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The efficiency of limiting quantities as a tool for describing physics at various spatio-temporal scales is shown. Due to its universality,
limit values allow us to establish relationships between, at first glance, distant from each other's characteristics. The article discusses
specific examples of the use of limit values to establish such relationships between quantities at different scales. Based on the principle
of reaching the limiting values on the event horizons, a connection was obtained between the Planck values and the values of the
Universe. The resulting relation can be attributed to relations of the Dirac type - the coincidence of large numbers that emerged from
empirical observations. In the article, the relationships between large numbers of the Dirac type are established proceeding, in a certain
sense, from physical principles - the existence of limiting values. It is shown that this ratio is observed throughout the evolution of the
Universe. An alternative way of solving the problem of the cosmological constant using limiting values and its relation to the minimum
spatial scale is discussed. In addition, a one-parameter family of masses was introduced, including the mass of the Universe, the Planck
mass and the mass of the graviton, which also establish relationships between quantities differing by 120 orders of magnitude. It is
shown that entropic forces also obey the same universal limiting constraints as ordinary forces. Thus, the existence of limiting values
extends to informational limitations in the Universe. It is fundamentally important that on any event horizon, regardless of its scale
(i.e., its gravitational radius), the universal value of limit force c¢*/4G is realized. This allows you to relate the characteristics of the
Universe related to various stages of its evolution.
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The observed Universe represents a hierarchy of structures with a gigantic spread of characteristic parameters (sizes,
energies) from Planck to cosmological. The search for the mysterious connection between large and small scales that
describe the world around us is an exciting game of chance. "Random" coincidences caused a storm of enthusiasm and
the illusion of unraveling the innermost secrets of nature. The roots of the game go back to antiquity. The first "number
theory" - Kabbalah denied the possibility of random coincidences, considering numbers to be a symbol of the spiritual
nature of things.

A new era in "physical numerology" began in the first half of the twentieth century, when the characteristic sizes of
macro (Universe) and micro (atom, electron) objects became known. The greats entered the game: Weyl [1], Edington [2],
Dirac [3].

Already in 1923, in an appendix to his book, "Space, Time, Matter", G. Weyl estimated the ratio of the radius of the
Universe to the classical radius of an electron as ~ 10*° . As he writes, this suggests that the enormous numerical value of
the constant is related to the difference in the sizes of the Universe and the electron. P. Dirac belongs to the observation
that in the hydrogen atom the ratio of electric to gravitational forces is close to the ratio of the size of the Universe to the
classical radius of the electron.

electrical forces (H —atom) Hubble radius

gravitational forces(H —atom)  sizeof electron M)
No physical explanation of this result has yet been found, although it is obvious that any numerological coincidence

is of interest only if it can be explained (obtained) in the framework of fundamental physical theory.

The purpose of this article is to introduce a new approach [4] to explain the relationship between different scales. We

show that the so-called limit values are an effective tool for achieving this goal. Due to their universality, the limiting

values make it possible to establish connections between, at first glance, distant fields of physics.

PHYSICAL MOTIVATIONS

The traditional formulation of the ultimate goal of physics (in the narrower sense of physical axiomatics) represents
the derivation of physical laws from first principles. However, the search for first principles is not inferior in complexity
to the original problem. An alternative way to understanding the world around us is to interpret the fundamental limit
values as a factor determining the structure of physical laws. Limit values play a central role in both phenomenology and
axiomatic theories. It is well known that quantum mechanics can be built on the basis of the existence of a minimum
quantum of action 7 , and the special theory of relativity - maximum speed C. From relatively recently, it became clear
that a similar approach can be implemented in GR, which can be constructed by postulating the existence of a new limit
value - the minimum length [5,6]
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Limit values play a key role in the analysis of the measurement process in quantum mechanics. In particular, these
quantities are included as parameters in the uncertainty relations, determining the permissible accuracy of measuring
physical quantities.

Over the nearly century-long history of its existence, the uncertainty principle (the Heisenberg uncertainty principle
(HUP)) has undergone a complex evolution related to the inclusion of gravitational interaction (generalized uncertainty
principle (GUP)) and the transition to macroscopic spatial scales (extended uncertainty principle (EUP)) [7-11]

xAp>h (HUP)

A 2
AxAp > h+1, 2

(GUP) (2)

2 2
A +h A);
*1
Here /. is a new fundamental length scale, the value of which should be determined.

The need to modify the HUP is dictated by the fact that the HUP fails both at short and long distances. The common
cause of failure is gravity: a “weak” gravitational interaction can transform into strong either at very small distances
(Planck scales), or for very large masses (cosmological scales)

Probably the most important consequence of the transition from the HUP to the GUP is the appearance of a minimum

spatial length
/Gh
Axmin = 2 C_3 = ZZPI (3)

/hG
Atmin = 2 C—5 = 2tPl (4)

GUP imposes fundamental restrictions on the accuracy 6/ (5t) of measuring length (time) / (t) regardless of the

AxAp = h+12, (EUP)

and a minimum time scale

measurement method used [12-14]

1/3 1/3
1/3 l 113 t
o1 = (I}, ) :1”(]—) . or=(umy,) :zpl(—] )

Pl Iy

The discreteness of space-time generated by the existence of a minimum length and a minimum time is inextricably
linked with the concept of an event horizon. The appearance of singularities in the theory is considered to be the first
signal that the theory has gone beyond its applicability and needs to be modernized. A natural variant of such
modernization is to take into account effects that have fallen from consideration, which allows us to hope (although hopes
are not always justified) to make the theory free of divergences. There is also an alternative point of view, formulated by
R. Penrose [15] in the form of the principle of cosmic censorship: "Nature has an aversion to naked
singularity." According to this principle, the singularities of space-time appear in places that, like the inner regions of
black holes, are hidden from the observer. The natural question: is it possible to generalize the principle of cosmic
censorship to the level of the "principle of physical censorship", making it a universal physical principle? The existence
of a minimum length allows an affirmative answer to this question, and the formation of an event horizon serves as a
mechanism for generating a minimum length. In the simplest case, the Schwarzschild solution, the event horizon is a
hypothetical sphere around the point of gravitational singularity, dividing the space into two causally unrelated areas.
Gravitational radius - the radius of this sphere for a body of mass m

_2mG

o ©)
Now consider the GUP structure
Az 2P ©)
Ap h

The right-hand side of this relation represents the sum of two length scales: the wavelength of the observer particle
k
where m*=E/c* (E is the energy of the observer

(photon, electron) > and its effective gravitational radius r, =
\p c
particle). Such a GUP structure suggests that quantum mechanics and gravity generate two fundamental boundaries for

2 >

measurement of length: the Compton wavelength 4, = — and the gravitational radius corresponding to this mass, and
me

}"g _ ﬂ :
o ®
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In the macrocosm m > m, , the Compton wavelength is much smaller than the gravitational radius, which
determines the ultimate accuracy in measuring the length. For the Sun A4 ~107"m, r, #3km. In the microcosm

m < my, we are faced with the opposite situation. For the proton 4, 10" m, r, 107 m.

An important consequence of GUP is the appearance on the physical scene of a whole set of limit values: minimum
length, minimum time, maximum force, maximum power. Consider the nature of the last two quantities. This will help
to better understand the role of the event horizon as the boundary of the observed physical reality.

The assertion of the existence of a maximum (limit) force in the framework of GR as a principle was first formulated
by G. Gibbons [16]. This force is equal to

4
C

=Ez3.25x1043N )

max

The limit does not depend on the nature of the forces and is satisfied for gravitational, electromagnetic, nuclear and
any other forces. It is interesting to note that, up to a factor of 2m, the reciprocal of the ultimate force coincides with the
coefficient in front of the pulse energy tensor in the field equations of GR.

The statement about the existence of maximum power is absolutely equivalent to this.
5

P ::—G=9.07x1051W (10)

o dp” . .
Both of these quantities are components of a 4-vector F” :dL' Maximum force and maximum power are
t

invariants: this follows from the invariance of the quantities ¢ and G. The dependence on time, generally speaking, is not
excluded.
Note that the above statements are valid only in space-time dimension N +1 for N =3 [17]. For N >3 maximum
N-3
force increases with mass as M V2. As a result, such spatial dimensions allow unlimited gravitational forces. Lack of
horizon leads to naked singularities can arise in more than three dimensions

COSMOLOGICAL APPLICATIONS
The surfaces on which the maximum force (maximum momentum flux) or maximum power (maximum energy flux)
is realized are event horizons. Any attempt to exceed the force limit creates a horizon that prevents a further increase in
force.
It is fundamentally important that on any event horizon, regardless of its scale (i.e., its gravitational radius),
maximum force c* /G is realized. Therefore, for the Planck and current cosmological horizons

2 2
m M m M
2Pl ~G 12/ BN /el
I, Ry Iy, R,

Here M, ~10”kg is the mass of the observable Universe, and R, =R, =cH,' =10 m s the current Hubble

(11)

radius. This relation is performed no worse (1).
The accuracy of relation (11) depends on how close the radius of the observable Universe R, is to the radius of the
2
event horizon of mass M, . In fact, since —2- = c—, it is necessary for (11) to satisty. R, =
Pl
fulfillment of this approximate equality, we use the first Friedmann equation

M. .G
YU  To evaluate the

o85G 3

3 PP TG
ZRH

4r , 3H®> ¢ (12)
My, =—Ry —= .
3 7G2G
2GM,
R, =R, = = C=r,

. . . . M . .
We now consider the asymptotic behavior of the relation P« ™ in the framework of SCM for ¢ —> oo . In this
Pl
limit
Act
87G’

e _.[3 _\ﬁ
TH Ac? ’

4
My :gﬂRi[pAs Pp =
(13)
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Hence

= (14)
Ly

H |t—>w

Those, this ratio is satisfied throughout the evolution of the Universe.

Limit values can be used as an alternative way of finding a solution to the problem of the cosmological constant.
For this, the condition for limiting the concentration of energy can be used, in other words, the condition for preventing
the formation of an event horizon: the total energy contained in a region with a linear size L should not exceed the mass
of a black hole of the same size. If the volume is filled with energy in the form of a cosmological constant, then this
condition can be written in the form [18]

L3,0A < MBH - Lmi’l (15)

Here p, is the energy density in volume L. If this inequality is violated, a black hole is formed with an event

horizon that prevents a further increase in the energy density.
We apply inequality (15) to the Universe as a whole. In this case, it is natural to identify the IR scale with the Hubble

radius /7', and p, is understood as density of the dominant component filling the Universe, i.e. dark energy in the form
of a cosmological constant. Then for the upper limit of the energy density we find

Py~ L?my ~ H*my, (16)
Given that
m,, =1.2x10" GeV’;
(17)
H, =1.6x10"GeV
finally get
p, ~107%Ger* (18)

This value is close (the difference is only two orders of magnitude and not 120) with the observed density of dark
energy. Let us now try at a more fundamental level to understand what our hopes are for solving the problem of the
cosmological constant along this path. If we treat the cosmological constant as the energy of zero-point oscillations of a
vacuum, then

_1 © d]; 2 2 _ 1 ) 2 2
P _EIO 2 N = [ kNI +m?, (19)
4

pvac ~ kmaxz ’ kmax ~ MP[ - pvuc ~ 1074 GeV
167

Within the framework of this model, the only way to bring this gigantic value of the density of dark energy closer
to the observed one is to reduce the value of ultraviolet cutoff &, or, what is the same, to degrade the spatial
resolution k! . Within the framework of the proposed approach, it seems natural to switch from cutoff &~ m,, to

cutoff associated with the existence of a minimum length.
In any effective quantum field theory, defined in a spatial region with a characteristic size / and using ultraviolet

cutoff k. , entropyis S oc I’k’ . According to the holographic principle [19], the cutoff value must satisfy the inequality
2
S<S,, = [L] (20)
ZP[

Consider now a size box / (IR-scale) filled with a substance with a UV-cutoff scale k., . Then the entropy of such

asystem S oc ’k’ and

2
PKL < (LJ @)
lPl

It is natural to identify the UV- scale with a minimum uncertainty of length measurement &/ = k_. . In this case, the

max

last ratio is immediately transformed into 5/ </;*I"* . For [ =R, we can determine the scale of UV-cutoff.

According to SCM, quantum mechanics plays a fundamental role in the early Universe, which is described by Planck
units built from functional constants #,c,G . In the late Universe (z — —1) , the evolution of the scale factor is determined
by the cosmological constant, whose relative density Q, — 1. A “game” with fundamental constants allows a transition
to a new set of Planck variables. Since a cosmological constant plays such a fundamental role in the dynamics of the
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Universe, let us consider the transition from the initial set of Planck units m,,,/,,,, built on fundamental constants

h,c,G to anew set m,,/, ¢, built on constants A,c,G [20]

h c 1/2 C3
mA:(L) =————=590x10"GeV;
G G(87A)
12 2\1/2 22
,A:(G’ZA] :(8’“’ J =4.38x10% cm; @
c A
1/2 172
zA:LG;zAj :[8_”) =1.46x10"%s
¢ A
_871'05
AGA

The new units perfectly reproduce the mass, size and lifetime of the observed Universe, but solving the problem of
the cosmological constant, they give rise to the problem of Planck constant,

h, =735x10%h=7.75x10%J -s (23)

All the same 120 orders! Just the difficulty is “buried” in another place, and, apparently, to solve the problem of the
cosmological constant, one should look for fundamentally new approaches.

WEINBERG MASS
We now turn to the original idea of S. Weinberg [21] to take into account the influence of the dynamics of the
Universe at the level of fundamental constants. To do this, he constructed the mass of a hypothetical particle, using, in
addition to the fundamental constants #,c,G the Hubble parameter H

W 1/3
My :( Ge j (24)

A set of constants (h, c,G,H ) , generally speaking, does not provide an unambiguous choice of mass. Therefore, a

natural question arises: what physical considerations lead to such a choice of mass?
Surface gravity at the Hubble Horizon

M,
0, =GMv oy 25)
RH
"Surface" acceleration for a quantum particle of massm and size r =#/mc
m Gm’c?
Agp = Gr_z = B (26)

If the Hubble sphere represents the event horizon, and the Weinberg particle is a microscopic black hole, then
a, =a, and
2 1/3
a,=a —>mW=(h H/CG) 27)

4 prg

Note that in SCM H (1 —> %) =~/A/3 . Hence,
my (1 = o0) = (VA 13eG) (28)

Weinberg mass admits a curious interpretation [22]. The self-gravitational potential energy E, of this quantum of

mass m (and size its Compton wavelength 7/ mc ) is given by
E, :sz/(h/mc):Gm3c/h 29)

Substituting (24) into (29) we obtain
E,~Hh=hc/R, (30)
Since the age of the Universe 1/ H which is today the maximum time and, therefore /' minimum frequency, the
value E, ~ Hh can be interpreted as a quantum of the minimum gravitational energy. At a phenomenological level, it is

natural to interpret it as the minimum graviton energy.
Let us now consider in more general terms the structure of the set of parameters (h,c, G,H ) . The most important

characteristic of this set is the dimensionless parameter
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5
C

hH*G
The dimensionless parameter has a simple physical meaning: he represents maximum number of gravitons in the
Universe. Indeed,

1= ~10"° (31)

5
c -1 -1
]:[EH ]/hH:(PmaxH )/ E, (32)
Using a parameter [, a one-parameter mass family can be constructed
rH( 1 &Y
M =" 33
e (hH : GJ 33)

From this relation it follows that m,, = M, , . Note that the Planck mass is also present in this family and corresponds

1/2
. hH( 1 ¢ hc
to the choice: y=1/2, Ml/z:C_z(thgj :,fE:mP,.

The mass spectrum (32) contains four masses that are independent of one of the parameters of the set (h,c, G,H ) :

H . H . 3 5
the Planck mass m,, =h—21 "2 the mass of the graviton h—zl ’, the mass of the Universe M, = C Syt
c c HG G
h3H 1/5
and M2/5 = (F]

THERMODYNAMIC CONSTRAINTS
Let us show now that the entropy forces [23] satisfy the same limiting restrictions as ordinary forces. Consider a

particle of mass m approaching the event horizon of the black hole of the mass M (m <M ) . On the horizon, this particle
will experience acceleration
a=GMm/R,m=—— 34
Sh 4GM ( )

Assume that the force causing the acceleration is of entropic origin. Entropic force is a macroscopic force that arises
in systems with many degrees of freedom, as a consequence of the universal tendency to achieve maximum entropy.
Entropic force is determined by the condition

Foy =Tx 27k, =~ (35)
Acceleration caused by this force
@y, =Tx 2k, (36)
Equating (34) and (36), we reproduce the well-known expression for the temperature of the black hole horizon
3
7= fic (37)
87Gl,M
C4
For entropic force, a universal constraint is retained F < - Really,
3 4
F, :TXQ”kBE:szﬂkBE:ﬂC_ (38)
h 8xGk,M h MA4G
4
Since =<1 then F, <<
M 4G
2
Consider a Schwarzschild black hole with parameters M,R. Let R—>R+[  =R+2l,. Then AM = L IGC
Correspondingly the change in the energy of a black hole
4
AE = AMc* = l”(; =1,F_ (39)
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The number of bits on the horizon of a black hole of radius R

47R* R’
kR (40)
4lP1 lPl
Increasing the amount of information on the event horizon for R - R+2/,,,
AN = 47r£ (41)
Pl
Let the energy required to create (erase) one bitis £, . Then
AE = E,AN (42)
Substituting (39), (41) into (42) we obtain
It
E = 43
Y 4zGR “3)
3
Given that R = ZGZM and M = _he finally get
c 87k, GT
E, ~k,T (44)
in accordance with the Landauer principle [24].
CONCLUDING REMARKS

Historical experience teaches that the most interesting discoveries in physics occur during the transition to new
characteristic scales of quantities that describe the problem under study. The boundary of the region in which a certain
paradigm operates is determined by fundamental constants. For example, the transition from classical mechanics to
relativistic is controlled by the speed of light, and the transition from classical mechanics to quantum is controlled by the
Planck constant. The transition to the Planck scale is much more complicated, both quantitatively (this area is separated
from the parameters currently achieved by tens of orders of magnitude) and qualitatively. (Is the concept of continuous
space-time compatible with quantum mechanics). These difficulties make us look for workarounds to solve the problem.
One of these areas may be the physics of limit quantities. Some specific examples of the use of limit values were
considered in this paper. It is fundamentally important that on any event horizon, regardless of its scale (i.e., its

gravitational radius), the universal value of limit force ¢* /4G is realized. This allows you to relate the characteristics of
the Universe related to various stages of its evolution.
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SK TPAOIOIOTH TPAHUYHI 3BHAYEHHS
10.J1. Boaotin?, B.B. fInoBchKHii™*
“HHI] "Xapxiscokuii gizuxo-mexniunuil incmumym" HAH Vkpainu, Xapkis, Yrpaina
bIuemumym monoxpucmanie HAH Ykpainu, Xapxie, Yrpaina
“Xapxiscokuil HayionanvHuil yHigepcumem imeni B.H. Kapasina, Xapkis, Yxpaina

IMokazana eeKTHBHICTh I'PaHUYHMX BEJIMYHMH SIK IHCTPYMEHTY Ui omucy (i3MKH Ha Pi3HHX HPOCTOPOBO-YaCOBHX MacuITabax.
3aBsKH CBOIi YHIBEpCAIbHOCTI, TPaHHYHI 3HAYCHHS JI03BOJISIOTH BCTAHOBIIIOBATH B3a€MO3B'SI3KH MiXK, Ha MIEPLIN# OIS, JaTeKUMU
OJMH Bl OJHOTO XapaKTePUCTUKAMH. Y CTaTTi PO3MITHYTI KOHKPETHI MNPUKIJIAJY BHKOPHCTAHHS TPAHUYHUX 3HAUCHb IS
BCTAQHOBJICHHSI TaKUX 3B'S3KiB MDXK BEJIMYMHAMH Ha Pi3HUX Maclitabax. Buxomsuu 3 mpuHLMITY HOCATHEHHS TPaHMYHUX 3HAYCHb Ha
TOPU30HTAX MOJii OTPUMAHO 3B'SI30K MiXK [UIaHKIBChKMMH BeJIMYMHAMHE Ta BEIMYHHAMHU BChOro BeecBity. OTprMaHe CriiBBiAHOIICHHS
MOKHA BiJIHECTH [0 CITiBBiIHOILICHb IipaKiBCHKOTO THUIY — 30iry BENHMKHX YHCEl, SKi 3'SBISUINCS 3 €MIIPHYHUX CIIOCTEPEKEHb. Y
CTaTTi CHiBBITHOIIECHHS M BEJIMKUMH YUCIIAMU THUITY IipaKiBCHKHX, BCTAHOBIIOIOTHCS BHUXOISMYH, B MEBHOMY CEHCI, 3 (PI3MUHHX
MPUHIMIIB - ICHYBaHHSA T'paHWMYHHUX BeNW4YWH. [loka3aHO, IO 1€ CHiBBIHOIIECHHA NOTPUMYETHCS Ha BCHOMY IPOTSA31 €BONIOLIi
BcecsiTy. OOroBOpIOETECS aNBTEPHATUBHUI CIIOCIO BHUPIMIEHHS MPOOJIEMH KOCMOJIOTIYHOI CTanoi 3 BHKOPHCTAHHSAM T'DAaHUYHHX
BEJINYMH 1 3B'130K 1i 3 MiHIMaJILBHUM ITPocTOpoBHM MacurtaboM. KpiM 1150ro BBeIeHO 0IHO TapaMeTpUIHe CIMEHCTBO Mac, SIKe BKITIOYAE
B cebe Macy BceecBiTy, macy [lnanka i Macy TpaBiTOHY, SIKE TAKOX BCTAHOBIIIOE 3B'SI30K MiXK BEIMUMHAMH SIKi BiJPI3HAIOTHCS Ha 120
nopsaxiB. [TokazaHo, 110 €HTPONIMHI CHIM TAKOX IIKOPSIIOTHCS THM € YHIBepCalbHUM OOMEXEHHSIM Ha I'PaHMYHI 3HAUSHHS, SK 1
3BHUYaitHi cuii. THM caMUM iCHYBaHHS TPaHMYHUX BEJMYHMH MOIIMPIOEThCS Ha iH(opMmarliiiHi oomexenHs y Beecsiti. [IpuHuumnoBo
BaXXJINBO, 110 Ha Oy/ib-IKOMY FOPU30HTI MOAIN, HE3aJIeKHO BiJ] HOro MaciiTady (ToOTo Horo rpaBiTaliiiHOro pajiyca), peani3yerbest
yHiBepcaibHe 3HaUeHHs rpanuyHoi cunu ¢ / 4G . Lle 103BodIsie 3B'A3aTH XapaKTepUCTUKU BCecBiTy, 110 BiTHOCATLCS 10 Pi3HUX eTanax
11 eBomIOMii.

KJIIOYOBI CJIOBA: wopHa 1ipa, TOpU30HT HOAIH, CHTPOIIIS, TPAaHUYIHI 3HAYEHHS



