magnitude (see subclass III-a). This is not an error but an indication of the limit of
applicability:

p

« Either the objects rotate (Kerr gives a correction of up to 8 times, not 10°).

* Or for small masses, the objects are not black holes in the classical sense but dense Plast
nodes without an event horizon. In UWCM this is natural: local anchors (Class IV) may
not have a horizon.

Conclusion for the classifier: Density for classes IlI-a, III-b, III-c is taken empirically
from observations, not derived from the formula. This is an open question for the future theory
of the Plast.

6.3 Eddington Luminosity and Parameter \ (adopted)

Ledd _ Zl’/'I'GA]\/[TTLpC7 \ = Lbol
or Leaa
Status in UWCM: Adopted from astrophysics. In UWCM, A > 1 is interpreted as a
regime in which a Plast node restructures faster than matter can be “blown away” by radiation.

Boundaries in the classifier (empirical):

Class A Status

I (passive) <1073 accretion practically absent

II (hyperactive) >3 significantly above the Eddington
limit

IIT (standard) 0.01-1 ordinary regime

IV (local) 10791 absolute luminosity small due to low
mass

Why A > 3, not > 1? ID830 shows A ~ 13, SMSS J1144 — X\ ~ 7. The threshold > 3
is chosen to separate reliably super-Eddington objects from those that only slightly exceed the
limit (e.g., A = 1.2). This is an empirical refinement, not a derivation from UWCM.

6.4 Mass Quantization (UWCM postulate, prediction)
M = N, X mp, FEying = Ny x Ep

where mp = +/hic/G ~ 2.18 x 107® kg — Planck mass, Fp = /ic®/G =~ 1.96 x 10° J —
Planck energy, N, — integer (number of activated nodes).



Status in UWCM: Postulate (from 2026a). Mass is not continuous but quantized in steps
of m P-

Usage in the classifier: Ontological foundation. For macroscopic masses, /V, is huge (~
103 for M), so quantization is not observable today. But in principle mass cannot be arbitrary.

Prediction: With sufficiently precise measurements (future gravitational-wave observato-
ries), the mass distribution of black holes should show peaks that are multiples of m p.

6.5 Passive Anchor Threshold (empirical, requires derivation)

M > 5 x 10'°M

Status in UWCM: Empirical threshold. All known black holes with mass above this
boundary (Ton 618, Phoenix A, Holmberg 15A) show absence of accretion, jets, and very low
density.

What needs to be derived from UWCM: N_; — the number of activated nodes at which
a Plast node ceases to interact with the “Filling” (accretion impossible). Empirically:

5x10"°Mg 5 x 10" x 2 x 10%°

Nt = o S S TIVETIE R L 10%
Not yet derived — requires a full theory of the Plast.
6.6 Summary of Formulas

Formula / Threshold Status in UWCM Where it works Where it fails / prob-
lem

Rs =2GM/ c? adopted (from GR) all classes for rotation — Kerr
correction

p=3c/(32nG3 M?) adopted but limited classes I, II, Ill-c fails for small M (III-
a, lII-b, IV) — discrep-
ancy up to 6 orders

Ledq, A adopted all classes A > 3 — empirical
threshold

M = N, x mp UWCM postulate all classes (ontologi- | not testable today

cally)

M > 5 x 10'° M, (Class I) empirical threshold | Class I not  derived
UwCM

A > 3 (Class II) empirical threshold Class II not  derived
UWCM

7 Status of the Classifier: Deduction from UWCM and Em-
pirical Thresholds

Deductively derived from UWCM:
» The very idea of classifying black holes as cycle anchors created by the SGW.

* The division into classes according to the functions these anchors perform in the dynamics
of the Plast (containment, energy accumulation, collapse preparation).

 The principles of classification (independence of age, irreversibility, traces of the past, local
conservation, jump through merger, stability of standard regime).
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Mass quantization M = N, X mp.
The relation between mass and node binding energy Fiing = N, X Ep.

The role of the SGW as an active source of anchors, setting their parameters through the
“Whip Crack” mechanism.

Empirically (from observations) determined:
Numerical thresholds for each class (M > 5 x 10'°M,, A > 3, density boundaries, etc.).
Specific examples of objects.

Important: The classifier is built on directly observable parameters (mass, density, A,

jets, neutrinos, chemistry, z) and does not require either UWCM postulates or ACDM assump-
tions for its use. Therefore, it can be applied within any theory describing black holes as a tool
for systematizing observational data. However, only in UWCM does it receive an ontological
grounding: black holes are anchors created by the SGW to contain the Plast and prepare the
collapse of the cycle.

8

1.

Predictions for Future Discoveries

The next passive anchor (Class I) should be detected at z < 1 with mass > 5 x 101°M,
and density < 0.01 kg/m>.

The next hyperactive anchor (Class II) should have A\ > 3, jet power > 10%° erg/s, and
X-ray luminosity > 10%° erg/s.

Objects with mass 10°~10° M, showing chemical anomalies are candidates for multiple
mergers (Principle 4b). Objects of the same mass but without anomalies require a different
explanation.

Hyperactive anchors (Class II) should be sources of neutrinos and possibly fast radio bursts
(FRBs).

. UWCM prediction: the mass distribution of black holes is not continuous. With suffi-

ciently precise measurements (future gravitational-wave observatories), peaks that are mul-
tiples of the Planck mass m p should appear.

Verification Program

Task Data Expected Result
Construct M-z distribu- | SDSS, DESI, JWST cata- | Large scatter of masses at fixed z
tion logs

Find analogs of Ton 618 at
z <1

SDSS, DESI surveys

Passive anchors in the “young” Universe

Find analogs of CEERS | JWST, ALMA Standard anchors in the early Universe
1019atz > 5

Search for analogs of | SDSS, DESI, JWST, GRB | Other hyperactive anchors

ID830 surveys

Compare A and chemistry

X-ray and optical data

Correlation of A and N/O




Cluster analysis of param- | SDSS, DESI catalogs Identification of 4-5 stable classes
eters
Search for neutrino corre- | IceCube + BH catalogs Hyperactive anchors — neutrinos
lations

10 What Confirmation of the Classifier Would Mean for A\CDM
and for UWCM

10.1 The Classifier Does Not Depend on ACDM

It is important to emphasize: the classifier presented in this work is built on directly observable
parameters — mass, density, accretion rate, Eddington ratio A, presence of jets, X-ray luminosity,
neutrino fluxes, chemical anomalies, and redshift. It postulates neither dark matter, nor dark
energy, nor the cosmological constant A.

Therefore, the classifier does not depend on the fate of ACDM. Even if the standard
cosmological model is completely revised or rejected, the classifier will remain — as an empirical
taxonomy of black holes based on observational data.

10.2 ACDM Is Already Receiving Blows from Independent Data

The standard cosmological model is currently experiencing a systemic crisis. A number of anoma-
lies have accumulated that either require fine-tuning or remain beyond the explanatory capabilities
of ACDM (see 2026¢ for details):

* Hubble tension (), 86) — discrepancy between early and late measurements.
* Sy tension (2.4-2.7¢) — discrepancy in measurements of structural growth.

* Evolution of w(z) from DESI DR2 data — the equation of state parameter of dark energy
may not be constant.

* Early supermassive black hole problem (JWST) — objects like CEERS 1019 are too
massive for their age.

* B-mode problem — absence of expected signatures from inflationary gravitational waves.
* CMB anomalies (hemispherical power asymmetry, alignment of low-multipole axes).

These blows do not depend on the classifier. They follow from direct observations.

10.3 The Classifier Is Another Independent Blow, but of a Different Kind

If the classifier is confirmed by sufficient data, it will deliver a separate, independent blow to
ACDM — not against A as a constant, but against the predictive power of the model regarding
black holes:

What the classifier demonstrates Why this is a problem for ACDM

Four clearly separated classes with gaps | ACDM predicts a continuous distribution

Class I (passive anchors): mass does not | Standard growth mechanisms fail; need PBH or un-
match age known physics




Class II (hyperactive anchors): A > 3 Theoretical Eddington limit violated; need ad hoc ex-
ceptions

Density discrepancy for small M (up to | GR (and ACDM) does not allow such deviation

6 orders)

Chemical anomalies correlated with | Not predicted; need special nucleosynthesis regimes

class

Neutrino correlations (Class II) Not predicted; need additional mechanisms

Each of these points is an independent problem for ACDM. Together they require either
multiple ad hoc assumptions (violating Occam’s razor) or the admission that the standard model
does not adequately describe black holes.

10.4 UWCM Challenges A Ontologically, Not Empirically

In UWCM (20264, Section 8), the cosmological constant A is not a fundamental constant or
vacuum energy. It is interpreted as an effective macroscopic marker of the state of the Plast:

Aer = Ay + Aprame + As,
where:
» Ay — contribution from the background dynamics of the Plast in the “Straightening” phase,
* Afname — contribution from the stabilizing Frame (antimatter),
* Ay — contribution from the active boundary (SGW).
This leads to fundamental conclusions:
* At can evolve in time (already observed as deviations of w(z) from -1).
* A.f can vary in space (which could explain the Hubble tension as a local fluctuation).

At requires no fine-tuning — the 10'2° problem is resolved because the total energy of
the Plast and the small residual effect are being compared.

Thus, UWCM does not just “strike at ACDM?” but offers an alternative ontology in which A

ceases to be a mysterious constant and becomes a diagnostic tool.

10.5 UWCM Explains the Classifier from First Principles

Unlike ACDM, which must react to the classifier ad hoc, UWCM deductively derives the very
idea of classification:

¢ Black holes are nodes of the Plast.
e Mass is quantized: M = N, X mp.
* Node binding energy: Fying = N, X Ep.

 Different types of anchors correspond to different regimes of interaction of the node
with the Filling:

— Passive (I) — node with maximum binding energy, does not interact with matter.

10



— Hyperactive (II) — node in a regime of critical restructuring, A > 3.
— Standard (III) — node in a stable accretion regime.
— Local (IV) — small node without an event horizon.
The numerical thresholds (e.g., M > 5 X 1010M@ for Class I, A > 3 for Class II) are empirically

determined and may be refined, but the structure of the classifier itself follows from the ontology
of UWCM.

10.6 Summary

Aspect

ACDM

UWCM

Status of A

Fundamental constant (problem
10 120 )

Marker of Plast state (explained)

Prediction of black hole
classes

Does not predict

Deductively derives

Explanation of A > 3

Ad hoc exceptions

Regime of critical node restruc-
turing

Explanation of “mass does
not match age”

None (needs PBH)

Passive anchors did not grow

Explanation of density dis-
crepancy

None (GR does not allow)

Plast nodes without event horizon

Explanation of chemical
anomalies

Does not predict

Traces of hyperactive phase

Explanation of neutrino
correlations

Does not predict

Transmission agents (2026a, Sec-
tion 6)

Role of SGW Absent Active creator of anchors for
Plast containment and collapse
preparation

Dependence on ACDM — Classifier is independent

Conclusion: The classifier does not need ACDM for its existence. It is built on data and
will remain an empirical taxonomy in any cosmological model. However, for ACDM it represents
yet another independent blow — this time to its predictive power regarding black holes. UWCM,
by contrast, offers a unified ontological explanation of both the classifier and the anomalies of
ACDM, transforming disparate problems into a coherent picture of cycle anchors — Plast nodes
accumulating energy and information for a new cycle.
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11 What Needs to Be Derived from UWCM to Refine the Clas-

sifier
Task Complexity Priority
Derive N, from properties of the | high 1
Plast
Explain the density discrepancy for | medium 1
small M (IlI-a, III-b, IV)
Derive A > 3 as a consequence of | high 2
the critical node restructuring rate
Formulate a testable prediction for | medium 2
mass quantization
Accumulate statistics for Class II | technical 1
(search for new ID830-like objects)

12 Conclusion

Ton 618 — is not an anomaly. It is a passive anchor — a black hole whose task is not to process
matter but to accumulate “frozen” energy and maintain the structure of the Plast Frame.

ID830 — is not an anomaly. It is a hyperactive anchor, whose task is to convert matter
into energy as quickly as possible.

CEERS 1019 — is not an anomaly. It is a standard anchor, whose task is to process
matter in an ordinary regime, enriching the environment.

All of them are anchors created by the SGW. Different tasks. One goal: containment of
the Plast and preparation of its collapse for a new cycle.

The presented classifier is a working tool of the UWCM research program. Its structure
follows deductively from the ontology of UWCM, while the numerical thresholds are empir-
ically determined and will be refined. The classifier is clear, testable, and open to refinement.
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1. BBeaeHue

Ton 618 — ogHa U3 caMbIX MAaCCUBHBIX M3BECTHBIX YEPHBIX JbIp. E€ Macca olieHBaeTcs B
66 Mumapaos Mace Conuna. CpeaHss MmIoTHOCTh — okoJ1o 0,004 kr/m>, uto B 300 pa3 MeHble
IUIOTHOCTHU BO3/lyXa Ha YPOBHE MODSI.

B cranpaptHOii acTpopu3nKe ITOT OOBEKT CUNTAETCS AHOMAJTbHBIM:

* CJIMILIKOM MAacCCUBEH ISl CBOETO Bo3pacta (2 ~ 2,2),
* CIIMIIKOM pa3pekeH sl YEPHOU JbIPHI,
* HE BMNHCHIBACTCS B AKKPEIIMOHHBIC MOJIEIN POCTA.

Ton 618 — He enMHCTBEHHA TaKasd «AHOMAJIUI»:

ID830 nemoHCTpUpYET CBepX-3/IMHITOHOBCKYIO aKKpeluio (A ~ 13);

CEERS 1019 (z ~ 8,7) umeer Maccy ~ 9 x 1050, 1 aHOMaNbHBIA U30BITOK a30Ta.

CranpaprHas kocmosorusi (ACDM) He MOXeT 0OObSACHUTH 9TH OOBEKTHI eIUMHBIM 00pa-
3oM. B EBKM onu nepecraior O6biTh aHOMaMMsAMU. OHU CTAaHOBATCS Pa3HBIMU MPOSBJICHUAMU
OJTHOTO U TOTO K€ MPUHIIMIA: YépHbIe AbIpbl — sAKops Iliacra.

2. Yépnblie abipbl B oHTOJ0THH EBKM

B EBKM peasibHOCTh MeeT Tpu ypoBHs (2026a):

e Ilnacr (\If) — KBAHTOBaHHAa«A BOJIHOBAsA CE€Th, JUCKPETHAA HA ITINIAHKOBCKOM mMaciirade.

CI'B (¥) — aktuBHas ynpyras rpanuna [1nacra, pe3oHupyioias Ha IIaHKOBCKUX 4acTo-
Tax.

» Kapkac — coBokymHocTh cBs3eit [Lmacra.
* Hanosanenne (P) — akTUBUpPOBAHHBIE y3J1bl (BELIECTBO, U3TyYEHHE, TIOJIS).

Macca B EBKM — 370 He «KOJIMYECTBO BELIECTBa», a Mépa SHEPruu cBsA3M y3ia [Lia-
cTa.

Pounb CI'B B co31annmn 4épHbIX JbIpP:

CI'B — He maccuBHBIN TPUEMHIK, 2 AKTUBHBIN apXUTEKTOP HuKJaa. B MomeHT «Y napa
xJsipicta» CI'B manmmmpyer pa3sépteiBanue [lnacta u co3aaét sKopst — YEpHbIE AbIPhl Pa3HbIX
KJIACCOB. DTU AKOPs BHITOJIHSAIOT JBE B3aMMOCBS3aHHBIE (DYHKIIMH:

1. CnepxuBanue IlnacTa — gKops yep:KUBaIOT CTPYKTYPY KapKaca, IpeJoTBpalias HeKOH-
TposMpyemoe pacivpenue uin pacnaj [Tnacra.

2. IloaAroToBKa KOJUIANCA — SIKOPS HAKAITMBAIOT SHEPIHI0 ¥ MH(POPMAIIUIO, YTOOBI B HY K-
HBII MOMEHT MHULIMMPOBATh «BO3BpaT XJIbICTa» — KacKaaHbi KoJutarnc [1nacra u Havano
HOBOTI'O 1IUKJIA.

Pasnble kiacchl YEPHBIX JbIP (ITACCUBHbIE, CBEPX-AKTUBHBIE, IITATHBIE, JIOKAJIbHBIE) — 3TO
pa3Hble THIBI AKOPpeii, co3naBaembix CI'B as BeINOHEHUsT pa3HbIX 3a/1a4 B pa3Hble SMOXU
uukia. Ho niens y Becex ofHa: 00ecneunTh 3aMKHYTOCTh IUKJIA «Y 1ap/Bo3Bpar xabicTa».
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3. Kiuaccudukarop 4épHbBIX AbIP: YEPHBbIE AbIPHI KAK AKOPA

Ilnacra

3.1. YncaoBble rpaHulbl IapaMeTPOB MO KJaccam

ITapameTp Kaace I (ITac- | Kamacce II | Kimace I | Knace IV (Jlo-
CHBHBII) (CBepx- (III'TaTHBII) KaJIbHBIH)
AKTHBHDBIN)
Macca M (M) > 5 x 1010 10% - 1010 10° —10° 3-10°
ITnoTHOCTD p | <0,01 0,01 — 102 10" — 100 ~ 106
(kr/m>)
Temm akkpermu M | ~ 0 ~ 10 0,01-10 10710 -10-6
(Mg/ron)
A = Lot/ Leda <1073 >3 0,01-1 10751
JIKeThl HET Jia, MOIIIHbIE cnabble / peyikue BO3MOXHBI (MHK-
POIKETHI)
MoONIHOCTh IXKETOB | — > 10% < 10 (ecm | < 1038
Piet (3pr/c) €CTb)
Pentren L (apr/c) | mer / < 10% ~ 10% 1013 —10% 1030 — 10%®
Hetitpuno HeT (poHOBHIN | 1a, JOeTeKTHpye- | BO3MOXKHO (cia- | HeT (kpome Cyg
YPOBEHb) Mble ObIii ITOTOK) X-3)
XUMHUYECKHE HET BO3MOXKHBI ga (u30bTok N/O | Her
aHOMAaJINU U ap.)
Kpacnoe cmeme- | mo6sre (0,1 — 8) ~ 2 MoObIe < 0,1 (;okamb-
HUE 2 HBIC)
3.2. IIpumepsl 1JI KaKA0T0 KJacca
Kaacc IIpumep 1 IIpumep 2 IIpumep 3
I. TIMaccus- | Ton 618 (6,6 x 101°M, | Phoenix A (~ 10''M,, | Holmberg 15A (~ 4 X
HbIil 2z = 2,219) 2z~ 0,6) 101°M,, z = 0,055)
1. Cgepx- | ID830 (z = 3,43, A ~ | SMSSJ1144 (z = 0,83, | —
aKTUBHbBII 13) A~T)
III-a CEERS 1019 (~ 9 x | — —
105M, z = 8,68)
II1-b UHZ1 (~ 4 x 1O7M@, — —
z =10,1)
III-c SAGE 2137 (~ 108M,,, | — —
z =6,0)
IV. Jlokaab- | Jlebenp X-1 (~ 21My) | GW190521 Cyg X-3 (HeuTpuHHBIE
HbII (~ 150M) BCIIBIIIKH)

IIpumeuanne no Kaaccy II: [Touck B OTKPBHITHIX UICTOYHMKAX BBISIBUII TOJIBKO JIBA MO~
TBepkAE€HHbIX KaHauaara: ID830 u SMSS J1144. Ocranbubie kanaugatel (NGC5907 ULX1,
GRB-NDAF) 6buU OTKJIOHEHBI BBUIY UX HEUTPOHHOHN MPHUPOJBI WA TUTIOTETUIECKOTO CTaTy-
ca. Kiacc II TpeOyet HaKoIIeHUs] CTATUCTUKH.

4. IpuHnmnbl Kjaaccupukanuu
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Ne Ipunmun Onucanne IIpoBepka
1 HezaBucumocts or B03- | U€pHble apiphl ogHoro kiacca | Ton618 (z = 2,2, Bo3pacT
pacta (Macca He COOTBET- | MOIyT HaOmonaTbcss B JoOylo | BeenenHoit 3 muipa Jsier)
CTBYET BO3PacTy) KocMoJiornueckylo 3noxy. ns | u Holmberg 15A (z =
naccuBHeIX skopeil (Kmacc 1) | 0,055, Bospact 13,8 mapg
Macca He MOKeT OBLITh 00h- | JIET) HMEIT COIOCTABH-
SCHeHa aKKpemueil miam cam- | Mble Macchl (~ 4 x 1010 —
AHMAMH 3a jocTynHoe Bpemd. | 6,6 x 10'9M). Ton 618
OnHu yxe ObLIM MACCUBHBIMH Ha | CJIMILIKOM MAacCCHUBEH IS
PaHHUX JTarnax. CBOEro BO3pacTa.
2 HeobGpatumocts st mac- | ITaccuBHBIA SIKOpb He MOXeT re- | OTcyTcTBUE Ha0JT01a-
CHBHOTO perTH B APYrou KJjacc. embIx rmepexomgop [ —
I/II/TV.
3 Criesipl TPOILIOTO CBepx-aKTUBHBI SKOPb, Tiepe- | Y YEPHBIX ABIP C TIPU3HA-
XOAs B UITAaTHBIA, COXpaHfeT | KAMU  CBEpX-aKTHBHOTO
«IIpaMbl» (XMMHUYECKHE aHOMa- | MPOIUIOro JOJKHA OBITh
JIMM, OCOOEHHOCTH KUHEMATHUKHM). | YMEPEHHasi aKKpeuus |
u36bITOK N/O.
4 Koncepsarus nokansHoro | JIokanbHbI SKOps He MoXkeT | OTCyTCTBHE YEPHBIX ABIP
CTaTh MACCUBHBIM 0€3 cusanua. | ¢ Maccamu  103-10° M,
B CIIOKOMHBIX YCJIOBHUSX
(6€e3 cauaHui).
4b Ilepeckok uepe3 cimuanune | Ilpu cnmgaum snokanpHbIX Ako- | GW190521 (150Mg),
peii BosMoxkeH «mepeckok» B | HLX-1 (~ 2 x 10*Mp).
3anpeménnyio 30Hy Macc 10%—
103 M, u Bbiue.
5 CradunbHocth mitatHoro | Ilratheiil skops (Knace IT) mo- | CpaBHeHue AKTUBHBIX

pexuma

KET CYIECTBOBATh MUJUTHAP/IBI
JIET B peXXMMe YMEpEeHHON aKKpe-
UM,

U CIOKOMHBIX KBa3apos;
nonroxuBymme AGN.

5. Ilepexoabl Me:xkay KaaccaMu

Hcxoanupiii | Cnmoco6 mepexoja Hosrrii BeposaTnocts Ilpumep

KJjacc KJjacc

I HEBO3MOKHO — 0 Ton 618 Haecerma Ton 618

II €CTECTBEHHOE 3aTyXaHue III (J11000¥ | BBICOKAsT ID830 uepe3 1 mipn et
MOJIKJIacC)

I (;o60it) HCTOLLIEHHUE BEIIECTBA III (crokoii- | cpenHsist KBa3apbl B CTapbIX FAJIAKTUKAX
HBIN)

III + III CIIMSHIE III (bostee | penkast oxumaemo 111 AGN
MAaCCHBHBII )

IV+1v CIUsIHUE IV+ (morpa- | peakas GW190521 (150My)
HUYHBIN)

IV+ (10%- MHOT'OKPAaTHBIE CIIASHUA III-a (105-| ouens penkas [HLX-1 (~ 2 x 104M@)

10%) 107)

v akkperus (0ObIYHAas) 1V (ta xe mac- | BBICOKast Jlebems X-1
ca)
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6. ®opmyasl kaaccupukaropa: CTaTyc, rpaHuIlbl IPUAMeEHH-
mocTtH 1 cBs3b ¢ EBKM

6.1. Pagnyc IlIBapummabaa (mpuaar u3z OTO)

_2GM

2

R,

c
Craryc B EBKM: [IpunAT Kak npenenbHblil ciayvai onvcanus «HanonHeHus» B paMkax
OTO. dnsa maccuBHbIX y370B [Tnacta (Y€pHBIX ABIP) ITO XOpoIiee NpUOIKEeHHE.
Hcnoan30BaHne: oLeHKa pa3mepa, 00bEMa, CpeIHer MIOTHOCTH.
Orpannuenusi: He paGoTaeT U1 ObICTPO BpalIAIMXCs YEPHBIX Ablp (HyxeH Kepp). B
EBKM st10 He npobaema — OTO ocraércs Teopueit 11 «HanoaHeHus».

6.2. Cpennsist IIOTHOCTD (padoTaeT He Bcerja)

3M 3cb 1

TS R ey VA Ve

Cratyc B EBKM: ®opmyina BepHa 11 HeBpaiaouuxcs 4€pHbix gpip B OTO. B EBKM
9TO MAaKPOCKONUYECKUH Mpees.

Hcnoans30BaHue: paszjesieHre KJIACCOB U MOJIKJIACCOB MO IJIOTHOCTH.

IIpo6.aema (oTkphIThIE Bonpoc): Hsa M < 108M,, (opmyna 1aéT 3aHUKEHHbIE 3Ha-
YyeHus Ha 6 mopsakoB (cM. mojkiacc I11-a). Dto He ommoKa, a yka3aHue Ha TpaHUIly TIPUMEHU-
MOCTH:

p

* JIu6o o6wekTrl BpamaoTcs (Kepp gaér nonpasky 10 8 pas, Ho He 10°).

e JInbo 11l Majbix Macc OObEKTHl — He YE€PHBbIE AbIPHI B KJIaCCHYE€CKOM CMBICJIE, a
miotHbIe y3J4bl [linacra 6e3 ropusonra coosituii. B EBKM 3T0 ectecTBEeHHO: JTOKaIbHbIE
akops (Knacc IV) Moryt He UMeTh TOpU30HTA.

BoiBoa nuis knaccudukaropa: [Tnoraocts qis kinaccos Ill-a, II-b, I-c 6epétcst Im-
nupuYecKd U3 HAGII0JeHNU, 2 He BBIBOIUTCS U3 (DOPMYJIBL. DTO OTKPBITHIA BOIIPOC ISt Oy Iy-
mied Teopuu [Lnacra.

6.3. DOIUHITOHOBCKAasA CBETUMOCTb M MapaMeTp \ (IPUHST)

4rGM Lo
Ledd = i mpca A= el
ar Leda

Craryc B EBKM: [Ipunar u3 actpopusuku. B EBKM A\ > 1 unTtepnperupyercs Kak
pexuM, B KoTopoM y3ei [1nacra nepecrpauBaercsi ObICTpee, YeM BEIECTBO YCIIEBAET «BbIAyBaTh-
Cs1» U3JTyYCHHEM.

I'panunpl B kaaccupukarope (3Mnupudeckne):
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Kaacc A Crartyc

I (maccuBHBbIN) <1073 AKKpeLys IPAKTUYECKU OTCYTCTBY-
er

II (cBepx-aKkTUBHBII1) >3 3HAUMTENILHO BHILIE TMpenena -
JUHITOHA

III (muraTHLIR) 0,01-1 OOBIYHBIN PEKUM

IV (noxanbHbIR) 1076-1 a0COJII0THAsI CBETUMOCTD MaJla M3-3a
MaJIOl Macchl

IMouemy )\ > 3, a ne > 1? ID830 mokassiBaet A ~ 13, SMSS J1144 — X\ ~ 7. [Topor
> 3 BBIOpaH, YTOOBI OTAEUTh HAAEKHO CBEPX-3JHHI TOHOBCKHE OOBEKTHI OT TeX, KTO JIUIIb

CJIerKa IpeBblIaeT npejen (Hanpumep, A ~ 1,2). 910 SMIupUYecKoe yTOUHEHHE, He BHIBOJ
u3 EBKM.

6.4. KpanToBanmne maccol (mocryaatr EBKM, npeacka3anmne)

M:Na X mp, Ebind:NaXEP

e mp = \/hic/G = 2,18 x 10~® kr — miankoBckas macca, Ep = 1/hc® /G ~ 1,96 x 10° [Tk
— IUTAaHKOBCKas 3Heprus, N, — 1enoe 4ucio (YUCI0 aKTUBUPOBAHHBIX Y3JIOB).

Craryc B EBKM: ITocTtyaar (u3 2026a). Macca He HenpepbIBHA, 2 KBAHTOBAHA C IIIarOM
mp.

Hcnoab3oBanue B kiaccugukarope: OHTONOrMYecKkoe OCHOBaHUe. [l Makpocko-
nuyeckux macc NV, orpomHo (~ 103 mna M), 103TOMy KBAHTOBaHUE HE HAOIIOAAEMO CETO/HS.
Ho npuHIunuaibHo mMacca He MOXeT ObITh JTI0OOH.

IIpencka3anue: [Ipy 1OCTaTOUHO TOUHBIX U3MEPEHUsIX (OyAYyIIME IPAaBUTAIIMOHHO-BOJIHOBbIC
oOcepBaTopyn) pacripeiesieHue MacC YEPHBIX JIBIP JOJKHO OOHAPYKUBATh MTUKHU, KPATHBIE 11 p.

6.5. ITopor maccuBHOTrO AKOPSI (AMIUPUYECKHI, TPeOyeT BHIBOIA)

M > 5 x 10'°M

Cratyc B EBKM: DMnupuyeckuii nopor. Bee n3BecTHble UEpPHDIE ABIPBI C MACCOM BBIIIIE
stoi rpanuusl (Ton 618, Phoenix A, Holmberg 15A) nemMoHCTpUpYIOT OTCYTCTBUE aKKpELUH,
IKETOB M OY€Hb HU3KYIO IJIOTHOCTb.

Yrto Hy:xkHO BhiBecTH N3 EBKM: N — 4KCI0 aKTUBUPOBAHHBIX Y3JI0B, IPU KOTO-
pom y3en [Tnacra nepectaér B3anmMoaencTBoBaTh ¢ «HamomHeHneM» (aKKpelus HeBO3MOXKHA).
DMIIMPUYECKU:

5x 1010M, 5 x 10 x 2 x 1030
X O 22X 0 XEX T 46 x10%
mp 2.18 x 10-3

N, crit ~
IIoka He BBLIB €CHO — Tpe6yeTC}1 IoJiHas1 TeOpuA IInacra.

6.6. Pe3ome no popmyaam

®opmyaa / [Topor Craryc B EBKM I'me pa6orTaeTt I'me ne padoraer /
npooema

Ry = 2GM/c? npuHaTa (3 OTO) BCE KJIACCHI JUIsl BpallleHus1 — To-
npaeka Keppa
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p = 3c%/(32nrG3 M?)

[puHATA, HO OI'paHU-
YCHa

kiaccel I, I1, III-c

He padoraer IS Ma-
aeix M (III-a, III-b,
IV) — pacxoxaenue
10 6 MOPSIIKOB

Leda, A MIPUHSTA BCE KJIACCHI A > 3 — smnupuye-
CKHI TIOpOT
M =N, xmp noctryaat EBKM BCE KJIACCHI (OHTOJIOTU- | HE MPOBEPSIEMO CEro-
YECKM) JIHSA

M > 5 x 10" M, (Knacc I) SMIUPUYECKUIT Knacc I He BbiBelleH u3 EBKM
nopor

A > 3 (Kmacc II) SMIHPHYE CKHIT Kmnacc II He BeiBeleH u3 EBKM
nopor

7. Craryc kiaaccudukaropa: aeaykuusa n3 EBKM u smnu-

pUYeCKHe MOPOTU

HenyktusHo u3 EBKM caenyror:

* Cama uzes kjiaccuduKalMi YEPHLIX IbIp KaK AKOPel nukiaa, cozgaBaembix CI'B.

® Pa3)16)'ICHI/IC Ha KJ1aCChbl 11O qDYHKI_II/IHM, KOTOPBIC 3TU AKOPA BBIITOJIHAIOT B IUHAMUKE IIna-
cTa (C,H,ep)KI/IBaHI/IC, HAKOIUICHUE 9HEPIrun, nNoAroToBKa KOJIJI&HC&).

® HpI/IHI_II/Il'IbI K)IaCCI/I(bI/IKaI_II/II/I (He3aBI/ICI/IMOCTb OT BO3pacTa, H606paTI/IMOCTb, CJIEbl IIPO-
JI0ro, KOHCEpBALus, IEPECKOK YE€PE3 CIIMAHUC, CTa6I/IIIbHOCTb).

e KBanroBanue maccel M = N, X mp.

* CBs13b Macchl C 3Hepruen cBs3u y3na Fy,g = N, X Ep.

* Posb CI'B kak aKTHBHOT0 HCTOYHMKA SIKOPEi, 3a/IaI01LEr0 UX MapaMeTphbl uepe3 Mexa-

HU3M «Y J1apa XJIbICTa».

AMnupuyecku (U3 HAOJIIOIeHHIT) ONpe/1eIeHbl:

* YucsoBbie Moporu i Kaxkaoro kiuacca (M > 5 X 1010M@, A > 3, TpaHUIIbI TTIOTHOCTH

U T.I.).

» KoHkpeTHbIe pUMepbl 00BEKTOB.

Ba:xkno: Kinaccudukarop noctpoeH Ha HeocpeCTBEHHO HaO Mo JaeMbIX TapaMeTpax (Mac-
ca, TJIOTHOCTb, A, JUKEThI, HEUTPUHO, XMMUs, 2) M He TPeOyeT i CBOEro UCIOIb30BaHMS HU
noctyinatoB EBKM, vu nonymmenuit ACDM. [Toatomy OH MOKeT ObITh TPUMEHEH B PAMKaX JIIO-
001 TeOoPUH, ONUCHIBAOIIEH YEPHBIE IBIPHI, KAK FHCTPYMEHT CUCTEMATH3AIMU HAOJTI01aTeIbHBIX
nanHbiXx. OnHako ToabK0 B EBKM oH mosryyaet oHTOJIOrHYeCKO€e 000 CHOBaHME: YEPHBIC
AbIpbl — 3TO sIKOPs, co3nanHble CI'B s caepxuBanus [Tnacta u noaroToBky KoJuiarnca HUKJIa.

8. IIpeackazanus ajsi Oy Qymux OTKPbITHI

1. Cnenyromwuii naccuBHbi sikopb (Kiace I) nomken 6biTh 0OHapyskeH npu 2 < 1 ¢ Maccoi
> 5 x 10'° M, u motHOCTHIO < 0,01 KI/M>.
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2. Crnenyrommii cBepx-akTuBHbIN ssKopb (Knace 1) nomkeH umeTs A > 3, MOIIIHOCTD KETOB
> 10° 3pr/c u pentreHoBCKyIo cBeTMMOCTH > 104 3pr/c.

3. O06bekTH ¢ Maccoii 103-10° M), IEMOHCTPUPYIOIIME XUMUIECKME aHOMAIIMH, ABJISIOTCS
KaH/IM/1IaTaMH Ha pe3yJIbTaT MHOTOKPATHBIX CIUsHUE (mpuHLUI 4b). OOBEKTHI ¢ TaKOH ke
MAaccoi, HO 6e3 AaHOMaJINiA, TPeOYIOT MHOTO OObSICHEHUSI.

4. Ceepx-aktuBHble sikops (Knacc II) momkHBI OBITh UCTOUHUKAMU HEUTPUHO M, BO3MOXKHO,
ObIcTphIX panuosciuieckoB (FRB).

5. Ipeackazanne EBKM: pacripenenenne macc YEpHBIX AbIp HE SABJISETCS HENPEPbIBHBIM.
[Ipu 1OCTaTOYHO TOYHBIX M3MepeHusx (Oyayllue rpaBUTALIMOHHO-BOJIHOBBIE 0OCEpBaTO-
pUM) JOJKHBI OOHAPYKUTHCS MTUKH, KpaTHBIE TUIAHKOBCKOKM Macce m p.

9. IIporpamMmma npoBepKH

3agaua JdaHHbIC OxkngaeMblil pe3yJabTaT

IMoctpouts pactpenene- | Karamorm SDSS, DESI, | Bombmioit pazépoc Macc mpu pukcupo-
Hue M-z JWST BaHHOM 2

Haiitu ananorm Ton 618 | O630pel SDSS, DESI ITaccuBHble sIKOps B «MOJI0A0I» Bce-
npu z < 1 JICHHOUN

Haiitu ananorm CEERS | JWST, ALMA TatHele sikopsl B paHHe#d BeenenHoi

1019 npu 2z > 5
Iouck ananoros ID830 SDSS, DESI, JWST, | [Ipyrue cBepX-akTUBHbIE IKOPS
GRB-00630psI

CpaBHUTH \ U XUMHIO Hannbie peHtrena u ontu- | Koppensus A u N/O

KU
Kunacrepnpnii ananmus ma- | Karamorm SDSS, DESI Brigenenne 4—5 yCTOMYMBBIX KJIACCOB
paMeTpoB
ITouck neiTpuHHBIX KOp- | IceCube + karanorn Y] CBepx-aKTUBHBIE SIKOPSI — HEUTPUHO
pensuit

10. Yro o3HauyaeT moaTBep:KAeHNE KJIaccudukaropa s
ACDM n g EBKM

10.1. Kuaccucpukarop e 3apucut ot ACDM

BakHO MOAUepKHYTh: KiIacCU(UKATOP, MPEICTaBIECHHBIA B 3TOH paboTe, MOCTPOeH Ha
HemocpeACTBEHHO HA0JI10/1aeMbIX IapaMeTpPax — Macce, IIOTHOCTH, TEMITe aKKPEIUH, 11
JAVHTTOHOBCKOM OTHOIIIEHUU A, HAJTMYWU KETOB, PEHTT€HOBCKOW CBETUMOCTHU, HEUTPUHHBIX TO-
TOKaX, XMMUUYECKUX AaHOMAJIUSIX U KpacCHOM cMellieHuu. OH He MOCTYJUPYeT HU TEMHYIO MaTe-
PYIO, HA TEMHYIO SHEPTHIO, HU KOCMOJIOTHYECKYIO MIOCTOSTHHYIO A.

[Tostomy kinaccugpukatop He 3aBHCUT OT cyabObl ACDM. [laxe ecnu craHmapTHas
KOCMOJIOTHYecKasi MoJiesib OyJIeT MOJIHOCThIO MEPECMOTPEHa UM OTBEPrHyTa, KJIaccuUKaTop
OCTaHeTCsl — KaK SMIMPUYECKasi TAKCOHOMHUS YEPHBIX JbIP, OCHOBAHHAs HAa HAOMIOAATENbHBIX
JAHHBIX.
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10.2. ACDM y:xe moJiyuyaeT yaapbl 03 He3aBHCHMbIX JaHHBIX

CraHgapTHasi KOCMOJIOTHUECKash MOJICIb TIePEKMUBAET CETO/IHsI CUCTEMHbIN Kpusuc. Ha-
KOIUIEH PsiJl aHOMAJIMIA, KOTOpbIe TUOO TpeOYIOT TOHKOW HACTPOUMKH, JIUOO OCTAIOTCS 32 Mpejiea-
MU 0OBSICHUTENIbHBIX Bo3MOkHOCTel ACDM (monpoOnee cm. 2026¢):

* Hanps:xenne Xa66J4a (Hy, 86) — pacxoxaeHre Mex/1y paHHUMH 1 TTIO3THUIMH U3Mepe-
HUSIMHU.

* Hanpsizxenue Sy (2,4-2,76) — pacxok/ieHUE B U3MEPEHUSAX CTPYKTYPHOI'O pOCTa.

* Jpouonus w(z) no naaabiM DEST DR2 — napamverp ypaBHEHHUs1 COCTOSIHUS TEMHO
SHEPruu MOXET He ObITh KOHCTAHTOM.

* IIpoo6Jema pannux cBepxmaccuBHbIX Y€pHBIX AbIP (JWST) — oOobexTsl TMa CEERS
1019 cnuikom MacCUBHBI 151 CBOETO BO3pacTa.

* IIpoo6uema B-mo — OTCyTCTBHE OKUAAEMBIX CUTHATYP MUH(IISIMOHHBIX I'PAaBUTAIIMOH-
HBIX BOJIH.

* AHOMaJINH P eJMKTOBOI0 N3Jy4YeHus (1nonychepruyeckas acMMMETpusl, BHIpaBHUBAHUE
ocell HU3KUX MYJIbTUIONEN).

T yapbl He 3aBHCAT OT Kjiaccupukaropa. OHM ClIeyoT U3 MPSAMBIX HAOJI0JCHUT.

10.3. Knaccuukarop — emé oJuH CaMOCTOSTEIbHbBIN Y1ap, HO HHOTO
poaa
Ecim KJIaCCI/I(l)I/IKaTOp MOATBEPAUTCA NOCTATOYHBIM KOJIMYECTBOM JAHHBIX, OH HAHECET

ACDM otaeabHbIil, He3aBHCHMBIN yaap, HO He IPOTUB A KaK KOHCTAHTHI, a POTHB Mpe/1-
CcKa3aTeJbHOI CHJIbI MO/IeJIH B OTHOIIEHNHU Y€ PHBIX JAbIP:

Yto JeMOHCTPUPYET Kaaccupuka-
TOP

IMouyemy 310 npoodaema s ACDM

Yerbipe YETKO pa3AesIEHHBIX Kiacca ¢
pa3pelBaMU

ACDM npejcka3biBaeT HENMpephIBHOE pacipejerie-
HUe

Knacc I (maccuBHble sIKOpsi): Macca He
COOTBETCTBYET BO3PACTY

CraHgapTHbIE MEXaHU3MBI POCTa He paboTaloT; HY K-
Hbl PBH wiu HensBecTHas puznka

Kiacc II (cBepx-akTHBHBIE IKOPs): A >
3

TeopeTrueckuit mpees DIAUHTTOHA HApYIIIeH; Hy K-
Hel ad hoc uckinoueHus

PacxoxaeHre IUIOTHOCTEH IJIST MaJIbIX
M (o 6 opsITKOB)

OTO (u ACDM) He J0nyCKaloT TAKOrO OTKJIOHEHUS

XUMHYECKHe aHOMAJINK, KOPPEIpYIo-
IIUE C KJIACCOM

He mpexackazaHo; HyXHbl OcOOble PEXUMBbl HyKJIe-
OCHHTE32

Heiirpunnsie koppensun (Knace I1)

He npencka3zaHo; Hy:KHbI JOIOJIHUTEIbHbIE MEXAHU3-
MbI

KaxpIil U3 3TUX MyHKTOB — caMocTosTenbHas npoodsiema st ACDM. B coBokymHO-
¢t OHM TpeOyoT MO0 MHOXKecTBa ad hoc nomymienuit (uro Hapymiaetr 6putBy Okkama), OO
MPU3HAHMSI, YTO CTaHJAPTHAst MOJIEJTb HE OMMCHIBAET YEPHBIE ABIPHI a/IEKBATHO.
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10.4. EBKM craBut A moj coMHeHHEe OHTOJOIHYeCKH, a He SMIIHpHYe-
CKH

B EBKM (20264, pa3znen 8) kocMoJiormueckas MocTosiHHast A He siBJisieTcst pyHjaa-
MEHTAJbHOIl KOHCTAHTOH WJIN dHeprueil Bakyyma. OHa UHTepIipeTupyercs Kak 3¢ gek-
THUBHBII MaKpocKonu4yeckuii mapkep coctossuus Ilnacra:

Aeff - A\Il + AKapKac + AZ7
rje:
* Ay — BKiaz poHOBOM nuHaMuku [1nacra B haze «Pacnpsimnenus»,
* Akaprac — BKJIaJl CTAOMJIM3UPYIOIIEr0 KapKaca (aHTUBEIECTBO),
* Ay — BrJajg aktuBHOU rpanuisl (CI'B).
N3 aToro cnenyioT NpuHIUNIHAILHBIE BBIBO/IBL:

* At MOKET BOJIOLMHOHUPOBATH BO BpeMEHH (UTO y)Ke HAOJIOAAeTCs KaK OTKJIOHEHHUS
w(z) ot -1).

* Aef MOZKET BapbHPOBATHCS B MPOCTPAHCTBE (YTO MOXET OOBSCHATh HANPSIKEHUE
Xab0:1a KaK JIOKIBHYIO (PIIyKTyaIuio).

* A He TpeOyeT TOHKOM HacTpoikn — npodiaeMa 10120 cuumaercs, Tak Kak cpaBHMBA-
10TCs1 IoJHast sHeprus [lnacta u Masblil ocTaTOUHBIN PPEKT.

Takum o6pazom, EBKM He npocTo «0b€éT mo ACDM», a npeuiaraet ajibTepHATHBHYIO
OHTOJIOTHIO, B KOTOpPOH A mepecTaét ObITh 3araIouHON KOHCTAHTON M CTAHOBUTCS JMArHOCTH-
YECKUM UHCTPYMEHTOM.

10.5. EBKM o0bsicHsieT KaaccuuKATOP U3 NePBbIX NPUHIUIIOB

B ormmune or ACDM, kortopasi BeIHYXAEHa pearupoBarh Ha Kiaccudukatop ad hoc,
EBKM neayKTHBHO BBIBOJHUT caMy U/1el0 KilaccuPuKaAMu:

* Yepuslie apipsl — 310 y3.4blI Il1acra.
e Macca kBaHTtoBaHa: M = N, X mp.
* DHeprus cBA3U y371a: Fying = N, X Ep.

* PasHple TUMBI SKOpel COOTBETCTBYIOT Pa3HbIM peKMMaM B3anMMOJ€HCTBHSA y3Ja C
HanoJuanenmnem:

IMaccuBHbii (I) — y3en ¢ MaKCUMaIbHOUM HEpruer CBS3U, HEe B3aUMOJIEHCTBYET C
BEIIIECTBOM.

Caepx-aktuBsbli (II) — y3en B pexxume KpUTUUYECKOH NEPECTPOiku, A > 3.

IIraTaeni (IIT) — y3es B CTaOMIBHOM pekUMe aKKPEIHH.

JIokaabubi (IV) — manblii y3en 6e3 ropu3oHTa COOBITHI.

Yucnossle noporu (Hanpumep, M > 5 x 10190 nna Knacca I, A > 3 s Knacca IT) onpepe-
JIEHbl SMIIMPUYECKH U MOTYT YTOUHATHCS, HO caMa CTPYKTYpa KJacCH(UKATOPA CIEayeT
u3 oHrosioru EBKM.
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10.6. Pe3rome

Acnekr ACDM EBKM

Cratyc A OyHnameHTanbHass  KoHCTaHTa | Mapkep cocrosiHusa — Iliacra
(mpobaema 10129) (0OBSICHEN)

Ilpenackasanme  kiaccoB | He mpenckasbiBaer JleAyKTUBHO BBIBOJUT

YEPHBIX JBIP

OObsicHeHue A > 3 Ad hoc uckmoueHus Pexum  kputwueckodl — mepe-

CTPOVIKM y3J1a

Oo0bscHenne «macca He | Her (Hyxust PBH) ITaccuBHBIE AKOPs HE POCIIU

COOTBETCTBYET BO3PACTY»

Oo0bsicHenne  pacxoxnae- | Her (OTO He momyckaer) V3l [lnacra 6e3 ropu3oHTa CO-

HUS p OBITHI

OO0ObsACHEHNE XUMAYECKUX
AHOMAUIUI

He NpeacKa3blBaCT

Crnenpl cBepX-akTUBHOM hba3bl

OO0bsiCHEeHNEe HEHTPUHHBIX
KOppesuuii

He npenckaszbiBaer

Arentsl nepemaun (2026a, pas-
zen 6)

Poms CI'B

OtcyTcTBYyeT

AKTHUBHBIA co3faTeNb sIKOpei

i cpepxuBaHus Ilnacra u
MOATOTOBKH KoOJuIarca
KnaccudukaTtop He 3aBUCUT

3asucumocts or ACDM

BriBoa: Knaccudukarop e Hyxngaercss B ACDM s cBoero cymectBoBanusi. OH 1o-
CTpPOEH Ha IAHHBIX ¥ OCTAHETCsI SMITUPUIECKON TAKCOHOMUEH B JMOOOW KOCMOJIOTUYECKON MOJIe-
. Ogaako st ACDM oH nipeacTaBisieT co00i emé oiH caMOCTOATEJIbHbBIN yaap — Ha
3TOT pa3 Mo e€ NpejcKa3zaTebHON cuiie B o0nactu 4€pHbIX Aplp. EBKM, HanpoTus, npejaiaraet
€IHHOE OHTOJOTHYEeCKOe 00 bsiCHeHne 1 Kiaccudukaropa, u anomamuii ACDM, npeBparnas
pa3po3HeHHbIE TPOOIEMBI B CBA3HYIO KAPTUHY SIKOpel 1MKJIa — y3710B [1nacTa, HakanmBaonmx
SHepruio ¥ MHGOPMALHIO 17151 HOBOTO LUKJIA.

11. Yto nyxkno BoiBecT: 13 EBKM /151 yrouHeHus Kiaccu-

¢dukaropa
3anaua CaoxHOCTH IIpuopuret
BriBectn N m3 cBocTB Ilnacra BBICOKAS 1
OOBSICHUTD PaCXOKJACHUE p Ui Ma- | CpeIHsIs 1
abix M (I-a, III-b, IV)
BeiBectu A > 3 Kak clieICTBUE KpU- | BBICOKAs 2
TUYECKOTO TEMIIA IEPECTPONKH y371a
CdopmynupoBaTh  MPOBEPSEMOE | CpPeIHss 2
Mpe/ICKa3aHue O KBAHTOBAHUU Macc
Hakorute cratnctuky no Kiaccy | TexHuueckas 1
II (mouck HOBBIX ID830-110gOOHBIX
OOBEKTOB)

12. 3akjaouyeHue

Ton 618 — He aHOMaMs1. DTO MACCUBHBIN AKOPb — YEPHAS JBIPa, 33]]a49a KOTOPOU He
niepepabaThIBaTh BEIIECTBO, & HAKAITMBATh «3aMOPOKEHHYIO» SHEPTHUIO U YIEPKUBATh CTPYKTYPY
kapkaca Ilimacra.
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ID830 — He aHOManMA. ITO CBEPX-aKTHUBHBIN SIKOPb, 3a/la4a KOTOPOr0 — MaKCH-
MaJIbHO OBICTPO TepepadaThiBaTh BEIIECTBO B SHEPIHUIO.

CEERS 1019 — #He aHoManus. DTO IITATHBIA IKOPb, 33J]a4a KOTOPOro — repepada-
THIBATh BEIIECTBO B OOBIYHOM PEXKUME, 000TaIlast Cpejy.

Bce onn — sikops, coznannsie CI'B. Pasnble 3agaun. OnHa nesne: caep:xxuBanue [lnacra
Y MOArOTOBKA €ro KoJularca Jji HOBOro UMKJIA.

[IpencraBiaeHHBIN KJIAacCU(PUKATOP SIBJISIETCS paOOYMM MHCTPYMEHTOM KCCIIEA0BATEIh-
ckoit mporpammbel EBKM. Ero crpykrypa neayktuBHo ciaeayet u3 oHtoJiornu EBKM, a
YHCJOBBIE OPOTU ONMpeeeHbl SMIMPUYECKH U OyayT yrouHsaTbes. Knaccudukarop ué-
TOK, IPOBEPSIEM U OTKPHIT AJIs1 YTOUHEHUH.
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