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Abstract:

It is shown that the minimum wavelength is approximately equal to the Planck length.
To prove the exact equality, it is necessary to find an analytical solution of a certain integral - to
1 ydy o y~3dy
prove: fO m+ fl Semy/3_1 1/(8 m)?
The calculations are based: on a previously obtained dependence of the temperature of zero
oscillations on the maximum and minimum wavelengths of standing oscillations in the cavity; on
the previously calculated fraction of thermal fluctuations in the critical energy density (1/4); and
on the law of Stefan — Boltzmann. It is assumed that thermal and zero-point vibrations are held
in the cavity by their own gravitational field, and the wavelength of these oscillations is
quantized. The critical frequency is determined above which corrections arise associated with the
quantization of the wavelength of oscillations. The corrections are obtained: the Rayleigh — Jeans
law, the formula for the distribution of the energy density of zero-point vibrations over
frequencies, the Planck formula, and the Stefan — Boltzmann law. It is shown that corrections
that reduce the energy density of zero-point vibrations by 120 orders of magnitude are almost
impossible to detect in laboratory experiments with thermal radiation.

I apologize for spreading false information that the minimum wavelength is significantly greater
than the Planck length. My attempts to find a solution by adjusting the parameters led to errors.

The essence of the scientific problem

At the end of the 19th century, difficulties arose in describing the emission spectrum of hot
bodies. Within the framework of classical statistics, Rayleigh and Jeans obtained a law for the
spectral density of radiation energy in a closed cavity.

pv(T)=kT 8n/c)v*dv (1)
k — Boltzmann constant

T — temperature

¢ —speed of light

v — frequency

According to the Rayleigh-Jeans law, the spectral density of the radiation energy should increase
unlimitedly with decreasing wavelength. That is, the radiation energy density should be infinite,
which obviously does not make sense from the point of view of energy conservation. This
discrepancy with common sense and experimentation is called the «ultraviolet disaster».

Max Planck made the first amendment to the Rayleigh-Jeans Act in 1900. According to the Max
Planck amendment, the energy of the oscillator can only change by an amount proportional to
the frequency of the oscillator. Therefore, the probability of excitation of the oscillator decreases
exponentially with increasing frequency and decreasing temperature. Based on this hypothesis,



the following were obtained: the Planck formula and the Stefan-Boltzmann law, which will
describe the spectrum and energy density of thermal radiation.

hv
S 3y 1,2 _ . .
pv(T) SV (KT) 1 (8n/¢’) v-dv — thermal radiation energy density (Planck formula) (2)

h — Planck constant
v — radiation frequency

Integrating the Planck formula in frequency, we obtain the Stefan - Boltzmann law:
P(T) = = n?k*T*/ (15h°%c®) — thermal radiation energy density (3)
Thus, the first ultraviolet disaster was eliminated.

The quantum theory of radiation of Max Planck eliminated the first ultraviolet disaster, but in the
process of its development gave rise to a second ultraviolet disaster. From quantum theory it
follows that any oscillator has an energy of at least half of the product of its frequency and
Planck's constant. This is the so-called “zero energy” oscillator. Since this energy is independent
of temperature and increases in proportion to the oscillator frequency, the presence of an infinite
spectrum again leads to an infinite radiation energy density.

Max Planck implicitly made the second amendment to the Rayleigh-Jeans Act in the same 1900.
He pointed to the existence of an extremely small length — the Planck length and an extremely
large frequency — the Planck frequency. Thus, Max Planck showed that the emission spectrum
is finite.

Cutting off the spectrum at the Planck frequency eliminates the infinite energy density of zero-
point vibrations. The result is Planck’s density, which is 120 orders of magnitude higher than the
density of our universe. Thus, the ultraviolet catastrophe for zero-point oscillations was
eliminated, and the problem of the cosmological constant was created.

For 100 years, most physicists have come to terms with this infinity and with this monstrous
discrepancy. They consider these quantities to be pseudo physical and regard them as a constant
background. Some authoritative physicists do not even recognize the existence of zero-point
vibrations.

However, in cosmology, ignoring zero-point oscillations is unacceptable. Zero energy, like any
other energy, has mass. Therefore, zero-point vibrations by their gravitational field influence the
evolution of the universe.

The energy density of zero vibrations is proportional to the fourth power of the cutoff frequency.
Therefore, to obtain the real density of the universe, the cutoff frequency must be reduced by
120/4 = 30 orders of magnitude. Therefore, the minimum wavelength should be 30 orders of
magnitude greater than Planck's length. This is approximately one hundredth of a millimeter.
However, this limitation is absurd, since visible light has a shorter wavelength.

Thus, the problem of the cosmological constant, and the question of the exact value of the cutoff
frequency (the minimum wavelength), are closely related. To find the answer to the question of
the minimum wavelength, it is necessary to solve the problem of the cosmological constant.



The third amendment is a consequence of wavelength quantization

To correctly describe the energy density of zero-point vibrations, it is necessary to introduce a
quantum wavelength:

A=n % In — wavelength (4)
where nj — is a natural number, |, — minimum wavelength.

However, such a quantization cannot be precisely coordinated with the classical description of
standing oscillations in a cavity:

A=Lmn/nL— wavelength (5)
where ni, — is a natural number, L, — maximum wavelength in the cavity.

Therefore, from the number of oscillations with a wavelength of A =nj X I, only those
maximally close to A = Ly, / np are selected

This selection allows you to get a complete set of vibrations as independent of each other as
possible. Unlike the classical description, complete independence of oscillations is no longer
possible, since for integer n;

wave numbers np. = L /A =L / (m X 1) , not all integers.

Fluctuations can be divided into two ranges:

At Lg<A<Lm,1<n.< Ln/Lg, A= Ln/nL— long wavelength range
At In< A< Ly ,1<m< Lg/ L, A=n X I, — shortwave

where Lg = (L % lm)!"? — geometric mean — critical length (6)
Lin/Lg=Lg/ Lm— maximum wave number (7)

Let us generalize this one-dimensional distribution to three-dimensional space. Consider a cube-
shaped cavity with mirror walls.

Lm =2 x L — maximum wavelength (8)

V=L?=L%,/8—cube volume (9)

L — maximum wavelength, L — cube edge length

The distribution of standing oscillations is conveniently written in terms of the wave number. In
this case, in the long-wave and short-wave range, one formula can be used:

d N = (1/2)n? dn— the number of standing oscillations on a unit interval of the wave number (10)
where (m/2) — 1/8 of the area of a single sphere, n=n1=Ln /A or n=nm=A/In

In the long wavelength range, the oscillation wavelength Ly <A < L, , frequency v < vg,
v=c/A—frequency, V¢ =c/Lg=c/ (Lm Im)""> — geometric mean — critical frequency (11)
dN=@?2)n?dnL=(m/2) (Lm/A)?*d(Lm/A\)=

dN = (1/2) (Lm / ¢)* v’d v — number of standing oscillations per unit frequency (12)
pv=dN/V=(8/L%) (n/2) (Lm/c)’*vV’dv=

py = (4n / ¢*) v?d v — density of standing oscillations for low frequencies (13)

In the short wavelength range In < A< L; , frequency v >vg
AN=@2)ntdm=m2) A/ In)>d(X/1n)=@/2) (c/lm)vZd ()=

dN = (1/2) (¢ / Im)’ v* d v — number of standing oscillations per unit frequency (14)
py=dN/V=(8/Lw) @2)(c/lmyvidv=@4nc/(Puln)vtdv=



py=4n/c*) (c®/ (Lnlm)vidv=
pv=(4n/ c*) vi® v d v — density of standing oscillations at high frequencies (15)

Amendments to the laws of radiation

Since at frequencies greater than critical, the density of standing oscillations decreases with
increasing frequency, it is necessary to amend the laws of radiation.

It should be borne in mind:

The phase and polarization are not determined for zero-point oscillations, therefore the number
of zero-point oscillations is equal to the number of standing oscillations.

Thermal electromagnetic radiation has two phases and two polarizations, so the number of
degrees of freedom of thermal radiation is four times the number of standing oscillations. In the
classical description, each degree of freedom has an energy E = kT/2.

Each oscillator has two degrees of freedom, so the number of oscillators is two times less than
the number of degrees of freedom, that is, two times the number of standing oscillations. In the
classical description, each oscillator has an energy E = kT.

Rayleigh-Jeans Law (E(T) =kT) as amended:
pv(T) =kT (8n/ c*) v*d v — energy density of thermal radiationat 0 <v<v,  (16)
pv(T) =KkT (8n/ c®) ve® vi* d v — energy density of thermal radiation at vy <v <o (17)

Energy density of zero vibrations (Eo =h v/ 2) as amended:
pv(Eo) = (2nh/ ¢*) v¥d v — energy density of zero vibrations at 0 <v<v, (18)
pv(Eo) =(2nh/c*) v’ v?3 d v — energy density of zero vibrations at ve <v < oo (19)

Planck formula as amended:

hv o
pv(T)Zm(&t/c yvidv=
3
\Y
pv(T)=(8nh/c?) ShV/(KD)_{ dv — thermal radiation energy density at 0 <v<v; (20)

hv 3y, 644
pv(T)Zm(Sn/c )vg' vidv =
-3
v
pv(T)=(8nh/c) veb “AV/RD 1 d v — thermal radiation energy density at vg <v <o (21)

Stefan-Boltzmann Law as amended

We integrate the Planck formula in frequency, taking into account the correction. The energy
density is close to zero at maximum and minimum frequency. Therefore, we can consider the
minimum frequency equal to zero, and the maximum frequency equal to infinity.

v3dv 6 (© Vv 3dv

\Y% (o] \%
P(M=J" v (M + ], Py (M=@nh/) ([ mmm— + Ve vg omvian 1) (22

Make a replacement: v=y X vg
3 -3
_ Wyt (O Y2y 4o yldy
p(T)=(8nh/c’) (vg J; Shvgy/T)_; Vg )1 ShRvgyikD_; )

0 y3dy ©  y3dy
p(T)=@nh/c’)vg' (fl SAvgy/ (KD _; + fl o WVgy/(RT) _{ ) (23)



Eg hv hvg
kKT kT
where Eg = h x vg — critical energy

y3dy 0y 3dy
p(T)=8nh/ ) v (f g 1+f1 1)

Make a replacement: q = —ratio of critical energy to thermal energy of the oscillator,

(24)

Make a replacement: h/¢* =2nh /¢ =2n 1,2/ G ; ve* = c* / (Lin? Im?)
where 1,1 = (G h / ¢*)"? — Planck length, G — gravitational constant

0 y3dy ooy 3dy
p(T)=(16x° ¢/ (GLn) W’ /1)) (f, =5+ [; S5) @9

Make a replacement: po = c* / (G Lw?) — critical energy density,
where L, =2 © X 1y, — maximum cavity wavelength, ry — gravitational radius

0 y3d ~3d
p (T) =167po (Ip* / 1nm?) ( f J;y _y1 +; qu Y ) — thermal radiation energy density (26)

The problem of detecting the effects of the third amendment

The third amendment to the Rayleigh-Jeans law leads to the need to change the Planck formula
and the Stefan-Boltzmann law. However, corrections are made only for vibrations with a
wavelength less than the geometric mean of the Planck length and cavity size. For a cavity in
which the maximum wavelength is one meter, a correction must be made for very hard gamma
rays having a wavelength of less than 4 x 107'® meter.

Even if the cavity size is increased to a billion kilometers, the circumcision will begin with x-ray
radiation with a wavelength of less than 10!! meters. This radiation cannot be kept in the cavity
until thermodynamic equilibrium occurs. Therefore, it is technically impossible to measure in the
laboratory the effect of the correction on the spectrum of thermal radiation.

In the cavity - the universe, the average geometric length is approximately one tenth of a
millimeter. Due to the amendment to the Stefan - Boltzmann law, the energy density of the
background radiation decreases by no more than 17 %. In reality, this deviation is significantly
less. It is not clear how to detect this defect against a background of dark energy.

Does anyone create a device in which two waves are excited, the length of which differs by an
amount less than the Planck length? Flag in his hands!

The terrible consequences of the third amendment

Theoretical physicists have a new opportunity to eliminate ultraviolet divergence, but the usual
mathematical apparatus breaks down. When expanded in a Fourier series, vibration modes are
found that have an integer wave number that is inverse to the wavelength. Therefore, the
quantization of the wavelength (the multiplicity of the length to the minimum value) is
incompatible with the expansion in the Fourier series. This decomposition can only be useful to
obtain an approximate solution in the low-frequency region. Quantization of the wavelength
leads to quantization of the direction of wave propagation in space. Therefore, it is impossible to
change to an infinitely small value both the wavelength and the direction of its propagation, even
if the cavity size is assumed infinite.

When two oscillations are multiplied, that is, with a nonlinear transformation, new oscillations
are obtained that cannot exist in the original space. Therefore, nonlinear interactions are
associated with an increase in the number of states — the number of oscillators. This means a



qualitative change in space - topology, an irreversible increase in entropy, and a decrease in
temperature.

Thus, at the most fundamental level, distinguished scales and distinguished directions arise, and
the equations of quantum mechanics become irreversible in time. This is not horror. This is
horror, horror, horror!

Critical energy density

re =2 m G/ ¢® — radius of curvature of a black hole (Schwarzschild formula) (27)
E=m x c?=rg X ¢*/ (2 G) — black hole energy (28)
where ¢ — speed of light, G — Newton's gravitational constant

V=8>=2n%xr1 —volume of the three-dimensional surface of a four-dimensional ball (29)

po=E/V=r1xc*/(2G)*xQ2n*xr )=c*/(G4n’rd)=
po = c*/ (G Lin?) — critical energy density (30)
where Lm =2 m X rg — maximum cavity wavelength (31)

Calculation of the minimum wavelength according to the Stefan-Boltzmann law without
correction

Stefan-Boltzmann law without amendment:

p (T)=T*x > k*/ (15 h? ¢*) — thermal radiation energy density (32)
T — temperature

k — Boltzmann constant

h — reduced Planck constant

¢ —speed of light

This energy density is 1/4 (25 %) of the critical energy density:
1/4 x po=c*/ (4 G Ln?) — 1/4 critical energy density (33)

From the equality 1/4 x po = pr we find the temperature of thermal radiation:
/@G L) =T*xn?k*/(1510° )

T*=c*15n0° /(4 G L’ B? k) =

=150 ¢’ /(4G L2 k) =(15/4n*) (hc/k)*Lw? (c*/ Gh) (34)

Because the 11 = (G i / ¢)"? — Planck length , consequently (c* / G h) = I,
T*=(15/4n*) (hc¢/k)* Ln? 1 (35)
T=15/4)" "2 (hc/k) Ln"? 10" =
T=(154)" 712 (h c/k) (Lm x Ip)"? — thermal radiation temperature (36)

This temperature is equal to the temperature of zero fluctuations:
T=3/4)x (hc/k)x (Lm * Im)"? [K] (39)*
where ln — minimum wavelength, Ly, — maximum wavelength.

From the equality of the temperature of thermal radiation and the temperature of zero vibrations,

we find the minimum wavelength:
T=15/4)" 112 c/k) (Ln % 1p)"?=(3/4) x (hc/k) X (L X lm) "



T2 =(15/4)" n' (hc/k)? (Lm X Ip)' = (3/4)* x (h ¢/ k)* X (Lm X Im)"  (37)
= (3/4P2 x (4 /152 x u x 1y = (27 / 320)'2 x 1t x 1y =
lm = 0,91255 X lp1— minimum wavelength approximately equal to Planck length (38)

The mathematical consequence of the equality of the minimum wavelength to Planck
length

If 1pi =1, then the minimum wavelength and Planck length are reduced in formula (26) for the
energy density of thermal radiation'

5 0 y3d y3dy o y3
p(T) = 16m2po (I /1m)(f - 1+ L oo 1)—16npo(f el Mivros 1) (39)

This density is 1/4 of the critical density

0 y3dy oo y~3dy
po/4=p(T)=16m"po (], e—1 J; ew-1) 40
Consequently:
y
fl eqy 1 f —1/(647t2)=1/(87t)2 (41)

Since q =hvg/ kT =hc / (kT Lg) = he / (KT (L X Im)"?) =h ¢/ (2n kT) (L X Im)"?)
from the formula for zero-point temperature

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

Wefindq=8n/3 (42)

Consequently:

0 y3dy oy 3dy ,
[ sonsth oo =1/6n @3
Thus, the proof of the equality of the minimum wavelength to Planck length reduces to the proof
of the equality of a certain number and the sum of two definite integrals.

Bibliography:

[1] Pathria, R. K. (1972). «The Universe as a Black Hole». Nature. 240 (5379): 298—299

[2] S. W. Hawking, “Particle creation by black holes,” Communications in Mathematical
Physics 43, 199 (1975)

[3] S.V.Miheev (2006). «Dark energy and dark matter the manifestation zero-point
oscillations electromagnetic field» Russia, Moscow, ISBN 5-9710-0074-8. pdf.

[4] S.V.Miheev (2018). «The thermodynamic properties of zero oscillations of a homogeneous
universe are specified». pdf. (in this article, after formula (39)*, my erroneous speculations about
the shape factor and the minimum wavelength follow)

Contacts:
dark komod.livejournal.com  MOJ HOMEP 245 protonmail.com


https://www.nature.com/articles/240298a0
https://link.springer.com/article/10.1007%2FBF02345020
https://link.springer.com/article/10.1007%2FBF02345020
https://www.dropbox.com/s/2o559g61680q03z/book%20pdf_a_2b.pdf?dl=0
http://vixra.org/pdf/1811.0418v1.pdf

Jdauna Ilnanka 1 TpeThsl MonpaBKa K 3akony Pajies — /[:kunca
Agtop: Muxees Cepreit Bnanumuposuy
BBenenue:

[ToxazaHo, YTO MUHUMAaJIbHAS JJIMHA BOJHBI MPUOIM3UTEILHO paBHa aiuHe [lnanka.
Jlns mokazaTeabCTBa TOYHOT'O PABEHCTBA HEOOXOIMMO HAHTH aHAITMTHYECKOE PEIICHUE
1 y3dy © y 3dy
ONPEACICHHOIO UHTETpalla — J0Ka3aTh: f 0 28my/3_1 f 1 g8my/3_4
Brrurcnenus OCHOBaHBI: Ha paHee MOMyYEeHHOUW 3aBUCHMOCTH TEMIIEPaTypy HYJIEBbIX KOIeOaHUH
OT MaKCHUMAaJIbHOW 1 MUHUMAJILHOH JIJTMHBI BOJIHBI CTOSYUX KOJICOAHUI B ITOJIOCTH; HA paHee
paccuuTaHHOMU J0JIe TETJIOBBIX KOJIeOaHU B KPUTHUECKOH TUIOTHOCTH 3Hepruu (1/4); u Ha
3akoHe Creana — bonbrmana. [Ipeanoaraercs, 4To TEMIOBBIC U HYJIEBbIC KOJICOaHUS
YAEPKUBACTCS B TIOJIOCTH COOCTBEHHBIM I'PABUTAIMOHHBIM I10JIEM, M TIPH ATOM KBaHTYETCS
JUTMHA BOJIHBI ATHX KoJiebaHui. OnpeneneHa KpUTHYECKAss 4aCTOTa, BBIIIE KOTOPOH BOZHUKAIOT
MOTIPaBKH, CBSA3aHHBIE C KBAHTOBAHHEM JIMHBI BOJHBI KoseOanuii. [loaydeHsl nonpaBku: K
3akoHy Panes — JxuHca, k popmynie pacnpeeneHus INTOTHOCTH SHEPTUU HYJIEBBIX KOJIeOaHMi
1o yactoTam, k ¢popmyne Ilnanka, u x 3akony Ctedana — bonwsimana. [Tokazano, 4ro
MOMPABKH, YMEHbIIAIOUIUE MNIOTHOCTh SHEPTUU HYJEBbIX Kojebanuil Ha 120 mopsaKos,
MPAKTUYECKH HEBO3MOXKHO OOHAPYKUThH B TaOOPATOPHBIX OMBITAX C TEIUIOBBIM U3JIyUYCHUEM.

= 1/@8n)?

N3BHHSIOCH 32 pacpOCTpaHEHUE JIOKHBIX CBEJICHUH O TOM, YTO MUHUMAaJIbHAsl IJIMHA BOJHBI
CYIIECTBEHHO OOJbIIe JUIHHEI [1anka. Mou MOMBITKY HAUTH PEIIeHre C IOMOIIBIO MTOATOHKU
napameTpoB, IPUBEIU K OIIHOKaM.

CyTb Hay4yHOIi Ipo0JIeMbl

B xonne XIX Beka BO3HUKaIM TPYJHOCTHA B OIMMCAHUM CIIEKTPA U3TYYEHUS TOPSIUMX TEl.
B pamkax knaccudeckoi cTaTUCTHKM Paneit u JPKUHC MOoTy4Yuiy 3aKOH JUIs CIIEKTPaJIbHOU
IJIOTHOCTH DHEPTUH U3JIy4EHUS B 3AMKHYTOU IOJIOCTH.

pv(T)=kT 8n/c)v?dv (1)
k — mocrostunast bonepiimMana

T — reMniepatypa

C — CKOpPOCTb CBETa

V — 4acroTa

CornacHo 3akoHy Panes — JlxnHca cieKTpaibHas INIOTHOCTh YHEPTMH U3JTyUEHUS JOJDKHA
ObUIa HEOrPAaHUUYEHHO PACTH MO MEPEe COKpAIlleHHs! JUTMHBI BOJIHBL. TO €CTh IIIOTHOCTh YHEPTUU
U3JIY4EHUs JT0JDKHA OBITh OECKOHEYHOMH, UTO SIBHO HE MIMEET CMbICIIA C TOUKHU 3PEHUS
COXPaHEHHUsI SHEPTUHU. ITO PACXOKIEHHUE CO 3APABBIM CMBICIIOM M 3KCIIEPUMEHTAMHU, ITOJIYYHIIO
Ha3BaHUE «yJIbTpaduoneToBas KaTacTpodar.

[TepBas monpaBka k 3akony Panes — J[>xuHca Obuta caenana Makcom [Tnankom B 1900 rony.
CornacHo nonpaske Makca [lianka, sHEprust OCHMILUIATOPA MOKET U3MEHSTHCS TOJIBKO Ha
BEJIMUYMHY MPONOPLHOHAIBHYIO YacTOTe ocmusiTopa. [IoaToMy BeposITHOCTE BO30YXKIECHUS
OCHUJIIATOpAa YMCHBIIACTCA 110 SKCIIOHCHIINAJIBHOMY 3aKOHY IIPpHU YBEJIMYCHUH YaCTOTEI U
yYMEeHbIlIEHUHU TemnepaTypsl. Ha ocHoBe 3T0il runoress! ObUIH nony4eHsl: popmyna [lnanka u



3akoH Creana — bonbliMaHa, KOTOpbIE XOPOLIO OMKUCHIBAIOT CIEKTP U IIOTHOCTh SHEPTUU
TEIJIOBOTO U3TYYECHHUS.

hv
- N2
pv(T) ohv/(KT)_ 1 (8m/ ¢’) v d v — MIIOTHOCTh SHEPTHH TEIUIOBOTO M3 Ty4deHHs (2)

(dbopmyma Ilnanka)
h — mocrositnHas [Tnanka
V — 4acToTa U3Iy4YCHUs

WuterpupoBanuem hopmyssl [lnanka mo yactore momydaem 3akoH Credana — bonbivana:
_(*® d_2k44/1h33

P(T) =/ o Pv(Tdv=nk"T"/(15h’°c’) — MIOTHOCTH SHEPIHHU TEMIOBOTO H3MydeHus (3)

TakuMm oOpa3om ObLIa JIMKBUANPOBAHA MEepBasi yabTpaduosaeToBas karactpoda.

KBanrtoBas Teopun uznyuenus Makca [Inanka nukBuanpoBaiia nepByro yabTpaQHroIETOBYIO
KaracTpody, HO B MPOIIECCe CBOETO PA3BUTHSI MOPOAMIIA BTOPYIO YIbTPahHOIeTOBYIO
karactpody. V3 KBaHTOBOW TEOPUH CIEAYET, YTO JTFOO0N OCHUIUIATOP UMEET SHEPTHUIO HE
MEHBIIIYIO MTOJIOBUHBI OT MMPOU3BEACHUS CBOEH YaCTOTHI Ha MOCTOSIHHOTO [lmanka. 3To Tak
Ha3bIBacMasl «HyJeBas SHeprus» ociuuisaTopa. [IockonbKy 3Ta SHEprusi He 3aBUCUT OT
TEMIEPATYPhI H YBEIHMUUBACTCS MPOMOPIUOHATFHO YaCTOTE OCHUIUIATOPA, HATUYHE
0OECKOHEYHOTO CIIEKTpa CHOBA MPUBOIUT K OECKOHEUHOM TUIOTHOCTH YHEPTUU U3ITyUEHUSI.

Bropas nonpaska k 3akony Panes — J[xuHca Obliia HesiBHO caenana Makcowm [Inankom B Tom
ke 1900 romy. OH yka3an Ha CyleCTBOBaHUE NPEIEIbHO MaJION JUIMHBI — IIUHBI [11anka u
npesienbHO 00JbII0N YacToThl — yacToThl [ inanka. Takum oOpazom Makc [1nank nokaszain, 4to
CIIEKTP M3JIYYCHHS] KOHEUEH.

OO0pe3anue cnektpa Ha yactoTe [Imanka nzbasiser OT 0ECKOHEYHOH MIIOTHOCTH SHEPTUU
HYJIEBBIX Kosebanuii. B pesynbrare nomydaercs mioTHOCTh [1nanka, kotopast Ha 120 mopsiakoB
0oJbI1IE MIIOTHOCTHU Hallel BeceeHHOM. Takum o0pa3oM Oblia JTUKBUIMPOBAaHA
yibTpaduoneroBas karactpoda st HyJeBbIX KoJIeOaHUM, U co3aHa mpoodiiemMa
KOCMOJIOTUYECKOU MOCTOSTHHOM.

3a 100 neT 60ABIIMHCTBO (PU3UKOB CMUPHUIIOCH U C 3TOM O€CKOHEUHOCTBIO, U C ITHUM
YyJOBHUIIHBIM pacxoxjaeHreM. OHM CYUTAIOT 3TH BEIMYUHBI IICEBI0 (PU3NICCKUMH U
paccMaTpUBaIOT UX Kak HeM3MeHHbIH (hoH. YacTh aBTOPUTETHBIX (PU3UKOB JAaKe HE MPU3HAET
CYIIIECTBOBAHHE HYJIEBBIX KOJIEOAHUN.

OI[HaKO, B KOCMOJIOTHU UTHOPUPOBAHHUEC HYJICBBIX KoJIeOaHMI HEAOIIYCTUMO. Hy.]'IeBaSI OHEpIus,
Kak M JII00as Apyras sHeprus, 06J1anaeT MacCoOH. CJ'ICI[OBaTeJ'IBHO, HYJICBLIC KOoJIeOaHHSI CBOMM
T'paBUTAIMOHHBIM ITOJIEM BJIMAIOT Ha 3BOJIFOIHUIO BCEIICHHOI.

[110THOCTH SHEPTUU HYJIEBBIX KOJIEOAHUI TPOMOPIIMOHAIFHA YETBEPTOM CTENEHH YaCTOTHI
oOpe3anus. [loaToMy 17151 TOMy4YeHHS peabHOM TUIOTHOCTH BCEJICHHOM, 4acTOTy 00pe3aHus
Haj0 yMeHbuTh Ha 120 / 4 = 30 nopsakos. CiienoBateabHO, MUHUMANIbHAS JUTMHA BOJIHBI
noikHa ObITh Ha 30 mopsakoB Oounbiie AnuHbI [I1anka. DTo mpuMepHO O/IHA coTas A0S
MuuEMeTpa. OHAKO JaHHOE OTPaHUYECHHUE a0Cyp/THO, MTOCKOJBKY BUJIUMBIN CBET UMEET
MEHBIIYIO JJTUHY BOJTHBI.



Takum 06pa3om, mpodiieMa KOCMOJIOTUYECKON MTOCTOSTHHOM, W BOIIPOC O TOYHOM 3HAYEHUHU
4acTOThl 00pe3aHus (0 MUHUMAJIbHOM JUTMHE BOJIHBI), TECHO CBSI3aHBl. UTO OBl HAWTH OTBET Ha
BOIPOC O MUHUMAJIBHOMH JIJTMHE BOJHBI, HAJIO PEIIUTH MPOOIEMY KOCMOJIOTMYECKON TOCTOSTHHOM.

TpeTbH momnpaBka — CJICACTBUEC KBAHTOBAHUSA IJIMHBI BOJIHBI

J1J1s1 KOPPEKTHOTO OMKMCAaHUS TUIOTHOCTH SHEPTHH HYJICBBIX KOJIeOaHHId, HEOOXOUMO BBECTH
KBaHTOBAHUE JTHHBI BOJIHBI:

A= X Iy — nuiuHa BoHBL  (4)

/i€ N — HATYPaJIbHOE YUCIIO, |m — MUHMMAITbHAS JITTHHA BOJHBIL.

OHaKo, TaKO€ KBAHTOBAHKWE HEBO3MOKHO TOYHO COTJIaCOBATh C KJIACCHYECKHUM OIMMCAaHUEM
CTOSYUX KOJICOAHHUH B IOJIOCTH:

A= Ln/nL— nnuna BomHbl  (5)

IJIe N — HaTypaIbHOE YHUCI0, Ly — MaKCUMaJIbHAS JUTMHA BOJIHBI B TIOJIOCTH.

[TosTOMY, M3 UnciIa KOJIeOaHUH C JUIMHOM BOJHBI A = 1j X | OTOMPAIOTCS TOIBKO MaKCHMAaIbHO
omu3kne K A = L / ni . Takoit oT60p m03BOISIET NOTYIUTH TOTHBIN HA0OP KOIeOaHmi
MaKCHUMaJIbHO HE3aBUCHMBIX JIPYT OT Jpyra. B oTimyme oT KiIacCCHYeCKOro ONMMCAHUS, TIOTHAS
HE3aBUCHMOCTbH KOJICOaHU yXKe HEBO3MOXHA, TOCKOJIbKY TPH HEJBIX N

BOJIHOBBIC yucia N = L / A =L / (1 X ) , HE BCE 1EIbIE.

Kosiebanust MOXKHO pa3/ieliTh HA JBa JHara3oHa:

Mpu Lg <A<Lm,1<n.< Ln/Lg, A= Ln/nL— 1TMHHOBOIHOBLII 1Uana3oH
Mpuln< A< Lg , 1 << Lg/ Lin, A=nj X Iy — KOPOTKOBOJIHOBBI JUANa30H
I'ne Ly = (Lm % ln)"? — cpennss reoMeTpudeckas — KpuTH4ecKas JanuHa  (6)
Ln/Lg=Lg/ L — MakcumanbHOE BOTHOBOE UnCio (7)

O060061mMM 3TO OTHOMEPHOE pacIpe/eieHne Ha TpEXMEepHOe MPOCTPaHCTBO. PaccMoTpum
MOJIOCTh C 3€PKaJIbHBIMU CTEHKAMU, UMEIOIIYIO opMy KyOa.

Lm =2 % L — makcumaiibHasi 1JiiHa BOJIHBL (&)

V=L>=L%/8—o06wemkyba (9)

Lm — MakcumanbHas JyinHa BOJHBI, L — niimHa pedpa kyda

Pacnipenenenue crosunx xkonebanuii yio0HO 3amucath 4epe3 BOJIHOBOE Yucio. [Ipu aTom B
JUTMHHOBOJIHOBOM M KOPOTKOBOJTHOBOM JHAIla30HE MOYKHO MCIIOJIB30BaTh OAHY (hopmyiy:

d N = (1/2) n* d n— 4ucno cTosux KonedaHuii Ha eIMHUYHOM MHTEpBale BOIHOBOro uucia (10)
['nme (w/2) — 1/8 wacTh mromaay emuHInIHON chepbl, n=ni= Ly /Amman=n =1/ In

B 11MHHOBONHOBOM /Mana3oHe JIMHA BOJIHBI KosiebaHuil Lg <A < L, yactota v < vg,
v=c/A—4acrora,

ve=c/Lg=c/(Lnlm)"? — cpennss reomerpuueckas — kpuTudeckas dactora (11)
dN=@2)n?dnL=(2) (Lm/A)?d(Lm/A)=

dN = (1/2) (Lm / ¢)* v’d v — aucrno crosuux konebaHuii Ha eHUILY 4acToThl (12)
pv=dN/V=(8/L%n) (m/2) (Lm/c)*Vdv=

pyv = (471 / ¢*) v2d v — IIOTHOCTH CTOSUMX KOJIeOaHMiA 11 HU3KUX yactoT (13)

B kopoTkoBoiHOBOM Auamna3zoHe Im < A< Ly , yacToTa v=>vq
dN=@2)ntdn=@2) (A ) d M/ 1) =(@W2) (¢ /1) v2d (v') =



dN = (1/2) (¢ / Im)’ v* d v — uncno crosunx xonebGanuii Ha eauHMITY yacToThl (14)
pv=dN/V=(8/L) (@2) (c/Im)’vidv=0@nc/ (Lnln)vidv=

=@n/c) (b / (LPnlu)vidv=
pv=(4n/ c*) v’ v* d v — mnoTHOCTH CTOAUNX KOTeGaHuii 171 BhICOKMX yacToT (15)

IHonpaBku K 3aKOHAM U3JIy4YeHU S

[TockonbKy npu yacToTax OOJBLUIMX KPUTUYECKOM, INIOTHOCTh CTOSYMX KOJIeOaHH
YMEHBIIAETCS NPU YBEJIMYEHUN YaCTOThI, B 3aKOHbI U3JTy4eHHUs HEOOXO0AUMO BHECTH MONPABKHU.
ITpu 3TOM clenyeT yuuThIBaTh:

VY HyneBbIX KojicOaHU He onpeaereHa (pasza 1 MoJspu3alys, I03TOMY YHUCIIO HYJIEBBIX
KOJICOAHU paBHO YHCITY CTOSYMX KOJICOaHMIA.

VY TemI0BOro 31eKTPOMAarHUTHOTO U3JIy4EHUs €CTh J1B€ (a3bl U JIBE NOJSAPU3ALIUH, TOITOMY
YUCJIO CTENIEHEH CBOOO/IbI TEMJIOBOTO U3JIyUCHHUS B UETBIPE Pa3a OOJIbIIIE YUCIIA CTOSIUX
kosiebanui. [Ipy KitTaccHuecKoM OIMMCaHMU Kax/1asi CTeTIeHb cBOOOABI nMeeT sHepruto E = KT/2.
Kax b1l ocIUIIIATOP UMEET JBE CTENIEHU CBOOObI, II0ITOMY YHCJIO OCHUIISATOPOB B JIBa pa3a
MEHBIIIE YUCIIAa CTENEHEeW CBOOOIBI, TO €CTh B JIBa pa3a 0OJIbIle YUCIa CTOSYNX KosneOanuid. [1pu
KJIACCHYECKOM ONMUCAHUU KXKIBIA ocmiuisTop umeet suepruto E = kT.

3akona Paness — Jlxxunca (E(T) = kT) ¢ nompaBkoi:
pv(T) =kT (8 / c*) v’d v — nIOTHOCTb 2HEpruy TemI0Boro usaydenus npu 0 <v<vg (16)
pv(T) =KkT (8n/ c*) ve® v* d v — m10THOCTB HEPTHH TEMIOBOTO U3MydeH s IPU Vg <V < 0 (17)

[TnoTHOCTD SHEpruu HyneBbIx kKonebanuii (Eo =h v/ 2) c monpaBkoii:
pv(Eo) = (2nh/ ¢*) v¥d v — nnotHoCTs SHEprUM HyneBbIX Konebanuii mpu 0 <v <vy (18)
pv(Eo) =(2nh/c*) v®v?3 d v — nnotHocTs SHEprum HyseBbIX Konebanuil pu ve <v <o (19)

®opmyna [Inanka ¢ monpaskoii:

T) = L 8m/ 3 2d —
pv(T) = th/(kT)—l( n/c)vidv=
3
pv(T)=(8nh/c?) Shv/(RT) 1 d vV — MIOTHOCTH SHEPTUU TeroBoro uznyuenus (20)

npu 0 <v <vg
hv 3y 4, 644
pv(T)Zm(Sn/c v’ vidv =
-3
\Y
pv(T) = (8nh/c?) v® === d vV — IIIOTHOCTH IHEPTHH TEMIOBOro n3nydeHus (21
¢ ohv/(KT)_4 i

MPpU Vg <V < 0

3akon Credana — BoarbumaHa ¢ nonpasBKou

HpOI/IHTeF pUupyecm (bOpMy.]'Iy IInaHka o 4yacToTe ¢ Y4CTOM IIOIIPABKH. [InoTHOCTH SHEPTUUn
OM3Ka K HYJIIO ITpU MaKCHMAaJIbHOM U npu MHUHHMAaJIbHOH 4acToTe. HOE)TOMy MOXXHO CUHUTATh
MHWHUMAJIbHYIO YaCTOTY paBHOﬁ HYJIIO, 4 MAKCUMAJIbBHYIO YaCTOTY paBHOﬁ OCCKOHEUHOCTH.

p(T)= %0y (1) + [ py ()= S/ &) JF o vg [ ) (@)

CrenaeMm 3aMeHY: V=Y X Vg



y3dy Lyt y~3dy B
1 ogyiam_; Ve )y Shvgymam ;) =
y3dy o  y“idy
3 ) _ —_
p(M)=@nh/c’)ve' (f1 ST gy /(KT _ 1+f1 Thvgyikn_; ) (23)

p(T)=(8nh/c%) (Vg

E hv
Zg _TYg . o
Cnenaem 3ameny: q = T kT OTHOILIEHHE KPUTUYECKON YHEPTUHU K TEIIIOBOU DHEPIUU
ocuuiuIATopa, rae Eg = h x Vg — KPpUTHYECKAsT DHEPTUI

0 y3dy oo y~3dy
p(T)=(8nh/c3)vg4(f1m+[1 o) @9

Cnenaem 3ameny: h/c®=2nh/c? =2nly?/ G ; ve* = c*/ (Lin? In?)
rae li=(Gh/ 03)1/ 2 _ wmmna [Tnanka, G — rpaBI/ITaHI/IOHHaH IIOCTOSIHHASA

p(T) = (162 ¢ (G Lud) (4 / 1) ([ L2+ [ L85

Cnenaem 3ameny: po = ¢ / (G Lim?) — KpuTHYEeCKast IIIOTHOCT SHEPTHH,
rae Lm =2 m X rg — MakcuMasbHas JJIMHA BOJIHBI B TIOJIOCTH, Tg — FPAaBUTALIMOHHBIN pagnyc

0 y3d ~3d
p (T) = 16m%po (Ipi® / Im?) (f J;y _yl + 100 qu _}1, ) — (26) IOTHOCTB PHEPTUH TETLIOBOTO

u3ny4yeHus (26)

IIpo6aema oOHApY:KEeHHUS MOCIEACTBUH TPeThe NONPABKHU

Tpetbs nonpaska k 3akoHy Pasnes — J[xuHca, MpUBOIUT K HEOOXOAMMOCTH U3MEHEHHS
dopmyny Ilnanka u 3akona Crepana — bonbumana. OgHako, MONPaBKU BHOCATCS TOJIBKO TS
Kosie0aHu# ¢ UIMHON BOJIHBI MEHBIICH cpeiHel reoMeTpudeckoit oT ninuHbl [Inanka u pazmepa
nosioctu. [l monocTu, B KOTOPO MakcUMasbHasl ITMHA BOJHBI PaBHA OJHOMY METDY,
MIOTIPaBKy HEOOXOMMO BHOCHTB JIJISl OYEHB J)KECTKUX FaMMa-KBaHTOB, MMEIOIIUX JJTUHY BOJTHBI
menee 4 x 1071® merpa.

Jlaxxe ecnu pazmep MOJIOCTH YBEIMUUTh A0 MUJLTHApIa KHIOMETPOB, TO o0pe3aHue Oyaer
HAYMHATHCA C PEHTIEHOBCKOr0 M3JIydeHHs ¢ JJIMHOM BomHbl MeHee 107! MeTpa. D10 M3nyuenue
HEBO3MOXKHO Y/IEPKaTh B IOJIOCTH O MOMEHTA BO3HUKHOBEHUS TEPMOAHMHAMUYECKOTO
paBHOBecus. Crie1oBaTeIbHO, TEXHHYECKH HEBO3MOXKHO U3MEPUTH B TAOOPATOPHH BIIHSIHHAE
TIOTIPABKH Ha CTIEKTP TETUIOBOTO U3ITyYCHUSI.

B monoctu — BceneHHOM, cpeHss reoMeTprudecKast JUIMHA paBHA MPUMEPHO OJHOM JeCATON
oy MutumeTpa. M3-3a monpasku k 3akoHy Credana — bosbiiMaHa TIIOTHOCTh YHEPTUU
($hoHOBOTO M3TyueHUs yMEHbIaeTcs He 6osiee yem Ha 17 %. B peanbHOCTH 9TO OTKJIIOHEHHE
CYILIECTBEHHO MeHbIIe. HeMmOoHATHO Kak 0OHApYKUTh ATOT 1e(eKT Ha (POHE TEMHOI SHEPTHUH.
KTo-Hubynp co3nact npubop, B KOTOPOM BO30YKIArOTCA JBE BOJIHBI, JJTMHA KOTOPBIX
OTJIMYAETCs Ha BEJIMYMHY MeHbIIYI0 JUinHbI [Tnanka? dnar emy B pyku!

Y:ikacHble OCJeICTBHS TPeThell NONpPaBKu

Yy (I)I/IBI/IKOB-TCOpCTI/IKOB MOSABJIACTCA HOBAad BO3BMOXXHOCTD UIA YCTPAaHCHUA YHLTpa(bHOHeTOBOﬁ
pacxoauMOCTH, HO ITPHU ITOM JIOMACTCA HpHBBI‘-IHLIﬁ MaTeMaTUYEeCKUI arrapar. HpI/I
Pa3JI0XKCHUH B P d)ypbe HaxoaiaTCsa MOJbI KOJ'IC68.HI/II71, UMCIOIHME 1I€JI0€ BOJTHOBOC YHUCIIO,
KOTOpPOC O6paTHO JJIMHE BOJIHEI. HOBTOMy KBAaHTOBAHHEC JJIMHBI BOJIHBI (KpaTHOCTB JJINHBI
MHWHUMAJIBHOMY 3Ha‘{eHI/IIO) HCCOBMCCTHMO C PA3JIOKCHUCM B PAJ (Dypbe. 910 Pa3JI0XKCHUC



MOYKET OBITh IOJIE3HO TOJILKO ISl TOTyYSHHSI TPUOIM3UTEIBHOTO PEeIICHHs B 001aCTH HU3KHX
yactoT. KBaHTOBaHWME UIMHBI BOJIHBI TPUBOIUT K KBAHTOBAHUIO HAIIPABIICHHSI PACTIPOCTPAHCHHS
BOJIHBI B TIpocTpaHcTBe. [103TOMY HEJb3sl H3MEHHUTh Ha OECKOHEYHO MaTyIO BEIMYUHY U JITUHY
BOJIHBI, I HAIIPABJICHHUE €€ PACIIPOCTPAHCHUS, IaXKE €CIIM CUUTATh Pa3Mep MOJIOCTH
O0eckoHeuHbIM. [Ipr yMHOKEHUU IBYX KOJICOAHUH, TO €CTh IIPH HEJIMHEHHOM NMPeoOpa3oBaHUH,
MIOJTy9Yar0TCsl HOBBIE KOJIeOaHMsI, KOTOPBIE HE MOTYT CYIIIECTBOBATh B HCXOAHOM IPOCTPAHCTBE.
CrnenoBartenbHO, HETMHEHHBIC B3aUMOJICHCTBUS CBSI3aHBI C YBEIIMYCHUEM YUCIIA COCTOSTHUH —
Yrciia OCIMUIATOPOB. JTO 03HAYAET KAYECTBEHHOE U3MEHEHHE TIPOCTPAHCTBA — TOIOJIOTHH,
HEOOpaTHUMOE YBEIMYCHUE SHTPOITUH, U YMCHBIIICHHE TEMITEPATYPHI.

Taxum o6pa3oM, yxxe Ha caMOoM (hyHITaMEHTaIbHOM YPOBHE BO3HUKAIOT BBIZCIICHHBIE pPa3Mephl U
BBIACJICHHBIC HAIIPABJICHHUA, 4 YPABHCHUA KBAaHTOBOU MEXaHUKU CTAHOBSITCS H€O6paTI/IMbIMI/I BO
BpeMeHHU. DTO HE yxKac. JTO yxkac, yxkac, yxac!

KpHTI/I‘IeCKaﬂ IJIOTHOCTB JHEPIUH

re =2 m G/ ¢® — pafguyc KpMBU3HBI YepHOI AbIpsI (popmyna sapummibaa) (27)
E=m x c*=r, x ¢*/ (2 G) — sHeprus yepHoii np1pe  (28)
I'e ¢ — ckopocTthb cBeta, G — rpaBUTallMOHHAs TOCTOsIHHAs HploToHA

V=8>=2n%xr1 — 00beM TpeXxMepHOii HOBEPXHOCTH YEThIPEXMEPHOTO mapa (29)

po=E/V=r1xc*/(2G)*xQ2n*xr )=c*/(G4n’r?) =
po = c*/ (G Limn?) — kxpuTHUeckas MIOTHOCTb YHEPIUN (30)
I'me Lin =2 @ X rg — MakcuMalbHas AJIMHA BOJHBI B mosioctu  (31)

Pacyer MUHMMAJILHOM NTHHBI BOJIHBI 110 3aK0HY CTedana-bosbiiMaHna 0e3 monpaBku

3akon Credana-bonpiimana 6e3 monpaBku:

p (T)=T*xn? k*/ (15 1’ ¢*) — nnoTHOCTH SHEprUM TemIoBOro M3IydeHus (32)
T — TeMnieparypa

k — nocrosinnas bonbimana

h — penynupoBannas moctosiHaas [Tnanka

C — CKOPOCTh CBETa

OTa II0THOCTh YHEpruu paBHa 1/4 (25 %) kpUTUUYECKOM MIIOTHOCTH SHEPTUU:
1/4 x po=c*/ (4 G Ln?®) — 1/4 xputHueckoii muotHocTr suepruu (33)

N3 paBenctBa 1/4 X pg = pr HAXOAUM TEMIIEPATYPY TEIIOBOTO U3ITyUEHUS:
/(4G L) =T*xn?k*/ (15 1% &%)

T*=c*15h0° /(4 G L’ i? k) =

=150 ¢’/ (4G L’ ? kY =(15/4n*) (hc/k)*Ln? (c*/Gh) (34)
[ockonbky lpi = (G h / ¢*)"? — nnuna Inanka, cnenosatensHo (¢ / G h) = I
T*=(15/4n%) (hc/k)* L2 I, (35)

T=15/4)"n"2(hc/k) Ln? 1'% =

T=(154)" 712 (hc/k) (Lm x I)"? — Temnepatypa Tennosoro usnydenus (36)

Ota TeMnepaTypa paBHa TeMIIepaType HyJIeBbIX KOJIeOaHUI:



T=(3/4) x (hc/k) x (Lm % Im)? [K] (39)*
rac lm — MHUHHUMAaJIbHAas JJIMHa BOJIHKI, Lm — MAaKCHUMaJIbHAas IJIMHA BOJIHBI.

W3 paBeHCTBa TeMIIepaTyphl TEIUIOBOTO U3IYYCHHUS U TEMIIEPATYPhl HYJICBBIX KOJICOaHUH,
HAXO0JIMM MHUHUMAIIbHYIO JUTUHY BOJIHBI:

T=15/4H)" "2 c/k) (L % 1) "2 =3/4) x (hc/k) X (L X lm) "

T2 =(15/4)" n' (hc/k)? (Lm X Ip)' = (3/4)* x (h ¢/ k)* X (Lm X Im)*  (37)

In = (3/4)* x (4 /15)"2 x t x 1,y = (27 / 320)'2 x 1t x Iy =

Im = 0,91255 X lp1— MuHMMaIbHAS AJTUHA BOJHBI MPUOIM3UTENbHO paBHa JuinHe [Tnanka (38)

MarteMaTH4ecKoe cjIeCTBHE paBE€HCTBa MHMHHMAJbHOM JJHUHBI BOJHBI M AJuHbI IL1anka

Ecmu 1y = I , TO MUHMMaNbHAS AJTMHA BOJIHBI U AnuHA [ltanka cokpamatorcs B opmyiie (26)
AJI TINIOTHOCTH SHEPIrUr TCIIJIOBOI'O U3JTYYCHHA:
0 y3dy oy idy 0 y*dy | ooy 3dy
— 1622 2/1.2 — 1672
p(T)=16mp0 (o / In’) ([ <o+ [ S = 16wpo ([ S+ ) S5) B9)

OTa MmI0THOCTH paBHa 1/4 KPUTHUYECKOW TUIOTHOCTH

0 y3dy ooy~3dy
po/4=p(T)=16m%po (f1 eqy_1+f1 _eqy—l) (40)
CJICAOBATCIbHO
0 y3dy oy 3dy
ot T =1/ 64w = 1/ 8 nf (A1)

Hockonbky q = hve / kT =he / (kT Lg) = he / (KT (Lm X Im)"?) =h ¢ / (2n kT) (L X Im)""?)
U3 GOPMYJIBI VTS TEMIIEPATypPhl HYJIEBBIX KOJICOaHUI

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

Haxomum q=8n/3  (42)

CJIEAOBATCJIbHO!

0_ y3dy o y~3dy
[ [ == =1/@n 43)

1 e8mMYy/3_1 1 e8mMy/3_1
Takum 06pa30M, A0Ka3aTCJIbCTBO paBCHCTBA MUHHUMATBLHOMU JJINHBI BOJIHBI JJINHE HHaHKa,
CBOJIMTCS K JIOKa3aTeIbCTBY PABEHCTBA OMPEICICHHOMY YHCITy CYMMBI IBYX OIPEICICHHBIX
MUHTETPAJIOB.
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