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Abstract

It is shown that the share of zero-point oscillations % in the energy of a homogeneous universe
does not depend on the chosen shape factor. The temperature of zero-point oscillations is weak
and indirectly depends on the shape factor, through the minimum wavelength. It is shown that
the coefficient of the form must be taken equal to the classical value - 8n. At the same time, in a

homogeneous universe with a gravitational radius of 4.4 x 10?® m, the temperature of zero-point
oscillations is T = 2,76 K.

The number of degrees of freedom of a black hole (number of zero oscillations)

A black hole consists of the maximum possible number of elements having the lowest possible
mass-energy. Zero oscillations with the maximum possible wavelength have the minimum mass-
energy.

re = (2GMgn) / ¢? — Schwarzilde black hole gravitational radius (1)

Lpn = 27 1y = 4n GM3pn / ¢? — maximum possible wavelength for a black hole (2)

Mgn = Lpu % ¢? / (4n G) — black hole mass (3)

Eo=hv /2 =hc/ (2 Lgn) — the lowest possible energy of a black hole element (4)

Since E=m c?— energy (5)

mo = Eo /¢ =h / (2cLgn) — the lowest possible mass of a black hole element (6)

N =Mgn / my = L%y x ¢ / (2m Gh) — black hole zero point number (7)

S =7k x N =nk(27 1y)* % ¢* / (21 Gh) = k(27 1,)? x ¢ / ((2m)? Gh) = kn ro® x ¢* / Gh) =

S =V x k x 4m 1> ¥ (c¢* / Gh) — black hole entropy (8)

where, h=h/(2n)—reduced Planck constant

k — Boltzmann constant

The hypothesis of quantization of the wavelength of radiation

The wavelength is a multiple of the minimum length.



L =n x 1, — wavelength, where n is a positive integer (wave number) (9)

n® = L?/ I’ — square wave number (10)

Minimum wavelength

In 3D space, the maximum number of oscillations with a wavenumber n is equal to
N=Xxn?- (11)

Where X is the shape factor, it may depend on different parameters.

From formulas (7) (11) we get:

n?>=N/X=(1/X) x L?gu x ¢* / (2 Gh) = (1/ (27 X)) x L?gn x ¢* / (Gh) — square black hole
wave number (12)

Their formulas (10) (12) we get:
1m=L%pn/n?= (21 X) x Gh/ ¢* — square minimum wavelength (13)

Im= Q2 X)"? x (Gh /)" =21 x X2 x (Gh /)" =2m x X2 x 1, — minimum wavelength

(14)

where, I = (Gh / ¢*)"? —Planck length (15)

From formulas (3) (5) we get:

Fr=Egu / Leu = Mg % ¢* / Leu = ¢*/ (41 x G) — fundamental strength (16)

We transform this formula, and using formula (13) we get:

Fr=hc x ¢* / (4nh x G) = (1 /4n) x he x ¢* / (Gh) = (1 / 4m) x 2n X) x hc / 1Pm=
Fr= (X/2) x he/ 1’ — fundamental strength (17)

The fundamental force is a constant that determines the energy of a black hole based on the
length of its equator (maximum length Len) Egn=Fr x Lgu (18)

Zero oscillation energy of the resonator

The quantization of the wavelength by the formula (8) limits the maximum value of the wave
number:

m = (Lm / Im)"? — maximum wave number (19)

where, Lm — is the size of the resonator, lm — is the minimum length



In the low frequency range, the wave oscillations are determined by the size of the resonator Lp..
Wavelength L =Ln/n. (20)

Oscillation frequency f=n xc /Ln.(21)

In the high-frequency region, the wave oscillations are determined by the minimum length 1.
Wavelength L =n X 1. (22)

Oscillation frequency f=c/ (n x lm) . (23)

Ha rpanuie o61acTu BBICOKMX U HU3KHX YaCTOT BOJHOBOE YHCJIO JJOCTUTaeT MaKCUMAaJIbHOTO
3HAYEHHUS N JIS JUTHHEL BOJHBI L = (L X 1m)"2. (24)

At the boundary of the region of high and low frequencies, the wave number reaches the
maximum value of nm for the wavelength L = (L % 1m)"2. (24)

In this case, Lm/nNm =nm X ln . (25)

The energy of zero oscillations of low frequency is calculated through the sum of polynomials:
Ei=YXxn?x(nx hc/2Ln)=3 (X/2) xn>x (hc/Lm) (26)

where n runs over all integer values from 1 to ny

E1 = (X/8) x n*n % (he / L) = (X/8) (Lm / I2m) x (he / L) = (X/8) X Lm % (he / 12) =
Transform using the formula for the fundamental force Fr= (X/2) x hc / 12 (17)

Ei= (1/4) x Lm % Fr (27)

The energy of zero-frequency high-frequency oscillations is calculated through the sum of
polynomials:

E;=Y Xxn?’xhc/(2nln)=Y(X/2) xnx (hc/Im) (28)

where n runs over all integer values from 2 to nm

Es = (X/4) x n’m % (he / Im) = (X/4) X (Lm / Im) % (he / Im) = (X/4) X L % (he / 12m) =
Transform using the formula for the fundamental force Fr = (X/2) x he / 12m (17)
E> = (1/2) L x Fr (29)

E=E; +E>=(3/4) Ln x Fr (30)

If the size of the resonator and the size of the black hole coincide L = Lgn , (31)
then the formula (30) is given to the form:



E =(3/4) Lgu x Fr =(3/4) Esu (32)

where Epn — is the total energy of the black hole in which we are.
This equation solves the problem of the cosmological constant.

Entropy of zero oscillations of the resonator

The number of oscillations in the low frequency region is equal to the number of oscillations in
the high frequency region. Therefore, we add polynomials in one of the areas and multiply by 2.
The polynomial is simple. In fact, it is a monomial :)

N =2xY (X xn?) (33)

where n runs over all integer values from 1 to nm

N=2xXxny/3=2xX/3)xn3m=Xx2/3)x(Ln/ln)*?* (34)

S=kaN=kn(Xx2/3)x(Ln/ln)* — zero-point entropy (35)

Zero Vibration Temperature

AE = ((3/4) L X Fy)' X ALm = (3/4) X Fr X ALm (36)

AS=km (X *x2/3)x(Lm/1ln)*?) X ALm=k (X x2/3)(3/2) x (LY /1¥%n) X ALm =

AS =kt X x (LY%y / 1324) X ALm (37)

T=aAE/AS=3/4) xFr / (kX x (LY / 1320) ) = (3/4) x Fr x %/ (k m X x L") =

Because the fundamental force is Fr= (X/2) x hc/ I’m (17)

T =(3/4) x (X/2) x he x 1325, / (k m X x L2, x 12) = (3/4) x (X/2) x he / (k © X x LY2, x [12,)) =
T =(3/8) x he/ (k m x L2 x 1'2,) — zero point temperature (38)

Replacing the Planck constant by the reduced Planck constant simplifies the formula:

T=(3/4) x he/ (k2m x LY, x 12,) = (3/4) x (h ¢ / k) / (Lm X 1m)"? =

T=(3/4)x (hc/k) % (Lm % Im)? [K] (39)

I'ne, Im = (21 X)"2 x (Gh / ¢*)""> — minimum wavelength (14)

Regardless of the shape factor X, most zero-point oscillations have a wavelength close to the
geometric mean (Lm X Im)"2. Their wavenumber is close to the maximum nm = (L / Im)"?.

For large wave numbers, the distribution of oscillations over states is described by classical
methods. Rayleigh and Jeans applied the form factor X = 8= to calculate blackbody radiation.



Since the black hole and the universe are resonator without borders, this coefficient should be
multiplied by 2. Since zero oscillations, unlike photons, cannot be in states that differ only in
phase (by m/4), this coefficient should be divided by 2. Therefore, for zero oscillations of the
universe form factor remains equal to the classical X = 8.

Therefore, (14), In = (21 8m)"? x (Gh / ¢*)"? = 4n x (Gh / ¢*)V? = 4n x 2n)"? x (Gh / 3)'? =

Im = 2 x (2m)*? x 1,1 — minimum wavelength (40)

Cosmological Black Hole Hypothesis

I used the hypothesis of a cosmological black hole. According to this hypothesis, we are inside a
big black hole. Our universe is seen as the surface of a 4-dimensional ball. Therefore, the
volume, mass and density of a homogeneous universe are uniquely connected with each other.
The hypothesis of a cosmological black hole eliminates the arbitrariness of the choice of
cosmological parameters.

Fundamental constants:

h=6,626 070 040(81) x 10734 s
h=h/(Qmn)=1,0545718 x 103 Js
c=2,99792 45810 m /s

k=1,380 648 52(79) x 103 J /K

(3/4) x (hc)/ k=3,27371789 x 10° m'K
lpi = 1,616 229(38)-10* m

Im =2 x (2m)*? x 11 = 5,091 x 103 m

Calculation of zero-point temperature:

The size of the universe is not set with acceptable accuracy. Quote from wikipedia:
“Approximate radius of the observable universe (14.3 billion parsec or 4.4 - 106 m)”
With Lm =2 nt x 4.4 x 10 m = 27.6 x 10?° m, the temperature of zero oscillations is T = 2,76 K

The temperature of zero oscillations of a homogeneous universe coincides with the temperature
of the background radiation. The contribution of the energy of these oscillations to the total
mass-energy of the universe is close to the contribution of dark energy.
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Onpenenenbl TepMOANHAMUYECKHE CBOMCTBA HYJIEBBIX K0J1e0aHHIT 0OJHOPOIHOM
BCEJICHHOM

Agtop: Muxees Cepreit BnagumupoBuy

BBenenue

[TokxazaHo, 4yTO JOJIS1 HYJIEBBIX KOeOaHUI ¥4 B SHEPTUU OJTHOPOJAHOMN BCEIICHHOMN HE 3aBUCHUT OT
BBIOpaHHOTO K03 duninenta popmel. TeMriepaTypa HyJIeBBIX KoJeOaHUH C1a00 M KOCBEHHO
3aBHCHUT OT K03 puirenta Gopmbl, Yepe3 MUHUMAIBHYIO JUIMHY BOJHBL. [TokazaHo, 4To

K03 unreHT GopMbl HEOOXOAUMO MPUHATH PABHBIM KJIACCHYECKOMY 3Ha4YeHuIo — 87. [lpu

3TOM, B OHOPO/IHOM BCEIEHHOMN C TPABUTAIMOHHBIM paguycoM 4,4 x 102° M Temneparypa
HYJIeBbIX Konebanuii paBHa T = 2,76 K.

Yucio creneneii cB00OOAbI YePHOI IBIPHI (YMCJI0 HYJIEeBBIX KOJe0aHMil)

UYepHast IpIpa COCTOUT M3 MAKCHMAIBHOTO BO3MOXKHOTO YHCIIA 3JIEMEHTOB, MMEIOIINX
MUHUMAJIBHO BO3MOXKHYIO MacCy-3HEPTH0. MUHUMAIBHYIO MAaCCy-IHEPTUI0 UMEIOT HYJICBBIC
KoJIe0aHUsl C MAKCUMAIIEHO BO3MOYKHOM JUTHHOHN BOJTHBI.

te = (2GMgn) / ¢? — rpaBUTALMOHHLI paauyc yepHoit apipsl Bapuuibaa (1)

Lpn = 27 1y = 41 GMBpn / ¢? — MaKkcHMallbHO BO3MOKHAS JUTMHA BOIHBI ISl UepPHOM ABIPHI (2)
Mg = Lpn % ¢? / (4n G) — Macca uepHoii apipsI (3)

Eo=hv /2 =hc/ (2 Lpn) — MUHUMaAIBHO BO3MO>KHAS DHEPTHsI SJIEMEHTA YEPHOU JBIPHI (4)
[ockonbky E = m c? — sueprus (5)

mo = Eo/¢?> =h/(2cLpn) — MUHUMAIBHO BO3MOKHAS Macca 2JIEMEHTA YEPHOH JbIPHI (6)

N =Msgn / my=L%px x ¢} / (2 Gh) — uncno HynaeBbIX KonebaHuil yepHOit BIPHI (7)

S =nk x N = k(27 1g)* % ¢* / (21 Gh) = nk(2m 1,)* * ¢ / ((2m)> Gh) = kn ro* x ¢* / Gh) =

S ="V xk x 4nrs? x (¢* / Gh) — >HTpONUs YepHOi ABIPHI (8)

rae h =h/ (2n) — penynupoBannas nocrosiHHas [lnanka

k — mocrostunas bonesimana

I'mnore3a 0 KBAHTOBAHUM JIMHBI BOJIHbI H3J1yYCHUSA
JInvuHa BOJIHBI KpaTHA MUHUMAIbHOM JUIMHE L

L =n X 1 — ;uiMHA BOJIHBI, T/E N — IEJIOE TOJOXKUTEIIBHOE YUCIIO (BOJIHOBOE YKCIIO) (9)



n® = L?/ I>n — xBagpat BonHOBOTO yncna (10)

MuHuMaJbHas JUIMHA BOJTHBI

B 3-x MepHOM IIPOCTPAaHCTBE MAKCUMAIILHOE YHCIIO0 KOJIEOaHNH ¢ BOJTHOBBIM YHCIOM N paBHO
N=Xxn? - (11)

['ne X koo duuueHT GopMbl, MOKET 3aBUCETH OT Pa3HBIX TAPAMETPOB

U3 bopmymn (7) (11) momyuaem:

n’=N/X=(1/X) x L?gn x ¢* / (2n Gh) = (1/ (2rn X)) x L?gn x ¢’ / (Gh) — kBagpaT BOIHOBOTO
yuciia 4epHou JbIpsl (12)

Ux gopmyinst (10) (12) mnonyuaem:
12 —

m=L?gu/n*=(2n X) x Gh/ ¢’ — kBagpar MuHUMAaNBHOM JyMHBL BOJHBI (13)

Im =2 X)"? x (Gh / 3)"? =2n x X2 x (Gh/c*)? =2r x X2 x 1| — MUHMMANbHAS JUTHHA

BosHBI (14)

rae lpi = (Gh / ¢*)"? — nnuna Inanka (15)

U3 popmyn (3) (5) nonyyaem:

Fr=Epn/Len = Mgn x ¢/ Lpn = ¢*/ (41 X G) — pynnamenransHas cuna (16)
[Ipeobpazyem >y popmyiy, u ¢ moMorIbo Gopmysl (13) momyuaem:

Fr=hc x ¢/ (4nh x G) = (1 /4m) x he x ¢*/ (Gh) = (1 / 4m) x 2n X) x he/ Pm=
Fr= (X/2) x h¢/ 1> — dynnamentansHas cuna (17)

dyHIaMEeHTaJIbHAS CHJIa 3TO MOCTOSHHAS BEJIMYMHA, OTPEIEISAIONIast SHEPTUI0 YEPHOU JBIPHI
MCXOJIA U3 NTMHEI ee dkBaTopa (MakcumanbHast aiuHa Lpn) Egn=Fr x Lpu (18)

JHeprus HyJIeBbIX K0JIeOaHMIi pe3oHaTOpa

KBanToBanune JJIMHBI BOJIHBI 110 (I)OpMyJ'Ie (8) OrpaHN4YnBaCT MAaKCUMAJIbHOC 3HAYCHUC
BOJIHOBOT'O 4UHCJia:

m = (Lm / Im)"? — MakcumanpHOE BomHOBOE uncio (19)

rae L — pa3mep pezonaropa, Im — MUHMMaIbHAS JJIUHA



B o0macTi HU3KHMX Y9acTOT, BOJTHOBBIC KOJICOAHUS ONPEICIISIOTCS pa3MepoM pe3oHaTopa Lm.
Jmnaa BostHbl L =L /n . (20)

Yacrora konebanuit f=nxc /Ln.(21)

B o0acTy BRICOKHX YacTOT, BOJIHOBBIE KOJICOAHMS OMPEACIISIOTCS MUHUMAIBHON JUTHHOH .
JmunHa BostHbI L =n X Iy . (22)

Yacrora konebanuii f=c/(n X ly) . (23)

Ha rpanure 061acté BBICOKUX M HU3KUX YaCTOT BOJHOBOE YHCIIO JOCTUTACT MAaKCHMAILHOTO
3HAYEHUS Nm AN JUTHHEL BOMHBI L = (L X 1m)"2. (24)

[Tpw 3TOM Lim /iy = iy X I . (25)

DHeprus HyJIEeBbIX KOJIeOaHNH HU3KOH YaCTOTHI BRIYUCIISICTCS Yepe3 CYMMY MHOTOUJICHOB:
Ei=Y Xxn?x(nx hc/2Ln) =Y (X/2) xn®x (hc/Lm) (26)

r7ie n npoderaer Bce Leble 3HAYCHHS OT 1 10 N

E1 = (X/8) x n*n % (he / L) = (X/8) (L?m / I2m) x (he / L) = (X/8) X Lm % (hc / 12) =
I[Ipeo6pasyeM ¢ oMoIbio hopMyisl 11 GyHAaMeHTanbHol cunbl Fr= (X/2) x he / 12m (17)
Ei= (1/4) x Lm x Fr (27)

DHeprus HyNleBbIX KojeOaHU BHICOKON YaCTOTHI BBIYUCIIACTCS Yepe3 CYMMY MHOTOUJICHOB:
E;=Y Xxn?xhc/(2nln)=Y(X/2)xnx (hc/lm) (28)

rjie n mpoOeraer Bce Ieble 3HAYCHUS OT 2 JI0 Nim

Ex = (X/4) x 0% % (he / 1m) = (X/4) X (L / Im) % (he / lm) = (X/4) X L % (he / 12) =
[Ipeo6pazyem ¢ HoMONIbI0 GopMyITs st hyHAAMeHTanbHOM cunbl Fr= (X/2) x he/ 12m (17)
E> =~ (1/2) Lm x Fr (29)

E=E| +E>=(3/4) L x Fr (30)

Ecnu pa3mep pe3oHaTtopa u pazmep 4epHO# IbIpbl coBnanaT Lm = Lpu , (31)
toraa ¢popmyna (30) mpuBOAUTCS K BUAY:

E = (3/4) Lgu x Fr = (3/4) Epn (32)

rae Egu — nonHas sHeprus 4epHOU JbIpbl, B KOTOPOW MBI HAXOIUMCHI.
3T0 ypaBHEHHE pemraeT npoliaeMy KOCMOJIOTHYECKONW MOCTOSIHHOM.



IJHTPONUSA HYJEBbIX KOJIeOaAHUH pe3oHATOpAa

Yucno konebanuii B 007aCTH HU3KUX YaCTOT PABHO YUCILY KOJIeOaHHH B 00JIaCTH BBICOKUX
yacToT. [ToaToMy ckitagpiBaeM MHOTOWIEHBI B OHON U3 o0JacTell 1 yMHOKaeM Ha 2.
MHuorowieH npocToil. DaKTHYECKH 3TO OJHOUIEH :)

N =2xY (X xn?) (33)

rze n npoOeraer Bce 1eble 3HaYeHUs OT 1 10 N

N=2xXx10y/3=2xX/3)xn*n=(Xx2/3)%(Ln/ln*?* (34)

S=knN=kn(Xx2/3)%(Ln/ln)*? - surponus nynessix konedauuii (35)

TemmnepaTypa HyJIeBbIX K0JIeOaHM i

AE = ((3/4) Lin ¥ Fg)' X AL;m = (3/4) x Fr x AL (36)

AS=km (X *x2/3)x(Ln/ln)*?) x ALm=k (X x2/3)(3/2) x (LY /1¥%n) X ALy =

AS =kt X x (LY%y / 1324) X ALm (37)

T=aE/AS=(3/4) x Fr / (kn X x (LY / 132) )= (3/4) x Fr x 1’25/ (kn X x L'%y) =
Iockonbky ¢pyHnamentansHas cuna Fr= (X/2) x he/ 2n (17)

T = (3/4) x (X/2) x he x 1325 / (k m X x LY x 12) = (3/4) x (X/2) x he / (k m X x L2, x 112,)) =
T=(3/8) x he/ (k m x LY%, x 1V2,)) — Temmeparypa HyneBbIx Konebanuii (38)

3amena noctosiHHOM [Imanka Ha peaypoBaHHYO OCTOsIHHYIO [ltanka, ynpomaer Gopmyiy:
T=(3/4) x he/ (k2m x LY, x 1"2,) = (3/4) x (h ¢ / k) / (Lm % 1m)"? =

T=(3/4)x (hc/k)x (Lm % Im)"? [K] (39)

I'ne, Im = (21 X)"? x (Gh / ¢*)"? — MuanManbHas 1mHa BomHsI (14)

Bhe 3aBucumoctu ot ko3 dunmenta popmsl X, GombIlas 4acTh HYJIEBBIX KoJeOaHUH nMeeT
JUTMHY BOJTHBI GIM3KYIO K CpeaHei TeoMeTprueckoit (Lm X Im)!2. IX BOTHOBOE UMCIIO GIM3KO K
MaKCUMATbHOMY Nm = (Lm / Im)"2.

[Tpu GoBIINX BOIHOBBIX YMCIIAX paclpeneeHne KoJeOaH i M0 COCTOSTHUSM OITMCHIBASTCSI
KJIJaCCMYeCKUMHU MeTosiaMu. Panelt u JxuHc npumenmin koagunueHT Gopmsl X = 81 npu
pacyere U3Iy4eHHUs: a0COIIOTHO YEPHOTO Tea.

[TockonbKy YepHas IpIpa U BCEeJIEHHAs PE30HATOp 0€3 rpaHuIl, 3TOT KOAPHUIIMEHT HAI0

YMHOXUTH Ha 2. [IocKkonbKy HyNeBble KOJIeOaHUsI, B OTINYHE OT (OTOHOB, HE MOT'YT HAXOAUTHCS
B COCTOSTHUSIX, OTJIMYAIOIINUXCS TOJIBKO (Pa3oii (Ha m/4), 3TOT KO3PPUIIUEHT HAZ0 pa3AeauTh Ha 2.



[ToaTOMY AJ1s HYJIEBBIX KOJIeOaHUH BCEIEHHOM KOA(PGUIIMEHT (POPMBI OCTAETCSI PaBHBIM
KJIaccu4eckoMmy X = 8.

CrenoBatenbHo,(14), In = (21 87)"? x (Gh / ¢*)"? = 4nx (Gh / ¢*)V? = 41 x (2m)"? x (Gh / ¢*)'? =

Im = 2 x (2m)*? x 1,1 — minimum wavelength (40)

I'mmore3a KOCMOJIOTHYECKOM YEePHOM JAbIPbI

MHo10 UCcnoIb30BaHa TMIIOTE3a KOCMOJIOTMUYECKOM uepHOM AbIpbl. COracHo 3TOM TUIIOTE3€E, MbI
HaXOJUMCS BHYTpH OOJIBIION uepHOii IbpIpbl. Harna BceneHHast paccMaTpuBaeTCs Kak
MOBEPXHOCTH 4-X MepHOTo 1mapa. [Tostomy 06bEM, Macca 1 TIIOTHOCTh OJTHOPOJHON BCENICHHON
CBSI3aHBI MEXX/y COOOH OJTHO3HAYHO. [ MMOTEe3a KOCMOJIOTHYECKOW YEPHOM JIBIPBI YCTPAHSIET
IPOU3BOJI BBIOOPA KOCMOJIOTUYECKUX ITaPAMETPOB.

(DyH)IaMeHTaJIbeIe NMOCTOAAHHBIC:

h = 6,626 070 040(81) x 107* JIx-c
h=h/(2m) = 1,0545718 x 107** JIx-c
¢=2,99 792 458-10% m/c

k=1,380 648 52(79) x 10 [Ix/K

(3/4) x (h¢) / k =3,27371789 x 10° m'K
Ip1 = 1,616 229(38)-10*° m

In=2 x (2n)*? x 1,1 = 5,091 x 103 m

Pacyer TeMnepaTypbl HyJ1eBbIX KOJIe0aHUI:

Pa3mep BceneHHOM HE YCTaHOBIIEH C MPUEMIIEMOM TOYHOCTHIO. [{uTara nz Bukuneauu:
«IIpumepHsIit paguyc Habmogaemolt Beenennoit (14,3 munnuapaa napeek uiu 4,4-10%° m)»
pu Lm =2 7t x 4,4 x 10%° M = 27,6 x 10°° M, Temneparypa HyeBbIX kojebanuii T = 2,76 K

Temmeparypa HyJIeBbIX KoJIeOaHUI OHOPOIHON BCEIIEHHON COBIAAET C TeMIepaTypoit
PEeNUKTOBOIO M3MyYeHUs. Bkiaa sHepruu 3Tux KoaebdaHuil B MOJIHYIO MacCy-3HEPrHI0
BCEJICHHON OJIM30K K BKJIaJy TEMHOM SHEPIHH.
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